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I JIABA 5

CHMHTaKCHYeCKH ynpaBJisieMast
TPAHCJIAIHS

B nmannol Ti1aBe pa3BuBaeTCs 3aTpPOHYTAas B pazjgene 2.3 TeMa — TPAHCISAIUS S3bI-
KOB, yIpaBJsieMasi KOHTEKCTHO-CBOOOIHOM rpaMMaTuKoi. MeTOIbl TPaHCISALUY U3 3TOH
[J1aBbl OYIyT UCIOJIb30BATLCS B IVIaBe 6 Ui MPOBEPKU THUIIOB U TEHEPAIMH MPOMEXKY-
TOYHOTO KOZa. DT METOIBI MPUMEHUMBI TaKKe MPH peai3alii HeOONIBIINX S3BIKOB
JUISL CTICIUAITM3UPOBAHHbBIX 3a/1a4; B JAHHOW IJIaBe MPUBEACH MPUMEP U3 MOJUTPAPUH.

MpI cBsi3bIBaeM WHGPOPMAIIUIO C KOHCTPYKIUSMHU SI3bIKA, Ha3HAYAS ampubymvl CHM-
BOJY (MJIM CUMBOJIaM) TPaMMATHKH, MPEACTABJISIONIEMY KOHCTPYKIIUIO (3TOT BOMPOC
yke paccMmarpuBaics B pazmene 2.3.2). CHHTaKCHYECKH YIIPaBIIIEMOE OMpeciiCHUE
yKa3bIBaeT 3HAYCHHs aTPUOYTOB MPU MOMOIIM CBSI3bIBAHUS C TPAMMATHYECKUMH TIPO-
JIYKIUSIMU CEMaHTHYEeCKUX MpaBui. Hampumep, TpaHCHsITOp MHOUKCHBIX BBIPAKCHUN
B MOCT(QUKCHBIE MOXXET UMETh CIIEAYIOIINE ITPOIXYKIHIO U MPABHIIO:

TTPOAYKIIUS CEMAHTHYECKOE MTPABMJIO

5.1
E—FE+T E.code = FE.code||T.code|’ +' (-1

OTa MpomyKIHs COAEPXKUT N1Ba HeTepMuHana, F u T'; naaekc y F npenHa3sHa4eH JUist
TOTO, 4TOOB! OoTIM4aTh F B Tenme mpoaykuuu oT E B 3aromoske. U E, u T umeror
arpulyT code, peAcTaBISIOMUN co00il cTpoky. CeMaHTHUYECKOe TPABUIIO YKa3bIBAET,
410 cTpoKa F.code obpa3yeTcs myTeM KOHKaTeHAIuu CTpoK Iy .code, T'.code n cumBoIna
’+’. [IpaBWIO SIBHO yKa3bIBacT, UTO TpaHCHAIMA F oOpasyercs w3 TpaHciusanui F, T
U ’+’, HO peaqu3aiis B X0/1€ HETTOCPEICTBEHHOI pabOThI CO CTPOKaMHU MOYKET OKa3aThCS
Hed(PPEKTUBHOM.

B paznmene 2.3.5 cxema CHHTaKCUYECKH YIIPABISIEMOM TPAHCIIAIINKA BCTABJISET B TENA
MPOAYKIMKA TpOrpaMMHBIE (PparMeHTHI, Ha3bIBAIOIIUECS CEMAaHTHYECKUMH JeHCTBUS-
MU, KaK B CIIEAYIOIIEM CiydYae:

E — By +T {print’ +'} (5.2)

Ilo coramennio ceMaHTHYECKHE ACUCTBUS 3aKIfodatoTcs B GurypHsle ckooku. (Ecmm
¢urypHas ckoOka BCTpedyaeTcsl B KadecTBE I'PaMMAaTHUECKOTO CHMBOJIA, OHA 3aKIIIO-
yaeTcs B ONWHapHbIe KaBeIUKH — '{’ u ’}’.) [lomoxeHne ceMaHTHYEeCKOTO JeWCTBUS
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B TeJie MPOAYKIUH ONpeNeNsieT MOPsI0K, B KOTOPOM BBITIOJHSIOTCA AercTBUSA. B mpo-
qyknuu (5.2) gelicTBUE BBIIOIHACTCS B KOHIIE, TIOCIIE BCEX TPAMMAaTHYECKUX CHMBOJIOB;
B 00I1IeM ciTydae CEeMaHTUYECKHEe JIEHCTBUS MOTYT paciojararbcsi B JIOOOM MecTe Tela
MPOYKIIHH.

CpaBHHBas 3TH J]Ba BapuaHTa 3aIIMCH, MOXXHO 3aMETUTh, YTO CHHTAKCHYECKH yIIpaB-
JsieMble oTpeneneHus 0osee yno009uTaeMsbl, a cieJoBaTeNIbHO, OoJiee MOAXOAAT B Kade-
ctBe creruduranuii. OQHAKO CXeMbl TPAHCISAINI MOTYT OKa3aThes Oojee d3PPEeKTHBHBI
¥ TTOTOMY B OOJBIIEH CTETIeHH MPUTOIHBI JUTS peann3annii.

Haubonee oOmuii momxos K CHHTaKCUYECKH YIPABISIEMOW TPAHCISIIUA COCTOUT
B ITIOCTPOEHUH JepeBa pazdopa MM CHHTAKCHYECKOTO JEpeBa C MOCIEAYIOIINM BBIYHC-
JIeHWeM 3Ha4eHHUH aTpuOyTOB B y3JlaX IyTeM 00Xofa y3JIOB 3TOro jaepeBa. Bo MHOrmx
CITydasix TPaHCISIUS MOXET BBIMIOJHSTHCS B MPOIIECCE CHHTAKCHYECKOTO aHalu3a, 0e3
SBHOTO TIOCTPOCHHS JepeBa pa3dopa. Mbl MO3HAKOMHUMCS C KJIACCOM CHHTaKCHYECKH
VIPaBIAEMBIX TPAHCIANUH, KOTOPBIC HA3bIBAIOTCA “L-aTpuOyTHBIMH TpPaHCISIHSAMHA
(3meck L o3Hauaer “cneBa HampaBo”) W BKIIIOYAIOT IMOYTH BCE TPAHCIALNH, KOTOpPbIE
MOTYT BBITIOJHATHCS B MPOIECCE CHHTAKCHYECKOro aHaym3a. MBI Takke U3yYHM MEHb-
mui kimacce — “S-arpuOyTHBIE TpaHCTSIIMK® (34€Ch S O3HadaeT “‘CHMHTE3Hpyemsble”),
KOTOPBIE JIETKO BBITIONHSIOTCS MIPH BOCXOSIIEM CHHTAKCHYECKOM aHallu3e.

5.1 CuHTakcH4YeCKH ynpasJjsieMble OIpeaeJeHUus

Cunmaxcuwecku ynpaensemoe onpeoenerue (CYO) SBIIETCI KOHTEKCTHO-CBOOO-
HOHW TpaMMaTHKOW ¢ arpuOyTaMu U NpaBuiiaMi. ATpUOYTHI CBSI3aHBI ¢ TPAMMATHYECKH-
MH CHUMBOJIaMH, a MpaBuia — ¢ npoapykuusmu. Ecnu X mpeacrasnsier coboii cuMBoII,
a @ — OflMH U3 ero arpulyToB, TO 3HAYEHHE G B HEKOTOPOM y3Jie JiepeBa paz0opa, mome-
yeHHOM X, 3anmchiBaeTcsa Kak X.a. Ecnu y3iel nepeBa pa3dopa peann3oBaHbl B BUIC
3amucei WM 0OBEKTOB, TO aTpuOyThl X MOTYT OBITh pEaIM30BAHbI KakK ITOJIS JaHHBIX
B 3aMMCAX, MPEACTABIAIOMMNX Y3716l X. ATpuOyTsl MOTYT OBITH JIHOOOTO BHAA: YMCIIa-
MU, TUTIAaMH, TaOIUIAMU CCBUIOK WK cTpokamMH. CTPOKH MOTYT MPEACTAaBISATH COOOM,
B YaCTHOCTH, JUIMHHBIE IIOCIIEA0BATEIBHOCTH KOa, HAPUMEP KOZla Ha IPOMEXYTOYHOM
A3BIKE, UCTIOJIE3YEMOM KOMITHIISITOPOM.

5.1.1 HacJaenyemble U CHHTE3UPYeMble aTPUOYThI

MpI Oyziem paboTarh ¢ IByMs TUIIAMH aTprOyTOB JIJIsl HETEPMHHAJIOB.

1. Cunmesupyemwiti ampubym nias HerepmuHaia A B y3ie N ngepeBa pazbopa ompe-
JIENAeTCs] CEMaHTHYECKUM IPABHIIOM, CBSI3aHHBIM C Ipoxyknued B N. 3amernwm,
YTO B Ka4eCTBE 3aroyioBKa 3TOH MPOAYKIMHU JO0JDKEH BBICTYIATh HETEPMHUHAI A.
CuHTe3upyeMsblil arpulyT B y3ie N onpenessieTcss TOJIBKO C HCIOJIb30BaHUEM
3HauYeHHH aTpuOyTOB B IOYEPHUX 10 OTHOIIEHUIO K [V y3/1ax v B caMmoM y3ne N.
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A.J'Il)TepHaTI/IBHOG onpeaeJIicHue HacJIeAyeEMbIX anI/IﬁyTOB

Ecim mo3Bonmuth Haciexyemomy arpulyty B.c B y3ie N ObITh OnpeesIeHHbIM
C HCIIONIb30BaHMEM 3HA4eHUH aTpuOyTOB B JOUEPHHUX y3i1ax [N, a Takke B CaMOM
N, ero ponuterne 1 OpaTbix, TO He HY)KHbI HUKAKHE JOTIOHUTENLHBIE TPAHCIISAIUH.
Taxue mpaBmsia MOTYT OBITH “UMHTHPOBAHBI” MYTEM CO3JaHUS IOTOIHUTEIBHBIX
arpubyToB B, ckaxeMm, B.c1, B.co, .... DTO CHHTE3UpyEeMbIE aTpHUOYTHI, KOTOPhIC
KOIIUPYIOT HEOOXOAMMble aTprOyThl Y3JI0B, JOYEPHUX IO OTHOMIEHHIO K y31y B.
3arem B.c BBIYHCISETCS KaK HACIEAyeMbIi aTpHOyT C UCTIONBE30BaHHEM aTpUOYTOB
B.ci, B.cg, ...BMecTo aTpubyTOB A0UEpHUX y370B. Ha mpakTuke Takue aTpuOyThI
TpeOyIOTCS PEIIKO.

2. Hacneodyemwiti ampubym st HerepmuHana B B y3ne [N nepea pazbopa ompe-
JIENAETCS] CEMAaHTHYECKUM TPaBUIIOM, CBSI3aHHBIM C Mponykiued B N. 3amernm,
YTO HETEPMHHAN B JODKEH yJacTBOBaTh B MPOMYKIIMH B KA4eCTBE CHUMBOIIA
B ee Tene. Hacnenyembiii arpuOyT B y3ne [N ompenensercs ¢ UCIoIb30BaHHEM
3HAYCHUIA aTpuOyTOB B POAUTEIHCKOM IO OTHOIICHHIO K N y3Ji€, B CaMOM y3JIe
N ¥ IoYepHHX y3JlaX €ro poaUTeNIbcKoro y3ia (“Oparbsax” N).

Hacnexyembie arpuOyTel B y31e /N HE MOTYT ONpENENAThCS depe3 aTpuOyThl J0-
YEpHUX 10 OTHOWICHHIO K N Y3JI0B; CHHTE3UpyeMbIe ke aTpuOyThl B y31e N MOryT
OTIpeJIeNIATHCS Yepe3 3HaYeHUs HacleayeMbIX aTpuOyToB B caMoM y3ie V.

TepMuHanmbsl MOTYT UMETh CHHTE3UpPYEMblC, HO HE HAacleayeMble arpuOyThl. AT-
pulyThl TEPMHHAJIOB WMEIOT JIEKCHUECKHE 3HAYEHUS, MPUIaBAEMbIE UM JIEKCUYECKUM
anammzatopoM. B CYO He cymiecTByeT CeMaHTUYECKUX MPaBUil AJIs1 BEIYMCICHUS 3Ha-
YeHHWH aTprOyTOB TEPMUHAJIOB.

Ipumep 5.1. CYO Ha puc. 5.1 0CHOBaHO Ha 3HAKOMOH HaM I'paMMAaTHKe JJIs apudpme-
TUYECKHX BBIpOKEHHH ¢ oreparopamMud + u *. OHO BBIYHCIISIET BBIpaXKEHUS, 3aBepIiia-
IOIIHecs OrpaHWYUBAIOIUM MapkepoM n. Kaxknmerii merepmunan B CYO mmeer ennH-
CTBEHHBI CHHTE3UpyeMBbIii arpuOyT val. MBI Takke cuntaeM, 4yTo TepmuHan digit nmeer
CHUHTE3UpYyeMBbIN aTpulyT /exval, mpeacTaBisromuii co60ii 1eoe 3Ha4eHre, Bo3Bpalia-
eMoe JISKCHYECKUM aHaJIN3aTOPOM.

[IpaBuno misa mpomyknum 1, L — E  n, ycranasmmuBaer L.val paBHeM F.val,
KOTOpOE, KaKk Mbl YBHJIUM, PAaBHO YHCIOBOMY 3HAYEHHIO BCETO BBIPAIKCHHS.

[ponyxmus 2, E — E; + T, Takke UMeeT OAHO TNPAaBHIIO, KOTOPOE BBIYHCIISIET
aTpuOyT val 3aronoBka F kak cymmy 3HaueHudl 1 u 1. B moboMm momeueHHOM FE
y3ne N nmepeBa pa3bopa 3HadueHue val mns E mpeacraBiseT coboit cymmy 3HaYCHUI
val moYepHUX MO OoTHOIICHHIO K N y3710B ¢ MeTkamu F u T
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ITPOAVKIINA CEMAHTUYECKOE ITPABUJIO

1) L—En L.val = E.val

2) E— E+T | Eval = FEi.val +T.val

3) E—-T Ewval =T.val

4y T—-T1+«F | Twval="Ti.val x F.val

5 T—F T.val = F.val

6) F— (E) F.val = E.val

7)) F — digit F.val = digit.lexval

Puc. 5.1. CunTakcudecku YIpaBisieMOe OMNpeAeTeHue
MPOCTOTO HACTOJIBHOTO KaJIBKYJISITOpa

[ponykuus 3, & — T', ©MeeT eIMHCTBEHHOE MPABUIIO, KOTOPOE OIpPEACNseT 3Ha-
yenne val g E kak 3HadeHne Toro ke arpubyra y mouepHero y3na 1. Ilpomykius 4
nozo0Ha MPOAYKIMY 2: €€ IPaBHIIO IPOCTO YMHOXKAET 3HAYCHUS aTpUOyTOB B JOUEPHUX
y3J1aX BMECTO UX cioxeHus. [IpaBuna npogykuuii 5 1 6 KonupyroT 3Ha4eHUs aTprudyToB
JIOYEePHHX Y3JI0B, TaK ke, Kak U B mpoxykuuu 3. [Ipoxyknust 7 mpucBauBaer aTpudyTy
F.val yncnoBoe 3HaueHue TokeHa digit, Bo3BpariaeMoe JEKCHUECKUM aHAJIN3aTOPOM. 0

CYO, xoTopble BKIIOYAIOT TOJIBKO CHHTE3WpyeMble aTpuOyTHI, Ha3bIBAIOTCS S-am-
pubymuvivu onpenenenusmu; CYO Ha puc. 5.1 obOngamaeT TaHHBIM CBOMCTBOM. B S-
arpubytHoM CYO Kakjoe MpaBHJIO BBIUMCIAET aTpuOyT HETEpMHHAJIa B 3aroJIOBKE
MPOIYKIIMH, UCTIONB3Ys aTpUOYTHI, MTONyYeHHBIE U3 Tela MPOAYKIIUH.

JIJ1s IpOCTOTHI B IPUMEPAX 3TOr0 pasjielia UCIOIb3YHOTCS CEMAaHTUYCCKUE MPaBHiia
6e3 mobouHbIX AckcTBHA. Ha mpaktuke ObiBaeT ynoOHO momyckath B CYO HeOOJb-
[IMe OTPaHWYCHHBIC TIOOOYHBIC JISHCTBHSA, TAKHE KaK Ie4aTh Pe3yIbTaTOB BHIYHACICHUIN
HACTOJIFHOTO KaJIbKYIIATOpa Wi paboTa ¢ Tabnuiieit cumBoioB. [Ipu paccmorpennu mo-
ps/IKa BEIYMCIICHUH aTpuOyTOB B pasjene 5.2 MbI MO3BOJIMM CEMAaHTHYECKUM IIpaBUIIaM
BBIUUCIIATH TPOU3BOJIbHBIC (DYHKIIMU, BO3MOXKHO, C TIOOOUHBIMU JICHCTBUSMU.

S-arpubytHOoe CYO MOXKeT OBITh €CTECTBEHHBIM OOpa3OM peaj30BaHO BMECTE
¢ LR-cunaTakcmueckum ananmm3aropoMm. Dakrtnuecku CYO Ha puc. 5.1 ortoOpaxkaer
Yacc-nporpaMMy, IpencTaBlIeHHy0 Ha puc. 4.58, KoTopas WLTIOCTPUPYET TpaHCIs-
ITUIO BO BpPeMS CHHTAKCHUYECKOro aHann3a. OTardne 3aKiI09aeTcs B TOM, YTO B [IpaBHIIe
U ipoAyKuuu 1 Yacc-mporpamma B KadyecTBe MOOOYHOTO ACHUCTBUS BBIBOAMT F.val
BMECTO OTIpesiesicHus 3HadeHus atpudyra L.val.

CYO 6e3 mo6o4HBIX 3¢ (GEKTOB MHOTNA HA3bIBAIOT ampubymuou epammamuKkoil.
[IpaBuina aTpuOyTHOW TrpaMMaTHKH ONPEACISIOT 3HaUSHHU aTpUOyTOB uepe3 3HaueHUs
JIPyruX arpuOyTOB M KOHCTAHT U HE BBITIOJNHSIOT HUKAKUX MHBIX JICHCTBUU.
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5.1.2 Bbruncaenune CYO B y3iax gepeBa pa3oopa

Busyanuznposars Tpancianuio, onpenensiemyo CYO, MmoxeT moMoys pabora ¢ ae-
peBoM pa3bopa, XOTS B JEHCTBUTEILHOCTH TPAHCISATOP MOXKET €ro W HE CTPOWTH.
IIpencraBum, uto mpasmia CYO mpuMeHSIOTCS MyTeM MOCTPOCHUsS JepeBa pasdopa
C TIOCTIETYFOIIUM HCIOIB30BaHHEM 3TUX IMPaBHI U BBIYUCICHUS aTpUOYyTOB B KaxK-
JioM y3ie aepesa. [lepeBo pa3bopa ¢ ykazaHWeM 3HAYCHUU ero aTpuOyTOB HA3BIBACTCS
AHHOMUPOBAHHBIM Oepesom pazbopa.

Kakum o0pa3om CTpouTcsi aHHOTHPOBAHHOE JepeBo pazbopa? B kakom mopsiike
BEIYHCIISTIOTCS ero aTpuOyThi? [lepen TemM Kak BBIYUCIATH aTpUOyT B y3jI€ JIepeBa pas-
0opa, clienyeT BBIYUCIUTh BCE aTPUOYTHI, OT KOTOPBIX MOXET 3aBHUCETh BBIYHCIIIEMOE
3HayeHue. Hanpumep, eciu Bce aTprOyTHI SIBISIOTCS CHHTE3UPYEMBIMHE, KaK B IPHMe-
pe 5.1, To, mpexae YeM MPUCTYIUTh K BHIUMCIICHUIO 3HaueHHs arpulyra val B y3ie,
TpeOyeTcst BEIMUCIUTH aTprOyTHI val BO BCEX €r0 JOYEPHHUX y3Max.

CunTe3upyemMblie aTpuOyThl MOXKHO BBIYUCIIATH B TIPOM3BOJIBHOM BOCXOJSIIEM II0-
psiike, TakOM Kak oOpaTHBIH MOpsAoK ob0xonma aepeBa pa3dopa; BHIYMCICHHE S-aTpH-
OyTHBIX OIpeneNeHuil paccMarpuBaercs B paszene 5.2.3.

Hns CYO c arpubyraMu 0001X THIIOB — HACIEAYEMBIMH U CHHTE3UPYEMBIMU — HE
CYIIECTBYET TapaHTUU HAIMYMS JaXe OTHOTO TMOpsiika 00Xonia sl BEIYUCICHHS BCeX
arpuOyTOB B y3llax jaepesa pasbopa. Paccmorpum, Hanpumep, HeTepMuHaiibel A u B
C CHHTE3HPYEMBIM M HaclielyeMbIM aTpuOytamu A.s U B.i COOTBETCTBEHHO, a TaKXkKe
CJICAYIONIYIO TMPOAYKIUIO U MPaBHJIA;

[TPOJIYKIIMS CEMAHTHUYECKHE TTPABUJIA
A.s= B.i

Bi=As+1

A— B

JlaHHBIC TIpaBHIIA MKIHYECKHE; HEBO3MOXHO BBIYMCIUTh HU A.s B y3ne N, Hu B.i
B JIOUEpHEM 10 OTHOIIEHHUIO K N y31e, He 3Has 3HaueHwe Apyroro arpubyrta. Lluxmm-
Yyeckasi 3aBUCUMOCTh A.s U B.i B HEKOTOPO#l mape y3/oB JepeBa pazdopa MpOUILIIO-
CTpupoOBaHa Ha puc. 5.2.

3amaya momMcka MUKIIOB B jepeBe pasdopa ans nmaHHoro CYO BBIYUCIHUTENBEHO JI0-
crarouno cioxna'. K cuacteio, cymectyror noaknacckl CYO, Juist KOTOPBIX MOYXHO
rapaHTHPOBaTh CYIIECTBOBAHUE TOPSIKA BHIYUCICHUS (3TOT BOIPOC PacCMaTPHUBASTCS
B paszene 5.2).

IIpumep 5.2. Ha puc. 5.3 mokazaHo aHHOTHPOBAHHOE IEPEBO pa3bopa st BXOTHOM
CTPOKH 3 * 5 + 4 n, MOCTPOSHHOE C MPUMEHEHHEM T'PaMMAaTHKH U TIPaBWII, TPEICTaB-
neHHbIX Ha puc. 5.1. Ilpennonaraercs, 4To 3HaUeHHS lexval MPEROCTABISIOTCS JIEK-
CHUYECKHM aHanu3aropoM. Kaxplii U3 y370B Ul HETEPMHUHAIIOB UMeeT aTpubyT val,

'He BiiaBasich B JeTajli, OTMETHM, YTO XOTS JAHHAS 33/1a4a U Pa3peliuMa, OHA HE MOYKET ObITh pellieHa
AJITOPUTMOM € MOJMHOMHUAIIbHBIM BpeMeHeM pabothl (naxe ecan P = N'P) B cuily SKCIOHEHUUATIBHON
CJIO)KHOCTH.
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A.s

Puc. 5.2. llmkouyeckas 3aBH-
cumocThb arpubytoB A.s u B.i
JIPYT OT JApyra

BBIYUCIIIEMBIH B BOCXOAAIIEM IOPSIKE; Ha PUCYHKE IMOKa3aHbl 3HAYCHHUS aTpUOyTOB
B Ka)XJIOM y37e JiepeBa pa3bopa. Hampumep, k y3iy, cpeau JOYEpHHUX Y3JI0B KOTOPOTO
uMeeTcs y3ell, IOMEUYEHHBIH *, T0cie BBIYMCIIEHUs 3HaueHuid arpudyrtoB 1.val = 3
u Flval = 5 B ero mepBoM M TpeTheM JOUYEPHEM y3JaxX HMpUMEHseTCS MpaBuIIo, Iacs-

miee, uto 1'.val SBIAETCS MPOU3BEACHUEM yYKa3aHHBIX 3HAYCHUH, WK 15. o
Lval =19
E.val =19 n
|
Eval =15 + Tval =4
T.val =15 Fyval =4
T |
T.val =3 * Fval=5 digit./lexval =4
Fval =3 digit. lexval =5
|
digit./exval =3

Puc. 5.3. AHHOTHpOBaHHOE JIepeBo pazbopa it 3 x5 + 4 n

Hacnemyemble arpuOyThI IOJIE3HBI B CIydae, KOrjaa CTPYKTypa IepeBa pa3dopa “He
COOTBETCTBYET aOCTPaKTHOMY CHHTAKCHCY HCXOMHOTO Koa. [IpuBeneHHsIif qanee mpu-
MeD IMOKA3bIBAET, KAK HACIELyEMBbIE aTPHOYTHI MOTYT MCIIOIL30BATHCS IS PEOIOICHHS
TaKOro HECOOTBETCTBHSI, BO3HHUKIIIETO BCICACTBUE TOTO, YTO TPaMMaTHKa pa3padarhiBa-
Jach JJIs1 CHHTaKCUYECKOrO aHajmM3a, a He JJIS TPAHCIIALUM.

Crp. 388
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Mpumep 5.3. CYO Ha puc. 5.4 BeIYHCISIET BhIpaXXEHUS Harmojoomne 3 x5 u 3 % 5 * 7.
Hucxonsmuil CHHTaKCUYECKHUM aHaIN3 BXOJAHOM CTPOKU 3 * 5 HAUMHAETCS C MPOLYKLUU
T — F T'. 3necy F renepupyer uudpy 3, HO oneparop * reHepupyercs HETEPMH-
nanom T”. Takum 06pa3oM, JIEBBIN ONEpaHj 3 HAXOAUTCS B JIEpeBe pazdopa B JAPYroM
ToZlJIepeBe, He B TOM, B KOTOPOM HaxoauTcs oneparop *. CiieioBaTenbHO, A epeaadn
oTiepaH/a OTepaTopy MCHONB3YIOTCS HacleLyeMble aTpHOyTHI.

[TPONYKIIMS | CEMAHTUYECKHE TTPABUJIA
) T—FT T'.inh = F.val

T.val =T .syn

2) T' —«F 1T | T{.inh =T .inh x F.val
T'.syn = T} .syn

3)) TN —e¢ T .syn = T .inh

4) F — digit F.val = digit.lexval

Puc. 5.4. CYO nHa ocHOBe rpaMMaTHKH, IPUTOAHOMN AJIs
HHUCXOJAIIETO0 CHHTAKCUYECKOT0 aHaIM3a

I'pammaruka B 3TOM IIpuMepe MpeCTaBisieT co00H (hparMeHT HEIEBOPEKYPCUBHON
BEPCHU 3HAKOMOW HaM I'PaMMAaTHKH BBIPaKEHUH; MbI UCTIOJIb30BAIIN TAKYIO TPaMMaTHKy
B IpUMepe, WIITIOCTPUPYIONIEM HUCXOAAIINH CHHTaKCUIEeCKHH aHamu3 (cM. pasaen 4.4).

Kaxxpiit u3 HerepMuHaAIOB 1 M1 F' ©UMEET CHHTE3UPYEMBIH aTpuOyT val; TepMUHAT
digit umeer cunTesupyemblii arpubyt lexval. Herepmunan T’ umeer npa arpuOyra:
HACJIEyeMbIi aTpuOyT inh M CHHTE3UPYEMBIA aTpuOyT syn.

CeMaHTHUYECKHME TTPaBHIIa OCHOBAaHBI Ha TOW HJiee, YTO JIEBBIH OIEpaH/ oreparopa
* sBisiercst HacienyembiM. Tounee, 3aronoBok 17 npoxykimu 177 — x F' T Hacnexy-
eT JIEBBI OmepaHj omeparopa * B Teie MPOMYKIHMH. Y BBIPAKEHUS X * Y * 2 KOPEHb
MoZIepeBa I *y * z HacienyeT x. Jlanee, KOpeHb MOAepeBa *2 HaclenyeT 3HaYeHHe
Z * Yy, U TaK Jajnee MpW HAJTMYUU OOJBIIETO KOJHMYECTBA COMHOXHTEJEH B BhIpaXke-
Hun. Korga Bce COMHOXHTENHM HAKOIUIEHBI, PE3yJbTaT MepenaeTcs Hazaj 1o JEpeBy
C UCTIOJIb30BaHHEM CHHTE3UPYEMBIX aTpUOyTOB.

UToOBI yBHIETH, KaK HCHOJB3YIOTCSI CEMaHTHUECKHE TPaBUIIa, PACCMOTPUM aHHO-
TUPOBaHHOE JIepeBO pa3bopa s BeIpaxeHus 3 * 5 Ha puc. 5.5. KpaitHuii cieBa juct
nepeBa, momedeHHbI digit, nmeeT 3HaueHne arpubyta lexval = 3, rae 3 mepemaercs
JIEKCHYECKUM aHaAJIN3aTOpPOM. POTUTENBCKIM y37I0M [T HETO SBISIETCS Y3€l IPOAYKIINU
F' — digit. EntnHCcTBEHHOE CeMaHTHYECKOe MPaBUJIO, CBA3AHHOE C ATOW MPOMYKIIUEH,
ompexensiet, uto F.val = digit.lexval, papHOMY 3.

Bo BTOpoMm jiouepHeM y3iie KOpHsS HaciemayeMblit arpubyt 1".inh onpenensercs ce-
MaHTudecKuM npasuiiom 1”.inh = F.val, cBazannbiM ¢ npoxykuueii 1. Takum o6pasoM,



Crp. 390

390 I'maBa 5. CHHTaKCHUYECKH yIpaBisieMas TPaHCIAIIHS

T.val =15
Fval =3 T'.inh =3
T syn=15
digit. Jexval = 3 * Fyal=5 ;:ﬁ ;% = }g
digit./exval =5 €

Puc. 5.5. AHHOTHpPOBaHHOE JEPEBO pa3bopa i BhIpaXke-
HUA 3 * 5

JIeBBIH omepaH oneparopa * — 3 — mepenaercs ciieBa HalpaBO MEXIY JOUYEPHUMH y3-
JIaMH KOPHSI.

[pomykuws B y3i1e wist T/ — 1" — + F T} (uugexc 1 ocraBieH B aHHOTHPOBAaHHOM
nepeBe pasbopa Ui TOro, 4yroObl pasnuyarh aBa y3na 1”). Hacnenyemblii arpuOyrt
T .inh onpenensiercs ceMaHTHIecKuM TpaBuiioM 17 .inh = T'.inh X F.val, cBsI3aHHBIM
C MpOayKIHeH 2.

Ipu T'.inh = 3 u F.val = 5 mbl nonyyaem T7.inh = 15. Yany s 1] coot-
BercTBYyeT nponykuus 1’ — €. Cemantuueckoe npasuio 1”.syn = T'.inh onpenensier
suauenue 17 .syn = 15. ATpulyT syn B y3nax st HerepMmuHana 1’ nepeiaer 3HadeHHe
15 BBepx mo AepeBy 10 y3ia ans HerepMmuHana 1, tak uro 1.val = 15. O

5.1.3 VYnpaxsenusi K pasgeiay S.1

Ynpaxuenue 5.1.1. J[ng CYO nHa puc. 5.1 mocTpoiiTe aHHOTHPOBAHHBIC IEPEBHS pas3-
Oopa s CeMYIONIMX BhIPAXKCHUI:

a) B+4)*(5b+6)n;
0) 1%x2%3%(4+5)n;
B) (9+8%(74+6)+5)«4n.

Ynpaxnenue 5.1.2. Pacumupsre CYO Ha puc. 5.4 Tak, 4T00BI OHO MOTIIO 00pabaThIBaTh
Te ke BbIpakeHus, yto 1 CYO Ha puc. 5.1.

Ynpaxuenue 5.1.3. Tlosropute ynpaxuenue 5.1.1 ¢ ucnonszoBanuem CYO, noctpo-
€HHOTO BaMH TP pPeUIeHnH ynpaxHeHus 5.1.2.



Crp. 391

5.2. Tlopsinok Beruucierns 8 CYO 391

5.2 TIlopsinoxk Beruuciaenus B CYO

[one3HpIM MHCTPYMEHTOM JUIsl YCTAHOBJICHHUS IMOPSKA BBIYKUCICHUS aTpUOYTOB
B KOHKPETHOM JiepeBe paszbopa siBmsiercs rpad 3aBucumocteil. B To Bpemst kak aHHO-
TUPOBaHHOE JIEpeBO pa3dopa IMOKa3bIBACT 3HAUYCHHS aTpHOyTOB, Tpad 3aBUCHMOCTEH
MIOMOTaeT OMPEACIUTh, KAKMM 00pa30M 3TH 3HAYCHUSI MOTYT OBITh BBIYHCIICHBI.

B sTom pasnene B qomnonHeHue K rpad)aM 3aBUCHMOCTEH Mbl ONPEACINM JBa BaX-
HbeIX Kiacca CYO: S-arpuOyTHble U Oonee obmme L-arpubytasie CYO. TpaHcmauwy,
ofpeieisieMbIe 3TUMH JIByMsI KJIIaCCaMH, XOPOIIIO COMIACYIOTCS ¢ U3Yy4aBIIMMUCSA HAMU
METO/IaMH CUHTAKCHUYCCKOTO aHaju3a, U OOJIBIIMHCTBO TPAHCIIATOPOB, BCTPEUAROLIUXCS
HA MPaKTHUKE, MOTYT OBbITh HAMUCAHBI TaK, YTOOBI COOTBETCTBOBATh TPEOOBAHHSAM Kak
MUHHMYM OJIHOTO M3 YIIOMSIHYTBIX KJIaCCOB.

5.2.1 TI'padmnl 3aBUcHUMOCTEH

I'pag 3asucumocmeri (dependency graph) mzoOpakaeT mOTOK HHGOPMAITUN MEKITY
3K3eMIUIIpaMu aTpuOyTOB B ONpPEIeSICHHOM JiepeBe pa30opa; pedpo OT OAHOIO K3eM-
TuIsgpa aTpudyTa K JPyroMy O3Ha4aeT, YTO 3HaUYEHHe TIepBOTro aTpulyTa HEOOXOIUMO JUIS
BBIYMCIIEHUS BTOpOro. PeOpa BblpaskaroT orpaHUYeHus], CIICAYIOUINE U3 CEMaHTUUECKUX
npasuil. Bot Gonee neranbHOE onucanue rpada 3aBUCUMOCTEH.

e Jlnsa xaxkmoro ysia jaepeBa pazdopa, CKaxkeM, y3ia, MOMEUYCHHOIO TpaMMaTHye-
CKUM cUMBOJIIOM X, B rpade 3aBUCUMOCTEH MMEIOTCSI Y37l JUIS KaXKJOTO W3
aTpuOyTOB, CBA3aHHBIX ¢ X .

e [Ipennonoxum, 4To CEMaHTUYECKOE MPABUJIO, CBA3aHHOE C IPOAYKIHUEH p, orpe-
JIeTsieT 3HAYCHUE CHHTE3upyeMoro arpudyta A.b uepes 3HadeHue X.c (paBuio
MOXET MCIOJIb30BaTh JUIs onpeaeacHus A.b u apyrue arpuOyThl, HOMUMO X.c).
B Takom ciyuae B rpade 3aBucumocteit umeetcs pedpo ot X.c k A.b. Tounee,
B KaXxJIoM y3ie N, moMedeHHOM A, B KOTOPOM MPUMEHSIETCS MPOMYKIIHSI P, CO-
3maeTcst pedpo k arpubyty b B N OT arpubyTa ¢ B TOYEPHEM IO OTHOIICHHIO
K N y371e, COOTBETCTBYIOIIEM K3eMILIAPY CUMBOIA X B TeJle POLYKIUNZ.

o [Ipeanonoxum, 9T0 CEMaHTHIECKOE TIPABUIIO, CBI3aHHOE C MPOIYKITUEH p, OTpe-
JIeNseT 3HaueHHWe HacielnyeMoro arpubyra B.c ¢ ucromb3oBaHHWEM 3HauEHUS
X.a. Torma rpad 3aBucuMOCTE# comepxut pedpo ot X.a k B.c. JInsa xaxmoro
y3na N, TOMEYEeHHOTO B, KOTOPBIH COOTBETCTBYET MOSBICHUIO 3TOTO B B Temne
MPOIYKIIMHU P, co3iaeTcs pedpo k arpulyty ¢ B [N ot atpubyta a B y3ine M, Ko-
TOPBIA COOTBETCTBYET HaHHOMY BXOXKIeHHIO X . 3ameTum, uTto M MOXKeT OBITh
poauTteneM udo Oparom N.

[Tockonbky y3en N MOXET MMeTh HECKONBKO JI0YEPHHX Y3II0B, IOMEUEHHBIX X, CUMTAEM, YTO Pa3id-
YaTh OJWH M TOT K€ CUMBOJ B Pa3HBIX MECTaX MPOXYKIUH TO3BOJSIOT MX HHAEKCHL
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Ipumep 5.4. PaccmoTpuM cieayonlyro IpoayKIU0 U MPaBUIIO:

[TPOAYKIMS  CEMAHTUYECKOE TTPABUJIO
E—FE+T E.val = Ey.val + T.val

B kaxzaom y3me N, momedeHHOM F, ¢ TOYEpHUMH y3J1aMH, COOTBETCTBYIOIIUMH TETy
3TOW MPOAYKIIUHU, CHHTE3UPYeMbIii aTpuOyT val B N BBIYHCISCTCS C HCIOJIb30BAHUEM
3Ha4eHWH val B OByX NOYEpHUX y3Jax, moMmedeHHBIX F u 1. Takum oOpa3om, 4acTh
rpada 3aBUCHMOCTEH T KaXII0To JiepeBa pa3dopa, B KOTOPOM HCIIONB3YETCsl 3Ta Mpo-
IYKIWA, BBIDISIMT TakK, Kak IMOKa3aHo Ha puc. 5.6. [lo cormamenuto pebpa nepesa
pasbopa OyayT m300pakaThCsl MyHKTHPHOH, a pedpa rpada 3aBUCUMOCTEH — CIUIOII-
HOM JIMHUEH. m

Ell val + ‘ T val

Puc. 5.6. F.val cuntesupyercs u3 E;.val
u T.val

Ipumep 5.5. IIpumep momHOrO rpada 3aBHCHMOCTEH NMPHUBEACH Ha pucC. 5.7. Y3IbI
rpacda 3aBUCHMOCTEMH, IIpeICTaBIEHHBIE YNCIaMu OT 1 10 9, COOTBETCTBYIOT aTpudyTam
B aHHOTMPOBAHHOM JiepeBe pazbopa Ha puc. 5.5.

F 3 val

digit 1 /lexval

digit 2 /lexval €

Puc. 5.7. I'pad 3aBucuMocTel 111 aHHOTHPOBAHHOTO JiepeBa
pas3bopa, mpeCTaBIEHHOTO Ha puc. 5.5

V3ue1 1 u 2 npeacTaBisior atpulyT lexval, CBI3aHHBIN C IBYMS JIMCTBSIMH C MET-
kamu digit. Y3nel 3 u 4 mpencTaBisOT aTpuOyT val, CBA3aHHBIA C IBYyMs y3JIaMH
¢ metkamu F'. PeOpa B y3en 3 u3 1 u B y3exn 4 U3 2 MONydaroTCsl U3 CEMAaHTHYECKOTO
npaBmiIa, onpeneisomero F.val yepes digit.lexval. B aeiictBurensHoct F.val paBHO
digit./exval, HO pebpo mpeAcTaBiIsIeT 3aBHCUMOCTb, a HE PaBEHCTBO.
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V3ibl 5 ¥ 6 NpeicTaBiAOT HachaemayeMblid arpuOyT T”.ink, CBA3aHHBIA ¢ KaXKIbIM
nosBieHneM HerepmuHana 1”. Tlpuuunol Hamuuus pebpa u3 3 B 5 CIIyKUT HPaBUIIO
T'.inh = F.val, onpenensitomee T'.inh B NpaBOM JOYEPHEM Y3JI€ KOPHS C HCIOJb-
30BaHUEM 3HaueHus F.val B neBoM mouepHeM y3ine. Mimerorcs Takke pebpa B y3em 6
u3 y31n08 5 (arpubyr T”.inh) u 4 (arpubyt F.val), TIOCKOIBKY yKa3aHHBIE 3HAYEHMS
MEPEMHOXKAIOTCS JJIS TIOMyYeHHsI aTpulOyTa inh B y37e 6.

V3761 7 1 8 IPeACTaBISIFOT CHHTE3UPYEMBbIid aTpUOYT Syn, CBA3aHHBIN C BXOXKICHHS-
mu T". PeOpo u3 y3ia 6 B y3ei 7 CBA3aHO ¢ ceManTudeckuM npasuwiom 17 .syn = T .inh,
Ha3HAYEHHBIM MpoxyKiuu 3 Ha puc. 5.4. PeObpo u3 y3nma 7 B y3en 8 cBA3aHO ¢ ceMaH-
TUYECKUM MPABUIIOM, Ha3HAUCHHBIM MTPOIYKIMH 2.

Hakonern, y3zen 9 npencrasiser arpuOyT 1.val. Pebpo u3 y3na 8 B y3en 9 BbI3BaHO
ceMaHTH4YeCKuM mpaBuiioM 1.val = T .syn, CBA3aHHBIM C MPOAYKIHKEH 1. O

5.2.2 VYnopsiaouyeHue BHIYUCICHUA ATPUOYTOB

I'pad 3aBuUCHMOCTEW ompenenseT BO3MOXKHBIC TOPSIKA BBIYUCICHHUS aTpUOyTOB
B Pa3IMYHBIX y3lIax nepeBa pazdopa. Ecmu rpad 3aBucuMocTeit mmeer pebpo u3 y3ia
M B y3en N, to arpulyT, cooTBeTCTBYIOIIMA M, TOMKEeH OBITH BBIYHCIICH JI0 aTpHOy-
ta N. Takum 0Opa3om, TOMYCTHUMBIMH MOPSAKAMU BBIYUCICHUS aTpUOYTOB SIBISIOTCS
nociuenoBarensHOCTH y310oB N1, No, ..., N, Takue, 4To ecnu B rpade 3aBucuMocTeit
umeerca pebpo or IV; k Nj, 10 @ < j. Takoe ymopsnodenue rpada 3aBUCHMOCTEH
BBICTPAMBAET €r0 y3JIbl B JIMHEHHOM TMOPSAJKE W HA3bIBACTCS MONOL02UYECKOU COpmU-
poekoti Tpada.

Ecmu B rpade mMeercst UK, TOMONOTHYECKAs COPTHPOBKA TAaKOro rpada HEBO3-
MOXHa, a 3HAYUT, HEBO3MOXKHO 1 BeruuciieHne CYO mis qanHoro nepeBa pazoopa. Eciu
IIUKJIOB HET, TO CYHICCTBYCT KaK MUHHUMYM OJHa TOIIOJIOTHYCCKAasA COPTHUPOBKA. YroObI
MOHATH, TIOYEMY 3TO TaK, yOemumcsi, 4To B rpade 0e3 IMKIOB BCerna MMeeTcs y3ell,
B KOTOpPBIA HE BXOAWT HHU ONHO pebpo. Eciam Ob1 3T0 OBUIO HE Tak, TO, MEPEXOAs IO
BXOJSIIAM pedpaM OT MPEe/IIeCTBEHHUKA K €T0 MPEAIIECTBEHHUKY, MBI ObI B KOHEYHOM
cueTe TOMaNK B y3€J, B KOTOPOM yXe ObIBaiu, T.e. oOHapyxmnmn Obl nuki. Chemaem
y3en 0e3 BXOISIIUX B HEro pedep MepBbIM B TOMOJIOTUIECKOM IOPSIKE, YIAIUM €ro u3
rpada 3aBUCUMOCTEH U ITOBTOPUM TOT 7K€ MPOIECC C OCTABIIUMHUCS Y3JIaMH.

Ipumep 5.6. I'pad 3aBucumocTeit Ha puc. 5.7 He nMeeT uKIToB. OIHON U3 TOMOJIOTH-
YECKUX COPTHUPOBOK SIBJISIETCS MOPSIOK, B KOTOPOM MPOHYMEPOBaHHI y3ibl: 1,2, ..., 9.
3amernMm, 9TO BCce pedpa rpada UAYT U3 y3/ia C MCHBIIIUM HOMEPOM B y3€1 ¢ OOIBIIM
HOMEPOM, TaK YTO JAAHHBIA MOPAIOK OMPEAEICHHO SBIISETCS TONOJIOTMYECKON COPTH-
poBKOii. MIMeroTcs 1 ipyrue TOMONIOTHYeCKUe COPTUPOBKH, Hampumep 1,3,5,2,4,6,7,
8,9. O
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5.2.3 S-arpu0OyTHBbIE onpeneieHust

Kak ynmomunanoce panee, ais 3aganHoro CYO odeHb TPyIHO CKa3arb, CYIIECTBY-
eT JIM JIepeBo pa3zdopa, rpad 3aBHUCUMOCTE KOTOPOTO COINEPKHUT IMKIbL. Ha mpakruke
TPaHCISIIHA MOXKET OBITh peasin30BaHa C MCHONb30BaHHEeM KiaccoB CYO, mist korto-
PBIX TapaHTHPOBAHHO CYIIECTBYET MOPSIOK BBIYMCICHUI arprOyTOB, MMOCKOIBKY OHHU
HE JIOMMyCKAIOT Hamu4ws Tpad)oB 3aBUCHUMOCTEH ¢ MUKJIaMHu. /[Ba Kitacca, paccMarpuBa-
€MBIX B 3TOM pazjielie, MOTYT OBITh A(PEKTHBHO PEATN30BaHbI B CBSA3U C HUCXOISIIUM
U BOCXOAAINNM CHHTAKCUYCCKHUM aHAJINU30M.

[TepBrIif U3 TUX KIACCOB OMPEACISACTCS CICAYIONINM 00pa3oM.

e CVYO sBustercs S-ampubymusim, €CIIM BCE €ro aTpuOyThl CHHTE3UPYEMBbIE.

Ipumep 5.7. CYO nHa puc. 5.1 sBusercs mpuMepoM S-aTpUOYTHOTO OIPEIEICHHUS.
Kax et u3 atpubytoB L.val, E.val, T.val u F.val SBIseTcs CHHTE3UPYEMBIM. O

Korga CYO sBnsiercst S-aTpuOyTHBIM, €ro arpruOyThl MOTYT BBIYHCIIATHCS B JIFOOOM
BOCXOJISIIIIEM TIOPSITIKE Y3JI0B B JIepeBe pa3dopa. 3adacTyro OCOOCHHO MPOCTO BBIYHC-
TUTh arpuOyThl IMyTeM 00Xoma jaepeBa pa3dopa B 0OpaTHOM IOPSIKE W BBIYUCICHUS
arpulyToB B y3ie [V, Korga oOXo MOKHAAeT y3el MOCIeTHUH pas, T.€. eCld MpHuMe-
HUTH OTIpENIeNIeHHYI0 HKe (DYHKIHIO postorder K KOPHIO JiepeBa pazoopa (CM. Takxke
Bpe3Ky “O0xofpl B IPSMOM B 00paTHOM Topsiake” w3 pasaena 2.3.4):

postorder (N) {

for ( xaxnprii nouepHuit y3ea C' y3na N, HaunHas ciesa) postorder (C'),

Beraucinte atpubyThl, cBsi3aHHbBIE ¢ y370oM N

}

S-arpuOyTHBIE ONpeneneHns MOTYT OBITh peaJM30BaHbl BO BPEMS HHCXOSIIETO
CHHTAKCUYECKOIO aHaJIN3a, MOCKOIbKY HUCXOASIIUI CHHTAKCUYECKUN aHaJlu3 COOTBET-
CTByeT 00Xomy B oOpaTrHOM mopske. B uacTHOCTH, 00paTHBIH MOpsIoK 00X01a B TOYHO-
CTU COOTBETCTBYET HOPAJKY, B KOTOpoM LR-cHHTakcuyeckuil aHaiau3aTop CBOpauyuBaeT
TeJla MPOAYKLHMH B MX 3arojOBKU. JTOT (akT OyAeT MCIONb30BaH B paszpene 5.4.2 s
BBIUMCIICHUS] CHHTE3HPYEMBIX aTpUOyTOB M COXpaHEHHS MX B CTeke B mporecce LR-
CHUHTAaKCHYECKOTO aHaju3a 0e3 SIBHOTO CO3laHMs Y3JI0B JepeBa pa30opa.

5.2.4 L-arpuOyTHble onpeneaeHust

Bropoii kitacc CYO HaswiBaeTcs L-ampubymuusimu onpedenenusmu. nes, nexarmas
B OCHOBE 3TOTO KJIacca, 3aKIJII0YaeTcsl B TOM, 4TO pedpa rpada 3aBUCHMOCTEH MEXIy
arpuOyTaMu, CBA3aHHBIMH C TEJIOM MPOIYKIMH, YT TOJBKO ClIEBa HAIlPaBO, HO HE
cripaBa HajeBo (OTcroma W Ha3BaHue — “‘L-arpuOyTHbIN”). TouHee, KaKIbIH aTpuOyT
JIOJDKEH OBITH MO0
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1. cuHTE3upyeMbIM, JTUOO

2. HacjeIyeMbIM, HO TPH BIMOTHEHUH ONPECIIEHHBIX OIPAHUYHBAIONINX TIPABHIL.
[Mpenmnonoxum, uyto umeetcs mpoaykius A — X1 Xs ... X, U 4TO CylecTByeT
HaCJIeIyeMbIi arpudyT X;.a, BEBIYUCISIEMBIN TTPH IIOMOIIY TIPABHIIA, CBI3aHHOTO
¢ JaHHOU mponykuueil. Torna 3To NpaBUIIO MOXKET UCIOIB30BaTh TOIBKO

a) Haclie[yeMble arpuOyThl, CBSI3aHHBIC C 3ar0jOBKOM A;

0) HacieqyeMble JTUOO CHHTE3UPYEMBbIC aTpUOYTHI, CBSI3aHHBIC C BXOXKICHHSI-
MU cUMBOJIOB X1, Xo, ... X;_1, PacIoONOKEHHBIX clieBa OT X;;

B) HacjeIyeMble JIMOO CHHTE3UupyeMble aTpHOyThI, CBSI3aHHBIC C BXOXKACHUS-
MU camoro X;, HO TOJBKO TakKMM 00pa3oM, 4TO B Trpade 3aBHCHMOCTEN,
00pa3oBaHHOM aTpudyTamu 3Toro X;, He UMEeTCsl LIUKIIOB.

Ipumep 5.8. CYO Ha puc. 5.4 spnsercs L-arpubytaeiM. UToOBI yBUACTD, TOUEMY 3TO
TaK, pACCMOTPUM CEMAHTHUYECKHUE MPABUIIA JIUIS HACTICYEMbIX aTpuOyTOB, KOTOPBIC /IS
yI00CTBa TTOBTOPHUM €IIIe Pas3:

[TPOAYKIIMS  CEMAHTUYECKOE TPABHJIO
T —FT T'.inh = F.val
T — xF T] T}.inh = T".inh x F.val

ITepBoe U3 THX NPABKJI ONIPEIENSAET HACe yeMblil arpulyT 1" .ink, uctons3yrommii
Tonbko Flval, npuuem, kak U TpeOyercs, F' HaxomuTca B Teje NPOAYKLHMM CJ€Ba OT
T'. Bropoe mpaBuiio onpenenser 17.inh ¢ UCIONb30BaHUEM HACIEIYeMOro arpudyTa
T'.inh, cBsi3aHHOTO C 3aroiioBkoM, u F.val, rne F' pacmonaraercs ciesa ot 17 B Tene
HOPOAYKLHH.

B xaxx70M U3 3THX ciy4aeB MpaBHiia UCTIONB3YIOT HHPOPMAIHIO “CBEpXy HIIU Clie-
Ba”, KaKk U TpeOyercs ompeneneHreM kiacca. OcTalbHble aTpUOYThl CUHTE3UPYyEMBbIE.
CrnenoBarensHo, paccMorpeHHoe CYO sBnsercst L-aTpubyTHBIM. 0

Ipumep 5.9. Jlro6oe CYO, comeprkaiiee ClIeayrOmue MPOAYKIIMA U TIPaBUia, HE MO-
JKeT OBITh L-aTpuOyTHBIM:

[MTrOpYKIIMA CEMAHTUYECKME TTPABUJIA
A—BC(C A.s=B.b
B.i= f(C.,A.s)

[epBoe npasuiio, A.s = B.b, sBisieTcsi KOPPEKTHBIM KaK JIIst S-aTpUOYTHOTO, TaK M JUIS
L-arpudyraoro CYO. OHo onpezensier CHHTE3UpyeMblid arpuldyT A.S ¢ HCIIOIb30BaHH-
eM arpulyTa B JoYepHEM y3iie (T.€. CHMBOIIA B TEJIC TPOTYKITHH).

Bropoe nmpaBwiio onpeaenseT HaciaenyeMblid arpudyt B.i, Tak yto CYO, B 1enom,
HE MOXeT ObITh S-arpuOyTHBIM. [lanee, xoTs mpaBuio u koppektHo, CYO He MoxeT
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ObITh L-arpuOyTHBIM, TOCKONEKY B omnpeneneHun B.i yuactByer C.c, a C' HaxomuTcs
crpasa ot B B Tene npoaykmun. YtoOs! B L-arpubyrHom CYO MOTIHM UCTIONB30BATHCS
arpulyThl U3 OpaTCKWX Y3JIOB, OHHU JIOJDKHBI pacIioyiaraThCsl CiIeBa OT CHMBOJIA, JUIS
KOTOPOTO OTIPEIETISICTCS] pACCMATPUBACMBINA aTpUOYT. O

5.2.5 CeMaHTHYeCKHE MPABWJIA ¢ KOHTPOJIUPYEMbIMH
MO00OYHBIMH 1eHUCTBUSIMH

Ha npaktuke TpaHCHAINs BKIIOYaeT TOOOYHBIC ACUCTBUS: HACTOIHHBIA KaJIbKYIIs-
TOP MOXKET BBIBOJIUTH PE3yJIbTaT BBIYMCIICHUS, TEHEPATOP KOAa MOXKET BHOCHTH THII
uaeHTuduKaropa B Tabnuiy cumBoioB. B ciaydae CYO Hac uHTepecyeT OaigaHC Mex-
Iy aTpuOyTHBIMHA TpaMMaTUKaMH M CXEMaMH TPaHCIAIUN. ATpHOYTHBIC TpaMMaTHKH
HE UMCIOT TOOOYHBIX JEUCTBUU U JOIMYCKAIOT 000U MOPSTIOK BEIYUCICHUN, COTIIACY-
roruiics ¢ rpadom 3aBucuMocTei. CXeMbl TPAHCIAIUN TPEOYIOT BBIYHMCICHHH ClieBa
HaIpaBoO M JIOMYCKAIOT CEMAaHTHUYECCKUE JCUCTBUA, COACPIKAIINE MPOU3BOIBHBIC TIPO-
rpaMMHBIE (DParMEHTBI; CXEMBI TPAHCIISAIIUN PAaCCMAaTPHBAIOTCS B pasnene 5.4.

Msg1 OyneM KOHTpOJIMpOoBaTh MoOo4HbIe aericTBuS B CYO OmHUM M3 CICHYIONIHX
CII0co00B.

e [lo3Bomsisi BTOpOCTENEHHBIE TOOOYHBIE JCWCTBUS, HE MPEMATCTBYIONINE BBIYUC-
neHuto arpulyToB. J{pyruMu cioBamu, OOOYHBIE AEWCTBUS pa3pelaoTcs, eCiu
BEIYHCIICHUE aTpUOyTOB Ha OCHOBE JIF0OO0M TOMONIOTHYECKOW COPTHPOBKHU rpada
3aBUCHUMOCTEN aeT “KOPPEKTHYI TPaHCISIHIO, TAe “KOPPEKTHOCTH’ 3aBUCHUT
OT KOHKPETHOTO MPUIOKCHHUS.

[ ] OFpaHI/I‘-II/IBaSI ZIOHyCTI/IMI)Ie HOpSIIIKI/I BBIYUCJIICHUA TAK, YTO HpI/I JIIO6OM n3 pa3-
PCIICHHBIX TOPSAAKOB BBIYHCICHHS MOJTyYaeTCsl OHA U Ta ke TpaHcsaus. Orpa-
HUYCHHS MOTYT pacCMaTpuBaThCS KakK HEsBHBIC peOpa, moOaBieHHBIC K rpady
3aBHCHUMOCTEH.

B kadecTBe mpumepa BTOPOCTEIIEHHOTO MOOOYHOTO JICHCTBUS M3MEHUM KaJIbKyJIsi-
TOp U3 npumepa 5.1 Tak, 4TOObI OH BBIBOJIMII TIOJY4EHHBIN pe3yibTar. BMecto npaBuia
L.val = E.val, xoTopoe coXpaHseT pe3ylbTaT BEIYUCICHUH B CHHTE3UPYyEMOM aTpuOyTe
L.val, paccMOTpuM cieayoliee IpaBuiio:

[TPonyKIMs CEMAHTHUYECKOE ITPABHJIO
1) L—-En print (E.val)

CeMaHTHUYECKHE TIPABUIIA, BBINOJHEHUE KOTOPHIX CBOAUTCS TOJIBKO K MOOOYHBIM
JelcTBHAM, OYIyT paccMaTpHBaThCs Kak ONpeleieHUs (UKTUBHBIX CHHTE3UPYEMBIX
arpuOyTOB, CBSI3aHHBIX C 3aroJIOBKOM TNponyKimu. /lanHoe moauduimpoanHoe CYO
JaeT Ty K€ TPAHCIBIHUIO MPH JIOO0H TOMOJNIOTHYECKOW COPTUPOBKE, TOCKOJIBKY WH-
CTPYKIHMS BBIBOZIA BBIMOJHSAETCS B CAMOM KOHIIE, ITOCJIe TOTO KaK pe3y/bTaT BBIYUCIIE-
HUil coxpaneH B F.val.
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Ipumep 5.10. CYO nHa puc. 5.8 momydaer npocroe oObsiBIeHHE D), cocrosiee W3
6azoBoro tumna 7', 3a KOTOPHIM CJeyeT CIHCOK MAeHTH(HKaTopoB L. T MOXeT OBITH
int nn float. [l kaxxporo uaeHTH(UKATOpPa B CITUCKE THIT BHOCUTCS B 3aIACH TaOIHIIBI
CHUMBOJIOB JIJISl TAHHOTO HAcHTH(UKATopa. MBI cCduTaeM, 9YTO BHECEHUE THIIA B 3aITUCh
TaOJMHIBl CUMBOJIOB JUIS JTAHHOTO WACGHTHU(UKATOpa HE BIMSAET Ha 3allUCH TaOIUIIbI
CHMBOJIOB ISl MPOYHNX UACHTU(PHUKATOPOB. TakuM 00pa3oMm, 3amucH MOTYT OOHOBIISTHCS
B IIpOoH3BOJIBHOM mopsiake. 910 CYO He mpoBepsier, He OOBSIBICH JIM WACHTUDUKATOD
6oree ogHOrO pasa; st 3toro B CYO MOXXHO BHECTH HEOOXOIUMEIE N3MECHEHUS.

[TPonyKIMS | CEMAHTUUYECKUE TTPABUJIA
) D—TL | Linkh=T.pe
2) T —int T.type = integer
3) T — float T.type = float
4) L —Ly,id | Ly.inh = L.inh
addType (id.entry, L.inh)
5) L—id addType (id.entry, L.inh)

Puc. 5.8. CuHTakcuuecku ymnpapisieMO€ OIpelNeIeHUe
JUISL IPOCTBIX OOBSBICHUH THIIOB

Herepmunan D npencraBiseT oO0bsBIEHHE, KOTOPOE B COOTBETCTBHU C TPOXYKIIHU-
eii 1 cocrout u3 Tuna 7', 3a KOTOPBIM CIIEAYET CIUCOK HueHTUuukaropo L. T umeer
onuH atpulyT, T'.type, KOTOPHIN siBIsieTcss TUIIOM 00bsiBieHust . Herepmunan L Tak-
YK€ IMEET OINH aTpuOyT, KOTOPBI Ha3BaH ink JUIA TOTO, YTOOBI MOTYEPKHYTh, YTO 3TOT
arpulyT — Hacnenyemblii. Hasnauenune L.inh — nepenada oObSBICHHOTO THUIIA BHU3 O
CIHCKY UICHTH(PHUKATOPOB, YTOOBI OH MOT OBIThH 100aBJIEH B COOTBETCTBYIOLIHE 3aMCH
TaOIUIBI CUMBOJIOB.

Kaxnas n3 nmpomykiuii 2 1 3 BEIYHCIISIET CHHTE3UpPYeMBbIi aTpudyT 1'.1ype, pucBa-
uBas eMy KOppekTHoe 3HadeHue — integer mnu float. Dtor TN nepenaercst arpudyTy
L.inh B npaBune mist npoaykiun 1. Ipogykiuus 4 nepenaer L.inh BHU3 10 1epeBy pas-
Oopa, T.e. 3HaUeHHEe L1.inh BeIaHMCIAETCS B y37€ AepeBa pa3dopa MyTeM KOIMHPOBaHMS
3HaueHus L.inh W3 POIUTENBCKOTO 1O OTHOIIEHWIO K JAHHOMY Y3IY; POJUTEIHCKHH
y3€Jl COOTBETCTBYET 3aroJIOBKY ITPOLYKLIUH.

[ponyxmmm 4 1 5 UMEIOT TaK)Ke MPaBUIIO0, B COOTBETCTBUH C KOTOPHIM BBI3BIBAETCS
¢ynkuns addType ¢ nByMsl apryMeHTaMH:

1. id.entry, nexcnueckuM 3HaY€HHEM, KOTOPOE YKa3bIBaeT HA OOBEKT TAOIHIIBI CUM-
BOJIOB;

2. L.inh, THTIOM, Ha3HaYE€HHBIM KKJOMY HJIEHTH()HUKATOPY U3 CITUCKA.



Crp. 398

398 I'maBa 5. CHHTaKCHUYECKH yIpaBisieMas TPaHCIAIIHS

Mer npenmonaraeM, 9to QyHKIUS addType KOPPEKTHO yCTaHaBIMBaeT TUM L.inh B Ka-
YEeCTBE THIIA MIPECTABICHHOTO MACHTH(HUKATOpA.

I'pad 3aBucumocTeli s BxomHo# crpoku float id;, idy, ids mokaszan Ha puc. 5.9.
Uwncna ot 1 mo 10 mpencraBnsior y3mbl rpada 3aBucumocteid. Y3mel 1, 2 u 3 mpen-
CTaBIISIIOT aTpHOYT entry, CBSA3aHHBIA C KaXKIBIM M3 JHCThEB ¢ MeTkamu id. Y3ibl 6, 8
u 10 aBnsroTCs GUKTUBHBIMU aTprOyTaMU, MPEICTABIAIOUINMH IPUMEHEHNE (QYHKIINU
addType k THITy ¥ OHOMY U3 YIIOMSIHYTBHIX 3HaYeHUH entry.

entry

ids 3 entry

inh 9 L’ 10 entry
N~

f

id 1 entry
Puc. 5.9. I'pad 3aBucumocreit g o6psenenns float id;, idq, ids

VY3en 4 mpencrapnsier arpuOyT 1.type, U 3meCh NEHCTBUTEIHHO HAYWHACTCS BBI-
yucieHue arpubyra. DTOT THI 3aTeM Iepenaercs y3nam 5, 7 u 9, mpencTaBisIoLM
arpulyT L.inh, CBI3aHHBIN C KaXXIbIM TOSBICHHEM HeTepMuHana L. O

5.2.6 YnpaxHeHus K pasgeny 5.2

Yupaxuaenne 5.2.1. IlpuBenure Bce BO3MOXKHBIC TONOJOTHYECKHE COPTHPOBKU JUIS
rpaga 3aBucumocTeit Ha puc. 5.7.

Yupaxaenne 5.2.2. 300pa3ute aHHOTHpOBaHHBIC IepeBbs pasdopa mis CYO Ha
puc. 5.8 ISl CHeIyIOMNUX BBIPAKCHUM:

a) int a, b, c;
6) float w, x, y, z.

Yupaxuenne 5.2.3. [Ipennonoxum, 9to y Hac ectb npoaykuus A — B C D. Kax-
aplid u3 HetepmuHanoB A, B, C' u D umeer 1Ba arpuOyra: CHHTE3HUPYEMBbIil aTpHOyT
S W HacliexyeMblil aTpulyT ¢. [l KaXI0ro u3 MepednclIeHHBIX HIbKe HaOOpoB MpaBuiI
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YKa)XUTE, COTIACYIOTCS I 3TH MpaBWiIa ¢ S- U L-aTpuOyTHBIM OTpeNeieHus MU U Cy-
IECTBYET JH BOOOIIE KaKOH-THOO MOPSAAOK BBIYHCICHHS aTpHOYTOB B COOTBETCTBHUH
C YKa3aHHBIMU MPaBUIAMH.

a) As=B.i+C.s
0) As=B.i+CsuD.i=Ai+ B.s
B) As=B.s+ D.s
't) As=Du,Bi=As+Cs,Ci=BsuD.i=Bi+C.i

Ynpaxuenue 5.2.4. IlpuBeneHHas rpaMmMaTika reHEpUPyeT OMHAPHBIC YHCTA C “Iecs-
TUYHOU™ TOYKOM:

S —- L.L|L

L —- LB|B

B — 0|1

Paspaboraiite L-arpuOyrHoe CYO pmns Bbramcienus S.val, NeCSITUYHOTO 3HAYCHUS
BXofHOW cTpoku. Hampumep, tpancimsauus ctpoku 101.101 gomkHa naBarh jaecs-
THYHOE YHCIo 5.625. Vkasauue: BOCTIONB3yWTECh HACIEAYEMbIM aTpulyToM L.inh, xo-
TOPBIA TOBOPHT, C KAKOH CTOPOHBI OT JAECATUYHOMN TOUKH pacroyiaraeTcsi OuT.

Ynpaxknenue 5.2.5. Pazpaboraiire S-arpubyrHoe CYO s rpaMMaTHKH M TPaHCIIA-
1IUH, OTIMCAHHBIX B yIpakHeHUu 5.2.4.

Ynpaxnenue 5.2.6. Peanuzyiite anroputm 3.23, KOTOPBIN NpeoOpa3yeT peryispHbIe
BBIPOKCHUS B HEACTCPMHUHHPOBAHHBIC KOHEUHBIC aBTOMAaThl, kKak L-atpubytHoe CYO
JUTSI TPAMMAaTHKH, K KOTOPOI MPUMEHUM HUCXOJSIINA CHHTaKCHYeCKui aHanmm3. Canra-
€M, 9TO TOKEH char mpencraBiseT mpou3BOILHEIA cUMBOIL, a char./exval — cumBoI, KO-
TOPBI OH MPEACTABISIET. BBl MOXKETE TakKe CUMTATD, YTO CYIIECTBYET DYHKIHs new (),
KOTOpasi BO3BpAIlaeT HOBOE COCTOSTHHE, T.€. COCTOSIHHE, KOTOPOE paHee dToi (DyHKITH-
el He BO3Bpalanoch. Mcnonp3ylite a00bIe MOIXOMAIIUe 0003HAUYCHUSA U YKa3aHUS
nepexonoB HKA.

5.3 IIpuMeHeHUS CHHTAKCHYECKH yIPaBJIsIeMOM
TPAHCJIALUA

CHHTaKCHYECKH YIIPaBIIsieMble METOJIBI U3 JJaHHOW IJIaBBI OyIyT IMPUMEHEHHI B TJIa-
BE 6 K IMPOBEPKE TUIIOB U TEHEPAIIUU ITPOMEKYTOTHOTO KO/Ia. 37IECh )K€ MBI PACCMOTPHUM
n30paHHbIE TPUMEPHI, MILTFOCTPUPYIOIHE HEKOTOphIe TpencTaBuTeababie CYO.

OcHOBHOE TIpHMEHEHHE B 3TOM pasfieie 3aKII0YaeTcs B MOCTPOCHWH CHHTAKCH-
YECKUX JiepeBbeB. [10CKOIBKY HEKOTOPHIE KOMIMJISATOPHl B Kaue€CTBE IMPOMEXKYTOYHO-
TO TPEACTABICHUS UCTIONB3YIOT CHHTAKCUIECKUE JIEPEBHsI, PACIPOCTPAHEHHBIM BUIOM
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CYO sBnsercs npeoOpa3oBaHHe BXOOHOW CTPOKH B JepeBo. s 3aBepiueHus TpaHc-
JSIIUAU B TIPOMEKYTOYHBIA KOJl KOMITWIJIATOP 3aTe€M MOXKET OOOWTH IMOCTPOSHHOE CHH-
TAaKCHYECKOE AEPEBO, UCTONB3Ys Apyroi Habop mpasui. (B miaBe 6 paccmarpuBaercs
MOAXON K MOCTPOCHHIO MPOMEXKYTOUHOTO Kofa, rmpu kotopom CYO mpumensercs 6e3
SIBHOTO IIOCTPOEHUS AepeBa.)

Mg1 pacemotpum aBa CYO aist TOCTPOEHUS CHHTaKCHYECKUX JIEPEBBEB IS BBIPaA-
xeHuil. [lepBoe S-arpubyTHOE ompeneneHne MOXKET HCIIONb30BaThCA B MPOLECCe BOC-
XOJSIIEro CUHTAaKCHUYeckoro aHanusa. Bropoe L-arpulyTHOe ompeneseHue MOAXOTUT
JUISL MCTIONIb30BaHMS BO BPEMSI HUCXOASIIETO CHHTAKCUYECKOTO aHaJIM3a.

3aKITIOYNTENbHBIA PUMEp B 3TOU ITIaBe HpeacTaBiieT coboil L-arpubyTHoe ompe-
neneHue, paboratomiee ¢ 6a30BbIMU TUIIAMU U MAaCCHBaMH.

5.3.1 TlocTpoeHue CHHTAKCUYECKHX JlePeBbEB

Kax roopmiiocs B pazmene 2.8.2, KOKIBIA y3€I CHHTAKCHYECKOTO JIepeBa Mpe-
CTaBJSIET KOHCTPYKITUIO; €r0 JAOYCPHUE Y3IIbI MPEACTABISIOT 3HAYANNE KOMIIOHCHTHI
KOHCTpYKIMH. CHHTaKCUYeCKOe JIepeBo, MpecTaBisioliee Beipakenue Fy + Fo, nme-
€T METKY + U JIBa IOUEPHUX y3JIa, MPEICTABISIIONINX MOABBIpakeHust K1 u Fo.

MsI peanusyeM y3ibl CHHTaAKCHYECKOro JepeBa MpH MOMOIIU OOBEKTOB ¢ COOTBET-
CTBYIOIIUM KOJIMYECTBOM ToNiel. Kaxkp1ii 00BEeKT OyJIeT UMETh TOJIE Op, SBISIIOIICECS
METKOH y371a. ¥ 00BEKTOB OYIyT CICAYIONINE MOMOIHUTEIbHBIC TOJIS.

e Ecim y3en sBAsSETCS JIMCTOM, JOMOJHUTEIBHOE TOJIE XPAaHUT JIEKCHYIEeCKOoe 3Ha-
yenue sucta. Koncrpykrop Leaf(op,val) co3maer oObekT nmcra. B kadectse
aIbTepHATUBBI, €CIM y3JIbI PAcCMaTPHUBAIOTCS Kak 3amucH, Leaf BO3Bpamiaer
yKa3areib Ha HOBYIO 3aIHCh JUIS JIUCTA.

e Eciwm y3enm — BHYTpeHHUH, TO B HEM HMEETCS CTOJBKO JOTIOTHUTEIBHBIX TIOJEH,
CKOJIBKO Yy HETO JIOUYEPHHUX y3JI0B B CHHTAaKCH4eckoM jepese. Konctpykrop Node
HoJy4yaeT JBa WK Oosblie aprymeHToB: Node (op, cy,ca, ..., c)) co3aaer 00b-
€KT C TIEPBBIM ITIOJIEM Op U k TOTOTHUTEILHBIMY TIOSIMU IS K JOYEPHUX Y3JIOB

Cly...,CL.

Ipumep 5.11. S-arpubyTtHOE OonpexneneHne Ha puc. 5.10 cTpOUT CHHTaKCHYECKOE Jie-
PEBO ISl IPOCTOM rPaMMAaTHKH BBIPAXKECHHUH, BKIIIOYAIOIICH TOJIBKO J1Ba OMHAPHBIX Olle-
paropa: + u —. Kak 00bI4HO, 3TH OnepaTtopbl UMEIOT OAMH U TOT K€ MPUOPHUTET U COB-
MECTHO JIEBOACCOIIMATHBHBI. Bce HeTepMHUHAIBI UMEIOT OAMH CHHTE3NPYEeMBIil aTprOyT
node, KOTOPBIA NPENCTaBIAET y3e] CHHTAaKCHYECKOTO JAepeBa.

Kaxnp1if pa3 npu ncnonp3oBaHUM MepBoi nponykiun, ' — E; + T, ee npaBuio
CO37aeT y3eld ¢ '+’ B KauyecTBE Op U AByMs JOYEPHUMH y3namu [L.node u T.node nns
MOABBIpAXEHUN. BTopas NpoayKiys HUMeeT MOX0XKee MPABUIIO.

B cnywae nponykniuu 3, £ — T, y3en He co3faeTcs, TOCKONIbKY F.node umeeT To
JKe 3HayeHwe, 4To U 1.node. AHAJOTMYHO HE CO3JAeTCAd y3el W IMPH HCIIOIb30BaHUHU
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ITrOAYKIINA CEMAHTUYECKOE ITPABUJIO
1) E— E1+T | E.node =new Node (' +', Ey.node, T.node)
2) E — E; —T | E.node =new Node (' —', E.node, T.node)

3) E—T FE.node = T.node

4 T — (E) T.node = E.node

5) T —id T.node = new Leaf (id, id.entry)

6) T — num T.node = new Leaf (num, num.val/)

Puc. 5.10. ITocTpoeHrne CHHTAKCHYECKHUX JEPEBBEB AJIS MPOCTHIX BBIPAXKEHUIT

nponykuuu 4, T'— (F). 3uauenune T.node 10 *e, 4ro U 3Ha4eHue F.node, NOCKOIBKY
CKOOKHM MCIONB3YIOTCS JJIsl TPYIITMPOBAHMST; OHH BIIUSIOT Ha CTPYKTYpY JiepeBa pazdoopa
Y CHHTaKCHUYECKOTO JepeBa, HO IOCIIE BBIMOJHEHH CBOMX (DYHKIMH UX MPHCYTCTBUE
B CHHTaKCHUYECKOM JIepEeBE HE SIBISETCSI HEOOXOMUMBIM.

[Mocnennue nBe T-MpOmyKIMH UMEIOT CIpaBa OIWH TEPMHHAI. MBI HCIIOIb3yeM
KOHCTPYKTOp Leaf Niisi cO3MaHUsI COOTBETCTBYIONIETO y3/1a, KOTOPBIH CTaHOBUTCS 3HA-
yenneM 1.node.

Ha puc. 5.11 nokasaHo NOCTpPOEHHE CHHTAaKCHUYECKOIO JAEpEeBa sl BBIPAXKEHUS
a — 4 + c. Y3IIbI CHHTaKCHYECKOTO JepeBa TOKa3aHbl KaK 3allUCH C TEPBBIM IOJIEM
op. 3neck pebpa CHHTAKCHYECKOTO JIepeBa MOKAa3aHbI CIUIONTHBIME JIMHUSMU, a JIeXkKa-
Iee B OCHOBE JIepeBO pa3dopa, MOCTPOeHHE KOTOPOTo B SIBHOM BHJIE HE Tpedyercs, —
JUHUSMU, COCTOSIIUMHU U3 TOUEK. TpeTuil B JIMHUN — MYHKTUPHBIC — MPEICTaBIISA-
et 3HaueHus1 F.node u T'.node; xaxmas TUHUS YKa3bIBa€T Ha COOTBETCTBYIOIIUN y3eI
CHUHTAaKCHYECKOTO JIepeBa.

BHU3y HaxomsTcs JUCThsL VIS @, 4 | ¢, TOCTPOCHHBIE ¢ IPUMEHEHHEM KOHCTPYKTO-
pa Leaf. Cunraem, 4To JIekCHUeckoe 3HaueHue id.entry yka3piBaeT Ha 3allUCh B TaOJIHIIC
CHMBOJIOB, a JICKCHYECKOE 3HAYeHHE num.val TpencTaBiseT co0ol YUCIIOBYI0 KOHCTaH-
Ty. OTH JIMCThsI, MM YKa3aTeJdW Ha HUX, CTAHOBATCS 3HAYCHHWSIMH 1.node Tpex y3ioB
JepeBa pa3dopa, MOMEUEHHBIX ', COIIacHO mpaBwiaM 5 u 6. 3aMeTHM, 9TO B COOT-
BETCTBHH C TPABUJIOM 3 yKazaTellb Ha JIMCT a SBISIETCS Takxke 3HauyeHueM F.node st
KpaitHero cieBa F/ B nepeBe paszbopa.

[IpaBuno 2 3actaBiser co3uaTh y3ei C op, PaBHBIM 3HaKy —, M yKazaTelIsIMH Ha J[Ba
MEPBBIX JIUCTA. 3aTeM MpaBWiIo | co3maeT KOPHEBOHW y3ell CHHTaKCHYECKOTO JIepeBa,
OOBEIUHSISL Y3€IT UL — C TPETHUM JIHCTOM.

Ecim npaBuna BeMucIsoTes B Ipoiiecce oOpaTHOrO 0o0xona epeBa pazdopa Mim
IPY CBEPTKAX B MPOIIECCE BOCXOMSIIETO0 CHHTAKCHYECKOTO aHAIN3a, TO TIOCIIEI0BATEb-
HOCTB IIaroB, NIOKa3aHHas Ha puc. 5.12, 3akaHYMBaeTCs yKazaTeleM ps, YKa3bIBAIOIUM
Ha KOPEHb IMMOCTPOSHHOTO CHHTAKCUYECKOTO JIepeBa. 0
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K 3anucn gna ¢

K 3anucu ons a

Puc. 5.11. Cunrakcuueckoe nepeBo i a — 4 + ¢

1) p1 = new Leaf(id, entry-a) ;
2) py = new Leaf (num,4) ;

3) ps =new Node (" —',p1,p2);
4)  p4 = new Leaf (id, entry-c) ;
5) ps =new Node (' +',p3,p4);

Puc. 5.12. laru nocTpoeHHs CUHTaKCUYECKOTO JiepeBa st a — 4 + ¢

B ciydae rpamMmaruku AT HUCXOMSAIIETO CHHTAKCUYECKOTO aHAIM3a CTPOSTCS TE
YK€ CHHTaKCHYECKHE JEPEBbs C MCIIOIH30BAHUEM TOMW K€ IOCIIE0BATEIbHOCTH IIIaroB,
HECMOTPS Ha TO YTO CTPYKTYpa JIEPEBHEB Pa3zdopa CYIMIECTBEHHO OTIMYACTCS OT CTPYK-
TYpBI CHHTAKCHYECKUX JEPEBHEB.

Ipumep 5.12. L-arpubyTHOe ompezeneHue Ha puc. 5.13 BBIMTONHSAET Ty K& TPAaHCIA-
IIUIO, YTO M S-aTprubyTHOE onpexneneHne Ha puc. 5.10. ATpuOyTsI 11 TpaMMaTHIECKUX
cumBojioB F, T, id u num paccmoTrpensl B mpumepe 5.11.

[IpaBuna ans MOCTPOEHMS CHHTAKCMYECKHUX ICPEBHEB B 3TOM IpUMEpE IMOJOOHBI
MpaBUJIaM JUTsE HACTOJIBHOTO KaNBKYIsATOpa U3 mpuMepa 5.3. B nmpumepe ¢ KaibpKynsTo-
POM UJIeH T * Yy BBIUMCIAJICS ITyTEeM IIepeadn © KaK HaclelyeMoro aTpudyTa, IOCKOIb-
Ky & W %Yy HaxXxoAsTCS B Pa3HBIX YacTsAX JiepeBa pazbopa. 37ech ujes COCTOMT B TOM,
YTOOBI IOCTPOUTH CHHTAKCHIECKOE IEPEBO VIS T + Y, epeaaBas £ B KadecTBE Hacle-
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TTPOAYKITNA CEMAHTUYECKUE ITPABUJIA
1) E—TF E.node = E'.syn
E'.inh = T.node
2) B —-+TE, 1.inh = new Node (' +', E'.inh, T .node)
E'.syn = E}.syn
3) FF——-TE; 1.inh = new Node (' — ', E'.inh, T .node)
E'.syn = E' .syn

4 FE —e¢ E'.syn = E'.inh

5) T— (E) T'.node = E.node

6) T —id T.node = new Leaf (id, id.entry)

7) T — num T.node = new Leaf (num, num.val)

Puc. 5.13. TlocTpoeHre CHHTaKCHYECKHUX JI€PEBBEB B MPOIECCE HUCXOJS-
I[ET0 CMHTAKCHYECKOTO aHalM3a

JlyeMoro arpulyTa, TOCKOJbKY & M +Y HaXOAATCS B pa3HBIX MojiepeBbax. Herepmunan
E' sBnsercs xonueit nerepmunana 1’ uz npumepa 5.3. Cpasaute rpad 3aBUCHMOCTEN
st a — 4 + ¢ Ha puc. 5.14 ¢ rpadoM 3aBHCHUMOCTEH T 3 * 5 Ha puc. 5.7.

E 1} node
T 2"n‘o‘de ,,,;,5 £ 12y
id 1 enny T 4 hede m‘hné ET 11 9m
num 3 val + T 8 node inhé\\bl(lO syn

id 7 entry €

Puc. 5.14. T'pad 3aBucuMocCTell A5 BBIpaXKeHUS a — 4 + ¢ iU UCTIOIB30BAHUHT
CYO na puc. 5.13

Herepmunan E' umeer HacienyeMblil arpulyT ink 1 CHHTE3UPYEMBIN aTpubyT Syn.
Atpulyt E’.inh npeacTaBiseT HEMOIHOE CHHTAKCHIECKOE JIEPEBO, TIOCTPOEHHOE K ITO-
My MOMEHTY. A MMEHHO, OH INpEACTaBISCT KOPEHb AepeBa s NpeduKca BXOTHOH
CTPOKH, HAXOMAIIErOCs ClieBa oT noaepesa s F'. B yane 5 rpada 3aBucumocteii Ha
puc. 5.14 E’.inh 0603Ha4aeT KOPEHb HEMOJIHOTO CHHTAKCHIECKOTO JIepeBa ISk HICHTH-
¢uxkaropa a, T.€. monpocty JUCT s a. B y3ie 6 E’.inh 0603HauaeT KOPEHb HEMOIHOTO

Crp. 403
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CHHTAKCHYECKOTO JepeBa Ui BXOMHOM cTpoku a — 4. B y3ne 9 E’.inh o6o3Hauaer
KOPEHb CHHTAaKCUYECKOTO JiepeBa st a — 4 + c.

ITockoyIbKy Ha 9TOM BXOJIHAsi CTPOKA 3aKaHuMBaeTcs, B y3ie 9 F’.inh ykasviBaer Ha
KOPEHBb BCETO CHHTAKCUYECKOTO JiepeBa. ATpuOyT syn MepemacT 3TO 3HadeHHe o0part-
HO BBEpX IO JepeBy pa3bopa, OKa OHO He CTAaHOBUTCS 3HaueHHeM F.node. TouHee,
3Hauenue arpubyra B y3ne 10 ompenensercs mnpaswiom E'.syn = E'.inh, cBazan-
HBIM ¢ mpoaykuuei E' — €. 3nauenue atpubyra B y3ie 11 onpenensercs mpaBuiIoM
E'.syn = FE.syn, cBA3aHHbIM ¢ npoayKuueit 2 Ha puc. 5.13. AHaJornyHble npaBuia
OTIPEACIIAIOT 3HAYCHUS aTprOyTOB B y3nax 12 m 13. O

5.3.2 Crpykrypa THnA

Hacnenyemble atpuOyThl MOJE3HBI, KOIJAa CTPYKTypa JepeBa pa30opa OTIMYAeTCs
OT a0CTPaKTHOIO CUHTAKCHCA BXOTHOHM CTPOKHM; TOTa aTpUOYyThl MOTYT MCIONB30BAThCS
JUTA Tiepeaadn nHpOopManry U3 OAHOM JacTH JaepeBa pazbopa B apyryio. llpuBeneHHbIi
Jlasee MpuMep MOKa3bIBAET, YTO HECOOTBETCTBUE CTPYKTYPBI MOXKET SIBJIATHCS CIEICTBH-
€M JaM3aiiHa s13bIKa, HO HE OIPAaHUYECHMM, HAKIIAJbIBAEMbIX METOAOM CHHTAKCHUYECKOIO
aHaiu3a.

Ipumep 5.13. B C tun int [2] [3] MOXHO NpoYecTs Kak “MacCHUB U3 JByX MAacCHBOB
o 3 mensix yncia”’. COOTBETCTBYOLIEE BhIpaXeHUE THIA array (2, array (3, integer))
IPEICTABICHO JepeBoM Ha puc. 5.15. Omeparop array TpUHEMaeT ABa Mapamerpa,
9HCI0 U THIL. ECIM THIBI IPEACTABICHBI IEPEBBSIMHU, TO 3TOT ONEPATOp BO3BPAILACT
JepPEBO C METKOH array ¢ IByMs IOYCPHUMH y3JIaMH — JUIS 9UCia U JUIs TUIIA.

array
array
integer

Puc. 5.15. Breipaxxenue tu-
na s int [2] [3]

[Ipu ncnons3oBanun CYO, npexacraBieHHoro Ha puc. 5.16, Herepmunan 1’ rene-
pupyet 1160 QyHIaMeHTaIbHBIN THIL, 1100 THI MaccuBa. Herepmunan B reHepupyet
onvH 13 0a30BbIX THIOB: int niu float. T' reHepupyeT pyHIaMEHTANbHBIA THTI, eciu 1’
nopoxkaaer B C, a C nopoxaaer €. B mporuBHoM cityuae C' reHepUpyeT KOMIIOHEH-
THI MaCCHBa, COCTOSIINE U3 MOCIEI0BATENIFHOCTH LENbIX YHCEN, KaKJ0€ N3 KOTOPBIX
3aKJIFOYEHO B KBAJIPATHBIC CKOOKH.

Herepmunansl B u T UMEIOT CHHTE3UPYEMBI aTpuOyT ¢, IPEACTaBISAIONINI THII.
Herepmunan C' umeer aBa arpulyTta: HaciemyeMblil aTpuOyT b U CHHTE3MpYEeMBIH at-
pubyt t. Hacnegyemsie arpuOyTh! b mepenarot GyHIaMeHTaIbHbIN THT BHU3 110 IEPEBY,
a CHHTEe3UpyeMble aTpuOyThl { HAKAIUTUBAIOT PE3YNIbTaT.
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TTPOAYKIIVA CEMAHTUYECKUE ITPABUJIA

T—-BC Tt=Ct1
Cb=DB1

B — int B.t = integer

B — float B.t = float

C — [num] C; | C.t = array (num.val, C1.t)
Ci.b=Cb

C —e Ct=Cdb

Puc. 5.16. T renepupyet nub0 GhyHIaMEHTAIBHBIH THII,
1100 THIT MacCUBa

AHHOTHpOBaHHOE JepeBO pa3zdopa [yl BXOAHOW cTpoku int [2][3] mokasaHo Ha
puc. 5.17. CooTBeTCTByIOIIEE BRIpAXKEHUE THUIA HA puc. 5.15 mocTpoeHo myteM mepe-
Jadu TUma integer oT B BHE3 1o 1ernouke C' MOCPEICTBOM HACIEAYEMbIX aTprOyTOB
b. Tunm MaccHBa CHHTE3UPYETCS MIPH MPOIBIKEHHH BBEPX 110 1ernouke C' mOCpeacTBOM
aTpuOyTOB t.

T.t = array(2, array(3, integer))

C.b = integer
C.t = array(2, array(3, integer))

[ 2//]/ C.b = integer

C.t =array(3, integer)

/// \ C.b = integer

[ 3 |

B.t = integer

int

C.t = integer

Puc. 5.17. CuHTakcuuecku ynpasiseMas TPAHCISAIMS TUIIOB MACCHUBOB

ToBopst Gonee moapoOHO, B KopHe s 1' — B (' HerepmuHan (' HacleayeT THII
or B npu nomomu Hacieayemoro arpudyra C.b. B kpaiinem cnpasa y3ne mist C
ucnons3yercs npoaykius C' — e, Tak urto C.t paBHo C.b. CeMaHTHUECKUE MpaBUiIa
s mponykuun C' — [num| Cp obpasytor C.t myTeM IPUMEHCHHS OIeparopa array
K orepanaaM num.val u C1.t. o

Ctp. 405
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5.3.3 VYnpaxHeHnus K pasaeny 5.3

Ynpaxuenue 5.3.1. Hike npuBeneHa rpaMMaTika Ui BBIPAKCHHUN, BKIIOYAIOIIAX
oreparop + ¥ orepaHpl, MPeACcTaBIsIomne co0oi 1ebie Yucia audo Yrcia ¢ IuiaBa-
OIIEH TOYKOM (YHClia ¢ TUTABAOMICH TOYKON PacMO3HAIOTCS MO HATUYHIO JTCCITHIHOM
TOYKH):

E — E+T|T

T — num.num | num
a) Paspaboratite CYO miis onpeie/ieHus TUITAa KaKI0Tro WieHa 1’ v BeIpakeHus F.

6) Pacmpocrpanure cBoe CYO u3 1. ¢ Ha BBIpAXCHHS B MOCT(OHKCHOH 3aIlHCH.
Bocnons3yiitecs yHapueiM onieparopoM intToFloat nist mpeoGpa3zoBanus neso-
ro 4KcClia B 3KBUBAJIEHTHOE YKCIIO C TUIaBAIOLIEH TOUYKOM.

Ynpaxnenue 5.3.2. Pazpa6oraiite CYO ans TpaHCISIIUK HHPHUKCHBIX BBIPAXXEHUH € +
¥ * B DKBHBAJICHTHBIC BBIPOKCHUs 0€3 M3IMIIHUX cKoOOK. Hampumep, mockoibky oda
oreparopa JeBOaCCOINATHBHBI, a MpHOpUTeT * Bhiie npuoputera +, ((a* (b + ¢))*(d))
Tpancaupyercs B a * (b + ¢) x d.

Yupaxuenue 5.3.3. Paszpaboraiite CYO mis nuddepeniupoBanust BeIpaKeHUN Ha-
nonobue x * (3 * x + x * x), KOTOpbIe BKIIOYAIOT OMEPaTopbl + U *, MEPEMEHHYIO X
Y KOHCTaHTBI. byneM cuuTarh, 4TO HUKaKUE YIPOIIEHHUS HE BBIMOIHSIOTCH, T.€. 3 * ,
HanpuMep, TpaHcaupyercs B 3 1 40 * x.

5.4 CuHTakcHYeCKH ynpasJjsieMble CXeMbl
TPaHCIASIIMH

CHHTaKCHUYECKH YIpaBIsIEMbIe CXEMbI TPaHCISAIUU MPEACTaBISIFOT COOOM 3aIuch,
JOMOJIHAIOIIYIO CHUHTAKCUYCCKHN YIIPABJISICMBIC ONPEACIICHUA. Bce IMPUMEHCHUS CUH-
TaKCUYECKHU YIPaBIISIEMbIX ONpE/IelIeHNH B paszese 5.3 MoryT ObITh peajn30BaHbI C HC-
IMOJIb30BAHUEM CHMHTAKCUYECCKH YIPABIACMBIX CXEM TPaHCJIAINUA.

N3 paznena 2.3.5 MbI 3HaeM, YTO CUHMAKCUYECKU YNPABIAEMAS CXeMA MPAHCIAYUU
(CYT) mpencraBnsger coboil KOHTEKCTHO-CBOOOIHYIO TPaMMaTHKY C IPOTPaMMHBIMHU
(hparMeHTaMu, BHEAPEHHBIMH B TeJla TPOAYKINH. DTH (hparMeHThl HA3bIBAKOTCS CeMAH-
muyecKkumMu delicmeusimy M MOTYT HaXOAUTBCA B JIIO00H O3UIMH B Tene npoayKuud. [1o
COIVIAIIICHHIO JISHCTBHS PacIioNararoTcsl BHYTPH (PUTYPHBIX CKOOOK; (UTYpHBIE CKOOKH,
SBIISIIONIAECS TPaMMaTHYECKIMH CHMBOIIAMH, 3aKITFOYAOTCS B KaBBIUKU.

Jrob6ass CYT MmokeT OBITH peamn3oBaHa IyTEM TOCTPOCHHS JIepeBa pa3zdopa c Imo-
CJICAYIONIMM BBITTOJTHEHUEM JISMCTBUH B TIOPsIIKE B DIyOWHY ClieBa HANpaBo, T.€. B I10-
psnke mpsimoro obxoza aepeBa. COOTBETCTBYIOMINI MPUMEp MPUBEICH B pasaene 5.4.3.
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O6b19H0 CYT peanusyercs B Mpoliecce CHHTAKCUYECKOTO aHaIn3a, 0€3 TOCTPOSHHS
nepeBa pa3dopa. B manHOM paszmene MBI ocTaHOBUMCS Ha mcronb3oBanud CYT mis
peanu3aium AByX BaXHBIX KitaccoB CYO.

1. I'pammarmka nmogmaercs LR-cuaTakcnueckoMy ananu3sy, a CYO — S-atpuOyTHOE.
2. I'pammarmka nmogmaercs LL-cuaTakcnyeckomy anaimsy, a CYO — L-atpuOyTHoe.

Mpsl yBUANM, KakuM o0Opa3oM B 00OuX ciydasx ceMaHTmueckue mpasuiaa CYO
MoryT ObITh IpeoOpazoBanbl B CYT ¢ geliCTBUSAMMU, BBIOTHIEMBIMU B HYKHBIH MOMEHT.
B mporiecce cHHTaKCHUYECKOTO aHajH3a JIeficTBHE B Telle MPOAYKIIMHU BBITOTHIETCS, KaK
TOJIBKO BCE IPaMMAaTHYECKUE CUMBOJIBI CIIEBA OT HETO CONOCTABJICHBI BXOAHOW CTPOKE.

CVYT, xoTopble MOTYT OBITh peann30BaHbl B MPOIECCE CHHTAKCHYECKOTO aHaln3a,
MOXKHO OXapaKTEpU30BaTh ITyTeM BCTaBKH BMECTO IEHCTBHH OTIMYAIOLIMXCS APYT OT
JIpyra HETepMUHAIOB-MapKepOB; KAl Mapkep M HWMeeT eAMHCTBEHHYIO MPOAYyK-
o M — e. Ecnin cuHTakCcMUeCKUi aHajIu3 TpaMMaTUKU ¢ TAKUMH HETEpMHUHATIaMU-
MapKepaMu MOXKET OBITh BBIOJIHEH HEKOTOPbIM MeTonoM, To CYT moxeT ObITh peainu-
30BaHa B IIPOLIECCE JAHHOTO CUHTAKCUUECKOIO aHaJIU3a.

5.4.1 IlocTrduKkcHbIE CXeMbl TPAHCISIUA

[pocreiimas peanuzanus CYT mMeer MecTo B CiIy4ae BOCXOISIIETO CHHTAKCH-
yeckoro a"anmsa U S-arpubytHoro CYO. B stoM ciayyae MokHO mOcTpouTh CVYT,
B KOTOPOH KaXk[I0€ NEHCTBHE Pa3MENIaeTCsl B KOHIIE MPOAYKIIMH U BEITIOTHIETCS BMECTE
CO CBEPTKOM Tena mpoayKnuu B 3arofioBok. CYT co BceMu IEHCTBHSIMHU, PACIIONOKEH-
HBIMHU Ha MPAaBOM KOHIIE TeJl MPOMYKIHiA, Ha3bIBatOTCs nocmeurchvimu CYT.

Ipumep 5.14. Tlocrpukcuas CYT Ha puc. 5.18 peammzyer CYO HaCTONBHOTO Kallb-
KyJISITOpa, TPEACTaBICHHOTO Ha pHC. 5.1, ¢ €AMHCTBEHHBIM W3MEHEHHEM: JEWCTBUE
MePBOM MPOAYKIMK BBIBOIUT BBHIYHCIEHHOE 3HaueHHE. [[0CKONbKy Nexarias B OCHOBE
CVYT rpammaruka sisisiercst LR-rpamvarukoii, a CYO — S-atpuOyTHOE, 3TH ACHCTBUS
MOTYT KOPPEKTHO BBIITOJHATHCA CHHTAKCHUECKUM aHAJIM3aTOPOM MPU CBEPTKAX. 0

5.4.2 Peanuzanus nocrpuxcuoii CYT ¢ ucnosb3oBannem
CTeKA CHHTAKCHYECKOr0 aHAJIU3aToOpa

[MoctoukcHas CYT moxker ObITh peanu3oBaHa B mporecce LR-cHHTakcHueckoro
aHaJM3a IyTeM BBIMTOJNHEHMS AEHCTBHUI NpU cBepTKax. ATpUOYT (Miam aTprOyThI) KaxK-
JIOTO TPaMMaTHYECKOrO0 CHUMBOJA MOXKET IOMEINAThCS B CTEK B TOM MECTE, LI OH
MOXeT OBITh OOHapyXeH B Ipoliecce CBepTKH. Jlydie Bcero pasMecTHTh aTpuOyTHI
BMECTE C rpaMMaTH4YecKUMH cuMBoiaMH (niau LR-cocTossHHAMH, TIpeAcTaBISIOMNMHI
3TH CHMBOIIBI) B 3aIMCAX CTEKa.
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L—En {print (E.val) ;}

E— E+T {E.wval= E,.val +T.val;}
E—-T {E.val = T.val;}
T—-T«F {T.wal=Ti.val x Fval;}
T—F {T.val = F.val;}

F — (E) {F.val = E.val;}

F — digit {F.val = digit.lexval;}

Puc. 5.18. TToctdukchas CYT, peanusyromiast HACTOJIBHBIN KaJIbKYJISTOP

Ha puc. 5.19 cTek cHHTaKCHUYECKOTro aHajIM3aTropa COACPKHT 3aMUCH C TOJIEeM IS
rpaMMaTH4YeCKUX CHUMBOJIOB (MJIM COCTOSIHUH CHHTAKCHUYECKOTO aHaJIM3aTopa), a IMOA
HHUM — 11oJie U1 aTpuOyToB. Ha BepiimHe cTeka HaXomsTcsl TPH IpaMMAaTHYECKUX CUM-
Boma — X Y Z; BO3MOXXHO, OHH OyIyT CBEpHYTHl B COOTBETCTBHH C IPOAYKIIHEH
Haromobue A — X Y Z. Ha pucyHke mokasad arpuOyT X.r rpaMMaTHu4ecKoOro CHM-
Bona X u T.0. B o0mem ciydae MOTYT MMEThCSl HECKOJIBKO aTpuOyTOB; B 3TOM Cllydae
cienyeT 1100 YBENUYUTh pasMep 3alliCH B CTEKe Tak, YTOOBI OHA MOIVIa COEPXKAaTh BCE
aTpuOyThl, 10O MTOMECTUTH B CTEK yKa3aTelr Ha COOTBETCTBYIOIIME 3amucH. B cimyuae
aTpuOyTOB HEOOJBILOTO pa3Mepa U B HEOOJIBIIOM KOJIMYECTBE MOXKET OKa3aThCsl IPOLIe
YBEITUYUTH pa3Mep 3aliCH B CTEKE, Jake eCIIM HEKOTOpBIe Mo OymayT BpeMs OT Bpe-
MEHHU IycToBaTh. Ho eciii onuH MM HECKONBbKO aTpuOyTOB MMEIOT HEOTrPaHMYCHHBIN
pa3mep — HanpuMep, MPEACTABIIAIOT COO0H CTPOKH, — TO JydIle IIOMEIIaTh B CTEK yKa-
3aTelb Ha 3HaY€HHE aTpuOyTa, KOTOPBIH XPaHUTCSI B HEKOTOPOM JIPYTOM MECTE HaMsTH,
HE SBJISIOLIEICS YaCThIO CTEKA.

X Y A CocTtosiHne/ paMmaTnyeckmnii CUMBOA

Xx | Yy | Zz CvHTe3unpyemble aTpubyTh

f

BeplwmHa cTeka

Puc. 5.19. Crek CHHTaKCHYECKOIO aHaJIU3aTopa C MOJIEM AJISI CHH-
TE3UPYEMbIX aTpHOyTOB

Ecnu Bce arpuOyThl CHHTE3HpyeMble, a NEHCTBHS PACIIONararoTcsi B KOHLE IPO-
IYKIWAWA, TO MOXXHO BBIYHCIISITH aTPHOYTHI 3arOJOBKOB IIPY BBIITOJHEHWH CBEPTKH Tella
NPOAYKLHMH K 3arojioBKy. Eciii BBIMOMHSETCS CBEPTKA B COOTBETCTBUM C MPOLYKLHUEH,
takoit kak A — X Y Z, to Bce arpulyTsl X, Y U Z 0Ka3bIBalOTCS IOCTYITHBI U HaXO0-
JSITCSL B M3BECTHBIX MTO3ULUAX B CTEKE, Kak IMOKa3aHo Ha pHc. 5.19. [Tocie BeimoaHeHUS
nevictBus A 1 ero arpuOyThl HAXOASATCS Ha BEpIIUHE CTEKa, B MO3HIUH, KOTOPYIO 3a-
HUMaJa 3anuch i X .
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Ipumep 5.15. Tlepenumem nerictBus u3 CYT HaCTOIBHOrO KaJbKYJIsATOpa U3 IpUMeE-
pa 5.14 Tak, 94TOOBI OHH SBHO paboOTail cO CTEKOM. Takas paboTa cO CTEKOM OOBIYHO
BBIIIOJIHSETCS] CHHTAKCUYECKUM aHAJIM3aTOPOM aBTOMATUYECKU.

[Ipenmonoxkum, 9TO0 CTEK MOAAEP)KHBAETCS B BHJIE MacCcHBa 3aluceil ¢ MMEHEM
stack, ¢ KypcopoM top, yKa3bIBalOIMM Ha BepLInHy cTeka. Takum obpasom, stack [top]
npeicTaBisier coboi 3amuch Ha BEpIIMHE CTeKa, stack [top — 1] — 3amuch mox Heit
u T.1. [Ipeamonoxum Takxke, 9To KaXaas 3allMCh UMEET M0JIe C UMEHEM val, B KOTOPOM
XpaHUTCA aTpuOyT TpaMMaTHYECKOrO CHMBOJA, MPEICTABICHHOTO JAHHOW 3alHChIO.
Takum oOpa3zoM, oOparuthes K aTpuOyty F.val, HaxomsiieMycs B TpeThel MO3UIIUU
CTeKa, MOXKHO Kak K stack [top — 2] .val. Tlonnoctsio CYT noxasana Ha puc. 5.20.

[Mpopykuus  JIEHCTBUSA

L—FEn { print(stack [top — 1].val);
top =top — 1; }

E — Ey+T {stack[top — 2].val = stack [top — 2].val + stack [top).val,
top = top — 2; }

E—-T

T —Ty+F  {stack[top — 2|.val = stack [top — 2].val X stack [top].val,
top = top — 2; }

T—F

F—(F) { stack [top — 2|.val = stack [top — 1].val,;

top = top — 2; }
F — digit

Puc. 5.20. Peanuzarust HaCTOIBHOTO KaJbKYJIATOPA B CTEKE BOCXOMAIIETO CUHTAKCH-
4eCKOIo aHallu3a

Hanpumep, Bo BTOpOo# nponykuuu, £ — F1+T1, 3HaueHue F; pacnoiioKeHOo Ha JIBe
MO3WIINY HIKE BEPIIMHBI CTEKA, B TO BpeMs Kak 3Ha4eHHE | HaXOAWTCSA Ha BEPIIUHE
cTeka. BeranciieHHas cymma rmoMeniaercsi B To MecTo, B KOTOPOM TOCIie CBEPTKH Haxo-
JUTCS 3ar0JIOBOK F, T.e. IBYMs MO3UIMSME HIKE TeKyIIeH BepIIuHbl cTeka. [lpuunna
3TOTO B TOM, YTO TOCJE CBEPTKH TPH IpaMMaTHYECKHX CHMBOJIAa Ha BEPIIMHE CTEeKa
OynyT 3amenensl oqHUM. [locne Berancnenns E.val co creka CHUMAIOTCS J1Ba CHMBOJIA,
TaK 4TO 3aIlMCh, B KOTOPYIO OBLIO IMOMEIICHO 3Ha4eHue F.val, mocie 3Toro okaxercs
Ha BEpIIMHE CTEKa.

B tpertbeit nponykuuu £ — T nelicTBUe He SABISIETCS HEOOXOTUMBIM, ITOCKOIBKY
pa3mep cTeka He M3MEHSETCs M 3HadeHue arpubyrta 7.val Ha BepIIMHE CTEKa MPOCTO
ctaner 3HadeHueM F.val. Te ke caMble pacCyXIeHHS MPUMEHHMBI M K MPOLYKIHSIM
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T — Fu F — digit. Ilponykuust F' — (E) HECKOJIBKO OTIMYACTCS TEM, YTO, XOTSI 3Ha-
YyeHne aTpulyTa 1 He U3MEHSETCs, TP CBEPTKE CO CTeKa CHUMAIOTCS JIBa 3JIEMEHTa, TaK
YTO 3Ha4YeHHe arpulyTa HaJ0 MEPEHECTH B MO3MIIMIO, KOTOpas OKaKETCS Ha BEpIIMHE
CTeKa TO0CJe CBEPTKH.

3aMeTuM, 4TO 3/1eCh OMYIICHHI IIarH, YIIPaBISIONINE EPBEIM ITOJIEM 3aIlUCEeH B CTe-
Ke€ — II0JIEM, KOTOpoe conepKUT LR-cocTosiHME WM MpeNCTaBiIsieT IpaMMaTUYeCKUI
cumBoi. [Ipu BemmonmHennn LR-cuHTakcH4eckoro aHanm3a TalOnuiia aHanW3a TOBOPUT
HaM O TOM, B KaKO€ HOBOE COCTOSHHE Oy/leT BBHIMIOIHEHA CBEpTKa (CM. anroput™ 4.44).
Takum 00pa3oM, MOXKHO HMPOCTO TOMECTHTh COCTOSIHAE B 3allCh Ha HOBOW BEpIIMHE
CTeKa. u]

5.4.3 CVYT c neiicTBUSIMM BHYTPH NPOAYKIIHIA

JleiicTBUS MOTYT HAXOAMTHCS B JIFOOOI MO3HUIIMU B Telle POAYKIHHU. JlelicTBUE BBI-
MIOJTHSIETCS Cpasy ke Mocie TOro, Kak 00paboTaHbl BCe CHMBOJIBI CJI€Ba OT Hero. Takum
obpazom, eciu y Hac ecth nponykiuusi B — X {a} Y, To meiicTBue a BBINOIHSIETCS
mocyie Toro, Kak pacrmosHad X (ecimu X — TepMHHAI) WM BCE TEPMUHAIIBI, TOPOXKICH-
Hele u3 X (eciim X — HerepMuHai). [oBops Ooiee TOYHO,

® IIpU BOCXOAANIIEM CUHTAKCUYCCKOM aHAJIN3€ HeﬁCTBI/Ie a BBITIOJIHACTCS, KaK TOJIb-
KO ,IlaHHBIﬁ FpaMMaTI/I‘IeCKI/Iﬁ cuMBOI X OKa3bIBaeTCs Ha BCPIIHMHE CTCKaA,

® IIPU HHUCXOSIIEM CHHTAKCHYECKOM aHallu3e JCHCTBHE a BBHIMOIHSAETCS HEIO-
CPENICTBEHHO Iepel TeM, KaK BBITIOMHSICTCS pacKpheiThe JaHHOTO Y (ecimm Y —
HETePMHHAJ) WM MPOBEPSETCA €ro HaJIW4he BO BXOMHOW cTpoke (ecmu Y —
TEepPMUHA).

CVYT, xoTopble MOTYT OBITh PEajM30BaHbl B MPOIECCE CHHTAKCUYESCKOTO aHANH-
3a, BkmogaroT noctdukcHeie CYT u kmacc CYT, paccmarpuBaemsbiii B pazmene 5.5,
KOTOpBIN peanusyer L-arpubyTHbie onpeseneHus. Kak Bl y3HaeTe U3 MPHUBEACHHOTO
Hwke npumepa, He Bce CYT MoryT ObITh peannu30BaHbl B MPOIECCE CUHTAKCHYECKOTO
aHasu3a.

IIpumep 5.16. B kxagectBe kpaiiHero npumepa mpodiemuoit CYT mpenmonoxum, 4to
MBI IIpeoOpazoBany Ham KanbKynsiTop B CYT, koTopas meyaraeT BBIpRXEHHS B Ipe-
(UKCHOM BHJE, a HE BBIYMCISACT MX 3HaueHus. [Ipomykumu u neiictBus takoir CYT
MOKa3aHkl Ha puc. 5.21.

K coxanennto, 3ty CYT HEBO3MOXHO peaii30BaTh B NPOLECCE HUCXOASALIETO I
BOCXOJISIIIIETO CHHTAKCHUECKOTO aHAJIN3a, IOCKOJIBKY CHHTaKCHYEeCKUI aHAIN3aTop J01-
JKCH BBIIIOJHATh KPUTHUYECKHE NEHCTBHS, TaKHe KaK BBIBOX SK3eMIULIpa * wium +, 3a-
JIOJTO JIO TOTO, KaK CTaHET M3BECTHO O €T0 HAJMYUH BO BXOAHOM ITOTOKE.

Hcnons3oBanue HeTepMUHAIOB-MapKepoB My n My nnst necTBUi B TPOAYKIMAX
COOTBETCTBEHHO 2 W 4 mpuBOAUT K ToMy, uTo IIC-crHTaKcHueckuii aHaim3aTop (cM.
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) L—En
2) K—A{print("+');} E4+T
3 E—T

4) T — {print('¥');} Ty * F
5 T—F

6) F — (E)

7) F — digit {print (digit.lexval) ;}

Puc. 5.21. TIpoonemuas CYT nmnst TpaHcis-
LMK MHOHUKCHBIX BBIPAXKEHUH B NpeduKCHbIC
B IIPOIIECCE CUHTaKCHYECKOTO aHaInu3a

pasznen 4.5.3) mpu BXOAHOM CHUMBOJIE, HalpUMep, 3 OOHApPYKUBAET KOHQIMKT MEXIY
cBepTKOi cormacHo My — €, cCBepTKOM cormtacHo My — € 1 mepeHocoM 00HapyKEHHOM
BO BXOJIHOM ITOTOKE IIU(PHI. o

Jrobas CYT MoxeT OBITh pealli30BaHa CICAYIONIIM 00pa3oM.

1. UrHopupys IeiCTBUS, BBITOIHAETCS CUHTAKCUYECKUN aHAIN3 BXOJHOIO OTOKA
U CTPOUTCS JIepeBo pa3bopa.

2. TIpoBepsieTcs KaKAblii BHYTpEeHHHH y3en [N, CKakeM, UL MpoayKiuu A — a.
Hob6aBnsiem k [N TOMONHUTEIHHBIC TOYEPHHUE Y3TIBI IS AEUCTBUN U3 (v TAKUM
o0Opaszom, 4To oyepHHUe Y376l N clieBa HalmpaBO COCTABISIOT CHMBOIBI U JICH-
CTBUSA (.

3. BemomHseTcs 00Xo AepeBa B MPsSMOM THopsiake (cM. paszaen 2.3.4) u nmpu moce-
MICHUH y3I1a, IOMEYEHHOTO IEHCTBHEM, BBITIONHSIETCS STO ICHCTBUE.

Hanpumep, Ha puc. 5.22 nmoka3aHo JepeBo pa30opa co BCTaBICHHBIMH JIEHCTBUAMU
JUTSI BEIpaXeHUS 3544, [Ipn mocemeHnn y3/10B AepeBa B IPSIMOM TTOPSIIKE TTOTYYacTCs
npedrKCHas 3aIiCh BRIPAKEHUS: + * 3 5 4.

5.4.4 Ycrpanenmue jgesoit pexkypcum us CYT

[TockonpKy HU OTHa TpaMMaTHKa C JIEBOH peKypcHel He MOXET OBbITh IeTepMHHH-
POBAHHO MPOAHATUZUPOBAHA HUCXOASIIUM CUHTAKCUUYECKUM aHaJN3aTOpOM, HaM Hazlo
YCTPaHATH U3 TPAMMATHKH JIEBYIO PEKYPCHUIO (C STUM JCHCTBHEM MBI YK€ BCTPEUATUCH
B paszaene 4.3.3). Korma rpammaruka sBisercs dactbio CYT, IpH yCTpaHEHHH JICBOM
peKypcrur HEOOXOMUMO MTOOECIIOKOUTHCS TAKXKE U O JCHCTBHSIX.

Haunem ¢ paccMoTpeHHsI MpOCTOro ciiyyas, B KOTOPOM HAac HMHTEPECYET TOJBKO
nopsok BemonHeHust neicteuit B CYT. Hanpumep, ecnu Kakaoe NEHCTBHE COCTOUT
B IIEYaTH CTPOKH, TO HAC MHTEPECYET TOJBKO MOPSIOK, B KOTOPOM OYIyT HaredaTaHbl
9TH CTPOKH. B 3TOM Cilydae MOXKXHO PyKOBOACTBOBATHCS CIEAYIONTUM TIPUHITUIIOM.
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L
N

. E "

{print(+);} + T

| |

T F

RN |
(print(¥):} T x F digit  {print(4); }
| |
F digit  {print(5); }

digit  {print(3); }

Puc. 5.22. JIlepeBo pazbopa ¢ mo0aBIeHHBIMH IeHCTBUSIME

e IIpu BHECEHMM U3MEHEHUN B IPaMMATUKY CIELYET pacCMarpUBaTh JEHCTBUSA
TakK, KaK €cJId Obl OHU ObUTH TEPMUHAIBHBIMUA CUMBOJIAMH.

OTOT NPUHLUI OCHOBaH Ha TOH HAee, Y4TO MPeoOpa3oBaHMs IPAMMATHKH COXPaHSIOT
HOPSJOK TEPMUHAJIOB B F'eHEpUpyeMoil cTpoke. [lelicTBusL, TakuM 00pa3oM, BBIIOJIHS-
IOTCS B OJTHOM U TOM K€ TIOPSIJIKE TIPH JTF000M CHHTAKCHYIECKOM aHAJIM3€ CJIeBa HANpago,
KaK HUCXOISIIEM, TaK U BOCXOZISIIEM.

“Tprok” yCTpaHEHHS JIEBOH PEKYPCHU COCTOMT B TOM, YTO MBI O€peM MPOLyKIHH

A — Aa|p

OHU reHePUPYIOT CTPOKH, COCTOSIINE U3 (3 ¥ MPOU3BOJILHOIO KOJIUYECTBA (v, U 3aMEHSI-
€M MX MPOAYKIUSMHU, KOTOPBIE TEHEPUPYIOT TE e CTPOKU C MCHOJIB30BAHUEM HOBOTO
HeTepMuHana R:

A — (R

R — aR]|e
Ecnu 3 He HaunmHaercs ¢ A, To A Gonbllie HE MMEET JICBOPEKYPCUBHON MPOIYKIHH.
B TepMuHax perynspHbIX ONpeaeIeHui B 000MX MHOXECTBAX MPOAYKIMI A onpernens-

ercst Kak (3 («)”. Kak cripaBuThCs € CUTyanusIMu, Koraa A uMeeT GONbIe pEKYPCHBHBIX
WJIM HEPEKYPCUBHBIX MPOIYKIIUMA, onrcaHo B pazaene 4.3.3.

Ipumep 5.17. Paccmorpum crnenyronme E-nponykiuu w3 CYT mius npeoOpa3oBaHus
WH(UKCHBIX BBIPAXECHUH B MOCT(HHUKCHYIO 3aIUCh:

E — E+T {print("+");}
E — T
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Ecnu Mb1 npuMennM cTanaapTHOE ipeoOpazoBanue K E, To ocTaTkoM JieBOpeKypCHBHOM
MPOAYKIUH OymeT

a=+T {print (' + ,) ;}
A [, teno npyroii npoaykuuu, — 1'. Ecnu mbl BBenieM R kak octarok F, TO MOIXyduM
CJIEYIOIEee MHOXKECTBO MPOAYKIUMN:

F — TR
R — +T {print("+');}
R — ¢ O

Ecmu xe pefictBust CYO He mpocTO BBIBOAAT CTPOKH, HO M BBIYHCIISIFOT aTpHOYTHI,
TO ciemyeT ObITh Oonee OCTOPOXKHBIM IPH YCTPaHEHUH JIEBOH PEKypCcHMH M3 rpaMma-
tukd. Oxnraxo, eciim CYO sBrsercst S-aTpuOyTHBIM, TO MBI BCETAa MOXKEM MOCTPOUTH
CYT myreMm pa3MerieHus: IeHCTBHI MO BBIUYMCIEHUIO aTpHOyTOB B COOTBETCTBYIOIINX
MO3ULHAX B HOBBIX IPOSYKLIHUSAX.

[IpuBenem obmIyIO CXeMy TSI CITydasi OJHOU pEKypCHUBHOM MPOAYKIINH, OHOMN Hepe-
KypPCHBHOW HPOAYKIIMU M OJHOTO aTpHOyTa JIEBOPEKYPCHUBHOIO HETEpMHUHaa; 000011e-
HUE Ha CIIy4ail MHOTHX IMPOAYKINH KaKIO0T0 THIIA HE CII0XKHOE, HO BEChbMa TPOMO3IKOE.
IIpenmnonoxum, 4To 3TH ABE MPOLYKIHU —

A —- A1Y {Aa=g(A1.a,Yy)}
A —» X {Aa:f(Xl‘)}

3neck A.a — cuHTE3UpYEMBIN aTpulyT JIeBOpeKypcuBHOTrO HetepmuHana A,a X 'Y —
OTAETbHBIE TPaMMaTHYECKHE CHUMBOJBI C CHHTE3WpyeMbIMH aTrpuOytamu X.x u Y.y
COOTBETCTBEHHO. OHM MOTYT IIPEACTAaBIATh CTPOKH M3 HECKOJBKHUX I'PaMMAaTHYECKUX
CHUMBOJIOB, KaXKIBIIl CO CBOMMH aTpuOyTaMH, MTOCKOJIBKY CXeMa COEPKUT MPOU3BOJIb-
HyI0 QYHKIHIO g, BEIYHCIAIOMYI0 A.a B peKypCUBHOH MPOAYKIUH, ¥ POU3BOJIBHYIO
¢ysknuo f, BEIUUCISIONYI0 A.a B Ipyroit nponykuuu. B mobom ciyuae f u g mo-
Jy4aloT B Kau€CTBE apryMEHTOB aTpUOYThI, IOCTYI K KOTOPBIM pa3pelleH B ciydyae S-
arpubytHoro CYO.
MpI X0TUM NpeoOpa3oBaTh JIEKAIIYI0 B OCHOBE IPaMMAaTHKy B

A —- XR
R — YR]|e

Ha puc. 5.23 nokazano, uto gomkHa genate CYT Ha OCHOBE HOBOM IpaMMaTHKH.
Ha pwuc. 5.23, a Mb1 Buaum pesynasrar padbots! nocthukcHoir CY'T Ha 0CHOBE MCXOTHOM
rpaMMaTuKd. 3[eCh OJMH pa3 NpuMeHseTcs QyHKIH f, COOTBETCTBYIOMIAs UCIIONB30-
BaHHMIO MponyKuuu A — X, a 3areM QYHKIHS g IPUMEHSIETCS CTOJIBKO pa3, CKOJIBKO pa3
ucnonb3yercs nponykius A — A Y. Tlockonbky R reHepHpyeT “ocTaTtok” CTPOKH U3
Y, ero TpaHCISIHS 3aBUCUT OT CTPOKH CJIEBA OT 3TOTO TPAMMATHYIECKOTO CHMBOIIA, T.€.
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ot ctpoku Buja XYY --- Y. Kaxzaoe ucnonp3zoBanue npoaykiuu R — Y R npuBoauT
K mpuMeHeHnio QpyHkmm g. B cirydae R MBI ncnonp3yeM Haciemyemslit arpulyT R.:
JUTSI HAKOTUTCHUST pe3ysIbTaTa MoCIe0BaTeIbHOTO TPUMEHEHNU (GYHKIIUN g, HAYMHAS CO
3Ha4YeHus arpudyra A.a.

A.a = g(g(f(X.x),Y1.y),Y2.y)

N

A.a = g(f(X.x),Y1.y) Y R.i=f(X.x)
A.a = f(X.x) Y, Y, R.i=g(f(Xx),Y.y)
/
X Y Ri= g(kX.x),Y]. ¥),Y2.y)
a) 6) ‘

Puc. 5.23. Yerpanenue neBoit pexypcuu u3 nocrdukcHoit CYT

Kpome Toro, R nmeer cuHTe3upyeMbIii aTpulyT R.s, He MOKa3aHHBINA Ha puc. 5.23.
OtoT arpubyT B NEPBBIN pa3 BEIYHUCISIETCS, Korna K 3aBepluaeT TeHepaluo CHMBOJIOB
Y, 0 yeM CBUAETENBCTBYET MCIOIB30BaHUE MpoayKiuun R — €. 3arem R.s xonupyer-
Csl BBEPX II0 JIEPEBY, TaK YTO OH CTAHOBHUTCS 3HaueHHEM A.a IS BCEro BBIPAKEHHS
XYY ---Y. Ha puc. 5.23 nokazana cutyauusi, korna A reHepupyer ctpoky XYY,
¥ BUJIHO, YTO 3Ha4eHHEe A.a B KOpHE JiepeBa Ha puc. 5.23, @ BKIIOYaeT JiBa MCIONIB30-
BaHMs QyHKIMU g. To e camoe MOXHO cka3zaTb W 0 R.¢ B HI)KHEH 4acTu aepeBa Ha
puc. 5.23, 6; 370 3HaYeHHE yXKe KaK 3HaueHHe F.s 3aTeM KOIUPYeTCcsl BBEPX IO JIEPEBY.

Wrak, 1u1s 3aBeplLieHus TpaHCISIIUU UcTIonb3yeTces cnepyromas CYT:

A —- X {Ri=f(X=z)} R {Aa=R.s}
R — Y {Rii=g(Ri,Yy)} R {R.s=Ry.s}
R — € {Rs=R.i}

OO6parnTe BHUMaHHE, YTO HACIEAYEeMBbIH aTpuOyT R.i BEIYUCIAETCS HEMOCPEICTBEHHO
Hepesi UCIOoNb30BaHieM [ B Tele MPOAYKLHUH, B TO BpEMs KaK CHHTE3UPyEMBIE aTpu-
Oytsl A.a 1 R.s BBIYHCIAIOTCSA B KOHIE Mpoaykuuii. Takum oOpa3oM, Bce 3HAYCHWUS,
HEOOXOMUMBIE TSI BBIYMCICHHSA ITHX aTpuOyTOB, OyIyT MOCTYNHBI W3 BBIYHMCICHUH,
NPOBEACHHBIX B TEJIaX MPOLYKIUH ClIeBa.

5.4.5 CVYT pasa L-arpuOyTHbIX onpeaejeHuu

B pasnene 5.4.1 mbr mpeo6pazoBanu S-atpubytHoe CYO B mocrdukcHyro CYT
C JICUCTBUSMH Ha TpaBOM KOHIlE Tpomykiuii. [lockombky nexamas B ocHoBe CYT
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rpammaruka npuHauiexut kinaccy LR, mocrukcras CYT moxer aHamM3upoBaThCs
U TPAHCIINPOBATLCSI CHU3Y BBEPX.

PaccmorpuMm Temepp Oostee obmui ciywaii L-atpubytHoro CYO. bynem cuutars,
YTO FPAaMMAaTHKA MOAJAETCS HUCXOAAIEMY CHHTAKCUYE€CKOMY aHAJIN3Y, TIOCKOJIBKY, €CIIU
3TO HE TaK, 3a4acTYy0 TPAHCISIUI0 HEBO3MOXHO BHINONHUTE HU LL-, Hu LR-cunTakcu-
YECKHUM aHaNIu3aTopoM. /[t Mpon3BOIbHON IpaMMaTHKU IPUMEHUM METOJI, COCTOSIIUI
B MPUCOEIMHEHNH JAEUCTBUH K JiepeBy pa3dopa M BBIIOIHEHWH HX B Tpoliecce 00xona
JIepeBa B MPSMOM IOPSAKE.

Bot npaBuna, ucnonb3yemsie npu npespaimiennn L-atpubytaoro CYO B CVT.

1. BcraBuTh AelicTBUE, KOTOPOE BBIYUCIISAET HACIEAyeMble aTprOyThl HETepMUHAIA
A, HENOCPEJCTBEHHO Tepe] BXOKICHUEM A B TEJIO0 MPOAYKIUH. Eciu HeCKOmb-
KO HACJEAyeMbIX aTpuOyTOB A alMKINYECKH 3aBHCAT APYT OT APYra, cliemyeT
YHOPSIOYHUTh BRIYUCIICHUE aTpHOYTOB C TEM, YTOOBI CHadada BBIYUCISUIUCH TE
aTpulyThl, KOTOpBIe TPEOYIOTCS TIEPBBIMHU.

2. TlomMecTHTb NeiCcTBUS, BEIYUCIIAIONINE CHHTE3UPYEMbIe aTprOyThI 3aroI0BKa MPo-
JIyKLIMH, B KOHLIE TE€JIa COOTBETCTBYIOLIEH MPOLYKIIUH.

ITponsurocTpupyeM 3TH NPUHIUIIBL HA IByX PACIIUPEHHBIX puMepax. Ilepsrelii oT-
HOCHUTCSl K 00JacTH Molurpaguu M WLTIOCTPUPYET, KaK METOIbl KOMITWJISIIIUA MOTYT
WCTIONB30BaThCS B MPIIOKEHHUAX, JAJIEKUX OT TOTO, YTO OOBIYHO MPEACTABISAETCS MPH
CJIOBOCOYETaHUHU “‘SI3bIK MpOorpaMMHUpoBaHus”. BTopoil mpumep cBsi3aH ¢ TeHepaluen
MIPOMEXYTOYHOTO KO ISl THITHIHOM KOHCTPYKIIMH A3BIKa IIPOTPaMMHUPOBAHUS — ITUK-
na while.

IIpumep 5.18. DTOT MprMep BAOXHOBIIEH SI3bIKAMU JIJIs1 HA0Opa MaTeMaTHYeCcKuX (op-
Mysl. OZHUM U3 MEPBBIX TAKUX SA3BIKOB ObUI SA3bIK EqQn; psan naelt u3 Egn MOXXHO 00-
Hapy>XHUTb U B cucteme TEX, KOTopast HCIOJIb30BaIach IIPH MOATOTOBKE JAHHON KHUTH.

MBI cocpeaoTounMcsl TOJIbKO Ha BO3MOYKHOCTH OIPEAETICHUs HWKHUX MHJIEKCOB,
WH/IEKCOB Y UH/IEKCOB U T.J., ITHOPHPYS BEPXHHUE WHIECKCHI, BCTPOCHHBIE IpOOH M pO-
gue 0COOCHHOCTH Maremarmueckux popmyn. B Eqn ctpoka a sub i sub j yka-
3bIBasa Ha BhIpOXKEHHE a;;. [IpocTeiiiuell rpaMMaThKoi Juist 60Kkco6 (IEMEHTOB TEKCTa,
OTPaHUYEHHBIX MPSIMOYTOIBHUKOM) SBIISIETCS

B — Bl BQ | Bl sub BQ | (Bl) | text

B cooTBeTcTBHYM C IPHBEICHHBIMH YETHIPHMSI IIPOAYKIMAMH OOKC MOXET MPEICTABIATE
co00i1 OJJHO M3 HMKENEPEUNCICHHOTO.

1. IBa cMexHBIX O0OKCa, IEPBBIA U3 KOTOPBIX, B, HAXOMUTCS CIeBa OT BTOPOTO,
Bs.

2. Bokc u O0KC HUKHEro uHaekca. Bropoii O0KC MMeeT MEHBIIUI pasMep U Haxo-
JIUTCST HIDKE U TIpaBee mepBoro Ookca.
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3. Bokc B ckoOKax JjIs TPYNIHPOBKU OOKCOB M MHACKCOB. Eqn u T' KX mns rpyn-
MTUPOBKH HCIIONB3YIOT (PUTYPHBIE CKOOKH, HO, YTOOBI M30€XaTh MyTaHHIIbI ¢ (u-
T'YPHBIMHU CKOOKaMH, yKa3biBatomuMu feiicteust B CYT, 3aeck A1t rpyIIHPOBKU
OyAyT UCTIOIB30BaThCS KPYTJIbIe CKOOKH.

4. TekcToBas CTpOKa, T.€. MPOMU3BOJIBHAS CTPOKA CHMBOJIOB.

Ora rpaMMarvuka HEOJHO3HaYHa, HO €€ MOXKHO HCIIOJIB30BaTh JISi BOCXOJISIIETO CHH-
TAaKCUYECKOI'0 aHaJIM3a MPHU YCJIOBHH MPABOACCOI[MATUBHOCTH OTHOIICHUS CMEKHOCTU
Y MHJIEKCUPOBaHUS, TpUYeM IPUOPUTET ollepaTopa sub BeIlle MPHOPUTETa CMEKHOCTH.

BeipaxkeHne BHIBOIUTCS MYyTEM MOCTPOCHUS OONBIINX OOKCOB, OKPYKAIOIIMX MEHb-
mue. Ha puc. 5.24 cMmexubie 00kchl mist By u .height obpa3yrot Ookc mis Fy.height.
JleBwrit 60kc — s E; — cocrout u3 6okcoB At F u s uapekca 1. Magexc 1 o6pa-
OarpIBaeTCs IyTEeM YMEHbBIIEHHS ero pa3mepa nmpuMepHo Ha 30%, omyckaHUs ero BHHU3
U pasmMenieHus nocne 6okca mnst E. Xots .height paccmarpuBaeTcsi HAMU KakK TEKCTO-
Basi CTPOKa, IPSMOYTOJIBHHUKH B €€ OOKCE IMOKa3bIBaOT, KAKUM 00pa3oM OH MOXET OBITh
MOCTPOEH U3 OOKCOB ISl OT/ICIBHBIX OYKB.

1 1

BbicoTa

BeicoTa

Puc. 5.24. TloctpoeHue GONBIINX OOKCOB M3 MEHBIITUX

B aToM mpuMepe MBI OCTaHOBHMCSI TOJBKO Ha BEPTHKAIBLHOW TeOMETPHH OOKCOB.
T'opuzoHTaNBEHAS TEOMETPUS — MMUPHHA OOKCOB — TAKXKE TIPEICTABIIICT HHTEPEC, B OCO-
OEHHOCTH B CBSI3U C TEM, YTO PA3IMYHBIE CUMBOJIBI UMEIOT Pa3HYyIO MHPUHY. Bo3MoXHO,
9TO HE cpady Opocaercs B Iia3a, HO KKIBIA W3 Pa3IMYHBIX CHMBOJIOB Ha puc. 5.24
MUMEET CBOIO LIMPUHY, OTIIMYHYIO OT IIUPHHBI IPYTUX CHMBOJIOB.

C BepTUKAIBLHOU TeOMETpHei OOKCOB CBSI3aHEI CICAYIOIINE 3HAUYCHUS.

a) Keenwv (point size) MCHonb3yeTcs A pa3MeEIIeHUs TeKcTa B Ookce. bymeM cuu-
TaTh, YTO CUMBOJIbI, HE SIBIISIONIMECS CHUMBOJIAMH HHJIEKCOB, UMEIOT Kerib 10.
[Hanee, canraem, 4to eciau OOKC UMeeT Kerib P, TO Kelib ero uHjaekca — 0.7p.
Hacnemyewmsrit arpubyTt B.ps npeacTapiseT Kewib 0oka B. D10t arpudyT moi-
JKeH OBITh HacJIeyeMbIM, TTOCKOJIBKY TO, HACKOJIBKO JaHHBIH OOKC JOIKEH OBITh
MEHBIIIC OCHOBHOTO, OTPEAEIISETCS €T0 YPOBHEM WHACKCHPOBAHUIS.

6) Kaxnsrit Ookc umeet bazogyio aunuio, unu 6aszuc (baseline), nmpemcrapusronmit
co0Ol BEpTHKAILHOE MMOJOKEHUE, COOTBETCTBYIOIIEe HU3y Tekcra (0e3 ydera
OykB HamozmoOue “g”, 4acTH KOTOPBIX OIMYyCKAaloTCs HIbke 0a3oBoi nmuHMM). Ha
puc. 5.24 6azoBas auHUS A F, .height 1 BCero BEIpaXeHUS B 11EJI0M MTOKa3aHa
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ToukaMH. ba3zoBas JIMHUA WHICKCA (Ha pUCYHKEe — Oa3uc Ookca, comeprkamiero 1)
HAXOIUTCSI HIKE OCHOBHOI 0a30BOil JTUHNU.

B) boxkc umeet guicomy (height), mpencrapisronnyo co0oi paccTosHHE OT 6a30BOM
JIMHWY JI0 BepIINHBI 60Kkca. BeicoTa 60kca B omnpenensiercs ero CHHTE3UPYeMbIM
atpubytom B.ht.

r) bokc mmeer enybuny (depth), mpencrapisroyro coool paccTosHUE OT 0a30BOM
JTUHUKA A0 AHa Ookca. [iybnna Gokca B ompenensieTcss €ro CHHTE3HPYEMBIM
atrpubyroM B.dp.

CYO na puc. 5.25 comepXUT IpaBHIa JUIS BBIYUCICHHS KETJIsA, BBICOTHI U TIIyOH-
HbI O00kcoB. [Ipomykius 1 ucmonb3yeTcs ais Ha3HaueHUs aTpudyTy B.ps Ha9alIbHOTO
3HayeHud kens 10.

ITPOAVKIINA CEMAHTUYECKUE ITPABUJIA
1) §S—B B.ps =10
2) B — B By Bi.ps = B.ps
Bs.ps = B.ps

B.ht = max (By.ht, Bo.ht)

B.dp = max (B;.dp, By.dp)

3) B— B;sub By | By.ps = B.ps

Bs.ps = 0.7 X B.ps

B.ht = max (By.ht, Bo.ht — 0.25 x B.ps)
B.dp = max (Bj.dp, Ba.dp + 0.25 x B.ps)

4) B — (B) Bi.ps = B.ps
B.ht = By.ht
B.dp = By.dp
5) B — text B.ht = getHt (B.ps, text.lexval)

B.dp = getDp (B.ps, text.lexval)

Puc. 5.25. CYO 1151 TEKCTOBBIX OOKCOB

[poxykumst 2 o6pabareiBaeT cMexHBIE OOKCHL. Keriib KOmMpyeTcs BHU3 TI0 JIEPEBY
pa3bopa, T.e. JBa MOIOOKCa OCHOBHOTO OOKCa HACIEAYIOT TOT XK€ Kerllb, 4YTO U 'y OO0JIb-
mero 6okca. BeicoTa 1 mmyOMHa BEIYHUCIISIIOTCS BBEPX T10 IEPEBY HPU TOMOIIH (HYHKITUU
MOVCKa MaKCHMAJBHOTO 3HA4YEHUs, T.€. BBICOTA OOJBIIEro OOKca MPeACTaBIseT coOoit
MaKCHMAJTBHYIO U3 BHICOT CBOHX JBYX KOMITOHEHTOB; TO K€ KacaeTcs M ITyOMHBI OOKca.

[pomyxuwst 3 0OpabaThIBaeT MHAEKCHI, YTO SBJISETCS HEMHOTO OOJee CIOKHOM 3a/1a-
4el, ueM mpeapiayInas. B 3ToM 0ueHb YIIPOIEHHOM IPUMEPE CIUTACTCS, YTO KETITb WH-
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nekca cocranisieT 70% OT ponuTenbekoro. PeaabHOCTE CylecTBEHHO Ooliee CIOXKHas,
MOCKOJIbKY MHJEKCHI HE MOTYT YMEHBIIAThCS 10 OECKOHEYHOCTH; Ha MPAKTHKE TMOcie
HECKOJIbKHX YPOBHEH pa3Mephl HHAEKCOB IepecTaloT yMeHbIarscs. [lanee, B npumepe
nojaraercs, 4yTo 6a3oBasi TMHU OOKCca WHAEKCA OIyIIeHa Ha 25% oT pa3Mepa poauTes;
CUTYalllsl B PEJIbHOCTH CYILIECTBEHHO CJIOXKHEE, YeM 3Ta yNPOILUECHHAs MOAEIb.

[ponyxmust 4 komupyeT aTpuOyTHl HPH HCIIONB30BaHWU CKOOOK. Hakower, mpo-
OyKUust 5 oOpabarbiBaeT JMCThsI, MPEACTABILIIONINE OOKCHI TEKCTA. 31eCh OISTh Ke
peasnbHas cHUTyalusl BecbMa ClIOXHa, Tak 9To B CYO mokazaHbI JjBe HE ONpEAEIIeH-
Hble pyHKUMMN getHt u getDp, KoTOpble paboTalOT C TaONIMIAMH, YKa3bIBAIOLIUMU VIS
KaXXJI0T0 MpH(Ta MAaKCUMaJIbHYIO BRICOTY U MaKCHMANbHYIO IIIyOHHY JII000T0 CHMBOJIa
TeKcToBOH cTpoku. Cama 1o cebe cTpoka nepenaercsi Kak arpuOyt lexval TepMuHana
text.

Hamra mocnennss 3agada cocrout B mpeodpazoBannu CYO B CVYT, crienyst mpaBu-
nam uia L-atpuOyTHeIX CYO, k kakoBbIM oTHOCHTCS U CYO Ha puc. 5.25. COOTBETCTBY-
foras CYT mokazana Ha puc. 5.26. [ns Gomnpmieil yno004NTaeMOCTH CTaBIINE BEChMa
JUIMHHBIMU TeNa MPOXYKUUH pa3OUTHl HA HECKOJIBKO CTPOK. Telo Kaskaod MpomyKLUH
COCTOWT M3 BCEX CTPOK, PACIIONOKEHHBIX BBIIIE 3ar0JIOBKA CIEAYIONIEH MPOAYKIUHU. o

ITPOYKLIUSA JENACTBUA
H S — { Bps =10;}
B
2) B — {Bi.ps = B.ps; }
B {Ba.ps = B.ps; }
By { B.ht = max(Bj.ht, By.ht);
B.dp = max(Bj.dp, Ba.dp); }
3) B — {B1.ps = B.ps; }
By sub  {By.ps =0.7 x B.ps; }
By { B.ht = max(DB;.ht, By.ht — 0.25 x B.ps);
B.dp = max(Bj.dp, Ba.dp + 0.25 x B.ps); }
49 B = ( { B1.ps = B.ps; |
By) { B.ht = B1.ht;
B.dp = Bi.dp;}

5) B — text { B.ht = getHt (B .ps, text.lexval);
B.dp = getDp (B.ps, text.lexval); }

Puc. 5.26. CYT i TEKCTOBBIX OOKCOB
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Cremyroniuii mpuMep CBs3aH ¢ MIPOCTOM MHCTPYKITMEH while u reHepanuei mpome-
JKYTOYHOTO KOZia JUISl JAHHOTO THUIa MHCTPYKUui. IIpoMexyTodHbIi Ko paccMaTpuBa-
eTCsl KaK aTpuOyT CO CTPOKOBBIM 3HadeHHeM. [1o3ke MBI MO3HAKOMUMCS C METO/IaMH,
KOTOpBIE BKJIIOYAIOT 3aITUCh YacTE€H CTPOKOBBIX aTpuMOyTOB B NPOLECCE CHHTaKCHYe-
CKOTO aHajm3a, YTO TO3BOJISIET M30erarh KOMUPOBAaHUS JUIMHHBIX CTPOK Ui MOCTpOe-
HUs emie O6oiee JIMHHBIX CTPOK. Takoro poma MeToJ MCIONb30Bajcsa B mpumMepe 5.17,
MIPY TeHepaIuy NOoCTHUKCHON 3aiCcH WH(UKCHOTO BBIPAXKCHHS “Ha JIETy” BMECTO BBI-
yucnenns arpudyra. OHaKoO 1MOKa 4To OyaeM co3/aBaTh CTPOKOBBIE aTpHOYTHI MyTEM
KOHKaTeHaIUH.

Ipumep 5.19. B sToM mpumepe HaM JOCTATOYHO OIHOM MPOMYKIIUU:
S — while (C) S

3nmechk S — HeTepMHHAI, KOTOPBIH TeHEePHPYET BCE BUABI HHCTPYKITUH, BEPOSTHO, BKIIIO-
yasi YCJIOBHbIC KOHCTPYKIIMH, TpUcBauBanus u ap. B Hamem npumepe C' nipeicraBiser
c000i1 yCIIOBHOE BBIpa)KCHHE — OYJICBO BBIPAXKCHHE, KOTOPOE MOCIIE BEIYUCIICHUS TIPH-
HHUMaeT 3HadeHue true v false.

B aTOM npuMepe eAMHCTBEHHBIH 00BEKT, KOTOPBIH MBI OyIeM IeHEepHPOBaTh, — 3TO
MeTkd. Bce mpoune koMaHABI MMPOMEKYTOYHOTO KOJA CUMTAIOTCS TEHEPUPYEMBIMHU HE
noka3zanHeMH dacTssMu CYT. B wacTHOCTH, MBI T€HEpPHpPYEM SIBHBIC KOMAaHIBI BUIA
label L, rne L — uneHTH(UKATOP, YKA3bIBAIOIIHE, YTO L — METKa CICIYIOIICH 3a Hei
koMaHpl. [Ipeamonaraercs, 9To MPOMEKYTOUHEIH KOJ| MOM00EH paccMaTprUBaBIIEMYCS
B pazuene 2.8.4.

Koncrpyxkmus while pabortaer ciemyrommm o6pazom. CHadana BEIYHCISETCS yCIOB-
Hoe BeIpaxkeHre C. EcuM OHO MCTHHHO, YIIpaBJICHUE IMEepPenacTcs B Hadalo Koma JUIs
S1; €CIIH OHO JIOXKHO, YIPABJICHUE MEPEAAeTCs KOAY, CICAYIOIIeMY 3a KOHCTPYKIUEH
while. Kox S7 nomkeH 1Mo 3aBepIICHUH BBITIOJTHCHHS TepeaaTh yIPaBICHUE B Hadalo
KOHCTpyKIMK while, K KOJy, KOTOpbIN BbIUUCIIACT 3HaYeHUue C' U KOTOPBIA HE MOKa3aH
Ha puc. 5.27.

S — while (C)S; L1 =new();

L2 = new();
Sti.next = L1;
C.false = S.next;
C.true = L2;

S.code = label || L1 || C.code || 1abel || L2 || S;.code

Puc. 5.27. CYO gns xoHcTpyKmu while

Jnst reHepanyy KOPPEKTHOTO MPOMEXKYTOUHOIO KOZA HMCIONB3YIOTCS CIEAYIOIHE
aTpuOyTHI.
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1. Hacnenyemblit atpulyT S.next moMedyaeT Hayano Kojia, KOTOPbIH JOMKEH ObITh
BBIMOJIHEH TIOCJIC 3aBEPIICHUS .S,

2. Cuntesupyemsiii arpulyTt S.code mpexacraBisger coOOH TOCIENOBaTEILHOCTh
IaroB MPOMEXKYTOYHOTO KOJia, KOTOpas peaju3yeT MHCTPYKIUIO S H 3aBepiia-
eTCsl IepexoioM K MeTke S.next.

3. Hacnenyewmbiii arpu0yt C.frue nmoMedaeT Ha4ajao Kojia, KOTOPhIA JOKEH ObITh
BBINOJIHEH, €CJii 3HaueHue C' MCTUHHO.

4. Hacnenyewmsrii arpuOyt C'.false momedaeT Hauano Kofia, KOTOPbIA JOJKEH OBITh
BBITOJIHEH, ecin 3HaueHue C' JT0XKHO.

5. Cunresupyemsbiii atpubyt C.code mpencraBisieT cCOOOH IOCIENOBATEIbHOCTD
IIaroB MPOMEXKYTOUHOTO KOJa, KOTOpast peanu3yeT ycioue C' U MePexXoIuT B 3a-
BHUCUMOCTH OT BBhIYHCICHHOTO 3HaueHus C' nubo k merke C.true, mubo K METKe

Cfalse.

CYO, BeUHCIAIONICE 3TH aTpUOYyTHl KOHCTPYKIMK While, nmpuBeneHo Ha puc. 5.27.
Hexoropbie MomeHTHI 3Toro CYO TpeOyroT MOSCHEHUH.

o DyHKIMS new reHepuUpyeT HOBBIE METKH.

e Ilepemennnie L1 u L2 XpaHAT METKH, KOTOpPBIE MOTPEOYIOTCS B TEHEPHPYEMOM
koze. L1 mpencraBiseT Hayayio Koja KoHCTpykuuu while, u ko .S1 mo okoHua-
HUH paOOTHI JOKEH BBIIMOIHATE IEpeXo K Hell. IMEHHO [T03TOMY BBIITOIHACTCS
npucBauBanue L1 atpubyty Si.next. L2 npeacrapiser Hadano koga S, U cra-
HOBUTCS 3HaYcHHEeM arpuOyta C.frue, TOCKOJIBKY UMEHHO CHOAa BBITIOTHICTCS
MIEPEXOJI, €CIIU BBIUYUCICHHOE YCIIOBHE UCTUHHO.

e OOparute BHUMaHUe, 4to C.false ycTaHaBIMBaeTCs PaBHBIM S.next, TOCKOJIbKY,
KOTZIa YCIIOBUE JIOXKHO, BBIMTOJHSIETCS KOJI, CIICAYIOMINN 32 KOIoM .S.

e CumBon || ucronmb3yercst 1uisi 0003HaICHUsI KOHKaTCHAIMH (ParMEeHTOB IIpOMe-
JKYTOYHOTO Kofa. Takum oOpa3om, 3HaueHue S.code HaunHaercs ¢ meTku L1, 3a
KOTOpOH ciexyroT kop ycnoBust C, apyras Metka L2 u kox Sy.

Hannoe CYO sBnsercs L-arpubytaeiM. [1pu ero npeodpasopannu B CYT ocraercs
€IMHCTBEHHEIN BOMPOC — Kak oOpabareBark MeTku L1 u L2, npencraBmusiomniine coOoit
nepeMeHHble, a He aTpuOyThl? Eciin paccMaTpuBarh AelcTBUS Kak (DMKTUBHBIC HETEp-
MUHAJBI, TO TaKUE TIEPEMEHHBIC MOTYT TPAKTOBAaThCS KaK CHHTC3UPYEMBIE aTpHOyTHI
(ukTUBHBIX HeTepMuHANIOB. [lockonbky L1 n L2 He 3aBUCAT OT KakUX-THOO JIPyrux
aTpu0yTOB, OHM MOTYT OBITH Ha3HAYEHBI IICPBOMY JCHCTBHIO MPOAYKIHH. B pe3ynbra-
te nonydaercs CYT co BCTpOCHHBIMU ACUCTBUSIMHU, pPeaU3yolias pacCMOTpeHHoe L-
arpuOyTHOE ONpeAesieHre U MoKa3aHHas Ha puc. 5.28. o
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S — while ( { L1 = new(); L2 = new(); Cfalse = S.next; C.true = L2; }
C) { Sy.next = L1; }
Sy { S.code = label || L1 || C.code | label || L2 || S;.code; }

Puc. 5.28. CYT nnst koHcTpykuuu while

5.4.6 YupaxHeHus K pasgenay 5.4

Ynpaxuenue 5.4.1. B paznene 5.4.2 ynomuHanock, uto u3 LR-cocTosiHus B cTeke CuH-
TaKCHYECKOTO aHAIIN3aTopa MOKHO BBIBECTH, KaKOW MMEHHO TPaMMaTUIECKUN CHMBOI
MpeACTaBIeH 3TUM cocTossHueM. Kakum 00pa3omM MOXHO 3TO cienarhb?

Ynpaxnenue 5.4.2. Ilepenumurte CYT
A — Af{a} B|AB {b}|0
B — B{c A|BA{d}|1

TakK, 4ToOBI JIe)KAIlas B €¢ OCHOBE I'paMMaTrHKa Irepectaia ObITh JIEBOPEKYpPCHUBHOM.
3nmeck a, b, c u d — neiictBus, a 0 1 1 — TepMUHAIEL.

-

Ynpaxuenue 5.4.3. Ilpusenennas amwke CYT Beruucisier 3HaueHne cTpoku u3 0 u 1,
paccMarpuBas ee Kak IOJIOKUTEIbHOE OMHAPHOE YHUCIIO.

B — B;0 {B.wal =2 x By.val}
| Bi1l {B.wal=2x By.val + 1}
| 1 {Bwal=1}
[epenummre 31y CYT Tak, 4T00BI JIeKallasi B € OCHOBE IPaMMarHKa repecraia ObITh

JICBOPEKYPCUBHOM, HO BBIYUCIICHHOE 3HaUeHNEe B.val s BXOXHON CTPOKH 0CTaBaJIOCh
TEM XKe€.

L

Ynpaxuenue 5.4.4. Pazpaboraiite L-arpubytHoe CYO, ananormanoe CYO u3 mnpu-
Mmepa 5.10, 1y TpUBENEHHBIX HW)KE MPOAYKLWH, KaXxaas U3 KOTOPBIX IPECTaBIsET
c000# 3HAKOMYIO KOHCTPYKIIUIO YIPABICHHS MOTOKOM, HMEIOIIYIOCS B S3bIKE MPOrPaM-
mupoBaang C. Bam MoxkeT moTpeGoBaThCs CreHEPUPOBaTh TPEXaAPECHYI0 KOMaHAY IS
nepexofa K KOHKPETHO# MeTke [, — B 3TOM clydae reHepHpyHTe KoMaHay goto L.

a) S —if (C) Sy else S
6) S — do S; while (C)
B) S—'{L'"Y;L—-LS |ce¢
OO6paruTe BHUMaHKE Ha TO, YTO J1f00as MHCTPYKIHS MOXET COAep KaTh MEePexon

W3 CPEIMHBI K CIEeNYIONed HHCTPYKIIUU, TaK YTO IIPOCTO MO MOPSIKY CreHEepH-
poBaTh KoA Ui KaKJ0W MHCTPYKUHUHU HEAOCTATOYHO.

Crp. 421
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Yupaxnenne 5.4.5. [IpeoOpasyiite kaxmoe u3 Bamux CYO u3 ynpaxHeHus 5.4.4
B CVYT, xak 3T0 ObIIO crenano B mpumepe 5.19.

Ynpaxnenue 5.4.6. Momudpunupyiite CYO Ha puc. 5.25 Tak, 94To0BI OHO BKIIOYAJIO
cuHTe3upyemblii atpubyt B.le, nnmuHy Ookca. JInMHa IBYX CMEXHBIX OOKCOB paBHa
CyMMe uX JIHH. 3aTeM 100aBbTe HOBBIE IpaBMiIa B cooTBeTcTBYIone Mecta CYT Ha
puc. 5.26.

Yupaxnenne 5.4.7. Monudunupyiite CYO Ha puc. 5.25 Tak, 4To0bl OHO BKJIIOYAIO
HAJCTPOYHBIC WHICKCHI, C HCIOIB30BAHMEM OTepaTopa sup Mexay Ookcamu. Ecmm
0okc B siBnseTcs HaACTPOYHBIM MHJEKCOM Ookca B, To mo3unus 6a30Boi MHUN Bo
Haxomutcs Ha 0.6 kerist Ookca B BrIe 0a3oBoi muHUN Ookca Bj. JlobaBbTe HOBYIO
npoaykiuo u npasuia B CYT Ha puc. 5.26.

5.5 Peamuszaunusa L-arpudyrabix CYO

IMTockonbKy MHOTHE MPUIOKESHUS TPAHCIAIUI HCIONB3YIOT L-arpubyTHBIE ompee-
JICHUSI, B 3TOM pasJielie Mbl PACCMOTPHM UX pealu3aluio oonee moapodHo. TpaHcsust
myTeM 00Xoma JepeBa pa3dopa OCYMIECTBISICTCS CIASIYIONIMMI METOTAMH.

1. Ilocmpoenue depesa pazbopa u e2o aHnomupoganue. ITOT METOI padoTaeT IS
nroboro Herpknuueckoro CYO. C aHHOTHPOBAHHBIMHU JIEPEBbIMHU pazdopa Mbl
y’K€ 3HaKOMIIINCH B pazzaene 5.1.2.

2. Tlocmpoenue oepesa pazbopa, 0obasienue 0elcmaull U 6bINOIHEHUE OellCEUll
8 NpsAMOM nopsoKe 0b6xoda. ITOT MOIxXon paboTaeT s odoro L-atpubyTHOTO
onpenencHus. [Ipeodpazosanue L-arpudyrHoro CYO B CYT paccMarpuBaioch
B paszene 5.4.5; B 4aCTHOCTH, B HEM PAacCMaTPHUBAIUCH BOIPOCHI BCTABKU JIEH-
CTBHI B MPOIYKIIMHA HA OCHOBE CEMaHTHUYECKUX MpaBui Takoro CYO.

B 3TOoM paznene Mbl paCCMOTPUM JIPYTHE€ METOMbI TPAHCISALUHU B IPOLECCE CUHTAK-
CHUYECKOI'0 aHaJu3a.

3. Ucnonvzosanue CUHMAKCUYECKO20 AHATUZAMOPA, PAbOMAOwezo Memooom pe-
KYpCcugHo20o cnycka, ¢ omHOW (pyHKIMEN A Kaxaoro HerepMmuHana. OyHKIUA
JUIS HeTepMHUHATA A MoJydaeT HaclenyeMble aTpuOyThl A B Ka4ecTBEe apryMeH-
TOB M BO3BpAIACT CUHTE3UPYyEMbIe aTpHOYTHI A.

4. l'enepayus xkoda ‘“‘Ha nemy’ ¢ TPUMEHEHHEM CHHTAKCHYECKOTO aHAIIM3aTOpa,
paboTaroIIero METOJIOM PEKYPCHBHOTO CITYCKA.

5. Peanuzayus CYT emecme c¢ LL-cunmakcuuweckum awaiuzamopom. ATpUOyTHI
XpaHATCS B CTeKE CHHTAKCHYECKOTO aHaJIN3a, a TIpaBWIa BEIOUPAIOT TPeOyOIIH-
ecsl UM aTpuOyTHI U3 U3BECTHBIX MMO3UIIUN B CTEKE.
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6. Peanuzayus CYT emecme ¢ LR-cunmaxkcuyeckum anaiuzamopom. ITOT METO.

MOXKET MOKa3aThCsl HEOKUIaHHBIM, MOCKoNbKy CYT mis L-arpubyraoro CYO
OOBIYHO CONCPXKHUT NCUCTBHS B CPeMUHE MPOAYKIHA, U B mporecce LR-cuH-
TaKCUYECKOr0 aHalli3a Mbl HE MOXKEM 3HATh TOYHO, KakKask HIMEHHO MPOILYKIIHSI
UCIIONb3YeTCs, TIOKA HE MOCTPOUM Bce ee Teno. OHAKO, KaK MbI YBUIUM, €CITH
JIeKaIas B OCHOBE IpaMMaTHKa MPUHAJISKUT K Kiaccy LL, To Bcerma Mox-
HO TPOBECTH KAaK CUHTAKCHUYCCKHH aHaNW3, TaK ¥ TPAHCIAIHIO B BOCXOISILEM
HaIlpaBJICHUH,

5.5.1 TpaHCJIﬂIII/IH B MpoecCce CHHTAKCHYCCKOIo aHajim3a

METOJI0M PEKYPCHBHOIO CIycKa

CHHTAaKCHYECKHI aHaTM3aTop, paboTAOIINH METOIOM PEKYPCHBHOTO CITyCKa, JJIs
KaxJ10ro HerepMuHaia A umeer oTelibHy0 QyHKiuo A (00 3TOM rOBOPUIIOCH B pasjie-
ne 4.4.1). MoxHO pacUIMpUTh CHHTAKCHYCCKHUI aHAM3aTOp ¥ MPEBPATUTh €r0 B TPaH-
CIIATOP, CJIM CJIEN0OBATh CIEMYIONINM MPABUIIAM.

a) ApryMmeHTamu QyHKIUU A SBISIOTCS HacleayeMble aTpuOyThl HeTepMuHana A.

0) Bosspamiaemoe ¢GyHKipel A 3HaYeHUE MPEACTABIAET cOO0M HAOOP CHHTE3UPY-

eMbIX aTprOyTOB HeTepMuHana A.

B Tene ¢ynkumu A tpebyercs Kak BBIIIOIHUTh CHHTAKCUYECKHI aHAIN3, Tak U 00-
paborars aTpuOyTHI.

1.

IIpuHUMaETCs perieHne 0 TOM, Kakas MPOXYKIMS HCITOIBb3YETCS IS Pa3BepThI-
BaHusa A.

Korma 3T0 HEOOXOAUMO, TIPOBEPSIETCS] KX Bl TEPMHUHAT BXOIHOTO TIOTOKA. By-
JIEM CUHMTATh, YTO BO3BPAT HE TPEOYETCs, HO IEPEHUTH K CHHTAKCUICCKOMY aHaJIH-
3y METO/IOM PEKYPCUBHOIO CITyCKa C BO3BPATOM MOXKHO ITyT€M BOCCTAHOBJICHUS
MO3UIIMH BO BXOJHOM ITOTOKE IPH OIINOKe, KaK OMHCAaHO B pasnene 4.4.1.

. B nokanbHBIX NEPEMECHHBIX COXPAaHAIOTCS 3HAYCHUA BCEX anI/I6yTOB, H€06X0,HI/I-

MBI€ JUI BBIYHCIICHHUSA HACIEAyeMBIX aTpHOyTOB HETEPMHHAJIOB B TeJe MPOIyK-
UM WM CHUHTE3UPYEMBIX aTpuOyTOB HETEPMHMHAJIA 3ar0J0BKa.

. Bpm3pBatoTcst (yHKIMH, COOTBETCTBYIONINE HETEPMUHANIAM B Telle BEIOpaHHOU

NPOAYKLHH, C Hepefadeli UM KOPPEKTHBIX apryMeHToB. [lockonbky nexaiiee
B ocHOBe CYO sBngercs L-arpuOyTHBIM, Bce HEOOXOOUMBIE /IS Tepeadn ar-
pUOYTHI K 3TOMY MOMEHTY yX€ BBIYHCIICHBI U COXPAaHEHbI B JIOKAJBbHBIX Iepe-
MEHHBIX.
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string S(label next) {
string Scode, Ccode; /* JlokanbHbIE TIEPEMEHHBIC ¢ (pparMeHTaMu Koaa */
label L1, L2; /* JloxanbpHble METKH */
if ( Texymmii BxoaHO# cumBoi == TokeH while ) {
[lepemenienue o BXOAHOMY MOTOKY;
[IpoBepuths Hanmuume *(° BO BXOAHOI CTPOKE M MEPETH K HOBOM

MTO3HUIIVH;
L1 = new();
L2 = new(),

Ccode = C(next, L2);

[IpoBepuThs Hanmuume ’)’ BO BXOAHOI CTPOKE M MEPEHTH K HOBOM
MO3HLUH;

Scode = S(L1);

return("label"||L1||Ccode||" 1label" | L2||Scode);

}

else /* IHCTpYKITMK Apyrux BHIOB */
}

Puc. 5.29. Peamu3anms KOHCTpYKIMH While ipy OMOIIM CHHTAKCHYECKOTO aHAIM3aTOPa,
paboTaromero MeToI0M PEKypPCHBHOTO CITyCKa

Hpumep 5.20. Paccmorpum CYO u CYT mns xoHcTpykuuu while 3 mpumepa 5.19.
Habpocok nceBnokona 3HauMMoi 9actu (PyHKIHHU S TIOKa3aH Ha puc. 5.29.

3nech QyHkims S MokazaHa KakK XpaHsias U BO3BpAINAONIas JUIMHHBIE CTPOKH.
Ha mpaktuke Obuto Ob1 Gonee 3ddexTuBHO, eciu Obl GyHKIMU Hamomobue S u C
BO3BpAIAJId YKa3aTeJM HA 3allUCH, MPEICTABIAIONINE 3TH CTPOKU. TOrna HHCTPYKIUS
return B QpyHKIMH S HE BBIMOIH:IA OBl TIOKa3aHHYI0 KOHKATEHAIMIO CTPOK, & BMECTO
9TOTO CTpomia OBl 3aIMCh WM, BOBMOXKHO, JICPEBO 3alMCell, BRIpaKarollee KOHKaTeHa-
IO CTPOK, MpencTaBieHHBIX Scode n Ccode, Mmetkamu L1 u L2, a Taxke IBYX CTPOK
"label". O

Ipumep 5.21. Teneps Bepaemcs k CYT Ha puc. 5.26 mis TekctoBeix O0okcoB. CHa-
Yaja Mbl 0OpaTUMCSl K CHHTAaKCHYECKOMY aHaJIN3y, MOCKOJIBKY TpaMMaThKa, JieKarias
B ocHoBe CYT Ha puc. 5.26, HeonHo3Ha4Ha. [IpuBenennas manee mpeoOpa3oBaHHAS
rpaMMaTHKa JeNaeT OTHOIICHUE CMEKHOCTH U MHJCKCHPOBAHHE MTPAaBOACCOIIMATHBHbI-
MM, TIPH 3TOM oreparop sub umeeT OoJiee BHICOKHI IPHOPUTET, YEM CMEKHOCTD:

S — B

B — TBHB|T
T — FsubTi|F
F — (B)| text
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JIBa HOBBIX HeTepMuHana, 1’ u F', BBIOJHSIOT Te k€ (DYHKIIMH, YTO U CllaraeMbIe U CO-
MHOKUTEH B BBIPAKEHUAX. 31€Ch ‘‘COMHOXKHUTENS, TCHEPUPYEeMEIil I, pencraBiseT
co0oit mrbo 6okc B ckoOKax, ubO0 cTpoky. “Craraemoe”, reHepupyemoe 1, IpeacTaB-
JsieT co00i “MHOXUTENH ™ C MOCIIEI0BATEIbHOCTBIO HHAEKCOB, a OOKC, TeHEpUPYEMBIit
B, — mocnenoBaTelIbHOCTh CMEKHBIX ‘‘ClTaraeMbIX .

Atpubytsl B mepexomsat kK 1 u F', MOCKOIBKY 3TH HOBBIE HETEPMHUHAJBI TaKXkKe
0003Ha4ar0T OOKCHI; OHH BBE/ICHBI UCKIIFOYUTEIBHO BO BCIIOMOTATENBHBIX IeJsX. Takum
obpazom, u T', n I’ umeroT HaciemyeMblii aTpudyT ps M CHHTE3UpyeMble aTpuOyThl At
U dp, ¢ CEeMaHTHYECKUMU JEHCTBUSIMH, KOTOpble MOTyT ObITh momydeHsl u3 CYT Ha
puc. 5.26.

I'pammarunka moka 4To He TOTOBA JJISi HUCXOJSIIET0 CHHTAKCUYECKOTO aHaIn3a, Mo-
CKOJIBKY Tiponykimu 1t B u T umeror obmue npedukcel. PaccmoTpuM, Hampumep,
T. Hucxonsmuii CHHTaKCHYECKHU aHAIM3aTOp HE MOXET BBHIOpaTh ONHY W3 JIBYyX IIPO-
nykouid uis 17, mpocMaTpuBasi TOJIBKO OJWH CHMBOII M3 BXOTHOTO 1otoka. K cyacTsio,
MOYKHO BOCITOJIb30BaThCSI Pa3HOBUIHOCTBIO JIEBOHM (haKTOPHU3alMH, paccMaTpHBaBIIEH-
ca B pasgene 4.3.4. B ciygae CYT mnonstHe obmiero mpegukca IPUMEHHMO TaKXKe
u K peiictBusiM. O6e mpomyKuuu it | HaYWHAIOTCS ¢ HeTepMHHaia F', Haciemyrone-
ro arpuOyT ps ot 1.

[Mcenokon ua puc. 5.30 mis T (ps) Brmoyaer kox F (ps). Iocne npumeHeHust
neBoii akropusauuu k 7' — F sub 77 | F' ocraercst TONBKO OIUH BbI30B F'; B MCEB-
JIOKOZIE TIOKa3aH pe3yJIbTaT MOJACTaHOBKM Kofa [’ BMECTO 3TOro BBI3OBA.

®ynkuust T' Oyner Bbi3BaHa GyHkiwmei B kak 7' (10.0) (3TOT BBI30B 31€Ch HE MOKa-
3aH). OyHKIMS BO3BpAIAET Tapy, COCTOSIIYIO U3 3HaUEHHUI BHICOTHI U IITyOWHBI OOKCa,
TeHepHpyeMOoro HeTepMuHaIoM 1'; Ha TIPaKTHKE OHA BO3BPAIIIAET 3aMKCh, COIEPKAIIYIO
BBICOTY U TIIyOWHY.

Oyukrms T HaYMHACTCS C MPOBEPKH HAIMYUS JEBOH CKOOKM — B 3TOM Cllydae
UCONB3yeTcs Mpoaykiuust F' — (B). OyHKIMs COXpaHseT 3HAYeHHUs, KOTOpbIC BO3Bpa-
maer GpyHkums B, HO ecim mocne B He cienyeT mpasas ckoOKa, TO 3TO O3HAYaeT, YTO
MBI CTOJIKHYJIMCh C CHHTaKCHYECKOU OIMOKO#, 00paboTka KOTOPOH 37iech HE TTOKa3aHa.

B mpoTtuBHOM citydae, eciu TEKyIInii BXOAHOW cuMBOI — text, pyHKIusA 1’ MCTIONb-
3yer QyHKIMY getHt u getDp U1 onpenieNieHns BBICOTHI M TITyOUHBI 3TOTO TEKCTA.

3arem T’ BBISICHSICT, SIBIISIETCS JIH CICAYIONINI OOKC WHICKCOM, U €CIIH SIBJISIETCS,
TO COOTBETCTBYIOIIMM 00pa3oM U3MeHSeT Kerllb. J{J1sl BRIYMCICHUH UCTIONB3YIOTCS Jei-
CTBUSI, CBSI3aHHbBIE ¢ TIpoaykiued B — B sub B Ha puc. 5.26 ¥ BEIYHUCISIONIIE BBICOTY
U mTyOmHy 00iBIIOr0 OoKca. B mpoTHBHOM ciiydae (yHKIIHS IPOCTO BO3BpAaIlaeT 3Ha-
4eHus1, BeranciaeHusle Gpynkuuent F: (hl,d1). o

5.5.2 T'enepanus koaa “na jery”

[TocTpoeHne MIMHHBIX CTPOK KOIA, SBISAIOLIMXCS 3HAUCHUSAMH aTpUOyTOB, KaK 3TO
Obuto cmenaHo B mpumepe 5.20, HeXeJaTeNbHO MO PAAY NPUYUH, BKIIOYAs BpeMs,
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(float, float) T'(float ps) {

float h1, h2, d1, d2; /* JlokanpHBIC IEPEMEHHBIC ISl BRICOTHI U TTyOUHBI */
/* Hawamo xoma F'(ps) */
if ( Texymuit cumBon == (" ) {
[lepemerenye Mo BXOAHOMY HOTOKY;
(h1, d1) = B(ps);
if (Texymmii cumBon != ")’ ) CHHTakcH4Yeckas omrmoka: Tpedyercs ’)’;
[epemeriieHue Mo BXOAHOMY MOTOKY;
J
else if ( Texymmii cumBon == text ) {
O6o3HaunM 3HaueHue text./exval xak t;
[lepemerenye Mo BXOAHOMY HOTOKY;
h1l = getHt(ps, t);
dl = getDp(ps, t);
J
else CunTakcuveckas omuoOKka: Tpeodyercs text wiu °)’;
/* Koner xoma F'(ps) */
if ( Texymuii cumBosr == sub ) {
[epemeriieHue Mo BXOAHOMY MOTOKY;
(h2, d2) = T'(0.7*ps);
return (max(hl, h2 — 0.25 x ps), max(dl, d2 + 0.25 x ps));

}
return (hl, dl);

Puc. 5.30. PekypcuBHBIN CITyCK JIJIsi TEKCTOBBIX OOKCOB

HEOOX0IMMOe /ISl KOIMPOBaHUS M MepeMeIleH s JUIMHHBIX CTpoK. B pacmpocrpanen-
HBIX ClIy4dasX, TaKUX KaK Hall IMpUuMeEp C reHepauMeﬁ Koga, BMECTO 3TOro MOXXHO HH-
KPEMEHTHO T€HEepHUPOBaTh YacTH KO/Ia C 3alChI0 B MACCHB WMJIM BBIXOJHOH (aiin mpu
oMot aevicteuid u3 CYT. st aToro Tpedyercs, 9ToOBI BEITIOTHSUIOCH CISIYIOMIEE.

1.

Thasnoui (main) atpuOyT A OAHOTO MIIM HECKOJBKUX HETEPMHHAIOB. Jis
yaoOcTBa OyJeM CUUTarh, YTO BCE IVIaBHBIE aTpUOYTHI MPEACTABIIOT COOOM
CTpoKOBbIe 3HaueHHs. B mpumepe 5.20 TakoBbIMH ObutH arpuOyTH S.code
u C.code; npoune arpuOyThl He OBLTH TIABHBIMH.

. I'maBHBIC anI/I6y'TI>I ABJIIOTCSA CUHTC3UPYCMbBIMHU.

. IIpaBuna mist BEIYUCIEHUS TIIABHBIX aTpPUOYTOB TapaHTUPYIOT CIIEMyFOIIIee.

a) ['maBHbIN arpulyT mpeacraiser co0Ol KOHKATEHAIHIO IJIaBHBIX aTpuOy-
TOB HETEPMUHAIOB, UMEIOIIUXCS B TEJIE€ COOTBETCTBYIONMICH MPOIYKIIHH,
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Tunel ri1aBHbLIX aTPUOYTOB

Hamre ynpomaromiee npeanoaokeHue 0 TOM, 4TO IVIaBHbIE aTpHOyThI IPEICTaB-
JISIOT COOON CTPOKHM, CIUIIKOM OTpaHW4YUTeNbHOE. Ha camoM fiene THIThI TIIaBHBIX
aTpuOyTOB JOJKHBI UMETh 3HAUCHHUSI, KOTOPBIE MOTYT OBITh TIOCTPOCHBI ITyTEM KOH-
KaTeHalluy 3JIeMeHToB. Harmpumep, crincok 00beKTOB J1F000T0 THITA BIIOJTHE TOIUTCS
B Ka4eCTBE ITIABHOTO aTpHOyTa, IOCKOJBbKY CIIMCOK MOXKET OBbITh NMPECTaBIICH Ta-
KHM 00pa3oM, 9TO K ero KOHIy MOKHO 3(h()eKTHBHO 100aBIATH HOBBIE JJIEMEHTEHI.
TakuMm 00pa3oM, eciau Ha3HauYCHHE IIABHOTO aTpuOyTa COCTOUT B IPEICTABICHUH
MOCIIEIOBATEIFHOCTH KOMaHJ MPOMEXYTOYHOTO KOJIa, TO 3TOT KOA MOXXHO TONY-
YUThH MyTEM 3allUCH MHCTPYKUUH B KOHel MaccuBa oObekToB. KoHeuHo, Tpebo-
BaHMS, MEPEUUCIICHHBIE B paszmene 5.5.2, IPUMEHUMbI U K CIIMCKaM; Halpumep,
IJIaBHBIE aTpUOYTHI JOJDKHBI COOMPAaThCA W3 JAPYTHX IIABHBIX aTpUOyTOB IyTeM
KOHKaTeHALUX B COOTBETCTBYIOILEM HOPSIKE.

BO3MOKHO, C IPyTHMH 2JIEMEHTaMH, He SABIISIOLMMUCS TIIABHBIMH aTpUOy-
TaMH, TaKUMH Kak cTpoku label wim 3nauenus metoxk L1 u L2.

6) I'maBHBIe aTprOyTHI HETEPMHUHAIOB HAXOAATCS B MIPABUJIE B TOM XK€ MOPSI-
K€, YTO U CaM{ HETEPMUHAJBI B TeJIe NPOAYKLHH.

Kak cnenctBue mpuBeneHHBIX YCIOBUI TIAaBHBIM aTprOyT MOXET OBITh MOCTPOEH
nyTeM A00aBieHHs B KOHKaTCHALMIO 3JIEMEHTOB, HE SIBJIAIOLIMXCS TJIABHBIMU aTpuOy-
Tamu. 711 MHKPEMEHTHOH TeHepaluu 3Ha4eHWH TNIABHBIX aTpUOyTOB HETEPMHHAIOB
B TeJIe NPOAYKIMH MOXXHO OCHOBBIBATbCS HA PEKYPCHBHBIX BBI30BaX UX (DYyHKLHI.

Ipumep 5.22. MoxxHO MOAM(HUIMPOBaTh (PYyHKIHMIO, TPUBEACHHYIO Ha puc. 5.29, Ta-
KAM 00pa3oM, YTOOBI OHAa BBIBOJHIIA BJIEMEHTHI TPAHCISIIUU S.code BMECTO BO3BpaTa
COOTBETCTBYIOIETo 3Ha4YeHMs. Takas n3MeHeHHast pyHKuus S mokazaHa Ha puc. 5.31.

Ha puc. 5.31 S u C' He uMerOT BO3BpallaeMbIX 3HAYSHHI, TOCKOJIBKY MX CHHTE-
3UpyeMble aTpuOyThl TeHEPUPYIOTCA MyTeM nedatd. OOpaTuTe BHUMaHUE HA BaXKHOCTD
NIOJIOKCHUI MHCTPYKUUH print: cHadana BeiBoauTcs label L1, 3arem — xon ans C
(KOTOpBIN TIpencTaBiIsieT coboi TO ke, uTo M 3HaueHHe Ccode Ha puc. 5.29), 3areMm —
label L2 u HakoHeU — KOJ U3 PEKypCHBHOTO BbI30Ba sl .S (KOTOPBIHA MPENCTaBISET
co00#1 To ke, uTo U 3HaueHue Scode Ha puc. 5.29). Takum 00pa3oM, KO, BBIBOTUMBIM
3THM BbI30BOM S, B TOUHOCTH TAKOM e, KaK U 3HAYCHHE, BO3BpalaeMoe Ha puc. 5.29.o

Kcraru, MoxxHO BHecTH Te ke M3MeHeHHs M B cooTBercTBymomyro CYT — mpe-
BpPaTUTh TIOCTPOCHHME TIIABHOTO aTpulOyTa B JEUCTBUSA 1O BBIBOAY 3JIEMEHTOB 3TOTO
arpubyrta. Ha puc. 5.32 mokazana CYT u3 puc. 5.28, nmepenenannas uisi TCHepaIuu
Kofa “Ha Jery’.
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void S(label next) {
label L1, L2; /* JlokambHBIE METKH */
if ( Texymuii cumBon == TokeH while ) {
[lepememnienre Mo BXOAHOMY TIOTOKY;
[TpoBeputh Hanuuue ’(° BO BXOAHOW CTPOKE U MEPEeUTH K HOBOM
MO3UIIHH;
L1 = new();
L2 = new();
print("label", L1);
C(next, L2);
[IpoBepuThs Hanu4ue ’)’ BO BXOAHOM CTPOKE M MEPEHTH K HOBOM
MTO3UIIHH;
print("label", L2);
S(L1);
}
else /* MHCTPYKITUHK APYyTrUX BHIOB */

}

Puc. 5.31. T'enepanust kofa i KOHCTPYKIHUK While cCHHTaKCHYECKHM aHAIN3aTOPOM
METOJOM PEKYPCUBHOIO CITyCKa “Ha JeTy”

S — while ( { L1 =new(); L2 = new(); C.false = S.next;
C.true = L2; print("label", L1); }
C) { Si.next = L1; print("label", L2); }
Sh

Puc. 5.32. CYT nuis reHepanuu “Ha JieTy” koma KOHCTpykimu while

5.5.3 L-arpubyrabie CYO n LL-CHHTAKCHYeCKHIl aHAJIU3

[Ipenmonoxum, ato L-arpubytrHoe CYO ocHoBaHo Ha LL-rpamMmaruke u 9TO MBI
koHBepTupoBanu ero B CYT ¢ neiicTBUsAMHU, BCTaBJICHHBIMH B TIPOAYKIIMH, KaK OIMCAHO
B pazzaene 5.4.5. Ilocie 3Toro MOXKHO BBITTOTHUTH TPAHCIALMIO B Tiponecce LL-ananu3a
MyTeM PaCHIMPEHUs CTeKa CHHTAKCUYECKOrO aHaIM3aTopa TaKHuM o0pa3oM, 4TOOBI OH
XpaHWI JIEHCTBUS M HEKOTOpPhIC JaHHBbIC, HEOOXOMUMBIC JUIS BBIYUCIICHUS aTpHOyTOB.
OOBIYHO JaHHBIC MPEJCTABISIOT COOOW KOMH aTpUOYTOB.

B nmomonHeHue K 3amucsiM, MPEACTABISIONIUM TEPMUHAIBI U HETEPMHHAIIBI, CTEK
CHHTAKCUYECCKOTO aHAIM3aTopa XpaHMT sanucu deticmeuti (action-records), mpeacras-
JISTIOTITUE BBIMTONTHSIEMEIE NEUCTBUSA, U 3anucu cunmesa (synthesize-records) mms xpa-
HEHUSl CHUHTE3UPYEMBIX aTpHOyTOB HETEPMHHAIOB. YIpaBIeHUE aTpuOyTaMu B CTEKe
OCYIIECTBIISETCS B COOTBETCTBHH CO CIEAYIONIMMH TIPUHIIHIIAMHU.

Crp. 428
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e Hacnenyembie aTpuOyThl HeTepMHUHANa A MOMEIIAIOTCS B 3aMUCH CTEKA, MPE-
CTaBJISAIONICH JaHHBIA HeTepMuHai. Kox asisi BBIYKCICHUS aTpUOYTOB OOBIYHO
MPE/ICTABISIETCS 3aMKChI0 ISHCTBUI HEMOCPEACTBCHHO HAJl 3aMHCHI0 CTEKa JIJIsI
A; B nmeiictButenbHOCTH npeodpasoBanue L-arpubyraoro CYO B CYT rapan-
TUPYET, YTO 3aMKCh JCUCTBUS OyJeT HAXOMUTHCS HEMOCPENCTBEHHO Haa A.

e CuHTe3UpyeMble aTpHOYThl HeTepMHUHANA A pa3MeniaoTcsi B OTJACIbHOM 3amiucu
CHHTE3a, KOTOpasi HAXOAUTCS B CTEKE HEIMIOCPEICTBEHHO MO 3aIuchio 1t A.

JannHas cTparerust pa3MelaeT 3alicy pa3IMyHbIX TUIIOB B CTEKE CUHTAKCHYECKO-
rO aHajw3a, mojaras, YTo TaKue BapUaHTHBIC THIIHI 3aIMCEH KOPPEKTHO 0OpadarhiBa-
IOTCSl KaK IMMOJKJIAcChl Kiacca “3amuch creka”. Ha mpakThke MOXXHO CKOMOMHHPOBATh
HECKOJIBKO 3aliceil B OJHY, HO, MOXKaIYH, MOSCHUTH UCH OyIeT MPOIIe, €ClId TaHHEIe
IUTSL pa3IMYHbIX 1IeJied OyIMyT XPaHUTHCH B Pa3IMYHBIX 3aIHCAX.

3anmcu neiCTBUI comepikaT yKa3aTeld Ha BBIMONHIEMBIH Koma. JIeHCcTBUS MOTyT
TaK)Ke IMOABIATHCS W B 3aMUCAX CUHTE3a; OTH JEHCTBUS OOBIYHO pPa3MEIaAOT KOIHU
CHUHTE3UPYEMBIX aTpuOyTOB B APYTUX 3aMUCAX HUXKE IO CTEKY, IJe 3HAYCHUS ITUX
arpulyTOB MOTPEOYIOTCS MOCIIE TOTO, KaK 3allUCh CHHTE3a U €€ aTpHOyThl OYIAyT CHSTHI
CO CTeKa.

Bemio B3rsiHeM Ha LL-cHHTakCHYeCKHI aHain3, 4TOOBLI MOHSITH HEOOXOAUMOCTH
CO3/IaHUs BPEMCHHBIX KoM aTpuOyToB. M3 pasnena 4.4.4 H3BeCTHO, YTO YIIPABIIAEMBIH
TaOIUIIeH CHHTAKCHYECKOTO aHanmm3a LL-aHanm3aTop HMHUTHPYET JEBOC MOPOXKICHUE.
Ecnu w — BXo#Hasa CTpoKa, COOTBETCTBUE KOTOPOI MPOBEPEHO A0 TEKYIIETO MOMEHTA,
TO B CTEKE XPaHUTCS MOCIEI0BATEIbBHOCTh IPaMMaTHUYe€CKUX CUMBOJIOB (v, Takas, 4To
S l:*> wa, Tie S — crapToBbIil cuMBOI. Korma cMHTakCHYecKnii aHAITN3aTop BIMOIHSIET

m

packphITHE C HCMONb30BaHueM mnponykiuun A — B (', oH 3amenser A Ha BeplIvHE
creka Ha B C.

[pennonoxum, uro HerepmuHan C' uMeeT Hachemyembiii arpubyt C.i. B cuiy
npoaykiunun A — B C' Hacnenyembiii atpuOyt C.i MOXET 3aBUCETh HE TOJILKO OT Ha-
crenyeMbix aTpuOyToB A, HO U OT Bcex arpubyToB B. TakuM 00pa3om, mepes TeM, Kak
BBIMHCIATE arpuOyt C.i, ClefyeT TMOIHOCThI0 00paboTars . 3HauuT, Bce HEOOXOqM-
Mble Ui BerumciaeHus C.¢ aTpuOyThl JOJDKHBI OBITH COXpaHEHBI B 3aIMCH JICHCTBUH,
KOTOpbIe BhMHUCISIIOT C.i. B TIPOTHBHOM cilydae, KOrJa CHHTAaKCHYECKUH aHaIH3aTop
3ameHuT A Ha BepmmHe creka Ha B C, Hacnemnyembie aTpuOyThl A MPOCTO UCYCIHYT
BMECTE C COOTBETCTBYIOIIMMH 3aIUCSIMU B CTEKE.

IMockonbky nexaiiee B ocHoBe CYO — L-atpubyTHOe, 3TO rapaHTHPYET, 4TO 3Ha4e-
HUsI HAacJIeyeMBbIX aTpruOyTOB A OCTYIHBI, Korna A OKa3blBaeTCs Ha BEPIIMHE CTEKa.
CrenoBarensHO, 3TH 3HAYCHUSI TOCTYITHBI B MOMEHT KOTIMPOBAHMUS B 3alMCH JICHCTBUIA,
KOTOpBIC BBIYUCIISIOT Hacienayemble arpuOyTel C'. KpoMe Toro, HeT HUKakuxX IpodieM
C MaMSTBIO JUIsi CHHTE3UPYEMBIX aTprOyTOB A, TaKk Kak OHU HaXOISATCS B 3alTUCH CHH-
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Te3a, KOTOpasl MPU PACKPBITHH C MCMONb3oBaHueM mponykuuu A — B C' ocraercs
B creke, Hke B u C.

[Ipu 0OpaboTke B MOXXHO BBIIOJIHHUTH ASHCTBHS (C TOMOIIBIO 3aMCH, HAXOISAIICH-
Csl B CTEKe HETOCPEICTBEHHO Haj [3), KOTOpbIe KOMHUPYIOT €ro HacjeayeMble aTpruOyThl
JUTS UCTIONTBb30BaHus HeTepmuHaiioM C, a ocie Toro, kak B odpaboraH, 3anich CHHTE-
3a 1 B MOXXeT CKOMHMPOBATh €r0 CHHTE3UPYyeMbIe aTpHUOyTHI IJIsl UCTIONB30BaHUS TIPH
HeoOXonuMocTH HeTepMuHanoM C'. AHAJIOTHYHO CHHTE3HUpyeMbie aTpuOyThl A MOryT
noTpeOoBaTh I BHIYMCICHUS WX 3HAYEHUI BPEMEHHBIX MEPEMEHHBIX, KOTOPBIE MO-
ryT OBITh CKOMMPOBAHbI B 3alKCh cuHTe3a At A mocne obpabotku B, a 3arem C.
Bor obmuit mpuHIEI, KOTOpPEI obecreunBaeT paboTOCIOCOOHOCTh BCEX OMHCAHHBIX
KOITUPOBAHHUN aTpUOYTOB.

e Bce KOTIUPOBAaHHWA BBIITOJIHAIOTCA MEXK/Y 3allUCAMU, KOTOPBIC CO3at0TCs B IIPO-
HECCC OAHOI0 pacCKpbITHA OJHOIO HETCPMHUHAJIA. Taxum 06p330M, Kaxaasa us3
ITUX 3alHUCeH 3HACT, 1€ UMCHHO HMXC B CTCKC HaXOAUTCA KaxKJad Apyras 3a-
NHUCh, 1 MOXET 0e30macHo KOIIMPOBATb B HUX HGO6XOZ[I/IMLI€ 3HA4YCHHUA.

ITpuBeneHHbIN Aajee MPUMEp HILTIOCTPUPYET PEaTM3aIUI0 HACIETYyEeMbIX aTpHOy-
TOB B mporiecce LL-CHHTaKCHUECKOro aHain3a MyTeM aKKypaTHOTO KOMUPOBAHHUS 3HA-
YeHHH anI/I6YTOB. B MPUBEACHHOM PUMEPE BO3SMOXHBI COKpallICHUA U OIITUMU3ALINH,
B YaCTHOCTH B CJIy4ae MPaBHI KOITMPOBAHHUS, COCTOSIIUX B IPUCBANBAHUHN 3HAYCHUS OI-
HOTO aTpudyTa apyromy. OIHAKO ITOKa YTO MBI OTJIOKHM 3TOT BOTIPOC JI0 IpuMepa 5.24,
B KOTOPOM HJUTIOCTPHPYIOTCS 3alUCH CHHTE3A.

ITpumep 5.23. B stom npumMepe peanusyeTcs npencrabieHHas Ha puc. 5.32 CYT, “Ha
neTy” reHepupyromas kox s koncTpyknuu while. B atoit CYT HeT cCHHTE3UpyeMBIX
arpulyToB, HE CUNTAask (PUKTUBHBIX aTPUOYTOB, MPEICTABISIONNX METKU.

Ha puc. 5.33, a noka3zana cuTyauusi, B KOTOPOH JJIsL pacKPBITHS S HCIONB3YeTCs
nponyknus while, TOCKONIBKY OYEpeIHBIM CHMBOJIOM BO BXOIHOM IIOTOKE OKazajcs
cumBon while. 3amuch Ha BeplIMHE CTeKa — 3TO 3aMUCh Ui S, KOTOpPas CONEPIKUT
TOJILKO HACIIEAyEeMBbIil aTpulyT .S.next, KOTopelid, Oy/leM cunuTarh, MMEET 3HaueHHE Z.
ITockonbKy 3/1€Ch BBITTOMHSICTCS HUCXOISIINA CHHTAKCHICCKUH aHallN3, BEPIINHA CTeKa
B COOTBETCTBUU C paHee MPUHATHIMU COTNIAIICHUSIMH MOKa3aHa Ha PUCYHKE CIIeBa.

Ha puc. 5.33, 6 noka3aHna cuTyallusi HSIIOCPEACTBEHHO mocie packpbitus S. [lepen
HetepmuHagaMu C' ¥ S| MMEIOTCS 3allUCH JIWCTBUH, COOTBETCTBYIOIIHE ACHCTBUSIM
nexamieit B ocaoBe CYT u3 puc. 5.32. 3anucek mig C' coaepKUT MeCTO JUId Hacleaye-
MBIX aTpUOyTOB true u false, a 3amuch i S, KaK U BCE 3alUCH JJIS S, — MECTO JUIsl
arpulyra next. Ha pucyHke 3Ha4eHHs 3TUX IOJIEH MOKa3aHbl KaK ?, TIOCKOJBKY ITOKa
YTO 3HAYCHUS YKA3aHHBIX aTpUOyTOB HEM3BECTHBI.

CrHTaKCHUYECKUH aHAJIM3aTOp Paclo3HAET BO BXOAHOM MoToke cuMBojbl while 1 (
Y CHHMAeT MX 3alllCH CO CcTeKa. Temepb mepBas 3aluch JIEUCTBUI HAaXOAMUTCS Ha Bep-
IIMHE CTeKa U JO0JDKHA OBITh BBHIMOJNHEHA. JTa 3aliCh COINEPKHT IIOJie Snext, Tpe/IHa-
3HauEHHOE JUIs XpaHCHUsI KOMUK HaclienyeMoro arpubyra S.next. Korma S cHuMaeTcst
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BepuwuHa cTeka

N
next =x

BepuwmHa cTeka

| while |[ (][ Bevcrave c | ) || meicrsue S

snext =Xx false =? all =? next =?
L1 =? true =7 all =?
L2=" ‘

L1 =new(); stack[top — 1].next = all;

L2 =new(); print("label", al2);

stack[top — 1] .false = snext;

stack|top — 1].true = L2;

stack[top — 3].all = L1;

stack[top — 3].al2 = L2;

print("label", L1); 6)

Puc. 5.33. PackpbiTie S B COOTBETCTBUHM C MPOIYKLHMEH ISl KOHCTPYKIUH
while

CO CTeKa, 3HaueHUe S.next KOMUpyeTcs B IOJie snext I UCTIONb30BaHHS B IIPOIECCE
BBIUUCIIEHUS Hacienyembix arpulyroB C'. Kox mepBoro AedCTBHsI reHepHUpYeT HOBEIE
3HaueHus s L1 n L2, KoTopele MBI IOJIaraéM paBHBIMH COOTBETCTBEHHO Yy U z. Cire-
Ayrommii mar nenaer z 3HadeHueM C.true. IlpucBauBanue stack top — 1] .true = L2
3alMCaHO C YYETOM 3HAHUS O TOM, YTO OHO OYy/IEeT BBIOJHATHCS TOJBKO B TOT MOMEHT,
KOTJIa IaHHasl 3alKCh JISHCTBUN OyJeT HaXOMUThCS Ha BEPIIMHE CTEKa, TaK 4To fop — 1
yKa3bIBa€T Ha 3allUCh HEMOCPEACTBEHHO MOJ HeH, T.e. 3amuch i C.

3areM mepBas 3amuch aercTBui komupyeT L1 B mone all BTOpoOro ACHCTBUS, Tie
9TO 3HaueHHe OyAeT HMCIOJNB30BaHO TPH BhIYHCICHUH S1.next. OHa Takke KOMHpYeT
L2 B mone al2 BTOporo AEWCTBUS; 3TO 3HaY€HHWE HEOOXOIUMO JJIsi KOPPEKTHOTO BbI-
BOJZIa, BBINIOJIHAEMOTO 3TUM JielicTBueM. HakoHel, nepBasi 3auCh IEUCTBUI BBIBOAUT
label y.

Cutyauust mociie 3aBepLIeHUs] IEPBOr0 NCHCTBUS U CHATHS CO CTEKa €ro 3alucu
nokaszaHa Ha puc. 5.34. 3HaueHus HacieayeMbix aTpuOyToB B 3amucu C' KOPPEKTHO
YCTaHOBIICHBI, KAK M 3HaU€HUS BPEMEHHBIX NepeMeHHbIX a/l u al2 Bo BTOpOH 3amucu
nevictBuil. B 3TOoT MOMeHT packpbiBaeTcss C' M MBI MOJIaraeM, 4TO TSHEPUPYETCS KO,
peanu3yroluil 3TOT TECT, KOTOPBIM COAEPKHUT MEPeXonbl K METKaM X U 2 TaM, IIe
ato Tpebyercs. [locie Toro kak 3amuch st C' CHUMAETCsl CO CTeKa, Ha ero BepIinHE
OKa3bIBAETCS 3aIllUCh JIS ), YTO 3aCTaBISET CMHTAKCUYECKHH aHAIIU3aTop MPOBEPSTH
HaJMYMe ) BO BXOJHOM ITOTOKE.

Korna BrimonHsercs aelicTBUE U3 3alMCH, HAXOAALIEHCS B CTEKE HaJ| 3alHUChIO AJIs
S1, €ro Kol ycraHaBimuBaeT Si.next U BeIBOOUT label z. [ocne 3Toro Ha BepiiuHe
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BepluHa cteka

o ‘ ) ‘ [eiicTane M
false =x all =z next =?
true =7 all =y

stack[top — lj.next =all;

print("label", al2);

Puc. 5.34. Crek mnocine 3aBeplleHust JeH-
CTBUs, HaxoaMBIIErocs B cTeke Hax C

CTCKa OKa3bIBACTCA 3allMCh IJId HETCPMUHAJIA Sl, IIpU paCKpbITUU KOTOPOI'O, KaK MbI
Imoj1aracM, BBITIOJHACTCA KOPPEKTHAA Ir€HEpaluAa KoJa, pCaIu3yroniero CKphIBaronuecs
3a 9TUM HCTCPMHHAJIIOM MHCTPYKIHUH JIOOBIX THUITOB U Nepexoaamero K METKe . O

IIpumep 5.24. PaccMoTpuM Ty ke KOHCTpyKUuio while, HO Temepp TpaHCIsILUs Te-
HEepUpyeT KoJ He “Ha JIeTy”, a KaKk CHHTE3HpyeMblid aTtpulyT S.code. UToOBI myHre
HOHATH NOSICHEHWS, NPUBOIUMBIC B JaHHOM IIpUMEpE, JKEJNATeIbHO BCE BPEMs IIOM-
HUTbH CIETYIOUIN HMHBAPHAHT, KOTOPBIHA, KaK MBI T10JIaraeM, BBITTOTHACTCS [T KaXKA0TO
HEeTepMHUHAJIA.

o Kax/plil HETEpMHUHAJ, KOTOPbII UMEET CBSI3aHHBIM C HUM KO, OCTABJIIET €ro
B BHJIE CTPOKH B 3allCH CHHTE3a, HAXOJAIIEHCS B CTEKE HEMOCPEACTBEHHO IO/
HUM.

[Tonaras manHO€ yTBEpKIEHNE NCTHHHBIM, MBI OyeM paboTars ¢ while-mpoxykiu-
ell Tak, 94TOOBI TIOAJEPKUBATH 3TO YTBEPXKICHUE KaK WHBAPUAHT.

Ha puc. 5.35, @ nokazaHa cuTyalusi HEOCPEACTBEHHO TEpell pa3BepThIBAHUEM S
C UCIIOJIb30BaHNEM MPOAYKIWH ISl KOHCTpYKInK while. Ha BepminHe crexka HaXomuTCst
3anuch Ui S OHAa COINCPXKUT TOJIE JUIsS CBOEro Haciemayemoro arpulyra S.next, Kak
B rpuMepe 5.23. HemocpencTBeHHO MO 3TOM 3alKChI0 pacioiaraeTcs 3anich CHHTe3a
JUIS IAaHHOTO 3K3eMIusipa S. B Helt umeercs none i S.code, kak u y Bcex 3amucei
cunreza ans S. [lokazaHpl TakKe HEKOTOPBIE JIPYTUe IOJS M JOKAIBHBIX JaHHBIX
u neficTBui, mockonbky CYT mst mpoxykuuu while Ha puc. 5.28, KOHEUHO Ke, SIBISIETCS
yactbto Oombineit CYT.

Hamre packpeitue S ocHoBaHo Ha CYT, nmpencraBineHHo# Ha puc. 5.28, 1 moka3aHo
Ha puc. 5.35, 6. J{ng yckopeHHs B mpoliecce pacKpbITHsS MBI MojlaraeM, 4To Hacle-
IyeMbIii aTpuOyT S.next npucBanBaetcs HernocpeacTBeHHo C.false, a He pa3Merniaercs
B [IEPBOM JICHCTBHHU U 3aTeM KONUpyeTcs B 3amuch st C.

PaccmoTpumM, 9To fenaer kaxjaas 3anuch, OKa3aBIINCh Ha BeplnHe cTeka. CHavyana
3anuch A7 while 3acTaBnsieT BBITOTHUTH MPOBEPKY cooTBeTcTBUA TokeHa while Bxoz-
HOMY CHMBOJY (COOTBETCTBHE JIOJDKHO BBITIONHATHCS, HHAUE JIIS PACKPBITHA S OyneT
HCIIONB30BaThes Apyras mpoayknus). [locie Toro xak co creka OyayT cHsThl while u (,
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BepuwuHa cTeka

s CuHTes
S.code a)
next =Xx code =7
JaHHble
D,eﬁéTBMﬂ
Bep;UMHa cTeka
e ||| gescrane || e[| G )]s | e || G
Ll =? false =? code =? next =? code =? code =?
L2=" true =? : Ccode =? [JaHHble
] 3 n=2? 3
L1 = new(); ‘ stack[top — 3].Ccode = code; ‘ Rn=2? Oeicteus
L2 = new(); :
stack|top — 1].true = L2; stack[top — 1].code =
stack[top — 4].next = L1; "label" || /1| Ceode
stack[top — 5].11 = L1; ” "lapel" ” n ” code;
stack[top — 5].12 = L2; 6)

Puc. 5.35. PackpbiTue S ¢ cMHTE3UpYyEeMbIM aTpHOyTOM, KOHCTPYUPYEMBIM B CTEKE

OyIeT BBINIOJHEH KO 3amucu nedcTBuil. OH reHepupyeT 3HadeHus L1 u L2, 1 MBI Mo-
’KEM COKPATHTh BBIYHCICHUS, KOMTUPYS MX HEMOCPEJACTBEHHO B HACIICAYEMBIC aTpHOyTHI
S1.next C.true. JIBa moceqHuX mara qeiHCTBUSA KOMUPYIOT 3Ha4eHus L1 u L2 B 3amuch
“Cunres Si.code”.

3anuch cuHTE3a Ui S1 BBIMOJIHIET JBOMHYIO (DYHKIHIO: OHA HE TOJBKO XPAHUT
CUHTE3UPYEMBIH aTpulOyT Si.code, HO W CIYKUT B KA4eCTBE 3alMCH NEHCTBUN LIS
3aBEPILICHUSI BBIYUCICHHIN aTpuOyToB Beell mponykuuu S — while (C) Sp. B wactHo-
CTH, KOTJIa 3Ta 3aIIMCh OKa3bIBACTCS Ha BEPIIIMHE CTEKA, OHA BRIYUCIIAET CHHTE3HPYCMBbIi
arpulyT S.code v MOMeEINIAeT ero 3HauYCHUE B 3allUCh CHHTE3a JUIS 3arojioBka S.

Korma C HaxomuTcs Ha BEpIIMHE CTEKa, 00a ero HacleayeMbIX aTpuOyTa OKa3biBa-
IOTCS BBIYUCIICHHBIMHU. B COOTBETCTBUU cO CHOPMYIHPOBAHHBIM paHEE WHBAPHAHTOM
MBI IIPEITOJIaraeM, 9TO IMPH 3TOM KOPPEKTHO CTEHEPHPOBAH KO JJIs BEIUMCICHHS YCIIO-
BUSI C MIEPEXOIOM K COOTBETCTBYIOLIEH METKE. MBI Takke CYUTaeM, UTO JeHCTBUE, BbI-
MOJTHAEMOE TIpU packpbITHH C, KOPPEKTHO Pa3MEIIaeT 3TOT KO B 3aIMCH HIKE B CTEKE
B Ka4eCTBE 3HAYCHUs cuHTe3upyemoro arpudyra C.code.

Mocne custust C' co crTeka Ha €ro BEpIIMHE OKA3bIBACTCS 3allMCh CUHTE3a IS
C.code. DTOT KO# HEOOXOMUM B 3alMCH CHHTE3a A S7.code, TOCKOJIBKY HUMEHHO
B HEll BBIMOJHSIETCS KOHKATCHAIUsS BCEX AJIEMEHTOB Kojia, o0pasyrommx S.code. Takum
o0pa3oM, 3anuch cuHTe3a M1 C.code COMEPKUT NEHCTBUE, COCTOSIICE B KOITUPOBAHUH
C.code B 3anuch cuHTe3a ist S1.code. Tlocie 3TOro BEpIIMHBI CTEKa JTOCTUTAET 3alUCh
JUTSI TOKCHA ), YTO TIPHBOIMT K BBITTOJTHEHHUIO MTPOBEPKH HAJTUYHS ) BO BXOJHOM ITOTOKE.
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B npenmnoiokeHuy, 4To MPOBEPKa BBITOJHEHA YCIIEIIHO, Ha BEPIIMHY CTEKa MOIHUMA-
etcst 3anuch 115t S1. COnlacHO MHBAPUAHTY 3TOT HETEPMUHAJ PACKPBIT, U B PE3YJIbTATE
COOTBETCTBYIOIIMI KO KOPPEKTHO T€HEPUPYETCS U pa3MEINACTCs B MOJIE code B 3allicH
CHHTE3a IS S1.

Terepp Bce MO JaHHBIX 3allMCH CHHTE3a I S| 3all0JHEHBI, TaK YTO, KOLIa OHO
OKa3bIBACTCS Ha BEPIIMHE CTEKA, BHIMOJHEHUIO €ro JACHCTBUI HUYTO HE MPEMSITCTBYET.
JleficTBHE COCTOUT B KOHKaTeHAIMK METOK M koma u3 C.code u S1.code B IpaBUIIBHOM
nopsizike. [Tonydaromasicst B pe3y/braTe CTpOKa pa3MeIacTcs HIKe, T.€. B 3allUCH CUH-
te3a it S. Temepb y Hac €CTh KOPPEKTHO BBIYHCICHHBIN aTpuOyT S.code, u, Korma
3alUCh CUHTE3a ISl S OKAKETCS HA BEPIIMHE CTEKa, ITOT KO OymeT MOCTYMEH JUls
pasMeIICHHsT B IPYroil 3allMCH HUXKE B CTEKE, III€ B KOHEYHOM cCYeTe OH Oymer co-
OpaH B OOJbIIEH CTPOKE KO, PEaU3yIOIIEH 3JIEMEHT MPOrPaMMBbl, YacThi0 KOTOPOIo
SBIAETCS S. O

5.5.4 Bocxonssmmii CHHTaKcH4YecKuid aHaau3 L-aTpulyTHbIX
CYO

JIrobas TpaHCHAIMS, KOTOpas MOXeT OBITh BBHITIONHEHA B HUCXOAAIIEM HaIlpaBlie-
HUH, MOXXET OBITH BBIMOJIIHEHA W MPH BOCXOAAIIEM CHHTAaKCHYECKOM aHanmse. Tounee,
quts naHHbIX L-arpuOytHoro CYO u LL-rpaMMaTHKy MOXXHO alaiTHPOBaTh TpaMMaTH-
Ky JUIA BBIYMCIIEHUs Toro ke camoro CYO Hax HOBOM rpammarukoil B mporecce LR-
CHHTAaKCUYECKOTO aHajiu3a. ITOT “TPIOK”’ COCTOUT M3 TPEX yacTeu.

1. Haunem ¢ CYT, mocTpoeHHOM, Kak B pasaene 5.4.5, KoTopas pa3Mmeriaer nepes
KK/IbIM HETCPMHUHAIOM JCHCTBUS MO BBIYMCICHUIO €r0 HACICAYEMBIX aTpH-
6yTOB, a B KOHIIC MPOAYKIUN — I[eflCTBPIH MO0 BBIYUCIICHHUIO CUHTE3UPYCMBIX
aTpuOyTOB.

2. BBeneM B rpaMMaTUKy HETEPMHUHAIIBI-MapKEPhl HA MECTE Ka)KI0TO BCTABIEHHOTO
JerctBus. B kaxzjoe Takoe MECTO BCTaBISETCS CBOM Mapkep; sl KaxKIoro
Mapkepa M cylecTByeT TOJIBKO OJ{HA MPOMYKIIMs, a UMeHHO — M — e.

3. Momudunupyem neiictBue a, 3aMeHseMoe Mapkepom M B HEKOTOPOW HPOIYK-
mn A — « {a} [, u cBs3piBaeM ¢ mpoxykuuein M — € neiictBue a’, KoTopoe

a) KOMUPYeT B KauecTBe HacjeAyeMbix aTpuOytoB M mrobbie aTpulyTel A
WM CUMBOJIOB U3 (v, KOTOPBIE TPEOYIOTCS ICUCTBUIO G
0) BEUHCHACT aTpUOYTHI TAKUM K€ CTIIOCOO0M, UTO U @, HO JENAeT 3TH aTpH-

OyTBI CHHTE3HpYeMbIMU aTpudyTamu M .

OT0 M3MEHEHWE BHIIISIUT HEKOPPEKTHBIM, TMOCKOJIBKY IONYy9aeTcs, 4TO JeH-
CTBHE, CBsI3aHHOE C Mpoaykiueid M — €, TOIHKHO UMETh JIOCTYN K arpulyram,
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Bo3moxxna sm o06padoTka L-atpudyrHoro CYO Ha ocHoBe
LR-rpammarukn

B pazgene 5.4.1 mb1 Bumenn, uto kaxzaoe S-arpudytHoe CYO Ha ocHOBe LR-
rpaMMaTUK{ MOXET OBITh pealIn30BaHO B IMPOIECCE BOCXOAIIETO CHHTAKCHYECKOTO
anammza. 13 pasgena 5.5.3 u3BectHO, uto Kaxaoe L-arpubytHoe CYO Ha ocHO-
Be LL-rpaMmmaruku MOKeT OBITH NMPOAHAIM3UPOBAHO IPHU TOMOIIM HHCXOJSIIETO
cuHTaKkcudeckoro aHanusa. [Tockonbky LL-rpaMmaTiky SBISAIOTCS UCTUHHBIM MO/~
MHOXxecTBoM LR-rpammaruk, a S-arpuOytHbsie CYO — HCTHHHBIM OJMHOXECTBOM
L-arpubytapix CYO, MmoxHO 51 pabortarh ¢ moboir LR-rpammarukoit u L-atpu-
OoyTHEIM CYO B BOCXOJAIIEM HalpaBICHUH?

Her, xak noka3pIBatoT cienyrolie HHTYUTUBHO MOHATHBIE q0BOAbI. [Ipeamno-
noxumM, umerotes npoaykuust A — B C u3 LR-rpammaruky u Hacnemyemblit
arpubyT B.i, KOTOPbIil 3aBUCUT OT HacieayeMbix aTpruOyToB A. [Ipu BbIMOIHEHHH
CBEPTKM K B MBI BCe ellle He BHJEIM BXOIHOTO MOTOKa, reHepupyemoro C', Tak
YTO MBI HE MOXXEM OBITh YBEpEHBI B TOM, YTO UMEEM JIEIO C TEJIOM IPOIXYKIHH
A — B (. Takum o0pa3oM, MbI Bce €IlI¢ HE MOXKEM BBIYUCIUTH 3HaueHue B.i,
MIOCKOJIBbKY HET FapaHTHH, YTO CJIEAYET UCIOIb30BaTh MPaBUIIO, CBI3AHHOE UMEHHO
C JIaHHOW MpPOAYKIUEH.

Bo3MoxHO, pelrieHre COCTOUT B TOM, YTOOBI MON0XAaTh cBepTku K C' u yOe-
JMTHCSI B TOM, YTO MBI TOJDKHBI cBepHYTh B C' k A. OnHako Jaxe Toraa Mbl He
3HAeM HacJeJyeMbIX aTpuOyTOB A, MOCKONBKY NaKe MOCIEC CBEPTKH MOXKET OBITh
HEM3BECTHO, KAKOe MMEHHO TENIO0 MPOAYKIUK cofepKuT 310 A. Ecnu onsath Boc-
MOJIb30BATHCS OTKJIAJABIBAHUEM BBIYUCICHUS 5.7, TO B KOHEYHOM UTOTE MBI IPUIEM
K TOMY, YTO MBI HE MOXKEM MPHUHATH HU OTHOTO pelIeHus, MoKa He Oyler mpoaHa-
JM3UpPOBaHa BCS BXOnHAs cTpoka. [lo cyTth, 3T0 03Ha4aeT MpUMEHEHHE CTPaTeTuu
“CHavalia MOCTPOUTH JEPEBO pazdopa, a 3aTeM BBITIOIHUTH TPAHCIIALINIO .

CBSI3aHHBIM C IPAMMATUYECKUMU CUMBOJIAMH, KOTOPBIE OTCYTCTBYIOT B JaHHOM
npoxykuun. OHaKO, TaK KaK MbI peaiu3yeM JISHCTBHA C NCIIOIb30BaHUEM CTEKa
LR-cHHTaKCH4YeCKOTo aHanu3a, HeOOXOMUMbIe aTpuOyThl Bceraa OyayT AOCTYI-
HbI IOCPEICTBOM W3BECTHBIX MO3ULUHN 3aMKucel HUKE B CTEKE.

IMpumep 5.25. Tpeanonoxum, umeercst LL-rpaMmaruka ¢ npoaykimed A — B C
U HaCIIeAyeMBbIl aTpuOyT B.i BEIYUCISAETCS ¢ UCIIONB30BAaHUEM HACIIEIyeMOro aTpudyTa
A.i no popmyne B.i = f (A.i). 3naunt, untepecyromuii Hac pparmenr CYT umeer
BH]T

A—{Bi=f(Ai);} BC

Crp. 435
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ITouemy padoraroT Mapkepbl

Mapkepbl — 3TO HETEPMHUHAIBI, MOPOXKAAIOLINE TOJIBKO € U BCTPEYAIOLIHECS
TOJIBKO OJIH pa3 B TeJIaX BCEX MPOAYKIHH. MBI HE MPUBOANM 37IeCh (POPMaIHHOTO
JI0Ka3aTesIbCTBA TOT0, YTO HETEPMHUHAJIBI-MapKEPhl MOTYT OBbITh 10OABJICHBI B JIIO-
Oble IO3UIIMY B TeNlaX MpoayKiuii LL-rpaMMaTHKH ¥ TOJTyYMBIIAscCs B pe3ysbTare
rpammaruka ocraHerca LR-rpammarikoil. ITHTYUTHBHO 3TO MOSICHAETCS CIENYIO-
M obpazom. Ecim rpammarnka mpuHaIISKUT kiacey LL, To MOXKHO onpeennTh,
YTO CTPOKA w BO BXOJHOM ITOTOKE OPOXKIAETCSI HETEPMHUHAIOM A, B TIOPOXKICHHH,
HaYMHAIOIIEMCS C MPOAYKIHH A — <, MpocMaTpuBas TOJBKO ONWH IMEPBBIA CUM-
BOJ w (WJIN CIEIYIOMNN CUMBOJI, €CIH W = €). TakuM 00pa3oM, P BOCXOISAIIEM
CHHTaKCHYECKOM aHaIN3€e W TOT (HaKT, YTO NpedUKC w IOIKEH OBITh CBEPHYT B «,
a 3areM B .S, CTAHOBUTCS M3BECTCH, KaK TOJILKO BO BXOJHOM ITOTOKE TOSBIISIETCS
HayaJIo CTPOKU w. B yacTHOCTH, €cii MBI BCTaBUM MapKep e yroaHo B o, To LR-
COCTOSIHUS BKIJIIOYAT TOT (DAaKT, YTO B HEKOTOPOM MECTE JOIDKEH MMEThCS JaHHBIH
MapKep, U BBINONHAT CBEPTKY € B MapKep B COOTBETCTBYIOLIEW TOYKE BXOJHOIO
MIOTOKA.

Beenem mapkep M c HacienyemblM atpuOyToM M.¢ U CHHTE3HUpPYEMBIM aTpHOyTOM
M.s. TlepBoiit siBisiercst konuer A.i, a nocnennuit — B.i. CYT 3anuceiBaeTcs Kak

A—MBC
M — {M.i=Ai; M.s=f(M.i);}

3amernM, uto arpubyT A.i He HocTymeH mpaswity s M, HO B JEHCTBUTENBHO-
CTH MOKHO TaK PAacCIOJIOKUTh HacleayeMble arpuOyThl HETEPMHHAJIOB, TAKUX Kak A,
9TOOBI OHM HAXOJWJINCH B CTEKE HEMOCPEACTBEHHO IO TEM MECTOM, IJIe MO3XKe OyaeT
BhINONIHEHA cBepTka B A. Takum oOGpazom, mpu cBeptke € B M A.i HaXOAUTCSA HEIO-
CPEICTBEHHO TOJ] HUM, OTKYJla M MOXKET OBITh cunTano. 3HadueHue M .s, HaxozsIeecs
B CTEKE clieBa BMecTe ¢ M, B IEHCTBUTEIBHOCTH TPEACTABIIACT CO00M B.i U HAXOMUTCS
HUXE, cpasy 3a TEM MECTOM, TIIe TM03XKe OyAeT BHIOIHECHA CBEpTKa B B. O

Ipumep 5.26. JlaBaiite mpeBparum CYT Ha puc. 5.28 B CVYT, xoTopas Moxer uc-
nonb30BaThes nMpu LR-cuHTakcHyeckoM aHanu3e nepenesaHHod rpaMMaTiky. Beenem
mapkep M mepen C' u mapkep N nepen Si, Tak uto jexamnias B ocHoBe CYT rpamma-
THKa IPUHUMAET BUJ

S — while (M C) N S,

M — e

N — e



Crp. 437

5.5. Peamusarnus L-arpubyTtHeix CYO 437

Ilepen Tem Kak paccMOTpeTh IeiCTBUS, cBsi3aHHbIE ¢ Mapkepamu M u N, chopmynu-
pyeM “rumnoresy MHAYKIUN O TOM, II€ XPaHATCS aTpuOyTHI.

1. Hmxe Bcero Tema while-nmpogykunn — T.e. Hike while B creke — HaxomuTes
HacjenyeMblid atpulyT S.next. Mbl MOXKeM HE 3HaTb, KAKOH HETEPMHUHAI WU
COCTOSIHME CHHTAKCHYECKOI'O aHAJM3aTopa CBA3aHO C STOH 3allUChIO B CTEKE,
HO MBI MOXXEM OBITh yBEpEHBI, YTO B (PMKCHPOBAHHOW MO3MLMHU 3TOH 3alMCH
nMeeTcs Toje, XpaHsmee S.next 10 TOro, Kak Mbl HAYHEM pPacllO3HAaBaTh, YTO
K€ UMEHHO IOPOXKICHO 3TUM S.

2. Hacnenyemsbie atpudytel C.true u C'false HaxomsTcsi B CTEKe B 3alHCH, pac-
HOJIOKEHHON HenocpeacTBeHHo mox 3anucbio aust C. [lockoibky mpenmnosnara-
eTCsl, YTO TpaMMarTrKa TMpUHAUICKUT kinaccy LL, mammuune while Bo BxomHOM
IIOTOKE TapaHTUPYET, YTO MOXKET OBITh paclo3HaHa eJUHCTBEHHAas MPOLYKLUS,
a uMeHHO — while-ipoyknus, Tak 9TO MOXKHO rapaHTHpOBaTh, uTo M Oyner
HaXOOUTHCS B cTeke HemocpexacTBeHHo mon C, a 3ammck M Oynmer comepkarb
Haclneyembie arpuOyThl C'.

3. AHaJIOTHYHO HaclemyeMblil aTpulyT S].next JOIHKEH HaXOAUTHCS B CTEKE HEIo-
CpEeICTBEHHO 1MoJ S, TaK YTO MOXKHO Pa3MECTUTh ATOT aTpUOYT B 3armucH st V.

4. Cunresupyembiii arpudyt C.code Oyner HaxonuTbes B 3amuck it C. Kak Bce-
IJa, KOT/la B KauecTBe 3Ha4eHUs aTprlyTa BBICTYIAET JIIMHHAS CTPOKA, Ha IpaK-
THKE B 3aIFCH XPAHUTCS YKa3aTelb Ha (00BEKT, IPEICTABIAIONINN) CTPOKY, B TO
BpeMs KaK cama CTPOKa pacrojaraercs BHe CTeKa.

5. AHaNOTMYHO CHHTE3UPYEMBIi arpulyT S7.next HaXOAUTCS B 3aIHCH AJIst S .

[Ipocnennm Temepb 3a MPOIECCOM CHHTAKCHYECKOTO aHalin3a KOHCTPyKIuu while.
[peamonoxum, 4To 3aMuCh, B KOTOPOH XpaHHUTCS S.next, HAXOAUTCS Ha BEpIIMHE CTEKa,
a odepenHoi BxomgHOH cuMBOi — TepmuHan while. [leperecem 3TOT TepMUHAN B CTEK.
Temnepb ompeneneHHO HW3BECTHO, YTO paclio3HaBacMasl MPOMYKIIHs MPEICTaBISET CO-
oot while-mponyknuro, Tak uto LR-cHHTaKCHUeCKU aHAIHM3aTOpP MOXKET TIEPEeHECTH (
U OMpEACTUTh, YTO CICAYIOINM IIaroM JODKHA ObITh cBepTka € B M. CocrosiHuE
CTeKa B ATOT MOMEHT IOKa3aHO Ha pHc. 5.36. Ha aToM pHCyHKE NMpPHBEICHBI TaKkKe
JIEHCTBUS, CBSI3aHHBIE cO CBepTKoi B M. 31eck co3matorcs 3HadeHus L1 u L2, xoto-
pele XpaHaTcs B nonsx M -3anmcu. B aToit sxe 3anmcu pacnionaratorest nonst s Ctrue
u Cfalse. Ot aTpulOyThl JOJKHBI HAXOMUTHCS BO BTOPOM M TPEThEM MOJSIX 3allCH
JUIS COIJIACOBAaHHOCTH C APYTMIMH 3aIlTUCSIMH CTEeKa, KOTOPhIE MOTYT HAaXOIUThCS HUXKE
C B Ipyrux KOHTEKCTaX M TaKXKe MPEeIOCTaBIsATh 3Tu arpulyTel C'. JleficTBue 3aBep-
nraercsi mpucBauBanueM 3HadeHuil arpubyram C.true u C.false, omHOMY — TOJIBKO YTO
Cr€HepUPOBAHHOTO 3HaUYeHUs L2, a IpyroMy — 3Ha4€HUS U3 3aITMCH, pacIoiararomeics
HWKE B CTEKe, B KOTOPOH, KaK MBI 3HaeM, MOXeT ObITh HalZICHO 3HAYeHHE S.next.
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BepumHa cTeka
? ‘ while ‘ ‘ ( ‘ M Kopa, BbINnonHsoWMincs
S.next C.true npv ceeptke € 8 M
C false L1 = new();
Ll L2 = new();
C.true = L2;
L2 C.false = stack|top — 3].next,;

Puc. 5.36. Crex LR-cuHTakcu4yeckoro aHaiusa rnocjue cBepTku € B M

Mpbl mpenmnonaraeM, 4To BCE OUYEpPEIHBIC CHMBOJIBI BXOJHOIO TMOTOKA KOPPEKTHO
ceopaunBatorcs B C. CrefioBareibHO, CHHTE3UPOBaHHbBIN aTpuOyT C.code pazmeraeTcst
B 3armcu s C. DTo U3MEHEeHHe B CTeKe IMOKa3aHOo Ha puc. 5.37; Ha HEM INOKa3aHEI
TaK)Ke HECKOJIbKO 3almcell, KOTOphIe TI03KEe OKa3bIBAIOTCS B CTEKe HaJ 3amucbio C'.

BepluvHa cteka
> || while || || M c || O || w s
S.next C.true C.code S\.next S\.code
C.false
L1
L2

Puc. 5.37. Crex HenocpeacTBeHHO nepest cBepTkoii Tena while-npoxykimu B S

[Iponomxkas pacio3HaBaHue KOHCTpYKIKHU while, cHHTakCHYecKnii aHanu3aTop J0I-
KEH OOHapy>XHUTh BO BXOJHOM IIOTOKE CHMBOJ ), KOTOPHIH OH MOMECTUT B CTEK B CO-
OTBETCTBYIOIIYIO 3alMCh. B 3TOT MOMEHT CHHTAaKCHYECKHI aHaJIM3aTop, B CHIIy HpH-
HaJUIeKHOCTH I'paMMaTHKU K Kiaccy LL 3Haromuii, 4To oH paboTaeT ¢ KOHCTPYKLHEH
while, BbImosHUT cBepTKy € B N. EnuHCTBEeHHBIE naHHBIE, cBsi3aHHBIE ¢ [N, — 3TO
HacJeayeMblid aTpulyT S1.next. 3aMeTUM, YTO 3TOT aTpHOYT NOJDKEH HAXOAUThCS B 3a-
nucd s [N, TIOTOMY YTO OHA HaXOOUTCS HEMOCPEICTBEHHO IO 3alMChI0 A S7.
BeImonHsieMblii Tpy CBEPTKE KO BBIYHCISIET 3HAYCHHUE S .7ext CIEIYIOMUM 00pa3oM:

Si.next = stack [top — 3] . L1,

Oto AeiicTBue oOparmaercss K TpeTheil 3ammcu mon [N (KoTopas HaXOAWTCS B MOMEHT
BBINTOJTHEHYSI KOJIa Ha BEpIIMHE CTEeKa) U ronydaer 3HadeHue L1.

3areM CHMHTaKCHMYECKHI aHaTU3aTop BBIMOIHSIET CBEPTKY HEKOTOPOTo mpedurca
OCTAIOIIET0Cs BXOIHOTO MOTOKA B HETEPMHHAJ .S (KOTOPBIN MBI Be3/ie yKa3blBaeM C UH-
JICKCOM, Kak S7, 4ToObl OTJIMYATh €0 OT HEeTEpMHUHANIA S B 3aroJIOBKE MPOMYKIUH).
BrruncienHoe mpu 3ToM 3HaueHHe Sp.code HaXOMUTCS B 3allMCH CTeka Uit S1. ITOT
IIar MPUBOIUT HAC B COCTOSIHUE, TIOKa3aHHOE Ha puc. 5.37.
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B 3TOT MOMEHT CHHTAKCUYECKHUiT aHATTM3aTOP BBIMIOJHSACT CBEPTKY BCEH YacTH cTeKa
ot while 1o S; B S. BOT k011, KOTOPBI BBIMIOIHSIETCS [P 3TOU CBEPTKE:

tempCode = label || stack(top — 4].L1 || stack[top — 3|.code ||
label || stack[top — 4].L2 || stack[top].code;

top = top — 5;

stackltop).code = tempCode;

Wnadve roBopsi, MBI coOupaemM 3HadeHue S.code B nepeMeHHOi fempCode. ITO OOBIYHBIH
Kox, cocrosuiuii u3 metoxk L1 u L2, xoma C' u xoxa S7. 3aTeM BBIIOJIHIETCS CHIATHE CO
CTeKa, Tak 4TO S OKa3bIBACTCS B CTEKE HA TOM MECTeE, Iyie Haxouics TepmuHan while.
Kox S pasmerniaercst B mosie code yka3aHHOW 3aIlUCH, TIIe OH MOXKET pacCMaTPHUBaThCA
KaK CHHTE3HPYEMbIi aTpulyT S.code. 3aMeTHM, UTO B MPOLECCE PACCMOTPESHHUS HAIIIETO
prMepa Mbl HUATZIE He TToKa3bIBau paboty ¢ LR-cocTosHUAMY, KOTOpBIE TaKXe JOIIK-
HbI HAXOJUTHCS B CTEKE B I0JI€, B KOTOPOE Mbl BHOCUM IpPaMMaTHY€CKHE CUMBOJIBL. [

5.5.5 V¥YnpaxueHus k pasgeay 5.5

Ynpaxnenue 5.5.1. Peammzyiite kaxaoe n3 Bammx CYO u3 ynpaxHenus 5.4.4 B Buze
CHUHTAKCHYECKOTO aHaJIN3aTopa, paboTaromero METOAOM PEKYPCUBHOTO CITyCKa, KaK 3TO
OBUIO crenano B pazmene 5.5.1.

Ynpaxkuenue 5.5.2. Peanuzyiite kaxnoe u3 Bamux CYO u3 ynpaxaenus 5.4.4 B Buje
CHHTAKCHYIECKOTO aHAIIN3aTopa, paboTaIOMIeT0 METOIOM PEKYPCHBHOTO CITyCKa, KaK 3TO
OBLIO CcIleaHo B pazmene 5.5.2.

Ynpaxnenue 5.5.3. Peammzyiite kaxxnoe n3 Bamux CYO n3 ynpaxuenus 5.4.4 npu
noMory LL-cHHTaKCHYEeCKOro aHaiM3aropa, Kak 3To OBLIO CHENaHo B paszaene 5.5.3,
C reHepaiuei koaa “Ha jery’.

Ynpaxknenue 5.5.4. Peammzyiite kaxxnoe n3 Bamux CYO n3 ynpaxuenus 5.4.4 npu
nomomu LL-crHTakcu4eckoro aHanu3aTropa, Kak 3To ObUIO chaenaHo B paszpene 5.5.3,
HO B TOM cily4dae Kof (WMJIM yKa3zaTellb Ha KOJI) XPaHUTCS B CTEKe.

Ynpaxkuenue 5.5.5. Peanuzyiite kaxnaoe u3 pammx CYO u3 ynpaxuHenus 5.4.4 npu
nomon LR-crHTakCcHUeckoro aHaim3aTopa, Kak 370 ObUIO cienaHo B paszpene 5.5.4.

Yupaxaenne 5.5.6. Peanmmsyiite Bamme CYO u3 ynpaxkHeHus 5.2.4 Tak, Kak 3T0 ObUIO
caenaHo B pasaene 5.5.1. byner nu ueM-To OTJIMYaThCA peanu3alus B CTHIE pasfe-
ma 5.5.2?

5.6 Pe3ioMme Kk ri1aBe 5

4 Hacnedyemvie u cunmesupyemvie ampubymul. CHHTAaKCHYECKH YIIPaBIseMble
OTpeJieNIeHUs] MOTYT WCIIONB30Barh JBa THa arpuOytoB. CHHTE3MpyeMbIe ar-
pubyTHI B y37e nepeBa pa3bopa BBIUMCIAIOTCA C HCIOJIB30BAaHHUEM aTpUOyTOB
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B JouepHUX y3nax. Haciemyemslilt aTpuOyT B y3iie BEIYHCIISIETCS C UCIIOIB30Ba-
HUEM aTpuOyTOB B POIUTEIHCKOM y3JIe W/WJIH B y3/1aXx-OpaTbsx.

Ipaghvr 3asucumocmeri. Ins mannoro nepeBa pazdopa u CYO MBI POBOIUM
JOYTH MEXIy DK3eMIUIIpaMu aTpuOyTOB, CBA3aHHBIMH C KaXK/BIM y3JIOM JIepeBa
pa3bopa, Uit yKa3aHus TOTO, YTO aTpUOYT, Ha KOTOPbIH yKa3bIBaeT CTPENKA JIyTH,
BBIYKCIISIETCSI C MCIIOJIb30BAHUEM 3HAYCHUS aTpuOyTa, U3 KOTOPOTO BBIXOAUT
JIAaHHAs JTyTa.

Luxnuueckue onpeodenenusi. B npodnemarnaaplx CYO MOXHO HAWTH JEPEBBS
pa3bopa, [ KOTOPBIX HE CYHIECTBYET MOPAIKA, B KOTOPOM MOXHO BBIYHCIHTH
BCce aTpuOyThl Bcex y3ioB. Takue nepeBbs pa3dopa colepskaT LMKIbI B CBSA3aH-
HBIX ¢ HUMHU rpadax 3aBucumocteil. Berscuenne, nveet mu CYO Takue UKIN-
Yyeckue rpadbl 3aBUCUMOCTEH, — OYECHb CIIOXKHAs 3a1a4a.

S-ampubymnvie onpedenenus. B S-arpubytHom CYO Bce aTpuOyThl CHHTE3UPY-
eMbIe.

L-ampubymmnule onpeoenenusi. B L-atpubytHoMm CYO aTpuOyThl MOTYT OBITH
HacJeIyeMbIMU WM CUHTEe3UpyeMbIMU. OJTHAKO HacJieyeMble aTpUOYTHI B y3Iie
IepeBa pa30opa MOTYT 3aBHCETh TOJIBKO OT HacleLyeMbIX aTpuOyTOB B pOAH-
TENBbCKOM Y3JI€ M OT JIIOOBIX aTpHOyTOB B OpaTCKUX y3J1aX, HAXOAAIINXCS CIeBa
OT PaccMaTpHBaEMOro.

Cunmaxcuueckue 0epegws. Kaxblil y3el CHHTaKCUUECKOTO JIepeBa IIPeICTaBIs-
€T KOHCTPYKLHIO; JOYEPHHUE Y3IIbl NPEACTABIAIOT 3HAYAIUE KOMIIOHEHTBI KOH-
CTPYKLUU.

Peanuzayus S-ampubymuoix CYO. S-atpubytHoe CYO MOXKET OBITh peann3oBa-
Ho nipu iomontu CYT, B koTopoli Bce NEHCTBHSI HAXOMATCS B KOHIIE ITPOMYKITHIA
(moctrduxcuass CYT). JleHicTBUS BBIUUCISIIOT CHHTE3UPYEMbIE aTpHUOyTHI 3aro-
JIOBKOB IPOAYKIMI C HMCIOJIh30BAHUEM CHHTE3UPYEMBIX aTpUOYTOB CHMBOIIOB
ux ten. Ecim nexanias B OCHOBE rpaMMarvka MpUHAAIEXKUT kinaccy LR, To Ta-
kasg CYT moxer ObITh peanm3oBaHa B cTeke LR-crHTaKkcHueckoro aHaiamusaropa.

Yempanenue nesoii pexypcuu uz CYT. Eciin CYT conep uT TONBKO 1MOO0YHEIE
neiictBus (6e3 BRIYUCICHHUS aTpUOyTOB), TO MPUMEHUM CTaHIAPTHBIN allrTOPUTM
YCTpaHEHUS JIEBOM PEKYpCHH W3 T'paMMaTHKH, IPU HCIIOIB30BAHUU KOTOPOTO
JIEMCTBUSL pacCMaTpPUBAIOTCS TaK, KaKk eciid Obl 3TO ObUIM TepMHUHANBL [Ipu
BBIUMCIIEHUHN aTpUOyTOB yCTpaHEHHUE JIEBOW peKypcHH Bo3MOxHO, ecnu CYT
SIBIISIETCS TIOCT(UKCHOM.
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4 Peanuzayus L-ampubymnozo CYO 6 npoyecce CUHMAKCUYECKO2O AHATU3A Me-
moodom pekypcusHozo cnycka. Ecnn nmeercsa L-atpubyTHoe onpeneneHue Ha oc-
HOBE FPaMMaTHKU, K KOTOPOH MPUMEHUM HUCXOASIINNA CHHTAKCUUECKUI aHaIN3,
TO JJISl pealn3alii TPAHCISIIMA MOXKHO TTOCTPOUTh CHHTAKCHYECKHH aHaIu3a-
TOp, pabOTAOIINI METOJIOM PEKYpCUBHOIO CIycka 0e3 Bo3Bpara. Haciemyembie
aTpuOyTHI CTAHOBATCS apryMEHTaMU (YHKIIMHA I X HETEPMHUHAJIOB, 4 CUHTE-
3upyeMble aTpuOyTHl STUMHU (DYHKIIMSIMYU BO3BPAIAIOTCS.

¢ Peanuzayus L-ampubymnoco CYO na ocnose LL-epammamuxu. Kaxmoe L-at-
puOyTHOE OIpe/eNieHre ¢ Jiexkariel B ero ocHoBe LL-rpaMMaTiKoit MOXKeT OBITh
peann30BaHO OMHOBPEMEHHO C CHHTAKCHYCCKUM aHAIM30M. 3alUCH JJIS XpaHe-
HUSl CHHTE3UPYEMbIX aTpHOyTOB HETEPMHUHAIIOB Pa3MEIIAOTCS B CTEKe IOJ 3a-
MUACSAMY HETEPMUHAJIOB, B TO BpEMS KaK HAaCIeIyeMble aTpuOyThl HETEPMHUHAIOB
XpaHATCS B CTEKE BMECTe C HETEpMHHAJIaMH. 3allUCH JIEHCTBHI TakkKe pazMe-
IIAFOTCS B CTEKE /ISl BEITIOJTHEHUSI BEIYUCICHUN aTpUOYTOB B COOTBETCTBYIOIIIHEC
MOMEHTHI BPEMEHHU.

¢ Peanuzayus L-ampubymnozo CYO na ocnose LL-epammamuxu npu 60cxo0si-
wem cunmakcudeckom avanuse. L-arpuOyTHOE OIpeeNieHne C JIeXKalled B ero
ocHoBe LL-rpammarnkoii MOxeT OBITh MPeoOpa3oBaHO B TPAHCIAIMIO HAa OC-
HOBe LR-rpaMMaTuku ¥ TPaHCISIUIO, BBIIOIHIEMYIO B IIPOLIECCE BOCXOSLIETO
CHHTAKCUYECKOTo aHanm3a. [IpeoOpa3oBaHne rpaMMaTHKH BKIIOUAET HETEPMU-
HaJbI-MapKephl, KOTOPbIE MOSBISIOTCS B CTEKE BOCXOISLIETO CHHTAKCHYECKOTO
aHaIM3aTopa M XPaHAT HACIEIyeMble aTpHOyTHl HETEPMHUHAIIOB, HAXOISIIIAXCS
B cTeke Haj HUMHU. CUHTE3UpyeMble aTpUOYTHl XPaHSATCSH B CTEKE BMECTE C UX
HETEpMUHAJIAMU.

5.7 Cunucok JuTeparypsl K rjiase 5

CHHTaKCHYEeCKH yTIpaBIIsieMbIe OTPEIEICHNUS MPEICTABIAIOT CO00M BUI HHIYKTHB-
HBIX OINpEAETICHUM, B KOTOPhIX MHIYKLUS MPOSBIAETCS B CHHTAKCUYECKOH CTPYKTYypeE.
Kak taxoBple oHM JaBHO He(OPMaJIHHO MCIONB3YIOTCS B MareMaruke. VX mpuMeHeHne
K sI3bIKaM MPOrpaMMHPOBaHKS Hadajaoch ¢ Algol 60.

Wpest CMHTaKkCMYECKOIrO0 AaHAJIM3aTopa, KOTOPBIA BBI3BIBAET CEMAaHTUUECKUE JCH-
CTBUS, MOKET OBITh HaimeHa y CeliMennscona (Samelson) u bayspa (Bauer) [8], a Takxke
y bpyxepa (Brooker) u Moppuca (Morris) [1]. Aiiponc (Irons) [2] cozgan ogun n3 mep-
BBIX CUHTAKCUYECKU YIPABISIEMbIX KOMIIWIATOPOB C UCIOIb30BAHUEM CHHTE3UPYEMBIX
arpubyTtoB. Kimacc L-arpuOyTHBIX omnpeneneHnii BBeaeH B [6].

Hacnexyemsie atpubyTsl, rpadsl 3aBUcHMOCTEl M MpoBepka nukiandHoctn CYO
(T.e. BBIICHEHHE, CYIIECTBYET JH HEKOTOpPOE JepeBO pa30opa, Uil KOTOPOro He Cy-
IIECTBYET MOPSAKA BBIYUCICHHUS aTprOyTOB) 0053aHBI CBOMM IpoHCXokaeHneM KuyTy
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(Knuth) [5]. dxa3zaepu (Jazayeri), Ormen (Ogden) u Paynnc (Rounds) [3] moka3anwm, 4to
MPOBEPKA UKIUYHOCTU TPEOyeT BPEeMEHH, SKCIIOHCHI[UAILHO 3aBUCSIIET0 OT pa3Mepa

CYO.

I'eHepaTopsl CHHTaKCUYECKUX aHAIM3ATOPOB, Takue Kak Yacc [4] (cMm. Takxke cru-
COK JINTEPaTyphl K TaBe 4), MONAEePKUBAIOT BHIYMCIICHUE aTpUOyTOB B MPOIIECCe CHH-
TAKCHYECKOTO aHAaJIH3a.

00630p Ilaakkm (Paakki) [7] MOXET CIIy>KHTb XOpOIIIeH OTIPABHOW TOYKOH IS JIH-
TEPaTYPHOTO MOUCKA 10 CHHTAKCUYESCKH YIPABIIIEMBIM OMPEICICHUSIM U TPAHCIISIIIASIM.,
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