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BBEJEHUE

Teopus s3pIKOB mporpamMmupoBanus (aHri. programming language theory,
PLT) — pa3znen uHDOpMATHKH, TIOCBSAIICHHBIA BOITPOCAM MPOSKTUPOBAHHUS, aHAJIN-
3a, OIpE/IeNICHUs XapaKTePUCTUK U KIIACCU(UKAIIUU SA3BIKOB MTPOTrPAMMHUPOBAHUS U
U3YYEHUEM UX UHJIUBUIYATbHBIX OCOOEHHOCTEM.

B mupokom cMbIcie, A3bIK — 3TO CIIOCO0 MOCTPOEHUS CIIOB WJIM MPEIOKe-
HUH (B TEpMHUHAX A3BIKOB MPOTPAMMHPOBAHUS — IIETIOYEK CUMBOJIOB) U3 CUMBOJIOB,
BXOIAIIMX B andaBuT s3bika. s moboro andaBuTa KOJIMYECTBO CIOB, MPEAJIO-
KEHUU WIM LIETIOYEK MPOU3BOIBHOU JIMHBI, KOTOPHIE MOKHO COCTAaBUTh M3 €r0
CHUMBOJIOB, sIBJIsIETCSl OeCKOHEUHbIM. [103TOMY BO3HHKAeT mpakTuyeckas 3ajada —
KAaK KOHEYHBIM 00pa3oM omucaTh IpaBuia SI3bIKa, CHHTAKCUYECKHUE KOHCTPYKIUU
KOTOPOTr0 MOTEHIHAJIBHO SBJISIOTCS OecKoHeUHbIMU? OTBET Ha 3TOT BOMNPOC JAET
TEOpUsl CUHTAKCUYECKOTO aHalIN3a, WIW TEOpUs S3bIKOB MpOrpaMMUpoBaHus. B
y4eOHOM mocooun [1] paccMOTpeHBI TpH MOIX0a K ONMUCAHUIO S3BIKOB — 3TO KO-
HEYHBIE aBTOMATHI, PEryJISiPHbIE MHOYKECTBA U TPAMMATHKHU.

N3yyenne qaHHOW NMCUUIUIMHBI MO3BOJIUT HAYYUTHCS PEIlaTh 3aJadd Mpo-
BEPKU CHUHTAaKCHCa U CEMAaHTUKHU IIEMOYEK CUMBOJIOB B 3aJJaHHOM SI3bIKE, TPaHCIIs-
UM — TIEPEeBOJA LETIOYEK CUMBOJIOB U3 OJHOIO SI3bIKA B JIpyrol. B nanpHenmem
3TO, MPU HEOOXOAMMOCTH, CTAHET MEPBOM CTYNEHBIO K pa3paboTKe COOCTBEHHBIX
TPAHCIIATOPOB, HHTEPIIPETATOPOB U KOMITHIIATOPOB [2].

Y4yeOHO-MEeTOANYECKOE MOCOOUE COJICPKUT METOIUUECKUE YKa3aHUSl K BbI-
MOJIHEHHIO JTA0OPATOPHBIX U MPAKTUYECKUX pabOT 1Mo AUCHUIUIMHE «Teopus si3bl-
KOB IIPOrpaMMHUPOBAHUS U METOJAbl TPAHCIIALMNY», a TAKXKE YKa3aHUS K CAMOCTOS-
TeJIbHOU paboTe sl CTYJAEHTOB crenuanbHocTu O6akanaBpuara 09.03.01 «Mudop-
MaTHKa U BBIYUCIIUTEIIbHAS] TEXHUKA.

B nocobun n3znoxeHa kpaTkas Teopusi, HEOOXoAuMast AJisi CaMOCTOSITENIbHO-
ro M3y4EeHHUs U MOBTOPEHHUSI TEOPETUYECKOI0 MaTepualia, a TakKe MOATOTOBKU K
IPaKTHUECKUM 3aHATHsIM. KpoMe Toro, AaHbl 3aaHus )i 1abOpaTopHbIX padoT U

pPEKOMEeHIalluK K 0(hOPMIIEHHIO OTYETOB MO Ja0OPATOPHBIM padoTaMm.



[Ipenmonaraercs, 4To yJamyuecss XOpOIIo BIaACIOT XOTS Obl OJJHUM BBICOKO-
YPOBHEBBIM O0BEKTHO-OPUCHTUPOBAHHBIM SI3BIKOM INporpammupoBanus (C++, C#,

Python u T.1.) ¥ IMEIOT XOPOIIYIO MATEMATHYECKYIO TTOJITOTOBKY.



1 CHHTAKCHC SI3IKOBBIX KOHCTPYKIU

PaccMoTpuM S3BIKH, IS KOTOPBIX B paMKaX JIaOOpaTOPHBIX padOT HEOOXo-
TUMO pa3paboTaTh CHUHTAKCUYECKHE aHaau3aTophl. [lepedeHb S3BIKOB (a 3TO
Pascal, C/C++, C#, a Takxe SI3bIK ONKMCAaHUS MaTEeMAaTHYCCKUX BBIPAKCHHI) HE SIB-
JSIETCSA OKOHYATEIbHBIM. J[OmycKaeTcsl MCIOb30BaTh CHHTAKCUC JIPYTHUX SI3BIKOB
MIPOTPAMMHUPOBAHMS, a TAaK)KE JPYrod CHUHTAKCHUC MaTeMaTUYECKHX BBIPAKCHUH,

CCJIKM OH UMCCT COIIOCTABUMYIO CIIOKHOCTD.

1.1 CHHTAKCHUC OIIUCAHUSA NEPEMEHHBIX

Jlanee npuBeaeHbl 00IIKE MTpaBUjIa OMKMCAaHUS MMEPEMEHHBIX Ha si3blKax Pas-
cal, C/C++ u C#. OmgHako, pa3iu4yHbIe KOMIHJISITOPBI MOTYT UMETh OTIWYHS B
cuHTakcuce. [103ToMy npH BBINOJHEHUU J1a0OPATOPHBIX PabOT AOMYCKAETCS CUU-
TaTh ONMCAHUE NEPEMEHHBIX MPABUJIBHBIM JIMIIb B TOM CJIy4ae, €CIU UCIOJIb3ye-
MBI KOMIOWIATOP TaK)XE€ CUUTAET €r0 MPAaBWIbHBIM (€CTECTBEHHO, C YYETOM HC-
MOJIb3YEMBIX B JIaHHOM J1aOOpaTOpHOI paboTe OrpaHUYEHUI HA CUHTAKCHC SI3bIKA).
AHaJIOTUYHO JUIsl HENPABWIBHOIO OINMCAHMS IEPEMEHHBIX. MOXXHO NpOBEPATH
OMMCAHWE NMEPEMEHHBIX HA APYIHX S3bIKaX MPOTPAMMHUPOBAHUS, HE PACCMOTPEH-

HBIX B IIOCOOHH.

1.1.1 SI3bIK PASCAL

Jns s3pika Pascal omucanue mepeMEHHBIX MOKET BBIMJISIAETH CICAYIOLIIUM
obOpazom:

var a, b, c: real;

d: array [l..6, 6..9] of integer;

sl: string;

s2: string[10];

T.e. onucaHue NMEPEMEHHBIX HAYMHAETCS C KJIIIOYEBOrO CJIOBA var, jJajee
CJICIYIOT CIIMCKY MMEH MEePEMEHHBIX C YKa3aHUEeM THuIa. B crmucok TUIOB HE0OXO-
JUMO BKJTIOYMTH HanOOJIEE YacTO MCIOJb3yeMble 0a30BbIe THUIBI (IICJIBIC TUIIBI U
THUIIBI C TIJIABAIOIIEH TOYKOW, MACCUBBI, CTPOKH, CUMBOJIbHBIN 1 OYJIE€BCKUN THUIIBI).

Tur MokeT OBITh TaKK€ MaCCHBOM (B TOM YHCJI€ MHOTOMEPHBIM) HIIH CTPOKOM. Y
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MacCvBa HIDKHSS TpaHWIA MHACKCA HE JIOJDKHA ObITh MEHbIE BepxHei. Takke
pa3Mep MaccuBa MOKET 337aBaThCS MEPEYUCIMMBIM TUIIOM JAaHHBIX. THIIOM 3J1e-
MEHTOB MAacCHBa MOXXET OBbITh JIFOOOM apyroil Tum JaHHbIX. CTpoka HE MOXKET
OBITH ITTMHHEE 255 CUMBOJIOB.

Nms niepeMeHHOM — 3TO TOCIEN0BATEIFHOCTh OYKB U H(P, HAUMHAOIIASACS
¢ OykBbl. [lo OykBaMU OHUMAIOTCS OOJIBIIME U MaJible OYKBBI JIATUHCKOTO ajida-
BuTa (a...Z, A...Z) u noguepkuBanue (). BOJbIIMHCTBO COBPEMEHHBIX KOMITHIIS-
TOPOB HE UMEIOT OTPAHUYCHHM 10 JUTMHE UMEH MePEMEHHBIX, OJTHAKO, 3HAYaITUMHU
cuuTaroTcs ToJibko nepBbie N cumB0osIOB (unciio N 3aBUCUT OT KOHKPETHOTO KOM-
nwistopa). Hanpumep, ecnmu N = 8, To mepemennbie 21234567 u al2345678
paccMaTpUBaAIOTCS KOMIWISITOPAMU KaK UJIEHTUYHBIC, XOTS 00€ 3aliCH SIBISIOTCA
CUHTaKCUYECKH BepHBIMH. 3HaueHHne yrcia N MoxxHO BeIOpaTh m0b6oe (N > 8), Ho
00bI4HO 31O 8, 16, 32 U T.11.

B kaugectBe pazgenurencii, OTACIAIONMX IPYT OT Jpyra KIIOYEBBIC CIOBA,
MMEHA MTIEPEMEHHBIX, 3HAKU MYHKTYaIlMH | T.II. MOTYT BBICTYIIATh:

— mpobensl (kox ASCII — 32 wnn $20 B miecTHaAIATEPUYHOM BHJIE);

— mepeBoabl CTPOK M Bo3BpaThl KapeTok (kozsl ASCII — 10 ($0A) u 13
($0D) cooTBETCTBEHHO);

— rtabymsun (kox ASCI — 9 mmu $09).

Jlis ykazaHusl CHMBOJIa 10 €ro Kojay B si3bike Pascal ucmosb3yercs 3Hak
«¥». JInbo s 3THX 1ened MOXKHO Mcoyb30BaTh GyHKIHio CHR (cM. ee omnumca-
HUE B (pailyie cripaBKM MCHOJb3yeMOM cpeabl pazpadborku). [lpu ykazanuu OykB
A...F B mecTHaaaTepruuHbIX YMCIaX MOXKHO HCIOJIb30BaTh KaK OOJIbIINE, TaK U

Majibie OykBbI. Tak, JJ1s1 MPOBEPKU CUMBOJIA Ch Ha BO3BPAT KapeTKU MOXKHO HaIlH-

carb
if ch = #13 then ...
W
if ch = #$0D then ...
WJIH Ke

if ch = chr(13) then ...

8



[TpoGensr MOKHO 0003HAYATH MMPOCTO B BHUJIE MPOOEIIa, 3aKIIFOUEHHOTO B Ka-

BbIUky (' ').

1.1.2 SI3bIK C/C++

Jlnst si3pikoB C/C++ ommcanue epeMEHHBIX MOXKET BBITJISAAETh TaK:

double a[10], b, c;

int x g[5][5];

T.e. onmcaHHe COCTOUT M3 YKa3aHUH THIIOB JAaHHBIX CO CJIACIYIONIMMHU 32
HUMHU CIIUCKAMH UMEH mepeMeHHBIX. S3biku C/C++ mojiepKuBarT pa3inyHbIe
MOTUGHUKATOPBl THIIOB — MoaudukaTopel pasmepa (long/short), 3Haka
(signed/unsigned) u mnpoune (auto, register, volatile, const,
static). [lyis ynpoiieHust 3a1a4d Ipy BRITOIHEHUH J1TaOOpaTOpHOU paboThI € pe-
anuzanueit JIKA Oynem paccMmaTpuBaTh TOJIBKO MoaudukaTopsl pazmepa. O6pa-
TUTE BHUMaHHUE, YTO MOAN(DUKATOP MOXKET MCIIOIB30BAThCS 0€3 yKa3aHusi 6a30BO-
ro THUIA, B 3TOM Cliy4ae B KadecTBe 0A30BOr0 THIA MOApa3yMeBacTCs THUN int.

Hanpumep, 3anuce
long
DKBUBAJICHTHA 3aIIUCH
long int

Moaudukarop long MOXKET UCHOJB30BaThCsA ¢ TMNaMu int u double,
Moaudukarop short — tonbpko ¢ TuNoMm int. be3 maHHbIX MOIU(PHUKATOPOB HC-
nosp3yrores Tunel £loat, char u npyrue.

T.k. si3p1ku C/C++ He AenaroT pa3aruuuil MeXITy CHMBOJIOM H LIEJIBIM YUCIOM
(OaiiToM), TO AJI1 MPOBEPKH KOJAA YKCIA MOKHO IMPOCTO CPABHUTH CHMBOJ C KO-
JIOM:

if (ch == 13) ...

Ecin xoMOuiasaTop BBIAAET B 3TOM CiIydae MPERyIpPEeRICHUE O BO3MOXKHOM
HECOOTBETCTBUM JIaHHBIX, MOXHO MCIIOJIB30BaTh SIBHOE NMPEOOpa30BaHKE TUIIA!

if (ch == char(13)) ...

500041



if (ch == (char)13) ...

JIn6o MO’XKHO HMcHoab30BaTh 3amuck '\OOO' mmum '\xHH', rme 000 —
BOChMEpPHUYHAS 3aIHCh KOJa CUMBOJIAa (MAaKCHUMAaJIbHBIA Ko — 377g), HH — IIecTHa-
nuatepuyuHas (MakcuManbHbI koJ — FFi6). Tak, mpoBepky Ha cCUMBOJ HEepeBojia
CTPOKH MOXHO TaKKe€ 3alucaTh B TAKOM BUJIE:

if (ch == '"\x0d') ...
W
if (ch == "\15'") ...

MoOHO Tak)e HCIOJIb30BaTh BXOMHOW (haiin B koaupoBke Unicode, Tornma
BMECTO THIIAa char HCIOIbL3yeTCs TUII wchar t cO BCEMM BBITEKAIOIIMMH II0-
CJIEJICTBUSIMH, HO B JJAHHBIX JaOOpaTOPHBIX pabOTax B 3TOM HET HEOOXOAUMOCTH.

B si3pikax C/C++ cymecTBYIOT TakKe CIEIHalbHbIe CHMBOJIBI JIJIsI 0003HA-
YeHHsI HEKOTOPBIX HemedaTHbIX dneMeHToB Tadbmuibl ASCII:

'"\n' —nepeBon crpoku (nNext line);
"\r' — Bo3Bpar kapeTku (Carriage return);

— '"\t' —Talynamus (tabulate);

[TpoGensl MOKHO 0003HAYaTh TAaKUM K€ 00pa3oM, Kak M B si3bike Pascal
")

B orimune ot si3bika Pascal, B si3pikax C/C++ pasMepHOCTh MaccHBa yKa3bl-
BaeTCsl B BUJE OAHOU 1UPpbI (0053aTEIBHO MOJOKUTEIBHOM), U KaKasi pa3Mep-

HOCTD 3aKJIFOYaCTCs B KBAJAPATHBIC CKOOKH.

1.1.3 SI3bIK C#

OmnucaHue JIOKaJIbHBIX TIEPEMEHHBIX Ha s13bIke C# MOXKET BBITIISAICTH CIEIY-
IOIAM 00pa3oM:

double? a, b, c;

int([,] d;

string sl, s2;

long n;

10



Bo-niepBbix, B oTimmume ot s3bikoB C/C++, mMomudukaTopsl 31eCh OTCYT-

CTBYIOT, T.€. long — 3TO OT/AENbHBIN TUN JaHHBIX. Takxke TpeOyeTcs peanu3aius

BCCX OCTAJIBHBIX HCJBIX THUIIOB, THUIIOB C HHaBaIOHIGﬁ TO‘IKOI‘/’I, CHUMBOJIBHOI'O U 6y-

JICBCKOI'O THUIIa, MAaCCUBOB U CTPOK, a TAKXKC O6HYJ'I}IGMI)IX THUIIOB M THUIIA object.

HpI/I YKa3aHHUH THUIIAa MOKHO HCIIOJIb30BATb KAK UM: KJIaCCd, TaK U COOTBCTCTBYIO-

i eMy CHHOHUM si3bika C# (cM. Tabm. 1.1).

Taomnuua 1.1 — Onucanue Tumos sa3bika CH#

Knacc CuHOHUM Onucanue

System.SByte sbyte BbaiiT co 3HaKOM

System.Intlo6 short KopoTtkoe nenoe co 3Hakom

System.Int32 int [lemnoe co 3HakoM

System.Int64 long JImuHHOE 1eI0€e CO 3HAKOM

System.Byte byte baiit

System.UIntl6 ushort KopoTtkoe nienoe 6e3 3Haka

System.UInt32 uint [lenoe 6e3 3HaKa

System.UInt64 ulong JlnuHHOE 1e10¢e Oe3 3HaKa

System.Single float Yucno ¢ miaBaromed TOYKOW OJMHAPHOMU
TOYHOCTH

System.Double double Yucio ¢ miIaBaromnied TOYKOW JBOMHOM TOY-
HOCTHU

System.Decimal |decimal Yuciio ¢ miaBaromnied TOYKOW NOBBIIIICHHON
TOYHOCTH

System.Boolean |bool Jlornyeckuii (OyneB) THUIT

System.Char char CHUMBOJILHBIN THII

System.String string Crpoka

System.Object object OOBeKT

ITpocTpaHcTBO MMEH System yka3blBaTh He 00s3aTeabHO. TakuM 00pasoM,

Hanpumep, System.Boolean, Boolean u bool — 310 CHHOHUMBI. MaccUBbI

MOTI'YyT OBITH OAHOMCPHBIMHU HWJIM MHOI'OMCPHBIMHU — IIPAMOYTOJIBHBIMH, OPTOIO-
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HaJIBHBIMH (HEPOBHBIMU) WM KOMOMHUPOBAHHBIMH. 32 OCHOBY JJISI OMTMCAHUS 00-
HYJIIEMOTO THIA MOKET OBITh B3ST JIMIIb THI TI0 3HAYCHUIO (T.€. B JAHHOM CITy4ae
BCE THIIBI, KpOMe string u object).
JIJisi cpaBHEHHMSI CUMBOJIA C €r0 KOJOM MOXHO HCIIOJh30BaTh JTUOO SIBHOE
pUBEACHUE TUMA
if (ch == (char)13) ...
WM €ro 3alkCh B BUAC cuMBOJa B kogupoBke Unicode (UTF-16):
if (ch == '\uO00d'") ...
Bwmecro 3amncen ' \u000d"' mM0kHO ncnosb30Bath ' \x000d".
Taxke MOKHO HCIOJIB30BaTh OMHCAHHBIC BbIIIC s sA3bIKOB C/C++ cren-

CHMBOJIBI.

1.2 CHHTAKCHUC OIIUCAHUS 3ATIMCEN U CTPYKTYP

31ech M3JI0KEHBI TUTIOBBIC TpaBHiIa OMMCAHMs 3amuceil B si3bike Pascal u
cTpykTyp B si3bikax C/C++/C#. Kak u B npeaplIymeM pasjesie, i 00OHapyKEeHUs
CUHTAKCHUYECKUX MM CEMaHTHYECKMX OUIMOOK B Pa3IMYHBIX YACTHBIX CIIydasx
ClIeIyeT OPUEHTUPOBATHCS HA COTJIALICHMSI, IPUHATHIE B UCIOIb3YEMOM KOMITHJIS-
tope. [JonomnutensHyo MHpopMaluio (IpaBuia ONUCAHUS MEPEMEHHbIX, UICH-
TU()UKATOPOB, HATMYKE pa3feiauTeNeld U T.I.) cM. B 1. 1.1. Takyke MOXXHO TIpoBe-
PSTh ONMCAHUE aHAJIOTUYHBIX KOHCTPYKIUH (CTPYKTYp, 3alUCEH U IPYTHX COCTaB-

HBIX TUIIOB) B IPYTHX SI3bIKaX MPOTPAMMHUPOBAHUSI.

1.2.1 SI3bIK PASCAL

B s3pike Pascal ommcanue sk3eMInisipa 3amuMCH BBITISIUT KaK OMHCAHUE
OOBIYHOM TIEPEMEHHOM, UMEIOIIeH Tui record:

var a, b, c: record

d: array [l..6, 6..9] of record

12



Ecnm xe TpeOyeTcst omucaHue HOBOTO THUIIA 3alHCH, a HE JK3EMIUIIpa, HC-
MOJIb3y€eTCs orepaTop type:

type a = record

end;

d = array [1..6, 6..9] of record

OnucaHre TUMOB U 3K3EMIUIIPOB 3alMCcell MOKHO KOMOMHHPOBaTh. BHYyTpH
3alliCU MOTYT HaXOAUTHCA OOBSBIICHUS IMOJIEH — T.€. 3TO ONKUCAHUE NMEPEMEHHBIX
mo0oro tuna (1mogooHo npumepy u3 m. 1.1.1), Ho yke 6e3 KIII04YeBOro cjioBa var.
[Tosnst, B CBOO Oouepeib, MOTYT OBITh BIOKEHHBIMU 3anucsMu. [lepeMeHHbIe Takxke
MOTYT OBITh OOBSIBICHBI INIO0AIBHO (T.€. HE BJIOKEHHBIMM HU B KaKylO 3aIllCh),
TOrJa YK€ HaJM4Ke KI0YEBOro CJ0oBa var 00s3aTeNIbHO.

KoH(paukToM MMEH cuuTaeTcsi HaJIW4yue JABYX M 0ojee HIEeHTU(PUKATOPOB
(MMEH MepeMEHHBIX WA TUIOB) B TJI00ATBHON 00J1aCTH BUAMMOCTH, JTUOO BHYTPH

OJIHOM M TOM %€ 3aliUCHU HAa OJUHAKOBOM YPOBHE BIIOKEHHOCTH.

1.2.2 AA3bIK C/C++

B s3pikax C/C++ 00BABUTH CTPYKTYPY MOYKHO JTHOO MPH TOMOIIK OIEepaTo-
pa typedef, 6o 6e3 Hero:
typedef struct al {

} bl, cl1[10]

~e

struct a2 {

} b2, c2[10];
Pa3nuna B Tom, uTo ¢ onepatopoMm typedef 0OBSBISAIOTCS HOBBIE TUIIBI, a
0€3 Hero — AK3eMIUIAPHI CTPYKTYp. Tak, al, bl u c1 —3TO TUIBI JaHHBIX (TIEPBHIC

JIBa SKBUBAJIEHTHbl U OMNMUCBIBAIOT CTPYKTYpY, TPETHIl onucbiBaeT MaccuB u3 10
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CTpYyKTYp). nentudukarop a2 — 3T0 TOXKE THUI AAHHBIX, COOTBETCTBYIOIIUNA OIU-
CaHHOM Jajee CTPYKTYype, a BOT b2 U C2 — 3TO YK€ IK3EMIULIP CTPYKTYPBI a2 U
MaccuB U3 10 3K3eMIUIIPOB CTPYKTYPBI a2 COOTBETCTBEHHO.

BHyTpH 3amuic MOryT HaXOJOUThCS OOBSIBICHUS BIOXEHHBIX THUIIOB CTPYK-
Typ U MOJIEW — 3TO ONKCAHUE NEPEMEHHBIX JII000ro THMA (110A00HO PUMEPY U3 II.
1.1.2). IlepeMeHHBIE TaKXKe MOTYT OBITH OOBSBJICHBI TI100aTBHO (T.€. HE BIIOKEH-
HBIMU HHU B KAaKyl0 CTPYKTYpY). JlONOJIHUTENBHO NPU BBINOJIHEHUH JIa0OpaTOPHOU
paboThl, peanuzyroiei aHanuzatop Ha ocHoBe KC-rpamMmmaTuku, HE0OX0AUMO pe-
aM30BaTh MOICPKKY MoaudukaropoB 3Haka (signed/unsigned). Iloxs, B
CBOIO OYEPE/b, MOT'YT ObITh BIOKEHHBIMU CTPYKTYpaMH.

[Ipu 0OBsABIIEHNN CTPYKTYPBI MOYXKHO OIYCTUTh €€ 3ar0JIOBOK:

typedef struct ({

} bl, cl[10]

~e

struct {

} b2, c2[107];

JIn60 MOXXHO OIYCTHUTh CIHCOK HJICHTH(UKATOPOB IIOCIE 3aKpbIBarOIIeh
CKOOKH:

typedef struct al {

struct a2 {

y i
MOXHO OINYCTUTh W TO, U JAPYroO€, TOTJla CTPYKTypa CTAaHET AHOHUMMHOU.
AHOHHMMHAas CTPYKTYypa MOKET OBITh TOJBKO BJIOXKEHHOU B IPYTYIO CTPYKTYPY:
struct a2 {
struct {

int a, b;
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Y
struct {

int ¢, d;

I

Ee momns cunTaroTcst mossiMu CTPYKTYPBI BBITIIECTOSIIETO YPOBHS, YTO HEOO-
XOJIMMO YYUTBIBATh MPU ONPEIeICHUU KOH(MDIUKTOB UMEH.

KoHndmukToM mMeH cuuTaeTcsi Haau4uMe ABYX U Oojee MACHTH(PUKATOPOB
(MMeH TepeMEHHBIX WJIM TUIOB) B IJI00aIbHON 00JaCTH BUIUMOCTH, JIMOO BHYTPH
OJIHOM U TOM e 3aliCH Ha OJIMHAKOBOM YpOBHE BJIOKEHHOCTH. [Ipuuem, ums Tu-
a ¥ K3eMIUIIpa MOKET COBITaIaTh, ’TO KOH(JIMKTOM HE SBIISICTCS:

int a;

struct a {

I

Taxxe B si3p1ke C++ KOHMOIUKTHON SIBISICTCSI CUTYAIHs, KOT/Ia UMSI DK3EM-
TUIsIpa WK TUTIA, BJIOXKEHHOTO B CTPYKTYPY, COBIIAJAET C UMEHEM ITOU CTPYKTYPHI:

struct a {

int a;

I

[IpyuyriHa B TOM, YTO B KJIacC€ WM CTPYKTYype C UMEHEM X TOJIbKO OIUH
YJICH MOXKET UMETh UM X — 3TO KOHCTPYKTOP.

Takxke mpu ONMMCAaHUHM CTPYKTYPbl MOXKHO HCIIOJIB30BaTh MOAM(MUKATOPHI
noctyna (public, protected u private), HO 100aBJIATh UX B CUHTAKCHUC HE

00s3aTENBHO.

1.2.3 SI3bIK C#

B s3eike C# ommcanune CTPYKTYpbl MOXKET MPEIBAPATHCS MOAUGPUKATOPOM
nocryna. Eciu cTpykTypa onucaHa rio0aibHO, TO JOCTYIHBI 1Ba MoAUUKaTOpa —
public u internal. Ecim cTpykTypa BIOXKEHHas, TO €me MOAU(PUKATOP
private:

public struct a {
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private struct b {

}

struct c {

}

Ecnu moaudukarop moctyna OmymieH, TO MO YMOTYaHUIO MPEANOoaraeTcs
camblii cTporuii monudpukarop (internal g rnolanbHBIX U private mns
BJIO)KEHHBIX CTPYKTYP COOTBETCTBEHHO). Takxke, KpoMe BIOXEHHBIX CTPYKTYP,
CTPYKTypa MOKET COJEpXkaTh MOJII — 3TO ONHMCAHUE MEPEMEHHBIX JIFOOOro TUIa
(mogo6Ho nmpumepy u3 n. 1.1.3). ['mobanpHOE onKcaHue NepeMEHHBIX 3alpenieHO.
[Tons Takke MOTyT mpeaBapsTbcs MoaudukaTopoMm jgoctyna public,
internal umu private. Eciu MoaudukaTop OmyiieH, N0 YMOJYaHUIO Mpe-
nosnaraercs private. B KOHIE onMcaHusA CTPYKTYpbl MOXKET CTOSATh TOYKA C 3a-
ISTOU, HO €€ HAJInYue He 003aTeNbHO.

KoH(]nukTOM MMEH cuuTaeTcss Hamu4ue ABYX U Oosee MACHTHU(PUKATOPOB
(MMEeH TepeMEHHBIX WM TUIIOB) B IJ100aIbHOM 00JIACTH BUAMMOCTH, TUOO BHYTPHU
OJIHOM M TOM € 3aIlUCU Ha OJUHAKOBOM YPOBHE BIIOKEHHOCTH.

B si3pike C#, kak u B si3pike C++, KOHMDIUKTHOM SBISETCS CUTYyAIHsl, KOTIa
UMs SK3EMIUISIPA WM THIIA, BIIO)KEHHOIO B CTPYKTYpPY, COBIIAJAaET C UMEHEM 3TOMI
CTPYKTYPBI:

struct a {

int a;

}

[Iprunna Ta ke camas.

1.3 CHHTAKCHC ONMUCAHUS ®YHKIW, MPOLUEAYP U JEJIETATOB

31ech U3JI05KEHBI TUTIOBBIE TIPaBUIIa OMKMCAHKS TIPOLeyp ¥ QYHKIIUHA B S3bI-

kax Pascal/C++ u nmeneratoB B si3bike C#. Kak u B mpenbIayIIux pasaenax, s
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OOHaApYKEHHs] CHHTAaKCUYECKUX MM CEMAaHTHYECKHX OIIMOOK B PAa3JIUYHBIX YaCT-
HBIX CITy4asX ClIelyeT OPUEHTHPOBATHCSA HA COTJIALICHHS, IPUHATHIE B UCIIOJIb3Ye-
MoM KoMmmuiATope. JlononaHurenbHyro MHGoOpManuioo (MpaBuia OMUCAHHS Tepe-
MEHHBIX, WICHTU(UKATOPOB, HaMMUKE pazaenureneit u T.m.) cM. B m. 1.1. Taxxke
MOKHO MPOBEPSITH OMHCAHUE AHAJOTHMYHBIX KOHCTPYKIUI B APYIHX S3bIKaX IPO-
rpammupoBanus. Heobxoaumoe ycinoBue — KOHCTPYKLUU JTOJKHBI JIOIyCKaTh pe-
KypCUBHOE OINHUCAHHE, T.€. YTOOBI OHU MOTJIA OBITh BJIOXKEHBI JAPYT B ApYra, Kak

nporeaypsl U (GyHKIMM B s3bike Pascal wiam mpocTpaHCTBa MMEH B S3bIKaX

C++/C#.

1.3.1 SI3bIK PASCAL

OyHKIMKE ¥ TpOoIeayphl B s13bike Pascal Moryt ObITh ommcaHbl TI100aTBHO,
00 BHYTPH JPYTHX MPOIEAYP U PYHKITHIA:
procedure fl(a, b: integer); forward;
procedure £f2;
procedure f3(var c: integer);
begin
end;
procedure f4; forward;
function £5(i: integer; wvar obj): integer;
begin
end;
procedure f4;
begin
end;
begin
end;
procedure fl(a, b: integer);
begin

end;
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Onucanue GyHKIMU HAYMHAETCS ¢ KIo4eBoro cioBa function, mpoiie-
Jypbl — ¢ KJII0UeBOro cioBa procedure. M QpyHKIIUM WM TIPOLICAYPHI SBIISCT-
cs1 0ObIYHBIM HacHTU(DUKAaTOpOM. [lanee B ckoOKaxX MPUBOJUTCS CITMCOK Iapamer-
POB, KOTOPBIM BKIIIOYAET ONMHCaHWE (POpMajIbHBIX aprYMEHTOB, MOJAOOHO OIHCa-
HUIO TiepeMeHHBIX (cM. 1. 1.1.1). OTiryne B TOM, YTO HAJUYHE KIOYCBOrO CIOBa
var He o0s3arenbHo. OTHAKO OHO MOYKET CTaBUThCA Iepe] JIIOOBIMU apryMeHTa-
MU, TIepelaBacMbIMU B (DYHKITUIO WM TIPOIEAYPY MO CCHIIKE, a HE M0 3HAUYCHMIO.
Takoke, ecimy apryMeHT MepeaaceTcs MO CChUIKE, €ro THUIl MOXKHO HE YKasbIBaTh (B
ATOM cllydae MperoiaraeTcsi, 4To apryMeHT MOXET UMETh Jiro0oil Tur). Eciu
CIIUCOK apryMEHTOB MYCT, CKOOKU HE CTaBATCS.

3aTeM, eclu OMUChIBaeTCs (PYyHKIIMS, CTABUTCS IBOETOUME C TUIIOM BO3Bpa-
11a€MOTr'0 3HAYEHUsI, IOCIIE YEro — TOYKa ¢ 3arATo. Ecii onuceIBaeTcs mpoueay-
pa, TO cpa3y CTaBUTCS TOYKA C 3amaTod. Takke pa3Hble KOMITHIATOPHI s3bIka Pas-
cal MoryT uMeTh pa3IMYHBIC OIPAaHUYCHHUS HA HMCIIOJIH30BAaHHE B KaueCTBE THIIOB
apryMEHTOB WJIM THIAa BO3BPAlIa€MOro 3HAYEHUSI MACCUBOB U CTPOK. DTOT BOMPOC
HEO0OXOJIMMO HCCIIEIOBATh CAMOCTOSITEIBHO.

[Tocnie ToukM ¢ 3amsATOM yKa3bpIBaeTCs KIOUeBOe CloBO forward, eciu 310
npeABapuTEIbHOS ONMMCAaHUE MPOTOTHUIIA MPOLEAYPhl WM (QYHKIIMH, JIMOO orepa-
TOpHBbIE CKOOKHM begin/end ¢ TeaoM mporenaypsbl Wik QYHKIMH, €CIH 3TO €€ pea-
nauzarus. J{is ynporeHus cuHTakcuca OyaeM roJjiaraTh Tena mpoueayp U GyHK-
1y mycteiMu. [IpoToTun kakon-mu0o0 npoueaypbl Wik GYHKIMU MOKHO OMHUCATh
JUITH OJWH pa3. 3aBepIaeTcs OMUCAaHUE MPOLEIYPhl MW (PYHKIIMH TOYKOM C 3a-
TISITOM.

Kondaukrom umen Oyaer cutyanus, Korjaa:

— COBIIAJAIOT UMEHA APTYMEHTOB B CHUCKE y OJIHOM M TOW K€ HPOLEAYPHI
WM PYHKIUU;

— Tr00aJIbHO WM Ha OJIHOM W TOM JK€ YPOBHE BJIOKEHHOCTH HMEIOTCS

npoucaypbl HIIA (1)YHKHI/II/I C OJUMHAaKOBbIMHM UMCHAaMMH.
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1.3.2 SI3bIK C++

OYHKIMHU U MpoLeypsl B sA3bike C++ MOTYT OBITH ONKMCAHBI II100aJIBHO, JIH-
00 BHYTpHU TpocTpaHCcTBa UMeH. [IpocTpaHcTBa UMEH TaKKe MOTYT OBITh BIIOXKEH-
HBIMHM JIPYT B JIpyTa:

int f1(int a, double b, char c[10]);

namespace N1 ({

namespace N2 {
void f2 (void) ;
void f3();
int f4(long int, ...);
}
void f5(int, unsigned char) {}
void f5(int) {}
void f5 (double) {}

}

Onucanue TPOCTpPAaHCTBA UMMEH HAUYMHAETCS C KIOYEBOTO  CJIOBa
namespace ¥ MUMEHHM IPOCTPAHCTBA, SBJIAIONICTOCS OOBIYHBIM HIAECHTU(DUKATO-
pom. Coaep>kuMoe IPOCTPAHCTBA UMEH 3aKIIFOYACTCs B (PUTYPHBIE CKOOKH.

Onucanve PyHKIIMUM HAYMHAETCS C THIIA BO3BPAIA€MOT0 3HAYEHUS. DTO BCE
BO3MOXXHBIC THUIIbI, OMTUCAHHbIC B 1. 1.1.2, momoiaHeHHbIe MOAU(PUKATOPAMH 3HAKA
(signed/unsigned). Onucanue MpoUEayPsl — CO CHECIMAIBLHOTO IMyCTOrO THIIA
void. ms yHKIMM WM TpoLEIypbl SBISETCS OOBIYHBIM HACHTU(PUKATOPOM.
Jlanee B ckoOKaxX MPUBOJUTCS CITUCOK MAPaMETPOB, KOTOPHIA MOXKET!

— Bxuroyats omucanue (QopMalIbHBIX apTyMEHTOB, IMOJIOOHO OIMHUCAHUIO
nepeMeHHbIX (cM. 1. 1.1.2), HO pa3aensieMbIX 3alATbIMHU, a HE TOUKaMU C 3aIiTOH.
Taxoke, B oTIMYME OT OOBIYHOTO OMMCAHMS MTEPEMEHHBIX, TIOCIIE THUIIA MOXKET JIN00
BOOOIIIE HE OBITh UACHTU(DUKATOPA, W00 JIUIb OAUH uaeHTUdUuKaTop. Ecnu ecth
XOTsI OBl OJIMH apTyMEHT MOJAOOHOTO THUIIA, TO TOCIEAHUM aPTYMEHTOM MOKET

OBITH «...», UTO O3HAYACT NIEPEMCHHOC YUCJIO apPI'YMCHTOB B CITMCKC.
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— CopepxaTh CHelMAJIbHOE KIIOYEBOE CJIOBO void, o3Hayaroliee, 4yTo
(GYHKIUS WK TpoIelypa HEe UMEET MapaMeTpoB.

— BbITh MyCcTBIM. DTO TakX e O3HA4YaeT, YTO APIryMEHTOB y (PYHKIMU WIH
IpOLEAYPHI HET.

[Tocne ckoOOK cTaBUTCA TOUYKA C 3aIsSITOM, €CIIM 3TO MPEJBAPUTEIBHOE OIU-
CaHHe MPOTOTHUMA Mpolenypbl Wwin (QpyHKUKH, TUO0 (UTYpPHBIE CKOOKH C TEJIOM
npouLeAypsl WU (PyHKLINHU, €CITU 3TO ee peanu3auus. [ ynpoiieHus CMHTakcuca
OyzaeMm mosaraTh Tejia npouenyp v pyHkuuid mycteiMu. [IpoBepka, 4To BceM Ipo-
TOTHUIIAaM COOTBETCTBYET peanu3alus, He TpedyeTcs.

JIBe rnobanibHble peanu3anuy GyHKIUN WM MPOLEaypsl, JIN00 pearn3annuu
(GYHKIUM ¥ OpPOLENypbl, HAXOASIIMECS HAa OJHOM YPOBHE BIIO)KEHHOCTH, MOTYT
UMETh OJJUHAKOBOE MMS, €CIH B CHHCKaX WX (OpMaibHBIX apTyMEHTOB THIIBI ap-
TYMEHTOB OTJINYatoTCs. i1 MPOTOTUIIOB TAKOTO OIPAaHUYEHHUS HET — MOKHO OIH-
cath J1000€ KOJMYECTBO COBIMAJAIONIMX MPOTOTUIIOB MPOIERYp WM (PYHKIIHIA.
KondaukroMm umeH OyaeT cutyanus, Korjaa:

— COBIMAJalOT UMEHA apryMEHTOB B CIIUCKE Y OJIHOM M TOM K€ MpOLEaypH
WM QYHKIUU (HE BaXKHO, TPOTOTHUIT ATO WM peanu3alius);

— T1700aJbHO UM HA OJTHOM M TOM K€ YPOBHE BJIO’KEHHOCTH OIHUCAHO IMPO-
CTPaHCTBO MMEH W TPOIEAYypa UIH PYHKIHS C OTMHAKOBHIMU HMEHAMHU (HE BaXHO,
MPOTOTHUI 3TO WM peaTnu3alus);

— T1700aJbHO UM HA OJJTHOM M TOM € YPOBHE BJIO)KEHHOCTH UMEIOTCS pea-
JU3aIUU TPOIeaypbl WM (QYHKIUK C OJUHAKOBBIMA MMEHAMHU M OJUHAKOBBIMU
TUIIAMHU apTYMEHTOB B CIIHCKaX (POpPMaJIbHBIX apIyMEHTOB.

Cutyanusi, koraa riao0anbHO WIM Ha OJJHOM U TOM K€ YPOBHE BJIOKEHHOCTH
OTKCaHbI MPOCTPAHCTBA UMEH C OJMHAKOBHIMA WMEHAMHU, OIIMOKOW HE SIBIISETCS.

B sTtom CJIydac ux COACPKUMOC IPOCTO OG’I)GI[I/IHSIGTCH.

1.3.3 SA3bIK C#

Metonasl B sizbike C# MOTYT OBITH ONKCAHBI JHUIIb BHYTPHU Kiacca, CTPYKTY-

pbl WK uHTEpdeiica, o3TOMy ria00anbHO JUO0 BHYTPU MPOCTPAHCTBA UMEH MOXK-
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HO ONHUCATh JIUIIG AeneraThl. [IpocTpaHcTBa UMEH TaKKe MOTYT OBITh BIIOKCHHBI-
MH JIpYT B IpyTa:
delegate int fl (int a, double b, char[] c);
namespace N1 ({
namespace N2.N3 {
delegate void f2();
delegate int f3 (params object[] obj);
}
delegate void f4 (int i, ref byte b);

}

Omnucanne TPOCTPAHCTBA MMEH HA4YMHAETCA C  KJIHOYEBOIO  CJIOBa
namespace M UMEHH IPOCTPAHCTBA, SBJIIONMIETOCS JTUOO OOBIYHBIM HACHTU(DH-
KaTopoM, JIHOO HaeHTU(PUKATOpaMH, pa3/ieICHHBIMH TOYKaMu. B mocneanem ciy-
yae 3anuch

namespace N2.N3 {

}

aHAJIOTUYHA 3aMUCHU
namespace N2 {

namespace N3 {

}

ConepxuMoe TTPOCTPAHCTBA UMEH 3aKitodaeTcs B (UrypHnie ckoOku. Omnm-
CaHME Jiejerata HauYMHaeTcsl ¢ KIo4eBoro cioBa delegate u Tuma Bo3Bpallae-
MOTO 3HA4Y€HHSA. DTO BCE BO3MOXKHBIE THUIIBI, omrcaHHble B . 1.1.3, 1ubo coemu-
aNbHBIN ITycToM Tun void. UMs nenerata siBisieTCs OOBIYHBIM HICHTU(PHUKATOPOM.
Jlanee B ckoOKax MPUBOAUTCS CIIMCOK IapaMeTPOB, KOTOPBIM MOKET:

— Bxmtouats ommcanune (GopmanibHBIX apryMEHTOB, MOJOOHO OIKCAHUIO

nepemMeHHbIX (cM. 1. 1.1.3), HO pa3zensieMbIX 3amsTbIMU, @ HE TOYKAMU C 3aISITOM.
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Taxoke, B OTAMYHE OT OOBIYHOTO OTMCAHUS MEPEMEHHBIX, ITOCIE TUIMA JOJIKEH pac-
M0JIATaThCS JIMIIh OAWH UISHTU(HUKATOP. Y apryMeHTa, epeaaBaeMoro Mo CChLI-
Ke, ctaBuTcsa Moaudukarop ref wm out. Y mociegHero aprymMeHTa B CIHHCKE
MOXeET ObITh MOJU(PUKATOP params, 0O3HAYAIOIINKN CITUCOK apTyMEHTOB ITePEMEH-
HOM nyuHbl. [Ipu »TOM THUIIOM apryMeHTa JOJDKEH OBITh OJHOMEPHBIM MAacCHB,
HarpuMmep, object[],int[] [, ] ut.A.

— DBBITh MyCTHIM. DTO O3HAYAET, YTO APTYMEHTOB y J€JIeraTa HeT.

ITocne ckobok cTaBuTCcs Touka ¢ 3amsTo. KoHdpaukTrom uMen 6yaer cutya-
us, KOraa:

— COBINAJIAIOT UMEHA APTYMEHTOB B CIIUCKE Yy OJHOTO U TOTO JKE JIeJIerara,

— 100aJIbHO WJIM HA OJJHOM U TOM K€ YPOBHE BJIO)KEHHOCTU OIMKCAHO TMPO-
CTPAHCTBO UMEH U JIEJIEraT C OJUHAKOBBIMU UMEHAMU,

— r00aJIbHO WJIM HA OJTHOM W TOM K€ YPOBHE BJIO)KEHHOCTH OIHMCAHBI Jie-
JIETaThl C OJUHAKOBBIMHA UMCHAMM.

Cutyanus, Kkorja rio0ajbHO WM Ha OJHOM U TOM K€ YPOBHE BJIOKCHHOCTH
OMHUCaHbI TPOCTPAHCTBA UMEH C OJMHAKOBBIMU MMEHAMU, OITMOKON HE SIBJISETCS.

B aToM ciiydae ux comepKUMoe MPOCTO 0ObETUHAETCS.
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2 PA3BBOP MATEMATHYECKOI'O BBIPAYKEHUSA

2.1 IIOCTPOEHME JIEPEBA

Pa36op MaTeMaTnueckoro BeIpaKEHUSI HAYMHACTCS ¢ pa30UBKU BXOIHOM TIe-
MOYKU Ha OWHApHOE JepeBo JiekceM. Jlanee 1mo 3ToMy JepeBy MPOBOAMUTCS JICKCH-
YECKUA M CUHTAKCUYECKUW aHaJIM3, CTPOUTCS TabiHIla UMEH U KOJ. DIEMEHTOM
JiepeBa ABIISIETCA CIEayolIas CTPyKTypa.

declare 1 TREE,

2 oper string,
level int,
code string,

left pointer,

N DN

right pointer;

declare root pointer;

Nnentuduxatop root ccwlaeTcs Ha KOpeHb aepeBa. Kaxplil aneMeHT je-
peBa COJIEPKUT CTPOKY oper (3TO 3HAK ONEpaluu WIA ONEpaH]l — IepEMEHHas
1100 KOHCTaHTa), YpOBeHb level U CTPOKY Koja code (3TH MOJIsl 3aMOIHSIIOTCS
Ha JTare MOCTPOCHHUS KOJIa), a TaKkke yka3aTesm left u right Ha JeBoe W Ipa-
BOE noazepeBo. Eciam oper — 3T0 3HAK onepanuu, UMeeM y3eln aepesa. Eciau 31o
OIlepaHj, UIMEEM JIMCT, B OTOM CiIydae ykasarenu left u right gBIdrOTCA Hyle-
BbIMH. B BBIpa)K€HUU UCHOJIB3YIOTCS TOJILKO OMHApHBIE ONEepaliu, MO3TOMY Jepe-
BO SIBJIACTCS MOJHBIM OMHAPHBIM JAEPEBOM — JUMOO0 00a ykazaressi HyJeBble, TUOO
00a HEHYJIEBBIE.

PexypcuBHBIN alTOPUTM MMOCTPOCHUS JIepEeBa:

1. Ha Bxozae anropuTMa MMeeM HEKOTOPBIN y3eis JepeBa node U CTPOKY C
YacThI0 MaTEMAaTUYECKOIO BBIPAXKEHUS €XPT.

2. VieM B CTpOKE 3HAKU ONEPALNii, HE 3aKIIFOUEHHbIE B CKOOKHU, B MOPSIKE
npuoputeTa. HauMeHbIIni TPUOPUTET y MPUCBAUBaHUs («=»), CPEAHUHN Yy CIOXKeE-

HUS («+»), HAUBBICIIUN — Y YMHOXKEHUS («*»).
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3. Ecnm 3Hak omnepanuu HaiJleH B MO3HUIUUA POS CTPOKU €XPT, TO 3aMUCHI-
BaeM €ro B I0JIe oper y3ia aepeBa node. Jlanee 1Ba paza BbI3bIBAEM PEKYPCUBHO
JAHHBIM aJITOPUTM — CHayaia JIJis JeBOro nojjaepea node.left u ans nop-
CTPOKHU CTPOKH €XpPT, PACHOJIOKEHHOU ClieBa OT MO3UIMU POS, U 3aTeM I Mpa-
BOro nojjepeBa node.right u s NOJACTPOKH CTPOKU €XpPr, PACHOIOKEHHON
CIpaBa OT MO3UIUHU POS.

4. Ecnu 3HaK He HaWIEH, TO:

4.1. Ecaum mpu 3TOM NIEPBBIM CUMBOJIOM CTPOKU €XPY SBISETCS OTKPHI-
BaroIasi ckoOka «(», a MOCIETHUM — 3aKphIBalOIas «)», TO YIAIUTh UX U BEp-
HYTBCS HA 1Iar 2.

4.2. B npoTUBHOM cllydyae UMEEM JIMCT JepeBa. 3aluChiBaeM B IOJIE
oper y3na JiepeBa node BCE BBIPAKEHHE €XPTY — OHO COJAEPKUT JIUOO0 HJIEHTH-
¢dukatop, 100 KOHCTaHTy. YKa3zarenu node.left mu node.right oOHYIUTE.

Jliist Hadana pa®oThl aNropuTMa 3alycKaeM €ro, nepenaBas Ha BXOJl yKasa-
TeNb rOOt M CTPOKY, COJIEPIKaIyI0 UCXOJHOE BhIpakeHue. B kauecTBe mpumepa
BO3bMEM BBIPAKEHUE

COST = (PRICE+TAX)*0.98.

J1J1st HEeTO TaHHBIN ANTOPUTM IMOJTYUYUT JAEPEBO, H300pakeHHOe Ha puc. 2.1.

3ameyaHus:

1. Ctpoky namst BeIIEICHHS MOACTPOK MOXKHO HE pe3aTh Ha YacTH, a MPOCTO
BMECTE CO CTPOKOM mepeaaBaTh B aITOPUTM MO3UIIUU IEPBOIO U MOCIETHETO CUM-
BOJIa, OJIeKAIUX 00paboTKe.

2. Kox MOXET Moyy4aTbes pa3HOil CTETIEHN ONTUMAaIbHOCTH, B 3aBUCUMOCTH
OT CTPYKTYpHI AepeBa. 31eCh MPeaoKeH MPOCTEUIINI alropuT™M MOCTPOEHUS Jie-
peBa. s mocTrkeHus O0JbIIeH ONTUMATFHOCTH KOJIa AEPEBO MOCIe TOCTPOCHUS
MOKHO MOJUMUIIMPOBATH, COMOCTABIISISI CTPYKTYPY HCXOTHOTO MAaTEMaTUYECKOTO
BBIPKEHMUSI, CTPYKTYPY JIepeBa U MOJTYISHHBIA KOJI.

Jlamee paccMOTpPUM KpaTKyl0 TEOPHIO MPEOOpa30oBaHHS MATEMaTHUYECKOTO

BBIPAKCHHA B IICCBAOKO, d TAKIKC OIITUMMU3AIINH KOJA.
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2.2 JJEKCUUYECKUU AHAJIN3

[Ipoananu3upyem BbIpaKECHUE:

— COST, PRICE u TAX — nekceMbl-UeHTU(PUKATOPHI;

— 0.98 — nexcema-KOHCTAHTA;

— =, +, ¥ —IPOCTO JIEKCEMBHI.

IlycTh Bce KOHCTaHTHI M UIASHTU(PUKATOPHI MOKHO OTOOpakaTh B JICKCEMBbI
tuna <wuaeHtudukarop> (<U/>). Torma BEIXOJOM JIEKCHYECKOTO aHAIM3aTOpa
OyJeT Mmocae0BaTeIbHOCTD JIEKCEM

<N >=(<UJI>+<UJ15>)*<U 14>,

Btopass 4acTb KOMITOHEHTHI JIEKCEMBI (yKa3aTellb, T.€. HOMEp JICKCEMBI B
Ta0JIuIle UMEH) — MOKa3aHa B BUJIC MHJIEKCOB. CUMBOJIBI «=», «+» U «™» TPaKTy-
IOTCS KaK JIKCEMBI, THI KOTOPBIX MPEACTaBIsSeTCS UMH caMuMu. OHU HE UMEIOT

CBs3aHHBIX C HUMHU JAHHBIX H, CJICA0BATCIBHO, HC UMCIOT YKaSaTeHeﬁ.

2.3 PABOTA C TABJIMIIE UMEH

[Tocre Toro, kak B pe3yibTaTe JIEKCMUECKOTO aHAIM3a JIEKCEMBbl Paclo3Ha-
HbI, HH(OpPMAIKs O HEKOTOPHIX M3 HUX COOMPAETCS W 3aIlMCHIBACTCSA B TAOJIHUILY
WMEH.

s namero npumepa COST, PRICE u TAX — nepemMeHHbIE C TUTaBaroIen
Toukoil. PaccMoTpuM BapuaHT Takoil Tabnuiel. B Heli mepedncieHbl BCe UICHTH-

(uKaTOPBI BMECTE C OTHOCSIIEHCS K HUM WHpopMarmei (tadi. 2.1).

Taomuua 2.1 — Tabnuna umMen

Howmep
Nnentuduxatop Nudopmarus
AJIIEMEHTa
1 COST IlepemenHas ¢ miaBaroIe TOUKOM
2 PRICE [lepemeHnHas ¢ rIaBaroeld TOYKOU
3 TAX IIepemenHas ¢ mIaBarOEed TOYKON
4 0.98 KoncTanTa ¢ naBaronieit Toukoit

Ecnu mo3gHee BO BXOJHOM II€TOYKE IMOMagaeTcsl WIASHTU(PUKATOP, HAZI0

CIIPaBUTKLCS B 3TOM TaOJIMIIe, HE TOABIISLICS JIM OH panee. Ecnu na, To nexkcema, co-
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OTBETCTBYIOIIAasi HOBOMY BXOXJIECHHUIO 3TOr0 UACHTU(DUKATOPa, OyAET TOU Ke, 4T

Uy NPEABIAYIIETO BXOXKICHUS.

2.4 CHHTAKCUUYECKHUUN AHAJIN3

BbIxo/10M aHanmu3aTtopa CIyKUT JI€PEBO, KOTOPOE MPEACTABISET CUHTAKCH-
YECKYIO CTPYKTYpPY, IPUCYIILYIO HCXOJAHON IPOrpaMMe.

Ilpumep:

<U>=(<Ud>+<Uz>)*<U1z>.

ITo aT0i1 IETTOUKe HEOOXOIMMO BBIIIOJIHUTH CIIEAYIONINE AEUCTBHUS:

1) <W 13> npudaButh k <MJ[,>;

2) pesynbrat (1) ymHOXUTE Ha < [14>;

3) pe3ynbTar (2) HOMECTUTH B STUCHKY, pe3epBUpOBaHHYIO it <UJ{1>.

DTOH MOCNeN0BaTEIbHOCTH COOTBETCTBYET JIEPEBO, M300pAKEHHOE Ha PHUC.

2.1. T.e. MBI UMeEM IMOCJICAOBATCIIbHOCTD IIAroB B BUAC IIOMCUYCHHOI'O JACPCBaA.

N3

<I/II[1> = no

Ny * <HI[4>

<N > + <U]1s>
PI/ICYHOK 2.1 - IlocnenoBaTenbHOCTD ACHCTBUI ITPpU BBIYUCJIICHUHW BBIPAKCHUA

BHyTpeHHHEe BepIIMHBI NMPEACTABISIOT TE JAEHUCTBUS, KOTOPBIE MOYKHO BbI-
NOJIHATH. [IpsiMble TOTOMKH Ka)KI0M BEPIIMHBI JIMOO MPEICTABISAIOT apryMEHTHI, K
KOTOPBIM HYXHO IPHUMEHSThH IEUCTBHE (€CIIM COOTBETCTBYIOIIAs BEPIUMHA TIOME-

YyeHa MJICHTU(PHUKATOPOM WM SIBJIAETCS BHYTPEHHEH), MO0 MOMOraroT ompese-
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JUTh, KAKUM JIOJDKHO OBITh 3TO JEHCTBHE, B YaCTHOCTH, 3HAKH «+», «*» U «=».
CKOOKHM OTCYTCTBYIOT, T.K. OHU TOJIBKO OMPEIEISIOT MOPSA0K JCHCTBHIA.
2.5 TEHEPAIISI KOJA

JlepeBo, MOCTPOEHHOE CUHTAKCUYECKUM aHAIU3aTOPOM, UCIIOIB3YETCS IS
TOT0, 4TOOBI TOJYYUTH MEPEBOJ] BXOJHOW MporpamMmbl. PaccMoTpum MamimHy ¢

OJIHUM PErHCTPOM M KOMaH/IbI A3bIKa THIIA «accemOepy (Tabm. 2.2).

Tab6mmma 2.2 — KoMaHIbI sI3bIKa THIIA «accemMOIiep»

Komaunna JeiicTBue
LOAD M C(m) — cymmarop
ADD M C(cymmarop) + C(m) — cymmarop
MPY M C(cymmatop) * C(m) — cymmarop
STORE M C(cymmarop) — m
LOAD =M m — cymMmarop
ADD =M C(cymmarop) + m — cymmaTop
MPY =M C(cymmarop) * m — cymmarop

3ammck «C(M) — cymMmarop» 03Ha4aeT, YTO COACPIKUMOE STUYCHKH aMSITH M
HAJI0 IOMECTUTh B CyMMAaTOp. 3aich =M 03HAYAET YUCIEHHOE 3HAYCHUE M.

C nmoMoIipo JiepeBa, MOTYYEHHOTO CUHTAaKCUYECKUM aHAJIM3aTOPOM U WH-
dbopmanuu, xpaHsencs B TaOJIUIIE UMEH, MOXXHO TTOCTPOUTh OOBEKTHBIN KOJI.

C KaxJI01 BEpIIMHOM N cBs3bIBaeTCs 1enoyka C(N) mpoMeKyTOuHOTo KOJa.
Kon s BepuiHbBI N CTPOUTCSI CIHEIIICHUEM B (DMKCUPOBAHHOM TIOPSJIKE KOJOBBIX
I[EMOYEK, CBSI3aHHBIX C MPSIMBIMU MOTOMKAMH BEPIIUHBI N, 1 HEKOTOPHIX (PUKCH-
pOBaHHBIX IIenoyvek. [Ipoiiecc mepeBoaa uaeT, TakuM 00pa3oM, CHU3Y BBEpX (OT
JUCTBEB K KOPHIO). OUKCUPOBAHHBIC IETIOUYKH M (PUKCHPOBAHHBIN TOPSIOK 3a/1a-
I0TCS UCTIOTB3YEMBIM aJITOPUTMOM TIEPEBO/IA.

3/1ech BO3HMKAET BakHas mpobJieMa: IJisd KaJa0W BEpIIMHBI N HEOOXO0IMMO
BoIOpaTh ko7 C(N) Tak, 4yTOOBI KO, MPUIIMCHIBAEMBIH KOPHIO, OKA3bIBAJICS HCKO-

MBIM KOJIOM BCero omepartopa. BooOiie roBops, HykHa Kakas-TO WHTEPIPETaIns
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kona C(n), KoTopoit MOKHO ObLTO OBl €AMHOOOPA3HO MOJB30BATHCS BO BCEX CHUTY-
alMsX, TJIe BCTPETUTCS BEpIIUHA N.

Bepuemcs k ucxomnomy naepeBy (puc. 2.1). EcTe Tpu THma BHYTpEHHHX
BEPIINH, 3aBUCSIIAX OT TOTO, KAKMM U3 3HAKOB MTOMEYCH CPEIHUN MMOTOMOK: «=»,
«+» U «*» (puc. 2.2). 3aech TpeyroJlbHUKHN — MPOU3BOJIBHBIE MOIIEPEBHS (B TOM

YHUCJIC, COCTOAIIMC N3 GIIHHCTBGHHOﬁ BGpHII/IHI)I).

|
+
*

a) 0) B)
Pucynok 2.2 — Tunsl BepIivu

Jlns nroboro apupMeTH4ecKoro orepaTopa MPUCBOCHHS, BKIIIOYAIOIIETO
TOJIBKO apu(PMETHIECKHE OMEPALNU «+» U «*», MOKHO ITOCTPOUTH IEPEBO C OTHOM
BEPIIMHOMN THIIA «a» U OCTAJIbHBIMU BEPIIMHAMH TOJILKO THITOB «0» M «BY.

Kon cootBercTByromiel BepimHbl OyJeT HMETh CICAYIOIIYI WHTEpIpeTa-
IHIO:

1) ecnau N — BepmMHA TUMA «@», TO C(N) OyaeT KOOM, KOTOPBIH BBIUUCIISIET
3HAYCHHE BBIPAKECHHSI, COOTBETCTBYIOIIEE MIPABOMY MOJJCPERY, U TIOMEIIACT €ro B
STYCHKy, 3ape3epBHPOBAHHYIO JJISI WIACHTH(PHUKATOpPA, KOTOPHIM TOMEUEH JICBBI
MOTOK;

2) ecnm N — BeplIMHa THITA «O» WK «By», To 1ienouka LOAD C(n) Oyner ko-
JIOM, 3aChLIAIOIIMM B CyMMAaToOp 3HAUYCHHUE BBIPAKEHHS, COOTBETCTBYIOIICTO TO/I-
JepeByY, Hal KOTOPHIM JOMHHUPYET BepIIuHa N.

Tak, nsa namrero aepesa kog LOAD C(n;) 3aceiiaeT B cymmaTop 3HauCHHE
Beipakenust <UJI>+<WU]l3>, xom LOAD C(n;) 3aceiiaeT B CyMMaTOp 3HAuYCHHE
Beipakenus: (<U>+<Us>)*<U[],>, a kox C(N3) 3ackiiaeT B cymMMarop 3Haue-
HHUE TIOCJICTHET0 BBIPAKEHHUS W MOMEIIAET €ro B sSYelKy, MpeAHa3HAYCHHYIO IS

<I/II[1>.
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Teneps Hamo MoOKa3atk, kak ko1 C(N) cTpOUTCS U3 KOAOB MOTOMKOB BEPIIIU-
HBI N. B nanbHeliniemM Mbl OyieM TpearnoiaraTb, 4YTO ONEpaTophl sA3bIKa accemOre-
pa 3aIMChIBAIOTCS B BUJIE OJTHOM LIETIOYKH U OTHEISIIOTCSA APYT OT Apyra TOYKOH ¢
3aMsITOM WIM Ha4yaJloM HOBOW CTpokH. Kpome Toro, mbl OyJeM mpeamnosaraTh, 4To
Ka)XJI01 BeplIrHE N JepeBa npumuckiBaetcs yncio 1(n), Ha3piBaeMoe ypoBHEM, KO-

TOpPOC O3HAYACT MAKCUMAJIbHYIO IJIMHY IIYTH OT ATOM BCPIIMHBI O JHUCTA, T.C.

I(n) =0, ectm N — HCT, @ €CITM N UMEET TIOTOMKOB Ny, Ny, ..., Nk, TO
[(n)=maxl(n )+1.
(n)=maxI(n)

VYporu#u |(N) MOKHO BBIMUCIUTH CHU3Y BBEPX OJHOBPEMEHHO C BHIYHCIICHU-

em koz0B C(n) (puc. 2.3).

@n

<N > + <U]1s>
0 0 0

Pucynok 2.3 — JlepeBo ¢ ypoBHIMHU

VYPOBHHU 3amHUCHIBAIOTCA AJISi TOTO, YTOOBI KOHTPOJIMPOBATH MCIOJIb30BAHUE
BPEMEHHBIX SYEEK MaMsTH. /[Be Hy>KHbIE HaM BEJIMYMHBI HENb3s 3aCJIATh B OAHY U
Ty K€ STYEHKY ITaMITH.

Tenepp ompenenrm CUHTAKCUYECKH YIIPABISIEMBIN AJITOPUTM T'€HEpauuu
KOJIa, PeAHAa3HAYCHHBIN JIUIs BerurciaeHus kogaa C(N) Bcex BepIluH JepeBa, COCTO-
ALIUX U3 JTUCTHEB KOPHS THUIA «a» U BHYTPEHHUX BEPIIHUH THUIA «O» U «BY.

Aneopumm.
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Bxoo. TlomeduernHOe ynmopsimodeHHOE JEePEBO, MPEACTABIISIONIEe COO0M ore-
paTop MPUCBOEHUS, BKIIOYAIONINN TOIHKO apU(METHUUECKHUE OTIEPAITUN «*» U «+).
[Ipeanonaraercs, 4TO ypOBHH BCEX BEPIIUH YK€ BHIYUCIICHBI.

Buixoo. Kon B stueiike accemOiepa, BEIUUCTSIONIANA 3TOT OTIEPATOP MPUCBOE-
HUSL.

Memoo. Jenats maru 1) u 2) qis Bcex BepiuiuH ypoBHsa 0, 3aTeM i Bep-
IIMH YpoBHS | U T.1., TOKa He OyayT OTpaboTaHbl BCE BEPIIIUHEI.

1. Ilycts N — muct ¢ metkoit <UJI;>.

1.1) nmomycTuM, 9TO 3JIeMEHT | TaOJUIBI UACHTH()DHKATOPOB SBISCTCS
nepeMmeHHoi, Toraa C(N) — uMs 3TOH NIEpeMEHHOI;

1.2) [OmyCTHM, YTO 3JIEMEHT | TaONHIBI UIACHTU(PUKATOPOB SBISCTCS
koHcTaHToi K, Torma C(n) — memouka =K.

2. Eciu n — amceT ¢ METKOM «=», «+» wiu «*», To C(N) — mycras 1emnoyka.

3. Ecnu n — BepiMHa TUNA «a» U €€ TMPSIMbIE MOTOMKH — 9TO BEPILIUHBI N1,
Nz 1 N3, To C(n) — nemouka LOAD C(n3); STORE C(n,).

4. Eciu N — BepiivHa TUNA «0» U €€ MpsSMble TOTOMKH — 3TO BEPIIUHBI Ny,
N, u Nz, To C(n) — memouka C(n3); STORE $I(n); LOAD C(n;); ADD $I(n). Dta mo-
CJIEI0BATEIbHOCTh 3aHUMAET BPEMEHHYIO SUEMKY, IMEHEM KOTOPOW CITY>KUT 3HAK
«$» BMecTe CO CIeayIONIMM 32 HUM YPOBHEM BepINUHBI N. HermocpeacTBEHHO BHUI-
HO, YTO, €CJIM TIepe]T 3TOH MocIenoBaTeIbHOCThIO mocTaBuTh LOAD, To 3HaueHwHe,
KOTOpOE OHA MOMECTUT B CyMMATop, OyJeT CyMMOI 3HaYEHUMN BBIPAXKEHHM T0J1/e-
pPEBbEB, HaJl KOTOPHIMU JOMUHUPYIOT BEPIIMHBI N1 U N3. BbIOOp MMEH BpeMEHHBIX
SYEEK FapaHTUPYET, YTO JIBA HYXKHBIX 3HAUCHUSI OJHOBPEMEHHO HE TOSIBSITCS B OJ1-
HOU sTYEHKE.

5. Eciiu n — BepmvHA THMA «B», a BCE OCTallbHOE — Kak U B 4), To C(n) —
neriouka C(n3); STORE $1(n); LOAD C(n;); MPY $I(n).

Pesynbrar mokaszan Ha puc. 2.4. Takum 00pa3oM, B KOpPHE MbI TOJIYUHIIN
porpaMMy Ha sI3bIKE THIA «acceMOjep», SKBUBAJICHTHYIO HMCXOJIHOMY BBIpaXKe-
Huto. EcTecTBeHHO, 3Ta mporpaMma Jajieka OT ONTHUMAaJIbHOM, HO 3TO MOXHO HC-

IIpaBUTb HA 3TAIIC ONITUMHU3ALNH.
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LOAD =0.98
STORE $2
LOAD TAX
STORE $1
LOAD PRICE
ADD S1
MPY $2 =0.98
" )
STORE COST 3 STORE $2
LOAD TAX
STORE $1
LOAD PRICE
M ADD s$1
<UJ11> = N2 Impy 2
COST
TAX
STORE $1
LOAD PRICE *
ADD  $1 N1 <M
=0.98
<> + <[>
PRICE TAX

Pucynok 2.4 — JlepeBo ¢ TeHEpUpOBaHHBIMHU KOJJAMH

2.6 ONITUMU3BALIAA KOJA

PaccmoTpum nipreMbl, KOTOpBIE AeNaroT Kol 00JIee KOPOTKUM:

1. Eciu «+» — KoMMyTaTUBHAs OIepalus, TO MOXXHO 3aMEHUThH ITOCJICA0Ba-
teapHOCTh KoMaHa LOAD a; ADD pB; mocnenoBatensHocThio LOAD ; ADD a.
TpeOyetcsi, ogHako, 4YTOOBI B JPYTrUX MECTaX HE OBUIO TMEepexoia K OImeparopy
ADD B.

2. TlomoOHbIM k€ oOpa3oMm, ecnu «*» — KOMMyTaTHUBHAas oOmepaius, TO
MoxHO 3amMeHuTh LOAD a; MPY ; aa LOAD f3; MPY o.

3. TlocnenoBatensHocTh omnepatopoB Thuna STORE a; LOAD a; moxHO
YAQJIUTh U3 MPOTPAMMBI TIPH YCIIOBUHU, YTO WM SUYCiiKa o He Oy/IeT UCTOIb30BaTh-
cs 1aJiee, WK Iepe] NCTIOJb30BaHUEM SUCiKa o OyIeT 3aIT0JTHEHA 3aHOBO.

4. TlocnenoarensHocTh LOAD a; STORE B; MoxHO ynanuTts, eciu 3a Hel

cienyet npyroit onepatop LOAD, u Het nepexona k onepatopy STORE B, a mo-
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CJIEIYIONTUE BXOXKIEHUS 3 OyIyT 3aMEHEHBI Ha 0 BIUIOTHh JI0 TOTO MECTa, TJe TO-

sButcs apyrou oneparop STORE .

[ToyynM ONTUMHU3HPOBAHHYIO MPOrpaMMy [IJIsi Hailero mnpumepa (Tadi.

2.3).

Taonuua 2.3 — OoTuMusanus Kojaa

Ortarn 1

Oram 2

Oram 3

[Tpumensiem npaBusio 1 x

[Tpumensiem npaBusio 3 u

K IIOoCJICAOBAaTCIbHOCTH

IOCJICIOBATCIIbHOCTHU yaaisieMm nocienoBareib- | LOAD  =0.98

LOAD PRICE HOCTb STORE $2

ADD s1 STORE $S1 MIPUMEHSIEM TTPABUIIO 4 U
3amMmenseMm ee nmociaeaosa- | LOAD S$1 yaansiem ee. B xkomange
TEJIbHOCTBIO MPY $2

LOAD $1 3amensiem $2 na =0.98
ADD PRICE

LOAD =0.98 LOAD =0.98 LOAD TAX

STORE $2 STORE $2 ADD PRICE

LOAD TAX LOAD TAX MPY =0.98
STORE $1 ADD PRICE STORE COST

LOAD $1 MPY $2

ADD PRICE STORE COST

MPY  $2

STORE COST
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3 IIPOrTPAMMMPOBAHUE KOHEYHBIX ABTOMATOB

B AaHHOM pPa3aciIC OIMUCBIBACTCA ITPOIrpaMMUPOBAHNC CHHTAKCHUYCCKUX dHaA-
JIN3aTOPOB HAa OCHOBC ACTCPMUHHPOBAHHBIX KOHCYHBIX daBTOMATOB WU ACTCPMHHU-

POBAHHBIX KOHCYHBIX aBTOMATOB C Mara3MuHHOM MaMsThIO.

3.1 OCHOBHBIE ONPEJAEJEHUS

Bce s13b1ku iporpaMMUpOBaHUs OMPEACISAIOTCS JETEPMUHUPOBAHHBIMU KO-
HEYHBIMM aBTOMATAMM C MAra3MHHOW MaMsThi0. JleTepMUHUPOBAHHBINA KOHEUHBIN
aBTOMAar ¢ MarazuHHou namsaTeio (JAMII-aBromar, unu JIMIIA) — 310 cemepka

P= (Q! 21 F! 8’ q01 ZO; F);
rje:

— Q — KOHEYHOE MHOKECTBO CHMBOJIOB COCTOSTHUS, TPEICTABIISIOMINX BCe-
BO3MOKHBIE COCTOSIHHS YTIPABJISIONIETO YCTPONUCTBA;

— X — KOHEYHBIN BXOJIHOU ani(paBuT;

— I' — koHeuHbIil andaBUT Mara3suHHBIX CUMBOJIOB;

— 0 — pynkuus, mepexoaos, otoopakenue MHokecTBa Qx(Xu{ePu{L})xI’
BO MHOXkecTBO QxI™";

— (o€ Q — HAaYaJIbHOE COCTOSIHHE YIPABJISIONIETO YCTPONUCTBA;

— Zoel — cumBon, HaxoIsIIMiics B Mara3uHe B HAYaJbHBIK MOMEHT
(HaYambHBIN CUMBOI);

— FcQ — MHOXECTBO 3aKITIOYNTEIBHBIX COCTOSTHHUM.

Kondgpuzypayueri JIMII-aBromara P HasbiBaeTcs Tpolika (q, W, o) e QxZ xI™,
rie:

— (] — TeKyIIee COCTOSTHUE YCTPOMUCTBA;

— W — HEUCIOJIb30BaHHAsl 4YacTh BXOJHOW LEMOYKH; MEPBBIM CHUMBON Iie-
MOYKA W HaXOJUTCS IO BXOJHOM TOJOBKOW; €Cii W = €, TO CUMTAETCs, YTO BCS
BXOJ/IHAs JICHTA MIPOYNUTAHA;

— 0L — COAEP)KUMOE Mara3uHa; CaMbli JIEBbIi CUMBOJI LIEMIOYKU O CUATAETCS

BCPXHUM CHMMBOJIOM Mara3uHa, €CJid o = €, TO Mara3suH CYMTACTCs IYCTBHIM.
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31ech «L» — crenrabHBIN MapKep, 0003HAYAIOIINN KOHEIl BXOIHOU 11eT0Y-
ku. T.e. cuutaeM, uro Ha BXxojae JIMIIA HaxoauTcs cCUMBOJI «L», €clin BCS BXOI-
Has IeT0YKa IpourTana (W = e).

Taxm pa6otsl JIMII-aBTomaTa P Oyaer npeacTaBisThCs B BUAC OMHAPHOTO

OTHOUIEHUS -, ONIPeIeIEHHOT0 Ha KOH(purypanusax. byiem nucarb
(g, aw, Zo) - (', w, ya),

eciu pynkuums nepexonos 8(q, a, Z) = (q', ), rae ¢, 9'eQ, aeXu{efu{L}, weX",
Zel', o, yel™

Ecmu 6(q, &, Z) = (q', v), To roBopst o Tom, uro JIMII-aBToMaT P, HaxoasCh
B COCTOSIHUH (] ¥ UMESI @ B KAQUECTBE TEKYIIErO BXOJHOTO CHMBOJIA, PACIIOIOKEH-

HOT'O TIOJI BXOJHOM r0JIOBKOM, a Z — B KAYECTBE BEPXHET0 CUMBOJIA Mara3mHa, Mo-

KET:

— TIEpEelTH B COCTOsIHUE ('

— CIBHHYTH T'OJIOBKY Ha OJIHY SIYE€HKY BIPABO;

— 3aMEHUTh BEPXHUU CHUMBOJI Mara3vHa LENOYKOM Y Mara3MHHBIX CHUMBO-
JIOB.

Ecnu Z = e, To cuMBOJ U3 CTE€Ka HE yJaseTcs, T.€. BEpXHUNU CHUMBOJI Mara-
31Ha HE MPUHUMAETCS B pacueT. Eciu y = €, To BepXHUIl CUMBOJI yJalsieTcs U3 Ma-
ra3uHa, TEM CaMbIM Mara3uHHBIN CIIUCOK cokpaiiaetcs. Eciu a = e, OyjeM Hasbl-
BaTh 3TOT TAKT €-TAaKTOM. B €-TakTe TeKyIHHd BXOAHOW CUMBOJI HE NMPUHUMAECTCS
BO BHMMAaHUE, U BXOJHAs ToJIOBKa He caBuraerca. OJIHAKO COCTOSIHUE YIPaBJISIIO-
IIEr0 YCTPOMCTBA U COACPKMMOE MaMSITH MOTYT U3MEHHUThHCSI.

Hauanvnoii xongueypayuen JIMII-aBTomata P Ha3piBaeTCs KOHPUTYpaIus
Buaa (Qo, W, Zo), rae WeX’, T.e. YIPaBISIONIEE yCTPOMCTBO HAXOAUTCS B Hadajlb-
HOM COCTOSTHUM, BXOJTHAS JICHTA COJICP)KUT 1IETIOUKY, KOTOPYIO HY>KHO Pacro3HaTh,
M B Mara3uHe €CTh TOJIbKO HayaJbHbIA CUMBOJ Zy. 3akmoyumenvHas KoHguaypa-

yus — 510 KoHdurypauus suga (g, e, o), rae qeF u ol
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I'oBopsr, uto memouka W pomnyckaercs JIMII-aBromarom P, ecmu (Qo, W,

Zo) F (0, e, o) nna mexoropeix (eF u ael™. A L(P) — 1.e. a301K, onpedensemvlil

aemomamom P, — 3T0 MHOXKECTBO IIETIOYEK, JOIMYCKaeMbIX aBTOMAaTOM P.

B npocreiimiem cinydae, korga JIMITA He ucnonb3yeT CTEK, T.€. BCE €ro
KOH(UTryparuu UMeroT B (J, W, €), OH BBIPOXKIAACTCS B OOBIYHBIH JIETEPMUHUPO-
BaHHBIN KoHeuHbI aBToMat (JIKA) M = (Q, X, 8, Qo, F), rae:

— Q — KOHEYHOE MHOYKECTBO COCTOSIHU;

— X — KOHEYHOE MHOXECTBO JIOMYCTHMBIX BXOJHBIX CHMBOJIOB;

— 0 — ¢QyHKIMA TepexoqoB, oToOpaxenne MHoxkecTBa Qx(XU{Ll}) BoO
MHOecTBO Q;

— (o€ Q — HaYaTBbHOE COCTOSIHUE YIPABIISIONICTO YCTPOHCTBA;

— FcQ — MHOXECTBO 3aKTFOUNTEIIBHBIX COCTOSHHIA.

To ectp IKA — 310 vacthslii ciryyan JIMIIA.

3.2 COCOBbI 3A1AHUS JIMII-ABTOMATA

CymiecTByIOT pasnuunblie crocoObl 3amanus IMIIA — wanpumep, matema-
TUYECKOE oOmNucaHue (B BHUJE PACCMOTPEHHOM BbIie ceMmepku). OmHako s
HaTISITHOCTH (DYHKIIMIO TIEPEXO0I0B MOXKHO 33J1aBaTh B BUJE Tpada mepexo10B Uiu
TaOJIUIIBI TIEPEXOIOB.

Tak, Ha puc. 3.1 m3zo0paxxena yacte rpada mepexomaoB JIMIIA, coorBeT-

cTByromas nepexony 6(q, a, Z) = (q', y).

(@ Zv)

Pucynok 3.1 — Ilepexon B rpade JIMITA

35



B rpade nepexonos KA nyru goCcTaTOYHO MOMEYaTh TOJIBKO CHMBOJIAMU

andasura X (puc. 3.2).

Pucynok 3.2 — [lepexon B rpadpe IKA

Ecnu cocrosiHue ( siBisieTCss KOHEUHbIM, T.€. €F, To Ha rpade oHo oTobOpa-

’KaeTcs B BUJIC OKPY)KHOCTH C JIBOMHOM rpanutiei (puc. 3.3).

Pucynok 3.3 — [lepexon B koHeuHoe coctosiHue JJKA

[Ipo6iema B ToM, uto B JIMITA KOHEYHOE COCTOSTHUE MOKET OBITh J1OCTHU-
’KHMO TOJIBKO TIPH OMPEICIICHHOM COCTOSIHHM cTeka. Ha rpade mis storo mpuxo-
JIUTCS BBOJUTH HOBBIE NCKYCCTBEHHBIE COCTOSHHUS.

Hampumep, Ha puc. 3.4 nuzo0OpaxkeHa cuTyalusi, Korjaa COCTOsIHUE (' sIBIsET-
Csl KOHEYHBIM JIMIIb B TOM CJIy4ae, €CJIM Ha BEPIIMHE CTeKa HaXOJIUTCS CUMBOJ Z'.
JIOTIOJTHATEIPHO TIPUMEM COTJIalleHue, 9To eciu Z = J, TO 3TO COOTBETCTBYET

TpeOOBAHMIO TyCTOTHI CTEKA.
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(a Z,vy) (e, 2, 2)

Pucynok 3.4 — Ilepexon B koneuHoe cocrtosiaue JJMITA

B tabmuue nepexomoB [AMIIA kaxmomMy COCTOSHHIO COOTBETCTBYET OT-
JeNbHAs CTPOKAa TaOJMIBI, a KaXIoW JomycTuMol KomOuHaimu (8, Z),
aeXu{epu{L}, Zel', — otnenbusiii cronoden (cm. Tabm. 3.1). KomOunamuu (a, Z)
JOJDKHBI OBITh TAKUMH, 4TO B JII0O0ON KoH(purypauuu JIMIIA cymiecTByeT TOIbKO
OJIMH BapHaHT Iepexojia B HOBoOe cocTostHue. Sdeiiku Tadmumpl 6(q, a, Z) MOryT
MPUHUMATH CJIEIYIONME BapUAHThI 3HAUCHUIA:

— mapa (Q', Y), COOTBETCTBYIOIIAs MEPEXOy B COCTOSHHUE (' M 3alKCh Iie-
MOYKH Ha BEPIINHY Y CTEKQ,

— nanemeHnT HALT, cooTBeTcTBYyIONMI yCHEIIHOMY 3aBEPIICHUIO pa3dopa,
T.c. cuTyanmu, kKorma a = 1, geF (Ha rpade oroOpaxaercs Kak OKpPYKHOCThb C
JIBOMHOM T'paHUIICH);

— oanemeHT ERROR, cooTBeTcTBYyIONIMI CHHTaKCHMYECKOM ommbke (Ha rpa-
¢e 3T0 cuTyalus, Koraa OTCYTCTBYET JIyra U3 COCTOSIHUS (] B COCTOSIHHE (' ¢ MET-

Koi (, Z, 7)).

Tabmuna 3.1 — Tabnuma nepexonos AMITA

(a1, Z1) (a2, Z2) (as, Zs)
do 6(do, @1, Z1) | 6(do, 82, Z2) | (0o, s, Z3)
Sl 6(y a1, Z1) | 8(dy @2 Z2) | (0, as, Zs)
g2 6(02, @1, Z1) | 8(02 @2 Z2) | 6(d2 as, Zs)
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Tak, rpady Ha puc. 3.4 Oyzner cOOTBETCTBOBATh TalJMIIAa MEPEXOJ0B BHUIA

Tadn. 3.2.

Tabmuna 3.2 — Tabmuma nepexonoB JIMITA ¢ KOHEUHBIM COCTOSIHUEM

(a, 2) (e, Z) (L, 2)
q q,v) ERROR ERROR
q ERROR ", Z) ERROR
q" ERROR ERROR HALT

OmHako, ¢ UCIIOIB30BAHNEM TAOIHUITHI TIEPEXO0I0B, MOKHO O0ONTHCH O€3 HO-

BbIX HCKYCCTBCHHBIX COCTOHHHﬁ, YTOOBI MOKa3aTh JOCTHXXKHMMOCTH KOHCYHOI'O CO-

crostaust JIMITA (ta6m. 3.3).

Tabmuna 3.3 — YrpomenHas Tabiuia nepexonaoB JIMITA ¢ KOHEYHBIM COCTOSIHHEM

(a, 2) (L, Z)
@, v) ERROR
ERROR HALT

B npunmune, o0a BapranTa Tabauibl JOMYCTUMBI. B nanpHelmeM ais npo-
CTOTHI BMecTO 3amucu aneMeHTa ERROR Oynem octaBnsaTe sueiiku Tabmuiy my-
CTBIMH.

B tabnuue nepexonoB JIKA kaxaomMy COCTOSSHUIO COOTBETCTBYET OTJIEIb-
Hasl CTPOKa TaOJIUIIBI, a KaXJIOMY JOMYCTHMOMY BXOJAHOMY cHMMBOITY ae€ X { L} —
OTICNBHBIN cTonOer (cMm. Tabm. 3.4). Sdeliku Tabnumbl 6(J, &) MOTYT MPUHAMATH
CJIEIyIOLME BAPUAHThI 3HAUCHHIA:

— 9JIEMEHT (', COOTBETCTBYIOIIUHI MEPEX0ay B COCTOSIHUE (';

— nanemeHT HALT, cooTBeTCTBYyIONMMI yCTEIIHOMY 3aBEPIICHUIO pa3dopa,
T.¢. cuTyanuu, kKorma a = 1, qeF (Ha rpade oroOpaxaercs Kak OKpPYKHOCTb C
JIBOMHOM T'paHUIICH);

— nanemeHT ERROR, cooTBeTcTByIOMMI CHHTaKCHYECKOM OIIMOKe (Ha rpa-
¢e 3To cuTyanus, Koraa OTCyTCTBYET Jyra U3 COCTOSIHUS (] B COCTOSIHUE (' C MET-

KOif ).
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Ta6muma 3.4 — Tabnuma nepexonoB JIKA

ax az L
do 6(Clo, a1) 5(Clo, a2) 6(%o, 1)
Sfl 6(d1, a1) 6(d1, a2) 6(q, 1)
02 (02, a1) (02, az) 6(qz, 1)

B obmem ciyuae, moctpoenue rpada uiam TaOIUIBI IEPEX0/I0B KOHEYHOTO
aBTOMAaTa — 3a7a4a He(popMaTM30BaHHAS, H TIPE/IITOIaraeT HEKOTOPHIA TBOPUCCKHUI
noaxoJ. MoXXHO JIUIIb JaTh HEKOTOPhIE PEKOMEH/IAlNH:

1. Tlpome Bcero cHayaja MocTpouTh rpad mepexo10B, a MOTOM I10 OIHUCAH-
HBIM BBIIIE TIpaBUiiaM NMPeoOpa3oBaTh €ro B TAOIUILYy MEPEXOIO0B.

2. Tloctpoenne rpada HAUYMHAETCS C HAYaJbHOTO COCTOSHUSA (o. Ecim
HayaJIbHOE COCTOSIHUE MOXKET SIBJISITHCS TaK)KE M KOHEUHBIM, IIOMEYAEM 3TO JIBOM-
HOW TPaHULIEN OKPYKHOCTH.

3. Jliist Kaxaoro cocTostHus rpada i onpeaesnsieM, eCTh JU U3 JTaHHOTO CO-
CTOSIHUS Takue repexonsl (@, Z, Y), KOTOpble COOTBETCTBYIOT JAOMYCTHUMOMY CHM-
BOJIy @ M3 BXOJIHOM IETIOYKH U JIOIYCTUMOMY CUMBOJIY Z Ha BEpIIUHE CTeKa (eciu
aBTOMAT C Mara3uHHOMW MaMsThIO), KOTOPHIE MTOKA €I1le OTCYTCTBYIOT B rpade. Eciu
€CTh, TO TPOBEPSIEM, BEJACT JIM JAHHBIA MEPEXOJ] B YK€ HMMEIOIIEECS COCTOSHUE.
Ecnu na, To modasmsieM B rpad TOIbKO HOBBINM nepexon (a, Z, y). Ecau uer, T0 10-
OaBiisieM B rpad HOBOE cocTosiHUE U niepexof (a, Z, y) B Hero. Eciin HOBoe cocTos-
HHUE MOYKET SABJIATHCS KOHEYHBIM, TOMEYAEM 3TO JBOMHOW IPAHULIEH OKPYKHOCTH.

4. Ecau B mpoliecce BBITIOTHEHUS 11ara 3 B rpade MosBUINCh HOBBIE COCTO-
SIHUSI WJIM TIEPEXO/IbI, BO3BpAIllaeMcs Ha mar 3, nHaue rpad rnepexoaoB MOCTPOEH.

Jlanee mosydeHHBIH aBTOMAT HEOOXOIMMO MUHUMH3UPOBATh, T.€. yOpaTh U3
HEro Hepa3IuYMMbIE U HEAOCTHXKUMBIE COCTOSIHUS. OUeBUIAHO, YTO JJISI OJTHOTO U
TOT'O € SI3bIKa MOYKHO IOCTPOUTH IEJIBbIN PsAJl pa3IMUHbIX KOHEUHBIX aBTOMATOB,

XO0TA U MOXXHO 6yneT JOKa3aTb UX 3KBHUBAJICHTHOCTD.
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3.3 BKJIIOYEHUE JEACTBUI B CHHTAKCHUC U AJITOPUTM PA3EOPA

CornacHo Teopuu, JeUCTBUSI B CHHTAaKCUUECKUN aHAIU3aTop (KOHEUHbINA aB-

tomaT Wi KC-rpaMmaTuky) BKIIOYAIOTCS B CIIETYIOIIEM BUJIE:
(A1), (A2), ...

T.e. uaeHTHGUKATOP ACHUCTBUS 3aKIIIOYAETCS B YIJIOBbIE CKOOKU. Takum 00-
pasom, pyukmus nepexonoB JIMITA mpu BKIIOYEHUN EHCTBHIA B CHHTAKCUC WME-
et Bua 0(q, a, Z) = (d', v, (A)). CootBerctBenHo, mist JIKA 6(q, @) = (', (A)). Ecin
(GYHKIUS 1Iepexo/10B HE OAPa3yMeBaeT HUKAKUX JIEHCTBHUI, TO 3TOT (DAKT MOKHO
0003HauMTh KaK (A) = e wm (A) = O.

Camo neiicTBHE HE OTHOCUTCSI K CHHTAKCUYECKOMY aHaIH3y (3TO yXKe 4acTh
CEMAHTUYECKOTO aHajiu3a), I[O3TOMY B IMpOrpaMMe peaau3yercs OTAEIbHO.
Hampumep, eciu KOHEUYHBId aBTOMAT IMPOBEPSAET MPABUIBLHOCTh ONUCAHUS Tepe-
MEHHBIX, TO JJIi HETO WUJAECHTU(UKATOPHI C OAMHAKOBBHIMU MUMEHAMH OIIMOKOW He
SBJISIIOTCS, T.K. JUIsl HETO 3TO MPOCTO MOCIIe0BaTeIbHOCTH OyKB U nudp. JApyroe
JIEJI0, YTO C CEMAHTUYECKOW TOYKH 3PEHHUS, T.€. C TOUKU 3PEHUS CMBICIA, KOTOPBIi
MBI BKJIQJIBIBAEM B 3TU MOCJEJI0BATEIbHOCTH, @ UMEHHO — YTO 3TO UMEHA UJICHTH-
(uUKaTOpPOB, X COBMAJICHUS SABJISAIOTCS CEMaHTUUYECKOM ommnokoi. [ToaTomy B mpo-
rpaMMe HEOOXOAMMO MPEAYyCMOTPETh JNEHCTBUS, KOTOphIe o0ecrednBain Obl CO-
3IaHUE CIHCKA YK€ MPOYUTAHHBIX UJICHTU(PUKATOPOB, U MPHU BCTPEUE KaXKIOTO
HOBOTO HJIeHTHU(UKATOpA MPOBEPSIIN Obl, HE BCTpeUasCs JU UIESHTU(UKATOP C Ta-
KHUM K€ UMEHEM paHee.

Tenepb MOXHO c(hOpMYyIUPOBATH MOJIHBIM AJITOPUTM pa3zdopa BXOAHOM Lie-
nouyku ¢ nomotibio JIMIIA, Bkiarouass BeIONHEHUE neicTBuid. s pasdopa mo
tabnuue JIMITA nam notpeOyercst mara3zuH (ctek) M u coOCTBEHHO BXOAHAs Iie-
oYKa o = 1ay...anL. Aaroput™m pazbdopa:

1. B nauane pa®oThl aBTOMAT HAXOJUTCA B HaYaJIbHOM COCTOSIHUU ( := (o,
conepxkumoe cteka M = Zy, pa300op HaUYMHAETCs C EPBOrO0 CUMBOJIA BXOIHOM I1e-

nouku (K :=1).
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2. Nmewm B Tabnuiie NepexoJoB SUEHKy, PaclOIOKEHHYIO Ha TepeceUeHUN
CTPOKH, COOTBETCTBYIOIIEH TEKYILIEMY COCTOSHUIO (, U CTOJOIA, COOTBETCTBYIO-
iero komounaruu (a, Z), rae:

— @ — TeKYIIUi CUMBOJI BXOJAHOMU IEMOYKH (& = &), Z — 3JIEMEHT Ha Bep-
e creka (M = ZpB) niu

— @ — TeKYIIMiA CUMBOJI BXOJIHOM IIETIOYKH (& = ax), Z = € WiH

—a = e, Z - anemeHT Ha BepimHe creka (M = Zp).

Ecnu takas siuelika He HalijieHa, TO pa300p OKOHYEH, UMEEM BO BXOJIHOU
IIENIOYKe CHMHTAKCUYECKYIO OMMOKY B mo3uIuu K. Eciii Takux s9eek HECKOJIbKO —
3HAYUT, TAOJUIIA MEPEXOJ0B MOCTPOCHA HEBEPHO (B Pa3HBIX CTOJOIAX TaOJUIIBI
UMCIOTCS OJTMHAaKOBbICc kKomOuHaIuu (@, Z)). Ecinu oHa ojHa, TO nanbHeiIIee aei-
CTBHEC OIPEICIACTCS 3HAUCHHEM (YHKIMH repexoaoB 6((, a, Z) Ui TaHHOH suei-
KH.

3. Ecm 6(q, &, Z2) = (q', v, (A)), To:

3.1. Ecmm npeiictBue (A) onpeneicHo (T.e. (A) £ e u (A) # ), To BBITOJ-
HUTH aeiictBue (A). 3ameTuM, 4dTo naeiictBue (A) HE 00s3aTEIbHO BBHITIOJIHATH B
Hayase mara 3. Ero MoHO BBITIOJTHUTH B KOHIIE I11ara, y»ke Mocje nepexoia B co-
CTOSIHHE (', €CJTM 3TO JUKTYETCS JIOTUKOU perraeMon 3agaun. Takum oOpa3om, pe-
IIICHUE O TOM, KOTJIa UMEHHO HY)KHO BBITIOJHATH JACHCTBUSA, IPOTPAMMHUCT NTPUHU-
MaeT Ha OCHOBE aHaJIM3a peuIaeMoi 3a/1auu.
3.2. OcymecTtisieM nepexo B coctosiHue ' q 1= (.
3.3. IlpousBoaum 3amMeHy CHMBOJIOB Ha BepiiuHe cteka: M = yB. Ilpu
ATOM, €clii Z = € U Y # €, IIeN0YKa CUMBOJIOB Y TIPOCTO TTOMeIIaeTcst Ha cTek. MHa-
Yye CHayaja CUMBOJI Z CO CT€Ka CHMMAEeTCs, a 3aTeM IIeroYKa Yy, €Clid OHa HE My-
CTasi, IOMEIAeTCs Ha CTEK.
3.4. Ecnu a # e, To mepexouM K CIEAYIOIIEMY CHUMBOJIY BXOJHOM Iie-
nouku: K ;=K + 1.
4. Ecnu 8(q, @, Z) = HALT, To pa30op ycCIeIIHO 3aBepIIeH.
5. Ecim 6(q, a, Z) = ERROR, 10 mMeeM BO BXOIHO# LIENOYKE CHHTAKCHYC-

CKYIO OIIMOKY B TO3UIHH K.
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s paz6opa no tabnuue JIKA nHam nmotpelyercs nullb cama BXOAHAS 1ie-
MoYKa 0 = a1az...anL. Aaroput™ pazbdopa:

1. B navane paGoThl aBTOMAT HAXOJIUTCA B HaYaJIbHOM COCTOSHUU ( := (o,
pa3dop HAaYMHAETCS C TIEPBOTO CUMBOJIA BXOAHOM nenouku (K := 1).

2. Nmewm B Tabiuile epexoioB sUeiKy, pacloIoKEHHYIO0 Ha TIepeCeUCHUN
CTPOKH, COOTBETCTBYIOIICH TEKYyIIEMYy COCTOSHUIO (, U CTOJOIA, COOTBETCTBYIO-
IIETO TEKYIIeMy CHMBOJY BXOJHOW IEMOYKH (& = ax). Ecnm Takas sdeiika He
HaiijieHa (T.e. BO BXOJIHOM I[EMOYKe BCTPETUIICS HEM3BECTHBIN CUMBOI), TO pa3dop
OKOHYCH, IMEEM CHHTAKCHUYECKYIO OMMOKY B mo3unuu K. Eciiu Takux sdeek He-
CKOJIBKO — 3HAYUT, TaOJIMIIA TIEPEXO0B MOCTPOCHA HEBEPHO (OJIMHAKOBBIE CUMBO-
Jbl aipaBUTa BCTPEUAIOTCA B pa3HbIX CTOJOHAx Tabiuubl). Ecnmu oHa omHa, TO
JanbHeHIee TeHCTBUE ONpeIeNsIeTcsl 3HaueHneM (QyHKIMH repexo1oB o(q, a) st
JTAaHHOM STYEHKHU.

3. Ecu 9(q, @) = (7', (A)), T0:

3.1. Ecau npeiictBue (A) onpeneicHo (T.e. (A) £ e u (A) # &), TO BBIIIOJ-
HUTH JeicTBue (A). AHAIOTUYHO MPEIBIIYIIEMY aITOPUTMY, PEIIEHUE O TOM, KO-
r/1a UMEHHO JOJKHO OBITh BBITIOJIHEHO JieicTBUE (A), MPUHUMAET TPOTPAMMUCT.

3.2. OcymecTtisieM nepexo B coctosiHue ' q 1= (.

3.3. Tlepexoaum K ClIeayrOIeMy CHMBOJTY BXOIHOM memouku: K := K + 1.

4. Ecmm 6(q, @) = HALT, To pa30op yCIenHo 3aBepIIicH.

5. Ecmu (g, @) = ERROR, To nMeeM BO BXOJHOM IIETTOYKE CHHTAKCHUYECKYIO

OIIUOKY B Mmo3uiinu K.

3.4 IIOCUMBOJIBHBIN PA3BOP IEIMTOYEK

B Tom cnyudae, korna sneMeHTaMu aigaBuTa X SBIAIOTCS OTAENIbHbIE CHM-
BOJIBI, pa300p LIETIOYKU SIBJISIETCA MOCUMBOJIBHBIM. T.€. CUMBOJIBI 8¢ U3 BXOJHOMU
I[CTIOYKN CYMTHIBAIOTCS MO OJHOMY, a K sIBJISIETCSl TEKyIel MO3UIMEH CUMBOJIA BO
BXOJIHOM IIEITOYKE.

Ipumep 1. PaccmoTrpum si3bik L, onuceiBaromumii 4ucio ¢ GuKCUpoBaHHOM

TOukoM. Takoe YMCIIO MOKET HAaYMHATLCS CO 3HAKa «+» WU «», JajJec CICAyCT
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MaHTHCCa 4uclia. Pa3Hble S3bIKM MPOTPAMMHUPOBAHUSA JOMYCKAIOT pa3INYHbIC
GbopMBI 3alUCH MAHTHCCHI, B OOIIEM CIydae OHHU MOTYT OBITh CIETYIOIINMHU:
«N.M», «N.», «.M», «N», rne N — nienasi, a M — qpoOHas yacTb uncia. B mpuniu-
ne, 00a ATUX YHCIIa UMEIOT OJMHAKOBBIA ()OpPMAT — ITO TMOCIICIOBATEIHHOCTD U3
oJiHOM u Oonee udp B nuamnaszone ot 0 10 9.

Kak yxxe oTMeuanocs, 1jisi OZHOTO M TOTO K€ S3bIKA MOYKHO MOCTPOUTH pa3-
JUYHBbIE KOHEUHbIC aBTOMAThl. Takum 00pa3oMm, Jajee Mbl MOCTPOUM JIUIIb OJUH
13 BO3MOKHBIX BAPUAHTOB TAKOTO aBTOMATA.

AHanu3 3aa4M MOKa3bIBAET, UTO B JAHHOM CITy4ae JOCTATOYHO MOCTPOCHUS
JIKA ¢ nmocuMBOJBHBIM pa300poM 0e3 BKIIIOUEHHMs JEHCTBUN B CHHTaKcucC. [Ipo-
necc nocrpoeHus rpada JJKA mMoxkeT cocTosTh U3 CIEAYIONIMX IaroB:

1. Pucyem HauanbHOE COCTOSTHUE (o.

2. B nauvasie BXOJIHOM IEMOYKU MOTYT HaXOJUTHCS CUMBOJIBI «1», «—», «.» U
«0-9» (T.e. mobas nudpa u3z auanazona 0-9). Ecinu B Hauase 1enoyku BCTpeyaroT-
CSl CUMBOJIBI «+» WJIM «—», TO JajbHEHIlee MOBEICHUE aBToMaTa OyJeT 3KBUBa-
JICHTHBIM (T.€. IOCcjie 000MX ATUX CHMBOJIOB BO BXOJHOM IENOYKe OyAEeT OJIMHAKO-
Boe cozaepxkumoe). Caenaem Mo 3TUM CHMBOJIAM IEPEXOJ] U3 COCTOSIHUA (o B CO-
crosiaue ;. [lepexon mo cuMBOITY «.» OYZIeT B COCTOSIHUE (2, a 110 CUMBOJIaM «0-9»
— B (3. CocTosiHue (o HE MOXKET OBITb KOHEUHBIM, T.K. B 3alUCh YKCIIA HE MOXKET
OBITh ITyCTOW — IOJKHA MPUCYTCTBOBATH XOTA OBl OAHA LU (pa.

3. B cocrosiHuu (1 (mociie 3HaKa «+» WU «—») BO BXOJHOM IETIOYKE 0XKH-
JTAeTCSl MAHTHUCCA, T.€. CUMBOJIBI «.» U «0-9». [lepexoibl MO 3TUM CUMBOJIAM OyIyT
B YK€ UMEIOILUECS COCTOSIHUSL — IO CUMBOITY «.» B (2, @ M0 cuMBoJiaM «0-9» — B (3
(T.K. HEe BakHO, OBUT 3HAK WJIM HET, TPAaBWJIa 3alUCU MAHTUCCHI OT ITOTO HE MEHS-
totcs). CocTosiHME (3 HE MOXKET ObIThb KOHEYHBIM, T.K. B 3alKCh YUCJIa HE MOXKET
COCTOSITh M3 OJTHOTO TOJIbKO 3HAKa — JIOJDKHA MPUCYTCTBOBATH XOTS ObI O/1HA MM (-
pa.

4. B coctossHuu (2 (1I0Cjie TOYKH CO 3HAKOM WJIM O€3, HalpUMep, «—.» WUIu
«.») OKHMJIaeTCS TOJIBKO IMdpa, T.K. MAHTHCCA JOJKHA COCTOSTh KAK MUHUMYM W3

onHoit mudpsl. IloaTroMy nemaem mepexoa B COCTOSIHME (4 MO cuMBoOJaM «0-9».
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CocrostHuE (2 HE MOXET OBITh KOHEUHBIM, T.K. B 3aITUCh YUCJIAa HE MOKET COCTOSITh
U3 OHOU TOJIPKO TOYKU — JOJDKHA MPUCYTCTBOBATH XOTS OB O7HA THdpa.

5. B cocrossHum Q4 (mociie TOYKH ¢ IUQPPOH, HAMPUMED, «.5» WU «+.5»)
oxkugaercs nmudpa, moaTromy no cuMpoiiaM «0-9» octaeMcs B COCTOSTHUU (4. Takke
ATO COCTOSIHME SIBJIIETCA KOHEYHBIM, T.K. MPOYMTAHHAS IIETIOYKa YK€ SIBISETCA
MPaBUJILHOM 3aITUCKIO YUCia ¢ PUKCUPOBAHHOM TOYKOM.

6. B cocrosiauu (s (rmociie nudpbl co 3HAKOM WK 0€3 3HaKa, HAIpUMeED, «5»
WM «—5») OKHaaercs JecaruyHas touka win mudpa. [lo cumonam «0-9» ocra-
€MCSI B COCTOSTHUU (J3, @ TI0O CUMBOJIY «.» TEPEXOJUM B COCTOsTHUE (5. Tarke 3TO
COCTOSIHUE SIBIIICTCS KOHCUHBIM.

7. B cocrosinuu (s (mocie nudpel ¢ TOYKOU, HampuUmep, «5.» Wi «+5.»)
oxxkuaaetcs nudpa, mosromy no cumpoaaM «0-9» ocrtaeMcs B coctosinuu (s. Takke
ATO COCTOSIHUE SIBJISIETCSI KOHEUHBIM.

[Tomyuwnu rpad nepexoaoB, M300pakeHHbIN Ha puc. 3.9.

Pucynok 3.5 — I'pad IKA, onmchiBaromniero unucio ¢ GuKCUPOBAHHON TOUYKOMA
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OmHAKO HCIONB3Yys arOPUTMBI U3 [1-2], MOKHO TIOKa3aTh, YTO COCTOSHUS

Js ¥ (5 SBISIOTCS HEpazTUIUMBbIMH. [109TOMYy ONHO M3 HUX MOYKHO yOpath (puC.

3.6).

Pucynok 3.6 — MunumunzupoBanuslii rpad JIKA, onuchkiBaromero 4ucio ¢ (GuKCUpoBaHHON

TOYKOU
JHannomy rpady Oyner cOOTBETCTBOBAThH TabJMIIa EPEXO0B 3.5,

Tabnuna 3.5 — Tabnuua nepexonos KA, onuceiaromiero yncio ¢ GPMKCUPOBAaHHON TOYKOM

+— . 0-9 1
Jo o} g2 03
J1 op; Js
g2 Qa
(o Ja 03 HALT
04 (o HALT

HDI/IMCLIaHI/Ie. Ecnu L psaga CHMBOJIOB ITOBCACHHC aBTOMATa ABJIACTCA

NICHTUYHBIM (KaK I CHMBOJIOB «1t» U «—» B JaHHOM MMpuMEpPe, Uin Al CUMBO-

J0B «0», «1», ..., «9»), TO IJIs1 yMEHBIIIEHUSI pa3MEPOB TAOJIUIIBI UX MOXKHO TTOME-
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aTh B OAWH o0mui cTonbden. Ho MHOXXeCTBa CHMBOJIOB B Pa3iIMYHBIX CTOJIOIAX
HE JIOJDKHBI TTEPECeKaThCsl.

[Monyunau JKA M = (Q, Z, 9, o, F), rae:

— Q={q0, g1, U2, U3, 0a} — MHOKECTBO COCTOSHUIA;

— X ={+, -, ., 0-9} — andasut (moapazymenaercs, uro 0-9 — 310 AecATH OT-
JeNbHBIX cuMBOJIOB andasuta 0, 1, ..., 9, HO 11 ynoOcTBa OHM OOBEIUHEHBI B
BHUJIC IMaIla30Ha, KaK U B CTOJIONE TaOIUIIBI IEPEX0JIOB);

— 3(QxX) = {{01, 92, 03, ERROR}, {ERROR, 032, g3, ERROR}, {ERROR,
ERROR, gs, ERROR}, {ERROR, q4, g3, HALT}, {ERROR, ERROR, s, HALT}} —
GyHKIHS TEPEX0/I0B;

— F ={03, 94} — MHO’KECTBO KOHEUHBIX COCTOSHHIA.

[Tpumep pazbopa nenouku «—15.2» o nanHo# Tabdauie:

(Qo, «=15.21»)  F' (g1, «15.21»)
F2 (g3, «5.21»)
F (g3, «.21»)
F (O, «21»)
Fo (O, «L»)

H& HALT

Pa360p 3aBepuien ycnemniHo. J[pyroi npumep:

(Co, «.2.1») FL (02, «2.1»)
F2 (g4, «.L»)

~  ERROR

NmeeM cHHTaKCHYECKYIO OMMOKY B TTO3UIINH 3.
B peanbHBIX s3bpIKaxX MPOrpaMMHUPOBAHUS YHCIIO C IUIABAIOIICH WiIN (HUKCH-
POBaHHOM TOYKON HE MOXKET MMETh OSCKOHEYHOE KOJIMYECTBO 3HAYaIuX mudp.

Hanpumep, Tun £loat B s3pikax C/C++/C# (unu single B s3bike Pascal) umeer
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7-8 3navamux nudp, Tun double — 15-16. Tun real B s3bike Pascal — 11-12.

YrtoOsl yuecTh 3TN orpanndeHus, B JIKA HyxHO n100aBUTH JeiicTBus (Tadi. 3.6).

Tabmuna 3.6 — Tabmuma nepexonoB KA ¢ neiicTBUSIMU, OMUCHIBAIOIIETO YUCIIO C

(UKCUPOBAHHOM TOUKOI

+— . 0-9 s
Jo i, & G, & Gs, (A1)
Q1 02, & 03, (A1)
02 04, (A1)
0s Qs, & 03, (A2) HALT
Qa4 Qa, (A2) HALT

311ech AEUCTBUS UMEIOT CIIEIYIOIINA CMBICIT:

— (A1) — MHUIIMATU3alKs cUeTYMKA 3HavYammx uudp 3Hauenuem 1 (count :=
1);

— (Az) — yBeJIIMYCHHUE cUETYMKA 3HavamuX 1udp Ha 1 (count ;= count + 1) u
npoBepka: eciu count > N, rae N — MakcuMallbHOE KOJIMYECTBO 3HAYaIuX mudp,
to nepeecT JIKA B cocrosiuue ERROR.

Ipumep 2. I[lycth s3bik L omuckiBaeT upeHTU(UKATOp, 3aKIIOUCHHBIN B
MIPOM3BOJIBHOE KOJUYECTBO CKOOOK, OT HyNsA 10 OECKOHEUHOCTH (Hampumep,
«Xyz», «(((abc)))» u 1.11.). CKOOKHM MOKHBI ObITh MAPHBIMH, T.C. KaXIO0W OTKPHI-
BAaIOIIIEH CKOOKHU JIOJDKHA COOTBETCTBOBATH 3aKphiBaromias. Mnentudukarop Hauu-
HAETCsI C JIATUHCKON OYKBBI WM TOJYEPKUBAHUS, JAIe€€ UAYT JIATUHCKUAE OYKBBHI,
UGPBI ¥ TOTYEPKUBAHUS.

Ou4eBHUIHO, YTO B JaHHOM Cilyyae HeoOXoauMo ucnosb3zoBath JJMIIA ¢ mo-
CUMBOJIbHBIM pa3bopom. Mcnonw3ys crek (marasun), JIMIIA Oyaer cinenuth 3a
NapHOCTHIO CKOOOK. BKiTtoueHue neicTBUil B CHHTaKCHC HE TpeOyeTcs.

Ha stot pa3 noctpoum rpad JIMIITA cpa3sy MUHUMU3UPOBAHHBIM

1. Pucyem HauanbHOE COCTOSTHUE (o.

2. B Havase BXOJHOM IIEMOYKH MOKET HAXOJUTHCS OTKPBIBAIOIIAs CKOOKA,

WM cpa3y UAEHTU(UKATOP, €ciau CKOOOK HeT. TakuM oOpa3zom, mo CUMBOIY «(»
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BO3BpAIIaeMcs B COCTOSIHHE (o (TIpW 3TOM CKOOKY TOMEIaeM Ha CTEK), a TI0 CUM-
BoJaM «_a-zZA-Z» — B coctosinue (1. CocTosiHuEe (o HE SBJISIETCS KOHEYHBIM, T.K.
BXOJIHAs 1IETI0YKA HE MOKET COCTOSITh TOJIBKO U3 OTKPBIBAIOIIUXCS CKOOOK.

3. B cocTosHuM (1 BO BXOJHOH IEMOYKE MOXKET HAXOJHMTHLCS JaJIbHEHIICE
onucanue uiaeHTHUGUKATOpa (CUMBOIBI « a-ZA-Z» umu «0-9»), B 3TOM ciyuae
OCTaeMcsi B COCTOSIHUM (1, JIUOO HAUYMHAIOTCS 3aKpbIBarolIe ckoOku. Berpeuas
CHUMBOJI «)», HEOOXOJUMO yOEAUThCS, YTO HA CTEKE €CThb COOTBETCTBYIOIIAs OT-
KpbIBaloIllas CKOOKa, M B 3TOM CiIydae MeperTH B cOCTOsTHUE (2, yOpaB 3Ty CKOOKY
co cTeka. Takke 3TO COCTOSHHE MOKET SIBISATHCA KOHEUHBIM, €CJIA CTEK ITYCT (T.€.
€CJIM CKOOOK BOKPYT UAeHTU(PHUKATOpPA HE OBLIO).

4. B cocTostHUM (2 TPOJOJKAEM CUMTHIBATh JIUIIb OCTaBIINECs CKOOKU. T.e.
MOBEJICHUE aBTOMAaTa B ATOM COCTOSTHUU JJII CUMBOJIOB «)» U «L1» SKBUBaJICHTHO
€ro MOBEACHUIO B COCTOSIHUU (1. COOTBETCTBEHHO, IAHHOE COCTOSIHHE TaK>Ke MO-
KET SABJIATHCS KOHEUHBIM, €CITA CTEK ITYCT.

[Tonyuwnu rpad nepexo0oB, n300pakeHHbIH Ha puc. 3.7. 31eCh, YTOOHI IO0-
Ka3aTh, YTO YCIICIIHOE 3aBepllIeHUE pa3dopa BOZMOXKHO JUIIL IPU MyCTOM CTEKE,

BBCJICHO HCKYCCTBCHHOC COCTOSIHUEC (3.

_a-ZA-Z,e, e 0-9,e,¢e
Pucynok 3.7 — I'padp JIMIITA, onuceiBaro1iero uaeHTHPUKATOP B CKOOKax

JlanHoMy Tpady OyaeT COOTBETCTBOBAThH Ta0IMIA IEPEX0I0B 3.7.
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Ta6muma 3.7 — Tabnuma nepexoaos JIMIIA, onuceiBaroniero naeHTH(GUKATOP B CKOOKax

(,e _a-zA-Z, 0-9, e ), ( e, 1,0
e
Jo Jo, ( d, €
d1 Js, € ds, € g2, € Os, €
g2 gz, € 0s, €
03 HALT

Ho npu nporpamMmmHoO#l peanuzanuu aBromMaTa COCTOSIHHE (3 HE TpeOyercs.

[Ipu 3TOM B TaOIIUIIE IEPEXOI0B OT HETO MOXKHO M30aBIsAThCs (Tab. 3.8).

Tabmuua 3.8 — MunnMmmsupoBanHas Tabnmna nepexonos JIMITA, onuceiBaromiero

UICHTU(PHUKATOP B CKOOKaxX

(,e _a-ZzA-Z, e 0-9, e ), ( 1,
do do, ( qu, €
Q1 g, € g, € 02, € HALT
Q2 gz, € HALT

Od4eBuHO, YTO B IAaHHOM Cllydae B Hadayie pa3doopa CTEeK JIOJDKEH OBITh Iy-

cteiM. Takum o6pazom, noayuwmu JIMITA P = (Q, X, T, 6, Qo, Zo, F), rae:

Q = {00, q1, 02} — MHOKECTBO COCTOSHHUI;

>={(,), _,az, A-Z, 0-9} — andasur;

I' = {(} — andaput Mara3uHHBIX CHMBOJIOB,;
3(QAx(Zu{eF{LP)=I) = {{(do, «(»), (01, €), ERROR, ERROR, ERROR},
{ERROR, (01, €), (a1, €), (g2, €), HALT}, {ERROR, ERROR, ERROR, (qz, ),
HALT}} — dyukius nepexoios,;

- Zo = € — HA4YaJIbHOC COCTOsIHHUEC CTCKA,

— F ={01, 92} — MHOXECTBO KOHEYHBIX COCTOSIHUI.

[Ipumeuanue. Ilpu mporpammuoit peanuzanuu JIMITA mis o6o3HaueHUs

CTIEMATBHBIX CUMBOJIOB (ITyCTOM IIETIOUKH €, ITyCTOro MHOKECTBa J, Mapkepa

KOHIIA [ENOYKH |) MCITOJIb3YIOTCS CMMBOJIBI TOTO k€ andaBuTa, HA KOTOPOM ITH-

nrercst nmporpamma (00sraHO 310 KoaupoBka ASCII wiau Unicode). Hanpumep, ya-
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CTO MYyCTYIO LENOuYKy 0003Ha4yaroT OyKBOW aHTJIMHCKOTO andaBuTa «E€», IMyCTOE
MHO>KeCTBO — u(ppoit «0», a MapKep KOHIIA HEMOYKH — 3HAKOM «#». 371eCh Ba)KHO,
4TOOBI 3TH 0003HAUYEHHUS NIEPECEKATUCH C alaBUTOM aBToMara X. Tak, B JaHHOM
npuMepe OyKBa «€» BXOAHUT B al(aBUT, MOITOMY AJii 0003HAUECHUS IMyCTOH Iie-
IOYKH B MPOTPaMMHOM peain3alii aBTomMaTa ClelyeT UCIOIb30BaTh Kak-TO APY-
ol CUMBOJIL.

[Tpumep pazbdopa nenouxu «((al23))»:
(go, «((@123))L», ) FL o (0o, «(@123)) Ly, «(»)

=2 (Qo, «al23)) Ly, «((»)
= (G «123)) Ly, «(()
F (0 «23)) Ly, «(()
= (O «3) Ly, «(»)

= (G )Ly, «(()

= (@2 9Ly, «(v)

=8 (02« €)

9 HALT

Pa36op 3aBepmien ycnemHo. I[lpumep pa3bopa HempaBWIBHOW IEMOYKU
«(X))»:
(9o, «(X))L», €) F (o, «X))L», «(»)

-2 (91, «))L», «(»)
N (VTR )
-4 ERROR

Nmeem ommbky B mo3uruu 4, T.K. B TaOJIUIIE HET CTONOIA ¢ KOMOUHAIIMEH
W3 CHMBOJIA 3aKPhIBAIOIIEH CKOOKH U ITyCTOTO CTEKa, MM UTHOPUPYIOIIECH COCTOS-

HHUE cTeka — («)», &) win («)», €). [Ipumep pazbopa HenmpaBUILHOMN HEmOUKH «()»:
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(9o, «()L», €) FL o (0o, «) Ly, «(»)
-2 ERROR

Nmeem (0o, «)», «(») = ERROR, mosToMy BO BXOJHOU IEIIOYKE CHHTAKCH-
YyecKas OIMOKa B O3UIUH 2.

JloOaBWB B MaHHBI aBTOMAT NEWCTBHSI, MOKHO ONPEICITUTH JOTOTHUTEb-
HbIC OTPAaHUYECHUs HA CHUHTakcuc. Hampumep, orpaHuyuTh MaKCUMAIBHYIO BJIO-

’KEHHOCTBH CKOOOK WJIN HJINHY I/IIIGHTI/I(I)I/IKaTOpa.

3.5 PA3BBOP HENNOYEK IO JIEKCEMAM

B Tex cnmyuasx, Korja BXOJHas LEMOYKa COACPKUT HEKOTOPOE OTpaHUYCH-
HOE MHOKECTBO KJIFOYEBBIX CJIOB, TOCUMBOJIbHBIN Pa300p MOXKET MPUBECTH K CY-
[IECTBEHHOMY YBEJIIMUYEHUIO Pa3MEPOB TaOIUIIBI IEPEXOIOB.

IMpumep 3. ITycTh A3bIK L OonKMChIBacT BIOKEHHBIC OMepaToOphl s3bika Pascal
«begin end;». YuuthiBas, 4T0 HEOOXOAUMO MPOBEPSATH UX MAPHOCTH, UCTIOIb-
3yem JIMITA ¢ mocuMBOJIBHBIM pa3zoopom (Tadi. 3.9).

Ta6muma 3.9 — Tabnuna nepexonos JIMITA ans oneparopos «begin end;» ¢ MOCUMBOJIbHBIM

pazbopom

b, e e b g,e i,e n, e de |«»e , € 1,

Jdo g, b Js, € Jo, e | HALT

1 gz, b

g2 Qs, €

gs Qa, €

Q4 Os, €

s Jo, €

U6 gz €

g7 Os, €

s Jo, € | (s, €

OnepaTopLI OTACIAOTCA Apyr OT Jpyra pasgacIuTCIbHbBIMHA CUMBOJIAMHU

(mpoGenaMu, TaOyJALMSAMU, 3HAKAMH BO3BpaTa KapeTKH U Tepexojia Ha HOBYIO
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CTPOKY) B POU3BOJILHOM KOJMYECTBE, HO HE MEHEe OJHOro (B Tabiuile 0003Haue-
HBI CHMBOJIOM ToAuepkuBanus). Takke mpoOesl MOTYT OKpYKaTh 3HaK «; ». [Ipu
CUMTBIBAHUH OIlepaTopa begin Ha cTek momemaertcs CUMBOI «b» (MOKHO BbI-
Opathb 000#1 mpyroi cumBoin). Ilpu cumThiBaHuU orepatopa end MpoBEpsSeTCs
HaJuyue Ha creke cuMBouia «b». Eciyv OH Tam ecTh, TO CHUMAeM €ro Co CTEKa, B
IIPOTUBHOM Cly4ae MojydaeM OIIMOKY HemapHOro orneparopa end.

JlaHHYO TaOIHIly MOKHO YMEHBIINTE B pa3Mepax, €ClIi COCTaBUTH al()aBUT
aBTOMAaTa HE U3 OT/AEIbHBIX CHMBOJIOB, a M3 KJIIOUEBBIX CJI0B. T.e. BMecTO andapu-
taX={b, e g, i, n, d, «;» _} noayuum andasut X' = {begin, end, «;»}
(tabu. 3.10).

Tabmuna 3.10 — Tabnuna nepexomos JIMITA mns onepatopos «begin end;» ¢ pazd6opom 1o

JICKCEMaM

begin, e end, b «», e 1,

o Qo, b Ji, € HALT

01 (o, €

[Tepen pazbopoM 1o JiekceMaM HeOOXOJAMMO BXOJHYIO IEMOYKY pa3OUTh Ha
NOTOK JiekceM. [Ipuuem BMecTe ¢ Kaxa0i JIEKCEMOW HEOOXOANUMO XPaHUTh €€ TO0-
3UIIMI0 B UCXOJHOM II€TOYKe, YTOOBI MMETh BO3MOKHOCTH YKa3aTh IO3UIIMIO
omuOku. [lo3unust — 370 MO0 HOMEP MEPBOTO CUMBOJIA JIGKCEMBI BO BXOJIHOM I1€-
MoYKe, JTN0O0, €CIM BXOJHAS I[EMOYKa MOXKET COCTOSTh W3 HECKOJIbKUX CTPOK (T.€.
COJICP’KUT CHMBOJIBI BO3BpATa KApETKU M IMEpexoja Ha HOBYIO CTPOKY), — HOMEP
CTPOKH U TMO3UIMS B CTPOKE TIEPBOTO CUMBOJIA JIEKCEMBbI. Toraa B aJiropuTMe pas-
Oopa BenuuuHa K OyaeT SIBIATHCS HOMEPOM JIEKCEMBI, @ HE HOMEPOM CHMBOJIa BO
BXOJIHOM IIEITOYKE.

YroObl pa3dUTh BXOAHYIO LIEMIOYKY Ha JEKCEMBI, aja(aBuUT sA3bIKa JEIUTCS Ha
TPH MOJIMHOKECTBA!

1. TlonMHOXXECTBO CUMBOJIOB-pazfienuTeseld (Miau npoOeabHBIX CUMBOJIOB)

YscX. OOBIYHO 3TO CUMBOJBI IpoOena, TaOyJsUKUM, NMEpexoAa Ha CIEeAYIOLIYIO
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CTPOKY M BO3BpaTa KapeTku (cM. pazaen 1). OTu cUMBOIBI OTAEISIOT JIEKCEMBbI
JPYT OT JApyTa U B alihaBUT X' HE BKIIFOYAIOTCSI.

2. TTomMHOXECTBO CHMBOJIOB, SBJISIFOIIMXCS 3HAKAMU MYHKTyallMu XpCX.
OOBIYHO ATO TOYKH, 3aMAThIC, TOUYKU C 3aMSATON, CKOOKH U T.NM. ITU CUMBOJbBI TaK-
K€ OTAENSIIOT JIEKCEMBI JPYT OT APyra, HO U CaMH, B CBOIO OYEpEb, SBISIOTCS
JIEKCEMaMHU.

3. TIomMHOXECTBO JEKCEMHBIX CUMBOJIOB (T.€. CUMBOJIOB, U3 KOTOPBIX CO-
CTaBJISIOTCS JIEKCEMBI) X CX. DTO BCE OCTaJbHbIE CUMBOJIBI adaBuTta X: X = X —
(ESUEP).

AndaBur aBTOoMara ¢ pazbopoM IO JieKcemaMm X' BKJIIOYAeT B ceOsl 3HAKU
MYHKTYallMU Xp U HEMYCThIC IEMTOYKH, COCTABIICHHBIC U3 CUMBOJIOB aji(aBuTa X

Z'QZPUZL+.

To ecTh ekceMa — 3TO MO0 3HAK MYyHKTyallMu U3 andaButa Xp, JU00 MO-
CJIEIOBATEILHOCTh CUMBOJIOB aiihaBUTa X\, OTJEJICHHAs OT JIPYTuX JEKCEM CHUM-
BoJIaMu anipaBUTOB Xs U Xp. Hanmpumep:

begin

begin end ;

end;

begin

end;

B naHHOM cityyae nojiydyum CleAYyOLIINAN OTOK JIEKCEM:

1) begin (ctpoka 1, mo3urus 1);

2) begin (cTpoka 2, mo3urus 3);

3) end (crpoka 2, mo3urus 9);

4) ; (ctpoka 2, mosurus 13);

5) end (crpoka 3, mo3umus 1);

6) ; (crpoka 3, mosumus 4);

7) begin (ctpoka 4, mo3uius 1);

8) end (crpoka 5, mo3urus 1);
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9) ; (ctpoka 5, mosurus 4).
[Ipotiecc pa3bopa Oyaer ciaeayromuM (71 KpaTKOCTH Jekcema begin 00o-

3HaueHa OyKBOH «D», a 1ekcema end — OyKBOH «e»):

(0o, «bbe;e;be;1»,€)  F (g, «be;e;be; Ly, b)
2 (qo, «e;e;be; Ly, bb)
(O, «e;be; Ly, b)
4 (0o, «e;be; Ly, b)
F> (i, «;be;L», €)
-6 (qo, «be; Ly, €)
" (Qo, «€;L», b)
8 (qu, «L», €)
9 (Qo, «L», €)
10 HALT

Pa360p 3aBepuien ycnemniHo. J[pyroi npumep:
begin end;

end;

HNmeem nOTOK JIeKceMm:

1) begin (ctpoka 1, mo3urus 1);

2) end (ctpoka 1, mo3urus 7);

3) ; (ctpoka 1, mosurust 10);

4) end (ctpoka 2, mo3uius 1);

5) ; (ctpoka 2, mo3urus 4);

ITpomecc pazbopa:

(qo, «be;e;L», e) FY (0o, «€j; Ly, b)
2 (O gLy, e)
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2 (Qo, «e;L», €)
-4 ERROR

[Tomyuymnu ommbOKy, T.K. B COCTOSIHUU (o Jiekcema end J0MyCcTUMA JIUIIb
Npy HAIMYMKM cuMBojia «b» Ha cteke. Ommobka B gekceme Ned, OITOMY BBITACM
coobiienue 06 omudke B CTpoKe 2, mo3uuuu 1.

B npunnume, 3Ty ke 3amaqy MOXKHO PEIINTh U IIOCUMBOJIBHBIM Pa300poM C
BKJIIOUCHHUEM JIHCTBUI B cuHTaKcuc (tadu. 3.11).

Tabmuna 3.11 — Ta6nuna nepexoaos JIMITA ms onepatopoB «begin end;» ¢ BKI0YeHHEM

JIIEHCTBUI B CHHTAKCHUC

{b,e,g,i,n,d}, e «», e _,€ 1,0
Go d1, €, (A1) Go, €, (As) Jo, &, D HALT
o 0, €, (A2) Cos €, (As) To, €, (As)

Jlis BBIMOJNIHEHUs OeicTBUN HaM motpebyercs Oydep-crpoka buf. Ilepen
HavaJioM pa30opa WHUIMAIM3HpyeM ero myctor crpokoi (buf :="). CemanTnka
JICUCTBUM:

— (A1) — eciiu 6ydep nycr (buf = "), HHUIMATM3UPYEM €r0 TEKYIIUM CHM-
BoJIOM BXxoaHO# nermouku (buf ;= ax), B mpoTHBHOM cilydae MepeBOANM aBTOMAT B
coctosiHue ERROR;

— (A2) — nmobGaneHue B Oydep TEKyIIero CHMMBOJA BXOIAHOW IEMOYKHU
(buf := buf + ay);

— (As) — ecam B Oydepe HaxoauTcs kimoueBoe cioBo end (buf = 'end’), To
ouuctuth 0ydep (buf :="), unaue nepeBoaum aBTomat B coctossurne ERROR;

— (A4) — ecu B Oydepe Haxoautcs kimoueBoe cioBo end (buf = ‘end’), To
BBITIOJTHSIEM CHadasa jerictBue (As), 3atem (As), HHaAUYe TIEPEBOJUM aBTOMAT B CO-
crossane ERROR;

— (As) — ecim:

a) B Oydepe HaxoauTcs KimoueBoe cioBo begin (buf = 'begin’), To mo-

MECTHTH B cTeK cuMBOJI «b» (M «— b) u ouncturs 6ydep (buf :=");
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0) B Oydepe Haxomutcs kiaroueBoe cioBo end (buf = ‘end’) u Ha Bep-
IIIMHE CTEKAa HAXOIUTCS CUMBOJ «D», u3BiIekaeM ero co creka (M — D), unade me-
peBoaumM aBToMmat B coctosiune ERROR.

Kak BumgHO, Bce Tpu crioco0a UMEIOT OIpeIeIICHHbIE HEAOCTaTKU. B mepBom
ciIydae Mojy4daeM yBEJIMUYCHHBIN pa3Mmep TaOuIbl mepexonoB. Bo BTopom cirydae
TpeOyeTcs opranuzaiys pazdoopa 1o JeKcemMaM, B TPETheM cliydae — MporpamMMHu-
pOBaHUE JICUCTBUM.

B HEKOTOpBIX ciydasx pa3z0op MOKeT ObITh cMermaHHbiM. Hampumep, ecnu
paccMaTpuBaTh OMKCAHUE MEPEMEHHBIX Ha KaKOM-JTHOO SI3BIKE, TO OHO BKJIIOYACT
KaK OrpaHMYCHHOEC MHOYKECTBO KIIIOUEBBIX CJIOB (THUIIOB JaHHBIX W T.II.), TaK U HE-
OTrpaHUYEHHOE MHOXKECTBO HAeHTH(HUKaTOpoB. [loaTOMy aBTOMAT MOJIKEH pado-
TaTh OO MMOCHMBOJIHLHO, THOO B CMEIIaHHOM peKuMe (T.€. KIIFOUEBHBIE CII0Ba aHa-

JIM3UPOBATH KaK JICKCCMEI, d I/IIleHTI/I(l)I/IKaTOpBI — HOCI/IMBOJ'IBHO).
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4 PABOTA C PET'YJIAPHBIMU BBIPA)KEHUSAMUA

B JaHHOM pa3acii€ OIMHNCBIBACTCA HMCIIOJIb30BAHUC PCTYJIAPHBIX BI)Ipa}KeHI/Iﬁ

A1 CHHTaKCHUYCCKOI'O aHaJIn3a.

4.1 OCHOBHBIE ONPEJEJIEHUS

Onpedenenue. Perynsipubie BbIpaK€HUs B al(aBUTe X U PEryJsipHble MHO-

KECTBa, KOTOPbIE OHU 0003HAYAIOT, OMPEACISIIOTCS PEKYPCUBHO CIECIYIOIIUM 00-

pasom [1-2]:

1) & — perynasipHOe BBIpaKEHHE, 0003HAYAIOIICE PETYJIIPHOEC MHOMKECTBO
D,

2) e — peryispHOe BbIpakeHHE, 0003HAYAIOIIEe PETYIIPHOE MHOKECTBO
{e}

3) eciu @€, TO & — PEryJSIPHOE BBIpAXKCHHE, 0003HAYAIOIIEE PEryJISIPHOE
MHOecTBO {a};
4) ecii P U ( — pPEryJspHbIC BBIpAXKCHUs, 0003HAYAIOIINE PETYJISIPHBIC
MHOXkecTBa P u Q, TO:
a) (p+q) — perynsapHoe BeIpakeHue, 00o3Havaromiee PUQ);
0) pq — peryisipHOE BhIpakeHue, obo3Hadaromee PQ;
B) P — peryaspHOE BeIpaxkeHue, 000o3Havaromee P’
5) HHUYTO APYroe He SIBJIACTCS PETYIAPHBIM BBIPAKECHUEM.
PaccranoBka npuopuTeTOB:
— WTepalus — HauBBICIINN TIPUOPUTET;
— KOHKaTeHAIWs;
— 00beauHEHHE.
Takxum o6pazom, 0 + 10" = (0 + (1 (07))). IIpumepsr:
1) 01 o3nauaet {01};
2) 0" {0}
3) (0+1)"—{0, 1}
4) (0+1)” 011 — o3HauaeT MHOKECTBO BCEX IIEMOYEK, COCTABIEHHAIX U3 0 1

1 1 oxkanuuBarommxcd remnoukoit 011;
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5) (a+b) (a+b+0+1)" o3mauaer mMHOxkecTtBO Becex nemodek {0, 1, a, b},
HAYMHAIOIIUXCS ¢ & wiu .

6) (00+11)" ((01+10)(00+11)" (01+10)(00+11)") o3HauaeT MHOKECTBO BCEX
IIEMOYCK HYJIEH U eINHMII, coAeprKanmx yeTHoe yncio 0 u yetHoe uncio 1.

Takum oOpazom, A KaXA0ro PerysspHOrO MHOKECTBA MOXKHO HAMTH pe-
T'YJISIPHOE BBIpaXXEHHE, €My COOTBETCTBYIOIIEE, U HA0OOPOT.

Perynsapusie Boipakenust (PB) — Takoii ke coco0 3amaHus SI3bIKOB, KaK H
KoHeuHble aBToMathl uin KC-rpammartuku. Ecnu ObITh O60Ji€€ TOYHBIMU, TO pEry-
nsipHble MHOKeCTBa (PM) — 3TO s13bIKH, TOPOK/Ia€MbI€ TTPABOJIMHEWHBIMUA TpaMMa-
tukamu [1-2]. PerymnsipHbie BBIpaXSHHS MOPOXKIAIOT HEKOTOPOES MHOXKECTBO JOITY-
CTUMBIX B JJAHHOM si3bIKe L 11emoYex CHMBOJIOB, KOTOPOE COOCTBEHHO M SIBJISICTCS
PETYJISIPHBIM MHO>KECTBOM.

BBenem nemmbl, 0003HayaronMe OCHOBHbBIE aireOpanyecKkre CBOWCTBA pe-
TYJISIpHBIX BeIpakeHUi. [1ycTh o, f 1 Y perynsipHbie BoIpaKeHUs, TOT/IA:

1) a+p=p+a;

2) ' =¢;

3 atPry=(a+tp)+y;

4) a(By) = (aB)y;

5) aB+y)=ap +ay,

6) (a+B)y =ay+By;

7) oe =eoa= o,

8) o = Do =

9) o =ata’;

10) (a) =0
11) oto=a;
12) o+J = a.

UroOsl mpoBeputh, uTo PB coBmagaroT, 10CTAaTOUYHO MOCTPOUTH COOTBET-
cTByrome uM PM u yOenuThCs, 4TO OHU CoJiepKaT OJMHAKOBBIE AIeMEHTHI. J[iis
ATOr0 PacCMOTPUM, K Y€MYy MNPUBOJAUT MPUMEHEHUE TPEX PACCMOTPEHHBIX BBIIIIE

OIepaLvu.
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Hcnonp3oBanue omnepauuu o0benuHeHus: 18yx PB oOwveaunser PM, coort-

BercTBytomue 3tuM PB. Hanpumep, eciin nansr nsa PB
X =atbh, y = ct+d,
TO UM COOTBETCTBYIOT PM
x< X={a, b}, yeY={cd}
[Tocne 0ObeTMHEHNS] HMEEM
X+y< XuY ={a, b, c, d}.

Ornepanysi KOHKaTEHAUH MIPUBOJIUT K PE3YJIbTAaTy, IPUMEPHO aHAJTIOTHYHO-
My JIeKapTOBOMY Ipou3BeaeHnio PM cootBercTBytomux PB, Tonbko B 3TOM MHO-
KEeCTBE OyIyT HE Mapbl 3JIEMEHTOB, @ UX KOHKaTEHAIU:

xy < XY ={ac, ad, bc, bd}.

Tak, perynspHoe BbIpakeHHE «K(H+0)T» OMHCHIBAET SI3bIK, COCTOSAILIMN W3

JBYX CIJIOB — KUT U KOT:
k(ut+o)T < {x} {u, o} {r} = {kuT, KOT}.
N, ncnione3ys meMmbl NeS u Ne6,
K(M+0)T = KUT + KOT <> {KHUT, KOT}.
Nrepaums PB coorBeTcTBYET MTEepannu 3meMeHTOB PM:
X=a,
X < X ={e, a,aa, aaa, ...}.

T.e. X" =€+ X + XX + XXX + ..., u TaKk 10 OeckoHeuHocTH. PaccmoTpum, K

YyeMy MPUBEJIET UTepalusi KOHKATeHALMN U 00bEIMHEHHUS:
(Xy)" = e + Xy + Xyxy + Xyxyxy + ...
(X+y) =e+x+y)+xX+y)X+y)+X+y)x+y)x+y)+...=
e+ X+ XX+HXY +FYX+YY + XXX+ ...
COOTBETCTBEHHO,
0+ 1(0+1)* < {0}u({1}u{0, 1}*)= {0, 1, 10, 11, 100, 101, 110, 111...}.
BunHo, yro nanHoe PB onuceiBaeT BCce IBOMYHBIE YKCIIA, Y KOTOPBIX OTCYT-

CTBYIOT HE3Hauaume Beayiue Hynu (T.e. Het yucen tuna 01, 001 u T.1m.).
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BaxHO Taxkke y4dnTHIBATH IPUOPUTET ONEPALMM U UX CBOMCTBA. Tak, onepa-
1Ysi 00bEAMHEHUS ABJISIETCS KOMMYTAaTUBHOM, T.€. X + Y = Y + X, a onepanus KOoH-
KaTeHauu — HeT (XY # YX). CaMblit HUBKUN IPUOPUTET Y 00bETUHEHHUS:

X +yz < {X, yz},
(x+y)z = {xz, yz},
X+y < {6 X Y, Y, VYY) YYYYs -}
(X +y) < {e, X, V¥, XX, XY, YX, VY, XXX, ...}.
Campblii BBICOKUI TPUOPUTET — Y UTEPALIUH:
(xy)" < {e, xy, xyxy, ...},
xy© < {X, Xy, Xyy, Xyyy, ...}.

Ucxons u3 3T0r0, MpuBEICHHBIEC BBIIIE JEMMBbI JIETKO JoKa3biBatoTcs. [Ipu
YKEJTAHUH MOKHO COCTaBHUTh M JI0Ka3aTh MHOKECTBO APYTUX JIEMM, HAIIpUMED,

— a'+e=a

- (a+e)'=a]

— aa =a;

— € =6

— HT.I.

[Ipu ommcaHuM A3BIKOB YacTO YJOOHO TMOJIB30BAThCS YPaBHEHUSIMU, KOA(-
dbuLMeHTaMd U HEU3BECTHBIMU KOTOPBIX CIIY»KaT MHOXKeCTBa. Takue ypaBHECHHS
OyJZieM Ha3bIBATb YPAGHEHUAMU C PeYNapHbIMU KO3 duyuenmamu:

X=aX+Dh,
rae a u b — peryssipusie BeipakeHHs. MOXHO MPOBEPUTH HMPSIMOM MOJICTAHOBKOIM,
YTO PEIIEHUEM 3TOr0 ypaBHEHHUs Oyner a b:
aa’b+b=(aa"+e)b=a’b,
T.€. TIOJy4YaeM OJTHO U TO K€ MHOXKECTBO. TakuM ke 00pa3oM MOKHO YCTaHOBUTH
U pEIIeHUEe CUCTEMbI YPaBHECHUIA.

CucteMy ypaBHEHHH € peryiasipHbIMU KO3 (UIIMEHTaMH HA30BEM CHIAH-
0apmHoll cucmemoti ¢ MHOKECTBOM Hem3BeCTHBIX A = {Xi, Xy, ..., X,}, eciu oHa
UMEEeT BUJI:

X1 =00 + 01Xy + 012Xp + ...+ agnXy
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Xn = oo + 0tn2 X1 + an2X2 + ...+ annXn
TJIE Oljj — peryJsipHbIe BhIpaxxeHHs B andasuTte, He nepecekatoiemcs ¢ A. Koapdu-
UEHTAMH YPaBHEHHUS SIBJISIIOTCS BBIPAKEHUS Oljj.

Ecnu 0jj = &, T0 B ypaBHeHuu 175 Xi HET WieHa, cojepxaiiero Xj. AHano-
TMYHO, €CJM O4j = €, TO B YpaBHEHUU A X 4iieH, coAepxaiui Xj, — 3TO IpoCcTo
X;. MupiMu cnoBamu, & urpaet poiib koddduimenta 0, a € — poib kod3ddunmenra
1 B OOBIYHBIX CHCTEMAX JIMHEWHBIX YpaBHEHU.

AJNTOPUTM PENIEHUS CTAHAAPTHOM CHCTEMBI YPABHEHUN C PETYJIAPHBIMHA KO-
apurueHTamu:

Bxoo. CranmaptHas cuctema Q ypaBHEHHI C peryisipHbBIMH KO3 HUIIUCH-
TaMu B aJipaBuTe X 1 MHOKEeCTBOM Hem3BeCTHBIX A = {X1, X, ..., X}

Buvixoo. Pemenue cuctemsl Q.

Memoo: Ananor MeToja pelIeHUsI CUCTEMbI JIMHEHHBIX YPaBHEHUN METOJI0OM
uckmoyenus ["aycca.

[lar 1. ITonoxwuts i = 1.

[lar 2. Ecu 1 = n, nepeiitu k mary 4. B npoTHBHOM cilydae ¢ TOMOIIBIO
TOXKJIECTB JIEMMBI 3alUCATh YpaBHEHUS I X; B BUJIE:

Xi = aXi + f,
TZIe 0 — PETYJISIPHOE BhIpaXKeHUE B andaBuTe X, a 3 — peryIsapHOE BHIPAXKECHHUE BU-
na:
Bo + BixaXivs + ... + PaXn,

pudeM Bce i — peryJsipHbIe BhIpaKeHUs B aidaBute X. 3aTeM B MPABBIX YaCTIX
171 ypaBHEHUM Xiv1, ..., Xn 3aMEHUM X PETYJIAPHBIM BEIPOKEHHEM O .

[lar 3. YBenuunth | Ha 1 1 BEpHYTHCSA K 1Iary 2.

[Iar 4. 3anucathk ypaBHeHUE ajst X, B Buae X, = aX, + B, rae o u B — pery-

JSIpHBIC BhIpakeHUs B andasute X. [lepeliTi k mary 5 (mpu 3ToM | = n).
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[lar 5. YpaBuenue mas X; umeet Bua Xi = oXj + B, e o u f — perynaspHbie
BEIpOKCHUSI B andaBuTe L. 3amucarh Ha BeIXOAE Xj = a*B, B YpaBHEHUSIX IS Xi_1,
..., Xy mozcTaBss o P BMecTo X;.

[lar 6. Ecru | = 1, oCTaHOBUTBCS, B IPOTHBHOM CITy4ae YMEHBIIUTH | Ha 1 1
BEPHYTHCS K 1IAry 5.

OpnHako ciefayer OTMETUTh, YTO HE BCE YPaBHEHHUS C PErYJSpPHBIMH KO3(-
dbunenTamMu 00J1a7aI0T €MHCTBEHHBIM pemeHreM. Hampumep, eciu

X=aX+p
SBJIIETCSI YPABHEHUEM C PETYJISIPHBIMU KO3(PGUIIMEHTaMU U 0, O3HAYAeT MHOXKE-
CTBO, COZEpsKallee MyCTyIo Lemnodky, To X = o (B +y) OymeT pelmeHueM 3TOro
ypaBHeHus A1 Jiroooro y. Takum oOpa3zom, ypaBHEHHE UMEET OECKOHEUYHO MHOTO
pemenuii. B cutyanusax Takoro poja Mbel OyzeM OpaTh HAMMEHBIIIEE pelIeHne, KO-
TOpOE HAa30BEM HauMeHbUlell HenoO0BUNXCHOU moyKkol. B HaleM ciydyae HauMeHb-
1Ias HEMOJBHMKHAS TOYKa — o, .

IIpumep. PaccmoTpuM mpuMep pemieHuss CHCTEMBI ¢ TPEMST HEU3BECTHBIMU

(N = 3). ITycts
X, = q+ex +ex, + DX,
X, =€+ PX, + X, +€Xs,
Xy =D+ DX +ex, + 0Xs.

[IpuMeHrM OTMCAaHHBIN BBIIIE aITOPUTM, IPUMEHSS JIEMMBI JIJIsi COKpale-
HUS TTOJTYYCHHBIX BBIPAKCHUM.

Mlar 1.1=1.

[ar 2. i # N, mo3romMy mnepenucbiBacM ypaBHEHHE I X1 B TpeOyeMOM BH-
ne:

X, =ox +B=ex +(g+ex, +Ix,).
Jlanee B ypaBHEHHUS IS Xp U X3 TIOJCTABJISAEM 0. B BBIPAKEHUE BMECTO X
X, =€+ pe (g+ex, + DX, )+ X, +ex, =
—e+pe'q+(pee+r)x, +(pe'D+e)x, =

= pg+(P+r)X, +ex,,
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X, = D+ (0 +ex, +DX; ) +eX, + g%, =
=D +Pe'q+(De'e+e)x, +(De'D+0q)x, =
= J+ex, +0Xx,.

31ech U janee MPUMEHEHBI IeMMEI & = J, a+( = a, ae = a, a Takxke € = €.

[ar 3. i = 2, BO3Bpar Ha mar 2.

[ar 2. i # N, mo3ToMy nepenuchiBaeM ypaBHEHHUE i X2 B TpeOyeMOM BH-
ne:

X, =X, +B=(p+r)X, +(pa+ex;).
Jlanee B ypaBHEHHUE JUISL X3 OJCTABIIAEM 0 B BEIPaXKEHUE BMECTO X
X, = +eX, + X, =®+e(p+r)*(pq+ex3)+qe3 =

:(p+r)* pq+((p+r)*+q)x3.

[lar 3. 1 = 3, BO3BpaT Ha 11ar 2.
[ar 2. 1 = N, moatoMy mepexoanM Ha miar 4.

[ar 4. 3anuiieM ypaBHEHUE Ui X3 B TpeOyeMoM BUJIE:
X, =ax3+B=((p+r)*+q)x3+((p+r)* pq).

[lepexonum k mary 5.

[Ilar 5. 3anuiieM peueHue s Xs:

X, :aB:((p+r) +q) (p+r) pa.
I[anee B YPaBHCHUA OJIA X1 ¥ X2 IOACTABIIIEM IMOJTYUYCHHOC BBIPAKCHHUEC BMCCTO Xa.:

X, = q+ex, +ex, + X, =q+ex1+ex2+®((p+r)*+q) ((p+r)* pq)z

= (] +ex, +€X,,
X, = Ppg+(p+r)X, +ex, = pq+(p+r)x2+((p+r)*+q) (p+r)* pq.
[lar 6. i # 1, mo3ToMy mojaraem | = 2 ¥ IePEXOIUM Ha Iar 5.

[HIar 5. Umeem:

*

X5

(p+r)* qu.

(p+r)x2+(pq+((p+r)*+q)
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anueM perente:
X, =a*B:(p+r)*(pq+((p+r)*+q)*(p+r)* pq).
Jlanee B ypaBHEHHE IS X1 MOACTABIISAEM MMOJIYYCHHOE BBIPAXKEHUE BMECTO X!
X, :q+ex1+(p+r)*(pq+((p+r)*+q)*( p+r)* pq).

CnenmoBarteipHO,

x1=e*£(p+r)*(pq+((p+r)*+q) (p+r)* qu+qj

:(p+r)*(pq+((p+r)*+q)*(p+r)* qu+q.

*

Ilar 6. i = 1, peleHue okoHUEHO. Pe3ynbTar:
><1=(p+r)*(pQ+((p+r)*+q)*(p+r)* qu+q,
X, :(p+r)*(pq+((p+r)*+q)*(p+r)* qu,
x3:((p+r)*+q)*(p+r)* pg.

4.2 IIPUMEHEHUE PETYJSPHBIX BBIPAKEHUMN

B npunnune, PB ucnons3ytorcst BO MHOTHUX 00J1aCTsIX:

— JIJIS1 OMCAHUS S3bIKOB B PA3JIMYHBIX TPAHCIIATOPAX U MHTEPIPETaTOpax;

— KaK OCHOBA JIJISl CUCTEM MCKYCCTBEHHOTO MHTEJUICKTa (B 4acTHOCTH 0a3
3HAHUH U IKCHEPTHBIX CHUCTEM), XOTS Yallle B 3TOW OO0JIACTH MPUMEHSIOTCS KOH-
TEKCTHO-3aBUCHMBIC TPAMMATHKH,;

— B NOMCKOBBIX cucTemax (turma Google u Yandex) mpu cocTaBiacHHU 3a-
IPOCOB;

— TIIpU MOKMCKE W 3aMEHE TEKCTa B PA3IMUYHBIX MMPOrPAMMHBIX HPOJYKTaX,
Hanpumep, B auanore «Ilouck u 3amena» Visual Studio, B anajgoruuHoM auasiore

nporpammbl Microsoft Word u 1.11.;
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— B IIPOrpaMMHPOBAHKH, U 0COOEHHO Web-tiporpamMmmMupoBaHuy (TIpH MTOMC-
Ke, 3aMeHe, 00paboTKe TeKCTa | T.11.);

— HUTA.

Cocrasnenue PB saBnsercs Takoil sxe cinabo popmann3oBaHHOM 3a1aueii, Kak
u cocrapienue Qynkiuu nepexonoB KA wmu JIMIIA. Onnako eciau umeercs
bynkius nepexonos 6 KA M = (Q, X, d, o, F), MOKHO MOCTPOUTH COOTBET-
CTBYIOIIICE €My peryJisipHOE BhIpakeHHE. J[JI11 3TOro cocTaBiIsieM CUCTEMY ypaBHeE-
HUW C peryisipHbIiMH Kod(duIMeHTaMu, T/Ie HEU3BECTHBIMU OYyIyT COCTOSIHHS
JKA (A = Q), a nocie pemenus uckomoe PB Oyner sBisAThCs 3HaUeHneM Xi = (o.
Cucrema ypaBHEHUH COCTABISICTCS CIICTYIONTUM 00pa3oM:

1) momaraem Bce KO3 PHUIMEHTHI 0jj := &,

2) ecnu uMeeTcs GyHKIms nepexonoB d(X;, a) = Xj, aeX, To KodppHuIueHT
0ij OOBEIUHUTD C A: Qjj := Ojj + a;

3) ecnm cocrostHMe X; ABiseTcs KoHeUHbIM (XieF mmum d(Xi, 1) = HALT), To
Qg .= €.

JUis mpumepa paccmotpuM QyHkiuio nepexoaoB KA, omnuchIBaromero
9HUCIIO ¢ (PUKCUPOBAHHON TOUKOM (Tabm. 3.5). Micmonp3yst mpUBeIEHHBIN BBIIIE ajl-
TOPUTM, TIOJIYYMM CJIEAYIONIYI0 CUCTEMY YpaBHEHUH C PEryJIspHBIMU KO3 DHUIIU-
eHTamu JuTst Hen3BecTHBIX A = {qo, Q1, J2, 03, (4}

Go =D + Do + SG1 + pgz + dgs + S0
Q=D + Do + D1 + pgz + dojs + s
02 = D + Do + Do + Dz + Qs + dga
s = € + Qo + D1 + Q. + dds + Pda
Os =€+ Do + Dq1 + D2 + Dz + dga

3nech 1Sl KpaTKOCTH MPUHSTHI CIASAYIONe 0003HAUCHHUS

— S —3HaK yucia, S ="+ + -

— P — mecsTuyHas TOYKa, p =".';

— d—mudps, d="0"+"1"+ ... +'9.

Pemaem cucremy:
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Go = &(S01 + POz + ds + Dla + ) = 501 + Pz + dofs =
Qu = + Do + DG + pQz + dgs + Dqs = pgz + da,
o =D + Do + DG + D02 + D3 + dga = das,
Js =€+ Jqo + D1 + D2 + dgs + pds = dgs + pga + e,
Qu=e+ Qo+ I + DQ2 + Dz + dgs = dgs + €.
N3 Tpethero ypaBHeHHUS:
Qs = dgs + pgas + € = d"(pgs + €).
N3 yeTBEepTOTrO YpaBHEHUS:
QGa=dog+e=de=d"
OOGpaTHbIit XO/:
gs = d'(pgs + €) =d’(pd” +e),
g2 = dgs = dd’,
O = pdz + dgs = pdd” + dd"(pd” + e),
Co = Squ + pqz + dgz = s(pdd™ + dd*(pd” + e)) + pdd” + dd”(pd” + e).
Takum o6pa3zom, nannomy JIKA coorBerctByeT PB
s(pdd” + dd*(pd” + €)) + pdd” + dd*(pd” + e).
I/ICHOJIBBYH JICMMBI, 3TO BBIPAXXCHHUC MOKHO CACIIATbL KOPOUC:
s(pdd” + dd*(pd” + €)) + pdd” + dd*(pd” + ) =
= spdd” + sdd*(pd” + e) + pdd” + dd”(pd” + €) =
(s +e)(pdd” + dd"(pd” + €))
Jlns 6onee KOPOTKOM 3alMCH MOYKHO HCITOJIb30BaTh TOJIOKUTEIBHYIO HUTE-
panmio aa’ =aa=a':
(s +e)(pdd™ + dd"(pd” + €)) = (s + e)(pd™ + d*(pd” +€)) = (s + e)(pd" + d*pd” + d*).
T.e. 3amuch «d™» OMMCHIBAET MOCIEAOBATEILHOCTD M3 OJHOM U Oosee mudp,
a 3anmuch «d» — IOCIeI0BATENLHOCTD U3 HyJIs U Gosee 1udp. B 5ToM BhIpakeHnu
nernoyvka «(S + €)» orpakaeT TOT (akT, 4TO 3HAK «+» MU «—» Y YHCIIa MOKET KaK
IPHUCYTCTBOBATb, TaK U OTCYTCTBOBATL. Jlanee MNEPCUNCIIAIOTCA BaApHUAHThBI MAHTHUC-
cbl. Beipaxkenue «pd*» onmchiBaeT ManTUCCy Bua «.My, Beipakenue «d*» — MaH-

trccy Buaa «N», a Berpaskenue «d*pd™» — mantuccsr Buga «N.M» 1 «N.».
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B npunnune, mogqo0HOEe BhIpaKEHWE MOXKHO COCTAaBUTH MO Tpady mau Tad-
murie niepexonoB JIKA camocTosTensHO, IPUHUMAs BO BHUMAHUE, YTO TIEPEX0.T U3
OJTHOTO COCTOSIHHS B HECKOJIBKO JIPYTHX — 3TO 0OBEAMHEHUE, TIOCIIeI0BaTEIbHBIN
MepPeXo] U3 OJJHOTO COCTOSHUS B APYroe — KOHKATEHAIWs, a UK B TaOJIHIe WITH
rpade mepexoI0B — ATO UTepaIusl.

CoctosiHre OymeT KOHEYHBIM, €CJTM Ha HEM BXOJHAS ITI0YKa MOXKET 3aKaH-

guBaThCs (puc. 4.1).

a b a a
ab

a+b

*

a

Pucynok 4.1 — Conocrasnenue rpada nepexonos JIKA u 6a3oBbix onepauuii PB

Ha ocHoBe »Tux onepaiuii MO>XHO CTPOHUTH M 00Jiee CIIOKHBIE BBIPAKECHHUS

(puc. 4.2, 4.3).

Lo o ®

(a+e)b ab(cab)” (@a+h)"
Pucynok 4.2 — Conocrasnenue rpaga nepexoqos JIKA u PB

Opnako ecnu rpad HEpexoJ0B UMEET CIOKHYIO CTPYKTYpY, Jydlle BOC-

ITOJB30BATHCA OIIMCAHHBIM (I)OpMaJ'H:HBIM MCTOOOM.
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a

b
a a v c
aa"=a" (ab)* e+ (a+b)c”

Pucynok 4.3 — Conocrasnenue rpada nepexoqaos JIKA u PB (oxoHuanue)

[TogoOHBIM 00pa3oM MOKHO COBEPIIUTH O0OpaTHBIM mepexon — oT PB k
¢ynkunn nepexonoB JAKA, 3ameHssi 00beIMHEHHS apaJJIEIbHBIMUA MEPEXOIAMHU
U3 OJHOT'O COCTOSIHMS B IPYIUe€, KOHKATEHAIMU — I0CJIEI0BATEIbHBIMU IIEpEX0a-
MU MEX]Iy COCTOSIHUSIMU M UTEpaIMy — IUKIaMu. Hanpumep, 1Mo BeIpaXeHHIO «(S

+e)(pd* + d*(pd” + €))» MoxHO mocTpouTh Tpad, H300paXkeH bl Ha puc. 4.4,

Pucynok 4.4 — I'pad nepexonos JIKA, nocrpoennsiii no PB

Jlanee ero MOXXHO MUHUMM3HUpPOBaTh, 4TO nacT JIKA, 3KBHBaJI€HTHBIN I10-

CTPOSHHOMY paHee aBTOMary.
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4.3 IIPOTPAMMMPOBAHUE PET'YJISIPHBIX BHIPAXKEHUI

Bce coBpemeHHbIE SI3BIKH MTPOTrPaMMUPOBAHUS MTO3BOJIAIOT PabOTATh C PETy-
JSIPHBIMH BeIpaxkeHussMH. [Ipu aTom uacts s3eikoB (PHP, JavaScript u 1.1.) nMeror
BCTPOEHHBIE CpeAcTBa A paboTel ¢ PB, a B apyrux ects roroBeie OMOIMOTEKH
WJIU KJ1acChl JJisl pabOThl ¢ HUMH, Hanpumep, kinacc Regex mist matdopmel .NET
[3-4].

IIporpammusbie peanuzannu PB it pa3nuyHbIX S36IKOB IPOTPaMMUPOBAHUS
U cpejl pa3paboTKH UMEIOT ropaszio 0oJiblle orepaiuil, 4eM Mbl paCCMOTPEINIH BbI-
1€, HO OHU JIMIIb yrpolnaT padoty ¢ PB. JlanHsle Tpu onepanuu sSBIsIOTCS Oa-
30BBIMH, U BCE OCTAJIbHBIE ONEpPallUd MOTYT OBITh BbIpaXKeHbI uepe3 Hux. Hanpu-
Mep, B Kiacce RegeX 3amuch «X?» 03Ha4aeT, YTo 3JEMEHT X He sBJseTcs o0s3a-
TEJIbHBIM, T.€. B IIEMIOYKE JaHHBIA 3JIIEMEHT MOKET IMPHUCYTCTBOBATH JIMOO OTCYT-
cTBOBaTh. O4EBUIHO, YTO

X?=X+e.

Wnu, nanpumep, 3anuck «X{1,3}» o3nadaeT moBTOpeHHE IeMeHTa X OT 1 J10
3 pas, T.€.

x{1,3} = X + XX + XXX,

Jlanee paccMOTpHUM, KaKMe€ BO3MOXHOCTH MpeNocTaBiseT kiacc Regex mis
ormmcanusi PB (Ta6n. 4.1). MHorue u3 3TUX KOHCTPYKIIMH SIBISIIOTCS YHUBEPCAIb-

HBIMH, T.€. NOJJICPKUBAIOTCS APYTUMH peanusauusmu PB.

Tab6numa 4.1 — Koncrpykiuu kiacca Regex mns cocrasienusi PB

CumBon NHuTtepnperanns

Escape-mocienoBaTeabHOCTH

\b [Tpu uCII0Ib30BaHUM €T0 B KBaJIPATHBIX CKOOKaX COOT-

BeTCTBYeT cuMBOITy ««—» (\U0008)

\t, \r, \n, \a, \f, \v Ta6ymsmust (\u0009), Bozepat kapetku (\UO00D), HoBast
ctpoka (\UOOOA) u T.1.

\cX VYupasisromuii cumBod (Harpumep, \cC — ato Ctrl+C,
\u0003)
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\e

Escape (\u001B)

\ooo CumBois ASCII B BOCbMEPUYHOM CUCTEME

\xhh CumBoit ASCII B mrecTHaIIIaTEPUIHON CUCTEME
\uhhhh Cumsou Unicode

\ Crenyromuii CHMBOJI HE SIBIIICTCS CIICIHATBHBIM CHM-

BosioM PB. OTuM CHMBOJIOM HYKHO 3KpaHUPOBAThH BCE

CIICOHMAJIBHBIC CUMBOJIBI

[Tpumep (B mpumepe mpuBeAeH 1a0JI0H U CTPOKA MOUCKA, B CTPOKE HaliICHHbIE

COBNAJICHUS TOJYEPKHYTHI):

@"\r\n\w+" — "\r\n3aecr nmeroTcs\naBe CTpoKu'.

ITomgMHOX€ECTBa CUMBOJIOB

JIro0oit cuMBoOJI, KpoMe KoHI[a cTpoku (\n)

[xxxX] JIro60# CUMBOJT N3 MHOYKECTBA
[xxx] JIt000# cMMBOJI, KPOME CMBOJIOB U3 MHOYKECTBA
[X-x] JIr000# cMMBOJI U3 TMaIia30Ha

[xxx-[xxx]]

Breruutanue OJHOT'0O MHOKCCTBA HUJIK AWAIIa30HA U3 APY-

roro

\p{name} JIroOoii cumBoOII, 3a7aHHbBIN KaTeropuei Unicode ¢ nme-
HEM Name

\P{name} JIroOo¥i cuMBOJI, KpoMe 3aJlaHHBIX KaTeropuei Unicode ¢
HMEHEM Name

\w MHOX€ECTBO CUMBOJIOB, HCIIOJIb3yEeMbIX TIPU 3aJaHUN
UACHTU(PUKATOPOB

\W MHO€ECTBO CHMBOJIOB, HE HCIIOIb3YEMBIX MIPH 3aIaHHH
UJCHTU(UKATOPOB

\s [TpoGenbr

\S Bce, xpome mpobeioB

\d [udpsr

\D He tmdpsr
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[Tpumepsr:

@".+" — "\r\n3xecp nmerorca\NaBe cTpoku',

@"[fx]+" — "Oxabefx™,

@"[Mx]+" — "Oxabcfx";

@"[a-f]+" — "Oxabefx";

@"["a-f]+" — "Oxabcfx";

@"[a-z-[c]]+" — "Oxabcfx™;

@"\p{Lu}" —"City Lights"; // Lu — npornucHbie OyKBBbI
@"\P{LU}" - "City';

@"\p{IsCyrillic}" — "xaOS"; // IsCyrillic — pycckue OykBbI
@"\P{IsCyrillic}" — "xaQS".

[IpuBs3ka
A B nagane ctpoku
$\Z B KoHIIe CTpOKHU WK 0 CUMBOJIA «\N)» B KOHIIE CTPOKH
\z B koHIIC cTpOKH
\G B ToM MecTe, T11e 3aKaHYMBACTCS MPEABITYIINEE COOTBET-
CTBHE
\b ['panuma cioBa
\B JIro0ast mo3uliys HE Ha TPAHMUIIE CJIOBA

[Ipumepsr:
@"\G\(\d\)" — "(D(3)(B)[71(9) "; // Tpu cooTtBetcTBUsA (1), (2) 1 (3)
@"\bn\S*ion\b" — "nation donation";

@"\Bend\w*\b" — "end sends endure lender".

Onepaunu (KBaHTOPHI)

* *9 Urepanus

+, +? [TonoxuTtenbHas UTeparus

?,7? Houp uiy oqHO COOTBETCTBUE

{n}, {n}? TouHo N cooTBeTCTBUM

{n}, {n}? [To menbIIeH Mepe, N COOTBETCTBUI
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{n,m}{n,m}?

OT N 10 M COOTBETCTBUIA

[Tpumeps! (IEpBBIE KBAHTOPBI — JHCAOHbIe, UITYT KaK MOKHO OOJIbIIEE YUCIIO JJIe-

MCHTOB, BTOPBIC — JIeHUueble, NIIYT KAK MOKHO MCHBIICC YHCJIO BHCMCHTOB)l

@"\d{3,}" — "888-555-5555";

@"\d{3}" -

"913-913-913";

@"-\d{3}$" - "913-913-913";
@"5+75" — "888-555-5555"; // Tpu coBnamenus — 55, 55 u 55
@"5+5" — "888-555-5555".

['pynmupoBanue
§) ['pynma, aBToMaTHuyecKy MOMydaroias HoMep
(7)) He coxpanats rpymimmy

(?<ums>) wiu (?'ums’)

HpI/I 06Hapy}KGHI/IH COOTBCTCTBUA CO34aCTCA HMCHOBAH-

Has rpynna

(?<uMs—uMsT>) WH

(?'umsa— ums')

VY maneHune paHee ONpeENEICHHON TPYIIIBI U COXPAaHEHUE
B HOBOM I'pyIIIE MOJACTPOKU MEX]y paHEE ONpeIEIICH-

HOM TI'PYIIION U HOBOW I'PYIIION

(?imnsx:)

(?—imnsx:)

BxomrouaeT wim BBIKITIOYAET B TPYIITIE JTFOOYIO U3 TISATH
BO3MOKHBIX OITIIHM:

| — HEYYBCTBUTEIILHOCTD K PETHCTPY;

S — oiHa CTpOKa (TOraa «.» — 3TO 00K CUMBOII);

M — MHOTOCTPOYHBIH PEKUM («», «$» — HAYajI0 U
KOHEII KaXKJI0i CTPOKH);

N — He 3aXBaThIBaTh HCUMEHOBAHHBIC TPYIIITHL;

X — UCKITFOYUTH HE TTpeoOpa30BaHHbIE B escape-
TIOCJICI0BATEILHOCTD ITPOOEIIBI U3 MIa0J0HA ¥ BKIIFOYUTH

KOMMEHTapHH IocJie 3HaKa HoMmepa (#)

[TonoxuTenbHOE yTBEPKACHHUE MPOCMOTpPA BIIEpE] HY-

JIEBOU JJIMHEBI

(?1)

OTtpunarenbHOe YTBEPKIAECHUE MPOCMOTpPA BIEPE HYJIE-
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BOU JUTWHEI

(?<=) [TonoxuTtenpbHOE YTBEPKICHUE TPOCMOTpa Ha3aj HyJIe-
BOU JUIWHEI

(?<h) OTtpuriaTesibHOE YTBEPKIECHUE TPOCMOTpPA Ha3a/l HyJle-
BOW JJIMHBI

(?>) Hero3Bpammaemas (;kagHasi) 4aCTh BBIpaKEHUS

[Tpumepsr:

@"(an)+" — "bananas annals";

@"an+" — "bananas annals"; // cpaBuuTe, TpU COBIMAACHMS — an, an 1 ann
@"(?i:an)+" — "baNAnas annals";

@"[a-z]+(?=\d)" — "abc xyz12 555w";

@"(?<=\d)[a-z]+" — "abc xyz12 555w".

Cebliku
\umcio Cchutka Ha Tpymimy
\K<wmsi> CchUIKa Ha IMEHOBAHHYIO TPYIIITY

[Ipumepsr:
@"(\w)\1" — "deep";

@" (?<char>\w)\k<char>" — "deep".

KoncTpykinu nsMeHenus

| AnbpTepHaTHBa (COOTBETCTBYET ONEpaluy 00beTUHEHNS)

(?(BeIpakenue)aaluer) | ComocTaBIsIETCS C YaCThIO «71a», €CIIM BBIPAXKCHUE COOT-
BETCTBYET; B POTUBHOM CITydae COMOCTABIIICTCS C HE-

00s13aTEILHON YaCTBIO «HETY

(?(umst) naluer), ConocTaBisieTCs C YaCThIO «J1a», €CIIH Ha3BaHHOE UM
(?(amncno)naluer) 3axBaTa MMEET COOTBETCTBUE; B IPOTUBHOM CIIydae Co-

ITOCTaBJISICTCS C HEOOM3aTENHLHOM YacThIO «HET)»

[Tpumep:
@"th(e|is|at)" — "this is the day";

IloncranoBku
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$‘{I/ICJ'IO 3aMCHIa€TC}I 4aCTb CTPOKH, COOTBECTCTBYIOIIAA I'PYIIIIC C

YKa3aHHbIM HOMCPOM

${ums} 3ameniaercst 4acTh CTPOKH, COOTBETCTBYIOIIAS TPYIITIE C

YKa3aHHBIM HMCHCM

$3 IMoxcraBmsiercs $

$& BaMeHIGHI/IC KOITMEM MOJIHOTO COOTBETCTBHUS

BaMeHIGHI/Ie TCKCTa BXOI[HOﬁ CTPOKH 10 COOTBCTCTBUA

BaMCIHGHI/Ie TEKCTa BXOJJHOM CTPOKH I10CJIC COOTBCT-

CTBUSA
$+ 3amenieHre nocaeqHen 3aXBaY€HHOM TPYIIIIbI
$_ 3aMeleHre BCell CTPOKH

KommenTapun
(?#) BcTpoeHHBII KOMMEHTapHiA
it KommeHnTapuii 10 KOHIIa CTPOKHU

IIpu moucke mo 1mabaoHY BO BXOJHOM IIETOYKE B Kiacce Regex BBOmSTCS
HOHATHS cosnaderus (WM COOMEemcmeus), Spynnvl 3anucy U 3axeama. 3axBaT
WHKaICyIupoBaH B kiacce Capture. I'pynmsr 3amucu — B kinacce Group, KOTopslid
sBsieTCs moToMKoM Kiiacca Capture. Coemnanenue — B kiacce Match, kotopsiid, B
CBOIO O4Y€pe/ib, SIBJISETCS TOTOMKOM Kitacca Group.

B o0miem ciiydae, o0paboTka COOTBETCTBUH, TPYIII U 3aXBATOB MPOXOJUT 1O
cxeme Ha puc. 4.4. Kinacc Regex MoxkeT BbIIaTh JINOO Cpa3y BCE COBIAJCHUS B BU-
ne xoymekimu MatchCollection (mpu Be130Be MeTo12 Matches), mbo BeigaBaTh UX
10 oYepear B BUIE IK3eMILIApoB kiacca Match npu Bei3oBe merona Match u mo-
creayronmx BbI30BoB Metoaa NextMatch. B cBoro ouepess, coBmajeHue comaep-
XUT KoJutekimto Tpymm 3amcu GroupCollection, momyyaemyto npu BbI30BE METO-
na Groups. A xaxnmas TpyIna 3amucd  COACPKUT KOJUICKIIMIO 3aXBaTOB
CaptureCollection, monydaemyro npu Bbi3oBe Meroaa Captures. B kaxmoit koJ-

JIEKIIUU eCcTh cBoiicTBO Count, Bo3Bpaliaroiiee KOJUYEeCTBO DJIEMEHTOB KOJIJIEK-
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MK, a TAKKC MHACKCATOP AJIA AOCTYyIIa K OTACJIBbHBIM 3JICMCHTAM KOJUICKIIMU I10

UHJIEKCY.

Matches()

MatchCollection

v

Regex

Match() M;tch

Groups()

v

GroupCollection

Captures()

A 4

Group

! Captures()

A

CaptureCollection

A 4

Capture

Pucynok 4.4 — Cxema 06paOOTKH COOTBETCTBUH MPH HCIIOIB30BaHUHU Kiacca Regex

[Tpumep xona Ha si3bike CH#:

Regex r new Regex (@" ((\d)+)+");
Match m = r.Match("123 456");

int matchCount = 0;

while (m.Success)

{

Console.WriteLine ("CoorBeTrcTBMe {0}", ++matchCount);
for (int 1 = 1; i < m.Groups.Count; i++)
{
Group g = m.Groups[i];
Console.WriteLine (" T'pynna {0} = "{1}'", i,
g.Value) ;
for (int j = 0; j < g.Captures.Count; j++)
{
Capture ¢ = g.Captures[j]:;
Console.WriteLine (" SaxpaTr {0} = "{1}"',
nosuuua = {2}, moimmuHa = {3}", j, c,
c.Index, c.Length);
}

}
m = m.NextMatch();
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HeoOxoanmo Takke MOAKIIOYUTH MPOCTPAHCTBO MMEH, B KOTOPOM OIHMCAH
kiacc Regex (System.Text.RegularExpressions). 'pynmna ¢ uHIEKCOM
0 Bcerma COACP)KUT TOJHBIM TEKCT BCEX 3aXBAaTOB I'PYIIIBI, TIO3TOMY B IPUMEPE
MIPOCMOTP TPyNI HaunHaeTcs ¢ uHaekca 1. [locne BBIMONHEHHS JaHHOTO KOJIa IM0-

JYy4YUM CJIEAYIOIIUNA PE3YNIbTaT:

CoorBeTcTBUE 1

Tpynna 1 = '123"
Baxpar 0 = '123', nosuumga = 0, miamHa = 3
Tpynna 2 = '3"
Baxgar 0 = '1l', nmozmumsa = 0, mamHa = 1
BaxpaT 1 = '2', nozuumga = 1, mamHa = 1
3axBaT 2 '3', mosuuusa = 2, niamHa = 1
CooTBeTCTBUE 2
Tpynna 1 = '456"
Z3axsaT 0 = '456', nosmuumsa = 4, niamHa = 3
Tpynna 2 = '6"'
BaxparT 0 = '4', nosumumsa = 4, niamHa = 1
BaxparT 1 = '5', nmosuumsa = 5, mimHa = 1
BaxBaT 2 'e', mosuuMa = 6, mauHa = 1

Wtak, B cTpoke ObUIO HalAEHO 2 COOTBETCTBHS M3 IMOCIEIOBATEIBLHOCTEH
ojxHOM M Oojee mudp. B perymsapuom Beipaxennn «((\d)+)+» rpymmer aBe: oxHa
onuchiBaeT otaenbHble 1Udpbl (\d), mpyras mocnemoBatensHocTH 1Hdp ((\d)+).
[TosTOMy B KaXJIOM COBIIaJCHHH JBE IPYIMIbI — OJHA COACPKUT €IUHCTBEHHBIM
3aXBaT CO BCEH MOCIEAOBATEIBHOCTHIO IUPP, a Apyras — 3aXBaThl C OTACIbHBIMU
udpamu.

Kiacc Regex MOXHO MCIOJIb30BaTh U B APYTUX SA3bIKAX, MOICPKUBAIOIINX
ouommotexky .NET. Hampumep, ecniu B Visual Studio BeiOpath co3maaHue MpoekTa
«Visual C++/CLR/Konconsnoe npunoxkenre CLR», To cuHTakcuc Ha s3pike C++

CLI (momuduxkarms s3pika C++ s padotel ¢ .NET) Oyaer cineayronmm:

int main ()
{
Regex "“r = gcnew Regex (L" ((\\d)+)+");
Match "m = r->Match (L"123 456");
int matchCount = 0;
while (m->Success)
{
Console: :WriteLine (L"CoorBercrBue {0}", ++matchCount);
for (int i = 1; i < m->Groups->Count; i++)
{

Group g = m->Groups[i];

76




Console: :WriteLine (L" T'pynona {0} = "{1}'", 1i,
g->Value) ;
for (int j = 0; j < g->Captures->Count; j++)
{
Capture “c = g->Captures|[j];
Console: :WriteLine (L" SaxsaTr {0} =
'{1}', mosuuma = {2}, mmmua = {3}", 7,
c, c—->Index, c->Length);

}

}
}

return 0;

[lepen sTuM HEOOXOIUMO TAKXKE MOAKIIOYUTH MPOCTPAHCTBO UMEH, B KOTO-
pom omucaH kiacc Regex — System: :Text::RegularExpressions. B
JIPYTUX Cpelax U SI3bIKaxX CMHTAKCHUC, COOTBETCTBEHHO, OyJeT aApyruM. C MOJHBIM
CIIUCKOM CBOWCTB U METOJOB PACCMOTPEHHBIX KJIACCOB MOXHO O3HAKOMMTBLCS B
CIIPaBOYHOI CUCTEME UCIOB3YyeMOU cpefibl pa3padoTKu. B manbHeiemM Bce npu-
Mephbl KoJla OyIyT JaBathbes Ha sizbike CH.

PaccmoTpum HamboJiee 4acTo UCIHOIb3yEMbI€ YJIEHBI PACCMOTPEHHBIX KJIac-
COB.

1. Konctpykropsl ki1acca Regex:

Regex (string pattern)
Regex (string pattern, RegexOptions options)

3nech «patterny — mabnon PB, «optionsy» — onmuu (Tab:m. 4.2). ®naru
— 9TO OMNIHUU IS OTACIBHBIX TPYII, IEPEYUCICHHbIC B Ta0. 4.1, COOTBETCTBYIO-

A€ HEKOTOPbIM onuusiM PB.

Tabmuua 4.2 — Onun KOHCTpYKTOpa Kinacca Regex

Onuun ®naru Onucanue
None [ToBeneHne o yMOJTYaHUIO
IgnoreCase [ CormnocraieHue 06e3 ydera perucrpa
Multiline m MHOTOCTPOUYHBIIA PEKUM
Singleline S ORHOCTPOYHBIN PEeKUM
ExplicitCapture n He 3axBaTbiBaTh HCMMEHOBAHHBIC TPYIIITHI
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Compiled Kommnunuposats PB B cOopky

IgnorePatternWhitespace X HckimounTh He TpeoOpa3oBaHHbIC B €SCape-
MIOCJIEI0BATEIBHOCTD MPOOEIIBHI U3 MabdI0Ha

" BKIIIOUYUTH KOMMCHTApHUHU I10CJIC 3HAKa

HOMepa (#)

RightToLeft [Touck crpaBa HajJIeBO

ECMAScript Bximrouaer ECMASCript-coBmecTiMOe 110-
BEJICHUE JIUISI BBIPAXKCHHUS

Culturelnvariant WrHOpHpOBATH pErHOHAIBHBIC PA3INIHs B
SI3BIKE

[Ipu BBI30BE KOHCTPYKTOPA MOTYT TCHEPHUPOBATHCS CIICTYIOIINE HCKITIOYEC-
HUSL:

— ArgumentException — ommOKa CHHTAKCHYECKOTO aHAJIHW3a PEryJIIpHOTO
BBIPAKCHU A,

— ArgumentNullException — 3HaueHune pattern = null;

— ArgumentOutOfRangeException — 3HadyeHHe «options» COMECPKHT
HEJIOMYCTUMBIH (iar.

2. DK3eMIUIpHBIE METOIBI Kitacca Regex:

string|[] GetGroupNames (); // BO3BpamaeT MacCUB MMEH TPYIIII
int[] GetGroupNumbers(); // BO3BpamaeT MAaCCHB HOMEPOB TPYIII
bool IsMatch(string input); // oOHapyXeHO JI1 COOTBETCTBUE
bool IsMatch (string input, int startat);

Match Match(string input); // nouck nepBOr0 COOTBETCTBUS
Match Match (string input, int startat);

Match Match (string input, int beginning, int length);
MatchCollection Matches (string input); // nouck BCex
COOTBETCTBUM

MatchCollection Matches (string input, int startat);

string Replace (string input, string replacement); // 3ameHa
string Replace(string input, string replacement, int count);
string Replace(string input, string replacement, int count, int
startat);

string[] Split(string input); // pasnmenser CTPOKY B MNO3ULUSAX,
onpeneJyieHHBIX mabjoHoM PB

string[] Split(string input, int count);

string[] Split(string input, int count, int startat);

3. Cratuueckue MeTobl Kiacca Regex:
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static string Escape(string str); // npeoBpas3yeT CUMBOJEL «\»,
KF», «+», «?», «|», «{«, «[«, «(«, «)», «», «S», «.», «¥» u

« », BaMeHss UX escape-KoIamu

static bool IsMatch (string input, string pattern); // oBHapyxeHO
Y COOTBETCTBUE

static bool IsMatch(string input, string pattern, RegexOptions
options) ;

static Match Match (string input, string pattern); // nowuck
[IEPBOTO COOTBETCTBUS

static Match Match (string input, string pattern, RegexOptions
options) ;

static MatchCollection Matches (string input, string pattern); //
IIOMCK BCEX COOTBETCTBUM

static MatchCollection Matches (string input, string pattern,
RegexOptions options);

static string Replace(string input, string pattern, string
replacement); // 3amMmena

static string Replace(string input, string pattern, string
replacement, RegexOptions options);

static string[] Split(string input, string pattern); //
pasmesseT CTPOKY

static string|[] Split(string input, string pattern, RegexOptions
options);

static string Unescape (string str); // IllpeobpaszyeT BCce escape-
KOIOBL O@paTHO B CHUMMBOJIBL

4. CpoiictBa kiacca Capture:

int Index; // mo3uuMsa B MCXOIOHOM CTPOKE
int Length; // mnuHa noOOCTPOKM
string Value; // 3axBadeHHas MNOACTPOKa

5. CeoiictBa kiacca Group:

CaptureCollection Captures; // KOJJIeKUMS 3axBaTOB
bool Success; // ychnemHo Ju COBHaIeHUE

Taxoke kmace Group HacnemyeT cBoiicTBa kiacca Capture. Ilpu sTom mo3u-
U ¥ JUIMHA 3aXBAYCHHOHN IMOACTPOKH COOTBETCTBYIOT IOCICAHEMY 3axBaTy B
rpyIIIe.

6. Unensl kitacca Match:

static Match Empty; // nycras rpynna (eciaum match == Match.Empty,
COBIIaIeHMe He HaMIeHO)

GroupCollection Groups; // KOJNJIEKLUS IPYI

string Result (string replacement); // 3aMeHa ykasaHHOTO MmabJIOHa
Match NextMatch(); // ciemymiuee COOTBETCTBUE
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Taxoxe xmacc Match nacienyer cBorictsa kiacca Group. I[Ipu aTom mo3uius
U JUIMHA 3aXBAaY€HHOU MOJCTPOKH, a TaK)Ke KOJUICKIUS 3aXBAaTOB, COOTBETCTBYIOT

NIEPBOIL TpyIINE B COBMAJICHUU.

4.4 BKJIYOUEHHME JIJEHCTBUH U IOUCK OIIUBOK

Kak TakoBoe, BKIIIOUEHUE NEUCTBUNA B CUHTAKCUC PETYJIAPHBIE BBIPAKECHUS
He nojanepkuBaroT. Ecin kakue-nmnbo koHCTpykuuu PB TpeOyroT BbIIIOJIHEHUS
JOTIOJTHUTENBHBIX JEHCTBUM, TO UX BKIIIOYAIOT B IPYIIbl (0OBIYHO HIMEHOBAHHBIE),
U 3areM oOpabaThiBaloT otaenbHO. Hanpumep, BcnomHum PB, omnuceiBaromiee
YUCNO ¢ (PUKCUPOBAHHON TOUKOM:
(s +e)(pd” +d*(pd” +€)),
rmes="++"-,p="",d="0+"1+2'+3+4+'5+'6+'7+'8+'0.

Ecnu ero nepenucars B TepMunax PB knacca Regex, momyunm crienyroniee:

S =\+-
p=\
d=\d

s+e=5?=(\+-)?
pd” +e = (pd")? = (\\d*)?

Nroro nmeem:

@" (\+-)?2(\\d+\d+(\.\d*)?)".

JlanHblil 11a0JI0OH MO3BOJIUT HAWTH BCE 4YUCia ¢ (PUKCUPOBAHHON TOYKOU B
HEKOTOpO# BXOJHOM 1enouke. Ecau ke HeoOXoauMo yOeauThCs, YTO BXOIHAS 11e-
MOYKa COACPKUT TOJbKO TaKOE YMCIIO, JOOABUM €Ile MapKephl Hayaja MU KOHIA
CTPOKHU:

@"M(\+-)?(\\d+\d+(\.\d*)?)$"

[Torpobyem Temepb OrpaHUYUTH YUCIO LUQPP B MaHTHUCCE BOceMblo. Jlis
3TOro Bee MU(PhI 3aHECeM B CieNUalbHYI0 Tpyminy ¢ umenem digit. Ecnu B manHO#M
rpymIe oKaxeTcs: O0ybllIe BOCBbMHU 3JIEMEHTOB, TO MO3UIIMS JIEBIATOrO AJIEMEHTAa B

UCXOJIHOM CTpOKe Oy/ieT Mo3uluen OmmnOKu:

Regex r = new Regex (A" (\+|=-)2(\.(?'digit'\d)+]| (?'digit'\d)+
(\. (?2'digit'\d)*)?)8");
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Match m = r.Match ("+1.23456789");
if (m.Success)
{
Group g = m.Groups["digit"];
if (g.Captures.Count < 9) Console.WriteLine ("OK");
else Console.WritelLine ("Oumbxa B nozwumum {0} : MaHTHCCA
comepxmuT OoJblle 8 3Hauvammx Luop",
g.Captures[8].Index + 1);
}
else
Console.WritelLine ("CTpoka He COIEPXUT UMCIIO C OUKCUPOBAHHOM
Toukom") ;

3amMeTuM, TO BO BTOPOM Ciydae, KOTJa B CTPOKE CHHTaKCHYECKasl OIIMOKa
(manpumep, «+1.23451678»), undopmaiys 0 MO3UIMK OMMOKM Ha KOHCOJIb HE
BBIBOJUTCS. Jlesio B TOM, YTO €CJIM COBMAaJIeHUE HE ObLIO HaiIeHO, TO OIIMO0YHOI
CUMTAETCS BCS CTpOKa. YTOOBI ONpENeanTh MO3UIUIO0 OMIMOKH, HEOOXOUMO TILA-
TeJNbHO MpoayMath cTpykTypy PB. Hanpumep, 1 oOHapyx eHHUs OIIMOKU B CTPO-

kax tuna «+1.23451678» nmm «!1.2345678» MOKHO TPEII0KUTh CICTYIOMNNA KO/

Regex r = new Regex (@" (\+|-)2(\.(?'digit'\d)+]| (?'digit'\d)+
(\.(2'digit'\d)*)?)");
string str = "+1.2345!678";
Match m = r.Match(str);
if (m.Success)
{
Group g = m.Groups["digit"];
if (g.Captures.Count < 9)
{
if (m.Index > 0) Console.WritelLine ("Oumbka B no3uUMM 1 :
HeoxmpoaHHuet cuMmBost '{0}'", str[0]);
else if (m.Length < str.Length)
Console.Writeline ("Oumbka B nosmumm {0}:
HeoxumaHHue cuMmsoJ '{1l}'", m.Length + 1,
str[m.Length]);
else
Console.WriteLine ("OK") ;
}
else Console.WritelLine ("Oumbka B nosuumm {0}: MaHTHCCa
comepxmuT Oosblle 8 3Hauvammx Uudp",
g.Captures[8] .Index + 1);
}
else
Console.WritelLine ("CTpoka He CONEPXUT UMUCIIO C OUKCUPOBAHHOM
Toukom") ;
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3neck malI0H yKe HE MPUBSI3aH K HAYally U KOHIY BXOJAHOW LEMOYKH, HO
3aTeM IPOBEPSIETCS OTAEIBHO — COBMIAAAET JIM HAYaJIO MU KOHEL YHciia C (PUKCUPO-
BAHHOU TOYKOW C HAYAJIOM U KOHIIOM IIEMIOYKHU.

Taxum obOpazom, ctpykrypa PB gomkna ObITh Tako#, 4TOOBI HE MPOCTO MPO-
BEPUTH COOTBETCTBUE I1a0JIOHA BXOJHOM IIEMOYKE, HO HAUTH MaKCUMalIbHOE KO-
JMYECTBO COOTBETCTBUH, MYCTh Jlake€ YacTUYHBIX. Torma mosuuuen omubku Oy-
JeT:

1) mepBas mo3uiysi BXOJHOW 1ernouku (1), eciiu mepBoe COOTBETCTBUE HE
HaYMHAETCs ¢ no3uuu Index = O0;

2) mo3WIMsA, CIEAylolmas 3a IMOCICAHUM COOTBeTcTBHEeM (Index +
Length + 1), eciu OHa HE COBIAJACT C MOCIEAHEH MO3UIMEH BXOTHOM IET0Y-
KU;

3) mo3uIMs MEPBOro Pa3pbiBa MEKIAY COOTBETCTBUSMH, €CIIM CHMBOJI, CIIe-
JOYIOIIMI 32 IPeabIAyIUM COOTBETCTBUEM, HE SIBJIAECTCS NEPBBIM CUMBOJIOM CliE-

AYromicro COOTBCTCTBHA.

Hpumep:
Regex r = new Regex (A"\w+ (\.\w+)*");
string str = "abc.xyz.pgr";
MatchCollection m = r.Matches(str);
if (m.Count == 1 && m[0].Value == str)
Console.WriteLine ("OK") ;
else if (m.Count == 0)
Console.Writeline ("Oumbka B nos3mumm 1 '{0}'", str[0]);
else
{
int index = 0;
for (int 1 = 0; i1 < m.Count; i++)

{
if (m[i].Index > index) break;
index = m[i].Index + m[i].Length;

}

Console.WriteLine ("Oumbxka B noz3mumm {0} '{1}'", index + 1,
str[index]) ;

B nanHom npumepe omucaH maOjoOH AJisi CTPOK, COCTOSIIIUX U3 CUMBOJIOB
uaeHTugukaropoB (OykB U wudp), pasneneHHbIX Toukamu. [Ipumepbr pabOThI

JTAaHHOU ITPOTPaMMBI:
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— «abC.Xyz.pgr» — npaBHILHO;

— «+abc.xXyz.pqr» — ommbka B mO3UIUHA 1 («+»);

— «abc.xyz.pgr!» — ommoka B mo3unuun 12 («!»);

— «abc.xyz!.pgr» — ommoKa B mo3unuu 8 («!»).

OnHako 15 cTpoku «abc.Xyz.+pgr» manHas mporpaMMa cooOLIUT 00 OIImo-
K€ B MO3UINU 8 («.»), XOTs TOYKA CTOUT HA CBOEM MECTE, a HEMPABWIbLHBIM SIBIISI-
eTCsl YK€ CHEAYIOIUN 3HaK «+». J[eqo B TOM, 4TO ONMMCAHHBIA 1Ia0J0H TpeOyeT
0053aTeTbHOTO HAJIWYHUS CHMBOJIOB TIOCJIE TOYKH, MHAUY€ COOTBETCTBHE HE OYIET
HaWJICHO JUIA BCEW T'PYNIbI, BKIKOYasg TOUKY. MCIpaBuTh CUTyanuio MOXKHO Clie-
IyIoMM obpasom: 3ameHuTh madmon ctpokoi @\w+(\.\w+)*(\.(?!$))?". 3xech
nocineanss rpymmna «(\.(?!$))?» nomyckaer HajgMure TOYKH B KOHIIE COOTBETCTBUS,
HO HE B KOHIIE CTPOKH (MCIOJB30BAHO OTPHIIATEIHLHOE YTBEP)KIEHUE MPOCMOTpa
BIIEpET JUII MapKepa KOHIa cTpokH «$»). TakuM 00pa3oM, ¢ HOBBIM MIa0JIOHOM
UMEEM:

— «abc.xyz.+pqr» — ommbka B mo3uruu 9 («+»);

— «abc.xyz.pgr.» — ommobka B mosurwn 12 («.»);

— «abc.Xyz..pgr» — ommOKa B Mo3uIuK 9 (BTopas UayIias moAapsI «.»).

CymiecTBYIOT U APYTUe MOAX0 bl K OIIPEACIICHUIO IMTO3UITUN OIITHOKH :

1. HoGasnenue B mabion PB crenuanbHBIX TPyII, 3aXBaThIBAIOIIUX He-
MPaBUJIBHBIE TIOCTIEI0BATEIHLHOCTH CUMBOJIOB. 3aTe€M HEOOXO0IUMO MPOaHATU3UPO-
BaTh, UMEIOTCSA JIU B OTUX Tpymnmax 3axBarbl. Eciu ga, To mo3uius nepBoro 3axsa-
Ta 1 Oyaet mo3uiueit omuoOKu. Tak, 71 TpuMepa BhIIIE MOYKHO MTPEIIOKHUTH Cle-
JYIOIIWN 111a0JI0H:

@"M\w+|(?'error' [N ]H)((\\w+)|(\.(?'error' [Mw]+))|(?'error'\.$)|(?'error'.+)) *$"
Kak BumHO, 371€Ch YK€ MMEETCS MPUBSA3KA K Hadaldy M KOHITY IICTIOYKH, TaK Kak
m1abJIOH 3aXBaTHIBAET BCE CHMBOJIBI LIETIOYKH, U TIPABWIIbHBIC, U HEMPAaBWIbHBIC. B
JTAHHOM clTydae M1abJoH MOMYYIICs JUTMHHEE, YeM MPU MCTOIb30BAaHUH MMPOCMOT-
pa HyJIeBOH JUIMHBI, HO Ha TMPAKTUKE yI00HEee MOXKET OKa3aThCs JH00W M3 ITHX
MO/IXO/IOB, B 3aBUCUMOCTH OT aHAIU3UPYEeMOro s3bika. JInOO OH MOXKET OBITh TO-

JIE3€H B A3bIKAX, TJI€ peAIN3aLUs PETYISPHBIX BBIPAKEHUN HE MOIIEPKUBAET MIPO-
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CMOTpPBI HYJEBOM anuHbl. WTak, paccMOTpUM, YTO JAHHBIN IIA0JIOH 3aXBaTHUT B
rpyIy error:

— CHMBOJIBI B Ha4aJse [ETIOYKU MU [TOCTIe TOYKH, €CITU 3TO He \W;

— TOYKY, €CJIM OHA HAXOJUTCS B KOHIIE LICNIOYKY;

— Tro0Oble Hepa3pelIeHHbIE CUMBOJIBI (KPOME TOYKHU H \W).

Koa nporpammsi:

Regex r = new Regex (@"" (\w+| (?'error' [*.]1+)) ((\.\w+) |
(\. (?'error' ["\w]+)) | (?'error'\.$) | (?'error'.+))*3");
string str = "abc.xyz.pqr";
Match m = r.Match (str);
if (m.Groups["error"].Captures.Count == 0)
Console.WriteLine("{0}: OK", str):;
else

{

Capture ¢ = m.Groups|["error"].Captures[0];

Console.WritelLine ("Oumbxra B nmozmumm {0} '{1}'", c.Index + 1,
str[c.Index]);

}

Pe3ynbTaThl paboThl OYIyT UICHTUYHBI pe3yJibTaTaM JJisl IPEAbIAYIIEro Ba-
puaHTa paboThl C OTPULIATEILHBIM POCMOTPOM BIIEPEI.

2. 3axBaT MPaBUJIBLHON YacTH CTPOKH (OT €e Havayia) MpU MMOMOIIH TIPO-
CMOTpPOB Briepes Ui Hazaa. Vmes B ToM, 4TOOBI KaXk/1ass KOHCTPYKIIMS TIPOBEPsIa,
CTOWUT JIM OHAa HA CBOEM MECTe, MPU MOMOIIY MPOCMOTPOB BIEpPE] W/WIM Ha3a/l.
[To3urus nepBoi KOHCTPYKIIMH, CTOSIIIIEH HE HA CBOEM MECTe, U OyJeT Mmo3ulueit
omunOku. [l paccMaTpuBaeMOro mpuMepa MOXKHO TMPEIJIOKUTH CIICTYIOIIHA

1abJIOH PEryJIIPHOTO BBIPAYKEHHUS, PEATU3YIOIINI TaHHBIN TOIXOI:

Regex r = new Regex ("7 (((2<="[\.)\w+) | ((2<=\w) \. (2!8)))+");
string str = "abc.xyz.pgr";
Match m = r.Match(s);
if (m.Success && m.Length == s.Length)
Console.WriteLine ("{0}: OK", s);
else
Console.WritelLine ("{0}: ommbxra B nosmuumm {1} '{2}'", s,

m.Length + 1, s[m.Lengthl]);

B ma6none nmeeTcst mpuBs3Ka TOJIBKO K Hadally CTpoku. CTpoka COCTOUT U3
UJCHTU(HUKATOPOB U TOYEK, IPH ITOM HJICHTU(DHUKATOP JTOJDKEH pacIoyiaraTtbCs B
Hayayie CTPOKHU WJIM MOCJe TOYKH, a TOYKa — I0JIe CUMBOJIa UAeHTHUUKATOpa, HO
HE B KOHIIE CTPOKH.
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W T.0., MOXXHO NPEIIOKUTh U JIPYTrUe€ MOAXOAbl. JTHU MPUMEPHI €Ile pa3
MOTYEPKHUBAIOT, HACKOJIBKO BHUMATENIbHO HY>KHO MOJAXOIUTH K OMHMCAHUIO 1a0JI0-

Ha PB, YTOOBI IMpaBHUJIBHO OIIPCACIINTD ITIO3UITUIO OIINOKHU B CTPOKEC.

4.5 CBAJJAHCUPOBAHHBIE OIPEJIEJIEHUS

Brimie Opu1o ckazano, kak mpeoodpaszoBats JIKA B PB, HO HUYero He roso-
pusnocs mipo JIMITA. Kak BkiItoueHue AEHCTBHM B CHMHTAKCHUC, TaK W padoTa co
CTEKOM HanpsiMyro B PB HeBO3MOxkHA. MOXKHO JWIlIb, KaK U B MPEABIIYLIEM CIIY-
4yae, MMUTHPOBATH €€ C MOMOILBbI0 KOHCTPYKIHUI TPYNITUPOBAHHUS.

JIns IpOBEPKM PEKYPCUBHO BIIOKEHHBIX ONMMCAHUKA MOYHO HCIIOJIb30BaTh
TaK Ha3bIBaEMbIE cOAIaHCUposanHvle onpeoenenusi. B 3TOM ciiydyae HMEHOBaHHbIE
IPYIIIBI UTPAIOT POJIb CTeKa. Tak, KOHCTPYKIUs «(?'X')» mo0aBiseT B KOJICKIHIO C
UMEHEM «X» OJIMH 3JIEMEHT, a KOHCTPYKIHS «(?'-X')» yOupaer u3 KOJUICKIIHU «X»
OMH 1eMeHT. [103ToMy B KOHIIE OCTaeTCs JIMILb IIPOBEPUTH, YTO B KOJUIEKLIUU HE
octayioch meMeHToB — «(?(X)(?1)».

Torma s3pik L, omuceBarommii BJIOXKCHHBIC oOmepaTopbl s3bika Pascal
«begin end;» (cM. 1. 3.5) MOXKHO TIPEACTABUTH B BUJAE CICAYIOIIETO PETYJISIp-
HOT'O BBIPAYKEHHUS:

@"Ms*((?'begin'begin\s+)+(?'-begin'end\s*;\s*)+)*(?(begin)(?!))$"

3/1ech COINOCTAaBJICHUE HAYMHAETCS B Hadajle CTPOKH, IJ€ MOrYT pacroia-
ratbCsi IpoOesbl B MPOM3BOJIBHOM KOJMYECTBE. J{anee Bce BCTpeyaeMoe KIF0UEBbIe
cjioBa begin ¢ nocieaywmMMy npodeaamMu (Kak MUHUMYM, OJTHUM ), TTOMEIIAt0T-
cst B rpymiy begin. Kaxiaoe BcTpedaemMoe KiroueBoe CI0BO end C MOCIEAYIOIIeH
TOYKOM C 3amATol (OKPY>KEHHON MPOU3BOJBHBIM KOJMYECTBOM MPOOEIoM) youpa-
€T OJIMH DJIEMEHT W3 rpymmbl begin. Eciau B 9Toi rpymme npu 3TOM HE OKaXeTCs
AIIEMEHTOB (T.€. UMEETCs HemapHbI 3eMeHT end), TO MOJYYUM OIMIMOKY COIO-
cTaBjieHUs. B KOHIlE JienaeM JOMOJHUTENLHYIO TIPOBEPKY, YTOOBI B rpymme begin
HE OBUIO 3JIEMEHTOB (T.€. OTCIEKUBAEM CHUTYyalldd C HEMAPHBIMHU AJIEMEHTAMHU
begin). Takas ctpykrypa PB nact nuiib oTBET Ha BOIIPOC — SIBISICTCS JIM OTIHCA-

HHUC IIPAaBHIIbHBIM, HO HHWYCTO HE CKaXXCT O IMO3HMIUH OIIMOKU B HCIIpaBUJIbHOM
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OIIMCaHUH. I[J'IH MMOJIYUYCHHA IIO3UIHUHU OIHI/I6KI/I, KaK YiXK¢C OBUIO CKa3aHO BBIIIIC,

HEOOXO0MMO MPOIYyMaTh KOHCTpYKIHIo mabdiaona PB.
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5 PABOTA C KC-TPAMMATUKAMU

B AaHHOM pPa3aciIC OIMUCBIBACTCA ITPOIrpaMMUPOBAHNC CHHTAKCHUYCCKUX dHaA-

JIM3aTOPOB Ha OCHOBE KOHTEKCTHO-CBOOOIHBIX rpaMMaTk (KC-rpammaruk).

5.1 COCTABJIEHME MIPABIJI TPAMMATHK

CocrapneHue npaBujl IpaMMaTHK — Takas ke ciado (opmanu3oBaHHas 3a-
nada, Kak u cocrapieHue Gpynkuuu nepexonos JMII-aBTomara mnu peryaspHOro
BbIpaKeHUs. MOKHO HCIIONIB30BaTh T€ K€ PEKOMEHJIalluU, KOTOphIe ObUIM OIuca-
HBI BbIIIE i1 ocTpoeHus: pyHkiuu nepexonoB JMIIA. Tonbko BMecTo cocTosi-
HUM Oy/leM MOoJIy4aThb HOBbIE HETEPMHUHAIbl IPAMMATUKH, @ BMECTO MEPEXO0JI0B —
HOBBIE IPaBHJIA.

Onnako eciim mMmeercs GyHKIHsS mepexonoB 6 JIKA M = (Q, %, d, do, F),
MOXHO MOCTPOHTH COOTBETCTBYIOIIYIO € MpaBoimHeiHy0 rpammatiky G = (Q,
Y, P, Qo). T.e. HeTepMHUHATIAMH 3TOM TpaMMaTHKH sBIsitOTCS coctostHus JIKA (N =
Q), andaBuTel COBMANAOT, @ CTAPTOBBIM CUMBOJIOM sIBIIsieTCsl (o. [IpaBumiia rpam-
Matuku P popmupyrorces cienyronmm odpazom:

1) ecnu umeercs QyHkims nepexonoB o(Xi, a) = Xj, a€Z, To 100aBUTH B
rpaMMaTuKy npasuio X; — a Xj;

2) ecnm coctostHue X sBisieTcst KoHeuHbIM (XieF nam 8(Xi, 1) = HALT), To
100aBUTH B TPAMMATHKY TIpaBUiio X; — €.

HecnoxHo BBIMONMHUTH 00paTHOE AEMCTBUE — MPeoOpa3oBaTh MPABOJUHEH-
Hyto rpammatuky B JIKA.

Jist mpumepa paccmotpuM QyHkiuio nepexoaoB JIKA, omnuchIBaromero
4yucio ¢ GUKCUPOBAHHOM TOYKOM (Tabi. 3.5). Mcnonb3ys npuBeAEHHBIN BhIIIE aj-
TOPUTM, MOJYYUM IPAMMATHUKY CO CIEAYIOIMMHU MPAaBHIIAMH:

Jo—>+0qu|—01|.02]0-90s

ql—).CIz|0-9C]3

J2—> 0-9q4

s —>.0s[0-90s]e

Js—> 0904 €
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B nmpunnune, nmaHHas rpaMMaTtHkKa sBisercs KoppektHod  LL(1)-
rpamMmMatukoi. UtoOwl mosyunth 3 Hee LR(1)-rpammaruky, HEOOX0oauMo u30a-
BUTHCS OT E-TIPABUII:

Qo —>+0qu|—01]|.02]0-9[0-90s

J1—.02]/0-9|0-9qs

J2—>0-9]0-9q4

Js—.|.04/0-9]0-9qs

s — 0-9]0-9q4

[Tomyunmnm 1Ba OMMHAKOBBIX MTpaBHIIa, H30aBIIEMCS OT OAHOTO U3 HUX:

Go—>+0i|-01].02[0-9]0-9qs

di— . 02]0-9]0-9 qs

g2 — 0-9|0-9 q2

35— .|.092/0-9]0-90qs

O06e nosydeHHbIE TPAMMaTHKU MOXHO COKpamath u jnainee. CMbICT cokpa-
IICHUS TPAaMMATHK COCTOWT B TOM, YTO TE€M CaMbIM Mbl YMEHBIIIAeM pa3Mmep Tal-
JuIel pazoopa. To ects Tabauma Oynet ObICTpee CTPOUTHCS U OBICTPEE OCYIIECTB-
7sTh pa3dop. Hanpumep, st LL(1)-rpammaruku:

FIXED — SIGN MANT

SIGN—> +|—|e

MANT — . NUM | NUM FRACT

NUM — 0-9 NUM2

NUM2 — NUM | e

FRACT — .NUM2 | e

3nech mis yaoOCTBa YTEHHS TPaMMATHKH OBLIM BBEICHBI HETCPMUHAJIBI
«FIXED» nns uncna ¢ ¢pukcupoBanHoi Toukoi, «SIGN» misa 3aaka, «MANT» mis
MaHTHCCHI, «NUMy 17151 mociaenoBaTenbHOCTH M3 oHOM 1 Ooiee mudp, «NUM2y
JUISL TIOCTIeA0BAaTELHOCTH U3 Jto0oro kommuectBa uudp, «FRACT» nns npobHoiA
YaCTH YMCJIa, UMEIOIIETO 1eNyI0 4acTh. B urtore BMecto 34 cTpok B Tabmuie pas-

0opa ocranercs Toibko 27. s LR(1)-rpammaruku:
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FIXED — SIGN MANT | MANT

SIGN —» +| -

MANT — . NUM | NUM | NUM . | NUM . NUM

NUM — 0-9 | 0-9 NUM

B nanHOM ciydae koaudecTBO cocTostHui ymeHbmuTes ¢ 20 1o 16.

Berimie Ob110 cka3aHo, Kak cBsi3aHbl rpamMMatuku u JIKA, HO HUYero He ro-
Bopuiochk npo JIMITA. Boo6iie, cama 1o cebe rpaMMaTiKa MaHUITYJISIIMA CO CTe-
KOM (Mara3uHOM) HE COAEPKUT. B 3TOM mpocTo HET HEOOXOAUMOCTH, T.K. TpaMMa-
THKa TI0 CBOEH CYTH SIBJIIETCS PEKYPCHUBHBIM OMUCaHUEM si3biKa. CTEK HCIONb3Y-
€TCs JTUIIb Ha dTare pazdopa no tadauiie.

Hampumep, st si3plka, OMUCHIBAIONIETO HUECHTU(UKATOP, 3aKIIIOUCHHBIA B
cko0ku (tabut. 3.7), LL(1)-rpamMmmaTiKa CTPOUTCS JOCTATOYHO MPOCTO:

ID—> LETTERTAIL | (ID)

LETTER » _|a-z| A-Z

TAIL — LETTER TAIL | 0-9 TAIL | e

CootsetctBenHo, LR(1)-rpamMmaTrika OyeT cieayrolei:

ID > LETTER |LETTER TAIL | (ID)

LETTER »> _|a-z| A-Z

TAIL — LETTER TAIL | 0-9 TAIL | LETTER | 0-9

5.2 BKIIFOYEHME JJEUCTBUM B CHHTAKCHUC

Kak yxe oTMeuanoch, 1eCTBUSA B CHHTAKCUYECKUI aHAIN3aTOP (KOHEYHBII

apromaT win KC-rpaMMaTiKy) BKIIOYAIOTCS B CIEAYIOIIEM BUJIE:
(A1), (A2), ...

Hamnpumep, ecnu Mbl XOTHM OTpaHUYHUTh KOJWYECTBO 3HAYAIIUX LUPDP B
qrcie ¢ PUKCUPOBAHHOW TOYKOM, moay4uM cienyromlyto LL(1)-rpammaruxy:

FIXED — SIGN MANT

SIGN—> +|—|e

MANT — . NUM | NUM FRACT

NUM —> 0-9 (A;) NUM2
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NUM2 — NUM | e

FRACT —» .NUM2 | e

LR(1)-rpamMmMaruka OyaeT CleAyrOmeH:

FIXED — SIGN MANT | MANT

SIGN - + |-

MANT — . NUM | NUM | NUM . | NUM . NUM

NUM — 0-9 (A1) | 0-9 (A1) NUM

JleiicTBue, o cpaBHEHHIO C Tabi. 3.6, 711 IPOCTOTHI OCTABJICHO JIMIIIB OHO:
(A1) — yBenuueHue cueTynka 3Havanmx nudp Ha 1 (count := count + 1) u mposep-
ka: ecau count > N, roe N — MmakcumanbHOE KOJUYECTBO 3HAYAIIMX HUdp, TO mepe-
BecTu aHanuzatop B cocrosinne ERROR. Muunmanuzanuio cueTymka 3HayaIimx
udp 3ravenreM 0 (count := 0) HeoOX0AMMO BBITIOJIHUTH TIEpPE] HauajaoM pazoopa.

CoOOTBETCTBEHHO, MMPU YTEHUU TPAMMATHUKH U TIOCTPOCHUH TaOJIMIIBI pa3dopa
HEO0OXOMMO Y4€CTh, UTO 3aKJIIFOYCHHBIC B YTJIOBbIE CKOOKH CUMBOJIBI HE SIBIISTFOTCS
syleMeHTamMu nipaBwil. Ho B stueiiku TaOauipl onn nmonagaroT. T.e. B LL(1)-tabnuie
HOSIBUTCS €Ille OJWH CTOjOeIr aelcTBuil, a B suciike LR(1)-tabmuipl qomonHu-

TEJIbHOE 3HAYEHHE — UAECHTU(UKATOP AEUCTBUS.

5.3 PA3EOP IO CUMBOJIAM U 1O JJEKCEMAM

Bce, uto ObUIO CKa3aHO MPO MOCUMBOJBHBIN pa3dop U pazdop Mo JeKcemMam
s JIKA u JIMITA B 1. 3.4 u 3.5, BeprHo u jist KC-rpammaruk. To ecTh pazoop
MO’KHO OCYHIECTBJISATH JIMIIb MOCUMBOJBHO (YTO, €CTECTBEHHO, MPUBOAUT K yBe-
JMYCHHUIO TPaMMATHKHU U TaOJIUIIBI pa3dopa), 1Mo JeKceMaM (€Cu BXOJHas [EeTT0YKa
NpeacTaBisgeT coOO0M MOTOK (PUKCUPOBAHHBIX KIHOYEBBIX CIIOB), TMOO B CMEIIaH-
HOM PEXHUME.

[Ipy mocuMBOIBLHOM pa3dope Bce CHUMBOJBI BXOTHOW IEMOYKH, BKIIOYAsS
CHUMBOJIBI-PA3/ICIIUTEIIN, BXOAAT B ajdaBur rpammatuku. Hampumep, LL(1)-
rpaMMaTHKy JJIs si3bika L, omuchIBaroIero BIOKeHHBbIE oreparopsl s3bika Pascal
«begin end;» (tabn. 3.9), MIOCUMBOJIBFHO MOXHO 3alKCaTh CIEAYIOIUM OOpa-

30M:
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PASCAL — SE BE

BE—>beginSBEendSE;PASCAL | $

S — #9 SE | #10 SE | #13 SE | #32 SE

SE—>S|$

3nech «BE» — 310 BrokeHHBIE onepaTopsl begin/end, «S» — mocieaosa-
TEJIBHOCTh U3 OJHOTO U 0OJiee CUMBOJIOB-pasiienuTenei (Tadyssuui, nepexoioB
Ha CJEIYIOIIYI0 CTPOKY, BO3BPATOB KapeTku M mpobenoB), «SE» — mocrnemosa-
TEIBHOCTh M3 MPOU3BOJBHOIO KOJMYECTBA CUMBOJIOB-pazaenutencii. CaMu cuM-
BOJIBI-pa3JeNUTENN 0003HAYEHBI PEIIETKON ¢ KOJIaMU CUMBOJIOB, IPU NMPOTPAMMH-
pPOBaHUU T'PAMMATHUKU MOKHO BBIOPATH JIIOOBIE ApyTrue 0003HAUEHUS], HE KOH(DIUK-
Tylolue ¢ al(aBUTOM s3bIKa M IPYIMMH criencuMBoniaMu. CHMBOJ MyCTOM Iie-
MOYKH B JaHHOM cCiliy4ae 00O3HaueH Kak «$», Kak pa3 ¢ TOH IeNbl0, YTOOBI HE
KOH(JIMKTOBATH C CUMBOJIOM «€», BXOJSAIINM B andaBuT si3bika. [lomydaem Tabmau-
1y pa3bopa, coctodiyo u3 35 cTpok. Ecnu ucnoiabp3oBaTh alroOpuTM, YCTPaHSIO-
mwii e-npasmia, monyunm LR(1)-rpaMmmaruky

PASCAL —» S| SBE | BE

BE —>beginSBEendS; PASCAL

BE —>beginSBEend;PASCAL

BE >beginSendS; PASCAL

BE >beginSend; PASCAL

BE—>beginSBEendS;

BE—>beginSBEend;

BE >beginSendS;

BE—>beginSend;

S—>#I9S|#10S|#13S|#32S | #9 | #10 | #13 | #32

Onnako:

1. Ilpu TakOM «MEXaHUYECKOM» MOAXO0/I€ CTPYKTYpa rpaMMaTUKH OKa3bIBa-
eTcsl Jajieka oT uaeanbHOu. [Ipu mocTpoeHun TaOIUIBI MBI TTOTYyYUM 78 pa3iud-

HBIX COCTOSIHUW aHaJIn3aTopa.
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2. B uuctom Buje, rpaMMatuku Tuma LR He mo3BOMSIOT ONMUCHIBATH S3BIKH,
COJIep KaIIie MycThle IeNOYKd. B JaHHOM ke ciyyae BXOJHAs IETIOYKa MOXKET
ObITh mycToi. [loaToMy TabmuIly pazdopa HEOOX0AMMO MOAUPUIIMPOBATE (CM. TI.
5.5.3).

Moaudukaius rpaMMaTHKU MO3BOJIIET YMEHBIIUTh KOJTUYECTBO COCTOSTHUM
1o 55:

PASCAL — BE | BES

BE >beginBESendES

BES —> S|SBE

ES—S;|;|S; PASCAL |; PASCAL

S—>x9|x10|x13|x32|SS

Ecnu xe pazbop OyaeT npou3BOAUTHCA IO JIEKCeMaM, pa3Mep TaOaull pe3Ko
ymenbiutes. Tak, ams cneayromerd LL(1)-rpammatuku:

PASCAL — begin PASCAL end ; PASCAL | $
B Tabnuie pa3dopa Oymer Bcero 8 cTpok, a B cooTBercTByromeid LR(1)-
rpaMMaTuKe — Bcero 18 cocTosHui:

PASCAL — BE

BE — begin BE end ES

BE — begin end ES

ES > ;BE|;

Ho ang aToro B mporpamMmme HE0OX0IMMO peaau30BaTh JEKCUUECKUI aHaH-
3aTop, pa30MBarONIMil BXOJHOM MOTOK CHMBOJIOB Ha JIEKCEMBI (CM. I1. 3.5).

Bonee cioxHbIi cinyyait — cMemaHHbIN pa30op, KOraa oJfHa YacTh TePMUHA-
JIOB TpaMMaTUKH (CUMBOJIOB ajipaBUTa) SIBISETCS JIEKCEMaMH, a JApPyras 4acThb —
OTJENBHBIMU CUMBOJIaMU. B 3TOM cilydae B mpaBujiaXx TpaMMaTHKH BCTPEUYAIOTCS
TPHU BO3MOKHbBIE CUTYaIUU:

1. Curyanwsi, Korjaa CUMBOJIBI-Pa3IeIUTENN B JTaHHOW MO3UIIMK HEOOXOIH-
MBI (Hampumep, U OTJEICHUS KIFOUEBBIX CJIOB JIPYT OT APYyTra, KIFOYEBBIX CIIOB

OT UJEHTU(DUKATOPOB U T.11.);
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2. Curyanus, Korja CUMBOJBI-pa3fAeNUTENd B JAHHOW IMO3UIUHU JOMyCKa-
I0TCS, HO UX HaJIM4Ke HEe 0053aTeNbHO (HalpuMep, BOKPYT 3HAKOB IMyHKTYalUN);

3. Cutyanus, Korga CHMBOJIBI-PA3/IE€IUTENN B JaHHOW MO3UIUH HEJOIY-
CTUMBI (HalpuMep, BHYTPH HICHTU(UKATOPOB WIH KITFOUEBBIX CIIOB).

JUig mpaBWIIBHOM 00pabOTKM B MPOrpaMMe BCEX 3THUX CHUTYyalUil, TOMHMO
pa3ouTus andaBuTa CUMBOJIOB BXOJIHOM LIEMOYKU HA TPU MOJMHOXKECTBA, HEOOXO-
JUMO TaKKe BBIJCIHUTH IpaBUja, MpPU pa3dope KOTOPBIX HAIMYUE CHMBOJIOB-
paszenuresneil BO BXOJHOM LIEMIOYKE HEAOMYCTUMO (HalpUMep, 3TO MpaBuiia, ONu-
CBIBAIOIIME UECHTU(PUKATOPHI, YUCIIA U JPYTUE JIEKCEMBbI, HE SBISIONIUECS KITIoUe-
BBIMHU CJIOBaMH). JTO TpeOyeT JOMOJIHUTEIBLHOTO YCIOXKHEHUS IpailBepa CUHTaK-

CHYCCKOI'O aHaJInu3aTopa.

5.4 LL(1)-TPAMMATHUKH
5.4.1 OBIIMUE ONPEJAEJEHUSI

I'pammatukoit Tuna LL(1) HaseiBaeTcs yerBepka G = (N, Z, P, S), roe

— N — KOHeYHOE MHOKECTBO HETCPMHUHAJIOB,

— X — Hemnepecekaromeecs ¢ N KOHEYHOEe MHOKECTBO TEPMUHAJIOB,;

— P —koneunoe nmoaMuoxkectBo MHOxkectBa Nx(NUZX)®, smement (A, o)
MHOKeCTBa P Ha3bIBaeTCS MPaBUIIOM U 3aMKUChIBaCTCS A—a;

— S —BoIgeneHHbIN cuMBON M3 N, Ha3blBacMbIi HAaYaJIbHBIM (CTAPTOBBIM,
MCXOJIHBIM) CHMBOJIOM.

LL(1)-rpammatuky G = (N, X, P, S) MoXHO 3a7aBaTh JIUIIb MHOXCCTBOM
IIPABHJI TP YCJIOBHH, YTO MPABHIIA CO CTAPTOBBIM CHMBOJIOM B JICBOM YacTH 3allu-
CaHbl IepBbIMU. Toraa:

— Herepmunanamu N OyayT Te 3J€MEHTBI IpPaMMAaTHKH, KOTOpbIE BCTpeya-
IOTCSI CJIEBA OT 3HaKa BHIBOJIA B TIOPOKIAIOIIMX TIPABHIIAX;

— Tepmunanamu X OymyT BCE OCTAJbHBIC AJIEMEHTHI I'PAMMATHUKH, 33 WC-
KJIIOYCHHEM CHMBOJIA ITyCTOM ICTIOYKH €;

— CrapTOBBIM CHMBOJIOM TpaMMaTHKH S OyJeT HETEpMUHAI M3 JICBOW Ya-

CTH IICPBOI'0 MOPOKAAIOIICTO ITPpaBrJIa.
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I'pammaturka npeacTaBisieT co00il OTHOMEPHBIA MACCUB CTPYKTYP CJIE€IYIO-
1Iero BUIA:

declare 1 RULE,

2 left string,

right LIST,
actions LIST,
mark left int,
mark right int,

start LIST,

D DN

follow LIST,
2 terms LIST;
declare GRAMMAR (N) RULE;

Kaxnas cTpykrypa COOTBETCTBYET IpaBUly rpaMMaTHKH, a N — KOJIMUYeCcTBO Ipa-
BWI. 31ech LIST
declare 1 LIST,
2 term string,
2 next pointer;

ITone «1left» cOOTBETCTBYET HETEPMHUHAILY B JIEBOM YacCTH MpaBuia, MOJIE
«right» — cInMCKy 3JIEMEHTOB MPABOM 4YacTH IIpaBMiIA, «actions» — WIEHTHU-
(buKaTOphl ACUCTBUHN NI COOTBETCTBYIOLIMX 3JEMEHTOB MPABO YacTH MpaBUIIA,
«mark left»— METKe JEBOM YaCTH MpaBuiia, «mark righty» — MeTke nepBoro
JJIEMEHTA MPaBOW YacTH IpaBuia, «starty», «follow» U «terms» — MHOXe-
CTBAaM MNPEAIIECTBYIOIIMX, MOCIECAYIOIINX Y HAIMpPaBIIOIIMX CUMBOJOB COOTBET-
CTBEHHO. T.e. uACHTU(UKATOPHI ACUCTBUI W3 MPaBUJI TPAMMATHKU YIASIIOTCS |

XPaHATCA OTACIBHO.

5.4.2 ONPEJEJIEHUE MHOKECTB HAIIPABJISIFOLIIAX CUMBO.JIOB

MHOKECTBO TEPMHHAIBHBIX CUMB0I08-Npedutecmeennuxos (0T aHriL. Start)
orpeeNsercs ciaeayrommumM oopasom [1, 5-7]:

aeS(o) < o =" ap,
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rae

— a— TepMHUHAaJI WK ITycTas 1emnouka, ac X {e};

— o ¥ B — NpOU3BOJIBHBIEC ICTIOYKH TEPMHUHAIOB H/HIH HETCPMHUHAJIOB, «,
Be(NUX);

— S(0) — MHOYKECTBO CHMBOJIOB-TIPEINICCTBEHHHKOB IIETIOYKH 0.

[Tycte mmeetcs memouka o = XiXz...Xn, T XieNUXu{e}. Torma mHOXeE-

CTBO CHUMBOJIOB-TIPCAIICCTBCHHUKOB

rie
) j‘eeS X;)reeS(X;),i<],
|njees(x,)i=12,..,
{e}] ees(x,),u_lz
i @‘GES(Xj)/\GES(Xi),iij.
T.e. K — 3T0 HOMEp MEepBOro CHMBOJIA IEMTOYKH, JIJIs KoToporo ¢ S(Xy). Eciu
’Ke TMycTas Iernodka npucyTcTByeT Bo Bcex S(Xi), 1 = 1,2,....n, to k = n. [lycras

IIEIIOYKa BOWIET BO MHOXKECTBO S(0) TOJILKO B TOM CiIy4ae, e i Jito0oro X, |
= 1,2,...,n, BeimonHsercs ycnosue e€S(X;). B atom ciayuae monygaem A = {e}, B
IPOTUBHOM citydae A = &,

JIJis HaXOXKJCHHUSI MHOYKECTBA CUMBOJIOB-TIPE/IIIICCTBEHHUKOB JIJIS JICBBIX Ya-
creii Bcex mpaBuwi rpammatukun G = (N, X, P, S) cymectByer cieayromui
HEPEKYPCUBHBIN aJITOPUTM:

1. Jlns Bcex mpaBuit rpammatuku (A—a) P monoxuts S(A) = .

2. Jlns kaxporo npaswia rpammatuku (A—a)eP 100aBUTh K MHOXKECTBY
S(A) snemeHTBI MHOXKECTBa S(0), MOJTyYEHHBIE TI0 TIPUBEACHHOM BhIIIE (hopMyIIe:

S(A) = S(A)US(a).

[Ipu 3TOM
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{Xi}| X eZu{e},
S(X;)= US(X;)| Xi eNA(X; >B)ePAX; =X,.

T.e. nnsg TepMUHANA WU IYCTOM IEMOYKM BO MHOXecTBe S(Xi) Oymer
JIUIITH OJTMH DJIEMEHT — JTaHHBIA TEPMUHAJ WIH ITyCcTas mnernodka. [yt HerepmMuHaia
MHOXeCcTBO S(Xj) mosydaeTcss myTeM OOBEAMHEHHUS BCEX MHOXKECTB CHMBOJIOB-
NPEIIIICCTBCHHUKOB T€X MPaBWJI TPaMMaTHKH, Y KOTOPBIX JaHHBIA HETEPMUHAI
CTOUT CJIeBa OT 3HAKa BBIBOJIA.

3. Ecau npu BeIMOIHEHUH I1ara 2 XOTs Obl B OJHOM MHOXecTBe S(A) 1o-
SBWJICSI XOTs Obl OJJUH HOBBIM 3JIEMEHT, BEpHYThCS Ha mar 2. MHave anropurwm 3a-
KaH4YMBaET CBOIO paboTy.

MHOXECTBO TEPMHUHAIBHBIX nocredyiowux cumeonos (ot auri. follow)
orpeensaeTcs cieayomum oopasom [1, 5-7]:

aeF(A) < 0Ap =" aAay,
rJe:

— a— TepMUHAJ WIK NMPU3HAK KOHIIA enodku, ac X J{L};

0, B 1 Y — MTPOM3BOJILHBIC IIETIOYKU TEPMHUHAJIOB ¥/MJIM HETEPMHHAJIOB, «,
B, ye(NUZ)

— A —unerepmunai, AeN;

— F(A) — MHOXECTBO MOCJICIYIONIUX CUMBOJIOB I HeTepMUHaa A.

Jlns mpaBuiia rpaMMaTHKH Buga B — oA Bo mHOXecTBO F(A) BXOAT 3I1e-
MEHTBI MHOXecTBa S(), KpoMme €, a eciu mociie HeTepMHuHaia A 1enoyka 3 MoxeT

3akaHuMBaTLCA (B =" €), TO TaKKe U >1aeMeHThl MHOKecTBa F(B):

N

JUIsl HAX0KJIEHNUSI MHOXKECTBA MOCIIEAYIOIINX CHUMBOJIOB JIJII HETEPMUHAJIOB
rpammaruku G = (N, X, P, S) cymiectByer cienyromniuii HepeKypCUBHBIH arOPUTM:
1. JIns Bcex HetepmuHaioB rpammatruku AeN monoxuts F(A) = . s

CTapTOBOro HeTepMuHaia monoxuts F(S) = {L}.
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2. JIns Kaxaoro BXOXKICHHS HeTepMHHAIa A B MPaByIO 4acThb MMOPOKIAr0-
mMx npaBui rpammatuky Buga (B — oAB)eP no6aButh k MHOXKeCTBY F(A) HOBBIE

AJIEMEHTHI, Hali/ICHHbIE 110 PUBEICHHON BhIIIE (hopMyIIe:

F(B)|p=eveeS(p),
| p=eneeS(B).

3. Ecau npu BBIIOJMHEHWH Iara 2 XoTs Obl B 0JJHOM MHOXecTBe F(A) 1o-
SIBWJICSI XOTs Obl OJTUH HOBBIN 3JIEMEHT, BEpHYThCS Ha mar 2. MHave anroputwm 3a-
KaHYMBAET CBOIO padoTy.

Ecmm A — HeTepMuHanI B JICBOM YacTH TpaBUIA, TO €r0 HANPAGIAIOUUMU
cumeonamu T(A) OyayT CUMBOJBI-IPSAIICCTBEHHUKH A U BCE CHMBOJIBI, CIICIYIO-

e 3a A, eciii A MOXKET TeHEPUPOBATh MTyCTYIO CTPOKY:

F(A)|eeS(A),
T(A)=(S(A)-{e})v
DleeS(A).

Jns rpammaruku tina LL(1) MHOMeCTBa HANpaBIISIONIMX CHUMBOJIOB JUISI
HOPOXKIAOIINX IIPaBUJI C OJMHAKOBBIM CHMBOJIOM B JIEBOW YaCTH HE JOJDKHBI ITe-
pecekarbesl. To ecTh, €Cl UMEIOTCS AJIbTEPHATUBBI TOPOKIAIOILIETO MPaBUJIA:

Al —> o
Az —> 02
An — an
n A1 = Ay = ... = A, COOTBETCTBEHHO, TO
T(A)NT(A) =D opu i #].
Jlist Hetepmunana A B mpaBoi yacT npasmwia B — aAf ero Hampasisrorniye

CHUMBOJIbI OIIPEACIIAIOTCA TaK:
(S(AB)~{e}) o F (B)[ e=S(AB).
S(AB)|eeS(AB).
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5.4.3 IIOCTPOEHUE TABJIULBI PA3BOPA

Tabauia pa3dopa (tadi. 5.1) B 001eM Bue npeacTapiseT co0oit ogHoOMeEp-
HBI MacCHUB CTPYKTYP CICIYIOIIETO BUIA:
declare 1 TABLEROW,
2 terminals LIST,
action int,
Jjump int,
accept bool,

stack bool,

N DN

return bool,
2 error bool;
declare TABLE (N) TABLEROW;
rae N — KoM4yecTBO CTpOK TaOMUIBI (MJIM KOJUYECTBO JIEMEHTOB IPAMMATHKH).
3nech LIST — MHOXKECTBO HAMPABJISIOMIUX CUMBOJIOB!
declare 1 LIST,
2 term string,
2 next pointer;
Kpome Toro, Bo Bpemsi pazbopa moTpeOyeTcs CTeK JJIsi XpaHEHHs aJ[pecoB

(HOMEpOB CTPOK TaOIUIIbI) BO3BpATA.

Ta6muma 5.1 — Ctpykrypa Tabmuibl pazdopa s rpammarik tTuna LL(1)

Ne | terminals | action jump accept stack return error

1

2

ANTOpUTM MOCTpOEHUsI TabJIUIIBI pa3dopa CJICTYOIIHIA:
1. PasmeTuth rpammartuky. [Ipu 3ToM mopsakoBbie HOMepa i€ M mpucBau-
BafOTCS BCEM DJICMEHTAM I'paMMATHKH, OT TIEPBOTO TMpaBuja K MOCICIHEMY, OT Jie-

BOT'0 CUMBOJIA K MpaBomy. [Ipn Hamuum y nopoKaroliero npaBuiia ajJbTepHATUB
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CHayaja HyMEpYIOTCS JICBbIC YaCTH BCEX alIbTCPHATUBHBIX IIPABHII, a YK€ 3aTEM UX
npaBble YacTh. Elle olHUM BaKHBIM TPeOOBaHWEM SIBJISICTCS TO, YTO BCE alIbTEp-
HATUBHBIC TIPABHUIIA JIOJDKHBI CJICIOBATH APYT 32 IPYTrOM B CITUCKE IPABHIL.

2. TlocTpouth nBa BcoMorareibHbIX MHOkecTBa M cM u MrcM. B niep-
BOC BKIJIFOUUTH IMOPSIKOBBIE HOMepa i€M 3J1eMEHTOB rpaMMaTHKH, PACIIOIOKCH-
HBIX B JICBOM YacTH TOPO’XKJIAIOIIECTO IpaBuia, BO BTOPOE — MOPSIAKOBBIC HOMEpa
AJIEMEHTOB, KOTOPHIMU 3aKaHYUBAIOTCS TIPABBIC YACTH TIOPOKIAIOIINX TIPABHIT:

M. = {i | Xi—>a)eP},
Mg = {j | (A—aXj)eP}.

3. IMocTpouTts TabmuILy, cocTOAMIyIO U3 cToyIOIoB terminals, action, jump,
accept, stack, return, error. Komu4uecTBo cTpoK TaOIUIBI OMPEACIACTCS KOJIHYe-
CTBOM 3JICMEHTOB BO MHOX@eCTBe M — IO OJHOM CTpPOKE Ha KaKIbIH 3JICMEHT
IrpaMMaTHKH.

4. 3anoHATH TYEUKU TAOIUIIBI.

4.1. Jlna HeTepMuHaia MHOXeCTBO terminals coBnamaer ¢ MHOKECTBOM
HAIPAaBIIIOMUX CHMBOJIOB. [l TepMuHama MHOXecTBO terminals Bxiouaer
JMIIb caM TepMmuHan. Jlms mycroil memoukw MHOkecTBO terminals coemamaet ¢
MHO>KECTBOM HAIPABJISIFOIITUX CHMBOJIOB COOTBETCTBYIOIIETO MPaBUiIa, y KOTOPOTO

JdaHHaiA IIyCcTasd OCIIOo4YKa CTOUT B HpaBOﬁ qacCTHu:

T(X)] X €N,

terminals; =< {X;}| X; €Z,

(X)) X, =ea(X; > X;)eP.

4.2. JlevictBue action coOTBETCTBYET NEHCTBUIO, XPAHUMOMY B CITUCKE
actions (cMm. m. 5.4.1) ayist aieMeHTa TpaMMaTUKH X;.

4.3. Tlepexom jump oOT HETepMHHAIAa B JICBOW 4YacTH NpaBHia
OCYILECTBIISIETCSA K NIEPBOMY CHMBOJIY ITPABOM 4acTH 3TOro mpasuia. llepexon or
HETEPMHHAJIA B IPABOW YAaCTH MPABUJIA OCYIIECTBIISETCA HA TAKOW K€ HETEPMUHAI

B JeBoM yacth. IlpuyeM ecim  WMeEeTCs  HECKOJbKO  aJbTePHATUB
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COOTBETCTBYIOILETO MOPOKIAIOIIErO MPABUIIA, IEPEXOJ] OCYIIECTBIIAETCS K IEPBOM
u3 anbrepHatuB. OT TepMuHaAlNa, HE TOCIEIHEr0 B IEMOYKE MPaBOM 4YacTu
npaBuia, MEPEeXoj] OCYIIECTBISETCS K CIEAyIoIIeMy CHUMBOJY lenodku. Ecmu
TEPMUHAJ 3aBEPIIACT IEMOYKY JUOO 3TO CUMBOJ € (OH B MPAaBOM YAaCTH MOXKET
OBITH TOJBKO OAMH, IOITOMY OYJET OJHOBPEMEHHO HAaYMHAThH U 3aBEpIIATh €€), TO

3HAaYCHHUE JUMP PaBHO HYIIO:

k|ieM_A(X, > Xa)eP,

k| X;ieNAigM AX, =X, AkeM Ak-1gM,,
i+1|ieZAigMg,

O‘ ieXu{elnieM;.

jumpi =

4.4. CumBoJj npuHUMaeTcs (accept), ecim 370 TepMUHAT:

true| X, e,

accept; =
false| X, ¢ .

4.5. Homep ctpoku Tabauibl pazdopa nomeriaercs B crek (stack), ecmu
COOTBETCTBYIOIIMN CHUMBOJ IPaMMAaTUKU — HETEPMHUHAT B MPaBOM YacCTH MOPOXK-

Aaromero 1mpasuiia, HO HSC B KOHIC OCIIOYKH HpaBOﬁ qacCTHu.

true| X, eNAigM_AigMg,
stack; = _ :
false| X, g NvieM_ vieM,.

4.6. Bosspat (return) mo crteky mpu pa30ope OCYIIECTBISAETCS, €CITU
CUMBOJI TPAaMMATHKH SIBJISIETCS TEPMUHAJIOM, PACIIOJIOKEHHBIM B KOHIIE IIETIOYKH
NPaBOi YaCTH OPOXKIAOIIETO MTPABHJIIA, MIIM CUMBOJIOM € (T.e. Koraa jump; = 0):
true‘ I eZu{e}/\i eM;,
return, = _ _
false|igZuU{e}vieM,.
4.7. Ommubxka (error) npu pa3zdoope HEe TeHEPUPYETCS, €CIU CIASAYIONTUN
CUMBOJI TPAMMATHUKH HAXOJUTCS B JICBOW YACTH alIbTEPHATUBHOTO MOPOXKIAFOIIETO

npaBuJia:
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false|ie M Ai+leM,
error, =
" |true|ieM vi+le M, .

5.4.4 PA3BOP LIEITIOYKH 11O TABJIMIIE

Jlns pazbopa 1enoyku o = a;dz...a,L HaM motpedyeTcss marasuH (ctek) M.
Omeparyio MOMENICHUs JIEMEHTa B CTeK OyneM o0o3HadaTh kak M «— X, omepa-
U0 W3BJICUCHUSI dJIEMEHTA M3 cTeka — kak M — X. Homep Tekymieit cTpoku Tab-
JMIbl pa3dopa 0003HAYMM Kak I, HOMEp TEKYIIEero CHMBOJIA BO BXOJHOM CTPOKE —
K, ciucok aericTBuii — actions.

AnropuTM pazdopa HEenoYKH Mo Tadiuiie:

1. Tlonoxwutsk I := 1 (pa360op HAYMHACTCS C TIEPBOM CTPOKU TAOJIHIIBI).

2. Tonoxwuts K := 1 (pa3dop uaer cieBa HapaBo, HAYUHAS C TIEPBOTO CHM-
BOJIa IIETIOYKH).

3. M «— (0, () (momectutrp B cTek 3HadeHWe (0 W IyCTOH CIHUCOK
JICHCTBUR).

4. Ecmu axeterminals;, To:

4.1. Ecam accept; = true, to:
4.1.1. k:= Kk + 1 (mepeiitn k cleayromeMy CUMBOJIY BXOJHOH Iie-
TIOYKH);
4.1.2. Ecmu action; # 0, To BBINOJHUTH JEHCTBUE ¢ WACHTH(UKATO-
powm action;.
4.2. Ecnu stack; = true, to M « (i, (action;)) (moMecTUTh B CTEK HOMED
TEKyIIeH CTPOKH TaOJIHUIIBI pazbopa u aercTBue action;).
4.3. Ecnu return; = true, to:
4.3.1. M — (i, actions);
4.3.2. Ecnu criucok actions He mycT, BBITOJHUTH BCE NCHCTBHS W3
HETO;
4.3.3. Eciu 1 = 0, To mepeiiTu Ha 1mar 6;
434.1:=1+1;

4.3.5. BepHyThcs Ha miar 4.
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4.4. Ecmu jump; # 0, TO:

4.4.1. Ecou action; #0 u accept; = false u stack; = false, o mis
sneMenTa (], actions) Ha BepmuHe creka M k crucky aercTBuii actions mo0aBUThH
neiicteue action;;

4.4.2.1 = jump;;

4.4.3. BepHyTbcs Ha 1iar 4.

5. Nuaue ecnum error; = false, To y npaBuiia ects erie ojHa albTepHATHBA U
HYKHO TIPOCTO MEPEHTH K CICAYIONICH CTPOKE TabJIUIBI pa3dopa:
51. 1:=1+1;
5.2. Bepnythcs Ha mar 4.
6. B mporuBHOM citydae paz6op okonueH. Eciu mpu aToMm cTek M mycT, a ak
= 1, To pa3bop 3aBepiieH ycrnemHo. MHade memnodka coAep KUT CHHTAKCHICCKYTO

OmUOKY 1 K — Io3uIus 3TOM ONIHOKH.

5.5 LR(1)-rPAMMATHKH
5.5.1 OBIIME ONPEJAEJEHUSI

I'pammarukoit Tuna LR(1) naseiBaetcs uetBepka G = (N, X, P, S), rae

— N — KOHEeYHOE MHOKECTBO HETEPMHUHAJIOB,;

— X — Henepecekarorieecs ¢ N KOHEUHOE MHOYKECTBO TEPMHUHAJIOB;

— P —xoneunoe moamHokecTBO MHOXecTBa Nx(NUX)*, amement (A, o)
MHO>KeCTBa P Ha3bIBaeTCs MPABUIIOM M 3alHChIBacTCS A—q;

— S —BoIgeneHHbIH cuMBON M3 N, Ha3blBacMbIi HAaYaJIbHBIM (CTAPTOBBIM,
MCXOJIHBIM) CHMBOJIOM.

LR(1)-rpammatuky G = (N, X, P, S) MoxxHO 3a7aBaTh JIMIIb MHOXCCTBOM
NpaBUJI MPH YCIIOBUH, YTO MPaBHJIa CO CTAPTOBBIM CHMBOJIOM B JIEBOM YacTH 3arv-
caHbl IepBbIMU. Toraa:

— Herepmunanamu N OyayT Te 3JI€MEHTBI IpPaMMAaTHKH, KOTOpbIE BCTpeya-
IOTCS CJICBa OT 3HaKa BBIBOJIA B MOPOXKIAIOIINX MTPABHIIAX;

— Tepmunanamu X OyayT BCce OCTalbHBIE JIEMEHThHI TPAMMAaTHKH,
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— CTapTOBBIM CHMBOJIOM TpPaMMATHKU S Oy/eT HETEpMUHAT W3 JICBOW da-
CTH TIEPBOT0 MOPOXKIAOIIETO MPaBUIA.

['pammatuka nipesictaBisier coO0M OJTHOMEPHBIM MAaCCUB CTPYKTYp CIEAYIO-
Iero BUjA:

declare 1 RULE,

2 left string,
2 right LIST,

2 actions LIST,
2 start LIST;

declare GRAMMAR (N) RULE;

Kaxxnas cTpykTypa COOTBETCTBYET MpaBMWILy TpaMMaTuku, a N — KOJIM4ecTBO mpa-
BHWII. 31ech LIST
declare 1 LIST,
2 term string,
2 next pointer;

[Tone «1left» cOOTBETCTBYET HETEPMUHAIY B JICBOW YacTH MpaBuiia, MOJIie
«right» — cnucKy 3JIEeMEHTOB MPaBOil YacTU NpaBWiia, «actions» — HUIIEHTH-
(buKaTOphl ACUCTBUHN N1 COOTBETCTBYIOLIMX 3JEMEHTOB MPABOM YacTH MpaBUIIA,
«start» — MHOXECTBY MpeecTBYOMMUX cuMBoioB. Kak u nis LL-rpammaruk,
uaeHTUPUKATOpBI NelcTBUN U3 npaBuwil LR-rpamMmatuku ynansioTcs U XpaHsaTcs
OTJZIEIIBHO.

s LR-rpammatuk Hax0XXJICHUE MHOXECTBA CHUMBOJIOB-
MPEAIIECTBEHHUKOB OCYIIIECTBISICTCS ropa3ao mpoine, yem s LL-rpammatuk,
T.K. B HUX OTCYTCTBYIOT €-mpaBuiia. Eciaum BcmoMHHUTH (HOpMYTy HaXOXKICHUS
MHOYKECTBa CUMBOJIOB-TIPEIIIECTBEHHUKOB 1ETOUKH o = X1Xz...Xp!

k
s(o)=UJ(s(X,)-{e})un
i=1
U y4ecTh, 4To B LR-rpammarrkax He MCHOJB3YIOTCS €-mpaBuia, T.e. €¢S(X), To
MOTYYUM:
S((X) = S(Xl)
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I'pammatuku Tna LR #He MoryT umets e-mpaswmi. Kpome toro, Ha rpamma-
TUKY HAaKJIaJbIBACTCS JOIMOJHHUTEILHOE OTPAaHWYCHHE — CTAapTOBBIA CHMBOJI HE
JOJKCH UMETh abTEPHATHB MOPOXKIAFOIIETO MpaBmia. YToObI 3TO rapaHTHPOBATH,
B TPAaMMATHKy BBOJIUTCS HOBBIM MCKYCCTBEHHBIM CTApPTOBBIM CUMBOJ S’ W HOBOE
UCKYCCTBEHHOE CTapToBOE mpaBuiio S’ — S. Takum o6pa3om, moaydaem MoauQu-
IIUPOBAHHYIO TPAMMATHUKY:

G'=(N, X% P, S,
rae N'=NU{S'}, P'= {S'>S}UP.

Kongueypayueri LR-ananmuzaropa (LR-koHdurypamueit) 0ynem Has3pIBaTh
napy BHJA:

(So X1 S1 X2 Ss... Xy Sm, @i@is1...anl),
rae Si — coctostaus LR-ananmuzaropa (SieJ, J — MHOKECTBO BCEX COCTOSHUM), Xi —
ameMeHThl TpaMMatuku (XieL, L — MHOXKECTBO BCEX AJIEMEHTOB T'PaMMAaTHKH,
A=NUY), a aj — TepMUHAIBI U3 BXOAHOW menouku (8j€X). [Ipu aTom mocienoBa-
TEIBHOCTh AMEMEHTOB So X1 S1 X2 Sp... Xm Sm mpencTaBiseT coO00i COMepKUMOe
Mara3uHa (CTeKka) aHallh3aTopa, a CUMBOJBI @idj+1...8n — HEMPOUYUTAHHYIO 4YaCTh
BXOJHOMU ITEIIOYKH.

Tekymiee cocTossHUE aHAIM3aTOpPa HAXOJWUTCS HA BEPIIMHE CTEKa — JTO Sp.
Texkymuii CHMBOJI BXOJHOW LEMTOYKHU — a;.

[IpaBas ceHTeHnManbHAs (opMa MOXKET OBITh TMOJy4YeHa KOHKATCHAIHCH
AJIEMEHTOB TPaMMAaTHKH, PACIIOJIOKEHHBIX Ha CTEKE, ¢ HEMPOYMTAHHOW YaCThIO
BXOJTHOU LIETTOYKH:

o = X1X5...Xmaidj+1...an.
[Ipedukc manHOW 1ETOYKU X1X...Xym HA3BIBACTCA AKMUBHBIM NPEPUKCOM

LR-ananuzaropa.

5.5.2 ONIPEJAEJTEHUE MHOKECTBA COCTOSIHUM U T'PA®A ITIEPEXO/JIOB

PemuM 3amauy HaxoxaeHUs MHOXKecTBa coctosinuii LR-anammsatopa J u

rpada mepexonoB Mexay Humu G [1, 5-7].
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CocrosiHuEe aHaIM3aTopa, B CBOIO OUYEPE/ib, SIBISICTCS MHOKECTBOM, DJIEMEH-
TaM KOToporo siBisitoTcsa LR-cumyayuu. Takum oOpa3zom, MHOKECTBO COCTOSIHUM
LR-ananu3aropa — 3T0O MHOXKECTBO MHOXKECTB (MYJIbTUMHOX)eCTBO) LR-cutyaruii.

LR-cutyanus — 3To napa Buja:

[A—>a-p]|a],
rae (A—af)eP — nmpaBuno rpammaruku, acX{ L} — cumeon npusedenus wiu
CUMBO]L C8epMKU, OJUH U3 MHOXKECTBA CHMBOJIOB, KOTOPBHIC MOTYT MOSIBUTHCS Ha
BXOJI€ aHAIM3aTopa (3TO MOTYT OBITh TEPMUHAIBLHBIE CUMBOJIBI WJIH MapKep OKOH-
YaHUS BXOJHOM LIETIOYKH).

I'pad nepexonoB Mexy cocrosiHusiMU LR-ananmn3aropa — 3T0 MOMEUECHHBIN
rpad G = (J, R), BepmmHaAMH KOTOPOTO SIBJISIOTCS cocTosiHus |€J, a pasmerka (
ortoOpaxkaeT MHOXKeCTBO AyT R (RCIxJ) Bo mHOKecTBO L.

AJTOPUTM TOCTPOEHUSI MHOXECTBAa COCTOSIHMM M Tpada mepexonoB LR-
aHanM3aTopa:

1. ®opmMupyeM COCTOSIHUE, COCTOSINEE JIUIIb U3 ofHON LR-cutyanuu [S" —
* S| L], T.e. 3a ee ocHOBY OepeTcs crapToBoe npaBuiio (S'—S)eP’, Touka cTaBuTCs
B HayaJie MpaBOM YacTH, a B KAYECTBE CHMBOJIA MPHUBENICHUS OepeTcs MapKep KOH-
11a BXOJAHOU IIenouku. J[aee BRIMOTHAEM 3aMBIKaHUE 3TOTO COCTOSHUS (AJITOPUTM
paboThI 3TON (YHKIIMH PAaCCMOTPHUM HIDKE), YTO JACT HAYAJIbHOE COCTOSIHUE aHa-
au3aropa So:

So = 3AMBIKAHUE{[S' — * S| L]}).

2. Tlomaraem, 4To MHOXeCTBO cocTostHuM LR-ananmu3aTopa J moka cocTouT

TOJIBKO M3 OJTHOT'O COCTOSIHUA — So:
J = {So},
a rpad mepexoI0B HE UMEET JIyT:
R=0.
3. OpranuzyeM JBa BIIOKCHHBIX ITUKJIA!
— JUTSL KaKI0ro coctosiaus le J;

— JUTSl K&KJI0TO CUMBOJIa rpaMMaThKu X e L.
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3.1. Crpoum HOBOE COCTOSTHUE, BhI3bIBAsT (GYHKIIMIO TIepexoa (ee ajiro-

PUTM TaKXe JaH HUKE) AJI1 apryMeHToB | u X:
J=IIEPEXO/(, X).

3.2. Ecmm J#O un JeJ, T.e. cocTossHue J HE MyCTOE YHUKAIBbHOE (BO
MHO’KECTBE COCTOSIHUN HET TOYHO TaKOTO € COCTOSHUS), 100aBIIsieM €ro BO MHO-
YKECTBO COCTOSIHUM:

J = Ju{Jd}.

3.3. Ecu J£ u (I, J)¢R, T.e. cocrosHue J He mycToe u B rpade mnepe-
X07I0B ¢ OTCYTCTBYET Jiyra, Belylias oT BepiuiuHsbl | B BepiuHy J, 106aBisem ee B
rpad u noMeyaeMm METKou X:

R =RuU(l, J), g((1, J)) = X.

4. Ecnu B mporecce BBIOJHEHHUS 11ara 3 BO MHOKECTBO COCTOSTHUM J ObLIO
100aBJIEHO XOTS OBI OJHO HOBOE COCTOSHHE WIIH OBLI J0OaB/IeH XOTA ObI OJIUH HO-
BbIil mepexon B rpad ¢, BepHyThcs Ha mmiar 3. MHade noctpoeHne MHOkecTBa J 3a-
KOHYEHO.

Anroputm ¢ysakimn 3ambikanus 34 MBIKAHUE(]):

Bxoo: Apryment | — HekoTopoe LR-cocrosinue.

Buixoo: N3menennoe cocrosinue | ¢ HoBeiMHu LR-cutyauusmu. Lens 3ambi-
KaHHS — HAaWTH BCE CUTYyallMu B TPAaMMAaTHUKE, B KOTOPHIX COCTOSIHHE aHAIM3aTopa
(cemoBaTeNbHO, U JaJIbHEHIIIEE TTOBEJCHUE) UIEHTUYHO.

1. Opranusyem TpH BIIOKEHHBIX ITUKIIA:

— s kaknor LR-curyanmm Buma [A — a ¢ BB | a]Jel, AeN’, BeN,
aed’, peX’, aeZU{l}, T.e. cuTyaunii, rae ToUKa CTOUT IEPE] HETEPMUHAIIOM,

— IUTsl  KaXIOro TepMHHAIa D W3 MHOXECTBa CHMBOJIOB-NIPEAIICCT-
BEHHHKOB IIenovku Pa, T.e. beS(Ba), beZu{l};

— I KaKaoro mpaeuiia BeiBojna (B—y)eP, T.e. mpaBuia, y KOTOporo B
JICBOW 4aCcTH HAXOJIUTCs HeTepMHuHAN B (mepes KoTophiM CTOsIa TOYKA B paccMar-
puBaemoit LR-curyarun).

1.1. ®dopmupyem HOByIO LR-curyanuto Buna:
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c=[B—>-<y|b].
1.2. Ecmu o¢l, 1.e. B cocTostHuM | HE OBUTO CUTYaIUU G, JOOABIISIEM €e:
| = 1U{c}.

2. Ecnu B mpouecce BbmonHeHus mara 1 B coctostuue | Obuia moGaBneHa
XO0Ts OBl OJTHA HOBasi CUTyallus, BepHyThcs Ha miar 1. Muade paborta ¢pyHkiuu 3a-
KOHYEHA.

Anroputm ¢yukimu nepexona I[IEPEXO/[(1, X):

Bxoo: Aprymentsl | — HekoTopoe LR-cocTosinue, Xe — cumBONI Tpamma-
TUKH.

Buvixoo: HoBoe cocrosinue J, momydeHHOe Mocie pacno3HaHusi cUMBoJIa X B
MpaBbIX YaCTSAX MPaBWI IpaMMaTHKU (T.e. nmepeHoc Touku B LR-cutyamusx uepes
CUMBOJI X).

1. IMonmaraem J = .

2. Jlns Bcex cutyanmii [A — o * XB | a]el, T.e. curyanmii HCXOIHOTO COCTO-
STHHSI, B KOTOPBIX TOYKa CTOWT repes X, 100aBisieM B COCTOSIHUE J TaKyIO e CUTY-
aIlIo, HO C TOYKOH 1ociie X:

J=JUW{[A—>aX+p|a]}.

3. PesynbraTom O0yner 3AMbBIKAHUE(J).

Takum o00pa3oM, MHOXECTBO COCTOSIHUM SIBISIETCS CIIMCKOM COCTOSTHUH,
MIPEICTABIICHHBIX CTPYKTYPaMH CIIEAYIOIIETO BUIA:

declare 1 STATE,

2 situations SITUATION,
2 next pointer;

declare STATES pointer;
3necs STTUATION — cnicok LR-cutyaruii:

declare 1 SITUATION,

2 rule RULE,
2 pos integer,
2 term string,

2 next pointer;
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Kaxnasa cutyauusi ccpuiaercs Ha MPaBUIIO TPAMMATHKUA «ruley, a Takke
COAEPKUT TMO3ULHUI0 PA3JCISIONIE TOUYKA «POS» U CHMBOJ CBEPTKH «termy.
['pad nmepexo10B peicTaBlieH B BUJIE CIIMCKa pedep:

declare 1 EDGE,

2 term string,
2 from STATE,

2 to STATE,

2 next pointer;

declare GRAPH pointer;

Jlist kaxxaoro pebpa UMEeM CHUMBOJ T'PaMMATHKU «termy», M0 KOTOPOMY
OCYLIECTBIIIETCS MEPEXOM, a TAKXKE COCTOSAHUSA, MEKIAY KOTOPBIMU OH OCYILECTB-

JIACTCA.

5.5.2 IIOCTPOEHUE TABJIMILIBI PA3SBOPA

Tabnuua pazbopa (tabn. 5.2) B obIIeM Bujae MPEACTaBIAET COO0 IByMep-
HBI MacCCUB JECHUCTBUU:

declare TABLE (N,M) ACTION;
rae N — KoJIM4ecTBO CTPOK TaONMIbl (KOJIMYECTBO COCTOSIHUM aHanmu3aropa), M —
KOJIMYECTBO 3JIEMEHTOB TpaMMATHKU (TEPMHUHAJIOB, HETEPMHHAJIOB M MapKepa
KOHIIa 1eno4Yku). 3nech ACTION — neicTBUs, ONPEAeIISoNe MOBEICHUE aHaIH-
3aropa:

declare 1 ACTION,

2 action integer,

shift integer,
reduce integer,

halt bool,

NN NDNDN

error bool;
DneMeHT «actiony npeacraBisieT co00l MACHTUPUKATOP ACHCTBUSA (€ciu
aT0 —1, TO nelcTBue HE TpeOyeTcs), «shifty» — CABUT B HOBOE COCTOsTHUE (ecin

3TO —1, TO CABUT HE MPOU3BOAUTCA), «reduce» — HOMEp MpaBuia, 10 KOTOPOMY
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BBIIIOJIHAETCS CBEPTKA (eciik 3T0 —1, TO cBepTKa HE mpou3BoauTcs), «halty» —
IPU3HAK YCHEIIHOTO 3aBepIICHUs pa3dbopa, «errory — MPU3HAK CHHTAKCUYECKON

OIIIMOKH.

Tabnumna 5.2 — Ctpykrypa Tabnuiisl pazdopa ais rpammaruk tuna LR(1)

a1 a ... an 1 AL Ao ... An

So

S1

Anroputm noctpoenus LR-Tabauis1 pazbopa cieayronui:
1. Coznaem tabnuiy u3 #X+1 cronbua (Mo cTonadiy Ha KaKIbli TEpMUHAT
aeX u "HerepmuHail AeN, a Takke cTosden A MapKepa KOHLA LHEMOYKU «L») u
#J cTpok (110 0AHOM Ha Ka)KJJ0€ COCTOSIHUE aHAJIN3aTopa).
2. B xaxnayro siaeriky Tabmuiisl 3anuckiBaeM snemeHT ERROR.
3. Jlms Bcex coctosiHui Sj€ J BBIMOTHSAEM CIEAYIONINE JECHCTBUS:
3.1. Ecmm:
a) B cocTosiHUM S; mpucyTcTByeT LR-cutyanus ¢ Toukoii He B KOH-
e npasuna, T.e. [A — o * Xp | a]eSi, AeN’, XeX, aeX’, peX’, acZu{l}n
0) B rpade mepexo10B €CTh MEPEXOa U3 COCTOSIHUS Sj B HEKOTOPOE
coctosiHue S;j, momedeHHbIN MeTkoit X, T.e. (Si, Sj) €R, g((Si, S;)) = X,
to T(Si, X) = (5;, actiony), rme actiony — uneHTnuKaTOp nEHCTBUS,
COOTBETCTBYIOIIIETO 3JIEMEHTY TpaMMaTUKH X.
3.2. Ecnu B cocrossHum Si mpucyTcTBYeT LR-cutyarus ¢ Toukoil B KOH-
e npaBuia, T.c. [A —> a ¢ |a]eS;, AeN’, ael’, acZ{Ll}, To:
a) ecmi (A—a) P’ — 3T0 HCKYCCTBEHHOE CTApTOBOE MPaBMUIIO, T.C. A
=S’ (B atom caydae a = 1), To T(S;, @) = HALT,
0) unaue T(Si, a) = Ry, rae k — Homep mpasuna (A—a)eP B rpam-

Mmatuke, T.e. Px= (A—a).
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Kak yxe orMmedasioch, rpaMMmatuku Tuna LR He 1O3BOJIAIOT ONMUCHIBATH
SI3BIKH, COJIEpIKaIlMe MycThie menouku. [loatomy, ecnu e€l, To Tabmuily pazbopa
HE0OX0IMMO MOAU(PHUITUPOBATH:

T(So, L) = HALT.
5.5.4 PA3BOP LIEIIOYKH 11O TABJMIIE

Jliist pazbopa TpeOyeTcst OAUH WM JIBa CTeKa (MaraswHa). B Hagaie B cTek
COCTOSIHMM TIOMEIIaeTcsi cocTosiHue So (wmm mpocto ero mHiaeke — 0). To ecthb
koHburypauueii LR-aBromara 6yaet

(So, a;dy.. .anJ_).

PaccMoTpuM, Kak MeEHsSeTCs KOH(HIypallus aHaju3aTropa IMPU CIABUTEC U
CBEpTKE:

1. Ecam B cocTOSTHUM Sy U1 TEKYIIETO CUMBOJIA BXOJHOM IIETIOUKH 8; Tal-
e pasdopa T mpuIUChIBacTCS CABUT B cocTostHHE Sk, T.e. T(Sm, @) = (Sk,
action;), To Ha cTek momeriaeTcs HoBas napa (a; Sk), a BO BXOJHOU IIEMOYKe MPo-
UCXOJIUT TIEPEXO/I K CIICTYIOIIEMY CHMBOJITY:

(So X151 X5 So... Xin Siy @i Sk, Adj+1.. .ani).
To ecTb HOBBIM COCTOSIHHEM aHaym3aTopa OyaeT Sk, a TEKYIIMM CHMBO-
JIOM BXOJIHOW IICTIOYKM CTaHET @j+1. 3aTE€M BBINMOJHSCTCS JeiicTBue action;, ecim
OHO 33JIaHO.

2. Ecnu B cocTosiHUU Sy JUTsl TEKYIEr0 CUMBOJIA BXOIHOM IEMOYKHU @i Tao-

JMIIeH TPUITUCHIBACTCS CBEPTKA 1Mo mpaBuiy Py, T.e. T(Sm, ai) = Rk, To:
2.1. Co creka cHUMaeTCs I Tap CUMBOJIOB, T/ I' — KOJMYECTBO AJICMCH-
TOB B IipaBoii yactu npasmia Py =(A—a)eP. [Ipu 3ToM Ha BepIiIMHE CTEKa OCTaeT-
CSl COCTOSIHUE Spy '
(So X151 X5 S, .. Xoor Sm_r, didij+1. . .ani), r= |(1|
2.2. Ha crek nomemaercs napa (A Sj), rae A — sieBast yacTh npasuia Py,
a Sj = T(Sm_r, A)I
(So X1 S1 X2 Sz... Xmr Smr A Sj, aidi+1. . .anl).
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Bxonnas nemnodka mpu 3ToM octaercs 6e3 m3meneHuid. HoBeiM cocTos-

HHUEM aHaJIN3aTopa CTAHOBUTCA S;.
Kon¢urypanuuss MeHsieTcss MO ONMCAaHHBIM IPaBUaM JI0 T€X IOp, MOKa He
Oyznet mocTurHyTa suetika Tadmuisl ¢ dnemenTom HALT mim ERROR. Bo BTopom
cllydyae MO3MIMEN OmMOKM OyAeT MO3UIMs MEPBOrO HEMPOYUTAHHOTO CHMBOJA

BXOJIHOH IIEIIOYKH.

111



6 JIABOPATOPHBIE PABOThI

Bcero B pamkax kypca «Teopusi SI36IKOB MpPOTPAMMHUPOBAHUS M METObI
TPAHCISUUY MPETyCMOTPEHO BBIMIOJIHEHUE YEThIpEX J1a0OpaTOpHBIX padboT. BeI-
MIOJTHEHUE Ka)IO0H J1abopaTopHOW pabOTHI MOJpa3yMeBaeT HAIUCAHHE MPOTpaMm-
MBbI. BBIOOD sI3bIKa MMPOTpaMMHUPOBAHMSI TSI HAITMCAHUS TIPOTPaMM HE OTpaHHYCH.
[To wToraM BBIMOMHEHHUS KaXIIO0W JabopaTopHOM pPabOThI OQOpMIISIETCS OTYET.
[TpaBmiia ero opopmIIeHHUS OTMCAHBI B CIEAYIONIEM pa3iere.

Kaxxnas BeimonHeHHas 1abopaTopHasi padoTa JOHKHA BKIIOYATH!

— ApxuB (RAR wmm ZIP) ¢ nporpaMmMHOl 4acThio J1a00paTOpHOil padOTHI.
B apxuBe 10JKHBI HAXOJUTHCS BCE UCXOAHBIC (Pailyibl, BKIIIOYas (paisbl MPOEKTOB
UCIIOJIB3yeMOU cpebl pa3paboTKH, a Takke (haiiipl, HEOOXOAUMBIEC ISl 3aIlycKa
nporpaMMsbl (MCHOJHSAEMBIN (haiin, (ailybel ¢ BXOAHBIMU JAAHHBIMH U T.11.). Mcxon-
Hbl€ (haiiyIbl JOKHBI OBITh TOAPOOHO KOMMEHTHUPOBAHBI.

— JlokymeHT ¢ ordeToM T0 jabopatopHoit pabore B dopmare DOC,
DOCX, ODT, PDF, RTF u 1.1

6.1 3AJAHUE HA JIABOPATOPHBIE PABOTBI

Brimonnenue u cjada 1abopaTopHBIX pabOT COCTOUT U3 CIEAYIOIINX IIaroB:

1. VByueHue TEOPETHUUECKOTO M MPAKTHYECKOTO MaTepHalia 1o teme pabdo-
Thl. M3ydueHne MaTepuana mMpoOUCXOIUT BO BpeMsl JICKITMOHHBIX 3aHATHH, a TAKKe
IPY CaMOCTOSATEIIBHOM M3YYEHUU METOINYECKUX MaTepuaios [1-7].

2. Pa3paboTka W 3ammra IpOrpaMMHOM YacTH jJabopaTopHOM paboThl. 3a-
IIUTa 3aKJIF0YAETCsI, BO-TIEPBHIX, B IEMOHCTPAIIUU TOTO, YTO BXOJAHBIC U BBIXOIHBIC
JTAaHHBIE TPOTPAMMbl COOTBETCTBYIOT OTOBOPEHHOMY (hopmaTy W SIBISIOTCS KOP-
pPEKTHBIMU. BO-BTOpBIX, TPOBEPSETCS CTENCHb BIAJCHUS MCXOAHBIM KOJOM IpO-
rpaMMbl. MOTYT OBITh 3aJ1aHBI BOIIPOCHI TI0O HEKOTOPBIM YaCTSIM MPOTPAMMBI, JTHO0
OyZeT mpeIJIO’)KEHO BHECTH B IPOTpaMMy HEKOTOPhIE MOAU(BUKAIIIH.

3. Hamucanue otdera no jsabopatopHoit pabote. TpeboBaHUS K CTPYKTYpE
oTueTa npuBeneHbl HKe. OPopMIIsSeTcss OTYET COTJIACHO TpeOOBaHUSIM 00pa3oBa-

tenbHOTO crangapra OC TYCVYP [8].
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CoryacHO IPUHATOMY TOJIOKEHHUIO O TTPOBEPKE CaMOCTOSITEIIbHOCTH BBITIOJ-
HEHUs MMCBMEHHBIX paboT OakamaBpoB [9], mabopaTtopHas paboTa BBIMOTHAETCS
CTYZCHTOM CaMOCTOSITENIbHO, 0€3 3aMMCTBOBAHUS TyKOTO KOJa.

[ToMuMO cTaHIAPTHBIX BApPUAHTOB 33JIaHUN Ha JTaOOpaTOpHBIE pabOTHI, CTY-
JICHTBl MOTYT Tpeaiaratb COOCTBEHHBIC BapHUaHTHI 33JaHUM, UMEIOIINE COMOCTa-
BUMYIO CIIOKHOCTH (KOJIMUYECTBO COCTOSIHUN aBTOMAara, KOJUYECTBO MPABUI IPaM-

MAaTHKH H T.IL.).

6.1.1 IABOPATOPHAS PABOTA Nel

Tema 3amanusa — «CUHTAaKCHYECKHUI aHAIN3 C HUCIIOJIb30BAHUEM KOHEYHBIX
aBTOMATOBY.

Llenp — Hay4YuThCS NPUMEHSITh HAa MPAKTHKE TaKUE CPEACTBA CHHTAKCHUYE-
CKOTO aHalu3a, Kak JeTepMUHHpOBaHHbIE KoHeuHble aBToMaThl (JKA) u KA ¢
MarasuHHou namsaTeio (JIMIIA).

HarnncanHast mporpamMma J0JDKHA YUTATh BXOJHBIE JAHHBIE U3 TEKCTOBOTO
daiina (HanpuMmep, UMEIOIIEro UMs «iNput.tXty), u BbIaBaTh pe3ysbTaT padoOTHI B
TEKCTOBBIM (aiin (Hampumep, uMeromumid ums «output.txt»). s BBoga u BbIBOJA
JaHHBIX JOIyCKAeTCsl MCIOJB30BaHUWE B IpOrpaMMe BHU3yallbHOTO HHTep(erica
BMecCTO (haiiJIoBOro BBO/AA/BBIBOJIA.

BapuanTt 1. Ha BX0a nporpaMMsl oaeTcsi ONMCaHUE NEPEMEHHBIX HA BbI-
opannom s3bike (Pascal, C++, C# u 1.1.). [Iporpamma 10/pKHA TPOAHATM3UPOBATD
ero npu nomomn JAKA wim JIMITIA u BbIIaTh pe3ysbTaT IPOBEPKA. ITO MOXKET
OBITh:

1. CooOmienne o TOM, YTO ONHUCAHUE KOPPEKTHOE.

2. CooOlieHne 0 CHMHTAKCUYECKOW ONIMOKE. YKa3hIBaTh THI OIIUOKH HE
00s13aTenbHO, TpeOyeTcsl TOIbKO yKa3aTh CTPOKY W MO3UIHUIO B CTPOKE BXOJHOTO
daiina, rae HabmogaeTcs ommnoka. JlocTaToOuHO HAXOJUTh TOJBKO MEPBYIO OLINO-
Ky B OIIMCaHUH.

3. CooOmienue o 1yOIMpoOBaHWU UMEH TIEPEMEHHBIX. B 9TOM ciydae Ha BbI-
X0JIe MpOorpaMMbl HEOOXOUMO yKa3aTh UM TyOIupyeMoi NepeMEHHOM, a Takke

CTPOKY U MO3UIUIO B CTPOKE, TJI€ BCTPETUIICS TyOIMKaT.
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[Tpu sTOM mIporpamma MOXKET ObITh HallMCaHa Ha OJHOM SI3BIKE TIPOTPAMMHU-
pPOBaHUsI, HO MMPOBEPATH MPABUIBLHOCTh ONTMCAHKS IEPEMEHHBIX Ha APYTOM SI3bIKE.

Bapuant 2. Ha Bxox nporpaMmbl MojaeTcsi €IUHCTBEHHAs] CTPOKA CUMBO-
JoB. JlaHHas CTpoka 3aJaeT NpUCBalBaHUE MEPEMEHHOW 3HAYEHUs apupmeTnye-
CKOT'O BBIPQKECHHUS B BUJIE

IIEPEMEHHAA = BhIPA’KEHUE.

BripakeHne MOKET BKIIIOYATh:

— 3HAKW CJIOKCHHS U YMHOXEHUS («+» U «*»);

— KpYTJIbIE CKOOKH («(» B «)»);

— KOHCTaHTHI (Hampumep, 5; 3.8; 1e+18, 8.41E-10);

— HMEHA MepeMEHHBIX (MOCIe0BaTeIbHOCTU OYKB U UG, HAYNHAIOIIIKE-
csi ¢ OyKBBI).

[Iporpamma nomxHa ¢ noMmouipio KA wim JIMITIA npoBeputs, SABIsETCA
JIM 33JIaHHOE BXOJIHOE BBIpaKEHHE KOPPEKTHBIM, U €CJIU J1a, TO CHOPMUPOBATH /IS
HEro:

1) Tabnuily UMeH;

2) HEONTHMH3UPOBAHHBINA KOJI;

3) ONTUMH3UPOBAHHBIN KOJI.

6.1.2 IABOPATOPHAS PABOTA Neo2

Tema 3aganus — « CHHTaKCHYECKHI aHAJIU3 C UCIIOJIb30BAHUEM PETYIISPHBIX
BBIPAKEHUID.

[lenb — HAy4YUTHCS MPUMEHATh HA MPAKTUKE TaKUE CPEIACTBA CHHTaKCHYe-
CKOTO aHaju3a, perysipubie Beipakenus (PB).

Hanucannast nmporpamMmma A0KHA YUTATh BXOJHBIE JAHHBIE U3 TEKCTOBOTO
daitna (HanpuMep, UMEOIIEro uMs «input.txt»), 1 BbIIaBaTh pe3yabTaT paboThl B
TEKCTOBBIN (paitnn (Hampumep, UMeronuii umst «output.txty). Ing BBoaa u BbIBOJA
JAaHHBIX JOIYCKAeTCsl MCIOJB30BaHWE B IpOrpaMMe BH3yallbHOTO HWHTep(erica
BMecCTO (haliJIOBOTO BBO/IA/BHIBOIA.

Bapmuant 1. Ha BXoa nporpamMmsl ojiaeTcs ONMCaHUE MEPEMEHHBIX Ha BbI-

opannom s3bike (Pascal, C++, C# u 1.1.). [Iporpamma 10/KHA MPOAHATM3UPOBATD
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€ro MpHU MOMOIIHM PeryJasipHOr0 BbIPAKeHHUs W BBIAATH PE3YJIBTAT IPOBEPKH. ITO
MOKET OBITh:

1. CoobuieHue o TOM, YTO ONUCAHUE KOPPEKTHOE.

2. Coo0mieHne 0 CHHTAaKCHYECKOW OIMMOKe. YKa3blBaTh THI ONIMOKUA HE
00s13aTeNIbHO, TpeOYyeTCs TOJBKO YKa3aTh CTPOKY M IMO3UIIUIO B CTPOKE BXOTHOTO
daiina, rae HabmogaeTcs ommnoka. JlocTaToOuHO HAXOUTh TOJIBKO MEPBYIO OLINO-
Ky B OTIMCaHUH.

3. CooOuieHue o 1y0IMpoOBaHUU UMEH NIEPEMEHHBIX. B 3TOM ciyyae Ha BbI-
X0JIe TIPOrpaMMbl HEOOXOUMO YKa3aTh UM TyOIupyeMoi epeMEeHHOM, a TakKe
CTPOKY ¥ TIO3HUITHIO B CTPOKE, T/Ie BCTPETHIICS TyOJIUKAT.

[Ipu 5TOM mporpamma MOXeT ObITh HallMCaHa Ha OJHOM SI3bIKE TIPOrPaAMMHU-
pPOBaHUS, HO MPOBEPSITH MPABHIILHOCTH OTIMCAHUS TIEPEMEHHBIX Ha IPYTOM SI3BIKE.

Bapuant 2. Ha Bxox nporpaMMbl MoJaeTcsi IMHCTBEHHAsI CTPOKA CUMBO-
JoB. JlaHHas CTpoka 3aJlaeT MpUCBaWBaHUE MEPEMEHHOW 3HAaYEHUs apuQpmeTHye-
CKOTO BBIPOKCHHS B BUJIE

IIEPEMEHHAA = BhIPA’KEHUE.

BripakeHne MOKET BKIIIOYATH:

— 3HAKW CJIOXKEHUS U YMHOXKEHUS («+» U «*»);

— KpyTJIbIe CKOOKH («(» B «)»);

— KOHCTaHTHI (Hampumep, 5; 3.8; 1e+18, 8.41E-10);

— HWMEHa TIepEeMEHHBIX (MOCIe0BATEIbHOCTH OYKB U (P, HAYMHAIOIIHE-
csi ¢ OyKBBI).

[IporpamMmma OJDKHA C TIOMOIIBIO PEryJsipHOTO BbIPAKEeHHsI TIPOBEPUTH,
SBJIICTCSI JI 33/IaHHOE BXOJIHOE BBIPAXKEHHE KOPPEKTHBIM, U €CITU J1a, TO ChOPMHU-
pOBaTh IS HETO:

1) Tabnuily UMeH;

2) HEONTHMH3HPOBAHHBINA KO,

3) ONTUMH3UPOBAHHBIIN KOJI.

115



6.1.3 IABOPATOPHAS PABOTA Ne3

Tema 3amanus — «CHHTaKCMYECKUM aHalW3 C ucHojib3oBaHueM LL-
rpaMMaTHK.

Llens — Hay4YuThCS MPUMEHSTh HAa MPAKTHKE TaKUe CPEICTBA CHUHTAKCHYe-
CKOTO aHaJIn3a, Kak KOHTEKCTHO-CBOOO THBIC TpamMMaTHKy Trma LL(1).

Hammcannass mporpamMma JoJKHA YUTaTh BXOJHBIC JaHHBIC W OIHCAHHEC
rpaMMaTHKHA W3 TEKCTOBBIX (haiyioB (HampuMep, UMEIOIIUX MMeHa «Input.txty u
«grammar.txt» cooTBETCTBEHHO), W BBIIaBaTh pPe3yJabTaT pPabOThI B TEKCTOBBII
dbaiin (HampuMep, UMEIoIUM uMs «output.txty). Jlns BBoa M BbIBOJA TaHHBIX JI0-
MyCKaeTCs MCIOJIb30BaHUE B MpOrpamMMe BU3yaJIbHOrO MHTepdeiica BMecTo (aii-
JIOBOT'O BBOJIa/BBIBOA.

Bapuant 1. Ha BXoj mporpamMmbl mojaeTcsi onucaHue mpouenyp u QpyHk-
il Ha BeIOpanHOM si3bike (Pascal, C++), nmubo neneraror Ha si3bike C#, a Takke
onucanune LL(1)-rpammaruku. HeoOXoauMo MpOBEpUTH, SBISACTCS JIM ONHCAHHE
npouenyp/pyHKIUNA/1e1eraToB KOPPEKTHBIM C TOUYKHU 3pEHUS 3aJJaHHON TpaMMaTu-
KM 1 HE COJICPKATCS JIM B HEM KOH(JIMKTHI IMCH.

Takum 00paszom, 3a1aHre pa3OUBaeTCs Ha JIBE YaCTH:

1. IIpoBepka cuHTaKcuca.

2. TlpoBepka ceMaHTHKH.

CemaHTHKa 3aBUCUT OT BRIOPAHHOTO 5I3bIKA, M TIOITOMY €€ MPOBEPKA JKECTKO
MpUBsI3aHa K aHaNU3aTtopy (B JaHHOM ciydae — Bameit nporpamme). I'pammaruka
e JIOJDKHA OBITh YHHUBEPCAIBHOM, T.€. JIOJDKHA MO3BOJIATH 337aBaTh JFOObIE Tpa-
BUNia s pazbopa mpouedyp/dyHkmuii/aeneratoB (M1 He TOdbKo). Hampumep,
JOJDKHBI OBITh JTOCTYITHBI H3MEHCHHS: KJIFOUEBBIX CJIOB, 3HAKOB IYHKTYaIlUH, TIpa-
BUJT pa30bopa UIEHTU(UKATOPOB, a TAKXKe T0OABJICHHE HOBBIX S3BIKOBBIX KOH-
CTPYKLMH U T.II.

[Iporpamma pomKHA MPOAHATM3UPOBATH HMMEIOIIEECS OIMMCAHHUE TMPOIIe-
nyp/pyHKIUI/eneraToB U BbIIATh PE3yIbTaT MPOBEPKU. ITO MOXKET OBITh:

1. CooOmienrie 0 TOM, 4YTO TpaMMaTHKa BO BXOJHOM (aiijie He sIBIsSeTCS

LL(1)-rpammaTuKoii.
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2. Coo01ieHune o ToM, 9TO OMKUCAHUE KOPPEKTHOE.

3. CoolmieHne O CHHTAKCHUECKON ommmOKe. YKa3blBaTh THII OIIMOKUA HE
00s3aTeNbHO, TpeOYyeTCs TOJBKO YKa3aTh CTPOKY M IMO3UIIUIO B CTPOKE BXOJHOTO
daitna, rae HabmroHaeTcs omuoOKa. JJocTaTouHO HaXOIUTh TOJNBKO MEPBYIO OIMIKO-
Ky B OMMCaHUHU.

4. CooOiienue o koH(MIUKTE UMEH. B 3TOM ciydae Ha BBIX0JI€ TIPOrPAMMBbI
HEOOXOMMO yKa3aTh KOHMIUKTYIONIEE UM, a TAKKE CTPOKY U TTO3HUIIHIO B CTPOKE,
/i€ MPou301Ies KOHMIUKT.

Kpome Toro, mporpamMmma MoXxeT ObITh HallMCaHa HA OJHOM SI3BIKE, HO TPO-
BEPATH MPaBUILHOCTh OMMCAHUS MPOIEAYDP, PYHKIUH, AEIEraToB U T.II. IS JIPY-
roro si3bIKa.

BapuanTt 2. Ha BX0oj nmporpaMMbl MOJAeTCs OMUCAHUE CTPYKTYp (3amuceit)
Ha BeIOpaHHOM si3bike (Pascal, C++, C#), a Tarke onmcanue LL(1)-rpaMMaTuku.
Heobxoaumo npoBepuTh, SIBIASETCS JIU OMHMCAHUE CTPYKTYp/3anuceid KOPPEKTHBIM
C TOYKH 3PCHHS 3aJaHHOW TPAaMMATUKH W HE COACP)KATCSA JIM B HEM KOH(JIHKTHI
HMEH.

Takum 00pa3om, 3a1aHKe pa3OUBaeTCs Ha JIBE YaCTH:

1. IIpoBepka cuHTaKcHca.

2. TIpoBepka ceMaHTUKH.

CemaHTHKa 3aBUCUT OT BRIOPAHHOTO SI3bIKA, M TIOATOMY €€ MPOBEPKa JKECTKO
puUBsi3aHa K aHanu3aTopy (B JaHHOM ciydae — Bameit nporpamme). ['pammaTuka
e JI0JDKHA OBITh YHHBEpPCAJIbHOMU, T.€. TOJKHA TO3BOJISATH 33/1aBaTh JIOOBIE Ipa-
BWIa JJis pazdopa cTpykTyp/3anuceidt (M He Toabko). Hampumep, momkHBI OBITH
JIOCTYITHBI M3MEHEHHUS: KJIIOYEBBIX CJIOB, 3HAKOB IMyHKTYyalluu, MPaBW pa3zdopa
UICHTU(HUKATOPOB, a TAK)KE TOOABICHUE HOBBIX S3BIKOBBIX KOHCTPYKITUH H T.II.

[Iporpamma moJDKHA TPOAHAIU3UPOBATH HMMEIONIEECS OIMUCAHUE CTPYK-
Typ/3amuceil U BbIIATh PE3yIbTaT MPOBEPKUA. ITO MOKET OBITh:

1. CooOmienrie 0 TOM, 4YTO TpaMMaTHKa BO BXOJHOM (aiijie He SIBIsSeTCS
LL(1)-rpammaTuKoii.

2. Coo0111eHre 0 TOM, YTO ONMUCAHUE KOPPEKTHOE.
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3. CooOlienue 0 CHHTAaKCUYECKOM OINMOKe. YKa3pIBaTh THUII OIIMOKH HE
00s13aTeIbHO, TPeOyeTCsl TOIBKO yKa3aTh CTPOKY W ITO3UIIUIO B CTPOKE BXOJHOTO
datina, rae HabmogaeTcs omuoka. JI0CTaTOYHO HAXOUTh TOJBKO MEPBYIO OLINO-
Ky B OITMCaHUHU.

4. CooOmenne o KoH(MIUKTe UMEH. B 3TOM citydae Ha BBIX0JI€ TIPOTPAMMBbI
HEO0OXOIMMO yKa3aTh KOHQIUKTYIOMIEE UMs, a TAK)KE CTPOKY U TO3UIIHIO B CTPOKE,
/i€ MPOU301IeN KOH(DIIUKT.

Kpome Toro, mporpaMma MOXeT OBITh HallMCaHa Ha OJHOM SI3BIKE, HO IPO-

BCPATH MPABUJIIBHOCTDL OITMCAHHA 3an1/1ce171, CTPYKTYpP U T.II. JJIA APYTOIr0 A3bIKA.

6.1.4 JIABOPATOPHAS PABOTA Ne4

Tema 3amanus — «CUHTAKCUYECKHH aHaIu3 ¢ Hcnoib3oBanueM RL-
rpaMMaTHK.

Ilens — Hay4YHTHCS MPUMEHSATH HA MPAKTHKE TaKWE CPEACTBA CHHTAKCHYE-
CKOTO aHaJIn3a, KaKk KOHTEKCTHO-cBOoOOoMHbIe Tpammartuku Tuma LR(0) u LR(1).

Hamucannass mporpamMma Jo0JKHA YUTATh BXOJHBIC JaHHBIE U OMHCAHUE
rpaMMaTHKH W3 TEKCTOBBIX (DaiiiioB (Hampumep, UMEIONIMX MMEHa «input.txty u
«grammar.txt» cooTBETCTBEHHO), W BbIIaBaTh pe3yJabTaT pabOThl B TEKCTOBBII
dbaiin (HanpuMmep, uMeroIui uMst «output.txt»). Jlns BBoma 1 BbIBOJA TaHHBIX J10-
MyCKAeTCs MCIOJIb30BaHUE B MpOrpamMMe BU3yalbHOTO MHTepdeiica BMecTo (aii-
JIOBOTO BBOJIa/BBIBOJIA.

Bapuant 1. Ha BX0oa mporpamMMbl TogaeTcsl omucaHue mpoueayp U QpyHk-
Uit Ha BeIOpaHHOM si3bike (Pascal, C++), 1ubo nenmeraroB Ha sizbike C#, a Takxke
ormucanne LR(0)- mmm LR(1)-rpammaruku. HeoOxoaumMo mpoBepuTh, ABIASCTCS JIN
omucaHue NMpoueayp/PyHKIHI/eIeratoB KOPPEKTHBIM ¢ TOYKU 3PEHUS 3aJaHHOMN
IrpaMMAaTHKHU U HE COJIEPKATCS I B HEM KOH(JIMKTHI UMEH.

Takum oOpaszom, 3aaHue pa3dUBaeTCs Ha JABE YaCTH:

1. TIpoBepka cuHTaKcuca.

2. TIpoBepka ceMaHTUKH.

CeMaHTHKa 3aBUCUT OT BRIOPAHHOTO S3bIKa, M TIO3TOMY €€ TPOBEpKa JKECTKO

MpUBSI3aHA K aHANU3aTopy (B JaHHOM ciydae — Bameit nporpamme). I'pammaruka
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e JOJDKHA OBITh YHUBEPCAIBHOM, T.€. IOJDKHA TO3BOJIATH 337aBaTh JIFOOBIE TIpa-
BUJia i pasbopa mporenayp/dyHkmuit/aeneratoB (i He TOJbKO). Hampuwmep,
JOJDKHBI OBITH TOCTYITHBI M3MEHEHHUS: KIIIOUEBBIX CJIOB, 3HAKOB IMyHKTYyalluH, Mpa-
BUJI pa30bopa HIECHTU(UKATOPOB, a TaKKe M0OABICHHE HOBBIX S3BIKOBBIX KOH-
CTPYKUHM U T.II.

[Iporpamma pomKHA MpPOAHANIM3UPOBATh MMEIOIIEECS] OIMMCAHHUE MpOoIle-
nyp/pyHKITHI/eneraToB U BbIIATh PE3yIbTaT MPOBEPKH. DTO MOXKET OBITh:

1. CoobuieHre 0 TOM, YTO rpaMMaTHKa BO BXOJHOM (haiijie HE SBIISETCS
LR(0)- wim LR(1)-rpamMmMaTuKOii.

2. CooO1ieHre 0 TOM, 9TO OMUCaHNE KOPPEKTHOE.

3. CooOmieHne 0 CHHTAKCHMYECKOM OmMOKe. YKa3blBaTh THUIl OIIUOKH HE
00s13aTenbHO, TpeOyeTcsl TOIBKO yKa3aTh CTPOKY W IMO3UIMIO0 B CTPOKE BXOJHOTO
daiina, rae HabmogaeTcs ommroka. JlocTaTo4HO HAXOUTh TOJIBKO MEPBYIO OLINO-
Ky B OMHCaHUHU.

4. CooOuienue o koH(pIUKTE UMEH. B 3TOM ciiydae Ha BBIXOJI€ IPOrPAMMBI
HE0OXO0IUMO yKa3aTh KOH(MIUKTYIOEE UMs, a TAKXKE CTPOKY U MO3UIIUIO B CTPOKE,
Ir7i€ MPOU301IeN KOH(IUKT.

Kpome Toro, mporpamMma MoxeT ObITh HallMCaHa Ha OJHOM S3BIKE, HO IMPO-
BEPSATH MPaBUIILHOCTh OMUCAHUS MPOIEAYDP, PYHKIUHN, AeTeraToB U T.I. JJIs JIpYy-
TOT0 SI3bIKA.

Bapuant 2. Ha Bxo1 mporpamMMbl MOJaeTcsl OMUCAaHUE CTPYKTYp (3amuceil)
Ha BbIOpanHOM si3bike (Pascal, C++, C#), a taxke onucanue LR(0)- wim LR(1)-
rpamMaTuku. HeoO6XoauMo mpoBepuUTh, SBIISIETCS JIU OMUCAHUE CTPYKTyp/3amuceit
KOPPEKTHBIM C TOYKH 3pPEHUS 3aJIaHHOW TpaMMaTHKUA U HE COJEPKATCS JIU B HEM
KOH(JIUKTHI UMEH.

Takum 00paszom, 3a1aHne pa3OUBaeTCs Ha JIBE YaCTH:

1. TIpoBepka cuHTaKcuca.

2. TlpoBepka CeMaHTUKHU.

CemaHTHKa 3aBUCUT OT BRIOPAHHOTO SI3bIKA, M TIO3TOMY €€ MPOBEPKA KECTKO

npuUBs3aHa K aHalu3aTopy (B JaHHOM ciydae — Bamieit nporpamme). I'pammaTuka
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e J0JDKHA OBITh YHHBEpPCAJIbHOMU, T.€. OJKHA MO3BOJATH 3a/1aBaTh JIOOBIE Ipa-
BUJIa U1 pazbopa CTpykTyp/3amucedd (M He ToibKo). Hampumep, mOKHBI OBITH
JOCTYITHBI M3MEHEHUS: KJIIOYEBBIX CIIOB, 3HAKOB IyHKTYyallMH, TpaBWi pa3bopa
UACHTU(DUKATOPOB, a TAKKe JOOABICHIE HOBBIX S3bIKOBBIX KOHCTPYKIIUH H T.II.

[IporpamMMa noMKHA TMPOAHATU3UPOBATh HMMEIOIIEECS ONHMCAHUE CTPYK-
Typ/3amuceii U BBIIATh Pe3yIbTaT MPOBEPKUA. ITO MOXKET OBITh:

1. CooOmuienrie 0 TOM, YTO TpaMMaTHKa BO BXOJHOM (haiijie HE SIBISIETCA
LR(0)- umu LR(1)-rpaMMaTHKOIA.

2. Coo01mieHue o ToM, 9TO OMMCAHUE KOPPEKTHOE.

3. CoolmieHne O CHHTAKCHYECKOW OIIMOKe. YKa3blBaTh THUM OIIMOKH HE
00s13aTenbHO, TpeOyeTCsl TOJIBKO yKa3aTh CTPOKY U MO3ULHUIO B CTPOKE BXOJIHOTO
¢aiina, rae HabmogaeTcs omunoOka. JlocTaToOuHO HAXOJUTh TOJBKO NEPBYIO OLIMO-
Ky B OIIMICAaHUHU.

4. CoobuieHue o KOH(IUKTE UMEH. B 3TOM ciydyae Ha BBIXOJ€ IPOTrpaMMBbl
HEOOXOMMO yKa3aTh KOH(QIUKTYIOIIEE UM, a TAK)KE CTPOKY U MO3UIUIO B CTPOKE,
IJle IPOU30IIET KOH(IIUKT.

Kpome Toro, mporpamma MOXeT ObITH HaImMcaHa Ha OJHOM SI3bIKE, HO TIPO-

BEPSTH NMPABUIIBHOCTH ONMCAHUS 3aIIUCEN, CTPYKTYP U T.II. I IPYTOTO A3bIKA.

6.2 OTYET 1O JIABOPATOPHBIM PABOTAM

Otyer Mo KaxJa0u JlabopaTopHON paboTe NOKEH BKIIIOYATH CIETYIOLINE
DIIEMEHTBI:

1. Tutynenbiii muct. Odpazen 0pOpMIICHUS TUTYJIBHOTO JIUCTA IPUBEACH B
MPUIOKEHUU.

2. Ornapnenue. B ornaBneHun MOJKHBI OBITH MPHUBEAEHBI 3ar0JOBKH BCEX
pa3zenoB JOKyMeHTa (BIUIOTH JI0 BTOPOTO MJIM TPETHETO YPOBHSI) C YKAa3aHUEM HO-
MEPOB CTPaHULI.

3. 3amanue Ha MabopaTOpHYIO paboTy. 3a1aHue TOJKHO OBITh MOJTHBIM, T.€.
BKJIIOYATh OOIIYIO YacTh 3aJaHusl, MHAUBUAYaJIbHOE 3aJ]aHHE COTJIACHO BapHaHTY,

a TaKKC OIIMCAHMC BXOAHBIX U BBIXOAHBIX JAHHBIX IIPOT'PAMMBI.
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4. Kpartkyro teoputo. B kpaTkoit Teopun He0OX0IMMO ONMUCATh CHHTAKCUC U
CEMAHTHKY AHAJIU3UPYEMOTO IPOTPAMMOMU SI3BIKA, a TAKKE BCE PEAIU3YEMBIE B
IIpOrpamMme aJrOpPUTMBI.

5. PesynbpraThl paboTel. B pe3ynpTaThl paboThl BKIHOYAETCS (popMaIbHOE
ONMCAHME MTOCTPOCHHBIX CUHTAKCHUECKUX aHAJIM3aTOPOB, a TAKKE PE3yJIbTAThl TE-
CTOBBIX IIPOIOHOB ITPOTPaMMBI.

6. 3akmroueHue (BbIBOIBI). 3A€Ch (POPMYITUPYIOTCS BBIBOABI MO MOJTYYCH-
HBIM pe3yJibTaTaM padOThI.

/. Cnucok MCHOJIb30BaHHBIX MCTOYHUKOB. Ha mpuBeneHHbIE HCTOYHUKU B
TEKCTE IOKYMEHTa JOJHKHBI ObITh PACCTABIEHBI CCHUIKU.

8. Ilpunoxenus. Hanpumep, 310 NpUIoKEHUS C JIUCTUHIAMH IPOTpaMM U

T.II.
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