®enepanabpHOE areHTCTBO IO 00PA30BAHUIO

TOMCKHIM T'OCYJAPCTBEHHBIIH YHUBEPCUTET CUCTEM
YIIPABJIEHUA U PATUODJIEKTPOHUKMU (TYCYP)

Kadenpa apromaruzupoBaHHbIx cucteM ynpasienusi (ACY)

B.T. Kanaiina

TEOPUA BbIYUCIIUTENBbHbIX
NMPOLUECCOB U CTPYKTYP

Yyeb6HoOe nocobue

2007



Koppekrop: Ocunosa E.A.

Kanaiina B.T.
Teopusi BEIYMCIUTEIBHBIX MPOIIECCOB M CTPYKTYp: YueOHOe Moco-
ome. — Tomck: Tomckuii MEXBY30BCKHN LEHTP IHWCTAHIIMOHHOTO

obpazoBanus, 2007. — 269 c.

© Kamatina B.T., 2007

© ToMcKHit MeXBY30BCKHIA IIEHTP
JMUCTaHIIMOHHOTO 0OpazoBanwms, 2007



OIrMABJIEHUE

2323 201215 1 1 OO 8
1 TIPEABAPUTEJIbHBIE MATEMATHYECKUE CBEJEHU .................... 10
LI MHOKECTBA ... uveeitieeiteeeeiteeeeteeeeteesateeesteeesseeessseessesesnsessneeas 10
1.2 OTIEPALIM Y OTHOILEHMS .....uvveieiiiieeeceirieeeeereeeesereeeeeenneeee e 11
1.2.1 Oniepaiiiv HAZl MHOMKECTBAMIE ......veeveereervereeseesseensesseseenes 11
1.2.2 OTHOIIEHHUST HA MHOMKECTBAX +eeevvvrererenrreresssseresssssenssssssens 13
1.3 MHOXECTBA LETIOUEK ......ccceiiuiieeiirieeeeeireeeesereeessenseeeeeennseeass 17
TG T I )5 (o} 1 7 17
1.3.2 Oniepanyy HaJl ETOUKAM .....c..ververueeeesueseeseesseensesseseenee 18
LA SIBBIKH ...ttt e e s e e e e e e ennneeaan 19
1.4.1 OTIPEACTHEHUM. ....veveeueereeseeeresreeneesresseeseesreenesnesseenresre e 19
1.4.2 Oniepamyy HAJ SI3BIKOM......c..orveeueerrerueeseessesseseesseensessesennes 19
L5 AJITOPHUTMDBI ....uveeiiiieiiieecieeeeteeeeteeeeteeeeteeeeaeeesnteesbeeesareeeneeas 20
1.5.1 YaCTUUHBIC QIITOPUTMBI ...c.vverveeneeresneessessesneseesseessesseseenns 20
1.5.2 Bcroy ONpeieTICHHBIC alITOPUTMBI .....veveeueereeeeeeeeseeeneene 21
1.5.3 PEKYPCHBHBIC QIITOPUTMBI -....veveerveneeeesseeeeseesseensessesneenee 22
1.5.4 3a1aHUE ATITOPUTMOB ... eeeuverreeneesrerneeseesreeneseesseensesseeneenns 23
1.5.5 TIPOOTEMBI ...ttt s 23
1.6 HEKOTOPBIE TTOHATUS TEOPUU TPADOB.......cccveeereeeinreeennen. 23
1.6.1 OpUECHTUPOBAHHBIC TPAPDI ....vevvenrereeeresreereseeseeenresneeeenns 23
1.6.2 OpueHTUPOBaHHBIE AIUKITHYECKUE TPAPBI..c.vvveerrereeenenne 25
R RC I (5111521 - TR 26
1.6.4 YTIOPSTOUCHHBIE TPADB -.c.uverveneerereeeeesieeeeseeseeessesseseenes 27
KOHTPOJIBHBIE BOIIPOCHBL..........uviiieiieeeeeeeiteeeeeseeesesnnsnseeesssesnsnnnns 28
2 BBEJIEHUE B KOMITUJIALIMIO ........vveeeiireeeessreeeessbeeeesssreeesssnreeessanns 29
2.1 3AJTAHUE S3bIKOB ITIPOTPAMMUPOBAHUS..........veeeeenreeaennnnee. 29
2.2 CHHTAKCHUC Y CEMAHTHKA ....cooiuvieereeeiteeecreeeireeeereeesreeeenneas 30
PRCE N 1:70) A 12100l (0] Y00 1% ) 531117 1 S 33
2.4 JIEKCUUECKUIM AHAJIHB ...c.vveeiveeeeveeeeveeeereeeeveeeireeeeseeesveseneeas 33
2.5 PABOTA C TABJIMLIAMI ......uveieeiiiieeeciieeeeeireeeeeireeeeesnreeeeeneeas 36
2.6 CHHTAKCHYECKHIM AHAJIM3 ....cccovvieeireecreeecreeereeeeteeesveeenn s 37
2.7 TEHEPATOP KOJIA ....uvveeeeetreeeeeinreeeeeisreeesesseeesesseeesenssesasennses 38
2.8 OITUMMBALIMS KOJIA ..coeuvreeeeciieeeeeiieeeeeireeeeesnreeesennreeeeensees 43
2.9 ICTTPABJIEHUE OLLMBOK .....ccccveieiureeeireeeiteeesreesseeesseeesseesnsnens 45

(0 1 34 257 1)L < R 46



KOHTPOJIBHBIE BOITPOCDB.........uvvvieeieeeieiisrereeeseessesssreeeeesssesnssens 47
S TEOPHS SI3BIKOB.....cccveieteeeitreeeiteeesteesiteeesseeesbeeesseeessseesreeesnseesnnes 48
3.1 CITIOCOBBI OTTPEAEJEHUS SA3BIKOB .....oceeeeciieeeeireeeeeeveeee e 48
O BTN Y 1LY 7N B4 1 27 48
3.3 PAMMATHUKHU C OTPAHUYEHUSIMU HA TIPABHJIA .....oveeenenee. 52
3.4 PACHO3HABATEII  ...ccuvveeiteeecieeecieeeetteeeeteeesareesbeeeseeesareesnnneas 53
3.5 PEI'VJISIPHBIE MHOXECTBA, X PACITO3HABAHHE
17 B (0) 0011215 1 | 56
RSN 01101531 (SN (51 17 SRR 56
3.5.2 AiropuT™m pelieHust CTaHapTHOW CUCTEMBI
YPaBHEHUH C PETYISPHBIMU BBIPAKEHUAMH .....eevvrerrennenns 59
3.6 PEI'VJISIPHBIE MHOXXECTBA M KOHEYHBIE ABTOMATHI........... 61
3.7 TPA®MUYECKOE ITPEJICTABJIEHUE KOHEUHBIX
ABTOMATOB ....ccetiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeseeeseeerrerssereererrrrrsrrrmee 63
3.8 KOHEUHBIE ABTOMATEHI Y PETYJISIPHBIE MHOXXECTBA............ 66
3.9 MUHUMMBALIMA KOHEUHBIX ABTOMATOB ....ccvvvereeinveee e 67
3.9.1 TTOCTAHOBKA 3AMAUM ......euvvveeieeeeieserrereeeeeessessssreseeesssssenssens 67
3.9.2 Airoput™ MOCTpOCHHSI KAHOHUYECKOTO KOHEYHOTO
Y23 017 €215 - D 69
3.10 KOHTEKCTHO-CBOBO/IHBIE A3BIKU.....c.ccccvveeeeenreeeeeereeaeeneees 70
3.10.1 JIEPEBBS BBIBOMIOB ... vcuveeuresrerueeresseesnessesneessessesnessessesnsens 71
3.10.2 TpeoOpazoBanue KC-TPAMMATHK........coeereervereerierieanens 75
3.10.3 I'paMMATHKA 0€3 IIUKIIOB ....c.uveurerrernersresseessessesnnessessesnsens 79
3.10.4 HopmanbHast POPMA XOMCKOTO ....ccuvrrermeereerreneeseesseennens 80
3.10.5 HopmanbHast hopMyma IPeriBax......cccvvreereerereererenniens 81
3.11 ABTOMATBI C MATABMHHOM TTAMSITBIO......cccoveereeecreeenneen. 84
3.11.1 OCHOBHBIC OTIPEIEIICHHS «..v.vvenrerveenersresneessessesnnessessesnsens 84
3.11.2 DxBuBaneHTHOCT, MII-aBTOMATOB
U KC-TPAMMATHE .....couviveriierieniieie sttt 86
KOHTPOJIBHBIE BOIIPOCHBL..........utiiieieeeeeeesiireeeesaeesesnnssseeessseensnnns 87
4 KC-TPAMMATHKI U CHHTAKCUYECKUI AHAJIN3 CBEPXY
BHIAB 1t ttvetetersrerssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnes 89
4.1 LL(1)-TPAMMATHKH .....evereereeeeeeeeeiessessessessessessessenssessesnens 90
4.2 LL(1)-TABJIALIA PABBOPA .....ocvuevieiieiteeteeiee e eseestesreene e snee e 96
KOHTPOJIBHBIE BOITPOCDBL........cccuvviieeeeeeeeecineeeeeeeeeessnnsnnneeeaaeeens 102
5 CHHTAKCUYECKHI AHAJIN3 CHU3Y BBEPX .....veeviveeeiiveeireeeinneenns 103

5.1 PABBOP CHHUBY BBEPX ... s sese s ss s 103



5.2 LR(1)-TABJIALIA PAZBOPA ....cccvviveerereereestesteeieesresseensesneennenns 105
5.3TIOCTPOEHUE L R-TABJIMIIBI PASBOPA .....ovvveeetrereeeenreee s 109
5.4 CPABHEHUYE LL- 11 LR-METOJIOB PA3BOPA ......ccccceeuveeennnnen. 113
KOHTPOJIBHBIE BOITPOCDBL........cccutvieeeeeeeeeecinteeeeaeeeessnnnnneeeaaeeens 113
6 OITUMUBALIT KOJIIA «.vveeeeiureeeeeeireeeeeereeeeeeseeeeeeneeeesesneeessenneeeass 114
6.1 ONITUMM3ALNS TMHEMHOT'O YUACTKA ..ceccvveeereeereeeseveeennes 114
6.1.1 MoJIeTTb TUHEHHOTO YUACTKA .veuveveerverrerneeseesseeneesseseesens 115
6.1.2 TIpeoOPazsOBAHHE OTOKA.......eesverrerreererreeseesresseennesreseenees 117
6.1.3 I'paprueckoe MPeICTABICHUE OJIOKOB .....eerveeveereeeraeennns 122
6.1.4 Kputepuii 5KBUBATICHTHOCTH OJIOKOB ......covverueeeervereeens 125
6.1.5 ONTUMUABALST OIIOKOB «..ueeeeeeeeeeeeeeeeseeeaeeeeeeeeeaeaaeaaann 126
6.1.6 AnreOpandeckue MPEOOPABOBAHMST «..c.veevvererreereerrereeens 130
6.2 APUGMETHUYECKUE BBIPAXKEHUS .....oveeeveeecireecreeereee s 135
6.2.1 MOIETD MALLIIHDBL. ... e seeeeeee e e e seee s e e e e e e aeeaeeaaaaannn 136
6.2.2 Pa3METKA JICPEBA. ...eeverueereerreeresiesieeresneeseesnessesseesresneeneas 138
6.2.3 [Iporpammer ¢ komargamu STORE............cccccevvieenee. 142
6.2.4 BnusiHAe HEKOTOPBIX areOpanyeckKux 3aKOHOB ............ 143
6.3 TIPOTPAMMBI C LIAKITAMU .....uvveeeeciieeeeeieeeeeeireeeeeeareeeeenreas 154
6.3.1 MOZECITTB TIPOTPAMMBL. .....c.veveeureseeeneeresseeseessesseessessesneenees 154
6.3.2 AHAITU3 TIOTOKA YIIPABICHUS «..cvverveenrerreeneeiesneeneesseseenens 158
6.3.3 [IpuMepsl TPe0OPaA3OBAHUS TPOTPAMM.....crverreeeerrerneerens 163
6.3.4 ONTUMHUBALAS LIHKIIOB ..vvvereeeeeiesssreeeeessssssssssssseeesssssssssens 166
6.4 AHAJIN3 IIOTOKOB JIAHHBIX .....vveeeiiieieciiieeeeessrenesesssenesessens 178
6.4.1 VTHTEPBAIIBI -...veveeneeeenieeseesieeieseesiee i e ssee st s e e sre e e 179
6.4.2 AHanmu3 NOTOKOB JJAHHBIX C TIOMOIIBIO UHTEPBAJIOB....... 186
6.4.3 HecBoauMBbIe TPA]BI YIPABICHHS ....oveeveerrereeeneenrenneeens 195
KOHTPOJIBHBIE BOITPOCDBI . ......cuvvieiuriecireeeteeesreeeereeesaseesveeessneenns 199
7 BKJIIOYEHUE JIEUCTBUM B CUHTAKCHC ...evvveceveeeveeesieeeeveeeenneenns 201
7.1 TIOJTYYEHUE UETBEPOK ... .cecicteieiteeeeiriesteeesireesreesreeesnneeeanas 201
7.2 PABOTA C TABJIMIIEN CUMBOJIOB........ccccereinreeereeereeesreeennes 204
KOHTPOJIBHBIE BOITPOCDBL.......ccccuvviieeeeeeeeecinneeeeaeeeessnnsnnneeeaaeeens 207
8 [IPOEKTUPOBAHUE KOMITHUJISATOPOB .....ccccccuvieeeeciieeeeecireeeeeenneeenn 208
8.1 UNCJIO TTIPOXOIOB ....vveeeeiurieeeeeireeeeeteeeeeereeeeesnreeeseenseeesennsens 208
8.2 TABJTULIBI CUMBOJIOB......vvvvveieeeeiieesiieeeiesessssssssesesesssssassnns 209
ST N @31 (5300 (<3505 (SHSY) (S Y (=) N0 ) : S 213
8.2.2 BUHAPHOE ICPEBO -...veueeeirreeresresieeresreeseesresneeneesresneeneas 213

SRS VN 911717\ 23401 () - F 214



KOHTPOJIBHBIE BOITPOCHL........vveeeiiveeeeeireeeeesbeeesssseeesssseneesanns 216
O PACIIPEJEJTIEHUE TTAMSITH ....veeeeiiiieeeeeiieeeeceiteeeeeeteeeeseineeeeeennaee e 217
9.1 CTEK BPEMEHHU ITPOTOHA ...c..uveeeeieireeecseireeesessrenesesnbeeessnrens 217
9.2 METO/IbI BEI3OBA IIAPAMETPOB ......vvveiiiiieeeecireeecesnreeeeenrens 224
0.2.1 BBIZOB 110 3HAUCHUIO .....uuvureenenenessssss s sanan 225
O.2.2 BEIZOB I10 HMEHMU ...uvvvereenrnrsne s nan 225
9.2.3 BBI3OB T10 PE3YIIBTATY ...ceuverveenrereesreetessesseessesseensesseseesens 225
9.2.4 BBI30B M0 3HAUYEHHIO U PEYIBTATY ..verveererrrerneeersrereesens 226
O.2.5 BEIZOB 10 CCBIITKE .vvvuvvruenrarasnsisss s snan 226
9.3 OBCTAHOBKA BBITIOJIHEHHA ITPOLIELYP ..vveeeetrere e 226
O I A N 227
O0.4.1 CYUECTUUK CCBIIIOK . uuuururnrnrnrarnsnsnsnsssssnsssssssssnnssnnssnsnsnnnnnnnnnes 229
9.4.2 COOPKA MYCOPA...cuverrerueereerrerresiesseessesseseessessesnsesseseesees 231
KOHTPOJIBHBIE BOITPOCHL........uvveeeiireeeeesreeeessreeesssseeeessssenesssnns 237
JOTEHEPAITVIS KOIA .uvveeeiireieeiiteeeseisreeessssbesessssbenessssresssssssessssnssens 238
10.1 I'EHEPAITAA IIPOMEXYTOUYHOI'O KOIA ..veveeevvereeerrereeenneess 238
10.2 CTPYKTYPA JAHHBIX JJ11 TEHEPALIUU KOJIA ........vveenenee. 242
10.3'EHEPAITNA KOJIA U1 TUIIMYHBIX KOHCTPYKIUMH........... 245
10.3.1 TIPHCBOCHHE. ... .cveueereeeeeeiesieeseesieeeeseeseee e e eeeseesnee e 245
10.3.2 YCIIOBHBIE 3aBHCHMOCTH. .....uvvverereeeeesissreeeeeeesssessssseseees 246
10.3.3 Onucanne HACHTUPHKATOPOB ....vevververmeenrersesessseseesees 247
10.3.4 LIHKIIBI .vveeeveeereeecieeecteeeeteeeeteeseteeesabeesbeeeesaeesreeeenneenns 248
10.3.5 BXO ¥ BBEIXO M3 OJIOKA ....evvvvveeiieeeieiisvereeeeseesesssreseeens 249
10.3.6 [IpHUKIATHBIC PEATHUBAIIHHI «..eeenverveneereenseeresreseensesneesees 251
10.4 ITPOBJIEMBI, CBSI3AHHBIE C TUTIAMM ......cccccvveeeeeee e e 251
10.5 BPEMS KOMIIWIALANA Y BPEMS ITIPOTOHA ....vvvveeevvereeennee. 254
KOHTPOJIBHBIE BOITPOCHEL........ccceeiiiiiiieeeeeeeeeeeeeee et 255
11 UCITPABJIEHUE U IMATHOCTHUKA OIIUBOK ....ccvveeevreeereeeinreennne 256
O 00 05 0117150 S 256
11.2 JIEKCUYECKUE OILUBKU ......veeeiveeereeesreeeireeesneesseeesnseesnnes 257
11.3 OLIUBKU B YIIOTPEBJIEHUM CKOBOK .....cccveeeerreecreeeenreennes 259
11.4 CUHTAKCHYECKUE OLLUBKU .....cvvvviiieeeieiiinieeeeeeeeesesssveneeens 260
11.5 METOIbI UICITPABJIEHUSI CUHTAKCUYECKHUX OIIUBOK .....261
11.5.1 PEXKUM HEPETIOTOXA .. .verveenrereeeersrereeseesseesesseseesseseesens 261
11.5.2 VICKIIFOUEHUE CAMBOJIIOB. ....eevvverrrreererrereeseeeeeeeseseseeseeeeees 261
11.5.3 BKIIFOUEHUE CHMBOJIOB. ...ccevvevrereereeeereeeeeeeeeeeeeseseseeeeeeeees 262

11.5.4 TTpaBHITA JITA OLIAOOK. ...eeuveeeeeereeeneeseeseeeieseeseessesaeeneas 262



NN 03201072 0123 25: 010205 1 S 263
11.7 COOBIIEHNAI O CHHTAKCUYECKUX OILMBKAX......0eeeennien. 263
11.8 KOHTEKCTHO-3ABUCHMBIE OLLUBKU.......c.cevvveeereeerenrreennnn 264
11.9 OLIMBKU, CBSI3AHHBIE C YIIOTPEBJIEHUEM THUIIOB ........... 265
11.10 OIIMBKHU, JOIIYCKAEMBIE BO BPEMS IIPOTOHA................ 266
11.11 O1UIMBKHU, CBI3AHHBIE C HAPYILIEHUEM

(0 BTN S 17050205 15 17 (TR 268
KOHTPOJIBHBIE BOITPOCHL........vveeeiireeeeeireeeessreeeessseeeesssanesssnns 268

(@517 (010) 1801 1% W 127N 174 30 5 (N 269



BBEOEHUE

Hacrosmee mocoOue MOCBAIIEHO MPOoOIeMe TEOPETHIECKOTO
OMHCAaHUS BBIYMCIUTENBHBIX IMPOLECCOB U CTPYKTyp. CylecTByer
JOCTATOYHO OOJIBIIOE KOJIMYECTBO BAPHAHTOB OPTaHM3AIMH BBIYHC-
JuTeNnsHOro mpornecca (puc. 1.).
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Puc. 1 — CxeMsbl BapHaHTOB OpraHU3al[UH BEIUHUCIUTEILHOTO MpoIiecca



OpHako BCeM 3THM CXeMaM MpHUCYIIa OOIIasi TeXHOJIOTHYe-
CKas IIeTT0YKa — <«IEKCHYCCKHH aHaIu3 — CHHTAKCHUYSCKHI aHaInu3
— TEeHepalus KojJa — ONTUMU3aLMs Koia». MHOrMe 3JIEMEHTBI 3TOU
CXEMBI B MPOLIECCE PA3BUTHS TEOPUU IIPOTPAMMUPOBAHUS U3 UHTYH-
THUBHBIX, YMIUPHUUECKUX AITOPUTMOB MPEBPAILIAIUCE B CTPOrO MaTe-
MaTHYeCKH 00OCHOBAHHBIE METOBI, 0a3UPYIOIIHECcs HA TEOPUH SI3bI-
KOB, TEOPHH MEPEBOIA, METO/IaX CHHTAKCUYECKOTO aHalIK3a U JIp.

B paccmatprBaeMoM TOCOOWH HWCIIONB3YIOTCS CIEIYIOIINE
MPUHLUIIBL:

— OCHOBHO€ BHUMAHHC YJICJ'IHGTCH TeOpCTI/I‘-ICCKI/IM naesam, a
HE TEXHUYCCKHUM TOJIPOOHOCTSIM pealin3aliny,

— IIMPOKO UCIOJIb3YeTCS NPUHLHUI JEKOMIIO3ULNN UCXOIHON
3a/1auyd Ha COCTAaBIIAIOIINE, UYTO IMO3BOJSIET KKIYIO YaCTh
3aJ1a4M [IOJABEPrHYTh OIITUMU3ALIUH,

— W3IIOKEeHHE MaTepuana 0a3upyercs Ha YBEPEHHOCTU B XO-
polleil MaTeMaTUYECKOM OArOTOBKE CIIyIaTeNei.
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1 NPEABAPUTEJIbHbIE MATEMATUYECKUE
CBEOEHUA

1.1 MHOXECTBA

Bynem mpennonarate, 4To CYIIECTBYIOT OOBEKTHI, Ha3bIBae-
MbIe amomamu. DTO CIOBO 0003HAYAET MEPBOHAYAILHOE MOHSTHE,
HMHAYe TOBOPS, TEPMHH «QTOM>» OCTAeTCsl HeompeeaecHHbIM. YTo Ha-
3bIBATh aTOMOM, 3aBUCHUT OT paccMarpuBaeMoii oosactu. YacTo ObI-
BaeT YJOOHBIM CUMTATh ATOMAaMH IIeJIbIEe YUCIIa MK OYKBBI HEKOTO-
poro angaButa. bynem Takxke NocTyIUpoBaTh aOCTPAKTHOE MOHATHE
npunaonexchocmuy. Ecmm a mpuHAmIexKuT A, To THIIyT acA,
A={a, &, ..., a}. OTpurianue 3TOro yTBepKJICHHUS 3aIHChIBACTCS
kak agA. [lonaraercs, 4To, e€ciii & — aToM, TO €My HHUYTO HE TpH-
HAJICKUT, T.€. X&a.

Bynem Takke MCIONB30BaTh HEKOTOPHIE MPUMHUTHBHBIE 00B-
€KThI, HA3bIBACMBIC MHONCECIEAMU, KOTOPBIC HE SBIISIOTCS aTOMaMHU.
Ecimu A — MHOKECTBO, TO €T0 2/1eMeHmbl — DTO €CTh 0OBEKTHI a (He
00s13aTeNIbHO aTOMBI), JJIsI KOTOPhIX acA. Kax/plii aeMeHT MHOXKe-
CTBa TpEeNCTaBIsIeT co00i MO0 aToM, b0 Apyroe MHOXKecTBO. Ec-
Ju A COIIEPKUT KOHEUHOE YUCIIO DJIEMEHTOB, TO A Ha3bIBaCTCS KO-
HEYHBIM MHOKECTBOM.

YTBepxkaeane #A =N o3HaYaeT, YTO MHOXKECTBO A mMeeT N
aneMeHToB. CHMBOJ & 0003HAYAET IMyCTOE MHOXKECTBO, T.€. MHOXE-
CTBO, B KOTOPOM HET JIEMEHTOB. 3aMETUM, UTO aTOM TOXKE HE UMEeT
3JICMEHTOB, HO IyCTOE MHOXECTBO HE aTOM M aTOM HE SIBJISICTCSI ITyC-
TBIM MHOKECTBOM.

OnuH 13 c1oco0OB OTpeIeTIeHUST MHOXKECTBa — OTPEIeICHNE
C TIOMOIIBIO npedukama. llpeaukaT — 3TO yTBEPXKICHHUE, COCTOS-
Iee U3 HECKOJbKUX MEPEeMEHHBIX U MpuHUMaroliee 3HaueHue O miu
1 («roorco» wnu «ucmuna»). MHOXKECTBO, ONpPEesieMoe C TTOMO-
IIbI0 TIPEJUKATA, COCTOUT U3 TE€X JICMEHTOB, JUIsl KOTOPBIX MPEIUKAT
HCTUHEH.

I'oBopsr, uto MHOXKECTBO A codeparcumcs BO MHOXeCTBe B, n
iyt ACB, eciiu kaxblil aneMeHT u3 A siBJiseTcs dJieMeHToM u3 B.
Ecnu B comepxxut aneMenT, He npuHaanexaniuii A u ACB, ropopsr,
uro A co6cmeenno conepxxutces B B (puc. 1.1).
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AcB
IToaMHOxecTBO B HanmuOXkectBO A

Huarpamma Benna:

a0

Puc. 1.1 — JInarpamMma BenHa 17151 BKIIFOYEHHST MHOXKECTB
1.2 ONEPALNM U OTHOLUEHUSA
1.2.1 ONEPALIMM HAJT MHOKECTBAMH

1.2.1.1 O0beanHeHe MHOKECTB

AUB = {x | xeAwmm xeB} —
3TO MHOXKECTBO, cojiepraiiee Bce anementsl A u B (puc. 1.2).

Puc. 1.2 — JInarpamma BenHa 11t 00be IMHEHHUS MHOKECTB

1.2.1.2 Tlepeceuenne MHOKECTB

ANB={x|xeAuxeB} —
ATO MHOXECTBO, COCTOSIIEE U3 BCEX TEX DJIEMEHTOB, KOTOPBIE MPH-
HaJuIeKaT oboum MHOXkecTBam A u B (puc. 1.3).

Puc. 1.3 — JInarpamma BenHa 1 iepecedeHs] MHOKECTB
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Ecnmu ANB = &, To MHOXecTBa A u B He nepecekatorcs.

1.2.1.3 Pa3zHOCTH MHOKECTB

AB={x|xeAuxgB} —
3TO MHOYKECTBO 3JIeMEeHTOB A, He npuHaexkanmx B (puc. 1.4).

Puc. 1.4 — JIuarpamma BenHa /17151 pa3HOCTH MHOYKECTB

MHOXeCTBO BCEX 3JIEMEHTOB, pacCMaTpHUBAEMbIX B JTaHHOH
CUTYaIN¥, HAa3BIBACTCS VHUBEPCANbHbIM MHOJCECMEOM W 0003HAYa-
etcs uepe3 U.

Pasznocts U — B = B nasweiBaercs dononnenuem B. Jlomonne-

uue B (1.e B) n B He nepecekarorcs.

Onpeoenenue. Ilycts | — HEKOTOpOE MHOXKECTBO, DIIEMEHTHI
KOTOPOTO HCIOJI3YIOTCS KaK HHICKCHI, U JUTS KaXI0ro | ¢l MHOXe-
cTBO A u3BecTHO. BBenem 00001eHHOE MOHSATHE 00 bEIMHEHNS KaK

UA ={X | cymectByer Takoei € |, 9to X € A}
iel

Ecnu | onpeneneno ¢ nomornsio npeaukara P(i), To nHorma

MHIIYT
JA Bmecro UA.
) icl
TIpumep. U A osHauaeT AgUAUAs. .
i>2
Onpedenenue. MHOXeCTBO BCeX MOAMHOXKeCTB A 0003HadaeT-
cst uepes P(A) win 27, 1.e. P(A) = { B | BCA}.
Ipumep. P(A) = {9, {1}, {2}, {1, 2}, ...}, T.e. eciu A KOHEY-
HOE MHOKECTBO M3 M 351eMeHTOB, To P(A) coctout n3 2" 21eMeHTOB.
B o011iem ciydae 37eMEHThI MHOXKECTBA HE YIOPSI0YCHBI.
Onpeoenenue. Ilyctb a u b — o6bextsl. Uepes (a, b) 0603Ha-
YUM YIOPSIIOUYECHHYIO Mapy OOBEKTOB, B3ATHIX UMEHHO B 3TOM I10-

psiake.
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VYuopsouennsie mapsl (@, b) u (C, d) HaspIBarOTCS paBHBIMH,
ecnmn a=C u b=d. YnopsimoueHHbie mapbl MOXHO PacCMaTPHBAThH
kak MmHOXecTBO (4, b) —{a, {4, b}}.

1.2.1.4 ]lekapTOBO NpoU3BeeHNE

AxB={(a, b) |acAubeB} —
MHOKECTBO, DJIEMEHTAMH KOTOPOTO SIBJISFOTCS BCEBO3MOXKHBIE YITO-
PSIOYEHHBIE TIAPBI SJIEMEHTOB JIBYX UCXOIHBIX MHOYKECTB.
Ipumep. Ecim A={1,2}, B={2,3,4}, to AxB={(1, 2), (1, 3),
1,4, (2, 2),(2,73),(2 49}.

1.2.2 OTHOLIEHUSI HA MHOKECTBAX

1.2.2.1 OrHowIeHUs

[Iycts A u B — MHOXecTBa. OTHOIIEHNEM u3 A B B Ha3biBa-
eTcsl M000e TTOIMHOXKECTBO MHOXKecTB AxB.

Ecnu A = B, To oTHOmIeHue 3a1aHo (onpeaeneHo) Ha A.

Ecnu R — ortnomenue u3 A B B u (a, b)eR, To numyr aRb.
MHuosxecTBO A Ha3bIBarOT 00J1acThi0 omnpeneieHus, B — MHoxecT-
BOM 3HAUYEHUH.

Ipumep. A — mMHOXECTBO LenbIx uncen. OTHomenue L npea-
craBisieT MHOXKecTBO { (4, b) |a < b} nnmm a < b (aLb).

Onpeoenenue. Otnomenwue { (b, a) | (a, b)eR} HassiBatoT 06-
paTHBIM K oTHOmIeHHIO R, T.e. R™.

Onpeoenenue. Ilycte A — MHOXKecTBO, R— oTHOmIEeHNe Ha A.
Torna R Ha3eIBaIOT:!

1) pegrexcusnvim, eciu aRa mis Bcex map us A

2) cummempuunvim, eciiu aRb Baever bRa st Becex au b uz A;

3) mpansumusnvim, eciin aRb u bRe BekyT aRe st @, b, cus A

PeduiekcuBHOE, CHMMETPUYHOE W TPAH3UTHBHOE OTHOIICHHUE
HA3bIBAIOT OTHOIICHUEM DKGUBALEHMHOCIU.

OTHoIIeHne SKBUBAJICHTHOCTH, OMpeeNieHHOe Ha A, 3aKITo-
4aercss B TOM, YTO OHO pa3OMBaeT MHOXKECTBO A Ha HelepeceKkaro-
IMecs MOAMHOKECTBA, Ha3bIBAEMbIE KJIACCAaMH 3KBUBAJICHTHOCTH.

Ilpumep. OTHOmMEHNE cpaBHEHU TI0 MOy o N, ompeseneH-
HOE Ha MHOYKECTBE HEOTPHILATEIBbHBIX YHCEN. & cpaBHHUMO ¢ b mo
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mozaymo N. Dto MoxHO 3amucath kak a = b(mod N), t.e. a—b =kN
(kK — memoe).

ITycts N =3, torma muoxectso {0, 3, 6, ..., 3n, ...} Oymer
OHVMM M3 KIIACCOB DKBHBalEHTHOCTH, T.K. 3N = 3m(mod 3) mis me-
Je1x N1 M. O603Hauum ero yepes [0]. Jpyrue nBa knacca:

[1]={1,4,7,...,3n+1,...};
[2] ={2,5,8,...,3n+2,...}.

OObeMHEeHNE ATHX TPEX MHOXECTB JJaeT MHOKECTBO HEOTPH-

HaTeaBHBIX MeabIX unceln (puc. 1.5).

[1]

Puc. 1.5 — Knacchl 5KBUBaJIEHTHOCTH OTHOILIEHUS
CpaBHEHHUS [0 MOJTYJIIO 3

UYucno KiaccoB, Ha KOTOpBIE pa3OMBaeTCsi MHOYKECTBO OTHOIIIE-
HUEM SKBUBAIEHTHOCTH, HA3bIBACTCS MHJICKCOM 3TOI'O OTHOIIICHUSI.

1.2.2.2 3aMbIKaHnie OTHOILCHM

3a0aua. Ina nanHOTO OTHOWIEHWS R HaliTM Apyroe oTHoIIe-
nue R, obmamaroriiee JOMOJHUTEILHBIMHA CBOWCTBaAMK (HAmpUMep,
TPaH3UTHBHOCTHIO). Bosee Toro, skenaresnpHO, uTOObI R OBLIO Kak
MOKHO «MEHBIIIE, T.€. YTOOBI OHO OBLIO ITOAMHOKECTBOM R.

3ajava B 00IIEeM Cllydae He OINpezesieHa, OJJHAKO Ul YaCTHBIX
ClTy4aeB UMEET PeIICHHE.

Omnpenenenne. Crenenp oTHoeHus R Ha A o6o3naugaercst K u
OIIPECIISETCS CICIYIOIIUM 00pa3oM:

1) aR_lb TOTJa ¥ TOJIBKO TOoraa, korna aRb;

2) aRb mma i >1 Torma m TONBKO TOrAa, KOTJa CYLIECTBYET

Takoe CeA, uto aRc u cR .

DTO npUMep PEeKYPCHBHOTO OIPEICIICHNUS:

[aR'b — aRc; u ¢,R’b — ¢Re; 1 6,RPb — ¢;Re; 1 ¢;R'].

Tpansumusnoe 3amvikanue OTHOIIEHHS MHOXkectBa R Ha A
(R") onpenensercs tak: aR'b Torna u Tonbko Toraa, korma aRb ms
HekoToporo | > 1.
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PaciigpoBka MOHATUS TPAH3UTUBHOTO 3aMbikaHus: aR'b, ec-
JIK CYIIECTBYET TOCIEI0BATEIBHOCTh Cy, Cp, ..., Cn, cocTOsIAS U3 O
nim OoJiee AIMeMEHTOB, pUHAIeKaIuX A, Takas, uro aRcy, ¢Re,, ...,
CaRc,, ¢,Rb. Eciiu n = 0, To aRb.

Peghnexcuenoe u mpansumuenoe 3amvikanue otHonieHus R
(R) Ha MHOKeCTBE A OIPEIEISETCS CIIEYIOMIM 00Pa3oM:

1) aR a s Beex aeA;

2) aR'b, ecin aR'D;

3) B R Her HHYEro Apyroro, KPOMe TOTO, YTO COLCPIKHTCS B

Du?2).

Ecmn onpenenuts R, ckazas, uro aR%b Toraa ¥ TOJILKO TOT/Ia,
xorma a=b, To aR'b Toraa u Toneko Toraa, koraa aRb s Hexoro-
poroi>0.

EnuucTBenHoe pasmiune Mexay R u R cocront B TOM, 4TO
aR'a uctunHO 11 Beex acA, Ho aR'a MokeT OBbITh, @ MOXKET W HE
OBITH HCTUHHBIM.

1.2.2.3 OTHomeHns: MopsigKa

OTHOIIIEHHS TOPSIIKA UIPAIOT BAXKHYIO POJIb MPU U3YYECHHU
AJITOPUTMOB, OCOOCHHO CIEIMATbHBIN B TIOPSIKOB — YACMUYHbLLL
NOPAOOK.

Onpedenenue. YaCTHIHBIM TIOPSIIKOM Ha MHOXECTBE A Ha3bI-
BaroT otHomrenne R Ha A takoe, 4rto;

1) R— TpaH3UTHUBHO;

2) s Bcex acA yrBepkaenue aRa J10XkHO, T.e. oTHoIeHne R

nppehIEKCUBHO.

Ipumep. Tlycts S={€y, &, ..., €} — MHOXKECTBO, COCTOSAIIECE
u3 N anemMenToB, u mycth A = P(S). ITonoxum aRb s mro6bix & u b
3 A Torma U TOAbKO Tornaa, korma azb. OrHomenue R HaswsiBaeTcs
YaCTUYHBIM MOPSAJAKOM.

st cnywast S = {0, 1, 2} umeeM 4acTHYHBIA MOPSIOK, H30-
OpaxeHHbIH Ha puc. 1.6.
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{0,1,2}
{0, 1} {0,2} {12
l l
{0} {1} {2}

Puc. 1.6 — YacTuuHsbIil TOPSTIOK

Onpedenenue. PedaeKCUBHBIM YaCTHYHBIM TIOPSIIKOM Ha3bl-
BaeTcst oTHomeHue R, ecn

1) R— TpaH3UTHBHO;

2) R— peduexcusHo;

3) ecimmaRb, Toa=Dh.

ITocnenHee cBOMCTBO HA3bIBAECTCS AHTUCUMMETPUYHOCTBIO.

Kaxxaplit 9acTUYHBIA MTOPAIOK MOXXHO TpaduuecKd MpescTa-
BUTD B BHJIE OPHEHTHPOBAHHOTO AIIMKIMIECKOTO rpada.

Jlunelinblil mopsiiok R Ha MHOXecTBe A — 3TO TaKOW 4acTH4-
HBIA MOpsi/IoK, uto ecin au b € A, To 6o aRb, mbo bRa, 1160
a=Db. Y1006HO0 3TO HOHATH U3 CIEIYIOIIETO.

[Iycts A mpezacTaBieHO B BHIE MOCIEIOBATEILHOCTH JIEMEHTOB
ai, ay, ..., &, JUIS KOTOPBIX &Ra; Tora 1 ToIbKo Toraa, Korma i <j.

AHaAJIOTHYHO ompesensieTcsi pedIeKCHBHBIN JTMHEHHBIA MOpS-
TIOK.

W3 Tpa uIMOHHBIX CHCTEM OTHOIIeHHE < (MEHbIIE) HAa MHO-
’KECTBE HEOTPHLATEIBHBIX IEIBIX YHCEN — ITO JIMHEHHBINH TOPSIOK,
OTHOIIIeHNE < — pedIIeKCUBHBIN JIMHEHHBINA TOPSIOK.

1.2.2.4 OToopaxkeHue

Orobpaxennem (pyHKIme# npeodpasoBanusi) M MHOXecTBa
A Bo MHOXecTBO B HaseiBaroT Takoe otHomenue u3 A B B, uro eciin
(a b) u (a, ¢) npunamiexxar M, To b = ¢. Eciu (@, b)eM, o 06b14HO
mumyT M(a) = b.
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M(a) onpenerero, eciu cymmectByet Takoe bB, uto (a, b)eM.

Ecnu M(@) omnpeneneno st Bcex acA, To M Bcrony ompeje-
JIEHO.

Ecnu M(a) onpeneneno He st Bcex a€A, o M — yactuanoe
0TOOpakeHUE.

M:A—B

O0acTh onpe/IeIIeHUs MmuoxecTBo 3HaueHut M

Puc. 1.7 — Orto0pakeHre MHOKECTB

Ecmu oroopakernne M:A—B TakoBo, uto ans kaxmoro beB
CylecTByeT He Oojee ogHoro acA, takoro, uro M(a) = b, To M Ha-
3bIBACTCS UHBEKMUGHBIM (B3aUMHO OJJTHO3HAYHBIM) OTOOPAKEHHEM.

Ecnu M Bcrony onpezenero Ha A u ais kaxaoro beB cyie-
CTBYET TOYHO OJIHO A€ A, Takoe, uro M(a) = b, To M HassIBaIOT Huek-
MUBHBIM OTOOPAKECHHUEM.

OGpatHoe oTobpaxenue 0603HauaeTcs M ™,

Onpedenenue. JIBa MHOkecTBa A u B HaswIBaloTCst paBHO-
MOIIHBIMH, €CJIU CYIIECTBYET OMEKTUBHOE 0TOOpakeHue A B B.

Onpeodenenus:

1) MHOXECTBO SKoHeuHO, €CTI OHO PABHOMOIITHO MHOXECTBY

{1, 2, ..., n} 11 HEKOTOPOTrO EIOro N;

2) MHOXECTBO S 6eckoHeuHo, €CITi OHO PABHOMOIITHO HEKOTO-

pPOMY CBOEMY COOCTBEHHOMY TIOJIMHOKECTBY;

3) MHOXeCTBO ScuemHoe, €ClI OHO PABHOMOIIIHO MHOYECTBY

MOJIOKUTENBHBIX YUCEI.

1.3 MHOXECTBA LIENOYEK

1.3.1 IIENOYKH

Angasumom OyneM Ha3bpIBaTh JFOO0E MHOXECTBO CHMBOIIOB
(oHO HE 00s3aTENILPHO KOHEYHO U JIaKe CYETHO), HO B HAIIMX MPUIIO-
XKEHUSAX OHO KOHe4HO. [Ipeamnonaraercs, 4To CIOBO «CUMBOJI» HMEET
JIOCTATOYHO SICHBIN UHTYUTUBHBINA CMBICI.
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Cumeon — sneMeHT anpabuta (CHHOHMMBL: OyKBa, 3HAK).

Ipumep: 01011 — nenouka B 6unapHom andasure {0, 1}.

OcoO0blii BU LIENOYKKA — TyCTas Iernovka, 0003Ha4YaeTCs KaK
e. [Iycras nernoyka He COEPKUT CUMBOJIOB.

Cozcnawenus:

o [IpommcHbie OYKBBI TpedecKoro andaBuTa — aa(aBUTHI.

e a, b, cud— ornensHbIE CHMBOJIBI.

e t,U,V,W, X Y¥HZ— [IENOYKA CHMBOJIOB.

ECIM [IeTouKy U3 | CHMBOJIOB 0603HAUMTH 8—a, Tora & = e —
mycTasd Heno4vKa.

Onpedenenue. llenouku B andapure X ONpEACIAIOTCS Clie-
TYIOIUM 00pazoM:

1) e— memouka B X;

2) eci X IIETIOYKA B X M €Y, TO Xa — IIENOYKa B X,

3) Yy — 1enouka B X TOTAa M TOJBKO TOT/A, KOTJa OHA SIBJIS-

eTcsl TaKOBOit B cuity 1) u 2).

1.3.2 OIEPALIMM HAJI IEIIOYKAMH

ITyctb X, y — 1IEnOouKH.

e Ilemouka Xy Ha3BIBAETCA CIEIUIEHHON (KOHKaTeHAIHElR).
Hamnpumep, eciiu X = ab u y = cd, to Xy = abcd. J{is mo60it
LEMOYKH X MOYKHO 3aIIUCATh, UTO Xe = eX = X.

e OOpamieHreM IICTOYKH X (XR) Ha3bIBAeTCs LENoYKa X, 3a-

MCAHHAS B OOPaTHOM TOPSIKE. X = &4dp...8,, X\ =
= aa.y...a, e =e
e [lycTb X, Y, Z— UENOYKH B HEKOTOPOM andaBute X, TOraa:
— X — TpedHKC IernouKn Xy,
— Y — cyddukc memnouku Xy,
— Y Ha3bIBAETCS TOALCTIOYKON HETOYKHU XYZ.
[Ipeduxc u cypukc MemodKn ABISIOTCS €€ MOAIETOYKaMHU.
Ecnu X £ Y, X — npedukc (cyddukc) nemouku y, To X — co6-
cTBeHHBIN npedukc (cypdukc) nenoyxu Y.
JlmvHa 1EenoYku — 3TO YMCJIO CHUMBOJIOB B Hed. Ecim X =
= a1&...8y, TO jauHa 1enodku N. JiuHy 1enovku obo3HavaroT [X|,
nanpumep [abcl=3, |e|=0.
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1.4 A3bIKK

1.4.1 OPEJEJEHUS

S3bikoM B anaBuTe X HA3BIBAIOT MHOXKECTBO IICTIOYUCK B X.

Onpedenenue. Yepez ¥ 0603HAUACTCS MHOXKECTBO, COJICPIKA-
1iee BCe LETNOYKH B aniaBUTe, BKJIIOYAS €.

Ipumep. Tycts X — Ounapusii andasur {0,1}, Torma X =
={e 0, 1,00, 01, 10, 11, 000, ...,}.

Kaxeli 361K B an(paBuTe L SBISETCS MOJMHOKECTBOM X .
MHOKeCTBO BCex Lenoyek B X, 3a HCKIII0UEHHeM €, 0003Ha4aloT X'

Onpedenenue. Ecnu s3bIk L TakoB, 4TO moJiHas Ienoyka B L
HE SBJIIETCS COOCTBEHHBIM TOJIMHOKECTBOM (Cy(h(hHKCOM) HUKAKON
apyroit nenouku B L, To L obmamaer mpedukcHbiM (CydhdOUKCHBIM)
CBOICTBOM.

1.4.2 OIEPALINM HAJ SI3BIKOM

Tak Kkak SI3BIKM SIBISIFOTCS MHOXKECTBAMH, TO BCE OIEPaIlUH
HaJ MHOXECTBAMH NMPUMEHHMbI K HUM. Omeparnio KOHKaTeHAInH
MOJKHO TIPUMEHSTH K SI3bIKAM TaK K€, KaK U K IIeTTOYKaM.

Onpeoenenue. Ilycts Ly — 51361k B X4, L, — 51361k B X,. Torma
s3bIK 1L, Ha3pIBaeTcss KOHKaTeHamuen a3bIkoB Ly 1 Ly — 3TO S3BIK
{xy|xeL; u yely}. Urepanus s3pika L o603nauaercs L u onpese-
JISieTCs CIIEAYIOIUM 00pa3oM:

1) L°={e};
2) L"=LL" pman>1;
3 L =L

n>0

[MosutuBHas utepanus a3pika L o603navaercs L™ — 310 A3bIk

YL re. L' =L U{g.

n>1
Onpeodenenue. Ilycts X1 1 £, — andasurel. ['omoMopdrzmMom
Ha3bIBACTCS JTI000E OTOOpakeHne h:X, — 3.
O6uacTh roMOMOpP(H3Ma MOXHO PACUIMPUTH 10 ¥, ToJIaras

h(e) = en h(xa) = h(x)h(a) a1s Bcex xeX; u acs.
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Ipumep. ECii MbI XOTHM 3aMEHHUTDH KaX10€ BXOXKICHHE B IIe-
nmouky cumBosia O Ha @, a Kaxxaoe BXokaeHue cumBona 1 wa bb, To
MOXHO omnpenenuTs romomopdusm h tax: h(0) = a, h(1) = bb. Ecnu
L={0"1"|n>1}, 1o h(L) ={a"v®" |n>1}.

Onpedenenue. Ecmn h:X, — ¥, TO OTHOLICHHE

e .
h*:3, > P(%;)
Ha3bIBaeTCs OOpaleHneM ToMOMOpH3Ma.
Ecmn yeX,, 10 h™(y) — 3To MHOECTBO IeroueK B anhaBy-

Te X1, T.e. T (y) = {Xx| h(X) = y}. Eciu L — s13bIk B andasure Z,, T0
h™(L) — si3pix B andaBuTe Xi, COCTOSIIMIT U3 TEX Ke HEMNOYeK, KO-
topbie h otoOpakaet B rienouxu u3 L. ®opmaibHo,
(L) =Un™ (y) = {xIn(x) < L.
yelL
Ipumep. h— romomopduszm h(0) = au h(1) = a, Torna
h™(a) ={0, 1},
h™(@)={0,1}".

1.5 ANroPUTMbI

ANTOpUTM — IEHTpAJIbHOE IMOHATHE B KOMIWIALMU U TPO-
IrpaMMHPOBAHHUH, TIO3TOMY BaXKHO €ro (hopMalbHOE ONpeeIeHHE.

1.5.1 YACTUYHBIE AJITOPUTMBbI

Hegopmanvroe onpedenenue. YacTUIHBIN aJITOPUTM COCTOUT
M3 KOHEYHOTO YHWCIIa KOMaH[, KaXJas M3 KOTOPBIX MOXET BBITION-
HATHCS MEXaHWYECKH 3a (DMKCHPOBAHHOE BpeMs U C (PUKCUPOBAH-
HBIMU 3aTpaTamH.

Jns Toro 49toObl OBITH TOYHBIM, HEOOXOIUMO OIPENEITHThH
TEPMUH «KomManoa». KpoMe TOro, YacTHYHBIA aqrOpUTM HUMEET JIHO-
00€ YHCII0 8X0008 U 8bIX0008. ITH TIEPEMEHHBIE TOXKE TPEOYIOT OI-
peneneHws.

Ipumep. Anroputm EBkiuma (MOMCK HAauOOJIBIIErO OOIIErO
JeTUTENS IBYX YUCe):

Bx00: p 1 q — NONOXUTENBHBIE LIENbIE YHUCIA.

Bovix00:  — HanOOIBIIHN OOIIHH OETUTENH P U (.
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Memoo:

[Iar 1. Ha#iti r — ocTaTok OT AeneHus P u g.

Hlar 2. Ecam r = 0, monoxxuth g = ( U OCTaHOBUTHCS. B mpo-
TUBHOM Clly4ae MOJI0XHTh P = (, 3aTeM ( = I' ¥ IepeiTH Kk mary 1.

JIaHHBII aTOPUTM COCTOUT U3 KOHEYHOTO MHOXKECTBA KOMAH/
U MeeT BXOJ ¥ BBIX0A. Ho MOKHO JT KOMaH 1y BBHIITOJIHATH MEXaHH-
YecKH ¢ PUKCHPOBAaHHBIMHU 3aTpaTaMy BPEMEHHU U MaMSATH ?

Ctporo roBops, HeT. BenmuuHbl P M  MOryT OBITH OYCHb
OOJBIIIMH, U, CIICIOBATEIBHO, 3aTPAThl HAa JieJICHUe OyIyT Mporop-
LIUOHAIBHBI P U J.

MoxHo 3aMeHuTh mar 1 Ha mocie0BaTeNbHOCTh MIaroB, KO-
TOpPbIE BBIYMCISIIOT OCTATOK OT JICJICHHS P Ha (], TPUYEM KOJIHIECTBO
pecypcoB, HEOOXOAUMBIX JJISl BBIIOJIHEHHsI OJHOTO TAaKOro Ilara,
(UKCUPOBAHO W HE 3aBUCHT OT P 1 (.

Takum 00pa3om, MBI JOIyCKaeM, 4TO Iar YacTHYHOTO aJro-
pHUTMa MOKET caM OBITh YaCTHYHBIM JITOPUTMOM.

1.5.2 BCIO4Y ONPEJEJEHHBIE AJITOPUTMBI

Onpedenenue. YaCTUYHBIA aJITOPUTM OCTAHABIMBAETCS Ha
JAHHOM BXOJI€, €CJIH CYIIECTBYET TaKOe HaTypaJbHOE YHCIO t, 9To
mocJjie BHITIOIHEHUsI t aleMEeHTapHBIX KOMaH][ 3TOTO allrOpUTMa 00
HE OKa)KEeTCS HU OJHOW KOMaHJBI 3TOTO alTOPUTMa, KOTOPYIO HY>KHO
BBITIONHATH, JINOO TIOCIETHEN BBIMIOJHEHHOW KOMaHIOW OyAeT «oc-
TaHOBUTHCS». YaCTUYHBIA aIrOPUTM, KOTOPBIA OCTaHABIMBAETCS Ha
BCEX BXOJaX, T.€. Ha BCEX 3HAYEHMSIX BXOJHBIX JAHHBIX, Ha3bIBAETCS
BCIOJIY OIIPEIENICHHBIM aJIFOPUTMOM JIMLOO0 IIPOCTO aJITOPUTMOM.

Ipumep 1. PaccMOTpUM TpeABLIYIINA YaCTHUHBIA aITOPUTM:
nocye mara 1 sermonaseTcs mar 2. [Tocne mara 2 1u6o BBIOTHSIET-
cs mar 1, 1ubo clexyromuil mar HeBO3MOXKEH, T.€. allTOPUTM OCTa-
HOBJIEH. MO’KHO JIOKa3aTh, 4TO I KaXI0T0 BXOJa P U ( aJIrOPUTM
ocTaHaBNMBaeTcsi He Oonee ueM uepe3 2( MAroB ¥, 3HAYHT, 3TOT
YaCTHYHBIN aJITOPUTM SIBIISIETCS TPOCTO AITOPUTMOM.

Ipumep 2. llar 1. Ecnu X = 0, To nepeitu k mary 1, B po-
THBHOM CJTy4ae OCTaHOBUTHCS.

st X = 0 3TOT 4aCTUYHBIHA aJTOPUTM HUKOT/IA HE OCTAaHOBUTCSI.

C TouKM 3peHHs pacCMaTPHUBAEMOTr0 HAMHU IpeaMeTa Hac 0y-
YT HHTEPECOBATH JIBE MPOOIIEMBI:



22

— KOPPEKTHOCTH AJITOPUTMOB,;

— OUEHKH HX CIOKHOCTH.

[Tpu 3TOM ClleyeT OLIEHUBATH JIBA KPUTEPHS CIIOKHOCTH:

— YHCIIO BBITIOJIHEHHBIX 3JIEMEHTAPHBIX MEXaHUYECKHX OTle-
pauii Kak (GYHKIMS OT BEJIMYMHBI BXonaa (BpeMeHHas
CIIOKHOCTB);

— o0beM mamsTH, TpeOYIOMIMHCS Uil XpaHEHHs MPOMEKY-
TOYHBIX PE3YJIbTATOB, BOHUKAIOUINX B XOJI€ BBIYMCICHHS,
KaKk (YHKIUS OT BEIMYMHBI BXOAa (EMKOCTHAs CIIOX-
HOCTB).

Iipumep:

Jlnst anroput™a EBkina uucio maros uis (P, g) — 29

O6BeM ucrnonb3yemoit namsitu — 3 ssueiiku p, g, I

OOBeM UCTIONB3YeMOl MaMsITH 3aBUCUT OT JJUHBI OMHAPHOTO

npeacTaBieHus yncia ~logyn, rae N — Hauboublee U3 yucen p, d.

1.5.3 PEKYPCHUBHBIE AJITOPUTMbI

YacTHUHBIA aTOPUTM OMNpeAessieT HEKOTOpoe OTOOpakeHHe
MHOECTBAa BCEX BXOJOB BO MHOXECTBO BbIX0OB. OToOpaxeHue,
OTIpeNeIIEMOe JACTUYHBIM AJITOPUTMOM, Ha3bIBAETCS YACTHUYHO pe-
KypcuBHOM (yHKuMel nnbo pekypcuBHOU ¢yHkuumeit. Ecim anro-
PUTM BCIOAY OTpejelieH, TO 0ToOpakeHue Ha3bIBaeTCsl OOIIepeKyp-
cuBHOH ¢yHKIHMeH. C MOMOIIBIO YACTUIHOTO ajlrOPUTMa MOKHO OII-
pEeneInTh U A3BIK.

Bo3pmeM anropurt™, KOTOPOMY MOXKHO IPEIBSABIATH IPOU3-
BOJIBHYIO LIeN04KYy X. Ilociie HEeKOTOpPOro BEIYMCIICHUS aJlTOPUTM BbI-
JlaeT «Ia», ecliv 1IeToYKa MPUHAIIEKHUT sI3bIKy. Ecnu X He npuHan-
JICKUT SA3BIKY, aJITOPUTM OCTAHABJIMBACTCA U BBIAACT KHCT».

Takoil anropuT™m ompenenseT s3Ik L kak MHOXECTBO BXOJ-
HBIX LIENIOYEK, AJIS1 KOTOPBIX OH BBIIAET «1a».

Ecnu MBI onpefenuiu sA3blK ¢ IIOMOILBIO BCIOLY OIpEIEICH-
HOTO JITOPUTMAa, TO IOCJIEIHUN OCTAHOBUTCS Ha BCEX BXOAAX.

MHOXeCTBO, ONpeAesieMOe YaCTUYHBIM aJrOpUTMOM, Hasbl-
BaeTCs PEKYPCUBHO TIEPEUUCIICHHBIM.

MHOX€eCTBO, OIPENENIeMOE BCIOLY OIPEAEICHHBIM alITrOpPUT-
MOM, Ha3bIBA€TCsl PEKyPCHBHBIM.
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1.5.4 3ANAHME AJITOPUTMOB

Mpbl 3aHMManuCh He()OpMaJbHBIM ONMCAHUEM aJrOPUTMOB.
MOo’KHO AaTh CTPOTHE OINpeNeieHNs TEPMHUHOB, HCIOIb3Yys pa3yind-
HbIE (DOPMaITH3MBI:

e MallWHbI ThIOPUHTA;

e rpamMaTuku Xomckoro turma O;

e anropuT™Mbl Mapkosa;

e JIIMOJA-UCUYHCIIEHHUS,

e cucremsl Ilocra;

o TAI'-cuctemsl u ap.

[Ipu manmpHeimem aHanmmu3e MbI OyIeM IMOIb30BaThCSA (popma-
mu3MoM ThropuHra, BBOJS 10 Mepe HaZOOHOCTH HEOOXOIUMbIE HaM
OTIpe/IeTIeHNS.

1.5.5TIPOBJEMBI

Onpeoenenue. Tlpobiema — 3T0 yTBepxkIeHHe (MPEIUKAT),
HCTHUHHOEC WJIN JIO’KHOC B 3aBUCHUMOCTU OT BXOJAIIIMX B HEIrO HEU3-
BECTHBIX (IIEPEMEHHBIX) OIpEAEICHHOro THUMa. [IpodieMa 0ObIYHO
(hopMymmpyeTcst Kak BOTIPOC.

Ipumep: «Ilenoe ynucao X MEHBIIE LETOTO Y».

Onpedenenue. YactHbill citydadt ipobdiaemMbl — 3T0 HabOp J0-
MYCTHUMBIX 3HAUCHHI €€ HEM3BECTHBIX.

OToOparkeHHe MHOXKECTBA HYACTHBIX CIIy4yaeB MPOOJIEMBI BO
MHOYECTBO { /1a, HET} HA3BIBAETCS PEIICHUEM ITPOOICMBI.

Eciu pemenne MOXKHO 331aTh ajrOPUTMOM, TO MpodJeMa Ha-
3BIBAETCS PA3PELIMMOM.

1.6 HEKOTOPBIE NOHATUA TEOPUU TPA®OB
1.6.1 OPUEHTUPOBAHHBIE I'PA®bI

Onpedenenue. HeynopsinoueHHbI OpUEHTHPOBAHHBIN Tpad G —
sto mapa (A, R), e A — MHOXECTBO 3JIEMEHTOB, HA3bIBAEMBIX
BepmmHamMu, R — oTHomenns Ha MHOXecTBe A.

Ipumep: G=(A,R),A={1,2,3 4}, R={(1, 1), (1, 2), (2, 3,
(2,4), (3,9, (4, 1), (4,3} (puc. 1.8).
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Puc. 1.8 — IIpumep opueHTHpOBaHHOTO Trpada

IMapa (a, b) HaseiBaeTcst xyroit (i pedbpom) rpada G.

Onpeoenenue. Iyctb Gy = (A, Ry) u G, = (A, Ry). I'pader Gy
u G, ABISAOTCS paBHBIMU (M30MOP(HBIMH), €CIIU CYHIECTBYEeT OUEK-
tHBHOE oToOpaxenue f :A;—A, takoe, uro aRb Torma u TombKO TO-
raa, koraa f(a)Rf(b), T.e. B rpade G; u3 BepumHbl @ B BepumuHy b
BEJIET JIyra TOTJa W TOJILKO TOr/a, Korna B rpade G, U3 BEpIIHHEI,
COOTBETCTBYIOLIEH &, BEAET Ayra, COOTBETCTBYIOIIAs BepIIHHE b.

Yactu BepiinHaMm u/wiam ayram rpada WHOT/AA MPHIHCHIBAIOT
HekoTopyto HH(popmaimioo (pa3Merky). Takue rpadbl Ha3bIBAIOTCS
MOMEYEHHBIMH.

Onpeoenenue. Ilycts (A, R) — rpad. PasmeTkoii rpada Hasbl-
Baercs napa ¢ynkumii f u g, rue f (pa3meTka BepirHbI) 0TOOpaXaeT
A B HEKOTOpOE MHOXECTBO, a g (pa3merka ayr) oroOpaxkaer R B He-
KOTOpOE (BO3MOYKHO, OTJIMYHOE OT TIEPBOT0) MHOXKECTBO.

I'pader Gy = (A, Ry) u Gy = (A, Ry) siBIIsiFOTCSl paBHBIMH TI0-
MEUCHHBIMH Tpadamu, €ciiM CYIIECTBYeT Takoe OHUEKTUBHOE OTO-
opaxenue h: A;—A,, 9To:

1) aR;b rorma u Tonpko Torma, korma h(a)R.h(b), T.e. rpadnr

paBHbI KaK HETIOMCUYCHHBIE;

2) fi(a) =f,(h(@)), T.e. COOTBETCTBYIOIINE BEPIIUHBI HMEIOT

OJINHAKOBbIC METKHY;
3) au((a b)) =gx((h(a), h(b))), T.e. cooTBercTByIOIME IyrH
UMEIOT OIMHAKOBBIC METKH.

Ipumep. Paccmorpum rpadsr Gy ={{a, b, ¢}, {(a, b), (b, ),

(c.a}} nG={{0,1,2, {(10),(21), (0, 2)}} (puc. 1.9).
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Y
() (1)
Ji] o

a a

(v x(O——(2)~
B o

Puc. 1.9 — PaBHble HoMeuyeHHbIE rpadbl

PasmeTtka rpaga G1 onpenensercst GopMynaMu:

fi(a) = fu(b) = x;

fi(c) =,
gu((a, b))=au((b, 0)) = &;
au((c, Q)= 4.

PasmeTtka rpada G2 onpenensercs: popmyiaamu

f2(0) =fA2) =X

f(1) =,

%((0, 2))= (2, 1)) = o

9((1, 0))= 8.

BrIBoA: rpadsl paBHBL.

Onpeodenenue. TlocnenoBarenbHocTs Bepmud (do, di, ..., dn),
N> 1 Ha3pIBae€TCS MyTEM JUTMHBI N W3 BEPUIMHBI do B BEPIIUHY dp,
ecau i kaxnoro 1<i<n CYLIECTBYET Ayra, BBIXOASIIAs U3 i U
BXOJISIIAS B BEPUIHHY d.

[{uksioM Ha3bIBaeTCs myTh (do, d1, - .., dpn), B KOTOPOM dg = dn.

I'pad Ha3bIBaETCS CHUIIBHO CBSI3aHHBIM, €CIIH ISl IBYX pa3iiny-
HBIX BEpIIUH a U b cymiecTByeT myTh 13 a B b.

Cmenenvio no 6xo0y BEPIIUHBI & HA30BEM YHCIIO BXOJSAININX B
HEe JIYT, CHMEeNeHbl0 NO 8bIX00Y — YHUCIIO0 BBIXOJSAIINX U3 HEE JYT.

1.6.2 OPUEHTUPOBAHHBIE ALIUKIMYECKHUE I'PA®BI

Ayuxnuueckum epagpom HazpiBaeTcs rpad, He NMEIONIUIN K-
noB (puc. 1.10).

Bepmuna, crenens kotopoit mo Bxony paBHa O, HasbiBaeTcs
bazo6o1l.
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OENORBO SO

Puc. 1.10 — Ilpumep ammkiamngeckoro rpaga

BepimHa, crenens KoTopoii 1o Beixoay paBHa 0, Ha3bIBaeTCs
Jucmom (AN KOHIIEBOW BEPIIMHOMN).

Ecnu (a, b) — nyru anmkingeckoro rpada, To 8 Ha3bIBaeTCs
psSIMBIM TIpeikoM D, a b — npsimbiM oToMKOM a.

1.6.3 IEPEBBA

Onpeoenenue. [lepeBom T Ha3pBaeTcs OpPHUEHTHPOBAHHBIN
rpad G = (A, R) co criennanbHO BEpIIMHON I €A, Ha3bIBaeMO# KO-
HEM, y KOTOpPOro:

1) crenens no Bxoay I paBHa O,

2) cTemeHb 10 BXO/AY BCEX OCTAIBHBIX BEPLIMH JiepeBa | pas-

Ha 1;

3) Kaxmas BepIIMHA JOCTIKMMA U3 I.

Onpeoenenue. TlogmepeBom naepeBa T = (A, R) HasbiBaeTcs
nroboe nepeo T' = (A, R), y koroporo (puc. 1.11):

1) A'He mycTo u comepxutcs B A,

2) R =(AxA)NR;

3) Hu oxHa BepmuHa A — A' He ABJISIETCS TTOTOMKOM BEPIITHHBI

A.
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[Tonnepeso

Puc. 1.11 — Ilpumep aepeBa u moanepeBa
1.6.4 YIIOPSITOYEHHBIE I'PA®BI

VYnopsimoueHHbM Tpadom HaseiBaercs mapa (A, R), e A —
MHOYKECTBO BEpIIMH, a R — MHOXECTBO JIMHEHHO YIOPSIOYCHHBIX
CITHICKOB JIyT, K&Kl d5ieMeHT kotoporo umeet Buf (&, by), (& by), ...,
(a b)) (puc. 1.12).

(3

Puc. 1.12 — Vnopsao4yeHHsIii rpad

DTOT IEMEHT MOKA3bIBAET, YTO W3 BEPUIMHBI @ BBIXOAUT N
AyT, IPUYEM TIEPBOU M3 HUX CUUTACTCS Ayra, npuxopsias B by, Bro-
poit — B by 1 T.11.
Pa3smeTkoii ymopsimouennoro rpada G = (A, R) HazoBem Ta-
Kyto napy ¢pyukuuii f u g, uro:
1) f: A—S mis uekoroporo mHoxectBa S (f momeuaer Bep-
IWHBI);



28

2) g orobpaxaer R B mocie10BaTeIbHOCTH CUMBOJIOB U3 HE-

KOTOpPOro MHOKeCTBa T Tak, 4To obpazom crwcka ((a, by),
(a, by, ..., (a, by)) sBIgeTcs TOCIEAOBATEIBHOCTH K3 N
CHMBOJIOB ([TIOMEUCHHBIE TYTH).

KOHTPONbHBLIE BOMNPOCHI

PRRRRRER PR
©OoNO Uk~ Ww

NPOOONOUAWNE

Orneparuu HaJi MHOKECTBAMHU.
OTHo1ICHHS.

3aMbIKaHUE OTHOILCHHH.
OTHOLIEHHS TOPAIKA.
OTtoOpakeHusl.

MHoecTBa IEMoYeK.

Omneparnu HaJl IeTTOYKaMH.
S3bIKH.

Onepanuu HaJl S3bIKaMH.
Urepanus s3bIka.

T'omomopdusm.

ANTOPUTMBI.

YacTU4HbBIE AIITOPUTMBI.

[TonHbIE AITOPUTMBI.
PexypcuBHbBIE anrOpUTMBIL.
3amaHue anropuTMOB.
OpueHTHpoBaHHBIE TPadHI.
OpueHTHPOBaHHbIEC ALUKINYECKUE TPaQBI.
HepeBbsi. YopsaodeHHbIE rpadbl.
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2 BBEAEHUE B KOMMNMUNALUUIO
2.1 3AOAHUE A3bIKOB NPOrPAMMUPOBAHUA

Onepaiuy MallimHHOTO A3bIKA BHIYUCIUTEIHHON MaIlIMHBI 3HA-
YUTENBHO 00Jiee MPUMUTHUBHBIE 110 CPABHEHUIO CO CJIOKHBIMU (PyHK-
LUSIMH, BCTPEYAIOIIMMHUCS B MaTeMaTHKe, TEXHUKE M JIpyrux odnac-
TsX. XOTs M00yI0 PYHKIUIO, KOTOPYIO MOXHO 3aJ1aTh allTOPUTMOM,
MOXKHO peajn30BaThb B BHUJE IOCJIEIOBATEILHOCTH YPE3BbIYANHO
MIPOCTHIX KOMaHJ MAIIMHHOIO SI3bIKA, B OOJIBIIMHCTBE MPUIIOKEHUI
MIPEAMOYTUTENbHEE HCIIONB30BATh A3BIK BHICOKOTO YPOBHS, 3JIEMEH-
TapHbIE KOMaHIBl KOTOPOrO MpPUOIMKAIOTCS K THIY OIlepanui,
BCTPEYAIOLINXCSl B MpWIOKeHUsX. Hanpumep, ecny BBIIONHSAIOTCS
MaTpUYHBIE OIEpalyy, TO IJIS BBIPAXKEHHUS TOTO OOCTOSTEIHCTBA,
4yTO MaTpuIia A mosydaeTcs rnepeMHoxenueM matpuil B u C, yno6-
Hee HalucaTh KOMaHIy BUAA

A=B*C,
YeM JUIMHHYIO T0CJIeI0BATEIbHOCTh ONepalliii MAITMHHOT'O SI3bIKA.

S3BIKH TIPOTPAMMHUPOBAHUS MOTYT CYIIECTBEHHO OOJIErYuTh,
YIPOCTUTH AJITOPUTMHUYECKYIO 3allUCh, OJHAKO OHHU HOPOXKIAIOT PAL
HOBBIX CYIIECTBEHHBIX MPOOJIEM, OJlHA U3 HUX — HEOOXOIUMOCTb
TPaHCIISIUH SA3bIKa TPOTPAMMHUPOBAHUS Ha MAITMHHBIN S3BIK.

Hpyras nmpobiiema — mpobiiemMa 3afjaHist CaMOoTo S3bIKa. 3aaa-
Basl SI3bIK IPOTPAaMMHPOBAHMsI, KAK MMHUMYM, HEOOXOAUMO OIperie-
JIUTB!

1) MHOXECTBO CHMBOJIOB, KOTOPbIE MOKHO HCIIOJIb30BaTh IS

HalKMCaHWs NPABWIBHBIX [IPOTPAMM;

2) MHOXECTBO MPABUIILHBIX MPOTPAMM;

3) «CMBICT» MPAaBUIBHOM POrPAMMBI.

[lepBas mpoGnema pemraercs AOBONBHO Jerko. OmnpenenuTb
MHOY€ECTBO IIPABUIIbHBIX POIPaMM — 3TO UCKYCCTBO.

Tpumep. JIns1 MHOTHX SI3bIKOB IIPOIPaMMHUPOBAHUSI KOHCTPYKLIUS

L: GOTOL
IIPaBUIbHAS C TOUKH 3PEHMS SI3bIKA.

CamMasi clio)kHasi — TpeThs npobiema. Jlns ee perieHus ObUIO
MIPEIMPUHATO HECKOJIBKO MOX0A0B. OANH U3 METOAOB 3aKJII0YAETCs
B ONPEIEIICHUN OTOOpa’KeHMS, CBSA3BIBAIOIIETO C KaXIOW NpaBHIIb-
HOW IPOrpaMMOM NPEMJIOKEHUE B SI3BIKE, CMBICH KOTOPOTO MBI IO-
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HuMaeM. Toraa MoKHO OIPEIENIUTE CMBICH TPOrpaMMBl, 3aITUCAHHOMN
Ha JIIOOOM $I3bIKE MPOrPaMMHUPOBAHMS, B TEPMHUHAX IKGUGANEHMHOL
«npoepammur» B QYHKIIHOHAIBHOM HMCYUCICHUH (T1O]I SKBHUBAJICHT-
HOM IPOrpaMMOi IOHUMAETCS MPOrPaMMa, BBIINOJHSOINAS TE XKeE
caMbie (QyHKIIHH).

Hpyroii ciocob mpuaate CMBICT MPOTpaMMaM 3aKIIOYaeTcs B
ONpPEJEICHUY UICAIU3UPOBAHHON MalIMHbL. Torjga cMbICH IIporpam-
MBI BBIPAXKAETCsl B TeX ACHUCTBHAX, K KOTOPHIM OHa MOOY>KAAET 3Ty
MAaIllMHY T0CJIe TOTO, KaKk Ta HauWHaeT paboTy B HEKOTOPOW Ipeno-
MpeJeNieHHON HavyalbHOW KOHUrypauuu. B sToii cxeme mHTEepmpe-
TATOPOM JITAHHOTO SI3bIKa CTAHOBHUTCS aOCTpaKTHas MaIlHA.

Tperuit mogxoxa — BooOIE UTHOPUPOBATH BOMPOCHI O «CMBIC-
Jie», OCTaBMB €ro Ha COBECTH pa3paboTUhKa MPOrpaMMbl. DTOT MOA-
XOJI ¥ IPUMEHSIETCS TIPY TTOCTPOSHUH KOMITHIIITOPOB.

To ecTh ISl HAC «CMBICI» HCXOJHOM MpPOrpaMMbl COCTOUT
IIPOCTO B BBIXOJI€ KOMIIWIISATOPA, KOT/IA OH IIPUMEHAETCS K 3TOH Mpo-
rpaMMe.

Mpsl OyzeM HCXOIUTh W3 MPENIOI0KEHHUS, YTO KOMIIWIATOP
3aJlaH Kak MHOXeCTBO map (X, Y), rie X — mporpamMa Ha MOXOJHOM
SI3bIKE, Y — MPOrpamMMa B TOM $SI3bIKE, Ha KOTOPBIN HYHO MEPEBECTH X.

[Ipenmonaraercs, 4To Mbl 3apaHee 3HaeM 3TO MHOXKECTBO, U
HaIlla TJIaBHas 3a00Ta — MOCTPOUTH IPPEKTUBHOE YCTPOHCTBO, KO-
TOpOE MO AaHHOMY BXOAY X BBIIAET BbIXO[ Y. MbI OyaeM Ha3bIBaTh
3TO MHOECTBO Tap (X, Y) nepeBogom. Ecnu X — 1ienouka B andasu-
Te X, a Y — 1enoyka B andasute A, TO mepeBo; — 3TO MPOCTO OTO-
OpakeHre MHOXKeCTBa X —A .

2.2 CUHTAKCUC N CEMAHTUKA

[TepeBog 00BIYHO paccMaTPUBAIOT KaK KOMITO3UIIHIO ABYX 00-
Jiee TIPOCTHIX oToOpakeHwi. [lepBoe U3 HUX, Ha3BIBAEMOE CHHTAKCH-
YeCKMM O0TOOpaKEHHEM, CBSI3BIBAET C KAXKIBIM BEIXOIOM (IIporpaMmma
Ha MCXOJIHOM SI3bIKE) HEKOTOPYIO CTPYKTYpPY, KOTOPasi CIIY>KUT apry-
MEHTOM BTOPOI'0 OTOOpaKEHUsI, HA3bIBAEMOI'0 CEMaHTUYECKUM.

[TouTtn Bcernma CTPyKTYpoOii JI000 TpOrpamMMbl SIBJISIETCS TO-
MeueHHoe JepeBo. IlosToMy CyIIHOCTH alrOpUTMOB IIEpeBOA
OOBIYHO CBOIUTCS K IOCTPOEHHIO MOIXOISIINX JAEPEBHEB AJIST BXOM-
HBIX IIPOTrPaMM.
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B kauecTBe nprMepa TOro, Kax Jyis IIEHOYeK CTPOSTCS ITH Jie-
PEBBsI, PACCMOTPUM Pa30UEHHE aHTIIMICKOTO MPEUIOKEHHsI HA CHH-
Takcu4yeckue kareropuu (puc. 2.1).

Thepigisin the pen.

HekoHIeBbIe BEpIIMHBI ATOTO JepeBa MOMEYECHBI CHHTAKCHYe-
CKMMH KaTErOpHsIMH, a KOHIIEBbIC (JIUCThsI) MOMEYEHbI KOHIEBBIMH,
WIM TePMUHAJIbHBIMHU, CHMBOJIAMH, B JIAHHOM CIlly4ae — aHIJIUii-
CKHMH CJIOBaMH.

ﬂaﬂom Hue>

<Zy}maﬂ {inncp <epynna cxasyemvix>
<onpeoenenue><onpeoenaemoe<enazonr> <epynpa>

<npeonoc> <umeHHasi cpynna>

the pig

is l
V¥ <onpedenenue><onpedensiemoe>
n

the pen
Puc. 2.1 — JlpeBoBuHAsI CTPYKTYpa aHTIMHCKOTO MPEIIOKESHUS

AHaJIOrMYHO, MOYXHO MPOrpamMMy, HaITMCAaHHYIO Ha SI3bIKE MPO-
IrpaMMHPOBAHMs, PACWICHUTh HAa CHUHTAKCHYECKHUE KOMIIOHEHTHI B
COOTBETCTBUM C CHHTAKCHUECKUMM IPaBWJIAMH, YIPABIISIOMUMHU
3THUM A3bIKOM.

Ipumep. Lenouka a+b*c (puc. 2.2).

[Iponiecc HaxOXKAECHUSI CUHTAKCUYECKOH CTPYKTYpbl JAHHOIO
MIPEIUIOKEHNS Ha3bIBAETCS] CUHTAKCUUECKUM aHAIM30M, MJIM CHHTAaK-
CHUYECKUM Pa300poM.

CuHTaKcHYecKnii pa3dop MO3BOJSET MOHATH B3aMMOOTHOIIIE-
HUSI MEXY Pa3IMYHbIMU YaCTSIMH MPEJIOKEHHUA. TepMUHOM «CHH-
TaKCUC» A3bIKA 6yI[eM Ha3bIBaThb OTHOLICHUS, CBA3BIBAIOIINE C KaXK-
JBIM TIPEIOKEHUEM SI3bIKa HEKOTOPYIO CHHTAKCHYECKYIO CTPYKTY-
Py, TOrZa MpaBUIIbHOE NPEIJIOKEHHUE SI3bIKa MOXKHO OIPEAETIUTh KaK
LETNOYKY CHMBOJIOB, CHHTaKCHYeCKas CTPYKTypa KOTOPO#l COOTBET-
CTBYET KaTETOPUH IIPE]IOKEHHE.
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EctecTBeHHO, HaM HY>KHO 0O0Jee CTPOTOe OTNpeAeTIeHHe CHH-
takcrca. Uto u OyJeT caenaHo mo3aHee.

Bropas yacte nepeBozia — ceMaHTH4eCKOe 0TOOpaKeHHe, OHO
oTo0paxxaeT CTPYKTypHUPOBAaHHBIA BXOJ B BBIXOJ], KOTOPBI OOBIYHO
SIBJISIETCS] IPOIPaMMOM Ha MAILIMHHOM SI3BIKE.

TepMuHOM «ceMaHTWKa S3bIKa» Oy/eM Ha3bIBaTh OTOOpaXKe-
HHE, CBA3BIBAIOILIEE C CAHTAKCUYECKOM CTPYKTYPOU Ka) A0 BXOIHOM
LIETIOYKM ILIE€NOYKY B HEKOTOPOM S3BIKE, PACCMATPUBAEMYIO Kak
«CMBICI» IEPBOHAYAIILHOM LIEMOYKH.

<svlpazicerue>
<mefjw> + <mefM>

<crazaemoe> <cnazaemoe>

<uodemmugpuramop> <gwvipadicernue>

a <mefM> <mefM>

<MHOdMCUmMENL> <MHOdMCUmMENL>
<udenmugurxamop> <udenmugurxamop>

b C
Puc. 2.2 — JlepeBo apupMeTHuecKoro BhIpaXKeHUs

Ctporoii TEOpUU CUHTAKCHCA U CEMaHTUKU I10Ka €I HET, 0JI-
HAaKO JUISl MPOCTBIX CIy4YacB — SI3BIKOB IIPOrPaMMUPOBAHUSI — €CTh
JIBa TIOHATHS, KOTOPBIE UCIIONB3YIOTCS TS pa300OpKH YacTH HeoOXo-
JIUMOT'O OTIMCAHUSI.

IlepBoe 3 HuUX — TOHATHE KoHmekcmuo-c80booHou (KC)
rpaMMaTHKd. B BUJIe KOHTEKCTHO-CBOOOJHOW I'DAMMATHKH MOXHO
(dopManu30BaTh OOJBIIYIO YaCTh NPABHI, NPEAHA3HAYCHHBIX JUIS
OINMKCaHUsl CHHTAKCUYECKOU CTPYKTYPBHI.
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Bropoe nonstue — cxema cunmaxcuiecku ynpagiiemozo ne-
pesoda, ¢ TIOMOIIIBI0 KOTOPOTO MOXHO 33/1aBaTh OTOOpaKeHUE OTHO-
IO sI3bIKa B APYTOMH.

0O0a 3TUX NOHATUS — IEJb ATBHEHUIIIETO U3YUYCHUS.

2.3 MPOLUECC KOoMNUNALUK

IMpakTHYeCKH [UIs BCEX KOMITHIIITOPOB €CTh HEKOTOphIC 00-
IIIHE MPOIIECCHI, TIOMPOOYEM HX BBIJCIHTH.

Hcxoanas mporpamma, HalMCaHHas HAa HEKOTOPOM SI3bIKE,
eCTh IIeNoYKa 3HaKoB. KOMIUIISITOp MpeBpamaeT 3Ty HEemnoyKy 3Ha-
KOB B IICTIOYKY OMTOB — OOBEKTHBIN KOA. B 3TOM mpormecce mpe-
BpAIIIEHHST MOYKHO BBIICIUTD CIICIYIOIINE MOIPOIECCHI:

1) nmexcuueckuii aHAIH3,

2) pabota ¢ TabIUIaMHU;

3) CHHTaKCHYeCKHi aHaAIN3 WU pa3doop;

4) reHepaiysi KOJa WM TPAHCISIMS B MPOMEKYTOUHBIH KOJ

(mampumep, accemoOItep);

5) omTHMH3aIH KOJa,

6) reneparust 00BEKTHOTO KOJIA.

B KOHKpPETHBIX TPaHCIATOpaxX COCTaB U MOPSAOK ATHUX MPO-
[IECCOB MOXKET OTIINYATHCS.

Kpome Toro, TpaHCIATOp MODKEH OBITH MOCTPOEH TaK, YTO
HHUKaKas 1[eM0YKa HE MOYKET HapYIIUTh ero paboToCmoCOOHOCTH, T.€.
OH JIOJDKCH pearupoBaTh Ha JIFOObIEe M3 HUX («3allnTa OT JypaKay).

Kpatko paccMOTpUM KaXK[Iblii U3 3THX MPOLIECCOB.

2.4 NNEKCUYECKUA AHANU3

Bxonom koMmmisiTopa, a CleZOBaTelIbHO, M JIEKCHMYECKOTO
aHaJIM3aTopa CIYXXUT LIETI0YKa CHMBOJIOB HEKOTOPOTO aldaBuTa.

Pabora nekcH4ecKOro aHaau3aTopa COCTOMT B TOM, UYTOOBI
CTPYIIHPOBATh OT/AEIbHbIC TEPMUHAIILHBIE CHMBOJIIBI B €JIMHBIC CHH-
TaKCUYECKHE 00beKThl — JieKceMbl. Kakne 0ObeKThl cuuTaTh JIeKce-
MaMH, 3aBUCHT OT BXOJHOTI'O SI3bIKa IIPOTPAMMHUPOBAHMSL.

JlexcemMa — 3TO LIENIOYKA TEPMHHAIBHBIX CHMBOJIOB, C KOTO-
POl MBI CBSI3BIBAEM JIEKCUYECKYIO CTPYKTYPY, COCTOSIIYIO M3 Taphbl
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BHUIA (<THH JIEKCEMBI>, <HEKOTOPHIE ,Z[aHHBIC>). HepBoﬁ KOMIIOHECH-
TOW TMapsl SIBISAETCS CHHTAaKCUYECKas KaTeropus, Takas, KaK <«KOH-
CTaHTa» WX «UJACHTU(UKATOP», a BTOPOU — yKa3aTelb. B HEH yKa-
3pIBacTCSl aJpec SUeHKH, XpaHsmed MHPOpMAlUI0 O KOHKPETHOH
jekceme. st JaHHOIO s3bIKA YUCIO THUIIOB JIEKCEM CUUTAETCS KO-
HEYHBIM.

OO6bIYHO Tapy (<THIT JIEKCEMBI™>, <yKa3aTeJib>) Ha3bIBAOT JICK-
CEMOM.

Takum 00pa3oM, JIEKCHUECKUN aHAU3aTOp — 3TO TPAHCIISA-
TOP, BXOAOM KOTOPOTO CIIy’)KMT LIEIIOYKA CUMBOJIOB, IPEJCTaBIISAIO-
ast IporpaMMy, a BBIXOJ0M — IIOCJIEJOBATEIILHOCTD JIEKCEM.

OT1oT BBIXOJ 00pa3yeT BXOJ] CHHTAaKCHIECKOTO aHaITN3aTopa.

Ipumep. Paccmotpum onepatop PopTpana

COST = (PRICE+TAX)*0.98.
Jlexcuueckuti ananus:

e COST, PRICE wu TAX —  JexkceMbl  TuIla
<uodenmughuxamop>,

e 0.98 — nekcema THIa <KOHCTAHTA>,

e = +, * — caMH ABJIAIOTCS JIEKCEMAMHU.

[lycTh Bce KOHCTaHTBI U HUIACHTU(PHUKATOPHI MOXKHO OTOOpa-
XKaTb B JIEKCEMBI THMNa <ujeHTuuKaTop>. [Ipennonaraem, 4To BTO-
past KOMITOHEHTa JISKCEMBI TIPEJICTAaBIIET COOOH yKa3aTelb JIeMEHTa
TaOIUIBI, cofepKamiel (hakThdeckoe UM WACHTU(UKATOpa BMECTE
C IpyTUMH JaHHBIMU 00 5TOM KOHKPETHOM HJIeHTH(HUKATOPE.

HepBaﬂ KOMIIOHCHTA MCIHOJBL3YCTCA CHHTAKCUYCCKUM aHalIu-
3aTopoM s pa3bopa.

Bropast KOMITOHEHTa HCTIONB3yeTCsl Ha JTalle TeHepanuy Koaa
JUTSL N3TOTOBJICHHS! OOBEKTHOTO MOTYIIS.

Takum 00pa3oM, BBIXOJOM JEKCHYECKOTr0 aHaau3aTropa Oyner
HOCJIEI0BATEIBHOCTD JIEKCEM

< >=(<UI>+<U1>)*<U1,>.

Bropast yacTh KOMIIOHEHTBI JIeKceMbI (yKa3aTenb) — IMoKa3aHa
B BHJI€ UHACKCOB. CUMBOJIBI «=», «+» U «*» TPaKTYIOTCA KakK JIeKCe-
MBI, THUII KOTOPBIX IMPCACTABIACTCAd HMHU CaMHUMU. OHu HE HMMEIT
CBA3AaHHBIX C HUMU JAHHBIX H, CJIICAOBATCIIBHO, HC UMCIOT yKa3aTe-
Tei.
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Jlexcuueckuil aHaIU3 JIETKO MPOBOJUTH, €CIHU JIEKCEMBI, CO-
crosimue Oojiee YyeM M3 ONHOTO 3HAKA, M30JMPOBAHBI C ITOMOILIBIO
3HAKOB, KOTOPBIE CAMH SIBIIFOTCS JIEKCEMAaMU (<« », «+», «=»).

OnHako B 0o0IIEM cilydyae JISKCHUECKUI aHan3 BBITIOIHUTH HE
TaK JIeTKO.

Paccmotpum 1Ba npaBUIIBHBIX IIpeaiioxeHus doprpana:

1) DO 101=1.15;
2) DO 101=1,15.
B omeparope 1 nenouka DO 10 | — nepemenHasi, a menovka

1.15 — koHcTaHTA.

B oneparope 2 DO — xitoueBoe cioro, 10 — koHcranra, | —
nepemenHast, 1 u 15 KoHCTaHTHI, T.€. Olepanus «HAWTH OYEPETHYIO
JIEKCeMy» 3aKOHYMTCS JIMIIL TOTNA, KOTJIA aHalM3aTop JOWAeT 10
DO umu DO 10 I. Takum 00pa3zom, JTeKCHYECKHI aHATH3aToOp AOJ-
JKCH 3arjidabIBaTh BIICPE 3@ UHTCPCCYIOUIYIO €T0 B I[aHHBIﬁ MOMCHT
JIEKCEMY.

Hpyrue si3biku, Hanpumep PL/1, BooOmie TpeOyroT 3ariisiipi-
BaTh MPU JICKCHYECKOM aHAIIN3e BIIEPE]l CKOJIb YTOHO JTAIEKO.

OnHaKo CymIeCTBYIOT APYrHe MOJAXOIbl K JIEKCUYECKOMY aHa-
JU3y, MeHee yIOOHBIC, HO TO3BOJISIONIME H30eKaTh MPOOIEMBI
MMPOU3BOJILHOI'O 3arjisi/ibIBaHUs BIICPE.

OTMeTHM JIBa KpaiHUX MOJIX0/a K ISKCHYECKOMY aHaJIH3Y.

o Jlexcuueckwii aHamu3aTOp paboTaeT npsamo, eciu sl JaH-

HOT'O BXOJHOTO TEKCTa (IIEMOYKH) U MOJOXKEHUS yKa3aTest
B OTOM TEKCTE aHAJM3aTOp ONpeleNseT JIeKCeMy, pacro-
JIOKEHHYIO HEMOCPEJCTBEHHO CIpaBa OT YKa3aHHOTO Mec-
Ta, ¥ CIBUTAET yKa3aTellb BIPABO OT YaCTH TEKCTa, o0pa-
3YIOIIETO JIEKCEMY .

e Jlexcuueckuii aHanM3aTop pabOTaCT He NPsAMO, €CIU JIs
JAHHOTO TEKCTa, IOJIOKEHHS yKa3aTelsl B 3TOM TEKCTE U
THUIA JIEKCEMBl OH OMpeJeNsieT, 00pa3yloT JIn 3HaKH, pac-
TIOJIOXKECHHBIC HETMIOCPEICTBEHHO CIIPaBa OT yKazaTels, JieK-
cemy aroro Tuma. Ecin Ja, To ykazareib NepeBHIaeTCs
BIIPaBO OT YAaCTH TEKCTa, 00pa3yrolIei ATy JIeKceMy.
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2.5 PABOTA C TABNULIAMU

ITocme Toro kak B pe3ynbTaTe JIEKCHYECKOTO aHAIM3a JIEKCe-
MBI pacro3HaHbl, HHPOpPMAalLUs 0 HEKOTOPBIX M3 HHUX coOMpaercs U
3aIlMCBIBACTCS B OHOM MJIM HECKONbKMX TaOnuuax. Kakos xapaxrep
3TOH HH(OPMALIUU — 3aBUCHT OT SI3bIKA IPOTrPAMMHUPOBAHHUS.

COST = (PRICE+TAX)*0.98.

Hns namrero npumepa Ha ®@oprpane COST, PRICE u TAX —
[IEPEMEHHBIE C MJIABAIOLIEH TOUKOH.

PaccMoTpuM BapuaHT TakoW Tabmuiel (ee Ha3hIBAIOT TaOIH-
el UMeH, Tabnuiel HACHTH(UKATOPOB MU TaONHUICH CHMBOJIOB).
B Heii nmepeuncieHsl Bce HASHTH()UKATOPH BMECTE C OTHOCSIIEHCS K
HUM HH(popMaruei (Tadi. 2.1).

Tabumua 2.1 — Tabnuua umex

Homep
eMeHTA Unentudurartop HNudopmanus
1 COST IepeMennas ¢ miaBaroieii TOUKoi
2 PRICE IlepeMeHHas ¢ naBaromeil TOUkoi
3 TAX IlepemenHas ¢ maBaroniei TOUKOn
4 0.98 KoncTaHTa ¢ ruaBaromieil TOYkon

Ecnu nozaHee Bo BXOJHOH 1IeMIOYKe TONafaeTcs naeHTH(rKa-
TOp, HAJ0 CHPABHUTHCS B 3TOH TabiuIle, HE MOABISIICS JIX OH paHee.
Ecnmu na, To nexcema, COOTBETCTBYIOIIAsE HOBOMY BXOXICHHUIO 3TOTO
uneHTudukaropa, Oyaer ToH e, 4TO U y MPEbLIYIIETO BXOXKICHUS.
Takxum 00pazom, TabmuIa T0MKHA 00eCTIeYnBaTh:
e OpIicTpoe /00aBIeHNE HOBBIX HICHTH(PHKATOPOB U HOBBIX
CBEJCHUI O HUX,
e OBICTPBIN MOMCK WH(OPMAIIUK, OTHOCSIICHUCS K JaHHOMY
UACHTU(UKATODY .
O6I)I‘-IHO MNPUMCHAIOT METOA XPAHCHHUA HJaHHBIX C IMMOMOUILIO
Ta0JIMIl PACCTAHOBKH.
Bonee monpobHO Oyaem oOCyKIaTh STOT METOJ Jaiee.
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2.6 CUHTAKCUYECKUNA AHANU3

BBIX010M JIEKCHYECKOTO aHaNIn3aTopa SBISETCS [eTovKa JIeK-
ceM. JTa Iernodka o0pa3yeT BXOJ CHHTaKCHYECKOTO aHaIu3aTopa,
HUCCICAYIOUICTO TOJBKO IMEPBLIC KOMIIOHCHTHI JIEKCEMbI — UX THUIIBI.
Wudopmarus o BTOpoil KOMIOHEHTE UCTIONB3yeTcsl Ha Oosee Mmo3[-
HEM dTare Ipolecca KOMIMISIUA — TeHepalny Koja.

CuHTaKcHYecKUi aHanu3 — paz0op, B KOTOPOM HCCIETyeTCs
IeTI0YKa JIGKCEM M YCTAHABIIMBACTCS, YJOBIETBOPSET JIM OHA CTPYK-
TYPHBIM YCIIOBHSM, SIBHO C(hOPMYJIMPOBAHHBIM B CHHTAKCHCE S3BIKA.
CHHTaKCHYECKYIO0 CTPYKTYPY JAQHHOW LETIOYKH Ba)KHO 3HATH TAKXKE
IIPY TeHEepaIMy KOJa.

Ipumep. CuaTakcuyeckas cTpykrypa mnernodkn A+B*C nomxk-
Ha OTpaXkaTh TOT (paKT, 4TO cHavaja nepemHoxarorcs B*C, a motom
pe3ynbraT ckiaaeiBaercs ¢ A. [lpu nro0oM IpyroM mopsiike ornepa-
HI/II\/'I HYXXHOC BbBIYMCJIICHUC HE OJIYUUTCH.

[1o cOBOKYMHOCTH CHHTAKCHUECKUX MPAaBUI OOBIYHO CTPOUTCS
CUHTAKCUYECKUH aHaJIU3aTOpP, KOTOPBIH OYyJIET MPOBEPSITh, UMEET JIH
MCXOJHAsl TIPOTpaMMa CHHTAKCHUYECKYIO CTPYKTYPY, OIPEAeIIeMyIo
ATUMH TIpaBUIIaMH (J1ajiee Mbl PACCMOTPHM HECKOJIBKO METOJIOB pa3-
0opa ¥ AIrOPUTMOB TIOCTPOCHHUSI CHHTAKCHYECKOT0 aHAITM3aTopa).

Beixomom aHanmM3aTopa CIIyXKHT JI€peBO, KOTOPOE MPeCTaBIIs-
€T CHHTaKCHYECKYIO CTPYKTYPY, IPUCYIIYIO HCXOIHOU IPOTpamMMme.

Iipumep:

<UL >=(<U>+<U[5>)* <U]14>.

[To 3Toii 1EemnoYke HEOOXOUMO BBHITIOJIHHUTE CICIYIOIIUE JCH-
CTBHA.
(1) <U[Jdz>npubasuts k <UJ,>;
(2) pesyabrart (1) ymHOXUTH Ha <WJ]4>;
(3) pesyabrar (2) MOMECTUTH B AUEHKY, PE3CPBUPOBAHHYIO IS
<UM>.
DTOH MOCIeNOBaTEIbHOCTH COOTBETCTBYET IEepeBO, M300pa-
JKEHHOE Ha puc. 2.3.
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A
Ny * <>

<Ul> +  <UOs>

Puc. 2.3 — INocienoBarenbHOCTh JEUCTBUI
MIPY BBIYUCIICHUH BBIPAKEHUS

To ecTb MBI UMEEM TOCIIEI0BATEIHHOCTH IIar0OB B BUJIE TIOME-
YEHHOT'0 JIepeBa.

BHyTpeHHHE BepIIMHBI NPEICTABIAIOT T€ AEHCTBUS, KOTOPBIE
MOKHO BBINOJIHATH. [IpsiMble TMOTOMKH KaKJOH BEpUIMHBI JTHOO
MIPEICTABIISIOT aprYMEHTHI, K KOTOPbIM HYXHO NPUMEHATH JIeHCTBHE
(ecmu cOOTBETCTBYyIOILIAs BEpLIMHA MOMEYEHa HICHTU(PHKATOPOM
WM SIBISIETCS. BHYTPEHHEHH), MO0 MOMOTalT ONPEIeInTh, KaKuM
JOJDKHO OBITH 3TO JICWCTBHE, B YACTHOCTH 3HAKU <«+», «*» H «=»,
CKOOKH OTCYTCTBYIOT, T.K. OHU TOJIBKO ONIPEIEIISIOT MOPSAIOK JeHCT-
BHUH.

2.7 FTEHEPATOP KO A

JlepeBo, MOCTPOCHHOE CHHTAKCHYECKHM AaHAJIN3aTOpOM, HC-
MOJIB3YETCSl ISl TOTO, YTOOBI MOJTYYUTh TIEPEBO]] BXOIHOM Mporpam-
MbI. DTOT MEPEBOJ MOXKET ObITh MPOrPaMMOI B MAIlIMHHOM KOJIe, HO
Yaiie BCEro OH ObIBaeT MPOTrpaMMOI Ha MPOMEKYTOYHOM S3bIKE,
TaKOM, KaK acceMOJiep WM TPEeXaJpecHbIi KoJ (13 OnepaTopos, co-
Jeprkanux He 6omnee 3 uACHTU(HUKATOPOB).

Ecnmu Tpebyercsi, 4TOOBI KOMITWIIATOP NMPOU3BEN CYIECTBEH-
HYIO ONTHMU3AIHNIO KO/, TO TMPEIIOYTHTEIFHO UCTIONb30BaTh TPEeX-
aJlpeCHbI KOJ, T.K. OH HE HMCHOJIB3YyeT MPOMEKYTOUHBIE PErUCTPHI,
NPUBSI3aHHBIC K KOHKPETHOMY THITY MAIlIHH.

B kavecTBe mprMepa pacCMOTPUM MAIIMHY C OJJHAM PETHUCT-
POM U KOMaH/IbI SI3bIKa THIIA «accemoiiep» (Tadi. 2.2).
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Tabnmma 2.2 — KomaHzH! s3bIKa THITA «acceMOep»

Komanna JlelictBue
LOAD M C(m) — cymmarop
ADD M C(cymmarop) + C(m) — cymmarop
MPY M C(cymmatop) * C(m) — cymmarop
STORE M C(cymmaTop) — m
LOAD =M M — cymMarop
ADD =M C(cymmatop) + m — cymmarop
MPY =M C(cymmatop) * m — cymmarop

Banuce «C(mM) — cymMMmaTop» O3HA4aeT, 4YTO COJCPIKHMMOE
SYEHKU TTaMATH M HAI0 TIOMECTUTh B CYyMMATop. 3amuich =M o3Hava-
eT YHCIICHHOE 3HaYeHue M.

C nomoIIbio JiepeBa, NOJTy4eHHOTO CUHTAKCHUSCKUM aHalIu3a-
TOpPOM, W WH(OpPMALUH, XpaHALIEHCS B TaOJIUIE MMEH, MOXKHO II0-
CTPOUTH OOBEKTHBINA KOJI.

CyIIecTByeT HECKOJbKO METOOB MOCTPOCHHS MPOMEKYTOY-
HOTO KOJa MO CHHTakcu4deckoMmy nepeBy. Hambonee w3smiHbBIA 13
HUX Ha3bIBACTCS CUHMAKCUYECKUM YNPABIsAeMbIM nepesooom. B Hem
C K101 BepIIMHOM N cBsi3bIBaeTcs mernoyka C(N) mpomMexyTouyHOro
kona. Ko uist BepIIvHbI N CTPOUTCS CLETUICHHEM B (PMKCHPOBAHHOM
MOPSJKE KOJOBBIX ILETMOYEK, CBS3aHHBIX C MPSMBIMH IOTOMKAaMHU
BEpIINHBI N, ¥ HEKOTOPHIX (MKCHPOBAaHHBIX Ienovek. IIporecc me-
peBosia MIeT, TaKUM 00pa3oM, CHU3Y BBepX (OT JIUCTBEB K KOPHIO).
OuKcHpOBaHHbIE LEMOYKH U (PUKCUPOBAHHBIM TMOPSIOK 3aJaroTcs
UCTIONB3YEMBIM aJITOPUTMOM ITEPEBOA.

31ech BO3HUKAET Ba)kKHAs MpobJema: JUIsk KaK0W BEPIIUHEI N
HeoOxoauMo BeiOpaTh kox C(N) Tak, 4ToOBI KOJ, NPUIHCHIBAEMBII
KOPHIO, OKa3bIBaJICs HMCKOMBIM KOJOM BCEro oreparopa. BooOrme
roBOps, Hy)KHa Kakasi-To nHreprnperanus koaa C(n), KoTopoit MOXKHO
ObUIO Obl €AMHOOOPA3HO IOJIB30BATHCS BO BCEX CHTYyaIUsAX, TJIC
BCTPETUTCS BEpIIHHA N.

JInst MaTeMaTHYecKHX OIEepaTOpOB IPHCBOCHHS HY)KHasl WH-
TepHpeTanus IMoJydaeTcs BechMa €CTECTBEHHO. B olmem ciydae
NpY IPUMEHEHUH CHUHTAKCHUYESCKH YIPABJISIEMON TPAHCIISAIMNA HHTEP-
TpeTarys J0JDKHA 33aBaThCsl CO3/1aTeIeM KOMITHIIATOPA.
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B kauecTBe mpuMepa pacCMOTPUM CHHTAKCHYECKH YIpapJisie-
MYyIO TPaHCISIIMIO apu(pMETHUECKUX BhIpakeHHH. BepHemcs K mc-
X0/IHOMY JiepeBy (puc. 2.3).

JomycTuM, 4TO €CTh TPU TUIA BHYTPEHHUX BEPILIUH, 3aBUCS-
[IMX OT TOrO, KAKMM M3 3HAKOB IIOMEYEH CPEIHHUI MOTOMOK: «=»,
«t+» i «*» (puc. 2.4). 3nech TPEYroJbHUKH — TMPOM3BOJIbHBIC
no/7epeBbst (B TOM YHUCIIE, COCTOSIINE M3 CIHHCTBEHHOM BEPIIHHbI).

= + *

a 0 8

Puc. 2.4 — Tuns! BepmH

Hduns  mroboro apudMeTHdecKoro omepaTopa MPHUCBOESHHS,
BKJIFOYAOIIETO TOJBKO apUPMETHICCKUE OTIEPAIIMU «+» U «* », MOXK-
HO MOCTPOUTH JEPEBO C OJHON BEPUIMHOMN THUIIA «a» U OCTaJbHBIMU
BEPIINHAMH TOJIBKO THITOB «0%» H «B.

Kon cootBercTBytomieil BepmuHbl OyIeT UMETh CIIEIyIOIIYIO
HMHTEPIPETALHUIO!

1) ecam N — BepmHa THIA «a», T0 C(N) OyIeT KOIOM, KOTO-

PbIif BBIYKMCIISIET 3HAYECHHE BBIPAKEHHS, COOTBETCTBYIOIIEE
npaBoOMy TMOJJCPEBY, U MMOMEIIACT ero B SUCHKY, 3ape3ep-
BUPOBAHHYIO JUIsl HACHTU(HUKATOPA, KOTOPHIM TIOMEYEH Jie-
BBIH IIOTOK;

2) ecnu N — BeplIMHA TUMA «O» WK «BY», TO Henoyka LOAD
C(n) 6ymer K0a0OM, 3aCHIIAIONIAM B CyMMATop 3Ha4YeHHE
BBIPAXKEHHsI, COOTBETCTBYIOIIETO MOICPEBY, HAJl KOTOPHIM
JOMHHHUPYET BepIinHa N.

Tak, qus Hamtero aepesa koj LOAD C(ny) 3acbutaet B cymma-
Top 3HaueHue BoipakeHus <UJ[,>+<U][3>, kon LOAD C(n,) 3acsi-
JaeT B cymMmarop 3HaueHue Beipaxkenus (U >+<U][z>)*<U]l,>, a
kox C(ng) 3ackimaeT B CyMMaTOp 3HAYEHHE MOCIEIHETO BhIPAKEHHSI
1 IOMEWIAET €ro B YEHKY, peJHa3HAUYEHHY0 i < J];>.

Teneps Hamo MOKa3aTh, Kak ko7 C(N) CTPOUTCS U3 KOJOB I10-
TOMKOB BepIIuHBI N. B nanpHelimemM Mbl OyJeM Mpeanoiarath, 4YTo
OIepaTophl s3bIKa acceMOJIepa 3aMuChIBAIOTCS B BUJIEC OJHOW LETOY-
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KA W OTJENIAIOTCS IPYr OT Jpyra TOYKOW C 3amsATOd WIH HadaaioMm
HOBOU cTpoku. Kpome Toro, MBI OyZieM Mpearonarath, 9YTo Kaxmaoi
BepUIMHE N JepeBa MpuIMchiBaeTcs yucio |(n), HaspiBaeMoe ypoB-
HEM, KOTOpOE€ 03HAYaeT MAKCHUMAJIbHYIO JUIMHY IyTH OT 3TOW BEp-
MIMHBL 0 jucTa, T.. 1(N) =0, ecitt N — nuCT, a eciIu N UMEET To-
TOMKOB Ny, Ny, ..., Nk, TO

I(n)=maxI(n)+1.

I<i<k
VYpoBH#u |(N) MOXKHO BBIYKCIIUTH CHU3Y BBEPX OJHOBPEMEHHO C
BerurciieHreM koo C(n) (puc. 2.5).
VPOBHU 3alMCHIBAIOTCS IS TOTO, YTOOBI KOHTPOJIMPOBATH
UCIIOJIb30BAaHKUE BPEMEHHBIX siueeK maMsTH. [|Be Hy)KHbIC HAM BEJIH-
YHHBI HEJIb3sI 3aCJIaTh B OJJHY U TY K€ SUCHKY MMaMsTH.

@”3
m@

<Ul,> Ny
0

@ Ny * o <Ul>
mo 0
<U[1> + <>

0~ 0 0

Puc. 2.5 — JlepeBo ¢ ypoBHSIMHI

Teneps onpenenrM CHHTAKCHYECKH YIPABISIEMBIN aITOPUTM
reHepaluu Koja, NpeJHa3HauYeHHBIH Uisi BeraucieHus koga C(n)
BCEX BEpIIMH JEpeBa, COCTOSIIMX W3 JIUCTbEB KOPHS TUMA <«a» H
BHYTPEHHUX BEPIIHMH TUTIA «O» U «BY.

Aneopumm.

Bxoo. IlomeueHHOe YHOPAIOYEHHOE NEPEBO, IMPEACTABISIO-
mee coboil onepatop NPUCBOEHUS, BKIIOUYAIONIUN TOIBKO apudme-
THUYECKHE OIepaluy «*» u «+», Ilpeanonaraercs, 4To ypoBHH BCexX
BEPILUH y’KE BHIYUCIICHBI.

Buixoo. Kop B gueiike accembiepa, BEIYUCISIOMNN 3TOT OIe-
paTop MpUCBOCHHSI.
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Memoo. lenats maru 1) u 2) aus Bcex BepmiuH yposas O, 3a-
TEM JUI BepIIMH YpoBHSA 1 M T.XI., IOKa HEe OyIyT OTpabOTaHBI BCe
BEPILHHBL.

1)

2)

3)

4)

5)

ITycts N — muct ¢ metkou <MUJI;>.

1.1. TorycTtum, 9TO 3JIEMEHT | TabJIUIbl HACHTH()UKATOPOB
siBiIsieTcst epeMenHoi. Torma C(N) — uMst 3To# mepeMeH-
HOML.

1.2. JTorycTuMm, 9TO 3JIEMEHT | TaOJIUIbl HACHTH()UKATOPOB
sBaseTcsa KoHcTanToi K, Torma C(n) — memouxa =k.

Eciau N — nucr ¢ Metkoit «=», «+» mwin «*», To C(n) —
ImyCcTas Iero4Ka.

Ecim N — BepuinHa THIa «a» W ee MpsMbIe IIOTOMKH —
9TO BepUIMHBI Ny, Ny U N3, To C(N) — nermouka LOAD C(ng);

STORE C(ny).
Ecimm N — BepmmHa THA «O» W €€ MpsSMbIe TIOTOMKH —
9TO0 BepuiuHbl Ny, Ny u N3, T0 C(N) — menouka C(Ng);

STORE $I(n); LOAD C(n;); ADD $l(n). DTta nmocnenosa-
TEIHHOCTh 3aHMMAaeT BPEMEHHYIO SUYEHKYy, UMEHEM KOTO-
poit CayXUT 3HaK «$» BMECTe CO CIEAYIONMM 3a HHUM
ypoBHEM BepIInHbI N. HemocpeacTBeHHO BUAHO, YTO, €CIIU
nepej 3Toi mocienoBaTesibHOCThIO moctaButh LOAD, T0
3HaueHHe, KOTOpOEe OHa TIOMECTHT B cyMMmarop, Oymer
CyMMOM 3HA4YECHMI BBIPAXKEHUN NOAJIEPEBLEB, HAJ KOTO-
PBIMH JIOMHHUPYIOT BEpIIMHBI Ny U Nz. Beibop mmeH Bpe-
MEHHBIX SYeeK TapaHTUPYeT, YTO JBa HYXHBIX 3HAUEHUS
OJIHOBPEMEHHO HE MOSBSTCS B OJHOM slYEHKe.

Ecnu N — BepminHa Tumna «B», a Bce OCTaJIbHOE — KakK U B
4), to C(n) — uenouka C(ng); STORE $I(n); LOAD C(n,);
MPY $I(n).

[TpuMeHUM 3TOT aJIropuTM K Haiemy npumepy (puc. 2.6).

Takum 006pa3om, B KOPHE MBI MOJYYHIA IPOTPAMMY Ha SI3bIKE
THIIA «acceMOIiep», SKBUBAIICHTHYIO HCXOIHOM MPOrpaMMe Ha sI3bIKe
®doprpaH:

COST = (PRICE+TAX)*0.98.

EcrecTBeHHO, 3Ta mporpaMma Jajaeka oT ONTUMaIbHOM, HO 3TO
MO>KHO HICTIPDABHUTPH Ha 3TArle ONTHMH3AIIHH.



LOAD =0.98

STORE $2

LOAD TAX

STORE $1

LOAD PRICE

ADD  $1

MPY  $2 T

STORE COST N STORE §2
LOAD TAX
STORE $1
LOAD PRICE
ADD  $1

<> = N |Mpy  $2

TAX

STORE $1

LOAD PRICE

ADD 1 n, * <U/4>

<UJI,> + <UJis>

PRICE TAX

Puc. 2.6 — JlepeBo ¢ reHepUpOBaHHBIMH KOJJaMU
2.8 ONTUMU3ALMA KOOA

Bo MHOrmx cimyd4asx xenaTeJbHO MMETh KOMIIHJISITOp, KOTO-
peiii Ob1 co3maBan 3¢ (dexkTHBHO padoTaromue 00bEKTHBIE MPOTrpam-
Mbl. TepMuH onmumuzayus ko0a NPUMEHSIETCS K IONBITKAM ClIIeNIaTh
00BEKTHBIE MPOrpaMMbl Oonee «3(h(HeKTUBHBIMI», T.€. OBICTpee pa-
OoTaromMu WM 0oJiee KOMITAKTHBIMHU.

[ns ontuMH3anuU KOJA CYLIECTBYET IIMPOKUHA CIEKTP BO3-
MoOKHOCTel. Ha ogHOM KOHIIE HAaXOAATCS HCTHMHHO ONTHMHU3UPYIO-
e alropuTMbl. B 3TOM ciydae KOMIMIATOP MBITAETCS COCTABUTH
npeacTaBieHue o QyHKUUH, ONPeAeIsIeMON alropuTMOM, IpOrpam-
Ma KOTOPOro 3alMcaHa Ha UCXOIHOM si3bIke. Ecnu oH «noragaercs»
YTO 3TO 32 (PYHKIHSA, TO MOXKET MOMBITATHCS 3aMEHUTH MPEXKHUH aj-
TOPUTM HOBBIM, Ooiiee 3(h()EKTUBHBIM aJTOPUTMOM, BBIYHCIISIOIINM
Ty Xe (QYHKIMIO, U yXe [UIi 3TOTO aJrOpuTMa I'€HepupoBaTh Ma-
IMUHHBIA KOJI.
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K coxanenuro, onTUMHU3aLus 3TOrO TUIA YPE3BBIYAHHO TPYI-
Ha, T.K. HET JITOPUTMUYECKOTO CII0c00a HaXOXKAEHHUS CaMOil KOpOT-
KOH MM camMoil OBICTPOI POTPaMMBbI, SKBUBAICHTHOM JaHHOM.

[TosToMy B oOuieM cilyyae TEPMHH <«ONTHMHU3AILHUI» COBEP-
[IEHHO HENPaBHJIBHBIH — Ha MPAKTHKE MBI JIOJDKHBI JIOBOJIBCTBO-
BaThCs yyyuenuem kooa. Ha pasHBIX cTagusax mporecca KOMITHIIS-
LUH TPUMEHSIFOTCS Pa3IMYHbIE IPHEMBI YIYUILICHUS KOJA.

B o0mem ciydae MblI JTOJDKHBI BBIIOJHUTE HAJl JAHHOH IpoO-
rpaMMOH TIOCJIEZIOBATEIEHOCTE IPEOOPa30BaHUi B HAIEXKJE IMOBBI-
cuTh ee 3pdekTHBHOCTE. ITH Mpeodpa3oBaHusl TOJDKHBI, pa3yMeeT-
cs1, coxpaHuTh 3P (eKT, co3aaBacMbIii BO BHEITHEM MUPE HCXOJIHOU
porpaMmmoi.

[IpeoOpazoBaHust MOXKHO MPOBOJIUTH B Pa3IMYHBIE MOMEHTBHI
KOMIHJISIIIMY, HAYMHAS OT BXOAHOHM MPOTpaMMBbI, 3aKaHuuBast (hazoit
reHepanuy KoJa.

Bonee monpoOHO onTuMu3aIiei Koja Mbl 3aiiMeMcs Aajee.

Ceiiuac pacCMOTpPHM JIMIIb T€ TIPUEMBI, KOTOPBIE JIENAIOT KO
0oJee KOPOTKUM:

1) Ecnm «+» — KOMMYTaTHBHAs ONEPALHs, TO MOKHO 3ame-

HUTH nocieaoBareabHocTh koMang LOAD a; ADD f; no-
cnenosatenbHocThio LOAD B; ADD a. Tpebyercs, oana-
KO, 9TOOBI B IPYTUX MECTax He OBUIO Mepexo/a K onepaTo-
py ADD B.

2) TlomoOHBIM ke 00pa3oM, eciiu «*» — KOMMYTaTHBHAs OTle-
pammsi, To moxHO 3ameHuTh LOAD o; MPY B; sa LOAD
B; MPY o.

3) TMocnemosatensHOCTh omeparopoB Tuna STORE a; LOAD
; MO’XKHO yJQIUTh W3 MPOTPAMMBI [IPU yCIOBUH, YTO HIIH
sigeiika o He Oy/eT MCIIOJIb30BaThCs Jlaliee, Wil Tepes Uc-
MOJIb30BaHUEM sTUelika o OyAeT 3aroIHeHa 3aHOBO.

4) TlocnemosatensHocth LOAD o; STORE [; MoxHO yma-
JUTh, €CITU 3a Hel cneayeT apyroi oneparop LOAD u Her
nepexona k onepatopy STORE [, a nocnenyrorime BXOX-
neHus B OyayT 3aMEHEHBI Ha O BIUIOTh JI0 TOT'O MECTa, IJIe
nosiBuTCst Apyrou onepatop STORE y.

PaccmoTpuM Hamr mpumep M IMOJIYYUM ONTHMH3HPOBAHHYIO

nporpammy (tabai. 2.3).
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Taomuma 2.3 — OnrtuMu3anusa Koaa

Oran 1 Oran 2 Oran 3
IMpumensiem npasuio 1 | IIpumensiem npasuino 3 | K nocnenosarenbHo-
K MIOCJICIOBATEIILHOCTH | M yJalsieM IOCleloBa- | CTH
LOAD PRICE TEIBHOCTD LOAD =0.98
ADD S1 STORE S$1 STORE $2
3amenseMm ee nocieno- | LOAD Sl IIpUMeHsieM IIpaBuio 4
BaTEJIbHOCTBIO u ynausem ee. B ko-
LOAD $1 MaHJe
ADD PRICE MPY $2

3amensiem $2 ra =0.98
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

2.9 UCNPABNEHUE OLUNBOK

[penmnonoxum, 4TO BXOIOM KOMIIMJIATOpPA CIYXKHUT HPABHIBHO
MOCTpOeHHasI porpamMma (0JJHAKO Ha MPAKTHKE OYEeHb YacTo 3TO HE TaK).

Kommuisitop uMeeT BO3MOXKHOCTH OOHApyXuTh OLIMOKH B
MporpamMme, 1o KpaiiHel Mepe, Ha TpEX ITanax KOMITUJISLINN:

— JIEKCHYECKOI'0 aHaJlu3a,

— CHHTaKCHYeCKOro aHaju3a

— TeHepaluy Koja.

Ecnu BcTperunach ommbOKa, TO KOMIOWIATOPY TPYIHO IO He-
MIPaBUIILHON MpOrpaMMe pELINTh, YTO UMEN B BUAy €€ aBTop. Ho B
HEKOTOPBIX CIy4asix JIETKO CAENaTh MPEANOI0KEHHE O BO3MOKHOM
HCHPaBJICHUH [IPOTrPAMMBI.

Hanpumep, ecim A= B*2C, to BmonHe mpaBnomnomoOHO J0-
nyctute A=B*2*C. B oOmiemM cinydyae KOMOMISATOP 3apUKCHPYET
oTy OIHI/I6Ky 1 OCTaHOBUTCHI. OI[HaKO HEKOTOPLIC KOMIIUJIATOPLI CTa~
paroTCa MpOBECTU MUHUMAJIbHBIC U3MCHCHUA BO BXOILHOI\/'I I ECII0YKE,
YTOOBI IPOIOIDKUTH PaboTy.

[NepeunciauM HECKOJILKO BO3MOYKHBIX U3MEHEHUI:
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e 3ameHa ogHOTO 3Haka. Eciu JeKxcudecknil aHaIu3aTop BbI-
nmaet cuHTakcudeckoe cioBo INTEJER B Hemomxomsmem
JUT TIOSIBJICHUSI MICHTU(UKATOPAa MECTE MPOTrPaMMBbl, TO
KOMIIMJISITOP MOJKET JOTafaThCsl, YTO IOAPa3yMeBaeTCs
cnoBo INTEGER.

e BcraBka o11HOI JIeKceMBI, T.€., HanpuMmep, 3aMeHuTh 2C Ha
2*C.

e YcrpaHeHue onHOM JekceMbl. Hampumep, B oneparope
DO 10 1=1,20, — yOparthb JMIIHIO 3aMsTYIO.

e Ilpocras mepectaHoBka JsekceM. Hampumep, 3aMeHUTbH
| INTEGER na INTEGERI.

Hanee Mbl NOAPOOHO OCTAHOBHMMCSI HA peaau3alMyd TaKUX

KOMITWJIATOPOB.

2.10 PE3IOME

Ha puc. 2.7 npuBeneHa npuHIMITHATEHAS MOJIENTb KOMITUILSITOPA,
KOTOpast SIBJISETCS JIUIIH TIEPBBIM NPHOIIKEHHEM K PealbHOMY KOMITH-
nsropy. B peamsHOCTH (ha3 MOXeT OBITh 3HAUMTENBHO OOJbINE, T.K.
KOMITHJISITOPBI IOJDKHBI 3aHUMATh KaK MO>KHO MEHBIIHN 00bEM MaMSITH.

Pabota ¢ Tabaunei

Ncxop-
Hasi npo-

\ 4

rpamma

—»

Jlekcuuec-
KW aHanu-
3aTop

CuHTakcu-
yeckumn
aHanusartop

eHepauusi
Koaa

Ontumusa-
ums koja

Accembnu-
poBaHue

A

Amnanus ommnbok

Puc. 2.7 — Mopens xoMnuisTopa
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Msr Oynem mHTEpecoBaThes (yHIAMEHTAIBFHBIMU MpoOieMa-
MH, BO3HHKAIOIIUMH NPHU TIOCTPOCHUH KOMITWIIATOPOB U JPYTHX YCT-
POWCTB, TIpeHa3HAUCHHBIX JIsi 00PAOOTKU SI3BIKOB.

KOHTPOJbHbIE BOMPOCHI

3anaHue sI3IKOB MTPOTPaMMUPOBAHMS.
CHHTaKCUC ¥ CEMaHTHKa.

[Ipouecc koMnuIALIKHA.

Jlexcnaeckuii aHaIN3.

Pabora ¢ Tabauamu.
CHHTaKCUYECKUM aHaJIn3.

I'enepanus kona.

AJTOpUTM TeHepanuu Kojaa.
OntuMu3anys Koaa.

Hcnpapnenne ommoOoK.

CONOOR~WNE

=
©



48

3 TEOPUA A3bIKOB

3.1 CNoCOBbI ONMPEAENEHUA A3bIKOB

Msi onpenensieM si3bIK L kak MHOKECTBO I1IETIOYEK KOHEUHOU
JUIMHBI B ajngaBuTe X.

Ilepswiii BOTIpOoC — Kak omucaTh S3BIK L B TOM ciydae, Koraa
oH OeckoHeueH. Ecan L cocTOMT M3 KOHEYHOrO YHCIIA ILEMNOYEK, TO
CaMBbIf OYEBUIHBIN CIIOCOO — COCTAaBUTh CIIMCOK BCEX IIENIOYEK.

OpHako O MHOTHX SI3BIKOB HEJBb3s YCTAaHOBUTH BEPXHIOIO
TpaHUIy JUIMHBI CAaMOW JUIMHHOU Tenovku. CleoBaTenbHO, IPUXO-
JUTCSL paccMaTpUBaTh SI3BIKM, COACPXKAIINE CKOJIb YTOJHO MHOTO
nenovyek. O4EeBUAHO, TaKue SI3BIKM HENB3Sl ONMPEICUTh HCUYEPIIhI-
BaOIIIUM TEPEUNCIIEHUEM BXOSAIINX B HUX IETI0YEK, H HEOOXOAUMO
HCKaTh JPYrou croco0 ux omucanus. M, kak mpexiae, Mbl XOTHUM,
YTOOBI OMNMCAHUE S3LIKOB OBIIO0 KOHEYHEIM, XOTS OIHMCHLIBAEMBIN
SI3BIK MOJKET OBITh OECKOHEYHBIM.

N3BecTHO HECKONBKO CHOCOOOB OMUCAHMSA SI3BIKOB, yIIOBIIE-
TBOPSIFOIIUX 3TUM TpeOoBaHusM. OAUH U3 CIIOCOOOB COCTOUT B HC-
[10JIb30BAHUU OPOXKIAIOIIEH CUCTEMBI, Ha3bIBAEMOU epaMMAMUKOLL.

Llemoukn s3bIKa CTPOSTCS TOYHO OIPENEICHHBIM CIIOCOOOM C
MpUMEHEHHEM TpaBmwil rpaMMmatuku. OIHO U3 MPEUMYIIECTB OIpe-
JIEJICHUS SI3bIKA C TIOMOIIBIO0 TPAMMATHKHA COCTOUT B TOM, UTO OIepa-
LMY, MPOBOJMMBIE B XOJI€ CHUHTAKCHUYECKOI0 aHAM3a U IEPEeBOJA,
MOXHO CJeNaTh MPOIIE, €CIU BOCIOIb30BATECSA CTPYKTYpOH, KOTO-
PYI0 TPaMMaTHKa ITPUITUCHIBACT IEMOYKaM (ITPEITOKCHUAM).

Bmopoii Meron onucaHust Si3bIKa — YACTUUHBIA aJITOPHUTM,
KOTOPBIN JUIsl IPOU3BOJIBHON BXOAHOW LIETIOYKU OCTAHABIMBAETCS U
OTBEYaeT «Ja» IIOCJIe KOHEYHOrO YHUCJIa IaroB, €CId 3Ta IeIoYka
MIPUHAIJICKUT SI3BIKY.

Msr Oyaem TpeNCTaBIATh YACTHYHBIA alTOPUTM, OIpeie-
JISTIOIIMN SI3BIKH, B BHJIE CXEMAaTU3UPOBAHHOT'O YCTPOMCTBA, KOTOPOE
OyJIeM Ha3bIBaTh PACNO3HABAMENEM.

3.2 FTPAMMATUKMN

I'pammaTiku 00Opa3yroT Hanboliee BaKHBIM Kjlacc TeHepaTo-
poB si3bIKa. ['pamMMaTiKa — 3TO MaTeMaTHYecKasi CUCTeMa, onpee-
nsromas BUJ sA3bIKa. OJXHOBPEMEHHO OHA SIBIISIETCS yCTPOHCTBOM,
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KOTOpOE MpHaaeT Iernoukam (MpeaoKeHHsIM) s3bIKa TOJIC3HYFO
CTPYKTYpy. MBI OyJeM NONb30BaThcs (HOPMATU3MOM TIpaMMAaTHK
XOMCKOTO.
B rpammaruke, onpenenstonieil sA3bik L, UCHOIB3YHOTCS JiBa
KOHEUHBIX HETEePEeCceKAIONINXCS MHOXKECTBA CMBOJIOB — MHOXECT-
BO HETEPMUHAIBHBIX CHMBOJIOB, KOTOpPOE OOBIYHO 00O3HauaeTcs Oy-
kBOi N, 1 MHOKECTBO TEPMHHAJIbHBIX CHMBOJIOB, 0003HauaeMoe X.
3 TepMUHATIBHBIX CHMBOJIOB 00pa3yroTcs clioBa (LIEMOYKH) Ompee-
JISIeMOTO s13bIKa. HeTepMUHATIBHBIE CUMBOJIBI CIYKAT JIJISI IIOPOKIe-
HUS CJIOB $13bIKa L onpeaeneHHbIM CriocoOoM.
CepaleBrHY T'paMMaTHKHU COCTABIISIET KOHEYHOE MHOKECTBO P
MpaBmWI 00pa30BaHUs, KOTOPOE OIMHUCHIBAET MPOIECC MOPOKICHHUS
LEeTNoYeK s3bIKa. /Ipasuio — 3TO MPOCTO Mapa IEMoYeK WU JIEMEHT
MHOKecTBa, nHade rosops, (NUX) N(NUX) x(NUX)'. ITepBoii koM-
MOHEHTOH TpaBuIIa SABJISIETCS JIt00ast 1IeTI0YKa, COAepKaIas XoTs Obl
OJIMH HETEPMHHAJ, & BTOPOI KOMIIOHEHTON — JIt00as 1eroYKa.
Ipumep. Hanpumep, npaBusioMm MokeT ObITh apa (AB, CDE).
Ecnmu yxe ycTaHOBIIEHO, YTO HEKOTOpas ILEMOYKa 0 IMOPOKIAETCS
rpaMMaTuKoO U o cogepkut AB, T.e. JIeByI0 4acTh 3TOro mpaBuia, B
Ka4yecTBE CBOCH MOJIIETOYKH, TO MOXHO 00pa3oBaTh HOBYIO II€TIOY-
Ky B, 3amenuB oaHo BxoxaeHne AB B o Ha CDE.
S3bIK, ompenenseMblid TpPaMMaTHUKON, — 3TO MHOXECTBO 1ie-
MOYEK, KOTOPBIE CTPOSATCS TOJBKO U3 TEPMHHAIBHBIX CHMBOJIOB M
BBIBOJSITCSI, HAYMHASA C OJHOM 0COOOH IIEMOYKH, COCTOSIIEN U3 OfI-
HOTO BBIJIEICHHOTO CUMBOJIa, O0BIYHO 0003HaYaeMoro S
Cocnawenue. Tpasuio (o, B) OyaeM 3amuchIBaTh Kak o— .
Onpeoenenue. I'pammarukoit Ha3biBaeTcs yetBepka G = (N, X,
P, 9, roe
— N — KOHeYHOe MHOXKECTBO HETEPMHUHAJBHBIX CHMBOJIOB
WM HETEPMUHAJIOB (MHOTIA Ha3bIBAEMBIX BCIIOMOTATEIIb-
HBIMU CHMBOJIAMH, CHHTAKCHYECKUMH IEPEMEHHBIMU HITH
HOHSTHSIMU);
— X — Henepecekawmeecs ¢ N KOHEYHOE MHOXKECTBO Tep-
MHHAQJIBHBIX CHMBOJIOB (TEPMHUHAJIOB);

— P — koneunoe nogmuoxkectBo MuOXKecTBa (NUZ) N(NUZ) x
x(NUZ)', amement (o, p) MHOXKecTBa P HasbiBaeTcs mpasu-
70M (WJTH TIPOJIYKIMEH) U 3alIMChIBAaeTCs 00— f3;
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— S— BbIIeNeHHBIH cuMBON U3 N, Ha3bpIBACMBI HAYATLHBIM
(MCXOMHBIM) CHMBOJIOM.

[Mpumepom rpammatuku ciyxut detBepka G, = ({A, §, {0,

1}, P, ), rae P cocrout u3s npasui
S—0A1
0A—00AL
A—e

HeTtepMuHANBHBIMU CHMBOJIAMH SIBIISTIOTCST A B S, a TepMu-
HapbHBIME — 1 7 O.

I'pammaTika ompenenseT sS3bIK PEKYpPCUBHBIM 0Opa3zoM. Pe-
KYPCHBHOCTb TPOSIBIISICTCS B 3aJIaHUU 0COOOT0 poOJia LEMOYeK, Ha3bl-
BaeMbIX BBOJUMbIMH rienoukamu rpammatuku G = (N, X, P, S, rae

1) S— BBoAWMAS [EMOYKA;

2) ecmu affy — BeIBOAMMAs HEMOYKa U 3—0 comepkutes B P,

TO 00y — TOXE BBIBOJAUMASI [IETIOYKA.

BriBogymMast 1ierouka rpammatuku G, He cojepikarias Hetep-
MHUHAJIBHBIX CHMBOJIOB, Ha3bIBACTCS TEPMHHAIBHOM IEMOYKOH, IMO-
poxaeMoi rpaMmmaTukoit G.

Tepmunonozus.

IMycte G=(N, %, P, S — rpammaruka. Beegem oTHOmICHHE
=g Ha MHOXKecTBe (NUX) (¢ = Y o3nauaer W, HEMOCPEICTBEHHO
BBIBOJIUMAs U3 (), KOTOPOE TPAKTYETCs CICIYIOIUM 00pa3oM: ecliu
opy — nenouka 3 (NUZ) 1 p—8 — npasuio u3 P, To afy = ady.

TpaH3UTHBHOE 3aMBIKaHHE OTHOIICHUS —>g 0003HAUYaeTCs Ye-
pe3 =g ¥ TpakTyeTcs Kak ¥, BBIBOJUMAS U3 () HETPHBHAIBHBIM 00-
pazom.

PedriekcuBHOE M TPaH3UTHBHOE 3aMBIKAHUE OTHOIICHUS —>g
(=¢): (p:>G*‘I’ — o3HavaeT V¥, BRIBOAUMYIO H3 (.

[Hanee, eciu ICHO, O KaKOW I'paMMAaTHKE UJET PeUb, TO UHIEKC
G Oyzer omyckaThCsl.

Takum o6pasom, L(G) = {w | weX’, S='W}. Uepes =" Gynem
0003Hayath K-10 cTermeHb JAHHOTO OTHOIIEeHHs. VIHade roBops,
o =8, ecim CYIIECTBYET O, Oy, ..., Ok, COCTOsMAA U3 k+1 remoukw,
JUTS KOTOPBIX O = 0, ..., Oj_1, 0; Tpu 1 <i < kwu ox = B. D1a mocneso-
BaTEJIBHOCTH IIETIOYEK HA3bIBACTCS BBIBOJOM JUTMHBI K 1iemouku B u3
HENOoYKH 0, B rpammaruke G.
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OTMeTHM, 4TO 0.=> & TOrJa M TONBKO TOrZA, KOIAa o = o
1uist Hekotoporo i >0, u o =" § Toraa m TOJIBKO TOTa, KOoraa o = o
JU1s1 HeKoToporo | > 1.
Ipumep. Paccmotpum rpammatiky G; u3 paHee npUBEICHHO-
TO rpuMepa:
S= 0Al1 = 00A1l1 = 0011.
Ha niepBomM 1iare S3amensercs Ha OAL B coOTBeTCTBHH C TIpa-
Buiiom S—0AL.
Ha Bropom tirare OA 3amensieTcs Ha 00AL.
Ha tpersem mare A 3amensieTcs Ha €.
MoskHO cKa3aTh, 4YTO
S=°0011,
S="0011,
S="0011
u yto 0011 npunamexur s3biky L(Gy).
Coenawenue:
(1—>[31
(1—>[32
a—Bn
o6o3nauum o — PB1 | B2 | ... | Bn
Kpome Toro, mpumeM eime cieayromye COrameHusi OTHOCH-
TEJBHO CUMBOJIOB U LIETIOYEK, CBSI3aHHBIX C TPAMMATHKOM:
(1) a b, ¢, duuudppse 0, 1, 2, ..., 9 0603HAYAIOT TEPMHUHAD-
HBIE CHMBOJIBI,
(2) A, B, C, D, So603HauaroT HeTEPMUHAIBI, S — HayaIbHBIH

CHUMBOII,

3 U,V, ..., Z 0603Ha4a0T 100 HETEPMHUHAIIBI, THOO TEPMHU-
HAaJIbI;

(4) a, B, ..., ® 0003HAYAIOT IEMOYKH, KOTOPBIE MOTYT COJIEP-
JKaThb KaK TepMI/IHaHI)I, TaK U HeTepMI/IHaJ'H)I;

(5) u, v, ..., Z 0003HAYAIOT IIEMTOYKH, COCTOSINUE TOJIHLKO W3
TEPMUHAJIOB.

Ipumep. llycts Go = ({E, T, F}, {&, +, *, (, )}, P, E), rne P
COCTOUT M3 IPaBHUII
E—-E+T|T
T->TF|F
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F—(B)la
IIpumep BrIBOJA B 3TOM IpaMMaTHKeE!
E=E+T
= T+T
= F+T
=at+T
= at+T*F
= at+tF*F
= ata*F
= ata*a,
T.€. 5136IK Gy mpezicTaBsieT o000 MHOXKECTBO apU(PMETHIECKUX BBI-
paXKeHuil, TOCTPOCHHBIX M3 CUMBOJIOB &, +, *, (1 ).

3.3 TPAMMATUKM C OTPAHUYEHUAMU HA MPABUNA

I'paMMaTHKH MOKHO KJIaCCH(HUITUPOBATH 110 BUIY HX TPABHJI:

nyctb G = (N, Z, P, § — rpammaruxka.

Onpeodenenue. I'pammatrka G Ha3bIBaeTCS:

1) npasorunetinoil, ecnu Kaxaoe mpaBwio u3 P umeer Buj
A—XxB umn A—X, toe A, B e N;

2) koumexcmmno-c60600not (WIH OECKOHMEKCMHOLL), €CIH
Kaxaoe mpasmwio m3 P wmmeer Bugy A—a, tme AeN,
ae(NUL);

3) roumexcmmuo-sasucumon (WK HeyKopauusaioweil), €ciu
Kakaoe mpasmio u3 P umeer Bua a— P, |ol<|B).

I'pamMmaruka, He yIOBICTBOPSIONIAS HA OJHOMY M3 3a/IaHHBIX

OrpaHUYEHHI, Ha3bIBACTCSl TPAMMATHUKOM 001Iero Buaa (rpaMmaruka
0e3 orpaHUYCHHIA).
PaccmotpenHbiii paHee mpumep (MHOXKECTBO apupmerhue-
CKHMX BBIP2KEHHIA, IOCTPOCHHBIX U3 CUMBOJIOB &, +, * U CKOOOK) 5IB-
JISIETCSI IPUMEPOM KOHTEKCTHO-CBOOOIHON IPaMMAaTHKH.

3aMeTHM, YTO COTJIACHO BBEICHHBIM OINPEICTCHUSIM, Kaxiaast
NpaBOJIMHEWHAsT TpaMMaTHKa — KOHTEKCTHO-CBOOO/IHAS TpaMMaTH-
ka. KoHTeKkcTHO-3aBUCHMas TpaMMaTHKa 3arpeniaeT npaBmwio A—e
(e-mpaBui0).
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Coenawenue. Ecnu 361Kk L mopoxzaaercs rpaMMaTHKON THIIA
X, To L Ha3pIBaeTCs SI3bIKOM THUIA X. DTO COINIALIEHUE OTHOCUTCS KO
BCEM <THUIIAM X».

OnpeneneHHble HAMH BBIIIE THUITBI TPaMMaTHK M S3bIKOB Ha-
3BIBAIOT Uepapxueii Xomcrkozo.

3.4 PACNO3HABATENU

Bropoii pacnpocTpaHeHHBIH METOA, OOeCTIeYHBaIONINN 3a/1a-
HUE SI3bIKa KOHEUYHBIMH CPEICTBAMHU, COCTOUT B UCIOJIb30BAaHUU pac-
nosnasamerneti. B cylmHocTH, pacno3HaBaTeab — 3TO CXE€MAaTU3UPO-
BaHHBII aITOPUTM, ONPEAEIAIOIIUNA HEKOTOPOE MHOKECTBO.

Pacmo3naBarenb cocTouT U3 Tpex vacrei (puc. 3.1) — 6xo00-
HOU JIeHmbl, YNPAGIAouwe20 yCmpoucmea ¢ KOHEYHOU MaMsAThIO U
gcnomoeamensvrotl (WU pabouetl) namsamu.

ao a = . a; . an Bxonnas nenra
BXxo/Hast roJI0BKa K—/_\
Vnpasinstoniee

YCTPOHCTBO C
KOHEYHOMH
MIaMSTBIO

Bcnomora-

TCIbHAasA
naMATh

Puc. 3.1 — Pacnio3HaBareinns

BxoaHyro JeHTy MOXXHO paccMaTpuUBaTh Kak JIMHEWHYIO MO-
CJIEIOBATEIbHOCTH KJIETOK, KaXKAasl siueiika KOTOPOM COAEpKUT OAUH
CHMBOJI U3 HEKOTOPOro KOHEYHOro BXOAHOro angasura. Camyro Jie-
BYIO U CaMYIO MPaBYIO sMEHKH OOBIYHO 3aHMMAIOT (XOTS M HeoOs3a-
TEJIbHO) MapKephl.
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BxoaHast TONOBKA B KaKIBIA MAaHHBIM MOMeEHT uyuTaeT (060-
3peBaeT) OJHY BXOIHYIO siUeHKy. 3a OJUH Imar paboThl pacio3HaBa-
TCJIA BXOJHAad I'OJIOBKa MOXKET ABUIAaTbCA HA OAHY H‘IGfIKy BJIEBO,
0CTaBaThCsl HETIOBMKHOM, THOO IBUraThCs Ha OJTHY SUYEHKY BIIPaBO.

[lamMsATBIO pacrio3HaBaTENsT MOXKET OBITh XpaHWIHIE HH(pOP-
Maiuu Jro0oro tuma. [Ipennonaraercs, yto andaBUT NaMsITH KOHe-
YeH W XpaHslascs B MaMsATH MH(oOpMaus MOCTpoeHa TOJIBKO W3
CUMBOJIOB dToro ajndasuta. [Ipenmonaraercss Taxxke, 9To B JTHOOOH
MOMEHT BPEMEHH MOXHO KOHEYHBIMH CPEICTBAMM OIMCATh COIEp-
JKUMO€ U CTPYKTYpY HaMSATH, XOTSA C TEUYEHHEM BPEMEHH MaMATh
MO>KET CTAHOBHUTHCS CKOJIb YT'OJHO OOJIBILION.

[loBenenne BcioMoraTesbHON MaMATH Ui 33aHHOTO Kiacca
pacro3HaBaTesel MOYKHO OXapaKTepH30BaTh C MOMOIIBIO JBYX
byHKUM: Qynxkyuu docmyna M hyHKyuu npeodopazo8aHust Namsamu.

@DyHKIMS 10CTyIa K AMITH — 3TO OTOOpaKeHHE MHOXKECTBa
BO3MOXHBIX COCTOSHUM MM KOH(Urypauuid HaMsTd B KOHEYHOE
MHOXECTBO I/IH(bOpMa]_[I/IOHHI)IX CHUMBOJIOB.

OyHKIHA MPeodpazoBaHus MAMATH — 3TO OTOOpaKEeHUE, OIH-
ChIBaloIIMeE ee u3MeHeHus. BooOie, MMEHHO THI aMsATH OIpeens-
eT Ha3BaHKE pacro3HaBartels (pacrno3HaBaTelb MAara3MHHOTO THIIA).

VYmpasinsioniee ycTpoMcTBO — 3TO NpPOrpaMma, YIpaBJIsSOLLas
MOBEJICHUEM paclio3HaBaTellsl. Y IPaBISIOIIEee YCTPOHCTBO IPECTaBIs-
eT co00if KOHEUHOE MHOXKECTBO COCTOSIHMH BMECTE C OTOOpasKeHHUEM,
KOTOpOE OITUCHIBAET, KaK MEHSIOTCSI COCTOSIHUSI B COOTBETCTBUU C Te-
KYIIMM BXOJHBIM CHMBOJIOM (T.€. HAXOJUSILIIMMCS MO/l BXOJHO T'OJIOB-
KOM) | TeKyied nHpOpMaIieii, U3BJICUCHHOW U3 MaMsATH. Y IPaBIISIO-
1iee YCTPOMCTBO OMNpeAENsieT Takke, B KAKOM HalpaBJeHUH CABHUHYTbH
TOJIOBKY M KaKyt0 HH(GOPMAIIHIO TIOMECTHTh B TIAMSITh.

PacnioznaBatens paboTaer, IpoesibiBas HEKOTOPYIO OCIEN0-
BaTCJIbHOCTH I1aroB WJIN TaKTOB.

B navane Takta yMTaercs TEKyUMd BXOAHON CMMBOJ U C IO-
MOIIBI0 (PYHKIUKA TOCTYIIa UCCIEMyeTCs MaMsATh. TeKyIHii CHMBOIT
u uHpOpMaLys, U3BJIECYEHHAs W3 MaMATH, BMECTE C TEKYLIUM CO-
CTOSIHUEM YIPABJISAIOUIETO YCTPONUCTBA OMpPENENsIeT, KaKuM TOJKEeH
ObITb TakT. COOCTBEHHO TaKT COCTOUT U3 CIIEAYIOIINX MOMEHTOB!

1) BxXoaHas TOJNOBKAa CIBHIAeTCS HA OJHY SYEHKY BJIEBO,

BIIPpaBO UK OCTACTCA B HICXOOAHOM TMMOJIOXKEHUU,
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2) B MaMATH IIOMEIIAETCsl HEKOTopasi HHPOpMaIHs;

3) Hu3MeHsIeTCsl COCTOSIHUE YIPABIISIONIET0 YCTPOHCTBA.

[loBenenne pacmo3HaBarenss OOBIYHO OMHCHIBAETCS B TEPMU-
Hax KoH(puUTypanuii paciozHaBarens. Kongueypayus — 3T0 «MTHO-
BEHHBIII CHUMOK» PacIlO3HaBaTellsl, HA KOTOPOM M300pa’keHBI:

1) cocrosiHHE yIPaBISIOLIErO YCTPOKCTBA,;

2) COAEP)KUMOE BXOAHOM JIEHTHl BMECTE C MOJOKEHUEM IO-

JIOBKY;
3) comepKUMOE MaMsITH.
VYnpasnsromiee ycTpOHCTBO MOXET OBITh OemepMUHUpOsaH-
HbIM THOO0 HeOemep MUHUPOBAHHBIM.
B neTepMuHMpOBaHHOM YCTpPOWCTBE IS KaXI0M KOHUTYpa-
LUK CYIIECTBYET He Ooyiee OAHOTO BO3MOXHOTO CIIEAYIOUIErO Iara.
HenerepmMuHHpOBaHHOE YCTPOMCTBO — 3TO MPOCTO YAOOHAsS
MaTeMaTHuyecKas abCTpakLus, He peaqu3yeMasi Ha IPaKTHKeE.
Kondurypauns HasblBaeTCs HauanvbHou, €CIN YIPaBISIOIIee
yCTpOﬁCTBO HaxXxoJUuTCA B HaA4YaJIbHOM COCTOSAHHHN — BXOJHAasdA I'0JIOB-
Ka 0003peBaeT caMblil JIEBBIH CUMBOJI U IIaMSATh UMEET 3apaHee ycTa-
HOBJICHHOE HAYaJIbHOE COIEPKUMOE.
Kondurypauusi HazblBaeTCs 3aK1i04UmMenbHOU, €Cii yIpas-
JIAIOIIEE YCTPOMCTBO HAXOAUTCS B OTHOM U3 COCTOSIHUN 3apaHee BbI-
JEJIEHHOTO MHOYKECTBA 3aKJIIOUUTENBHBIX COCTOSHUH, a BXOAHAA TO-
JI0BKa 0003peBaeT NMpaBblii KOHIIEBOH MapKep.
Pacnio3naBarens f1ommyckaeT BXOJHYIO IIETIOUKY (O, €CIH, HAaUnHAas
C HaYaTbHOW KOH(UTYpaIiy, B KOTOPOH IeTI0YKa (» 3arrcaHa Ha BXOJI-
HOU JIEHTE, PAaClO3HaBaTeNb MOXKET MPOJENaTh KOHEUYHYIO TOCIIEN0Ba-
TENBHOCTD IIar0B, 3aKaHYMBAIOILYIOCS KOHEYHON KOH(QHUTYpalreH.
SI3bIK, ompenesnseMblii pacllO3HABATEIEM, — 3TO MHOXECTBO
BXOJIHBIX IIETI0YEK, KOTOPBIE OH JAOITyCKaeT.
Jng kaxaoro kiacca rpaMMaTHK U3 HepapXuHu XOMCKOIO Cy-
LIECTBYET €CTECTBEHHBIN KIIACC PaClIO3HABATEIEH!
1) s3bik L mpaBoNMHEHHBIH TOra U TOJBKO TOT/A, KOTAA OH
OTpEAEIAETCS] OJHOCTOPOHHUM JETEPMHUHHUPBAHHBIM KO-
HEYHBIM aBTOMATOM;,

2) s3bIK L — KOHTEKCTHO-CBOOOHBII TOT/Ia U TOJNBKO TOT/A,
KOI'Zla OH OTIpEeNeseTcs ONHOCTOPOHHUM HEAECTEPMHHUPO-
BaHHBIM aBTOMAaTOM C Mara3uHHOM NMaMsIThIO,
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3) s3bIk L KOHTEKCTHO-3aBHCHMBIH TOTAa M TOJIBKO TOT[A,
KOT/Ia OH OIpeeNiseTcs IBYCTOPOHHUM HEIEeTePMHHHPO-
BaHHBIM JIMHEHHO-OTPaHUYCHHBIM aBTOMATOM,;

4) s3Ik L pekypCHBHO MepevHCIIsieMblid TOT/Ia U TOJNBKO TO-
raa, Korja oH onpenensiercs MamuHod TeropuHra.

3.5 PErynsiPHbIE MHOXECTBA, UX PACNO3HABAHUE
M NOPOXXAOEHUE

3.5.1 OOPEJEJEHUSA

PaCCMOTpI/IM MCETOJbI 3aJlaHu A3BIKOB INPOTrpaMMHUPOBAHUA U
KJIACC MHOXECTB, 00pa3yromuil 3TOT KJacc A3bIKOB. OCHOBHBIM ail-
napaToM 3afaHust OyAyT PeryIsipHbIE MHOKECTBA M PETYISPHBIC BbI-
pakeHus Ha HUX.

Onpeodenenue. Ilyctb ¥ — KxoHeuHbli andasut. PerynspHoe
MHOXKECTBO B aipaBUTE X OIpEAeNsIeTCsS PEKYPCHUBHO CIIETYIOIINM
obOpa3zom:

1) O (mycroe MHOXECTBO) — pEryJsipHOE MHOXECTBO B al-

¢asuTe X,

2) {e} — perynspHOe MHOXECTBO B alipaBuTe X;

3) {a} — perymspHoe MHOXECTBO B aihaBUTE X ISl KAXKIOTO

acl;

4) ecnu P u Q — peryssipHble MHOKECTBa B ai(aBuTe X, TO

TaKOBBI )K€ M MHOYKECTBA:
a) PUQ;
0) PNQ;
B) P
5) HHYTO Jpyroe He SBISETCS PEryJsPHBIM MHOXKECTBOM B
andasure X.

Takxum 00pazom, MHOXKECTBO B aj(aBUTE X PETYISIPHO TOT/AA U
TOJIBKO TOTJa, KOrJaa oHo Jjmbo &, oo { €}, mubo {a} mis Hekoro-
poro a€X, mbo ero MOXHO TOJYYHUTh M3 3TUX MHOXKECTB ITPUMEHE-
HHEM KOHEYHOTO 9YHCia omnepanuii o0beAWHEeHUs, KOHKaTeHAluH U
HATEpaLyu.
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Onpeodenenue. PerynspHble BRIpaXeHUs B ajJ(paBUTe X U Pery-
JSIpHBIE MHOXKECTBA, KOTOPbIE OHM 0003HAYAIOT, OTPEEIISIOTCS pe-
KypPCHBHO CIIEIYIOIIUM 00pa3oM:

1) & — perynsipHoe BeIpaKeHHE, 0003HAYAOIIEE PEryIIPHOE

MHOX€ECTBO I,
2) e — peryisipHOE BBIpaKEHHE, 0003HAYAOIIEE PETYISIPHOES
MHOXeCTBO { €} ;

3) ecnmm aeX, TO @ — peryaspHOe BBRIpaXKeHHe, 0003HAYAI0-

1Iee peryJisipHoe MHOXeCTBO { a} ;

4) ecnu P U  — peryisipHbIe BBIpAKCHHUS, 0003HAYAIOIIHE

perymnspHble MHOKecTBa P u Q, To

a) (p+qg) — peryssipHOe BhIpakeHue, obo3Havaromnee PUQ;
0) PQ — peryaspHOe BhIpaKEHHUE, o0o3HavaroIee PmQ

B) P — peryisipHOe BEIpaXKeHHe, 0bo3Hauaromiee P’

5) HHUYTO Ipyroe He SIBISECTCS PErYJISPHBIM BHIPAKCHUCM.

[puHATO 0603HAYATH P’ IS COKPAILIEHHOTO 0003HAYSHHSA pp -
PaccranoBka npuoOpUTETOB!

* (urepanus) — HAMBBICIINI TPUOPUTET;

— KOHKaTeHaIus;

-+ (oObenuHeHME).

Taxum o6pasom, 0+ 10" = (0 + (1 (0))).

Tlpumepnw:

1. 01 o3navaer {01} ;

2.0 -{0};

3.(0+1) —{0, 1} ;

4. (0+1)" 011 — o3HAYAET MHOXECTBO BCEX IEMOUYEK, COCTAB-
nenHbIx w3 0 u 1 u okaHuuBarommxcs remnouxoit 011;

5. (atb) (atb+0+1)" o3HauaeT MHOXECTBO BCEX IEMOYCK
{0,1, a, b}, HaunHaromuxcs ¢ a wim b.

6. (00+11)" ((01+10)(00+11)" (01+10)(00+11)") o3Hauaer MHO-
’KECTBO BCEX LEMOYCK HYJICH U eJMHMII, COACPKALIMX YETHOE YUCIIO
O u yetHOE ymCIO 1.

Taknum 06pa3om, I KaXKIO0TO PETYIIPHOTO MHOXKECTBA MOXK-
HO HAWTH peryJsipHOe BhIpayKeHHE, ero 0003Havaromiee, 1 Hao0boporT.

Beenem nemmbl, 0003HAYaAIONIME OCHOBHBIE alIreOpandecKue
CBOMCTBA PETYJSIPHBIX BBIPAXKECHUM.

ITyctb a, B 1y perynspHbIe BEIpa)KSHHUS, TOTIA:
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1) a+tB=pf+a

2 O =e

3 at+t(B+y)=(a+p)ty

4) a(py) = (ap)y

5) a(f +y)=af +ay

6) (o+B)y=oy+py

7) ce=en=aq

8) ud=Ca=9

9) o =ota

10) (o) =o
11) ota=a
12) o+ =a

[Ipu paboTte ¢ s3bpIKaMu 9acTo yJO0OHO TMOJIE30BATHCS YpaBHE-
HUSMH, KO3(QQHUINEHTaAMI U HEU3BECTHBIMU KOTOPBIX CIIy>KaT MHO-
xecTBa. Takue ypaBHeHUs OyleM Ha3bIBaTb VPABHEHUSIMU C pezy-
JAPHBIMU KOS Duyuenmamu

X=axX+hb,
rae au b — perynsipHbie BbIpakeHUs. MOXXHO TPOBEPUTH MPSMOI
T10JICTAHOBKO, UTO PELIHHEM 3TOr0 YpaBHeHus Gyet a b:
aab+b=(aa +eb=ab,
T.€. MOJy4aeM OJJHO M TO YK€ MHOXKECTBO. TakuM ke 00pa3zoM MOXKHO
YCTAHOBUTH U PELICHUE CUCTEMBbl YPaBHEHHH.

Onpeodenenue. CucreMy ypaBHEHHUH C peTyIsipHBIME Kod¢hu-
IIMEHTaMH HAa30BEM CMAHOAPMHOU CUCHeMOll ¢ MHOKECTBOM HEH3-
BeCTHBIX A ={ Xy, Xy, ..., Xp}, €CITH OHAa UMEET BHUI:

X1 =00 + 012Xy + 02X + ..+ Xy

Xo = o + 0 Xy + 0Xo + ...+ 0 Xy

Xn = 0o + ompXy + 0n2Xo + ..+ onXy
TJIe 0jj — PETYJISPHbIC BRIPAXKEHH B ali(paBUTE, HE TIePeCceKaroIeMcs
¢ A. Kosddunnentamu ypaBHEHUS SBISIOTCS BBIPKSHUS 0.

Ecmn o = &, T0o B ypaBHeHUH Ui X; HET 4HCla, coAeprKallle-
ro X. AHaJIOTM4YHO, €CIIU Ojj = €, TO B YPaBHEHUM Ul X; 4iIEH, CO-
aepxamuii Xj, — 310 npocto X;. MHpIMH crioBaMu, J urpaer poib
koadpuiuenta 0, a € — posib ko3 duienra 1 B 0ObIYHBIX CHCTE-
Max JIMHEWHBIX YPABHEHUI.
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3.5.2 AJITOPUTM PEIIEHUSI CTAHJAPTHOM CUCTEMBI
YPABHEHMII C PET'YJIIPHBIMU BbIPAKEHUSIMU

Bxoo. CranpgaptHas cucrema Q ypaBHEHHH C pPEryJsipHBIMH
koa¢uimeHTamMu B aihaBUTE X M MHOXKECTBOM HEU3BECTHBIX A =
={X1, Xz, veey Xn}

Buixoo. Pemenne cucremsr Q.

Memoo: Ananor MeToia pelIeHus] CUCTEMbI JJMHEHHBIX ypaB-
HEHUI METOJ0M UCKIItoueHus ["aycca.

[lar 1. [onoxwuts i = 1.

[lar 2. Eciu | = N, nepeiitu K mary 4. B npoTHBHOM citydae ¢
MOMOIIIBIO TOXKJIECTB JIEMMBI 3alUCaTh YpaBHEHUS ISt X B BUJIC

Xi=aX + B,
T/Ie o0 — PETYIApHOE BhIpaKEHHUE B anaBuTe X, a [J — peryisipHoe
BBIPKCHUE BUIA
BO + Bi+1Xi+1 +...F anna
npudeM Bce fj — peryJsipHble BhIpaKeHHs B aldaBute X. 3aTeM B
TPaBBIX YACTAX VIS ypaBHEHUH X1, ..., X, 3aMEHUM X| PETYIAPHBIM
BBIPOXKEHHEM oL .

[lar 3. YBenuuuTh | Ha 1 1 BepHYTHCS K 1Iary 2.

[ar 4. 3anucars ypaBHeHue Ui X, B Buze X, = aX, + B, rue
o ¥ [} — perymspHbIe BeIpakeHHs B andasute X. [lepeitn k mary 5
(pu aTOM | = N).

Hlar 5. YpaBuenue st X umeet Bun X = aX + B, rne a u fp —
PEryJIApHbIC BHIPAKCHHS B andasute X. 33HI/IC&TI) Ha BeIXOAE X =
= o B, B ypaBHEHHAX 1St Xi_q, ..., X1 MOACTABIAS o B BMECTO X.

[lar 6. Eciu i =1, OCTaHOBHTBHCS, B MPOTHBHOM Clly4ae
YMEHBIINUTH | Ha 1 ¥ BepHyThCs K miary 5.

OnHako cienyeT OTMETHTh, YTO HE BCE YPaBHEHUS C PErysp-
HbIMH KoddduimeHTaMn 001a1al0T €AMHCTBEHHBIM pemeHneM. Ha-
puMep, ecin

X=aX+p
SIBIISIETCS YPaBHEHHEM C PETYJSIPHBIMU KO3 PHUIUEHTaMHU U 0. 03HA-
qaeT MHOXKECTBO, COJEpXKaIiee MyCTyIo Hermouky, To X = o (B +7)
OyZeT pemeHrneM 3TOro ypaBHEHUs uIst J1r00oro y. Takum oOpazom,
ypaBHEHHE HMeeT OeCKOHEYHO MHOTO pemeHuil. B curyanmsax tako-
ro poja Mbl OyjeM OpaTh HAUMEHBIIIEE PEIICHUE, KOTOPOE HA30BEM
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HaumMeHbulell HenoO8UNCHOU Mmoykol. B HamleM ciydae HanMeHbIIas
HETIOJBIKHAS TOUKA — 0l .

Jlemma. Kaxnas cranaapTHas cuctema ypaBHeHuil Q ¢ Heus-
BECTHBIMH A 0051a1aeT €AMHCTBEHHOW HAWMEHbBIIECH HEIOABHXHOM
TOYKOM.

Onpeodenenue. llyctp Q — cTanmapTHas cucTeMa ypaBHEHUH C
MHOXECTBOM HEU3BECTHBIX A = { X, Xy, ..., X} B andasure X. OTo0-
Opaxenue f MHOKeCTBa A BO MHOXECTBO SI3bIKOB B ayiaBUTe X Ha-
3bIBAaeTCS peIIeHHeM cucTeMbl Q, eciy rmocie MOACTAHOBKH B KaX-
noe ypaBuenue f(X) BMecto X st kaxmporo XeA ypaBHEHHUS CTaHO-
BATCS PaBEHCTBAMHU MHO)KECTB.

Orobpaxenne f:A — P(X") Ha3biBaeTCS HaMMEHBIICH HEIO-
BIKHOM Touko# cuctemsl Q, eciiu f — perienne, u st 106010 Ipy-
roro perrenus g Boimonnsiercs f(X) < g(X) mis Bcex XeA.

Jlemma. Ilycte Q — cranzapTHas cucreMa ypaBHEHUH C He-
u3BecTHBIME A = { Xy, Xy, ..., X} ¥ ypaBHEHHE 1151 X; UMEET BUJI

Xi = dio + 01Xy + 032X0 + ...+ 0inXp.
Torma HaMMEHBIICH HEMOBIKHOM TOUKOM cuctembl Q Oyjer Takoe
oTtoOpaxeHne
f(X)= {V\ﬁ,...,wm |W,ea, guW ea;; A ..., jm}
JUTS HEKOTOPO# MOCIeI0BATEIEHOCTH YHCEN 1, j2, ..y jm TAC M>1,
1<k<m,j;=i.

[Ipumem B KadecTBe aKCHOMBI YTBEP)KICHHUE, UTO S3BIK OIpe-
JIeJsIeTCsl IPaBOJIMHEHHOM rpaMMaTUKOM TOr/Aa U TOJIBKO TOrna, KO-
r7la OH SIBJISCTCS PEryJISipHBIM MHOKeCTBOM. Takum oOpa3om, KOH-
CTaTUPYEM:

1) xacc peryJsipHbIX MHOXKECTB — HAaUMEHbBIIHN KJIacC S3bI-

KOB, cojiepikamux Muoxectsa J, {€} u {a} mist Bcex cum-
BOJIOB & W 3aMKHYTBI OTHOCHTEIBHO OIepaiuii 00bheau-
HEHUsl, KOHKaTeHAIlUN U UTePaLuH;

2) peryJisipHble MHOXXECTBa — MHOXKECTBA, OIpEJICICHHbIC

PEryJSIpHBIMU BBIPKCHUSIMU,
3) peryJsipHble MHOXECTBA — $I3bIKH, TIOPOKIAaeMbIe MPABO-
JMHEHHBIMH I'PaMMaTHKaMU.
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3.6 PErynsaPHbIE MHOXXECTBA U KOHEYHbLIE ABTOMATbI

Eme omHuM ymOOHBIM CIOCOOOM OTNpPENENCHUS PETyIIsPHBIX
MHOKECTB SIBJISIFOTCSI KOHCYHBIC aBTOMATBHI.

KavecTBeHHOE OIMUCAHNE KOHEYHBIX aBTOMATOB MbI C/IEJIAH B
paznene 3.4. Teneps naguM UX MaTEMaTHIECKYIO (POPMYITHPOBKY.

Onpedenenue. HenerepMUHUPOBAHHBIN KOHCYHBIH aBTOMAT —
3TO nﬂTepKa M=(Q,Z%,9,0qoF), roe

Q — KOHEYHOE MHOXECTBO COCTOSHUIA;
— X — KOHEYHOE MHOKECTBO JIOITYCTUMBIX BXOJIHbIX CUMBOJIOB,;
- 8 — orobpaxenune MHOKecTBa £xQ Bo MHOXecTBO P(Q),
ompeensdoniee IMOBEICHHE YNPaBISIONIEr0 YCTPOHCTBA,
€ro oObIYHO Ha3bIBAIOT (DYHKIMEH MEPEeX0a0B,;

— OoeQ— HavaIbHOE COCTOSHHE YIPABIISIONIETO YCTPOICTBA,

- FcQ — MHOXeECTBO 3aKJIFOUUTEIIBHBIX COCTOSIHUM.

PaboTa koHeuHOIr0 aBTOMAaTa MpeACTaBiIsIeT COO0H HEKOTOPYIO
MOCJIEI0BATEIILHOCTD IIAroB (TakToB). TakT onpeessieTcs TEKYIuM
COCTOSIHHEM YIIPABJISIONICT0 YCTPOWCTBA M BXOJHBIM CHMBOJIOM,
0003peBacMbIM B HACTOSIIMI MOMEHT BXOJIHOM rojioBkoi. Cam mar
COCTOUT M3 WU3MCHEHUSI COCTOSIHHS M CJABHIa BXOJHOH T'OJIOBKH Ha
OJIHY siueliKy BIpaBo. JIJisi TOro 4ToObl ONpeNeNuTh Oy/yliee MoBe-
JICHHE KOHEYHOT'O aBTOMATa, HY’KHO 3HATh!

1) Texyiiee COCTOSHHE YIIPABISIFOLIETO YCTPOHCTRA;

2) 1ernoYKy CHMBOJIOB Ha BXOJHOW JICHTE, COCTOSIIYIO U3

CHUMBOJIa TIOJI TOJIOBKOW M BCEX CHMBOJIOB, PacHOJI0XKEH-
HBIX BIIPaBO OT HETO.

OTH 1Ba 37eMeHTa HHPOPMANIMHU JAI0T MTHOBEHHOE OTMCAHHUE
KOHEYHOT'0 aBTOMaTa, KOTOpO€ Ha3bIBaeTCs KOHpuzypayuetl.

Onpeodenenue. Ecmu M = (Q, X, 6, Qo, F) — xoHeuHBII aBTOMAT,
10 mapa (0, W) € QxX HasbIBaeTCs KOHUryparmeii asTomara M.

Kondurypanus (0o, W) Ha3sIBaeTCS HauaavHol, a napa (d, €),
riae qeF, Ha3piBaeTcs saxmouumenvHol.

Taktr aBromara M mpejcraBisercss OWHAPHBIM OTHOIICHUEM
Fm, OTIPENIENICHHBIM Ha KOHQUTypalusx. OTO TOBOPUT O TOM, YTO
ecu M HaxonmuTCs B COCTOSIHWM (] M BXOJHAs TOJIOBKa 0003peBaeT
CHMBOJI @, TO aBTOMat M MOXeT JieaTh TakT, 32 KOTOPBIH OH mepe-
XOJIMT B COCTOSIHUE (' M CIIBUTACT TOJIOBKY HA OJIHY SYCHKY BIIPABO.
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Tak xax aBromar M, BooOmIe roBopsi, HEAETEPMUHUPOBAH, MOTYT
OBITh M JPYrHE COCTOSIHUS, OTIMYHBIC OT (, B KOTOPbIE OH MOXET
NEpeUTH 3a OJITUH 1Iar.

3armuck Cry°C' o3nauaer, uto C = C, a CQFMka (s k> 1) —
4to cymecTByeT KoHpurypanus Cy, ..., Cq, Takas, uro CiyCiig uis
Bcex 0<i < k. 3amucy C-y'C' 03Hauaer, 4To CFMkC' JUTsI HEKOTOPOTO
k> 0. Takum 06pa3zoM, OTHOLICHHS +y' ¥ +y SBIISIOTCS TPAH3UTHB-
HBIM U pe(bHeKCI/IBHO'TpaH3I/ITI/IBHI)IM 3aMBbIKAHHUEM OTHOILICHUA .

ToBopsT, uto M jomyckaer uenouky W, eciu (Co, W) - (Q, €)
IUTsE HeKoToporo geF.

SI3pikoM, ompenensiembiM aBTomatom M(L(M)), HaswsiBaeTcs
MHOXECTBO BXOAHBIX ICIIOYCK, JOIMYCKAE€MBIX ABTOMAaTOM M, T.C.

L(M) ={w|weZ u (o, W) - (q, €) mu1st HexoToporo qeF}.

Ipumep 1. Tlycte M = ({p, q, r}, {0, 1}, 8, p, {r}) — xoneu-
HBII aBTOMAT, r'Ie O 3amaercs B Buae taou. 3.1.

Tabimua 3.1 — Tabnuia cocToIHUI KOHEYHOTO aBTOMATa

Bxon
8 0 1
Cocrosiaue p {q} {p}
Cocrosiaue q {r} {p}
CocrosiHue r {r} {r}

M nomnyckaet Bce IIETIOYKH HYJICH U SIMHUIL, COACPKAIINX JBa
crosimux psjgoM 0. HayanbHOE cocTOSIHUE P MOXKHO UHTEPIIPETUPO-
BaTh TaK. <JIBa CTOSIIUX PSIJIOM HYJIS €Ille He TOSBUIIUCH, U MPE/bl-
YU CUMBOJ He ObUT HyJiem». CocTosiHUE (] 03HAYAET, YTO <«JIBa
CTOAIUX PpAJIOM HYJIA €1IC HE NNOABUIINCH, HO Hpenbmyumﬁ CHUMBOJI
051 Hystem». COCTOSIHUE I' 03HAYAET, YTO «IBA CTOSIINX PAIOM HYIIS
YK€ TOSBUJIMCH», T.C. MOMAB B COCTOSHHUE I, aBTOMAT OCTAaeTCS B
3TOM COCTOSIHHHU.

Hns Bxoma 01001 eguHCTBEHHOM BO3MOKHOM MOCIEAOBATEIb-
HOCTBIO KOH(urypanuii, HauuHaromeics KkoHburypamuen (P,
01001), 6ymer

(p, 01001) + (g, 1001)

+ (p, 001)

+ (g, 01)
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F(r, 1)
(r, €).

Takum o6pazom, 01001 € L(M).

Ipumep 2. TlocTpouM HeIETEPMUHUPOBAHHBIA KOHCUHBIN aB-
TOMAT, JonmycKatoumi nernoyku andasuta {1, 2, 3}, y kotoporo mo-
CJICJIHAN CHMBOII IICTIOYKH yXKe TOSBISIICS paHbliie. MIHbIMH ciioBa-
MU, 121 nomyckaercs, a 31312 — Het. BBegem cocTosiHuE (o, CMBICTT
KOTOPOTO B TOM, YTO aBTOMAT B 3TOM COCTOSIHUU HE TBITACTCS HHUYe-
ro pacno3Harh (HadaJbHOE COCTOsIHME). BBegeM coctosiHus (i, Op U
O3, CMBICIT KOTOPHIX B TOM, YTO OHHU <JIEIAIOT MPEANOIOKECHUE» O
TOM, YTO TOCJICIHUI CHMBOJI IICTIOYKH COBIAJACT C UHICKCOM CO-
crosiaus. KpoMe Toro, mycth OYJEeT OJHO 3aKIIFOYUTEIBLHOE COCTOS-
Hue . Haxomsck B cocTOsSHUH (p, aBTOMAT MOXKET OCTaThCsS B HEM
WK TIEPEHTH B COCTOSHUE (, €CIIH & — OYEePETHON CHMBOJ (TaluI.
3.2). Haxonsich B COCTOSHUU (,, aBTOMAT MOXET MEPEHTH B COCTOSI-
HUE Cf, €CITU BUJUT CHMBOJI a.

Ta6imma 3.2 — Tabnuia cocTOSHNI KOHEYHOTO aBTOMATa

Bxon
8 1 2 3
Cocrosinue gp | { 0o, 01} {90, 9} {9, 9}
Cocrosinme 0y | {0y, o} {ad {o}
Cocrosiane o | {2} {92, ai} {0}
Cocrosiaue 0z | {0} {as} {0 ai}
Cocrosiaue O %) (%) (%)

dopmanbHo aBTOMaT M ompenenseTcs Kak msaTepka

M = ({ o, G, 02, s, A}, {1, 2, 3}, 8, 0o, {a})-

Yacto ynoOHO rpaduyeckoe NpeAcTaBICHHE KOHEYHOIO aB-

TOMara.

3.7 FPA®UYECKOE NMPEOCTABIEHME KOHEYHbIX
ABTOMATOB

Onpeoenenue. Ilycts M = (Q, X, 8, (o, F) — HenerepMuHUpO-
BaHHBI KOHEUHBIH asmomam. /Juacpammoii & miepexonos (rpadom
mepexooB) aBToMara M Ha3bIBaeTCS HEYMOPAAOUECHHBIN MOMEYEH-
HBIA rpad), BEpPIIMHBI KOTOPOTO MMOMEYEHbBI HMEHAMH COCTOSHUN U B
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KOTOpPOM ecTh ayra (P, (), eCliu CyIIeCTBYET TaKOH CUMBOJI A€ X, U4TO
ged(p, a). Kpome toro, myra (p, () momedaercsi CIIUCKOM, COCTOSI-
MM U3 TakuxX @, uTo ed(p, @). M300pa3uM aBTOMATHl U3 MPEJIbI-
JyIIUX npuMepoB B Buje rpados (puc. 3.2 u 3.3).

Puc. 3.2 — IIpumep nerepMuHHpOBaHHOTO rpada

Jna pampHe#mero ananm3a HaM TOTpeOyeTcs oIpeneieHne
JNeTePMUHUPOBAHHOI'O aBTOMATA.

Puc. 3.3 — IIpumMep HepeTepMUHIUPOBAHHOTO Tpada
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Onpeoenenue. Ilycts M = (Q, X, 8, 0o, F) — HenerepMuHUpO-
BaHHBIM KOHEYHHIH aBTOoMar. HasoBem aBTOMaT M nerepmuHUpO-
BaHHBIM, €CIIM MHOXeCTBO O(Q, &) COAEpKHUT He OoJiee OJAHOTO CO-
crostHust [uis 100X eQ u aeX. Ecim (0, @) Bcerma comepxuT
TOYHO OJTHO COCTOSIHHE, TO aBTOMaT M Ha30BeM MOJIHOCTHIO OTpe/ie-
JICHHBIM.

Takum 06pa3oM, HaIl TpUMEP — TOTHOCTHIO ONpeeTeHHBIN
JIETEPMUHUPOBAHHBIN KOHEYHBIM aBTOMAT, U B JIaJIbHEUILIEM IO KO-
HEYHBIM aBTOMATOM MbI OyeM MoApa3yMeBaTh MOJHOCTLIO OMpejie-
JICHHBII KOHEYHBII aBTOMAT.

OJHMM M3 BOXKHEHIINX PE3YJIbTATOB TEOPUH KOHEYHBIX aBTO-
MAaTOB SIBIIIETCS TOT (DAKT, YTO KJIACC S3BIKOB, OMPEICIAEMBIX HeJle-
TEPMUHHPOBAHHBIMU KOHCYHBIMUA aBTOMATaMH, COBIAJAeT C Kiac-
COM SI3BIKOB, OIPEAEISIEMbIX JIETEPMUHHUPOBAHHBIMH KOHEYHBIMHU
aBTOMaTaMH.

Teopema. Eciu L =L(M) m1si HEKOTOPOro HeEJETEPMHHHPO-
BAaHHOTO KOHE4YHOro aBTomata, To L = L(M') mis HekoToporo koned-
HOro aBromara M'.

ITyctes M = (Q, %, 8, Qo, F). IToctpoum aBromar M' = (Q', X, &',
go, F') cnenyromum obpazom:

1) Q =P(Q), 1.e. cocrosausamu aBTomara M' sBIIIETCS MHO-

’KECTBO COCTOSHMI aBTOMaTa M;

2) qo={0o};

3) F' cocTouT M3 BCeX TaKMX IOAMHOXKECTB S MHOXKecTBa Q,

yro S"NF£J;

4) (S a) =S ms Bcex SCQ, rae S ={p|3(q, @) conepxur p

Juist Hekotoporo geQ}.

Ipumep. Tloctpoum koHeunslid aBTomar M' = (Q, {1, 2, 3}, &',
{do}, F), nomyckatomuii 361k L(M).

Tak xak M umeet 5 cocrostHuit, TO B 00miem ciaydae M' moi-
eH uMeTh 32 coctostausi. OHAKO HE BCE OHHM JTOCTHKHUMBI U3 Ha-
JaJbHOTO COCTOSTHUSA. COCTOSIHUE ) HAa3bIBACTCS JOCTHKUMBIM, €CITH
CYIIECTBYeT Takas ernodka W, 4to (Qo, W)r (P, €), rie Co — Hadaib-
HOE cocTosiHre. Mbl OyIeM CTPOUTH TOJBKO JOCTHKUMBIC COCTOSHUS
(Tabm. 3.3).
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Tabauma 3.3 — JIoCTHIKMMBIE COCTOSTHUSI aBTOMATa

CocTostHure Bxon

1 2 3
A={qy} B C D
B=1{do, d} E F G
C={q 92} F H |
D ={do, 93} G | J
E={do, a1, o} E F G
F={do a1, a} K K L
G ={do, 01, 93} M L M
H = {do, 92, o} F H |
| ={do, 02 3} L N N
J={0do 9, %} G | J
K ={do, 01, 92, G} K K L
L={do, 91, %o, q3} P P P
M = {do, 91, Gs, Gt} M L M
N = {do, 02, 93, G} L N N
P ={do, 91, %o, O3, G} P P P

Haunem c¢ 3ameuanws, 4To COCTOSHHE {(o} JTOCTHIKHMO,
0'{qa}, @ ={0do, .} w1z a =1, 2, 3. Paccmotpum coctosirue { o,
Ou}. Umeem 6'({Qo, Qi}, 1) ={Qo, h, G}. IIpomomkas mo naHHOMK
cxeme, moJiy4aeM, 4To MHOXKECTBO cocTostHui apromara M (M') moc-
THYKMMO TOT/Ia M TOJIBKO TOT/Ia, KOTa

1) oHO coaepKuT Qo U

2) eciv OHO COMEPIKHUT Cf, TO COAEPIKHUT TaKKe H (1, Gp WITH (.

HavansHeiM cocTOosiHMEM aBToMara M sBisieTca A, a MHOXe-
CTBO 3aKJIOYHTENRHBIX cocTosanii — {E, H, J, K, M, N, P}.

3.8 KOHEYHbIE ABTOMATbI U PEFYNAPHbLIE MHOXXECTBA

W3 Teopuu PpETYISAPHBIX MHOKECTB M KOHEYHBIX aBTOMATOB
MOJKHO JIOKa3aTh, YTO SI3bIK SIBIISIETCS PETYJISIPHBIM MHOKECTBOM TOT/IA
Y TOJIBKO TOT/[a, KOT/Ia OH SIBJISIETCS KOHEYHBIM aBTOMAaTOM. DTO CIIEy-
€T U3 CIEAYIOUINX JIEMM, TIPHHUMAEMBIX HaMH O€3 JI0KA3aTeNbCTB.

Jlemma. Ecnu L = L(M) m1s HeKOTOPOTO KOHEYHOTO aBTOMATA,
to L = L(G) st HEeKOTOPO#i TIpaBOIMHEHHO# IpaMMaTHKH.

Jlemma. [lycTh ¥ — KOHEYHBIN anaBUT, TOr]a MHOXKeCTBA J,
{€} u{a} nng Bcex acX ABAAIOTCS KOHEUHO-ABTOMATHBIMH SI3BIKAMEL.
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Jlemma. Tlycts Ly = L(My) u L, = L(M,) i KOHEYHBIX aBTO-
matoB M; u M,. Muoxectsa LiUL,, Lil, u Ly siBistioTest KoHeuHo-
ABTOMATHBIMH SI3bIKAMH.

axniouumenvuas meopema. SI3bIK TOMYCKAETCSI KOHCYHBIM
aBTOMATOM TOT/Ia W TOJILKO TOT/a, KOTJa OH SBJSETCS PETyIAPHBIM
MHOKECTBOM. TakuM 00pa3oM, YTBEPIKICHUSL:

1) L — perynsipHoe MHOXECTBO;

2) L — mpaBoiMHEHHBIN S3bIK;

3) L — KOHEYHO-aBTOMATHBIH SI3BIK
SKBHBAJICHTHBI.

3.9 MUHMMN3ALUA KOHEYHbIX ABTOMATOB
3.9.1 IIOCTAHOBKA 3AJJAYH

Lens. TlokazaTp, 4TO ISl KaXIOTO PErYJIIPHOTO MHOKECTBA
OJIHO3HAYHO HAXOJUTCSI KOHEUHBIH aBTOMAT C MUHHUMAJbHBIM YHUC-
JIOM COCTOSIHUH.

[lo manHOMy KOHeuyHOMY aBTOMary M MOXHO HaWTH HaW-
MEHBIIINHA 3KBUBAJICHTHBIA €My KOHEYHBIN aBTOMAT, HCKIIIOUYUB BCE
HEJOCTH)KUMbIE COCTOSIHHSI M 3aT€M CKJIEMB JIMIIIHEE COCTOSHUE.
JIumHee COCTOSIHUE OIpENeNsieTcs ¢ MOMOIIBI0 pa3OueHus MHOKe-
CTBa BCEX COCTOSHUI Ha KJIACCHI 3KBUBAJIECHTHOCTH TaK, YTO KaK(bIH
KJIacC COJICPKHUT HEPA3IMUMMBbIE COCTOSIHUSI U BBIOMpAETCs] KaK MOXK-
Ho mmpe. [ToToM U3 Kaxxa0ro Kinacca OepeTcs OJUH MPeCTaBUTENb B
KaueCTBE COCTOSHMUS COKPAIEHHOTO (MJIM MIPUBEACHHOT0) aBTOMATA.

Takum 00pazoM, MOXKHO COKpaTHTh 00beM aBTOoMara M, ecnu
M conepKUT HEAOCTHKMMBIE COCTOSTHHS WM JBa WK Ooliee Hepas-
JUYAMBIX cOCTOSHU. [lomydeHHbI aBTOMAT OyJeT HAMMEHBIIHA 13
KOHEYHBIX aBTOMATOB, PACMO3HAIOIINN PETYIIPHOE MHOXKECTBO, OII-
penensieMoe iepBOHAYAIbHBIM aBTOMAaToOM M.

Onpeoenenue. Iycts M = (Q, X, 3, Qo, F) — KoHeuHBIH aBTO-
MaT, a Oy U (2 — [IBa €ro pas3JIn4YHbIE COCTOSHUA. byneM roBopuTs,
9TO HEMOYKa XEX PA3IMUAeT COCTOSHMS Gy ¥ Cp, ecu (Qz, X)- (Ga,
€), (G2 X)- (Qu, €) 1 07HO U3 COCTOSHMIA G U (y puHAANEKHUT F. By-
JIeM TOBOPHTB, 4TO Oy 1 O K-HepastuduMbl, U micath Gy =" 02, eciu
HE CYUIECTBYET TAKOW LIEMOYKH X, pa3inuyarouien ¢ u Jp, y KOTOpou
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[X| < k. Bysem roBopuTh, 4TO COCTOSIHUSI Oy ¥ O HEPA3TUMIUMBI, U TH-
catb Oy = O, ecnu o K-Hepaznuaumsl s roooro K> 0.
Cocrostare (e Q Ha3bIBAETCS HETOCTIKUMBIM, €CTH HE CYIIe-
CTBYET TaKoif BXOHOI IeroukH X, uto (Go, X)- (q, €).
ABtoMaT M HasbIBaeTCs MPHUBEIEHHBIM, eciii B Q HET Hemoc-
TH)KAMBIX COCTOSIHUH U HET IBYX HEPA3THUUMBIX COCTOSHHUH.
Ilpumep. Paccmorpum koHEuHBIN aBToMar M ¢ nuarpammot,
n300paXkeHHOM Ha puc. 3.4.

Puc. 3.4 — JInarpamma aBTomara

Uro0bl cokpaTuTh M, 3aMeTHM cHauana, uro coctossaus F u G
HEIOCTHKUMBI U3 HAYaJIBHOTO COCTOSIHUS A, TaK YTO UX MOXHO YCT-
pauuTh. [ToKa Ka4eCTBEHHO, a MO3KE CTPOrO MBI YCTAHOBUM, YTO
KJIaccaMu SKBUBAJICHTHOCTH oTHouieHui sipisiiorest {A}, {B, D} u
{C, E}. Torna, B3sB NpeACTaBUTESIMH 3TUX MHOXECTB P, ( U T,
MOJKHO TIONTYYHTh KOHEUHBIH aBTOMAT Brja (puc. 3.5).

Puc. 3.5 — IIpuBeneHHbI KOHEUHBII aBTOMAT
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Ilepen TeM Kak MOCTPOUTH AITOPUTM KAHOHUYECKOTO KOHEU-
HOT'O aBTOMAaTa, BBEAEM JIEMMY:

Jlemma. Ilycte M = (Q, £, 9, Qo, F) — KoHeuHsIii aBTOMAT C N
coctossHuAMH. CoCcTOSIHUS () ¥ (), HEPA3IUYUMBI TOTJAa U TOIBKO TO-
raa, korjga oHu (N—2)-Hepas3IuduMbl, T.€. €CITU JBa COCTOSIHHS MOX-
HO pa3jM4YUTh, TO UX MOXHO Pa3jIU4HUTh C [OMOLIBIO BXOJHOM Lie-
MOYKH, IJIMHA KOTOPOI MEHBIIIE YMCIIa COCTOSIHUM aBTOMATA.

3.9.2 AJITOPUTM MMOCTPOEHUS KAHOHUYECKOI'O
KOHEYHOI'O ABTOMATA

Bxo0o. Koneunsrit asromat M = (Q, Z, 6, g, F).

Bovix00. DKBUBAJICHTHBIN KOHEUHBII aBToMaT M'.

Memoo.

Hlar 1. [IlpumenuB k auarpamme aBromMata M anroputM Ha-
XO0XJICHHSI MHOXECTBA BEPIINH, TOCTHKAMBIX U3 JTAHHOW BEPIIHHEI
OpPHEHTUPOBAHHOTO Tpada, HAUTH COCTOSHUS, NOCTHKUMBIE U3 Jp.
Y CTaHOBHUTH BCE HEOCTHKUMBIE COCTOSIHUS.

IlIar 2. CTpOUTH OTHOIICHHS SKBUBAICHTHOCTH =, =" [10 CXeMe;

1) qg =0 0> TOT/Ia W TOJIBKO TOT/A, KOTJIa OHH 00a TpWHAajJIe-

KaT b0 0ba He mpuHaaIexar F;

2) Oy =", TOra U TONBKO TOTA, KOra Gy = O 1 8(Cly, @) =%

6(Qp, @) m1st Bcex aeX.

[ar 3. TToctpouTs KoHeunslii aBTomar M' = (Q', X, &', o, F'),
rie

— Q' — MHOXECTBO KJIACCOB SKBHUBAJICHTHOCTH OTHOIICHUN =

(0o603HaunM dYepe3 [P] Kiacc SKBHBAJIEHTHOCTH OTHOIIIE-
HUI, COJICPIKAIIHiA COCTOSIHHE P);

- (Slv [p]v a) = [q]v €ClI 6(p1 a) = q,

— o— 970 [0];

- F'—oro{[q] |geF}.

Teopema. AromMat M', IOCTpOEHHBII MO JAaHHOMY aJITOPHUT-
My, UMEET HAaUMCHBIIIEEe YHCIO COCTOSHHUU CpPElIM BCEX KOHEYHBIX
aBTOMATOB, J0MyCKaroIuX 5361k L(M).

Ilpumep. Hailnem npuBEIEHHBIA KOHEYHBIM aBTOMAT JJid aB-
tomata M, u3o0paxxeHHoro Ha puc. 3.6.
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Hauano

Puc. 3.6 — /Inarpamma aBTomara

Ortnorrenus = it K> 0 umeroT creayromme Kiacchl SKBUBaA-
JIEHTHOCTH:

—  KJIacC OTHOMICHHS =" —{A F},{B,C,D, E};

— kiacc otHomenmsi = —{ A, F}, {B, E}, {C, D};

~ xnacc otHomenns = —{A, F}, {B, E}, {C, D}.

Tak kak => = =%, 70 = = =%, [MpuBenenusiii asTomat M' OyneT
({[A], [B], [C], {a, b}, &, A {[Al}}), re &' onpenensiercs ciemyro-
et Tada. 3.4.

Tabmnuna 3.4 — [IpuBeneHHBIH KOHEYHBIH aBTOMAT

CocrosiHne a b

[Al (Al [B]

(B] (B] [C]

[C] [C] [A]
31ech:

— [A] — BeiOpano mst npezacraBiaenus kiaacca { A, F};
— [B] — BeiOpano aiist mpeacraBiaeHus kinacca { B, E} ;
— [C] — Bwibpano miist mpezcrasienus kinacca { C, D} .

3.10 KOHTEKCTHO-CBOBOAHbIE A3bIKU

W3 deThipex KJIacCOB IpaMMaTHKHU UEPAPXUU XOMCKOI'O KJIacc
KOHTEKCTHO-CBOOOJIHBIX SI3BIKOB HAUOO0JICe BAXKEH C TOYKU 3PEHUS
MPUJIOKEHUST K S3bIKaM TMPOrpaMMHUPOBaHus u KoMrmmwisnuu. C ux
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[IOMOILI0 MOKHO OHNPEAEINUTh OOJBLIYI0 YacTb CHHTAKCHYECKHX
CTPYKTYp SI3BIKOB IporpammupoBaHus. Kpome Toro, oHm cmyxar
OCHOBOM pa3iM4YHBIX CXE€M MEepeBOAa, T.K. B XOJe Mpoliecca KOMIIH-
JIAUN CUHTAaKCUYECKYI0 CTPYKTYpy, MepelaBaeMyl0 BXOJIHOM Ipo-
rpamme KC-rpamMmaTikoi, MOXKHO HCIOJIB30BaTh NPHU HMOCTPOCHUHU
[epeBOAA 3TOM NPOrpaMMBel.

CHHTaKCHYECKYIO CTPYKTYPY BXOJHOW LIETIOUYKH MOYKHO OIpe-
JeNUTH 110 NOCIEA0BATEILHOCTY IIPaBIJl, IPUMEHSIEMbIX IIPH BBIBOJE
9TON Temouku. Takum oOpazoMm, Ha 4acTh KOMITHIIATOpA, Ha3bIBae-
MYI0 CHHTaKCHYECKUM aHaJIU3aTOPOM, MOKHO CMOTpPETh KaK Ha YCT-
POMCTBO, KOTOPOE IBITAETCS BBISICHUTD, CYLIECTBYET JIU B HEKOTOPOM
¢ukcupoBanHoit KC-rpaMMaTike BEIBOJ BXOJHOI IIETIOYKH.

EcrectBeHHO, 4TO 3Ta 3ajaya HETpUBUAJbHAS — M0 JAHHOMN
KC-rpammaruke G ¥ BXOJHOMW IENOYKE W BBISCHUTh, IPUHAJICHKUT
W si3biky L(G), u eciu «ma», To HailTH BBIBOJI IIETIOYKHA W B Tpam-
Matuke G.

3.10.1 IEPEBBS BBIBOJIOB

B rpammaTike MOXeT OBITh HECKOJBKO BBIBOJOB, JKBHBA-
JICHTHBIX B TOM CMBICIIE, YTO BO BCEX HHUX HPHMEHSIOTCS OJHU U Te
JK€ IpaBWJia B OAHUX U TE€X KE MCCTAX, HO B PA3JIMYHOM IIOPAOKE.
KC-rpammarnka mo3BoJNsieT BBeCTH YAOOHOe rpaduueckoe mpen-
CTaBJICHHE KJIacCa KBHBAJICHTHBIX BBIBOJIOB, Ha3bIBAEMOE JEPEBOM
BBIBOJIOB.

Onpeoenenue. JlepeBo BoiBoa B KC-rpammaruke ectb G = (N,
%, P, S — 3T0 nmomeveHHOE YHOPsI0YCHHOE AEPEBO, Kaxaas Bep-
[IMHA KOTOPOT'o ITOMeUYeHa CUMBOJIOM U3 MHOkecTBa NUZ\{ €}, rie

— N — KOHEYHOE MHOKECTBO HETEPMHHAJIBHBIX CHMBOJIOB;

- X — Hemnepecekatomeecsi ¢ N MHOXXECTBO TEpMHHAIBHBIX
CHMBOJIOB;

- P KOHEYHOE  IOJMHOXECTBO MHOXECTBa
(NUZ)'N(NUZ) x (NUX) (smement (o, B) MHOXecTBa P
HAa3bIBACTCsI IIPABUIIOM WITH IIPOAYKIHEH o—f);

— S — BrIzeneHHbIil cuMBOI U3 N, HasbIBaeMblil HaYaJIbHBIM
WK MCXOJTHBIM CHMBOJIOM.
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Ecnu BHYTpEHHsIs1 BEpIIMHA TOMEUCHA CHMBOJIOM A, a ee Tipsi-
MBI€ IOTOMKH — CUMBOJIaMH X1, Xo, ..., Xn, TO A — Xy, X5, ..., Xy —
HpaBI/IJIO FpaMMaTI/IKI/I.

Onpeodenenue. TloMeuenHoe ymopsioueHHoe aepeBo D HasbI-
BaeTCs JIepeBoM BbiBoja (Mt JepeBoM paszdopa) B KC-rpammarnke
G(A) = (N, X, P, A), ecitit BBITIOJTHSIFOTCS CIIAYIOIIHME YCIOBHSI:

1) xopeHb aepeBa nomeueH A,

2) eciu Dy, Dy, ..., Dy — moanepeBbsi, HaJl KOTOPHIMH JIOMH-

HUPYIOT TIPSIMbIE TIOTOMKH KOpHS JiepeBa, U KopeHsb Dj mo-
MeYeH Xj, T0 A — Xy, Xy, ..., Xp — MPaBUIIO U3 MHOXKECTBA
P. D; nomkHO OBbITH iepeBOM BbIBOA B Tpammatike G(Xj)=
= (N, X, P, X), ectu X; — nerepmunai, u D; cocrout u3
€JIMHCTBEHHOW BEPIIUHBI, IOMEUEHHOU X, ecitu X; — Tep-
MHUHAJI.

Ipumep. imeem rpammatuky G =G(S) ¢ mpaBwiamu S —
ashS | bSaS | e (puc. 3.7). Bo3aMokHbIE BapHaHTHI IEPEBbEB BHIBO/IA:

S= aShS = abSaSbe = abeaeb = abab

S= bSaS = beabSaS = babeae = baba

S=e

3aMeTHM, YTO CYHIECTBYET EIMHCTBEHHOE YIIOPSIOYCHHUE
BCpHH/IH yHOpﬂZ[O‘ICHHOFO [LepeBa, y KOTOpOFO HpHMI)Ie IIOTOMKH
BEPLIUHBI YIIOPSJOUYNUBAKOTCS «CJIEBA HALIPABOY.

S S

Puc. 3.7 — JlepeBbs BEIBOIIOB
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JlomycTum, 4TO N — BEpIIUHA U Ny, Ny, ..., N — €€ MIpsMbIe
notomku. Torma, eciu | <j, To BepiiMHa N; U BCE €€ MOTOMKH CYH-
TAarOTCA pacClOJIOKECHHBIMU JICBEC BEPIINHDBL N; 1 BCEX €€ IOTOMKOB.
Onpeoenenue. KpoHo# niepeBa BbIBOJIa HA30BEM IICTIOUKY, KO-
TOpAast HOJIyYUTCsl, €CIIM BBITKCATh CJIEBA HAIIPABO METKH JINCTHEB.
Kpomnsl Hamuix nepesbes: abab, baba, e.
Onpeodenenue. CeuenneM niepeBa D Ha30BeM Takoe MHOMKECT-
Bo C BepmmH nepesa D, ato
1) wnukakwue nBe BepimHbl 13 C He JieKaT Ha OJHOM TyTH B D;
2) Hu omHy BepumnHy nepea D Henb3s mobasuth k C, He Ha-
py1uuB cBoiicTBa 1).

ITpumep.

e MHOXECTBO BEPIIMH JIEPEeBa, COCTOAIIETO U3 OIHOTO KOP-
Hi, ABJIACTCA CEUCHUEM.

e Jluctes Takke 00pa3yIOT CeUeHHE.

Onpeoenenue. Kponoit ceuennst nepea D sBisiercs nenouka,
nojyyaeMasi KOHKaTeHalmeil (B MOpsIKe clieBa HAmpaBO) METOK
BEPILHH, 00pa3yOLIMX HEKOTOPOE CEUYCHHUE.

Kpona ceuenus mpumepa, MpuBeIeHHOro Ha puc. 3.8, — abaShS.

S

Puc. 3.8 — [pumep ceuenus nepesa

Jlemma. Ilycts S= ay, 0y, ..., 0y — BBIBOJ IIEMIOYKHU O U3 SB
KC-rpammaruke G = (N, £, P, §). Toraa 8 G MOXHO MOCTPOUTD Jie-
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peBo BeIBoga D, st koToporo o, — KpoHa, a 0y, Oy, ..., Opg — He-
KOTOpBIE U3 KPOH CEUCHHUS.

Jlemma. Ilycte D — nepeBo BeiBona B KC-rpammaruke G =
=(N,%, P, Sc KpOHOI/I o. Torna S=" a (TpaH3uTHBHOE U pediek-
CHBHOE 3aMBIKaHHE = , T.€. 0 BHIBOJHMA 13 S).

Hokazamenvcmso. Ilycts Co, Cy, ..., C, — Takas nocienosa-
TEIBHOCTh CeUeHU nepeBa D, uto

1) Co— coumepKuT TOJBKO OJIUH KOPEHb aepesa D;

2) Ciyy i 0<i<n momy4aercs u3 C; 3aMCHOW OJHOW He-

TCpMHHaﬂbHOﬁ BCPIIMHLI €€ IMTPAMBIMU MMOTOMKaMU,
3) C,— kpona nepena D.
SIcHo, 9TO XOTSI OBI O/THA TaKasi HOCJIEA0BATEFHOCTD CYIIIECTBYET.

Ecnmu o; — kpona ceuenus Cj, TO CYIIECTBYIOIIUNA BBIBOJ 0,
O, -.., Oy HA3BIBACTCA JICBBIM BBIBOJIOM IIETIOYKHU O, U3 O B TpaMma-
THKE G [IpaBblil BBIBOJ ONpeAesseTcs aHaJIoTHIHO.

Ecmu S= a4, ay, ..., O0py = W — JICBBIH BBIBOJI TCPMHUHAILHOU

nenouky W, To Kaxkaas rermouka o; (0<i <n) umeer Bug XA, Tae
xeX, AeNu pie(NUD)".
Kaxxnas cnemyromas 1enoyka 0. JIEBOTO BBIBOJA MOTy4aeTcs
W3 OpeabIayliel NEeNoYKH o 3aMEHOIl caMoro JIEBOro HeTepMUHaja
A IpaBo#i YaCTBIO HEKOTOPOTO MpaBHJIA.
Ipumep. Paccmorpum KC-rpammaruky Gy ¢ npaBuiamu
E>E+T|T
T->TF|F
F—(E)|a
Hapucyewm nepeBo BbiBosia (puc. 3.9).

a

Puc. 3.9 — Tlpumep nepesa BbiBOIA
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DTO AepeBO CIYKHUT MPEACTABICHUEM JIECATH IKBUBAJICHTHBIX
BBIBOJZIOB IICTIOYKH & + &
- EE+T=>T+T=>F+T=>a+T=>a+tF=>a+a—
JIEBBII BBIBOJI.
- EE+T=>E+F=>E+a=T+a=>F+a=a+a—
IIPaBbIil BBIBO.
Onpedenenue. llenouky o Oy/eM Ha3bIBaTh JICBOBBIBOAMMOM,

€CITU CYIECTBYET JICBBIH BBIBOA S = a, Op, ..., Oph = 0, ¥ IUCATh
S= o. AHaorn4Ho, o OyJieM Ha3bIBaTh MPABOBBIBOJUMOM, €CIIH
CYIIECTBYET MPABBIN BBIBOJ S= 04, O, ..., Oy = O, U IUCATh S=>; 0.

OpuH 1iar JIeBOro BeIBO/Ia OyJieM 0003Ha4YaTh =, a IPABOr0 — —>.
3.10.2 ITPEOBPA3OBAHUE KC-TPAMMATHK

KC-rpammaruky gacto TpedyeTcst MOTUPHUITPOBATH TaK, YTO-
OBl MTOPOXKIAEMBIE €10 SI3BIKH MPUOOPETH HYXKHYI0 CTPYKTYpy. Pac-
cMoTpuM, HanpuMmep, 36K L(Gp). DTOT sI3bIK MOPOKAASTCS rpamMMa-
kol G ¢ npaBunamMu

E—> E+E|E*E|(E) |a

Ho sra rpammarnka umeer qBa Hemoctartka. [Ipexnie Bcero,
OHAa HEOJHO3HAYHA W3-3a Hanuuus npasuwia E — E+E | EXE. Dty
HCOAHO3HAYHOCTb MOYKHO YCTpPaHHUTL, B3B BMCCTO G rpaMMaTuKy
G; ¢ npaBunamMu

E->E+T|E*T|T
T—-(E)|a

Hpyroii HemoctaTok rpamMMmaTHKH G, KOTOpbIM oOiagaeT u
rpamMaruka Gj, 3aKIIFOYAETCS B TOM, YTO ONEPALNH «+» U <« » 1Me-
IOT OJMH M TOT k€ HpUOpUTET. To €CTh CTPyKTypa BBIPAXKEHUS
ata*au a*at+a, koTopyro MbI nipugaeM rpammaruke Gy, moapasyme-
BAeT TOT K€ MOPSAIOK BBIIOJTHEHHS OTEPAIHid, YTO M B BBIPAKEHHIX
(ata)*au (a*a)+a cooTBETCTBEHHO.

UtoObl NONYYNTH OOBIYHBIN MPUOPHUTET OMEpalui «+» H «*»,
IPH KOTOPBIX <«*» TPEIIIECTBYET «+» M BhIpakeHue a+(a*a) monu-
Mmaercst Kak a+(a*a), Hamo nepeiitu kK rpammatike Go.

OOmiero alropuTMHYECKOTO METOJa, KOTOPBIA MpUAaBaIl ObI
JJAHHOMY S3BIKY IPOM3BOJIBHYIO CTPYKTYpPY, He cyiectsyer. Ho ¢
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MOMOIIBIO Psifia TPeoOpa30BaHNN MOXKHO BUAOHU3MEHUTH IPaMMaTH-
Ky, HE HCIIOPTUB TIOPOXKIACMBIH €10 SI3bIK.

Haunem ¢ oueBHIHBIX, HO BaXXHBIX NpeoOpa3oBanmii. Hampu-
mep, B rpammatuke G = ({S A}, {a, b}, P, 9, rne P ={S—»a, A—b},
HeTepMHUHAN A ¥ TepMHUHAT D He MOTYT MOSBIATHCS HU B KaKOW BBI-
BOJIUMOM Tieriouke. TakuM o0pa3oM, 3TH CUMBOJIBI HE HUMEIOT OTHO-
treHust K s36IKy L(G) 1 MX MOKHO YCTPaHUTD U3 ONpPEJICIICHHs TpaM-
MaTtuku G, He 3aTponHyB s3bika L(G).

Onpeoenenue. Hazosem cumBon Xe(NUX) becnonesnuvim B
KC-rpammaruke G = (N, X, P, S), eciu B Hel HeT BBIBOJa BHIA
S=" WXy = WXy, rie W, X 1 Y IpHHa/UIexRaT X .

UTo0BI yCTaHOBUTH, OECIOJIE3EH JIM HETEPMHUHAT A, IIOCTPOUM
CHavalla alTOPUTM, BBISCHSIOIIUI, MOXKET JM STOT HETSPMHHAJ I10-
pPOXKIAaTh KaKHUEe-THOO HETEPMHUHAIBHBIC IEMOYKH, T.€. aJTOPUTM,
pelaomuii mpodieMy mycToTh MHOXKecTBa {W | A=W, weX'}.

3.10.2.1 AnropuT™M NpoBepPKHU MyCTOTHI SI3bIKA

Aneopumm: He nyct 1 si3bik L(G)?
Bxoo. KC-rpammaruka G = (N, X, P, S).
Boixoo. «J1A» eciu L(G)#J, «<HET>» B IPOTHBHOM Cllyvae.
Memoo. Ctpoum mHOKecTBa Ny, Ny, ... pekypcuBHO.
1. ITonoxuts Ng=O, i = 1.
2. Monoxuts Ni = {A|A > aeP u ae(N_yU Z) JUN,.
3. Ecmu N; # Niy, To nonoxwuts | = i+1 u nepeitu k miary 2),
B ipoTHBHOM cirydae — N = N;.
4. ecnu SeNe, TO BBIIATh BBIBOJ «J{A», B IPOTUBHOM CiTydae
— «HET».
Tak xak cuMBOI NN, TO anropuT™M AOKEH OCTAHOBUTHCS
MaKCHMyM Mociie N+1 noBTopenus mara 2).
Teopema. Anroput™M, IpUBEJCHHBIN BBIIIE, TOBOPUT «/]A» To-
ria 4 TOJBKO TOrJa, Koraa S="w JUIL HEKOTOPOM LIETIOYKH We O

3.10.2.2 Anroput™ ycTpaneHusi HEAOCTH:KUMBIX CHMBOJIOB

Onpeodenenue. Cumoa Xe(NUX) Ha30BeM HEAOCTHXHMBIM B
KC-rpammaruke G = (N, X, P, S), eciu X He MOSIBIISIETCS HH B OJHOM
BBIBOJAMMOM IIETIOUKE.
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HenoctmkumMbie cumBOIBI MOXHO ycTpaHuTh U3 KC-rpam-
MAaTHKH C TIOMOLIBIO CIIEYIOIIETO aJropUTMa.
Bxoo. KC-rpammaruka G= (N, X, P, S).
Boixoo. KC-rpammatuka G' = (N', X', P', §), y xotopoit
i. L(G)=L(G);
ii. ms Becex Xe(N'UX') cymiecTByrOT Takue LETOYKH o U B u3
(N'UZY)’, uto S="¢ aXp.
Memoo:
1) Tlomoxurs Vo={S ni=1
2) Tlonoxuts V; ={X|B Pectb A— aXp u AeVi 1} UV 4.
3) Ecmu V, # Vi, nonoxuts | =i+1 u nepeiitu K miary 2), B
HPOTHBHOM Cly4ae, yCcTh
—N'=VinN,
-X'= VimZ,
— P' coctout u3 npasun MHOXecTBa P, comepxamux ToiIb-
KO CUMBOJIBI U3 Vj,
-G =(N,x,P,9.
3amMeTHM, YTO HIar 2) ajiropuTMa MOXKHO IOBTOPUTH TOJBKO
KOHEYHOE YMCIIO pa3, T.K. Vi < NUX.

3.10.2.3 Anroput™ ycTpanenusi 6ecrose3HbIX CHMBOJIOB

Ha 06a3e nByx paccMOTpEHHBIX alTOPUTMOB MOCTPOMM 0000-
MICHHBIN aJITOPUTM YCTPAHEHHS OECIIOJIe3HBIX CHMBOJIOB.

Bxoo. KC-rpammatuka G = (N, X, P, S), y kotopoii L(G)=J.

Boixoo. KC-rpammatuka G' = (N, X', P, S, y kotopoii
L(G") = L(G) u B N'UX' HeT OecIToIe3HbIX CHMBOJIOB.

Memoo:

1) Tpumenus k G anroputm «He myct i 361K 2, TOTYIUTD N,
ontoxuTh Gy = (NNNg, X, Py, S, rie Py cocTout u3 muOMNKe-
cTBa mpaBuI P, comeprkaimx TOIbKO CUMBOIBI U3 NUZ.

2) TlpumenuB k G; anroput™ «YcTpaHeHHE HEIOCTHKUMBIX
cuMBOJIOBY, moayuuth G' = (N, X', P, S).

Takum o6pasoM, Ha miare 1) Hamero anropurma u3 G ycrpa-
HSIOTCSl BCE HETEPMHUHAIbI, KOTOPbIE HE MOTYT MOPOXIATh TEPMH-
HAJIBHBIX IEMTOYEK. 3aTeM Ha I1are 2) yCTPaHsSIOTCS BCEe HETOCTHIKH-
MbI€ CUMBOJIBI.
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Kaxnaprii cumBon X pe3ynbTUPYIONIEH TpaMMaTHKH OJKEH
[OSBUTBLCS XOTS GBI B OJIHOM BBIBOJIE BUIA S=> wXy =" WXY.

Pezome. I'pammatiika G', KOTOPYIO CTPOUT paccCMaTPUBACMBIA
ITOPUTM, HE COZIEPKUT OECIOIE3HBIX CUMBOJIOB.

3.10.2.4 Anroput™ npeodpa3oBaHusi B r(pAMMAaTHKY 0e3
€e-npaBuJI

B mpakTHKe TOCTPOCHHUS] TPAHCIATOPOB OOBIYHO MpaBHIIA
A — e 6eccmbiciaerHbl. O4eHb TOJIE3HO OTPadOTaTh METOJ yCTpaHe-
HHSI TAKUX TPABHJI U3 TPAMMATHKH.

Onpeoenenue. HazoBem KC-rpammaruky G = (N, X, P, §
rpaMMaTukoi 6e3 e-npaBmi (WM HeyKOpaduBaromiei), eciu auoo P
HE COJICPXKUT E-TIpaBuJjI, TUOO €CTh TOYHO OJIHO MPABWIO S—>eu S
HE BCTPEUYAETCsI B MPABBIX YACTSIX OCTAIBHBIX MPaBuI U3 P.

Bxoo. KC-rpammaruka G= (N, X, P, S).

Boixoo. DxBuBanentnas KC-rpammaruka G' = (N, ', P', S)
0e3 e-paBwuII.

Memoo:

1) Ioctpouts Ne={A|AcNuA=";€}.

2) Tloctpouts P' criemyromum obpazom:

a) ecm A — 0,oB103Bo0t;. .. Beok npunamiexur P, k>0 u

st 1 <i <K, Ho Hu oztiH cuMBouT B nenoukax of (0<j <K)

He TpuHAISKUT N, TO BKIHOUYHMTE B P' Bce npaBmiia BUia
A—> aoX1a1X2. . (Xk_lxk(lk,

rae X; — mmbo B;, mubo e, Ho He BKiFoYaeT npaBuiio A — €

(xoTs1 3TO MOTJIO GBI MPOM3OUTH B CiIydae, eClid Bee 0 OBI-

JIM paBHEI €);

6) eciiu SeNe, BrrounTh B P ipasuna S —> e | S rae S —

HOBBIN cumBoI, U moioxuTh N' = NU{S}, B mporusHOM

ciydae monoxutb N =Nu S =S

3) Tlonoxwuts G' = (N, X', P, S).

Ipumep. Paccmotpum rpammatuky S — aS | bSaS| e. Tpu-
MEHsIS K Heil paCCMOTPEHHBII aJITOPUTM, TIOJTydyaeM rpaMMaTHKY

S - Sje
S— aDS|bSaS|aSh | abS|ab | bSa | baS| ba.
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3.10.2.5 Anroput™ ycTpaHeHusl HeMHbIX MPaBUJI

Jlpyroe none3noe npeobpa3oBaHue rpaMMaTHK — YCTPaHEHUE

npaBui Buaa A — B, xoTopsie MBI OyJieM Ha3bIBaTh YEenHbLMU.

Bxoo. KC-rpammatuka G = (N, X, P, S) 6e3 e-nipaBut.

Boixoo. DxsuBanentHas KC-rpammaruka G' = (N, X', P, 9

0e3 e-mpaBuJI U LETHBIX MTPABUIIL.

Memoo:

1) Hns xaxmoro AeN mocrpouth Ny = {B | A=* B} cie-
JTYFOIIIAM 00pa3oM:

a) momoxutb Ng = {A} i =1,

6) mosoxutk N, = {C | B—>C npunamiexur P u BeN;_} U
Nig;

B) eciu N; # Ni_j, To monoxuth | =i+l ¥ MOBTOPUTH mIar
0), B MPOTHBHOM ciy4uae mosokuTh Na = Ni.

2) Tloctpouth P' criemyronum obpasom: ecinu B—o npuna-
nexutT P 1 He ABISETCS EeMHBIM MPaBUIOM, BKJIHOYaTh B P'
npaBwiio A—>a it Takux A, uto BeN,.

3) Tomoxuts G'= (N, X', P, S).

Ipumep. I'pammaTKa ¢ IpaBUIaMU

E->E+T|T

T—>T*F|F

F—>(E)|a

[IpuMeHuM K JaHHOW I'paMMAaTHUKE PACCMOTPEHHBIN BbILIE aJl-

roput™. Ha mare 1) Ne = {E, T, F}, Ny = {T, F}, Nr = {F}. TITocne
mrara 2) MHOXeCTBO P' cTaneT Takum:

E—> E+T|T*F|(E) |a

To>TF|(E) |a

F—>(E)|a

3.10.3I'PAMMATHKA BE3 IIUKJIOB

Onpeoenenue. KC-rpammatuka G = (N, X, P, S HasbiBaetcst
rpaMMaTHKOW 0e3 IMKJIOB, €CIIM B HEW HET BBIBOJA A=A s
AeN. I'pammatuka Ha3bIBaeTCsl NPUBEACHHOM, €Clii OHA 0e3 LIUKIIOB,
0e3 e-paBwi U 0e3 OECIIOIe3HBIX CHMBOIIOB.
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BonbIMHCTBO (€ciu He BCe) A3BIKOB MPOTrPaMMHUPOBaHHS 00-
Ja/Iaf0T UMEHHO STUMH CBOHCTBAMH.

3.10.4 HOPMAJIBHASI ®OPMA XOMCKOI'O

Omnpenenenne. KC-rpammatuka G = (N, X, P, S) Ha3biBaetcs
rpaMMaTHKON B HOpMalibHOM (hopme Xomckoro (Hiau OMHAPHOI HOP-
MaJibHO#M (hopme), eciii Kaxaoe mpaBwio u3 P uMeer ojuH U3 cie-
JIYIOIIUX BUIOB:

1) A— BC, rae A, B, C npunamiexurt N;

2) A— a,raeacl;

3) S— e, eciu ecL(G), npuyem S He BCTpeyaeTcs B MPaBbIX

HacCTiX IMMpaBUII.

Ha mpaxTuke xaxaprit KC-s3b1k MOpoKIaeTcsi TpaMMaTHKOMN B
HOpMabHOH (popme XOMCKOTO. DTO OUEHB TOJIE3HO, KOT/1a TpedyeT-
cs pocrtas ¢popma npeacrasineHust KC-s3pika.

Aneopumm nipeoOpazoBaHus K HOpManbHOU popme XOMCKOTO.

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

Buvixoo. DxBuBanentnas KC-rpammatnka G' B HOpManbHOM
dopme Xomckoro, T.e. L(G') = L(G).

Memoo. T'pammaruka G' cTpouTcs cienyronM o0pa3om:

1) Bxutouuts B P' kaxnoe npasuiio u3 P Buga A — a.

2) Brumounts B P' kaxkoe npasuiio u3 P Buma A — BC.

3) Bxuounts B P' kakaoe mpaBuio S — €, ecnu 0HO OBIIO B

P.
4) s xaxaoro npasmia u3 P Buma A — X Xo... X, rae k> 2,
BKIIIOYUTH B P' mpaBua
A—> X1 (Xa... X0
<X2. . Xk> d X'2<X3. . Xk>
K2 X1 X = Ko (Kea X
KX = XXk,
rae X = X, ecau XieN; X'j — HOBBII HeTepMHUHAJ, €CIIN
XieZ; (X...Xy) — HOBBIH TEpPMHUHAIL.
5) s kaxmoro mpasuia u3 P Buma A — XX, r1e xotst Obl
OJIVH U3 CUMBOJIOB X; M X, IPUHAJICKUT X, BKIIOYUT B P'
mpasmio A — X' X'5.
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6) [l Kax7I0ro HeTepMUHATA BUjia &', BBEJICHHOTO Ha Iarax
4) u 5), Bxmounts B P' mpasuo a8 — a. Hakowery, mycts N' —
910 N BMecTe cO BceMH HeTepMHHAIAMU, BBEJICHHBIMHU TIPH

nocrpoernu P'. Torma mckomas rpammaruka G = (N, T,
P, S).
Ipumep. Tlyctb G — mipuBe/ieHHas TPaMMATHKA, ONPE/IeIICH-
Hasl MpaBHIaAMU
S— aAB|BA
A— BBB|a
B—> AS|b
Ctpoum P' paccMOTpeHHBIM BHIIIE aNTOPUTMOM, COXPaHSS
npaBuia S — BA, A - a, B > ASu B — b. 3amensem npasuiio
S— aABuHa S— a (AB) u (AB) »> AB, a A »> BBB — npaBunamu
A — B (BB) u (BB) — BB. Hakonen, nobasisiem a8 — a. B pe3yib-
tare noiyuum rpammatuky G' = (N, {a, b}, P, S u P', cocrosiyio
U3 TIPaBUIT
S— a' (AB) | BA
A— B(BB)|a
B— AS|b
(AB) —> AB
(BB) — BB
a—a

3.10.5 HOPMAJIBHASI ®OPMY.JIA ' PEUBAX

OueHb BaXXHO JUISL S3bIKOB IPOTPaMMHUPOBAHUS HCIOIb30BaTh
rpaMMaTHKy, B KOTOPOIl BCe IpaBble YacTH NPaBHJ HAYMHAKOTCS C
TepMHuHaNOB. [locTpoeHre Takux rpaMMaTHK CBSI3aHO C yCTpaHEHHU-
€M 1000 PEeKyPCHH.

Onpeoenenue. Herepmunan A 8 KC-rpammatuke G = (N, X, P,
S) Ha3bIBaeTCS PEKYPCUBHBIM, et A =" aAB U1s HEKOTOPBIX o U f.
Ecmu a = e, To A Ha3bIBaeTCsI IEBOPEKYPCUBHBIM. AHAIOTHYHO, €CITH
B = e, To A Ha3pIBaeTCsl NMPaBOPEKYypPCHBHBIM. | paMMaThKa, UMEI0-
m1ast XoTs Obl OAMH JICBOPEKYPCUBHBIN TEPMHUHAJ, Ha3bIBACTCS JIEBO-
PEKYPCUBHOM. AHAJIOTMYHO OIpEAENseTcs MW IPABOPEKYpPCUBHAs
rpaMmaTtuka. I'paMMaTuka, B KOTOPOM BCE HETEPMHHAIBI, KPOME,
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MOXKET OBITh, HAYAIILHOTO CHIMBOJIA, PEKYPCHUBHEIE, Ha3bIBae€TCS pe-
KYPCUBHOI rpaMMaTUKOM.

[IpakTHuecku Bce SI3bIKM MPOrPaMMUPOBAHUS OMPEICIISIOTCS
HEJIEBOPEKYPCUBHOM TpamMmaTukou. [loaToMy Bce 35IeMEHTHI JIEBOU
PEKYpPCHU TOJDKHBI OBITh YCTPAaHEHBI U3 TPAMMATHKH.

Jlemma. Tlyets G = (N, X, P, § — KC-rpammaTuka, B KOTO-
poit

A:AU,]_lAU,Z | |A(Xm”31”32 | ”3,1,
T.€. Bce IpaBmia u3 P 1 Hu oftHA U3 merodek [3; He HaunHaeTcs ¢ A.

ITycts G' = (NU{A}l, %, P, S), rie A' — HOBBIIf TepMUHAT, &
P' nonyueno u3 P 3ameHoit A-nipaBuil mpaBuIaMu

A=PBr|Bz| .o | B BA [ BA] ... | BoA' |,
A=og|a]|... |om|oA oA ... oA

Torma L(G') = L(G).

Paccmotpum Ha rpade, Kak peanm3yeTcs BbIIIECKAa3aHHOE
(puc. 3.10).

B

Puc. 3.10 — JleBosnHeitHas ¥ NpaBOJIMHEWHAs U TPAMMAaTHKH

Ipumep. Ilycth Gg Haila 00bIYHASI TPAMMATHKA C IPaBHJIAMHU
E—>E+T|T
To>TF|F
F—>(E)|a
IIpumenssa K HEHl BBIIEPACCMOTPEHHYIO JIEMMY, TIOJIy4aeM 3K-
BHUBAJICHTHYIO TPAMMAaTHKY C IIPaBUJIaAMHU
E->T|TE
E'—>+T|+TE
To>F|FT



83

T —*F |*FT
F-(E)la

Ha ocHOBaHMM BBIIIEONNUCAHHOTO MIOCTPOUM AITOPUTM yCTpa-
HeHus JieBod pekypcuu. OH OyAeT MOoj00CH aJTOPUTMY pPEIICHHS
YPaBHEHUS C PETYISIPHBIMA KOAPPUITCHTAMHU.

Ancopumm ycTpaHeHHs JIEBOH PEKYPCHH.

Bxoo. Ilpusenennas KC-rpammaruka G = (N, X, P, S).

Buixod. DxsuBanentHas KC-rpammarrka 6e3 1eBOH peKypCHH.

Memoo:

1)

2)

3)

4)

5)

[Tycte N = {Aq, A, ..., Aj}. Tlpeodpazyem G Tak, 4ToOBI B
npaBwie A — o IenoYKa o HAYMHAJIACh JIMOO ¢ TEPMUHA-
na, m16o ¢ Takoro Aj, uto i >j. C 3TOi LEIbl0 MOI0KUM
i=1.
Bo muoxectBe npaBuia A — A | ... | Aam | B ... | Bps
TJIe HU OJ[HA U3 IenoYek [3; He HaunHaeTcs ¢ Ay, ecm K <1,
3aMeHUM A-TIpaBHJIa TIpaBUIaMU

A=Bul e |Bol BA' oo | oA |

A'=og]... |om| oA ... | oA,
rae A' — HOBBI HerepmuHan. llpaBbie wactm Bcex A-
NpaBWJ HAYUHAIOTCS Teleph C TEPMHUHANA WM C Ay, s
KoToporo K> i.
Ecau i =N, To mosy4eHHyI0 rpaMMaTHKy CYMTAeM Pe3yJib-
TATOM M OCTaHABIIMBAEMCs, B IPOTHBHOM ciiyvae | =i+l u
j=1
3amMeHHM Kaxkaoe npasmio A — Ao npasuiamu A — B | ...
| Bmat, e Ay = B1 | ... | Pm 21 Becex A-mpaBmr. Tak kax
IpaBasi YaCTh KKA0r0 A-IpaBHia HAYMHACTCS YXKe C Tep-
MuHama win Ay st K>j, To mpaBas dacTh Kakmoro A-
npaswiia Oy/eT Termepsb 00IaaaTh STHMH CBOMCTBAMU.
Ecnu j =i-1, nepeiitu K 1iary 2), B IpOTHBHOM CJTydae Io-
JOXUTH | = i+1 u nepeiitu k wary 4).

Ha ocHoBanuM BBIIIECKA3aHHOIO MOXKHO OJHO3HAYHO JIOKa-
3aTb Teopemy, uTo Kaxawlii KC-s3bIK ompenemnsieTcss HeleBOpeKyp-
CUBHOU T'PaMMAaTHUKOM.

Onpeoenenue. KC-rpammaruka G = (N, X, P, S nasweBaercs
rpaMMaTukoi B ¢opme I'peiibax, ecimi B HEl HET €-TIPaBWII U KaKAoe
npaBwio 13 P, oimuHoe oT S— €, nmeet By A — aa, Iie acX, o€ N
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3.11 ABTOMATbI C MATA3UHHOW NAMATbLIO

ABTOMATHI ¢ Mara3wHHOH MaMSATBIO SABJISIOTCA €CTECTBECHHOM
MOJIEJIbIO CHHTaKCHYecKoro ananuzaropa KC-s3b1koB.

Aemomam ¢ mazaz3uHHOU NAMAMbBIO — 3TO OJHOCTOPOHHUN
pacrno3HaBarTesb, B MOTEHIMATHFHO OSCKOHEYHOW MaMSTH KOTOPOTO
3JICMCHTBI I/IH(bOpMaHI/II/I XpaHﬂTCH n I/ICHOJ’II)SYIOTC}I TaK XK€, KaKk U
HanOHI)I ABTOMATHUYCCKOI'O Opy)KI/Iﬂ, T.C. B Ka)KI[I;IfI MOMCHT I[OCTy-
TICH TOJILKO BEpXHHUIA d7ieMeHT Marazuna (puc. 3.11).

Oo 0l L] Qi On
A 4
7 |« »| Ymnpasusiommee
YCTPOUCTBO €
KOHEYHOH
Z aMsITbIO
Zm Marazua

Bxonnas nenra

Puc. 3.11 — ABTOMAaT ¢ Mara3uHHOMN NaMITHIO

Bce KC-s13bIkM onpenensioTcss HeAeTepMUHUPOBAHHBIMU aB-
TOMAaTaM{ C Mara3MHHOW HaMAThIO, a NIPAKTUUECKH BCE SA3BIKH IIPO-
IrPaMMHPOBAHUS ONPEACISIOTCA IeTEPMUHUPOBAHHBIMU aBTOMAaTaMut
C Mara3uHHOM MAMSTBIO.

3.11.1 OCHOBHBIE OIIPEJEJEHUSA

Onpeoenenue. ABromat ¢ MarasunHod mnamstbio (MII-aBTO-
Mar) — 3TO ceMepKa

rIe

P = (Ql Z1 F, 61 qu ZO! F),
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Q — KOHEYHOE MHOXXECTBO CHMBOIIOB COCTOSIHUSI, MPEI-
CTaBISIONINX BCEBO3MOXKHBIC COCTOSIHHS YIPABIISFOIIETO
YCTPOMCTBA,;

Y — KOHEYHBIN BXOJIHOU an(aBurT;

I' — xoHeuHsIif andaBUT Mara3sMHABIX CHMBOJIOB;

8 — orobpaxenne MHOkecTBa Qx(Z{e})xI" Bo MHOXKe-
CTBO KOHEYHBIX ITOAMHOKECTB MHOKECTBA QxZ*;

Oo € Q — HaYaabHOE COCTOSHHUE YIPABJISIFOIIECTO YCTPOH-
CTBa,;

Zy € I' — cuMBOJI, HAXOOAIIMNICS B MarasuHe B HaYaJabHBIN
MOMEHT (HaYalbHBIA CHMBOJ);

F < Q — MHOXECTBO 3aKJIFOUUTEIILHBIX COCTOSIHUH.

Kondghueypayueii MI1-aBTomata P Ha3piBaeTcst Tpoiika, comep-
xamas (0, W, o) € QxZ xI™, rae

(| — TEeKyllee COCTOSIHUE YCTPOUCTBA,;

W — HEHCNOJIb30BAHHAS YaCTh BXOJHOW LEMOYKH; NEPBHIN
CHUMBOJI IIETTOYKH W HAXOJIHUTCS IT0JI BXOJHOM TOJIOBKOH,
eciau W = €, TO CUMTAETCsl, YTO BCS BXOJHAsI JIEHTA MPOYU-
TaHa;

0 — COJEpPKMMOE Mara3uHa,; Camblil JIEBBIA CUMBOJ Ilie-
MIOYKH L CYUTAETCS] BEPXHUM CHMBOJIOM MarasuHa; €Ciu o
= €, TO Mara3uH CYUTAETCs MyCThIM.

Taxm pabotel MII-aBromara P Oyzner npeacTaBiasThCs B BUJIC
OMHAPHOTO OTHOIICHUS I, OMPEIEICHHOr0 Ha KOH(urypanusx. by-
JIEM IIHCAThb

(g, aw, Zo) + (', W, ya),

ecnmu MHOXectBo o(Q, @ Z) comepxur (q, y), rme 0, € Q,
o e2fe,wer’, Zel'na, Y € r.

Ecnu a = €, To roBopsT o ToM, uro MII-aBromar P, Haxonsch
B COCTOSIHMM (] U MMes & B Ka4eCTBE TEKYIIEr0 BXOJHOI'O CHMBOJIA,
PacIONIOXKEHHOTO TI0J] BXOAHOM TOJIOBKOM, a Z — B KadecTBE BepX-
HEro CUMBOJIA Mara3suHa, MOXeT:

nepeiTu B coctosiHue ('

CIIBUHYTbH F'OJIOBKY Ha OJHY SIYEUKY BIIPABO;

3aMEHUTh BEPXHHUM CHMBOJI Mara3uHa LEMOYKOM Yy Mmara-
3WHHBIX CHMBOJIOB.
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Ecnu vy = €, To BepXHUI CUMBOJI yAAJISIETCA U3 Mara3uHa, TEM
CaMbIM Mara3MHHBIN CITUCOK COKPAIIACTCS.

Ecmu a = e, OyzeM Ha3bIBaTh 3TOT TaKT E-TaKTOM. B €-Takre Te-
KYIIUA BXOJHOW CHMBOJI HE NMPHHUMACTCS BO BHHMAHUE W BXOJHAsS
rojioBka He casuraetcs. OJIHAKO COCTOSIHUE YIPABJISIFOIIETO YCTPOM-
CTBa U COJICP)KMMOE TTAMSATH MOTYT U3MEHUTHCS. 3aMETHM, YTO E-TaKT
MOXET MPOUCXOJUTD TOT/A, KOTJa BCSI IETI0YKA IPOUHUTAHA.

Hauanvnou xougueypayueri Mll-apromata P HasbiBaeTcs
koHburypamust Buaa (qo, W, Zo), rae weX’, Te. yIpaBJIstoniee ycr-
pPOWCTBO HAXOAWTCS B HAYaJIbHOM COCTOSHHM, BXOJHAs JICHTa CO-
JEPXKHUT TEMOYKY, KOTOPYIO HYXKHO PAcIo3HaTh, U B Mara3uHe ecTh
TOJILKO HAYAIBHBIA CUMBOI Zp.

Baxnmowumenvras Kougueypayus — 3TO KOHPUTYpALUs BUA
(q, e, @), rie geF noel’.

I'oBopsr, uto nenoyka W gomyckaercst MII-aBromarom P, ec-
1 (Go, W, Zo) F (0, e, o) jutst HekoTopbix qeF u acl.

L(P) — s3wix, onpedensiemviti agmomamom P — 310 MHOXKe-
CTBO IICTIOYEK, JIOMyCKaeMbIX aBToMaToM P.

OcnoBHoe cBoiicTBo MII-aBTOMaTOB MOKHO COPMYIHPOBATH
creayromuM oopasoM: «To, 4TO TMPOUCKXOMUT C BEPXHUM CHMBOJIOM
MaraswHa, HE 3aBHCHUT OT TOrO, YTO HAXOMUTCS B MarasuHe MO/
HUM».

3.11.2 DKBUBAJIEHTHOCTb MII-ABTOMATOB
U KC-TPAMMATHK

B teopun nmepeBoaa MOKHO MOKa3aTh, YTO S3bIKH, OTIpeese-
mbie MIT-aBTomaTamu, — 310 B TouHOCTH KC-s3b1KH. HauneM c 1o-
CTPOCHHSI €CTECTBEHHOrO (HEIeTepPMUHHPOBAHHOIO) HHCXOJSIIC-
ro» pacro3HaBares, SKBUBaJieHTHOro fanHoi KC-rpamMmaTuke.

Jlemma. Ilycts G = (N, Z, P, § — KC-rpammatuka. I1o rpam-
matuke G MoxHO moctpouth Takoir MII-aBromar R, uro Lo(R) =
=L(G).

Hoxazamenvcmeo. [loctpouM R Tak, 4ToOBI OH MOJIETUPOBAI
BCe JIeBbIe BBHIBOAKI B G.

IMycts R= ({q}, Z, NUZ, 6, q, S ), rie 6 onpenesiercs ciie-
IYIOIUM 00pazom:
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1) ecnu A — anpunamiexur P, To 6(q, €, A) coaepxut (d, o);

2) 3(qg,a, a) ={(q, €} msa Bcex acX.

MBI XOTHM MOKa3ath, yTo A =" W Torja u ToJIbKO TOr/a, KO-
raa (q, w, A) +" (g, €, €) w1 HekoTopsIX N, M> 1.

Heo6X0MuMOCTh 3TOTO YCIOBHS TOKaKEM WHAYKIMEH mo M.
Jomyctum, uto A =" W. Eciu m=1u W = a;a,...a (k> 0), To

(01, @y...80 A) - (9, 81 ...8 ay...8) - (q, &, ©).

Tenepsr npeanonoxum, uro A="W qis HekoToporo m> 1.
[lepBsIii mmar 5Toro BEIBOMA MOIDKEH UMETh BHI A = X1 Xp... X, T
X; =™ % s mexoroporo m < m, 1 <i < K u XX...X« = W. Torzma
(@, w, A) + (g, W, XiX5...X). Ecitt XieN, 1o, 1o npeuioxeHnto nH-
nyknud, (g, X, X)) N (g, e €.

Ecmu X; =% € N, 10 (Q, X, X) + (q, €, €). O0benuuss BMecTe
3TH NOCTIEI0BATEILHOCTH TAKTOB, BUANM, uTo (0, W, A) -~ (0, €, €).

JIst ToKa3aTeNbCTBa JOCTATOYHOCTH MMOKAXKEeM WHIYKIUEH 110
n, ato eciu (g, W, A) " (9, €, €), To A=" W,

Ecmm n=1, to w= e u A—e npunamiexut P. [Ipeamonoxmm,
YTO yTBEpXKIEHUE BEpHO Juist Bcex N' < nN. Torma mepBwld TakT, cle-
nanuelii MIT-aBTomarom R, momken umets Bum (0, W, A) - (4, W,
X1Xz... %), mpuuem (g, X, X) +5 (0, €, €) mug L <i <Ku XXo... X = W.
Torma A = X X;... Xk — npaBwio u3 P, u, 0 npeyioxkKeHUI0 HHTyK-
win, X; = X amst XieN. Ecim X,€X, 10 X =° X, Takum 06pazoM,

A= X X

3* X1 Xo... Xy

3* X1XoX3.. . Xy

3: X1Xo.. .Xk_lxk

= X1X0... XXk = W
— BBIBOJ IIeNOYKy W u3 A B rpammatuke G.

KOHTPOJbHLIE BOMPOCHI

1. Croco0sl onpeneneHns S36IKOB.
2. I'pammaTHKH.
3. I'pamMMaTHKH ¢ OrpaHHYEHUSIMH Ha TIPaBHJIA.
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PacniosnaBateny.

PerynsipHble MHOXeCTBAa, UX pAaclO3HABAHUE M TIOPOXKIeE-
HHA.

ANTOpPUTM pEelIeHUsI CHUCTEMBI JIMHEHHBIX BBIPAXKEHUH C
PEryJSIPHBIMU BBIPAKEHUSIMU.

PerynsipHbie MHOXKECTBa U KOHEYHbIE aBTOMATHI.
[IpoGiiema pa3pemmumMocCTy.

I'paduueckoe npencrapaeHne KOHEYHBIX aBTOMATOB.
MuHHMHI3a1Ms KOHEYHBIX aBTOMATOB.

AJTOPUTM TMOCTPOCHUSI KAHOHUYECKOTO KOHEYHOI'O aBTO-
Mmata. KOHTEKCTHO-CBOOOIHbIE IPaMMAaTHKH.

Hepesbst BeBomOB. [IpeoOpazoBanne KC-rpammaruk.
ANTOPUTM YCTpaHEHUS HETOCTHKUMBIX CHMBOJIOB.
AJNTOpUTM yCTpaHeHHUs OECTONIe3HBIX CUMBOJIOB.
Anroput™m mpeoOpa3oBaHHsS B TpaMMAaTHKy Oe3 €-TpaBuil.
AJNTOopUTM YCTpaHEHUS LIEMTHBIX IPABHUIL.

I'pammaTiku 6e3 nukioB. HopmanbHas ¢opma XoMCKOro.
Anroput™m mpeoOpa3oBaHUs K HOPMaIbHOH ¢dopme XoMm-
CKOTO.

Hopmanbnas ¢popma ['peiibax.

ANTOpUTM YCTpaHEHUS JIEBOM peKypCHUH.

ABTOMATHI C Mara3uHHOMN MAMATBIO.
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4 KC-TPAMMATUKN N CUHTAKCUYECKUIA AHANU3
CBEPXY BHU3

B npakTryeckux npuiioKeHUsIX Hac OO0JIbIIEe OYAyT UHTEPECO-
BaTh JeTepMuHHpoBaHHble MII-aBTOMAaThI, T.e. Takue, KOTOPbIC B
KaXJI0M KOH(QUTypalu MOTYT C/IeNaTh He 0ojiee OJTHOTO O4epeaHO-
ro TakTa. f3bIKH, oNpeAenseMble JeTepMUHUPOBaHHbEIMU MII-aBTo-
MaTaMH, Ha3bIBAIOTCS AeTepMuHHpOBaHHBIMH KC-s3plkaMu, a HuX
rpammatuku — LR(K)-rpammaTrkamu.

Onpeoenenue. MIT-asromar P = (Q, X, T, 3, Qo, Zo, F) Ha3bIBa-
ercst demepmunuposannviv (JIMIT), ecu muist kaxasix qeQ u Zel
1160 0(0, @, Z) comep Ut He Oosiee OJHOTO dIEMEHTA Ui KaXI0ro
acX u d(q, e, 2) =, mbo 6(q, a, Z) = J s Beex aeX u 6(q, €, 2)
COJICP)KUT He OoJiee OTHOTO dJIEMEHTA.

Coenawenue. Tak xax JIMII-aBromatbl coxepxar He Oosiee
OJTHOTO 3JIeMEHTa, MBI Oyem mucats 6(q, &, Z) = (r, y) BMecTo 8(q, &,
2) ={(r, 1}

Kak yxe oTMedanoch, OJIHOTAaKTOBBIC JIECTCPMHUHHUPOBAHHBIC
MII-aBromatel mopoxgaioT KC-sa3b1kH, KOTOpBIE HAa3BIBAIOTCS
LR(K)-rpammatukamu. Te, B CBOI ouepenb, SBISIOTCS YaCTHBIM
Clly4aeM S-TpaMMaTHK.

Onpedenenue. STpaMMaTHKa TPEACTABIsAET cOOOH TpaMMaTu-
KY, B KOTOPOH:

1) npaBble YacTH KaXIOro MOPOXKAAIOLIETO MPaBUiia HAYMHA-

I0TCS C MepMUHANQ;

2) B Tex ciyyasx, KOrja B JICBOW yacTu 0ojiee ueM OJHOTO
MOPOXKIAIONIETO MIPaBUiIa TOSBISETCS HemepMunal, coot-
BETCTBYIOIIME MpaBble YaCTH HAYMHAIOTCA C PA3THMYHBIX
TEPMHHAJIOB.

[TepBoe yciioBHE aHAIIOTHYHO YTBEPIKACHHIO, YTO TPaMMaTHKa
HaxoJHUTCcA B HOpMaNbHOH popme ['peiibax, TOIBEKO 32 TEpPMUHAIIOM B
Havasie KaXJIOH MpaBoOi 4acTH MpaBmiIa MOTYT CIIE0OBAaTh HETEPMH-
HaJIbl W/WIN TepMUHAIBL.

Bropoe ycrnoBue COOTBETCTBYET CYIIECTBOBAHHIO JIETEPMUHH-
poBaHHOTrO ojHo1arosoro MII-aBromara.
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Ipumep:
S— pX
S—>qY
X— aXb
X—>X
Y — avd
Yoy
Paccmotpum mpobiemy pasbopa ctpoku paaaxbbb ¢ momo-
b0 3aJIaHHOW S-TpamMmaruku. HadaB ¢ cuMBoJia S mombITagMcs
TFeHEPUPOBATh CTPOKY, IPUMEHSS JIECBOCTOPOHHMIA BBIBOA. Pe3yinbTa-
THI TIpUBEICHBI B Ta0m. 4.1.

Tab6nuua 4.1 — Pa36op cTpoku

HcxonHas cTpoka BsiBog
paaaxbbb S
paaaxbbb pX
paaaxbbb paxb
paaaxbbb paaXbb
paaaxbbb paaaXbbb
paaaxbbb paaaxbbb

4.1 LL(1)-rPAMMATUKM

Ecau BO3MOXXHO HanucaTh N€TEPMUHUPOBAHHBIA aHAIU3ATOP,
OCYIIECTBILSIFOIIMI Pa300p CBEpXy BHH3, JUIS SI3bIKA, TCHEPHPYEMOTO
S-TpaMMaTHKO#, TO Takoil aHanu3aTop mpuHATO HasbiBath LL(1)-
rpaMMaTHKOM.

Onpeoenenue. O6o3naueHus B Hanmcanuu LL (1)-rpammaruku
O3HAYaloT:

— L — cTpoku pazbupatorcs ciieBa Hanpaso;

— L — ucnone3yotcs cambie JICBBIC BHIBOJIBI;

— 1 — BapuaHThl MOPOXKIAOIIETO MPABUIA BHIOUPAIOTCS C

HOMOIIIBIO OTHOTO MPEBAPUTEIBHOTO MPOCMOTPA CUMBOJIA.

To ectp rpammaruky HaszbiBaooT LL(1)-rpammarukoii, eciu
JJIsL K&XKJJOr0 HEeTepMUHANA, MOSBIISIONIEroCs B JIEBOM yacTH Ooiiee
OJIHOTO TIOPOXK/IAIOIIETO MPABUIIA, MHOYKECTBO HAINPABILSIFOLIAX CHM-




91

BOJIOB, COOTBETCTBYIOIUX MPABBIM YaCTSAM abTEPHATUBHBIX TOPO-
MKJTAIOIINX MTPABUII, — HETePEeCeKaoNIHecs!.
Onpedenenue. MHOXKECTBO TEPMUHAIBHBIX CHUMBOJIOB IPEII-
IIECTBEHHUKOB OIPEICIISICTCS CIICYIONUM 00pa3oM:
ae SA) < A-"aq,
rae
- A— HerepmuHan,
— 0 — CTpOKa TEPMHUHAIOB H/UJIM HETEPMUHAIIOB;
- §A) — MHOXECTBO CHMBOJIOB-TIPE/IIIECTBEHHUKOB A.
Ipumep:
P— Ac
P — Bd
A—a
A— Aa
B—-b
B — bB
31ech CHMBOIIBI @ M D — CUMBOJIBI-TIpE IIIECTBEHHUKH TS P.
Onpedenenue. Eciu A — HeTepMUHAI, TO €r0 HANpasIsiouu-

mu cumeoramu (DS Oyayr S(A) u Bce CHMBOIIBI, Clienyronme 3a A,
ecau A MOKET FEHEPUPOBATh IYCTYIO CTPOKY.

B oGwem ciryuae, /Ui 3a1aHHOTO BapHaHTa 0. ¥ HETepPMHHajA
P (P—a) nmeem
DSP, o) ={a|a e Ja) wm (o = eu a € F(P))},
rae F(P) ectb MHOXXECTBO CHMBOJIOB, KOTOPBIE MOT'YT Clie/IOBaTh 3a P.
Ipumep:
T—> AB
A— PQ
A—BC
P— pP
P—e
Q- Q
Q—e
B— bB
B—>d
C—->cC
Cof
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Ota rpammaruka maer SPQ) = {p, g}, SBC) = {b, d}, DA,
PQ) ={p, q, b, d} u DA, BC) ={b, d}.

W3 onpenenenus LL(1)-rpaMmaTuku ciemyer, 4TO 3TH TpaM-
MaTHKH MOYKHO pa30Hparh AETEPMHUHUPOBAHHO CBEPXY BHH3.

Aneopumm. TlpuHamiexut au gaHHas rpammaruka LL(1)-
rpammaruke?

Bxo00. HexoTopas mpou3BoibHAs TpaMMaTHKa.

Boixoo. «JIA» ecnu nanHas rpammaruka siBiasiercst LL(1)-
rpammaTikoil, <HET» B — npoTuBHOM ciyyae.

Memoo. Tlpexae Bcero, Hy>KHO yCTaHOBHUTD, KaKue HETEPMH-
HaJIbl MOTYT T€HEPHpOBaTh MYCTYIO CTPOKy. st 3Toro cozmamum
OJHOMEPHBIH MAacCHB, Ille KaKAOMY HETEPMUHAIy COOTBETCTBYET
OJIMH 3JIeMEHT. JI1000l 3JIeMEHT MacCHBa MOXKET NMPUHUMATL OJHO
u3 tpex 3HaueHuit: YES NO, UNDECIDED. Buauane Bce 37€MEHTBI
nmeroT 3HaueHne UNDECIDED. Mei Oynem npocMaTpuBaTh rpam-
MaTHKY CTOJBKO pa3, CKOJBKO MOTpPeOyeTcst AJsl TOro, 4TOOBI KaxK-
IbIH 2neMenT npuHsut 3Hadenne YES ummn NO.

[Ipy mepBOM NPOCMOTPE HCKIIOYAIOTCA BCE MOPOXKIAOIINE
[IpaBuiIa, CoAEepKaLINe TepMUHAIBI. ECiM 3T0 IpuBeneT K UCKIIoue-
HUIO BCEX MOPOXKIAIOMIMX MPaBWII IJsl KaKOro-I1H00 HEeTepMUHala,
COOTBETCTBYIOIIEMY 3JIEMEHTY MacCHBa MpPUCBAMBAETCS 3HAUCHHE
NO. 3arem Jyist KaXI0TO MOPONKIAIOIIETO TIPAaBUIIA C € B TIPaBOM vac-
TH TOMY 3JIEMEHTY MacCHBa, KOTOPBIi COOTBETCTBYET HETEPMHHAILY
B JIEBOH 4acTH, prcBauBaeTcs 3HaueHne YES u Bce mopoxaromiue
[IpaBuIa AJIsl 3TOT0 HETEPMHUHAJIA HCKII0YAI0TCS U3 TPAMMATHKH.

Ecnu TpeOyroTcs I0MONMHUTENBHBIE IPOCMOTPHI (T.€. 3HAUCHUSI
HEKOTOPBIX DJIIEMEHTOB MacCHMBa BCE €II€ HMEIOT 3HavYeHHUe
UNDECIDED), BBITTOTHSIIOTCS CIIETYIOIIHE TCHCTBHS.

1) Kaxmoe mopoxmaromiee IpaBuio, MMEIOIIee TAKOH CUMBOI

B IPaBOM YacTH, KOTOPBIM HE MOXKET T€HEPUPOBATH ITyC-
TYIO LIENO4YKy (0 YeM CBHETEIbCTBYET 3HAYCHUE COOTBET-
CTBYIOILIETO 2JIEMEHTa MAaCCHBA), HCKIIIOYACTCS U3 rpaMma-
TUKHU. B ToM citydae, Kkorna Juisi HeTepMHUHAJIA B JIEBOM yac-
TH MCKIIIOYCHHOI'O MPaBUiia HE CYIIECTBYET APYTUX MOPO-
JKAAIOLIMX [IPAaBUII, 3HAYSHUE JIEMEHTA MAacCHBAa, COOTBET-
CTBYIOIIIETO 3TOMY HEeTepMUHAIY, ycTaHaBnuBaeTcs Ha NO.
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2) Kaxaplii HeTepMHUHAT B MPABOM YacTH MOPOKIAIOIIETO
IpaBuia, KOTOPbIM MOXKET T'€HEpUpOBaTh IIYCTYIO CTPOKY,
CTUPACTCA M3 IIpaBUJIa. B tom ClIydae, Korja mpasas 4acTb
MpaBuJIa CTAHOBUTCS ITyCTOM, DIEMEHTY MAcCHBa, COOTBET-
CTBYIOIIEMY HETEPMHHAIY B JICBOM YacTH, IPUCBAUBACTCS
3nauenre YES um Bce moposkmaromiye mpaBmiia JUISL 3TOTO
HETePMHHANIA UCKITIOYAIOTCS U3 TPAMMAaTHKH.

OTOT mpouecc MpOoAOIKAETCS 10 TeX IMOop, MOKa 3a IOJIHBIN
MIPOCMOTP T'PaMMAaTHKH HE M3MEHUTCS HU OJHO U3 3HAUYEHWH diie-
MCHTOB MacCCHBa.

PaccmoTpum 3TOT mporece Ha mpuMepe rpaMMaTUKd
A— XYZ
X—-PQ
Y—> RS
R—>TU
P—->e
P—>a
Q—aa
Q—oe
S—>c
T—dd
U ff

12. Z—>e

[Tocne nepBoro mpoxojia MaccuB OyAeT TaKUM, KaK I1OKa3aHO
B Ta0. 4.2, a rpaMMaTHKa CBEAETCS K CIICTYIOIIEH:

A— XYZ
X—->PQ
Y—> RS
4. R—>TU

©COoNOU~WDNE

B
= o

wphE

Tabnmma 4.2 — Maccus 1mocie mepBoro npoxosa

A X Y R P Q S T U Z

U U ) ) Y Y N N N Y

3nece U — UNDECIDED (nepewennsiii), Y — YES (mza), N —
NO (uer).
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[Tociie BTOporo mpoxoaa MaccuB OyIeT TaKMM, Kak MOKa3aHO
B Tabu. 4.3, a rpaMMaTHKa IPUMET BH/I;
1. A—> XYZ

Tabnmma 4.3 — MaccuB 1mociie BTOporo npoxozaa

A X Y R P Q S T U Z

U Y N N Y Y N N N Y

TpeTuii Mpoxo/ 3aBepIaeT 3anonHeHne Maccusa (Tadi. 4.4).
Bce npaBuiia U3 rpaMMaTHKH HCKIIOYEHBI.

Tabnmma 4.4 — MaccuB 1ociie TpeThero mpoxosia

A X Y R P Q S T U Z

N Y N N Y Y N N N Y

Jlanee (opmupyercst MaTpHIa, ITOKa3bIBAIOIIas BCEX Heno-
CPEeOCMBEHHBIX NPeOuleCMEEHHUKO8 KAXKIOTO HETepMHUHANa. IJTOT
TEPMHH HCIIOJIB3YeTCs Il 0003HAYCHUS TEX CHMBOJIOB, KOTOPBIE U3
OJTHOTO TOPO’KAAIOIIETO MpaBHiIa YK€ BHIHBI KaK MPeJIIeCTBCHHH-
ku. Harpumep, Ha OCHOBaHMY MTPpaBHIT

P—> QR

Q—0R
MOXHO 3aKJIFOYNTH, YTO Q €CcTh HENmoCpPeJCTBEHHBIH Mpe/IIecTBeH-
HUK P, a  — HenocpeaCTBeHHbIH npeamecTBeHHUK Q. B mampuye
npeowecmeeHHUKo8 sl KaXKI0T0 HETepMHHANIA OTBOAUTCS CTPOKA,
a JuId Ka)XJ0ro TepMUHAIA M HeTepMuHaia — cronoen. Eciam nerep-
MHUHaN A, HanpuMep, UMEET B KaueCTBE HEMOCPEICTBEHHBIX IPE-
mectBeHHUKOB B u C, To B A-to cTpoky B B-m u C-Mm cronbuax mo-
MEIIAIOTCH eAUHUIEI (Tad. 4.5).

Tabnmma 4.5 — IIpumep MaTpHIBI IPEIIIECTBEHHUKOB

A B C Z a b c z

1 1

0w >

N
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Tawm, rae mpaBasi 4acTh MPaBUI HAYMHAETCS C HETEPMHHAJIA,
HEOOXOIMMO MIPOBEPHUTH, MOXKET JIM JIAHHBIA HETEPMHUHAII TCHEPUPO-
BaTh MyCTYIO CTPOKY, JUTS YEr0 MCIONb3YEeTCsS MACCHB MyCTON CTPO-
ku. Eciiu Takas reHepaiids BO3MOYKHA, CHMBOJI, CIICIYIONIHH 3a He-
TEPMHHAJIOM, SIBJISIETCSI HETIOCPEICTBEHHBIM IPEIIIIECTBEHHUKOM He-
TepMUHAJIA B JICBOH YaCTH IPaBUiIa  T.1I.

Kak TOJBKO HEmocpelNCTBEHHBbIE MPEIIICCTBEHHUKH OYyIyT
BBEJICHBI B MATPHILY, MBI MOXEM CJI€IaTh CIICAYIONIHE 3aKIIOUCHHUS.
Harnpumep, u3 MOpoXIarOIHX MPABHIT

P— QR

Q-—->0gR
MOXHO 3aKJIIOYHUTh, YTO (] €CTh CHMBOJ (HE HEMOCPEICTBEHHOTO)
npemecTBeHHrKa P. VInu xke, Kak BHITEKAET U3 MATPHUIIBI HEMTOCPET-
CTBEHHBIX MPE/IIIECTBEHHUKOB, einHNIa B P-ii ctpoke Q-ro cronbdua
u equHuUIa B Q-if CTpoKe g-ro cToJI0Ia CBUAETEIBCTBYET O TOM, YTO,
€CITH MBI XOTUM C(HOPMHPOBATE MOJHYI0 MATPHILY MPeIIIeCTBCHHH-
KOB (2 HE TOJNLKO HEMOCPEACTBEHHBIX), HAM HY)KHO TIOMECTHTDH €/IH-
Huly B P-10 cTpoky g-ro cronbma. B 060o0meHHOM BapuaHTe, KOTAa
B (i, J)-it u (j, K)-if MO3HMIIUSIX CTOSAT CIUHUIIBI, CICIYET MMOCTABUThH
enuanny B (i, K)-fo mosunmio. Iycts, oauako, u B (K, 1)-it mosurmun
TAaK)Ke CTOMT eIMHMIA. TOoraa 3TOT MPOIEce PEKOMEHIYETCsI BBITIOJI-
HHUTh BHOBbB, YTOOBI MOCTAaBUTH exuHuIly B (i, |)-10 mosunuio, u mo-
BTOPSTH €0 JI0 TeX IMOp, MoKa He OyaeT Takux ciaydaes, korma B (i,
j)-it u B (j, K)-if O3UIMSIX TOABNSAIOTCS eauHUIE], a B (i, K)-it mo3u-
[ — HET.

IIpuBeeHHBIN BbIlIE ANTOPUTM HIUIIOCTPUPYET MHOKECTBO
MTOPOKTATOIINX TTPABUIL:

A— BC

B —»> XY

X— aa
M3 KOTOPBIX JIETKO BBIBECTH TPU EAWHHUIIBI B MATPUILY HEMOCPEICTBECH-
HBIX TPE/IIIECTBEHHUKOB U IyTeM JCAYKIIMH €Ille TPU EIUHHUIIEI — B
MOJIHYI0 MATPHILy MPEANIECTBOBAHUS B COOTBETCTBUH C TEM, 4TO X
SIBIISICTCS HETIOCPECTBEHHBIM TPEAIISCTBEHHUKOM A, a & — Hero-
CpeICTBEHHBIM TIpe/iecTBeHHuKOM B, a Takke A (tadin. 4.6).
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Tabnmma 4.6 — Marpuiia mpeAnIeCTBEHHIKOB

A B C X Y Z a z
A 1 1 1
B 1 1
C
X 1
Y
Z

DTOT NPOLECC HA3bIBACTCS HAXOXKACHUEM MPAH3UMUBHOSO
3amMblKaHus, @ camMa MaTpula — mampuyeil docmudcumocmu. B
3TOM Marpune €AMHUIBI COOTBCTCTBYIOT BEpIIMHAM, MCKIAY KOTO-
PBIMH €CTh COSTUHUTENBHBIC My TH.

Ha ocHOBaHMM MaccHBa IYCTBIX CTPOK MATPHIBI MOKHO TIPO-
BepuTh npuzHak LL(1). Tam, rae B neBoit yactu Gosiee OJJHOTO Tpa-
BUJla TIOABJIACTCSA HCTCpMHUHAI, HCO6XO,HI/IMO BBIYUCJIMTHL Halpas-
JSIOIINE CHUMBOJIBI Pa3iIMYHBIX AIBTEPHATHBHBIX MPABBIX YaCTEH.
Ecnu 15t kKakux-mnbo U3 9TUX HETEPMUHAIIOB PAa3INYHBIC MHOKECT-
Ba HaNpPaBIAOIHUX CUMBOJIOB HE ABJIAIOTCA HEIICPCCCKAIOMIUMMUCH,
rpammaruka okaxercst He LL(1). B mporuBHOM ciydae oHa Oymer
LL(1).

PaccMOTpEHHBIH BBIIIE aITOPUTM UCIIONIB3YETCS B ABYX LIEIIX:

1) s ompeneneHus MPaBUIBHOCTH (MIPUHAUICKHOCTH) JIaH-

Ho# rpamMaTuku K LL(1)-rpammaruke;
2) s npeoOpa3oBaHUsi MPOU3BOJIBHOW TPAMMATHKH K BHIY
LL(2).

LL(1)-rpammaTnka o4eHb yI00Ha I OpraHU3aI|y Ipolecca

CEMaHTHYECKOro pa3odopa.

4.2 LL(1)-TABNIMLUA PA3EOPA

Haiinst LL(1)-rpaMmMaTuky a7st Si3bIKa, MOKHO MEPEHTH K Clie-
JYIOUIeMy 3Tany — HPUMEHCHUIO HalIEeHHON rpaMMaTHKH B Qase
pa3zbopa. OOBIYHO MOJYJIb KOMITUISTOPA, 3aHUMAIOIIMNACS CEMaHTHU-
YecKUM pa300poM, Has3bIBaeTcCs opatigepom. JlpaiiBep yka3pIBaeT Ha
TO MECTO B CHHTaKCHCE, KOTOPOE COOTBETCTBYET TEKYIIEMY BXOJHO-
My cuMBoJy. COCTaBHOW 4acThIO JpaliBepa ABJIsEeTCS CTEK, KOTOPBIi
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CIY’)KUT JUTS 3alIOMUHAHUS aJ[peCOB BO3BpAaTa BCSKHI pa3, KOTJa OH
BXOJIUT B HOBOE MOPOXKJIAOIIEe MPABHIO, COOTBETCTBYIOIIEE KaKo-
MY-HUOY/Ib HCTEPMUHATY.

OnwuiieM cHavajaa BO3MOXKHBIN BUJI TaOJUIBI pa30opa, a 3aTeM
paccMOTPUM BO3MOKHBIE CIIOCOOBI €€ ONTUMH3AIUU OTHOCUTEIHHO
WCTIOJIb3YEMbIX BBIYMCIUTEIBHBIX PECYPCOB.

Tabnuua pazbopa, B 001IeM BHJIE, IPEACTaBIIsIET COO0H OHO-
MEPHBIA MacCUB CTPYKTYP CIEIYIONIECT0 BHJA:

declare 1 TABLE,

2 terminals LIST,
jump int,
accept bool,
stack bool,
return bool,
error bool;

N NDNDDNDDN

roe LIST
declare 1 LIST,
2 term string,
2 next pointer;
Kpome Toro, nuis paboThl apaiiBepa Hy»XeH CTEK aJpecoB BO3-
Bpara U yKa3arejb CTEKa.
B tabmmie kaxxgomMy mary mporiecca pa3dopa COOTBETCTBYET
OJMH 3JIeMEHT. B mpouecce pa3zbopa oCyIIECTBISIOTCS CIELyIOLINe
LIary.
1) IlpoBepka HpeaBapuUTENbHO MPOCMATPUBAEMOIO CHMBOJIA,
Ul TOTO YTOOBI BBISICHUTBH, HE SBJSIETCS JIM OH HAIIPaB-
JSIOIIUM A7l KaKOW-TNO0 KOHKPETHOH MpaBoW yacTh MO-
poKIaroLero npasuia. Eciii 3TOT CUMBOJI — HE HaIlpas-
JSAIOUIMA M AIMEETCs alNbTEPHATHBHAS MpaBas 4acThb MIPABH-
Ja, TO OHa IpoBepseTCcs Ha clieayromieM 3tane. B ocobom
ciyvae, Korja IpaBas 4acTb HAuYMHAETCA C TEPMHUHAJIA,
MHOKECTBO HAIPABIIONINX CUMBOJIOB COCTOHMT TOJIBKO W3
OJIHOTO TEpMHHAJIA.
2) IlpoBepka TepMmHHAala, MOSBISIONIETOCS B TPaBOMl 4acTu
MOPOKJAIOIIEr0 IPaBHIIA.
3) Ilposepka HerepmuHana. OHa 3aKirOYaeTCs B MPOBEPKE
HaXO0XKJIEHUS MPEBapUTEIbHO MPOCMATPHUBAEMOTO0 CHMBO-
Jla B OJHOM U3 MHOXXECTB HAIIPABIISIIOLIUX CUMBOJIOB JJIS
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JTAHHOTO HETepMHHAaJIa, MMOMENICHUIO B CTEK ajpeca BO3-
BpaTa M IMEepexoay K MepBOMY MPaBHITy, OTHOCSIIEMYCS K
OTOMY HCTECpMHHATY. Ecmm HETCPMUHAJI IOABUJICA B KOHIIC
MPaBOM YaCTH MPaBUIIA, TO HET HEOOXOJAUMOCTH ITOMEIATh
B CTEK aJ[pec ero BO3Bpara.

Takum o6paszoMm, B Tabnuily pazdopa BKIFOYAETCS MO OJHOMY
ANIEMEHTY Ha Ka)K/10€ MPaBHJIO IPaMMAaTHKH M Ha KaXIbIH SK3EMILISIP
TepMHHAJIa WM HeTePMUHAJIa MpaBoi yactH npasmi. Kpome toro, B
tabmume OyayT HAXOIUTHCS D3JIEMEHTHl Ha peaM3alfio ITyCTON
CTPOKHM B MpPaBOW 4acTH mpaBuil (10 OJJHOMY Ha KXyl peain3a-
LHIO).

HpaiiBep comepXuT mporenypy, Kotopas oOpadaTeiBaeT diie-
MEHTHI Tabauibl pa3dopa W ompeaessieT CISHYIOMUN dIEMEHT IS
o0pabotku. Ilone nepexoda OOBIYHO JTAET CICAYIONIMI JIEMEHT 00-
pabOTKH, eciu 3HAYCHUE No/iAi 6036pamad HE OKaKeTCsl NCTHHOW. B
MIOCJIE/THEM CITydae aJpec CIEAYIOIIEero IeMeHTa OepeTcs U3 CTeka,
YTO COOTBCTCTBYECT KOHIY IIpaBHJIA. Ecan xe MMpeaABapUTECIILHO IMPO-
CMaTpUBAEMBIIl CHMBOJI OTCYTCTBYET B CIIMCKE TEPMUHAJIOB M 3HAYe-
HUE nojas owubKU OKaXeTcs JIOXKbI0, HY)KHO o0pabaThIBaTh clie-
IOYIOIIMK 3JIEMEHT TaOJUIbI ¢ TeM K€ MpPeABAPUTENBHO MPOCMaTpU-
BacMbIM CHMBOJIOM (CIOCOO OOpalieHus ¢ aJbTepPHATUBHBIMHU Ipa-
BBIMH YaCTSAMH).

PaccMoTpum cxeMy MOCTpOCHHUS TaOJIUIbI pa30opa U COOTBET-
CTBYIOLIEH IPOrpaMMBbl JUIsl CIEAYIOMIEH TpaMMaTHKU !

(1) PROGRAM — begin DECLIST semi STATLIST end
(2) DECLIST »dX

(3 X —» comma DECLIST

4 X—>e

(5) STATLIST -»>sY

(6) Y - comma STATLIST

(7) Y>e

CHavasa npeicTaBUM rpaMMaTuKy B Buje cxemsl (puc. 4.1). B
CKOOKax M ClIpaBa Ha PUCYHKE yKa3aHbl HOMEpa 3JIEMEHTOB TaOJIUIIbI
pasbopa.



(1 [ PROGRAM | e begin @

DECLIST [ef— (3

semi 4

STATLIST |e (5)

end ®)

(7) Le{ DECLIST | d ®
X |.-—| )

(20) | | X4 . > comma (12)
an | x o DECLIST | (13)
w0

(15) p| STATLIST | s (16)

Y | .-_| 17)
(18) | [ Vs L > comma (20)
(19) Y, o STATLIST | 1)

@

Puc. 4.1 — Cxema rpamMMaTuku

Tabnuma pasdopa, COOTBETCTBYIOMIASI 3TOW TpaMMaTHKE, MO-
KET OBITh TIpeCTaBlieHa B BHe Ta0d. 4.7.

Tabnuna 4.7 — Tabnuia pa3dopa

No terminals jump | accept | stack return error
1 | {begin} 2 false false false true
2 | {begin} 3 true false false true
3| {d} 7 fase true fase true
4 | {semi} 5 true false false true
51| {s 15 fase true fase true
6 | {end} 0 true fase true true
7| {d} 8 false false false true
8 | {d} 9 true fase fase true
9 | {comma, semi} 10 fase fase false true

10 | {comma} 12 false false false false

11 | {semi} 14 false false false true
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Oxonuanue tabi. 4.7

Ne terminals jump accept stack return error
12 | {comma} 13 true false false true
13 | {d} 7 false false false true
14 | {semi} 0 false false true true
15| {s} 16 false false false true
16 | {s} 17 true true false true
17 | {comma, end} 18 false false false true
18 | {comma} 20 false false false false
19 | {end} 22 false false false true
20 | {comma} 21 true false false true
21 | {s} 15 false false false true
22 | {end} 0 false false true true
Paccmotpum pazbop npemoxxeHus
begin d comma d semi s semi end
HeiicTBust mpuBeicHbI B Ta0I. 4.8.
Tabnmma 4.8 — Pa36op npenmoxxeHus
Ne JewcTBus nggz)?a
1 begin cunTeIBaeTCs U npoBepsieTcs; nepeitu K 2
2 begin cunTeIBaeTCs M npuHUMaeTcs; nepeiTu K 3
3 d cuursiBaercs u MpOBEPSIETCS, 4 roMenaeTcs B CTEK,

nepedTn K 7

0
0
4
0
7 | d mpunumaercs; nepeiitu k 8 4
0
8 | dmpoBepsiercst U IPUHUMAETCS; TIEPEeHTH K 9 4
0
9 | comma cuuTeiBaeTcs ¥ IpoBepsiercs; nepertu k 10 4
0
10 | comma npoBepsiercs; nepenT k 12 4
0
12 | comma npoBepsieTcs ¥ MpUHUMAeTCs; nepeiitu k 13 4
0
13 | d cuuTsiBaeTCS M IPOBEPSIETCS; MEPEHTH K 7 4
0
7 | d mpoBepsieTcs; mepeiTr K 8 4
0
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[Mponomkenue tadm. 4.8

Ne HevictBust Crex
pas3bopa
8 | dmpoBepsiercst U IPUHUMAETCS; IEPEeHTH K 9 4
0
9 | comma cunThIBaeTCs U mpoBepsiercs; nepeiitu k 10 4
0
10 | semi He coBmazaer ¢ COMMA, OWIHOKA — IOXKbY, 4
nepeita k 11 0
11 | comma mpoBepsiercs; mepeiT k 14 4
0
14 | semi mpoBepseTCsl; BO3BpAT — <WCTHHAY», yIAISETCS 0
4; nepedtn k 4
4 | semi mpoBepsieTCs ¥ MPUHUMAETCS; IEPeHTH K 5 0
5 | ScuurtsiBaeTcs U nposepsieTcs; 6 momeniaercs B CTEK; 6
nepeity kK 15 0
15 | smpoBepsiercs; nepeiitu k 16 6
0
16 | smpoBepsieTcst U IpUHUMAETCS; IeperTH Kk 17 6
0
17 | comma cunTeIBaeTCs U MpOBepsIeTCs; MepelTH Kk 18 6
0
18 | comma mposepsiercs; mepelitu k 20 6
0
20 | comma mpoBepsieTcs U IPUHUMAETCS; epeTn k 21 6
0
21 | ScuuThIBaeTCs M MPOBEPAETCS; MeperT K 15 6
0
15 | smposepsiercs; mepelT k 16 6
0
16 | smpoBepseTcs U IpUHIMAETCS; IeperTH K 17 6
0
17 | end cuuthiBaeTCs U MpoBEpSETCs; epeiTH K 18 6
0
18 | end He coBmazaer ¢ COMMA, OMINUOKA — «IOXKb», IIe- 6
peiitu k 19 0
19 | end nposepsietcsi; mepeiTH K 22

[@Xe)]
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Oxonuanue tabin. 4.8

. Crex
Ne JewcTBus
pas3bopa
22 | end mpoBepsieTcs; BO3BpAT — «UCTHHA», YIanuTh 6; 0

nepeiTn kK 6

6 end mpoBepseTcss W OPUHUMAETCS; BO3BpaT —
«wictuHa», ynamuts 0; nepeiitu k 0

0 | Pa3bop 3akaHumBaercs

Meron pa36bopa LL(1) umeer psi perMyIecTs.

1) Huxorna He TpeOyeT Bo3Bpara, HOCKOJIBKY 3TOT METOJ Jie-
TCPMUHUPOBAH.

2) Bpewms pa3dopa npornopuuoHaibHO JUTHHE TPOrPAMMBEI.

3) HmeroTcs XOpolIve JWAarHOCTUYECKHE XapaKTEPUCTHKH,
CYLIECTBYET BO3MOKHOCTh MCIIPABJICHHUS OMIMOOK, T.K. CHH-
TaKCHYECKHE OMMOKH PACHO3HAIOTCS O MEpBOMY HETIpH-
eMJIEMOMY CHMBOJY, a B Ta0nmie pa3dopa ecTh CIHCOK
BO3MOKHBIX CUMBOJIOB IPCAJIOXKCHUA.

4) Tabauia pa3bopa MeHbIIIe, YeM COOTBETCTBYIOIINE TalJIu-
1B B IPYTUX METOMIaX pa3dopa.

5) LL(1)-pa36op mpuMeHHM K LIIMPOKOMY KJIacCy COBpPEMEH-
HbIX SA3bIKOB.

KOHTPONbHBLIE BOMNPOCHI

OxBuBaneHtHocTs MII-aBromaroB u KC-rpammaruk.
LR(k)-rpammaTuky.

S-rpaMMaTHKa.

LL(1)-rpammatuka.

AJITOpUTM Ompe/ieNieHHsT PHHAIICKHOCTH JaHHOH rpam-
matuku K LL(1)-rpammaruke.

LL(1)-ra6mnuria pazbopa.

grwdPE

o
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5 CAHTAKCUYECKUA AHAININ3 CHU3Y BBEPX
5.1 PA3BOP CHU3Y BBEPX

Mpsl paccMmoTpenu mnpobieMy JeBOCTOPOHHEro pa3dopa Kak
YaCTHBIM ciydail cWHTakcndeckoro aHamm3a. OO0o0OIIas BBIBOBI,
MO’KHO KOHCTAaTHPOBAaTh, YTO METOIbI pa3dbopa MOTryT ObITH HHCXO-
JUSIAMH, T.€. UAYIIUMU OT CTAPTOBOIO CUMBOJIA K IPEATI0KEHUIO, U
BOCXOJAILIMMHU — OT MPEIOKEHHS] K CTapTOBOMY cuMBoiy. IIpen-
JIOXKEHHS1, YUTAEMbIE CJI€Ba HAIPaBo, HOpMa JUIst OOJIBIIMHCTBA €CTe-
CTBEHHBIX SI3bIKOB, XOTs IpoOyieMa pa3dopa B HUX HE BCerja TPUBU-
aJIbHa. OI[HaKO pAa €CTECTBCHHBIX A3BIKOB U A3BIKOB IIPOIrpaMMHUPO-
BaHUs UMEIOT APYTYIO CTPYKTYpy. B 3TOM cityuae ynoOGHee Mcmomnb-
30BaTh IPAaBOCTOPOHHHUH BBIBOJ M COOTBETCTBYIOIIME I'DAMMATHKH.
OTH rpaMMaTHKH Ha3biBaloTcs LR-rpaMMaTHkaMu U B CHHTaKcuue-
CKOM Pa300pe UCIONIb3YIOT TEXHOJIOIHIO CHU3Y BBEPX.

CHHTaKCHYeCKHe aHaIH3aTOPhI, padOTaIOMIHNe 110 3TOMY IIPHH-
quIty, CBOAAT MPCIJIOKCHUSA A3bIKa K HAaYaJIbHOMY CHUMBOJIY IIYTEM
MOCJIeIOBATENILHOTO TPUMEHEHHS TIPABUII TPAaMMAaTHKH.

Paccmotpum, Hanpumep, sI3bIK, TEHEPUPYEMBII paBUIaMuU

(1) S—>rea IDLIST

(2) IDLIST — IDLIST, ID
(3) IDLIST —» ID

(49 ID>A|B|C|D

[Mpennoxenue «real A, B, C» npuHaIIe:KUT ITOMY S3BIKY H
MOXKET OBITH pa300paHo MO ciemyromen cxeme. Kaxaprii cuMBOI,
CUMTAHHBIA aHAIN3aTOPOM, HEMEAJICHHO TIOMEILAETCS B CTEK aHau-
3aropa:

realt A, B, C real

real Ay, B, C A
real

Crpenka CTaBHUTCSI HETIOCPEACTBEHHO IIOCIE MOCIIEIHETO CUH-
TAaHHOTO CHMBOJIA. 3aT€M aHAJIM3aTOp 3aMeHseT A C MMOMOIIbI0 TIpa-
Buna (4). Dto neiictBue HasbiBaeTcst npueedenue. IlpaBble yacTu
MMpaBUI 3aMEHAIOTCA UX COOTBECTCTBYIOIMMU JICBBIMUA YacTsIMU.
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real Ay, B, C ID
real

Janee npumensiercss npaBwio (3) Ui BBIIOJHEHUS JPYroro
[IPUBECHUS!

real Ay, B, C IDLIST
real

Ternepp aHAIU3aTOP CUUTHIBAET CIICIYIOIINN CUMBOJ:

real As B, C ,
IDLIST
real
U CIEAYIOINN 32 HUM:
real A, By, C B
IDLIST
real

OuepeHbie JiBa JIEHCTBUS — MPUBEICHHUE C UCIIOIb30BAHUEM
npasui (4) u (2):

real A, B, C ID
IDLIST
real
real A, By, C IDLIST
real

M IMOCJICAYIOIUM CUYUTBIBAHMEM €CIIC JBYX CUMBOJIOB:

real A, B,y C ,
IDLIST
real
real A, B, Ct C
IDL’IST
real
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Ilocnennue Tpu nEeUCTBHUS — 3TO NPUBEACHHUE C HCIIOJIb30BA-
uuem npasui (4), (2) u (1):

real A, B, Ct ID
IDLIST
real
real A, B, Cr IDLIST
real

real A, B, Cy S

Pa36op cuuTaercsl 3aBepIIIEHHBIM, KOTJIa B CTEKE OCTaHETCS
TOJILKO HAYalIbHBIA CUMBOJI M ITPEJIOKEHHE CUMTAHO LEeNuKoM. CTek
pa3dopa COOTBETCTBYET YACTH aBTOMATa C Mara3uHHOMW MaMsThIO.

CHHTaKCHYeCKHi aHaJIu3aTop, paboTaroImUi IO MPUHITHUITY
«CHH3Y BBEPX>», BBINIOJHSACT ACHCTBUS JIBYX THUIIOB!

1) cosue, BO BpeMsi KOTOPOTO CUHTHIBAETCS M TOMEIACTCS B

CTEK CHMBOJ. JTO COOTBETCTBYET MBIIKCHHIO HAa OJUH
MYHKT BJIOJIb KAKOTO-HUOY/Ib TIPaBUiIa rPaMMaTHKH,

2) npusedenue, BO BpeMs KOTOPOTO MHOYECTBO JJIEMEHTOR B
BEpPXHEH YacTH CTEeKa 3aMEIIAloTCs KaKUM-THOO0 HETepMH-
HAJIOM TPAMMATHKU C MTOMOIILIO OJTHOTO M3 MOPOIKIAIOIIHX
IIpaBUJI 3TOM TPAMMATHUKH.

5.2 LR(1)-TABNIULA PA3EOPA

Bbliie MBI paccMOTpEITH TEXHOJIOTHIO pa3dopa «CHHU3Y BBEPX».
OnHako mpH 3TOM He 00CY)KAAJICS BOIPOC, KaK PEIIMTh, CIEAyeT JU
BBINOJIHATH KOHKPETHOE MPHUBE/ICHKE, KOT/Ia MpaBasi 4acTh MPABHIIA I10-
SIBISIETCSL B BEpIIMHE CTeKa. MeXaHM3MOM, KOTOPBIH peryaupyer BO-
MPOC MPUHSATHS IPABHIBHOTO PELICHHS, SBISIeTCsI TabIuIa pa3oopa.

Tabmuua mnpencrapnser coboit marpuily. OHa COCTOMT W3
CTOJIOIOB Uil KaXIOr0 TePMHUHAAa M HETEPMHUHAIA I'PAMMAaTHKU
IUTIOC 3HaKa OKOHYAHHUS U CTPOK, COOTBETCTBYIOLIMX KaXKIOMY CO-
CTOSIHHIO, B KOTOPOM MOXKET HaXOAWThCs aHaim3atop. Kaxmoe co-
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CTOSIHUE COOTBETCTBYET TOW IO3WIMM B TOPOXKIAIONIEM IIPaBHUIIE,
KOTOPO# JOCTUT aHanm3arop. Tabmuiia pazdopa ajs rpaMMaTHKA

(1)
(2)
3)
(4)

S—»real IDLIST
IDLIST — IDLIST, ID
IDLIST — ID
ID—>A|B|C|D

npuBeneHa B Tabn. 5.1. JlpaliBep aHanu3atopa MCHONB3YET €lIC H
JIBa CTeKa — CcmeK cumeonos U cmek cocmosnuil. Tabmmna pazbopa
BKJIIOYACT 3JIEMCHTHBI YETBIPEX TUIIOB.

1)

2)

3)

Dnemenmul cosuzca. ITU NEMEHTHI UMEIOT BUI «S7» U 03-
HAYaIOT. TIOMECTUTh B CTEK CHMBOI, COOTBETCTBYIOIIWI
CTONOIY; TIOMECTHTh B CTE€K COCTOSIHHIA / W TIEPEHTH K CO-
CTOSIHUIO 7; €CJIA BXOJHON CUMBOJI — TEPMUHAJ, IPUHSAThH
ero.

Onemenm npuseoenusn. OH umeer BuI «R4» W 03HaYaeT:
BBIMTOJIHUTD MPHBEICHHUE C TIOMOIIBI0 TipaBuia (4), T.e. 10-
MyCTUB, YTO N €CTh YUCIIO CUMBOJIOB B NIPABOM YacTH Mpa-
Buna (4), ymamuth N 3J€MEHTOB M3 CTEKa CHMBOJIOB M N
3JIEMEHTOB U3 CTE€Ka COCTOSHUM U MEPEUTH K COCTOSHUIO,
YKa3aHHOMY B BEpXHEM 4acTW cTeka cocToaHuil. Herepmu-
HaJl B JIEBOW YacTh mpaBmia (4) HY)KHO CUHTATh CIIEIYIO-
IIMM BXOJIHBIM CHMBOJIOM.

Dnemenm owubOOK. ITH IEMEHTHI SBISIOTCS MPOOETaMu B
TaOJIUIE ¥ COOTBETCTBYIOT CHHTAKCHYECKUM OITHOKaM.

4) DOnemenm ocmanoeku. VIM 3aBepiiaercs pasoop.
Tabnuna 5.1 — Tabnuia pa3dopa
Cocrosiune S IDLIST ID real , AB il
CD
1 HALT 2
2 % A 3
3 R4 R4
4 R3 R3
5 =9 R1
6 3
7 R2 R2
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B Tabn. 5.2 paccMOTpuM, Kak ¢ TIOMOIIBIO BBINICOMHCAHHOMN
TabJHIBl pasdupaetcs ctpoka «real A, B, CLx».

Tabmmma 5.2 — Pa36op cTpoku

Crex Crex
TTo3umms .
CHMBOJIOB COCTOSIHUI
+real A, B, CL 1
BXOJHOM cuMBOI Ieal — u3 smemenra tabmuip (1, real), casur B cocTos-
HHE 2.

realt A, B,CL real 2
1
BXOJIHO# CHMBOJI A — CIBHT B COCTOSTHHE 3.
real A+, B,CL A 3
real 2
1
BXOJTHOM CHMBOIT — &,», TIPUBE/ICHUE TIO MpaBmi1y (4):
real Ay, B,CL real 2
1
BxoaHou cuMmBoi — |D, casur B cocrosguue 4:
real Ay, B,CL ID 4
real 2
1
BXOJIHOU CHUMBOJI — «,», IpUBeieHue 1o npasuiy (3):
real Ay, B,CL real 2
1
BxonHou cumBosl — IDLIST, casur B cocrognue 5:
real A+, B,CL IDLIST 5
real 2
1
BXOJIHOM CHMBOJI — &,%», CIIBUT B COCTOsTHHUE ©:
real Ay B,CL , 6
IDLIST 5
real 2
1
BXOIHOM cuMBOJ — B, caBur B cocrosiaue 3:
real A By, CL B 3
, 6
IDLIST 5
real 2
1
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TTo3umms

Crex
CHMBOJIOB

BXOJIHOU CHUMBOJI — «,», IpUBeIeHHe 10 npasuiy (4):

real A, By, CL )
IDLIST
real
BXOJHOM cuMBOJI — ID, caBur B cocTosinue 7:
real A, By, CL ID
IDLIST
real
BXOJIHOU CHUMBOJI — «,», IPUBeIeHHE 10 npaBuiy (2):
real A By, CL real
Bxoxuou cuMmBoil — |IDLIST, casur B cocrosuue 5:
real A By, CL IDLIST
real

BXOJIHOM CUMBOJI — «,%», CJIBUT

real A, B,» CL

BXOJHOU cumBoJI — C, cBuUr B

real A, B, CtL

B COCTOSIHUE 6:

IDL,IST
real

cocrosHue 3.

C

IDLIST
real

BXOJTHOM CHMBOJT — « L », ipuBeieHne no npasity (4):

real A, B, CrL )
IDLIST
real
BXOJHOM cuMBOJI — ID, caBur B cocTosinue 7:
real A, B, CtL ID

IDL,IST

Crex
COCTOSTHHI

PN OO

P NO1TO N

=N

=N Ol

=N OO

P NOITO W

PN OO

g o~
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Oxonyanue Tadmn. 5.2

Crek Crek
Tlo3umus .
CHUMBOIIOB COCTOSTHHI
real 2
1
BXOJTHOM CHMBOJT — « L », IprBe/ieHne MO mpaBity (2):
real A B, CiL real 2
1
Bxoxuou cuMmBoil — |IDLIST, casur B cocrosnaue 5:
real A B, CyL IDLIST 5
real 2
1

BXOJHOM CHMBOJI — « 1 », ipuBeieHne no npasmity (1):

real A, B, CrL 1

BX0/iHOU cuMmBosl — S, moatomy HALT (octanoB).

Paz0op 3aBepiiieH ycIenHo.

3aMCTI/IM, YTO IIOCJIE cABUTI'a BXOJAHBIM CHMBOJIOM SABJISICTCS
CIIEIYIOIIMA CHMBOJI, a TIOCIEe MPUBEICHUS — CHMBOJ, K KOTOPOMY
TOJIBKO YTO MPUBEIIO JICHCTBHE.

5.3 [NOCTPOEHUE LR-TABNULbI PASEOPA

[Ipu moctpoernn LR-tabmur pazbopa HaM HEOOXOIUMO CCHI-
JaThCsl Ha KOHKPETHYIO MO3MIMIO B MPAaBUIE, TIO3TOMY B IpaBHIIAX
BBOJIUTCS MOHATUE «KOHpuypayus». Hanpumep, B rpamMmmaTHKe

(1) S—> erea IDLIST

(2) IDLIST — IDLIST, ID

(3) IDLIST - ID

4 ID>A|B|C|D
Touka (e) coorBerctByeT KoHpurypauuu (1,0), T.e. mpaBmio (1),
no3urus O; xou¢wuryparust (1, 1) cCOOTBETCTBYeT TOYKE, MOSIBIISIIO-
miedics cpasy nocie real B mpasmie (1), a (2, 0) — Touke, mosIBIIsIO-
miedicst nepen IDLIST B mpaBoii yactu npasuna (2). Tak, koHpUry-
panust (2, 2) moka3bIBaeT, 4TO MpaBas 4acTh npasmia (2) pacro3HaHa
10 3aISITYI0 BKITFOUHTEIBHO.

CocrosiHne B Tabmuie pa3dopa TPUMEPHO COOTBETCTBYET
KOHHIrypauusM B rpaMMaTHKe C TOH pa3HHILEH, 4yTo KOH(Hrypa-
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MM, KOTOpBIE HEpa3NMYMMBl JUIS aHAIN3aTopa, IPEACTaBISIOTCS

OJTHUM H TeM ke coctossuueM. Hampumep, eciu (1, 0) cooTBeTcTBYET

coctosamio 1, a (1, 1) — COCTOSHHIO 2, TO B BHIMICIPUBEICHHOM

rpammaruke (2, 0), (3, 0) u (4, 0) OyayT Taxxe COOTBETCTBOBATH CO-

CTOSIHUIO 2. B 3TOM ciTydae ToBOPSAT, YTO MHOKECTBO KOH(HUTYpaIHid
{(1,1),(20),(3,0), (40}

o0pa3ytoT 3ambikanue (1, 1).

W3 3a1aHHOTO COCTOSIHUS, HE COOTBETCTBYIOLIETO KOHYY Npa-
éuna, MOXKHO TIEPEHTH B JPYroe COCTOSHHE, BBEAS TEPMUHAIbHBIN
WM HETEPMHUHAJIBHBIA CHMBOJI. JTO COCTOSIHUE HA3bIBACTCS npeem-
HUKOM TIEPBOHAYAIILHOTO COCTOSIHUS. UTOOBI MOCTPOUTH TaOIHILY
pazbopa, He0OXOAUMO TIPEXKIE HANTH BCE COCTOSIHUSA B TPaMMAaTHKE.
ITostomy, Hauwmnas ¢ kouduryparmuu (1, 0), mocienoBareabHO BHI-
MOJIHUM OTIepallii 3aMbIKaHHs ¥ 00pa3oBaHMs MPHEMHUKA JI0 TEX
IOp, NOKa BCe KOH(PUTYPAIIMH HE OKAXKYTCS BKIIOYEHHBIMU B KaKOe-
6o cocrostue. Tawm, rie psg KoHGUrypanuii CoIep>KUTCs B OHOM
3aMbIKaHHUH, KaX/1asi U3 HUX OyJIeT COOTBETCTBOBATh OJTHOMY M TOMY
ke cocrostHuio. HoBast koH(urypamms, Kotopas mHoiydaeTcs HpH
ornepanuy 00pa3oBaHMs NMPEEeMHUKA, Ha3bIBaeTcsi 6asosou. Ecmu 3a
0a30BOM KOH(UTypalueil clieayeT HETCPMHUHAJ, TO BCe KOH(pUrypa-
I[MH, COOTBETCTBYIOIIHE TOMEUICHHIO TOYKH ClIeBa OT KaXJOH Ipa-
BOW YacTH JUIsl JTAHHOTO HETEPMHUHAIA, CKOHIICHTPUPYIOTCS B 3aMBbI-
KaHWM 3TOH 0a30Boil KOHUrypauuu. B mpuBeneHHON rpamMMaTHKe
MOYHO BBIJICIUTh CEMb COCTOSIHHIA, KOTOpBIC ONHUCHIBAIOTCS Clie-
AyroruM oopaszom (tadi. 5.3).

Tabmmma 5.3 — CocTosHUS TpaMMAaTHKH

CocTostHure baza 3aMBIKaHHe

1 (1,0) {(1,0)}

2 1, 1) {(1,1),(20),(30), (4,0}
3 4,1 {(4,1)}

4 (3, 1) {G 1}

5 {2 1,12} {(2,1), (1,2}

6 (2,2 {(2,2),(4 0}

7 (2,3 {(2,3)}

OTH COCTOSIHMSA PACIIONOKEHBI B TPAMMATHKE CIEAYIOIINM 00-
paszom:
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(1) S— 1 real 2 IDLIST 5

(2) IDLIST —» 2 IDLIST 5,6 ID 7
(3) IDLIST - ;1D 4

(4) ID—)(Z’G)A|B|C|D3

3amMeTnM, 9TO KOHPUTYpaIUs MOXKET COOTBETCTBOBAThH Ooiiee
YeM OJTHOMY COCTOSIHUIO, U B 0a3e MOXeT ObITh 0oJiee 0JJHON KOH(U-
Typaluy, eciid MPeeMHHUKH ABYX KOH(PHUTYpaluili B OJJHOM U TOM XKe
3aMbIKaHUU HepasnuuuMbl. Harnpumep, 3a kondwuryparmusmu (1, 1) u
(2, 0) cienyer IDLIST, uro nenaer (1, 2) u (2, 1) Hepa3mUIUMBIMH,
IOKa HE OCYILECTBUTCA omepalusi 3aMblKaHud. YHUCIIO COCTOSSHUN B
aHaJIM3aTOPe COOTBETCTBYET YMCIIy MHOXKECTB HEPA3IMYMMBbIX KOH-
¢urypanuii B rpammatuke. [Ipuauna toro, 4ro aa u Oojee cocTos-
HUSl COOTBETCTBYIOT OJHOM KOH(UTYpalHu, PacKpbIBaeTCs B XOJe
pazbopa.

HelicTBusa aHanu3aTopa CO CABUIOM AHAJIOIMYHBI OIEpaluu
MoJTyueHus: IpeeMHuKa. [1o3ToMy JEWCTBUSA CO CIBUIOM B TaQJIHUILY
pa3bopa MOTyT BHOCHUTBCSI HA OCHOBAaHMH MH(OPMAIMK O pa3Menie-
HHUH COCTOSIHUI B rpammartrke (tadum. 5.4).

Ta6auma 5.4 — Tabnuma co caBuraMu

Cocrosiune S IDLIST ID real , AB il

CD

1 SV

2 9] A 3

3

4

5 6

6 3

7

Hamnpumep, npaBuiio (2) o3HayaeT «u3 COCTOSHHS 2 TPH YTe-
Huu IDLIST nepeiitu B cocTosiHre 5», «u3 cOCTOSIHUS 5 Mpy YTCHUU
3aIATON MEePEeUTH B COCTOSTHKE 6» U T.11.

3ajaua BHECEHHUs MPHUBEICHUs B Tabiuiy pa3dopa HETpUBH-
anpHa. OJIHAKO €IMHCTBEHHBIC COCTOSIHUS, B KOTOPBIX HMPUBEICHUS
BO3MOJKHBI, — 3TO COCTOSHHS, COOTBETCTBYIOIHE OKOHYAHUSAM IIpa-
B (B Hameil rpammaruke 3, 4, 5, u 7). [ToaToMy Mbl MO’KEM BHECTH
R4 Bo Bce cronbip! cocrosiHust 3, R3 — Bo Bce CTOIOIBI COCTOSIHUS
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4, R1 — B0 Bce cTouOLpBl coctosuus 5 1 R2 — Bo Bce cTONOBI CO-
cTostHUs 7. OHAKO B COCTOSIHUM S B OHOM CTOJOIE y)Ke UMeeTcs
JJIEMEHT  cABUra. TakuMm o0pa3oM, BO3HHKAaeT KOH(IUKT
cosuelnpusedenue. Coctosure 5 HassiBaeTCs Headexksamuvim. Pas-
PEIIUTh 3Ty MPOOJIEMY MOXHO, MPOCMATPUBAS CHMBOJIBI, KOTOPhIE
MoKasaiu Obl IPUBEICHUE B cOCTOsIHUE D, a He casur. W3 mpasmi (1)
u (2) cremyer, 4TO TAKUMH CHMBOJIAMH MOTYT OBITH TOJBKO «L» U
«», a MPHUBEJCHUE BO3MOXKHO JIMIIb B TOM cllydae, €Cld CHMBOJI
OKaXeTcs «L», B TO BpeMsl KaK aHaIHM3aTop OCYIIECTBUT CJIBUT B CO-
cTostHHE 6, eciM cIeqyIoUMM CUMBOJIOM OyzaeT «,». [losTomy BHO-
cuM R1 B maTyro cTpoKy CTOJIOIA, COOTBETCTBYIOIIETO 3HAKY «l».
OTUM JelicTBHEM HEaeKBATHOCTh CHUMaeTcs (Tadi. 5.5).

Tabnmma 5.5 — Tabnuma caABUTroB 1 IpUBEACHUI

Cocrostaue S IDLIST ID real , AB 1
CD
1 SV
2 S A 3
3 R4 R4 R4 R4 R4 R4 R4
4 R3 R3 R3 R3 R3 R3 R3
5 6 R1
6 3
7 R2 R2 R2 R2 R2 R2 R2

AHaJOTHYHBIM 00pa3oM, pacCCMOTPEB TPEIBAPUTEIILHBIE CHM-
BOJIbI, MOXHO HCKJIFOUHUTH H3 Ta6HI/IHI)I BCC JIMIIHUEC TIPUBECACHUA. B
pe3ynbraTe Tabnuia pazdopa npuodperaeT Bua Tabdm. 5.6.

Tabnmma 5.6 — OxoHvartenbHas Tabnuma pazdoopa

Cocrostaue S IDLIST ID real , AB 1
CD

HALT 2

$H HA 3

R4 R4

H R1

N|O|OAIWIN|F-
3
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5.4 CPABHEHUE LL- N LR-METO0OB PA3EOPA

Kak LL-, Tak u LR-mMeTtonsl pazbopa MMEIOT MHOTO IOCTO-
nHCTB. O6a MeTo/1a JeTepMUHUPOBAHBI M MOTYT OOHAPY>KUBATh CHUH-
TaKCHYEeCKHe OIMMOKM Ha camMoM paHHeM dtane. LR-meronsr obna-
JAf0T TeM MPEUMYIIECTBOM, YTO OHM IPUMEHUMBI K 0ojiee IIHpPOKO-
My KJIacCy TpaMMaTHK U S3BIKOB, H NpeoOpa3oBaHUE TPaMMATHK B
HUX O0BIYHO He TpeOyercs. OIHAKO I XOPOIIO CTPYKTYPUPOBaH-
HOW rpaMMaTHKH caM (akT npeoOpa3oBaHHUs IT'PAMMATHKH HE BBI3bI-
BaeT KaKUX-THOO0 TEXHUUECKUX TPYAHOCTEH.

JBa 3TMX M€TOJla MOKHO CpaBHUBATh B OTHOILIEHUH Pa3MEPOB
Tabmur pazdbopa u BpemMeHH pazdopa. Mcmomp3oBaHHE MO OZHOMY
CIIOBY Ha 3neMeHT B LL-tabmure pa3dbopa mo3BosIeT CBECTH pa3Mep
TUMUYHOHN TaONMMIBI K MUHUMYMY, B TO BpeMsi kak LR-pa3bop aroii
BO3MOYXHOCTH HE MPEIOCTABIISCT.

KosH u PoT cpaBHHBaM MaKCUMalbHOE U CpPEAHEE BPEMs
pasbopa ¢ nmomonipio LL- u LR-ananu3atopos. U3 naHHbIX i Ma-
mmH cepunt DEC pesynbrathl pazdopa LL-meronom oka3zamuch Obl-
ctpee Ha 50%.

Oba Merona paz0bopa MO3BOJISIOT BKIIFOYATh B CHHTAKCHC JEHCT-
BUSL JUISl BBITMIOJHEHUsSI HEKOTOPBIX acrekToB kommwisiun. [lns LR-
AHAJIN3aTOPOB TAKHE JCUCTBHUSI OOBIYHO CBS3aHbI C IPHBEACHUSIMU.

PasHbie pa3paboTYMKy KOMIIMIATOPOB OTAAIOT HPEATIOYTCHUE
pa3HbIM MeTozaM (T.e. pa3dopy CHHU3Y BBEPX WIJIM CBEpPXY BHHU3), UTO
MOCTOSIHHO CIIY’KUT TPeIMEeTOM IUcKyccuit. Ha mpakTtuke BBIOOp
METOAa B OCHOBHOM 3aBHCHUT OT HAQJIMYMS XOPOIIETro I'eHeparopa
CHUHTaKCUYECKUX aHaJIM3aTOPOB JIFOOOTO THIIA.

KOHTPOJbHbIE BOMPOCHI

TexHosorus pa3dopa CHU3Y BBEPX.

[Moctpoenune LR-rabmuist pazdopa.

Merto onpezeneHus KOJMIeCTBa COCTOSIHUI I'PAMMATHKH.
Pasperenne koH(MKTa CABUT/IPUBEICHHE.

Cpasuenue LL- u LR-meTon0B pazbopa.

ISUE A
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6 ONTUMU3ALINA KOOA

OpHOlt W3 TPYOHBIX W HEONPEIENIEHHBIX IPOOJIeM, BO3HHU-
Karonux Mnpu moCTpo€HUU KOMIIWIATOPOB, ABJIACTCA I'CHEpaAlus XO-
pouiero o0BbeKTHOro kozia. KauecTBo mporpamMmMsl onpenenisiercs mo
BPEMEHHU €€ BBINOJIHEHUSA U pazMepaM. K coxkaneHuro, aias 1aHHOR
KOHKPETHOM NPOrpaMMBbl HEBO3MOXKHO YCTaHOBUTH BPEMs BBIIIOJIHE-
HUS caMOH OBICTPO 3KBUBAJICHTHOW MPOTPaMMBbl WM JUTHHY CaMoii
KOPOTKOM 9KBUBaJICHTHOU MPOTrpaMMBbl.

BONBUIMHCTBO aNropuTMOB YJIy4YIIEHUS KOJAa MOMKHO pac-
CMaTpHBaTh, KaKk MPUIIOKEHUE Pa3IMYHBIX MPeoOpa3oBaHMil K HEKO-
TOPOMY NIPOMEXXYTOUHOMY NPEACTABICHUIO UCXOAHOM ITPOIPaMMBI C
LIEJTBI0 TIPUBECTU €€ K opMe, U3 KOTOPOil MOKHO TOJTYIHTH Hambo-
nee 3(GhexkTUBHBI OOBEKTHBIM KOJ. DTH NpeoOpa3oBaHUs MOTYT
MIPUMEHSTHCS B JF000H Touke mponecca komnwsinuu. OQHaKko Hau-
0ojiee 4acTo ITH MPeoOpa3oBaHUS MPUMEHSIOTCS K Mporpamme Ha
MIPOMEXYTOYHOM SA3BIKE.

[TpeoGpa3oBaHus MO YIIy4IIEHUIO KOJA MOXHO pa3/euTh Ha
MAalllMHHO-HE3aBUCHMbIE M MallMHHO-3aBHCHMBIE. [Ipumepom Ma-
LIMHHO-HE3aBUCUMOM ONTHUMM3ALUN MOXET CIY)XUTh yJaJIeHHE W3
MPOrpaMMbI OECIIONIC3HBIX ONEpaIUii, T.€. TAKUX, KOTOPbIE HUKAKUM
00pa3oM He BIIUSIOT Ha BBIXOJHBIE JAaHHBIE IPOTPAMMBI.

C momoImIpl0 MaIlIMHHO-3aBHCUMBIX TTPEOOpa30BaHMA MOXKHO
MOMBITATHCS IPUBECTH NpOrpamMmy K ¢opme, B KOTOPOH MOTYT CKa-
3bIBAThCA NPCUMYHICCTBA, CBA3AHHLIC C MAIIWMHHBIMU KOMaHIaMH
CIELUAIBHOI0 BUAA. DT BUABI IPeoOpa30BaHuil Mbl paccMaTpUBAaTh
He OyneMm.

6.1 ONTUMU3ALUSA NMUHEAHOIO YYACTKA

PaccmoTpum cxeMy mporpaMMel, IPEACTaBIISIONIeH co00# 1o-
CJIEIOBATEIbHOCTh ONEpPAaTOPOB NMPUCBOEHUS, KAKABIA M3 KOTOPBIX
umeet Bun A < f(By, By, ..., By), toe A, u Bj — ckamsipubie niepe-
MeHHbIe, a f — (yHKIHS OT I' IepeMEHHBIX.
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6.1.1 MOJEJB IUHEMHOI'O YYACTKA

Haunem c onpenenenus 6ioxa. biok Mopenupyer 4acTe mpo-
rpaMMBI Ha IPOMEXYTOYHOM SI3bIKE, KOTOpasi COINEPIKHUT TOIBKO Ofle-
paTopbl IPUCBOCHUS.

Onpedenenue. Ilycth £ — cueTHOE MHOXECTBO UMeH nepe-
Mennblx, a § — KOHEUYHOe MHOXKECTBO onepayuii. Ilpeanonoxum,
9TO Kaxknaas omnepanus 0€® nMeeT n3BecTHOE (DUKCHPOBAHHOE KO-
JIMYECTBO OIEPATOPOB, a ® U T HE IIEPECEKAIOTC.

Onepamopom Ha3bIBaeTCs LETI0YKa BUAA

A— 0By, B, ..., B,

rae A, By, By, ..., B — mepemennsie u3 X, a 6 — 310 r-MecTHas ore-
parus u3 ©. ByneM roBOpUThH, YTO ONEPaTOp OCYIICCTBISET MpU-
CBOCHHUS TiepeMeHHoM A u cchinaercs Ha By, By, ..., By.

FBnox B — sto tpoiika (P, 1, U), roe

1) P — cmucok omeparopoB S;; S; ...; S, (n>0);

2) | — MHOXeCTBO BXOJHBIX NTEPEMEHHBIX;

3) U — MHOXECTBO BBIXO/HBIX TICPEMEHHBIX.

Byznem npenmnosarats, 4To €Ciu oneparop Sy cebuiaeTces Ha A,
To A — 6o BXoIHAS TIEpeMEeHHas, JTHO0 OCYIIECTBIEHO MPHUCBOE-
HHE el 3HAYCHUSI HEKOTOPBIM OIEepPaTopoM 10 S (T.e. HEKOTOpBIM S,
i <j). Takum 00Opa3oM, BHYTpH OJIOKa BCE MMEpEMEHHbIE, HA KOTOPbIE
CChUTAETCsl §, K 9TOMY MOMEHTY OIpPEAENICHBI JTUO0 BHYTPEHHUM 00-
pa3oM, Kak IepeMeHHbIe, KOTOPhIM IPHCBOCHBI 3HAUYCHHUs, JHUOO
BHEIIIHUM, KaK BXO/IHbIC TIEPEMEHHbIC.

AHanorn4HsIM 00pa3oM OyJeM Mpejanoiarath, 4To Kaxas
BBIXOJIHAs TIEpEMEHHAs MO0 SBIISCTCS BXOIAHOW MEPEMEHHOH, MO0
il IPUCBOCHO 3HAYCHUE HEKOTOPHIM OIIEPATOPOM.

Tpumep. A < + B C (npedukcHas 3armck oreparopa A= B + C).

Ecnu omeparop OCyILIECTBIISCT MPHUCBOCHHUE, TO C ITHUM IPHU-
CBOCHHEM MOXKHO CBs3aTh HEKOTOpoe <aHaueHue». [locienHee
MpecTaBisieT coboli dhopmyny s A B TepMUHAX TIEPBOHAYATBHBIX
3HAYCHUH BXOJHBIX IEPEMEHHBIX.

Bynem mpexmonarate, 4TO BXOJHbBIC EPEMEHHbIC HMEIOT He-
M3BECTHBIC 3HAYCHHS U UX HAJ0 PACCMATPUBATh KaK ajireOpanvecku
Heu3BecTHbIe. Kpome Toro, 3HadeHHs omepanuii 1 MHOXECTBO, Ha
KOTOPOM OHH OIPe/IeJICHHBI, He KOHKPETH3UPOBaHbI, TAaK 4TO B Kaye-



116

CTBE 3HAYCHUI MbI MOKEM paccMaTpuBaTh JIHIIb GopMyIly, a He He-
KOTOPYIO BEJIHYHHY.
Onpeoenenue. Iycts (P, 1, U) — 6ok, P=S;; S; ...; S On-
penenuM 3HaueHue Vi(A) mepeMeHHONH A HEmoCPeACTBEHHO TMOCIe
MomeHTa BpeMeHH 0 <t < n, kak npedKCHOE BbIpakeHHE:
1) Ecmu Ael, To Vo(A) = A.
2) Ecnu onepatopom § sieisietess A — 0 By, ..., B, T0
a) V(A) = 0 via(By) ... via(By);
6) Vi(C) = vi1i(C) mns Bcex C = A, mpu ycnosuu, 9o V(C)
OITPEIEIIeHO.

3) Hus Bcex AeX, eciu Vi(A) He onpenenerno no 1) mim 2),
TO OHO HEOIPEIEIIEHHO.

JIBa OJIOKa CUMTAIOTCSI SKBUBAJICHTHBIMHU (=), €CJIM OHU UMEIOT
OJTHO ¥ TO K€ 3HAYCHHE, T.€. IETIOYKH, 00pa3yroIie MpeHUKCHBIC BbI-
paXkeHHs1, PaBHBI TOT/IA U TOJILKO TOT/IA, KOTIa OHH TOX/ICCTBEHHBI.

Ipumep. Iycte | = {A, B}, U ={F, G} u P cocrout u3 onepa-
TOPOB

T« A+B
S« AB
T« T*T
S« &S
F« T+S
G« TS

CuHauana Vo(A) = A u Vo(B) =B. Ilocie nepBoro omeparopa
vi(B) = B. Tlociie Broporo omneparopa V(S = A-B, a 3nauenus oc-
TanbHBIX mpexnue. [locme Tperbero omeparopa  Va(T) =
= (A+B)* (A+B), ocTasbHbIC 3HAUEHHS IEPEHOCSTCS C MPEIbIIYIIEr0
mara:

vi(S) = (A-B)*(A-B)
vs(F) = (A+B)* (A+B)+(A-B)* (A-B)
Ve(G) = (A+B)* (A+B)HA-B)* (A-B)
[Mockonbky Ve(F) = Vs(F), 3Hauenune Giioka Oyaet
{ (A+B)* (A-B)+(A-B)* (A-B), (A+B)* (A+B)—(A-B)* (A-B)}.

[Ipu onTumu3anmu Ko/1a MbI He Oy/ieM MmoKa paccMaTpuBath A
u B xak MaccuBbl.

Hamu ocHOBHEIE HpeHHOHO)KCHI/IH:
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1) BaxsbiM (hakTOpOM, KacarouumMcs 0JI0Ka, sBIseTcs Habop
(GyHKIHMH BXOAHBIX MEPEeMEHHBIX (IEPEMEHHBIX, OIpere-
JICHHBIX JUIsi OJIOKA), BEIYKMCIISIEMbBIX BHYTpH OJ10Ka. CKOJIb-
KO pa3 BBIYHCISETCS KOHKpETHas QYHKIHsS — HeCyIecT-
BEHHO.

2) VmMeHa mepeMeHHBIX, yYaCTBYIOIIUX B BBIYMCICHHSX, HE-
CYILECTBEHHBI.

3) MbI He BKiIIOYaeM ornepaTopsl Buaa X < Y.

6.1.2 IIPEOBPA3OBAHME BJIOKA

Ecnu maner nBa 6moka $B1 1 By, TO MOKHO YCTAHOBUTH, SKBH-
BQJICHTHBI JIU OHH, BHIYUCIIMB UX 3HAUCHHS U BBISICHUB, BBITOJHSIIOT-
cst M paBeHCTBO V($B1) = V($B,). OqHAKO MOXKHO yKazaTh OECKOHEU-
HOE YHUCIIO OJIOKOB, SKBUBAJIIEHTHBIX JIIOOOMY TaHHOMY.

Hamnpumep, eciiu B = (P, I, U) — 6710k X nmepemMeHHbIX, Ha KO-
TOPBIX HET CCBUIKU B B, A — BXojHas nepeMeHHas1, a § — omepa-
1us, To K P MOXkHO JIF000€ KOJIMYECTBO pa3 MPUCOSAMHUTE OIepaTop
X<« 0AA... A He u3MeHss 3Ha4eHHUE .

Ecnu BRIOpaTh HEOOXOUMYIO OLIEHKY, TO HE BCE DKBUBAJICHT-
Hble O70Ku OymyT ogumHakoBo 3¢ dekTuBHbIME. [Ipn maHHOM OJOKe
$B CyIIECTBYIOT pPa3JIMYHBIC MPEOOpa30BaHUsl, MPUMEHSICMBIC IS
0TOOpaXeHHUsI €r0 B SKBUBAJICHTHBIH M BO3MOXHO OoJiee JKeaTelb-
HbIl 050K B'. [TycTh § — MHOKECTBO BCeX TaKHX MpeoOpa3oBaHUH,
COXPaHSIOINX 3KBUBAIEHTHOCTH Oi0Ka. JItoboe mpeoOpazoBanue u3
F MOXXHO OCYIIECTBHUTH C TIOMOIIbI0 KOHEYHOH MMOCIIEI0OBATEIIEHOCTH
YeThIpeX MPOCTEHINX MpeoOpa3zoBaHuil GJIIOKOB.

Onpeoenenue. Iycts B= (P, 1, U) — 6ok, P=S; S; ...; S.
Jlnist 0;JHOOOpa3us MPUMEM, YTO BCE SJIEMEHTHI BXOJTHOTO MHOXKECTBA
MPUITUCAHBI K HEKOTOPOMY HYJIEBOMY OTIEpaTopy Sp, @ BCE DIIEMEHTEI
BBIXOJTHOT'O MHOKECTBAa — K HEKOTOpoMy N+1-my onepaTtopy Siii.

[lepemenHas A Ha3pIBaeTCS aKTHBHOM ITOCIIE MOMEHTA BpeMe-
HHU t, ecnu.

1) eif npUCBOEHO 3HAYEHHME HEKOTOPHIM OTIEPaToOpoOM S;

2) eii He IPUCBOEHO 3HAYEHHUE ONEPaTOpaMu Si1, Siy, -.., §;

3) Ha Hee He CCBUIACTCS OMepaTop Siy;

4) 0<i<t<j<n.
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Ecnu 4mciio j uMeeT MakCHMaIbHO BO3MOXKHOE 3HAYEHHE, TO
HOCIIEJOBATEIBHOCTD ONEPATOPOB Si1, Siz, ..., S+1 Ha3bIBaeTCS 00-
JacThIO JICHCTBUS orepatopa § M 00JIaCThIO JCHCTBUSL ITOTO TPH-
CBOGHHUSI ITIEpEMEHHOM A.

Ecimu A — BxojHas mepeMeHHas U TIociie § el He IpucBanBa-
eTcs 3HaueHue, To | = N+1, u ToBOpsAT, 4TO A JISKHUT B 00JIACTH JeH-
CTBHSA omeparopa S.

Ecnu 0110k cofiep KUT Takoi oniepaTop S 4To rmepeMeHHast, Ko-
TOpPOW MPUCBAUBACTCS 3HAUCHHWE B S HE SBJIACTCS aKTHBHOW IOCTE
3TOTO OIeparopa, TO 00NacTh ACHCTBHS orleparopa SIycTa, U rOBO-
pAT, uTO S— OecnonesHulil onepamop. S— OECIIONIC3HbIN OnepaTop,
€CITi OH He MPHUCBAaWBacT 3HAYCHHE MEPEMEHHOM, KOTopas He SBIs-
€TCsl BBIXOJHOW M Ha KOTOPYIO HET CCBUIKM B MOCJICIYIOIIUX Olepa-
TOpax.

Ilpumep. PaccMoTpuM OJI0K, B KOTOPOM 0, f M Y CITUCKH H3
HyJIsl Wi O0JIee OTepaTopoB:

o
A« B+C
B
D« A*E
Y

Ecimu A He mpucBamBaeT 3HAYCHHE B IIOCIIEIOBATEIBHOCTH
OIepaTopoB 3 ¥ HAa HEE HET CCBUIOK M3 Y, TO 00JIACTh JCUCTBUS OIle-
patopa A <« B+C Bximtouaet nomHOCTBIO U oniepatop D «<— A*E. Ec-
JIU B Y HET OMNEpPaTopoB, cchuiaromxcs Ha D, u D He sBnsieTcs BbI-
XOJTHOU TIepeMeHHOH, To oneparop D «— A* E GecrosneseH.

OmnpesnenuM Temepb YETHIPE MPOCTEHIINX MPeoOpa3oBaHUS
OJIOKOB, COXPAHSIOIINX SKBUBAICHTHOCTb.

Iyctes B=(P, I, U) — 600k, P=S}; S; ...; S IIpeodpasosa-

HUS OTIpEe/IeIMM B TEPMUHAX MX BO3JICHCTBUS Ha OJIOK.

6.1.2.1 Ynanenue G6ecnoJie3HbIX MPUCBANBAHMIT

T1: Yoanenue 6ecnonesnvix npuceausanuii

Ecnu omeparop §, 0 <i < N npucBanBaeT 3HAYCHUE MTEPEMEH-
HOM A M OHA HEe aKTHBHA ITOCJIE MOMEHTA i, TO

1) npui >0 moxHO ynanmuTs S u3 P;
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2) mpu i = 0 MoxHO yaamuth A us |.
Ipumep. Iycte B= (P, 1,U),rne | ={A,B,C},U={F,G} u
P cocrout u3 npaBwui:
F« A+A
G« FC
F« A+B
G« A*B
Bropoii omeparop Oecrmone3eH, T.K. ero 0o0JacTh AEHCTBUS
mycta. TakuM 0OpazoM, OJJHO MpUMeHeHne 11 oToOpaxaeT B B By =
= (P, 1, Uy), rie Py
F« A+A
F« A+B
G« A*B
Teneps B B, Oecrione3nsl nepemenHas C u epBbIi oneparop.
ITpumensist mOBTOpHO T, MOXHO ToyuuTh By = { Py, { A, B}, U}, rie
P, coctout u3
F <« A+B
G« A*B
I[J'Iﬂ TOI'O 1ITO6I)I MOXKXHO 6I)UIO CUCTCMATUYCCKHU yﬂaJ'II/ITI) nu3
omoka B = (P, |, U) Bce Gecrione3Hbie omepaTopsl, HAJ0 OMPEAETUTh
MHO)KECTBO MEPEMEHHBIX (TeX, KOTOPbIe SBHO WM HESBHO HCIIOJb-
3yIOTCSl B BBIYMCIICHUSX BBIXOJIA) TIOCIE KaXKIOro orepaTopa OJIoKa,
Ha4YMHAs C TOCJEIHEro orneparopa B P u nogHumasice BBepx. SIcHO,
gt0 U, = U — MHOXECTBO BCEX NepEMEHHBIX, TIOJE3HBIX MOCIE TI0-
CIIEZIHETO orepaTopa ..
Ipennonoxum, uto oneparopoM § sBnsiercss A < 0 By, By, ...,
B; 1 U; — MHOXeECTBO NIepEMEHHBIX, MOJIC3HBIX TOCIE .

1) Ecau AeU;, To § — mone3Hblil onieparop, Tak Kak mepe-
MCHHas A I/ICHOJ’II)?)YCTCSI JUIS1 BBIYHUCJIICHUSA BI)IXOI[HOﬁ Iic-
pemenHo#t. Toraa MHOXkecTBO Uj_; TIONE3HBIX MMEPEMEHHBIX
nocie §_; Haxoautcs 3ameHod A B U; Ha nepemenHbIe By,
Bz, . Br (T.C. Ui—l = (U| —{A})U{ B]_, Bz, . Br})

2) Ecmu AgU;, 1o omepatop § Oecriosie3eH, ero MOXHO y/a-
muTh. B aTOM ciygae Uiy = U;.

3) TMocne Berumcnaenns Uy MOKHO yaanuTh U3 | Bce BXOTHBIC
nepeMeHHbIe, KOTOphIX HeT B Uj.
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6.1.2.2 Uckiaroyenne N30bITOYHBIX BHIYUCICHU I

To: Hckarouenue uzbblmounbix 6bluUCAeHUN
Ipenmnonoxum, uro B = (P, |, U) — 670k, rae P umeer Bux

o
A<~ 0C...C
p
B« 0C;...C
Y
npuueM HU ojHa u3 nepemeHHbIx Cy, Cy, ..., C; He ecTh A, HU OJTHOM

Y3 HUX HE TPUCBAaNBaETCs 3HAYCHUE HU B KAKOM oriepartope f.
ITpeob6paszosanue T, otobpaxaer B8 B' = (P, I, U'), rne P —
npaBuia

a
D«0C¢C...C
BI
Y
u
1) B' — 970 cnmcok B, B KOTOPOM BCE CCHUIKH Ha HEPEMEH-

HyI0 A B 001acTu JEUCTBUS JAHHOTO HM300paKCHUS ITOU
NePEMEHHON 3aMEHEHBI CChIKaMu Ha P;
2) y'— 3TO CIHUCOK Y, B KOTOPOM Bce cChUIKK Ha A u B B 00-
JIACTH JJAHHBIX W300pakeHUH 3aMEHEHBI ccbuikamu Ha D.
Ecmm obmacte neiictBus nepemeHHod A minm B B obGmacTsix
JEWCTBUSI U300paKeHUI pacrpocrtpansercs Ha Sy, To U' — 3T0
MHOxkecTBO U, B koTopoMm A wiu B 3amenenst Ha D.
D moxer ObITh MOOBIM HMEHEM, HE MEHSIOLIMM 3HAuCHHE
O10Ka.
Iipumep:
S« A+B
F <« A+S
R« B+B
T« A*S
G« TR
Bropoit u yeTBepTHIii OmepaTOpBl MAIOT W3OBITOYHBIE BBHIYHC-
JIEHUS, TaK 4TO K B MOXHO MPUMEHHUTH Mpeobpa3oBanus T,. B pe-
synbrate uyero noiayuum B' = (P, {A, B}, {D, G}), rue P'
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S« A+B
D « A*S
R« B+B
G« D*R

6.1.2.3 [lepenmeHoBanmMe

Ts: llepeumenosanue
SIcHO, 4YTO, TIOCKOJIBKY pedb et o 3HaueHue Ooka B = (P, |,
U), uMeHa TepeMEHHBIX, KOTOPHIM MPHCBAMBAIOTCS 3HAYCHHS, HE
cymecTBeHHbl. [Ipeamonoxum, uro omepatopoM § B P sBisercs
A<« 0 B;...B: u mepemennas C He sBnsieTCS aKTHMBHOW B OOIIACTH
neiicteus onepatopa §. Toraa moxuo monoxuts B' = (P, |, U'), tae
P'— 510 P, B KoTOpOM § 3ameneH Ha C <« 0 B;...B;, a Bce Bxoxie-
Hus A B oOJsiactu jeiicTBus oneparopa § 3ameHensl Ha C. Eciau U
NexXUT B obnactu oneparopa §, To U' — sto U, B koTOpoM mepe-
MeHHas A 3ameHena Ha C. B mpotuBHOM cityuae U' = U.
Ipumep. Tycte B = (P, {A, B}, {F}), rne P coctout u3
T« A*B
T« T+A
FeTT
OnHO npuMeHeHue T3 MO3BOJISIET U3MEHUTH UM TIEPEMEHHOM
T na S Takum o6pazom, B' = (P, {A, B}, {F}), rae P'
S« A*B
T« StA
FeT*T

6.1.2.4 IlepecTanoBka

T4 Hlepecmanoska

ITycts B = (P, |, U) — 610K, B KOTOPOM OIIEpaTopoM S siBisi-
ercst A < 0 By...B;, onieparopom S, siBisietcst C «<— y D;...Dg, A He
coBmajaeT HU ¢ oxHOM nepemenHoi C, Dy, ..., Dsu C He coBmagaer
HU C OJTHOM U3 MepeMeHHbIX u3 A, By, ..., B,. Torna npeobpazoBanue
T4 otobpaxaet 610k B B B' = (P, |, U'), tne P'— s10 P, B koTOpOM
S u S.; IepecTaBieHbI.
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Ipumep. Tlycts B = (P, {A, B}, {F, G}), rne P cocrout u3

MIPaBUII

F« A+B
G« A*B.

MoskHo npumeHuTh T4 1 otobpasuts B 8 (P, {A, B}, {F, G}),
rae P' cocrouT u3 mpaBun

G« A*B.
F« A+B

6.1.3T'PA®UYECKOE IIPEJICTABJIEHUE BJIOKOB

Jnst kaxaoro 6moka B = (P, |, U) MoxxHO HaiiTh opueHTHPO-
BaHHBIA anukiudecknid rpad D, ecrecTBeHHBIM 00pa3oM MpeCTaB-
nstrorit B. Kakenid muct rpada D cooTBeTCTBYET OHON BXOTHOM
NIepeMeHHOM B |, a KaXkast ero BHyTPEHHSIS IIepeMEeHHast BEpIINHA —
oneparop u3 P. K Takum rpadam nerko npuMeHUTh pacCMOTPEHHBIC
HaM¥ IpeoOpa30BaHUI.

Onpeoenenue. Ilycts B = (P, |, U) — 610k. [TocTporm nome-
4yeHHbIi rpad D(B):

1)
2)

3)

4)

Mycte P=S; S; ...; S,
Jns xaxnoi nepemeHHolt Ael oOpasyem BepiIMHY C MeT-
Kol A n OyzeM Ha3bpIBaTh €€ TMOCIEAHUM OMNpeAeTICHUEM
s A
HOusai =1, 2, ..., n nenaem cruenyroriee: myctb A< 0 By B,
. Br , oOpazyem HOByIO BepmuHy, MOMEYEHHYIO 0, U3 KO-
TOPO#l BBIXOJAT I OPUEHTUPOBAHHBIX nyr. IlycTh j-s1 mayra
(mpu ynopsiioueHuu ayr cieBa HalpaBo) yKa3blBaeT Ha I0-
criennee onpenencuue s B, 1<j < r. HoBas BepiuHa,
noMeueHHast 0, CTAHOBUTCS MOCIEAHUM OIpeeiCHueM A,
9TOH BEpIIMHE COOTBETCTBYET omeparop § B D.
I[Tocse mara 3) BepUIMHBI, SBISIOMINECS MOCICIHAM OIpe-
JIeTICHUEM BXOJHBIX IT€PEMEHHBIX, TOMEYArOTCsl KaK BbIjIe-
JICHHBIE ¥ OTMEYAIOTCS KPY>KKaMHU.

Ipumep: nycte B = (P, {A, B}, {F, G} ) — 6110k, B koTopom P
COCTOMT M3 OIIEPaTOPOB

T« A+B
Fe AT
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T« B+F
G« BT
I'pacd D(B) uzobpaxen Ha puc. 6.1.

n4
ns
Ok
(6"
GRS

Puc. 6.1 — IIpumep opHeHTHPOBAHHOTO
anuKIngeckoro rpada

Uetsipe omeparopa u3 0j0ka B COOTBETCTBYIOT IO MOPSIAKY
BEPIIMHAM Ny, Ny, N3 U Ny.

Kaxeiit Tpad mpeacTaBiseT KiIace SKBHBAJICHTHOCTH < g4.
Ecnu 6110k $B; ¢ MOMOIIIBIO MOCIIEA0BATENEHOCTH TPeoOpa3oBaHmii 13
u T, MOXHO mpeoOpa3oBath B OJIOK By, TO O10ku By u B UMEIOT
OIIMH ¥ TOT ke rpad, u Ha000POT.

Jlemma. Eciiu By =>34 B>, To D(B1) = D(By).

Onpeoenenue. ok B = (P, |, U) Ha3bIBaeTCs OTKPHITHIM, €CITH

1) uu omuH u3 onepatopos P He nmeet Bua A«—a, tie Acl;

2) B P Her aByx omeparopoB, MPUCBAHBAIONIMX 3HAYCHHE OJ-

HOH U TOH K€ IIEPEMEHHOM.

B otkpsiTom Gmoke B = (P, |, U) Bce onepatopsr § u3 P npu-
CBaWBAIOT 3HAYCHUS NepeMeHHBIM X, He BXOAAIINM B |. OTKPBITHIHA
OJI0K BCer/ia MOKHO MOJYYHUTh C TIOMOIIBIO TOJIBKO MpeoOpa3oBaHmit
Ts.
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Jlemma. Tycts B = (P, |, U) — 6mok. Toraa cymecTByeT Ta-
KOI DKBHBAJICHTHBIN OTKpbITHIN 010k B' = (P', I', U"), uto B <3 B'.

Teopema. D(B;) = D($B,) Toraa u TOIBKO TOTAa, KOrja
B <:>*3|4 $B,. To ecTh ABa OJ0Ka UMEIOT OJIMH U TOT K€ rpad Toraa u
TOJIBKO TOT/Ia, KOTJIa MX MOKHO IPeoOpa3oBaTh OJUH B JAPYroi me-
PEUMEHOBAHHEM H TIEPECTAHOBKOM.

Cneocmeue. Ecmu D(8,) = D(85), T0 B1 = Bo.

Ipumep. Paccmorpum gBa O6moka By = {Py, {A B}, {F}} u

By = {Py, {A, B}, {F}}, muoxectBa Py u P, s HUX npuBeICHBI B
Tabm. 6.1.

Tabnmma 6.1 — Ilpumep MHOKECTB OIIEpaTOPOB

P1 P,
C « A*A C«B*B
D « B*B D « A*A
E« CD E « D+C
F <« C+D C« D-C
F« E/F C« CIE

broku $B; u B, UMEIOT OJUH U TOT ke rpad, N300paKEHHBIN

Ha puc. 6.2.

Puc. 6.2 — I'pad s 6i1oxoB
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C oMo mmpeobpa3zoBaHust T3 MOXKHO O0TOOpa3uTh By U B,
B oTkphIThie Ooku B1' = (P, {A, B}, {Xs}) u B, = (P2, {A, B},
{Xs}) (rabm. 6.2).

Tabmuna 6.2 — OTKpBITHIE 0JIOKH

Py Py
X1« A*A X, < B*B
X, < B*B X1 < A*A
X3 < Xl—X2 X4 < X1+X2
X4 < X1+X2 X3 < Xl—X2
Xg < XafX4 Xg < XafX4

A ¢ oMoIIBI0 OnepaTopa MepecTaHOBKH UX MOXKHO MPUBECTH
U CJIeTIaTh MOJHOCTHIO SKBUBAJICHTHBIMH.

6.1.4 KPUTEPUI DKBUBAJEHTHOCTH BJIOKOB

Onpenenenue. brnok B Ha3bpIBaeTCsS NMPUBEACHHBIA, €CIU HE
CYIIECTBYET Takoi 010K B', uT0 B =1, B'.

[IpuBeneHHbIN 60K HE COAEPNKHUT HU OECIOJIE3HBIX OIMEPaTo-
POB, HA I/I36I)ITO‘IHI)IX BBIUMCJICHHI.

Ecmm nan 610k 8, TO MOXKHO HAWTH SKBUBAJIEHTHBIN eMy TIpH-
BEJIEHHBIH OJIOK, MMOBTOPHO MpuMeHss 11 u T,. Ilockombky kaxmoe
pUMEHeHue T U T, COKpalaeT JUIMHY 0JIOKa, B KOHIIC KOHIIOB, MbI
JOJDKHBI TIPUWTH K TMPUBEJEHHOMY Onoky. Jlnsi mpuBeaeHHBIX OJ0-
KOB B = B, Torna u Toabko Torna, koraa D(B;) = D(By). Takum
oOpa3om, ecir gaH OJIOK B, TO MOKHO HAWTH €IWHCTBEHHBIN rpad,
COOTBETCTBYIOIIMI BCEM MPUBEICHHBIM OJIOKaM, MOJTydaeMbIM U3 B,
HE3aBUCHMO OT KOHKPETHOW IMOCIIEeN0BATEILHOCTH NpeoOpa3oBaHuil
T, u Ty, B pe3ysnbTaTe KOTOPOH OBbUT MOTY4EH MPUBEICHHBIN OJIOK.

Onpeodenenue. Iycts P = S} S; ...; § — cnmcok onepatopos
610ka. O603HaunM yepe3 E(P) MHOKeCTBO BBIpaKEHHI, BBIYHCIISIC-
Meix B P. ®opmamsno E(P) = {w(A) | S — ocymecTBiseT
npucBoeHUe nepeMernoi A, 1 <t <n}.

Beipaxxenue n Beruncisiercst B P K pas, eciu cymectByer K ta-
KHX Pa3IM4HbIX 3HaueHuil t, uro V(A) = N u § nmpucsauBaer 3Have-
Hue A.
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Jlemma. Ecim B = (P, |, V) — npusenenuslii 6510k, To P He
BBIYUCIISICT HUKAKOTO BBIPAXKEHHUs 00JIee OJTHOTO pasa.

Jemma. Eca By = (P, 11, Uy) u By = (Po, |5, Uy) — skBuBa-
JICHTHBIC TIpHBeAeHHbIe O010KH, TO E(P;) = E(Py).

Teopema. Eciu B; u B, — 1Ba NPUBEICHHBIX OJIOKa, TO
By = B, TOTIA ¥ TONBKO TOTAA, Korma D(B1) = D(By).

Cnedcmsue. Bee mpuBeneHHbIE OJIOKH, SKBUBAJICHTHBIC IaH-
HOMY, UMCIOT OJTUH U TOT e rpad.

CoOupasi Bce NPUBEICHHBIC BBIIIC OMPEICIICHUS, MOXKHO J0-
Ka3aTh, YTO JUJIS TOTO, YTOOBI MPEBPATUTh OJIOK B JIFO00H €My SKBH-
BaJICHTHBIH, IOCTATOYHO YETHIPEX BBEJCHHBIX MTPEOOPa30BaAHHN.

Teopema. B, = B, TOTAA ¥ TOIBKO TOTAQ, KOTaa BL <1534 Bo.

6.1.5 OnNTUMHU3ALIMS BJIOKOB

OcHOBHas 3ajja4ya ONTUMHU3ALUU — MpeoOpa3oBaTh OJOK B B
Omox ', onTHMaJIbHBIA OTHOCHUTENHHO HEKOTOPOHW OIICHKH OJ0Ka
(puc. 6.3).

B

Ontumu- B .| I'emepatop Po

P />
3aTop KOoJa

Puc. 6.3 — Cxema onTuMu3aIuu

To ects no gaHHOMY OJI0KY $B MBI XOTHM MOJYYHUTH MPOTPaM-
My Ha OOBEKTHOM SI3bIKE, ONTHMAIBHYI0 OTHOCHTEIILHO HEKOTOPOI
OLIEHKM OOBEKTHBIX MPOrpaMM, TaKOH, HampuMep, KaK pasMep IMpo-
rpaMMBl WM BpeMs €€ BBHIMOJHEeHHS. ONTUMH3ATOp NMPUMEHSET K
OJI0OKy #B TOCIIeA0BATENBHOCTE Peo0pa3oBaHUi, YTOOBI MIOCTPOUTH
3B', SKBUBANEHTHBIN $B, 13 KOTOPOrO MOKHO MOJTYYHTh ONTHMAIBHYIO
nporpammy. Takum oOpa3oM, oJHa U3 3a[a4 3aKJII0YAETCS B OLICHKE
OJIOKOB.

Onpeodenenue. OnigHka 6JI0KOB — 3T0 QyHKIHUSA, 0TOOpaXkaro-
mias 0J0KM B BellecTBEHHbIE yncia. biok $B Ha3bIBaeTCs ONTUMAIIb-
HBIM oTHOCcHTENbHO orieHkn C, eciu C(B) < C(B'), g Bcex B, ok-
BHUBaJIeHTHBIX $B. OTIeHKa Ha3BIBAETCS IPUEMIIEMOM, eciti By =1, B>
Bieder C(B,) < C($B1) u nr060ii OIOK UMEET IKBUBAJICHTHBIH OJIOK,
onTHMaNbHBIA oTHOCcUTENbHO C. MHBIMH clOBaMH, OLEHKA TpHEM-
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JiemMa, eciiu mpeodpazoBaHust 11 U T,, IPUMEHsEMbIE B TIPSIMOM Ha-
MIPaBIICHUH, HE YBEITMYNBAIOT OIIEHKH OJIOKA.
Jlemma. Ecin C — nipuemieMasi OlieHKa, TO JIto0oH 010K umeeT
SKBUBAJICHTHBIN MPUBEACHHBIN OJI0K, ONTUMAIILHBIN OTHOCHTENHHO C.
Teopema. Ilycts B — moboii 6mok. CymectByet 010Kk B', 9K-
BHUBaJICHTHBIN $B W Takoi, 4o, ecnmn C — mpuemiiemasi OIeHKa, TO
HaWyTCs Takue OJIOKH, UTO

1) B <4 By;

2) B3 By

3) B, ontumanbHEI oTHOCHTENHHO C.

Takum 006pa3oM, eciy MBI XOTUM ONTHMHU3UPOBATH JTAHHBIH

0110K B, TO:

1) cHavaga MOXXHO HCKJIIOYHTH M3 B JHIIHHE W OECIONIE3HbIE
BBIYUCIICHHS] ¥ TIEPEMMEHOBATh MIEPEMEHHBIC, C TEM YTOOBI
MOJYYUTh IPUBEICHHBIH OTKPBITHIN OJIOK B,

2) 3areM B $B' MOXKHO MEPEYNOPSI0YUTH OIMEPATOPHI C TIOMO-
b0 TIEPECTAaHOBKM W JIENaTh 3TO IO TeX MOop, MOKa He
chopmupyetcst 610K JB1, B KOTOPOM OIEPATOPBI PACIIOO-
JKEHBI B HAMTYYILIEM MOPSIKE;

3) HakoHel, B $B; MOKHO NEPEUMEHOBBIBATh IEPEMEHHBIC JI0
TeX Iop, OKa He Oy/eT Hai/IeH ONTUMAIEHBIA OJTOK $B».

Ilpumep. PaccMOTpuM MAaIIMHHBIA KOJ, F€HEPUPYEMBIA IS

0510KOB. BprumcnurenbHas MalMHa MMEET OAMH CyMMarop U clie-
JyroIui Habop KOMaH| acceMouiepa:

1) LOAD M — cozaepxumoe stueiiku namsata M momernaercs
Ha CyMMAaTop.

2) STORE M — conepxumoe cyMMaTopa, 3allOMHHUTh B sTUCH-
ke mamsTa M.

3) 6 M, M3 ... M,. B aroii komaHIe 0 — uMs r-MecTHO# ore-
pauuu. Ee mepBelli apryMeHT — CyMMAarop, BTOPOH —
sa4eiika maMatH M; u T.1. Pe3ynpraT mpuMeHeHUs omnepa-
1uH 0 K CBOMM apryMeHTaM pa3MellaeTcss Ha CyMMarope.

I'enepaTtop kKoma JOKEH MEpEeBOIUTH omeparop Buma A <« 0

B, B, ... B, B mociie1oBaTeIbHOCTh MAITMHHBIX KOMAH]I
LOAD B,
0B,B;... B
STORE A



128

Opnako, ecnu 3HaueHWe B; yxe HaxomuwTcss Ha cyMMaTrope
(T.e. mepen 3TEM OBUTO TPHCBOEHHE 3HaueHHs B;), To mepByro Ko-
Manny LOAD renepupoBats He HaJl0. AHAIOTUYHO, €CTIM 3HAYEHHUE
A He TpeOyercs HUTIE, KpOME IIEPBOrO apryMeHTa CJICIYIOIIEro
orieparopa, To komanna STORE He HyxHa.

Onenutb oneparop A<« 0 B ... B, moxHo uucnamu 1, 2, 3.
Onenka paBHa 3, ecii B; HeT Ha cymmarope, 1 B JanbHEHIIEM eCcTh
CCBUIKA Ha HOBOE 3HaueHHe A, OTIMYHAs OT IEPBOr0 apryMeHTa clie-
nyrorero omneparopa (T.e. A Haxo 3amomMuuTh). OrieHka paBHa 1, ec-
mu B; ye Ha cymMMaTope M HeT CChUIOK Ha A, OTIIMYHBIX OT IEPBOTO
apryMeHTa CJIEAYIOIIEro onepaTopa. B ocTalbHBIX cloydasx OLEHKa
paBHa 2.

Paccmorpum 650k B = (P, {A, B, C}, {F, G}), F = (A+B)* (A—
-B), G = (A-B)*(A-C)*(B—C). Cricoxk omneparopos P; Takos:

T« A+B
S« AB
F« T*S
T« A-B
S« AC
R« BC
T« T*S
G« TR

becrione3HbIx orepaTopoB HET, HO €CTh MOBTOPEHHS — BTO-
pOH M YeTBEPTHI omepaTropbl. Ty W30BITOYHOCTH MOXKHO YAAJIHTh.
B pesynbTare nosy4uM MpuBeICHHBIN OnepaTopHblil 010k B, = (Pa,
{A, B, C}, {Xg, X7}), e P2

Xy < A+B
X« AB
X3 < X]_* X2
Xy AC
X5 «~ B-C
Xe = Xo* X4
X7 <« X5* X5

I'pad mns B, m3obpaxen Ha puc. 6.4. CymecTByeT MHOTO

porpamM, B KOTOPbIE MOXKHO NPe0Opa3oBaTh B, ¢ IOMOILIBIO T4.
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Crnenytommii ajlropuT™M JaeT JHHEHHOE VYIOpPsIOYNBaHUE
BepmH TpadoB. B Tpebyemom Oioke omepaTopbl, COOTBETCTBYIO-
e 5TUM BEPUIMHAM, PACIIOJIOKCHEBI B O6paTHOM TMOpAOKE.

Aneopumm:

1) Crpoum crucok L. Baauase oH mycrT.

2) BeiOupaem BepmmHy N rpada tak, uro NglL u, ecnu cyie-
CTBYIOT BXOJIIME B N AYrW, OHU JOJDKHBI BBIXOAWUTH W3
BEpIIIKH, yKe npuHaiekanmx kK L. Ecnu Takoii BepIIvHbI
HET, TO OCTAHOBHTCSI.

3) Ecmu n; — moceanss BepiinHa, nobasisemas k L, camas
JIeBas Ayra, BBIXOIAIIAsA U3 Ny, YKAa3bIBAET HA BHYTPEHHIOIO
BepIIMHY N, HE MPUHAUISKAIITYIO L, 1 Bce mpsMbIe IpeIKu
N yxe npuHaanexar L, To mobasmsem N k L u moBTopsem
miar 3), B MPOTHBHOM CJTydae MepexouM Ha miar 2).

Puc. 6.4 — I'pad anst npuBeneHHOTO 610K

Ha mpuBenennom rpade moxxHo Hayath ¢ L = nz. CormacHo
mrary 3) k L gobasisiem Ny. 3arem BoiOupaem u jobasisieM k L Bep-
KUHY N7, @ TOTOM Ny U N5, TaK YTO L mmeer Buz N3, Ny, N7, Ng, Ny, Ny,
Ns. YUuTBIBas, YTO ONEPaTOp, MPUCBAUBAOIIMN 3HAYEHUE X, TIOPO-
XKJaeT BEpUIMHY N, U YTO CIHCOK L COOTBETCTBYeT omepaTopaM B
obpatHOM mopsizike, norydaeM 0iok Bz = (Ps, {A, B, C}, {Xs, X7}),
rae P;

X5 «~ B-C
Xy AC
X; < A-B
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Xe <= Xo* X4
X7 ¢ X6* Xs
X, < A+B
X3 <« X]_* X2
MammHHBIA KONl JUIS PAaCCMOTPEHHBIX OJIOKOB TIpHBEIEH B
Tabi. 6.3.

Tabuuua 6.3 — MaluHHBIA KO

a) u3z B, 0) u3 B3

LOAD A LOAD B
ADD B SUB c
STORE X STORE X5
LOAD A LOAD A
SUB B SUB c
STORE X2 STORE X4
LOAD X1 LOAD A
MUL X2 SUB B
STORE X3 STORE X2
LOAD A MUL X4
SUB c MUL X5
STORE X4 STORE X7
LOAD B LOAD A
SUB c ADD B
STORE X5 MUL X2
LOAD X2 STORE X3
MUL X4

MUL X5

STORE X7

6.1.6 AITEBPAUYECKUE ITIPEOBPA3OBAHUSI

Bo MHOTHX SI3BIKax MPOrpaMMHUPOBAHHS HEKOTOPHIE ONEPAIIUH
Y ONEpaH/Ibl MOAYMHSIOTCS OINPEACICHHBIM alreOpanyecKuM 3aKo-
HaM. YUYUTBIBas dTH 3aKOHbI, MOXXHO NPOBOAWUTL TAKUC YJIIYUIICHUS
MPOrpaMMBbI, KaKie HEBO3MOXKHO CJIENIaTh C UCIIOJIb30BAHHEM YETHI-
pPex pacCMOTPEHHBIX BBIIIE THIIOB IPEOOPAa30BaHUIA.

Paccmotpum Haubonee paclnpocTpaHEHHbIE anredpandeckue
peoOpa3oBaHus:




1)

2)

3)

4)

5)
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bunapras onepanus 0 Ha3BIBACTCS KOMMYMAMUBHOU, €CITA
a0p = POa mns Bcex BeIpakeHuit o u P. [Ipumepom KomMmy-
TaTUBHbBIX onepaum‘/i CJIY’KaT CJIIOKCHHUEC U YMHOXCHUEC YU-
cell.

bunapras onepanus 0 HaszpIBaeTcs accoyuamugHol, €Ciu
ab(BOy) = (aOB)Oy st Beex a, B u y. Hanmpumep, ciokenne
KOMMYTAaTUBHO, TaK Kak a+(B+y) = (a+f)+ 7.

bunapnast onepanus 01 HazbIBaeTCS OucCmpuOYmueHot OT-
HOCHTENIbHO OuHapHO# omepamuu 0, ecimu ab1(BOyy) =
= (001B)02(a61y). Hampumep, yMHOXKEHHE AUCTPUOYTHBHO
OTHOCHTEIIBHO CIIOKEHUS, TaK Kak a* (B+y) = a*f + o*y.
VYHapHas omnepanusi 0 Ha3pIBaeTCS UOEMNOMEHMHOU, eCIN
000 = o mig Bcex o. Hanmpumep, jgorudeckoe oTpULaHuE U
YHapHasi onepanust «<MUHYC>» HJIEMIIOTEHTHBI.

BeipaxkeHne € Ha3bIBACTCS HeUmpaibHbIM OTHOCHTEIIBHO
OounHapHOU omepanuu 0, ecmu €Ba = abe = o @A Beex a.
Harpumep:

a) Koncranta O HelTpalbHa OTHOCHTEIBHO CJIOKCHHUS.
Hefitpansao U moboe Beipakenne, nMeromlee 3Hadenue 0.
Hampumep, o —a, a*0, (—a) + a.

6) Koncranra 1 He#TpasibHa OTHOCHTEIIBHO YMHOXKEHHSI.

B) Jlornueckass KOHCTaHTa «uUCmuna» HEATpabHA OTHOCH-
TENBHO KOHBIOHKITUH (T.€. O A UCMUKA = O IJIS BCEX 0.

r) Jlormyeckasi KOHCTaHTa «IOJCH» HEHTpajbHA OTHOCH-
TENBHO AU3BIOHKINH (T.€. 0LV 102iCh = 0L 11 BCEX OL).

Ecmu @ — MHOXecTBO anre0panyecKux 3aKOHOB, OyaeM ro-

BOPHUTb, UTO BbIPAJCEHUE O IKEUBANEHMHO 8bIpAdNCEHUI0 B omHoCcU-
menvno @ (M mHcaTh o =q ), €cau 0. MOXKHO Tpeodpa3oBath B f3,
MIPUMEHSIS TOJIBKO anre0pandeckue 3akoHb (.

Ilpumep. PaccMOTpUM BBIpaKE€HUE

A*(B*C) + (B*A)*D + A*E.

C MMOMOUIbIO ACCONUATHBHOI'O0 3aKOHAa YMHOKCHHA MOXXHO 3a-

mucate A*(B*C) B Bume (A*B)*C. C momomnpi0 KOMMYTATHBHOTO
3aKOHAa YMHOXKEHHUS MOKHO 3ammcath B*A B Bume A*B. [Ipumenss
JUCTPUOYTHUBHBIN 3aKOH, BCE BRIPAKCHUE MOXKHO 3aIlUCaTh KaK

(A*B)*(C + D) + A*E.
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Hakosnen, nmpumeHsisi acCOLMATUBHBIA 3aKOH K IEPBOMY Cla-
raeMoMy, 3aTeM JUCTPUOYTHBHBIN 3aKOH, MOXHO 3aIllcaTh BhIpake-
HHUE KaK

A*((B*(C+D) +E).

Takum 00pa3oM, 3TO BBIPaKEHHE HKBUBAJIECHTHO HCXOIHOMY
OTHOCHUTEIILHO aCCOLMATHBHOIO, KOMMYTaTHBHOTO U TUCTPUOYTHUB-
HOI'0 3aKOHOB YMHOXKCHUSA U CIIOKCHUA. OI[HaKO OHO BBIYUCIIACTCS
TOJIBKO JBYMSI YMHOXXEHUSIMH U JIBYMSI CIIOKEHHSMH, B TO BPeMsI KaKk
IUIs1 ICXOJHOTO TpeOOBaIOCh MATh YMHOKEHHH U 1BA CJIOKEHUS.

Omnpenenenne IKBUBAJICHTHOCTH OTHOCHUTEIBHO MHOXKECTBa
anreOpanveckux 3aKOHOB (I MOXKHO paclpOCTPaHHUTh M Ha OJIOKH.
Bynem roBoputs, uro Onoku By 1 B, SKBUBAJIEHTHBI OTHOCHUTEIHHO
d (u mmcath By =q Bo), €CiAM CYNIECTBYET TAKOE BBIPAKEHHUE
B € V(B,), uto 0. =q B, ¥ HAOOOPOT.

Ipumep. Ecnu cnoxxeHne KOMMYTaTHBHO, TO Peo0pa3oBaHue
OJIOKOB, COOTBETCTBYIOIIEE STOMY alNredpandeckoMy 3aKOHY, ITO3BO-
JSET 3aMeHSTh B Oyioke omeparop Buma X <— A+B Ha omepatop
X <« B+A. CootBercTBytomue mpeodpazoBaHus rpada Mmo3BONISIOT
3aMEHUTD B rpade cTpykTypy (puc. 6.5).

Ecnu nan xoHeuHbIl HA0Op anredpanuecKux 3aKOHOB M COOT-
BETCTBYIOILIME NpeoOpa3oBaHusi OJIOKOB, TO IJIsl HAXOXKICHUS OINTH-
MaJbHOTO OJIOKA, PKBUBAJCHTHOTO JaHHOMY, JKeJIaTeIbHO ObLTO OBl
MPUMEHSTh UX BMECTE C TOMOJIOTHYECKUMH INpeobpazoBaHusaMu. K
COXAaJICHHIO, Ui KOHKPETHOI'O Habopa anredpanyecKux 3aKOHOB
MOXKeT He ObITh 3(h(heKTHUBHOTO crioco0a MPUMEHEHHS STHX MTpeodpa-
30BaHMH AJIs1 HAXOXKICHUSI ONTUMAJIBHOTO OJI0KA.

=

Puc. 6.5 — 3ameHna cTpykrypsl rpada

OOBIYHBII TOIXO K PEIISHUI0 3TOTO BOIPOCa 3aKIIF0YaeTcs B
TOM, YTO anreOpanmyecKkue MpeoOpa3oBaHUsl MPUMEHSIOT B OTpaHU-
YEHHOM BHJIE, HAJICSACh ClIeNaTh OOJbllle «YMPOIIEHHI» BhIpaKEHUH
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¥ BBIPa0OTaTh, BO3MOXKHO, OOJIbIIIEe YUCIO OOIINUX TOABBIPAKEHUH.
B turmmanO# cxeme BOa 3amensercs Ha aff, ecnu 6 — KOMMyTaTHB-
Has OMHApHAs oIepalys, a o MPEAMIECTBYET [} MPU HEKOTOPOM JICK-
CHKOTpaMuecKoM YHOPSIOYEHUH HMEH MepeMeHHBIX. Ecmm 6 —
accollMaTUBHAs W KOMMYTATWBHAas OWHApHAs oOmepanus, TO
0100.0...00, MOXXKHO Tpe0Opa3oBaTh, pacmoiaras IMeHa oy, ..., On B
JIEKCUKOTpapueCcKOM MOPSAKE U TPYIIHUPYS HX CIIeBa HAPABO.

Ipumep. Paccmorpum 6mox B = (P, 1, {Y}), rne | ={A, B, C,

D, E, F}, a P— mocnenoBareibHOCTh OIIepaTopoB

X]_ «~ B-C

Xo < A* X
X3« E*F

X4 < D* X3
Y« Xz* X3

briokx B BEIYMCIAET BBIpAXKEHUE
Y = (A*(B-QC))*(D*(E*F)).

I'pad nns B npuseneH Ha puc. 6.6. [Ipeamnonoxum, 4To ais
O5oka JB reHepupyeTcs MporpaMMa Ha sI3bIKe acceMOuiepa U UCTIONb-
3yIOTCS BBEJCHHBIE HAMM paHee QyHKIUH OUEHKH. [IpumMeHss k B
KOMMYTAaTUBHBIC U aCCOLIMATUBHBIC npeo6pa3OBaH1/I;[ AJId YMHOXE-
HUS, IPOBEJIEM MOCIIEIOBATEIbHOE IPEOOPa30BAHUE TPOTPAMMBI.

0.
() (2]
@ O ©
& © &

Puc. 6.6 — I'pad s 6i1oka
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Honaras{, YTO YMHOKEHHUE aCCOLUMUATUBHO, MOXXHO 3aMCHUTH

JIBa orieparopa B B
X3« E*F
Xq < D* X3
Ha TpH oIeparopa
X3« E*F
X3 < D*E
Xs — X3*F

Teneps oneparop Xz <— E*F Gecnonesen, u ero MoxxHoO yjaa-
JTUTH TpeoOpa3oBaHreM T;. 3aTeM, ¢ MOMOILNBIO ACCOIHATUBHOTO

npeo6pa30BaHm, MO’KHO 3aMCHHUTH OIICPATOPHL
Xy  Xs*F
Y« Xz* X3
Ha
Xy Xs*F
Xe' = X* X3
Y < X*F

Oneparop X4 < X3*F teneps Oecroyie3eH, U €ro MOXHO yja-

JuTh. TakuM 00pa3oM, UMeeM ISITh OIIEPaTOPOB
X« BC
Xo < A* X,
X3« D*E
Xg' = X* X3
Y « X*F

Ecnu npuMeHNTh acconaTUBHbBIE IPeo0pa3oBaHus €IIe pa3 K

TPEThEMY M YETBEPTOMY OIEPATOPY, MOTYyIUM
X« BC
X2 <« A* X]_
X"« Xo*D
X4 X" E
Y X4*F

Hakoner, ecnmu mpeamnoioXuTh, 4TO YMHOKEHHE KOMMYTa-
TUBHO, MOXXHO TME€PECTaBUTH OMEPAHBl BTOPOrO OMeparopa U Moiy-

4UTH OJIOK B
X]_ <~ B-C
X2 <« X]_*A
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X3" < X;*D
X4 X3™E
Y« X*F
I'pad nis B' uzoOpaken Ha puc. 6.7. biok B' UMeeT OIEHKY
7, HAaUMEHBIITYI0 BO3MOXKHYIO OIICHKY IS UCXOJHOM MPOTpaMMBI.

Puc. 6.7 — I'pad mnst mommdunmpoBaHHOTO OJI0KA
6.2 APUOMETUYECKUE BbIPAXEHUA

Bxomom a1t 11000r0 reHepaTopa Kojia CITy:KUT OJI0K, COCTOSIIHIA
U3 TIOCJIEIOBATEIFHOCTH OIIEPAaTOPOB IPUCBOCHUS. BhIX010M — 3KBH-
BaJICHTHAsI IpOrpaMMa Ha si3bIKe accemoOuepa.

JXKenarenbHo, 4TOOBI Pe3yIbTHPYIOIIAS TIPOrpaMMa Ha SI3bIKE
accemOiiepa OblTa ObI «XOPOIIEH» OTHOCHTEIBHO HEKOTOPOM OICH-
K{, TaKOW, HaImpHMep, KaK YHCIO KOMaHJ acceMbiepa WM YHCIIOo
oOpallleH!# K MaMsTH.

B nmannom paznene mbl OyzneMm paccMmarpuBaTth 3QQeKTUBHBIN
aJITOPUTM TEHEpallH KoJa JUIs OTPaHMYEHHOro Kiacca OJIOKOB, a
WMEHHO OJIOKOB, MPEACTAaBIISIONIMX COOOH OIHO BBIpaKeHHE Oe3
OJWHAKOBLIX OIICPAHIOB. Hpe[{HOHO)KCHI/Ie 06 OTCYTCTBUH OAMWHAKO-
BBIX OTEPAHIOB, ECTECTBEHHO, HE PeaJbHO, HO 4acToO OBIBAaeT BeChbMa
XOPOIINM TI€PBBIM NPHOIIKEHUEM.
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broxk, npencrasisiomuii 0HO BRIpRKEHHE, IMEET TOJIBKO O]
HY BBIXOJIHYIO IepeMeHHyto. OrpaHndeHne, CoCTosIIee B TOM, 4TO
BBIPpAXXCHUEC HEC UMCCT OAMHAKOBBLIX OINCPAHAOB, SKBUBAJICHTHO TpE-
00BaHUI0, 4TOOKI rpad JJIsi ITOTO BBIPAXKEHUS ObLI JCPEBOM.

Hns ynobcrBa OyaeM mpemnoiarate, 4To BCE ONEpannu OW-
Hapabple. Kog Ha s3pike accembiiepa OyaeM T€HEepHpOBaTh I Ma-
muHbl ¢ N cymmaropamu, rme N > 1. Onenkoit Oyzer anwHa Tpo-
rpaMMBbl (T.€. YHCIIO KOMaHII).

6.2.1 MOJEJAb MAILLIAHBI

Paccmotpum Mammny ¢ N > 1 yHHBepcanbHBIME CyMMaTOpa-
MH U KOMaHIaMH 9eThIPeX TUIIOB.
Onpedenenue. Komannoii s3pika acceMOiiepa Ha3bIBaeTCs Iie-
IMO4YKa CMMBOJIOB OJJHOT'O U3 YCTBIPEX THUIIOB:
LOAD M, A
STOREA, M
oP6 A M,B
OoP6 AB,C
B stux xomanmax M — sueiika mamsatu, A, B, C — umena
cymMmatopoB (BO3MOKHO, oanHakoBbie). OP 0 — 310 KoJ OMHAPHOM
oneparuu 0. [Ipenmonaraercs, 4To KaxaoW onepaiuu 6 COOTBETCT-
ByeT ManinHHas komanaa 3) wiu 4). DTH KOMaH/Ibl BBIIOJIHSIOT Clie-
IYIOIIME EUCTBUSA:

1) LOAD M, A nomeriiaet copepxumoe siueiiku mamata M wHa
cymmarop A.

2) STORE A, M mnomemaer cojepkumoe cymmaropa A B
AYerKy mamsata M.

3) OP 0O A, M, B npumensier buHapHy0 omepariuio 0 k coaep-
JKUMOMY cymmaropa A u sraeiiku mamsata M, a pesymprar
noMeniaeT Ha cymmatop B.

4) OP 6 A, B, C mpumensier 6MHapHYIO orepariio 6 k coaep-
JKuMoMmy cymmaTtopoB A m B, a pesymbraT momeniaer Ha
cymmarop C.

Ilpoepammoii Ha s3pIKe acceMOiiepa OyJeM Ha3bIBaTh MocCe-

JOBaTEIFHOCTH KOMaH/I S3bIKa accemoOurepa.
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Ecm P = Iy; Iy ...; |, — mporpaMMa, To MOXXHO OIIPEIETUTh
suauenue V{(R) pecucmpa R nocaeoneii komanowt t (moa peructpom
MOHMMAETCSl CyMMAaTOp WU STYeHKa MaMsITH):

1) vo(R) paBHO R, eciiu R — 3T0 siueiika mamsiTu, U He ormpe-

JieseHo, ecimm R — cymmarop;

2) Ecmu |y — s10 LOAD M, A, 10 V{(A) = Via(M);

3) Ecmu I{— 310 STORE A, M, 10 W(M) = V¢4 (A);

4) Ecimm It — 10 OP O A, B, C, TO Vt(C) =0 Vt_l(A) Vt_]_(R);

5) Ecmu V¢(R) He onpeneneno no 2)—4), a Vi 1(R) onpenenero,

10 V{(R) = vi.1(R); B nmporuBroM cityuae Wi(R) He onpenene-
HO.

Komannsl LOAD u STORE nepenatot 3HaueHHs ¢ 0JTHOTO pe-
THCTpa Ha JIPyro, OCTaBJsAs MX B UCXOJHOM peructpe. Omnepaimn
MepEeMEIIAl0T BEIYUCICHHOE 3HAYCHUE Ha CYMMATOP, ONPEIe/ICHHBII
TPETBUM apryMEHTOM, HEe MEHSS OCTAIbHBIX peructpos. bymem ro-
BOPHTB, 4YTO Iporpamma P ewiuuciisiem BbIpakeHHE 0, TOMEIIas pe-
3yJIbTaT Ha CyMMaTop A, €clii IMocJie MocieaHero omneparopa u3 P
cyMmMaTtop A UMeeT 3HauYeHHeE O.

Ilpumep. PaccmoTpuM TporpamMMy Ha s3bIKe accemOiepa ¢
nByMsi cymmaropamu A u B, 3Ha4eHHST KOTOPBIX IMOCIE KaXI0H KO-
MaH/Ibl IPUBEJICHBI B Ta0. 6.4.

Tabnmma 6.4 — 3HadueHUs CyMMaTOpPOB

Komanna V(A) v(B)
LOAD X, A X HE OIIPEACIICHO
ADD A, Y, B X+Y HE OIIPEACIICHO
LOAD Z, B X+Y Z
MUL B, A, A Z*(X+Y) z

3HaueHue cymmaropa A B KOHIIE TPOIpaMMBI COOTBETCTBYET
BeIpaxkeHuro Z* (X +Y). Takum oOpa3om, 3Ta mporpaMma BbIYHCIISIET
Z* (X +Y), nomerias pe3ysbrar Ha cymmaTop A.

®opmanbHO ONPENETNM CUHmMAKCUYeckoe 0epego Kak IoMe-
YEHHOE JIBOMYHOE JICPEBO |, UMEIOIIEe OJIHY WM 0OJIee TaKuX Bep-
IINH, 9TO

1) kaxmast BHyTPEHHSISI BEpIIMHA TOMeYeHa OMHAPHOM orepa-

e 0 e;
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2) Bce JIUCThSI TOMEUCHBI PA3IMYHBIMH HMEHAMH ITEPEMEHHBIX
XeX.

Bynem npeanonaraTh, 4To MHOXKECTBA ® U X He MEPECEKAI0T-
cs. BepumHam siepeBa, HauMHAs CHU3Y, MOXKHO CJICIYIOIIUM 00Opa-
30M MPHITUCAThH 3HAYCHHS:

1) ecnam N — JUCT, TOMEUYEHHBIH X, TO N UMeeT 3HaYeHUE X;

2) ecnu N — BHYTPEHHsS BEpIIMHA, TOMEYCHHas 0, U ee mpsi-

MBIMH ITOTOMKAMU SBIIIFOTCS Ny B Ny CO 3HAYEHHUSAMU Vq U
V5, TO N UMeeT 3HaueHue 0 Vi Vs.

3HaueHueM JiepeBa OyIeM CUMTATh 3HAYCHUE €T0 KOPHSL.

MOXHO eCTeCTBEHHBIM 00pa3oM, OIepaTop 3a OMepaTopoM,
peoOpa3oBbIBATH OJIOK HA MPOMEXKYTOUYHOM SI3BIKE B IIPOrpaMMy Ha
s3bIKE acceMOiepa. BaxHoil coctaBistonield mpeoOpa3oBaHus SIBIIs-
€TCS aJITOPUTM Pa3METKH CHHTaKCHYECKOTO JIepPeBa.

6.2.2 PASMETKA JJEPEBA
6.2.2.1 AaropuT™M pasMeTKH CHHTAKCHYEeCKOI'0 1epeBa

Bxo00. CunTakcudeckoe nepeBo T.

Buixood. IlomedeHHOE CHHTaKCHYECKOE JIEPERO.

Memoo. Bepmmnam aepeBa T peKypcHBHO, HauWHasl CHHU3Y,

HA3HAYaeM LIEJIOYUCIICHHBIE METKH:

1) Ecnm BepiiMHA €CTh JIHCT, SIBJISIOIIUICS JIEBBIM HPSIMBIM
MOTOMKOM CBOETO IPSIMOTO NPEIKa, WIM KOPEHb, [ToMeya-
eM BepmmHy 1, ecnu BepimIMHA €CTh JIMCT, SIBISIOMIMHCS
IpaBbIM HOTOMKOM, lomeuaeM ee 0.

2) Ecxnu BepimmHa N MMeeT NPSIMBIX IIOTOMKOB Ny U Ny, TIOMe-
yeHHBIX |4, | 1 |1 = |5, Gepem B kauecTBe MeTKH yucio |+1.
Ecnu |1 # |5, To Gepem B KauecTBe METKH MaKCUMaJIbHOE M3
yucen | u |,.
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Puc. 6.8 — ITomeueHHOE CHHTAKCHYECKOE JIEPEBO.

Ipumep. ApudMeTHUECKOE BRIPAKSHIE
A*(B-C)/(D* (E-F)),
n300pakeHHOE B BUJIE AEPEBA, HA KOTOPOM IPEICTABICHBI IIeIT0YHC-
JICHHbIE METKH, Ha puc. 6.8.

PaccmoTpum anroput™m, mpeoOpasylomuii MOMEYeHHOE CHH-
TaKCHYECKOE JIEPEBO B MIPOrpaMMy Ha SI3bIKE accemOuiepa Juls Maliu-
HbI ¢ N cymmaTopamu. st mo6oro N MOXHO ITOCTPOUTH TaKOH KO,
4TO nojiydya€mas rnporpamma onnTuMajibHa OTHOCUTEJIILHO pa3JIMYHbIX
OLICHOK.

6.2.2.2 AnropuT™M MOCTPOEHHS KOJa HA sI3bIKE accemMbJiepa
JUISL BbIpasKeHu

Bxo0. IlomeuenHoe cuaTakcuyeckoe aepeo 1 u N cymmaro-
poB Aq, Ay, ..., Ay, Tie N> 1.

Buixood. Ilporpamma P Ha s3pIKe accembiepa, mocie mocies-
Hell KOMaH bl KOTOpO# 3HaueHneM V(A;) ctanoButcs V(T), T.e. P BbI-
YHCIISIET BBIPAXKEHHE, MPEACTaBICHHOE AEPEBOM T, U MOMENIaeT pe-
3yJlbTaT Ha CyMMaTop Aj.

Memoo. llpeanonaraercs, 9410 AepeBo T MOMEYeHO B COOTBET-
CTBHM C QJITOPUTMOM pa3METKH CHHTaKCHYECKOTO JiepeBa. 3aTeM
PEKYpCHBHO BBITIONIHsACTCS mporeaypa code(n, i). Bxomom mis code
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CIyXHT BepiiuHa N gepesa T u nenoe guciao i ot 1 mo N. Hucro i
03HAYaeT, YTO B JAHHBI MOMEHT JJIsl BBIYMCIICHHUS BBIPAXKEHHS 10C-
TymHbI cyMMaTopsl A, Ay, ..., Ay. Beixogom code(n, i) ciyxut mo-
creanee 3HaueHue V(N), ¥ pe3yabTaT MOMEIIASTCs Ha cymmarop A.

Cuavana BeimosasieTcss code(ng, 1), rae Ny — KOpeHb JaepeBa
T. IocnenoBaTeaIbHOCTh KOMaH]l, TEHEPUPOBAHHBIX 3THM BBI30BOM
npoueaypsl Code, u OyneT Hy)KHOW MPOrpaMMOi Ha sI3bIKE acceMO-
aepa.

Ipoyeoypa code(n, i). Tlpeamnonaraercs, 9T0 N — BEpIIHHA

nepea T, a | — 1enoe yuciio mexay 1 u N.

1) Ecau N — mwmcr, BeINONHsEM mmar 2). B npoTuBHOM citydae
BBINTOTHAEM TiIar 3).

2) Ecmu BeI3Bana mpomeaypa code(n, i), a N — mwcr, To N Beeraa
Oy/IeT JIeBbIM TIPSMBIM MOTOMKOM (M KOpHEM, eciii N —
eIMHCTBEHHAsl BepIIMHA jepeBa). Eciu ¢ aucToM N cesiza-
HO UMs TIepeMeHHoH X, TO

code(n, i) = ‘LOAD X, A/".
D70 03HAYAET, YTO BHIXOIOM Iporieaypbl code(n, i) ciyxut
xomanma LOAD X, A.

3) B 3T0 MecTO MBI IPUXOIUM, TOJBKO €CITH N — BHYTPCHHSIS
BepumnHa. [lycTs ¢ BepmHoOl N onepanus 0, U ee IpsSMBbI-
MH [TOTOMKaMH SIBJISIIOTCS Ny ¥ Ny ¢ MeTkamu |1 u |, (puc.

6.9).
() (o)

Puc. 6.9 — BHyTpeHHss BepiIrHa

CrieyromIyii mar onpeessieTcsi 3HaueHueM MeTok |y u |
a) eci |, = 0 (N, — mpaBblii JKCT), BBITOIHsIEM miar 4);
6) eciu 1 <|; <l m |y < N, BImmosHsieM 1ar 5);
B) ecin 1 <, <l; u |, <N, BoImonusiem miar 6);
r) ecit N <I; u N <, BeImomasiem mar 7).
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4) code(n, i) = code(ny, i)
‘OPO A, X, A’
3neck X — nepeMeHHas, CBsi3aHHasi ¢ TUCTOM Ny, a OP O —
kox omeparuu 0. Berxomom mms code(n, i) Ciy T BBIXO
s code(ny, i), compoBoxmaembiii komaumoir OP 0 A;, X,

A.
5) code(n, i) = code(n,, i)
code(ny, i+1)
‘OP 0 Ay, A, A
6) code(n, i) = code(ny, i)
code(ny, i+1)
‘OPO A, Ay, AY

7) code(n, i) = code(n,, i)
T <« newtemp
‘STOREA, T
code(ny, i)
‘OPOA, T A
3necs newtemp — ¢GyHKLus, KOTopasi IpH O0palIeHNH K Hel
BbIpa0aTHIBACT HOBYIO BPEMEHHYIO SIUEHKY MaMsATH Jisl 3alOMHHA-
HUS IPOMEKYTOYHBIX PE3YJIBTATOB.
IIpumep. Ipumennm anroputm rpu N = 2 K CHHTaKCHYECKOMY
nepeBy Ha puc. 6.8. [TocnenoBaTenbHOCTh BbI30BOB code(n, i) mpu-
BeZieHa B Tabi. 6.5.

Tabmuna 6.5 — [ocnenoBaTensHOCTE BBI30BOB IIPOLETYPbI

BrizoB Ilar

code(/, 1) (3r)

code(*r, 1) (38)
code(D, 1) 2

code(— 2) (3a)
code(E, 2) (2

code(*, 1) (38)
code(A, 1) @)

code(—, 2) (3a)
code(B, 2) (2)
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3mech *| — cChUIKA Ha JIEBOTO MMOTOMKA BEPINUHBI /, ¥*gr — Ha
MPABOro MOTOMKA BEPIIMHBI *|, —g — Ha MPABOr0 MOTOMKA BEPIIIH-
HBI ¥R, @ = — Ha JICBOT'O MOTOMKA BEPIIUHBI * .

Iporenypa code(/, 1) renepupyet nmporpammy

LOAD D, A,

LOAD E, A,

SUB A,, F, A,

MUL A, A,, A,
STORE A,;, TEMP,
LOAD A;, A;

LOAD B, A,

SUBTR A,, C, A;

MUL A, Ay, A
DIV A;, TEMP,, A;

PaccMoTpeHHBIE HaMH aJTOPUTMBI MO3BOJISIIOT CHOPMYITHPO-
BaTh JiBe 0A30BbIE TEOPEMBI JIJIsS IOCTPOCHHUS ONITUMAIBHOTO KOJIA.

Teopema 1. TIporpamma, BeipaboTanHas mpoueaypoir code(n,
i), IPaBUIILHO BBIYUCIISIET 3HAUCHHUE BEPIIMHBI N, TOMEIIast ero Ha i-i
CYyMMaTOD.

Teopema 2. Ilycts T — cuHTaKCHYeCKOE JepeBo, | — meTka
ero kopHs, N — umcio gocTynHeIx cymmaTopoB. [Iporpamma, BbI-
yucisiromas 1 0e3 wucnonb3oBanus komann STORE, cymectByert
TOrIa M TOJIBKO Toraa, korga L < N.

Brisicaum teneps, ckonbko komann LOAD u STORE Ttpe0y-
eTCsl JIJIsl BRIYMCIICHHMSI CHHTAKCHMYECKOTO JIEpeBa, €CIIU UCI0JIb30BaTh
N cyMMaTopoB, KOr/ia KOpeHb IOMEUYEH YUCIOM, TipeBbimatonmm N.

6.2.3IIPOrPAMMBI C KOMAHJIAMU STORE

Onpeoenenue. Ilycte T — cuHTakcuueckoe JepeBo, a N —
YHUCIIO JTOCTYHHBIX cymMMaropoB. BepmmHa w3 T Ha3pIBaeTcsi cTap-
LIEW, €CIM KaXIbli MpsAMOW €€ MNOTOMOK IIOMEUYEH YHCJIOM, HE
MeHbInM, ueM N. BepiivnHa Ha3pIBaeTCS MIIQJIIICH, €ClIM OHA SBJIS-
€TCs1 JINCTOM U JIEBBIM MTOTOMKOM CBOETO MPSIMOTo mnpejka (T.e. JTucT
C MeTKOi 1).

Ha puc. 6.8 npu N =2 onna crapmias BepimnHa — KOpPEHb U
YeThIPe MIIA IIINX — JIUCThA co 3HadeHwsiMu A, B, D u E.
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Jlemma 1. Tlycte T — cunTakcudeckoe aepeso. Iporpamma P,
BhIMUCIISIFONIAst T U ucrnonb3ytomas m komana LOAD, cymiectByet To-
IJIa ¥ TOJIBKO TOrJIa, Korja T uMeeT He 0osiee M MITa X BEPILIUH.

Jlemma 2. Ilycte T — cuHTakcuveckoe aepeso. [Iporpamma P,
BeIuUcIstomas T u ucrnons3yromas M komann STORE, cymectByet
TOTJ]a ¥ TOJBKO TOT/2, Korja T mMeeT He 6onee M crapminx BEpHIvH.

Teopema. ANTOpUTM MOCTPOCHHUS KOJia Ha SI3bIKE acceMOiiepa
BCerja BbIpaOaThIBAeT KpaTHAWIIYIO MPOrpaMMy MJIsi BBIYMCIICHHS
JAHHOTO BBIPAYKCHHUS.

Jloxazamenbcmeo. B cOOTBETCTBHHU ¢ BBEIEHHBIMH JIeMMaMHu 1
U 2 aaroput™M BbIpabaThIBacT MPOTPaMMy C MUHHMAIBHBIM YHCIOM
koman] LOAD u STORE. ITockolibKy SICHO, YTO MHHUMAIIbHOE KO-
JINYECTBO KOMAaHJ ONEPALMHA PaBHO YUCIY BHYTPEHHMX BEpLIUH Jie-
peBa, a aIropuTM JAET MO0 OJHON TaKOW KOMaHJE NJisl KaKJI0M BHYT-
PEHHEH BEepILUHBI IePEBa, TO YTBEPKACHUE TEOPEMbI OUEBHIHO.

Jis Hamero mnpuMepa MMEeTcsl OfHa CTapluasi M YeTbIpe
miaaumx BepumHbl (N = 2). Apudmernyeckoe BhIPAKCHUE HMEET
IITh BHYTPEHHUX BepIIMH. Takum oOpa3oM, AJsi BBIYMCICHUS Tpe-
Oyercs He meHee 10 omepaTopoB.

6.2.4 BJIUSIHUE HEKOTOPBIX AJITEBPAHYECKHUX 3AKOHOB

OmnpenenuM oyenKy CUHmaKcuiecko2o 0epesa Kak CyMMmy

1) umcna BHyTPEHHHX BEPILUH;

2) uyucia CTapiiuX BEpIIUH;

3) uucna MIIQIINX BEPILIUH.

Pe3ynpTathl, H30KEHHBIE BBIILE, IIOKA3BIBAIOT, YTO 3TA OLCH-
Ka CIIy>)KUT pa3yMHOW MEPOH «CIO0XKHOCTU» CUHTaKCUYECKOIo Jepe-
Ba, MOCKOJIBKY YHCIIO KOMaH], HEOOXOAMMBIX JJIsl BEIYUCICHHUS CHH-
TaKCHUUYECKOI'0 IEPEBA, PaBHO €r0 OLIEHKE.

YacTto K HEKOTOPHIM OIEpalysM MOKHO NPUMEHHUTH anreo-
paudecKkue 3aKOHBI U C MX MOMOIIBIO YMEHBUIUTh OLEHKY AAHHOTO
CHUHTaKCHUYECKOro JepeBa. M3 pacCMOTpPEHHOIO HaMM paHHEE H3-
BECTHO, YTO KaXAbIH aireOpandeckuil 3aKOH MHIAYLHUPYET COOTBET-
cTBymolIee npeoOpazoBaHue anredpamueckoro aepesa. Hampumep,
€CJIM N — BHYTPEHHSS BEpIIMHA CUHTAKCHYECKOTO JIepeBa, CBs3aH-
Has ¢ KOMMYTaTHBHOHN omeparueii, To KOMMyTaTHBHOE Ipeodpaso-
BaHUE MEHsIET MOPAJOK MPSIMBIX TOTOMKOB BEPUINHEI N.
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Awnanornuno, ecnmu 0 — acconmartuBHas omeparms (T.e.
af(BOy) = (abPB)By), TO, MpUMEHSIT COOTBETCTBYIOIIHE MPeodpa3oBa-
HHSI ICPEBbEB, MOXKHO MEPEBECTH APYT B Jpyra JiBa JiepeBa TaKOro
BUJA, KOTOPBIH M300pakeH Ha puc. 6.10.

AcconuatuBHoe mpeodpa3oBaHUe B 3TOM CIIy4ae HMEET BU]I

X« B6C X« A0OB
Y<AQY < YeX6C

IMociie mpoBeieHns PeoOpa30BaHusl CIIEBA HAIPABO OIIEPATOP
X<« B0 C coxpanmicsi. OnHaKO 1ociie nmpeodpa3oBaHusi 3TOT OIle-
paTop CTaHOBHUTCS OECIOJIC3HBIM, TAaK YTO €r0 MOXHO YAaluTh, HE
MeHsIs 3HaUeHue OJIoKa.

Puc. 6.10 — AccormaTiBHOE IpeoOpa3oBaHNe CUHTAKCHYECKHX JIEPEBbEB

Onpedenenue. Ecnu nano MHOeCTBO (I anreOpandeckux 3a-
KOHOB, TO JIBa CUHTAaKCHYECKUX JiepeBa 11 U T, OyayT Ha3bIBaThCS
9KBUBaJICHTHBIMU OTHOCHTENbHO U (T; =¢ T,), eciu cyiiecTByer mno-
CIIeIOBATEIBHOCTh NPEOOPa30BaHUH, BBHIBOANMAS M3 ITHUX 3aKOHOB,
nepeBosux Tq B To. Uepes [T]a Oyaem o603HauaTh Kiiacc SKBHBaA-
nenTHoctH nepeBbeB {T' | T=q¢ T'}.

Takum oOpa3oM, ecnu TaHO CHHTaKCHYECKOe JepeBO | U U3-
BECTHO, YTO BBITIOJIHSIIOTCS alreOpanyeckue 3aKOHbI U3 HEKOTOPOTrO
MHOXKECTBa 3aKOHOB (I, TO Ui HAXOXICHUS ONTUMAJIBHOW TMPO-
rpammsbl uist T Hajo0 uckath B [T]q AepeBO BBIpaXKEHHH ¢ MHHUMAITb-
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HOH oneHkod. Ecnu nepeBo ¢ MUHMMAalIbHOM OLIEHKOM HaWIeHO, TO
JUTSL HAX0XKJIEHUSI ONTUMAJIbHOW ITPOrpaMMBbl MOYKHO ITPHUMEHUTH all-
TOPHUTM MOCTPOSHHS ONITUMAJILHOTO KOZIa Ha SI3BIKE acceMOuepa.

Ecnu kaxaplii 3aKOH COXpaHSAET YMCIIO ONepaluil, Kak B CIy-
yae KOMMYTaTHBHOTO W aCCOLMATHBHOIO 3aKOHA, JOCTaTOYHO MH-
HUMU3UPOBATh CYMMY YHCEIl CTAPIINX U MIAIINX BEPIIVH.

Paccmotpum Takoit anroputm. CHavana ajis ciaydasi, KOTJa
KOMMYTAaTUBHBIE ONEpaIy TaKKE U aCCOLNATHUBHBI.

Ilo naHHOMY CHMHTaKCHYECKOMY J€pEeBY U MHOXKeCTBY (I aj-
re0Opanveckrux 3aKOHOB NMPHUBEJCHHBIA HWKE aJrOpUTM OyIeT cTpo-
UTh CHHTaKcH4YecKoe 7epeBo T € [T]q ¢ MUHUMAIIbHOM OIIEHKOW TpU
yCIIOBHUH, YTO (I COAECPKUT TOJBKO aCCOLMATUBHBIE 3aKOHBI, TIpUMe-
HSIEMBIE K OMpEIeNICHHBIM OIepanusIM. 3aTeM K | MOXHO Oyner
[IPUMEHNUTH AITOPUTM IOCTPOCHUS KOJA Ha s3bIKEe accemOiepa aist
BBIPQ)KCHUM M HAUTH ONTUMAJIBHYIO IPOrPaMMYy Ul UCXOJHOTO Jie-
pesa.

6.2.4.1 AnropuT™M NOCTPOEHUsI IepeBa ¢ MUHUMAJIbHOI
OLIEHKOI1, HEKOTOPBbIE ONEePaALllHi KOTOPOro
KOMMYTATHBHBI

Bxoo. Cunrakcuueckoe nepeBo T (¢ Tpems u OoJiee BepIrHa-
MH) U MHOXKECTBO KOMMYTATHBHBIX 3aKOHOB.

Bovixoo. Cunrakcudeckoe 1epeBo [ T]q ¢ MUHUMAIBHON OLICHKOH.

Memoo. Snpo anropuTma COCTaBIsSeT PEKYypPCUBHAS MPOLEAY-
pa commute(n), apryMeHTOM KOTOPO# CIIY)KHT BEpIIHHA N CHHTAK-
CHYECKOTO JIepeBa, a pe3yJbTaToM — MOAU(DHUIMPOBAHHOE MOJIEpe-
BO C BEpPUIMHOM N B KauecTBE KOpHsS. B Hauane BbI3bIBaeTCA
commute(ng), Te Ny — KOpPEeHb JaHHOTO JiepeBa T.

Ipoyeoypa commute(n):

1) Ecau n— auct, monaraem commute(n) = n.

2) Eciam N — BHYTpeHHssI BEpIIMHA, PACCMOTPHM JiBa CITydYasl.
[Tyctp BepiivHa N UMEET JBa MPSIMBIX MOTOMKa Ny u Ny (B
yKa3aHHOM TIODSIJIKE) U OIepalysi, CBsI3aHHas ¢ N, KOMMYyTa-
tuBHa. Ecim Ny — JkcT, a N Her, To BBIxo commute(n) —
nepeBo tuna (a). Bo Bcex OCTambHBIX CIIydasX BBIXOI
commute(n) — aepeso tuna (6) (puc. 6.11).
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commute(n,)

a 0
Puc. 6.11 — BapuaHThI BEIX0/1a IPOIIETYPHI

commute(n,)

Ilpumep. PaccmoTpuM puc. 6.8 1 npeanonokuM, 4T0 KOMMY-
TaTHBHO TOJILKO YMHOXEHHE. Pe3yibTaT MpUMEHEHHsI allrOpuTMa K
3TOMY JISpPeBY MOKa3aH Ha puc. 6.12.

OtMmeTuM, 4TO KOpEHb JepeBa MOMeUeH 2 M 3]IeCh JIMIIb JBE
MJTaJIIIIMe BepIIUHBI. TakuM 00pa3oM, eciii y HaC JIBa CyMMaropa, To
Ha BBIYMCIICHHUE ITOTO JiepeBa TpeOyeTcs TOMbko 7 KoMaHn (a st
ucxoxuoro — 10).

Puc. 6.12 — TIpeoOpa3oBaHHOE apuPMETHIECKOE BEIPAKEHUE

Teopema. Ecnu 10ITyCTUMO MPUMEHEHUE TOJIBKO OJJHOTO KOM-
MYTaTUBHOT'O JJI1 HEKOTOPBIX OIEpaluil 3aKOHa, TO aJIrOPUTM MO-
CTPOEHUS J€PEBA C MUHUMAJbHONW OLEHKOW, HEKOTOPHIE ONEpaluu
KOTOPOTO KOMMYTAaTHBHBI, BEIPa0ATHIBAET TaKOE CHHTAKCHUYECKOE
JIEPEBO U3 KJlacca 3KBUBAJICHTHOCTHU ISl TAHHOTO JIEpEeBa, KOTOPOE
HMEET MUHUMAJIbHYIO OLIEHKY.
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Loxazamenvcmeo. JIerko BUIETh, YTO KOMMYTAaTUBHBIN 3aKOH
HE M3MEHSIET YWClia BHYTPEHHUX BepmuH. lIpocras mHIyKIMS 1O
BBICOTE BEPIIMHBI OKA3bIBAET, YTO aJlTOPUTM MUHHUMHU3UPYET YUCIIO
MJIAJIINX BEPIIMH U METKH, KOTOPBIE JOJDKHBI OBITh Y BEPILWH IO-
CcJie MPUMEHEHHUS anropruTMa pasMeTku. CienoBaTeabHO, MUHIMH3H-
PYEeT ¥ YUCIIO CTApIIUX BEPIIIHH.

Cutyanus ycioXKHSAETCs, KOTJa HEKOTOpBIE OMNepaluyd OJHO-
BPEMEHHO KOMMYTATHBHEI U aCCOIMATHBHEBI. B 3TOM ciydae ymeHb-
[IUTh YHCJIO CTAPIIUX BEPIIMH MOXKHO 33 CUET CYIIECTBEHHOTO TIpe-
00pa3oBaHMs IepeBa.

Onpeodenenue. Ilycts T — cuHTaKcHuecKoe AepeBo. MHOKe-
CTBO SH3 IBYX WM 00Jiee ero BEpIINH Ha3bIBAETCS KUCTBIO, €CITH

1) Bce BepiIMHBI B S BHYTPEHHUE U TPEACTABISIOT OJHY U Ty

)K€ acCOIMATUBHYIO U KOMMYTAaTHBHYIO OIIEpaIuio;

2) BepHIMHBI U3 S BMECTE C COCIUHSIOIIUMHU JyraMd 00pasy-

10T JIEPEBO;

3) HHU OJHO U3 COOCTBEHHBIX MOJMHOECTB MHOKECTBA S HE

obiamaer coiictBamu 1) u 2).

Koprem kucTi HazbIBaeTcs KOpEHBb JIEpeBa, O KOTOPOM HAET
peub B IyHKTE 2).

[IpsMBbIMH TOTOMKaMH KHUCTH S Ha3bIBAIOTCSI T€ BEPIIMHBI W3
T, KOTOpBIE HE PUHAIUICKAT S HO SBISIOTCS MPSMBIMH TTOTOMKAMHU
BEpILINH U3 S

Tlpumep. PaccMOTpUM CHHTaKCHYECKOE JISPEBO Ha puc. 6.13, B
KOTOPOM CJIOKEHHE W YMHOXEHHE KOMMYTAaTHUBHBI, a HUKAKHAE IpY-
rUe onepanii He IPUMEHUMBI.

Kuctu cunTakcuyeckoro aepeBa T ONMpenenstoTcsi OJJHO3HAY-
HO M He mnepecekaroTcs. s HaxoxaeHus B [[]q nepeBa ¢ MUHH-
MaJIbHOM OLIEHKOH, Korjga (I COOEP)KUT 3aKOHBI, OTPAKAIOIIUE TOT
(hakT, 9TO ONHU OIEepani KOMMYTATHBHBI M aCCOLMATHBHBI, a Y-
rHe TOJBKO KOMMYTATHUBHBI, BBOIUTCS TOHATHE ACCOYUATHUBHO2O
depesa, B KOTOPOM KUCTH MIPEJICTABJISIOTCS OJTHOM BEPIIUHOM.

Onpeoenenue. Ilycte T — cuHTakcHUeCcKoe AepeBo. Accolna-
TUBHBIM JIepeBOM T jijisi T Ha30BEM JICPEBO, MOTYYCHHOE 3aMCHOM KaX-
Joit kucti SB T Ha eAMHCTBEHHYIO BEPIIMHY N ¢ TOH e acCOLMaTHB-
HOM ¥ KOMMYTATHBHOU OMeparueid, 4to U y BepiniH Kuctu S [Ipsmbie
TTOTOMKH KHACTH B T CTAaHOBSITCS TIPSMBIME TIOTOMKAaMH BEpPIIHHBI N B T'.
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Kucts 1

Puc. 6.13 — CuHTrakcu4eckoe JIepeBo

Ilpumep. PaccMOTpUM CHHTaKCHYECKOE JIepeBO Ha puc. 6.14.
[Ipenmonaras, 4To CIOXKEHHE YMHOXCHHS U CIIOKCHUS KOMMYTa-
TUBHBI H aCCOIIMATUBHBI, TOTYYHM KUCTH.

Puc. 6.14 — CunTakcH4ecKkoe JIepeBo ¢ KUCTIMHU
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AccoliaTiBHOE JIepeBo JJIst iepeBa T n300pakeHo Ha puc. 6.15.

Puc. 6.15 — IlomMeueHHOE acCONUATHBHOE JICPEBO

Ot1meTuM, YTO aCCOLMATUBHOE JI€PEBO HE 00SA3aTENBHO JOJIK-
HO OBITH JBOUYHBIM.

Bepmunbl acconraTUBHOTO 1€PEBa MOXKHO IIOMETUTh LIEIIBIMU
YUCJIAMM, HAUUHAsL CHU3Y CIEIYIOIUM 00pa3oM:

1)

2)

Jluct, SBASIOMIMACS CaMBIM JIEBBIM TPSMBIM TTOTOMKOM
CBOETO mpejika, momeueH 1. Bece ocTanbHbie JIHCThS TIOME-
yarores 0.

ITycTh N — BHYTPEHHSSI BEPIINHA, TPSIMbIE TOTOMKH KOTO-
poii Ny, Ny, ..., Ny momevaeM lq, |y, ..., Iy mpu m> 2.

a) Ecin ogHo w3 gwmcen Iy, |y, ..., | IpeBOCXOAMT OCTAIB-
HbIe, OEpEM ero B KaueCTBE METKH BEPIIUHBI M.

b) Ecaun Bepimna N uMeeT KOMMYTATHBHYO OTICPAIIIIO U N —

BHYTpeHHssI BepumHa ¢ |; =1, a ocranbHbIe BepHIMHBI Ny,
N, ..., Niz1, Nisg, ..., Ny — JIMCTBSI, TO B KAYECTBE METKH
BepIIrHEI N 6epem 1.

C) Ecnu ycnosue b) He Boimonusercs, |; = | wis HekoTopsIx

i # ] u |; MeHbIIe OCTaNBHBIX |y, B Ka4eCTBE METKH BEPILIH-
HBI N 6epeM .
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6.2.4.2 /Ipyroii aAropuT™M NOCTPOEHUSI CHHTAKCHYECKOT0
JepeBa ¢ MUHMMAJILHOM OLIEHKOI

PaccMOTpUM anropuT™ MOCTPOCHHSI CHHTAKCHYECKOTO JIepeBa
C MHUHHMAJIbHOW OIICHKOH B IPEIIOJIOKEHHH, YTO OOHU Onepayuu
KOMMYMamueHol, Opyeue KOMMYMAMUeHbl U ACCOYUAMUBHbL U
bovule HUKaKue aneebpauiecKue 3aKkoHbl He Y4Umuvl8armcs.

Bxoo. Cuntakcnueckoe aepeBo T M MHOXeCTBO (I KOMMYTa-
THBHBIX 1 KOMMYTAaTHBHO-aCCOLMATHBHBIX 3aKOHOB.

Boixoo. Cunrakcudeckoe 1epeBo [ T]a ¢ MUHUMAITBHOMN OIICHKO.

Memoo. Ctpoum cHaualla TOMEYEHHOE aCCOIMATUBHOE Jiepe-
Bo T mms T. 3arem BeumcisieM acommute(ng), roe acommute —
MpoleAypa, ompeaensiemMas HUxKe, a Ny — KOpeHb JepeBa 1. Beixo-
oM acommute(ng) ciry)KUT CHHTaKcH4YecKoe JepeBo [T]la ¢ MuHH-
MaJILHOM OIICHKOM.

Ipoyedypa acommute(n):

ApryMeHTOM N CITY)XUT BEPLINHA TIOMEYCHHOTO aCCOLMATHBHOTO
nepesa. Eciiu N — nmcr, nonaraem acommute(n) = n. Eciim N — BHYT-
PEHHsIA BEpIIMHA, TO PACCMOTPUM TpH Cilydasi:

1) Ilyctp BepiiMHA MMEET [Ba NPSMBIX MMOTOMKA Ny U Ny U
omepaiys, CBs3aHHas ¢ N, KOMMyTaTHBHa (M, BO3MOXHO,
aCCOLIMATUBHA).

a) Eciim n; — mucr, a N, HeT, TO BBIXOA acommute(n) —
JepeBo Tuma (a).

0) B mpotuBHOM ciiydae BbIXoJ acommute(n) — aepeBo
tumna (0) (puc. 6.16).

acommute(n,)

a) 0)

acommute(n,)

acommute(n,)

Puc. 6.16 — BapuaHTHI 1epeBbeB IS MPOLeAyphl acommute
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2) Tlpeamonoxum, u4to oreparus 0, cBs3aHHas ¢ N, KOMMYyTa-
TUBHA W ACCOIMATUBHA W BEPIIMHA N MMEET MPAMBIX TO-
TOMKOB Ny, Ny, ..., Ny, M> 3 (B mopske clieBa HAMpPaBo).
[lycTh Npax — BepmuHa U3 Ny, ..., Ny ¢ HAKOOIBIIEH MeT-
koii. Eciin oHOM U TOH ke HamOOIbIIe METKOM [IOMeYa-
€TCs IB€ WM OOJiee BEPIHH, TO BEPIINHY Ny BHIOMpaeM
Tak, 4ToObl OHa OblTa BHyTpeHHeld. O00o3HaUMM dYepe3 Py,
P2, ..., Pma BepmmHbBI B {Ny, ..., Np} — {Nna} B MH000OM
nopsiike. Toraa BeIxoqoM acommute(n) ciry’XuT TBOMYHOE
nepeo, rie I (1<i<m-1) — HOBBIC BEpINUHBI, CBI3AH-
HbIC C KOMMYTATMBHON M acCOLMAaTUBHOW oreparmed 0,
COOTBETCTBYIOLLIEH BEpIIMHE N.

3) Ecuu onepanusi, cBsi3aHHas ¢ N, HEKOMMYTaTHBHAs U Heac-
COIMaTHBHA, TO BBIXOJOM acommute(n) ciyxwut aepeso,
n3zo0paxxenHoe Ha puc. 6.17.

acommute(ps)

acommute(p,)

acommute(pm)

Puc. 6.17 — JIBomgHOE epeBO Ha BEIXOJEe acommute

[IprMeHHM aNropuT™M K MOMEYCHHOMY aCCOLMATHBHOMY Je-
peBy (puc. 6.15).
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[Mpumensiss accommute, a TouyHee, ciydait 2, K KOpHIO, OepemM
B Ka4eCTBE Nz« TIEPBOTO CIIEBA MPSIMOTO TTOTOMKA. B pe3ynbTare mo-
JIy4UM JIepeBO, n300pakeHHOe Ha puc. 6.18.

Puc. 6.18 — Brixoj anropurma

Jinst moKa3aTenbCTBa ONTHMAJIbHOCTH ajlrOpUTMa BBEIEM He-
CKOJIBKO OIIpEEIICHUM.

Jlemma. Tlyctb T — moMedeHHOE JIepeBO, a S — KUCTh B T.
[Ipennonoxum, 4To METKU I' IPSIMBIX ITOTOMKOB BEpLIMH S 0OJbIIe

nmn paBabl N, rie N — uyncno cymmaropoB. Toraa, mo KpaiiHei
Mmepe, -1 BepImH n3 SABISAIOTCS CTAPIIMMHU.
Hoxazamenvcmeo. Ilyctb N — KOpeHb KUCTH S W mMycTh N

HMMEET ITOTOMKOB Ny U No.

Cayuait 1 — ny u n, He npunHaiexkar S O4eBHIHO, YTO B
3TOM ciiy4ae yTBepixkaeHue BepHo (T, u T, — mojyiepeBbst ¢ KOPHIMHU
Ny U Ny).

Cray4dait 2 — Ny npuHAIISKUT S a Ny HeT. [ToCKOIbKY YrCIo
BEpIIUH B JiepeBe T; MEHbIIe, YeM B T, K HEeMy TIPUMEHUMO MPEJIo-
JOKeHHe MHAYKuuH. Takum oOpazoM, MHOkecTBO S—{n} coxmep-
XKHT, 10 KpaiiHel mepe, —2 crapinde BepimHbl, eciu |, > N, u, mo
KpaiiHeil mepe, r—1 crapume Bepmunsl, eciu |, < N. B mocieanem
ciiydae 3To TpuBHaIbHO. PaccmoTpum ciywaid r > 1 u | > N. Torma
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S—{n} umeer, mo kpaiiHel Mepe, OTHOTO MPSAMOrO MOTOMKA, METKa
kotoporo Gosbiie wi paBHa N, Tak uto |3 > N. Takum obpazom, N —
cTapiias BepIIMHA U SCOIEpKUT He MeHee —1 cTapImx BepIIuH.

Cray4dait 3 — N, NpUHAISKUT S a Ny HeT. DTOT ciydail aHa-
JIOTHYEH CITydalo 2.

Cay4aii 4 — Ny u N, He pUHAIIESKUT S TTycTh ') MPSIMBIX 110-
TOMKOB BEpIIMH W3 S ¢ MeTKamH, He MeHbIHMMHU N, SBISIOTCS TI0-
TOMKaMH BEPILUHBI Ny, a I, U3 HUX SBISIOTCS MOTOMKamu Np. Torna
ry—ry =r. I1o npenmnosoxKeH10 UHAYKIIUU, YaCTH KUCTH SB T1 u T,
MMEIOT COOTBETCTBEHHO HE MeHee 1—1 u He MmeHee [,—1 crapmmx
BepimH. Eciu Iy u Iy He paBHbl HYJT10, TO |1 > N 1 I, > N, Tak urto
N — crapras BepimHa. TakuM o0pazoM, S UMeeT, 1o KpalHel Me-
pe, (ri—=1)+(r~1)+1 = r—1 crapumx BepmuH. Ecnu r; = 0, To r, =1,
TaK 4TO 4acTh KUCTH SB T, UMeeT He MeHee —1 cTapiinX BEpLIHH.
Cryyaii I, = O aHamOrM4eH.

Teopema. PaccMOTpeHHBIN BBINIE aNrOpUTM BBIpaOaTHIBAET
JIEpEBO C MUHUMAJIbHOM OIIEHKOM.

Hoxaszamenvcmeso. IlpsiMast MHIYKIHS 110 YUCITy BEPIIUH B ac-
COIIMAaTHBHOM JiepeBe A MOKa3bIBAET, YTO B Pe3yJIbTaTe MPHUMEHEHUS
mpoleaypsl aCCOMMuUte kK ero KopHIo OyIeT MOCTPOEHO CHHTAKCH-
94ecKoe JIepeBO T, KOPEHb KOTOPOTO IOCIIE Pa3METKH IOMEYEH Tak
ke, Kak U KopeHb jaepeBa A. Hukakoe nepeBo u3 [T]q HEe uMeeT Kop-
HS C METKOM, MEHBIIICH, 4eM B A, CTapIINX U MJIa/IIUX BEPIIHH.

[Ipennonoxum, yto 310 He Tak. Torma myctb T — HauMEHb-
mee JepeBo, JUII KOTOPOTO OIHO M3 ITHX YCIOBHH HapyIIaeTcs.
[Tyctb 6 — omepanwmst B KOpHE JepeBa.

Canyyait 1. Oneparus 0 He accolMaTUBHA U HE KOMMYTATHBHA.
JIroboe acconnaTHBHOE M KOMMYTaTHBHOE MpeoOpa3oBaHUE JepeBa
T DOHKHO COBEPUIMTHCS LETMKOM BHYTPH MOJIEpeBa, KOPHEM KOTO-
POTO CIY>)KUT OJIMH U3 MPSIMBIX TOTOMKOB KOpHs T. Takum oOpa3zom,
KacaeTcs JM HapylIeHHEe METKH Hadana CTaplidX WM MIaJlIux
BEpIINH, OHO JOJDKHO TIPOSIBUTHCS B OJHOM M3 STHX IOJJECPEBHEB,
YTO NPOTHUBOPEYNT MHHUMAIBHOCTH JiepeBa .

Crnyyait 2. Onepanus 0 KOMMyTaTHBHA, HO HE aCCOIMATHBHA.
DTOT cilydall aHAJOTHYEH ciydaro 1, HO Tenmepb KOMMYTAaTHBHOE
npeoOpa3oBaHue MOKHO TIPUMEHUTH K KOpHIO. Ha miare 1) mporemny-
pbl accomute yke yduThIBajgach BO3MOKHOCTb IIPUMEHEHHS 3TOTO
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peoOpa3oBaHus, Tak YTO JIFOOBIe HAPYIIEHUS JepeBa | BHOBH MPH-
BE/IyT K HApYIICHUIO B OJJHOM H3 €r0 I10//ICPEBHEB.

Cnyyait 3. Oneparnusi 6 KOMMyTaTMBHA M acCOIMATHBHA.
[lycte S — kucTh, conepxamiast KOpeHb. MOXXHO CUHTATh, YTO HU B
OJTHOM M3 JIEPEBBEB, KOPHSIMHU KOTOPOTO CITYXKAT MOTOMKH BEPIINHEI
n3 S He HapyIIaeTCsl HUA O/THO M3 YKa3aHHBIX BhIIIE yciIoBHi. JIroboe
aCcCcOIMaTUBHOE MJIM KOMMYTaTHBHOE MpeoOpa30BaHUE COBEpIIACTCS
[ETMKOM BHYTPH OJHOTO U3 3THX HMOIJIEPEBHEB MM IIEITUKOM BHYT-
pu S SIcHO, YTO YMCIO MIIQANIMX BEPIIUH, BO3HUKAIOIINX U3 S MH-
HUMAaJIbHO H, 3HAYUT, METKa KOPHS MUHUMAJbHA.

6.3 MMPOrPAMMbI C LIUKNAMU

[Ipu paccmoTpeHuH MporpaMm, COAEPIKAIINX LHKJIIbI, TPYIHO
pean30BaTh aBTOMAaTHYECKYyI0 MHUHMMH3alH0. OCHOBHBIE TPYIHO-
CTH 3]1eCh CBSI3aHBI ¢ IIpobiaeMamMu HepaspemumocTH. s AByX npo-
W3BOJIBHBIX IPOIPaMM HE CYIIECTBYET aJrOPUTMA, BBIACHSIOLLETO,
SKBUBAJIICHTHBI JIU OHHU B KAKOM-THO0 cMbIcie. Kak crencTBue 3Toro,
HE CYHIECTBYET aJTOpUTMa, KOTOPHIM HaXOIW1 Obl IO JaHHOW IMpo-
rpaMMe SKBUBAJICHTHYIO €l ONTHMAJIbHYIO OLIEHKY.

DTO MOHATHO XOTS OBI OTOMY, YTO CYIIECTBYET, BOOOIIE TO-
BOPsI, CKOJIb YTOJTHO MHOTO CITIOCOOOB BBIYUCIICHUSI OJHON M TOM XKe
(byHKIHH.

Tem He MeHee BO MHOTMX CHUTYyalUsiX MOXKHO yKa3aTb Ha0oOp
npeoOpa3oBaHuii, IPUMEHUMBIX K UCXOJHOH MporpamMme il yMEHb-
HICHHsS pa3Mepa W/WIM YBEIWYEHHS CKOPOCTU PEe3yJIbTUPYIOLICH
00BEKTHOMW MTporpaMMbl. MBI Oy/ieM HCITONB30BaTh MPeoOpazoBaHus,
3aHUMAsACh YIYy4IIEHHEM KOJIa, a HE €r0 ONTUMAJIbLHOCTH.

'maBHasg nenb — yMeHbIIEHHE BPEMEHHU BBIIONHEHHS O0b-
€KTHOU IIPOrpaMMBbl.

6.3.1 MOJEJB IIPOT'PAMMBI

Msi OyJieM HCIOJIB30BaTh I MPOTPaMMbl TPEJCTABIICHUE,
MIPOMEXYTOYHOE MEXIY MCXOIHOW MPOrpaMMOU M S3BIKOM acceMO-
nepa. [IporpaMMa COCTOUT U3 HOCIENOBAaTEIbLHOCTH OLEPATOPOB, 3a
KOTOPBIMHU CJICAYET ABOCTOYUC.
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CymiecTByeT mATh OCHOBHBIX THIIOB OIEpalMid: MPUCBOCHHUE,
MEPEXO0, YCIOBHBIH 11€pexo, BBOA-BbIBOA U OCTAHOB.

1) Onepamop npucsoenus — 310 yciosue Buaa A< 0 B; B,
... By, Tne A — mepemennas, B, B, ... B — mepemenHbie
1100 KOHCTAHTHI, § — r-MecTHas omnepanusi.

2) Onepamop nepexooa.

goto <memxka>,
riae <memxka> — 1EnovKa 6yKB. bynem npeanonarars, 4to
OJlHAa U Ta )K€ METKa MOXKET OBITh TOJILKO y OJJHOTO OIepa-
TOpa NMPOrpaMMBl.
3) Venosnwiii onepamop:
if A <ycrosue> B goto <memxa>,

rae Au B — nepeMeHHbIe MM KOHCTAHTHI, a <yclogue> —
OMHApHOE OTHOIIIEHUE, TaKOe, KakK <, <, =, Z U T.1.

4) Omneparop BBOAA-BBEIBOJIA — 3TO JIMOO OMEpPaTop UTECHUS
BHJA
read A,
rae A — nepeMeHHasi, MO0 orepaTop 3arucu
write B,

rae B — nepemenHas 1160 KOHCTAHTA.
5) Onepamop ocmanosa — 3to xomana halt.
Iipumep:
if ArBgoto L
O3HAYaeT, 4TO €CJIM MEXIy TeKyIIUMH 3HaueHusiMu A u B BbimonHs-
eTcs OTHOIIEeHHE I, TO yHpaBleHHE IepeAaeTcsl oneparopy, mome-
4yeHHOMY L. B mpoTHBHOM ciydae — ciieyIoneMy orneparopy.

Onepamop onpedenenusi — 310 oneparop Buaa read A wiu
A<« 0B, B;... B.. O6a atux oneparopa onpedensarom nepeMeHHyo A.

CraenaeM HECKOJIBKO MPENIOI0KEHUH.

[lepemennass — 3To MO0 MpocTas NepeMeHHas, TH00 WHIEK-
CHpOBaHUE IMPOCTOH IMEPEMEHHOH, JIMOO KOHCTAHTOH, HampuMep,
A1), A(2), ..., Ai), 6o A().

Hanee OyneM cuWTaTh, YTO BCE MEPEMEHHBIC, Ha KOTOpHIC B
MporpaMMe e€CTh CCBUIKH, JTUOO JOJDKHBI OBITh BXOJHBIMU TIEpEMEH-
HBIMH, 100 AOJIKHBI OBITH PaHHEE ONPENENATHCS C TOMOIIBIO Olle-
paTopa NpUCBOCHHS.
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Haxkoner, OyaeM mpenronarath, 4To Kaxjaas nporpamma co-
JIEPKHUT XOTsI ObI OJIMH OTIePaTop OCTAHOBA.

BrinosiHeHHE porpaMMbl HAYMHAETCS C TIEPBOTO OMEepaTopa u
MPOJIOJKACTCS, IOKA HE BCTPETUTCS OIIEPaToOp OCTAHOBA.

ByneM cumraTh, YTO BXOJHBIE MEPEMEHHBbIC MPOrPAMMbI —
9TO Te TIEPEMEHHBIE, KOTOPBIE CBA3aHBI C ONEPATOPOM UTEHHUSI, & BbI-
XOJTHBIE — C OTIEPATOPOM 3aIUCH.

[IpucBoeHrEe 3HAUYEHUS KaXKIOM MEPEMEHHOM MPU KaKIOM YTe-
HUY Ha3bIBACTCSl BXOJHBIM TPHCBOCHUEM. 3HAYCHHE MPOrPaMMbl —
3TO TIOCJIEIOBATEILHOCTh 3HAUCHUH, 3alMCAaHHBIX BXOJHBIMHU IEpe-
MEHHBIMH B TPOIECCE BBIMOJHEHHUS MPOrpaMMbl. J[Be MPOTrpaMMeI
OyJyT CUUTATHCS DKBUBAJICHTHBIMHU, €CITU JUISI KaXKJIOTO BXOJIHOTO
MPUCBOCHUS OHM UMEIOT OTHHAKOBBIC 3HAUCHHSI.

DTO OIpeNeneHue SKBUBAJICHTHOCTH 000O0IIAeT SKBUBAJICHT-
HOCTh Os10KOB. IIpeamonoxum, uto aBa 6moka By = (Py, 11, Uy) u
By = (P, 12, Uy) sxBuBasnentHsl. [Ipeodpaszyem 0110k By u By B 1po-
rpammel Py u P,. IHBIMU CITOBaMH, MOCTABUM OIEPATOPBI UTCHHS
Jutst iepeMeHHbIX |1 u |, mepen Py u P, cOoTBETCTBEHHO, a orneparo-
pst 3anucu ans nepemenHsix U; m U, — mocne Py u P,. 3arem k ka-
KJIOM TporpaMMe MPHCOCTUHUM OIepaTop octaHoBa. OmnepaTopbl
3amucu K P; u P, Hy)KHO 100aBUTh Tak, YTOOBI KaXK[ash BBIXOIHAS
MepeMeHHas TieyaTaiach XOTs Obl OJUH pa3 ¥ MOCIeI0BATEIIEHOCTH
HalleyaTaHHBIX 3HaueHWd i P, m P, Obumm ogmHakoBeiMu. Ilo-
CKOJIBKY OJIOKU $B1 ¥ $B, SKBUBAJIICHTHBI, 3TO BCET/Ia MOXKHO CJICJIATh.

Jlerko BuJAETh, uTO mporpammbl P; u P, skBHBaneHTHBI He3a-
BHCUMO OT TOTO, YTO UMEHHO OepeTcs B KaueCTBE MHOXKECTBA BXO/I-
HBIX TPUCBOCHUA M KaK HHTEPIPETHPYIOTCS (QYHKIWHU, TPEACTaB-
JICHHBIE omeparopamH, Bxomsamumu B P; u P,. Hampumep, moxHO
B3SITh B KAY€CTBE BXOJHOTO MHOXECTBO MPE(PUKCHBIX BBIPAKEHUH U
CUUTATh, YTO MPUMEHEHHUE omepanud 0 K BBIPAKCHUSM &1, €2, ..., &
maet 0 e e ... &.

Onnako ecnu B1 1 B, HEe DKBUBAJIECHTHBI, TO BCETIa HAMAETCS
MHOECTBO THIIOB JIAHHBIX JUIsI IEPEMEHHBIX W MHTEPIPETAINN JUIsI
OTIepaToOpoOB, MPHUBOISAIINX K TOMY, 94TO mporpaMmbl P; u P, OynyT
BBIPAa0ATHIBATh PA3JIUNYHBIC BEIXO/IHBIC MTOCIIEI0BATEIEHOCTH.



157

Ipumep. Paccmotpum niporpammy (amroputm EBkimza). Boi-
XOJIOM MOXET OBITh HaWOOJBIINK OOIINI MENUTENb IBYX MOJOXKH-
TEJIBHBIX YKCel P U O

read p
read q
yuxn. <« remainder(p, ) {ocTartok oT AeneHus}
if r =0 goto ewixoo
p<q
g r
goto yuxn
6bIx00. Writeq
halt

Ecmu, Hampumep, BXOJHBIM TEPEMEHHBIM P W ( MPUCBOUTH
3HaueHust /2 u 76 COOTBETCTBEHHO, TO MPHU OOBIYHOW HHTEPIpETa-
LMK BBIXOJHAS MIEPEMEHHAsi K MOMEHTY BBITIOJIHCHHUS OllepaTopa 3a-
nucu Oyzaer uMeTh 3HadeHue 8. Takum o0pa3oM, 3HAYEHHUEM DTOM
MPOrpaMMBI I BXOTHOTO MPUCBOEHHMS P <— 72, 4 <— 56 cimyxut «o-
CIIEJIOBATEIIFHOCTEY, BhIPA0AThIBAEMAasl BBIXOJHOW MTEPEMEHHOM J.

Ecmu 3amenuts omeparop «goto yuxn» Ha «if q#0 goto
YUKI», TO TIONyYMM SKBHBAJCHTHYIO MpPOTpamMMmy. JTO CIEAyeT W3
TOTO, YTO Oreparopa «goto yukm» HeNb3s I0CTHYb, ECIIM B YETBEP-
TOM omeparope He BbImonHseTcs ycnoBue I' # 0. Ilockoipky B miec-
TOM olieparope ( NPUHUMAET 3HAYCHUE I, TO IpPU BBINOJIHECHUU
CeIbMOr0 orepaTopa paBeHCTBO = O HEBO3MOXKHO.

CrnemyeT OTMETHTH, YTO MPEOOPa30BaHHUS, KOTOPHIE MBI MO-
’KEeM MPUMECHSTh, B 3HAYMTEIILHON CTENICHU ONPE/ICIISIFOTCS TEMH aJl-
reOpandecKuMH 3aKOHAMH, KOTOPBIE Mbl CYMTAEM CIIPABEIINBBIMH.

Ipumep. ]I HEKOTOPBIX TUTIOB JJAHHBIX MOXHO CUUTATh, YTO
a*a=0 rorma u tosbko Torna, koryma a= 0. Ecnu npuHATh Takou
3aKOH, TO HOBasi 9KBUBAJICHTHAs ITporpamMma OyJIeT TaKou:

read p
read q

yukn. < remainder(p, Q)
t<«r*r
if t =0 goto sbix00
p<q
g r
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goto yuxn
sbix00. Writeq
halt

KoneuHo, npu 1100bIX MBICTMMBIX OOCTOSITENbCTBAX 3Ta MPO-
rpaMMa HH4YeM He JIy4llle, HO €CIM C(OPMYJIMPOBAHHBIN BBILIE 3aKOH
HE BEPEH, TO 3Ta IIPOorpaMMa U Mepsas NporpaMma MOTYT OKa3aThCsl
HE 3KBHUBAJICHTHBIMU.

Ecnu nana nporpamma P, To Hama mesns 3akio4aeTcs B HaXo-
XKJIEHUH SKBHBAJIECHTHOH mporpammsl P', mist koTopoil oxugaemoe
BpeMs BBHIMOJIHEHHUS B MAIIMHHOM sI3bIKe MeHble, yeM y P. Pazym-
HBIM TPUOIIKEHNEM c(HOPMYIHPOBAHHOM 3ajauu OyJeT Haxoxje-
HUE TaKOW SKBHBAJICHTHON MporpaMmmbl P”, y KOTOpoii oxumaeMoe
YHCJI0 MAIIMHHBIX KOMaH] MEHbIIIE Ynciia koMaHa B P.

B GonpmmHCTBE IporpaMM OAHU HOCIEN0BATEILHOCTH OIepa-
TOPOB UCTIONHSIOTCA 3HAYUTEIBHO Yalie Apyrux. KuyT Ha Gonbiiom
yucie nporpamm PopTpaHa oOHAPYKWII, YTO B TUIIUYHOHW MPOTpam-
M€ OKOJIO TIOJIOBMHBI BpPEMEHHW TpaTHTcs MeHee dyeM Ha 4% mpo-
rpammel. TakuM 00pa3oM, Ha MPaKTHKE JAOCTATOYHO MPUMEHSATH OI-
THMHU3HPYIOLUE MPOLETyphl TOJBKO K MHOIOKPAaTHO MPOXOIAUMBIM
ydacTKaM NporpamMmbl. B 4acTHOCTH, ONITUMH3ALUSI MOXKET COCTOATh
B TOM, YTO OIIEPATOPBI IEPEMEIIAIOTCS U3 MHOTOKPAaTHO IPOXOAU-
MBIX 00JIacTell B peko NpoxoauMebie. [Ipu 3TOM YUCIIO OnepaTopoB
B caMoil mporpaMMe He MEHSETCS WK 1aXKe HE YUUTHIBACTCS.

Bo MHoOrux ciy4asix MOKHO OIPEIENIUTh, KaKOW KyCOK Ipo-
rpaMMBbl OyJieT BBIMOJHSTHCS Halle APYTUX, U BMECTE C HCXOAHOM
MPOTpaMMOi TiepeaTh 3Ty UHPOPMAIMIO ONTUMHU3UPYIOLIEMY KOM-
NWIATOpY. B npyrux ciaydasx IOBOJIBHO MPOCTO HAIMCATh HOATIPO-
rpaMMy, TOJCUHUTHIBAIOIIYIO, CKOJBKO pa3 BBINOJHIETCS JaHHBIN
onepaTtop. C MOMOIIBIO TAKOTO CYETYHMKA MOKHO MOJYYUTh <«yac-
TOTHBIA NPOQUIIL» NPOrPaMMBbl U BBIICHUTH T€ KYCKH, Ha KOTOpBIE
Ha/10 HAIIPaBUTh OCHOBHBIE YCUIINS 110 ONTUMHU3ALHH.

6.3.2 AHAJIM3 IIOTOKA YIIPABJIEHUS

[TepBblii Iar Ha MyTH ONITHUMH3AIUH POTPAMM 3aKIIF0YACTCS B
OIIPE/ICICHUN NOMOKA YNpaeienuss BHYTPH Mporpammbl. st Toro
YTOOBI CHIENaTh 3TO, Pa300beM IPOrpaMMy Ha TPYIIBI ONEPAaTOPOB
TaK, 4TOOBI BHYTPH TPYIIbI yIPABJICHHE MEPEIaBalioCh TOJIBKO Ha
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TIEPBBII OIIEPaTop, U, ECIH OH BBITIOIHUIICS, BCE OCTATIBHBIC OTIEPaTOPbI
TPYIITBI BBITIONHSIOTCS TIOCIIS/IOBATENBHO. TaKyr TPYIITY OIepaTopoB
OyJIeM Ha3BIBATD JIUHEHBIM YYACHKOM, WIN TMIPOCTO YYACTKOM.

Onpeodenenue. Onepatop S B nporpamme P Ha3biBaeTCs BXO-
JIOM B JINHEWHBIN YYaCTOK, €CJIM OH

1) mnepssiit onepatop B P win

2) moMedeH MICHTU(PHUKATOPOM, MOSBISIONIMMCS 1ocie goto

B OIlEpaTope nepexojia MO0 B YCIOBHOM OIepaTope, Wil

3) HENOCPEICTBEHHO CIIEAYET 3a YCIOBHBIM OIIEPATOPOM.

JIMHEWHBIN y4acTOK, OTHOCSIIMICS K BXOJy B Y4aCTOK S CO-
CTOUT U3 SH BCEX ONEPATOPOB, CICIYIOIIMX 32 S BIUIOTH JIO ONepa-
TOpa OCTAHOBA W BKIFOYAs €0, WM BIUIOTH JIO BXOJA B CIICIYFOIIHI
JINHEUHBIN Y4acTOK, HO HE BKJIIOYAs €r0.

Ipumep:
Vuactok 1: read p
read g
VuacTok 2: yukn. I <« remainder(p, Q)
if r =0 goto esixo0
VYyacrok 3: p<q
q<r
goto yuxn
VYuactok 4: 6bIX00: Writeq
halt

W3 ydacTKOB mporpamMmbl MOXHO CKOHCTPYHPOBATh 2pagh
Ynpaenenus, BECbMa TIOX0KHUI Ha OJIOK-CXeMY MPOTPaMMBI.

Onpedenenue. I'padhom ympaBieHHsT Ha30BEM ITOMEUYEHHBIN
OpHeHTUpOBaHHbIN rpad G, copepKamuii BEIIEICHHYIO BEpIIMHY N,
U3 KOTOPOH AOoCTHXKMMa Kaxjaas BepmuHa G. BepmmHy N HazoBem
HayalbHOM.

I'pag ynpaenenus npozpammsr — 310 rpad ynpasieHHS, B
KOTOPOM KaK7asi BEPIIMHA COOTBETCTBYET KaKOMY-HHOYIb y4acTKy
nporpammsl. [Ipeanonaokum, 4To BepUIMHbI | 1 | rpada ynpaBieHuUs
COOTBETCTBYIOT y4acTKaM | U | mporpammsl. Toraa ayra uier u3 Bep-
IIAHBI | B BEPIIHHY |

1) ecnu mocieAHUI OMEpPaTOp yYacTKa i He SBIAETCS HH Ofe-

paTtopoM Iepexosa, HU ONEpaTopoM LHKIA, HU OIepaTro-
pPOM OCTaHOBA, a Y4aCTOK | CIEIYeT 3a y4acTKoM ;
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2) mocCTeIHUI OmepaTrop ydacTKa | SIBJISETCS ONEpaTopoM
«goto L», rae L — meTka mepBoro orneparTopa y4acTka j.

VYuacTok, conepxauiuii nepBblid Orneparop MporpaMmsl, Ha30-
BEM HAUYAILHOU EPULUHOT.

ScHO, 9TO MOOOW yYacTOK, HENOCTHKUMBIN W3 HadallbHOM
BEPIIMHBI, MOXXHO YAAJIUTh W3 JaHHOW TpPOTPaMMbl, HE MEHsSS ee
3HaueHus. [lanee OyaeM cuMTaTh, YTO BCE TAKHE YYACTKU yKE yJa-
JIEHBI U3 TIPOTPAMMBI.

Ilpumep. T'pad ympaBieHuss mporpaMMoil H300pakeH Ha
puc. 6.19.

read p

VYyactok 1
read g

h 4

r<remainder(p, @ | vyacrox 2
if r =0 goto ebix00
p<q write q
qer halt Vwyacrok 4
Vuactok 3 | gOto yuxn

Puc. 6.19 — I'pa¢ ympaBnenus

MHorue onTUMH3UPYIOIIUE MPeoOpa3oBaHUs NMPOTPaMM Tpe-
OyIOT 3HaHUS TE€X MECT B pOrpamMMme, T/ie TIepeMeHHas OmpeaemnseT-
csl, ¥ TeX, TJIe Ha €€ OIPEIETICHUE €CTh CChUIKA.

OTH CBSI3U MEXKJY ONPEACICHUEM M CCBUIKOM 3aBHUCST OT IIO-
CJIEIOBATEIHFHOCTU BBIMOJIHIEMBIX Y4acTKOB. [lepBbIM ydacTKoM B
MTOCIIEZI0BATENIEHOCTH Oy/eT HadalbHas BEPIINHA, a B KaXKABIN II0-
CIEeMYIONIUN JOJKHA BECTH Ayra U3 mpeasiaymero. MHorna npemu-
KaThl, UCIOJB3YEMBIE B YCIOBHBIX OIEpaTOpax, MOTYT 3ampeniaTh
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MIEPEeXO0/Ibl TI0 HEKOTOPHIM IyTSM B rpade ynpapneHus. OqHaKo aj-
TOPUTMA JUIS BBISBICHHS BCEX TAaKWX OIEpanyidi HeT, U Mbl OyaeMm
MPEIIOJIAraTh, YTO HET <GaIPEIIECHHBIX ITyTEeH.

Y100HO Tak e 3HaTh, CYNIECTBYET JIX I ydacTKa $B Takou
y4acToK $B', 4TO BCSIKUH pa3, KOTJa BHIMONHIETCS JB, Iepel HUM BbI-
nonasgercss B'. B yacTHOCTH, €ClIM MBI 3HAEM DTO M €CIIM B 000HX
y4acTkax B u B' BBIUUCIAETCS OJHO U TO K€ 3HAYEHHE, MOXHO 3a-
MOJIHUTh €r0 IMOCJIe BBIYUCICHUS B' ¥ U30eKATh TEM CaMbIM Iepe-
BBIYHCIICHHS €10 B B. DopMalinzyeM 3TU MPEANoI0KCHHUS.

Onpeodenenue. Ilycte F — Tpad yrpaBieHus, IMEHa y4acTKOB
KOTOPOTO BEIOMPAIOTCS M3 HEKOTOPOT'O MHOXKECTBA A.

[TocnenoBarenbHOCT Y4acTKOB By, Bo, ..., By, U3 A Ha30BeM
myTeM BbluuciieHus (y4acTkoB) B F:

1) ecnu $B; — HavambHas BepivHa B F;

2) s 1 <i<ncymecTByer ayra, Beaymas u3 By B B;.

dpyrumu cioBamu, nyTh BblUKCICHUS By, By, ..., By, — 3T0
nyTs F u3 B, B By, B KOTOpoM $B; — HavajbHAS BEpLINHA.

Bynem roBoputh, 4TO y4acTok #B' TOMHHUPYET HAJ[ Y4aCTKOM
B, ecnu B' # B v KOKIBIA MyTh, BEAYIIAN U3 HAYATFHOW BEPIINHEI B
B, conepxut RB'.

Bynewm roBoputs, uto B' ipsiMo TOMUHHPYET Haa B:

1) ecnu B' moMuHHUpYET HAT B;

2) B" nomunupyer Hax B u B” £ B', T0 B" TOMUHHUPYET HAJ

B

Takum 00pa3oMm, y4acTok B' npsMo JOMUHHUPYET Haja B, eciiu
B" — «OMOKAUIINIT K B' y4aCcTOK, TOMHUHUPYIONIUHI HaJl $B.

Ilpumep. Ha puc. 6.19 npuBeneH myTh BBIYUCICHHS. YUYACTOK
1 npsiMO TOMUHHPYET HaJl YYaCTKOM 2 W JOMHHUPYET HaJ y4acTKa-
MU 3 1 4. YUacToK 2 IpsiMO TOMUHHUPYET HaJl y9acTKoM 3 1 4.

Jlemma:

1) Ecau $B; noMuUHUpYET HaT By, a By Ha® Bz, TO By JOMUHH-

pyer Hag Bz (TPaH3UTUBHOCTS).

2) Ecnu B, noMuHUpYyeT Hax B, TO By HE JOMHHUPYET HAJ

$B; (ACUMMETPUYHOCTB).

3) Ecmu By, v B, TOMUHUPYIOT Hax Bs, TO OO0 By JTOMHHH-

pyer Hax By, 160 B, HAT Bi.



162

Jlemma. Kaxaplii yyacTOK, KpOM€ HavyajJbHOM BEpUIMHBI, UMe-
€T €IMHCTBEHHBIN MPSIMOI TOMUHATOP.

Aneopumm sviuucienus npAMo20 OOMUHUPOBAHUS.

Bxo0. I'pad ynpasnenust F u muoxectBo A = {81, Bo, ..., Bn}.

Boixoo. Tpsmoii gfomunatop DOM($B) yuactka B, i KOTO-
poro BeA, kxpome HauYaTHLHOU BEPITUHEI.

Memoo. DOM () BbIUUCISIETCS PEKYPCUBHO IS KaXKI0TO B
3 A — {B,}. B mo6oii momertr DOM(B) Oyzmer yuactkom, OJu-
KaUIUM K B Cpeid BCEX YYACTKOB, IS KOTOPHIX YK€ U3BECTHO, UYTO
OHH JOMHHUPYIOT Hax $B. B koneunom urore, DOM($B) Oyzner mpsi-
MBIM JIOMHHATOpOM yuactka $B. BHauane DOM(B) — sto By s
BeeXx Buzs A — {B}. st i =1, 2, ..., N BBIIOJHAIOTCS CIICYOIINE
JIBa Iara:

1) Ucxmouaem ydactoxk B; u3 F. Haxomaum Bce yuactku B,

CTaBIIME TCHCPh HCAOCTUKMMBIMH U3 HavaJIbHOU BEpIIN-
Hel F. YdacTok B moMuHHpYET HaA B TOT/A U TOIBKO TO-
raa, Koraa $B CTAHOBHUTCS HEAOCTIKUMBIM M3 HavalbHOU
BEPINMHEI TTociie uckimoueHus B; u3 F. CHoBa 3aHOCHM B; B
F.

2) TIpeamomoxum, 4To Ha miare 1) oOHapyxeHO, YTo B; J0-
munupyeT Hag B. Eciu DOM(8B) = DOM(8;), 6epem B; B
kauectee DOM($8). B nporuBaoM ciydae, DOM(B) He
MEHSIEM.

Ipumep. TlpuMEeHUM NAaHHBIA AITOPUTM K rpady yrnpaBlIeHHs
anroputMa EBximnna. 3nece A = { B, Bo, B, Ba} . [locnenoparenbHbie
3Hauennst DOM () mocrne uccnenoBaunuii yuactkoB B; (2 < i < 4) mpu-
BeJleHbI B Ta0I1. 6.6.

Tabnuna 6.6 — 3HaueHus JOMUHATOPOB

i | DOM(®,) | DOM(B;) | DOM(B,)
Buauase B, B, B

2 By B, B,

3 By B, B,

4 By B, B,

Boruncium crpoky 2. [locine uckimoueHus: B, yuacteu Bz u By
CTaHOBSITCS HEJTOCTHKUMBIMU. TakuM 00pazom, B, TOMHHUPYET HAJT
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B3 u By Tepen stum Boimonasiercss DOM($B,) = DOM(B3) = By,
TOTJIa, B COOTBETCTBMM C NIaroM 2, Bbi0epeM 5B, B KauecTBe
DOM (85). Ananornuno, moaaraem B, = DOM (8B,4). Uckimouenue B
U $B4 HE JIeTaCT HUKAKON Y4aCTOK HEJIOCTHKUMBIM.

OtmetnM, 4TO ecnu F ctpoutcst U3 mporpaMmel, TO YUCIO AYT
He OoJiee YeM BJIBOE MPEBOCXOIUT YUCIIO y4acTKoB. [Totomy mrar 1)
QITOPUTMA BBIMOJHICTCS 32 BPEMsi, MPOMOPIUOHAILHOE KBaJApaTy
YHUClia Y4acTKOB. TpeOyeTcss eMKOCTh IMaMSATH MPOMOPIUOHATIBLHAS
YUCILy Y4aCTKOB.

Ecmu 81, B, ..., By — y4yacTOK HOporpaMmbl, TO HX
JIOMUHATOPBI MOXKHO 3alMCaTh KaK IMOCIEA0BATEIBHOCTD €1, €, ...,
€n, TJIE & — TPSMOM TOMUHATOP IS B;.

6.3.3 IIPUMEPHI IPEOBPA3OBAHUS IPOTPAMM

[TonHOrO Katajgora ONTUMHU3UPYIOIIMX MPEeoOpa3oBaHUN MTPO-
rpaMM C LUKJIAMU HE CYLIECTBYET, OJHAKO JUIsl IIHPOKOTO Kjlacca
MIPOrpaMM MOXKHO MCTIOJI30BATh CIEAYOIINE TTPeoOpa3oBaHusl.

6.3.3.1 Yaanenus 6ecnosie3HbIX ONEPATOPOB

310 — 00001IEHHE TOMOJIOTUYECKOTO MpeoOpa3oBaHus ;.
bes omepaTtopa, He BIUAIOMIETO HA 3HAYEHWE MPOrpamMMbl, MOYKHO
oOoiituchk. JInHelHbIe y4yacTKH, HEJOCTIKUMbIE M3 Ha4aJbHOH Bep-
LIMHBI, OYEBUIHO, OECTIONE3HBl, M UX MOXXHO yAanuTh. OnepaTopsl,
BBIYHCIISIOIINE 3HAYEHUS, HE UCIIOIb3yEMBIE B KOHEYHOM HTOTE IPH
BBIYHCIICHHH BBIXOJHOM NMEPEMEHHOM, TaKkXkKe MONatarT B 3Ty KaTe-
TOpHIO.

6.3.3.2 UckiarouyeHne M30bITOYHBIX BHIYUCICHU I

3OTo0 mpeobdpazoBaHue 0000IIaeT TONOIOTHYECKOE MTpeodpaso-
Banue T,. [IpenmosiokuM, 4To y HacC €CTh Iporpamma, B KOTOPOW
y4acTok B momuHHEpyeT Hajg B', 1 uTo B U B' comepxar ornepaTopsl
A<« B+Cu A' < B+C. Eciiu B u C He nepeonpeieneHbl (BbISICHUTh
3TO HETPY/AHO), TO 3HAYCHHMs, BBIYUCICHHbIC STHMH JBYMsI BBIpaKe-
HUSMH, coBHagaroT. Torga B B mocite BeruuciaeHus A <— B+C moxHO
BCTaBUTH omepatop X< A, rme X — HoBasg MNepeMeHHas. 3aTreM
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A' < B+C moxHo 3amenuth Ha A' < X. Kpome Toro, eciiu A Hurze
Ha myTH U3 B B B' He mepeomnpeaenseTcs, To onepatop X < A He
HyXeH, a A' < B+C MoxHO 3ameHnTh A' — A.

Ilpumep. PaccmoTpum rpad yrnpasieHus, U300paKeHHBIA Ha
puc. 6.20.

> B« D+D |8,
C« D*D
A« B+C \
A« B*C A« B+C
F « A+G E < A*A
fBZ \ 4 \ 4 fBa
G« B+C 2
D « D+1 4
|
\ 4
B

Puc. 6.20 — I'pad ympaBienus

B stom rpade By momunupyer Hany By, Bz u By Torma B+C
MIPUHUMAET OJTHO U TO K€ 3HAYCHHE NPHU BBIYUCICHUU B B, B3 U By
[ToaTomy B B3 1 B, HE 003aTENBEHO MTEPEBBIUUCIIATH BhIpaXkeHue B+C.

B $; mocne omnepatopa A <— B+C MoxxHO moMecTHTh omnepa-
Top npucBoeHust X <— A. Torna B B3 u B4 onepatopsl A < B+C u
G < B+C moxHo 3ameHUTh Ha A< X 1 G <— X COOTBETCTBEHHO.
OtmeTuM, 4T0 A BBIYUCIACTCS B Bp, MOITOMY BMECTO X HEJIb3s UC-
M0JIb30BaTh A.

Teneps B B3 npucBocHue A <— X CTAaHOBUTCS U30OBITOYHBIM,
€r0 MO>KHO MCKJIIOUHTb.

JIi1s MCKITFOYEHHMS U3 MPOrpaMM M30BITOYHBIX BbIYMCICHHH (00-
IIMX TOABBIPAKCHHUI) HAO BBISSBUTH BBIYMCIICHUS, OOIIME VIS JBYX
Wi 0ojee y4acTKOB MporpaMmbl. V30BITOUHBIE BBIYHCIICHHS, OOIINE
JUTsl y4acTKa M Kakoro-HHOyZIb M3 JOMHUHAHTOB, MblI paccMoTpuM. On-



165

HAKO BBIpakeHUst A+B MOTYT BBIUHCIIATHCS B HECKOJIBKUX y4acTKaxX, HA
OJIMH 13 KOTOPBIX HE JIOMHHHpYET Haj JaHHBIM ydacTkoM JB. BooOe,
BeIpakeHne A+B cunraercs n30bITOYHBIM B ydacTke B:
1) ecnm m00OI MyTh W3 HAYAIBHOTO YYacTKa B $B MPOXOIMUT
yepe3 BelunciieHne A+B (B TOM uucie U mpoXosuui He-
CKOJIBKO pa3);
2) BHOIb JOOOTO TAaKOrO IMYTH MEXIY IOCIIEI0BaTEIbHbIM
BbIuncieHueM A+B u ucnons3oBanuem A+B B B He BCTpe-
yaeTcs nepeornpeaenacHue Hu A, Hu B.
OtmeTnMm, 49TO, KaK W B JIMHEHHOM Ciydae, IIPIMEHEHHE aj-
re0Opanveckux 3aKOHOB MOXKET YBEJIMYUTh YHCIIO OOIIMX IOABHIpa-
KEHUI.

6.3.3.3 3amena BbIUMCJIEHHS IEPHO/IA BHINOJTHEHUS
BBIYHMCJICHUSIMH NEPHOAA KOMITHIISIU T

Ecnu 3T0 BO3MOXKHO, TO UMEET CMBICI BBIIIOJIHUTH BBIYHCIIE-
HHUE OAMH pa3 IpHU KOMIWIALUH, & HE MOBTOPATh €r0 MHOIOKPATHO
P UCTIOTHEHNW 00BEKTHOM mporpaMmsl. [Ipoctoit mpumep — pas-
MHOJICeHUe KOHCmanm, T.e. 3aMeHa MePEMEHHON Ha KOHCTaHTY, KO-
Ir7la 3HaueHHe TIePeMEHHOHN MMOCTOSIHHO U U3BECTHO.
Ipumep:
read R
Pl « 3.14159
A« 4/3
B« A*PI
C«+R'3
V<« B*C
writeV
B uerBeprom omeparope Bmecto Pl MoxxHO moacTaBHUTH
3.14159 u monyuuth B <« A*3.14159. MoxHo BbuucauTh 4/3 U,
MOJICTaBUB HaijieHHoe 3HadeHne B B <« A*3.14159, nonyuuts
B « 1.3333*3.14159. MoxHO Beramciuth 3Hadenue 1.3333*3.14159 =
=4.18878 u, moacraBuB ero B omeparop V <« B*C, momyuuts
V « 4.18849*C. HakoHnell, MOXHO yJQIHTh MOJYYUBIIHECS OeCIio-
Nie3Hble oneparopsl. B pesynbrate, y Hac Oyner Ooiiee KOpOTKas dK-
BHBAJICHTHAs IIpOrpaMma;
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read R
C«R'3

V « 4.18878*C
writeV

6.3.3.4 3amMeHa CJ103KHBIX onepaIuii

3aMeHa CIIOKHBIX OIEpalluil MPeICTaBIsieT CO00 3aMeIleHue
OJTHOM OTIepaIliy, 3aHUMAIOIIEH JTOBOJIBHO MHOTO MAITHHHOTO BpeE-
MeHH, 0oiee OBICTPON TIOCIIEIOBATENHFHOCTHIO.

Ipumep:

I =LENGTH(S, || &),
rae S u S, — HEenoYKd epeMEHHON JUTHHBI, a «||» 03HaYaeT KOHKa-
TEHAIWI0. Peann3oBaTh KOHKATEHAIIMIO IEMOYEK JOBOJIBHO CIOXKHO.
Hpe,I[HOHO)KI/IM, YTO MBI 3aMCHACM 3TOT OIICPATOP SKBHBAJICHTHBIM
orepaTopoM
| = LENGTH(S)) + LENGTH(S).

Tenepb Mbl [BaXXJIbl BBIIIOJHACM OICPALAIO ONPCACICHUA
JUTMHBI U OIMH pa3 — ciokeHus. Ho 3T omepanuy 3aHUMAIOT Cy-
MIECTBEHHO MEHbIIIE BPEMEHH, YeM KOHKATEHAIINS IIeTIOYCK.

Jlpyrue mpuMepbl ONTHMHU3AIUA TAKOT'O THIA: 3aMEHa HEKO-
TOPBIX yMHO)KeHI/Iﬁ CJIOKCHUSAMU U 3aMC€HA HEKOTOPBIX BO3BC[[CHPII>1
B cTreneHb yMHOxeHusimu. Hampumep, C <— R*3 MOXHO 3aMEHHUTH
MOCJICZI0BATEIBHOCTHIO

C«+R*R

C«+C*R
D710 netiese (B TEPMUHAX HCTIONB30BAHMS MAILIMHHBIX PECYPCOB), YeM
BBI3BATH MoIporpammy Beraucienust R*3 kak EXP(3*LOG(R)).

6.3.4 ONTUMU3 AL IIUKJIOB

Hukn B mporpaMMe — 3TO MOCIENOBATENBHOCTh yYacTKOB,
KOTOPbIE MOTYT BBIIOJHATHCS MOBTOPHO. HacTo CIOXXHO JOOWUTHCS
CYIIECTBCHHBIX YJIyUIIEHHH B CMBICIIC BPEMEHHU BBIIOIHEHHS IPO-
rpaMMBl, TIPUMEHSIST TPeoOpa3oBaHus, YMEHBIIAIONINE OICHKY IHK-
JI0B. YHHBepcaJbHbIE MpeoOpa3oBaHusl, KOTOPBIE MBI paccMaTpHhBa-
JIM, a UMEHHO. yZAajieHHne OEcIIONIE3HBIX OIEepaTOpOB, HCKIIOYEHHE
W30BITOYHBIX BBIYUCICHHH, Pa3MHOKEHHE KOHCTAHT, 3aMEHa CIIOXK-
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HBIX BBIYHMCIICHHUH, TIOJIE3HBI 1 B IPIMEHEHNH K IUKiIaM. CymiecTBy-
10T, OJIHAKO, W JPYyrHe NpeoOpa3oBaHMs, OPHEHTUPOBAHHBIEC CIICIH-
aJIbHO HA IIUKIIBL. DTO GblHeceHue Gbl4UCIeHUl U3 YUKTO8, 3aMeHd 00~
pozux onepayuii 8 yukie boiee OeuesbiMu U pazeepmvleanue YUKIos.

JInst Toro 4To0BI MPUMEHUTH 3TH NPeoOpa3oBaHus, UK CHA-
Yaja HaJl0 BBIIEIUT U3 JaHHOW mporpamMmel. B cirygae muxia DO B
dopTpaHe, HIM MPOMEKYTOUHOTO Koja, odpazyemoro mukiom DO,
HaWTH mUKI pocto. OIHAKO MOHATHE IMKIA B rpade ynpaBiIeHUS
Oosee obmiee. DTr 0000IIEHHBIE TIUKIBI B Tpade HAa3bIBAIOT CUILHO
CBA3AHHBIMU 001ACTAMU.

JIroOo¥ mwmky rpada ymnpamieHUsS C €AMHCTBEHHOW TOYKOWM
BXO/Ia CIY)KHT IPUMEPOM CHIIBHO CBsI3aHHOH oOnactu. OmHAaKo u
Oosiee 00IIME CTPYKTYPBI IMKJIOB TAKXKE CIIYXKAT MPHUMEPAMH CHIIbHO

CBSA3aHHBIX 00JIacTeil.

Puc. 6.21 — I'pa¢ ympaBnenus
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Onpeoenenue. llycts F — rpad ympasnenus, a Y — moamMHoO-
KECTBO €ro yJacTKoB. bynem Ha3biBaTh Y CHJIBHO CBSI3aHHOHM 00Ja-
cThio B F:

1) ecnu B Y CymIeCTBYeT €IMHCTBEHHBIH y4acToK B (BXom),

TaKOM, 4TO HAWIETCs IMyTh U3 HaYaJbHOM BepIIMHBI rpada F

B B, HE TIPOXOIAIINN HHA Yepe3 KaKoH IPyroi y4acTok u3 Y,
2) CyIlIecTBYET MyTh HE HYJCBOW JJTHHBI, JEKANHH MEITHKOM

B Y ¥ BeAywuii u3 yyactka Y B JI000# qpyroii y4acTok B Y.

Ipumep. PaccmoTpuM abCTpakTHbIH Tpad yrnpasiaenus (puc.
6.21).

3necs:

- {2, 3,4, 5} — cuibHO cBA3aHHast 00JIACTh C BXOAOM 2;

— {4} — cunpHO cBs3aHHAsA 00JIACTH C BXOIOM 4;

- {3,4,5, 6} — obmacts ¢ Bxoa0M 3;

- {2, 3, 7} — obnactb ¢ BXO0M 2;

- {2,3,4,5, 6, 7} — obnacTs ¢ BXOI0M 2.

[MocnenHsisi MakcUMaibHa B TOM CMBICIIE, UTO JIt00asi apyrast
00J1acTh ¢ BXOJIOM 2 COJEP)KUTCS BHYTPH 3TOH 001aCTH.

BaxxHO#W 0COOEHHOCTBIO CHMIIBHO CBSI3aHHOM oOiactH, Ojaro-
Japsi KOTOpOH OHa MOMOTaeT YIYYIIMTh KO, SIBISETCS OJHO3HAY-
HOCTb OIPE/ICIICHHS BXOJHOTO y4acTKa.

Teopema. Ilycts F — Tpad ympasnenus. Yuactok B B F sB-
JSIeTCSl BXOTHBIM YY4aCTKOM O0JIaCTH TOTJa M TOJIBKO TOT/a, KOTrjaa
CYIIECTBYET TaKOW y4acTOK JB', 9TO M3 HETO eCTh Ayra B B u B 6o
JOMUHUPYET Haj B', mubo coBnamaet ¢ B'.

6.3.4.1 lepemenenne Koxa

CymiecTByeT HECKOJNBKO MpeoOpa3oBaHUi, B KOTOPBIX IS
yIy4dlIeHHs KOJa MOXKHO BOCIIOJIb30BaThCs 3HaHHEM obnacteit. On-
HO U3 BaOXHEHIINX — nepemeujerue kooa. Beluncienus, He 3aBUCS-
mye oT o0JIaCTH, MOKHO BBIHECTH 3a ee mpeneinsl. [lycTs BHYTpH
HEKOTOpOW 00JIACTH C OJHUM BXOJOM IepeMeHHbie Y u Z He MEHS-
10TCA, HO ecTh omneparop X < Y+Z. Beruncnenne Y+Z MOXHO Tiepe-
MECTUTh B 3aHOBO OOpa30BaHHBIN y4acTOK 0OJAacTH, CBSI3aHHBIH
TOJIKO C BXOJIHBIM Y4acTKOM. Bce cBsi3u BHe obOnactu, paHee BO-
IIE/IINE BO BXOAHOW Y9acCTOK, TeTIEph UAYT B HOBBIH y4aCTOK.
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Ipumep:
K=0
DO 31 =1,1000
3 K=J+1+1+K
[IpomexyTouHas mporpamma IJist 3Toro ¢pparMeHTa HCXOTHOH
MIPOTPaMMBI MOKET OBITh TAKOM:
K« 0
l«1
yukn. T« J+1
S« T+
K« S+K
if I = 1000 goto sbixo00
l«1+1
goto yuxn
ebix00: halt
I'pad 370l porpaMmMbl MpUBEICH Ha puc. 6.22.

K« 0 *(Bl
1«0

v v

T« J+1
S« T+I B,
K« S+K
| =10007

|—> halt B

I 1+1 | 3,

Puc. 6.22 — I'pad ynpasienus

U3 rpada BuaHO, uto { By, B3} — obmacts ¢ Bxogom 2. Orre-
patop T < J+1 nHBapmaHTeH B 5TOW O0JIACTH, TaK YTO €ro MOXKHO
MEPEHECTH Ha HOBBIN Yy4aCcTOK, KaK MoKa3aHo Ha puc. 6.23.
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K« 0 B,
|« 0
A 4
T«J+1l | B,
v v
S« T+l
K« Stk | B2
| = 10007
! |—> halt B
|l «I1+1 B

Puc. 6.23 — IIpeobpa3oBaHHbIii rpad) yrpaBIeHHAS

Hecmotpst Ha TO, uTo B HOBOM Tpade (mporpamme) CTOIBKO
K€ OIepaTopOB, YTO U B MPEBIIYIIEM, ONIEPATOPHI B 00IaCTH OYyIyT
BBIIIOJIHATBECA 4YacCTO, TaK YTO OXKHUIACMOC BpEMs BBIIIOJHCHUA
YMEHBIIATCSL.

6.3.4.2 UHAyKTHBHOE NepeMelleHne

Onpeoenenue. Ilycte Y — 0051aCTh ONpECIICHUS] C OJTHUM
BXOJIOM, a X — TIepeMeHHasl, OSBIISIONIAsACI B HEKOTOPOM OIepaTo-
pe, BXOASIIEM B OJUH U3 y4acTkoB Y. [Iycts By, B, ..., B, €1, €2,

.., Em— TAKOM MyTh BBIYUCIICHHS, UTO & MPHHAIISKUT Y, L <i<m.
O6o3Haunm yepes Xi, Xp, ... 3HAUEHUS, IIpHCBanBaeMble X B TMoOcCIe-
JIOBATEIBHOCTH B, €1, € ..., €m. Eciu Xy, Xz, ... 00pasytoT apudme-
THYECKYIO TMPOrpeccrio (¢ MOJOKUTEIbHON HIM OTPHIATEIbHON
PasHOCTHIO) /ISt JTIOOOTO MyTH BBIYMCIICHHS THIA, YKA3aHHOTO BBI-
e, To 0ysemM X Ha3bIBaTh UHOYYUPOBAHHOU TIEPEMEHHOM B Y.
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Bynem Taxkxe HazpiBaTh X MHAYIIMPOBAHHOMN MTEPEMEHHOM, ec-
1 OHA B $B HE ONpeJeNieHa U ee 3HaYeHHsI 00pa3yroT apupmMeTHye-
CKYIO MTPOTPECCHIO.

OTMeTI/IM, YTO 3aJavda HaXOXKACHHA BCEX HWHAYHHWPOBAHHBIX
MepEeMEHHBIX B 00JIaCTH HeTpuBHajbHa (0OIIEro aaropurMma He Cy-
IIECTBYET, HO JIJIsl YACTHBIX CIIy9YaeB PEIICHHUS JOCTATOYHO POCTHI).

Ipumep. Ha puc. 6.23 odnactu {B, u B3} umeroT BXox By.
Ecnu Bxon B B, ocyiiecTBisieTcss U3 By’ U yIpaBJICHUE TTOBTOPHO
nepenaeTcs oT B, Kk Bz U CHOBA K PBy, TO mepeMeHHas | mpuHUMaeT
sHavenus 1, 2, 3, ..., Takum obOpazom, | — HHAyIMPOBaHHAS Tiepe-
MeHHasi. MeHee OYeBHJIHO, YTO S — TaKXKe MHJYyLIUPOBaHHAs Tepe-
MEHHasi, MOCKOJIbKY OHa MpuHUMaeT 3HaueHust T+1, T+2, T+3, ..., a
MOCKOJIBKY K He WHIyIIMpOBaHHAs, TO OHA TAK)Ke MPUHUMAET 3Have-
Hua T+1, 2T+3, 3T+6...

Baxnas 0coOEHHOCTh MHIYLHPOBAHHBIX MEPEMEHHBIX — HX
JUHEWHAas CBA3b JPYT C JIPYTOM IpH Iepesade YIpaBIeHUs BHYTPU
o0JiacT, KOTOpOH OHM TpUHAJyIeKAT. Hampumep, Ans mporpaMMsl
Ha puc. 6.23 KaXIbpIid pa3 MpH BEIXOJE U3 $B, CIIPaBEAIUBBI COOTHO-
menust S=T+1lu | = S-T.

Ecmu, kak Ha puc. 6.23, kakas-To HHAYIIMPOBAHHAS TIEPEMCH-
Hasl UCIIOJIB3YETCsl TOJIBKO JIJIs yIpaBjieHus B obiact (Ha 3TO yka-
3BIBAET TOT (DAKT, UTO €€ 3HAUCHUE HE TpeOyeTcs 3a mpeenaMu o0-
JACTH M YTO HEMOCPEJICTBEHHO Mepea BXOJOM B 00JacTh €il mpu-
CBaMBAETCs BCETJIa OJIHA U Ta K& KOHCTAHTA), TO €€ MOYKHO HCKJIIO-
yuTh. Jaxe ecnu 3a npeaenamu o01acTu TPEOYHOTCS BCE WHAYIHUPO-
BAaHHBIC TIICPEMCHHBIC, BHYTPHU OGHaCTI/I MOXXHO HCIIOJIB30BaTh OJHY,
a BCE OCTANTbHBIC BBIYMCIIUTD MTPH BBIXOJIC U3 O0JIACTH.

Ipumep. Paccmotpum puc. 6.23. MckImounM WHIYIUPOBaH-
Hylo niepeMenHyo |. Ee ponb Oyner urpate S 3ametum, 4to mocie
y4dacTka B, nepeMeHHasi S npuHUMaeT 3HaueHue T+, Tak 4to, Korja
yIpaBJIeHHE BO3BpaIlaeTcs oT Bz K By, TOHKHO BBITIOIHATHCS COOT-
Homenue S= T+I—1. Takum o6pa3zom, onepatop S <« T+l MoxHO 3a-
MeHuTh Ha S<— St1. Ho 3aTem B $B,' HaJ10 MpaBHIIbHO UHUITUHPOBATH
STak, 4To KOrja ynpasieHue nepeuaer us B,' B By, 3HaueHUEe S110-
cie omeparopa Oyzer T+1.

3ateM MBI JOJDKHBI HCOpaBUTh MpoBepky «l =10007» Tak,
YTOOBI MOIYYUTh YKBUBAJIECHTHYIO MPOBEPKY OTHOCUTENbHO S [Ipu
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BBITMOJIHEHUU 3TOW NpoBepku Sumeet 3Hauenue T+. CriemoBarels-
HO, DKBHBaJICHTHOH MMPOBEPKOi Oyner
R <« T+1000
S=R?
[Tockonmpky R He 3aBHCHMT OT OOmacTd, BeIUUCIEHHE R <
T+1000 mM0»xHO BBIHECTH B y4acTOK $B,'. Torma MOXHO MOJHOCTHIO
n36asuthbes ot |. HoBolil rpad npencrasnen Ha puc. 6.24.

K«0 331

A 4

T« J+1
S«T B
R « T+1000

j A 4

S« S+l
K« StK | 82
S=R?

L]

halt By

Puc. 6.24 — JlanpHeiimee npeodpa3zoBanne rpada yrnpapieHUs

Ha puc. 6.24 BuaHO, 94TO y4acTOK B3 UCKIIIOUYCH MOJTHOCTHIO, &
obnacTe yKopodeHa Ha oauH omeparop. KoHeuHo, pa3mep ydacTka
3B, yBENIUYWIICS, HO, MMO-BUIMMOMY, OOJIACTH WCIOJIHSOTCS 3HAYU-
TEJIbHO Yallle, YeM y4acTKH BHE o0yiacTu. TO €CTh MMeeM YCKOPEH-
HBII BapHaHT IIPOTPAMMBI.

[Ilar S« T B $B,' MOKHO UCKIIIOYUTD, €CIU OTOXKIECTBUTH S U
T. 3T0 BO3MOXKHO TOJBKO MIOTOMY, UTO 3HAUCHHS MTEPEMEHHBIX Su T
HUKOT/Ia He OyIyT pa3iIM4YHBIMH, HO, HECMOTpPS Ha 3T0, 00e oHH Oy-
YT «aKTHUBHBIMHU» B TOM CMBICIIE, YTO OYyIyT HCIIONB30BATHCS B
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JTanbHEHIINX BEIYHUCICHUAX. UHBIMHU c1oBaMHM, B $B, aKTHBHA TOJIBKO
NepeMeHHass S HU OJTHA M3 HUX He aKTHBHA B B, a B B,' 00¢ aKTHB-
HBI MeXIy ornepatopamMu S<— T u R« T+1000. Eciu T 3amMeHuTH Ha
S mosy4nM OKOHYATEbHBIN rpad ynpasienus (puc. 6.25).

K« 0

h 4

By

S« J+1
R « S+1000

B,

j h 4

S« S+l
K « S+K
S=R?

L]

A 4

halt

B,

B4

Puc. 6.25 — OkoHuarenbHbIH BapuaHT rpada yrnpasieHus

Hiist Toro 4ToObl OHSTH, YeM PE3yIbTUPYIOIIUN Tpad Tydie
HCXOJIHOTO, MPEBPATHM KaX/Iblii M3 HUX B MPOrPaMMy Ha SI3bIKE ac-
ceMOJiiepa 1 BBeZIeM HOBBIEC KOJIbl onieparuii (JZ — mepexos B ciaydae
HyJieBoro cymmaropa u JNZ — miepexoji B ciiydae HEHYJIEBOTO CyM-

Maropa):
a)
LOAD =0
STORE K
LOAD =1
umkji: STORE T
LOAD J
ADD =1

ADD I

6)

LOAD =0
STORE K
LOAD =J
ADD =1
STORE S
ADD =1000
STORE R
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ADD K umkygi: LOAD S
STORE K ADD =1
LOAD I STORE S
SUB =1000 ADD K
JZ BEIXOII STORE K
LOAD I LOAD S
ADD =1 SUB R
JMP LMKJIT JNZ LIKJT
BEIXOZ : END END

3ameTuM, 4TO JUIMHA MPOrPaMMBbI TakKas e, OJHAKO IUKI KO-
poue (8 koman BmMecTo 12).

6.3.4.3 3amMeHa CJ10KHBIX onepaIuii

BHyTpu o0iacTell BO3MOMKHA 3aMeHd CHOMNCHBIX Onepayuil.
Ecnu BHyTpH 001acTH ecTh oneparop Buna A <— B*|, B koropom 3Ha-
yenne B He 3aBucuT oT 06macTH, a | — WHAYKTHBHAS TIepeMeHHas,
TO MOXHO 3aMEHUTh YMHOXKEHHE CIIO)KEHHWEM WIJIM BHIYMTAHHUEM Be-
JINYHMHBI, PABHOW IMPOW3BEICHUIO 3HAYCHUN, HE 3aBUCAIIMX OT 00-
JIACTH PA3HOCTH apu(PMETUYCCKHUX MPOrpaMM, MOPOKIAEMON HHAYK-
TUBHOU NIEPEMEHHOM.

Ipumep:

DO5J=1N
DOS5I=1M
5 A, J)=B(1,J)

[Mycte A(l, J) 3aniomunaercs B siueiike A+M* (J-1)+] qnsa 1 < |
< M, 1 < J < N; aHaJIOTUYHOE MPEANONIOKECHUE CeIacM OTHOCH-
tenbro B(l, J). s ynoberBa o6o3naunm sueiiky A+L gepes A(L).
Torma U3 UCXOAHON MPOTPAMMBI MOYKHO MOJYYUTh YaCTHUHO OITH-
MU3HPOBAHHYIO MPOTrPaMMy

N« N-1
Je-1
J« JH1
<0
K<« M*J
yukn: |« 1+1



175

L « K+l
AL) « B(L)
if I <M goto yuxn
if J<N' goto yuxn
halt
I'pad ynparieHus HOBO# porpamMMbl U300paXkeH Ha puc. 6.26.

N'«N-1 | o
Je-1

v q

J«J+1
| <0 B,
K<« J*M

— |

| < 1+1
L« K+l B,
A(L) < B(L)
| <M?

]

I<N? | 3,
]
A

halt Bs

Puc. 6.26 — I'pa¢ ympaBnenus

B stom rpade { B,, B3, B4} — KUCTh, B KOTOPOH TIEPEMEHHASI
M wuHBapuaHTHa, a J — WHIYKTHBHAs MEPEMEHHAs, BO3pacTaroIast
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Ha 1. [Tostromy oneparop K <— M*J moxxno 3amenuth Ha K — K+M,
npenBapurenbHo npucBouB K 3nauenue M BHe oOnacTu.

HoBriit rpad ympaBnenus mpexacraBieH Ha puc. 6.27. IIpo-
rpamma, TpeJICTaBlsieMasi STUM HOBBIM TpadoM, JUIMHHEE TPEKHEH,
HO 00JIaCTH, COOTBETCTBYIOIIHNE y4acTKaMm By, Bz U By, OyayT uc-
MOJHSTHCS ObICTpEE, MOCKOJIBKY YMHOKEHHE 3aMEHEHO CII0KEHUEM.

N' <« N-1 B,
J«-1

K« -M B’

|« 0 B,

| < 1+1
L« K+l B,
A(L) < B(L)
| <M?

]

I<N? | 3,
]
A

halt Bs

Puc. 6.27 — Hoselii rpad ynpasneHus
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MOKHO TOMY4nuTh 0O0Jice SKOHOMHYIO MPOTPaMMy, 3aMEHHB
BCIO o0nacth { By, By, B3, By} onHuM yuacTkoMm. OKOHYATETBHBIN
rpa¢ yrpasieHUs peCcTaBiIeH Ha puc. 6.28.

L«<0O
T« M*N

ﬁ A 4

L« L+1
A(L) < B(L)
L<T?

]
h

A 4

alt

Puc. 6.28 — OxoH4aTenbHBIN Tpad yIpaBIeHAS
6.3.4.4 Pa3BepThIBaHNE IHKJIOB

[Tocennee mpeoOpa3oBaHue IO YIYYIICHUIO KOJA, KOTOPOE
4aCTO OCTAETCs] HE3aMEUEHHBIM, 9TO PA36epmbléanue YUKIos.
Paccmotpum rpad Ha puc. 6.29.

|1 By
v v

A(l) « B(I)

| > 100? Bz

v

l1+1 | 8,

Puc. 6.29 — I'pad ynpaBienus
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B sTom rpade yuactku B u B, Bermonastores: 100 pa3. Takum
obpaszom, 100 pa3 BeimosHseTCs TpoBepka. He momyckas HUKaKuX
BOJILHOCTEH, MOJKHO Pa3BEepHYTh LUKJI Ha «OJAWH IIar» M MOIYYHThH
rpad (puc. 6.30).

|« 1

R

A(l) < B(1)
[« 1+1
A(l) < B(1)
| > 1007

4 '—» halt

h 4

|« I+1

Puc. 6.30 — I'pa¢ ympasneHus mocie pa3BepTHIBaHUS IIHKIIA

IIporpamma, npeacrasienHas Ha puc. 6.30, nHHEe, HO B Hel
HCTONHsAETCS MeHbIe kKoMan/ (Bcero 50 mposepok Bmecto 100).

6.4 AHANN3 NOTOKOB OAHHbIX

Jlo cuX TOp MBI UCIIOIB30BaIN MH()OPMAIHIO O BEIYHCICHHUIX
B Y4acTKaX MpOrpaMm, He OMUCHIBAs, KaK 3TOT y4acTOK U MHQOpMa-
IO O HEM MOJKHO TIOJTy9HTh. B 4acTHOCTH, MBI HCIIOJTB30BAIH:

1) «/lomycTuMbIe» MpH BXOJIE B y4acTOK BhIpayKeHHs. Boipa-
xenne A+B HaszbIBaeTcs docmynubim TIPU BXOJIE B YUACTOK,
eciu A+B Bceria BBIUMCISCTCS JI0 JIOCTHXKCHHS YYaCTKa,
HO HE paHee, 4yeM orpeseneHsr A u B.

2) MHOXECTBO y4acTKOB, B KOTOPBIX MEPEMEHHAsi MOTJIa OIl-
penenaTeCs MOoCleIHU pa3 mepeln TeM, Kak MOTOK YIpas-
JIEHWsI JOCTUT TEKYIIEeTo y4JacTka. Jta WHGOpMaIus Mo-
Je3Ha JUIS Pa3MHOXKEHHsI KOHCTaHT WM BBIABICHUS Oecrio-
Ne3HBIX BhIYKCIeHUsI. OHA UCTIONB3YeTCsl TAKKE JJISl BBISB-
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JICHUsI BO3MOXKHBIX ONIMOOK IPOTPaMMHUCTa, 3aKII0Yal0-
IUXCS B TOM, YTO Ha MEPEMEHHYIO JIENAeTCsl CChUIKA JI0
TOT0, KaK OHa OTpe/eNeHa.

3) Uubopmarus TpeTbero THHA Ui BBIYMCICHHS CBs3aHA C
BBISIBJICHHEM AaKTHBHBIX NEPEMEHHBIX, TO €CTh IIePEMEH-
HBIX, 3HAUYCHHSI KOTOPBIX JOJDKHBI COXPAHATHCS MIPU BBIXO-
Jie U3 y4JacTka. JTa MHPOpMaIKs MOJIe3Ha, KOTIa YU4aCTKU
npeoOpas3yroTcs B MAIIMHHBIE KOJIBI, TOCKOJBKY OHa yKa-
3bIBaET IEPEMEHHbIe, KOTOpHIE TPH BBIXO/E M3 ydacTKa
JOJDKHBL THOO 3alIOMHHATBCS, JTHOO COXPAaHSATHCS B OBICT-
poM peructpe (To ecTh 3Ta HHPOPMAITHS HY)KHA JJIS BBISIB-
JIeHHsI BBIXOJIHBIX MEPEeMEHHbIX). OTMETHM, 4TO HEepeMEeH-
Has MOXCET BbIYHUCIIATHCA HE B paCCMAaTpUBA€MOM YYaCTKCE,
a B KaKOM-JIMOO TPEIBIAYIIEM, HO ObITh TEM HE MEHee
BXOJIHOM U BBIXOJHOU NEPEMEHHON ydacTKa.

Camas crmoxxHasi U3 3TUX TpoOJIeM — BTOpasi, yCTAHOBIICHUE
y4dacTKa, TJie MOTJia ONpelelsThCs MepeMeHHas mepe]] TeM, Kak ObLI
JOCTUTHYT JaHHBIN y4acTOK. MeToJ penieHuns 3Toi mpoOieMbl OKa-
3bIBACTCS «QHAIM30M HMHTEpBaoB». OH 3aKIIFOYACTCs B pa3OMCHUU
rpada ynpasseHus Ha Bce OoJbIliee U OONbIlIee MHOXECTBO BEPILIUH,
TeM caMbiM C TpadoM CBS3BIBAETCS HEKOTOpas HepapxXuuecKas
cTpykTypa. C TIOMOIIBIO 3TOW CTPYKTYphl MOXHO OyAeT maTh 3¢-
(eKTUBHBII anropuT™ JUIsl Kjacca rpadoB ynpaBieHUs!, HA3bIBAEMbBIX
«CBOJIMMBIMI», TaKue Ipadbl OYEHb YaCTO BCTPEUAIOTCS B KauecTBE
rpadoB yrpaBiIeHHs, BOSHUKAIOMINX U3 PEATbHBIX IIPOTPaMM.

6.4.1 UHTEPBAJIBI

Onpeoenenue. Ecnu h — Bepumna rpaga ynpasienus F, om-
penenum unTepBai |(h) ¢ 3aronoBkom h kak Takoe MHOXECTBO Bep-
muH rpada F:

1) uyro h npunamgnexwur |(h);

2) ecnu BepimuHa N emnte He BioveHa B |(h) u Bce myru, BXo-
JSIIEe B N, BBIXOAAT M3 BepuiuH, npuHamiexammumx |(h),
nmo6asum Nk 1(h);

3) moBTOpsieM mrar 2) 70 TeX Mop, MoKa He OCTAHETCs BEPIIINH,
KOTOpbIe MOXHO 700aBuTh K |(h).
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Ilpumep. PaccmoTpum rpad ympaieHus, n300pakeHHBIH Ha
puc. 6.31.

PaccMoTpuM uHTEpBa ¢ HaYaIbHON BEPLIIMHON N; B Ka4eCTBE
3arojioBka. Cormacuo mary 1) 1(n;) Bxarouaet Ny. [ToCKOMBKY eanH-
CTBEHHAs yra, BXOAAIIAs B Ny, BBIXOIUT U3 Ny, g06aBuM Ny k 1(Ny).
Beprmny N3 Henb3st 106aBuTh K 1(N), Tak Kak B HEe MOXKHO IMOIACTh
HE TOJIBKO U3 Ny, HO M U3 Ns. Hukakux npyrux BepumH K 1(N;) mo6a-
BUTD Hesb3st. Takum obpaszom, 1(ny) = {Nny, Ny}.

(&=~~~
O
() ()
O

Puc. 6.31 — I'pad ympaBienus

[Ipomomxkas pa3zdoop, MOJyduM:

[(ny) = {ny, ny}

1(ng) = {ns}

1(Ng) = {4, Ns, N}

[(n7) = {7, ng, No}

Octaetcs mpobiiema HaXO0XIeHHUS 3aT0JIOBKOB.

Teopema:.

1) 3aromnoBok h TOMUHHpYET HaJ BCEMH OCTAIbHBIMH BEpIIIH-
Hamu B |(h), XoTs He 00s3aTeIBHO BCE BEPIIMHBI, HAJ KO-
TOPBIMHU OH JJOMHHUpYeT, npuHaiexar | (h).
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2) Jns xaxmao BepiuuHbl h rpada ynpasnenuss F uHTepBan
[(h) ompenmensieTcss OAHO3HAYHO M HE 3aBUCHT OT MOPSIKA,
B KOTOpOM Ha mIare 2) OomnpeelicHUs] HHTepBajia BbIOHpa-
I0TCS] KaHIUIATHI 1A N.
3) Kaxmeiii nukn B uatepsaie |(h) BkiIto9aeT 3aroioBOK HH-
TepBaia h.
BaxHbIM CIIeZICTBHEM 3TOM TEOPEMBI siBJIsieTcsl (haKT, 4To rpa-
(b1 yIIpaBIIeHUST MOKHO €IMHCTBEHHBIM 00pa3oM pa3OuTh Ha HHTEP-
BaJbl. SICHO, YTO HUKaKas Qyra HE MOXET BECTU W3 |; B BepUIMHY
uHTEepBana |, oTnMyHyI0 OT 3arojoBka. HoBbIi rpad) MOKHO TakuMm
e 00pa3oM pa3OUTh Ha MHTEPBANbI, M 3TOT MPOLIECC MOXHO IpO-
nowkuTh. IlosToMy B manbHelimieM Mbl OyzneM CUMTaTh, YTO Ipad
yIpaBiieHUS COCTOUT HE U3 YYaCTKOB, & U3 BEPILUH, THII KOTOPHIX He
cneunumupoBad. MHaue, BEpIIMHBI MOTYT MPEJCTABIATH CTPYKTY-
PBI IPOU3BOJIBHON CIIOKHOCTH.
Aneopumm paszbuenus zpaga ynpasieHus Ha Henepecekaio-
wuecs uHmepeanvl.
Bxo0. I'pad ynpasnenus F.
Buvixod. MHOXeECTBO HETepeceKaroInXCsl HHTEPBATIOB, 00be-
JIMHEHHUE KOTOPBIX COJICPIKUT BCE BepIIHMHKI rpada F.
Memoo:
1) C kaxao# BepuInHOM B F CBsDKEM JBa mapameTpa: CYeTIHK
U JAOCTHXHUMOCTh. CYUeTUMK IJsl N CHayala paBeH YUCITY
JyT, BXOJIKX B N. B X0/1e BBINONHEHMS alTropuT™Ma cyeT-
YUK 7151 N paBeH YHUCIy €lle He NMPONAEHHBIX YT, BXOAS-
mwx B N. JlocTmxuMoCTs At N b0 He ompeaeneHa, Tudo
ABJISIETCS. HEKOTOPOH BepimHOW u3 F. BHawane moctmxu-
MOCTh HE OIpeZieficHa JJisl BCEX BEPIIMH, KPOME Hauallb-
HOH, TOCTHKUMOCTh KOTOPOM €CTh OHA caMa. B KOHEYHOM
WUTOTE JOCTHMKUMOCTBIO Ui N CTAaHET MEpBbIA HalJAEHHBIN
3aroJIOBOK MHTEpBaJIa N, TAKOM, YTO U3 HEKOTOPOU BEPILH-
HbI HHTEpBaia | (N) Beaet ayra B N.
2) OO0pasyeMm CITHCOK BEpIIWH, Ha3bIBAEMBIH CITHCKOM 3aro-
JIOBKOB. BHayane CIUCOK 3aroJIOBKOB COJIEPKHT TOJBKO
HavaIbHYIO BepimHy rpada F.
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3) Eciu criucok 3arojoBKOB IyCT, OCTAHOBUTHCS. B MpOTHB-
HOM Cliydae N — CJEyrollas BEepIIMHA M3 CIIHCKA 3aro-
JIOBKOB.

4) 3arem mpUMEHseM mard 5—7 Jyis MOCTPOCHHS MHTEepBaja
[(n). Ha sTux marax K CHHCKY 3arojOBKOB J00AaBIISFOTCS
IpsSMbIE TOTOMKH BepInuHal u3 |(N).

5) I(n) ctpoum kak crnucok BepurH. Baaudane |(N) cogepxur
TOJIBKO BEPIIMHY N U OHA «HE OMEYEHa».

6) BeiOupaem B 1(N) «HENMOMeYeHHYIO BEpIIUHY» N', MOMeya-
eM ee W I KaXJI0i BepIIuHEI N, B KOTOPYIO BEIET ayra
U3 N', BBIIOJIHSACM CJICTYIOIINE OTePaIiu:

a) YMmenbImaeM cuerynk Ha 1 s n”;
6) ITpoBepsieM yCIOBHS:

(i) Eciu moctmkumocTs u1si N He ompejienieHa, mojara-
€M €€ paBHOH N U JenaeM cienytrouee. Ecinu cueTuunk s
n" pasen O (mepex 3tum ObLT 1), TO H00aBIsIeM BepiiuHy N
K |(n) u mepexonum k mary 7; nHage, 100aBisieM BEpIIUHY
N' K CIICKY 3ar0JIOBKOB, €CJIA €€ TaM He OBLIO, U Tepexo-
JIUM K mary 7.

(if) Ecmu  moctmxuMOCTh 1t N paBHA N, a CYETYHK
BepiuH N pasen 0, nobasmsem Bepmuny N” x [(N) u yna-
JsieM ee M3 CIHMCKa 3aroJIOBKOB, €CJIM OHA TaM €CTh, U Tie-
pexXoauM K mary 7.

Ecnu nu (i), vu (ii) He npumennmsl, B (0) HUYEro He jena-
eM.

7) Ecmu B 1(N) ocraercst HemoMeueHHas BEpIIMHA, BO3Bpalla-
emcs K mary 6. Muage, crimcok 1(N) 3amosHeH, BO3Bpalia-
eMmcsl K mary 3.

Onpedenenue. VI3 untepBanoB rpada ynpasieHus F MoxxHO
nOCTpouTh Apyroi rpad ynpasinenus |(F), kotopsiit Oymem Ha3bl-
BaTh npouzsoonsvim epagom ot F. IlponsBoaHsrii rpad onpenenseTcs
TaK:

1) I(F) umeer mo oxHOI BepIIMHE JUIS KaXKIOTO MHTEPBAa,

HOCTPOCHHOT'O HIKE OMHMCAHHBIM aJrOPUTMOM.

2) HauanpHo#i Bepmmuoi |(F) ciyuT MHTEpBal, coaepiKa-

Ui HAYAIBHYO BepuInHy s F.
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3) W3 unrepsana | B uHTEepBan J BeJeT ayra TOraa U TOJIBKO
toraa, koraa | # J v u3 BepmmHbI | BeneT yra B 3aroj0BOK
uHTEpBaa J.

[MpousBonusiii rpad |(F) rpada ympaenenus F mokasbiBaeT
MOTOK yrpaBiieHus: Mexay nHrepBaiamu B F. ITockonsky rpad 1(F)
caM siBisieTcsl Tpa)oM yIpaBJIeHHs, MOKHO TIOCTPOUTH Takxke rpad
I(I(F)), npousBoausiii ot |(F). Takum obOpa3om, eciu npaH rpad
ynpasieHust Fo, MOXHO TOCTPOMTBH IIOCIEIOBATEIFHOCTE TIpadoB
ynpasnenust Fo, Fi, ..., F,, HazeBaemyro npouszeoownoil nociedosa-
menvHocmwio oT F, B xotopot Fi.y — mpousBomHsiii rpad ot Fi.
I'pad F; nassiBaercst i—npousBoaubiM rpadom ot Fo. I'pad Fp Hazsl-
Baetcs npezaenom rpada Fo. Hetpynao mokasats, uto F, Bcerna cy-
LIECTBYET U €IMHCTBEHEH.

Ecmu F, cocrout u3 onHol BepmuHbl, TO rpad Fo Ha3bIBaeTcs
CBOJINMBIM.

CrnemyeTr oTMeTUTH, UTO eciu rpad Fo cTponTtes mo peanbHOI
MpOrpaMme, TO OH BCET1a CBOJIUMBIN.

Ipumep. IlpuMeHUM pacCMOTPEHHBIA aNrOpUTM Uil IIO-
CTPOCHHUS HHTEPBAJIOB yrpaBieHus /st rpada (puc. 6.32).

@@Gé@@@

Puc. 6.32 — I'pa¢ ympaBnenus

HavanbsHoii BepmmHOM ciyxutT N;. BHayane cnucok 3aroiios-
KOB COJCPIKHUT TOJbKO Ny. J{nst nmoctpoenus |(Nn;) Bimrodaem Ny B 1(Ny)
KaK HEMOMEUYEHHYI0 BepuinHy. [lomeuaem BepiinHy N; ee MpsSMbIM
MOTOMKOM Ny. JJIst 3TOr0 yMEeHbIIaeM c4eTduk Ny ¢ 2 10 1, monaraem
JOCTHKUMOCTD 710 Hee Ny M Jo0aBisieM ee K CIHCKY 3arojoBKoB. K
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3TOMy MOMeHTy B I(N;) He ocraeTcss HEMOMEYEHHBIX BEPIIHMH, TaKk
uro crucok |(ng) = {ny} 3amosnen.

CrmcoK 3arojOBKOB COJCPIKUT MOTOMKA Ny BepiIkHbl U3 |(Ng).
s seraucienus 1(ny) Bmowyaem Ny B 1(Ny) 1 paccmarpuBaem Bep-
HIAHY N3, CYETYHK JUTSI KOTOPOW paBeH 2. YMeHbIaeM CueTyrK Ha 1,
1oJiaraeM JIOCTHXKUMOCTb [Tl Hee PaBHOM Ny U 100aBIsieM ee K CIu-
CKy 3arojioBkoB. Haxomum Takum o6pasom, uto [(ny) = {ny}.

CrmcoK 3aroJIoBKOB COJICP)KHT Terepb MOToMKa Nz u3 1(Ny).
Berunciienne 1(N;) HaunHaem ternepb ¢ 3aHeceHust N3 B 1(Ng). Pac-
CMaTpHUBaeM TeTephb BEPIIUHEI Ny U N5, YMEHBIIIAs CUSTUHK TS HUX C
1 no O, nonaras JOCTHKUMOCTb JIJIi HUX PABHOM N3 1 I0OOABIIsAS UX K
I(ng) kak HermoMeueHHbIEe BepIIMHBI. [ToMeuaeM Ny, YMEHbIIAs CYET-
YUK JUIg Ng ¢ 2 10 1, monarasi JOCTHXKUMOCTD JUTsl Ng paBHO# N3 U J10-
0aByisisi Ng K CIUCKY 3arosioBkoB. [lomewast Ns B 1(Ng), yMeHblIaem
cuetyrk 115 Ng ¢ 1 10 O, ynansiem ee u3 crniucka u qo6asisiem K 1(Ng).

Yro6bl moMeTuth Ng B 1(N3), menaem cuetyuk st N; paBHbiM O,
noJjiaraeM JOCTHXAMOCTD JIJIsl Hee paBHOM Ng U 1o0aBisieM ee K 1(Nng).
Crieyromei paccMaTpUBaeTCsl BEPILHHA N3, TOCKOIBKY €CTh JyTra W3
Ne B Ng. Tak Kak TOCTHXXUMOCTD TS N3 paBHA Ny, BEpIIKHA N3 B JaH-
HBII MOMEHT He u3Mmensiet |(Ng) u crucka 3aroyioBkoB. UToObl ome-
THTH Ny, IeNTaeM CYeTUHK Ng paBHBIM O, mojaraeM J0CTHXHUMOCTD JIJIs
Hee paBHOM N3 U 1obasisieM ee K 1(Ng). Bepimua N, taxoke sBisieTcst
MOTOMKOM BEPIIHMHBI Ny, HO TaK KaK JOCTHKUMOCTE IS Ny paBHA Ny,
TO Ny He nobasseTcs v K | (Ng), HU K CITUCKY 3ar0JIOBKOB.

Hakownerr, 4T00bI TOMETHTH Ng, HE HAIO MPOM3BOANTH HUKAKHUX
oreparuii, MOCKOJIbKY Ng HE UMEET MOTOMKOB. K 3TOMy MOMEHTY B
I(n3) He ocTaeTcst HEMOMEYEHHBIX BepIIHH, Tak 4To |(Ng) = {Ng, Ny, N,
Ng, N7, Ng}.

CrmcoK 3arojIOBKOB IyCT, TaK 4TO aJrOPUTM 3aKOHUYHJICS. B
pesynbTate Tpad yhpaBieHHs OKa3ajcs pa3OMThIM Ha Herepece-
KafOIIMeCsT HHTEPBAIIbI

I(n) = {ny}

I(nz) = {ny}

[(nz) = { Nng, N4, Ns, Ng, N7, Ng}.

Ha sTux mHTEpBajgax MOXXHO IMOCTPOUTH MOCIIEIO0BATEIBHOCTh
rpados ynpasienus (puc. 6.33).
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{ny} {n} Q {ny,..., ng}
{n} {n,...,
{ng,..., ng}

Puc. 6.33 — IlocnenoBatensHOCTE TpadoB yIpaBIeHUS

Ipumep. Paccmotpum rpad puc. 6.34.

Puc. 6.34 — I'pad ynpaBienus

I/IHTepBaJII)I JUIS1 HETO TaKOBBI.

[(n) ={n}
[(n) = {ny}
[(ns) = {n}

B coorBeTcTBUM € pPacCMOTPEHHBIM ajJrOPUTMOM, HaXOAMM,
yt0 Tpad F HEcBOIUM.

3amMeTuM, pacCCMOTPEHHBIH aJTOPUTM BBHITIOJHSAETCS 3a BpeMs,
MPONOPLMOHANBEHOE YKCHy Ayr rpada ynpasieHus. [lockonbky B
rpade ynpasieHUs!, BEPIINHBI KOTOPOTO SIBISIOTCS Y4acTKaMH TPO-
rpaMMBI, HA U3 OJHOW BEPIIMHBI HE BBIXOJAT Oosee 2 yT, 3TO SKBH-
BAJICHTHO TOMY, UTO aJITOPUTM JIMHEWHO 3aBUCHUT OT Y4aCTKOB IIpO-
TpaMMBL.
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6.4.2 AHAJIN3 IOTOKOB JAHHBIX C IIOMOIIBIO
HUHTEPBAJIOB

[Ipobnema, kOTOPYyIO MBI OyeM U3y4aTh, COCTOUT B TOM, YTO-
OBI JUTS KOKJI0TO yJacTKa B ¥ sl KaKAOH MepeMeHHONH A CBOANMO-
ro rpada ynpaBieHHs BBIICHHTB, B KaKHX ONEpaTopax IPOrpaMMbl
MOTJIa OTIpe/ICATECS NepeMeHHas A B MOCJIEIHUI pa3, Iepes TeMm,
KaK ympaBlieHHe JOCTUTIIO y4acTka B.

Bynem mcxoauTh M3 anmpHOPHOTO YTBEPXKICHHUS, YTO aHAJIM3
MOTOKOB JJAHHBIX C TOMOIIBI0 HHTEPBAJIOB CBSI3aH C TPAKTOBKOM Tpa-
(OB KaK yNnakOBaHHBIX BEKTOPHBIX OMTOB. /)11 BEIUMCIICHHS TTepece-
YyeHHsl, OOBEIUHEHUS U JOMOJHEHHUSI MHOXECTB HCIIOJIb3YIOTCS JIO-
rudeckue oneparmd AND, OR 1 NOT Ha BekTOpax OUTOB.

[MocTpouM TaONMIBI, JAIOUIUE IS KAXKIOTO ydacTka B mpo-
rpaMMBI Bce To3uImu |, Tie onpeaessieTcss JaHHas nmepeMeHHas A u
OTKy/la CyIIecTBYET MyTh B $B, BIOIL KOTOpOro A He mepeorpeens-
eTcs. Jta nHpopMaIs HEOOX0oANMa ISl BEIYMCIICHUS BO3MOYKHBIX
3HaYeHHH A TIpY BXOZIE B yIaCTOK B.

OnpenenuM yemvipe (GPYHKIUH, OTOOPAXKAIOIINE YYaCTKU BO
MHOYECTBA.

Onpeodenenue. Ilyrem BRIYHCICHHUNA U3 omeparopa S; B ornepa-
TOp S, HAa30BEM IOCIIEOBATENLHOCT ONEPATOPOB, HAYMHAIOLIYIOCS
B S; ¥ 3aKaHYMBAIOILYIOCA B S, KOTOpas B JAHHOM TOPSAKE MOXKET
BBITIOJTHATHCS B ITPOIIECCE BBITIOIHEHUS ITPOTPAMMBEL.

[Tycte B — ydgacTox nporpammel P. Omnpenennm 4eTeipe MHO-
KECTBa, CBS3aHHbBIE C ONIEPATOPAMHU OTPEACITICHUSI:

1) IN(8B) = {deP | cymiecTByer Takoii myTh BBIYHUCICHUS U3
orneparopa omnpezaerneHus d B mepBblil oneparop B $B, 4TO
HHUKAKOH omeparop Ha 3TOM IyTH, KpOMe, MOXET OBITb,
HIEpBOTO OmepaTopa B B, He MepeonpeessieT IePeMEeHHYIO,
omnpezaeneHnyo B d} .

2) OUT(8) = {deP | cymecTByeT Takoii myTh BEIYHCICHUS U3
d B mociennuii omnepatop B, 4TO HHUKAKOW OIepaTop Ha
HEM HE IMepeonpeseNnseT NepeMEHHYI0, ONpeACICHHYIO B
d}.

3) TRANS(B) = {deP | nepemennas, onpenencuHas B d, He
ompeeIsieTCss HUKaKUM o1epaTtopoM B B} .
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4) GEN(#8) = {deP | nepemennasi, onpenenennas B d, He on-
penensiercsi HAIKaKuM OrepaTopom B B} .

Takum o6pazom, IN($B) comepkuT onpeaencHus, KOTOPbIE MO-
ryT ObITh aKTHBHBIMU TIpH BXoze B B. OUT(B) comepkur onpeere-
HHs, KOTOpble MOIYT OBITh AKTHBHBIMH 0pH BbIXOAE H3 B.
TRANS($) comepxut omnpenencHus, nepeaaBaeMmbie uepe3 B Oe3
onpeneneaus B B. GEN(B) comepkut onpeaeneHus, co3aBaeMbie B
3B, KOTOpBIE OCTAIOTCS aKTUBHBIMU IIPU BbIXOAE U3 B.

Jlerko BUAETH, 4TO

OUT(RB) = (IN(8) n TRANS(8)) w GEN(HB).

Ilpumep. PaccmoTpuM nporpaMmy
Dle1
J<«0
JJ+1
read |
if | <100 goto
writeJ
halt
I« 1*I
goto S

I'pad nporpammer nzobpaxen Ha puc. 6.35.

Onpenenum s B2 muoxectea IN, OUT, TRANS u GEN.
Omneparop S, onpenensiet |, a S, S, S — myTh BEIYKCICHUIA, HA KO-
topom | He ompenensiercst (kpome kKak B §p). ITOCKOJIBKY 3TOT IMyTh
BeJIET M3 S B MEPBBIiA OMepaTop ydactka By, icHO, uto S € IN(By).
AHaJIOTHYHO MOKHO MOKa3aTh, YTO

IN(B3) ={S, &, S, S}

Otmetum, uyto S, He npuHamIekKuT IN(B,), MOCKOIBKY HET
IyTU BBIYUCIICHUS U3 S B S, He nepeonpenestoniero | mocie .

OUT(8,) He coaepXuUT ), MOCKOJIBKY BCE MYTH BBIYHCIICHHS
u3 S B $ nepeonpenenstor |. Jlanee nerko npoBepuTh, 4TO

OUT(B2) ={S,, Sy}
TRANS(8,) = &
GEN(82) ={S,, S}

PP LLPLL PP



188

Sil«1 B,
S$:J«0
\ 4
Sl J+1
> S read| B,
S if 1<100goto S

VAN

S« 1*] S write J
S:goto S; S;: halt
B By

Puc. 6.35 — I'pad ynpasienus

[Ipeanonoxum, aro By, ..., By — BCE NPSMBIE TOTOMKH y4a-
crka B B P. SIcHo, uTO

IN(8) = Ikkjl OUT(®B) = Ikle [(IN(8B)) N TRANS(5))) U GEN(8))].

s Berauciaenns |N(B) MokHO OBIIIO ObI BRIITHCATE 3TO YPaB-
HEHHME U KaXIOTO ydYacTKa MPOrpaMMbl BMECT€ C ypaBHEHHEM
IN(Bo) = J, rne Bo — HaAYAIBHBIH YIACTOK, 3aTEM IOIBITATHCS pa3-
pelINTh CUCTeMY ypaBHeHUE. OJIHAKO CyHIeCTBYeT Oosiee yaoOHBII
METOJI, YYHTBHIBAIONIMH TNPEHMYIIECTBA MPEJCTaBICHUs rpadoB
yIpaBJICHUS B BUJIC UHTECPBAJIOB.

JlamuMm BHauasie OMpEAEIeHHUs MOHATHH «BXOM» U BBIXO/»

MHTEpBAJIA.
Onpeoenenue. Ilycts P — mporpamma, a Fy ee rpad ympasire-
uus. [lycts Fo, Fy, ..., F, — mpousBojHast rmociiejoBaTenbHOCTh OT

Fo. Kaxxnas Bepurina B Fi (i > 1) sisieTcst uatepBaiom B Fiy 1 Ha-
3BIBACTCS UHMEPBATIOM NOPSOKA 1.

Bxooom wHTepBana nopsinka 1 ciry>kKUT 3ar0JIOBOK HHTEpBAIA.
Bxon uHTepBana nopska i > 1 — 3T0 BXOJ B 3aroJIOBOK HHTEpBaJa.
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Takum o6pazoMm, BXoja Jr000T0 MHTEpBaia — 3TO JIMHEHHBIH yd4a-
CTOK MCXOIHOH mporpamMmsl P.

Boixooom untepsana 1(n) nopsaka 1 ciykut TakoW mocien-
HUIi omeparop ydactka B B |(n), yTo B UMeeT MPSAMOro MOTOMKA,
KOTOPBIH SIBIISIETCS TMOO 3arojIOBKOM MHTEpBasa N, MO0 yIacTKOM
BHe |(N). Beixox unTepBana |(N) mopsinka i > 1 — 3T0 mocnemHuit
oreparop y4actka B, cogepskamierocs B |(n) u Takoro, uto B Fo ecth
ayra, Beaymas u3 B b0 B 3aroJIOBOK HHTEpBaia N, 1100 B y9aCTOK
BHe |(n).

OTMCTI/IM, qTO0 Ka)K)II)II\/'I Y4aCTOK UMECT OAMH BXO/J U HOJIb UJIN
Oosee BBIXO/IOB.

Ilpumep. 1lycte Fo — Tpad ynpaBineHHs TporpamMmbl, H30-
OpaxenHol Ha puc. 6.35. C nmomoripio anroputma pa3ouenus rpada
Ha HENepeCeKaroNuIecs: HHTEPBaJIbl IOCTPOUM €ro pa3OMeHue Ha MH-
TepBAJIBI

l1=1(By) = { B}
|2 = |(f732) = {532, 533, 334}

W3 3TUX HHTEPBAJIOB MOKHO IOCTPOUTH MEPBBIM MPOU3BOA-
HbIU rpad ynpasienus Fi, mokaszaHubli Ha puc. 6.36. 3 F; MoxHO
MOCTPOUTH €TI0 UHTCPBAJIbI

[3=1(11) = {11, 12} ={B1, By, B3, Ba}
U TIONYYUTh NpeieNbHBIN rpad yrpaBieHus, Takke TOKa3aHHBIN Ha

puc. 6.36.
-7 ®-

Puc. 6.36 — IIpousBoHas MOCieA0BaTeILHOCTH OT rpada Fo

WuTepBanamu nopsinka 1 seisitores |, u |, Bxog st |, — ato
B,. Bxox mist |3 — 310 B1. ExnHCcTBEHHBIN BBIXO MIst |1 — 91O OtIE-
partop S. EauHcTBeHHBIN BBIXOX JUIs |, — 3TO omeparop . Mutep-
BaJioM mopsijika 2 seisiercs |3 ¢ Bxogom $By. MHTepBan |3 He umeer
BBIXOJOB.
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Iponomxum teneps ¢pynkiuu IN, OUT, TRANS u GEN na
naTepBansl. [lycte Foy, Fy, ..., Fy — mpousBogHas mocienoBaTens-
HocTh 0T Fo, rnie F — rpad ynpasienus s P, a | — unTepBain He-
kotoporo rpada Fi, i > 1. BBeaem ciienyroniye 0OCHOBHbIE ONpe/ese-
HUA:

IN(8), ecnu | umeet nopsiiok 1, a B — 3aro-
JIOBOK 11 |;
IN(I'), ecnu | umeer nopsimok i > 1, a I' 3aro-
TI0BOK 1115t | .

1) IN(I) =

B 2—4 amxe S— Bxon s |.

2) OUT(l, s) = OUT(8), rae yuactok Bel Tako, 4T0 S— €ro
MIOCJIETHUN OIIEPaTop.

3) a) TRANS(8, s) = TRANS(S), eciu S — mocneaHuii ome-

patop B B;

06) TRANS(l, s) — mHOxecTBO Takux ormepatopo deP,
YTO CYIIECTBYET MyTh 0e3 IUKIOB |y, |y, ..., ly, cocTosmIX
UCKJTIIOYUTEIBHO M3 BEPIIUH B |, M Takas MmocieaoBaTellb-
HOCTB BBIXOIOB Si, S, ..., Sc i Iy, |5, ..., Iy cooTBETCTBEH-
HO, 4TO

(i) 1 — 3aromoBok s |;

(i) B Fo yuacTok § sBIsieTcs HPSIMBIM TIPEAKOM BXOJa
st | mpu 1<j <Kk;

(i) d e TRANS(l}, s) mpu 1 <j <k;

(iv) sx=s.
OTH yCcInoBHs MILTFOCTPUPOBaHbI Ha puc. 6.37.

4) a) GEN(8, ) = GEN(8), ecitu S— mocseanuii oneparop B B;

6) GEN(l, s) — mHuoxecTBO Takux omeparopoB deP, uro

CYIIECTBYET MyTh 0e3 HUKIOB lg, Iy, ..., |y, cocTosIMX WHC-
KIIOYMTENFHO M3 BepIIMH B |, W Takas mocienoBarelib-
HOCTbB BBIXOIOB Si, S, ..., Sc A 14, |5, ..., | cooTBETCTBEH-
HO, YTO

(i) d e GEN(l, 9);

(i) B Fo yuacTok § sBisieTcss HPSIMBIM IIPEAKOM BXOza
st | mpn 1<j <Kk;

(iii) d € TRANS(l}, §) mpu 2<j <Kk;

(iv) sx=s.
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Wnrepsan |

WNHTrepBaisl
BF -

BFi

Puc. 6.37 — TRANS(l}, 5)

Taxum o6pazom, TRANS(I, §) — 310 MHOXECTBO ompenee-
HU, KOTOPOE MOXHO TiepenaTh ¢ Bxoja | Ha BbIxoj S 6e3 mepeonpe-
nenenust B 1. GEN(I, S) — 310 MHOECTBO omnpejiesieHnit |, KoTopsie
0e3 mepeornpeeieHnit MOryT J0CTHYb S.
Ipumep. Paccmotpum Fo Ha puc 6.35 u F; u F, na puc. 6.36.
B F; unrepsai |, — 310 { B5, B3, Bs}, v o UMeeT BbIxoa S. Takum
oOpa3zom:
= IN(I2) = IN(B2) ={S, S, S, S} u OUT(l, s) = OUT(B2)
={S S}
- TRANY(l,, &) = 9.
- GEN(l;, S) conepkutr S, MOCKOJIBKY CYyLIECTBYET IMOCIIe-
JIOBAaTEeJIBHOCTh YYaCTKOB, COCTOSIIAS TOJIBKO U3 By, B KO-
Topoit § € GEN($B;, ). Kpome toro, S € GEN(l,, S),
HOCKOJIBKY CYIIECTBYET IOCIIEA0BATEIbHOCTh YUaCTKOB By,
B3 ¢ BBIXOJOM Ha S 1 . DT0 03Hayaet, uto S € GEN(B,,
S), B, — npsimoit ipeok yuactka Bz, S € GEN(B3, ).
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Ha ocHOBaHMM 3THX OTNpEeTICHUH JaliM aITOPUTM BBIYHCIIE-
uust IN(SB) mis Bcex ydactkoB mporpammbl P. OH oOpabaTbiBaeT
MPOTPaMMBI TOJIEKO CO CBOIMUMBIMU rpadaMu yIpaBIeHUs.

Adroput™ Beruucjaenusi pyaxkoum IN.

Bxo00. Cognmsrii rpad Fo st mporpammsr P.

Boixoo. IN(B) nnst kaxmoro yuactka BeP.

Memoo:

1) TlIycrts Fo, Fy, ..., Fx — nipousBoaHas mocieaoBaTeIbHOCTh
ot Fo. Beruncnum TRANS(B) u GEN(SB) ans Bcex yuact-
k0B B u3 Fo.

2 Jna i = 1, 2, ..., K mocmemoBarelbHO BBIYHCISEM
TRANS(I, s) u GEN(I, S) ans Bcex MHTEpBAIOB HOpSIKA |
U BBIXOJMOB S i |. PekypcuBHOE ompenencHue 3THX
(GYHKIMI rapaHTHPYET, YTO ITO MOXKHO CHENIATh.

3) Tlomaraem IN(l) = &, rne | — oaMHOYHBINA UHTEpBA TO-

4)

psiaka K. YcranasiuBaem i = K.

JIsist BCeX MHTEPBAJIOB TOPSIIKA | BBIMOJIHACM CIIEAYIOIIEe.
Iycte | ={l4, ..., 1)} — unrepsan nopsiaka i (I, ..., Iy —
HHTEPBAIIBI OPsIKa i—1 win y4acTku, eciu | = 1). MoxHo
CUHMTATh, YTO 3TH UHTEPBAJIBI IEPEUHCIICHBI B TOM MOPSIIKE,
B KOTOPOM U3 HUX COCTABJICH MHTCPBAJI | B AJIrOpUTME OII-
peZeNeHUs] HelepeCceKaoINXCsl HHTepBaIoB. MHbIMU CII0-
BaMH, || — 3TO 3ar0JI0BOK M JJIS KQXKIOTO | > 1 MHOXKECTBO

{11, ..., lj-1} comepxuT Bce BepmmHbI U3 Fi, ABIAIOIUECS
HpsIMBIMH TIpeJIKaMH UHTepBana |;.
a) [lycts S;, S, ..., S — BBIXOJIbI HHTEpBaA |, KaxIbIi U3

KOTOPBIX MPUHAJICKUT Y4acTKy B Fo, sBIsIIOIIEMycs TIpsi-
MBIM TIpeiKoM Bxoja 1t |. [Tonaraem

IN(I2) = IN(I) U i\LJlGEN(I, s).

6) Jlnst Bcex S € |, momaraem

OUT(l4, s) = (IN(I1) n TRANS(I4, s) U GEN(l, 9)).

B) s j =2, 3, ..., N myCTh S1, S2, ..., Sk — BBIXOJBI HH-
tepana |, (1 < r <]), KaKablil U3 KOTOPBIX MPUHAJICKHUT
y4acTky B Fq, SBISIOIIEMYCSl IPSAMBIM TPEAKOM JIJIsi BXOJ1a
l,. [Tonaraem
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|N(|j) = H OUT(Ir’ S(I),

OUT(l;, s) = (IN(l;) »n TRANS(I}, 5)) W GEN(lj, s)
JUIsl BCEX MHTEPBANIOB, BXOAAIIMX B ;.
5) Ecmu i =1, ocraHOBUTBCS. B NMPOTHBHOM Cilydae yMEHb-
Tk | Ha 1 1 BepHyTHCH K 11ary 4.
Ipumep. TlpuMeHUM NAaHHBIA AITOPUTM K rpady yrnpaBlIeHHs
Ha puc. 6.35. Jns yerbipex ydyactkoB B Fg GEN u TRANS Bbruuc-
JISTFOTCS TIPOCTO. Pe3ybpTarTel mpuBeieHs! B Tab1. 6.7.

Tabnuna 6.7 — Pesynbrate! Beruucinenuit GEN u TRANS

Yaactok GEN TRANS
By {S, S} %)
B, {S, S} (%)
B3 {S} {S S}
By %) {SL S S S S

[Tockonmbky $B3 ompenenseT TOIbKO MepeMeHHyHo |, B «you-
BaeT» NMpEABIAYIIUE e ONpeAeIeHus, HO TiepeaaeT onpeesieHue Ie-
pemenHol J, a uMeHHO — S 11 S3. [TockonbKy HUKaKol M3 y4acTKOB
HE ONpeJeNnseT IepeMeHHYIO JBaX/bl, BCE ONEepPaTopbl BHYTPU yda-
cTKa npuHaaexat MHoxecTBy GEN 1t nanHOTrO yyacTka.

WuTepBan |y, cocrosimuii U3 0JHOTO y4acTka $By, UMEET OJUH
BbIX0/1 — oneparop . Tak kak mytu B |, TpuBuanbubl, To GEN(I 4,
$) ={S, S} n TRANS(l,, $) = &

Wurepsain |, umeer oaud Boixox S, GEN(lp, ) = {S;, S} u
TRANS(I,, &) = <.

Teneps MoxxHO HauyaTh Bbuncienne Qynknuu IN. IlepBona-
gaipHO IN(l3) = . Barem Kk AByM moabIHTEpBaiaM B |3 MOXKHO TpH-
MeHHTH war (4) aaropurMa. IT0 MOXHO C/IeNIaTh TOJIBKO B MOPS/IKE
I1, .. Ha mare (4a) seraucisem IN(11) = IN(l3) = &, na mare (48) —

OUT(l1, $) = (IN(I)) " TRANS(l;, &)) U GEN(l3, ) = {S;, &}

Ianee, Ha mare (48)

IN(I2) = OUT(l1, &) ={S., S}

[Ipoxonst mo mHTepBaIaM MopsiaKa 1, MBI JOJKHBI paccMoT-

peTh cocraBmsromue s |, u |,. UaTepBan |, coctout u3 y4acTkoB
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By, Bz 1 By, KOTOPbIE B TAKOM HNOPAIKE U MOKHO paccMaTpUBATh.
Ha mare (4a)
IN(3B2) = IN(I2) W GEN(l1, $) = {S, &, &, S -

Ha mare (406)

OUT(B, S5) = IN(82) N TRANS(B,, S5)) U GEN(B2, ) ={Ss, Si} -

[Mockonbky S BeneT k B3, HAXOUM

IN(8B3) = OUT(B2, &) ={S, Si}
a Tak Kak S Beger Kk B4, To
IN(84) = OUT(B2, S) ={Ss, Si} -
Wrak,
IN(81) =,
IN(B2) ={S1, S, S, S},
IN(B3) = {Ss, Si},
IN(Bs) = {Ss, S}

WHaykuuei mo nopsiiKy HHTEPBAJIOB MOXKHO J0Ka3aTh, 4TO:

1) TRANS(l, S) — MHOXECTBO TaKHMX OIEPAaTOPOB OMpeese-
Huil deP, 4o cymiecTByeT myTh U3 MEPBOroO Oneparopa 3a-
rojIoBKa Jjist | BILUIOTH IO S, BJIOJIb KOTOPOTO HU OJIMH W3
OIEpaToOpOB HE TMEpeomnpeNesisieT MePeMEHHY0, OIpeje-
JeHHyro B d;

2) GEN(I, S) — MHOXeCTBO TaKUX OIEPATOPOB OMpPEACICHHI
d, uto cymecTByeT myTh U3 d B S, BJI0JIb KOTOPOTO HU OJIUH
U3 OIepaToOpOB HE MEPEONpeeiseT MePEeMEHHYI0, Opeie-
JeHHyro B d.

Wunykiued 1o 4uciy nepeMeHHbIX mara (4) MOXKHO ToKa-
3aTh, 4To ecnu 1a BbramcneHus IN(l}) mpumensercs mar (4), To
IN(I}) — MHOXecTBO TakmX ompeneneHuil d, 4To CyIecTByeT IyTh
u3 d BO BXOZ |}, BIOJIb KOTOPOTO HU OJMH U3 OIIEPATOPOB HE MEPEOTI-
pezenseT nepeMeHHyro, onpenenaeHnyio B d. A OUT(l;, S) — muoxe-
cTBO Takux O B S, BIOJIb KOTOPOTO HHU OJIMH U3 ONEPATOPOB HE Iepe-
onpeersieT HepeMEeHHY0, OnpeieieHHy o B d.

3akmouumenvhas meopema. JIns BCeX JMHEWHBIX YYaCTKOB
BeP muokectBO IN(B) — 3TO MHOXKECTBO Takux omnpejeseHuit d,
gro B Fo cymectByer myTs u3 d B mepBbIi omeparop ydyactka 5B,
BJIOJIb KOTOPOTO HH OJIMH U3 OINEPaTOPOB HE MEPEoNpeeiseT nepe-
MEHHYIO, OTIpeIeIeHHYIO B d.
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6.4.3 HECBOJUMBIE I'PA®bI YIIPABJIEHU S

[Tockonmbky He KaIblid rpad CBOIMM, BBEIEM €Ille OIHO I0-
HSTHE, Ha3bIBAEMOE pacujenienuem 6epuiuH, MO3BOIIsIoIee 0000-
LIMTh PACCMOTPEHHBIN BBILIE aJrOPUTM Ha Bce rpadbl yIpaBiIeHUS.
BepmmHa, B KOTOpYI0 BXOIUT O0Jiee OIHOW IIyTH, «PacIIETUIIETCS»
Ha HECKOJIbKO OJIMHAKOBBIX KOIMWH, 10 OJHOW Ha KaXKIy0 BXOJSILYIO
nyry. Takum o0pazoMm, KaxkJasi KOTHSI HMEET €ANHCTBEHHYIO BXOJIs-
IIYIO TyTy W CTAHOBUTCA YaCTbIO MHTEPBAJIa JUI BEPIIHHEI, H3 KOTO-
poii uaer sta ayra. [loatomy pacrienyieHre BEpIIUH C MOCIEAYIO-
LIMM [TOCTPOCHUEM MHTEPBaia YMEHBIIAET YUCIO BEPIIMH rpada, 1mo
KpaiiHeit mepe, Ha 1. IToBTOpSIS ATOT Mporecc, MOXKHO MPEBPATHTH
000 HECBOJIUMBIN Tpad yInpaBlIeHUS B CBOANMBIH.

Ipumep. PaccMOTpUM HECBOJAMMEIH I'pad yrnpaBicHUs HA PUC.
6.34. BepumHy N3 MOXKHO pacIieNHTh HAa ABE KOMWH Ng' 1 N3, moy-
yuB rpa¢ F', m3o0paxxeHHslit Ha puc. 6.38.

Puc. 6.38 — PacmenneHHsIi rpad ynpaBieHHsS

WnaTepBanst s rpada F' Oymyt
I =1y(ng) = {ny, ng}
I2=15(ng) = {nz, N3"}

[TepBbIit mpor3BOAHBIN Tpad MMeeT JABe BepinHbl (puc. 6.39).
Bropoii npousBonHbIi rpad) COCTOMT U3 €IUHCTBCHHOUW BEPIIHMHEI.
Taxum 00pazom, ¢ MOMOIIBIO PACIICIUIEHHUs BEPIIMH MBI IPEBPATH-
mu rpa¢ F B cBogumelii Tpad F'.
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Puc. 6.39 — IlepBbrIif mpou3BOIHEIH rpad

Jamum MoIu(UIIMPOBaHHBIA BAapHAHT aJTOPHTMa BBIYHCIIE-
Hus QyHkimy |N, y9UTHIBAIOMIMN 3TOT HOBBIA METO/.

Jlemma. Ecmu rpap G — rpad ymnpasienus u 1(G) = G, T0
mo0as BepmuHa N, OTIMYHAS OT HaYallbHOW, UMEET, 10 KpaiHel Me-
pe, iBe BXOJSIINE TYTH; HU OJIHA U3 HUX HE BBIXOAUT U3 N.

loxazamenvcmeo. Bee ayru, BRIXOASILIKAE U3 HEKOTOPOU Bep-
HIMHBI M BXOJAIIME B HEE e, HCUE3aI0T MPHU MOCTPOSHUN MHTEpBa-
70B. IToaTOMy MpeArnonoknuM, 4TO BEepHIMHA N UMEET TOJIBKO OJIHY
BXOJIAIIYIO YTy, BBIXO/SAIIYIO W3 BepmmHbl M. Torma N npuHame-
xut | (M). Ecnu 1(G) = G, To BepuirHa M, B KOHIIE KOHIIOB, HOSBUTCS
B CIHCKE 3arojIOBKOB alropuTMa pazomeHus rpada ympaieHHs Ha
Herepecekaroiuecs uaTepBaibl. Ho Torma n 3anocurcs B (M), tak
gro |(G) He MoxeT coBnacth ¢ G.

Aneopumm. Obmuiee Berancienne ¢pyakma [N.

Bxo0. IlponzBonbHblii rpad ynpasnenus F st mporpamMmsr P.

Boixoo. IN($8) mis kaxmaoro ydactka BeP.

Memoo:

1) JIns xaxmoro yuactka BeF Borumcnsem GEN(B) wu

TRANS($). 3arem k F pexkypcMBHO mpuMeHsieM mmiar 2.
Bxomom st miara 2 ciyxut rpag ynparienus G BMecTe ¢
GEN(l, s) u TRANS(l, S), u3BeCTHBIMHU JUTSI KaXI0U Bep-
ekl | €G u kaxaoro Bxoxa S unrepsaia |. Berxogom ma-
ra 2 ciayxut IN() s xaxmoii Bepusst | €G.

2) a) ITycts G — Bx0x my1st aToro miara u G, Gy, ..., Gy — ero

NpOW3BOHAS TOChenoBaTenbHoCTh. Ecomm Gy — oxmHOU-
Has BEpILMHA, MPOJOKAEM B TOYHOCTH, KaK U B aJITOPUT-
Mme Beruncnenus: Gynkuuu IN. Ecnmu Gy — He oauHOUYHas
BEpIIMHA, TO JJIs BceX BepinH B Gy, ..., Gy MOXHO BBI-
ynciute GEN u TRANS. Torna, no nokasanHol nemme,
Gy coepKUT HEKOTOPYIO BEPUIMHY, OTJIMYHYIO OT Hadallb-
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HOM, B KOTOPYIO BXOAWT Oosee oxHOM Ayru. Beibepem on-
Hy u3 takux Bepiud |. Ecim B | BXoauT | ayr, 3amensiem |
HOBBIMU BepmIMHAMH |4, |5, ..., Ij. B kaxayro u3 g, Iy, ..., ||
BXOJUT TI0 OJJHOH JIyTe, BCE OHU BBIXOIAT U3 PA3IHMIHBIX
BEPIINH, U3 KOTOPBIX paHee TN YTy B |.

0) s kaxaoro Beixona S uHTEpBaia | MOpokaaeM BBIXO]
s w1 <i < u cuuraem, 4ro B F ecth ayra, Beaymias us
KaXXJI0TO § BO BXOJI KaXKJI0M BEPIIMHBI, C KOTOPOH S CBs3a-
uel B Gy. Onpenensiem GEN(I;, s) = GEN(I, s) u TRANS(I;,
s) = TRANS(l, ) ans 1 < i <. Pesynprupytomuii rpad
00o03nauynM uepe3 G'.

B) [Ipumenum miar 2 k G'. ®yukuust IN Oyner pekypcHBHO
BerancisaThest it G'. 3arem, monarast IN(I) = IN(I}), BbI-
guciseM IN s Bepmna Gy. Hukakue napyrue n3meHeHuns
s IN He TpeOyroTcs.

r) Kak u B anropurme, BoruuciseM ¢ynkiun IN as G mo
IN s Gy

[Mocne 3aBepuienust mara 2 gyskuust IN Oyaer BerancieHa
JUTSL KaK0To ydacTka u3 F. Dta wHpopmarms u oOpasyer
BBIXOJI AJITOPHTMA.

Ilpumep. Paccmotpum rpad ynpaenenus Ha puc. 6.40.

(™)
ol @
(™)

a) Fo 6) I:1

Puc. 6.40 — HecBoanmerii Tpad
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Mosxuo Berancants F; = |(Fg). Onnaxo |(F,) = F4, Tak 4ro Ha-
JI0 TIPUMEHSATH MPOIEAypy pacuieluieHus BepiuH mara 2. Ilycth
{ny, ns} — Bepumna |, kotopast pacierusiercst Ha |1 u |,. Pesynbrar
nokasad Ha puc. 6.41. Cssokem Ny ¢ lq, a {Nng, ng} ¢ |,. Ha pucynke
n3o0pakensl ayru u3 |y u |, B {Ng, Ng}. B mefictButensHOCTH Kax-
I BeIXOA U3 | myOmmpyercs — omauH s |, u onue 1t |,. C BXo-
oM { Nz, Ny} CBsI3aHBI UMEHHO MPOAYOJUPOBAHHBIE BHIXOBI. I'pad
Ha puc. 6.41 cBoIUMBIN.

B 3akitoueHne ciielyeT OTMETHTh, YTO MPU MOCTPOCHUH OII-
THMH3UPYIONIETO KOMITHJIATOPA CHaYajga HEOOXOAMMO pEIINTh, Ka-
KM€ JIydIlie BCEro MPHUMEHSTh ONTHMHU3AIMU. PerreHue T0/mKHO Oa-
3UPOBATHCS HAa XapaKTEPUCTHKAX TOTO Kilacca MPOrpamMM, KOTOPBIE
JIOJKHBI KOMITHITHPOBATHCS.

Puc. 6.41 — I'pad ynpaBienus

MeTtoabl ONTUMH3AINN apUPMETUIESCKUX BBIPRKEHHH MOXKHO
WCTIONB30BaTh TMPHU TOCTPOSHUHM OKOHYATENhHOW OOBEKTHOH mpo-
rpammbl. OIHAaKO HEKOTOPBIE M3 HUX MOXHO BBECTH B I€HEPAIHIO
MIPOMEXYTOYHOTO KOJIa, T.€. OT/AEIbHBIE YacTH aJrOpPUTMOB ONTHUMHU-
3a1uK apu(METHIECKUX BBIPAXKEHUH MOXKHO BCTPOMTH BO BXOJ CHH-
TaKCHUUYECKOT'0 aHaIN3aTopa.

OTO NpUBEJET K TOMY, YTO Ha JIMHEMHBIX y4acTKax Mporpamm
OyayT 3(pPEKTUBHO UCTIOIB30BATHCS PETUCTPHI.

Ha ¢aze xommnmisitopa, reHepUpyIOIIEro KO, UMEETCsl Mpo-
rpaMMa, KOTOPYI0 MOKHO paccMaTpUBaTh KaK aHAJOr MPOrpaMM C
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LUKJIaMH. 31€Ch OCHOBHAsI 3a/1a4a — IIOCTPOUTH rpad yIpaBIeHUs U
ONTHMHU3HPOBATH IIUKJIBI, CHAYaJIa BHYTPEHHHUE, 3aTEM BHEIIIHHE.

Korna 310 cienaHo, MOKHO BBIYHMCIUTH IIO0ATBHYI0 HH(OP-
MAaIMI0 OTHOCHUTEIBHO IMOTOKOB JAaHHBIX. 3Has 3Ty WHGOpPMAIHIO,
MOJKHO BBITTOJTHUTH <«TTIO0ATEHYIO» ONTUMH3AINI0 — Pa3MHOKEHHUE
KOHCTAHT U MCKIIIOUE€HHE OOIINX BBIPAKEHUH.

Haxkonen, nuHelHbIe y4acTKH MOXXHO NpeoOpazoBaTh MeETO-
JaMH ONTHMH3ALHAN JIHHEHHBIX Y4aCTKOB.

KOHTPONbHBLIE BOMNPOCHI

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.

20.
21.

©COoONOO~WNE

Omnpenenenye JIMHEHHOTO yyacTKa.

ITonsiTre 610Ka.

Tomonornyeckue npeodpazoBaHus OJI0Ka.

I'paduueckoe npencraBiuenne OoKa.

3agada onTHUMHU3aLMK OJIOKA.

Yro Takoe oreHka Ooka?

Mogens O0Ka I MalliMHbl ¢ OJJHAM CYMMAaTOPOM.
AnTopuT™M pasMeTKu OJIOKOB.

AJNropuTM reHepauuy Koaa, HHBApUAHTHOI'O OTHOCHTEJb-
HO TOIOJIOTMYECKUX NTPe0Opa3oBaHUM.

[NonsiTue anredpanyueckux npeodpa3oBaHuii 0JI0KOB.
Mogens MammHbl ¢ N cymMmaTopami.

TexHonorus pa3MeTKH CHHTAaKCHYECKOTO AE€peBa.
AnropuTM TEHEpalMu Koja Ha acceMOiiepe uis apudme-
TUYECKUX BhIpaKeHHUH 7151 ManHbl ¢ N cyMMaTopamu.
OmnpeneneHns crapiieil BepIIMHBI, MIAAMIEH BEPIITUHBI,
BHYTPEHHEW BEPIIUHBI.

TexHonorus MOCTpOEHUsl AepeBa ¢ MUHMMAJIBHON OLICH-
KO, HEKOTOpBIE ONEpalii KOTOPOTO SIBISIOTCS KOMMYTa-
TUBHBIMH.

[TonaTue xucTH aepena.

AJNropuT™M pa3sMETKH acCCOLMAaTUBHOTO CHHTaKCHUYECKOI'O
zepesa.

ITporpammel ¢ nukiaMu. Mozens IporpaMMsl.

Meron aHanu3a NOTOKOB YIIPABJICHHUS.

Omnpenenenne rpada ynpaBIeHHs.

AJIFOpI/ITM BBIYUCJIICHUA IPAMOTIO0O JOMUHUPOBAHUS.



22.

23.
24,
25.
26.
27.
28.

29.
30.
31
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Merton 3aMeHBI BBIYMCICHUI TEepHOJa BBIIOJHEHUS IIe-
pHOIaMH KOMITHIISALIH.

Ilepememenne koaa.

WupykTHBHBIE IPe0Opa30BaHuUs IIUKIIOB.

3aMeHa CII0KHBIX ONepanuii IPOCTHIMU.

Pa3BepThiBaHME LIUKIIOB.

[NonsiTre uHTEpBana rpada yrnpaBicHHS.

Anroputm pa3z0ueHHs Tpada ympaBieHHS Ha Hemepece-
KaIOIMecs: HHTEPBAIbI.

OnpeneseHne HECBOAMMOTO Tpada yrnpaBicHHS.

Meton Beruncnenus gynkiuii IN, OUT, TRANS u GEN.
Anropurm Bbruncienus ¢yakmun IN s cBoauMoro rpa-
¢a. Anroputm Berarcienust Gyakuuu IN 17151 HeCBOIMMOTO

rpada.
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7 BKNIOYEHME OEUCTBUA B CUHTAKCUC

CHHTaKCHYeCKH aHallM3 M TeHepanus Koja — MPUHIIUITH-
aJIbHO Pa3JIMYHBIE MPOLIECCHI, HO MPAKTUYECKH BO BCEX KOMITHIIATO-
pax OHH BBITOJHSIIOTCS MApaLIeIbHO (T.€. TeHepalus Koja OCyIe-
CTBJISIETCS TTAPAJUISIbHO C CHHTAKCHYECKMM aHaiu3oM). Hamna 3ama-
4ya — PacCMOTPETh BO3MOXKHOCTh BKIJIFOUEHHUSI B CUCTEMY CUHTAKCH-
YECKOr0 aHaju3a IEUCTBUH JJIsl TEHEPALlMU KOJIa.

7.1 NMONYYEHWNE YETBEPOK

B kauectBe mpuMepa BKIIFOUCHUA I[eI\/'ICTBI/Iﬂ B I'paMMAaTuKy IJ1sd
TCHEPUPOBAHUS KOJIa PACCMOTPUM IMPOOJIEMy pasiioxkeHus apudme-
THYCCKUX BBIPAKEHHH Ha YCTBEPKH. BBIpAKCHUS ONPEICIISIOTCS
rPaMMAaTHKOM CO CIENYIOUUMU IIPABUIIAMH:

S— EXP

EXP — TERM | EXP + TERM
TERM — FACT | TERM x FACT
FACT — —FACT | ID | (EXP)
ID—al|b|c|d]|e

TaxumM 00pa3oM, 3TH TIPaBMIIA TO3BOJISIOT aHAIN3UPOBATD BbI-

PaXKCHUS THIIA
(a+ b)xc
axb+c
axb + cxdxe
I'paMmaTHKa Jjisi 4eTBEPOK UMEET CIICIYIOIINE MTPaBHIa;

QUAD — OPER OP; OPER= INT | OP, = INT
OPER— INT | ID
INT — DIGIT | DIGIT INT
DIGIT—0]|1]|2|3]4|5|6|7]|8]|9
ID—al|bjc|d]|e

OP; — + | x
OP2 i
ITpumeps! yeTBEpOK:
—a=4
a+tb=7

6+3=11
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Bripaxxenue
(-a+b)x(c+d)
OyZeT COOTBETCTBOBAThH CIEHYIOIIEH I10CIEeI0BATEIILHOCTH 4YeTBe-
POK:

-a=1

1+b=2
c+d=3
2x3=4

Lenple yucna ¢ J1eBOi CTOPOHBI OT 3HAKOB PAaBEHCTBAa OTHO-
caTCA K APYrMM ueTBepkam. M3 copMyTupoBaHHBIX YETBEPOK He-
TPYAHO TEHEPUPOBATh MAITUHHBIN KO/, 2 MHOTHE KOMITHJISTOPHI Ha
OCHOBaHWH YETBEPOK OCYIIECCTBISAIOT TPAHCIAIUIO B MPOMEXKYTOU-
HBIA KOJI.

Hanee st ommcaHus oOImIeH cxembl pa3dopa MpUMEM Clie-
Iyrorre 0003HaYSHUS . IEHCTBHSI 3aKTFOYAI0TCS B YTIIOBBIE CKOOKH H
o003HavarTCs Kak Aq, Ay, ... I peanuzanuu anropuTMa 4YeTBEpPOK
TpeOyeTcsl YeThlpe ACUCTBHS. AJNTOPUTM MOJB3YETCs] CTEKOM, a HO-
Mepa YeTBEPOK Pa3MEINAIOTCsl C TOMOIIBI0 IIEIOYUCIIEHHOW Tepe-
MeHHOH. [lepeuncnum 3ty geicTBus:

— A; — ITOMECTHTE 3JIEMEHT B CTEK;

— A, — B34Th TPHU dJIEMEHTa W3 CTEKa, HaleyaTaTtb UX C I0-

CIIEIyIOIIAM 3HAKOM «=» W HOMEPOM CJeIyIoIeld pazMe-
IIaeMOM YeTBEPKH M IMOMECTUTH MOJIYYEHHOE LIE€JI0€ YHCIIO
B CTEK;

— Az — B34Th JBa dJIEMEHTa U3 CTeKa, Hale4yaraTh uX C T0-
CJIEJIyIOIIMM 3HAYEHHEM <«=>» U HOMEpOM CIIeyIolel paz-
MEIIaeMOll 4eTBEpKHU U TOMECTHUThH IOJYYEHHOE IIeJI0e B
CTEK;

— A, — B35Th U3 CTEKa OJINH JJIEMEHT.

I'pammaTHKa ¢ y4eTOM 3THX J00ABICHUM IPUMET BUJT

S— EXP (Ay)

EXP — TERM | EXP +(A;) TERM(A,)
TERM — FACT | TERM x(A;) FACT(Ay)
FACT — <A)FACT | (Ag)ID(Ay) | (EXP)
ID—al|b|c|d]|e
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HeiictBue A; ucmonp3yeTcss ISl MOMEMIEHUS B CTEK BCEX
WIEHTH(PUKATOPOB U OIIEPaTOpPOB, a HeHCTBUS A, n Az — s moury-
YeHUs1 OMHAPHBIX U YHAPHBIX YETBEPOK COOTBETCTBEHHO.

B kauectBe mpumMepa mpocienuM 3a mpeoOpa3oBaHHEM BbIpa-
KEeHUS

(ra+b)x(c+d)
B ueTBepkH. [lelicTBue Ay BBIONHSAETCS IOCIE PACcIO3HABAHUS KaxK-
Joro uaeHTHudUKaTopa 1 oneparopa, AeicTeue A, — mocie BTOPOro
orepaHa KaKIoro 3HaKa OMHApHOH omepaunuu, a jaedcTBue Az —
nocyie mepBoro (M €AMHCTBEHHOTO) OMeparopa KaXIoW yHapHON
omneparuu. JlelicTBue A4 BBITIOIHICTCS TOJIBKO OJMH pa3 MOCIE CUU-
TBIBAHMS BCEro BbIpaxkeHus (Tadu. 7.1).

Tabnmma 7.1 — IIpeoOpazoBaHue BEIpaKEHHSI B Y€ TBEPKHU

TTocnenusas JlewcTBHe Brixon
CUMTaHHAas
TuTepa

( —

- Al, IIOMCCTHUTDH B CTCK &>

a A4, TOMECTUTH B CTEK A
Ag, yanuTh U3 cTeka 2 3JIeMEHTa —a=1
Ilomectuth B cTek «1»

+ Ay, TOMECTUTH B CTEK «+»

b A, TOMECTHUTH B CTEK b
Ay, yaanuth U3 creka 3 ajeMeHTa 1+b=2

IToMecTHTD B CTEK «2»

Ay, TOMECTHUTH B CTEK «X»
A;, TOMECTHTD B CTEK C
A;, TOMECTHTD B CTEK «+»
Ay, momecTuTh B cTek d
Ay, yaanuTh U3 creka 3 ajeMeHTa c+d=3
IToMecTHTD B CTEK «3»
Ay, ynanuTh U3 cTeka 3 3JIeMEHTa 2x3=4
ITomecTuThb B cTEK «4»

Ay, ynanuts u3 cteka 1 snement

O + O —~ X ~
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B paccmarpuBaeMoM npuMepe HaM He NPUIUIOCH CPABHUBATh
MIPUOPHUTETHI JBYX ONEPALMH, TAK KaK 3TH IPUOPUTETHI yKE 3aI0Ke-
HBI B IpPaBHJIaX TPAMMATHKH.

7.2 PABOTA C TABJIULIEA CUMBOJIOB

ITockonbKy CHHTAKCHYECKHE aHAIU3aTOPhl OOBIYHO HCIIOJIb-
3YIOT KOHTEKCTHO-CBOOOIHYIO TPaMMaTHKy, HEOOXOJMMO HAWTH Me-
TOJl ONpPEAEIICHUS KOHTEKCTHO-3aBUCHUMBIX 4YacTed s3bika. Hampu-
Mep, BO MHOTHX $I3bIKax MAEHTH()HUKATOPBI HE MOTYT HPHUMEHSTHCH,
€ClIi OHW paHee He ONHMCaHbl, 1 UMEIOTCS OIpaHHYEeHHUs] B OTHOIIE-
HUM croco0OB ymoTpeOieHus] B MpOrpaMMe 3HAYEHWH pa3inuyHOTO
tuna. Kpome toro, B s3bIKax NporpaMMHPOBAaHUS UMEIOTCSI OTPaHU-
YeHUs Ha YNOTPEOJICHHE pa3iIM4HbIX 3HAKoB. [l 3amoMHHaHUS
OIMCAHHBIX WACHTHU(PHUKATOPOB M UX THUIOB OOJNBIIMHCTBO KOMIIHJIS-
TOPOB HCIIOJIB3YET TaONUIy CUMBOJIOB. B npunsaTol ¢opmanuzanun
OIIMCaHUS

inta
SIBIISIETCSL onpedensiowell peanr3anrei a, a UCIoJIb30BaHue a B Y-
I'OM KOHTEKCTE
a=4umm a+ b wmm read(a)
TOBOPHT, YTO UMEETCS NpUKIAOHAs Pean3alny a.

Bo MHOrux si3pIKax nNporpaMMHUpPOBAaHUS OIUH U TOT )K€ HUICH-
TU(PHUKATOP MOXET HMCIOJIb30BaThCS Ul NPEACTaBICHHUSA B pa3ivy-
HBIX YaCTSAX MPOTrPaMMBbI Pa3InuHbIX 00BEKTOB (HAIIPUMED, B «T0JIO-
Be» — int, a B moamporpamme char). B atom ciydae B Tabnuiie cum-
BOJIOB — 3TO J]Ba Pa3HbIX OOBEKTA.

Tabnuua cMMBOJIOB UMEET Ty )K€ OJIOYHYIO CTPYKTYpY, UTO H
cama MporpaMma, 4ToObl pazinyarb BUABI YIOTPEOIECHHS OJHOTO U
Toro e uaeHTudukaropa. Ilpm mocrpoeHnn TaOIUIBI CHUMBOJIOB
YUUTBIBAIOTCSI OCHOBHBIE CBOKWCTBA OOJIBIIMHCTBA SI3bIKOB:

1) ompenensromias peanu3anus UICHTUPHUKATOPA MOSBISCTCS

paHbIiIe 000 MPUKITaTHON peaTn3allim;

2) Bce omucaHus B OJIOKE MOMEIIAIOTCS PaHbILe BCEX orepa-

TOPOB U IIPEIIOKEHUN;
3) mnpu HaNMYMU TPHUKIAJHOW pealu3aluy HIeHTH(HUKATOpa,
COOTBETCTBYIOIIAsl ONPEACIAIONIAs peaan3anns HaX0AUTCs
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B HAWMEHBIIEM BKJIIOYAIOIIEM OJIOKE, B KOTOPOM COJep-
JKHUTCSI OTTMCAHUE TOTO HACHTH(UKATOPA;
4) B OIHOM U TOM K¢ OJIOKe UACHTU(DHUKATOP HE MOXKET OIH-
ChIBaThCs 0OJIEE OJIHOTO pasa.
[TycTb cuHTaKCHC ONMMCAaHUS HIACHTH(UKATOPOB 3aaeTcs mpa-
BUJIAMH
DEC — real IDS| integer IDS| boolean IDS
IDS— ID
IDS— IDS ID
a OJIOK onpeIeIIIeTCs KaK
BLOCK — begin DECS STATSend,
rre
DECS— DECS DEC
DECS— DEC
STATS — STATS stat
STATS — dat
B aToM cityyae CTpyKTypy TaOJHI[bl CHMBOJIOB MOKHO TIpE.-
CTaBUTH B BHjE puc. 7.1.

levho b levho s levho ,
J/ / J/
type | » type | » type
J/ J/
type type Vs
J/
type

Puc. 7.1 — CrpykTypa TaOIUIBI CHMBOJIOB

Takum oOpa3om, B m000i Touke pa3dopa B IeH HAXOATCS
Te OJI0KH, B KOTOpBIE JIeTaeTcs TEKyIlee BXOKICHHE, a YK OMHCaH-
HBbIC I/II[CHTI/I(bI/IKaTOpI)I IIoMeIaroTCA B CIIMCOK I/IILCHTI/I(l)I/IKaTOpOB
1U1s1 TOro OJIOKa, T/1e OHH OITCAHBI.
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Hns onuvcanust TabiMIl 3aal0TCS CTPYKTYPhI CTPOTO (PUKCH-
poBarHO# KoH(UTyparuu. OOBIYHO B 3THUX CTPYKTYypax HUACHTH(U-
KaTOpPbI U TUIILI ITPEACTABIAIOTCA LEJIIBIMUA YUCIIaMU. Nwmeercs YKa3sa-
TEeNb Ha JJIEMEHT TalOJHIBI CUMBOJIOB, COOTBETCTBYIOIIMX HAUMCEHb-
LIEMY BKJIIOYAIOLIEMY OJIOKY.

B s3bIke, oOsiafarolieM ONMCaHHBIMU BBIIIE YETHIPbMS CBOM-
CTBaMH, B Ka4Y€CTBC CTPYKTYpPbl OAaHHBIX JIA TaGHI/IHI)I CHUMBOJIOB
yII0OHO MCTIOJIb30BATh CTEK, KaXKJIbIM DJIEMEHTOM KOTOPOTO CITY>KUT
3JIEMEHT 3TOH TaOJIMIBI CUMBOJIOB.

[Ipu BcTpeue ¢ ommMcaHWeM COOTBETCTBYIOIIUH AJIEMEHT Tab-
JIMIbI CUMBOJIOB IMMOMCHIACTCA B BEPXHIOIO YaCTh CTCKA, a IPU BbIXO-
ne u3 0J0Ka Bce 3JEMEHTHI TaOIHULbl CHMBOJIOB, COOTBETCTBYIOIINE
OIMCAHUSAM B 3TOM OJIOKE, YAAISIOTCS M3 CTEeKa. YKa3aTelb CTeKa
MOHMKAETCSI 10 TIOJIOKEHHS, KOTOPOE OH HMMEN J0 BXOXKACHUS B
6nok. B pesynbrate B 110001 MOMEHT pa3zdopa 37eMEHTHI TaOIHIIbI
CUMBOJIOB, COOTBETCTBYIOIIME BCEM TEKYIIMM HJICHTHU(UKATOpPAM,
HaXOJATCS B CTEKE, a CBSI3aHHbIE ¢ HUMH NPUKJIAIHBIE M OIpere-
JSIOIIKE peau3alyy HACHTU(PHUKATOPOB TPEOYIOT MOUCKA B CTEKE B
HaIpaBJIEHUH CBEPXY BHU3.

PaccMoTpeHHBI METOA WIUIIOCTPUPYETCS] CICAYIOIIMM IpU-
Mepom (tabi. 7.2).

Tabimma 7.2 — Crex ¢ djieMeHTaMH TaOIUIbEl CHMBOJIOB

B Iporpamme! DneMeHT TaOInIIBI
Nwmsa Tun
begin b int
inta b a int
begin d char
char c, d C char
b int
a int
end b int
a int
begin f int
intef e int
b int
a int
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B Iporpamme! DneMeHT TaOInIIBI

Nwmsa Tun

begin g char
char g f int
e int
b int
a int
end f int
e int
b int
a int
end b int
a int

end

Takum 00pa3zom, BKIFOUEHHE NIEHCTBUIA B TPAaMMATHKY TO3BO-
JIA€T MOIYYUTh IPOCTOM U 3ieraHTHhI KomnuiaTop. [lpu sTom nei-
CTBHS BBIIIOJHAIOTCA HAa COOTBETCTBYIOIIEM YPOBHE B I'PaMMATHUKE.

KOHTPOJbHbIE BOMPOCHI

1. TexHomoTHWs BKIIOYSHHS ACHCTBUN B TPAMMATHKY.
2. Tlonmy4eHue yeTBEpOK, TpaMMAaTHKa JJIsl YETBEPOK.
3

Pa3z0op apudmernyeckoro BhIpaXCHHS C OJHOBPEMEHHOMN

reHepanuei koaa.

4. Mertoa onpeneneHusi KOHTEKCTHO-3aBUCUMBIX YacTeH s3bI-

Ka.

5. Cunrakcuc onrcaHust HISHTH(PUKATOPOB U OIIOKOB.

6. CtpykTypa TaOIUIBI CHMBOJIIOB.

7. TlporpamMHas peanu3anus TaOIUIIBI CHMBOJIOB.
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8 MPOEKTUPOBAHUE KOMIMUINATOPOB
8.1 Ymncno npoxonos

PazpaboTynky KOMITWITOPOB HAXOAAT U0 OJTHOMPOXOTHO-
ro KOMOHWJISITOpA MPUBJIEKATEIBHOM, TaK KaK He Hazo 3a00THTHCS O
CBSI3SIX MEXJIy IPOXOJIaMH, TIPOMEKYTOUHBIX sI3bIKax M T.1. Kpome
TOr0, HET TPYAHOCTEH B aCCOIMUPOBAHUHU OIIMOOK MPOrPaMMBI C
UCXOIHBIM TecToM. OIHAKO BOIPOC O KOJMYECTBE MPOXOJOB HEOII-
Ho3HaueH. [Ipeskie Bcero, Halo ONPEEINTh, YTO MBI Oy/IeM CUHUTATh
MPOXOIOM.

Onpeoenenue. Ecnu kakas-mi0o ¢asza npoiiecca KOMITHISIUU
TpeOyeT IOIHOTO MPOUYTEHHS TEKCTA, TO 3TO OOBIYHO HA3BIBAIOT MPO-
XOJIOM.

[Ipoxonbl OBIBAIOT MPSMBIMH WM OOpPAaTHBIMH, T.€. 38 OJWH
MPOXOJ UCXOIHBIH TEKCT MOXKHO CUMTATh CJIEBA HAIPAaBO WM CIIpaBa
HaJIeBO.

BonpmmHCTBO SA3BIKOB, MCHOJBL3YIOHMIUX HJACHO OIMMCaHHA IIC-
PEMEHHBIX JI0 UX mepBoro ucnons3oBanus (Pascal, C++ u ap.) mmubo
UCTIONB3YIOIUX TPHHIMI YMOJTYAHHUs, B TIPHHIMIIE MOTYT OBITH OJI-
HOMpoXoaHbIMH. OHAKO €CTh PAJ OCOOCHHOCTEH, KOTOpPhIE HE IIO-
3BOJISIIOT O0CCIICUUTh KOMITWIISIIMIO 32 OJMH Tpoxoa. OcoOeHHO sic-
HO 3TO MO>KHO TIPOJIEMOHCTPHUPOBATH HA MPOOIeMe KOMITHIISIINH B3a-
UMHO PEKYPCHBHBIX Iporueayp. Jomyctum, 9o Teno mporenypsr A
COJICp)KUT BBI3OB mMpoleaypsl B, a mpoueaypa B comepxut BbI30B
npoueaypsl A. Eciiu nporenypa A oObsBISIETCS TIEPBOI, TO KOMITH-
JATOp He OyIeT reHeprupoBaTh KO AJIs BEI30Ba B BHYTpH A, He 3Has
TUIOB MapaMeTpoB B, u, B ciydae mpoueaypbl, Bo3Bpalaonen pe-
3yJIbTaT, THII 3TOTO Pe3yJbTaTa MOXET MOTpeOOBaThCs AJIST HICHTH-
(mkanm 00O03Ha4YeHHs orepanuu. EMUHCTBEHHOE pa3syMHOE perlie-
HHE JTAaHHOW MpOOJIEMBl — IIO3BOJINTH KOMITWJIATOPY CHENIATh J0-
MOJIHUTEIIbHBINA MPOXO/I NIEPE T€HEPALIMEN KOJA.

YacTo yBenn4eHHe Yuciia MPOX0A0B KOMITHIITOPA HUCIIONB3Y-
eTCsl UICKYCCTBEHHO — JUISl YMEHBIICHHS MTaMSTH, 3aHUMaeMOH KOM-
MAJIATOPOM B OINEPATHBHOM 3amoMmuHaiomeMm ycrpoiictee (O3Y).
Kpome ToTr0, KOJIIM4YEeCTBO MPOXOJOB 3aBUCUT HE TOJIBKO OT OCOOEH-
HOCTEW TPaHCIIMPYEMOTO SI3bIKa, HO M OT UCToNb3yemoit OBM u ome-
PaLMOHHOTO OKPY>KEHHSI.
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OObI4YHBIE TPaIULMOHHbBIE TPAHCISITOPBI UCIIOIB3YIOT OT Yembl-
pex 110 0cbMu TIPOXOJIOB, YaCTh U3 KOTOPBIX TPATUTCS Ha ONTUMM3A-
LUI0 3arpy304Horo kojaa. OOHAKo Uil pPacCMOTPEHUs IPHUHIMIIOB
KOMIWJISILIUK  IOCTAaTOYHO OCTAHOBUTHCS HAa OJIHO-, MAakCUMyM —
JOBYXIPOXOAHBIX KOMIMIATOPAX.

8.2 TABNULUbI CAMBONOB

Wudopmanuro o turne (Buie) UICHTUPHUKATOPOB CHHTAKCHYE-
CKUIl aHaIM3aTOp XPAaHHUT C IIOMOIIBIO TAOJIUIBI CUMBOJIOB. DTHMHU
TabJMIaMH TaKKe MOJIb3YeTCsl TeHepaTop Koja IJisl XpaHeHHUs ajape-
COB 3HAUYEHUH BO BpeMsd IMporoHa. B s3bikax, UMEOIIUX KOHEUHOE
YUCIIO TUHOB (BUIOB), HHPOPMAIKEH O TUIIE MOXET OBITh MPOCTOE
LeJIOE YHUCIIO, HPEACTABIISIONIEE ATOT THUI, a B S3bIKaX, MMEIOLINX
MOTEHIMATBHO Oeckoneuynoe uncio tumno (C++, Pasca u ap.), —
yKazaTelb Ha TaOJUIy BHIOB, 3JEMEHTAMH KOTOPOIO SIBIISIOTCS
CTPYKTYPBI, IPEACTABISAIOIINE BU.

Kaxk yxe oTMeuaocs, uis mpocThix si3bikoB (Fortran, Basic u
Jp.), UMEIOIINX KOHEYHOE YHWCIO THUIIOB, KaXKAbIH M3 HHUX MOXET
OBbITh MpPEACTaBNICH LedbIM YncioM. Hampumep, tun integer — mo-
cpenctBoMm 1, a tum real — mocpeactsom 2. B aTom cityuae tabimiia
CHMBOJIOB HIMEET BUJI MAaCCHBA C DIIEMEHTAMU

identifier, type.
B s3bIKkax, UMEIOIKX OrpaHUYEHUE Ha YMCIIO JINTEP B WICH-
TUUKATOpe, 0OBIYHO B TaOJHIlE CHMBOJIOB XPAHSATCS CaMH MIIEHTH-
¢uKaTOpbl, a HE KaKoe-TMOO UX MpeICTaBICHUE, MOTYyYEHHOE II0-
CPEACTBOM JIEKCHYECKOTO aHaIu3a.
C Tabnuiield CMMBOJIOB aCCOIMUPYIOTCS CIEAYIOIINE JEHCT-
BUSI
1) Wpentuduxarop, BCTPEUYAIONIMIACS BIEPBBIC, MOMENIACTCS
B Ta0JMIly CUMBOJIOB, €70 TUI ONpPEAESIETCS IO COOTBET-
CTBYIOIIEMY OMHCAHHIO.

2) Ecmu Bcrpevaercsi MICHTH()UKATOP, KOTOPBIA yXe MOMe-
IeH B TaOJMIly, €ro THII OIPEeAEssIeTCs 110 COOTBETCTBYIO-
nIei 3anucy B TabIuIIe.

B cooTBeTcTBUUM C 3TOW MOAENBIO, WIACHTUPHUKATOPHI OYIYyT
MOSIBIISITECA B TAONMIIE B TOM K€ IOPSIKE, B KAKOM OHH BIIEPBbIE
BCTpEUYAOTCA B NMporpamMme. Beskuid pa3, Korjga aHanu3aTopy BCTpe-
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qaeTcs WACHTU(PHUKATOP, OH MPOBEPSIET, €CTh JIM YK€ ITOT WACHTH-
(mkarop B TabmuIle, ¥ IPU €ro OTCYTCTBUU B KOHEIl TaOIWIBI BHO-
CUTCsI COOTBETCTBYIOIIAs 3anmuch. Ecinu uaeHTudukaropa B Tabnuie
HET, TO TpebyeTcsi ee MOJHBIM MPOCMOTP; HO Jake B TeX CIydasx,
KOTa HICHTH(UKATOP HAXOJIUTCS B TAOJIHIlE, TIONCK B CPEITHEM OX-
BaTHIBAET €€ IMOJIOBUHY. TaKoi MOUCK B TaOJIUIEe OOBIYHO HA3BIBAIOT
JuHelineiM. ECTeCTBEHHO, 4TO IpH OOJBIINX pa3Mepax TaOIUIbl ITOT
MPOLIECC MOXKET OKA3aThCsl JUTUTEIBHBIM.

Ecmm 661 naeHTH(GUKATOPEI OBITH PACTIONOXEHBI B al(aBHUT-
HOM TIOpSIZIKE, TO TOWCK OCYIIECTBIIsUICS ObI ropa3mo ObIcTpee 3a
CUET II0CIIEI0BATENIFHOrO JIeNeHUst Tabmuip! nononaM (0gouunblil
NOUCK), OJHAKO HAa COPTHUPOBKY 3amuceil MO MOPSAKY KaKAbIH pa3
npu 700aBICHUN HOBOH 3alMCH YXOAMIIO Obl OYEeHb MHOTO BPEMEHH,
YTO CYIIECTBEHHO CHIKAET AOCTOMHCTBA 3TOro merona. [loatomy
IPU CO3aHUH TaOJIHIBI CHMBOJIOB M TIOMCKA B HEH OOBIYHO MCIIONb-
3yeTCsl METOJI XeUUpOBaHuUs.

Jnisi MHOTHX $I3BIKOB MPOTPaMMHUPOBAHUS B OOIIEM CiTydae
YHCJI0O BO3MOXKHBIX HACHTU(HKATOPOB XOTS M KOHEYHO, HO OYEHBb
BEJIHKO.

B obmiem cityuae i TaOaUIBI CUMBOJIOB MCIIOJIB3YETCS Mac-
CUB M3 OOJBIIET0 YHCIAa IEMEHTOB, Y€M MAaKCUMAaJIbHOE YHCIIO
OXHJAEMBIX HICHTH(PHUKATOPOB B IPOTPaMMe, U OIIPEAEIIeTCs 0TO-
OpaskeHHe KaKIO0ro BO3MOXKHOTO MJIEHTU(HUKATOPA HA JIEMEHT Mac-
cuBa ((pyHKIMsS 0TOOpaXKeHUs ). DTO OTOOpaKEHUE HE SBIISETCS, KO-
HEYHO, OTOOpaKCHWEM OJIMH K OJTHOMY, & MHOKECTBO M/ICHTHU(HKA-
TOPOB O0TOOpa)kaeTcsl Ha OJMH M TOT JK€ DJIIEMEHT MaccuBa. Beskuit
pa3 mpu MosIBICHUN UIACHTU(PHUKATOpA MTPOBEPSETCS HATUYHE 3aIUCH
B COOTBETCTBYIOLIEM dJIEMEHTE MaccuBa. [Ipu OTCYyTCTBHH 3amuch
3TOT WAEHTU(HKATOP €lle He HAaXOJUTCS B TAOJMIE CHMBOJIOB, U
MOXHO CZ€IaTh COOTBETCTBYIOIIYIO 3alHCh. ECIIM 3TOT 51IeMEHT He
HYCTOP'I, MMPOBCPACTCsA, COOTBCTCTBYCT JIM 3allMCb B HEM JaHHOMY
UICHTU(HUKATOPY, M KOTJa BBISICHSETCS, YTO COOTBETCTBUS HET, TOU-
HO TaK K€ UCCIIEAYETCs CIAEAYIOIINIA IEMEHT U T.JI. IO TeX Iop, To-
Ka He OOHapY)KHUTCS IMyCTOH dJIeMEHT WM 3almuch. Takum oOpaszom,
Ta0JIMIa CUMBOJIOB IIPOCMATPHUBACTCS JINHEHHO, HAUYMHAS C 3aIlUCH,
MOJYYSHHOU ¢ MOMOIIBI0 (QDYHKIIMH OTOOpakeHHs, 10 TeX II0p, MoKa
HE BCTPETUTCS CaM HMICHTU(PHUKATOP WM ITyCTOH SJIEMEHT, YKa3bl-
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BaOIIUI Ha TO, YTO JJIS 3TOTO MACHTU(UKATOPA 3alMCH HE CYIIECT-
ByeT. Takoli MaccuB Ha3bIBACTCS mabauyell xeuuposanusi, GQyHKIHAS
oTOOpakeHUusT — pyurkyuen xeuwuposanusi. Tabima XeNIMPOBaHUS
00pabaThiBaeTCsl IIMKINYHO, T.€. €CJIM MOUCK HE 3aBEpIICH K MOMEH-
Ty JOCTHKEHHS KOHIA TaOJMIIBI, OH JOJDKEH OBITh MPOJIOIIKEH C ee
Hayana.

Camas mpoctast QyHKIHS XCIIMPOBAaHUS TOApPa3yMeBacT HC-
MIOJIb30BaHUE TIEPBONM OYKBHI KaXKAOTO HISHTH(HUKATOpPA A €ro
0oTOOpaXKeHUsI Ha 3NeMEHT 26-31eMeHTHOTO MaccuBa. Maentuduka-
TOPBI, HAYMHAOIIUECS C A, 0TOOPaXKAIOTCS Ha TEPBBIM IJIEMEHT Mac-
cuBa, HauuHarommecs ¢ B — Ha Bropoit u T.a. [locne BcTpeun ¢
naeHTu(hUKaTopaMu

CARDOG CAB ASSEGG
Tabyuia npuMeT By Tadil. 8.1; mo3uiuu uIeHTU(UKATOPOB 3aBUCT
OT TIOPSIIKA X BHECEHUS B TaOJHILy.

Tabnmna 8.1 — Tabmuma xemmpoBaHus

Howmep WM nepeMeHHON Tun
ASS

CAR
DOG
CAB
EGG

~No o~ WNE

Ecimu naeHTHdUKaTOp HE MOXKET OBITh BHECEH B Ty MO3HIIHIO,
KOTOpas 3aaaeTcsi QyHKIMEH XeMMPOBaHUs, IPOUCXOIUT TAK Ha3bl-
BaeMbIi kongauxm. Yem Oombitie Tabmua (M MEHBIIE YUCIO UACH-
TH(HUKATOPOB, OTPAKAIONIUXCS HA KaKAYIO 3aluCh), TEM MEHBIIE
BEPOSATHOCTh KOH(PIUKTOB. [IpH HANHYMK B TIPOrpaMMe TOJIBKO BBI-
MIETIEPEUYHUCIICHHBIX HUICHTU()DUKATOPOB U HCIOJIb30BAHUHU PACCMOT-
PEHHOM (QYHKIMM XEIIMpOBaHMs TaOIuIla 3amoiHsuIach Obl HEpas-
HOMEPHO M uMena Obl MecTo xkracmepusayus. OyHKIUSA XeMIMpoBa-
HUSI, KOTOpas 3aBucelia Obl OT MOCIEeIHEH JINTephl HICHTU(PHUKATOPA,
BEPOSTHO, MEHBIIIE Obl CrOCOOCTBOBANA KiacTepusaiuu. KoHewHo,
4YeM cllokHee (YHKIHSI, TeM OOJbIlle BpeMeHH TpeOyeTcs /Ui €€ BhI-
YUCJICHUS] TIPU BHECEHHH B TaOJMIly HICHTU(HUKATOpA WU TPH T10-
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WCKEe KOHKPETHOTO uaeHTH(uKaropa B Tadmmie. [losToMy BEIOOD
(yHKLINY XEIMHMPOBaHHUA — BaXKHAs 3a[a4ya IpU HOCTPOSHUHM KOMITHU-
JISITOPOB.

OOBIYHO BBIXOA M3 KOH(IMKTOB OCYIIECCTBISETCS IHKIHYE-
CKOW IIPOBEPKOM OJTHOTO 3a JIPYTUM 3JIEMEHTOB TaOJIHMIBI 10 TEX I10P,
[IOKa HE HaXOOUTCAd MAECHTU(HKATOP WM IycTOH 3nemeHT. OmHaKo
Ha MPaKTUKE MCTIOIB3YIOTCS U Apyrue MeToabl. OOBIYHO BhIpabaThI-
BaeTCsl HEKOTOPOE IPABHIIO, MOCIEI0BATEIBHOE NPUMEHEHNE KOTO-
pOro mo3BosIwIIo ObI (PU HEOOXOAUMOCTH) TPOCMOTPETH BCE 3alTHCH
TaOJMIIBI, MPEXIe YeM Kakas-TM00 W3 HUX BCTPETHTCS BTOPHUYHO.
JleiicTBue, BIMONHIEMOE (DYHKIMEH XEIIUPOBAHMsI, HA3BIBAIOT nep-
BUUHBIM XCUUPOBAHUEM, @ BBIUYUCICHHE IOCIEIYIOUINX aAPECOB B
TaONNIIE — GIMOPUUHBIM XeWUPOBAHUEM, VI NepexeuuposaHieM.
OyHKIMS MepexemnpoBanys, paccMaTpuBaeMas B MpuMmepe, Mpen-
noJsaraet npocto ao0aBieHue eUHHLBI (LUKIMIHO) K aapecy Tald-
unel. OTa QyHKINS, Kak u Bce (YHKIMH XEIIMPOBaHUs, 00JalaeT
CJICIYIOIMM CBOWCTBOM: €CJIM N — HEKuH ajapec B Tabnwuie, a P —
YHCJIO 3JIEMEHTOB B Ta0IUIIE, TO

n, rehash(n), rehash(n), ..., rehash”*(n)
BCe SIBIISIIOTCS aJjpecamu 1
rehash’(n) = n.

OnucanHas BblIE QYHKIMA EPEXCIINPOBAHUS ONPENEIIACTCS

CIEAYIOLIEN MPOLEAYPOH:
int procedur e rehash(int n)
if n<pthenn+lesel

VY 5r10ii (pyHKIMHU €cTh TEHAEHLUS CO3[aBaTh B TaONHIE Kia-
CTEpHI B TOW ke Mepe, B KaKO BEpOATHOCTh KJIacTepH3alry Bo3pac-
TaeT B CBf3M C IEpexelIrpoBaHueM. BecbMa kenaTtenbHO, YTOOBI
(GyHKLIUS HepexemnpoBaHys MOIJIa HaXOJUTh aJpeca MOJaJIbIIe OT
TOT0, C KOTOpOro Hadana. Eciu aneMeHTs! Tabinupl — NpocThie Yuc-
na (T.e. HE UMEIOT JIpyrux Aenuteneid, kpome 1), To BMecto 1 GyHK-
LUsI [IEPEXEIIMPOBAHNS MOXKET I00ABISTh K afpecy JI00oe MOJI0KHU-
TeNbHOE LiesI0e uKcio h, Takoe, 4To N<p; B pe3ysbTaTe Mbl Obl HMEIH

int procedur e rehash(int n)
if n+h<pthen n+h else n+th—p

IMoxxomsmee 3HaueHne h cBOIMIO OBl KIACTEPU3ALHUIO K MHU-

HUMYMY. Tak Kak p — mpocToe Yucio, PyHKIHS MepexennpoBaHus
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BBIJIACT TIOCJIEIOBATEIbHO BCE ajpeca B TaOJUIIE, NMPEXAE YeM OHa
ITOBTOPHTCA.

Ectp MHOTO Ipyrux BapuaHTOB M30€KaTh MEepeXelINpOBaHUS
IpU cO3AaHUM TaOnul uaeHTudukatopoB. PaccMoTpiM HEKOTOpEIE
W3 HUX.

8.2.1 CUEIIVIEHHME JJIEMEHTOB

B 3TOM ciiydae mepenosiHeHus: TaOJIUI] MOKHO H30€KaTh Iy-
TEM HCIIOJIb30BaHus yKaszareneii (puc. 8.1).

Hist aTOrO B Tabnuile HeOOXOAMMO PEAYCMOTPETh MECTO ISt
yKa3aTeJiei, 4To BeJIET K YBEIHUCHUIO 00beMa MOCyIeIHEH.

AGE

BAT

CAT . » COW . » CASE
\_/V

Puc. 8.1 — CueruieHue 31€MEHTOB
8.2.2 BUHAPHOE JIEPEBO

bunapnoe nepeBo (puc. 8.2) cocTOUT M3 HEKOTOPOrO KOJIHUYe-
CTBa BEPLIMH, KaXAasi M3 KOTOPBIX COJMCPIKUT HUACHTH(HHUKATOP, €ro
THII ¥ T.JI., ¥ IByX yKa3aTeliel Ha JPYTrue BEePIIHHBI.

? LEMON 8

/ \

e | EGG < MOUSE

‘, AN

BUS DOCK
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Puc. 8.2 — bunapnoe nepeso

bunapHoe nepeBo, MpPUBECHHOE HA pHC. 8.2, YIOpsI0ueHO B
anaBUTHOM TIOPS/IKE CiieBa HampaBo (T.e. €ro BEpIIUHBI Pacoso-
JKEHbI B aJipaBUTHOM TOPS/IKEe UX 00X0/a u3HyTpH). IToamepeBo Jio-
0ol BepIIMHBI 0003HAYAETCS C MOMOIIBIO yKazarens. [louck ocyie-
CTBIISIETCS C HWCIOJBb30BAHHEM PEKYPCHBHOIO alropHUTMa 00XO07a:
nepeceys JIEBOE MOIACPEBO, MIPOMTH KOPEHB, Mepeceyb MpaBoe Mo-
nepeBo. K OuHapHOMYy JiepeBy Bcerzia MOXHO JI00aBUTh HOBYIO Bep-
NIMHY, TIOMECTHUB €€ B COOTBETCTBYIOIIee MecTo. Bpems mowcka 3a-
BHCHT OT TTIyOUHBI JiepeBa.

PacnimaunBaThcs 32 MCTONB30BaHME OMHAPHOTO JEpeBa B Ka-
YecTBe TaOJIUIBI CUMBOJIOB TIPUXOUTCS JIOTIOTHUTEIBHBIM 00HEMOM
namsITh, TpeOyeMbIM JUIsl yKa3aTenen.

8.3 TABNUUA BUOOB

B coBpemeHHBIX S3BIKax MPOTPaMMHPOBAHUS YHUCIIO BUIOB
(abcTpakTHBIX THIIOB JaHHBIX) MOTEHIHAIBHO OeckoHeuHO. EcTecT-
BEHHO, YTO B 3TOM CJIy4yae BUJ HEJIb3s IPEJCTABUTD IICJIBIM YUCIIOM.
B 370ii CBsI3M BO3HHKAET MpoliieMa — HaWTH IpUEeMIIEMbIil (C TOUKU
3peHusl Pa3pabOTYMKOB KOMITHIIITOPA) CIIOCO0 IMPEACTABICHUS JIO-
00T0 BO3MOKHOI'O BH/JIA.

B cymiecTByromux sA3bIkax CymecTByeT 5—7 BapuaHTOB BHUJIOB:

1) ocnosuvle suowl, Hatipumep int, real, char, bool u ap.;

2) OnunHble u KOpomKue 6udbl, KOTOPBIE COICPIKAT CHMBOJIBI
Iong U short, NOSBJISIOIIMECS Mepe] OCHOBHBIMH BM/JIa-
MH,

3) ykazamenu Ha aapec sSUEHKH MAMSTH, BbIICICHHON st
JTAHHOTO BUJA,;

4) cmpyxkmypHvle 6udel, THTIA SLFUCE ¢ TTOCTIEI0BATEEHOCTHIO
TOJIeH; KaKJ0e T0JIe MMEET BHJl M CENEeKTOp, OOBIYHO 3a-
KJIIOYEHHBIE B CKOOKU;

5) suovl maccusos,;

6) oOvedurnenuvie 6udbl, COCTOSIINE U3 CUMBOJIOB UNiON MK
VOid, UCTIONB3YEMBIX ISl BBIPAXKEHUS 3HAYECHHH, KOTOPBIE
MOTYT MPUHAJICKATh HECKOJILKUM BHJIAM;
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7) 6udwl npoyedyp, MpeCTaBICHHBIE CHMBOJIaMH Procedur e,
function u ap., MCMOIB3yEeMBbIMHU ISl BBIPAKEHUS 3HAYE-
HUH, SBJISIOUIAXCS IPOLICAYypaMHU.

EctecTBeHHO OBLIIO ObI IPEJCTABUTH BCE BUJBI KAKUM-HHOY b
OJTHAM THIIOM, HAlpUMep CTPYKTypoil. [l mpencraBieHus BHIa
MOXXHO HCIIOJIb30BaTh MACCHB HJIM CITMCOK, NPHYEM CITMCOK Ooiee
yI00€H, TaK KaK KOMITUIISITOP OOBIYHO CTPOUT CTPYKTYPY BHJA ClieBa
HANpaBo MPH MPOCMOTPE MPOrpaMMbl W HEOOXOAMMOE IUISl Tpej-
CTaBJIEHHS Ka)XJIOTO BHJA MPOCTPAHCTBO HEU3BECTHO, KOTJa BCTpe-
YAETCs €0 NEPBBIA CUMBOIL.

Onucarenb

proc(real, int) bool,
BBIPXKAIOUIMN 3HAUYCHHWE BHUJA «IIPOIEypa-C-BelIeCTBCHHBIMU-U-
LEJI0YHUCIICHHBIMU-TIApaMEeTPaMHU-/Ial0Ias-TIOTMYeCKUI-PE3yIIbTaT,
MOXeET OBITh HPEJCTABIEH CTPYKTYPOH C OTAETbHBIMH yKa3aTeIsIMU
Ha CIMCOK IapaMeTpoB u pe3ynbrar (puc. 8.3).

[
y
[

> int

» real

proc L]

bool v

Puc. 8.3 — Crpykrypa npoueaypst

AHAIOTHYHBIM 00pa30M, OMHUCATEINh
struct(int i, struct(int j, bool y), real r)
MOJXKET OBITh MPEJICTABJICH TaK, KaK MoKa3aHo Ha puc. 8.4.

struct *

real r

A 4

struct | ¢

A 4

int i

int j|e » bool y

Puc. 8.4 — Crpykrypa tuna Struct
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Kaxnast siueiika uMeeT aBa (BO3SMOXKHO IYyCTBIX) yKa3aTels;
BEPTUKANBHBIN yKa3aTeNb HCIOIB3YeTCs B CIy4dae CTPYKTYpPHBIX,
00BEIMHEHHBIX U MPOIEAYPHBIX BUJIOB.

C moMOIIBI0 PaCCMOTPEHHOTO METOJa MPEACTABICHUS BUIOB
KOMITHJIATOP MOJKET JIETKO BBHITIOHATH CIEAYIOINNE ONepaIliu;

1)
2)
3)

4)

HaxOXKJEHUE BUAA pe3yibTaTa MpOLEeaypbHI;

BBIOOP CTPYKTYPBHI MOJIS,

pPa3bIMEHOBAaHUE 3HAYEHUS, T.€. 3aMEHY aJpeca 3HAaUCHHEM
B aJpece;

BEKTOPU3ALMIO, T.€. IOCTPOEHUE JIMHEUHON CTPYKTYpPHI IS
M1000r0 MaccuBa.

KOHTPONbHBLIE BOMNPOCHI

1

[NonsTHE MPOX0Ja KOMIMISATOPA, HEOOXOAUMOCTh HUCIIOJb-
30BaHUS HECKOJIBKUX TPOXO0JI0B TIPH KOMITHIISIIIAY.
Hasnauenne TabIHIIBI CHMBOJIOB.

MeTobl OpraHu3ayy TaOIUIBl CHMBOJIOB.

XemupoBaHue, paspelieHrne KOH(QIUKTOB MpH XEIIHpOoBa-
HHH.

CuernieHre 3JIEMEHTOB U OMHApPHOE JICPEBO.

Ha3znauenne TaOauLBI BUOOB.

Crioco0bI OpraHn3anyy TaOIHIIbl BHIOB.
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9 PACNPEOENEHUE NAMATHU
9.1 CTEK BPEMEHU MPOIrOHA

[locne BbIAICHEHHS CTPYKTYpBI MPOrpaMMBI HEOOXOIUMO BBI-
JEIUTH MECTO B TIAMSATH I BHECEHUS 3HAYCHHIA TIEPEMEHHBIX U T10-
MECTHTh COOTBETCTBYIOIINE ajipeca B TaOnmiry cumBoiioB. daza pac-
OpeaAcCICHUA MaMATU MPAKTUYCCKHA HC 3aBUCUT OT A3bIKa U MAIIWHBI
W OJJMHAKOBA /sl OOJIBIIMHCTBA S3BIKOB, HMEIOMIUX OJIOYHYIO CTPYK-
Typy. Pacmpenenenre mamsT 3aKII09aeTCs B OTOOpaKEHUN 3Haye-
HUH, MOSABJISAIOMIMXCS B MpOorpaMMe, Ha 3allOMUHAIOIIEe YCTPOHCTBO
MamuHbl. Ecnu peanu3yeMblil s3bIK UMeeT OJIOUHYIO CTPYKTYpY, a
OBM wnmMeer nTUHEHHYIO aMATh, TO HANOOJIEE TTOAXOISAIINM YCTPOii-
CTBOM, Ha KOTOpOM OymeT 0a3WpoBaThCs paclperesieHHe IMaMsTH,
ABJICTCA CTCK WM ITaMATb MaraduHHOI'O TUIIA.

Kaxnoii mporpamme a1 XpaHEHUsI 3HAYEHUI TIEPEMEHHBIX U
MTPOMEXYTOYHBIX 3HAUEHUN BBIPAXKEHUH HEOOXOAMM OTIpeIeTICHHBII
o0beM namsaTi. Hanpumep, eciiu HACHTUDHUKATOP OMUCHIBACTCS KaK

int x,
T.€. X MOXKET MPUHUMATh 3HAYEHHWE IeJIOT0 THIIA, TO KOMIWIATOPY
HEO0OXOMMO BBIACTUTHh NMaMsATh I X. IHBIMU cllOBaMH, KOMITHIIS-
TOp JOJDKEH BBIACTHUTH JOCTATOYHO MECTa, YTOOBI 3amucaTh JI00oe
[IeJI0€ YMCI0. AHAJIOTHYHO, €CIIN Y OITUCHIBAETCS KaK
struct (int number, real size, bool n) y,
TO KOMITWIATOP O6CCHC‘II/IBaeT JJIA 3HA4YCHUA y IIaMATb C O6’bCMOM,
AOCTAaTOYHBIM JI1 XPpAHCHHA B HEM ILICJIOr0, BEIICCTBEHHOI'O U JIOTU-
YecKOoro 3HaueHMs. B 000onx ciydasx KOMITUIATOP HE JOJDKEH HCIIBI-
THIBaTh 3aTPYAHEHUI B BBIUYUCICHHH TpeOyeMoro odbema MamsTH.
Ecnu z onncsiBaeTcs Kak
int Z10],
TO 00bEM MaMSTH, HEOOXOAMMBIH JIJIsl XpaHEHHUS BCEX DJIIEMEHTOB Z, B
10 pa3 GoJibIiie MaMATH JIJIS 3aITUCH OJHOT'O 1eJIoro 3HaveHus1. OiHa-
KO ecyii ObI W OBLIT OTIHCaH B BUIIE
int win],
a 3HA4YE€HHE N 0Ka3alioCh 6I)I HEU3BECTHBIM BO BPEMA KOMITWJIALIUN
(oHO JOKHO OBITH PAaCcCCYUTAHO MPOrPAMMON), TO KOMIIMIISTOP HE
3HaJN OBI, KaKOW 00BbEM MaMSATH €My HY)KHO BBIICTUTH 1 W. OObIu-
HO W Ha3bIBAIOT OUHAMUYECKUM MACCUBOM. [laMsTh Ui W BBIIENS-
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eTcsi BO BpeMs IporoHa. [lamsrTh, BEIAEISIEMYIO BO BpeMsl KOMIIUIIS-
LMW, HA3bIBAOT CMAMuyYecKkoli, a BO BpeMs IPOToHa — OuHamuye-
ckotl. B OONBIIMHCTBE KOMIHJISITOPOB MaMSTh JJIsl MACCUBOB (ake
HUMEIOIINX OTPaHHYEHHS Ha pasMep THUIAa KOHCTAHT) BBIACIACTCS BO
BpEMs [IPOrOHa, MO3TOMY OHA CYUTAETCS] IUHAMHUYECKOH.

[TamsTh HyXHa TakXke UIsI IPOMEKYTOUHBIX PE3YyJIbTATOB U
KOHCTaHT. Hampumep, npu BHIYMCICHUH BhIpaKeHHs & + Cxd cHava-
JIa BBIYMCIISIETCS CXd, MpUYeM 3HaYCHUE 3aIIOMUHAETCS B MaIlliHe, a
3aTeM BBINOJHAETCS cioxkeHue. [laMars, ucnonabs3zyemast Juisl XpaHe-
HUSl PE3yNIbTaTOB, Ha3bIBaeTcsi paboueu. Pabodas mamsTb MOXKET
OBITh CTATUYECKON M TUHAMHYECKOM.

B kaxxnoMm koMOwiIsITOpe NpeaycMOTpEHa CXeMa paclpeaeie-
HUS TaMATH, KOTOpas A0 HEKOTOPOU CTEMeH! 3aBUCHUT OT KOMITHIIU-
pyeMoro s3bika. B @opTpaHe mamsTh, BblAeNsieMas s 3HaYECHUU
WIeHTH(PUKATOPOB, HUKOTJa HE OCBOOOKIAETCS, TaK YTO IMOAXO[Is-
LIEW CTPYKTYpOH SBISIETCA OJJTHOMEPHBIA MaccuB. Eciiu cunrarh, 4To
MAacCUB UMEET JIEBYIO U MPABYIO CTOPOHBI, MaMITh MOXET BbIICIATh-
cs cieBa Hampaso. IIpu 3ToM npuMeHseTcs yKa3aTellb, IOKa3blBato-
LU TIepBEIil CBOOOMHBIN IeMEHT MaccuBa. Hampumep, B pesynbra-
T€ ONUCAHUS

INTEGER A B, X, Y
MaMsITh BBIJICNAETCS TaK, Kak 3TO Moka3aHo Ha puc. 9.1.

Al B[ x]|v \

Puc. 9.1 — Pacnpenencuue namsru s Goprpana

Takasi cxemMa He y4HTBIBaeT TOT (akT, 4To pabouas MamsTh
UCTIONB3YyeTCsS HEOJAHOKPATHO M BechMa Hed(h(hEeKTUBHA IS SI3BIKA C
OJIOYHOH CTPYKTYpOii.

B s3bike, umeronieM OJIOUHYIO CTPYKTYpY, MaMsTh OOBIYHO
BBICBOOOJKIACTCS MPH BBIXOJIE U3 OJI0OKa, KOTOPOMY OHa BbIjiesieHa. B
9TOM cily4ae ONTHMAIbHBIM pelIeHHueM ObLTO OBl pa3peniuTh yKasa-
TEJII0 OTOABHUIATHCS BIEBO IPH BHICBOOOKACHUH MaMsATH. Takoi Me-
XaHU3M paclpe/ielICHNs SKBUBAJICHTEH CTEKY BPEMEHHU MPOTOHA HITU
MaMsITH Mara3uHHOTO THIIA.
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IIycTe nmeeTcst nporpaMMa BUA!
begin
real X,y
begin
intc,d
end

Bégin
char p, g
end
end

Ha puc. 9.2 noka3aHbl «MOMEHTaJIbHBIC CHUMKH» CTeKa Bpe-
MCHHMU IIPOroHa Ha pa3JIMYHbIX 3TallaX €€ BLIIIOJHCHUA.

d q
c p
y y y
X X X
1) 2) 3)

Puc. 9.2 — Crex BpeMeHH IpOroHa

Ha puc. 9.2 u3o0paxeHO MeCTO, 3aHMMaeMOe 3HAYCHHSIMHU
UICHTU(HUKATOPOB BO BPeMs MporoHa. YacTe cTeka, COOTBETCTBYIO-
IIyI0 ONpE/IeICHHOMY OJIOKY, Ha3bIBAIOT paMKOU cmeKa. Ykaszamenb
cmexa TIOKa3bIBaeT Ha ero MEepPBbli CBOOOAHBIN IIEMEHT.

Kpome ykasarens creka, TpeOyeTcs TakKe yKa3aTeslb Ha JHO
Tekyuiel paMku (ykazamens pamxu). Ilpu Bxoae B OJIOK 3TOT ykaza-
TCJIb YCTAHABJIMBACTCA pPABHBIM TCEKYHIEMY 3HAYCHUIO YKa3aTelsd
creka. [Ipu BbIxoze u3 OiioKa CHavana ykasaTenb CTEKa yCTaHaBIIH-
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BAETCS PABHBIM 3HAYEHHIO, COOTBETCTBYIOIIEMY BKIFOYAIOIIEMY
O110Ky. VKazareiab paMK{ BKIIFOUYAIOMIETO OJIOKA MOXKET XPaHHUTHCS B
HIDKHEH 9acTh TEKYIel paMKH CTeka, 00pas3ys 4acTh CTATUYECKOM
LeTTH WK MacCUBa, KOTOPBI Ha3bIBaETCS ducnieem. ETO MOXKHO HC-
T0JIb30BATH JUISL XPAHCHHSI BO BPEMsI IPOTOHA yKa3aTeleil Ha Havaio
paMoK CTeKa, COOTBETCTBYIOIINX BCeM TeKymM Osiokam (puc. 9.3).

»
)

q

Hucmeit / P Crex
y
X

Puc. 9.3 — Cucrema «IuCIIEH-CTEK»

OT0 ympoImaeT HaCTPOHKY yKaszaTessl P BHIXOJIe U3 OJIoKa.

Ecmm 6p1 Bcs mamsaTh ObIIa CTaTUYECKOH, ajipeca BpPEeMEHU
nporoHa Morjin OBl pacnpeaciiaTeCd BO BPEMIA KOMIMWJIAIUMA WU 3HA-
YEeHUs 3JIEMEHTOB IUCIUIes] TakXke ObuIM Obl M3BECTHBI BO BpEMS
KOMITMJISILINH.

PaccMmoTrpum npumMep nporpaMmst:

begin
intn;
read(n);
int numbers[n];
real p;
begin
real x, vy,

MecTo nist numbers IOJIKHO BBIICIISTHCA B HepBOI‘/'I paMKke
CTeKa, a IJid X 1 Y — B paMmke Haj Heill. Ho Bo BpeMsi koMOwsiuuu
HEU3BECTHO, I'/le JOJHKHA HAUMHATHCS BTOpas paMKa, Tak Kak HEeWs3-
BecTeH pasMep uncen. OQHO U3 peleHu B 3TOH CUTyaluu — UMETh
IiBa CTeKa: OJUH AJISl CTAaTUYECKOM MaMsATH, pacupenesieMoi B mpo-
Hecce KOMIWISLKY, a APYrod IJisl AMHAMUYECKOH MaMsTH, pacupe-
JIeJIIeMOi1 B IpolLiecce MPOroHa.
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Jpyroe pelieHue 3aKI04aeTcss B TOM, YTOOBI IPH KOMITHIISI-
LUH BBIAEIIATH CTATUYECKYIO NTAMSITh B KXIOM OJIOKE B Hayaje Kax-
JI0 paMKH, a IPU NPOrOHE — AVMHAMHYECKYIO [IaMsATh HaJl CTaTU4e-
CKOM B KaXKIOM pamMKke. ITO 3HAYUT, YTO KOTJIA TIPOUCXOTUT KOMITH-
JIALUS, HEU3BECTHO, I/Ie HAYMHAIOTCS PAMKH, HO MOXKHO pacIpene-
JUTHb CTAaTUYECKUE AAPECa OMHOCUMENbHO HAYaANd ONpeoeleHHOU
pamku. IIpy mporoHe TOYHBIA pa3Mep PAMOK, COOTBETCTBYIOIIMX
BKJIFOYAIOLIMM OJIOKaM, W3BECTEH, TaK YTO NPH BXOJE B OJIOK HYX-
HBIA 3JIEMEHT AWCIUIES] BCErZa MOXKHO YCTaHOBMTBH TakK, YTOObI OH
yKa3bIBaJl Ha Ha4aJl0 HOBOM paMku (puc. 9.4).

N
N
<
-
y &
X
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3\
(7)) 1
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o 2SSk
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£
|m’-n
<
> Sgr
J
Jucrnent Crek

Puc. 9.4 — Crek nmporona a1 MaccruBa

B 5T0il CTpyKTYype MacCHB 3aHHUMAET TOJIBKO AUHAMUYECKYIO
namsath. OHAKO HEKOTOopas MH(GOpPMAIUs O MAacCCUBE U3BECTHA BO
BpeMsI KOMITHITSIIMH, HATIPUMEP €ro PasMEepPHOCTD (a Cliej0BaTeabHO,
M YHCJIO TPaHMI[ — JIBE Ha KAy PasMEPHOCTD), U MPU BHIOOPKE
OTIPEIETIEHHOTO 3JIEMEHTa MacCHBa OHa MOXET IoTpedoBaThcs. B
HEKOTOPBIX S3BIKAX CAMU TPAHMIIBI MOTYT OBITh HEM3BECTHBI INPHU
KOMITHJISITIMH, HO BCETJIa M3BECTHO WX YHMCIIO, M IS 3HAYCHHH STHX
CPAHMI] MOKHO BBIIETUTh CTATUYECKYIO aMsATh. Torna MOKHO CUU-
TaTh, YTO MACCUB COCTOUT U3 CTATUYECKOU U JUHAMUYECKOU YacTeH.
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Craruyeckas 4acTb MacCHBa MOXET pa3MeEIaTbcs B CTATUYECKOU
YacTH pPaMKH, a JTUHAMHYECKas — B AuHaMudeckoi. Kpome undop-
Maluu O rpaHunax, B CTaTUYECKOM YaCTH MOKET XpaHUTBCA yKa3a-
TeJIb HA CaMH 3JIeMeHThI MaccuBa (puc. 9.5).

<
~
Pamka 2

'

DJIeMEHTBI
numbers
Y~
JnHamudeckas
4acThb

I\

Nl
——
Pamka 1

CraTtnyeckas
yacth humbers
Y
CraTnueckas 4acThb

\ 4

N 1) )

Hucrmeit Crex

Puc. 9.5 — Moan¢uumpoBaHHbIil CTEK IPOroHa JJIsi MacCuBa

Kornma B mporpamme BBIOMpaeTcsi KOHKPETHBIN AIIEMEHT Mac-
CHBa, €r0 aapec BHYTPH ANHAMHUYECKOMN NaMSITH JOJKEH BBIUYUCIISATh-
cs B ipoliecce nporoxa. Ilycte umeercs maccus

int table[1:10, -5:5].

Bynem cuutatk, 4TO 3J1IEMEHTHI MACCHBA 3aIIMCAHBI B JIEKCHKO-
rpadUyYecKOM MOPSIIKE UHJIEKCOB, T.€. JICMEHThI TAOIHIIbI XPaHITCS
B CJICAYIOIIEM IIOPSJIKE!

table[1, 5], table[1, 4] ... table[1, 5],

table[2, 5], table[2, 4] ... table[1, 5],
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table[10, 5], table[10, 4] ... table[10, 5].

Anpec KOHKpPETHOTO 3JI€MEHTAa BBIUHCISETCA KaKk CMEIIeHHe
[0 OTHOIICHHIO K 0a3oBoMy ajpecy (agpecy IepBOro 3JIEMEHTa)
MaccHBa!
ADDR(tabl€[l, J]) = ADDR(table]ly, I5]) + (U =1, + 1)*(1 =17) + (I—1)

31ech | M Uy — HIWOKHSS M BEPXHSIS IPaHUIBI TIEPBOil pa3mep-
HOCTH | T.J., U CYUTACTCA, YTO IEMEHT MacCHBa 3aHUMAET €IUHUILY
o0beMa MaMsITH.

Beipaxenue (U — |, + 1) 3agaet unciio pa3nmnyHbIX 3HAYCHUH,
KOTOpBIE MOXXET MPUHUMATh - WHIEKC. PaccrosHue Mexmy 3iie-
MEHTaMH, OTJIMYAIOIIUMHUCS Ha SMHHILY B i-M MHIEKCE, Ha3bIBaeTCs
i-M waeom u o6o3Hayaercs S. [[pumep miaroB MaccuBa NPUBE/CH Ha
puc. 9.6.

int N[1:5, 1.5, 1:5]

N[1,1,1], N[1,1,2], ..., N[1,1,5], N[1,2,1], ..., N[2,1,1], ...,

S

\ 4

S

A
\ 4

S3
Puc. 9.6 — Cxema cMeleHuit

Ecnu Obl KaXKAbIN 3JIEMEHT MAacCHUBa 3aHUMAaJ 00BEM ITAMSTH I,
TO OTH IIATH MOJYYHJIU Obl YMHOXCHHEM BCEX BBIIICITPHBEICHHBIX
BEJIWYMH Ha I,

SIcHO, 9TO BBIYUCIIEHUE AJPECOB AJIEMEHTOB MAacCHBa B TPO-
1ecce IMpOroHa MOXKET 3aHMMAaTh MHOTO BpeMmeHu. Ho maru moryt
BBIYHCIIATHCS TOJMBKO OJHWH pa3 M XPAaHUTHCS B CTATHYECKOW YaCTH
MaccuBa HapsAly C rpaHWiamMu. Takas cTarmyeckas WHQOpPMAIHS
Ha3BIBACTCS onucamenem Maccusd.

Bo MHOrmx s3pikax BCe WACHTU(UKATOPHI JOJDKHBI OIHCHI-
BaThCs B OJIOKE, MPEXJe YeM MOXKHO OYAET BBIUMCIATH KaKHe-THOO
BeIpaxkeHust. OTCrO/Ia CieayeT, YTo Pabouyro MaMsaTh HYXKHO BbIJC-
JIATh B KOHKPETHOW paMKe CTEKa, HaJl NaMsATblo, MPEAYCMOTPEHHOU
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JUIsl 3HAUCHUI, COOTBETCTBYIOIINX HIACHTU(HUKATOpaM (Ha3bIBaeMOM
cmekom udenmugpurxamopos). OObIMHO cTaTHYecKas pabodas Ta-
MSTh BBIENSETCS B BEPIIMHE CTaTHYECKOIO CTEKa HIEeHTU(UKATO-
POB, TMHaMU4YecKas padoyasi MaMsATh — B BEpIIMHE AUHAMHYECKOTO
CTeKa HIEHTU(PUKATOPOB.

B npouecce koMnuiIsALuM CTaTUYECKUN CTEK MAEHTH(HKATO-
POB pacTeT 1o Mepe oObsBICHUs UACHTU(UKATOPOB. BMecTe ¢ Tem
CTaTUYECKUH pabounii CTEK MOXKET HE TOJIBKO yBEJIMYMBATHCS B pas-
Mepax, HO ¥ yMEHbIIAThCA.

Iipumep:

X = at+bxc.

[Ipu BeIUMCIIEHNN BBIpaXKEHUsI TIOTpedyeTcs: pabovast NaMsATh,
4T00BI 3amHcaTh DxC mepen cnoxenuemM. Ty e camyro pabouyro ma-
MSITh MOKHO HCIOJIB30BaTh JJISi XpAaHEHUS! PE3YJIBTATOB CIIOKCHUSI.
OpnHako mociie OCYLIECTBICHUS ONEpaLluy NPUCBOEHUS 3TOT 00BbEM
MaMsITH MOKHO OCBOOOANTE, TaK KaK OH YK€ HEe HYXKeH.

JuHamuueckas TaMATh JOJDKHA PAaCpEeleiiaThCsi BO BpeMs
IIPOTOHA, CTATHYECKas K€ — paclpenesseTcss BO BpeMsl KOMIIMJIS-
nmu. O0beM cTaTuyeckoi paboder maMsATH, KOTOPBIH TOIDKEH BBIJe-
JIATBCS KKAOW paMKe, ONpeaesisieTcss He paboueidl mamsThio, Tpe-
OyeMoii B KOHIIE OJIOKa, a MAKCUMANIbHOU pabodeil maMsaThio, Tpe-
Oyemoii B 11000# Touke BHyTpu Oioka. J[mst crarnyeckoir paboueit
MaMsITH 3Ty BEIMYHHY MOYKHO YCTaHOBHTH B MPOLECCE KOMITHIISIIUH.

9.2 METO[bI BbI3OBA MAPAMETPOB

IIpu pacmpeneneHny nNaMsTH B MPoOLEcce KOMIWIALNUN U IPO-
roHa HeoOXOJWMO OpPTaHM30BaTh BBIACICHUE MAMSTH M0J] TIepeMEeH-
HBIE, 00BSABICHHBIE B mpouenypax. O0beM BBIACISEMOW MaMsTH 3a-
BHUCHUT OT ME€TOJa COOOIIEHHS MEXOY (PaKTH4eCKUM MapaMeTpoM B
BBI30BE MPOILEAYPHl U (GOPMaIbHBIM MAapaMeTPOM B OMHCAHHUHU IPO-
neAypsl. B pa3nuuHBIX s3pIKax HCMONB3YIOTCA PA3JIMYHBIE METOJIbI
«BBI30Ba I1aPaMETPOB»; OOJBIIMHCTBO SI3bIKOB IPENOCTABIAET IPO-
IrPaMMHCTY BO3MOXKHOCTh BBIOOpA, IO MEHBILIEH Mepe, OJHOTO W3
JIByX METOJIOB.
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9.2.1 BbI30B 110 3HAYEHHIO

daktrueckuii mapameTp (KOTOPHIM MOXET ObITh BBIPAKCHHUE)
BBIUUCIISICTCS, ¥ KOMHS €ro 3HA4YeHUs! MOMEIIAETCsl B IaMATh, BbIie-
JIEHHYO [T (hopMaIbHOTO apameTpa. B atom Metone hopManbHbII
napameTp BeleT ce0s Kak JIOKaJIbHAas TepeMeHHas W TPUHHUMAET
MPUCBOCHUE B Tele Mpoleaypbl. Takoe MpUCBOCHHWE HE BIUSET Ha
3HauYeHue (HaKTUUECKOTO MapaMeTpa, MOITOMY JaHHBIH METOJ Hellb-
351 IPUMEHSATH JUIS BBIBOJIA pe3ybTaTa M3 MpoUeaAypbl. BbI30B 1Mo
3HAYCHUIO SIBJISICTCS dPQPEKTUBHBIM METOJIOM Tepeaadud uHpopMa-
LUK B IPOLIEAYPY, B KOTOPOM UCTIONIB3YIOTCS OONBIINE MACCUBHI.

9.2.2 BbI30B 110 UMEHHU

OTOT METOA 3aKiIoYaeTcsl B TEKCTyaJbHOM 3amMeHe (opMalib-
HOTO MapaMmeTpa B Tesie Mpoueaypbl pakTHIeCKUM HapameTpoM Iie-
pel BBIOJIHEHHEM Tela Mpoueaypsl. Tam, rae ¢pakTudeckuM mapa-
METPOM SIBIISIETCS BBIP@KEHHE, OHO JOJDKHO BBIYMCISITHCS BCSKHI
pas, Korja B TeJie MPOLeayphl HOSBISIETCS COOTBETCTBYIOMIMMA (op-
MaJbHBIN mapameTp. ITo — moporoit Meroa. C TOUYKH 3peHHs pea-
JM3alHA aHAJOTHUYHBIA Pe3yJbTaT MOXKHO TOJYYHTh C TOMOIIBIO
CHeHHaJ'[I:HOﬁ nmoanporpaMmMbel BpEMEHU TMPOTOHA JIs1 BBIYUCIICHUA
COOTBETCTBYIOIIErO (haKTHUECKOTO Mapamerpa. BeI3oB Takod mof-
porpaMMsbI 3((HEKTHBHO 3aMEHHUT KaKI0€ MOSIBIIEHHE ()OPMAITEHOTO
napamerpa B TeJle MPOLEILypHl.

9.2.3BBI30B 1O PE3YJIBTATY

Kaxk u B BbI30Be 110 3HAYCHUIO, ITPH BXOJIE B MPOLEIYPY BbIIE-
JsieTcs mamsTh Ui 3HadeHus: QopmanbHOro mapamerpa. OgHaKo
HUKaKOoe HayalbHOe 3HaueHue (HopMalbHOMY MapaMeTpy He Tpu-
cBanBaercs. Teno mpomeaypsl MOXKET OCYIIECTBISTH NMPUCBOCHHUE
3HaueHMs (POPMAIBLHOMY MapaMeTpy, a MpH BEIXOAE U3 MPOLETyPHI
3Ha4YeHHE, KOTOPOE B 3TOT MOMEHT MMeeT (POpMaNbHBIA Mapamerp,
npUCBanBaeTcs (PaKTHIECKOMY ITapamMeTpy.



226

9.2.4 BbI30B 10 3HAYEHUIO U PE3YJIbTATY

DTOT MeTON TpeACTaBIseT coO0i KOMOWHAIMIO BBI30BA II0
3HAYEHHIO W BBI30Ba MO pe3ynbraTy. KonmupoBaHue mpoucxoauT mpu
BXOJI€ B IPOLIE/TypY U IPH BEIXOJIE U3 HEe.

9.2.5BbI30B 10 CCHLIKE

3nech 3a aapec GOpMaIbLHOTO NMapameTpa MPUHUMAETCS afpec
(akTHUECKOIro mapameTpa, €ciii IOCIEeIHUHN He SBISIETCS BhIPAKEHU-
eM. B npoTuBHOM cilyyae BbIpa)KEHUE BBIYHCIISETCS, U €r0 3HAUCHHUE
MOMeNIaeTcst 10 aJpecy, BbACICHHOMY AJsi opManbHOrO mapaMer-
pa. IIpu TakoM MeTone MOdy4aeTcs TOT K€ pe3ysNbTaT, YTo U TNpH
BBI30BE 110 3HAYCHUIO ISl BEIPaKEHUH. BBI30B 10 CCBIJIKE CUMTAETCS
XOpOLIMM KOMITPOMHUCCHBIM PEIIEHHEM U OCYIIECTBIEH BO MHOTHX
SI3BIKAX.

9.3 OBCTAHOBKA BbINONHEHWUSA NPOLEEQYP

[Ipu BBI30Be mpouEexypsl HEOOXOIUMO BHOCHUTH TONPABKY B
CTeK paboyero BpPEMEHH, 4YTOOBI paMKa, COOTBETCTBYIOIIAS TEIY
npoLueaypsl, ObUla HEMEVICHHO TIOMEIIeHa HaJl paMKOH, COOTBETCT-
ByIOIIIEH OJIOKY, B KOTOPOM COJCpKUTCS ee ommcaHue. MHaue agpe-
ca, BBEJICHHBIC BO BpeMsi IporoHa (Homep Os10Ka, cMelieHue), OyayT
OTHOCHTBCA K JIpyroii pamke. Ha npaktuke, 4To0ObI HE H3MEHATH CTEK
IPU WCKIIIOYEHHH M3 HErO HECKOIBKHX PaMOK, MOKHO H3MEHHTh
mucrieit. Torma mocTyn yepes Hero JacT U3MEHEHHe cTeka. DTOo M3-
MEHEHHE JIOJDKHO BBITTOJHATHCS Cpa3y K€ IMOCIe BBIUMCICHUS napa-
metpoB (puc. 9.7).

Koneuno, mocie BbIXoAa W3 MPOLEAYpPHl IUCIUICH TOJDKEH
OBITh BOCCTAHOBJICH.

OnuH u3 cnoco0oB CBSA3M MEXAY (HaKTHIECKHUMH U (opMallb-
HBIMH TTapaMeTpaMi 3aKJIF0YAeTCs BO BBEICHHH JIONOJIHUTEIBHOTO
ypOBHsI (€ro Ha3bIBAIOT NCe8000IOKOM), B KOTOPOM BBIUYUCIISIFOTCS
¢baxTrdeckue napamerpsl. 110 3aBepIICHNIO UX BBIYHCICHHUS PaMKy
CTEKa, COOTBETCTBYIOIIYIO 3TOMY OJIOKY, MOXKHO HCIHOJIB30BAaTh B
KaueCTBC paMKHU JIA TCJila MPOUCAYPHI MOCJIC BUAOUZMEHCHUA OUC-
iest. JTO MO3BOJISIET He MPUOeraTh K MPUCBOSHHIO MAapaMeTPOB.
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Jlo BXOXKICHUS B [Tocne BxoxaeHus
Hnpouenypy B IIpoLeiypy
Hucrmmeit Crex Hucrmeit Crex

Puc. 9.7 — V3meHeHne nucties Ipyu BXOJE B IMIPOLEAYPY

OueBHIHO, YTO BXOJBI M BBIXO/BI U3 OJOKOB M MPOLEAYp 3a-
HUMAarT MHOI'O BpEMCHH. Bo3nukaer BOIIPOC, HEJIB3s JIX COKPATUTH
BpeMs HACTPOUKHU AMCILIES, OCOOCHHO ISl IPOTPaMM C MHOKECTBOM
ypoBHel 6510k0B? OIMH U3 BApHAHTOB PEIICHUS MPOOIEMbI COCTOUT
B TOM, YTOOBI IMETh €JMHYIO PaMKy JUIS BCeX 3HaueHHH cteka. [Ipu
9TOM MOJHOCTBIO YCTPAHSIOTCS BCE M3JICPKKH, CBSI3aHHBIC C BBIXO-
JIOM H3 OJIOKa W BXOJIOM B HETO, HO HEMNepeKpelInBalomuecs OJIOKH
HE CMOTYT IIOJIb30BAThCS OJHOW M TOW K€ MaMAThIO, H, CIIEI0Ba-
TEJIbHO, B 0OMEH Ha CIKOHOMJICHHOE BPEMsI MOJy4aeTCsl YBEIIMUCHUE
o0beMa MaMsITH.

Hcronp3yst KOMOMHAIMIO PACCMOTPEHHBIX BAPHAHTOB, MOXHO
OpraHn30BaTh paboTy KOMIWIATOPA B PEeKHUME ONTUMAIBHOTO Bpe-
MCHU J'II/I6O ONTUMAILHOM TTAMSITH.

9.4 KyyAa

B GonbimHCTBE S3BIKOB MPOrpaMMHUPOBaHHs OObIYHAs O0Y-
Has CTPYKTypa oOeCIeurBacT BHICBOOOXKIICHUE MaMSITH B TOPSIKE,
o0paTHOM TOMy, B KOTOPOM OHa pacmpenaensuiack. OIHaKo B Tpo-
rpamMMax cO CITUCKaMHU ¥ JIPYTHMHU CTPYKTYypaMH JaHHBIX, COZICpKa-
IUX YKa3aTeld, 4acTO HEOOXOIMMO COXPAaHSATh MaMATh 3a Mpeselia-
MU TOro OJOKa, B KOTOpPOM OHa BhIAENsIach. OOBIYHBIA CIHCOK
MOJKHO TIOKa3aTh CXeMaTHUYECKH TaK, Kak 3TO cJieNiaHo Ha puc. 9.8.
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Puc. 9.8 — Cnucok

Kakaplil CIUCOK COCTOUT W3 TOJIOBHOM YacTH — JIMTEPHI WIH
yKaszaTensl Ha APYyrod CIMCOK M XBOCTOBOM — yKa3aTelssl Ha Apyrou
CIIUCOK WJIM HYJIEBOTO criucka. CIucok, n300pakeHHbIN Ha puc. 9.8,
MO>KHO 3aIKcaTh B CIEAYIOIEM BHIE:

(A(BCD)E).
CKoOKH yTIOTpeONSIOTCS ISl pasTpaHWYEeHHs CIUCKOB W TIOJCIIH-
CKOB.

[Tamste amst J11060T0 37€MEHTa CHHUCKA NOJDKHA BBIAEISTHCS
ro6anpHO, T.€. Ha BpeMs AEWCTBUS Bcel mporpaMmsl. ['mobanpHas
namsITh HE MOYKET OPHUEHTHPOBATHCS HA CTEK, MOCKOJIBKY €ro pac-
npefeNeHne W TepepacrpesieNieHue He COOTBETCTBYET MPUHIIMITY
«TIOCIICJTHUM BOIIEN — IEPBBIM BhIIIE». OOBIYHO IS TII00ATBEHON
IIaMATH BBIACIACTCA Cl'[e]_[I/IaJ'H:HI)II\/'I Y4acCTOK IIaMATH, Ha3bIBAEMBIN
<<que12». KOMHI/IJ'DITOp MOXKET BBIACIATH IIaMATh U U3 CTCKA, U H3
Ky4H, ¥ B JAaHHOM CJIy4ae YMECTHO CIeNaTh TaK, 4YTOObI 3TH /Ba yya-
CTKa «pOCIU» HAaBCTpPeuy APYT JAPYTY C MPOTHBOIIOJIOKHBIX CTOPOH
3anoMHHaromero ycrpoiicrsa (puc. 9.9).

OTO 3HAYUT, YTO MAMATh MOXKHO BBILAEIATH U3 JIFOOOTO y4acT-
Ka 10 TeX MOp, [IOKa OHH HE BCTpeTATcs. Takoil MeToj MO3BOJSET
JydIlle UCMOJIb30BAaTh UMEIOIIMKCS 00bEM MaMsITH, YeM TPU MPOU3-
BOJILHOM €€ JIeJICHUU Ha JIBA Y4acTKa.

v
A

Crex Kyuda

Puc. 9.9 — Crpykrypa pacnpezeneHus naMsaTi

Pa3mep cTeka yBennumBaeTCs U yMEHBUIAETCS YNOPSI0UYEHHO
0 Mepe BxoJa B OJOKM M BBIXOAa U3 OI0KOB. Pazmep e Kydn Mo-
JKET TOJIbKO YBEJIMYMBATHCS, €CIIM HE CUUTATh «IbIP», KOTOPbIE MO-
TYT MOSBIISITECS 32 CYET OCBOOOKIICHHS OTACIBHBIX YYACTKOB IaMsi-
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Ti. CylecTByeT [1B€ pa3Hble KOHLENMH peryaupoBanus Kyau. On-
Ha U3 HUX OCHOBAaHA HA TaK HAa3bIBAEMBIX CUEMUYUKAX CCLLIOK, A IPY-
rast — Ha cOopke Mycopa.

9.4.1 CYETUYHK CCBHIIIOK

[Ipu ucnonp30BaHNN CUETYMKA CCBUJIOK MaMATh BOCCTaHABIIU-
BaeTcsl cpasy Iociie TOTro, KaKk OHAa OKa3bIBAE€TCS HEJOCTYIHOM IS
nporpammel. Kyda paccmarpuBaeTcst Kak MOC/€I0BaTeIbHOCTD siue-
€K, B K&K10i U3 KOTOPBIX COACPKUTCS HEBUIUMOE AJISI IPOTrPaMMHu-
cTa noJje (CUYSTYHK CChIIOK), B KOTOPOM BEJETCS CUET YHMCIA JPYTHX
sIMEeeK WIIM 3HAYCHUM B CTEKE, YKA3bIBAIOUIUX HA 3Ty sS4eiky. Cuet-
YUKH CCBUIOK OOHOBIISIIOTCS BO BPEMsI BBIIIOJHEHHS NPOIPaMMbl,
KOIJa 3HaYeHWE KOHKPETHOTO CYETYMKAa CTAHOBUTCS HYJIEM, COOT-
BGTCTBYIOHII/II\/'I 00BbEM IIaMATH MOYKHO BOCCTAHABJIMBATD.

st mpoCTOTHI IOMYCTUM, YTO B KaXAOW sIUEUKE €CTh TPH IO-
JI51, IEPBOE U3 KOTOPBIX OTBOAUTCS JUIsl cueT4nKa ccbuiok. Ecnu X —
WACHTU(QHUKATOP, YKA3bIBAIOIINI Ha CITUCOK, TO €ro 3HaUeHHE MOXKET
ObITh TIpecTaBieHo puc. 9.10.

Xo—» 1 |A|l o> 1 |B|e1T—» 1]|C

Puc. 9.10 — CuerunkHu cCbUIOK

Pesynbrar mpucBoeHus nepeMeHHON Y ykazaTens Ha BTOPOH
3IIEMEHT CTHCKa M300pakeH Ha puc. 9.11.

Xe—pf 1 |A| e——>» 2| B| e—1—>» 1|C

v

Puc. 9.11 — Cuet4ynkyu CChIIOK HOCIE MEPBOTO IMPHCBOCHUS

Pesynbrar nocienyromero npucsoenus X = NULL npusenex
Ha puc. 9.12.

Ha exnHNITy yMEHBITUIICS HE TONBKO CYETYHK CCHUIOK STYCUKH,
Ha KOTOPYIO yKa3bIBaeT X, HO U siaeiika, Ha KOTOPYIO YKa3bIBaeT JlaH-
Has sdemKa.
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Puc. 9.12 — CyeT4ynku CCHUIOK TIOCIIE BTOPOTO TIPHUCBOCHUS

\ 4
[EEN
@]

AJNTOPUTM YMEHBIIEHHsI CHETYHKA CCHUIOK TOCIIE TIPUCBOCHUS
(dhopMynupyeTcs ClieAyIoIUM 00pa3om:

1. YMeHbIIUTH HA SIUHUILY CUCTYUK CCBUIOK SYCHKH, Ha KOTO-

PYIO yKa3bIBall HACHTH()UKATOP MPABOM YaCTH MPHUCBOCHHSI.

2. Ecnu cyeT4rk CCBUIOK SIBJISETCS TENEph HyJEeM, CIIeJ0BaTh
BCEM yKa3aTeJsIM 3TOM AYEWKH, YMEHBIIASI CUETUUKU CChI-
JIOK JI0 TeX TOp, MoKa (JJIsl KaXKI0ro MyTH) He OyAeT moiy-
YeHO HYJIeBOE 3HAYCHHE WA JOCTUTHYT KOHEI] ITyTH.

[TockosbKy Hesb3s ClIeA0BaTh MapaUICIBLHO MO JBYM MU 00-
Jiee TMyTAM, TO MOTPeOyeTCS CTEK JUIsl XPaHCHUsS B HEM yKa3aTeleH,
KOTOPBIM HYKHO €IIle CIIeI0BaTh.

CYeTUnKH CCBUIOK B JCHCTBUTEIILHOCTH HET HEOOXOJIUMOCTH
XPaHUTh B CaMMX s4eikax. MIX MOXXHO XpaHUTh Tle-HUOY/b B JpY-
TOM MeCTe, JIUIIh OBl COONIONAIOCh IOHOE COOTBETCTBHE MEXIY
aJPECcOM STYEHKH U €r0 CUETINKOM CCHLIOK.

OCHOBHBIMM HEJOCTaTKaMH OPTraHU3AIMU TAKOT'O PEryJIHpO-
BaHUS TIAMSTH SIBIISIOTCS CIIEAYIOIITHE:

1) IMamsTth, BbImeNseMas ISl OMPEICICHHBIX CTPYKTYp, HE

BOCCTAHABIIMBACTCSI ¢ TOMOIIBIO OMMCAHHOTO AJITOPUTMA,
JlaXKe eClM He OyAeT JOCTyla HU K OJJHOMY M3 O00BEMOB
MaMATH. DTO Y€TKO BUAHO Ha MMPUMeEPe IIUKIHIECKOTO CITH-
cka (puc. 9.13). Hu omuH U3 €ro CUYEeTUNKOB HE SBISIETCS
HYJIEM, XOTsl HUKaKUe yKa3aTelld Ha HEr0 U3BHE HE yKa3bl-
BalOT. TOT 00BEM MMaMATH HE BOCCTAHOBUTCSI HUKOT/IA.

2) OOHOBJICHHE CUCTYMKOB CCHUIOK MPECTaBIseT cOOOM 3Ha-
YUTEIbHYI0 HAarpy3Ky JJisi BCeX Mporpamm. JTO MPOTHBO-
peuut mnpuHnUNy bayspa — «mpocmuie npocpammel He
O00JIICHBL PACNIAYUBAMbCS 3a 00PO2OCMOoAUUe A3bIKOGbLE
cpeodcmea, KOmopviMu He HOb3VIOMCA.
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Puc. 9.13 — [luknudeckuii Ciucok
9.4.2 CBOPKA MYCOPA

DTOT MeTOo]] BEICBOOOXKIAET MaMATh HE TOT/Ia, KOT/a OHA CTa-
HOBUTCS HEJOCTYITHOM, a TOTJa, KOrja mporpamMme Tpedyercs Ia-
MATH B BUAC KY4YU WJIM B BUJC CTCKA, HO €€ HCT B HAJIMYHU. Takum
00pa3oM, y porpaMM ¢ yMEpeHHOH MOTPeOHOCTHIO B TAMATH HEOO-
XOIMMOCTh B €€ BBHICBOOOXICHHM MOXET HE BO3HHKHYTh. TeM mpo-
rpamMmMmaM, KOTOPBIM HE XBATACT O6’I)CMa namMiaTu B BUAC Ky4H, IIPpU-
JeTCsl MPUOCTAHOBUTH CBOM JICWCTBUS M 3aTpeOOBaTh HEJOCTYITHBIN
00BEM MMaMATH, a 3aT€M TPOJIOIIKHUTH CBOIO padoTYy.

[Ipomecc, BBHICBOOOXKIAIOMIMK TAMSATh, KOT/A BBITIOJHEHHE
MPOTpaMMbl IPUOCTAHABIIMBAETCS, HA3BIBAETCS COOPUWUKOM MYycopa.
B Hero BxoaaT nBe ¢azs:

1. ®aza mapruposxu. Bee aapeca (Wiu s9eiKH), K KOTOPHIM
MOTYT 00paImarscsi UASHTUPHUKATOPDI, UMEIOIIUECs B TPO-
rpaMMe, MapKUpYyIOTCs yTeM H3MeHeHHs Ourta Jmbo B ca-
MO siaeiike, 100 B 0TOOpaKEHUH NMAaMATH B JPYTOM MecCTe.

2. ®aza ynromnenus. Bce MapkupoBaHHBIC SIUCHKH TIepeIBU-
raloTCs B O/IMH KOHEI[ KyuH (aJbHUM OT CTEKa).

daza yruioTHEHUsI HE TPUBHAJIBHA, TaK KaK OHA MOXET I0-
BIIeYb 3a co0Oi m3MeHeHHe ykazarteneid. OmHako B 0oOmEeM ciydae
OHa aNITOPUTMHYECKH JOCTATOYHO MPOCTA.

CambIM KpUTHYECKUM (HaKTOpOM sBIsieTcs oObeM paboueit
MaMsTH, IMEIOIHICcS y cOopiuka Mmycopa. byner HexorndHo, ecim
caMoMy COOpIIMKY Mycopa HoTpeOyercss OOJIBIION O00bheM MaMSTH.
Kpome Toro, xenarenbHo, 4ToObl cOopmnk mycopa Obi1 3ddexTu-
BEH IO BpeMmeHH. EcTecTBeHHO, 4T0 00a 3TH mapamerpa OJHOBpE-
MEHHO ONTUMH3HUPOBATH HEBO3MOXKHO, ITOITOMY HEOOXOIMUMO BBIOH-
paTb KOMIIPOMHCC.
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HaxoxneHune sgeex, TOCTYIHBIX ISl IPOTPaMMBl, CBSI3aHO C
MPOXOXKJICHUEM TI0 JPEBOBHIHBIM CTPYKTYpaM, Tak KaK SYEHKH MO-
IYyT COJCpKaTh yKa3aTel Ha Jpyrue CcTpykrypbl. HeoOxommmo
HpOﬁTH 10 BCEM MIMYTAIAM, MMPEACTABIICHHBIM 3TUMU YyKa3aTCJIsAMU, BO3-
MOXHO, 10 OYEpe/r, a «OYEBHIHOE» MECTO XPaHEHHUs yKasaTeleH,
M0 KOTOPBIM €IIe TMpPUAETCS NPOMTH, OyaeT HaXOIUTHCS B CTEKe.
HmeHHO 3TO ¥ BXOAWT B PYHKIMH AJITOPUTMa MAPKUPOBKH.

JInst mpocTOThl OyAeM CYMTATh, YTO KaKAas sdeiika MMeeT
MaKCHMYM JIBa yKaszarTelqs, T.e. HaMATh IMPEACTABISIETCS MacCHBOM
CTPYKTYDp BUa

struct (int left, right; bool mark).
IMosns left u right — 370 1EMOYKCIeHHbBIE YKa3aTeIH Ha APYTHE sUCH-
KH; JUIS TIPEJICTABIICHHSI HYJICBOTO YKa3aTelsl UCTIONb3YEeTCs HYJIb.
ANTOpUTM MapKHPOBKH MO>KHO TPEACTAaBUTH B BHJIE IMpOILIE-
nypst MARK1, koTOpast HCIIONB3yeT IepeMeHHbIE:
— STACK — cTek, HCroib3yeMblid COOPIIMKOM Mycopa Jiist
XPAaHEHHUsI YKA3aTEIeH;

— T — yxkazaTtenmp cTeka, yKa3bIBaIOIIWN HAa BEPXHUH dIie-
MEHT;

— A — MaccuB CTPYKTyp C MHJIEKcaMH, HaunHas ¢ 1, mpen-
CTaBISIOIINN Kydy.

[Tociie TOroO, Kak BCe OTMETKM IOKaXYT 3HAUYECHHE IOXKDBY,
H‘IeﬁKH, Ha KOTOPBLIC HETIOCPCACTBECHHO CCHUIAKOTCH I/II[CHTI/I(I)I/IKEITO'
pbl B TIporpamMMe, MapKHPYHOTCS M HX ajapeca MOMEIIAITCsS B
STACK. Manee 6epetcst Bepxuuii anemenT 3 STACK, MapkupyroTcs
HETIOMEYEHHbIE SYCHKM, Ha KOTOpPBIC YKa3bIBaeT sdelKa, HaXOIs-
masics 1mo 3ToMy ajapecy, u ux ajapeca nomemiarorcs B STACK. Bri-
noJiHeHUe anropuTMma 3aBepinaetcs, korga STACK okasbiBaeTcs
IIYCTBIM.

void proc MARK1,

begin

int k;
while T£0
do
k = STACK]T];
T minusab 1;
if left of A[K] # 0 and not mark of A[left of A[K]]
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then
mark of Alleft of A[K]] = true;
T plusab 1;
STACK[T] = l€ft of A[K]

fi;

if right of A[K] # 0 and not mark of A[right of A[K]]

then
mark of A[right of A[K]] =true;
T plusab 1;
STACK][T] =right of A[K]

fi

od

end

Jlo BBI30Ba 3TOH MpOIIeIyphl Ky4ya MOTJIa UMeTh BU Taoi. 9.1,
r7ie MapKHpOBaHO TOJILKO A[3], moTOMy Ha HEro ecTh MpsiMasi CChLI-
Ka uIeHTu(UKaTOpa B IporpaMme. Pe3ybTaToM BBITIOJHEHHS alTro-
purma Oynet mapkupoBka A[5], A[1] u A[2] B ykazaHHOM MOpsiIKe.

Tabnmma 9.1 — CocrostHre Kyun

A left right mark
5 2 1 false
4 1 2 false
3 5 1 true
2 3 0 false
1 5 0 false

DTOT anroOpuT™M OYeHBb OBICTPBIN, HO KpaliHe HEYAOBIETBOPH-
TENBHBIN, BO-TIEPBBIX, TOTOMY, YTO MOXKET HOHAJIO0OUTHCS OONBIION
00BEM TaMSTH ISl CTeKa, BO-BTOPHIX, IIOTOMY, 4TO 00beM Tpebye-
MOH IaMsITU HENPEACKa3yeM.

JApyrum KpailHUM CIIydaeM SBISIETCS AJITOPUTM, KOTOPOMY
TpeOyeTcss HeOOJBIION (PUKCUPOBAHHBIA OObEM MaMATH M HE Tak
BakHA 3(P(PEKTUBHOCTH MO BPEMEHH. JTOT aJTOPUTM TPEACTaBICH
nponenypoii MARK2. OH HyxnaeTcs B paboueil maMsTH A Tpex
nenbix uncer: K, k1 u k2. Drta npouenypa npocMaTprBaeT BCIO Kydy
B IIOMCKAaX yKa3aTeled OT MapKUPOBAaHHBIX S4YE€EK K HEMapKHpPOBaH-
HBIM, MapKHpyeT MNOCJIEJHHE M 3alOMHHAET HAaUMEHBIIHMH afpec
SYEHKH, MapKHpOBaHHOW TakUM OOpa3oM. 3aTeM OHa IMOBTOPSET
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9TOT MPOLECC, HAYMHAS C HAaUMEHBIIEro ajpeca, MAPKHPOBAHHOTO
MIPOLUIBIA pa3, U Tak 0 TeX MOp, MOKa MPU OYEPETHOM MPOCMOTpPE
HE OKaXETCS HU OJJHOM HOBOM MapKUPOBAHHOU STYEUKU.

void proc MARK2;

begin
int k, k1, k2;
kl=1;
whilekl<M
do
k2 = Kk1;
kl=M+1;
for kfromk2toM
do
if mark
then
if left of A[K] = 0 and not mark of A[left of ATK]]
then
mark of Afleft of A[K]] = true;
k1 = min(left of AK], k1)
fi;
if right of A[K] # 0 and not mark of A[right of AK]]
then
mark of A[right of A[K]] =true;
k1 =min(right of A[k], k1)
fi
fi
od
od
end

Ecau 3T0T anroputM npuMeHsercs B IpUMEpPE, KOTOPBIA pac-
cmarpuBaics st MARKL, To syeliku MapKHpYIOTCS B TOM XK€ I10-
psike (5, 1, 2).

O6a 3TH anropuT™Ma BeChbMa HEYIOBJICTBOPHTEIbHBI (XOTS M
M0 Pa3HbIM MpUYHHAM). MOXHO O0BEIMHHUTH UX TaK, YTOOBI HCIIONb-
30BaJIUCh MPEUMYLIECTBA KAXAO0ro MeTona (anropurm omucan Kuy-
TOM).
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Bwmecro creka mpousBonbHOTO pasmepa, kak B MARK1, mpu-
MEHSETCSl CTeK (PUKCHUPOBAHHOTO pa3mepa. Uem oH Oomble, Tem
MCHBUIC BPEMEHU MOXKCET 3aHATH BBINIOJIHCHUC aJlrOpUTMaA. HpI/I J0cC-
TaTOYHO OOJBLIOM CTEKE €r0 CKOPOCTb COINOCTaBHUMA CO CKOPOCTBIO
MARK1. OgHako MOCKOIBKY CTEK HEJb3s PaCIIUpATh, ajJTOPUTM
JOJDKEH YMETh OOpamarsCs ¢ MEeperoHeHNeM, eClIi OHO MPOU30M-
ner. Korna crexk 3amoiHseTcs, U3 HEro yjaanseTcs OJHO 3HaueHHUe,
Y9TOOBI OCBOOOIUTH MECTO JUIsl APYroro, M00aBIseMOro 3HAYEHHS.
JInst 3anOMHMHAHMS YIAJICHHOTO TaKUM 00pa3oM M3 CTeKa CaMoro
HIDKHETO aJpeca MCIIONb3yeTcs IIENOYHCIICHHas IepeMeHHas (aHa-
JOrU4HO TOMYy, 4yTo mpoucxoauT B MARK2). Crek pabGoraer IHK-
JMYHO C ABYMS YKa3aTeJIIMH: OJINH YKa3bIBaeT BBEPX, APYroil BHU3;
9TO TIO3BOJISIET HE MepeMeNIaTh BCE IEMEHTHI CTeKa MPH yIAICHUH
U3 HEro oJHOro AemeHTa (puc. 9.14).

T

Puc. 9.14 — Crek ¢ AByMS yKa3aTelsiMu

\ 4

Bepx

Huz

\ 4

Bonpmeit gacteio anroputM pabortaer kak MARK1, u Tombko
KOTJla CTEeK CTaHOBHTCSl IYCTHIM, 3aBepiiaeT padoTy, €cli TOJIBKO
W3-3a TIEPETOIHEHHS CTeKa He ObUIM yJaJleHbl Kakue-Tubo 3JIeMeH-
Tel. Eciit JKe 371eMeHThl yIalsuluch, TO ONPENeNseTcss CaMblil HIK-
HHUM MHAEKC, KOTOPBIM «BBIMAI» U3 CT€Ka, ¥ UMEHHO C 3TOr0 3Jie-
MEHTa HAaYMHAETCS MPOCMOTP Ky4d. DTOT MPOLIECC aHaJOTHYEH MPO-
neaype MARK2. JlroObie npyrue ajipeca, KOTOpbIe HY)KHO MapKUpoO-
BaTh, IOMELIAIOTCS B CTEK, U, €CJIM B KOHIIE IPOCMOTPA OH OKaXKETCS
IIyCTBbIM, AJITOPUTM 3aBEPIIAETCA. B IIPOTUBHOM cCilydae ajlrOpuTM
cHoBa BeneT cebs kak MARK1. Takum ob6pazom, anroputm MARK3
neiictByeT aHanornyao npoueaype MARKL, korma crek mocTatodHO
BeJIMK, U padoraer B cmemanHoMm pexume (MARK1 u MARK2) B
MPOTHBHOM CITy4ae.
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Eme oqua mogxonx npemnoxer Lloppom u Yatitom. OH 0TiH-
4aeTcs TeM, 4TO B (paze MapKUpPOBKM CTPYKTYpBI, [0 KOTOPHIM HpH-
JIETCSl TIPOXOJUTh, BPEMEHHO H3MEHSIOTCs, oOecreunBasi MyTH BO3-
Bpata, 4To0bl MOJKHO ObLTO 000HTH Bee myTH. brnarogaps aTomy MoXx-
HO HE HCII0JIb30BaTh CTEK IIPOM3BOJILHOTO pasmepa. JlomycTim, HeoO-
XOAMMO TIPOITH TI0 OMHAPHOMY JepeBY, IMOKa3aHHOMY Ha puc. 9.15.

/ AN

/ \
/ \ \

/

Puc. 9.15 — BunapHoe nepeBo

K tomy MomeHTy BpeMeHH, Koraa (aza MapKUPOBKH JTOCTHT-
HET HWKHEU JIEBOW SUEHKH, 3TO JIepeBO OYyIeT BBHITIIAAETh TakK, Kak
n300paxeno Ha puc. 9.16.

\

N
B

/'

/'

Puc. 9.16 — BunapHoe nepeBo B KOHIIE 00X0/a
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[lo 3aBepuieHHI0O MapKHPOBKM paccMaTpuBaemas CTPYKTypa
MIPUMET CBOIO TEPBOHAYAIBHYIO (GopMy. DTOT ajiropuT™M TpedyeT
OJHO JONOJIHUTEJIBHOE TOJIE JUIsl KaXJOW AYElKH, B KOTOPOM YUH-
THIBatoTCs Bee mpoiaeHHble mytu. Kak u 8 MARK1, Bpems, 3aTpaun-
Bae€MO€ Ha BBINOJIHEHUE aJITOPUTMA, MPONOPLMOHATIBHO YUCIY Map-
KHPYEMBIX SUEEK.

KOHTPOJbHbIE BOMPOCHI

1.

CTex BpeMeHH IPOTOHA, CTPYKTYpa U MPOTpaMMHasi peajv-
3aIusl.

TexHoNorust pacrpesielieHuss CTaTUYeCKOW W THHAMHYe-
CKOH 4acTH CTeKa.

Merto/1bI BBI30Ba MapaMeTpOB B MPOLEIYPax, UX JTOCTOHH-
CTBa M HEJIOCTATKHU.

Opranmu3anysi pacupeiesieHuss NaMATH TpPU BBINOJIHEHUT
HpoLenyp.

Opranu3anys naMsITH JJsl CTPYKTYp THIA CIHUCOK (Ky4a).
OcBoOox1eHre amsITH B Ky4de. CUSTYHK CCBUIOK.

Co6opka mycopa. Anroputmbl MARK1 1 MARK2. Ux mpe-
UMYII[ECTBA U HEJIOCTATKH.

Coopka mycopa. Asroputmbl Kayra, llloppa u Yaiira.
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10 TEHEPALIUA KOOA
10.1 FrEHEPALMA NPOMEXYTOYHOIO KOOA

Kak oTMeuanock paHee, KOoA TeHepUpyeTcst Ipu o0Xoze aepe-
Ba, MOCTPOCHHOTO aHanmn3aropoM. OOBIYHO B COBPEMEHHBIX TpaHC-
JSTOpax TeHepalys Koia OCYIIECTBISETCS MapajiebHO ¢ HOCTPoe-
HHEM JIEPEBA, HO MOXKET OCYIIECTBIATHCS U KaK OTAEJIbHBIA IPOXOJ.
I'enepanust Koga ocyniecTBIsIETCS B JiBa dTana.

1) reHepanusi He 3aBUCSIIETO0 OT MAIIMHBI POMEKYTOYHOTO

KOJ1a;

2) reHepalys MalIMHHOTO KOJa JijIsi KOHKpeTHOit DBM.

Bo MHOrux xommuisropax oba 3Tu Ipolecca OCyLIeCTBIAIOT-
Cs1 32 OZIUH MPOXOI.

OOBIYHO TIPOMEXKYTOUHBIM KOJI TOJIydaeTcs pazOHeHuem
CIIO)KHOHW CTPYKTYPBI UCXOJHOTO S3bIKa Ha Oonee ymoOHBIE T 00-
palleHHs HIIEMEHTHI.

OpHMM K3 pacipOCTPaHEHHBIX BHUJOB NMPOMEKYTOUHOTO KOJa
SIBISIFOTCSL YeTBEpKU. Hanpumep, BelpaxeHue

(ra+b)x(c+d)
MO>KHO IPEACTaBUTh KaK YETBEPKHU CIEAYIOIUM 00pa3oM:
a=1
l1+b=2
c+d=3
2x3=4

3nech 1esble Yuciia COOTBETCTBYIOT WACHTHU(HUKATOpaMm, MpHu-
CBOEHHBIM KOMIIWIATOPOM. YEeTBEpKH MOXKHO CUUTATh IPOMEKYTOY-
HBIM KOJIOM BBICOKOI'O YPOBHs. Takoi KO/ Ha3bIBAKOT TPEXAJPECHBIM
KoJ0M (Z1Ba ajgpeca IS ONepPaH/I0B M OJMH JJISL PE3YJIbTaTa).

Jlpyroii BapuaHT Kojxa — mpotiku (IByxaapecHsiii kox). Kax-
Jast TpOiKa COCTOUT M3 JBYX aAPECOB ONEPAHJIOB U 3HAKA OTEPaLUH.

Bripaxenue
a+b+cxd
MO’KHO NPEAICTABUTH B BUJIE YETBEPOK:
a+tb=1
cxd=2

1+2=3
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U B BUJE TPOCK:
a+b
cxd
1+2
Ecnu cam omnepaHn siBIs€TCS TPOMKOM, TO HUCHOJIB3YETCS €€
no3uiyst (PerucTp) ISl XpaHEHHs pe3yJibTara.
Kak Tpoliku, Tak M 4YETBEPKH MOXXHO PACIPOCTPAHUTH HE
TOJBKO Ha BBIPAXKECHUS, HO M HA JPYyrue KOHCTpyKLUUHU si3blka. Ha-
MIpUMep, MPUCBOECHUE

a:=b
B BU/JIC YCTBCPKU MMPEACTABIACTCA KaK
a:=b=1,
a B BUJE TPOUKH — Kak
a:=bh.

He MmeHee momymspHBI B KadecTBe MPOMEKYTOUHOTO KOJa
npeghuxcnvie U nocmeuxcHele HOTalMu. B npeduxcHol HOTanuu
Ka)X/IbIil 3HAK ONepanuy MOSBIISETCS TIepe]] CBONUMH OTIepaH/IaMu, a B
noctdukcHoit — nocne. Hanpumep, nHbUKCHOE BhipaxeHue a + b B
nperKCHON HOTalMU uMeeT By + a b, a B nocrdukcHoit — a b +.

[MpedurcHast HOTanMs M3BECTHA TAKXKE KaK MOAbCKAS 3ANUCH,
a mocTUKCHAs — KaK ob6pamuas noavckas 3anuce (3anucy Jlyka-
wesuua). Hanpumep, BeIpaykeHue

(a+b)x(c+d)

B peUKCHON (hopMe 3aIUCHIBACTCSI CIICIYIOIIUM 00pa3oM:
x+ab+cd,

a B MOCT(UKCHON TaK:
ab+cd+x.

B mpedukcHoi 1 mocTHUKCHON HOTANMSIX CKOOKH YK€ He
yHOTpe6HSIIOTC5[, T.K. 31€Ch HUKOI'la HE BO3HHKACT COMHCHHUA OTHO-
CUTCJIbHO TOI'O, KaKHME€ ONCpaHAbl NPUHAJICIKAT TEM WM UHBIM 3HaA-
KaM orepanuii. B 3THX HOTaUsIX HE CyIIECTBYET NPHOPHUTETA 3HAKA
olepanuH.

[MeperpynmupoBKy B pe3ysbrare npeodpaszoBanus (a + b)x(c +
+d)Bab+ cd+ x MOXHO OCYyIIECTBUTE ¢ TIOMOIIBIO cTeKa. [Ipu
9TOM aJITOPUTM CBEAETCS K TPEM JICHCTBHSAM:

1) namevaTaTh WACHTU(HUKATOP, KOTJAa OH BCTPETUTCS IpU

YTEHUH MHQHUKCHOTO BBIPAKEHHS CJIEBA HAIIPABO;
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2) TOMECTUTb B CTEK 3HAK OIEpAIUH, KOT1a OH BCTPETUTCS;
3) Kkorja BCTPETHTCS KOHEL[ BBIPaXEHHs (MM MOJBBIpaKe-
HUS), BBIIATh Ha T€YaTh ATOT 3HAK OTepalui, KOTOPHIi Ha-
XOJUTCA B CTCKE.
IpedukcHble U MOCTHUKCHBIE BBIPAKEHUSI MOXKHO TaKKe MO-
Jy4aTth U3 MPEACTABICHNS BBIPAXKEHHUS B BUEe OMHAPHOTO JIepeBa.
Tpumep: paccMoTprM OUHAPHOE epeBO BhIpakeHust (& + b)xc +d
(puc. 10.1).

a b
Puc. 10.1 — BunapHoe nepeBo

UroObl TONYyYUTHh TpeACTaBlIeHHE MPEPUKCHOTO BBIPAKECHUS
JIEPEBO OOXOISIT CBEPXY B MOPSIKE:

— TOCeIIeHHEe KOPHS;

— 00X0[1 JIeBOTO MOAJIEPEBa CBEPXY;

— 00X0/[] MpaBoOro MojjiepeBa CBepXy,
gro gaeT + x +abcd.

JIstst ToydeHUs] HOCT(UKCHOTO MPEICTABICHUSI IePeBO 00XO0-
JST CHU3Y:

— 00X0/ IeBOTO TIOJIEpEBa CHUBY,

— 00X0/] MpaBoOro MojjiepeBa CHU3Y;

— TOCEIIeHHE KOPHSI.
B pesysnbrare umeem: ab + ¢ x d +.

Jlanee Bce uccneqoBanus Oy/ieM MMPOBOJUTH B TEPMHHAX TIPO-
MEXYTOYHOTO SI3bIKa

<THN KOMaHJbI> <mapamMeTpbI>
Tun kKomanObl MOXET ObITh, HATPUMED, BHI30BOM CTaHIAPTHO-

ro 0003Ha4YEHUs OTIEPAIIHU:
STANDOPII+, A, B, C.
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3nmech |1+ — cnoxenne aByx nenbix uncen, A, B u C ciyxar
BO BpeMs IIPOroOHa aApecaMH JBYX OINEPaHAOB M pe3yibTara. Jis
TOr0, YTOOBI B MMPOMEKYTOYHOM KOJI€ MOXKHO OBLIO BOCIOJIb30BaTh-
csl agpecaMH BO BpeMsl NPOTOHA, paclpefelicHHe MaMsATH K 3TOMY
MOMEHTY IOJDKHO OBITh YK€ 3aKOHYEHO.

[IpomesxyTouHbIi KO HalOMHUHAET NPE(UKCHYIO HOTALMIO B
TOM CMBICJIC, UTO 3HAK ONCpalru BCEria npeauecCTBye€T CBOUM OIIC-
paamam. Ho oH nmeeT MeHee oOmmid xapakrep, T.K. CaMH OTIepaH/IbI
HE MOTYT OBITh Ipe(UKCHBIMH BbIpakeHUsMH. [Ipu nonyuenun npo-
MEXXYTOYHOTO KO/a JJIsi XpaHEHHsI aJpecoB ONEPaHAOB JI0 TeX Iop,
noka He OyJeT HareyaTaH 3HaK OlepaluH, UCToNb3yercs: crek. [lo-
CKOJIBKY 3HAK OIEpallM¥ MOXKHO YCTaHOBMTB JIMIIb IIOCJIE TOTO, KaK
6YILYT HU3BCCTHBI ONEPaH/bl, CTCK CIIYXXUT TAKKC IJId XpPaHCHUS KaXK-
JIOTO 3HaKa omepalyy Ha TO BpeMms, IIOKa He ONpeAesieHsl 0ba ore-
paHza.

AJlpec Ha BpeMsl IPOroHa COOTHOCUTCSI CO CTEKOM, U KaXIbli
aJIpeC MOXKHO MPEJICTaBUTh TPOUKOHN BUJa

(<Tum agpeca>, <HoMep 0;10Ka>, <CMeIleHHEe>).

Tun adpeca MOXeT OBITH MPSMBIM WX KOCBEHHBIM (T.e. CO-
ACPKAThb 3HAUCHHUEC WJIM YKa3bIBaThb Ha 3Ha‘-IeHI/IC) U CChIIIAaThCA Ha
pabouuii cTeK UM CTEK HACHTU(PHUKATOPOB.

Homep 6710ka mo3BONSET HAWTH HOMEp YPOBHS OloKa B Tab-
JIe, 4To o0ecreYnBaeT JIOCTYI K KOHKPETHOM paMKe OJloKa yepe3
JIUCIIJICH.

Cmewenue IOKa3bIBAE€T CMEIICHHE KOHKPETHONW PaMKH IO OT-
HOIIEHHUIO K Hayally CTeKa.

Anpeca BO BpeMs IIPOTOHA IS UACHTU(UKATOPOB OIPEIEIIs-
I0TCSL B TIpOliecce paclpeAelieHUs] MaMsITH M XpaHSATCs B TaOyuIe
CHMBOJIOB BMecTe ¢ MH(popMauueil o Turme.

Kpome TpexanpecHol KOMaHIIbI, CYIIECTBYIOT Jpyrde KOMaH-
JbI IPOMEXKYTOYHOTO KOJA!

SETLABEL L1
IUIsl YCTAaHOBKH METKHU U
ASSIGN type, addr1, addr2
IUIs TipucBavBaHus. Tuil HeoOXOAMM Kak mapaMeTp, 4ToObl ompere-
JIMTH pa3Mep 3HadeHus, nepeaaBaemoro u3 addrl B addr2.
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10.2 CTPYKTYPA OAHHbIX ANdA rEHEPALUN KOOA

J1a XpaHeHus aapecoB ONepaHIoB HA BpeMs, TIOKa X HEIb3s
BBIIaTh KaK MapaMeTpbl MPOMEXYTOUHOTO KOJa, HEOOXOAUM CTEeK
3HauYeHUU. B 3TOM CTeke, KOTOpPBIA HA3bIBAETCS HUNCHUM CHIEKOM,
MOKHO XPaHUTh U IPYTYI0 HHPOPMAIIHIO, HATIPUMEP:

— ajpec BpeMEHH MIPOTOHa,

— TUII JaHHBIX;

— o0sacTh aeHcTBUs (HOMEp paMKH).

Orta nHbOopMaIUs ABISACTCS CIMAMUYecKoll, T.K. Uit OOJIbIIIH-
CTBa A3bIKOB €€ MOXXHO IOJIYYUThb BO BPEMA KOMITUJIAIUUA.

[Ipu tpancmsuu A+B mepBeIMH TOMEMAIOTCS B HUKHUN CTEK
crarnueckue cBoiictBa A. JIFo0o# 37eMEHT HIDKHETO CTeKa MOXHO
NPEACTABUTh B BUJE CTPYKTYPhl, UMEIOLIEH IOJIE M KaXAOW U3
CBOWIX aHAUTHYECKUX XapaKTEepPHCTUK. s maeHTHPUKATOpOB aHa-
JUTHYECKNAE XapaKTePUCTHKH HAXOIATCS W3 TaONHIBI CHMBOJIOB.
3aTeM B CTEK 3HAKOB ONEpalii MOMEIAETCs «+», U B HIDKHUHA CTEK
NO0aBISIOTCS aHANUTHYECKUE XapakTepucTuku B. 3Hak omepanun
OepeTcs U3 CTeKa 3HAKOB OMNEpaIliy, a ero JiBa OlepaHaa — U3 HUXK-
HEro creka. THIbl onepaHmIoB HCIONB3YIOTCS IS HIISHTH(QUKAIIH
3HaKa OTEepaIiH, TOCIIe Yero reHepupyeTcs Koa. M, HakoHell, B HAX-
HUH CTEK MOMEIIAIOTCS CTATHIECKIE XapaKTePUCTUKN Pe3yNbTaTa.

DTOT TPOIECC MOXKHO PACIpPOCTPAHHUTh Ha OoJiee CIOXKHBIE
BBIPAKEHHU, HAIIPUMEP HA TPAMMATUKU C IIPABUIAMU

EXP — TERM | EXP + TERM | EXP — TERM
TERM — FACT | TERM x FACT | TERM / FACT
FACT — constant | identifier | (EXP)

Js maHHBIX TpaBWII TIOCIE YTEHUS HIASHTH(UKATOpa WIN
KOHCTAHTBI, 3HAaKa OII€palilii U BTOPOro oncpaHia H606XOI[I/IMO BBbI-
MIOJTHUTH CIEAYIOIINE JeHCTBUS:

A;. Tlocie utenust uaeHTH(UKATOpA WM KOHCTAHTHI (T.€. JIHC-
Ta CHHTAKCHYECKOTO JIePeBa) MOMECTHTh B HWKHHU CTEK
COOTBETCTBYIOIINE XapaKTEPUCTUKH.

A,. Tlocne uTeHns omepaTopa MOMECTHTH CUMBOJI OTIEPAliU B
CTEK 3HaKOB OIllEepaluil.

As. Tlocne utenus mpaBoro onepanaa (KOTOPbI MOXET ObITh
BBIPA)KEHHEM) HU3BJICYb M3 CTEKOB 3HAK ONEPAIlHH U J[BA €T0
oTepaH/ia, TeHEPUPOBATh COOTBETCTBYIOIINN KOJI, T.K. 3HAK
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omepanuy HISHTH(QUINPOBAH, W TMOMECTUTh B HIKHUN
CTEK CTaTUYECKHE XapaKTepUCTHKH pe3ynbTaTa. [HIl pe-
3yJjibTaTa CTAHOBUTCA U3BCCTHBIM BO BpPEMA I/II[eHTI/I(l)I/IKa-
MM 3HaKa onepauuu (HampuMep, CIOKEHHE IBYX ILENbIX
YHCeN JaeT IeJI0€ YUCIIO).
IIpu BkIIIOUEHUH B rpaMMaTUKy 3THUX NECUCTBHM OHA MPUMET
CIEYIOLINN BUI:

EXP — TERM | EXP +{Ay) TERM(Ag) | EXP <A;) TERM(Ag)
TERM — FACT | TERM x(A;) FACT(Ag) | TERM /(Ay) FACT(As)
FACT — constant(A;) | identifier(A;) | (EXP)

HwuxHMiA CTEK YaCTHMYHO HCIIONB3YEeTCs Ui niepeaadn uadop-
MallUH O THUIIE 10 CHHTAKCHYECKOMY IEPEBY.
Paccmotpum aepeso aist axb + xxy (puc. 10.2).

a b X y
Puc. 10.2 — CuHTakcHdeckoe 1epeBo It apu(hMETHIECKOTO BEIPasKEHHS

Ecnu 3Hauenust a u b umerot tum uenoro, a X, y — THIT BeLecT-
BEHHOTO 3HAu€HMs, KOMITWISATOP MOXET 3aKIIOYHUTh, BOCIIOJIb30BaB-
mwch HHQOpMAaIHel HIDKHETO CTeKa, YTO «+» BEpIIHHEI JepeBa Mpe/l-
CTaBIsieT COOO# CIIOKEHHME IIeNIOT0 M BEIIECTBEHHOTO. MBI MOXeM
MepenucaTh BHIPAXKCHUE, PACCTABUB JICHCTBUS A, A, 1 Az B TOM TIO-
pszKe, B KAKOM OHU OYAYT BOSHUKATh MIPH TPAHCISILN BHIPAKECHHS:

A(ADX(A) DA (Ag) H A XA (A V(A1) Ag)(As)-

Kaxnp1ii BI30B Az COOTBETCTBYET TOMY MECTY, I'/I€ TOSIBHIICS
3HaK omepanuu B TocTGukcHOi (opme. CTek 3HAKOB Omeparuil
CIy’)KUT 1t popMupoBanusi noctpukcHol HoTauuu. [losTomy mo-
CJIEOBATEIbHOCTh ACHCTBUN NMPH TPAHCISLUHM JAHHOTO BBIPAKCHUS
JOJKHA OBITH CIIEAYIOMIEH:

A;. TlomecTuTp cTaTHYECKHE XapaKTEPHCTHUKU & B HWKHUH
CTEK.
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A,. TloMecTHUTB 3HAK «X» B CTEK 3HAKOB.

A;. TloMecTuTh CTaTHYECKHUE XAPAKTEPUCTUKU D B HIDKHUIA
CTEK.

A;. V3Breub cTaTHYECKHE XapaKTEPUCTUKH & U D U3 HIKHEro
CTEKa M 3HAK «x» W3 CTEKa 3HAKOB OIlepalyid, TeHepupo-
BaTh KOJ AJIl YMHOXKEHHS JIBYX LIEJBIX YHCEIN, TIOMECTUTh
CTaTMYECKUE XapaKTePUCTUKH Pe3yibTaTa B HUKHHUN CTEK;
THII pe3yJIbTaTa — LIETbIN.

A,. TlomecTHTb 3HaK «+» B CTEK 3HAKOB.

A;. TloMecTuTh CTaTHUECKHE XapakTEPUCTUKH X B HWKHUH
CTEK.

A,. TlomMecTHTB 3HaK «x» B CTEK 3HAKOB OIEpaIuil.

A;. TloMecTHTb CTaTHYECKYI0 XapaKTEPUCTUKY Y B HUKHHA
CTEK.

As. U3Bieub cTaTHUECKUE XapaKTEPUCTUKU X M Y U3 HUKHETO
CTEKa U 3HAK «X» U3 CTEKa 3HAKOB OIEpalUii, TeHEpUpPO-
BaTh KOJ YMHOXEHMS BYX BEIIECTBEHHBIX YHCEN, TOMEC-
TUTh CTATHYECKUE XAPAKTEPUCTHKHU PE3ysIbTaTa B HIKHUN
CTEK; THII pe3yJbTaTa — BEIIECTBEHHBIM.

As. U3Bieub ABa BEpXHUX DJIEMEHTa M3 HIDKHETO CTEKa M 3HAK
«+» U3 CTEKa 3HAKOB OIEpaLHii, TEHEPUPOBATh KOJ CII0XKE-
HUS LEJOT0 M BEIECTBEHHOTO 3HAYEHUI, TOMECTHTh CTa-
TUYECKHE XapaKTEpHUCTUKU pe3ysbTaTa B HIKHHUHI CTeK;
THUII pe3yJIbTaTa — BEIECTBEHHBIN.

HeiictBus Ay, Ay, Az 1€TKO PaCIINPUTh, YTO MTO3BOIUT HCIIONb-
30BaTh OOJIBIIOE YKHCIIO YPOBHEH MPHOPUTETA JJIsl 3HAKOB OMEpaluii
U YHAPHBIE 3HAKU OIEpaLUi.

Hwxamii cTex obecrieunBaeT mepeaady WHQOpPMAIMHA BBEPX
[0 CHUHTaKCH4YecKoMy JnepeBy. s mepegayu BHHU3 MO JIEpeBY HC-
TIOJIb3YETCSl 8epXHull cmek. 3HaUeHHE B HErO IMOMEIIAeTCsl BCSIKHUI
pa3, Korga BO BpeMs T€HEpallud KoAa NMPOUCXOAUT BXOX B TaKyHO
KOHCTPYKLMIO, KaK NPHCBOCHHE MM ONMCAaHUE HICHTHU(HUKATOpa.
ITpu BEIXOZE U3 3TOM KOHCTPYKLIMH 3HAYECHUE U3 CTEKA YHAJISETCS.

Eme ogHoO CTpyKTYpoO#i AaHHBIX, KOTOpas TpedyeTcs BO Bpe-
MsI TeHEpAIUU KOJIa, BisieTcs: maoauya onokoe (tads. 10.1).
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Ta6mmma 10.1 — Ta6nua 6;10K0B

Bbiok YpoBeHb Pazmep creka Pasmep pabouero
O1oka HACHTUPUKATOPOB CTeKa
1 1 14 16
2 2 12 11
3 2 21 13
4 3 4 9
5 2 6 12

B aT0if Tabnuite ecTh 3aNKCh IS KaXKI0TO 0J0Ka MPOTpaMMBI,
U 3Ty 3alIUCh MOXKHO pacCMaTpUBaTh KakK CTPYKTYPY, HMEIOILYIO I10-
7151, KOTOpPBIE COOTBETCTBYIOT HOMEPY YpPOBHs 0JIOKa, pa3Mepy CTaTH-
YECKOI'o CTeKa MACHTU(HUKATOPOB, pa3Mepy CTaTHUECKOro pabouero
cTeka u T.4. Takyro Tabiauily MOKHO 3alOJHATh BO BpeMsl IIPOX0Ja,
TEHEPHUPYIOIIETo KOJI, U C €€ MOMOIIbIO BO BPeMs CJIEIYIOLIEro Ipo-
X0/la BBIYUCIATH CMEIIEHHS aJpecoB pabouero creka Mo OTHOLIe-
HHUIO K TEKYILIEH paMKe CTeKa.

Takum oOpa3om, BO BpeMsi I'€HEpalMu KOJAa HUCIOJIb3YITCS
ClIeAyIOIHUE CTPYKTYPBI JaHHBIX

HIDKHHH CTEK;

BEPXHUH CTEK;

CTEK 3HAUYECHUH omnepalui;

Tabaua OJIOKOB;

Ta0/MIia BUIOB W Ta0NHWIAa CHMBOJIOB W3 IPEIbIAYIIErO
Mpoxo/a.

10.3 FEHEPALUSA KOOA ANSA TUNUYHbIX KOHCTPYKLUIA

10.3.1 IIPUCBOEHUE

destination := source

3HaueHUe, COOTBETCTBYIOIICE UCmouHuK)y (SOUrCe), prcBau-
BaeTcs 3HaueHUI0 nonyuamens (destination), koropoe siBisieTCs aj-

pecom:

p := X + Yy (3HaueHue X + Y IPUCBOUTSH P)

I[OHyCTI/IM, YTO CTATHYCCKHUE XapaKTCPUCTHUKH HCTOYHUKA U
TMoJydyaTeysl HaxoAdATCd B BEPUHIMHE HUXXHEIO CTEKa. Ilocnengona-
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TEJIBHOCTh JEHCTBUH. M3 HMXKHETO CTEKa YNAISIOTCS JIBa BEPXHHMX
3JIEMEHTA, 3aTE€M BBIIIOIHAIOTCS CIEAYIOIINE ONEPALIH.

ITpoBepsieTcst HEMPOTUBOPEUYUBOCTh TUIIOB IIOJIydaTelsl U UC-
TouHMKa. Tak Kak moiydaTenb MpeAcTaBiseT coOol agpec, UCTOU-
HUK JIOJDKEH JJaBaTh YTO-HUOYAb MpHEMIIEMOE AJIsl IPUCBOEHUS 3TO-
My azpecy. B 3aBucumMocTH OT peann3yemoro si3blka THUIIbI I10JTyda-
TCJIA U UICTOUYHHUKA MOKHO OIIPECACIICHHBIM o6pa30M MCHATH 1O BBI-
MIOJIHEHUSI OIepanuu NpHcBoeHus. Hampumep, eciim HCTOYHUK —
L[€JIOE YHCII0, TO €r0 MOXKHO CHaudaia npeo0pa3oBaTh B BELECTBEH-
HOE, a 3aTeM NPHUCBOUTH aJpecy, MMEIOMIEMY THIl BELIECTBEHHOTO
quca.

Tam, Te He0OX0aMMO, MPOBEPSIOTCS MpaBHIIa OOACTH AEH-
CTBHUA (IUIH HEKOTOPLIX A3BIKOB MCTOYHHUK HC MOXCT MMCETb MCHb-
Iyr0 00JIaCTh ICHCTBHS, YEM TIOJTy4YaTelb).

Hanpumep, B nporpamme

begin pointer real xx

begin real x
XX =X
end
end

MIPUCBOCHUE HEIOMYCTUMO, M 3TO MOXKET ObITh 0OHAPYKEHO BO Bpe-
Ms KOMIHJISIIIAH, €CJIA B TaOJMIlE CHMBOJIOB WIIM B HIDKHEM CTEKe
nmeeTcs uHpopMarus 00 00JIACTH JICHCTBHSL.

I'enepupyetcst ko1 MPUCBOCHUS, UMEIOIINH hopMy

ASSIGN type, S D,

rae S— ajpec ucrounuka, D — aapec momyvarens.

Ecnu si3pIKk OpHEHTHPOBAH Ha BBIPAXKEHHs (TO €CTh caMo IpH-
CBOCHHE MMEET 3HAYCHHUE), CTATUYECKUE XapaKTePUCTUKH ITOTO 3HA-
YEeHHsI IOMETIAIOTCS B HIDKHUH CTeK.

10.3.2 YCJIOBHBIE 3ABUCUMOCTH

if Bthen CelseD
IIpu renepanuu xoxa Iisl TaKOM YCIOBHOM 3aBHCHUMOCTU BO
BpEMsS KOMITWJIALIWU BBINIOJHAOTCA TPpU I[GI\/'ICTBI/DI. FpaMMaTI/IKa C
BKJIFOUCHHBIMU I[GI\/'ICTBI/ISIMI/I HUMEECT BU:

CONDITIONAL if B(A;) then C(A,) else D(As)
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HevictBust Ay, Ay, Az 03Ha4aroT (Next — 3HadeHue Homepa ciie-
JYIOIIEH METKH, IPUCBAUBAEMOE KOMITHIIITOPOM):
A;. TlpoBeputs Tun B, mpumensis mo0bie HEOOXOIUMBIE TIpe-
00pa30BaHMs THIIA JUTS MOJTYYCHHUS JIOTHYECKOTO 3HAUCHHSI.
Beimate xom mnms mepexoma k L<next>, ecnm B ecth
CIOKB:
JUMPF L<next>, <address of B>
[TomectuTh B cTeK 3Ha4deHue NEXt (0OBIYHO ISt 3TOTO HC-
MOJIB3YETCsI CTEK 3HAKOB oreparnuii). YBeandauth Next Ha 1.
VYrioBBIC CKOOKM UCHOJB3YIOTCS JIJIs 0003HAUCHUS 3HAYE-
HUM BCJIMYHNH, 3aK/JIFOUYCHHBIX B HUX.
A,. TeHepupoBaTh KOJI IS IIepexo/ia yepe3 BeTBb else (To ecth
nepexo/l K KOHILY YCJIOBHOM 3aBUCHMOCTH):
GOTO L<next>
VYianmuTh W3 creka HOMEp METKH (IIOMENIEHHBIH B CTEK
neiictBueM A;), Ha3BaTh €€ |, FTCHEPUPOBATh KOJ JUIS pa3-
MCIICHUS METKU:
SET LABEL L<i>
ITomectuTs B crek 3HaueHue next. Yeemmuuts next va 1.
As. Ynanuth u3 crexka Homep MeTkH (j). ['eHepupoBaTh Ko st
pa3sMENICHNs] METKH:
SET LABEL L<j>
Ecnu ycrnoBHasi 3aBHCUMOCTh Cama SIBJISCTCS BBIP@KECHHEM,
KOMITWJIATOP AOJKCH 3HATD, I'/IC XPAaHUTH €ro 3Ha4C€HUC, HE3aBUCUMO
OT TOT0, Kakas 4acTh AsjsieTcs then wim else.
AHAJIOTHYHO MOXXHO O0paIaThcs ¢ BIOXKCHHBIMU yCIOBHBIMHU
BBIPpAXKCHUAMMU.

10.3.3 ONUCAHUE UJEHTUOUKATOPOB

JlonmycTuM, 49TO THUIBI BCEX WICHTH()HUKATOPOB BBISICHEHBI B
MPEAbIIYIIEM POXO0Je U NOMEIICHBI B Ta0JIMIy CUMBOJIOB. AJipeca
pacnpeneNstoTcsl BO BpeMs MPOXoja, TeHepupyomero koj. [lepe-
YHUCIIMM JICHCTBHS, BHITIOTHIEMBIC BO BPEMsI KOMITHIISIIHH.

B Tabiyniie CUMBOJIOB MTPOW3BOAMTCS MOUCK 3alMCH, COOTBET-
CTBYIOLICH HACHTU(DHUKATOPY X.

Tekyliee 3HaYCHUE yKa3aTels CTEKa UIACHTH(QUKATOPOB JAET
aJipec, KOTOPBIN HYKHO BBIICTUTH MOJT X. DTOT ajpec
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(idstack, current block number, instack pointer)
BKJIFOYAETCSl B TAOIMIy CHMBOJIOB, a yKa3aTellb CTeKa HICHTH(HKA-
TOPOB YBCJIMNYUBACTCA Ha CTaTUYECKUH pa3Mep 3HAYCHUA, COOTBET-
CTBYIOILETO X.

Ecnu X uMeeT THHAMHYECKYIO 4acTh (HarmpuMep, MacCuB), TO
TeHEePUPYETCst KO [UIsl pa3MEICHHs TMHAMUYECKOM aMsITH BO Bpe-
M3l IIPOTOHA.

10.3.4 LHAKJIBI

PaccMmoTrpum npocTeiimii mpumMep LUKIa:
for i to 10 do <something>
Jna reHepanny xona TpedyeTcst YeThIpe AEHCTBUS, KOTOPBIC
pa3MemIarTCcs CIeIyoIIM 00pa3oM:
for i{A;) to 10(Ay) do{As) <something>(As)
OTH IeHCTBUS TAaKOBBI:
A;. Bbimenuts maMaTh IS yOpaBiSoniel mepemennoi i. ITo-
MECTHUTh CHavaja B 3Ty mamsTh 1:
MOVE 1, address(<controlled variable>)
3neck <controlled variable> — ympasnstommas nepemeH-
Has LUKIIA.
A,. T'eHepupoBaTh KOJ AJIS 3alMCH B MaMsTh 3HAYECHUS BEpX-
HETO Ipejena paboyero creka:
MOVE address (<ulimit>) <wostack>,
<current block number>, <wostack pointer>,
rae <wostack pointer> — ykasarens pabouero creka. YBe-
JIMYUTh yKa3zareidb pabouero creka ¥ yMEHBIIUTh yKa3a-
TEJb HWKHErO CTEKA, I'/Ie XPAaHWINCh CTaTUYECKUE XapaK-
TEPUCTUKH BEPXHETO MpEena.
As. TlomecTuts MeTKy
SET LABEL L<next>
YBenmunth Next Ha 1. Bergate Kox A CpaBHEHUS yIpaB-
JSIIOIIEH NIEPEMEHHON C BEPXHUM IIPEIENIOM U MEPENTH K
L<next>, ecnu ynpapistonias nepeMeHHas OOJbIIe BepX-
HEro npezaena:
JUMPG L<next>, address(<controlled variable>),
address (<ulimit>)
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ITomecTuth B cTek 3HaueHue Next. [lomecTuTs B CTEK 3HA-
yenne (next — 1). Yeenuunts next na 1.
A,. T'enepupoBaTh KO Ui YBEJIWYEHUS YNpPaBIsIONIeH mepe-
MEHHOU
PLUS address(<controlled variable>), 1
Vnanmute u3 creka Homep (i). ['eHepupoBaTh KO Ist TIEpe-
xoza k L<i>:
GOTO L<i>
VYnamute u3 creka Homep Metkd (j). [lomecTuts METKy B
KOHEI[ IUKJIA!
SET LABEL L<j>
Taxum 00pazom, MUK
for i to 10 do <something>
TEHEPUPYET KOJI CICSAYIONIETO BUIA!
MOVE 1, address(<controlled variable>)
MOV E address(<ulimit>), <wostack pointer>
SET LABEL L1
JUMPG L2 address(<controlled variable>), address (<ulimit>)
<something>
GOTO L1
SET LABEL L2
HeiictBus A, MOXHO BHIIOM3MEHSTH, €CIH TPHUPAIICHHAE
yIIpaBJISIONICH epeMeHHOI OyneT He cTannapTHbIM (1), a HHbIM:
for i by 5to 10 do <something>
Juis 3TOTO TIpHIETCs BBIYHCIATH MPUPAILICHHE W XPAaHUTH €ro
3Ha4YeHre B pabodeM CTeKe, YTOOBI HCIOIb30BaTh KaK MpHUpAIIeHHE.
Ecnu nmka comepxut yacth While, nanpumep
for i to 10 while a<b do,
TO AercTBUE Az CIeAyeT BUAOW3MEHUTH, YTOOBI TIPU TIPHHSTHAN pe-
IIEHHST O BBIXOJE YYHTHIBAIOCH Kak 3HaueHwe wacth While, tak u
yIpaBIISIONIeH MEPEMEHHOM, TPHYEM JIt00ast U3 STHX MPOBEPOK JOC-
TaTOYHA TSI 3aBEPIICHUS KA.

10.3.5 BXO/1 1 BBIXO/I 13 BJIOKA

[Tpu BXOz€E B OJIOK MPEIIIONIOKNM, YTO BO BPEMsI TIPEABIAYIIC-
T'O MPOTOHA TOJYYEHBI TaOIUIBI CHUMBOJIOB U BUOB, JAOIIUE THUITBI
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Y BUIBI BCeX HIeHTH(HUKATOpoB. Torma mpu Bxonme B OJIIOK HEOOXO-
JMMO BBITIOJIHUTH CJIEIYIOIINE OCHOBHBIEC TEHCTBUS:

1

[MpounTate B TabnMIEe CHUMBOJOB WH(OPMAIUIO, Kacaro-
nyrocs 0JIOKa, ¥ CBsI3aTh €€ ¢ MH(GOPMAIIMEH BKIIFOYAIOIINX
0JIOKOB TakWM 0Opa3oM, YTOOBI MOXKHO OBLIO BBIIOIHSTH
«BHEIIHUE» MOUCKU OTPENESISIONINX PeaTn3aliil uIeHTH-
(buKaTOpOB.
IMomectuts B crek <idstack pointer>. ITomecTuTs B CTEK
<wostack pointer>. ITomectuts B ctek <block number>.
Bce 3T 3Ha4YeHHUs! CCBHUIAIOTCS Ha BKIIOYAIOLMIMNA OJIOK U
MOTYT TIOTPeOOBATHCSI BHOBB IMOCIIE TOTO, KaK OYAET MOKH-
HYT OJIOK, B KOTOPBII TOJBKO UTO OCYIIECTBIICH BXOJ:

<idstack pointer>:=0

<wostack pointer>:=0
I'enepupoBath ko st HanpasieHust DISPLAY

BLOCK ENTRY <block number>

VBenuunts HOMEp ypoBHs Onoka Ha 1. VBemwuuth gbn
(HauOOJBIINI UCIIOIB30BAHHBIHN 10 CHX TOp HOMEp OJI0Ka)
Ha 1 1 mpucBonTH 3TO 3HAUEHHE HOMEPY OJIOKA.
[MpounTats HHPOPMALIMIO O BUJAX U J0OABUTH e B TaOIH-
Iy BHJIOB (€CIJIU S3bIK HCIIOJb3YET CIIOMKHBIC BHIBI (CTPYK-

Type1)).

[Ipu BBIXONE M3 OJIOKAa HEOOXOAMMO BBINOJHUTE CJICIYHOIINC
JIEUCTBUSL.

1.

2.

O06HOBUTH TabmuIly OJIOKOB, 3a/1aB pa3Mep CTeKa WICHTHU-
(hUKaTOPOB M T.II. AJI1 IOKHHYTOTO OJIOKA.
Uckimounts nHDOpMAIINIO B Ta0IHIIE CUMBOJIOB IS IOKHU-
HYTOTO OJIOKa.
['eHepupoBaTh KO JJISl N3MEHEHHUS TUCTLIES .

BLOCK EXIT <block number>
VYnamute u3 creka <block number>. Yaanute u3 creka
<wostack pointer>. Ypanute u3 creka <idstack pointer>.
YMeHBIIUTh YpOBEHH Oyi0Ka Ha 1.
[TomecTuth pe3yabraT (IpU HEOOXOJUMOCTH) B PaMKY CTe-
Ka BBI3BIBAIOIIETO OJIOKA.
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10.3.6 IIPUKJIA THBIE PEAJIM3ALTANA

Bo BpeMsi KOMIMJISIIAK B COOTBETCTBHH C NPHUKJIIATHOW pean-
3anuen naeHTuduKaTopa, HanpuMep X B X + 4, He0o0X0AUMO:
1) waiiTh B TabiMIle CHMBOJIOB 3allMCh, COOTBETCTBYOIIYIO
omnpezessitoniei peanusarmu (Nt X) uaeHtudukaTopa,;
2) TMOMECTUTh B HW)KHHUI CTEK CTAaTHYECKUE XaPAKTECPUCTHKH,
COOTBETCTBYIOIINE HIICHTUPUKATODY.
ITogpasymeBaeTcsi, 4UTO B HMKHHUI CTEK TaKXKE IMOMEIIAKOTCS
CTaTUYECKUE XapaKTePUCTUKU KOHCTAHT U T.1.

10.4 NMPOBNEMBI, CBA3AHHbLIE C TUMAMU

OcHOBHOI1 TIPOOIIEMOH TSI TPAHCIIATOPOB C S3BIKOB BHICOKOTO
YPOBHSI SIBIISICTCS npusedenue (ABTOMATHIECKOE U3MEHEHHE) MUnos.
3/1ech MOXKHO BBIJICIUTD, KAK MUHUMYM, IIECTh 3aa4:

1) Pacnpoyeodypusanue, wanpumep, nepexoa ot procedure

real x real.

2) Paszbimenosanue, HampUMeEp TMepexoi OT pointer real x

real.

3) Obweounenue, nanpumep nepexon ot real x strutc(real,

char).

4) Bexmopusayus, Hanpumep repexoz ot real x real [ ].

5) O6ob6wenue, nanpumep mepexo ot int k real.

6) Yucmrxa, nanpumep nepexon ot real k void.

Bo3MoOXHOCTH OCYHICCTBJICHUA MPUBCACHUA 3aBUCUT OT CHUH-
TakcU4ecKou nozuuuu. Hampumep, B JIeBOH 4acTH NPUCBOEHUS MO-
KET UMETh MECTO TOJIbKO pactpoleyprBaHue (BbI30B mporeayp 6e3
mapamMeTpoB), a B MPaBO# yacTH — JI000€ M3 IIECTH MPHUBEICHUH.
WNHorna Bo3HHWKaeT HEOOXOJMMOCTh HECKONBKHUX TpuBereHuid. Ha-
npuMep, eciii X uMeet Buj pointer real m a — pointer int, to mpe-
KJIIe 4eM MPOU3BOJHUTH IMPUCBOCHHE X = &, HEOOXOAMMO CHauasa
Pa3bIMEHOBATh, a 3aTEM 000OIIUTh.

B 3aBHCHMOCTH OT TOrO, KakHe IPHBEICHUS MOTYT BBIIOJ-
HSTBCS B CHHTAKCHUYECKUX MO3HUIMAX, TOCIEIHIE HA3BIBAIOTCS Msie-
KUMU, C1aObIMU, PACKPLIMbIMU, KpenKumu U curbhbimu. Hanpumep,
JieBasi 4acTh MPUCBOCHHS HA3bIBACTCSI MSATKOW (JIOMYCKaeT TOJIBKO
pachpolielypuBaHue), a mpaBasi 4acTh — CHIIBHOH (JI0MyCKaeT Jiro-
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6oe mpusenenne). Kpome orpaHuueHuii TUIIOB MPHBEICHUIA, pa3pe-
[IaeMbIX B 3alaHHOW CHHTaKCHYECKOW MO3WIUH, CYHIECTBYIOT Ipa-
BUJIa, OMPEJENSIONNe MOPAAOK OCYIECTBICHUS PAa3INYHBIX MpPHUBE-
neHuii. Hampumep, oObeIMHEHHE MOXKET MPOU30MTH TOJBKO OJUH
pa3 1 He JOJDKHO CIe0BaTh 3a BEKTOopu3auueil. MoXHO onpeaenuThb
rpaMMaTHKy, KOTOpas TEHEpUpyeT Bce IOIyCTHMBIE MOCIEN0Ba-
TEJIbHOCTH NPUBEJICHUN B 33JJaHHOW CUHTAKCUYECKOW MMO3UIMH, Ha-
IpUMep:
OFT — deprocedure |
deprocedure SOFT
JIroboe mpemnoxkenue, reHeprupoBanHoe mnocpenctsom SOFT,
MpeacTaBIsieT co00M AOMyCTHMYIO IOCJIENOBAaTEIbHOCTh IpUBEE-
HHI B MATKOH CHHTaKCHYeCKOW mo3uiyu (T.€. B JICBOH 4acTH TpH-
CBOCHHUS).
Jlnst packpeiTist no3unuu (Hanpumep, uHaekca B a[i]) crpa-
BEJUIMBHI CIIEAYIOLINE MTPABUIIA!
MEEK — deprocedure |
deprocedure MEEK |
dereference |
dereference MEEK
Jpyrumu cinoBamu, B paCKpbITON MO3ULUU MOXKHO BBIIIOIHSATH
pacrponenypruBaHie U pasbIMEHOBaHME JII000E YHCIO pa3 U B JIO-
6oMm mopsizke, HarpuMep pointer procedure poiter int B Bu int.
JInst cuibHOM TO3ULKY (HApUMep, MpaBasi 4acTh MPUCBOCHUS
WITH [IApaMeTp B BBI30BE MPOLEIYPbI) IPABUIIA TAKOBBI:
STRONG— dereference STRONG |
deprocedure STRONG |
unit |
unit ROW |
widen |
widen widen |
widen ROW |
widen widen ROW |
ROW
ROW — row | row ROW
Bun maHHBIX 1O BBIMOJHEHMS IPUBENCHUI Ha3bIBACTCS anpu-
OpHbIM, A TIOCIIE BBITIOJIHEHUS] — anocmepuopHuiM. B ciydae cuib-



253

HBIX U PACKPBITBIX CUHTAKCHUUYECKUX MO3UIMUI M3BECTHBI U alpUOp-
HBIH, U allOCTEPUOPHBIN BuAbL. sl Apyrux NO3ULUI U3BECTEH JINIIb
aTnpUOPHBIA BUJ M HEKOoTopas uHpopManus 00 armocTepruoOpHOM BU-
Jle, HapuMep O TOM, YTO OH JOJDKEH HayuHaTbcs co Struct uimu
pointer struct, wim o TOM, YTO OH HE JOJDKEH HAYMHATHCSA C ProC,
KakK B JIEBOM 4acTH IPUCBOCHUS.

Kommumnsarop, mpuMeHsisi COOTBETCTBYIOIIYIO TpaMMAaTHKY, I'e-
HEpUPYET MOCIEA0BATEIBHOCTh NPUBEACHUN U3 allpUOPHOro BUAA K
W3BECTHOMY JHOO TIOAXOAAIIEMY aloCTePHOpPHOMY BHIy. Ecim
HEJIb3 HaWTU HUKAKOM MOCJIEI0OBATEIbHOCTH IPUBEICHUH, IpO-
rpaMma CHHTaKCUYECKU HepPaBHUIIbHAS.

C apyro#l CTOpPOHBI, €CIM MOIXOMAIAs TOCIeI0BaTeILHOCTh
CYIIIECTBYET, KOMITUIISITOP, MPUMEHSIS TPUBEACHUS IO TOPSIKY, Te-
HEpUPYeT KOJ BPEMEHHU IIPOTOHA.

Eme ogun BUI npuBeneHUs — 4YUCTKA. YUCTKA IpeICTaBIseT
co00if ocoOyro GopMy MpUBEACHUS U IPOUCXOIUT B TEX MECTaX, I/Ie
CTOUT TOYKA C 3aIISITOM:

X=Y,

Eme onHa cno)XHOCTH CBsI3aHa C BHIOMPAIOIUM TIPEIII0KEHH-

eM. B npemyioxennn

x+if bthen 1else2.3

BO BpeMsi KOMITWJISAIMA HEOOXOIMMO 3HATh THIT (BHJI) MPABOrO OIe-
paHma 3HaKa «+». Bce BapuaHTBI BBIOMPAOIIETO TPEIIOKEHUS
JIOJOKHBI TIPUBOJUTH K OOIIEMY BUJY, Ha3bIBAEMOMY OOBEKTHBIM.
DTOT MpolecC Ha3bIBAETCS YpasHeHueMm, U ero TIpaBuia MoapazyMe-
BAIOT, YTO MOCJIEA0BATEIBHOCTh CUJIbHBIX MPUBEACHUN MOXHO INpU-
MEHSTh BO BCEX BapHaHTaX, KpPOME OJTHOTO, B KOTOPOM HUCTIOIB3YETCS
JIUIIH TIOCTEAOBATENFHOCTh MPUBEICHUH, YMECTHBIX JIUIIb JJIsI CHH-
TAKCHYECKOW TO3WIIMK BHIOWMPAOIIEro MpeuiokeHus. B BeImenpu-
BEJICHHOM MPUMEPE BHIOUPAIOIIECE NPE/I0KECHNUE HAXOAUTCS B Kpel-
KO CHHTAKCUYECKOU MO3UINH, KOTOPask HE IOMYCKAEeT PACIIUPECHHUS.
OpnHako BHYTPY BBIOMPAIOMIETO MPETIOKEHUS OJTUH BapHaHT JOITyC-
KaeT CHJIbHOE TPUBEICHHE, YTO MOXKET TMOBJIEYh 32 COOOM pacuImpe-
Hue. B 3ToM ciiyuae 0OBEKTHBIM BHIOM OKaxkeTcst real, u mepBblit
BAPUAHT CIENYyeT PacUIMpUTh, & BTOPOH HEXKENATEIbHO IOJBEpraTh
MPUBEIEHUIO.
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JeiicTBus KOMIWIATOpa TPU OOpAIIeHWH C BBIOMPAIOIINMU
NPETIOKEHUAMHE 3aKJIIOYAIOTCS B TOM, YTO CTaTHYECKUE XapaKTepH-
CTHKH BCEX BapHAHTOB BHIOMPAIOIETO NPEATIOKEHHUS IIOMEIAI0TCS B
HWKHHI CTEK, a 3aTEM BBIBOJAATCS OOBEKTHBIM BUJI M PA3IHMYHBIC 110~
CIIeIOBATEIBHOCTH TNPUBEICHMS IS Kak10oro BapuaHTa. Ecim ka-
Kasg-TM00 TOCIIeIOBATEIbHOCTh BBI3BIBAET HEOOXOIMMOCTH TeHepa-
LIMM KOJIa BO BpEMSI MPOrOHA, €€ MOYKHO BBIICJIUTH B OTJEJIbHBIN T10-
TOK ¥ MEXJIy ABYMS 3TUMH ITOTOKaMHU BBECTH yKa3aTelH, YTOOBI BO
BpeMsl CIIEIYIOIIEro MpoxoJa KOJ MOKHO OBUIO COCAMHHUTH B HYX-
HOM TIOPSIIIKE.

10.5 BPEMA KOMMNUNALMN N BPEMS NPOIOHA

Kak orMeuanocs paHee, reHepaTop KOJa BO BPeMs KOMITHIIA-
UM obpamaercss K HIKHEMY CTeKy M TeHepHpYyeT KOJ olepainu,
KOTOpble OYyIyT BBIIOJNHATHCS BO BpeMsl NpOroHa. YTo HMEHHO
JOJDKHO OBITh CHIENaHO BO BPEeMs KOMIMJISILIMM, @ 4TO BO BPeMs IIpo-
TOHA, CYIIECTBEHHO 3aBUCHUT OT f3bIKa MPOrpaMMHUpOBaHUs. TeM He
MeHee pa3paboTUMK KOMIWISATOpAa MMEET BO3MOXKHOCTH Pa3elisiTh
(yHKIMM KOMIWISINKMY U niporoHa. Hanpumep, He BosHe siCHO, 1O-
BJIEUET JIM Pa3bIMEHOBaHUE 3a c000H Kakue-mndo NeHCTBUS IPH IPo-
roHe WM HeT. Ha mepBelif B3rJIsi MOXKET MOKa3aThCsl, YTO HET, TaKk
KaK 9TO MPOCTO 3aMEHa B MaMATH OJHOTO 3HAYEHHUS IPYTHM M H3Me-
HEHME ajpeca BpeMeHM IporoHa. HoebiM ampecoMm Oyzer TOT, Ha
KOTOpBIM yKa3bIBaeT NEpBOHAYAIbHBIN ajapec. OpHako 3HaYEHHUE
yKaszaressl MOXKET ObITh HEM3BECTHBIM MPHU KOMITWIISILINH, HOBBIN aj-
pec MOXKHO 0003HAYNTh, U3MEHMB NIEPBOHAYAIBHBIN aApec Tak, 4To-
OBl B HEM YKa3bIBAJICS JOMOJIHUTEIbHBIH KOCBEHHBIH YpoBeHb. TO
€CTh B HEKOTOPBIX CIIy4asx TpeOyeTcsi BHIOJIHUTH JeiicTBue (mepe-
clIaTh 3HAYCHHUE 110 HOBOMY a/IpeCy).

Hns noBbimeHust 3()(EKTUBHOCTH BBIJABAEMOr0 KOAa IPHU
KOMIHJISIIIMK MOKHO TPOJIeNaTh JOMOJHUTENBHYIO PadoTy, KOTOPYIO
Ha3bIBAIOT onmumusayueti. B ONTUMU3aUIO0 BXOOUT yNaJCHHE KO-
JIOB W3 IIMKJIOB TaM, TJ€ 3TO HE BIUAET HA 3HAYEHUE NPOTPAMMBEI,
WCKJTIOYEHHE BO3MOXKHOCTH BBIYMCIIEHUS UACHTUYHBIX BBIpaKEHUI
Oonee oxHOro paza u 1.4. Ocoboe BHUMaHUE YIENSIETCS] BO3MOXKHO-
CTH M30€XaTh IEPE3alMCH CIIOKHBIX CTPYKTYp HAHHBIX BO BpeMs
IIPOroHa.



255

KOHTPONbHBLIE BOMNPOCHI

1.

~w

o

1
1
1

13.
14.

NP O©oNo®

TexHonorus co3ianus MPOMEKYTOYHOro Koja. Buel mpo-
MEXKYTOYHOTO KOJIA.

Anroput™ TpeoOpazoBaHus apu(hMETHIECKOTO BEIpaxKe-
HUS B IPe(UKCHYIO U MOCT(PHUKCHYIO (hopMy.
dopmanuzanus 3anucy MPoOMeKyTOYHOTO KOJIa.
CprKTypI)I JAaHHBIX IJId T'€HEpAlUH NPOMECIKYTOUHOI'O KO-
Ja.

AJTOPUTM TEHEpaliy MPOMEKYTOYHOTO Koja Ui apudg-
METHYECKHUX BBIPAXKECHUMN.

Tabnuia 0J0KOB, €€ Ha3HAYECHUE.

I'enepanus kozxa 11st IPUCBOEHUS.

I'enepanus kona s yCIOBHBIX 3aBUCUMOCTEM.

I'enepanust Koga Aj1sl ONMCAHUS UAECHTU(PHUKATOPOB.
I'enepanust kozxa 11l LUKIIOB.

I'enepanust Koga Ajsl BXOJa U BBIX0/1a U3 OJI0Ka.
I'enepanus koxa 1Isi MPUKIATHON pearu3alyy.

[TpobemMsl reHepany Kosia, CBI3aHHbIE C TUIIAMH.

PaboTa reneparopa koxa BO BpeMsi KOMITWJISILIUM U BO Bpe-
M3 IIPOT'OHA.
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11 AICNMPABJIEHUE U AUWATHOCTUKA OLUUBOK
11.1 Tunbl OWIMBOK

Ecau nporpamma, npeacraBieHHas KOMIUIATOPY, HallMcaHa ¢
omrOKaMH, HE Ha HCXOIHOM>» SI3bIKE, <HEAPYKEITOOHBIN» KOMITU-
JIATOP MOXET MPOCTO MPOUH(OPMHUPOBATH MOIB30BATENS 00 ITOM,
HE yKa3aB, TJe NpoH30lUia OmHOKa. BoNbIIMHCTBO MOJb30BaTENEH
He OyIyT yJIOBJICTBOPEHBI TAKUM IOJXOJIOM, TIOCKOJIBKY OHU OXH-
JAl0T OT KOMITHJISITOpA:

1) TouHoOro ykazaHus, e HaXOAWUTCs (HepBas) OmIMOKa Mpo-

rpaMMUPOBaHMUS,

2) MPOJODKEHHsT KOMITIIISINK (WK, 10 KpaiHe#d Mmepe, aHa-
JM3a) MPOTPaMMBI OC/Ie 0OHAPYKEHHS TIEPBOI ONMIHOKH C
LEJTbI0 OOHAPYKEHUS OCTATBHBIX.

OcHOBHBIE MPUYNHBI BO3HUKHOBEHHS OMIMOOK MTPOTrpaMMHUPO-

BaHHUS MOYKHO KIJIACCH(HUIIMPOBATH CIEAYIONIUM 00pazoMm:

— IIporpamMMucT He cOBceM MOHMMAET SI3bIK, HA KOTOPOM OH
MUIIET, ¥ UCIIONB3YET HEMPABUIBHYI KOHCTPYKLMIO IIPO-
TPaMMBI.

— IlporpaMMHUCT HEZOCTAaTOYHO OCTOPOKEH B NMPUMEHEHUH
KOHCTPYKIMH sI3bIKa W 3a0bIBAEeT ONMUCATh WACHTH(OUKATOP
WM COTJIACOBATh OTKPBIBAIOIIYIO CKOOKY C 3aKphIBAIOIIEH
U T.JI.

— IIporpaMMHCT HENPABMWIIBHO MHMILIET CIOBO S3bIKA WIHA Ka-
KOH-m100 APYroil CMMBOJ B IIPOTpaMMe.

OmmoOku, oOycIOBIIEHHBIE AITHMH TpeMs (akTopaMu, TIO-
pasHoMy OOHapy>XKMBArOTCs KOMIUIATOPOM. OIMIMOKM TEepBOTO THIIA
BbBUIABJIMBAIOTCSA CHUHTAKCUYCCKUM aHAJIN3aTOPOM, U TI'CHCPUPYCTCA
COOOIIEHNE C yKa3aHHEM TOr0 CHMBOJIA, Ha KOTOPOM IIOTOK IIpO-
rpaMMBI cTall HelleHcTBUTENbHBIM. OMMOKKM BTOPOTO THIIA pacraza-
IOTCSl Ha JIBE Kareropuu. Te, KOTOpBIE OTHOCITCS K KOHTEKCTHBIM
CBOICTBaM si3bIka (OTCYTCTBHE MACHTU(UKATOPA U Jp.), OOHAPYKH-
BAIOTCS IPOLEYPOH BEIOOPKH M3 TaOJIMIIBI CHMBOJIOB BO BpEMsI CHH-
TAKCUYECKOI'0 aHain3a. Takue OIIMOKH, KaK HEIOCTAIOIINE CKOOKH,
O0HapYXHMBAIOTCS CAaMUM aHAJIM3aTOPOM BO BpEMsl BBITIONHEHHS (a-
3Bl OJTHOTO W3 TPOX0n0B. OMUOKN TPEThETro THITA OOBIYHO BBISBIIS-
IOTCS1 BO BpeMs JISKCHUECKOTO aHaIH3a.
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CymiecTByOT OMMOKH eIe OJHOTO THMA, KOT/Aa MporpaMmma
IIBITAETCS BBIIIOJIHUTH JIEJIEHUE Ha HOJIb WJIM CUMUTHIBAHME 3a Ipelie-
namu (aina. OHM Ha3BIBAIOTCS OMIMOKAMU BPEMEHH IIPOTOHA, U
OOBIYHO WX HEJB3s 00HApYXHUTh B Mpolecce KoMmmwisinuu. Hamra
3ajadya — MPOAHAIM3HUPOBaTh METOIbl JUATHOCTHKU BCEX BHIOB
omKO0K (pa3bl KOMOWISIIUU U PACCMOTPETh METOBI MX KOPPEKLIHH.

11.2 NNEKCNYECKUE OLUMBKU

3asaua JEeKCHYECKOTO aHaIu3aTopa — CrpyHIupoBaTh MoCIe-
OOBATCJIIbHOCTL JIMTECP B CHUMBOJIbI UCXOJHOT'O A3bIKA. HpI/I 3TOM OH
paboTaeT MCKIIIOUUTEIILHO C JOKalbHOW uH(popmanueii. B ero pac-
MOPSDKEHUM UMeeTcsl HeOOoMbIol 00beM aMsTH, U OH HE OCYIIIeCTB-
JISIeT TPEIBAPUTENILHOTO MPOCMOTpa. B Tex ciydwasx, Korjma JeKcH-
YeCKHl aHAIM3aTOP OKAXKETCS HEe B COCTOSHUM CTPYNIUPOBATh Ka-
KHe-Tu00 TOCIeI0BATEIBHOCTH JIUTEP B CUMBOJIBI (JIEKCEMBI), Oy IyT
BO3HHMKATh OMMOKK. JIeKCcHYecKHe ONIMOKHM MOXKHO pa3JeliuTh Ha
CIIEAYIOUINE TPYIIIbL:

e OnHa U3 IUTEpP OKa3bIBACTCA HEACHCTBUTEILHOH, T.€. OHA
HE MOXKET ObITh BKIIFOYEHA HU B OJIMH W3 CHMBOIIOB. B Ta-
KOM Cllydae JICKCHYECKUH aHamu3aTtop MO0 HTHOPHUPYET
3Ty JUTEPY, T1O0 3aMeHsIeT ee KaKOH-T100 APYroH.

e [lpu monbITKe cOOPaTh BBIIEIEHHOE CIOBO S3bIKA BBISICHS-
€TCsl, YTO TOCIIEI0BATEIBHOCTh OYKB HE COOTBETCTBYET HU
OJTHOMY M3 3THX CJOB. B 3TOM ciydae MOYKHO BOCIOJIB30-
BaThCsl AJITOPUTMOM IOJI00pa CJIOBA, YTOOBI MIIEHTH(UIIN-
pOBaTh CJIOBO, MMEIOIIEE HECKOJBKO JIPYroe HarHCaHHe.
Hampumep, realab npeacrasuts kak real ab.

e CoOupas ymcia, JEKCHYECKUH aHaIM3aTOp MOXKET HCIIbI-
TBIBaTh 3aTPYJHEHUS C IOCIEIOBATEILHOCTHIO BHJA
42.34.41. Bo3MOXKHOE pellieHHe 371eCh — JOMYCTHTh, Kakas
OBl omMOKa HU ObLIA, YTO MPEANOIATANIOCH OJHO YUCIIO, U
NpeAyNpeaUTh MPOTPAMMHUCT, YTO BMECTO 3TOTO YHUCIa
MPUHATO KOHKPETHOE YHCIIO [0 YMOIYAHUIO.

e OTCcyTCTBUE B IPOTPaMMe KaKOH-1H00 JTUTEPhI MPUBOIUT K
TOMY, 4YTO JIEKCUYECKUMN AHAJIN3aTOp HE MOXET OTIAC/IMTDH
OJIMH CHMBOJ OT Apyroro. Hampumep, ecnu B A+B npomy-
HIEH 3HaK «+», TO JIEKCHUECKHH aHAIN3aTOp MPOCTO IMpPo-
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myctuT uaeHtudukarop AB, He omoBemias 00 ommuOKe Ha

aTOH craguu. OJHAKO OTCYTCTBHE 3HaKa «+» B 1+A BBI3O-

BET OINMOKY, XOTS JIEKCMYECKH aHajau3aTop He OyneT

3HaTh, K KaKoW rpymme omnOok oTHecTH 1A — K Hegomyc-

TUMBIM UACHTA()HUKATOPAM HITH eIlle YeMy-Tr00.

e  OOBIYHO TIPOOIIEMY IS JIEKCHYECKOTO aHAJIM3aTopa CO3/IAf0T
HEJIOCTAIOMIME KaBBIUKH CTPOKH CUMBOJIOB, HATIPUMEDP
string food = "BREED

CrenoBaresbHO, B OCTAIBHOM YacTH IPOTPaMMBI OTKPHI-

BaIOIINE U 3aKPBIBAIOIINE KaBBIYKA MOTYT OBITh IeperyTa-

HBl. B pesynbrare oOpymwIMTCS JaBMHA COOOLIEHWH 00

ommnoOKax. «CMBIIUICHBII» aHAIN3aTOp CMOT OBl OOHApy-

JKUTHb HEMPaBIONOJO0HYIO IOCIEI0BATENLHOCTh JINTEP

BHYTpH KaBbluek (Hampumep, end) u ucnpaBuTh OUIMOKY,

MIOCTAaBUB B HY’)KHOM MECTE KaBBIUKH.

MHorre KOMIOWIATOPH! 3aBEPLIAIOT CBOIO PabOTy TeM HPOXO-

JoM, rie oOHapyxeHa ommoOka. OJHAKO COBPEMEHHAs TCHICHIIMS
MOCTPOSHMSI KOMIMIISITOPOB 0a3upyeTcs Ha IPHHIAIIE OOHAPYKESHUS
MaKCHMaJbHOTO YHCIa OmuO0K. TakuM 00pazom, xKelaTelbHO, YTOo-
OBl KOMIHMJISTOP MPOJIBUHYJICA B CBOEH paboTe Kak MOXKHO Jajiblle.
[TosTOMY NeKkcuueckuii aHamM3aTop NOJDKEH MepeaaTh CieayloneMy
npoxony (¢asze) mocrneqoBaTeNbHOCTh JICHCTBUTENBHBIX CHMBOJIOB
(a He 00s3aTENBHO JCUCTBUTEIBHYIO TOCIEIOBATEIBHOCTh CHMBO-
noB). Jlns MpaBUIIBHBIX B JIEKCHYECKOM CMBICIE MPOrpaMM 3TO HE
npeacTaBiIsieT TpyaHocTei. [Ipn Jekcndeckn HenpaBHIBHBIX IPO-
rpaMMax NPUXOIMTCS WM UTHOPUPOBATH ITOCIIEIOBATEIEHOCTD CUM-
BOJIOB, WJIM BKJIIOYATh JIOMOJIHUTEIbHBIE. MOXET MOTpeOOBaThCS
W3MEHEHUE HAMUCaHUS CUMBOJIOB, pa30OHMeHHe CTPOKH Ha JEeHCTBU-
TeNbHbIE CHMBOJIBI. MITHOPHPOBAaTh MOCIIEIOBATEIBHOCTD JIUTEP —
caMmoe MPOCTOE CPENCTBO, HO OHO MPaKTHYECKH BCET/a MPUBOIUT K
BO3HHKHOBEHHIO CHHTaKCHYECKHX OIMMOOK. MeTOoIbl MCHIpaBIICHUS
JIEKCHYECKUM aHAJIM3aTOPOM HEIOIYCTUMBIX BXOJIOB 3aBHUCST OT 00-
CTOSITENILCTB, U HA MPAKTHKE MX BHIOOP ONpENesieTcs] KOMITHIHpYe-
MBIM SI3BIKOM.
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11.3 OLLUMBKN B YNOTPEBJIEHUM CKOBOK

OmmOKkH, CBA3aHHBIE C YNMOTpeOlieHneM CKOOOK, OOHapyXH-
BaIOTCSI OTHOCUTENIBHO JIeTKO. OOBIYHO KOMIWIATOPBI COjepkar ¢a-
3y, IPEALIECTBYIONIYIO TIOJIHOMY CUHTAaKCHUECKOMY aHajJIu3y, Ha KO-
TOPOY TIPOM3BOJUTCS COTIIacCOBaHKE CKOOOK. Eciu mpuMeHsTs cKoO-
KA TOJBKO OJIHOTO THIIA, Hampumep «(» M «)», MPOBEPKY MOKHO
OCYILECTBIIATH C MOMOIIBIO [ENIOYUCICHHOTO CYETYHKA. JTOT CUEeT-
YHK [IEPBOHAYAIBHO YCTAHABIMBACTCA HA HyJIb, 3a4TE€M YBEIUIUBACT-
Csl Ha eMHUILY I KaXKIO0H OTKPBIBAIOIIEH CKOOKH M YMEHBIIACTCS
Ha CJVHHMILY JUI KaKJIOW 3aKkpbIBaroliei ckoOku. IlociemoBarens-
HOCTb CKOOOK CUMTAETCsI JOIYCTUMOM B TOM CIIydae:

1) xorna cyeTYMK HU NpPU KAKUX OOCTOSTEIBCTBAaX HE CTaHO-

BUTCA OTpI/IHaTCJ'H:HI)IM;

2) mpw 3aBepIICHUH PaOOTHI CUETYHMK OY/IET Ha HYyJIE.

B GonpmMHCTBE SI3BIKOB NPOrPaMMUPOBAHHS BCTPEYAIOTCS
pa3nuYHbIE THIBI CKOOOK, HApUMEp

{ }

[ ]
begin end
if fi
case esac

B sTom cityuyae HE0OXOAMMO COIJIACOBBIBATH KAXKIYIO 3aKPHI-
BaIOLIYI0 C COOTBETCTBYIOIIEH OTKpHIBaroOIIeH CKOOKOM. AJTopuT™M
COTJIACOBaHMS CKOOOK YMTaeT CKOOOYHYIO CTPYKTYpY ClieBa Harmpa-
BO, IOMeIasi KaXIyl OTKPBIBAIOIIYI0 CKOOKY B BEpILMHY CTeKa.
Korna Bctpewaetcs 3akpbiBaromiasi ckoOKa, COOTBETCTBYIOMIAs OT-
KpBIBaIoOIIas ckoOKa yaamnsiercsi u3 creka. [locienoBaTenbHOCTh CKO-
00K CUMTaeTCs TOMYCTHUMOM:

1) eciu npu YTEHHH 3aKPHIBAIOIICH CKOOKH HE OKaXKETCsl, 4TO

OHa HE COOTBETCTBYET OTKPBIBAIOLIEH, IOMEUICHHOW B
BEpIIMHE CTEKA,

2) Tpu 3aBEepLICHHU PadOThI CTEK CTAHET MYCTBIM.

Ommbka B ynoTpeOieHnu CKOOOK JIOJDKHA OTPa3UThCS B YET-
KOM COOOIIIEHNH, TUTIA

BRACKET MISMATCH.

Ecnu ommbka BO3HMKIA M3-32 TOTO, YTO HE JOCTAET 3aKpHI-

BalOIIEed CKOOKHM, TO THUIl IIOCJIEAHEN MOYKHO BBIBECTH HAa OCHOBAHUU
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TOW CKOOKH, KOTOpasi HaxOQUTCs B BepminHe creka. OInWH U3 BO3-
MOXHBIX ITyTeH MCIIPABICHHS OMIMOKH 3aKJIFOYAeTCsi B TOM, 4TO Oe-
peTcs mpendnonaraeMas HEAOCTalollas 3aKpbiBaiollas CKOOKa, OT-
KpBIBaIOIIasi CKOOKa ynaisieTcsl U3 CTeKa W BBIIAeTCsl COOOIIeHUE C
yKa3aHUEM TPeJIIoIaraeMoro HCTOYHUKA OIITHOKH.

JIlnarHoCTH4ecKoe COOOIIEHUE TOSIBUTCS, OJHAKO, HE B TOM
MecTe, Tlie ObUT JOMYIIeH MPOMYCK CKOOKHM, Tak Kak omuoOKa ocrta-
HETCSl He3aMEYEHHOM /10 TeX MOp, IMOKa He BCTPETHTCS Apyras 3a-
KpBIBafonas cCkoOka MHOTro Tuma. [Ipy NMpomoDKeHWH CHHTaKCHYe-
CKOT'O aHajM3a jKeJaTelbHO, YTOOBI CKOOOUHAas CTPYKTypa Oblia uc-
MpaBJicHa.

Ipumep:

if bthen x else (p+gxr2 fi.

31ech mpormyIeHa 3aKphIBaroiias CkoOka. ITo He 0OHAPYKHT-
cs 710 TeX Top, moka He Bcrperutes fi. OmHako HesACHO, Tae A0DKHA
CTOSITh 3Ta CKOOKa: mocie I, mocie g, mocie P uiu 2. BeisicHUTE, 4TO
npeanoarajl nporpaMMHUCT, HEBO3MOXKHO. [IoaToMy camblil erkuit
CHOCO0 «UCTpaBJICHHSI» — MOCTaBUTh 3aKPHIBAIOLIYI0 CKOOKY HETo-
cpenctBeHHo nepen fi. CuHTakcHMueckuii aHanM3aTop MPOJOIKAET
paboTaTth, a Ha BBIXOJI BBIIAETCSI COOOIIEHHE O BBEJCHHBIX M3MEHE-
HUSX.

11.4 CAHTAKCUYECKMUE OLLUUBKU

TepMuH «cuHTaKCcHUYEcKas omubKa» ynorpedisercs A 000-
3HAYCHUsI OMIMOKH, OOHAPYKUBAEMOUM KOHTEKCTHO-CBOOOJHBIM CHH-
TaKCU4ecKuM aHanuzatopoM. CoBpeMEHHBIE aHaIM3aToOpbl 00Jajaa-
IOT 3TUM Ba)KHBIM CBOWCTBOM — OOHApy)XKMBaTh CHHTAaKCHYECKH He-
NPaBIIBHYIO IPOTPaMMy Ha IIEPBOM HEIOIyCTHMOM CHMBOJIE, T.C.
OHU MOTYT T'€HEpPHPOBaTh COOOMICHUS MPU YTEHUH CHMBOJIA, KOTO-
PBIil HE TOJDKEH CIIe0BATh 3a MPOYUTAHHOW K TOMY BPEMEHH T10CIIe-
JIOBaTEIEHOCTHIO CHMBOJIOB.

Omunbka B BHJE NMPOITyCKa WM HEMPaBHIBHOTO yrorpeodiie-
HUS, JIOMYIIEHHass Ha OoJjiee paHHEM dTalle, MOKET MPOSBUTHCS CO-
BCEM B JIPyT'OM MECTE MPOrpaMMBbL. DTO MOYKHO IPOMILTIOCTPHPOBATH
CIIETYIOIINM TIPHUMEPOM.

while x>y; begin <something> end.
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Hukaxoro coobmieHust 00 ommoKe Mpu BCTpeUe «;» Ha TaHHOU
CTaQJMU CHHTAKCHMYECKWH aHamu3atop He BeiacT. [locrmexcTsus ee
MOTYT MOSIBUTHCS Ha OoJiee mo3aHeH (asze aHamm3a.

Coo0IMB 0 CHHTAaKCHMYECKOW OINMOKe, aHanmu3aTop B OOJb-
IIMHCTBE CIy4aeB MOCTAPACTCS MPOJOIDKUTH pa3bop. st aToro emy
MOHAIOOUTCSI UCKITIOYUTh KaKHe-THOO CHMBOJIBI, BKIIIOUUTH KaKHe-
a100 CUMBOJIBI WIIM M3MEHHTH UX. CyIIECTBYeT psifi CTpaTEeTHid HC-
npaBiieHns omHOoK. [IpakTHYecKy Bce OHM XOpOIIO cpadaThIBAalOT B
OJIHUX CIy4asX M IUIOXO — B JPYTUX. «XOpoIlIas» CTpaTerus 3a-
KITIOYaeTCsl B TOM, YTOOBI OOHAPYKHUTh KaK MOKHO OOJIbIIE CHHTaK-
CHUYECKHUX OIIMOOK M TeHEepUPOBATh KaK MOYKHO MEHbIIE COOOIIEHHH
B CBSI3M C K&XKJOW CHHTaKCHYECKOH omuOKkoi. OOBIYHO HAWITYYIITH-
MH METOJIAMH SIBJISIIOTCS METO/IbI, 3aBUCHMBIC OT SI3bIKa, T.€. OT 3Ha-
HUS HCXO/IHOTO SI3bIKA U OT TOTO, KaK OH YHOTpeOsieTcsl.

11.5 METOObI UICNPABINEHUSA CUHTAKCUYECKUX OLLMBOK
11.5.1 PEJKUM HEPEITIOJIOXA

OnuH u3 Hanbosee pacpoCTpaHEHHBIX METO/IOB UCTIPABIICHHS
CHHTAKCHYECKHX OIIMOOK HOCUT Ha3BaHUE pedcum nepenonoxa. llpu
MIOSIBJICHUN HEIOIyCTHMOTO CHMBOJIA BECh ITOCIEAYIOIINH HCXO/I-
HBII TEKCT, BIUIOTH J0 COOTBETCTBYIOLIETO OrpaHUYMTEINs (HArpH-
Mep «» win end), urHopupyercs. OrpaHHYUTENh 3aKAaHYMBACT Ka-
KYIO-TO KOHCTPYKIIHIO SI3bIKA, M SJIEMEHTHI yIAJSFOTCS M3 CTEKa pas-
0opa 10 Tex Mmop, MoKa He BCTPETUTCS ajpec Bo3BpaTa. DTOT die-
MEHT TOXe yJaJIseTcsl U3 CTeKa, a pa3dop MpoaoibKaeTcs, HaunHas ¢
aapeca B Tabmuie pa3dopa, COAEpIKAIIETro CIETYIOIIUN BXOIHOW
cuMBOJI. Takoil METOJA [IOBOJBHO JIETKO PEAIU3YETCs, HO HMEET
Cepbe3HBI HEAOCTATOK: JAJIMHHBIC MOCIEI0BATENEHOCTH KO/Ia, COOT-
BETCTBYIOIIE UTHOPHPYEMBIM CHMBOJIAM, HE aHATU3UPYIOTCS.

11.5.2 UICKJIOYEHUE CUMBOJIOB

Merton uckniouenus cumeonog Takxke JIETKO peaau3yeTcsl U He
TpeOyeT mM3MeHeHHus cTernmeHu paszbopa. Korma cumrtbiBaeTcs Hemo-
MyCTUMBI CUMBOJ, U OH caM, M BCE MOCJEAYIOUINe CHMBOJBI HC-
KITIOYAIOTCSl U3 UCXOJTHON CTPOKH JI0 T€X TMOp, MOKa HE BCTPETHUTCS



262

JOIMYCTUMBIH CUMBOJI. XOTS IPHA TaKOM METOJIE MOTYT MCKIIFOUaThCs
JUTMHHBIE TIOCIIEJOBATEIBHOCTH, B OTAENBHBIX CIIydasx OH BecbMa
s¢dexTuBeH. Hanpumep, B

c:=d+3; end,
TIE <> SIBISETCS HEJOIMYCTUMOM, HCIPaBIICHNE OMIMOKH — HJIealb-
Hoe. OHAKO MCKIIOYEHHE CKOOOK OOBIYHO paspymiaeT OJI0YHYIO
CTPYKTYPY U MPUBOJUT K JATHHEHIIIUM CHHTAKCUYECKHM OINOKAM.

11.5.3 BKJIIOYEHHUE CUMBO.IOB

HekoTopble CHHTaKCHYECKHE aHATM3aTOPHl MMEIOT HATOTOBE
MHOXECTBO HeﬁCTBHTCHBHLIX CHUMBOJIOB IMPOJOJIKCHHA. B Hekoto-
PBIX CITy9asix OIpPaBJaHO UCIPABICHUE MPOTPAMM ITyTEM GKIIOUEHLUs.
CUMB0J106 — TIOJICTAHOBKH OJ[HOTO M3 TAKUX CHMBOJIOB TI€pe]l Helo-
MMyCTUMBIM CHMBOJIOM, KOTOpPBIA BbI3BaJI OmmOKy. Hampumep, mo-
CIIeI0BATEIBHOCTh

end begin
HHKOT/Ia He OyaeT nomyctumoii. OJJHAKO BKIIIOUCHHE «;» Mex 1y end
begin mo3BonuT aHanU3aTOPy MPOAOKUTH PadOTY.

KoHeuHO, B TakMX CHTyalHsAX MOKET MMETh MECTO Herpa-
BIJIbHAS [TO/ICTAHOBKA, [JAXKe €CIIH aHAIN3aTOp MPOIOIDKUT padoTy.

11.5.4 TIPABUJIA 1] OLLIUBOK

OnvH u3 crmocoOOB UCTIPABIICHUS HEKOTOPHIX THUIIOB CHHTAK-
CUYECKHX OIIMOOK 3aKII0YaeTCs B PACIIMPCHUM CHHTAKCHCA SI3bIKA
3a CYCT BKJIIKOUCHHSA B HETO HpOFpaMM, conepxcamnx TUIITUYHBIC
OmMMOKK. DTO HE 3HAYWT, YTO OMIMOKH MPOWIYT HE3aMEUEHHBIMH,
TaK Kak B rpaMMaTHKy MOTYT OBITh BKJIFOUEHBI COOOIICHUS O HHX.
Ho ananuzarop He OyJIeT CUMTATh TaKOW BXOJ HEJOMYCTUMBIM U HE
moTpedyeT HUKAaKMX HcmpaBieHnid. Tak, MokHO oOpamaThcs, Ha-
puMep, ¢ OIUOKAaMHK THIIA «;» Tiepe end Wiu nporyck «;». Jlomor-
HUTCJIBbHBIC npaBI/ma, BKJIOUCHHEBIC B FpaMMaTI/IKy, O6I)I‘IHO Ha3bIBa-
0TCs npasunamu 0as owudoxk. OHH HEU30SKHO MPUBOJAT K YBEITH-
YEHUIO TPAMMATUKH, W MO3TOMY BKIIIOYATh UX CJIEIYET TOJBKO JIJIsS
Han00JIee YaCTO BCTPEUAIOIIUXCS OIMOOK IporpaMMmupoBanus. [Ipu
9TOM HaJO0 CJICAUTH 3a TEM, LITO6I:.I HpI/I BKJIOUYCHHUU DTUX HpaBI/IH
rpaMMaTHKa He CTana HeOHO3HAYHOH.
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11.6 MPEQYNPEXAEHMUA

Hapsiny ¢ cooOmeHnsIMi 0 CHHTAaKCHYIECKHX OIIMOKax aHaju-
3aTOP MOXKET BBLAABATh MPENyHpEeKICHUs, KOrJa €My BCTPETHIIACh
JOMyCTUMasi, HO MAaJIOBEPOSATHASI MOCIIEI0BATEILHOCT CHMBOJIOB,
HarpuMmep

; do

Eme wame Takue cuTyallui BO3HUKAIOT, Korjaa B Tabiwmile
UICHTU(HUKATOPOB COIEP)KUTCS TEepeMeHHasi, HO CCBUIKH B IIPO-
rpaMMe Ha Hee HeT. J{J1s BbIJauu COOOIICHUN O TaKWX CUTYaIUsiX B
IrpaMMaTHKY BBOJSTCS JICHCTBHS, UACHTU(UITUPYIOIIHNE UX.

11.7 COOBLUEHNA O CUHTAKCUYECKUX OLUMBKAX

Besikuii pa3 mpu oOHapy>KEHHHM aHAIW3aTOPOM CHHTaKCH4e-
CKOW OMMOKH JOJDKHO TeYaTaThCsl COOTBETCTBYIOIIEE COOOIIEHHE.
Hanpuwmep,

SYNTAX ERROR IN LINE 22.
W mecTomnonoxeHnue OHH/I6KI/I MOJKET OMUCHIBATHLCS MOJIHEE:
SYNTAX ERROR IN LINE 22, SYMBOL 4.

B mobom cirydae, oap30BaTeNh MOXKET OBITh HEOBOJIEH TEM,
YTO0 COOOlIEHUE HE BIIOJHE SICHOE, TaK KaK HE YKa3bIBaeTCs, B UeM
3aKiovaeTcsl omubOka mporpammucta. Ha mpakTtuke (akTuueckas
omnOKa MPOrpaMMHUPOBAHUS MOIJIA MPOM30MTH TOpa3lo PpaHbIIE,
aHanmM3aTop ke coolmaer o0 omubOKe TOIBKO TOraa, Korga emy
BCTPEYAETCS HEIOMYCTUMBINA CUMBOJ. ECIM nMporpaMMuUCT Mpe/cTaB-
JISIeT aHAIN3aTOPy NPOTpaMMy, UMEIOIIYI0 CHHTAKCHYECKYIO OIIHO-
Ky, KOMIMJISTOP, €CTECTBEHHO, HE CMOXET PELIUTh, KaKyl Ipo-
rpamMMy MPOrpaMMHUCT AOJDKEH ObUI HamucaTh. ENWHCTBEHHOE, 4TO
KOMITMJISITOP CMOT OBl ClIeJIaTh, 3TO IIPUHATH PEIICHUE O KPEeMOHME»
Ha MMHHAMAJIBHOM DPACCTOSHHUH, T.€. O PEMOHTE, TpeOyIomeM MHUHU-
MaJbHOE YHCIIO BKJIIOUYEHHH CHMBOJIOB B TEKCT TPOrpaMMBI M HC-
KJIIOYEHUM W3 HEro, JAOIIEM CHUHTAaKCUYECKH IPAaBUIbHYIO IPO-
rpammy. Llens pemoHTa — OO€cnedYnTh aHAIN3ATOPY YCIOBUS VIS
MPOIOJDKEHUS aHAIIN3a TIPOTPAMMBL.

XOTSI, TCOPETUICCKU, PCMOHT Ha MHUHHUMAJIbHOM PAaCCTOSIHUU
Ka)XeTCsl NPUBJIEKATENIBHBIM, €ro peainu3aunus Hed((eKTHUBHA, TaKk
KaK IPUXOIUTCA YacTO BO3BpAILAThCS Ha3al 0 YK€ MPOaHaIU3HpO-
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BaHHBIM YacTSM IPOTPaMMBbl M OTMEHSTH BBHIITOJHEHHBIE KOMITHIIS-
TOPOM paHee NeHCTBUS. BOMBIIMHCTBO KOMIMIATOPOB HE OepyTcs 3a
TakoW peMOHT. EIMHCTBEHHOE HCPABJIEHUE, KOTOPOE OHU OCYIIECT-
BJISIFOT, — 3TO BCTaBKa, UCKJIIOUEHHE WM M3MEHEHHE CHMBOJIOB 8
mom mecme, 20e 0bHapydceHa owubka. B 3ToM ciaydae KOMITAISATOP
HE MOXKET IPEJOCTaBUTh NHOM MH(POPMAINH, KPOME TOYHOTO yKa3a-
HUS O TOM, TAe oOHapykeHa ommOka. KoMnuiasTopy MoKeT OBITH
M3BECTEH ellle ¥ KOHTEKCT, B KOTOPOM OOHapy»KeHa OIInOKa; Halpu-
Mep, OHa MOTJIa IPOW3OUTH B TIpenenax NPHCBOSHHS, B I'PaHUIAX
MaccHBa WM B BBI30BE Mpoleaypbl. Takas WHpOpMaIus He Bceraa
OKa3bIBACTCS TIOJIE3HOM ISl TOJIb30BaTeNsl, HO OHAa TOKa3hIBaeT, Ka-
KOM THIT KOHCTPYKIIMH TIBITAJICSI PACHO3HATh aHAIMN3aTop, KOoraa 00-
Hapy>XKWJI OHMIMOKY, a 3TO MOMOXET HaWTH (PakTHUeCKyro OIHNOKY
MPOTpaMMHUPOBaHUsl. MOKHO TaKXe COOOIIUTH IMOJIb30BATENIO, Ka-
KHE€ CHMBOJIBI JIOIYCTUMBI IPH BCTpEYe HEIOMYCTHMOIO CHMBOJIA.
Ecimm anammsatop criocoOeH cienaTb pa3yMHOE PETIONIOKEHNE O TOM,
Kakast (hakTUueckasi OIMOKa TPOrpaMMHUPOBaHUs ObUTa JOMYIIEeHa, OH
MOJKET UCIIPaBUTh IPOTPaMMYy JUTSl TTOCIIETYIOIINX TIPOXO/IOB.

JInst ucripaBiieHus IporpaMMbl (HO HE pEeMOHTa) HEOOXO MO
3HaTh UCTUHHBIC HaMEpeHHs mporpammucta. B obmem ciydae, 310
HEBO3MOXHO, 0HAKO 1 KC-43bIK0OB MHOTHE THIBI OLIHOO0K MOXHO
JIOKAJIN30BaTh JOCTATOYHO TOYHO.

11.8 KOHTEKCTHO-3ABMCUMbIE OLLUUBKU

HekoTopble KOHCTPYKIIMY THUIIMYHBIX S3bIKOB IIPOrpaMMUPOBA-
HUSL HEJIb3s OIUCATh C TIOMOIIBbI0 KOHTEKCTHO-CBOOOIHON IpaMMaTH-
ku. CJe10BaTeNIbHO, C TOUKU 3PSHUS TaOJIHIIBI pa300pa, MPorpaMMEI C
HCOIIMCaHHbIMU I/IILCHTI/I(l)I/IKaTOpaMI/I CHUHTAKCUYCCKHU ITPABUJIbHBI. Ta-
K€ KOHTEKCTHO-3aBHCUMBIE OIIMOKU MOTYT OBITh OOHApy>KeHBI Jei-
CTBUSIMH, BKJIIOYa€MbIMH B KOHTEKCTHO-CBOOOJIHYIO T'DaMMAaTHKy H
BBI3BIBAEMBIMH aHAIN3aTOPOM, KOTOPBIH 3allpalinBaeT TabJIHIly CHM-
BoJioB. 00 ommOKax Takoro pojia OOBIYHO BBIJAIOTCS YETKHE COOOIIIe-
HUS TIpH aHaJ#3e TabIuIbl HACHTHPUKATOPOB, HAITPUMED
IDENTIFIER xyz NOT DECLARED
TYPE NOT COMPATIBLE ASSIGNMENT
Tak xak cam aHanmM3aTop OMHOKY HE OOHAPYKHUJI, HUKAKOTO
ucrnpapiieHus He TpeOyercs. OMHAKO €ClM HE NPUHATH COOTBETCT-
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BYIOIIME MEpbI, TO OJHA OIIMOKa MOXKET MOBJIEYh 3a COOOW JIaBUHY
cooOmeHmnit 06 ommbkax. Bo n3dexxanue 3TOro mpu MepBOM XKe I10-
SIBIICHUW HEOITMCAHHOT'O MJCHTU(HUKATOPA OH JIOJDKEH BKIIIOYATHCS B
TaONMUIy CUMBOJIOB. B Tabnmily Takyke JOIDKEH MMOMENIATHCS THII,
COOTBETCTBYIOIIMI HEONHCAaHHOMY HaeHTH(uKaropy. Kommmisarop
B OTOM ciTy4ae 00jaiaeT HeJOCTaTOYHOW WH(popManmen, 9To0Obl pe-
IIMTh, KAKOK TN WACHTU(HKATOpA MPEaNoIaraeTcs, HO3TOMY MHO-
r'Me KOMIIHJISATOPBI IPUHUMAIOT CTaHAAPTHBIH THI iNt wim real. Jlyd-
IIe BCEro MMETh IS ATOTO CIENHABHBIA THI SPtype, KOoTophIi Oy-
JIET aCCOIMUPOBATHCS ¢ TAKHUMH HJESHTHU(HUKaTOpamu; Sptype obia-
JIaeT CIeIyIOIIUMHU CBOMCTBAMU:

1) ero MOXHO MPUBOIMTH K JIIOOOMY THITY/BHIY;

2) ecnu 3Ha4YeHHe THIA SPLYPE OKa3bIBACTCs ONEPAHIOM, 3HAK
orepanui UACHTUPHUIUPYETCS C MOMOIIBIO JPYroro ore-
paHma, mpudyeM J00as HEOJHO3HAYHOCTh pa3pemnraeTcs
HPON3BOJILHO;

3) NpUMEHHTENFHO K aHaJIM3aTopy, 3HaueHWe Thma Sptype
BBIOMpAETCS WM BBIPE3aeTCs, XOTS IPH 3TOM BBIJa4a CO-
OTBETCTBYIOILETO KOJIa MOXKET OBITH HEBO3MOKHOIA.

He uckimtoyena u apyras ommOKa: B OJHOM U TOM XKe OJoke
HWACHTU(QHUKATOpP ONKcaH ABaXIbl. ECIM BO3HUKAET Takas CHTyalus,
TO aHAIHM3aTOP OOBIYHO TEHEPUPYET COOOIIEHUE

IDENTIFIER blank ALREADY DECLARED IN BLOCK

Yr100bI M30€XKaTh HEOAHO3HAYHOCTH, B TaOJUIE CUMBOJIOB HA
Ka)XJJOM YpOBHE OJIOKOB JUIS KaXJIOro HICHTHU(PHKATOpA JOJDKEH
MOSIBUTHCS OJTUH dJIeMEHT. UTO TpeInprMeT KOMITHISTOP, KOTAa OH
BCTpEYaeT MOBTOPHOE OMHCAaHWE WACHTH(HKaTopa B Onoke? Onrtu-
MaJbHBIM BapUaHTOM OBUIO OBl MPOBEJICHHE BO BPEMSI KOMITMIISIIUH
MOAPOOHOTO aHANIM3a YacTH MPOTPAaMMBbl, YTO MO3BOJHIO OBI MpO-
CMOTpETh, KaK 3TOT MACHTU(UKATOP HCIONb3yeTcs B OJOKe, U pe-
LINTH, KAKOE U3 OTIMCaHHU eMy 00Jiee BCEro COOTBETCTBYET.

11.9 OLUUBKN, CBA3AHHbIE C YNOTPEBIIEHUEM TUMNOB

[IpaBuna, onpexaensiouiye, rae B porpaMMe BO3MOYKHO TOSIB-
JIeHHE DPA3MYHbIX 3HAUYEHUH, He SBJISAIOTCS KOHTEKCTHO-HE3aBHCH-
MbeIMu. Eciin uaeHTnguKaTop OnMcaH TakuM 00pa3oM, 4TO eMy MO-
T'YT NMPUCBaUBaThCS 3HAYEHMS B BHUJE LIEJBIX YHCEN, TO BO MHOTHX
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SI3bIKAX IIOTBITKA NPUCBOUTH €My JIMTEPHOE 3HaueHHWe OyAeT cuu-
TaTbCs HEJOMYCTUMOIA.

inti;

char c;

i=c;

Takast omrOka 0OHapY>KUTCSI BO BpeMs KOMITWJISILIUK C TTIOMO-
LIbIO TaOJIHIIBI CAMBOJIOB M BBIJAETCSI COOOIIIEHHE BUIA

MODE char CANNOT BE COERCED TOint
DT0 crmocoOCTBYET WACHTU(UKAIIMKA OIMTUOKH, HO BPSI JIH TIO-
MOJKET HAUWHAIOIIEMY TTPOrPAMMUCTY .
OcoO0blil crmy4ail COCTaBIAIOT THIBI, CO3JaBaeMble MPOrpam-
MHCTOM, OCOOEHHO C HCIIOJb30BAHUEM YKa3aTeleH, MOCKOJIbKY B
9TOM clly4ae B ONHMCAHHE OJHOTO THUIA MOXKET OBITh BKJIIOUEH JIPY-
rOil THII, ONpeneNsieMblil MoJib30BaTeNeM (B3aUMHO PEKYpPCHBHBIN
trm). Takue omMOKH BOOOIIE HEMb3si OOHAPYKUTH, [TOKA BCE BHIBI
He OyIyT TONHOCTHIO OMHCaHBI. B 3TOM cirydae cooOmieHust 00
omnOKax OyAyT BbIIaBaThCS MEKAY MPOXOAAMHU KOMIHIISTOPA.
CymiecTByIOT U Opyrue OUIMOKH, CBSI3aHHBIE C KOHTEKCTHO-
3aBUCUMBIMH ACTIIEKTaMH TUIIMYHBIX S3bIKOB!
1) HempaBMIIbHOE YKCIIO WHIICKCOB MACCHUBA;
2) HemnpaBHJIBHOE YHCIIO TTAPAMETPOB ISl BBI30BA MPOLEAYPHI
e QyHKITUH,

3) HecoBMecTUMOCTh Thma (MM Buia) (HAKTHUECKOro mMmapa-
METpa B BBI30BE C TUIIOM (POpMaIILHOTO ITapaMeTpa,

4) HEBO3MOXKHOCTb OIPEJENICHHs 3HAaKa OMNEpalHud IO ero
OIepaHaM.

OOBIYHO Ha Takue OMIMOKM KOMIIWJIATOP MOXET BBIIaBaTh
YEeTKHE COOOIICHHS.

11.10 OWMBKN, AONYCKAEMBbIE BO BPEMS MPOFOHA

Bo Bpewmst iporoHa B mporpamMmmax MOTYT BO3HHKATh OLITHOKH,
KOTOpBIE HEIb3s MPEeIyCMOTPETh B TPOIECCe KOMITWISAIMH. [Ipu
MPOTOHE MOT'YT BO3HHUKATh CJICAYIOIINE THUIIBI OIIHOOK:

1) HaxoXxIeHHEe HHJCKCa MacCHBa BHE 00JIACTH ACHCTBHS,

2) 1enoynciaeHHOE TepernonHeHre (BBI3BAHHOE, HAIpPUMeED,

TOITBITKOM CIIOXWThH J[BA HAWOOJNBIIMX IIETBIX YHCIa, JO-
MyCKAaeMBIX peann3aruei);
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3) momnbITKa YTEHHUS 3a rpejaenaMu (aiina.

B s3pIKax ¢ JMHAMUYECKHMMH THIIAMHU JI0 BPEMEHH IpPOroHa
HEJTb3s OOHAPYKUTH O0JIee IMUPOKUI KiTace OmMOOK (OMHOKY YIOT-
peOJieHHs TUTIOB, OLITMOKH, CBSI3aHHBIC C TPUCBOCHUEM, H JIP.).

OOBIYHO KOMITWIIATOPHI CTaparoTCsl MPEeIOTBPATHTH BO3MOXK-
HOCTH BO3HMKHOBEHHMS TaKUX OMMOOK 70 mporona. OQHO M3 perre-
HUI — J1aTh HMCYEPNBIBAIOUIYI0 (GOPMYJIHUPOBKY 3aJayH, HampuMep
pe3yJIbTaT AeNeHHs Ha HOJb ONPENEeNUTh KaK HOJb, BHIXOSIINH 32
npeaensl 00JIacTh IeMCTBHS, WHAEKC CYMTATh SKBHBAJICHTHBIM Ka-
KOMY-HHOYAb 3HaueHHIO B Mpefenax o0jacTd ACUCTBHA, MPU IO-
MBITKE YTEHUs 3a TpefenaMu Qaiiyia BBIIOIHATH HEKOTOPOE CTaH-
JapTHOE ACHCTBUE U T.1.

OnHako Takasi ucyepribIBaromias (OpMyJIHpOBKa 3a7add HUMEET
CBOM «IIOABOJAHBIC KaMHH. MOI'yT OCTaTbCsad HE3aMCUYCHHBLIMUN OIHI/I6KI/I
MPOrpaMMHPOBAHUS I OMIMOKH JaHHBIX. [IporpaMmMuCTBI 0OBIYHO HE
OKUJIAIOT, YTO BO BPEMsI IPOTOHA MX MPOTpaMM MPOHM30UIET JieJIeHne
Ha HOJIb, — UM 00 3TOM HY>KHO co0oOIINTh. TeM He MeHee HexenaTeNb-
HO, 9TOOBI M3-3a 3TOTO NMPEPHIBAIOCH BBIIOJHEHNE NporpamMmbl. Kom-
IIPOMHMCCHOE PellIeHne — HareyaraTb CooOIeHre 00 ommdke BpeMeH!
IIpOroHa, Korjaa oHa BO3HHMKACT, HO MMO3BOJIUTL IIPOIrpaMME BBITIOJIHUTH
KaKUe-TU0O CTaHIAPTHBIC JISMCTBHs, YTOOBI OHA MOTJIAa MPOOJIKATH
paboTy ¥ HAXOAWTH JANTFHEUIIIHE OITHOKH.

B cny4ae ommOku, BO3HHMKAMOIIEH B MpOIECCEe MPOroHa, He
BCerga MOXKHO YE€TKO O6T>$ICHI/ITL nmporpaMmMucCTy, 4YTO MMEHHO HC-
npaBmwiIbHO. K 3TOMy MOMEHTy mporpamma yxe TpaHCIHpOBaHA B
MAIIMHHBIN KOJ, a MPOTPaMMHUCTY TTOHATHBI TOJIBKO CCBHUIKM Ha ¥C-
XOJHBIA TekcT. [loaromy cucrtema, paboTarolias TpHU MPOTOHE,
JOJDKHA UMETh JIOCTYH K Tabiulle UIeHTU(PUKATOPOB U APYTUM Tao-
JUTAM U CJIETUTH 32 HOMEpaMH CTPOK B HCXOTHOW mporpamMme. Tab-
JIUIBI, TpeOyeMbIe I TUATHOCTUKH, K Hayally IMPOrOHA MOTYT YXKe
HE HaXOIUTHCA B OCHOBHOM nmaMsTH, HO B CJIydyac OHH/I6KI/I JOJIZKHBI
Ty#a 3arpyxartbcs M (puKCHpoBaTh NMpO(MIb NMpOrpaMMBl Ha 3TO
BpeMs. OTa MH(GOPMAIHs TO3BOJISET JOKAIN30BaTh MECTO BO3HHK-
HOBEHHS OIITMOKY MM, TI0 KpakHeil mepe, 010K (paMKy), BHYTPH KO-
TOPOTO BO3HHUKIIA aBapUitHAs CUTYaIlHsl.
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11.11 OWMBKK, CBA3AHHbIE C HAPYLUEHUEM
OrPAHWYEHUHA

ATpHOpH TIPOTPAMMUCTHI MPEJIOJIATAI0T, YTO KOMIIHISTOP
JOJDKEH OBITh B COCTOSHHHM CKOMIIHIIUPOBATH JH00VI0 TIPOTPAMMY,
HaITMCaHHYI0 Ha WCXOTHOM s3bike. OHAKO ATO HE BCErna TaK HM3-3a
KOHEYHBIX TEXHHYECKHMX XapaKTepUCTHK KoHKpeTHoH OBM. Xopo-
IIUH KOMITWIATOP UMEET Majio IPOU3BOJIBHBIX OIpaHUUCHUH, HO ec-
JIU OTPaHUYEHHUS BBOJAATCS, OHU JIOJDKHBI OBITh TAKHUMH, YTOOBI yCT-
pauBaTh MOJABJIsIONIee OOMBIIMHCTBO NporpamMM. OOBIYHO B TaKHUX
CIIy4asix BBOJISATCS] OTPaHUYCHUS:
1) ma pasmep mporpamMMbl, KOTOPYIO MOXHO CKOMITHJIHPO-
BaTh,

2) Ha YHCIIO JIEMEHTOB B TAOJIHUIC CHMBOJIOB HJIH MIACHTUDH-
KaToOpOB,

3) Ha pa3mep creka pa3bopa WM JPYTHX CTEKOB BPEMEHH
KOMITHJISAIIUH.

Ecnu oguH M TOT ke 00beM MaMSITH OTBOIUTCS IIOJ COBMECT-
HOE TTOJTb30BaHUE TS PA3IMIHBIX TaOIHUI], TO MOXKET OBITh OTpaHUYEH
o0muit 00beM, a He 00beM, 3aHNMaeMBbIi KOHKPETHON TaOIIUTICH.

CyliecTByeT BEpOSTHOCTh TOTO, YTO MPOrpaMMa 3aCTaBUT Ha-
PYLIUTH KaKOe-HUOYAb U3 OTpaHUYeHUH. B 3TOM ciryyae BakHO, 4TO-
OBl KOMIIIJISTOP BBIAABAN YETKOE COOOIIEHHE TOIh30BATEN0, KaKoe
MMEHHO OTPaHUYCHUE OH HAPYIIIWJI.

KOHTPOJbHbIE BOMPOCHI

1. Tunsl omuOOK, BO3HUKAOIINE TIPH HAMICAHUH ITPOTPaAMM.

2. TexHojorus UcTpaBlieHHs: OIMOOK. PexxuM nepermnomnoxa.

3. Texnonorust ucnpaBieHus ommOOK. VICKitoueHne CUMBO-
JI0B. BrirroueHne cuMBOJIOB.

4. TlpaBuia asist OMIKOOK.

5. TlpenynpexaeHus u COOOIICHUS O CHHTAKCHYECKUX OIITUO-

Kax.

KonTekcTHO-3aBHCHMBIE OLIHOKH.

OmmnbOKM BpeMeHH MPOTroHa.

OmmOKH, CBA3aHHBIE C HAPYIICHUSIMHA OTPAHUYESHHH.

©o N
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