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JIABOPATOPHASA PABOTA Ne 1
PABOTA C TABJIMIIEN CUMBOJIOB

Llenv pabompi: U3y4UTh OCHOBHBIC METOJbI OpPTraHH3AIMU TAOJUI] UICHTU()UKATOPOB, MOITYUUTh
NpEeJCTaBICHNUE O MMPEUMYIIECTBAaX M HEJOCTATKAX, MPUCYIIUX PA3IMYHBIM METOaM OpPTaHU3aIluH TaOIIUI]
UaeHTU(HUKATOPOB (TAOJIUIl CHMBOJIOB WJIH TaOJIUIl UMEH).

KPATKHE TEOPETUYECKUWE CBEJJEHUA

Hasznauenue Tabnuipl HaAeHTH(HHUKATOPOB

[IpoBepka MpaBUIBHOCTH CEMAHTUKU U TeHepalus KojAa TpeOyroT 3HaHUS XapaKTePUCTHK
UACHTU(PHUKATOPOB, UCIOIb3yEMbIX B POTPAMME HAa UCXOTHOM SI3bIKE. DTU XapaKTEPUCTUKH BBIACHIIOTCS
U3 OMHCAHUW M U3 TOro, KaKk HIACHTHU(PHUKATOPHI HUCIOIB3YIOTCS B IpOrpaMMe M HaKaIlUIMBAlOTCS B
maobauye cumeonos (Wiv madauye uOeHmMuUPUKamopoe).

Jrobas Tabnuia MACHTH(PUKATOPOB COCTOMT M3 Habopa moJiel (S4eek TaOJWIbI), KOJUYECTBO
KOTOPBIX COBIAJA€T C KOJIWYECTBOM PA3MUYHBIX HACHTU(DUKATOPOB B MCXOAHOW mporpamme. Kaxmoe
MoJIe COACPKUT MOJIHYIO UH(pOopMalHio 00 UACHTH(PHUKATOPE, KOTOPOMY COOTBETCTBYET JAAHHBIN JIEMEHT
tabmuupl. [lox wuaeHTH(UKaTOpaMu TOAPa3yMEBAIOTCS HMEHAa KOHCTAHT, MEPEMEHHBIX, MOIYJIEH,
npouenyp u (yHkiui, a Takke GopmanpHble MapameTpsl mpouenyp u ¢yaknui. Komnunarop moxer
paboTaTh ¢ OJHON WM HECKOJIBKHUMH TaONHIlaM HIACHTHU(PUKATOPOB — HX KOJUYECTBO 3aBUCUT OT
peanu3anuy KOMIUIATOpa.

BHe 3aBHCHMMOCTM OT peanu3allid KOMIWISATOpa TMPUHIUI €ro paboTbl C Tabnuien
UACHTU(PUKATOPOB OCTAeTCS OAHUM M TE€M € — Ha pPa3IUyHbIX (azax KOMMWIALUUA KOMIUISITOP
MHOTOKPAaTHO oOpalaercs K 3ToW Tadiuile A morucka HHGOpMaIlMy U 3allMCH HOBBIX JaHHBIX. [Ipruem
MOWCK JAaHHBIX B TaOJHIlE BBIMOJHAETCS CYHIECTBEHHO Yallle, YeM 3alKCh B TaOJMIly HOBBIX JaHHBIX,
MOCKOJIBKY B MCXOJHOW MpOrpaMMe HCIOIb30BaHHE PaHEe OMHMCAHHBIX HACHTU(UKATOPOB BCTpEUYAETCS
CYIIECTBEHHO 4allle, YeM ONHCAHHUS HOBBIX HUIACHTHU(PHUKATOPOB, Aa M I KaXIOTO BCTPEUEHHOTO
OMHCAHUA KOMIHISATOP JOJDKEH MPOBEPHUTHh CYIIECTBOBAHHWE TAaKOTO K€ HACHTU(UKATOpA, YTOOBI
UCKITIOYUTH TyOTHpOBAaHUE X UMEH.

OTtcroa MOXKHO c/ienaTh BBIBOJI, YTO TaOIUIBI MACHTU(DUKATOPOB JOJKHBI OBITH OpraHHU30BaHbBI
TakUM 00pa3oM, YTOOBI KOMITUJISTOP MMeN BO3MOKHOCTh MaKCHUMAalIbHO OBICTPOTO MOMCKA HYKHOTO €My
aneMeHTa. Kakaplii aeMeHT TaOnuilbl UAeHTU(HUKATOPOB XapaKTepU3yeTCsl YHUKAIbHBIM nMeHeM. Jlaxke
B TOM clly4yae, KOTJIa UCXOJIHBIN S3bIK JOIMyCKaeT COBMAJArolINe NMEHa HACHTU(UKATOPOB — HAMPHUMED,
OpU Pa3IMYHBIX OONACTAX BUAUMOCTH HIACHTH(PUKATOPOB — B KOMIIHIATOPE CYIIECTBYIOT CpPEICTBA
obecrnevyeHns YHUKAIbHOCTH X UMEH B TIpeJieax BCel UCXOAHON mporpaMMel. [1oaToMy MOUCK diieMeHTa
B TaONUIlEe BBHIMONHICTCS MO MMEHH HIEHTU(PUKATOPA, KOTOPOE CUYUTAETCS YHUKAIBHBIM B Ipeaenax
OJIHOM TaONHIIBI UACHTU(DUKATOPOB.

[IpocTeiinue cnmocoObl opraHu3aluy TabJIUIBl UICHTU(HUKATOPOB

Tabanna naeHTHGUKATOPOB B BH/E IPOCTOrO JMHEHHOI0 CITUCKA

Camplif mpocToil crmoco® opraHu3anMy TaOIMIBI HIEHTH(PHUKATOPOB COCTOUT B TOM, YTOOBI
N00aBIIATh JIEMEHTHI B TAOJIUILY B MOPSAIKE UX MOCTyIUIeHUs. B 3ToM ciydae Tabnuia naeHTu(UKaTOpoOB
Oyzner mpeacTaBisATh COOOW MPOCTOW JMHEWHBIM CIUCOK WM MAacCHB C MEPEMEHHBIM KOJINYECTBOM
arieMeHTOB. Torza n1o0aBieHrne HOBOTO 3JeMEHTa (HOBOTO MIEHTH(UKATOpa) B TAOIUIy MPAKTHUECKH HE
Oyner TpeboBaTh 3aTpaT BBHIYMCIUTEIBHBIX PECYPCOB — BPEMsl 3aIMCH HOBOTO JIEMEHTA MPEHEOPEKMUMO
mano: T,~0. Ho mouck wmaentu¢ukaropa B Tabnuie B ATOM clydae MOTpeOyeT MOCIIeA0BaTEILHOTO
CpaBHEHHsI UCKOMOTO 3JIEMEHTA C KaKIBIM DJIEMEHTOM TaOJHUIBI, ITOKa He OyaeT HaWIeH MOAXOISIINMA.
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st Tabnunibl, conepskameid N aieMeHToB, B cpenHeM OyneT BoIOIHEHO N/2 cpaBHEHHE — TOTJa BpeMst
MOKCKa MOXHO O1eHUTh Kak: T,~N/2. Eciiu N Benuko, To 3T0T criocob Heb3st Ipu3HaTh 3P PEKTHBHBIM.

Taﬁ.lmua I/I}IeHTI/Iq)I/IKaTOPOB B BUJI€ YIIOPHAAOYECHHOI'0 CIIMCKaA

[Touck MoxeT OBITH BBIOMHEH Oosiee 3(PPEKTHBHO, €CAM 3JIEMEHTHl TAOJIHIBI YHOPSI0YEHBI
(OTCOPTHPOBAHBI) COITIACHO HEKOTOPOMY €CTECTBEHHOMY NOPSIKY. B maHHOM citydae, Korja mouck OyaeT
OCYIIECTBIISTBCS [0 UMEHH HJICHTU(UKATOpA, HANOOJIee €CTECTBEHHBIM OYyIET PaCIOJIOKUTh 3JIEMEHTHI
TaOnuIpl B anpaBUTHOM mopsiake. JD(PGEKTHBHBIM METOJOM IOMCKAa B YIOPSJIOYEHHOM crucke u3 N
AIIEMEHTOB SIBJISIETCS OMHAPHBIA WM Jorapupmuueckuil mouck. CUMBOII S, KOTOpBIM cieayeT HaiTH,
cpaBHUBaeTcs ¢ 3aemeHToM B cepenube Tabumiel: (N div 2)+1. Eciu oHM COBMAnarT, TO HCKOMBIN
3JIEMEHT HaliJieH. lHave, eciii 3TOT 3JIEMEHT He SBJIICTCS MCKOMBIM (HE COBIAJAeT ¢ S), TO HE0OXOIUMO
IPOCMOTPETh TOJBKO OJIOK 3JIeMeHTOB, mpoHymMepoBaHHbIX OT 1 g0 (N div 2), unu OJ0K 3J€MEHTOB OT
(N div 2)+2 10 N B 3aBUCHMOCTH OT TOTO, MEHBIIIC HCKOMBIN 3JIEMEHT, 4eM S WK OoJibIie. 3aTeM 3Ta ke
orepaiys MOBTOPSETCS Haj OJOKOM MEHBINEro pasMepa. Tak Kak Ha KaKIOM Iare 4Yucio 3JIEMEHTOB,
KOTOpBIC MOTYT COJEpXKaTh S, COKpallaeTcs B JBa pa3a, TO MAaKCUMalbHOE YUCIO CPaBHEHHI PaBHO
1+[logoN]. Torma Bpems moncka naeHTUPHUKATOPA MOKHO OLCHUTH Kak: T,~1+[log,N].

Jns cpaBuenus: npu N=128 OuHapHbIl MOUCK TpeOyeT camoe Oosblee § cpaBHEHUI, MOKUCK B
HEYIOPAI0UEHHOM Tabuile — B cpeiHeM 64 CpaBHEHHS.

Opnako [Uisi TPUMEHEHHS alropuTMa OWHAPHOTO TIOMCKA MAacCUB JJIEMEHTOB JOJIKEH OBITh
VIOPSIIOYEHHBIM. DTO 3HAYMUT, YTO MPHU J00ABIEHUU HOBOTO HACHTU(UKATOpPA €ro HEeNb3sl MPOCTO
n00aBUTh B KOHEI TAaONHIBI — HEOOXOJUMO CHayala HaWTH MeCTO B Taliuile, B KOTOpPOE CleayeT
3anMcath 3TOT UACHTU(PHUKATOP, TOTOM CIBHUHYTh MACCHB JJAHHBIX, HAXOSAIINXCS CIpaBa OT HAWIEHHOTO
MecTa (4TOOBI OCBOOOAUTD SUEHKY JIJIs1 HOBOTO 3JIEMEHTA), ¥ TOJIBKO MOTOM 3aIUCaTh 3JIEMEHT B TaOJIHILY.
Takum o00pa3zom, BpeMsl 3almuCHd HOBOTO HJIEHTH(PUKATOpa B TaONMIly MOXHO OIEHUTh Kak:
T~1+[logyN]+k*N/2, tae Kk — 310 KOIDPUIIHEHT, OTpaKAFOLIMH COOTHOLICHHE BBIYUCIUTEIBHBIX 3aTPaT

Ha OTlepaIiy CPABHEHUS | 3aIMCH JTAHHBIX OJHOTO AJIEMEHTA TaOJIHIIBI.

Ecin Obl omepanuu moucka M J00aBlI€HHS HOBBIX 3JEMEHTOB B TaONMIE HJIEHTU(UKATOPOB
BBITIOJIHSUIUCh C OJIMHAKOBOM YAacTOTOW, TO MPEMMYIIECTBO METO/Ja OWHAPHOTO IOUCKa OBUIO ObI
HUYTOXXHBIM: cokpamiasi Bpemsi noricka ¢ N/2 no 1+[log,N] oH B TO e BpeMsi yBemM4YMBaeT BpeMs

nobasnenns: HoBoro anemenTa ¢ 0 mo 1+[logoN]+k*N/2. OnHako B Tabnuie uACHTHOUKATOPOB MOUCK

AJIEMEHTOB BBIMOJIHAETCS CYIIECTBEHHO 4Yallle, YeM J100aBJIEHUE HOBBIX AJIEMEHTOB B Ta0JMIly, IOITOMY
INPUMEHUTEIBHO K TaOIUIE UACHTU(PUKATOPOB METOJ OMHAPHOTO MOUCKA ABIIAETCS OoJee 3PPEKTUBHBIM,
4YeM MPOCTOH JTMHEHHBIH crucok [2, 8, 14].

Tabauna npeHTHGUKATOPOB B (hopMe OMHAPHOTO IepeBa

Cy1ecTByeT eltie 0JIuH MPOCTEHIINi METO MOCTPOEHUS TaOIUI] UACHTU(PUKATOPOB, IPU KOTOPOM
Tabmauma uMeeT Gpopmy OMHapHOTO AepeBa. Kaxkaplil y3enm Takoro jgepeBa MpeacTaBiseT COOON AIIEMEHT
TaOJIHUIBI, Y KOTOPOrO MOXKET ObITh He Ooyiee ABYX JOYEPHUX DJIEMEHTOB, NMPUYEM KOPHEBOH Yy3eln
SBIISICTCSA TIEPBBIM AJIEMEHTOM Tabiuubl. [Ipu mocTpoeHMH JepeBa 3JIEMEHTHI CPaBHUBAIOTCS MEXKITY
CO0OM, M B 3aBUCUMOCTH OT Pe3yJIbTaTOB, BEIOMpPAETCS MyTh B JIEPEBE.

PaccmoTpuM anroputm 3anojHeHUs OMHAPHOTO JAepeBa. bynem cuutaTh, 4TO aNropuTM paboTaer ¢
MOTOKOM BXOJHBIX JAaHHBIX, COJEpXKAIlUM HJIEHTU(UKATOPHl (B KOMIMIATOPE STOT IMOTOK JaHHBIX
MOPOXk/IaeTcsl B Mpoliecce pazdopa TekcTa UCX0IHOM nporpammsbl). [lepBblil naeHTH(GUKATOP TOMEIIaeTCs
B BEpUIMHY JepeBa. Bee nanpHelme uaeHTHPUKATOPHI MONAA0T B IEPEBO M0 CIEIYIOLUIEMY alrOPUTMY:
Illae 1. BeiOpath ouepeqHOW HIEHTU(UKATOP U3 BXOJHOIO IIOTOKAa JaHHBIX. Eciam odepenHoro
UICHTU(PHUKATOPA HET, TO IOCTPOCHUE JIePEeBa 3aKOHUEHO.

Llae 2. CnenaTh TEKYIIUM Y3JI0M JIepeBa KOPHEBYIO BEPIIMHY.
Ilae 3. CpaBHUTD OYepeIHONW HICHTU(UKATOP C UACHTHU(PHUKATOPOM, COACPIKAIIMMCS B TEKYILEM Y3Je
JepeBa.
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Illaz 4. Ecnu ouepenHOUW WIAEHTU()HUKATOP MEHbINE, TO MEPEHTH K IIary 5, eciau paBeH — cOoOUuTh 00
OomMOKE W TPEKPATUTh BBHIMIOJHEHHE QJITOpPUTMA (IBYX OJIMHAKOBBIX WJICHTU(PUKATOPOB OBITH HE
JIOJDKHO!), MHa4Ye — MeperTH K mary 7.
Ilaz 5. Ecnu y TEKyIIEro y3ia CyIIeCTBYeT JieBasi BEPILIUHA, TO C/IeTaTh €€ TEKYIUM Y3JIOM U BEPHYThCS K
mary 3, uHade MepeuTH K mary 6.
Illaz 6. Co3nath HOBYIO BEpIIHMHY, IIOMECTHTh B Hee O4YepeaHOW HICHTHU(PHUKATOp, CAENIaTh 3Ty HOBYIO
BEPILKHY JIEBOM BEPIIMHOMN TEKYIIEro y3ja U BEpHYThCS K mmiary 1.
laz 7. Ecnu y TeKyIEro y3jia CylecTBYeT IIpaBasi BEpLINHA, TO CAETIaTh €€ TeKYIIUM Y3JIO0M U BEpHYThCS
K mary 3, iHaue mepenTH K mary 8.
Illaz 8. Co3nath HOBYIO BEpIIMHY, IOMECTHTh B Hee O4YepeaHOW HIACHTHU(PHUKATOp, CAENaTh 3Ty HOBYIO
BEpILMHY [IPaBOi BEPIIMHOMN TEKYIIEro y3ja U BEpHYThCsA K mary 1.

Ha puc.l nokazana mocienoBaTenbHOCTh MOCTPOCHUS TaOMUIBl UAEHTU(UKATOPOB B (dopMme
OuMHapHOro JepeBa JUisd BXOAHOro mnoroka uaeHtudukatopoB: G D1 M EA2 AR B FE3. Ha puc.l,a
MoKa3zaHa Ta0NHIla C OJHUM KOPHEBBIM ayieMeHTOM i uaeHtudukatopa G. Temeps Hajgo 3amucaTh
unentudukarop D1. [lnsg Hero BeIOMpaeTcs eBast BETBb OT KOPHs JepeBa, Tak kak D1<G (puc.1,0). danece
sanumeM uaeHTudukatop M. Tak kak M>G, nms M BeiOupaetcs npaBast BeTBb oT y3ia G (puc.1,0).
Hakownen, 3anumem uaentudukatop EA2. Tak xak EA2<G, 1o maem mo neBoit ayre ot y3na G u
nomanaeM B y3en D1, EA2>D, nostomy EA2 nonanaer B mpaByto BeTBb OT y31a D1 (puc.1,B). Ha puc.1l,r
M300pakeHO JEPEBO MOCJIE TOro, KaK B HEro Takxke ObuTH 100aBiaeHbl uaeHTudukaropsl AR, B u FE3.

G G G G
DI M D1 M D1 M
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EA2 AR EA?
L
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a § B r

Puc. 1. IIpumep Tabmuis! nieHTHGUKATOPOB B popMe OMHAPHOTO JiepeBa

[Touck HyXHOTO »dJIeMEHTa B Tabnuie wuaeHTUPUKATOpoB B (opme OMHApHOTO JAepeBa

BBITOJIHSETCS 110 aJITOPUTMY, CXOKEMY C AJITOPUTMOM 3aIOJIHEHUS 3TOTO JIEpeBa:

Ilae 1. CaenaTh TEKYUIUM Y3JI0M JepeBa KOPHEBYIO BEPILIUHY.

[lae 2. CpaBHUTh WCKOMBIH HICHTH(PHUKATOP C WACHTU(PUKATOPOM, COACPIKAIIMMCS B TEKyIIEM Y3JIe
JepeBa.

Llae 3. Ecnmn naeHTU(UKATOPBl COBNANAIOT, TO MCKOMBIA HICHTH()HKATOp HAWJCH, aJTOPUTM IOWCKa
3aBepIlIeH, NHAU€e HaJ0 NEepenTH K mary 4.

Llae 4. Ecnu oduepeHON WACHTH(PUKATOP MEHBIIE, TO TIEPEHTH K Iary 5, HHa4e — MeperTH K mary 6.
Ilae 5. Ecnu y TeKylIero y3ja CyllecTBYET JieBasi BEpLUIMHA, TO CJIENaTh €€ TEKYIIUM Y3JI0M U BEPHYThCS K
niary 2, iHade HCKOMBIM HIEHTU(PUKATOp HE HalJIeH, allTOPUTM 3aBEpIIEH.

Ilae 7. Ecnu y TeKyIero y3ija CylmecTBYyeT MpaBas BepLINHA, TO CAeTIaTh €€ TeKYIIUM Y3JI0M U BEpHYThCS
K L1ary 2, iHaye UCKOMBII HJIeHTU(UKATOP HE HallIeH, aITOPUTM 3aBEpILIEH.

Hampumep, npousBenem Mouck B JepeBe, n300pakeHHOM Ha puc. 1, uaeHtudukaropa AR. bepem
KOpHeBYI0 BepmimHy G (OHa CTaHOBHTCS TEKYIIMM Y3JIOM), cpaBHMBaeM uaeHTH(dukatopel G u AR.
HckoMblii MAEHTU(GUKATOP MEHbIIE — TEKYIIMM Y3JIOM CTaHOBHUTCs JieBas BepmuHa DI1. Omsare
CpaBHUBaeM HJeHTU(UKATOPBI. VICKOMBII MIEHTHU(PUKATOP MEHbILE — TEKYLLIUM Y3JI0M CTaHOBMTCS JI€Bas
BepmrHa AR. [Ipu cnenyromem cpaBHEHUH NCKOMBIN UACHTU(UKATOP HAWICH.
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Ecnu uckate orcyrcTBytomuii B Tabnuie waeHTuukarop — Hampumep, AZLl, TO TOUCK OISITh
noiaeT or KopHeBou BepmmHbL. CpaBHuUBaeM uacHTHGUKaTopel G u AZl. Mckomblii uaeHTHGUKATOD
MEHbIIIE — TEKYIIMM Y3JIOM CTaHOBHTCS JieBas BepmumHa D1. Omste cpaBHHMBaeM HIEHTH()HKATOPEHI.
Wckomblii uneHTH(QHUKATOp MEHbIIE — TEKYIIUM Y3JI0M CTaHoBHTCs JjeBas BepmuHa AR. CHoBa
BBINIOJIHSIEM CpaBHeHUe. VcKoMblid uaeHTH(HUKATOp OOJIbIIE — TEKYIIMM Y3JOM CTAaHOBUTCS IpaBas
BepmHa B. CpaBuuBaem AZl u B. VMckoMmbiii uaeHTHGUKATOp MEHBIIE, HO JieBas BepIIMHA y y3ia B
OTCYTCTBYET, TIO9TOMY B JIAHHOM CIJTy4ae UCKOMBII HICHTU(UKATOP HE Hal/ICH.

Jis maHHOTO MeTOoJa KOJIMYECTBO TPEOYyeMbIX CpaBHEHUH W (opMa MOJTydHBIIErocs IepeBa
3aBUCAT OT IOPSIKA, B KOTOPOM HJICHTH(HKATOPHI MOCTYIAIOT Ha BXOX. B cpemHem mpu 0OJbIIOM
KOJINYECTBE MICHTU()PHUKATOPOB MOXKHO CUHTATh, YTO METOJ] OMHAPHOTO JEpeBa, Kak U METOJ] OMHAPHOTO
MOMCKA Ha KKIOM IIare COKpaIaeT KOJIMYeCTBO HCKOMBIX JIEMEHTOB B JIBa pa3a. Torma cpeaHee BpeMs
HOMCKa WICHTU(HKATOpa B JepeBe MOXHO oueHuTh Kak: T,~1+[logoN], rme N — kommuecTBO

uneHTH(UKaTOpoB B Tabmuie. Ho mockosibKy 3amiuch HOBOTro WACHTH(UKATOPA B IEPEBO BBIMOIHSICTCS 10
AQHAJOTUYHOMY QJITOPUTMYy M, B OTIMYHE OT YHMOPSIOYCHHOIO MAacCHBa, HE TpeOyeT CIBHUIa JIAHHBIX,
cpelHee BpeMs 3aIliiCi HOBOT'O MJICHTH(HKATOpa B IEPEBO TAK)KE MOXKHO OLIEHHUTH Kak: T,~1+[log,N].

Kak BHIHO, CpeaHECTaTHCTHUECKH METOJl OpraHU3allMy TaOJIHIBl HISHTU(PHUKATOPOB B (opme
OMHApHOTO JepeBa HMMEET JIy4IIHe XapaKTePUCTHKH, YeM METOJl, OCHOBAHHBIH Ha YIOPSJAO0YECHHOM
JMHEHHOM CITUCKE 3a CYET OTCYTCTBUS HEOOXOAMMOCTH CABHIATh YK€ CYIIECTBYIOUIME DIIEMEHTHI
TaOIUIBI IPU 100aBICHUN HOBOrO UAaeHTU(UKaTopa. OHAKO METO/, OCHOBAaHHBIN Ha OMHAPHOM JIepeBe,
MMEET JJBa OCHOBHBIX HEJIOCTATKa.

[lepBBIii ero HEZOCTATOK CBA3aH C caMoil (opmMoill opraHuzanuu TaOmuubel — aepeBoM. Jlms
pa3MelrieHuss OMHAapHOrO JepeBa B MaMITH KOMIBIOTEpAa TOTPEOYIOTCS HAKJIAHBIE PacXOJbl
BBIYHCIIUTEIIFHBIX PECYPCOB, BBI3BaHHBIE HEOOXOAMMOCTBIO PA0OTHI C AMHAMHYECKOH MaMSTHIO TIPH
pasMelIeHUH >JIEMEHTOB JepeBa, a TakXKe HEoOXOJAMMOCTBIO XPAaHEHHUS [BYX CCBUIOK Ha JOYEpHHE
AJIEMEHTHI B KaX/10M 3JI€MEHTE TaOIHUIbl. DTOT HEAOCTATOK MOXKHO CUUTATh HECYILIECTBEHHBIM.

Bropoii HemocTaTok JaHHOIO MeToJla CBs3aH C TeM, 4To (opma JepeBa, a 3HA4YMUT, U
3P PEKTUBHOCTh METOJa CYLIECTBEHHO 3aBUCAT OT MOPSAJKA MOCTYIUICHHUs WIACHTU(UKATOPOB Ha BXoX. B
YAaCTHOCTH, €CIM WACHTU(UKATOPBI MOCTYNAOT Ha BXOJ YIOPSJOYEHHO (B MPSAMOM MIM OOpaTHOM
andaButHOM Topsinke — Hampumep, A B C C22 D1), noctpoeHHOE AEpeBO MOIYy4aeTCsl MOJHOCTHIO
BBIPOXK/ICHHBIM B OJHY €IMHCTBEHHYIO BETBb U 3(P(PEKTUBHOCTh MeTojaa Tepsercs. Ho B peanbHbIX
KOMITBIOTEPHBIX MPOrpaMMax MJIEHTU()UKATOPHI MOCTYMAIOT Ha BXOJI HEYHNOPSJOYEHHO, I0ATOMY JaHHBIM
HEJI0CTaTKOM MOJKHO MpeHeOpeyb.

Takum o0pazom, ¢ y4€TOM YCIOBHUH NMPUMEHEHHs A PEHAIbHBIX BXOJHBIX MPOrpaMM METOJ
MOCTPOCHMS TaOJIUIBI UIEHTU(PUKATOPOB B (hopMe OMHAPHOTO JepeBa A0cTaToyHO 3 dekTuBeH. JJaHHbII
METOJ MPUMEHSUICA B PEATbHBIX KOMITUIISATOPAX.

Xem-pyHKIUK U XeIlI-aJIpecalius

IIpuHIMNBI padoThl Xem-pyHKIMIA

Jlorapudmuueckasi 3aBUCUMOCTb BpPEMEHHM IIOMCKa UM BPEMEHHM 3allOJHEHUS  TaOJUILBI
UICHTU(PHUKATOPOB OT KOJIUYECTBA UJCHTU(UKATOPOB — 3TO CAMBIH JIyUIIUH pe3ynbTaT, KOTOPOro MOYKHO
JOCTHYb 3a CYeT NPUMEHEHHUs NPOCTEHIIMX METOAOB opraHu3auuu Tabnun. OAHAKO B peajbHBIX
UCXOJIHBIX MpPOTrpamMMax KOJMYECTBO HMJICHTU(UKATOPOB CTOJIb BEIHKO (JIECATKH THICSY U Oosee), uTo
Jake JIOrapu(MHUUYECKyl0 3aBHUCMMOCTh BpPEMEHM TIOMCKAa OT MX 4YHCIa HeNb3s IPU3HATH
yaoBneTBoputenbHoil. Heobxomumbl Gosee 3pQeKTHBHBbIE METOABI MOMCKa HMH(OpManuu B Taliuie
UACHTU()HUKATOPOB.

Jlydmux pe3yabTaToB MOXKHO JJOCTHYb, €CIIM MPUMEHHUTh METObI, CBA3aHHBIC C MCIIOJIb30BaHUEM
Xenr-(OyHKIUHN U XelI-apecaruy.

Xew-¢pynkyueni F Ha3pIBaeTCSI HEKOTOPOE OTOOpaKEHHE MHOKECTBAa BXOJHBIX 3JIeMEHTOB R Ha
MHOXXECTBO WENBIX HeoTpHuuatenbHbiXx uucen Z: F(r) = n, reR, neZ. Cam TepmuH «xem-(QyHKIUI
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NPOMCXOIUT OT aHrmuiickoro tepmuna «hash function» (hash — «wmemare», «CMeNIMBATEY, ITYTATh).
MHOXECTBO JOIMyCTUMBIX BXOJHBIX 3J€MEHTOB R Ha3biBaeTcsi 00JIACTBIO OMpEACTICHHS Xell-(QYHKITUH.
MHoxecTBOM 3HaueHWi Xxem-pyHkiuu F HaspiBaeTcs moaMHOXkecTBO M M3 MHOXECTBa IENbIX
HeOTpHIaTeNbHbIX rcel Z: McZ, conepikaliee Bce BO3MOXHBIC 3HaUCHUs, BO3BpaiaeMble GyHKIuen F:
VreR: F(NeM u YmeM: dreR: F(r)=m. IIpouecc oTobpakeHus1 00JacTH OMpPEACICHUS XeII-DyHKIIUN
Ha MHOKECTBO 3HAYCHUI Ha3bIBACTCS «XCIIHPOBAHUEM).

[Ipu pabGorte c¢ Tabmuiei HIASHTUPUKATOPOB XemI-(QYHKIMS ODKHA BBIMOIHATH OTOOpaKCHHE
UMEH HJICHTU()UKATOPOB HA MHOXKECTBO IEJIBIX HEOTPHUIATEIILHBIX Yrcest. OOIacThiO ONpeIesICHHs TaKOW
xem-QyHKIUH OyJeT MHOXKECTBO BCEX BO3ZMOXKHBIX HMEH HICHTH(PHKATOPOB.

Xewi-adpecayusa 3aKi0O4YaeTcsl B WCIOJB30BaHUM 3HAYCHUS, BO3BPAIIAEMOTO XemI-QYHKIUCH, B
Ka4yecTBE ajpeca SYCHKM HEKOTOPOro MacChBa JaHHBIX. Pa3Mep MaccuBa JOJDKEH COOTBETCTBOBATH
00J1acTH 3HAUCHHWH HCIOJIb3yeMOW Xem-QyHKIUH. B peaqbHOM KOMIWIATOpE O0JIACTh 3HAYCHUU Xelll-
(GYHKIIMY HE JOJDKHA MPEBBIIIATH pa3Mep JOCTYITHOTO aJ[peCHOTO MPOCTPAHCTBA KOMITBIOTEPA.

Merton opraHuzanuu TaOIUI HICHTH()HUKATOPOB, OCHOBAHHBI HAa WCIOJb30BAaHUU XCIII-
aJipecallii, 3aKIYaeTCsl B pa3MEIICHHH KaXKIOro 3JEMEHTa TaOJHIBI B sueiike, aapec KOTOpOou
BO3BpallaeT Xell-QyHKIHUs, BBIUMCICHHAs I ATOrO 3JeMeHTa. Torga B HWACAIbHOM Cilydae st
pa3MeIeHH s JII000T0 dIIEMEHTa B TaOJIHIIe UACHTU(PUKATOPOB JOCTATOYHO BBIYMCIIUTE €T0 Xell-()YHKIIHIO
U O0OpaTUThCS K HY)KHOW sSYEeKe MaccuBa JaHHBIX. J[JIs MOMCKa 3JieMeHTa B TaOJMIle HEOOXOIUMO
BBIYUCIIUTH XEII-(QYHKIUIO Ui UCKOMOTO 3JIEMEHTa U TMPOBEPUTH, HE SBIISICTCS JIM 33JJaHHAs €l0 siuciika
MaccuBa TycToil. Eciu oHa He mycra — 3JIeMEHT HaiijieH, eciu mycta — He HaiijieH. [lepBoHavanbHO BCe
STYCHKH MacCHBa JAHHBIX JIOJDKHBI OBITh ITyCTHIMHU.

OrtoT MeTo]1 BechMa dPPEKTHUBEH, MMOCKOIBKY KaK BpPEMs pa3MEIICHHUs JIeMEHTa B TaOJHIIe, TaK U
BpEMsI €ro TIOMCKa OIPEIENIOTCA TOJIbKO BPEMEHEM, 3aTpavyMBacMbIM Ha BBIYMCIICHUE XEII-(DYHKIIHH,
KOTOpoe B OOIIeM cllydae HECOMOCTaBUMO MEHBIIE BPEMEHHU, HEOOXOJMMOTO Ha MHOTOKpaTHBIE
CpaBHEHHMSI 2JIECMEHTOB TaOJIHIIbI.

Meton uMmeeT J1Ba OYEBHIHBIX HeAOCTaTKa. [lepBblii M3 HUX — HEIPY(HEKTUBHOE HCIIOJIb30BAHUEC
o0beMa TaMsITH TOJ TaOJNUIly WIACHTU(PUKATOPOB: pa3Mep MaccuBa IS €€ XpaHCHHS JOJDKEH
COOTBETCTBOBATh OOJIACTH 3HAYCHUH Xell-(QyHKIHUH, B TO BpEMs KaK peallbHO XPaHUMBIX B TaOJHIIe
UACHTU(PUKATOPOB MOXKET OBITh CYIIIECTBEHHO MeEHbIIe. BTOpoll HeZocTaTok — HEOOXOAMMOCTh
COOTBETCTBYIOIIETO Pa3yMHOTO BBIOOPA XeII-(PYHKITUH.

IMocTpoenne Tadaun NIEHTU(PUKATOPOB HA OCHOBE XelI-(PYHKIMIA

CymecTByIOT pa3nu4Hble BapuaHThl Xenr-pyHkmwid. [lomydenue pesynbrata Xem-(QpyHKIHMH —
«XEIINPOBAHNE» — OOBIYHO IOCTHTAeTCS 3a CUET BBINOJHEHUS HAJ IETMOYKOH CHMBOJIOB HEKOTOPBIX
MPOCTHIX apu(MeTHYeCKUX W/Miu Jornueckux onepauuid. Camoil mpocroil xem-pyHKuuen a1 cuMBoja
SIBIISIETCS KOJI BHYTPEHHETO TMPENICTABICHHS B KOMITBIOTEPE JIUTEPHI CUMBOJIA. DTy XeII-(pYHKIIUIO MOKHO
UCTIONIB30BaTh M JUIS LENOYKH CHMBOJIOB, BHIOMpas TEpBbIA ee cMMBOJ. Hampumep, eciii JBOMYHOE
NpeCTaBJICHHEe CHMBOJIA A €CTh KOA 00100001,, TO pe3yabTaTOM XEIIMPOBAHUS HIACHTH(PHKATOPA
ATable OyneT Koa 00100001,.

Xenr-GpyHKIUS, MPEUIOKEHHAsT BBIIIE, OYCBHIHO HE YAOBJIECTBOPUTENbHA: MPH HCIIOJIH30BAHUH
TaKOW Xem-QyHKIIMH BO3HUKHET MpoOJieMa — JIBYM Pa3JIMYHBIM HICHTH(UKATOpaM, HAUMHAIOIIAMCS C
OJTHOW W TOM ke OYKBBI, Oy/IeT COOTBETCTBOBATH OJIHO M TO K€ 3Ha4eHHe Xem-pyHKiuu. Toraa mpu xemi-
aJipecaliii B OJIHY SYCHWKY TaOJUIBI UICHTH(QHUKATOPOB 1O OJHOMY M TOMY € aJpecy IOJDKHBI OBITh
TIOMEIICHBI JIBAa Pa3IMIHBIX WICHTH(PHUKATOPA, YTO SBHO HEBO3MOXKHO. CHTyaIus, KOTAa IBYM HIH Oosee
UICHTU(PUKATOPAM COOTBETCTBYET OJIHO M TO K€ 3HaUCHHE XeNI-(DYHKIINU, Ha3bIBACTCS KOLIUZUCH.

EcrectBeHHO, uTO Xem-QyHKIMS, AOMYyCKalollas KOJUIM3UU, HE MOXET ObITh HampsMylo
MCIIOJIb30BaHa JJIsl Xell-aJipecaliuy B Tabmauie uaeHTuGuKaTopoB. JJOCTaTOUHO MOIYYUTH XOTA OBl OJUH
CIIyJail KOJUTM3WMH Ha BCEM MHOXXECTBE HICHTH(PUKATOPOB, YTOOBI TaKOW XemI-(PyHKIIMEH HENb3s ObLIO
M0JIb30BaThCs HEemocpeaAcTBeHHO. Ho B mpuMepe B3siTa camasi ayieMeHTapHas Xeul-QyHKIHs. A BO3MOXKHO
JIM IOCTPOUTH XeUI-PYHKIINIO, KOTOpas Obl MOJHOCTHIO UCKITI0Yajia BOSHUKHOBEHHE KOJUTU3UIL?
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JUIs TIOTHOTO MCKJTFOYEHUS] KOJUTM3MH Xell-(QyHKIHS JOJDKHA OBITh B3aMMHO OJHO3HAYHOI:
Ka)XJIOMY 3JIEMEHTY U3 00JIaCTH OnpeesieHHsI Xell-(QyHKIUU JTOJDKHO COOTBETCTBOBATH OJTHO 3HAYCHHUE 3
€e MHOXECTBa 3HAYCHHWW, W KaXKIOMY 3HAUCHHIO W3 MHOXXECTBA 3HAYEHUH JTOH (YHKIMU JOJDKEH
COOTBETCTBOBATh TOJILKO OJIMH JJIEMEHT W3 €€ oOyacTu ompeneneHus. Torma ABYM TPOU3BOJIBHBIM
JJIEMEHTaM M3 O0JIACTH ompesesieHus Xenl-QyHKuu OyayT BCeraa COOTBETCTBOBATH JIBA PA3IMYHBIX €€
3Ha4YeHUs. TeopeTndecKu sl UACHTU(DUKATOPOB TaKyIO XelI-(QDYHKIIMIO TOCTPOUTh MOXHO, TaK KaK U e
obsacTe ompeneneHus (Bce BO3MOXKHBIC MMEHA HMJICHTHU(PUKATOPOB), U 00JACTh €¢ 3HA4YeHWH (IIebie
HEOTPULIATEIILHBIC YKCIIA) SIBJISIOTCS OCCKOHEYHBIMH CUETHBIMH MHOXKECTBAMH. TEOPETHYECKH MOMHO
OpPraHu30BaTh B3aMMHO OJIHO3HAYHOE OTOOpaKEHHE OJTHOTO CYETHOTO MHOXKECTBA Ha JIPYroe.

Ho Ha mpakTuke CyIiecTBYeT OrpaHHuYEHHE, JEJarollee CO3JaHHe B3aWMHO OJIHO3HAYHOW Xell-
GyHKIMU U1 UISHTH()UKATOPOB HEBO3MOXKHBIM. J[eo B TOM, YTO B PEaTbHOCTH O0JIACTh 3HAYCHHIA
Tr000# Xem-(QyHKIUN OTpaHuYeHa Pa3MepOM JIOCTYITHOTO aJIPECHOTO MPOCTPaHCTBA KoMmmbloTepa. [lpu
OpraHu3alluy XeIl-aJIpecali 3HaYCHNE, UCII0Ib3yeMOe B KaueCTBe ajipeca TaOJUIbl HICHTU(UKATOPOB,
HE MOJKET BBIXOJUTH 3a IPEJEIIbl, 3a/laHHbIC Pa3psIHOCTHIO ajpeca KOMITboTepa. MHOXECTBO aIpecoB
Jr000T0 KOMIIBIOTEpA MOXKET OBITh BEIMKO, HO OHO BCET/Ia KOHEYHO, TO €CTh orpaHu4eHo. OpraHu3oBartb
B3aMMHO OJIHO3HAYHOE OTOOpaKCHHE OECKOHEYHOr0 CYETHOIO MHOXECTBA HAa KOHEYHOE JIaXke
TEOPETUYECKH HEBO3MOXKHO. MOXHO y4YecTh, YTO JUIMHA NPUHUMAEMOW BO BHUMAaHHE YacTH HMEHU
UJICHTU(PUKATOPA B PEATBHBIX KOMIIHIATOPAX TAKXKe OrpaHMuYeHa — OOBIYHO OHA JICXKHT B Mpeenax ot 32
1o 128 cuMBOIIOB (TO €CTh, M 00JIACTh OmpeseNeHus Xenl-QyHKIMA KoHevHa). Ho ¥ Torma Koim4ecTBo
2JIEMEHTOB B KOHEUHOM MHOXKECTBE, COCTABIISIOIIEM 00JIaCTh OmnpeesieHus: (DyHKIMU, OYAET MPEBHIIIATh
UX KOJMYECTBO B 00JIACTH 3HAUCHHUH QYHKIMH (KOJIMYECTBO BCEX BO3MOXHBIX UIACHTU(UKATOPOB OOJIbINE
KOJINYECTBA JIOMYCTUMBIX aJPECOB B COBPEMEHHBIX KOMITbIOTEpax). Takum o0pa3oMm, cO3/1aTh B3aUMHO
OJTHO3HAYHYIO XelI-PYHKIUI TpPaKTUYECKH HEBO3MOXKHO. CienoBarenbHO, HEBO3MOXKHO H30eXKaTh
BO3HUKHOBEHHUS KOJUIA3HI.

[ToaToMy Ha MpakTHUKe XeIlI-aJPECAIHI0 UCTIONIB3YIOT HE HAMPSAMYIO, @ B COUETAaHUH C KAKUM-THO0
METOJIOM, TTO3BOJIIOIINUM OOPOTHCS C BOSHUKAIOIIUMH KOJUTM3USMU. YacTh TaKUX METOJIOB PAacCCMOTpEHa
nanee.

IMocTpoenne Tadaun HIEHTU(PUKATOPOB C MOMOIIBIO PeXelIUPOBAHUSA

Jns pemienus npoOiemMbl KOJUIM3MM MOXHO HCIIOJIB30BaTh MHOTO Croco0oB. OAHMM M3 HHUX
SBIISIETCSI METOJ] pexeuiuposanus (Ui pacctaHoBku). CoriacHO 3TOMY METOIY, €ClId JJiA dJieMeHTa A
anpec h(A), BeIMHCICHHBII C TMOMOIIBIO Xem-(QyHKIUU N, yka3bIBaeT Ha YK€ 3aHATYIO SUYCHKY, TO
HEOOXOJMMO BBIYMCIHUTH 3HaueHHe QyHKIMHA N1=hi(A) ¥ MPOBEPUTH 3aHATOCTH SYCHKHU MO ajpecy Nj.
Ecnu u oHa 3aHsATa, TO BBIUMCIsAETCs 3HaueHHe Ny(A) U Tak 10 TexX mop, Mmoka Jmbo He OyaeT HaileHa
cBoOOIHas stueiika, oo ouepeanoe 3Hadenue hi(A) cosmamer ¢ h(A). B mocmeanem ciydae CUMTaeTcs,
4yTO Ta0nuIa HACHTH(PUKATOPOB 3aMOJIHEHA, U MECTa B HEW OOJbIe HET — TOT/Ia BBIAAETCS MHGOpMAITUS
00 ommbKe pazMenieHus: uaeHTU(GUKaTOpa B TAOIHIIE.

Takyo Tabnuiy UWACHTUPUKATOPOB MOXKHO OPraHU30BaTh [0 CIEAYIOIIEMY alrOpUTMy
pa3MeIIeHHs dJIeMEHTa:

[llae 1: Beruncnauts 3HaueHue xem-gpyHknuu N = h(A) 11 HOBOro semenTa A.

[lae 2: Ecnu siaeiika 1o ajpecy N mycrasi, TO TOMECTHTh B HEe AJIEMEHT A U 3aBEepIIUTh allTOPUTM, HHAYE
I:=1 1 mepelTH Kk mary 3.

Ilae 3: Beruucautes N = hij(A). Ecnu siueiika mo anmpecy N mycras, TO MOMECTUTh B Hee 3JeMeHT A U
3aBEPIINTH AJTOPUTM, MHAYE MEPENTH K mary 4.

Illaz 4: Ecnu n = nj, To cooOmuUTh 00 OMIMOKE M 3aBEpIINTh AJITOPUTM, WHa4Ye i:=i+1 U BepHYTbCSA K
mary 3.

[Touck snementa A B Tabmuie WIACHTU(OUKATOPOB, OPraHW30BAHHOM TakuUM oOpa3zoM, OyaeT
BBITMOJIHATHCS 110 CIEAYIONIEMY AITOPUTMY:

[llaz 1: Beraucnuth 3HaueHue Xem-pyHkiun N = h(A) 11 nckoMoro saemenTa A.
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[lae 2: Ecnu g4eiika 1o ajgpecy N mycras, TO 3JIEMEHT HE HalJIeH, aJlTOPUTM 3aBEpIIEH, HHAYE CPAaBHUTH
UM DJIEMEHTA B siUeiike N ¢ IMEHEM UCKOMOTO 3JieMeHTa A. Eciii OHM COBMAIaroOT, TO 3JIEMEHT HaiiieH U
AJIITOPUTM 3aBEpIICH, HHaue i:=1 u mepeiTu K mary 3.

Illaz 3: Berauciuts N = hj(A). Eciu sdeiika mo aapecy Nj mycras Wik N = Nj, TO 3J€MEHT HE HaiaeH u
QITOPUTM 3aBEpIICH, NHAYE CPABHUTH MMs JIEMEHTA B sUCHKe Nj ¢ UMEHEM HCKOMOro areMeHTa A. Eciu
OHH COBIAJIAIOT, TO JIEMEHT Hal/ICH U aJITOPUTM 3aBepliieH, HHave i:=i+1 u moBTOpUTH mar 3.

[lpu Takoil opraHuzanuu TaONHUIl HICHTU(OUKATOPOB B Cllydac BO3HUKHOBEHHS KOJUIU3HH
QITOPUTM pa3MeIaeT AIEMEHTHI B YCTHIX sUCHKaX TaOJIHIIbI, BRIOMpasi HX OINpeleieHHbIM o0pazom. [Ipu
9TOM DJIEMEHTHI MOTYT TOMAJATh B SYCHKH C apecaMu, KOTOPbIE IIOTOM OyIyT COBIAAATh CO 3HAYCHUSIMU
Xem-QyHKIUH, YTO MPHUBEICT K BO3SHUKHOBEHUIO HOBBIX, JOMOJHUTEIBHBIX KOJUTM3HMA. Takum oOpa3om,
KOJINYECTBO OIepanuii, HEOOXOAUMBIX JUIS TIOMCKA WM pa3MEIICHUS B TaOJMIIE AJIEMEHTA, 3aBUCHT OT
3aIlOJTHEHHOCTH TaOJIHIIBI.

Jns  opraHuzanuy TaOIUIBl WACHTU(PUKATOPOB MO METOJY pPEXCIIHMpPOBAHMS HEOOXOIMMO
onpenenuTs Bce xem-QpyHknuu hi mis Beex I. Yarne Bcero ¢yHkimu hj onpeaesnsor Kak HEKOTOPYFO
mMoaudukanuio xenr-¢pyukiun h. Hampumep, cambiM MpOCTBIM MeTOIOM BbruuciaeHuss (yHkiwu hi(A)
sBisiercs ee opranmsanus B Buzae hi(A) = (h(A) + pi) mod Ny, rae pi — HEKOTOPOE BBIYHCISEMOE IEI0E
qucio, a Ny — MakCUMallbHOE 3HAYEHHME U3 001acTH 3HaYeHu# xem-QpyHkiuu h. B cBoto ouepenb, caMbiM
IPOCTBIM TOAX0JI0OM 37eCh OyaeT mojaoxuth Pi = i. Torma momygaem dopmyiy hi(A) = (h(A)+i) mod Nn,,. B
9TOM CjIydae MpH COBIMAJCHUM 3HAYCHUH XeIl-(pYHKIUU I KaKUX-JTHOO 3JIEMEHTOB TOMCK CBOOOIHOM
sYeiKU B TaOJIMIle HAYMHACTCS MOCIICA0BATEILHO OT TEKYIIEH MO3MIINH, 3adaHHoN xeni-pyHKimen h(A).
Takoli METO/1 Ha3bIBACTCS NPOCMbIM PEeXeUUPOBAHUEM.

3T0T crocol Helb3sl MPU3HATh OCOOCHHO YIaYHBIM — TPU COBIAJCHUU XEII-aPECOB DJICMEHTHI B
TaOJIMIIC HAYMHAIOT TPYIITUPOBATHCS BOKPYT HHUX, YTO YBEJIUYHUBACT YUCIIO HEOOXOUMBIX CPABHEHUH TPU
Moucke M pasmenieHuu. Ho nmake Takoi MPUMHUTHUBHBIA METOJ PEXEIIUPOBAHMS SIBISIETCS JOCTATOYHO
3¢ (HEeKTUBHBIM CPEICTBOM OpraHU3aIuU TaOIUIIBl UACHTH(PUKATOPOB MPU HEMOTHOM €€ 3allOJIHEHUH.

CpenHee BpeMs Ha MOMELIEHHWE OJHOIO 3JE€MEHTa B TaOJMIly M Ha MOUCK dJIEMEHTa B Talinuie
MOKHO CHU3WTh, €CIM TMPUMEHUTH OoJiee COBEpPIIECHHBIH MeToj pexemmupoBaHus. OTHUM U3 TaKUX
METOJIOB  SIBJSIETCST  MCToONb3oBaHWe B kadectBe Pi  ama  pyakmuu  hi(A)=(h(A)+pi) mod Ny,
MOCJIEI0BATEIbHOCTH TICEBIOCTYYalHBIX LEIbIX YHCced P1, P2, ..., Pk. IIpu xopomem BbIOOpe reHepaTopa
NICEBJOCTyYaliHBIX YHCeN JauHa mocinenoBarensHocT K Oyner k=Np. B kadecTBe camoro mpocToro
BapHaHTa IOCIE0BATEIbHOCTU TCEBAOCTYYaHBIX YUCEN MOXKHO B3STh BBIYUCIECHHE Pj MO (dopmyre
pi=(i*K)/L, rae K u L momxHbI ObITH MPOCThIMU yucaaMu (L BBIOMPAIOT MakcHMalbHO Oyin3ko K N, a K
6epyt okouto L/2).

CyIlIecTBYIOT M APYrHe METOMbl OpraHu3aiuu QGyHKIud pexemupoanus hij(A), ocCHOBaHHBbIE Ha
KBaJIpaTUYHBIX BBIYMCICHUSIX WM, Hampumep, Ha Bbraucinenuu no dopmyne: hi(A) = (h(A)*1) mod Np,
ecnu Ny — mpocToe uncio. B nienom pexermmpoBaHue MO3BONISET JOOUTHCS HEIUIOXUX PEe3yIbTaTOB IS
3 PEKTUBHOTO MOKMCKa dJIEMEeHTa B TaOnuie (Iydlux, 4yeM OMHApHBIA MOMCK M OMHApHOE JEepeBO), HO
3¢ (HEeKTUBHOCT, METOAA CHJIBHO 3aBUCHUT OT 3allOJIHEHHOCTH TAaOJHIBI MIESHTU(UKATOPOB M KadecTBa
UCIIONIE3YeMOH Xell-(hyHKIIUN — YeM peke BOSHUKAIOT KOJUTM3HH, TeM BhIiIe 23QPeKTUBHOCTh MeToaa. Kak
MOKA3bIBAIOT Pacy€Thl, MPU BBHIOOPE KadyeCTBEHHOW Xeml-(pyHKIUU (HApuMep, XEHIMpOBaHHUE IO
anroputMam MD5 mmun MD6) meton mpocroro pexemmpoBaHus siBisiercsi Ooniee d()(EKTHBHBIM, 4eM
OMHApHBIA MOUCK WM OWHApHOE AEPEeBO MPHU 3AMOTHEHHOCTH TaOnuibl uaeHTudukatopo m0 80%.
TpeboBaHHe HEMOJHOTO 3aMOJHEHHUsS TaOMUIBl BeleT K Hed(pPEeKTHMBHOMY HCIIONIB30BAaHUIO 00beMa
JIOCTYITHOM NaMATH.

HecMmotpss Ha yka3zaHHBIE HENOCTATKH, METOJ] OpraHU3alUHU TaONHUIBl UACHTU(PHUKATOPOB HaA
OCHOBE PEXCIIMPOBAHUS MMEET NMPAKTHUECKOE MPUMEHEHHE M BCTPEUASTCS B PEaU3allUsiX pPeallbHBIX
KOMITUJISITOPOB.

IHocTpoenune Tadau MACHTHPUKATOPOB M0 METOAY HEMOYEK

HenonHoe 3amonHeHwne TaOiHIBI WACHTU(UKATOPOB NMPHU NMPUMEHEHHWH XelI-(QYyHKIMHA BEIET K
Hed((PEeKTUBHOMY HCIIOB30BAHUIO BCETO 00BEMa MaMsITH, JOCTYMHOTO KoMmwmiaTtopy. Ilpudem oObem
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HEHCIIONIb3YyeMOM maMATH OyneT TeM Bbllle, 4eM Oonblle HH()OpPMAUM XpaHUTCS JUIsl KaKIOoro
uaeHTu(UKaTopa. ITOTO HEIOCTATKAa MOXKHO HM30€XaTh, €CIU JOMOJHUTHh TAOJHIy HUISHTU(PHUKATOPOB
HEKOTOPOU MPOMEKYTOUHOHN XeII-TaOIHUIIeH.

B sAueiikax xem-TabiuIbl MOKET XPaHUTHCS JTMO0 MycToe 3HaYeHUE, JIMOO0 3HAUCHHE yKa3aTessl Ha
HEKOTOPYIO 00JIaCTh IaMATU U3 OCHOBHOM TaOiaMLbl MACHTU(DUKATOPOB. Toraa xem-(QyHKIus BoIYUCISAET
ajzipec, 1Mo KOTOPOMY MPOMCXOJUT OOpallleHHe CHadalda K Xemll-Tabiuile, a MOTOM Y)KE uepe3 Hee IO
HallleHHOMY ajpecy — K camoil Tabnuue uaeHTudukaropoB. Ecau cooTBeTcTByrOIIas siueiika TabIuIIbl
UEHTU(PUKATOPOB IIYCTa, TO sA4eiika Xel-Tadnuibl OyAeT coaepkaTh IycToe 3HaueHue. Torzna BoBce He
00s13aTeJIbHO UMETh B CaMOM TaOiuIle MAESHTU(PHUKATOPOB SUEHKY ISl KaXJ10T0 BO3MOYKHOI'O 3HAUEHUS
Xel-QyHKIUHN — TaOJIUILy MOXHO CJIeJIaTh IMHAMHUYECKON TaK, YTOObI €€ 00BEM POC 110 MEPE 3aM0JIHEHMSL.

Takolf moaxox mo3BOJsAET IOOUTHCS JBYX IOJOXKHUTEIbHBIX PE3YJIbTAaTOB: BO-NIEPBBIX, HET
HEOOXOMMOCTHU 3aIlOJHATh IIYCTHIMM 3HAUCHMSIMHU TAOJUIy MAECHTHU(PHUKATOPOB — 3TO MOXHO CAEIaTh
TOJIBKO Ul XEUI-TaOJIUIIbl; BO-BTOPBIX, KaXIOMYy UACHTU(UKATOPY OyJeT COOTBETCTBOBATh CTPOrO OJHA
syelika B Tabauie UIeHTU(PUKATOPOB (B HEMl He OyneT MyCThIX HEHCIOJIb3yeMbIX siueek). [TycToie sueliku
OynyT TONbKO B Xem-Tabnuie, U 00beM HEUCHOJIb3yeMOW NaMATH He OyleT 3aBUCeTb OT o0beMa
UHpOpPMAaLIUY, XPAaHUMON 7Sl KaKI0ro MJeHTH(UKaTOpa — A KaKJOro 3HaUeHUs Xell-QyHKIuu Oyner
pacxoJ10BaThCs TOJIBKO MaMATh, HEOOX0UMast Ul XpaHEHUs OJTHOTO yKa3aTelsl.

Ha ocHOBe 53TOHl cxeMbl MOXHO pealn30BaTh €IIe OJUH CIIOCOO OpraHu3aluu  TaOJHUILl
UEHTU(PUKATOPOB C OMOIBIO XeI-(QDyHKIMNA, Ha3bIBAEMbIil «memoo yenouek». 1y MeTo1a IENOYEK B
TabauIe HUIACHTU(UKATOPOB K KAKJIOMY 3JIEMEHTY O0aBIJISETCsS €lle OJHO I0Jie, B KOTOPOM MOXET
COJIepKAThCS CChIJIKA Ha JII000i sneMeHT Tabnulsl. [lepBoHayanbHO 3TO MOJe BCeraa Mmycroe (HUKya He
ykasbiBaeT). Takke JUIsl 3TOro MeToja HeoOXOJUMO MMETh OJHY CIEHUAIbHYIO IEPEeMEHHYI0, KOTopas
BCerJa YKa3blBae€T Ha IIEpBYIO CBOOOJHYIO slY€HiKy OCHOBHOW TaOIMIbl HMAEHTH(PHUKATOPOB
(mepBOHAUATBHO — YKA3bIBAET HA HAYAJIO TAOJIHUIIBI).

Merton nenovek paboTaeT ciexyronM 00pa3oM Mo CIEAYIOIIEMY allTOPUTMY:

Illae 1: Bo Bce siueliku Xem-Ta0iuIbl IOMECTUTh IIyCTOe 3HAauYeHHue, Tabyuia UAeHTU(PUKATOPOB IyCTa,
nepemenHass FreePtr (ykasatens mepBoii cBOOOAHOW sUEHKHM) YKa3blBaeT Ha Hayalo TaOIUIlbI
uneHTuduKaTopos; i:=1.

Llae 2: BeruucnuTh 3Ha4eHUe Xem-pyHKIUHU N; uis HoBoro »nemenTa Aj. Ecnu sueiika xem-tabauisl mo
azpecy N mycras, TO IOMECTUTh B Hee 3HaueHue mnepeMeHHoil FreePtr u mepeiitm x mary 5; unHave
nepeiTH K mary 3.

Ilae 3: BeiOpath u3 Xen-Tabauisl ajipec sueiku Ta0iauibl HISHTU(HUKATOPOB M U MepeiT K mary 4.
Hlae 4: Tns sueiku TabauIbl HASHTU(UKATOPOB MO ajpecy M MPOBEPUTH 3HAUEHHE MO CChUIKH. Ecnn
OHO ITyCTOE, TO 3aIlucaTh B HETO aapec U3 nepeMeHHoi FreePtr u nepeiitu k mary 5; nHade BbIOpaTh U3
HOJISL CCBUTKHU aJipec M ¥ MOBTOPUTH ar 4.

Ilae 5: lo6aBuTh B Tabnuily MACHTU()UKATOPOB HOBYIO SYEWKy, 3amucaTh B Hee WHPOPMALUIO JUIs
anemMeHTa A; (II0Jie CCBUIKM JIOJDKHO OBITh ITyCTHIM), B IepeMeHHy10 FreePtr momectuts agpec 3a KOHIIOM
noGasiieHHON sueiiku. Eciau Ooinble HeT MACHTU(UKATOPOB, KOTOPBIE HA/IO0 Pa3MECTHTh B TaOJIHUIE, TO
BBITIOJTHEHUE AJITOPUTMA 3aKOHYECHO, MHAYe 1:=I+1 u nepeiTu K mary 2.

[Touck »snemenTa B Tabiuie HISHTHU(PUKATOPOB, OPraHU30BAHHOW TakuM oOpa3oM, Oyzaer
BBITOJIHATHCS 110 CIEIYIOLIEMY aJIrOPUTMY:

Ilae 1: BeruucnuTh 3HaueHUE Xeul-pyHKIMHU N 11 uckomoro snementa A. Ecnu sueiika Xemr-TaOiauiibt
1o ajipecy N mycras, TO 3JIEMEHT He Hai/leH W aJropuTM 3aBeplleH, MHAa4ye BHIOPATh U3 XEUI-TaOJIUIIBI
ajipec sTYeUKH TabIUIBI MIEHTU()UKATOPOB M.

Llae 2: CpaBHUTH UMS dJIEMEHTA B siUeiiKke TaOIHUIIbI HIEHTH(PHUKATOPOB MO ajipecy M ¢ UMEHEM UCKOMOTO
aneMeHTa A. Eciin 0HM cOBIaaroT, TO MCKOMBIN 3JIEMEHT Hal/IEH U aJlTOPUTM 3aBEpILEH, HHAYE NePETH
K miary 3.

Llae 3: ITpoBepuTh 3HAUEHHE ITOJIS1 CCHUIKH B STYEHKe TaOIHUIIBI MACHTH(PHUKATOPOB 10 axpecy M. Eciu ono
MYCTOE, TO MCKOMBIH 3JIEMEHT HE HalJeH U aJrOPUTM 3aBEpILEH; HHAUe BHIOpATh U3 IOJISI CCHUIKU apec
M ¥ nepeiTH K mary 2.
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[Ipu Takoil opranuzanuu TaOMUI HIEHTU(PUKATOPOB B Ciyyae BO3HUKHOBEHMS KOJUIM3UU
QITOPUTM pa3MeIlaeT AIEMEHThl B sueilkax TaOJuIlbl, CBA3bIBAasS UX APYr C APYrOM IOCIEIOBATEIBHO
yepe3 moJie cChUIKU. [Ipu 3TOM 3JeMeHTHI He MOTYT MOMajaTh B SYEWKH C aJpecamu, KOTOpble TMOTOM
OyayT coBmajatb co 3HaueHUsIMH Xell-(pyHKiuu. Takum 00pa3oM, MONOJHUTENbHbIE KOJUIM3UU HE
BO3HUKAIOT. B urore B Tabmuile BO3HHUKAIOT CBOCOOpA3HbBIC IIETIOUKH CBSI3aHHBIX JJIEMEHTOB, OTKYZa
MPOUCXOUT U Ha3BaHUE JTAHHOTO METO/Ia — «METOJ LIETIOUEK».

Meton 1memnoyek  siBAsSeTCsl  O4YeHb A(PQPEKTUBHBIM  CPEICTBOM  OpraHu3aluu  TabJuIl
uaentudukatopoB. CpeqHee BpeMs Ha pa3MeEIleHUE OJTHOTO JIEMEHTa U Ha MOUCK JJIEMEHTa B Tabiuie
JUISL HETO 3aBUCHUT TOJIKO OT CPEHET0 YKCciia KOJUTU3UMA, BOSHUKAIOIIMX MTPH BBIYUCICHUN Xell-(QYHKINH.
Haknannele pacxoipl MaMsTH, CBSI3aHHbIE C HEOOXOJUMOCTBIO HMMETh OJIHO JIOMOJHHUTEIBbHOE I0JIe
yKkazatenss B Tabnuie WAGHTU(UKATOPOB HA KaXIblii ee DSJIEeMEHT, MOXXHO MpPU3HATH BIIOJIHE
ONpaBJaHHBIMU. OTOT METOJA TO3BOJIAET OoJieeé SKOHOMHO HCIIOJIb30BaTh NaMsiTh, YEM METO/,
OCHOBaHHBIM Ha pPEXEHIMPOBaHUM, HO MPU ATOM TpeOyeT opraHu3anuu padoThl C JUHAMUYECKHUMHU
MaccuBaMH JaHHBIX. [l0aTOMy MeTO 11eTIoueK CIoKHEee B pealn3alii, YeM METO]] PeXCIINPOBAHHUS.

MeToa 1emnodek HaXOJUT MPAKTUYECKOe MPUMEHEHHE B pealbHBIX KOMIWIISATOpaxX Hapsay ¢
METOJIOM pexemupoBanus. Kakoit 13 MeTo0B opraHu3anuu Tabauil UACHTU(PUKATOPOB HUCIIONb30BATh B
Ka)KJOM KOHKPETHOM CIIydae peuaroT pa3padoTYHKH KOMIIIATOPA.

KoMOnHHnpoBaHHbBIE CIOCOOBI MOCTPOEHUS TAOJINIL UIEHTU(PUKATOPOB

Beime B mpumepe Oblla paccMOTpeHa BEChbMa MPUMUTHBHAS XeHI-(QYHKIHS, KOTOPYIO HHKAK
HEJIb3sl Ha3BaTh yJOBIETBOPUTENIBHOM. Xopolas Xem-(Q)yHKINs paclpeienser MOCTyNaue Ha €€ BXO
UICHTU(PUKATOPHl PAaBHOMEPHO HAa BCE HMMEIOIIUECS B PACIOPSHKCHUW aapeca, TaK YTO KOJUTU3UHU
BO3HHUKAIOT HE CTOJIb YacTo. CyiiecTByeT 60JIbII0e MHOKECTBO Xem-QyHKiui. Kaxmas u3 Hux crpemMurcs
pacopenenuTh aapeca Moja UACHTU(PUKATOPBI MO CBOEMY AJITOPUTMY, HO, KaK OBLJIO MOKAa3aHO BBIIIE,
UJEAbHOTO XEUIMPOBAHUS TO0CTHYb HEBO3MOXKHO.

To, Kkakoll KOHKPETHO METOJ NPHUMEHSAETCSs B KOMIIWISATOpPE [UIs OpraHM3aluu TaOJuIl
UACHTU(PUKATOPOB, 3aBUCUT OT peanu3aluu KoMnuistopa. OAUH U TOT k€ KOMIWISATOP MOXKET HUMETh
JTa)ke HECKOJIBKO Pa3HbIX TaOIUI MACHTU(UKATOPOB, OPraHU30BAaHHBIX HA OCHOBE PA3JIMYHbBIX METOJIOB.

Kak mpaBmiio, mpuMeHsIOTCS KOMOMHHpPOBaHHBIE METO/Abl. B 3TOM ciydae, kak U A1 MeTona
LEN0YEK, B TAOIUIE UICHTU()UKATOPOB OPraHU3yeTCsl ClIEUAIbHOE JONOIHUTEIbHOE To1e cchliku. Ho B
OTJIMYME OT METOJla LENOYEeK OHO MMEET HECKOJIbKO MHOE 3HaueHue. lIpu OTCyTCTBMM KOMIM3MM IS
BBIOOPKU MHQOPMAIMK U3 TaOJIUIIBI UCTIONb3YeTCs XeUI-(QYHKIIMS, M0JIe CChUIKM OCTaeTcs MycThIM. Eciu
7K€ BO3HUKAET KOJUIM3HSL, TO Yepe3 I0JIe CChUIKA OpraHU3yeTcs MOMCK UACHTU(PHUKATOPOB, ISl KOTOPHIX
3HaueHUs Xel-QYHKIMHM COBNAAAIOT 10 OJHOMY M3 PACCMOTPEHHBIX BBIIIE METOJIOB: HEYHNOPSAIOUYCHHBIN
CIIUCOK, YHNOPSJOUYEHHBIH CIIUCOK WJIM ke OuHapHoe JepeBo. [lpu xopoiio nmocTpoeHHo# Xxem-(QyHKIuu
KOJUTM3UM OyAyT BO3HUKATH PEIKO, MOITOMY KOJIMYECTBO HACHTHU(PHUKATOPOB, AJII KOTOPHIX 3HAYCHMUS
Xel-(QOyHKIUU COBIaIM, OyAeT He CTOJb BEIUKO. Torja M Bpemsl MOMCKAa OJHOTO Cpeau HHUX Oyner
HE3HAYUTENbHbIM (B MPHUHIIMIIE, IPU BBHICOKOM KayecTBe XelI-(PyHKUMU TOIOWIeT naxe mepedop Mo
HEYIOPSAI0UEHHOMY CIIUCKY).

Takoil moaxo1 UMeeT MPEUMYIIECTBO 110 CPAaBHEHUIO C METOAOM IIETIOYEK, TOCKOJIbKY HE TpeOyeT
HCIIOJIb30BaHUs IPOMEKYTOUHOM Xem-Tabauipl. HegoctaTkom Metoza siBisieTcss HE00X0IUMOCTh pabOThI
C JIMHAMUYECKHU pacrpeneisieMbIMu o0nacTaMu namsatu. D¢G(EeKTUBHOCTh TaAKOTO METO0J]la, OYEBHIHO, B
NEPBYI0 OYEpeb 3aBUCUT OT KauecTBa MpUMEHsSeMOW Xeul-(QyHKIUH, a BO BTOPYIO — OT MeEToJa
OpraHU3aIUH JTONOJHUTEIBHBIX XPAHUIIUII JaHHBIX.

Xemr-agpecaluss — 3TO METOJ, KOTOPBIM INPUMEHSIETCS] HE TOJIBKO JJIsi OpraHu3aluy TaOJHil
UJACHTU(PUKATOPOB B KOMIWIATOpax. [laHHBIM MeTOJ Hallel CBOE NPUMEHEHUE M B OINEPallMOHHBIX
cUcTeMax, M B CUCTEMax yIpasiieHHs 0a3aMH JaHHbIX.

[TOPAJOK BBIITOJIHEHU A PABOTDI

1. TlomyuuTs BapHaHT 3ajaHUs y IPENIOAABATENS.
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Pa3paboraTh anropuTM opraHuzalnuy Tadbauibl HASHTU(PUKATOPOB B COOTBETCTBHUH C 3aJaHUEM.
[ToAroTOBUTH M 3aIIUTUTH OTYET.
Hanwucate 1 otnaguth nporpammy Ha OBM.
Crnatp paboTarolyto nporpaMmy Mpeno1aBaTenio.

TPEBOBAHUA K O®POPMIJIEHUIO OTYETA

Ortuer 110 1abopaTopHOi paboTe TOKEH COJEPIKATH CICAYIOIIUE PA3IEIIbL:

Kparkoe nznoxenue 1einu padoThl.

3amanue 1mo gabopaTopHOi paboTe C ONMMCAHUEM CBOETO BapHAHTA.

CxeMy opra"u3anuu Xeni-Tabiauibl (B COOTBETCTBHH C BAPUAHTOM 3aJIaHHUS ).
Ornucanue anropuT™Ma MoMcKa B xeni-tabdiuie (B COOTBETCTBUU C BAPHAHTOM 3aaHUS).
BpIBOIBI 110 TIPOJIEIaHHOM padoTe.

OCHOBHbBIE KOHTPOJIbHBIE BOITPOCHI

Urto Takoe TabJMIla CUMBOJIOB (Ta0JIHIIA UACHTH(PUKATOPOB) U IS YeTO OHA MpeHa3HaYcHA?

Kakas uHpopmanus MOXKeT XpaHUTHCS B TaOJIHIIE CHMBOJIOB?

Kakue onepauuy BBINOIHSET KOMIMIATOP ¢ Tabnuueid cumBosioB? B uem ocoOeHHOCTH paboThI
KOMIWISITOpA ¢ 3TON Tabauei?

Kaxkue 1ienm npecneayroTcst mpu Opranu3aldy TaOIuIbl CHMBOJIOB?

KakuMu XxapakrepucTUKaMd MOTYT oOyiafath HWACHTU(GUKATOPHl (MMEHOBAaHHBIE  KOHCTAHTHI,
nepeMeHHbIC)?

Kakwue cyiiecTByroT npocreiime crocoobl OpraHu3au TadiauL CHMBOJIOB?

B uem 3axmrouaercs anroput™m Jorapudmuueckoro mnowcka? Kakue mpeumyiiecTBa OH JaeT IO
CPaBHEHHMIO C MIPOCTHIM N1epeOOPOM U KaKhe OH UMEET HeIOCTaTKH?

Pacckakute o QpeBOBHIHOW OpraHU3alMU TAaOIUI] WACHTU(PUKATOPOB. B WeMm ee mpeumyinecTBa u
HEeJ0CTaTKu?

Uro Takoe xem-(GpyHKIUT U I 9eT0 OHU HCTIONIB3YIOTCS?

B uem cytb xemn-agpecanun?

Pacckakutre o mpenMymiecTBaX M HEJIOCTaTKaX OPraHW3alMU TaOJMHUIBl HICHTU(UKATOPOB C
MOMOIIBIO XeMI-(DYHKIIUH.

Uro Takoe komm3us? Ilouemy ona mpoucxoaut? MOXKHO JI1 MOJTHOCTBIO N30€XKaTh KOJUIU3HI?

Uro takoe pexemmpoBanue? Kakie MeTO bl peXenImpoBaHus CYIIECTBYIOT?

B uewm 3akmtouaercs MeTo]1 ienoyeK?

CpaBHuTe MeXay co0Oi MeToAbl OpraHu3aluy TaOJWLbl WACHTU(PUKATOPOB Ha OCHOBE
pPEXEUINPOBAHUS U C TIOMOIIBIO METO/1a IIEMOYEK.

Kak moryT ObITh CKOMOMHUPOBAHBI Pa3IUYHbIE METO/AbI OPTaHU3AIMH XeI-Ta0nui?

BAPUAHTHI 3AJTAHUIM

Jlnis BBIIONTHEHMS J1a00paToOpHOM paboThl TpedyeTcs HamucaTh MPOrpammy, KOTopas MoIydaeT Ha

BXOJIe Ha0Op MIEHTH(PHUKATOPOB, OPraHU3yeT TAOJUILy 10 3aJaHHOMY METO/AY U MO3BOJISIET OCYIIECTBUTH
MHOTOKPATHBbIIi TOHMCK uAeHTUUKaTOpa B 3ToM Tabmune. CHOUCOK MISHTU()UKATOPOB CUYUTAThH
3aJaHHBIM B BHJE TEKCTOBOro aina. J[nuHy WAEHTUPHUKATOPOB MOXKHO CUYUTATh OrPAaHUYEHHOMN

32

CUMBOJIAMHU.
Jnis opraHM3anuy TaOJMIBI MCIIONB3YETCS MPOCTeHIas X31I-QyHKIMS, yKa3aHHas B BapHaHTE

3alaHuA, a IHIpu BO3HHKHOBCHHUU KOJIJIM3UI HCIOJIB3YCTCA HOHOHHHTGHBHLIﬁ MCTOJ Pa3sMCUICHUA
I/II[CHTI/I(bI/IKaTOPOB B nmamMsaTH. Ecau B KauecTBE dTOTr0 MCTOAa UCIIOJIB3YCTCA ACPCBO WJIN CIIUCOK, TO OHU
JOJIDKHBI OBITH CBS3aHBI C JIEMEHTOM IJIaBHOM X3H.I-T36HI/H_U:I.
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B kaxmom BapumanTe TpeOyercs, 4yTOOBI TporpamMma cooOianga CpeaHee YHUCIO KOJUTU3HK U

CpelHee KOJUYECTBO CpaBHEHHWH, BBITIOJHEHHBIX JUIsI MOWCKA HIACHTH(UKaTOpa. BapwaHThl 3amaHuit
MIpUBEJICHBI 1ajee B Tabuuie 1.

Tabnuna 1.
BapuanTsl 3ananuii 1uist 1abopatopHoi padoTsl Nel
No Tun xem-pynknuu (Tabnuiml) Cnioco6 paspeneHus KOJUTU3UM
1. |Cymma K0I0B IepBO U BTOPOH OyKB bunapnoe nepeso
2. |CymMma KOJI0B IEpBOM U BTOPOI OYKB CnucoK ¢ MPOCTHIM nepedopoM
3. |CymMMa KOJI0B IEPBOI M BTOPOI OYKB Y1opsg0ueHHbIN CIIUCOK C JIOTAapU(PMUIECKUM ITOUCKOM
4, | CymMMa KOJI0B IEPBOM M BTOPOM OYKB IIpocroe pexemmpoBanue
5. |Cymma KOJI0B IEpBOM U BTOPOI OYKB PexemmpoBanre Ha OCHOBE NICEBIOCIYYAMHBIX YHCEIT
6. |CymMma KOJI0B IEpBOM U BTOPOI OYKB Merton nenoyek
7. |CymmMa ko/10B niepBoii u nocienner OykB | bunapHoe gepeBo
8. |Cymma xoz0B niepBoii u nociennel 6ykB | CIUCOK C MPOCTHIM nepedbopoM
9. |CymmMa K0/10B niepBOH U nocjeiHed OyKB | YIOPSAOYEHHbBIN CIHCOK C JIOrapu(MUYECKUM MTOUCKOM
10. | Cymma xoz10B niepBo#t u nocienneit oyks |IIpoctoe pexemmupoBanue
11. | Cymma x0210B niepBO# U nocnenHeii OykB | PexemmpoBanue Ha OCHOBE MCEBIOCTYYaHBIX YUCEI
12. | Cymma k0J10B iepBO# M nocnenHeit OykB | Mertoa nenodex
13. | Cymma K0/10B IEpBOM U cpefiHel OyKB bunapnoe nepeBo
14. | Cymma K0J10B IEpBOH U cpefiHe OyKB CHuCoK C MPOCTHIM MepedopoM
15. | Cymma K0J10B IepBOM U cpefiHei OyKB Y1opsiioueHHBIN COUCOK C JTorapu(PMUUYECKUM TOUCKOM
16. | Cymma K0J10B IEpBOM U cpefiHe OyKB IIpocroe pexemntnpoBaHue
17. | Cymma K0JI0B IEpBOH U cpefiHel OyKB PexemumpoBanue Ha OCHOBE MCEBIOCTYYaTHBIX YUCEI
18. | CymMma k0J10B 1epBOii U cpeaHel OyKB MeTton nenouex
19. | Cymma x0J10B cpeiHeit u nocneaHeit OykB | bunapHoe nepeBo
20. | Cymma ko210B cpeniHeil u nocienHeit 0yks | CIMCOK ¢ IPOCThIM NepebopoM
21. | CymMa K0/I0B cpeqHel u nocneaHeii OykB | YIOPSA0OYEHHbBIN CIHCOK € JJOrapu(MUYECKUM TTOUCKOM
22. | CymmMma ko/10B cpenHeit u nocnenHeit Oyks | [IpocToe pexemmupoBanme
23. | CymMa K0/10B cpeqHelt u nocnenHeii OykB | PexemupoBanre Ha OCHOBE MCEBIOCTYYaTHBIX YHCEN
24. | Cymma K0JI0B cpeliHel u nocienHei 0yks | Meton nienouex

JIABOPATOPHAS PABOTA Ne 2
MOCTPOEHUE PACIIO3HABATEJIA JJ151 PET'YJISIPHO TPAMMATUKH

Lenv Da60mbl.' HU3YUCHUC OCHOBHBIX MMOHATHM TCOPHUU PCTYIAPHBIX A3BIKOB W TI'paMMATHK,
O3HAKOMJICHHEC C HAa3HAUYCHUCM U TIIpHHOUIIAMU pa6OTLI KOHCYHBIX aBTOMAaToOB (KA), IMMOJIy4YCHHUC
MPAKTUYCCKUX HABBIKOB ITOCTPOCHUSA KA nHa ocHOBe 3aJlaHHOH perynﬂpHoﬁ T'paMMAaTHKH.

KPATKHUE TEOPETUYECKUWE CBEJEHUA

(DYHI(I_II/II/I JCKCHUYCCKOI'O aHa/In3aTopa

Jlexcuueckuit ananuzamop (WM CKaHEp) — 3TO YacTh KOMIIMJIATOPA, KOTOpas YUTAET JIUTEPHI
IpOTrpaMMbl Ha UCXO/IHOM SI3bIKE U CTPOMT U3 HUX ciioBa (JiekceMbl). Ha BXOJ] IEKCHUECKOro aHaIn3aTropa
MOCTYNaeT TEKCT HCXOAHOM MpOorpaMMBbl, a BbIXOAHAs WHGpOpMaIMs TepenaeTcs Uil JalbHeimei
00pabOTKM KOMIMIISTOPOM Ha 3Tare CHHTAaKCUYECKOTO aHaIM3a.

Jlexcema (nexcudeckasi qUHUIA A3bIKA) — 3TO CTPYKTYpHAsl €IMHULA SA3bIKA, KOTOPAsi COCTOUT U3
AJIEMEHTAPHBIX CHMBOJIOB S13bIKA U HE COAEPKUT B CBOEM COCTaBE APYTUX CTPYKTYPHBIX €IUHHII.
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PesynpTaTomM pabOThI JIGKCHYECKOTO aHaIU3aTopa SBJSETCS MEepeUeHb BCEX HAWICHHBIX B TEKCTE
HUCXOJIHOM TPOrpaMMbl JIEKCEM. OTOT TMEpeuYeHb JIEKCEM MOXHO TIPEACTaBUTh B BHJE TaOIHUIIbI,
HaszbIBaeMou mabnuyetl nexcem. Kaxmaon nexceme B TaOIUIIE JIEKCEM COOTBETCTBYET HEKUH YHUKAIbHBIN
YCIIOBHBIN KOJI, 3aBUCAIIMNA OT THIA JEKCEMBI, U JOTOJHUTEIbHAS CiTy)keOHas nHpopmarusa. Kpome toro,
nH(popMaIrsg 0 HEKOTOPBIX THIAX JIGKCEM, HAMJICHHBIX B UCXOJIHOW IporpamMme, JODKHA MOMEIIATHCS B
Tabnuiyy uAeHTU(UKATOpOB (WM B OJIHY H3 TaONWIl MJACHTHU(PUKATOPOB, €CIU KOMITHIIATOP
MpeayCMaTPUBAET PA3TMYHbIC TAOJUIIB UACHTU(UKATOPOB ISl PA3JIMYHBIX THIIOB JIEKCEM).

C TeopeTHYEeCKON TOYKHU 3PEHHUs JICKCUUYCCKUU aHaM3aTop HE SBIACTCS 00SA3aTeIbHOW YacThIO
KoMruiATopa. Ero (yHKIMM MOTYT BBITIOJIHATBCSA Ha 3Tarne CHHTaKCHYeckoro anammza. OpHako
CYIIECTBYET HECKOJIBKO MPHYHMH, HMCXOAS M3 KOTOPHIX B COCTaB IMPAKTUYECKH BCEX KOMITHIIATOPOB
BKJIFOYAIOT JICKCUYECKUM aHAJIN3. DTH IPUYUHBI 3aKITF0YAIOTCS B CIEAYIOMIEM:

e ymporaercs paboTa ¢ TEKCTOM HCXOJHOW MPOrpaMMbl Ha 3Tare CHHTAKCHYECKOro pa3dopa u
cokpariaercsi 00bem oOpabaTsiBaeMoii MHGOPMAITUHU, TaK KaK JEKCHUYECKHI aHaIu3aTop CTPYKTYypUPYET
MOCTYMAIOIINUNA HA BXOJ HCXOHBII TEKCT MPOTrPaMMBbI M BHIKHJIBIBAET BCIO HE3HAUAITYIO HH(OPMAIIHUIO;

® IS BBIJICTICHUS B TEKCTE U pa3bopa JIeKCeM BO3MOXKHO MPUMEHSTh MPOCTYIO, YQPEeKTUBHYIO U
TEOPETUUECKH XOpOIIO MpOopabOTaHHYI0 TEXHUKY aHalIM3a, B TO BpeMsl KaK Ha 3Tale CHUHTAKCHYEeCKOIrO
aHaJIM3a KOHCTPYKIIUNA MCXOHOTO S3bIKAa UCIIONIBb3YIOTCS JOCTATOYHO CIOXKHBIE aITOPUTMBI pa3zdoopa;

® CKaHep OTHENsIeT CIOXKHBIA [0 KOHCTPYKIIMM CHHTAaKCUYECKHMH aHaiau3aTop OT paboThl
HEMOCPEJACTBEHHO C TEKCTOM HCXOAHBIA MPOTPaMMBI, CTPYKTYpa KOTOPOTO MOXKET BapbUPOBATHCS B
3aBHCHUMOCTH OT BEPCHHM BXOJHOTO SI3bIKa - MPU TaKOM KOHCTPYKIIMH KOMIIMJISITOpA MPU IMEpexojae OT
OJIHO BepCHUU S3bIKA K JPYroil IOCTATOUYHO TOJIBKO MEPECTPOUTH OTHOCUTEIHHO MIPOCTOM CKaHE.

OYHKIIUU, BHITIOIHAEMBIEC IEKCHYECKUM aHAIIN3aTOPOM, M COCTaB JIEKCEM, KOTOPHIE OH BBIJICISIET B
TEKCTE MCXOJIHOM MPOrpaMMbl, MOTYT MEHSATHCSA B 3aBHCHUMOCTH OT BEpPCHM KOMMOMIATOpa. B ocHOBHOM
JIEKCUYECKHE aHATH3aTOPhI BHIMOIHIIOT UCKIIOUEHHE U3 TEKCTa UCXOAHON MpOTrpaMMbl KOMMEHTAPUEB U
HE3HayalluX MpoOesoB, a TAKXKE BBIJICTICHHUE JIEKCEM CIEAYIONINX TUIIOB: HACHTU(PHUKATOPOB, CTPOKOBBIX,
CUMBOJIbHBIX M YHCIIOBBIX KOHCTaHT, 3HAKOB OIEpaIlii, pa3aeauTenei, a TakKe KIIFOUEBbIX (CIyKeOHBIX)
CJIOB BXOJHOTIO SI3BIKA.

Jlexcuyeckuii aHAIM3aToOp UMEET JEN0 C TaKUM OOBEeKTaMM, KaK Pa3IMuHOrO poja KOHCTAaHTHI U
UACHTU(PHUKATOPHI (K MOCIETHUM OTHOCSTCS U KJIIOYEBBIE CIIOBA). SI3bIK KOHCTAHT M UACHTH(PUKATOPOB B
OOJIBIIMHCTBE CIYYaeB SIBISIETCS pecyiiapHbIM — TO €CTh, MOKET OBITh OMHCAaH C MOMOIIBIO PETYISPHBIX
(mpaBONMHEHHBIX WM JIEBOJIMHEWHBIX) TpamMmaTuk [1, 2, 3, 8]. PacmosnaBarensimMu Aisi peryssipHBIX
S3BIKOB SABIIAIOTCS KOHeuHbIe aBTOMaThl (KA). CymiecTByrOT mpaBuia, ¢ TOMOIIbIO KOTOPBIX AJs JII000#
perynsipHON TpaMMaTHKUA MOKET OBITh MOCTPOCH HeAeTepMUHUPOBaHHBIM KA, pacro3Haromuii 1enouku
A3bIKa, 3aJJAHHOTO 9TOM IrPaMMAaTHUKOH.

KoueuHble aBTOMATHI

Onpeueﬂelme KOHEYHOI'0 aBTOMAaTAa

Kak yxe ObUTIO CKa3aHO BBIIIE, JIEKCEMBl MOTYT OBITH ONMHMCAHBI C TIOMOIIBIO PETYISPHBIX S3BIKOB.
PacniosHaBarenssMu Uil pEryJISipHBIX SI3BIKOB SIBIISIIOTCS KoHeunwle asmomamul (KA) [1, 2,7, 10, 21].
[Toaromy KA nexaT B OCHOBE JIEKCHYECKOTO aHAU3a.

KA 3anmaercs msTepkoit:

M:(Q1 z! 81 q01 F)a

re:

Q - KOHEUYHOE MHOYKECTBO COCTOSIHHI aBTOMATa;

¥ - KOHEYHOE MHOKECTBO JIOMYCTHMBIX BXOJAHBIX CHMBOJIOB;

O - 3a7aHHOE OTOOpakeHue MHOXxecTBa Q*X Bo MHOXKecTBO moaMHOXkecTB P(Q) 8 Q*Z—P(Q)
(vHOTZIA O HA3BIBAIOT PYHKYUel nepexodos aBToMaTa, KOTopas MOXeT ObITh ompezenceHa kak: 6(q,a)=D,
rae 0€Q — rekymiee cocrosinue KA, aeX — rekymuii BXoaHOH cuMBoll, a DcQ — MHOKECTBO BO3MOMKHBIX
cleayromux coctosiHui KA);
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Jo<Q - HAaYaTbHOE COCTOSHUE aBTOMATA,;
FcQ - MHOXXECTBO 3aKJIIOUNTEIIFHBIX COCTOSSHUI aBTOMarTa.

Pabora KA BeimosHsieTcs mo Taktam. Ha KaxJIoM oOuepeHOM TakTe | aBTOMAT, HaXOJsiCh B
HEKOTOPOM COCTOSIHUU (i€Q, CUMTHIBAET OUEpEeIHONH CHMBOJ WEZX M3 BXOJIHOW IIETIOYKH CHMBOJIOB U
U3MCHSIET CBOE COCTOsIHME Ha (i+1€0(Qj,W), Mocie 4Yero ykasareib B ICTIOYKE BXOIHBIX CHUMBOJIOB
Hepe/IBUTACTCSl HA CICAYIOIIMI CUMBOJ M HaunmHaercs TakT I+1. Tak mpomoipkaercss 0 TexX IMop, MoKa
[EMOYKa BXOJHBIX CHMBOJIOB He 3akoH4HTCs, MO0 KA momaaér B cocTosiHME, U3 KOTOPOTrO HET
nepexonoB. KoHell ernoYyku CHMBOJIOB 4acTO MOMeYaroT 0coObiM cuMBosIoM L. CuuTaercss Takxke, 4yTo
nepes TakToM | aBTOMaT HaXOAUTCS B HAYaJIbHOM COCTOSIHUH (Jo.

['oBopsr, uto KA nomyckaeT nenouxky aeX’, ecn B pe3ynbTaTe BHIIOJHEHUS BCEX TAKTOB pabOThI
HaJ 3TOM LIETIOYKONW OH MOXET OKa3aThCsl B COCTOSAHUU (€F. SI3bIK, onpenensieMblii aBTOMAaTOM, SIBJISIETCS
MHO>ECTBOM BCEX LIETIOYEK, JOIMYCKAEMBIX JAHHBIM aBTOMATOM.

I'paduuecku KA oToOpakaeTcsi Harpy>KeHHBIM OJHOHANpPABICHHBIM TpadoM, B KOTOPOM
BEPILMHBI IPEACTaBISIIOT cocTosiHUS KA, nyru oToOpakaroT nepexoisl U3 OJHOTO COCTOSIHUS B JIPYroe, a
CHUMBOJIBI Harpy3ku (IIOMETKH) AYT COOTBETCTBYIOT BXOJHBIM CHMBOJIaM (yHKIUH nepexoxa. Ecmum
GyHKIMS Tiepexo/ia NpeycMaTpUBAET EPEXO0/T U3 COCTOSAHUA (] B (' IO HECKOJIBKUM CUMBOJIAM, TO MEXIY
HUMH CTPOMTCSI OJIHA JIyra, KOTOpas IIOMEYAeTCs BCEMH CHUMBOJIAMM, 110 KOTOPHIM IIPOUCXOAUT MEPEXO]
u3 ( B ('. Takoit rpad Ha3wpIBatoT 2paghom nepexooos KA.

JleTepMHUHUPOBAHHBbIE U HeJleTePMUHUPOBaHHbIe KA

KA HnaswiBaetcs demepmunuposanuvim, eciav (YHKIHS MEPEeXoJ0B ITOr0 aBTOMaTa U3 J00O0ro
COCTOSIHUSI 1O JII0OOMY BXOAHOMY CHUMBOIIY COJIEPKUT HE Oojee OJHOTO CIEAYIOIIero cocTtosiHus. B
npotuBHOM ciydae KA Ha3wpiBaeTcs HedemepmuHuposanHvimM. YCIOBUE AeTepMuUHUpoBaHHOCTH KA
MOXHO c(hOPMYIHPOBATH CieayromuM obpazom: VqeQ, VaeX: mubo 8(q,a)={q'}, oo 3(q,a)=92.

Jlns aHanu3a IENoYKH C MOMOIIBI0 JeTepMUHUpPOBaHHOTO KA 10cTaTOYHO MOAATh €€ Ha BXOJ
aBTOMATa, BHIMOJIHUTH BCE TAKTHI €r0 padOThI M OMPEEIUTD, IEPEIIEIT T aBTOMAT B pe3yibTare padoThl B
OJIHO M3 33JJaHHBIX KOHEYHBIX COCTOSIHHIM.

HenerepmunupoBanusiii KA HeymoOeH as aHanu3a [ENnoyek, TaKk Kak B HEM MOTYT BCTPEYaThCs
COCTOSTHUSI, JIOMYCKAIOIINe HEOJAHO3HAYHOCTh, T.€. TaKhe, U3 KOTOPBIX BBIXOAWT JIBe WM Ooyee IyrH,
MOMEUEHHBIX OJTHUM U TEM k€ CUMBOJIOM. OUeBUIHO, YTO aHAIN3 IIETIOYEK U IPOrpaMMUpPOBaHUE PAOOTHI
JUTSL TAKOTO aBTOMAaTa — HeTpUBHUANIbHAS 3a/1a4a.

Jokazano, 4uro mo0oii HemeTrepMuHupoBaHHBIE KA  MoxeT ObIThb TpeoOpazoBaH B
JNETePMUHUPOBAHHBIN Tak, 4TOOBl WX S3BIKA COBMaAanu (TOBOpAT, 4To Takue KA SKBUBAJICHTHBI)
[2,7,8, 21]. B orauure ot ob6brunoro KA ¢yHKIMS mepexooB AeTepMUHUPOBAaHHOTO KA MOXeT ObITh
ompeneneHa kak 0 Q*X—Q wm 08(q,a)=q', rne qeQ — Ttekymee cocrosaue KA, aeX — texymmii
BXOJIHOM cuMBOI, a '€ Q — cneayromiee cocrosiaue KA.

[Tocne nmoctpoenus nerepMuHupoBaHHbIH KA MoXeT ObITh MUHUMU3UPOBAH, T.€. JJI1 HETO MOXKET
OBITH IOCTPOEH AIKBUBANIEHTHBINA eMy KA ¢ MUHMMaJIbHO BO3MOKHBIM YHCIIOM COCTOSIHHM.

ITocTpoenne KA Ha ocHOBe peryJIipHON TPAMMATHKH

Hcxonnsle nanHble Juis noctpoeHuss KA omnpenenser peryispHas rpaMMaruka, 3a4aromas A3blK,
ONMCHIBAIOLIUI JIEKCEMBI, KOTOpPBIE OJDKEH YMETh paclO3HaBaTh JIEKCUYECKHM aHanu3aTop. Takum
o0pa3oM, A MOCTPOEHMs JIEKCMUECKOTo aHaliu3aTropa HeoO0XoauMo ymeTb cTpouTh KA Ha ocHoBe
3alaHHOM peryaspHOM TIpaMMaTHKU. Takoe NOCTPOEHUE BBINOJHAETCA C IOMOIIBIO HECI0XKHOIO
ajropuT™Ma B J1Ba 3Tana [2, 8, 21]:
® JCXOJHAsl peryjsipHas rpaMMaTHKa Ipeodpa3yeTcst K aBTOMaTHOMY BUJLY;
® Ha OCHOBE aBTOMAaTHOW rpaMMaTHKHU cTpoutcs KA.

B kagectBe mpumepa pacCMOTPUM JIEKCHYECKMH AHAJIM3aTOP, BBIIOJHSAIOIIMN aHAIU3 JIEKCEM,
NPECTABIISIOMNX COOOH LeI0UNCIeHHBIe KOHCTaHThI 0e3 3Haka B ¢opmare sa3bika Cu. B cooTBeTcTBHU €
TpeOOBAaHUSAMH S3bIKA, TAKHE€ KOHCTAaHTbI MOTYT OBITh JECATHYHBIMH, BOCBMEPUYHBIMH, JIMOO
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HIECTHAAIATEPUYHBIMU. BOCbMEpUYHONW KOHCTAaHTOM CUUTAETCS yHuciio, HayuHamomeecs ¢ 0 m
comepxamee mudppel or 0 g0 7; mIecTHaAIaTepUyHas KOHCTAHTA JOJDKHA HAYMHATBHCS C
MOCJIEIOBATEILHOCTH CUMBOJIOB OX M MOXET cojepkarh Iudpel, a Takke OykBel oT A 10 F (Oynem
paccMaTpuBaTh TOJIBKO MPOMUCHBIC OyKBBI). OCTalbHBIE YMCIA CUMTAIOTCS JECATHUYHBIMU (TpaBHIIa UX
3aMmiCcy HallOMUHATh, HABEPHOE, HE CTOWT). by/leM cunTarh, 4TO BCSIKOE YMCIIO 3aBEPIIACTCS CHMBOJIOM
KOHI[a CTPOKH L.

PaccMmoTpeHHbIe BhINIE MpaBUiia MOTYT OBITH 3amucaHbl B Gopme bakyca-Haypa B rpamMmmaruke
[IEJIOYMCIICHHBIX KOHCTaHT 0e3 3Haka si3bika Cu (s m30ekaHus IMyTaHUIbl TEPMHHAIBHBIC CHMBOJIBI
rpaMMaTHKH B MPABWJIAX BBIJACIICHBI KUPHBIM HIPHUPTOM).

G({s, G, X, H, ¢, z}, {0...9, A...F, x, L1}, P, S)

P: S—>GL|zLl|HL|QL
G—>1]2(3/4|5/6|7|8/9/G0|GL|G2|G3|G4|G5|G6|G7|G8|G9|Z8|79|08[Q9
H— X0|X1|X2|X3|X4|X5|X6|X7|X8|X9|XA|XB|XC|XD|XE|XF|

HO|H1|H2|H3|H4|H5|H6|H7 |H8 |H9|HA|HB|HC|HD | HE | HF
X—> 7ZxX
0—> 7012112212324 |25|1726|27]1Q01Q1|02|03|104|Q5|06|Q7
Zz— 0

JlanHasi rpaMMaTHKa SIBISIETCSA PETyIspHON IpaMMaTHKOM (JIeBonuHeiHoi). OHa TaKkkKe sSBIsSETCS
ABTOMATHON TIpaMMaTHKOM, MOATOMY MpeoOpa3oBaHHE HCXOAHOW I'paMMaTHKU K aBTOMATHOMY BHUAY B
JaHHOM ciTydae He Tpedyercs. CrenoBareiabHO, MOKHO cpa3y mocTpouth KA.

[Tonyuum cnenyronmi KA:

M({Nr Z, X, H, Q, G, S}I {O"'9I A...F, x, J-}r 6/ N, {S})

d: 8(G,L)={s}, 6(z,L)={s}, o6(H,L)={S}, 8(Q,L)={s},
d(N,1)={G}, 06(N,2)={G}, d&(N,3)={G}, O&(N,4)={G}, O(N,5)={G}, &(N,6)={G},
d(N,7)={G},
d(N,8)={G}, 0O(N,9)={G}, d8(G,0)={G}, 8(G,1)={G}, 08(G,2)={G}, &(G,3)={G},
3(G,4)={(G},
3(G,5)={G}, 0(G,6)={G}, d8(G,7)={G}, 0&(G,8)={G}, 08(G,9)={G}, &(Z,8)={G},
8(2,9)={G},
3(0,8)={G}, 8(Q,9)=1{G},
d(X,0)={H}, O(X,1)={H}, d&(X,2)={H}, d&(X,3)={H}, O(X,4)={H}, &(X,5)={H},
d(X,6)={H},
(X, 7)={H}, 0O(X,8)={H}, d&(X,9)={H}, Od&(X,A)={H}, O(X,B)={H}, &(X,C)={H},
8 (X,D)={H},
d(X,E)={H}, O(X,F)={H}, O&(H,0)={H}, O&(H,1)={H}, O(H,2)={H}, &(H,3)={H},
d(H,4)={H},
d(H,5)={H}, O(H,6)={H}, O&(H,7)={H}, O(H,8)={H}, O(H,9)={H}, J&(H,A)={H},
d(H,B)={H},
d(H,C)={H}, &(H,D)={H}, O6(H,E)={H}, O(H,F)={H},
8(z,x)={X},
8(2,0)={Q}, 6(Z,1)={Q}, 8(Z,2)={Q}, 8(z,3)={Q}, 0o(Z,4)={0}, &(Z,5)={Q},
5(z,6)={Q},
8(z,7)={Q}, 8(0,0)={Q}, 8(Q,1)={Q}, 06(Q,2)={Q}, 8(Q,3)={Q}, &(0,4)={Q},
3(Q,5)={Q},
3(Q,6)={0}, 8(Q,7)={Q},
0(N,0)={z}
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[Moctpoennsiit KA M({N,Z,X,H,Q,G,S}, {0...9,A...F x,L}, 3, N, {S}) uzobpaxen na puc. 2 (6e3
y4éra Jyr, TMOKa3aHHbIX MYHKTHPHBIMH IHHHsAMH). HauaneHbeIM cocrosHmeM maHHoro KA sBisercs
cocrosiare N, MHOXKECTBO KOHEYHBIX COCTOSHHI COAEPIKUT OJHO COCTOSIHUE S.

Puc. 2. I'pad nepexooB nerepmunrpoBannoro KA, pacrosHaromiero menbie yrcia s3pika Cu

OueBugHO, uyTO mnocTpoeHHbE KA saBnsercs nerepmuHupoBaHHbIM KA, HO He sBisercs
MOJIHOCTBIO OMNpPEAENEHHBIM — B HEM €CTh COCTOSIHUSI, U3 KOTOPBIX HET NEPEXOJO0B MO OAHOMY WIIH
HECKOJIbKUM JIOMyCTUMBIM BXOJHBIM cHMBoiaM. Hampumep, u3 coctosHus G HeT mepexoaa Mo
JOMYCTUMOMY BXOJHOMY CHMBOIY X. DTO MOXET OBITh HEYAOOHBIM MpPH MPOTPaMMHUPOBAHUU PAOOTHI
nmannoro KA.

Uro6s! ganublii KA cTanm mogHOCTBIO OMpENeNEHHBIM, B HErO JOIMOJHUTENBHO BBEIEHO 0c000e
cocrosiHue E, o0o3Hauaromniee ommoOKy B paclio3HaBaHWU LIEMOYKH CHUMBOJIOB (Ha PUC. 2 3TO COCTOSIHHE U
UAylMe B HEro Ayru o0O3HA4YeHbl MyHKTUPHBIMHU JUHUSAMH). Ha rpade aBTOomMara nyru, uaymue B 3TO
COCTOSIHWE, HE HAarpyXeHbl CHMBOJIaMH. [lo TPHHATOMY COTJAIEHHIO OHU O0O03HAYAIOT (YHKIHIO
nepexoaa 1Mo JI00OMY CHMBONY, KpOME TE€X CHMBOJOB, KOTOPBIMH YK€ ITIOMEUYEHBI ApPYrHe IyTH,
BBIXOJSIME W3 TOM e BepuiMHbl rpada. Takoe coriameHue MNPUHATO, YTOOBI HE 3arpoOMOXKIATh
0003HaYeHUsIMU Trpad aBTOMaTa.

I[TOPAJOK BBIITIOJIHEHUA PABOTDI

1. TlomyuuTe BapuaHT 3ajaHus y mpenojaaBatens. CaMOCTOATENBHO BBHIOpATh MCIONB3YEMBIH BHJ
KOMMEHTapHs.

2. Pazpabotarh peryjisipHyl0 I'paMMaTHKy JIEKCEM BXOJHOTO S3blKa B COOTBETCTBHU C 3aJJaHUEM C

y4€TOM BBIOPAHHOTO BHJ1a KOMMEHTApHUEB.

[Toctpouts KA Ha 0CHOBE perynsipHOil rpaMMaTHKH BXOJIHOTO SI3bIKA.

[TpeoOpazoBats KA k neTepMUHHPOBAHHOMY BUIY (€CJIM HEOOXOIUMO).

Munumusuposats KA (ecnu He00X0a1uMo).

[ToaroTOBUTH U 3aLTUTUTH OTYET.

ISR



-16 -
Pexomenpanmu:

1. Ucnonp3yeMblii BUJ KOMMEHTapHsi MOKHO BBIOpaTh W3 JIFOOOTO sI3bIKa MPOTPAMMHUPOBAHUS, JTHOO
NPUIYMaTh CBOM COOCTBEHHBIH BUJ] KOMMEHTAPUSI.

2. UnentudukaropoM cuurtaercs ro0as MOCIEAOBATEIIBHOCTh OYKB M HHU(P, HAUMHAIOIMIAICT C OYKBBI
(vactro B mIeHTH(UKATOpaX JMOMYCKACTCS TaK)Ke 3HAK MOAUYEPKHBAHHUS — «_», WHOTAA M JAPYrHe
cUMBOJIBI). JlJ1st onpeneneHus uaeHTH(GUKAaTOPOB PEKOMEHIYETCsI UCTIONB30BATh PABUIIO TPAMMATHKH:
| - 6|10 | Iu, rae «6» o6o3HauaeT 00y OYKBY, a «Ip» - 1000 Uudpy.

3. Jlns ynpomenust ctpykTypbl KA KitoueBble CII0Ba MpeiaraeTcsi CYMTaTh UICHTU(DUKATOPAMH, a YiKe
1I0CJIC UX BBIJCIICHHS BBIMIOIHATH IPOBEPKY HA COBIAJACHUE HAWICHHOTO HIICHTH(HUKATOPA C 3a/IaHHBIM
IepevYHEM KITFOUEBBIX CJI0B. boiee moapo6Ho 06 stom cm. B [1, 2, 6].

TPEBOBAHUA K O®POPMIJIEHUIO OTHETA

Otuer AOJDKCH COACPKATh CICAYIOIINEC pa3aciibl:

e Kparkoe u3noxxeHue 1eiau paboThl.

e 3ajaHue 1O JIabOpaTOPHOM paboTe C ONMHMCAHMEM CBOETO BapHaHTa 3aJlaHMs W BBIOPAHHOTO BHA
KOMMEHTapHusl.

e Onucanue peryaspHON rpaMMAaTHUKH JIEKCEM BXOJHOTO si3bika B (¢opme bakyca-Haypa wnu B gopme
PEryIspHBIX BBIPAXKEHUH (B COOTBETCTBHH C BAPHAHTOM 3aJaHHUS).

e Omucanne KA nmm rpad nepexomoB KA mis pacro3HaBaHus JieKCeM (B COOTBETCTBUHU C BapHAHTOM
3aJIaHus ).

e BrIBoBI 1O TIpOIeIaHHOM paboTe.

JlomyckaeTcst opopMIISTh €IUHBIN (COBMECTHBIN) OTUET 11t TabopaTopHbIX padoT No2 u Ne3.

OCHOBHBIE KOHTPOJIBHBIE BOITPOCHI

1. [aiite ompeneneHue HENOYKH CHMBOJIOB, andaBuTta, si3bika. UTO Takoe CHHTAKCUC M CEMaHTHKa
sI3BIKA?

2. Kakue cymiecTByIOT METO/IbI 3a/1aHUS SI3bIKOB?

3. Uro Takoe TpaHCIATOpP, KOMIUWIATOP, HHTEepHpeTarop? B uém ux paznuune mexay co0oii?

4. Pacckaxure 00 001l CTPYKTYpe KOMIUIIATOPA.

5. Uro takoe nexcema? PacckakuTe, Kakue THIIbI JIEKCEM CYIIECTBYIOT B sI3bIKaX MPOTrPaMMHUPOBAHMSL.

6. Kakue (pyHKINN BBITOIHACT JEKCHUECKUI aHaIN3 B MTPOLECce KOMIUIIAIMU?

7. Yro takoe rpammaruka? Jlaiite onpeaeneHus rpaMMaTUKH.

8. Kak BermsauT onucanue rpaMMaTiku B popme bakyca-Haypa.

9. Kakue kimacchl rpaMMaTHK CyIIECTBYIOT?

10. Yro Takoe perynspHbsle rpaMmaTuku? B uém nx ocobennoctu?

11. PacckaxxuTe 0 pacro3HaBaTelNsAX SI3bIKA.

12. Yro Takoe koneunslit aBToMat (KA)? Kak moxxHo 3am1ath KA?

13. PacckaxuTte o ToM, Kak pyHKIHOHUpYyeT KA.

14. JlaiiTe ompeneneHue JAETEPMUHUPOBAHHOTO M HeneTepmMuHHpoBaHHoro KA. Pacckaxute o
BO3MOXHOCTH IpeoOpa3zoBaHus HeleTepMUHUPOBAaHHOTO KA B 1eTepMHUHUPOBaHHBIN.

15. OOmwscHUTE, KaK MOXKHO NOCTpouTh KA Ha OCHOBE peryssipHOi rpaMMaTHKH.

16. Yro Takoe aBTOMaTHas rpammartuka? Kak cBs3aHbl Mexay coOOW peryispHble U aBTOMAaTHBIE

T'paMMaTHUKH.

BAPUAHTBI 3AJTAHUN

Bce BapuaHTBl 3amaHW  TPEAYCMAaTPUBAIOT  BO3MOXKHOCTh  HAMUYUA  KOMMEHmMApuee
HeoZPaHU4eHHOll OAuHbl BO BXOTHOM s3bike. DopMy oOpraHu3ani KOMMEHTapHEB IIpeiiaracTcs
BBIOPATh CAMOCTOSITEIIHHO.
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JIroOble JIeKCeMBbI, HE MPEeIyCMOTPCHHBIC BapHaHTOM 3a/aHUs, BCTPEYAIOIIUECS B HCXOJHOM
TEKCTE, JOJDKHBI TPAKTOBATHCS KaK OITUOOYHEIE.

1. BXomHO# S3BIK CONCPXKHUT apu(MeTHUECKUEe BBIPOKEHUS, Pa3/IeJICHHbIE CUMBOJIOM ; (TOYKa C
3ansaTor). ApudMeTHUECKHUE BBIPAKEHUS COCTOST W3 HMICHTH(PHKATOPOB, ACCATUYHBIX YHCET C
IUIABAOIICH TOYKOM, 3HAKa MPUCBauBaHus (1=), 3HAKOB ONEpaIyii +, -, *, / ¥ KPYIJbIX CKOOOK.

2. BXOJHO# SI3BIK COJICP)KUT JIOTHUECKUE BBIPAKCHHS, DPAa3/ICJICHHbIE CHUMBOJOM ; (TOYKa C
3ansToi). Jlormueckue BBIPAXKEHHUS COCTOST M3 WACHTH()UKATOPOB, KOHCTAHT true («uctunayn) u false
(«105Kb»), 3HaKa IprcBanuBaHus (=), 3HAKOB OIepaluii Or, Xor, and, Not u KPyribIX CKOOOK.

3. BxoaHo#i s3bIK comepkuT omepartopbl ycimous tuma if ... then ... else u if ... then,
pasieJICHHbIE CUMBOJIOM ; (TOYKa C 3amsToi). Omneparopsl YCIOBHs COACPKAT UACHTU(DUKATOPHI, 3HAKU
CpaBHEHUS <, >, =, IECATUYHbIC YNCIIA C TUIABAOIICH TOUYKOM, 3HAK MPUCBanBaHus (:=).

4. BXOHOM 53bIK COJEPXKHUT ornepaTopsl nukia tumna for (...; ...; ...) do, pa3aeneHHble CUMBOJIOM
; (Touka ¢ 3amsrtoid). Omeparopbl NHKIA COJACPKAT HACHTU(UKATOPBI, 3HAKA CpaBHEHUs <, >, =,
JIECATHYHBIC YKCIIA C TUIABAIOIIECH TOYKOM, 3HAaK mpucBanBaHus (:=).

5. BXOHO# S13BbIK COJIEPKUT OIepaTophl BeiOOpa TuIa case ... of ... end, pa3aeeHHbIe CHMBOJIOM
; (Touka ¢ 3amsToif). OmepaTopsl BbIOOpa colep:KaT HAEHTU(UKATOPHI, 3HAK JBOETOYHS (:), 3HAKHU
oreparuii +, -, IeCATHUYHbIC YNCIIA C TUIABAMONICH TOUKOM, 3HAK MprcBanBanus (:=).

6. BXoaHO# s3bIK COMEPXKUT oreparops! mukia tauma While ... do ..., pa3aencHHbIE CHMBOJIOM
; (Touka ¢ 3amsroit). OnepaTopsl HUKIA COJACPKAT HICHTH()HUKATOPHI, 3HAKU CPaBHEHUS <, >, =, 3HaKU
oreparuii +, -, IeCATHUYHbIC YNCIIA C TUIABAMOIICH TOYKOM, 3HAK MpucBanBaHus (:=).

7. BXO/IHO# SI3BIK COIEPIKUT apu(PMETUUYECKUE BBIPAKEHHSI, Pa3JICIICHHbIC CHMBOJIOM ; (TOYKa C
3ansaTor). ApudMeTHuecKkue BBIPAKECHUS COCTOST W3 HACHTH(QHKATOPOB, PHMCKHX 4YKCEJ, 3HaKa
npucBanBaHus (=), 3HAKOB ONEpaIuii +, -, *, / ¥ KPyrJIbIX CKOOOK.

8. BXomHO# S3bIK CONEPXKUT JIOTHYECKHE BBIPDAKEHHUS, pa3felieHHbIE CHMBOJIOM ; (TOYKa C
3ansAToit). JIornueckre BBIPAKEHHS COCTOAT U3 HIeHTH()UKATOPOB, KOHCTaHT O U 1, 3HaKa mpuUCBauBaHMUSI
(:=), 3HaKoB omeparuii Or, X0or, and, NOt U KPyrJIbIX CKOOOK.

9. BxomHO#M s3bIK cozepkuT omeparopsl ycnous tuma if ... then ... else u if ... then,
pas3JiesieHHble CUMBOJIOM ; (TOUKa C 3amAToil). OmepaTopsl YCIOBUS COAepk AT UACHTU(DUKATOPHI, 3HAKU
CpaBHEHHS <, >, =, pUMCKHE YHCIIa, 3HAK PUCBanBaHUsA (:=).

10. BxoaHo# s13bIK comepkuT omeparopsl Iukina Ttuma for (...; ...; ...) do, pasnmeneHHbIe
CHUMBOJIOM ; (TOuKa ¢ 3amsaToi). OnepaTopsl IUKJIA COACPKAT UICHTH(PHUKATOPHI, 3HAKH CpaBHEHUS <, >,
=, PUMCKHE YHCITa, 3HaK MpucBanBaHus (:=).

11. BXoaHO#M SI3BIK COJEPIKUT oOImeparopbl BeIOOpa Thma case ... of ... end, pasnmeneHHbIe
CHMBOJIOM ; (TOouKa ¢ 3amsaToi). OmepaTopbl BIOOpa comepar HIACHTH(PHUKATOPHI, 3HAK ABOETOYHS (),
3HAKH OTepaluii +, -, pPUMCKHUE YKClia, 3HAK MPUCBauBaHus (1=).

12. BXoaHO# f3bIK COMEpHUT onepaTopbl 1ukia tuna While ... do ..., pa3neneHnHbsie cUMBOJIOM
; (Touka ¢ 3amsaroi). OnepaTopbl MUKIA COASPKAT HICHTH()UKATOPHI, 3HAKU CPaBHEHUS <, >, =, 3HaKU
orepanuii +, -, pUMCKHE YHCIa, 3HAK pucBauBaHus (:=).

13. BXOAHO! S3BIK COJAEPKHUT apU(PMETUUCCKHE BBIPAKCHHUS, Pa3/ICJICHHBIC CUMBOJIOM ; (TOYKa C
3anaToi). ApudMeTHUecKkrue BBIPAXKCHUS COCTOSAT U3 HICHTH()HUKATOPOB, IIECTHAIIATCPHUHBIX YHCE,
3HaKa MpUCBauBaHus (1=), 3HAKOB Omepanuii +, -, *, / 1 Kpyribix cKkoOOK.

14. BXOAHON $3BIK COJIEPYKUT JIOTUYECKUE BBIPAKCHHUS, PAa3JICIICHHbIE CHMBOJIOM ; (TOYKa ¢
3ansAToit). Jlorudeckue BBIPAKEHHS COCTOSIT W3 WACHTU(HHUKATOPOB, IIECCTHAIIIATCPUYHBIX YHCEN, 3HAKa
npucBauBaHusl (1=), 3HAKOB omepariuii or, Xor, and, Not u KpyribIx CKOOOK.

15. BXxogHO#M s3BIK COACPKUT omepartopkl ycinoBus tuma if ... then ... else u if ... then,
pas3JielieHHbIe CHMBOJIOM ; (TOYKa C 3amsAToil). OmepaTopsl YCIOBUSL COAEPKAT UACHTU(DUKATOPHI, 3HAKU
CpaBHEHHS <, >, =, IECTHAAATEPUIHbIC YKMCIIa, 3HAK TPUCBanBaHus (1=).
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16. BxoaHo# s3bIK COAECpKHUT omeparopbl mwkma tuma for (...; ...; ...) do, pasmenenHbie
CHUMBOJIOM ; (TOYKa ¢ 3amsAToit). OmepaTopsl UK COACPKAT UACHTH(PUKATOPHI, 3HAKH CPaBHEHHUS <, >,
=, MECTHAAATEPUYHBIC YKCIIa, 3HAK TPUCBanBaHus (1=).

17. BXoaHOH S3BIK COAEPIKHUT OIeparopsl BhIOOpa Tuma case ... of ... end, pasumenenHbie
CHUMBOJIOM ; (TOuYka ¢ 3amsaToi). OmepaTopsl BEIOOpa COAECPKAT MACHTH(PHUKATOPHI, 3HAK ABOCTOUHS (:),
3HAKHM orepanuii +, -, MeCTHAANATCPUIHbIC YKCIa, 3HAaK IpUCcBauBaHus (1=).

18. BXoaHO# sA3bIK COACPXKHUT omnepaTopsl ukia tuna While ... do ..., pasmenenHbsie cCHMBOIOM
; (Touka ¢ 3amsaroi). OnepaTopsl HUKIA COACPXKAT MACHTH()HUKATOPHI, 3HAKU CPaBHEHHUS <, >, =, 3HAKH
orepanuii +, -, HieCTHAAIATCPUYHBIE YKCIa, 3HAK prucBanBaHus (:=).

19. BXOAHO# SA3BIK COACPKHUT apU(PMETHUYECKHE BBIPAXKEHHUs, Pa3/eIeHHbIE CUMBOJIOM ; (TOYKa ¢
3amaToi). ApudMeTHYECKUE BBIPAXKEHUS COCTOAT M3 HACHTU(UKATOPOB, CHMBOJILHBIX KOHCTAHT (OJUH
CHMMBOJI B OJMHAPHBIX KaBbIYKaX), 3HaKa MpUCBavBaHus (:=), 3HAKOB omepammii +, -, *, / U KpyrJbIX
CKOOOK.

20. BXOogHOH S3BIK COAEP)KUT JIOTHYECKHE BBIPAXKEHHsS, pa3JeieHHbIE CHMBOJIOM | (TOYKa ¢
3amaToi). JIOrHuecKue BRIPaXKEHHS COCTOAT U3 HAECHTU(PHUKATOPOB, CHMBOJILHBIX KOHCTAHT ‘T’ («MCTHHAY)
u ‘F’ («10%b), 3HaKa pucBanBaHus (:=), 3HAKOB Omepaiuii Or, Xor, and, Not 1 KPyribIX CKOOOK.

21. BxomHO#W sI3bIK COACPKUT orepatopbl ycmoBus tuma if ... then ... else u if ... then,
paslelieHHbIe CUMBOJIOM ;(TOuKa ¢ 3amsToii). OmepaTopbl yCIOBHs COAEPKAT MACHTU(PHKATOPHI, 3HAKH
cpaBHEHHS <, >, =, CTPOKOBBIC KOHCTAHTHI (IIOCJI€0BATEIILHOCTE CHMBOJIOB B JJBOMHBIX KaBBIUKAX ), 3HAK
nprcBauBanus (:=).

22. BxogHoil s3bIK comepkuT omepatopsl Iwkiaa tuma for (...; ...; ...) do, pasmencHHBbIE
CHMBOJIOM ;(TOYKa C 3amnsaToil). OnepaTopsl HHUKIA COACPKAT HUACHTH(DUKATOPHI, 3HAKH CPaBHEHUS <, >, =,
CTPOKOBBIE KOHCTAHTHI (IIOCIIEA0BATEILHOCTS CHMBOJIOB B IBOMHBIX KaBbIUKaX ), 3HAK MpucBarBaHus (:=).

23. BxomHOW $53bIK COJCPKUT Omeparopsl BeiOOpa Tuma case ... of ... end, pasmenennbie
CHMBOJIOM ; (TOouKa ¢ 3amsaToi). OmepaTopbl BIOOpa comepaT MACHTU(PHUKATOPHI, 3HAK IBOETOYHS (),
3HaKd oOmepanuii +, -, CHUMBOJIbHBIC KOHCTAHTHI (OJMH CHMBOJ B OJMHAPHBIX KaBBIYKAX), 3HAK
npucBauBanus (:=).

24. BXOIHOM A3BIK COAEPXKHUT omeparopsl Iukiaa Tumna While ... do ..., pa3meneHHbie CHUMBOJIOM
; (Touka ¢ 3amsToii). OnepaTopsl MUKIA COAEPKAT MACHTH(DHUKATOPHI, 3HAKH CPAaBHEHUS <, >, =, 3HAKH
omeparuii  +, -, CHUMBOJIbHBIC KOHCTaHThI (OJMH CHMBOJ B OJMHAPHBIX KaBBIYKAX), 3HAK
npucBauBanus (:=).

lpumeuanue:

1. Pumckumu 4uciIamMu CUMTaTh MOCIEAOBATEIBHOCTH OonbinxX natuHckux OykB X, V u |. Ecnou B
3a/laHuu TpeOyeTcsl MCIMOJIb30BaHUE PUMCKHX 4YHCel, TO OObIUHBIE (apaOCKue) Yucia JOJKHBI
BOCTIPUHUMATKCS KaK HEJIOMYCTUMBIE JIEKCEMBI.

2. lllecTHannarepuyHBIMU YMCIIAMHU CUUTATh MOCIIEIOBATEIBHOCTD IU(Mp U cuMBoJioB ‘@’, ‘b’, ¢’,’d’,
‘e’ n ‘f’, Haunnaromytocs ¢ mudpsl (Hanpumep: 89, 45ac9, Oabcd). lomyckaeTcs MCIONB30BaTh
CrelaabHble CMMBOJIBI JUIS BBIACICHUS IIeCTHaANATepHuHbX uncen (Hampumep: $0abcd wmm
0x0abc4).

3. 3amanme mo sabopaTopHOil pabore No2 B3aMMOCBS3aHO C 3aJaHUSIMHU 10 JIAOOPATOPHBIM
pabotam Ne3-8. Pe3ynbTarhl, MOTyuYeHHBIE MPH BBINOJHEHUH JabopaTopHON paboThl Ne2, OymnyT
MCIIOJIb30BaHbI B MOCIEIYIONIUX padoTax.

4. Jlns yTOYHEHHUs COCTaBa BXOMHOTO SI3bIKA MOXKHO TIOCMOTpPETh TpaMMaTHKy, 3alaHHyI B
pabote Nod 17151 COOTBETCTBYIOIIETO BapHUaHTA.
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JIABOPATOPHASA PABOTA Ne 3
HOCTPOEHHUE JIEKCHYECKOI'O AHAJIM3ATOPA

Llenb _pabomul: O3HAKOMJIEHHE C HA3HAYCHHWEM U IPUHIUNAMH PabOThl JIEKCHYECKUX
aHAJIN3aTOPOB (CKAaHEpOB), MOJIYYEHHE IPAKTUUYECKMX HABBIKOB IIOCTPOCHHUSI CKaHEpa Ha IpUMeEpe
3aJJaHHOT'O IPOCTEHILEro BXOJAHOIO A3bIKA.

KPATKHUE TEOPETUYECKUE CBEJEHUA

[Ipo6iiemMbl pU MOCTPOCHUU JICKCUUECKUX aHAIIM3aTOPOB

Jlekcuueckuii ananuzamop (Wi CKaHep) — 3TO 4YacCTb KOMIIWIATOPA, KOTOpas YMTAET JUTEPHI
IIPOrpaMMbl HAa MCXOJHOM SI3bIKE M CTPOUT M3 HUX clloBa (JekceMbl). DYHKIUHU JIEKCUYECKOTO
aHaJM3aTopa ObUTH PaCCMOTPEHBI B TIPEIBIIYIIEH TabopaTopHOU paboTe No2.

Jlexcuueckuil aHaIM3aTOp UMEET JIEN0 ¢ TAKUM OOBEKTaMM, KaK pa3jiMdyHOIo poja KOHCTAHThI U
UACHTUPUKATOPHI (K TIOCIETHIM OTHOCATCS M KITFOUEBBIE CIIOBA). SI3BIK KOHCTAHT U WACHTU(UKATOPOB B
OOJIBIIMHCTBE CIY4aeB SIBISIETCS pe2yiapHbIM — TO €CTh, MOKET ObITh ONMCAaH C MOMOUIbIO PETYJSPHBIX
(paBOMHEHHBIX WM JIEBOJMHEHHBIX) rpamMMmaTuk [1, 2, 8, 9]. PacmosnaBaTensiMu UIsl peryssIpHBIX
A3BIKOB ABJIAIOTCS. KOHEeuHble aBToMathl (KA). CymiecTBytoT npaBuia, ¢ HOMOUIbIO KOTOPBIX JJIs JIF0O0H
peryJiipHONM rpaMMaTUKH MOXKET ObITh mocTpoeH KA, pacrno3Haromuil HEeNoYky s3blKa, 33JaHHOTO ATOU
rPaMMaTHKOM.

Takum 00pa3oM, TOCTPOSHHE pAcIO3HABATENsl BXOJHOTO S3bIKA, JIEKAIIETO B OCHOBE
JIEKCUYECKOr0 aHaJIN3aTopa, SIBJSIETCS JOCTaTOYHO MPOCTOM 3ajgadeld, KOTopash rapaHTUPOBAaHHO HMMEET
peleHne IS BCeX pPETyJSIPHBIX S3BIKOB. PemieHue 3ToW 3agauu ObUIO MOAPOOHO PAacCCMOTPEHO B
npeablaymei JadboparopHoit pabote No2.

KA mis xkaxa0il BXOAHOM LENOYKHA BXOJHOTO SI3bIKA JIA€T OTBET HA BOMPOC O TOM, IPUHAIICKHUT
WIM HET IeNOoYKa S3bIKY, 3aJJaHHOMY 3THUM aBToMaroM. OnHaKko B oOIIeM cilydae 3ajada JIEKCHYECKOTro
aHaJIM3aTopa HECKOJBKO IIMpE, YEM IMPOCTO MPOBEpPKA LIETIOYKH CHUMBOJIOB JIEKCEMBI HAa COOTBETCTBHE
BXOJIHOMY $13bIKy. KpoMe 3TOro, oH OJI’KEH BBIIOJHUTD CJIEAYIONUE NeHCTBUS:

® OMpeAeNuTh TPaHUIIbI JIEKCEM, KOTOPbIE B TEKCTE UCXOAHON IPOrpaMMBbl IBHO HE YKa3aHBbI;

® BBINOJIHUTH AEHCTBUS U1 COXpaHEeHUs MHPopManuu 00 oOHapyXeHHOMU JiekceMe (M BbIIaTh
cooOrieHue o0 ommuoKe, eciu JeKceMa HeBEpHa).

IIpo0aema onpeneneHus rpaHuL JeKceM

Beinenenre rpaHull JIEKCEM SBISETCA HETPUBUAIBHOM 3ajadeil. Benb B TeKCTe HMCXOAHOU
IporpaMMbl JIEKCEMbl HUKAaK He OorpaHudeHbl. B ynaboparopHoii pabote Ne2 mpu moctpoenuun KA Obut
MCIIOJIb30BaH CIIEHUaNbHBIA CUMBOI (L), onpenensromuil rpaHullbl BXOJHON JiekceMbl. Ho B peanbHbIX
IporpamMmax TaKOW CHUMBOJI B UCXOJHOM TEKCT€ OTCYTCTBYET — JIEKCUYECKUU aHAIM3aTOp HOJDKEH cam
OTIpeNIeNIUTh, TJIe HEOOXOAUMO IOCTaBUTh I'paHUIbI JekceM. [Ipu aToM cieayeT ydecTb, YTO I'paHHIA
OJTHOW JIEKCEMBI MOXET OBITh B TO € BpeMs HadajoM Jpyroil jekcembl. Eciu roBopuTh B TEpMUHAX
JIEKCUYECKOT0 aHalM3aTopa, TO OMpeesieHHe TPaHMIl JIEKCEM — 3TO BBLIEJICHHE TE€X CTPOK B 00IIeM
IIOTOKE BXOJHBIX CUMBOJIOB, JUIsl KOTOPBIX HAJ0 BBIIOJIHATH PACIIO3HABAHUE.

WMmmrocTpauuet ciydasi, KOIZJa OINPENEICHUE TPaHUll JIEKCEMBI BbI3BIBAECT OIPEIECICHHBIC
CJIO)KHOCTH, MOXET CIYyXUTh Npumep omeparopa nporpammbl Ha sizbike FORTRAN: mo ¢parmenty
HCXOJHOrOo Koja DO 10 I=1 HEBO3MOXHO OIpPENEIUTh TUIl ONEPATOpPA SI3bIKA (2 COOTBETCTBEHHO, U
rpaHUIBl JekceMm). B cimydae DO 10 I=1.15 3TO NPHUCBOCHUE BEMIECTBEHHOW MEepeMEeHHOW DO10T
3Ha4YeHUs KOHCTaHTHI 1 .15 (mpobensl B si3p1ke FORNTAN urnopupytorcs), a B cimyyae DO 10 I=1,15—
9TO UKIJI C IIEPEUUCICHUEM OT 1 10 15 1o [EJIOYHUCIIEHHON nepeMeHHOﬁ I mo MeTKH 10.

Jpyroii uutocTpanueil MOXeT CIyXHTb omnepatop s3bika C, UMEmUi BUA: k=i+++++7;.
CyiecTByeT TOJIBKO OJHA €JMHCTBEHHO BEpHAas TPAaKTOBKAa 3TOTO omeparopa: k = i++ + ++j; (ecnu
SABHO ITOSICHHUTL €€ C IMOMOIIBIO CK060K, TO JaHHAas KOHCTPYKIHSA UMEET BUA: kK = (i++) + (++7) ;).
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OnHAaKO HaWTH €€ JIEKCMYECKUM aHaau3aTop MOXKET, JUIIb MPOCMOTPEB BECh OMEpPaTOp 10 KOHIA U
nepeOpaB BCe BapHAHTHI, MPUYEM HEBEPHBIC BapHUaHThI MOTYT OBITH OOHAPY)KCHBI TOJBKO Ha JTare
CEMAHTHYECKOIO aHaau3a (HalmpuMep, BapUaHT BHJA k = (i++)++ + j; SABIAETCS CHHTAKCHUYCCKHU
MPAaBWIIBHBIM, HO CeMaHTHKOH si3bika C He momyckaercs). KoHeuHO, 4TOOBI 3Ta KOHCTPYKIMS ObLIa B
MPHUHIIMIIE JOIMYCTHMA, BXOIAIINE B HEEC ONCPAHIBI k, i U j JOJKHBI OBITh OMIMCAHBI M JIOJKHBI JOITYCKaTh
BBITIOJTHCHHE OTICPAIli S3bIKA ++ U +.

Kak BHJIHO W3 IPHUBEIEHHBIX MPUMEPOB, JIJIS ONPEICICHHS TPAHUI] JIEKCEM HEIO0CTATOYHO TOJIBKO
pacro3HaBarteisi BXOAHOro s3bika Ha ocHoBe KA. I103TOMy BO MHOTMX KOMITHJISTOpaX JICKCHUCCKHHA U
CHHTaKCHYECKHI aHAIM3aTOPBI — 3TO B3aMMOCBsA3aHHbIE yacTH [1, 2, 8, 10, 14].

B3anMoaeiicTBHE JEKCUYECKOTO U CUHTAKCUYECKOTO aHAJIN3aTOPOB

B mpocreiimem ciyyae ¢as3pl JEKCHYECKOTO M CHHTAKCHYECKOTO aHAJIM3a MOTYT BBITOIHATHCS
KOMIIWJISITOPOM  IOCJIEZIOBATENbHO. B 3TOM cilyyae JIeKCHMYECKUH aHaJIW3aToOp IOCIIEN0BATENbHO
CUMTBHIBAET TEKCT MCXOIHON IMPOrpaMMbl, aHAIM3HUPYET €ro, (GOpMHUPYET TAOJHUIly JIEKCEM, 3alOJHSET
TabIUIy HIeHTH(PHUKATOPOB U 3aKaHUYMBaeT paboTy. Ero BeIXoaHBIE JaHHBIE — TAOIUIIA JIEKCEM M TaOIHIa
UJICHTU(PUKATOPOB — TOCTYMAIOT Ha BXOJA CIEAYIOMETO OJTana KOMIWISIHH — CHHTaKCHYECKOTO
aHaM3aTopa, KOTOPBI 00pabaThiBaeT MX YK€ TOCIE 3aBepIICHHs Mpeablaylield (a3bl KOMITHIISIHIH.
Takoli MeTox B3aMMOJECHCTBHSA JIEKCUYECKOTO M CHHTAaKCHYECKOrO0 aHAJIM3aTOPOB  HA3bIBAIOT
nocnedogamenvuvim. (Cxema, u300paxarolias  IOCIEAOBaTENbHBIH  METOJ  B3aUMOJIECHCTBUS,
npejcTaBieHa Ha puc. 3.

Hcxomuas Jlexcnueckuit Ta6muua CuHTaKCHYECKUH
nporpamma aHAIIN3aToOP TeKceM pas0op (aHanu3)
(ckanen)
Wnentudu Nudopmanus
KATONKI O TUTIax
\ 4 \ 4

Tabmura uaeHTHGUKATOPOB (Ta0IMIIA UMEH)

Puc. 3. ITocaenoBareabHOE B3aUMOACHCTBHE IEKCUIECKOTO U CHHTAKCUYECKOTO aHaJIn3aTopoOB

JI1s1 HEKOTOPBIX SI3BIKOB MPOTPAMMUPOBAHUS UHPOPMAILIUM, UMEIOIICHCS Ha 3Tare JEKCHUYEeCKOTOo
aHajgn3a, MOXXET OBbITh HEIOCTATOYHO JJIs OJHO3HAYHOTO ONpPENETICHUs THUIAa W TPAHUI[ OYepEeTHOU
nexkcembl. MimmocTparmeil Takoro ciiydass MOXKET CIIY>)KHTh PAaCCMOTPEHHBIN BBIIIE MPUMEP Omeparopa
nporpamMmbel Ha si3bike DopTpaH, Korga MO YacTH TEKCTa MPOTPaMMBI DO 10 I=1... HEBO3MOXKHO
OTIPENIETTUTH THUTI OTIepaTopa (2 COOTBETCTBEHHO, U TPAHUIIBI JIEKCEM).

B »TomM ciywae B mpomecce aHaunM3a TEKCTa HWCXOJHOM MNPOrpaMMbl JIEKCUYECKHH U
CHHTaKCUYECKU aHaTU3aTOPhl OOMEHUBAIOTCS JAHHBIMU MEXIy coO0M. Jlekcrmueckuii aHaan3 UCXOHOTO
TEKCTa B TaKOM BapHAHTE BBITIOJHSETCS IMOATANTHO TaK, YTO CHHTAKCUYECKHH aHAIN3aTOpP, BBITIOJHUB
paz00p ovepeHON KOHCTPYKIIUU s3bIKa, 0OpaIaeTcss K CKaHepy 3a clieayrolien Jekcemoit. [Ipu sTtom oH
MOXET COOOIMTHh MH(MOPMAITHUIO O TOM, KaKyl0 JIEKCEMY CIIeyeT OXKHaaTh. B mporecce pazdopa MoxkeT
JlaXXe TPOUCXOJIUTh «OTKAT Ha3aa», YTOOBI BBHITIOJHUTH aHAIM3 TEKCTa Ha JPYrol OCHOBE, WCIOJIB3YS
JIpyrue THIBI JIEKCeM. Takoe B3aWMMOJEHCTBHE JIEKCUYECKOT0 W CHHTAKCHYECKOTO AaHaJIN3aTOPOB
Ha3bIBAIOT napannenavhvim. (Cxema, wu3o0pakarolas MapayiebHbIH METOJ  B3aUMOJICHCTBUS,
MIpe/ICTaBJICHa Ha puc. 4.

[TocnenoBarenbHOE  B3aMMOJCHCTBHE JIEKCHYECKOTO W CHHTAaKCHYECKOrO0  aHaJIM3aTOpOB,
MpPEACTaBICHHOEe Ha puc. 3, saBisgercs Oosiee dddextuBHBIM. OHO TpoIIe B peaau3aiuud U TpeOyeT
MEHBIINX BBIYUCIUTEIBHBIX 3aTpaT, YeM HX MapajjieIbHOE B3aUMOJICHCTBUE, MOKAa3aHHOE Ha puc. 4.
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[ToaToMy pa3pabOTYMKU KOMMMJIATOPOB CTPEMSTCS MCIONb30BaTh B KOMITUJISITOPE IOCIEN0BATEIBHOE
B3aUMO/ICVICTBUE JIEKCHYECKOTO U CUHTAKCUYECKOTO aHAIN3aTOPOB.

Ho, xak ObuIO CKa3aHO BbIIIE, JJIsl MHOTUX SI3bIKOB MPOrPaMMHUPOBAHUS Ha 3Talle JEKCUYECKOrO
aHaJM3a MOXET OBbIThb HEJOCTATOYHO HMH(OpPMALMH ISl OAHO3HAYHOTO OMpENETICHHs] THIA U TPaHMII
ouepeiHoil iekceMbl. Tora B COBpeMEHHBIX SI3bIKaxX MPOrpaMMHUPOBAHUS MPUMEHSETCs IPUHIUI BbIOOpa
U3 BCEX BO3MOXKHBIX JIEKCEM JIEKCEMbl HAaMOOJbIIEH JIMHBI: OYEPEeIHOW CHMBOJI M3 BXOAHOIO MOTOKA
no0aBisieTcsl B JIEKCEMY BCerja, Korja oH MOKeT ObITh Tyna AoOamieH. Korna cuMBOiI He MOXKET ObITh
no0aBjeH B JIEKCEMY, TO CUMTAETCS, YTO OH SBJSETCS TPaHUIEH JEeKCEeMbl M HayaloM Clexyrolen
JIEKCEMBI.

Takoll mpUHIUIT HE BCErja MO3BOJISET MPAaBWJIBHO OMNPEIEIUTh IPAaHULbI JEKCEM B TOM Ciydae,
KOIrJla OHM He pa3felieHbl MyCThIMM cCUMBoJIaMu. Harmpumep, mpuBeneHHas Bbllle cTpoka s3bika C
k = i+++++7j; Oymer pa3dbuTa Ha JICKCEMBI CIEIYIOIIUM OOpa3oM: k = i++ ++ + j; — M 3TO
pa3bueHne HeBepHOe. JIeKcMYecKuil aHanmu3arop, pa3dupas CTPOKY M3 5 3HAKOB + JBa)Ibl BRIOpA
JIeKCeMYy HauOOJbIIeH BO3MOXKHOW JJIMHBI — 3HAaK OINEpalud HHKpeMeHTa (YBEIMUYEHUs 3HAYCHUS
nepeMeHHOi Ha 1) ++, XOTS 3TO HempaBWiIbHO. KOMIWIATOP MODKEH OyAeT BbIIATh MOJIb30BATENO
cooOimeHrne 00 OmuOKe MPU TOM, YTO TPABWIBHBIM BapHaHT pPAClO3HABAHUS JTOW CTPOKU BCE Ke
CYILIECTBYET.

\ Tabmuma

Ucxoanas Jlexcnueckuit Wnentnpukatopst | 1 eprppukaropos
nporpamma aHaIM3aTOop »  (Tabmuia UMeH)
(ckanen) j
Ouepennas O6panienue

nmekceMa 3a JeKCeMoi

------>

Wudopmarus 06

CHHTaKCUYECKUIT
naeHTuGUKaTOpax

pa3bop (aHau3)

Puc. 4. IlapannenbHoe B3aUMOJACHCTBUE JIEKCHYECKOTO U CHHTAKCHYECKOTO aHAJIM3aTOPOB

Pa3paboTunku KOMIMISTOPOB CO3HATENBHO MAYT HAa TO, YTO OTCEKAIOT HEKOTOPBIE MPABUIIbHBIE,
HO HE BIIOJIHE y100OuYMTaeMble BapUaHThl MCXOJIHBIX Mporpamm. IIOMBITKM YCIOXHUTH JEKCHUECKUI
aHaM3aToOp HEU30eKHO NPUBEAYT K HEOOXOAMMOCTH OpraHU3allMM €ro MnapauielbHON padoThl ¢
CHUHTAKCUYECKHM aHAJIU3aTOPOM. A 3TO CHU3UT 3((HEKTUBHOCTH pabOThI BCETO KOMIMIIATOPA.

He s Bcex BXOAHBIX SI3BIKOB TAaKOH MOJX07 BO3MOXeH. Hampumep, 17151 pacCMOTPEHHOTO BBILIE
npumepa ¢ s3pika FORTRAN HeBO3MOXXHO MPUMEHHUTD yKa3aHHbBII METOJl — Pa3HUIIA MEXY OIEepaToOpoM
UKIa M ONepaTOpoM NPUCBAUBAHHs CIUIIKOM CYIIECTBEHHAa. B TakoM ciydae NpUXOAMTCS
OpPraHU30BBIBATH MAPAIUIETBHYIO paOOTY JIEKCHYECKOTO U CHHTAKCUYECKOT0 aHAIM3aTOPOB.

B nanpHelimem OynemM HCXOAUTH U3 MPEINOIOKEHHS, YTO BCE JIEKCEMBI MOTYT OBITh OJIHO3HAYHO
BBIJICJIEHBl CKAaHEpOM Ha JTale JIEKCHYeCKOro paszbopa — OOJBIIMHCTBO COBPEMEHHBIX HIMPOKO
pacIpoCTPaHEHHBIX S3bIKOB MMPOrPAMMHUPOBAHUS 3TO JOMYCKAIOT.

PGSYJ'H)T&TBI JICKCHUYCCKOI'O aHaJInu3a

Pesynbrarom pabOThI JICKCHYECKOTO aHAJIN3aTOpa SABJISCTCS 3aIOTHCHHUE ABYX TAOJIMIl — TaOJIAIIBI
UIEHTU(DUKATOPOB U TAOJHIIBI JICKCEM.
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Tabmuma naeHTuGUKaTOpoB COACPKUT MHGOPMAITHIO 000 BCEX JIEKCEMaxX MCXOIHOM MPOTPaMMBI,
3aJJaHHBIX e€ pa3paboTunkoM. B He€ momagaroT Bce MIEHTH(PHUKATOPHI — MIMEHA TIEPEMEHHBIX, (DYHKIIHIA,
KOHCTaHT M JAPYIHX 3JIEMEHTOB BXOJHOTO s13bIKa. MeTObl paboThl C TaOIUICH UACHTU(PUKATOPOB ObLTH
NOJIPOOHO PACCMOTPEHBI B MPEIbIIYIICH JIa00paTOpHO padoTe.

Tabnuna JiekceM colepKUT HHMOPMAITHIO 000 BCEX JIEKCEMaxX MCXOIHOW MPOTPaMMBbI U TOPSIIKE
uX clefoBaHus. B ornuume oT TaOnMMIBl WACHTU(PUKATOPOB B HEE TIONMAAAIOT HE TOJBKO
UICHTU(PUKATOPBI, HO U JIGKCEMBI IPYTUX TUIIOB — KIIOYEBBIC CJIOBA, KOHCTAHTHI, 3HAKW OIEpaluid U
pazaenutenn. KpoMe Toro, s TaOJIHIBI JICKCEM BaYKSH MOPSIOK CIICIOBAHHS JICKCEM — OHU 0053aTEIIbHO
pacrioyiaratotcsi B Heii B TOM JK€ MOPSJIKE, YTO U B UCXOAHOH mporpamme. [lostomy ecnu B Tabnwuie
UICHTU(PUKATOPOB Ka)/1asi JIKCeMa MOXKET BCTPEYAThCS TOJILKO OJMH pa3, TO B TAOJHIIEC JEKCEM OHa
Oyzmer BCTpeYaTbCsi CTOJBKO pa3, CKOJIBKO pa3 OHa IMPHCYTCTBYET B TEKCTE HCXOIHOW IMPOrPaMMBbI.
Tabnuua nexceMm 3amonHsAETCs W 00pabaThIBacTCs TOCIIENOBAaTEIbHO 10 MEpe aHaliu3a HCXOIHOHN
OpOTPaMMBbl, TMO3TOMY, B OTJIMYUE OT TaOJHUIBI WACHTU(PUKATOPOB, OHA HE TpedyeT pa3paboTKu
CHEIHATBHBIX METOIOB JIJIsl paOOTHI C JAHHBIMH.

Cnoco0 mnpencraBienus uHGOpMalMd B TaOJHIE JEKCEM IOCIE BBIMOIHEHHS JEKCUYECKOTO
aHaJM3a EeJIMKOM 3aBUCHT OT KOHCTPYKIIMK KoMmmisitopa. Ho B 001ieM BHje €e MOYKHO MPEICTaBUTh KaK
TaOJHILy, KOTOpas B KaXJIOW CTPOYKE JOJDKHA COJEpKaTh WH(POPMAIMIO O BHIE JICKCEMBI, €€ THIIC H,
BO3MOXKHO, 3HadeHHH. OObIUHO Takas TabIuIla UMEET JIBa CTONONA: MEPBBIA — CTPOKA JIEKCEMBI, BTOPOU —
yKa3zaresb Ha HHPOPMAIIUIO O JIEKCeMe, MOXKET ObITh BKIIFOUCH U TPETHI CTOJIOCI] — THIT JICKCEM.

Bot npumep ¢parmenTa TekcTa nporpamMmbl Ha si3bike [1ackaab U COOTBETCTBYIOIICH €My TaOJIUIIbI
aekceM (tabuuia 2):

“. Tabnuua 2
begin Tabnuia nekceM mporpaMMel
for i:=1 to N do Jlexcema Tum JieKceMbl 3uavenue
fg := £fg * 0.5 begin KiroueBoe ¢loBo Xy

. for KiroueBoe coBo X5
i Wpnentnduxarop i:l
= 3HaK MpUCBauBaHUSA
1 IlenouncienHas KOHCTAHTA 1
to Knroueroe ciioBo X3
N Wnentuduxarop N:2
do KiroueBoe c10B80 X4
fg Wpnentnduxarop fg:3
= 3HaK MpUCBauBaHUSA
fg Wpnentuduxarop fg:3
* 3Hak apudmMeTrdecKoi onepanun
0.5 BelecTBeHHas KOHCTaHTA 0.5

I/IH(I)OpMaLII/ISI, NpeaACTaBJICHHAA B CTOJ'I6I_IC «3HaUYCHHUEC» B Ta6JII/II_IC 2, YCJIOBHO H306pa>1<aeT
HCKOTOPBIC JAHHBIC, CBA3AHHLIC C KaXXJI0l JIEKCEMOM. KOHKpCTHLIﬁ COCTaB I/IH(I)OpMaI_II/II/I, XpaHI/IMOI\/'I B
Ta6J'II/II_[C JCKCEM, U (bopMa ec NMpEACTABJICHUA ONIPCACIIAOTCA paBpa6OT‘-II/IKaMI/I KOMITUJIATOPA.
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HOCTpOCHI/Ie JICKCUYICCKOT'O aHaJIM3aTopa

Puc. 5. I'pad nepexonoB nerepmuaupoBanHoro KA, pacmo3Haromero 1eible yucia s3pika Cu

Jns mocTpoeHHsl JIEKCHYECKOTo aHaiu3aTopa HeoOxoaumo mnocTpouTh KA, sBisromuiics
pacro3HaBaTelleM BXOJHOTO s3bIKa JIEKCMYecKoro anammsaropa. Iloctpoenme KA ommcano B
nabopaTopHoit padote No2. B kauectBe mpumepa BozbMeM KA, nmostydeHHbid B 1abopaTopHoil padote Ne2
— OH IIpPe/ICTaBJIeH Ha pUC. 5.

Hns ynoOctBa  mporpaMMupoBaHus — mocTpoeHHbld KA skemareapbHO — MpUBECTH K
JETEPMUHUPOBAHHOMY BUJAYy MW MUHHUMH3UpoBaTh. KA, mpencTaBieHHBIM Ha puHC. 5, sBIsgeTCA
JETEPMUHUPOBAHHBIM (2 IOTOMY HE TpeOyeT peoOpa3oBaHus) U HE HY)KJAeTCsS B MUHUMHU3AIUH.

Jlanee HeoOXOAMMO HamucaTh (PYHKLHIO, OTPaXarollyl0 (QYHKIMOHHPOBAHHWE MOCTPOECHHOTO
nerepmuHupoBanHoro KA. UYroObl 3amporpaMMupoBaTh Takyl0 (YHKIMIO, JIOCTATOYHO HMETh
NEPEMEHHYI0, KOTOpasi Obl 0TOOpakajia TEKyIlee COCTOSTHUE aBTOMaTa, a Mepexojbl aBTOMaTa U3 OJJHOTO
COCTOSHUSI B Jpyroe Ha OCHOBE CHMBOJIOB BXOJHOH IIEMOYKH MOTYT OBITH MOCTPOEHBI C TMOMOIIbIO
omepatopoB BeIOOpa. PaboTa QyHKIMM MOMKHA MPOAOHKATHCS O TeX MOp, MOKa He OyAeT JOCTUTHYT
KOHEI| BXOJHOM 1emnoyku. Jlyis BbIYMCIEHHUS pe3yibTara (PYHKIUMU HEOOXOOUMO IO €€ 3aBEpIICHHUIO
IIPOaHAIU3UPOBATh COCTOSIHME aBToMara. EciM 3TO OJHO M3 KOHEYHBIX COCTOSIHUM, TO (YHKIIHUS
BBIMIOJTHEHA YCIIEUIHO, M BXOJHAs IEeToYKa NPUHUMAETCS, €CIM HeT — TO BXOJHas IENoyka He
MPUHAJJICKUT 3aJJaHHOMY S3BIKY.

Takum cmrocoOOM MOXHO HAMKCaTh MPOTPaMMy, MOJSTHPYIOITyt0 padoty KA, mokazaHHoro Ha
puc. 5. Hike npuBoautcsa Tekct GyHKIMHN Ha si3bike [lackanp, ero peanusyromeil. Pesynbrar ¢yHKIIUN
UCTUHHBIA (True), ecaum BXOJHAs IEMOYKAa CHUMBOJIOB MPHUHAJIEKUT BXOJHOMY S3bIKY aBTOMaTa.
['panuneit nemodyku cumraercs cuMBOJ ¢ koxoMm 0O (#0), B pyHKIMH OH MCKYCCTBEHHO T00aBISETCS B
KOHEI[ [IeT0YKH.

B aroii mporpamme nepemenHas iState oToOpakaeT TeKyIlee COCTOSHUE aBTOMAaTa, IepeMeHHas |
ABIIIETCS. CYETYMKOM CHMBOJIOB BXOJHOM cTpoku. KoHeuHO, paccMOTpeHHas mporpamMma MOXKeET ObITbh
ONTUMHU3HUPOBAHA (HAIIPUMEP, MOKHO Cpa3y e MpeKpamarh pazdop 1Mo 0OHApYKEHHIO OIMMUOKH), HO B
JAHHOM TpUMeEpe ONTHUMHU3ALMS HE BBIMOIHSIIACH, YTOOBI MOXKHO OBLIO YETKO OTCIIEIUTH COOTBETCTBHE
MEXIy IPOrpaMMON U MMOCTPOCHHBIM aBTOMAaTOM.
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type
TAutoState = ( AUTO N, AUTO Z, AUTO X,
AUTO Q, AUTO H, AUTO G,
AUTO _ER, AUTO_ S );

function RunAuto (sInput: string): Boolean;

var
iState : TAutoState;
i : integer;
begin
sInput := sInput + #0;
iState := AUTO N;
i := 0;
repeat
i =1+ 1;
case iState of
AUTO N:
case sInput[i] of
‘0’ . istate := AUTO Z;
‘17..797:iState := AUTO_G;
else istate := AUTO_ER;
end;
AUTO %:
case sInput[i] of
‘07 ..777:iState := AUTO_Q;
‘87,79’: iState := AUTO_G;
Yk istate := AUTO X;
#0: iState := AUTO_S;
else istate := AUTO_ER;
end;
AUTO X:
case sInput[i] of
‘07..797:1iState := AUTO_H;
‘AY . .F’:iState := AUTO_H;
else iState := AUTO ER;
end;
AUTO Q:
case sInput[i] of
‘07 ..777:iState := AUTO_Q;
‘87,79’: iState := AUTO_G;
#0: istate := AUTO S;
else iState := AUTO ER;
end;
AUTO H:
case sInput[i] of
‘07..797: istate := AUTO H;
‘Af . 'F’: iState := AUTO H;
#0: iState := AUTO S;
else istate := AUTO ER;
end;
AUTO G:
case sInput[i] of
‘07..797: istate := AUTO G;
#0: iState := AUTO S;
else istate := AUTO ER;
end;
AUTO_ER: iState := AUTO ER;
end {case};
until (sInput[i] = #0);
RunAuto := (iState = AUTO S);
end; { RunAuto }

[Toctpoenne KA BpyuHYIO Ha OCHOBE IpaMMaTHK, COACPIKAITUX HEOOJBIIIOE KOJIUYECTBO MPABUIT
(10 HECKONBKHMX JECSITKOB), HE BbI3bIBAeT 3aTpynHeHuid. OmHAaKO IS TPaMMaTUK PEabHBIX S3BIKOB
MOCTPOCHUE PACIIO3HABATENS BPYUHYIO MOKET MPECTABIATH MPOOIeMy H3-3a 3HAUUTEIBHOIO KOJIHYECTBA
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cocrosiHnii KA. IlosToMy CylecTBylOT CpeACTBa, MO3BOJSAIONIME aBTOMATU3UPOBATH MOCTPOCHHE
JIEKCHUYECKOro aHamu3aTopa (Hanpumep, nporpamma LEX [2, 10, 19]).

B ofmem ciydae 3amavya ckaHepa HECKOJBKO HIMPE, YeM IPOCTO MPOBEPKA IETIOYKH CHMBOJIOB
JICKCEMbI Ha COOTBETCTBHE €€ BXOJHOMY 53bIKy. CKaHep JIOJDKCH BBIMOJIHUThH T€ WM HHBIC JCHCTBUS 110
3allOMUHAHUIO pACIIO3HAHHOW JIeKCEeMbl (3aHeceHHe ee¢ B Tabmmiy JiekceM). HaOop neiictBuid
ompenensercss peanusanueir kKommmwisitopa. OOBIYHO ATH JCUCTBUS BBINOJHSIOTCS Cpa3zy JKe I10
00HApPYKEHHUIO KOHIA PACIIO3HABaEMOM JIEKCEMBI, TIO9TOMY HUX HECJIO)KHO BCTABUTh B COOTBETCTBYIOIIIUE
MecTa pacCCMOTPEHHOM BBIIIE TIPOrpaMMbI-CKaHepa (B Te oreparopsl, rjie ooHapyxuBaeTcs cuMBo #0).

B nienmom 11t HOCTpOCHUS JIEKCHYECKOTO aHATTM3aTOPa HEOOXOAUMO BBITIOIHUTE CIICAYOIIEE:
® [IPOAHAITU3HPOBATH BO3MOXHBIC BXOJIHBIC JIEKCEMBI U BBIOPATh CIIOCOO OTIpEIeIICHUs TPAHUIL JIEKCEM;
® HCXOIs M3 BBIOpaHHOTO croco0a OIpenesieHUs] TPAHUIl JIGKCEM, BBIOpATh METOJ| B3aMMOJICHCTBUS
JICKCHYECKOTO U CHHTAaKCUYECKOTO aHAJIN3aTOPOB;
noctpouth KA, COCTaBIISIONIHIT OCHOBY JIEKCHYECKOTO aHAIN3aTOPa;

NPUBECTH MOCTPOEHHBINH KA K IeTepMUHHUPOBAHHOMY BU]LY;

MUHHMH3HPOBATH TIOJIYUYCHHBIN IETEpPMUHUPOBaHHBIN KA

CO3J1aTh MPOrPaMMHYI0 (PYHKIIUIO, pealin3yoiryto padory KA;

JIOTIOJTHUTh PEaJM30BaHHYI0 (YHKIHIO CTPYKTypaMH JaHHBIX, HCIHOJb3yEMBIMU JUIS XpaHCHHUS
uHpopManuu o Jekcemax (TaOJHIBI JIEKCEeM M TaOJHUIBl MIESHTU()HKATOPOB), 00ECIIEUNTh 3aIlOJIHCHHE
ATHX CTPYKTYp B mporecce GyHKunonupopanus KA.

AnropuT™ pabOoThI IPOCTEHUIIIETO CKaHEPa MOXHO OIUCATh TaK:
® IMPOCMATPUBACTCS BXOJHOH TOTOK CHUMBOJIOB IPOTPAMMBI HAa HMCXOJHOM SI3BIKE JIO OOHAapyKEHUs
OUYEPEHOTO CUMBOJIA, OTPAHHMYUBAOIIIETO JICKCEMY;

e U151 BRIOPAHHOM YaCTH BXOJHOTO TIOTOKA BBIMOIHSACTCS (DYHKIIHSI pacrio3HaBaHHUSI JICKCEMBI,

® TIpU YCHEIIHOM PAcliO3HaBaHWU MH(OPMAIIHS O BBIJCIEHHOH JIeKCeMe 3aHOCUTCS B TaOJHUILY JIEKCEM, U
QITOPUTM BO3BpAILAETCs K IEPBOMY ITaIy;

® TIpU HEYCIEUTHOM PacloO3HaBaHUH BBIJAETCS cooOIIeHe 00 ommbKe, a JanbHeNIIe TeHCTBUS 3aBUCST
OT pealu3alliy CKaHepa - JTUOO ero BHINOJHEHHUE MpeKpaimlaeTcs, Ju00 JenaeTcs MOIbITKa pacro3HaTh
CIEYIONIYIO JIeKceMy (MIET BO3BpaT K IEPBOMY ATAIly allTOPUTMA).

PabGora mporpammbi-ckaHepa MpPOAODKAETCA A0 TeX MOp, Moka He OyayT MPOCMOTPEHBI Bce
CUMBOJIBI IPOTPAMMBI Ha HCXOJTHOM SI3BIKE M3 BXOJHOTO MOTOKA.

[TOPAIOK BbIIIOJIHEHW A PABOTDI

[TosryunTh BapuaHT 3a7jaHusl y PENOo1aBaTeNsl.
[Toctpouts KA Ha ocHOBe peryisipHOi rpaMMaTHKH (110 pe3yibTaTaM J1adopaTopHOM paboThl Ne2).
[ToAroTOBUTH M 3aIIUTUTH OTYET.
Hanncate 1 oTimanute nporpamMmmy Ha OBM.
Cnatp paboTarollyro nporpaMmy IpenojaBareso.

JUis  BbINONHEHUs  1a0OpaTopHOM  pabOTBl  JONYCKaeTcs  UCHOJIb30BaTb  CPEIACTBA
ABTOMATU3UPOBAHHOTO MOCTPOCHUS JIEKCHUYECKOT0 aHanmu3aropa (Harnpumep, LEX).

ok~

TPEBOBAHUA K O®OPMIIEHUIO OTHETA

Otuer AOJIKCH COACPKATh CICAYIOIINEC Pa3aCiibl:

e KpaTkoe n3ioxeHue e padboThl.

e 3amanue mno jaabopaTopHOoil paboTe C OMUCAaHHMEM CBOEro BapHaHTa U HCIOJIB3YEMOIo BHUAA
KOMMEHTapHEB.

e Omucanne KA wm rpadp KA mist paco3HaBaHus JiekceM (B COOTBETCTBHHM C BapHaHTOM 3aJaHUs Ha
OCHOBE Pe3y/IbTAaTOB JabopaTopHOit padboThl Ne2).

e [Ipumep aHanu3upyeMoro BXOAHOIO TEKCTA U Pe3yNIbTaT pabOoThI IEKCUYECKOTO aHAIU3aTopa.
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e Tekct mporpaMMbl (0pOPMITSIETCS TOJBKO MPU HEOOXOIUMOCTH TI0 COTJIACOBAHUIO C MPETIOAaBaATEIEM).
e BriBoabI M0 mipoieanHOM padoTe.

Ecnmu nnst BeImonHeHHs 1a00paTOpPHOI pabOThl UCIONB3YIOTCSI CPEJICTBA aBTOMATU3HPOBAHHOTO
MOCTPOCHHS JICKCHYECKOTO aHajIu3aTopa, TO OTYET JOJDKEH COJNEp)KaTh OIMCAHHWE HCIIOIb3YeMOTO
nmporpaMMHOTO obOecnieueHuss (MO0 OMOIMOTEKH), a Tak)Ke OINKMCAaHHUE BCEX BXOJHBIX JIaHHBIX,
HEOOXOIMMBIX JIJIsl IOCTPOCHUS CKaHEepa B COOTBETCTBUH C 3aJ]aHUEM.

Homyckaetcst opopMIsTh €AMHBIN (COBMECTHBIN) OTUYET i1 JabopaTopHBIX padoT No2 u Ne3.

OCHOBHBIE KOHTPOJIBHBIE BOITPOCHI

1. [laiiTe ompezneneHHEe IIETIOYKH CHUMBOJIOB, an(aBuTa, sA3blKa. YTO Takoe CHHTAKCUC W CEMaHTHKa
A3bIKa?
Kakwue cyiecTBytoT METO/1bl 3a1aHUS A3BIKOB?
Uro Takoe TpaHCIATOp, KOMIWIATOP, HHTEpIpeTaTop? B uéM ux pazianune Mexry co0oit?
Pacckaxxute 06 001IeH CTPYKTYpEe KOMITHIISTOPA.
Uro Takoe nexkcema? Pacckaxure, Kakue TUIIBI JIEKCEM CYIIECTBYIOT B SI3bIKaX MPOrpaMMHPOBAHUS.
Kakue ¢pyHKIMY BBIIOTHSET JIEKCHYECKHI aHAIN3 B IPOIECCE KOMITUIISIIIAN ?
Kakue npeumyiiecTsa jaeT KOMIUWISATOPY HAIMYUE JIEKCUYECKOT0O aHanu3aTopa’?
Pacckaxxute o mpobiieMax, BOSHUKAIOIIUX TP IOCTPOCHUH JIEKCUYECKOTO aHaIN3aTopa.
Kak MoryT OBITH CBSI3aHBI JIEKCHYECKHI U CHHTAKCUYECKUN aHATN3aTOPHI?
. Yro Ttakoe rpammatuka? Jlalite onpeneneHus rpaMMaTUKH.
Kak BT onucanue rpammaTtuku B popme bakyca-Haypa.
Kakwue kiaccel rpaMMaTHK CyLIECTBYIOT?
. Uto Takoe perymspHbeie rpammatuku? B uém nx ocobennoctn?
. Yro Takoe KOHEUHbII aBTOMAT?
Jlaiite ompeneneHue AeTEpPMUHUPOBAHHOTO U HenerepmuHupoBaHHoro KA. Pacckaxure o
BO3MOXKHOCTH IpeoOpa3oBaHus HeleTepMUHUpoBaHHOTO KA B TeTepMHUHUPOBAHHBIN.
Kakue npoOiembl HEOOXOJUMO PEINTh IPU TOCTPOSHUH CKaHepa Ha OCHOBE KOHEYHOI'0 aBTomara’?

©CooNORAWLDN
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BAPUAHTHI 3ATAHUI

JInst BBITIOJTHEHUS JTa0OpaTOpHOW paboThl TpeOyeTcsi HamucaTh MPOrpaMMy, KOTOpasi BBIIOJHSET
JEKCUYECKUI aHallM3 BXOJHOTO TEKCTa B COOTBETCTBUH C 33JaHUEM U IOPOXKAAeT TAOIHIly JIEKCEM C
yKa3aHUEeM HX THUIIOB M 3Ha4eHHWH. TeKCT Ha BXOIHOM SI3bIKE 3aJ1a€TCSl B BUJIE CHMBOJILHOTO (TEKCTOBOTO)
¢aiina. [IporpamMma 10DKHA BBIIaBaTh COOOIICHHS O HAIWYHE BO BXOJHOM TEKCTE OIMIMOOK, KOTOPHIE
MOTYT OBITh OOHApy)KEHbl Ha JTale JEKCHYECKOro aHanu3a. Hanmnume CHHTaKCHYeCKUuX OMIHOOK
IPOBEPATH HE TpeOyeTcs.

JmMHY HOSHTU(HUKATOPOB U CTPOKOBBIX KOHCTAHT MOKHO CUMTATh OTPAaHMYCHHOW 32 CHMBOJIaMHU.
[IporpaMma J10JKHA JOMYCKATh Hanuuue KOMMeEHmMaApues HeozpanuyeHHoll Onunsl BO BXOTHOM (aiine.
®opmy opraHuzan KOMMEHTAPHUEB MPEIaraeTcs BHIOpaTh CaMOCTOSATENBHO.

JIroOble NIEKCeMBbI, HE TNPEIYCMOTPEHHBIC BAPHAHTOM 3aJaHUs, BCTPEUAIOIIUECS B HCXOTHOM
TEKCTE, JOJDKHBI TPAKTOBATHCS KaK OMIHOOYHEIE.

BapuaHThl 3agaHuil  TIONHOCTBIO COOTBETCTBYIOT BapuaHTaM 3aJaHHil 10 J1abopaTopHON
pabote Ne2.

JIABOPATOPHASA PABOTA Ne 4
IHHOCTPOEHHUE CUHTAKCHYECKOI'O AHAJIN3ATOPA

Llenv pabompvl: W3yueHHE OCHOBHBIX IMOHSATUH TEOPUU TPaMMATHK MPOCTOTO W ONEPAaTOPHOTO
IPE/IIECTBOBAHUS, O3HAKOMJICHHE C aJlTOPUTMAaMH CHHTAKCHYECKOT0 aHanu3a (pa3zdopa) Uit HEeKOTOPhIX
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kinaccoB KC-rpaMMaTHK, TOJIydeHUE MPAKTHYECKUX HABBIKOB CO3/IaHUS MPOCTEHINET0 CHHTAKCHYECKOTO
aHaM3aTopa Ui 3aJJaHHON rPaMMaTHKH OTIEPATOPHOTO MPEIIIECTBOBAHNSI.

KPATKHME TEOPETUYECKUWE CBEJJEHUA

ITo nepapxuu rpaMMaTuk XOMCKOI'O BBIAEISAIOT 4 OCHOBHBIE TPYIIIBI SI3bIKOB U OIMCBIBAIOIINX UX
rpammatuk. [Ipu 3ToM 111 pa3paboTKu KOMIUISATOPOB HAMOONIBIINN HHTEPEC MPEACTABISAIOT PErysipHbIe
1 KoHTeKCHO-cBOOOHbIe (KC) rpamMMatuku u si36Iki. OHU MCHOJB3YIOTCS IPU OMUCAHUU JIEKCUYECKUX
KOHCTPYKLUH U CHHTaKCHCa S3bIKOB IporpamMmupoBaHus. C MOMOUIbIO PETYJSPHBIX TPaMMaTHK MOKHO
OIHCATh JICKCEMBbI S3bIKa — WACHTU(UKATOPHI, KOHCTAHTHI, CIy)eOHbIe cioBa u npoune. Ha ocHoe KC-
rpaMMaTUK CTPOSTCs 0oJiee CI0KHbIE CHHTAKCUYECKUE KOHCTPYKIIMU — OMUCAHUS THUIIOB U MEPEMEHHBIX,
apu(MeTHUECKUE U JIOTUYECKHE BBIPAKECHUS, OTMEPaTOPbl, OJOKH, MOIYJH, W, HAKOHEIl, MOJHOCTHIO BCS
IporpaMMa Ha UCXOJIHOM SI3BIKE.

BxonHble 1IENOYKN PErysIPHBIX S3BIKOB PACIIO3HAIOTCS C IMOMOIIbI0 KOHEUHbIX aBTOMaToB (KA).
OHu 5e)xaT B OCHOBE CKaHEPOB, BBIMOJHSIOMIMX JEKCUYECKUM aHaIu3 U BbIIEICHHE CJIOB B TEKCTE
IporpaMMbl Ha BXOJHOM s3bIKe. PesynmbraToM paboThl CKaHepa SIBISIETCS MPeoOpa3oBaHHWE HMCXOIHOMN
IporpaMMbl B CHUCOK WM Tabmuiy nexcem. JlanpHelnryro ee oOpaOOTKY BBINOJHSET ApYyras 4acTh
KOMITHJISITOpa — CHHTAaKCHYeCKHi aHanmm3arop. Ero pabora ocHoBaHa Ha mcmoib3oBanuu mpasui KC-
IrpaMMaTUKH, OTIMCHIBAIOLINX KOHCTPYKLIUU UCXOIHOTO S3bIKA.

B3aumoneiicTBue JIEKCMYECKOIO W CHHTAaKCUYECKOrO aHajlu3aTopa paccMaTpuBajlioch B
npensaymei madbopatopaoii padore Ne3, 3mech ke OyAyT pacCMOTPEHBI aITOPUTMEI, JIEKAIUEe B OCHOBE
CUHTAKCHUYECKOTO aHaIM3a.

[lepen cMHTaKCHMUYECKUM aHAJIM3aTOPOM CTOSIT JBE OCHOBHBIE 3a/1ayM: MPOBEPUTH NPABUIBHOCTH
KOHCTPYKIUI IIPOrpaMMbl, KOTOpasi MPEACTaBISAETCS B BUAE YK€ BBIICICHHBIX CIIOB BXOJHOTO SI3bIKa, U
npeoOpazoBaTh €€ B BHJ, YIOOHBIM A JanbHEWIIEHl CeMaHTUYeCKOM (CMBICIIOBOM) 00paboTKH U
reHepanuu Koja.

Pacnio3naBanue nienouek KC-s1361k0B

AHaJII/I3aT0pr AJIS PA3/IMYHBIX TUIIOB A3LIKOB

Kak Obu10 cka3aHO BbIIIE, aHAJIU3ATOPOM JUISI CAMOTO MPOCTOrO THUMA S3BIKOB — PETYISPHBIX
A3BIKOB — SIBJAIOTCS KOoHeuHble aBToMaThl (KA). Bropoit mo cnoxHoctu tun s3b1koB — KC-s3b1kH —
JIOITyCKaeT paclo3HaBaHKUE C TOMOIIbI0 HEAETEPMUHUPOBAHHOIO KOHEYHOIO0 aBTOMAaTa CO CTEKOBOM (WiIn
MarasuHHoi) namsTbio — MII-aBTomara.

bonee crnoxHble KOHTEKCTHO-3aBUCUMBbIE SI3BIKM — MOCIEAHUIM THUI A3BIKOB, TEKCTHl Ha KOTOPBIX
MOKHO  pacmo3HaBaTb ¢  mnomompio  OBM.  Onum  oOpaOaTeiBaioTCSl ~ JIBYCTOPOHHUMH
HEeJeTEPMUHUPOBAHHBIMU JINHEHHO-OIPaHUYEHHBIMU aBTOMaTaMM. [l pacrmo3HaBaHMs LENOYEK ellle
0oJiee CIOKHBIX A3BIKOB 0€3 orpaHrueHui (SI3bIKOB ¢ (Ppa3oBoil CTPYKTYpoil), B 001IeM ciydae, TpeOyercs
YHHUBEpCAIbHBIN BBIYMCIUTEND (MalinHa ThIOpUHTa, MallliHA ¢ HEOTPAHWUYEHHBIM YMCIIOM PETHUCTPOB U
T.I.), KOTOPbI HE MOXET OBITh peajqn30BaH C IMOMOIIBI0 TPATUIMOHHOIO KOMIIbIOTEpA Ha OCHOBE
apxuTekTypsl ¢oH-Helimana. [loaTomy s13biku ¢ Qpa3oBOil CTPYKTYpOHl (a K HUM OTHOCSTCS BCE SI3BIKH
€CTECTBEHHOI'0 OOIIEHHSI) HE MOTYT OBITh MOJHOLIEHHO NMPOaHaTu3upoBaHbl Ha OBM.

KoHTekcTHO-3aBUCHMBIE S3BIKH U SI3BIKU € ()Pa30BOM CTPYKTYpPOU MpHU CO3TaHUH CTPYKTYP S3BIKOB
MIPOrPaMMHUPOBAHUS HE UCTIOIB3YIOTCSI.

Pacno3znaBarenu Ha ocHoBe MII-aBTOomMaToB

MII-aemomam [1, 2, 8, 10] B otiruue ot o6bryHOro KA mmeer crek (MarasuH), B KOTOPBIH MOXHO
MOMEIIATh CIelHaibHble "MarasuHHbIE" CUMBOJBI (OOBIYHO 3TO TEPMHHAJIBHBIE M HETCPMHHAJIHHBIC
CUMBOJIBI rpamMMmaTuku si3bika). [lepexon MII-aBToMara W3 OJHOTO COCTOSIHHMS B APYro€ 3aBUCUT HE
TOJIBKO OT BXOJHOTO CHMMBOJIA, HO M OT OJHOIO WJM HECKOJBKMX BEPXHUX CHUMBOJIOB cTeKa. Takum
oOpa3zoMm, koH¢wurypanus MII-aBromara ompenenseTcs TpeMsi MapamMeTpaMu: COCTOSHHEM aBTOMaTa,
TEKYILUM CUMBOJIOM BXOAHOMN LEMOYKH (TIOJIOKEHUEM YKa3aTess B LIETIOYKE) U COAEP)KUMBIM CTEKa.
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[Tpu BbIIOMHEHUM Tepexofa MEXAY COCTOSHUAMM U3 creka MII-aBromaTa ynansitoTcsi BepXHHE
CHUMBOJIbI, COOTBETCTBYIOLINE YCIOBUIO MEpexo/ia, U J00aBiIseTCs 1IeNoYKa, COOTBETCTBYIONIAs MPaBUILY
nepexoga. IlepBblii cUMBOJI IIEMOYKH CTAaHOBUTCS Bepxyiikoil creka. Jlns MII-aBTomaTta nomyckaroTcs
MEePEeX0/ibl, IPU KOTOPBIX BXOJHON CUMBOJI UTHOpUPYETCS (M, TEM CaMbIM, OH OyJIeT BXOJHBIM CHMBOJIOM
pu cienyolieM nepexose). Takue nepexoabl HA3bIBAIOTCS A-IIEPEXOTAMH.

MII-aBTomaTr Ha3wiBaeTCcsl Oemepmunuposannviv  (JAMII-aBTOMaTomM) eciu s KakIol
BO3MOXXHOH €ro KoH(purypamuu BO3MOKEH TOJILKO OIHMH Mepexo]| B CleIylolllee COCTOSHUE aBTOMara
(yauTsiBas u A-miepexonbl). B mpotuBHOM ciydae, eciiu XOTs Obl B oAHON KoH$urypauuu MII-aBTomara
BO3MOJXKEH Iepexoj 0osee, yeM B 0HO cocTtosiHue, MII-aBTromar Ha3bIBaeTCs HedemepMuHUpOBaHHbIM.

Eciu npu oxoHwanuu BxogHOM 1enouku MII-aBromar HaxoauTcs B OJHOM U3 3aJaHHBIX
KOHEYHBIX COCTOSIHUHM, a CTEK IYCT, LIEMIOYKa CYUTAETCS MPUHATOM (IIOC/ie OKOHYAHHS LIETTOYKH MOTYT
OBITH cieNaHbl A-niepexo/ibl). MiHaue Bxo1Has 1IeNOoYKa CUMBOJIOB HE IPUHUMAETCS.

ITo KC-rpammaruke G(VN,VT,P,S), V=VTUVN MOXHO MOCTPOUTH HEACTCPMUHHUPOBAHHBIN
MII-aBTOMaT, KOTOpBIM JomyckaeT (MPUHMMAET) LIETIOYKH S3bIKa, 33JaHHOTO 3TOW TrpammaTHkoil. OH
UMEET TOJIbKO OJHO COCTOSIHUE (] ¥ CIIEAYIOUINI HA0Op MePEX0/I0B:

e A(A)=(0) - wms Kaxzoro npasmia rpammariki A—a € P, rae AeVN, aeV';
e aa)x() - JUTsI KaK1oro TepMuHaia ac VT,

3,I[eCL B KPYIUIBIX CKOOKax ITOKa3aHo COACPKNMOC BCPXYHLIKU CTCKA. Hepeﬂ CKOOKaMH CTOHT
oqepez[Hoﬁ CHMBOJI BXOI[HOI71 OCII0OYKHU MJIM CMMBOJI A JJIA k-nepexona, a CUMBOJI + pasaciadacT COCTOSAHUA
aBToMarTra J0 MU IIOCJIC BBIIIOJHCHHA IICPCXOda (HOKaSLIBaCT TaKT pa6OTbI aBTOMaTa). B nauane pa6OTH
takoro MII-aBTomMaTa B CTEKE JICKHUT ILEJIEBON CHMBOJI rpaMMaTHuKu SEVN, B KOHIIC pa6OTH aBTOMarTa
CTCK OOJIKCH OBITE ITyCT.

s TOM Ke TpaMMAaTHKH MOXHO IOCTPOMTh M Apyrod MII-aBTomar, KOTOpBIM Takke CONECPKUT
OJIHO COCTOSIHHE U UMEET CIECAYIOIINE NEPEXOIBI:

e a()(a) - JUTs KaKJ10T0 TepMuHana ae VT,
e AMa)+(A) - mns kaxmoro mpasuia rpamMmmatiHka A—a € P, tie Ae VN, oceV*;

Takoit MII-aBTomar Ha3bIBAOT pacuwupennvim MII-agmomamom, TMOCKOIbKY IPH BBITOJIHEHUU
Iepexojia MEKIy COCTOSHHUAMM OH aHaJu3MpyeT HE OAWH CHMBOJ HAa BEPXYLIKE CTEKa, a LEMNOYKY
cumBoioB. Jlyia pacimpenHoro MII-aBromaTa B Hauane pa30opa cTek aBToMara IycT, a B KOHILE pa3zbopa
JIOITyCTUMOM IIETIOYKH B CTEKE JIOJDKEH OCTAThCS IeNIeBOi CUMBOJ rpaMmMaTuk SeVN.

Kak Obuto mokazano Bbelme, mig Jo6oil KC-rpammatuku MoxHO mnocTpouTh MII-aBromar,
pacno3HaromMi 1IeNOYKH CUMBOJIOB S3bIKa, 3a/laHHOr0 3Toi rpammarukoil. Taxke nns moboro MII-
aBTOMara Bceraa MoXHO noctpouTbh KC-rpaMMaTuKy, 3aJalOIIyr0 S3bIK LEMNOYEK, PACIIO3HABAEMBIX 3THM
aBToMatoM. Takum oOpa3zoM, Tun KC-sS3bIKOB U THIT A3BIKOB, HomyckaeMbix MII-aBToMaramu, sSIBISIOTCS
HKBHUBAJIEHTHBIMH.

He xaxnpiii KC-sa3bik nomyckaer paz0op ¢ moMolnbio jaerepMmuHupoBaHHoro MII-aBTomara.
HenerepmunupoBanusie MII-aBTOMaTel MOTyT pacro3HaBaTh Oojiee MIMPOKUM Kiacc SI3bIKOB, YEM
JerepmMuHupoBaHHble. [loaTOMy He Bcerna aisg MpOM3BOJIBHOTO HeneTepMuHHpoBaHHOro MII-aBTomara
MO>XHO TOCTPOUTH SKBUBAJECHTHBINM €My JIeTepMUHHpPOBaHHbIN MII-aBTOMar — B 3TOM HX OTJIMYHE OT
00b1yHBIX KA.

WHTepec aiia peanu3anny KOMIWISATOPOB IPEACTABIIIOT UMEHHO AeTepMUHUPOBaHHbIE KC-sA3bIKN
(AKC-s3p1k1) — cobcTBeHHOE TTOAMHOXKECTBO KC-S3BIKOB, JOMYCKAOIIEEe PACIO3HABAHHWE C TTOMOIIBIO
neTepMuHupoBaHHbIX MII-aBTOMaToOB — MOCKONBKY JT0Ka3aHo, yTo Juisd atoboro JIKC-s3bika cyiiecTByeT
onHo3HauHast KC-rpammaruka, 3ajnatomas 3ToT s3blK. OJTHO3HAYHOCTh I'PAMMATUKU — 3TO 0€3yCIOBHOE
TpeboBaHue JUIsl JHOOOro s3plka MNporpammupoBaHus. llosTomy mnpu co3gaHMM  KOMIMIISTOPOB
HCIIOJIb3YIOTCSI UMEHHO AeTepMUHUpPOBaHHbIe MII-aBTOMATEI.
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CJI05KHOCTHh CHHTAKCH4YeCKOro pa3oopa. Pa3doop cBepXy BHU3 U CHU3Y BBepX

[IporpammupoBanue paboThl HemerepMuHHUpoBaHHOTO MII-aBTOMara — 3TO CJOXKHas 3ajaaya.
Pa3zpaboTan anropuT™, MO3BOJSIOMUN i1 Tpou3BoIbHON KC-rpamMmMaTHKH OnpenennuTh, TPUHAIICHKUT
oM eil 3amaHHas BXxoaHas nemouka (amroputMm Koka-SIarepa-Kacammn) [1, 2, 3, 8, 14]. [loka3zaHo, 4TO
BpeMsi PabOThl ATOTO aJrOPUTMA IPOMOPIIUOHAIBHO n3, rae N - IMHA BXOJHOM memouku. st
oxHo3HauHoi KC-rpaMMaTHKH U MCIIOIB30BaHMK JIPYroro aaroputMa (aaroputM Dpiu [1, 2, 3, 8, 14])
3TO BpeMs IPOIOPIIHOHAIBHO n%. Tlomo6GHAs 3aBUCHMOCTD JIENAET 3T AITOPUTMBI TPEOOBATEIIHPHBIMHA K
BBIYHMCIIUTEIILHBIM Pecypcam, a MOTOMY MaJIONPUTOIHBIMU TSI IIPAKTUYECKUX TICIICH.

JBa MII-aBToMara, MOCTPOEHHBIX BhIIIE Ji NMPpou3BoiabHON KC-rpaMMatuku, onpenenstoT JiBa
Merona pazbopa KC-s3bikoB: cBepXy BHU3 M cHuU3y BBepx. Camm 1o cebe »tu MII-aBTomMaTel He
MIPEACTABIIIOT MPAKTHYECKOTO MHTEPECa, TaK KaK ISl peajbHbIX S3BIKOB MPOTPAMMUPOBAHUS OHH OYyIyT
HEJICTEPMUHUPOBAHHBIMK, a IMOTOMY HEI(P(EKTUBHBIMH M CJIOXKHBIMH B peanu3aruu. OIHako Bce
UCIIONIb3yeMble Ha MPAKTHKE CHUHTAKCHYECKHE aHAIM3aTOPbl SBIAIOTCS MOIU(MUKAIMSIMH OMMCAHHBIX
Beiie  MII-aBromaToB, mnpeacraBisiommmMu  codori  JIMII-aBTomarel, TpUMEHUMBIE IS aHAJIMA3a
pa3nnunbix kiaccoB KC-s3pikoB. Kaxaprii takoit JIMII-aBToOMaT nMeeT OrpaHUYEeHHYIO MPUMEHUMOCTH
TONBKO JUIA ONpeneleHHOro kiacca B cocraBe KC-fA3bIKOB, HO TMpU ITOM OH  SBJISETCS
JETEPMUHUPOBAHHBIM U A(PPEKTHBHBIM B peanu3ainur. MHOXECTBO pa3pabOTaHHBIX TaKUM 00pa3om
monupukanuii JIMII-aBToMaToB MOKPBHIBAE€T CYIIECTBEHHYIO JOMI0 BceX BO3MOXHBIX JIKC-s3bIKOB.
[ToaToMy Ha MpakTUKE AJS KaKIOTO SI3bIKa MPOrPaMMUPOBAHUS YAA€TCAd HAWTU MOAXOMAAIIUN IJIST HETO
JAMII-aBTomar, pacrno3HarOUINil ENOYKHU 3TOTO s3bIKA (@ yalle BCero — Cpa3y HECKOJBbKO MOIXOJSIINX
JIMII-aBTOMaTOB).

B nepBoM citydae, mpu CHHTaKCUYECKOM Pa3dope CBEpXY BHH3 BBINOIHSIETCS IPOCMOTP BXOHOM
[ICTIOYKH CJIeBa HANpaBo, a B pe3y/bTaTe MOJIyd4aroTCs JIEBOCTOPOHHME BBIBOIKI [1, 2, 3, 8, 10]. MII-
aBTOMAT, JIeXKAIIU B OCHOBE Takoro pazbopa, Ha3wsiBaeTcs MII-agmomamom ¢ no0bopom anvmepHamus.
OH sBNsIeTCS HEACTEPMUHUPOBAHHBIM, TaK KaK HET OJIHO3HAYHOTO BHIOOpA, KaKO€ MPABUIIO MPUMEHUTH
JUTSL pPacCKpBITHUS CaMOTO JIEBOTO HETEPMHHAILHOTO CUMBoOJa (moadope anbrepHatuBbl). JJMII-aBTOMaTHI,
MOCTPOCHHBIE HA €ro OCHOBE, HWCIONB3YIOT pa3inuHble MOAU(UKAINKM, TO3BOJISIONINE CAETaTh
OJIHO3HAYHBIA BHIOOP MpaBuUiia MpHU MOAOOpE anbTepHATUBHI. lIprMepamMu TakuX aBTOMATOB SIBISIFOTCS
pa3dop Mo METOIy PEKYPCHUBHOTO CITyCKa U paclio3HaBaTelb Ha OCHOBe LL-rpammaTuk.

Bo BTOpOM ciyuae mpu CHHTaKCHUYECKOM pa3z0ope CHU3Y BBEPX BBHIMOTHSIETCS MIPOCMOTP BXOIHOU
IICTIOYKH CJIeBa HAMpaBoO, a B Pe3yJbTare IOIyd4aroTCs MPaBOCTOPOHHHME BbIBOAMI [1, 2, 3, 8, 10]. MII-
aBTOMAT, JIeKaIINi B OCHOBE Takoro pazbopa, HazbiBaeTcst MII-aemomamom muna cosue-ceepmrd. IT0
HA3BaHME OMpEIENIEHO TeM, CTO Takoi pa3zbop ymoOHO (opmanuzoBaTh B TepMuHax "caBur" (mepeHoc
CHUMBOJIa M3 BXOJHOH IIETIOYKHU B Mara3uH) u "cBepTka" (MpUMEHEHHE K BEpIIMHE Mara3uHa Kakoro-amoo
npaBuiia rpamMmatukn). s moctpoenus JJMII-aBTomaroB Ha ocHoBe MII-aBTOoMaTa Tuma CABUT-CBEPTKA
HEO0OXOUMO Ha KaKJOM Iare paboThl aBTOMAaTa OJHO3HAYHO OMPEAENUTh, KaKoe JeWCTBUE — CIBHUT WU
CBEpPTKa — JIOJDKHO BBITIOJHATHCS, @ €CIIM BBIMIOJNHSAETCS CBEPTKA, TO MAJNS HEe JOHKHO OJHO3HAYHO
BbIOUpaThCs mpaBuio. [IpuMepamu Takux aBTOMATOB SIBISIOTCS paclio3HaBaTeln Ha oOcHoBe LR-
rpaMMaTHK U TPaMMaTHK TIPEIIIECTBOBAHUSI.

rpaMMaTI/IKI/I npeAImCcCTBOBAHNA

CuHTakcH4ecKuil pa3dop HA OCHOBE TPAMMATHK NpeAIeCTBOBAHUS

Kak Ob110 cKka3aHO BbIIIE, HA IPAKTUKE HE TpeOyeTcs aHaiu3 Iernovky npous3BoibHoro KC-sa3pika
— OOJNBIIMHCTBO KOHCTPYKIHUI A3BIKOB NMPOIPAaMMHPOBAHUS MOXKET ObITh OTHECEHO B OJMH M3 KJIACCOB
JKC-53bIKOB, 17151 KOTOPBIX pa3paboTaHbl aIrOPUTMbI pa3dopa, TMHEWHO 3aBUCSIINE OT JJIMHBI BXOIHOM
LIEITOYKHU.

OxHMM M3 TaKMX KJIAacCOB fABISETCA KJacc TIpaMMaTUK HpeamecTBoBaHus. OcoOEHHOCTD
IrpaMMaTHK INPEIIIECTBOBAHUS 3aKII0YAETCSA B TOM, YTO Ul KaXIOW YIOPAJIO4YEHHOU Iapbl CUMBOJIOB B
rpaMMaTUKE YCTAaHABIMBACTCS OTHOIIEHHE, HA3bIBAEMOE OTHOULICHHWEM MpeaniecTBoBaHug. OObIYHO
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MCIOJIB3YIOTCSl TPU BHJIa OTHOIIEHUHN MPEIIeCTBOBAaHUS, KOTOpble 0003HAYAIOTCS CIIEIYIOIUM 00pa3oM:
<. («mpenmiecTByeT»), =- («COCTaBISET OCHOBY») M -> («cimemyer»). OTHOIIEHHE TPEIIICCTBOBAHUS
€AMHCTBEHHO JJIsl KaXJOW YHMOPSAJOYEHHOW Mapbl CUMBOJIOB. llpu 3TOM Mexay KakKUMH-TUOO ABYMS
CUMBOJIAaMU MOXKET W HE€ OBbITh OTHOIIEHHUS MPEALIECTBOBAHUS — 3TO 3HAYUT, YTO OHU HE MOTYT
HAXOJUTHCS PSIIOM HU B OJIHOM 3JIEMEHTE pa30opa CHHTAKCUYECKU MPaBWIbHON Lenoukd. OTHOIICHUS
MPEIIIECTBOBAHUS 3aBUCAT OT MOPSIIKA, B KOTOPOM CTOSIT CUMBOJIBI, U B 3TOM CMBICJIE UX HENb3s IMyTaTh
CO 3HAaKaMW MaTEeMaTHYeCKHX olepanuid — Hampumep, eciu A -> B, 1o He o0Os3arensHO, uTto B <-A
(IOATOMY 3HAKH MPEAIIECCTBOBAHUS OOBIYHO MOMEYAIOT CHEIHAIbHON TOYKOW, 4YTOOBI HE MyTaTh MX CO
3HaKaMH MaTeMaTHYECKHUX OTepaluil CpaBHEHU).

Meton mpeamecTBOBaHUS OCHOBAaH Ha TOM (pakTe, YTO OTHOILIEHUS IMPEAIICCTBOBAHUS MEXIY
JIBYMsI COCETHUMHU CUMBOJIaMHU PacllO3HABAEMOM CTPOKH COOTBETCTBYIOT TPEM CIEAYIOIINM BapUaHTaM:

e Si<: Sj+1, €cau CUMBOI Sj+1 - KpaWHUMN JIEBBII CUMBOJI HEKOTOPOU OCHOBHI,

e Si-> S, eciu CUMBOI Sj - KpailHUI MPaBbIii CUMBOJI HEKOTOPOIl OCHOBBI;

e §j=: Sj+1, €CIU CUMBOJIBI Sj U Sj+1 IPUHAAIEKAT OAHOI OCHOBE.

Hcxons U3 3TUX COOTHOIIEHUH, BBIMOIHSACTCS pa30op BXOAHOW CTPOKM HA OCHOBE IPaMMATHUKH
MpeIIeCTBOBAHUS.

Pacno3naBaTenb Ha OCHOBE IpaMMAaTHKH MPEIIECTBOBaHUS B 00IIeM BUE paboTaeT ClaeayOIUM
oOpa3om: B mporiecce pazbopa pacmmupeHHbld MII-aBTOMaT cpaBHMBAaeT TEKYIIM CHMBOJ BXOJHOM
[ENOYKH C OJHHUM W3 CHMBOJIOB, HaXOJSIIMXCS Ha BEpXYIIKe cTeka aBToMmata. llpu 3ToM Tekymuit
BXOJIHOM CUMBOJI CUUTAETCS JIEBHIM CHMBOJIOM B OTHOIICHUHU MPENIIECTBOBAHUSA, & CHMBOJI, HAXOISALIUIICS
Ha BEpXYIIKE CTEKa aBTOMaTa — MPaBbIM CUMBOJIOM B OTHOIIEHUU (MIOPSIOK CUMBOJIOB B OTHOIIECHUSX
IpeIIecTBOBaHNs UMeeT MpUHLIUNNUAIbHOE 3HaueHue!). B mporecce cpaBHEHHS MpoBepsieTCs, Kakoe U3
BO3MOXXHBIX OTHOILIEHUH TMPEANIECTBOBAHUS CYIIECTBYeT MEXAYy OTUMU [BYMs CHUMBOJamu. B
3aBUCHUMOCTH OT HAWJIEHHOTO OTHOIIEHHUS BBIMONHSAETCS JAHOO0 CABHT, JHOO cBepTka. IIpu oTCyTCTBHM
OTHOIICHHUS MIPEANIECTBOBAHMS MEXKIY CHMBOJIAMH PaclO3HABATENb CUTHAIM3UPYET 00 OIIHOKe.

3amaya TOCTPOCHHUS TpaMMATHKU TMPEANIECTBOBAHUS 3aKJIIOUAeTCsl B TOM, 4YTOOBI HMETh
BO3MOXXHOCTh HEMPOTHBOPEYUBHIM 00pa3oM OMPENENUTh OTHOIIECHUS TMPEIIeCTBOBAHUS MEXIY
CHUMBOJIaMU TpaMMaTHKU. Eciii 3TO BO3MOKHO, TO TpaMMaTHKa MOXKET ObITh OTHECEHA K OJTHOMY M3 BHJIOB
rpaMMaTHUK MPEAIIECTBOBAHMS.

Cy1iecTByeT HECKOJIbKO BUIOB TpaMMaTHK npeamecTBoBanus. OHU pa3iIuyaroTcs Mo TOMY, Kakue
OTHOINICHHUS IPEANISCTBOBAHUS B HUX OMPEIEICHbI U MeXKAY KaKUMH TUIIAMU CUMBOJIOB (TePMHUHAILHBIMH
WIM HETePMUHAIBHBIMH) MOTYT OBITh YCTAHOBJIEHBI 3TH OTHOIIeHUs. Kpome Toro, BO3MOKHBI
HE3HaYUTeNbHble MoIU(MUKAINK (QYHKIIMOHUPOBAHUS AITOPUTMAa «CIBUT-CBEPTKAa» B pacro3HaBaTeNsX
JUIST TaKUX TpaMMaTUK (B OCHOBHOM Ha JTame BbIOOpa MpaBWiia AJs BBIOJHEHUS CBEPTKH, KOTJa
BO3MOXHBI HEOIHO3HAYHOCTH) [2, 3, 6].

Brigenstor cienyromuye THIBI TpaMMaTHK MPeIIIIeCTBOBAHMUS
MPOCTOTO MPEAIIECTBOBAHHUS,
pacIIMPeHHOTO MPE/IIIIECTBOBAHUS;
c1aboro MpeAnecTBOBAHMUS;

CMEIIaHHOM CTpaTeruy MpeIIeCTBOBAHUS;
OTIepaTOPHOTO MPEANIECTBOBAHMSI.

Janee OyayT pacCMOTpPEHBI OTpaHWYCHHS] HA CTPYKTYpy MpaBUI U alTOPUTMBI pa3zbopa Ui

rpaMMaTHK OTIEPaTOPHOTO MPEIIIeCTBOBAHUS.

I'paMMaTHKH OnepaTOPHOro NMpeaecTBOBAHUS

['paMMaTHKO# OIEpaTOPHOTrO MpEIIecTBOBaHUS Ha3biBaeTcs npuBeacHHas KC-rpammarnka 6e3
A-mipaBUJI (e-TIpaBWII), B KOTOPOMl BCE MpaBble YaCTU MPOAYKLIMNA pa3IUYHbI U HE COAEPKAT CMENKHBIX
HETEpMUHAJBHBIX  CHMBOJIOB. B rpaMMaruke oOmepaTOpHOro  NPEIIECTBOBAHUS  pa3IUYHbIE
MOPOKJAIONINE MpaBWila JOJDKHBI HMMETh pa3Hble NIpaBble yacTH. JlJis TpaMMaTHKU ONEepaTOPHOTO
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NPEIIECTBOBAHUS OTHOUICHHS MPEIIISCTBOBAHUS 3aJal0TCS TOJBKO HAa MHOXKECTBE TEPMHHAIBHBIX
CHMBOJIOB.

OTHONICHUSI ~ TIPEIIICCTBOBAHWS  JUIS ~ TPaMMAaTHKH  ONEPATOPHOTO  TPEANICCTBOBAHHS
G(VN,VT,P,S) 3agarorcs crieayromumM 00pa3om:

e a=-b, ecmu u ToIBKO eciu cymiectByeT npaBuwio U—oaabP € P wiu npasuio U—aaCbp € P,

rae a,beVT, U,CeVN, a,f eV’;

e a<-b, ecan u ronsko ecnu cymectyer npasmio U—oaaCp € P u BeiBog C=*bw nim BeIBOA

C=*Dbw, rze a,beVT, U,C,DeVN, o,p,0eV’;

e a->Db, ecn u Tonpko ecnu cymectyer npasmio U—>oaCbp € P u BeiBog C=*wa niu BeIBOA

C=*waD, rze a,beVT, U,C,.DeVN, a,B,0eV".

Hns  ynobctBa paboOThl Ha OCHOBAaHMHM OTHOIICHHWHA MPEIIIECTBOBAHUS CTPOSAT MATPHILY
Npe/IIeCTBOBaHUS rpaMMaTHKH. CTPOKH MaTPUIIBl MPEANICCTBOBAHHS TOMEYAOTCS TIEPBBIMU  (JICBBIMH)
CHUMBOJIAMHU, a CTOJIOIBI — BTOPHIMHU (IIPaBbIMH) CHMBOJIAMH OTHOIICHUH MPEANIECTBOBaHUSA. B KiieTkn
MaTpHIIbl Ha MEPECEYCHUU COOTBETCTBYIOIIMX CTOJIONA M CTPOKM MOMEIIAIOTCS 3HAKU OTHoUeHui. [Ipu
9TOM MYCThIE KJICTKH MATPHIIBI TOBOPST O TOM, YTO MEXKAY JaHHBIMH CHUMBOJAMHU HET HH OJHOTO
OTHOIIEHHUS ITPE/IIICCTBOBAHUSI.

Marpuia mnpeaniecTBOBaHUS ISl TPAMMATHKH OIEPATOPHOTO MPEIIICCTBOBAHUS COJCPKHT
TOJIbKO TEPMUHAIBHBIC CUMBOJIBI. B 3TOM MpOSBIISETCS MPEUMYILIECTBO JTAHHOTO BUA TPAMMATHUK TIepe]t
JNPYTUMH  BHJAMH TpaMMaTHK [PEANICCTBOBAHMS, B KOTOPBIX Ui OIPEHCICHUS OTHOILICHHUN
NPE/IIECTBOBAHUS HCIIOJIB3YIOTCSI KaK TEPMUHAIbHBIC, TaK W HETCPMHUHAIBHBIC CHUMBOJBI — MPH
UCIIOJIb30BAHUU TOJIBKO TEPMHUHAIBHBIX CHUMBOJIOB CYIIECTBEHHO COKpamaercs OO0beM MaTpPHUIIbI
npezmecTBoBanus. OJIHAKO 3TO HajlaraeT JOTOJHUTEIBHBIC OIPAaHUYCHHS Ha MPaBHJIa TPAMMATHKUA — B
npaBWiIax TpaMMaTHK OINEPaTOPHOrO  TPEANISCTBOBAHHMS HE MOXET OBITh JBYX CMEKHBIX
HETEPMHUHAIBHBIX CUMBOJOB. JTO, B CBOIO OUY€PE/lb, COKpAIIaeT MHOKECTBO TPAMMATHUK, S3BIKH KOTOPBIX
MOTYyT OBITh TPOAHAJTU3UPOBAHBI C TIOMOIIBIO  pACMO3HABATENsI HAa OCHOBE OMNEPaTOPHOTO
MpeIIecTBOBaHUs O3 IpeIBapUTENHLHOTO MPeoOpa3oBaHusl HCXOAHON TPaMMATHKH.

Martpuily npeAmecTBOBaHUs TPAMMATHKH MOKHO TOCTPOUTH, ONHUPAsCh HEMOCPEICTBEHHO Ha
oTpesieNieHus OTHOILIEHUI MpPEeIIIecCTBOBaHUs, HO Ha MPAKTUKE €€ MOCTpPOeHUE yao0Hee BHIOIHUTH
CJIEAYIOIINUM 00pazoM:

® TIOCTPOUTH JIBa JAOTOJHUTEIHHBIX MHOXKECTBA — KPAfHUX JIEBBIX U KpalHUX MPaBBIX CHMBOJIOB
OTHOCUTENILHO HETEPMUHAIBHBIX CHMBOJIOB TPAMMAaTHKU;

® Ha OCHOBE MHOXECTB KpaWHUX JI€BBIX U KpaHUX TPaBBIX CHMBOJOB OTHOCHUTEIHHO
HETEPMHUHAIBHBIX CHMBOJIOB TPaMMaTHKU MOCTPOUTh MHOXKECTBA KpaWHUX JIEBBIX M KPAaHUX MPaBBIX
TEPMHUHAILHBIX CUMBOJIOB;

® C TMOMOIIBI0 MHOXECTB KpaHUX JIEBBIX M KpaHUX TMPaBbIX TEPMUHAIBHBIX CHMBOJIOB
OTHOCUTEIILHO HETEPMUHAIBHBIX CHMBOJIOB TPAMMATUKHU 3allOJTHUTHh MaTPHILY MPEAIIeCTBOBAHUS.

Takoil moaxon ymoOeH Ha MpakTHUKe, TaK Kak He TpeOyeT MOCTPOEHHs BBIBOJOB. MHOXecTBa
KpallHUX JIeBbIX U KpaWHUX MPaBbIX CHMBOJIOB OTHOCUTEIIEHO HETEPMUHAIBHBIX CUMBOJIOB IPAMMATHKH
OTIPECIISAIOTCS CIEeIYIOIUM 00pa3oMm:

*
e LU) = {T | 3 U=*Tw}, UTeV, ®eV — MHOXECTBO KpailHUX JIEBBIX CHMBOJIOB
OTHOCHUTEJIBHO HETePMUHAIBHOTO cuMBoIa U;
e RU) = {T | 3 U=*0T}, UTeV, weV — MHOXKECTBO KpaHHX MpPaBbIX CHMBOJIOB

OTHOCHUTEJIBHO HETEPMUHAJIBHOTO cuMBoJia U.
B mnpuBenéHHBIX BBIIIE ONPEAETICHUAX IIETIOYKAa (O MOXKET OBITh JIIOOOW MPOU3BOJIBHOM LENOYKOM
CHUMBOJIOB, B TOM YHUCJIE U ITyCTOM LIETIOYKOM.

MuoxectBa L(U) u R(U) Moryr ObITH MOCTPOEHBI ISl KaXKIOTO HETEPMHHAIBLHOTO CHMBOJA
rpamMMatuku UeVN 1o oueHb IpOCTOMY alIrOPUTMY:
Hlac 1. Jns kaxaoro HeTepMuHaIBbHOrO cuMBosia U umineM Bce npasuia, coaepkamue U B JIEeBOM
yactu. Bo MHOkecTBO L(U) BKIIFOUaeM caMblif JIEBBII CUMBOJI U3 IIPABOM YacCTH IPABUJI, & BO MHOKECTBO
R(U) - camblii kpaitauii cuMBOJ mpaBoii yacTu. [lepexoaun k mary 2.
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Hlae 2. Jns  xaxporo HerepmMuHaimbHOro cumBona U: ecou  mHOxkectBo L(U)  comepkut
HEeTepMHUHAIbHBIE CUMBOJIBI TpamMMmatuku U’,U”,..., TO €ro Haxo JOTOJHUTH CUMBOJAMH, BXOISIIMMH B
cootBercTByromue MHoxkectsa L(U’), L(U”), ... u He Bxomsmumu B L(U). Ty xe omepamuio Hamo
BoImostHuTh st R(U).

Hlae 3. Ecnu wa mpeppiaymem mare xots 0bl ogHo mMHOkecTBO L(U) mmm R(U) mis HekoTOporo

CHMBOJIa TPaMMAaTHKHA U3MEHHUIIOCH, TO HAaJIO BEPHYTHCS K IIary 2, HHa4e MOCTPOCHHUE 3aKOHYCHO.

Janee HEOOXOIUMO TOCTPOUTH MHOXKECTBA KPAWHUX JIEBBIX W KpaWHHUX MPaBBbIX TCPMHHAIBHBIX
CHMBOJIOB OTHOCHTENBHO HeTepMuHanbHoro cumsona U - LY(U) i RY(U). Dti MHOXecTBa MOTyT GbITH
OIIPEIEIICHBI CIIEIYIONIMM 00pa3oM:

. Lt(U) ={d |3 U=*dw wiu 3 U=*Cdo }, rne deVT, U,CeVN, weV':

e R'(U)={d|3 U=*wd wm 3 U=*edC }, rue deVT, U,CeVN, oV .

Torna onpeneneHus: OTHOIICHUH ONEPaTOPHOTO MPEANICCTBOBAHUS OYAYT BHITIISIETh TAK:

e a =D, ecnmu 3 mpasuno U—oabp € P uiu npaswio U—aaCbhy € P, rae a,beVT, U,CeVN,

apeV;

e a<-b,ecnu 3 nmpasuno U—>0aCP € Pu be Lt(C), roe a,beVT, U,CeVN, oc,BeV*;

e a->Db, ecntu 3 mpaBuo U—-aChP € P u ae Rt(C), rae a,beVT, U,CeVN, OL,BEV*.

B naHHBIX oOIpeneneHusK IENOYKA CUMBOJIOB 3,00 MOTYT OBITh MPOHM3BOJBHBIMH, B TOM YHCIEC H
MYCTHIMH LIEIOYKAMH.

Jlnst naxoxaenust Muoxects LY(U) u R'(U) ncromnb3yercst cieayiomuii aaropur:

Hlae 1. JIist KaKI0r0 HETEPMUHAIBHOTO cuMBoJjIa rpammatiki U crposites mHoxecTBa L(U) u R(U).
Takum obpazom, mHOokecTBa L(U) u R(U) sABISIOTCS MCXOAHBIMHU JTaHHBIMH TSI 3aTIOJTHEHHS] MHOXKECTB
L'(U) u RY(U).

Llae 2. JInst KaKI0ro HETEpMHHAIBHOTO CHMBOJa rpamMmaruku U wumrytes npasBwia Buga U—do u
U—Cdw, tne deVT, CeVN, u)eV*; TEpMHHAIbHBIE CHMBOJIBI (I BKJIFOUAIOTCS BO MHOXKECTBO Lt(U).
AHAJOTMYHO JJII MHOXKECTBA Rt(U) uiytest npasuia Buaa U—od 1 U—-odC.

Hlae 3. Ipocmarpusaercst MEOxkectBo L(U), B KoTopoe BxomaT cumpomsl U’,U”,... Muoxectso LY(U)
nomonusiercs cumBonamu, Bxomsmmmu B LU, LY(U”), ..., we Bxomsmmmu B LY(U). Ananornusas
oreparus BBITOIHACTCS 1 s MHokecTBa R'(U) Ha ocHoBe MHOXecTBa R(U).

Tocre moctpoennst MuoxkectB LY(U) u R'(U) Ha ocHOBE MpaBmiI rpaMMATHKH U OMPEIEICHHS
OTHOIICHU TIPEIIIECTBOBAHNS, TAHHBIX BBIIIE, 3aMOIHAETCS MAaTpPHUIlAa OMIEPATOPHOTO MPEIIIIECTBOBAHUS.
Jns ynoOGctBa pabOThl MaTpHIly MpPEIIIeCTBOBAHUS JOMOJTHSIIOT CHMBONaMH 1, U Ly, KOTOpBIE
0003HAYalOT HAYalo0 M KOHEI] BXOMHOM menouykd. [Ins HUX ompeneieHbl CIeIyloIIne OTHOIICHHS
MPEIIIeCTBOBAHNUS:

1,<-a,VaeVT, ecan 3 S=*am wm 3 S=*Caw, rae S,CeVN, oV wim eciv ae Lt(S);

1,->a,VaeVT, ecm 3 S=*wa nimm 3 S=*waC, rae S,CeVN, oeV umm eciu ae Rt(S).

TakuMm 00pa3zom, 4TOOBI TOCTPOUTH MATPUILY MPEIIIECTBOBAHUS ISl TPAMMATHUKH OMEPaTOPHOTO
MPEeIIIeCTBOBAHUS HEOOXO0IUMO BBITIOHUTE CIIEIYIONIUE NCHCTBUS:

1. TlocTpouTh MHOXKECTBA KpallHHX JIEBBIX U KpailHUX MpaBbix cuMBoJI0B rpammaruku — L(U) u R(U).

2. Ha ocnoge moctpoennbix MHOkeCTB L(U) u R(U) mocTpouth MHOKECTBA KpaHUX JIEBBIX M KpaHUX
TIPaBBIX TEPMUHAIBHBIX CHMBOJIOB rpammaTikd — L(U) u RY(U).

3. Hcnome3ys nocrpoennsie Muoxectsa L'(U) u RY(U) Ha ocHOBe mpaBHI MCXOZHON IPaMMATHKH
3aMOJHUTH MAaTPHILY OMEPATOPHOTO MPEIIIECTBOBAHUS.

[Tpu 3anmomHEHUM MATPUIBI MPEAIISCTBOBAHUS MOXKET OKa3aThCs, YTO B OJHY U Ty XK€ KIETKY
MaTpUIIBI HEOOXOAMMO 3amucaTth 0ojiee OJHOTO OTHOIICHUS MPEAIIeCTBOBAaHUSA. DTO O3HAYAEeT, 4TO
HCXOJHAs TPaMMAaTHKa He SBISICTCS TPAMMATUKON ONEpaTOPHOTO MPE/IIecCTBOBaHUS. B Takom ciydae Juist
aHaJIM3a MEeT0YeK A3bIKa, 33JJaHHOT0 UCXOHOM IPaMMAaTHUKOHN, HE MOXKET UCTIOJB30BaThCS PACIIO3HABATEIb
HAa OCHOBE OIEPATOPHOTO MPEAIISCTBOBAHUS, JIMOO Tepe] MOCTPOCHHEM pAaCIO3HABATENsl HCXOIHYIO
rpaMMaTUKy He0OXOAMMO MPeoOpa3oBaTh.
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AJropuT™M “caBUr-cBepTKa” JJIs IPAMMATHK ONEPATOPHOIO NMpealiecTBOBAHMS

Anroput™M _ “‘cABHMr-cBepTKa’ IS IpaMMAaTHKHM _OINEPaTOPHOrO MPEAIISCTBOBAaHUSA. JlaHHBII
QJITOPUTM BBITIONHAETCS pacmupeHHbIM JIMII-aBTOMaTOM THIIA «CIBUT-CBEPTKA» C OJHUM COCTOSHUEM.
OTHOIICHUST TPEIIIESCTBOBAHUS CIYXaT I TOTO, YTOOBI OMPENEIUTh, KaKoe JCUCTBHUE — CABUT WJIU
CBEpPTKA — JIOJDKHO BBITTOHATHCSA HA KaXKJOM IIIare W OAHO3HAYHO BHIOpaATh MpaBuiIo mpu cBeptke. [Ipu
OTPENICJICHUN OTHOIICHUH TPENIISCTBOBAHUS HE NPHHUMAIOTCS BO BHUMAaHHE HETEPMHUHAIbHBIC
CHUMBOJIBI, HAXO/ISIIHMECS Ha BEPXYIIKE CTEKA, U WIIETCS OJMKAWIINN K BEPXYIIKE CTEKa TEPMHUHAIbHBIN
cuMBOJI. OJIHAKO TOCIIE BBHIITOJIHCHHUSI CPAaBHEHHS M OTIPEICIICHUS TPAHUIl OCHOBBI IIPH MTOMCKE MIpaBuja B
rpaMMaTHKe HETePMHUHAJIbHBIC CHMBOJIBI CJIETyeT, O€3yCIIOBHO, IPUHUMATh BO BHUMAaHHE.

B nauvanpHOM coctostHuu JIMII-aBTOMara cuuThIBaroIias roJoBKa 0003peBaeT MEPBbId CHMBOJI, B
KOHEII LIETIOYKH ITOMEIIEH CUMBOI L. AJITOpUT™M pazdopa MOXKHO OIHUCATH CIEAYIOIUM 00pa3oM:

Hlae 1. IToMecTUTh B BEPXYIIKY CTEKa CUMBOJI Hayajla EeMOYKU — L.

Hlae 2. CpaBHUTh CUMBOJ, HAXOJSAIIMIICS Ha BEpIIMHE CTE€Ka, MUTHOPUPYS BCE HETEPMHUHAIbHBIC
CUMBOIJIBI, C TEKYITUM CUMBOJIOM BXOJIHOH IIETIOYKHU.

Hlaz 3. Ecniu umeer mecto OTHOIIEHHE <- WM =:, TO MPOU3BECTU MEPEHOC (IIOMECTUTH TEKYIIH
BXOJIHOM CHUMBOJI B CTE€K U CABUHYTH BXOJHYIO LIETIOUKY Ha OJWH CUMBOJI) U BEPHYTHCS K IIary 2.

Hlaz 4. Ecnu nmeer MecTo OTHOIIEHHE ->, TO MPOU3BECTU CBEPTKY, TO €CTh HANTH Ha BEpILMHE CTEKa

(I/IFHOpI/Ipy}I HCTCPMHHAJIBHBIC CI/IMBOJ'IBI) BCC CUMBOJIbI, CBA3aHHBIC OTHOILICHHUECM = (COCTaBHﬂeT OCHOBy'),
U 3aMEHUTh HMX JIEBOM YacCThbIO COOTBCTCTBYIOLICI'O IIpaBUJIa I'PaAMMATHUKH (HpI/I BbI60pe IIpaBHUJIa
HCTCPMHUHAJIbHBIC CHUMBOJIbI  JOJI?KHBI y‘II/ITHBaTbCSI). HOCKOHLKy IrpaMMaTKa  OIICPATOPHOI'O
NpeaAtICCTBOBAHUS HE NOITYCKACT PA3JIMYHBIX IIPABUII C OJIMHAKOBOM npaBoﬁ 4aCTbloO, BBI60p IIpaBujia Ha
3TOM IlIare oJHo3HaueH. Eciu noaxoasiiee IIpaBUJIO HaWTHU HE YAACTCsl, CA-THAJIM3UPOBATDH 00 oIInoKe.

Llae 5. Ecnun  oTHoLIeHHWe NpeIIecTBOBAaHUS MEXAYy CHMBOJIAMH HE OIPENETeHO, IpepBaTh
BBINOJIHEHHE U CUTHAJIU3UPOBATh 00 OIIMOKeE.
Llae 6. [TpoBepuTh yciioBue 3aBeplieHus: pa3dopa (Ha BEpXyLIKE CT€Ka HAXOAMUTCS IeJI€BOW CUMBOJI

rpaMMaTHKH S U CUMBOJ L, TEKyIINil BXOJHOH CHMBOJI — CHMBOJ KOHIA nernouku L). Eciau pa3bop He
3aKOHYEH, TO BEPHYTHCS K IIAry 2, HHa4€ BHINOJIHEHNE aJITOPUTMa 3aBEPIICHO.

Omubka B TMpolecce BBIMOJHEHUS alrOpuTMa BO3HHKAET, KOTJa HEBO3MOXHO BBIIOJIHHUTH
OUEpEIHOM IIar — HaNpuMEp, €CIM HE YCTAaHOBJIEHO OTHOLICHHE IPEAIIECTBOBAHMS MEXAY IBYMs
CpaBHUBAEMbIMH CUMBOJIAaMH (Ha 11are 2) UM €ClIM He yaeTcs HallTh Hy)KHOE NPaBUIIO B TpaMMaTuke (Ha
miare 4). Tora BBIOIHEHUE aITOPUTMa HEMEIEHHO MTPEPBhIBACTCSL.

Pa36op cuuTaercs 3aKOHUEHHBIM (ITOPUTM 3aBepIlaeTCs), €CIM CUUTHIBAIOLIAas TOJOBKa
aBTOMaTa 0003peBaeT CHMBOJI KOHIIA BXOJHOW LENOYKH — Ll,, W MpH 3TOM OoJblile HE MOXKET OBbITh
BBINIOJIHEHA CBEpTKa. PemieHne o MNPUHATHUM LENOYKM 3aBHCUT OT COAECPKHMOIO CTeKa. ABTOMAT
IPUHUMAET LIETIOYKY, €CJIM B PE3Y/IbTATE 3aBEPILICHUS AJITOPUTMA OH HAXOAUTCS B KOHEUHOM COCTOSIHUM,
KOTJ]a B CTEKE HaXOJAATCS TOJBKO IeJIEBOM CHMBOJI IpaMMAaTUKU S U CUMBOJ Ly, HHAUe BXOJHAA LIETIOYKa
He npuHuUMaercs (Bblgaércs cooOuieHne o0 ommuoOke). BeinmonHeHue anropurMa MoXeT ObITh NpepBaHoO,
€CJIM Ha OJTHOM U3 €T0 11aroB BO3HUKHET omMoOKa. Torja BXoiHas IeMoYKa TaKkKe He IPUHUMAETCS.

ITpriMep NOCTPOEHUs paclio3HaBaTeNs JUlsl TPaMMATUKH OEPATOPHOTO NPEIIECTBOBAHUS.

Paccmotpum B kadectBe mpumepa rpammaruky G({S,B,T,J}{-,&"(,),p}P,S) (Tepmunanbubie
CHUMBOJIBI BBIJCTICHBI JKUPHBIM HIPUPTOM):

P:S—-B (mpaBuro 1)

B> T|B&T (upaBuna?2u3)
T—>J|TN  (upaBuna 4 u 5)
J>B)|p (paBmta 6 u 7)

BugHo, 4To 3Ta TpamMMaTHMKa YAOBIETBOPSET HEOOXOIMMBIM YCIOBUSM, MPEIbSIBISAEMBIM K
rpaMMaTUKaM ONEPaTOPHOTO MPEAIIECTBOBAHMSL.

[MocTpoum MHOXKECTBa KpailHHX JIEBBIX U KpallHUX paBbix cuMBojoB L(U) u R(U) oTHOCHTETBHO
BCEX HETEPMHMHAJIBHBIX CUMBOJIOB TPaMMAaTUKHU. Pe3ynbTaT mocTpoeHus npuBeieH B Tabuuie 3.
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Tao0mnuma 3.

MHoxecTBa KpallHUX MPaBbIX U KpaHUX JIEBBIX CUMBOJIOB T'paMMAaTHKH (T10 I1araM MOCTPOEHUS)

CumMBon [ar 1 (Hayayo mocTpoeHus) ITocnenuwmii mar (pe3ynprar)
L) L(V) R(V) L(V) RV)

J (p )P (p )P

T JT J JT(p J)p

B TB T TBJ(p TJ)p

S R B - BTJ)p

Ha ocnHoBe mnomyuennbix MHOkecTB L(U) m R(U) mocTtpouM MHOXECTBa KpaHHX JIEBBIX H
. t t
KpalHUX mpaBbiXx TepMUHaIbHBIX cuMBOJIOB L(U) m R(U) oTHOCHTENbHO BCEX HETEPMHHAIBHBIX
CHMBOJIOB TPaMMAaTHKHU. Pe3ynbraT (BTOpO U TPETHUH 1Iaru MOCTPOSHMsI) IPUBECH B Tabuiie 4.

Tabnuna 4.
MHoOXkecTBa KpalHUX MPABBIX U JIEBBIX TEPMHUHAIBHBIX CHMBOJIOB TPAMMATHKH (IO IIaraM MOCTPOCHUS )
CumBon [ar 1 (Hayao MoCTpOEHUs) [Tocneanwuii mar (pe3ynbrar)
(V) L'(V) R'(V) LY(V) R(V)
J (P )p (p )P
B & & &N (p &N)p
S : - : “&")p

t
Ha ocuose wmuoxects LY U) u RYU) u mupasum rpaMmarnkn G HOCTPOMM MATpHITY
Hpe/IIIeCTBOBAHHS UCXOJHOM rpaMMaTHKH (Tabuuia 5).

Tabmuma 5.

Marpuina npeaecTBOBaHUs rPpaMMATHKH
CuUMBOIIBI - & " ( ) P 1y

- < < <. < >

& > < < > < >

n > > < > < >

( < < < = <

) > > > >

p > > > >

Ly <

[TocMoTpuM, Kak 3aMoHsSIEeTCS MaTpulla MPEANIeCTBOBAaHUS B Tabnuile 5 Ha mpuMepe cuMBosa &.
B mpaBune rpammaruku B — B&T (mpaBuio 3) 3TOT CHMBOJ CTOUT clieBa OT HETEPMHUHAILHOTO CHMBOJIA
T. B muoxectBo LY(T) Bxomar cumsombr:  ( p. CTaBHM 3HAK <- B KJIETKAX MATPHUI[bI, COOTBETCTBYIOINX
3TUM CHMBOJIaM, B CTpOKe JUIsl cuMBOja &. B To e BpeMs B 3TOM ke IpaBuiie CUMBOJI & CTOUT CIIpaBa
OT HeTepMHHAIbHOrO cuMBona B. B muoxectBo RY(B) Bxomsar cumBomel: & ) p. CTaBuM 3HAaK -> B
KJIETKaX MaTPHUIIbI, COOTBETCTBYIOIIUM ITHM CHMBOJAM, B CTONOIE a7 cuMmBoiia &. bonbiie cumBon &
HU B KaKOM TIpaBHJIe HE BCTPEYAETCS, 3HAUUT, 3aMIOJTHEHUE MATPHUIIBI JIJIsl HETO 3aKOHYEHO.

BrinmonHuB aHanmoruvHbIe JEWCTBHS JJIs BCEX TEPMUHAIBHBIX CUMBOJIOB MCXOJHOW TpaMMAaTHKH,
3aI0JIHUM BCIO MaTPUILy NPEAIIECTBOBAHHS OTHOUICHUAMH <- U ->. OcTaeTcs 100aBUTh B HEE OTHOLICHUS
=. («cocTaByigeT OCHOBY»). 1 3TOro Hajgo HalWTH B UCXOAHOW I'paMMaTHKE BCE IpaBWJIa, TIE B
TEPMHUHAIBHBIX CHMBOJIA CTOST PSAOM WM MEXIy HUMH €CTh OJUH HETePMHHAIBHBIM CHUMBOJI. B
UCXOJHOW TpaMMaTHKE TaKoe MPaBWJIO TOJbKO oaHo: J— (B) (mpaBwio 6). B HEM TepMuHaIbHBIC
CUMBOJIBI ( M1 ) CTOSIT PAZOM W MEXKIY HUMH TOJBKO OJMH HETEPMUHAIBHBIA CUMBOJ (cuMBos B). Ipu
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9TOM CHMBOJI ( CTOMT ClieBa, a CHMBOJI ) — CIIpaBa (MOPSAI0K CHMBOJIOB MPUHIMIHAILHO BakeH!). Torma
Ha MepeceYeHrud CTPOKH It cuMBosTa ( M CTONIOIA ISt CHMBOJIA ) CTABUM 3HAK OTHOILICHHS =-.

Tenepb MaTpuiia ONEPaTOPHOTO MPEANICCTBOBAHMS, MPEJCTABICHHAS B TAOJHUIE 5, MOJHOCTHIO
3aloJIHeHA. B HE#l ecTh MycThle KJISTKH — 3TO HE SIBJISETCS OIMMOKOW. Ba)kHO, UTO HM B OJIHY KIIETKY
MaTpPHIIBI HE TOMajao 0ojiee 0JTHOTO 3HaKa OTHOIICHUH MPEAIICCTBOBAHKS — 3TO 03HAYACT, YTO MCXOHASL
rpaMMaTHKa SBJISETCS IPAMMATHKON OINEPATOPHOIO MPEIIISCTBOBAHUS M HE TPEOyeT JOMOJHUTEIbHBIX
peoOpa3oBaHui )T aHAIHM3a BXOAHBIX IIEITOYEK Ha OCHOBE JAHHOT'O METO/Ia.

Anroput™M paszbopa IEMoYeK TIpaMMaTHKH OIEPATOPHOTO IMPEIIICCTBOBAHUS HMTHOPUPYET
HETCpMHUHAJIbHBIC CHUMBOJIBL. [103TOMYy MMeeT cMbICT MpeoOpa3oBaTh HMCXOJIHYHO TI'PAMMATHKY TaKHM
00pa3oM, 4TOObI OCTABUTh B HEH TOJBKO OJUH HETCPMHUHAIBHBIA CUMBOJ. Torja MoayduM CIIeAyHOIIHA
B/ TIPABUJI:

P:E—-E (mpaBwmio 1)

E—>E|E&E (npaBuna2u3)
E—>E|E"E (upaBuna4 u3)
E—>(E)|p (mpaBuna 6 u 7)

D10 npeobpa3oBaHKe HE BEJET K CO3JaHUIO SKBUBAJCHTHONW I'PAMMATHKH M BBIMOJIHSICTCS TOJBKO
OCJIe MOCTPOCHHUS BCEX MHOXKECTB M MATPHUIIbI IpeamecTBoBanus. CaMo MpeoOpa30BaHKUE BBIMOIHICTCS
TOJILKO C IeNIbl0 OoJiee 3(PPEKTHUBHOTO BBIMOJIHEHUS AITOPUTMa pa30dopa, B KOTOPBIA YK€ 3aJ0KCHBI
HEOOXOUMBIC JTaHHBIC O IMOPSJAKE MPUMCHCHMS IMPaBU MPH CO3JaHUU MATPHUIbl MPEANICCTBOBAHHMS.
[Tony4eHHas B pe3y/ibTaTe TAKOTO MPEOOPA30BaHUS I'PAMMAaTHKA HA3bIBACTCSI OCTOBHOM IPAaMMATHKOM.

PaccmoTpum paboTy anropuTMa pacro3HaBaHUs Ha mpumepax. [lociienoBaTenbHOCTh pazbopa
OyzieM 3amuchIBaTh B BUJIE MMOCIIEA0BATEILHOCTH KOHbuUrypanuii JIMII-aBromMara u3 Tpex COCTaBIISIONIHX:
HE TPOCMOTPEHHAss aBTOMATOM YacTh BXOJHOM IICMOYKH, COJCPKHMOE CTEKa U IOCJIEeI0BATCIbHOCTD
npaBuUi rpaMMaTHKU. Tak Kak ucrosb3yemblii JIMII-aBTroMaT MMeEeT TOJBKO OJHO COCTOSHHE, TO IS
OTpENENICHUs] €ro KOH(HUIypaluud JOCTaTOYHO JIBYX COCTABISIONIMX — TIOJOXCHHUS CUWTHIBAIOIICH
TOJIOBKH BO BXOJHOM IIETIOYKE M COJEPKUMOTo cTeka. Ho mocienoBaTebHOCTh HOMEPOB MPaBHI HY)KHO
3allOMHHATh, TIOCKOJIbKY OHA HECET MOJIe3HYH HH(OpMaIuio, KOoTopas JO0DKHA ObITh HCIOJIh30BaHA
KOMITHJIITOPOM Ha MOCIIEAYIOIINX dTanax il CeMaHTHYECKOH 00pabOTKH U reHepaluu Koja 00beKTHON
nporpamMbl. KpoMe Toro, mociaenoBaTelbHOCTh MPUMEHEHHBIX TpaBWII JellaeT mpumep Oolee
HATJISTHBIM.

Bynem 0003Ha4YaTh TaKT aBTOMAaTa CUMBOJIOM ~+. BBeieM Takke JOMOJHUTEIbHOE 0003HAYCHUE =y,
€CIIM Ha JJAHHOM TaKTe BBITIOJHSIICS TIEPEHOC, U -+, €CIIM BBITIOIHSIIACH CBEPTKA.

[TocnenoBarenbHOCTH pa3dopa IIETIOYEK BXOTHBIX CHMBOJIOB OYAyT, TakuM o00pa3oM, HMETh
CIIEAYIOIIUN BU:

Ipumep 1. Bxonnas nenouka -p&p(p).

{-P&PNP)Li; Li; D} +n {P&PNP)Li; Lim; D} +n {&PNP)Li; Li-p; D} +c {&PNP)Li; La-E; 7} =4
{p™Np)Ls; Li-E&; 7} + {™p)Ls; Li-E&P; 7} + {Np)Ly; Li-E&E; 7,7} +, {(p)L; Li-E&E™; 7,7} +,
{p)Ls; Li-E&EN( 7,7} +n {) Ls; Le-E&EN(p; 7,7} + {) L, L-E&ENE; 7,7,7} +,

{L«; Li-E&ENE); 7,7,7} + { Ly, Li-E&ENE; 7,7,7,6} + {1, L,-E&E; 7,7,7,6,5} +,

{L«; Ls-E; 7,7,7,6,53} + {Ly; LE; 7,7,7,6,5,3,1} — pa3bop 3aKoHUYCH, IIETIOYKA IPUHSTA.

Ipumep 2. Bxonuas nenouka -pp(p).

{-pp(P)Li; Ly D} u {PP(P)L; L D} +u {P(P)Li; Lu-p; D} + {"P(P)Ls; Lu-E; 7} +0
{p(p)Ly; Lu-E™; 7} =4 {(p)Lx; La-E™p; 7} - ommbka ! (HeT oTHOMmIEHMS yTs Tapbl cuMBoJioB {P,(} )

Ilpumep 3. Bxonnas uenouka -p*p&p.

{'p/\p&plm J—Hl Q} “n {pAp&pJ—m LH'! @} i {Ap&p—]—m J—I-I'ps @} —c {Ap&p—]—m J—H-Es 7} I
{p&pLs; L-EN; 7} + {&pLy; Li-E™p; 7} + {&pLy; Li-ENE; 7,7} + {&pLy; Ls-E; 7,7,5}
{pLy; Li-E&; 7,7,5} + {L«; Li-E&p; 7,7,5} + {L«; L-E&E; 7,75, 7} +. {Li; Ly-E; 7,7,5,7,3} =
{L«; L4E; 7,7,5,7,3,1} — pa30op 3akoHUEH, [IETIOYKA MPUHSITA.
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Ipumep 4. Bxoanas nienouka -p&pp.
{-p&p™pLy; Lu; @} 0 {P&PPLy; Lim; D} +0 {&PPLy; Limp; D} +c {&PNPL; Lu-E; 73+
{p"pLlc Lu-E&; 7} 0 {"pLi; LE&P; 7} +c {"pLi; Lu-E&E; 7,7} + {pLi; Lui-E&E™, 7,7} 4
{l L,-E&E™p; 7,7} +. {1, L,-E&E"E; 7,7, 7} + {L«; L-E&E; 7,7,7,5} +, {L; L+-E; 7,7,7,5,3} =
{L«; L4E; 7,7,7,5,3,1} — pa3bop 3aKoHUYEH, [IETIOYKA PUHSITA.

JIBa mocjeIHuX MpUMEpa HATJISIHO AEMOHCTPHPYIOT, YTO MIPHOPUTET OMEPannii, yCTAaHOBICHHBIM
B I'pPaMMAaTHKe, BIUACT Ha IMOCIIEA0BATEILHOCTE pa3dopa 1 MOCIe0BATEIbHOCTh IPHUMEHEHHS ITPABHII.

[HOPAJOK BBIITIOJIHEHU A PABOTDI

1. TlomyunTs BapHaHT 3aJlaHuUs y IPENIOAABATES.

2. BomonHuTe mnpenBapuTenbHbIE TpPeoOpa3oBaHUs, HEOOXOAMMBIE ISl TOCTPOCHHS MAaTPHIIBI
IIPEALIECTBOBAHMS.

ITocTponTh MaTpuIly NpeAIIECTBOBAHUS ISl 3aJaHHOM T'PaMMAaTUKH.

BoinonHuTe pa3dop npocreiniero npumMepa BpyqHyro 1o MpaBujiaM 3aJaHHOM rpaMMaTUKH.

5. IloaroToBUTH U 3aLUTUTH OTYET.

~w

TPEBOBAHUMA K OOOPMIIEHUIO OTHETA

OT4er JOMKEH CONIepKaTh CIEAYIONIUE Pa3Ieibl:

Kpartkoe u3noxxenue neiau paboThI.

3amanue mo 1abopaTopHOM paboTe C ONMMCAHWEM CBOETO BapHUaHTA.

3anmch 3alaHHON IPaMMAaTHUKH BXOJJIHOTO si3bIKa B (hopme bakyca-Haypa.

MHOxecTBa KpallHUX IIPaBbIX U KPAWHMX JIEBBIX CUMBOJIOB C YKa3aHHUEM ILAroB IOCTPOCHMUS.
MHOXecTBa KpallHUX IIPaBbIX U KPAWHUX JIEBBIX TEPMUHAIBHBIX CUMBOJIOB.

3anoHEeHHYI0 MaTpUIly IPEIIIECTBOBAHUS U1l IPAMMAaTUKH.

[Tpumep BeINONIHEHUS pa30opa MPOCTENUIIETO NPEII0KEHUS (II0 BEIOOPY).

BoiBosbI O IIpOJIENIaHHOM padoTe.

JlonyckaeTcst opopMIIsATh €UHBIN (COBMECTHBIN) OTUET 1151 1abopaTopHBIX padboT Ned m NeS.

Jomyckaercs (10 COrJalleHWIO C  IpenojaBaTeieM) HCIOJIb30BaTh JJIS  BBITOJHEHUS
nabopaTopHOil paOOTHI MHOM KilacC CHMHTAKCHYECKMX aHAIM3aTOPOB (OTJIMYHBIM OT aHAIM3aTOPOB Ha
OCHOBE TpaMMaTHK ONEpPaTOpHOro MpeAliecTBOBaHus). B 3ToM ciydae oTueTr mo jmabopaTopHOi paboTe
JIOJDKEH BKIIIOYAaTh B ceOs KpaTKoe ONHCaHHE BBIOPAHHOIO KJlacCa CHMHTAKCHYECKHUX aHAJIU3aTOpOB, a
BMECTO JIaHHBIX, HEOOXOAMMBIX JJsl MOCTPOEHHUS aHaJIM3aTOpa Ha OCHOBE IPaMMAaTHK ONEPaTOPHOIO
NPE/IIECTBOBAHUS, OH JIOJDKEH COJEp)KaTh JaHHbIE, HEOOXOAWMBIE JJIsi MOCTPOCHUS aHaIu3aTopa M3
BBIOpPAHHOTO KJIacca.

Taxoke momyckaercs (1O COTJALICHUIO C MPENoAaBaTeleM) UCIOIb30BaTh aBTOMATH3UPOBAHHbIE
CpeICTBa OCTPOCHUs cuHTakcudeckux ananu3atopoB (YACC u emy nonoOHbie). B aTom cinydae oTuer
no gjabopaTopHoil paboTe JOMKEH BKJIOYaTh B ce0s  OMHMCaHWE BBIOPAHHOTO  CpEACTBa
ABTOMATH3UPOBAHHOTO MOCTPOCHMS CHHTAaKCHYECKUX aHalu3aTopoB, HH(popmamuio o kiacce KC-
rpaMMaTuK, JISKAIIUX B OCHOBE JAHHOTO CPEACTBA, M BMECTO JAHHBIX, HEOOXOIUMBIX JJISI MOCTPOCHUS
aHaJM3aTopa Ha OCHOBE IPaMMAaTHK ONEPaTOPHOTO MPE/IIECTBOBAHUS, OH JIOJDKEH COJAEP)KaTh JAAaHHBIE,
HE00XO0/IMMBIE /JIs1 aBTOMAaTU3UPOBAHHOTO MOCTPOCHHS aHAJIN3ATOPA.

Hcnonb30BaHue pyroro Kjiacca CHHTaKCHUECKUX aHAIM3aTOPOB, a TaKKe aBTOMATH3MPOBAHHBIX
CPEACTB MOCTPOCHHMSI CHUHTAKCHMUYECKHX aHAJTU3aTOPOB HE OCBOOOXJAeT MCIOJHUTENS JabopaTOpHOM
paboThl OT HEOOXOAMMOCTH 3HATh MPUHIMITBI (PYHKIIMOHUPOBAHUS CHHTAaKCUYECKUX paclo3HaBaTeneil Ha
OCHOBE I'paMMAaTHK OTEPaTOPHOTO MPEIIeCTBOBAHUSI.

OCHOBHbBLIE KOHTPOJIbHBIE BOITPOCDI

1.  Kaxkyto posb BBITIOJIHSIET CHHTAKCUYECKHI aHAJIN3 B TIPOLIECCE KOMITHIISIINM ?
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10.

11.
12.
13.

14.
15.
16.
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PacckaxuTe o knaccudukanuu rpammaTuk. Kakue TUITBI TpaMMaTHK CYIIECTBYIOT?

Pacckaxute o knaccudukanum s361k0B. Kak CBS3aHbI TUITHI TPAMMATHK U SI3BIKOB?

Yro takoe KC-rpammaruku? PacckaxuTte 00 X UCIOJb30BAaHUU B KOMITHIIATOPE.

Pacckakute o rpaMMaTrkax mpeaniecTBoBanus. Kakue oOmiue 4epThl MPUCYIU BCEM rpaMMaTHKaM
MIPEAIIeCTBOBAHMS ?

Pacckaxkute 0 rpamMMarvkax ONEpaTOPHOro MpeauecTBoBaHus. Kakue 4YepTbl XapaKTEepU3YyIOT
rpaMMAaTHKH ONEPATOPHOIO MPEIIIECTBOBAHUS?

Haiite  omnpeneneHWss ~ OTHOIICHWW  MPEAIIECTBOBAHMS  JUIsi  TI'paMMaTUK  OMNEpPaTOPHOrO
MpEIIIECTBOBAHUS.

Kak  BbIUMCHAIOTCA  OTHOIIEHUS  NPEAIISCTBOBAHUSA  JUISI  IpaMMaTHUK  ONEPaTOPHOrO
MpeIIeCTBOBAHUA?

Pacckaxkute aropuT™ MOCTPOEHUSI MHOKECTB KPaHHUX JIEBBIX U KPAHUX MPaBbIX CHMBOJIOB.
Pacckaxkute airopuT™M MOCTPOCHUSI MHOYKECTB KPAaWHMX JIEBBIX U KPAWHUX MPABBIX TEPMUHAIbHBIX
CHMBOJIOB.

Pacckaxxute o 3amaue pazdoopa. UTo Takoe pacro3HaBaTelb s3bIKa?

Pacckakute 00 oOIuX MpHHITUIIAX paOOThI pacrio3HABATEIS sA3bIKA.

Kakue tunel pacno3naBareneil cymecTByroT? Kakue M3 HUX HCHOJB3YIOTCS B KOMIIMIATOPE U HA
KaKuXx 3Tanax?

Yro takoe MII-aBromar? Pacckaxure o MII-aBToMaTax.

PacckaxuTe, kak paboTaeT allrOPUTM «CIBUT-CBEPTKa» B 00IIeM ciiydae (C BO3BpaTaMH).

Kak paboraer ajroputm «CIBHUT-CBEPTKa» IS TpaMMaTHK OIEPATOPHOTO IPEAIISCTBOBAHMS?
[TosicHuTe pa3zbop MpeaIoKEHUS BXOAHOTO sI3bIKa Ha CBOEM IIPUMEPE.

BAPHMAHTBI UCXO/JHbBIX TPAMMATHUK

Hmxe IMPUBCACHBI BAPHWAHTHI I'paMMAaTHK. Bo Bcex BapunaHTax CHUMBOJI S sBageTcs HaYaAILHBIM

cuMBojioM rpammatukd; S, F, T u E 0003Ha4aroT HeTepMUHAIBHBIE CUMBOJIBI. TepMUHAIBHBIE CHMBOJIBI
BBIJICJICHBI KUPHBIM MIpUpTOM. BMECTO TEpMUHAIBHOTO CUMBOJIA @ JIOJDKHBI TIOJICTABIIATHCS JICKCEMBI B
COOTBETCTBUU C BAPHUAHTOM 3a/1aHUA.

1. S»>a:=F 2.S—>a:=F
Fo>F+T|T F>ForT|FxorT|T
To>T*E|TIE|E T—>TandE|E
E->F)|-(F)|a E— (F)|not(F)|a
3.S—>F 4. S > F;
F—o>ifEthenTelseF|ifEthenF|a:=a Fo>forTdoF|a:=a
T—oifEthenTelseT|a:=a To>FEFR|GEFR|FE)IGE))
E - a<a|a>a|a=a E — a<a|a>a|a=a
5.S5>F; 6. So>F;
F—>caseEof Tend|a:=E F—>whileTdoa:=E|a:=E
T—oaa:=E|T,a:a:=E T—>E<E|E>E|E=E
E—->E+alE-ala E—->E+alE-ala
BAPUAHTEI 3AJIAHUN

BapuanTb! 3ananuii mpuBeeHbI 1ajee B Tabnauie 6.
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Tabnuua 6.
BapuanTs! 3aganuii 1u1st 1abopatopHoit padoTel Ned.,
Ne Ne papuanrta JomycTumble JiekceMbl BXOJHOI'0 I3bIKA
BAPMAHTA | rpaMMaTHKH

1 1 W nentudukaTopsl, 1ECITUYHBIC YUCIIA C TUIABAIOLICH TOYKOM

2 2 Wnentudukatopsl, koHcTaHTh true u false

3 3 W nentudukaTopsl, 1ECITUYHBIE YUCIIA C TUIABAIOLICH TOYKOM

4 4 W nentudukaTopsl, NECITUYHBIE YUCIIA C TUIABAIOLICH TOUKOM

3) S) W nentudukaTopsl, NECITUYHBIE YUCIIA C TUIABAIOLICH TOUKOM

6 6 W nentudukaTopsl, 1ECITHYHBIC YUCIIA C MIIABAIONIEH TOUKOH

7 1 W nentudukaTopsl, pUMCKHE YHCIIa

8 2 Wnentudukatopsl, koHcTanTsl 0 u 1

9 3 W nenTudukatopsl, puUMCKUE Yncia

10 4 W nenTudukatopsl, puUMCKUE Yncia

11 S) W nenTudukatopsl, puUMCKUE Yncia

12 6 W nentudukatopsl, puUMCKUE Yncia

13 1 W nentudukatopsl, necTHaIIaTEpUIHbIE YHCIA

14 2 W nentudukatopsl, necTHaIIATEPUIHbIE YHCIA

15 3 W nentudukatopsl, necTHaIIATEpUUHbIE YHCIA

16 4 W nentudukatopsl, necTHaIATEpUUHbIE YHCIA

17 S) W nentudukatopsl, necTHaIaTEPUUHbIE YHCIA

18 6 W nentudukatopsl, necTHaIIATEPUUHbIE YHCIA

19 1 W nenTrdukaTopbl, CHMBOJIbHbIE KOHCTAHTHI (B OJIMHAPHBIX KAaBbIUKAX)
20 2 Wnentudukaropsl, KoHCTaHTH 'T' 1 'F'

21 3 W nenTrdukaTopsl, CTPOKOBbIE KOHCTAHTHI (B ABOMHBIX KaBBIUKAX )

22 4 W nenTrdukaTopsl, CTPOKOBbIE KOHCTAHTHI (B ABOMHBIX KaBBIUKAX )

23 o) W nenTudukaTopsl, CHMBOJIbHbIE KOHCTAHTHI (B OJIMHAPHBIX KaBbIYKAX)
24 6 W nenTudukaTtopsl, CHMBOJIbHBIE KOHCTAHTHI (B OJIMHAPHBIX KaBBIUKAX )

IIpumeuanue: TpeOOBaHWS K TMPEICTABICHUIO PHUMCKAX YHCET M IISCTHAIIATEPHUYHBIX YHCEIN
COOTBETCTBYIOT TpeOOBaHUAM, U3JI0KEHHBIM B 33JJaHUH Ha J1a00opaTOpHYIO padboTy Ne2.

JIABOPATOPHAS PABOTA Ne 5
IOCTPOEHME IMMPOCTEMIIETO JEPEBA BBIBOJIA

Llenv pabomul: TONydYeHUE MPAKTUYECKUX HABBIKOB CO3JaHUS MPOCTEUIIEr0 CHHTAKCHUYECKOTO
aHayM3aTopa JJid 3aJJaHHOM rpaMMAaTHKHU ONepaTOPHOTO MPeAlIeCTBOBaHUS, 00paboTKa U MpeCTaBlIeHUE
pe3yabTaTOB CUHTAKCUYECKOTO aHATIN3a.

KPATKHME TEOPETUYECKUE CBEJJEHUA

OOt anropuT™ padOThl CHHTAKCUYECKOTO aHaIn3aTopa

B nanHoit nabGopaTopHOil pa0OTe HCHONB3YeTCSl CHHTAKCUYECKUN aHajIu3aTop Ha OCHOBE
rpaMMaTHK OINEPaTOPHOTO TMPEANISCTBOBAHMS, PACCMOTPEHHBIH B TMpeAblaylmield adopaTopHOi
pabote Ne4.

Takoli CHHTaKCHYECKMH aHAIM3aToOp pabdoTaeT, OMNHUpasch Ha IOCTPOCHHYID MAaTpHUILY
npenuiectBoBanra. Ha ero Bxoa moctymaeT oOpaOOTaHHBIM CKaHEPOM TEKCT HMCXOJHOW MPOrpaMMBI.
Kaxnaplii uaeHTudukaTop HWIM KOHCTaHTAa MPEICTABISIIOTCS JJIs HEr0 HEKOTOPhIM TEPMHUHAIBHBIM
CUMBOJIOM (B TpuMepe B JiabopatopHoil padore Ned on o0o3HaueH Kak P, a B 3amaHuu — a). Torma
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NEPBBIM IIAroM OOINEro aJrOPUTMa aHATW3a JOJDKHO SIBIATHCS MOCTPOCHHE TAOIHIIBI JIEKCEM (YTO YiKe
BBIMOJTHSJIOCH B MPEABIAYIIEH 1abopaTopHoit pabote Ne3).

[To Tabmure neKceM W MaTpUIE MPEIIICCTBOBAHUS BBIOJHACTCS Pa300p BXOIHOW HENOYKH.
PesynpTarom pa3bopa sBISETCS TpPOBEpKAa IEMOYKH HA CHUHTAKCHYECKYIO TIPAaBUIIBHOCTD W IS
NPaBUIBHBIX IIETIOYEK — MOCTPOSHHUE TIOCIICIOBATEIILHOCTH MTPABHJI BBIBOAA (11 HENPABUIIBHBIX HIEMIOYEK
BbIZIaeTCs coobmenue o6 ommuoOke). IlomydeHne mocienoBaTeIbHOCTH MPAaBUJI — BTOPOW Iar oOOIIero
QITOPUTMA aHAJIH3A.

Tpetnii mar 3TOro ajaropurMa — IOCTPOCHHE JIepeBa BBIBOJAA HA OCHOBE IMOJYYCHHOM
MIOCJICIOBATEIFHOCTH TPAaBWI. BXOJHBIMHM JaHHBIMU JUIS STOTO IIara ajiropuTMa SBIISIOTCS MCXOIHAs
rpaMMaTHKa M TIOCIIeI0BATEIEHOCTD MPABWII BBIBOJIA, MTOJYYCHHAS ITPH BBITOJHEHUH TPEABIIYIIETO Iara
QITOPUTMA.

[TepBbie nBa mara o0IIero aropuTMa padoThl CHHTAKCHYECKOTO aHAIM3aTopa OBUIH PaCCMOTPEHBI
BBIIIIC TPU BBIMOJHEHUU JabopaTopHbiXx padboT Ne3 u Ne4. B nannoit nmaGopaTopHod pabote Oyner
yIEJIEHO BHUMAHKE TIOCIIeTHEMY (TPEThEMY) IIary 3TOro aJifOPUTMA.

BriBoj. Llenouku BeIBOJA

OnpenesieHue BbIBOAA

Bbi6ooom HazpiBaeTcs TpoIlecC TOPOXKICHUS MPEIUIOKCHUS s3bIKa HA OCHOBE IPAaBHII
ONpENeNIONEei SA3bIK TpaMMaTUKUA. YToOBl 1aTh (QOpMajbHOE OIPEIEICHUE TPOIECCY BBIBOAA,
HEOOXO0IMMO BBECTH €III¢ HECKOJIBKO JIOTIOJIHUTEIILHBIX TOHSITHA.

[lenouka [3 =031y0; HA3bIBACTCS HENOCPEOCMBEHHO 6blOOUMOU W3 LEMOYKH o = 01002 B
rpammaruke G(VT,VN,P,S), V=VTUVN, 8,,y,0; € V*, ®e V', eciu B rpammatuke G cyiiecTByeT
npaBmiio: ® — Y € P. HemocpencTtBeHHas BBIBOAMMOCTH IETIOYKU [3 M3 LETMOYKH O 0003HAYAETCS TaK:
o = B. CornmacHo ompeeNneHuI0 MpPH HEMOCPEICTBEHHOM BBIBOJIE OL = [3 BBIMOJIHAETCS MOJCTAaHOBKA
MOJILIETIOYKH Y BMECTO MOAIENOYKH . VIHBIMU cllOBaMU, II€TIOYKa [3 BBIBOJUMA M3 IIETIOYKHA OL B TOM
cllydae, €clli MOXKHO B3ATh HECKOJIBKO CHMBOJIOB B IIETIOYKE O, MOMEHSITh MX Ha JIPYrHe€ CHUMBOJIBI
COTJIACHO HEKOTOPOMY TMPABIITYy TPAMMATHUKH U TTONYYUTH IETOYKY [3.

B dbopmansHOM ompeneneHnn HEMOCPEACTBEHHOM BBIBOAMMOCTH Jt00ast U3 IenoYyeK 01 win Oy (a
paBHO U 00€ ITH IIEMOYKH) MOXKET ObITh MycTOi. B mpenenbHOM ciydae BCs IENMOYKA OL MOXKET OBITh
3aMeHEeHa IIenouykoi 3, Toraa B rpammaTike G JOMKHO CYIIeCTBOBAThH MPaBwiio: oL — BeP.

[lenouka [3 Ha3bIBaETCS 6b1800UMOU U3 LEMOUKH O (0003HaUaeTcs oo =* J) B TOM ciydae, eciu
BBITIOJTHSETCS] OJHO U3 YCIOBHIA:
® 5TH JBE [IEMOYKH COBMAAAiOT (o = fB);

e [} HEmOCpEACTBEHHO BhIBOAUMA U3 o (00 = [3);
e Jilemouka y, Takas, 4TO: Y BEIBOJMMA U3 OL U 3 HEMOCPEACTBEHHO BhIBOAMMA U3 Y (00 =* yuy = P).

DTO PEeKypCHBHOE OIMpEe/ieHHe BBIBOAUMOCTH Iemo4ykd. CyTh €ro 3akioyaeTcsi B TOM, YTO
[enoyka [3 BRIBOJUMA U3 LIETIOYKH O, €CTH oL = [3 WU K€ €CITU MOXHO TOCTPOUTH MOCIEI0BATEIbHOCTD
HEMOCPEJICTBEHHO BBIBOJMMBIX IEMOYEK OT O K [3 CIAEAYIOMIETo BUAA: OL = Y1 =>...=> Yi =...= Tn = [,
n>1. B aToli mocienoBaTeNbHOCTH Ka)KAasi TOCTEAYIOMIas IIeNoYKa Y; HEMOCPEICTBEHHO BBIBOJUMA U3
MPEIBIIYIIEH [ETIOYKH Yi.1.

Takasi ocneI0BaTENbHOCTh HEMOCPEICTBEHHO BBIBOJAMMBIX IEMOYEK HA3BIBAETCSI BBHIBOJOM HIIU
yuenoukoi 6v1600a. Kaxxaplii mepexoa oT OJHOM HEMOCPEICTBEHHO BHIBOJUMON IIEMOYKU K CISAYIOMIEH B
[IENOYKE BBIBOJIA HA3BIBACTCS wiacom 6b18o0a. OUYEBHIHO, UTO IIATOB BHIBOJIA B IIETIOYKE BHIBOJA BCETIA
Ha OAWH OOJBINE, YeM MPOMEXKYTOUYHBIX Iermodek. Ecnu memodka [3 HEMOCPEICTBEHHO BLIBOJIMMA W3
[ENOYKH O O => [}, TO MUMeeTcs BCEro OAWH Iar BBIBOJAA, €CIU K€ JBE IEMOYKH COBIAJAIOT, TO
CUMTAETCSI, YTO UMEETCSI HOJIb IIIaroB BBIBOJIA.

Ecnu nenouka BbIBOJIAa U3 0L K [ CONEPIKUT OJHY WM OoJiee MPOMEXKYTOUHBIX IIETIOYEK ([Ba MU
Ooyiee maroB BbIBOJA), TO OHAa MMEET CHelMaIbHOe 0003HaueHHe o =>+ 3 (rOBOpAT, 4TO Iemouka f3
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HEMPUBUATLHO 6b1600UMA W3 LETIOYKH o). Ecim KOMMYecTBO IIaroB BBIBOJA M3BECTHO, TO €r0 MOXKHO

yKa3aTh HEIIOCPEACTBEHHO y 3HAKa BHIBOXMMOCTH Lemouek. Hampuwmep, 3ammch o =* B o3Hauaer, 4To
LENOYKa [3 BHIBOJAUTCSA U3 LIETIOUKH O 3a 4 11ara BbIBOJIA.

JIeBOCTOPOHHMI M MIPABOCTOPOHHUI BBIBO/bI

BrIBOI Ha3bIBaCTCSA 1€60CMOPOHHUM, €CIIM B HEM Ha Ka)KJIOM IlIare BbIBOJA IIPABUIJIO TPAMMAaTHUKHU
IIPUMEHSETCA BCErJa K KpalHEMY JIEBOMY HETEPMUHAIIBHOMY CHMBOJIy B Lieno4ke. J[pyrumu cioBamy,
BBIBOJ| Ha3bIBACTCS JIEBOCTOPOHHUM, €CJIM Ha KaX<JIOM IIare BbIBOJA IIPOUCXOAMT IOJCTAHOBKA LIETIOYKH
CHUMBOJIOB Ha OCHOBAHUHU IPAaBWJIa TPAMMAaTUKU BMECTO KPAaWHETO JIEBOI'O HETEPMHUHAJIBLHOIO CHMBOJIA B
UCXOIHOU LENOYKE.

AHaJIOrMYHO, BBIBOJ HAa3bIBACTCSl MPABOCHMOPOHHUM, €CIM B HEM Ha KaXKIOM IIare BbIBOJA
IIPaBUJIO TPAMMATUKH IIPUMEHSIETCS BCEra K KpalHEMY ITPaBOMY HETEPMUHAIbHOMY CUMBOJLY B LIETIOYKE.

Jna rpammatuk THnoB 2 u 3 (KC-rpaMMmaTtuk W peryispHbIX TIpamMMaTuk) A Jiro0oil
CEHTEHLIMAJIbHOU (POPMBI BCET/1a MOYKHO IOCTPOUTD JIEBOCTOPOHHUN WJIM MPABOCTOPOHHUMN BBIBOABL. J1Jis
rpaMMaTHK APYTHUX TUIIOB 3TO HE BCEr/Aa BO3MOYKHO, TaK KaK IO CTPYKTYpE UX IPAaBUII HE BCETJa MOXKHO
BBIIIOJIHUTH 3aMEHY KPAHETO JIEBOTO WIM KPAMHETO IIPABOr0 HETEPMHUHAIBHOIO CUMBOJIA B LIETIOYKE.

CenrteHnmaiibHasi popMa rpaMMaTUKH. SA3bIK, 3aJaHHBIA TPAMMaTUKON

BbiBo/l Ha3bIBaeTCs 3aKoHueHHbIM (WA KOHEeUHbiM), €CIIA Ha OCHOBE LIEMOYKH [3, MOJYyYEHHOH B
pe3yapTaTe 3TOrO BBIBOJA, HENB3sl OONbIlE CAeNaTh HU OJHOTO Iara BeiBoja. MHade roBops, BBIBOJ
HA3bIBACTCSl 3aKOHYEHHBIM, €CIIM LeMouka [3, MOoNy4eHHas B pe3y/lbTaTe 3TOr0 BBIBOJAA, IMyCTas WIH
COINECPXKHUT TOJNBKO TepMuHanbHble cuMBoiIbl rpammatukun  G(VT,VN,P,S): BeVT*. Hemouka 3,
MOJTy4YeHHAas B pe3yJibTaTe 3aKOHYEHHOT'O BBIBOJIA, HA3BIBACTCS KOHEeUHOU 1IEIOYKON BBIBOJIA.

Ilenouka cMMBOJIOB aeV HasmBaercs cenmenyuansrou gopmou rpammaruku G(VT,VN,P,S),
V =VTUVN, ecnu oHa BBIBOAMMA U3 IEJIEBOrO0 CHUMBONAa rpammatuku S: S =* o. Eciu memouka
aeVT MOJy4Y€HA B pE3yJIbTaTe 3aKOHUYEHHOTO BBIBOJA, TO OHA HA3BIBAETCS KOHEUHOU CEHMEeHYUANbHOU
gopmoii.

S3eixk L, 3amansbiii rpammarukoin G(VT,VN,P,S),— »st0 MHOKECTBO BCE€X KOHEUYHBIX
CEeHTEHIMAIBHBIX (popM maHHON Tpammatuku. f3eik L, 3amansbli rpammarukoit G, o0o3HauaeTcs Kak
L(G). OueBuano, uro andaButom Takoro si3bika L(G) Oymer MHOXKECTBO TEPMHUHAJIBHBIX CHMBOJIOB
rpammaTuku VT, TOCKOJNIBKY BCE KOHEUHBIE CEHTEHIIMAIbHBIE (DOPMBI TPAMMATUKU — 3TO IIEMOYKHU HAJl
andasutom VT.

Cnenyer nomuuth, uto nBe rpammatukn G(VT,VN,P,S) u G'(VT,VN'P'.S') nHa3piBaroTcs
OKBHUBAJICHTHBIMHU, €CIM OKBUBAJICHTHBI 3amaHHble uMH s3biku: L(G) = L(G'). OueBuano, uTO
OKBUBAJICHTHBIE TPAMMATHKH JIOJDKHBI HMMETh, IO KpaHEW Mepe, TepeceKaromumecs MHOXKeCTBa
TepMUHAITBHBIX CUMBOJIOB VTNV T' # (J (kak mpaBuIito, 5TH MHOXKeCTBa Jlaxke coBnanarot VT=VT'), a Bot
MHOXECTBA HETEPMHHAIIBHBIX CHMBOJIOB, MpaBWJIa TPAMMATUKH M II€JIEBOM CHMBOJI Y HHX MOTYT
KapJIMHAJIBLHO OTINYATHCSI.

JepeBo BbIBOa. MeTObI TOCTPOEHUS IepeBa BbIBOAA

Heperom BeiBoza rpammaruku G(VT,VN,P,S) Ha3siBaeTcs nepeBo (rpad), KOTopoe COOTBETCTBYET
HEKOTOPOM IIEMOYKE BHIBOJIA M YIOBICTBOPSIECT CICAYIOIIUM YCIOBHSIM:
e KaXkJas BepllnHa JiepeBa o0o3Havyaercsi cuMBosioM rpammatuku Ae(VTUVNU{A});

® KOPHCEM JACPCBaA SABJISACTCA BEPIIHHA, 0003HaYEHHAs LECJICBBIM CUMBOJIOM I'PaAMMATHKHU — S,

® JIUCTbAMH JCPCBa (KOHI_ICBI:IMI/I BepH_II/IHaMI/I) SIBJIIFOTCA BCPIIWHBI, 0003HaYEHHBIE TCPMHUHAIIbHBIMUA
CUMBOJIaMHU I'PaAMMATUKH UJIA CUMBOJIOM HYCTOP'I OCIIOYKH 7\,,
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e ©CJIM HEKOTOPBIN y3en JepeBa 0003HaueH HETepMHUHAIBbHBIM cUMBOIIOM Ac€VN, a cBs3aHHBIC C HUM
y3IbI — cuMBoJiamu by,b,,....0n; n > 0, Vn>i>0: bje (VTUVNU{A}), T0 B rpammaTrke G(VT,VN,P,S)
cymiecTByeT npaBuiio A—by,by,....b, € P.

W3 onpeneneHus BHIHO, YTO IO CTPYKType IPAaBWJI JEPEBO BBIBOJA B YKAa3aHHOM BHJE BCErza
MOYKHO IOCTPOUTH TOJIBKO Ul TPAMMAaTHK TUIOB 2 U 3 (KOHTEKCTHO-CBOOOJHBIX M PETyJsIpHbIX). [liis
rpaMMaTUK Jpyrux THIIOB JEPEBO BBIBOJA B TaKOM BMJIE MOXKHO IOCTPOUTH HE Bcerja (MO0 ke OHO
OyJeT MMETh HECKOJIBKO HHOM BHU).

Jliis TOro 4yTOOBI HOCTPOUTH JIEPEBO BBIBO/A, JOCTATOUHO UMETh TOJIBKO LIENOUYKY BbIBOJA. [lepeBo
BBIBOZA MOXXHO IIOCTPOUTHb JBYMsI cloco0aMH: CBepXy BHM3 U CHU3y BBepx. Jmsg crporo
(opMamTM30BaHHOTO NMOCTPOCHMS JIepeBa BBIBOJA BCerza yao0HEe MOJIb30BaThCsl CTPOrO ONpPEeICHHBIM
BBIBOZIOM: JINOO JIEBOCTOPOHHUM, JINOO MPABOCTOPOHHUM.

IIpu nmoctpoeHMH AepeBa BBIBOAA CBEPXY BHU3 IIOCTPOCHHE HAYMHAETCS C LIEJIEBOTO CHUMBOJIA
IrpaMMaTHKH, KOTOPBIN MOMENIAeTCsl B KOPEHb JiepeBa. 3aTeM B I'paMMAaTUKE BbIOHMpaeTcs HeoOXOAUMOe
IIPaBWJIO, U HA IIEPBOM ILIAre BbIBOJA KOPHEBOM CUMBOJI PACKPBIBAETCA HAa HECKOJIIBKO CUMBOJIOB IIEPBOTO
ypoBHs. Ha BropoM 1mare cpeid BceX KOHLIEBBIX BEPILUH JepeBa BbIOUpaeTcs KpalHsas (KpaiHss jJeBast —
JUIl JIEBOCTOPOHHETO BbIBOJA, KpailHss mpaBas — AJs IPAaBOCTOPOHHEIr0) BepIlMHA, 0003HaueHHas
HETEPMHUHAJIBHBIM CHUMBOJIOM, JJIsI 3TOH BEPLIMHBI BHIOMPAETCS HY)KHOE MPaBWJIO T'PaMMAaTHKH, M OHA
pPacKpbIBaeTCsl Ha HECKOJBKO BEPIIMH cleAyroumero ypoBHs. IloctpoeHne nepeBa 3akaHUMBAEeTCs, KOTa
BCE KOHILIEBbIE BEpIIMHBI 0003HAUYE€Hbl TEPMUHAIBHBIMUA CHUMBOJIAMHM, B IPOTUBHOM Cllyyae Haj0
BEPHYTBCSI KO BTOPOMY LIary U IpOAOKUTH TOCTPOCHHUE.

ITocTpoeHne nepeBa BbIBOAA CHU3Y BBEPX HAUMHAETCS C JIUCTHEB JEpeBa. B KauecTBe JIMCThEB
BBIOMPAIOTCS TEPMUHAIbHbIE CHUMBOJBI KOHEYHOM LENOYKM BbIBOJA, KOTOpbIE Ha IIE€PBOM IIare
HOCTPOeHUs 00pa3yroT HocieIHuil ypoBeHb (cioif) nepesa. Iloctpoenue nepea uuer no ciosM. Ha
BTOPOM IIIare MOCTPOEHUs B TpaMMaTHKE BBIOMpaeTCs MpaBWIIO, MpaBas 4yacTb KOTOPOTO COOTBETCTBYET
KpailHUM CHUMBOJIaM B CJIO€ JepeBa (KpallHMM MpaBbIM CHMBOJIaM IPHU TNPABOCTOPOHHEM BBIBOJAE U
KpaiHUM JIEBBIM — IIPH JIEBOCTOPOHHEM). BbIOpaHHBIE BEpIINHBI CIIOS COEAUHSIOTCS ¢ HOBOW BEPIIHMHOM,
KOTOpasi BbIOMpaeTcss W3 JIeBOM uacTW mpaBuia. HoBas BeplIMHa Momajnaer B CIOW JiepeBa BMECTO
BbIOpaHHBIX BepiinH. [locTpoeHue gepeBa 3aKOHYEHO, €CIM JOCTHUTHYTa KOpHEBas BepLIMHA
(0603HaueHHas 1I€JIeBBIM CUMBOJIOM), @ MHA4Y€ HAJ0 BEPHYTbCSA KO BTOPOMY IAry M MOBTOPUTH €r0 HaJ
MIOJIy4EHHBIM CJIOEM JIEpPEBA.

[TockonpKy BCEe HM3BECTHBIE S3BIKM NPOTPAaMMHPOBAaHUS HMMEIOT HOTALMIO 3allCU «CJIEBA —
HaIpaBo», KOMIUJISITOP TaKXKe BCETJa YUTAET BXOIHYIO IIpOrpaMMy CJIEBA Ha IPaBo (M CBEPXY BHU3, €CIIU
nporpaMMa pa3OuTa Ha HECKOJbKO CTpOK). [ToaToMy Ha mpakTHKe MOCTpOEHHUE JIepeBa BbIBOAA ya00HEe
BBIIIOJIHATh METOAOM «CBEpPXY BHM3». Torma s JIEBOCTOPOHHErO BBIBOJA IOJIYYEHHYIO B pe3ylbTaTe
CHHTAKCUYECKOIO0 aHaJlIM3a I10CJIEI0BAaTEIbHOCTh IPABUJI HY)KHO INPUMEHATh B IIOPAIKE «CJI€Ba —
HaIpaBo», a JUIsl IPaBOCTOPOHHETO BBIBOJIA — B MTOPSAJIKE «CIIpaBa — HAJIEBOY.

[To mocnenoBaTeNbHOCTH MpaBWJI, TOJYYEHHOH B pe3yiabTare BBIIOJHEHUS J1aOOpaTOpHON
pabotThl Ned4, nerko CTpoMTCs LENOYKa BBIBOJA M JepeBO BbIBojA. [Ipu mocTpoeHMM jaepeBa Clledyer
YUUTBHIBaTh, YTO AJTOPUTM pa3zdopa Ha OCHOBE I'pPaMMATHK ONEPATOPHOTO MPEIIECTBOBAHUS MOPOXKIACT
[IPaBOCTOPOHHUM BBIBOJ, MIOOTOMY Ha Ka)XJOM IlIare Ha OCHOBE IIPaBWIA B LENOYKE CIEAYET 3aMEHATH
KpaliHU{ TpaBblii HETEPMMHAIbHBIM CUMBOJ (HM)KHUN TNpaBblii B jaepeBe). DTO TpeTUd mar oOIIero
aIropuTMa aHaJIN3a.

[lemouku BBIBOJA I JBYX M3 PAacCMOTpPEHHBIX B JaboparopHoil pabore Ne4 mpumepoB OyayT
UMETH CIEAYIOINNA BU:

Ipumep 3. Bxonnas nenouka -pp&p.

E—-E— -E&E - -E&p - -E"E&pP — -ENp&pP — -pp&p

Ipumep 4. Bxonnas uenodka -p&p”p.

E— -E— -E&E - -E&E"E —» -E&E™p - -E&P™p — -p&p™p

JlepeBbst BBIBOJIA /TS 9TUX JBYX MPUMEPOB NMPUBEICHBI Ha puc. 6.
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Puc. 6. JlepeBbst BbIBOJIA IS LIETIOYEK U3 MPUMEPOB 3 B 4 COOTBETCTBEHHO.

[Tocne mocTpoeHus JiepeBa OCTAETCsl 3aMEHUTh TEPMHUHAJIbHBIE CUMBOJIBI (P WM &) rPAMMATUKH

Ha COOTBETCTBYIOLINE KOHCTAHThI U UACHTU(PHUKATOPHI U3 TaOauIbl JekceM. [locTpoeHHOe TakuM 00pazom
JiepeBo U OyJIeT AepEeBOM CHHTAKCHUYECKOTO pa30opa MpeayIoxKEeHUs TPaMMAaTHKY.

o s

I[TOPAJOK BBIITIOJIHEHN A PABOTDI

[TosryunTs BapuaHT 3ajaHus Y IPENOIAaBATENS.

[TocTpouTh MaTpHIly IpEIIECTBOBAHUS Ul 33laHHON IpaMMaTHKH (IO pe3yibTaTaM J1abopaTOpHOI
paboThl Ne4).

BBINIONIHUTE TOCTPOCHHUE J€peBa BBIBOJAA MU IPOCTEHUIIEr0 IPUMEPA BPYYHYIO II0 IPaBUIIAM
3alaHHOM TPAMMATHKH.

IToAroTOBUTH U 3aIUTUTH OTYET.

Hanucars u otiiaguts nporpammy Ha OBM.

Cnatpb paboTarollyto nporpaMmy penogaBareso.

TPEBOBAHUMA K OOOPMIJIEHUIO OTYETA

Otuer AOJDKCH COACPKATh CICAYIOIINEC pa3aciibl:

Kpartkoe usnoxenue neiau paboThl.

3ananue 1o 1abopaTopHO paboTe C OMMCaHUEM CBOETO BapHaHTa.

3anuch 3alaHHON TpaMMAaTUKU BXOAHOTO s3bIka B popme bakyca-Haypa.

[Ipumep BbIMOMHEHMA pazbopa NPOCTEHIIEro MpeIokKeHus (Mo  pe3ysbTaTaM IpenblIylien

1a00paTopHOi paboThl Ned).

ITpumep nocTpoeHus AepeBa BbIBOJA.
Texct mporpamMmsl (opopmIiIsieTcss TOIbKO MPH HEOOXOAUMMOCTH IO COTJIACOBAHUIO C MPETOAABATEIIEM ).
BriBobI O TIpOI€TaHHOM padoTe.

TpeGoBanusi kK 0GOPMIICHHUIO OTYETA TMOJHOCTHIO COOTBETCTBYIOT TPEOOBAHUSM, W3JIOKCHHBIM B

3aJIaHUH Ha TabopaTopHyto padboTy Ne4.

o

JlonyckaeTcst opopMIIsTh €UHBIN (COBMECTHBIN) OTUET 11s1 1abopaTopHBIX padboT Ned m NeS.

OCHOBHbBLIE KOHTPOJIBHBIE BOITPOCDI

Jatite onpenenenue andasuta, sI3bIKa.
Kakmue criocoOsl onpeesieHns A3bIK0B CyHIIECTBYIOT.
Urto Takoe rpamMmaruka? JlaiiTe onpeneneHre rpaMMaTHKH.
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4 Kakyto posib BBITIOTHAET CHHTAKCUYECKUI aHaK3 B MPOIECCEe KOMIUIALINU ?
5 [aiite onpeneneHre HEMOCPEACTBEHHOM BEIBOJUMOCTH IIETOYKHA CUMBOJIOB.
6. Urto Takoe BbIBOA? [laiiTe onpeneneHne [enovKke BbIBOIA.
7 JaiiTe onpenenenre JeBOCTOPOHHETO U MTPABOCTOPOHHETO BHIBOAA.
8 Urto Takoe nepeBo BbiBOA?
9 Kakue MeTopl mOCTpOeHus AepeBa BbIBOJIA CYILIECTBYIOT?
10. Yro takoe KC-rpammaruku? Pacckaxute 00 WX UCIIOIB30BAaHUHA B KOMITHIISTOPE.
11. TlosicHuTe mpaBuiia HOCTPOEHUS JAepeBa BbIBOIA TPAMMATHUKH.
12.  Yto Takoe rpaMmaTuKa ONepaToOpHOTo Mpe/IIecTBOBAHUS?
13. Kak BBIYMCISAIOTCA OTHOLICHHUS JIsl TPAMMATHK OMEPAaTOPHOTO MPE/IIeCTBOBAHUS?
14. Pacckaxwure o 3aaaue pazdopa. Uto Takoe pacrio3HaBaTellb s3bIKa?
15. Pacckaxute 00 00mUX IPUHITUIIAX PaOOTHI PACIIO3HABATEIS SA3bIKA.
16. TloscHuTe mocTpoeHue AepeBa BbIBOJA Ha CBOEM IPUMEPE

BAPWAHTHI 3AJTAHUI

Jlns BeinoiaHeHus 1abopaTopHOil paboThl TpedyeTcsl HamucaTh POrpaMMy, KOTOpasi BBIMOIHSET
JIEKCHYECKUI aHaJIM3 BXOJHOTO TEKCTa B COOTBETCTBHM C 3aJaHHEM, MOPOXKIACT TAONHUIly JIEKCEM H
BBINOJIHSICT CHHTAaKCHYECKUI pa30op TEeKCTa 1Mo 3alaHHON TpaMMaTHKe.

TekcT Ha BXOJHOM SI3BIKE 33Ja€TCS B BHJIE CHUMBOJILHOTO (TEKCTOBOro) (aiina. Jlomyckaercs
UCXOJUTh U3 YCJIOBUS, YTO TEKCT COJAEpKaT HE 0ojiee OJHOrO MPENI0KEHUs BXOJIHOTO si3blka. [[nuny
UICHTU(PUKATOPOB U CTPOKOBBIX KOHCTAHT MOYKHO CUHTATh OTpaHWYeHHON 32 cumBoiamu. IIporpamma
JOJDKHA JIOTYCKAaTh HAauyue KOMMEHMApPUues HeoZPAHu4deHHou OauHpl BO BXOAHOM daiine. Popmy
OpraHM3alMii KOMMEHTapUeB MpeJiaracTcs BbIOpaTh caMOCTOATENbHO. [Ipy HAJIMYMKM JIEKCUUECKUX WU
CHHTAaKCHUYECKUX OIIMOOK B MCXOHOM TEKCTE IporpamMma JIOJKHA BBIJABaTh COOOIIEHUs 00 OMIMOKax H
KOPPEKTHO 3aBepIiaTh padoTy.

Pexomennyercs mnporpammy pa30OUTh Ha JIBE€ COCTaBHbIE YacTU: JIEKCMYECKHH aHalu3 H
CUHTAKCUYECKHIl aHanu3 (IIOCTPOEHHE LENOYKH BbIBOJA). JlJIl MOCTpPOEHUs JIEKCUYECKOTO aHaiu3aTopa
MpeIaraeTCcsl UCIOIb30BaTh PE3YNIbTaThl MPEIbLAyIIHX JabopaTopHbiX paboT No2 u Ne3. Jlexcuueckuii
aHATM3aTOP JIOJDKEH BBIJCISATh B TEKCTE JIGKCEMBI S3bIKA W MEHSATh MX Ha TEPMUHAIBHBIA CHUMBOJ
rpaMMaTUKU (KOTOpbI B 3ajaHuu oOo3HaueH Kak “@”). [lomyueHHas mocne JIEKCMYECKOro aHaiu3a
LIENOYKa Jjajiee I0JKHA pPacCMaTpUBAThCs B COOTBETCTBUU C allTOPUTMOM CHHTaKCHYECKOT0 pa3dopa.

BapuanTel 3amaHuil MOJHOCTBIO COOTBETCTBYIOT BapuaHTaM, YyKa3aHHbIM B 3aJlaHUM Ha
nabopaTopHyto padboty Ne4.

JIABOPATOPHAS PABOTA Ne 6
I'EHEPAIIUSA OBBEKTHOI'O KOJA

Llenv pabomwi: vi3ydeHUE OCHOBHBIX TMPHUHIIAIIOB T€HEPAIIMU KOMITHJIATOPOM OOBEKTHOTO KOJa,
BBITIOJIHEHHE TeHepaluu OOBEKTHOTO KOJa MPOTPpaMMBI Ha OCHOBE PE3yJbTAaTOB CHHTAKCHYECKOTO
aHaJIM3a JUIs 33JaHHOTO BXOJTHOTO SI3bIKA.

KPATKHE TEOPETUYECKUE CBEJJEHUA

['enepanust 00beKTHOTO Koj1a. CHHTAKCUUECKH YIIPaBIIsieMblid IEPEBOJ

I'enepayua 006vekmnozo Kooa - 3TO TEPEBOJ KOMIWIATOPOM BHYTPEHHETO MpEeACTaBICHUS
HUCXOJIHOM TMpOTpaMMbl B JIMHEHHYIO TIOCIICOBATEIHbHOCTh KOMAaHJ pe3YyIbTHPYIONEH OOBEKTHON
MIPOrpaMMBbI Ha SI3bIKE acceMOJepa WM HEMOCPEACTBEHHO Ha MAIIMHHOM f3bIKe (MAIIMHHBIX KOJaX).

['enepanusi 0OBEKTHOTO KOJia BBIOJHSAETCS MOCJE TOro, Kak BBIIOJHEH CHHTAKCUYECKHI aHaIu3
pOrpaMMbl M BCE HEOOXOMMBbIEe IEHCTBUS MO MOATOTOBKE K T€HEpalMK KOJla: PaclpeiesieHO apecHoe
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MPOCTPAHCTBO MOJ (PYHKUHWU U TNEpPEMEHHbIE, MPOBEPEHO COOTBETCTBUE MMEH M THUIIOB INEPEMEHHBIX,
KOHCTAHT U (DYHKIIUH B CHHTAKCHYECKUX KOHCTPYKIIUSIX UCXOTHOM MPOTrPaMMBbI U T.1.

YToOb KOMOMIATOP MOT MIOCTPOUTH KOJ PE3YAbTHUPYIOIIEH TPOrpaMMBbI JJIsl BCEM CHHTAKCUYECKOM
KOHCTPYKIIMM HCXOJHOM MPOrpaMMbl, YacTO KCIIONb3YeTCS METO/, Ha3bIBaEMbI CHHTAKCHYECKH
ynpasisieMbIM TiepeBojioM — CY-nepesodom. Unes CY-niepeBoja OCHOBaHA Ha TOM, YTO CHHTAKCHUC U
CEMaHTHKA SI3bIKa B3aUMOCBSI3aHBI, IPU ITOM CEMAHTHKA (TO €CTh CMBICI) KaXKIOTO MPEIIOKEHHS SI3bIKa
OTIpEeIIIeTCS CHHTAKCUCOM. DTO 3HAYUT, YTO CMBICI MPEIJIOKEHUS A3bIKa HEMOCPEACTBEHHO 3aBUCHUT OT
CUHTAKCUYECKOW CTPYKTyphl 3Toro mpemioxenus. [Ipunnun CVY-nepeBoja 3akiO4yaeTcss B TOM, YTO
CHUHTAKCHUC PE3yIbTHPYIOIIEH MPOrpaMMbl COBIIAJIAET CO CTPYKTYPON MCXOJHON MPOTrpaMMBbl, HO TPU 3TOM
Ka)KIOMY MPaBUITY BXOJHOTO S3bIKa KOMITUJISITOPA COMOCTABIISETCS OJHO WJIM HECKOJIBKO (MJIM HU OJTHOTO)
MIPAaBHJI BBIXOJHOTO SI3bIKAa B COOTBETCTBUU C CEMAHTUKOM BXOAHBIX U BHIXOJHBIX MPaBUIL.

CVY-nepeBoJy — 3TO OCHOBHOM METOJl MOPOXKACHUS KOAA PE3YIbTHPYIOLIEH NpOorpaMMbl Ha
OCHOBaHUU PE3YyJIbTATOB CHUHTAKCHMYECKOro aHanu3a. s yqoO0cTBa MOHUMAHUS CYTH METO/a MOKHO
CUMTaTh, YTO pE3yJIbTaT CHHTAKCHUYECKOTO aHalu3a IMPEJCTaBJICH B BHUJAE JEpeBa CHHTAKCUYECKOTO
aHaJIM3a, XOTA B peallbHbIX KOMIMWISITOPAaX 3TO HE BCET/a TakK.

Cyrp npunnuna CVY-mepeBoja 3akiIO4aeTcss B CIEAYIOLIEM: C KaKIOW BEepIIMHON JepeBa
cuHTakcuueckoro pazbopa N cBsa3bIBaeTcs Lenouka HekoToporo mnpomexyrounoro koga C(N). Kox mns
BepmiiHbl N cTpouTcs myreM — cueIUieHHs — (KOHKaTeHaluuu) B (UKCHPOBAaHHOM  MOPSJIIKE
nocnenoBarenbHocTd koga C(N) u mocrnemoBaTenbHOCTEN KOJOB, CBS3aHHBIX CO BCEMHU BepILMHAMH,
ABIAIOIUMUCS TpsiMbIMU ToToMKaMu N. B cBoro oudepenb, Al HOCTPOEHUS TOCIEI0BATEIBHOCTEN Ko
OpsIMBIX MOTOMKOB BepiIMHbI N moTpeOyeTcs HalWTH IMOCIe0BAaTeIbHOCTH KOJa ISl UX MOTOMKOB —
MOTOMKOB BTOporo ypoBHs BepumuHbl N — u T. 1. [Iponiecc nepeBonaa uaer, Takum oopazom, CHU3Yy BBEpX B
CTPOTO YCTaHOBJIEHHOM IOPSJIKE, OTPEAeIIeMOM CTPYKTYpOIl iepeBa.

B obmem cinydyae HeoOXoauMO MMETh eauHooOpasHyro uHTepnpetanuto koga C(N), koropas Ob1
BCTpeYajach BO BCEX CHUTyalusiX, rae npucyrctByer BepmuHa N. B mpuHnune, sra 3agaya MOXeT
OKa3aTbCsd HETPUBUAIBHOM, Tak Kak TpeOyeT OLEHKH CMbIcia (CEMAaHTHKU) KaKIOW BEpIIMHBI JIepeBa.
ITpu npumenenun CY-nepeBoja 3a1ada MHTEPIPETALUU KOJA Ul KaXKI0H BEPIINHBI IEpEBa PEIIAECTCs
pa3paboTYNKaMU KOMIUIISATOPA.

Jns toro utoObl moctpoutTs CVY-mepeBoj MO 33JaHHOMY JI€PEBY CHHTAKCHYECKOro paszdopa,
HE00X0/IMMO HaMTH MOCIIeA0BAaTENbHOCTh KOJa AN KOpHs jAepeBa. Ecnu ucnosnb3yemast Ui KakJou
BepinuHbl epeBa N nmocienoBarenbHocTs K0g0B C(N) moctpoeHa B Koax pe3ylbTUPYIOIICH TPOrpaMMBl,
TO TMOJYYEHHas B pe3yJibTaTe IMOCIeI0BATEIbHOCTh KOJOB M OyleT MCKOMBIM KOJOM pe3yiabTHPYIOLIeH
nporpammel. Eciin B npouecce CVY-nepeBofa MCNONb3YeTCs HEKOTOPBI BHYTPEHHHMM MPOMEKYTOUHBIN
KO/l KOMIIWJIATOpA, Toraa mocie BbinoiaHeHus CY-mepeBopa TpeOyercsl AONMOJHHUTEIbHBIN alropuT™m
npeoOpa30BaHus MPOMEKYTOUHOTO KOJIa B KO/ PEe3YJIbTUPYIOIIEH MPOrpaMMbl, 3aBUCSILIUI OT TOT0, KaKOH
IIPOMEKYTOUHBINA KOJ| HCTIOIb3YETCS.

CVY-nepeBoj I0OCTaTOYHO NPOCT B pead3alliM U, CaMOE IJIaBHOE, MO3BOJSAET KOMIIMIATOPY
CTPOUTH PE3YIbTUPYIOIIYIO MPOrpaMMy 0e3 MOJHOLEHHOIO aHAJIM3a CEMAHTUKU UCXOAHON MpPOTrpaMMBL.
Kak wu3BecTHO, KOMIHJIATOPH HE HMMEIOT BO3MOXKHOCTH BBINOJHATH AaHAJIM3 CEMAaHTHKH HCXOJHBIX
OporpaMM IO TNPUYMHE CYHIECTBYIOUIMX HNPUHIUIHAIBHBIX OTPAHWYEHUH, CBA3aHHBIX C TEM, 4YTO
NPAaKTUYECKH BCE S3BIKU MPOrpaMMUpOBaHUs Oojee cinoxHbl, yeM KC-s13b1k1 1 KpoMe (popMaTu30BaHHbIX
CHUHTAKCUYECKMX OTpPaHWYECHUH, Kak TIpaBWIIO, COJAEPKAT CEMaHTHYECKHWE OrpaHUYEHUs, 3a4acTylo
3agaBaeMble B (hopme HedopmannzoBaHHbIX onucanuid. 1o stoit mpuuune meron CY-nepeBosa sBiseTCs
OCHOBHBIM METO/IOM TIOPOKACHMSI PE3YJIBTUPYIOLIETO KO/Ia B COBPEMEHHBIX KOMIIMIATOPAX.

Meton CVY-nepeBoja MMEET OrpaHMUYEHUs, IMPOUCTEKAIONINE U3 CAMOM HMJEM 3TOr0 METO/Aa: OH
OPUMEHUM TOJIBKO B TOM CIIydae, €ClIM KaXJOMy DJIEMEHTY HCXOAHOH mporpammbl N MokeT OBITH
OJTHO3HAYHO COIMOCTaBJIcHA 1enouka HekoToporo koga C(N). DTo conocTaBiieHUE HE JODKHO 3aBHCETh OT
TOT0, B KAKOM MECTE HCXOJHOM NMpOorpaMMbl BcTpeyaeTcs 31eMeHT N — OHO JJOJKHO ONPEAeNAThCs TOJIbKO
CUHTAKCUYECKOW CTPYKTYpOH 3TOr0 JIEMEHTa. JDTO HE OTPAHUYUBAET MPUMEHMMOCTh METOJA ISl BCEX
KC-s3b1K0B, B TOM YHMCII€ U U1 CHHTAaKCUYECKUX KOHCTPYKIIMHA S3BIKOB MPOTPAMMHUPOBAHUS, MTOCKOIBKY
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JUIT HUX OTCYTCTBYET KOHTEKCTHAs 3aBHCHUMOCTh JJIEMEHTOB S3bIKa — JCHCTBHUTEIBHO, B SI3bIKE
MIPOTrpaMMHUPOBAHUSI CMBICIT KakOTO-IMOO orepaTopa, (yHKIWHA, TPOLEIYypbl WX APYroro 3JeMEHTa
HCXOJIHOM MPOTPaMMBI HE 3aBUCHUT OT TOTO, B KAKOM MECTE IIPOrpamMMbl OH BeTpeuaeTcsi. OJIHaKo 1Mo 3TOi
npuurHe CVY-mepeBoji Helb3sl MPUMEHATh U APYTrUX, 00Jiee CI0KHBIX THUIOB S3bIKOB — K3-53BIKOB W,
TeM Oosee, s3pIKOB ¢ (ppa3oBoi CTpyKTypoil. Hampumep, BBIOJHUTh Kaue€CTBEHHBIN MEPEBOJ] C OJHOTO
€CTECTBEHHOI'0 s3blka Ha Apyrod c momompbio CY-nepeBoga HEBO3MOXKHO, IMOCKOJIBKY CMBICT CJIOB
€CTECTBEHHOTO SI3bIKa CYIIECTBEHHO 3aBUCUT OT KOHTEKCTA.

Bropoii nHenoctatok CVY-mepeBoja TakkKe CBSi3aH C TE€M, YTO JAHHBIA METOJ HE YYUTHIBAET
KOHTEKCTHYIO 3aBHCHUMOCTB: TOCKOJIbKY (parmMeHT koma C(N), moposkmaeMblil Juisl KaKIOTO dJIEMEHTA
ucxoaHoM mporpamMmbl N, HE 3aBUCHUT OT MECTOIOJIOKEHHUS 3JIEMEHTa, OH HE YYHUTHIBACT BO3MOXKHYIO
3aBUCUMOCTH COCETHHUX 3JIEMEHTOB MEXIy COOOW IO JAaHHBIM WJIM IO BBITIOJHSIEMBIM ormepanusiMm. B
pe3ysbTaTe KOJ Pe3yJbTUPYIOIICH MporpaMMbl, OpokaaeMblid ¢ momonpio CY-niepeBojia, moydaeTcs
Hed (D PEKTUBHBIM.

[Tosromy B kommuisiTopax (asa reHepaluy KojAa, Kak MPaBWIIO, COCTOMT M3 JIBYX OTalloB:
TreHEepaIy ¥ ONITUMH3aIUK KOJIa.

ANTOpPUTM reHepanu 00BEKTHOTO KOJa MO IEPEBY BbIBOAA

®opMbl BHYTPEHHET0 NMpPeCcTABIEHUS POrpaMm

Buympennee npeocmaenenue npocpammsl — OITO CTPYKTypa JaHHBIX, HCIOJb3yeMas
KOMITHJIITOPOM JUIsSE XpaHEHUs nHPopMaIuu 00 MCXOTHOW MPOrpaMMe TOCIIC BBITIOJHEHUS ¢ aHallu3a.
BHyTpeHHee mpeicTaBiICHHE MPOrpaMMbl JODKHO XPaHUTh HH()OPMAIUIO O COJCPKAHUU HMCXOJHON
IPOTPAMMBI U O €€ CTPYKTYpE.

Bo3moxHBI pa3nuuHble (OPMBI BHYTPEHHETO MPEICTABICHHUS CUHTAKCHYECKUX KOHCTPYKIIHIA
MCXOJHOU MporpaMMbl B koMnuisitope. Ha aTane cuHTakcnyeckoro pa3dopa 4yacto UCmoib3yercs Gpopma,
UMeHyeMasi IEPeBOM BBIBOJIA (METOJBI €r0 MOCTPOCHUS PaCCMATPUBAIIUCEH B TPEIBIAYIINX J1a00PaTOPHBIX
pabotax). Ho d¢opmbel mpencraBieHus, HUCHOIb3yeMble Ha JTamnax CHUHTAKCUYECKOTO aHalu3a,
OKa3bIBAIOTCS HEYIOOHBIMH B paboTe MpHU TeHepalid U ONTUMHU3ALUU 00beKTHOro kona. [loatomy B
Mpolecce TeHEpalud W ONTHUMH3AIMH OOBEKTHOTO KOJla BHYTpPEHHEE IMPEACTaBICHHE MPOTPaMMBbI
npeoOpasyeTcs B OIHY U3 COOTBETCTBYIOMIMX (hOPM 3aIHCH.

[Tpumepamu Takux GopM 3amUCH SIBISIOTCS:

e oOpaTHas MoJbcKasi 3aIUCh OIepallyii;

e TeTpajbl ONeparuii;

® TpUaJIbI OTepaInii;

e KOMaHJbI acceMOepa.

[lepeuncrnennple MPUMEPHl HE HCYEPIBIBAIOT BCE BO3MOXKHBIE (OPMBI  BHYTPEHHETO
MPEJICTAaBICHUS TPOTPaMM, HKCIONb3yeMble B KOMOWIATOpax. 1o, Kakue (HOpPMBI BHYTPEHHETO
MPEJICTABICHUS UCTIOIh30BaTh U HAa KAKWX ATAlax KOMITUJISIUY, PEIIAloT pa3paboTuuKu KOMIHIATOpa. B
OJIHOM KOMIIHIIATOpPE Ha pa3HBIX JdTalax MOXKET HCIOJIb30BaTbCd HECKOIbKO Pa3ludHbIX (opM
BHYTPEHHETO MPEACTABICHUSI.

Obpamuas noavckas 3anuce — 3TO MOCT(HUKCHAS 3alUCh Omepaluii (ornepaTopsl 3alMChIBalOTCS
nocne omepaHaoB). llpeumyiiectBoM ee sBISETCS TO, YTO BCE OINEpaIlMd  3aMUCBHIBAIOTCS
HEMOCPEJICTBEHHO B MOPSAKE UX BBHIMOTHEHHSI, HE UCTOIB3YIOTCS CKOOKM W MPUOPUTET omeparuii. OHa
Ype3BbIYaiftHO AP (EKTUBHA B TE€X CIydasiX, KOT/a JJisl BEIYUCICHUN UCTIONIB3YETCsl CTEK.

Tempaowvl (unu TpexaApecHBIA KOJ) MPEICTABISIIOT co00il 3amuch onepanuii B (hopMe U3 4eThIpex
COCTaBISIIONNX:  <onepayus™(<onepanol>,<onepano2>,<pesyromam>). Terpaapl UCHOIB3YIOTCS
penKo, Tak Kak TPeOyroT OOJbIINE MaMSATH JJIs CBOETO MPEJCTABIICHUS, YeM TPUAJIbI, B SBHOM BHUJC HE
OTPaXAIOT B3aMMOCBSI3U OIEpalHii U, KPOME TOTO, IJIOXO OTOOpa)KaroTCs B KOMaHIbI acceMOnepa u
MaIIMHHBIE KOJbI, TAK KaK B Ha0Opax KOMaHJ OOJBIIMHCTBA COBPEMEHHBIX MAIIUH HE BCTPEYAIOTCS
OTIepaIy C TPeMsI OTIepPaHIaMHU.
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Tpuaovr (Wi OBYXaapecHBIM KOJ) MPEACTABISAIOT cCOoOOHM 3amuch omepanuii B Gopme U3 Tpex
COCTaBIISIIONINX: <onepayusi>(<onepauol>,<onepand2>), Ipu 3TOM OIWH WM 00a OMEpaHIa MOTYT
OBITh CCBUIKAMU Ha JPYTYIO TPHUAIY B TOM CIIydae, €CJIM B KAUeCTBE ONepaH/ia JaHHON TPUAJIbl BHICTYIIAET
pe3yJbTaT BBIMOJHEHUS APYrod Tpuazpl. [103TOMY TpHaabl IpH 3aIKMCH MTOCIEI0BATEILHO HOMEPYIOT ISt
yI00CTBa yKa3aHHs CChUIOK OJTHUX TPUAJ HA JIpyTHUE.

Hampumep, Beipaxkenue A := B*C + D - B*10, 3annucannoe B Buje Tpua OyJaeT UMETh BU/I:

H *( B C)
2) + ("™, D)
3 *( B,10)
4) - ( "2,"3)
5 =( AM)

3nech ornepanuu 0003HaYSHBI COOTBETCTBYIONIMM 3HAKOM (TIPH 3TOM IPUCBOCHUE TAKKE SBISCTCS
orepanueit), a 3HaK " 03Ha4aeT CChUIKY ONEepaH/Ia OJHOM TPHAIbl HA PE3yJIbTAT APYTOi.

Komanow accembnepa ynoOHbI TeM, 4TO NPH WX HCIOJIb30BAHUM BHYTPEHHEE IPEACTABICHUE
POTPaMMBbI TIOJTHOCTBEO COOTBETCTBYET OOBEKTHOMY KOJAY M CIIOKHBIC NMPEOOpa30OBaHUs HE TPEOYyHOTCS.
Opnnako MCIONb30BaHKE KOMaH[ acceMOiiepa TpeOyeT MOMOTHUTENbHBIX CTPYKTYP IJs OTOOpaKeHUS UX
B3aUMOCBsI3M. Kpome TOro, BHYTpEHHEE IPEACTaBICHUE MPOrpaMMbI TIOJIY4aeTCcsl 3aBUCHMBIM OT
PE3yJIbTUPYIOIIETO KO/a, a 3TO 3HAYUT, UYTO MPH OPHUECHTAI[MH KOMITWIISITOPA HAa APYrod Pe3yJIbTUPYIOIIUT
KOJI OTpeOyeTcs mepecTpanBaTh Kak caMO BHYTPEHHEE MPEACTABICHUE MPOTPAMMBI, TAK M METOJIbI €ro
00pabOTKH B AJITOPUTMAaX ONTUMU3AIUH (IIPU UCIIOIB30BaHUY TPHA]] I TETPAJ] 3TOTO HE TpeOyeTcs).

HOCTpoeHI/Ie BHYTPCHHEI0 NMPEACTABJICHUSA IIPOrPpaMMBI 110 I€PE€BY BbIBOJA

Jl1s mocTpoeHUsI BHYTPEHHETO MPECTaBIEHUI O0BEKTHOrO KoJa (B JaJbHEHIIEM - IPOCTO KO/a)
[0 JIEpEBY BbIBOJIAa MOXET HCIOJB30BaThCS MPOCTEWINAas PEeKypCUBHAs Ipolieaypa. JTa Mpolenypa,
IpEekKIe BCEro, JODKHA ONpEAENUTh THUIl y3Jla JepeBa — OH COOTBETCTBYET THILY ONEpalU{, CHUMBOJ
KOTOpPOM HaxOJIUTCS B JIMCTE JepeBa Ul TEKYILEro y3jia. DTOT JIUCT SBJSETCS CPEJAHHUM JIMCTOM Y3Ja
JepeBa Uil OMHApHBIX oONepaluid W KpalHUM JIEBBIM JIMCTOM — JUIsl yHapHbIX onepauuil. [locie
orpezesieHus TUIa MpoIieypa CTPOUT KOJ JJIs y3Jia IepeBa B COOTBETCTBUM € TUIIOM onepanuu. Eciu Bce
y3JIbl CJIEIYIOIIET0 YPOBHS JJIsl TEKYILEro y3ja eCTh JIUCThbS JEpeBa, TO B KOJ BKJIIOYAIOTCS ONEpaHbl,
COOTBETCTBYIOIIUE ASTHUM JHCTHSIM, M MOJYYUBUIMICS KOJ CTAaHOBUTCS pE3yJbTaTOM BBIOJIHEHUS
npoueaypsl. MHaye mnpouenypa IOKHA pPEKYPCHMBHO BBbI3BaTh cama cels i TeHepaluuu Koja
HIDKeJeXKallluX y3J10B JI€peBa U Pe3y/bTaT BHIIOJHEHUS BKIIOYUTH B CBOW MOPOKIECHHBINA KOJI.

[ToaToMy ISl TOCTPOEHMSI BHYTPEHHETO IMpe/cTaBiIeHs] 00BEKTHOTO KOjia Mo JEepeBY BbIBOJA B
MEePBYI0 OYepeb HEOOXOIMMO pa3zpaboTarh (HOPMBI MPENCTaBICHUS OOBEKTHOTO KOAa ISl YEThIPEX
CJIydaeB, COOTBETCTBYIOLIMX BHUJIaM TEKYIIETO y3ja JiepeBa BbIBOJA:

e 00a HIDKENeKALUX y3/1a JIepeBa - JIUCThS (TEpMUHAIBHBIE CUMBOJIBI TPAaMMaTHKN );

® TOJIBKO JIEBBI HUKEJEKAIINN y3€J BISAETCS JTUCTOM JIEPEBA;

® TOJIBKO MPABBIA HWKEIEKAIINN y3€J BISAETCS JIUCTOM JIEpeBa:

e 00a HIDKENEeXKALUX y3J1a He SBJISIOTCS JINCThIMU JepeBa.

PaccmoTpum noctpoeHue 1ByX BUJIOB BHYTPEHHETO MPEICTAaBICHMS 110 I€PEBY BbIBOJIA!

® TI0CTpPOEHHE acceMOJIepHOro KoJia Mo JepEeBY BHIBOJA;

® TIOCTPOEHHUE CMHCKA TPUaJ 0 JIePEBY BHIBOJIA.

[TocTpoenue accemMOIEepHOTO KO/A MO JEPEBY BHIBOJIA

B kauecTBe s3bIKa accembiepa BO3bMEM s3BIK acceMbiepa mporeccopoB Tuna Intel 80x86. Ilpu
3TOM OyZIeM CUHMTAaTh, YTO ONEPaH]Ibl MOT'YT ObITh IIOMEIIEHBI B 16-pa3psaHble perucTphl mpoleccopa 1 B
KOJIe pe3y/bTUPYIOIIEH 00BEKTHOI MPOrpaMMbl MOTYT HCIIOJIb30BaThCsl perucTpbl AX (aKKyMyJsITop) U
DX (peructp naHHbIX), a TAKXKe CTEK JJIsl XpaHEHUS IPOMEKYTOUHBIX Pe3yJIbTaTOB.

Torna yetbipeM (popMam TEKyIIero ysia aepeBa OyAyT COOTBETCTBOBATH CIEIYIOIHE (pparMeHThI
KOJIa Ha si3bIKe acceMbOJiepa (Tabdmura 7):
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Tabnuna 7.
[IpeoOpa3zoBanre TUIOBBIX Y3JIOB JEpEeBa BHIBOIA B KOJI Ha sI3BIKE accembiiepa
Bun y3na nepesa PesynbTupyrommii Koj IIpumeyanue
mov ax,operl act - komaHaa COOTBETCTBYIOLLIEHN
/ l \ act ax,oper2 oreparuu
operl,oper2 - onepanabl (JIUCThS JepeBa)
oper 1 | | act | | oper 2
Vaen 1 Code(V3en 2) V3en 2 - HIKenexKaui y3en (He juct!)
mov dx,ax JIepesa
mov ax,operl Code(VY3en 2) - Koz, MOpoKIaeMbIit
| Onepann 1 [ | act | Vaen 2 | act ax,dx MIPOIIETYPOH JUTS HUKENIEKAIIETo y3Jia
Vaen 1 Code(V3en 2) Code(Y3en 2) - ko, TIOPOKIaEMBbIit
act ax,oper2 MPOLIEYPOH [Tl HIYKEIIEHKAIIIETO y3J1a
V3en 2 act oper 2
Vaen 1 Code(V3en 2) Code(VY3en 2) - ko, TOPOKIaeMBbIit
push ax HPOLIETY POl ISl HUXKEJIEKAIIETO y3J1a
v \ Code(VY3en 3) Code(VY3en 3) - Ko, MOPOKIAEMBIIA
V3en 2 | | act | | VY3zen 3 | mov dx,ax MPOLEAYPOH JUIsl HUKEIEKAIIETO y3J1a
pop ax push u pop - KOMaHBI COXpaHEHUS
act ax,dx Pe3yaBTaTOB B CTEKE U M3BJICUCHHS
pEe3yJIbTaTOB U3 CTEKa
Paccmorpum mpumep nepeBa BeiBoga i Beipakenus A = B*C + D - B*10 na puc.7 u

COOTBETCTBYIOIUH €My (parMeHT KoJla Ha s3bIKe acceMOJiepa, MOCTPOCHHBIN IO OIMHMCAHHBIM BBIIIC
ImpaBujiaM (O6paTI/ITe BHUMAaHHC, 4YTO JIA OIICpallMu NpPHUCBAWBAHUS HCIIOJIB3YCTCA OTI[CHBHBIﬁ KOJ, HE
MOAMAIAOIIH 0T 00IIIKE TIpaBUIA):
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[arl: Code(U2)
mov A,ax ;OTIepanys MPUCBANBAHUS

lar 2: Code(U3)

A = u2 push ax

Code(U5)

mov dx,ax

U3 | - | pop ax

sub ax,dx

mov A,ax ;oniepanus npucBauBaHusd

ua il + || D Us Illar 3: Code(U4)

add ax,D

push ax

Code(U5)

mov dx,ax

pop ax

Puc. 7. JlepeBo BbIBOA 151 apU(PMETHIECKOTO sub ax,dx

BBIpa)KeHI/IH. mov A,ax ;oriepanus NpucBanuBaHus

Ilar 4. mov ax,B
mul ax,C
add ax,D
push ax
Code(U5)
mov dx,ax
pop ax
sub ax,dx
mov A,ax ;olepanys IpucBauBaHus

Ilar 5: mov ax,B
mul ax,C
add ax,D
push ax
mov ax,B
mul ax,10
mov dx,ax
pop ax
sub ax,dx
mov A,ax ;oriepanus NpucBanuBaHusd

Ul

[TosryueHHBI OOBEKTHBIM KOJ Ha sI3bIKE acceMOiiepa, OYEBHJIHO, MOKET ObITh ONTUMHU3UPOBAH,
OJIHAKO JJisi ero oOpaloTku TpeOyroTcs cHelualbHble (OpUEHTHUPOBAHHBIE MMEHHO Ha JAHHBIN SI3bIK
accemOJiepa) METOJIbl M CTPYKTYpPHI, YUUTHIBAIOIINE B3aUMOCBS3b onepaunii. Kpome Toro, opuenranus Ha
oTpesieNIEHHBIN A3bIK acceMOiiepa CBOJUT Ha HET YHUBEPCAIIbHOCTh METO/A. Tak B MPUBEACHHOM IpUMEpPE
HCIIOJNIb3YeTCsl KOMaHAa mul, KoTopasi B paHHUX Bepcusix mpoueccopoB Gupmel Intel umeer orpannyueHus
Ha THUIBI ONEPAH/OB, a CIEA0BaTEIbHO, B YHUBEPCAIHHOM KOMIWISTOPE HE MOXET OBITh MCIIOJIb30BaHa
Tak, Kak B JaHHOM Ipumepe. DTo moTpedyer, 4ToObl TeHepalus Koja s Y3JI0B JepeBa Iula B
3aBHCHUMOCTH HE TOJILKO OT OIEPaH/I0B, HO M OT THIa ONepanuu (Jaxe B MPUBEICHHOM MPUMEPE TaKylo
3aBHCUMOCTH MPUILIOCH YCTAHOBUTH JJIs OTIEpalluy IPHUCBAWBAHUS).

OOBIYHO Takue MpOOJIEMBbI pelIaloTcs TaKuM 00pa3oM, YTO BMECTO KOMAaH]I HEMOCPEICTBEHHO
A3bIKa acceMOJIepa UCIONIb3YHOTCSI KOMaH/1bl HEKOTOPOIo OJIM3KOro K HEMY IPOMEKYTOYHOIO TICEBJIOKO/IA.
BonbIIMHCTBO 3THX KOMaHJA OAWH B OJUH OTOOpa)karoTCsl 3aTEM B KOMaHJbI si3bIKa accemOiepa, Ipyrue
K€ 0JIHO3HAYHO IIPeo0pa3yroTcs B (PUKCHPOBAHHYIO MOCIIE0BATEIILHOCT KOMAHI.

[TocTpoenue cnucka Tpuaj mno JepeBY BHIBOIA.

Tpuanpl  SBISAIOTCS ~ YHUBEpPCAJIbHOW,  MAallMHHO-HE3aBUCUMON  (opMoil  BHYTpeHHeEro
NpPEICTaBICHNUS B KOMIMJISATOPE pe3ylbTUPYIOIIEH OOBEKTHOH mNporpamMmbl, a IMOTOMY HE TpPeOYIOT
OTOBOPKH JIOTIOJIHUTENIBHBIX YCIOBHHM TNpH TeHepaluu Koza. Tpuaabl B3aUMOCBS3aHBI MEXIY COOOH,
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MO3TOMY JUISl YCTAHOBKH KOPPEKTHOM B3aMMOCBSI3H MPOIIeypa TeHEepaIlK KOIa JIOJDKHA MOJTydaTh TaKkKe
TEKYITUH HOMED 1 OYepeTHOM TpUaIbI.

Toraa dersipeM (opmaM TEKyHIero y3ja JiepeBa OyayT COOTBETCTBOBATH ITOCIIEIOBATECILHOCTH
TpHaj 00bEeKTHOrO Koa (Tabmuia 8):

Tabmuma 8.
[IpeoOpa3zoBanue TUITOBBIX Y3JIOB JEPEBa BHIBOJIA B ITOCIIEAOBATEILHOCTD TPHA/L
Bup y3na nepena PesynbTupyronuii [Ipumeuanue
KOJI
act - Tum Tpruaasl
V3en 1 . _
i) act (operl,oper2) operl,oper2 - onepanpl (JIMCThS AepeBa
| \ BBIBOJIA)
oper 1 | | act | | oper 2 |
m V3en 2 - HuxKenexxamui y3en aepesa
i) Code(Y3en 2,i) BBIBOJIA
/ Y i+j) act(operl,Ni+j-1) Code(V3en 2,i) - mocinenoBaTeIbHOCTD
Omepann 1 | | act | VY3en 2 | TpHa, IOpoXxaaeMas I ¥Y31a2, HauuHast
C TpUAABI C HOMEPOM i
J - KOJIMYECTBO TpHA, MOPOKIAEMBIX JIJISI
Y3mna2
m V3en 2 - HUxKenexxamui y3en aepena
i) Code(V3en 2,i) BBIBOJIA
/ Y i+j) act(®i+j-1,0per2) Code(V3en 2,i) - mocnenoBaTeIbHOCTD
V3en 2 | | act | oper 2 | Tpuaj, nopoxxaaemas Ajig ¥Y3ia2, HaunHas
C TPHAJBI C HOMEPOM i
J - KOJIMYECTBO TpHal, MOPOKIAEMBIX JIJIsI
VY3na2
W‘ i) Code(Y3eJI Z,i) V3en 2, ¥Y3en 3 - HuKenexxaume y3Jbl
i+j) Code(V3en | nepesa BbiBosa
] 3,itj) Code(¥Y3en 2,1) - mocinenoBaTeaIbHOCTh
V3en 2 | | act | V3ern 3 | i+j+K) act(Ni+j- | TPHal, mopoxsaemast A VY3na2, HauuHas
1,8+ +k-1) C TPHAJBI C HOMEPOM i

J - KOJIMYECTBO TpHal, MOPOKIAEMBIX JIJIsI
VY3na2

Code(¥Y3en 3,i+j) - mocnea0BaTeNbHOCTD
TpHaJl, TOpoXaaeMas s Y3ia3, HaunHas
C TpHaJbl C HOMEPOM itj

K - konn4ecTBO TpUa, MOPOKIAEMBIX JIIS
VY3na3

PaccmoTpuM TOT ke mpumep JepeBa BbiBoja s BbipaxkeHus A 1= B*C + D - B*10 na puc. 8 u
COOTBETCTBYIOLIYIO €My MOCIIeI0BaTEIbHOCTh TPHA:



LA ][ =]]we
A
U3 || - |
A 4
ua][+][ D] [us]
J ]
8]l ]le] [B][ ][]

Puc. 8. JlepeBo BbIBOAA 111 apu(METHIECKOTO

BbBIPpa’XCHH.

CJ'ICI[yeT O6paTI/ITB BHHUMAHHUC, YTO B OTAHHOM aJII'OPUTMC II0CJICAOBATCIBbHBLIC HOMCpA TpPpHAl (a
CJICAOBATCIbHO, MW CCBIJIKM Ha HI/IX) YCTAHABJIMBAKOTCA HE Cpasy. OTO HEe HMeEeT 3HadycHHE IIpu
peKprHBHOﬁ opraHu3atu MnMpoucaypsl, HO IpU APYrom croco0e O6XOI[8_ JACpEBa BbBIBOJA B IIpOrpaMme
TCHCpallU KOJa JYUYLIC YBA3bIBATH TPUAAbl MCKIY c000lf MMEHHO II0 CCBHUIKE (yKasaTen}o), a HC IIO
MMOpsAAKOBOMY HOMCEDPY.

I[J'IH TpUan pa3pa60TaHLI YHUBCPCAJIBHBIC (MaI_I_II/IHHO'He?»aBI/ICI/IMHe) AJITOPUTMbI OIITUMH3AIUN
koma. llocie HX BBIIOJIHEHUS (OHTI/IMI/I38.I_[I/II/I BHYTPCHHCTO HpeI[CTaBJ'IeHI/IH) Tpuagabl MOTYT OBITh
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Ilar 1.
i)
Ilar 2:
)
i-1)
i)
Ilar 3:
k)
)
i-1)
i)
Ilar 4.
2)
3)
i-1)
i)
Mlar 5:
2)
3)
4)
5)

HpeO6p330BaHH B KOMaH/bI Ha A3bIKC acceM6J1epa.

N

1) Code(U2,1)
=(AN-1)

1) Code(U3,1)
Code(U5,j)
-("j-1,%-2)
=(AN-1)

1) Code(U4,1)
+("k-1,D)
Code(U5,))
-(Nj-1,0N-2)
=(AN-1)

1 *BO
+("1,D)
Code(U5,3)
-("J-1%-2)
=(AN-1)

1) *B.C)
+("1,D)

*(B,10)

-("2,"3)

=(ANM)

[TOPAIOK BbBIIIOJIHEHWA PABOTDI

1. TlomyuuTs BapHaHT 3aJlaHUs y IPENOAABATENS.

3aIaHHOW rpaMMaTHKe.

4. BpINOJAHUTH TeHepalHuio OOBEKTHOTO KOAA BPYUHYIO JJIsi BBIOPAHHOTO MPOCTEHILIEro IMpumepa.
[TpoBepUTH KOPPEKTHOCTH PE3yibTaTa.

5. TloaroToBUTH U 3aLIUTUTH OTYET.

Hanncate n oTimanute nporpamMmmy Ha OBM.

o

7. Cnatb paboTaroliyro mporpaMMy MpernoaBaTeio.

Otuer AOJIKCH COACPKATh CICAYIOIINEC Pa3aCiibl:

JlonyckaeTcst opopMIIsTh €OUHBIN (COBMECTHBIN) OTUET 11s1 1Tab0paTOpHBIX paboT Neb m Ne7.

N3y4nTh anropuT™ resepanuy 00beKTHOTO KO/Ia MO JIEPEBY CHHTAKCHUECKOT o pa3dopa.
3. Pa3paborarps gparmMeHTH 00BEKTHOTO KO/, peaTu3yIONIHe B BUJAE TPHAJ MPOCTEHIINE Olepanuu B

TPEBOBAHUMA K O®OPMIJIEHUIO OTHETA

3ananue no 1adopaTopHOM padboTe (COracHO CBOEMY BapUaHTY).
Kpatkoe nznoxenue meinu padoThl.

3anuck 3aJJaHHON TpaMMAaTHKH BXOJIHOTO si3bIKa B (hopme bakyca-Haypa.
®parMeHTHl 00BEKTHOTO KOJ/Ia B BUE TPUAJ JJIs ONlepaIiuii 3aJaHHON TPaMMAaTHKH.

[Ipocreiimuii mpuMep TeHepaluu KoJia Mo IePEBY CHHTAKCUYECKOTO pazdopa.

Tekct nporpamMMs (0OPMITSIETCS TOIBKO TPU HEOOXOIUMOCTH TI0 COTIIACOBAHHIO C MPETIOIaBATENIEM).
BrIBOIBI 110 TIPOIETaHHOM padoTe
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OCHOBHBLIE KOHTPOJIBHBIE BOITPOCBI

1. Yro Takoe TpaHCIATOp, KOMIWIATOP U UHTEpIperarop? B uem ux ornuuus?

Pacckaxute 06 001Iel CTPYKTYpe KOMITUIISTOPA.

3. Kak cTpoutcs nepeBo BbIBoJa (CHHTaKCHYecKoro pa3dopa)? Kakue ucxoaHbie NaHHbIE HEOOXOIUMBI
JUISL €0 MTOCTPOEHMUS?

4. Kakue neiicTBUS BBIITOJIHIET KOMIMISITOP IPU OATOTOBKE K FeHEpaluu 00BbEKTHOro Koj1a?

N

5. Kakyto posb BBIIOJHAET reHepalys 00bEKTHOTO KO/1a B IIPOLIECCE KOMITMIIALIUN ?

6. MoxeT 1M KOMIWISATOP IMOJHOLEHHO aHAJU3UPOBATh CMBICH (CEMAHTHKY) UCXOIHOW MpPOTrpaMMbl?
OO0GocHy#Te CBOI OTBET.

7. Pacckaxure, 4TO TaKO€ CUHTAKCUYECKH YIPaBIIAEMBbIN [1EPEBO/IL.

8. O0ocHyiiTe rpaHHIIBI IPUMEHUMOCTH METO/1a CHHTAaKCUYECKH YIIPABIISEMOT0O IIEPEBOIA.

9. OOBbsAcHUTE MPEUMYIIECTBA M HEAOCTATKH METOAA CHHTAKCHUYECKH YIIPABIIEMOT0 MEPEeBOIA.

10. OO®bscHHUTE, KTO M KaK yCTAaHABIMBAET 3aBUCHMOCTb MEXIY JIEMEHTAMH HCXOIHON MPOrpaMMbl U
(¢parmMeHTamMH KoJla pe3ylbTUPYIOLIEH IporpaMMbl. SIBIIsSETCS JIM 3Ta 3aBUCUMOCTb OJIHO3HAYHOMN ?

11. 3a cyer yero oOecreunBaeTCsl BO3MOKHOCTH I'€HEpallMH KoJa Ha Pa3HBIX OOBEKTHBIX S3BIKAX IO
OJIHOMY U TOMY XK€ JIepeBy?

12. O6wsacHuUTE paboTy arOpuTMa reHepauu 00BEKTHOTO KOJIa 110 IePEBY CHHTAKCHYECKOT0 pa3bopa.

13. Kakue maHHble HEOOXOAMMBI KOMIMIIATOPY Ijsl reHepamuu oOBbekTHOro kona? Kakume neiictBus
BBITNOJIHACT KOMIIWJIATOP NEpe]] reHepanuen?

14. Kakue ¢popmMbl BHYTPEHHETO MPEICTABICHHUS TPOrPaMM B KOMITHIISITOPE CYIIECTBYIOT?

15. Yro Takoe Tpuazabl U JUIsl YETO OHU UCIOJB3YOTCS?

16. SBnsercs nM  pe3yNbTUpPYIOIIAs MpOrpamMma, MOCTPOSHHAs KOMIWJIATOPOM, ONTHMAJIBHOM?
OO0GocHy¥Te CBOI OTBET.

BAPUAHTHI 3ATAHUI

Jnis BeIosiHeHUs 1a00paTOpHOI paboThl TpeOyeTcst HanucaTh IporpaMmy, KOTopasi Ha OCHOBaHUH
JiepeBa CHHTAKCHYECKOro paszbopa MNOpoXkaaeT OOBEKTHBIM KoJ. B KadecTBe HCXOAHOro JaepeBa
CHUHTAaKCHYECKOIo pa3dopa peKOMeHyeTcs B3ATh JIEPEBO, KOTOPOE MOPOKAAET MporpaMma, IOCTPOESHHAs
0 33JJaHUIO MTpebIayIei 1JabopaTopHON paboThl Ne5.

ITporpaMMy peKOMEHyeTCsl MOCTPOUTD U3 JABYX OCHOBHBIX YacTEW: NEpBasl 4acTb — MOPOXKIECHUE
JiepeBa CHHTAaKCHUYecKoro paszbopa (1Mo pesynbraTaMm JabopaTopHoi paboThl Ne5), BTOpas dacTb —
peanu3alys aNropuT™Ma HopoXkKAeHUsI 00bEKTHOTO KO/a MO JiepeBy pazbopa.

PesynbTaram pa0oThl JOMKHA OBITH IMOCTPOEHHAss HAa OCHOBAHMHU 3alaHHOTO MPEJI0KEHUs
rpaMMaTHKM IporpaMma Ha OOBEKTHOM s3blke. B KauecTBe OOBEKTHOIO s3blKa Ipenjiaraercs B3sThb
Tpuazsl (BO3MOXKEH BBIOOp ApPYroro oOBEKTHOTO s3blKa IO COIJIACOBAHHUIO C TpernojasareneM). Bce
BCTpEYAIOLMecs B HCXOAHOM mporpamMme MIACHTU(UKATOPHI CUYUTATh IMPOCTBIMU  CKAISIPHBIMHU
NEpEeMEHHbIMHM, HE TpeOyIOUIMMH BBIOJHEHUS MpeoOpa3oBaHusi TUNOB. OrpaHUYeHUs Ha JJIUHY
UICHTU(UKATOPOB U KOHCTAHT COOTBETCTBYIOT TPEOOBAHUSIM MPEIbIIYIINX JTa00paTOPHBIX PadoT.

BapuaHnTel 3a7aHuil MOJHOCTBIO COOTBETCTBYIOT BapuaHTaM 3aJaHuil i JabopaTOpHOM
paboThl Ne4.

Jns BbIMONHEHUs: pabOThl PEKOMEHIYeTCsl HCIOJIb30BaTh PE3YNbTaThl, IOJYYEHHBIE B XOJ€
BbINosIHEHUs padoT Ne3, Ned u NeS.
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JIABOPATOPHASA PABOTA Ne 7
OIITUMMU3ALIUA OBBEKTHOI'O KOJAA

Lens DaéOn’Ibl.' HU3YUCHHUEC OCHOBHBIX IMPUHIUIIOB ONTHUMHU3allUH KOMIIUJISITOPOM 00BEKTHOTO KOoJa
JIA JIMHEMHOTO ydaCTKa HIporpaMmbl, O3HAKOMJICHHUC C METOJaMH OITHMH3alWH PE3YIbTUPYIOIICTO
00BEKTHOTO Koaa C IMIOMOIIBO METOJO0B CBEPTKU 00BEKTHOIO KOoJa N UCKIIFOYCHHA JIMIITHUX onepaunﬁ.

KPATKHE TEOPETUYECKUWE CBEJJEHUA

OHTI/IMI/IBaHI/IH. OHpGI[eJIeHI/IG N OCHOBHBIC ITPUHIMUIIBI OIITUMH3AIIUU IIPOTPAMM

Onmumuszayus npoczpammsl — 5TO 00pabOTKa, CBsI3aHHAs C IEPEYHOPSAOYMBAHHEM U
U3MCHCHUEM OIllepaluii B KOMIWIMPYEMOH MporpaMMe C Lelbio moiydeHus: Oojee 3((heKTUBHOI
pE3yIbTHPYIOIIEH OOBEKTHOH mporpaMmbl. ONTHMHU3AIMs BBIIOJNHACTCS HA JTanax IOATOTOBKU K
reHepaluy U HeOCPEACTBEHHO ITPU IeHEepallii 00BbEKTHOTO KOJIA.

Kak yxe Obuto ckazaHo Bbime B JaboparopHoi padore Ne6, ONTUMH3ALUS  SIBISETCS
BBIHY)K/ICHHOW MEpOii, ¢ HOMOILBIO KOTOPOH KOMITHIISITOP KOMIICHCHPYET HEAOCTATOK HCIIOJIb3yEeMOr0 UM
MeToJla MOPOXKICHUS KoJa pe3yiabTupyomeid mporpamMel — CVY-nepeBoga. Bbi3Bano 310 Tem, 4TO
KOMIHJISITOP HE UMEET BO3MOXKHOCTH aQHAIN3UPOBATh CMBICT HCXOIHOM MPOTrpaMMBI, TIO3TOMY BBIHYK/ICH
ucnons3oBate CY-nepeBoa. Mcnons3oBanue CY-mepeBosa, B CBOIO Oouepesib, BEAET K HEOOXOJMMOCTH
HIPUMEHEHHSI ONITHMH3ALIUH.

KoHeuHO#l 1eIpl0 ONTUMH3AIMK SIBISIETCS YBEIMYeHHE AS(PPEKTUBHOCTH PE3yIbTUPYIOIICH
IPOrPaMMBbI, MOPOXKIAEMOH KOMIMIATOPOM. J[iist oneHKH 3 (PEKTUBHOCTH Pe3yJIbTUPYIOLIEH POrpaMMel
CYILIECTBYET JIBa OCHOBHBIX KpHTEpUSi — OBICTpOJEHCTBHE (CKOPOCTH BBIIOJHEHHS IPOrPaMMBbI) |
NOTPEeOHOCTh B pecypcax (KOJMYECTBO BBIUYMCIHMTENBHBIX PECYpPCOB — MPEXKIE BCETO, ONEepaTHBHON
NaMATH — HEOOXOAMMBIX ISl BBINOJNHEHUS MPOTpaMMbl). MHOTHE METOAbI ONTHMHU3AIMH TTO3BOJSIOT
HOBBICUTH 3()(EKTHBHOCTH MPOTPaMMBI 110 000MM KpuTepHsiM. Ho CyIIecTByrOT METOMBI ONTUMH3ALINH,
KOTOpBIE TOBBIIIAIOT 3P PEKTUBHOCTD MO OJHOMY KPHTEPUIO OJTHOBPEMEHHO CHUIKAs ee 1Mo aApyromy. Tak,
HarpuMep, BO3MOXKHA ONTHMHU3AIM ¢ MUHIMHU3AIMeH pa3Mepa IMporpaMMBbl, KOTOpasi BEET K CHUYKEHHIO
CKOPOCTH €€ BBINOMHEeHUs. [109TOMy Y MHOTHX COBPEMEHHBIX KOMIHMJISTOPOB CYIIECTBYIOT BO3MOKHOCTH
BBIOOpa NMPHOPUTETHOTO KPHUTEPHUsl ONTHMH3ALNHU, HAa OCHOBE KOTOPOTO OIEHMBAETCs S(P(PEKTHBHOCTH
PE3YIBTHPYIOIIEH 00BEKTHON IPOTPaMMBI.

[Ipu BeITOTHEHUH JIFO00H ONTHMU3AIMH HE TPEOYETCsl H3MEHSATh TEKCT MPOrpaMMbl Ha HCXOJTHOM
SI3BIKE — ONITUMH3ALIMIO BBITIOIHSAET KOMITWIIATOP, @ HE pa3padOTUUK MPOrPaMMBI.

Ontumusanusi He SBISETCS 00sS3aTEIbHBIM ITAllOM KOMIWISIIMU — B NPHHIUIE, KOMITAISATOP
MOKET COBCEM HE BBINOJHATh ONTHMHU3AIH0. OIHAKO OOJBIIMHCTBO CYHIECTBYIOIIUX KOMITHJISITOPOB B
TOW WJIM WHOW CTENEHH HMCIOJIb3YIOT ONTHMU3alMio. Jlydie onTHMU3UPYIOUIHEe KOMIHISTOPHI MOTYT
HoJTy4aTh OOBEKTHBIC MTPOTPAMMBI U3 CIIOKHBIX UCXOJHBIX MTPOTPAMM, HAITMCAHHBIX Ha S3bIKaX BBICOKOTO
YPOBHSI, COMIOCTaBUMBIE M0 Ka4E€CTBY C aHAIIOTHYHBIMH IO CMBICITY IPOTPaMMaMH Ha sI3bIKe acceMoJepa.
BpemenHble U TpyJOBBIE 3aTpaThl HA CO3JaHWE TAKOW MPOrPaMMBl CYHIECTBEHHO MEHBILE, YeM NpHU ee
peanu3aiuu Ha accemoOepe.

Bce aTM mpeumymiecTBa roBOpAT B MOJB3Y MPUMEHEHHs ONTHMHU3alMH. EJWHCTBEHHBIM, HO
CYILIECTBEHHBIM HEIOCTAaTKOM ONTHUMH3ALUH SIBISETCS HEOOXOIUMOCTh TIIATEIBHOW €€ MpopabOTKU TpH
CO3JJaHUU KOMIWIATOpA. Vcnosip3yeMble METOIbI ONTUMH3ALUMN HA NPU KAaKUX YCIOBHSX HE JOJDKHBEI
IPUBOJIUTh K HM3MEHEHHUIO «CMBICIA», T.€. CEMAaHTUKU DPE3YIbTHUPYIOIIEH HpOrpaMMbl (T.€. K TaKuM
CUTyalludM, KOTda pe3yJbTaT BBINOJHCHUA MIPOrpaMMbl HU3MCHSACTCA IIOCJIC €€ OHTI/IMI/I3aL[I/II/I). K
COXKaJICHUI0, HC BCC MCTOABI ONTHUMH3ALWH, UCIOJIB3YCMBIC CO3JATCIIAMHU KOMIIHWIISITOPOB, MOT'YT OBITE
TCOPCTUUCCKHU 000CHOBAHBI U AOKa3aHbl JJId BCCX BO3MOXKHBIX BHUAOB HCXOJHBIX IPOIpaMM. HOBTOMy
OOJIBIINHCTBO KOMITUJIATOPOB IMPEAYCMATPUBACT BO3MOKHOCTh OTKJIIIOYATh TC WUJIM MHBIC U3 BO3MOXKHBIX
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METOJIOB ONTHUMM3AIMH, JHOO MOJHOCTHIO OTKJIKYATh ONTUMHU3ALMIO PE3YIbTHPYIOIIEH MNPOrpaMMBbl.
[TpuMmeHeHre onTUMH3AINH TaK)Ke HEeIeco000pa3Ho B MPOLIECCEe OTIAIKH UCXOIHOM MPOrpaMMBl.

PasnuyaroTcs 1Be OCHOBHBIE KaTETOPUU ONITUMU3ZUPYIOIIUX PeoOpa3oBaHuil:

e 1peoOpazoBaHusl MPOrpaMMbl B (popMe ee BHYTPEHHEIrO IMPEACTaBICHHUS B KOMIWISTOPE, HE
3aBHCSILUE OT PE3YIbTUPYIOIIETO0 0OBEKTHOIO S3bIKA;

e 1peoOpazoBaHus Pe3yIbTHPYIOIIEH 00BEKTHOM MPOrpaMMBl.

[Tocneanuii TN Ipeodpa3oBaHU MOXKET 3aBUCETh HE TOJIBKO OT CBOMCTB OOBEKTHOTO s3bIKA (UTO
OUYEBUJIHO), HO M OT apXUTEKTYPhI LI€JIC€BOM BBIUUCIUTEIBLHON CUCTEMBI, HA KOTOPOW OY/AET BBIMOIHITHCS
pe3yabTUpYIOIIasi mporpamMma. Tak, Hampumep, MPH ONTUMHU3ALUKA MOKET YYHMTHIBATHCS OOBEM KOIII-
namMsiTd ¥ METOJbl OpraHU3allid KOHBEWEPHBIX OIepaluil LEeHTPAJbHOTO IMpoleccopa. IDTOT THII
npeoOpa3oBaHuil 3/1eCh paccMaTpUBaThCcs He OyaeT. Bo MHOTUX ciydasx 3TH mpeoOpa3oBaHus SBISIOTCS
«HOY-Xay» NPOU3BOJUTENCH KOMIUJISTOPOB U IMPH ATOM CTPOTO OPHUEHTHPOBAHBI HA OMpPEEICHHbIE
APXUTEKTYPBI BHIYUCITUTEIBHBIX MAIIHH.

OnTumu3zanusi PA3JIHYHBIX 3JIEMEHTOB IIPOrpaMMbI. JIMHeliHbIH Y4acCcToOK nmporpaMmmal

Hcnonp3yemble METOABI ONTHUMM3ALMM IPOrPaMMbl 3aBUCAT OT THUIIOB CHUHTAKCHUYECKUX
KOHCTPYKIMH HCXOAHOTO s3bIKa. TeopeTndyecku pa3paboTaHbl W NMPUMEHSAIOTCS Ha TPAKTUKE METOJIBI
ONTUMM3AIMKU JUIsI MHOTHMX THUIOBBIX KOHCTPYKLUHMH S3bIKOB IporpamMmupoBanus. Ho nanee Oymyr
PacCMOTpEHBI TOJBKO METOJbl ONTHUMM3ALMU JUHEHHBIX YYaCTKOB — OHM BCTpEYalOTCs B JHOOOMU
IPOrpaMMe U COCTaBIISIIOT CYILIECTBEHHYIO YacTh POrPaMMHOI0 KOJa.

Jlunetinolii yuacmox npocpammsl - 3TO BBIIOJIHAEMAs 10 MOPSJIKY MOCIE10BAaTEIbHOCTD ONEPALIUH,
MMEIOIAsi OAVH BXOJ M OJMH BBIXOJ. Yale BCero JIMHEMHBIM y4acCTOK COAEPKUT IOCIEI0BATEIbHOCTD
apu(METHUECKUX OTEpaIHii, JIOTHYECKUX ONEpaIfii, aAPECHON apru(METUKN U ONEPaTOPOB MPUCBOCHUS
3HAYCHUH [IEPEMEHHBIM.

JluneiiHble yyacTKu 00s3aTeNbHO BCTPEYAIOTCS B JHOOOH MporpaMmMe, MO3TOMY MX ONTHMU3ALUA
UTPAET CYILECTBEHHYIO POJIb B OOIIEH ONTUMH3ALUHU KO/Ia.

B cBowo ouepenp, ISl TMHEWHBIX YYAacTKOB pa3padOTaHO MHOMKECTBO PA3IUYHBIX METOJOB
ONTUMM3AINH, HO B JaHHOH Ja0OpaTOpHON paboTe pacCMAaTPUBAIOTCA M MCIOJB3YIOTCS TOJIBKO JBa U3
HUX — CBEpTKa 0OBEKTHOIO KOJla U MCKIIIOUEHHE JIMIIHUX OTleparuil.

B npenpiaymieii naboparopHoil padore Ne6 ObuIM pacCMOTPEHBI HEKOTOPHIE (POPMBI BHYTPEHHETO
IpEJICTaBICHUs IpOrpaMM. 371eCh NIl ONTHUMM3AIUU OYyJeT MCHOJIb30BaThCS IMPEACTaBICHUE JMHEWHBIX
y4acTKOB mporpammel B hopme Tpuan [2, 8, 10, 15].

Hns tpuan paspaboTaHbl yHUBEpPCAIbHBIE (MAlTMHHO-HE3aBUCUMBIC) aITOPUTMBI ONTHUMHU3AIUU
koga. Ilocme ux BBIMONHEHMS] (ONTUMM3ALMK BHYTPEHHErO IPEJCTABICHUS) TPUAAbl MOTYT OBIThH
npeoOpa3oBaHbl B KOMaH/Ibl Ha SI3bIKE accemOIepa.

OHTI/IMI/I33HI/I$I 00BEKTHOTO KOoJa MCTOOAOM CBCPTKH

Ceepmika 00beKmMHO20 KOOa - 3TO BBIIIOJHEHUE BO BPEMs KOMIIWJISILIUM TEX ONEpPALMi UCXOIHON
OpOTrpaMMbl, JUIsI KOTOPBIX 3HAUEHHs OIEpaHIOB YK€ Uu3BeCTHB. IloaTOMy HET HEoOXO0IUMOCTH
MHOT'OKPAaTHO BBINIOJHATE UX B CaMOM PE3yJIbTUPYIOIIEW IPOrpaMMme — BIIOJIHE JOCTATOYHO OJMH pa3
BBIIIOJIHUTh UX IIPH €€ KOMIIMIALIMH.

IIpocreiimnii BApUaHT CBEPTKU — BBINIOJIHEHUE KOMIIMIIATOPOM OIlE€palui, OlEpaHIaMU KOTOPBIX
SBJISIIOTCSL KOHCTaHThl. Heckonbko OoJiee CIOXKEH MpollecCc OINpeNesieHUus] TeX ONepaluil, 3HadeHus
KOTOPBIX MOTYT OBITh W3BECTHBI B pE3yJbTaTe BBINOJIHEHUS JPYyrux omnepanuid. [jis 3TOro CiyxuT
CIIELUAJIbHBIN AJITOPUTM CBEPTKHU.

ANropuT™M CBEpTKM paloTaeT co chenuanbHo Tabmuueil T, KoTopas COIEpXKHUT Mapbl
<nepemeHHAA>-<KOHCMaHma> JUIsl BCEX NEPEMEHHBIX, 3HAUEHUs KOTOPBIX YK€ M3BecTHbl. KpoMme Toro,
AJITOPUTM CBEPTKH IIOMEYAET T€ ONEpald BO BHYTPEHHEM MPEACTABICHUN IPOIPaMMBI, 111 KOTOPBIX B
pe3ynbTaTe CBEPTKH YK€ He TpeOyeTcs reHepauus kojaa. Tak Kak MpH BBIMOJIHEHUH aIrOpUTMa CBEPTKU
YUUTBIBACTCS B3aUMOCBS3b OIEpaluii, To yaI0O0HOH (popMoii mpeacTaBieHus UIsl HETO SBISIIOTCS TPUAJbl,
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TaK Kak B Apyrux (opmax MpeACTaBICHHS Olepanui (Takux Kak TeTpaabl WM KOMaH/Abl accemoiiepa)
TpeOyIOTCSl JOMOJHUTENbHBIE CTPYKTYPBl, YTOOBI OTPa3UTh CBSI3b PE3YJIbTATOB OJHUX OIEpaluil c
orepaHaMu JPYTuXx.

ANTOpUTM CBEpPTKHM OOBEKTHOTO KOJa JJisi TPHUaJ MOCIEeI0BAaTEIbHO MPOCMATPUBAET TPHUAJbI
JMHEHHOTr0 CIIUCKA U 7Sl KaX10M Tpuabl AeNaeT CIeayroliee:

1. Ecnu omnepaHn ecTh IepeMeHHasi, KOTopasi COAep>KUTCs B Tabiuie T, TO onepaHja 3aMeHsSeTCs
Ha COOTBETCTBYIOIIEE 3HAUEHUE KOHCTAHTHI.

2. Eciu omepann ecth ccbuika Ha ocoOyro tpuany tuma C(K,0), To omepana 3ameHsieTcss Ha
3HaYeHHe KOHCTaHTHI K.

3. Ecnu Bce onepanibl TpUasl SIBISIFOTCS KOHCTAHTaMU, TO TpUaJga MOKET ObITh cBepHyTa. Toraa
JIaHHAasI TPHAJia BBIMOJIHACTCSA U BMECTO Hee momerraercs ocobast Tpuazaa Buaa C(K,0), rae K - koHcTaHTa,
pe3yabTaT BbIOJNHEHUS cBepHyTOl Tpuaabl. (I[Ipu renepanuu xona ans ocoboi Tpuaabsl OOBEKTHBIM KO
HE MOPOXKAAETCA, a IOTOMY OHA B IaJibHEHIIIEM MOKET ObITh IPOCTO UCKITIOYEHA).

4. Ecnu Tpuana sBiseTcs NpUCBaUBaHUEM TUIIA A : =B, TOTJa:

® eClM B - KOHCTaHTa, TO A CO 3HAYEHHWEM KOHCTAHThI 3aHOCUTCS B TaOnuiy [ (eciau TaM yxe

OBLJIO CTapoe 3HAYEHHUE AJIS A, TO 3TO CTapOe 3HAUCHHE UCKITI0YAETCs).

® ¢CJM B - HE KOHCTAHTa, TO A BOOOIIE UCKITIOUAETCs U3 TaOIUIIbI T, €CIIM OHO TaM €CTh.

O4eBHUIHO, YTO CBEPTKAa OOBEKTHOTO KOAAa ONMTUMUZHPYET MPOrpaMMy cpas3y Mo JIBYM KPUTEPHUSIM.
CKOopOoCTb BBHIMIOTHEHHS MPOTPaMMbl YBEIMUMBAETCS 3a CUET TOTO, YTO YAacTh OMEpaIuil BBIOIHACTCS Ha
JTare KOMIWJISIUHU, & HE MPHU BBINOJHEHUU PE3YJIbTUPYIOUIEH MPOrpaMMbl, a 00beM pe3ylbTUPYIOIIEH
nporpaMMbl (a, ClIeIOBaTeNbHO, U OOBEM ONEpaTHUBHOM MaMATH, TpeOyeMoul [isi ee BBIIOJHEHUS)
COKpAII[aeTCs 32 CYET UCKIIIOUEHUS U3 Hee OIepallnii, BEITOJHEHHBIX HA ATare KOMITUIISIUY.

O4eBHIHO TaKkKe, YTO BpeMs, 3aTpayeHHOE Ha KOMITMUJISIUIO, MPU HCIOIH30BAaHUU CBEPTKU
O0OBEKTHOTO KOJIa YBETHMYMBAETCA 3a CYET BBHINOJHEHHUS Ha JSTale KOMIWISAIUU YacTH OIeparuii
PE3yABTUPYIOIICH MPOrpaMMbl. ITO BpeMsi TOYHO COOTBETCTBYET TOMY BPEMEHH, KOTOPOE MOTPeOOBAIOCH
OBl pe3yNbTUPYIOLIEH MporpaMMe Ha BBIMOJTHEHHE TeX K€ caMbIx omepauuii. OIHAKO U TYT CBEpTKa
O0BEKTHOTO KOJla JlaeT MPEUMYIIECTBO: BO-TEPBBIX, KOMIUJSAIUSA 1000 MPOrpaMMbl BBITOTHSIETCS
TOJILKO OJMH pa3, a cama MporpamMma MOXET BBIOJHATHCS MHOTOKPATHO, YTO B JIOOOM ciydae JaeT
BBINTPBII BO BpPEMEHU BBIMIONHEHUS. Bo-BTOpBIX, (parMeHThl JTWHEHHBIX YYacCTKOB KOJa,
ONTUMU3UPYEMbIE C TOMOIIBI0O CBEPTKH OOBEKTHOTO KOJd, MOTYT BCTpPEYaThCs B MHOTOKPATHO
BBITIOJTHSAEMBIX YaCTAX MPOrpaMMBbl — MpOLEAypax, GYHKIHIX, OfepaTopax IMMKJIA — TOTJA BBIUTPHIII BO
BPEMEHH BBITIONHEHUS OyIeT elie 6ojee CyleCTBEHHBIM.

PaccmoTpum npuMep BBITTOIHEHHUS AITOPUTMA CBEPTKH OOBEKTHOTO KOJIa.

[TycTs parMeHT UCXOAHOM MpoTrpamMMBbl (3anTUcaHHOMN Ha si3bIke THma [lackans) numeer BUA:

I =1+ 1;

I := 3;
J = o6*I + I;
Ee BHyTpeHHe npencTaBienue B opme Tpua OyaeT UMEeTh BU:
1)+ (1,1)
2) := (I, 1)
3) := (1, 3)
4) * (6, I)
5 + (%4, 1)
6) := (J, "5)
[Iporiecc BBIMOTHEHUS aITOPUTMa CBEPTKH MOXKHO OTpa3uTh B Tadmuie 9:
Tabmumna 9.
[Tpumep paboTHI anropuT™Ma CBEPTKH
Tpuana Iar 1 IHar 2 IIar 3 Hlar 4 Hlar 5 IIIar 6

1 c (2, 0) c (2, 0) c (2, 0) c (2, 0) c (2, 0) c (2, 0)




-B5 -

Tpuana Iar 1 IHar 2 IIar 3 Hlar 4 Hlar 5 IIIar 6
2 = (I, "1) = (I, 2) = (I, 2) = (I, 2) = (I, 2) = (I, 2)
3 = (I, 3) = (I, 3) = (I, 3) = (I, 3) = (I, 3) = (I, 3)
4 * (6, I) * (6, I) * (6, I) C (18, 0) C (18, 0) Cc (18, 0)
5 + ("4, 1) + ("4, I) + ("4, I) + ("4, I) C (21, 0) C (21, 0)
6 = (J, "5) = (J, "bH) = (J, "5H) := (J, "5H) = (J, 75) = (J, 21)
T (,) (1,2 (1, 3) 1, 3) (1, 3) (1,3) (I, 21)

Ecnu uckiarounts ocoobie Tpuaasl tuma C(K,0) (koTopelie He MOPOKIAI0T 00BEKTHOTO KO/a), TO B
pe3yJbTaTe BBITIOJIHEHUS! CBEPTKH IOJIYYUM CJICIYIOIIYIO TIOCIEI0BATEIBHOCTD TPUAL:

1) := (1, 2)
2) = (I, 3)
3) := (J, 21)

OHTI/IMI/I33HI/IH 00BEKTHOTO KOJa MCTOOO0M HCKIIOYCHMA JIMITHUX onepam/lﬁ

OnpenenuM TOHATHE JumiHell onepayuu. Onepanusi JIMHEHHOrO y4acTKa C TOPSJAKOBBIM
HOMEPOM | CUMTAETCS JHMIIHEH, €CII CYIIECTBYET O0Jiee paHHssA UIACHTUYHAS €if orlepanus ¢ MOPsSAKOBBIM
HoMepoM | (i<j) 1 HUKaKO#l omepaH], OT KOTOPOI'O 3aBHCHUT OIEpalys I, He H3MEHSIICS HUKAKOW TPEThei
oreparyii, KMEIOIIEH MOPAAKOBbIH HOMEp MeXay | U j. OU4eBUIHO, YTO JIMIIHUAE OMEPAUU MOTYT OBITh
UCKJTFOUCHBI U3 PE3YJbTUPYIOLICH TPOrpaMMBbl.

HcknroueHne JIMIIHUX OIEpaluid, TaKkKe KaKk M CBEPTKa OOBEKTHOTO KOJia, ONTUMH3UPYET
PE3YJIBTUPYIOIIYIO TIPOTpaMMy cpaszy Mo ABYM KpuTepusiM. CKOPOCTh BBINOJIHEHHUS Pe3yJIbTUPYIOIICH
NpOTpaMMbl YBEIMYUBACTCS, TAaK KaK COKPAIIACTCS KOJMYECTBO BBIMIOJIHIEMBIX OIeEpaluii, a o0beM
pe3yNbTUPYIOIIEH TPOTrpaMMBbI (&, CIIEIOBaTEeIbHO, 1 O0ObEM OINEPATUBHOW MaMSITH, TpeOyeMoi s ee
BBITTOJIHEHHS ) TOXKE COKPAIIAETCs 3a CYET UCKITFOUSHHSI OTICpallHii U3 Hee.

PaccMoTpuM  anropuTM HUCKJIIOUEHHs JIMIIHUX —OIepaluii, o0padaThIBAOIIUN BHYTPEHHEE
NpEJCTaBICHUE TPOTpaMMbl B ¢GopMe Tpuaj. ODTOT aIrOPUTM HUCKIFOUCHHUS JIMIIHUX OIepanui
NPOCMATPHUBAET ONEpAIMK B TIOPSIKE MX CIeOBaHUs. Takke Kak U aJIrOPUTMY CBEPTKH, aJTOPUTMY
UCKJTFOUCHHS JIMIIHUX OIepaluid Mpolle BCero padboTaTth ¢ TPHAJaMH, MOTOMY YTO OHHU B SIBHOM BUJIC
OTPaKAIOT B3aUMOCBS3b OIEpaIni.

YroObl ClIEUTh 32 BHYTPEHHEW 3aBUCHMOCTBIO NIEPEMEHHBIX M TPHUAJ JITOPUTM MPUCBAMBACT UM
HEKOTOPBIC 3HAYCHUSI, HA3bIBACMBIC YMCIIAMH 3aBUCUMOCTH, IO CJICTYIOIIHM MTPABHUIIaM:

® W3HAYAIBHO I KaXIOW MEPEeMEHHOW €€ YHMCIO 3aBUCHMMOCTH paBHO (, Tak Kak B Hayaye
paboThI MPOrpaMMBbI 3HAUCHHE TEPEMEHHON HE 3aBUCUT HU OT KaKOM TPHAaJIbI;

e mociie o0paboTKM I-0i TpHajbl, B KOTOPOH MepeMeHHOW A TPUCBAMBACTCS HEKOTOPOE
3Ha4YeHue, yrcio 3aBucuMoctu A (dep(A)) mosydaeT 3Ha4YCHUE I, TaK Kak 3HaueHHE A Terepb 3aBUCUT OT
JTAHHOM 1-0i TpUaIbI;

e 1pu 00paboTke i-0if Tpuaabl ee uncio 3aBucuMocTr (dep(i)) mMpUHUMAETCS PaBHBIM 3HAYCHUIO:
1+(MaKcUMaTbHOE M3 YKCEIT 3aBUCUMOCTH OTICPAHJIOB).

Takum 00pa3oM, TpU HUCIOIB30BAHUU YHCENl 3aBUCUMOCTH TPHAJ M TEPEMEHHBIX MOXKHO
YTBEPKIaTh, UTO €CJIH I-asi TpUaaa UACHTUYHA j-oi Tpuazae (J<i), To i-as Tpuaaa CIYMTACTCS JHUIIHEH B TOM
U TOJIBKO B TOM ciy4ae, korna dep(i)=dep(j).

AJNITOPUTM MCKIIOYCHHUS JIUIIHUX OMEpaIfii MCIOJb3yeT B CBOCH paboTe Takke 0co0O0ro BHIa
tpuaasl SAME(],0), koTOopble 03HAYAOT, YTO HEKOTOpAsk TpUaaa | UIACHTHYHA TPHALE |.

AJNTOPUTM  HUCKIIFOUCHMSI JIMIIHUX ONEpalMid  MOCJIEA0BAaTeIbHO TMPOCMATPUBACT  TPHUAJIBI
JUHEeHHOTo yyacTka. OH COCTOUT U3 CIEAYIOIIUX I1aroB, BBIMOJHAEMBIX IS KaXI0H TPHAIBL:

1. Ecnu onepany cchiiaercst Ha ocoOyro Tpuany Buna SAME(],0), To oH 3aMeHsIeTCs Ha CChUIKY Ha
Tpuaay ¢ HomepoM j (V).

2. Bprumcnsercs YHCIO 3aBUCHMMOCTH TEKYIICH TpHaabl C HOMEPOM |, HCXOAS W3 YHCEI
3aBHCHMOCTH €€ OTICPaH/IOB.
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3. Ecnu cymiectByer uaeHTHuHas j-as Tpuanaa, npuuem j<i u dep(i)=dep(j), To Tekymas tpuana i
3aMeHsieTcs Ha Tpuagy ocoboro Buga SAME(],0).

4. Ecnn  Tekymiash Tpuaga ©eCThb MNPHCBOCHHE, TO BBIUUCISETCS YHCIO 3aBUCHMOCTH
COOTBETCTBYIOIIEH MTEPEMEHHOM.

PaccmoTtpum paboTy ajropuT™Ma Ha puMepe:

D := D + C*B;
A := D + C*B;
C := D + C*B;
OrtomMy (hparMeHTy mporpamMmmsl OyJeT COOTBETCTBOBATH CIIEAYIOIIAs MTOCIEA0BATEILHOCTD TPHAL:
1) = (c, B)
2) + (D, "1)
3) := (D, "2)
4) = (C, B)
5) + (D, "~4)
6) := (n, "5)
7) * (C, B)
8) + (D, ~7)
9) := (c, "8)

Paboty anropurma orobpaszum B Tabnuue 10.
Tenepp, ecnu UCKIOYUTH Tpuaasl ocoboro Buma SAME(,0), To B pe3ynbrare BBIMOIHEHUS
QITOPUTMA TIOJYYUM CIICIYIOIIYIO TIOCIEeI0BATEIIEHOCTD TPUAI:

1) » (C, B)

2) + (D, "~1)
3) := (D, "2)
4) + (D, ~1)
5) := (n, "4)
6) := (C, ~4)

OOpatuTe BHMMaHHE, YTO B HMTOTOBOH IMOCIIEIOBATEILHOCTH H3MEHWJIACh HyMEpalus Tpuaj u
HOMEpPA B CCBUIKAX OJHMX TpHUajJ Ha apyrue. Eciu B mporpaMMe KOMMOMWISTOpPa B KAauyeCTBE CCBHUIOK
HCIIOJIb30BaTh HE HOMEPA TPHUaJ, a HEMOCPEACTBEHHO YKAa3aTEelIN HA HUX, TO U3MEHEHHE CChUIOK B TaKOM
BapHaHTe He MoTpedyeTcs.

Tab6mumna 10.
[Tpumep paGoOTHI aNTOPUTMA UCKITFOUEHUS JIUITHUX ONEpallni.
OO6pabaTteiBaeMast Uwcita 3aBUCUMOCTH Uwucita 3aBUCUMOCTH TpHA] Tpuaapl, HOTydYeHHBIE TIOCTIE
TICPEMEHHBIX BBITIOJTHCHUA
TpHuaza i A B C D dep(i) aJropuT™Ma
1) (C, B) 0 0 0 0 1 1) * (C, B)
2) + (D, "1) 0 0 0 0 2 2) + (D, "1)
3) := (D, *2) 0 0 0 3 3 3) := (D, "2)
4) * (C, B) 0 0 0 3 1 4) SAME (1, 0)
5 + (D, *4) 0 0 0 3 4 5 + (D, *1)
6) = (A, *5) 6 0 0 3 5 6) := (A, "5)
7) * (C, B) 6 0 0 3 1 7) SAME (1, O0)
8) + (D, ~7) 6 0 0 3 4 8) SAME (5, 0)
9) := (C, "8) 6 0 9 3 5 9) := (C, *5)

OOt anropyuT™M reHepaly U ONTUMHU3ALNKN 00 BEKTHOTO KO/Ia

Teneps paccMOTpuUM OOIIMIA BapHaHT aJITOPUTMa TEHEPAIMU KOJia, KOTOPBINA MOJTy4YaeT Ha BXOJIE
JIEpEeBO BBIBOJIA (MIOCTPOCHHOE B PE3yJbTaTe CMHTAKCHUYECKOro pa30opa) M co3maeT Mo HeMy (parMeHT
00BEKTHOTO KOJ1a TMHEWHOI0 y4acTKa pe3yJbTUPYIOLIeH MporpaMMsl.
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AJITOPUTM JOJKEH BBIMOJIHUTD CIAETYIONTYIO TOCIEA0BATEIbHOCTD IEUCTBUIA:

® TIOCTPOUTH MOCJIEIOBATEILHOCTH TPHA Ha OCHOBE JIepeBa BHIBOJIA;

® BBINIOJIHUTH ONITUMH3ALIUIO KOJA METOJIOM CBEPTKH;

® BBINIOJIHUTH ONITUMH3ALHUIO KOJa METOIOM MCKIIIOUCHHUS JIMIITHUX OTepaIlnii;

e 1peoOpazoBaTh IOCIIENOBATEILHOCT, TpPUAJ B IIOCICAOBATEILHOCTh KOMAaHJ Ha S3BIKE
acceMOuepa (ToJTydeHHas IMOCIeI0BaTeIbHOCTh KOMaH I U OYET pe3yIbTaTOM BBIMIOJHEHHUS aJITOPUTMA).

AnropuT™M npeoOpa3oBaHus TpHaa B KOMaHBI S3bIKa accemMOiiepa - 3TO €IMHCTBEHHAs MAIlIMHHO-
3aBUCHUMAas 4acTh oOmero amroputMa. I[lpum mpeoOpa3zoBaHMM KOMIOWISTOpA IS pabOTBl C APYTUM
PE3YIBTHPYIONTUM OOBEKTHBIM KOJOM TMOTPeOYyeTCss H3MEHUTh TOJBKO OSTy YacTh, NMPH OSTOM BCE
JITOPUTMBI ONITUMHU3AIMN U BHYTPEHHEE MPEACTABICHUE MPOrPaMMbl OCTAHYTCSI HEU3MEHHBIMH.

B nanHoit paboTe anropuT™ nmpeoOpa3oBaHUs TpUa B KOMAHJIBI sS3bIKa acceMOsiepa mpejiaraeTes
pa3paboTaTh CaMOCTOSITEIbHO. B TpHUBHAJIBHOM BHJIE€ TaKOW aJrOPUTM 3aMEHSET KXYyl TpUady Ha
MOCIIE0BATEIbHOCTh COOTBETCTBYIOIIMX KOMaHJA, a pe3ylbTaT €€ BBIINOJHEHUS 3allOMUHAETCS BO
BPEMEHHOU MMEPEMEHHON ¢ HEKOTOPBIM UMEHEM (Hampumep, TMPi, rae i - HoMep Tpuaabl). Tormaa BMeCTo
CCBUIKM Ha 3Ty TpHaay B Jpyroil Tpuaae OyAeT NOJCTaBICHO 3HAa4YEHHE ITOW mnepeMeHHoM. OgHako
aJIFOpI/ITM MOXET HpeI[yCManI/IBaTL 1 OIITUMHU3AIIUIO BpeMeHHI)IX HepeMeHHI)IX.

I[TOPAJOK BBIIIOJIHEHN A PABOTDI

1. TlomyuuTs BapHaHT 3aJlaHUs y IPEMIOAaBaTEIS.

2. BpimonHUTH reHepaluio O0OBbEKTHOTO KOJa BPYUHYIO JJIsi BRIOpAaHHOTO MpocTeifiiero mpumepa (1o
pesyibTatam J1abopaTopHOi paboThl Ne6).

3. U3yuuTh anropuTMbl ONTHUMH3ALUU PE3YIbTHPYIOIIETO KOJa METOIOM CBEPTKH U METOJOM
UCKJTIOYCHHUS JIMIITHUX OTepaIuil.

4. BbINOTHUTH BPYYHYIO ONTHMHU3ALMIO MPOCTEHIIEro NpuMepa 0ObEKTHOTO KOJia METO/I0M CBEPTKH U
METO/I0M MCKIIOUECHUS JINITHUX OTeparuil.

5. TloAroToBUTH U 3aIUTHTH OTYET.

Hanucars u otiaguts nporpammy Ha OBM.

7. Cnatb paboTarolyIo IporpaMMy IpenoaBareso.

S

TPEBOBAHHIA K OOOPMIJIEHUIO OTYETA

Otuer AOJDKCH COACPKATh CICAYIOIINEC pa3aciibl:

3aganue 1o 1abopaTopHoi paboTe (COriIacHO CBOEMY BapHaHTY).

Kpartkoe usnoxenue neiau paboThI.

3anuch 3alaHHON TpaMMaTHKU BXOAHOTO s3bIka B popme bakyca-Haypa.

[Tpocreiimmii mpuMep TreHepalu Koja IO JepeBy CHHTAaKCHYecKoro paszbopa (Mo pesynbraTam
nabopaTopHOil paboTbr Ne6).

e [Ipumep onTUMH3AIMU KO/, IOCTPOSHHOTO MO JIEPEBY CHHTAaKCHYECKOT0 pazbopa.

e Texkct nporpamMmbl (0hOPMIISETCS TOJIBKO MTPHU HEOOXOAMMOCTH IO COTTIACOBAHUIO C TIPETOAaBaTeIeM).
e BrIBO/IBI 110 NPOJIETIaHHOM padoTe.

Jomnyckaetcst ohopMIISTh €IUHBIN (COBMECTHBIIN) OTUET A5l 1abopaTOpHBIX paboT Neb u Ne7.

OCHOBHBIE KOHTPOJIBHBIE BOITPOCHI

1. Pacckaxute 00 o01iel CTpyKType KOMIMIATOpA.

2. Kak cTpoutcs nepeBo BbIBOJA (CHHTaKcHYecKoro pa3zdopa)? Kakue ucxonnslie 1aHHbIE HEOOXOIMMBI
ISl €r0 OCTpOoeHus?

OO0BscHUTE PabOTy AIrOpUTMA reHepali 00BEKTHOTO KO/ 110 IEPEBY CHHTAKCHUYECKOTOo pa3bopa.
Pacckaxkure, 4TO TaKO€ CHHTAKCUYECKU YIPABISIEMBII IEPEBO/.

~w
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5. 3a cuer yero oOecrneynuBaeTCsi BO3MOXKHOCTh T'€HEpaIllMU KoJa Ha Pa3HbIX OOBEKTHBIX SI3bIKaxX IO
OJHOMY U TOMY K€ JIepeBy?

6. Kakyro posib BEIIONTHSET reHepalns 00bEKTHOTO KO/1a B MIPOLIECCE KOMITUIISLIUN?

7. Kakue naHHble HEOOXOTUMBI KOMIUJISATOPY Ui reHepauuu oObekTHOro koma? Kakue npelictBus
BBITNOJHSAET KOMITWIISITOP NIEepe]] reHepanueii?

8. Kaxkue hopMbl BHYTpEHHETO MPEICTaBICHUSI IPOTPAMMBbI CYIIECTBYIOT?

9. UYro Takoe TpuaAbl U ISl 4ETO OHU UCIIOJIB3YIOTCS?

10. [aiite onpeneneHre NOHITUIO ONITUMU3ALIMN TPOrpaMMBl. J1Jis 4ero UCIoIb3yeTcsl ONTUMU3AIHS?

11. OObsicHUTe, MOYEeMy TeHEpalui0 IPOrpaMMbl IMPUXOIUTCS MPOBOJIUTH B JBa JTama: T'€Hepalus u
ONTUMMU3AITHSL.

12. Kakwue cymiecTByIOT METO/bI ONITUMHU3AIMHA 0OBEKTHOTO Koaa?

13. OOBsicHuTE pabOTy ANTrOpUTMa CBEPTKH.

14. Yro takoe numHssg oneparusa? Jlaiite onpeneneHue IUITHENH OTIEpaIIHH.

15. Yro Takoe “gucno 3aBucumMoctu’? JlJis 4ero OHO UCIOJIb3YETCs U KaK BhIUUCISIETCA?

16. OOBsicHuTE paboTy ANrOpUTMa UCKIFOUEHUS JHUIIHUX ONEpaluii Ha OCHOBE YKCel 3aBUCUMOCTH.

BAPWAHTHI 3AJTAHUI

Jist BeIostHeHUs 1a00paTOPHOI paboTHl TpEOyeTCs HalMcaTh MPorpaMmy, KOTopast Ha OCHOBaHUHU
JiepeBa CHHTaKCUYECKOTO pa3dopa MmopokaaeT OOBEKTHBINA KO M BBIOJIHSIET 3aTEM €ro ONTUMHU3anuio. B
KaueCTBE MCXOJHBIX JIAHHBIX PEKOMEHYETCS B3STh PE3YJIbTAT BBITOJHECHUS MPEIBbITYIICH J1a00paTOpHOMA
pabotsr Neb6.

[TporpaMMy peKOMEHIyeTCsl IOCTPOUTh M3 TPEX OCHOBHBIX YacTel: IMepBas 4acTh — MOPOXKICHUE
JiepeBa CHHTAKCHYECKOTO paszbopa (mo pesynbTaTam jabopaTopHoit pabotel NeS), BTOpas 4yacTh —
peanu3anys anropuTMa IMOpPOXKJIEHUS OOBEKTHOrO0 Koja Mo JepeBy pa3bopa (Mo pesynbraram
nabopaTopHoit paboTel Ne6), W TpeThsi YaCTh — ONTUMHU3AIMUS TOPOKICHHOTO OOBEKTHOTO KOJa.
Pesynpraram paboThl 10KHA OBITH IMOCTPOEHHAs] HA OCHOBAHHWH 33JIaHHOTO MPEUIOKEHUSI TPAaMMAaTHKH
nmporpaMMa Ha 0OBEKTHOM sI3bIKe. B kKadecTBe 0OOBEKTHOTO SI3bIKA TPEJIAracTCsl B3SITh TPHAJIBI WITH S3BIK
accemOuepa st mporieccopoB tuma Intel 80x86 B peanbHOM pekuMe - BBIOpAHHBIN SI3BIK JIOJIKEH
COBMAJaTh C SI3BIKOM TIPEJCTaBIICHUS] pe3yibTaTa B Mpeaslaymeld mgabopatopHoit pabote. Bce
BCTpEUAIONIUECS] B HWCXOJHOW MporpamMMme HICHTU(UKATOPHI CYHTATh MPOCTHIMH  CKAISPHBIMH
MEPEeMEHHBIMH, HE TPEOYIOIIMMH BBHIMIOJTHEHHSI TpeoOpa3oBaHus TUNOB. OrpaHWYeHHs HaA JUTHHY
UJIEHTU(DUKATOPOB U KOHCTAHT COOTBETCTBYIOT TPEOOBAHUSAM IMPEbIIYyIEH Ja00paTOpHOI pabOTHI.

BapuaHTel 3aaHuii TIOJTHOCTHIO COOTBETCTBYIOT BapHaHTaM 3aJlaHUil Ui J1a0OpaTOpHBIX paboT
No4-NeG.

Jns BBIMONHEHUsT pabOTHI PEKOMEHIYeTCs HCIIONIb30BaTh PE3yNbTaThl, MOJYYEHHBIE B XOJIE
BBITIOJTHEHHS JTa00paTopHBIX padboT Ne3, Ne4, No5 u No6.
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JIABOPATOPHAS PABOTA Ne 8
IMOCTPOEHME PACIIO3HABATEJIA JIJISI AHAJIN3A OIUCAHUHA TUTIOB
JAHHbBIX U ITEPEMEHHbBIX

Lens Da607’l’Zbl.' IIOCTPOCHUE pacClio3HaBaTCJId HCXOAHOI'0 TEKCTa IIpOorpaMMbl, COACPKALICTO
OIMMCAaHUs THUIIOB JAHHBIX, CTPYKTYP AaHHBIX U IICPEMCHHBIX.

KPATKHE TEOPETUYECKUWE CBEJJEHUA

B kauecTtBe pacmo3HaBarensi TEKCTa IPOrpaMMbl, COAEPIKAILEro OINUCAHUS TUIIOB JAHHBIX U
IIEPEMEHHBIX, PEKOMEHIYETCS MCIIONb30BaTh PACIO3HABATEIb HAa OCHOBE I'paMMaTHK OIEpaTOPHOIrO
MPEIIIIECTBOBAHNUS, PACCMOTPEHHBIN B TaboparopHoi padore Ned. OcHOBOW (DYHKITMOHHPOBAHHUS TAHHOTO
KJ1acca pacro3HaBaTesiell sIBIsIeTCS MaTpUIla OIIEPaTOPHOTO MPEAIIECTBOBAHUS.

UTo0bl OCTPOUTH MATPHILy OIEPATOPHOTO MPEAIISCTBOBAHUS IJIsi TPAMMATHKH OINEPaTOPHOTO
IpEIeCTBOBaHNS HEOOXOIMMO BBIIIOJIHUTD CIEIYIOLINE IEHCTBUSA:

1. TlocTpouTh MHOXKECTBA KPalHKX JICBBIX U KpailHUX MpaBbix cuMBoJI0B rpammaruku — L(U) u R(U).

2. Ha ocnoge noctpoennbix MHOeCTB L(U) 1 R(U) mocTponTts MHOKECTBAa KpaHUX JIEBBIX U KPAHUX
NPABBIX TEPMUHATBHBIX cHMBOJI0B rpammarnki — L(U) u R'(V).

3. Hcrmomesys nocrpoernsie mMuoxecrsa L'(U) u RY(U) Ha ocHOBe mpaBHI HMCXOZHON IPaMMATHKH
3aI0JIHUTh MAaTPUILY OIIEPaTOPHOIO IPEIIECTBOBAHUS.

[TocTpoeHre MaTpullbl OINEPATOPHOrO MPEALIECTBOBAHMS M alrOPUTM (PYHKLIHOHUPOBAHUS
pacrno3HaBaTessi Ha OCHOBAaHMHU T'paMMaTHK OIEpaTOPHOrO MPEAIECTBOBAHUS MOAPOOHO pacCMOTPEHBI B
nabopaTopHoi padote Ned.

I[TOPAJOK BBIITIOJIHEHMA PABOTDI

1. Tlomy4uTs BapuaHT 3aJaHMsl y IPEoiaBaTes.

BeimonHuTh MpenBapuTeNbHbIE MpPeoOpa3oBaHMs, HEOOXOIUMBbIE [UIs TOCTPOECHUS MAaTpPHULIBI
[IPEALIECTBOBAHMS.

ITocTpouTh MaTpully NpEAIIECTBOBAHUS Ul 3aJaHHOM rPpaMMaTUKH.

BeimonHuTh pazbop npocTeiiiero npuMepa Bpy4Hyo Mo MpaBUiIaM 3aJaHHOH IrpaMMaTHKH.
IToAroTOBUTH U 3aIUTUTH OTYET.

Hanucars u otiiaguts nporpammy Ha OBM.

Cnatp paboTaroliyto nporpaMmy npenojgaBareso.

N

Noakow

TPEBOBAHUA K OOOPMIJIEHUIO OTYETA

OTuer gomKeH COZACPKATh CICAYIOIIHNEC Pa3aCiibl:

Kparkoe u3noxxeHue e padoThl.

3aganue mo J1abopaTOpHO paboTe C ONMCAHUEM CBOETO BapHAHTA.

3anuch 331aHHOI rpaMMaTHKH BXOJHOTO si3bIKa B popme bokyca-Haypa.

MHOXecTBa KpaifHUX MPaBbIX  KPAHUX JIEBBIX CUMBOJIOB C YKQ3aHHEM I1aroB MOCTPOCHHUSL.
MHOXecTBa KpaifHHX MPaBbIX M KPAHUX JIEBBIX TEPMUHAIBHBIX CHMBOJIOB.

3anoTHEHHYIO MaTPHILy MPEAISCCTBOBAHUS ISl TPAMMATHKH.

[Ipumep BbIMOIHEHUS pa300pa MPOCTEHIIIEro MPeIOKEeHHUs (10 BEIOOPY).

Tekct nporpamMMs (0pOPMITSIETCS] TOIBKO PU HEOOXOJAUMOCTH TI0 COTIIACOBAHUIO C TPEMOIaBaTeIeM).
BriBopI O TIpOIETIaHHOM paboTe.

Homyckaetcst opopMIIsTh €AMHBIN (COBMECTHBIN) OTUYET 117151 1abopaTopHbIX padoT Ne8 u Ne9.
Jomyckaercss (IO COTJAICHWIO C  TIPENoJaBaTeieM) HCIOJIb30BaTh IS BBITOJHEHHS
1abopaTopHOil pabOTHI MHOW KIIacC CHHTAKCUYECKHX aHAJIM3aTOPOB (OTIWYHBIA OT aHAJIM3aTOPOB Ha
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OCHOBE TPaMMaTHK OTIEPaTOPHOTO MpEANIeCTBOBaHMs). B 3ToM ciydae oTueT mo nmabopaTopHOi paboTe
JIOJDKEH BKIIIOYATh B ceOs KpaTKOe ONMHCaHWE BBIOPAHHOTO KJIacCa CHHTAKCHYECKHX aHAIM3aTOpOB, a
BMECTO JIaHHBIX, HEOOXOJMMBIX JIJIsl TOCTPOCHHUS aHAJIM3aTOpa HAa OCHOBE TPaMMATHK OINEPAaTOPHOTO
NPE/IIECTBOBAHUS, OH JIOJDKEH COJICP)KaTh JaHHbBIC, HEOOXOAMMBIC ISl IOCTPOCHUS aHaIM3aTopa W3
BBIOPaHHOTO KJlacca.

Taxoke momyckaercs (IO COTJIANICHHUIO C MPETOAaBaTeIeM) UCIOIb30BaTh aBTOMATU3HPOBAHHBIC
cpelncTBa MOCTpoeHus: cuHTakcudeckux aHanuzatopoB (YACC u emy nmomo6HbIe). B 3TOM cioydyae otuer
no 7nabopaTOopHOH paboTe JOMKEH BKIOYaTh B ce0s  ONKMCAaHWE BBIOPAHHOTO  CpEJICTBa
ABTOMATH3UPOBAHHOTO TOCTPOCHHS CHHTAaKCHYECKUX aHaM3aTopoB, WH(popmamuo o kiacce KC-
rpaMMaTuK, JISKAIIUX B OCHOBE JAHHOTO CPEICTBA, M BMECTO JAHHBIX, HEOOXOJIUMBIX JIJISI TIOCTPOCHHS
aHaJIM3aTopa Ha OCHOBE I'PAMMATHK OIEPATOPHOTO MPEIIECTBOBAHUS, OH JIOJDKCH COJCPIKATh JTaHHBIC,
HEOOXOIUMBIE JIJISl aBTOMATU3UPOBAHHOTO TIOCTPOCHHS aHAITU3aTOPA.

OCHOBHBIE KOHTPOJIbHBIE BOITPOCHI

1. Kakyro poJib BBINOJTHSAET CHHTAKCHYECKUIN aHAIN3 B MPOIIECCe KOMIUISAIIUN?

Urto takoe pacnpenenenue namaru? Kakyro posib OHO HTPaeT B MPOLIECCE KOMITHIISIINMN?

3. Jlms Kakmx OJJIEMEHTOB BXOJHOH MpOTrpaMMbl BBIOJNHSIETCS pacrpenencHue mnamsatu? Kakwue

UCXO/HBIE JaHHbIE TPEOYIOTCS IS paclpeieleHUsl TaMsITu?

Uro Takoe KC-rpammatuku? Pacckaxute 00 UX UCHOIb30BAaHUU B KOMIIMIIATOPE.

5. Pacckaxwute o rpaMmarukax mpenamiectBoBanus. Kakue oOmme yepTsl MPUCYIIM BCEM IpaMMaTHKaM
MPEAIIeCTBOBAHUS?

6. Pacckaxure O TpamMMarTHKax ONEPATOPHOTO TIpeaniecTBOBaHMA. Kakue dYepTbl XapaKTepu3yroT
rpaMMaTHKH ONEPaTOPHOTO MPEANICCTBOBAHUS?

7. Jlaiite  ompeneneHWs] ~ OTHOIIEHWW  TPEAIIECTBOBAHMUS  JIJII  TPaMMAaTUK  ONEPaTOPHOIO
IpeIIeCTBOBAHNUS.

8. Kak  BBUHCISAIOTCS ~ OTHONICHWSI  MPEAIISCTBOBAHHWS  JIUII  TpaMMaTHK  OIEpPaTOPHOTO
MIPEAIIeCTBOBAHUS?

9. PacckaxuTe arOPUTM TIOCTPOCHHUS MHOKECTB KpAaHHUX JICBBIX M KPAWHHUX MIPABBIX CHMBOJIOB.

10. PacckaxxuTe aqroOpUTM IMOCTPOSHUS MHOXKECTB KPAaWHUX JICBBIX W KPaWHUX MPABBIX TEPMUHATHHBIX
CHUMBOJIOB.

11. Pacckaxwure o 3amade pazdopa. Uto Takoe pacro3HaBaTesb s3bIka?

12. PacckaxuTe 00 0OMMX MPUHIMITAX pabOTHI paCIIO3HABATENS S3bIKA.

13. Kakue Tumsl pacrmo3HaBareneil cymecTByroT? Kakuwe W3 HUX HCIONB3YIOTCS B KOMITHIISATOPE W Ha
KaKuXx JTamnax?

14. Yto takoe MII-aBTomar? Pacckaxxute o MII-aBTomarax.

15. Pacckaxure, kak pabOTaeT aIrTOPUTM «CIBUT-CBEPTKa» B 00IIEeM ciTydae (C BO3BpaTaMH).

16. Kak paboTaer aqropuT™M «CIBHT-CBEPTKa» JUIsI TPaMMATHK OMNEPATOPHOTO TPEANIECTBOBAHHMS?
[Tosicuute pa3dop npeasioKeHrs BXOIHOTO SI3bIKa Ha CBOEM IPUMEpE.

N

&

BAPUAHTBI UCXOAHBIX TPAMMATHUK

Bo Bcex BapmaHTax HCIIOJIB3YEeTCs OJHA M Ta € I'paMMaTHKa BXOJHOIO s3blka. BxomHas
nporpaMma IpeJCTaBiIseT coO0M MOCIe0BaTeIbHOCTh JABYX OJIOKOB: MEPBbIM OJOK — OMUCAaHHUE TUIIOB,
HauMHAoIIeecs: ¢ KIYEeBOro ciosa type, BTOpoil OJOK — OmMcaHue MEpeMEHHbIX, HAaYMHAIoUIeecs C
KJIFOUEBOTO cjIoBa Var. OnucaHue THIIOB U ONMCaHUe TIEPEeMEHHBIX BBITIOIHSCTCS B CTUIIE si3bika Pascal.

Heo6xoanmo pazobpaTh onmucaHus BCeX THIIOB, PACCUUTATh 00BbEM Ul Ka)KIOr0 THUIA JaHHBIX Ha
OCHOBE M3BECTHBIX AJITOPUTMOB M Pa3MEpPOB CKAJSIPHBIX TUIIOB JaHHBIX, YKa3aHHBIX B 3a1aHuU. Pacuer
HAJI0 BBIMOJIHUTH B JIBYX CIydYasX: C y4EeTOM KPaTHOCTH paclpe/ieleHusl mamMsaTH ¥ 06e3 Hero. 3aTeM Ha
OCHOBE PAaCCUMTAHHBIX Pa3MEPOB THUIIOB JaHHBIX HEOOXOIMMO PACCUUTATh 00BEM MaMSATH, 3aHUMAEMOM
BCEMHU ONMCAHHBIMU NEPEMEHHBIMU (PACUET TaKXKeE JOJDKEH BBIIOJIHATHCA B JABYX BapHaHTax: C yU4ETOM
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KpPaTHOCTH pacHpe/IeNICHHs TaMATH U 0e3 Hero). Pe3yiabTaToM BBITIOJHEHUS MPOTPAMMBI JOJKHBI OBITh
JIBE BEJMYMHBI: pa3Mep MaMsATH, TpeOyeMoH JJIs BCEeX OINMMCAHHBIX MEPEMEHHBIX, C YY€TOM KPAaTHOCTH
pacrpezie/ieHUs: ¥ TOT JK€ CaMbIid pa3mep 0e3 ydeTa KpaTHOCTH PacIpeIeICHUS.

Bo Bcex BapuaHTax CUMBOJI S SIBIISIETCS Ha4aJIbHBIM cuMBoJioM Tpammatuky; L, T, R, V, K, D, Fu
E 0003Ha4aroT HETEpMHUHAJIbHBIC CHMBOJIBL. TEPMHHAIBHBIC CHMBOJIBI BBIJICICHBI XKHUPHBIM HIPU(TOM.
TepMUHAIBHBIA CUMBOJI C COOTBETCTBYET OJHOMY M3 JIBYX CKQIAPHBIX THIIOB, YKa3aHHBIX B 3aJaHUHU.
TepMuHaIbHBIA CUMBOJI T COOTBETCTBYET OJIHOMY M3 THIIOB JAaHHBIX, KOTOPBIM MOXXET OBITh ONHUCAH B
cekuuu type, a TepMUHAIBHBIN CHMBOJI & COOTBETCTBYET IIEPEMEHHBIM, KOTOPBIE MOTYT OBITh OITMCAHbI B
cekiuu var. TepMuHaIbHBIN cHMBOJ 0 COOTBETCTBYET JIF000# 1EI0YHCIEHHOM KOHCTaHTe. [ paMMaTuKy B
3aJIJaHUAX OTJIUYAIOTCS TOJIBKO MPAaBHIIAMH ISl TSPMUHAIBHBIX cUMBOJIOB D, F u E, koTOpbIe onuchIBaoT
BapHaHT JIONYCTUMBIX THUIIOB JAHHBIX — BO3MOXXHBI TPH BapHaHTA: CTPYKTypa JAHHBIX, COIO3 (3aIHCh C
BapHaHTAMH) WJIK MACCHB.

Kpome pacuera oObema MmaMsaTH Nporpamma, IIOCTPOCHHAas Ha OCHOBE 3ajJaHMs, JJ0JDKHA
BBIMOJIHATh CHHTAKCHYECKYIO TIPOBEPKY M DJIEMEHTAPHBIH CEMAHTUYCCKHA KOHTPOJIb BXOJHOMN
NporpaMMbl — B TOM CJIy4dae, €CJIM BCTPEYACTCs TUI JAaHHBIX, HE ONMMCAHHBIA B CEKIUHU type, MOIDKHO
BBLIABATHCS COO0IIeHrE 00 OIINOKE.

BxojHast rpaMMaTrKa ONUCaHMA TUTIOB JJIsl IPOTPaMMBbI OTIMCHIBACTCS CIICTIYFOIUMHE ITPABUIIAMH:

1. S—>typeLvarR 2. S—>typelLvarR 3. S—>typelLvarR
L>T;|T;L L>T;|T;L L>T;|T;L
T—>t=c|t=D T—>t=c|t=D T —>t=c|t=D
R—V;|V;R R—>V;|V;R R—>V;|V:R
V - K:t|K:c|K:D V - K:t|K:c|K:D V> t:K|c:K|D:K
K—>al|Ka K—a|K,a K—a|K,a
D — record F end D — union Fend D — struct (F)
F—>E;|EF F—>E;|EF F—>E;|EF
E - K:ic|K:t E - K:ic|K:t E—-cK|tK

4. S — type L varR 5. S—>typelLvarR 6. S—>typelLvarR
L>T;|T;L L>T;|T;L L>T;|T;L
T > t=c|t=D T —>t=c|t=D T > t=c|t=D
R—V;|V;R R—->V;|V;R R—>V;|V;R
V - K:t|K:c|K:D V > t:K|c:K|D:K V> t:K|c:K|D:K
K—>al|Ka K—a|K,a K—a|K,a
D — array [F] of c |array [F] of t D — union (F;) D —»arrayc (F) |array t (F)
F—>E|FE F—>E|FE F>E|FE
E—d.d E—->cK|tK E—>d

BAPUAHTHI 3ATAHUIM

Jlnis BBIOSTHEHUS JTAOOpaTOpHOU paboThl TpedyeTcs HamucaTh IporpaMMmy, KOTopasi aHaJIM3UpyeT
TEKCT BXOJHOH IIPOrpaMMBbl, COACPIKALUN OIMCAaHUSA THUIIOB JAHHBIX U IEpEeMEHHBbIX. Pe3ymprarom
paboThI IPOTrpaMMBbI SBJISIETCS TPOBEPKA KOPPEKTHOCTH UCXOJIHOTO OMMCAHUS M MOJArOTOBKA BHYTPEHHEH
CTPYKTYpBl JTaHHBIX JJISI BBIUMCIIEHUS 00BbeMa MaMsATH, HEOOXOTUMOM Ui pa3MelleHHUs] NepeMEHHBIX,
OTIpeNIeIEHHBIX BO BXOJHOM TeKcTe (pe3yiabTarT padoThl MporpaMMmbl OyAeT Jajiee HCIOJIb30BaH B
nabopaTopHoii pabote Ne9).

TekcT Ha BXOIHOM S3BIKE 3a/aeTcs B BHJE CHUMBOJBHOTO (TekcToBoro) caiima. IIporpamma
JIOJDKHA BBIIaBaTh COOOLICHHSI O HAJMYME BO BXOIHOM TEKCTE€ OLIMOOK, €CIU CTPYKTypa BXOTHOMH
[IpOrpaMMbl HE COOTBETCTBYET 3aJaHUI0. ECIM B HCXOINHOM TEKCTE€ BCTPEYAIOTCS THIIBI JAHHBIX WIH
CTPYKTYpHI JaHHBIX, HE TIPEAYCMOTPEHHBIE 3a/JaHIEM, IIPOrpaMMa JI0JKHA CUTHAIM3UPOBAThH 00 OIInOKe.
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JnuHy uieHTUGUKATOPOB U CTPOKOBBIX KOHCTAHT MOKHO CUMTATh OTPAHUYCHHOU 32 CHMBOJIAMHU.

[IporpaMma nokHa JOMYCKaTh HAJIWYUME KOMMEHTapHEB HEOTPAaHMYEHHOM IMHBI BO BXOJHOM (haiiie.
®opmy opraHnuzaliii KOMMEHTapHeB MpeiaraeTcs BbIOpaTh CaMOCTOATEIBHO.

Tabmuna 11.
BapuanTs! 3ananuii 1u1st 1abopaTtopHor padoThl Ned
Ne Ne Bapuanrta Cxkansipuble THIIBI (Pa3Mep B KpatHocth KpartHocTh
BAPUAHTA | TPAMMATHKH OaiiTax) pacnpeneaeHust 3J1eMEHTOB
NaMsATH CTPYKTYP
1 1 byte (1 6aiit), word (2 Oaiita) 2 Jla
2 2 byte (1 6aiit), word (2 Gaiita) 2 Jla
3 3 byte (1 6aiit), word (2 Gaiita) 2 Jla
4 4 char (1 6aiit), integer (4 Gaiita) 2 Jla
5 5 char (1 6aiit), integer (4 Gaiita) 2 Jla
6 6 char (1 6aiit), integer (4 Gaiita) 2 Jla
7 1 byte (1 6aiit), real (6 Oaiir) 4 Het
8 2 byte (1 Gaiit), real (6 Gaiit) 4 Het
9 3 byte (1 Gaiit), real (6 Gaiit) 4 Het
10 4 char (1 6aiit), double (8 Gaiir) 4 Het
11 5 char (1 Gaiit), double (8 Gaiir) 4 Her
12 6 char (1 Gaiit), double (8 Gaiir) 4 Her
13 1 byte (1 Gaiit), extended (10 6aiit) 8 Jla
14 2 byte (1 Gaiir), extended (10 6aiit) 8 Ja
15 3 byte (1 Gaiit), extended (10 6aiit) 8 Jla
16 4 integer (4 Gaiita), real (6 6aiit) 8 Jla
17 5 integer (4 Gaiita), real (6 6aiit) 8 Jla
18 6 integer (4 Gaiita), real (6 6aiit) 8 Jla
19 1 byte (1 6aiit), real (6 Gaiir) 2 Her
20 2 byte (1 6aiit), real (6 Gaiir) 2 Her
21 3 byte (1 6aiit), real (6 Oaiir) 2 Her
22 4 char (1 Gaiit), double (8 Gaiir) 2 Het
23 5 char (1 6aiit), double (8 Gaiir) 2 Het
24 6 char (1 Gaiit), double (8 Gaiir) 2 Her

JIABOPATOPHAS PABOTA Ne 9
OITPEAEJIEHUA OBBEMA NTAMATHU JIA CTPYKTYP JAHHBIX

Llenv _pabomvi: M3ydyeHHE OCHOBHBIX INPUHIMIIOB pPACIpPENSICHUs] NaMsTH, O3HAKOMIJIEHHE C
AJIropuTMaMu pacucTa o0BeMa IIaMsATH, 3aHIMaeMON MMPOCTBIMHU U COCTAaBHBIMHU CTPYKTYpaMH OaHHBIX,
MOJTy4YeHHe MPaKTHYECKUX HABBIKOB CO3/IaHUA MPOCTEUIIEro aHaau3aTtopa Juisl pacuera oObeMa mamsTH,
3aHMMAEMOT0 33JJaHHON CTPYKTYpOH JaHHBIX.

KPATKHE TEOPETUYECKUE CBEJEHUA

[TpuHIMIIBI pacnipeeneHus: naMaTu

Pacnpeoenenue namsmu — 5TO TPOIECC, KOTOPBIM CTaBUT B COOTBETCTBHE JIEKCHUYECKUM
eMHUIIAM UCXOJHOU MPOTPaMMBI aJpec, pa3Mep U aTpUOyThl 00JIACTH MaMAITH, HEOOXOAUMOM JIJIST ATOU
JIEKCHYECKOM equHuLBl. OQbnacms namsmu — 3TO OJIOK sSTYeeK MaMATH, BRIIEIAEMBIN IS JaHHBIX, KaKHUM-
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TO 00pa3oM OOBEAMHEHHBIX JIOTUYECKU. JIOTMKa TakuX OOBEIMHEHUH 3a7aeTCsl CEMaHTHKOW MCXOIHOTO
SI3BIKA.

Pacnipenencane mamsitu paboTaeT C JIEKCHYECKHMH €IMHUIIAMH SI3bIKa — IEPEMEHHBIMH,
KOHCTaHTaMH, (QDYHKIHMSIMU M T. 1. — U ¢ HHQOpMamuer 00 ITHX eIMHUIAX, MOJYYCHHOW Ha JTamax
JICKCHYECKOTO W CHHTAaKCHYeCKOTo aHanm3a. Kak mpaBHiIO, MCXOMHBIMH JIaHHBIMH JUISL IIpoIecca
pacripesielieHus TaMsITH B KOMIHIIATOPE CITyXaT TadJiuia UACHTU(PUKATOPOB, MOCTPOSHHAS JIEKCHYSCKUM
aHAJTM3aTOPOM, U JIeKJIapaTHBHAs YacTh MPOTPaMMBbI («00JIACTh ONMMCAHMI»), TIOJIYYCHHAsI B pe3yJbTaTe
CHHTaKCHYECKOTro aHanu3a. He BO Bcex s3bIKax MPOrpaMMUPOBAHUS JCKJIApaTUBHAS YacTh MPOTPaMMbI
NPUCYTCTBYET SIBHO, HEKOTOPBIC SI3BIKM MPEIYCMATPHBAIOT JIOTIOJIHUTEIILHBIC CEMAHTUYCCKHE IpaBHIIa
JUISL OTIMCAHMsI KOHCTAHT M MEPEMEHHBIX; KPOME TOTO, MEpe]] pacipelejICHUEM MMaMsTH HaJ0 BBHIIOJHHUTD
UJICHTU(PUKAIMIO JICKCHYSCKUX CIWHMIl s3blka. [103TOMy pacmpeneneHue NMaMsITH BBIIOTHICTCS YiKe
M0CJIe CEMaHTUYECKOTO aHAIN3a TEKCTa UCXOIHOM MPOrpaMMBI.

[Iporiecc pacrpenesieHus mamsITH B COBPEMEHHBIX KOMITWIIATOPAX, Kak MpaBUiIO, paboTaer ¢
OTHOCHUTEJIbHBIMU, 2 HEe a0COJIFOTHBIMU aJpecaMH SiUeeK MaMmsTH. PacrpenelieHue maMsaTd BBITOITHIETCS
nepes TeHepanued Koja pe3ylbTUPYIOIICH MPOrpaMMbl, MOTOMY YTO €r0 Pe3yJIbTaThl JTOJKHBI OBITh
UCIIOJIB30BaHBI B TIPOIIECCE IeHepaliy KOJa.

Kaxmyro 0651acTh maMsTH MOXHO KJIacCH(UIIUPOBATh 110 JBYM ITapaMeTpaM: B 3aBUCUMOCTH OT €¢
poJM B pE3yIbTUPYIONICH MpOrpaMMe W B 3aBUCHMOCTH OT CIIOCO0a €€ paclpelelieHHusT B XOJIe
BBIMOJIHEHHSI PE3YIbTUPYIOIICH MPOTrPAMMBI.

[To pomu o6macTd maMsATH B pE3yIbTUPYIOIICH NPOrpaMMe OHa OBIBACT 2100aibHAsl WU
JIOKANIbHASL.

ITo cmocobam pacnpeneneHuss o0JacTh HaMATH OBIBACT cmamuueckas WIA OUHAMUYECKAsl.
JluHaMuveckasi MaMsTh, B CBOKO OYepeib, MOXET pacHpeAeisaThcs JIMOO pa3pabOTYMKOM HCXOTHOU
porpaMMsI (10 KOMaHJaM pa3padboTyrka), MO0 KOMIHUISATOPOM (aBTOMATHUYECKH ).

Knaccudukanus obnacreii maMsaTu mpeacTaBieHa Ha puc. 9.

JlokanpHas I'moGanpHas
EEEEEEEEEEEEEEEEEEEEEEEN N O6HaCTB HaMHTI/I EEEEEEEEEEEEEEEEEEENEN
Crarnyeckas Jnnamudeckas
Pacnpenensiemas Pacnpenensemas
pa3paboTINKOM KOMITHJISITOPOM

Puc. 9. Obnacte maMsaTH B 3aBUCHIMOCTH OT €€ POJIH U CIIOC00a pactpeaesieHus
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Jlaneko He Bce JIEKCHMYECKHE €IMHUIBI S3bIKa TpeOYIoT i ceOsl BblAeleHus: mamsaTu. To, moa
KaKhe »dJEMEHTHl S3bIKa HYXHO BBIIEIATh O0JAacTH NaMsITH, a MOoJ KaKhe HEeT, OIpeaensercs
UCKJTIOYUTENIFHO peanu3alieil KOMIUIATOpa U apXUTEKTYpOH 1eJIeBOM BBIYUCIUTEIBHONU CUCTEMBI. Tak,
LEJIOYHCICHHbIE KOHCTAHTHI MOKHO Pa3MECTUTh B CTaTHUECKOM MaMATHU, a MOKHO HEMOCPEACTBEHHO B
TEKCTEe PE3yAbTUPYIOLICH MPOrpaMMbl (3TO MO3BOJISIOT MPAKTUYECKH BCE COBPEMEHHBIE BBIUMCIUTEIbHBIC
CUCTEMBI), TO K€ caMOe OTHOCUTCS M K KOHCTAHTaM C IUIaBaoIIed TOYKOM, HO UX pa3MEIICHHE B TEKCTE
nporpaMMbl  JIOMyCTUMO He Bcerga. Kpome Toro, B 1ensx OHKOHOMUU MaMATH, 3aHUMaeMOM
PE3yABTUPYIOIICH MPOrPaMMOIA, MO Pa3IMYHBIE JIEMEHTHI SI3bIKa KOMITUISITOP MOKET BBIICIUTH OJHU U
Te e sA4eilku mamartu. Hampumep, B oIHOM U TOM ke 0O0JacTH MaMATH MOTYT OBITh pa3MEIIEeHbI
OJINHAKOBbIE CTPOKOBBIE KOHCTAHThI WJIM J[BE PA3IUYHbIC JIOKAJIbHbIC [IEPEMEHHbIE, KOTOPhIE HUKOTIA HE
HCIOJIB3YIOTCSI OJTHOBPEMEHHO.

Buasl nepemMeHHbIX U 00J1acTel maMsITH

Pacnpene.ﬂelme MNaMATH AJA IEPEMECHHBIX CKAJAPHBIX TUIIOB

Bo Bcex sa3mIkax nporpaMMupoOBaHusd CYIICCTBYCT IMOHATHC TaK Ha3bIBACMBIX «0a30BBIX THUIIOB
JaHHBIX», KOTOPbLIC TAKKXC HA3bIBAOT OCHOBHBIMHU WJIIHU CKAJAPHbIMU TUIIAMU. PaBMep o0iacTu IIaMsATH,
HCO6XOHHMBIﬁ JJIA JIGKCUYECKOU CAWMHHULIbI CKAJIPHOI'O0 THUIIA, CUYHUTACTCA 3apaHCC HU3BCCTHBLIM. OH
OIIPEACIIACTCA CEMAHTHKOH SI3BIKa U apXHTeKTypOﬁ HGHCBOﬁ BBIYHCIIUTEIbHON CUCTEMBI.

HaHpI/IMCp, B SA3BIKC IIPOTIrpaMMHUPOBAHUA C 0a30BLIMH THIIAMHA JAaHHBIX SBJIAKOTCIA TUIBI char,
int, long int M T. 1. (peaJIbHO 3TUX THIIOB, KOHEYHO, OOJIBIIIE, YEM TPH), a B A3BIKE IPOrPaAMMHUPOBAHUS
Pascal — Tumnmr byte, char, word, integer HUT.II.. Pa3Mep 0asoBoro Tuma int B s3bIke C uIst
aApXUTEKTYphl KOMIIbIOTEpa Ha 0a3e 16-pa3psaHbBIX MPOIECCOPOB cocTaBisieT 2 Oaiita, a g 32-
paspsaHbIX MpoleccopoB — 4 Gaiita. PazpaboTumku MCXOAHOM MPOTpaMMBI Ha 3TOM S3bIKE, KOHEUHO,
MOT'YT y3HAThb JAHHYIO I/IHCI)OpMaI_[I/IIO, HO €CJIN €€ HUCIIO0JIb30BaTh B HCXOHHOﬁ IIporpaMmMe HalpsAMyro, TO
TaKas IporpaMma 6YJICT JKCCTKO IIpHBsA3daHA K KOHerTHOﬁ APXUTCKTYpPC HGHCBOﬁ BBIYHCIUTEIbHON
cucreMbl. YTOOBI UCKIIOYNTH 9TY 3aBUCHUMOCTD, JIY4IIC HUCIOJb30BATh MCXAHU3M OIIPCACIICHUA pa3dMepa
naMAaATH AJ11 TUIIa JaHHBIX, HpeHOCTaBHﬂeMBIﬁ S3BIKOM IPOIrpaMMHUPOBAHUSA — B A3BIKC C a0 (bYHKHHﬂ

sizeof.

Pacnpe)leﬂeﬂue maMATH AJA CJI0KHBIX CTPYKTYP JaHHBIX

Jns Gonee CIOXHBIX CTPYKTYP JAHHBIX HCIIONB3YIOTCS TpaBWIIA pPACHpeNesieHHs] TaMsATH,
onpezensieMble CEMaHTHUKON (CMBICIIOM) 3THUX CTPYKTyp. OTH TNpaBuUjia JOCTAaTOYHO NPOCTHI M, B
NIPUHITUIIE, OTMHAKOBEI BO BCEX SA3bIKaX MPOTPAMMHUPOBAHHSL.

Bot npaBwuiia pacnpeneneHus TaMaTy 0] OCHOBHBIC BUIBI CTPYKTYP JaHHBIX:

® Ui MacCHBOB — MPOM3BEICHUE YHCIIa HJIIEMEHTOB B MAacCHBE Ha pa3Mep MaMSITH Ui OJHOTO
aJIeMeHTa (TO e MPABUIIO IPUMEHUMO | JIJIsl CTPOK, HO BO MHOTHX SI3BIKaX CTPOKH COJIEpIKAT eIle

Y JIOTIOJTHUTENBHYIO CITy>KeOHYI0 HH(pOpMaIuio GUKCUPOBAaHHOTO 00BEMa);

® Ui CTPYKTYp (3ammceidi ¢ IMEHOBAHHBIMHU TOJISIMH) — CyMMa Pa3MepOB MaMSATH MO BCEM TOJSIM

CTPYKTYPBI;

e s 0ObeMHEeHuH (COI030B, 001X 00sacTell, 3anucei ¢ BapuaHTaMH) — pa3Mep MaKCUMaJIbHOTO

T0JIs1 B O0BCAUHCHHH;

e Ui peanu3aluud OOBEKTOB (KJIAaCCOB) — pa3Mep MaMATH JUIsl CTPYKTYpbl C TaKUMHU Ke

UMCHOBAaHHBIMH  TIOJISIMH  IDTFOC ~ MAMSTh  TOJ]  CIY)KeOHYI0  MHpOpManuio  OOBEKTHO-

OpPUEHTUPOBAHHOTO SI3bIKa (KaK MpaBUiIo, GUKCUPOBAHHOTO 00bEMA).

DopMyITBI IS BBIUKCIIEHUS 00beMa TAMATH MOKHO 3alHCaTh CIETYIOIIIM 00pa3oM:
nns maccuBoB: Ve =11 (M) * V,,
i=1,n

rje N — pa3MepHOCTh MaccHBa, M; — KOJMWYECTBO 3JEMEHTOB i-0if pasMepHOCTH, V,, — 00beM
MaMSTH JIs1 OJHOTO DJIEMEHTA;
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JJISL CTPYKTYD: chp =X Vionsss

i=1,n !
rae N — oOmiee KOJWYECTBO TOJIEH B CTPYKTYpE, V”‘”’”i — 00BbeM maMATH I I-r0 IOJIS
CTPYKTYPBI;
JJ1s1 00BbeAMHEHHH (COI030B): Vows = maxi=1 nV"‘Wi’
rame N — oOIIee KOIMYECTBO IIOJIEH B OOBEIMHEHMH, V,,,,,mi — 00BEM IMaMATH JUIS 1-TO IIOJIS
00BEeINHEHNSL.

Jns Gosiee CHOXKHBIX CTPYKTYP AAHHBIX BXOAHOTO SI3bIKa O0BEM MaMSITH, OTBOJMMON MOJ 3TH
CTPYKTYpBl JaHHBIX, BBIYUCIAETCA peKypcuBHO. Hampumep, ecnu MMeeTcs MacCUB CTPYKTYp, TO IpHU
BBIUMCICHUH OOBEMa OTBOJMMOI IMOJA 3TOT MAaCCHUB MaMsITH Jid BBIYUCICHHUA OOBbeMa MaMSTH,
HEOOXOIUMOM JJii OJHOrO dJeMEHTa MaccuBa, OyJIeT BbI3BaHA IMPOLEAypa BBIUUCICHUS MaMSTH
CTpyKTypbl. Takoil momxon ompeneneHus oO0beMa 3aHMMaeMOW MaMsATH OuYeHb YI0OeH, eciu
JEeKJIapaTUBHAs 4acTh S3bIKa IpEJICTaBleHa B BUJE JepeBa TUMOB. Torma uis BBIYMCIEHUS OObeMa
MaMsITH, 3aHUMAEMOU TUIIOM M3 KaXKIOW BEPIIMHBI JepeBa, HY)KHO BBIYMCIUTH O0BEM MaMSTH JJIs BCEX
MOTOMKOB J3TOW BEPIIMHBI, a MOTOM MPUMEHHUTH (POPMYIy, CBS3aHHYIO HEMOCPEACTBEHHO C CaMOii
BEPIIMHON (3TOT MexaHu3M nojnoben mexanusmy CY-mepeBoja, IpUMEHSIEMOMY MPHU T€Hepalu Koja).
Kak pa3 Takoro Tuma IpeBOBHIHbIE KOHCTPYKIIMH CTPOUT CUHTAKCUYECKUUN aHAIIU3 AJS JACKIapaTUBHOM
YacTH S3bIKA.

Hamnpumep, eciu paccMoTpeTh (pparMeHT TeKCTa BXOAHOM IporpaMMbl Ha si3bike Pascal:

type

arrl = array[l..10,1..20] of integer;
recl = record
vl: word;
al: arrl;
end;
rec?2 = record
vl: byte;

case (v2: integer) of
0: v3: byte;
1: v4: word;
3: v5: integer;
end;

arr2 = array[l..100] of rec2;

var
aal: arrl;
vvl,vv2,vv3,vvd: byte;
rrl: recl;
aalarr2;

Torna, eciiu U3BECTHO, YTO pa3Mep CKAJSPHBIX TUIOB JIAHHBIX byte, word U integer COCTaBIISET
JUIS TeNIeBOW BBIYMCIUTENBHONH cuctembl 1,2 m4 OaiiTa COOTBETCTBEHHO, TO MOXKHO IOCUHTATh, YTO
pasmep Tumna arrl Oyaer coctaBiaTh Vi = 10*20*4 = 800 Gaiit, pasmep Tuma recl coctaBuT V=
2+800 = 802 Gaiita, pa3mep THma rec2 coctaBur V3= 1+4+Max(1,2,4) =9 Oaiit, a pasmep Tuna arr2
cocraBut V4= 100*9 =900 Gaiit. Torma mis pa3MmelieHUs] MepeMEeHHOW aal moTpedyercs 800 OGaifr
naMsTH, UL pasMeleHHs NEepeMEeHHbIX vvl,vv2,vv3,vv4 morpedyercs 4 Oaiita mnamatu, s
nepeMeHHO# rr1 — 802 Gaiita, a 11 nepeMeHHO aa2 — emme 900 6aiit. Takum oO6pazom, Ui pa3MeLIeHUs
B IIAMATHU BCEH ONMMCAHHON CTPYKTYpPHI JaHHBIX MOTpedyercs BoLAeauTh V = 2506 GaifT namsTu.
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BripaBHuBaHMe rpaHul 00J1acTeid MAMATH

['oBopst 06 0OBbEME MaMATH, 3aHUMAEMOI Pa3TMYHBIMU JEKCUUECKUMH €IMHULIAMU U CTPYKTYpaMu
JTAHHBIX SI3bIKa, CJEIyeT YHNOMSIHYTh €lle OJMH MOMEHT — BBIpaBHHMBAHHE TpaHUI] OOJiacTeill MmaMmAaTu,
OTBOJUMBIX JIJISl PA3JINYHBIX JIGKCHUECKUX €IUHUILL.

ApPXHUTEKTypa MHOTHX COBPEMEHHBIX BBIYUCIUTEIBHBIX CUCTEM IpPEayCMaTpUBAET, YTO 00paboTka
JTAHHBIX BBINONHsETCA OoJjiee dPPEKTUBHO, €CIU aJIpec, MO KOTOPOMY BBIOMPAIOTCS JaHHbIE, KpaTeH
OTpeNIeTICHHOMY 4YHCITy OaT (kKak mpaBwmiio, 310 2, 4, 8 wnu 16 6aiit). CoBpeMEHHBIC KOMIHUISTOPHI
YUUTBIBAIOT OCOOCHHOCTH I1€JIEBbIX BBIYMCIUTENbHBIX cucTeM. [Ipu pacnpeneneHun JaHHBIX OHH MOTYT
pa3Merniath 00JacTH MaMsITH MOJ JIEKCUYECKUE eIMHULIbI HanboJiee onTuManbHbIM 00pa3oM. [lockombky
HE Bcerja pazMep naMaTu, OTBOJUMOM MO/ JIGKCUYECKYIO eIMHUILY, KpaTeH yKa3aHHOMY YMCITy OalT, TO B
o0umieM o0beMe MaMATH, OTBOAUMOW IMOJA PE3YAbTUPYIOUIYID MPOrpaMMy, MOTYT HOSIBIISITHCS
HEHUCIOJIb3yeMble 00I1acTH.

Hamnpumep, eciiu Mbl ©IMeEM ONKMCAHUE EPEMEHHBIX Ha si3bike C:

static char cl, c2, c3;

TO, 3HAs, YTO MOJI OJHY MEPEMEHHYIO THMa char OTBOAUTCS | OalT maMsATH, MOXKEM OXKHUIATh, YTO JJIS
OTMMCAHHBIX BBIIIE MEPEMEHHBIX MOTpedyercs Bcero 3 Oaiita mamsaTu. OIHAKO €ClIM KPaTHOCTh aJpecoB
JUISL IOCTYTIA K TIaMSTH ycTaHOBJIeHa 4 OaliTa, TO MOJ 3TH MEpeMEHHbIe OyeT OTBEACHO B 1iesioM 12 GailT
MaMsITH, U3 KOTOPBIX 9 He OyIyT UCIIOIB30BATHCA.

BripaBHuBaHMe TpaHull o0nacTell MaMsITH BO3MOXHO Kak [0 TpaHHUIAM CTPYKTYp OaHHBIX (4
MPEJICTABIISIFOIIMX UX JIEKCEM), TaK U BHYTPU CAMUX CTPYKTYP JAaHHBIX JUIS COCTABIISIONINX HX AJIIEMEHTOB.
Hanpumep, eciii Mbl HMEEM OINKMCaHKE MAacCHBOB Ha s3bike Pascal:

al,a2: array[1..3] of char;

TO TIPU YCJIOBUU, YTO MOJ] OJIHY MEPEMEHHYIO TUIA char OTBOAUTCS | GaliT maMsITH M KPaTHOCTH aJpecoB
ycTaHoBIeHa 4 OaiiTa, B clydae, KOT/ia BEIpaBHUBAHHUE TPAHUIl 00JIACTEH MaMsITH BBITTOJIHSAETCS TOIBKO IO
rpaHUIlaM caMUX 00JIacTel, Mo ONKMCAaHHbIE BBIIIE TIepeMeHHbIe ToTpedyeTcs 8 6ailT mamsitu (o 4 Gaiita
Ha KaxIplii MaccuB). Ecnam Jke BbIpaBHHMBaHHE TpaHHUI] oOJacTeil MaMsITH BBIMONHSIETCS U Ui
COCTaBIISIIOLIUX JJIEMEHTOB (B JaHHOM cllydae — DJIEMEHTOB MAacCCHBOB), TO MOJ 3TH XK€ MEepPEeMEHHBIE
notpedyercs 24 Oaiita mamsaTu (1o 4 OaiiTa Ha OJUH JIEMEHT MacCHBa — M B IeJIOM 12 OalT Ha KaxabIi
MaccCHB).

Kak mpaBuno, pa3paboOTYMKy HMCXOJHOM MpOrpaMMbl HE HYXKHO 3HaTh, KakUM o00pa3oM
KOMIIWISITOP pachlpesenseT ajapeca Moj OTBOAWMBIE 00MacTH mamMsaTu. Yaiie BCEro KOMIMISTOP caM
BBIOMpAET ONTHUMAJBHBIA METOM, M, U3MEHSS TPaHHIIbl BBIJCIEHHBIX 00JacTeil, OH BCcerga KOPPEKTHO
OCYIIIECTBJISET TOCTYN K HUM. Bompoc 00 3TOM MOKET BCTaTh, €CIIH C JAHHBIMU MTPOTPAMMBI, HATUCAHHOM
Ha OJHOM S3bIKE, pabOTal0T MPOrpaMMbl, HAMCAHHBIE HA JPYroM sI3bIKE MPOrPpaMMHUPOBAaHUS (Yarie
BCEro, Ha sI3bIKE accemMOiepa), peke Takue MpoOIeMbl BOZHUKAIOT MPHU UCIIOJIB30BAHUH JBYX Pa3IMYHBIX
KOMIIWISITOPOB C OAHOTO M TOTO JX€ BXOJHOTO SI3bIKa. BOJNBIIMHCTBO KOMIWISITOPOB TO3BOJISIOT
MOJIb30BATENIO B ATOM CITy4ae caMOMY yKa3aTh, HCIIONIH30BaTh MM HET KPAaTHBIE aJipeca U KaKylo TPaHUILy
KPaTHOCTH YCTAaHOBHUTH (€CIM OSTO BOOOIIE BO3MOXKHO C TOYKH 3PEHUS apPXUTEKTYphl IEJIeBOM
BBIUHCIUTENFHON CUCTEMBI).

Ecnu BepHYTBCS K pacCMOTPEHHOMY BbIIIE TpUMeEPY GparMeHTa mporpaMMbl Ha si3sike Pascal, To,
€CJIM TPEIIONOXKUTh, YTO KPATHOCTh pa3MEIICHHs MTaHHBIX B IIEJIEBOM BBIYMCIUTENBHON CHCTEME
coctaBisieT 4 6aliTa W BBIPABHMBAHHE TPAHUI] MAMATU BBIMONHIETCS TOJIBKO MO TPaHHUIAM CTPYKTYD,
MOKHO PacCUMTaTh HOBBIE 3HAYEHHUS OOBbeMa MaMsTH, TpeOyeMoi s pa3MelleHUs OMUCAHHBIX B ATOM
(dparmMeHTe nepeMeHHbIX.

Pazmep tuma arri1 Oyaer coctamsath Vi = 10*20*4 = 800 6aiit. Pasmep tuma recl cocraBut V, =
2+800 = 802 Gaiita, HO c yuyeroM KpaTHOCTH (4 Oaifta) s ero pasmemieHus norpedyercs Vo'
4+800 = 804 Oaiita. Pasmep Tuma rec2 V3= 1+4+Max(1,2,4) =9 0aliT ¢ y4eTOM KPaTHOCTH COCTABHUT
V3' = 12 Gaiit, a pa3mep THMA arr2 ¢ yaeToMm KpaTHocTu coctaBuT V4' = 100*12 = 1200 Gaiit. Torma ans
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pa3MeIeHusl TEPeMEHHOM aal motpedyercs 800 OalWT mamsTH, I pa3MEIICHUS TEPEMEHHBIX
vvl,vv2,vv3,vv4d C YIE€TOM KpaTHOCTH TotpeOyercs 4*4 = 16 GaiiT maMsaTH, A1 NEPEMEHHOW rrl —
804 Gaiita, a 11 mepeMeHHON aa2 — eme 1200 Gaiit. Takum oOpa3om, I pa3MEIIeHUsT B TaMATH BCEH
OTNMCAHHOM CTPYKTYpHI TaHHBIX MOTpedyeTcs BoiaeauTh V' = 2820 GaidT mamsTH.

[Ipu Tex ke YCIOBUSIX, HO C BBIpAaBHHBAHHMEM TpAHUI] MAMSITH MO 3JIEMEHTaM CTPYKTYD,
HEO0OXO0uMBbIe 00BEMBI MAMSITH B JTAHHOM Cilydae He u3MeHsATcs. Pasmep tuma arrl OyOeT cOCTaBISATh
Vi = 10*20*4 = 800 Gaiit. Pazmep Tuna recl ¢ yderoM kpatHoctu coctaBuT V" = 4+800 = 804 Oaiira.
Pa3smMep Tuma rec2 ¢ y4eToM KpaTtHOCTH cocTaBuT V3' = 4+4+Max(4,4,4) = 12 Gaiit, a pa3Mep THIIA arr2 C
ydeToM KkpaTHOCcTH coctaBuT V4' = 100*12 = 1200 Gaiir.

Buano, uro 06beM TpebyemMoii mamMsTH B 000UX CiIydasx yBeJludwicsa npumepHo Ha 12.5%, Ho 3a
C4eT SToro yBenuuuBaeTcsi 3¢GGEeKTUBHOCTh oOpallleHus K JaHHBIM M, CJEI0BaTEIbHO, CKOPOCTb
BBITIOJTHEHUSI Pe3yJIbTUPYIOLIEH MPOrpamMMmBl.

Buner o0nacreit mamsatu. CtaTuueckoe U JUHAMUYECKOE CBA3bIBAHUE

I'mo6anbHas u JJoKaJIbLHAS NAMATH

I'nobanvnas obracmv namamu — 3TO OOJACTh NMaMATH, KOTOpasl BBLAEISETCS OJUH pa3 MpHU
MHUIMAIU3ALMK pe3yIbTUPYIOLIEH MporpaMMbl U JEMCTBYET BCE BPEMs BBINOIHEHUS pe3yIbTUPYIOLICH
POTrPaMMBlI.

Kak npaBuio, rio0anbHas 061acTh NaMsITH MOXKET OBITh JOCTYIHA W3 JIIOOOHW YacTH MCXOJHOU
OporpaMMbl, HO MHOTHME $3bIKM IPOrpaMMHPOBAaHUS IO3BOJSIOT HajaraTb CHHTaKCUYECKUE U
CEeMaHTUYECKUE OTPAHUYEHUS HAa JOCTYIMHOCTh Jaxke il I100anbHbIX obnactel namsatu. [Ipu sTom camu
00J1aCTH MaMATH U CBSA3aHHBIE C HUMHU JIEKCUYECKHE €JAMHUIBI OCTAIOTCS IN100aIbHBIMH, OTPaHUYEHUS
HAJIaraloTCsl TOJBKO HAa BO3MOYKHOCTh MX MCIIOJIb30BAaHUSI B TEKCT€ HCXOAHOM Mporpammbl (M 3TH
OTpaHUYEHUs, B IPUHLIUIIE, BOBMOKHO 000MUTH).

Jloxanvnas obnacme namamu — 3TO OONACTh MaMATH, KOTOpas BBIACNSAETCS B Hauaie
BBITOJIHEHHUS] HEKOTOPOTro (pparMeHTa pe3ynbTupyromei nporpaMMel (610ka, GyHKIMH, TPOLETYphl N
oreparopa) U MOXeT ObITh OCBOOOYX/I€HA 110 3aBEPIICHNH BBIIIOJHEHUS JAHHOTO (pparMeHTa.

JlocTyn K JIOKanbHOM 0ONacTH mMaMmsATH BCerJa 3ampellieH 3a MpelesiaMd Toro (QparmeHTa
IIPOrpaMMBbl, B KOTOPOM OHa BBIJENSAETCA. JTO ONPEIENIEeTC KaK CHHTAKCUYECKUMHU M CEMAaHTUYECKUMHU
OpaBWIaMU s3bIKa, TaK M KOJOM pe3yiabTHpyroled mnporpammbsl. Jlake ecium ymacrtcs OOOWUTH
OTpaHUYEHUs], HaJaraeMble BXOJHBIM S3bIKOM, MCIIOJIb30BaHUE TAaKUX 0OJacTed MmaMsATH BHE UX 00JacTH
BUJAMMOCTH NPUBEET K KaTacTpOo(YUUIECKUM MOCTEICTBHAM Ul PE3yJIbTUPYIOLIEH MTPOrpaMMmBl.

Pacnipenenenne mnamsaTH Ha JIOKaJdbHbIE M IJI00ajdbHBIE OOJIACTH LIETMKOM ONpeAessercs
CEMAaHTHKOM fA3bIKAa MCXOJHOM mporpamMMbl. TOJIBKO 3Has CMBICH CHHTAKCHYECKHX KOHCTPYKIIMM
HCXOJIHOTO sI3bIKa MOYKHO YETKO CKa3aTh, Kakasi U3 HUX OyJeT OTHeceHa B INI00aIbHYI0 00JacTh MaMsITH, a
Kakas — B JIOKQJIbHYIO.
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Paccmotpum nis mpuMepa pparMeHT Tekcta MoyJsl IporpamMmbl Ha si3bike Pascal:

const

Global 1 = 1;

Global 2 : integer = 2;
var

Global I : integer;

function Test (Param: integer): pointer;
const

Local 1 = 1;

Local 2 : integer = 2;
var

Local I : integer;
begin
end;

CornacHo cemaHTuke si3bika Pascal, mepemeHHast Global I sBJsEeTCS IJ100aJbHONW IEPEMEHHOM
A3bIKa M pa3Melaercs B IJI00adbHOM 00JacTH NaMATH, KOHCTaHTa Global 1 TakKe SIBIISETCS
17100a1bHOM, HO A3BIK HE TpeOyeT, YTOOBl KOMIMIATOP 005A3aTEJIbHO pa3Mellaj ee B NaMITH — 3HaueHUe
KOHCTaHTBl MOKET ObITh HEMOCPEICTBEHHO IOJCTABICHO B KOJ PE3yJIbTUPYIOLICH MporpaMMsbl TaMm, Iae
OHa HCIOJIb3yeTcs. THUNMM3MpOBaHHAs KOHCTaHTA Global 2 sBIAETCS INIOOANbHOHM, HO B OTIMYUE OT
KOHCTAaHTBl Global 1, CEMaHTHMKa s3blKa IpeIINojiaraeT, 4ro 3Ta KOHCTaHTa o00s3aTeabHO Oyzaer
pasMelleHa B MaMATH, a He B KOJIe TPOrpaMMbl. J{OCTYITHOCTh HACHTU(UKATOPOB Global I, Global 2 H
Global 1 W3 APYTrUX MOAYJIEH 3aBUCUT OT TOrO, TJI€ U KaK OHU onucaHsl. Hanpumep, ains komnuisTopa
Borland Pascal mepemeHHBIe U KOHCTaHTBI, ONMCAHHbIE B 3arojOBKE MOJYyJeH, JOCTYMHBI U3 JAPYTHUX
MOJlyJIEN TPOIPaMMBI, a IIEPEMEHHBIE U KOHCTAHTHI, ONIUCAHHBIE B TEJIE MOAYJIEH, HEAOCTYITHBI, XOTS U T€
U JIpyTHUe SIBJISIOTCA TI00aIbHBIMU.

[Tapamerp Param (QYHKIUM Test, HEepeMeHHas Local I M KOHCTaHTa Local 1 SBISIOTCS
JOKaJbHBIMM 3JeMeHTaMHu 3Tod ¢yHKuuu. OHHM HE JOCTYNHBI BHE MpeAeioB JaHHOM (yHKIMH U
pacroyiaratotcsi B JIOKaIbHON 00JacTM MaMsATH. TUNU3UPOBaHHAs KOHCTAHTA Local 2 MpPEJCTaBISeT
co0Oi OueHb MHTEPECHBIA 37eMeHT nporpammbl. C OJHOW CTOPOHBI, OHA HE JIOCTYIIHA BHE IPEEIOB
(GYHKLIUU Test U MOTOMY SBISIETCA €€ JOKAJIbHBIM 3iieMeHTOM. C ApYyroi CTOPOHBI, KaK THUIIU3UPOBAHHAs
KOHCTaHTa OHa Oy/eT pacrojlaraThCsi B IN100aibHON 001acTH MaMsTH, XOTS HUOTKY/a U3BHE HE MOMKET
ObITh JIOCTyNHA (QHAJIOTMYHBIMM KOHCTPYKUMSAMM s3blka C, Hampumep, SBISIIOTCA JIOKaJbHBIE
nepeMeHHbIe (DYHKIUI, ONTMCAHHBIE KaK static).

CemaHTHYeCKHE OCOOCHHOCTH $A3bIKAa JIOJDKHBI YUHTBIBATH CO3JaTeNd KOMIMJIATOPA, KOTrJa
pa3pabaThIBalOT MOAYJb paclpelesleHuss namsaTh. be3yclnoBHO, 3TO JOKEH 3HaTh M pa3pabOTUMK
UCXOJIHOM MpOorpaMMbl, YTOOBI HE JIOMYCKAaTh CEMAHTUUYECKUX (CMBICIOBBIX) OIIMOOK — 3TOT THII OIIUOOK
CIIOJKHEE BCETo MOAaeTCs 00HAPYKEHHUIO.

CraTuueckas u JNHaAMHN4YeCKasd NaMAThb

Cmamuueckas obracms namsmu — 3TO 00JACTh MaMSTH, pa3Mep KOTOPOW M3BECTEH HA JTare
KOMITHJISIITUHL.

[TockonbKy it cTaTHYecKOl 00JacTH MaMsITH M3BECTEH €€ pa3Mep, KOMIHISATOP BCETJa MOXKET
BBIJICJIUTH ATy 00J1aCTh NMAMSTH M CBSI3aTh €€ C COOTBETCTBYIONIMM 3JIEMEHTOM Iporpammebl. [losTomy st
CTaTUYEeCKOH 00JacTH TaMITH KOMITWJIATOP TOPOXKIAeT HEKOTOPBIH aapec (KaKk MpaBHIIO, 3TO
OTHOCHUTEIbHBIN azpec B mporpamme). CTtaTudeckrue o0JacTH MaMsITH 00paldaThIBAIOTCS KOMITHISATOPOM
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caMbIM MPOCTEHIIMM O00pPa30M, IMOCKOJIbKY HAmpsIMyIO0 CBsI3aHBI CO CBOMM ajapecoM. B 3Tom ciyuae
TOBOPST O CMamu4eckom cesa3vléanuu 00JaCTH MaMATH U JIEKCUUECKOM eTMHUIIBI BXOJHOTO S3bIKA.

Hunamuueckas obnacmos namsamu — 3T0 00JIACTh MAMSTH, pa3Mep KOTOPOH Ha 3Tare KOMIWISIIIUU
IPOrpaMMbl HE U3BECTEH.

Pasmep nunamuueckoit obnactu mamsTH OyIeT HW3BECTEH TOJIBKO B IPOIECCE BBIMTOJIHEHUS
pe3yapTUpyomiei nporpammbl. [losTomMy a1 AMHAMUYECKOM 00JIaCTH MaMSATH KOMIIHIIATOP HE MOKET
HEIMOCPEJICTBEHHO BBIJICIUTh aapec — JUIsl Hee OH MOpOXkAaeT (parMeHT Koja, KOTOPBIA OTBEuYaeT 3a
pacnpeziesieHue namsITH (ee BblieleHre U ocBoOoxaeHHe). Kak npaBuio, ¢ TMHAMHUYECKUMH 00JIacTIMU
MaMSTH CBSI3aHbl MHOTHE OIEpalMK C YKa3aTelsIMU U C IK3eMIUIIpaMu 00bEKTOB (KJ1accoB) B 0OBEKTHO-
OpPUEHTUPOBAHHBIX fA3bIKaX MporpaMMmupoBaHus. IIpu ucmonb30BaHUM TUHAMUYECKUX 00JIacTell mamsTH
TOBOPST O OUHAMUYECKOM C843bl6anuu 00JACTH MaMATH U JIGKCUYECKOM eTUHUIBI BXOIHOTO SI3bIKA.

Jlunamuueckue o0nacTy MaMsTH, B CBOIO OY€pellb, MOXKHO pa3/IeUTh HA TUHAMUYECKHE 00JacTu
namsTH, BbIACNSEMbIE  MOJIb30BAaTENEM, U  JWHAMUYECKHE OOJacTH  IaMATH, BbIJENIIEMbIe
HEMOCPEJICTBEHHO KOMITHIIITOPOM.

JluHnamuueckue 00JIacTH MaMsTH, BbIIEIsIEMbIE MTOJIb30BaTEIeM, MOSBIISIOTCS B TEX CIIydasx, Koraa
pa3paboTUMK KCXOJHOM MPOrpaMMbl SIBHO HCHOJB3YeT B TEKCTE€ MPOrpaMMbl (DYHKIIMHU, CBSI3aHHBIC C
pacrpeielieHueM namsT (IPUMEPOM TakuX (PYHKIUH ABJISIOTCS New M Dispose B s3bike Pascal, malloc
U free B s3blke C, new U delete B si3pike C++ u apyrue). OyHKIMM pacrpefesieHuss NamMsITH MOTYT
UCIONB30BaTh OO0 Hampsmyio cpeactBa OC, nubo cpeicTBa MCXOTHOTO S3bIKa (KOTOpBIE, B KOHIIE
KOHIIOB, Bce paBHO ocHOBaHbl Ha cpeiactBax OC). B 3Tom ciiyuae 3a CBOEBPEMEHHOE BBIJCICHUE U
OCBOOOKJEHHE MaMATH OTBEYaeT caM pa3paboTuuK, a HEe KOMIWIATOp. KOoMOWISATOp AOMKEH TONBKO
MOCTPOUTH KOJI BBI30Ba COOTBETCTBYIOIIMX (YHKIIMI M COXpaHEHHUS pe3yabTaTa — B MPUHIUIE, IS HETO
paboTa ¢ JMHAMHYECKON MaMsThIO MOJIb30BATENsl HUYEM HE OTIMYaeTcs OT paboThl C JOOBIMU APYTUMU
(GYHKUIMSAMHI U JONOJHUTEIbHBIX CI0KHOCTEH HE BbI3bIBACT.

Jpyroe n1eno — nquHaMH4YecKre 00JacTy MaMsITH, BblIEIsieMble KOMIMIATOPOM. OHU MOSBIISIOTCS
TOT/a, KOIJa I0JIb30BaTelb HCIOJNb3YeT THIbI JAHHBIX, ONEpaldd HajJd KOTOPHIMU MPEANOoNaraioT
nepepacnpeiesiecHue MaMATH, HE NPUCYTCTBYIOIIEE B SBHOM BHJAE B TEKCTE€ HMCXOJHON IPOrpPAMMBI.
[IpumepamMu TakuX THUIIOB JAAHHBIX MOTYT CIYXUTh CTPOKHM B HEKOTOPBIX SI3bIKaX MPOTPAMMUPOBAHMS,
JUHAMUYECKHE MAacCHBBI M, KOHEYHO, MHOTHE OIEepalud HaJl SK3eMIUIIpaMH OO0BEKTOB (KJIaccoB) B
00BEKTHO-OPUEHTUPOBAHHBIX sI3bIKaxX (HanOoJee XapakTepHbIi MpUMep — THII IaHHBIX string B Borland
Delphi). B arom ciydae cam KOMIHISTOp OTBEYaeT 3a IOPOXKICHHE KOJAa, KOTOpPBIA OyneT Bceraa
o0ecreunBaTh CBOEBPEMEHHOE BbIJICNIEHUE MaMSTH 10/ 3JIEMEHTHI TPOrpaMMbl U 3a OCBOOOKICHUE €€ TI0
MEpPE UCIOJIb30BAHHUS.

Kak cratnueckue, Tak U AMHaAMUYECKUE O0JIACTH MaMATH CaMu IO cebe MOTYT OBITh INT00aIbHBIMU
VI JTIOKAJIbHBIMHU.

[TOPATIOK BbBITIOJIHEHUA PABOTDI

1. TlomyunTh BapuaHT 3aIaHMsl Y TIPETIOIaBATEIIS.

2. M3yunth anropuTM pacdera TpeOyemMoro oObeMa IaMATH Ui CTPYKTYp JaHHBIX BXOJTHOM
MPOTpaMMBbl, COOTBETCTBYIOIINX BapHUAHTY 3aJaHUSI.

3. OmpenenuTs, KaK 3aaHHAss KPATHOCTH PACIIPEICIICHHS ITAMSTH OyJICT BIIHSTH HA BBIJCIIIEMbIH 00beM
TIaMSITH.

4. Peanu3oBaTh aiIropuT™M pacuyera oObemMa TpeOyeMol maMsITH Ha OCHOBE pe3yJbTaTOB
CHHTaKCHUYECKOTO aHAJIN3a, TIOJIYYEHHBIX B XOJI€ BHITIOJHEHUS Ta00opaTOpHOH paboThl Ne§.

5. BbIMOMHHATH BpYYHYIO pacueT TpedyeMoro o0beMa maMsTh JJI1 BEIOPAaHHOTO MPOCTEUIIIEro IpuMepa.
[TpoBepUTH KOPPEKTHOCTH pe3yibTaTa.

6. IloAroTOBUTH U 3ALUTUTH OTYET.

Hanwucate u otnagute nporpamMmmy Ha DBM.

8. Cnatp paboTaroiyro mporpaMmmy Mpeno1aBaTelto.

~
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TPEBOBAHUA K O®OPMIJIEHUIO OTHETA

OT4eT JomKeH COACPIKATh CIICAYOIIHNEC Pa31CJIbI:

e 3amanue no JadbopaTopHOH padoTe.

e KpaTkoe u3li0KeHHe e paboThl.

e 3anuch 3aJIaHHON I'paMMaTHKH BXOJAHOTO si3bIka B popme bakyca-Haypa.

e Onucanue aaropuTMa pacueta 0obeMa namsTH JIJIsl CTPYKTYPbI TJaHHBIX, YKa3aHHOMN B 3aJJaHUH.

e [Ipumep BhINONHEHUS pacueTa 00beMa MaMsITH AJIsl IPOCTeHIIel BXOJHOM MporpaMMsl (110 BEIOOPY).

e Texkct nporpamMmbl (0HOPMITAETCS TOJIBKO MTPU HEOOXOAMMOCTH IO COTJIACOBAHUIO C MPEIOAaBaTEICM).
e BriBoabI 10 TIpoieIaHHOM paboTe

Jormyckaetcst ohOpMIISTh €IUHBIN (COBMECTHBIN ) OTUET /s Ta0bopaTOPHBIX padoT Ne8 u Ne9.

OCHOBHBIE KOHTPOJIBHBIE BOITPOCHI

Pacckaxxute 00 o01ieli CTpyKType KOMIMIATOpA.

Yro Takoe MOoAroToBKa K reHepalnuu o0beKTHOro kojga? Korza oHa BblnoHseTcs?

Yro takoe pacrpenesnenue namati? Kakyro posib OHO UIpaeT B Ipouecce KOMIUIAIMU?

JU1 KaKuX 37€MEHTOB BXOJHOM MPOrpaMMbl BBINIOJIHAETCS pacipeaesieHue namMsaTu?

Yro Takoe oTHOCUTENbHBIE aapeca? B kakoil MOMEHT U Kak OTHOCUTEJIbHBIE aJipeca IpeoOpas3yroTcs B

ajipeca BUpTyasibHble U (puzndyeckue?

6. Kakue Tunsl obnacteil namsTH ObIBAIOT B 3aBUCUMOCTH OT POJIM U criocoba pacrpenenenus? Kak onu

MOTYT COUeTaThCsl MEKAY co00it?

Yro Takoe JOKaJIbHAs U TI00aabHast MaMATh?

Kak pacnipenensercst naMsaTh Ui apryMEHTOB U JIOKAJIbHBIX IEPEMEHHBIX MIpoLeayp U QyHKIHH?

9. Yro Takoe nauMHAMHuecKas M cTaTHdeckas mnamsaTh? Kakue 0coOEHHOCTM MOXKHO YKa3aTh JUIs
JUHAMUYECKOHN MaMsTH, pacrpeensseMoil KOMIHIATOPOM?

10. IlpuBeauTe mpuMepsl JOKATbHBIX U II00ATBHBIX, CTATUYECKUX U JUHAMUYECKHUX 3JIEMEHTOB MaMsTH
Ha OCHOBE M3BECTHOr0 BaM si3bIka nporpaMMHUpOBaHUS.

11. Yro Takoe ckaispHble TUIBI JaHHBIX? OT Yero 3aBUCUT 00BbEM MaMATH, BBIIEIAEMON JUIsl CKAJIIPHBIX
THUIOB JaHHEIX?

12. Kak paccuuThIBaeTCst 00beM MaMATH JUIs CII0KHBIX CTPYKTYpP TaHHBIX?

13. Yto Takoe «KpaTHOCTb pacipeesieHus maMaTu»? J{i1st yero oHa UCHOIb3YeTCs U KaK BIMSET Ha 00beM
BBIJIEJIIEMON TaMSATH?

14. Kak BiusieT KpaTHOCTb pachpejeieHus MaMsiTH Ha o0beM NaMATu, TpeOyeMmol i pa3iuyHbIX
CTpYKTYyp nauHbIx? [IpuBenuTe npuMepsl.

15. Yro Takoe aucIuIel NaMaTH Ipoueypbl UiIu QyHKIHH?

16. PacckaxuTe 0 CTEKOBON OpraHU3aIMK JUCTIICs TaMSITH.

agprpwdE

o N

BAPUAHTEI 3ATAHUI

s BeIOTHEHUS Tab0OpaTOPHOM paboTH TpedyeTcss HamucaTh MPOrpaMMy, KOTopasi aHAIIU3UPYET
TEKCT BXO)IHOfI IIporpamMmal, CO)Iep)KaHII/Iﬁ OIMMMCAaHUSA TUIIOB AAHHBIX W IEPEMCHHEBIX, U PACCUHUTHLIBACT
o0beM mamsTH, TpeOyeMblid JJis pa3MelleHUs] BCeX MEePEeMEHHBIX, OMUMCAaHHBIX BO BXOJIHOM MporpaMme.
HHH aHaJin3a HCXO}IHOﬁ nporpamMmMbel  pCKOMCHAYETCA  HCIIOJIB30BaThb PE3YJIbTAaTbl BBINMOJIHCHUA
nabopaTopHo# paboThr Ne§.

Bce mepemeHHble B HCXOAHOW TMpOTpaMMe CUHMTAOTCS CTaTHYECKUMHU  TJIOOQIBHBIMU
NepEMEHHBIMH. Pe3ynbpTaToM paboThl MPOrpaMMbl SIBIISIETCSI 3HAYeHHE TpeOyeMoro oObeMa IMaMsTH B
OaiiTax ¢ ydeToM ()parMEeHTalMH MaMATH U 0e3 ydeTa ee (00beM MaMsITH JUIsl CKaJISIPHBIX THUIIOB JAHHBIX U
kKo duimeHT QparMeHTaUM MAOTCS B 3aJaHWM). TEKCT Ha BXOJHOM S3BIKE 3aJaeTCS B BHJC
CHMBOJILHOTO (TeKCTOBOTrO) (haitna. [IporpamMma foiKHA BBIZIABaTh COOOIIEHUS O HAJIUMYHE BO BXOTHOM
TEKCTE OIMNOOK, €CIT CTPYKTYpa BXOAHOH MPOrpaMMBbl HE COOTBETCTBYET 3a/IaHUIO.
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JnuHy wACHTU(GUKATOPOB M CTPOKOBBIX KOHCTAHT CYMTATh OTPAHUYCHHOW 32 CHMBOJAMHU.
[IporpaMma noKHa AONYCKAaTh HAIMYUME KOMMEHTAapHEB HEOTPAHMYEHHOHM JIMHBI BO BXOAHOM dailne.
®opmy opraHnuzaliii KOMMEHTapHeB MpeiaraeTcs BbIOpaTh CaMOCTOATEIBHO.
Bapuantsl 3agaHuii TOJHOCTBIO COOTBETCTBYIOT BapHaHTaM 3aJaHMil i J1abopaTOpHOU
paboThr Ne§.

JIABOPATOPHAS PABOTA Ne 10
PABPABOTKA IMPOCTEMUIIETO MPUJIOKEHUS
HA OCHOBE TEXHOJIOT'UM «KJIMEHT-CEPBEP»

Llenv pabomelr: 3yduTh OCHOBHBIC ITPUHIIMITBI B3aUMOJACHCTBHS MIPHIIOKEHUH, pa3pad0TaHHBIX B
APXUTEKTYpE «KIMCHT-CEPBEP», PEaM30BaTh MPOCTEHINECEe KIUSCHTCKOE MPHIIOKEHUE, OCYIIECTBIAIONSE
noctyn K 0asze naHHbIX 1o TexHonorun ODBC (wnu npyroil TeXHOJOTHU B3aMMOJCHCTBUS ¢ 0azaMu
JAHHBIX ), U3YYUTh OCHOBHBIE MPUHLUIIBI paboThl KineHTcKoro npuioxenus ¢ API ODBC u ¢ apyrumu
TEXHOJIOTUSIMH JIOCTYIIA K 0a3aM JIaHHBIX.

KPATKHUE TEOPETUYECKUE CBEJEHNA

MGTOI[BI opraHu3any pacripCaciICHHbIX BBIUMCIICHUM

PacnpocTpaneHue AMHAMHUYECKH 3arpyXaeMblX OHOJMOTEK U PECYpCOB IOJIb30BATEILCKOTO
uHTepdeiica mporpaMm MPUBEJIO K CUTYallMU, KOTJa IPUKIJIAHbIE IPOrPaMMbl CTAJIH MPEICTaBIATh COOOM
HE eIUHBIH MpOrpaMMHBI MOAYJb, a HaOOp B3aMMOCBS3aHHBIX KOMIOHEHTOB. Ilpuyem He Bce
KOMITIOHEHTHI CO3/JaBaJIUCh TEMH K€ Pa3pabOoTUMKaMH, 4TO U cama MpHKIagHas nporpamma. Hekoropsie
U3 HUX BXoawiu B coctaB OC, npyrue mOCTaBJISIMCh CTOPOHHUMH pa3paboTYMKaMM, KOTOPHIE OYEHb
Y4aCTO MOTJIM ObITh HUKAK HE CBSI3aHbI C pa3padOTUMKaMU MPUKIIAJHON MPOrpaMMBl.

[Tpu >TOM MOOYI0 MPUKIATHYIO HpOrpamMMy (IPUIIOKEHHE) MOXHO YCIOBHO DPAa3/IeUTh Ha YeThIpe
OCHOBHBIX YPOBHS 00paOOTKM JaHHBIX:

— TMOJIb30BATENbCKUI MHTep(eiic, OTBeHaromui 3a OTOOpakKeHHE IaHHBIX, IMpeJCTaBlIeHHE HUX
MIOJIb30BATENI0 U B3aUMOJICHCTBHE C HUM;

— OM3HEC-JIOTMKH, PeaTU3YIOIIUN CIEeHUaIU3UPOBAHHYIO JIOTUKY 0OpaOOTKM U NpeoOpa3oBaHUs
JAHHBIX, XapaKTEPHYIO U1 JaHHOM MPHUKIIAHON POrpaMMBbl;

— B/, oTBevaronuii 3a TUIIOBBIE ONEpaLUU MOIYYSHHS], XPAHEHUS, 3allIUThl U apXUBallUU JTaHHbIX,
paszieneHue 10CTyna K HUuM;

— (hailnoBeIX omepauui, oOecrneyuBaOIUMi pPabOTy MPHUKIAAHON NporpaMMmel ¢  (haidaoBoit
cucremoni OC.

Kaxnplii U3 3TUX ypoBHEH mpejacTaBiseT cOOOW JIOTMUECKH IENbHYI0 COCTaBJISIONIYI0 €TUHON
npuKiIaaHoil mporpammel. [Ipu pacnpeneneHHO 00pabOTKe MaHHBIX KaK[as COCTABISIONIAs MOXKET
BBITOJIHATHCS. OTHAENIBHO (TIPH YCIOBUHM COXPAaHEHHsI B3aMMOCBS3M MEXIY BCEMH COCTaBISIOLIMMHU). B
OPUHIUIE, KOKIbIH M3 ATUX YpPOBHEH MOXKHO Jajnee pa30UTh HAa MOAYPOBHM M MOJYYHUTH OOJIbILE
COCTaBJIAIOLINX, 00IIee YHCIO KOTOPHIX HUYEM NPUHIUIHAILHO He orpaHndeHo. Ho ¢ npyroit cTopoHsl,
BCE COCTaBJIAIOIINE JIFOOOH MPUKIIAJHON MPOrpaMMbl MOKHO pa3ZIeUTh BCErO Ha JIBE KPYIHbIE YaCTH.

[TepBass u3 HuX obOecneuyrMBaeT HIWKHHUHI YpOBeHb paOOThl NMPHIIOKEHUS, OTBEYAeT 3a METOJIb
XpaHEeHMs, PEe3epBUPOBAHM, JOCTyNa M pa3/eieHUs MaHHBIX. BTopas opraHusyer BepXHHMH ypOBEHb
paboThI MPHUIIOKEHUSI, BKIIOYAET JIOTUKY 00pabOTKU JaHHBIX U MHTepdeiic nonb3oBarend. [lepBas yacTb
o0ecrieynBaeT JBa HIKHUX YpOBHA 00paboTku maHHbIX. OHa, KaK MpPaBWIIO, MPEACTABISAET coO0i Habop
KOMIIOHEHT, Bxofsfmux B coctaB OC, MO0 CO3JaHHBIX KPYMHBIMH CTOPOHHUMH (pupmamu-
pa3paboTYMKaMu, HUKAaK HE CBSA3aHHBIMU C CO3JaHHEM IMPHUKJIAJHON mporpamMmbl. Bropas dwacTh
o0ecrieynBaeT pealu3alrio ABYX BEpPXHUX YypoBHEH o00paboTku naHHBIX. OHa BKIIOYaeT B ce0s
QITOPUTMBI, JIOTUKY U UHTEpdEiic Moab30BaTes, CO3/1aHHbIe pa3pab0oTYMKAMH MTPUKIATHON POTPAMMBI.
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Takum 00pa3oMm, CIIOKWIIOCH TOHSATHE NPUIIOKCHHUS, MOCTPOSHHOTO HA OCHOBE apXHTEKTYPHI
KIIMEeHT-cepBep. [lepBas 4acTh B 9TOW apXHUTEKType CTajda HOCUTh Ha3BaHHE CEpBEp NaHHBIX, a BTOpas —
KJIMCHT WU KIIMEHTCKOE MpriiokeHue. [Ipu 3ToM mepBast (cepBepHasi) 4acTh MPUIIOKECHUST 00CCIICUNBACT
00paboTKy aHHBIX Ha ypoBHE ¢aitoB u BJI. J[is paboThl €e KOMIIOHEHTOB 3a4acTyI0 TPeOyeTcs HAINIHe
BBICOKOTIPOU3BOIMTEIBHON BBIYMCIUTEIILHOW CHCTEMbl. Bropas (KIMEHTCKas) 4YacTh NPUIIOKCHUS,
nojiy4asi JaHHbIE OT cCepBepa MaHHbBIX, oOecreyrBaeT UX 00pabOTKy M OoTOOpakeHue B HWHTepderice
noip3oBarens. [lo KoMaHAaM KIMEHTCKOHW YacTH CepBEep JIaHHBIX BBIIOJHSACT KX J00aBIICHHE,
oOHOBIICHHE M yaaieHue. TpeOoBaHMs K BBIYMCIUTEIBHBIM pecypcam, HEOOXOIUMBIM ISl BBIIOJHEHUS
KOMITOHEHT BTOPOW 4aCTH, OOBIYHO CYIIECTBEHHO HHXKE, YeM IS TICPBOM.

Ha HavyampHOM »JTame pas3BUTHS apXUTEKTYphl KIHUEHT-CEPBEp IOCTYNl K JaHHBIM CcepBepa
OCYIIECTBIISUICS Ha YPOBHE (aifioB, a pa3zieieHue JocTyna K ¢aiiam odecrieunBaiock cpenctBamu OC.
CepBep IaHHBIX BBIMOJHSI TOJBKO MPUMUTHBHBIC IMPOIEAYPhl XPAHCHUS, KOMUPOBAHHS W 3alUTHI
(aiiyioB OT HECAaHKIIMOHUPOBAHHOTO JOCTyNa. Takue MPUIOKEHUS WHOTNAa HAa3bIBAIOT NMPUIIOKCHUSIMH,
MOCTPOCHHBIMH 110 TpHHOUIY "gaiin-cepBep”. B o0mem Buae cxema uX pabOThI MPEICTaBlcHA Ha
puc. 10.
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Puc. 10. Cxema gocTyna K JaHHBIM JAJIs1 IpUiiokeHui Tuna "daiin-cepsep”

BugHo, 4TO B 3TOM Cilydae cepBepHasl 4acTh BBINOJIHSET TOJBKO OAMH, CaMbli HUXHUI YPOBEHb
00pabOTKM JJaHHBIX, OCTAJIbHBIE YPOBHU peallu3yloTcs Ha KIMEHTCKON yacTH. [1o3ToMy npuinoxeHus Tuna
"(ailn-cepBep" MOXKHO TOJBKO BEChbMa YCIOBHO OTHECTH K MPHUIIOKEHUSM, IOCTPOCHHBIM B apXUTEKTYype
"kiaueHT-cepBep”. XOTs B HHUX MPHCYTCTBYeT CepBEpHas KOMIIOHEHTa, €€ (YHKIUH, B OCHOBHOM,
BoInonHsoTes B OC.

['maBHBIMHM HEZOCTaTKaMU MPUIIOKEHUH, TOCTPOESHHBIX 10 MPUHIMITY "daiin-cepsep", ABISAIOTCA:

— BBICOKash Harpy3ka Ha KJIMEHTCKYI0 4YacTh, M KakK CJEJICTBHE, BBICOKHE TpeOOBaHUSA K
BBIYHCIIUTENBHBIM PECYpPCaM KJIMEHTCKOM 4acTH;

— HEBO3MOXHOCTh 3((EKTUBHO pa3fAeauTh JOCTYH K JaHHBIM TpU HMX OJHOBPEMEHHOM
HCII0JIb30BAHNN HECKOJIbKUMHU T0JIb30BaTENSMU;

— HEBO3MOXHOCTb OpPraHM30BaTh 3alLUTy JaHHBIX MHAUE, Kak Ha ypoBHe aoctyna OC;

— BBICOKash Harpyska Ha ceThb Ui Iepenaud (ailioB, €ciu cepBep JaHHBIX M KIMEHTCKOEe
MPUIIOKEHHUE PadOTAIOT Ha Pa3HBIX KOMITBIOTEPAaX B COCTABE CETH.

Kak npaBuio, paspaborunku, cozgaroume 1O B apXuUTEKType KIMEHT-CepBEp, pa3paldaThIBAlOT
UMEHHO KJIHMEHTCKYI0 yacTb. Ho Torma ¢ oJHMM cepBepoM JaHHBIX paOOTalOT HECKOJBKO Pa3IMYHBIX
KIIMEHTCKUX MPUIOKEHUH (MHAaYe HET HUKAKOIo cMbIcia co3aaBaTh 110 B naHHONM apXUTEKTYype).

[Ipoie Bcero moJHOLIEHHOE NPUIIOKEHUE B APXUTEKTYypE KIMEHT-CEPBEP BO3MOXKHO IOJIYYUTH,
ecnu ucnonb3oBaTh b/ nist xpanenust nanubix 1 CYBJ] st noctyna k ganHeiM. Cxema paboThl TaKOToO
IIPWIOKEHUS IIpescTaBieHa Ha puc. 11.

3nech cepBepHas KOMIIOHEHTA peaiu3yeT JBa YPOBHSA 00paOOTKU NaHHBIX — (haiIoBbIe Onepauu
u pabory ¢ B/l. Bce QyHKIMM MO XpaHEHHIO [AHHBIX, JOCTYNY K HHM, 3aIIUTE M PE3EPBHOMY
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Puc. 11. Cxema goctyna K JaHHBIM JJIs1 IPUJIOKEHUN B apXUTEKTypE KIHEHT-CEPBEP

KOMUPOBAaHUIO JIaHHBIX B Takoil cxeme peanu3yer CYBJl Ha cepBepe. Takoit moaxon ocBOOOXKIaeT
KIIMEHTCKUE paboune MecTa OT peanu3aluu 3TuX (YHKIHUN U CHUXKaeT TpeboBaHus K HUM. KineHTckoe
NPUIOKEHHE He paboTaeT HemocpencTBeHHO C (aimamu M JaHHBIMH, oHO oOpamaercsi k CYBJ c
3arpocaMu Ha Mojxy4eHue (MPOCMOTpP) JAaHHBIX, UX AoOaBieHue, Moaudukanuio u ynaienue. [Ipu padore
cepBepa JaHHBIX M KIHMEHTCKOTO MPUJIOKEHHS Ha PA3HBIX KOMITBIOTEPAX B COCTABE CETU Yepe3 CeTh OyayT
nepenaBaTbcsi He Bce naHHble u3 bJl, a Tonmpko 3ampocel kineHta u otBeTbl CYDBJ[ Ha Hux. Takum
00pa3oMm, B apXUTEKType KIMEHT-CEpPBEP CHUKAETCS HArpy3Ka Ha ceTh IpU 0OMEHEe JaHHBIMHU.

Ob6menue c cepsepom CYBJl mpoucxoIuT Ha fA3bIKE CTPYKTypHUPOBaHHBIX 3ampocoB SQL
(Structured Query Language). ba3ossiii Habop si3bika cranmaptu3oBad ANSI. Camas pacrpocTpaHeHHast
penakiuss ANSI SQL92. SQL nmpeanasHaueH Ui MOCTPOCHHs 3aIPOCOB M MAHUIYISALUU JAHHBIMU U
CTPYKTYpaMH JaHHBIX. Y HEr0 HET HU MEPEMEHHBIX, HU METOK, HU IMKJIOB, HU BCETO MPOYETO, C YeM
NpUBBIK paboTaTh HOPMANbHBINA mporpamMmuct. Hamo dyetko mpeacraBnath cede, uto SQL oroBapuBaer
croco0 mepenayd JaHHBIX B KIMEHTCKYIO MpOrpaMMy, HO HHKaK HE OrOBapUBaeT TO, KaK JTH JaHHBIE
JOJIKHBI B KITMEHTCKOM MporpaMMe o0pabaThIBaThCs U MPEACTABISATHCS MOIb30BATEINIO.

EctecTBeHHO, uTO 0a30BBIN CTaHIAAPT HE MOXKET MPEAYCMOTPETh BCE MOTPEOHOCTH MOIB30BATENECH,
nodtromy MHorue ¢upmbel mnpousBoautenun CVYB]J] mpemmaraioT CcBOM COOCTBEHHBIE U YacTO
HenepeHocumble pacumpenns SQL. Hampumep, Oracle u IBM umeror coOGCTBEHHBIC pacHIMpEHHUs
oneparopa SELECT, kortopoe mno3Bosser 3¢p(eKTUBHO pa3BOpauyuBaThb B TOPU3OHTAIBHOE JIEPEBO
HepapXHUECKU YIOPsI0YeHHbIE NaHHble. KomnyecTBO pacuimpeHuii MOKET UCUUCIATHCS JeCATKAMU IS
cepBepa CYB/] oT onHO# pupmsl.

Texuomorus ODBC

OpnnuM 13 HanboJiee pacpPOCTPAHEHHBIX CPECTB, MO3BOJISIIOIMIMX YHU(DULIUPOBATH OPraHU3AIUIO
B3aumojeiictBus ¢ pasauunasiMd CYBJI, sBusercs wuutepdeiic ODBC. ODBC - Open Database
Connectivity sto untepdeiic goctymna k 6a3am mganusix B cpeae Windows. Jloctym k BJI ocyrectsisiercs
npu nomomu crnenuansHoro ODBC npaiiBepa, KOTOpeIM TpaHcaupyeT 3ampockl K bJl Ha s3bIK,
nojaepxkuBaeMbii KoHKpeTHoH CYB/I.

[nsa ycranoBnenuss coenuHenus ¢ b/l texnomormss ODBC wucnonesyer ODBC ppaiiBepsl u
VMCTOYHMKH JTAHHBIX, KOTOPBIE MO3BOJISIIOT HACTPOUTHCS HA CeaHC KOHKpeTHOro noib3oBarensd CYDB/I. [lns
ATOr0 MCTOYHUK COAEPNKHUT MMS TOJB30BaTENsl U €ro Mnapojib, a Takke, MpU HE0OXOIUMOCTH, APYTYIO
uHpopmanuto, Tpedyemyto g mnpucoenuHeHuss k CYBJl. ODBC npaiiBep mnpexacrasnsier co0oi
JUHAMHYECKH 3arpykaemylo OuOIMOTEeKy, KOTOpass MOXKET HCIOJIb30BAThCAd MPHIOKEHUEM JUIs
MOJYYEHHUS JOCTYIa K KOHKpeTHOMY cepBepy naHHbIX. Kaxaomy tuny CYB/I cootBercTByeT cBoit ODBC
JparBep.

B3aumopeiicteue knuentcko dactu [1O ¢ CYB]/[ ocymectBisieTcss mpu momomu Habopa
CHUCTEMHBIX BBI30BOB, KOTOPBIE BBIMOJHSAIOTCS MO OTHOLIEHUIO K MCTOYHUKY JAaHHBIX. VICTOYHUK IaHHBIX
B3auMojieicTByeT ¢ apaiiBepom ODBC, Tpancmupyer emy 3ampochl KJIMEHTA U TOJIy9aeT OTBETHI, a TOT B
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cBoto ouepenb oopamaercs k CYB/I. [Ipu nHeo6xonumoctu paborats ¢ Turiom CYBJ] noctaTodHo yKaszarh
npyroii Tumn ODBC npaiiBepa B HICTOYHUKE JTaHHBIX, IIPU TOM HE TpeOyeTCs] N3MEHSITh KIMEHTCKYIO YacTh
[10.

Takasi OByXCTyneHYaTass cXxeMa B3aHMMOJCIHCTBHUS KJIMEHTAa C CEpPBEPOM JIAaHHBIX OOeCHedHuBaeT
HE3aBHUCUMOCTh KJIMEHTCKOM yactu oT thuna CYBJl Ha cepBepe AaHHBIX, HO B I1E€JIOM CHHXKACT
3¢ pexTUBHOCTD PabOTHI MPUIOKEHHS], TOCKOJBKY 3alpOC, MOCIAaHHBIM KIMEHTOM, BaXIbl IMEepeaaeTcs
pa3iauuHbIM OuOiMoTekaM (YHKIMM Mpexae, YyeM IMomajeT Ha cepBep. Pemienue Bompoca o BbIOOpeE
crocoba B3aUMOJICHCTBHUSI C CEPBEPOM JIaHHBIX OCTAaeTCs 3a pa3paboT4uKoM KineHTCKoil dactu 110 u
3aBHCUT OT MPEABSBISAEMBIX K HEMY TpeOOBaHUIA.

ODBC peamusyet unrepdeiic moctymna k pasapiM SQL coBMecTUMBIM 0a3aM JTaHHBIX.

Knuent

|
ODBC

|
Hucneruep npaiisepo ODBC

|
npatisep b/1

|

b

Wnes 3axiroyaercs B TOM, YTO HMPUIIOKCHHUE MOXKET IMOJIydaTh JIOCTYI K COBEPIICHHO pa3HbIM
0a3aM NaHHBIX, HE MeHssA Ipu 3ToM Koi. CxeMa B3auMoOAeWcTBUS MpuiiokeHus ¢ snementamu ODBC
MpecTaBiIeHa Ha puc. 12.

IIpunoxenue

Oracle MS SQL DBase

1
1
1
1
I Menemxep npaiBEPOB
1
1
1
: driver Server driver driver

I ! I I

1 Data : 1 Data :

: source | : source |

, - . | N I Jlanubie
I I I 1 (BD)
| ¥ ! I y !

I 1 I 1

I ! I I

1 | 1 |

I JlanHBIE 1 1 JlaHHBIC 1

N 1 N 31 VI
Lo —- ! Lo —- !

Puc. 12. BzaumoneticteBue ODBC ¢ pa3nu4HbIMA MCTOYHUKAMH

ApxutexTypa, o koropoit crpoutcst ODBC, nerko HapamuBaemas. J[ist toGaBieHuss HOBOTO TUIIA
b/l Hy’KHO NUIIb HATKUCATh APAUBEP U 3aPErUCTPUPOBATH €TO.
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OcHoBHble npeumytiectsa ODBC:

e API ¢yukuuu omxuHakoBble W He 3aBHCAT OT mocrasimmka. (APl - Application Programming

Interface, wunTepdeiic npUKIATHON HPOrpaMMbl, IOCPEIACTBOM KOTOPOIO IPHIIOKECHHE
MOJy4yaeT JOCTYIl K OINEpPAallMOHHOM cucTeMe M JpyruMm cepBucaM. KcrnomnwszoBanue API
MO3BOJISIET OJMHAKOBBIM OOPa30M OCYLIECTBIATh 00pabOTKy (hailyioB, BBIBOJI Ha IMPHUHTED,
nepeaayy cooOIIEHUH U BBIMOJIHEHUE IPYTUX ONepaluii).

e SQL omeparopsl MOryT OBITh CrE€HEPHUpPOBAHbI Ha JIO0OM CTaguu NMpU KOMIWIALMU WU

BBINOJIHEHUH.

e JlaHHBIE IPUHUMAIOTCS B IPOrpaMMy B €IMHOM (hopMmare.

Odusuueckn ODBC npencrasiser coboii Habop auHamuueckux 6udaunorex (DLL — Dynamic Link
Library), koTopsie 00CITyXHMBAIOT MOJKIIOYCHHE M PadOTy ¢ KOHKPETHBIM THIIOM 0a3bl AaHHbIX. [Ipu
3ampoce Ha MOAKIIOUEHUE K OMpe/eICHHOM, 3apaHee ONMMCAaHHOW 0a3e "akTUBHU3UpPYETCA' OINpeseieHHAs
DLL - npaiiep storo tuna bJI. O6paiienue k onpeaenceHHON 0a3e AaHHBIX MPOUCXOJUT MO UMEHM TaK
Ha3biBaeMoro ucrtoudnka gaHnHelx ODBC uian DSN.

DSN - Data Source Name - umenoBanublii ncTouHHK gaHHbIX ODBC. HMcTouHUMK maHHBIX
COJICPKUT JJaHHbIE U CBEAEHUS O MOJKIIOYEHUH, HEOOXOJUMBbIE JUIs JlocTyna K AaHHbIM. Ilpumepamu
HUCTOYHHMKOB JAHHBIX MOTYT CIyKUTh 0Oa3el manHbix Microsoft Access, Microsoft SQL Server,
3JIEKTpOHHAs TabauLa U TeKcToBbIN (aiin. K mpumepam cBefieHHH 0 MOJIKIIOYEHUH OTHOCSTCS: Mallka Ha
cepBepe, UMs 0a3bl JJaHHBIX, CETEBOE MM, IapoJib, a TaKXKe passinyHble mapamerpsl apaiisepa ODBC,
OIKCHIBAIOIIME CIIOCOO MOJKIIOUEHUS K MCTOUHUKY JAHHBIX.

Jucnerdep ucnoib3dyeT MH(OpMauio, cBsi3aHHyl0 ¢ uMmeHeM Uit jgoctyna k BJ[. C umenem
CBsi3aHa cienyrolas HHGopMarus:

e MecToHAaxX0XACHNUE;

e Tun npaiiBepa;

e Jlpyrue o0si3aTesibHbIE TApaMETPBHI.
MoxHo npeactaButb DSN kak cBoero poaa o0bsaBienue bJ] Ha jaHHOM KOoMIbIOTEpE.
CymectByet Tpu THna umes DSN:

e Jlonp30BaTeNbCKUM,

o CHCTEeMHBII;

e DailJIOBBIN.

B nepBom ciyyae uH@opmanus xpaHutcs B peectpe Windows U mpuBsizZaHa K KOHKPETHOMY
nojbp3oBarento  (T.e. HaxoauTcss B 00JacTH  BHJUMOCTH  TOJBKO  OJHOTO  IOJIB30BAaTENs
HKEY_CURRENT_USER\Software\ODBC\ODBC.INI). Bo BropoM ciy4yae K KOHKPETHOMY
KOMIBIOTEPY M KaXAbIl  MOnb30BaTeNb ~ MMEET  JIOCTyl K JIaHHOMY  HUCTOYHHKY
(HKEY_LOCAL_MACHINE\Software\ODBC\ODBC.INI). B mociennem ciy4ae nadopmanus XpaHuTCs
B (paiiie, yTo oberdyaeT MepeHoc MPOEKTa ¢ KOMIbIOTEpa Ha KOMITBIOTEP. DTO MPOCTO TEKCTOBBIN (ailn ¢
pacmmpenueM *.dsn, oosrano B nanke C:\Program Files\Common Files\ODBC\Data Sources.

[lepBble 1Ba THMAa MCTOYHUKOB JaHHBIX OCOOCHHO MOJE3HBI, KOrja TpeOyercss oOecredyuTh
JIOTIOJTHUTENBHYIO 3alllUTY, MOCKOJIbKY, TAaKUM 00pa3oM, rapaHTUPYETCs, YTO UCTOYHHK JaHHBIX MOXKET
IPOCMATPUBATHCS TOJBKO 3apETMCTPUPOBAHHBIMH I10JIb30BATENISIMU M HE MOXET OBITh CKOIMPOBaH
yJaJICHHBIM T10JIb30BaTENIEM Ha JPyroi KOMIIBIOTED.

VYnpasnenne ucrounukamu aanHeix ODBC (na u BooOmie Hactpoiikoit Bceit cuctembl ODBC)
OCYIIECTBIISIETCS ¢ TOMOLIBIO crienuanbHoi nporpammsl - ODBC-agmunuctpatopa. B Windows 9x - ato
ucnonHseMbiid aitn odbcad32.exe, koTopsbIid nekuT B Katagore Windows\System. 3amyckaTh €ro MOXKHO
Hanpsmyto, ubo uepe3 [lanens ympaenenus (3Hadok "Mcrounuku panaeix ODBC (32-6uTt)"). B
Windows 2000, XP - wucnonnsiembiii daiin odbcad32.exe nexut B karamore WinNT\System32, a
3armyckath ero MoxkHo uepe3 [lanens ympaBneHus -> AJMUHUCTpHpOBaHHE -> VICTOYHHMKM JTaHHBIX
ODBC.
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Texuonornu OLE DB u ADO

Texuomoruu OLEDB wu ADO Obumm  co3manbl  kommanueir  Microsoft u  momyunim
pacripoctpanenue B cpeae OC tuma Windows. OCHOBOM /ISl UX CO3/IaHHS, B CBOIO OUEpPE/lb, HOCITYKUIIA
texHosnoruss OLE (Object Linking and Embedding — cBsi3biBaHue u BHeApeHUE OOBEKTOB), KOTOpPast
HepBOHAYAILHO co3laBaiiack 1 pasBuBaiack B OC Tuma Windows uis oOecriedeHus] B3aUMOCBSI3H MEXTY
NPUKIAJHBIMUA TIpOorpaMMamMu (B MEPBYIO O4epelb — JUIS CBSI3M MEKAY co00il mpuinokeHuin Microsoft
Office). Ilocne Toro, xak B ocHoBy OLE Obuta monoskeHa mpuHIMNuanbHO HoBas TexHojdorus COM
(Component Object Model — Mojaens MHOTOKOMIOHEHTHBIX OOBEKTOB), CTAJO BO3MOXHBIM
ucnonb3oBatsk OLE 11st cBsA3H TH0OBIX THIIOB IPOTPAMM.

B pesynbrate npumenenust texnonoruu OLE k pemeHuro 3amaun opraHu3anii B3auMOACHCTBHS
KJIMCHTCKOM U CEepBEPHON yacTeil mpuiioxeHus Oblia mojydeHa Hosas TexHosorus — OLE DB (OLE for
DataBases — OLE st 6a3 naHHBIX).

C Touku 3penusi Microsoft, OLE DB mpezcraBisier co0OH CIEIYIONIYIO CTYICHb Pa3BHTHUS
texHojgorun ODBC. O6e TexHonoruu oOpa3ylOT OTHOCUTENIBHO HE3aBHCHMBIN IMPOTrPAMMHBIN CIIOH,
UCTIONB3YIOMIMNA OJHOTHITHBIE HHTep(eichl MpuKiaaHbX mporpamMMm (API) mist qocTyma k pa3HeIM THTIAM
CYB/l. Ux paborta obecrieunBaeTcsi MPOrpaMMHBIMHA MOJYJISIMH, KOTOPBIE YUUTBHIBAIOT CIICIU(PUIECKUE
ocobenHocty kaxnoil CYB/l. B OLE DB nonHoCThIO peanu3oBaH NPUHLKII YHUBEPCAIBHOTO JIOCTyMa K
pasnotunaeiM  CYBJl. HawmbGonpmue pazmuumst texnonmormii ODBC u OLE DB mnposiBisitorcst B
MCIIOJIb30BAaHUU HEKOTOPBIX OCHOBHBIX TEPMUHOB M B OKPYXAIOIIEM KOHTEKCTE.

Texunonorust ADO pomunacek B pesynbrare oobenuHenuss OLE DB ¢ eme oqHOM TEXHOJIOTHEH,
coznanHoii Microsoft —ActiveX. Orcromga mpoucxoaut u HasBanue texunojsorun ADO — ActiveX Data
Object (00BekTHI nanHbIX ActiveX).

C TOYKM 3peHHs pa3paboTUNKa KIMEHTCKOW YaCTH MPUIIOKEHUS B apXUTEKTYpe «KIHEHT-CEPBEP»
ADO mpencrasinsieT co0oii TpUKIAAHON 00BeKTHBIN HHTEpdelic Oonee Bricokoro yposHs, yem OLE DB.
Ortor uHTepdeiic ympomaer goctyn k cpeactBam OLE DB pazpaborumkam, HCHONMB3YIOMIUM SI3BIKA
BBICOKOTO YpOBHs. B HacTosimiee Bpems pa3pabOTYMK ITHX TEXHOJOrMi — kommanus Microsoft —
BBIITYCTHIIA YK€ HECKOIBKO Bepcuii onbimmoTexk ADO 1 npoomkaeT pa3BuBaTh 3Ty TEXHOJIOTHIO.

OpnHako pa3BUTHE ATUX TEXHOJIOTUN OIpaHUYEHO, MPEXK]IE BCErO, TEM, YTO OHU OPUEHTHPOBAHHI B
OCHOBHOM TOJIbKO Ha BBIYHMCIIMTEIBHBIC CHUCTEMbI, mocTpoeHHble Ha 0aze OC tuma Windows. U xors
noseisitores Bepcun ADO s apyrux TamoB OC, mepeHOCHMOCTh MPUIIOKEHHUH, CO3TaHHBIX HA OCHOBE
9TOM TEXHOJIOTHH, Ha BEIYUCIUTEIILHBIE CHCTEMBI, He ucnob3yiomme Windows, ocraercst mpoOieMoi.

CnocoObl opraHu3alluy B3aWMOJEWCTBUS KIMEHTCKOM M CepBEpHOM 4YacTed NpUIIOKEHUH Ha
OCHOBE apXUTEKTYphbl «KJIMEHT-CEPBEP» HE OIPAaHUYMBAIOTCS TOJBKO MEPEYUCIEHHBIMU TEXHOJIOTHSIMHU.
CloXHO Jaxe MEepeYucInTh MX BCE B paMKaxX JaHHOTO y4eOHOro mocooOws, a TeM Oojee moapoOHO

omucars. bonee moapoOHO 006 OpraHU3alMU MPHIOKEHUH Ha OCHOBE ApXHMTEKTYPBI «KIIMEHT-CEPBEP
MOYKHO y3HaTh B [2, 19, 26, 28, 29, 31, 35].

[Tonnepxka Texnonoruil nocryna k CYB/] B cucremax mporpaMMUpOBaHUs

[TosiBnieHMe M pa3BUTHE DPA3NIMUYHBIX TEXHOJIOTMM 0OCTyNa KIMEHTCKOW YacTH INPUIOKEHHH K
cepBepy JaHHbBIX HE OCTaIOCh 0e3 BHUMaHUS pa3pabOTYMKOB CUCTEM IPOTrpaMMHUPOBaHUs (OCOOEHHO eciu
y4eCTh, UTO TaKUe CO3JIAaTeIH HOBBIX TEXHOJIOTHI, KaKk KommaHus Microsoft, siBIstoTcs OqHOBpEMEHHO U
pa3paboOTYMKaMU CUCTEM IporpammupoBaHusi). [loaToMy Ha pBIHKE CHUCTEM MPOrPaMMHPOBAHUS
MOSIBUJIUCH CHUCTEMBI, MOJAEPKUBAIOIINME OCHOBHBIE CYILECTBYIOLIME TEXHOJOIMM IOCTYyNAa KJIMEHTa K
cepBepPY NAHHBIX.

Ecnu pa3paboTuuk KIMEHTCKOW YacTH NPUIIOKEHHS OCTAHABIMBAET CBOW BHIOOp HA OJHOW W3
CYIIECTBYIOIIMX CTAaHAAPTHBIX TEXHOJOTHWH, TO B 3TOM Cllydae OH HE TOJIbKO HM30eraer 3aBHCHMOCTH
co3naBaemoro mnpuiokeHust or tuna CYBJl, HO M moiy4aeT BO3MOXKHOCTH BbIOOpa Cpeaul CHUCTEM
IPOTPaMMHUPOBAHUS, JOCTYIHBIX HA PBIHKE. JTO OOYCIOBIEHO TEM, YTO MPAKTHYECKH BCE COBPEMEHHBIE
CHCTEMBI MPOrPaMMHPOBAHUS IMOJCPKUBAIOT TAaKUE pacrpocTpaHeHHble TexHosoruu kak ODBC wmm
ADO u npenocTaBisioT pa3pabOTYMKAM HMHCTPYMEHTHl M OMOIMOTEKH, CHUXKAIOUINE TPYI0EMKOCTb
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CO3JaHUsl KJIMEHTOB Ha OCHOBE TAaKHWX TEXHOJIOrMi. B panpHeieM BO3MOXHOCTH CO3/IaHHOTO
NPWIOKEHUs OYyAyT OTpaHUMYEHbl TOJIBKO BO3MOXXKHOCTSIMH BBIODAHHON TEXHOJIOTHUHU: HAaIpUMED,
texHojoruss ADO wumeer mMpoKkue BO3MOXKHOCTH, HO €€ NPUMEHEHHE OrPaHHYEHO TOJBKO
BBIYHMCITUTEIILHBIME CHCTEMaMHU, TOCTpoeHHbIMU Ha 6a3e OC tuma Windows.

Takum o00pa3oM, BbIOMpasi CTaHAAPTHYIO TEXHOJIOTHUIO, pPa3pabOTYHMK IMOJIy4aeT BBIMIPHIII B
BbIOOpe CYB/I u cpeacts pa3paboTKU, HO MPOUTPHIBAET B MPOU3BOAUTEIHHOCTH, TaK KaK YHUBEPCAIbHBIC
metoabl foctyna Kk CYBJl menee a3 dekTHBHBI, 4eM CrieluaaIn3upOBaHHbIE.

Ecnu xe pa3paboTuuK KIMEHTCKOM 4acTH MPHIJIOKEHHUS BbIOEpET Ui B3aUMOCBSI3H C CEPBEPOM
JIAHHBIX CIEHHUAIM3UPOBAHHYIO TEXHOJOTHUIO, OPUEHTUPOBAHHYIO Ha omnpexaeneHHbld Tun CYB/l, To oH,
0e3yCJI0BHO, MOJY4UT Ooyiee BBICOKYIO CKOPOCTh OOMEHa JAHHBIMH MEXAY CEPBEpPOM U KIHEHTOM.
OnHako B ATOM ciiydae OH OyneT orpanudeH U B BbiOope tuma CYBJI, u B BEIOOpE CpeacTB pa3pabOTKH.
IlepBoe yTBepKI€HHE OYEBUAHO, TaK KaK CIELHAJIU3UPOBAHHBIM METOJ JOCTylla OPUEHTHUPOBAH Ha
onpenenenubii Tun CYB/] (a 3auactyro — u Ha omnpexaenennyto Bepcuto CYBJI). Bropoe yrBepxkaeHue
OCHOBaHO Ha TOM, 4YTO CHEIUaIW3UpOBaHHBIe MeToabl aoctyna kK CVYBJ[ nubo coBcem He
MNOJNJCPKUBAIOTCA CHUCTEMaMH MPOrpaMMHUPOBAaHUSA OT JAPYTUX MPOU3BOAMUTENEH, JHUOO0 HMEIT
OTpaHUYEHHBIE MHCTPYMEHTHI MOJAJEPKKH, CHIbKaromue >PQPeKTUBHOCTh pa3paboTku. B aToM ciyuae
Jy4Ille BCETrO HCIOJIb30BATh CUCTEMY MPOrPAMMHUPOBAHMS, CO3JAHHYIO TEM K€ MPOU3BOAUTENIEM, UYTO U
CYB/l (B Hacrosimiee Bpems Beaymue npousoautenu CYB/] npeqnaratoT 1 cBou CpeacTB pa3padOTKH).

Boemrpeimn B 3¢ ¢deKTUBHOCTH JOCTyma KIUEHTa K CepBepy MaHHBIX MPH HCHOJIB30BaHUU
CHEIMAIN3UPOBAHHBIX METOIOB OOYCJIOBIIEH €IlIe OJHIUM HEMaJIOBaXXHBIM (DaKTOPOM: BCE MPOU3BOIUTEIH
CYBJl 3aumHTepecoBaHbl B CO3/IaHUU KaK MOXKHO OOJBIIEr0 KOJIMYECTBA KIMEHTCKHUX MPUIOKEHHH,
opueHTHpoBaHHbIX MMeHHO Ha ux CVYB/I. [losTomy Bce mnone3Hble sl KJIMEHTOB HOBOBBEICHUS
MOSIBIISIFOTCS. B MEPBYIO0 OYEPElb MMEHHO B CIELUAIM3UPOBAHHBIX CPEJICTBAX JOCTYNA U TOJBKO IOTOM
y)Ke, €cli 3TO BO3MOXKHO, IMEPEHOCATCS B CpPEICTBA OOECHEeUMBAIONIUE TMOACPKKY CTaHAAPTHBIX
TEXHOJIOTHHM.

Kaxxnp1ii U3 ONMCAHHBIX MyTEH CO3/1aHUSI KIMEHTCKOTO TMPUJIOKEHHUS B aApXUTEKTYpPE «KIUEHT-
cepBep» HE IUIIEH CBOUX MPEHMYIIECTB M HEIOCTaTKOB. BBIOOp OIHOTO W3 HHUX OCTaeTcs 3a
pa3paboTUYMKOM U 3aBUCHUT OT T€X YCIOBHH, /ISl KOTOPBIX CO3JAETCs TO WU HHOE IPUIIOKEHUE.

[IpoOnemMbl 1 HEIOCTATKHU APXUTEKTYPbI «KIUEHT-CEPBEP»

[lpunoxeHus, CO3JaHHBIE HA OCHOBE AapXHTEKTYPhl «KJIHMEHT-CEPBEP», TIONYUWIN  PsI
MPEUMYIIECTB TI0 CPABHEHUIO C MPUIIOKECHUSIMH, HE MCIOIB3YIONUMHE PACTIPEICICHHBIX BBIYUCICHHM, a
TaKXe MPUIIOKESHUSIMH, CO3TaHHBIMUA Ha OCHOBE apXUTEKTYpHI «aiti-cepBep». ToT (akt, 9To OCHOBHEIE
NPOM3BOJIUTENIM CHCTEM TIPOTPAMMHUPOBAHMS BKIIOYWIA B CBOM CHUCTEMBI CPEICTBA IOIICPKKH
pa3pabOTKN TIPWIOKEHUH B JTOH apXUTEKType, OOYCIOBWJI WIMPOKOE pPACIpPOCTPAHEHHE TaKHX
NPUJIOKESHUN Ha PHIHKE TIPOTPAMMHBIX CPEJICTB.

B 1O xe Bpems, cama mo ce0e apXUTEKTypa «KIMEHT-CEpBEp» HE JIHIICHa HEKOTOPHIX
HEJIOCTaTKOB:

e (QyHKUIMU yHpaBlIeHUS JaHHBIMU BO3JIOJKEHBI Ha CEpBEp JaHHBIX, HO 00paboTKa AAaHHBIX (MPUKJIAJAHAS
JIOTHKA WM OM3HEC-JIOTHKA) MO-TIPEKHEMY BBITIOIHSIETCS! KIIMEHTAMH, YTO HE TTO3BOJISIET CYIIECTBEHHO
CHHU3UTHh TPeOOBAaHWS K HUM, €CIIM JIOTUKA TPWIOKEHHUS TPETyCMaTpUBAET JOCTATOYHO CJIOXKHBIE
MaHHITYJISIITIH C TaHHBIMU;

® 1Ipu HEOOXOJMMOCTH H3MEHHUTH WIIH JIOTIONTHUATH JIOTHKY 00pa0OTKH JaHHBIX HEOOXOAMMO BBITOIHUTH
OOHOBJICHHE KIMEHTCKUX NPUJIOKEHHH Ha BCEX Pa0OYMX MECTaxX, YTO MOKET OBITh JOCTAaTOYHO
TPYIIOEMKO;

e cClM HEOOXOAUMO WM3MEHHUTHh TOJBKO BHENTHWUW BUI HHTepdeiica moap3oBarens (0TOOpakeHHe
JIAaHHBIX), HO OCTaBUTh HEM3MEHHOW JIOTUKY OOpaOOTKH MAaHHBIX, MPU ATOM dYalle BCEro TpeOyeTcs
3aHOBO CO3[]aTh M YCTAHOBUTH Ha pabo4yeM MecTe HOBBIM BapUaHT KJIMEHTCKOW YacTU CUCTEMBI;
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® TpH WCHOJb30BAaHWKM MoOITHOW mnpoMmbinuieHHOH CVYBJ[ TpeOyercs HanuumMe JWIEH3WH Ha
noakmoueHne k CYBJ] mms kaxmoro pabouero mecra, TJ€ YCTaHOBJIGHA KIMEHTCKas YacThb
MIPOrpaMMHOTO 00€CTICUCHUS.
Hanuume XpaHUMBIX TpoOLEAyp M APYTHX MOIIHBIX CPEJACTB, PACIIUPSIONIMX BO3MOXKHOCTH
CEPBEPOB JIAaHHBIX, TO3BOJISIET TIEPEHECTH HA HUX TAK K€ M 3HAYUTEIBHYIO JOTI0 (PYHKIUN TPHUKIaTHON
JIOTUKU. DTO HECKOJIBKO HUBEIUPYET OOJBIIMHCTBO YKAa3aHHBIX HEIOCTATKOB aAPXHTEKTYPhl «KJIUEHT-
CepBEP», HO HE MO3BOJISET MOJHOCTHIO H30aBUTCS OT HUX 1O CIACAYIOIUM IPUINHAM |
e BHyrpeHnHue s3biku CYB/I, ucnonp3yemple sl CO3AaHUS XPaHUMBIX TPOLEIYpP U APYTUX MOJAOOHBIX
CPENICTB, XOTSI U CPaBHUMBI B HACTOAIIEE BPEMs 10 CBOMM BO3MOXHOCTSIM C SI3bIKAMH COBPEMEHHBIX
CHUCTEM MPOTrPaMMHPOBAHHUS, HO BCE ke yCTYyMalOT UM — TOITOMY HE BCe (DYHKIIMH MPHUKIATHON
JIOTUKHU MOTYT OBITh peaM30BaHbl HA CEPBEPE IAHHBIX CTOJb ke d(PPEKTUBHO, KaK HA KIIUCHTE;

® XpaHHUMBbIC MPONEAYPHI, TpUrTepsl U apyrue cpeacrsa CYB/l, co3manHble Ha €€ BHYTPEHHEM S3BIKE,
nociie MpeIBapUTENIbHON KOMIWISIIMK COXpaHstoTcss Bo BHyTpeHHeM kojne CYBJ[ (Ho He B

MalIMHHBIX KOJIaX), a BO BpeMms wucnoiHenus wunrepnperupytorcss CYBJ[ — mnosromy oHu
MPOUTPHIBAIOT B MPOHU3BOAUTEIBLHOCTH PE3YIbTUPYIONIUM MporpamMmamM, CO3ZAHHBIM B MaIIMHHBIX
KOZax.

[Tpu pazpaboTke MPUIOKEHUI B apXUTEKTYpe «KIHEHT-CEPBEP» BOBCE HE CIEAYET CTPEMHUTHCS BCE
GyHKIMHM TPUKIAJAHON JIOTUKM BO3JIOKUTH Ha cepBep AaHHbIX. Crnemyer momuHuth, uto CVYBJ]
MHTEPIIPETUPYET KO/, a TOTOMY CEepBEpy Bceraa noTpedyeTcs 60blle pecypcoB Ui BHIIIOJIHEHUS TEX Ke
GyHKIMI, KOTOphIE HA KIIMEHTE BBIMOJIHAIOTCS B MAlIMHHBIX KoAax. PazymHoe pacnpenenenue GpyHKuun
MEXy KIMEHTCKOW M CEpBEPHON YaCThIO MPHJIOKEHUS 3aBUCUT OT MHOTUX (aKTOPOB, B TOM YHCIE OT
KOJIMYECTBA KJIMEHTOB, MOIIHOCTH KJIMEHTCKUX M CEPBEPHOTO KOMITBIOTEPOB H JIp.

Eme omHMM cpencTBOM, KOTOPOE MOXKET PACIIMPUTh BO3MOXKHOCTH MPHIIOKEHHH, TOCTPOSHHBIX
Ha OCHOBE AapXUTEKTYpbl «KIHUEHT-CEPBEP», SBISIETCS HCIOIb30BAHME TEPMHUHAIBHOIO JOCTyNa B
COYETaHUHM C BO3MOXKHOCTSIMH 3TOM apXUTEKTYypbl. B 3TOM cilydae KOMIBIOTEP-KJIMEHT, HA KOTOPOM
BBITIOJIHSIETCS] KJIIMEHTCKAsl YacTh MPHUJIOKEHUS, OJJHOBPEMEHHO CTAHOBUTCS TEPMHUHAIBHBIM CEPBEPOM, K
KOTOPOMY MOTYT TOJKIIOYATbCS KOMIBIOTEPbI-TEpMHHANIBI. Torga BCs JIOTHKAa OpraHU3alUU
MOJIb30BATEIBCKOTO HHTepdeiica BBIMOIHACTCS KOMIBIOTEpAMU-TEPMHUHATIAMH, TPHUKJIaJHAs JIOTHKA
MIPUIIOKEHHUS BBIMONTHIETCS HA TEPMUHAIILHOM cepBepe (KOTOPBI OJTHOBPEMEHHO SBIISETCS KIMEHTOM), a
Joruka oO0pabOTKHM NaHHBIX U (DaliJioBBIE OMEpaIii BBIMOIHSIOTCS Ha cepBepe NaHHBIX. [lockombky
KIIUEHTOB MOXET OBITh HECKOIBKO, TO M TEPMHHAIBHBIX CEPBEPOB B TAaKOH CTPYKType MOXKET OBITh
HecKosbko. Toraa mosib3oBaTenh KOMIBIOTEpAa-TEPMHUHANIA JTUOO TMOJKIIOYAeTCS TOJIBKO K 33aJaHHOMY
TePMHUHAIILHOMY CEpBEpY, JIMOO MMeeT BO3MOKHOCTh BHIOpaTh OJAMH M3 JIOCTYMHBIX TEPMHHAIBHBIX
CEpBEPOB 7151 MOAKITIOYEHUS.

[TOPATIOK BbBITIOJIHEHUA PABOTDI

1. TlomyuuTs BapHaHT 3aJlaHUs y IPEMOAaBaTENS.

2. Paspabotars ctpykTypy B/l B COOTBETCTBHU € TIOJTYYEHHBIM 33/IaHUEM, BEIOPATh THIT UCTIONB3YEeMON
CVYB/] (1o cornacoBaHUIO € MPEMOIaBaTEIIEM).

3. Cozmate B/l B cooTBeTcTBHM ¢ pa3zpaboTaHHOW cTpykTypoil. [Ipm HeoOXoamMocTh peamn3oBaTth
XpaHUMBIE MPOLIETyPhl, TPUTTEPHI U APYTHe cpeicTBa 00pabOTKU JaHHBIX Ha CEpBEpE.

4. V3yuuTh NPUHIUIIBI TOCTPOCHUS MPUIIOKEHUN Ha OCHOBE apXUTEKTYphl «KJIMEHT-cepBep». BoiOpaTh
TEXHOJIOTHUIO JJI B3aUMOJIEHCTBUS C CEPBEPHOI YaCThIO.

5. BriOpath cucremy nporpaMMUpOBaHUs g pa3paOOTKU KIMEHTCKOW dYacTh NpHIIOKeHus (1o
COIVIACOBAHUIO C MPENOAABATEIIEM ).

6. Hcrmonp3ys BBIOpAaHHYIO TEXHOJOTHIO B3aWMMOJICHCTBHSI C CEPBEPHOM YacThlO, C TIOMOIIBIO
BbIOPAHHON CUCTEMBI IPOrPaMMUPOBAHUS pa3paboTaTh KIUEHTCKYIO YaCTh MPHIIOKEHUS.

7. Hamucarp u oTi1anuTh nporpamMmmy Ha DBM.

[ToArOoTOBUTH U 3aIUIUTUTH OTYET.

9. IIpomemMoHCTpHpOBATH pa3pabOTaAHHOE MPUIIOKEHHUE IIPENIOJABATENIO.

o



14.

15.
16.

-79 -
TPEBOBAHUA K O®OPMIJIEHUIO OTHETA

Otuet no nabopaTopHOit paboTe JOHKEH COAEPHKAThH CIEAYIONIUE pa3aebl:
Kpartkoe u3noxxenue neian paboThI.
3anmanue no 1abopaTopHOil padoTe.
Cxemy opranm3anuu bJl (B/] nomkHa conepkaTh HE MEHEE TPEX B3aWMOCBS3aHHBIX TAOJIHIT).
Onucanue BRIOPaHHOM TEXHOJIOTUU B3aUMOACHCTBHS KIIMEHTCKOW U CEpBEPHON YacTel IPHUIIOKEHUSI.
Texct mporpamMmsl (0popmIIsieTcs TPU HEOOXOAUMOCTH 110 COTTIACOBAHHIO C MTPETOIaBaTENIEM).
BriBoap1 O TIpOI€TIaHHOM paboTe.

OCHOBHbBLIE KOHTPOJIbHBIE BOITPOCDI

HazoBute ypoBHU 00pabOTKHU TaHHBIX.

Kakue BapuaHTBl apXUTEKTYp VIS OPraHU3aIlluU PaCTIPEICICHHBIX BRIYMCICHHIA CYIIECTBYIOT?
Pacckaxxute 00 apXUTEKType pacrpe/ie]ICHHbIX BBIYUCICHUN THITA «(hailii-cepBepy.

Yro takoe «paiin-cepBep»? HazoBUTE 0COOCHHOCTH €r0 pealr3allyy.

Pacckaxxute 0 TpeuMyIecTBaX M HEJOCTATKaX apXUTEKTYPhl PacHpeCICHHBIX BBIYUCICHUN THUIIA
«haitir-cepBepy.

Pacckaxxute 00 apXUTEKType pacrpe/Ie]ICHHBIX BRIYUCICHUN THITA «KIIUCHT-CEPBEPY.

Ha3zoBuTe OCHOBHBIE OCOOCHHOCTH apXHUTEKTYPhI «KIHECHT-CEPBEP

Kakue ¢pyHKIIMU MOXKET BBINIOJHATH CEPBEP B APXUTEKTYPE «KIIUEHT-CEPBEP»?

Kakue cymecTByrOT METO bl padOThI ¢ 0a3aMH JTaHHBIX ?

. Haiite xapakrepuctuky untepdeiica ODBC.

. Kakue nctouHnku JaHHBIX MOTYT OBITH Hcnonb30BaHsl ODBC?

. Kak ocymectBisiercs pabota nporpammsl npu ucnosibzoBanuun ODBC?

. Pacckaxkute 0 mpenmylnecTBaX M HENOCTAaTKAX APXUTEKTYPbl PaCHpeAesICHHBIX BBIYUCICHUI THIIA

«KIIMEHT-CEPBEPY.

Pacckaxute 0 Meromax GOpsOBI ¢ HEAOCTATKAMHU APXUTEKTYpPhl PACHPECICHHBIX BBIYUCICHUN TUTIA
«paitn-ceppep».

Pacckaxute 0 TpeXypOBHEBOM U MHOTOYPOBHEBOM apXUTEKTYPE pacipeieI€HHbIX BHIYUCICHUH.
Pacckaxute 0 mnpeummyllnecTBaX M HEIOCTAaTKaX MHOTOYPOBHEBOM apXUTEKTYpPbl paclpeleeHHBIX
BBIYHCIICHUIA.

BAPHWAHTHI 3AJTAHUIA

OO6mue TpeboBaHuUs K pa3padaThIBAEMOMY MTPUIIOKEHHUIO:
[TpunokeHrne NOMKHO pEaM30BBIBATh MPOCTEHINYI0 MPUKIAJHYIO (GYHKIHIO B COOTBETCTBUU C
3aganueM. KoOHKpeTHBIH cocTaB  BBINOJHSAEMBIX  (QYHKUMHA  pa3pabaTbiBaeTCsi  CTyIEHTaMH
CaMOCTOSITENIbHO, TPU HEOOXOAMMOCTH COTJIACOBBIBAETCS C MPEIO/IaBATEIEM.
OYHKINN NPUIIOKEHUS JOJKHBI BBIIOTHATHCS Ha ocHOBe B3aumojeicTBus ¢ bJ[. Cocrta Tabmui u
cTpyktypa b/l pa3pabaTbiBaeTcsi CTyI€HTaMU CAMOCTOSATEIBHO, COIVIACOBBIBAETCS C MPEMNOaBATEIIEM.
Kak npaBuno, bl nomkHa cogepxath 3-5 B3aMOCBS3aHHBIX TaOJIHII.
[TpunoxkeHne HOMKHO padoTaTh B JBYX pEeXKHMAax: aJAMHHHCTPATUBHOM pPEXHUME M PEXKHUME
nosib3oBareis. B aAMMHHCTpaTUBHOM peXUME JOJKHO OBbITh JOCTYNMHO Ooiblie (QyHKIUN 110
YIIpaBJICHUIO JTaHHBIMM (cocTaB (QYHKIMM Ui KaXKIOro pekMMa yKazaH B BapuaHTe 3ajaHus). J(Ba
pexxuMa paboThl MPUIIOKEHHUS JOJDKHBI OBITh peanu3oBaHbl JHOO B BHJE ABYX HPOrpPaMMHBIX
MOJyneH, 100 B BUAE ABYX PEKUMOB PabOThI OHOTO MPOrPaMMHOI0 MOJYJIS — B 3TOM Cllydae BbIOOp
pekuMa paboThl JOJDKEH BBINMOJIHATHCS HA OCHOBE BBOJA MMEHH M MapoJIs MOJIb30BaTENs IPU 3aITyCKe
IIPOrPaMMHOTO MOZYJISL.
WHTepdeiic  KIMEHTCKOM 4YacTH HPUIOKEHHS JOJDKEH ObITh  MPOCTBIM, IOHATHBIM U
OpPUEHTHPOBAaHHBIM Ha TOJb30BaTeNd. B wacTHocTH, mpu BbIOOpE JaHHBIX AJIS B3aMMOCBSI3aHHBIX
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TaONuI] BHIOOP MODKEH OCYIIECTBISATHCS W3 CBS3aHHOW TaOJNUIBI C HATJBIAHBIM OTOOpa)KeHUEM
3HAYAIIUX TOJICH, TTOMCK JIOJDKEH OCYIIECTBJISATHCS 1O 3aJIaHHBIM IT0JIh30BATECIIEM KPUTEPHUSM, MPH
BO3HUKHOBEHHH OIIMOOK, CBA3aHHBIX ¢ 00paOO0TKOM JaHHBIX, JOKHBI BBIJIABATHCS COOTBETCTBYIOLIUC

coobmieHus (He coobmeHus ceppepa B3aumoaeicteus ¢ CYB/L!).

BapuanTs! 3ananuii 1u1st 1abopatopHoi padoTel Nel(O

Ta0muma 12.

No OyHKIUHT OyHKIMU aIMUHUCTpATOpa OYHKIMY TTOJIB30BaTENS
MPUJIOKEHUS
1. bubnuoreka BBoj 1 pegakTHpoBaHUE TaHHBIX 00 bubnunorekaps: Bbliaya KHUT U
UMEIONINXCS KHUTaX. NOJIy4YeHHe KHUT OT YUTaTeNei.
2. bubnuoteka bubnuoTekapn: 00paboTKa MOCTYNUBIIKUX | YWTaTe h: MOUCK HHPOPMALIUH O

3as1BOK, BblJa4a KHUT U MOJyYCHUE KHUT
OT YUTaTeJIEN.

HaJIM4YHUHM KHHUT, 3asBKa Ha
IMOJTYUCHHUC HaﬁﬂeHHOﬁ KHHT'H.

3. TearpanbHas BBoa u pegakTupoBaHue JaHHBIX O Kaccup: nponaxa u Bo3Bpar
Kacca CHEKTAKJIAX M HAIMYMH OMIICTOB. OUJIETOB.
4. TearpanbHas Kaccup: 06paboTka NOCTYIHMBILUX 3puTenb: MOUCK MH(POPMALIUHU O
Kacca 3aKa30B, POJIaXka U BO3BpAT OMJIETOB. CHEKTAKIIAX U O HAIMYMU OUIIETOB
Ha HUX, 3aKa3 Ouiera Ha
BbIOpPAaHHBIN CIIEKTAKIIb.
S. XKeneznonopoxx | BBoa u pepakrupoBaHue JaHHbBIX O Kaccup: nponaxa u Bo3Bpat
Has Kacca pacrucaHuy U MapIIpyTax JBUKECHUS OUIIETOB.
II0€3/10B.
6. XKeneznonopox | Kaccup: 06paboTka NOCTYNHMBILUX [Taccaxup: nouck HHGOpPMALUU O
Has Kacca 3aKa30B, MPOJIaXka U BO3BpaAT OMIIETOB. BO3MOXXHOCTH ITPOE3/a 110
CTaHLIMM Ha3HAYEHUS U O
HaJIMYMU MECT, 3aKa3 Ousera Ha
ONPEEICHHBIN MMOE3 .
7. ABTOCaIIOH BBox u pegaktupoBaHue JaHHBIX 00 [Iponasen: 3akiroueHue
aBTOMOOWJISIX, UX KOMIUIEKTALUU U CPOKAX | JTOTOBOPOB O MOKYIIKE
IIOCTaBKH. aBTOMOOWMJIS, 3aKa3 aBTOMOOWMIIS
HYXHOW KOMIUJIEKTAI1H.
8. ABTOCaJIOH ITponaser: 06paboTKa 3asBKH, IToxynarens: nouck HHGOpMaIK

3aKIIFOYCHUEC JOTOBOPOB O IMMOKYIIKC
aBTOMOGI/IJ'IH, 3aKa3 aBTOMOOHMIIS Hy)KHOﬁ

00 aBTOMOOMIIE HY>KHOM
KOMITJIEKTAIIH, ()OPMUPOBAHUE

KOMILJICKTaIIUH. 3asBKM Ha aBTOMOOHIIb.
9. MeobenbHas BBox u pegaktupoBanue nHGOpMAIIH O HzroroBuresns: BBOJ
¢dabpuka KOHCTPYKLIUU MeOeu. nH(pOpMAaIIUU O OCTYIUIEHUU
KOMIUIEKTYIOLINX Ha CKIIaja U 00
W3TOTOBJIEHUH MEOEIIH.
10. | MeGenpHas W3roroBurenb: BBOA HH(GOPMAIIUU O [Toxynaresnb: MOUCK HATHYUS
¢dabpuka MOCTYIUIEHUU KOMIUIEKTYIOIIMX Ha CKJIaJ] | HeoOXoauMoil mebenu, 3aKka3 u

1 00 U3rOTOBJICHUH MCGCHI/I, npoaaxa
M3TOTOBIICHHOHN MeOeu.

npuobperenne Mebenu 1o 3aKazsy.

11. | CraauoHn dopMupoBaHHe paclucaHus MaTueil. Kaccup: nponaxa 6uneToB u
BO3BpAaT NPOJaHHBIX OUJIETOB.
12. | Crapuon Kaccup: o6paboTka 3aka3oB, npojaxa 3puTens: Mouck HH(popmauu 0o

OUJIETOB M BO3BpAT IMPOIaHHBIX OUIIETOB.

MHTEPECYIOIIEM MaTye, 3aKa3
OueToB Ha BEIOPAHHBIN MaTy.
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[To cormacoBaHMIO € TperojaaBaTeNieM, TOMYCKAETCS OOBEAMHATH OJHOTHUITHBIC TO (YHKIHSIM
3amaHusl (HampuMmep, BapuaHThl 1 1 2) 17151 BBITIOJIHEHHUS WX TPYIIOW CTyIeHTOB (2-3 vemoBeka). B atom
cirydae pa3padarbeiBaercs ogHa bl 1 HECKOJIBKO MPHUIIOKEHHI (B COOTBETCTBUU C BAPHAHTAMHU 3a/IaHUS).
JlomyckaeTcst BHIIIOJHEHHUE CTYJACHTAMH CBOMX COOCTBEHHBIX BapUAHTOB PaOOTHI (IO BHIOOPY) MpH
YCJIOBUU TPEIBAPUTEIBHOTO COTJIACOBAHUS C IPEMOAaBaTEeIeM CBOETO BapuaHTa 3aJaHusl U (PYHKIHIA
pa3padaTbIBAEMOTO MPHIIOKEHHSL.



10.

11.

12.

13.
14.

15.

16.

17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
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PEKOMEHAYEMAS JIMTEPATYPA

OCHOBHAA JIMTEPATYPA

Kapnos 0. I'. Teopuss u TexHosnoruss nporpaMmupoBaHusi. OCHOBBI MOCTPOEHUS TPAHCIATOPOB. —
CII6.: BXB-Iletepoypr, 2012 — 272 c.

MomganoB A. 0. CucreMHOe mporpamMmMHOe oOecriedeHue: Y4YeOHUK IS BY30B. 3-¢ W34, —
CII6.: [utep, 2010 — 400 c.

Axo A., Jlam M., Cetu P., Ynpman Jlx. KoMnunaTopsl: TpUHIMIIBI, TEXHOJIOTMH U UHCTPYMEHTApUH,
2-e m31.: [lep. ¢ anri. — M.: U3narensckuii oM «Bumbsimey, 2008 — 1184 c.

CeepanoB C.3. SI3pIku mporpaMMHUPOBAHUS U METOJIBI TpaHCIAuu: yued. mocodbue. — CII6.: [Tutep,
2007 — 400 c.

Teopus A3bIKOB MPOrPaAMMUPOBAHMS U METOABI TPAHCISLUU: METOJUYECKUE YKAa3aHUSI K BbIIIOJIHEHUIO
npaktudeckux 3ausaTuii — CI16.: TOY BITO «CII6 I'YAIl», 2007 — 27 c.

MommganoB A.}HO. CucremHoe mporpamMmmHoe obecriedenue. Jlaboparopueiii npaktukym. — CII0.:
[Tutep, 2005 — 284 c.

Kapnos 0. I'. Teopuss u TexHosnoruss nporpamMmupoBaHusi. OCHOBBI MOCTPOEHUSI TPAHCIATOPOB. —
CII6.: BXB-IletepOypr, 2005 — 272 c.
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