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OUOAKTUYECKUINA NJIAH

dopmanbHble 93bIK1 U NporpamMmmMmupoBaHmne. dopmasnbHble rpamMmMaTukim
1 93blk. OCHOBHbIE NMOHATUSA TeOPUM POopPManbHbIX rpaMmmaTmk. CooTHOLEe-
Hua Tya 1 accoumaTuBHble ncuHncneHns. Knaccudouvkauma rpammatuk. 'pam-
MaTnKM HEMNOCPEACTBEHHbIX cocTaBnsiowmx n KC-rpammatunkm. PerynsapHbie
A3blKM M aBTOMaTHble rpamMmMaTuku. OCHOBHbIE MOHATUS aBTOMAaTHbIX
rpammaTtumk. MNMpomMexyTouHble Knaccbl rpaMmmMmaTuk. KoHeyHble aBTOMAaThI.
ABTOMATbLI C MarasuHHoM namaTbio. MawwuvHa TelopuHra. MalmHHbIN NWHIBU-
CTUYECKNIA aHanNu3 A3bIKOB. Teopuns popMarbHbIX rPaMMaTUK 1 MalUUHHBIN
aHanu3 A3blKOB. paMMaTukmM NPOCTOro npeplwecrtsoBaHuda. MeToabl
HUCXOoOsLWEero rpaMmmMaTmyeckoro pasbopa. TpaHcnaTtopbl. CTpyKTypa g3blka
nporpamMmMmMpoBaHnNs C TOYKM 3peHnsa TpaHcnsaTopa. CocTaB U CTPyKTypa
COBPEMEHHOr0 TpaHcnaaTopa.

Mpobnembl co3aaHnsa A3bIKOBbIX CPEACTB MHDOPMALIMOHHbLIX TEXHOJO-
rnii. Pabota co CTPYKTYPUPOBAHHbIMU AaHHbIMW B aBTOMAaTU3MPOBAHHbIX
MHPOopMaLNOHHBLIX cucTteMmax. MHdopmaumoHHaas cuctema — Moaenb
npeamMmeTHom obnactu. OnucaHne npegMeTHon obnactu. MHdopmaumoHHas
6asa n npoueccop. CuctemaTnsdaumss OCHOBHbIX MOHATUI CTATUYECKOro
onucaHnsa npegmeTHoln obnactu. OnucaHne AMHAMUKM B NPenMeTHOM’
obnactn ANC. BxogHble A3blkM aBTOMATU3UPOBAHHbLIX MH(MOPMALMOHHbIX
cucteM. CTpykTypa BXOAHbIX s13bIKkOB 006pabOTKM TEKCTOB 3anpOCOB.
A3bIKOBblE CpencTBa AOKYMEHTaNbHbIX MHPOPMALMOHHBIX CUCTEM.
Mpobnembl MHpOopMaLMOHHOro noncka. CeteBble A3bIkoBble cpeacTea ANC.
OcHoBbl a3blka SQL. TexHonorus runeptekcTta. Nouck n obpaboTka AaHHbIX
B rnobanbHbIX CETSX.
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TEMATUYECKUIA OB30P*
1. POPMAJIbHbIE 993blKU U MPOrPAMMUPOBAHUE
1.1. dopmasibHble rpaMMaTUKN U A3bIKU
1.1.1. OCHOBHble NMOHATUA Teopuu ¢OopMasibHbIX FrPpaMMaTUK

B nepBoli oHUTE ObIIN PAacCMOTPEHbI BOMPOCHI aHanM3a 1 cuHTesa
NpPOLEeCCOB B €CTECTBEHHOM $3blke KakK B HEKOTOPOW MHPOPMALMNOHHOM
cucTtemMe. B coOTBETCTBYIOLMX MCCeaoBaHuaX 6b110 BbipaboTaHo 60sblLuoe
KONMMYECTBO paLMOHalibHbIX NpaBwui, Npoueanyp, CTPYkTyp ob6paboTku
JIMHIBUCTUYECKON MHbOPpMaLMK, KOTOPbIE OKas3anucCb MAOLOTBOPHbLIMU B
obnactn MHPOPMALMOHHBLIX TexHonorun. Mpu aToM, Kak nokasanu
nccnenoBaHms B 061acTy MOAENMPOBAHMUS €CTECTBEHHOIO MHTEeKTa uin
CUCTEM NPUHSATUS PELLIEHUIA, ECTECTBEHHbI A3bIK SBNSEeTCH ya00HOW cpeaom
ONs MOOEenMpPoBaHMS NPOLLECCOB MbILLUIEHNS.

B WMPOKO MCNONb3yeMbliX KiiacCUYeCckMx aBTOMAaTHbIX MOAensx Oblia
pas3BuTa JIMHIBUCTUYECKAA KOHLEMNLUUSA, COrjlacHO KOTOpPOW asBTomar
npencTaBfigeTcsds B BUAE HEKOTOPOro yCTPOMCTBA, OMNPEenesdaoLero
O0OMYCTUMOCTb NofaBaeMbIX Ha ero BXOJ[ CJ/IOB B COOTBETCTBUU C
3a510kKEHHBIMW B HEro npasunamu. VIHeiMn cnoeamu, asToMatbl MOryT ObITb
MHTEepnpeTUpOBaHbl Kak pacrno3HaroLLme yCTpoMnCcTBa, KOTOpPble onpeaensior
OOMYyCTUMOCTb BXOOHbIX CMIOB C MO3ULUU 3aJIOXKEHHbIX B HUX rpamMmmaTuk.
[MosToMy MOXHO paccmaTpmBaTb aBTOMAaTHbIE U JIMHIBUCTUYECKUE MOLENN
COBMECTHO U1 HasbiBaTb X aBTOMATHO-JIMHIBUCTUYECKUMWN MOLENSMMN.

ABTOMaTHblE N JIMHIBUCTUYECKME MOAENMN CTPOATCS Ha 6ale Teopuun
dOopMasibHbIX rPaMMaTUK — OOHOr0 M3 OCHOBHbIX NMOAXOAOB K OMUCAHUIO
OeckoHeyHoro $opmasibHOro A3blka KOHEYHbIMW CPeacTBaMMU.

dopmManbHbIfi 93bIK — 3TO COBOKYMHOCTb HEAEeNMMbIX UCXOOHbIX
3HaAKOB M MpaBul NOCTPOEHUS U3 HUX CNIOB U CJIOBOCOYETaHUI 6e3 BCSAKOW
CBSI3N C MX BO3MOXHOV CEMaHTUKON, a Teopus ¢GpopMasibHbIX A3bIKOB —
Hayka 0 dopMabHbIX f3blkaX, B YAaCTHOCTU O CTPYKType u crnocobax
npeacTaBneHns 6eCKOHEYHbIX KnaccoB (opMasibHbIX S3bIKOB.

OCHOBHbIMUN 06BLEKTAMU, C KOTOPbLIMU UMEET A0 3Ta TEOPUS, ABNAOTCSH
CUMBOJIbI, NpepcTasnsiowme cobon 6a3oBbie 3N1EMEHTbI Kakoro-nnbo
HenycToro MHoxecTtea A no0oi NpMpoabl, a Takxke LEernoykn, MoCTPOEHHbIE
M3 9Tux anemeHToB. CuMBONLI OyaemM 0603HayYaTb CTPOYHbIMK ByKBaAMMU
NaTuHCKOro andasunTta, a uernoykm — B BUae:

ffghhh,

* XXnpHbIM WIPNGTOM BbIAENEHBI HOBbIE MOHATUS, KOTOPbIE HEOOXOAMMO YCBOUTL. 3HAHUE
9TUX MOHATWIN BYAET NPOBEPATLCA NPU TECTUPOBAHUN.

CoBpeMeHHbIit N'yMaHUTapHblii YHMBEpcUTeT
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KoTopble OydeM cyuTaTb OPUEHTUPOBAHHBLIMU CrieBa Hamnpaso. Llenoykn
oynem obo3HayaTb TakxXe cneuuanbHbIMXU CUMBONAMU — MNPOMNUCHLIMU
OykBamMu flaTUHCKOro andasuTa Unu rpedyeckumMmm OykeamMmm, Hanpumep:

g = ffg,
B = abba.

[MycTasa uenoyka € — Lenoyka, He coaepXallas HM OQHOro cuMBOna.
LnvHou uenodku 6y,u,eM Ha3blBaTb 4MNCJZI0O CMMBOJI0B, BXOOALLNX B 3Ty
LLEMO4KY, 0603HaYaeMbix cnenyroumm o6pa30M:

v = |ffg| =3,
|B| = |abba| = 4,
le| = 0.

KoHkaTteHaumven psyx uenodek X n Y Ha3biBaeTcd Takas uenoyka Z,
KOTOopas noflyyaeTcd HEeNnOCPEACTBEHHbIM CAUSHMEM LENoYkm X, CTOsILEN
CneBa, 1 Luenoyku Y, ctoauwen cnpaea. Hanpumep, ecnn X = ffg, Y = ghh, 10
KOHKaTeHauma X n Y — uenodka Z = ffgghh. O60o3Ha4Ynm onepauuto
KOHKaTeHaumn cumBoniom o. CBoMCTBa 3TOW onepauum MOXHO 3anucatb
cnegylowmm obpasom:

1) CBOMNCTBO 3aMKHYTOCTMU:

0: A* x A* o A%,
2) CBOWCTBO aCCOLVATUBHOCTU:
(X OA* YOA*, ZOA%)
[(XoY)oZ = Xo(YoZ)],

roe yepes A* 0603HAYEHO MHOXECTBO BCEX BO3MOXHBIX Lienoyvek (6ecko-
HEYHOE) KOHEYHOro MHOXecTBa A 6a30BbIX 3/IEMEHTOB (CMMBOJIOB), BKJtOYas
NycTYylo LLEMOYKY €; CUMBOJI X 0603HAYaET onepaumio AekapToBa Npo3Beae-
HUS OBYX MHOXECTB; a X, Y, Z — NpOu3BOJIbHbIE LIEMOYKM, NpuHaaiexaiwime
A*.

MHoxecTBO A Ha3blBalOT asigpaBmutom. JIlo6OE MHOXECTBO LEMOYEK
L 00 A* Ha3biBaeTcd popMasnbHbIM A3bIKOM, ONpeaeneHHbIM Ha andasute A.

lMpumep. Myctb A — MHOXeCTBO OYyKB pycckoro andasuTa. Torga
MHOXECTBO LLEMOY€eK, COCTaBMIEHHbIX M3 NATUM OYKB, npeacTaBnseT coboi
dopmanbHbI 93biK L,. Jpyror npumep a3bika, onpefesieHHOro Ha ToM Xe
andaBuTe — MHOXECTBO L, NATUOYKBEHHbIX C/IOB PYCCKOrO A13blka, KOTOpble
MOXHO pasbickatb B opdorpaduryeckom cnosape. OvesngHo, yto L, O L,
TaK Kak MHOrMe Lernovku a3bika L, He ABASI0TCA PYCCKMMU CNoBaMu.

CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT
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1.1.2. CooTHOoweHua Tya M accoumaTUBHbIE UCYUCIIEHUS

Myctb B n C — HEKOTOPbIE MOOMHOXECTBA MHOXECTBA A*.
MponasseneHmem MHoOXecTB B 1 C Ha3bIBA€TCS MHOXECTBO D Lenoyex,
ABMAOLNXCA KOHKaTeHaumen uenodek u3d B u C, T.e.:

D = {XoY, XOB, YOC}.
O603HavaeTcsa nNpou3BeaeHne cneaylmm obpa3om:
D = BC.

PaccmoTpum angasut A. O603HAYMM MHOXECTBO, COCTOSLLEE U3 E,
yepes A°. Onpegenuim cteneHb andaBuTa Kak:

A= AT A

ansa kaxgoron = 1.
OTKyOoa MHOXECTBO BCEX BO3MOXHbIX Lienovek andasuta:

(0]

A* =0 A" (O - o6beaguHEHE MHOXECTB).
n=0
Takoe MHOXeCTBO Ha3blBaeTcs utepaumer andasmta A. YCedyeHHON
ntepaunen angasuta A Ha3bIBAIOT:
(o0]
At =1 A"
n=1
Ecnm X n Y — uenoukm MHoxecTBa A*, TO uenoyky X HasbliBaloT
noAuUEenoYkor Lenoyvkn Y, korga CyllecTBylOT Takme uenodkm U n V us A*,
yTO:

Y = UoXoV.

Mpn atom, ecan U - nycTtasa uenoyka, TO noauenoydky X HasbiBaloT
roJsioBoy Ueno4ykn Y, a ecnm V — nyctaq uenoyka, To X Ha3blBAIOT XBOCTOM
uenoyku Y.

[na o6o3Ha4yeHns KOHKaTeHauun OByx uernodek X u Y Bmecto X o Y
Ons npoctoThl 6yaem nucatb XY.

Paccmotpum napel uenoyek (Py, Qy), (P, @Qy), ..., (Py, Q,) n3 A* x A*.

CooTtHolueHnsmy Tya Gyaem HasbiBaTb MpaBwuia, COrflacHO KOTOPbIM
noboii uenoyke X = UPV 13 MHOXecTB A* OyOeT CTaBUTbCS B COOTBETCTBUE
uenoyka Y= UQV n3 Toro xe MHoxecTBa A* (i=1, 2, ..., n) n HaAo6opoT. DTN
COOTHOLUEHUS NPUBOLST K Tak Ha3blIBaEMbIM aCCOLMaTUBHbLIM UCHYUCTIEHUSIM .

Ecnu uenoyka Y nonydaetrcs u3 uenodknm X OOHOKPATHbIM NpUMeEHe-
HMEM OOHOro CcooTHOoweHusa Tys (T.e. 3aMeHOW noauenoydknm P; Ha
nopauenoyky @;), 6yaem rosopuTb, HTOX 1 Y ABNSAIOTCA CMEXHbLIMU LIENoYKamu.

CoBpeMeHHbIit N'yMaHUTapHblii YHMBEpcUTeT
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Llenoyka X, cooTHOCHMa C LLeno4Kkon X,, ecnu CywecTByeT nocrnenosa-
TEeNbHOCTb Lienoyek:

Xo Xy o0 X

e
Takagd, 4to X, 1 X; aBNst0TCH CMEeXHbIMUM Lenodkamun (i = 1, 2, ..., n).

lMpumep. MycTb A — MHOXECTBO OYKB pycCKOro andasuTta, Ha KOTOPOM
onpenenMm cooTHolleHue Tya, 3ak/ovalolleecs B npaBe 3aMeHbl JloOomn
OfHOW ByKBbI CNoBa Ha Ntobylo apyryto.

Torpa B nmocnepoBaTenbHOCTM uenodek MYKA, MY3A, JTY3A, JIO3A,
MO3A, MNOPA, NMOPT, TOPT aBe nobble cocegHne LENOYKM ABAAIOTCS
cmexHbiMu, a uenodkn MYKA n TOPT aBnsa0TCa COOTHOCUMbIMU B CMbICNE
3aaHHbIX COOTHOLUEHWA.

Bhile ObIIO gaHO camoe obulee onpenenieHne GopmanbHOro s3blka
Kak noboro nogMHoxecTtsa A*, roe A — andaBuT. BBegeHne COOTHOLLEHNM
Tya no3BONdeT BblOENUTb CPEeAU MHOXECTBA $13blKOB OMpenesiEHHblE UX
KJ1acChbl, KOTOPbIE UCMOMNb3YIOTCS NPV MOCTPOEHUN aBTOMATHO-JIMHIBUCTUYEC-
KX MOAEsIEn CaMoro passiM4yHoro Tmna.

B a3blkax nporpaMmmMnpoBaHus, a Takxke B pasiMyHbIX MaTeMaTU4eCKux
VNCYUCTIEHNSAX LUMPOKO MCMONb3YEeTCH 3annch C NMOMOLLIbIO CKOOOK. [Mpu 3ToM
BblpaxeHue npaBuibHO TOIbKO B TOM CJlydae, eCiv A1s1 KaXKa0M 1eBor CKOOKM
B BblpaXeHMN NPUCYTCTBYET COOTBETCTBYIOLLAs el npaBas ckobka. PaccMoT-
pUM A3bIK, KOTOPbIN MNOJSly4aeTcsl, ECNIN N3 BCEX BblpaXeHUIN JaHHOr0 A3blka
yOanuTb BCe CMMBOJIbl 3a UCKJIIOYEHNEM CMMBOJIOB CKOOOK. MycTb nmeeTtcs
N pasnnyHbIX COPTOB TakMx CKOOOK (KPYr/biX, KBaapaTHbIX, PUIYPHbIX U T.4.).

Lenoyka X npuHagnexmTt orpaHU4YeHHOMY A3blky 1, ecnu oHa
COOTHOCKMMA C LENOYKOM € (MyCTOW LEMOYKOM) B CMbICSIE COOTHOLUEHU
Tya:

(81 11p1)’ (81 12p2)’ ey (8! 1npn)1
roe 1, obo3HavaeT neByto CKOOKY i-ro copTa, a p;, — COOTBETCTBYIOLLYIO €N
npaByto CKOOKY. JlIerko BuaeTb, YTO, HanpumMep, Lenoyka:
1,1,0,01150;5
NPUHAONEXUT K OrPaHMYEHHOMY 4A3blKy 1, Tak Kak NpPMBOAUTCA K MYyCTOW
LLenoyke nocnenoBaTefibHbIM NPUMEHEHUEM OaHHbIX COOTHOLLEHWUN:
1,1,0,011305 - 1,100, - 1,0, E.

CooTHoweHnsa Tya aBNalOTCA ABYCTOPOHHUMU, ecnu uenodka X
ABNSETCA CMEXHOM MO OTHOLUEHMIO K Lienodke Y, n HaobopoT, uenoyka Y
SB/IIETCA CMEXHOWM MO OTHOLLIEHMIO K uenodke X. bonee mMHTEPECHBLIMU C
TOYKW 3pPEeHUs Teopun GpopmMarsbHbIX rPaMMaTUK ABNSIOTCA COOTHOLLEHUS, B
KOTOPbIX BBEAEHO HarpaB/ieHUE.

CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT
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B oaTOoM cny4ae uMx Has3blBalOT M0JYCOOTHOWEHUAMMU Tyd, nnu
npoaykumamMmmn, 1 obosHavaloT cnenyolmm obpasom:

(P1 - Qz), (P2 - 01)7 SRRt (Pn - Qn)

B Tom cnyyae, koroa umeeTcs HAaOop NPoAyKLME, FOBOPAT, YTO Liernoyka
Y HenocpencTBEHHO NOpPOXAaeTcs M3 Lenodkn X, n 0603HavyaeTcs 9TO Kak:

X0,
€CNU CYLLECTBYIOT Takme uenoyku U n V, yuto:
X = UPV,
Y = UQyV,

a (P, - Q) npoaykums n3 gaHHoro Habopa.

FoBopsT takxe, 4yto X nopoxaaert Y.

Ecnu cyuwiectsyeT nocnenosaTtenbHOCTb Lenoyek X,, X, ..., X, Takas,
4yTO ONg Kaxporoi=1,2, ..., n:

X, 0 X,

roBOpST, 4TO X, nopoxaaeTtcs nus X, (X, nopoxgaet X,), n 0603Ha4yaT 3710
KaK:

X, 0 *X,

MpamMMaTnK XOMCKOro, 0 KOTOPbIX MAET peyb B creaylollem naparpade,
COOTBETCTBYIOT (POPMaSIbHLIM KOMOUHATOPHBLIM CUCTEMAM, B OCHOBY KOTOPbIX
NOJIOXeHb! NPOAYKLNN.

1.1.3. Knaccudukauumsa rpammartTuk

Teopusa popmMasibHbIX A3bIKOB (hopMasibHbIX rpaMMaTnkK) 3aHUMaEeTCs
onucaHneMm, pacrno3HaBaHueM 1 nepepaboTkoin A3bikoB. OnucaHue noboro
A3blka OO0KHO OblTb KOHEYHbIM, XOTS CaM $3blk MOXET COoAepXaTb
OeckoHe4yHoe MHOXecTBO Lenoyek. PopmanbHas rpammaTtuka — OAWH
M3 OCHOBHbIX MOAXOA0B K OMUCaHUKD OECKOHEeYHOro ¢popmManibHOro g3blka
KOHEeYHbIMU cpenctBamu. MoNe3HO MMeTb BO3MOXHOCTb OMNMCAHUA
OTOENbHBIX TUMOB S3bIKOB, UMEIOLLMX T€ WAN UHble CBOWCTBA, T.€. UMETb
pasnnyHble TUMbl KOHEYHbIX OonucaHui. MNpeanonoxmm, 4To MMeeTcs
HEKOTOPLIN KnacCc A3blkOB L, KOTOPLIA 3a4aeTcs onpenesieHHbIM TUMNoM
onucaHug. Teopua dopmManbHbIX A3bIKOB MO3BONFET OTBETUTb Ha PAL
BOMPOCOB, BO3HUKAKLMX BO MHOIMMX NPUKNaAHbIX 3adadax, B KOTOPbIX
MCMOMb3YIOTCA aBTOMATHO-JIMHIBUCTUYECKME MOAENN. Hanpumep, MOryT nn
A3blkM 13 Knacca L pacno3HaBaTbCs ObICTPO M MPOCTO; MPUHALNEXUT Nn
OaHHbIM a3bIK knaccy L un 1.40. BaxHon npobnemoin 9BAseTca nocTpoeHue

CoBpeMeHHbIit N'yMaHUTapHblii YHMBEpcUTeT
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aNirOpUTMOB, €CNIN OHU CYLLECTBYIOT, KOTOpble AaBanu Obl OTBETHI Ha
onpeneneHHble BOMPOChI 0 A3blkax 13 knacca L, Hanpumep: “TpuHagnexuT
WM HET K 93blky L yenoyka X?”

CyLecTBYIOT ABa OCHOBHbIX cnocoba onmMcaHus OTAENbHbIX KNacCoB
A3bIKOB. lMepBbIN U3 HUX OCHOBAH Ha OrpaHu4YeHusIX, HanararLmxcs Ha
cucTemy npoaykumi, Ha 6a3e KOTOPbIX ONPeAessioTCs rpaMmMaTukn Kak
MexaHn3Mbl, MopoXxaarmLme Lernodykyu CUMBOJIOB. pyrnm crnocobom
ABNAETCA onpeaeseHne s3blka B TEPMUHAX MHOXECTBA LEeNnoYyexk,
AoryckaeMblX HEKOTOPbIM Pacrio3HaLLMM YCTPONCTBOM. Takne ycTponcTea
Oynoem HasbiBaTb aBToMaramu.

Onpepenvm YyeTbipe Tuna rpaMMaTumK.

Hasosem andaBuT CMMBOIOB (HEMYCTOE KOHEYHOE MHOXECTBO), U3
KOTOPbIX CTPOATCH LLeno4kn a3bika L, andaBuToM TepMUHaIbHbIX CUMBOJIOB
V;. OueBunpgHo, yto L O V*..

OnpepneneHne GpopManbHON rpaMMaTmMKK TpebyeT Hann4Kus eLle O4HOro
andasuTa V, — HENYCTOrO KOHEYHOIO MHOXECTBA HETEPMUHAJIbHBIX CUMBOJIOB
(Vy n V= 00). ObbeponHeHne atux andaBMTOB HA30BEM C/IOBApPEM
dopmManbHOro a3bika L:

V=Vv,0V,.

YcnoBumcsa 0603Ha4vaTb anemMeHThbl andasuTta V, CTPOYHBIMW IATUHCKM-
M1 ByKBaMu, af1EMEHTbI MHOXECTBa V,, — MPONUCHBLIMW NaTUHCKMMK OyKkBamu,
anemMeHTbl cnosapsa V* (Lenoyku CMMBOJSIOB CNoBaps) — rpevyeckumu
OykBamm.

Onpenenum TakXe MHOXECTBO YMOPSAOYEHHbIX Nap Clenylowmm
obpaszom:

n={(a, ), aOvV*V,v* A\ B O V*}.
Kaxpasa napa (a, ) Ha3blBaeTcs npoaykumern n o6o3HavaeTcs Kak:

a - B
B SIBISIETCS 3NEMEHTOM YCeUYeHHON nTepaLmum Crnosapsi, No3aTOMy Cpeau
NPoAyKUMIA HEeT nap Buaa O — €, FAe € — NycTas Lenoyka.
®dopmanbHas rpammatika G — 3TO COBOKYMHOCTb YEThipex 0ObEKTOB:

G=(V,, Vy, P, S),

roe P — HenycTtoe KOHeYHoe nogMHoxecTtBo [1, a S [0 Vy — HayanbHbIN
CUMBOI/I.

Tunbl rpaMmmaTnK XOMCKOrO OrnpeaesisiioTcs TeMU OrpaHnyeHusMu,
KOTOpble HanarakwTca Ha npoaykumm P. Ecnu Takux OrpaHUYEeHunin HeT,
rpammaTuka npuHagnexuT Kk Tuny 0 (no Xomckomy). EouHcTBEHHOE
OorpaHuyeHue, Hanaraemoe Ha AJIMHY Lenoyek o u 3,

CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT
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laf < [B]
OTHOCUT rpamMmaTtiukm K Tuny 1 (no Xomckomy). Takme rpaMmmaTimkv HasblBaloT
KOHTEKCTHO-3aBUCUMbIMY FPaMMaTnkamMm, rpaMmmMaTukamMmmn HernocpencTBeHHbIX
cocrtasasowmx (HC-rpammatnkamm).

B Tom cniydae, korga ueno4vka o COCTOUT U3 OOHOro cumBsona, 1.e. alV,,
rpaMmMaTmky OTHOCAT K Tuny 2 (Mo XomMckomy). B aTom cnyyae mx HasbiBaloT
OECKOHTEKCTHbIMW (KOHTEKCTHO-CBOBOAHLIMM Unn KC-rpammaTnkamm).

HakoHew, perynspHbiMu rpammMatikamy (Tyn 3) Ha3bIBAOT Takme, A4S
kotopeix o OV, a B = V,V,, inbo B OV,. MHbiIMu cnoBamu, npasble HacTu
NPOAYKLUNIA perynsipHbIX rpaMmMaTkK COCTOST IGO0 U3 0AHOr0 TEPMUHASIBHOIO
M OOHOr0 HEeTEPMMUHANIBHONO CUMBOJIOB, MO0 M3 OLHOrO TEPMUHANBHOIO
cumMmBoOna.

SA3bikom L(G), nopoxzaaembiM rpaMmmaTukoin G, 6yoem HasblBaTb MHO-
XecTBo uenoyek o U V,, kaxagas n3 KOTOPbIX MOPOXAAETCH U3 Ha4YasibHOrO
CUMBOJIA S NpoaykuusaMn P OaHHOW rpammatuku. [pyrumum cnoBamu:

L(G) = {a, a OV*;/\S O *a}.

Kaxpasa peryngpHasa rpammatika sBnseTcs 6eCKOHTEKCTHOM, Kaxaas
OeCKOHTEeKCTHasa rpaMmMaTuka SIBAsSieTCA KOHTEKCTHO-3aBUCUMMOM, Kaxaas
KOHTEKCTHO-3aBUCKMMas rpammaTtmka — rpammatmkon Tuna 0. ObpaTtHoe,
BOOOLLIE rOBOPS, HEBEPHO.

Taknm 06pasoM, MMeEeTCs nepapxms rpaMmMmaTiik, KOTOPOV COOTBETCT-
BYET nepapxusi GopMasibHbIX S3bIKOB, KaXObI N3 HUX MOXET ObITb MOPOXOEH
HEKOTOPON popMasnbHOW rpaMMaTuKon. Tun A3bika MOXET ObiTb onpeaeneH
TUNOM TOW rpaMMaTmKu, C MOMOLLIbIO KOTOPOWM OH MOXEeT ObiTb MOPOXAEH.

C opyroi CTOPOHbI, TUMbl 3bIKOB MOTYT ObITb OMNpeaeneHbl TMnamm
abCTpaKTHbIX pacno3HalLlWux YCTPONCTB (aBToMaTtoB). MNpu 3TOM $A3bIK
onpenensieTcs Kak MHOXECTBO LenoyvYek, A0MyckaeMblXx pacrno3HaoWwmm
YCTPOCTBOM OnpeneneHHoro Tuna. Ha puc. 1 npuBeaeHa nepapxms a3blkoB
1 COOTBETCTBYIOLLME € nepapxmn rpaMmMaTmk 1 aBTOMaTOB Kak pacrno3Hato-
LLMX YCTPOWCTB.

Takum o6pasom, rpammatmku Tuna 0 NpeacTaBnsioT coboM mopoxaaro-
Lme ycTporicTBa O4YeHb o0LLero xapaktepa. A Te dopmMasbHble A3blkU, C
KOTOPbIMM MMEIOT OeN0 aBTOMATHO-JIMHIBUCTUYECKME MOAENN (A3bIKM MPO-
rpaMMMPOBaAHUS, OrPaHNYEHHbIE ECTECTBEHHbIE A3bIKW U T.A.), KaK Mnoka3sbl-
BaeT MpakTunka, BCeraa onmcbiBaloTCs, Mo KpanHen mepe, s3bikamu Tuna 1.

A3blkn TUNa 2 Hanbonee XOPoLOo M3yyeHbl. K HUM OTHOCATCS MHOrne
A3bIKM NPOrPaMMUPOBAHUS, CUHTAKCUC KOTOPbLIX OMUCBLIBAETCS C MOMOLLbIO
Tak HasblBaemMor HopmasnbHon dopmbl Bakyca. Mo cyuwecTtsy, ata dopma
npencTaBnseT coboi BapuaHT 3anncu NpPoAyKUMi KOHTEKCTHO-CBOOOOHOM
rpaMmaTukun, Hanpumep, 3anuchb:

CoBpeMeHHbIit N'yMaHUTapHblii YHMBEpcUTeT
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<A>::=<B><C> |a<D>

COOTBETCTBYET ABYM MPOOYKLMSM:
A - BC,

A - aD,

roe A, B, C, D 0V, a O V,.

HakoHel, 93blkym Tuna 3, BBEAEHHbIE U MU3YYEHHble B CBA3U C
nccnenoBaHNeEM MOOENN HEMPOHa (HEPBHOM KNETKWM), KOTOpPble Ha3biBAlOT
Takke aBTOMATHbIMU 3bIKaMU, 3bIKaMWU C KOHEYHbIM YUCIIOM COCTOSIHUIA U
T.0., HALWIN WMPOKOE NPUMEHEHNE B UCCNEO0BAHUM 3/IEKTPOHHBIX CXEM, a
Takxke B page opyrux obnacten. Cneoyet OTMETUTb, UYTO K A3blkaM Tuna 3
OTHOCATCS Lenu MapKkoBa, UrpatoLLme BaXHY0 poJib B TEOPUM BEPOSATHOCTEN
M MaCCOBOro 00BCAy>XMBaHMS.

I'pamma- S3p1KH ABTOMATHI
THKHU
PexypcuBHo
Tun 0 My Mamunsr
MePeUnCcIuMble ———————— P
Trropunra
MHOX€ECTBa
Tum 1 JIuneHO
HC-s13p1k1 ——— | OorpaHHYCHHBIE
aBTOMATBhI
Tum 2 ABTOMATEL ¢
KC-a3p1xn —————p{ MarasuHHOU
MaMAThIO
Tun 3 Perynspubie p| Koneunbie
SI3BIKH ABTOMAThI

Puc.1. Uepapxusa 93bIKOB, rpaMMaTUK U aBTOMaTOB

CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT
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1.1.4. N'paMmMaTUKM HenocpenCcTBEHHbIX COCTaBJIAIOLWNX
n KC-rpammatuku

MpammaTtukm Tmna 0 n NopoxgaemMble MU A3blIKM HE HALIW NPaKTU-
4ecKOoro npumMeHeHus. VIx ncnonb3osaHve 4s1s OnmcaHnus CUHTakcmca a3blKoB
HeynoOHO, Tak Kak OJis NPOM3BOJIbHOM rpaMmaTukn G JaHHOro Tumna O4YeHb
TPYOHO WAW HEBO3MOXHO MOCTPOUTbL MPUEMSIEMbIA MO TPYOOEMKOCTHU
anropuTtM pacno3HaBaHus, KOTOPbIA gaBan Obl OTBET HA BOMNPOC,
NPUHAONEXNT 1N NPOU3BOJIbHAA TEPMUHANbHAA Lienoyka A3biky L(G).

KOHTEKCTHO-3aBUCUMbIE A3bIKW (A3bIKWM HEMOCPEACTBEHHbLIX COCTaBNSAO-
wmx nam HC-a3bikun), nopoxaaemMele rpammMaTikaMmm Tuna 1, MetoT 60/bLUYo
MPakTUYEeCKY LEHHOCTb, YyeM a3blku Tuna 0. MNovyemy a3bikm Tuna 1
Ha3bIBAOTCA KOHTEKCTHO-3aBUCUMbIMN? MOXHO nokasaTtb, 4To, ecnu G -
KOHTEKCTHO-3aB1CHMas rpaMmmMartika, TO CYLLLeCTBYET SKBMBANEHTHas el (T.e.
nopoxgaroLias ToT Xe 93blK) rpammMatumka G,, Takag, 4To Kaxkaas npoaykums
n3 P nmeet Bua;

aAB -ayp,

roe o, BO(V;0V)*ADOV,yO(\;0 V), T.e cumson A MoxeT OblTb
3aMeHEH HEernycToM LEenoyvykor B ONpefesieHHOM KOHTEKCTE.

lFoBopAaT, 4YTO rpammaTuka G, NpeacTaBngeT CcoOOoM Tak Ha3biBAEMYIO
HOPMaJbHYIO GOPMY KOHTEKCTHO-3aBUCUMOW rpammMaTukin G.

Taknm 06pa3om, HeTePMUHAIbHbIE CUMBOJIbI MOXHO NHTEPMPETUPOBATL
KaKk MeTa/IMHIBUCTUYECKME MepeMeHHble (KOHCTPYKUMKM S3blka), a BbIBOA,
LLenoYek s3blka MOXHO paccMaTtpuBaTth Kak MHGOPMaUUIO O CUHTAKCUYeCKOoM
CTPYKTYpE 3TUX LIeNnoYeK.

Mpumep. TlycTb HEOOXOOAMMO MOCTPOUTb A3bIK O ONUCAHUSA
PaBHOCTOPOHHUX TPEYrofibHMKOB, Kaxaasi CTOPOHA KOTOPbIX COCTOUT U3
KOHEYHOr0 YMCla OPUEHTUPOBAHHbLIX OTPE3KOB OMNPEeAeNIeHHON OJIMHbI.

Ha puc. 2a npmBeneHbl NnpuMepbl TakmMx TPEYrofibHMKOB. B 3aBncrumocTun
OT HanpaBneHnss 0603Ha4YMM 3TU OTpe3ku cumeBonamum 1, r n x Tak, Kak
rnokasaHo Ha puc. 20. [Burascb No 4acoOBOW CTPEsiKe OT JIEBOr0 HUXHEro
yrna Kaxpnoro TpeyrojibHuKa, nosiyduMm cregylowmne onncaHus aTux
TPEeyrosIbHNKOB:

111 rrr xxx,
11 rr xx,
1111 rrrr xxxx.
MOXHO cuMTaTb, YTO 3TO LEMNOYKN HEKOTOPOro A3blka ONMMCaHUS:
L={1"r"x, n=1}

PaBHOCTOPOHHUX TPEYrOfIbHUKOB YKA3aHHOro TUna.
CoBpeMeHHbIit N'yMaHUTapHblii YHMBEpcUTeT

15



e AN
INALN

a)

AR
0)

Puc. 2. Mpadunyeckas umHTepnpetauusa a3bika {1, r', x"} (a)
N ero TepMuHaJibHbIX CUMBOJIOB (0)

[ns naHHOro s13blka MOXHO NMPeASIoXUTb C/eayoLLYyo FrpaMMaTuKy Tuna
1, KOTOpPYO, OAHAKO, HENb3s1 OTHECTU K KNlacCy OECKOHTEKCTHbIX FpaMMaTuK:

G = (VT’ VN! Pl S)a
roe Vy= {1, r, x}, Vy= {S, R, X}, a MHOXeCTBO npoaykuuin P cOCTOUT 13

3JIEMEHTOB:
S - 1SRX,

S - 1RX,
XR - RX,
1R - 1r,
rR - rr,
X - rx,

xX - XxX.

CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT
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Y106kl NONY4YNTb LENnoYKy 17r'x", Haoo caenaTth cleayioLlee KoJIMYecTBO
LarosB:

N = n(n+5)/2,

npvyeM Nepeyio NPOAYKLUMIO HEOOX0OMMO NPUMeHNTLN — 1 pas, 3aTeM OAWH
pas — BTopyto npoaykuuio, 1/2n (n— 1) pas — TpeTblo, OANH pa3 — YETBEPTYIO,
n — 1 pas3 — naTyo, OANH pas — LWeCTyo U n — 1 pa3 — ceabMyl0.

MoOXHO [okas3aTb, 4TO C MOMOLLbIO OAaHHOW rpamMMaTuKU HEenNb3q
MOCTPOUTb TEPMUHAJIbHbIE LEMNOYKN, HE ABNAIOLWMECH LEenoyYkamMn a3bika
{1'r'x"}. Bonee TOro, MOXHO [oOKa3aTb, YTO JAHHOMY $3blky HE MOXET
COOTBETCTBOBATb HMKakasi OECKOHTEKCTHAsA rpaMmaTuka.

Mpammatuky Tnna 2 (KOHTEKCTHO-cBOOOAHbIE Uan KC-rpammatunkm)
MCMNONb3YIOTCA B Pa3/INYHbLIX JINHIBUCTUYECKNUX MOLENAX, HaxoOdwmx
pa3Hoobpas3Hoe npumeHeHve. Mpoaykumn Taknux rpaMmmMaTtk MMET BUA;:

A - B,

roe AOV,, B O(V;OV,)".

lMpumep. PaccMoTpuM A3bIK asirebpamyeckmnx BblpaxeHui, CnoBapb
KOTOPOro COCTOUT N3 CMMBOJIOB &, b, 3HaKoB +, —, *, /, a Takke CUMBOJIOB ().
MOXHO NPeanoxXnTb rpamMmmaTuky Tmna 2 gasg nopoXAeHUs LLenovyek 3Toro
A3blka C HaYaJlbHbIM CUMBOJIOM S U CO CNeayrLMMn NpoayKuUs Mn:

S-W+§S,
S-W-S,
S - W,
w - ww,
w - w/w,
W - (S),
W - a,
W - b.

PaccmoTpumM BbIBOA, Lienoyku (a + b*b) — a/b n3 HavyanbHOro CMMBOna
DAHHOW rpaMMaTUKK:
SOw-SO0((-S0 wW+S)-S0 (a+S)-SU (a+W)-SsO
O@+Ww-S0O (a+b*W)-S0 (a+b*b)-S0 (a+b*b)-WDO
0 (@a+ b*b)-W/WDO (a+ b*b) —a/W0O (a+ b*b) —a/b.
Cnocob6 onucaHusa BbiIBOAA LENOYKM M3 HA4Ya/IbHOrO0 CUMBONA,
NMPUBELEHHBIN Bbille, HE COBCEM ynobeH. bonee HarnggHbIM SBNSETCA
MCNOJIb30BaHME TaK Ha3blBaeMbIX AepeBbeB BbiBOAA. [1py 9TOM KOpPHEM
nepeBa OyneT 9BNATbCS BEPLUMHA, UMEOLLAas MeTKy Ha4yasbHOro cumeona S.

CoBpeMeHHbIit N'yMaHUTapHblii YHMBEpcUTeT
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Ha puc. 3 npuBeneHo oepeBo BbiBOAA AN LEMOYKU, PACCMOTPEHHON B

JAaHHOM npumMepe.
S
b
W/ N,

w w
w
a / a b
w * w
b b

Puc. 3. [epeBo BbiBOAa LENo4yku f3blka anrebpavyeckux BbipaXeHui

Kak n ona rpammaTyk HENOCPEACTBEHHbLIX COCTaBNSAOLLMX, CYLLLECTBYIOT
HopMasbHble POPMbl U AN BECKOHTEKCTHbIX rPpaMmMaTumK.

HopmarnbHot ¢popmori ntoboii 6eCKOHTEKCTHOW rpamMmaTnk G HasbiBa-
eTcq Takad rpammatuka G,, akBmBaneHTHas G, BCe MPOAYKLMN KOTOPOW
MMeIoT BUA,;

A - BC,

A - a,

roe A, B, C OV, alV.

ToT dakT, 4yTo ang nwobon KC-rpammaTmkm MOXHO MOCTPOUTb
HOpMaJibHYO OpPMY, CTPOro LOKa3aH.

Kpome TOro, gokasaHo u TO, 4TO /06O GECKOHTEKCTHBIA S3bIK He
SIBNSIETCSH aBTOMATHbIM (MPUHALNEXUT TUMY 2, HO HE NMPUHALNEXUT Tuny 3)
Torga v TOMbKO TOrga, Korga Bce 3ajalolue ero rpaMmmaTtuki obnagarot

CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT
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X0T4 Obl OAHUM TakKnM HeTepMUHaJIbHbIM CUMMBOJIOM A, Ang KOToporo:
A O *0AB,

roe a, B OV OV,).

Takve CMMBONbI Ha3bIBAIOT CaMOBCTaBJISIOWMMUCS, a TPaMMaTUKN —
rpammatvikamy ¢ caMmoBcTaB/ieHueM. Takum o06pas3om, OTCYTCTBUE CBOMCTBA
CaMOBCTaBJIEHVISI MOXET CINYXWUTb CBULAETESIbCTBOM TOr0, 4YTO AaHHasa rpamMma-
TUKa ABNAETCH PErynspHon (aBTomaTtHon). pammartuka n3 npmBeneHHOro
BbllLe NpuMepa He FBJISETCA aBTOMATHOW B CUJTY HaNMunsa NpOLyKLNI:

S - w,
W - (5),

n3 yero cnenyet, 4to S O *(S), T.e. S — caMOBCTaBNAOLWMIACA CUMBOJI.
1.2. PerynsipHble $13blKkM U aBTOMaTHbI€ FPaMMaTUKU
1.2.1. OCHOBHbIE MNOHATUA aBTOMaTHbIX FPaMMaTUK

Matepwnan, nanaraemMblii B JaHHOM pasgese, umeeT 60blloe 3HaYeHne
npu CO34aHMN METOOOB U CPEACTB aHanIM3a KOMMUASTOPaMU BXOOHbIX
TEKCTOB Ha COOTBETCTBYIOLLMX A3blkax nporpamMmmMmupoBaHug. Cnepyouime
NMOHATUS AAHHOWN NpeaMeTHON 06nacTn ABMSOTCA OCHOBHbLIMU:

aBTOMaT — abcTpakTHasa knbepHeTnyeckas MalumHa, obpabdaTbiBatoLLas
BXOZHYIO MOCNenoBaTesibHOCTb U OMpefensowas ee npuHagiexHoCTb
HEKOTOPOMY (pOpManibHOMY A3blKYy WM BblAAIOLWAA HEKOTOPYIO BbIXOOHYIO
nocnenoBaTesIbHOCTb;

KOHE4YHbIA aBTOMAT — MPOCTas Pas3HOBUAHOCTb aBTOMAaTa, KOTopasd
OJHOKPAaTHO CYMTLIBAET BXOOHYIO CTPOKY C/ieBa Hanpaeo, Npu 3ToM B /1060
MOMEHT BPEMEHW KOHEYHbI aBTOMAT HaXOAUTCS B HEKOTOPOM BHYTPEHHEM
COCTOSIHUM, MEHSAIOLEMCS MOCAE CYUTbIBAHUS O4EPenHOro CUMBONA;

nopoxaaloLaa rpaMmmMmaTuka — GopmanbHas rpammaTnka, No3BoNsIO-
Lasi NoCTPouUTb N0OYI0 NPaBUbHYIO LIEENOYKY CMMBOJIOB;

aBTOMaTHas rpamMmMaTukKa — PasHOBUOHOCTb NOpOXaaloLLer rpamma-
TUKU, B KOTOPOWM AOMYCTMMO BXOXAEHME B MPAaBYK 4YacTb MOPOXAAKOLLErO
BblpaxXxeHns He 6osiee OOHOro HeTepMMHaNbHOrO CMMBOJSA U He Bonee
OOHOro TEPMUHANBHOIO CUMBONA;

perynspHbii 93blK — 53blK, PACMO3HABAEMbIN KOHEYHbIM aBTOMATOM,;

peryngpHas rpaMmmMaTtmuka — rpaMMaTrKa, NopOoXAAIoLLLAS PerynspHble
A3bIKN.

ABTOMATHbIE FpaMMaTUKK, MOPOXAAKLLME KNACC PerynspHbiX (aBTomar-
HbIX) 13bIKOB, OTHOCATCS K Hanbonee NPocToMy TUMy rpammMatumk. Mpoaykumn
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rpamMmaTumK 3TOro Tmna UMerT BUA;
A - aB,

A - a,

roe A, BOV,; a O V..

MHorpa takme rpaMmmMaTukm Ha3blBalOT aBTOMATHbIMU FpaMMaTukamm C
npaBoOCTOPOHHUMYM NPOAYKUMAMN. MOXHO BBECTM B PACCMOTPEHME TaKXe
aBTOMaTHble FPaMMaTUK1 C NEBOCTOPOHHUMW NPOAYKLMAMM BMAA:

A - Ba,

A - a.

OpHako B KaXaow rpamMmaTtmvke MOryT ObiTb TOJSIbKO MPaBOCTOPOHHME
WM TOJIbKO IEBOCTOPOHHME NPOAYKLINN.

Knacc perynspHbiX S13bIKOB Y30K, HO MCK/OYMTENbHAA NpoCcToTa
anropMTMOB pPacno3HaBaHUS 3TUX A3bIKOB AENaeT UX MpuBekaTenbHbIMU
0N UCNONb30BaHUSA B JIEKCMYECKOM aHanMm3e TEeKCTOB Mporpamm B
TpaHcNaTopax C pas3fiMyHbIX S3bIKOB NporpaMmmupoBaHus. Mpu aTom C
MOMOLLbIO aBTOMATHbIX FPaMMaTUK, MOPOXAAIOLWMX TaKMe KOHCTPYKLUMK, Kak
MOEHTUDUKATOP M YUCNO, MOXHO BbIAEIUTb UX MPU YTEHUM NPOrpamMMmbl,
3anucartb B cneuuasnbHble Tabnuubl, a B NporpaMMy BCTaBUTb Ha X MecTa
CCbIJIKW Ha COOTBETCTBYKOLWME CTPOKkN Tabnuy. CCbiNkM 3TN UMEIOT
CTaHAAPTHYIO OJIVHY U MOTYT BOCMPUHUMATLCS KaK OTAEsSIbHblE CUMMBOJIbI,
YTO YNPOLLAET AafIbHENLLNI aHaNnU3 TeKCTa NPorpaMmmsl.

lMpumep. TlycTb TEpMUHANbHLIV cnoeapb V- rpammaTukn G = (V;, Vy, P, S)
cocTouT 13 aByx OykB (a, b) n apyx undp (0, 1), HETEPMUHANBHbLIM CNOBapb
V= {S, L}, a npoaykumm MHoxecTBa P UMeloT BUA;

S—»aL,S—>bL,S—>a,S—»b,L—>O,L—>1,L—>a,L—>b,L—>OL,
L - 1L, L - alL,L - bL.

Takag rpaMmmaTvka nNOopoXgaeT BCE BO3MOXHble Lenoykm alVv*,
KOTOpblE MOMYT HAYMHATLCS TOJIbKO C OykBbl. B A3blkax NporpaMmMmMpoBaHus
Takme KOHCTPYKLIMKW HOCAT Ha3saHue naeHTngukatopos. Ecnu B cnosape V;
cogepxutca n 6ykB 1 m undp, MHOXecTBO P ByneTt copepxaTb 2(2n+m)
npoaykumn. Ha puc. 4 npueBefeHo AepeBo BbiBoAa ansa uenodvku ab100,
nopoXaaemMorn OaHHOW rpamMMaTmnKON.

MoxHO nokasaTb, 4TO /OO0 KOHEYHBbI A3bIK, T.e. A3blK, COAEPKALLNIA
KOHEYHOEe MHOXeCTBO Lenoyek, L={q,,...,a,} ABNSeTCS aBTOMATHbIM S3bIKOM.
JencTBuTtenbHo, yunTbiBas, 4To Ntobas Lenoyka a3bika 0,=a,,, a,, ...8;;, MOXHO
3a0aTb MHOXECTBO MPOAYKLMIA:

P={S - a, A, A, - @An .., Ap s | i=1,...,n}
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[
0
Puc. 4. [depeBo BblBOAA LEMNOYKM aBTOMATHOro $i3blka

pammatuka, cogepxaiiaa k, + k, + ... + k, Taknx npoaykuun, n dynet
nopoXaaTb OAHHbIA KOHEYHbIN A3biK.

[lokasaHo, 4TO MOXHO onpenensaTb b0 aBTOMATHbIN A3bIK HE C
MOMOLLIbIO MOpPOXAALWeEN rpaMMaTuKM, a C NOMOLLLbIO Tak Ha3blIBAEMOro
npeactasssiolero BelpaxeHus. Onpenenvm npencTaBnsiollee BbipaxeHne
Ong uenodek u3 cnoesaps V*; cnepyowmm obpasom:

1) mobas uenoyka n3 cnosaps V*; eCTb NpeacTaBnsioLlee BblpaXXeHUE;

2) ecnin R, n R, — npeacTtaengowmMe BbipaxeHus, To R,R, — Toxe
NpeacTaBnsiollee BblpaXeHue;

3) ecnm R,, ..., R, — npeacTtaengowme Boipaxenus, 1o (R, ..., B, )* —
ToXe npenacTasnsgollee BoipaxeHue (ik 0 {1,....n}, k=1,..., m);
4) ecnn R,, ..., R, — npencrasnsowme BolpaxeHud, To R, 0 ... 0 R, —

TOXe NPenCcTaBnsioLLLEe BblpaXEHUE;
5) Apyrux npeacTaBnsioWmMX BbIPAXKEHUN HET.
CemaHTuka (CMbIC) 3TUX BbIPAXEHUI TakoBa:
1) uenouka n3 cnoeapsa V; npeacrtaBngeT cob0M A3blk, COCTOALWMNA U3
€OVNHCTBEHHOW LEN0YKN;
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2) ecnn R, npepactasnseT cobon aA3blk L, a R, — 93bk L,, T0 RR,
npeacrtaesnseT cobom L,L,, T.e. MHOXECTBO LenoYyeK O ,0,, Takmx, 4To o, 0 L,

o, 0 Ly;

3) ecrm R, (i =1, ..., n) npencTaBnsaloT cobor a3blkn L; (i = 1, ..., n), TO
(R, ..., B,,)* npepctansaeT cobon a3bik {L,; O ... O L,,}*;

4) ecnn R; (i = 1, ..., n) npencTaBnatoT cobown a3bikn L, (i =1, ..., n), TO

R=R,0 ... 0 R, npeactasnset cobor a3bik L, 0 ... O L,
KaxaomMmy npenctaBnsioweMy BbIPaXEHUI0 MOXHO MOCTaBUTb B
cooTBeTCTBME rpad.

IIpencrasnsromnme rpadpl CooTBercTByIomue rpadsl
(a)* !
‘ b
(a,b)*

a(a,b,1,0)* U b(a,b,1,0)*

Puc. 5. Mpumepbl npeacTaBnfaloOWMX BblIPpaXXEHUW U COOTBETCTBYIOLLMX
umMm rpados
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Ha puc.5 npuBeneHbl NnpMMepbl NPEACTaBASIOLWMX BblPpaXEHUN Y
COOTBETCTBYIOLMX UM rpadoB:

rnepBoe NpeacTaBngiolLee BblpaXeHMe 3agaeT s3blK, COCTOALWNA 13
ofgHon uenouku: L,={ab};

BTOpPOE MpeacTaBngoWee BbipaxeHne 3aaaeT 6EeCKOHEYHbIN A3bIK,
apnaowmnicsa ntepauuen andaeuta {ay:L,={¢, a, aa ...};

TpeTbe NpeacTaBnsloOLLIEE BbipaXXEHWE 3agaeT CBOOOAHYIO MONyrpynny
c obpasyowmmu {a, b};

YyeTBEPTOE NPeACcTaBNsAoLLEE BblpaXeHMe 3a0aeT A3blK, MOPOXAAEMBbIN
aBTOMATHOM rpaMmMaTmMKOn U3 NnpuMepa, NPUBELEHHOIO BbILLE, N COCTOSLLNMA
13 MOEHTUPUKATOPOB (LENOYEK CMMBOJIOB, HAYMHAIOLLMXCSA C OYKBbI).

1.2.2. NMpomexyToyHble KJ1aCcCbl rpamMMaTuK

B TOM cnyyae, korga ToT UK UHOM 93bIK (OrpaHUYEeHHbIN eCTECTBEHHbIN
A3bIK, 13bIK MPOrPaMMMPOBAHUSA U T.A.) HEBO3MOXHO OnmucaTb C NOMOLLbIO
OECKOHTEKCTHOW rpamMmaTukn, a UCMNOoIb30BaHNE KOHTEKCTHO-3aBUCUMBbIX
rpaMmMmaTmk HexenaTesnbHO M3-3a WX YPE3MEPHOW CIIOXHOCTU, Heobxoamm
komnpomuce. Mpu aToM YacTo mayT no nytn 06o6uweHns KC-rpammaTuk.

Mpu ncnonb3oBaHUn GOpPMasbHbIX FrPAMMaTUK B KQYECTBE MexaHu3ma
onga nopoxaeHus peweHn B CUN (cuctemax MCKYCCTBEHHOIO MHTENNEKTA)
CTaHOBUTCS CYLLECTBEHHbIM TOT akT, 4TO B 06LLEM Cllydae nopoxajatoLime
rpamMmmMaTunky NpeacTaBnsatoT coOom ucumcaeHus, He 06.1a4arLLme CBOMCTBOM
pPe3ybTatMBHOCTM. ITO O3HAYAET, YTO, UMESA Ha4asbHbI CUMBOJ1 rpaMMaTu-
KM 1 NpaBuna nopoxXxaeHus (Npoaykuum), Mbl MOXEM BbIBECTU Nt0OYIO
TEPMUHANBHYIO LLENOYKY OAHHOIO A3blka, a8 HE Ty €AMHCTBEHHYIO LIEMOYKY,
KoTOpas B OaHHOM ciy4dae npepncrtasfiseT coboi onucaHve pelleHus
NnocTaBfieHHON 3agadvun. [1py 3TOM roBOPSAT, YTO AAHHbLIA NOPOXAAOLLMA
MexaHM3M (nopoxpawwaga rpaMmmarmka) onmcbiBaeT Wb CUHTAKCUC
(CTPYKTYpPY) AAaHHOI O A3bIKa, PeLleHnin 3a4a4m, HO HE ero CEMaHTUKY (CMbICH).

[Monb3yscb TEM UKW NHBIM METOLOM 4J15 NpeacTaBieHns 3HaHun (pop-
Manu3aumm CEMaHTUKN), MOXHO CYLLLIECTBEHHO YBEINYUTL CTENeHb onpene-
JIEHHOCTU MopoXJawLmMx rpaMmmMaTuk. B npenene a1o MOXET npeBpaTuUTb
rpamMmmaTuKu B alropuTMbl, KOTOpble paboTaloT ¢ dopMasn3oBaHHbIMU
3HaHMAMU Kak C AaHHbIMW. Hanbonee MHTEPECHbIM ABNSIETCS KOMMPOMUC-
CHOE pelueHne, Npu KOTOPOM BbIBOAbI TEPMUHAJIbHBIX LEernoYyek 3aBUCAT OT
TeX WU UHbIX 3HAHUI (COCTOSHMIA MOAENN nNpeagMeTHor obnactu, koTopas
ynpasasgeT nopoxaarnlmMm MexaHM3MOoM), HO Npu 3TOM COXPaHHAeTCs
HeKoTopasi HeOQHO3HAYHOCTb BbIBOAA, MO3BONLAOLLAA BKIIOYATb B KOHTYP
yrpasfieHust 4YenoBeka.
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Bbino npennoxeHo cnenytoulee 0606ueHne 6ECKOHTEKCTHbLIX FpaMmma-
TUK. BeCcKOHTEKCTHOMN nporpamMmmHon rpammaTtmkon (Bl1-rpammaTtmkon)
Ha3blBAeTCs Cneaylowas COBOKYMHOCT:

G=(V,V,P IS,

rae noMumo yetblpex KoMnoHeHToB KC-rpammatuku (V;, V,, P, S) BBeaeHo
KOHEYHOEe MHOXEeCTBO / Tak Ha3blBaeMbIX METOK MPOLYKLNNA.

Kaxgasa npoaykums n3 MHOXecTBa P COCTOUT U3 CleayoWmx COCTaB/Is -
FOLLNX:

MEeTKN JaHHOW npoaykumu r O [

aapa npoaykuum, KOTopbiM aBnaseTcs npoaykums KC-rpammatnkm suga

A - q,

roe A0V, aO(V, OV,

MHOXecCTBa rnepexozos ro ycriexy Fg 01,

MHOXeCTBa nepexonos no Heycnexy F O /.

BbiBog, (reHepauus) TepmuHanbHon uenodkm B O Vi, B rpammatuke G
M3 Ha4anbHOro cmmMmBona S 6yneTt o603Ha4YaTbCcsa cneayLlmm obpa3om:

S OB vn
(ry 1)
SOvy,0v0...0V=8

rirary

EeckoHTeKCTHbIM nporpaMmMHbIiM 3bikoM (BI1-a3bIkOM) Ha3blBaeTCcA
MHOXECTBO TEPMUHabHbIX Lenoyek, nopoxaaemblx Bl1-rpammaTtmkon.

JokazaHo, 4To MHOXeCTBO Bl1-93bIKOB CTPOro CooepXuUT MHOXECTBO
OECKOHTEKCTHbIX S13bIKOB M CTPOro COOEPXWUTCH BHYTPU MHOXECTBA
KOHTEKCTHO-3aBUCUMbIX A3bIKOB.

lMpumep. B npumepe (n. 1.1.4) npuBeneHa rpamMmmaTmka HeENoOCpPencT-
BEHHbIX COCTaBASOWMX A7 MOPOXOAEHNSA ONUCAHUA PABHOCTOPOHHUX
TPEyronbHMKOB B BUAE Llenodek a3bika L={1"r"x"}. DTOT 93blK He sBNSETCS
OEeCKOHTEKCTHbIM, HO A1 HEr0 MOXHO MOCTPOUTb MHOIO BapuaHTOB
Bl-rpammatuk, HanpumMep cnenyoLLyio:

G=(\V,V,PIS),
roe:
Vy=A{1, r, x}; Vy={S, LW},
1={1, 2,3, 4,5}, a MHOXECTBO P COCTOUT 13 clieayoLmx NpoayKuunii;
(1) (S-LW) (2, 3) (0),
(2) (L-1IL) (4) (O),
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(3) (L-1) (5) (O),
(4) (W-rWx} (2, 3) (O),
(9) (W-rx) (00) (0).

30ecCb Kaxgas npoaykumsa COCTOUT U3 YETbIPEX KOMMOHEHTOB, KaXbli
13 KOTOPbIX 3aK/IIOYEH B CKOOKU:

NepBbIi KOMMNOHEHT — MeTKa NPOAYKLMN;

BTOPOMN — AP0 NPOAYKLMN;

TPeTuii — MHOXECTBO MEPEXOAOB MO yCnexy;

4YeTBEPTbIN — MHOXECTBO MEPEXOAOB MO HEyCcrnexy.

CumBonom [0 0603Ha4eHO NycToe MHOXECTBO.

Y100blI NONY4NTb LEnoYky 17rx", Hago caoenaTtb 2n+1 waros, Npuyem
NMepByto, TPETbIO U NATYI0 NPOAYKLMN HEODXOOMMO NPUMEHUTb MO OOHOMY
pasy, a BTOPYIO 1 4eTBepPTY0 — no (n — 1) pas.

Ana nopoxneHus TOM Xe LEeno4ykm C NOMOLbIO rpaMMaTuki,
npueeneHHonm B nepBoM npumepe (n.1.1.4), Heobxognumo coenatb
CyLLIECTBEHHO Oosbluee yncno waros (1/2n (n + 5)).

MpunoxeHne Teopun GopmasbHbIX rpaMMaTUK, CBA3aHHOEe C rpaMmma-
TUYecknm pas3bopoM WM CUHTAKCUYECKUM aHanM30M LenovYek SA3blIKOB,
LUMPOKO MUCMNONb3YEeTCH B TPaHCAATOpax C A3blkOB MPOrpamMmMupoBaHus, a
Takke B cuctemMax obLieHus JyenoBeka ¢ 9BM Ha ecTeCTBEHHOM A3blKe.

Mon rpammaTtndeckum pa3bopoM (CUHTAKCUYECKMM aHaNM30M) LEeNoYyKn
HEKOTOPOro s3blka MOHUMAIOT pelleHne 3aJadqn O TOM, NMOPOXAAEeTCs WU
HEeT aHanu3upyemMasi Lenoyka CUMMBOJIOB C NMOMOLLbI AaHHOW rpaMMaTuKu.
3apjavy CUHTaAKCUMYECKOro aHanm3aa Lenoyvek si3blka MOXHO TPaKToBaTb Kak
3a4ady pacno3HaBaHUS — MNpouecca OTOXAECTBNEHMS 00bekTa C OAHUM
M3 U3BECTHbIX cucTeMe 00bLEKTOB. B 3TOM cnyyae, pacno3Halow,as
rpammatuka — 9To ¢opMalibHas rpammartuka, KoTopas no3BongeTr
onpenennTb NPaBuUIbHOCTb (HENPABWUJIbLHOCTbL) NOO0ON NpeabsBIEHHOWN
LLEMOYKM CMMBOJIOB.

Takas TpakToBKa CUHTAKCUM4YEeCKOro aHanui3a JIeXUT B OCHOBE
CMHTaKCUYEeCKOro noaxoda K pacno3HaBaHuio 06pa3oB. 'pammaTnyeckui
pasbop (CUHTaKCUYECKNIA aHANN3) UrPaeT BaXXHYO POJib B cUCTEMAx 00LLLEHNS
yenoseka ¢ 9BM, B KOTOpPbIX UCMONb3ylOTCa dopManbHble MOOENN
€CTEeCTBEHHOro s3blka.

MpammaTmyeckuin pasdbop Lenovek GopmMasbHbIX 3bIKOB, B 0COOEHHOC-
TM MoAenen eCTeCTBEHHbIX A3blKOB, SBASIETCA HEAO0CTAaTOYHbIM O
MOZENMPOBAHUSA MpoLecca NoOHMMaHUS 3TUX A3bIKOB, MO KOTOpbIM Oyaem
noapasymMmeBaTtb Npeobpa3oBaHMe 3TUX LIENOYEK B HEKOTOpoe hpopMasibHoe
npencTaBfieHNe UX CMbICNA, UM CEMaHTUKN.

CyLiecTByeT HECKOJIbKO NMOAXOA0B K MOHATUIO CEMaHTUKK. ITOT BOMPOC
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SIBNSIETCA OAHUM M3 OCHOBHbIX B NpoOGneMe UCKYCCTBEHHOIO MHTENeKTa.

[MoHaTne cmbicna (CeMaHTUKM) A3blka MOXHO MOACHUTbL CleayioLnm
obpa3om. bynem roeoputb, 4TO dpasa A3bika (LLenoyka CUMBOJIOB) UMEET
CMbICN ON19 CUCTEMBbI, Lesibio KOTOPOW SBAFETCHA NMOHUMaHWe $A3blka, ecrn
3Ta cuctemMa MoXeT nNpeobpas3oBaTh 3Ty LLEMOYKY B HEKOTOPOE €€ 3Ha4YeHmne,
BblpaXeHHOEe B 3a/IOXKEHHOM B cucTeMy dopmanname. I10T GopmManmsm
[OoMKeH OblTb OpraHM3oBaH B CTPYKTYpYy, MO3BONAIOWYO CUCTEME
MCMNONb30BaTb CBOM 3HAHWUS COBMECTHO, Hanpumep, C CUCTEMON NPUHATUS
peLeHnin, 4TOObI BbIMOHATL BbIBOA, BOCTMPUHMMATb HOBYIO MHMOPMALMIO,
OTBEYaTb Ha BOMNPOCHI U MHTEPNPETUPOBATbL KOMaHAbI.

[Mpn aTOM rOBOPAT, YTO B CUCTEMY 3a/I0OXKEHbI BO3MOXHOCTM
CEMaHTNYEeCKON MHTeprnpeTaunm ¢pasbl €CTECTBEHHOMO A3blka.

[Mopoxaatouime rpaMmaTrKi, PACCMOTPEHHbIE PaHee, He MOTMYT CIYXUTb
LensgaM MOHVMMaHUS s3blka B CUJTy TOrO, YTO B HUX MOSIHOCTbIO OTCYTCTBYET
cemMaHTnyeckuin acnekT. [loaTomMy npeanaralnTcsd pacluMpeHns Moaenen, B
KOTOPbIX BBOOATCHA HEKOTOPbIE cpeacTsa GpopManm3daumm CEMaHTUKN 93bIKOB.

B npocTtenwem cnydae CMbICN LEMNOYKM CUMBOAOB, KOTOpas
nogBepraeTca rpamMmmaTnyeckomMmy pasbopy, onpepensgseTrcsa 4yepes
CEMaHTUYECKME MPU3HAKN OTAENbHbIX CUMMBOJIOB, BXOOSALWMWX B 3Ty LEMNOYKY.
Bnepeble Takag dopmannizaumss ceMaHTUkn Obina npeasoxeHa ans
OECKOHTEKCTHbIX A3bIKOB. CMbIC/ LLEMOYKM OnpeaenseTca 4epes npuaHaku
KaX[40ro HeTepMnHasabHOro CMMBOJA, BO3HMKAIOLLLErO NPW rpaMMaTnUyeCckom
pa3bope 3TOW LEeNOYKM B COOTBETCTBUM C AAHHBIMU NPOAYKLUAMMN
rpamMmaTtukm. Ona kaxgon npoaykumm OGeCKOHTEKCTHOW rpamMmmaTukum
3a4al0TCH Tak HadblBaeMble CEMaHTUYECKME NpaBmna, KOTopble ONpPenenstoT
CEMaHTUYeCKMe Npu3Hakm BXOOSALMX B 9Ty NMPOAYKUUID CUMBOJIOB U3
HeTepMUHaNbLHOro criosapa V,.

CemaHTnyeckme npaemna 0o6aBnaoTcs K 6ECKOHTEKCTHOM rpaMMaTrKe
cnegyiowmm obpasom. Kaxgomy cumeony AOV,OV, npunnucaHo KOHeYHoe
MHOXecTBO R(A) npu3HakoB, KOTOPOE COCTOUT M3 MHOXECTBa Tak
Ha3blIBAEMbIX CUMHTE3MPOBAaHHbLIX NPU3HAKoOB R (A) N N3 MHOXecCTBa TakK
Ha3blBaeMblIX yHacsien08aHHbIX NPU3HakoB R, (A), npuyem Ry (A) n R,(A) =0,

HayanbHbIn CUMBON S HE JOMKEH MMETb YHACNe40BaHHbIX NPU3HAKOB,
a KaXablh TePMUHaNbHbBIA CUMBOJST — CUHTE3UPOBAHHbLIX. Kaxabli npusHak
rdR(A) umeeT MHOXEeCTBO 3HaveHuin D.,.

[MycTb B MHOXeCTBE P COOEPXMNTCHA NPOAYKLNS:

Ay = A, A,
CematrTnyeckoe rpasusio — aTo GyHKumMA f,, nepesoasLas onpeaeneH-

Hble MPU3HAKN CUMBOJIOB Ay, A, ..., A,; B 3HAYEHNE HEKOTOPOro npu3Haka r
cumBona A; (0 <j < k).
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3HadeHuns aTo pyHKUMKN 6epyTcs n3 mHoxecTsa D, npudem r O Ry(A)),
ecnmnj =0, nrOR(A)), ecnnj>0.

PaccmMoTpuM Ha npumepe Npouecc OUeHKU “CMbicna” LLenoykm TepMu-
HaNbHbIX CMMBOJIOB MO 3aJaHHbIM 3HAYEHUSM MPU3HAKOB 3TUX CHMMBOJIOB.
lMpumep. PaccMoTpyM GECKOHTEKCTHbIN S3bIK OMUCAHUSA YNCEN B
OBOWYHOW cuctemMe cumncnenmd. MNyctb 3agaHa rpammaTtimka, nopoxaatouas

LLeNoYKnN 3TOro A3blka:

G=(V,V,PS),
roe V= {0, 1} V,={S, L, B}, a MHOXeCcTBO P COCTOWUT 13 CNeayloLwmx
NPOAYKLMIA:
(S - 1L

(2) S - LL,
(3)L - B,
4) L - LB,
() B - 0,
6)B - 1.

CUMBOJIbI FPAMMATUKM UMEIOT CREAYIOLME NPU3HAKU:
Ao(B) = {v}.

Ay(S) = {v}.

MHoXxecTBa NPU3HAKOB TEPMUHANbHbLIX CUMBOJSIOB MYCThI.
MHoxecTBa BENNYNH NMPU3HAKOB TaKOBbI:

D, — MHOXECTBO pauuOHasbHbIX YACEN,

D, — MHOXECTBO LEeNbIX Yncen,

D, — MHOXeCTBO LEeNbIX Yncen.

CemaHTuka npmM3HakoB cneayollas:

v — “BennymHa” cumBona,

s — “nosuuma” cumBona,

1 — “NpoTaXeHHOCTb” cMmBoOna.

CemaHTunyeckme npasuna UMeT cneayowmvin B1a;
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Ons MpoayKuum
ONg NpoayKUmn
ONg NpoayKumn

Ans npoaykumn (4) — v(L,)

S(Ly) = s(Ly)+1, I[(Ly) = 1(L;)*1;
Ans npoaykumn (5) — v(B)=0;
ona npoaykumm (6) — v(B) = 258

1.2.3. KoHeYyHble aBTOMAaTbI

B npepbioywimx naparpadax pasnnyHble TUMbl 93bIKOB ONpenensnmchb
C TOYKU 3PEHNHA OrPaHNYEHNN Ha NOPOXOEHME, T.€. C NMOMOLLLIO rpaMMaTuK
pasnnyHoro tuna. Opyrom meton onpenesieHnd 93blka OCHOBaH Ha
MCMNONb30BAHNN MHOXECTBA LLENOoYeK, BOCMNPUHUMAEMbIX HEKOTOPLIM
abCTpaKTHbIM Pacno3HaoLLYM YCTPONCTBOM. Takue yCTpOoiCTBa Ha3blBalOTCS
Takxe aBToMatamm. Kak nokasann TeopeTnyeckre UccrienoBaHns, knaccam
A3bIKOB, COOTBETCTBYIOLLMM YETbIPEM TUMAM rpaMMaTrK No Knaccnounkaumm
XOMCKOro, MOXHO MOCTaBUTb BO B3aMMHO-OOHO3HA4YHOE COOTBETCTBUE
yeTblpe TMNa Pacrno3HalLUX YCTPONCTB. [poCTENWM U3 HUX SABJISETCHA
KJlaCC TakK Ha3blBaeMblX KOHEYHbIX aBTOMaTOB, KOTOpPble A0nyckarT
(pacrnosHaloT) BCe 43blku, MOpOXAaeMble aBTOMATHbIMU (PerynsgpHbiMu)
rpamMmmaTvikamu, 1 TONIbKO UX.

PasnnyaloT netepMUHMUPOBaHHbIE U HEAETEPMUHUPOBAHHbBIE KOHEYHbIE
asTomartbl. JetepMUHUPOBaAHHbLIM KOHEYHbIM aBTOMaTOM Ha3blBalOT
CnefyoLLyo NATepKy:

A=(V,Q, 3 qy A,

roe:
v={a,, ...,a,} — BxogHon andaBuT (KOHEYHOE MHOXECTBO CIMBOJIOB);

Q = {94 9 .-, q,.1} — andaBuUT COCTOAHUN aBTOMaTa (KOHEYHOe
MHOXECTBO CUMBOJIOB);

0 — dyHKUMS, oToOpaxaLwan MHoxecTBo QxV B Q n HasbiBaemas
bYyHKUMEN Nepexoos;

g, 0 Q — Ha4anbHOE COCTOSIHME aBTOMATa;

F 00 Q — MHOXECTBO COCTOSIHWIA, Ha3blBaeMbIX 3aKIO4YUTENbHbIMKU. Ha
coaepxxaTtefibHOM ypOoBHEe (PYHKLIMOHMPOBAHME KOHEYHOrO aBToMaTa MOXHO
npeactaBuTb cebe cnenyowmm obpasomM. MimeeTca 6eckoHevHas neHTa ¢
a4YenkamMm, B KaxXaom U3 KOTOPbIX MOXET HaxoaAnTbCs oauH cumBon U3 V. Ha
JIeHTe HaxoauTcsa Lenodka cumBonoB oldV*. HAueikn cnesa m crnpaBa oOT
LLernoykn He 3anosiHeHbl. MiMeeTcs HEeKOTOpOoe KOHEe4YHoe ynpasnstouiee
YCTPOWCTBO C 4YMUTalOLLEN FONOBKOWM, KOTOPOE MOXET nocnenoBaTesibHO
CYMTbIBATb CUMBOJbI C JIEHTbI, Nepeasurascb cneBa Harnpaso. [pn aTom
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YCTPOMCTBO MOXET HaxOAUTbCS B KakKOM-MbO OOHOM COCTOSiHUM mn3 Q.
Kaxapln pas, nepexoas K HOBOW si4eike, YCTPOMCTBO NMepexoamT K HOBOMY
COCTOSIHMIO B COOTBETCTBUUN C DYHKLMEN O.

Ha puc. 6 nsobpaxeH KOHEYHbIN aBTOMAT B HA4Ya/lbHOM COCTOSIHUM (,,
CYMTBIBAIOLLMI MEPBbLIA CUMBON &,; BXOAHOWM Leno4km o,. CTpenkom nokasaHo
HanpaBfeHne OBUMXEeHUs ynTatowern ronosku. OTobpaxeHne O MOXHO
npeacTaBUTb B BUOE COBOKYMHOCTM Tak Ha3blBAEMbIX KOMaHpA, KOTOpbIe
0603HavalTCsa cnenylowmmMm obpasom:

(q’ a) - CI',
roe:q,q 0Q;alV.

ﬂ a |a | ...]ak e

Jo —>

Puc. 6. UHTepnpeTauns KOHEYHOro aBToMara

Yncno KomaHp KOHEYHO; nieBasd 4yacTb KOMaHAbl (g, a) Ha3biBAaeTCs
cuTyauveri aBTomara, a npasas, q', eCTb COCTOSIHME, B KOTOPOM aBToMar
OyneT HaxoAMTbCA Ha CledyloLeM Lware cBoel paboThl.

padunyeckn komaHay yoobOHO NpencTaBnaTb B BUAe ayru rpada,
nayuien n3 BepLUmHbl g B BEPLUMHY Q' Y11 MOMEYEHHYIO CUMBOJIOM & BXOLHOIo
andasuta (puc. 7).

'

q a q

O >0

Puc. 7. Npaduueckoe npeancrasneHue KoMaHabl aBToMaTa
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MonHocTblo oTOGpaxeHne & M300paxalT C NOMOLLbLIO AnarpamMmsbi
COCTOSIHWI, T.€. OPUEHTUPOBAHHOIO rpada, BEpPLLUMHAM KOTOPOro NOCTaBEHbI
B COOTBETCTBME CMMBOJIbI @, @ AyraM — KoMaHgbl 0TobpaxeHus d.

Ecnu aBTOMaT OKkasbiBaeTCcs B cuTyaumm (q;, a;), He ABNSIOLLIENCA NeBor
4yacTblo Kakon-nMbo ero KOMaHAbl, TO OH ocTaHaBnuBaeTcsa. Ecnu
ynpasnsgiowee yCTpPonCTBO CYMTAET BCE CUMBOJIbI LEMOYKN O, 3anMCaHHOMN
Ha NEeHTy, U Npu 9TOM NepengeT B cocToaHune q,F (3aknio4ntenbHoe
COCTOSIHME), TO FOBOPSAT, YTO LIEN0oYKa 0 JOrmyckaeTcss aBTOMaTOM A (aBTomaTt
OonyckaeT uenoyky o). MHoxecTBO LernoyYyek, AO0nyckaemMblX AaHHbIM
aBTOMAaToOM, €CTb, 10 ONMPeAesIEHNIO, S3bIK, AOMYCKAeMbI 3TUM aBTOMAaTOM.

OTo6paxeHne & MOXHO NMpeacTaBUTb U B BUAE OYHKUMN:

d(q,a)=q,
roeq,q 0Q;adV.

OTa dyHKUMA MHTEPNPETMPYETCH Tak Xe, Kak 1 komaHaa (g, a) — q'. Ee
MOXHO pPacnpoCTPaHUTb C OAHOrMO BXOAHONO CMMBOJIa Ha LEMNOYKY
cnenylowmm obpasom:

0(q, €) = q, roe € — nycTas LEenoyka;

o(g, aa) = d (8 (q, a), a), rae a OV, a O V*. Takum obpazom, MOXHO
CcKasaTtb, YTO O AOMNYCKaeTCs aBToMaToM A, ecnu:

5 (gy ) = g, roe q,0F,
a A3blK, OMNYCKAaeMbIi aBTOMAaTOM A, 3TO:
L(A) = {a|3 (go, a)TF}.
lNpumep. PaccMoTpM OETEPMUHUPOBAHHbIM KOHEYHbIA aBTOMaT:
A=(V,Q, 3, q F),

roe V={a, b};Q={S, X, Y, T};q,=S; F={T}, a d 3apaetcsa anarpaMmmom
COCTOSIHWIA, NMpencTaBNeHHON Ha puc. 8.
M3 gnarpamMmbl BUOHO, YTO A3bIK, JOMYCKAEMbIA 3TUM aBTOMATOM,

L(A) = {M"| n>1},

roe M = {aa, bb}.

Llenoyka a, = aabbaa ponyckaeTcd AaHHbIM aBTOMATOM, TaK Kak nocne
€e NpocMoTpa aBToMaT okaxeTcs B cocTosHum T [0 F.

Llenoykaaabba He ponyckaeTcs, Tak Kak nocsie ee NpocMoTpa aBTomMart
OKaXEeTCHd B COCTOSAHUN X, HE ABNSIOLMMCA 3aKTIOHUTENbHbBIM.

Llenoyka abb He nonyckaeTcsd NOTOMY, H4TO NOC/E CYNTLIBAHUSA CUMBOJIA
a aBTOMaT OKaxeTcs B cutyaumn (X, b), onig KOTOPOMN HET KOMaHb!.

CywecTByeT u gpyroii cnocob onpeneneHns 0eTepMUHUPOBAHHOIO
KOHEYHOro aBToMaTta C MOMOLLBIO TaK Ha3biBAEMbIX MaTpUL, NEPEXOOO0B.
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S
O
a b
! b
X O a,O ,OY
\_/v

a b

Puc. 8. Ouarpamma COCTOSIHUW
AeTepMMHUPOBAHHOIO KOHEYHOro aBTomarta, gonyckawowero a3bik (aa, bb)+

KoHeyHomMy aBTOMaTty A cTaBuUTCH B COOTBETCTBME maTtpuua B,
cocTosuas n3 nxm aneMeHToB. AnemeHT B [i,j] conepXuT 4yncno k — Homep
COCTOSIHUSA q,, TAKOro, 4YTO:

5(q, a) = G

Mpwn aTtom cumntaetcs, 4to Q = {q,, 94, -.-, .}, V=1{ay, ..., a,}, @ cnncok
3aK/II04YUTENbHBIX COCTOSIHUI NpeacTaBiieH BEKTOPOM F.

Ha puc. 9 npepcraeneHa matpuua nNepexonoB ANg aBTomMarta u3

BbILLUENPUBEOEHHOrO Npumepa.
HenetepMuHMpoBaHHbIVi KOHEYHbIVI @aBTOMAT €CTb NaTepka Buaa:

A = (V’ Qa 6’ QO’F)l

a b
qo 1 2 S
q1 3 X
q:2 3 Y
qas 1 2 T

Puc. 9. MaTtpuua nepexopa gna asTomarta, gonyckawowero a3blk (aa, bb)+
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roe:

V={a,, ..., a,} — BxogHO" andasuT;

Q=1{9, G4, ..., G,1} — andaBUT COCTOAHUI aBTOMATA;

0 — PYHKUMS NepexoaoB, oTodbpaxaroLas MHOXeCTBO QxV B MHOXECTBO
noamMHoxecTts Q@;

g, 0 Q — HayanbHOEe COCTOSIHME aBTOMATa;

F — MHOXECTBO 3aKJ/IIOUYNTENbHbIX COCTOSAHUIA.

EoMHCTBEHHOE OTNMYMe HeaeTEPMUHUPOBAHHOIO KOHEYHOro aBTomMaTa
OT OETEPMUHMPOBAHHOIO 3aKJ04YaeTCsl B TOM, YTO 3HAYEHUSAMU PYHKLMN
nepexonoB ABMAAIOTCHA HE COCTOSHUS, @ MHOXECTBa COCTOSHUI (KUnu, B
TEPpMUHaAX KOMaHA, BO3MOXHbl Pas3fnyHble KOMaHObl C OAWHAKOBLIMU
NeBbIMW YacTamMn). STO COOTBETCTBYET TOMYy ¢akTy, 4TO B Auarpamme
COCTOSIHUA N3 OOHOW BEpLINHbI MOXET UCXOAUTb HEeCKONbKO AYyr C
OJMNHAKOBOW MOMETKOMN.

PaccmoTpum Tenepb NPOU3BOJIbHYIO aBTOMAaTHYIO FrpamMMaTuky C
MPaBOCTOPOHHUMMU MPOAYKLNAMMU:

G=(V, V,,PS),
NPoAyKLMM KOTOPOWN MMEIOT BUA:
A - g AwnA - g,
MocTponm ana Hee HeAeTEPMUHMPOBAHHbLIA KOHEYHbIV aBToMaT:
A=(V,Q, 95, qo F),

roe:
V=V
Q =V, O{T}, npnuem cumBon T He O0KEH coaepxaTtbcs B V;
QG =S;
F=AT).

OTobpaxeHne & CTPOUTCH cneayowym od0pasom:

Kaxaoon npoaykuun Buaa A, — a; CTaBMTCH B COOTBETCTBME KOMaHaa
(Ava) - T,

Kaxgon npoaykumn suaga A, — aA, CTaBUTCA B COOTBETCTBME KOMaHda
(As @) - Ag

OPYrvx KOMaHA HeT.

[MOCTPOEHHbIN TakuM 06pa3oM aBToMaT 0603HaUYUM Ag.

Beuay Toro, 4to nobor perynspHbIin 93blk MOXET OblTb MOPOXAEH
aBTOMATHOW rpamMmaTukKon C NMPaBOCTOPOHHUMU MPOAYKLUUAMMU, MOXHO
OrpaHNYUTBLCH PACCMOTPEHNEM MMEHHO Takmx rpammaTtuk.

Tenepb paccMOTPUM MNPOWU3BOJIbHBLIA HEAETEPMUHUPOBAHHbLIA KOHEY-
HblA aBTOMAT:

A = {V) Q! 6! q0! F)
CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT
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Takomy aBTOMaTy MOXHO MOCTaBUTb B COOTBETCTBUE CIIeAyIOLLYI0 aBTO-
MaTHylo rpamMmMaTumKy:

G: (VT’ VN! Py S)l

roe: V=V, V,=Q; S =g, a MHOXeCTBO P CTpOUTCH CReayoLmMm 06pasom:

Kaxpon komaHae aBTomaTta (g, &) - g, CTaBUTCH B COOTBETCTBME
npoaykuus g, - aq,, ecam q, 0 Q;

Kaxpaoun komaHae (g, @) — g, CTaBMTCS B COOTBETCTBUE €lle OAHA
npoaykuus q; - a;, ecnn q, U F;

OPYrux npoaoykuui HeT.

MocTpoeHHyto Taknm 06pa3omM rpaMmmaTtmky o06o3Haqnm G,.

Onpegenum Tenepb A3blK, AONYCKAaeMbll HEAETEPMUHUPOBAHHbBIM
KOHEYHbIM aBTOMAaTOM.

Kak n B cnydyae OeTepMUHMPOBAHHOIO KOHEYHOrO aBTtoMaTra MOXHO
pacwupuTb obnacTb onpepeneHus GpyHkumm 6 oo QxV* cnepyowmm
obpazom:

0 (q, €) = g, roe € — nycTas Lenoyka;

0(g,0a)=00d0(q, a),raealV, aldV*.

q08(q, a)

Llenoyka o pmonyckaeTtcsa aBTomatomM A, ecnm HangeTtcd Takoe
coctoaHue g, F, yto:

q;0&q, a).

A3bIK, OOMYyCKAEMbI1 HEOETEPMUHNPOBAHHBIM KOHEYHbIM aBTOMAaTOM
A, — 970!

L(A) = {a]|q3(q,, a) O g,0F}.

OnucaHHble Bbiwe crnocoObl MOCTPOEHUS aBTOMATOB MO 3afaHHbIM
rpaMmMaTvkamM 1 rpaMMaTtimk rno 3a4aHHbiM aBToMaTam enatT OYEeBUAHbIMU
crnefnyoume yTBepPXKOeHUs:

1) L(G,) = L(A) ona nio6oro HegeTepMMHUPOBAHHOIO KOHEYHOro
aBTOMaTa A;

2) L(Ag) = L(G) bns nioboi aBToMaTHOM rpaMmmaTtukm G.

XOoTs HeoeTeEPMUHMPOBAHHbLINM KOHEYHbI aBTOMAT pacrnofiaraeT Ha
nepBbIii B3rnsg 00MbWMMM BO3MOXHOCTAMU, YeM OETEPMUHUPOBAHHbIN,
KJ1aCChbl 93bIKOB, KOTOPbIE OHU A0MYyCKaloT, COBNasaloT.

lMpumep. PaccMoTpuUM perynsipHbli (3blK, kaxkaas uenodka o [ {a, b}*
KOTOPOro COAEPXMT NO KPamnHen Mmepe o04Hy noauenoydky aa. MoxHo paccmo-
TpeTb aBTOMATHYIO rpaMmaTuky G, MOPOXAAIOLLYI0 3TOT s3blK, NPOAYKLIAN
KOTOPOW crnefyouime:

S - aS,S—> bS, S- aM,M—> a, M- aN, N- aN,N - bN,N—» a,N—> b.
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MOXHO NOCTPOUTbL HEAETEPMUHUPOBAHHbLIA KOHEYHbIM aBToMaT A; =
(V, Q, 8, qo, F). NMpn aTOM KOMNOHEHTAMKN aBTOMaTa OyayT:

V={a, b}, Q=1{S, M, N, T}, q,=S, F={T}.

OTobpaxeHme & npenctaBneHo Ha puc. 10 B BuOe gnarpammsl
COCTOSIHUIA.

Puc. 10. Amarpamma COCTOSSHUA HeAeTepPMUHUPOBAHHOroO KOHEYHOro
aBTOMarTa, gonyckawouwero a3bik (a, b)* aa{a, b}*

Tenepb NOCTPOUM 3KBUBANIEHTHbLIM €My AETEPMUHUPOBAHHBIN
KOHeuHbI aBToMmat A' = (V, Q', &, g',, F). Ero komnoHeHTamn OyayT:

V' =V={a, b};
Q=={{S}, {S, M}, {S, N, T}, {S, M, N, T}}

(ocTanbHble 12 COCTOSAHUI MOXHO OTOPOCUTb, TakK Kak HWU B OAHO U3 HUX
aBTomaTt A’ nonacTb HE MOXET);

q0= {S};

F={{S, N, T}, {S, M, N, T}};

GYHKUMIO NepexoaoB o MOXHO 3a4aTb C MOMOLLbIO ClieayoLmX KoMaHa;:
({S}, a) - {S, M};

{S}, b) - {S};
{S, M}, a) - {S,M,N, T},
{S, M}, b) - {S};
{S,M,N, T},a) - {S, M, N, T};

P,
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({S, M, N, T}, b) - {S, N, T};
({S,N, T},a) - {S,M,N, T};
({S,N, T}, b} - {S, N, T}.

Ha puc. 11 nsobpaxeHa gmarpamma COCTOSIHMIA N aBTomaTta A'.
MocTpoum aBTOMaTHyO rpammatuky G,. [ns aToro gaamm HoBble 00603Ha-
YyeHus anemeHTam MHoxecTBa Q': anemeHT {S} 0603Ha4yMM cumBOnOM S';

anemeHT {S, M} — cumBonom M';

{S, N, T} — cumBonom T';

{S, M, N, T} — cumBonom T,.

a a
b a b
{S,M} {SSM,N, T {S,N, T}
b a

Puc.11. OuarpaMmma COCTOSIHMIA AETEPMUHUPOBAHHOIO KOHEYHOro
aBTOMaTa, gonyckaiouwero a3bik {a, b}* aa{a, b}*

Mpoaykuuamn rpammaTtukn G, 6yayT cnepylowime:

S-aM,S - bS, M- bS, M- arT,, Ty~ al,, T, - bT,, T, - aTl,,
T,-bT7,, T,-a,T,- b, T,>a, T,- b.

Ha npaktuke 6biBaeT yoobHbIM paccMaTpuBaTb pacluMpeHne neTepmMm-
HWUPOBAHHbLIX N HEAETEPMNHNPOBAHHBLIX KOHEYHbLIX aBTOMATOB — TaK Ha3blBae-
Mbl€ KOHE4YHbIE npeo6pa30|3aTen|/|. NX oTnn4me OoT OnNmMcCaHHbIX paHee aBTO-
MaToB COCTOUT B TOM, 4TO NOMUMO BXO,EI,HOI7I JIEHTbI C aHanmsmpyeMOM uenoy-
ko oV, B HUX MMEETCH M BbIXOOHaA NEeHTa, Ha KOTOPYIO 3amnucbiBaeTcs
uenoyka B, cumBonbl KoTopoi Gepytca M3 ocoboro cnoeapst V,. Takoe
pacwmpeHne no3BONSIET HE NPOCTO pellaTb BOMPOC O MPUHAANEXHOCTMU
Lerno4Ykn o K AAaHHOMY A3blKy, HO W BblgaBaTb CUHTAKCUYECKYIO CTPYKTYPY
9TONM LENOYKM B BUAE onmncaHus f.

dopmanbHO fETEPMUHNPOBAHHbI KOHEYHbIN Npeobpa3oBaTtenb — 3TO:

A = (V1, VZ,! Q, I-l) qu F)!

roe:
V,, V, — COOTBETCTBEHHO BXOOHOWN W BbIXOAHOW angaBuTbl;
Q, g, n F onpenensioTcs Tak Xe, Kak U 419 KOHEYHbIX aBTOMAaTOB;
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U — dyHKUMA, oToOpaxatoLas MHOXecTBO QxV, B QxV/,.

DyHKUMIO 4 yOOOHO NPeacTaBuTb B BUOE COBOKYMHOCTU ABYX (PYHKLMIA:

— dYyHKUMN nepexonos ¢, oTobpaxatowen QxV, B Q;

— GYHKUMN BbIXOO0B P, oToOpaxatowein QxV, B V.

OToGpaxeHne | B 3TOM Cllydae MOXHO NMpencTaBUTb COBOKYMHOCTbLIO
KOMaHg, BMaa:

(Q1 a) - (q'! b)y
roe: g, q'0Q, allv,, bUv,,.
MoXHO BBECTU B pacCMOTPEHME OCb BPEMEHW, npepnonaras, 4to
paboTa aBTOMarta NpPoTEKaeT B AMCKPETHbIE TakTbl BpeMeHn t =0, 1, 2 ... .
[TycTb KOHE4YHbIt aBTOMAT B MOMEHT BPEMEHU t, HAXOOUTCH B COCTOAHNN
q(t,). Ecnn Ha ero Bxopn noctynaeT cumBon &, (t,) O V,, To no komaHge:
(q,-, ar) - (q/" bs)
aBTOMAT NEPexoamnT B HOBOE COCTOsIHME g, (T, + 1) 1 BbIAAET Ha BbIXOL,
cumBon bg (t,) O V.
B paccmoTpeHne BBOAATCS PEKYPPEHTHbIE COOTHOLLEHUS:

q(t+1) = o[q(1), a(t)];
b(t) = w[q(t), a(t)],

roe: q(t), q(t+1)0Q, a(t) OV, b(t) O V,.
OTN COOTHOLLEHNS BMECTE C HayaslbHbIM YC/IOBUEM:

q(1) =q,

3apaloT oneparop, o6o3Havaemblii Yyepes T(A, q,), NEPEBOAALLMIA BCAKYIO
KOHEYHYIO nocsieaoBaTesibHOCTb BXOAOHbLIX CMMBOJIOB:

a(l)a(2)...a(r)
B MOCNIEA0BATENIbHOCTb BbIXOAHbLIX CMMBOJIOB:
b(1) b(2) ... b(r).
YacTHbIMM cny4YasMu OeTepPMUHUMPOBAHHbLIX KOHEYHbIX aBTOMaTOB
(npeobpas3oBaTeneit) aBNAIOTCA Creaylolle BapmaHTbl aBTOMATOB:
aBTomartbl 6e3 namsTv, He umerlwme andasuta Q; KOMaHObl Takux
aBTOMAaTOB UMEIOT BUAL:
ar - bsl

aBTOHOMHbIEe aBToOMaThbl (aBTOMaTbl 6e3 BXxoda, WinM reHepatopbl), He
MMeloLLmMe BXOOHOro andasuTta V,; kKoMmaHabl Takux aBTOMaTOB MMEKOT BU:

q; - {q; b,);
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aBTomarsl 6e3 Bbixoaa, He UMetoLLMe BbIxogHOoro andasuTta V,; KomaHabl
TakMx aBTOMaTOB MMEIOT BUL,:

(ql'l a,} - q/'-
1.2.4. ABTOMaTbl C MarasmHHOW NamMAaTbiO

ABTOMaThl 1 NMpeobpas3oBaTenNn C Mara3nuHHOW (CTEKOBOW) MaMsATbio
UrpatT 3HAYUTESNIBHYIO POJIb MPU NOCTPOEHUU aBTOMATHO-ANHIBUCTUYECKNX
Moaenen pasiMyHOro Has3Ha4vyeHUus, CBSA3aHHbIX C MCMONb30BaHUEM
OECKOHTEKCTHbIX (KOHTEKCTHO-CBOOOAHbLIX) S13bIKOB. B 4acTHOCTM, Takue
YCTPOWCTBA MCMNONb3YyOTCA B OOMbLUMHCTBE paboTalowyx nporpaMmm oss
CMHTaKCMYEeCKOro aHanmaa nporpamMm, HarmmCaHHbIX Ha Pas/iMyHbIX A3blkax
NPoOrpamMMmMpoOBaHNS, KOTOPbIE BO MHOIMMX Cly4asix MOXHO paccMaTpuBaTb
Kak GEeCKOHTEKCTHbIE.

B oTnnyme oT KOHEeYHbIX aBTOMATOB M NpeobpasoBaTtenei, paCCMOTPEH-
HbIX B npeabiayuiemM naparpade, aBtomaTtbl U npeobpasoBaTtenu c
MarasmHHOM NaMsaTblo CHAGXEHbI JOMOMHUTENBHOW Mara3dvHHOM NaMsaThbiO.

Ha puc. 12 nzobpaxeH Takoh npeobpasoBaTtenb. KoHe4yHoe
ynpaengaoliee yCTPOWNCTBO cHabXaeTcs OO0MNONHUTENbHOM ynpaBnsaioLwen
rONIOBKOW, BCEraa ykasbiBaloLWEN Ha BEPXHIOK g4eliky Mara3vHHOM NaMaTu;
3a OAMH TakT paboTbl aBTOMaTa (NpeobpasoBaTens) ynpaensaowasa rososka
MOXET MNPOU3BECTU Crenylolme ABUKEHUS:

1) cTepeTb CUMBON U3 BEPXHEN A4ENKU (MPU 3TOM BCE OCTasibHblE
CMMBOJbI NEPEMELLAIOTCA Ha OAHY S4ENKY BBEPX);

2) cTepeTb CMMBOJT U3 BEPXHEN AYENKM U 3anucaTb B CTEK HEMYCTYIO
LLenoyKy CMMBOJIOB (MPU 3TOM COAEPXMMOE CTEKA CABUMraeTCHA BHU3 POBHO
HaCTOJIbKO, KakoBa AJIMHa 3annCcbiBAEMOM LENOYKN).

Takum 006pasoM, YCTPOWCTBO MarasuvHHOM NamMsaT MOXHO CPaBHUTb C
YCTPOMNCTBOM MarasuHa 60eBOro aBTomMaTta: Korga B HEro Bk/adblBaeTcs
naTpoH, Te, KOTopble yXe Oblv BHYTPWU, NPOTaNKMBAOTCA BHWU3; AOCTaATb
MOXHO TOJIbKO MNAaTPOH, BAOXEHHbIA NOCAEOHUM.

MdopmanbHO JeTeEPMUHUPOBAHHbIV Mara3vuHHbIV aBTOMAaT onpeaenseTcsa
KaK crnenyroLlas COBOKYNHOCTb OOBHEKTOB:

M= (V, Q, VM; 6, q01 Zy, F)!

roe:
V, Q, q,JQ, F onpenenaioTcsa Tak Xe, Kak 1 Ans KOHEYHOro aBTomarTa;
Vv =12y, 2y, ..., Z,.4} — aNdaBUT MarasmHHbIX CUMBOJIOB aBTOMaTa;
0 — dyHKuMS, oTobpaxatowas MHoxecTBo Qx(V{e})xV,, B MHOXeCTBO
Q x V,, roe € — nyctas Lenoyka;
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Bxonas nenra

_p
MarasunHas
Vpasnstolee
o maMsITh
YCTPOMCTBO
C
Brixognas
JIGHTa

b D

Puc.12. UHtepnpetauusa npeoOpas3oBatenss C MarasvHHOW NaMATbIO

z,00V,, — TaKk Ha3blBaeMbli rPaHUYHbIN Mapkep, T.e. CUMBOJ, MEPBbIM
MOSIBASIIOLLMNCS B MAarasamHHOW namsaTu.

HenetepMuHUpOBaHHbIVI Mara3nHHbI aBToMaTt OTan4yaeTcs OT
0EeTEPMUHNUPOBAHHOIO TOMLKO TEM, YTO PYHKUMSA & 0TOOpaKaeT MHOXECTBO
Qx(VO{e})xV,, B MHOXECTBO KOHEYHbIX NOAMHOXeCTB QXV,,.

Kak 1 B criyd4ae KOHEeYHbIX aBTOMAaTOB, NMpeobpasoBaTtenn ¢ Mara3mHHON
NamMaTbio OT/INYAIOTCA OT aBTOMATOB C Maras3mHHON MaMaTbio Hann4ynem
BbIXOHOWN JIEHTHI.
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Janee 6ynem paccmaTtpuBaTh TONIbKO HEAETEPMUHNUPOBAHHbIE MarasuH-
Hble aBTOMaTHhl.

PaccMoTpuM uHTepnpeTaumio dyHKUMK & ONa HeaeTePMUHUPOBAHHOIO
MarasmMHHOro aeTomara.

3Ty DYHKUMIO MOXHO MPeacTaBUTb COBOKYMHOCTLIO KOMaH, Buaa:

(ql a, Z) - (QU y1)7 LR} (qml ym)y

roe: q, q,, ..., q,,0Q, allVv, zO0V,,, v,, ..., y¥,0V,,.

Ecnu:

Ha BXO4E YuTaloLlen rofloBkM aBToMara HaxoamMTCd CUMBON a;

aBTOMAT Haxo4mMTCsa B COCTOAHUN Q;

BEPXHUI CUMBOJ CTeka Z,

TO aBTOMAT MOXET NepemnTn K COCTOAHUIO q;, 3anncas npu 3TOM B CTEK
ueno4ky y(1 < i <m) BMecTto cumBoONa z, NepensnHyTb BXOOHYIO rOJIOBKY Ha
OOVH CMMBOJN BMPaBO TaK, Kak 3TO Noka3aHo Ha puc. 12, n nepentu B
cocTosiHve @, KpalHuii neBblil CUMBOJ Y, OOMIXKEH NPW 3TOM 0Ka3aTbCHd B
BepxHen ayenke marasmHa. Komanpa (q, €, z) - (9, V), ---» (q,,, Y,,) O3HA4aET,
4YTO HE3aBMCUMO OT BXOOHOIO CMMBOJA U He nepensuras BXOOHOW FOJI0BKU,
aBTOMaT NepemnneT B COCTOSHME G;, 3aMEHNB CMMBOJT Z Mara3uHa Ha Leno4ky
Y (1<ism).

Cutyaumnen mara3amHHOro aBsTomara HasbliBaeTcs napa (q, y), rae: qQ,
yov',,. Mexay cutyaumamum marasmHHoOro astomarta (g, y) v (q', Y)
yCTaHaBNMBAETCH OTHOLLEHUEe, 0603HaYaemMoe CMMBOJIOM |-, ecnu cpeam
KOMaHL, HangeTcd Takagd, 4To

(q! a, Z) - (ch! y1)’ LRRS} (Qm’ ym),

npuuem y = zB, ¥ = yB, q' = g;ana Hekotoporo 1 <j <m (zOV,,, BOV",,).
[0BOPAT, 4TO MarasuHHbIN aBTOMaT NEePEXOAnT N3 COCToaHUS (g, V) B
cocTosiHMe (q', Y) 1 0603HavatoT 3TO cnenyowmm 0b6pasom:

a:(q,y) |- (a',Y).

CywecTByeT gBa cnocoba onpeneneHns a3bika, A0MNYyCKaeMoro
Mara3mHHbIM aBTOMATOM.

CornacHo nepesoMy crnocofy, cuMTaeTcsd, YTO BxoaHaa uenodka oV
npuHagnexut a3blky L,(M) Torgoa, korga nocse npocmoTpa nociegHero
CnMMBOJ1a, BXogdauwero B 3Ty LENO4YKYy, B MarasnHe aptomMarta M 6y.ueT
HaXoauUTbCA MycTad Lernoyka E.

CornacHo BTopomy crnocofy, cumTaeTcs, YTO BXOAHas Lenoyka
npuHagnexuT a3blky L,(M) Torgoa, korga nocse npocmoTpa nocinegHero
CcuumMBOa, BXOAALEro B 3Ty LENOYKy, aBTomMmaT M okaxeTcs B OOHOM N3 CBOUX
3aK/IOYUTESbHBIX COCTOAHUI qF.

ﬂ,OKaSaHO, 4YTO MHOXeCTBO 4A3blKOB, AO0OMycKaeMbIX NMPOn3BOJIbHbIMU
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MarasuHHbIMM aBTOMaTaMu COrlacHO MepBOMYy crnocoby, coBnagaeT C
MHOXECTBOM $13bIKOB, A0MYCKAEMbIX COrlaCHO BTOPOMY Croco0y.

Ecnu onsa KOHEeYHbIX aBTOMATOB AEeTEPMUHMPOBAHHbIE U HEOETEPMUHU-
POBaHHble MOAENN 3KBMBANEHTHbI MO OTHOLUEHMIO K KJilacCy A0MycKaeMbliX
A3bIKOB, TO 3TOr0 HENMb3s CKa3aTb AJ19 MarasnHHbIX aBTOMATOB. JeTepMUHN-
pPOBaHHblE aBTOMAThbl C MarasnHHOM NaMaTbio AOMYCKAKOT JLb HEKOTOPOE
NOAMHOXECTBO OECKOHTEKCTHbLIX A3bIKOB, KOTOPbIE Ha3blBAOT AETEPMUHU-
POBaHHbIMN GECKOHTEKCTHLIMU A3bIKaMW.

lMpumep. PaccmoTpumM OeCKOHTEKCTHbIA a3blk L = {af}, cnoBapb
kotoporo V = {ab}, a uenoyka [ aBngeTcsa “3epkanbHbiM OTpaxeHnem”
LLenoyku d, T.e.:

a=a,..a,
B =b,...b,
npuiem a;,= b, ., n=1,1<i<n.

MoXHO 3aaaTb Takow A3blK ¢ NoMOLLb KC-rpammaTmky B HOpMasbHOMN
dopme:

G=(V, V,,PS),

roe: V; = {a, b}, V,= {S, A, B}, a MHOXecTBO P COCTOUT M3 CNeayoLmXx
NPOAYKLMNIA:
S ->aSA, S - bSB,S - aA,S - bB,A - a,B - b.

[nga aTor rpaMmmMaTnkm NoCTPOMM COOTBETCTBYIOLLNIM € HEAETEPMUHN-
POBaHHbIM aBTOMAT C Mara3uHHOM NamMsaTbio:

M=(V,Q, Vi, d, Qo 2, F),

onsa kotoporo V=V, = {a, b}; Q = {q,};

V,y=Vy={S A B}; z,=S, F=1,
a oTobpaxeHne & COOTBETCTBYET MHOXECTBY KOMaH[;:

(9o, @, S) ~ (Qo, SA), (qo, A),

(9o, b, S) ~ (g0, SB), (9o, B),

(Qp; @, A) - (G, €),

(4o, b, B) - (qy, €).

Ha puc. 13 nsobpaxeHbl 3Tanbl NpoOCMOTPa LENo4Yku abba wu
COOTBETCTBYIOLLME 3TUM 3Tanam COCTOsHUS paboyeint NeHTbl (Maras3mHHOM
namatn). CynTbiBaHME MNOCNEAHEr0 CMMBOMA LLEMOYKM COMPOBOXAAETCH
nepexonoM aBToMaTta B COCTOSIHME, NMPY KOTOPOM paboyas NeHTa cCoaepXuT
nycTylo uenouyky. Takum obpa3om, BxoaHas uenodka abba ponyckaeTtcs
JaHHbIM aBTOMAaTOM (MPUHAONEXUT a3biky L, (M)).
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abba abba abba abba abba

Puc. 13. 3Tanbl npocmoTpa uenoydkm abba marasamHHbIM aBTOMaTOM

1.2.5. MawmHa TblopuHra

MalunHbl TblOpyHra NpencTaBndal0T coOol abCTpakTHbie YCTPOCTBA
camMoro obLero TMna u 9BnaTcsa 0606LEeHMEM aBTOMATOB, PACCMOTPEHHbIX
B NpenbioyLmx naparpadax. 3ToT Knacc abCTpakTHbIX MalUMH Obl1 paCCMOT-
peH B 1936 r., 00 co3aaHNS NEPBbIX 3NIEKTPOHHbIX BbIYUCAUTENbHBIX MALUVH,
AHIMMUACKUM MaTeMaTUKOM 1 TIOFMKOM A. TblOpUHIOM C Lenbio dopmanmsaumm
MOHATUS BblUMCNSeMOCTU. ABCTpakTHad CxemMa MalluHbl ThlOpUHra
npencTaBnseT cobo maTeMaTUYECKylo MOOENb BbIHNCIIUTENbHOM MaLLUHBI.

C TOYKM 3pEHUsa TMHIBUCTUKU, MalLMHbI ThIOPUHIa MOXHO paccMaTpu-
BaTb Kak pacnosHawLme yCTPorCcTea, A0NyCKaloLWmMe A3bIKiM CaMOoro LUMPOKO-
ro U3 pacCMOTPEHHbIX B MpeabiayLLmMx pasgenax knaccoB — a3biky tuna 0.

MawwHa TbloprnHra COCTOUT N3 KOHEYHOIO YNPaBgoLLEro YCTPOWCTBA,
BXOZHOW NEHTbI 1 FONIOBKN, KOTOPas, B OT/INYME OT rOJIOBKM KOHEYHOIO aBTO-
mMarta, MOXeT He TOJIbKO CYMTbIBATb CMMBOJIbI C JIEHTLI, HO U 3aMMCbIBaTb HA
Hee HOBble CUMBOJbI. JIEHTa cunTaeTcs 6eckoHeyHon. MNepen Havanom pabo-
Thl N 4E€EK NEHTbI COAEPXAT CUMBOJIbI BXOAHOW LEMNOYKU O; = 8;1, iy .-+, 8jn)
BCE OCTaJIbHbIE AYENKN CYHMTAIOTCS 3aN0SIHEHHLIMU CreuuanbHbIM CUMBOJIOM
B — npoben, KOTOpbI HEe ABASETCSA BXOAHbIM (puc. 14).
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Puc. 14. UnTepnpeTtauns mawuHbl TblOpUHra

dopmanbHo MalurHa ThlopuHra onpeaenseTcs Kak:
T: (V1! V2’ Oa 6’ qo; F)’

roe:
V,={a,, ..., a,} — BXxogHO andaBnT (KOHE4YHOE MHOXECTBO CUMBOJIOB);
V, = {A,, ..., A, B} — KOHEYHOE MHOXECTBO JIEHTOYHbIX CMMBOJIOB,

KOTOPOE B KayecTBe CBOEro NoAMHOXeCcTBa COAEPXUT BXOAHOM andasuT;
Q=1{9y 94, ---, .1} — KOHEYHOE MHOXECTBO COCTOSIHUI;

qoJQ — HavyanbHOe COCTOSHUE;

FOQ — MHOXeCTBO 3aKNO4YUTESIbHbIX COCTOSAHUN;

0 — dyHKums, otobpaxatowasa QxV,, B Qx(V, — {B})x{J1, M} (JIn [T -
crneumasbHble CUMBOJIbI, YKa3blBatOLLME HA HanpaBieHne ABUXEHUS FON0BKN).

OTtobpaxeHne (pyHKUMIO) & MOXHO 3a4aTb KaKk COBOKYMHOCTb KOMaH.,
BUaa:

(g, A) - (q', A", J), nn6o (q, A) - (q', A", ).

Cutyaums mawnHbl TelopuHra T — 9T0 Tpowka Buaa (q, B, i),
roe:

qgQ;

B=A, .. A, - 4acTb JIeHTbl, He cofepxXallas CMMBOJIOB B (HenycTas
YaCTb JIEHTHI);

i (0<i<n+1) — paccTogHNE NEHTOYHOM (NULLIYLLEN — YATAIOLWEN) FONOBKMN
OT neBoro koHua P (npu /i = 0 ronoBka HaxoouTCs NIeBEE CamMOro JIEBOro
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cumBona 3, npu i = n + 1 npaBee camoro npaeoro).
PaccMoTprM NpPON3BOJIbHYIO CUTYaLIMIO MaLUUHbI T:

(@, A, ... A .. A, i) 1<i<n.
MycTb cpeaon KomaHa oTobpaxeHus O UMeeTCs creayoLuas:
(g, A) - (g, X, ]I).

Mpn 9TOM BO3MOXHO crefylouee OBUXEHUE (UNu anemMeHTapHoe
OencTBre) MalluvHbl ThiopyHra — roJioBka ctmpaeTt CUMMBOJ A, 3anucbiBaeT
BMECTO HEero cumBon X 1 NepemMeLlaeTca Ha OOHy sa4enky BneBo. Mexay
CTapov M BHOBb BO3HUKLUEN CUTyaUUs MM B 3TOM Cllydae CyLLEeCTBYeT
OTHOLLIEHNE, KOTOPOE 3anuchbiBaeTCs Cheaylowmm 06pasom:

(@ A A AL D) |- (T Ay AyXay, ... A, i—1).

AHanorvyHo gng komaHgbl (q, A) - (q'X, 1) oBUXeHne MalunHbl
TolopuHra T 3anuCbliBaeTCS Kak:
(@A . A . A, D) |-(G@, A ... A XA, .. A, it1).

1

B0O3MOXHbI 1 Takme cuUTyauuu:
(g, A, ... A, 0),
(g, A, ...A, nt1).

K HMM npumMeHumbl koMmaHnabl BUga (q, B) - (q', X, /1), nubo (q, B) -
(q', X, ).

lMepBas Ux 9TUX KOMaHA, MEHSET yKa3aHHble CUTyauum COOTBETCTBEHHO
cneayowmmM obpasom:

@ A, ...A,0) |- (g, XA,... A, 0),
(@ A, ... A, n+1) |- (q, A,...AX, n).
BTOpaﬂ N3 3TNX KOMaH4, MeHAET NX TakK:
(@, A,..A, 0) |- (g, XA, ... A, 2),
@ A..A, n+1) |- (q, A, ... AX, n+2).

Ecnn cutyauum (q4, By, i1) 1 (Qa, Bs, ib) CBA3aHBI MeXAy COOOM HEKOTO-
PbIM YNCIOM 3NIEMEHTAPHbIX OENCTBUA, TO MEXAY HUMWU MMEET MECTO
OTHOLLEHNE

(@1, Bis 1) |= * (G2 Bas o).
7A3bIK, fJonyckaemMbll MalnMHOM TelopuHra T, — 9TO:
L(T)y={a | aOV,0(qy o, 1) |- * (g, B, 1)},
roe: g, 0F, BOV,.
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Opyrumn cnosamu, ecnu, npeobpasdys BXOAHYIO LEnoyky o, MawuHa T
OKaxeTcsl B OJHOM N3 CBOMX 3aK/IOHYUTENbHbIX COCTOSIHWIA, 3Ta Leno4yka
[OornycKaeTcs AAaHHOW MaLUMHOMN.

lMpumep. PaccMoTpyM A3bIK ONUCaHUsi PABHOCTOPOHHUX TPEYroJibHUKOB
13 npumepa nogpasaena 1.1.4 — L={1"r"x" | n>1}.

OTOT A3bIK AONyCcKaeT cneayollas MallimHa ThlopuHra:

T=(V,V,Q,29,q, F),

raoe:
V1= {11 rle}! V2= {17 r, X, Ls R7X,Z, B}:

Q=1{q0 q;, .- Q1u}; F={qy5}-
OTob6paxeHne & 3apaeTcs cneaylwmmMmy KOMaHaaMu:

4o 1) - (g, 1, /1), (g, R) - (q, R, JI);

q, B) - (q, z N); (g, L) - (g, 1, ]1);

-(qs 1, 10); (g7 L) - (g5, L, J1);

- (g2 1, 11);(q7 2) - (qs £, T1);

Qs 1) — (s R, 11); (Qs L) - (Qs, L, 11);

) - (Qs 1, I1);(qs, R) - (qs R, 11);

- (s X, [1); (s, X) - (qs, X, [1);

= (s X, [1);(Qg £) - (q12 £, ]1);

) = (qs Z, J1); (Q 1) - (qo, L, 11);

Qs X) - (s X, J1); (Qg, 1) - (qg, 1, 1T);

Qs R) - (a5 R, J1); (qs R) - (g R, 11);

Qs L) - (G 1, J1); (Qo, 1) — (G10, R, 11);
Qs £) - (Q12 Z, 11); (10 R) - (G0 1, TT);
(@, X) - (q7, X, J1); (Q10, X) = (Q10 X, [1);
(@7, %) - (@7 % J1); (@10 X) = (14 X, T1);
(@7, X) - (q7 x, J1); (Q11 X) = (Q1 X, TT);
(@7 1) - (7 ., ID;(q1, £) - (Qe £, J1).

[MocnenoBaTenbHOCTb AENCTBUIN 4151 BXOAHOW LENOYKN O = Trx cneayoLwas:

1)
1)

Q9
&
-

(
(
(
(
(
(
(
(
(
(
(
(

(Qo, 1rx, 1) |- (qy, 1rx, 0) |- (qo, Z1rx, 2) |- (qs, ZLrx, 3) |- (q., ZLRx, 4) |-
|- (Gs, ZLRX, 5) |~ (e, ZLRXZ, 4) |~ (s, ZLRXZ, 3) |- (g5, ZLRXZ, 2) |-
|- (ge; ZLRXZ, 1) |- (G4, ZLRXZ, 2).
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Tak e Kak Ois aBTOMaToOB, MOXHO BBECTU MOHATUE HEeAEeTEepPMUHU-
pPOBaHHOV MalLNHbI TelopuHra. Ee oTnnymne ot 4eTEPMUHNPOBAHHOM MaLLUMHBbI
3aKJjlo4aeTcd B TOM, 4TO dyHKuMsa & oTobpaxaeT MHOXecTBo QxV, B
MHOXECTBO noamMHoxecTB Qx(V, — {B}) x {J1, IT}.

Ecnn a3bik L nopoxpgaetcs rpammatukor tuna 0, To L gonyckaeTtcs
HEKOTOPOM MalLMHOM TelopuHra. BepHo n ob6paTtHoe, ecnum a3bIik L gonycka-
eTCs HEKOTOPOM MallMHON TblOPUHra, To L NOopoXAaeTcd rpamMmmaTukon
Tnna 0.

[Mpy NOCTPOEHNM aBTOMATHO-JIMHIBUCTUYECKNX MOOENEN, NnpeaHasHa-
YeHHbIX s pacrno3HaBaHUs 93bIKOB, BOSHUKAET 3a4a4a pa3peLummMocT ang
HUX IPo6IeMbI pacrno3HaBaHys. ATa Npobriema 3ak/It4HaeTCs B CEAYIOLLEM.
IMyCcTb ecTb HEKOTOPAs LLenoYka o Ha BXoAe YCTPOMCTBA (MaLUMHbI ThlopuHra),
KOTOpOe gonyckaeT aA3blk L. Bcerga nm MOXHO yCTaHOBUTbL NPUHAAIEXHOCTb
LLenoykn O K A3blKy L 3a KOHEYHOE 4YMCII0 3JIEMEHTapPHbIX AEVCTBUK 3TOWN
MaLUUHbI?

He nna Bcex a3bikoB Tuna 0 ata npobnema paspeLlinma, T.e. CyLecTByeT
Takou s3bik Tuna 0, 4TO COOTBETCTBYKOLAs eMy MaluvHa TblopuHra A/s
HEeKOTOPOU Lerno4Yku o 3a KOHEYHOE 4YMUC/I0 3/IEMEHTaPHbIX AENCTBUN He
CMOXET YCTaHOBUTb MPUHEA/IEXHOCTb €€ K JaHHOMY SI3bIKY.

MoaTtomy matumHa TblopmHra B 06LeM Byae He Halna NpUMeHeHus B
peasnbHbIX KNOEPHETUYECKMX MOAENSX; A3bIKK TMMNa 0 Takke HE UCMOMb3YIOTCS.
Hanbonbwnii nHTepec NPeACTaBASIOT pas/iMyHble crneumasbHble Kacchbl
MalnH TbOPUHra, K KOTOPbIM MOXHO OTHECTW aBTOMaTbl, PACCMOTPEHHbIE
B nNpeabiaywmx nogpasgenax, a Takxe Tak Ha3blBaeMble JIMHENHO-
orpaHu4yeHHble aBToMarThl, AonyckarLwme a3blkmi Tuna 1.

JINHEeHO-0orpaHNYeHHbI aBTOMAaT 334aeTcs cneayllym odpasom:

M = (V‘]y V21 Q! 6! q01 F)l

roe:

V,=A{ay, ..., a,, Z, Z,} — KOHEYHbIn BXOAHOW andasuT;

V,=A{A,, ..., A,} — KOHEHYHOE MHOXECTBO JIEHTOYHbIX CUMBOJIOB, MPUYEM
v,0V,;

Q=1{q, G, ---» G,.;} — KOHEYHOE MHOXECTBO COCTOSIHWIA;

g,0Q — HavanbHOe COCTOSHME;

FOOQ — MHOXeCTBO 3ak/t0UUTENbHbIX COCTOAHWUIA;

0 — dyHKkumna, otobpaxawwas QxV, MHOXECTBO NMOAMHOXECTB B
Q x V, x {J1, IT}.

MHoxecTBO V, cooepxuT gBa crneunasnbHbiX cumBona Z, u Zp,
Ha3blBaeMbIX FPAHUYHBIMW MapKepamMu, KOTOpPble HE MO3BOJISIOT FOJioBKEe
YyrpaBsgoLLEro yCTPONCTBa YATU C TOW 4acTu JIEHTbl, HA KOTOPOW 3ajaHa
BXO4Has Lenoyka.
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JINHENHO-OrpaHMYEeHHbIN aBTOMAT SABNFETCS HeAeTePMUHMPOBAHHOM
MaLlMHON TelOpUHra C orpaHn4YeHneM Ha AJINHY LenoYku npocmMaTpmuBaeMbix
cumBosi0B. CUTyauust MIMHENHO-OrPaHNYEHHOrO aBTOMaTa U 3/IEMEHTapHoe
OENCTBME ONpenensioTcs Tak Xe, Kak 1 gas MawuvHbl TelopuHra. Asbik,
[OMyCKaeMbll IMHENHO-0OMPaHUYEHHBIM aBTOMATOM, OMpPenenseTcs Kak
MHOXECTBO:

L(M) = {aDal(V,-{Z,, Z,})*/\(Go Z,0Z,, 1) |-*(g, B, i)},

roe: g,0F, BOV',, 1 <1< n (n — onnHa NCXOOHOW LenoYkm).

1.3. MalwIVHHbBIV NMHIBUCTUYECKUI aHaNIN3 S3bIKOB

1.3.1. Teopus dopmManbHbIX FPaMMaTUK
N MaLUMHHBIA aHanu3 N3bIKOB

Teopuss popmManbHbIX rpaMMaTUK BO MHOrom obs3aHa CBOEMy
MOSIBIEHNIO MHOIOYUCJIEHHBIM UCCNEeA0BaHMAM €CTECTBEHHbIX S3bIKOB.

Tak, HanpumMep, BO3HUKHOBEHME MOHATUN aBTOMATHOrO fA3blka, pery-
NIAPHOIrO0 MHOXECTBa, MapKOBCKOM Lenu 6b110 CBA3aHO CO CTaTUCTUYECKMM
nccnenoBaHMemM nocnenoBaTelbHOCTEN FaCHbIX U COrNacHbIX B
nMTepaTtypHOM TekcTe, a BBeAeHHOe XOMCKUM MNoHATUE dopmManbHOn
rpaMmMaTmkyu BO3HUKNO B pe3yfbTate uUccnegoBaHui, HanpaB/ieHHbIX Ha
co3gaHnme CTPOrMx OnMcaHum rpammaTuyeckux 3aKOHOMEPHOCTEN
€CTECTBEHHOro 43bIKa.

B HacTosuwee BpeMs eCTeCTBEHHbIN A3blK NPOOOJIKAaeT OCcTaBaTbCH
00bEeKTOM N3y4eHns cneuuannucToB B 061acTn knbepHeTnk. OCHOBHas LEesb
nccnenoBaHUii eCTeCTBEHHOMO A3blka — 3TO MOCTPOEHME TakMxX OMNuCaHui
A3bIKOB, KOTOPbIE MO Obl ObITb MONHOCTBLIO GOPMaNN30BaHbl C MOMOLLbIO
abCcTpakTHOro aBTomMata, ¢popMasibHOW rpaMMaTUKN UM Kakon-nnbo anre-
Opanyeckon KOHCTPYKLUMN. DTN PaboThbl, MOMMMO BaXXHOIO TEOPETUYECKOr0
3HAYEHUs, UMEIOT U NPaAKTUYECKy0 LeHHOCTb. OHM BaXHbI, HAaNpuUmep, oas
aBTOMaTM3aUMN aHanM3a N CUHTEe3a TEKCTOB C NOMOLLLbI0 OBM.

EcTecTBeHHbIlI A3blk — Hanbonee yHUBepcalibHOe CpencTBo Ak
MOOENNPOBAHUA N ONUCAHNA TBOPYECKOIO MbILLIEHNS YENOBEKA B CMCTEMAX
WCKYCCTBEHHOrO MHTeNfeKTa, B cucTtemMax, UCnosnb3ylouwmx obuieHune
yenoseka ¢ 3BM, rgoe akTyanbHO CTaBUTCS BOMPOC O pacClUMpPEeHuu
CeMaHTN4YecKon YHKLUM MaLLVHbI, A5 TOro 4ToObl OHa Morna “noHMmMaTb”
€CTEeCTBEHHO-53bIKOBYIO MHpOPMALVIO U “pasyMHO” OTBeYaTb HA BOMPOCHI.

Kak nokasanu mccnenoBaHud, onmcaHve MexaHW3MoB, NOCPenCTBOM
KOTOPbIX NOON CTPOAT U MOHUMAKOT BbiCKa3biBaHUHA, C NMOMOLLbIO
TPaOMLMOHHBIX FpaMMaTUK BECbMa HECOBEPLUEHHO. Bblfo ycTaHOBNEHO, YTO
€CTEeCTBEHHbIE A3bIKM HEJb3s PacCMaTPUBaTb Kak OE@CKOHTEKCTHbIE.
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B Ttoxe BpeMs, nmeHHo KC-rpammaTtuku 9BNaoTCca Hambonee
nccnenoBaHHOM MOOEeNblo ONd ONUCAHUSA UCKYCCTBEHHbIX A3bIKOB
(HanpumMep, 93bIKOB NPOrpaMMMpPoOBaHUS), a TakXkXe OrpaHUYEeHHbIX
€CTEeCTBEHHbIX 93bIKOB. [(NTyOMHA TEOPETUYECKUX NCCNEOBAHNI 1N OBLUMPHbBINA
ONbIT MPUMEHEHNa OECKOHTEKCTHbIX FpaMMaTUK B MNPaKTUYECKUX
MPUIOXEHUSX TOBOPSAT O TOM, YTO OHW BCE X€ MOryT ObiTb MCMONb30BaHbI
0191 CUHTaKCMYEeCKOro OonucaHus npaBuiibHbIX Gpa3 eCTeCTBEHHOrO A3blka,
KOTOpoe, npaeaa, He OyaoeT ob6nagaTb A4OCTATOYHOW OOBACHUTENBHOW CUNON.
OO6BbSICHUTENILHOM CU/ION onncaHna @pasbl 93blka Ha3blBAOT CMOCOOHOCTb
CUHTAKCM4YECKOW CTPYKTYpbl 3TON ¢ppasbl (Hanpumep, gepeBa BbiBOAA)
obecneynBaTb ee CEMaAHTUYECKYIO MHTeprpeTauuto. A 6e3 ceMaHTUYeCKOoMn
MHTepnpeTauum He MMEET CMbICNa roBOPUTL O MOOENMPOBaHUM npoLecca
MOHVMMaHNS eCTECTBEHHOIo 3blka.

MpaMmaTnku HernocpeacTBeHHbix cocTasasowmx (HC-rpammatnkn)
npeacTaBngaoT cobo Knacc rpaMMaTuK, A0CTATOYHbIN OJ19 ONUCaHNS eCTECT-
BEHHbIX S13bIKOB B MX MOSIHOM 06beme. OgHako ncnonb3oBaHne HC-g3bIKOB
Ha NPaKTUKe B 3HAYUTENIbHOM CTENEHN TOPMO3UTCSH OTCYTCTBMEM NpUemMsie-
MbIX MO 3PPEKTUBHOCTU N OBLLHOCTM alfOPUTMOB aHann3a Takmx 93bIKOB U
60/bLIVMM KONIMYECTBOM airOPUTMUYECKN HEPA3PELLUMMBIX NPOBAEM.

Kpome Toro, HC-rpammaTtumkm, kak 1 Bce nopoxagatlire (pacrno3Haro-
w1e) MexaHn3mbl, AT NULb NpaBuia reHepauun (aHanmsa) uenodek
A3blka. B HMX OTCYTCTBYIOT MHOrOMECTHbIE Orepaumy — npasuna npeobpaso-
BaHMS NPaBWUIbHO NOCTPOEHHbIX BbIpaXXeHU. [1ns eCTeCTBEHHOr O A3blka 3TO
NPUBOAUT K TOMY, YTO CYLLECTBEHHO YBEINYMBAETCS CIIOXXHOCTb OMMUCaHUS.
Tak, onnucaHmne akTMBHOM 1 NaCCUBHOM HGOPMbI NPEONIOXEHNN, YTBEPOUTESb-
HbIX 1 BOMPOCUTENbHbLIX NPEAJIOKEHNR 1 T.4. TPEOYET BBEAEHUS CaMOCTOs-
TeNbHbIX NopoXaalowmx npasua. C apyror CTOPOHbI, OY4EBUOHO, YTO CMbICH
dpasbl He 3aBUCUT, NO KpaWHeln Mepe Tak XecTko, OT crnocoba ero
BbIpaXXEHUS.

Mpy BBEOEHUN PA3INYHBIX KIACCOB rpaMMaTuK He akueHTUPOBasoCh
BHMMaHME Ha TOM, YTO UX OnpeaeneHns galoT, No CYLLECTBY, MEXaHWU3Mbl
MOPOXAEHUS LLenoYyek. Liesiblo CUHTakCu4eckoro aHasam3sa (rpaMmMaTn4eckoro
pa3bopa) ABNSETCS He TOJIbKO MOJTlydYeHne OTBeTa Ha BONPOC, MPUHAANIEXUT
WM HET K AaHHOMY §13biKy BXOAHas Lierio4ka CUMBOJIOB, HO U MOCTPOEHUE
CTPYKTYPbI BXOAHOV LiernoyYku (oepesa ee BbiBoAa). MiIMeHHO 3TuMm Bonpocam
yoensieTca Hambornblee BHUMaHME Npu peanm3aummn 93blIKkoB NporpaMmMmnpo-
BaHUS B paboTax Mo CO34aHUI0 TPaHCNAATOPOB. [pn 3ToM pa3paboTymMKoB
MnoOMMMO yaob6CcTBa onucaHus uHTepecyeT 9P PeKTUBHOCTb aHanmM3a s3bIKOB,
nopoXaaeMblxX PasfNyHbIMU Knaccamu rpammaTuk.

B nccnepoBaHmsax No MeTtogam aHanusa s3blKOBbIX TEKCTOB (LLernoyvek
A3blka) ObIIM MPeasioXeHbl ABa MeToAa rpaMmmartmyeckoro pasbopa:
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HUCXOASLLMA N BOCXOASLLUMI. B COOTBETCTBMM C STUM BCE pacrno3HaBaTenu
(aHanun3aTopbl) Oenatca Ha Hucxogsauwime mn Bocxoasauwme. OgHako Ha
nMpakTMKe YaCTO MCMNOJIb3YIOTCS U CMeLlaHHble CTpaTernn.

PaboTta HucxoAsLEero pacro3HaBaTesisi TEOPETUHECKN OCHOBbIBAeTCS
Ha naee NCnoJsib30BaHMS NOPOXOAIOLLEN rpaMMaTKM NPU reHepaumm Bcex
BO3MOXHbIX Lenoyek ga3blka, Noka He OyaeT MOpOXAeHa Lenoyka,
COOTBETCTBYOWAA BXOOHON. ng 3Toro HeobXxoAMMoO NMpenycMoTpeTb
NPOBEPKY anbTepHaTMB M cnocob BO3Bparta M3 TYyNMKOB. Takad cuTyaums
BO3HMKaET, Korga cpean npoaykuuin rpaMmmMatukm MMeKTCs Npoaykummn C
OOVHaKOBbIMU NEBLIMW YacTaMu BuAa:

A a AS B,

roe: AOV,; a, pOV;OV,)".

Mertoa Bocxoasiuero pazéopa COCTOUT B TOM, H4TO BO BXOAHOM CTPOKe
WLLLYTCS HEKOTOPblE MNOACTPOKU — MpaBble 4acTu npoaykumnii. OHM 3aMeHs-
IOTCS COOTBETCTBYIOLLUVMMN JIEBBIMWN HaCTAMU (CBOpaYyuBaroTCs), N npouecc
NOBTOPSIETCH OO0 MOJYY4EHUST HAYaNbHOrO cuMBona rpaMmmaTukn. OCHOBHOM
npobnemMon Ong BOCXOASLLEro pacrno3HaBaTens sBasetrcd npobnema
3P PEKTMBHOIO Nomcka CBOPaYMBAEMON YaCTM BXOOHOWM CTPOKWU U Bblbopa
anbTepHaTVB, KOorga BblaesieHHasa noacTpoka penyLmpyeTcs (CBoOpayYnBaeTcd)
HeogHO3Ha4yHO. PopManbHO Takas CUTyauus XxapakTepu3yeTcsd Hanninem
NPoOAyKUUA C OAVNHAKOBbLIMWU MpPaBbiMU 4acTaMu BMAOA:

A->a, B - oa,

roe: A, BOV,; ad(V: OV,)".

Takrum 006pa3oM, U HUCXOOSALWNIA, N BOCXOOSALLNM pacno3HaBaTenm npu
pas3bope MCXOOHOM LIENOYKN MOryT AenaTb HEBEPHble peaykuumn (3ameHbl,
cBepTkm). OTcloaa BbiTEKAEeT HEOOXOAMMOCTb BO3BPATOB U, Kak CneacTeue,
ycnoxHeHune aHannsa. B cnyyae rpammatunyeckoro pasbopa dpas ecTtecT-
BEHHOrO s3blka 3Ta Npobiema He SBNSeTCS KPUTUYECKONM B CUITy HEOOSbLUION
OJIHBI UICXOAHbIX LEenoYeK. Ec/iv xxe aHann3npyemMbsiMu LIenoYKamMm SIBJISIIOTCS
TEKCTbI MMPOrpamMm Ha s13bIKax rporpamMmMupoBaHus, BO3BpPaTbl B O0/bLLUNHCTBE
caydaeB HeaonyctuMbl. No3TOMy BCe METOAbl rpamMmMaTuyeckoro pasbopa,
npeanoXxeHHble ana ad@PeKTUBHOrO aHanmsa TEKCTOB Ha MCKYCCTBEHHbIX
A3blkax, UCMOMb3YIOT MOJSIHOE UCK/IIOYEHME NN CYLLLECTBEHHOE COKpalleHmne
BO3BPATOB M MOBTOPHOIro aHanm3a BXOOHOW CTPOKM.

Cneundunka aTux MeToAoB nMpuBena Kk pazpaboTke cneumanbHbIX
aNropuTMOB AJ19 crneumanbHbiX NOAKIAaCCOB rpaMMaTuK.

MpocTenwmm TMNOM aHannM3aToOpPoOB ABMAFETCS TakOW, B KOTOPOM
peanmayloTcs perynspHble Ui asToOMaTHbIE rpaMMaTmKn. Takmue aHann3aTopsbl
MOryT ObITb NCMOSIb30BaHbI B CUCTEMAX OOLLEHUS HA €CTECTBEHHbIX A3blKax
Ha 9Tane MopdONOrM4eckoro aHanusa, T.e. aHanmM3a OTAENbHbIX CNOB, U3
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KOTOPbIX CTPOATCA NPEAJIOXKEHNST eCTECTBEHHOIO A3bIKa, a Takke B NpoL,ecce
pa3bopa NPoCTbiX KOHCTPYKLMIA eCTeCTBEHHOro sa3bika. ng aHanmsa
LLenoYyek, NopoXxaaemMbiX TakuMm rpaMmMaTKamMm, C YCrexoM NpUMEHSIIOTCS
KOHEYHble aBTOMATbI.

CywiecTByeT MHOIO pasnyHbIX afIfOPUTMOB rPaMMaTMyYeckoro pasdopa
pPerynapHbIX 93blKOB, OAHAKO OOLIMM ANs BCEX 3TUX aJifOPUTMOB SBNSIETCS
Hann4YMe B TOM UM MHOM MNpeacTaBfieHnn auarpammbl (cetu, rpada)
NMepexoaoB. Y3/bl TakoW CEeTU NMOMeYatTCad HETEPMUHAIbHBIMU CUMBOJIAMU
rpaMmMaTuKi, a yCIoBUEM MPOXOXOEHUS MoOOo Oyrn 9BNSeTCs COBMaaeHne
TEPMUHANBHOIO CMMBOJIA, KOTOPbIM OHa MOMeYeHa, C O4YepenHbiM
MPOCMaTPMBAEMbIM CUMBOJIOM U3 BXOAHOW CTPOKM.

Takag gnarpamMmma no3BOSIIET OTBETUTb HA BOMPOC, MPUHAOIEXUT NN
HekoTopas Lenoyka a3biky. OaHaKo KOHEYHOM LeNbio aHanm3aTopa aBseTcs
He TOJIbKO 3TO, HO U CeMaHTMyeckasd o6paboTka BblAENEHHbIX MOHATUNA. [Ang
OCYLLECTBJIEHUS TakoW 06paboTKM Ayrv NOMevatoTCs HE TOJIbKO TEPMUHAb-
HbIMW CUMBOJIaMU1, HO U KOMaHAamMu 06paboTkn aHaNIM3MpPyeMbIX CUMBOJIOB.
Takum o6pas3om, B AAaHHOM CJ/ly4ae Mbl UMEEM [eSI0 HE C KOHEYHbIM
aBTOMaTOM, @ C KOHEYHbIM Npeobpa3oBaTENEM.

1.3.2. 'paMmmaTuKM nNpocToro npepnLiecTBOBaHUSA

OaH1M 13 MeTOA0B, NO3BOJISIOLLMX OCYLLECTBUTL 3D DEKTUBHBI BOCXO-
OSLwmii pa3bop, SBNSETCA METOA, NPEASIOXKEHHbIN A8 aHanr3a cneumanbHo-
ro nogkniacca 6€CKOHTEKCTHbIX rpamMmaTuk, HasblBaeMblX rpaMmaTuKamum
npenwectsoBaHng. F(pammaTtunka npepawecTBoBaHUA — KOHTEKCTHO-CBO-
0oHas rpaMmmaTrka, Ha CUMBOJIax KOTOPOK 3a4aHbl OTHOLLEHMWS, MO3BOSAIO-
Lme onpenennTb BO BXOLHOM CTPOKE BO3MOXHbIE rPaHULbl CUHTaKCUYECKMX
KOHCTPYKLMI, paccMartpueas b napbl COCeOHUX CUMBOJIOB.

Ha MHOXecCTBe TepMUHaIbHbIX CUMBOJIOB TaKoV rpaMmmMaTuky BBOOATCH

Tak Ha3blBaeMble OTHOLLUEeHUS NpeawecTBoBaHna =, BJ, <] cMbICN KOTOPbIX
3aKJI04aEeTCH B CNeayloLeM.

PaccmoTpum napy (a, b), rae a, b — TepMUHanbHble CUMBOJIbI CIOBap4
rpammatukn G = (V;, V,, P, S).

Bynem roBopuTb, Y4TO 4S9 9TOM Napbl BbIMOJHAETCSH OTHOLLIEHNE =, eCn
cpean MHOXECTBa Npoaykumin P ecTb Npoaykums Bmaa:

A - aabp,
roe: ADV,; a, pOV(V = V.0OV,).
bynem rosoputb, 4TO gasa napbl (&, b) BbINOMHAETCH OTHOLWEHME [,
ec/in cpeam MHOXeCTBa Npoaykuuin P eCcTb Npoaykumsa BMAaa:

A - 0aB,
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a U3 B BbiBOOAMIMA LLENoYKa, HaYMHaloLWaaca ¢ cumBona b, T.e.
B O *by,

roe: A, BOv,, a, B, yov.

Bynem rosoputb, 4TO On9 napbl (&, b) BbINOMHAETCH OTHOWeEHne <[
€C/n crnpaBeninBo XoTs Obl OOHO N3 CNeayloWnX YTBEPXKOAEHWNIA:

1) cpeon MHOXeCTBa NPOAYKUUA P cogoepXuTca npoaykuus suaa:

A - abBp,
nwus B BbIBOOMMaA Leno4vyka, 3akaH4nBarwwadcd CMMBOJIOM a, T.e.:
B O *ya,

roe: A, BOV,; a, B, yOV;
2) cpean MHOXeCTBa MPOAyKUMA P cooepXUTCs Npoaykums Buaa:

A - aBCB,
npuyem
B O *ya, CO *by,

roe: A, B, COV,; a, b0V a, B, y, d0V'.

MpepnoxeH anroputm, No3BossoWMi 6e3 BO3BPaTOB aHaIN3MpPoBaTb
Nobyio LenoyKky, NopoXAaeMylo rpaMMaTKON NPeawecTBOBaHUS, €CNU Ha
3Ty rpaMMaTuKy HanoXeHbl Cneaylowme orpaHn4eHns:

HeT npoaykumi Bnga A - a, B - q,
roe:

A, BOV,; al{V,0V,}%;

HeT npoaykumn Buga A — aBCp,
roe:

A, B, cOV,, a, pO(V,0V,)".

OnpepeneHHble paHee OTHOLIEeHUSA NPenLeCTBOBAHUS OAHO3HAYHbI,
T.€. ANs NoBbIX ABYX TEPMUHATIbHBIX CUMBOJIOB CYLLLECTBYET He Ooiee 04HOro
OTHOLLEHNSA NpeaLeCcTBOBaHUS.

B cuny BBeOEHHbIX OrpaHWYyeHut rpaMmMaTukn nNpenwecTsoBaHmA
[OMNycKalT OrpaHUYeHHbI kNacCc BECKOHTEKCTHbIX S3blKOB, MO3TOMY
NPOV3BOANTCS pacLUMpPEHME 3TOrO Knacc NocneaoBaTefibHbIM ocnabneHnem
OrpaHNYeHnin:

— BBOAOATCSH OTHOLWIEHWS NpeflwecTBOBaHUA U ON9 HETEPMUHANbHbIX
CVIMBOJIOB;

— [O0MyCKaeTCs HeOQHO3HAYHOCTb 3TUX OTHOLUEHWMN.

MeTtoabl npenLiecTBoBaHUs (BOCXoAsLME) OCHOBaAHbI Ha UCMOMb30-
BaHWM KOHTEKCTA U3 O4HOI0 Win ABYX CUMBOJIOB. [JanbHenLwmm nx passntmem
asunuce LR (k)-rpammatiki. B HUXx ons ynpaeneHus pa3abopom UCnosib3yeTcs
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MPUHLUMMN CYUTbIBAHUS BNepen, Ha 3a4aHHble K CUMBOJIOB, YTO MO3BOJISET HA
KaXaoMm ware pasbopa 0OQHO3HAYHO BbIOMpPATb BEPHLIA MyTb €ro
MPOAOJIKEHUS.

Ona peanusaumm Takmx anropMTMOB Ha KaXAOM Llare npuxoauTtcs
CTPOUTb BCE MHOXECTBO BO3MOXHbIX MPOOO/IKEHNIA A0 Tex nop, noka
BO3MOXHas HEOOHO3HAYHOCTb He ByaeT ycTpaHeHa. [MoaTomy, XoTa 1 Obifo
rnokasaHo, 4To ang nobor BECKOHTEKCTHOM rpaMMaTMKN MOXHO MOCTPOUTb
3KBUBaNEeHTHYIO el LR(k)-rpammaTtuky ona k = 1, Ha NpakTuke OHK
MCNONb3YITCA B OCHOBHOM NuLb ang k = 1.

LR(k)-pacrno3dHaBaTenn 3aHUMaLOT NOJSIOXKEHNE, MPOMEXYTOYHOE MEXAy
BOCXOASAWEN U HUcxoaawen ctpaternamm. OQHako YCIOBHO MX MOXHO
OTHECTU K KJIACCY HUCXOAALLMX pacrno3HaBaTefiei, Tak Kak B HUX BCe-Taku
npeobnagaeT HUCXOoAdLWAsa cTpaTerna pasbopa.

1.3.3. MeToabl HMCXOZgLLEero rpaMmmartnyeckoro pasobopa

K Hanbonee n3BeCTHbIM pacno3HaBaTeNIM HUCXOAALEro Tuna MOXHO
OTHECTW Tak Ha3blBaeMble pacrno3HaBaTeNnn ¢ Mea/IeHHbIM N ObICTPbIM
BO3BPaTOM, a Takxe r/sobasibHbie aHanan3aTtopbl. B HUX Mcnonb3yeTcs
crnenyowmn NnpuHUMn paboThbl.

Myctb rpammatuka G = (Vy, Vy, P, S) cogepXxuTt k npoaykuui Buaa:

S - anAnarz Ain-1a/’n’

roe: o, 0V, A0V (i=1,2, ..., k).

MycTb 3 aHannampyemas Lenoyka. Toraa, ecnu BbibpaTb 04HY U3 K 9TUX
NPOAyKLMIA, Lenoyka 3 4okHa coaepXaTb B Ka4eCTBE MOALENOYEK LEenoYykn
Q;;, Op..., O, COAEPXALLMECS B MPABO 4acTW BbIOpaHHOM npoaykumn. Ecnn
3TO He TakK, TO faHHaa NPOoAYKUUSA CYMTaAeTCHa HEeNnPUMEHUMON U
OCYLLECTBNAETCH Mepexon K pacCMOTPEHUIO Opyron npoaykumu. B ceoto
oyepenp, AN KaXAOr0 HETEPMUHANILHOrO CMMBOJNIA A; OCYLLECTBNSETCS
TOYHO Takas Xe NpoBepka, kak n ana cumeona S. Takum o6pasom, aHann3 B
OAHHOM cryyae npencTaBfISeTcs B BUAE PEKYPCMBHOW MPOLLEnYPbl, NPUYEM
OH [OJIKEH 3aKkaH41MBaTbCs 3a KOHEYHOE YMCJIO LWaros, ecjv B rpaMmaTuke
HeT BbIBOAOB C MOBTOPSIOMMUCS Liernodkamy. HeobxoaMMoCTb OCYLLECT-
BNATb BO3BPAThl CBA3aHa B OAHHOM Cllydae C HeOeTePMUHUPOBAHHOCTHLIO
paccMOTPEHHOro npouecca aHannaa.

Mpouenypa npoBepkn MoXeT OblTb CYLLECTBEHHO YCKOPEHA 3a CYeT
pacCMOTPEHNs NHANBUAYabHbIX OCOOEHHOCTEN UCMOIb3yEeMON B aHann3a-
TOope rpamMmmatuku. pn 3TOM MPUMEHSAIOT TakK Ha3blBaeMble YCKOpSoLme
TecTsl. [ycTb, HANPUMEP, aHaNM3npyemas Lenoyka 3 umeeT Bua: abcaba, a
NpoAyKUUS, 019 KOTOPOM MPOBEPAETCH BbIBOOMMOCTbL 3TOM LIEMOYKM, TaKOBa:
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C - AbB.

Bo3MOXHbI ABa pa3bueHus Lernoyvykn 3, HO Npu 3TOM, Hanpumep,
M3BECTHO, YTO U3 cMMBONa B BbIBOOATCH TOJSILKO Takme LEnoYku, KOTopble
Ha4ynHalTCcs ¢ cumBona c. NMoatomMy 13 AByX pa3breHunii cpasy ke OCTaBNseEM
TONIbKO OHO, YOOBNETBOPAOLLEE 3TOMY OrPaHNYEHUIO.

AHanmsaTopbl PacCMOTPEHHOro TMna paboTaloT ObicTpee, Yem LR(K)-
aHanmMaatopbl, 0COGEHHO MpU yaa4HOM BblGOpe YCKOPSIOLLMX TECTOB.

Mcnonb3oBaHne KOHTEKCTa MOXET elle Oonee yBenninTb addekTns-
HOCTb FrpammaTnyeckoro pasbopa.

M3 meTon0B rpaMmmaTnyeckoro pasbopa, HenocpencTBEHHO CBA3AHHbIX
C aHannM3oM NpensioXeHUr Ha eCTeCTBEHHOM 43blke, paCcCMOTPUM
rpoueaypHbIvi MeTos rpaMmmMaTideckoro pasdopa. B aTom meToae cuHTakcuc
A3blka pacCMaTpuBaEeTCd B TECHOW CBA3UM C CEMaHTUKOW. Takon noaxon
aApPryMeHTUPYeTCd TeM, YTO €CTECTBEHHbIN A3blKk BO3HUK KaK CpenCcTBO
KOMMYHUKaumMn mexay niogbmu. pn 3TOM roBopsLnii KOOMpyeT CMbICH
(3HayeHmne) NPon3HOCMMOM ppasbl, 3aKiagbiBas ero B P CUHTaKCUYeCKNX
NPU3HaKOB, KOTOPblE OH BHOCUT B 3Ty ¢pasy B NnpoLecce ee rnopoxaeHus
(reHepaumn). NMpobnema BOCMPUHUMAIOLLETO COCTOUT B TOM, YTOObI ONO3HATb
MPUCYTCTBUE TaKUX MPU3HAKOB N MCMONb30BaTb UX ON9 CEMaHTUYECKOM
MHTepnpeTauumn 31on ¢pasbl.

Takoe ono3HaHue CUHTaKCUYEeCKMX MPU3HAKOB MMEET NepBOCTENeHHoe
3Ha4yeHVe, TaK Kak rnpeanosiaraeTcs, YTo 3Ha4YeHue (CMbIcn) ¢pasbl urpaet
BaXHeWLUY0 posib B GOPMUPOBaHUN e€e CTPYKTYpbI. [py 3TOM nccnenyrotcs
CUCTEMHbIe CeTu, onucbiBalouiMe crnocobbl, NOCPEACTBOM KOTOPbIX
pasnuyHble NPU3HaKM B3auMOOENCTBYIOT U BAVSIOT APYr Ha Apyra.

K cuHTakcuyecknm rnpusHakam OTHOCSTCS, Hanpumep, Takne NpmuaHaku
kateropuu NMPEOJIOKEHUE:

— rnaBHoeE;

BTOPOCTENEHHOE;
yTBEPOUTESNILHOE;

— nobyauTensHoe;
BOMPOCUTESNIbHOE U T.[4.

Pab6oTa no cooTHeceHuto Habopa NPU3HaKkoB C GaKTUYecKon dpasoi
Ha eCTeCTBEHHOM 43blKe BbIMOJIHAETCH B CUCTEMHON rpamMmaTuke
npasunamu peanaudauuu. Npn UCrnonb3oBaHUM 3TOW rpaMmMaTukn Ong
CMHTaKCMY€eCKOro aHanmsa rnpeasioxXeHin Ha eCTeCTBEHHOM S3blke BMECTO
npaBun peannsaumm paccMmaTpuBaloT 06paTHbIE MM NMpasBuia MHTepnpeTauun,
KOTOpble BOCMPUMHUMAIOT BXOOHYK CTPOKY (dppasy), naeHTnduumpyloT ee
CTPYKTYPY 1 pacno3HAIOT €€ NpuU3Haku.

[MpouenypHbIM MEeTOA CUHTAKCUMYEeCKOro aHanm3a B KadyecTBe
dopmanuamMa ass onnucaHug rpaMMaTukm UCMNOoNb3yeT CheunasnbHbIi A3bIK
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PROGRAMMAR, a cuctema rpaMmmaTmyeckoro pasbopa npeacraBnsaeTt cobon
MHTEepnpeTaTop ¢ 3Toro a3bika. OH Npon3BoanT pasbop, UCMOJb3Yys HACXOOH-
uyo cTpaTternio. lNMpu 3ToM xapakTepHO 0COOEHHOCTbIO U JOCTOMHCTBOM
npoLenypHoro MetToaa sBfsieTcsl To, 4TO HEMOCPEACTBEHHO B caM NpPoLEcc
rpamMmmaTmyeckoro pasbopa BHeceHa ceMaHTu4Yeckas MHTepnpeTauus,
KOTOpas akTUBHO yrnpaBaseT npoLeccom pasbopa. ns aToro B xoae pasdopa
NnogK4aTCA T€ UM NHble CeEMaHTU4YeCKne nporpamMmmbl, UrparoLime 3gecb
pPOJb YCKOPSIIOLLMX TECTOB, Kak 3TO AenaeTcs B rnobdanbHOM aHannsaTope.

Bnaropapsa cemMaHTU4YeCcKOIW MHTepnpeTauunm B xope pasbopa
PROGRAMMAR He nmeeTt aBTOMaTM4ECKOro MexaHM3ma Bo3BpaTa.

Bonpocbkl cemaHTU4yeckon MHTepnpeTaumm, urpaioLime onpeaensioLLyio
POJib NPU CUHTAKCMYECKOM aHann3e eCTeCTBEHHOrO A3bika, 6a3npyoTcs Ha
npobneme npeacTaBneHnst 3HaHUN.

1.4. TpaHcngaTopsl
1.4.1. OCHOBHbIE€ MOHATUA

B paspene 1.4. “TpaHcnatopbl” noka3aHo, kak Teopus GopMasibHbIX
rpamMmaTtuvk peanuayeTcs B NMpukaagHom o6nacty nporpaMMuUpoBaHnS.

lMporpammMmupoBaHue — B LUMPOKOM CMbIC/ie — 3TO NPOLECC, BKII4a-
LN BCe TEXHMYeckMe onepaumm no Co3haHuio NporpamMmbl OT aHanusa
TpeboBaHUI 00 KOHEYHOW peanu3auun. B 6onee y3koM cMbiCiie Mo,
NPoOrpamMMmMpOBaHNEM MOHMMAETCHA MPOLECC KOAVMPOBAHUA, TPAHCNALMN,
KOMMOHOBKM U TECTUPOBAHUSA MPOrpaMMbl B pamMKkax OMpeaesieHHOro
npoekTa. NporpaMmmMmMpoBaHne, Kak NpaBuio, CBA3bIBAIOT C KOHKPETHbIMU
a3bIKaMu MPOrpPaMmMmpPOBaHus, Noa, KOTOPbIMU NOHVUMAIOTCS MCKYCCTBEHHbIE
A3bIKN (CUCTEMbI 0603HaYeHUIA) CO CTPOro onpeaeneHHbIMU CUHTaKCMCOM
M CEMAHTUKON, NpeaHa3HaYeHHbIMU OJ19 TOYHOrO OMUCaHUS NMPOrpamMm Uam
ANrOpPUTMOB A1 9NEKTPOHHbIX BbIYUCINTENbHBIX MaLLVH (OBM).

Teopusi 93bIKOB NPOrpaMMuUpoBaHns 6asnpyeTcs, B NepByio oyepenb,
Ha Teopun GopMabHbIX 93bIKOB M rPaMMaTUK (93blK MPOrpaMMNUPOBAHNS —
OrpaHNYeHHbI eCTeCTBEHHbLIN 93blk) U B HEW BBOOAATCA chneaytlouwme
OCHOBHbIE MOHATUS ONS 93bIKOB 1 TEXHONOMMU NPOrpaMMmnpPOBAHUS:

JIMHIBUCTUYECKMI OOBbEKT — rpaMMaTUYeckn JONyCTUMas KOHCTPYKLIMS
A3bIKa;

cuHTakcmc — Habop npaBwuJs, KOTOpPble OMNpPeaensatoT OCHOBHbIE
BHYTPEHHME CTPYKTYPbl U MOCNEeA0BATENbHOCTU CUMBOJIOB, AOMYCTUMbIE B
A3bIKax MPOrpaMmMmMpoBaHNS;

CeMaHTuka — 3HayYeHUs 93bIKOBbIX €OMHUL, (CNOB, rpaMMaTUYeCKUX
dOopM CoB, CNOBOCOYETAHNI, NPESIOXEHN);
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MeTasi3biK — A3blK, NCMNONb3YEMbIN TONLKO OJ19 ONMUCAHUS OPYroro a3bika.

Kak npaBuno, nporpamma peannsyet HEKU anroputMm. ANroputm —
KOHEeYHbIN Habop npegnucaHuii, oNnpeaendiWnin pelweHe 3agadn
NnoCpencTBOM KOHEYHOro KONMMYecTBa onepauuii, a nporpamMmMa — OaHHble,
npegHa3HayYeHHble AN ynpaBAeHNa KOHKPETHLIMU KOMIMOHEHTAMW CUCTEMBI
006paboTKM AaHHbIX B LIENSX peann3aumv onpefesieHHoro aaroputmMa.

Mporpamma, KOTOpas HanMcaHa Ha onNpeaeneHHoOM A3blke NporpaMmmm-
pOBaHuS, 4TOObI ObITb BbINOMHEHHOM Ha BM, A0/KHA ObITb OTTPAHCIMPOBaHA
(oTkOoMnMnuMpoBaHa). TpaHcaauua — 370 Npeobpa3oBaHME MCXOOHON
CUCTEMbI OAHHbIX B APYryld paboyyld CUCTEMY OAHHbIX C aHaNOrMYHbIMU
OTHOWEHNAMUN, 2 TPaAHCAATOP (KOMNUAATOP) — nporpaMma uan
TEXHNYECKOE CPEOCTBO, BhIMOJHAIOLLEE TPAHCASUMIO MPOrpaMmmbl.

Teopus TPAHCAATOPOB, Kak yXe roBOpuUioCb, OCHOBbLIBAETCS HA TEOPUN
dopMasbHbIX FpamMmMaTuk, BKloYass METOObl CAHTAKCUY4ECKOro aHanmsa —
npoLecca NPUHATUS peLleHnss 0 TOM, SBASIETCS NN Lenovka BBEAEHHbIX
CMIMBOJIOB NPeasioKeEHMEM AAHHOIO A3blka NPOorpaMMmMpoBaHuns. BaxxHenwmn-
MW KOMMOHEHTaMK l0B0ro TpaHcnaTopa BASIOTCS:

JIeKCU4YeCKUn aHanusaTop — KOMMOHEHTa, OocyuwecTBAsOLLas
NPOBEPKY MPaBUJIbHOCTM MNPenCcTaBNEHUS NEeKCUYECKUX KOHCTPYKLMMA
MCXOOHOro s13blka NMPOrpaMMnUpOBaHNS U NPUBEAEHNE NPOrpaMmmbl K BUAY,
nonyckatouemMy ee o6paboTKy CUMHTAKCUYECKUM aHanmM3aTopomM;

CUHTAKCUYEeCKUA aHanu3aaTtop — KOMMOHEHTa, OCYLWECTBAAIOLLANA
NMPOBEPKY MCXOAHbIX OMepaTopoOB HAa COOTBETCTBME CUHTAKCUYECKUM
npaBuiaM OAHHOro A3blka NPOrpaMMmMpPOBaHUS.

Kpome TpaHcnsauum, onas peann3aumn BbIMOJHEHUS NPOrpamMmbl Ha
OBM uHorga ncnonb3yeTcs PeXnmMm MHTepnpeTauum — peannsaumm cMmbeicna
HEKOTOPOro CUHTAKCUYECKM 3aKOHYEHHOrO TekCTa, NMpPeaCTaB/IEHHOro Ha
KOHKPETHOM $3blKE C MOMOLLbIO MHTEpPNpPeTUpPYyIoLWero KoMmnuaatTopa,
KOTOPbIA OCYLLECTBNSET HE3ABUCUMYIO KOMMUAALUMIO KaXA0ro OTAENbHOro
oneparopa MCXOOHOW MPOrpamMmbl.

M npexpge 4em nepentu HENOCPEOCTBEHHO K CTPYKType s3bika
nporpaMMmMpoOBaHUd, Kak JIMHFBUCTUYECKOW CUCTEME, HAMOMHUM, 4TO
nporpaMMHbIf MoAy/lb — 9TO MporpaMma, paccMartpmBaemMas Kak Lesnoe B
KOHTEKCTax XpaHeHusa B Habope JaHHbIX, TPpaHCAAauumM, oO6begnHEHNsS C
OPYrMMM NPOrpaMMHbIMU MOAYASIMU N 3arpy3ku B ONMEPATUBHYIO NaMsThb.

1.4.2. CTpykTypa 93blka NMPOrpaMMMUPOBAHUSA C TOYKU 3PEHMS
TpaHcnaTopa

[pammaTtnyeckme npasuia NeKCUkKM A3blka nporpammmposaHus (AM)
paccMaTpuBalOTCA TPAHCNATOPOM C TOYKU 3PEHUS CYLLLECTBOBAHUS pPasnny-
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HbIX KaTEropuin CNOBO-OPUEHTUPOBAHHLIX A3bIKOBbIX €OMHUL,, Ha3blBAEMbIX
nekcemamu. JlekcemMbl pacno3HaTcs KOMNUAGTopoM. [pammaTunyeckmne
npaeuna CTPYKTYpbl ¢pa3 nogpoObHO onpedensioT AOoNyCTUMble CNocoObI
rpynnMpoBaHuUsa 3TUX NIEKCEM B BbipaXeHWUs, onepaTopbl U npo4yune
CMbICNOBbIE €OMHULBI A3blIKa.

Nekcembl Al obpa3yTca M3 NocienoBaTeNbHOCTU onepauuni,
BbINOJIHAEMbIX C NPOrpaMmMor KOMNUISTOPOM A3blka.

MporpaMmma HayMHaeT CBOE CYLLECTBOBAHME Kak MOCNeA0BaTEIbHOCTb
CTaHOapPTHbIX CMMBOJIOB, MPEACTaBAAOWMX COOON ee UCXOAHbLIA Kon,
co3paBaeMblli Npu paboTe B TEKCTOBOM penakTope.

basoBas nporpammHas eguHyya npencrtaenseTt cobon dann. O6bIHHO
Takon ¢ann cootBeTcTBYyeT dainy onepaumoHHon cuctemsl (OC),
HaxoasduemMycs B OnepaTuBHOW WX BHELWHEN namMaTu U MMelouemMy
cospaHHoe no npasunam OC Mg n paclmpeHme.

Ha ¢ase komnunsumm, oTBevaloLen 3a pacno3HaBaHme nekcem, damnn
MCXOOHOr0 KoAa MporpamMmbl NMOABEPraeTcsd JIEKCUYECKOMY aHanmay (T.e.
pa3buneHmnto Ha nekcembl 1 Npodensl). NpobenbHbIMY 0000LLLEHHO UMEHYIOTCH
COBCTBEHHO CMMBOJIbI MPOBENOB, FOPU3OHTASbHBLIE 1 BEPTUKASIbHBIE CUMBOJSIbI
Tabynaumm, CUMBOJIbI HOBOW CTPOKU U KOMMeHTapuu. MNpobenbHble CUMBOJIbI
cnyxart gns 0603HayYeHMs MEeCT Havana M KoHua JIeKCEM U, CBEpX 9TOM
OYHKUMKM, AN UCKTIOYEHUS U3 KOMMOUAALUMKM BCEX U3ObITOYHLIX CUMBOJIOB,
HE BXOAALLMX B COCTaB JIEKCEM.

CTtaHgapTHbIe CMMBOJbI, 0ObIYHO paccMaTpuBaemMble Kak NpobenbHble,
MOryT BXOOUTb B CTPOKWN NTEPANOB, U B AAHHOM Criyyae OyayT 3alMLUeHbl
OT HOpPMaJIbHOIO MNpoLecca pa3dneHuns Ha nekcembl U Npobenbl (OHM CTaHYT
paccMaTpuBaTbCsa TPAHCASATOPOM Kak YaCTb CTPOKM).

KommeHTapum npenctaBnaoT cOO0M TEKCTOBLIE YacTu, NpeaHas3Ha4YeH-
Hble ON9 aHHOTMpPOBaHUA nporpamMmmbl. KoMMeHTapum KUcnonb3yoTcs
VCKJTIOYUTESNTIbHO CaMMM MPOrpaMMUCTOM, U nepen NEKCUYECKUM aHaIM30M
OHW UCKI0YATCHA U3 NCXOAHOro TEKCTA NPOrpamMmbl.

YKka3aHus Ha KOMMEHTapUM OCYLLIECTBASIOTCS C MOMOLLbIO CreunanbHbIX
CMIMBOJI0B, Pa3fin4yHbIX B PasnnyHbix All.

Kak npaBmno, KoMNUasTop pacrno3HaeT JIEKCEMbl OCHOBHbIX K/TACCOB!
K/II04YEBbIE C/I0Ba, UAEHTUOUKATOPbLI, KOHCTAaHTbl, CTPOKOBbIE JINTEpPAaslbl,
onepaunn v 3HaKu MyHKTyauun (TakXe Ha3blBaeMble pasaesimTesissMu).
dopmanbHoe onncaHve NeKCeMbl UMEET cneayloLlmin Bua;

nekcema:

KJI0YEBOE CJIOBO;

noeHTndunKaTop;

KOHCTaHTa;

CTPOKOBbIV nnTepan;
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onepauus;

3HaK NyHKTyauun.

Bo Bpemsa nekcm4yeckoro aHanmsa MCXOOHOro Koga NEKCEMbI
BbIOENSAIOTCS METOAOM, MPU KOTOPOM M3 CTPOKM CUMBOJSIOB 0093aTeNbHO
BbIOMpaeTca nekcema MakcumanbHOW OnvHbl. Hanpumep, cnoBo external
OyneT paccMmaTpuBaTbCs Kak OTAENbHbIV NAEHTUDUKATOP, a He KaK KJloYeBOe
CnoBO extern, 3a KOTOpbIM crenyeTt naeHTuoukatop al.

Kno4eBbiMy ci0BaMy Ha3blBalOTCS CJiOBa, 3ape3epBUPOBaHHbIE A4
crneuvanbHbIX Lenen, KoTopble HEe O0/KHbl MCMO/Ib30BaTbCH B KayeCcTBe
OObIYHbIX UMEH UAEHTUPUKATOPOB.

aeHTngukaTopb NpencTaBnaloT coO0M NPOU3BOJIbHbIE MMEHA, NPUCBa-
MBaeMble knaccam, oObekTaMm, GYHKUUSM, MePeMeEHHbIM, OnpeaenseMbiM
nonb3oBatenem Tunam AaHHbiXx U T.0. OOblMHO MAEHTUOUKATOPbI MOTyT
copepxaTtb O6ykBbl OT A g0 Z 1 OT a oo Z, CMMBOJT NogvyepkmBanus () u
umdpbl oT 0 oo 9. CywlecTByeT, kak NpaBuiIo, TONbKO ABa OrPaHNYEHUS:

— MEpPBbIi CUMBOJ OOMMKEH ABNATLCA OYKBOI;

— YHUKaNIbHOCTb U KOHTEKCT MAEHTUHUKATOPOB.

XoTa uMeHa uaeHTUPUKATOPOB MOIrYT ObITb MPON3BOJIbHLIMU (B Npeae-
Nax N3noXEHHbIX Mpasui), B Cily4ae MCNOoJsIb30BaHUS OAHOMO M TOMO Xe MMEHU
6onee 4yem ons OOHOro uaeHTUdMKaTopa B Npeaenax 0gHOro KOHTekcTa u
pasgeneHm M1 OOHOro NMpPOCTPaHCTBA MMEH BO3HMKAET OoLimbka.

KoHcTaHTamMy Ha3biBalOTCHA NleKCeMbl, NpeacTaBasaouime cobon
GUKCNPOBAHHbIE YUCIOBbLIE WIN CUMBOJIbHbIE 3HAYEHUS. TN OaHHbIX
KOHCTaHTbl onpenenseTcd KOMNUAATOPOM MO TakMM KJIKOYEBbIM XapakTe-
pucTUKaM, Kak YMCNOBOE 3Ha4YeHue n Gpopmart, UCrofb3yeMble Npu 3anncu
KOHCTaHTbl B UCXOOHOM KOAE.

OnepaumsiMy Ha3bIBAIOTCS IEKCEMbI, BbI3bIBAIOLLME HEKOTOPbLIE BbIYUCTE-
HUS C MEPEMEHHBLIMU 1 MPOYMMKN 0OBEKTAMMU, YKa3aHHbIMU B BbIpaXkeHUN. Habop
onepauuin coppemeHHoro Al BktoyaeT B cebs, MOMUMO 0BObIHHBbIX apudmMeTmn-
YECKMX M IOTNYECKNX, Onepaumii CpeacTBa MaHUMyNauMmn ¢ JaHHbIMM Ha OBUTOBOM
YPOBHE, CPeacTBa AOCTYMNa K KOMMOHEHTaM CTPYKTYP OaHHbIX U Op.

KOHTEKCT, BUANMOCTb, MPOAO/IKUTE/IbHOCTb Y TUIT KOMIOHOBKM ONpeae-
NFI0T YacTu NporpamMmbl, U3 KOTOPbLIX MOrFyT ObiTb CAenaHbl JOMYyCTUMbIE
CCbIJIKM HA NAEHTUDUKATOP C LEeNblo AOCTYyNa K COOTBETCTBYIOLLEMY OOBHEKTY.

O6BEeKTOM, C TOYKW 3PEHUs TPAHCNSTOPAa, Ha3blBaeTCH WUAEHTUDULM-
pyemasa obnactb namsaTu, KOTopas MOXEeT cogepxaTb GUKCUPOBAHHOE
3Ha4YeHMe nepemMeHHol (Mnu Habop Takux 3HayveHuin). Mcnonb3lyemoe B
OAaHHOM cny4ae cnoBO “006bekT” He cnenyeT NyTaTb C TEPMUHOM,
MCMOJIb3YEMbIM B 0OBbEKTHO-OPUEHTMPOBAHHOM NporpammMmupoBaHme (OOI).
Kaxpaa BennmymHa MMeeT CBA3aHHOE C HEeM MMsa 1 TUn (KOTOPbIM Takxe
Ha3bIBAOT TUMOM AaHHbIX). MIMs ncnonb3yeTca ong nocTyna K 00bekTy. Nmsa
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MOXET SABNSATbLCS NPOCTbIM NOEHTUHUKATOPOM MO0 CNOXHBIM BbIPAXEHUEM,
YHUKasbHbIM 006pa3oM “yka3blBalOLWMM” HA JAHHbIA 0ObEKT.

Tun ncnonb3yeTca Ons cneaywmx Lenen:

— onpepgeneHnsa TpebyemMoro KonuyecTsa Namgat Npu ee MCXOLHOM

pacnpeneneHuu;

— MHTepnpeTaumn OGUTOBBLIX KOAOB, HAXOAUMbIX B 0ObekTax npu

nocnenyLwmx K HUM obpaLleHusx;

— B CUTyauusax KOHTponsa Tuna, Tpebyemoro onsa obHapyxeHusd

BO3MOXHbIX CJlyHaeB HeOOMyCTUMOro NpucBamBaHUS.

CoBpemeHHblie 9l nogaepXxmnealoT MHOIMe CTaHOapTHbIE (Npeaonpene-
JIEHHBbIE), a TaKXe ornpenensemMble Nonb3oBaTeNleM TUMbl AaHHbIX, BK/OYas
LLeSIOYMCNEHHbIE TUMbI Pa3HbIX Pa3MepoB, CO 3HAKOM M Be3 Hero, ynicna ¢
nnaBaloLWEr TOYKOM Pa3IMYHONM TOYHOCTU NpencTaBfeHus, CTPYKTYpPHbI,
00beaNHEHMs, MaCCUBbI N KNacchbl (B 0ObEKTHO-0PUEHTUPOBAHHBIX ATT).

O6bsiB/IeHVS YCTaHABIMBAIOT HEOOXOAMMble COOTHOLLEHUS pacnpeaene-
HUS NaMSATU Mexay naeHTudukatopamm n obbektamun. Kaxzagoe obbsiBieHne
CBSI3bIBAET UAEHTUPUKATOP C HEKOTOPLIM TUMOM AaHHbIX. BONbLWMHCTBO
0ObABNEHNIA, N3BECTHbLIX Kak 0ObSIBJIEHUS OorpeneseHus, Takxe 3agaeT
co3pgaHue (roe n korpa) obbekTa, MHa4ye roBopsd, pacnpeneneHue
dU3NYECKOM NAMATU U ee BO3MOXHYIO MHULmanusauuto. Npoyre o6bsaBneHus,
Ha3blBaeMble 0OBbSIBJIEHUSIMM CChIJIKM, TIPOCTO AENalT ykasaHHble B HUX
MAEHTUDUKATOPBI M3BECTHLIMU KOMNUAATOPY. OOQVH 1 TOT Xe naeHTUduKaTop
MOXET UMETb MHOXECTBO 0OBbSABNEHUI CCbISIKU, 0COOEHHO B MHOrOdannoBbIX
nporpaMmmax, 0AHaKo A5 KaKaoro naeHtudunkaTopa AonycTmMo TONbKO O4HO
0bObsaABNEHME ONpeneneHns.

Boobuwe roeops, naeHTMdmnkaTtop He MOXeT ObiTb MPaABUIbHO
MCMOJIb30BaH B NpOrpamMmMe A0 COOTBETCTBYIOLLEN EMY TOYKM OOBbSIBNEHUNS B
MCXOOHOM Kofe.

Onga cBasn naeHTMGuUKaTopoB ¢ 0ObEKTAMM TPaHCNATOPY TpebyeTcs,
4YTOObI KaXAbI MAEHTUPMKATOP MMEN Kak MUHUMYM ABa atpubyTta: knacc
namsaT v Tun (MHOrA4a €ro HasbiBaKT TUMOM AaHHbIx). KoMmnunatop
onpepengeTr 3T aTpubyTbl MO SABHbIM WUIN HESBHBIM OOBABNEHUAM B
MCXOOHOM KOAEe Mporpammbl.

Knacc namsaTtv 3apaeT pasmeLleHne o0bekTa (CerMeHT AaHHbIX, PerncTp,
CTeK) M NPOAOIKUTENBHOCTb €ro BPEMEHU CYLLECTBOBAHUSA (BCE BpPEMS
paboThbl Mporpammbl, MO0 Xe MNPU BbIMOJHEHUN HEKOTOPbIX KOHKPETHbIX
610k0B koaa). Knacc namsat MOXET ObITb YCTAHOBIEH CUHTAKCUCOM 0ObsIBNE-
HUS, PACMOJIOXKEHNEM B UCXOAHOM KOoAe uam oboumMun aTumm dakTopamu.

Tur, Kak roBOpUIOCh Bbille, OnpeaenseT pasMmep namsaTu, pacnpene-
NseMblii 00bEKTY, U TO, Kakm 06pa3om nNporpamma 6yaeT MHTEPNPeETUPOBATb
OunTOBbLIE KOABI, HAXOOSALWMECS B NaMATU, pacrnpefeneHHon obbekTy. Tun
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OAHHbIX MOXHO paccMaTpuBaTh Kak MHOXECTBO 3HAYeHWUI, KOTOPblE MOXET
NPUHUMaTb UOEHTUGUKATOP OAHHOrO TUMa, COBOKYMHO C MHOXECTBOM
onepauuii, BbIMOJIHEHME KOTOPLIX AOMNYCTUMO AJ1S 3HAYEHMIA 3TOro Tuna.

KoHTekcToM uaeHTngukaTtopa Ha3blBaeTCs 4acTb NMpOrpamMmebl, B
KOTOPOW AaHHbIN NOEHTUPUKATOP MOXKET ObITb MCMNOJb30BaAH A9 AOCTYyNa K
CBSI3aHHOMY C HUM 00bekTy. MoryT cylecTBoBaTtb, HANpPUMep, creayroLlme
Kareropuy KOHTEKCTA:

610K (M NOKasbHbIN);

byHKUMS;

dann;

Knacc.

KOHTEKCT 3aBMCUT OT TOrrO, Kak 1 roe 00bsBNEHbI NAEHTUDUKATOPDI.

KoHTekcT ngeHTudukartopa B cryd4ae KOHTekcTta tuna 6s10ka (Mnn
JIOKaNIbHOr0 KOHTEKCTA) HauMHAETCHa B TOUYke OObSABNEHUS U 3aKaHYMBAETCS
B KOHUe 6510Ka, coaepxallero AaHHoe 00bsBNeHNe (Takon 610K Ha3blBaeTCS
obbemniowmm 61okom). O6BLABNEHVS NapaMeTPOB B onpeaeneHnm GyHKumm
Takke MMEKT KOHTEKCT Tuna 650ka 1 orpaHndeHbl KOHTEKCTOM 6noka, rae
aTta QyHKUMA onpeaeneHa.

MoeHTndukatopamu, MMELLNMN KOHTEKCT Tuna QyHKUNM, SBNAIOTCS
MeTku onepaTopoB. MimeHa MeToK MOryT ObiTb MCNOIb30BaHbI B Oreparopax
goto B nobo Touke pyHKUMK, roe oObsaBNeHa gaHHas MeTka. MiMeHa meTok
B npenenax GyHKUMN OOMKHbI OblTb YHUKAIbHBIMU.

MpeHTndunkaTtopbl C KOHTEKCTOM ¢arisia, Ha3blBaeMble 4acTo
rnobasibHbIMy, OOBABNAIOTCS BHE BCEX OSIOKOB U KITACCOB — X KOHTEKCT NEXUT
MeXay TOYKOM OOBbSABAEHUS N KOHLLOM MCXOOHOro danna.

Knaccom OOI* MOXHO cyYMTaTb MMEHOBaHHbLIN Habop KOMMOHEHTOB,
BKJIlOYASA Cloda CTPYKTYPbl OAHHbIX U OENCTBYOWNE C HUMU DYHKUUN.
KoHTekcT kiacca OTHOCUTCSH, 32 HEKOTOPBIMU UCKITIOYEHUSIMU, K MMEHaM
KOMMOHEHTOB KOHKPETHOro knacca. Knacchl 1 ux 06bekTbl UMEIOT MHOXECTBO
crneumanbHbIX NPaBus AOCTyrNna U onpeaesieHns KOHTEKCTa.

[lpocTpaHCTBO MMEH — 3TO KOHTEKCT, B npeaenax KoToporo
MOEHTUGUKATOP OOMKEH ObITb YHUKANBHBLIM.

BuaumocTtbio naeHTugukaTopa HasbiBaeTca 00/1acTb MCXOAHOro koaa
nporpamMmsbl, U3 KOTOPOro AOMyCTUM HOPMasbHbIA OOCTYM K CBA3AHHOMY C
MOEHTUDUKATOPOM OOBEKTY.

OO6bIYHO KOHTEKCT 1 BUAMMOCTb COBMagalT, OAHako ObiBaAlOT ciy4vau,
Korga OObEKT BPEMEHHO CKPbIT BCAEACTBME Hannunsa naeHtundukatopa ¢
Tem xe nmeHeM. OObEKT NpY 3TOM He NpekpaLLLaeT CBOEro CyL,eCcTBOBaHUS,
HO NCXOAHbI NAEHTUPUKATOP HE MOXET CAYXUTb AN OOCTyna K HEMY 00
TEeX Mop, Noka He 3aKOHYMUTCS KOHTEKCT AyOnmpylowero naeHTudmnkaTopa.

* OOBEKTHO-OPUEHTUPOBAHHOE NporpammMupoBaHue (OO0IT).
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BnayMocTb HE MOXET BbIXOAUTb 3a Npeaesibl KOHTEKCTA; HO KOHTEKCT
MOXET MNpeBbILIAaTb BUANMOCTb.

TepMuH eauHuua TpadHcasaUumMy OTHOCUTCS K dainay MCxoOHOro koaa
BMecCTe C BKJ4YaeMbiMu dainamm. CUHTAKCUYECKN eauHuLa TPaHCASUMn
onpenenseTcs Kak rnocneanoBaTeflbHOCTb BHELHUX OObABNEHWNIA:

eauH1LAa-TpaHCNaUun:
BHellHee-00baBneHve
eaVHnLUa-TPpaHCNaUunM BHELLIHee-00bsBeHne

BHelLUHee-00baBeHne:
onpegenenmne-QeyHKUnm
obbaABNEHNE

BbinonHgemas nporpammMa oObl4HO CO34aETCH KOMMUAAUMNE HECKOSb-
KNX HE3ABUCUMbIX €OVHULL TRPAHCASILMN, @ 3aTEM KOMIMOHOBKOV MOJTy4MBLUNXCS
006BbEKTHBIX GansoB C yXxe CcyllecTBytowmMMn 6ubnmotekamu. MNpobnema
BO3HMKAET, KOrga oaviH 1 TOT Xe naeHTudukatop oobsaBaeH 6onee ogHoro
pasa B OOAHOM U TOM Xe KOHTekcTe. KOMMoHoBKa — 9TO NpOLECC, KOTOPbI
MnO3BOJISET MPaBUIIbHO CBA3aTb KaXA0€e BXOXAEHMEe naeHtudukatopa c
OOHUM KOHKPETHBIM 0OBbEKTOM U QyHKUMeR. Bce naeHtndukaropbl UMEKOT
OOVIH 13 Tpex aTpnbyTOB KOMMOHOBKM, TECHO CBSI3AHHbLIX C UX KOHTEKCTOM:
BHELLUHSAS KOMNOHOBKA, BHYTPEHHSAA KOMMOHOBKA MM OTCYTCTBUE KOMIMOHOB-
Kn. OTn aTpmnbyThl ONPeaensioTCs MecTononoxeHmemMm n GopmMmaTom obbsBne-
HUIN, a TakXe FBHbIM (MM HESBHbIM MO YMOJ4aHUIO) UCMNONIb30BAHNEM
cneundurkaTopa knacca namsaTu.

Huxe npmBoaatcs npaswuia BHELLUHEN N BHYTPEHHEN KOMMOHOBKMU:

1. peHTudmkatop ob6bekTa unm gaiina, uMetoLmn dannosblii KOHTEKCT,
OyaeT MMEeTb BHYTPEHHUIA TUM KOMMOHOBKN.

2. Ecnun o6bsiBneHne naeHtudmrkaTopa oobekta nnm GyHKLMK COOEPXNT
cneumdukaTop knacca namatn “BHELHWIA”, TO MOEHTUDUKATOP UMEET TOT
X€ TUM KOMMOHOBKW, YTO M BMAMMOE 00bSIBNEHME maeHTudukatopa C
dannoBbIM KOHTEKCTOM. ECnu Takoro BMAMMOro o0bSBNEHUS HE MMEETCH,
TO naoeHTudunkaTop O6yAeT UMETb BHELUHWI TUM KOMIMOHOBKM.

3. Ecnn dyHkumya obbsaBneHa 6e3 cneyudukatopa knacca namsaTu, TO
ee TUM KOMMOHOBKMK onpepengertcs, Kak ecnm Obl O6bl1 MCNONb30BaH
cneumdukaTop knacca namaTn “BHELIHUA”.

4. Ecnu npeHtndunkatop obbekTa ¢ GannoBbiM KOHTEKCTOM OObSBNEH
6e3 cneymdukaTopa knacca namaTv, TO UAEHTUDUKATOP MMEET BHELUHWUN
TUN KOMMOHOBKM.

Bce wecTb B3aMMOCBSA3aHHbIX aTpubyTOB (Kilacc NnamMsaTu, TUM, KOHTEKCT,
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BUAMMOCTb, NPOAO/IKUTENIBHOCTb U TUM KOMIMOHOBKM) MOTYT ObITb pa3HbIMA
cnocobamMmn onpegenieHbl NPy NOMOLLM OObSABAEHUIA.

O6baBneHnss Moryt ObiTb 00bABNEHUAMU OnpeneneHns (Mx oBbIYHO
MPOCTO Ha3blBalOT OOBbABNEHUAMU) U OOBABAEHUSAMU CCbINKU (MHOrAA
Ha3blBaeMbiMM HeonpepenawwmnmMmm obbvapneHnamn). Ob6bsBreHue
onpenesieHns, Kak U cnenyeTt M3 Has3BaHUs, BbIMONHAET ABe (OYHKUMN,
0ObABNEHNSA N ONpefeNeHns; Heonpenensawye xe o00baBNeHUs TpebyoT
Hanuuna raoe-nubo ganee B nporpamme onpeneneHnin. O6bsSBAeHNE CCbIIKU
NpPoOCTO BBOAMUT B MpOrpamMmmy OAHO UM BGonee UMeH NAEHTUPUKATOPOB.
OnpepeneHne dakTMyecku pacnpenenser o0bekTy namsaTb U CBA3bIBAET
UAEHTUPUKATOP C 3TUM 00BbEKTOM. B 4ncno o6beKToB, KOTOPbLIE MOTYT ObITh
00bABNEHbI, BXOOAT:

NnepeMeHHbIE;

byHKUMY;

Knacchl M KOMIMOHEHTbLI KJ1aCCOB;

TUNbI;

KOMIMOHEHTbI CTPYKTYP;

KOMIMOHEHTbI 00beANHEHWNIA;

MacCKBbl MPOYMX TUMOB;

NepeyvncriMMble KOHCTaHTHI;

MeTKM OnepaTopoB.

Cneungukartop Tvna ¢ oOgHUM unm 6onee onuuoHasbHbIM Moandmka-
TOPOM UCMNOMb3YETCa ONs 3afaHusa Tuna oobaBaseMoro ngeHtTndukaropa.

DyHkumm (Npouenypbl) NPeacTaBnsAioT coOoi UeHTPabHbIi 00bEeKT
nporpaMmmMmpoBaHns. @YHKLUNK 0OBABNSAIOTCA B UCXOAHbLIX dalinax nnbo
nenakpTca OOCTYMHbIMU MPU KOMMOHOBKE C OTKOMMUINPOBAHHbLIMMU
onbnnoTekamm. OyHKUUSA MOXET OblTb 0ObsBNIEHA B MPOrpaMmMe HeCKOJbKO
pas, npu ycroBuU, YTO 3TN 0OBLABNEHUA coBMeCTUMbl. OObaBNEHUs, ecnu
OHW MMEITCH, AO/KHbI COOTBETCTBOBATb OMNPEeAeENeHnto GyHKLUUN.
CylLecTBEHHbIM pasfinyneM Mexny ornpeaesieHnemM n o6bsiBIeHNeM
SIBNSIETCA TO, 4YTO OMpefeneHne coaepXmT COOCTBEHHO TeNo YHKLUUWN.
Komnunarop ncnonb3yet 3Ty MHOOPMALMIO 019 KOHTPONS OOCTOBEPHOCTH
Bbl30Ba GYHKUMN. KOMAUNATOP Takxke MOXET NPUBOOUTb apryMeHTbl K
HY>KHOMY TUMy.

B uenowm, onpeaenerHne GyHKUMM COCTOUT U3 CREAyoWMX pa3nenos
(rpaMmaTuMKa No3BonsieT co3gaHne 1 BosIee CIIOXHbIX KOHCTPYKUUNA):

— cneuudukaTopbl Knacca namaTu;

— TN BO3BpaTa;

— UMa OYHKUNN;

— CMUCOK OOBABMEHNS NMApPaMeTPOB, KOTOPbIA MOXET OblTb MYCTbIM,

3aKJIIOYEHHbI B KPYriible CKOOKU;
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— Teno gyHKUumM, npeacrtasnsioLllee codoi Koabl, BbIMOMHAEMbIE NpuU
BbI30BE (YHKLNN.

Cnuncok obbaBneHns GopmMabHbiX NapaMmeTpoB UMEET CUHTAKCUC,
@HANOTNYHBIA CUHTAKCUCY OObIYHBbIX OOBABNEHUNA UOEHTUPUKATOPOB.

®OyHKUUA BbI3bIBAETCS C GAKTUHECKUMU apryMeHTamMn, NoMeLeHHbIMK
B TOW X€e NOCNefoBaTesibHOCTU, YTO U COOTBETCTBYIOWME UM pOpMasibHbIE
aprymeHThl. [NpeobpaszoBaHns GakTUYECKNX apPryMEHTOB BbIMOJHAIOTCS, Kak
ecnu Obl OHU MHULMANMN3UPOBANIUCE 3HAYEHNAMU DOPMasIbHbIX aPryMEHTOB
npuv 0O6bABAEHUN TUMOB.

1.4.3. CocTtaB M CTpPyKTypa COBPEMEHHOro TpaHcnsTopa

BaxHelwel 3agadyein npu paspaboTke KOMNuasaTopa C s3blka
nporpamMmmpoBaHns (B Kadyectse npumepa paccmartpusaetca OOAMN C++)
aBnsieTcs obecnevyeHme MakCMMasnbHO MOSTHOrO COOTBETCTBMS €ro BXOAHOIO
A3blka CTaHAApPTHOMY onpegeneHuio. 3Ta 3ajadva sBASETCS BECbMa He
npocToii. HeBO3MOXHO 06€CneynTb MOJIHYI0 CUHXPOHM3auMio npouecca
pa3paboTkn C HE3ABMCMMO MAYLLMM NPOLECCOM CTaHAapTM3auumn, KOTopbll
npoTekaeT JOCTATOYHO WMHTEHCUBHO M COMPOBOXAAETCS MOCTOSHHbIMU
MoandUKaLMaMUM Kak CUHTaKCcuca, Tak U CEMaHTUKK A3bIKa.

KomMnunaTop B LENOM MOXHO paccMaTtpuBaTb Kak KOMMO3ULWUIO
crnefylowmx NpoLeccopoB, KaxAblii M3 KOTOPbIX peann3oBaH B Buae
HE3aBMCUMOW MNpPOrpammbi:

npenpoueccop Cu++;

KOMNUASTOP nepegHero nnaHa Cu++ ;

reHepaTop 00bEeKTHOro Koaa.

MocTpoeHne koMNuNaTopa B BUAE OTAESNbHbIX MOACUCTEM AOCTATO4HO
TPaANUMOHHO. NTOMMMO OY4EBMOHOIO BbIUIpbILLA MO BPEMEHU NPU OQHOBPE-
MEHHOW pa3paboTke TPEX KOMMOHEHT, a TakXe YNpOoLLEHNS TECTUPOBAHUSA U
oTNnagku, ykazaHHas CTpykTypa obecrnedmBaeT Oonee nerkylo agantauuio
CUCTEMbI B LLEJIOM, MO3BOJIAS, HanpuMmep, nyTemM AoOaBneHUs HOBbIX
reHepaTopoB KoAa NepeHoCUTb KOMMUASATOP Ha pasnunyHblie NaaTdopmbl.

lpenpoueccop — BbINOMHAET NPENPOLLECCOPHYI0 06paboTKy MCXOLHOIo
TEeKCTa COryiacHo npasuiiamMm COOTBETCTBYIOLEro ctaHaapta Cu++. HecmoTtps
Ha 3HAYUTENIbHYID CEMaAHTUYECKYID HE3ABUCUMOCTb KOHCTPYKLUNA,
obpabaTtbiBaeMbIX NMPenpoLeccopoM, oT camoro a3bika Cut+, popmanbHO
OHU SIBASIOTCS YaCTblO ONPefeneHns a3bika.

Komnunatop nepegHero rjiaHa — 3TO KOMIMOHEHTA, KOTopas ABNseTcs
LLEHTpaNbHOWM YacTbio Bcero komnuaatopa Cu++. OHa BOCMPUHMMAET Ha
BXO4€E TEKCT nporpammbl Ha Cu++ u dpopmumpyeT Ha Bbixoge dann ¢
CEMaHTUYEeCKMN 3KBMBAJIEHTHbIM NPeAcTaBieHNEM 3TOW NporpaMmmbl Ha

CoBpeMeHHbIit N'yMaHUTapHblii YHMBEpcUTeT

61



HEKOTOPOM MPOMEXYTOYHOM 43blke, KOTOPbI MOXHO TpakKTOBaTb Kak
“06006LEeHHbIN accembnep”.

OOGbIYHO KOMMUAATOP NepeaHero rnjaHa NocTPOeH MO TPaAMUVOHHOWN
OBYXNPOXOOHOW cxeme. Ha nepBomM npoxoge:

— OCYLLECTBISIETCA NIEKCUYECKNI N CUHTAKCUYECKMIA aHANTN3 UCXOAHOMO

TEKCTA;

— BbINONHAETCS OO0MbLLION MAaCCUB CEMAHTUYECKMX MPOBEPOK;

— reHepupyeTca TabnmyHoe, opPeBOBMOHOE NMPeaCcTaBieHe NPorpaMmel.

[MepBUYHbIN NEeKCUYeCKNii aHanm3 (pacrno3HaBaHMe N KoOMpOBaHUE
NIeKCeM) BbIMOSHAETCS N0 TPaAULMOHHOM CXeMe KOHEYHOro aBTomarta.
dopmanbHoe onuncaHue a3blka Cu++ OCHOBAHO Ha MHOXECTBE JIeKCEM U
BKJIIOYAET CeEMaHTUYeCKne AENCTBUSA, KOTOpble, KaK MpaBwuio, CBOOATCS K
BblI30BaM GYHKUMI 00paboTkm 0ObSBNEHWI, reHepaumn NoAOEPEBLEB U
BbIYNCIIEHNIO KOHTEKCTHBLIX MPU3HAKOB.

CoBOKYMHOCTb CEMaHTMYECKUX Tabnuy, opraHM3oBaHHasa B COOTBETCT-
BUWN CO CTPYKTYPOI1 o61acTeri BUAMMOCTM NCXOOHOW NporpamMmbl, COOEPXUT
aTpMbyThl BCEX MPOrPaMMHbIX CYLLHOCTEN, a AepPeBO NPOrpaMmMbl OTpaxaeT
CTPYKTYPY MCMOJIHAEMbIX KOHCTPYKUMA. DNEMEHTbI CEMAHTUYECKUX Tabnuly
(“cemaHTMyECKME CNoBa”) M y3/bl AepeBa CBs3aHbl B3AaMMHbIMM CCbIIKAMM.
Ccbinkn n3 gepesa B Tabnvupl NpeacTaBnsioT, Kak NpaBuio, MCNOb3yloLme
BXOXOEHNS 0ObSBMEHHbIX cylHOCTeN. OBpaTHble CCbUIKM OObIYHO MMEIOT
XapakTep aTpmbyTOB (HanpuMep, CCblJika N3 CEMAHTUYECKOro CnoBa nepe-
MEHHOW Ha AEepeBO BbIPaXeHUs A8 MHULUManmM3aTtopa 3ToM NepemMeHHOon).

BTtopon npoxon komMnuaaTopa 3akiyaeTcs B CepUnM PEKYPCUBHBIX
06xon0B OepeBa nporpamMmbl. MNpy 3TOM BbINOJIHAETCS OKOHYaTeNlbHOE
BbliMcneHme aTpmbyToB 0OBLEKTOB, HEOOXOOMMbLIX ONSA reHepauumn
NMPOMEXYTOYHOIro Koaa (B 4aCTHOCTM, BbIYNCASIOTCS pasMepbl U CMELLEHNS
0N CTEKOBbIX 00bekTOB), U oO6pabaTbiBalOTCA BbI3OBbl QYHKLUMA. Ha
3aBepliaroller dase BTOPOro npoxoga npomM3BOAUTCHA HENMOCpeacTBEHHAs
reHepaums NPOMEXYTOYHOro NpeacTaB/ieHUS.

B koMnunaTope ncnonb3yeTca reHepatop 0O6bEeKTHOrO Koaa, KOTOPbIMN,
KaK 1 gpyrme KOMMOHEHTbl KOMNWUAATopa, NnpeactaBnsieT coboi He3aBUCU-
MytO nNporpammy. F'eHepaTop 06bLEKTHOro KoAa IErkO MOXET ObiTb 3aMEHEH
Ha 3KBMBAJIEHTHbIM N0 MHTEPdENCY reHepaTop AN HEKOTOPON Opyron
nnatdopmsl.

HeoTbemMnemow yacTbio Komniekca, obecneynBatowero paboTty KoMmnm-
naTopa, SBnseTca ctaHgapTHasi bubanoTeka sidbika Cn++, koTopas npeacTa-
BNSeT coOOM 3HA4YMTENbHYIO (Kak Mo 0O0beMy, Tak U Mo “naeonornyeckomn”
HaCbILWEHHOCTN) YacTb cTaHgapTa a3blika Cu++. OnucaHue 6MbnMoTeku B
COBOKYMHOCTM COCTaBnsieT 6osee NonoBuHbl 06wero obbema crtaHgapTa.
MoOMMUMO BHYLLUMTENBHOIO pa3mMepa, npeanaraemblii CTaHOAPTHbIM KOMMAEKC
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BrMBNMOTEYHBIX pecypcoB A3blka Cu++ BornowaeT 60/bLIOE KOMYECTBO BaX-
HbIX MPUHLMMNOB U NOAX0O0B, OTPaXAaOLWMX COBPEMEHHOE COCTOSIHME MPO-
rpaMMMUCTCKOM Teopun 1 NpakTuku. MNMpexae Bcero, HEOOXO0ANMO OTMETUTL
HECKOJIbKO CYLLLECTBEHHbIX YEPT, CBOMCTBEHHbLIX CTaHOAPTHOW GubnmnoTeke.
OHa pomkHa obecneymBaTb NOAOEPXKKY BOMIOLLEHHOW B 93blKe KOHLIENUUM
0OBbEKTHO-OPUEHTUPOBAHHOIO NpPOrpaMMmpoBanmnd. lNpakTnyeckn Bce
OnBnMoTeYHblE PECYPCbI CNPOEKTUPOBAHbI B BUAE MEPapXnii KNacCcos.

Jpyrasa BaxHas yepta — UCMNOJIb30BAHNE MEXaHU3Ma UCKITIOUUTESbHbIX
cuTyaumii. Bce BO3MOXHbIe “HeluTaTHble” addekTbl B NPOLLECCE BbINOIHEHNS
OubAnoTEYHBbIX DYHKUMIA cneunduunpoBaHbl B BUOE UCKIIOYUTENbHbIX
cuTyauuii, B GubnmoTeke npenycMOTpeHa nepapxms CTaHAapTHbLIX KNacCoB,
npeaHasHavYeHHbIX VUMEHHO ANg nepefadn 3HavyeHuin npu Bo30YyXAeHUN
UCKJTIOUUTENbHBIX CUTYaLNIA.

Knaccunyeckoe 06bEKTHO-OPUEHTUPOBAHHOE NMPOrpamMMMpoBaHnE
MCnosb3yeT 6a30BLIM MEXAHM3M — MEXaHM3M HacfieqoBaHUs C nocnenosa-
TENbHbIM YBENIMYEHVEM OeTannsauum npu nepexone oT kKnacca poanTtens K
Knaccy noTomky. B cnyyae ctanoapTHow 6ubnuoteku Cu++ akTMBHOE UCTOSb-
30BaHMe LWABMOHHbBIX CTPYKTYP — LIABMOHHbLIX anroOpuTMOB U LIABMOHHbLIX
nepapxmin KiaccoB — No3eonsieT GnbnmoTeke, C OAHON CTOPOHbI, COXPaHATb
BbICOKMI yPOBEHb abCTpakuum, a ¢ Apyro — NpeaocTaBnATb pa3paboTymky
peanbHO gencrteywWMn kog. KpomMme TOoro, ncxooHoe nMoCTpPOeHue
OnbnMoTekn B BUAE COBOKYMHOCTM YETKO BblOENEHHbIX OIOKOB HE TOJIbKO
MoO3BONIFET AOCTUYb MPOCTOThI U eAnHoobpasna MHTeEPdENCOB, HO OaeT
Monb30BaTENO OOMbLUYIO LWMPOTY B BbIOGOPE CNOCOO0B 1NX B3aUMOAENCTBUS.
Peub noet o MOBTOPHOM MCMONb30BaHUM NMPOrpPaMMHbIX MOAYNEN, B TOM
yucne ctaHpapTM3auum Hambornee 4acTO WUCMOb3YyEMbIX anropuTMoOB U
CTPYKTYP AaHHbIX, KOTOPOE CTaso BO3MOXHbIM Gnarogaps pas3BUTbIM
cpencTBam abCcTpakumm y COBPEMEHHbIX SI3bIKOB MPOrpamMMmMpoOBaHUS.

O6LLyt0 CTPYKTYPY CTaHOAPTHOM BMONNOTEKM MOXHO NPeacTaBUTb Kak
00beANHEHNE HECKONbKUX KPYMHbIX KOMMOHEHT, Kaxaas M3 KOTOPbIX
npenocTaBnaseT Habop NMPUMUTMBOB U TUMOBbLIX PELLEHWUIA, MO3BOMSIOLLINX
OOCTaTOYHO NEerko NOCTPOUTb HABOP KOHKPETHbIX KIACCOB U YHKUMIA Ans
HEeKOTOpPOI npuknagHon obnactu. lMpakTuyeckn kKaxgas KOMMOHEHTa
OnBNNOTEKN CYLLECTBEHHO MUCMOMbL3YET BO3MOXHOCTU, NPEnOCTaBNgEMbIE
OPYrMMM KOMMOHEHTaAMM, 3a CYET 4Yero AOoCTUraeTcss MakcumanbHas
rMOKOCTb, OOLLHOCTb U 3PDEKTUBHOCTb.

CraHpapTHaa 6ubnuoteka Cu++ npenocTaBiseT:

— paclupsieMbli HABOP KNacCoB U onpeaeneHnin, HeodXoaAnMbIX OIS

noanepXknM NOHATUIA CaMOro s3bIKa;

— KJ1acchbl NOAAEPXKN ANArHOCTUKKM MOJSIb30BATENLCKUX MPUNOXEHWNIA;

— YTUNNTbI OOLWEro Ha3HaAYeHUS;
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— 0000LLEHHbIE anropUTMBbI;

— cpencTBa nokanmsaumm nNporpamm;

— Knacchbl U YHKUMM ONS MaTeMaTUyYecKkmnx BbIYUCNEHWNIA;

— cpenctBa paboThl CO CTpOKaMMU;

— BBOA/BbIBOA,

KomMnunaTtop, kak yXe roBopuiioCb, OCYLLECTBASET JIMHIBUCTUYECKUNTA
KOHTPOJb (aHaNM3) BXOAHbIX TEKCTOB Ha UcxoaHoM Al 1 nx npeobpas3oBaHue B
MCnonHsiemMble koabl ABM. g Mcnonb30BaHUS BHOBb CO30aHHBIX KOMMUISTOPOB
HEeoBX0AMMO X TECTUPOBAHME HA CMeLMalibHO CO30aHHbIX BXOOHbLIX MakeTax.

Ha ocHoBaHWM KpUTEPUEB KayecTBa M TpeboBaHWI K NakeTam TeCTOB
dOopMYnMpYLOTCSa creaylolme NpuHLnUmbl pa3paboTky naketa atTecTaunoH-
HbIX TECTOB A1 MPOBEPKM KOMMUASTOPOB HA COOTBETCTBME CTAHOAPTY:

— Habop aTTecTauuoHHbIX TECTOB A0J/DKEH MOKPbIBATb BECb CTaHOAPT

A3bIKa;

— Nporpammbl, BXxoasilimMe B NakeT, O0JXKHbl ObiITb HE3AaBUCUMbIMU B
TOM CMbIC/e, YTO pe3dyfibTaTbl KOMNUASUMN UK 3anycka toboi 13
HUX HE OOJIKHbl BAMATb HA YCNOBUS WU Pe3ynbTaThl KOMMUAALAN
WUnn 3anycka nodoi apyro TeCTOBOW NPOrpamMmsl;

— Kaxjas TecToBasd nporpaMma AoJikHa NpPoBEpsATb COOTBETCTBUE
MeXxay peanndaunen HEKOTOPOWM A3bIKOBOWM KOHCTPYKUUW U ee
onucaHneM B CTaHOapTe 93blka NMPOrpamMMUpPOBaHUS.

TecToBbI NAKET UMEET MepapXnYecKkylo CTPYKTYpYy, Kak U CTPyKTypa
TekcTa cTtaHgapTta a3blka C++. TecTbl OOMKHbI TECTUPOBATb S3bIKOBbIE
cCuUTyauum, onucaHHble B COOTBETCTByOWEN YacTu ctaHgapTta C++. Bee
TECTbI, COAEPXaLLMECS B ONpeaeseHHOM KaTanore, COOTBETCTBYIOLLLEM HaCTH
cTaHpapTa a3blka C++, 06pasyloT rpynny TectoB ang a1oi 4yactn. OCHOBHas
Lenb KaXAoW rpynnbl COCTOUT B MPOBEPKE peanm3aumm HEeKOTOPOro
TpeboBaHuS, COAEPKALLErOCs NN BBIBOAMMOIO N3 TEKCTA COOTBETCTBYIOLLEN
yacTu cTaHgapTa 93blka.

Kaxpas rpynna TecToB pas3fensercsd Ha ABe MOArpynrbl, COCTOoSLME
n3 A-tectoB U b-TecToB COOTBETCTBEHHO. A-TECTbl — 3TO NpaBWJibHble
nporpamMmbl, NPOBEPSIOLLME TOYHOCTb peann3aunumn HEKOW A3bIKOBOW
KOHCTPYKUMK, a B-TecTbl — nporpaMmmbl, cogepatipe owmbku, HeobxoanMble
0151 NPOBEPKN NPaBUILHOCTU peakLmMn KOMNUASTOpa Ha AaHHble OLNOKMU.

Kpome aToro, rpynnbl TECTOB pasfensioTcsa Ha NoArpynnbl B COOTBETCT-
BUM C LENSIMU TECTUPOBAHUS U TECTOBbIMU crieuudukaumamm. Kaxaasa Takas
cneynodourkaung onpenengetr HEKOTOPYID KOHCTPYKLMIO, OMMCAHHYIO B
cTaHpgapTe ga3bika C++, koTOpas Aos/kHa ObiTb 3anporpamMmmmpoBaHa, 1
addeKT, KOTOPLIV A0KEH ObITh NOMYYEH Npu 06paboTKe 3TOM KOHCTPYKUUN
npoBepsaeMon peanuadaumen komnunaropa. Kaxaon otaenbHom cneuyduka-
LMW1 OOMKEH COOTBETCTBOBATbL POBHO OAMH TECT.
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CtanpapT g3blka C++ aBngeTcd HedOPMaN30BaAHHbLIM (4AaCTUYHO
dopMann3oBaHHOW ABNAETCH NKLLb CUHTaKCUYecKasi HacTb A3blka). ITO BeaeT
K TOMY, 4TO MPOLECC CO34aHUSA TECTOB TOXEe FABNFEeTCH 4aCTUYHO
dopmanns3oBaHHbIM. B 3TOM cnyyae ogHUM 13 BO3MOXHbIX MyTEN CO30aHUS
TECTOB sBNFETCA rnyboKoe U3ydyeHme ctangapTa a3blika C++, B Xo4e KOToporo
BbISBNAOTCA U GUKCUPYIOTCS OrpaHnNyeHuns, HakaabiBaeMble Ha peanns3aumio
KOMMNUASATOPA U A3bIKOBbIE KOHCTPYKLIMK, NOABNSAIOLLMECSH B NMporpamMmmax v
nporpaMmMHbIX anemMeHTax a3bika C++. Takum obpasom, npu paspabdoTtke
TECTOBbIX cneundurkaymin NCNosb3yeTCcsa YacTUYHO popmann3oBaHHas
3anuchb 1 crneuyasnbHble MeTOObl CO34aHNSA U YTOYHEHUS TECTOBLIX aTPUOYTOB.

ATpubyT Tecta — 310 nOOOK aTpuUbyYT MU CBOMCTBO SA3bIKOBOW
KOHCTPYKLWN WX BbIPaXEHWS, BCTPEYAOLWMECS B paCCMaTpMBaEMON YacTun
CcTaHgapTa, uam nioboe CBOMCTBO KOHTEKCTA JAHHOM KOHCTPYKLMKN, KOTOPOe
MOXET pacCMaTpmBaTbCs Kak npegmMeT OTAENbHOro TecTupoBaHusa. ng
KaXgoro TecToBOro atpmbyrta onpegenserca Habop BO3MOXHbIX 3HAYEHUIA.
Kaxkpoe 3HayeHne 0KHO YO0BNETBOPSATh CAEOYIOWNM ABYM TPeOOBaAHUAM:

— 3HayeHMe NPUCYTCTBYET B CTaHOAPTE;

— 3HaYeHue onpenensdeT OTAEeNbHYIO TECTUPYEMYIO CYLLHOCTb.

Onpepnensetca Habop apPEeKTOB, MOJy4aeMbiX NPU KOMMUAALUN.
Kaxapin apdekT aomkeH yaoBneTBOpATb CeaylmM apyMm TpeboBaHUSAM:

— CYLLECTBYET BO3MOXHOCTb ONpeneNieHNs Hannyius nnu OTCYTCTBUS

OaHHOro apdekTa;

— JAHHbIN 3P dEKT O0MKEH ObITb KaK MOXHO MPOLLE.

Cneuydukaumn gna b-TectoB 1 MeToabl UX CO3A0aHUSA OTINYHAKOTCS OT
COOTBETCTBYIOWMX MeToaoB Anga A-tectoB. Kaxpaa Ttakaa cneumdpukauys
COCTOUT N3 ABYX YaCTEWN.

MepBas yacTb, HasbiBaemas “b-3HayeHnsa”, coctonT 13 Habopa owmnboy-
HbIX 3HA4YeHWUI TECTOBbIX aTPMOYTOB, ONPEeAesieHHbIX B COOTBETCTBYIOLLIEN
cneundukaunm A-tectoB. Kaxgoe M3 OWMOOYHbIX 3HAYEHWUI O0NXKHO
YOOBNETBOPAThL CleaywmM CBONCTBAM:

— 3Ha4YeHne NPUCYTCTBYET B cTaHAapTe A3blka C++;

— 3HaYeHue onpenensdeT OTAEeNbHYIO TECTUPYEMYIO CYLLHOCTb.

BTopas yacTtb HasbiBaeTcs “OrpaHmMyeHns” n coctouT U3 GopPMYIMPOBOK
OrpaHMYeHnin, HaknagbiBaeMblXx Ha nporpamMmmbl A3blka C++ n 9BHO
BblAE/IEHHbIX B COOTBETCTBYIOWEN 4YacTuU CTaHAapTa WM NOrnM4ecku
crnenyouwmx n3 ee Tekcta. [nsg HeKOTopbIX OrPaHNYEeHUN IBHO yKa3blBatOTCS
nyTn nx HapylueHusa. Kaxaoe orpaHnyeHne, HaknaabiBaeMoe Ha NporpamMmbil
a3blka C++, MOXET OblTb OTPaXEHO Kak B YacTu “B-3HayeHns”, Tak 1 B HacTu
“OrpaHu4yeHuna”, Ho He B 0beux cpasdy. OdPPeKkTUBHOCTb b-TecTtoB —
OVarHocTrKa OWmMBOK B MpoLecce KOMMMAaUMn. ATo 03Ha4vaeT, 4To b-TecThl
ABMIAIOTCA TECTaMK 3Tana koMmnmnaumn. o kpariHen mepe, 0aMH TECT OOJIKEH
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OblTb CO30aH OJ19 K&XA0ro HENpPaBWMIIbHOIO 3HAYEHUS TECTOBbLIX aTpUOYTOB.
AHaNOrMYHO, A9 KKA0r0 OrpaHMyeHus gomKeH ObiTb CO30aH, MO KpanHein
Mepe, oguH TecT. Ecnn ona HekoToporo orpaHuyeHus nodaeneH Habop
BO3MOXHOCTEN ero HapyleHus, TO noapasyMeBasiocb HanucaHue Habopa
TECTOB, NMPOBEPSAOLLNX KAXKA0E N3 3TUX HAPYLLUEHWNIA.

WTak, nogsenem ntoru.

Kak y>ke oTMe4anocb, BCe TeCTbl B MaKeTe nogpasnenieHsl Ha Aga knacca,
B COOTBETCTBMM C 3ajayvyeirn TECTUPOBaAHUSA U NPUPOAON KPUTEPUEB
YCMELIHOro 3aBepLUeHns nnm oTkasa.

TecT oTHOCUTCS K Knaccy A-TeCTOB, €CI OH SIBNSIETCS NpaBUSIbHOMN
BbIMOJSIHUMOV (B COOTBETCTBUM CO CTaHAAPTOM sA3blka C++) nporpammon. A-
TECTbl NPOBEPSAOT CNOCOOHOCTL peanmaaumn obpabaTtbiBaTb NPaBUSIbHbIE, C
TOYKW 3PEeHUs cTaHgapTa, NMporpamMmbl MPaBuibHbBIM 00pa3oMm. A-TecT
CYMTaeTCHd yCnewHOo 3aBepLUeHHbIM, €C/IM ero KOMnuaauua npowna
YCMNEeLWHO, U BbI3OB MOJIy4YMBLLUErOCS Koaa npoien 6e3 ownbok. Mpuyem
owmnbkamMn B NOCNefHEM Criyyae SIBASIOTCS HE TOJIbKO OWMnOKU, BblOAHHbIE
COOTBETCTBYIOLLEN peann3aumnein, Ho U COoBLLEHNS camMOi MporpaMmmbl O
TOM, 4YTO OaHHas peanun3auusa obpaboTana ee He COOTBETCTBYIOLLEM
cTaHOapTy cnocobom.

TecT oTHOCUTCS K Knaccy Bb-TeCcToB, ecnu OH ABASETCHA HENPABUIILHOM
(Hapywatowen TpedboBaHua cTaHpoapTa a3blka C++) nporpammon. b-tect
NPoOBepPSAET CNOCOOHOCTL peannsaunm oOHapyXneaTb HAPyLUEHUS CTaHaapTa
B KOMMUAIMPYEMOW NporpaMmme. b-TecT cumtaeTcs yCnewHo 3aBepLLEHHbIM,
€CN1 BO BPEMSI KOMMNUASIUMM ONpeaeneHbl BCe oWwnbKu, CoaepXallmecs B
HEM.

[Mony4yeHHble TECTbI ABASAIOTCS KOMMUASLMOHHLBIMU TeCTaMmu, coaepxa-
WVMU HapyLleHus cTaHgapTa, NpoBepsieMble Ha aTarne KoOMAUAauum.

2. NPOBJIEMbI CO34AHUA 93blIKOBbIX CPEACTB
MHOOPMALIMOHHBIX TEXHOJ10MMIA

2.1. Pa6GoTa co CTPYKTYpPUPOBaHHbIMU OaHHbIMU
B aBTOMaTU3NPOBaHHbIX MHPOPMALMOHHbIX CUCTEMAaX

2.1.1. UudopmaunoHHasa cuctema — Mopesib NpegMeTHol obGnacTtu

MpeameTHas o6nacTb — 9TO COBOKYMHOCTb OOBLEKTOB peasibHoOro Mnm
npegnonaraemMoro mumpa, paccMatpuBaemblix B npegenax AaHHOro
KOHTEKCTa, KOTOPbI MOHMMAETCH KakK OTAE/IbHOe paccyXaeHne, dparMeHT
Hay4YHOM TEopUM NN TEOPUS B LIESIOM N OrpaHNYMBaETCa pamMmkamuy JaHHOro
KOHTEKCTa.
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B Hay4HbIX 1 MHXEHEPHbIX Kpyrax, 3aHMMaIOLLMXCS BOMPOCaMm TeopuUn
M NPaKkTUKN aBTOMATU3MPOBAHHbLIX MHMOPMaAUVOHHBIX cuctem (AUC), nop
npeamMeTHoOn 06nacTbio MOHUMAKOT CUCTEMATU3NPOBAHHYIO COBOKYMHOCTb
00bEKTOB, CBOWNCTB OOBLEKTOB, CBA3EN Mexay o0bekTamMm U YHKUMU,
BbINOJIHAEMbIE 0ObekTamu. Mpu 3TOM NoA NPOCTbIM OOBLEKTOM NMPEOMETHOM
0o6nacTn NOHMMAEeTCd HOCUTENIb COBOKYMHOCTM XapakTEPU3YIOLLNX ero
CBOWCTB, 4Yepe3 KOTOpble MPOSABASETCS CYWHOCTb 0ObekTa M KOTOpble
HEOTAENNMbI OT Hero.

[aHHoe onpeneneHne aBNSETCS 4OCTAaTOYHO abCTPaKTHbIM, HO TOJIbKO
Tak 1 MOXHO KOPOTKO OXapakTepu3oBaTb NpeagMeT AafbHEeNLEero paccMoT-
peHunsi, He npuberas K NepevyncneHmto OrpoOMHOro KonmyecTtea obnacren
4YeNloBEeYEeCKON AeATENbHOCTUN, KOTOPbIE U ABMSIIOTCSA NpegMeTHbIMU obnac-
TAMU aBTOMATU3NPOBAHHbLIX MHMOPMAaLMOHHbBIX CUCTEM, UCMONb3YIOLLMX
MHOOPMALIMOHHbIE A3bIKW Pa3NIMYHONO Ha3HAYeHUS.

MHpopmaumnoHHada 6asa (MB) nioboih AVIC npeactaBnseT codboi cTaTuy-
HYI0 MHPOPMAUVOHHYIO MOAEeNb NpeaMeTHon obnactu AVC, T.e. cooepXuT
CUCTEMATU3NPOBAHHOE OMMUCaHWE COBOKYMHOCTU OOBEKTOB, CBOWCTB
0OBbEKTOB 1 CBA3EN Mexay 0ObekTamMm B NpegMeTHor obnactu. Hanpumep,
npegMeTHbiMK obnactamu AVIC pasnnyHoro HasHaYyeHus MoryT ObiTh:

6mnbnmnoteka — gna 6ubnmotevHom AUC;

y4yeOHble KypCbl UAU ANCUUMIIHBI;

APXNB KOHCTPYKTOPCKO-TEXHONOMMYECKUX OOKYMEHTOB;
M ..

2.1.2. OnucaHune npegmMeTHOW obGnacTu

EnvHasn nHbopmaumoHHas 6a3a MOXeT OAHOBPEMEHHO WU B pasnny-
Hble MOMEHTbI BpEMEHU 06eCcneynTb COBEPLUEHHO pasHble GYHKLMOHANbHbIE
TpeboBaHua nonb3osatenen AUC. CoBMECTHO MCNonb3ysa 00LLyio
nHdopMaLMio, 3TN NOSb30BATENM YCTAHABIMBAIOT AVANOr APYyr C OPYrOM
yepes CUCTEMY C MOMOLLbID CAeLManmM3npoBaHHbIX MHPOPMALMOHHbIX
A3blkoB. O4eBMOHO, A1 TOro 4TOOLI 3Ta CBA3b Oblna NOJSIE3HOW U HAOEXHON,
OOJIKHO CYLLEeCTBOBaTb 00Llee noHnmMmaHne nHgpopmMauum, npeactaBieHHOon
B MB. Tak kak AgBa nosb3oBaTeNisi MOryT HAUKOrAa He BCTPETUTLCS, 3TO 0bLLee
NMOHMMaHNEe OOMKHO OTHOCUTLCS K YeMY-IMO0 BHELUHEMY MO OTHOLUEHWMIO K
HUM 060MM. OOBEKTLI 1 COBLITUS, K KOTOPbIM OTHOCUTCS 00LLLEeE NOHVMaHME
MHpopMaumm — 310 0O6bekTbl U COobbITUA NpegMeTHOW obnacTu, KoTopble
06bI4HO OMUCHLIBAOTCH B AOKYMEHTax — mMatepualibHbix 00bekTax ¢
nHdopMaLmen, 3akpenyeHHon co3aaHHbIM YelloBEKOM Crocobom ans ee
nepefaym BO BPEMEHM M MpPOCTpaHcTBe. [ns ynopsaoynsaHms oObEKTOB B
ANC ncnonb3ylotcs knaccudukaTtopbl — JOKYMEHThI, NpeacTaBngiolme
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CMCTEMATU3VPOBaAHHbI CBOA, HAUMEHOBAHUI 1 KOAOB FPYNMnMPOBOK U (KUn)
00OBEKTOB Kraccudpukaumn.

MpeaomeTHas 06n1acTb COCTOUT U3 peasibHbIX U aBCTPaKTHbIX 0OBHEKTOB,
KOTOpblE HAa3bIBAIOT CYLLHOCTAMU. MOXHO CUMTaTb Takxke, YTO OHa COCTOUT
M3 KJTACCOB CYLLHOCTEN — HanNpuMep, noauv, nogpasaenenns Gupmbl, Aathbl.
Knaccudunkaumsa 0CHOBbIBAETCSA HA CXOACTBE U YUUTBIBAET XapaKTePUCTUKN,
obLpe onsg HECKOJbKUX CYLLIHOCTEN. BbIGOPp XapakTepnucTuk oisg rpynnupoBKm
CYLHOCTEN B KjacChl NPOU3BOJSIEH M OCYLUECTBASETCA nparMatnyecku, B
3aBMCMMOCTU OT uUenen aHanusa. B npeaomeTHOn obnactm Takxe
paccmMmaTpuBaloTCa HekoTopble obOuwme CBONCTBaA, KOTOPbIMKM obnagaloT
CYWHOCTU, knaccmbuumpytouime ux, cBga3biBalowve n T.4. B AAHHOWN
npegmeTHon obnactu. OHM MoryT obo3HavaTbCcsa KaK “kiaccuepukaumm’,
“npaBuna”, “3akoHbl” UNWU “OrpaHny4yeHuns”, Kacallmnecsa COCTOAHUSA U
noBeAEeHNs CYLLHOCTEN B NpeaMeTHOW obnacTu.

Bce 1O, 4TO cuMTaeTcsa 4YacTbilo nNpegMeTHor obnacTtu, 3aBUCUT OT
BPEMEHN, TO €CTb BblIOpPaHHbIE OOBLEKTHI U COOLITUA MOFYT CO BPEMEHEM
M3MEHATLCA. OTO B PABHOM CTEMNEHW OTHOCUTCS U K Kraccudukaumam,
npaswuiam, 3akOHaMm, HO, Kak NpPaBuIo, YacToTa UX N3MeHEHUs OyOeT MEeHbLLUE.

MoBTOpPUM, 4TO MHPpOpMaums, coaepxallaaca B AIC, naeT onucaHmne
npegMeTHon obnactn. KOHKpeTHoe du3nyeckoe npeactaBiieHne 9Tow
nHdopmaummn HasbiBatoT 6as3or gaHHbix AVIC. Knaccudukaummn, npaesuna v
T.0. NPEeACTaBSOT OCHOBHOM MHTEPEC OJ19 CUCTEMHOIO aHaIMTUKA, NPOEKTU-
pytouwiero AUC. Mpu aHanM3e npeaMeTHOM 061acTn OH OOJIKEH YCTAHOBUTb
VIMEHHO 3T dakTbl, 06CYANTb X C 3aKa34MKOM (MOIb30BATENEM) 1 ONUCaThb.

PaspaboTka noboi ANC HaynHaeTcs C CUCTEMHOIoO aHann3a npeagmeT-
HoI obnacTu, B pe3ynbTaTe KOTOPOro CO34aeTCs KOHUenTyaJibHag cxema
npeaMeTHon obnactu — npeacTaBngowas codbo HeENPOTUBOPEUMBYIO
COBOKYMHOCTb BbICKa3bIBaHWI, UCTUHHbIX 19 AaHHOW NpeaMeTHOW obnacTu,
BKJIlOY2 BO3MOXHble COCTOSHUSA, Knaccudukauum, 3aKoHbl, nNpasuna.
KoHuenTyanbHas cxema npegHasHavyeHa ans nonb3oBaTenen u paspabotyu-
koB ANC. B TOM yucne, KoHUenTyanbHas CXemMa BKJIOYAET B cebs eanHoe
onncaHme CoaepXMMoro MHGOPMaUMOHHOM 6asbl U ONUCaHUe TOro, Kakme
DEencTBug — Tuna OOHOBNEHUS U BbIOOPKU — AOMYCTUMbI HAA 9TOWN
MHpOopMaLnen.

KoHuenTyanbHOe npeacTaBneHne KOHUEHTPUPYET BHUMaHME Ha CMbICe
MHbOPMaLMN, UMEHHO KOHLIENTYaslbHas CXemMa ONMCbIBaAET 3TO NpeacTaBie-
Hne. Ha 6ase KOHUEMNTyaslbHOW CXeMbl CO34AalTCHA BHELIHWE CXEMbI,
onMcaHmns KOTOPbIX COCPEAOTOYEHbI HA TOM, Kak NpeacTaBneHa nHdopmaums
Ona nonb3oBaTtens (T.e. onmcaHa OCHOBa AJ1s CO3aHUA MHPOPMALMOHHOIo
a3blka nonb3oBatens). OnucaHnsa BHYTPEHHEro GuM3n4eckoro npencraene-
HWS1, AHHBIX B BbIYUCIUTENBHOM CUCTEME COOEPXATCS BO BHYTPDEHHEV CXEME.
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KoHuenTyanbHasa cxema, MOMUMO TOrO, YTO OHa ABNSETCA B MEPBYIO
oyepedb MOAENbIO MPeaMeTHOMW 06nacTy Ha KOHLENTyanbHOM YPOBHE,
MOJIYYEHHO! B pesyfbTaTe CUCTEMHOrO aHanvsa, UrpaeT TakxXke KIIoYeBylo
pPOJib B MPOEKTUPOBaHUN 6as AaHHbIX.

2.1.3. UndopmaumoHHble 6Ga3a n npoueccop

TeopeTnyeckor OCHOBOW OnMcaHus NpeaMeTHOM obnacTu ABaseTcs
vHTEpNpeTpyemas dopmanbHas cuctemMa norukm n teopus GopmanbHbIX
A3bIKOB. TO €cTb OJ19 onucaHus npeameTHon obnactu TpebyeTtcs:

1) onpepeneHve andasuta, B KOTOPOM MOXHO OHO3HA4YHO U aBTOMa-

TUYECKM Pacno3HaTb, BXOAUT N AAHHbBIA CUMBON B andasuT;

2) obecrneyeHne KOHeYHOro Habopa adPEKTUBHbBIX NpaBui (anroput-
MOB), ONpenensioLmx, Kakme CTPOKN CUMBOJIOB SBASIKOTCS NPaBUIbHO
NMOCTPOEHHBLIMU N KakKne NpaBUiibHO NMOCTPOEHHbIE CTPOKW crnenyet
paccMaTtpuBaTtb Kak NpPeasioxXeHns;

3) obecneyeHne KoHe4YHOro Habopa adEKTMBHLIX NPaBWJI, ornpeaensto-
LWKX, ABMASIETCA N1 OaHHOE NPeasioXeHne akCUOMOW;

4) obecneyeHne KOHEYHOro Habopa addEKTUBHLIX MPaBUI, ONPEaENsto-
LMX BbIBOAVUMOCTb AAHHOMO NPensioXeHNs N3 MCXOOHOr0 MHOXECTBA
npenoXeHni;

5) obecneyeHne KOHeYHOro Habopa nNpaBwui MHTepnpeTauuwn,
NPUNUCbIBAIOLLNX KXA0MY NPeajoXeHNo 3Ha4eHne Takum 06pasom,
YTO MPEANIOXEHUNS UHTEPNPETUPYIOTCHA Kak YyTBEPXOEHUSA O
npeamMeTHon 06nacTn — 0QHO3HAYHO UCTUHHOE WM JIOXHOE.

Mon akcmomori NoHMmaeTcs nboe 3aMKHYTOe MpensioxeHue,

yTBEPXOAEeMOe B Ka4eCTBE TaKOBOW aBTOPUTETHLIM UCTOYHUKOM.

AKCHOMBI 1 NpaBuiia BbiIBOAA BbiIOMpatoTCcs Tak, YTOObI:

Kaxaas akcmoma MHTEpnpeTMpoBanach kak MCTUHHOE YTBEPXAEHNE O
npegMeTHol obnacTu;

Kaxaoe npeasyioxXeHne, HenoCPEeACTBEHHO BbIBOOMMOE U3 MHOXECTBA
npennoXeHuin, MHTEPNPETUPYEMbIX KaK UCTUHHbIE YTBEPXAEHUSA O
npegmMmeTHon obGnacTu, caMO UMHTEPMNPETUPOBANIOCH KAk MCTUHHOE
YyTBEPXOEHNE O NpeamMeTHon obnactu.

OTOT npouecc npeacrtaBnseT coboll TO4HOE BOCNPOU3BEAEHUE
006bIYHOrO Npouecca AeAYKTUBHOMO BbIBOAA, BbIPaXEHHOro B TEPMUHaX
dopManbHOM CUCTEMBI, AJ TOro YToObl MOXHO ObIJIO NPUMEHATL OIS
MHOOPMALMOHHBLIX cuctem IBM.

TpeboBaHna 1 — 4 OTHOCHATCH K CUHTAKCUCY UKW rpamMMaTuke
KOHLLENTYaNbHOM CXeMbl U MHDOPMaLMOHHOM 6a3bl. TpeboBaHne 5 cBA3aHo
C CEeMaHTUKOWM KOHLENTyaslbHOM CXeMbl U MH(OPMaUVOHHONK 6a3bl.
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Mogxopggauwaa dopmanbHaga cucTtema Anaa OnucaHus NpeamMeTHONn
obnactn MOXEeT, B MpuHUMNE, NPeabsaBisaTb MUHMMalbHblE TPeOOBaHUS K
TOWM 4aCTu KOHLLENTYasIbHOM CXeMbI, KOTOpasi BCTPOEHA B MHPOPMAaLMOHHbIN
npoueccop. ToO eCTb BCTPOEHHass MUHMMaJslbHasi KOHUEeNTyasbHas cxema
MOXET ObITb OrpaHuyeHa 0o HeobxoaumMoro MmHumMyma. Ho Ha npakTtuke
MHOTMe IMHIBUCTMYECKME KOHCTPYKLUMN, KOTOPbIE TEOPETUHYECKU HE HYXHBbI,
MOryT OblTb BKJIIOYEHBI B PAKTUYECKUIA UHPOPMALIMOHHLIM MPOLLECCOP MO
coobpaxeHUaM apPeKTUBHOCTU 1 yaoOCcTBa MCNOMb30BaHWUSA. MI3BECTHO, 4TO
YyeloBEeYEeCKOEe BOCMNPUSTME NPeaMeTHOM 0bnacTu, a Takke nepegaya aToro
BOCMPUATUS APYrOMY JIMLLYY MOTYT CYLLLECTBEHHO OT/INYATBLCS Y Pa3HbIX NTIOOEN.

MpoekTnpoBLUMK MHDOPMALMOHHON CUCTEMbI OOIKEH NMETb BO3MOX-
HOCTb BbIpa3nTb KOHLIENTYasIbHYI0O CXEMY B TEPMWUHAX, COOTBETCTBYIOLLMX
paccmMaTtpuBaemMon NnpeaMeTHOM 061acTy U BOCAPUSTUIO ee NOJIb30BATENEM.
B yacTHOCTM, HE O0/MKHO HanaraTbCs HUKAKUX OFPaHMYEHUIA Ha CYLLHOCTU,
Hannyme KOTOPbIX OOMyCKaeTcs B NpeaMeTHor obnactn, UM Ha CBOMCTRA,
KOTOPbIMW OHU MOTYyT 06nagatb. [MPoeKkTUPOBLWMK MHOOPMALMOHHON
CUCTEMbI OFPaHNYEH TOJIbKO TPEBOBAHNAMM OCHOBHbIX MPUHUMWMOB JIOTUKM,
BCTPOEHHbIX B MHPOPMAUMOHHbBIA Npoueccop, T.e. TpeboBaHMAMMN Ha
NoAOEPXNBAHUS HENMPOTHNBOPEYNBOCTHU.

YuuTbiBas Takxke, YTO KOHLENTyaslbHas Cxema OOoJmkHa ObiTb MPOCTON B
MCMONb30BAHUN U MOHUMAaHUMU ON9 pa3dHOOOpas3HbIX MONb30OBaTENEN,
HeoOxoouM MexaHu3M [006aBNEeHUS NMUHIBUCTUYECKUX KOHCTPYKLWIA
MPOWN3BOJIbHOM CIIOXHOCTU (MaKpPOKOHCTPYKLUM) B (pOpMabHYlO CUCTEMY,
ONs TOro 4tobbl NOMbL30BaTENM MOIMU C HEW B3aMMOOENCTBOBATL Ha /I0O0OM
TpedbyeMoM ypoBHE abCTpakLnK.

KoHuenTtyanbHasa cxema n nHdopmaunmoHHas 6asza abCONOTHO
HEN3MEHHbI, MOKa HEeYTO He NMPOou3BedeT U3MEHEHUS B HUX. ITO HEYTO
Ha3blBaAlOT MHPOPMALMOHHbIM NpoueccoM. To ecTb, pa3BmBas gasnblue
KoHuenuuio AVNC, BBOAAT NOHATME UHPOPMALUOHHOMA CUCTEMBbI,
COCTOSALEN N3 KOHUENTYaNlbHOW CXeMbl, NHPOPMALUOHHON 6a3bl U
MHOOPMAaLMOHHOIO npoueccopa.

UHdopmMaunNOHHBLIV npoueccop NPOM3BOAUT U3MEHEHUSA B
MHOOPMaLMOHHOM 6a3e UM KOHLENTYaNIbHOM CXEME TOJbKO NMPY NOy4eHUN
coobuweHusa. CoobuieHne conoepXxnt MHdopmMauuio n/mnn BbipaxaeT
KomaHabl. CooOLEHNA UCXOOaT U3 HEKOTOPOW 4acTu peanbHOro Mupa,
Ha3blBAEMOW Cpenon, koTopasi MOXET OblTb UM He ObiTb BHELWIHEeNW no
OTHOLLEHUNIO K NpeaMeTHon obnactu. Mpu nonyyeHnn COOTBETCTBYHIOLLLENO
coo0bLeHns, cogepxXallero koMmanay, MHGOPMaLMOHHbBIA NPOLLECCOP MOXET
TaKkke BbloaBaTb MHOOPMALMIO, UMEIOLLYIOCSA B KOHUEMTYaNIbHON CXeMe Wt
MHpopmMaunoHHoW Base.

Monb3oBaTenaMmm NHOOPMALIMOHHON CUCTEMbI MOryT ObiTb ABM umnn
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aopyrue cucrtemsl, a Takke niogu. MNonb3oBatenb — 3TO HEKTO MW HEYTO,
rnocbiNalLWMn KOMaHabl U COOOLWEHNS B UHPOPMALMOHHYIO CUCTEMY U
nonyyamwmn coobeHnsa oT MHOOPMALMOHHOW CUCTEMBbI.

B AVC vHdOpPMaLVOHHbBIN NPOLECCOP ABASETCS BbIYUCIUTENLHOWN
CUCTEMOI UNN Kako-nmbo ee 4acTbio. B TpaanuMoHHbIX, HeaBTOMaTU3MPO-
BaHHbIX VIC ponb MHPOPMaALIMOHHOIrO MNpoLLeccopa UrpaeT 4YesnioBek, npu
YCNOBUU, 4YTO OH HE HapyllaeT YCTaHOBEHHbIX NpaBui. C Opyron CTOPOHLI,
BblYNC/IUTENIbHBIE CUCTEMbI MOTYT OENCTBOBATb Kak MOSb30BaTENU
MHOOPMALMOHHON CUCTEMBLI. [TpUMEPOM MOXET CNyXuTb ceTb OBM,
0BMEHMBAOLLMXCSA COOBLLIEHUAMKM ApPYr ¢ Apyrom. Ecnm kaxpas nmeet Habop
npasw, HE3aBMCUMBbIN OT OPYrnx, Torga Kaxaas urpaeT posib Nonb3oBaTens
opyrux AVC.

2.1.4. CuctemaTn3sauna OCHOBHbIX NMOHSATUNA
cTaTU4YecKoro onMcaHus npegmMeTHoW oGnacTtu

[anee npoBegeHa cuctematmnaaums OCHOBHbIX MOHATUN, UCMOIb3YEMbIX
npu paspaboTke, ONMUCAHUN U MPUMEHEHUN KOHLEMNTYaNIbHbIX CXEM WU
MHpopMaLmoHHbIX 6a3 ana AVIC. HekoTopble 13 3TUX MOHATUIA BCTPEYaoTCS
B NuTepartype no 6azam AaHHbIX, MHOIAa C COBEPLUEHHO Pa3HbIM CMbICIIOM.
MosToMy 34€eCb [aloTCsa KpaTkMe, TOYHbIE, XOTS U HedOpMasbHbIe
onpeaeneHns MOHATU, COrNTAaCOBaHHbIX, FAE 9TO BO3MOXHO, CO 3HAYEHNEM
CNOB B €CTECTBEHHOM A3bIKE (HanpuMep, NOHATUE “peanbHbli MUP” AOKHO
NMoHMMaTbCs B OObIYHOM SI3bIKOBOM CMbICIE).

Bynem cuutaTbh, YTO MOXHO BbIAENUTb TaKyld 4aCTb peanbHOro mMupa,
KOTOPYO MOXHO onucaTb Ha HEKOTOPOM BbIOPAHHOM HaMW TOYHO WU
dopmanbHO onpeneneHHoM a3bike. Bce 06bekTbl, KOTOpbIE Mbl HAbGNIOAAEM
WM CYL,EeCTBOBaHME KOTOPbIX Mbl OOMYyCKaem B 3TOM BbIOpaHHOM YacTu
MUpPa, Ha3blBAKTCS CYLLUHOCTSIMU.

CywHOCTb — /1I0OON KOHKPETHbLIN U abCTpakTHLIM 0OBLEKT, BKIOYas
cBa3n Mexay obbektamun. Hanpumep, ecnm mMbl BbiBMpaeM 4acTb Mupa, B
KOTOPOI NPOM3BOAMTCS PErucTpaumns asTomobuneit, Torga CyLHOCTAMMU
ABNSIOTCA:

aBTOMOOWMNL “Jlapa”;

narta 2 anpenda 1999 roaa;

M T.4.

AGCTpakTHas CyujHOCTb — CBSI3b MeXAy OPYrMMU CYLLHOCTAMMU,
HanpuMmep, “npaBo BnageHus mawmHon “Jlaga” r-nom CepoBbIM”.

Bbicka3biBaHMEe — BO3MOXHOE COCTOSHME CYLLHOCTEN, O KOTOPOM
MOXHO yTBEPXAaTb WA OTPULATb, YTO TakOe COCTOSHME MMEET MECTO.
Bbicka3biBaHME MOXET OTHOCUTbCH K OAHOW CYWHOCTWU, HECKOJIbKUM

CoBpeMeHHbIit N'yMaHUTapHblii YHMBEpcUTeT

71



OTAENbHLIM CYLLHOCTSAM, K FPYnre CywHocTen. PasnnyaloT BbiCKka3biBaHUS O
daKTUYECKOM COCTOSIHUMN OTAENbHbIX CYLLHOCTEN U BbICKa3biBaHMUS O TOM,
Kakoe noBefeHne CYLHOCTEN ABNSETCS A0MYCTUMbIM UM BO3MOXHbIM.
CnoBa “npaBuno” un “orpaHnyeHmne” OoTHOCATCA B OCHOBHOM K OOMYCTUMbIM
BbICKa3bIBAHUSIM.

C nomolblo ONMCaHUs BbICKA3blBAHWUN, MPEAI0XEHU 00CyXaalT
CYWHOCTU M MUX COCTOSIHME, TO eCTb OOMeHMBalTCa MHPOpPMaumMen o
CYLLLHOCTSIX MOCPEOCTBOM OMMCAHUI BbICKA3bIBAHMN, OTHOCSLLUMUXCS K HUM.
MpepnoxeHue — NMMHIBUCTUYECKMIA OOBEKT, BblpaXKaloLMIi BbICKa3blBaHWE,
a JIMHrFBUCTUNYECKUNIA O0OBEKT — rpaMMaTUYeCcKN OOMYyCTUMAast KOHCTPYKLMS
A3blka. JIMHIBUCTUYECKME OOBEKTbI CAMM MOTYT CHUTATLCS CYLLHOCTSMU.

MpennoxeHus COCTOAT N3 TEPMOB U NMpeaukaTtoB. Tepm — NMrBucTmnyec-
KU O0OBEKT, CCbINAIOLWMACA Ha CylwHOCTb. MpeaukaT — JIMHIBUCTUYECKNIA
0OBEKT, aHaNOrMYHbIA rnarofy, YTo-NMbo CooBWAIWMA O CYLLHOCTU (1N
CYLLHOCTSIX), K KOTOPOWM OTHOCUTCA TEPM B NMPEOJIOXEHUN.

JIMHrBUCTUYECKME OOBEKTHI MOMYT HE UrpaTb HMKAKOW OPYroi ponun B
onncaHusix, KPOMe MCMoJsIb30BaHNSA B KQYECTBE Kakmx-nmbo MMEeH, Toraa nx
Ha3bIBAOT NIEKCUYECKUMUN 0OBbEKTAMUN UM UMEHAMMW.

Jlekcuuyeckuii 00BbEKT UAU UMSA — (MPOCTON) NINHIBUCTUYECKUNIA
0OBEKT, KOTOPbIA UCMONb3YeTCs TONbKO AJI CCbIIKM Ha CYWHOCTb. Kak
npaBufo, NEKCUYECKU O0OBbEKT COCTOUT M3 OOHOIO UM HECKOJbKUX
CYLLLECTBUTEJbHbIX.

HeobxoaMmMo noavYepkHyTb, YTO He 3anpeleHo n, 6bonee TOro, 4acTto
BecbMa yaoOHO, 4TOoObl 0A4HA CYWHOCTb MMENa HEeCKOJIbKO JIEKCUYECKNX
OOBEKTOB, C HEN CBA3AHHbIX, TOrga 3TW JIEKCUYECKME OOBEKTbI SBNAOTCS
CUHOHUMaMMN.

CUHOHUMBI — Pa3/INYHbIE TEPMbI, CChINAOWMECS HA OOHY CYLIHOCTb. B
OCHOBHOM, HeT Takxe 3anpeTa Ha TO, 4YTOObl HECKONbKO WUOEHTUYHbIX
NIEKCNYECKMX OOBEKTOB OblNM CBSA3aHbI C Pa3/IMYHLIMU CYLLHOCTAMU. Toraa
3TU NeKCcuYeckne 00BbEKTI ABMSIIOTCA OMOHMMAaMU — OAVNHAKOBLIMU TEPMaMU,
CCbIMALLMMNCA Ha PasINYyHbIE CYLLIHOCTW.

Tenepb MOXHO OaTb €lle 0OOHO KOHCTPYKTMBHOE onpeneneHuve
npegMeTHo obnacTu. llpeameTHast 0671acTb — 9TO BCE CYLLHOCTU, KOTOPbIE
OblnKn, ecTb UM Korga-nMbo MoryT ObiTb U KOTOPbIE NPEACTaBNAT UHTEPEC
onsa uenen paspadotkm AUC.

MpeomeTHaa obnacTb MO-ApPYyromMy MOXeT ObiTb HasdBaHa 0OGNacTbio
BO3MOXHbIX CYULHOCTEW, KOoTopass OrpaHU4YMBaeTCd BO3MOXHbIMMU
CYLLIHOCTSIMUM, NPeacTaBNsoOWUMM NHTEpec ana uenen paspadotkn ANC.

Knacc cywHoctein — BCe BO3MOXHblIE CYULHOCTU B NPegMeETHOMN
obnacTtu, ons KOTOPbIX BbINOJIHAETCS aHHOE BbiCKa3biBaHMe. Kaxapln knacc
CYULHOCTEWN MOJIHOCTbIO OMNpPEeAeNnsaeTcs ero BO3MOXHbIMU YleHaMu.
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EcTecTBEeHHO, nobas CyWHOCTb MOXET OblTb YJIEHOM MHOMMX KNaccoB,
MO3TOMY KN1lacCbl, BOOOLLLE FrOBOPS, MOIyT NepecekaTbCs.

BbickasbiBaHMe, onpenensioulee Knacc, MOXeT ObiTb MPOU3BOJILHOWN
C/IOXHOCTU. Hanpumep:

knacc Marotosutenein ABToMoOUNen COCTOUT U3 BCEX BO3MOXHbIX
CYLLIHOCTEW, MPOoM3BOAALIMX aBTOMOOUNN;

knacc Bnapenbues ABTOMOOWUNENH COCTOUT M3 BCEX BO3MOXHbIX
CYLLHOCTEWN, OTHOCSALWMXCS K knaccam MarotoButenein ABTomobuneii, Mapaxein
nnn Jivu, Bnagelowmx aBTomoomnem.

Camu knacchbl ABNAOTCA CYLUHOCTSMU U UM MOTYT ObITb AaHbl MMeEHa.
Tun CyWHOCTU — 3TO BbICKa3biBaHWE, yCTaHaBMMBaloLLEe, YTO CYLIHOCTb
ABNSETCS YIEHOM OMNpPeAeNIEHHOro Kacca CyLHOCTeN, noapa3dyMeBas Takxke
CYLLECTBOBAHME TaKOro Kjacca CyuwHocTen. Hanpumep, npennoxeHuns
“CywHocTtb gaBngaetca Marotosutenem Astomobunen (tun)” n “CywHOCTb
npuHaanexuvT K arotosutenam ABToMoOunen (knacc)” nepenatoT B TOHHOCTU
OOHY 1 Ty Xe nHdopMaLmio.

Ha T1n MOXHO ccbinaTtbCs NOCPEACTBOM MMEHM Tuna. JoBOSIbHO YacTo
B TaKMX C/ly4asix B Ka4ecTBe MMEHW TuMna UCMNOJIb3yeTCs UMS (CYLLECTBUTESb-
HOe) B eOAMHCTBEHHOM 4ucre, Torga kak B KayecTBe MMeHU Kracca
MCMONIb3YEeTCA MHOXECTBEHHOE YUCIIO.

C NoHATMEM TUNA YacTO CBA3bLIBAIOT MOHATUE 3K3EeMI/Isp — OTOeNbHas
CYLLIHOCTb, AJ1 KOTOPOW BbIMNOJIHAETCS onpeneneHHoe BbiCKadblBaHWE MO Mo-
BOAY €€ T1na, TO eCTb NPUHAANEXaLLAsa K onpeneneHHOMy Kiaccy CyLLHOCTE.

Mpu npoekTupoBaHue MHOOPMALMOHHbLIX CUCTEM MOHATME Knacca U
TUna MUCnoNb3yKTCH, B YaCTHOCTU, A9 YCTaHOBJIEHUS COBOKYMHOCTEN
HeoObX0aMMbIX BbICKa3biBaAHWINA.

Kpome HeobBxoaMMbIX BbICKa3biBaHMN, 3adUKCMPOBAHHbIX B KOHLENTY-
anbHOW cxeme, B HEKOTOPOM MPOCTPAHCTBE CYLLHOCTEN MOTrYT BbIMNOSHATLCS
apyrve BbickasbiBaHMa. OnucaHue 3TUX AOMOJIHUTENbHbIX BbiCKa3biBAHWUI
cocTaBnseT uHdopMaLNOHHYIO 6a3y — COBOKYMHOCTb MPEOIOXEHUA,
COrnacoBaHHbIX OPYr C APYrOM U C KOHLIENTYaslbHOW CXEMOM, BbipaXKatoLLmx
BbiCKa3blBaHUA, oTnnyawLwmecs OoT HeOOXOOUMbIX BbiCKa3biBaHUA U
BbINOJIHAOLIMECA B HEKOTOPOM MPOCTPAHCTBE CYLLIHOCTEN.

COBOKYIHOCTb MPeanoXeHnri, COCTaB/ISIIOLLUNX KOHLIENTyaslbHYl0 CXemy
n mHPopmMmaumoHHyro 6a3y, BMECTe OMNUCbIBalOT BCE BbiCKa3biBaHUSA,
OTHOCSILLMECS K HEKOTOPOMY NPOCTPAHCTBY CYLLIHOCTEN, 1, TEM CaMbIM, OAOT
onMcaHue NPoCTPaHCTBA BbiCKa3biBaHU OJ19 9TOro NpPocTpaHcTBa
cywHocTel. Npeononaraetcs, YTO 3TW BbiCKa3blBAHUSA BbINOMHAOTCS O/
3TOro NMPOCTPAHCTBA CYLUHOCTEN, BOCNPUHUMAEMOro Kak “peanibHOCTb”.
CnepoBaTenbHO, 3Ta COBOKYMHOCTb MPensioXXEHUN, COCTaBASOLLNX
KOHLIENTYaNbHYIO CXeMy U MHPOPMAaLMOHHYIO 6a3sy, Oo/KHa 06a3aTenbHO
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OblTb HEMPOTUMBOPEYNBON, €CNN OHA NpeTeHAyeT Ha TO, 4ToObl ObiThb
VWCTUHHBIM OMVCAaHUEM 3TUX BbICKA3bIBAHWIA.

Takum 06pa3om, NPOCTPAHCTBO CYLLUHOCTEN COCTOUT B TOYHOCTU U3
TEX KOHKPETHbIX 1 2aBCTPaKTHbIX 0O BEKTOB — CYLLLHOCTEN, HA KOTOPbIE MOXHO
cocnaTbCs C MOMOLLbIO TEPMOB B NPEAJIOXKEHUSAX, COAEPXKALLNXCA B UHPOP-
MauVOHHOWM 6a3e 1 KOHLEeNTyanbHOM cxemMe, BMecTe B3aTbiXx. BnonHe BO3-
MOXHO OMMcaHne OAHON NpeaMeTHOM 061acTy UM OOHOro onpeneneHHoro
MpPOCTpaHCTBa CyLIHOCTEN B 6osiee, YeM OOHOWM KOHLIENTyaslbHOW CXemMe U
MHpopmMaunoHHown 6ase. Ho npemnonaraertcs, 4To OObIMHO TONILKO OAHA
nHdopmMaLmoHHasa 6asa 0gHOBPEMEHHO OyOeT YacTbio OOHOMN MHPOopMaLm-
OHHOIN CUCTEMBbI.

2.1.5. OnucaHne guHaMuMku B npegmeTHou o6Gnactun AUC

MHdopmaunoHHas 6a3a M KOHLEeNTyaibHas CXeMa CO BPEMEHEM
N3MEHSIOTCS, OTpaxasi UBMEHEHUs1 B BbIOpPAHHOM YacTu Mupa, COCTaB/sIO-
Lwen NnpegMeTHy0 061acTb, Tak Kak B MHGOpPMaUMOHHOM 6ase 1 KOHLEeNTy-
aNbHOW CXeMEe LOJIXKHbI OblTb TOJIBKO MPEASIOXEHUS, UCTUHHbIE B 3TON
npeamMeTHor obnactn. M3MeHaTbLCS MOryT:

CYLLHOCTM, NOSIBNSIOLLMECS UM UcHe3alowme B BbIOpaHHOM YacTu;
CYLLHOCTb, M3MEHSIoWasa CBOe COCTOSHME WU CBA3U C APYrMMun
CYLLHOCTAMMU;

knaccudukauma cyuHocTen mnu kKakne-nnbo npasmna mnu
OrpaHnyeHnd, OTHOCALLUMECSH K U3MEHSIOWMMCS CYLLHOCTAM;
BblOpaHHas 4acTb MUpa pacLuMpseTcs UM cokpallaeTcs.

Bce Takne namMeHeHust MoryT nossiedb 3a co00i U3BMEHEHUs1 N UHPOP-
MaLMOHHON 6a3bl, U KOHLENTYyaNbHOW CXeMbl. XOTS BIUSHUE NEPBbIX OBYX
BUOOB U3MEHEHNIM MOXET OrpPaHU4MTLCS TONbKO MHMOPMaLMOHHON 6a30,
nocrnefHve ABa BUOA HaBEpPHSKA BbI3OBYT TaKXKE U3MEHEHUA U B KOHLENTY-
anbHoW cxeme. MaHunynipoBaHmne nHpopmMaumeri B HGopMaLMoHHon 6ase
WM KOHLENTYaNbHOW CXeME OCYLLECTB/ISIETCH C MOMOLUbIO 3/1eMEHTapPHbIX
aevicteuii. ONpeneneHo Tpu BuOa 3/IEMEHTAPHbLIX OEWNCTBUN. BCTaBKa,
yaaneHve v BbIbopka.

BcTaBka — 310 nobaBneHune npensioxeHns K MHGOpMaLMOHHON base
UM KOHUEeNTyaNlbHON cxeme. [lpyrve npennoxeHus, He ABAdLlunecd
JIOTNYECKU BLIBOAUMBIMU 0 BCTABKM, MOTYT CTaTb TAaKOBLIMU 1, TakuM obpa-
30M, CTAHOBSATCS BbIBOAMMOW HaCTbio MHHOPMALMOHHOM 6a3bl MW KOHLENTY-
ANbHON CXeMbl. 3aMEeTUM, HTO NIOMMYECKM BbIBOAMMOE MPEnOXEHNE CaMO
no cebe ¢akTN4YeCckn He BCTaBNSAETCS.

YpaneHune — paHee BCTaB/IeHHOE MNpennoXeHne ynangaetcd un3s
MHpOpMaLMOHHOM Basbl MM KOHLLENTYanbHOM cxembl. Jlloboe BbIBOOUMOE
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npeanoXeHne, KOTOPOe HE MOXET OblTb BbiBEAEHO 0€3 MCKIIIOYEHHOIro
npepnoxeHus, 6onblwe He OyOeT BbIBOOMMbIM, T.e. He OyaeT Oonblie
BbIBOAMMOI 4acCTbio MHPOPMALMOHHOW 6asbl UM KOHLENTYaslbHON CXEMBbI.

3amMeTuM, YTO BbIBOOMMOE NpeasiokeHne MOrfio ObiTb OOHOBPEMEHHO
BCTaB/IeHO §IBHO. B 3TOM cnyvae, UCK/IOYEHWE OPYroro NpensioxXeHus, ot
KOTOPOro CyLEeCTBEHHO 3aBUCUT BbIBOOMMOCTb AaHHOI0 NpeajoXeHus, He
NnPUBOAUT K aBTOMATUYECKOMY YAAIEHUNIO IBHO BCTABIEHHOIO NMPEeaioXEHNS.
VicknioyeHne aTtoro apyroro npeasioxXeHus Tosibko caenaeT HEBO3MOXHbLIM
BblBEAEHNE SIBHO BCTaBJIEHHOrO MNpeasioXeHus.

MocnenHee anemeHTapHoOe OencTBME BbIDOPKa — 9TO NMOMCK U Bblgada
npeanoXeHnsi, KOTopoe ObII0O BCTaBNEHO B MHPOPMALVOHHYKD 6a3y nnu
KOHLLENTYasTbHYKO CXEMY, NN JIOFMYECKN BbIBOOMMO U3 OPYIrUX NPESIOXEHNN
B MHDOPMALIMOHHON 6ase MM KOHUENTYaNbHOW CXEME.

Bbibopka BbIBOAMMOrO MPEOIOXEHNS U3 MHOOPMALMOHHOM 6asbl nn
KOHUENTYaNbHOM CXeMbl BO3MOXHA TOJNIbKO B ciy4dae, ecam AUC 3HaeT, Kak
BbIBECTW 3TO NpensioxeHue U3 Opyrux OOCTYMNHbIX UAMN BbIBOAMMbIX
NMPenoXeHN B KOHLENTyalbHOW CXemMe 1 MHOOopMaLMoHHOM bGase.

JonycTrMbl KOMBUHALMN SNEMEHTAPHbIX AENCTBMIA, NpeaHa3HaA4YeHHbIe
ON9 NONy4eHUs onpeaeneHHoro pesynbrata. Takue coYeTaHus onpenens-
I0TCS crneaylowmmMm 0b6pasom.

JevictBue — 0QHO WM HECKOJIbKO dfIEMEHTaPHbIX OEACTBUM, KOTOPbIE
KakKk OOHO Lefsloe U3MEHSIOT COBOKYMHOCTb MPEensioXEHUn Ha APYryto
COBOKYMHOCTb NMPeasioXXeHnin B UHGOPMaLMOHHOM 6ase UM KOHLEeNTyabHOW
CXeMe U/Uin OCYLLECTBASAIOT NMOUCK U BblAayy COBOKYMHOCTU NPEOSIOXEHN
B MHPOPMaAUNOHHOM 6a3e mAM KOHLENTyallbHOW cxemMe. TUMUYHbIM
NMPUMEPOM AENCTBUA ABAFETCH 3aMeHa OonpefesieHHOro npeasoXxeHus
Opyrum, T.e. yoaneHue, 3a KOTOpbIM cneayeT BcTaBka. [MockonbkKy aTOT Knacc
OEeNCcTBUA BCTpevaeTcsa 4acto, yooOHO onpenenntb ero kak ocoObln BUf,
OENCTBUA — moamdukaums.

Lns ckoyeHns HegonyCcTUMbIX AEeNCTBUM U yNpaBieHNs MU HEODXO-
OMMO onpeaennTb Ans OeNCTBUIM Npasuna u orpaHnyenmns. Noatomy BBOAUT-
cs onpeneneHne OencTBU, paccMaTpUBaeMbIX Kak aToMapHble “eauHuLbI
ncnonnenna”. Jonyctumoe gevictene — OencTBue, yaoBAETBOPSAOLLEE
YCTAQHOB/IEHHbIM MpPaBuUiaM UAMN OrpaHuyYeHnam. [lonyctumoe Oencteue
M3MEHSET HENPOTUBOPEYNBYIO COBOKYMNHOCTb NPEAJSIOXKEHU B MHDOPMaLLM-
OHHOI 6ase WM KOHUENTyallbHOW CXeMe Ha APYryld HernpoTMBOPEYUNBYIO
COBOKYMHOCTb MPEeAnoXeHUn u/unn BoibMpaeT HENPOTUBOPEUYUBYIO
COBOKYMHOCTb MPEeAsIoKEeHU, MPUCYTCTBYIOWMX B MHDOPMaLMOHHON Base
WUAN KOHLENTYyaNbHOM CXeMe.

OnpepneneHHble JONYCTUMbIE OEACTBUS MOIYT USMEHSTb MPennoioxXu-
TeNbHO HEMNPOTUBOPEYMBYIO, HO B OEWCTBUTENIbHOCTU “HEBEPHYID”
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COBOKYMHOCTb NPEOJIOKEHNI, HE COOTBETCTBYIOLLYIO AENCTBUTENbHOCTHU, B
HENMpPOTUBOPEYNBYIO U BEPHYID. Takme AOonyCcTUMble AENCTBUSA NOTPeDbyYOTCS
1151 KOPPEKTUPOBKM Pa3pyLLEHHbIX MHGOPMaLMOHHbIX 683 U KOHLIEeNTyaslb-
Hbix cxeM. Takum OONyCTUMbIM OENCTBUSM pa3pellaeTcs UrHopmpoBaTb
HEeKOTOpble NpaBuia 0 AOMYCTUMbIX UK TPeBYEMbIX NOCNen0BaATENbHOCTSX
COCTOSIHUSI COBOKYMHOCTEN npeanoxeHuii. Hanpumep, ecnm owmnboYHO
yKasaHo, YTO HEKUI YENOBEK XeHaT, TO O UBMEHEHUS 3TOM MHGOopMaLnm
Ha ykaszaHue, YTO 3TOT YesioBeK OAVHOK, MOXeT noTpeboBaTbCda Takoe
crneumanbHOEe OOMNYyCTUMOE AenCTBUE.

OneMeHTapHoe OeNCTBME BbI3bIBAETCS 9/IEMEHTAPHON KOMaHAOOM
MHPOPMAUVOHHON CUCTEMbI. J1eMeHTapHasi KomaHaa — 3TO Mpukas, unuv
CUrHan ang 3anycka BbINOSHEHUS 3/IEMEHTAPHOIr0 OENCTBUS.

LdenctBne n gonyctumoe [encTBME BbI3bIBAKOTCH KOMaHAOMN
MHPOPMaALMOHHON cuctemMbl. KomaHga — nNpukas uUnu CUrHan gng sanycka
BbIMNOJIHEHUS AENCTBUS UM OONYCTUMOro Aenctema. Ho ecnu gonyctmmocTb
nencTemna OyneT HapylweHa, B OTBET Ha KOMaHAy AENCTBME MOXET ObiTb
oTBeprHyto. OnucaHve KOMaHAa 1 OeNCTBUIA AaeTCs Ha CrneunanbHOM A3bIKe,
B BUOE KOMAaHAHbIX NMPEeA/IOXEHUH — NUHTBUCTUYECKUX OOBLEKTOB,
BblpaXatoLLMX KOMaHOy Un 3N1IEMEHTAPHYIO KOMaHAy.

Heobxoommo Takxe MMeTb cpefcTBa Afig 3anucu KomMOuHauum
3/1IeMEeHTapHbIX OENCTBUIA N ee uaeHTUdUKaumm Kak eguHoro Lenoro,
onpenensaowero HegenmMmoe OencTene nnu oonyctmMmoe gencteme. Takoe
onucaHue OeNcTBUA — 3TO JIMHIBUCTUYECKN O0OBEKT, ONMUChbIBaOLLUMA
noencTene nnu gonyctmmoe OencTBue.

Bsanmopencteue mexay cpenon v MHPOpMaLMOHHON CUCTEMOWN
OCYLUECTBNSETCSA NOCPEeACTBOM COOOLEHUI — COBOKYMHOCTW OAHOrO WUun
HECKObKUX NPEeONOXEHNN /NN KOMaHAHbIX NPEAJSIOKEHWNI, UCMONb3YEMbIX
ons obMeHa nHopmauuen mexay cpeaon n MHGOPMaLVOHHON CUCTEMON.
CoobuweHuns obpabaTtbiBaloTCs MHOOPMALMOHHBIM NPOLLECCOPOM MHDOPMa-
LLMOHHOWN CUCTEMbI. MHGOPMAaLMOHHbIV MPOLEeCcCop — MEXaHU3M, KOTOPbIN
B OTBET Ha KOMaHAy BbIMOJIHAET AENCTBME Ha, KOHLLENTYalbHON CXEeMOW U1
MHdOPMaLNOHHOK 6a3on.

MIHpOpMaLMOHHbIV MPOLLECCOpP pacno3HAEeT, OTHOCATCS N COOOLLEHUS,
MoJTy4eHHble N3 cpedpl, K AaHHOMY A3blky. Co0bLWEHNs, HE OTHOCALLMECS K
[aHHOMY 43blKy, OTOpacbiBaloTCs. [paBusibHble COOOLEHUS MOTYT BblipaXaTb
M3MeHeHVe B npobnemHon obnactun, unm TpeboBatb M3BNEYEHUS OOHOMO
WM HECKONBbKUX NPEasIOXXEHNN, MMEIOLLIMXCS B KOHLENTyallbHOM CXeMe Unu
MHPOPMaUMOHHON 6a3e, UM BbIBOAUMbIX U3 MPUCYTCTBYIOLMX B HUX
npeaoXXeHun.
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2.2. BxoaHble 93blKM aBTOMaTU3UPOBAaHHbIX
MHPOPMALMOHHbIX CUCTEM

2.2.1. CTpyKkTypa BXOAHbIX fiI3bIKOB 00pabOTKM TEKCTOB 3anpocoB

B paspene 2.1 6binn paccMoTpeHbl dpopMasibHble 0O0CHOBaHUA ANS
co3paHnsa addEKTUBHbBIX A3bIKOB MOJIb30BATEN aBTOMATU3MPOBAHHbIX
MHPOPMALMOHHbLIX cucTeM. Bce popmanmnzoBaHHbie MHPOPMALMOHHbIE
a3bikn (PUA) — 3TO 93blkK, CO3OaHHbIE HA ©a3e eCTECTBEHHbIX S3bIKOB
MyTEM HaNTOXEHUSI OFrPaHNYEHUI Ha NX NEKCUKY U rpaMMaTnKy, a Takke nyTem
NMPUMEHEHUS crneunanbHbiX 0003HAYEHNM O 3NEMEHTOB 3TUX A3blkoB. PUNHA
npeaHasHayYeHbl oas onmcanus n oo6padoTkn aaHHbIX B VIC. A3bIKM, KOTOpbIE
cnyxaT Ons COCTaB/ieHUs NpeanucaHuini Ha BBOA, OOHOBMEHWE, MOUCK,
00600LLEeHNE, pefakTMpoBaHne 1 Bblaadvy MHGOpPMaLMM Ha3biBaIOT BXOAHBIMUA
a3bikammn AUC. Cpenun BXOOHbIX A3bIKOB O0ObIYHO BbIOENAIOT CNeayioLine:

A3blK OonucaHuqa paHHbiXx (A04) - dopmManbHbIW 93bIK CO
crneumanbHbIMU KOHCTPYKLUMSAMW, KOTOPbIE UCMONb3YIOTCA A8 OnncaHus
cxem 6a3 OaHHbIX;

3blK ONMUCAHUA XPaHEeHUs AaHHbIX — A3blK, NPeAHa3Ha4YeHHbIA ons
onncaHns GU3NYECKOrO YPOBHSA MPEeACTaBfeHUsT OaHHbIX;

f3blK MaHUNyAMpoBaHUa AaHHbiMu (AMJM) - a3blk, npegHasHa-
YeHHbIN o GOPMYNNPOBaHMS 3anpOCOB Ha NMOUCK, OOMEH JaHHbIMU MEXAY
npwuKIaoHowM NporpamMmon n 6a3on JaHHbIX, a Takke A1 pacLUMpeHmns a3bika
nporpaMmMmpoBaHns MO0 Kak CaMOCTOATENbHbIA A3bIK.

B o6wem cnyyae ncnosb3yeTcs TEPMUH A3bIK 3anpocoB (CnpaBoY-
HblIi 93blK) — 93blk, obecne4ynBaloLMi B3aUMOOENCTBME KOHEYHOro
rnonb3oBaTtens ¢ MHPOPMaLIMOHHOM cucTemoi. Janee 6yoetT paccMoTpeHa
CTPYKTypa y4ebHOro BXOAHOrO si3blka, KOTOPbIA COAEPXMUT BCE OCHOBHbIE,
CTaHAapPTHbIE KOMMOHEHTbI 1 aTpnbyTbl BXOAHbIX 13bikoB AUC.

Kak yxe ykasblBanocb, BXOAHble A3blkM MHOOPMALMOHHbIX CUCTEM
cnyxaT Ons COCTaBfieHUs NpeanucaHuini Ha BBOA, OOHOBMEHWE, MOUCK,
06006LeHVe, peaakTMupoBaHme 1 Bblaady MHpopmaumm. OHU OOKHbI UMETb
B CBOEM COCTaBe cpencTBa, no3ponswouwme obo3HavyaTb crnegywouime
3N1eMEHTbI NpeanuCaHuii;

— naeHTUPUKaLMOHHbIE NPU3HAKM NOSIb30BaTENEN (aBTOPOB npeanuca-

HU);

— Npu3HaKu maccmeoB (dannoB) nMHGopmMaumn, K KOTOPbIM NPOMN3BO-

anTcs obpalleHune;

— onepaumn Hag, MaccuBaMmu;

— UCXOOHble JaHHble O onepauuii (BBOAMMbIE UM 3anpallBaeMble

CBefdeHuns);
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— UMeHa nporpamMmm M KOMMJEKCOB MporpamMmm, peanmaytomx

onepauun Haj mMaccumBamu;

— ajpeca, No KOTOpPbIM CneayeT HanpaBnsaTb Pe3y/bTaTbhl BbINOJHEHWUS

onepauui;

— pefakuMOHHbIE MPU3HaKky BbldaBaemMor nHoopmaumu;

— pasgenuTenbHble MpU3Hakn ans 0603HaAYeHNs rpaHnL, NPeannucaHnii

N UX CTPYKTYPHbIX 3IEMEHTOB.

B onucbiBaemMom yuebHOM BXOAHOM S13blke BCe npennMcaHng Ha obpa-
601Ky MHpOopMaLMK HadnHatTca cnosomMm HAYAJIO 1 3akaH4MBalOTCHA CITIOBOM
KOHEL]. B npomexyTke Mexay STuMun pa3aennTtenbHbiMy NprU3HakaMmm MoryT
3anncbiBaTbCS T€ KOMMOHEHTbI, KOTOPLIE MOJIb30BATENb CYMTAET HEOOXoam-
MbIM BKJIIOYUTb B COCTaB npeganucaHus. KOMNOHEHTbI UMEIOT cneayloLime
Ha3BaHu4:

1) ABOHEHT, 7) BbIBPATb,
2) SAZIAYA, 8) MPUCBOUT,
3) MACCWB, 9) BbIOATb,

4) BBECTW, 10) APEC,

5) 3ATEPETb, 11) ®OPMA.

6) HAVITW,

Ob69a3aTenbHbIMN KOMMNOHEHTAMW BCEX MPEANnUCaHUN ABNGI0TCS
KOMMOHEHTbI, 0603HaYyeHHble cnoBamu ABOHEHT, SAOAYA, MACCWB,
ocTasibHble — (dakyfnbTaTBHbIE (HO MO KPaMHEN Mepe odHa M3 KOMMOHEHT
nn. 4-6 go/kKHa B MpeanmcaHin npucyTCTBOBaThb).

B komnoHeHTe ABOHEHT ykasbiBaeTcd UOEHTUDUKALVOHHbLIN KO,
aboHeHTa (damwunung, Ha3dBaHWe opraHuszauum m T. n.). 3anucb 3TON
KOMMOHEHTbLlI UMEEeT BUA;

ABOHEHT - (MBAHOB)

Kop, aboHeHTa 3ako4aeTcs B KPyrible CKOOKM, a MeXAy NeBOM CKOOKOW
n cnoeom ABOHEHT npocTtaBnaetca tupe. Cneea 1 cnpasa OT Tupe
OoCTaBnalTCA Npobensbl.

B komnoHeHTe SAJAYA ykasbiBaeTcsd MO0 MMS TPAEKTOPUN PELLEHUS
3agayun, nnbo (pexe) ee onucaHue, npeacrtasnsoLllee codbo nocnenosa-
TENbHOCTb MMEH MpOorpamMM, y4acTBYIOLLUMX B pelleHun 3apadun. Kaxpas
3a4a4a BbINOJSIHAET KOMIMIEKCHYIO OnepaLuio no BBOAY, 0OHOBIEHMIO, MOUCKY
1 0600LeHNI0 MHDOpPMaLMK. MiIMeHa TpaekTopuii pelleHns 3agad U nMmeHa
nporpamMm B Mx onncaHusix 0603Ha4alnTCsa PyCCKMMK CrioBaMmn nnm abopesu-
aTypamu. B cocTtaB aTUX MMEH MOIyT BKJIOYATbCS TakKe UMPPOBbIE MHOEKCHI.
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3annucb MeHn TpaekTopun pelweHnda 3agavm nMmeet Bua.

3AAYA - (BBOL)

CnoBo B ckobkax 0603Ha4yaeT MMSA KOMMIEKCHOM onepauuu BeBoda
nHdopmaumn. 3anmcb NOAHON TPAEKTOPUN:

SAOAYA- (MM 1=CNHKOH, NrM2=KOACJ10B, PEXXM=0,
MNrM3 = CUHAH, NMrvi4 = ®OPMMOA, PEXXUM = @, MIFM5 =AHKMPUHT)

B onucaHum TpaekTopumn peLlleHmns 3aadm crnpaea OT 3HAKOB PaBEHCTBA
yKa3blBATCA MMeHa MPOrpaMMHbIX MOOyNnen u pexmnmbl nx paboTbl, a
cneea — ykasatenm QyHKUNOHANbHOM PO 3/IEMEHTOB OMUCAaHUS U NOPSAKO-
Bble HOMepa nporpaMm. B nprnBegeHHOM npuvMepe ykasaHbl COKpaLLEeHHbIE
MMeHa NPOorpaMMHbIX MOAYNen — CuHTakcuyeckmin KoHTponb (CUHKOH),
kooupoBaHue cnoe (KOACJIOB), cuHTakcuyeckmin aHanms (CUHAH),
dopmmposaHme moaynsa (POPMMO/), Bbioava vHdopmaumm Ha MPUHT B
aHkeTHon popme (AHKIPUHT), a Takke 0603Ha4YeHUs pexnmoB paboTbl —
obHoBneHue (0), popmunposaHme (D).

OO6bIYHO MPOrpaMMHblE MOAY/N BbIMOMHAIOTCA B MOpPsSAKE UX Cnepo-
BaHM4. [Ina M3MEHEeHUs NOCNeaoBaTEeNIbHOCTU BbIMOJIHEHUS MPOrpamMm B
onncaHne TPaeKkToOpuin BBOAATCS onepaTtopbl 6€3yCNOBHOIMO M YC/IOBHOMO
nepexona. B onepatope 6e3ycnoBHOro nepexona, UMeLWeM CTPYKTYpY
TmMna:

MEPEXQOL = MIrMi [uma moayns],

crpaea OT 3Haka paBeHCTBa ykasbiBaeTcs abbpesuatypa MM 1 nopsakoBbii
HOMEp NporpamMmbl, K KOTOPOW cneayeT nepentu, a B CKOOKax — MMsa 3TON
nporpammbl. B onepatope ycnoBHOro nepexona:

ECJIN P =1 TO MIMi [uma mopyna] MHAYE MIMj [uma moayns]

yKasblBaeTcqd HOMep nNporpamMmebl i, K KOTOpoW cnenyet nepentu npu P = 1,
1M HOMEpP MporpamMmsbl j, K KOTOpon cnepyet nepertn npu P = O (3HadyeHune
npuaHaka P BbipabaTbiBaeTCa NpeaLeCTBYIOLEN NPOrpaMMon).

MmeHa TpaekTopuin ykasbiBaloTcs B kKoMnoHeHTe SAJAYA B Tex cnydasx,
KOrga ot OCHOBHbIX PEXMMOB PaboTbl MIHPOPMALVOHHOM CUCTEMbI 3abnaro-
BPEMEHHO COCTaBAAIOTCH ONMCaHWs TpaekTopuii (co3paetcs bubnmnoTeka
TPaeKToOPUii) N eCTb BOBMOXHOCTb BbIOMPATb 3TU TPAEKTOPUK MO NX MUMEHAM.

B komnoHeHTe MACCWB ykasbiBaloTCA MMEHa U1 Npmu3Hakm MacCUBOB
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(pannoB) nHPpopmaumm, K KOTOpbIM NpPon3BoaNTCSA obpalleHue. MNpn 3ToM
npepnonaraeTcs, 4TO BCE CBeAEHUd, XpaHsawumecs B MHPOPMaLMOHHOM
cucTeMe, pacnpegeneHbl no passinyHbiM MaccuBamMm B 3aBUCUMOCTU OT KX
TeMaTnUyeckom NPUHagNEeXHOCTN, a ONUCaHNS MaCCUBOB CBEAEHbI B KaTanor
(B maccuB onucaHmini maccmBoB). Npegnonaraetcyd Takxe, 4To GopmMannso-
BaHHblE OMNMUCaHNS MaCCUBOB MMEIOT Takylo Xe CTPYKTYPY, Y4TO U onncaHus
OPYrnx 0ObEKTOB, Y4YMTbIBAEMbIX B CUCTEME, U MOUCK B KaTtasore MacCMBOB
BeLEeTCd Mo TEM Xe npasuiiam, 4TO N B OCTallbHbIX MacCuBax.

MbI npuBenn npumMep 3Toro A3bika, pa3dpabdoTaHHoOro B 70-x rr., 4Tobkl,
paccMaTtpuBasg COBPEMEHHbIE BXOAHbIE S3blKM, MOXHO Obl10 y6eamTbcsa B
TOM, YTO UCXOOHbIE JINHIBUCTUYECKNE MPUHLUMNBLI NOCTPOEHUSA BXOOHbLIX
a3blkoB AVIC He nameHunucb. A 3TO rOBOPUT, B CBOKO O4Yepedb, O TOM, 4TO
BblOpaHHbIE NMPUHUMMBLI BEPHbLI 1 MPOBEPEHbI MPaKTUKON.

B npouecce pazsutus AUC nctopmyecku B 3TUx CMCTEMaxX BblAENNINCH
cnepylowme Buabl BXOOHbIX S3bIKOB:

A3bIK UAEHTUDUNKATOPOB — F3bIK, B KQYECTBE NPESIOKEHNM KOTOPOro
MCMOb3YIOTCA UOEHTUDUKATOPLI — NOCNeA0BaTENbHOCTU OYKB U LUNGDP;

A3bIKk POPMATHOro TUNa — 43blK, NPEASIOXEHNA KOTOPOro COCTONAT
13 NocnenoBaTesibHOCTU C/IOB PUKCUPOBAHHON AJINHbI;

3blK MO3ULMUOHHOINO TUNna — nNoaTun GopMaTHbIX A3bIKOB,
OT/INYAIOLLMIACS OT HUX HEONPEOEsIEHHOCTbIO OJIVHbI 3/IEMEHTOB;

S13bIKM aHKETHOro TUna — 13blk peannadyeTcd B BUAE KOMMIEKTa aHKET,
M KaxaoMy TUMy 3anpoca COOTBETCTBYET OTAENIbHAA aHKeTa;

HOPMMUPOBAHHbIE A3bIKU — CTPOro onpenesieHHoe NoAMHOXECTBO
€CTECTBEHHOro f3blka, NPeanoXeHuUsa KOToporo, rno KpamHen mepe no
OTHOLLEHWNIO MPegMETHOM 06nacTn, CEMaHTUYECKM OOHO3HAYHbI.

2.2.2. Y13bIKOBbl€ CpeacTBa A0KYMEHTaJIbHbIX
MHPOPMAaALMOHHbIX CUCTEM

JokyMeHTanbHble CUCTEMbI MPUMEHSAIOTCA A9 NOMCcKa JOKYMEHTOB MO
nx 0606WEHHBIM OonMcaHnsam. B onucaHus OOKYMEHTOB MOIYT BKJIOHATbLCS
MX HAUMEHOBAHUSA, KpaTKoe U3N0OXEHME COoAepXaHUd, HaMMeHOBaHUS
opraHusauni-nagatenein JOKYMEHTOB, BPEMS U MECTO U3OAHUS, YYETHblE
HOMepa OOoKYMEHTOB M T. n. lNepen BBogomMm B IBM onmncaHnst [OKYMEHTOB
dopmManmayoTca U NPeacTaBAdloTCd B BUOE MOCAELOBaTENbHOCTEN
HaMMEHOBaHMMN NPU3HAKOB U MX 3HaA4YeHU. [MoMCK OOKYMEHTOB BeAEeTCH No
nx GopMannM3oBaHHbIM ONUCAHNSM, a B KQYECTBE PEe3Y/IbTaTOB NOMCKa MOryT
BblAaBaTbCs NoOble dparMeHTbl 3TUX ONUCAHWNIA.

dopmannzoBaHHble ONMCAHUSA OOKYMEHTOB MO CBOEN CTPYKType
aHanornyHbl GopMannN30BaHHbIM OMMCAHUSAM IOObLIX APYrX 0OBEKTOB, 1 AN
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1x BBoAa B ABM, 0OHOBNEHMS 1 MOMCKA MOXHO UCMOJb30BaTb CTaHAAPTHbIE
BXoAHble s3blkn AVC. Ho B AOKYMEHTaslbHbIX CUCTEMAx 4acTO BO3HMKAET
HEOOX0ANMMOCTb XpaHUTb B namatn 9BM Hapsny ¢ dopmManm3oBaHHbIMU U
HedopManmM3oBaHHbIE ONUCaHUS OOKYMEHTOB (pedepaTbl, aHHOTauumn),
4TOObI BblAaBaTb 3TW ONMCAHUSA MO 3arnpocam noTpebutenein. TO MOXET
OKa3blBaTb HEKOTOPOE BAUSHUE Ha CTPYKTYPY BXOAHbIX A3bIKOB 3TUX CUCTEM.

BxoaHbIX 93bIKOB, nMpegHasHa4YeHHbIX crneymanbHO A9 OOKYMEH-
TaNIbHOIr0 MOMCKA, O4EHb MHOM0. YacTo OHM OTnYaloTCs Apyr OT Apyra 6osblLue
BHeLHen GOopMOii, YeM NIOrMYECKMMN BO3SMOXHOCTAMKU. B BonblUMHCTBE 13
HUX NCMOJIb3YIOTCH:

— norundeckme onepartopsl TMNa U, NN, HE;

— OTHOLWUEHUS nopsaka tuna =, <, > 1 UX OTPULAHUS;

— PasANYHOro poaa CUHTarMaTuyeckme orpaHnyeHmns (HanpmmMep, Tpe-

6oBaHue, 4TOObI TEPMMHBI 3anpoca BXOOWM B OAHO U TO Xe Npeasno-
XeHue pedepara).
MpUMeEHAITCA Takke cpencTsa MackMpoBaHUS 39N1IeMEHTOB 3anpoCcosB,
MX YCEYEHUS U CpeacTBa Nomcka no BECOBbIM KPUTEPUSAM.
Mpy nCcnonbL30BaHNM BECOBLIX KPUTEPUEB KaXXOAOMy TEPMUHY 3anpoca
N1 OOKYMEHTA NPUCBaMBAETCS YMCNOBOW MHAEKC — ero “Bec”. B npouecce
novucka Beca TEPMMHOB 3anpoca, COBMaBlUME C TEPMUHAMU OOKYMEHTA,
CYMMUPYIOTCS, @ NOJly4EHHas CyMMa CpaBHUBAETCS C 3aJaHHbIM MOpPOrom
3Ha4YMmMocCTn. Ecnm ata cymma npeBoCxXoauT NOpPOroBOe 3Ha4YeHme v paBHa
€My, TO JOKYMEHT CYMTAETCH pPeneBaHTHbIM, €C/IM HET, TO OH OTBEPraeTcs.
Beca HalgeHHbIX OOKYMEHTOB MOryT TakXe MCNOJb30BaTbCA OS89 UX
PaHXMPOBaHUS MO CTEMEHN PENEBAHTHOCTMU.
713bIkOBblE CpeacTBa AOKYMEHTa/IbHbIX CUCTEM Mbl KPATKO PaCCMOTPUM
Ha npumepe cucTembl Acopn, nNpefdHasHa4YeHHOW O OOKYMEHTaNbHOrO U
dakTorpaduyeckoro nomcka. OHa NO3BONSET BECTU MOUCK JOKYMEHTOB MO
KJIIOY4EBLIM C/lIOBaM, BCTPEYALWMMCS B UX ONUCAHUAX, C MPUMEHEHNEM
norunyeckmx onepatopos N, N, HE n orpaHnymtenei, pernaMeHTnpyoLmx
TpebyemMoe B3aMMHOE pPaCMoONOXEHNE KITIOYEBbLIX C/IOB B AOKYMEHTE.

B kayecTBe orpaHuyuTeENEn NPUMEHSAIOTCS CpeacTsa Ojs ykas3aHus
OONYCTUMBIX PACCTOSIHUIA MEeXAy CrioBaMu, BCTPEYaloWMUMNCA B OOHOM U
TOM € OOKYMEHTe, AN yKa3aHus NPUHAANEXHOCTU CNOB K OAHOMY U TOMY
Xe npensioxkeHuto nnn naparpady 1 ap. 3anpoc MOXET ObiTb CPOPMYTMPOBaAH
B BUAE CMMcKa KJIt0YEBbLIX CIOB C NPUMNNCAHHBIMU UM BECAMMU U C yKa3aHUEM
MOPOroBOro 3Ha4eHns1 CyMMapHoro seca. Kpome Toro, K Kaxaomy Kio4eBoMy
CNOBY MOXET ObITb NPMMEHEHA Onepauuns yCeYeHns U 3aMeHbl ero CrMCKOM
CUHOHNMOB.

Mpwn dakTorpadmyeckom novcke B cucteme Acon MCNONb3YyITCH
onepaTtopbl CpaBHEHUS, NMPUMEHAEeMbIe K GOPMATUPOBAHHBLIM MOJIAM
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onncaHWin OOKYMEHTOB. B kayecTBe 0onepaTtopoB CPaBHEHUs, Hapady C
onepatopamMu =, <, > U UX OTPULIAHUAMU, UCMONb3YIOTCS TaKXe ornepaTop
MacKMpPOBaHWNS, ornepaTop CKaHUPOBaHUA (NPOBepKa BXOXAEHUS 3adaHHOWN
nocrnenoBaTenbHOCTU CUMBOJIOB B Nlo60e MECTO aHann3npyemMoro nons) u
ornepartop MpPOBepkn MonafgaHUsa YMCNEHHOro 3Ha4YeHus MoJd B 3adaHHbIN
WHTepBa.

2.2.3. NMpo6nembl MHPOPMALMUOHHOIO MOMUCKaA

MpeonucaHne Ha nNouck OOLEKTOB, YOOBNETBOPSAIOWLNX 3a4aHHbLIM
ycnosuaMm, popmynupyetca B koMnoHeHTe HANTU (cm.2.2.1). Mpwm
GOPMYIMPOBKE YCNIOBUIA MOUCKA UCMOJBb3YOTCSA OTHOLWEHUA =, >, < U UX
otpuuaHna HE =, HE >, HE <. Jlornyeckme cBS3M MexOy MOUCKOBbIMU
rnpu3HakamMy ykasblBatoTCHd C nNomMoLupto onepartopoB U /UJTIN (onepaTtopos
KOHBIOHKLIMN N ON3BIOHKLNN).

[ToMCKOBbLIN NPU3HAK MOXET COCTOATb U3:

OOHOro HaMMeHOBaHMS Npu3Haka, oO003HavalLWero kKiacc Bcex
BO3MOXHbIX 3HA4E€HNI 3TOro npmuaHaka (Hanpumep, Yi);

HaVMeHOBaHUA Npu3Haka C NpenwecTBYOWUM OTPULAHUEM,
obo3HavaloLero knacc tobbix NPU3HAKOB, KPOME 3aJaHHOro (Hanpumep,
HEYi);

HaVMEHOBaHNA MPU3HaKa N ero 3HayeHud, COeOMHEHHbIX OTHOLLEHU-
amun =, >, <, HE=, HE >, HE <;

OOHOro 3HayeHUd nNpmuaHaka Cc NPenLecTBYIOWNM 3HAKOM OTHOLLEHUS.

Taknm 06pa3omM, BO BXOAHOM S13bIKe AOMYCTUMbI CIeAyoLLME CTPYKTYPbI
NPU3HaKoB:

Yi, HEYi, Yi=Zi, YiHE = Zi, Yi >Zi, Yi HE >Zi, Yi<Zi,
Yi HE<Zi, =Zi, HE = Zi, >Zi, HE>Zi, < Zi, HE < Zi.

B komnoHeHTe HAMTU npeagycmaTtprBaeTcsi BOSMOXHOCTb yKasaHus
OBYX rpynn NOUCKOBLIX MPU3HAKOB, 32K/TI0YaEMBbIX B KPYrJible CKOOKM — MMEH
00BLEKTOB 1 NOOLIX APYrMx NPM3HAKoB 06bekToB. MNepen 06enmMn rpynnamm
MOXeT CTOSATb 3Hak oTpuuaHusa HE. Fpynna nMeH 0oObEKTOB MOXET UMETb
OOHY 13 CNeayloLwyx CTPYKTYp:

1) O - (Xi);

2) O — HE (Xi);

3) O — (X1 WIIW X2 WA ... NI Xn);

4) O - HE (X1 VN X2 WA ... UIIU Xn);
5) O— (BCE).
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MocneaHss CTpyKkTypa UCMOJb3yeTCs B TEX ClyYasx, Korga B MOMCKOBOM
npennMcaHnm HET HeEOOXOAMMOCTU yKa3blBaTb MMEHA 00bEKTOB. EC/N HYXHO
yKkasblBaTb HECKOJIbKO OOBEKTOB, TO UX MMEHa OTAENSI0TCA Apyr OT Apyra
3HAKOM ANIBIOHKLINW.

Mpynna NoMCKOBbIX MPU3HAKOB 0ObEKTOB, HE ABMSIIOLLMXCS UX UMEHAMMU,
MOXET ObITb MpeacTaBneHa B AN3bIOHKTUBHOWM UM KOHBIOHKTUBHOM HOpMarib-
HOoM ¢popme. B nepBomM cnydyae 3TO NOCNenoBaTelbHOCTb KOHBIOHKLMMN
MPU3HaKOB, COEANHEHHbIX 3HaKaMn OU3bIOHKUMM, BO BTOPOM — MocfiegoBa-
TENbHOCTb OU3bIOHKUMIA, COEANHEHHbIX 3HAKaMM KOHbIOHKLINN.

Yncno Npu3HakoB B KOHCTUTYEHTaX (B KOHBIOHKLUMAX U AN3bIOHKLUAX)
MOXET OblTb pasnunyHbiM. [epen nNepBbIM MNPU3HAKOM AN3bIOHKTUBHOMN
HOpManbHOM dopMbl cTaBuTca ceaska WJIN, a nepepn nepBbiM NPU3HAKOM
KOHBIOHKTMBHOW HOPMasibHOM GopMbl — CBS3Ka M. 3TU CBA3KM HEOOXOANMBI
ONS yKa3aHWs MPUOPUTETOB JIOMMYECKUX ONepaumini: B MEPBOM CllyHae MEHee
nPUOPUTETHON onepauuen aensetca onepauus WA, Bo BTOpom cnyvae —
onepauua W. Ecnn B koMmnoHeHTe HAWNTU ykasbiBalOTCS MMEHa MCKOMBbIX
0OBbEKTOB M HET HEOOXOOVMMOCTU B YKa3aHUM AOMNOSHUTENbHbIX MPU3HAKOB
3TnX 00BLEKTOB, TO BMECTO HUX NpocTaBnsaetca cnoso BCE.

0O603Ha4MM nepevyeHb UMEH UCKOMbIX OOBLEKTOB CUMBOJIOM X, a Jio-
rmyeckylo GyHKUMIO MOUCKOBbLIX MPU3HAKOB 0e3 yyeTa 3Haka OTpULUaHUSA
nepen ckobkoi cumsonom O. Toroa komnoHeHTa HAMTU mMoxeT ObiTb
npencraBsneHa B 0000WEHHOM BUAE KaK 0gHA U3 Cleaylowmx CTPYKTyp:

1) HAMTW: O — (BCE), N — (O);

2) HAMTW: O - (BCE), N - HE (O);

3) HAMTW: O — (X), N - (BCE);

4) HAATW: O - HE (X), M - (BCE);

5) HAUTW: O — HE (X), N - (O)

6) HAMTW: O — HE (X), N - HE (0);

7) HAMTW: O — (BCE), N — (BCE)

30echb:

— rnepBas 3anncb 03Ha4aeT — HaNTU BCe 0ObEKTHI, YAOBNETBOPSAOLLME
ycnosuio [;

— BTOpasi — HaNTK BCe 0OBLEKTLI, HE YA0BNETBOPSAOLLME YCNOBMIO [I;

— TPEeTbsl — HANTU 3adaHHbIN NepeYyeHb 0ObEKTOB;

— yeTBepTasa — HaWTN 0OBbEKTbI, HE BXOASLLIWE B 3aaHHbIA NepeYeHb;

— ngaTas — HaUTN cpean 0ObEKTOB, HE BXOASLLMX B 3a[aHHbIV NepeYeHb,
00beKTbI, yOOBNETBOPSIOLME YCNoBMIO [J;

— wecTtasgs — HaWTM cpean OOBLEKTOB, HE BXOAALWMX B 3a4aHHbIN
nepeveHb, 00bEKTbI, HE YOOBNETBOPSAOLLME YCOoBUIO [J;
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— MOCNenHsAs 3anmcb NPUMEHSIETCS B TEX Cly4asX, KOrAa HY>XKHO BblAaTb
MHdOopMaLMIo O BCeX 0ObekTax.

Apyrum cneundunyHbIM cnyvyaemM 3a4aHuUsa MOUCKOBBLIX MPU3HAKOB
SIBNSIETCS Cllyyai, Korga B Ka4yeCcTBe MX 3HAYEeHUM BbICTYNAOT Knaccudumka-
LIMOHHbIE KOAbl N TpebyeTcsa UckaTb MHPOPMALMIO HE MO MOJIHbIM KoAaMm, a
no nx ¢pparmeHTam. dparmMeHTbl KOAO0B BbIAENSIOTCA C NMOMOLLbIO “Macok”.
Mackun 3apaloTcsa nyTem 3aMmeHbl LMdp nnuv rpynn umdp KnaccudukauOHHbIX
KOAOB Ha cuMBOSbI X (ByKBbI “MKC”) MAM rpynnbl Taknx CUMBONIOB. CUMBOSbI
X 1 rpynnbl 3TUX CUMBOJIOB MOTYT MPOCTAaBASATLCSA HA NMPOM3BOJIbHBIX MO3ULNSAX
kopoB. Ecnn, Hanpumep, TpebyeTcs BECTU MOUCK MO KnaccudukauMoOHHOMY
npusHaky Y=K,K,...K, (rae K;, K,, ..., K, — undpsl), ncknoyasa nosnuum 1, 2,
5, 6, n — 1 ero 3HayeHusl, TO 3TOT NMPU3HAK OO/KEH ObiTb 3afaH B BUAE
3anmcu:

Y = XXKKXXK; ... K(n-2)XK,.

BmecTo 3Haka paBeHCTBa 34eCb MOIyT TakKe MCMNOJIb30BaTLCA NtOObIE
opyrme otHoweHus (HE =, >, HE >, <, HE <).

B komnoHeHTe BbIEPATb ykasbiBalOTCA NepevyHn HauMeHOBaHWUN
NPU3HaKoB, KOTOPbIE cneayeT Bbidupath 3 B, ans 06bekToB, yO0BNETBOPS-
IOLLMX YCNOBUAM nouncka. KOMMOHEeHTa MOXeT UMETb OOHY U3 CReaytoLLmx

CTPYKTYpP:

1) BIBPATb — (Y,/Y,/.../Y.);
2) BbIBEPATb - (BCE);
3) BbIBEPATb — (TO XE).

B nepBom cnyyae 3agaeTtcs nepevyeHb HaMMeHOBaHUM BbiOMpaeMblx
npM3HakoB OOBLEKTOB (B pe3yfibTaTax noucka OHM pacnonarakTcd B
nocnenoBaTenbHOCTU, yka3aHHOW B kOMnoHeHTe BbIEPATb). Bo BTopom
cny4yae BbIGMpatoTcs BCe NpM3HaKkm 0ObLEKTOB 1 pacnonaratoTcs B pe3yfbTarax
rnovcka B TOM nopsake, B KOTOpoM oHm Beoamnuck B AVIC. B TpeTbeM cnyyae
13 B/, BbiOnpaloTcs NpuU3Haku, yNnoMsIHYTble B YCIOBUSIX MOUCKaA.

MHorpa BO3HMKAET HeoOX0OMMOCTb UcKYeHnsa na B, (3atnpaHus)
cBefeHnn o rpynnax o6bekToB, ONpeaensaemMbiX NOrMYecCKUMU YCOBUSMU
noucka. Ycnoeus noncka popMyampytotcs B KomnoHeHnte HAMTU, a npusHakm
00bEKTOB, Moanexalme UCKIYEHUID N3 MAaCCUBOB, — B KOMMOHEHTE
BbIBEPATD. Pexunm 3atnpaHma cBeOeHUn 3adaeTca nyTeM yKa3aHus UMEHU
aToro pexuma B komnoHeHTe SALAYA.
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2.3. CeTeBble a93blkoBble cpeacTea AUC
2.3.1. OCHOBHbIe MOHATUA

OCHOBHblE noen COBPEMEHHbLIX MHOOPMALNOHHBIX TEXHONOTrNM
0a3npyloTCsa Ha KOHLUEMUWM, COrlacHO KOTOPOW OaHHble OOJIXKHbI ObiTb
opraHnu3oBaHbl B 0a3bl AaHHbIX C LEeNblo agekBaTHOro oTobOpaxeHus
M3MEHSIOLLLErOCS peanbHOro Mmpa u yaoBneTBOPEHUS MHOOPMaLMOHHBLIX
noTpebHoCTEeN Nosib3oBaTeneit. 3TK 6asbl JaHHbIX CO34aKTCA U GYHKLMNOHU-
pYyOT NoAa ynpaBfieHUEeM chneumanbHbiX NPOrpamMMHbIX KOMMEKCOB,
Ha3blBaeMbIX CMCTEMaMK ynpasfieHns 6asamu gaHHbix (CYBM).

YBennyeHne obbema U CTPYKTYPHOW CIOXHOCTU XPaHUMbIX AaHHbIX,
paclumMpeHne Kpyra nonb3oBaTteniern MHPOPMALNOHHbLIX CUCTEM MNPUBENN K
LUMPOKOMY pacnpocTpaHeHnto Hanbonee yaobHbIX 1 CPaBHUTENIbHO MPOCTbIX
0N MOHUMAHUS PensuMoHHbIX (TabnuyHbix) CYBA. Onsa obecnedyeHus
OOHOBPEMEHHOIro A0CTyNa K AaHHbIM MHOXECTBA NoNb30oBaTenen, Hepeako
pacnonoXeHHbIX JOCTAaTOYHO Aaneko Apyr OT gpyra U OoT MecTa XpaHeHusa
0a3 gaHHbIX, CO3aaHbl ceTeBble MHOronosib3oBartenbckme Bepcun CYB/. B
HUX TEM UM UHBIM NYTEM pelwarnTcsa cneumdbunyeckme npobnemsl
rnapansnesbHbIX NPOLLECCOB, LENOCTHOCTM (NpaBuiibHOCTMN) N 6e30MacHOCTU
OaHHbIX, a TaKkke CaHKUMOHMPOBAHUSA AocTyna.

CoBmecTHasa paboTa nonb3oBaTesie B CETIX C MOMOLLbIO YHUPUUMPO-
BaHHbIX CPeACTB 00LLeHNS ¢ 6Ha3zaMmn JaHHbIX BO3MOXHa TOJSIbKO NMPW HanMyinum
CTaHOapPTHOrO A3blka MaHMMNYNMPOBaHUA AaHHbIMKW, 00naaaloLLLEero cpeacTea-
MU 419 peanu3aumy NePEUYNCIEHHbIX BblLE BO3MOXHOCTEN. TakuM A3bIKOM
ctan SQL, paspaboTtaHHbii B 1974 r. dupmont IBM ans akcnepmMeHTanbHom
penaumoHHon CYB/[. B 1987 r. SQL ctan mexayHapoaHbIM CTaHOAPTOM
a3blka 6a3 gaHHbIX, a B 1992 r. Bbiluna BTOpasi BepCcus 3TOro ctaHgapTa.

FA3bIKM MaHUNYyAMPOBaHUS gaHHbiMU (AM/[), co3gaHHble 40 NOSIBAEHUS
pensaunoHHbIXx 6a3 gaHHbIX U pa3paboTaHHble AN MHOTUMX CUCTEM
ynpaeneHus 6azamun gaHHbix (CYB/) nepcoHanbHbIX KOMMbIOTEPOB, ObLIN
OPUEHTUPOBAHbLI Ha onepauunm C AaHHbIMWU, NPeacTaB/iEHHbLIMU B BUAE
nlornyeckmnx 3anuncei dannos. 3To TpeboBasrio OT Nosib3oBaTeNen aeTanbHOro
3HaHWS OpraHu3aumn XpaHeEHNS AaHHbIX U JOCTATOYHbLIX YCUIA oS yKa3aHWs
HE TONbKO TOrO, Kakue AAHHbIE HYXHbl, HO N TOrO, rOe OHM Pa3MELLEHbI 1
Kak Lar 3a warom nosly4nTb UX.

HenpouenypHbin a3bik SQL (Structured Query Language — cTpykTypmr3o-
BaHHbIN A3blK 3aNpPOCOB) OPMEHTUPOBAH Ha onepaumm C OaHHbIMWU,
npeacTaBfEHHbIMU B BUOE NOTMYECKN B3aMMOCBSI3aHHbIX COBOKYMHOCTEN
Tabnuu. OcoBeHHOCTb NPEOIOXEHN 3TOr0 A3blka COCTOUT B TOM, YTO OHMU
OpUEHTMPOBaHbI B OOJbLUEN CTeneHM Ha KOHEeYHbI pe3ynbTtaTt 06paboTku
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OaHHbIX, YeM Ha npoueaypy atoin obpabotkn. SQL cam onpegenser, rae
HaxoOaTCs OaHHble, Kakue MHAOEKCbl N paxe Hanbonee addeKTUBHbIE
nocneaoBaTeNlbHOCTY onepauni cnenyeTt NCnob3oBaTh s UX MOSYyYEeHUS:
He HaJo ykasbiBaTb 9TW AeTanu B 3anpoce Kk 6a3e AaHHbIX.

HenpepbiBHbIA POCT ObICTPOOENCTBUSA, @ TAKXKE CHUXEHWNE 3HEepro-
noTpebneHns, pa3MmepoB U CTOMMOCTM KOMMbIOTEPOB MPUBENN K PE3KOMY
pacLlVPEHN0O BO3MOXHbIX PbIHKOB MX CObITa, Kpyra nonb3oBaTenen,
pazHoobpa3ns TUNOB U LeH. ECTeCTBEHHO, Y4TO paclupuaca Cnpoc Ha
pa3sHoobpa3Hoe nporpammHoe obecnedyeHne. bopsacb 3a nokynartens,
dupMbI, MPON3BOASLLME MPOrpaMMHOE 0BecneyYeHne, CTanm BbiMyckaTb Ha
pPbIHOK BCe Boniee 1 6onee MHTENNEKTyallbHble U, CNeaoBaTesibHO, 00 beMHbIE
nporpamMMHble Kommnaekcol. NMpuobpeTaa (kenaa npuobpecTn) Takune
KOMMJIEKCbI, MHOTME OpraHn3auym n OTAeNIbHble MOJIb30BaTENN HYacTO He
MOrIM Pa3MeCTUTb UX Ha coBCTBEHHbLIX OBM. Ina obmeHa nHdpopmaumnen n
ee o06o06uiecTBieHNs ObIM co3aaHbl ceTn OBM, roe o606 eCcTBASEMbIE
nporpamMmbl 1 AaHHbIE CTann pasMeLLLaTb Ha cneumanbHbIX 00CTYXNBaOLWMX
YCTPOMNCTBax — darnnoBbiXx CepBepax.

CYb/4, paboTatoLiye ¢ paninoBbIMN cepBepamMmu, NO3BONAIOT MHOXECTBY
nonb3oBaTenen pasHoix 9BM (MHOrga pacnonoXeHHbIX AOCTAaTOYHO Oaneko
Opyr OT Agpyra) nofay4aTb AOCTYMN K OAHUM U Tem Xe 6azam JaHHbIX. Mpu
3TOM ynpoulaetca pas3paboTka pasnnyHbIX aBTOMATU3NPOBAHHbLIX CUCTEM
yNpaBfeHns opraHn3auysaMu, y4ebHbIX KOMMIEKCOB, MHMOPMALMOHHbIX W
OPYrnx CUCTEM, FAe MHOXECTBO COTPYAHUKOB (y4awunxcs) AOSKHbI
MCMOSIb30BaTb 00LLIME JaHHblE M 0OMEHMBATLCA CO34aBaeMbIMU B NPOLLECCEe
paboThl (00y4eHus). OgHaKo Npu Takown naeonorny Bcs o6pabdoTka 3anpocoB
13 NporpaMmm MamM ¢ TEPMUHANOB MOJib30BaTeNbCknx IBM BbINOHAETCA Ha
aTux xe OBM. lNosTomy gnsa peanusaummn gaxe npocTtoro 3anpoca 9BM
4acTO OO0JIKHA CYUTbIBATb U3 GalfioBOro cepeepa un (Mam) 3anmcbiBaTb Ha
cepsep uenble daninbl, 4TO BeAET K KOHMUKTHLIM CUTYaUMsaM N Neperpyske
ceTu.

Lns ncknioyYeHns ykasaHHbIX M HEKOTOPbIX OPYrMX HeJoCcTaTkoB Oblna
npennoxeHa texHonorus “Knment-Cepsep”, N0 KOTOPOW 3arnpockl NoJib30Ba-
Tenbckux ABM (KnneHT) obpabaThbiBaloTCA Ha cneumanbHbiX cepBepax 6a3
naHHbIx (Cepeep), a Ha 3BM Bo3BpaLLaloTCsa NULlb pe3ynbTaTbl 00pabdoTkn
3anpoca. Npu 3ToM, eCTECTBEHHO, HY>XXEH eauHbIN A3blk 00weHns ¢ Cepae-
POM 1 B Ka4yeCcTBe Takoro a3blka BbiopaH SQL. [osToMy BCe COBPEMEHHbIE
Bepcun npodeccroHanbHbix penaunoHHbix CYB[, (DB2, Oracle, Ingres,
Informix, Sybase, Progress, Rdb) v naxe HepengumoHHbix CYB/, (Hanpumep,
Adabas) ncnonbaytot TexHonoruio “KnneHt-Cepep” u a3bik SQL.
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2.3.2. OcHoBbl 93blka SQL

Peanuzauma B SQL koHuenuun onepauun, OPUEHTUPOBAHHbIX Ha
Tab/MyYHOe NpeacTaBfieHMe JaHHbIX, MO3BOINIO CO34aTb KOMMAKTHBIN 3bIK
Cc HebonbwuM (MeHee 30) HabopoMm npeanoxeHuin. SQL MoxeT ncnonb3o-
BaTbCs Kak MHTEPAKTUBHbLIN (419 BbINOHEHUS 3anNpPOCOB) U KaK BCTPOEHHbIN
(oNng NoCTpoeHus npuknagHbix NnporpaMmm). B HeM CyLLeCTBYIOT:

— NPEeANoXeHNs onpeneneHns OaHHbiX (onpeneneHne 6a3 OaHHbIX, a

Takxe ornpenenieHne U yHUIToXeHne 1abnmy, n MHOEKCOB);

— 3anpochbl Ha BbIOOP AaHHbIX (NpepyioxeHne SELECT);
npepnoxeHns mogubukaumm gaHHblix (gob6aBneHue, yoaneHve u
N3MEHEHME [OAHHbIX);

— NPEenSIOXEHNS ynpaBieHnsa OaHHbIMWU (MpefocTaBneHne U OTMeHa
NPUBUAENNIA Ha OOCTYN K AAHHbIM, YNPaBJEHNE TPaAH3aKUUSaMU U
apyrue).

Kpome TOro, oH npenoctaBfiseT BO3MOXHOCTb BbIMOJIHATb B 3TUX

NPeaioXEeHNsIX:

— apudmeTnyeckme BblHMCeHUs (BktoYas padHoobpasHble PyHKLMO-
HanbHble nNpeobpa3oBaHus), 0O0pPabOTKy TEKCTOBbLIX CTPOK W
BbIMOJIHEHNE Onepaunin CpaBHEHUSA 3HAYEHUI apUPMETNYECKNX
BbIPQXXEHU N TEKCTOB;

— YyNnopsifioyeHne CTPoK 1 (Unun) cTtonbuoB Npu BbIBOAE COAEPXMMOro

TabnvL, Ha NeyaTb UM 3KpaH gucnes;

Cco3[aHue NpeacTaBiNeHnin (BUPTYyasbHbIX Tabnuy), no3BOASOLNX
nonb3oBaTeNsiM UMETb CBOW B3rfsg, Ha JaHHble 6e3 yBenn4yeHus nx
obbema B Hase JaHHbIX;

3anoMuHaHue BbIBOOMMOIrO Mo 3anpocy COAEPXUMOro Tabnuubl,
HECKONbKMX Tabnuu, unu npepcrTaBfieHus B Apyron tabnuue
(penduuoHHasa onepauns npuceavBaHUg);

— arpernpoBaHME OaHHbIX: FPYNAMPOBAHME OAHHbIX U MPUMEHEHUE K
3TUM rpynnamMm Takmx ornepauuin, Kak cpefHee, CyMMa, MakCUMyM,
MWHUMYM, YUCIIO 3IEMEHTOB U T.MM.

B SQL mncnonb3yloTca cnenyoume OCHOBHbIE TUMbl AAHHbIX, popMaThl

KOTOPbIX MOIYT HECKOJIbKO pasnuyaTtbca ang pasHbix CYB/:

INTEGER - uenoe uncno (06bl4HO Ao 10 3Havawmx umbp 1 3Hak);

SMALLINT - “kopoTkoe uenoe” (006bl4HO A0 5 3Havawmx umbp 1 3HakK);

DECIMAL(p,q) — AecatnyHoe 4mcno, nmetowee p udp (0 < p < 16) n
3HaK, C NMOMOLLbBIO g 33JaeTCa 4YUCNo UMdpP crnpaBa OT OECATUYHON TOUKM
(g < p, ecnn g = 0, OHO MOXET ObITb OMyLLEHO);

FLOAT - BeuiecTtBeHHOEe yucno ¢ 15 3Havawummu yndpamu un
LLeSIOYMCNIEHHBIM MOPSAAKOM, onpeaengemMbiM Tunom CYB[;
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CHAR(N) — cumBonbHas ctpoka GUKCUPOBAHHOW ASIMHbBI U3 N CUMBOJIOB
(0 < n < 256);

VARCHAR(N) — cuMBONbHAsa CTpoOKa MepPeMeHHOW AOJINHbI, He
npesbilaroLwern n cumeonos (n > 0 n pasHoe B pa3Hbix CYB/, HO HE MeHbLLEe
4096);

DATE - parta B dopmate, onpegensieMom cneunanbHOn KoMaHaom (rno
ymonyaHmio mm/dd/yy); nonga gatbl MOryT COAEPXKaTb TONIbKO peasibHble AaThl,
HayMHalLWMecs 3a HECKOJIbKO ThiICAYENeTuin OO0 H.3. U OrpaHUYeHHble
NATbIM — OECATbIM ThiCAYENeTUIMN H.9.;

TIME - Bpemsa B ¢opmaTte, onpenenseMom crneumanbHON KOMaHOoM
(no ymonyaHuio hh.mm.ss);

DATETIME — koMOuHauus oaTtbl U BPEMEHMU;

MONEY - peHbru B popmaTte, onpenensioleM CUMBOS OEHEXHOWN
eavHnubl ($, pyb, ...) n ero pacnonoxenue (cydpdpukc nnm npedukc),
TOYHOCTb OPOOHOIM YacTn U YCNOBME 015 Mokasa AEHEXHOr0 3Ha4YeHUs.

B HekoTopbix CYB/, nononHutensHo cyliectByeT Tmn gaHHbix LOGICAL,
DOUBLE un psap gpyrux. CYBZ, INGRES npepocTtaBngeT nonb30BaTesto
BO3MOXHOCTb CaMOCTOSAITE/IbHOrO ONpeaesieHNs HOBbIX TUMOB AAaHHbIX,
HanpuMep MIOCKOCTHbIE WM MPOCTPAHCTBEHHbIE KOOPAMHATbI, €OVHULbI
pPasnnYHbIX METPUK, NATU- WA LWECTUOHEBHbIE Hepenu (paboyas Hepens,
roe cpasy nocsie NATHuubl UM cyG60Thl cnegyeT NMOHeOesnbHUK), opoodu,
rpaduvka n T.m.

2.3.3. JononHuTtenbHble BO3MOXHOCTU SQL

BesonacHocTb MHGOPMaLUM 03HAYaeT 3aWmnTy AaHHbIX OT HECAHKLMO-
HMPOBAHHOIO PaCKPbITUA, U3MEHEHUA UM yHUYTOXeHUa. SQL no3sonseTt
VHOMBUAYANbHO 3alUMLLATh Kak Lesnble Tabnuubl, Tak 1 OTAeNIbHble UX MoSs.
[nga aToro nmeroTca ABe BO3MOXHOCTU:

— MEexaHM3M NpeacTaBfieHnn, NCNOMb3YEMbIV S CKPbITUS 3acekpe-
YeHHbIX OaHHbIX OT MoJfib30oBaTeNie, He obnagalwWwmnx NPaBom
nocTtyna;

— NOACUCTEMA CaHKLMOHMPOBaHUSA 0OCTYMNa, NO3BOMSIOWAd Nnpenocra-
BUTb yKa3aHHbIM MONb30BATENAM OMpenefieHHble NPUBUIErN Ha
[OCTYN K OaHHbIM M AaTb MM BO3MOXHOCTb U30upaTesibHO U
OMHaMNYeckn nepenasaTb YacTb BblOENEHHbLIX MPUBWUAEINA OPYrMM
nonbL3oBaTensaM, OTMEeHSs BMOCMEACTBMM 3TU NPUBUNETNN, €CIK
notpebyeTcs.

O6bI4HO Npu ycTaHoBke CYB/, B Hee BBOOAUTCS Kakon-TO naeHTudmuKa-

TOp, KOTOPbLIM O0/MKEH ganee paccMaTpuBaTbCa Kak naeHTudumkaTtop Hau-
0osee NpUBUIErMPOBAHHOIO MOJIb30BaTENSA — CUCTEMHOI0 aAMUHUCTPATOPA.
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Kaxaplin, KTO MOXET BONTU B CUCTEMY C OTUM UOEHTUPUKATOPOM (U MOXET
BblAepXaTb TECTbl HA AOCTOBEPHOCTb), OyAeT CYUTATbCA CUCTEMHbIM
aAMUHUCTPATOPOM A0 BbiXxoAa U3 cuctemMbl. CUCTEMHBIN agMUHUCTPATOP
MOXeT co3gaBaTb 6a3bl OAaHHbIX U MMeeT BCE MPUBUJIETMU HaA UX
MCMNONb30BaHME. DTN MPUBUMENMN WU UX YacTb MOFYT NpeaocTaBNaATbCS
Opyrum nonb3oBatensaMm (Nofb3oBaTensaM C OPYruMun uaeHTudunkaTopamm).
B cBolo o4yepenb, Nonb3oBaTenu, noayyYnsLLIME NPUBUIENMN OT CUCTEMHOIO
aAMUHUCTPATOPa, MOryT nepeaatb UX (UM UX YacTb) APYrM NONb30BaTeNsAM,
KOTOPbIE MOFYT X NepefaTb Creaywmm 1 T.4.

MpuBMnernn NpenocTaBnaldTCA C NOMOLbio npeanoxeHms GRANT
(npepocTaBuTh), 0OLWMIA dopMaT KOTOPOro MMeeT BUA;:

GRANT npusunerum ON 06bekT TO nonb3oBaTenu;

30€ecChb:

— “npuBmnernn” — CNMcoOK, COCTOSALMIA N3 OAHON WNAN HECKONbKUX
NpUBUIErIA, pa3aeneHHbIX 3anaTeiMu, TMbo dpasa ALL PRIVILEGES
(BCE NMpuBunerun);

— “00beKT” — UM$S 1 TN 0bbekTa (6a3a faHHbIX, Tabnuua, NpeacTaBne-
HUe, NHOEKC 1 T.M.);

- “nonb3oBaTenn” — CNUCOK, BKJOYalWUi oanH mnnm b6onee
MOEHTUPUKATOPOB CaHKLMOHUPOBAHUSA, pa3aefieHHbIX 3anaTbiMu,
nmbo cneumanbHoe ktoyeBoe cnoBo PUBLIC (06wenocTynHbiin).

— K tabnuuam otHocatca npusunerun SELECT, DELETE, INSERT un
UPDATE [(cTon®Gupl)], NO3BONSAIOLLME COOTBETCTBEHHO:!

— CYUTbIBaTb (BbIMOMHATL N0ObIE onepauun, B KOTOPbIX MCMNOJb3YyeTCs
SELECT);

— yoanaTtb, 0o0aBNaATb UM U3MEHATb CTPOKW YKa3aHHOW Tabnuupbl
(UBMEHEeHMEe MOXHO OrpaHNYNTb KOHKPETHbIMU CcTonbuamn).

Hanpumep, npeafioxeHue:

GRANT SELECT, UPDATE (Bnageneu) ON Astomo6unu TO boss;

MO3BOJIFIET NOJSIb30BATENIO, KOTOPbLIM NPeacTaBMica CUcTeMe naeHTndurka-
TOopomMm boss, ncnonb3oBaTtb MHpOpMaLMIO U3 Tabnuusl ABTOMOOUAKW, HO
M3MEHSATb B HE OH MOXET TOJIbKO 3HayeHus ctonbua Bnageneu,.

Ecnun nonb3oBatens U_1 npegoctaBun Kakme-nmbo NpuBUIErnv opyromy
nonb3oBatento U 2, TO OH MOXeT BNOCNeACTBUM OTMEHUTb BCE WU
HeKoTopble 13 3aTux npusuneruin. OTMeHa OCYLWECTBSETCS C MOMOLLbIO
npepnoxenns REVOKE (0TMeHUTb), 06wuii hopmMaTt KOTOPOro O4eHb MOXOX
Ha dopmat npeayioxeHmns GRANT:
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REVOKE npusunerum ON o6bekt FROM nonb3osartenu.
Hanpumep, MOXHO oToGpaTb y NMonb30BaTeNs NpaBO U3MEHEHUs
3HayeHun ctonbua Bnageneu;

REVOKE UPDATE (Bnageneu) ON Astomob6unmn FROM boss.

B SQL npemnycmoTpeHa elie ogHa BO3MOXHOCTb, NO3BOMSOLLANA
nonb3oBaTento obecneymBaTb 6€30MaCHOCTb CBOMX AAHHbBIX — 3TO MEXAQHU3M
ynpaBfieHns TpaH3aKUMAMU.

TpaH3akumsi, N noruyeckas eamHuua paboTbl — 9TO B 00LEM clyyae
NnocnefoBaTeNbHOCTb Psaa Takux onepaumii, KoTopble NpeobpasytoT HEKOTO-
poe HenpoTUBOPEYMBOE COCTOSHME 0asbl JaHHbIX B APYroe HenpoTuBO-
peYMBOE COCTOSIHNE, HO HE FapaHTUPYIOT COXPaHEHNS HEMPOTUBOPEYMBOCTU
BO BCE MPOMEXYTOYHbIE MOMEHTblI BPEMEHN.

HukTO, KpOME NONBL30BATENS, FEHEPUPYIOLLIErO TY U MHYIO NOCenoBa-
TenbHoCcTb SQL-npennoxeHuii, He MOXeT 3HaTb O TOM, Korga MOXeT
BO3HUKHYTb NPOTUBOPEYNBOE COCTOSAHNE Ba3bl JAaHHbIX U MOCSE BbIMOJIHEHNS
kakmx SQL-npennoxeHun oHO McyesHeT, T.e. 6a3a AOaHHbIX BHOBb CTaHET
akTyanbHon. MoaTtomy B 6onbwinHcTBe CYB/, co3maeTcd MexaHu3m
06paboTkM TpaH3aKuUU, NPpU UHULMMPOBAHUM KOTOPOro BCE U3MEHEHUS
OaHHbIX paccMaTpUBalOTCA Kak npeaBapuTesNibHble A0 Tex Mnop, noka
nonb3oBaTeNb (pexe cucTtemMa) He BblAACT MPEenJIoXEHNS:

COMMIT (dukcupoBaTb), npeBpallalollee Bce NpeaBapuTesibHble
OBHOBNEHUS B OKOHYaTeNbHbIE (“3adUKCUPOBaHHbIE”);

ROLLBACK (oTkaT), aHHynmpytoLLee Bce NpeaBaputesibHbie 0OHOBNEHMS.

[Monb3oBaTenb AOMKEH CaM peLlaTb, BKIIOYATb S MexaHn3m 006paboTku
TpaH3akuui n ecnu BkoYaTh, To rae nsgasatb COMMIT (ROLLBACK), T.€.
Kakme nocnepoBaTenbHoCTM SQL-nNpeanoxeHnin 9BnAsOTCA TPaH3aKUUAMU,

BonbwmHcTeo CYB/, No3BONAIOT N0OOMY YMCNY TpaH3aKUMii OOHOBpE-
MEHHO OCYLLUECTBAATbL AOCTYN K OAHOW U TOW Xe 6a3e AaHHbIX, U B HUX
CYLLECTBYIOT T€ UIN MHble MEeXaHW3Mbl ynpaBfieHUs napaniefbHbiMun
npoueccamm, npegoTeBpaljalolme HexenaTenbHble BO3AENCTBUS OOHUX
TpaH3akumin Ha apyrue. Kak npaBuno, aTo MexaHn3am 6/10KMpoBaHUS, riaBHas
naes KOToporo A4ocTaTo4HO npocTa. Ecnm TpaH3akuum HyXXHbl rapaHTUK, HYTO
HEKOTOPbIN 06bEKT (6as3a gaHHbIX, Tabnuua, CTpoka Mnn none), B KOTOPOM
OHa 3aMHTepecoBaHa, He OyAeT U3MEHEH KakuUM-TMOO HenpeackasyemMblM
0b6pa3omM B TeveHme TpebyeMoro NpomMexyTka BpEMEHU, OHa YCTaHaBINBAET
ONOKNPOBKY 3TOro 06beKTa. Pe3ynbTaT 6/10KMPOBKM 3aK/I0HAETCS B TOM, HTOObI
M30MpoBaTb 3TOT O0OBLEKT OT APYrux TpaH3akuMM MU, B YACTHOCTMU,
npPenoTBpaTuTb Ero NSMEHEHME CPeaCTBaAMI 3TUX TPpaH3akumi. Ina nepon
TpaH3akumMm, Takum obpasomM, MMeeTCss BO3MOXHOCTb BbIMOJIHATb

CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT

90



npenycMoTpeHHyio B Hell 06paboTky, pacnonaras onpeaeneHHbIMU
3HaHMSMK O TOM, 4YTO 0OBbEKT B 3arnpoce OyaeT ocTaBaTbCsd B CTAOWALHOM
COCTOSIHUM [0 TeX nop, noka AaHHasi TpaH3aKUus 3TOro rnoxenaert.

Bce npeanoxernus SQL, kOTopble MOXHO BBECTU C TEPMUHANA, MOXHO
MCMNoNb30BaTb Takxke B MPUKIaAHOW NporpaMmme.

MHorue coBpemMeHHble CYB/], MMetoT COOCTBEHHbIE A3bIK/ MPOrpamMmm-
poBaHUsa, pan KOTOpbIX Bkaw4vaeT B ceba SQL. OApyrue paboTtatoT C
nporpaMmmamMmm, HanMcaHHbIMW Ha OAHOM W3 pacnpoCTPaHEeHHbIX
anropuTMmyeckmx a3blkoB (Cu, Mackanb nnn dopTpaH), B KOTOpble
BKJItOHaloTCa npeanoxeHns SQL. Ons obmeHa MHGoOpMaumnen ¢ H4acTaMu
nporpamMmbl, HanMcaHHbIMKU Ha NOObIX U3 3TUX A3bIKOB, CYLLECTBYIOT
creunanbHble KOHCTPYKUuM SQL, no3eonsiowme pabotaTb C NEPEMEHHbIMUA
MU (UNKn) oTaenbHbIMMU CcTpokamu Tabnuy. K ncxogHbiM TeKCcTaM S3blKOB
nporpaMMmMpoBaHUg, KOTOpble BKJOYalT B ceba koHCcTpykuum SQL,
npeabaBnseTcs pan TpeboBaHuin. MNepeMeHHble BKIIIOYaloLLIEero s3bika:

— MOryT MOSIBASATbCS B MPEOIoXEeHUAIX MaHUMyIMPOBaHUS AaHHbIMU

a3blka SQL Tonbko B onpeneneHHbiX ppasax n NnpeasiokeHusx;

— [OOMXHblI UMETb TUMbl AAHHbLIX, COBMECTUMbIE C TUMaMW OaHHbIX TeX
CTON6LOB 6asbl AaHHbLIX, C KOTOPbIMUA OHM AOJIXHbI CPaBHMBATLCS,
3HAYEHMs KOTOPbIX UM AOJIXKHbI OblTb MPUCBOEHLI UM KOTOPbLIM
[OMKHbI ObITb MPUCBOEHbI 3HAYEHUSI NEPEMEHHBbIX;

— MOryT MMeTb MMEHa, coBnagakwlwme ¢ MMeHamm CTonbuoB 6asbl
OaHHbIX (cucTema pas3nmMyaeT MX MO MECTOPAaCMONIOXEHUIO B
npepnoxeHnax SQL nnam no cneumanbHOMY CMMBOJY, yCTaHaBVBae-
MOMY Mepen UMeHeM MepemMeHHOl, Koraa Hafo MCMofib30oBaTh ee
3HayeHune).

Mocne BbinonHeHus nwboro npeanoxeHums SQL npoucxoouTt
obGHoBNeHne cucteMHon nepemeHHon SQLCODE (B Hee 3aHocuTCH
YMCNOBOW MHOMKATOP cocTosHus). HyneBoe 3HadeHne SQLCODE osHavaer,
4YTO AaHHOE NpenJsioXXeHne BbiMOoSHEeHO ycnellHo. MonoxmnTensHoe 3HavyeHne
O3HayaeT, 4TO MpeasioXeHne BbIMOJIHEHO, HO MMeNa MecTo HekoTopas
ucknoumTenbHasa cutyaums. Hanpumep, 3HadveHne +100 ykasbiBaeT, 4TO He
OblNI0 HalOeHO HUKaKUX OaHHbIX, YOOBNETBOPSOWMX 3anpocy. HakoHed,
oTpuuaTenbHoe 3HavyeHue ykasblBaeT, YTO MMena MecTo owwnbka u
npenioXeHne He BbINOMHEHO. [M0aToMy 3a KaxabiM npegnoxeHnem SQL B
nporpamMme OoJikHa cnenoBaTtb npoBepka 3HavYeHus SQLCODE v oonkHo
npennpuHMMaTbCs COOTBETCTBYlOLLEE OENCTBUE, eCliM 3TO 3Ha4YeHue
0Ka3anoCb He TaknMM, KOTOPOE OXUAANOCh.

OcHoBHaga npobnema “BcTpamBaHua” npegnoxeHna SELECT B
nporpammy 3aksno4daeTtcs B ToM, 4To SELECT, kak npaBuio, nopoxnaet
Tabnuruy ¢ MHOXECTBOM CTPOK 1 CTONOLOB, a BK/IIOHAIOLLNKM 93bIK He obnagaeT
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xopowuMun cpeactsamm, no3pondiowmMm onepmpoBatb OAHOBPEMEHHO
6onee 4em OOHOWM 3anucCbio (CTPOKOM). Mo 3TUM MpuYnHaAM HeobXoaMMo
obecneunTb CBOEro poja MOCT MeXAy YPOBHEM MHOXeCTB a3bika SQL u
YPOBHEM 3anucen BKYalowero g3blika. Tako MoOCT obecnedmBaloT
Kypcopbl. Kypcop COCTOMUT, MO CYLLIECTBY, U3 HEKOTOPOro poAa ykasaTens,
KOTOPbIA MOXET MUCNoAb30BaTbCs A/ NMPOCMOTPa MHOXECTBa 3anucen.
MooyepenHoO yka3dbiBas KaxAayl 3anMcb B JAaHHOM MHOXECTBE, OH
obecneymBaeT BO3MOXHOCTb OOpalleHnsa K 3TUM 3anuMcsaM no OAHON
OOHOBPEMEHHO.

B Tex e npunoxeHuax, roe Hago OTbickMBaTb M obpabaTbiBaTbh
MHOXECTBO MOAXOAALMX 3anncern n3 ogHon Tabnunubl UAM COBOKYMHOCTU
Tabnuy, 6a3bl AaHHbIX CreayeT MUCNoib30BaTb KypPCOpPbl, MO3BONSIOLIME
OopraHn3oBaThb NOCNenoBaTesNbHbIA OOCTYMN K CTPOKaM Kakor-nmbo Tabnuupl
(coeomHeHnio TabnuL).

MpennoxeHne:

DECLARE nmsa_xypcopa CURSOR
FOR nopzanpoc

onpenenseT Ms Kypcopa 1 CBA3aHHbIM ¢ HUM nogadanpoc. C ero noMoLbto
NOEHTUDUNUMPYETCS HEKOTOPOE MHOXECTBO CTONMOLOB M CTPOK yKa3aHOW
Tabnuubl (COBOKYNHOCTM Tabnuu), KOTOPOE CTAaHOBUTCS aKTUBHbLIM
MHOXECTBOM AN JaHHOro kypcopa. Kypcop unaeHTuduunpyeTt Takxe
no3mumio B 9TOM MHOXECTBE (CHa4vana 9TO No3uuus ero nepBoin 3anmcu).
AKTUBHbIE MHOXECTBa BCerga paccMaTpmBatoTCs Kak ynopsaovyeHHbIe.
OnuncaHHble ¢ nomolpsto DECLARE CURSOR MHOXecTBa MCNOJNb3YIOTCS
psgom npeanoxeHnn SQL ona yoaneHns oTMeydeHHbix cTpok (DELETE), ux
mogmndukaunm (UPDATE) nan npucBoeHUs 3HaA4YeHUn NepeyvmcrieHHbIX B
SELECT cTtonbuoB nepemMeHHbIM. OfHaKo nepemn, BbiNoJIHEHUEM 3TUX KOMaHA,
HeobX0aAMMO aKTUBU3UPOBATb KypPCOpP, KOTOPbIA B 3TOT MOMEHT HE OTKPbIT.
Lna atoro ncnonbsyetcs npeanoxeHne OPEN (OPEN nma_kypcopa).
CnenyeT ynoMsiHyTb elle ABa NpPenjioxXeHnsl, CBA3aHHbIe C KypCOopamMu.
9710 npeanoxeHne ona gesaktuBaumm kypcopa (CLOSE mnma_kypcopa) u
npeanoxeHue ang yHmdtoxeHns kypcopa (DROP CURSOR umsa_kypcopa).

2.4. TexHOoNOrng runNepTeKkcTa
N MHTeJIeKTyalJibHbleé CeTeBble uHTepgencsl

Pa3BuTre nokanbHbIX 1 rNobanbHbIX CETEN, MACCOBOE NUCMOJIb30BaHME
OBM He Tonbko B NpodeccnoHanbHbix 061acTaxX AeaTeNbHOCTU, HO 1 B cdepe
[nocyra v pasBjledeHUin okaszaM CUIbHOE BAUSHUE Ha pas3BuUTUe
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MHOOPMALIMOHHbIX S13bIKOB, C MOMOLLBID KOTOPbLIX MONIb30BATENN MOJyYaloT
[ocTyn K MHPOopMaLMOHHBIM ceTeBbIM pecypcam. Habniopaetca GbicTpas
3BOJIOLNS OT TPAAMUMOHHBIX CPEACTB A0CTYNa K AaHHbIM K CIIOXHbLIM BUaam
MHTEPDENCOB MONbL30OBATENS.

He mMeHee BaXHbIM CTUMYSIOM Af19 Pa3BUTUS MHTEPdENCOB MoJSib30Ba-
Tend sBnnacb BOSMOXHOCTb HaBuraumy no MHGOpMauMoHHbIM y3niam n WEB-
cepBepam Internet. TexHonornm, OCHOBaHHbIE HA FMNepPTeKcTe — cnocobe
opraHmaaummn nHpopmMauum 1 4octyna K Hel, Npu KOTOPOM MexXay pasnuny-
HbIMWU TEKCTaMu 1 (Mnn) dparMeHTamMmm TEKCTOB YCTAHOBMIEHbI CBA3U, a Bbl-
OeneHve cBa3n aBToMaTnyeckn obecneumBaeT 4OCTYMN K COOTBETCTBYOLLEMY
TEKCTY unu pparmMeHTy TeKCTa, 3Ha4YMTEeNIbHO ynpoLwlaloT U genailoT 6onee
3P PEKTMBHBIM MOUCK B HECTPYKTYPUPOBAHHbIX TEKCTaX.

MinepTekcToBaa cuctema npeacrtaBnsgdetr MHGopmMauuio B BUOE
HEeKOToporo rpada, B y3nax KOTOPOro COAepXaTtCsl TEKCTOBbLIE 3NIEMEHTbI
(npeonoxeHus, absaubl, CTpaHULbI, LeNble CTaTbh MO0 KHUMN), a Mexay
y3/1aMu UMEIOTCH CBA3U, C MOMOLLIbIO KOTOPbLIX MOXHO NEPEXOAUTL OT OAHOIO
TEKCTOBOrO aflIeMeHTa K apyromy. Mpu 3ToM MHPOPMALMOHHbBIE 3IEMEHTHI
rmnepTekcTa MOryT HaxoAMUTBCS Ha robanbHO pacnpeneneHHbIX CeTeBbIX
cepBepax. UHpopMaLMOHHbIe 3JIeMEeHTbl TMNepTeKkcTa — 3T0 0ObEKTHI,
KOTOpblE CO3JAET 1 KOTOPbIMU MaHUMYNMPYeT pa3paboTyuK (Nosb3oBaTeNb).
3711 0ObEKTbI BKOYAOT MbIC/U, AMarpaMmmbl, PUCYHKN, Uaeun, o0CyXaeHus,
apryMeHTbl, anroputMbl. PUanyeckummn npencraBieHnsMn obbekTa Moryt
ObITb TEKCT, OMTOBOE NpeacTaBfieHne msobpaxeHuin, rpadpuka, 3BYKWU,
MYNbTUMNKALNG, NPOLECCHl U T.4.

Ewe ogHM bakTopoM, CNOCOBCTBYIOLLIMM Pa3BUTUIO MHDOPMALIMOHHbIX
A3bIKOBbIX CpeacTB 00paboTKM AaHHbIX, CTann MynbTUMEAUNAHbIE
cpepcTBa — CpeacTBa, NO3BOMAOLWME OAHOBPEMEHHO NPOBOANTL ONepaunm
C HENOABMXHbIMU N300paxeHnamMmmn, sBnaeoduibMamMmn, aHUMMUPOBAHHbLIMA
rpadpunyecknummn obpasamMmm, TEKCTOM, PEYEBBLIM M 3BYKOBbIM COMPOBOXAE-
HUeMm.

TEeXHONOrMN KIMEHT-CEPBEP M KOHLIENLNS OTKPbITbIX CUCTEM KOHLEHTPU-
pyloT B ce6€e COBPEMEHHbIE NMONb30BATENLCKME MHTEPDENCHI M CMOCOOCTBYIOT
MX pPa3BUTUIO 3a CYET NpPeaoCTaB/ieHUS BCE HOBbIX BO3MOXHOCTEN B
06paboTke AaHHbIX U 3HAHWIA.

Mop, kmMeHTOM 34eCb MOHMMAETCs MpukiagHas nNporpamma, Kotopas
odopmMnseT 3anpoc Nosb3oBaTeNsd TeNeKOMMYHUKALIMOHHOM CEeTU Ha Noy4ye-
HME CeTeBbIX YCNYyr B COOTBETCTBUM C MPUHATBIM CETEBbLIM MPOTOKOJIOM.
KnneHT nonyyaeTt 3anpoLUEHHYIO YCNyry OT CETEBOIro cepBepa — NPUKIaaHOMN
nporpamMmsbl, KotTopas NMpUHUMaeT 3anpoc U3 CeTU OT KJIMeHTa Ha
npenocTaB/iEHNEe HEKOTOPOW CETEBOW YCYrn N NPeaOCTaBAAET KIIMEHTY 3Ty
YCNyry, ecnm oHa BXOOUT B €ro KOMMNeTEHLMIO.
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OTkpbITbIE cucTeMbl — 3TO AVIC pasnnMyHoOro Has3Ha4YeHus, pasMeLLleH-
Hble B pPasfIMyHbIX y31ax TeNeKOMMYHUKaUMOHHOM ceTun. Nx paboTy kak
€4NHOro VMHTErpmMpoBaHHOro LUenoro obecneymBaeT cuctemMa OTpPaC/EBbIX,
roCyAapCTBEHHbIX 1 MEXAYHAPOAHbIX CTaHAAPTOB B 061aCTV MHOOPMaLMOH-
HbIX TEXHOJIOMMIA, CNELNULMPYIOLNX MHTEPGENCHI, YCNYrv U NoOAOEPXNBAIO-
wux popmMatbl JaHHbIX 4S5 LOCTUXEHUS B3aMMOOENCTBUS 1 MEPEHOCUMOCTU
NMPUIIOXEHNA, OAHHbIX U NepcoHana.

TpagnumoHHbIE A3bIKOBbIE MHTEPdENCHI, KOTOPbIE paccMaTpmBannCb
0O cux nop, “He NMOHUMAaKT” coOepXaHUd COOOWEHUS B MOMEHT
ocCyuleCcTBNEeHMS NpeobpasoBaHud. ViM He TpebyeTcs 3HaHMIN HU O XapakTepe
NoBeAEHNS MOb30BATENS, HX O BHYTPEHHEN CTPYKTYpe paboumx NpoLLeCCoB,
HU O AAHHbIX, C KOTOPbIMW OHW MaHUMYANPYIOT, @ HY>XXHbl TOJIbKO HEKOTOpPbLIE
npasuna npeobpaszoBaHnii GopmaToB.

MHTepdelicbl, onncbiBaemMble ganee, MMeET HECKONIbKO 00Lnx
XapakTepPUCTUK, KOTOPblE MO3BOJIAIOT Ha3blBaTb X B HEKOTOPOM CMbICE
uHTennektyaabHbiMy. OCHOBHAass 0COBEHHOCTb COCTOUT B TOM, 4TO
npeobpas3oBaHns, BKIIIOYEHHbIE B MHTEPdENC, [0 CUX NMOP NPOBOAMBLUMECS
yepe3 MexaHu3M onpeneneHuii, Oo/KHbl OCYLLECTBAATLCS B KOHTEKCTE
oTobpaxaemMoin npegMeTHor obnactn. Takon nHTepdernc aomkeH obnanatb
HEKOTOPbLIMU 3HaHUAMK O “Mupe 3aaa4dn”, B KOTOPOM (PYHKLIMOHUPYIOT OH U
nosib3oBaTesb.

Jloam NoCTOAHHO NPUOBPETAIOT U COBEPLLUEHCTBYIOT CBOU 3HAHUS (CBOIO
“moaenb Mmmpa”). OHM MHTEPNPETUPYIOT NOYHEHHYIO MH(POPMAaLMIO U CIOBaMU
BbIPaXaloT TO, YTO XOTHAT CKa3aTb B CBETE 3TOM Moaenu. lNpouecc, ¢ MOMOLLbIO
KOTOpPOro 3TO AefnaeTcs, 4acTo onucbiBaeTcd B Gopme pacrno3HaBaHUs 006-
pasoB. lMocTynatowaa nHopmaumusa conoctaBngetTcd ¢ obpasuamu,
cozepxawmmMmmcsa B MOOENM Mupa, 4ToObl ONpeaennTb, Kakue U3 HUX
NPUrogHbl, T.€. Kakas U3 MHTepnpeTaumin NpeanodTuTesnbHee.

BTopast 0cOB6EeHHOCTb MHTENEKTYalbHbIX MHTEPMENCOB 3aK/T0HaeTCs B
TOM, 4TO OHUM TakKXe UCMonbL3ylT GOopMy pacrno3HaBaHUs o06pa3oB And
VHTEPNPETaLnM BXOOHbIX COOOLWEHMA OT MOJSIb30BATENSA B CBETE CUCTEM-
HOM mMogenn mupa. BosHukaioT ABe npobnemsbl:

— caM no cebe MexaHMU3M pacno3HaBaHus 00pPa30B;

— obecnevyeHne mMogenu mmpa, KotTopas npuobpeTaeT U XpaHUT

obpasubl.

3T BO3MOXHOCTM ONMMPatoTCs Ha BCE BPEMSA BO3PACTAIOLLLYIO MOLLHOCTb
pecypcoB 3BM un cneumanbHoe obopynoBaHue. Tpebyetca Gonbluasg
KOMMbIOTEPHAsS MOLLHOCTb A1 006paboTKM NpPaBwusl, MCNONb3YEMbIX KOMIbIO-
TEPHOM CUCTEMOW MPU MNPUHATUM Aaxe MNPOCTbIX PeLleHUn (Takux, Kak
BbIsiBNIeHME OpakoOBaHHbIX OUTOB B OUTOBOM U300paXXeHN), KOTOPbIE YENOBEK
OenaeT noyYTu NoACO3HaTENbHO B OOHO MIHOBEHME.
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TpeTbelh 0COBEHHOCTbIO MHTENNEKTYyalbHbIX UHTEPDECOB ABNSETCS
npobnema npepcTaBneHus ob6pasLLOB B CUCTEMHON MOAENN, a Takxe
rnoJsly4eHMe HOBbIX 00pa3L0B U COBEPLUEHCTBOBAHME CTapbix. KomnbioTep
DOJMKEH caM 00yyaTbCs HA OCHOBAHMM ONbITa M CO30aBaTh TAKYIO XXe MOAENb
MKMpa, Kak 1y ero nosib3oBartens.

Mcnonb3oBaHMe Takux OOMNONHUTENbHbIX CPEOCTB, Kak pedvyeBble U
BU3yasibHble MpPeaCTaBeHUs], YBEMMYMBAET MOJIOCY NPOMyCckaHus HeobXxo-
OVMbIX CPEeACTB CBA3U, W, CleaoBaTeflbHO, CKOPOCTb, C KOTOPOWM OOJIKHA
nepegasaTbCcs MHGOpMaLmS.

PeueBoin BbiBOA 0OecnedmBaeTCcsl C MOMOLLbIO CreuvanbHbIX YMMOB,
npeobpasyoLmx TEKCT B peydb. Peyb COCTOUT N3 cepumn poHEM, U 3HaYa-
WMX 3BYKOB (CM. loHMTY 1), annapaTtypHbiM 6a3MCOM SIBASETCHA reHepaTtop
TOHOB, KOTOPbIA MOXET CUHTE3NPOBATb HEKOTOPLIM AMana3oH NOOXOAALLMX
3BYKOB. [1pobnema cocTtouT B TOM, 4TOObI obGecneynTb Habop npasun,
KOTOpble ykasblBann Obl, kakas poHemMa AomkHa OblTb MCNONb30BaHa A9
OAHHOro TEKCTOBOIO criora. Pap, Takmx npaeun 6bin pa3paboTaH MMHIBUCTaMM
M NCNOJSIb3YETCH B COBPEMEHHbIX MHTepdencax. Jlydywme pesdynbTaThl
MoJslyyaltoTCs, €CqM UCMOoMb3YITCA 3annCaHHble, @ HEe CUMHTE3UPOBAHHbIE
3BYKW. HYTOObI 06ecneynTb BOCMPUMMHYMBOCTbL C aAekBaTHbIM BPEMEHEM
oTKNIMKa, TpebyeTcs NPoLECCOP 3HAYNTENBHOW MOLLHOCTU.

PeyeBoi BBOO U TexHMyeckoe 3peHune (BBOoO M3obOpaxeHun ot
Tenekamephbl) ABNAIOTCA NpumMepamu conoctaBneHns obpasuoB. OHU
pacLMpSOT BO3MOXHOCTM CUYNTbIBAHUS AOKYMeHToB. OBpasLbl, C KOTOPbIMU
NPOBOAUTCS COMOCTaBMEHNE, KPANHE MHOMOYUCIIEHHbI U CNOXHbI. PevyeBori
BBOJ, TPeOYET pacno3HaBaHUS N3 HEMPEPbLIBHbIX PEYEBbLIX BOJIH MPABUIIbHOM
nocneaoBaTeNbHOCTU POHEM U 1X Npeobpa3oBaHNs B TEKCTOBbIE CNOrV B
3aBMCUMOCTU OT KOHTekcTa. B peuyeBom BbiBOAE HET NpobnemMbl onpenene-
HUS TOro, roe KOH4YaeTcs OAHO C/IOBO M HauMHaeTcs gpyroe. TekcT yaobHo
pasbuT npobenamn 1 CUMMBOJSIAMU NYyHKTyauuu. HenpepbiBHas peyb He Tak
yoo0OHO pa3buta naysamMmu (nNaysbl 4acTo MOrMYT OenaTbCsa U BHYTPU CIOB).

BONbLUMHCTBO CEPUNHBIX YCTPOMCTB PEYEBOIr0 BBOAA PACNO3HAIOT NLLb
OrPaHMYEHHbIN AMana3oH OTAENbHbIX MPOU3HOLLEHWIA.

NHTennekTyanbHble MHTEP@ENChl TPeOYT MCNONb30BaHUS MOOENN
Mupa, 4Tobbl obecrneymBaTb KOHTEKCT AN MHTEpnpeTaunm Ha BBOOE U
nocTpoeHus dpas npu BbiBoAEe. VX MUPOM ABNSAIOTCS NpuknagHble 3aaaqu,
KOTOpblE OHU A0JKHbI NoanepXueaTb. Kaxabli nonb3oBaTeb MMEET CBOKO
COBCTBEHHYIO MOZESb 3TOMO MUpPa NPUIOXEHUI N NCNONb3YET CBOIO MOAENb
ona GopMUPOBaHNSA BXOAHOINO COOOLEHNS B CUCTEMY U MHTEPMpeTauumn ee
BbIXOAHbIX COObLWEeHNI. TpeboBaHNe eCTECTBEHHOCTM Amanora sBngetcs
dakTnyecknm TpeboBaHMEM TOro, 4ToObl CUCTEMHAs M MOJIb30BaATENbCKAdA
MOAENN mMupa NpuUIoXeHUn Obinnm conocTtaBumbl. Ecnu aTm mopenu
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pagukanbHO OT/INYaTCH, TO HECOMNOCTaBMMbIE NPeacTaBieHnsa NpUBEayT K
ownbkamM B3aMMOMOHUMAHUA, KOTOPblE MOTFYT CUJIbHO 3aTPYAHUTb
B3aMMOAENCTBME NOsb30BaTens ¢ CUCTEMON.

Bce unHTEpPerichl, paxe camble NPOCTble, coaepXat MOAeNb MuUpa
CBOEro npunoxeHusa. MeTtoasl CTPYKTYpPUPOBaHWA guanora, UCNosib3yemble
dpasbl 1 cornalleHns coaepxart npeasioXXeHns 0 MMpe CBOEr0 MPUIOXKEHNS.
B niobom unHTepdeice aTa Moaenb oTpaxaeT B3rnag Ha NpuioxeHue,
MPUHATBLIA MPOEKTUPOBLLUVMKOM Mpu pa3paboTke CUCTeMbl. ATa MOOENDb
cTatnyeckasi,  NoNb3oBaTenNn, ECNY OHM XOTHT YCNELLIHO B3aMMOAENCTBOBATb
C CMCTEMOM, O0MKHbI NOArOHATL CBOW MOAENN, CONOCTaBASAA UX C HEM.

BonbWMHCTBO M3 Bonee nnn MeHee yaayHbIX MHTEPPENCOB YENOBEK-
KOMMNbIOTEP NOTEpnenuM nposBan M3-3a TOro, 4TO MOAENb, HA KOTOPOM
MPOEKTUPOBLLVK OCHOBbIBaT CUCTEMY, CYLLECTBEHHO OTIMHAETCS OT MOLENN,
CNOXMBLLENCS Yy Nnonb3oBaTens. Ytobbl KOMMEHCMPOBaTb 3TOT HEOOCTATOK,
00NblLIOE 3HAYEHME MpUOAETCs MeTodaM CUCTEMHOrO aHanu3a, KoTopble
noMoratT NMPOEKTUPOBLLNKY CO3haBaTb MOAENb Auanora, CXOOHY C
MOZENbI0, CIIOXMBLLENCS Y MOJIb30BaTENS.

B TenekoMMyHMKaLMOHHbIX CETSX B ponn nHTepderica K 6a3e AaHHbIX
(3HaHumin) moxeT BbicTynatb Web 6paysep.

Basbl 3HaHMIN 0ObLIYHO COAepXaT OrPOMHOE KOJIMYECTBO MHDOPMaLMN,
MO3TOMY MOUCK HYXHOW MHPOpMaLMM CTAHOBUTCHA 3KCTPeMasibHO
KpUTM4eCckon GyHKUMENn. BonblLUMHCTBO COBPEMEHHbLIX METOAO0B Moucka
BKJIOHAIOT:

— WHCTPYMEHTaIbHblE CPEeACTBa;

— cpeacTBa MHTENIEeKTYyalbHOro rMomucka;

— BU3yasibHble MOAENN.

MHCTpyMeHTanbHble CpeacTBa Noncka MCnosnb3yTca ang nHopmMaum-
OHHOM HaBuraumm B Internet. Bce oHM MoOryT ObiTb aganTUPOBaHbl U AN
KOprNopaTuBHbIX ceTen. MIHoraa paspabaTbiBalOTCS LLEHTPANIbHbIE XpPaHUAMLLA
nHTepdemncoB (kaptbl 3HAHWI), KOTOPbie CBA3bLIBAIOTCA C 3HAHUSMW.
Monb3oBaTenu MOryT BblOMpaTb KapTy O HaBUraumm npu nomcke 3HaHumn,
XPaHALLNXCA B MHOMOYUCIIEHHbIX 6a3ax 3HaHWN, NPUYEM HE 3Has TOYHO, B
KakoM MMeHHO 6a3e OaHHbIX cnenyeTt Uckatb.

C nomoubio CpeacTB MHTENNEKTYaNIbHOrO NOMCKa BEAYT MOUCK HYXXHbIX
OaHHbIX B MHOOPMaLUVOHHONM cpefe Internet nnm kopnopaTuBHbLIX CETEN.
Hanpumep, nsydarotcs MHTepechl Nonb3oBaTtesiein No Habopam Knaccupunum-
POBAHHbLIX MU COOOLLEHNIA UM OAOKYMEHTOB, @ TakXe WCNOJb3ylTCs
3BpUCTUYECKNE MeTOoAbl Ansa cbopa AOMNONHUTENbHbIX, BONlee TOYHbIX
cBefeHuin. basnpyscb Ha CUHTakCUCe COOOLLEHWIA, ONPeaensoT KoYeBble
dpasbl, KOTOPbIE NOMOraloT NOHATL 3a4a4y nosb3oBaTens. Hanpumep, ogvH
W3 3BPUCTMHECKMX MOOXO0O0B npennonaraet u3ssaedyeHue J1iiobbix CJ0B,

CoBpeMeHHbI M'yMaHuTapHbIii YHUBEpCUTeT

96



Le/IMKOM COCTOSALUMX 13 3arsiaBHbix OykB, Takux kak ISDN, Tak kak 370,
BEPOSATHO, COOTBETCTBYET NpeacTaBfeHnto abbpeBmaTyp MM TEXHUYECKUX
MMeH. [lpyron 3BpUCTUYECKNI METOA 3aKJIlo4aeTCs B TOM, 4TOObI He obpa-
WwaTb NP 3TOM BHUMAHUS Ha C/I0BA, ECNU OHM UCMOJb3YIOTCA OS5 YCUNEHMS,
Hanpumep “NOT”. Ewe oauH cnoco® — BKJOYEHME MepedyncneHun,
HYMEPOBaHHbIX CMNCKOB, CEKLMIM 3aroflIoBKOB U onucaHuin gmnarpamm. Bce
3TO NO3BOJIFIET HAXOANTb OOKYMEHTbI, NPeayraabiBasi 3anpochl N0b30BaTENS.

Cpean HOBbIX TEHOEHUMI B 001AaCTU MPOEKTUPOBAHUSA CUCTEM MOUCKa
MHGOPMaLM MOXHO BbIAENTb METO/, BU3YyasibHbIX MOAENEN (BU3yanmu3auun
3HaHWM).

CucTtema co3gaeT HTENNEKTYasbHbIA KOHTEKCT (CI0Bapb-CNPaBOYHUK),
MCMNOSb3ys MEeTafaHHbIE, BblAENEHHbIE N3 UCXOOHbIX AOKYMEHTOB, BK/OYad
CTPYKTYPMPOBAHHYIO nHpopmauunto B Bl 1 ueneBbix OOKYMEHTax, Uim
HECTPYKTYPUPOBAHHbIE AaHHbIE B OPUCHbIX AokyMeHTax n Web-cTtpaHuuax.
[na HecTpPyKTYpUPOBAHHbLIX AOKYMEHTOB BbINOJIHAETCS JIMHIBUCTUYECKUNIA
aHasim3 n aBTOMaTUYeCKN NMOMEYAIOTCSA NMPOAHAM3NPOBAHHbIE AOKYMEHTbI.
CepBep MHTENNEKTYaNIbHOIO KOHTEKCTa aHaNIM3NPYET NMOMEYEHHYIO MHpOpMa-
Uno, NAeHTUGUUMPYET B3aMMOCBSA3M MexXAy OOKYMeHTaMum U CTPOuUT
MHOropasmMepHoe MHOOPMaLMOHHOE NPOCTPAHCTBO, UCMNOMb3ys cneumanb-
HbIh aA3blk MoMeTok (Information Space Markup Language). NMonb3oBaTtenb
“netTnt” ckBO3b MHOOPMALMOHHOE NPOCTPAHCTBO, MAHUMYIMPYS MbILLbIO.

Hanpumep, cpencteo Buayanmsauum VizControl npepnaraeT HECKONbKO
dopmaToB Buayanmsauun. Kaxngblhi N3 HUX pas3BMBAET MeTond “dOKycC
KOHTEKCT”, KOrga UHTepecyoLme nosb3oBaTeNns AaHHbIE BbIBOASATCA Ha ne-
pPeOHU NNaH N B TOXE BPEMS COXPaHSIeTCs CTPYKTypa Aaxe o4eHb O0MbLUMX
HabopoB AaHHbIX. OOHO N3 TaKMX MHCTPYMEHTANbHbLIX CPEeACTB, rmnepbonn-
yeckuri 6paysep, UCrnosb3yeT rmnepbosmMyeckyto reoMeTputo oas pacimnpe-
HUA MHPOPMAUMOHHOIo NPOCTPaHCTBaA Npu paboTe C Mepapxmyecknmm
CTPYKTypamu, KOTOpble PaCLUMPSAOTCH SKCMOHEHUMANIbHO C YBENIMYEHNEM
rnyOuHsbl. Takum obpasom, rmnepbonmnyecknii 6paysep moxeT nokaszatbs 1000
y3/10B B OkHe pasmepoM 600x600 nmkcenos, B LEHTPEe KOTOPOro BbICBEYM-
BaeTCs TEKCT AOBOJIbHO 60/bLWIOro obbema (a9 cpaBHEHUS!, YCNOBHbIN 2D-
Opay3ep MOXeT nokasaTb Ha 3KpaHe nuib okono 100 y3no.). Nonb3oBaTenb
nepemeLiaeTcd No MHPOPMaLNOHHOMY NPOCTPAHCTRY, Weakasa “Mbllblo” Ha
y3ne unu nepeapuras ykasartenb “Mbilin” no runepOdosmM4eckon niaockocTu.

2.5. NMouck n o06paboTKa JaHHbIX B rnNodanbHbIX CeTAX

MHTepHeT npeacTtaBnsgetr coboi rnobanbHyl0 CeTb KOMMbIOTEPOB,
0B6MEHMBAOLLMXCA AAaHHBIMU C MOMOLLbIO 00LLIEro A3bika (MpoTokona). PaboTa
MHTepHeT noxoXxa Ha paboTy MexayHapoaHoW TenedOHHOM CUCTEMbl —
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OTCYTCTBYET €4UHbIN BnageneL, nnu ynpasngaiolni, HO Bce 0O0beanHEHbI U
paboTaloT kak B ogHown Gonblioii cetn. Cnyx6a WWW, mnnn npocto Web,
MMeeT rpaduyeckuii, yaoobHbIli ansg noucka OOKYMEHTOB UHTepdenc. dtn
DOKYMEHTHI, a TakKe CBA3U MexXay HMMK, o6padytoT npocTpaHcTeo Web.

®daiinbl nnm ctpannubl Web cesizaHbl mexay coboii. Ytobbl nepeitn K
OpYyron cTtpaHuue, HeobxooMMO YCTaHOBUTb yKasaTeslb Ha CreuuvasnbHbIi
TEKCT unu rpaduyeckuin 0ObEKT, HA3bIBAEMbIN MMMNEPCChIIKON, N HaxaTb
KHOMKY Mbiwun. CTpaHuubl Web MOryt HaxoguTbCs Ha KOMMbIOTEpPE,
pacnonoXeHHOM B Nlo6oM MecTe 3eMHOro wapa. MNpu nogknoyeHun Kk Web
Bbl MoJlyyaeTe OOCTYyN K BCEMUPHOMN MHMOPMALMOHHON cnyxbe.

Mnepccbinkn 9BNSIOTCA TEKCTOM UK rpaduyecknmm ob6beKTaMu,
copepxawmmm agpeca Web. Ecnn yctaHOBUTb yka3aTeflb Ha rMnepcebIsky
M HaXaTb KHOMKY MbIlLX, NPON30NAET NEPEXOA K CTPaHULE, pasMeLLEHHOMN
Ha cootBeTcTByowemM y3ne Web. Kaxagaa cTpaHuua, BKIOYAs OCHOBHYIO
cTpaHuuy y3na Web, nveet cBoM agpec YHUBEPCANIbHOrO ykasatensd
pecypcos URL, Hanpumep http://www.microsoft.com/home.htm. Agpec URL
COCTOMUT M3 MMEHUN KOMMbIOTEPA, COAEPXALLErO HEOOXOAMMYIO CTPaHULY, U
MOJIHOrO MYTU K 3TON CTPaHULE.

KopnopaTnBHOM CeTbIO cuMTaeTcs ntobdas BblgeNeHHas CeTb, UCMOJb3YHO-
was KOMMYHUKaAUWOHHbIE cTaHOapTbl MIHTEPHET, a TakXke CEepPBUCHbIE
npunoxeHuns, obecneynBaloLlime OOCTABKY AAHHbIX MOJIb30BATENSAM CETW.
Hanpumep, npeanpuatne moxet co3pgatb cepeep Web gna nybnmkaumm
00bABNEHNN, NPON3BOACTBEHHbIX TPAPUKOB U APYrnUX CRyXeOHbIX
DOKYyMeHTOB. Cnyxauwme OCywecTBASIOT AOCTYyN K HEOOXOAMMbBIM
OOKYMEHTaM C nNomoulblo cpeacTts npocmotpa Web.

CepBepbl Web KopnopaTnBHOM CeTV MOryT o6ecnednTb NoNb30BaTeNsam
YCNyrn, aHanormnyHble ycnyram VIHTepHeT, HanpumMep paboTy C rmnepTekcTo-
BbIMW CTpaHuUaMu (copepxawmmMu TeKCT, TMMNepPCChiIkM, rpaduyeckne
n300paxeHnsa 1 3ByKO3anucu), npenocTaBiieHne HeobXoOMMbIX PECYPCOB
no 3anpocam knmeHTtoB Web, a Takxe OCyLWlEeCTBIeHMe OocTyna Kk 6asam
OaHHbIX.

[ns ynpaBneHus cpeacTBOM MPOCMOTPA Ha ero naHeau MHCTPYMEHTOB
COOEPXNTCSA HEOOXOAMMBI HAabop YHKUMIA U KOMaHA. PSoom ¢ naHenbto
MHCTPYMEHTOB HaxoAMUTCS afpecHasi naHesnb, coAexallas agpec Tekyllen
cTpaHuupl Web. YTobbl nepenTn K HOBOM cTpaHuue Web, cnenyet BBeCTU B
appecHoe none ccbinky URL Ha 9Ty cTpaHuuy. Kpome TOro, K HOBOM
CTpaHMLUE MOXHO MepenTn LWENYKOM TMMepCChIKU.

Y106blI co3paTtb y3en Web Ha komMnbloTEPE, MOXHO BOCMOJIb30BATLCSA
cnyx6amu yana Web. C nomoupto cnyx6 yana Web coBMeCTHbIN OOCTYN K
nokymeHTam Web BbIMOMHAETCA Tak Xe MpoCTo, Kak u Kk ¢annam B
KoprnopaTuBHOW CceTn (OOCTYn OCYLLECTBASETCA CpeacTBOM MpocMOoTpa
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Web). Ona obpaboTku 3anpocoB CpeacTBa NPOCMOTPa MUCMNoJb3yeTcs
npoTtokon obmeHa runeptekctom HTTP (Hypertext Transfer Protocol) u
npoTokon nepenayun ¢pannos FTP (File Transfer Protocol). C nomoLbio cry0Obi
FTP nonb3oBatenn MOryT He TONbKO 3arpyxatb ¢gannbl ¢ y3na Web, HO 1
KONupoBaTb ¢aisibl Ha Hero.

C nomoubio cnyx6 ysna Web Ha nepCcoHanbHOM KOMIMbIOTEPE MOXHO
co3gatb NnyHbIn y3en Web. JlndHble y3nel Web nonesHbsl onsa npegocTasne-
HUSA MHpOpMaunMM yneHam paboyen rpynnbl, a Takke gna nyénvkauum
JINYHBIX OCHOBHbIX CTPaHWL, B KOPNOpaTMBHOW CeTu. Yaule BCEro NM4HbIn
y3en NpUMEHseTcs aNng:

— nyénukauym NNYHO OCHOBHOW CTPaHULbI;

— nybnukaumumn cnyxebHbIX AOKYMEHTOB, HanpuMep pacrnucaHuin,

3anncoK 1 OTYETOB;

— CO30aHug MpuaoXeHuin anga 3anycka Ha ysne Web.

Cnyx6a Web sBnseTcs MHTepPaKTUBHOW CUCTEMOM 3anpoCcoB 1 OTBETOB.
CpepnctBo npocMoTpa Web 3anpalunBaeT gaHHbIE NyTEM OTNPaBKK 3anpoca
URL Ha cepep Web. Cepep Web nocbinaet oTBeT B BuAe cTpaHuubl HTML
(cneumanbHbii 93bik). CTpaHmua HTML mMoxeT ObiTb CTaTU4ecKkon (yxe
MPUCYTCTBYIOLEN 1 OTHOPMATUPOBAHHOW), ANHAMUYECKON (CepBep co30aeT
ee B OTBET Ha 3anpoc Nnosib3oBaTens), a Takke CoaepXXaTb CMUCOK AOCTYMHbIX
dannos 1 nanok ysna Web.

Kaxpasa cTpaHuua KOprnopaTtMBHOM ceTu unn MHTepHeTa nMmeeTt CBON
agpec URL. CpenctBo npocmoTpa Web 3anpawimBaeT CTpaHuLy NyTem
otnpaBku 3anpoca URL Ha cepBep Web. CepBep MCNonb3yeT NonyyYeHHbIn
agpec ong noucka u otobpaxeHus ctpaHuubl. Aopec URL cocTonT ns uMenu
npoToKona, AOMeHa U NyTu K Heobxoaumomy pecypcy. [poTokosn — 3TO
MEeTO[, COeAVHEHUS, NMPUMEHSIEMbIA 019 MOJly4eHUs A0CTyna K Heobxoau-
MO MHbopMauumn, Hanpumep npotokon HTTP. Uma nomeHa — 3TO Mg
komnbioTepa B cucteme DNS (Domain Name System); nyTb K pecypcy —
nyTb K dannam, pasMeLLeHHbIM Ha KoMnbloTepe. B cnepyowen tabnuue
npeacTaBfieHbl BOSMOXHbIE BapuaHTbl agpecoB URL:

ITpoTokoa Nms nomena ITyTh K pecypcey
http:// www.microsoft.com |/backoffice
https://

(HTTPc |www.company.com |/catalog/orders.htm
3aIUTOMN)
gopher:// | gopher.college.edu |/research/astronomy/index.htm

ftp:// orion.bureau.gov /stars/alpha quadrant/starlist.txt
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B appece URL moryt comepXxaTbCs UMHCTPYKLMU, KOTOPbIE LAOJIKEH
BbINONHUTL cepBep Web nepen BO3BpaTOM CTpaHMUbl. ITU MHCTPYKLUU
3anucbiBaloTCs nocne ykasanusa nytn. Cepsep Web nepepnaet gaHHble ans
06paboTkM NporpamMme UM CLEeHapuio, a 3aTeM BO3BpaLLAET pedysbTaT B
Buae ctpanHuusl Web.

B otBeT Ha 3anpoc cpenctea npocmoTpa cepBep Web Bo3BpallaeTt
cTpaHuuy HTML.

[Monb3oBaTenu MOryT COCTaBsATb 3anpockl 6e3 ykasaHnsa umenu darna.
Ona yana Web nnu otoenbHOro karasora MOXHO CO34aTb AOKYMEHT,
oTobOpaxaeMsblii Npy 06paboTke TakmMx 3anpocoB, UM HACTPOUTbL CEPBEP Ha
NMPOCMOTP COOEPXMMOro katanora. Ecnu B katanore OTCyTCTBYET AOKYMEHT,
oTobpaxaeMbili MO YMOYAHWIO, U BKITIOYEH PEXUM OTOOPaXeHUs COAEPXKN-
MOro kaTanora, Nofib3oBaTesito Bo3Bpallaetca ctpaHmua HTML co cnmuckom
dannoB 1 nanok kartanora (rMNepTEKCTOBbLIN BapMaHT NpeacTaBAeHuns
npoBogHuKa mnn gucnetdyepa dannos). Nonb3oBatesb MOXET 3arpy3nTb
dann, WenkHyB ero B Cruncke.
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3AOAHUS OJ19 CAMOCTOSATEJIbHON PABOThI

1. CoctaBbTe /IOrM4eckyro cxemy 6asbi 3HaHUM 10 TeMe IOHUTHI.
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2. I306pa3sute Ha cxeme knaccudukaumio GopmasbHbIX rpaMMaTyk.

3. 3agaH aBTomar:
A = (V1 Qa 6! yy F)1

roe:
V = {0, 1} - BXogHOW andaBuT;
F = {0, 1} - BbIxOOHOI andaBuT).
Q ={q, q,, q,} - andasnT COCTOAHUIN aBTOMATA;
0 - OYHKUNSA Nepexoaos.;
Y - OYHKUMS BbIXOO0B;
g, 0 Q - HayanbHOE CcOoCTOAHME aBToMarta.
dyHKUMK nepexoda 1 Bbixofa 3adaHbl B Tabnvue npeanMcaHnsMmu:

o y
(90, 0) |> qu (90,0)|- 0
(90, 1) |- qo (qo, D] 1
(q,0) |- g2 (qr, 0)[- 1
(@, D[-aqi (q, D=0
(q2,0) |- qo (92, 0) |- 1
(@, |- q (@2, D|-0

Ha Bxon nopaetcsa nocneposatensHocTth 0, 1, 0, 1.
Hapucynte ona gaHHoro crnydas guarpammy COCTOSHMIA aBToMaTa.
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4. [1nsa 3apaHns 3 coctaBbTe TabvLy COCTOSIHUI aBToMaTa.

5. CoctaBbTe 6J10K-CXEMY MPOXOXAEHUSI UICXOAHOI0 TEeKCTAa NMporpamMmel
yepes TpaHcasaTop (onvcarHve B n.1.4.2, 1.4.3).

6. M1306pa3unte Ha cxeme kaccugukaLumo BXoAHbIX s3bikoB AUC (pasaen
2.2).
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7. CocTaBbTe TabnmLy OCHOBHbIX QYHKLIMIA (BO3SMOXHOCTEN) a3blka SQL.

8. Cosnavite ¢ nomolbo peaaktopa Word 7 runeptekct Ha 6asze 3-x
¢arinos:

darin, roe 6ynyT XpaHUTLCS TONbKO HOMepa 3alaHN U3 AaHHOMO TEKCTA;

daiin, roe 6yayT XpaHUTLCS TOJIbKO TEKCThI 3a4aHUIA U3 LIAHHOIO TEKCTA,

daiin, roe 6yaoyT XpaHUTbCS TOMbKO TEKCTbI OTBETOB Ha 3a4aHus u3
[aHHOro TekcTa.

JIMHFIBUCTUYECKUE OCHOBbI MHOOPMATUKU
IOHNTA 2

OCHOBblI TEOPUN ®OPMAJIbHbIX S13blIKOB
N AA3blKM OBPABOTKU AAHHbIX UHD®OPMALMOHHBIX CUCTEM

Pepaxktop H.B. Opyx
OnepaTtop koMmnbloTepHOM BepcTkn [1.B. denotoB

M3a. nuy,. JIP Ne 071765 ot 07.12.1998 CpaHo B nevaTtb
HQY “CoBpeMeHHbIli 'ymaHuTapHbin MHCTUTYT”
Tupax 3aka3
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