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BBEJEHNE

AKTyanbHOCTb. B coBpeMeHHOM IT-HAyCcTpuy NoBceMecTHo

NPVMEHSI0TCS Pa3HO06Pa3HOro poAa MallHHbIe A3blkY, NpeAHa3HaYeHHble 415
BOCMPYSTIS KOMMBIOTEPOM, @ He YenoBekoM. Hanbonee N3BeCTHbIM K1accom
TaKyX A3bIKOB SBISHOTCA TEKCTOBbIE A3bIKW MPOrpaMMUpPOBaHWs, ANS KOTOPbIX
CyLLiecTByeT XOPOLLIO Pa3B1Tas Teopus, MO3BOAIOLLAA CO3AaBaTb TPAHCNATOPLI B
MaLLVHHble KoMaHabl [1,2]. B nocnesjHee Bpems Ans pelleHns pasHo06pasHbIX
3a/ja4 A0CTaTOYHO LUIMPOKO NPUMEHSIOTCA Takxe 1 BU3yaslbHble 3bIKW, Hanprmep,
Takue, Kak s3blk MogennposaHus UML [3], A3blkv Ha OCHOBe Avarpamm
«CYLLIHOCTb-CBA3b» [55], f3bIkv MogennposaHus Simulink [25] v LabView [48], a
Takxe Apyrue su3yanbHble A3bIKu.

CyYMTaeTCs, UTO BU3yasbHbIe S3bIKV HAMHOIO HarnsaHee 1 yaobHee ans
BOCMPUATNA YeNI0BEKOM, HeXe/IM TeKCTOBbIe. B YacTHOCTH, HejaBHee
nccnefoBaHvie ¢ NpYMeHeHneM MarHMTHO-pe30HaHCHO ToMorpadu NokasblBaeT,
UTO MNOCTaHOBKA 3a4ay C UCMOb30BaHMEM rpaduUUecknx CXem NpUBOAUT K
3HaUUTENbHOMY YCKOPEHWIO B MONyYeHUn oTeeTa [232]. Moapo6HO Bonpoc o
nperMyLLecTBax Br3yanbHbIX A3bIKOB OCBeLLeH B NpuaoxeHun M1.

BBuy BbilLecka3zaHHOrO, BU3yanbHble f3blk/ BHEAPSAIOTCA MOBCEMECTHO

KaK B 3a,@a4ax paspaboTku 1 NPOeKTVPOBaHNA MHGOPMALIMOHHBIX CUCTEM

pasNNYHbIX Ha3HaYeHWIA, Tak 1 B 3aadax BM3yanmsaumm AaHHbIX. VIHTepec K

BU3yaNbHbIM f3blkaM KpaliHe BbICOK. [loCTaTOYHO CKa3aTb, YTO CyLLeCTBYOT
eXero/Hble Mex/yHapoaHble KOHepeHLN, MOCBSLLEHHbIE BU3YaNbHbIM S3bikam 1
BV3yanbHOMY nporpaMMMposano,{m Hanpwumep, |EEE Symposium on Visual
Languages and Human-Centric Computing (VL/HCC«) nnun The International
Conference on the Theory and Application of Diagrams.

MprMeHNTeNbHO K CpeACcTBaM pakeTHO-KOCMUYeCcKon TexHukn (PKT),

Tak1M Kak pakeTbl KOCMUYECKOro Ha3HaueHWs, pasroHHble 610kK, Kocmuyeckme

annapatbl, 3/1eMeHTbl Ha3eMHOW KOCMUYECKOI MHPPACTPYKTYpPbI, BU3yasbHble
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A3bIKN NCMONB3YHTCA HE TONIbKO NPy NPOeKTUPOBaHNN NMPUKIaAHOTro
NporpaMMHOro obecreyeHus, HO Takxe 1 Npu BbIMOSHEHUN NPOLeAYpP MO OLeHKe
NX TexHn4eckoro coctosiHua (TC) [56]. Mpy 3TOM OHW NPUMEHSAIOTCA  Ha BCex
3Tanax XvW3HeHHoro uukna PKT. Micnonb3yemsble B HacTosiLLiee BpeMs cpejcTsa
Jlaneku oT COBepLLEHCTBa 1 He obecrneynBatoT B NonHol Mepe 3pdekTUBHOro
peLUeHns Ha3BaHHbIX 3aa4. [locTaToYHO akTyalbHO Takxke ABNSEeTCA 3a4a4a
pa3paboTKM 1 CONPOBOXAEHWS CreLnanbHOro NporpaMmMmHoro obecneyeHws
(CMNO), Ha A0t KOTOPOTO NPUXOANUTCS 60NbLUAs YaCTb BO3HMKAOLLMX NPK
nposeaeHV oLeHVBaHys TC oWM60K, HETOYHOCTEN 1 MP., YTO 3HaUYNTENbHO
CHUXaeT pe3y/bTaTVBHOCTb paccMaTpyiBaeMblX NMPOLLECCOB, HacTo NMPUBOAUT K
pasnnyHbLIM Mo MacliTabaM aBapyisiM 1 axe kaTacTpodam U B LieNoM He
obecrneunBaeT JOCTaTOYHOrO YPOBHA 3GPeKTUBHOCTV NpUMeHeHNs cpeAcTs PKT
[20]. Kpome Toro, B cBeTe NMPUHATOro NnpaBuTensCTBoM Poccuiickoit PeaepaLmm
Kypca Ha mnopTo3amMeLlleHne, B TOM Y/cae NporpaMmMHOro obecneyeHus, kpaiHe
BaXKHO CO3/laBaTb OT€YeCTBEHHbIe aHaNor CPeACTB BU3yanbHOro MPOeKTUPOBaHNS

1 pa3paboTku, ncnonbsyembix B PKT.



Heo6x04VIMO OTMETUTb, YTO KPYr 3aaY, peLlaeMblX C MOMOLLbHO

BU3ya/lbHbIX A3bIKOB, He OrpaH1YMBaeTCs 3aja4amu NpoekTpoBanHua MO.
Bmsyaanble A3bIKM UCNONb3YIOTCA B My3blke, MeJULNHE, TeHeTVKe, O6pa3OBaHVIVI,
B TOM unc/e ANns obydeHns geTeil (B TOM Uncne 1 vepes VHTepHeT), B
1306pasmnTeNbHOM VCKYCCTBE, a Takke MOAENVIPOBaHNN TPEXMEPHbIX CLieH,
novicke, pacrno3HaBaHun 1 06paboTke N306paxeHnii, novcke MHopmaLmu,
VHTeNNeKTyanbHOM aHanvse jaHHblx (data mining), MHTepnpeTaumn
MaTemaTUYecknX BblpaxeHWii 1 TeopWiA, TeNeKOMMYHUKaLWAX, ONCaHysaX br3Hec-
NpPOoLLeccoB 1 anropuTMOB, MPOEKTMPOBaHMM YCTPONCTB 1 MPOrpaMMHOro
obecreyeHus, NPOrpaMMMpPOBaHUN YCTPOACTB Ha H3KOM YPOBHE, LMGPOBbIX
CxeM, Be/leHUV apxvBOB MyNbTMeANa, Beb-av3aiiHe, ynpaBieHun pobotamu,
apxuTeKkType, 6aHKOBCKOW eaTeNbHOCTY, 06paboTke TeKCTOB Ha eCTeCTBEHHbIX
A3blKax, ynpaeneHny 6e30MacHOCTLIO U axe A5 CO3AaHVa nHTepdelicoB T1na

"

KOMaHAHas cTpoka”. MOXHO OTMETUTb A3bIKW 418 MPOrPaMMUPOBaHNA Be6-
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npunoxeruii n SOA, a Takxe 60/bLLIOe KONNYECTBO rpadpuryeckmx NoAX0L0B K
pa6oTe ¢ 6a3amMu AaHHbIX, PaBHO Kak ¥ pasHO06pa3HbIX paclumpeHuii sbika UML
[61, 64, 65, 66, 67, 68, 69, 70, 78, 80, 81, 84, 88, 92, 98, 104, 110, 112, 113, 114,

115,116, 117,122, 134, 138, 142, 148, 157, 158, 161, 163, 166, 169, 175, 180,

193, 196, 199, 200, 202, 206, 207, 210, 216, 217, 220, 224, 230, 241, 242, 243,

245, 248, 252, 255, 256]. Bce 3TV NpunoxeHvs TpebytoT paspaboTkiu
COOTBETCTBYIOLLVIX CPEACTB PeAakTUPOBaHWS 1 NpeobpasoBaHus Anarpamm. Bce
3TO rOBOPUT O TOM, YTO 1MeeTcsl KpaliHe akTyanbHas 3aJaqa OnvcaHusa CUHTaKcuca
M CEMAHTVIKV MPOU3BOJIbHbBIX BN3Ya/lbHbIX A3bIKOB.

BBWAY Hanunsa 601bLLOIO KOAMYECTBA XOPOLLIO U3BECTHBIX MOAXOA0B K

paboTe C TeKCTOBLIMU A3bIKaMy Havbonee o4eBUAHBIM CNOCO60M onpeaeneHns
BM3YyasIbHOr0 A3blKa ABAAeTCA afAanTauns ¢opmanm3mos TEeKCTOBbIX A3bIKOB. V1
AeliCTBATENBHO, JOMUHUPYIOLLMM NOAXOA0M B AaHHOE BpeMst ABNAETCS MOAXO/ Ha
OCHOBE Tak Ha3blBaeMblx rpadoBbIx rpaMmmaTiik [214,215], To ecTb Gopmanunsm, no
aHanornM ¢ TeKCToBbIMM A3bIkamu[1,2], UCNonb3ytoLwuii Npasuna ceepTku rpadgos
B HEKOTOPbI HauaNbHBbIN rpad NGO CUHTE3 AnarpamMmbl U3 3TOrO HauaNbHOro
rpada. OgHaKo, AaHHbIV NOAXOA MPUBOAWT K crielmduyecknm npobnemam,
KOTOpble OTCYTCTBYHOT Y TEKCTOBbIX S13bIKOB, B YaCTHOCTU:

B OT/IMUMeE OT TeKCTa, y rpapuyeckoro npeactaBnenmns (M3o6paxeHus,
AviarpaMMbl) 06bIYHO HET Havana v KoHLa, Touka Havyana aHanunsa He
onpegeneHa;

B OT/IMYME OT TeKCTa, KOTOPbI B 6O/NbLUNHCTBE Cly4aeB MOXeT 6biTb
npeacTaB/eH B BUje nocie/0BaTeNbHOCTY CMBOJIOB Ha 6@CKOHEYHO NeHTe,
AviarpaMMbl 1 1306paxeHUs BCeraa He MeHee, YeM ByMepHbI;

3N1eMeHTbI 306paxeHns MOryT coZepxaThb B cebe Apyrvie nsobpaxeHus,
CUHTAKCUYECKN Nan CeMaHTUYeCKn CBA3aHHbIe C OCHOBHbIM; BO3MOXHO

Hann4ve CNoXHOI nepapxum n3obpaxeHui.

1306paxeHns MOTyT 6bITb AVHAMUYECKUMU.

HecMoTps Ha NepeyncieHHble NpobaemMbl, MOAXOA Ha OCHoBe rpadoBbIX
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rpaMmaTiK LUMpOoKo npumeHsieTcs [59, 60, 63, 87, 93, 101, 102, 110, 111, 143,
144,145, 146,152,161, 171,192,197, 201, 221, 227, 228, 236, 237, 267, 272,

273], cyLiecTByeT afanTupoBaHHasa knaccudukaLms Br3yanbHbIX S3bIKOB Mo
Xomckomy [94,234] n afanTpoBaHHbIe K BU3yaNbHbIM A3blKaM anroputmbl
TpaHALMK, B TOM Yncie anroputmbl LALR [208], Spnes [105, 122] n Koka-
SiHrepa-Kacamu (CYK) [218]. Takm obpasom, rpadoBble rpaMMaTiiki, Kak
MUHUMYM, MPYMEHUMBI K t06bIM KOHTEKCTHO-CBOBO/HbBIM BY3yaNbHbIM si3bIKaM
[102].

B TO BpeMsi Kak OCHOBHbIM MPenMyLLecTBOM popManisma rpapoBbIx



rpaMmaTuK siBnsieTcst 60M1bLUast BblpasuTenbHas MOLLHOCTL U NpopaboTaHHble
al'II'OpVITMbI, B3ATble U3 Teopmm TEKCTOBbIX A3bIKOB, OCHOBHbIM X HEAOCTAaTKOM
SIBNSIETCA BbICOKAs CNOXHOCTb. lefiCTBUTENBHO, AaXKe 151 TEKCTOBbBIX S3bIKOB,
MHOrVe NonynsipHbIe KOMMUAATOPbI HE UCMOL3YIOT GOpPManv3Mbl rpaMMaTK No
npvmvme C/IMLLKOM BbICOKOW CZIOXKHOCTW. Al‘lﬂ BV3Yya/IbHbIX A3bIKOB C/IOXXHOCTb
MOCTPOEHVSt FPaMMaTUKM eLLe BbILLIE 13-3a NepeyncieHHbIX paHee creunduyHbIX
npo6nem, NosTomy ApYyrmmM NonynspHbIM NOAXOAOM K 3aZa4e MOCTPOEHNS
CpeAcTBa NOAAEPXKWN BU3YasIbHOrO A3blKa ABISETCH OnncaHue ero Yepes 06beKTbI
npejonpeseneHHoro noBeAeHus. BeposiTHo, Havbonee 13BECTHLIM CPEACTBOM
Takoro poga siBnsetca Microsoft Visio [26], kpaiiHe npocToe 415 nonb3oBaTens,
O/AHaKo 1 noaaepXneatoLee T0/ibKO O4eHb OrpaHNYeHHble CUHTaKCUC U
CeMaHTUKY.

Taknm 06pa3om, HanuLo NPOTUBOPeYrBas CUTyaLMs - NN60

ncnonbayemble GopMan3mbl yHUBEPCabHbI, HO O4eHb C0XKHbI, YTO
OrpaHVYMBaET UX MPYMEHUMOCTb A/ peLUeHs MPUKAaAHbIX 3a4ay, IM60 NpocTs,
HO o6naaar0T HeAOoCTaTOUHbIMW BbIpasnTe/IbHbIMW CpeACTBaMU. PaspelueHVle
3TOro NPOTMBOPEYUS IBNSIETCS CYLLHOCTBIO PELLIaeMOii NPUKNAAHOI 3a4aum -
CO3/aHVIt MOZeNelt 1 METOZAOB OMNpejeNneHus BU3yanbHOro s3bika v
NOAAEPXMBAIOLLIEro NX NPOrpamMMHOro CpeACTBa, 0b1ajatoLLero NpocToTon Ans
nonb30oBaTens v, OAHOBPEMEHHO, BbIPa3uTebHbIMY CBONCTBAMU, CPABHUMBIMY C

dopmManm3mMom rpadoBbIx rpaMMaTUK, a Takke NpoBepka MPUMEHVIMOCTY
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pa3spaboTaHHbIX MoZeneli, MeToA0B 1 MPOrpaMMHbIX CPEACTB K PeLLeHIIO 3aa4
KoHTpons TC PKT B yc/10BMAX MMMOPTO3aMeLLeHNs.

[ns pelueHVs JaHHON 3a4a4u B AaHHOI paboTe npegnaraeTcs

OpVII'I/IHaﬂbeIVI NMoAXoA K OnMCaHNIo BU3YasibHbIX A3bIKOB, KOTOprVI cosmMeLlan 6bl
B cebe yHMBEPCaNbHOCTb U MMBKOCThL rpadoBbIX FPaMMAaTUK C MPOCTOTON TaKnx
cuctem, Kak Visio [26].

CTeneHb pa3paboTaHHOCTN TeMbl. COBpeMeHHOe COCTOosiHMNe

npeAMeTHO 061acTN UCCNe0BaHNS BU3YalbHbIX CPEACTB MOXHO
oxapakTepu3oBaTb Kak HEKOTOPOE HackILLeHWe, B KOTOPOM HOBble pOPMann3mbl
rpadoBbIX rpaMMaTHK NPaKTUYECKN He CO3Aat0TCs, 3aTO MCCNeAyrOTCA CBOMCTBA U
NMPUMEHUMOCTb CYLLECTBYOLLNX. DyHAAMeHTaNbHbIA BKNaZ B NPeAMETHYH
06/1aCTb BHEC/IN BblAarouimecs oteyecTBeHHbIE N 3apy6e>KHb|e y4eHble, B
yacTHocTi, Axo A. 1 YnbMmaH [x.[1,2], BupT H.[4], Thagkuii A.B. [5],

FopogeLkuii B.W.[7], Epluos A.M.[9,10], KoTos B.E. [16,17,18], /lanyHos A.A.

[19], Maiiepc B.[171,189], HeneiiBoaa H.H.[22], Tepexos A.H. [46,47], Teiyry
3.X.[49,50,51,52], Oxpur X. [121], Xomckuii H.[53,94], AHos F0.W.[57,58], n

Apyrvie, pa3syBLUMe 6330Bble 31eMEHTbl  TEOPV aBTOMATOB, TEOPUW aNropUTMOB,
TEOPUU NCKYCCTBEHHOIO NHTENNEKTA, MaTemaTu4eckom NOrvikn, Teopmm{
dopmManbHbIX S3bIKOB 1 FpaMMaTUK.

Hy>abl IHAYCTPUW, MOSBNEHWE 1 BHEAPEHWE B MPaKTVKY Napagnrmbl

“LdpoBOro obLLecTBa” NPYBENN K Pa3BUTUIO PAa3HOOBPasHbIX MPUKaAHBLIX
TeopWiA, peLuaroLLyX 3a4aUm CO3AaHVs YHUBEPCabHbIX BU3YabHbIX PejakTopoB U
$opmMannsmoB, CTpeamn KOTOpbIX, B YaCTHOCTY, MOXHO OTMETUTb

CXeMbI MPeACTaBNeHNsA aNropUTMOB aHanm3a nHGopMaLmn Ha ocHose G-ceTeid,
HayyHas Lkona npod. Oxtunesa M.HO. n npo¢. Cokonosa b.B., CMUNPAH,

Poccuns [23,24];

MHOroareHTHble, nepapxuyeckue, P2P Mogenu, Hay4yHas wkona fropogeLKoro
B.W., CMNWNPAH, Poccus [7];

bopmanu3m anropuTMMUECKX CeTel, HayyHas wkona npo¢. VieaHuuiesa B.B.,

npod. Mopo3sosa B.MM. n npod. Mapnes B.E; CMUWPAH, Poccusa [11,12];
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TexHonorvo REAL v reHepaTop rpaguyeckrx pegakropos QReal, HayuHas

wkona npod. Tepexosa A.H., CaHkT-MNeTepbyprckunii FocyaapcTBeHHbIV



YHusepcuTeT [46,47];

dopmannsm paclpeHHbIX NO3ULMOHHBIX FPaMMaTK, HayyYHas LwKona npod.
k. Koctaravonsl, yHusepcuteT CanepHo, tanus [101,102,103,104,105,106];
$opmMann3m rpammMaTiK yrnopsAoUmBaHns N306paxkeHuii, paspaboTaHHbIv B
YHuBepcuTeTe BpayHa, Pog AlineHa, CLUA [143,144,145,146];

dopmanusm rpapurueckmx GyHKLUOHaNbHbIX rpaMmaTik K. Kogxumel v b.
Maitepca, YHuBepcuteT [pkoHa MoHalua, Asctpanus [171];

pasnunyHble peLLeHKs nponssoauTeneii cpeacts CASE 1 RAD,
npeAHasHayueHHble 415 PacLUVIPeHst BO3MOXHOCTEN 1x rpadpuyeckmx
peAakTopoB nosib3oBatenem, B 4acTHocTy, Eclipse GMF 1 Microsoft DSL Tool;

1 MHOT Ve pyrue.

Mcxoas 13 BCero BbILLIECKa3aHHOTO, Lie/blo AVCCepTaLVIOHHON paboThl
ABNIAETCA NpejocTaB/ieHye 3KcnepTam I'Ipe,quTHOIﬁ 061aCTV BO3MOXHOCTA
OMUCaHVS MHCTPYMEHTOB aBTOMATW3aLM NPOLLeCCOB BY3yanbHOro
npoekTMpoBaHusa 1 KoHTpons TC CTO nyTem MOANOUKALMN CYLLECTBYOLLINX
MoZenen, ncnonb3yemblX Ans ONUCaHUA NPeAMEeTHON 061acTu, ANS NPOrpaMMHbIX
Cpe/ACTB BM3yanunsaLymu, a Takxke paspaboTki MeToA0B 1 anropuTMoB paboTel C

CO3AaHHOI MOAENbIO.

O61BEKTOM UCCNeA0BaHNS B AaHHO paboTe ABSOTCA MoZaenu, MeToApl v
ANIfOPUTMBbI, a@ TakKxe pa3p660TaHHble Ha X OCHOBe NMporpaMmMHble CpeiCcTBa,
06beanHsoLLYe MaTeMaTYeckie annapatsl npeactasneHvs TC CTO 1 cpeacTs
€ero BU3yanmsauum, NpeAMeToM UCCeA0BaHNI ABNSIOTCH MOAEN, METOAbI U
anropuTMbl, a Takke paspaboTaHHbIe Ha VX OCHOBE MPOrpamMMHbIe CPEACTBA,
o06beanHsoLLYe MaTeMaTYeckyie annapatsl npejctasneHvs TC CTO 1 cpeacTs
€ro BM3yanunsaumm.

Ha ocHOBaHWK pe3ynbTaToB aHain3a CyLLeCTBYOLLMX TEXHONOMMIA

npeacTaBneHns 1 NpuMeHeHnsa BM3yasibHbIX METO0B B AMCCepTaLLMOHHOIZ pa60Te

"

Heo6X0AMMO PeLnTL ClejytolLe OCHOBHbIE 334a4u:

1) NPOBECTUN aHaNM3 NPO6AEMHbIX aCNEKTOB CyLLECTBYHOLLWX MOZAENEN 1 METOAO0B
dopManmzaLmm Br3yanbHbIX S3bIKOB;

2) pa3paboTaTh MOAENM V1 aNrOPUTMbI, 06ecreyunBatoLLme NoAAePKKY C1HTakcuca
1 CEMaHTUKV BU3yanbHbIX gabmos{m , BOCTYTHbIE LLIVPOKOMY KPYry Ly

3) pa3paboTaTh yHVBEpCa/bHbIA KOMIIEKC MPOrpamM, peanunsyowuii
OTMeYeHHble a/iroPUTMbI U MOAenu;

4) nccnesoBaTh MPUMEHMOCTL MOZAENel, aNropUTMOB 1 pa3paboTaHHOro
KOMMleKca MporpaMm CPeACTB pa3paboTki MporpaMMHoro obecriedeHust (MO)
ANA 3a/ia4 NPOeKTUPOBaHWSA U BU3Ya/lbHOMO KOHTPO/IA TEXHNYECKOro COCTOAHUSA
CTO.

MeToz0N0r1s U MeTOAbI MCCef0BaHN 6a3VPYHOTCS Ha UCMOIb30BaHN
3/1EMEHTOB TEOPUUN NCKYCCTBEHHOTO VHTE/IEKTA, TEOPUI MHOXECTB, TeOpUn
rpaoB, TeOpUM KaTeropuii, Teopum anre6panyeckix rpadosbix TpaHCGopMaLii
1 Teopun GOPManbHbIX A3bIKOB, @ TakKe METOA0B MaTeMaTNYECKON NOrUKM 1
Teopuu NPOrpamMmMrpPOBaHIS.

Hayu4Has HOBV3Ha AMCCePTaLVIOHHON PaboThbl COCTOUT B Cle/ytoLLieM:

1) paspaboTtaH NoAXo/ K CO3AaHMNI0 PesakTopoB AnarpaMm, UCNoNb3yeMbiX B
3aZavax paspaboTKM N KOHTPOAS TEXHNHECKOTO COCTOSIHIS CIOXHbIX
TEXHUYECKUX O6BEKTOB, OCHOBAHHbI Ha OMUCaHUV BY3yalbHOTO S3bika
nonb3oBaTesieM, OT/IMYAIOLLMIACA OT aHANOMMUYHBIX MOAXOA0B TEM, UTO
061BbeaVHSIET OMn1caHne NpeAMeTHo 061aCTI 1 OncaHe BrU3yanusaumum B
€/MHYI0 MaTeMaTUyeckyto MoZeNb;

2) pa3paboTaHbl MOAENV 1 anropuUTMbl, 0becneumnBatoLLme NoAAePXKKY CUHTaKc1ca
1 CEMaHTUKU BU3YasbHbIX S3bIKOB, AOCTYMHbIE LLIKPOKOMY KPYTy L,

oTAn4aroLmecs Tem, 4YTo 3a OCHOBY ONMUCAHUA CUHTAKCKCa BN3yanbHOMO A3blka



B3fiTa BblUMC/UTENbHAs MOAeNb Thiyry;
3) pa3paboTaH NporpaMMHbI KOMMNEKC - YHUBEPCaNbHbIV pefakTop gnarpamm,
NS paboThl C BbILLEOMNVICAHHBIMY MOZENSMY U anropyTMamu, OTANYatoLLmiAcs

MCNOJIb30BaHNEM 1A ONUCAHNA CUHTAKCMCA BU3YasibHOrO A3blka
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BblUNC/TNTENBHbBIX Mo,qene|7|;

4) Ans A3bIKa Anarpamm “CyLLiHOCTb-CBA3L" pa3paboTaHo onmncaHme CMHTaKcmca,
OT/MYatoLLieecsi TeM, YTO 3@ OCHOBY OMVICaHVA B3ATa BbIUNCIUTENbHAA MOAEb,

1 NPOAEMOHCTPMPOBaHA BO3MOXHOCTb CO3AaHNS AVarpamm v Ux TpaHIaUMN B
CLeHapuK co3gaHus cxem 6a3 JaHHbIX, @ Takoke A1 MHeMOCXeMbl TpakTa
HaaayBa TOM/IMBHbIX 6aKOB pakeTbl “Coto3-2", pa3paboTaHo onvcaHve,
oT/In4aroLeecs TeM, YTO 3a OCHOBY OMNUCaHKSA B3ATa BblUYNC/INTE/IbHAs MOAe/b, N
NPOAEMOHCTPUPOBaHa BO3MOXHOCTb VCMO/b30BaHA MOAYYeHHON MHeMOoCXeMbl Mpur
KOHTPO/E TEXHNYECKOrO COCTOSIHMA CUCTEMBI.

TeopeTnyeckas 3Ha4MMOCTb MONYYEHHbIX B AVCCEPTALMOHHO paboTe
pe3ynbTaToB 3aK/Nt04aeTCs B MOyHeHUN eAviHOV MaTemMaTUYeHCKoR Mogenn
onuncaHys GpyHKLUMOHNPOBaHNS 1 rpadryeckoro NpeAcTaBieHUs CI0XHOro
TEXHNYeCKOro 061beKTa, NPy 3TOM 1MeeTCst BO3MOXHOCTb OnpejeneHns npasu
BU3yan3aLn orpaHnYeHHbIM MaTeMaT4YeckiM annapaToM, a Takxe
BO3MOXHOCTb NPeobpa3oBaHVs B pas/inyHble apTedakThl.

MpakTyeckas 3HaYMMOCTb NOYYEHHbIX PE3y/bTaTOB COCTOWNT B BO3MOXHOCTN
BHezpeHusa B Mogenb CTO npaBun ee BU3yanmsaumm, H4To NPUBOANT K
BO3MOXHOCTY €€ NCMOb30BaHNsA He NPOodeccroHanbHbIMU NPOrpaMMUcTaMu, a
JKcnepTamu B 061acTV KOHTPOASA KavecTsa 1 akcnnyaTaumm CTO. 3a cyeT 3TOro
CTOMMOCTb pa3paboTky MO aBTOMATU3MPOBAHHbBIX CUCTEM OLieHKM kavecTBa CTO
CHKaeTcs Ha 20-30%, a Bpems pa3paboTku Ha 10-15%.

B Lienom, Bce nosyHeHHble B paboTe pesynbTaTbl HanpaeieHbl Ha GopMrpoBaHue

eANHOro CNCTEMHOro no,qxo,u.aﬂ K pa3pa60TKe cncTem BU3yanusauumn VIH¢0pMaLJ,VIl/I,

XapaKTepHbIX /15 TeeMeTPUYECKMX CUCTEM Nepesayn, mpruemMa, npeobpasoBaHus
1 06paboTku nHopmaLmn.

OCHOBHHe{E MONOXEHWS, BEIHOCVIMbIE Ha 3aLUUTy:

1) pacLUMPEHNs BbIUUCAUTENBHO MOAENN ANS MOAAEPXKKN YeNOBEKO-MaLUMHHBIX
NHTepdelicoB (“BbluncIMTebHAA MOAENb BU3yanbHOro si3bika");

2) anropuT™Mbl pacyeTa BblYNCINTENBHON MOAENN BI3yaNbHOTO S3biKa 1

npveejeHns ee K CtTauyMoHapHoOMy BUAY;
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3) METOZA TPaHCALMN AnarpaMM, 3aaHHbIX B BblUMCAUTENBHO MoAenn
BU3yaNbHOrO A3bIKa, B MPOrpaMMbl Ha ApYyrux s3bikax;

4) MeTo/, NOCTPOEHVIS BU3Ya/bHbIX MHTEP(EACoB Anarpamm, 3ajaHHbIX B
BbIUNCAIUTENIbHOM MOV BU3YaNbHOIO H3bIKa, MO3BONSAOLLMIA, B YaCTHOCTY,
NOCTPOeHMe AVaNnoros C Nob3oBaTesleM 1 COMpsiXeHUe C TenemeTpuyeckoi
NHpopMaLmen.

Peanmsauys. OCHOBHbIE TEOPETUYeCKMe NONOXKEHVS U NpaKTUYeckme

pe3ynbTaThbl PaboThl 6bIIN NCMONb30BaHbI npmm BbIMOIHEHUM PaboT Mo rpaHTy
P®®W 00-07-90344 “ PaspaboTka MeTamozeneil, MeTo/0B, MHCTPYMEHTaNbHbIX
CpeACTB 1 TeXHONOTN KOHBEPTaLMW NPOEKTOB MHPOPMALIMOHHbIX CUCTEM,
CO3/)aHHbIX B COOTBETCTBUN C Pa3NVYHbIMV METOAONOMUAMM B pa3inyHbix CASE-
cnctemax”, npw npoekTnposaHuu MO aBTOMaTU3NMPOBaHHOW CUCTEMbI yrpaBNeHNS
NoAroToBKM K NycKy pakeTbl-HocuTens Cotos-2 B AO “PKLI Mporpecc”, AO “CKb
OpwuoH”, a Takxe B y4yebHOM npoLecce B CaHKT-lMeTepbyprckom
FocyAapCTBEHHOM YyH/BEPCUTETE a3POKOCMIYECKOro npm6opoc*rpoeHmm, npun
UTEHUM KYPCOB MO TEOPWU NCKYCCTBEHHOTO UHTeNNeKTa U GYHKLIMOHANbHOMY 1
NOryyeckoMy NporpaMMUpPOBaHNIO.

CreneHb 4OCTOBEPHOCTM U anpobauus paboTsl. [oCTOBEPHOCTL



chOpMYNMPOBaHHbIX HayUYHbIX MONOXEHWIA, OCHOBHbIX BbIBOJOB U pe3y/ibTaToB
AviccepTaLmmn obecneynBaeTcs 3a CHeT aHaNm3a COCTOSHUA NCCNeA0BaHNl B

AaHHOI 0611aCcTK, COrNacoBaHHOCTU TEOPETUYECKIX BbIBOAOB C pe3yanaTaMV|E {m
3KCNepuMeHTaNbHOI NPoBepKX pa3paboTaHHbIX aAropuTMOB B xo,qeﬂ VICMbITaHWA 1
LUTATHOW 3KCM1yaTauuy ceMeiicTBa pakeT-HocuTenein tmna «Coroam -2». OCHOBHble
pesynbTaThl AUCCepPTaLMOHHOI PaboTbl  AoKNaAblBaNCh 1 06CYXKAANNCH:

1) Haa LUECTON  MeXAyHapoaHas Hay4YHO-TeXHNYeckas KoHpepeHLs CTyAeHTOB 1
acnypaHToB “PaAnoTexHUKa, SN1eKTPOHMKa 1 sHepreTuka” (Mocksa E, M3W.

1999) [27];

2) Ha 8i1 MexayHapoAHOU CTyAEHYEeCKOM LLKOoNe-ceMrHape "E Hosble
MHOPMaLMOHHbIE TexXHonornm” ( MockBa, MI'13M. 2000) [28];

3) Ha 3eit Hay4HoW ceccum acnpaHToB MYAI (CaHkT-TMeTep6ypr, FYAI, 2000)
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[29];

4) Ha naToit CaHKT-MeTepbyprckoli Accambiee MONOABIX YUEHbBIX U

cneuvanuctos (CaHkT-Metepbypr, CN6IY, 2000) [30];

5) Ha ceilbMOI  MeX/AyHapOAHOI HayYHO-TEXHNYECKON KOHPEePEHLIM CTYAEeHTOB 1
acnupaHToB “PaZiOTEXHMKA, 3IEKTPOHKA 1 3HepreTrKa” (MOCKBam, M3W,
2000). [31];

6) Ha 19ii Hay4HON ceccvmm ['YAT (CaHkT-MeTepbypr, NYAM, 2016) [32].

7) Ha 2011 Hay4How ceccum YA (CaHkT-MeTepbypr, NYAM, 2017) [37,38];

8) Ha 191 MexayHapoaHoI KoHdepeHUMn “ Mpobaembl yripaBneHus 1
MOZENNPOBAHNSA B CIOXKHbIX cuctemax” MMNyCC PAH (Camapa, NMYCC PAH,
2017) [36];

9) Ha BocbMoli Bcepoccninckoii HayuHO-MpakTUYeckunii KoHGepeHLmmn no
NMUTaUVNOHHOMY MOAENINPOBAHNIO U ero NPYIMEHEeHUIO B HayKe U TeXHVKe

“ VIMuTaumoHHoe MogenvposaHue. Teopus 1 npakTuka” ( MIMMO/-2017) [39].
My6nvikaumn. OCHOBHbIE pe3ybTaTbl 1 MONOXEHVA ANCCePTaLVIOHHOM

pa6oTbl ony6nnKkosaHsl B 18 neyaTHbIx paboTax. V13 HVX ony6avkoBaHo 6 ctaTeli B
peLieH3MpyeMbIx HayYHbIX XXypHanax 3 MNepeunsa BAK [33,34,35,40,41,42] 1 9
A0KN3/,0B B MaTepuanax Hay4Ho-TeXHNYECKX KOHGePEeHLWI Pa3NINYHOTO YPOBHS,
B TOM YMCe MeXyHapoAHbIX 1 Bcepoccuiicknx. Kpome Toro, nonyyeHo 3
CBMAETENbCTBA O roCyAapCTBEHHOM perncTpaLmmn NporpaMMHoro obecneyeHns
[43,44,45].

CTpykTypa 1 06bem paboThbl

PaboTa coCTOUT 13 BBEAEHUS, YeTbipeX Pa3AesioB, 3ak/1HUeHNs,
6rbanorpapuyeckoro cnncka 13 274 HauMeHoBaHWA 1 cemn  MPUNOXKEHWIA.

O6beM OCHOBHOI YacTu paboTsl cocTaasieT 105 cTpaHUL, MALMHOMUCHOTO

rexcra{f.

Bo BBeAeHVM 060cHOBaHa aKTyaanOCTb{m NPOBOAUMbIX UCCNeA0BaHUIA,
onpejeneHbl Liean paboTsl, OCHOBHbIE 3a4a4y NCCNeA0BaHA, OTPaXeHa Hay4yHas
HOBVI3Ha 1 NpaKTUYeckas 3HaYMOCTb PaboTbl, CHOPMYNVPOBaHbI pe3y/bTaThl,
BbIHOCUMble Ha 3au.w|Ty.E
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B nepBoi rnaBe@p,aeTcn 060CHOBaHWe NPerMyLLEeCTB BU3yaibHbIX A3bIKOB
Ha/l TEKCTOBLIMY, aHaNN3UPYHOTCS U CUCTEMATV3MPYHOTCA CyLLLeCTBYOLLVE
€Nocobbl GopManbHbIX ONMCaHNIA BU3yanbHbIX 93bIKOB, MPOBOANTCA GopManbHas
nocTaHoBKa 3aJay UccnefoBaHus.

Bo BTOpOI rnaBe BBOAWUTCS BbIUNCINTENbHAA MO/AE/b BU3YaNbHOrO A3bIka,
MoKa3blBaeTCs ee MPUMEHUMOCTb K 3aa4aM BiU3yanmsauum gnarpamm, BBOAATCS
anropuTMbl 4151 BbIYVNCIEHWS MO U MPYIBEAEHVISI MOAGN B CTALIMOHAPHbIN
BUA, A&MOHCTPUPYETCS METO/ ONMCaHWA BY3yasbHOrO A3blka Ha OCHOBE MOAeNV.
B TpeTbeli rnaBe AaeTcs onuvcaHvie NpuKaagHoN peannsaumm

BbIUMCINTENLHOM MOZNV BU3YaNlbHOrO A3blka M MPOrpaMMHOro CpeACcTBa Ans ee

MOAAEPXKN.



B UeTBepTOI1 rNaBe MPUBOANUTCA OMCaHIE MPUKNAAHBIX Pe3yNbTaToB,

MMeHHO pa3paboTaHHOro peaaktopa ER-Anarpamm, KOTOPbIA MOXET 6bITh
1CMONb30BaH ANs NpoeKTUPOBaHUs 6a3 AaHHbIX, U CPEACTBA BY3yanmsaLmm
TefleMeTprYeckoi MHGOPMaLMN NOACHCTEMbI HaAAYBa TOM/IMBHBIX 6aKOB PaKeTbl-

HocuTens Coros-2.
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1. Mogenu onpegeneHust Br3yanbHbIX s13bIKOB

B laHHOM pas/iene paccmaTprBatoTCA OCHOBHbIE 3a4a4K, CTOsILLME Mepey,
BN3yanbHbIMY S3bIKaMu, NPU OLIEHVBAHNM TEXHNYECKOrO COCTOSIHMS pakeTHO-
KOCMUYECKOIN TeXHWKW; aHaNN3NPYIOTCA 1 CUCTEMATU3NPYIOTCS CyLLLeCTBYOLLME
cnocobbl d)OpMaﬂbelX onucaHnin BI/I3yaJ1beIX A3bIKOB; AeMOHCTpVIpyK)TCﬂ
HeoCTaTKU CyLLeCTBYHOLLMX MOAENEN 1 MPOBOANTCS dopManbHasi mocTaHoBKa
3a/,a4 UCCNes0BaHNS.

1.1. 3agauw, cTosLme nepes BU3yanbHbIMY A3bIKamu Mpu

npeACTaBNeHNN pe3ybTaToB 06paboTK AaHHbBIX NPy

oueHnBaHuy TC PKT

3ajava oLeHVBaHWSA TEXHUYECKOrO COCTOAHMS PakeTHO-KOCMUYEeCKO

TEXHUKM B 06LLEeM Cyyae 3aK/Ho4aeTcs B CPaBHEHNUM N3MEPEHHbIX U 3TaNOHHbBIX
XapakTepuCTVK OLeHVBaeMoro obbekTa. Mpy 3TOM OLeH1BaeMblii 06beKT MOXeT
6bITb Kak MaTeMaTn4eckom MOZeNbIo y31a A arperaTa (Ha Ha4anbHOM 3Tane
pa3paboTKm), Tak 1 HEMOCPEACTBEHHO STVUM Y3/10M W/N arperaToM (Ha nosaHem
3Tane paspaboTku). Takas oLeHKa MPOU3BOAUTCS B 6ONbLUMHCTBE CyYaeB
aBTOMATMYeCKM Ha OCHOBaHMW UMetoLLielica 6a3bl 3HaHWI 1 pacyeTos (puc. 1.1).

Puc.1.1. Cxema npouiecca oueHmBaHnsa TC o6bekta PKT

17

B kauecTse cpeacTBa Npe/ACTaB/ieHNs Nob30BaTeto OLEHKN TeXHUYECKOro
COCTOSIHMA, Kak MPaBUO, UCMONb3YIOTCS MHEMOCXeMbl. MHeMocxeMbl
npeACcTaBsAoT co60Vi rpaduyeckne cxemaTyeckne N3o06paxeHs y3nos u
arperaTtoB, Ha KOTOPbIX TeM NN UHBbIM 06pa30M (OGbI‘-{HO LUBETOM NN TeKCTOM)
NpeACTaBsSeTca TekyLLas OLeHKa TeXHNYeCKoro COCTOSAHS OLeHMBaeMoro
obekTa. Takum 06pa3om, YacTblo 3agaum oLeHvBaHusa TC aBnsieTca paspaboTka
COOTBeTCTByFOUJ,eIZ oLeHBaeMoMy 06‘bEKTy MHEeMOCXeMbl ANS BbINO/IHEHUSA
BU3YyaNbHOro KOHTPOS TEXHNYECKOro COCTOSHWS Pa3/INUHbIX MOACACTEM 1
o6bekToB PKT [23].

MHemocxembl NpeACcTaB/IaloT cobol cxemaTnyeckue n3obpaxeHus geTanei

1 y3/10B KOCMUYECKNX CPe/CTB, PakeTbl-HOCUTENS U NP, Ha KOTOPbIX
HernocpeACTBEHHO 0TobpaxaeTcst UHGopMaLVs 06 UX COCTOAHNN. MOA06HbI
NOAXOZ VIMeeT J0CTaTOYHO rNy6oKMe NCTopuYeckie KOPHK, B YaCTHOCTY, Ha 3ape
pasBUTVA KNBEPHETUKI YenoBeKo-MallVHHbIE HTePdeiiChl 3a4acTyto BbIMONHANN
B BU/E annapaTHbIX MHEMOCXeM (MHAMKATOPHBbIX laMM, 306paxeHWnii Nornyeckimx
CBSi3eii 1 yCTPOWCTB Ha GPOHTaNbHbIX NaHensx v np.). C pasBuUTveM UHAYCTPUN
nporpamMmMHoro obecneyeHus CTano BO3MOXHbIM UCMOAb30BaTh MHEMOCXEMbI
NPOW3BOLHON CIOXHOCTU Ha 3KpaHe KOMMbLIOTEPa, YTO MOBCEMECTHO
1CMoNb3yeTcs NPU YenoBeko-MallVHHOM B3aVMOZEACTBIN NpU KOHTpoNe
TEXHNYECKOrO COCTOSHYIS 06EKTOB KOCMUYECKOM TexHVKK [14,24].

Apyroii BaxHol 061acTb0 NPUMEHEHVIS BU3ya/bHbIX A3bIKOB B 3aga4ax PKT
ABNAeTCS pa3paboTka NPOrpaMMHOro obecreyeHus, B pamMmkax KOTOPOIA LMPOKO
MCMONb3YHOTCA ANarpaMmMbl CyLLHOCTb-CBA3b, CXxeMbl anroputma, UML. B
HacTosLee BpeMs NporpaMmHble CpeAcTBa, NoAAepXKuBatoLe yKasaHHble
BU3yasbHble HOTaLMV, B OCHOBHOM NMPOU3BOAATCS 3a py6exom (Power Designer
KomnaHwum Sybase, Rational Rose komnanun IBM 1 4p.), noatomy
LienecoobpasHbIM ABASETCA UX MMNopTo3amMelLieHre. Takum 06pasom, BO3HMKAKT
/Be CBS3aHHbIe 3aau - NOAAep>KKa CTaHAAPTHbIX AnarpaMm B Liensix

MMMNOpTO3ameLLeHNA 1 MOAAEPXKKA HACTPanBaeMbIX MOIb30BaTe/IEM MPON3BOJIbHbIX



AvarpamM i TeCTUPOBaHWS 1 yny4lenust kayectsa CMO.
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MoOMUMO NperMyLLLeCTB BbICOKOI HAarNaAHOCTU pesyabTaTta U BO3MOXHOCTU
6bICTPOro BMeLLaTeNbCTBa MPU HEKOPPeKTHOW paboTe oLieHBaeMoro obbekTta
cvcTeMbl rpadryeckoit BU3yanusaLym Takke 061agatoT U HejocTaTkamu, raBHbIM
M3 KOTOPbIX ABNSAETCA HeO6XOAI/IMOCTb TPaAMLMOHHOIO MporpaMmmpoBaHnsa npn
1X pa3paboTke UM N3MeHeHWW. 3Ta NpobemMa MOXeT BbiTb B KaKoiA-TO CTeneHu
ycTpaHeHa nyTem Co3aaHus 6UbAMoTek CTaHAAPTHbIX NPaBUA BU3yanusaumm,
HanpviMep, B Cly4ae pakeTHO-KOCMUYECKOW TeXHUKM B Takyto bnubnmnoteky moryt
BXOAWTb TOMAVIBHBIE 1 BO3AYLLIHble 6aku, TPY6OMPOBOAbI, BEHTUAV 1 Apyrie
anemeHThbl PKT. OgHako, NosiBneHve HOBOrO NpaBuaa BUsyannsauun nunm
YTOUHEHME yXe CyLLIeCTBYIOLLLEro HemMe1eHHO CTaBuUT 3aaady nepepaboTkun
NporpaMMHOro Koza, OTBeYatoLLero 3a ero peanusaLyio. Yumteisas TOT GakT, YTo
KOHTPONEM TEXHNYECKOrO COCTOAHUA 3a4acTyto 3aHUMAIOTCA NHXXEHEePbI,
VIMetroLLe Apyryto crieumanmsaunio, Hexenn nporpammrpoBaHme,
BbILLEOMNVICaHHbI HeA0CTaTOK MPVBOAMUT K HEOBXOAMMOCTYM HaliMa
ZIONO/IHATENILHOTO NepCoHana NM6o HaxoXAeHUa CybnoapAAUNKOB, rOTOBbIX
noAAepXu1BaTb COOTBETCTBYHOLLEE NPOrpamMMHOe CPe/ACcTBO. TakuM 06pasoMm,
BO3HVIKaeT 3aJa4a yxo/a OT TPaAVLMOHHOrO NPOrpaMMy1poBaHs Npu
BU3yann3aunm TeEXHNYECKOro COCTOAHUS OLeHNBaeMoro o6bekTa.

PellieHeM BblILLIEONMCAHHO 3aaUn MOXET ABAATLCA 06beANHEHNe MOAeNN
bYHKLMOHMPOBaHUS 06beKTa 11 MOZEeNV ero Br3yanbHOro npejcrasneHys. Onvcas
rnpaswna snsyannsauun 06bekTa TeM e MaTeMaTU4ecknm annapartom, 4YTo n ero
MoZe/b, MOXHO A06UTLCS CYLLLIECTBEHHOrO YMPOLLEeHNs MoguMKaLvmn npasun
BU3yanv3aLmny oLeHBaemMoro obbekTa 1 136aBUTLCA OT HEOBXOANMOCTY HanNYns
LiTaTa NporpaMMucTos. bosiee Toro, Ha OCHOBE TOrO Xe Camoro NoAxoAa MoryT
6bITb peann3oBaHbl MHOTVE BU3yabHble UHCTPYMEHTbI, UCMob3yeMble npu
NPOeKTUPOBaHUM NPOrpamMMHbIX CcTem. Takum 06pa3oM, BO3HMKaeT 3aja4a
Bbl60pa MaTemMaTn4yeckoro anrnaparta, No3BoJAroLLEero onncaTe Kak
maTemaTnyeckme MoAeNV 3TaoHHOrO GYHKLIMOHVMPOBAaHWA OLeHVIBaeMbIX

06BEKTOB, Tak 1 UX BM3yanbHOE npejcTaB/ieHne.
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1.2. CUCTeMHbIV aHanM3 CyLLEeCTBYHOLLIMX MaTeMaTUYecKmnx

Mogeneit Bi3yanbHbIX S3bIKOB

MocTaBneHHyto B NpeablAyLleM pasjene 3a4ady 66110 6kl NpoLLe Bcero

peLUnTb Ha OCHOBE CYLLIECTBYHOLLIMIX MaTeMaTUYECKX arnapaToB, ONMUCLIBAOLLNX
BI3yann3aLumio 06beKToB. Kak 6b1710 MoKasaHo BO BBEAEHMN, LUMPOKOe
pacnpocTpaHeHne Br3yasbHbIX A3bIKOB 06ycnaBn|/|BaeT KpaﬁHIOIO
BOCTPe60BaHHOCTL Pa3paboTKM YHUBEPCANbHOMO NHCTPYMEHTAIbHOMO CPeACTBa
NX NoAAepPKKU. [inst peleHns chopMyIMpoBaHHON 3a4aum HEO6X0AMMO
nocTpouTb GopManbHyt MoAeNb BU3yanbHOro A3blka Ha OCHOBE YXe VMetoLLLerocs
dopmanm3ma, UCrnosb3yeMoro Ans nNpeacTaBieHns MHGOPMaLMM O LUTaTHOM
DYHKLMOHMPOBaHMN OLleHBaeMOoro o6bekTa. Kak nokasaHo B npunoxenuu M2,
ANA CO3/,aHVA YHBEPCaNbHOro GopManun3ma, OnychbIBatoLLEro Bu3yanbHble A3bIKK,
npeANpPUHUMaNock 60NbLLIOE KOAMYECTBO NOMbITOK. Mpexae Bcero, 66110 BBEAEHO
coAepxaTtesibHoe ornpejeneHve anarpamMmmbl [86].

OnpegeneHve 1.1. AnarpaMmoii HasbIBaeTCst CTPYKTYpUPOBaHHas cucteMa
CBSA3aHHbIX rpapuUUecKnx 06-EKTOB.

Kak cneglyeT 13 3TOro onpezeneHus, gnarpaMma CoCToOUT U3 CyLLHoCTel

[BYX BUAOB — rpaduyecknx 06bEKTOB 1 OTHOLLIEHWI MeXAY HUMU, YTO MOXeT
6bITb MaTEMATUYECKW BbIPaXKEHO C/IeAYOLLIM 06pa3oM:

OnpegeneHve 1.2. lnarpaMmoii Ha3blBaeTCs Napa MHOXeCTB

D=, (1.1)

rae | - MHOXecTBO rpaduyeckrx 06beKkToB;

R - MHOXeCTBO OTHOLLEHUI MeX/y 3TUMMN N306paKeHVaMU.



MHOeCTBO rpapuyeckrx o6bekToB | MOXeT cofepxaTb B cebe

NPOu3BO/IbHbIE N306paXeHNs, B TO BpeMs Kak /18 OTHOLLeHW R OCHOBHbIe
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KaTeropuu onpegenexbl, a UMeHHO, OTHOLLEHVSI MO3ULIMOHHOMO CUHTAKCKCa,
pa3MepHOro CMHTaKc1ca, BPEMEHHOIo CMHTaKCMCa 1 CHTaKcuca npasun [235].
AOI’IOI]HI/ITG}'H:HO BBOAATCA MOHATUA CUHTaKCKMCa BSaI/IMOAeVICTBVIFl 1 CTPYKTYpPBbI,
npejHasHayYeHHbIe A/ ONVCaHVs B3aUMOAeCTBIS AnarpaMmbl C Mob30BaTeNem
yepes pegakTop. bonee NoApo6HO BOMPOC paccMOTPeH B Npuioxernn M2, Takum
06pa3om, MHOXeCTBO oTHoLeHWl R 13 (1.1) npeacTtaBnseT cobon

R=, (1.2)

rjae - OTHOWEeHUA NO3NLMOHHOIo CMHTaKcnea,

- OTHOLLEHWSI Pa3MePHOro CUHTaKCKCa;

- OTHOLLIEHVSt BPEMEHHOTO CUHTaKCKCa;

- OTHOLUEHMA CMHTaKCK1Ca npasul;

- OTHOLLIEHWSI CUHTaKCM1Ca B3aUMOAENCTBUS;

- OTHOLLEHUS CUHTaKCKUca CTPYKTYpbl.

[Jlanee HeO6XOAMMO OMNpeAennTb NOHATUE S3blKa, Ha KOTOPOM OMMUCLIBAOTCA
AMarpaMmel (B/3yanbHOro A3blka). ba3oBbiM cofepkaTeNnbHbIM orpeseneHem
BN3yasbHOrO A13blKa, MO aHaNornK C TEKCTOBBIM A3bIKOM, ABNAETCA CejytoLLee:
Onpegenerne 1.3 BusyanbHbIM A3bIKOM Ha3bIBAETCA MHOXECTBO BCEX

AMarpamm, ZOMyCTUMbIX 4151 3TOTO S3bIKa.

Tak xe, KaK V1 AN TEKCTOBbIX A3bIKOB, A5 abCOMOTHOro 60NLLINHCTBA
NpakTUYeckn NCNosb3yeMblX S3bIKOB MePeUncInTL BCe gnarpaMMbl HEBO3MOXHO.
Kpome Toro, cneuunduyeckme acnekTsl BU3yanbHbIX A3bIKOB, Takve Kak Hanuyume
MO3ULIMOHHOIO CUHTAKCKCa, AeNatoT onpejeneHue a3bika Yepes nepeyncieHve
AMarpaMm nNpakTU4eckn HEBO3MOXHbIM. B CBS3U C 3TUM 6bINN NPeAIoXeHb!
pa3Hoo6pasHble MOAENN BU3YaNbHbIX S3bIKOB, Hanboee CyLLecTBEHHbIE 13

KOTOpPbIX ByAYyT PaCCMOTPEHbI HUXE.
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CyLLiecTByeT NATb OCHOBHbIX NOAXOAOB K GOpManm3aLmnm: NoAxoAbl Ha

ocHoBe rpadoBbIx rpaMmaTyik (I'T), Teopun KaTeropuii, A-ucHncieHns,
MNCKYCCTBEHHOrO UHTENNEKTa N 06beKTOB ¢ LWabnoHaMu nosegeHus.

A. FpadoBble rpaMmaTUKM NpeACTaBASAOT coboli 0606LLeHre pa3BUTOro
dopmanmsma rpamMmaTiik TEKCTOBbIX 3bIKOB Ha BU3yaibHbIe f3bIKX MyTeM
npeAcTaBneHVs AvarpaMmel B BuAe rpada 1 onpegeneHuns andasuta (B KOTOPOM
TepMUHabHble CYMBO/IbI NPeACTaBAAT BEPLUVHDI, 8 HETePMVIHabHbIE CUMBObI
- ¢pparmeHThI rpada) U NPOAYKLMOHHbIX NPaBu, TpaHCGopMUpYOLLMX rpad. 3To
Havibonee KpynHbIl Knacc Mogeneit, nogpobHO PacCMOTPEHHbIN B MPUNOXEHUN
n2.

Onpeaenenue 1.4 [padosoit rpammaTikolt VL Ha3biBaeTCS MHOXECTBO
VL=VT,VN, VP,£(1.3)

rae VT - MHOXECTBO BU3ya/bHbIX TEPMHANOB WY BU3yaNbHbI andgaBuT
(MHOXEeCTBO BCeX 3NeMeHTapHbIX N306paxeHui);

VN - MHOXECTBO BCex HeTepMVHanos;

VP - MHOXECTBO NPOAYKLIMOHHbIX NMpaBuA (Mpasun npeotpasoBaHyis

rpados, coctaBneHHbIx 13 VT 1 VN);

€ - HaYanbHbIN rpad A3blka.

Kak nokasaHo B npuioxeHuu M2, npy paccMoTpeHUn CBONCTB rpadoBbIx
rPamMmMaTnK BO3HUKAET pAj cneu,mq)mqecmx, MO CPaBHEHWUIO C TeKCTOBbIMU
rpammatiikamu, Npo6aem, a UMeHHo:

- Y AMarpamm o6bI4HO OTCYTCTBYeT Hauasno 1 KOHeL, HeT eaVnHON TOUKU Ans
Hauana aHanusa;

- 06bIYHO Anarpamma MHOroMepHa, B CBS3M C 3TVM anropuTMbl UMeHT 60NbLLYHO

BblYNCNTENIbHYH CTOXKHOCTb;



- PacrnoNoXeHvie 31eMeHTOB AviarpaMMbl B MPOCTPAHCTBE VAN MO OTHOLLEHWIO
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ApYr K Apyry MOXET 6bITb YaCTb0 €ro ceMaHTUKY;

- 06bI4HO 60/1bLIAs YacTb AarpamMbl MpejHasHayveHa ANa Co3jaHus
ZPY>KeCTBEHHOr0 Mo/ib30BaTeNto nHTepdeiica n He obnasaeT peneBaHTHOW ANist
3a/,a4v CEMaHTUKOM, MO3TOMY MHOrvie popmanuamel T pasaensitoT gnarpammy
Ha abcTpakTHbI rpad cvHTakcmca (ArC), cogepxaluynii B cebe yacTb
ANarpaMMbl, 061aatoLLYt0 CEMAHTUKOM, M MPOCTPAHCTBEHHbIN rpad
oTHoLeHuli (MI0), cogepkalLyii BU3yanbHbIe 31eMeHTbI, NpeAHa3HauYeHHble
AN YenoBeka, C NoCaeyHoLLIMM UTHOPUPOBaHUEM MOCIeAHETO.

Bce 370 cyLLlecTBEHHO YCN0XHAeT dopmanu3m I No cpaBHEHMIO C

TEeKCTOBbIMY f3blkamu. Kak nokasaHo B npunoxeHun M2, pag nccnegosateneii
BBO/AT CyLL|eCTBEHHbIE JOMYLLEHVIS U OrpaHnyeHns Ha T ang Toro, 4Tobel
CNOXHOCTb MOZeneli He okasanacb YpesmMepHoii. TeM He MeHee, MOAXOAbI C
ncnonb3oBaHvieM [T VIMELOT B CBOe OCHOBE XOPOLLO NpopaboTaHHble
d)OpMaI'IVBMbI W ANA HX aAanTNPOBaHbl OCHOBHbIE aIfOPUTMBI.

B. Mozxoza Ha ocHOBe Teopuw kaTeropuii sBnseTcs 0606LLeHem

rpaoBbIX rpaMMaTiK C MOMOLLbo 6os1ee obLLelt Teopun. OCHOBHbBIM
npejcTaBuTeNeM ABNAIOTCS TEOPUSA anrebpanyeckrx rpadosbix TpaHchopmaLumi
(AI'T), cywiectsytoLLiada B BYyX BapnaHTax - Ha OCHOBE OAWHAPHOro KoekapTosa
KBaZpaTa v BOHOro koAekapToBa kBagpaTa [121]. MpuHumnuansHas pasHula
MexAy ABYMSA MOAXOAaMU 3aK/1IK0HaeTCA B TOM, UTO B NepBoM C/ly4ae npumeHeHne
O/IHOTO 1 TOro e Mopdri3Ma MOXeT MOAeNMPOBaTh Kak yAaneHue, Tak 1
AobasneHvie BepLIVH B rpad, B TO BpeMs kak BO BTOPOM Clyyae A5 Kax/oi
onepauun TpebyeTcs oTAeNbHOE NprMeHeHne Mopdr3ma, TO eCTb 60BLUMHCTBO
npeo6pasoBaHuii TpebyeT NprMeHeHUs ABYX MOPGU3MOB.

Moaxog Ha OCHOBE TeOPUW KaTeropuii ABNAeTCH Hambonee obLLIM 1
YHVIBepCanbHbIM, MPUrOAHLIM NPAKTUYeCKM ANst N06bIX A3bIKoB. KomneHcauuei
3a YHVIBEPCaNbHOCTb ABNSETCS ero KpaHss CI0XHOCTL - MOAX0Z, onepripyeTt

rpa¢aMM, B KOTOPbIX BO3MOXHbI AYrl HE TO/IbKO MeXAY BEPLUVHAMUN, HO U MeXAy
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Apyrumu gyramu. Mpeo6pasoBaHyie KOHKPETHBIX BU3yaslbHbIX S3bIKOB B MOA06HbIE
rpadbl ABNSETCH OTAENBHON NPO6aeMOA.

B. Moaxoz Ha ocHoBe A-mcuncneHns TpakTyeT avarpammy (1.1) uepes
KOHCTpYMpoBaHMe rpada 13 HauanbHOro NycToro rpada nyTem NpUMeHeHus K
Hemy y3710B 1 pebep [122,123,124,125]. Hanbonee npopaboTaHHbIM
npejcTaBuTeNeM SBASETCS HAYKTUBHBIN rpad, nepBoHayanbHoO
npeAHa3sHaueHHbI 418 ONCaHVA CUHTaKCUCA BU3YanbHOrO f3blka VEX (CM.
npvnoxenwe M2). ®opmanviam obnagaeT cepbesHbIMU MPenMyLLEeCTBaMI C TOUKN
3pEHNs NPYIMEHEHNS TEOPUN BbIUUCAMMOCTU 1 GOPManbHbLIX JoKa3aTeNsCTs
CBOWICTB BU3YyaNbHOrO s3blka. CAPYrovi CTOPOHbI, B BMAY TOrO, UTO rpadoBble
TpaHchopmaLMy NpeanonararoT ToNbKo A406aBNeHVIe HOBbIX y3/108B,
BblpasuTe/ibHble CBOCTBA AaHHOrO NOAX0/a BECbMa OrpaHnyeHb!.

I". MoaxoAbl Ha 0OCHOBE NCKYCCTBEHHOMO UHTeNekTa (M)

npeanonaratoT 0byyeHve rpapuyeckx peaakTopos Ha OCHOBE HEKOTOPbIX
La6bNoOHOB NoBeAeHUS, BbIGPaHHBIX MPOrpaMMUCTOM. Mpaduueckre pejakTopsbl
NpVi 3TOM OPUEHTVPYIOTCA Ha PasHOO6pa3Hble MeTO/bl UCKYCCTBEHHOrO
VHTENNEKTa - HEeYeTKYHO IOTUKY, FeHeTUYeckne anropuTMbl, CeMaHTUYeckune cetu
1 Mp. B NOMbITKe CreHeHMpoBaTh Takoii peAakTop, KOTOpbI 6yAeT yA0BNeTBOPATL
noctaeieHHol 3agauqe. MoAxos ABNSETCA NperMyLLeCTBEHHO NHTepdelicHbIM 1
npu 3ToM TpebyeT OT NPOrpamMMUCTa MOHUMAaHWUSA PaboThbl HUXeNeXaLlmx
anropuTMoB A5t NPaBUIbHOrO BbiGopa WabIoHOB ANS 06yUYeHUs CUCTeMbl
[181,185,249,250,270].

[. Moaxopa Ha 0CHOBE 06BEKTOB C LIAab0OHHBIM NOBeeHVEM

MCMO/b3YeTCs B MPOCTLIX pedakTopax cxeM, Takux, kak Visio[26]. Mpu 3Tom



NMoAXoZe co3zaeTcst 6oratasi 6MbMoTeKa Pa3HOO6Pa3HbIX 06BEKTOB, 061aAaOLLMNX
npeAOl‘lpeAel’leHHblM noseaeHuMeM, HO I'IpVI 3TOM OTCyTCTByeT mwnn Kpa|7|He

OrpaHnyeH CUHTaKCUC, CBA3aHHbIV C OTHOLLIEHUAMU Mexay obbekTamu. CunbHoM
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CTOPOHOVi NoAX0/Aa ABNAETCA YA06Has BO3MOXHOCTb CO3JaHVS UNKOCTPATUBHOIO
matepuana, B TO BpeMs kak raBHbIii HeA0CTaToK — OTCYTCTBME NPOBEPKU
CMHTaKCUYeCKo KOPPEKTHOCTY, OrpaHNYeHHoe B3arMo/elicTBYe C NoNb3oBaTenemM
1 HEBO3MOXHOCTb TPAHCALNN.

PaccmoTpeHHble Bbile popManumamel (A-[l) ceeaeHbl B Tabauuy 1.1. Ana
KaXA0ro V3 HIX yKa3zaHbl JOCTOMHCTBA W HeoCTaTKv MPUMEHUTENbHO K 3ajadye
BU3yanvsaLun nsmeputenbHol MHGopmMauumn npuy oueHreaHum TC 06bekToB
oueHkn TC PKT.

Tabnuua 1.1. MaTemaTuueckne Mogenm npeAcTaBneHvs BryanbHbIX A3bIKOB
OcHoBa

noaxoza

MpenmyulecTBa Hegoctatkun

123

A. TT I'pynna xopoLuo npopaboTaHHbIX

bopManm3moB, NCMONbL3YIOLLMX

PasBUTLIN NHCTPYMEHTapWIiA

TEKCTOBbIX 513bIKOB. DOPManv3mbl

noAAepXVBatoT BMIOTbL 40

KOHTEKCTHO3aBNCUMbIX A3bIKOB, K

HVM aZanT1poBaHbl OCHOBHbIE

anropuTMbl.

Bblcokasi CI0XXHOCTb, HEO6XOAMMOCTb

NATW Ha OrpaHNYeHUs BblpasuTebHbIX

CpPeACTB paav yNpOLLEHVs MOAeNN.

VirHopupoBsaHme KOHKpPeTHOro

BU3YaNbHOro 1306paxeHus B No/b3y

abcTpakTHOro rpada cMHTakcumca.

B. Al'T YH1BepcanbHbli dopmManism,

MPUrOAHbINA ANt ONCAHNA NHOBbIX

BM3YyanbHbIX A3bIKOB

TpebyeT pa3paboTku B3aMHOro

npeo6pasoBaHUs NPUKNAAHbIX A3bIKOB B

rpadbl, KOTOPbIMY OnepupyeT

dopmanmsm

B.

A-vcuncneHve

dopmannsm xopoLlo pabotaet

npv AokasaTtenbCTee GpopmanbHbIX

CBOVICTB MOZeNn.

BblumncneHve A-BbipaxeHus,

onuckiBatoLLEero rpad, Aenserca

eCTeCTBeHHOW peanvsaLyei

Knacc nogaepxuBaembix A3bIKOB

CyLLLeCTBEHHO OrpaHn4eH, Tak Kak

Kaxaast TpaHchopMaLmst CBSi3aHa TONbKO

C BHECEHWEM HOBbIX Y3/10B 11 iyr, HO He C

VX yAaneHviem.
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TpaHCAALMN.
I. I dopmanu3am xopoLlo paboTaeT Ha

MNPOCTbIX BU3Yya/ibHbIX A3bIKaX, He



CNMLLIKOM OTIMYAKOLLMXCS OT
VIMEHLLMXCS B 6aze 3HaHW

CTepeoTunnosB.

dopmannsm TpebyeT XOpoLIero 3HaHVs

anroputma MW ansa Beibopa

ONTVMaNbHbIX LUIAGIOHOB A5 0ByUeHNs.

dopmanu3m B HanmbonbLUelt cTenern

npejHasHaueH Ans peannsaunm

NHTepdeicoB, ceMaHTVKa f3blka He

paccmaTprBaeTcs.

[. LLabnoHbl

061BbeKToB

BoraTble BM3yasbHble 6UGANOTEKN

npejonpeAeneHHbIX 06 beKToB,

rMBKOCTb MPY CO3AaHNN

Anarpamm

Cnabast Ui oTCyTCTBYOLLAS NOAAEPKKa

CVHTaKCKCa I CeMaHTUKK, GOKyC

NCKNYNTENBHO Ha BU3yasbHOe

npeacTaBneHve.

MogzepxKa CTaHAAPTHBIX AnarpamMMm SBISETCS 3aJa4ell, KoTopas MoXeT

6bITb peLleHa C MOMOLLbH OAHOKPATHOM HaCTPOMKK. Takum obpasom, 415 ee
peLleHNs MOXHO UCMOb30BaTh IH06YH0 1 BblLLENepeYncIeHHbIX XOPOLLIO
dopmanmsoBaHHbIX Mogeneii (T, AIT). C Apyroii CTOpOHbI, TPeboBaHMsA K
ANarpaMMHbIM si3blkaM, MpUMeHsieMbIM A5t oleHkr TC obbekToB PKT,
CYLLEECTBEHHO OT/IMYAKOTCA. [1pU BBIMOIHEHWN MOAENNPOBaHWS NapameTpos PKT
MOXeT NoTpeboBaThCA 3apaHee Hen3BeCTHbIN Habop BU3yaNbHbIX 3N1EMEHTOB 1
AMarpamm, npu 3ToM HeLlenecoobpasHo 0XMAATb, YTO UHXKEHEPbI, BEIMOAHSOLLVE
MOZeNMpoBaHVie, BNaZetoT Teoprieil GopManbHbIX 83bIKoB. V13 Tabnuupl 1.1
cnefyeT BbIBOZ, UTO CyLLeCTBYOLLME pOpManv3mbl 1M60 061aAat0T LLMPOKUMUI
Bblpa3uTe/bHbIMN CBOVICTBAMMU, HO KpaiiHe C/I0XHbI B MPUKIAZHOM
MCMoNb30BaHNK, M6 O4eHb NPOCThI, HO He 061aAat0T HY>KHOI TMBKOCTbIO.
Taknm 06pa3ocM, NPOBeAEHHbIV CUCTEMHbIA aHaNM3 AeMOHCTPUpYEeT
CyLLIeCTBEHHOE MPOoTMBOpeYne Mexay CyLLEeCTBYIOLLVMMY MaTeMaTUYecknMmmn
annapaTtamu A1 onncaHna BMU3yasibHbIX A3bIKOB 1 3aAaqe|7| onncaHna moaenn
DYHKLMOHVPOBAHWS OLLeHVIBaEMOro 06beKTa, a Takxke 3asB/eHHON Lebto
obecneunTs NPOCTOTY B YHUPULMPOBAHHOCTL OMUCaHIS NMPaBu BU3yanmusaumm

OLieHMBaeMbIx 06BEKTOB. Bce 3T0 NPUBOANT K BbIBOAY O HEOBXOAMMOCTI
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pa3paboTky NpomMexyTo4Horo popmannsma, obnagaroLlero 6onbLueit MpocToTon,
Mo CpaBHEHUIO € rpadoBLIMU rpaMMaTKaMm, 1 OAHOBPEMEHHO
MOAAEPXMNBAIOLLErO CIOXKHbIA CUHTAKCUC.

1.3. dopmManbHasa NnoctaHoBKa 3aa4n NccieaoBaHNsa

EcTecTBeHHbIM NPOLLECCOM PUCOBaHUS 6OLLUMHCTBA AMarpamm

no/sib30BatesieM ABNAETCA 3aMblKaHMe Pa3/inyHbIX KOHTYPOB U COMoCTaBieHVe
Touek. Hanpumep, B ciyyae agnarpammel CyLLHOCTL-CBS3b NMoNb30BaTeNb pucyeT
/\Be CYLLIHOCTW, MOC/Ie Yero CoeAnHAET UX CBA3bH0. Mocne 3Toro nonyyeHHas
cucTeMa Npy nepemeLLeHN OAHON 13 CyLLIHOCTel 0613aHa XpaHUTb MHGOpMaLMo
0 TOM, YTO OHa COeAMHEHA CBSI3bIO C APYroli CYLLHOCTBI. BUAWTCS eCTecTBEHHbIM,
UTO CUCTeMa, YNPaBAstoLLas AviarpaMMamu, Jo/XHa OnepupoBaTh TEMU xXe
CaMbIMV NOHATUSIMU - HanNpUMep, «Hayano CBA3M HaXOAMUTCA Ha NpaBoM pebpe
CYLLIHOCTU 1», «KOHEL, CBA3W HaXOAUTCS Ha 1eBOM pebpe CyLHOCTW 2» U .M., B TO
BpemMsA Kak B HacTodLlee BpeMsa OCHOBHbIM CPeACTBOM onpejeneHus Br3syasibHbIX
S13bIKOB SIBASIOTCS NPOAYKLIMOHHbIE Npasuna. Kak 6b110 nokasaHo paHee,

cyliecTBytoLLe $opManm3mMbl IM60 ONEPUPYIOT 3HAUNTENLHO Gosiee COXHBIM



MOHSATUSIMU, TG0 B HEAOCTaTOUHOI CTEMNeHN NOAAEPKNBAOT CUHTAKCUC.
Monb30oBaTeNb, CO3AALOLLVIA SNEeMEHTbI BU3YasbHOrO S3blka 06bIYHO

onepuvpyeT NOHATUAMM BUAQA “06EKT NPeACTaBASEeT COBOI Kpyr, BHYTPU KOTOPOro
pacronoxeH TeKCT” UK “06beKT NpeACcTaBAseT co60i NPSAMOYrobHIK, Haj,
KOTOPbIM PaCrooXeHO ero HasBaHue". Takum 06pasoMm, 66110 6bl y06HO
ONKCbIBaTL BU3yasbHbIV S13bIK B APY>KECTBEHHbIX M0/1b30BaTE/O NPaBMaax B1Aa
“06bEKT COCTOWT U3 Kpyra W TeKCTa, MpUYeM ANsi LieHTpa Kpyra, paguvyca Kpyra 1
pa3sMepoB TeKCTa yCTaHaB1BAIOTCA Orpe/eneHHble MaTeMaTyeckme
cooTHoLLEeHUS". MoA06HbIN onucaTeb AnarpamMMbl Ha BU3yanbHOM si3blke

SAB/ISIETCS CEMaHTUYeCKOW CeTbio, KOHLenTamm KOTOPOVI ABNAOTCA MapameTpbl
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rpapuyeckmx 1 Herpadpuyeckrx 3n1eMeHTOB, a TakKe MaTeMaTUYeCcknx OTHOLLEHWIA
MeX/y KOHLeNTamu; A3bIkoM ByAeT ABASATLCA Habop NOACeTe 1 NpaBuA nx
BCTaBKW B OCHOBHYO CETb.

[Ans npeacTaBneHVs 3HaHWI O LITaTHOM GYHKLMOHVPOBaHUN

OL|eHMBaHNEMOro 06BbeKTa YacTo UCMO/b3yeTCs BblYNCAUTENbHAsS Mogenb Thlyry
[49,50,51,52]. 3Ta Mogenb npeacTaBnseT coboii GopMan3oBaHHyHO
CeMaHTUYeCKYHO CeTb, B y3/1aX KOTOPOI HaXOAATCA NapameTpbl CUCTEMbI U

bopMy bl, a CBA3M NPeACTaB/AOT BXOAHbIE NapamMeTpbl U BbIXOAHbIE 3HaueHUs
dopmyn. Mogenk B nepsyto o4epeab OPUEHTVPOBaHA Ha BblYNCINTENbHBIE 33434V,
0/HaKo, Byy4n A0MONHEHa BU3yanbHOM COCTaBAsAOLLEN, MOXET bbITb MPUMeHeHa
K OMM1CaHUIo BI3yanbHOTO A3blka. B 3TOM c/lyyae skcnepT, MOAUGULVIPYIOLLIA
nporpaMmHoe CpeACTBO, MOAAePXMBatOLLEe BU3YaNn3aLyIio TEXHUYECKOro
COCTOSIHMSA OLIEHVIBAEMOro 06bekTa, MOXeT pOpPMyMPOBaThL U3MEHEHNS B
MaTemaTyeckoii Mogeny noseeHVs obbekTa 1 B CpeAcTBaax ero Busyanvsaum
Mob3yACh OAHOM 1 TOM e MoAeNbto. Takm 06pasoM, BO3HVKAKT NoA3ajaqn
pacLUVpeHVIs MOAeNW BU3yanbHOI COCTaBASIOLLEN, peannsaLmmn TpaHcIsTopa
BXO/AHOrO A3bIKa MOAENM 1 peanunsauuvm CpeAcTBa BridyanmsaLuymn Ha oCHoBe
paclwVpeHHo Moaenu.

BbluncnnTenbHas Mogenb Thblyry B CBOEM OPUriHaNbHOM onpejeneHnmn

ABNAETCA HECTALMOHAPHOIA, YUTO O3HaYaeT, YTo BbIUUCUTE IbHbIE MPOLLeCChl MOTYT
VATW pasHbIMU NYTAMYW 1 MNOTEHLMAbHO AaBaTb pasHble pesynbTathl. Thlyry
CUVTan 37O CBOVCTBO MOAE/N ee MPenMyLLeCTBOM U 60 pccmaTpuBaTh B
KayecTBe peLleHs t0601 MPOV3BOLHbIN NYyTh, IM60 MHOXECTBO BCeX NyTei.

K COXanNeHur, NpUMeHUTEIbHO K No6bIM cucTemam BSVIMOAEVITCTBVIH C
YesI0BeKOM, MOAO6HbIV HeAeTePMVHMPOBaHHbIV MOAX0/ NPUMEHSATLCS He MOXET -
onepaTop NPOrpamMMHOro CPeACTBa He 0XXW/AAET, YTO NPV B3aUMOAEVICTBUN C
AVarpamMmMOoii OH MOXeT NOYYUTb MHOXECTBO Anarpamm, 13 KoTopbIx 6yseT
Heobx0AMMO BbIGpaTh NpaBuUbHYH0. TakuM 06pa3oM, BO3HUKaeT eLLe oAHa
nozsazava - npviseaeHnsa MOAVId)I/IU'VIpOBaHHOI‘/JI BbIUYMCINTENBHOW Mozenn K

CTaLMOHapHOMY BUAY (B CBOEI BU3yanbHOM YacTu).
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HakoHeL, eLlje 0AHNM BaXHbIM BOMPOCOM SBASIETCH MOyYeHNe HOBbIX
apTedakToB Ha OCHOBE B3aMMO/ENCTBIS CO CPeACTBOM BU3yanusaumn. Hanpvimep,
MCNONb3ysi CPeACTBa BY3yaNbHOMo MPOEKTYPOBaHWS NPOrpaMMHOro obecneyeHns
orepaTtop oXuAaeT NoAyYnTb Ha BbIXOAE HeKOTopble LabaoHbI Koaa, Mpu paboTte
€O cxemMamu 6a3 ZlaHHbIX Ha BbIXO/e /JO/IKeH bbITh CLeHapwii 3arpysku 6asbl Ha
a3blke SQL v Tak Aanee. OTCroAa BO3HMKAET elle OfHa noA3ajada — TpaHsLummn
BbIYMCINTENBHON MogeNn. HeobxoAMMO obecrneunTb, YTOBbI COCTOSHNE MOAENN,
nonyyeHHoe B pesynbTaTe B3aVIMOAENCTBUSA C NONb30BaTeNeM, MOXHO 6bi10
06paboTaThb 1 NpeobpasoBaThb (TPAHCIMPOBATbL) B COOTBETCTBYHOLLME NPeAMETHO
obnacTn apredakThl.

MoAbITOXMBas BblLLeCKa3zaHHOe, CO3jaHune U MoANdUKaLS HOBOrO

BM3Yya/IbHOro cpeAcTBa KOHTPO/I MOXET 6bITb npe/cTaBneHa cnejytoLLeli CxeMoin:



Punc. 1.2. Cxema pelueHns 3agauu.

I'ae A1 - cpeacTBa NpeACTaBaeHUA NPaBu BU3yanusauun,

S* - Mogenb Thlyry, ajanTypoBaHHas AN BU3yabHbIX A3bIKOB,

A2 - anropnT™ npeo6pasoBaHVs MOJeN B CTaLMOHaPHYH MojeNb

S' - cTaumoHapHas Mojenb Tblyry, aganTupoBaHHasa ANa BU3yasibHbIX
A3bIKOB

A3 - anropuT™ nNpeobpasoBaHNa MoAen B rpaduyecknin nHTepdeiic
(paccyeta moaenu)

G -rpaduyecknin nHTepdelic, BU3yansHoe npeAcTaBieHne oLeHNBaemMoro
obbekTa.

B psige cnydaeB MOXeT Tpe6oBaTbCs NonyyeHvie apTedakToB Ha OCHOBE
B3aVMOZEICTBIS C rpaduyeckm nHTepdelicoMm G, B Takoin cutyaumm
Heon6xoAMMo A06aBUTb elLie ABa Luara:

A4 - anropuT™m TpaHIALMN MOAENN

29

D - apTedaKkT TpaHciauum.

Takvm 06pa3om, ANs peLleHns 3a4a4n 06 beANHEHUS 3HaHWIA O LUTaTHOM
noBe/eHNM OLeHHVIBaeMoro 06bekTa 1 NpaBua ero BU3yanunsaummn Heobxoanmo
nocnegoBaTenbHo onucatb A1, S*, A2, S, A3, G, A4 n D.

B pasgaene 2 6yzeT AaHo onvcaHue popmanvama v onpegeneHsl Al, S*, A2,

S’ 1 A3. B pasgene 3 bygeT AaHO onmcaHmne NHCTPYMEeHTaIbHOro CPeACTBa,
nogAepxvBatoLLiero Gopmannsm v peanvytoliero G, A4 n D. B pasgene 4 6yzet
noKa3aHo, Kak q)opmanmsM NPVMEHUM K A3blKam o6u4ero Ha3HayeHna 1 3aja4vam
PKT.

BbiBoAbI Mo pasgeny 1.

1. CpeacTBa BU3yanmnsaumm pesynbTaToB 06paboTku nHopMaLMm LUMPOKO
MCMoNb3yTCA B BYX 061acTAX: NPOeKTMPOoBaHe 1 paspaboTka
NporpaMMHOro obecneyeHus 1 BU3yan3aLma pesybLTaToB NpoLeccos
TeXHNYeCKOoro CoOCTOAHMSA Y3/10B U arperaTos, B TOM YMC/1e Kak Npu aHannse
TenemeTprpyeMoi nHGopMaLmK, Tak v Npy UMUTaLUMOHHOM

MOZEMPOBaHNN.

2. BusyanbHble A3bIKy SBASAIOTCA 0606LLEeHNEM TeKCTOBbIX A3bIKOB Ha
AviarpaMmbl. BusyanbHbIMU Ha3biBatoT A3bIKW, B KOTOPbIX AaHHbIe MOTyT
NpeACTaBNsTLCSA B 6onee Yem OHOMEPHOM BUAe. B Takumx A3blkax

3NeMeHTaMU CUHTaKCMCaM MOTYT SIBASTLCA HanpaseHue, LiBeT 1 3BYK,

KpOMe TOro, OHV MOTYT 6bITb AVHAMUYECKUMU. Br3yanbHble A3bIKu

06134at0T NPeNMYLLLECTBOM Ha/, TEKCTOBLIMY, TaK Kak B CUy

MCMXONOrNYUECKNX UK GYHKLIMOHANBbHBIX (0CN1abneHHOe 3peHie) NpUUinH
AviarpaMma MOXKET JlyuLle BOCMPUHUMATLCS YuTaTenem, Hexenm TekcT.

3. CyLecTByeT 60/1bLLUOE KOMYECTBO Pa3HOO6pa3HbIX MeToA0B dopManmsaummn
BU3yaslbHbIX i3bIKOB. Hanbonee pacnpocTpaHeHHbI 13 HYX - CBejeHe
dopmanusma BU3yanbHbIX A3bIKOB K GOPMann3my TeKCTOBbIX A3bIKOB, TO

ecTb rpadoBble rpaMMaTVKL. STOT METOA He CBOBOZEH OT CyLLLeCTBEHHbIX

HeA0CTaTKOB, MPUBOAALLNX K CYLLLeCTBEHHOMY YC/TOXKHEHUIO BCEX OCHOBHbIX
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anroputMoB. Mo3ToMy ANs BU3yaibHbIX A3bIKOB TONLKO OYeHb
OorpaHnyeHHoe KOIMYecTBo BXOAUT B kiaccbl LL (1) n LR (1), umetowne
Hanbonbluee 3HaueHne AN TPAHCAALMK, 60NbLUMHCTBO BU3YaNbHbIX A3bIKOB
TpebyeT AN TpaHCALMM anroputMbl Span nnm Koka-sHrepa-Kacamu.

4. OAHWUM 13 Havnbonee NpopaboTaHHbLIX GOPMaNN3MOB ABNSETCA
anrebpaviyeckas TpaHchopMaLms rpagoB, NOCTPOEHHas Ha Teopun
KaTeropuii. 3ToT GopmManu3mM NPUrojeH Ans onrcaHus NtbbIx BU3yanbHbIX
A3bIKOB, HO OMepupyeT creuyanbHbIMK rpadoBbIMU CTPYKTYpPaMW, ANs
KOTOPbIX HEO6XOAMMO OTAeNbHO pa3pabaTbiBaTb METOAbl B3aVIMHOIO

npeo6pasoBaHs B LiENeBYI0 Anarpammy.



5. CyliecTBytoT 11 Apyrue Gopmanusmel, He CBf3aHHbIe C rpadpoBbIMU
rpamMmaTmkamMu, B HaCcTHOCTW, ONCaHmne BMU3yasibHbIX A3bIKOB Yepes nHM6Aa-
ncuncneHve (kak NpUMeHeHne HeKOToPbIX onepaLii KOHCTPYMPOBaHUS K
MCXOAHOMY MycToMy rpady) a Takxe Yepes CpeAcTsBa NCKYCCTBEHHOro
VHTenNeKTa.

6. N xopoLwo GopMann3oBaHHbIX NMOAXOAOB XapakTepHO UrHOpUpoBaHue
BW3yasbHOI COCTaBNAKOLLEN AnarpaMmbl NyTeM ee JeNeHns Ha
abCTpaKTHBbIN rpad CMHTaKCMca 1 NPOCTPAHCTBEHHBI rpad OTHOLLIEHWIA.

[Ans cnabo popmanv3oBaHHbIX NOAXOAOB, HAO6OPOT, OCHOBHO ABASETCA
BU3yanbHas cocTaBnstoas. Kpome Toro, cTporne matematunyeckmne
bopmanm3mbl 06bIYHO BECbMa CNIOXHbBI U HeAOCTYMHbI YenoBeky 6e3
cneumnanbHOro obpasoBaHus, B TO BpeMs Kak Kpyr L, KOTOpble MoryT
ABNATLCSA aBTOpaMu rpaduryecknx GopmManamMoB, He orpaHnNYeH.

7. MpuMeHnTeNLHO K 3agavam PKT HellenecoobpasHo oxmnaate, YTo
VNHXeHepsbl, NpoBoasLLme oueHky TC PKT, BnagetoT Teopueli popmManbHbIX
A3bIKOB. 3TO MPUBOANT K HEOBXOAMMOCTI Pa3paboTkn HOBOro popmManmsma,
KOTOPbIA N03BONNA 6bl 06bEAVHNTE 3HAHUS O LUTAaTHOM GYHKLIMOHNPOBaHU
OL|eHNBaeMOoro obbekTa 1 0 NpaBuIax ero B3yanbHOro NpeacTaBieHuns,
B351B 3@ OCHOBY HOPMann3M, yxe LMPOKO NPUMEHSIIOLLMIACA B NPpeAMEeTHOI

obnactu.
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8. BuluncantensHele Mogeny Telyry NpeAcTaBasioT co60ii Gopmanv3oBaHHyo
CEeMaHTUYECKYHO CeTb, B KOHLIEMNTaxX KOTOPOI HaXoAATCA 3HaUeHUs 1
orepauun Hag, HMU, BblUMCISieMble MO ornpeeNieHHbIM NpaBuiam.
BuizyanbHble A3bIKM MOTYT 6bITb ONMCaHbl Yepes Habop 3HaueHUi
KOOPAWHAT 1 aTpnbyTOB 06BEKTOB, X rPaPUUecKmx CBONCTB 1
COOTHOLLEHWIA MeXAy 3TVMU 3HaYeHVsIMU. POpMan30BaB 3TN 06beKTbI 1
OTHOLLEHMA, a TakXe npasunna nx 06p360TKVI, MOXXHO NOJy4UTH
a/lanTUPOBaHHYIO BEIYMCINTENBHYHO MOAENb AN AViarpamMM.

9. Cxema peLLeHus 3aa4m COCTOUT 13 NOCNe0BaTeIbHOTO OMNpeAeneHns 1
ONMCcaHNA CNeAyOLLINX 31eMEHTOB: CPeACTB NpeACTaBNeHNs NpaBun
BU3yanusauuu A1, mogenu Tblyry, aaanTypoBaHHOMN ANS BU3yanbHbIX
A3bIKOB S*, anropnTMa NpeobpasoBaHVA MOAENN B CTaLIOHapHYIO MOAeb
A2, cTaLMoHapHoW Mernmmelyry, aAanTUpOBaHHOW ANS BU3YaNbHbIX
A3bIKOB S, anropnTMa NpeobpasoBaHNs MoAeny B rpaduyeckuii nHTepdeinc
(paccyeTa moaenw) A3, rpaguryeckoro nHTepdeliica G, anroputva

TpaHcnauum mogenu A4 n aptedakrta TpaHcaumm D.
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2. Mogenb BM3yanbHOro si3blka Ans 3agad PKT

2.1. BeluncanTtensHas MoAens Avarpammbl

Kak 6b1710 yka3aHo B paszene 1, nocTaBneHa 3ajava co3aaHus Metoaa

OMVCaHVIst BU3yasbHbIX 513bIKOB Yepe3 Habop 3HaYeHWn KoopAvHaT 1 aTprbyToB
06BEKTOB, VX rpadpuyeckX CBOMCTB 1 COOTHOLLEHUIA MeXAY STUMU 3HaYeHNAMU.
N5 ee peLLeHs 1 CO3AaHVs aAanTUPOBaHHOW BbIYMCANTENBHOV MOAENN ANS
AMarpaMm Heo6xoAMMO pOpPMann30BaThb 3TV 06LEKTHI 1 OTHOLLEHNS, a Takxe
npasuna vx 06paboTku, MOXHO ByAeT NoayunTb. B pamkax 3Tol Lenw, npexzae

BCero, HeobXoAMMO BBeCTU psif, onpeAeneHuii:

OnpegeneHune 2.1. ATp1BYTOM HasblBaeTcsA napa

as,

rae

n - UMs aTpubyTa U 2, ecnvl{m OHO He 3aAaHo;

V - 3HayeHue atpubyTa NN 2, e 3HAYEHVIE He orpeaeneHo.
OnpegeneHue 2.2. BusyanbHbIM NPUMUTUBOM HaausaeTmm

V=,



rae

A - MHOXECTBO aTpV6yTOB NPUMUTABA;

- rpaguryeckas GyHKUMS (GyHKLMS, MpeobpasytoLlas 3HaveHrs aTpubyTos B
n306paxeHue).

OnpegeneHue 2.3. AnarpaMmoil HasbIBaeTC MHOXECTBO

D=(2.1)

rae

A - MHOXecTB0 aTpn6yTos, Takoe, uto I A= U, npuuem - mHoxecTso
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HeBW3yanbHbIX aTPVBYTOB U - MHOXECTBO BU3yaslbHbIX aTPUGYTOB, TO eCTb
CyLLLeCTBYeT 0HO3HauUHOe OTo6paxeHne N3 BV ;

G - anrebpamveckas c1cTeMa, 3afaHHasi Ha MHOXeCTBe aTpubyTosB;

V - MHOXeCTBO BUM3ya/lbHbIX 3/1eMEHTOB Anarpammbl, VEV vE

(CMBO/IOM + 0603HAUAETCS IOTUYECKOe CIe0BaHVIe, T.e. B JaHHOM nprmMepe 13

NPUHAANEXHOCTU V MHOXeCTBY V cneyeT Takxe ero npuHaA/IexHocTb ), rae -

npejonpeAeneHHoe MHOXeCTBO 13BECTHLIX BU3Ya/ibHbIX 31EMEHTOB, A5 KOTOPOro
BEpPHO, HTo{m Va€ey,veEVFaE, VaE raEVEY, T.e. MHOXECTBO COCTOUT U3

TeX U TOIbKO Tex aTpubyToB, KOTOpbIe NPUHAANEXAT BU3yalbHbIM 31eMeHTam 13 V
R - MHOXeCTBO nNpaBwA Buaa {m cond:=; €A. 3aAaHo B pamKax
anrebpanyeckoii cuctemsl G, rae - ycnosue, npu UCTUHHOCTL KOTOPOro
BbINO/HSAETCA npmcsoeHme{m =( Ana KpaTKoCTW B ClyYae, ey yCi0BMe BCeraa
VCTVHHO, MPaBW/0 3an1cbiBaeTcst KaK{m =).

Mpumep 2.1. PaccmMoTpuM cneyroLLyto cutyauunto. MycTb nmetoTcs Asa

06beKTa, COeANHEHHbIX CBSA3bI0. MPeAnOoNoXNM, YTO KaxAblii 06EKT MeeT
cBoiicTBa X 1Y, yKasblBatoLLe KOOPAVHATbI ero IeBOro BEPXHero yrna v

CBOICTBA LUMPWHA 1 BblcoTa. OTHOLLIEHMe NyCTb UMeeT cBolicTaa (X1,Y1),
yKasblBatoLLee Ha KoopAuHaTbl ero Havana, 1 (X2,Y2), ykasbiBatoLye Ha
KOOpAWHaTbI KOHUA. lonycTnM, Anarpamma BbIrIsanT Tak: (puc. 2.1).

Puc. 2.1. Mpumep npocToi Avarpammbl

[lmarpamma Ha puc .2.1 NocTpoeHa 13 Tpex 31eMeHTOB, /jBa 13 KOTOPbIX
NpUHaANEXaT K TUNy 06beKTa, a OAVH - K TUMY OTHOLLeHMe (puc. 2.2).

X, V) (X, Y)
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Puc. 2.2 O6bekTbl MPOCTOl Anarpammbl

&

Kak BUAHO Ha puC. 2.2, 31eMeHT 1306paxeHns, NpeacTaBsoLmii “o6bekT”,
COAEPXUT YeTbIpe aTpunbyTa - KOOPANHATLI 1EBOTO BEPXHEND YrNa, LUMPUHY 1
BbICOTY. SN1I€MeHT 1306paxeHVs, MPeACTaBAOLLNA “OTHOLLEHME", TaKKe UMeeT
yeTblpe aTpunbyTa - KOOPAMHATLI Havana U KOOpAUHaTLI KOHLA.

[ins NpocToThl NpUMepa NPUMeM CyLLLeCTBEHHOE A0MYyLLeHVe, Y4To B
BU3ya/lbHOM C/10Bape UMetoTca rpadpryecke aneMeHTbl, 3KBUBaNeHTHbIe
CYLWHOCTW 1 OTHOLIEeHNIo. Ha3oBeM VX “NpsiMoyroNbHUK” 1
“coeAnHUTENbHAA_NNHNA". OYeBWAHO, 3TV 31@MEHTLI MOTYT bbITb CObpaHbl U3
60n1€ee NPOCTbIX 3N1EMEHTOB ~ IMHWUIA, HO 3TO CYLLIECTBEHHO YBENYUT CUCTEMY
COOTHOLLEHWI 1 NUWNT NpumMep 2.1 NPOCTOTbI U HArNSAHOCTW.

TakuM 06pa3oM, Mbl MOXEM COCTaBUTL CNeAYIOLLYIO CrcTemy

COOTHOLLEHWIA:

R1.X1=01 X+ O1 .wmpwuHa (2.2)

R1.Y1=01.Y+O1.BbicoTa2 (2.3)

R1.X2=02 X(24)

R1.Y2=02.Y +02.BbIcoTa2 (2.5)

Mpw 3ToM Anarpamma us npumMepa 2.1 oNncsIBaeTca CeyoLmm

(X1, Y1)

(X2,Y2)



(LWIMPWHAa, BbICOTA) (LLUMPWHA, BLICOTA)
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COOTHOLLEeHneM:

D=, (2.6)

rae

A=;

G - anrebpanyeckas cMcTema, 3a,aHHas Ha MHOXeCTBe aTpubyToB (BBrAY
oyeBMNAHOCTN HeO6XO,U,I/IMOCTI/I n NpMeHeHnst ocTaBieHa 3a paMkamu IaHHOro

paccMoTpeHus);

EcTecTBeHHO, B peasibHOI AnarpaMme cuctema COOTHOLLEHUI ByaeT

3HaYNTENBHO C/IOXHEE, KPOME TOro, CaMUN UCXOAHbIe 06beKThI V MOTyT CTPOUTLCS
10 TOMY K& MPVHLMMY U3 CUMBONOB BM3yaNbHOro andasumTa.

OZHUM 13 MPeVMYLLECTB MOAX0AA ABNAETCS BO3MOXHOCTb OTKasa oT

pasaeneHuvs Anarpammbl Ha abcTpakTHbIN rpad cnHTakcmca (ArC) n
NPOCTPaHCTBEHHbIN rpad oTHoLeHwi (MFO), KOTopble HacTo UCMONL3YITCSH B
dopmanmsmax, ceasaHHbIX ¢ rpaposbIMU rpammaTkamu. AFC npejctaenseT
CVHTaKCMYECKOe HaMnoNHEH e, UMetoLLIee CMbICA At TPAHCASLMM AnarpaMMmbl, B TO
Bpems kak MO onvicbiBaeT nHTepdelic nonb3osatens [227]. ATC ans
npuyBeAeHHOro NPUMepa orpejenseT, YTo y Hac eCTb ABa obbekTa C
COOTBETCTBYOLLMMUN aTPUBYTaMu, COeAMHEHHble HEKOTOPbLIM OTHOLLeHWeM, MO
COAEPXKUT NHPOPMALIMIO O TOM, Kak UMEHHO OHO 1306paxeHo Ha 3KkpaHe. 3ToT
MOAXO0/, NMOSBUACA, MPeX/e BCero, U3-3a BbICOKOM C/IOKHOCTV GOpManv3Mos
rpaoBbIX rpamMMaTuK, B BUAY KOTOPOI ONMUCLIBaTL COBCTBEHHO N306pasnTebHY0
YacTb AMarpaMmbl Ha TexX e rpaMmMaTiKaX, YTo U CUHTaKCKC, Bb1i10 Bbl Yepecuyp
TSHKENO. BblumcamTenbHas Mogens Anarpammbl COBEPLUEHHO CBO6OAHA OT 3TOro
HejocCTaTKa - Kak oruncaHue, Tak 1 CMbIC/IOBOe HaMosIHeH e 3a4at0TCs B Hell
npakTUyeckn eAMHO06PasHo.

TeMm He MeHee, 13 NprBeAeHHOro onncaHns BO3HMKaeT 60/1bLLOE KONNYEeCTBO
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npo6nem. MNpriBeaeM 3seCb OCHOBHbIE.

Bo-nepBeblix, TpebyeTca GopmanbHbIli anropuTM BbIYMCIEHUSA YKa3aHHON
ceMaHTU4ecKol cetn npu B3aVIMOAeVICTBI/IﬂX C nonb3oBartesieM.

Bo-BTOpbIX, MO/Ib30BaTe b He NPVIBbIK B3aMO/elicTBOBaTh C AuarpamMamMit
KaK C HabopoM 3/1eMeHTapHbIX 610K0B. BMECTO 3TOro OH onepripyeT obbekTamu 1
OTHOLWEHUAMN.

B-TpeTbux, He06X0AVMbI YeTKO GopMann3oBaHHbIe MpaBuna AobaBneHus v
YZAANeHus YacTeii Avarpammbl Npu peaakTyipoBaHnn.

B-ueTBepTbIX, TPEOYET MCCNeA0BAHUSA BOMPOC KOHEYHOrO rpadryeckoro
oTobpaxeHVs gnarpamMmmbl - He3aBUCKMO OT YHUBEPCaNbHOCTU BU3HEC-NOTVIKY,
OrpaHNYeHna MOryT BO3HNKATb U3-3a OTCYTCTBUA NOAXOAALLNX BO3MOXHOCTEN
BU3yaNlbHOro 0TO6PaxXeHUs.

371 npobnembl byAyT pacCMOTPeHbI MOAPO6Hee B MOCNeytoLyIX pasjenax.
2.2. ANropuT™ pacyeTa BblUVCIUTENLbHOV MOENM BI3yanbHOro

A3blKa

B pa6otax [49, 50, 51, 52] 3.X. Tblyry NpeAnoxm1n KOHLENUMo

BbIYNCINTENBHOM MoAeny - pOpMan30BaHHOM CEMaHTUYECKO ceTu, B y3nax
KOTOPOIi HAXOAATCA NepemMeHHble, CBA3aHHbIe MeX/y CO60 OTHOLLEHNAMU -
maTemaTuyeckumMy onepaumami. JaHHas MoAenb Takxe HOrAa HasblBaeTcs
anrebpanyeckoi ceMaHTUYeCcKol CeTbHo.

[laHHas ceTb NpeACTaBNsSeT 3HaHUA O BO3MOXHOCTAX BbIUMCAEHWIA. Te uan
MHble OMepaTopbl 40MKHbI BLIMONHATLCA B 3aBUCMMOCTY OT ONpejeneHHbIX

YCNOBWIA, @ UMEHHO - M3BECTHbl 3HaYeHNs 1X NapaMeTpoB, U OHY BbIUNC/SIOT eLle



HeBbIYVC/IeHHbIE NepemeHHble. [yTem onpeaeneHva nyTu B CeTW OT Lenu,
KOTOpyto HeO6XOA|/|M0 paccuunTaTh, 40 Ha4aNbHbIX Y3/10B MOXHO BbIACHUTb, Kako
VIMEeHHO MopsAZOoK onepaLnii ZOMKeH NPy 3TOM BbIMOAHATLCA.

Kak 6b110 mokasaHo Toelyry, noAo6Hble Moaenn XOpOLWO oNuncbIBarOT

npocTble MatemaTnyeckmne n q)I/I3VI‘4€CKVIe CnCTeMbl, B KOTOPbIX 3aAaHbl

COOTHOLLEHVSA BHYTPY MHOXECTB NnepemMeHHbIX. Kpome Toro, B NpocTbIX cayyaax
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BbIYNCINTENbHAS MOAE/b MO3BOJISIET OTBETUTL Ha BOMPOC - paspeLurima av 3agada
BOO6LLE, 1, €CIN A3, TO KAKOB MUHUMANbLHbI anropuTM ANs ee paspeLleHns.
KpoMe Toro, BblUnCIUTENbHbIE MOAENN N1ErKO KOMBUHUPYIOTCS, B pe3y/bTaTe Yero
yrnpae/ieHvie 3HaHUAMK O NpeAMeTHOI 061acTi BeCbMa ynpoLLaeTcs.

OCHOBHbIM HeAO0CTaTKOM OpI/II'VIHaJ'IbHOIZ MOZeNnn ABNAeTCA HEBO3MOXHOCTb
CTPOWTb ANrOPUTMBI C BETBAEHWNEM. [N peLueHns 3Toli npo6nemsbl Tblyry
NPeANOXWUN TaK Ha3blBaeMble PACLLVMPEHHbIE BbIYMCINTENbHbIE MOAENN,
AOMONIHEeHHble yNpaBAsoLWMMY OTHOLLEHNAMUN, 8 UMEHHO, KOHKaTEHaLWIeVI
(BbIYMCNEHWS BbIMONHSOTCS CTPOrO APYr 3@ APYroM), yCIOBHOE OTHOLLIEHNE —
BbIMO/IHSAIOLLLEECS, TOIbKO eC/I HeKOTopas NepeMeHHas UCTUHHA, a Takxe
OTHOLLIEHWS BbI30Ba MOA3aAauu.

OCHOBHbIM MpevMyLLIECTBOM MOZAENV SBASETCSA TO, UTO OHa NpeKkpacHo
MO3BO/ISET NPEACTaBNATL 3HAHWA B TeX C/Iy4asx, Koraa 3To 3HaHWA O
MaTeMaTUYeCcKMX COOTHOLLIEHMSX B PaMKax HEKOTOPOI NpeAMeTHOR obnactu.
VIMEHHO 3TO CBOVCTBO Mogeneit Tblyry NOC/YyXXWN0 MOTUBALIMEN ANs CO34aHNS
BbIUNCTENBLHON MOAGNM BU3yabHOTO A3bIka. C ApYroi CTOPOHbI, BaXHEeALWUM
HeJ0CTaTKOM yKa3aHHOI MOAENN ABNSETCA HeAeTEPMUHMPOBAHHOCTL ee
BbIYMCNEHNS 1 NOTEHLUMaNbHas NPOTUBOPeUNBOCTb (Thlyry MpesloxXeH TepMUH
“HecTaumoHapHocTb” [52]). [lelicTBUTeNbHO, Aaneko He 06s3aTeslbHO CyLLecTByeT
TONbKO OAVH MyTb BbIUNCNEHVS pe3ynbTaTa, KpoMe TOro, pasHble MyTy MoryT
/iaBaTb pasHble pesynbTaThl. Thlyry nvican, 4to “ BeeAeHMe TpeboBaHW MOAHOTLI U
HenpoTUBOPEUNBOCTY 6b1N0 Bbl CUNBHBIM OFpaHMYEHeM NPU UCMONB30BaHUN
Mozeneii Ans onvcaHus cnoxublx{m 06BbeKTOB 1 fBIEHWIA. ViccnefoBaHve unn
npoeKTMpoBaHue obbekTa HaCTo{E HauMHaeTCA C  He3HauWTEeNIbHOro KoNMyecTsa
CBeJeHWIA, KoTopble B npoLiecce paboTsl m V3MEHSOTCS U AOMONHAKTCS.
BbluncavTenbHble MOAEV BMOAHE NOAXOAAT ANSi MPEeACTaBAEHNS TaKNX
N3MEHSIIOLLINXCS, HEMOMHBIX U, BbITb MOXET, AaXe NPOTUBOPEUVBLIX CBEAEHNI,
KOTOPbIMU UCCeA0BaTeNb UV NPOEKTUPOBLLVK pacnonaraert. lanee
Tpe6oBaHVe 0AHO3HAYHOCT PELLEHNS 3aa4n CTaBUTLCS He ByZeT.
O/HO3HaYHOCTb peLleHNs MOXeT 0becrneynBaThCs, C O4HOW cropop—m,@
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CoZiep>aHneM OTHOLLIEHWA, 06Pa3yoLLIX MOAEb, U C Apyroﬁm —
HEeMnpoTNBOPEUNBOCTLIO cCammx 3aga4"[52]. OgHaKo, TO, YTO XOPOLUO ANA
OMNCaHHOM CUTyaLWK, He MOAXOANT ANt CUCTEM, CBSI3aHHbIX C B3aUMOAENCTBIUEM C
ronb3oBaTeneM, B 0CO6eHHOCTU, eC/IN 3TO B3aUMOAENCTBME paccMaTpUBaeTCs Kak
NO6OYHbBIN 3pdeKT BblUNCIEHNS.

OpurnHanbHas MoZenb Thlyry CpaBHUTENBHO XOPOLLIO paboTaeT Ans

CNyyae., KOrAa BblUUCIEHNS BCETa UAYT B OAHY CTOPOHY, OT HEKOTOPbIX
nepemMeHHbIX, 06pa3sytoLLX BXOAHOW UHTepdeiic Mojen, K 3HaUeHUsM, KoTopble
ABNAIOTCS Pe3ybTaToM BblUMCAEHNIA. B cydae BbIYMCINTENbHOM MoAenn
BN3yanbHOrO f3bIKa, 33BUCUMOCTI HOCAT LMKINYECKUI XapaKTep, MO3TOMY
opurvHanbHas Moaenb Thlyry HexenatenbHa K MCNoNb30BaHMI0 BBUAY
HeJeTepMVIHNPOBAHHOCTY BbIUUCIEHWNI — ANt peAakTopa AnarpaMm 66110 6bl
KpaiiHe HeyZ06HO, ecv 6bl Moc/e B3aUMOAECTBIA C Nosib30BaTeNeM 04Ha
AmarpaMma npespaLLanace B HECKOIbKO U MOAb30BaTeNb AOXKeH 6bln Gbl
BbIGMPaTh Ty, C KOTOPO OH XO4eT Aanee NPoAOIXKUTE paboTy. HeobxoAMmo
npeanoxXnTb Npaswn/ia BelYncneHnsa CeMaHTUYeCKol ceTn Takune, YTO6bI OHMN

No3BOAAAN NPU NPaBWIbHOM NPOEKTUPOBaHWM GparMeHTOB CeTu



AeTePMUHVIPOBaHHbIe BbIYNCIEHVIS AnarpaMm.

Mpumep 2.2. PaccMOTpUM TUMOBOI NpUMep NPOCTOro dparmeHTa

AviarpaMMmbl, UMeROLLIE MeCTo ANS 60NbLUMHCTBA AViarpaMMHbIX S3bIKOB U1
UANOCTPUPYOLLMIA Npo6aemy. MycTb 3a4aH NPAMOYro/bHbIV 610K, Haj KOTOPbIM
MOXHO MPOU3BOAUTL CejytoLLne AeiiCTBUS - MeHATb ero pasmep, nepemeLlas
yrabl 6n0Ka. Takol parMeHT MOXeT bbITb OMMCaH ClejytoLLell ceMaHTNYecKomn

ceTblo (puc. 2.3):
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Puc.2.3. Mpumep TNoBoW Gpurypel

x1=x3 (2.7) y1=y2 (2.11) x2=x1+width (2.15) y3=y1+height (2.21)
x3=x1(2.8) y2=y1 (2.12) x1=x2-width (2.16) y1=y3-height (2.22)

X2=x4 (2.9) y3=y4 (2.13) x4=x3+width (2.17) y4=y2+height (2.23)

Xx4=x2 (2.10) y4=y3 (2.14) x3=x4-width (2.18) y2=y4-height (2.24)
width=x2-x1 (2.19) height=y3-y1 (2.25)

width=x4-x3 (2.20) height=y4-y2 (2.26)

3peck width - LWnpuHa npsMoyronbHKUKa, a height - BeicoTa.
MOCTPOVM COOTBETCTBYHOLLYHO 3TVM MpPaBi/iaM CeMaHTUYECKYHO CeTb,

dparMeHT KOTOpOVi MPUBEAEH Ha puc. 2.4.
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Puc. 2.4. PparMeHT CeMaHTNYeCKOl CeTH, OMMChIBAKOLLEN TUMOBYHO GUrypy.

Ha npuBeseHHOM prcyHKe 1306paxeHa YacTb CEMaHTUYeCKo ceTu,
COOTBETCTBYHOLLAA NpasuiaM ¢ (2.7) no (2.10) n ¢ (2.15) no (2.20) n3 npumepa

2.2. ¥3nbl, 0603HaYeHHbIe OKPYXXHOCTSIMU, MPeACTaBAIT 3HaUeHNS NepemMeHHbIX.
Y3nbl - NpAMOYroIbHUKW NMPeACTaBNaoT MaTeMaTUYeckme COOTHOLLeHNA. [@=5E]
NpeACTaB/soT yHacTvie B MaTeMaTNyecknX COOTHOLLEHVISX, MPpUYeM CBS3b MOXeT
COeAVHSTL TONBKO Y3/Ibl PA3HOTO TWNa (T.e. rpad ABYAObHbIN); ecn CBA3b
BbIXOAUT U3 HEPEMGHHOVI ¥ BXOAMT B COOTHOLLEHVE, TO 3Ta NepeMeHHas BXxoaHas,
e/ HaobopoT - NepemMeHHast BbixoaHas. OUeBUAHO, 113 KaX/0ro COOTHOLLIEHUS
MOXET BbIXOAUTb TOMLKO OAHa CBA3b.

MpeAnonoxmm, NoNb30BaTeNb NepeaBHY NeBblli BEPXHUI yron
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npsiMoyronbHuka. Ha puc. 2.4. BUAHO, UTO CYLLEECTBYIOT pas/iyHbIe MyTu
nepecyeTa MoAenu, NOTEHLMaNbHO AatoLLVe pa3nnyHble pesynbTaTbl. Hanpumep,
BbIUMC/IEHNE MOXET B Havase noiTy no nytu (2.19) (2.17), a MoOXeT NoiTn no
nyTtn (2.8) (2.15). B nepeom ciyyae purypa M3mMeHUT CBOV pa3Mep, a BO BTOPOM

- HeT.

Tak1m 06pa3oM, 04eBUAHO, YTO HEOBXOANMbI AeTEPMUHMPOBaHHbIE NpaBuna
BbIYNC/IEHVISt NOMYUYMBLLEACS CEMAHTUYECKON ceTh.

Ans fanbHeliLLero N3noxeHVs BBeAEM HECKOIbKO OnpeeneHuii.

OnpegeneHue 2.4. BosgelicTBueM Ha gnarpammy D = HasbiBaeTcst

NOAMHOXEeCTBO MHOXeCTBa

rae ans mo60rom = €A BEPHO, YTO =, T.e. aTpU6YThI C COBMaaoLLMMM
MMEeHaMU VIMeIoT, BO3MOXHO, Pa3/IyHble 3HaYeHVs.

Co CMbICNI0BOI TOUKM 3peHMNSA BO3/AEeNCTBIE - 3TO MHOXEeCTBO aTprbyToB C
HOBBIMYI 3HAUEHVAIMY, KOTOPbIE MONYUMUAN 3TV 3HaYeHNs B NpoLiecce
B3aVMOZEeNCTBIS C Anarpammoii. Tenepb MOXHO AaTk OM1CcaHne anropyuTMa,

BblUNC/IAOLLErO anI/IGyTbI Anarpammebl nNpu BO3HNMKHOBEHNN BOSAeIZCTBVIﬂ Ha Hee.

Anroput™ 2.1 (@AropuT™ BblUUCIEHVS AUarpamMbl Npu Bo3AeMCTBmmm).
BblUvC/IeHWe COCTOMWT 13 ABYX 3TaMoB. Ha nepBoM 3Tare oCyLLecTBAsIeTcs

nepBoHa4vasibHOE N3MEHEHWE HEKOTOPbIX HEpeMeHHbIX{m (B3avMogeiicTBMe C

Mo/ienblo). Ha BTopoM 3Tane npuMeHsItoTCa npasiiaa 4o Tex nop, noka Hem

06HapyXu1BaeTcs, YTo 6osibLLe He 0CTaNoCk NPYMEHNMbIX NpasuA. Jlioboe



MpaBIo U3 MHOXECTBA R (CM. popmyny 2.6) MOXET 6bITb BbINOSHEHO MPK
COB/IIOAEHNN CIEAYIOLLMX YCNOBWIA:

1. eLe He NOYYNNO HOBOE 3HaYEeHMe;
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2. cozepcat XoTst 6bl OAHY NepeMeHHyo, MOAYYMBLLYIO HOBOE

3HayeHue;

3. Ycnosue UCTUHHO.

OnpegeneHune 2.5. HazoseM JeTepMUHUPOBaHHbIM BblYMCIeHNE

AMarpaMmbl, Npyi KOTOPOM anropuT™ 2.1, He3aBKCKMO OT BO3/AeliCTBIS,
reHepupyeT ToIbKO OAHY NOC/eA0BaTeIbHOCTL NPUMEHEHWS NpaBu.
OnpegzeneHvie 2.6. HazoBem HEMPOTVMBOPEUNBLIM BblUMCIEHVE ANarPaMMbI,

npu KOTOPOM anroputm 2.1, He3aBUCUMO OT BO3/AeCTBUS, MPUBOANT K OAHOMY U
TOMY Xe COCTOSIHMIO Anarpammbl.

BbluncneHVst ceMaHTYeCKol CeTV NPOVCXOANAT B 0bLLeM ciy4ae
HeAeTepMUHMPOBAHO (HeCTaLMOHaPHO), YTO ABAAETCH NPO6AEMONA, B YaCTHOCTY,
NpUBOASLLEN K KOMBMHATOPHOMY B3PbIBY, @ TakxXe K HerpejckasyemMomy
NMoBeAEeHIIO BI3yaNbHON cocTaBnsAtoLLei. [l Toro, YTobbl MOAeNb noayyuna
NPUKNaZHOe 3HaYeHNe, ee He06X0AMMO NPUBECTU K AeTEPMUHPOBAHHOMY VN
XOTS1 6bl HEMPOTUBOPEUNBOMY BUAY. CTaHAAPTHbLIE ANTOPUTMbI ANS MPUBEAEHNS K
AETEPMUHNPOBAHHOMY B/AY KOHEYHbIX aBTOMAaToB [1] NprIMeHeHbl 34eCb He MoTyT
6bITb, TaK Kak MCXOAHbIE Y3/1bl MOTYT 6bITh CBS3aHbI C BU3yabHbIMU S1eMeHTamu
1 X NpeobpasoBaHNsA PasopByT 3Ty CBSA3b. B CBA3M € 3TUM BO3HMKaeT
HacToATeNbHada HeO6XOAVIMOCTb npmmeHeva anropmma 2.2, onucaHune KOTOpOI’O
NPUBEAEHO HUXe.

ANroput™ 2.2 (anropuT™ NpuBeaeHns BeIYNCIUTENbHO MOAENN

BI3Yya/IbHOMO A3bIKa K JeTePMUHMPOBAHHOMY BIAY)

MycTb AaHbl TPY GYHKLMM:

(a), BO3BpALLAOLLAs UCTUHY, ECIN X MPUHAANEXUT BO3AEACTBUIO U TOXb B

NPOTVIBHOM C/lyYae;
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P(a), BO3BpaLLatoLLias UCTUHY, €C/IN X YXKe MOJyUVI HOBOE 3HayeHVie npu
BbIMONHEHWW anroputMa 2.1, 1 10Xb - B MPOTVBHOM C/lyyae 1

F(,,... ), BO3BpaLLatoLLas Ans Kaxoro BO3MOXHOIO BO34eNCTBUSA
nocne/oBaTeNbHOCTb BblUMCIeHUS Y3108 = €N, rae N - MHOXeCTBO Bcex
nocneAoBaTeNbHOCTeN, - ANHa NocNeA0BaTeNbHOCTY, a - aTpubyT,
BbIUMCASIeMbIVA Ha LWare m 3Tol NocneAoBaTeNbHOCTI. /L1t MPOCTOTbl MOXHO
CUnTaTh, YTO GYHKLIMSA BO3BPALLAET UHZAEKC j NoC1e0BaTeIbHOCTV U3 MHOXeCTBa
N . 3Ta dyHKUMA MOXET bbITb NpeobpaszosaHa B GpyHKUMIO = F = j, a yxe
BbIpaXKeHa Yepes (a) 1 P(a) a Takoke GpyHKLMN MaTeMaTUYecKol N0rnKN.

MMycTb Takke 3aZ@aHO MHOXECTBO NpaBuA =, rAe - NpaBu/Io, KoTopoe

AOJXKHO 6bITb NPUMEHEHO ANS BblUNCIEHVA anm6yTa Ha warem
nocne/oBaTeNlbHOCTI B COOTBETCTBUV C YCIOBMSAIMU anroputMma 2.1.

NS KaxA0ro 3HaUYeHVs BbINONHUM CieaytoLye AeicTBuUsA:

BBeseM B gviarpammy atpubyTbl,,... NIOMMYeCKOro Tmna,

Kaxgoe npasuio :cond : =; €A, meE1.. mognduLmpyem B popmy

:cond:=; EAmE..

B pesynbTaTe BbINONHEHWS anropuTMa byaeT nonyyeHa Hosas

ceMaHTUYeckas CeTb, BblUVICIeHMe MO KOTOPOiA ByAeT MPONCXoANTL
eTePMUHVPOBAHHO.

MpozgeMoHCTprpyeM npriBejeHe MOAeN K JeTePMUHNPOBAHHOMY BULY.
PeLunm npeablAywmin npumMep, N306paxeHHbIn Ha prc.2.4, 1 onpeaensitoLmii
NPAMOYroibHYIK C NepemeLtaembimu yrnamv. dopmynbi (2.7) -(2.26) nocTpoeHb!
TakK, YTo Mpw NepemMeLLeHn yrna urypbl B pamkax anroputma 2.1 4onycTimo kak
NPOM3BECTN NepPecyeT 0CTabHbIX YI/I0B, @ MOTOM LUMPVIHbI 1 BbICOTbI, Tak U

NpoV3BeCTV 3TV AelicTBMS B 06paTHOM nopsiAke. B pesynbTtate Gpurypa MoxeT Kak



M3MeHUTb pa3mep, Tak 1 NepemMecTUTbCA Ha Apyroe Mecto 6e3 nsmMeHeHVs
pasmepa, NMb0 N3MeHUTL pasmep Mo O4HOW OCU 1 NepeMecTUTLCA MO APYroii.

MoAo6HbIN HeJeTepMUHVI3M HenpuemsieM A1 noas3osaTens. lostomy
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Heo6X0AMMO YETKO Onpeae/nTL NOPsAOoK, B KOTOPOM BYyAyT BbIMONHATLCS
BbIYMCNEHUS, HaNpuUMep, CeayoLnum 0bpasom:
n1:Pi(x1)API(y1)x3=x1;y2=y1;width=x2-

x1;height=y3-y2;

(2.27)

N2 :Pi(x2)APi(y2 ) x4=x2;y1=y2;width=x2-

x1;height=y3-y2;

(2.28)

n3: Pix3 A Piy3+ x1=x3;y4=y3;width=x2-

x1;height=y3-y2;

(2.29)

n4 : Pi (x4)A Pi(y4 ) x2=x4;y3=y4;width=x2-

x1;height=y3-y2.

(2.30)

B 3ToM cnyuae ¢pyHKUMSA F MOXET UMETh CedytoLLmin Bua:

F'al,a2,..aij = Pix1 A Piyl Aj=1V

Pix2 A Piy2 Aj=2 V Pix3 A Piy3 Aj=3V

Pix4 A Piy4d A\j=4

(2.31)

OpHaKo, AN1S NPOCTOThI 1 63 MoTepy 06LHOCTU /IS KaXKA0TO MOXET 6biTb
ncnonb3osaHa GyHKLUSA

Pi xj A Piyj (2.32)

HakoHeL, NocTponM MHOXecTBO npaswn R (cMm. popmyny 2.6)
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rn1,1 :condPix1APiy1 :x3 = x1 (2.33)

rn1,2 :cond Pix1APiy1AP x3 1 y2 = y1 (2.34)

rn1,3:cond Pix1APiy1AP x3 AP y2 : widt h=x2 - X1 (2.35)
rn1,4 :cond Pix1APiy1AP x3 AP y2AP width th eigh t=y3 -
y2

(2.36)

rn2,1 :cond Pix2APiy2 : x4 = x2 (2.37)

rn2,2 :condPix2APiy2AP x4 :y1=y2 (2.38)

rn2,3 :cond Pix2APiy2AP x4 AP y1 : widt h=x2 - x1 (2.39)
rn2,4 :cond Pix2APiy2AP x4 AP y1AP width :h eigh t = y3 -
y2

(2.40)

rn3,1 :cond Pix3APiy3 : x1 = x3 (2.41)

rn3,2 :cond Pix3APiy3AP x1 :y4 = y3(2.42)

rn3,3 :cond Pix3APiy3AP x1 AP y4 : widt h=x2 - x1 (2.43)
rn3,4 :cond Pix3APiy3AP x1 AP y4AP width th eight=y3 -
y2

(2.44)

rn4,1 :cond Pix3APiy3 : x2 = x4 (2.45)

rn4,2 :cond Pix3APiy3AP x2 : y3 = y4 (2.46)

rn4,3 :cond Pix3APiy3AP x2 AP y3 : widt h=x2 - x1 (2.47)
rn4,4 :cond Pix3APiy3AP x2 AP y3AP width th eight=y3 -
y2

(2.48)

PesynbTrpytoLLas ceTb BbIUUCISAETCS aNropUTMOM 2.1 AeTepMUHMPOBAHHO.

Mpumep 2.3. [Ina npuBeAeHns AvarpaMmMbl K HENPOTUBOPEUNBOMY BUAY



MOTryT 1CMONb30BaThCs 3HaUNTeNbHO 6oee NpocTele NpeobpasoBaHKs. Hanpumvep,
pPaccMOTPUM MOAVPULIMPOBaHHLIV GparMeHT Avarpammel ¢ puc. 2.4.

x1=x3 y1=y2 P(width):x2=x1+width P(height):y3=y1+height

(2.49)

x3=x1y2=y1 P(width):x1=x2-width P(height):y1=y3-height

x2=x4 y3=y4 P(width):x4=x3+width P(height):y4=y2+height

x4=x2 y4=y3 P(width):x3=x4-width P(height):y2=y4-height
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width=x2-x1 height=y3-y1

width=x4-x3 height=y4-y2

MoxHO y6eanTbCs, UTO BCe BapyaHTbI MepecyeTa ceTu AajlyT OANHAKOBbIN
pesynbTarT, T.e. AVarpamMmma HerpoTMBopeYnBa.

Takum 06pa3om, 66110 JaHO GpopMansHOe onpejeneHne BelYMCINTENbHOM
MOZEn AvarpaMMbl, BBeAeHbI aroOpUTMbl pacyeTa 3Toi Moaeny 1 NpriBeaeHns
MOZeNV K AeTePMUHPOBaHHOMY BUAY. Cle/lytoLM Heo6X0AMMbIM LaroM
ABNAETCA Onpe/eNeHue BU3yanbHOro CYHTaKCKCa AMarpaMMbl, 3alaHHOV B
BbIUYMC/IUTENBHOV MOAENN, T.e. HEeMOCPeACTBEHHOTO CNocoba M306paxeHus ee Ha
3KpaHe.

2.3. Byi3ya/bHblii CMHTaKCWC AviarpaMmbl

B npezbiaylem pasgene 66110 NMokasaHo, Kak MapameTpbl, Ha OCHoBe

KOTOpbIX OPMUpPYeTCA N306pakeHne AuarpamMmel, MOTyT 6biTb NPeo6pasoBaHbl B
BbIYMCNTE/IbHYIO MOZe/Nb BU3YaNbHOTO A3bika. CleayroLm Wwarom Heobxoammo
onpeaenTb CNoco6 N306paxeHs AnarpaMmMbl Ha OCHOBE 3TUX NapaMeTpoB.
CobCTBEHHO 1306paXeHMe AnarpaMmel GOPMUPYETCS 3a CUET HEeKOTOPbIX
B3ya/lbHbIX MPUMWTVIBOB C MpeonpeaeieHHbIM MoBeaeHNeM, MMeroLLnX
aTpUGYTLI, yKasblBatoLLie, Kak UX PUCOBaTh, U ONVIChbIBaeMble CeMaHTNYeCKo
ceTbto. Habop 3Tux aTprbyToB 06pasyeT Br3yabHbI andasuT AgvarpamMmel, a
B3aMMO/EeNCTBME C OCTaNIbHOW CEMaHTNYECKOV CeTbIO — ee BU3yanbHbI
CUHTaKCMC.

Bu3yanbHbIii NpYMUTUB dakTuyeckn NpeacTaBnseTcs pparMeHToM
CeMaHTUYeCKO ceT, KOTOPOMY COMOCTaBAeHbI HEKOTOPbIe 3HAaHUSA O TOM, Kak OH
B3aMMO/elicTByeT C nonk3oBaTenemM. Habop Takvx NPYMUTMBOB He 0693aTe/lbHO
orpaH1YeH YnCTo rpadpryeckMMI 31eMeHTaMu — B 3TOI PONV MOTyT BbICTynaTb
06beKThI, V3AatoLLMe 3BYK UKW, HaNpUMep, B3avMoAeNCTBytoLLe ¢ paiinoBoi

CUCTEeMOlA.
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Mpvimep 2.4. B kauecTse nNpriMepa pacCMOTPUM NMPUMUTUB - OTPE30K

NPAMOA, KOTOPbI XapaKTepy3yeTca YeTbipbMs KOOPAVHATaMK, BCTyNaloLyiMy B
OTHOLLeHUS C aTpnbyTamu bonee obLLel ceMaHTUUecKol ceTu. MNPSMOYronbHUK
CTPOUTCS U3 YeTbIpex TakUX MPUMUTVBOB 1 T. 4. Ha puc. 2.5 nokasaHo, kak
NPAMOYTO/IbHNK CTPOUTCA N3 YeTbIpex 06BHEKTOB — OTPEe3KOB, CoOeAVNHEHHbIX
COOTHOLLEHVSIMI PaBEHCTBa CBOVIX KOOPAVHAT.

Puc. 2.5. Mprmep NocTpoeHVs rpapryeckoro snemMeHTa 13 NpUMUTUBOB

JlaHHbI NOAXOA NPUBOAUT K TPEM KNtoUeBbIM Npobaemam. MNepBoit 13 Hux
ABNSETCA BbIGOP MHOXECTBA BY3ya/bHbIX MPUMUTVBOB. O4eBUAHO, YTO CO3jaTb
ncyepnbiBatoLLee MHOXeCTBO HeBO3MOXHO. TakuM 06pa3om, eciv npejcTaBneHve
4acTy, CBA3aHHOW C abCcTpakTHbIX rpadoM CUHTaKCKCa, He TpebyeT /1t CBoero
OMUCaHUS HNYEro, KPoMe CTPYKTYP AaHHbIX, TO HE06X0AVMOCTb BU3YaNbHOro
0TOBpaXeHVs NPUBOAUT K BOMPOCY O TOM, Fle YCTaHOBUTL YepTy, 3a KOTOPOW
AanbHelillee HapaLMBaHe BY3yanbHOro andasuTa CTaHOBUTCA
HeLienecoobpasHbIM. MIHbIMU CloBaMy, NOTeHLaNbHasi BO3MOXHOCTb HapycoBaTh
AviarpaMmy OrpaHNYnBaeTCs KONMYECTBOM U XapakTepoM BU3yasibHbIX 3/1eMEHTOB,
KOTOPbIe MOTYT NMPUCYTCTBOBAaTb B MHCTPYMEHTE, PUCYIOLLIEM 3Ty Anarpammy, 1 nx
KONMYeCTBO CHeTHO. Bo3Bpallasich k NpuMepy C 0TPe3KOM MPSIMOA, B CaMOM

NPOCTOM Cly4ae OH MOXeT UMETb YeTbipe aTpnbyTa. B 60/1ee CIOXHOM Cilyyae Mbl



MOXeM yYnNTbIBaTb TONLWUHY NNHUW, LBET U CTW/1b, HAN4YME CTPEJIOK Ha KOHLaX U
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T.A. PakTMYeCcKu, NoTeHLMaNbHOe KOMYeCTBO TPEBYHOLLMXCS aTpUBYTOB He
OrpaH1yeHHo.

BO3MOXHO HECKONBLKO OYeBMAHBIX MOAX0/A0B K PeLleHuo 3Tol 3agaun. Bo-
nepBbIX, 3TO KNACCUPUKALINA M3BECTHBIX AVarpamMm Mo T1nam 06beKToB 1
nonbITKa BblAeneHVs 6a30Boro Habopa Br3yanbHbIX MPYMUTUBOB. BO-BTOPbLIX, 3TO
NoAXOAbl Ha OCHOBE MepeYHs NPUMUTUBOB BU3yaNbHbIX peaakTopos. Moaxos Ha
OCHOBE KNacCcMdUKaLMy N3BECTHbIX AnarpammM 061ajaeT TeM NpevimMyLLecTBoM,
UTO rapaHTVpyeT BO3MOXHOCTb M306paXeHWs TOro MHOXeCTBa Auarpamm,
KOTOpble BbI1 NPOaHaNM3MPOBaHbl, 04HaK0o OCTaBNSeT BOMNPOC OTHOCUTEIbHO
Aviarpamm, KOTOpble He Bblnv PaCCMOTPEHbI Ha MOMEHT Knaccudukaumu. C Apyroi
CTOPOHbI, ONUPasACh Ha BO3MOXHOCTY BU3yalbHbIX PeAakTOPOB MOXHO CUnTaTh,
UTO BCE, UTO MOXET bbITh HAPVMCOBAHO BU3yabHbIM PeakTOPOM, MOXET BbITb
TakXe NCNo/b30BaHO Kak BU3yaNbHbI andaBuT gviarpaMmbl. Takmm o6pasom,
BTOPOVi MNOAXOA, XOTS 11 CONPSIKEH C 60LLIMMU TPYAHOCTAMM (MOTeHUMaNbHO
OrPOMHOE KOIMYEeCTBO aTpPMBYTOB), ABASETCH 6oNee YHBEPCaNbHbIM.

BTopas BaxHas npobnema, NOSBAAOLLASCS 13-3a CamMoli MPUpoAbI Mogenu -
npviBsA3Ka K rpapuyeckum ycTpoicTeam, GpakTnyecky, Aenatolias avarpaMmmy
3aBUCUMOLI OT OTOBpaxeHus (4To HapyLlaeT wabnoH Model-View-Controller).
MpeAnoNoXUM, UTO Y HaC eCTb rpaduyecknin SneMeHT “TekcT”, 415 KOTOPoro
3a4atoTcA aTprbyThl - KOOPANHATLI N1EBOrO BEPXHEro yrna, WpudT, CO6CTBEHHO
TEKCT, a TakKe A/IMHa U BbICOTa, BbIYMC/ISieMble Ha OCHOBE Mpe/blAyLLnX
napameTpoB. O4HaKo A5 TOro, YTO6bI PacCUMTaTh AIVIHY U BbICOTY TeKCTa,
He0CTaToYHO 3HaTb WPUPT 1 CaM TEKCT, HE0BXOANM TaKKe rpaduyeckuii
KOHTeKCT. Takvm 06pa3om, B 3aBUCMOCTY OT TOro, Ha KaKoM ycTpoiicTee
puvcyeTcs gnarpamma, oHa Jo/mkHa nepecymnTbiBaTbCst. BaxHol npo6nemol,
BO3HVKaloLLelt B pe3ynbTaTe ykazaHHOro HeAoCTaTka, ABNSeTCS HeBO3MOXHOCTb
0/HOBPEMEHHOr0 0TO6paXeHUst AnarpaMmbl Ha BYX PasinyHbIX yCTPOMCTBAX.
Mpobnema 3aBUCMOCTH OT rpaduUeckoro KOHTEKCTa MOXET 6biTb pelleHa
O/JHVIM U3 ABYX CNOCO60B. MepBbIi - 3TO CO3AaHNe HEKOTOPOro NPOMEXYTOYHOrO

abCTPaKTHOro rpadryeckoro KOHTEKCTa, KOTOPbIN 6bl Npeobpa3oBbIBa
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B3yalbHYH0 MOZE/b B annapaTHO-He3aB1CMOe 1306paxeHie, KOTopoe B
JanbHeliLlleM yxe, COBCTBEHHO, 1 1306paxanocb B KOHEYHOM YCTPOMCTBe.
[laHHbI Cnoco6 A0CTaTOUHO NMPOCT, HO He YHUBEPCaeH, Tak Kak He no3sonsieT
repeaaBaTb Ha3ag B MOAe/b JaHHbIE O HACTPOIKax OKOHEYHOrO YCTPOCTBA YTO, B
CBOIO o4epesp, AenaeT rpadpuyeckoe NpeAcTaBAeHe HEONTUMAabHbLIM ANs
Habntogatens.

S7a xe npobnema MOXeT 6bITb peLleHa nyTem Co3AaHunii Konuii

rpadurUeckx S1eMEHTOB A KaXAO0ro U3 rpaduruecknx ycTponcTB. B Takom
Clyyae ceMaHTUYeckas ceTb Jo/MKHa 6biTb pa36yTa Ha ABe YacTu 1 3anpeLLeHbl
Nto6ble GYHKLMV, BbIYMCASIOLLME 3HAYEH WA aTPUBYTOB U3 HEBU3Ya/lbHOM YacTi No
aTpubyTam 13 Br3yanbHOM (HO He Ha060POT). MPEUMYLLECTBOM TaKoro peLleHust
ABNISIeTCS 60/bLLAs YHVIBEPCANbHOCTb, 8 O4EBU/AHbLIM HEAOCTATKOM -
NCKMOUNTENbHAs CNOXKHOCTb.

HakoHeLl, TpeTbs Npo6ema 3ak/1to4aeTcs B MoAAepke B3anMoAeicTBys

MeXy Nosib30BaTesleM 1 BU3yasibHbIM 31leMeHTOM. VIMEHHO BU3yanbHble
3/IeMeHTbI AB/IAKOTCA 414 MONb30BaTeNA TeMU CYLLHOCTSMUN, Yepes KOTopble
BO3MO>HO OCYLLIECTBITL TO U/IN MHOE BO3AeCTBIME Ha AnarpaMMy - Hanpuvep,
repeMeLLieHne 06bEKTa, ero yjaneHune Nan BbI30B KOHTEKCTHOTO MeHH0.
HeobxoAnMa noAaepska B3anMoAeiCTBIS C NoNb30BaTeNeM MMEHHO Ha 3TOM
ypoBHe.

[Ansa peLueHvs TpeTbeli NpobieMbl NpejiaraeTcs co3aaBaTk HEBUAVIMbIE



rpaduyeckrie NPUMNTUBEI, NPeAHa3HaveHHble 415 06paboTky onpeseneHHbIX
CObbITWIA nHTEpdeiica. TakuM 06pa3oM, BOSMOXHO COYeTaTb MPOU3BO/IbHOE
BU3yaslbHOE Npe/CTaBeHVe C MPOU3BO/bHbLIM COBbITVEM NHTepdeiica. B kauecTBe
Takux CObbITVIA MOXHO paccMaTpuBaTh, HanpuMep, HaxaTve KHOMKN Mbllu.
Takum 06pa3om, 6bI10 MOKa3aHo, YTO BU3yanbHOe OTObpaxeHue AvarpaMmbl
MOXeT 6bITb 06ecrneyeHo 3a cHeT Habopa BU3yabHbIX MPUMUTUBOB, CBA3aHHbIX C
ee Mogenblo Yepes aTpubyTel. [1py MCNONL30BaHNMN Takoro NoOAX0Aa BO3HUKAOT
Tpuy Npobnemsl. MepBsas - BbIGOP MHOXeCTBa rpadUUecknx NPUMUTUBOB — MOXeT

6bITb peLleHa 6O C MOMOLLBHD KnaccndurKaumm 4eKoMmNo3nLNN BU3yanbHbIX
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3/1eMeHTOB M3BECTHbIX AVarpamm, IM60 C MOMOLLbIO CMHTE3a Ha OCHOBE
BO3MOXHOCTel COBpeMeHHbIX rpadpuyeckrix peaakTtopos. Bropas npobnema -
HeBO3MOXHOCTb OTOBPaXeHVs AnarpamMmmbl B OTPbIBE OT KOHKPETHOrO
rpaguyeckoro ycTpoiicTea - MOXeT 6bIThb peLleHa M60 C MOMOLLbI0 BBeAeHUs
NPOMEXYTOYHOr0 YPOBHS - abCTPakTHOro rpadunyeckoro ycTponcTaa, mbo nytem
paszeneHuns ceMaHTNYecKol CeT! Ha HeBU3Ya bHYHO 1 BU3Ya/bHYHO,
cneuneUUHYIO ANs Kaxa0ro yCTpovicTBa B OTAENLHOCTY. HakoHeL, TpeTbs
npo6nema - B3aUMOAEACTBUSA C NO/Ib30BaTeIeM - PeLLAeTCs C MOMOLLbIO BBEAEHUS
HeBUAVIMbIX rpadryeckx NPUMUTUBOB, NpeAHa3HaueHHbIX 418 06paboTku
COOTBETCTBYHOLLYMX COBLITUI HTepdelica.

2.4. lornyeckme ob6bekTbl Anarpammbl

Monb3oBaTenb, ONeprpys C ArarpamMmo, NpuBbIK paboTaTk C 06bekTamu, a

He C X 3N1eMeHTapHbIMW YacTAMN. B YacTHOCTW, 3aja4a yaaneHuns 06bEKTOB Ansa
nonb3oBaTessi NPeACTaBAAeTCS aTOMapHOIA, UTo TpebyeT XpaHeHWs B MOAeNn
MHGOPMAaLIM O TOM, Kakne IMEHHO ee YacTy 06pasytoT yaansemblii 06bekT. Takum
06pa3oM, Heo6X0ANMO obecrneynTb KOMMNO3ULMIO rpadpUyecknx NPUMUTUBOB U
aTpnbyTOB CEMaHTUYeCKoM ceTu B 6onee KpyrnHble 31eMeHTbl - lornyeckme
06beKTbl, KOTOPLIMV MOXHO 6b1/10 6bl ONEPVPOBaTL Kak eAVHbIM LieNbIM.
JAunarpamma MoxeT bbITb Npe/cTaBNeHa NoAb30BaTeNto TPEMS PasINYHbLIMM
cnocobamu, ABa 13 KOTOPbIX yXe 6blIN paccMOTpeHbl. Bo-nepBbix, AvarpaMma -
370 n306paxeHue (BU3yanbHbI ypoBeHb). Bo-BTOPbLIX, AvarpaMmma nveet
onpejeneHHoe MHPOPMaLIMOHHOE HarNONHEHWe, Ha OCHOBaHW KOTOPOro ¢
AviarpaMmoli MOXHO B3aVIMO/eNCTBOBaTh (YpoBeHb NoBeAeHNs U 6rsHec-
I'IOI'I/IKVI)‘ HaKOHeLL, ANA peweHnsa MOCTaBNEeHHOM 3ajiayun - B3aVIMOAeVICTBVIﬂ C
dparmeHTaMu Ararpammbl Kak C eAViHbIM LienbIM - NpejiaraeTcs BBeCTU
AOMNONHUTENbHBIA NOTNYECKUI yPOBEHb, COCTOALLMIA 13 06bEKTOB Anarpammel.
PaccmMoTpuMm yxke NPUBOANBLLYHOCA CUCTEMY U3 ABYX CYLLIHOCTEN 1 CBA3N

MeXay HUMW. DTa cucTeMa npejcTaBrmMa ceayroLmm obpasom (puc. 2.6):
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Purc.2.6. YpoBHY NpeACTaBneHys AnarpaMmbl

YNOMSAHYTBIV NOAX0/A NOPOXAAET CPasy HECKONBKO 3a4ay. Bo-nepsbix,
Heob6Xx0AMMO 06ecneunTb OAHO3HAYHOE COOTBETCTBME MeXAY BCEMYU SNeMeHTamu
06BbeKTa 1 caMUM 06BeKTOM. Bo-BTOPbIX, HEO6XOAVMMO 06ecneynThb NpPaBUIbHYO
06paboTKy paspbiBa OTHOLLEHN Mexay 06bekTaMu Npu yAaneHn OAHOTO U3 HUX
(HanpvmMep, Npu yaaneHuu CyLHOCTX B Anarpamme “CyLHOCTb-CBA3L” JO/MKHbI
YAANUTBCA U BCe CBA3U, BXOASALLIME U BbIXOAALLVE U3 Hee).

Hanbonee o4eBMHbIM peLLeHeM NepBoii 3a4a4m SBNSETCS PaCCMOTPeHVe
NOrN4eckoro o6beKTa Kak eLLe 04HOro y3na (KoHLemnTa) ceMaHTU4eckol cetu
CrneunanbHOro T!na, CBA3aHHOMO OTHOLIEeHVAMM BUAA “BXOANT B” 1au “coctonT
13" ¢ APYruMm y3namu. Takum 06pasom, Mo BrUsyansHOMY 31EMEHTY MOXHO
YCTaHOBWTb, K KAKOMY MMEHHO N0r1MYeckoMy 06BEKTY OH OTHOCUTCS, MOC/e Yero

OMnpeaennTb BCe 3/IEMEHTHI, N3 KOTOPbIX 3TOT 06BEKT COCTOUT. Mpwn
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HeoB6X0AMMOCTY yAaneHNs 3Toro 06 bekTa 4oCTaTOUYHO MPOCTO YAaNUTb U3



CeMaHTYeCKOW CeTV BCe KOHLIeNTbI, BXOASLLME B 3TOT 06BEKT (ec/vt 06beKT He
CBA3aH OTHOLUEHUAMU C APYrMU 06'bEKTaMVI)‘ HEAOCTaTKOM noaxoaa aBndaeTca
HeKoTopoe YCNoXHeHNe MOAeNN.

Bonee cnoxHoi ABNAETCA 3a4a4a pa3pbiBa OTHOLLEHWIA Mexay 06bekTamu

npu yAaneHnn 04HOro 13 Hux. Takas 3azaqa MoxeT TpeboBaTb KackagHoro
yAaneHus 60NbLLIOro KoAMYecTsa 06beKTOB. TeM caMbIM, BO3HMKaeT BOMPOC - Kak
VMeHHO cieslyeT MHGOPMUPOBaThL CEMaHTUYECKYH CeTb O MOA06HbIX
B3anMOCBA3sX. [POCTbIM peLLeHneM 3To 3a4aUn ABNSETCS BBeAeHe onepaLmn
CBA3bIBaHUSA Y3/10B - 0rMYECKMX 06bEeKTOB OTHOLLEHUSMY NMPUHAANEXHOCTH.
Taknm 06pasom, Hanpumep, B AnarpaMmme “CyLLiHOCTb-CBA3L" CYLLIHOCTb, BCTyNas B
OTHOLLEeHMe CO CBA3bI, MOXET yCTaHaB/IMBaTb OTHOLLEHWE NPUHAATEXHOCTU 37O
CBA3M K CYLLIHOCTV U NPU YAANEHNM CYLLIHOCTY CBAI3b Takxe byeT yAanaTbCs.
CnoxHble viepapxvv NpYHaANeXHOCTU NOrNYeCcKNX 06EKTOB MOTyT MPUBOAUTL K
Nto6OMY KackagHOMY yAaneHuto, KoTopoe Heo6xoAMMo. Tpur 3TOM cieayeT MeTb
B BUAY TOT HeA0CTaTOK PeLLeHUSs, YTO HEBO3MOXHO BbIMONHUTL YCI0BHOE
yAaneHve B 3aBMCMMOCTN OT 3HaYeHnn KOHL[eI'ITOB-anI/IsyTOB.

3ajaya NpeobpasoBaHUs CeMaHTUYeCKO ceTy Npy BCTaBke 06bekTa B
Aviarpammy 1 yAaneHun obbekTa U3 Hee ABAETCA KpaiiHe BaxHOI. [py 3ToM 3Tu
/leficTBMA He 0653aTeNbHO CBA3aHbI HEMOCPEACTBEHHO C AeiCTBUSMYI
nonb3osatens. Tpe6oBaHUs NpeAMETHO 061aCTV MOTYT 6bITb TakoBbI, YTO
noAo6Hble NpeobpasoBaHNs MOTYT BbINONHATLCSA B OTBET HE Ha COBLITVS BCTaBKM
VNN yAaneHns, a Ha USMeHeHMe 3Ha4YeH st HeKOTOPOoro KoHuenTa. npOCTbIM
NpUMepoM Takoi Anarpammbl MOXeT 6bITb Urpa “XIn3Hb" [15], Npegnonaras, 4to
OHa BeAeTCs Ha 6eCKOHeYHOM Mone 1 kax/aan avelika B Hell peann3oBaHa kak
06beKT. C pyHKLMel BpeMeHM KONNYeCTBO 06BEKTOB Ha rPOBOM rnone
CyLLLeCTBEHHO MeHSIeTCsl, 0Hako Mo/b30BaTe b He y4acTByeT B 3TOM npoLjecce
HanpamMyro. BMeCTo 3Toro n3meHeHwve SBIAETCA YacTbio CUHTaKCMCa AvarpaMMbl.
Kak 6b1710 y>ke nokasaHo paHee, 06bekT AnarpamMmmbl NpeACTaBAAETCS

¢pa|’MEHTOM CcemMaHTU4ecKoin cetu, KOTOprVI HeobxoAMMo no ornpezesieHHbIM
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npasunam B 3Ty CeTb BCTaBUTb 160 KOTOPbIN HEOBXOAMMO W3 3TOW CeTW U3bATE.
TakvM 06pa3oM, IOTUYHbBIM BUAWTCS, YTO V3MeHeHMe TOMON0ry CeMaHTNYeCKon
CeTU MOXeT ABNATLCSH NOBOUHBIM 3PPEKTOM OT ee BblYNCNIeHUS TaKiM Xe
06paaoM, KaK 3TO npoucxoaunT B d)yHKLJ‘VIOHaI'IbeIX A3blKax (LITO HemMeaneHHo
BbI3bIBAET NPeAnooXeHVe 0 NPeAnoYTUTENbHOCTM YNCTO GYHKLMOHANBHOIO
CTWNA OMUCaHUS Anarpamm).

Takvm obpasom, NpeanaraeTcs BBECTU 0CO60ro poja GpyHKUmM,

BbIMOJIHEHWE KOTOPbIX MPUBOAMAO 6bl K U3MEHEHVHO TOMOoN0rUM AnarpamMmel.
BbI30B 3TUX GyHKLWMI MOT bl MPOUCXOAUTL B MpoOLiecce nepecyeTa Avarpammel v,
Kak MoboYHoe AeiicTBME 3TOro NepecyeTa, 406aBNsTb B AnarpaMmmy HOBble
06bekTbl IM60 yAaNATL CyLLeCTBYHOLLME. DTO NO3BOANO 6bl MOAENPOBaTL
AobaBneHvie UV yaaneHve 06bLeKToB, HanpyMep, B OTBET Ha NepeMeLLieHNs Apyrix
06EeKTOB /IM60 B OTBET Ha BHELLHVIe BO3AeCTBUA U BO3AeNCTBIS Talimepa.

ELLle 0HUM BaXHbIM acrekToM ABASETCS 4eKOMMNOo3nLMs. Bo MHOTvX

AviarpamMmax CyLecTByloT 06bekTbl, Coaepxallye BHYyTpY cebs Apyryro
Aviarpammy. B BblUMCAUTENBHOV MOAENM BU3YanbHOTO si3blka 3Ta 3ajaya Takxe
MMeeT ecTecTBeHHOe pelleHve. CemaHTYeckas ceTb, NpeAcTaBstoLwan
BHYTPEHHIO0 Anarpammy, obpasyeT enHoe Liesioe C BHeLLHe ceTbto, byayun
CBSI3aHHOW C Heli Yepes aTprbyThl 4eKOMMNOo3MpyemMoro obbekTa. Takum obpasom, C
O/HOW CTOPOHBI , BHYTPEHHSIS YaCTb CeTV MOXET NPeACTaB/ATb OTANbHYH
Amarpammy, ¢ ApYroi CTOPOHbI, AaHHbIe 3TOW AnarpaMmbl ecTecTBeHHbIM 06pa3om
CBsi3aHbl C OCHOBHOW AMarpaMmoin.

MTaK, 66110 MoKasaHo, YTO 3a CHET BBEJEHUS KOHLLeNTOB HOBOrO TuMna -
IOTNYECKNX 06 BEKTOB 1 OTHOLLIEHWIA APVHAANIEXXHOCTU MeXAY HUMW U ApYTrMn

KOHLienTamu nosiBASIeTC BO3SMOXHOCTb OMepupoBaTh CO CIOXKHbIMU pparmeHTammn



AvarpaMMbl Kak C eIMHOV CUHTaKCM4eckol eanHuiLEiA. Mpy 3Tom pelleHa 3agaqa
paspbiBa cBA3el Mex/y 06bekTaMyi NPy YAaneH OAHOr0 13 HUX U KackagHoro
yaaneHus. Kpome Toro, NokasaHo, UTo BCTaBKa U1 yAaNneHve 06beKToB MOXeT

ecTecTBeHHbIM 06pa3oM NMPOM3BOAUTLCS B XO/e 0BbIYHOrO NepecyeTa CeTu 1 He

06s3aTeNbHO TpeboBaTh AeNCTBUA NoAb30BaTeNs. HakoHeLl, MPoAeMOHCTPUPOBAaHO,
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UTO |eKOMMO3MLMSA IOrMYeckoro o6bekTa Takxke MMeeT ecTeCTBEHHOE peLleHe B
pamKax BblUYMCANTENbHON MOAENN.

2.5. IHTepdeiic B3anMogeiicTBIs € nob3oBaTtenem

B3avmozeiicTBMe ¢ AvarpaMMoit A1 NoNb3oBaTeNst He orpaHNYMBaeTcs

TOMIbKO 06pPaboTKOV COBBLITUIA OT MbILLIY, PAaCCMOTPEHHOI B paszene 2.3. BoobLue
roBops, NCTOYHUK E3aMMOAeVICTBMﬂ MOXET 6bITb NPOn3BO/IbHbBIM. MoxHo
NPVIBECTV CNeAyroLLNIA CIMCOK BO3MOXHbIX BUAOB B3aMMOAENCTBIA:

1. B3ayMoAeincTBIA Co CTaHAaPTHLIMY METOAaMMN BBOAA OnepaLioHHON CUCTeMbI
(B OCHOBHOM, kNlaBMaTypa 1 Mblllb, @ TakKe MNOoTeHLMaabHO OKOHHbIE COBbITUS).
2. B3auMogelicTBrie C ANanoroBbIMu OKHamu.

3. B3avmogeiicTBue ¢ GyHKLVIeN BpeMeHN.

4. B3avMo/eCTBYIe CO CTOPOHHUMM NPOrpamMMamu.

TeM He MeHee, 3TV BU/bI B3aUMOAECTBIA Takke MOTYT 6biTb
NpOMOZeNMpoBaHbl Yepes ornpejeneHvie BO3AeCTBIS Ha Anarpammy v
npviIMeHeHvie anropytma 2.1. B 4acTHOCTW, BONPOChI peakLn Ha B3anuMogelicTsus
CTaHAAPTHLIMY MeTOAaMV OMepaLVOHHON CUCTeMbl MOTYT 6bITb peLleHbl MyTem
Ao6asneva BU3yaibHbIX MPUMUTNBOB - cnyLuaTene|7|, noAjepXvBaroLmx
peakLyto Ha COOTBETCTBYIOLLVe BO3AelicTBIS. Hanpumep, Ans co3saHns
NPAMOYrobHUKa, KOTOPbIA MOXHO ABWraTh IEBOM KHOMKOM MbILIV U BbIBOAWTL
KOHTEKCTHOE MeHI0 MPaBoi KHOMKOM MbILLM, HEO6XOAMMO A06aBUTb K
rpaduyecknM anemMeHTamu JBe akT1BHbIE 061acTV, pearnpytoLime Ha
COOTBETCTBYHOLLME COBBITUS OT MbILLV.

BaxHOI 3a7a4eli ABNSETCA pejakTpoBaHVe 06beKTOB C MOMOLLILIO

AVIaNoroBbIX OKOH. [JanoroBoe OkKHO JJO/MKHO N3MEHSTb 3HaUeHNS HEKOTOPbIX
aTprbyTOB TOYHO TeM Xe CMOCO60M, YTO U OCTa/lbHbIe BU/bI B3aMMOAENCTBIS,
roc/e Yero ceTb O/MKHA NepecUnTbIBATLCS Tak e, Kak Npu Apyrnx BUAax

B3aUMOZENCTBYS. VIHBIMY CIOBaMVi, HEOBXOZMMO onucaTh AecKpunTop OKHa,
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CBA3bIBaOLWMI GOPMAT OKHa C KOHLLeNTamm AvarpamMmbl (Mpyyem, 3ToT
AECKpPUNTOP NOTEHLMANbHO MOXeT 6paThb CBOU AaHHbIe 113 TOM Xe CETH, CKaxeM,
pesaKkTop KOHLENTa MOXET 6biTb BbINOHEH B BUjE BbIMaZatoLLEero crmncka,
BO3MOXHbIE 3HAUEHVISI /15 KOTOPOTO COAEPXATCS B APYrOM y3/ie CeTw).

KpoMme Toro, AnarpaMmma MoXeT 6bITb AMHAMUYECKON, T.€. MEHSTLCS Kak
GyHKLMS BpeMeHw. [N peLlieHst 3TOM 3ajaun npejiaraeTcs UCnonb30BaThb
CO6bITVIS TaliMepa, CBA3aHHbIE CO 3HAUEHMEM HEKOTOPOrO KOHLIENTa.
COOTBETCTBEHHO, C TeUEHMEM BPEMEHV 3HaUeHe KOHLeNTa ByAeT N3MeHSTLCS 1
AnarpaMma nepecunTbIBaThCA. Ha OCHOBE 3TOr0 MOAX0Aa BO3MOXHO
AEMOHCTPMPOBAaTh AUHaMmn4yeckmne VI306pa)KeHI/IF| BMNA0Tb A0 BMUAEO.

HakoHeLl, BaXHOI BO3MOXHOCTbH0 IBNISIETCS B3aMMOZAeNCTBIE CO

CTOPOHHUMV NPorpamMmmamu. NMpu HaAMunn HeKOTOPOro OTKPLITOTO UHTepdeiica,
NO3BO/IAOLLErO yCTaHaBAMBaTb 3HAYEHUA KOHLENTOB, CTOPOHHVIE NPUIOXeHNSA
MOTYT CTPOUTL CBOV MHTEPdEIAC Ha OCHOBE CYLLLECTBYHOLLIMX ANarpaMM.
Hanpumep, N3BeCTHbI NapaMeTpbl IeTaTe/IbHOro annapaTa, 3T1 napameTpbl
nepeaaroTcs B Anarpammy, Nocsie Yero no 13BecTHbIM GopMyNam BeIUUCASETCS 1
pUCYeTCs cxemaTnyeckoe 1306paxeHyie MONOXeEHWs annapaTa B MPOCTPaHCTBe.
Tak1Mm 06pa3om, BCe BUAbI B3aNMOAEVICTBIIA C AnarpaMMoii eCTeCcTBEHHBIM
06pa3oM peannsyoTcs € MOMOLLbHO M3MEHEHUst 3HaUYeHWi HekoToporo Habopa
aTPUBYTOB BbIYNCIIUTENLHOM MOAENV U NPVIMEHEHWS anropnTMa 2.1. Mogo6HbI

noAxoA MOXEeT NCMO/Ib30BaTbCA 419 BCEX BUAOB B3aVIMOAePICTBVI9| Anarpamm c



nonb3oBaTeneM, a Takke A8 CO3AaHNSA AVHaMNYECKUX AnarpaMm 1 Br3yanusaumm
JaHHbIX CTOPOHHMX CUCTEM.

2.6. Linknnyeckme BbluncieHVst

Mpu ncnonb3oBaHMM anroputma 2.1 BO3HMKAET Npo6aeMa BbINONHEHNS
LMKNNYECKMX BbIYMCAEHMIA. Tak KaK KaXAblii KOHLENT B paMKkax 04HOro Lykna
BbIYNCNIEHWIA MOXET 6bITb BbIYNCIEH TONBKO OAMH Pas, TO Ha NepBblii B3rnss
Havbonee I'IpHMOﬂI/IHeVIHbIM peLueHmeM Ana Opl’aHVI3aLU/II/I unkna 6yA6T TpaKTOBaTb

TOT PaKT, YTO NepemMeHHas y>e N3MeHWNa 3HaYeHre B pamkax nepecyeta Mogenu,
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KaK HeKOTOPbI NpU3HaK (MPU3HaK BbIYNCIEHHOCTH), KOTOPbIA MOXET bbITb CHAT B
rnpouecce Bbl4UC/IEHVA APYTX KOHLENTOB. Tem CaMbIM, B pamkax OAHOI7I
1TepaLvn, B 3aBUCMOCTY OT YCIOBHS BIXOAA U3 LMKNA, MPU3HaK MOXET
CHUMaTbLCS (BO3BPAT Ha UTepaLVIio) UK yCTaHaBAMBATLCS (BbIXO4 U3 LKNa).
Hanpumep, nogobHas cemaHTUYeckas ceThb, BblUUCASAOLLAA GpakTopuan,
n3obpaxeHa Ha puc.2.7.

Purc.2.7. CemaHTVYeckas ceTb, BblUMCAsAOLWAsn Gaktopuran

OpHako NoAobHbIN Noaxog obnajaeT psagoM HeAocTaTkoB. Mpexze Bcero,

KaK MOXHO yBU/AETb, y>Ke AN CTONb NPOCTOro anropuTMa, kak pakropuvan,
TpebyeTcs BejeHne HeKOTOPbIX UCKYCCTBEHHbBIX CEPBYCHBIX Y3/10B, MOBOUHbIX
3$PeKTOM BbIUNCNEHNSA KOTOPbIX ABMSNOCH Bbl CHATNE HYXXHbBIX MPU3HaKOB
BbIUVCNI@HHOCTY (B OMpeeNeHHOM CMbIC/e 3TV CEPBUCHbIE Y3/1bl 3aMeHSI0T
1TEepaTopOB LWKAa). Bo-BTOPLIX, Tak Kak pe3y/bTaT ABAAETCH NO6OUYHbIM
AeliCTBYEM, 3TO 3aTPYAHWN0 6bl aBTOMATUYECKWIA aHaNM3 1 ONTUMU3ALIIO
anroputMa (koTopast B OpUriHanbHo Mogent BO3MOXHa Mo aHanorum ¢ YUCTbIM
bYHKLMOHaNbHBIM NporpamMmMyipoBaHunem). Takum 06pasom, NoAxos Yepes

NPU3HaKN BbIYNCNIEHHOCTY NpobnemMaTyeH.
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Haunbonee yaauHbiM NpeACTaBAsSeTCA MNOAX0/ Yepes pekypcuBHoe

obpalleHne k dparmeHTam gnarpammbl. Kak 66110 nokasaHo B nogpasgene 2.4,
y3/1bl AMArpamMmbl MOTYT 06beANHATLCS B Iornyeckne o6bekTbl. Bolgenns
NHTepdelic Takoro o6bekTa 1 mes GyHKLMIO BCTaBKM 06bekTa B Avarpammy,
MOXHO OMnmncaTb PeKypCcrBHbIE aNroOpnTMBbI CI'IOCOﬁaMI/I, XapakTepHbIMn AN
bYHKLIMOHANBbHBIX A3bIKOB, Kak, Hanpumep, anroputM BbluMcieHUs GakToprana
f=x!, cxema KoTOpOro nsobpaxeHa Ha puc.2.8.

Punc.2.8. PekypcriBHOe BbluncieHVe pakToprana

Takvm 06pa3oM, CeTb MeHsIeT TOMOOrI0 MO Mepe BblYncaeHWi (4To
noapasymeBaeT He06X0AMMOCTb YAaNeHUs HeHyXHbIX 06BeKTOB MNoC/ae OKOHYaHUsA
BbIYMCNEHNI). B kayecTBe NpriMepa UCNoNb30BaHNA MOXHO NPUBECTY

BblYMCNeHVe pakTopurana, Hanpumep, uncna 2 (puc. 2.9).
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Puic. 2.9. MpuMep paclumpeHns ceTu A4S BblUMCIeHUs dakTopuana umicna 2

TakvM 06pa3om, AaHHasi MoAe b NO3BOISET NPOV3BOAUTL LMKANYeckme
BbIUVICNEHNS.

2.7. OnncaHne B13yasibHOrO A3blKa

[l0 cUX Nop BbIUUCIUTENbHAsA MOZAEe/b paccMaTpUBanach 3jecb

NPVYIMEHNTENBHO K HeKOTOopoii gnarpamme. OHaKo, KOHeYHO 3aa4eit JaHHON
paboTbl ABNAETCA NPEAIOKUTL MaTeMaTNYECKYHO MOAe/b AR OMUCAHVIA A3blKa
Aviarpamm, a He KOHKPETHBbIX AnarpamMm Ha 3TvX si3bikax. Takvim 06pasom,
Heo6X0AMMO MPeANoXNTEL CNOCO6 OMMUCaHKS NPaBIL, MO KOTOPLIM MONb30BaTelb
CMOXET CTPOUTb Anarpammy.

Monb3oBaTeNb B NpoLecce paboTbl onepupyeT 06bekTaMu 1 NpasunamMm
TpaHchopmaLmm ArarpaMmbl (T.e., B HEKOTOPOM NPUBANXKEHUI, MPOAYKLMOHHbBIMU
npasmnamm). npeACTaBl‘lﬂeTCﬂ NOTVNYHbIM, YTO A3bIK AO/IXKEH 6bITb OMKMCaH Ha

OCHOBe MepeyHs 06beKTOB 1 NpaBua TpaHCchopMaLIMK, 3aaHHbIX B



BbIUYNCIUTENHOV MOAENN.

OB6beKT B BLIUNCNNTENLHO MO AB/IAETCA COBOKYMHOCTLIO KOHLIENTOB-
aTpybyToB, KOHLENTOB — GYHKLINIA, KOHLENTOB - rpaduyecknx NPUMUTUBOB U
KOHLIENTOB - ApYrix 061ekToB. TakM 06pa3oM, 06beKT cam ABsAeTCs
[AnarpamMmoni, KoTopasi MOXeT 6biTb OMMCcaHa CnocoboM, ONCaHHbLIM B
npeablAyLX NoApasAenax.

C apyroii CTOpoHbl, Npasuna TpaHchopMaLmMm GakTUUeCKU COCTONT U3 ABYX
yacreii. Bo-nepBblix, 3T0 NpaBu/ia CoeMHEHA KOHLIENTOB 06beKTa C KoHLenTamm
AviarpaMmbl. Bo-BTOpbIX, 3TO HEKOTOpOe NoBe/eH1e, KOTOPOe A0/KHA
NPOAeMOHCTPMPOBaTh Anarpamma nocse BKIoUeHUs B Hee HOBOro 0bbekTa.
lMepBas YacTb peLlaeTcs OTHOCUTEIbHO N1erko. Y obbekTa BelaenseTca
HeKoTopbI NHTepdelic, Npu AobaBneHUV 3TOro 06bekTa B CyLLLECTBYIOLLYHO

AnarpaMMy ykasblBaeTcs, C KakMMU 13 KOHLLeMNTOB 3TON Avarpammbl OH
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CBA3bIBAETCA U KAKUMUN UMEHHO GYHKLMAMUN. TakuM 06pasoM, ANs peLleHns
nepBoli 3a4a4n HEO6XOANMO OMNPeAeNUTb A1 KaXA0ro 06bekTa ero BO3MOXHbIe
NHTepdechl (Tak HasblBaeMble PONN) a TakKe 4151 KaXAOM PO NepeyeHb ApYruX
YHaCTBYIOLLVIX B OTHOLLEHWI poneli U NpaBuaa ycTaHOBNAEHNSA GYHKLIMOHANbHbIX
3aBUCUMOCTEN MEXAY HUMMU.

BTopast 4acTb SBNSETCH eCTeCTBEHHbBIM CIeACTBUEM CTPYKTYPbl MOAENN.

I_IpVI AOGaBﬂeHI/II/I obbekTa B Anarpammy ero KOHueHTbI-anMGyTbI ABNAOTCA
HeBbIUNCIEHHBIMU Y B MPOLIECCE X BbIYNCIEHS MOXKET 6bITb peanv3oBaHo
HeobxoZnMoe nosejeHvie. Kpome Toro, BO3MOXHO A06aBUTb crielnaneHblii Habop
bYHKLWMI, BEINONHAIOLLMXCA B OTBET Ha AobaBneHne U yaaneHne obbekra.
Taknm 06pa3om, onvcaHme A3blka B BbIUUCIUTENBHON MOAGNN CTPOUTCS Ha
OCHOBE OMNMCaHNs GpParMeHTOB CEMaHTNYECKOM CeTU 1 MPaBW UX BCTaBKU B
Anarpammy. Mpu 3TOM BO3MOXHO NoAjepXaTh Kak CUHTaKCUC CaMyX 06 beKToB,
TaK 1 cneumanbHoe noseseHve gnarpaMmbl B OTBET Ha U3MEHEH e ee TOMOMornu.
2.8. TpaHCaLVMSA gnarpamMmm B BblUUCINTENBHOM MoAenn

OueBnAHbIM 06pa3om, rpaduyeckasn cpeja peaakTMpoBaHUA ABNRETCA

BaXHOM, HO He eAMHCTBEHHON QyHKLIMel NOAAEPXKKYM BU3Ya/bHbIX S3bIKOB.
[lpyroii BaxHoW 3aaaveli ABNSeTCH TpaHALUMSA. MOXHO BbAeNNTh ABe OCHOBHbIE
3a/ja4u, CBA3aHHbIE C TpaHCIsALUMelt - NpeobpasoBaHUe Anarpamm B Koz (Mpudem
MoZ KOAOM MOXHO MOHUMATb KaK TeKCT, Tak 1, HanpuMmep, Apyrvie AvarpaMmmel) 1
obpaTHoe NpeobpasoBaHve Koja B Anarpammy (PeVHXUHUPWHS). Bo3HMkaeT
BOMPOC BO3MOXHOCTW TPAHCASILMN ANt ANarpaMM, 3aAaHHbIX BbIYNCANTENBHO
MOZeNbHO.

3aza4a yHVIBepCcanbHO TPaHCAALMY Avarpamm B KOZ CyLLLeCTBYeT eLlle ¢
LecTnaecsaTelx rogos [235]. MOXHO BblAeNUTb fBa OCHOBHbIX MOAX0Z4a,
MCMoNb3yeMblX B YHVBEPCabHbIX AnarpaMmepax — npriMeHeHne rpagosbIx
rpamMMaTyK 1 cLieHapueB TpaHsLumn. FpadoBble rpaMMaTukm - CyTb 0606LLeHre

MeXaHV3Ma TPaHCALMN TeKCTOBbIX A3bIKOB Ha Cy4aii rpados. Mo aHanorum ¢
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TEKCTOBbIMU A3blkamu, rpadbl MPeACTaBAIOTCS B BUAE TEPMUHANbHbIX U
HeTepMUHaNbHbIX Y3/10B, MeXAy KOTOPbIMU 3aAaHHbI pebpa. MpoayKLMoHHbIe
npaswia NpeACTaBAstoT coboi Npasmaa TpaHcdopmaLmm dpparmeHToB rpados B
Apyrue ¢pparmeHThl. TakuM 06pa3oM, UCMONb3yA Te Xe 31eMeHTapHble onepauwm,
UTO 1 A4J151 TEKCTOBBIX A3bIKOB, MOXXHO MOCTPOUTL TPAHC/IATOP BK3YaslbHOIMO A3blKa.
K coxaneHuto, rpadoBble rpaMmaTki 061aaatoT PsAAoM crieLndryecknx
HeA0CTaTKOB, 3aTPYAHAILLVIX VX NpUMeHeHVe. [pex/e Bcero, y Anarpamm
06bI4HO OTCYTCTBYET MOHSATME Havana v KoHLa. MHOXeCTBO JOCTaTOUYHO
nonynsipHbIX Anarpamm, BoobLLe roBops, BCe paBHO C Kakoro MecTa HauaTb YnTaTb
(ER-mMoAenb, AnarpaMma knaccos 1 np.). BBuay BbilleckasaHHOro, k Hanbonee

BaXHbIM ANa TpaHcaumm knaccam LL(T) n LR(1) [1, 2] oTHOCKTCSA cpaBHUTENBHO



He60/1bLLIoe KONNYECTBO BU3YaslbHbIX A3bIKOB; HANPOTUB, 3a4acTyo TPaHCAALMS
Bm3yaanoro A3blKa BO3MOXHa I'IyTeM MNCNONbL30BaHWSA TO/IbKO aAaI‘ITVIpOBaHHbIX
anroputmoB 3pes [105, 122] n Koka-AHrepa-Kacamu [218].

BaxHelLLNiA anbTepHaTVBHBIV MeTOZ NpeACcTaBasieT coboil onncaHne

cueHapus obxoga rpada 1 COOTBETCTBYHOLLEN eMy NpoLieaypbl reHepaLmmn Koaa.
$13bIKM ONMCaHNSA TaKUX CLieHapUeB 6bIBatOT 4OCTAaTOUHO CIOXHbI U COAepXaT
60/1bLLIOE KONMYECTBO ornepaTopoB [164,244]. KpaTtkas CyTb Takoro cLieHapuvs
06bI4HO 3aK14aeTCa B Nepebope 06LeKTOB, YA0BNETBOPAIOLMM KPUTEPUIO
0T60pa, 06HAPYXEHWIO CBSI3E MeXAy 06beKkTaMu, CIe0BaHNI0 STUM CBS3AM Npu
06x0/e 1 COBCTBEHHO reHepaLymn Koja.

Ans cnydas TpaHCNaUMK B AvarpaMMy 6o penHXUHUPUHTa CyLLecTByeT
npo6aema, cneunpryHas ToNbKO 415 BU3yasbHbIX S3bIKOB. [1py aBTOMaTUYecKol
reHepaLmu gnarpaMmbl MOXHO BOCCTAHOBWTbL ee CMbIC/ (abCTpakTHbIN rpad
CVHTaKCKCa), 04HaKO 6e3 NPOCTPaHCTBEHHOrO rpada OTHOLLEHWI AnarpamMmma He
MOXeT 6bITb HapPV1COBaHa, CaM Xe MPOCTPAHCTBEHHBIV rpad OTHOLLEHW MOXET
6bITb BbI6PaH HECKOHEYHBLIM KOIMYECTBOM CMOCO60B. 3Ta Npobaema, N3BecTHas
Kak npo6aema ynopssouvBaHus, UMeeT 60/1bLLIOe KONMYECTBO PasHOO6Pa3HbIX
peLLeHnii 1 Mo CNI0XKHOCTY, BOOGLLIE FOBOPS, €ABa /1 He NpeBblllaeT CO6CTBEHHO

3a4avy TpaHCIAUMN. B cuny cBoeli caMoCTosiTeNIbHOCTY 3Ta Npobaema B AaHHOM
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paboTe He paccMaTpUBaeTCs.

Tak kaK BblUMCAVTeNbHAA MOJeNb NpeACcTaBrMa B BU/AE CEMaHTNYeCcKow

ceT, To ecTb rpada, To Anarpamma, 3aZlaHHas Yepes BblYUCINTENbHYIO MOAeNb,
MOXET 6bITb TPAHCIMPOBaHa Kak C MOMOLLbHO CLieHapueB 06X04a, Tak 1 ¢
MOMOLLIO rPpadoBbIX rpaMmMaTkK. AGCTPakTHBbIN rpad CMHTaKcmUca npu
PEVHXUHNPUHIE MOXET Takxe 6bITb BOCCTAHOB/IEH C MOMOLLbHO oboux MeToA0B.
Mpv 3TOM NPOCTPaHCTBEHHbIN rpad OTHOLLEHWI MOXET 6bIThb 3anoHeH
HeKOTOPbIMV 3HaYeHUAMY MO YMOYaHWIo, B AabHelilleM Npeobpa3oBaHHbLIMU
NM6o onepaTopoMm, paboTatoLLMM C MPOrpaMMoii, 60 C MOMOLLbHO Kakoro-1m6o
113 aBTOMAaTMYeCKX MeToA0B. Mpu cneuyduyeckom Brje TpaHCALUN -
TPaAHCIALMM U3 OAHOI HOTALWIN B APYTYIO - ANS BEIYUCUTENLHOR Mogenn
BO3MOXeEH creLynduyeckunii Metos npeobpasoBaHus MyTeM 3aMeHbl rpapuyeckoro
YPOBHS 06BEKTOB C COXPaHEHVEM VX CeMaHTUYeCKoro CMblcna.

TeMm He MeHee B laHHOV paboTe byeT paccMaTpyBaTbCA TPAHCNALMA Ha

OCHOBE HaBUraLMOHHbIX CLieHapu1eB, Kak Hanbonee NPocTas 418 BOCNPUATUS
YenoBekoM. Mjes MeToja CoCTOUT B TOM, UTO CyLLLecTByeT HeKOTOPbI A3bIK, Ha
KOTOPOM OnuncbiBaeTca cueHapmﬁ, B COOTBETCTBUW C KOTOPbIM EbI6VIpaK)TCH Te nn
VHble Y3/1bl AVarpaMmbl U reHeprpyeTcs HeKOTopbI Ko, B By BbiLLeckazaHHOro
BO3HVIKaeT TPW OCHOBHbIX BOMPOCA, @ UMEHHO:

- Kak UMeHHO A0JIXXHbI BbIr1A4eTb CTPYKTYPbI AaHHbIX,

noAroTaBviBaeMble AnarpamMmMepomM, ANst BbINONHEHVS TPAHCASLV;

- KaKVIM VIMEHHO 06pa30M MOXET BbIr/IfAETh 3TOT A3bIK AN1A AVarpamm,

3a4aHHbIX B BbIUYNCINTENBHON mMozaenu;

- kakoBbl 061aCTV NMPVIMEHNMOCTH 3TOTO fi3blKa.

EcTecTBeHHbIM NOAXOAOM K PeLLeHio JaHHO 3a4aum BbIrNaanT

1CMob30BaHNe HeKOTOPOro 6a30BOro f3blka, PaclUMPeHHOro BO3MOXHOCTAMY,
HeobXxoAUMbIMU ANS AOCTYNa K MoAenu. B Bugy Toro, peanusytoLiee
BbIHNCTNTE/IbHYHO MOJe/1b BM3Yas/ibHOro A3blKa NporpaMmMmHoe CpeacTBo,
onucaHHoe B pasgere 3, BbINONHEHO Ha Ai3blke Java, Havbosiee ecTeCTBEHHbIM

6a30BbIM 53bIKOM BbIFNSAWT JavaScript (Ha 6a3e npoekTta “Nashorn”), TpaHcnsiTop
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KOTOPOro J0CTyreH Yepes nakeT javax.script. Nashorn Takxke moxeTt
ecTecTBeHHbIM 06pa3oM 06pPaLLATLCS K KOy PesakTopa Avnarpamm, HanvicaHHoMy
Ha Java. Micnonb3oBaHMe 3TOro si3bIka peLlaeT cpasy 60/bLIoe KONYECTBO

npo6nem - xopoLuas J0KYMeHTMPOBAHHOCTL A3bIKa, MOHATHbIE BO3MOXHOCTY,



OTCYTCTBME HEOBXOANMOCTI J0Ka3aTeNbCTBA ThIOPUH-MONHOTHI U Mp. Taknum
06pa3oM, HEOBXOANMO PEeLLTb TOBKO ABe 3a4ayn — ONpPeAenTb MoAeNb AaHHbIX,
C KOTOpPOIA ByaeT paboTaTk TPAHCAATOP, U ONpeAennTb GYHKLMM AOCTyNa K Hell.
OueBVAHbIM 06pa30oM, Tak Kak BHYTPEHHee TpexypoBHeBOe MNpe/jcTaB/ieHve,
onvcaHHoe B noApaszene 2.4, ABNsSieTcs A0CTaTOUHbIM A1t 0TOBpaxeHns
AMarpaMm, OHo A0MKHO 6bITb AOCTATOUHBLIM U A1t X TPAHCASILMK. [o3Tomy
npejanaraerca paccMaTpuBaTh CTPYKTYPY AaHHbIX Kak AepeBo, B KOPHEe KOTOPOro
HaxoAMTCA 06beKT-ArarpaMmma, 13 KOTOPOK BbIXOAAT 06BeKThl 3TOIN Anarpammel,
Kax /bl N3 KOTOPbIX MOXET 6bITb NGO TEPMUHANBHBIM 06EKTOM (IMCTOM
ZepeBa) c aTpunbyTamu, 6o Toxe gnarpammolii. Mpu 3Tom cneynduryeckne
onepaTtopbl 3blka 6yAyT CBeAeHb! K Onepauysim noayyYeHuns Jo4epHNX 06bekTos
ANS ;JaHHOTO 06EKTa, ero CBOCTB 1 aTpUBYTOB.

Mpumep 2.5. B kauecTse NANKOCTPALMN BblLLECKA3aHHOTO PacCMOTPUM

npumMep ER-Anarpammel, 306pakeHHoOM Ha puc. 2.1. BHYTPeHHss CTpyKTypa

JaHHbIX BYZeT BbIrNAAeTb Tak (pyc. 2.10):
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Puc. 2.10. CTpyKTypa A@aHHbIX Anarpammbl A1 TpaHCAALUN

COOTBETCTBEHHO, HEO6XOAVIMbIe OMnepaumn Ans 06paboTku 3TO CTPYKTYpbI
CBOAATCS K 06bIYHbLIM OMepaLmsM NonyYeHns oCTyna K SNemMeHTaMm Jepesa.
TakvM 06pa3om, TpPaHCISLMA AnarpaMM, 3a4aHHbIX B BbIUNCINTENbHON

MOZENN BN3yanbHOrO H3bIKa, BO3MOXHAa 060VMW OCHOBHbIMU MeTOAaMM,
MPUHSATBIMY B UHAYCTPUN - Yepes rpadoBble rpaMMaTikv 1 CLeHapum 06xoza.
Vcnonb3oBaHuve rpadoBbiX rpaMMaTiik iBAsieTcst 6osee CN0XKHbIM MEeToA0M. Tak
O/JHOW 113 OCHOBHbIX MOTUBALINSA CO3AaHUS BbIYUCAVTENLHOM MOAENN BI3YaNbHOTO
A3blKa ABAETCA yNpoLleHMe oNncaHna BU3YyaibHbIX PeAakTOPOB No/ib30BaTeNiem,
npeAnaraeTcs B Ka4ecTBe OCHOBHOMO MeTOAa MUCMOo/b30BaTh CLieHapun 06xoaa
/ilepeBa, NOCTPOEHHOr0 Ha OCHOBE CEMAHTUYECKO CeTH, COOTBETCTBYHOLLEN
BbIUYUC/INTENIbHOM Mozaenwn. Takum o6paaoM, BblUNCAnNTEIbHAsA MOAeNb
BN3YalbHOrO f3blKa MOXEeT ONUCLIBaTh BU3YabHbIl A3bIK, AVarpaMmmy Ha 3ToM
A3bIKe 1 NCMONBb30BaTLCA 415 TPAHCIALWN AMarpamMMbl B TEKCT, TO CTb ABNAETCS
3aKOHYEHHO CUCTeMO, MPUroAHON ANS ONUCaHNS PejakTOPOB AMarpaMm.
BblBOZABI MO pasgeny 2.

1. B coBpeMeHHOW NHAYCTPUM HanbobLLEl NOMYNSPHOCTLIO NOL3YETCS MOAXOA
K ONUCaHWIO BM3YaNbHbIX A3bIKOB Ha OCHOBE rpadoBbIxX rpamMmMaTiK. Moaxos
SIBNSIETCS BECbMA C/I0XKHbBIM V1 MPOBOLMPYET pa3sHoo6pasHble MombITKN
YNPOLLEHNS, B YaCTHOCTW, Ha OCHOBE abCTPakTHOrO rpada crHTakcuca u
NPOCTPaHCTBEHHOrO rpada OTHOLLEHWA, MO3BONSIIOLLNX ONMCBIBATL CMbIC U
n306paxeHe gnarpamMmbl Mo OTAENbHOCTU.

2. BbluncantenbHasn MOJeNb BU3YyaslbHOr o A3blKa Ha OCHOBe MOAI/Id)VIL[VIpOBaHHbIX
BbIUYNCINTENBHBIX MOAeneli Thlyry MO3BOASET ONUCaThb BU3yanbHbI S3bIK

Cnoco6om, cBO60AHbLIM OT BblLLEyKa3aHHOro HeA0CTaTka v Apy>KeCTBEHHbIM
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NO/Ib30BATE/IHO 3a CHeT ajanTauyn LWPOKO NpUMeHARLLerocs 414 onncaHns
bYHKLMOHVPOBaHYIS CUCTEM MaTemMaTyeckoro annapara. Mogens
DYHKLMOHVPYET B COOTBETCTBUM C aNropUTMOM repecyeTa GopmMann3oBaHHO
CeMaHTVYeCcKoli CeTV NPpU B3aUMOAENCTBIW C HelA. BeluncantensHyo Mojens
BCerAa MoXHO NPUBECTY K BUAY, KOrAa BblUMCIeHWs ByAyT NPUBOANTL K
O/JHOMY 11 TOMY e pe3ynbTaTy He3aBUCUMO OT NyTu. Mpy 3TOM Mojenb
npurogHa Ans UMKAIn4yecknx BbIYMC/IEHNIA npwn yciosuun BeefeHUs
LAOMNONHUTENBHbBIX PACLLUNPEHNIA.

3. Fpaduryeckoe n3obpaxeHne gnarpaMmmMbl MOXET BbITb PeasN30BaHO MyTem
06aBNeHVst B CEMaHTUYeCKyHo CeTb KOHLLeNTOB 0C060ro Buaa - rpapuryeckmx
NPUMUTUBOB. 3alaya AeNneHus AnarpaMMbl Ha 061BEKThI Takxe peluaeTcs

Zfo6aBneHieM 06bEeKTOB — TOrMYeCKnX Y3/10B, CBA3aHHbIX NepapXxn4ecknmmn



OTHOLLEeHMsIMU. TakuM 06pa3oMm, ceMaHTYeckas CeTb TPaKTyeT Bce CBOU
cocTaBstoLLVe eAMHO06Pa3HO 1 OAHOBPEMEHHO MOXET NPeACTaBNATL cebs
TpeMs cnocobamu - CMbICI0BBLIM HaMNoOHEHVEM (AaHHbLIMK), Fpaduydeckn 1 B
B/ B3aUMO/eCTBYIOLLMX 06eKTOB. [okasaHo, YTo Nojgo6Has ceTb
noAAepXnBaeT nHTepdelic Kak ¢ Nosb3oBaTeneM, Tak 1 CO CTOPOHHMM
npunoxeHusiMun. Mpu 3Tom gnarpaMmma MMeeT MexaHn3Mbl ANsi AUHAMUYECKOro
M3MeHeHVst 6e3 y4acTus Nonb30BaTesNs, NMPUYEM Ha BCeX YPOBHSX
npeacTaBneHus, a Takxxe NpoCcToe peleHne ana 4eKoMnosnumm 1orm4eckoro
o6beKkTa B APYryto AviarpaMmmy.

4. BusyanbHblii A3bIk MOXET 6bITb ONpejeneH Ha OCHOBE MHOXEeCTBa 06EKTOB 1
npasun TpaHchopmaLnu. Mpy 3TOM KaxAblii 06BEKT, B CBOD 0Uepesp, Takke
SABNSIETCA AMarpaMMoid, a npasuna TpaHcGopMaLmm ecTecTBeHHbIM 06pasom
NpeACTaBNSOTCA B BUAE KOHLEMNTOB - GYHKLNIA BbIYUCANTENBHON MOAENN.

5. TpaHcsaums gnarpamm, 3aaHHbIX B BbIYUCIUTENBHON MOAENN BU3YanbHOrO
A13blKa, BO3MOXHa Kak Yepe3 rpadosble rpaMMaTKy, Tak U Yepes cLeHapun
06xogza rpada. C Lienbio CHUKEHUSA CNOXHOCTU OnpeAeneHns AnarpaMmmMHoro
A13blka Nosb30BaTeNIeM MpeAiaraeTcs B Ka4eCcTBe OCHOBHOIO MeToAa

MCNosIb30BaThb cueHapumn obxoaa AepeBa, MOCTPOEHHOr0 Ha OCHOBE
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BbIYNCINTENBHON MOAenn. Takum 06pa3om, Npea/ioxeHHas Mojenb
BN3yaslbHOrO f3blKa MOXET ONUCbIBaTL COBCTBEHHO A3bIK, AVarpaMmy Ha 3Tom
AA3bIKe W NCMONBb30BaTLCA A/t TPAHCAALMN AnarpaMMbl B TEKCT, TO eCTb
SABNSIETCS 3aKOHYEHHON CUCTEMOIA, MPUIOAHOW A1t ONMCaHVIst peAakTopoB

Anarpamm.
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3. MprknaaHas BbIYNCINTENbHAA MOAE/b BI3YaNbHOrO A3bIKa

N NHCTPYMEHTa/ibHOE CPEACTBO MOAAEPXKW MPUKAaAHbIX

B3yaNbHbIX A3bIKOB

B cooTBeTCTBMN CO CHOpMYNPOBAHHOI Lieablo paboTkl, PaCCMOTPYIM
BO3MOXHOCTb MPUMeHeHWs NOJTlyYeHHbIX 1 N3/10XKeHHbIX paHee pe3y/ibTaToB B
MHCTPYMEHTaIbHOM CPeACTBe. BeluncnnTenbHasa Mojenk BU3yanbHOro A3bika bbina
npviBejeHa B obliem Buae. Ns peweHuns 3a4aum Co3aaHnsa HCTPYMEHTaIbHOTo
CpeACTBa HEOBXOAMMO ee OrpaHNYNUTL 3a CHET BbI6OPa KOHKPETHbIX
NoA/epPXVBaeMbIX OnepaLuii, Mpy 3TOM No/yuMBLLIEecs MPOrpaMMHOe CPeACTBO He
AO/KHO HaKNaAblBaTh CYLLIECTBEHHbIE OFPaHNYEHIA Ha BU3ya/bHbIe A3bIKY,
NoAAePXKa KOTOPBIX SBASETCH YaCTbio OPUrIHANBHO 3a4auK, a IMEHHO
B3ya/lbHble A3bIKM 0BLLEro U CreLmvanbHOro HasHaueH!s, ncnosssyemsie B PKT.
Taknm 06pa3om, HEO6XOANMO OnpeaenTb:

Habop noasepXuBaembix TUMOB AaHHbIX;

lMepeyeHb NoAAEPXMBaEMbIX MAaTEMATUYECKIX ONepaLmii 1 BCTPOEHHbIX
bYHKLMIA, NCNONb3yeMbIX AN5 YyCTaHOBNEHWUS COOTHOLLIEHWIA BHYTPYW
CeMaHTNYeCKo ceTu;

lMepeyeHb 1 CeMaHTVIKy BU3ya/bHbIX MPYMUTUBOB.

B 3TOM pasgene byaeT paccMOTpeHO NporpamMmHoe cpeacTso Diagen,
HanmMcaHHoOe Ha si3bIKe Java, 1 peanusyrolliee peaakTop AMarpamm Ha oCHoBe
BbIUYMCIUTENbHbIX MOAENEN 11 TPAHCNATOP, a Takxe NpYKiaaHas peanvsauns
BbIUNCINTENLHOW MOAE/M, NCMONb30BaHHas B 3TOM peAakTope.

3.1. TNkl AaHHBIX 1 ONepaLyy Haj HMK

MpuKNaaHas BbIUYNCINTENbHAA MOAR/b, NCMONb30BaHHAasA B MPOrPaMMHOM
cpezcTae Diagen, UMeeT cnabyto TUNM3aLuio. PellieHre 0 KOHKPeTHOM Tune
AaHHbIX pesy/ibTaTa MPUHMMAETCA B NPOLIeCce BbIYNCIEHUIA.

Tunbl AAHHbIX B I'IpVIKl'Iap.HOIZ BbIYNC/INTENBHOM MoZenun Bn3yasnbHOro Asbika
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MOryT 6bITb TPex 6a30BbIX TUMOB - aTOMapHOro, CMINCKOBOIO 1 CneunanbHoro



Tna “o06bekT”. Kpome Toro, Ha OCHOBE CMVCKOBOrO TUMA CTPOATCS
CUHTETUYECKME TUMbI “MHOXeCTBO", “0TobpaxeHue”.

B KauecTBe aTOMapHbIX TUMOB AaHHbIX NPUKNAAHOV BbIYMCINTENBHOI

MOZenu BblbpaHbl ciesytoLLye TUMbI:

norunvecknii (Boolean);

CTPOKOBBINA (String);

uncnosoli (Number) Ha 6a3e yncen ¢ HeorpaHVYeHHON TOUHOCTBIO
java.lang.BigDecimal.

NS yncen ¢ HeorpaHNYeHHOM TOYHOCTLIO BBOAUTCS HacTpanBaeMas
MOCTOSAHHas BENNYMHA TOYHOCTI NP BbIMOMHEHUW Tak1X ONepaLyi, Kak AeneHve.
Kpome aToMapHbIX TUMNOB BBOAUTCS TUM - CNNCOK. CMMCOK -

ynopsilo4eHHbI Habop HyNs 1 6onee 31eMeHTOB MPOU3BO/ILHOTO TUMa. Taknum
06pasom, CrCOK MOXET CoAepXaTb B cebe Apyrve CrncKL 1 31eMeHTbI
pasnunuHoro Tvna. C NoOMOLLH 0YeBUAHBIX HA6OPOB GYHKLMIA CMNCOK MOXeT
6bITb pacLUMPEH A0 CUHTETUYECKMX TUMOB “MHOXECTBO", “oTobpaxeHwe”.
LloNoNHNTENBHO BBOAUTCS TUM AAHHbIX “06BbEKT”, OCHOBHbIM

npejAHa3HayeHnem KOTOPOro sIBASIETCS YCTaHOBNEHWe OTHOLLEHUS
NPUHaANEXHOCTV MeX/y aTprbyTamMmn 1 NOrMYecknM ypoBHEM Anarpammb.
Heobx0AMMOCTb 06BEKTHOrO THNa NpovcTeKaeT U3 3a4a4n yAaneHnsa Nornyecku
CBSI3aHHbIX parMeHTOB U3 AnarpaMMbl — eCIU NPV BCTAaBKE MOXHO CUMTaTb, YTO
o/iHa AmnarpaMmma o6aBnseTca B ApYryto, To Mpu yAaneHn HeobxoarMo yMeTb
onpeaensTb rpaHnLbl yaansemori obnact. O6beKTbl CeMaHTNYeCKOon ceTn
YKa3bIBatOT Ha MEPaPXWIO Y3108, KOTOPbIE MM NMPUHAANEXaT, U MOTyT 6bITb
yAaneHbl 13 CeTU Kak eAnHoe Lienoe.

NSt aTOMapHbIX TUMNOB JaHHbIX BBOAATCS ABa TWMNa ONepaTopos —
apuomeTYeckmne 1 nornyeckme, a Takke Habop GyHKLMIA. JNs CINCKOBBIX TUMOB
ZIOMONHNTENBbHO BBOASTCS CreLyanbHble CrCKOBbIe onepaTtopsbl. Tvn “06bekT”
MOXeT 6bITb apryMeHTOM B OrnepaTopax yCTaHOBNEeHWsI OTHOLLEHWA

NPUHAaAIEeXHOCTY, a Takxe yaaneHus. Huke Gyp,eT npueejeH nepe4veHb BCex
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A0MYCTVIMbIX OMEePaToOpPOB ANS PAa3/IMUHbBIX TUMOB AaHHbIX.
Tabnuua 3.1.

YHapHble MaTeMaTyeckue ornepaTopbl
OnepaTop 3HauyeHwne Pe3ynbTaT Npu TUNe aTprbyTa BXOAHbIX AaHHbIX
Boolean String Number Cnincok O6bekT
1234567

$initialEvent Mposepka

BXOXAEeHUSs

aTpubyta B

BO3/eicTBrE

Boolean Boolean Boolean Boolean Boolean
! Nlornyeckoe

oTpuLaHue

Boolean - - - -

$delete YaaneHune

Nornyeckoro

obbekTa u

BCED

CBSI3aHHbIX C

HUM

CyLiHoCTel

----bes

BO3BpallaemMoro

3HayeHuns

abs B3atue no



MOZy Nt
-- Number - -

CneumaneHelii onepatop $initialEvent npegHasHayeH Ans onpejeneHns,
ABNAETCA 1N ee apryMeHT YacTbio BO3AENCTBIUA Ha Avarpammy. C ero nomMoLLsto B
3aBUCMMOCTN OT BO3AeVICTBVI9| CTPOATCA pasnyHble Nyt BbIUYUCIEHWI.
CneumanbHbIli onepaTop $delete npeAHasHayeH A8 yaaneHns ns mogenm
aTpubyTa TrNa “06beKT” CO BCEMU BXOAALLVIMU B HEro aTprbyTamu, B TOM Ync/e,

BO3MOXHO, 1 APYrMI aTPMByTamu TOro xe Tuna.
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Tabnuua 3.2.

BrHapHble 1 n-apHble MaTemMaTuyeckune ornepaTopsl
Onepauusa 3HaveHve Tunusaumns

123

= MNpucBoeHne 3HaueHNs 3HayeHVie cieBa noaydaeT Tun
3HaYeHUs crnpasa, onepawyis He

BO3BpaLLjaeT pesy/ibTaT

== 3HaueHve c1eBa PaBHO 3HAYEHIO

cnpaBsa

Cm. Tabnuua 3.3

> 3HaueHwue cneBa 60/blUe 3HaYeHNs

cnpaBsa

Cm. Tabnuua 3.3

< 3HauyeHMe ceBa MeHbLLE 3HaYeHNs

cnpaBsa

Cm. Tabnuua 3.3

>=3HayeHue cnesa bosbLLEe UMK PaBHO

3HauYeHuIo cnpasa

Cm. Tabnnua 3.3

<= 3HayeHVe C1eBa MeHbLLIe UV PAaBHO

3HauYeHuIo cnpasa

Cm. Tabnnua 3.3

&& Jlornyeckoe M OnpejeneH ToNbKO Ha aprymMeHTax v
pesynbTaTe TMna Boolean

| | Nornueckoe UV OnpeaeneH TONBKO Ha apryMeHTax v
pesynbTate TMna Boolean

A Nlornyeckoe ncknoyatowee V1M OnpeseneH ToNbKO Ha apryMeHTax v
pesynbTaTe Tvna Boolean

+ Cymma 3HaveHuin cnesa 1 cnpasa Cm. Tabnvua 3.4

- Pa3HoCTb 3HaueHuit cieBa 1 cnpaBa OnpejeneH ToNbKO Ha aprymMeHTax v
pesynbTate Tina Number

* MpounsBeAeHne 3HaueHNl cnesa u

cnpaBsa

OnpegeneH TONbKO Ha aprymeHTax 1

pesynbTate TMna Number

/ HacTHoe OT jeneHva 3HajdeHui cesa un

crnpaga (C KOHCTaHTHOM TOYHOCTBHO)

OnpegeneH ToNbKO Ha aprymeHTax u

pesynbTate TMna Number

$setchildof YcTaHoBNeHMe OTHOLEHNS
NPUHaANEXHOCTM aTpubyTa 06BHEKTY

Cm. Tabnnua 3.5
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$list popmumpyeT cnmncok 13 ceomx
aprymeHToB

OnpegeneH Ha NPOU3BOILHOM



HaTypanbHOM YKC/ie apryMeHTOB
No6bIX TUMNOB, Pe3y/bTaT TUMa CANCOK

$append CoeaunHsieT ABa cniicka B oavH O6a aprymeHTa 1 pesynbTaT Tuna
cnuncok

$element MonyyaeT 13 CNUCKa 31E€MEHT Mo

Homepy

MepBbIii aprymeHT - Number, BTopoii

aprymeHT - cnmcok. Tun pesynbTaTa

NPOV3BO/bHBIN, 3aBUCUT OT TVNa

BO3BPALLAEMOrO 3/1eMeHTa Cnucka

CneynansHeIi onepatop $setchildof ycraHasnnsaeT oTHoLLeHVe
NPUHaANEXHOCTI OAHOrO aTprbyTa TVNa “06bekT” (JoUepHero) Apyromy
(poanTensckomy). Mocne ero NpUMeHeHNs yaaneHne poanNTeNLCKOro
aTpubyTtaonepatopom $delete npuBeaeT K yAaneHuto Takxe v JoHepHero aTpubyTa.
Tabnnua 3.3.

AVIHaMI/I\-IeCKaﬂ TUNM3aumna ANns Nornveckmnx ornepaTtopoB CpaBHEHUA
Twn nesoro

aprymeHTa

Tvn pesynbTaTta npwv TUMe NpaBoro aprymeHTa

Boolean String Number Cnvcok O6bekT

123456

Boolean Boolean He onpegenex He

onpeaeneH

He onpegeneH He onpegeneH

String He

onpeseneH

Boolean He

onpeseneH

He onpegeneHr He onpegenex

Number He

onpeseneH

He onpegeneH Boolean He onpeseneH He onpegenex

Crnncok He

onpeseneH

He onpegeneH He

onpeseneH

He onpegeneH He onpegeneH

O6bekT He

onpeseneH

He onpegenenr He

onpezaeneH

He onpegeneH He onpegeneH
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Tabnnua 3.4.

[AnHamunyeckas TMnM3aums Ansa oneparopa +
Twn nesoro

aprymeHTa

Twn pesynbTaTta Npun TUMNe NpPasoro aprymeHTa
Boolean String Number Cnvcok O6bekT
123456

Boolean He onpegeneH He onpegenex He onpeaeneH He
onpeseneH

He

onpegaeneH

String String



(KOoHKaTeHauus)

String

(KOHKaTeHauus)

String

(KOHKaTeHauus)

He

onpezeneH

He

onpegeneH

Number He onpeaeneH He onpegened Number
(cnoxeHve)

He

onpezeneH

He

onpeseneH

Cnncok He onpegeneH He onpeaeneH He onpegeneH He
onpejeneH

He

onpezeneH

O6bekT He onpeaeneH He onpegeneH He onpegeneH He
onpezeneH

He

onpeseneH

Tabnuvua 3.5.

AunHammyeckas Tunusaumsa gns onepatopa setChildOf
Tvn

nesoro

aprymeHTt

a

Tvin pesynbTaTta Npu TUNe NPaBoro apryMeHTa

Boolean String Number Cnincok O6bekT

123456

Boolean He onpeaeneH He onpeseneH He onpegener He onpezenen He onpeaeneH
String He onpegenen He onpegenen He onpeaened He onpeaened He onpegenex
Number He onpegenen He onpegeneH He onpeaeneH He onpegeneH He onpegenex
Cnncok He onpegenex He onpegeneH He onpegeneH He onpeaeneH He onpeaeneH
Ob6bekT be3

BO3BpaLLaeMo

0 3Ha4YeHus

bes

BO3BpaLLaeMo

o 3Ha4YeHus

bes

BO3BpaLLaemMo

[0 3Ha4veHus

bes

BO3BpaLLaemMo

ro 3Ha4eHus

bes

BO3BpaLLaemMo

ro 3Ha4yeHus
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B pasgene 4 npuBoAATCS pe3ybTaTbl MPUMEHEHWS BbIYUCANTENBbHOM
MOZEeNn BN3yanbHOTO A3blKa K HEKOTOPbLIM BaXXHbIM AMarpamMmmMam, NCrnosibyeMbiM B

3agadax PKT, 1 nokasbliBaeTcs, UTo NpuBejeHHbIV B Tabanuax 3.1 - 3.5 nepeveHb



TUNOB AaHHbIX 1 ONepaTopoB AOCTaTOYUEH /19 peann3aLmmn pejakTopos 3TUX
Aviarpamm.

3.2. BusyanbHble IpUMUTUBEI

BusyaneHblIli andasuT NPUKNaZHON BbIUUCAUTENBHON MOAENN COCTOUT 13
CnejytoLLVX BU3yanbHbIX CMMBOIOB: Touka npuema (Accept Point), akT1BHas
o6nactb (Active Area), kpyr (Circle), snavnc (Ellipsis), nuHus (Line), Tekct
(Text). Huxe 3T cumBOAbI BYAYT paccMOTpeHbl MoApPobHee

Tabnuvua 3.6.

Bl/|3yaanb|e NpUMNTUBDI I'IpVIKI'IaAHOI‘/’I BbIUYNCINTENBHOMN mMozenn
M306paxeHune 1 nosegeHvie ATpUBYT 3HaveHWe aTpubyTa

123

Touka npuema (Accept Point)

MpeacTaBnseT coboli 061acTb, HaxaTve B

KOTOPYIO MbILLbLIO B PeXWME YCTaHOBKN

CBA3M MeX/y 06BbeKTamy NPUBOANT K

YCTaHOB/EHVIIO HOBbIX COOTHOLLEHWA

Mexay aTpyubyTamu Aviarpammel.

X KoopgunHata no ocn X

Y KoopawvHata no ocn Y

connectionTokens TokeH, onucbIBatoLLniA poan

B OTHOLLIEHUW, B KOTOPbIe

MOXEeT BCTynaTh 3Ta Touka

npviema

AKTVIBHas 061acTb

MpsimoyronbHas 061acTb (HEBUANMAS),

KOTOPYI MOXHO nepemMeLlaTtb MblLWbHO.

X KoopgunHata nesoro

BEPXHEero yrna no ocu X

Y KoopaviHaTa nesoro

BepXHero yrna rno ocu Y

width LLnpuHa

height BeicoTa

Kpyr

M306paxeHne okpyxHocTu X KoopaviHaTa LieHTpa no ocv

X
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Y KoopAavHarta LeHTpa no ocn

Y

radius paguyc

Snnvnc

M306paskeHvie annunca c ocamu,
HanpaeneHHbIMU FOPU30HTaNbHO 1
BepPTUKaNbHO

X KoopauHaTta nesoro

BEPXHEro yria no ocn X

Y KoopaviHaTa nesoro

BEpXHero yrsia no ocn Y

radius LLInpvHa (ropusoHTanbHas
noAayock) annunca

radius2 BbicoTa (BepTuKanbHas
nonyock) annunca

JvHna

M306paxeHue oTpeska npamoii X1 KooparHaTta Havana no ocu
X

Y1 KoopaviHaTa Ha4yana no ocu



Y

X2 KoopavHata koHua no ocn X

Y2 KoopaviHaTa koHua no ocn Y
Tekcr

TekcT, B 3aBUCUMOCTM OT TvNa aTpubyTta
text MM60o cTpoka, MM6o Tabamua ¢
3aro/IoBKOM, €C/In aTpubyT text -
ABYMEPHbIIA CrNCOK.

X KoopaunHata nesoro

BEPXHero yraa no ocv X

Y KoopanHata nesoro

BepXHero yrna no ocu Y

Width LvprHa npamoyronbHuka, B
KOTOPbI A0KEH bbITb

BMM1CaH TekcT

Height BblcoTa npsiMoyrosibHuKa, B
KOTOPbI A0KEH bbITb

BMM1CaH TekcT

xMargin PaccTosHue oT rpaHuLbl
NPAMOYroNbH1Ka 40

COBCTBEHHO TekcTa Nno ocn X

yMargin PacctosiHne OT rpaHuLsl
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NPAMOYroNbH1Ka 40

CObCTBEHHO TekcTa no ocn Y

measuredHeight Mi3mepeHHas BbicOTa TekcTa

measuredWidth Vi3mMepeHHas WMprHa TekcTa

Text CobCTBEHHO TeKCT

Schema Cxema, onuceiBatoLLias

3aro/10BKu CTON6LI0B B

cnyyae, ecv TeKCT 3To

ABYMEPHBIli CNcoK

JonycTMO pacluvpsATb Habop NPUMUTVBOB NyTeM BBEAEHUS HOBbIX,
No/b30BaTeNIbCKUX NPUMNTUBOB, PeanunsyroLwmnx onpejeneHHble B MporpaMmMHoOM
cpeacTBe UHTepdelickl. B pasaene 4 B paMkax MOAENMPOBaHUS NPUMEHEHNs
BbIUNCNTENBLHO MOAENV BU3YaNbHOMO A3bika K HEKOTOPbIM BaXHbIM
AvarpaMmmam, Ucnonb3syembiM B 3agadax PKT, NpoAeMOHCTpUPOBaHO, YTo
npviBeAeHHbIV B TabnuiLe 3.6 nepeyeHb Br3yabHbIX MPUMUTBOB J0CTaTOYeH AN
peanvsauvu peaakTopos 3TUX Avarpamm.

3.3. MatemaTnueckoe S4po pejakrTopa gnarpamm

MaTemartinyeckoe 84po pejakTopa AviarpaMm npeactaBnseT coboi
NPOrpaMmMHyt0 peannsauyio NPUKNAAHON BblYMCIUTENBHOV Mogenn. A4po
COCTOUT M3 MHOXEeCTBa aTpUBYTOB, TPAHCIATOPa BblpaxeHWii, rpada
3aBVICMMOCTEN, ONKMCbIBAIOLLLErO CTPYKTYPY CeTV, U BCTPOEHHOro Habopa
BU3Yya/ibHbIX MPUMUTNBOB.

MHOXecTBo aTpubyTOB haKT1yecku NpejcTaBaseT coboi MHOXeCTBO nNap

BMAA "BHYTPEHHee 1Ms - 3HayeHune”. Kaxaplii aTpnbyT B MOAeny nmeet
YHVIKa/IbHO€ BHYTPEHHEE 1MA. |-|pl/l rnomelleHnm B Moenlb HOBOro
nosb30BaTeNbCKOro 06bekTa (MpeAcTaBstoLLero cobol parmeHT
BbIUNCIUTENBLHON MOAENN), COAEPXALLLEro aTpubyThl, MPOUCXOAUT CneLmvansHoe
npeobpasoBaHue, B pesynbTaTe KOTOPOro MMeHa aTpubyToB NepenMeHoBLIBatOTCA B

YHUKanbHble naeHTUdMKaTopbl. TakMm 06pasom, Aaxe ecav Nob3oBaTeNbCKui
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06beKT ByAeT NoMeLLeH B MOAENb ABaX/b, 3TO BbI30BET CO3/aHNE B MOAENN ABYX



pasHbIXx 06bEKTOB C 0AVHAKOBOW BHYTPEHHEN CTPYKTYPOWA, HO C YHVKaNbHbIMU
MmeHamMmun anI/I6yTOB. B BKAY 3TOro nNpy NnoMeLleHnn B Mozesib HoBoro
COOTHOLLEHVISt Mexay aTprbyTamu Heo6X0AVIMO TakxKe BbINMOAHUTbL CreLyiansHoe
npeo6pasoBaHue VIMeH, YTO6bl OTHOLLIEHWE 6bi10 YCTaHOBNEHO UMEHHO Ha Tex
aTpubyTax, BHYTPEHHNM VIMEHaM KOTOPbIX COOTBETCTBYHOT aTpUbYThI,
1CMONb30BaHHbIE B OTHOLLEHNN.

Mpumep 3.1. MNosicHM ckaszaHHoe Ha npuMepe. [pegnonoxnMm, y Hac ecTb
onvcaHne NoNb30BaTeNbCKOro 0bbekTa ¢ UMeHeMm Entity, koTopomy nprHaanexat
ABa aTpnbyTa 1 0AHO COOTHOLEeHVe Entity: . Mpwy BCTaBke ABYX 3K3eMMIsSpoB
Takoro nosib30BaTe/IbCckoro obbekTa B Avarpammy 6yayT creHeprpoBaHsbl
aBToMatnyeckmne MMeHa,; anVIGyTbI, npeacTaBngaroLLe Nosib3oBaTesibckre
06bekThbl, nonyyat uMeHa Buga $0.Entity n $1.Entity, ncxoaHble aTprbyThl
nonb3oBaTeNbCknX 06bEKTOB ByayT HasbiBaTbca $0.Entity.A, $0.Entity.B,
$1.Entity.A, $1.Entity.B 1 4Ba OTHOLLEHVS, COOTBETCTBEHHO, bYAyT

npeAcTasneHbl kak $0.Entity. B = 2* $0.Entity.A n $1.Entity. B = 2%

$1.Entity.A .

AHaNOrNYHbIA NOAXOA MCMONbL3YeTCA NP YCTaHOBNEHWN CBA3EN MeXAy
aTpnbyTamu pasHbIX NONb30BaTeNbLCKNX 06LEKTOB. B 3TOM C/lyyae B OTHOLLEHMA
anI/I6yTbI NOoCTynatoT B BUAE NCEBAOHNMOB, 4/151 KOTOPbIX U3BECTHO, Kakne
BHYTPeHHMe VIMeHa OHW Ha CaMOM Jiefie NPeACTaBSIOT; NPV yCTaHOBNEHWN CBA3M
NCeB/OHVIMbI NPeobpasytoTcs BO BHYTPeHHVIE MMeHa 1 COOTBETCTBYOLLE
OTHOLWIEeHUA AO6aBI‘I9HOTCH B BblUNCINTENIbHYHO MOJeNb.

Eue ogHOIM 0CO6EHHOCTBIO MHOXECTBa aTpUbYTOB AB/ISIETCA

TPaH3aKUMOHHOCTb. TpaH3aKLums NojsepXXnBaeT Tpy 3Tana - NOAroToBKa,
BbINO/IHEHNE U ¢I/IKCaLU/Iﬂ nnbo oTkat. Ha sTane MoAroToBKW BCE U3MEHEHHbIe
aTpUBYThl CYMTAIOTCS YaCTbIO BO3AelCTBUS. Bo Bpems BbINMOHEHUS NCMONb3yeTCs
anroputm 2.1. ECnv OH 3aBepLUEeH YCMeLIHO, TO BbINMOAHACTCH GpUKCaLIMA 3HaYeHUi

aTprbyTOB, B MPOTUBHOM C/lyYae MOXeT bbITb BbIMONHEH OTKAT (C MOMOLLbIO
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XypHana oTkaTa), B pe3ynbTaTe Yero Mojenb by/eT npviBejeHa B COCTOSIHYIE, B
KOTOPOM OHa HaxoAMnack A0 Havana TpaH3akumu.

TpaHCNATOP BblpaxeHWii SBASETCH NPOCTbIM MHTEPNPeTaTOPOM Ha OCHOBE

LR(1) rpammaTtvikn. TpaHCNATOp peLlaeT TPy OCHOBHbIe 3a4a4n. Bo-nepBbix, OH
BblUMCIAeT GOPMYbI, 33jaHHbIE B OTHOLLEHWAX, 1 MPUCBaNBaET HOBbIE 3HAaYeHVs
nepemMeHHbIM. Bo-BTOPbIX, TPAHCIATOP Pa3bupaeT BbIPaXeHWs Ha CoCTaBAsoLLe
1 CTPOUT 06paTHbIe 3aBUCUMOCTI Mexay aTpubyTamu. 3T obpaTHble
3aBUCUMOCTY B OpMe “Npu M3MeHeHUW nepeMeHHol X He0bX0oAMMO nepecymntate
Y no ¢popmyne F’ nomeLlatotcst B rpad 3aBMUCMMOCTeR. HakoHeL, TpaHcnsTop
OCyLLiecTBAAET Npeobpas3oBaHe MeH aTpUBYTOB B YHUKaNbHbIe
NAEHTNPUKATOPSI.

I'pad 3aBMCMMOCTe ABASIETCS KNIOYEBbIM CPEACTBOM MOAAEPXKM

anroputma 2.1. Mo rpady MOXHO yCTaHOBUTL, kakne UMeHHO aTpUbyTbl Kakmu
VIMEHHO GYHKUMAMUN A0KHBI 6bITh BblUYMCIEHbI B paMKkax anroputMa. Taioke rpad
MCnonb3yeTcs ANs yAaneHns o6bekToB 13 AgnarpaMmbl, Tak Kak B HeM XpaHUTCA
MHGOPMaLIA O MPUHAANEXHOCTV aTPUBYTOB 11 06LEKTOB APYrM O6bekTaMm.

3.4. MNpeobpa3oBaHWs BbIYNCIUTENBHON MO BU3YasbHOMO

A3blka 1 UHTepdeic pegakTopa Anarpamm

BbluncnnTensHas MoAeNb BU3yanbHOro A3blka ABARETCS CUCTEMOV C
AVIHAMUYECKOW CTPYKTYPOIA. Mpy B3aUMOAeicTBUM C NoNb30BaTeNeM B Hee MoryT
BHOCWTbCS HOBbIE 3/1EMEHTbI M COOTHOLLEHUS IM60 yAanaTbCa cTapble. MoaTomy
nporpamMmmHoe cpeAcTBo, NojepxmnBatoLlee npuknagHyro Bel4ncInTeNbHYHO
MO/e/b BU3yanbHOrO A13bIKa, OKHO NOAAEPXMBaTh OCHOBHbIE OnepaLun paboTbl
C 3TOiA MOZenbIo, a IMEHHO, AobaBnieHue 1 yaaneHne 06beKToB, pejakTpoBaHyie
X CBOVCTB, 06paboTKa BM3yaNbHbLIX MPUMUTVIBOB, Pab0Ta C KOHTEKCTHBIMU MEHHO.

Hwxe 6ydeT AaHO onucaHve peannsaumn NoAAEPXKKY 3TUX AeACTBINA.



OnucaHve BU3yaibHOrO A3bIka NOCTyNaeT B Avarpammep B Buge XML-
AeCKpUNTOpa, CXxema KoToporo npuseaeHa B npuioxeHun M3. leckpunrtop

COAEPXUT ABa BMAA NOb30BaTe/bCKNX 06 bEKTOB — 06beKTbI-CYLLIHOCTY 1
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06beKTbl-OTHOLLEHUS. [N KaXA0ro 06bekTa ONmCbIBatOTC HECKOIbKO Pa3/Aenos -
nepeyeHb aTpUBYTOB, NepeyeHb BU3yanbHbIX MPUMUTVBOB, NepeyeHb OTHOLLEHNI
Mexay aTpubyTamu, nepedeHb OrpaHNYnTeNbHbIX NPaBws, KOTOpbIe BCeraa
AO/DKHBI 6bITh UCTVHHBIMU 1 NepeyeHb KOMaH/ UHULpanu3aummn obbekTa. Mpu
UTEHUM AeCKPVNTOpa PeAAKTOP AViarpaMm CO34aeT MyHKTbl MEHHo,
COOTBeTCTBYHOLLME A06aBNEHNIO KaX/0ro onmncaHHoro o6bekTa. Kpome Toro, Anst
HeKOTOPbIX CNeLranbHbIX BU3yanbHbIX MPUMUTVBOB yKa3blBalOTCS onvicaTeny
KOHTEKCTHbIX MEHIO, PONV A/IS YCTaHOB/IEHWS CBA3E 1 np.

B 3aBMCMMOCTI OT TUMa NO/Ib30BaTeNbCKOro 06bekTa ero gobasneHvie B
Aviarpammy oCyLLeCTBAAETCH PasNnyHbIM CNoco60M. O6beKT-CyLLIHOCTL
A06aBNAETCA B AvarpaMmy nyTeM KOMMpOBaHUS CTPYKTYpbl B CEMaHTUYeCcKyto
CeTb BbIUNCANTENbHO MOAENN 1 MPUCBOEHNISt BCEM ero aTpubyTam 1 BrdyanbHbIM
NPVIMUTVIBaAM BHYTPEHHNX UMeH. Mocie Jo6aBneHs BbINONHAETCA TpaH3aKLus, Ha
3Tane NoAroTOBKY KOTOPOVi BbIMONHAETCS pasAen AeCKPUNTOPa, ONUCbIBAOLLMIA
NHULManu3aumio obbekta. O6bekT-CyLHOCTL Npy A06aBNeHny B Auarpammy He
yCTaHaBNMBAET CBA3W C APYTVIMU O6BEKTaMK, HO MOXET YCTaHaBNVBaTh CBA3N C
rno6anbHbIMN aTpUByTamMu ArarpamMmbl, €Cn Takme UMeroTCs.
O6beKT-0THOLLEeHMe Npu Ao6aBNeHNN B AnarpamMmmy MOXeT ycTaHaBMBaTb

CBA3M C APYrUMU o6bekTamu. [J1st STOro UCnonb3yeTcs poneBas Mogenb. Kaxabli
06beKT, C KOTOPbIM MOXHO YCTaHOBWTL OTHOLLEHVE, MMeeT B CBOEM COCTaBe
cneuuanbHbI Br3yanbHbI NPUMUTYB - 06N1aCTb YCTaHOBKY CBA3M (AcceptArea).
MpVYMUTUB COAEPXUT B cebe nepeyeHb SKCNOPTUPYEMbIX aTPVGYTOB OCHOBHOIO
o6bekTa C NceBAOHUMaMU 1 NAEHTUGMKATOP, Ha3biBaeMblii PO/IbIO, C MOMOLLIbHO
KOTOPOro MOXHO BbI6VpaTh Te 061aCTV YCTaHOBKM CBA3Y, KOTOPbIE A0MYCTVMbI
NS JaHHOTO 06'beKTa-0THOLLIEHWS. B onncaHnm 06bekTa-0THOLLEHNS YKa3aHo,
KaKve ponv eMy HeobxoAnMbl ANa obaBneHys B Anarpammy, NosToMy npu
AobaBneHny Takoro obbekTa AvarpaMMep NPoCUT yKasaTb Te 061acT yCTaHOBKM
CBSA31, KOTOPbIE N0/b30BaTe b XOUeT /18 3TOro 06bekTa UCnoNb3oBaThk. [lanee Bce
OTHOLLIeHWS, 3aJaHHble Ha aTpubyTax 06bekTa-0THOLLEHNS, MPOBePAOTCA

TPaAHCIATOPOM U VIMeHa NMCeBAOHNMOB 3aMEHAIOTCA Ha BHYTPEHHVE IMeHa
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aTpMBYTOB, CBAI3aHHbIX C Y4aCTBYHOLMMY B YCTAHOBNEHUI CBS3U 06HEKTOB.
MoApo6HbI NpUMep paccMOTPeH B pasjene 4.

ABCONOTHOE 6OBbLUNHCTBO AEUCTBUIA C 06 bEKTaMU MOXKET 6bITb

BbIMOJIHEHO MyTeM BbIUNCNEHVIS HEKOTOPOI GYHKLMMN MaTeMaTUyeckumM sgpom. B
YaCTHOCTW, TakoW MOAXOA NCNONb3YeTCs ANA yAaneHs U peaakTypoBaHVs CBOMCTB
obbekTa. YaaneHvie SBiseTcs o4eBrAHON onepaumeli BoizoBa GyHkUmn $delete.
PepakTupoBaHue - 6oee CNoXHbI npoLecc. [Is Hero Ncnonb3yeTcs
YHUOULMPOBAHHBIV pefakTop, MporpaMmupyemsblii Yepes GpyHKLMN
MaTemaTnyeckoro sagpa. Moaaepxusatotcs cneaytowme GyHkumn (Tabauvua 3.7).
Tabnuua 3.7

DyHKUMW AN5 NPOrPaMMUPOBaHIA YHVIBEPCANbHOMO pejakTopa

DYHKUWA 3HaYeHne

12

$initDialog Humanvsauvs gnanora

$stringValueToDialog o6asuTe B Avanor none peaakTMpoBaHUs aTpubyTa

Tuna String

$numberValueToDialog lobaBnTb B Ananor none peAakTypoBaHna aTprbyTa
na Number

$booleanValueToDialog [lo6aBuTb B Avianor nosie pejakTMpoBaHUs aTpubyTa

Tnna Boolean



$stringTableToDialog lo6aBuTb B Avianor TabnuLy Anst peAakTMpoBaHUs
/ABYMEPHOro cnuncka

$stringTableToDialog Pa3peLunTb vau 3anpeTnTb pejakTMpoBaHue B cTon6Le ¢
COOTBETCTBYOLLIM HOMEPOM

$setListColumn [ing cton6ua ycTaHOBUTL CNCOK BbIGOPa 3HaYeHN
$setBooleanColumn [insi cTon6ua ycTaHOBUTE BbIGOP 3HaYEeHWs C MOMOLLIbIO
yekbokca

$showDialog(); BelBecTn gvianor Ha skpaH
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Pa6oTa ¢ Aanorom ocyLLEecTBASeTCs B COOTBETCTBUM C 06bIYHO CXeMOiA
TpaH3akuny matemaTn4eckoro aapa. ATpI/I6yTbI, N3MeHeHHble B Aa/I0Or0OBOM OKHe,
CUMTAOTCS HavaNbHbLIM BO3AelicTBMEM. [lanee Ha VX OCHOBE NepecynTbLIBatOTCS
3HaueHWs 3aBUCALLYVIX OT HUX aTPUBYTOB 1 BbINMONHAETCH GUKCaLWs TPaH3aKLUN.
Bonpoc noAaepxku 3aBUCMMOCTeR Mexzy aTpubyTamm HeNocpeACTBEHHO B
AManoroBoM OkHe SBASETCS AaNbHENLLIM HanpaBieHneM paboTsl.

HakoHeL, paboTa ¢ rpapuyeckmy NPYMUTIBaMV MOCTPOEHA CeAyroLyM
o6pa3om. PeakTop XpaHUT B cebe MOMHbIM CrCOK BCeX B AdHHbBIN MOMEHT
3aperncTprMpoBaHHbIX B MOAENN MPVMUTUBOB, NPV 3TOM KaxAplii TpUMUTUB
MOXET Ha OCHOBaHWW KOOPAVHAT 1 TUNa AeNCTBUA MPONHPOPMUPOBaTL
AlarpaMMmep O TOM, YTO OH MOXET 3TO AelicTBMe 0bpaboTaTb. B ciyyae ecnm
nosib30BaTe b BbINOHSET ANCTBISA (HanpumMep, KAVKHYA MbILLKOI), AnarpaMmep
onpaluviBaeT BCe BU3yasbHbIe MPUMUTVBbI B MOMCKaX TOrO, KOTOPbIA MOXeT
oTpearnpoBaThk Ha 3T0 jeiicTBue.

PenakTop noaaepxXxvBaeT AeNCTBUS, NepeyeHb KOTOPbIX MpYBeAeH B TabauLe
3.8:

Tabnuua 3.8

[eiicTBus nonb3oBaTens, NoAjepXkrBaemble rpaduyeckiM peaakTopom
JelicTrie BusyanbHblii

npUMUTUB

[lelictBre

123

LLlenyok neBoi KHOMKOM MbILLV B

06bIYHOM pexunme

AKTUBHas TOYKa,

aKTnBHas obnacTb

MNepewmelleHne

LLlenyok npaBovi KHOMKOW MbILV B

06bIYHOM pexunme

AKTVIBHas TOYKa,

aKTnBHas obnacTb

KoHTeKCTHOe MeHto

LLlenyok NeBoi KHOMKOM MbILLN B

pexunmMe yCTaHOBKM COeANHEHNS

O6nacTb yCTaHOBKM

coeAnHeHNs

Bel6op ponv Anst

coesviHeHs

Taknm 06pa3om, TONLKO TPY TrNa BU3yanbHbIX MPUMUTUBOB U3 BCEro

repeyHs MoryT o6pabaTbiBaTh 4eCTBUS Nob30BaTeNs. [pU HEOBXOANMOCTY
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06paboTKN APYrVX AENCTBUIA BOSMOXHO PaCLUMPUTL BU3yasbHbIA CI0Bapb
HOBbIMY NPUMUTUBAMU, 06pabaThiBaOLLIMMU 3TV AECTBIA.

3.5. TpaHcnatop Avarpamm

OnucaHue B13yanbHOrO A3bika CPeACTBaMY, OTANYHbLIMY OT CPeACTB



dopMmanbHbIX TEOPWIA, ONeprpyIoLLVX MpaBUaamMy BbiBoja (rpaMMaTiiK, Teopun
KaTeropuii, pasaNyHbIX UCHUCAEHNIA 1 T.M.), CTaBUT BOMPOC O TOM, Kak MOXHO
TPaHCAMPOBaTh Anarpammy, Ans KOTOPO OTCyTCTBYeT MHbOpMaLVs,
No3BOASAIOLLANA ee CUHTE3MPOBaTh UV Pa3NoXNTh B epeBo NOCTPOoeHUs. B gaHHO
paboTe npeanaraeTca BbINONHATL TPAHCAALWIKO C MOMOLLLIO CLieHapyieB 06xoaa
CeMaHT1YecKow ceTu.

TpaHCNATOP COCTOUT 13 ABYX YacTeil - MOAyNs 3KCropTa ceMaHTUYeckol

CeTV B ;epeBo AaHHbIX U MOZyns 06xoja 3Toro Aepesa. Moaynb skcnopTta uMmeet
OYeHb NPOCTYIO CTPYKTYPY: B COOTBETCTBIM CO CXeMO, NpriBeeHHOl B
npunoxeHuw M4, oH 3KCNOPTUPYET Bce 06beKTbI, aTPUBYThI 11 3HaYeHWs B XML-
LOKYMeHT. [MonyYeHHbIn JOKYMEHT COAEPXUT B cebe NosHyto nHdopmaLmio, no
KOTOPOV MOXHO BOCCTAHOBUTbL Anarpammy (HO He f3blK, MO3TOMY Anarpamma He
6yaeT noaaepXxuBaTh pAj GyHKUWIA, B HaCTHOCTW, JobaBneHve 1 yaaneHve
06bEKTOB).

Mogynb 06xo/a NOCTPOeH Ha ocHoBe npocToro LL(1) TpaHcasTopa [1,2].
TpchnﬂTop noAAep>XnBaeT NpPocTbie onepaTopbl — NoJsly4eHne crncka 06bEeKTOB
M0 KpUTEpWIo, B3sTUE 3HaUeHNs aTprbyTa, YCI0BHbIE OMepaTopbl 1 BbIBOZ,
MoNHbIN CrMCoK onepaTopoB NpuseAeH B Tabauve 3.9.

Tabnnua 3.9

OnepaTtopbl BCTPOEHHOTO TPaHCISTOpa AvarpamMm
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OnepaTop 3HaueHve

12

var OnpegeneHue nepemeHHol

{} BNok BblUMCNEHWIA

foreach () Liwkn no cnncky

selector MceBAOHVM Cru1cka, MO KOTOPOMY OCYLLEECTBAAETCS UTepaLus B
TekyLem foreach

write BbiBOA TeKCTa B pe3ynsTat

writeln BbIBOZ TekcTa B pe3ynbTaT

If then Onepatop ycnosus

If then else OnepaTop ycnosus

getObjects() MonyyeHue cnucka 06bEKTOB, COOTBETCTBYIOLLVX YC/IOBUIO
getAttribute() MonyyeHve 3Ha4yeHNa aTprbyTa 06beKTa MO UMEH
getListElement() MonyyeHne anemeHTa cnucka No Homepy

hasNext() Mpr3Hak Toro, 4To B CMINCKE eCTb HEMPOCMOTPEHHbIE

3N1eMEeHTbI, NCMOoNb3yeTcs coBMecTHo ¢ foreach

Kak 6yzeT nokasaHo B paszene 4, jaxe CTO/b NPOCTOM TpaHCAATOP

no3Bo/IAeT NoslyHaTb PaboTOCNOCO6HBIV KOA ANS HEKOTOPbIX A3bIKOB.
OTKPbITLIMM OCTAKOTCA BOMPOChI, CBA3aHHbIE C TPAHCAALUMEN AvarpamMm B
AviarpaMmbl U PENHXVUHUPUHIOM (BOCCTAHOBNEHUIO AnarpamMm Mo TekcTam).
BeiBoAbI Mo pasgeny 3.

1. anIKl]aAHaﬂ BblUNC/INTE/IbHAsA MOZe/lb BM3YalbHOIO A3bIKa, NCNO/Ib3yeMOM B
nporpaMmMHoMm cpeAcTtse “Diagen”, onpejensieTcs Kak BblYNCANTEIbHasA MOAeNN
BU3yabHOTO 5i3bIKa, A/11 KOTOPOA 3aAaHbl KOHEYHbIE Habopbl TUMOB AaHHbIX U1
onepauuii Haz HUMY, a Takxe nepevdeHb 6a30BbIX BY3yanbHbIX MPUMUTVBOB.
YpoBeHb BbIpa3nTenbHOI MOLLY MPOrpamMMHOro CpeACTBa MOXeT 6biTh
YBENVYEH 3a CHET pacluMPeHUs TUMOB AaHHbIX CUHTETUYECKMM TUNamu 1

DYHKLMAMM Ha A3blke Javascript.
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2. Co3aaHa nporpamMMHas peanusaLyis MaTemaTMyeckoro SApa, peanusyroLiero
NPVIKNAAHYIO BEIYNCANTENBHYIO MOZE/b BU3YaNbHOrO A3bIKa, 1 €r0 OCHOBHbIE
dYHKLMM - MOCTpOoeHMe rpada 3aBUCMMOCTeNR, NoAAepyKKa TpaH3aKLUui,

onwucaH cnocob peannsayuv anropmtva 2.1.

3. MpeanoxeH 1 on1caH HOBBI CNOcob NHTePdECHO peanns3aLmn OCHOBHBIX



3aza4 no paboTe ¢ gnarpaMmmoint - JobaBneHus 1 yaaneHvs 06bekToB, cBfel
MedxXzy 06bekTaMu, paboTa C KOHTEKCTHBIMU MeHH0, peAakT/pOBaHVe CBONCTB
nornyeckoro o6bekTa gnarpammel. [lokasaHo, YTo AeNCTBUSA NONb30BaTeNs C
Amarpammoli MoryT 06pabaTbiBaTbCs C MOMOLLBIO CMeLyanbHbIX BU3yanbHbIX
NPUMUNTUBOB, NPeAHa3HaUYeHHbIX UCKOUNTENBHO ANs 06paboTKM STUX
AeicTBUIA; 406aBNATE HOBble 06pabaTbiBaeMble AENCTBUS MOXHO 3a cHeT
CO34aHnA HOBbIX CI'IeL[VIaI'IVBI/IpOBaHHbIX I'IpI/IMVITI/IBOB‘

4. MNpeAnoxeHa 1 onvcaHa cTpyKTypa 1 OCHOBHble anropuTMbl paboTsl
TPaHCISTOPa, NPeobpasyoLLEero AnarpaMmbl B TEKCT B COOTBETCTBUM CO
cueHapvaM TpaHCI’IHLlI/IVI.

5. [lokasaHo (nyTem MoAeNMpOBaHMS HEKOTOPbIX BaXHbIX KNACCOB BU3yabHbIX
A3bIKOB B Paszene 4), UTo BblLLenepeynciIeHHbIN nepeveHb BO3MOXHOCTEN
NPOrpaMMHOro CpeZCTBa MOOH ¥ NPOrpamMMHoOe CPeACTBO No3BonseT
peann3oBaTb OCHOBHble BU3yasibHble 3bIKW, NCMO/b3yeMble B OTpacIn
NHPOPMAaLIMOHHBIX TEXHONOTUIA. B kayecTBe HeJ0CTaTKOB CPeACTBa MOXHO
OTMETUTb OTCYTCTBME NPOPAbOTaHHbIX aNTOPUTMOB PEVHXUHUPUHTA AVarpamm
(B 4aCTHOCTV, BOCCTAHOBNEHUSA ANarpaMmbl Mo CreHeprpoBaHHOMY Kogy) 1
TPaHCIALMN Anarpamm B Anarpammbl. 3TV BONPOChI ABASIOTCA HanpaBaeHUaMN

AaneHelilen paboTsl.
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4. Pe3ynbTaTbl NPUMEHEHUs MOAENN B 334a4ax oLeHNBaHus

COCTOSHWMIA 06bekToB PKT

B ;aHHOM pa3gene 6yAeT onmncaH onbIT MPUMEHEHNS BbIYMCAUTENBHOMN
MOZe/N Br3yanbHOro A3bika K peanbHbIM Knaccam 3agad v CAenaHHble no
pe3synbTaTtam BbiBOAbI O MPVMEHUMOCTU MOoAeNN, HeOﬁXOAVIMbIX ,qopa60T|<ax n
NepcrnekTUBHbLIX HAaNpaBieHnsx pa3BuTus. B kauectse 3agady 6yayT paccMOTpeHsbl
JBe - 33j,a4a co3jaHne pegaktopa ER-guarpaMmm, oTHOCALLAsCS K o6ecrneyeHmio
MMMOPTO3aMeLLeH s, 1 3a4,a4a CO34aHNA MHEMOCXEM 3/1EMEHTOB PakeTHO-
KOCMUWYECKOl TeXHUKM NPU KOHTPOJE X COCTOSIHMS. HecMoTpsi Ha To, UTo o6e
3a4a4v OTHOCATCS K pa3paboTke Br3yanbHbIX S3bIKOB, MEXAY HUMU UMEoTCS
CyLecTBeHHbIe Pas3INymns, a UMeHHO:

anemeHTbl ER-AnarpamMmmel 061a4atoT CyLLeCcTBEHHO 6onee CNOXKHbIM
BU3yasbHbIM NOBEAEHNEM, B TOM UVC/IE B3aVIMOAEACTBYET C

no/sib3oBartesieM yepes AManoroBble OKHa, B TO BPeMS Kak BM3ya/lbHOe
nosezeHVie MHEMOCXeMbl B OCHOBHOM OrpaHNyeHo M3MeHeHeM

3HaYeHNIi MHAMKATOPOB;

ER-AmMarpamMmma MOXeT KOHCTPYMpPOBaTbCs No/b30BaTeNeM, B TO BPEMS

KaKk MHEMOCXema BCerza MMeeT OANHAKOBYHO CTPYKTYpY;

anemeHTbl ER-AnarpamMmmbl IMEIOT O4eHb MPOCTbIE KOHTYPbI (MMHWN,
NPAMOYroNbHUKM), B TO BPeMsi KAk MHEMOCXeMa COCTOUT 13 3/1eMEHTOB
pa3Hoo6pa3Holi GopMbI (OKPYXKHOCTY, TPEYroNbHIKY, 3aKpaLleHHble
06n1acTn, 3MeeBVKY 1 Np.);

ER-Aunarpammy Heob6XoAVMO TpaHCIMpoBaTh;

MHeMOoCxeMa 0/KHa UHTErprpoBaTbCs C BHELLUHUMI NpoLeccaMu,

nepesaroLLyIMN TeNEMETPUYECKYHD MHPOPMALMIO.

TeM He MeHee, HeCMOTPS Ha BbILLEOMVCaHHbIE Pa3nyus, paspaboTaHHas
BbIUVCNNTENbHAS MO/E/b BI3ya/lbHOTO A3bIKa Nokasana CBOK NPYMEHNMOCTb K

obenm 3agayam. B nogpazaene 4.1 6yayT npuseseHbl pesyibTaThbl onvcanus ER-
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Avarpamm, a B nogpasgene 4.2 - MHeMocxeMbl TpakTa Haz/yBa 6akoB pakeTbl-
HocuTens “Coros-2".

4.1. PelueHvie 332,241 NoAAEePXKKIN 06LLeynoTpebuTenbHbIX

AVarpamm B yCnoBusax nmnoprosamelleHns B PKT Ha npumepe

ER-gnarpamm



4.1.1. ObocHoBaHwe Bblibopa ER-MoAen 1 noctaHoBKa 3ajaun

B cdepe PIO, B TOM uncne, cBsizaHHol ¢ PKT, ncnone3syetcs 6onbLuoe

KONMYEeCTBO Pa3HO06Pa3HbIX BU3yanbHbIX A3bIKOB. B nepsyto ouepesb cneayet
OTMETUTb TPWY OCHOBHbIX FPYNMbl TAKUX A3bIKOB - 15 A3bIkoB HoTauun IDEF [54],
12 a3bikoB HoTaumn UML [3], a Takxe cxeMbl anroputmos [6]. B 3aBucrmMocTi ot
CUTYyaLMK, MOTYT UCMONL30BaTLCA U Apyrie BU3yabHble A3bIKY, OAHAKO
nepeyncieHHbIe TUMbl MOKPbLIBatOT OCHOBHYIO YacTb HY>/ NPOEKTUPOBLLMKOB.
PaccmaTpuBast BblLLEOMMCaHHbIE AnarpaMMbl, MOXHO 3aMeTUTb, YTO OHM

[IeNATCA Ha AIBa OCHOBHbIX Knacca - onucaHve CTpykTypbl (Hanpumep, IDEFT nnn
JAnarpaMma KiaccoB) 1 onvcaHve NoBeAeHVs (Hanpumep, Anarpamma
rocneoBaTenbHOCTeN, AnarpaMmma AelicTBIiA, cxeMa anropuTma). Mpv 3Tom
ANarpamMbl, ONVCbIBatoLLe CTPYKTYPY, @ Takxke HeKoTopble Avarpammsl,
onucblBatoLLMe noBeAeHe (Hanpumep, AnarpaMma BapyaHTOB MCMONb30BaHMSA)
06bIYHO CTPOSTCSA MO eA4NHOMY LLIABIOHY - YCNOBHbIE MPAMOYrONbHUKY,
coeAViHeHHble CBA3sIMU. B JaHHOM pasgene byeT npviBejeHa peanvsaums
pefakTopa Takoi AnarpaMmbl CpeACTBaMU BbIUUCIUTENLHOV MOAENN Ha MpyUMepe
ANarpaMMbl CyLLIHOCTb-CBA3b Un ER-gnarpammel (IDEF1). AaHHasa gnarpamma
ABNSETCA KpaliHe BaxHoM Ans PO, Tak kak SBSeTC OCHOBHbIM CPeACTBOM
NPOEeKTUPOBaHMS cxeM 6a3 AaHHBbIX.

MonHoLUeHHbIA rpaduuecknii peaaktop ER-anarpamm, Takoli kak Power

Designer [8] unun ER Win [21], iBASI€TCS CI0XHON NPOrpaMMHOIA C1UCTEMO,
NMOMVMO COBCTBEHHO OTOBPaXEHNS AMarpaMm, BbINMOJHAIOLLNIA MHOXECTBO APYrnx

bYHKUMIA. INa AeMOHCTPaLIM NPYMEHUMOCTY BIUUCAUTENLHON MOENN
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BIN3yanbHOro0 si3blKa OCTAaTOYHO Peann30BaTh OCHOBHY GYHKLMOHANBLHOCTb,
CBA3aHHYIO C pUCOBaHVEM Aviarpamm 1 TpaHcnsumeli B SQL-koa. Peaaktop byaet
peann3oBaH CO CesyoLLMMN GYHKLIMSMUA:

1 oTo6paxeHvie Avarpammel, fo6aBneHNe, yAaneHve, pejakTrpoBaHme

CBOWCTB CyLLHOCTel;

2 cBA3blBaHMe CyLLIHOCTEN 1 pa3pblB CBA3eW, yCTaHOBKa BHELLHMX

Knrouen;

3 TpaHcNALUMa NoNyyYeHHo agnarpammel B SQL kog B ctaHaapTe ANSI.
MonyyeHHbI peaakTop byAeT obnagate 6a30BbIM GYHKLMOHANOM,
MO3BONSOLLMM CO3/aBaTh AvarpamMbl U TPAHCIMPOBATL WX B Kog. Borpockl,
CBA3aHHbIE C PENHXNHUPWHTOM 6a3 AaHHbIX, NCMO/THEHVEM NOJTy4eHHOro Koja,
aHaNM30M Ha KOPPEKTHOCTb, FreHepaLiein TeCTOBbIX AaHHbBIX 1 MP. BbIXOAAT 3@
paMKu 3aZaun 3TOro pasaena v 3jeck paccMaTpuBaThest He 6yayT. Kpome Toro,
A3bIK By/JeT peannsoBaH B BUAE, MPUBAVKEHHOM K rpadguyeckoMy pejaktopy
Power Designer (pnc.4.1), HeckonbKo oTanYatoLmmes ot IDEF1.

Puc. 4.1. NMpumep ER-gnarpammbl, n3o6paxeHHoin cpeactBamu Power Designer.
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4.1.2. Peannsaums B13yanbHON 4acT 06bekTa «CyLLHOCTb»

CyLLHOCTb - 06beKT AnarpaMmel, MPeACTaBASOWMI pensumoHHoe

OTHOLLEHWe, UK, B MPUBIVKEHHOM NpeACTaBeHNM, TabavLy 6a3bl JaHHbIX.
CogepxaTeNbHO OH COCTOUT U3 OMMUCAHUS UMEH, TUMOB AaHHbIX U APYTX CBOACTB
aTpuBYTOB PENSLMOHHOrO OTHOLLEHMS, @ TakxKe NPU3HAKOB BHELLHEro K/toYa.
PaccmMoTpyM OTAENBHO BY3yasibHYO COCTaBASAOLLYI0 06beKTa “CyLLHOCTL".
Bun3ayanbHas 4acTb 06beKkTa “CyLLHOCTL" CTPOUTCS U3 CNIeAyIOLLMX YacTeit

(puc. 4.2):

Puc. 4.2. BusyanbHas CTpyKTypa 06bekTa “CyLyHOCTL”

TaknM 06pa3oM, CyLLIHOCTb COCTOMT M3 LLECTU YNPaBASOLLMX 31eMEHTOB,
KOTOpble 0TOBPAXATCSH UAN HET B 3aBUCUMOCTY OT CUTYaLuK, U CEMU 3N1EMEHTOB,
NpeACTaBASIOLLMX COBCTBEHHO MHGOPMaLWIO. B ynpaBastoLLVe 3neMeHTbl BXOAAT

061aCTb YCTaHOBKM COeANHEHWS, NMPejHa3HaueHHas ANs YCTaHOBKM CBA3U MeXAy



CYLIHOCTAMU; YeTbIpe aKTVBHbIE TOUKM, C MOMOLLIbIO KOTOPbIX OCYLLIeCTBASETCS
V3MeHeHVe pasmepa Gurypbl; akTMBHas 061acTk, 3a KOTOpyto purypa

nepemMeLlaeTcs. InemMeHTbl, oTobpaxaroLme MHGopMaLIo, COCTOAT U3 NATH
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OTPE3KOB NPSIMbIX, 06Pa3YOLLNX KOHTYP GUIYpPbI U BYX TEKCTOBbLIX MONeR —
BepxHee I'IpeACTaBJ'IHeT Ha3BaHue penHuMOHHOFO OTHOLUEHNS, a HUXHee - TaGI'IVILW
aTprbyToB.

PaccmMoTpuM cucTemy ypaBHeHWi, ONUCbIBatOLLYHO AaHHbIA 06BbEKT.

OCTOBOM BCEro 1306paxeHns ABNAITCA NATb YNPaBASIOLLMX 06 beKTOB - YeTbipe
aKTUBHbIE TOYUKYM 1 aKTUBHAs 061aCThb (M306paxeHbl B LLeHTpasbHO YacTu (pyc.
4.2)). PaccMoTpUM NOAPOGHO 3T 06BEKTbI U X aTpubyThl (prc.4.3).

Puc. 4.3. OctoB 06bekTa “cyLyHoCTh”

YeTblpe aKkTVBHbIe TOUKM 0603HauatoTcA MeHamu A, B, C n D, a akTBHast
06n1acTb - E. Y HUX UMetoTCa cesytoLLme aTpubyThl:
A=x,y;B=xy;C=x,y;D=x,y;E=x,y,w,h. (4.1)

N5 aKTVBHBIX TOYeK aTprbyThl 0603HAUALOT MO3ULMIO X LIEHTPa, AN1S1

aKTUBHOW 061acTy aTpmbyThl X 1Y 3a4at0T KOOPANHATLI 1EBOTO BEPXHEro yrna, a
W 1 H - COOTBETCTBEHHO, WMPWHY 1 BbICOTY. CNeaytoLLas cucTema ypaBHeHUR

AB

CcD

E
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OnKCbIBaAET OCTOB:

C.x=A.x;(4.2)

A x=C.x;(4.3)

A.x=E.x;(4.4)

E.x=A.x;(4.5)

B.x=D.x;(4.6)

D.x=B.x;(4.7)

cond !$initialEventExX E.w=B.x-E.x; (4.8)
condB.x=E.x+E.w; (4.9
B.y=A.y;(4.10)

A.y=B.y;(4.11)

A.y=E.y;4.12)

E.y=A.y;(413)

C.y=D.y;(4.14)

D.y=C.y;(4.15)

cond I$initialEventEly E.h=C.y-E.y; (4.16)
condC.y=E.y+E.h.(4.17)
CeMaHTUYecKast ceTb COCTOUT U3 ABYX HECBA3AHHbBIX parMeHToB (4.2-4.9)

1 (4.10-4.17). 3Ta c1cTeMa B BUAE CEMAHTUYECKON ceTu n3obpaxkeHa Ha puc.4.4.
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Puc. 4.4. CemaHTUYeckas ceTb, ONMCbIBaOLLAs OCTOB 06BbekTa “CyLLIHOCTL”
CeTb, M306paxeHHas Ha pyc.4.4, NpejcTaBsieT co60M ABYAONbHbIN rpad,
y3/1amMu1 KOTOPOTo SBAAIOTCA NIN60 aTPUGYThI, NGO GYHKLMK, NX BbIUMCASIOLLVE.
Jyra, BbIxoAsLLas 13 aTprbyTa 1 BXOASLLAA B GYHKLIMIO, NPeACTaBAsieT BXOAHO
napameTp GyHKLWW, a Ayra, nayLias B 06paTHOM HarnpaeaeHun - NpucBoeHne
pe3ynbTaTta. [JaHHas CTPYKTypa NpakTUYeckn MAeHTNYHA ONNCaHHOMY B
noapasgene 3.3 rpady 3aBUCUMOCTEA.

C JJlaHHOWi CeTbIo MOXHO B3aUMO/ECTBOBaTL MATLIO Pa3/INYHLIMU

cnocobamu - Yepes akTuBHble Toukn A.B.C.D 1 Yepes akTnBHyto obnacts E.
PaccmMoTpuM pesynbTaT BbINOAHEHUS anroputMa 2.1 1S Kax/oro 13 cnoco6os.
MepBoe 13 n3MeHeHU - 3TO NepemelLieHre yrna A, To eCTb 3aJaHVe HOBbIX

3HaYeHu Ana AX 1 Aly. Bo3HMKatoLLe BO3MOXHbIEe MOC1e0BaTelbHOCTY (MyTu



B rpade Ha puc. 4.4) n3obpaxeHbl Ha pyc.4.5. 34ecb CTPENKU yKasblBatoT, Kakol
anVI6yT M3MEHSETCA Noc/ie USMeHeHVs npeablayuiero anm6yTa, a Haanumcb Haj

CTPeNKoi ykasbiBaeT GopMyy, MO KOTOPOIA OH BbIUNCISETCS.
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Puc.4.5. Bo3MOXHble Mocies0BaTelbHOCTV BbIUUCAEHWIA NPpY NepeMeLLeHnn
BEPLUVHBI A,

Kak MOXHO yBUAeTb 13 puUc. 4.5, BbIUMCNEHNA NPeACTaBAaIoT coboi Ase
HecBsi3aHHble APYr C 4Pyrom NocieA0BaTeNbHOCTY - abCLVCCh BbIYMCAATCA
OT/Ae/IbHO OT OpAVHaT. Bce BO3MOXHbIE NOC/Ne40BaTeIbHOCTV NPUBOAAT K TOMY,
uTo NepemellaoTcs abeumcca yrna C v opavHata yrna B, To ecTb 06bekT MeHseT
CBOIi pa3mep B COOTBETCTBU C NepeMeLLieHVieM yria A; Mpuv 3TOM NeBbIi BEPXHUI
Yron akTUBHOM 06nacTy E ycTaHaBIMBAETCA B Te e KOOPAMHATLI, UTO M yron A, a
LUMPUHA 1 BbICOTa MepecynTLIBAOTCA Kak pasHuLa Mexay KoopanHaTamu
M3MeHVBLUIErocs yrna A v nocTosHHoro yrna D. Takum o6pasom, npu
nepemMeLleHn yrna A o6bekT MeHsieT CBOli pa3mep, a akTvBHasa 0bnacTb no-
npexHemy 3aHUMaeT Bce NPOCTPaHCTBO o6bekTa.

AHaNOrMYHble N3MEHEHUS VMEIOT MeCTO 1 Npu nepemMelLieHnn sepLunH B, C

n D (puc. 4.6 -4.9).
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Puic. 4.6. BO3MOXHble NOC/e40BaTeIbHOCTY BbIYNCAEHWIA NP
nepemeLLeHV BepLLNHBI B.

Puc. 4.7. Bo3MOXHble nocneoBaTebHOCTY BbIUNCAEHWIA NPy
nepemeLLeHnn BepLUnHbI C.

Puc.4.8. Bo3MOXHble nocneaoBateibHOCTN BbIYNCIEHWNI npuy nepemeLleHnmn

BepLnHbI D.
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Puc. 4.9. Bo3amoxHble nocieoBaTeNbHOCTU BblYUCIEHNI NPy

nepemeLleHnn BepLmnHbl E.

MOXHO f1erko y6eAmnTbCS, UTO BHe 3aBUCMMOCTY OT BbIGPaHHOrO NyTu
BbIUMCNEHWIA NPU KaXAO0M V3MeHeHUV pe3ynbTaT NoslyHaeTcst 0AUHaKOBbIM. 3T0
JOCTUraeTca Tem, YTo BCerja CoXpaHaeTcs onpeeneHHbIn NopsAoK NpUMeHeHns
dopmyn, Hanpumep, Ha puc. 4.4 HX B Kakoii Nocnea0BaTelbHOCTV HEBO3MOXHO
BbINONHWTL (4.8) paHbLue, yem (4.5).

O6BeKT “CyLLIHOCTL", Kak MoKa3aHo Ha puc. 4.2, KpOMe 0CTOBA, COAEPXUT

ellje 60/1bLLIOE KONNYECTBO APYriX BI3ya/bHbIX S1eMeHTOB. ATPUBYTbI BCEX 3TUX
3/1eMEeHTOB MOTYT 6bIThb BbIUYMCIEHbI HEMOCPEACTBEHHO Kak GYHKLMSA OT OAHOTO 13
aTpubyTOB 0CTOBA, MOTOMY NPaBUNBLHbIV MOPAA0K BEIYMCAEHNIA HUKaKUM 06pa3om
He MOXeT bbITb HapyLLeH.

PaccmoTpym rpaduyeckyto KOMMOHEHTY 06bekTa “cylHocT” (puc. 4.10.)

C.x

D.x

By

Dy

K
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Puc. 4.10. Tpaduryeckas KOMNOHeHTa 06bekTa “CyLHOCTL"

I'paduryeckas KOMMOHEHTa COCTOUT U3 TPeX FOPU30HTaNbHBIX IMHWA G,H,J,

ABYX BEPTVKaNbHbIX | 1 L 1 ABYX TeKCTOBbIX Noseit K M.
G=x1,y1,x2,y2;H=x1,y1,x2,y2;)=x1,y1,x2,y2;1=x1,y1,x2,y2;L=x1,y1,x2,y2;K=x,y,w,h,t; M
=x,y,w,h,t.

(4.18

JINHWK COfepXaT YeTblpe aTpUGyTa, NONapHoO NpeAcTaBAsioLLme

KOOpAMHaTbI KaX/A0ro 13 KOHL0B. TeKCTOBble MO cozepXar ceMb anVI6yTOB, n3



KOTOPbIX ( X,y ) MPeACTaBAsAT cO60l KOOPANHATLI 1EBOTO BepXHEro yrna, (w,h) -
LUVPVHA 1 BbICOTa U t - COBCTBEHHO TeKCT.

KoopauHaTel KOHTYpa, COCTaBNEHHOIO 13 rpapuUYecknx 3S1eMeHTOB,
MOAUVHAIOTCS CNeAYOLLMM NPOCTbIM COOTHOLLEHSIM:

G.=AXx; G.=Ay; (4.19)

G.=B.x; G.=B.y; (4.20)

l.=AX;l.=Ay; (4.21)

I.=Cx; l.=Cy; (4.22)

J.=Cx;).=Cy; (4.23)

J.=Dx;).=D.y; (4.24)

L.=B.x; L.=B.y; (4.25)

L.=D.x;L.=D.y.(4.26)

Kak MOXHO BUAETb, B BUAY TOTO, YTO BCE 3aBUCMMOCTM B NPaBoii YacTu
VNIMEIT OAVH U3 aTPUBYTOB OCTOBA, HET HUKAKOM BO3MOXHOCTY NOMy4nTb
L

M

9%

pasnuyHble pesynbTaTbl Npy N6E0M NOPSAKE BbIYNCAEHNI anropuTMom 2.1,
[MycTb € - HeKOTOpasi KOHCTaHTa, yka3blBatoLLAs Ha BbICOTY 061acTu
3arosoBKa. BbicoTa 3aronoska cAenaHa KOHCTaHTHOW, a He Kak GyHKLms
OTHOCUTENIbHO Pa3MepoB LWpKTa, MO HECKONBKUM NpUYnHam. Bo-nepsbix, B
CNyyae MycToro 3aro/ioBKa BbICOTa J0/KHa 6bITb HeHyneBOW. Bo-BTOPbIX,
BblUnC/IEHME BbICOTbI 3aro/1oBKa Kak q)yHKL[VII/I OT pasmepoB TeKCTa CBAXET
BbIUYMC/IUTENBHYIO MOAENb C MapaMeTpaMun KOHKPETHOro rpaguyeckoro
yCTpolicTBa (6€3 KOTOPOro BbICOTY TEKCTA BbIYVCINTL HEBO3MOXHO), UTO MpriBeAeT
K HapyLleHuto nattepHa MVC 1 HEBO3MOXHOCTW U306paxeHns gnarpammel 6onee
YeM Ha OZJHOM YCTPOICTBE OAHOBPEMEHHO.

OcTaBLIasACA BHYTPEHHSS BM3yabHas CTPYKTypa OMUCLIBAETCA CeAytoLLeit
CUCTEMOVi COOTHOLLIEHWIA:

Kx=Ax; Ky=Ay; (4.27)

Kw=E.w ; K.h=c; (4.28)

H.=AX; H.=Ay+c; (4.29)

H.=B.x; H.=H.; (4.30)

M. =H.; M. =H.; (4.31)

M. =H.; M. =H.; (4.32)

M.w=Kw ; M.h=E.w-c . (4.33)

Pe3ynbTaT BbIUNCIEHWA CUCTEMbI aNTOPUTMOM 2.1 He 3aBUCUT OT Bbibopa
noc/ief0BaTeNbHOCTY BbIYVCIEHNIA B BUAY TOFO, YTO B NMPaBOi YacTu
COOTHOLLEHUIH HaXOAMNTCA He 6onee 04HOro aTpunbyTa OCTOBa.

O6nacTb yCTaHOBKYM CORAMHEHNIS MO KOOPAMHATaM CoBMajaeT ¢ 06bekToM E
1 MOTOMY ee peann3aLysi O4eBUAHa.

Taknm 06pa3zoMm, BbIYMCIUTENBHAA MOAENb BU3YalbHOTO S3biKa NMO3BONSET
onmncaTb 06bEKT “CyLLIHOCTL". 115 3aBepLUEHNS ONMCaHUs AnarpaMmbl
HEeo6X0AVMO LOMONHNUTL 3TO OMVCaHVE OMNNCaHNeM 06bekTa “cBsi3b”.

4.1.3. Peanuzaums B1U3yanbHOM 4acTu 06bekTa «CBA3b»
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CBA3b - 06EKT Avarpammbl, MPeACTaBAAOLLMIA BHELLHME KUK

PeNALMOHHOTO OTHOLLEHWS. CEMaHTUYeCKV OH COCTOWT 13 NepeyYHs COOTBETCTBII
MeX/y NepBUYHLIMU KK0YaMV OAHOTO PENSILIIOHHOrO OTHOLLIEHNS 1 aTpubyTamm
APYroro pensiuvoHHOro OTHOLLIEHMS. Kpome TOro, AN CBA3W MOTYT BblAeNATbCS
[OMNONHNTeNbHbIE CBOICTBA, B YaCTHOCTY, MEeHa POneit CBA3M A5 Kax oW
TabanLbl. PacCMOTPUM OTAENBLHO BU3YyabHYO COCTaB/SIOLLYIO 06bekTa “CBs3b".
BusyanbHas 4acTb 06bekTa “cBsi3b” NpeAcTaBseT coboli CTpenky ¢

M3/10MaMW, € Kax/0M 13 CTOPOH KOTOPOIA HaXOAATCA MMeHa poneii. Mprmep cesizeit



B CMHTaKcuce Power Designer nso6paxkeH Ha puc.4.1. B Bepcum 3toro pegakropa
CBA3b MOXET MMeTb NMPOV3BO/IbHOE (MW OYeHb 60NbLLIOE) KOANYECTBO 1310MOB. C
TOUKM 3peHWs BbIYNCINTENBHON MOAENV BU3YaNbHOTO S3blKa KaxAplii 1310M
06aBNSeT CyLLeCTBEHHOE KONMYECTBO AOMONHUTENBHBIX COOTHOLLEHUIA, MO3TOMY
6bII0 NMPUHATO peLLeHne MeTb He 6onee Tpex N3N0MOB, UTO AO/KHO BbIThb
JAOCTaTOYHO A/1st 6ONBLUMHCTBA 3a4au.

O6bekT “cBA3L" ABNAETCA BoNee CI0XKHbIM, YeM 06bekTa “CyLHOCTL". Ero

BU3ya/ibHas CTPYKTypa npejctasneHa Ha puc.4.11.
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Puc. 4.11. Tpaduueckas cTpykTypa obbekTa “cBA3b”.

O6BLEKT COCTOUT 13 LIECTV OTPE3KOB, KOTOPbIe MOTYT 6bITb TOILKO CTPOrO
FOPU30HTA/IbHbIMU UV BEPTUKA/IbHBIMN, o6paayr0|.u,|/|x Co06CTBEHHO N310MaHHY0
NIHWIIO, IBYX OTPE3KOB, M306paXxatoLLyX CTPeNKY 1 Tpex akTUBHbIX Touek B

MecTax 13/10Ma, a Takxe AByX TeKCTOBbIX MONei Haj KOHLaMu CBasun. B By
OYEBUAHOCTY peanvsaLym CTpeaka u ponv paccmMaTpuBaTbCa Janee He 6yayT.
OTpe3KOoB LWeCTb, a He YeTbIpe, BBIY HEO6X0ANMOCTY peanvsaLmy ABeHaaLaTi
BaPUAaHTOB BXOX/EHWS CBA3U B CYLLIHOCTb C KaX/0l U3 CTOPOH, KOTOpble
06pasytoTCs B 3aBUCUMOCTY OT B3aUMHOIO PaCroNOXeHUs CYLLIHOCTI 1
6AvKaliLLein akTUBHOM ToUKM (pyc. 4.12). O6paboTka 3TVX ABeHaALaTV BapyaHToB
cocTaBnseT 60/bLUYH YacTb IOFVKM ONUCcaHNs obbekTa “cBA3b”.

Puc. 4.12. [1BeHazLiaTb BapVaHTOB BXOX/AEHWNSA CBA3N B CYLLHOCTb.

PaccmoTpum peanusaumio rpapuryeckoli norukmn obbekTa “cesse”. Ans

YCTaHOBKM CBSA3U HEOBXOAMMO MMETb CCbINKM Ha Ba 06beKTa “CyLHOCTL", MeXay
KOTOPbIMU 3Ta CBA3b yCTaHaBMBARTCS (MOTEHLMANbHO 3TO MOXET 6bITb  OAUH U
TOT e 06BbeKT ). N5 3TON Lenu Kaxablii 06BeKT “CyLLHOCTL” 3KCMOPTUPYET CBOKO
aKTUBHYH 06nacThb ( E ). Bysem 0603HauaTb 3KCNOPTPYEMYHO akTVBHYHO 061acTb

CYLLIHOCTW, 13 KOTOPOW BbIXOAUT CBSA3b, KakK, a TOW, B KOTOPYHO CBA3b BXOAMUT - Kak

PaccMoTpuM BxogsLLee coeAHeHMe CyLLHOCTU 1 CBA3W. Bbibop
KOHKPETHOro cnoco6a coeauHeHus,, Kak BUAHO Ha puc. 4.12, 3aBUCKT OT
1

6

7

928

1245
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B3aMMHOr0 PacrnoNoXeHVst akTUBHOM Touku T 1 06bekTa . [1ns KpaTkocTu
PaccMOTPUM TO/IbKO OANH U3 ABEHAALIATV BAPMAHTOB - CBA3b BXOAWUT B 06bekT
cnpasa Haneso (puc.4.13).

Puc. 4.13. BapunaHT BXOX/eHWA CBSA3M B CyLLHOCTb HOMep 1.

cond T.x>E2.X+E2.WAT.y>E2.yAT.y<E2.y+E2.h

V.=.x+.w;

(4.34)

cond T.x>E2. X+E2.WAT.y>E2.yAT.y<E2.y+E2.h

V.=T.y;

(4.35)

cond T.x>E2. X+E2.WAT.y>E2.yAT.y<E2.y+E2.h

V.=T.x;

(4.36)

cond T.x>E2. X+E2.WAT.y>E2.yAT.y<E2.y+E2.h

V.=T.y;

(4.37)



cond T.x>E2.x+E2.WAT.y>E2.yAT.y<E2.y+E2.h

(4.38)

cond T.x>E2.x+E2.WAT.y>E2.yAT.y<E2.y+E2.h

U.=T.y;

(4.39)

cond T.x>E2.x+E2.WAT.y>E2.yAT.y<E2.y+E2.h

U.=T.x;

(4.40)

cond T.x>E2.x+E2.WAT.y>E2.yAT.y<E2.y+E2.h

U.=T.y.

(4.41)

Kak MOXHO BungeTb, B BapuaHTe 1 (Tak xe, Kak B BapuaHTax 2, 3 1 4)
06BbekTbl U 11V HaknagbiBatoTCs Apyr Ha Apyra. /lBa 06bekTa puUcytoTcs OANH
BepTMKa/bHO, APYroi ropr3oHTasIbHO, NP BbIGOPEe BapyaHToOB ¢ 5 Mo 12.

OcTtanbHas rpaduryeckas norvika obbekTa “cBs3b” O4eBMAHA, MOHbINA TEKCT
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onpeaeneHns NprsejeH B NpunoxeHnn Ms.

Taknm o6pa3om, 06beKT “cBA3b" MO CBOEN CTPYKType sB/sieTcs bonee

NPOCTbIM, XOTA V1 COAEPXNUT 3HAYNTE/IbHO 6onbLLee KONNYECTBO COOTHOLLEHMIA.
3T0 CBSA3aHO C peanvizauuell 601bLIOTO KOAMYeCTBa BapraHTOB
B3aIMOPACMONOXEHNS CyLLIHOCTel 1 CBA3eN.

4.1.4. HeBn3yanbHble aTpubyThl 1 CLieHapuii TpaHCAsLmn

ELLle oHOI BaXKHOIA 3apaqueii ABNSETCH TpaHCALVMA Avarpamm. B ciyyae

MOZENM “CyLLIHOCTb-CBA3L" AnarpamMmma MoXeT 6bITb TPaHCAVPOBaHa nyTem
nocnefoBaTeNbHOro nepe6opa cyLHOCTel 1 CBA3eld, YTO BbIFOAHO OTINYAET ee,
Harnpvimep, OT CXeM anropuTMoB. [ 3TOM Lienn 06beKTbl “CyLLIHOCTL" 1 “CBA3L”
AO/KHBI COAEPXaTh HEKOTOPbIE anVIGyTbI, He CBA3aHHbIE NN He HanpaMyto
CBfi3aHHbIe C X BU3yaNbHbIM NpeacTaBneHnem. Mpexae BCero, 3T1 atpubyTbl
KacaroTCs yCTaHOB/IEHUSA COOTBETCTBUA MEXAY BHELLHUMYW U NepBUYHBIMU
K/iro4amu.

OCHOBHas CNOXHOCTb Peanun3aLyn BHeLLHUX KtoYelt gnarpamMmmel
“CYLIHOCTb-CBA3bL” 3aK/IH0HaeTCs B HEO6XOANMOCTU AeMOHCTPaLIK MoagvidrkaTopa
<fk> Ans BHeLWHMX KntoYeli. Tak Kak MOZe/lb He MMeeT OTHOLLEHWS arperaumn, To
HEeBO3MOXHO YCTaHOBWTb COOTHOLLEHWE MeXy HeKOTOPbIM CMUCKOM B 06bekTe
“CyLHOCTL” 11 aTpnbyTamm Bcex 06BEKTOB “CBA3b”, KOTOPbIE CEMaHTUYECKN B HEro
BXOASAT. ITa npo6aema peLleHa nyTeM BBeJeHVIsi PeANONOXeHUs, UTO 33 OAHO
M3MeHeHVie AnarpaMmMbl HEBO3MOXHO MOMEHSATb aTpUbyThl 6osiee Yem 04HOro
obbekTa “cBA3b” (B Cyyae yAaneHys HeCKoNbKUX CyLLHOCTeR U cBaseli 3Tn
AeliCTBUS AOKHbI BbINONHATLCS CTPOro NocieA0BaTe/IbHO, MO O4HOMY).
®yHKLWK, peann3oBaHHbIe Ha f3blke JavaScript, paccMaTpuBatoT OANH 13
aTpnbyTOB 06BEKTA “CYLLIHOCTL” CMUCKOBOrO TUMAa Kak 0TobpaxeHue 1 npu
KaX/0M M3MeHeHUV aTpByTOB HEKOTOPOro CeMaHTNYeCK BXOAALLLEro B Hero
obbekTa “cBA3L" Nepe3anyichbiBaloT B HEM 3/1eMeHTbl, OTHOCALLMECSA K 3TOMY

06beKTy “cBA3b". B AanbHelleM Ha OCHOBaHWM 3TOro 0TObPaXeHst 1 cnmcka
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aTpUBYTOB CYLLHOCTY FreHepupyeTCst HanoAHEeHWe A1s TeKCTOBOro MoAs ¢
nometkamu <fk>. Takm 06pa3oM, OTHOLLIEHVE arperauy MoAennpyeTcs ¢
MOMOLLbIO APYrUX COOTHOLLEHWA.

HeBu3yanbHas norvika obbekTa “cBA3b” 3aK/104aeTcs B NoayYeHUn cnmcka
aTpubyTOB 13 06BLEKTOB “CYLLIHOCTL", Ha KOTOPbIX OHa YCTaHOB/EHa, BblAeNeHN
Kno4eBbIX anI/I6yTOB B NprieMHMKe 1N conocTaBneHny nx co Crickom anI/I6yTOB
NCTOYHMKA. [JaHHas Nornka peanvsoBaHa B BUAE GUALTPYHOLLMX CrINCKU GYHKLIA

Ha 3blike JavaScript. Takum 06pasom, A8 peannsauyin TpaHCIALUN B 06bekTe



“CcBA3L" NPeAyCMOTPEH aTpUbYT, MO KOTOPOMY MOXHO YCTaHOBWTL CBA3b MeXAy
BHELUHUMIW K/iloYamm OAHOVI CYLLHOCTU 1 NePBUYHbIMW KNtoHaMn AperVI
CYLLIHOCTW.

PaccMoTpuM cneaytoLwii anropuTm.

Anroputm 4.1. TpaHCNaLUMs gnarpammel CyLLIHOCTb-CBA3b B KOZ Ha S3blke
sQL

LLar 1. OTKpbITE NTepaTop 1 MO CyLHOCTAM;

LLlar 2. B3aTb 13 ntepatopa 1 HOBYH CYLLIHOCTb;

LLlar 3. BbiBecT B NOTOK BbiBOZa TekcT “CREATE TABLE";

LLlar 4. BbiBeCTv B MOTOK BbIBOAA VIMSA TeKyLLel CyLLIHOCTY;

LLlar 5. BbiBeCT/ B NOTOK BbIBOAA TeKCT “(";

LLar 6. OTKpbITb MTepaTop 2 Mo CRNCKY aTPUBYTOB CYLLHOCTY;

LLar 7. B3ATb HOBbIV 3N1€MeHT 13 uTepaTopa 2 Kak TekyLmin aTprbyT
CyLIHOCTY;

LLlar 8. BbiBecTv B MOTOK UMS MO, TUM AaHHbIX U MOAnVKaTop 13
TekyLLero aTpubyTa CyLHOCTU B cMHTakcmce SQL;

LLar 9. Ecnm ntepaTop 2 He NycT, NepeinTu Ha Lwar 7;

LLlar 10. BbiBeCTr B NOTOK BbIBOZA TeKCT “)";

LLlar 11. BeiBeCcTv B MOTOK BbIBOAA TEKCT “go”;

Lar 12. Ecnmn utepaTop 1 He nycT, nepeinTu Ha Lwar 2;

LLar 13. OTKpbITE UTepaTop 1 Mo CyLHOCTAM;

LLar 14. B3aTb 13 ntepatopa 1 HOBYHO CyLLHOCTb;
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LLar 15. OTKpbITE UTEpaTop 2 MO CRNCKY aTpUBYTOB CYLLHOCTY;

LUar 16. B3ATb HOBbIV 3N1€MEHT 13 UTepaTopa 2 Kak TeKyLLWin aTpubyT
CYLLIHOCTY;

LLlar 17. Ecnv aneMeHT CoAepXXMT NpU3HaKk NepBUYHOro K1Ya, 3aKpbiTb
nTepaTop 2 1 nepeinTu Ha Lwar 20;

LLar 18. Ecnm ntepaTop 2 He nycT, NepeinTn Ha war 16;

LLar 19. NepeiiTh Ha war 31;

LLlar 20. BbiBecTr B NOTOK BbIBOZA TekcT “ALTER TABLE ”;

LLlar 21. BbiBeCTM B MOTOK BbIBOAA UMSI CyLLIHOCTU;

LLlar 22. BeiBecTr B MoTOK BbiBOAA TekcT “ADD CONSTRAINT PK_";

LLlar 23. BblBecT B MOTOK BbIBOJA MMS CYLLIHOCTW;

LLlar 24. BelBecTv B NOTOK BblBOAA TeKCT “ PRIMARY KEY(";

LLar 25. OTKpbITE UTepaTop 2 Mo CrNCKY aTpUByTOB CYLLHOCTY;

LLar 26. B3sTb HOBbIV 3N1€MEHT 13 UTepaTopa 2 Kak TekyLWin aTpubyT
CyLLHOCTY;

LLlar 27. Ecivi aneMeHT CoAepXunT Npr3HaK NepBrYHOro K/IKoYa, BbIBECTH
€ro 1Ms B NOTOK BbIBOAA (418 BTOPOro 1 Aanee KN4eBoro atpubyta
£06aBKTb 3anATyio);

LUar 28. Ecnv utepatop 2 He NycT, NepeiTu Ha Lar 26;

LLlar 29. BbiBeCTr B NOTOK BbIBOAA TeKcT “)";

LLlar 30. BblBecTu B MOTOK BblBOAa TeKCT “go”;

LUar 31. Ecnv utepatop 1 He NycT, nepeinTu Ha wwar 14;

LLlar 32. OTKpbITE UTepaTop 1 Mo cBA3AM;

LLlar 33. B3aTtb 13 ntepaTtopa 1 HOBYIO CBSi3b;

LLlar 34. BeiBecTn B MOTOK BbIBOAA TekcT “ALTER TABLE";

LLlar 35. BblBecT B MOTOK BblBOAA UMS CyLLHOCTW, 13 KOTOPOU BbIXOAUT
CBA3b;

LLlar 36. BbiBecTv B NOoTOK BblBOAA TEKCT “ADD CONSTRAINT PK_";

LLlar 37. BblBeCTu B MOTOK BbIBOAa UMSI CBA3Y;

LLlar 38. BbiBecTu B MOTOK BblBOAA TekcT “ FOREIGN KEY(";
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LUar 39. OTKpbITb UTepaTop 2 MO CUCKY aTpUByTOB CBA3Y;



LLar 40. B3ATb HOBbIV 3N1€MEHT 13 UTepaTopa 2 Kak TekyLLWin aTpubyT
CBA3Y;

LLar 41. BelBeCTV B MOTOK BbIBOAA UMS TeKyLLero aTpubyTa CBs3u, Ans
BTOPOro 1 fjanee 406aBUTb 3aMaTyio;

LLlar 42. Ecnu ntepaTop 2 He NycT, NepeinTi Ha war 40;

LLlar 43. BblBeCTr B NOTOK BbIBOZA TeKCT “)";

LLlar 44. BbiBecT B NOTOK BbiBOAA TekcT “ REFERENCES ;

LLlar 45. BbiBecTr B MOTOK BbIBOZAA UMS CYLLIHOCTW, B KOTOPYH BXOANT
CBSI3b;

LLlar 46. BbiBeCTr B NOTOK BbIBOAA TeKCT “ ("}

LLar 47. OTKpbITb UTEpaTop 2 Mo CRVCKy aTpubyToB CBA3Y;

LLiar 48. B3ATb HOBbIV 3N1€MEHT 13 UTepaTopa 2 Kak TekyLLMii aTpubyT
CBA3Y;

LLlar 49. BbiBecTv B MOTOK BbIBOAA MMS BHELLHEro k/toua TekyLero
aTpubyTa CBA3W, AN5 BTOPOro 1 Aanee f06aBuTb 3anaTyto;

Lar 50. Ecnm ntepaTop 2 He NycT, NepeinTi Ha war 47;

LLlar 51. BelBecTr B NOTOK BbIBOZA TeKCT “)";

LLlar 52. BbiBecT B MOTOK BblBOAA TEKCT “go”;

Lar 53. Ecnm ntepaTop 1 He nycT, NnepeinTi Ha war 33;

LLlar 54. KoHeL, anroput™a.

TexHU4eckn anropuTM COCTOWT U3 Tpex YacTeii. Laru 1-12 onpeaensitot
Kapkac Tabauu, LLlarm 13-31 onuceiBatoT nepsryHble katouw. Lilarn 30-53
OMUCHIBAOT BHELLHMWE Ktouun. TakuM 06pa3oM, B pesynbTaTe BbiNoHEeHUs
anroputMa 4.1 nonyyaeTcs onuncaHmne cxembl 6asbl AaHHbIX Ha si3bike SQL.
MOAHbIV TEKCT OMUCaHVIA CYLLIHOCTY C KOAaMU Ha JavaScript v ceHapusmm
AVIaNnoroBbIX OKOH PeAakTMpOBaHUs aTpubyToB NpriBeAeH B MpuaoXeHn M5,
BHeLHWI B1A Anarpammel € puc. 4.1 1 pesynbTaT ee TpaHCNALMU anroputMom 2.1

npuBeAeH B NpuioxeHnn Meé.
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4.2. PellleHWe 3asa41 rpadUyeckoro npejctaBneHns

TenemeTpuyeckoin MHGopMaLMmn Npu KOHTPOE TEXHUYECKOro

COCTOSIHMA 06BEKTOB PaKeTHO-KOCMUYECKOI TeXHUKM

4.2.1. O6ocHOBaHWe BbIGOPa MOAENVIPYEMOWi MOACCTEMbI U MOCTAaHOBKA

3aja4n

Kak y>xe 6b110 ckasaHo B paszesne 1, MOMUMO 3asa4 NPOeKTUPOBaHNS
NpOrpaMMHOro obecneyeHus, paccMOTPEHHbIX B NMpeablAyLLem pasaene, npu
pa3paboTke, UCMbITaHUSAX W IKCNAYyaTaLmM PaKeTHO-KOCMYECKON TEXHNKI
BO3HVIKaOT 1 y3KOCMeLranbHble 3a4a4n, 1 OAHOW 13 HVX AB/ISieTCA pa3paboTka
MHEMOCXeM ANA BbINO/IHEHNA KOHTPOIA TEXHUYECKOro COCTOAHUA Pas/INYHbIX
noacucrem [23]. Takmm 06pasoM, BO3HMKaET 3a4ada NporpaMMmnpoBaHms
MHeMOCXeM 1 0TOBPaXeHWst Ha HUX TenemMeTpuyeckoil MHpopmMaLmm. YkasaHHas
3aja4a TpebyeT NPorpamMMm1pPoOBaHUA U, TakuM 06pa3oMm, TpebyeT OT MHXeHepa
APYroi kBanurkaLmm, HeXenn KOHTPOb TEXHUYECKOro COCTOSIHIA
KOCMUYeckoro annapara. ECTecTBeHHbIM CieACTBMEM BbilLecka3aHHOro ABAeTCS
HeO6XOAVIMOCTb OTAe/INTb MPOorpaMMnpoBaHmMe MHEMOCXeEM U 0T06pa>KeH|/|e
TenemeTpryeckoit HopMaLMn B OTAENbHYIO 3a4ady U1, MO BO3MOXHOCTY,
1CMoNb30BaTh ANS HVX YHVBEPCaNbHbIV NOCTPOMTeNb. BO3MOXHOCTL
MCNONb30BaHNA AN peLleHst 3TOW 3a4a4n pejakTopa-KOHCTPYKTopa AnarpaMm Ha
OCHOBE BbIUVCIUTENBbHO MOAENN BI3yanbHOrO A3blKa, OMCaHHOro B pasjene 3,
6y/eT NPOAEMOHCTPUPOBaHa Ha OCHOBE O/HOW 13 MOACKCTEM pPaKeTbl-HOCUTeNs
“Coto3-2", a UMeHHO MHeMOoCxeMbl TpakTa HaAAyBa TOM/IMBHbIX 6akos [23].

TpakT npeacTaBnseT coboii cncTemy, obecneyrBaroLLyto U3bbITouHoe

/laBNeHVe TONVBA Ha BXOZe B Hacockl. OH COCTOUT 13 60/1bLIOrO Yncna
pa3HoO06pasHbIX 31€MEHTOB, Takux kak 6aku asoTa v Nepokcua Bog0poAa,

pacxoaHble MarncTpanu, HacocCkl, KnanaHel, NCNapuTesb, MarncTpann c



06paTHbIMY KanaHamu, rmapaBavdeckiie pedykTopsl JaBneHus u ap. ns
KOHTPO/IA TEXHNYECKOTO COCTOSIHUS CUCTEMBI UCMO/b3YHOTCS LLIECT OCHOBHbIX

napameTpoB, NepejaBaeMblx B COCTaBe TesleMeTpu4eckoin MHGopMaL, NMELoLLINX
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cnegyrome MHeMoHMku: BMP (aaBneHune Bo3ayxa nocne peaykropa To4How
HacTpoiiku), BBP (yron nosopoTa nprBoAa UMMyibCHOro perynstopa ckopocTw),
[IBA (aaBneHue B bake a3ota), MNP (4aBneHne nepokcua BoAOpoAa nocie
peaykTopa), THA (4nicno o6opoTtos Typ6uHebl), ATO (AaBneHne a3oTa Ha BbIXOAe
113 TeNN006MeHHMKa). YnCNoBble 3HAaUeHWSA 3TUX NapamMeTPOB A0/KHbI
oTo6paxaTbcs Ha MHeMocxeme.

4.2.2. Peanvzauyms MHeMOCXeMbl TpakTa Haz/dyBa TONAVBHBIX 6aKkoB

Y 0603Ha4€eHHO BblLLIE 3334V peanu3aLmmn MHEMOCXeMbI TpakTa Haalysa
TOM/IMBHbIX 6aKOB, MO CPaBHEHMIO C Npe/blayLiieli paccMaTpriBaeMoii 3aayeit -
co3gaHunem pejaktopa ER-mozeneii, MOXHO OTMETUTb ClieAytoLLyie OCHOBHbIE
oTANYNSA:

TpaKT HaaayBa 6akoB COAEPXUT CyLLIeCTBEHHO 6obliee pasHoobpasie
3neMeHTOB, Hexenu ER-gnarpamma; 3To NprBOAUT K HEOBXOAVMOCTY

onuncaHus 601bLIOro KoNnyecTea BapuaHTOB nosejeHus npu B3aVIMOAEI7ICTEVIVI

C Nob30BaTeNeM 15 Kax0ro 31eMeHTa;

TPpakT HaadyBa 6akoB 061a4aeT CTaTNYecKov CTPYKTYPOA, T.e. OXUAAETCA, UTo
MHemMocxeMa KaxAblli pa3 npv paboTe MMeeT OAMHAKOBYH CTPYKTypy. Mpn

3TOM Npe/ACTaBAsSeTCA HelleNecoobpasHbIM BbIMONHATL BeCb TPaKT B BUAE

0/IHOr0 06beKTa, Tak Kak XenaTeibHO COXPaHUTh PSZ BO3MOXHOCTEN, B
YaCTHOCTW, BO3MOXHOCTb MNepeMeLLieHs 31eMeHTOB.

BBWAY YNOMSHYTbIX 0CO6EHHOCTEN, AN YNPOLLEHVS ONMcaHUsa CUCTeMbI

6bI10 NPUHATO peLleHne He NoAAepXnBaTh ¢yHKL|,VHO prcoBaHNA TpakTa HajaayBa
6aKoB Mo/b3oBaTeNem, a reHeprpoBaThb ero creumanbHbIM HA60POM KOMaHZ,. Bbinu
onpejeneHbl A0MONHNTeNbHbIE GYHKLW, PaCLUMPAIOLLVIE OCHOBHOMN QYHKLIOHaN

A3blka. MepeyeHb GpyHKUNIA NpejcTaBneH B Tabnvue 4.1.
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Tabnnua 4.1

Mms napameTpbl Bo3spatyaemoe
3HayeHne

CemaHTVKa

1234

$define 111 napametp - ums
onpeaensiemon
repemMeHHoiA

(cTpoka). 2

napameTp - Tvn
onpegensiemMoli
nepemeHHol

(cTpoka)

be3 Bo3Bpallaemoro
3HaueHUs

Onpegenervie
nepemeHHow

mozaenu

$insertObject 1/ napameTp - umsa
Knacca obbekTa.

204 napametp -
KoopaunHata X

BCTaBKW.

30 napametp -



KoopavHata Y
BCTaBKW

3HaueHve Tna
Vertex (nornyeckuii
y3en),
CoOoTBeTCTBYytOLLEE
BCTaBNIEHHOMY
06beKTy.

Bcraska

obbekTa B

Mozenb
$insertConnection 1/ napameTp - ums
Knacca coefnHeHVs
[Jlanee nepemeHHoe
UmMCNo NapameTpos.,
KpaTHoe Tpem. 17
napameTp B Tpolike —
06bekT. 21 napameTp
B TpOViKe - UMs
aKTVBHOW obnactu
coefHeHus. 31

be3 Bo3spalyaemoro
3HayeHUs

Bcraska

coefHeHNs B

Mogaenb
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napameTp B Tpolike -

1Msa ponv

$deref 111 napametp -

Nornyeckunii ysen

204 napameTp - ums

atpubyTa (cTpoka)

31 napameTp - HoBoe

3HaueHue

be3 Bo3BpallaemMoro

3HayeHus

MpucsavBaeT

aTpunbyTy

Nornyeckoro

y3/1a HoBoe

3HaueHune

MocnesgoBaTenibHOE BLINONHEHVIE CLEeHapVIeB Ha OCHOBE 3TVIX ONepaTopoB
no3BoAseT Co3AaBaTh AMarpamMmmbl MPOU3BO/LHON CIOXHOCTH C 3apaHee
ornpejeneHHoN CTpyKTypoii. B pamkax npriBeeHHOM 3a4au4n co3AaH CLeHapuii,
BbIMO/IHEHVIE KOTOPOTro NMPpUBOANT K CO34aHUN0 MHEMOCXeMbl TpakTa HajAyBa
TOM/IMBHbIX 6aKOB. B pe3ynbTaTe 1CNO/b30BaHVI 3TUX KOMaH 6b110 BbISBNEHO,
UTO /eliCTBUS, BLINO/HAEMbIE NMO/b30BaTeNLCKNM NHTepdelicom peaakTopa
Aviarpamm, Takxe MOryT 6biTb OMMCaHbl He C MOMOLLIbIO KakuX-1M60
[leCKpUNTOPOB, CoAepXallyX NpesonpeeneHHoe NoBejeHe, a UCKNIoUNTeNbHO
KaK CLieHapuK Ha BCTPOEHHOM si3bike. MocTpoeHne nHTepdelica Kak Yactu
BbIUVICIUTENbHOI MOAGNV SBNSETCS Aa/bHeLIMM HanpaBneHneM UCCejoBaHS.
Ansa peannsauyyn MHeMoCXeMbl TpakTa HajAyBa TOMMBHbIX 6aKoB 6bi10
onpegeneHo 12 06beKTOB Pas/IMYHON CI0XHOCTW. N8 nprmepa paccMOTpUM ABa

13 HUX - 06beKT MPOCTOI CTPYKTYPb! (6ak C a30TOM) U 06EKT CIOXKHOW



CTPYKTYpbI (BEHTUAB).
MpocToii anemeHT cxembl -6ak € a30TOM NpuBeaeH Ha puc. 4.14.

Puc. 4.14. CxemaTnyeckoe 0603HayeHve 6aka € a30ToM
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CxemMaTV4HO 6ak MOXeT COCTOATLY3 ABYX OKPY>KHOCTEN 1 ABYX
FOPU30HTaIbHbIX NIVIHWIA (p,l'lﬂ MPOCTOThI TEKCTOBasA MeTKa He paccmanMBaech)‘
3Ta purypa NpUHLMNMANbLHO HUYEM He OTINYAETCA OT GUryp, PACCMOTPEHHbIX B
noapasgene 4.1. PaccMoTpuM pasgeneHvie purypbl Ha aneMeHTbl BY3yasbHOro
andasuta (pnc.4.15).

Puc. 4.15. Cxema baka c a30ToM, pasburTas Ha 3/1eMeHTbl BU3yabHOro

andasuta

Takum o06pasom, purypa cocTouT 13 YeTblpex BU3yanbHbIX SNEMEHTOB: ABYX
okpyxxHocTeit O1 1 02, kaxaas Ux KOTOpbIX UMeeT Tpu aTpubyTa - {X,y,r} 1 AByX
npambix L1 1 L2 ¢ atpmnbyTtamm {x1,x2,y1,y2}. CcteMa onuncbIBaeTcs ypaBHEHUAMMN
(4.42) n (4.43):

L1=x1,y1,x2,y2;L2=x1,y1,x2,y2;01=x,y,r;02=x,y,r. (4.42)

L1y2=L1y1,01,y=L1y1+ O1.r;01.x= L1.x1;L1.x2 =

02.x,02.x= O1.x+nnHa;02.y= 01.y;02,y= O1.y,L2.x1= O1.x,02.r=
01.r;L2x2=02.xL2y1 =01y + O1.r;L2.y2= L2.y1.

(4.43)

PparMeHT ceMaHTUYeCKO CeTH, COOTBETCTBYHOLLINI 3TON cncTeme
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ypaBHeHWA, 306paxeH Ha puic. 4.16. 1306paxkeHHble Ha HEM MPSIMOYTOIbHIKM CO
CNOLIHBIMW rPaHULLAMI 0603HaYakoT aTPUBYTI, @ C MYHKTUPHBIMU — OTHOLLEHUS.
CnOLLHbIE IMHIM CO CTPe/IKamMmn 0603HAUAIOT OTHOLLIEHNS MPUHAZANEXHOCTY, a
MyHKTUPHbIE — BXOXAEHWE aTPVBYTOB B OTHOLLEHWS B KaYeCTBe BXOAHbIX MV
BbIXOAHbIX MapamMeTpoB (B 3aB1CUMOCTY OT HarnpaBieHVsi CTPeNok). BoldeneHHble
XXVPHbLIM KOHTYPOM aTpubyThl NpeAHa3HaueHb! 415 BO3AENCTBUS Ha Gpurypy,
npexze BCero, C Lie/blo nepemelLleHns. AHanus rpada nokasbiBaeT, UTo pesyibTaT
BbIYNCIEHWNIA He 3aBUCUT OT MyTU BbIUMCIEHWS (Tak KaK B rpade HeT y3108-
aTpu6yTOB, B KOTOPbIE BXOAWT 60/1ee OAHOM NYHKTUPHOM IMHIK, COOTBETCTBEHHO,
HEBO3MOXHO MOJYYNTb B3aVIMHOMPOTVBOPEUMBLIE MyTU BbIUVICIEHNIA), T.e.

Mogenb, B TepMuHax Tolyry, ABASETCH “NPOCTON”.
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Puc. 4.16. CemaHTMYeckast ceTb, NpeAcTaBastoLLas rpapuyeckoe

n306paxeHe 6aka c a30TOM

BaXKHbIM BOMNPOCOM SIBASETCS CNOCO6 coeAnHEeHNs Gurypbl

rpadpryeckMMm 3neMeHTaMn MarucTpanu. bak coefMHeH ¢ TpemMst MarucTpansmu,
B3aVIMHOE MOJOXEeHMe C KOTOPLIMU HEOBXOANMO MoAAepPXMBaTb. [ 3TOro
KOOPAVHATbI TOUEK COeAVMHEHUS CBA3aHbl OTHOLLEHUAMM ¢ aTpubyTamu L1.x1, L1.y1
1 [INNHa, T.e. KOOPAMHATLI MarnucTpaneil pacCHnTLIBatOTCS OTHOCUTENBLHO STUX
napameTpoB MHeMOCXeMbl 6aka. MepemeLLieHne 0AHON MHEMOCXeMbI MarnucTpanv
BbI3OBET M3MEHeHMe 3TVX aTpUBYTOB, B pesy/ibTaTe Yero nepemMectuTcs
MHeMocxema 6aka 1 oCTanbHble Be MarnucTpanm.

B Lienom MHemocxema 6aka € a30TOM MpoLLe, HeXenw CyLHoCTb B ER-
Aviarpamme. bonee CI0OXHbIM 3N1eMEHTOM AB/IAETCA BEHTUAbL (puc. 4.17).

Puc. 4.17. MHemocxema BeHTUAA

M306paxeHne BEHTUNS COCTOUT 13 ABYX TPEYroNbHNKOB, KOTOpbIe MOryT

MNMeTb pas/inyHble LBeTa, MPSMOYrofibHVIKa CieBa, CTPeNKM BBEPX M JIOMaHO
NHUW. MocneaHne TpY SNeMeHTa Ha 1306paxeHnn MOryT OTCYTCTBOBATh, YTO
BHOCUT B 3a/ja4y AONOHUTE/IbHYH C/I0KHOCTb.

Mpu N306paxeHNN BEHTWS CPeACTBAMUN SNeMEHTaPHbIX rpaduyeckmnx

3N1eMEHTOB, TaKMX Kak OTpPe30K I'IpHMOIZ, TpeGyeTc;! nopsjaka asajuatm
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BU3ya/bHbIX 31eMeHTOB. Kpome Toro, paHee onpejeneHHbIM HabopoM BrdyasbHbIX
3/1EMeHTOB HEBO3MOXHO YNpaBnsTb LiBeToM obnacteid. Takum o6pasom, 6bin
cAienaH BblBOZ 0 HEO6XOAMMOCTUN paclUMpPeHUs BU3yanbHOro andasuta 6onee
YHVIBEpCanbHbIMU 31eMeHTaMK, @ IMEHHO - TOMaHOV INHVEN 1 3aKpaLLleHHO
061aCTbl0, OrpaHNYeHHOV TOMaHOM IMHKUEN (KOHTYpoM). Takum 06pasom,
n306paxeHne BEHTW/IN eNNTCA Ha BU3ya/lbHble COCTaB/ISoLLME CeytoLLyM
o6pazom (puc. 4.18):

Puc. 4.18. Pa3geneHne MHEMOCXeMbl BEHTUAA Ha BU3Yya/ibHble 31eMeHTbl
Ipaduryecknii sneMeHT “KOHTYP" COAEPXMT 4Ba aTprnbyTa - CNCOK

KOOPAMHAT BepLUVH Mo abcumcce v opaviHaTe, a Takke aTpubyT «LBeT»,
yKasblBatoLuii Ha LBeT 061acTi, OrpaHNYeHHOI KOHTYpoM. Ecav aTpubyT «LseT»
He 3a/laH, TO PVCYeTCs TONLKO Cam KOHTYP. AHaNorMyYHbIM 06pa3oM BbIMoNHEH
rpaduyeckuii INEMEHT «TOMaHas INHIS», 3 NCKIKOYEHEM TOro, YTO aTprbyTa
«LBeT» y Hee HeT, 1 OHa He TpebyeT TOoro, YTo6bl OHa bblna 3aMKHYTOI. TaknM
06pa3som, 3a cHeT BBeAEHWSA 3TUX NPOCTbIX 3/eMEHTOB, Y/C/I0 BU3YyabHbIX
COCTaBNAIOLLMX MHEMOCXEMbI BEHTVIA YNano B YeTbipe pasa.

Pa3mep MHeMoCxeMbl paccyUTLIBAEeTCA Ha OCHOBAHWK NapaMeTpa s,
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AB/SIOLLErocs KOHCTaHTO. MapameTpbl X 1Y yka3blBatoT, B kakoli Touke
HaxoAWTCA NeBblli BEPXHUIA YroN “NecoyHblX 4acos”. MHeMocxeMa BeHTUNA
ONMCbLIBAETCA CeytoLyM HabopoM ypaBHEHWIA:

C1 .= X+53,X+53,X56,X+52,X+5%56,X+2%53, X+2*53 ; (4.44)
C1.y=VY,Y-5,Y-5,Y-3*52,Y-5,Y-5,Y ; (4.45)

C2.x =X, X+s5,X,X+s ; (4.46)

C2.y=Y,Y,Y+s*2,Y+5*2 ; (4.47)

C3 .x=X-3*%s2,X-52, X-52,X-3*%s2 ; (4.48)

Y=[Y+Y+Y+3%Y+3% ] ; (4.49)

.=X; (4.50)

L1.y1 =Y+s; (4.51)

L1.x2=X+s2;(4.52)

L1.y2 =Y+s; (4.53)

X=[X+5,X+2%5 X+5% X+3%s X+4%s] ; (4.54)

L2 .y=Y+s,Y+5,Y+52,Y+3*52,Y+s . (4.55)

OcTaeTca BOonpoc, Kaknum 06pa3om cnejyeT KOHTPONMPOBaTL OTCYTCTBME

psiAa@ 3N1eMeHTOB B Pa3/INYHbIX BapyaHTax BEHTWASA. DTa 3aja4a peLuaeTcs nytem
BBe/JEHVIN B KaX/bli 3n1eMeHT B13yanbHOro andasunTa 40NONHNTENLHOrO aTpubyTa
visible, onpegenstoLLero, 0keH OH 0TOBpaxaTbCs Ha 3KpaHe UK HeT.  Takum
06pasom, B 3aB1CMMOCTN OT CUTyaLM Ta Xe caMas CrcTema ypaBHeHUIA MoXeT

OMKCbIBaTh HECKONIBKO N306paxeHui (puc. 4.19):

m

Puc. 4.19. BapuaHTbl n306bpaxeHuns BeHTUNe

®parmMeHT cemaHTUYeCKOol CeTH, COOTBETCTBYHOLLMIA BEHTUAIO, N306paxeH
Ha puc. 4.20.

Puc. 4.20. CemaHTVYeCKas CeTb, ONMChIBAKOLLAA N306paxeHVe BeHTUNSA
Tak e, Kak 1 Ha npeablayLieM n306paxeHnn BbIYNCNNTENbHON MOAeN,

NPAMOYTrOZIbHUKN CO CANOLHBIMU rpaHnL.aMn o0603HavalT Y3/bl-3Ha4eHus, a C

112

NYHKTUPHBIMU - Y3/1bl-OTHOLLEHUS. CnnowHble CTPesIKM yKasblBakoT Ha
OTHOLLIEHUS NPUHAANEXHOCTU, B MyHKTUPHbIE CTPE/KM — Ha NOTOK BblYMCIeHNs. B
LieHTpe 1306paxeHust Ha PUC. HaXOAATCS TpU MHTepdelicHbIX aTpunbyTa - X, Y
(koopAnHaThbl) 1 S (pa3mep). Bce OTHOLLEHWSt MeXAY aTpubyTaMmu UMetoT B
KayecTBe UCTOYHVIKA TONBKO JBa U3 3TUX Tpex aTpubyToB.. MosToMy
NOAYYMBLLAACA BbIYNCNVTENbHAS MOAENb ABNSIETCA MPOCTO. Takm 06pa3om, kak

MOXHO BU/AETb 13 NPUBEAEHHON CUCTEMbI ypaBHeHNI (4.44-4.55) n puc. 4.20,



OonncaHve BeHTWIA CpeacTBaMn BbIYUC/INTENBHO MoAenu B13yanbHOro A3blka
MOXeT 6bITb peanu3oBaHo.

ELle ogHVM 3neMeHTOM, n3o6paxeHue KOTOPOro Heo6XoANMO PacCMOTPeTb,
ABNSETCA 6aK ¢ BO34yxoMm (puc. 4.21).

Puc. 4.21. MHemocxema 6aka € BO34yXOMm

OC06eHHOCTbLIO 3TOTO 3/1EMEHTa ABNSETCA HaNNUME CKPYTIeHHDBIX YII0B.

DN1eMeHT MOXeT bbITb VI306pa>KeH C NOMOLLbI0 BOCbMU MPUMUTUBHbBIX 3/1€EMEHTOB
BU3yanbHOro andasuTa - YeTbipex Ayr 1 YeTblpex OTPe3KOB MPSIMOW, 0O4HaKo 3TO
He npe/cTaBnfeTcs 3GeKTUBHLIM. 3HaUUTENLHO 6oslee NPaBUIbHLIM ABNAETCS
BBe/eHVe B Habop BU3ya/bHbIX MPUMUTUBOB COOTBETCTBYIOLLIErO 31eMeHTa ~
NPAMOYroabHNKa C BO3MOXHOCTbIO CKPYrNeHVs yrnoB. HenocpeAcTBEHHbIM
BbIBO/JJOM 13 3TOTO, & TakXKe 13 paHee N3N0XEeHHbIX MPUYVH 406aBNeHUS HOBbIX
3/1eMeHTOB SBNSIETCH TO, UTO HABOP BU3YasbHbIX MPYMUTUBOB H3blKa AO/IKEH
BK/IKOYaTb B Ce65 BCe OCHOBHbIE NMPYMUTUBLI PUCOBaHUSA rpapuyecknx 6ubnnorek.
370 CBA3aHO, B TOM YMC/IE, U C TEM, UTO Pa3paboTuku Br3yanbHbIX S3bIKOB
OPWEHTUPYIOTCA Ha 3TV 6MBANOTEKM KaK Ha CPe/ACTBa peanvsaLuy BU3yanbHbIx

pesaKTopos.

13

4.2.3. OTo6paxeHwue TefemMeTpuyeckoin MHGopMaLmm Ha MHemMocxeme
M3noxeHHble B nogpaszgene 4.2.2 onucaHus rpapuyeckix 06beKkTos

MHeMOCxXeMbl TpakTa HazyBa TOMMBHbIX 6aKOB LieHHbI He camu Mo ce6e, a B
COBOKYMHOCTW C BO3MOXHOCTbH BbIMO/HEHUSA MOHUTOPUHIA TEXHNYECKOro
COCTOSIHUSA 3TOW CUCTeMbI MyTeM aHanv3a TeneMeTpuyeckon nHdopmaumn. Takmm
06pa3om, BO3HVKaeT 3aa4a 3arpy3nTb TefleMeTpuYeckyo MHGopMaLmio s
33a/laHHOr0 UCTOYHKKA ANHHbIX 11 BU3Ya3POBaTb €e Ha MHeEMOoCXeme. |-|pVIeM
TenemeTpyyeckoi MHPopMaLMn AomKeH 6biTb 0becneyeH B BIAE, KOTOPbIA He
3aBVICUT OT NNATGOPMbI 1 A3bIKa MPOrPaMMUPOBaHUS, UTObbLI rpaduyecknin
peAakTop, 0TObpaXxatoLLMii MHEMOCXeMY, MOT paboTaTb C IH06bIMU NCTOYHUKAMU
TenemeTpuyeckoii nHdopmaLmmn. OTobpaxeHne TenemeTpupyemblx NapameTpoBs Ha
MHeMOCXeMe /J0/IKHO NMPOV3BOANTLCA B COOTBETCTBUM C MPUHATLIM Ae-GpakTo
CTaHAAPTOM - C MOMOLLIbIO TeKCTa (3HaYeHWs NapameTpoB) 1 LiBeTa (oLeHKa
KOPPEeKTHOCTY). HEO6XOANMMO OTMETUTD, YTO HET TEXHNYECKMX NPenaTCTBUiA Ans
60nee CI0XHBIX CNOCO60B NPeACTaBNeHNS TeNeMeTPUYeckoin nHdopmaumm,
Hanpumep, ANS AVHaMUYECKUX MHEMOCXeM.

B kauecTBe cpeAcTBa 06LLEHUS MeX/Y UCTOYHVIKOM TeneMeTpum 1

BU3yaNbHbIM PeAakTOPOM 1CMO/b30BaHa TEXHONOMMA COKeToB. PegakTop
OTKPbIBaeT CepBEPHbII COKET, K KOTOPOMY MOTYT MPUCOEANHUTLCSA KINEHTBI,
nepezatoLyie nHGopmaLwmio. Kaxzaplii kKMeHT nepejaeT MHOpMaLMIO B BUAE
UNICODE cTpok onpegeneHHoro ¢opmaTa (nap MMs nepeMeHHon 1 3HayeHve
nepemMeHHO, pasjeneHHble ABOeTOUVEM; COBCTBEHHO Napbl pasaesieHbl TOUKOW ¢
3anaToi). Monyyms Takyro CTPOKY, PeAakTop paccmaTpyriBaeT ee Kak onucaHvie
BOSAGI}’ICTBMH Ha BblYMNCINTE/IbHYHO MOAe/NIb N HaUMHAeT TPaH3aKuuto, B paMkax
KOTOPOIA BbINONHAETCA NepecyeT Mogeny. Takim 06pasom, cneuunansHoe
nporpamMmHoe obecneyeHvie, pyHKLMOHMPYLOLLLee Ha Nlo6OM KoMMbloTepe B ceTu,
MOXeT TeleMeTpUpoBaTh NapameTpbl B rpapuuecknii peaakTop, CNOAHSOLLIA
MHeMOCxeMy, BHe 3aBUCMMOCTY OT A3blKa MPOrpaMMUpoBaHus 1 NaaThpopmb.

ANs JeMOHCTpaLMy AaHHBIX TeNeMeTpUn Ha 3kpaHe 6bin JobasneH
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cneuvaneHbIi rpaduyecknii o6bexT (puc. 4.22).

Punc.4.22. Tpaduueckoe NpeacTaBeHvie NapameTpa TenemeTpum

Cxematunuecky rpapuyeckuii 06bekT npejcTaBnaeT coboi NpPAMOYronbHUK

1 061aCTb, 3aN0NHEHHYO LIBETOM. B 3aBUCUMOCTI OT 06CTOSTENBCTB LIBET MOXET
MeHATLCA (06bIYHO Ha KPaCHbIV, XeNTbIi MW 3eNeHbIN - Tak Ha3blBaeMbIii
“npuHUMN ceetodopa”).

C TOUKM 3peHus BM3yanbHOro andasunTa BelYNCIUTENbHON MoAenn



BU3YaNbHOrO A3blKa, 06BEKT COCTOWT U3 ABYX NMPAMOYrONbLHUKOB C HY/1€BbIM
CKpyrnieHneM yrios v AByX Moseii TekcTa - Ha3BaHVIs NapameTpa 1 3HayeHws. Mpu
3TOM NeBbI NPAMOYroNbHUK UMeeT aTpubyT LBeTa. HasBaHvie napameTpa
ABNSETCA CTAaTUYECKMM, 3HaYeHMe CBS3aHO OTHOLLIEHMEM paBeHCTBa C aTpUbyToM
Mozenu, NpeAcTaBisAoLLVIM TenemeTpripyeMblii napameTp. Habop oTHoLLeHWi 1
CeMaHTMYeCKasn CeTb 3eCb He NPNBOAATCA B BUAY TPUBMA/IBHOCTU.

YnpaeneHvie aBTOMaTU4YeCKOi OLLeHKOI TeXHNYECKOro COCTOAHWS

NPOW3BOAVTCS MyTeM CBA3bIBaHS LiBeTa 1€BOro NPAMOYro/lbHMKa C aTpubyTom,
npeAcTaBsoLWMM TeneMeTpupyemblii napameTp. Hanpumep, ciegytoLlas napa
KOMaH/, onpeAensieT, 4To NPSIMOYroNbHNK (BHyTPeHHee 1Mst eye) 3eneHblii (65280

= 0x00FF00), ecnv napameTp 60sbLue IM60 paBeH Hy/o 1 KpacHbI (16711680 =
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0xFFO000), ecnn napametp $ABC MeHbLUe Hyns. [py 3ToM
cond($numberValue($ABC))<0) eye.color=16711680;
cond($numberValue($ABC))>=0) eye.color=65280.

Pe3ynbTupytoLLas MHeMocxemMa TpakTa HajayBa 6akoB ¢ aneMeHTamm
0TOBpaxXeHVst TeneMeTpuyeckoit MHGopMaLmmn NpeactTasneHa Ha puc. 4.23.
Puic. 4.23. MHemocxeMa TpakTa HajayBa TOMINBHBIX 6akoB

4.3. TeXHUKO - 3KOHOMUYecKast 3P eKTUBHOCTb

PaccmoTpeHye npeamMeTa 6b110 6bl HEeMONHbLIM 6e3 3KCNePTHOW OLEeHKM
TEXHUKO-3KOHOMMYECKOW 3G PeKTUBHOCTN NPEANIOXKEHHOTO CreLmansHoro
nporpamMmmMmHoro obecneyeHus (CMO). B 3Tom nogpasgene 6yayT paccMOTpeHbl

3aja4u, pewlaemMble crneuranbHbIM MPorpaMMHbIM obecneyeHVeM, ONMUCaHHbIM B
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pasgene 3, 1 NpuBe/eHbl PacyeTbl 3KOHOMUYECKOro 3pdekTa, KOTopble OHN
MO3BOASOT AOCTUYb.

CMO no3BonsieT peluaTh ABe OCHOBHbIE 3aAa4yn. Bo-nepBblx, 3T0 3aMeHa
NMELLMNXCA CPEACTB MPOEKTNPOBAHNA B yCI0BMAX MMNOPTO3amMeLLeHna. Bo-
BTOpbIX, 3TO Pa3paboTka CPeACTB KOHTPOSA TEXHUYECKOrO COCTOSIHUS 06beKToB
PaKeTHO-KOCMMYECKOI TEXHVKW. PaccMOTpUM ABe 3TU 3aa4K.
MiMnopTo3amelleHre pejakTopoB AvarpamMmm B NepByro o4epe/b J0IXHO
KacaTbCsa CpeAcTs pejakTuposaHus ER-guarpamm n UML-gunarpamm. Huxe
npeAcTaBaeHa CTOVMOCTb OCHOBHbIX MPOAYKTOB, UMEROLLIMXCA Ha pbiHKE, B
MWHVMasbHOM KOMMAeKTaumm ( Mo COCTOsIHMIO Ha sHBapb 2018r J)[13]
(tabnuua 4.2):

Tabnnua 4.2.

No HassaHue npoaykTa LieHa Ha paboyee mecTo,

py6.

1 SAP Power Designer 16.5 (ros TexH14eckoi

noaAepKn)

150 000

2 All Fusion ER Win Data Modeller Navigator

Edition 9.7 (roa TexHWYecKoi NoAAePXKKI)

61113

3 IBM Rational Rose Modeller Authorized User

License (roa TexHU4YeCcko NoAAepxKN)

110000

BbIUJeﬂepEHMCHGHHbIe VHCTPYMEHTbI ABNAKOTCA MOLLHBbIMUW CpeACcTBaMn
MOZENNPOBaHNSA C NOAAEPXKKON 6ONBLLOIO KONMYecTBa 6a3 AaHHbIX 1 LUMPOKUMN
BO3MOXHOCTAMU. Mpesnonoxve, 4To pellaemas 3a4ada CoCTOUT UCKIOUNTENBHO B
NPOeKTUPOBaHWN CTPYKTYPbl 6a3bl AaHHbLIX, MOXHO CYMTaTb, YTO 60/bLIAsR YacTb
3TWX BO3MOXHOCTEN He Hy>XHa.

OueHKa BpeMeHW pa3paboTku onvcaHns ER-ararpammel 13 nogpaszgena 4.1

COCTaBNAET, N0 NpeABapuUTe/IbHbIM N OPUEHTVUPOBOYHbBIM OLIEHKAM, ABE HeAenwn, C



Y4eTOM BW3ya/IbHOV COCTAB/ISOLLIEN U TPAHCISILUM (6€3 PEVHXMHUPWHTA) B OAHY

6a3y AaHHbIX. Micxoas 13 pacyeTa 3apniaTtel nporpammucta 150 000 p. B MecsL,

117

CTOMMOCTb pa3paboTky OAHON AnarpamMmbl cocTasaseT 75 000 p. Takum obpasom,
OL|eHOYHas CTOMMOCTb pa3paboTky CPeACTB, MOAAePXMBAOLLVIX MONYNSAPHbIE
HOTaLWK, MOXET COCTaBNsATb (CM. TabnuLy 4.3):

Tabnuua 4.3.

Hotauus Yvcno anarpamm CToMMocTb

ER 175000

UML 12 900 000

IDEF 151 125 000

Takum 06pa3om, sKoHoMUYeckas 3GPeKTVBHOCTb MMOPTO3amMeLLeH s
CpeACTB NPOeKTUPOBaHUSA 6a3 AaHHbIX ZOCTUrAeTCs yxKe Npu ABYX INLEH3UAX Ha
paboyee MecTo, CpeACcTB NpoekTpoBaHua UML - npuv AeBATY 1 CpeACTB
mMogennposanHus IDEF - npn BocbMuW. 3TO JOCTUraeTcs nyTem Cy>XXeHus
GYHKLMOHaNbHbIX BO3MOXHOCTEN A0 MAHVIMaNbHO HEOBX0ANMBIX.

BTopas peluaemas cneuyvanbHeIM NPOrpamMMHbIM obecrnevdeHvem 3ajava -
ynpoLeHne pa3paboTkn MHEMOCXEM 15 OLLEHKUN TEXHYECKOro COCTOSHUSA
CpeACTB pakeTHO-KOCMUYECKOI TeXHVKK. MIcnonb3oBaHme NoaxoA0B, ON1CaHHbIX B
paszene 4.2, NO3BONWT PeLUNThL LeNblli Psj 3a4a4, @ UMeHHO:

AaTb BO3MOXHOCTb 1060MY UHXeHepy pa3pabaTbiBaTb MHEMOCXEMbI, Tak Kak
MOAXOZ, He TpebyeT creLmanbHbIX 3HaHWI 13 061aCT MPOrPamMMHOIA
VIHXXEHepuw;

AaTb BO3MOXHOCTb 6bICTPO BHOCUTL M3MeHeHUs B CpeACTBa aHanunsa
TenemeTpuyeckoii MHGopMaLK, Tak Kak BPeMS BHECEHS U3MEHEHWIA -
nopsazka M1UHyThI;

/laTb BO3MOXHOCTb UHTErPUPOBaTh Pas/INUHbIe CTOPOHHWE NPOrpamMmMHble

cpeactea C cucTeMon BU3yanun3aunu; NCTOYHUK TeIEMETPUPYEMbIX MapamMeTpoB
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MOXET 6bITb pacnosioxeH Ha ApyroM KOMMNbrOTepe B CETU U HanncaH Ha ApyromM
A3blke.

Mo oLieHKaM 3KCMepToB, 3a CUET BHEeAPEHWSA BbIYNCAUTENbHON MOAeNN
BW3yanbHOro f3blka CTOMMOCTb Pa3paboTky MO aBTOMATU3UPOBaHHbIX CUCTEM
oLeHkm kadvectsa CTO cHUxaeTcst Ha 20-30%, a Bpems pa3paboTku Ha 10-15%.
BbiBoAbI MO pasgeny 4.

1. PaspaboTaH peAakTop gnarpamm” CyLLHOCTb-CBA3b" CPeACTBaMM
BbIUVCINTEIbHOM MOAENN BU3YaNbHOTO A3blKa, BKIHOYAs TPAHCAALWIIO
NHponornyueckoin mogen B a3bik SQL.

2. BbluncautensHas Mojenb Br3yanbHOro s3bika NpUroAHa Ans UCNnoNb30BaHUs
Npy OLieHKe TeXHYECKOro COCTOAHUS PaKeTHO-KOCMUYECKOM TEXHNKM {m
peann3oBaHa COOTBETCTBYHOLLAA MHEMOCXEMa, NMPeACTaBNSIOLLAN OAHY U3
noAcucTeM pakeTbl-Hocutens “Cotos-2".

3. TenemeTpuyeckas MHGOPMaLWs MOXET bbITb NepejaHa B BbIUCIUTENbHYIO
MOZenNb Yepes n3MeHeHe ee nHTepdelicHble aTpnbyToB 1 ABNRETCA
eCTecTBeHHOI YacTblo 3To Moaenu.

4. Hanbonee yz06HO BU3yany3ampoBaTk TeNeMeTpuyeckyto nHGopmaLuo
MCNONb3ysa aTpubyThl LiBeTa 31eMeHTOB Mojenn. Bo3MoxHo fobasneHue 3ByKa.
5. BubnvoTeka BM3yanbHbIX MPUMUTVIBOB TpebyeT nepecmMoTpa B CTOPOHY
06aBNEHVI 31EMEHTOB CIOXKHOTrO CMHTaKCMCa, Tak kKak paboTa ¢ NpoCcTbiMn
BM3YyaNbHbIMW MPUMUTUBaMW NPUBOAUT K ,quaBneano B MOAeNb 60/1bLLIOro
KONMYEeCTBa OTHOLLEHWA.

6. /icnonb3oBaHne pasMepoB TeKCTa, BbIUVC/ISEMbIX Ha OCHOBE JaHHbIX O
LwpunTe 1 rpapuUeckoM KOHTEKCTe, MPUBOANT K HapyLLeHUIo naTTepHa MVC
(Mogenb-npeacTaBieHne) 1 CTaHOBUTCA HEBO3MOXHbIM CBS3aThb OAHY MOZENb C

HECKONbKMIN rpad)VI‘-{eCKVIMVI yCTpOVICTBaMVI‘



7. OTCyTCTBME B MOZEV OTHOLLEHUS arperaunm HaknajblBaeT AONOHUTEIbHbIe
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OrpaHVyeHns Ha peanvsyemble gnarpammel. B ciydae gnarpamm” cyLiHOCTb-
CBA3bL" OTCYTCTBME OTHOLLUEHVIS arperaLyini MOXHT 6biTb peLleHo 3a cHeT
AONYLLEHVS, YTO HEBO3MOXHO OHOBPEMEHHO 3MeHUTb aTpubyThl 6onee yem
OAHOI CBSI3W. N5t peanvsaumm BU3yanbHbIX S3bIKOB NPOrpaMMUpPOBaHs
noAo6Hoe NpeanonoXeHe Henpruemnemo, ciejoBaTebHO, MOAeNb A0/XKHA
6bITb paclUMpeHa 3a CYeT OTHOLLEHVS arperauny. AnropuTm 2.1 ¢ BBeAeHVeM
OTHOLLIEHVS arperauum Takxe TpebyeT 40paboTKM.

8. ELLle 0AHVM CyLLLeCTBEHHbBIM OrpaH1YeHnem ABNSIeTCA OTCyTCTBUE B

NPUKNAAHON BIYNCNUTENBHOV MOAENN BU3YaNbHOrO A3blka 6onee
BbICOKOYPOBHEBbIX TUMOB, YeM CMUCKMN — OTOBPAXKEHNI 1 MHOXeCTB.
LlenecoobpasHo pacumpuTb NPYKNaAHYIO BEIYUCANTENBHYIO MOAENb 3a CHeT
BBeAEeHWSA STUX TUMOB.

9. MONHOCTBIO 0TKa3aThCs OT TPAAVLIMOHHOIO NPOrPaMMPOBaHVIS B MONb3Y
MaTemaTMyeckMx COOTHOLLIEHWIA He yAanock Aaxe ANs CTOMb NPOCTol
ANarpaMmel, Kak "CyLLIHOCTb-CBSA3b". Peanunsaumsa notpebosana co3jaHuns psga
dYHKLMIA Ha si3biKe JavaScript, 3amMeHa KOTopbIX BCTpavBaeMbIMU
maTemaTuyeckumMy onepaumamy 6bina NpraHaHa HelenecoobpasHoii.

10. JaneHelillee ymeHbLUIEHNE BPeMeHM Ha pa3paboTky MHEMOCXEM MOXeT 6bITh
AOCTUTHYTO 3a cyeT BBE/EHVS B BbIUNC/IUTE/IbHYHO MOZE/b BU3YanbHOrO A3bika
OTHOLLEHUS HacneAoBaHUs. Mepencnonb3oBaHyie Koaa 06beKToB C

npviMeHeHneM NoavMopdusMa no3sonno 6l ynpocTuTb UX NOTUKY 1N
YMEHbLUWTb KONMYECTBO CTPOK OMMUCAHNS.

11. ELLle o4HUM Aal‘leeVILUVIM HanpasneHneM nccnejoBaHnA ABNAETCA NOCTpoeHne
NHTepdelicoB BM3yanbHOro peAakTopa Kak 4acTi o6LLelt BeluncanTenbHoM
MOZe/N UCMONHAEMOrO VM B/3yasbHOrO si3blKa.

12. 9pdeKTUBHOCTL BHEAPEHVA METO/a B pamMKax MMMNOpTO3aMelLeHVs CPeACTs
NPOeKTUPOBaHWS AOCTUraeTCs yxe Npu Hanuyuu 2- 10 pabounx Mect, B
3aBVICMMOCTL OT 3aMeLL@eMoi TeXHONOTMN. 3TO JOCTUraeTCa MyTeM CyXeHUs
BO3MOXHOCTEl CPeACTB MPOEKTUPOBAHNUSA 40 MUHUMANBHO HEO6XOAMNMBIX.

13. TeXHMKO-3KOHOMMYecKast SGGEKTVBHOCTb MPU BHEAPEHN NMOAXOAA ANs
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aHasnm3a TeXHNYeCcKoro COCTOSHMA CPeACTB PaKeTHO-KOCMUYECKON TEXHMKMN
3aK/1I04aeTCA B NPeA0CTaBIeHNV BO3MOXHOCTU CO34aHNA MHEMOCXEM
NHXeHepaM, He MetoLLyM 0bpa3oBaHus B 06nacTu IT, a Takxke B
BO3MOXHOCTV MHTErpaLmy CpeACcTB BU3yanu3aLyn MHEMOCXeM CO
CTOPOHHUMU UCTOYHMKaMM TeNemMeTpuyeckoin MHpopMaLmm, NoTeHLmansHo
HanvcaHHbIMU Ha APYrnX f3blkax U HaXOAALLMXCS Ha ApYrinx KoMMboTepax,
YMEHbLLIEHUN KONMYECTBA OLIMBOK 1 CHKEHUM CTOMMOCTW pa3paboTtku M0

ANs KOHTponA kavecTtsa TC.
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3aktoveHve

B AnccepTaumoHHol paboTe chopmynvpoBaHa v pelleHa npobiema
onpejeneHist yHMBEpCanbHOro rpadpmnyeckoro pegaktopa Avarpamm,
06/1a/atoLLLEero NPoOCTOTON B UCMONB30BaHNN, YHUBEPCANbHOCTLIO U He
1crnonb3yroLlero popmManuambl, aHanornyHele popmanmsamam rpadpoBbIx
rpammaTyvk. B npouecce BbINONHEHNUS UCCeA0BaHUI B paMKax ANCCePTaLMOHHON
paboTbl 6bIAV MOYYEHbI CeAytoLLMe HayYHble pe3y/bTaTbl {m

1) NMpeanoxeHa MoAesb BU3yanbHOro A3bIKa (BblUNCINTEIbHAA MOAENb
BI3yasbHOrO 513blka) Ha OCHOBE MOAVPULIMPOBAHHbIX BbIYUCAUTENBHBIX
Mogenein Telyry, no3sonstoas 3¢p$ekTVBHO CTPOUTL HeNoBeKO-MalUVHHbIe
MNHTepdecsbl Ha OCHOBe AnarpaMmm;

2) pa3paboTaH anropuTM pacyeTa MoAeNV Npu BO3AECTBUN Ha UHTepdelic U3BHE,



KaK Nosb3oBaTeNem, Tak ¥ BHELLUHVMY MPUAOXKEHNSAMU, a TakKe NpuBeeHIs
MOZENN K CTaLMOHaPHOMY (4eTepMUHUPOBaHHOMY) BUAY;

3) pa3paboTaH anropuUTM TPaHCIALMK AVarpamm, 3aaHHbIX BblUUCANTENbHBIMUI
MOZENSIMY B/3yaNbHOro s13blka B TEKCThI MPOrpaMm;

4) PazpaboTaH MeTOZ NOCTPOEHUS NHTEPDENCOB MEXAY MOAENBIO N UCTOYHUKOM
J@HHbIX, MO3BONAIOLLNIA, B HACTHOCTY, 3GPEKTUBHO NOAAEPXKMBATL
B3aMMO/eliCTBYIE C MONb30BaTeNeM N UCTOYHUKOM TeNleMeTpuyecko
NHbOpMaLn.

anI 3TOM MOXHO cAenatb cnejyroLime BblBOAbI:

A. B 061acT TEOpeTNYECKUX NCCAeA0BaHNIA:

1. BbluncanTensHas Mojesb Br3yanbHOro S3blka Ha OCHOBe
MOANULIMPOBAHHBIX BbIYNCANTENLHBIX MoAeneli Tblyry No3BonseT onvcatb
BIN3yasbHbI A3bIK, NPV 3TOM JOCTUIaeTcs P NPevMyLLEeCTB MO CPaBHEHWIO C

rpaoBLIMU rpaMMaTUKaMM 1 ApYrUMI CpeACTBaMM GOPManbHOro ONMCaHs
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BM3Yya/ibHbIX A3bIKOB, @ MUMEHHO: OTHOCUTE/IbHAasA NPOCTOTa peLleHnsa 1
€/MHO06Pa3HOCTL MaTeMaTUYeCKoro annapata ¢ UCrosib3yeMbIM 418 OnvcaHus
Mo/enei 3TanoHHOro GpyHKLMOHMPOBaHUSA OLIeHVBaeMbIX 06 bEKTOB; KpOME TOro,
6onee He TpebyeTcs BblAeNeHe abCTPaKTHOro rpada cuHTakcuca. Mogenb
GYHKLMOHMPYET B COOTBETCTBIN C MPeANoXeHHbIM anropuTMoM nepecyeTa
$opManmn30BaHHON CEMaHTUYECKO CeTV NPV B3aUMOAECTBUN C HelA.
BbIUMCIUTENBHYIO MOZENb BCerAa MOXHO NPYBECTY K CTaLMOHapHOMY BUAY, TO
€CTb K BUAY KOrAa BblYncieHns 6yAyT NpUBOAUTL K OAHOMY 1 TOMY e pesynbTaTy
HE3aBMCMO OT NyTu.

2. lobaBneHvie B BbIUUCIUTENBHYIO MOZEe/b Y3108 0CO60r0 Brja -

rpapuyecknx NpYMUTUBOB - MO3BONSAET Peasn30BbIBaTh rpaduyeckoe
n3obpaxeHve guarpaMmmel. 3agada AeneHns gnarpaMmMbl Ha 06bekTbl Takxke
peluaeTcs AobaBneHviem y310B 0C060ro BUAa - N0rNUeCckNX 06beKTOB, CBA3aHHbIX
nepapxmyeckMMmn OTHOLWEHVAMU. TakuM 06pa3oM, BbIYMCIUTENbHAsS MOAeb
TpakTyeT BCe CBOV COCTaB/ANLLVIE eANHO0BPAa3HO 1 0HOBPEMEHHO MOXEeT
npeAcTaBNsaThL cebst Tpems Cnocobamu - CMbICIOBbIM HaMoNHeHVEeM (A4aHHbIMYY),
rpaduyecku 1 B BUAE B3aUMOAEVICTBYIOLLMX 06beKTOB. MokasaHo, 4To nogobHas
ceTb NOAAEPXMBAET MHTEPPEIAC Kak C Mo/b30BaTeNeM, Tak U CO CTOPOHHUMU
npvnoxeHusmu. Mpu 3Tom AvarpaMmma MMeeT MexXaHV3Mbl ANs AMHaMUYeCKoro
n3MeHeHVs 6e3 yyacTus Nonb3osaTtens, Npryem Ha BCex ypoBHSAX NpeaCcTaBieHus,
a Takke NpocToe peLleHvie 415 AeKOMMO3MLMK 10rMYeckoro o6bekTa B Apyryro
Avarpammy.

3. TpaHCl‘IﬂLLVIﬂ AvarpamMm, 3aiaHHbIX B BbIYUC/INTENBHON mMozenn

BU3yaNnbHOro H3blka, BO3MOXHa kak Yepes npeobpasoBaHue B rpadosble
rpamMmaTuku, Tak 1 Yepes cLieHapuu obxoaa rpada. Takum obpasom,
npeanoXXeHHas Moje/ib B13yaslbHOrO s3blKa MOXeT OMKcCbiBaTb COBCTBEHHO A3bIK,
AviarpaMmMy Ha 3TOM si3bIKe U UCMO/b30BaTbCs AN TPAHCAALMM AVarpaMmbl B
TEKCT, TO eCTb AB/IAETCSA 3aKOHUYEHHO CUCTEeMON, MPUTOAHON ANA ONncaHNs
peAakTopoB Anarpamm.

4. CyulecTBeHHble OrpaHyeHst MoAeNb CBsi3aHbl C OTCYTCTBMEM B Hel
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OTHOLLIEHWIA arperauym 1 HacneAoBaHUsA. Mpu 3ToM AnropuTum 2.1 € BBEAEHUEM
OTHOLLIeHUSA arperaumm Takxe TpebyeT CyLLecTBeHHOW 40paboTKU.

B. B 061acTvi NpuKNagHbIX NccnesoBaHuii:

1. [lokazaHo (NMyTeM MOAENMPOBaHUA HEKOTOPbIX BaXKHbIX KNacCcoB

BM3ya/ibHbIX A3bIKOB B paszene 4), 4To paspaboTaHHOe NporpaMMHoOe CpeAcTBO 1
NpVIKNaAHas BbIUNCINTENbHAs MOAE/b BI3yanbHOro A3bika MO3BOSOT
pean30BaTb OCHOBHbIE BU3ya/lbHble A3bIKY, UCMOb3yeMble B OTPAC/IN

NHGOPMALIVIOHHbIX TEXHONOM WA,



2. BblumcanTenbHas Mojenb BU3yanbHOro si3blka MPUrogHa Ans

MCMob30BaHVA NPY OLIEHKE TEXHYECKOro COCTOAHMS PakeTHO-KOCMUYeCckom
TeXHI/IKI/Im, peann3oBaHa COOTBETCTBYHOLLASA MHEMOCXeMa, MPeACTaBASIOLLAA OAHY U3
noAcucrTem pakeTbl-HocuTens “Cotos-2". [py 3TOM OHa MO3BONSIET MONyYaTb Ha
BXO/, TenemMeTpuyeckyro nHdopmaLuio.

3. BubnnoTeka BU3yanbHbIX MPUMUTBOB TpebyeT nepecMoTpa B

CTOPOHY j06aBNIeHUS 3N1EMEHTOB C/IOXHOIO CYHTaKCKCa, Tak kak paboTa ¢
NPOCTbIMW BU3Ya/IbHbIMU NPUMUTUBaAMW NPUBOAUT K ,qo6aBneano B MOJe/b
60/1bLIOr0 KONMYECTBA OTHOLLIEHWA.

4. LlenecoobpasHo pactuvpuTh NPYKNAAHYIO BEIYUCANTENBHYIO MOAENb

3a CYeT BBE/EHVIS BbICOKOYPOBHEBLIX TUMOB JaHHbIX (MHOXECTB, OTOBPaXKeHWA).

5. ELLie 04HUM JanbHeliLLVM HanpaBaeHeM UCCej0BaHIs SBNAETCA

NocTpoeHvie MHTepdelicoB B13yanbHOro peAakTopa Kak 4acTu obLueit
BbIUMCINTENILHON MOAENM NCMIONHAEMOrO UM BU3YasbHOTO si3blKa.

6. TeXHUKO-3KOHOMMYeckas 3PpPeKTVBHOCTb MPY BHeAPEHUN NoAX0Aa

ANA aHanM3a TeXHNYECKOro COCTOAHNA CPeACTB paKeTHO-KOCMVIHeCKOVI TEXHNKN
3aK/1l04aeTCs B NPeAoCTaBieHN BO3MOXHOCTI CO3aHNA MHEMOCXEM NHXeHepam,
He VMetoLLMM 06pa3oBaHus B 06nacTu IT, a Takxke B BO3MOXHOCTV MHTErpaLmum
CPeACTB BM3yann3aLyn MHEMOCXeM CO CTOPOHHUMI NCTOYHKKAMI

TeneMeTpuyeckorn nHGopMaLm, NOTEHLMANBHO HaNCaHHBIMK Ha APYrX Si3blkax
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N HaXOASALLMXCA Ha APYTX KOMTbIOTEpaX.

OcHOBHOI 3pdeKT OT UCNONL30BaHNUSA NpeaiaraemMoro crnocoba

3aK/1OYAETCS B yMeHbLUEHUM CPOKOB 1 TPYA0EMKOCTU Pa3paboTki HOBbIX CPeACTB
rpa¢nyeckoro peaakTMPOBaHVIS AViarpamMmM, HEO6X0AMMOCTb B KOTOPbIX BO3HMKaeT
B paMKax NnoAnUTUKN MMNOPTO3aMeLLeHNA, a TakXXe Npuy peleHnmn

y3Kocneumanm3mpoBaHHbIX 3a4a4 B PaKeTOCTPOEHNN.

MonyyeHHble pe3ynbTaTbl COOTBETCTBYIOT M. 3 «MOAENN, METO/pbI,

anropuUTMbl, i3bIKM 11 MPOrPamMMHble UHCTPYMEHTbI A/ OpraHv3aLum
B3aVIMO/eCTBISA NPOrpamMM 1 MPOrpaMMHbIX cuctem» n. 7 «{m YenoBeKo-MallVHHbIe
NHTepdeichbl; MOAENN, METO/bI, aNrOPUTMbI 1 MPOrpamMMHble CPeACTBa MaLLHHON
rpadvikv, B3yanmsaumm, 06paboTkn N306pakeHNi, CUCTEM BUPTYaNbHOMN
peanbHOCTU, MyNbTUMEANNHOIO OBLLEHUS» nacnopta crneyuansHocTy 05.13.11
«MaTemaTunyeckoe v nporpamMmHoe obecrneveHune BblYMCIUTENbHbIX MaLLVH,
KOMM/IEKCOB 1 KOMMbIOTEPHbIX ceTeVm@
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MPUNOXEHWE M1

ObocHOBaHVe NpenMyLLEeCTB BM3yasbHbIX A3bIKOB Nnepej TeKCTOBbIMUN
Bu3yanbHble A3bIKU 11 CBA3aHHbIE C HUMU TEXHONOMNW SBASHOTCA CPEACTBOM,
KOTOpOe MpM3BaHO yNyyLlWWTb BOCMPUSTME MPOrpaMM, @ Yepes 3TO YyMeHbLUNTb
KOIMYECTBO OLUMBOK 1 PacLUMPUTL KPYT H0Ael, CoCOBHbIX MPOrpaMMmpoBaTh
[71]. CywecTByeT MHOXeCTBO PaboT, MOCBALLEHHbIX MCUXO0NOTUI BOCMIPUATUS
BM3Yya/lbHbIX A3bIKOB, KOTOPbIe MOTYT 6bITb MoAbITOXEeHbI cneayouwmm 06pa30M
[240]:

a) V3obpakeHns 6oiee MOLLHBI, HEeXenw C10Ba, B NaaHe nepejayun MHpopmaLmu.
OHU MOTyT HecTV 60/1bLLEe CMbICNA B MEHbLLEM BbIPaXeHN

b) V1306paxeHus MOMOratoT MOHMMAaHWIO 1 3aNOMUHAHNI0 MHOPMaLMN.

STV yTBEPXAEHUS, CAeNaHHbIe C TOYUKYM 3PEHVIS NICUXONOT N BOCTIPUSATIS,
BbI3bIBaOT HeMe//ieHHble BOMNPOChl MpU peanms3aunn B UHCTPYMEHTa/IbHbIX
cpejcTBax. Hanpumep, B paboTe [139] Ha OCHOBaHWM CPaBHWTEILHOIO aHaNM3a
CyLLIeCTBOBABLUVIX Ha TO BPeMsi A3bIKOB, MPeACTaBNAOLLMX MOTOKUN BbIYNCNEHWI,
MOKa3aHO, YTO NMpusHak Hanbonee nerko BOCMPNHUMAEMOTO A3blka He nMeeT
HuYero obLLero ¢ ero opmManbHbIMU cBolicTBaMU. Psi paboT [140,174,233]
CTaBWT MO/ COMHEHVIe JOCTOVHCTBA BU3yaNbHbIX A3bIKOB, MPeACTaBNROLLMX
MOTOKU AAaHHbIX B e 3a4ay, NokasblBas, YTO OHU MOTYT BbI3blBaTk 1 06paTHbI
3¢ deKT - HenoHNMaHVe 1 yBenyeHne Yncna olmnbok nonb3osatens. B pabote
[72] npoBejeHHble SKCNeprMeHTbI MoKasanw, 4To CMMmBoINyecke V|3o6pa>Keva
CNOXHBIX NPOLLECCOB PaboThl BUPTYaNbHOM MaLUVHbl He MOMOratoT nyyLlemy nux
MOHVMaHWto. B [229] nokasaHo, YTo BU3yasbHbIN S3bIK MOXET NPUBOAUT K
60n1bLUel TPYAOEMKOCTV NP yrnpaBneHnn KogoM. laxe caMma KoHLenums
CXemMaTn4eckoro n3obpaxeHus (T.H. “KapTUHKM-Ha-BepeBoUKax'[178])

rozgepranack peskoit kpuTuke. B [225] nokasaHo, UTo BU3yasbHbIe S3bIKM
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Havi6onee 3¢pPeKTVBHO BOCMPUHMMAIOTCS, KOTAa OHW ABNAIOTCS
aHanorosbIMU[147] 1 paboTatoT C aHaNOroBbIMU AaHHBLIMU, U ANCKPETHOCTb
BbIUNCINTENBLHON TEXHVKW U 60NbLUVHCTBA MOHATWIA NPOrpamMMypoBaHis
ABNAETCA CyLLleCTBEHHbIM NPEnATCTBMEM Ha NYTUN UX BHEAPEHWS.

MHorue nccnegoBaTenn He 0CTaBASAN MOMbITOK YyULINTE NepLenTUBHbIe
KayecTBa BU3yasbHbIX A3bIKOB. LLIHaliAepMaH [238] oTMeuaeT, YTo OCHOBHOM
naeonorveii nHTepdelica BU3yanbHOWM CUCTEMbI AO/KHA BbITh T.H. “MaHTpa” -
“cnepsa 06LMii 0630p, MOTOM NPUGAVKEHVE 1 GUNbTPaLIVA, 3aTeM geTanu no
Tpe6oBaHWI0". IPPEKTUBHON, MO €ro MHEHIO, MOXET 6bITh TONIBLKO CUCTEMA,
KoTOpas MOAAePXMBAET 3TU 3Tanbl paboThl NoNb30BaTeNs. B €BA3M € 3TUM
LLIHaliaepMaH BBOAUT CeMb OCHOBHbIX 3a4a4 BM3yasbHOW CUCTeMbI — MPOCMOTP,
npvbanxeHune, UnbTPaLMs, NoNyYeHVe JeTaneil, NPOCMOTP OTHOLLEHWI, BeaeHVe
NCTOPUM 1 M3N1eYeHIe No 3anpocy. Takke NPUBOANTCSA Knaccudukaums
abCTPaKTHBIX CUCTEM MO CTeMNEeHV NOoAAEPXKKN 3TUX GYHKLMIA.

TaHUMOTO[257] BbICKa3bIBaET WAL O TOM, YTO NepLEenTUBHbIE CBOCTBA

A3blKa 3aBVCAT OT TakvX KaTeropuii, kKak TO4HOCTb NepesaBaemMoro CMbICa,
VNHTYUTVBHOCTb MUKTOrpamM, COXpaHeHve KOHTeKCTa Npu 3MeHeHUn Buaa
NPOCMOTPA AaHHbIX (MPUHLMMN “ MUHUMaNbLHOrO paspyLleHns”), BO3MOXHOCTb
TPaHCIALMW B €CTECTBEHHDIN A3bIK 1 NOAJepXKa MeTas3blka, Ha KOTOPOM Ntoav
Morav 6bl OMUCkIBaTL Avarpammy, NojaepskKa A3bIKoB ONMcaHUs CLieHapues 1
nporpamMmmmnpoBaHuns.

I'pynna nccnegosatenei[74] Ha OCHOBe TeOpeTUYeCKMX 3HaHWIA O

NPVroAHOCTV NPOrPaMMHbIX CPEACTB K MCMOIb30BaHI0, paspaboTana psag

MONOXEHWI, CnefloBaHVe KOTOPbIM CYLLECTBEHHO y/y4LlaeT BOCnpusTe



no/sib3oBaTesieM, Harnpumep: “ BCce 0ANHAKOBbLIE MOHATUA A0/DKHbI 0T06pa)KaTbCH

o

0ANHaKoBO", KaXA0e AeCTBIE NOMb30BaTENs AOMKHO MOAAEPXKMNBATLCS

BU3ya/ibHbIM 06EKTOM”, * 3MEHEeHMNe COCTOSIHUS 06 beKTa He AOMKHO
MPOVCXOAUTL Yepes NMPOMEXYTOUHbIe 6eCCMbICIEHHbIE COCTOSIHVIS", “Ntobble
BO3/ENCTBYIA HA AVarpaMMy A0MKHbI 6bITb aTOMapHbIMIK" 1 HeKoTopble Apyrue.

VIHTepecHO OTMEeTUTb, UTO HapyLLeHMe HEKOTOPbIX U3 3TVX NONOXEeHNI B
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COBPEMEHHO MHGOPMALIMOHHOM NHAYCTPUN ABASETCA MOAHBIM, Hanprmep,
aHumauunsa OTKprTI/IH nnn CBOpaHVIBaHVIﬂ OKOH, MEHIO 1 I'Ip‘ MOXHO OTMEeTUTb
Takxe paspaboTaHHy GopManbHYH MoAeNb “NMPUrogHOCTI K UCMONb30BaHIKD"
BW3yanbHOro si3blka [75], KoTopas 06bSCHAET TO, KakMM 06pa3oM nosib3osaTteslb
BOCMpUHUMaeT AnarpamMmmebl.

Penep oTMeuaeT[223], UTO BU3yasbHble S3bIKM UMEHOT fBa OCHOBHbIX

CBOICTBA, Ha KOTOPbIX HEOBXOAVMO COCPeA0TOUNTLCSH pa3paboTurkam:
BbIPa3nTeNbHOCTL U 3P deKTUBHOCTL. [penmMyLecTBaMun BU3yabHbIX A3bIKOB, MO
€ro MHeHWHo, SIBNSETCS BO3MOXHOCTb NPeACTaBNEHUS HeNIMHEVHbIX CTPYKTYP 1
NpOoLLeccoB, UCMob3oBaHWe GopM N306paxKeHNIA Kak BbIPa3UTENbHOTO CPeACTBa, a
Takxe Ncumxonornyeckasi 0CO6eHHOCTL BOCMPUATUAS YENOBEKOM M306paxeHuii,
KOTOpble 3aMoMUHaTCA 06bIYHO Nyyllle, YeM TeKCT. BmecTe ¢ Tem, Peaep
OTMeUaeT, YUTo HeobX0AMMO 6OPOTHCS C HegoCTaTKaMu, TakMK Kak 6onbLune
BbIUYMCANTENIbHbIE TPYAO3aTpaThl, 60/bLLIee HEO6X0ANMOE N306PaKEHNID
KOIMYECTBO MPOCTPAHCTBA, OTCYTCTBUE eAVHbIX MPaBU N306paxeHns 1
MCNONb30BaHMe KNaccoB Avarpamm B He npejHasHaueHHbIX 415 3TVX KNaccoB
obnactsix.

OueBnAHbIM 06pa30oM, BCe 3TW HeA0CTaTKN MOTYT 6bITh YCTPaHEHbI.

Hanpumep, psig pabot [135,222] npegnaratoT CTaHAapTU3MPOBaTh SNeMeHTbI 1
KOMaHZbl yripaBeHusi CnocoboM, onTrManbHbIM C TOUKN 3peHIst YeNoBeYeCKoro
BOCMPUSTUA. HekoTopble paboTbl CTPEMSATCA HalTU HOBble GOPMbI NPeACTaBNeHNS
MHOpMaLMK, Takme Kak opveHTaLms B npocTpaHcTee[213], cTpyKTypu3aums

[170] nnn TpexmepHoCTb [131,247,264]. PaccmaTpyBatoTCs MOAXoAbl K
BU3yanM3auuy, onTuManbHble no 3¢pekTMBHOCTY NpeactasneHns [107] n
MHTepdelica B3anMogencTems ¢ nonb3osatenem [95,226], 0606LLEHHOrO NPUHATUSA
peLueHuii 0 AoMyCTUMOCTY AeNCTBIUI C Anarpammoit [263]. Beogarcs
cneuvuYHble ANS BU3yanbHbIX A3bIkoB MeTpurku [205,269]. MposoaaTtca
KnaccnudukaLm BU3yanbHbIX 31eMeHToB Avarpamm [179]. PaspabatbiBatoTcs
MeToZbl 3pPeKTUBHOIo 06yUeHs BU3yabHbIM si3blkaM [141]. BelyncantensHble

TPYAO3aTpaThl, B OCHOBHOM, CHATbI 3a CHET Pa3BUTUSA COBPEMEHHbIX KOMMbHOTEPOB.
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Bonpockl B1U3yanbHOro AvsaliHa, 1, camoe rnaBHoe, COOTBETCTBUA 3ajaqam,

04HakKo, No-npexHeMy ABNAKTCA KNYeBbIMA.

K coxaneHuto, 4o cvx nop He pa3paboTaHo y/0BNETBOPUTENBHOMO
BN3yanbHOro si3blka 06LLEro HasHa4eHys, XOTA Takas 3a4aqa bbina
chopMynnpoBaHa eLLe ABa AecATuNeTUsA Ha3az [136], 3aTo OrpoMHoe Kon4ecTBo
NMPUMEHEHWIA NeXUT B y3KOCMeLManv3npoBaHHbIx o6aacTax. Hanpumep,
3KCMePUMEHTaIbHO NOATBEPXKAEHO[253], UTO BU3yanbHbIe A3bIKM NyULLIEe NOAXOAAT
NHOAAM, CNa6o BNaAELMM aHIINIACKM, Ha KOTOPOM NMOCTPOEHO 60/ILLUMHCTBO
06bIYHbIX S13bIKOB NMPOrPaMMMPOBaHNS. BrdyanbHble S3bIkv TakKe CyLeCTBEHHO
yAyYLLAIOT MOHUMaHWe anropuTMOB pacrnpeAeneHHbIX BbluncieHnia [259].
HekoTopble aBTOpbI OTCTaMBAOT MPOTUBOMONOXHYO TOUKY 3PEeHUs.

Hanpumep, nccnegosanue [211] nokasano, YTO BU3YyasbHbIV A3bIK 06LLEro
Ha3HauveHus Form/3 [83] nokasbiBaeT /iyyllvie pe3y/ibTaThl B kayecTBe pelleHus
06bIYHbIX 3aZa4 NPOrPaMMUPOBAHVIS, HEXENV TPAAULIMOHHbIE S3bIKY, B
yacTHocTK, Pascal.

Takum 06pa3om, Br3yasbHble A3bIKi MOTYT o6ecrneymsaThb nyyLlmne



pe3ynbTaThbl, HeXenu TpagnLOHHbIe TEKCTOBbIE A3bIKW, B pAje obnacrei. Mpn
3TOM BU3ya/ibHbI€ A3bIKU HE ABNSIOTCA YHVIBEPCA/IbHBIM CPEACTBOM YNy4LLUEeHNA
nepuenTMBHbIX Ka4eCTB CPeACTBa PeLleHns 3a4aum - Npy HeNpaBuUabLHOM
NPVIMEHEHNW OHN MOTYT YXYALLINTL CUTYaLMIO, @ He YIyYLlnTb. Tem He MeHee,
cyLlecTByeT 60/bLLOe KONMYECTBO CreLmanm3MpoBaHHbIX 3aja4, Npu peLLeHnm

KOTOPbIX BU3yabHble A3bIKW NOKa3anu BbICOKYH 3GPeKTUBHOCTb.
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MPUNOXEHWE N2

0630p Moaeneli NpejCcTaBNeHNS BU3ya/bHbIX A3bIKOB

WccnegoBaTtento, 3a4aBLUemMycs LieNlbto MOCTPOUTb GopManbHyo MoAenb
BN3yaslbHOrO si3blKa 1 AnarpaMmsl, Mpexze Bcero, He06X0ANMO OTBETUTL Ha
BOMPOC, UTO Xe 3TO Takoe. O6bIYHO AnarpamMmy ornpejenstoT Kak
CTPYKTYPUPOBaHHYH CUCTEMY CBA3aHHbIX 1306paxeHuii (iconic system)[86]. 3To
ynopsAoUeHHOe MHOXECTBO N306paxeHWiA TPaKTYHOT Kak «TeKCT» UK, CKopee,
«1306paxeHVie» Ha HEKOTOPOM «Si3bIKe», B CBOKD OYepe/b Ha3biBaeMbIM
«BU3YyaNbHbIM A3bIKOM». [/t BU3yanbHOrO s3blKa, Takxe Kak 1 4151 TeKCTOBOro,
BbIJENAIOT CYHTaKCUYECKUIA N CeMaHTUYeCKMIA aHanms, NepBbIi 13 KOTOPbIX
oTBeYaeT Ha BOMPOC KOPPEKTHOCTIN NMOCTPOEHVIS AMarpamMbl, @ BTOPOW - cMblcna.
B 06LueM cyyae, UcciefoBaTenn 06bl4HO CCbINAOTCS Ha onpejeneHvie
BM3YyanbHOro A3blKa KakK A3blKa, " npeacTaBNAoLLIEro CBOV TEKCThI ABYX NN 6onee
MepHbIM Cnoco6om”. Kpome Toro, k BblpasuTenbHbIM CPeACTBaM BU3yanbHbIX
AA3bIKOB MHOTAA OTHOCAT LiBeT (B 0CO6EHHOCTH

ANS 33/,a4 novcka n3obpaxeruii no

cogepxunmomy[257]) n 3Byk[82]. CyLecTytoT

cnctemel[177], B KOTOPbIX BU3yanbHoe

nporpaMmMy1poBaHme ocyLLLeCcTBASETCS C

MOMOLLIO Peyn U PyYHOro NcbMa.

Bu3yanbHble A3bIKM NCMONB3YIOTCH B

caMblx pasHblx obnactax. Flosops 06

NHGOPMALIMOHHBIX TEXHOIOTUSIX, 3TO, NMpex/e

BCEro, 3aja4u npoekTnposaHus MO, B

KOTOPbIX MPOYHOE MECTO 3aBOeBa

TexHonorun UML[3], IDEF[54] n gpyrue.

OAHBKO, BU3yanbHbl€ A3bIKU HAaXO4AT

npUMeHeHe 1 B 061aCTsAX, He 06s3aTeNlbHO

Puc. 1 MogenviposaHue

nonynauMmn KNeTok neyexu [136]
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CBSI3aHHbIX HaNPSIMYHO C NPOrpaMMUpOBaHKEM, Tak, HanprmMep, B My3blike [98],
MeanLmHe [66,68, 163,199,200], reHeTuke [180,220], o6pasoBaHuu [65, 81,138,
148,175,193,207], B TOM Ymncne aeteii[161,256,210] v yepes NHTepHeT[84,169],
n306pasunTesbHOM 1CKyccTBe [245], a Takoke MOAENNPOBaHMM TPEXMEPHbIX CLieH
[248], novicke [113,114,115], pacnosHasaHuu [61] 1 o6paboTke [70]
n306paxeHnii, noncke nHpopmaumm [116,166,206,241], 406bI4UN AaHHBIX [69,92],
VNNOCTPaLIMM MaTeMaTUYeckmnx BolpaxkeHui 1 Teopuii [78,117,158,202],
TenekoMMyHVKaLumax[255], onncaHnsax 6rsHec-npotieccos [142,252] n
anroputmos [80,122], NpoeKTUpOBaHNK YCTPOUCTB [242] 1 MpOrpamMMHOro
o6ecneyeHrsi[104], NporpaMmMrpoBaHUN YCTPOACTB Ha HI3KOM ypoBHe [64],
LUMpoBbIX CxeM [243], BeZleHNM apXx1BOB MynbTMeava [112], Beb-gu3aliHe [196],
ynpasneHuy pobotamun[110,216,217], apxutekType[224], 6aHKOBCKOW
AeaTenbHOCTU [67],06paboTky TEKCTOB Ha eCTeCTBEHHbIX f3blkax [230],
ynpasneHun 6e3onacHocTbHo [88] 1 gaxe Ans co3ganvs nHTepdelicos Tnna
“KoMaHZzHas ctpoka“[134]. MoXHO OTMEeTUTb A3bIKM 418 MPOrpaMMypoBaHis Be6-
npunoxeHNiA[157]. Konnyectso e rpapuyeckmnx NoAxoAoB k paboTe ¢ 6azamu

AAHHbBIX, PAaBHO KaK 1 pasHO06pasHbIX paclunpeHuii asbika UML, He nogaaetcs



NCUUCNEHWIIO - B KaX/A0V 13 KaTeropuii MOXHO Ha3BaTh AeCATKN Pa3HOO6Pa3HbIX
pa6ort.

B HacToslLLiee Bpemsi CyLLLeCTBYeT OrpOMHOe KONMYeCTBO AvarpaMm 1 Takoe

€ KONMYECTBO BU3ya/bHbIX A3bIKOB. /15 TOro, 4To6bl KakMM-TO 06pasom
YNopsA0UNTb VX 1 MPOU3BOAWTL aHaNM3, CyLLEeCTBYeT HAaCKObKO KNaccudukaLuii,
Hanbonee N3BECTHBIMU 13 KOTOPbIX ABAAIOTCS Knaccurikauwmm Maiiepca [189],

LLly [240] v YaHra [86].

Knaccndukaums Maitepca pasjgenset Bce Br3yanbHble A3bIkM Ha TPU YacTv B
3aBMCUMOCTY OT K/lacca 3aJaY, KOTopble OHY peLuatoT. Maliepc Bbiaensiet
BU3yasbHble A3bIKY, MPeAHa3HaueHHble 415 nporpaMmmmposanus (Visual
Programming), B13yasnbHble S3bIk1, MpejHa3HauYeHHble ANs BU3yannsaLmmn AaHHbIX
(Program Visualisation) 1 LuabnoHHoe BY3yanbHoOe NporpamMupoBaHue (Program

by Example). 13blku, NpesHa3HaueHHble 415 BU3yannsaumm AaHHbIX, ABAIOTCA
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Havbonee 13BECTHBLIM KNAaCCoM A3bIKoB. OHW peann3oBaHbl B COBpeMeHHbIX Case -
cpescTBax B BUAe HoTaumii UML[3], IDEF[54] n MHorux Apyrux. Bce 3tn

ANarpamMbl N306paxatoT npeameTHble 061acTy 1 06bIYHO MOTYT 6bITh
npeo6pasoBaHbl B creuynduyHble Ans 3TUX 06nacTelt onvcanms, Takme Kak TeKCTbl
nporpaMm nnv KomaHzbl 6asbl JaHHbIX. Takxke 3a4acTyto Ans HUX
NoA/AepXunBaeTca obpaTHoe NpeobpasoBaHme (PEVHXEHNPUHT).

$13bIKM BM3yaNnbHOro NPOrpaMMnpOBaHKsi, Hauano KOTOPbIM 6bINI0 MONOXEHO

ewle B 60x rogax [251], MeroT BaXKHOE OT/IM4YKe OT NpejblAyLLero knacca.
JmarpaMmbl Ha 3TUX 3bIKax MOFYT UCMONHATLCS Tak e, Kak 06blYHbIE TEKCTOBbIE
nporpammsl. Mof06HbIe A3bIKN UMEIOT BECbMA LLIMPOKOE NPUMEHeHe, Harnprmep,
ANS CUCTeM MOAENNPOBAaHNS, KOTAa CUCTEMa BHaYane n306paxaeTcs B Buje
AMarpaMmbl, a MOTOM 3anyckaeTcst Ha BbiNoiHeHe. ELLie 04HUM NonyaspHbIM
NpUMeHeHNeM SBASETCA ONMCcaHNe C MOMOLLIO BU3YabHbIX A3bIKOB PeAakTOpoB
AVIaI'paMM, T.e. BI/I3yal'IbeIe MeTasA3bIKW.

HecmoTpst Ha BbICOKYH MOMYNSPHOCTL A3bIKOB BU3YanbHOMO

NPOrpaMMVpOBaHKs, MHOTE 3 KOTOPbIX BMOJHE BblJepKanv NPoBepky BpeMeHeM
(QBE [274], UMLI[3], IDEF[54]  gpyrue), nx npyMeHeHmne 06bI4HO

OrpaHMYeHHO y3KocCmneLnanvmpoBaHHbeIMU obnactamu. ELLe B BoCbMUaecsTole
rozbl psj vccnegosateneid [79, 190] BbIABUHYN NPeANONoXeHNe O
HemnprYMeHNMOCTM BU3yaNbHOro NoAxXoAa K peLleHrto 0606LLeHHbIX 3a4a4. 3Ta
HernpYMeHVMOCTb 06bSICHAETCS TEM, UTO C MOMOLLIKO N306paxeHin o4eHb Nerko
OMKUCbIBaTb KOHKPETHbIE 06BEKThI, HO MPOrpaMMUpoBaHKie Mo 6onbLuelt YacT
abcTpakTHo. B geBsaHocTble rogpl [137] ckasbiBasiocb MHEHME, YTO OCHOBHbIe
061aCTV NPUMEHeHWs BU3yasbHbIX S13bIKOB — MapasienbHoe NporpaMmM1poBaHue, a
TaKXxe MynbTumMeana-cncTemMbl. HeKOTOpre nccnepoBaTenin CHNTaNuU, YTo oAHa 3
OCHOBHbIX 06/1aCTel NPUMEHEHMS BN3Ya/lbHbIX S13bIKOB - MOMOLLb C1abOBUASALLM
NIOASM. B pesynbTaTe UccnefoBaHvin B 3Toi 061acT NOSIBUANCE, Hanprmep, Takve
cucTeMbl NOAAEPXKKIN CNaboBUAALLMX Ntoael, kak Minspeak [109,90] nau “asbik
BU3yasibHOW TpaHcaummn” VT [176], npeobpasytoLLmnii eCTeCTBEHHBbI A3bIK B

Habopbl M306paxeHNii Mo MPUHLMMY S3biKa XeCToB. [lpyriie UcciefoBaTenn He
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npekpaLian nonbITKM CO3AaHNs Takoro A3bika. Hanpumep, B [73] 6bina
npeanoxeHa naes MynbtunapagmrmerHoro [151,271] BusyansHoro a3bika “Visual
ToolSet”, no3BonsitoLLero pewath obLVe 3a4a4 3a CHeT pasjeneHys Ha NATb
COCTaB/ISOLLMX (MapaAnUrM) - CPeACTBa onpeaeneHns 4aHHbIX, B3aMMOAECTBUN C
6a3aMu AaHHbIX, GYHKLWMIA, MOTOKa BblYMCNEHNI 1 LWabaoOHHOTo
NporpamMmyIpoBaHus.

LLlabnoHHoe nporpamMmmmnpoBaHve ABASeTCA OTAe/IbHbIM BaXKHbIM K/1aCCOM
NporpamMmMypoBaHus. 3TO MOMbITKa NOCTPOUTL C MOMOLLbIO METOZ0B

MNCKYCCTBEHHOIO NHTENNeKTa reHepaTop, KOTOprVI Ha OCHOBAHUW HECKOJIbKMNX



NpUMEPOB NCMONb30BaHWS LieNeBOM CUCTEMbI MOCTPOUT CaMy CUCTEMY.
I'IporpaMMMposaHme C NCNONb30BaHVEM TaKUX reHepaTopos no3BosIAeT yﬁTVI oT
TPaAVLMOHHOIO TpyAa NPOrpaMMImCTa, OAHaKO xe TpebyeT U3BeCTHOro UCKyCCTBa
1 MOHVIMaHUSA TeXHONOMN MPY BbIGOPEe NPYIMEPOB NCMOb30BaHNIS.
anIMeHI/ITeI'IbHO K B/3Ya/IbHbIM f3blKaM CUCTEMbI LWabNoHHOro
NpOrpaMMMPOBaHNS 06bIYHO MbITAOTCA CTPOUTL FreHepaTopbl AvarpaMm Ha
OCHOBE HEeCKO/IbKUX MPUMEPOB Avarpamm. Bctpeyatotcst u Apyrne npyMeHeHus,
Hanpumep, NocTpoeHne HTepdelicoB Nporpamm (Tak HasbiBaeMbIx
“A@MOHCTPALIMOHHbIX MHTePdEeCcoB”, B KOTOPbIX AeCTBIS BbINMONHSOTCS MO
wabnoHaM, 3aaHHbIM Nosb3oBaTtenem) [96,191]. Tak xe o4eHb YacTo K 3TOW
TEXHONIOrM OTHOCAT Ntobble BUABI UCMOb30BaHVA MakpocoB nosb3osatens [194].
Malepc paccMaTprBaEeT HECKO/IBLKO APYrMX XapakKTepuUCTUK BU3YaibHbIX

A3bIKOB. Hanbonee BaxHbIM ABNAETCA ANHAMUYECKUI UK CTAaTUYeCKNiA BUZ,
AmarpaMm. BoNbLUMHCTBO M3BECTHBIX AMarpaMM SBASKOTCS CTaTUYeCKMMU (Tak Kak
N3Ha4anbHO 6bIN NpejHa3HaYeHbl 415 PUCOBaHUSA Ha Bymare), Ho Takxe
CyLLLeCTBYHOT AarpamMmmbl, Bl/l3yan|/|3|/|pyrou4|/|e AaHHbIE, M3MeHArLWMeca co
BpeMeHeM. Takasi AvarpammMa MOXeT N3MEHSITbCSA Kak Ha OCHOBaHWW BUPTYanbHOro
BPEMEeHY, OrpesensieMoro CUCTEMOW, Tak 1 Ha OCHOBAaHUM AaHHbIX, MOCTYMNaLLMX
OT BHelLHero nHTepdelica. Bo BTOpom ciyyae Takue CUcTeMbl MPUMEHVMBI,
Hanpvmep, Ans 3aa4 MOHUTOPUHTa.

MocnegHWii BUA Knaccurikaumy, BBeAeHHbIM MaliepcoM - noapasgaeneHue
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AMarpaMm Ha MHTepakTVBHble 1 nakeTHble (batch) No NprHLMNY UCNonHeHNS.
MHTepaKTUBHbIe AvarpaMMbl pearvpyroT HenocpeACTBEHHO Ha BO3AelicTBIS
nonb30BaTens, B TO BpeMs kak NakeTHbIe pearvipytoT aCMHXpPOHHO, Mo Mepe
BO3MOXHOCTU. TUNUYHbBIM npumMmepom nakeTHoO Anarpammbl ABSeTCa
rpapuyecknii HTepderic C KHonkamu 1 MeHto, Koraa Bo3AeNcTBma Nonb3osaTens
dopmMUpytoTCs B oUepesb COObLLEHNI, KOTopas 3aTeM 0bpabaTbiBaeTCH OKOHHOW
dyHKUMel.

Knaccudukaums Ly [239] oTHOCUTCS, CKopee, K CUcTeMam NoaAepKKM
pe/AakTMpPOBaHUS U UCMONHEHWA AVarpamMM, U NpejiaraeT Ux OLeHVBaTh Mo TpeM
He3aB1CVMbIM NapaMeTpam: BUAVMOCTb (aeKBaTHOCT BU3yan3aLnim), ypoBHO
A3blKa (a4eKBaTHOCTV NpeACTaB/ieHns NpoLiecca) v npejenam s3blka
(aAeKBaTHOCTI/I npeacrasneHna 06bEKTOB ANS pasHbIX NpegMeTHbIX 06naCTe|7|).
Bblpaxasicb NpoLLe, B pacyeT 6epeTcst To, HACKONbKO MOJlyYeHHbIe Anarpammel
BU3ya/lbHO COOTBETCTBYIOT TEM, KOTOPble HEO6XOANMO MOYUNTh, HACKONbKO
paboTa ¢ gnarpammoli oTpaxaeT To, Kak C Hell He06X0AMMO paboTaTk 1 HaCKObKO
LUMPOKUIA KNacc NPUMeHeHUs CNoco6HO NoaAepXunBaTh JaHHOe cpeAcTso. Ly
npeanaraeT knaccuprLMpoBaTh peAakTopbl AvarpaMm Mo 3TMM napaMeTpam,
nocse Yero NPoV3BOANTL MOUCK NOAXOAALLIErO CPeACTBA ANA KaX /0l KOHKPETHOW
AviarpaMMbl MyTeM OTBeTa Ha TPM yKa3aHHbIX BOMpoca 1 Bbibopa cpeAcTBa Ha
OCHOBE 3TUX OTBETOB

Knaccudukaums Yarra [86] genunT Bce BU3yanbHble S3bIKW Ha YeTbIpe Tvna.
MepBbI TUM BKIKOYAET B Ce651 A3bIKK, MOAAePXMBatOLLE BU3yanbHOE
B3aumogelicTeme. Ko BTOpOMy Ty YaHr OTHOCUT A3bIKM BU3yasbHOro
nporpaMmmpoBaHus. MepBble ABa TVNa 06bI4HO PaboTatoT C NOrMYecKUMm
o6bekTaMu, IMEIOLLMMI BU3yanbHOe NpejcTaBneHvie. TpeTuid Tun - a3bikn
06paboTKM BU3yanbHOM MHGOPMALWW N YeTBEPTbIN TUM - S3bIK 06paboTKN
CXemMaTn4eckoin B1U3yanbHON MHGOPMaLM Ha060POT, paboTatoT € BM3yanbHbIMU
06bekTamu, KOTopble UMeIoT IOTMYeCKyHo HTeprnpeTauwio. Mepsblii TMN B 06LeM
noBTOPSAET COOTBETCTBYIOLLVIE TUMbI KNaccrdukaumy Maviepca. Bropold, TpeTuii n

UeTBepTbIN TUMbI ABASOTCA B TOV UMW NHOW CTeneHn A3bIKaMy BU3yanbHOIro
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NpOorpaMM1pOBaHWsi, OPYEHTUPOBAHHBLIMU IGO0 Ha MPOrpamMMMpPOBaHYie

MOMOLLEHO TOTUYECKUX MOHATU (BTOPOY TUM), TG0 HeMocpeACTBEHHO



BUM3yasbHbIX 06pa30B (TPeTUii 1 YeTBepThIiA). B cBoelt paboTe [86] YaHr npusoant
HEeCKO/IbKO MPpUMepoB A3blKOB, OTHOCALLMXCA K Ka)KAOI;I KaTeropuu.

CyLecTByeT HEeKOTOPOe KOAIMYECTBO KNacCUPUKaLIMOHHbIX MOAXOAOB,

KOTOpble MCNOAb3YHTCH UCCNeA0BaTENAMY A1t CBOUX YaCTHbIX Hyxa. Tak, B
paboTe [155] NpyBOANTCS pasAenerye AvarpaMM Ha akTUBHbIe 1 naccueHble. K
nepBbIM OTHOCATCS BCEBO3MOXHbIE ANarpamMmbl, CBA3aHHbIe C MOTOKaMU AaHHbIX
(flowchart) [254], ko BTOPbIM - narpaMmsl, Mpu3BaHHbIe 0TO6paxaTb
cTaTuyeckme cucteMbl. MOXHO Takke OTMeTWTb MoMynspHoe pasaeneHue
BU3yanbHbIX CYCTEM Ha AnarpamMmmHble, B KOTOPbIX PUCYIOTCA CO6CTBEHHO
AarpamMmmbl, 1 NKOHHbIE, B KOTOPbIX NCMO/Ib3YHTCA CMMBONYeCcKne |/|306pa>KeHI/IF|
1 OTHOLLIEHNS Mexay HumMu [85]. B paboTe [174] A3blkn AenaTcs Ha
0603HayvaroLLIMe 1 aHanorosble (NepBble JoMKHbBI 0TBeYaTb PAJY CBOCTB, Taknx
Kak HerepeceKarLwmecs KnacCbl 3KkBUBaNeHTHOCTU ﬂOHﬂTVIIZ, He/ABYCMbICNIEHHOCTb
1 np.). Knaccudurkaums Kokca n PomaH [108] pasgensieT a3biku Mo YPOBHIO
abcTpakumn NpeAcTaBneHys NpeaMeTHOR 061acTw, BblAenas npsamoe
oTo6paxeHue, CTPYKTypHOe (0TO6paxaeTcst TONIbKO CTPYKTYpa), CUHTE3MPOBaHHOE
(Ao6aBnsieTcst HoBas MHPOPMAaLIMS, MONyYeHHas 13 NMetoLLelics), aHanMTnyeckoe
(BbIAENSAIOTCS TONBKO OCHOBHbIE YaCcTy) 1 NoAcHALLee (406aBnseTca HoBas
nHGopMaLms, yny4llatoLas BocnpusTtue ctapoit). Knaccudukaums Cracko v
MaTTepcoHa [246] pasgenseT A3bIkv MO NPU3HaKy BHELLHEro Brja, abCTpakTHOCTW
(HaCKOﬂbKO CUIbHO BHELUHWNIA BWVA OTINYaeTCA OT BUAa npe,qmeTHoﬁ Oﬁl‘laCTVI),
aHVIMMPOBAHHOCTU 11 aBTOMaTUYHOCTY (TPEBYEeTCS I 1 HACKONBbKO CUbHOE
BMeLLaTeNbCTBO NPOrpamMmucTa AN1s CO34aHunsa HeobXoAVMbIX MpeACcTaBAeHN ).
Taknm 06pa3om, Kak 6b110 NokasaHo B 3TOM pasjene, BU3yabHbl A3bIK -

3T0 0606LLjeHNe MNOHATNA TeKCTOBOrO A3blKa Ha Anarpammel. s Br3yanbHOro
A3bIKa BbIAENAETCS NMOHATVE CUHTAKCMCA V1 CEMaHTIKK, a Takke BO3MOXHO
MCMNoJib30BaHMe aAanTMpPOBaHHbIX TEXHONOMNIA TPaHIAUNN TEKCTOBbIX A3bIKOB.

Tem He MeHee, AN BU3yaibHbIX A3bIKOB XapakTepHbl CBOICTBA, KOTOpble

165

OTCYTCTBYIOT Y TEKCTOBbIX 13bIKOB, HAaNpuUMep, B Ka4ecTBe CUHTaKCUYEeCKmX 1
CeMaHTNYeCKNX BblpasnTe/ibHbIX CPeACTB MOIYT UCMONb30BaTbCA LBET Un
HanpaeneHwue. CyLecTByeT 60/1bLLIOE KONMYECTBO BUAOB 1 Knaccudukaumin
BU3yasbHbIX A3bIKOB, OCHOBHO 13 KOTOPbIX ABASETCSH Knaccudukaums Maiiepca,
BblAenArouias Tpy OCHOBHbIX K/lacCa BU3YasibHbIX A3bIKOB - A3bIKW BM3Ya/lbHOro
NpPOrpaMMmpoBaHUs, S3bIKV BU3yanmn3aLmnm AaHHbIX U S3bIKV A5 LWaBNOHHOMO
nporpaMmrpoBaHus. B cneaytoliem pasgene 6yseT nokasaHo, KakoBbl OCHOBHble
06/1aCTN NPUMEHEHNS BU3Ya/lbHbIX S3bIKOB 3TUX BUZAOB.

CUHTaKCUC BU3YanbHbIX A3bIKOB

Cpasy xe nocsie Toro, Kak 66110 BBeAEHO MNOHATNE BI3yaNbHOrO A3bIKa,
nosiBUaCk HEOBXOAMMOCTL GOPManM3aLMmn NOAXOAA K OMMCAHNIO €ro CUHTaKCuUca
1 ceMaHTVKK. CyLecTByeT HeCKOIbKO UCCNe0BaHMI Ha 3Ty Temy. Hanpumep,
nccnegosatenu Cenkep v Koseg [235] npeanoXxunnmn ciesytoLLyio Mojesb ANns
OMVCaHVst BU3yanbHOrO S3blKa.

Bu3yanbHblii A3bIK paccMaTpUBaeTCst Kak TEXHOIOMMS BU3yasibHOro
npeAcTaeneHns nHopmaLmn. B Hem BblgensieTcs andaBuT, COCTORLLMIN 13
N306paxkeHNiA, cxeMaTU4eCcKnX N306paxeHuin (KMKOHOK») 1 CUMBOJIOB (Hanpumep,
CIMBOJIOB A3bIKa). K andaBuTy e OTHOCAT CBOCTBA NOBEPXHOCTEN (TEKCTYpa,
rpajveHT, NPO3pPaYHOCTb 1 NpP.) 1 TUMbI PEHAEPUHTa N306paxeHWNin (BeKTopsbI,
6UTOBbIE KapTbl, 3IMMNCOVAHAs rpaduka 1 Apyrne MeToAbl BU3yanusaLumm).
CUHTaKCUC A13blka Ha OCHOBE Takoro andasyiTa pasjeneH Ha YeTbipe KaTeropuu:
MO3NLIMOHHbIN, pa3MepHbIii, BpeMEHHOI 1 CUHTaKCUC Npasu. Kaxaas 13
KaTeropuii, B CBOIO 04epe/b, pasjeneHa Ha HeCKobKO MesIKMX

MO3NLIMOHHBIN CUHTAKCUC AENUTCA Ha OTHOCUTENbHBIN (06BEKTbI

pacrnonoxeHsbl NocNef0BaTeIbHO, Ha OrNpese/leHHOM PacCTOSHUN APYr OT Apyra,

M0 onpezAeneHHbIM YrI0M), COOTHOCUTENbHBbIN (06BEKT BCTPOEH B ipYroii 06beKT,



06BLEKT MepecekaeT Apyroii 06bEKT, 06bLEKT COMPUKACAETCS C APYTIM 06BEKTOM) 1

COBCTBEHHO MO3ULMOHHbIN (06BEKT COeANHEH C PYrIM 06 bEKTOM, 06beKT
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rnomeyeH MeTKO). PasMepHbIli CUHTaKCWC onpejensiet, B OCHOBHOM,
OTHOCUTENbHbIE Pa3Mepbl 06beKTa, UTO 3a4acTyo UCMOb3YeTCst AN orpeseneHuns
nops/Kka CMHTaKkCM4eckoro pasbopa gnarpaMmbl. BpemeHHoM cHTakcmc
onpeaensieT peakumv AMHaMUYeCcKNX AnarpaMm Ha N3MeHeHe BHyTpeHHero
BPEeMEHW ArarpaMmbl, a Takxe pa3s o6LLMX CBONCTB 06BEKTOB AnarpaMmsl, Kak
Harnpvimep, BU3yanbHble 3pdeKTbl, CBA3aHHbIE C MUraHNEM N306paxeHNs.
CUHTaKC1C NpaBua onpejensieT anropuTMmnYeckn onncbiBaeMble BusyaabHble
OTHOLLEHNS.

B flononHeHe K yKasaHHbIM KaTeropysm BBOAUTCS AOMONHUTENbHbIE
CUHTaKCUYecKne NMOHATUS - CUHTaKCUC B3aUMOAECTBUSA 1 CTPYKTYPbl. CUHTaKCUC
B3aVIMOZENCTBUSA OMNpejensieT, KakvuM UMEHHO 06pa3oM AviarpaMmma MoxeT
B3a1MO/eliCTBOBATL C NoJsib30BaTeNeM. B HeM BbIAENSAOTCA TPM OCHOBHbIX
napameTpa: peakuusi (CTeneHb CMOCOBHOCTI AnarpaMMbl pearmposaTb Ha
BO3/eliCTBS MONb30BaTeNs, aHANOTNYHa AeNEHNIO AnarpaMm Ha UHTEPaKTUBHbIE 1
nakeTHble Maiiepca), abcTpakTHas MHTEPaKTVBHOCTb (CMOCOBGHOCTL AMarpamMmmbl
pearvpoBaTb Ha BO3/eiCTBIS M0Nb30BaTeNs B NPUHLMMNE; HeKOTOpbIe AnarpamMmmbl
ABNSIOTCA CTaTUYECKVMU U He NpeZHa3HaueHb! A1 BO3/4eliCTBIS BOO6LLE) 1 BpeMs
peakumu, onpegensitoLLee ¢ Kakoli CKOPOCTbIO AvarpammMa pearvpyeT Ha
BO3/e/CTBUSA (Hanpumep, AnarpaMmMa peasbHoro BpemeHm). Moz cTpyKTypHbIM
CYHTaKCMCOM MOHVMAETCA BO3MOXHOCTb 06 beANHEHNS AviarpaMm B KOMMIEKChI,
Kak Hanpumep a3blk UML COCTOUT 13 HECKO/IbKMX OTAENbHbIX B3aVIMOCBSI3aHHbIX
A3bIKOB

BaxHbIM paccMOTPeHHbIM B paboTe [235] acnekToM siBNseTcs “napaaurma

BBOZaA", @ UMEHHO CNocobbl BO3AENCTBIS NONb30BaTeNs Ha Avarpammy.
WccnegoBateni BeIANNAV CeAytoLLyvie BUAbI BO3AENCTBIIS: BBOZ C KNaBUaTypbl,
KOrzia 3HaueHns BBOAATCS B BUAE TeKCTa UM Bbibopa 13 MeHto; Point and Pick
(yKasaHue 1 Bblbop), Korga Npon3BOANTCS BbIGOP MaHUMYAATOPOM 13 MeHto; Point
and Move (ykasaHue 1 nepemelleHvie), Korga MaHUMyISTOPOM 3aXBaTblBaeTcs 1
nepemMetlaetcs o6bekT 1 Point and Draw (ykasaHue 1 n3obpaxeHue), Korga

MaHMMyNSTOPOM MPOU3BOAUTCS pUcoBaHMe gnarpaMmel. OTAebHO
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paccmaTpriBaeTca VHTeprpeTaLus ABUXKEHWI, KOTopas Takxke MOXeT MeTb
3HaueHve Npy BBOAE, HaNpUMep, B 3aBUCMOCTM OT CKOPOCTU NepemeLLeHuns
MbILLIV AVarpaMmma MoXeT Mo pasHOMy pearnposaThk Ha BblllenepeyncieHHsle
ZAelicTBuS.

Takum o6pasom, paboTa [235] MMeeT BaxHOe 3HaYeHwue, Kak JOoCTaTOYHO

nofHOe Onu1caHne acnekTos CUHTaKcK1ca gnarpaMmm. bonbLUINMHCTBO
CYLLeCTBYIOLLMX MOAXOA0B K GopManmsaumny BusyanbHbix S3bIkOB MOTYT 6bITb
PaccMOTPEHbI B acnekTe BO3MOXHOCTU MOAAEPXKKM YKa3aHHbIX CUHTaKCUYeCKNX
3/1EMEHTOB.

B pabote [91] BU3yanbHbI CUHTAKCWC paccmaTpyBaeTcs Yepes npusmy
0MNepaTopoB., 3a/aHHbIX Ha BM3yaNnbHbIX TOKEHaX. 3TV onepaTopbl NOAPasAensoTca
Ha ornepaTopbl TOMOAOrMYECKO KOMMO3MLMY, YNOpAAoUMBatOLLMe 06BeKTbI
OTHOCMTENbHO APYr APYra; ONepaTopbl OrpaHNYeHVs AnameTpa, orpaHuymnBatoLime
pasmep; ornepaTopbl HECBA3aHHOM KOMMO3MLMK, YNOpAA0UMBatoLLVie 06BeKTbl Ha
OCHOBE /JaHHBbIX, He CBA3aHHbIX C ApyruMu o6bekTamu. C MOMOLLbIO MPYMUTUBOB
1 0NepaTopoB CO34aeTCa TONoAorMYeckas KoMNo3nLUMs, NpeACTaBNALWas CO60i
KOPTeX 13 NPUMUTUBHBIX CUMBO/IOB, COCTaBHbIX CUMBOJIOB, JIeKCeM 11 ONepaTopos
ynopsaaouviBaHus. ViHTepec npeAcTaBiseT To, YTO AS ;aHHON CUHTaKCUYeCcKo
cucTeMbl paspaboTaH BU3yasnbHbIV Mapcep siekceM, Mo3BONSHOLLNIA

I'IpeOGpaBOBbIBaTb 1306paxKeHs C N3BECTHbIMU BU3yaNbHbIMW CUMBONaMU B



$opmMann3oBaHHbIe Avarpammbl.

TeM He MeHee, CYLLIeCTBYIOT albTepHaTUBHbIE paboTbl, Hanpumep [184],
KnaccnduLMpyroLLas CMHTaKcMYeckme 31eMeHTbl ceTeBbIX Avarpamm, nam [153],
/i€ OCHOBHYO CMbIC/IOBYHO Harpy3Kky HeceT HanoXeHUe 3/1eMeHTOB Avarpamm
ApYr Ha Apyra. Takke B [100] npvBoAnTCS knaccudurkaLms Ha OCHOBe NoBeAeHNs
3N1eMeHTapHbIX 06 bEKTOB.

C TOro MOMeHTa, Kak 6b1710 NPeANoXeHO NOHATUE “BU3yaNnbHOro A3bIKa”,
nccnefoBaTeny He 0CTaBASAIOT MOMbITOK ero popmanzosath. CyLLECTBYHOT camble
pasHble cnocobbl popmanvsaLmn: Ha OCHOBE TEKCTOBbIX U BU3YaslbHbIX

rpaMmmaTtuk, NAMBAA-UCUNCNEHVS, WaBIoHOB 1 np. lanee 3t meTozapl GyAyT
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paccMoTpeHbl MoApo6Hee.

I'padoBble rpaMmaTiiki

I'padosble rpammaTtiiku (M) - cyTb NOMbITKa MPUMEHEHWS XOPOLLIO

pa3BuTOro GpopmasnsmMa TEKCTOBbIX A3bIKOB 153 rpadoB. T 6biv NpesnoxeHb!
nog HasaHvem «Web Grammar» (nayTvHHble rpammaTiiki) B 1968 rogy
nccnegosatenamu xoHom Meanuom n Asprienom PoseHdensiom B x pabote
[214]. O6Lwas nges «Web Grammar» 3akntoyanacb B TOM, YTO K rpadam
NPVIMEHVM MOAXOZ Ha OCHOBE rpamMmaTuK, Mpu 3TOM paccmaTpuBancs kKnacc
KOHTEKCTHO-3aBNCUMBbIX FPaMMaTuK, ANA KOTOPbIX 6b110 MOKasaHo, YTo OHW MOTYT
ONUCbIBaTL aLMKNNYECKe 1 «BbINyk/ble» rpadbl.

MonbITKa 1CMONb30BaTh TEKCTOBLIN GOpMann3M HeMeeHHO Nopoanna
oueBnAHble NPO6aeMbl HECOOTBETCTBUA NpeAMETHbIX obnacTeii. Mpexae Bcero, B
OT/IMYMe OT TeKCTa Y AvarpaMmbl HeT Hauana, Mo3ToMy Npu pasbope rpada, Aaxe
€C/IN Mbl UMeeM MpaBuAa ero BbiBOAA, Mbl He 3HaeM C Kakoi ero Toukm Hy>XHO
HauVHaTb X NPUMeHATb. Takim 06pasoM, popmanuam npegnonaraet
AeTePMUHNPOBAHHOCTb NWILLIb AN1S KPaliHe Y3Koro 1 NpakTuyecku He
BCTPEYalOLLIErocs B XV3HY Knacca A3bIKoB.

BTopoii ouesnaHol Npobnemoii ABnseTca MHOroMepHoCTL rpada. O6bIUHbIN
TeKCT Bceraa ogHomepeH. Hanbonee pacnpoctpaHeHHbIv popmaniam MaLumvHbl
TblopuHra npeanonaraeT MHTeprpeTaLuio TeKCTa, 3anMcaHHOro Ha ieHTe.
O/HOMepHbIN rpad ABNSETCS NPOCTEMLLNM CyYaem AnarpamMmbl i B peasibHoi
XXU3HU BCTpeyaeTcst KpaliHe peako. OBbIUYHO aneMeHThl («<TepMUHabHbIe
CUMBONbI» NN «TEPMVHA/IbHbIE y3]'|b|>>) AnarpaMmmbl BCTYNatOT B OTHOLLEHWA TUMa
«C/1eBav, «CNIPaBa», «CBEPXY», «CHU3Y», «MOA YroM X k» 1 Tak ganee. Kpome

TOro, B 60/1bLUNHCTBE AnarpamMmm BO3MOXHbI LIIKAMYeCKMe 3aBUCUMOCTY, He
XapakTepHble 419 TEKCTOBbIX A3bIKOB.

MocnesHei BaxXHOM 0COBEHHOCTLIO AMarpaMm SBASETCS TO, YTO OHU HecyT
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[0CTaTOYHOE KO/IMYECTBO Harpyskiu, He CB3aHHOW CO CMbIC/IOM. KonmyecTBo
3N1EMeHTOB, OnpeAenstoLLMX CMbICT N306paxeHs, 06bIYHO 3HAUNTENLHO MeHbLLUe,
YeM KONIMYECTBO 31eMeHTOB, HanpaBieHHbIX Ha BOCMPUATVE Nob30BaTeNeM,
0/4HaKo BaXHbI 11 Te, 1 Apyrvie. BmecTe ¢ Tem onuncaHve B13yanbHO Harpysku
nomotysto popmanusma [ NpeacTaBNSETCS CYLLECTBEHHO U36bITOYHbBIM, Tak Kak
€ro He HaJlo TPaHCIMPOBaTb, 3aTO Ha ONcaHVe NoTpebyeTcs N3psaHoe
KONMYEeCTBO NpaBun

CaMoli paHHeli 13 N3BECTHbIX aBTOPY PaboT, CBA3aHHbIX C ONvcaHnem

AviarpaMm popmasbHbIMY TeKCTOBbIMY fi3blkamu, ABAseTC paboTta AnaHa Lo
(Shaw, 1970), BeinyLeHHas B 1970 rogy. 3Ta paboTa ABnsnack pasBUTem
HanpasneHust uccnegoBanmnii [119,120,165,203,204], cBA3aHHbIX C

pacrnosHaBaHVeM PyKOMMCHOrO TeKCTa C MOMOLLbHO BU3yasbHbIX A3bIKOB. B paboTe
[237] aBTOp NpeA/IoxXuI NPy pacno3HaBaHUM PyKOMWUCHOrO TeKCTa BbIAeNATh B
nonyYeHHOM 1306paxeHunV LWaboHbl (KOTOpbIE MOTYT MEeTb MPOV3BObHYO
bopmy, HO MpK 3TOM 06513aTeNbHO CoAepXaT ABE TOUKY, Ha3blBaeMble ro0BOW 1

XBOCTOM, C MOMOLLbH0 KOTOPbIX OHW MOTYT COEAVHATLCA APYT C APYrOM) U



CBA3bIBaTb X NPOCTPaHCTBEHHBIMM OTHOLEHUAMN [235]. MonyyeHHbIV pesynbTaT

MOXeT 6bITb 3anu1caH B Buae TeKkcTa Ha BBeAieHHOM aBTOpoM fA3bike PDL (Picture
Definition Language, s3bIk onuncaHus nsobpaxeHuit). CUHTaKcUC S3blka aBTop
onuncblBaeT Tak:

Sp|SS|(-S)|SL|usL)

SLSI| (SLSL) | (~SL) | (/SL)

+| x| -] *(onepauunv OTHOLLEHWSI MPUMUTVBOB: FOI0Ba K XBOCTY,

coesMHeHVe XBOCTaMW, COeANHEHME roNoBamMu, LK)

p NPYMUTUBHBIN Knacc

| meTka

B paboTe nokasaHo, 4To UCMONb30BaHNe NOA06HON TeXHUKM NO3BONSET
npeobpasoBaTk M306paxeHVst B JOCTAaTOUYHO MPOCTON A3bIK, KOTOPLIV 3aTeM MOXHO
VNHTEPMPeTVPOBaTh, NPeANOXeHbI aNrOPUTMbI PACMO3HABaHVSA U aHanv3a

nony4eHHbIX I'paq)OB. MoxHOo OTMETUTb, YTO I'IOﬂyLIeHHbIVI A3bIK ABNAETCA

170

NCKNOUNTENBHO MPOCTLIM 1, KOHEYHO Xe, He MPUCNOCOBNEHHbBIM A5 LUIMPOKOrO
Knacca gnarpamm. B ganbHelilem Uenblil pag uccnegosateneid nbitancs
NPUMEHNTL TEKCTOBbIE A3bIKM K ONMUCcaHuIo gnarpamm [89,162,203,231]. Buanmo,
OCHOBHO NPUYMHOL NOAOBHOM NOMYASPHOCTYN SIBASIETCH BO3MOXHOCTD
NpUMeHeHs K 3aZa4e XopoLLIo GpOopManv30BaHHOrO anmnapata TeKCTOBbIX S3bIKOB.
HecMOTpst Ha BbILLEONMUCAHHBIA aHaNN3 CUHTaKCUCA, A1t 60bLUNHCTBA
dopManbHbIX MOAXOA0B K aHaNV3Yy BU3yaslbHbIX S3bIKOB XapakTepPHO paccMOTpeHve
AnarpaMmm 6e3 yyeTa KOHKPETHbIX KOOPANHAT ee 31eMeHTOB. OAHM 3 NyyLInX
ONM1CaHWI 3TOro NOAX0Aa HaxoasTcs B [134,227,228]; NOAXOA 3aKNH4aeTcs B TOM,
uTo Kaxpast Avarpamma NpeAcTaBAseTcs B BUAE ABYX rpadoB: abCTpakTHOro
rpada cuHTakcmca (ArC) n NpocTpaHCTBEHHOIO rpada OTHOLLEHWA. HecmoTps Ha
cBOe Ha3BaHue, AI'C HeceT, Mpex/e BCero CMbICI0BYH Harpysky, Tak Kak

BbIZE/ISET TOIbKO Te OTHOLLEHWS MeXAy 06bekTaMU AnarpamMbl, KOTOPbIE MEeoT
CMbIC/NT ANA aHanusa. npOCTpaHCTBeHHbIVI rpacj) OTHOLLEHWIA npegHasHa4veH Ana
BOCCTaHOBNeHMs N0 AIC co6CTBEHHO 1306paxeHus. OH Takxe yKasblBaeT Ha
CVIHTaKCWC AVarpamMel, HO e B TepMUHax [235], T.e.  C TOV WU UHOM CTEMNeHbIo
ynpow,eva nossonsiet pVICOEaTb KOHerTHbIe AVIaI'paMMbI.

HecMoTpst Ha BbICOKYH CIOXKHOCTb pa3bopa BU3YyasbHbIX S3bIKOB MO

CPaBHEHWIO C TEKCTOBbIMY, rpadoBble rpaMMaTVKi 6bICTPO 3aBoeBanv
nonynsapHocTb. O4YeBUAHO, Mpex/e BCero 310 6b110 06ycnosneHo cobnasHoM
1CMONb30BaHMsi OTANYHO NPopaboTaHHOro GopManbHOro annapaTa TeKCToBbIX
A3bIKOB A/151 AnarpaMm. ECTeCTBEHHbIM LLAaroM Ha 3TOM NyTW SBUNOCL NOSBNEHNE
anbTepHatnBHOM [119] knaccndurkaumm Xomckoro [94] Ans BU3yanbHbIX S3bIKOB 1
nosiBNeHVIe Pa3NINYHOro PoAa KNaccoB rpamMMaTK 1 anroputMoB,
npejHa3sHayeHHbIX 415 Ux pasbopa. Kak 1 Ans TeKCTOBbIX S3bIKOB, aBTOPbI
anropuUTMOB 06bIYHO CTAParTCs OrPAHNUNTLCS KOHTEKCTHO-CBOGOAHBIMM
AA3bIkaMK, B KpaliHeM ciyyae - NOAMHOXECTBOM KOHTEKCTHO-3aBUCUMBbIX S3bIKOB.
HekoTopble knaccel B3yanbHbIX rpaMMaTuk 6yayT pacCMOTPeHbI Hke

noApo6Hee.
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IpaMmaTuKL ynopsgoUmBaHus N3o6paxeHuii

I'paMmaTunkm ynopagoumnsaHus nsobpaxexuii (Picture Layout Grammars,

PLG) 6b1nn npegnoxeHsbl B 1989 rogy nccnegosatensmu Spnkom FONNMHOM 1
CTnBeHoM Pelicom [143] 1 SBASHOTCA BAPUAHTOM KOHTEKCTHO-CBOBOAHbBIX
rpammaTuk [94]. PaboTa ABNseTca paclupeHneM MoAenn aTprbyipoBaHHbIX
MyNbTUMHOXeCTBEHHbIX rpammaTik (Attributed Multiset Grammar, AMG),
npeanoxXeHHbIX Spukom [onnHom paHee [144]. MynbTUMHOXeCTBeHHas
rpamMmMaTiika 6113Kka K KOHTEKCTHO-CBOBOAHOM rpaMMaTyike, 3a UCKNOYeHNeM Toro,

UTO B MPaBOli YacTy NpaBuA BbIBOAA COAePXKaTCs HeynopsgoUeHHble Habopbl



CVMMBOOB. B pesynbTaTe € NOMOLLbIO TaknX NPOAYKLMIA MOXET 6bITb BblBEAEHO
MHOXEeCTBO MyNbTVIMHOXECTB (T.e. MHOXeCTB C BO3MOXHO MOBTOPSAOLLMMUCA
anemeHTamu). ATpnbynposaHHasa rpammatyika [167] - rpaMmmaTuka, paclupeHHas
aTprbyTamu, HeobXxoANMbIMY ANst pa3bopa. Taknum obpasom, B AMG npoaykums
npejcTaensieT coboii Habop (R,S,C) rae

R - npogykunoHHoe npasuno suaa NM, rae N - HeTepMUHanbHbIi

CMMBOA 11 M - MyNIbTVIMHOXECTBO CUMBOJIOB

S - MHOXEeCTBO CeMaHTNYeCcKNX GYHKLMIA, OToBpaxatoLLmx aTpubyThl 13

npaBol YacTV NPOAYKLWN B aTPMBYThl 13 NEBOI YaCTV NPOAYKLN

C - MHOXeCTBO OrpaHuYeHuid, 3ajaHHbIX Ha aTpubyTax B NPaBoii YacTu
NpoAYyKLMK.

PLG, sBnssce paclupeHvieMm AMG, Ao6aBnsieT B Hee JONONHUTeNbHbIE

CBOViCTBA. B 3TUX rpammaTtiikax aTpubyThl MpeACTaBAsoT co60i HGopMaLmto o
NPOCTPaHCTBEHHOM PACMOOXEeHUV 31EMEHTOB Anarpammbl. Kaxaplii cumson
coAepxuT B cebe YeTblpe aTpubyTa: IX, by, rx v ty, onuceiBatoLme
NPAMOYro/bHYt0 061acTk, 3aHMMaeMyto 06BeKToM (Ix - neBasi KoopAnHaTa no X, rx
- npaBag, by - HUXXHASA NO Y, ty - BEPXHASA N0 Y). JoNOAHNUTENbHbIE aTpUbyThI
MOryT onpeAensTb UBeT, TONLVHY IVHWIA, rpaaneHT, cTiib 1 np. LectHaguate
PasNNYHbBIX CeMaHTUYeCKMX GYHKLWIA (MOBEepX, CeBa, MpuneraeT, COAEPXUT U

ApYyrvie), UCNonb3ys 3Ty NHPOPMAaLMIO, COBANHAIOT CUMBO/ILI B eAVHBbIN
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BU3Yya/IbHbI/i 06beKT.

B kauectse npumepa B [143] pa3bupaeTca gnarpamma coctosiHmii [110].
IpammaTuKa ANS NOoAAEPXKM 3TOM AnarpamMel € MoMoLLbo PLG coctouT 13 29
NPOAYKLNOHHbBIX Npasu. MpuMep gnarpaMmel 1 epesa pa3topa ¢ MOMOLLbO
rpaMMaTuKV MpuBejeH Ha Puc. 2.

ABTOPbI MO3ULMOHMPYIOT UX PaboTy kak MaTeMaTU4ecKyto OCHOBY CpeAcTBa
reHepaLn Br3yanbHbIX TPAHCIATOPOB, Ha OCHOBE KOTOPOWA MOCTPOEHO
NMpOMbILLNEHHOE NporpamMmMHoe cpeAcTBo [145]. Kpome Toro, nmeeTtcst 06bekTHoe
pacLuvpeHve, A/ KOTOPOro peann3oBaH reHepaTop KOMNUAATOPoB. [146].
PacluvpeHHble MO3NLMOHHbIE FpaMMaTUKL

PaclvpeHHble No3nLMoHHbIe rpammaTiky (Extended Positional Grammars.

XPG) BnepB.ble 6bi11 NpeanoxeHsl B paboTtax [101,103] n seastoTcs

paclwvpeHnem 6osiee paHHero popmanama nos3nLUOHHBIX rpamMaTik [129, 258].
Puc. 2 ®parmeHT rpaMmaTuku, NpyYMep AviarpaMmbl COCTOAHMI 1

COOTBETCTBYOLLIEE UM JjepeBo pasbopa
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B ;aHHOM Noaxoje AnarpamMmbl pacCMaTprBatoTCs Kak Br3ya/bHble MpeslokeHus,
cocTodLye 13 BU3yasbHbIX CMMBOJIOB. 0606U_J'eHHbIM BM3yanbHbIM CUMBOJIOM
Ha3blBaeTCs Takas Tporika <M,S,L> B koTopoli M yka3blBaeT Ha n3obpaxeHue
cvmBona (Gopmy, LBET, 1 T.M.), S - Ha B3aVMOAENCTBIE C APYruMm CiMBONamu v L
- Ha cemaHTuKy. Hanpumep, M MoXeT npeACcTaBNAaTL CO60 NPAMOYroNbHUK, S
cofiepxaThb CCbIIKI Ha BXOASILLIVIE U BbIXOASLLME CBS3W, a L ykasblBaTb, UTO 3TOT
NPAMOYrONbHUK ABSETCH 31EMEHTOM AVarpaMmbl COCTOAHUIA. O606LLeHHbIN
andaBuT SBNAETCH MHOXECTBOM 0606LLeHHbIX CMBO10B. O606LLIeHHOe
npeanoxeHne ABISETCH MHOXECTBOM “NHCTaHLPOBaHHbIX" CVIMBOIOB,
npviHaanexaux 0606LeHHOMy andasuTy, T.€. 418 KOTOPbIX MOAHOCTLIO
onpeaeneHbl S v L (B 3Tom mMecTe aBTopbl XPG A0MycKakoT ABYCMbICIEHHOCTb, Tak
KaK popManbHble pasnuyusa Mexay cvMBonamu andaeuTta v
“VHCTaHUMPOBaHHbIMK" CUMBONaMK andasuTa HUrAe He OroBapyBaloTCs,
npeAnonaraeTcs, YTO OHU MHTYUTUBHO MOHSTHbI).

CornacHo XPG, npeanoxeHuns Ha BU3yaibHOM 5i3blke GOPMUPYIOTCA MyTem
YCTaHOB/NEHVS OTHOLLEHWI S MeX Ay BU3yaibHbIMV CUMBOIaMU A3biKa. Pasnunyatot

/iBa B//Ja OTHOLLEHWI: OTHOLLEHWst COeAVHeHNS, yKa3blBatoLLMe Ha To, UTO ABa



06beKTa ConpyriKacatoTcs KakMMU-1M6o 06nacTsMU, U MPOCTPaHCTBEHHbIE
OTHOLLIEHNS, 3ajatoLLie OTHOLIEHNA MeXy KOOpAVHaTaMy 061-eKToB (BbiLLe,
HIXe, NepeKpbIBatOTCs 1 T.M.). PaclumMpeHHas No3nLMOoHHas rpaMmaTiika
onpegensietca kak napa (G, PE), rae PE - “no3vuyoHHbIl Bblucantens”, a G -
KOHTEKCTHO-CBO6OAHas aTTpubympoBaHHas rpammaTiika (N, TPOS, S,P), rae

N - KOHEUYHOEe HeryCcToe MHOXeCTBO HeTePMUHAa/bHbIX CYIMBO/IOB

T - KOHEeYHOe HenyCcToe MHOXEeCTBO TePMUHA/bHbBIX CMBO/IOB,

HenepecekatoLeecs ¢ N

POS - KOHeYHOEe MHOXECTBO VAEHTUUKATOPOB BMHAPHbIX OTHOLLEHWI, He
nepecekaroweecs H1 c N, Hac T

S - HaYabHbIN CMMBON rpammaTuky, SN {m
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P - koHeuHoe

HernycToe MHOXeCTBO

npoAyKuuii Buaa m A

x1R1x1R2...xm-1Rm-

Ixm,l" rae AN, i

xi TN, a Rk

npejcTaBnsieT coboit

MHOXeCTBO U3 ABYX

TUMOB OTHOLLIEHWA,

BxoAsLWmx B POS,

BeAyLUMX 1

TECTUPYHOLLVIX.

BegyLue oTHOLIEHNS

MCNOJb3YTCA AN

CUHTaKCMYeCckoro

aHanvsa

noJjsly4eHHoro

npesnoXeHNst.

npejcTaBnseT coboit

dyHKLMIO,

CUHTE3VPYHOLLYLD

aTpubyTel gna Aun

- MHoXecTBo Tpoek Buga (N,Cond, ), rae N - TepMuHanbHbiit cmson, Cond -
YC/I0BME MOMELLEHVS €70 B MPeA/IoKeHNe U - reHepaTop aTprbyToB.
MHoxecTBo I no3BonseT AVHaMUn4yeckn AO6aEI‘IHTb HOBble TepMUHa/IbHbIe
CYMBO/IbI B NPeANoXeHYs. HakoHeL, NO3NLMOHHBIA BelYNCAUTENb —
abCcTpakups, onunckiBatoLLas NpeobpasosaTenb AnarpamMMbl B opManbHbIli BUZ,
(T.e. BblAeneHve abCcTpakTHOro rpada cMHTakcmca).

Ha Puc. 3 nprBejeH nprmMep onmncaHus gnarpaMmmbl, NpeAcTaBnstoLLelt

Puc. 3 OnncaHve koHeuHoro asTomara B XPG
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KOHeuHbIli aBTOMaT, B TepMuHax XPG. B cBoux paboTax aBTopbl B OCHOBHOM
paccmaTpuvBatoT npumMeHeHve XPG Ans npeAcTaBAeHs pasIMyHOro poaa
aBTOMaToB V1 Anarpamm COCTOAHWIA.

BaHOI 0CO6EHHOCTLIO MO3VLMOHHbIX FPaMMaTUK ABNSETCS UX XopoLuas
TeopeTuyeckas npopaboTka. B yactHocTw, B paboTe [99] paccmaTpuBaroTcs
dopmanbHble MexaHy3Mbl pasbopa rpadpos. HeCOMHeHHbIM NperMyLLeCTBOM
[JAHHOr0 NOAX0/a AB/ISIETCA BO3MOXHOCTb VCMO/b30BaHUSA reHepaTopa
KOMMUAATOPOB Yacc 1 MoANPULIMPOBaHHOTO anroputMa dpnes[118],
npoAeMoHcTprpoBaHHas B [105], a Takxe anroputm LALR pas6opa,
NPOAEMOHCTPUPOBaHHbIN B [208].

IpammMaTuky rpados coegnHeHni

B pa6orte [63] npeanaraetcs MojeNb “rpaMmMaTuki rpados coeAnHeHNIA”



(connection graph grammar) kak abcTpakTHO MO AN15 NapannenbHbIX
BbIYNCNIEHWIA.

B kauecTBe TpeboBaHUIi K abCTPaKTHO MalLViHe, NMpon3BoAsLLEel
napannenbHble BblYVCIEHNS, aBTOPOM

BbIABUHYTbI CIefyHoLLe NONOXEHNS:

Mogenb AoKHa

COOTBETCTBOBAThL PeanbHOMY

060pyA0BaHWIO (T.€. MOAAEPXKNBATE

TO/IbKO Te onepaLn, KoTopble ymeeT

BbIMNOJIHATL peasbHoe 060pyA0BaHMe).

Mogenb AomKHa 6bITb MPOCTON.

Mogenb fomxHa NoAAepX1BaTh

NPOCTYH TPAHCASALWIO B

06LLENPUHSTBIE 3bIKU.

['pa¢ coeanHeHNA BO MHOrOM

MOXOX Ha 3/1eKTpuYeckyto tens (Puc. 4).

B HeM BbIAENSIHOTCSA Y3/1bl, KOTOpbIe

Puic. 4 Mpuimep rpada

CoeAMHeHWIA - TpaH3ncTop

Puc. 5 Mpumep

NPOAYKLIMOHHOrO Npasua
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coAepxaT BXOAbI 1 BbIXOAb! (TEPMUHA/bI), KOTOPbIE MOTYT 6bITh COeANHEHbI C
APYTVIMU TEPMUHANAMU APYTNX Y3N10B, MPUYeM Kax bl TEpMUHAN J0/XeH bbiTh
COe/MHEH B TOYHOCTU C OAHUM TepMUHaNoM. Konnyectso TepMUHANoB Yy y3na
Ha3blBaeTCs “BaleHTHOCTbO". TUMN TepMIMHana Ha3blBaeTCcs ero MeTKO. ¥Y3/bl €
TepMUHaNaMV, MOMeYeHHbIMU MeTKamK, 06pasytoT andasunT s3blka.
IpammaTKa rpadoBs coeanHeHNi 06pasyeTca ¢ MOMOLLIO rpadoBbIX
NPOAYKLMOHHbIX NPaBW/, HasbiBaeMblx MeTogamu (Puc. 5). Kaxaplil meToz
OMKUCbIBAET, KaK MOXHO 3aMeHVTb HEKOTOPbIV pparmMeHT rpada Apyrim
dparmeHToM rpada. PaccmaTpursaeTcs Takke BOSMOXHOCTb Hannyms
HeTepMUHa/bHbIX CUMBOJIOB B TakOM fA3blke, 0HaKO TO/IbKO B KayecTse
npeanoXeHus.

ABTOp MOKa3bIBAET, YTO NMOAOOHbIN H3bIK MOXET OMNUCbIBaTL TEKCTbI

nporpaMm Ha 4ncToMm sisbike Lisp [265]. VicnonHeHme Takux nporpaMm
3aK/10YaETCH B NOCNe0BaTeNIbHOM MPYIMEHEHV NpaBua TpaHchopmaLummn rpada.
TakvM 06pa3om, NpeanoxeHHbI $opManmaM MeeT NpUKIagHoe NOATBEPXAeHMe.
PensiumoHHble rpammaTtkm

PensumoHHble rpammaTiiki [111] SBASHOTCS KOHTEKCTHO-CBOBOAHBIMU
rpamMmaTikamMmu, KOTopble CTPOATCA Ha OCHOBE My/IbTUMHOXECTB 06beKTOoB,
COeANHEHHbIX “PeNsiLMOHHBLIMY cyLLHOCTAMU” (relational instances). OHK
ABNAOTCH PA3BUTVIEM WAeV rpammaTk 06paboTkm nsobpaxeHnin Yaxra [87]
OnpegeneHue.

MpeanoxeHne w, 3agaHHoe Ha andasuTe TepMUHaIbHBIX CUMBOIOB VT 1
MHOXeCcTBe pensUnoHHbIX cmBonoB VW siBnsietcs napoli (T,RT) rae T -
MYNbTUMHOXECTBO CMBONOB 13 VT

a RT -MHOXeCTBO pensinoHHbIX

cyLiHocTer 13 VW 3agaHHbIX Ha T.

OnpegeneHue.

Puc. 6 Mpumep npeanoxeHns

ANS PeNsLUMOHHOM rpaMmaTKim
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KOHTEKCTHO-CBOGOAHOM PeNsiLLMOHHON rPaMMaTKOl G Ha3blBaeTCst KOPTEX

G=(VN, VT,VRS,PR), rae VT - MHOXeCTBO TePMUHa/IbHbIX CMMBOAO0B, VN -



HeTepMVHa/bHbIX CUMBOJIOB, VR - MHOXECTBO Pe/IsiLIMOHHbIX CMMBonOB{m , anst
KaXA0ro 1xX KOTOPbIX yKa3aHO KONNYeCTBO MeCT, S - HaYaNbHbIA CUMBON
rpamMMaTiKu P - KOHeUYHOe MHOXeCTBO NpoayKuuii B Buge A:=M, N, rae A -
HeTepMuHan, a N - orpaHuueHve (aHanormyHo aTTpubynpoBaHHON rpammaryike
[167]) 1 R - MHOXeCTBO NPaBW/ BbIYMCIEHNS, UCMONb3yeMbIX Ans 06paboTku

orpaHuyeHui.

TakuM 06pa3oM, MOXHO CAeNnaTb BblBOJ, UTO AaHHast rpamMmartuka siBnseTcs
HeCcKoNbKo MOANGULIMPOBaHHOM MO/ 3a4a4un Br3yaibHbIX A3bIKOB
aTTpubyrpoBaHHOI rpammatikor [167] . ns rpammaTtiki paspaboTtaH anroputm
pasbopa [128] c peanv3aumein Ha sisbike [ponor. Mo3aHee 6bl1 NPeanoXeH 06LLNiA
anropuTt™ pasbopa[268267] Ha ocHoBe anroputMa Spnes[118], uTo AenaeT NOAXOA
ApPUroaHbIM ANns NobbIX KOHTEKCTHO-CBO60AHbIX BM3yaNlbHbIX FPAMMATUK, a TakxXe
nokasaHo[102], 4To Ans MOCTPOeHMA Napcepa sAi3blka MOXHO MCMOo/b30BaTb
cnctemy YACC. BaxHbIM pesyibTaToM AB/ISETCA NokasaHHas B [266]
NPVMEHNMOCTb rPaMMaTrK K 3aa4amMm NHTePakKTUBHOIoO AVI3aVIHa, B YacTHOCTW,
aBTOMaTVYeCKOro pasmMeLLeHst 06bekToB 1 MPOoBepKY AOMyCTUMOCTN
TpaHchopmaLmii. Takxe AN HEKOTOPbIX MOAKNACCOB KOHTEKCTHO-CBOBOAHBIX
PenALUMOHHbLIX rpamMMaTuK, paspaboTaH yNpoLLeHHbIN anroputm pasbopa [129].
PasBuTMEM faHHOrO dopmanmsmMa ABASIOTCH CUMBO - PENALMOHHbIe

rpammaTikm [130], B KOTOPbIX andaBuT pasgenseTcs Ha TepMyHansbI,
npeAcTaBstoLLe 06beKTbl U TEPMUHAbI, NPeACTaBASOLLVIE OTHOLIEHNS 1,
COOTBETCTBEHHO, 3TO pa3/jeneHue yUnTbIBaeTca B NPOAYKLIMOHHBIX MpaBuaax.
I'paduyeckmne GyHKLMOHaNbHbIE FPAMMaTUKK

Maliepc, aBTOp 13BecTHoOW knaccudukaumm [189], sBnseTtcs Takke

COaBTOPOM rpaduyeckoro Gpopmannsma, U3BECTHOro kak rpapuyeckas

dyHKUMOHaNnbHas rpammaTiika [171]. B aTom dopmanmsme andaBuT COCTOUT He
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113 TEPMUHANOB, a 13 GYHKLMIA, NapameTpamyt KOTOPbIX ABASIOTCA 3HaUYEHWs
aTpnbyToB. Hanpvimep, eciv cumBon andasuTa 0603HaYaeT OKPYXXHOCTb, TO OH
MOXeT NpeACTaBNATLC GYHKLMEN, PUCYIOLLLE OKPYXXHOCTY, C NapameTpamu -
KOOpAMHaTaMV LieHTpa 1 paAnycoM. Ta uaes 6bina nepBoHayanbHoO BbickasaHa
JNS eCTeCTBEHHbIX A3bIKOB [212], 0HaKO HalLna NpUMeHeHVe 1 ANs BU3yasbHbIX.
I'paduryeckolt pyHKLVEN B JaHHOM popManu3mMe HasblBaeTcs N-MecTHas
dyHKLMS, pucytoLLas rpapuyeckoe nsobpaxenue. Mpaduyeckuii anpasut -
KOHEYHOe MHOXEeCTBO rpapuuecknx GyHkUWiA. padryeckoe npeanoxeHue -
KOHeYHas nocneoBaTeNlbHOCTb rpapuyecknx GyHKLUMA 13 andasunTa,
¢dopmanbHbIM NapameTpam KOTOPbIX MPUCBOEHbI KOHKPETHbIE 3HaYeHUs.
I'paduyeckas GpyHKLMOHaNbHaA rpaMMaTyika NpejcTaBaseT coboit kopTex ns
rpaduyeckoro andasuTa, Habopa HeTePMUHANOB, CTapTOBOI GYHKLMM 1 MpaBuUn
BbIBO/A, NPV 3TOM MpaBu1ia BbIBOAA COAEPXaT OrpaHYeHs B BUje NpeankaToB
nepBoro nopsajka. Takum oGpasoM, AaHHaA rpaMmMaTyika AaBnaeTca
aTTprbynpoBaHHOM[167].

K coxaneHwuto, AaHHbIV NoaxoA He cBobogeH oT npobnem. Ha npriBeseHHOM

8 [171] npumepe BMAHO, YTO rpaMmMaTKa YyBCTBUTE/IbHA K NMOPAAKY
rpaduyecknx CMMBOOB, Aaxe ec/in caMa AviarpaMma paccMaTprBaeT 1x kak
paBHO3HauHble. 3Ta Npobaema peLaeTcs 3a cHeT NpeobpasoBaHuil rpadpuyeckx
BblpaxeHuWin. F[paMMaTiky, KOTopble A0MycKakT Takue nepecTaHoBKku 6e3
M3MeHeHVs pesy/bTaTa, Ha3biBaloTCa KOMMYHVKATUBHbIMU. Mpeobpa3oBaHue He
BCer/a SBASETCA TPUBMALHO 3a4aqel, B 0CO6eHHOCTV AN1A A3bIKOB, B KOTOPbIX
onepaTtopbl MOryT MMeTb NMo60oYHble 3ddekTbl. TeM He MeHee, 0Ka3bIBaeTCs, YTO
AN Nto6oro rpadpryeckoro f3bika CyLecTByeT “KOMMYHUKaTVBHas" rpaMmaTika.
Ans gaHHoro popmanusma paspaboTaH anropuTm pasbopa, AaroLLmii

peLueHue 3a O(N2) waros. Taknm 06pasom, rpaduryeckmne GyHKUMOHaNbHbIE
rpaMmaTuKu ABASIOTCA 3aKOHUYEeHHbIM GOPManM3MOoM NS NOAAEPXKN CUHTaKcUca

BM3YyanbHOro A3blKa.
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0606LLeHHbIe ABYMePHbIE KOHTEKCTHO-CBOBOAHBIE TPaMMaTVIKV
0606LLeHHble AByMepHble KOHTEKCTHO-CBOBOAHbIe rpammaTikm [218] (2D-
CFG) SiBNAOTCA Pa3BUTNEM MO3ULMOHHbBIX FPaMMaTVK 1 OTIMYAOTCS TeM, UTO B

HX MPUCYTCTBYIOT TONBLKO ABa MO3ULMOHHBIX OTHOLLEHUS ~ “Bbile” 1 “neBee”.

0606LLeHHas 2D-CFG sBnsieTcs koptexem G =(E, N, P, S), rae

C - MHOXeCTBO TePMUHaNbHbIX CUMBO/OB,

N - MHOXeCTBO HeTepMVIHabHbIX CUMBOJIOB,

P- MHO)KECTBO@ npoaykumii B popme nr(a)raenN, r R={cnesa,
csepxy}, na (N E)*.

S N - HaYanbHbIN CUMBON FPaMMaTUKN.

Ansa rpammaTviku BblaenseTca

HopMasnbHas popma, B KOTOPOIA

cobntogaeTcs NpaBuio, YTO NPOAYKLS

nmveeT popmy n (N1 rn2) mann

raenl,n2 N, rR, n C. [ina

rpamMmaTikn paspaboTtaHa MoavipukaLma

anroputma Koka-Kasamu-AHrepa (CYK),

UTO ZlenaeT BO3MOXHbIM pa3bop Nt060ro

KOHTEKCTHO-CBO60AHOrO A3bIKa. Takum

06pa3om, NPUMEHVB CyLLeCTBEHHbIE YMPOLLEHNS N0 OTHOLLEHWIO K
BO3MOXHOCTSIM AnarpamMmbl, 6bi1 MoayYeH yHUBepCaabHbIii BU3yanbHbIl
dopmanmzm.

paMMaTrKI rpaduryecknx NpeanoxeHunin

pammaTuka rpadudeckmx npegnoxeHuia (Pictorial Clause Grammars, PCG)
[188] sBnsieTcs nepBbIM popManbHbIM MeTaavarpaMmMHbIM A3bIKOM. Mpy AaHHOM
noaxoae |/|306pa>Keva paccMaTpuBaOTCA Kak CMMBOJIbl HEKOTOPOTo /1I0rM4eckoro
A3blKa. Mo onpeeneHHbIM NpaBaam MOXeT MPOUCXOAUTL YHUPUKaLIUSA
Puc. 7 ®parmeHT onvicaHus ER-

Avarpammel ¢ nomousto PCG
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1306paxeHnii 1 cBA3bIBaHMe rpadryeckx nepeMeHHbIX. O4HOBPEMEHHO C 3TUM,
3a/aeTcs BU3yanbHas (KOHTEKCTHO-CBO60AHAs) rpamMMaTiika, B KOTOPOVi B kavecTse
TePMUHaNbHbIX CUMBOIOB BbICTYMNAtOT 1306paxeHwsi. C MOMOLLbHO
aTpVbyVpOBaHVIs rpamMMaTiKv Ha YNOMSIHYTOM BhilLe Ai3bIKe, J0CTUraeTcs
BO3MOXXHOCTb NCMOHEHNSA rpad)vluecwlx nporpamMm, onncbiBaroLWnX gpyrme
rpaduyeckme s3blku.

I'vneprpadoBas rpaMmaTiika

Ineprpad sBnseTcs 0606LLeHHbIM rpadoM, B KOTOPOM CBSA3b (rneppebpo)
MOXeT COeAVHATL MPON3BO/IbHOE KOIMYECTBO BepLUVH [197]. Popmannsm
rneprpadoBbIX rPaMMaTUK CTPOUTCS Ha 06bIYHbBIX KOHTEKCTHO-CBOBOAHbIX
BU3yasbHbIX rPaMMaTIKax, aTpubynpoBaHHbIX C MOMOLLbHO HEPaBEHCTB.
IpaMmaTUKK cogepxaT B cebe TepMyHanbHbIe U HeTepMyHabHble rneppebpa, a
TaKXe CrVCKY Y3N10B, K KOTOPbIM OHY OTHOCATCS. MPOAYKLIMOHHOE NpaBuno
CO/EPXUT B IeBOI YaCTV rMneppebpo 1 CNCoK BEPLUVH, a B NpaBoii -
NpPOu3BOAbLHbIV runeprpad, BO3MOXHO, Takxke coAepxaluuii B cebe runeppebpa.
OpHo 113 runeppebep BblAeNAETCs B Ha4aNbHbIA rpad A3bika. HepaBeHCTBa, ¢
MOMOLLIbIO KOTOPbIX aTPMBYMPOBaHbI MPOAYKLVIOHHbBIE MpaBa, ONyChiBaloT
npaBuna NPOCTPaHCTBEHHO YNOPAA0UMBaHWA Y3/10B U runeppe6ep. Takum
06paaoM, npuHUMnuanbHoe oTanyume ot pyrux ¢0pMal‘II/I3MOB 3aKK4aeTca n1b
B MeTO/e aBTOMaTNYeCKOro pacrosioxeHUs 06beKToB Ha 3kpaHe. Ha ocHoBe
JAaHHOro popManm3mMa co3zaH reHepatop gnarpammepos DiaGen[195, 198].

Puc. 8 Tvneprpadosas rpamMmmaTtiika Ans HoTauum Haccu-LLHeliaepmana
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I'pammaﬂ/n(a yCl'IOBHOVI noACTaHOBKN MHOXeCTB

CucTema ycnoBHOI NMOACTaHOBKN MHOXECTB /1S BY3yanbHOro si3blka

(Conditional Set Rewriting System, CSRS) npeanoxeHa B [201]. FpammaTtyika
npeAcTaBnseT coboi Habop NPOAYKLMOHHbIX NPaBuUA, aTTPUGYNPOBaHHbIX
XOPHOBCKMMY YCNOBUSIMU. BaxHbIM OTMYMEM JaHHOTO GopManv3ma sBseTcs
BO3MOXHOCTb MPeACTaB/NeHNs B 1€BO YaCTV NPOAYKUMOHHBIX MPaBui
NPOU3BOJIbHOI0 KO/INYeCTBa TePMUHA/IbHbIX 1 HETEPMUHAIbHbIX CMUMBOJIOB. C
ApYroi ctopoHsbl, CSRS BBOAWT yrnopsizouvBaHmne Anst MPOoAYKLUMOHHBIX MpaBii.
IpaMmMaTVKa NpejHasHayeHa Ans 3a4a4 NpeobpasoBaHNs BU3yaNnbHbIX HOTaLMI 1
TPaHCAAUMK rpapuUecknx N306pakeHnli B TEKCT.

IpaMMaTVK YCNOBHbIX MybTUMHOXECTB

[pammMaTiKa yCnoBHbIX MybTUMHOXeCTB (constrained multiset grammar)

6blna BepBeble HepopmManbHO NpegioxeHa B [152] 1 nosxe popManbHO onucaHa B
[182]. Mpwn 3ToM NoAxoAe HeTepMUHaabHbIM CMMBOaM rpamMMaTuKn
nprceanBaroTCA anVI6yTbI. B kauectBe anVI6yTOB NpoAyKUMOHHOro npasunia
paccMaTprBatoTCa YCNOBUS CyLLLeCTBOBaHME OnpeAeneHHbIX HeTepMUHaNbHBIX
CVIMBO/IOB, aTPUBYTLI KOTOPbIX YA0BNETBOPSIIOT YC/OBUIO MPUMEHVMOCTH
NpoAYyKLMOHHOro nNpasuna. PesynbTaToM pasbopa rpaMmaTyvikv aBnseTcs
noruyeckas NporpaMmma, CocTaBeHHas 13 3TUX ycnoBuid. B saHHOM dopmanusme
B IEBOVA YaCTV TakKe MOXET CTOSAThb TONLKO OAVH HeTepMuHan. Ans AaHHo
rpaMMaTrKm nokasaHo [182], uTo ee pa3bop BbIMNONHAETCA 33 MONNHOMUaNbHOE
Bpems. [ AaHHOro knacca rpaMmaTuk CyLecTByeT reHepaTop KOMMNUASTOPOB
[93].

Moaxog TakKe NHTepeceH TeM, UTo ANA Hero paspaboTaHa anbTepHaTVBHas
XomckoMy knaccudukaLms rpammaTiik [183] B 3aBUCUMOCTU OT CIOKHOCTY

pasbopa faHHoV rpaMmaTuKu.
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Ipaduryeckas ycnoBHasi rpammaTika

I'paduyeckasn ycnosHas rpammartiika (graphics constraint grammar)

aBnseTcs Gopmann3Mom, OCHOBAHHOM Ha TeKCTOBOM NpecTaBieHnn rpagos
[132,133]. B aToM popManmame NpoAyKLMOHHOE NPaBII0 COCTOUT 13 1eBO
yacTu, MpaBoii “acTu 1 “Tena”. Teno NpoAyKLMN NpescTaBnseT coboin Habop
YCNIOBUWA, B TOM YMC/IE FEOMETPUYECKMX OTHOLLEHW MeXy obbekTamu. ITu
YCNIOBUS MOTYT HaKNaAblBaTbCS HA LUMPOKMIA CNEKTP CBOMCTB rpaduyeckimx
06beKTOoB, BK/I0Yasi KOOPAVHATbLI, Pa3Mepsbl V1 Np. a Tak ke MoryT obpaliaTbcs K
CBOVICTBAM MHOXECTB 06eKTOB. Hanpumep, Npasuio MoxeT TpeboBaThk, YTO6bI
rpynna o6beKToB 6blNa BbIPOBHEHA MO ropu3oHTann. Oco6eHHOCTLI0 GpopManvama
ABNSETCA TO, YTO NpaBas YacTb, GaKTNUECKY, COAEPXNT IOTUYECKN He CBA3aHHoe
MHOXeCTBO 06‘b6KTOB, OTHOLUEHUA MeXAy KOTOPbIMW BbICTPAMBAKOTCA Ha OCHOBe
ycnoBuiA. ECTEeCTBEHHO, UTO 3a CHeT Takoro YnpoLLEeHWs CTPYKTYpbl fA3blka
AOCTUraeTca CyLLecTBeEHHOe yBenYeHve ckopocTy pasbopa rpaMMaTuKu.
[paMMaTnKn CMeXHOCTN

pammaTurKm cmexxHocTy (adjacency grammars) [161] paclumpsiot

bopmannsm rpammaTiiK ynopaaoumBaHus N3o06paxeHnii, pacCMOTPEHHbIX paHee.
OCHOBHbIM 1X OTANYNEM ABSIETCA BUA NPOAYKLIMN, NPeACTaBMMol B dopme

B 3TOM NpoAyKLVOHHOM npaBswne aTpubyT coCTOWT 13 AByx YacTell. Cnepsa
BbIMO/IHAETCA YacTb Nocne after, npeaHasHauYeHHasn ANs BbIYVCIEHUS 3HaYEHWI
ApYrux aTpuByTOB. 3aTeM BbIUUCISETCS COBCTBEHHO ycnoBue I. Ycnosue
coAepxXuT B cebe “onepaTopbl CMEXHOCTU", KOTOPbIE OMPeAEeNAoT OTHOLIEHUS, B
TOM 4YKcCne Kak NPOCTPaHCTBEHHbIE, TaK N CMbICNI0BbIE, MEXAY TEPpMUHaNaMn
n/vnn HeTepMrHanamu. s rpaMmaTku CyLLLecTBYeT anroputM paséopa co
CNOXHOCTBI0 O(N), KOTOPLIV, 04HAKO, MPVIMEHVM He KO BCeMy KnacCy KOHTeKCTHO-

CBOBOAHBIX A3bIKOB.
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Pe3epBupoBaHHbIe rpadoBble rpammaTiiki

Pe3epsupoBaHHble rpadosble rpammaTnky (Reserved Graph Grammars)
ABNSIOTCSH OAHVIM W3 HEMHOTUX Npe/ACcTaBUTeNell KOHTEKCTHO-3aBUCUMbIX
rpammaTuk. [272]. 3ToT popmanvam 6bin paspaboTaH C Lesbio ynpoLeHns
MHKpeMeHTapHoro pasbopa gunarpamm. B gaHHoM popmanusme rpad
npeACcTaBAeTCs B AByXyPOBHEBOM Buze. Fpad COCTOUT 13 Y3108, COeANHEHHbIX
pebpamu. Kaxablli y3en cosepxuT B cebe BepLUMHbI, COeAVHEHHbIe ApYr C APYromM
Ayramu. Hekotopble “BHeLLHMe"” BePLUMHBI, COAEPXALLUMXCS B Y3/1€, Ha3blBaloTCA
“cynepBepLUVHamMn” 1 NpeACTaBasAoT y3en

ANS onepaLyii NOrMYeckoro coeavHeHns.

MpoAYKLVIOHHbIe NpaBuaa B 3TOM

dopmanunsme NpeAcTaBnAoOT coboi Npasuna

TpaHcpopmaLmmn ogHoro rpada B APYroi.

I'pad B neBoIt YacTV COAEPXKUT y3/bl,

nomMeveHHble crneLuanbHbIMU

naeHTUrKaTopaMu, KoTopble

MCMoNb3yTCA NPU CONOCTaBNeHU NpK

TpaHchopmaLmy rpado.. Mpu 3TOM NPOAYKLIVIOHHOE NPaBUIO CUMMETPUYHO, T.e.
MOXeT 6bITb NMprIMeHeHO B 06e cTOpOoHbI. CornocTaBneHne GparMeHTOB rpada ¢
NPOAYKLMOHHBLIMW MPaBUAaMy OCYLLECTBNSETCS Ha OCHOBE METOK BEPLUVIH,
BXOASLLMX B €ro y3nbl. s gaHHoro opmanvsma paspaboTtaH anroputv pasbopa
3a NO/IMHOMWMANbHOE BPEMS, YTO BbIFOAHO OT/IMYAET ero OT APYruX KOHTEKCTHO-
3aBVICUMbIX rPadoBbIX rpaMMaTUK. Takxe aBTopamu paspaboTaH obLuii, T.e.
NPWroAHBIA 1 AN APYTVX KNAcCoB rpamMaTyiK, anroputM NpoBepkn
KOPPEKTHOCTV MPOCTPAHCTBEHHOMO PACMONIOXEHWS CO CIOXKHOCTLIO O(n4) [172]
Ansa paHHoro popmanuama paspaboTaH BU3yasnbHbI aHanor Yacc -

VisPro[273].

PasBuTMEM gaHHOro GopMannsma ABSETCS NPOCTPaHCTBEHHas rpadosas
rpamMmaTuikal221], koTopas COAePXUT pacLLUVPeHVsi, MpejHa3HayYeHHbIe 415

Puc. 9 MpoayKUmoHHOe Npasuio

AN pe3epBMPOBaHHbIX

rpamMmmaTuk
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NoAAEPXKM MHGOPMALIMN O MPOCTPAHCTBEHHOM PACMONOXeHWN Y3108, ITa
NHbOopMaLMs 6biBaeT Tpex BUAOB — Hanpae/eHue, TONoNorus 1
B3anmopacnonoxeHve. OCHOBHbIM MeXaHN3MOM SBASETCH MaTpu1La 3 Ha 3 nons,
NpeACTaBNsoLLAn CTOPOHbI (CeBep, tor, 3anaj, BOCTOK 1 MPOMEXyTOUHbIe),
cornocTaBeHHas ¢ cyrepsepLUnHol. LleHTpanbHoe nose npejcTaBaseT camy
CynepBepLUVHY, CONOCTaBNeHE C KaKUM-NG0 13 OCTaBLUMXCS MONeN yKasbiBaeT
Ha OTHOCUTE/IbHOE PAcNoNOXeHNe O6EKTOB. 3a CHET BCTYM/IEHNUS B OTHOLLEHNS C
Pa3NNYHBLIMU 31€EMEeHTaMM 3TOV MaTPULbl MOXHO yka3aTb B3avIMHOe
pacnonoerme, neperblsaHme n HanpaBneHme. ﬂpOAyKLlI/IOHHbIe npasmna Takxe
MOryT MCMO/b30BaTh TPaHCHOPMALMM STON MaTPULB A/ peanvsaLmmn onepawuii,
CBA3aHHbIX C NepemeLLieHneM 06 bEeKTOB.

NCE - rpammaTuikm

NCE (Neighborhood Controlled Embedding) - rpammaTtukun[59,60]

ABNAIOTCA GOPManN3MOM, PaCCHUTaHHBIM Ha MNOAAEPXKKY KOHTEKCTHO-3aBUCUMbIX

rpamMmaTumKk. OCHOBHbIM OTIYMEM AaHHOro q)OpMaﬂVBMa ABNAETCA BUA

NPOAYKLMOHHbBIX NpaBwa. OHK NpeAcTaBstoTes B Buge ((AX B;Y); Q) rae

A v B - HekoTopble rpadbl, a X 1Y - COOTBETCTBEHHO, HEKOTOPbIE KX
noarpadbl. C - MHOXeCTBO OTHOLLIEHWIA coeauHeHus. YeTbipe rpada A, X, B, n'Y
yAoBNeTBopsitoT ycnosmio A =X and B =Y 1nbo cyLiecTByeT Takoi nogrpad
K(Ha3blBaeMblit KOHTEKCTOM) 4TO K=A = X =B = Y. CMbIC/ NPOAYKLMOHHOIO

npaByvNa 3ak/1to4aeTcs B HaXoxXAeHU B rpade nogrpada B 1 nocneaytoueit

3ameHe nogrpada X Ha noarpad Y ¢ oAHOBPEMEHHOI YCTaHOBKOW OTHOLLEeHWi C.



Ansa aaHHoro Gopmanmsma rnokasaHa ero NPUMEeHNMOCTb K HECKONbKM
BUM3yanbHbIM i3blKaM, @ Tak e pa3paboTaH reHepatop gnarpammepos GRAVIS.
PYHKUMOHANBHbIV MNOAXOA

BeposTHO, NepBoii paboToiA, B kOTOPOIA AenaeTca nonbITka NpeAcTaBnTh rpad

Kak NprMeHeHe onepauvy Jo6aBneHUs y3na K cylecTsytolemy rpady,
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asnaeTca pabota [219]. B 3T0i1 paboTe 6bin NpeanoxeH a3bik Graspe,
ABNAOLLMIACS, GaKTUUeCKU, BUBANOTEKON Lisp, 1 NO3BONSIOLLNIA
KOHCTPYMpOBaTh rpadbl C MOMOLLLI0 GopMasbHbIX onepauuii. Bce onepauun
paszeneHbl Ha TPU TUMa: CCbINIOYHbIe (BO3BPaLLatoLLVe YacTb rpada),
KOHCTpYUpYytoLLMe (4o6aBnsioLme y3nbl 1 Ayrn B rpad) v paspyLuatoLue
(yaanstoLye y3abl 1 ayrvi u3 rpada). Bcero B paboTe BBOAUTCS LLIECTHAALATE
CCbINIOYHbIX, OAVHHAALATL Pa3pyLLAOLLMX U NSTb KOHCTPYMPYHOLLMX OnepaLinii.
PaboTa TaKkxe NHTepecHa NonbITKON NPeAnoXuTb GopManbHY ceMaHTUKy
Noy4eHHOro A3blKa.

[Apyrum nccnegosatenem,

NpeANOXUBLUMM 06paTHbIN

noAXxo4 - BU3yanusaLunio

GYHKLMOHaNbHbIX A3bIKOB,

6611 Kpurc XonT [41,88]. B

cBoeli paboTe OH paccmaTpurBan s3bik Viz, NpegHasHaveHHbI Ans
BU3yanu3auuun nameéaa-

BbIpaXeHWit. Nlambéaa -

NpVIMEHEHWst B 3TOM si3blKe

NpeACTaBATCA Kak

NPAMOYroNbHNKY, HaBepxy

KOTOPbIX HaXOAWTCS BXOAHOMN

aprymeHT, BHU3Y -

pesy/bTVpytoLLee BbipaxeHue, a

c60Ky, 1160 COBCTBEHHO B MPAMOYrO/IbHYIKE, MPUMeHsieMoe oTobpaxeHue. Jns
NpaBWIbHOI OpPVIEHTaLMN BbIPaXEHVS B MPAMOYro/bHKax 0603HaueH Bepx
(3aKpaLleHHbIMU yronkamm). S13biK MoAAepXXMBaeT Takxke 3HaunTensHo bonee
CNOXHbIe BbIPAXEHNS, Takne Kak YCIoBys 1 LKkl MpyuMep BblUMCeHUs
dakTopuana Ha a3bike Viz npvegeH Ha Puc. 11.

PopmManbHbIVi METOA ONMCaHNA BU3YabHbIX I3bIKOB C MOMOLLbIO 1iMb6Aa -
Puic. 10 OcHOBHbIe KOHCTPYKLMK A3bika Viz

Puc. 11 BeiuncneHve paktopunana Ha

a3blke Viz
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ncuncneHrs npegioxeH MapTtuHom Speurom [122,123,124]. Speur BBOAUT
MOHATVIE NHAYKTVBHOrO rpada. B 3Tom cyyae rpad paccmaTtpriBaeTca B CTuie
anrebpaviyeckx TUMOB AaHHbIX, 3aZlaHHbIX Ha TakvX A3blkax, kak ML nav
Haskell: rpad MoxeT 6bITb NYCTbIM, UV MOXET 6bITb CKOHCTPYVPOBAH U3
rpada g un Hosoro{m y3na v, ¢ pébpamu, COeAUHAILLIMI V C y31amu 13 8. 34ecb
paccMaTprBaeTCs YMCI0 BU3YyaNbHbIA S3bIK, TO €CTb 3blK, B KOTOPOM He
MCMNoNb3yloTcst MeTKU. TakuM 06pasoMm, Mbl MOXeM onpejenaTh rpagoBble
BbIpaXeHws, Ncnosb3ys onepatop Empty, T.e. nycToii rpad, 1 onepatop
AobasneHvs y3na B rpad N (MCTOUHMKN_COeAVNHEHWIA, aeHTUdMKaTOp_y3na,
NPVEMHVIKV_COeAVHEHWIA), rAe NCTOUYHWUKW COeAVHEHWI - y3/ibl, BbIXOAALLME 13
KOTOPbIX Ay COEAVHSIOT Y3/bl U3 V (HEKOTOPbIV rpad, K KOTOPOMY
NPVIMEHSOT 3TOT OrepaTop), NPUEMHIKV COeAVNHEHWIA - y3/bl, B KOTOPbIE
BXOAAT Ayru, BEIXOAALLVIE U3 V, N NAEHTUUKATOP y3Na - HEKOTOPbIi
yHVIKaﬂbeIIZ onuncaTtesib, 3@ KOTOPbIM MOXeT C/1e40BaTb MeTKa (Hanpmmep,

d:@). 3T TpM NapameTpa Ha3bIBaOTCSA Takke KOHTEKCTOM y3na. B yacTHocTy,



cvmeon [d> fun, €] Npy 0603HaueHUY KOHTEKCTa y3/1a ykasblBaeT Ha CM1CoK 13
ABYX Y3/10B-CTOYHMKOB d 1 e, Npu4ém pebpo, BbixoasLLee 13 d, MeeT MeTKy
fun, a pe6po, BbIxoAsiLLiee 13 e, MeTKM He 1MeeT. ToUHO Takxke [para, body»a]
0603HavaeT y3en-npuéMHYIK a, B KOTOPbI BXOAST ABa paBHblxm pe6pa.

B kauecTse nantocTpauymm psur ncnonesyet a3bik  VEX. VEX [97,126]

ABNSETCA YNCTO BU3Ya/lbHbIM SA3bIKOM - KaX/Abli UAEHTUdUKATOP B HEM
NpeACTaBAeTCs B BUAE OKPYXHOCTW, KOTOpas coeavHeHa NpsMOoii InHWeli ¢ Tak
Puc. 12 A6CTpaKTHBIN rpad crHTaKcyca a3bika VEXE
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Ha3blBaeMbIM KOPHEBbIM y3/10M. KOPHEBO y3en ABNAETCS eLlé 0AHOM
OKPY>XHOCTb0, KOTOPasi COeANHEHA C OAHOI U HECKONBKMMMN IMHUSIMK,
BeAyLLMY KO BCeM MAeHTUMKaTopaM C 0AHUM nMeHeM. KopHeBol y3en MoxeT
6bITb BMCAH B DYyt OKPY>XHOCTb, TEM CaMblM, YKa3biBasi Ha napameTp
HeKoTOpOii abcTpakLyK, B MPOTUBHOM ClyYae OH ONUCLIBAeT CBO6OAHYIO
nepemMeHHyt0. AGCTpakLms MOXET METb Takxke BblpaxeHue, onuvcbiBatoLLee eé
Teno. MprIMeHeHMe BblpaXeHWs N306paxaeTca ABYMs KacaroLMMNCS Apyr
Apyra oOKpY>KHOCTSIMM CO CTPENKOM B TOUKe KacaHWs. OCTpue CTPenkm NexuT
BHYTPU apryMeHTa, a XBOCT HaXOAUTCS BHYTPY NPYIMEHSIeMOiA a6c7pakumm.{ﬂ
Mopsagok NpUMeHeHVs MOXeT 3a4aBaThCA MYTEM MOMETKIM CTPENIOK X
npviopvTeTamMu, YTO B HaLIMX NpUMepax 6yeT ANst IPOCTOTbl UTHOPUPOBATLCA.
Ha Puc. 12 npeacTtaBneH abcTpakTHbIV rpad crHTakcmca s3bika  VEX,

3a/jaHHbI CnesyroLLVM BblpaXeHneMm:

N ([, d:@, [fursb, arg>c]) (N ({1, ¢, [1) (N (1, b:A, [parsa, body»a])

(N(@. 2 ) Empty €3))

3peck a,b,c 1 d 9BNAKOTCH NPOU3BONEHBIMU, MONAPHO Pa3INYHBIMUN
naeHTnduUKaTopamm y3nos. B npeAcTaBaeHNN CYHTaKCVICa COAePKaTCs Takxke
NOHATVS NPYMEHeHUs, abCTPaKLMK 1 y3n1a-NepemMeHHOM, KOTopble 0603HaueHb!
cumBonamm @, An O. Cumsonamu fun 1 arg Ha syrax 0603HaueHb!

npvIMeHeHUs GyHKLMIA 1 apryMeHTOB cooTBeTCcTBeHHO. CiMBONamu par v body
0603HayeHbl NapameTpbl 1 TeNo abCTpakLmn.

B npogonxeHue bysem NCNoNb30BaThb CejytoLLme Ba CokpaLleHus: byaem
NCKNt0YaTh NyCTble NOCNeA0BaTeNbHOCTY, U Cyneprno3nLus Heckonbkux N-
onepaTopoB MOXeT 6bITk 3aMeHeHa Ha N* onepatop. Torga onucaHune rpada

MOXHO yNpOCTUTb:

188

N* (d:@, [furnvb, argc]) (c) (b:l, [para, bodyal) (a) Empty

Kak 06bI4HO AN8 NOA06HbIX CUCTEM, OAVIH U TOT e rpad MoryT onucbiBaTh
HeCcKoIbKo rpadoBbIX BbIpaXeHWi, HarnpuMep, ciegytollee BolpaxeHue
3KBVBANEHTHO Mpe/blayLieMy (Tak Kak Mogy4YeHo NpocTo NyTéM N3MeHeHUs
rnopsiAika KOHCTPyMpoBaHus rpada):

N* ([d>fun], b:l, [para, body»a]) (d:@, [arg>c]) (c) (a) Empty

JaHHble rpadoBble BbpaxeHUs NpeaCTaBastoT co60ii nocneoBaTeNbHble
NPUMEHEHVS KOHCTPYMPYHOLLMX GOPMYJ, UTO CONMXKAET UX C
bYHKLMOHaNbHBIMY fi3blkamu. [103TOMY 1 OnMcaHWe AvarpaMm B paMmkax 3Toi
MoZeN Ha3BaHo GyHKLMOHaNbHbLIM. lnarpamma, 3ajaHHas onpejeneHuem 2 (8
TepMUHaX NPej/IoXeHHO 34eck Mogenu - “MynbTurpad”) sceraa umeet
npeAcTaBneHve B BuAe rpadoBbIx BbpaxeHuid, 4To GpopmanbHO AokasaHo [125]
Ha ocHoBaHUV NpeANoXeHHOro ONMCcaHNA CO34aéTCA U ON1caHne CMHTakcuca u
CeMaHTUKM A3blka. KOHCTpyVpytoLLyie GOpMy bl MCMONb3YHOTCA ANst
HaxoX/AeHVs LiabnoHOB BHYTPU rpada, KoTopble MOTyT paccMaTpUBaThCA kak
HeTepMuHanbl.

B cnyyuae paccMoTpeHHOro sisbika VEX Mbl MOXeM 0TO6pasnTh kaxgoe
rpadoBoe BbipaxeHue B HeKOTOPOe 3HaueHne 13 JoMeHa D, noaxozsiuero Ans
nambaa-ncuncnenns [62]. MNycte d iBASeTCs NepeMeHHO, NpeAcTaBastoLwen

3HayveHusi 13 D. Onpeaennm cemaHTUKy Kak HEKOTOpOe ABUKeHMe No



yrpaBaseMoMy Nyt B abCTpakTHOM rpade, To eCTb, CeMaHTKa 3a4aéTcs
OTHOCUTE/IbHO KOHTEKCTOB HEKOTOPbIX Y3/10B I'paq)a, 1 B TepMUHaxX
peKypCUBHbIX ONpeAeneHuii CeMaHTVKI, HanpuMep, ANs y31a V, CeMaHT1Yeckas
GYHKUMA S’ MPUMEHSIETCS K KOHTEKCTY Y3/10B, IMEIOLLMX BbIXOAsALLE PEBpa,

3akaHuvBatoLecs B v. Takim obpasom, S’ NprvHUMaeT Aga napameTtpa - rpad v
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y3€en, onpeAensitoLLni KOHTEKCT. MperMyLLEeCTBOM AaHHOTO NMOAXOAA SBASETCS
TO, YTO Mbl MOXEM Pa3NoXuTb rpad B TEKCTOBOE MpeACTaB/eHe Ha OCHOBe
NAamb6/Aa-BblpaxeHwuii. Taknum 06pasom, ANs abCTpakTHON CEMaHTVIKM
BU3YyasibHOro fA3blka VEX MOXHO 3anuncathb:

ST v,N(vd)gl=d

STv, N (v:@, [funsf, argral) g 1=S1f g1(STa gl

STV, N* (v:A, [parp, bodysb]) (r, p) g 1= Ad.STb, N{E (r, p:d, [N)g]

WHbIMK cnoBamu, cemaHTUyeckas GyHKLMS, 3a4aHHas Ha y3ne-"nepemMeHHoR”,
He VMetoLLelt BbIXOAALLMX Ayr, eCTb CO6CTBEHHO 3Ha4eHWe 3Toro y3na.
CemaHTUYecKas GyHKLMS, 3aaHHas Ha y3ne-"npuMeHeHnn”, U3 KoToporo
BbIXOAAT AYrvi NPUMeHeHNS GYHKLMM 1 apryMeHTa, eCTb Cyneprnosunums
ceMaHTUYecknx GyHKLMIA OT y3/1a, B KOTOPbIA BXOAAT Ayra GyHKLUWN, 1 y3Na, B
KOTOPBbIV BXOAWT Ayra apryMmeHTa.CeMaHTYeckas GyHKLVS, 3a4aHHas Ha y3ne-
aﬁCTpaKuMM, 3 KOTOPOTO BbIXOAAT Ayr napamMmeTpa n tena a6CTpaKLU/II/I, eCTb
dYHKLMOHaNbHOe 3HaueHMe (rae A cyTb abCTpakTHas ceMaHTuYeckas
dyHKLMSA), oToBpakatoLLee Ntoboe 3HaueHNe d B abCTpakLuymio, 3afaHHY0
HeKOTOPbIM Te/I0M, B TOM C/lyyae, ecv Ayra-napameTp 3ajaHa kak d.

TaknM 06pa3oM, paccMOTPeHHbI Gopmanam no3BonsieT NpeobpasoBbIBaTh
HekoTopble rpadbl B TEKCTOBbIV B, NMYTEM NPeACTaBNeHNS VX B BUAE
nprvMeHeHNs NiM6Aa-BblpaxeHWin K ApyrM rpadpam.

Popmann3M Ha 0CHOBe NpeAvKaToB NepBoro Nopsaka npeioxeH B [159].
dopmanu3mM npeAHasHaueH ANa NoAAepKKN CUHTaKCMCa aTTPUBYMPOBaHHOMO
rpada, T.e. 06bIKHOBEHHOro rpada, y31am KOTOPOro cornocTaB/ieHbl HEKOTOpbIe
aTpubyThl. ONMcaHne s3bika COCTOUT K3 ABYX YacTell — OnucaHne BHELLIHero
B/AA 3/1IEMEHTOB A3bIKa 1 OMVCaHKe NPaBu NPOBEPKMN KOPPEKTHOCTU. 15t
nocnesHero rpad NpeacTaBseTcs B BUAE TEKCTa B COOTBETCTBUM CO
cneuvdurkauymelr GTDL (Graph Type Definition Language) [160] 1 ¢ nomoLLsto

npeanKkaToB Ha rpad) HaKNajblBatOTCSA CUHTAKCUYecKne orpaHnyeHns. Ansa

190

NoAAepXKY GopmManm3ma paspaboTaHo MHCTPYMEHTabHOE CPEACTBO
MOSES[127]. CnHTakcmyeckunii pasbop nporpamm Ha MOSES ocyLectensietcs

C MOMOLLbI0 a6CTPaKTHOrO aBTOMATa, T.e. CeMaHTUKa SBASETCS OrnepaLOHHON.
Tak1m 06pa3om, BONPOC O TOM, KaKoro Kiacca si3blkvi MOryT NOAAEPXKMBaTLCS
TaKVIM CPeACTBOM, OCTAETCst OTKPbIThIM.

Mozxozbl Ha OCHOBE UCKYCCTBEHHOTO UHTeNNeKTa

O/Hol 13 NepBbIX paboT, B KOTOPbIX 6blfa NPeANPUHSATa NOMbITKA CO34aTb
napcep BU3YyasbHOro si3blka C MOMOLLbHO UCKYCCTBEHHOTO UHTENNeKTa, Bbina
paboTa [270], B KOTOPOI ONUChIBaNCs KOMMUASTOP, paboTatoLLMin Ha HeYeTKol
noruke.

OCHOBOA KOMNUASTOPa SBASIETCH 06bI4HasA rpadosas rpammatika. OAHako, Ans
peLueHns NpobaeMbl HejeTepMUHMPOBAHHOCTY pa3bopa rpada B rpammaTtiky
BBO/JATCA “HeyeTkune GyHKLMM YNeHCTBa", KOTopble AN KaxAoro
rpaMmaTyeckoro npasuaa onpeAenstoT ero NPUroAHOCTb B KOHTeKCTe
npeaMeTHo obnactu. MNpexae Bcero, AN KaXA0ro TepMmHana GyHKUMM
BO3BPALLAOT 3HaYEHWSs, PaBHble KONMYECTBY €ro MHTepnpeTaLuii B KOHTeKCTe
npeAMeTHO 061acT. N8 CNOXHbIX N306paXKeHWi, CKOHCTPYVPOBAHHbIX C
MOMOLLBH rPaMMaTMYECKX NpaBua, GYHKLMM NCNONb3YHOT PasinyHble
KpUTEpUM OLIEHKM, Takme Kak CUHTe3 Ha OCHOBE OL|eHOK S/1eMeHTapHbIX

N306paxeHnii K oLeHKa Ha OCHOBE OLIEHOK onepauyii Haj 31eMeHTapHbIMN



n306paxeHnsiMun. Takxe aBTOPbI NpejiaratoT 60/iee CI0XKHbIE aNropUTMBI,
Takye Kak oueHKa Ha ocHoBe paCCTOHHVIVI MeXAy PasNINYHbIMW 3/IeMeHTapHbIMA
1306paxeHVsIMIA, @ Takxe “AoBepue” rpaMmaTiyeckoMy npasiy. C MoMoLLbL
TakMX OLLeHOK BY3ya/ibHblii Napcep BbIGMPaeT AepeBbs pa3bopa He
NPOV3BO/bHbLIM 06Pa30M, @ B COOTBETCTBIM CO 3HAUEHUSMM OLIEHOK STVX MyTei.
Taknm o6pa3zom, Npu NpaBuUILHOM Noa6ope GyHKLUWIA JoCTUraeTcs
onTMn3aumns paﬁOTbl 1, COOTBETCTBEHHO, CyLLleCTBEHHOE yBe/In4eHne

cKopocTK paséopa.
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SA3bIk MERA[249] siBNSieTCS pa3BUTVIEM 3TOI nAew, 0606LLEeHHON ANst 3afaun
aBTOMAaTN4YeCKOro pacrnoioXKeHUsA SN1eMeHTOoB. OCHOBHbIM OTANYMEM €ro
SIBNSIETCS TO, YTO AMArpaMMHBII S3bIK OTHOCUTCS K KaKOMy-MB0 CTepeoTuny,
AN KOTOPOTO 3apaHee 3ajaHbl HEKOTOPbIE MPaBWIa HEYETKON NOTUKK,
CBA3aHHble C 0TOBpaXeHVeM 31eMeHTOB (HanpuMep, BCe jepeBbsa PUCYHOTCA
NpUMEpPHO 0ANHAKOBO, MO3TOMY MpPaBuaa UX PUCOBAHKISt OAHWN U Te Xe). Takum
06pasom, C Nob30BaTeNs CHUMAETCS 3HaUMTeIbHas Harpyska no
cneundrKaLmv NoBegeHNs gnarpamm. ITOT NMOAXOZ, MO aHanornm ¢
LWaBIOHHbBIM MPOrpaMMrpoBaHMeM, NOY4UN Ha3BaHMe “labioHHOro
ynopsiZioumsanuns”. Ha oCHoBe 3TOro si3blka, B 4aCTHOCTY, bblna paspaboTtaHa
cucTema rpaduYeckoro npeacTasieHns TpebosaHni K NporpaMmMHoOMY
obecnevenHuto [250].

B pa6ote [181] npeAnpuHATa NomMbITKa UCNOAL30BaTb A5 HYX/, BU3YaNnbHbIX
S13bIKOB reHeTYecKe anropuTMbl. T aAropUTMbl MPUMEHSHOTCA ANs
NocTpoeHwst rpadoB, B KOTOPLIX MUHVUMIM3VMPOBAHO KONMYECTBO NepeKpbITUi 1
nepeceyeHnii. B paboTte NpnBOAATCA NPUMEPLI JOCTAaTOUHO CIOXKHBIX rpaos,
ONTVMU3NPOBaHHbIX AaHHbLIM CNOCO60M. BMecTe ¢ TeM, AaHHbIV MOAXOA,
€CTeCTBEHHO, SB/ISIETCS YNCTO MHTEPPENCHBLIM.

A3bik GALAPAGOS [185] Takoke Npu3BaH pelunTb NpobnemMy ynopsiouvsaHus
NH0BbIX OPUEHTVPOBAHHbIX FPadoB 3a CHET reHeTUYEeCKUX anropuTMoB, KOTopble
CMOCOBHBI yUMUTLIBaTL MPeANoUTEHVS NOAb30BaTENS. SI3bIK NCMONb3YeT
KpuUTepun BrAa “Hauano rpada A0MKHO bbITh BbllLe OKOHYaHUS (415

fiepeBbeB)’, “pacCTosIHNE MEXAY Y3/1aMU JOIXKHO BbITb He MeHbLLe ", “4ncno
nepeceyeHmin JOKHO 6bITb MUHUMANBHBIM", “yroN MexAy CBA3AMU JO/KEH
6bITb 6osbLe M” 1 gpyre. OCHOBHbIM MPeNMYLLIECTBOM MOAXOAA SABNAETCS ero
YHUBEPCaNbHOCT: BYAy4M HaNPaBAeHHbLIM Ha YNopsAoYMBaHe NPOV3BONLHOIO
rpada, OH roAnTCH NPOYTY AN NOBLIX AnarpaMm.

Apyrve GopmanbHble MOAXOAbI

CylecTByeT 60/1bLLIOE KONNYECTBO APYriX MOMbITOK GopManvaLmum
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BU3ya/lbHbIX A3bIKOB, He MOMNazaloLLyX B BblLLenpuBeAeHHbIe Knacchl. Hxe oHn
6yAyT paccMOTpeHbl NoApobHee.

B paboTe [149] npuBoanTcs nprvmep $popmanbHOro NoAxoaa, OCHOBaHHOIO Ha
YNopAA0UMBaHIN NPOV3BO/bHbIX N306paxeHni, aHanorMyHom a3sbiky TEX
[168]. Mpwv 3TOM NoAxoAe NPOCTPaHCTBO pa3buBaeTCa Ha MOANPOCTPaHCTBa,
BHYTPU KOTOPbIX 3aa€TCS HEKOTOPbIN anropuT™M NPOCTPaHCTBEHHOIO
ynopago4nBaHus. 3a cyer pa3BI/ITOVI CNCTEMbI a/ITOPNTMOB 1 Bsammo,qeﬁcmmq
MeX/ay NoAnpoCTpaHCTBaMU, CUCTEMa MO3BOASET NMOAYYaTh AOCTaTOUHO
CNOXHbIe CXeMbl. [JaHHbI NoAxos, BOO6LLE roBOpS, He ABNSETC popManbHbIM
NOAXOA0M K OMNCAHMIO A3bIKa, TaK Kak OPUEHTVPOBAH NCKAKYNTE/IbHO Ha
oTobpaxkeHVe gnarpamm, a He Ha B3auMogeiicTBMe ¢ HUMW. MpenMyLLLecTBOM
ZlAHHOTO MOAX0/Aa ABNIAETCH HI3Kas BbIYNCANTENbHAA CIOXKHOCTL anroputma
yNopsAOUMBaHNSA N306paxeHIA: rapaHTPyeTCs, YTo N1t0601 rpad MoxeT BbITb
HapucosaH 3a O(n) Lwaros.

Pa6ota [154] nocesLLeHa co3aHnio opManbHOro f3bika OnmncaHus reHepatopa



AMarpamm. A3bIK, SBASHOLLMIACAS HAACTPOIIKO Hag Lisp, Mo3BonseT co3aaBaThb
HOBble Bm3yaanb|e A3bIKN I'IpOI'paMMVIpOBaHI/IH Ha OCHOBE A0CTAaTOYHO I'IpOCTbIX
TEKCTOBbIX OMUCAHWIA.

Pa6ota [186] npeacTaBnsieT co60 NOMbITKY CO3/aHNSA Cpe/bl OnncaHns
AMarpaMmepoB Ha OCHOBe KnaccuprKaLMm 31eMeHTOB, HEKOTOPbIX AONYLLEHN
0 NpaBuiax B3auMoAEeNCTBIA C S3bIKOM 1 f3blKa OMNUCaHNSA CLIeHapUEB, a Takxe
06paboTku nepeaayn coobLeHnin. Tak xe KaK 1 B npeablayLlem cnyyae
He OCHOBaHa Ha kakom-116o popmanvsme. B pesynbTtaTte 3TOro nogxosa 6bina
cosgaHa 6ubnnoteka knaccos Escalante [187], peanusytoLas 0606LLeHHble
3N1eMeHTbI Avarpamm 1 No3BosoLLas pa3pabaTbiBaTb NONb30BaTeNbCKME
Aviarpammepsil.

Asbikn VODL v EDL [260,261] ABAstoTca CpeACTBOM OMMCaHUA AnarpaMmMepoB

Ha TeKCTOBOM f3blke, OTHOCUTE/IbHO KOTOPOTO aBTOPbI YTBEPXKAAIOT, YTO OH

CNocobeH onucbiBaTb KOHTEKCTHO-CBOBOAHbIE A3bIKM. B kavecTBe 6a3bl Anst
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CeMaHTUKV NCnonb3yeTca anrebpanyeckunii Gopmaniam onmcaHns S3bIkos
ASF+SDF, koTopbIli NpeAcTaBnseT coboli Habop BbIpaXKeHWUN, 3aaHHbIX Ha
nepemMeHHbIX, ONUCaHHBIX B CEKLIMN ONMCaHNS CMHTaKCMCa A3bika. [ns
dopmanmsma cyLecTByeT NporpamMmmMHBbIi npoToTun VASE [262].

MHTepecHbIi dopmannsm npeanoxeH XonsTom [156].  OH 3akntoyaeTcs B ToM,
uTo 061BLEeKTbl PACCMaTPUBAKOTCA KaK CYMBOJIbI UCHNCIEHNS, & OTHOLLEHNS
MeX/ly HAMW — KaK OTHOLLIEHUS UCHNCNEHWS, B YACTHOCTW, COMPUKOCHOBEHNE
MOXHO paccMaTpuBaTh Kak BXOXAEHWE, CMEXHOCTb - Kak NpUMeHeHve, a
pasgeneHue - Kak cyneprnosunuuio. s AaHHOro NCYMCAeHMS Bbl NPeAnoXeH
pAf akCoM 1 0NepaTopoB, a Takxke PaccMOTPeHbl OCHOBHbIE OTHOLLIEHWS
Mexzy obbekTamu.

dopmManusm, NpesIoxeHHbIN B paboTe [76], NpeanonaraeT npeactaBieHne
AviarpaMm Kak BU3yanbHbIX MPeAI0XeHN, COCTaBNEHHbIX U3 U306paxeHii 1
NX aTpuUbyTOB. MPKN 3TOM NPOCTPAHCTBEHHOE PACMoIOXeHVe He
paccmaTpuvBaeTcsi. laHHbIl pOpManam MMeeT YacTHoe NpuMeHeHue B
MeANLMHCKUX 3aAadax. JanbHeliuyiv ero passutrem SBuaca Gpopmannsm
“CARW" (Visual Conditional Attributed ReWriting System) [77], B KOTOpOM OH
npviBeseH K By, 6onee noxoxemy Ha rpadpoBble rpammaTiiki.

ELLle 0AVH nHTepecHbIn opmanusm [173] npeanaraeT onuvckiBaTh AvarpaMmebl
Ha ocHoBe nu-ncymncnenns [209], matemMaTyeckoro popmanvsma 418 onucaHns
AVIHaMUYEeCKOro noBejeHs ceTeid. Tem cambIM AOCTUTaeTcst HeCKObKO
npenMyLLecTs, HanpuMep, BO3MOXHOCTbL aHain3a nsoMopdusma ans
pasNUYHLIX gnarpamm. Bmecre ¢ TeM, KOHeYHoe BU3yalbHOe OTobpaxeHe He

paccmaTpmBaeTcs.

194

MPUNOXEHWE M3

XML CXEMA JECKPUMTOPA BU3YA/TIbHOI O A3bIKA
<? xml version="1.0"?>

<xs:schema version="1.0"
xmins:xs="http://www.w3.0rg/2001/XMLSchema"
elementFormDefault="qualified m ">

<xs:element name="definition">

<xs:complexType>

<xs{m :sequence>

<xs:element €I name="language">

< xs:mcomplexType>

<xs:sequence>

<xs:element name="menus" minOccurs="0" maxOccurs="1"
type="MenultemType">

</xs:element>

, cpega



<xs:element name="object"e maxOccurs="unbounded">
<Xs: complexType>

<xs:all>

<xs:element name="variables" type="VariablesType">
</xs:element>

<xs:element name="visuals" type="VisualsType">
</xs:element>

<xs:element name="clauses">

<xs:complexType>

<xs:sequence>

<xs:element name="clause" €ZJ] minOccurs="0"
maxOccurs="unbounded" - type="xs:string">
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</{: xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

<xs:element name="1"1 constraints">
<xs:complexType>

<xs:sequence>

<xs:element name="constraint" minOccurs="0"
maxOccurs="unbounded" type="xs:string">
</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

<xs:element name="init">

<xs:complexType>

<xs:sequence>

<xs.element name=”c|ause"e minOccurs="0"
maxOccurs="unbounded" - type="xs:string">

</{- xs:element>

</xs:sequence>

<xs:{- attribute namem "insert-at-x" type="xs:string"/>
<xs:attribute name = "insert-at-y" type="xs:string"/>
</{- xs:complexType>

</xs:element>

</xs: (- all>

<xs:attribute name="name" type="xs:string"></xs:attribute>
<xs:attribute namea ="insertion- type" >

<@E] xs:simpleType >
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<xs:restriction base="xs:string">

<xs:enumeration value="1/-" Standalone"/>

< xs:enumeration value="{-" Relational"/>

</ xs:restriction>

</xs:simpleType>

</xs:{- attribute>

</ {H xs:complexType>

</xs:element>

<xs:element name="1- connection" {E minOccurs="0"
maxOccurs="unbounded">

<xs:{ - complexType>

<xs:sequence>

<xs:element name="roles">



<xs:complexType>

<xs:sequence>

<xs:element name="role" minOccurs="1"
maxOccurs="unbounded" >
<xs:complexType>

<xs:attribute name="token"
type="xs:string"></xs:attribute>
</xs:complexType>

</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

<xs:element name="variables" type="VariablesType">
</xs:element>

<xs:element name="visuals" type {E ="VisualsType">
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</xs:element>

<xs:element name="clauses">
<xs:complexType>

<xs:sequence>

<xs:element name="clause" minOccurs="0"
maxOccurs="unbounded" - type="xs:string">
</{- xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

<xs:element name="<-" constraints">
<xs:complexType>

<xs:sequence>

<xs:element name="constraint" minOccurs="0"
maxOccurs="unbounded" type="xs:string">
</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

<xs:element name="init">

<xs:complexType ({8 >

<xs:sequence>

<xs:element name="c|ause"m minOccurs="0"
maxOccurs="unbounded"{ - type="xs:string">
</{- xs:element>

</xs:sequence>

<xs:{- attribute namem ="insert-at-x" type="xs:string"/>
<xs:attribute name = "insert-at-y" type="xs:string"/>
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</{- xs:complexType>

</xs:element>

</xs:sequence>

<xs:{- attribute name="name" type="xs:string"></xs:attribute>
</xs:complexType>

</xs:element>

<xs:element name="commands">
<xs:complexType>

<xs:sequence>

<xs:element name="command" minOccurs="0"



maxOccurs="unbounded" type="CommandElement">
</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

<xs:element name="script">

<xs:complexType>

<Xxs:sequence>

<xs:element name="interface" minOccurs=
maxOccurs="unbounded" type="FunctionElement">
</xs:element>

<xs:element name="code" type="ScriptElement">
</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element> (EE]
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</xs:sequence>

<xs:attribute name="name" type="xs:string"/>
<xs:attribute name="fullname" type="xs:string"/>
</xs:complexType>

</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

<I-- User types—->

<m xs:complexType name="<-" VariablesType">
<xs:sequence>

<xs:element name="variable" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>

<xs:attribute name= "name" type="xs:string"/>
<xs:attribute namem = "type">

<@E] xs:simpleType>

<xs:restriction base="xs:string">

<xs:enumeration value="1\-" string"/>
<xs:enumeration value=" integer"/>
<@ xs:enumeration value=" {1 boolean"/>

</xs:restriction>

</xs:simpleType>

</xs:attribute>

</{m xs:complexType>

</xs:element>

</xs:sequence>
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<xs:{ - attribute name = "name" type=”a xs:string"/>
</{- xs:complexType>

<xs:complexType name="{- VisualsType">

<xs:sequence>

<xs:element name="visual" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>

<xs:sequence>

<xs:element name = "role" maxOccurs="1" minOccurs="0">
<xs:complexType>

<xs:sequence>

<xs:element name = "relationship" minOccurs="0"



maxOccurs="unbounded">

<xs:complexType>

<xs:sequence>

<xs:element name="match" minOccurs="0"
maxOccurs="unbounded">

<xs:complexType>

<xs:attribute name = "name" type="xs:string"/>
<xs:attribute name = "value" type="xs:string"/>
</xs:complexType>

</xs:element>

</xs:sequence>

<xs:attribute name = "token" {E type="xs:string"/>
</{- xs:complexType>

</{: xs:element>

</xs:sequence>
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</xs:complexType>

</xs:element>

<xs:element name=" popups" minOccurs="0" maxOccurs
type="PopupsType">

</xs:element>

</xs:sequence>

<xs:attribute name= "type" >

<a xs:simpleType >

<xs:restriction base="xs:string">

<xs:enumeration value="1-" ActivePoint"/>
< xs:enumeration value=" Line"/>

< xs:enumeration value="1 - ActiveArea"/>
< xs:enumeration value="<-" AcceptPoint"/>
< xs:enumeration value="1-" AcceptArea"/>
< xs:enumeration value="1 - Text"/>

</ {m xs.restriction>

</xs:simpleType>

</xs:{- attribute>

<xs:attribute name="name" type="xs:string"/>
</xs:complexType>

</xs:element>

</xs:sequence>

<xs:attribute name = "name" type="xs:string"/>
</xs:complexType>

<xs:complexType name="PopupsType">
<xs:sequence>

<xs:element name="popup" minOccurs="1" maxOccurs="unbounded">G
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<xs:complexType>

<xs:sequence>

<xs:element name="clause" minOccurs="0" maxOccurs="1"
type="xs:string">

</xs:element>

</xs:sequence>

<xs:attribute name = "text" type="xs:string"/>
<xs:attribute name = "condition" type="xs:string"/>
</xs:complexType>

</xs:element>

</xs:sequence>



</xs:complexType>

<xs:complexType name="MenultemType">
<xs:sequence>

<xs:element name="menuitem" minOccurs="1" maxOccurs="unbounded">
<xs:complexType>

<xs:sequence>

<xs:element name="clause" minOccurs="0" maxOccurs="1"
type="xs:string">

</xs:element>

</xs:sequence>

<xs:attribute name = "text" type="xs:string"/>
<xs:attribute name = "condition"etype="xs:string"/>
</{- xs:complexType>

</{- xs:element>

</xs:sequence>

</xs:complexType>
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<xs:complexType name="1- CommandElement">
<xs:simpleContent>

<xs:extension base="xs:string">

<xs:attribute name="name" type="xs:string"/>
<xs:attribute name="engine" type="xs:string"/>
</xs.extension>

</xs:simpleContent>

</xs:complexType>

<a xs:complexType name="FunctionElement">
<xs:simpleContent>

<xs:extension base="xs:string">

<xs:attribute name="name" type="xs:string"/>
</xs.extension>

</xs:simpleContent>

</xs:complexType>

<xs:complexType name="ScriptElement">
<xs:simpleContent>

<xs:extension base="xs:string">

<xs:attribute name="engine" type="xs:string"/>
</xs.extension>

</xs:simpleContent>

</xs:complexType {3 >

</xs:schema m >
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MPUNOXEHWE N4

XML CXEMA AECKPUMNTOPA AAHHbBIX ANATPAMMbI
<? xml version="1.0"?>

<xs:schema version="1.0"
xmins:xs="http://www.w3.0rg/2001/XMLSchema"
elementFormDefault="qualified m ">

<xs:element name="asg">

<m xs:complexType>

<xs:sequence>

<xs:element name="object" maxOccurs="unbounded">
<xs:a complexType>

<xs:all>

<xs:element name="attributes" type="AttributeListType">

</xs:element>



</xs:all>

<xs:attribute name="name" type="xs:string"></xs{a :attribute>
<xs:attribute name="type" type="xs:string"></xs:attribute>
</ {n xs:complexType>

</xs:element>

</xs:sequence>

<xs:{- attribute name="name" type="xs:string"/>
<xs:attribute name="fullname" type="xs:string"/>
</xs:complexType>

</xs:element> {n
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<xs:complexType name="AttributeListType">
<xs:sequence>

<xs:element name="attribute" minOccurs="0" maxOccurs="unbounded"
type="AttributeType"/>

</{f xs:sequence>

</xs:complexType>

<xs:complexType name =" - AttributeType">

<xs:all>

<xs:element name="listvalue" type="ListType"/>

</xs:all>

<xs:attribute name= "name" type {E ="xs:string"/>
<xs:attribute namee ="internalname" type="xs:string"/>
<@g} xs: attributee name= "value" type="xs:string"/>
<€l xs: attributeﬂ name= "type">

<G xs:simpleType>

<xs:restriction base="xs:string">

<xs:enumeration value="1 -1 string"/>

<xs:enumeration value=" integer"/>

<xs:enumeration value="boolean"/>

<xs:enumeration value="list"/>

</xs:restriction>

</xs:simpleType>

</xs:attribute>

</{E xs:complexType>
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<xs:complexType name=" ListType">

<xs:sequence>

<a xs:element name="value" (-~ minOccurs="0" maxOccurs="unbounded"
type="AttributeType"/>

</xs:sequence>

</xs:complexType>

</xs:schema>
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MPUNOXEHWE N5

OMWNCAHUE ER-ANATPAMMbI CPEACTBAMU

BbIYNC/IUTENBHOM MOZENN BU3YATIBHOMO A3bIKA

(PPAFMEHT)

<?xml version="1.0" encoding="UTF-8"?>

<l

Simple ER-Diagram definition

>

<definition xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance'
xsi:noNamespaceSchemaLocation{m ='http://stepanoff.info/diagen/LanguageDefiniti

on.xsd">



<language name = "ERD" fullname="Entity-Relationship Diagram" >
<menus>

<menuitem text="-" condition="$true"/>

<menuitem text="Toggle active points" condition="$true">
<clause>$drawactivepoint=!$drawactivepoint;</clause>
</menuitem>

</menus>

<object name = "Entity" insertion-type="Standalone">

<variables>

<variable name = "attributes" type="string"></variable>

<variable name = "displayedattributes" type="string"></variable>
<variable name = "tableschema" type="string"></variable>
<variable name = "displayedtableschema" type="string"></variable>

<variable name = "foreignkeys" type="string"></variable>
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<variable name = "rawforeignkeys" type="string"></variable>
<variable name = "ansisqltypes" type="string"></variable>
<variable name = "sqlfieldoptions" type="string"></variable>
<variable name = "entitycaption" type="string"></variable>
<variable name = "captionmargin" type="string"></variable>
</variables>

<visuals>

<visual type = "Text" name = "caption"></visual>

<visual type = "Text" name = "itemlist"></visual>

<visual type = "ActivePoint" name = "topleftAP"></visual>

<visual type = "ActivePoint" name = "toprightAP"></visual>

<visual type = "ActivePoint" name = "bottomleftAP"></visual>
<visual type = "ActivePoint" name = "bottomrightAP"></visual>
<visual type = "ActiveArea" name = "area">

<popups>

<popup text="Delete object" condition="$true">
<clause>$delete(this)</clause>

</popup>

<popup text="Object properties" condition="$true">
<clause>$initDialog("Object
properties");$stringValueToDialog("Caption",caption.text);$stringTableToDialog("A
ttributes" attributes,tableschema); $setBooleanColumn(0);$setListColumn(2,ansis
qltypes);$setListColumn(3,sqlfieldoptions);$showDialog();</clause>
</popup>

</popups>

</visual>

<visual type = "Line" name = "topborder"></visual>

<visual type = "Line" name = "bottomborder"></visual>
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<visual type = "Line" name = "leftborder"></visual>
<visual type = "Line" name = "rightborder"></visual>
<visual type = "Line" name = "captionborder"></visual>
<visual type = "AcceptArea" name = "accarea">

<role>

<relationship token = "source">

<match name="source" value="area"/>

<match name="sourceattributes" value="attributes"/>
<match name="destforeignkeys" value="rawforeignkeys"/>
<match name="this1" value="this"/>

</relationship>



<relationship token = "dest">

<match name="dest" value="area"/>

<match name="destattributes" value="attributes"/>
<match name="this2" value="this"/>
</relationship>

</role>

</visual>

</visuals>

<clauses>

<clause>entitycaption = caption.text</clause>
<clause>caption.text=entitycaption</clause>
<clause>topleftAP.x = bottomleftAP.x</clause>
<clause>bottomleftAP.x = topleftAP.x</clause>
<clause>topleftAP.x = area.x</clause>
<clause>area.x = topleftAP.x</clause>

<clause>toprightAP.x = bottomrightAP.x</clause>
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<clause>bottomrightAP.x = toprightAP.x</clause>
<clause>cond(!$initialEvent(area.x))area.width = toprightAP.x -
area.x</clause>

<clause>cond($initialEvent(area.x))toprightAP.x = area.x +
area.width</clause>

<clause>topleftAP.y = toprightAP.y</clause>
<clause>toprightAP.y = topleftAP.y</clause>

<clause>topleftAP.y = area.y</clause>

<clause>area.y = topleftAP.y</clause>
<clause>bottomleftAP.y=bottomrightAP.y</clause>
<clause>bottomrightAP.y=bottomleftAP.y</clause>
<clause>cond(!$initialEvent(area.y))area.height = bottomleftAP.y -
area.y</clause>
<clause>cond($initialEvent(area.y))bottomleftAP.y = area.y +
area.height</clause>

<clause>topleftAP.y = topborder.y1</clause>
<clause>topborder.y1 = topleftAP.y</clause>
<clause>topleftAP.x = topborder.x1</clause>
<clause>topborder.x1 = topleftAP.x</clause>
<clause>captionborder.y1 = topleftAP.y+captionmargin</clause>
<clause>captionborder.y2 = toprightAP.y+captionmargin</clause>
<clause>captionborder.x1 = topleftAP.x</clause>
<clause>captionborder.x2 = toprightAP.x</clause>
<clause>toprightAP.y = topborder.y2</clause>
<clause>topborder.y2 = toprightAP.y</clause>
<clause>toprightAP.x = topborder.x2</clause>
<clause>topborder.x2 = toprightAP.x</clause>

<clause>bottomleftAP.y = bottomborder.y1</clause>
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<clause>bottomborder.y1 = bottomleftAP.y</clause>
<clause>bottomleftAP.x = bottomborder.x1</clause>
<clause>bottomborder.x1 = bottomleftAP.x</clause>
<clause>bottomrightAP.y = bottomborder.y2</clause>
<clause>bottomborder.y2 = bottomrightAP.y</clause>
<clause>bottomrightAP.x = bottomborder.x2</clause>
<clause>bottomborder.x2 = bottomrightAP.x</clause>

<clause>topleftAP.y = leftborder.y1</clause>



<clause>leftborder.y1 = topleftAP.y</clause>
<clause>topleftAP.x = leftborder.x1</clause>
<clause>leftborder.x1 = topleftAP.x</clause>
<clause>bottomleftAP.y = leftborder.y2</clause>
<clause>leftborder.y2 =bottomleftAP.y</clause>
<clause>bottomleftAP.x = leftborder.x2</clause>
<clause>leftborder.x2 =bottomleftAP.x</clause>
<clause>toprightAP.y = rightborder.y1</clause>
<clause>rightborder.y1 = toprightAP.y</clause>
<clause>toprightAP.x = rightborder.x1</clause>
<clause>rightborder.x1 = toprightAP.x</clause>
<clause>bottomrightAP.y = rightborder.y2</clause>
<clause>rightborder.y2 = bottomrightAP.y</clause>
<clause>bottomrightAP.x = rightborder.x2</clause>
<clause>rightborder.x2 = bottomrightAP.x</clause>
<clause>caption.x=area.x+(area.width-
caption.measuredWidth)/2</clause>
<clause>caption.y=topleftAP.y+captionmargin-
caption.measuredHeight/2</clause>

<clause>itemlist.x=area.x</clause>
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<clause>itemlist.y=topleftAP.y+captionmargin</clause>
<clause>itemlist.width=area.width</clause>
<clause>itemlist.height=area.height-captionmargin</clause>
<clause>itemlist.text=displayedattributes</clause>
<clause>displayedattributes=atributesToWidget(attributes,
plainList(plainList(rawforeignkeys)))</clause>
<clause>accarea.x=area.x</clause>
<clause>accarea.y=area.y+captionmargin</clause>
<clause>accarea.height=area.height-captionmargin</clause>
<clause>accarea.width=area.width</clause>

</clauses>

<init insert-at-x="x" insert-at-y="y">

<clause>area.x=x</clause>

<clause>area.y=y</clause>

<clause>area.width=180</clause>

<clause>area.height=250</clause>

<clause>caption.text="Entity"</clause>

<clause>entitycaption = caption.text</clause>

<clause>attributes=[[]]</clause>

<clause>displayedtableschema=["name", "type", "pk/fk"]</clause>
<clause>tableschema=["key", "name", "type", "can be null"]</clause>
<clause>ansisqltypes=["CHAR","VARCHAR","INTEGER","TINYTEXT","TEXT","BLOB",
"MEDIUMTEXT","LONGBLOB","TINYINT","SMALLINT","MEDIUMINT","INT","BIGIN
T","FLOAT","DOUBLE","DECIMAL","DATE","DATETIME","TIMESTAMP","TIME","YEA
R"]</clause>

<clause>sqlfieldoptions=["NULL","NOT
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NULL","UNIQUE","CHECK"]</clause>
<clause>captionmargin=30</clause>
<clause>foreignkeys=[]</clause>
<clause>rawforeignkeys=[]</clause>
</init>

<constraints>

<constraint>topleftAP.x > toprightAP.x</constraint>



<constraint>bottomleftAP.x > bottomrightAP.x</constraint>
<constraint>topleftAP.y > bottomleftAP.y</constraint>
<constraint>toprightAP.y > bottomrightAP.y</constraint>
</constraints>

</object>

<connection name="Relationship">

<roles>

<role token="source"></role>

<role token="dest"></role>

</roles>

<variables>

<variable name = "keys" type="string"></variable>
<variable name = "foreignkeys" type="string"></variable>
<variable name = "keymatches" type="string"></variable>
<variable name = "keysschema" type="string"></variable>
<variable name = "tableschema" type="string"></variable>
<variable name = "attributes" type="string"></variable>
<variable name = "tableschema" type="string"></variable>

<variable name = "innerrole" type="string"></variable>
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<variable name = "outerrole" type="string"></variable>
</variables>

<visuals>

<visual type = "Line" name = "source1"></visual>

<visual type = "Line" name = "source2"></visual>

<visual type = "Line" name = "sourcetomiddlehoriz"></visual>
<visual type = "Line" name = "sourcetomiddlevert"></visual>
<visual type = "Line" name = "middletodesthoriz"></visual>
<visual type = "Line" name = "middletodestvert"></visual>
<visual type = "Line" name = "dest1"></visual>

<visual type = "Line" name = "dest2"></visual>

<visual type = "Line" name = "arrow1"></visual>

<visual type = "Line" name = "arrow2"></visual>

<visual type = "Text" name = "innerroletext"></visual>
<visual type = "Text" name = "outerroletext"></visual>
<visual type = "ActivePoint" name = "sourceAP">

<popups>

<popup text="Delete object" condition="$true">
<clause>destforeignkeys = mapRemove(destforeignkeys,
this);$delete(this)</clause>

</popup>

<popup text="Object properties" condition="$true">
<clause>$initDialog("Relation
properties");$stringValueToDialog("Inner

role" innerrole);$stringValueToDialog("Outer
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role",outerrole);$stringTableToDialog("Foreign keys" keys,keysschema,
$false);$setColumnEditable(0,$false);$setColumnEditable(1,$false); $setColumnEdi
table(2,$false);$setListColumn(3,keymatches);$showDialog();</clause>

</popup>

</popups>

</visual>

<visual type = "ActivePoint" name = "middleAP">

<popups>



<popup text="Delete object" condition="$true">
<clause>destforeignkeys = mapRemove(destforeignkeys,
this);$delete(this)</clause>

</popup>

<popup text="Object properties" condition="$true">
<clause>$initDialog("Relation

properties");$stringValueToDialog("Inner

role" innerrole);$stringValueToDialog("Outer
role",outerrole);$stringTableToDialog("Foreign keys" keys,keysschema,
$false);$setColumnEditable(0,$false);$setColumnEditable(1,$false);$setColumnEdi
table(2,$false);$setListColumn(3,keymatches);$showDialog();</clause>
</popup>

</popups>

</visual>

<visual type = "ActivePoint" name = "destAP">

<popups>

<popup text="Delete object" condition="$true">
<clause>destforeignkeys = mapRemove(destforeignkeys,
this);$delete(this)</clause>

</popup>
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<popup text="Object properties" condition="$true">
<clause>$initDialog("Relation
properties”);$stringValueToDialog("Inner
role",innerrole);$stringValueToDialog("Outer
role",outerrole);$stringTableToDialog("Foreign keys" keys,keysschema,
$false);$setColumnEditable(0,$false);$setColumnEditable(1,$false);$setColumnEdi
table(2,$false);$setListColumn(3,keymatches);$showDialog();</clause>
</popup>

</popups>

</visual>

</visuals>

<l—¢ppasmeHT BbipesaH-->

</connection>

<commands>

<command name="-"/>

<command name="Translate to SQL" engine="simplecompiler">
<I[CDATAL

foreach (X:getObjects(type=="Entity"))

{

write("create table ");

write(X.getAttribute("entitycaption"));

write("(");

writeln("");

var attribute = X.getAttribute("attributes");

foreach(Y:attribute){
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write(Y.getListElement(1));
write("");
write(Y.getListElement(2));
write("");
write(Y.getListElement(3));
if (selector.hasNext()){
writeln(",");

b



}

writeln(")");

writeln("go");

}

foreach (X:getObjects(type=="Entity"))
{

var attribute = X.getAttribute("attributes");
var hasPrimaryKey = false;
foreach(Y:attribute){

if (Y.getListElement(0))

hasPrimaryKey = true;

}

if (hasPrimaryKeyX{

write("alter table ");
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write(X.getAttribute("entitycaption"));
write("(");

writeln("");

var comma = false;
write("add primary key (");
foreach(Y:attribute){

if (Y.getListElement(0){

if (comma){

write (",");

} else comma = true;
write(Y.getListElement(1));
}

}

writeln(")");

writeln("go");

}

}

foreach (X:getObjects(type=="connection"))
{

write("alter table ");

var toname = X.getAttribute("to");
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var fromname = X.getAttribute("from");
var fkfield = X.getAttribute("fkfield");
writeln(toname);

write("add foreign key (");

foreach (Y:getObjects(name==toname))
{

var attribute = Y.getAttribute("content");
if (attribute)

foreach(Z:attribute){

var modifier = Z.getListElement(0);

if (modifier == "primary key"}
write(Z.getListElement(2));

b

}

}

writeln(")");

write ("references ");



write(fromname);
write ("(");
write(fkfield);
writeln (")");
writeln ("go");

}

1>

</command>
</commands>
<script>

<interface name="atributesToWidget"/>
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<interface name="atributesToKeys"/>

<interface name="appendColumn"/>

<interface name="getColumn"/>

<interface name="plainList"/>

<interface name="mapGet"/>

<interface name="mapPut"/>

<interface name="mapRemove"/>

<code>

<I[CDATA[

var atributesToWidget = function(object, foreignKeys)
{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();

if (lobject.isVector())

return modelValue;

if (object.isEmptyList())

return modelValue;

if (object.getValueAt(0).isEmptyList())

return modelValue;

var iterator = object.iterator();

while (iterator.hasNext())

{

var line = iterator.next();

var lineValue = new ModelValue(PropertyType.LIST);

lineValue.addValueTolList(line.getValueAt(1));
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lineValue.addValueToList(line.getValueAt(2));

if (line.getValueAt(0).getBooleanValue())

{

var pkValue = new ModelValue(PropertyType.STRING);
if (listContains(foreignKeys, line.getValueAt(1)))
pkValue.setStringValue("<pk> <fk>");

else pkValue.setStringValue("<pk>");
lineValue.addValueTolList(pkValue);

}else

{

var pkValue = new ModelValue(PropertyType.STRING);
if (listContains(foreignKeys, line.getValueAt(1)))
pkValue.setStringValue("<fk>");

else pkValue.setStringValue("");

lineValue.addValueTolList(pkValue);



b

modelValue.addValueTolList(lineValue);

}

return modelValue;

b

var atributesToKeys = function(object)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();

if (lobject.isVector())
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return modelValue;

if (object.isEmptyList())

return modelValue;

if (object.getValueAt(0).isEmptyList())

return modelValue;

var iterator = object.iterator();

while (iterator.hasNext())

{

var line = iterator.next();

if (line.getValueAt(0).getBooleanValue()) {

var lineValue = new ModelValue(PropertyType.LIST);
lineValue.addValueToList(line.getValueAt(1));
lineValue.addValueTolList(line.getValueAt(2));
lineValue.addValueTolList(line.getValueAt(3));
modelValue.addValueToList(lineValue);

}

}

return modelValue;

b

var appendColumn = function(list)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

modelValue.setEmptyListValue();
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var iterator = list.iterator();

while (iterator.hasNext())

{

var newLine = new ModelValue(PropertyType.LIST);
newLine.setEmptyListValue();

var line = iterator.next();

var linelterator = line.iterator();

while (linelterator.hasNext())
newLine.addValueTolList(linelterator.next());

var matchValue = new ModelValue(PropertyType.STRING);
matchValue.setStringValue("<select column>");
newline.addValueToList(matchValue);
modelValue.addValueToList(newLine);

}

return modelValue;



b

var getColumn = function(list, column)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();

var iterator = list.iterator();

while (iterator.hasNext())
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{

var line = iterator.next();

var linelterator = line.iterator();

var curColumn = 0;

while (linelterator.hasNext()){

if(curColumn++ == column.getNumberValue().intValue())
modelValue.addValueTolList(linelterator.next());

else linelterator.next();

}

print(modelValue);

}

return modelValue;

Y

var mapGet = function(list,key)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
var result = null;

var iterator = list.iterator();

while (iterator.hasNext())

{

var pair = iterator.next();

if (pair.getValueAt(0).equals(key))
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return pair.getValueAt(1);

}

return null;

b

var mapPut = function(list,key, value)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();

var iterator = list.iterator();

while (iterator.hasNext())

{

var pair = iterator.next();

if (pair.getValueAt(0).equals(key))}{

continue;

}

else modelValue.addValueTolList(pair);

}

var newPair = new ModelValue(PropertyType.LIST);



newPair.setEmptyListValue();
newPair.addValueToList(key);
newPair.addValueToList(value);

modelValue.addValueToList(newPair);
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return modelValue;

b

var mapRemove = function(list,key)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();

var iterator = list.iterator();

while (iterator.hasNext())

{

var pair = iterator.next();

if (pair.getValueAt(0).equals(key){

continue;

}

else modelValue.addValueToList(pair);

b

return modelValue;

b

var listContains = function(list, value)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

var result = null;
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var iterator = list.iterator();

while (iterator.hasNext())

{

var element = iterator.next();

if (element.equals(value))

return true;

}

return false;

b

var appendlList = function(list1, list2)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();

var result = null;

var iterator1 = list1.iterator();

while (iterator1.hasNext())

{

var element = iterator1.next();
modelValue.addValueToList(element);

}

var iterator2 = list2.iterator();



while (iterator2.hasNext())
{
var element = iterator2.next();

modelValue.addValueToList(element);
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}

return modelValue;

b

var plainList = function(list)

{

var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();

var result = null;

var iterator = list.iterator();

while (iterator.hasNext())

{

var value = iterator.next();

if (value.isVector())

modelValue = appendList(modelValue, value);

else modelValue.addValueTolist(value);

}

return modelValue;

h

1>

</code>

</script>

</language>

</definition>
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MPUNOXEHWE N6

BHELLUHWIA BWZ 1 PE3Y/IBTATbI TPAHCALMM ER-
AVATPAMMBI

Puc. 13 Mpumep gvarpammel B CpeAcTBe MogennposaHus Power Designer
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Puc. 14 Anarpamma c Puc. 13, peanvsoBaHHas CpescTBamMuy BbIYNCAUTENBLHON
MOZENN BU3yanbHOro sidblka

Puc. 15 [lnanorosble okHa Ans gnarpammbl ¢ Puc. 13, peannsoBaHHble

CcpeAcTBaMU BbIUNCINTENBLHON MOAENN BU3YaNbHOIO i3biKa
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create table FAKULTET (
F_ID NUMERIC(18),

F_NUM INTEGER,

F_NAME VARCHAR(100))
g0

create table STUDENT(

ID NUMERIC(18),

Gru_ID NUMERIC(18),
FIRSTNAME VARCHAR(100),
LASTNAME VARCHAR(100),
PARENTNAME VARCHAR(100),
N_ZACH VARCHAR(10))

g0



create table GRP(

GRP_ID NUMERIC(18),

GRP_NAME VARCHAR(100),

GRP_F_ID NUMERIC(18))

g0

alter table FAKULTET(

add primary key (F_ID)

g0

alter table STUDENT(

add primary key (ID)

go

alter table GRP(

add primary key (GRP_ID)

go

alter table STUDENT(

add foreign key (Gru_ID) references GRP(GRP_ID)
go

alter table GRP(

add foreign key (GRP_F_ID) references FAKULTET(F_ID)

g0



