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JEKJIAPATUBHOE OIIPEJIEJIEHUE YCJIOBUMI
HEITPOTUBOPEYUBOCTU B ERM-METACXEME

[Iponomxeno onucanue peanusaund ERM-peno3utopus U npeacTaBieH aabTepHATUBHBIA CIOCOO cO3/1aHHS MeXa-
HHU3Ma, 00€eCIeYHBAIOLIEr0 HEMPOTUBOPEUNBOCTh cxeM. OH 3aKiodaeTcsl B pacumpeHun MetacxeMel ERM-moznenu
3a cyeT BKIIIOYCHUS B HEE YCJIOBHI HEIPOTUBOPEUUBOCTH 3JIEMEHTOB cxeM. IIpu TakoM IeKnapaTUBHOM HOAXOJE
(B IPOTHBOIIOJIOXKHOCTD NPEHMYIIECTBEHHO NPOIEAYPHOMY MOAXOMAY, PEAIM30BAHHOMY B TEKyIIEeM HPOTOTHIIE pe-
TIO3UTOPHST) TIOSIBJICHHE HOBBIX YCIOBHH HE OyIET CONMPOBOXKAATHCS MIPOTPaMMHPOBAHUEM COOTBETCTBYIOIIHNX ITPOBE-
POK 3JIEMEHTOB PEHO3UTOPHS, TaK KaK BepH(HKAINIO Oy/eT BEINOIHATE yHHBEPCAIbHAS IIPOTPaMMa HHTEPIPETAIIN
METaCXEMBL.

Kirouessle ciopa: ERM-Mo/ieib; HEIPOTUBOPEUUBOCTD PEIIO3UTOPUS; CXEMa JJaHHBIX; METACXeMa MOJCIH JaHHbIX;
pa3paboTKa, ynpasisemMast MOJEIISIMU.

CoBpeMeHHBIE CUCTEMHBIC METOAMKHU IIPOCKTHPOBaHUS cxeM 0a3 naHubx (bJl) mpeamonararoT B kade-
CTBE s3bIKa MEepBOHAYAILHON (opManmu3anuu onucaHus npeaMerHoit oomactu (IIpO) Ty wim uHy0 cemaH-
TUYECKYI0 MOJENh MaHHBIX. Hapsay ¢ ymoOHBIM W BBIPA3WUTENBHBIM S36IKOM Mozaenu mnporpammubsie CASE-
nHCTpYMeHTHI TpoekTupoBika (Computer Aided System Engineering — CASE) mpemocTaBisioT Takxke
BO3MOXKHOCTh aBTOMaTH4ecKor reHepamuu SQL-ckpunra s co3ganus bJ[ B Toit mnmm wHOW cucreMe
ynpasnenus 6a3amu naHabix (CYB/I).

s uaopmanmonHoro obecniedeHus »Tux 3agad Takoe CASE-cpescTBO UCMONB3YeT PENO3UTOPUN —
XPaHWIHIIE BCEX aHATUTHUYSCKUX U TMPOCKTHHIX apTe(akToB pa3paboTku. BakHoii 3aaucii, crosuiei mepen
pa3paboTUYMKaMU PEIO3UTOPUS, SBISICTCS OOECIIEYCHHUE HENMPOTHBOPEYMBOCTH BCEX XPAHSIIUXCS B HEM
CXEM.

XapakTepHOU 4epToil OOJIBIIMHCTBA HH()POPMAITMOHHBIX CHCTEM SIBISCTCS MPEUMYIIECTBEHHO TPOIIe-
IYpPHBIH, adTOPUTMUYECKHN CIIOCO0 YAOBICTBOPECHHMS (DYHKIIMOHAIBHEIX TpeOoBaHWi. boree M3SAIIHBIM H,
TJIABHOE, TUOKUM SIBIISICTCS PEIICHHWE, OCHOBAaHHOC HA IMPHUHIIMIAX Pa3pabOTKH, YIPaBISEMON MOJEISIMU
(Model Driven Development — MDD) [1-5]. IIpu TakoM mOAXojie CTPOUTCS JACKJIApaTUBHAS MOJIENb, OIIH-
ChIBapOIIasl TpeOyeMyro (yHKIIMOHAIILHOCTh, 2 YHUBEPCAIbHAs MporpaMMa Ha € OCHOBE OCYILECTBIIICT HE-
obxonumele AeicTBUs. M3MeHeHue TpeOoBaHMI BICUET 3a COOO JIMITH KOPPEKITHUIO MOCIH, B TICPEITACHIBA-
HUUW YHUBEPCAIHHBIX MPOTPAMM, PEATH3YIOIIINX MOJENb, HET HEOOXOAMMOCTH.

[TepBas peanm3aius UCCIENOBATEILCKOTO MPOTOTHIA pero3uTopusi ERM-monenu [6, 7] BBITIONHSIACH
B OCHOBHOM TPAJIWIIMOHHBIM CIOCOOOM. VICKITIOWeHHE COCTaBISUIM, MOXKaTyWd, MPOBEPKH, KOTOPBIE OCY-
mecTBistoTes pernsnuonaoil CYBJ/[ Ha OCHOBaHWM OTpaHWYCHHUU IIETOCTHOCTH PEMO3UTOPHS, JACKIapHUPO-
BaHHBIX B €T0 CXEME.
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Bripasurensuas mormHocTh ERM-Momenu [8] mo3BossieT MpeAcTaBuTh B METaCXeMe PEIIO3UTOPHSI BCE
YCJIOBHS HEMPOTUBOPEUUBOCTH 3eMeHTOB ERM-cxem. D10 mobymmio uccnenaopareneit ERM-moaenn mo-
MBITATHCS PEATM30BaTh MEXAaHMU3M MPOBEPOK CXEM Ha HEMTPOTUBOPEYUBOCTH B COOTBETCTBHH ¢ MDD.

Takoit moaxon obecriednT THOKOCTh Pa3padOTKH W MHHHMH3ALXIO IIPOTPaMMHOTO KOJa M €r0 M3Me-
HEHUS, YTO SIBISCTCS HEMAJIOBOXKHBIM (akTOpoM 3(PPEKTHBHOCTH B YCIOBUSX TOCTOSTHHOTO COBEPIIICHCTBO-
BaHMsI MpaBWI CTPYKTYpPHU3aLUU U 3aJaHus orpaHnyeHuil nenoctHoctd ERM-monenu. IlepBriM miarom Ha
3TOM IyTH siBAsieTcsl pacmmpenrue ERM-MmeracxeMbl COOTBETCTBYIOIIMMHU OMUCAHUSAMU YCIOBUI HEMPOTHU-
BOPEUYUBOCTU. BTOpHIM 11aroM OyeT peanu3saiis YHUBEpCaIbHON IpOrpaMMbl Bepr(UKaIINH.

1. ITonsaTHE MeTaCXeMbI MOJAEIN JAHHBIX

P. Benke [9-10] Tak onmpenensieT OCHOBHBIC MOHATHSA, CBA3aHHBIC C MOJIETISIMU PEIO3UTOPUSL:

«Metamojenb — HabOp MPUMUTUBOB, KaXKIBIN ISl OMMMCAHUS OTACIHLHOTO THIIA TIPEIMETOB, KOTOPHIC
MOTYT OBITh MPEJICTABJICHEI B JIIOOOM PEIO3UTOPUH, CO3IaHHOM B TEPMHUHAX 3TOW Meramoxaenu. Hanpumep,
€CIIM TIPEIIOIOXKHUTh HCIONB30BaHUE B KadecTBe meramonenu ER-momenn, Takumu mpuMHTHBaMU OyAyT
“CymHocTth”, “CBs3p” 1 “ATpubyt”. JIpyruMu ciioBaMu, BEIOOp METaMOJIEIH JUKTYET BHIOOP KaTeropui,
B TEPMHHAX KOTOPBIX Oy/IET OMUCHIBATHCS BCSA aHATUTHYECKAs M MMPOEKTHAS HHPOPMAIHS O CHCTEME.

Kaxxnas meramonens kak HabOp MPUMHUTHUBOB I KAaTETOPHH CCBHIJIAETCA HA HHUX, KAaK HA METATHUIIBL
Tak, cpenn meratuioB ER-MeTamomenu ecth Tako, kak “CymHoOCTs”. MeTacxeMa yTBepKIaeT, KaKue dK-
3eMIUISIPBI METATUIIOB U WX B3aUMOCBSI3M JAOMYCTUMBI B KOHKPETHOM PEMO3UTOPHH C TOUKH 3PEHHS METaMO-
nenu. Takum 00pa3oM, METaMOJeNb ONPEAeseT SI3bIK METaCXEeMBI. DK3EMIUIIP MeTacXeMbI (T1e, HalpuMmep,
OTIpe/ieTIeH TaKOH SK3EMIUIIP MeTaTHIIa, Kak “YeoBeK’’) COOTBETCTBYET CXeMe OOBIYHBIX JaHHBIX» [9. C. 3—4].

Pemoszuropuit Oracle Designer (OD), kak u m000# qpyrol permo3uTOpHii, UMEET CBOIO METAaCXEMY.
Bce cTpykTypbl JaHHBIX, HAXOAALIUXCS B PENO3ZUTOPHUN, MOYKHO Pa3JeNIuTh HA TPU OCHOBHBIX METATHIIA, CO-
cTaBysromux Metamonens OD [6]:

— 3JICMEHTHBIC THUIIBI,

— aCCOIIMATHUBHEIC TUIIBI,

— TEKCTOBEIC THIIBL.

WznavanerHo B penozutopun OD mpeacTaBieHbl METaCXEMbI TAKHX MOJIENEH, KaK PEISIMOHHAS MO-
JeNb aHHbIX, ER-Mozens naHHbIX B HOTalmu bapkepa, (yHKIIMOHANIBHBIE MOJCIHM TOTOKOB JAaHHBIX H
vepapxuii GyHKIMA U HEKOTOphIe Apyrue. B xone peanmzanuu npotoruna ERM-peno3utopust Ha 6ase pe-
no3utopust OD wMeracxema mocieqHero Oblia paclIUpeHa METaTUNaMH CTPYKTYpHbIX ToHATuH ERM-
Mojienu [6].

2. ERM-meTacxeMa Ha si3bIke pacmiupenHoii ER-moxesnn

Kak ormeuanocs B [8], ERM-Monens oTnn4aeTcst CIeayIOmMUMA 0COOCHHOCTSMHU: OOTaThle BBIPA3H-
TeJIbHBIE CIIOCOOHOCTH, CHHOHUMHUS 3JIEMEHTOB CXEMbI, BO3MOKHOCTh HAJIMYHS B CX€Me€ OJHOBPEMEHHO He-
CKOJIBKHX TPEACTABICHUN OJHHUX M TEX e SBJICHUH MpeaMeTHON obmactr. borarcTtBo si3pika ERM-monenn
obecrieunBaoT ee 0a30BBIC TOHITHS — KJIACCH M OTOOPaKeHUS (THIIBI); OOBEKTHI U K3EMILTAPHI 0TOOpake-
Hui (3Hakw). OgHAKO IS yA0O0CTBa MPOCKTUPOBAHUS B MOJIEIh JO0OABICHBI B KAUECTBE IIPOU3BOIHEBIX Tpa-
TUITMOHHBIC CTPYKTYPHBIC ITOHATHS — CYIIHOCTb, CBsI3b, aTpuOyT [Ibid.]. Ha puc. 1 npeacrabieHa kapkacHas
nuarpamMmma ERM-MeracxeMbl Ha a3bike paciiupenHoi ER-mMonemnu.

JlaHHBIN BHJT METaCXEMBI MPUHSTO HA3bIBATh KapKACHBIM, IOTOMY YTO HA HEM IPEJCTABJICHBI CTPYK-
TypHbIe MOHATHS ERM-Monenu u ux B3anMocBsi3u. Takxke yke 0003HAYCHBI 3JIEMEHTHI METACXEMEI, C T10-
MOIIIBI0 KOTOPBIX OYAYT OMPENENSIThCS YCIOBHSI HEMTPOTUBOPEYMBOCTH CXEM JaHHBIX — OTHOIICHUS MEXTY
KJIACCaMU, OTHOIIICHUSI MEKIY OTOOPaKCHUSIMU, OTICPAIlUH HaJl KIIACCAaMHU B OTOOPAKCHUSIMU.
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Puc. 1. KapkacnHas nuarpamma Metacxemsl ERM-monenu
Fig. 1. Skeleton diagram of the ERM model metaschema

EcTp Ha KapKkacHO# AuarpaMMe METacXeMbl H YCIOBHUS HEMPOTHBOPEUYUBOCTH, 3aJaHHBIE B BUJE Orpa-
HUYCHUH HAa MaKCHMaJIbHbIE ¥ MHUHUMAJbHBIC KapJAWHAIBHBIC YUCIa OTOOpakeHWH (IMOMETKH Ha Jyrax).
K coxanenuto, s3pik ER-mozmenu moxkeT mepenaTh TONBKO 3TH OrpaHuueHus. JlJisi ompeaesieHHs BCeX
OCTaJbHBIX YCIOBHM HEMPOTHBOPEUMBOCTH HEOOXOJMMO MEPEXOAUTh Ha Oojiee MOIIHBIA S3bIK OTOOpaxe-
HUM, T.€. UCTIONB30BaTh B KauecTBe MeTamojienn camy ERM-mopens.

3. YTouHeHHe HCIOJIB3YEMOI'O MOHSITHIiHOT0 Da3uca

B texnonorum b/ cioxminack cineayromas TepMuHoiorndeckast ocHoBa. Cocrosiaue [IpO onuckiBaioT
naHHble. B TaOIMYHOM MPEACTaBIICHUH — 3TO Teia Taduuil. CTPOKH COOTBETCTBYIOT OOBEKTAM HIIH CBS3SIM,
KOTOpBIC ONPEACIISAIOTCS 3HAUCHUSMH XapaKTepucTuK. J{ist oOpa3oBaHus U3 AaHHBIX OCMBICICHHON HH(OP-
MaIlUU HCTIOJIB3YIOTCSA UX WHTEPIPETAllud — UMEHA TaOJUIl U CTOJIOIOB. DTU UHTEPIPETAI[UHN ONPEICIISIOT
CTPYKTYPY M CEMaHTHKY (CMBICI) JaHHBIX. BMecTe ¢ OrpaHUYCHUSMHU IEIOCTHOCTH, PEAU3YIONIMMH On3-
Hec-nipaBwia [IpO, OHU COCTaBISIOT CXEMYy JIaHHBIX, KOTOpasl NEPBOHAYAIBHO (70 BBOJA CAMUX JAHHBIX)
nepenaetrcst CYB/I.

Takum oOpa3om, KOHeUHas 1e)ib TexHooruu bJ] — akTyanbHBIE CTPYKTYpPHPOBAHHEIC JaHHBIC, OIH-
CBIBAKOIINE OOBEKTHI U CBsI3M Mexay HUMU. Cxema B/ Ha ypoBHE THUITOB ONMCHIBACT MPEICTABIISIIONINE HH-
Tepec MOHATHUS O MPEeAMETaX U UX KOpTekKax, a TAKKe MPEICTaBISAIONINE HHTEPEC MPU3HAKU ATUX IMpeaMe-
TOB. 714 JocTiKeHUs yKa3aHHoU uenu kaxaas CYB/] npenocTaBiseT moias30BaTeIsIM KOHKPETHYIO MOJICIb,
KOTOpasi COCTOHT U3 MPABWII MOCTPOCHUS CXeM (CTPYKTYp U OTPaHMUYCHHM IIETOCTHOCTH), a TAKIKE OTepaIliii
HaJ JAHHBIMH.

B penosuropusix CASE-cuctem mnpenMeTHyr0 00JacTh COCTaBISIIOT CAMH CXEMBI JIaHHBIX. Takue
CUCTEMBI, KaK MPaBIIO, CO3AAOTCS 10 TeXHOJIOruu bJl v nmpeacTaBisioT co0ol He YTO MHOE, KaK CIIeIUaIn-
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3upoBaHHble cucTeMbl BJl. DmemeHTsl cxeM AaHHBIX «oObIuHBIX» [IpO (THmBI) mpeBpamaiorca B ux b/
(penozutopun) B manHble (3HakW). Hampumep, mHOkecTBO cymHocTteir YUEJIOBEK onmchiBaeTcst cTpokoit
B Tabmune MHOXECTBA CYIHOCTEN. Atpubyr muoxectsa cymuocteit YEJIOBEK ¢ umenem Jlata
Poxxnenus npespamaercs B crpoky Tadbmauusl ATPUBYThI.

B 3aBucHMOCTH OT MCHONB3yeMOH MeTaMojenu (B IpuMepe (UTrypHUpOBall CTPYKTYpHBIC MOHATHUS
ER-monenn Yena) cxemy peno3uTopusi (XpaHIIHILA CXeM) OyOyT COCTaBISATH COOTBETCTBYIOLINE TOHITUSAM
MMEHHO 3TOH MOJENN CTPYKTYPBI.

Uro xe co0oil MmpencTaBIfOT OTPaHUYCHHUS IEIOCTHOCTU 3TOH cxembl? Hampumep, Takoe, Kak
0053aTeIbHOCTh HAIMYHSI CCBUIKM Ha OJTHO M TOJBKO OJHO MHOXKECTBO CYLTHOCTEH AJIsl KayKAOW POJIH JIIO-
06oro mMHOXecTBa cBsizeil. C TOUKHM 3peHUs JaHHBIX PENO3UTOPHUA — 3TO JCHCTBUTENBHO OTpPaHUUYCHHE
LenaocTHOCTH. M ecnu peno3uTopuil peain3oBaH Kak penasunoHHas b/, To 3To orpaHuueHne ET0CTHOCTH
nexnapaTuBHO omnpenensercs kak oos3atenbHocTh (NOT NULL) 3nauenns BHemHero kimouda (FOREIGN
KEY).

JUist TaKUX HOHSTUN IPEANIOYTUTENIBHEH HCII0Ib30BaTh TEPMUH «yCJIOBUE HEIIPOTUBOPEIUBOCTIY, I10-
TOMY Kak ¢ TOuku 3peHus cxemsl [IpO 3To He 4TO MHOE, KaK HEOOXOAMMOE YCIIOBHE CUHTaKCHUYECKOH KOp-
pekTHOCTU. U 3BYYHUT OHO, KaK IpaMMaTH4YECKOE IPAaBMWJIO MOJENIU JAHHBIX — «KaXIyH POJIb MHOXKECTBa
CBsI3€il MOKET U JHOJDKHO UIPaTh OJHO M TOJIBKO OJHO MHOKECTBO CYIL{HOCTEM».

4. ITonnonnenne meracxemol ERM-Moaeun
JOMOJIHUTEIbHBIMHU YCJIOBUSIMUA HEMPOTHBOPEYNBOCTH

Uro kacaeTcs MeTacXeMbl MOJIETIH, B HEH B Meae JOJDKHBI ObITh YKa3aHbl BCE OTPaHUYEHHS Ha JOITy-
CTUMBIC CXEMBbI, KOTOPBIE METaMOEIIb MOXKET OTpa3uTh. ToT (akT, aro ERM-Momens mo3uITHOHNPYETCS KaKk
onHa U3 Hambosiee OOraThIX MO OMHUCATENILHBIM BO3MOXKHOCTSIM, MTO3BOJIAET MPEAIOoararth, YTO UCIOIb30Ba-
HUE €€ B Ka4eCTBE METaMOJIENH TI03BOJHUT OTPA3UTh BCE JOMOJHHUTEIHHBIE YCIOBHS HETPOTHBOPEUYUBOCTH
CXEM.

[Tonnyto mertacxemy ERM-monienu HEBO3MOXKHO MPEACTABUTH B BUAC OJHOU IUArpaMMbl, 3TO KOJIOC-
CaJIBHO YCJIOXKHIIIO ObI TIPOIIeCC €€ BOCHPUATHS. B3auMOCBSI3U OCHOBHBIX CTPYKTYPHBIX IMOHSTHIA MPEICTAB-
JICHBI Ha KapKacHOU auarpamme (cMm. puc. 1). Jlns Kakaoro yclioBUSI HENPOTHBOPEUYUBOCTH HCIIOJIB3YETCS
oTnenpHas nuarpamma. Ha Hell moka3aHbl CTPYKTYpHBIC TIOHSTHSI KapKaCHOM NHArpaMMbl, COCTaBJISIOLIUE
KOHTEKCT YCJIOBUS, U T€ OCOOBIC B3aMMOCBSI3U, KOTOPEIE, COOCTBEHHO, M OTPAXKAIOT €ro CYTh.

Jns winTrocTpali IeKJIapaTUBHBIX MPUHIIUIIOB 33JaHUs YCIOBHM HEMPOTUBOPEUMBOCTH MPUBEIEM
HECKOJIBKO «TIPOCTEHIINX» TAKUX JUATPAMM.

4.1. IIposepka nanuuusn y MHOICECMEA ceA3ell He MeHee 08YX po.iell,
KOmopble uzpaiom uckio4umenbHo CywHocmu

Ha kapkacHoli quarpamMme MeTacxXeMbl 3a(UKCUpOBaHa 00SM3aTEIbHOCTh HATMYUS Y MHOXKECTBA CBS-
3¢l He MeHee NBYX poJiell (MHHMMAalbHOE KapIWHAJIbHOE YHCIIO, paBHOE IBYM, Ha peOpe MEXIy MHOXKE-
CTBOM CyIIHOCTEH «POJIbY U MHOKECTBOM CBsI3el «rme»). OaHako TO, K KAaKHM UMEHHO THIIaM KJIACCOB OHU
JIOJDKHBI OTHOCHUTBCS, HE YTOUHSIETCA. Mexay TeM MoJi MHOXKeCTBOM cBsa3ei B ERM-Mozenu noHumaercs
Takas ke CTPyKTypa, kKak U B ER-momenu. M BCTymath B CBSI3M MOTYT TOJBKO CymHOCTH. CiemoBaTeabHoO,
WUTPaTh POITA MHOXECTB CBS3EH MOTYT TOJIBKO 3JIEMEHTHI MHOXKECTB CyIIHOCTEH. [laHHOE yCciioBHe 3amaeTcst
CXEMOM, TTOKa3aHHO! Ha puC. 2.

PensumnonHoe 0TOOpaXEHUE «POJIb MHOXKECTBA CBS3CH MO3BOJIACT IMEPEUTH K POJISIM, CBSI3aHHBIM C
MHOXECTBOM CBSI3EH. PensaimoHHoe 0TOOpaKeHHE «KJIAcC PO TO3BOJIAET MOJYYHTh KJIACC POJIA B CBSI3H
«OOP». CooTBETCTBEHHO, PE3yIbTATOM KOMIIO3UITUH ITHX JBYX OTOOpaKeHHH OyAeT 0TOOpakeHUE, IMO3BO-
JIAOINEe TIEPEUTH OT MHOXKECTBA CBS3CH HEMOCPEICTBEHHO K KJIaccaM, DJIEMEHTHI KOTOPBIX HWTPAIOT POJIH
3TOr0 MHOJKECTBA CBSI3EH.
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Puc. 2. [luarpamMma ycioBusi HEIPOTUBOPEYUBOCTH
Fig. 2. Diagram of the consistency condition

C npyroil cTopoHBI, IMeeTCs] 0TOOpaKeHHE «KaK KIIACC, TIO3BOJISIONIEE MOMTyYUTh MHOKECTBA CYIII-
HOCTe# Kak kiaccel. CiemoBarensHo, ero O30 momkHO BKIodaTh B ceOs O30 KOMITO3WIMM ABYX paHEe
OMMHMCAaHHBIX 0TOOpakeHWH. IMEHHO 3TO yCIIOBHE H OMpeesieT OTCYTCTBHE APYTHX THUIIOB KJIACCOB BO MHO-
JKECTBE CBS3EH.

4.2. Ilposepka cosnadenus munoe Kiaccoe onepanoos
U pezynbmama Onepayuii Ha0 MHONCECHIEOM

JT0 yCIOBHE COBCEM HE OTPAKEHO HA KApKACHOW IuarpaMme MEeTacXeMbl, TaM HE PETJIaMEHTHPYIOTCS
THUIIBI KJIACCOB OTIEPAHJIOB U pe3yibTara. BakHO MMOKa3aTh COBIAJCHHUE 3TUX THUIIOB B PaMKaX KaXKI0i KOH-
KpETHOM oreparui. JlaHHOE YCIOBHE 3a4aeTCs CXEMOM, ITOKa3aHHOM Ha puC. 3.

onepaHg onepauvn
(1, M)

Onepauus Hag
MHOXeCTBOM pe3ynbTar onepauup

Puc. 3. luarpamMma yciaoBusi HEIPOTUBOPEUUBOCTH
Fig. 3. Diagram of the consistency condition
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OTtoOparkeHHe «THI KJaccay — YacTHYHOE (PYHKIHMOHAJIBHOE (TaK KakK KJIacC MOXET OBITh Heclenua-
nu3upoBan). OTciofa ciemyeT, 4To KOMITO3HLUS OTOOPa)KeHHMs, SBISIFOIIETOCS pe3yIbTaTOM OOBbeINHEHUS
0TOOpaXEHUH «OMepaH]] ONepalun» U «Pe3yabTaT ONepanruny, 1 OTOOPaKEHHS «THIT KJIacca» TaKKe JOJIK-
Ha OBITh YaCTUYHOM (DYHKIMOHATBHOM.

4.3. IIposepka coenadenus munog Kiaccos CynepKiaccoé u nOOK1acca Kamezopuayuil

JlanHas TIpoBepKa C TOYKW 3PCHHUS peaju3allii CX0Xa ¢ NpeAblAyliei nmpoBepkod. Kommosuius
OTOOpaXEHUs, SBISIONIETOCS PE3yJIbTaTOM OOBEAMHEHUS OTOOPaXKCHHH «CYMEpKIacC KaTeropu3alumy M
«IOJIKJIACC KaTErOpPU3aIUi», U 0TOOPAKECHUS «THIT KJIACCay» TAKKE JIOJDKHA OBITh YaCTUYHOHN ()YHKITMOHAIb-
HO1 (puc. 4).

CYnepKnacc Kateropusaumu
(2, M)

NESTORMISE) NOAKNAcc KaTeropuaaumm ——

1,1

®

oy
2

Puc. 4. luarpamMma ycinoBusi HEIPOTUBOPEUUBOCTH
Fig. 4. Diagram of the consistency condition

4.4. Ilpoeepka nanuuus cea3u c poavio NPOEKUYUU MOJIbKO Y Onepayuii RPoeKyuu

VY onepanuy NpoeKIUH B KaUeCTBE TONOIHUTENBHBIX TapaMeTPOB BBICTYNAIOT POJIH, KOTOPBIE B CXEME
COCAMHSIOTCS C KpyroM, 0003HaYaroIUM OIepaIfio, HapsAay ¢ 0TOOpakeHHeM-apryMEeHTOM U 0TOOpaKeHU-
eM-pe3ynpTaToM. Ha nyrax ykaseiBatrorcs mometku In mnmm Out. IlomeTka In o3HauaeT, 4To maHHas pojb SAB-
JsieTcs poiibio mpoobpasos, Out — o6pa3os. [IpuMep mpoekiyy Ha posb NpUBEAEH Ha puc. 5.

> OTto6paxeHue (0, M)

Ponb In Mpoekuma (0, M)

Puc. 5. Onepauus npoexuuu Ha poib
Fig. 5. Operation of projection on the role

Kapkacasiii BapuanT Meracxembl ERM-mMozienu He 3a7jaeT OrpaHUYeHUs] Ha TUIT Ollepaliiu, KOTOPBII
MOJKET UCIIONIB30BaThCS B paMKax MHOXKECTBa CBsi3el «Posb mpoeKIum», 0JHAKO OYE€BHIHO, YTO B STUX CBSI-
351X MOTYT Y4acTBOBAaTh TOJIBKO OIEpaIMU-TPOeKINH. JJaHHOe OTpaHMYEeHHE OMHCHIBACTCA CXEMOM, MOKa-
3aHHOHU Ha puc. 6.
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> CYNEpPKNAcec KaTeropMIaLmnm

(2, M)
Kateropuaalma NOAKNACE KATEropHIaLmMm Knacc ™n knacca
(1, 1) (0,1)
\>)
CTpoku
2
(3, M) 2
(0.1)

Puc. 6. [lnarpamma ycnoBus HEIPOTUBOPEYUBOCTH
Fig. 6. Diagram of the consistency condition

Unes 3axmoyaercss B TOM, YTOOBI IOKa3aTh, YTO BCE ONEpAIliH, yYaCTBYIOIIUE B CBs3U «PoJb Mpoek-
uny», uMeroT Tan «lIpoeknus», 1 Hao6opoT. [l Toro yToOBI ATO OKa3aTh, HEOOXOAMMO TIOCTPOUTH OTOO-
paxxeHHe U3 poJieil B omepanuu HajJ OTOOpaKEHHEM B KOHTEKCTE MHOXECTBa CBsizeil «Poib mpoekimm,
C IPyro#t cTOpOHEI, 0ToOpakeHne cTpoku «IIpoeknus» B omeparuu 3toro trma. O30 000UX MPON3BOTHBIX
0TOOpaXEHUH JTOJDKHBI COBIA/IATh, UYTO H OIIPEIeIsieT TpeOdyeMoe yCIoBHE.

3akiouenue

[IpuBeneHHBIE B CTaThE MPUMEPHI IPEICTABIEHUS YCIOBUN HEMPOTUBOPEUYNBOCTH B MeTacxeMe ERM-
MOJIETH JEMOHCTPUPYIOT BO3MOXHOCTh €€ MUCIOJIb30BAHHA B KAUECTBE METAMOAEIHU. JTO, B CBOIO OYEPED,
co3JlaeT HeOOXOAUMBIe yCiIoBUs i npuMeneHust MDD-noaxona K peanu3anuy MeXaHu3Ma BepHU(pHUKanuu
cxeM B ERM-peno3uropun.

[Ipu TakoM moaxojie B PENO3UTOPUHU CTPOUTCS JekiapaTuBHas metacxema ERM-Mmonenu, onucsiBa-
IOI[as YCJIOBUS HETPOTUBOPEUYMBOCTH CXEM, & YHUBEpcalbHasl IporpaMMa Ha €€ OCHOBE OCYILECTBIISIET He-
00X0JMMBIE TIPOBEPKH cXeM. M3MeHeHns, BHOCHMBIE B NPaBWIa CTPYKTYPH3ALMH U 3aJaHUSI OTpaHHYCHUH
nesioctHoctd ERM-Mozeny, BiiekyT 3a coOOH JIMIIb KOPPEKIMI0O METACXEMBbI, B IEPENUChIBAHUN YHUBEP-
CaJIbHBIX IIPOrPaMM, PeaTU3YIOIIUX IPOBEPKU, HET HEOOXOIUMOCTH.
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A characteristic feature of most information systems is mainly a procedural, algorithmic way of satisfying the functional
requirements of the customer. Solution based on the principles of Model Driven Development (MDD) is more elegant, and, most
importantly, flexible. In this case, a declarative model is constructed that describes the required functionality, and a universal
program carries out the necessary actions based on this model. Changing the requirements entails only a correction of the model;
there is no need to rewrite universal programs that implement the model.

The first implementation of the research prototype of the ERM model repository was carried out mainly in the traditional way.
The exception was, perhaps, the checks that are performed by the relational DBMS based on the integrity constraints of the
repository declared in its schema.

The expressive power of the ERM model allows representing all the conditions for the consistency of elements of ERM schemas
in the repository metaschema. This prompted researchers of the ERM model to try to implement a mechanism for checking
consistency schemas in accordance with MDD.

The first step in this direction is to expand the ERM metaschema with appropriate descriptions of the consistency conditions. The
second step will be the implementation of a universal verification program.

As for the model’s metaschema, ideally, it should contain all the constraints on the permissible schemas that the metamodel
can reflect. The fact that the ERM model is positioned as one of the richest in descriptive capabilities suggests that using of it as
a metamodel will allow reflecting all the additional conditions for the consistency of schemas.

It is impossible to present the complete metaschema of the ERM model in the form of a single diagram; this would greatly
complicate the process of its perception. The interconnections of the basic structural concepts are presented in a skeleton diagram.
A separate diagram is used for each consistency condition. It shows the structural concepts of the skeleton diagram that make up the
context of the condition, and those special relationships that, in fact, reflect its essence.

To illustrate the declarative principles of defining the consistency conditions, several “simple” such diagrams are given.

The examples of the presentation of the consistency conditions in the ERM model metaschema presented in the article demon-
strate the possibility of its use as a metamodel. This creates the necessary conditions for applying the MDD approach to the imple-
mentation of the schema verification mechanism in the ERM repository. It remains to create a program for the interpretation of the
metaschema elements reflecting these conditions.

Keywords: ERM model; repository consistency; data schema; data model metaschema; model driven development.
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