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O npoekTe

HHurtepHeT-YHUBepcUTeT UHGOpMaLIMOHHBIX TeXHOJOTUI — 3TO MEepBoe
B Poccum BhicIiee yueGHOE 3aBEICHHE, KOTOPOE NMPEAOCTABIACT BO3MOXHOCTb
MOJIYYMTD AOTOJTHHUTEIbHOE 00pa3oBaHHe BO BceMHUpHOI ceTH. Web-cailT yHH-
BEPCUTETA HAXOAMUTCS M0 aApecy www.intuit.ru.

Mpul pajabl, UTO Bbl PELLIWIXA PACLIAPUATL CBOM 3HAHHUA B 00J1aCTU KOMITbIO-
TEPHBIX TeXHOIOTHI. COBPEMEHHBII MUDP — 3TO MHP KOMITBIOTEPOB U MH(OP-
Maluu. KoMnbloTepHasi MHOYCTPHSI — CaMbIi ObICTPOPACTYLIMHA CEKTOP 9KOHO-
MHKM, U ¢€ POCT OyIeT NPOA0JIKaThLCA ellie A0Aroe BpeMs. Bo BpeMeHa xecTkoi
KOHKYPEHLIMM OT YPOBHS pa3BUTHSI HHGOPMALIMOHHBIX TEXHOJIOTHI, NOCTHXE-
HHA HayYHOM MBIC/IH M NEPCIIEKTUBHBIX HHXEHEPHBIX DELUEHHUH 3aBUCHUT yCIIEX
He TOJbKO OTAEJbHBIX JIOAEH U KOMIIAHWM, HO U LIEJIbIX CTPaH. Bbl BbIOpaiu ca-
Moe TMoAXOs1Iee BpeMs Ui U3YYeHHs] KOMIbIOTepHbIX AucUUIUIMH. T1podec-
CUOHANBI B 00/1aCTU WHGOPMALMOHHBIX TEXHOJOTUHR ceiluac BoCTpeOOBaHEI
Be3lie: B HayKe, 9KOHOMHKe, 00pa3oBaHMH, MEAULIMHE U IPYTUX 00JacTsX, B ro-
CYIapCTBEHHBIX M YACTHBIX KOMIAHMX, B POCCHU M 3a pyOexXoM. AHaIM3 1aH-
HbIX, TPOTHO3bl, OPraHU3aLMs CBSI3H, CO3IaHHE MPOTPAMMHOI0O 00eCIeYeH s,
MOCTPOEHHUE MOJIEJIEH NMPOLIECCOB — BOT AAIEKO HE IMOJHBIA CIIMCOK obyacTei
NMPUMEHEHHs1 3HAaHUH 1 KOMOBIOTEPHBIX CHICLMATUCTOB.

O06yyeHHE B YHUBEPCUTETE BEAETCA MO COOCTBEHHBIM YUeOHBIM ILJIaHAM,
pa3paboTaHHBIM BeAYIIUMH POCCUHCKMMMU CIELIMATUCTAMHM HAa OCHOBE MEXAY-
HapoaHbIX obpa3oBaTeabHbIX cTaHAapToB Computer Curricula 2001 Computer
Science. I3yyaTth yueOHbIe KypCBHl MOXHO CaMOCTOSITEJIBHO IO YYCOHHKAM HIH
Ha caiite UHTepHeT-YHHUBepCUTETA, 3aaHUs BBITIOJHAIOTCS TOJNBKO Ha caiiTe.
st oOydyeHUs HeoOXOAUMO 3aperucTpUpoOBaThCA Ha caiiTe yHHUBEPCHUTETA.
YnocroBepeHHe 06 OKOHYAHHH y4eOHOro Kypca Wi ClieIMalbHOCTH BbLIAET-
Csl TIPY YCIIOBMM BBITIOJIHEHMUSl BCEX 3aJaHUM K JIEKUMAM MU YCTIEINHOW CAauu
WTOTOBOTO K3aMeEHa.

Kuura, koTopylo Bbl AepXHTE B pyKax, — Oue€pedHass B MHOTOTOMHOH
cepuu «OcHOBBI HHPOPMalIMOHHBIX TEXHOJIOTHI», BeIITycKaeMoit MHTepHeT-
YHuuBepcutetoM HMHbopMaunoHHbix TexHonorui. B 3toii cepuu Oyayr
BBINYIIEHBI Y4eOHMKH MO BCEM 0a30BbIM 00JacTSIM 3HaHWHA, CBSI3aHHBIM C
KOMIBIOTCPHBIMH JIUCLUILIMHAMM,

Jlo6po noxanosarnb
B Unrepner-Yunsepcurer UndopmanHonnnix Texnonoruii!

Amnaromii lIkpen
anatoli@shkred.ru



Mpeaucnoeue

IDTOT KypC SIBJISETCA ONHUM U3 Pe3yJbTaTOB 0oJiee 4eM AeCATHICTHEro
YTEHUS Kypca 0 TEMaTHKE 0a3 NaHHBIX Ha (aKyJbTeTe BHIYMCIUTEIBHON Ma-
TeMaTUuKu U KubepHeTuku MI'Y um. M.B. JlomoHocoBa. bynyuu npodeccuo-
HaJIbHBIM [IPOTPaMMMCTOM, JIECSITh JIET HA3ax 51 CTapajICsi N0 BO3MOXHOCTH CO-
KpallaTh U3JI0XKEHUE TEOPETUUECKHUX acleKTOB 0a3 JaHHBIX, yAess 0oJbluee
BHUMaHUE aJrOPUTMUYECKHM BOIMPOCAM OPraHU3alMuK CUCTEM YIPaBJICHUS
Oazamu maHHbIX. C ronaMu MHe cTajla MOHATHA Ae(EeKTHOCTh TAKOIO M01X0a,
NpUCYINasi, KCTaTH, OOJbUIMHCTBY «YHUBEPCAIbHbIX» YY4€OHBIX KHMI, MOCBSI-
LLIeHHBIX 0a3aM maHHBIX. CTpeMJIEHME TOKPBHITh MATEPUATIOM OJHOro Kypca
WJIY OTHOM KHUTH MOJEJbHO-TEOPETUUECKUE aCMeKThl OpraHU3alLuU 6a3 JaH-
HBIX, AITOPUTMBI U CTPYKTYPbI JaHHBIX, UcTioNb3yeMble B CYDB/I, a Takke Me-
TOAbI pa3pabOTKU NPUIOXKEHU N [TPUBOJUT K TOMY, 9TO HU OJTHY U3 3TUX TEM HE
YIAeTCsl U3TOXUTh MOCAEI0BATEBHO U LEJOCTHO.

JaHHBI Kypc MOCBSIIEH MOACIbHOMY KOMIIOHCHTY 6a3 JaHHBIX. S cuu-
Tal0, YTO U3YYCHUE TEXHOJOruY 6a3 TaHHBIX B LEJIOM JIydllle BCEro HAYMHATh
UMEHHO C 3TOi TeMbl, (hOPMHUPYST HEKOTOPYIO TUIaThOpMY TSt OCBOCHUS GoJiee
TEXHUUECKHUX BOIPOCOB. MBI orpaHUYMBaeMcsi IByMsl HauboJiee paciipocTpa-
HEHHBIMM, TECHO CBSI3AHHBLIMU MOAEJISIMU: PEJISILIMUOHHON MO/IEIbIO IaHHBIX U
MOJIC/IbIO JaHHBIX si3bika SQL. M3noxeHue BeneTcst Ha COBpEMEHHOM ypOBHE
— peJISILIMOHHASA MOJIC/Ib JTAHHBIX OMMUCHIBACTCS [10]1 BIUSIHUEM €€ UHTeprpeTa-
uuu Kpucrodepom Jeiitom u Xpio JapBeHOM B UX NMOC/IEAHUX KHUTAX, a MO~
Jaenb JaHHbIX SQL ocHOBBIBaeTCs Ha cnieuuduKauusax ctaHaaptos SQL:1999 u
SQL:2003.

Oco0HsIKOM B Kypce cTtosiT iekunu 9-10 u 19, B nexumsix 9-10 Mbl 0TKI10-
HsieMCS1 B 00J1aCTh CEMaHTUUECKOTO MOJAEIUpPOBaHUs 6a3 naHHbIX. KoHeuHo, B
JIBYX JIEKLIMSIX MOXKHO IMPUBECTU TOJIBKO O€rJIblii HA6pocoK 3Toi obyactu. Ho s
CYeJl YMECTHBIM XOTs Obl IOBEPXHOCTHO TMTO3HAKOMHUTD YUTATENEH C 0COOEHHO-
CTAMHU HCIONB30BAaHUSI AUATPAMM «CYIHHOCTB-CBSI3b» W JHAarpaMM Kji1accoB
s3plka UML nis1 mpoektupoBanust SQL-opueHTUpOBaHHbIX 6a3 AaHHbIX. B
Jiekuu 19 roBoputcst 06 06bEKTHO-PEJSILIMOHHBIX pacliMpeHUsIX si3pika SQL.
DTa JIeKL s HECKOJIBKO MeperpyXeHa MaTepuaioM, U MOXET 0Ka3aTbCsl TPYy/-
Hee 1S oJHOro ycBoenusi. Ho 3To HamnpapieHue pa3Butust SQL kaxeTrcst MHe
HACTOJIbKO MHTEPECHBIM, UTO 51 HE CMOT OTKAa3aThCsl OT BKJIFOUEHUS B 3TOT KypC
COOTBETCTBYIOIIEIO MaTepyaia.
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Nlexums 1 IBOAIOUMS YCTPONCTB BHELUHEN NAMSATU U NPOrPaMMHLIX CUCTEM yNPaBAeHnsa AaHHLIMKA

JNlexums 1. 3sonoUMNA YCTPOMNCTB BHELLHEN NaMATH
M NPOTrPaMMHbIX CUCTEM yNpPaBNEeHNUa 4aHHbIMM

B 370t BBOIHOIH JIEKIHH Mbl, TIPEXK]Ie BCEro, 06CYIMM NMpPeANOChUIKH NOSIBJIE -
HHS B KOMIBIOTEPAX YCTPOHCTB BHEIIHEH NAMATH, a TAKKe 000CHYeM NPHHIMMH-
AJIBHYI0 BAXKHOCTb Il OPTAHH3AUMH HH(OPMAIHOHHBIX CHCTEM JIMCKOBBIX YCT-
POHCTB C NOABHKHBIMH MATHUTHBIMH roJioBKamu. /lajiee GynyT paccMOTpeHBb 0CO-
OCHHOCTH OpPraHH3alMH M OCHOBHOEe (DYHKIHOHAJLHOE HA3ZHAYEHHE ONHOr0 U3
KJIIOYEBBIX KOMIOHEHTOB COBPEMEHHBIX ONEPANMOHHBIX CHCTEM — CHCTEM YTIpPaB-
Jienun ¢aiinamu. Hakonel, B TpeTheM pa3zelie JEKIHH Mbl TOKAXKEM, O4YEMY BO3-
MoXHOCTElH (ailJIoBbIX CHCTEM HEROCTATOYHO JJIA CO3AHHA HHGOPMAMOHHBIX
IporpaMMHbIX CHCTeM. Byaer nporeMonCTpHpOBaHO, YTO eCTeCTBeHHble TpeGosa-
HHA HHQOPMALIHOHHBIX CHCTEM K CPEICTBAM YNPABJICHHS JAHHBIMHM BO BHEINHEH
NAMSATH NPHBOAAT K HEOOXOAHMOCTH HAJIMYHA CHCTEM YNpaBJICHHA 0a3aMH MaH-
HeIX (CYB]I). B xo1e 3T0r0 aHaju3a OyayT onpeaenaeHbl OCHOBHbIE 1€PTbI, KOTO-
pbimMi tosexHbl o0aazate CYB/I.

KiioueBble ¢/10Ba: BHEUIHSIA TIAMATh, YCTPOUCTBO BHEUIHEH NMaMSTH, UH-
¢dopMalMOHHAs CUCTEMa, MATHUTHBIN AMCK C TTOABMXXHBIMHU TOJIOBKaMH,
CHCTeMa yrpaBlieHUs (daillaMi, cHCcTeMa YIIpaBJIeHUs 0a3aMM JaHHBIX,
CYB/l, uenoCTHOCTh JaHHBIX, CCBUIOYHAS LIeJIOCTHOCTh, 001Iiee OrpaHu-
YeHHUE LIeJIOCTHOCTH, A3BIK 3alpocoB K 0a3e JaHHBIX, MOJyCOeAMHEHHE,
TpaH3aKUHUOHHOE YIpaBJICHHUE, XKypPHAJIM3allksl, CHHXPOHHU3aLIMsA Tapai-
JIEJILHOTO AOCTYIIA K JAHHBIM M apXUTEKTYpPE «KITHEHT-CEepBep».

YcTpoucTBa BHeLWHENn NaMATH

B caMoM HIMpPOKOM cMbIC/ie HH(MOPMALMOHHASL CHCTEMA TIPEICTABIsIET
co0oii mporpaMMHBIH KOMILIEKC, (YHKUUIUM KOTOPOrO COCTOSIT B NMOAZEPXKKE
HalIeXXHOT0 XpPaHeHHsI HH(MOPMALMH B ITaMSITH KOMITLIOTEPA, BBIITOJIHEHHH CIIe~
LUM(pHUECKUX AJIS1 JaHHOTO MPIIOXEHHsI Mpeodpa3oBaHUH HHGPOPMALMH U/IWTH
BBLIYMCJICHHH, TIPEAOCTABIEHHH TOJIL30BaTE/NsAM YAOOHOIO M JIErKO OCBaHBae-
Moro uHTepdeiica. OObIYHO 0O0BEMbI AAHHBIX, C KOTOPBHIMHU IIPUXOAUTCH UMETh
JIeJIO TAKMM CUCTEMaM, JOCTATOYHO BEJIMKM, a CaMH JaHHBIe 00/1alaloT J0CTa~
TOYHO CJIOKHOI cTpykTypoii. KnaccuyeckuMu npuMepaMy HHOOPMALMOHHBIX
CUCTEM SIBJISIOTCS OAHKOBCKHME CHUCTEMBI, CUCTEMBI pe3epBHPOBAHMS aBHUAIIU-
OHHBIX WIH XeJIE3HOAOPOXHBIX OWIETOB, MECT B TOCTUHULIAX U T. 1.

O HageXHOM H JOITOBpEMEHHOM XpaHeHHU HH(bOPMALIMH MOXHO T'OBOPHTD
TOJBKO TPH HAJIWYMH 3aTIOMHMHAIOIIMX YCTPOMCTB, COXpaHsIOIMX HH(POPMALKIO
TOC/Ie BBIKIIOYEHUS 3neKTponrTaHus. OnepatuBHasli (OCHOBHAst) TIaMATb 3THM
CBOMCTBOM 00OBbIYHO He 001aaaeT. B nepBbie fecsTwieTyst pa3BUTHS BIYUCITUTE b~
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Kypc QOcHosbl 6a3 AaHHbLIX

HOI TEXHUKHU MCIIOJIb30BAIUCH J1BA BMAA YCTPOUCTB BHELIHEU MaMsITU: MarHUT-
HbIE JIEHTbl U MarHUTHBIC OapadaHbl. T1pU 3TOM €MKOCTb MATHUTHBIX JIEHT Oblia
JIOCTATOYHO BEIMKA, HO MO CBOEH NMPUPOAE OHU OOECIICUMBATH MTOCAEAOBATENb-
HbIM 10CTYN K AaHHbIM. EMKOCTb MAarHUTHOM JIEHTBI MPONOPLMOHANIBHA €€ U -
He. YToObI NOMYyYMTh AOCTYI K TpeOyeMOil MOPLMH AAHHBIX, HYXHO B CPEAHEM
NEPEMOTATh MOJIOBUHY €€ IUIMHBI. HO YMCTO MEXaHMUECKYIO OTIEpALIMIO TEPEMOT-
KW HENb3s BBINOJHHTL 04eHb ObICTPO. T103TOMy ObICTPBIA [TPOU3BOJILHBIN 10-
CTYI K JaHHbIM Ha MarHUTHOMW JIEHTE, OUEBUIHO, HEBO3MOXEH.

MarHuTtHblli GapabaH npeacTaBisti cOO0OW MAaCCUBHBLIA METATIUMYECKUIA
LWJIMHAP C HAMAarHUYEHHOM BHEUTHEI MOBEPXHOCTHIO U HEMOABUXHBIM MaKe-
TOM MarHUTHBIX FOJIOBOK. TakKe yCTpoHCTBa 00eCcneuuBan BO3IMOXHOCTb 10~
CTATOYHO OBICTPOTO MPOU3BOJIBHOIO IOCTYIA K JAHHBIM, HO MO3BOJISUIM COXpa-
HATbh CPABHUTEJIBHO HEOONBLIONH 0OBEM XpaHCHUs NaHHbIX. BBICTPbIA Npou3-
BOJIbHBIA NOCTYIT OCYHRICCTBJsICS ©Jaronapsi BbICOKOM CKOPOCTH BpamICHHS
f0apabaHa M HaIMYHUIO OTAEIbHOI TOJOBKHM HA KAXIYI0 NOPOXKY MAarHUTHOMH
NMOBEPXHOCTH, OTPAaHUUYEHHOCTh 00beMa OblIa OOYCIIOBJIEHA HANMUUKUEM BCETO
OJlHOM MAarHUTHOU MOBEPXHOCTH.

YKazaHHblE OrPaHUUYCHHUSI HE OUEHb CYLUECTBEHHBI 1181 CUCTEM UMCJIEHHBIX
pacuetoB. ObcynuM 6osee noapodHO, KAKUE PEUTbHBIE TOTPEOHOCTH BOZHUKAIOT Y
pa3pabOTYHKOB CUCTEM YHCIICHHBIX pacueToB. [Ipexne Bcero, aJisi NOMyuYeHUs Tpe-
OYEMbIX PE3YJILTATOB CEPbE3HBIC BHIUUCIUTEIbHBIE MPOrPaMMbl JOTXKHBI NpOpabo-
TaTb AOCTATOYHO JAOJroe BpeMsi (HENEAH, MECSILIbI M 1AKE, MOXKET ObIThb, roAbt). Ha-
JINYUE TapaHTHI HANEXKHOCTH CO CTOPOHBI MPOU3BOJUTENCH annapaTHbIX KOMIMbIO-
TEPHBIX CPE/ICTB He U30ARISAET MPOTPAMMUCTOB OT HEOOXOAMMOCTH MCTIONB30BAHUS
MPOrPAaMMHOTO COXPAHEHUS YACTUUHBIX PE3Y/ILTATOB BHIUUCICHMIA, UTOOBI TTPH BO3~
HUKHOBEHWH HEIPENBUACHHBIX COOEB anmnaparypbl MOXHO ObL1O MPONOIXHUTD Bbl-
MOJIHEHHUE PACUETOR C HEKOTOPOI KOHTPOJILHON TOUKM. J17151 COXpaHEHMSI POMEXKY-
TOYHBIX PE3YJIbTATOB MACATbHO MOAXONST MAarHUTHBIE JICHTBI; MPU BbIMOJIHEHUU
MpOUEAYPbl YCTAHOBKU KOHTPOJILHOI TOUKHU TAHHBIE 10CIEA0BATENBLHO cOpachiBa-
I0TCSl HA JIEHTY, a MPY HEOOXOIMMOCTH TNepe3arycka OT COXPAHCHHOW KOHTPOJILHOM
TOYKH JJAHHbIE TAKXKE MOCNEN0BATENBHO C IEHThI CUUTHIBAIOTCS.

Bropast TparumoHHas MOTpeOHOCTb YUCTICHHBIX TPOrPAMMMCTOR — MAKCH-~
MaJibHO 00/bIIOI 00heM OnepaTUBHOI namsT. bosbiiasi onepaTuBHas NaMsTh
TpeOyeTcs, BO-MEPBLIX, VISl TOro, YTOObl 00eCNeUUTh NporpaMMe ObICTPbIA A0-
CTyN K 00JbLIOMY KOJMUYECTBY 00OpabaThiBAEMbIX JAHHBIX. BO-BTOPBIX, CJIOXHbIE
BBIYMCIIUTENbHBIC [IPOTPAMMBI CAMH MOTYT UMETh Gosblioid 00beM. Tlockosbky
00BeM peaibHO JOCTYIIHOI B DBM onepatBHON MaMATH BCEraa siBIsUICA HENO-
CTaTOYHBIM 181 YAOBJCTBOPECHUS TEKYLIUX NNOTPEOHOCTEN BbIYMCIEHUH, TPEOOBA-
JIaCh OBICTpAst BHEILIHSISI MAMSITh JUIsl OPraHW3allMM OBEpJeeB U/WIHM BUPTYaibHOH
namMaTh. Mbl He Oy/ieM 37eCh BAABaThCS B ACTAIA OPraHU3aLWHU 3TUX MEXAaHU3MOB
MPOTPAMMHOIO PaclIMPEHUs] ONEPATUBHOM MaMITH, HO 3aMETUM, 4TO /ISl ITOTO
MOEATbHO MONXOAWIM MarHUTHBIE DapabaHbl. OHU 0becrieunBaloT ObICTPLIN 10-

16



Jlexuma 1 9BOMOLMA YCTPOMCTE BHELUHEW MAaMATU 1 NMPOrPaMMHbIX CUCTEM YNPaBseHUs SaHHLIMM

CTYHN K BHELLHEN NaMsITH, a JUTA PacIIMPEHUsT OTIEPATUBHOM MaMSITH OAHOMH Mpo-
rpaMMbl (CIOXKHBI€ BBIUMCIUTEbHBIE NMPOrPaMMbl, KaK NPaBUJIO, BbIMOJHSIIOTCA
Ha KOMIILIOTEPE B OAMHOUKY) OOJbIION 0ObeM BHELLHEH NMAMSITU HE TPeOyeTCs.

Hanee 3aMeTUM, 4YTO, JaXe €CJU nmporpaMmma JojkHa oOpaboTaTh (MM
MpOoXU3BeCTH) 00JIbIION 00beM HHGOPMAaLUWH, ITPH NTPOrPAMMUPOBAHUH MOXHO
MpoAyMaTh pacnojioXXeHUE 3TOM MH(OopMalMU BO BHEIIHEW MaMsITH, YTOObI
nporpaMMa padortaja Kak MOXHoO ObicTpee. Pa3Burtas nomgepxka paboTwl ¢
BHCHIHEH MaMATbIO CO CTOPOHBI OOIICCHCTEMHBIX TPOrpaMMHBIX CPCACTB
He o6s13aTe/ibHA, 4 UHOTAA U BPEAHA, NOCKOJbKY NMPUBOAMT K AOMOJHHUTENb-
HbIM HaKJagHbIM pacxoJaM annapaTHbIX pECYpCOB.

OnHako as8 UHQGOPMALIMOHHBIX CUCTEM, B KOTOPbIX 00beM MOCTOSIHHO
XpaHUMBIX JaHHBIX OMpEAeNseTcs CreundUKoil OU3HEC-NPWIOXECHHUS, a T0-
TpeOHOCTh B TEKYIIMX JAHHbIX OMNPEACASETCS MOJb30BATEAEM TMPUIIOXEHUS,
OIHUX TOJIbKO MarHUTHbIX 6apabaHoOB M JIEHT HeaocTaTouyHO. EMKocTh Mar-
HUTHOro 6apabaHa NMpoOCTO HE MO3BOJSET NOJTOBPEMEHHO XPAHMTb JaHHbIE
6osbHIOro 00beMa. UTo XKe KacaeTCs JICHT, TO NPeACTaBLTe cebe COCTOSAHUE Ye-
JIOBEKA, KOTOPBIH, CTOsE Y OMJIETHOM Kacchl, AOJIKEH J0XAATbCS MOJTHOM nepe-
MOTKH MarHUTHOM JieHTbl. ECTeCTBEeHHBIM TpeGOBaHUSAM K TaKUM CHCTEMaM
ABJIAETCA 00ECTeYeHUE BLICOKOM CPEIHEH CKOPOCTH BLIMOJHEHUS ONepaluii
MPY HATHYUHK OOJbILIUX 0O BEMOB JaHHbIX.

HNMeHHO TpeOOBaHUS K YCTPOMCTBAM BHEILHEH NaMsATH CO CTOPOHBI OU3-
HEC-NPUJIOXEHUH BbI3BAIM MOsBIEHHE YCTPOUCTB BHEILIHEH NMaMsITH CO CbEeM-
HbIMH NAKETAMH MarHUTHBIX AUCKOB W MOABUXHBIMH rOJIOBKAMM YTCHMHS1/3aTH -
CH, YTO SBHJIOCh PEBOJIOLIMEI B UICTOPUM BbIYMCIIUTEIILHOM TEXHUKH. DTH YCT-
POICTBa MaMSITH 0ONanaiy CyIIECTBEHHO O0JbIICH EMKOCTbIO, YEM MAarHUTHbIE
HapabaHbl (3a CYUET HATMUMUS HECKOJbKHUX MAarHUTHBIX MOBEPXHOCTEI), obecre-
YMBAIHM YIOBJACTBOPUTEIbHYIO CKOPOCTb JOCTYNA K AJaHHBIM B PEXHUME MPOU3-
BOJIbHOI BBIOOPKH, a BO3MOXHOCTb CMEHBI JUCKOBOTIO MakeTa Ha YCTPOHCTBE
MO3BOJIs/ia UMETh APXMB JAHHLIX MPaKTUUYECKH HEOTPAaHUUEHHOrO 00beMa.

MarHutHbie JUCKW NPEACTABASIOT cOOOM NMakeThl MArHUTHBIX MIACTHH (110~
BEPXHOCTEI), MEXITy KOTOPBIMM Ha OJTHOM pblUare ABUracTcst MakeT MArHUTHBIX I0-
noBok (puc. 1.1). lllar ABMXXEHHA NaKeTa rOJI0BOK SIBASETCS IUCKPETHBIM, M KaX-
10OMY MOJIOXEHHUIO MaKeTa FOJIOBOK JIOTUYECKU COOTBETCTBYET LIUIMH/IP MAKETA Mar-
HUTHBIX AMCKOB. Ha Kxaxa0i noBepXHOCTU LIJIMHP «BbICEKAET» JIOPOXKKY, TAK UTO
Kax/ast MOBEPXHOCTb CONEPXKMUT YUCIO TIOPOXKEK, paBHOE YMCITY HWIMHApOB. [Ipn
pa3METKe MAarHWTHOIO IMUCKA (CHeLManbHOM JEHCTBUM, TIPESHILICCTBYIOIIEM MC-
TMOJIL30BAHMIO IMCKA) KAXAast JOPOXKA pa3MedacTcst Ha OQHO M TO XK€ KOJUYECTBO
610KOB; TaKMM 00pa3oM, Npeac/ibHasi EMKOCTb KaXa0ro 6J10Ka COCTaRIsAET OJHO U
TO e urcno GaiitoB. i1s1 npon3BeneHUss 0OMeHa ¢ MarHUTHLIM IMCKOM Ha YPOBHE
anmnaparypbl Hy>KHO yKa3aTb HOMEp LIWIMHAPA, HOMEP MOBEPXHOCTH, HOMep 6J10Ka
HA COOTBETCTBYIOILEH NOPOXKE M YMCIO OAHTOB, KOTOPOE HYXHO 3anucarh WK
fIPOUMTATh OT Hayana 31oro boKa. ‘
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Kypc OcHoBbl 623 AaHHbIX

Puc. 1.1. Ipyban cxema AMCKOBOTIO YCTPOWUCTBA NMAaMSATH € MOABUXHBIMHU
roJIOBKaMH

[1pu BeINOTHEHUN OOMEeHa ¢ AMCKOM arnapaTypa BbIIIOJHAEeT TPU OCHOB-
HBIX JEUCTBUS: MMOJABOM I'OJIOBOK K HYXKHOMY LIMJIMHAPY (0003HAaUMM BpeMsl Bbl-
MOJIHEHUS 3TOIO HEMCTBHUS KaK ), TOMCK Ha JOPOXKEe HYXHOro 0yoka (Bpe-
MsI BBITTOJTHEHUS — 1,6) M1 COOCTBEHHO OOMEH ¢ 3TUM OJIOKOM (BPEMST BHITIONHE -
HUS — t6). Torma, Kak npaBuIIO, t, 1,655, TOTOMY UTO NMOABO/ FOJIOBOK — 3TO
MexaHH4YeCKoe ACHCTBUE, TPUYEM B CPEIHEM HYXHO NePEMECTUTH FOJIOBKU Ha
paccTosiHUe, paBHOE IMOJOBUHE paauyca MOBEPXHOCTHU, & CKOPOCTh MEPEIBU-
>KEHHSI TOJIOBOK He MOXET OBbITh CIMILKOM OOJIBILION N0 (HU3NIECKUM COOOpa-
keHusM. TTonck 610Ka Ha JOPOXKE TPeOyeT MPOKPYUYUBAHUS TTAKETA MATHUT-
HBIX TUCKOB B CpeIHEM Ha MOJOBUHY JUTMHbI BHEIIHEH OKPYXHOCTH; CKOPOCTh
BpalI€HU s JUCKA MOXET ObITh CYLIECTBEHHO OOJIbILE CKOPOCTH IBUXEHUSI I'O-
JIOBOK, HO OHA TOX€ OorpaHHuYeHa 3aKkoHaMu ¢U3UKHU. [L1s1 BEITOJIHEHUS Xe 00-
MeHa HYXXHO MPOKPYTUTb NMAKET TUCKOB BCETO JHUILbL HA YIJIOBOE PAacCTOSIHUE,
COOTBETCTBYIOILIEe pa3Mepy Oyioka. TakuM 00pa3zoM, U3 BCEX ITUX ICUCTBUH B
cpenHeM HauOoJIbllee BpeMsl 3aHUMAET MEPBOE, U MO3TOMY CYLIECTBEHHBIN
BBIMTPHILI B CyMMapHOM BpPEMEHHU OOMEHA ITPY CUMTBIBAHWHY WJIY 3aIIUCH TOJb-
KO YacTH 0JIOKA MOJYYHUTh NPAKTUIECKU HEBO3MOXHO.

C nosABJeHUEM MarHUTHBIX AMCKOB Hayalach UCTOPHUSI CUCTEM YIIpaBJIe-
HUS JaHHBIMU BO BHELIHEH MaMsiTH. [lo 3Toro Kaxaasi npukKI/iagHas nporpam-
Ma, KOTOpO# TpeOGOBAIOCH XPAaHUTh JAHHBIE BO BHEIIHEH aMsITU, CaMa Ofpe-
JeJIsiIa pacnoiOKeHWe KaxaoW MOPLUUU AAHHBIX Ha MarHUTHOM JIEHTE WJIH
O6apabaHe U BBITIOJHSLIa OOMEHB MEXAY ONEPATUBHOUN M BHEIUHEH MaMSITBIO €
TTOMOIIBIO MTPOrPaMMHO-AINapaTHBIX CPEACTB HU3KOTO YPOBHS (MAalLIMHHBIX
KOMaHJ WJM BbI30BOB COOTBETCTBYIOLUIMX IPOrpPaMM OIEPaLIMOHHON CUCTE-
MbI). Tako# pexXuM paboThl He MO3BOJISAA WIH OUE€HDb 3aTPYAHI NOANEPXKAHUE
Ha OJHOM BHEIIHEM HOCHUTENE HECKOJIbKHMX apXMBOB JOJTOBPEMEHHO XpaHHU-
Moif nHdopmauu. KpoMe Toro, Kaxxaou NpukjiagHoi mporpaMmme mpUxoau-
JIOCh pellaTh Mpo0JeMbl HMEHOBAHMSI YACTEW HAHHBIX U CTPYKTYPH3aLlMM JaH-
HbIX BO BHEIHEH MaMSITH.
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Nexupn 1 3BOMOLINS YCTPOICTB BHELLHEN NAMSITU U NPOrPaMMHBIX CUCTEM yNPaBReHUn AaHHbIMK

danoebie cUCTEMbI

HctopuyeckuM 11aroM cran nepexol K MCTIOJIb30BaHHUIO CUCTEM YITpaBJe-
Hus aitiamu. C TOYKHU 3pEHUS TIPUKIIATHON ITPOTpaMMbI (haiiyl — 3T0 UMEHO-
BaHHasi 06/1aCTh BHEIIHEU MaMsITH, B KOTOPYIO MOXHO 3alTMCHIBAaTh U U3 KOTO-
POii MOXHO CYUTHIBATh JaHHbIe. [TpaBriia uMeHOBaHUs aiiioB, CrIOco0 A0CTY-
na K JaHHBIM, XpaHSIUIMMCA B (haline, U CTPYKTypa 3TUX JAHHBIX 3aBUCST OT
KOHKPETHOM CHUCTEMBI YITpaBjiIeHUs (aitiaMu U, BO3MOXHO, OT THNa aitna.
Cucrema ynpapineHus $paiaaMu 6epeT Ha cebsl pacripeae/ieHUe BHETHEN raMsi-
TH, OTOOpaXKEeHHE UMEH (haiiJIOB B COOTBETCTBYIOLIHE aApeca BHELIHEH MaMSATH
U obecrieueHUE AOCTYTA K JAHHBIM.

B 3atoM paszmene Mbl pacCMOTPUM HCTOPHIO (halIOBBIX CUCTEM, UX OC-
HOBHBbIE YePThl U 00J1aCTH pa3yMHOro nMpuMeHeHusi. O@HaKo cHavyana caena-
€M JIBa 3aMedyaHus. Bo-nepBbix, B 001aCTH ynpaBieHus daiiaMu UCTOpUYE-
CKM CYLIECTBYET HEKOTOpAst TEPMUHOJIOTUYECKas nyTaHULa. TepMUH gailio-
sas cucmema (file system) UCTIONb3yeTCS I 0003HAUEHHUS TPOTrPAMMHOM CHUC-
TEMBI, yripaBJsiioulei dainamu, U apxua dailioB, XpaHsIWETOCsS BO BHELIIHEH
namsTH. BeUTo OBl Jydlile B MEPBOM CJIy4ae UCIOIb30BaTh TEPMUH cuUcmema
ynpaenenus ¢haiinamu, OCTAaBUB 32 TEDMHUHOM ailnosas cucmema TOJIbKO BTO-
poe 3HayeHue. OMHAKO MPUHSATAsE MPAKTUKA 3aCTaBJIsIET HAC HCIOJb30BaTh
TEPMUH aiinosan cucmema B 000MX CMbICTaX. byneM HagesIThCs, YTO TOYHBIA
CMBICJT TEPMHUHA OYAET MOHSATEH U3 KOHTEKCTA. (3aMETHM, YTO CpPeld HENpPO-
(heccHoHaNOB aHanoOrM4YHasi NMyTaHULIA BOZHUKAET MPU UCIMIONb30BAHUU TEp-
MUHOB 6a3a OaHHbIX Y cucmema ynpaeneHus 6azamu danHvix. B 3ToM Kypce Mbl
OyaeM CTpOro pa3aefsaTh 3TH TEPMHHBL.) Bo-BTOpBIX, MBI OrpaHUYUMCST OTH-
CaHHEM CBOMCTB TaK Ha3bIBAEMbIX TPANMLIMOHHBIX (DaHIOBBIX CHCTEM, HE 06-
CyXnaasi 0COOEHHOCTU COBPEMEHHBIX CUCTEM C IOBBILIEHHONW HAaNEXHOCTHIO,
MOCKOJIBKY 3TO 3aCTaBUJIO Obl HAC CHJIBHO OTKJIOHHUTHCA OT OCHOBHOM TEMBI
Kypca.

IlepBas pa3Buras ¢aitnoas cucteMa Oblia pa3paboTaHa crieliHanucTaMu
IBM B cepennne 60-x T WISt BHITYCKABUIEHCS KOMITAHUEN CEPHU KOMITBIOTE -
poB «360». B 3T0ii cUcTeMe TTONAEPXKUBAIUCH KaK YUCTO TOC/IEI0BATENbHEIE,
TaK U HHJEKCHO-TIOCIEA0BaTeNbHbIE (haliibl, a peann3alldsi BO MHOTOM OMUpa-
JIJaCh Ha BO3MOXHOCTH TOJIBKO TMOSIBUBLIIUXCS K 3TOMY BPEMEHU KOHTPOJLIEPOB
VIpaBieHUsT IUCKOBBIMH YcTpoicTBaMH. KOHTpo/Uiephl 00eCeuMBaIN BO3-
MOXHOCTb OOMEHa C AUCKOBBIMH YCTPOMCTBAMHU MOPLIMSIMMU NAHHBIX MPOU3-
BOJILHOTO pa3Mepa, a Takxke UHAEKCHBIH AOCTYT K 3amucsM ¢haiioB, U 3TH
(GYHKIMH KOHTPOJUIEPOB aKTHBHO MCMOJb30BAIMChL B (haiyIOBON CUCTEME
0S/360.

(aiinopas cuctema OS/360 obecneuia OyayLIHxX pa3pabOTYMKOB YHH-
KaJIbHBIM ONBITOM MCIOJb30BAHHUS AMUCKOBbIX YCTPOMCTB ¢ MOABMXKHBIMU Io-
JIOBKAMU, KOTOPBIA OTPAXAETCsI BO BCEX COBPEMEHHBIX (halijIOBBIX CUCTEMAX.
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Kypc OcHOBbI 6a3 faHHbIX

CrpykTypbt paiinos

IIpakTH4YeCKU BO BCEX COBPEMEHHBIX KOMITBIOTEPAaX OCHOBHBIMU YCTPOI-
CTBAMM BHEUIHEH NMaMSITH ABNISIIOTCA MAarHUTHbBIE AUCKU C TTOJABHUXHBIMU IOJI0-
BKaMH, U UMEHHO OHM CIYXarT [Uisl XpaHeHUs daitnoB. Kak oTmeyanocs paHee,
arrnaparypa MarHWTHBIX TMCKOB JOMYCKAeT BLIMTOJIHEHUE OOMEHA C JUCKAMHU
NMOPLMSIMH JAHHBIX TPOU3BONBHOrO pazmMepa. OHaKO BO3MOXHOCTb OOMEeHH-
BaTbCs C MATHUTHBIMU JHCKAMU MOPLMSAMH, Pa3MEPBI KOTOPHIX MEHBILIE 10~
HOro oobeMa 0710Ka, B HacTosiiee BpeMsl B (DaHIOBBIX CHCTEMAX HE UCTIONIb3Y-
€TCs1l. DTO CBS3aHO C ABYMSI OOCTOSTENBCTBAMM.

Bo-nepBbix, Kak yKa3blBAJIOCh B pa3fieNie « YCTPOHUCTBA BHELIHEHN MaMSITH»,
CUMTBIBAHHE WU 3aMHCh TOJbKO YaCTH 0J10Ka HE NPUBOIUT K CYLICCTBEHHOMY
BBIMTPBILLY B CYMMAapHOM BpeMeHH 0OMeHa. Bo-BTOpbIX, Wi paboThI € YacTs-
MU 6110KOB (ail1oBasi cucTeMa I0KHA 00ecrneduTh Oydepsl OnepaTHBHOM Na-
MSITH COOTBETCTBYIOLIETO Pa3Mepa, YTO CYIIECTBEHHO YCJIOXHSET pacipeaerne-
HUE OMEpaTMBHOW MaMsITH. AJITOPUTMBL PAcrpeleieHus] NaMsaTH NOpLUUSIMHU
MPOU3BOJILHOTO pa3Mepa MJI0XU TeM, YTO JII0O0H U3 HUX paHO WK NMO3IHO NMpH-
BOIIMT K 6HewH el ppazmenmayuu naMsaTh. B naMaTu obpasyercst 60bl10E YUC-
JI0 MaJIEHBKWX CBOOONHBIX (hparMeHTOB. MX COBOKYNHBIN pa3Mep MOXET ObITh
6ouiblle pa3Mepa J1Io00oro TpedyeMoro oydepa, HO €ro MOXXHO BBLICIHTD, TONb-
KO €CJIM IIPOM3BECTH CXKATHUE MAMSATH, T. €. [MOJBWIXKKY BCEX 3aHSTHIX (PparMeH-
TOB TAaKMM 00pa3oM, 4ToObI OHM pacloJlaraIuch BIUIOTHYIO OMH K 1pyroMy. Bo
BpEMS BLINMONHEHUS ONEPaLUU CKATHSI MaMATH HYXKHO MPUOCTAaHOBUTD BBITO-
HEHUE 0OMEHOB, a caMa 3Ta ONepalis 3aHUMAET MHOTO BPEMEHH.

IToaToMy BO Bcex COBpeMeHHBIX (ailIoBBIX CUCTEMAaX SIBHO WK HESIBHO
BBIICIAETCS YPOBEHDb, 00ECIIEUMBAIOIINI pabOTY C b6azossimu airamu, KOTO-
pbI€ MPEACTABIAIOT COO0M HAOOPHI OJOKOB, MOCAECAOBATEILHO HYMEPYEMBIX B
aJpecHOM NMPOCTpaHCTBE ¢aina u oTobpaxaeMblx Ha (pU3HMUYECKHE ONIOKH TUC-
Ka (puc. 1.2). Pa3Mmep gornueckoro 6;10Ka aitia copnanaet ¢ pasMepoM GU3n-
yeckoro 6Jloka 1McKa WIM KpaTeH eMy; OOBIMHO pa3Mep JIOTMYecKoro 0Joka
BbLIOMpAETCS paBHBIM pa3Mepy CTPAHULbI BUPTYaAbHOU NaMsTH, MOAACPXHBaA-
€MOIi annaparypoil KOMIIbIOTEPA COBMECTHO C ONEPALIMOHHON CUCTEMOM.

B HekoTopbix ¢hainoBbix cucTeMax 6a30Bblif YpOBeHb ObUT IOCTYNEeH
[TONB30BATENI0, HO Yallle OH NPUKPHIBAICI HEKOTOPBIM 00/I€€ BBICOKUM YPOB-
HEM, CTAHAAPTHBIM IS Moab3oBaTenel. CylIeCTBYIOT 1Ba OCHOBHBIX ITOAXO/A.
[Tpu nepBoM noaxoae, CBOMCTBEHHOM, HaNlpuMep, hailoBLIM CUCTEMAM OIie-
paunoHHbIx cucteM komnaHut DEC RSX u VMS, nonbs3oBatenu npencrapisi-
10T (hait1 KaK MocneaoBaTeILHOCTD 3amuce . Kax as 3anuch — 3TO nocjenoBa-
TEJIBHOCTb 0aHTOB, UMEIOIIAs TOCTOSIHHBIA WK MEPEMEHHBIN pa3Mep. MoxHO
YMTATh UM MUCATh 3aMUCH NOCIENOBATENIbHO TMO0 NO3ULIMOHMPOBATh (haitl Ha
3aMuCh ¢ yKazaHHBIM HOMepoM. Hekoropoie dailnoBbie CUCTEMBI [TO3BOJISIIOT
CTPYKTYPUPOBATh 3a[IMCH HA MOJIt U OOBABJISITh HEKUE MOJISI KIIOUaMH 3anKcH.
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Nexupa 1 3BOMOLMS YCTPONCTB BHELLHEN NaMATH U NPOrPaMMHbIX CMCTEM YNpaBneHis AaHHbIMA

Jlornyeckoe Ddusuueckoe
MpeJCcTaBJIeHHUE MpeacTaBjieHHe

Y

Baok ¢aiina 1 Baok mucka F,

Baok ¢aitna 2 — |
biok aucka F,

biok daiina n #i bJiok mucka F

Puc. 1.2. CxematnuHOe M300paxeHue 6a30Boro daiiia

B Ttakux ¢aiiaoBeIX cUcTEMaxX MOXHO NOTpeboBaTh BLIOOPKY 3amMCcH U3 (aiiia
Mo ee 3alaHHOMY KIouy. EcTecTBeHHO, B 9TOM cilyuae (haitioBast CUCTeMa MO/I-
JEepXUBAeT B TOM e (WM JIPyroM, cilyxebHoM) 6a30BOM (aiijie JONOITHUTENb-
Hble, HEBUIMMbIE MOJIb30BATENI0, CYXeOHbIe CTPYKTYPhl HaHHBIX. Pacmpoct-
paHeHHbIe CMOCOObl OpraHU3alliu KIo4YeBbiX (aiIOB OCHOBBIBAIOTCSA HA TEX-
HMKe X31IMpoBaHus U B-mepeBbeB. CylleCTBYIOT U MHOTOKJTIOUEBBIE CITOCOGBI
opraHM3auuu ¢paiiyioB (y oaHoro ¢aiiaa oObIBISIETCS HECKOJAbKO KIoue, U
MOXHO BBIOMPATh 3aMIMCH MO 3HAYEHUIO KAXIOro KJII0Ya).

BTopoii moaxoa, moNydyuBLINI pacrpoCTpaHeHHe BMeCTe C OIepaloH-
Hoit cucteMoit UNIX, cocTouT B TOM, UTO J1t000# (haiiyl nmpeacTaBiaseTcs: Kak
HernpepbIBHAA MOC/IEN0BATEILHOCTL 6aiToB. M3 dhaiiaa MoXHO MpouYMTaTh yKa-
3aHHOE YrcJ10 6aiToB, IMO0 HAUMHAS € €ro Havasa, JInbo mpeaBapuTe/IbHO BbI-
MOJIHUB €ro NO3UIIMOHUPORAaHUE Ha 6AUT ¢ yKa3aHHLIM HOMEPOM. AHAJIOTUYHO
MOXKHO 3alMcaTh YKa3aHHOEe YMCJ10 6alToB MO0 B KOHel! (ailia, 11bo mpeasa-
PHUTEIBHO BRINOJHMB NO3UIIMOHKUPOBaHKe (ailia. Tem He MeHee 3aMeTUM, YTO
CKPBITBIM OT MOJIB30BaTe/Isl, HO CYLUECTBYIOIIHNM BO BCEX PA3HOBHUAHOCTIX (haii-
JnoBbix cucteM OC UNIX siBngetcs 6a3oBoe GJ10yHOE NMpeAcTaBieHue daiia.

KoHeyHo, B 06oux ciydassx MOXHO obecrieyuTh Habop mpeoOpa3yolux
(GYHKUUHA, NPUBOASIIMX NpeICcTaBieHre daiia Kk apyroMy Buay. IlpumMepom
TOMY MOXET CJIY>KUTh MOJIEPXKKA CTaHAapTHOM ¢ailioBoii cpeasl UNIX B cpe-
Jie orepalMoOHHbBIX cucTeM KkoMnaHuu DEC.

Nornuyeckas cTpykrypa ¢$paitfioBbix CUCTEM U UMeHOBaHue ¢ aiinos

Bo Bcex coBpeMeHHBIX (haiJIOBBIX CUCTEMaX 00ecTieunBaeTCss MHOTOYpOB-
HEBOE UMEHOBaHUE (DaiJIOB 3a CUET HAIUYHUS BO BHELLIHEN MAMSITH KaTaJloroB —
JIOTIOJTHUTENBHBIX (haiIOB CO ceMaIbHOM CTPYKTYpoir. Kaxabii kaTanor co-
JEepXAT UMEHa KaTajaoroB U/WiM (aiioB, XpaHSILIMXCS B JAHHOM KaTaore.
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TakuMm o6pazoM, nosiHoe umsi aiiyia COCTONT U3 CIMTMCKAa UMEH KaTaJoroB TLII0C
MM (haiisa B KaTajore, HEMOCPEACTBEHHO COAEPXKALLIEM JAHHBIA daii.

INonuepxxa MHOTOYpPOBHEBOM CXeMBI MMEHOBaHUsI (DaiisIoB obecrneuruBaeT
HECKOJIbKO MPEUMYLIECTB, OCHOBHBIM U3 KOTOPBIX SIBJISIETCS MPOCTasi U yn00-
Hasl CXeMa JIOTMYecKoii Kiraccuukaliuu (aitioB U reHepauru ux uMeH. Mox-
HO COMOCTABUTh KaTaJOT WIH LIETIOUKY KaTaJI0roB C MOJIb30BaTeJIeM, MOApa3ie-
JIEHWEM, MIPOEKTOM U T. [I. U 3aT€M 0Opa30BBIBATH B ITOM KaTanore Gaiibl Win
KaTajJioTH, He OMNacasiCh KOJUIM3UM ¢ UMEHaMU ApyTUX (ailjioB WM KaTaJlOTOB.

Pasnuua Mexay criocobamu UMeHOBaHUs (hailyioB B pa3Hbix (DaiIoBBIX CHUC-
TEMax COCTOMT B TOM, C YETO HAYMHAETCS ITa LIENMOYKa UMeH. B tobom cityyae nep-
BOE MMs IOJDKHO COOTBETCTBOBAaTh KOPHEBOMY Katajiory ¢aiioBoil cucteMsel. Bo-
TIPOC 3aKJII0YAETCS B TOM, KAK COTIOCTABUTh 3TOMY UMEHU KOPDHEBOH KaTasnor — rie
€ro Uckarthb? B CBsI3M ¢ ITUM MMEIOTCS [1BA PAAMKAIILHO PAa3TMYHBIX NMOAX0/aA.

Bo MHorux cucremax ynpasieHus aitiaMu TpebyeTcsi, 4yTOObI KaXabli ap-
XUB (paiU1oB (ITOJIHOE AEPEBO KATAIOTOB) LIEJTMKOM paclojaraicd Ha OAHOM JUcC-
KOBOM NakKeTe WIH JIOTMYECKOM AUCKE — pa3fesie (PU3nYeCKOro TMCKOBOTO NMaKe-
Ta, JIOTHYE€CKH TIPENCTAB/ISIEMOM B BUIE OTIEIBHOTO IMCKA C MOMOIIBIO CPEACTB
oMnepaLMOHHONI cHCTEMBL. B 2TOM citydae rmosHoe umsi haitia HaUMHaeTest ¢ UMe-
HU JHCKOBOIO YCTPONCTBA, HA KOTOPOM YCTAHOBJIEH COOTBETCTBYIOLIMI JMCK.
Takoit croco6 MMEeHOBaHHSI UCIIONB30BAICH B (DaiJIOBBIX CUCTEMax KOMIAHMUIA
IBM u DEC; oueHb OJIM3KH K 3TOMY U (DaiJIOBbIE CHUCTEMBI, PEATU30BAHHBIC B
onepalyoHHBIX cucTeMax ceMeiictBa Windows koMnanuu Microsoft. MoxHo
HAa3BATh TAKYIO OPTaHM3ALIMIO MONIEPXKON U30JIHPOBAHHBIX (DAIOBBIX CUCTEM.

Hpyroii kpailHKii BapuaHT ObLI peann3oBaH B (hailIOBBIX CUCTEMAX OTIe-
PaUMOHHOI cucTeMbl Multics. DTa cucTeMa 3aC/IyXKUBAeT OTACJIBHOTO pa3ro-
BOpa, B Heil OBLT peali30BaH LEIbIA PSIA OPUTHHATIBHBIX UAEH, HO MBI OCTaHO-
BMMCS TOJIBKO Ha OCOOEHHOCTSIX OpraHM3auuu apxusa dainos. B daitnosoit
cucteMe Multics moab3oBareasaM 06eCneYnuBAIACh BO3MOXHOCTb IIPENCTAB-
JIATh BCIO COBOKYTIHOCTb KaTaIOTOB U (hailyioB B Buje eAuHOro nepesa. [lonHoe
UM daitla HAYMHAIOCh C MMEHM KOPHEBOTO KATaiora, M MNOJIb30BaTENb
He 00s3aH OBl 3a00TUThCA 00 YCTAHOBKE Ha TUCKOBOE YCTPOMCTBO KAKUX-JIU -
00 KOHKPETHBIX AMCKOB. CaMa cucTeMa, BBITIOJIHSS MOUCK daiiyia mo ero ume-
HM, 3ampaliuBajia y ofeparopa ycTaHOBKY HEOGXOAUMBIX IMCKOB. Takylo ¢aii-
JIOBYIO CHCTEMY MOXHO Ha3BaThb MOJHOCTBIO LICHTPATU30BAHHOM.

KoHe4yHO, BO MHOTOM LIEHTPATU30BaHHbIe (ailToBble CUCTEMBI yI0OHEE
M30JIMPOBAHHBIX: CHCTEMA YTIPABJICHHs (aillaMM BBIMTOIHSAET OOJblIe PYTUH-
HoIi paGoTHl. B yacTHOCTH, aIMUHHUCTPATOP (HaitIoBOI CHCTEMBI ABTOMATHYEC-
KH OIOBELIAeTCs O MOTPeGHOCTH YCTAHOBKH TPeOYeMBIX IHMCKOBBIX NMAKETOB;
cHcTeMa 06ecTieYMBaeT paBHOMEPHOE pacripeie/ieHUe NaMsTH Ha U3BECTHHIX ei
JMCKOBBIX TOMAax; BO3MOXHA OpPraHM3alMs aBTOMATHYECKOTO MEepeEMELIEHUS
PEenKO UCIIONB3yeMbIX (aitioB Ha GoJiee MeUTEHHBIE HOCUTEM BHELTHEH MaMsi-
TH; obJsieryaercs pyTHHHasi paboTa, CBSI3aHHAS C PE3€PBHBIM KOMTMPOBAHHEM.
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Ho B Takux cucTeMax BO3HHMKAIOT CYLUECTBEHHBIE MPOOIEMBI, €CJIU Tpe-
OyeTca mepeHecTH nmoanepeBo (ailioBOH CUCTEMBI HAa JPYTYIO BBIYUCIAUTEb-
HYIO YCTaHOBKY. [1oCKONBKY (haiisibl M KaTaJoru JioOoro Joruyeckoro noamie-
peBa MOTYT OBITb MU3NYECKH pa30pOCaHbl MO pa3HbIM JTMCKOBBIM MAaKETaM U
JlaXXe MarHUTHBIM JIEHTaM, IUTSl TAKOTO NepeHoca TpebyeTCs CrieLiMaibHasl yTH-
JIUTa, cobUparoiasi Bce 00BEKTHI TPEOYEeMOro NnoAnepeBa Ha OHOM BHELIHEM
HOCHUTEJE, He BXOMSILEM B COCTAB IUTATHBIX VCTPOMCTB LEHTPATM30BAHHOMN
¢aitioBoi cucremsl. KoHEUHO, 1aXe MPH HATUYWU TaKOH YTUIUTHI BHITIOJNHE-
HHE TIPOLIEAYPI PU3UYECKOM COOPKU TpeOyeT CYIIECTBEHHOTO BPEMEHH.

KomMmnpomuccHoe peltieHHe puMeHsieTes B ¢haibtoBbix cuctemax OC UNIX.
Ha 6a30B0oM ypoBHe B 3THX (haiiIOBBIX CHCTEMAX ITOIAEPKUBAIOTCS U30JIMPOBAHHEIC
apxuBbl ¢aitioB. OOUH U3 TaKMX apXMBOB OOBSIBISIETCS] KOPHEBOH (haityioBol cuc-
TEeMOi. DTO Jie/IaeTCs Ha 3Tare TeHepalH ollepallMOHHOM CUCTEMBI, Y MOCJIE 3aITy-
CKa orepaiMoHHasl CUCTEMA «3HaeT», Ha KAKOM JTHCKOBOM YCTpOCTBe ((pu3nyec-
KOM WJIH JIOTHYECKOM) pacIioyiaracTcsi KopHeBasi (aittoBas cuctema. [locie 3anyc-
KA CUCTeMbI MOXHO «CMOHTHPOBaTh» KOPHEBYIO (DaiIOBYIO CUCTEMY U PSIT H30JTU-
POBaHHBIX (DAIIOBBIX CUCTEM B OIHY 00ILYI0 (DaiioBy10 CHCTEMY. TeXHMYECKH 3TO
OCYILECTRISETCS TTOCPEICTBOM CO3IAHUSI B KOPHEBOM (DaiIoBOA CHCTEME CIIeLM-
AJIBbHBIX MYCTHIX KATAJIOTOB (TOYEK MOHTUPOBAHMSI).

CneuuvanbHbiit cucTeMHbIH BbI30B mount OC UNIX no3BosisieT moakio-
YUTh K OJHOMY M3 ITYCTBIX KaTAJIOrOB KOPHEBOH KaTaJor YKa3aHHOTO apXHBa
thaiiyioB. BeIoNIHEHHE TAKOTO JE€UCTBUSI TPUBOIMT K «HATOXECHHI0» KOPHEBO-
ro KaTajJora MOHTUpYeMOU (aiiioBoii CUCTEMBbl Ha KaTaJor TOUKH MOHTHPO-
BaHMS; KOPHEBOU KaTaJIoT IpUOOPETAET UMSI KaTajlora TOYKM MOHTUPOBAHMSI.
[Mocne MoHTHUpOBaHUsI 001LIEH (PaliJIOBOI CUCTEMBI UMEHOBaHUE (PANHJIOB Mpo-
W3BOJIMUTCA TaK Xe, KaK eC/Iy Obl OHa C CaMOro HayaJjia Obijia LIeHTPaJIU30BaH-
HO#. EciM yyecTh, 4T0 0OBIYHO MOHTHUPOBaHHKE (paiiTOBOA CHCTEMBI TPOU3BO-
JHUTCSI IPH PaCKpyTKe CUCTEMBI (ITpU BBITTOJHEHHH CTAPTOBOrO KOMAaHIHOIO
thaiina), nonszoBarenu OC UNIX, kak npaBuiio, ¥ HE 3alyMbIBAIOTCSA O MPO-
HUCXOXIEHUU 0Ol1lIei (PaiioBOit CUCTEMDI.

Kpome Toro, nmoanepKHBaeTcsi CHCTEMHBINA BBI30B uhmount, «OTTOPrao-
LIUI» paHee CMOHTUPOBAHHYIO (hailioBylo cHcTeMy OT oOlueit nepapxuu. Ko-
HEYHO, BCE 3TO 3aMETHO obJjieryaeT MepeHoc yacteit (ailyioBoil cucTeMbl Ha
JpYryue YCTAaHOBKH.

ABTOpusauusa nocryna kK ¢painnam

[Tockonbky (aitnoBas cucTeMa SBISIETCA OOILIMM XPAHWJIUILEM (haITOB,
TIpUHAUIeXaIllUX, BOOOIIE FOBOPS, pa3HbIM IOJIb30BATENSIM, CUCTEMBI YITpaB-
JieHus daiinaMy N0KHBI 00€CIIeYUBaTh démopusayuio noctyna K daitaM. B
00l11eM BUIE TTOAXO0I COCTOMT B TOM, UTO TI0 OTHOILIEHUIO K KaXIOMY 3apeTHCT-
PHUPOBAHHOMY IMOJIb30BATENIO JAHHOMH BHIYUCIUTEIBHON CHCTEMBI TSI KAX/I0TO
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cyllecTByolIero (aina yKasplBaroTCsl 1eUCTBUS, KOTOPBIE pa3pellieHbl N 3a-
MpeLCHBI TaHHOMY MOJAL30BaTeMI0 (TaK HAa3bIBaCMBbIHA Mandamubili CIocod 3a-
LUMThl — K&KIbIA MOJAb30BaTE/]b UMEET OTAEAbHBIA MaHIAT /ISt PA0OThI C KAX-
JbIM (paiinoM Wi He UMeeT ero). [IpuMeHeHre MaHIaTHOro cnocoda 3aliUThI
BJIEUET 3a COOOM CYILIECTBEHHbIE HAKJIAAHbIE PACXObI, CBSI3AHHBIE ¢ MOTPEOHO-
CTBIO XpaHEHUs U3OBITOYHOI MHGMOPMALIMU U UCTIONB30BAHKEM 3TOH UHOOP-
MallMM JUis MPOBEPKH NPABOMOYHOCTH JOCTYNA.

[ToaToMy B OONBIIMHCTBE COBPEMEHHBIX CUCTEM YMpaBjieHUs (aiiaMu
MPUMEHSIETCST MOAXOA K 3alluTe haitnioB, BNepBble peaiinzoBaHHbiil B OC
UNIX (Tak HazbiBaeMblit duckpeyuonnbii 1oaxon). B 31oil cucteMe kaxaoMmy
3aperuCTpUPOBAHHOMY MOJb30BATENI0 COOTBETCTBYET MMapa UENOYHUCIEHHBIX
WACHTU(HUKATOPOB: MISHTU(MHUKATOP IPYNIbI, K KOTOPOH OTHOCUTCS MOJIb30-
BaTeib, U €ro COOCTBEHHBIM UIeHTU(DUKATOP. DTUMH Xe UIeHTUPUKATOpaMH
CHabXXaeTCsl KaXAblil MpOLECC, 3aMNyLIEHHBIH OT UMEHU JaHHOFO MOJ1b30BaTe-
JIsl U UMEIOILLHI BO3MOXHOCTB 00palliaThcsi K CUCTEMHBIM BbI30BaM (DaiinioBoi
cucTeMbl. COOTBETCTBEHHO, NMPU KaxXaoM ¢ailie XpaHUTCS MOJHBIA UICHTU-
¢pHuKaTtop nojab3osaTes (COOCTBEHHBIH MACHTU(MUKATOP IUIOC UASHTUDUKA-
TOp FPYIMMbI), KOTOPLIH co31aj 3TOT (aiti, ¥ noMeyaeTcs, KaKUe NEHUCTBUS C
¢aiioM MOXET NMPOU3BOAUTL OH caM, KakKUe NeHACTBUA C (PaisioM HOCTYMHBI
JUIS OCTAbHBLIX MOJIL30BaTe/CH TOM XKe FPYIIBl ¥ YTO MOLYT AenaTh ¢ haiaiom
MOJIL30BATENIU ApYrux rpymnmn. Jjis kaxmoro ¢aija KOHTPOJIUPYETCS BO3MOXK-
HOCTb BBHIMOJHEHHS TpeX OEeHCTBHUI: YTEHUeE, 3aMUCh U BHIMOJHEHUE, XpaHU-
Mas MH(pOpMalMs oYeHb KOMMAKTHA ([1Ba UEJIBIX YMCIA V1Sl TIPEACTABICHUSA
HACHTU(MDHUKATOPOB U 1IKaJIa U3 9 OUT 1151 XapaKTEPUCTUKHM BO3MOXHBIX IEHUCT-
BU), Npu MnpoBepke TpedyeTcs HeDOJIbIIOE KOJIWYECTBO NEWCTBUM, W ITOT
CIOCcoO KOHTPOJISI AOCTYNA B OOJNBIIMHCTRE C/y4aeB yAOBJICTBOPUTEIIEH.

CMHXpPOHM3aLUMa MHOTONoOMbL30BaTENLCKOTO AOCTYNa

IMocnenHee, HA YeM MBI OCTAHOBHUMCS B CBSI3M ¢ (paiiiaMH, — 3TO CITOCOODI
NMpUMeHeHHUsT (PaiioB B MHOFOMOJIB30BATENLCKOHN cpene. Eciu onepauvoHHas
CHCTeMa MOAIepPXKHUBACT MHOFOMOIb30BATEABCKUH PEXHUM, MOXET BOZHUKHYTH
CHUTYyalHsl, KOTAa [1Ba WiM DoJiee Monb30BaTeeid OJHOBPEMEHHO MbITAIOTCS pa-
00TaTh C OMHUM U TeM Xe dalinoM. Eciu Bce 3TH nmosb3oBaTe/ i coOUpaloTcs
TOJBKO YMUTATh (ail, HUYEro CTpaltHoro He npousonaeT. Ho ecau xotst Obl
OIMH U3 HUX OyIeT U3MeHATh aili, /ist KOPPeKTHOM paboThI 3TOM IPyMMbl Tpe-
OyeTcs B3aMMHAas CUHXPOHM3alMsI.

B ¢aitnoBbix cucTeMax 0ObIMHO NIPUMEHSLICA ClleAytolMi noaxon. B onepa-
UMM OTKPbITHUS (paina (nepBoi U 00s3aTeNbHON OIepalMu, ¢ KOTOPOH TOJDKEH
HAYMHATbCsl ceaHc paboThl ¢ daityioM) MOMHUMO NMPOUYMX MAPAMETPOB YKAa3bIBaJCs
pexXuM paboThl (UTeHHE WIH M3MEHEHME). ECIM K MOMEHTY BBIMOJHEHHS 3TOM
onepaLyy OT IMEHHU HEKOTOpOro rnpoiecca A Gaii yxke ObUT OTKPBIT HEKOTOPBIM

24



Nekuns 1 3Booums YCTPOUCTB BHELUHER MaMSATU U NPOrPaMMHbIX CUCTEM YpaBASHUS AaHHbIMU

JIPYTHUM MPOLECCOM B, MpHUYeM CYIHECTBYIOIHIA PEXUM OTKDBITUS ObUT HECOBME-
CTHM C TPEOYEMBIM PEXUMOM (COBMECTHUMbI TOJILKO PEXUMBbI YTEHMST), TO B 3aBU-
CUMOCTH OT OCODEHHOCTEH CUCTEMbI JIMOO Mpoueccy A COO0LIANOCH O HEBO3MOX-
HOCTH OTKDPLITHSA (aityia B HY>XKHOM PEeXHMMeE, MO0 npolecc A 6JI0KUPOBAICS 10
Tex Mop, MoKa Npouecc B He BbINOJHUT ORepaliMio 3aKphiTys daiina.

O6nacTu pazymMmHoro npyumeHeHua vannos

IMocne KpaTkoro 3KCKypca B HCTOPUIO M COBPEeMEHHOE COCTOsIHUE (aitno-
BBIX CUCTEM OOCYIMM BO3MOXHBIE 00/1aCTH UX NIpUMeHeHUs. [1pexne Bcero, Ko-
He4YHO, (aiyibl UCITONB3YIOTCS IS XPAHEHMST TEKCTOBBIX JAHHBIX: TOKYMEHTOB,
TEeKCTOB MporpaMM U T. A. Takue daitibl 0ObIYHO CO3AAI0TCH U MOANGDULIUPYIOT-
Csl ¢ TOMOLUBIO Pa3/IMYHBIX TEKCTOBBIX PEAAKTOPOB. DTH PEaKTOPbl MOTYT ObITh
OYEHb MPOCTBIMM, TAKMMH, KakK ed B Mupe UNIX win yTUIHTBI pelaKTHPOBaHUS
Norton Commander, FAR Manager ¥ 1pyrux WHTEpaKTUBHBIX cpen Windows.
OHH MOryT ObITb CJIOXHBIMH M MHOTOQYHKIIMOHAIBHBIMM, CHHTAaKCHUCCKH
OpHEHTUPOBAHHBIMM, Kak, Hanpumep, GNU Emacs. Ho 06blyHO cTpyKTypa
TEKCTOBBIX (DaiIoB OUeHb MPOCTa (C TOYKHM 3peHHs (ailIoBoil CHCTEMBI): 3TO
MO0 MOCIeN0BaTENbHOCTD 3aMUCEH,, COAEPXKAILIMX CTPOKU TeKCTa, MO0 Moce-
JIOBaTeILHOCTL OaITOB, CPEIM KOTOPBIX BCTPEUYAIOTCS CIELMATBHBIE CUMBOJIBI
(HanpuMep, CUMBOJIbI KOHLIA CTPOKH). KOHEYHO Xe, CTIOXHOCTh JIOTHYEeCKOMH
CTPYKTYPbI TEKCTOBOTO (Daiiia onpeaeaseTcs TeKCTOBBIM PEIaKTOPOM, HO B JTIO-
60M cayuae (paitsioBOi CHCTEME OHa HE BUIHA.

Daitnbl, conepxalie TEKCThl NMPOrpamMM, HUCMOJbL3YIOTCS KaK BXOIHbBIE
daitnpl KOMIUIATOPOB (YTOOBI MPaBUJIBHO BOCIPUHSTH TEKCT IPOrpaMMbi,
KOMIWJISITOP JOJIKEH MOHUMATh JIOTMUECKYIO CTPYKTYPY TEKCTOBOIO (haitna),
KOTOpbIE, B CBOIO 04epenb, GOPMHPYIOT dailibl, conepxaiine 00beKTHLIE MO-
nyiau. C Touku 3peHust GaioBoi cUCTeMBI OOBEKTHBIE Qallibl TAKXe 00nana-
10T OYEHb MPOCTOMN CTPYKTYPOH — MOCIEA0BATENbHOCTL 3anmuceit uiu 6anToB.
CucTeMa MporpaMMHUPOBaHUS HAKIANBIBACT HA TAKYIO CTPYKTYpY boJiee ClIoX-
HYIO H CMeUdGUUHYIO JUTS 3TOH CHUCTEMbl CTPYKTYPY OOBEKTHOIO MOMYJIS.
[TonuepkHeM, uTO IOrM4ecKasi CTPyKTypa 00bEeKTHOIrO MoyJisl (haityioBo cuc-
TeMe HEM3BECTHA; 3Ta CTPYKTYPa MOJIEPXKUBAETCH UHCTPYMEHTAMHU CUCTEMBI
MPOrPaMMHPOBAHM .

AHaJIOTHYHO OOCTOUT nesio ¢ dainaMu, GopMHpPYEMbIMU pEeIaKTOpaMHu
cBsizell (penakTop cBsi3eil JOJXKEH NMOHUMATh JIOTHYECKYIO CTPYKTYpY (ailyion
OOBEKTHBIX MOZIYJIEH) H COAEPXKAILMMH 00pa3bl BHIIOJHAEMBIX MporpaMM. Jlo-
ruyeckasl CTpyKTypa Takux (paisioB oCcTaeTcsl U3BECTHOW TONBKO pPENaKTOpy
CBSI3€H M 3arpy3uMKy — NMpOrpaMMe OnepallMoOHHON cucTeMbl. OOluas cxeMa
B3aMMONCUCTBUA MPOrPAMMHBIX KOMIIOHEHTOB MPH NMOCTPOSHUH TIPOTrPaMMBbI
MoKa3aHa Ha puc. 1.3. MBI KpaTko 0003HaYUIH CITOCOOBI UCTTONL30BaHUA daii-
JIOB B Mpoliecce pa3padoTKu MporpamMM, HO MOXHO CKa3aTbh, YTO CUTYallus
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aHaJIOrMyHa U B Ipyrux cjiydasx: HanpuMmep, np¥ 00pa3oBaHUHM U UCITOJIb30Ba-
HUH (aiitoB, colepXallux rpapUyYecKyIO, ayIuo- U BUIEOUHpopMaLIMIO.

OoHuM c10BOM, (aiiIoBBIE CUCTEMBI OOBIYHO 0OECTIEUMBAIOT XPaHEHUE
¢J1abo CTPYKTypHPOBaHHOW MH(pOPMALIMKM, OCTaBJsIs AANbLHEHIIYIO CTPYKTY-
pU3aLMIO NPUKJIAAHBIM NporpaMMaM. B nepeuyrcieHHbIX BHIILE CIy4YasiXx MUC-
NoJib30BaHHSA (HARIOB ITO aXKE XOPOIIO, [TOTOMY YTO MPU pa3paboTKe 60
HOBOM NPUKIAAHON CUCTEMBI, ONIUPAsACh Ha MPOCThi€, CTAHIAPTHLIE U CPAB-
HUTEJIBHO AcllieBrle cpenactna (haiioBOM CHUCTEMBI, MOXHO PEajlv30BaTh TE
CTPYKTYpHI XpaHEHHsI, KOTOpble HauboJee TOUHO COOTBETCTBYIOT cnieUuduKe
JIaHHOU NpUKIagHON 00J1acTH.

TekcToBBI Penakro
KoMnunsrop AaKTOp 3arpy3umk
peaakTop cBs3ei
daiin TekcTa daiin 06beKHOro Daiin BLIMOJHIAEMOMR
nporpaMMabl MOOYJIsI nporpamMmbl

Puc. 1.3. CBsi3n MeXIy MpOorpaMMHBIMH KOMITOHEHTaMH 11O TOHMMAaHMIO
JIOTUYECKOM CTPYKTYpHI (haiijioB

MoTpe6HOCTN MHPOPMALIMOHHDBIX CUCTEM

YIOBJIETBOPSIOT JIH PACCMOTPEHHBIE Bhillie 6a30BBIE BO3MOXHOCTH (haiiio-
BbIX CHCTEM MOTPEOHOCTH MH(POPMALIMOHHBIX cucTeM? TunoBast vHpopMaLoH-
Hasl CCTEMA, [JIaBHHIM 00pa30oM, OpUEHTHPOBaHa Ha XpaHEHUE, BbIOOP U MOAU-
(bMKaLuMIO JaHHBIX COOTBETCTBYIONIEH NPUKIaaHOMN obyacTth. CTpyKTypa TaKux
JAHHBIX 3a4aCTYI0 OYEHb CJIOXHA, U, XOTSI CTPYKTYPbI JAHHBIX Pa3/U4YHbI B pa3-
HBIX HH(OPMALIMOHHBIX CUCTEMAX, MEXTY HUMH YacTo ObIBAET MHOTO OO1LIErO.

Ha HayajibHOM 3Tane MCIoJb30BaHMS BHIYMUCIUTENBHON TEXHUKH ISl TOCT-
poeHMs1 HH(POPMALMOHHBIX CUCTEM NPOoOJieMbl CTPYKTYPHU3alMM JaHHBIX pELIAIUCH
HHAMBUIYAJIBHO B KaX10¥ nH(popMauMoHHOM crcTteMe. T1poru3BoIHINCE HEOOXO-
JMMBbl€ HaaCTPOMKH Han (aiIoBbIMH CHCTEMaMU (OMOJIMOTEKH MTPOrpaMM), noao0-
HO TOMY KaK 3TO JIEJIA€TCS B KOMITWISITOpAaX, pelakTopax U T. A. (puc. 1.4).

Ho nockonbky HH(pOpMalIMOHHBIE CHUCTEMBI TPEOYIOT CIOXHBIX CTPYKTYD
IAHHBIX, 3TH TOMOJHUTENbHBIE HHAMBUIYAJIbHBIE CPEICTBA YIIPABACHUST JAHHBIMH
SIBIISUTHCH CYILIECTBEHHOM YacThbI0 MH(POPMALIMOHHBIX CUCTEM M MPAKTHUYECKH MO-
BTOPSUIMCH OT OTHOM CHUCTeMBI K ApYyroi. CTpeMyieHHE BBILIEIUTD ODIIYIO YacTh MH-
¢hopMalLIMOHHBIX CHCTEM, OTBETCTBEHHYIO 3 YIIPABJACHHUE CJIOXHO CTPYKTYPUPOBAH-
HBIMH JAHHBIMH, SIBUJIOCh, Ha MOH B3MJIs/1, ITepBOi MOOYIUTENbHOH TPUYHHOIA CO-
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Nexumsi 1 DBOMOLNSA YCTPONCTB BHELUHEN NAMSITIA U MPOTPAMMHBIX CUCTEM YNPAaBIEHNS AaHHBIMU

HancTpo¥ika ans

WudopmaumoHHas CTPYKTYPH3aLUH

daitnonas

CHUCTEMA
JaHHBIX chcreMa

Puc. 1.4. IIpuMuTHBHAsI cxeMa CTPYKTYpHU3allMK JaHHbIX B MHGOpMaiu-
OHHOU cUCTEME

snanusg CYBJ. OueHb CKOpO CTajio MOHATHO, YTO HEBO3MOXHO O00MTUCH 001LEH
61bIMoTEK O NporpamMM (puc. 1.5), peanu3ylolieid Han cTaHaapTHOM 6a30BoH dak-
JIOBOW CHCTEMO Oosee ClI0KHbIE METOIbI XPAHEHUS JAHHBIX.

Oo61was
oubaMoTeKa

®daivioBas
cUcTeMa

HudopmaimonHas
cuctema 1

HMudopmaiivoHHasi
cucTeMa 2

Puc. 1.5. JIpe uHdopMallMOHHbIE CUCTEMbI ¢ 001EN OUOTUOTEKON

ITosichuM 310 Ha npuMepe. [IpeanonoxuM, yto Tpebyercs pearn3oBaThb
MPOCTYIO UHPOPMALTUOHHYIO CUCTEMY, [MOJIEPXKUBAIOINYIO YYET CIyXKallUX He-
KOTOpOﬁ OpraHUu3ainu. CucreMa JOJI)KHA BLINMOJHATL CJCAYIOLIHUE [[CﬁCTBHSI:
® BblAABATbh CIIUCKH CJIYXKALLUWUX 10 OTACIaM,;
® [oJACpXMUBaTh BO3MOXHOCTL II€pPEBOAA CJaYyXallEero M3 OJHOIo OTAC/ia B

NPYTOH;
& o0ecreuynBaThb CpeacTBa INogacpXKHU NprueMa Ha pa60Ty HOBBLIX CJIyKalllUX U
YBOJILHEHHST pab0TalOIIUX CITYXXALIUX.

Kpome TOr'o, AJIA KaXXJ0ro oracja OO0JDKHa NOoJacp>XHUBaTbCA BO3MOX-
HOCTb MOJIYUYCHHA:
® IMCHH PYKOBOIWTEIA OTAEC]IA,

e (00l1LeH YMCIIEHHOCTH OTAENA;
e o0uIel CyMMBbI 3apIUIaThl CyXalUUX OTAENa, CPEIHErO pa3Mepa 3apIUiaThl U
T. O.

llIIH KaXIoro Ciayxalero 10J/KHa NogacpXKUBaTbCAa BO3MOXKHOCTD MOJTY-
YEHUA!
® HOMepa yI10CTOBEPEHHS 10 TTOJIHOMY UIMEHH CITyXalllero {[UIs1 IpOCTOThI A0~

MYCTHM, YTO UMEHA BCEX CIYXKALUUX PA3JIUUHBI);
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Kypc OcHosbl 6a3 AaHHbIX

® [I0JJHOTO UMEHH MO HOMEPY YIOCTOBEPEHHS;
® nHMOPMALIMH O COOTBETCTBUM CJIYXAIIErO 3aHUMAEMOM JOJXKHOCTH WU O
pasMepe ero 3apraThl.

CTpPYKTYpbI AaHHbIX

TpeanonoxuM, 4TO Mbl PEIIMAU OCHOBBIBATH 3Ty WH(OPMALIMOHHYIO
cUcTeMy Ha (aillJIoOBOM CUCTEME M TOJb30BAaTLCA OAHUM (aiioM CIVKAIUE,
paciIMpuB 6a30BbI€ BOBMOXHOCTHU (DaiIOBON CUCTEMBI 3a CUET CHELIMATbHOMN
oubnroreku QyHKuMi. Fockoabky MUHUMaTbHOH MH(MOPMALIMOHHON eau-
HHULIEH B HAILIEM CJIydae SIBISIETCS CJIYXALIMHA, B 3TOM (aiijie 1o/1XHa coaep-
KAThCS OHA 3aTNMCh IS KaxXaoro ciyxamero. YTodbl MOXHO ObLIO yOOBIIE-
TBOPHTb YKAa3aHHbIE BhIilI€ TPeOOBAHMS, 3AMUCh O CIAYXKAlUEM A0JXHA UMETh
CJIENYIOLIUE MOJIS:
¢ [10JTHOE UMSI Cayxalllero (CIIV_IMs);
® HOMEp €ro yaoctoBepeHus (CJIY_HOMEP);
® JAHHbIE O COOTBETCTBHUH CJYXAIIEr0 3aHUMAEMOMR AOJKHOCTH (CJTY_CTAT;

JUSI TIPOCTOTDI «J1a» WIH «HET»);
® pasMep 3apruiathl (CJIY_3API);
® HoMep oTaena (CNY_OTH_HOMEP).

FToCKOJIbKY Mbl DEILLIMIA OTPAHUYHUTLCS OAHUM (aiiioM CITIVKALNUE, Ta Xe
3aluCh AOJKHA COmepXaTb UM pyKOBOAUTENS oTaAea (CITY_OTH_PVK). (MHa-
ye OblJI0 Obl HEBO3MOXHO, HAMPUMED, MOJYUYHUThL UMST PYKOBOIUTESI OTAE/A C
U3BECTHBIM HOMEPOM. )

Yt1obbl MH(pOpMALIMOHHAsA cucTeMa Moraa 3(P(pEeKTUBHO BBLITIOTHATL CBOU
6a3oBbie PYHKIIMHU, HEOOXOAMMO 0OECNEYUTL MHOTOKJIIOUEBOIH A0CTYN K (ailty
CIVXAIME MO YHUKATbHBIM KITIOUYaM (KJTIOU HA3bIBAETCA YHUKATBHBIM, €CJIH €70
3HAYEHMUs] TapaHTUPOBAHHO PAa3JMUHbI BO BCEX 3anucsx ¢aiia) CIY_VMI U
CJIY_HOMEP. QOYeBHIHO, YTO B TPOTUBHOM CJlydyae [1isl BbINOJIHEHUS Hauboee Jya-
CTO UCTIOJIB3YEMBIX OTIEPALIMI NOJYYEHHMSI AAHHBIX O KOHKPETHOM CITYXKALEM M0~
Haa0OMTCS MOC/IEA0BATEILHbIM MPOCMOTP B CpEAHEM TOJOBUHLI 3anuceil ¢aiiia.
Kpome Toro, momxHa oGecrneunBaTbCsl BO3MOXHOCTL 3(M(hEKTUBHOrO BhIOOpa
BCEX 3aITUCEH C OOLIMM 3HAYEHUEM CITY_OTHO_HOMEP, T. €. AOCTYN MO HEYHUKA/b-
HOMY KJTIouy. Eciiv He moaaepXuBaTh CrielMaibHblid MEXaHU3M JOCTYTIA, TO IS
MOJyYEHUs] JaHHBIX 00 OTAE/E B LICJIOM B OOLIEM Cilydae NMoTpedyeTcsi MOTHbIA
npocMoTp (aitna. Tpebyemast obiast cTpykrypa ¢aitna CJIIVKAIUE nmoka3aHa Ha
puc. 1.6. Ho naxe B 3TOM cityuae, 4TOObI MOJYYHTh YUCAEHHOCTD OTAE/A UTH 00-
LM pa3Mep 3apriaThl, CHCTEMA OJXKHA OYAET BLIOPATh BCE 3aMMCH O CAYXAIUX
YKa3aHHOTO OTAENA U NMOCUUTATh COOTBETCTBYIOLINE ODIIIME 3HAYEHHS.

TakuM 06pa3oM, Mbl BUAUM, YTO MPH peaJU3allMM AaXe TaKoH MpocToi
MH(OPMaLMOHHOI CUCTEMBI Ha O6a3e (aiIoBoI1 CUCTEMBI BO3HUKAIOT CJIEAYIO-
LLIUE 3aTPYAHEHUS:
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Nekumna 1 Isosnioums yCTPOWCTB BHELUIHEW MAaMSTU U MPOrPaMMHbIX CUCTEM YNPABAEHNS [aHHLIMU

YHUKaIbHBIE KJIIOUH HeyHuKanbHBIN KIIOY

YN\

CIIY_HOMEP |CIIV_CTAT | CIIV_3API | CIIY_OT[_HOMEP CIIy_OTI_PVK

Puc. 1.6. CtpykTypa daiyia CIIVKAIUE HA YPOBHE MPHJIOXEHHUS (caydaii
onHoro ¢aina)

e TpebyeTcsl CO3TaHUE NOCTATOYHO CIOXHON HAACTPONKHU IS MHOTOKJTIOYE-
BOTO A0CTyna K dainam;

® BO3HHKAET CYILECTBEHHAs] U3OBITOUHOCTb AAHHBIX (ISl KaXA0To CayXalle-
T'O MOBTOPSIETCS UMSI DYKOBOIMTEIS €70 OTAEA);

e TpebyeTcs BbIMOJIHEHHUE MACCOBOM BEIOOPKH M BBIYMCICHHIA IS MOTYYEHUSI
CyMMapHoOii uHpopMalMu ob oTaenax.

KpoMe Toro, ecau B Xo[€ IKCIAyaTallMK CUCTEMBbI MOTpedyeTCsi, Ha-
NMPUMEP, 00ECIICUUTDb OIEPaLIMIO BIAAYU CIUCKOB CAYXAIIMX, MOJY4YalIUX
yKa3aHHYI) 3apIuiaTy, TO JUOO NPUAETCS MPH BHIMIOIHEHUHM KaxIOl Takoi
onepaluy MOJHOCTBIO MPOCMaTpUBaTh (aiii, JMO0 HYXHO OYAET PECTPyK-
TYpMpOBaTh (paiiy CIVEANNE, 0OBbABIAS KIKUYEBbIM U IoJie CIIY_3APIL

Jlist yay4duieHUsl CUTyallMM MOXHO ObUIO Obl MOIEPXUBATDH IBA MHOTO-
KIK0YeBbIX aitiaa: CIIVXANNE ¥ OTIEIE. IlepBblii daitn nonxeH 6s11 661 coaep-
XaTth noasg CJIY_MMd, CIIY_HOMEP, CJIV_CTAT, CIIY_3APII U CJIV_OTO_HOMEP, a
BTOpOi — OTI_HOMEP, OTI_PVK (HOMEp YAOCTOBEPEHMUS CIYXaIUEero, sBJsIO-
LIerocsl pyKOBOAMTEJEM OTaena), OTH_CIIV_3API (0oOlumii pazMep 3apIuiaThl
CJYXallMX JAHHOTO OTAENA) U OTI_PABMEP (00luee YMCII0 CAYXKalUUX B OTAE-
ne). CTpykTypa 3TuX (haiijioB noka3aHa Ha puc. 1.7,

Beenenue 3tux AByX (hailyioB MO3BOMWIO OB TPEOIOETh OOJBIIMHCTBO HE-
ya00CTB, MepPEeYMCICHHBIX B IpeablaylueM abd3ane. Kaxabiit u3 ¢ainos comepxan

YHUKa/IbHbIE KJIIOYH daitn CIIYKALUE

CIly_¥MsA | CIIV_HOMEP |CIIY_CTAT ; CIIY_3APII | CIIV_OTI_HOMEP

YHUKIBbHbIA KJ1I0Y Daiiy OTIEIL

¥

OTIO_HOMEP | OTH_PYK | OTH _CIIV_3API OTI_PA3MEP

Prc. 1.7. Ctpykrypa daitna CIVEANUE ¥ OTAEJH Ha YPOBHE MPHIOXKE-
HUs (cay4aii n1Byx (aiinio)
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Kypc OcHosbl 623 AaHHbIX

ObI TOJIBKO He Dy0MpyeMyro HHGOPMALIHIO, He BO3HHUKaIa Obl HEOOXOIUMOCTD B
JMHAMHWYECKHUX BLIUMCIEHUSIX CyMMapHO#K MHGpopMaLMy no otaenaM. Ho 3ame-
TUM, UTO MPH TAKOM IIEpexojie Hallla MHpopMaLIMOHHAsA CUCTEMA J0JIKHa 00Jia-
JaTb HEKOTOPbIMU HOBBIMH O0CODEHHOCTSIMH, cOnxalomnumu ee ¢ CYB/I.

LlenocTHOCTb AaHHbIX

Tenepb cMcTeMa TOJDKHA «3HATh», UTO OHa paboTaeT ¢ A1ByMsl MHGOpMaIH-
OHHO CBsI3aHHbIMU (paiiiaMu (3TO 1Uar B CTOPOHY CXeMbl 06a3bl JAHHBIX), JOIX-
Ha UMeTh MH(pOPMALIMIO O CTPYKTYPE U CMbIC/IEe Kaxmoro nosjsi. Haripumep, cu-
cTeMe JOJDKHO OBbITh U3BECTHO, YTO y NoJiel CIIV_OTI_HOMEP B (aiine CIIVKAIUE
M OTI_HOMEP B (paiiie OTIEJIE OMUH M TOT K€ CMBIC/I — HOMED OTaeJa,

KpoMe Toro, cucteMa J10JDKHA yYUTHIBATD, YTO B Pste CIy4aeB M3MEHEHHUE TaH-
HbIX B OMHOM (haiiie JOIKHO aBTOMATHUYECKH BbI3bIBaTh MOIMGHKALIMIO BTOPOIO
daiina, yToObl 001ee conepxumMoe GaittoB ObLIO corlacoBaHHBIM. Harnpumep, ec-
JIA Ha paboTy MIPUHHUMAETCS] HOBBIHM CITyXalllHid, TO HY>KHO 100aBHTh 3aMKCh B (haiii
CIIYKAIIME, a TAKKE TOJDKHBIM 00pa3oM M3MEHUTD Nojist OTI_CJIY_3APIT M OTI_PA3-
MEP B 3amnucH ¢aitia OTIENE, COOTBETCTBYIONIEH OTaey 3TOro ciayxauiero. bosee
TOYHO, CUCTEMA IOJDKHA PYKOBOJCTBOBATLCS CIICAYIOITUMH TPaBUIAMM:

1. ecau B ¢aiine CIVKAIVE COmEpXHUTCS 3amUCh CO 3HAYEHHUEM MO
CIY_OTI_HOMEP, paBHBIM n, TO M B daiiie OTOEJIH A0AXHA coaepXaThes
3afUCh CO 3HaYeHMEM NoJisi OTL_HOMEP, TaKXKE paBHBIM Ij;

2.  ecau B daisie OTIETH COAEPXKMTCS 3alHUCh CO 3HAYEHUEM MoJid OTI_PVK,
PaBHBIM m, TO ¥ B (paiie CIIVXAIUE DOJDKHA COMEpXKaTbCs 3aMMMCh CO 3HA-
YeHHEM ToJig CTY_HOMEP, TaKKe PaBHBIM In; B CJICTYIOIIHX JEKLIHSIX MbI
YBUIUM, 4TO TpaBuia (1) u (2) IBAAIOTCS YaCTHBIMHU CIydassMH ob1ero
TpaBUJIA CCbLAOYHONU Yeaocmuocmu: 0oae CIY_OTI_HOMEP COAEPXHUT
«CCBUIKM» Ha 3amMcH Tabauubl OTHENEH, M nose OTI_PYK COAEpPXKHT
«CCBUIKHM» Ha 3aITMCH TaOIULbI CITYXAINE;

3.  1npH JI0O0OM KOPPEKTHOM COCTOSTHUM MHDOPMALIMOHHON CUCTEMbI 3HAUE-
HUe nojisa OTI_CIIY_3API moboi 3anucH otk (aina OTOEIH A0JXHO
OBITh PABHO CYMMe€ 3HA4eHUI 1o CJIY_3APII BCcex Tex 3amuceil daitna
CIIYXAIIUE, B KOTOPBIX 3HaYeHHMe 1oJid CJIY_OTI_HOMEP COBMagaeT Co 3Ha-
YeHHeM ToJjiA OTI_HOMEP 3amMcH oTh_Kk;

4. mpu 1I060M KOPPEKTHOM COCTOSTHUHM HH(POPMALIMOHHON CUCTEMBI 3HAYE-
HUe mojisi OTH_PA3MEP Jio0o# 3amMcu orp_k ¢aina OTIETH AOJXHO
OBITH paBHO YMCITY BCEX TeX 3amuceit (aityia CIIVXAIMNE, B KOTOPBIX 3HAyeE-
HHe 11051 CJIY_OTI_HOMEP COBNAanaeT co 3HAYEHUEM H0Js1 OTI_HOMEP 3a-
TUCH oTH_k; B CJICAYIOLIMX JIEKIIMSIX Mbl YBHIUM, UTO npaBuia (3) u (4) npen-
CTaBJISIOT COOOMH NMpHUMEPBI OOLIHMX OrPaHUYEHUH LIEJIOCTHOCTH 0a3bl JAHHbIX.
IToHsTHE COrJ1acOBaHHOCTH, MW LIEJJOCTHOCTH, AJAHHBIX SBASCTCS KO-

4YeBBIM MOHATHEM 0a3 JaHHBbIX. PaKTHYECKH, €CJIM MHGPOPMALIMOHHAS CUCTEMA
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Nexkuma 1 3BONOLMA YCTPOWCTB BHELLHEW NAMATU U NPOrPaMMHBIX CUCTEM YNPABNEHUS AaHHbIMU

(maxe Takasl TIpocTasi, KaK B HalleM IIpUMepPE) MOLIEePXKHUBAET COTNTACOBAaHHOE
XpaHeHUEe JaHHBIX B HECKOJBbKHUX daiiiax, MOXHO FOBOPUTH O TOM, YTO OHa
noanepxusaet 6a3y naHHbIX (BJ1). Ecnu ke HekoTopasi BCrioMoraTeJibHasi CH-
CTeMa yrpaBlieHUsI JaHHBIMU M03BOJIsIET padoTaTh C HECKOJBKUMHU daiiaMu,
obecrieurBasi X COTJIACOBAaHHOCTDb, MOXHO Ha3BaTb €€ CUCTEMOM YIIpaBICHUS
6aszamu gaHHbIX (CYB/I).

Yxe ToJIbKO TpeOOBaHHE IMONNCPXKAHHUS COMIACOBAHHOCTHU JAHHBIX B He-
CKOJIBKUX (haiiiax He MO3BOJISIET TTPU MOCTPOEHUM MH(POPMALMOHHON CHCTEMBI
060oHTHCH OMOIHOTEKON (DYHKIIMHK: TaKasi CUCTEMa J0MKHa 00/1a1aTh HEKOTOPBI-
MH COOCTBEHHBIMH TAHHBIMH {MX ITPUHSTO HA3bIBaTh METATAHHBIMH ), OTPEICIsi-
IOLUIMMM LIEJIOCTHOCTb JaHHBIX. B HalieM npuMepe MHMOpPMaLUOHHAs CUCTEMA
JOJDKHA OTAEIBbHO COXPAHSITh MeTaaHHBIE O CTPYKTYpE (haiioB CIIVKAIUE u OT-
IEJH, a TaKXe IMpaBWia, ONpeae/IsiolIMe YCIOBUS LEJOCTHOCTH JAHHBIX B 3THX
daitrax (IPUHATO CUNUTATh, UTO MPABWIA TAKKE COCTABIAIOT YACTh METAIAHHBIX).

A3biky 3anpocos

Ho obecrneueHye HEJTOCTHOCTH JAHHBIX — 3TO JAJIEKO He BCe, UTO OObIY-
Ho TpebyeTcs or CYBJ/l. HauHeM ¢ TOro, uTo naxe B HallleM ITPUMepPE MOJIb30-
BaTe 10 UHDOPMALMOHHON cHUCTeMbI OYIET He CAMILIKOM ITPOCTO MOJYyYUTD,
Harpumep, o0LIYI0 YUCJIEHHOCTh OTlea, B KOTopoM pabortaer Iletp MBaHo-
Buu Cunopos. ITpunercs cHavasa y3HaTh HOMEp OTae/1a, B KOTOPOM paboTaeT
YKa3aHHBIN CIyXaIliHii, a 3aTeM YCTAHOBUTb UYMCIEHHOCTD 3TOro oTaeia. beuto
6nl ropasno mnpoie, ecid 6ut CYB]I no3Bosisiia chopMyIMpoBaTh TaKoil 3a-
Mpoc Ha sI3biKe, 60Jice OIM3KOM M10Jb30BATENSIM. TakuMe SI3bIKKM Ha3bIBAIOTCS
A3bikamu 3anpocoé K baszam dannbix. HarmpuMep, Ha si3bike 3arpocoB SQL Hai
3arnpoc MOXHO ObLT0 Obl BEIPA3UTD B ceayiolie popMe (3anpocl):

SELECT OTIH_PA3MEP
FROM CIIVKAIME, OTIOEIH
WHERE CIIV_UMs = ‘IIETP MBAHOBUY CUIOOPOB’ AND
CIIY_OTH_HOMEP = OTI_HOMEP;

D10 npumMep 3arnpoca Ha si3bike SQL ¢ «noaycoedunenuem»: ¢ ogHow cTo-
POHBI, 3aTpOcC aipecyeTcsl K ABYM (aiiamM — CIIYRAIMUE U OTIEJH, HO C ApYroi
CTOPOHH, AaHHBble BBIOMpPAIOTCSA TOABKO U3 aiysa OTIENH. YcioBue
CIY_OTH_HOMEP = OT[I_HOMEP BCEro JIHIllb «OTPAHUYMBAECT> UHTEPECYIOIM
Hac Habop 3anucei 00 oTaeaax A0 ogHoM 3anucH, eciau [lerp UBaHoBuu Cu-
IOpOB JEUCTBUTEAbHO paboTaeT HA maHHOM npeanpusituv. Eciu xe Ilerp
HBaHoBuy CuaopoB He paGoTaeT Ha IPEANPUATHU, TO YCIOBUE CIIV_UMS =
‘TIETP MBAHOBMY CUIOPOB’ He OYAET YAOBJIECTBOPATHCS HU AJIst ONHOM 3aru-
cH ¢aitna CIVXAINE, U MO3TOMY 3aIIPOC BHIIACT ITYCTOM pe3y/IbTarT.
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Kypc OcHoBbl 6a3 faHHbIX

Bo3moxHa u apyrast popMyJIHPOBKa TOTO Xe 3anpoca (3anpoc2):

SELECT OTH_PA3MEP
FROM OTIEJH
WHERE OTJ_HOMEP =
(SELECT CJY_OTH_HOMEP
FROM CIY¥AILME
WHERE CJIV_WM$1 = ‘HETP VBAHOBUY CUIOPOB') ;

DTO npuMep 3anpoca Ha si3bike SQL ¢ enoxcennvim nodzanpocom. Bo Bio-
JKEHHOM ToA3anpoce BoIOUpaeTcsl 3HaUeHUe NoJist CJIV_OTJ_HOMEP U3 3alUCH
(gaiina CNIVKAIME, B KOTOPOU 3HAUEHHE NOJs CJIY_MMS paBHSIETCSI CTPOKOBOM
KOHCTAaHTe ‘METP MBAHOBUY CUIOOPOB’. Eciu Takas 3anuch CYIIECTBYET, TO
OHa €IMHCTBEHHAs, TTOCKOJbKY moJie CJIY_JMS SIBASIETCS] YHUKAJIbHBIM KJITIO-
yoM aiina CIVXALME. Torna pe3yJbTaTOM BBIMOJHEHHUS MoA3anpoca Oyaer
€IUHCTBEHHOE 3HAUEHUE — HOMEp OTAeNa, B KOTopoM paboTaer [letp UBaHo-
puy Cuaopos. Bo BHeLIHEM 3ampoce 3TO 3HaU€HHUE OyaeT KJII0UOM AOCTyNa K
(daitny OTIENH, U cHOBA OyAeT BbIOpaHa TOJbKO OJHA 3aMHUCh, TOCKOJBKY I0-
Jie OTO_HOMEP SIBJISIETCS YHUKAJIbHBLIM KilouoM daitna OTIENH. Eciu xe Ha
nanHoM npeanpusituu [Terp UBanosuy CunopoB He paboTaeT, TO NoA3anpoc
BbIIACT NYCTOM PE3YJILTAT, U BHELIHHI 3aNPOC TOXE BBIAACT MYCTOM pe3ynbTar.

[NpuBeaeHHbBIE MPUMEDPHI NTOKA3bIBAIOT, UTO NP (POPMYJIHMPOBKE 3arpoca ¢
ucnoab3oBaHueM SQL MOXHO He 3alyMbIBaThCsI O TOM, KaK OyIET BbINOJHSITh-
¢s1 3T0T 3anpoc. Cpeau MeTaAaHHBIX 0a3bl JAHHBIX OYAET CodepXKaThCsl MHADOP-
Mauus 0 TOM, UTO nojie CJIYV_IMS sIBJSIETCS KJIOUEBBIM JUIs (paiina CIIYRALNE
(T. €. MO 3a0aHHOMY 3HAYCHUIO UMEHH CIYXALIEro MOXHO ObICTPO HAUTH CO-
OTBETCTBYIOLLYIO 3aNMCh WKW YOCAUTHLCST B TOM, UTO 3aIIUCh C TAKUM 3HAYEHM -
€M 110151 CJIY_VMA B (paiine OTCYyTCTBYET), a nojie OTI_HOMEP — KJIIOUE€BOE IS
daitna OTOEJH (¥ 6oJiee Toro, 0da Kioua B COOTBETCTBYIOLIMX hakiax sipJisi-
I0TCSI YHUKAJIbHBIMH), U CUCTEMA CaMa BOCIIOJb3YeTCsl 3TUM. MoOXHO ¢op-
MaJILHO 10Ka3aTh, YTO (DOPMYJIHPOBKHU 3anpoc I U 3anpoc2 5KBUBAJIEHTHHI, T. €.
BHE 3aBUCUMOCTHU OT COCTOSIHMSI JAHHBIX BCEraa NMpOU3BOISIT OOWH U TOT Xe
pe3yabrat. Hanbonee BepOSITHBIM CIOCOOOM BBITIOJHEHMSI 3ampoca B 00€UX
dopMysHMpoBKax OymeT BbIOOpKa 3anucy U3 daitna CIIVXKALUE co 3HaUYEHUEM
nojst CJIY_VIMS, paBHBIM CTpOKE ‘[IETP MBAHOBUY CUOOPOB', B3SITHE U3 3TOH
3anMcH 3Ha4YeHUs noJist CJIY_OTI_HOMEP W BuIOOpKa M3 Tabauubl OTIEIH 3a-
MUCH ¢ TAKHUM XK€ 3HaYeHHUEM Mo OT[I_HOM.

Ecnu xe, HanpyuMep, BOBHUKHET MOTPEOHOCTb B MOJYYEHUH CITUCKA CO-
TPYOIHUKOB, HE COOTBETCTBYIOLIMX 3aHUMAEMOIl JOJIXKHOCTH, TO JOCTATOUHO
00paTUTBCS K CUCTEME € 3aNpocoM (3anpoc3):
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Nekuns 1 IBoMmoums yCTPOWCTB BHELLIHEN NAMATU U NPOTrPaMMHBIX CUCTEM YNPaBIeHNA AaHHbIMW

SELECT CIIY_UMs, CIIY_HOMEP
FROM CIYXAUME
WHERE CIIY_CTAT = "HET";

Y CHCTeMA caMa BBIMOJIHUT HEOOXOMUMBIH MOJIHBIH MPocMOTp daitna CITVKAINE,
MOCKOJIBLKY T0JI€ CITY_CTAT He SIBJISIETCS KITIOYEBBIM, W APYTOTO Cr1oco6a BhIMOoI-
HEHHSI HE CYIIIECTBYET.

TpaH3akuum, XypHannaauna n MHOronoNsL308aTeNnbCKU PeXUMm

Hanee, npeacraBuM cebe, YTO B MEpPBOHAYAIbHOI peain3aliMi HHpopMa-
LIMOHHOM CUCTEMbI, OCHOBAHHOM Ha UCMOJIb30BAaHUH OMOIHUOTEK pacuIMpeHHbIX
METONOB OCTyNA K (aiiaM, o6pabaTbiBacTCsl ONepalus NMPUHATHS Ha paboTy
HOBOTO ciryxaiuero. Cnenysa TpeOOBaHHSAM COIJTACOBAHHOIO M3MEHEHMs (aii-
JIOB, MH(OpMAaIIMOHHAsSE CUCTEMa BCTABJISIET HOBYIO 3aMHUCh B (paitn CIIVKAIIME U
cobupaeTcsi MOIU(PUIIMPOBATh COOTBETCTBYIOLLYIO 3aNUCh (haiina OTIENH (Wiu
BCTaRBJISATh B 3TOT (hais1 HOBYIO 3aMTUCh, €CJIU CAYXKALUUIA SIBASIETCS MEPBbIM B CBO-
€M OTaeJIe ), HO MUMEHHO B 3TOT MOMEHT IPOUCXOIUT (HaNIpUMEP) aBapUIHOE BbI-
KJTIOUEHWE MTUTAHUST KOMITBIOTEpa.

OueBUAHO, YTO TOCJIE Mepe3arycka CUCTeMbl ee 6a3a NaHHbIX 6ymeT Ha-
XOIUTBECS B pacCcOrTacOBAHHOM COCTOSIHUM (TOUYHO OyAyT Hapyll€HHl MpaBKia
(3) u (4), a MoxeT ObITb, ¥ IpaBuiIa (1) 1 (2)). [ToTpedyercst BBIICHUTB 3TO (a
U151 3TOTO HYXXHO SBHO MPOBEPUTb COOTBETCTBHE JAHHBIX B (paibtax CIYRAIUE
Y OTHEJIN) M IPUBECTH JaHHBIE B COTJIAaCOBAHHOE COCTOsIHUE. I1poBepKy U Kop-
PEKLMIO MOXHO BBIITOJTHUTh, HATIPUMED, cenyoLUM 0bpazoM. Crpynmuposarth
3anucu aitsia CTYXAILIME MO 3HAYEHUSIM Mo CIIY_OTI_HOMEP. JIng kaxnoi
TpyMnbl (a) MPOBEpPHTh, CYLECTBYET JIU B (paiiie OTIETH 3anMCh, 3HAYEHUE OIS
OTZ_HOM KOTOpOH paBHSIETCS 3HAUCHUIO 110151 CJTY_OTI_HOMEP 3anmuceil JaHHOM
TPYNIIBL; €CJIM TAKOM 3arnucHy B daiire OTOETH HeT, TO (b) UCKIIIOYNTD TPYITITY U3
daitna CIIVKAIME U nepeidTh K 0OpaboTke cienyloilied rpyiibl; HHave (c) rno-
CUMTaTh YUCJIO 3aMMCEN B IPYIIE U BBIYUCIUTh CyMMAapHOE 3HaYeHHe 3apaboT-
Hoi maaTel; (d) OOHOBUTL MOJYYEHHBIMH 3HAYEHUAMM ToJsg OTIH_PA3MEP W
OTJ_CJIY_3APII COOTBETCTBYIOLLEH 3anKcH (daitna OTIEIH U NepeiTH K 00paboT-
Ke CAEAYIOLLEH IPYIITbL.

Hacrosume CYB/ 6epyT Takyro paboTy Ha cebs, moanae pXXupasi mpau3ax-
UUOHHOE ynpaesnieHue U dCypHasuzayuro 3MeHeHU 6a3sl naHHbIX. [TpuxknagHas
crcTeMa He 00si3aHa 3a00TUTBCS O MOAICPXKKE KOPPEKTHOCTH COCTOSIHUS Ha3bl
JIAHHBIX, XOTS U JOJIXHA 3HATh, KAKHE LICMTOYKH Ornepanvi n3MeHeHMS NaHHBIX
SIBASIIOTCST JOMYCTHUMBIMH.

IIpencraBuM Temnepb, YTo B MHGOPMAILIMOHHOM cHCTeMe TpedyeTcs obecre-
YUTh MapavieSIbHY0 (HarpuMep, MHOTOTCPMUHAIBHYIO) paboTy ¢ 6a30i JAHHBIX
CIIYXalIuX U OTAEIOB. EC/IM OMUpAThCs TOJILKO Ha UCTIONB30BaHUE (DaiiioB, TO 11

33



Kypc OcHoBbl 633 AaHHbIX

obecrneueHu st KOPPEKTHOCTU Ha BCE BpeMst MOAUMbUKaIIUHY J11000ro U3 IBYX (haitioB
JIOCTYI1 APYTHX NOJIb30BaTe/Ieii K 3ToMy (haitty Oyaer 6J10KMpoBaH (BCHOMHHUTE BO3-
MOXHOCTH (aitIoBbIX CUCTEM B OTHOLLICHWH CHHXPOHHM3ALUK NMapaJUIe/IbHOTO J10-
cTyna, ynoMHHasilyecs B pas3j. «DaitnoBbie cUcTeMbl»). Takum 0bpasoM, 3aumncJie-
Hue Ha pabory [Terpa MBanoBuya CuaopoBa CyLIECTBEHHO 3aTOPMO3MT FIOJTyYEHHE
nHdopMaluu o cayxaieM Meane Cunoposuue [letpose, naxe ecim oHu pabora-
10T B pa3HbIX otaenax. Hacrosmme CYB]l obecneurBaloT ropa3no 6osee TOHKYIO
CHHXPOHH3ALIMIO NAapa/UIENbHOTO JOCTYIIA K JaHHBIM.

CYB/] kaKk He3aBMCUMbIA CUCTEMHbIA KOMIMOHEHT

o cux nop MbI He BoiwieHsuid CY B/ u3 cocraBa MHGOPMAalLMOHHOMN CH-
CTEMBbI, UMesl B BUIY ODLIYIO OPTaHM3aLMI0 CUCTEMBI, TIOAOOHYIO TOMH, KOTOpas
TIOKa3aHa Ha puc. 1.8.

HUHpopMalimoHHas cucTeMa
CYBbJ

daitnosas
cUcTeMa

MeranaHHbie

Puc. 1.8. CYB/I B coctaBe HHOOPMALIMOHHOK CUCTEMBI

3neck BUAHK ABa nedekra. Bo-nepBrix, oueBuaHo, uto CYB/I nomkia non-
JePXUBATh JOCTATOYHO Pa3BUTYI0 (PYHKIIMOHAIBHOCTD. [TOBTOPATD 3TY QYHKIIU-
OHAJIBHOCTh B K&XKI0M HH(pOpMallMOHHOM cHcTeMe HepasyMHo. C Ipyroii cTropo-
HBI, HEICHO, KAKUM 00pa3oM MOXHO ODECTEUUTh TOTOBBIM K HCIIOb30BAHUIO
komnoHeHT CYB/I, koTopblif MOXHO ObLTO Ob1 BCTPAUBATh B MH(MOPMALlHOHHBIE
cHCTEMBI. BO-BTOpLIX, yX€ JOJDKHO OBITH MOHSITHO, YTO Habop (ailyioB MOXHO
Ha3BaTh 6a30i JaHHBIX TOJLKO MPH HATMYUM MeTagaHHbIX. Ha puc. 1.8 MeTagaH-
Hble SIBSTIOTCS MPUHANJIEXKHOCThIO HH(POPMALIMOHHOH CUCTEMB, U ITO3TOMY, Ha-
npuMep, daitipl CIIVEAIVE M OTOEJL MOXHO 3(p(hEKTHBHO UCIOIB30BaTh TOJLKO
yepe3 Hallly TUITOTETUUECKYIO CUCTEMY PETUCTPALIUH CITYKAUIUX.
[IpennosoXxum, YTo MPeANPUATHIO HYXKHA ellle U MHDOopMaLHOHHas Oyx-
ranrepckas cuctema. Q4eBHAHO, UTO LTS €€ pabOThI TAKKE NMOTPeOYIOTCS AaH-
HBblE O CAyXaluux U otgenax. [1py MoKa3zaHHOH BHIILIE OPTaHU3ALUH CHCTEMbI
BO3MOXHBHI IBa BApUAHTA BHITTOJHEHUS 331a4M, HH OAMH U3 KOTOPbIX HE SIBJISI-
€TCsl YIOBJIeTBOPUTEIBHBIM.
1. BHeapuTh OyXrajrepckylo CUCTEMY B COCTaB CHCTEMBl perHCTpallud Co-
TpynHuKoB. Ho Belb, KaK MpaBuIIO, OyXTajJITePCKUE CUCTEMBbI NOKYTIAIOTCS
B BUJIE FTOTOBBIX M OTAEJbHBIX POAYKTOB, HE MPUCTIOCOOJEHHBIX K MOA00-
HOMY «BHEIPEHUIO».
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Jlexumst 1 OBOMOLMA YCTPOWCTB BHELLUHEN NaMATU U NMPOrPaMMHbIX CUCTEM YIPaB/ieHns JaHHLIMU

2.  CkonupoBaTh MET3IaHHbIE CUCTEMbI PETUCTPALIUM CHyXalMX B Oyxraj-
TepCcKyo cucTeMy. Ho MeTanaHHbBIe (KaK U JaHHbIE) He 00s13aTeJIbHO SB-
JISIIOTCS CTaTUYHBIMHU. CTPYKTYpa 0a3bl JaHHBIX MOXET CO BpeMEHEeM U3-
MEHSTbCS, MOTYT MCU€3aTh OJHM NMpaBHia LIEJIOCTHOCTU U TOSIBASTHCS
apyrve. Kak cornacoBblBaTb KOMMUHM METANAHHBIX, MOMAEpXUBaeMble
HE3aBUCHMBIMU MH(HOPMAIITMOHHBIMU CUCTEMAMU?

Tak MBI IPUXOAVM K OpraHU3allMyu CUCTEMBI, MOKa3aHHOM Ha puc. 1.9.

HWudopmanvonHass | baza
cucteMma | NaHHBIX 1
MeTaganHble 1
HudopMaLuroHHast - CYBA /
cucrema 2 o T
baza
JAaHHBIX 2
cucreMa 3 -

Puc. 1.9, OtaenpHas CYB/l 1 6a3bl JAHHBIX ¢ METATAHHBIMKA

3/1ech Mbl BUAVM TPH UH(POPMAaLMOHHBIE CUCTEMbI, KOTOPHIE Yepe3 OAHY
CVYB/1 paboTatoT ¢ 1ByMsi pa3HBIMUM 0a3aMH JTaHHBIX, IPHUEM T1epBasg U BTOpas
CUCTEMBI paboTaloT ¢ 0611el 6a30i JaHHBIX. DTO BO3BMOXHO, MOCKOJIbLKY METa-
JaHHBIe Kaxa0il 6a3bl JaHHBIX COAECPXKATCSA B CaMUX 0a3ax JaHHBIX, U AOCTa-
TouHo Juilb yKa3zath CYBJI, ¢ Kakoii 6a30ii JaHHBIX XeaeT padboTaTh JaHHOe
npunoxenue. ITockonsky CYB/ GyHKIIMOHUPYET OTAEABHO OT NMPUJIOXKEHUIA,
U e¢ paboTa ¢ 6a3aMM JAHHBIX PEryJIUpYeTCs MEeTaJaHHBIMH, COBMECTHOE HC-
MOJB30BAHHE OAHOU 0a3bl JAHHBLIX ABYMS WH(OPMALIMOHHBIMHA CUCTEMaMM
HE BBI3OBET MOTEPHU COTJIACOBAHHOCTHU JAaHHBIX, U AOCTYNl K JAaHHBIM Oyier
JOJKHBIM 00pa3oM CHUHXPOHM3MPOBATLCA. 3aMETHUM, UTO pUc. 1.9 BIIOTHYIO
npubauxaeT Hac K HauboJiee paclpoCTPaHEHHOH B MocieAHNE AeCATHIIETHS
apXUTEKType «KIueHT-cepBep». CYB]l urpaer poib «cepBepa», 00CyXHBaIO-
UIEr0 HECKOJBKUX «KJTHEHTOB» — MPUKIIAAHBIX HHHOPMALIMOHHBIX CUCTEM.

Takum obpazom, CYB/I peiaroT MHOXeCTBO NPodJieM, KOTOPBIE 3aTPy/-
HUTEJIBHO WIH BOOOIIE HEBO3MOXHO PELIUTh MPH UCTIONb30BaHHU (DaiIOBBIX
cucteM. [1pu 3TOM CYILLIECTBYIOT NMPWIOKEHUSA, JUIS1 KOTOPHIX BIIOJIHE JOCTATOY-
HO (aiiyIoB; IPWIOXKEHHUS, VTSI KOTOPBIX HEOOXOAUMO pelliaTh, KaKOH ypoBeHb
paboThI ¢ TAHHBIMU BO BHEUIHEH MaMSTH ST HUX TpeOyeTCs, U TIPUIOXEHH,
JU151 KOTOPBIX, 0€3yCIOBHO, HYKHBI 0a3bl TaHHbIX.
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Kypc Ocrosbl 6a3 faHHbLIX

3aknovyeHue

MBI Haualu 3Ty JEKLUIO C paccKa3a 00 UCTOPUU CHUCTEM YIIpaBICHUS
BHEILHEH NaMsThio. PazBUTHE animapaTHbBIX ¥ TPOrpaMMHBIX CPEACTB yIIpaBJie-
HHS BHELIHEH MaMSATbIO TUKTOBAJIOCh MOTPEOHOCTIMU HHMOPMALIMUOHHLIX CH-
CTeM, JUISL IOCTPOEHHS KOTOPBIX TpeOOBaach BO3MOXHOCTDb HAlEXKHOIO J10/1-
TOBPEMEHHOTO XpaHEHWs OOJBLIMX 00BEMOB MaHHBIX, a TAKXKE OOecIeYeHHe
JIOCTATOYHO OBICTPOro AOCTYIA K 3TUM AAHHBIM,

Cuctembl ynpaBiaeHUs aiiiaMyd BO BHEILHEH MaMATH 00ECreuUuBarOT
MMHHMMAJIbHbBIE TOTPEOHOCTH MHGMOPMALIMOHHBIX CUCTEM, IIPEIOCTABISIS Cpe-
CTBa paclpenejeHus W CTPYKTYPHU3alLMM AUCKOBOI MamMsaTH, WMEHOBAHMA
daiinoB, aBTOPHU3aLMU JO0CTYNA U MOMIEPKKH MHOTIOMOJB30BaTEIbCKOTO pe-
xxuma. ITo Mepe pa3sBUTHS TEXHOJIOTHU HHDOPMALIMOHHBIX CUCTEM UX TOTpeD-
HOCTH BO3pAacTaroT, BBHIXOASA 3a Mpeaeibl BO3MOXHOCTEH, obecrieurBaeMBIX
(hait10BBIMM CUCTEMAMH.

Cneayer oco60 o6paTWTh BHUMAaHME HA TO, UTO M CETOAHS OCHOBHOM
KJ1acC YCTPOMCTB BHELIHeH maMATH 0a3upyeTcsl Ha MarHUTHBIX JUCKaX C IO-
JBUXHBIMU ToioBKaMu. [ToaToMy BpeMeHHbIE COOTHOLIIEHUS, MPUBEIEHHBIE B
CBsI3M C pucC. 1.1, Mo-TIpeXxHeMy BecbMa akTyajibHbl. Ha 3TUX COOTHOLLIEHUSIX,
TIaBHBIM 00pa3oM, 6a3UPYIOTCSI ONMTUMU3ALIMOHHBIE METO/IbI, IPUMEHSIEMbIEC B
COBPEMEHHBIX CHCTEMAaX YIIpaBJACHHS JaHHBIMU BO BHEITHEH ITaMSITH.

Hanee, Ha mpUMepe TPUBUATbHOM HHGOPMALIMOHHOMN CUCTEMBI ObLIH I10O-
Ka3aHbl CUTYallul, B KOTOPbIX BO3MOXHOCTH (haliIOBBIX CUCTEM SIBHO HENOCTa-
TOUHBI. bonee TOro, MONLITKU paclIMPEHHUs BO3MOXHOCTEH (DaiiioBOi CUCTEMBI
MyTEM BKJIFOUEHHUS B MPUJIOXEHUE NOMOJHUTEIbHBIX TPOrpaMMHBIX KOMITOHEH -
TOB BO MHOTHMX CJ/ly4asix He IIPUBOJAT K ycriexy. B rpenene Takue MOMbITKA MOI'yT
TIPUBECTH K TIOSIBIEHUIO CAMOCTOATEILHOTO MPOrPaMMHOTO MIPO/IyKTa, o0nana-
1otero HekoropbiMu YeptamMu CYBJI. OnHako Hactosiniime CYB/I siBnstioTcst Ha-
CTOJBKO OOJIbIIMMHU U CJIOXHBIMM MPOrPAMMHBIMHU CHCTEMAaMH, UTO BEpOSIT-
HOCTb YCMEWHOTOo co3AaHus «camonebHol» CY B/l HuuToxHo Mana.

Ellle onyH BBIBOJ 3aKJIOUYAETCS B TOM, UTO NIPH BLIOOpPE TEXHOJIOTHH TO-
CTpOEHHs1 UHHOPMALIMOHHON CUCTEMBI HYKHO TILATEJBHO OLIEHUBATh U NPO-~
THO3WpPOBATh €€ NMOTEHIIHAIbHBIE MOTPEOHOCTH B CPEACTBaX YIIPaBJICHUS aH-
HbeIMU. KoHeuHo, 1106y10 MHHOPMALIMOHHYIO CHCTEMY MOXHO OCHOBBIBATb Ha
WUCMOJb30BAaHWM NpPOMBILLJIEHHOH, 60Jblioii U MomHoi# CYBJl. Ho BnoaHe
MOXeT 0Ka3aThCs TaK, YTO B JIEHCTBUTEIBHOCTH MIPWIOXEHHE OYNET UCIIOJIb30-
BaTh JOJM TNpoleHTOoB ob1ux Bo3MoxHoctei CYDBJ/l. HaknanHble pacxobl
(3aTpaThl Ha JOMOJHUTEJIBHYIO alllaparypy, JMLUEeH3UPOBAHUE JOPOTOCTOSIIIE -
IO IIPOTPaMMHOTO NPOAYKTA, YBEJTHUECHHE ODILIET0 BPEMEHH BHIMOJIHEHHUS OIle-
paluif) MOTYT 0OKa3aTbCsl HEOITpaBAaHHBIMH.
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Nexupns 2 BeeaeHue B peisitMOHHYI0 MOAENb AAHHbIX

Jlekums 2. BBegeHne B penfuuoOHHYIO MoAieb A aHHbIX

B aTom Kypce, n1aBHBIM 06pa3oM, 00CYKIAIOTCA pa3ju4HbIe ACMEKTHI peJisi-
IHOHHBIX 0a3 AanHbiX. IIPHHATO CUHTATD, YTO PEJIANMOHHBIN MOAXO0 K OPraHH3a-
nun 6a3 naHHBIX ObLT 3a710KeH B KoHne 1960-x rr. Darapom Konnom. B nociennue
JEeCATHWIETHSA 3TOT MOIXO sABJIAETCS HauboJiee pacnpoCTPAHEHHbIM (C OTOBOPKOI,
YTO B Ha3bIBAEMbIX B 00MX0€ pPeJIALMOHHBIMH CHCTEMaX 0a3 JaHHBIX, OCHOBAHHBIX
Ha s3bike SQL, B AeliCTBUTEILHOCTH HAPYIIAIOTCA HEKOTOPbIE BaXKHbIE MPHHLMINbI
KJI2CCHYECKOrO PeIsiIIMOHHOrO noaxoaa). /IocTOMHCTBaMH peJIilIMOHHOTO MOAX0Aa
NPHHATO CYMUTATH CJIEAYIOLIME CBOMCTBA:
¢ peJANMOHHBLIA NMOAX0A OCHOBLIBAETCS HA HEOOJBIIOM YHC/I€ HHTYHTHBHO MO~
HATHBIX a0CTPaKUHii, HA OCHOBE KOTOPBIX BO3MOXHO MPOCTOE MOAETMPOBAHHE
Hau0oJ/lee pacnpoCTPAHEHHBIX MPEIAMETHBIX 001acTel; 3TH a0CTPAKIIMM MOTYT
ObITh TOYHO U (POPMAJILHO OTpeIeIeHbI;

® TeOpeTHYECKHM 0A3HCOM PeJISIMOHHOIO MOAX0AA K OpraHu3aiui 0a3 JaHHBIX
CJYKHT NMPOCTOM W MOLUHBIH MAaTEMATHYECKHIA aNNapaT TEOPHUH MHOXKECTB U Ma-
TEMATHYECKOH JIOTHKH;

® peIALHOHHBIA MOAX0A 0o0ecneYyHBaeT BO3MOKHOCTh HEHABUTALHOHHOIO Ma-
HHNYJIMPOBAHUSA JAHHBIMH 0e3 He0OX0IHMOCTH 3HAHUS KOHKpPETHO# Pu3nue-
CKO#i opraHM3anuu 0a3 JaHHBIX BO BHELIHEH NAMSATH.

KomnbloTepHblii MHP Ja1eKO He cpa3y MPHU3HAJ peisUHOHHbIE CHCTeMbl. B
70-e roJa MpoNLIOro BeKa, KOrAa yxKe ObLIH MOJIyYeHbl MOUTH BCE OCHOBHbIE TEO-
peTHUECKHE Pe3Y/IbTATHI H AaXkKe CYIIECTBOBAJM NEPBbIE MPOTOTHIILI PEJIALHOHHBIX
CYB/I, MHOrHE ABTOPUTETHBbIE CIEHUAIUCTB! OTPHLIAM BO3MOXKHOCTH A0OUTLCSA
apdeKTUBHON peasu3auuH TaKuX cucTeM, OIHAKO NMPEeHMYIIECTBA PENISIIUOHHOTO
NOAX0AA U PA3BHTHE METOI0B H AJITOPUTMOB OPraHU3ALMM H YIPABJICHUSA Peasiuu-
OHHBIMHM 023aMH JAHHBLIX MPHUBE/IH K TOMY, 4TO K KOHLY 80-X ro/10B pe/islMOHHbIE
CHCTEeMBI 3aHs1JIH HA MHPOBOM pbiHKe CYDB/I noMuHHpYylowiee noJiokKeHue.,

B 2T0ii IeKUMHM HA CPABHUTE/ILHO He(POPMATLHOM YPOBHE BBOJIATCS OCHOB-
Hble MOHATHA PEJIAHOHHBIX 023 JAHHBIX, A TAKKE ONpeJeNfAeTcs CYIHOCTD peisi-
INHOHHOM MOJEeJH JaHHbIX. OCHOBHOH 1EJNbI0O JIEKIHH ABJIAETCH JeMOHCTPALUSA
NPOCTOTHI H BO3MOXHOCTH MHHTYMTHBHO#H HHTEPNPETAIMH 3THX NOHATHIA. B cieny-
I0IIMX JIEKUUAX OyAyT NpUBOAMTLCA 00Jiee hopMaibHbIe ONpeae/ieHusl, HA KOTO-
PbiIX OCHOBAHA TEOPHs PEJSIHMOHHBIX 023 JaHHBIX.

KmoueBbie cioBa: PejisiLiMOHHBIN TIOAXON K OpraHu3alMy 0a3 JaHHBIX,
pensLMOHHbIE 0a3bl JaHHbIX, PEISILIMOHHAS MOJENb JAHHBIX, THUIM JIaH-
HBIX, JOMEH, aTPUOYT, KOPTEX, OTHOLIEHUE, TIEPBUYHBIA K104, OTPAHU-
YyeHME JOMEHA, 3aTOI0BOK OTHOMUIEHUS, TE€JIO OTHOIUEHUS, 3HAUEHUE OT-
HOLUEHWS, NEPEMEHHAs OTHOLIEHUS, CTENEHb OTHOILEHUS, CXeMa PeJisi-
LIMOHHOMH 643bl JAHHBIX, BO3MOXHbBIIN K04, OTPAHUYEHUE HEJOCTHOCTH,
nepBas HoOpMaibHasi (popMa, LIENOCTHOCTb CYLUHOCTU, BHEUIHUI KIIIOY,
LIEJIOCTHOCTD IO CCBLJIKaM, HeompeaeeHHoe 3HadyeHue (NULL).

37



Kypc OcHosbl 623 naHHbIX

OCHOBHbIe NOHATUA penauuoOHHbIX 6a3 gaHHbIX

Brigenum creayioniie OCHOBHBIE TTOHATHUS DEJSILMOHHBIX 6a3 AaHHBIX:
mun danubix, doMeH, ampubym, KOpmedc, OMHOueHUe, REPBUYHBLI KAKOY.

Hng Hayana mokaxem CMBICJ 3THX MOHATHIL Ha MpUMEpPE OTHOUICHUS
CIIYXAIIHUE, comepxaluero HHGpOpMaLMIO O CAYXaIlUX HEKOTOPOTO TNpei-
npusitusi (puc. 2.1).

Tunbl 1aHHBIX

T

Levie CTpoku
yHcaa CHMBOJIOB

Henprn

JloMeHbI

Homepa Pasmepni Howmepa
MPOTIYCKOB Hmena BBIILIAT OT/IE/IOB
ATpHUOYTHI
l IepBuuHbIL KTI0Y I

x| | |cny_HoMmep | ciy_ums | ¢y _3apn | Cy_OTA_HOMeD | 3aronopok
= y_Homep | oy Ty_3ap Y_OTA_HOMEp = OTHOLUEHMs
§ 2934 Weanos | 22000.00 310
E 2935 Ietpos | 30000.00 310
o Teno
% 2936 Cugopos | 18000.00 313 OTHOLLEHHS
] 2937 Depopos | 20000.00 310
<
i 2938 HBanosa | 22000.00 315

Puc. 2.1. CooTHOUIEHHE OCHOBHBIX MOHSITUH PEJIALIMOHHOTO MOAX0Aa
Twvn AaHHbIX

3HavyeHHs] JaHHBIX, XpaHUMBIE B PEJAIIMOHHOMN 6a3e AaHHBIX, ABIAIOTCS
TUIMMM3UPOBAHHBIMHU, T. €. U3BECTEH THIT KAXIOI0 XpaHUMOTo 3HaueHUs1. [ToHs-
THE munda darHbix B PEJALIMOHHOM MOEIN JaHHBIX TOJHOCTbIO COOTBETCTBYET
MOHATUIO THITA AaHHBIX B sI3bIKaxX MporpaMMupoBaHusi. HaltoMHUM, 4TO Tpa-
JUIMOHHOE (HECTPOroe) ornpeneieHue THIA JaHHBIX COCTOMT U3 TPEX OCHOB-
HBIX KOMIIOHEHTOB: OIpelieIeHHe MHOXECTBA 3HAYEHU I JaHHOTO THIIA; OIpe-
nejedHue Habopa ornepalMii, IpUMEHHUMBIX K 3HAYE€HHUSAM TUIA; OIpEAETEHUE
croco6a BHEUIHEro MpeacTaBeHHs 3HaYeHU I TUTa (JIMTePAsioB).
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Nekums 2 BeefeHue B PENSUMOHHYIO MOZENb AaHHbIX

OObIYHO B COBPEMEHHBIX PEISAIIMOHHBIX 6azax JaHHBIX JOMYCKAaeTcsi
XpaHEeHHE CHUMBOJIBHBIX, YHCTOBBIX JAHHBIX (TOYHBIX H MPUOTHU3UTENbBHBIX),
CHEHAIN3UPOBAHHbBIX YUCAOBBIX JaHHBIX (TAKUX, KaK «I€HBIH»), d TAKXe
CNEeUATbHBIX «TeMMOPAIbHBIX» JaHHBIX (JaTa, BpeMsl, BpeMEHHON HMHTEp-
Ban). KpoMme ToTO, B pENISIUMOHHBIX CUCTEMAaX MOMIEPXHBAETCS BO3MOXHOCTD
oTIpede/IEHUs] MOJIb30BaTEISIMU COOCTBEHHBIX TUIOB JaHHBIX {(Ooee noapob-
HO MBI OOCYIHM 3TO B JIEKIMH 19, MOCBSIIEHHOW 06bEKTHBIM paClUMPEHHSIM
a3sika SQL).

B npuMepe Ha puc. 2.1 Mbl HMeEEM OENO ¢ JAHHBIMH TPEX TUMOB. CTPOKH
CUMBOJIOB, 11€JIbI€ YHUCJIA U «IEHBIH».

AomeH

[MoHsaTue domena 6onee cneuMPUIHO M 6a3 JaHHBIX, XOTA U UMEIOTCS
AHAJIOTHH C MOATUITAMHU B HEKOTOPBIX SI3bIKaX NMporpaMMHpoBaHHs (6oJiee Toro,
B CBOEM «Tpemvem manugecme» Kpuctodep el u Xob10 JapBeH BoOOIIE JINK-
BUIUPYIOT pa3jiIMuve MeXIy JOMEHOM U TUMOM JaHHbIX). B 0b1iem Buae JoMeH
OIpeeIIsIeTCs ITyTeM 3aJaHUsI HEKOTOPOTro 0a30BOTO THIMA JaHHBIX, K KOTOPOMY
OTHOCSITCSI DJIEMEHTBHI JOMEHA, U IPOU3BOJBHOTO JOTUYECKOTO BbIPaXKCHHSI,
MPUMEHSIEMOrO K 3MIEMEHTY 3TOrO TUNA JAHHHIX (0epanuyeHust domeHa). Die-
MEHT JAHHBIX SIBJSIETCS JIEMEHTOM IOMEHA B TOM U TOJIBKO B TOM CJIy4yae, €CJId
BBIUMCJIEHHE ITOTO JIOTHYECKOTO BBIpAXEHUS 1A€T PE3YAbTaT ucmuHa (s Jo-
rMYeCKUX 3HaYeHUH MBI OylIeM MOMepeMeHHO UCIIONB30BaTh 0003HAYCHMUS UC-
muHa M 10xce WIH true U false). C KaXnbIM JOMEHOM CBSI3BIBAC€TCS MMsI, YHH-
KaJIbHOE CPeM UMEH BCeX TIOMEHOB COOTBETCTBYIOLLCH Oa3bl JaHHBIX.

HanGonee npaBuibHONH UHTYUTUBHOM TPaKTOBKOM MOHSATUS JOMEHA SIB-
JISieTCS1 €r0 BOCHPUSITUE KAaK JOMYCTUMOrO MOTEHUMAIbHOTO, OTPAHUYEHHOTO
NOIMHOXECTBA 3Ha4eHUH nJaHHoro tuna. Hanpumep, 1oMeH VMEHA B HalieM
npUMepe oIpeneiacH Ha 6a30BOM THUME CUMBOJBHBIX CTPOK, HO B YHC/IO €ro
3HaY€HUI MOTYT BXOIOWUTb TOJIBKO T€ CTPOKM, KOTOpbIE MOTYT MpEACTABISATh
HUMeHa (B YaCTHOCTH, JJIS1 BO3MOXHOCTH TPEACTaBeHUS PYCCKMX UMEH TaKHe
CTPOKH HEe MOTYT HAYHHAThCSl C MSITKOTO WK TBEPAOTO 3HaKa U HE MOTYT OBITh
JIIHHHee, HanpuMep, 20 ciMBooB). Eciu HEeKOTOpbIH aTpUOYT OTHOLUEHUS
onpeaensieTcss Ha HEKOTOPOM JOMEHE (KaK, HanmpuMmep, Ha puc. 2.1 aTpubyrt
CIV_MMA onpenensieTcss Ha JoMeHe MEHA), To B JaJbHEHIlIeM orpaHUYeHHE
JIOMEHA, B YaCTHOCTH, UTPAET pOJIb OTPaHUYEHUA 11eJIOCTHOCTH, HAKJIaabIBac-
MOT'0 Ha 3HaYeHUs 3TOro aTpudyTa.

CnenyeT OTMETHTh TaKX€ CEMaHTHUYECKYIO Harpy3kKy TMOHSTHUS IOMEHa:
JAHHBIE CUMTAIOTCS CPABHUMBIMH TOJILKO B TOM cJly4ae, KOrjaa OHH OTHOCATCS
K OOHOMY IoMeHY. B HailieM npuMepe 3Ha4eHUST JOMEHOB HOMEPA TTPOIIYCKOB
1 HOMEPA OTIEJIOB OTHOCATCS K TUIY LEJIBIX YUCE, HO He ABJISAIOTCSA CPaBHU-
MBIMH (A0TYCKATh UX CpaBHEHHUE ObLIO Obl 6ECCMBICTIEHHO).
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Kypc QOcHoBb! 6a3 AaHHbIX

3arosioBOK OTHOLUEHUR, KOPTeX, TeNO OTHOLUEeHUS,
3Ha4YeHune OTHOWEeHUR, NnepeMeHHas OTHOWeHUs

IloHsiTHe OTHOLIEHMUS sIRNsieTcsl Haubomee pyHAaMEHTAIbHBIM B peJIsiLii-
OHHOM T10AX0Ji¢ K OpraHu3aluu 6a3 JaHHBIX, MMOCKOJBKY #-apHOe OTHOIIIEHUE
SIBJISIETCS] €AMHCTBEHHON POJOBOW CTPYKTYPOM JAHHBIX, XPAHSLLUMXCS B pEJisi-
LIMOHHOM 6a3e JaHHbIX. DTO OTpaKeHO M B 00llleM Ha3BaHUMU TOAX0Aa — Tep-
MUH peasuuonnstil (relational) npoucxoautT ot relation (omuowenue). OnHaKo
CaM TEPMMH omHoweHue SIBJISIETCA UCKIIOUMTEIbHO HETOUHBIM, TIOCKOJbKY, IO-
BOpSI T1pO J100bIE COXpaHsieMble JaHHbIE, MbI JOJXHBI UMETh B BUILY MUN ITHUX
JNAHHBIX, 3Ha4eHus ITOTO TUIA U nepemelHble, B KOTOPBIX COXPAHSIOTCS 3HauYe-
HUsA. COOTBETCTBEHHO, Ui YTOUHEHHUS TEPMUHA OmHOWweH e BBLACISIOTCS 10~
HSITUSL 3A20/1068KA OMHOWEHUS, 3HAYEHUS OMHOMWEHU U NePeMEeHHOL OMHOWEeHUS.
Kpome toro, HaMm 11oTpedyeTcss BCITOMOTaTebHOE IIOHSATUE KOpmexa.

Hrtak, 3ae0106K0m (WIN cxemoii) OTHOLLEHUS r (Hr) HA3bIBAETCH KOHEUHOE
MHOXECTBO YNOPSUIOUEHHBIX Map BUla <A, T>, [I€ A HAa3bIBAECTCSI UMEHEM aTpuoy-
Ta, a T 0603Ha4YaeT UMsI HEKOTOPOro 6a30BOr0 THITA WIIM paHee OnpeaesieHHOTO 10Me-
Ha. Ilo onpeaeneHuo TpedyeTcs, YTOOBI BCe MMEHA aTPUOYTOB B 3ar0JIOBKE OTHOLLIE-
HUsI OBbUTH pa3TMuHbL. B npuMepe Ha puc. 2.1 3aroi0BKOM OTHOILEHHs CITYXAIVE sIB-
JISIETCS MHOXECTBO Nap { <C/Iy_HOMED , HOMEPA_IIPOITYCKOB>, <CITy_JMsT, MMEeHa>,
<CJIy_3apll, pa3sMepr._BHIUIAT>, <CJy_OTH_HOMED, HOMepa_OTIOeNIOB>}.

Ecnu Bce aTpuOyThl 3ar0J0BKa OTHOLIEHHUSI OTIPEACTACHbI HA Pa3HBIX J0-
MEHaXx, TO, YTOObl HE TUIOAMThH JUIIHHUX MMEH, pa3yMHO MCMONbL30BaTh IS
MMEHOBAHUS aTpUOYTOB MMEHA COOTBETCTBYIOLIMX JOMEHOB (HE 3a0bIBasi, KO-
HEYHO, O TOM, YTO 3TO BCErO JIMILb YIOOHbIH CMTOCOO MMEHOBAHMS, KOTOPHIH
HE YCTPaHSIET pazuMs MEXIy MOHSTUSIMM IOMEHA U aTpulbyTa).

Kopmexcem t r, COOTBETCTBYIOLIMM 3aroJIOBKY Hr, Ha3bIBa€TCSI MHOXECT-
BO YIOPsIIOUEHHBIX TPUILIETOB BUaa <A, T, V>, 0 OAHOMY TAKOMY TPHUILIE-
Ty ISl KaXaoro atpudyTta B Hr. TpeTHii aieMeHT — v — TpuIuieta <4, T, v»
JIOJLXEH SIBJASATBCS HOTTYCTUMBIM 3HAYEHUEM THUIA JAHHBIX WIKM AOMeHa T. 3aro-
JIOBKY OTHOLIIEHHUS CITYXAIUE COOTBETCTBYIOT, HATTPUMED, CJAEAYIOLIME KOPTEXKHM:
{<cmy_HOoMep, HOMepa_IlpOIyCKOB, 2934>, <cny_uMs, uMeHa, JBaHOB>,
<CIy_3aprl, pa3Meps_BurmmiaT, 22.000>, <cmy_OTI_HOMED, HOMepa_OTIesoB,
310>}, {<cmy_nomMep, HOMepa_IPOIyCKOB, 2940>, <cmuy_uMs, uMeHa,
Ky3HelLoOB>, <CIy_3apr, pasMeps Bummat, 35.000>, <cuy_oTn_nHoMmep,
HOoMepa_oTnenos, 320>}.

Tenom Br OTHOILLCHHUS r HA3BIBAETCSl IIPOU3BOJIBHOE MHOXECTBO KOpTe-
xei tr. OmHO M3 BO3MOXHBIX TeJl OTHOUIEHHUS CJIYXAIME MoKa3aHO Ha pHC.
2.1. 3aMeTuM, yTO B OOLIEM CJIyyae, Kak 3TO AEMOHCTPHUPYIOT, B UaCTHOCTH,
puc. 2.1 1 npumMep npeapiayiiero absaia, MOryT CyIUECTBOBATh TAKHE KOPTEXKU
tr, KOTOpble COOTBETCTBYIOT Hr, HO HE BXOISIT B Br.

3nauenuem Vr OTHOLICHMS r HA3LIBAETCS Mapa MHOXeCTB Hr ¥ Br. OgHO
M3 AONYCTUMBIX 3HAYEHHI OTHOLUEHHM S CITYXAIIME MoKa3aHo Ha pHc. 2.1.
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Nexuun 2 BeegeHune B peNsiuMOHHY MOLENb AaHHbIX

B n3MeHUMBOH pensiiMOHHOM 0a3e NaHHBIX XpaHATCS OTHOILEHMS, 3HA-
YeHUSI KOTOPbIX U3MEHSIOTCSI BO BpeMeHH. [lepemennold VAR r Ha3bIBaeTCs UMe-
HOBAHHBIH KOHTEHHEpP, KOTOPbI MOXET CoAepXkaThb J060e JONYCTUMOE 3Ha-
yeHUe Vr. EcTecTBeHHO, UTO MPH OMNpeaeIeHUH 000U VAR r TpeGyeTcs yKa3bl-
BaTb COOTBETCTBYIOLLMI 3ar0/I0BOK OTHOLUEHHUS Hr.

31ech CTOUT MOAYEPKHYTh, UTO JIFOOAsi MPUHATAsA Ha NMPAKTUKE Ofepalius
0OHOBJIEHHS 0a3bl AAHHBIX — INSERT (BCTaBKa KOPTeXa B MEPEMEHHYIO OTHO-
lieHus1), DELETE (yaaJlleHUue KOpTeXa M3 3HauyeHUSI-OTHOLIEHHUS TlepeMeHOo
OTHOLLeHHSs1) U UPDATE (Moau(bHKaLMsl KOPTEXa 3HAYEHUSI-OTHOLLIEHUSI Tiepe-
MEHHOM OTHOUIEHMSI) — C MOJENILHOM TOUKM 3pEeHHUS ABJAETCHA Ofnepaurei
NPUCBAaUBAHUA TEPEMEHHONH OTHOILUEHUS HEKOTOPOTOo HOBOTO 3HAYEHHUSI-OT-
HOLIIEHHUsI. DTO COBCEM HE 03HAYaeT, YTO MEPEUYUCICHHDBIE OTIepaliiM JOKHBI
BBITIIOTHATBCA MMEHHO TakKuM obpa3oMm B CYB/I: rnasHoe, yToOBI pe3y/abTar
orepauMi COOTBETCTBOBAJ 3TOH MOJENBHOU CEMaHTHKE.

3aMeTHUM, YTO B JATBbHEHILIEM B TeX Cy4asix, KOrAa TOUHBLIA CMBIC TePMHU-
Ha TIOHSATEH U3 KOHTEKCTA, MbI OylleM HCMOJIb30BaTh TEPMUH OMHOUEeHUe KaK B
CMBICJIE 3HAYEHUE OMHOUIeHUs, TAK U B CMBICIIC HEPEMEHHAS OMHOWEHUS.

Ilo onpeneneHuIo, cmenenbio, WIH «APHOCHbIO», 3aTOJIOBKA OTHOILIEHHUS,
KOPTeXa, COOTBETCTBYIOLLIETO 3TOMY 3arOJIOBKY, Te/la OTHOLIEHHUs, 3HaYeHUs
OTHOILLUEHHUS W TIepeMeHHOMH OTHOLIEHUS SIBASIETCS MOLIHOCTD 3ar0JI0BKa OTHO-
nieHus. Hanpumep, crereHb OTHOLLIEHUS CTTYXAIME paBHA YETbIPEM, T. €. OHO
ABJseTcs 4-apHbIM (KeamepHapHbim).

[1py npuBeNgHHBIX OTIPEECHUSIX PA3YMHO CUMTATD CXeMOU PeAstytOHHOU
6azbi danubix HAOOP nap <umsi_VARr, Hr>, BKIKOYAKOILUHA HMEHA U 3aTOI0BKHU
BCEX TIEPEMEHHBIX OTHOLLIEHUS, KOTOPbI¢ ONpeaeieHbl B 6a3e naHHBIX. Pens-
UMOHHas Ha3a NaHHBIX — 3TO Habop map <VARr, Hr> (KOHEYHO, KaxXaas nepe-
MeHHasl OTHOLIIeHUSI B 1000 MOMEHT BPEMEHH COJCPXUT HEKOTOPOE 3Have-
HUE-OTHOUIEHHE, B YACTHOCTH, MYCTOE).

3aMeTUM, YTO B KJIACCHYECKUX PEJISILIMOHHBIX 0a3ax JaHHBIX MOCJIE OTI-
pedeneHus cxeMbl 6a3bl JAHHBIX MOTJIM M3MEHSITLCS TOJBKO 3HAYEHHUS Mepe-
MEHHBIX OTHOLLIeHUH. OnHaKOo Terneps B OOJbIIMHCTBE peaNu3alMil JOTTyCKa-
€TCsl U U3MEHEHHMe CXeMbl 0a3bl JaHHBIX: OMpeaeJeHHe HOBbIX U U3MEHEHHUE
3ar0JIOBKOB CYILECTBYIOIUMX MTEPEMEHHBIX OTHOLIEHUI. DTO MPHUHITO Ha3bl-
BATh 380A0UUell CXxeMbl 6a3bl OaAHHbIX.

MNMepBuUHbLIN KNIOY U MHTYMTUBHAS UHTepnpeTauus
pPensiuMOHHbIX NOHATUIA

ITo OINpeacJCHUIO, NIEPBUYHBIM KIIIOYOM l'ICpCMCHHOﬁ OTHOLICHHA ABJISI-
eTCs TAKOE MOAMHOXECTBO* S MHOXeCTBa anI/Iﬁ)’TOB €€ 3aroJjioBKa, 4YTO B JIIO-

* B BBIPOXIEHHOM cliydae, KOra 3arojlOBOK TMepeMeHHON OTHOILIEHHS SIBJISAETCS MYCThIM MHO-
KECTBOM, [MEPBUYHBIH K04 3TOH MepPeMEHHO OTHOLLIEHUs COCTOMUT U3 MYCTOrO MOAMHOXECTBA
3aroJioBka. Jlerko npoBepuTh, UTO 3TOT C/IYYaiil He TIPOTUBOPEUHT OOLIEMY OIpeIe/ie HUIO.
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Kypc OcHoBbl 6a3 faHHbIX

60¢ BpeMsl 3Haue€HHe NMePBUYHOIrO Ki4ya (COCTaBHOE, €CJIM B COCTaB MEePBUY-
HOTO KJI10Ya BXOAUT 00jiee OMHOro aTpudyTa) B JIIOOOM KOPTEXE Teja OTHOILES-
HHUSI OTJIMYAETCSl OT 3HAYEHHSI TIEPBUYHOIO KJII0Ya B JI0O0M APYTOM KOPTEXE
Tejla 3TOr0 OTHOLICHHUS, a HUKAKOE COOCTBEHHOE ITOAMHOXECTBO* S 3THM
CBOMCTBOM He objanaeT. B cienyionieM pasnese Mbl MOKAXeEM, YTO CYLIECTBO-
BaHHE TIEPBHYHOIO KJII0Ya y JJI000TO 3HAYEHUSI OTHOILIEHHUS SABJSIETCA CIAEICT-
BHEM ogHOro M3 QyHIAMEHTAIbHBIX CBOWCTB OTHOIICHHUI, a UMEHHO TOTO
CBOWCTBA, YTO TEJIO OTHOILIEHUS SIBJISIETCS MHOXECTBOM KOPTEXEH.

OBbIYHBIM XUTEHCKUM MpPeACTaBIeHHEM OTHOILICHUS SIBASIETCA mabauya,
3a20106K0M KOTOPOH SIBJISIETCSI CXeMa OTHOLUCHHUSI, 4 CMPOKamMu — KOPTEXH OT-
HOLIIEHUS-2K3eMILISIpa; B 3TOM CIy4ae UME€Ha aTpUOYTOB COOTBETCTBYIOT HME-
HaM c¢monabyoe NaHHON TaOnuubl. [1o3TOMY MHOTIA TOBOPSIT IIPO «CTOJOLIBI
TaONHLIbI», UMEST B BUAY «aTPHOYTBI OTHOILEHHUSI».

KoHe4yHO, 3TO A0CTaTOYHO Irpydasi TEPMHUHOJIOTHS, NMOCKOJbKY Y OObIY-
HBIX TaOJIHIL M CTPOKH, H CTOJIOLIBI YHOPSIAOUYEHBI, TOTIA KaK aTpHOYTH H KOp-
TEeXU OTHOILEHUH SIBISIIOTCS 3JME€MEHTAMH HEYHOPSIOYEHHBIX MHOXECTB. TeM
He MEHee, Koraa Mbl TIepeiieM K paCCMOTPEHMIO NPAKTUYECKUX BOTIPOCOB OP-
TAHHW3AlWH PEASLMOHHBIX 0a3 TaHHBIX U CPEACTB YIIpaBJieHHUsI, TO OyIeM HC-
MOAL30BATh 3TY «CKUTEHUCKYI0» TepMHHOMOrHI0. [lomo6HOI TEepMHHOAOTHH
TIPHACPXHBAIOTCA B OOJBIIMHCTBE KOMMEPYECKHX pemsiunoHHbX CYBII.
HWHorna Takxke MCIIONb3YIOTCS TEPMUHBI hailn KaK aHAIOT TabaULbI, 3aniuch
KaK aHaJIOT CTPOKH H Hoe KaK aHalor ¢roidua. HanmoMHio, 4To 3TOH TepMHU-
HOJIOTHEH MBI TTOJb30BATHCH B JIEKIIUHM 1.

dyHaamMeHTaNbHble CBOMCTBA OTHOLUEHUN

OctaHOBHMCS TENEPb HA HEKOTOPBIX BAaXHBIX CBOMCTBAX OTHOIICHUIA,
KOTOPBIC CACAYIOT U3 IPUBEICHHEIX PAHEC OHpCHCHCHHﬁ.

OTCcyTCTBUE KOpTeXelh-Ay6nukaTos, nepBUYHbIA U BO3MOXHbIE
KJTIOYU OTHOLUEHUNA

To ¢cBOMCTBO, YTO TENO JIOOOTO OTHOIICHHUSI HUKOIIA HE CONEPXKHUT KOp-
TeXeH-NyOIMKATOB, CAEAYET U3 ONPENENICHHs Tejla OTHOIIEHH KaK MHOXECT-
Ba KOPTeXei. B KIacCHYeCKOi TEOPUH MHOXECTB TO ONpPEAEIeHUIO TI060e
MHOXECTBO COCTOMT H3 Pa3TUYHbBIX 3JIEMEHTOB.

MMeHHO U3 3TOr0O CBOMCTBA BLITEKAET HAIMYME Y KaXI0T0 3HAYeHHU OT-
HOLLIEHHUS HepeuvHO20 KA104a — MUHUMAIBHOTO MHOXECTBA aTPHOYTOB, SIBJISIIO-
HIerocst MOIMHOXECTBOM 3arojioBKa JAHHOTO OTHOLIEHHS, COCTaABHOE 3Haye-
HHE KOTOPBIX YHHKAIBHO OMPEACISIET KOPTEX OTHOWIEHHS. JJeHCTBUTENRHO,
MOCKOJIBKY B JII000€ BpeMsI BCE KOPTEXH Teja J1I0O0ro OTHOLIEHHs PAa3THYHEL,
y A1060ro 3HaYeHHs OTHOILUCHHSI CBOMCTBOM YHMKAJIBHOCTH OOJadaer, 1o

* HanoMHMM, 4To S’ SBISETCH COBCTBEHHBIM MOAMHOXECTBOM MHOXECTBA S B TOM M TOJIBKO B
TOM Cllydae, KOrId S’ BXOOHT B S, HO HE COBIAAeT ¢ S (10 0603HaYaeTCsa KaK S < S).

42



Jlekumna 2 BBeneHwe B pensaumMoOHHYI0 MOOENb OaHHbIX

KpaiiHeit Mepe, TTONHbIN Habop ero aTpubyToB. ONHAKO B (hDOPMAIBLHOM OIpe-
JeJleHMHM TTepBUYHOIO KiTtoua TpeOyeTcss 06eCreueHUE ero «<MMHUMATIbBHOCTHY,
T. ¢. B Ha6op aTpUOYTOB MEPBUYHOIO KJTIOYA HE JOJIXXHBI BXOIUTh TAKHE aTpH-
OyThI, KOTOpbIE MOXHO OTOPOCHTD 6€3 yniepoa Jiisi OCHOBHOI'O CBOMCTBA — OfI-
HO3HAYHOIO OMpeneacHUs KopTexa. HeMHOro rno3sxe Mbl MOKaXeM, TTOUEMY
CBOMCTBO MHHUMAJIBHOCTH MEPBUYHOrO KIIOYA SIBJISIETCS KPUTHYECKU BaX-
HbIM. [ToHsSITHO, YTO €CNU y M1060Tr0 OTHOLUEHUS CcyllecTByeT Habop aTpUby-
TOB, 00JaNaloLIMi CBOMCTBOM YHHMKAJIbHOCTH, TO CYUIECTBYET U MUHHUMAIb-
HHIi HaGop aTpU6YTOB, 061aAAIOLIUIA CBOMCTBOM YHUKATBHOCTH.

KoHeuHO, MOTYT CynieCTBOBATh 3HAYEHUS OTHOLUEHUS C HECKOJBbKUMH
HECOBMNANAIOIIMMU MMHHMAaJbHBIMU HaOOpaMu aTpHOyTOB, 0O0JadalOLIMMHU
CBOMCTBAaMM YHUKaIbHOCTH. Hampumep, €CIM BEPHYTBCS K IIPEATION0XKEHHUSIM
JIEKIIMHM 1 06 YHMKaNbHOCTH 3HAaYEHHUI aTpubyTOB CIIV_HOMEP M CIIY_UMS OT-
HOIUEHUSA CIIYXAINE, TO LI KaXIOro 3HAYEHUS 3TOro OTHOLUEHUST Mbl HMEEM
JBa MHOXECTBa aTpUOYTOB, NPETEHAYIOLIMX HA 3BAHUE MEPBUYHOIO Kio4ya —
{CITIY_HOMEP} M {CIIV_MMs}. B 3TOM cCiydae NMpOEKTUPOBIIUK 0a3bl JaHHBIX
JOJKEH PEIIMTb, KaKOE U3 aIbTepHATUBHBIX MHOXECTB aTpUOYTOB Ha3BaTh
NEPBUYHBIM KITIOUOM, a OCTAIbHbIE MUHUMAaNbHble HAGOPEI aTpUOYTOB, 06Ma-
JAIONIHE CBOMCTBOM YHUKUTBHOCTU, HA3bIBAIOTCS B03MOMCHBIMU KAOHaMU.*

IToHsiTHE NEPBUYHOrO KIII0YA ABISETCS UCKIIOUMTENIBHO BAXKHBIM B CBSI-
3H C MIOHSATHEM LIEJIOCTHOCTH 0a3 TaHHBIX. 3aMETHM, YTO XOTS (POPMATIBLHO CY-
IIECTBOBAHHE MEPBUYHOTO KJ1I0Ua 3HAUCHUSI OTHOLUCHUS SIBJISIETCS CIIECIACTBH -
€M TOTO, UTO TeJIO OTHOLIEHUSI — 3TO MHOXECTBO, Ha MIPaKTUKE TTIEpBUYHLIE (U
BO3MOXHEIC) KJIIOUM nepeMeHHbIX OMHouleH Ul TIOSIBISIOTCS B pE3yabTaTe SIBHBIX
VKa3aHMH TTPOEeKTUPOBIIMKA OTHOLIEHHS. Onpenesss MepeMeHHYI0 OTHOLIe-
HHS1, TIPOEKTUPOBIIMK MOAEIHPYET YACThb MPEAMETHONH 00J1aCTH, JaHHBIE M3
KOTopoii Gymer comepxaTh 6a3a JaHHBIX. I KOHEUHO, MPOEKTHPOBLIMK HOJI-
XeH 3HaTh MPUPOAY 3THX JaHHbLIX. Hampumep, eMy IOJDKHO GbITh M3BECTHO,
YTO HMKaKHe JIBa CIYXalUiMX HH B KaKOW MOMEHT BPEMEHU HE MOTYT MMEThb
YAOCTOBEPEHHE C OMHUM M TEM ke HOMepoM. I1oaToMy OH MoXeT (M Jaxe J0J1-
XeH, KaK OyIeT MoKa3aHO HEMHOTO M03Xe) IBHO OOBSABUTL { CJTY_HOMEP} BO3-
MOXHBIM KJI104OoM. EC/IM Ha MPpeATIPUATHH YCTAHOBJIEHO, UTO Y BCEX CITyKaLIMX
JIOJDKHBI OBITh pa3HbIe MMOJTHBIE HMEHA, TO MPOEKTUPOBIIMK MOXET (M OITSITh XKe
JIOJDKEH) OOBSIBUTh BO3MOXHBIM KJTIOUOM M {CJIY_UMS}. 3aTeM MpPOECKTUPOB-
MK TOKEH OLUEHHUTD, KAKOH U3 BO3MOXHBIX KJIIOUEH SBISETCA 60/iee HaleX-
HBbIM (CBOMCTBO €ro YHMKQJIbHOCTH HHUKOIZIA He OyaeT OTMEHEHO) U BhIOpaTh
Haubojiee HaneXHbIM BO3MOXHBIN KII0W B Ka4€CTBE MEPBHYHOIO (B HAlleM
clyyae ecTeCTBEHHBIM BLIOOPOM ObLIT Obl Kito4 {CJIY_HOMEP}, IOTOMY UYTO pe-
LIeHUE 00 YHUKATHbHOCTHU MTOJTHBIX HMEH CJIYXAIIUX BBITJSAIUT UCKYCCTBEHHBIM
M MOXET OBITb JIETKO OTMEHEHO PYKOBOICTBOM TIPEATIPUSITHS).

Teniepp MOSICHUM, MOYEMY MPOEKTUPOBIUUKY CJIEAYET SIBHO OOBSBISATDH

* B nexuuu 12 Mbl 06CyIUM PaVTUUUS MEXIY TTePBUYHBIMU U BO3MOXHBIMH KITI0YaMHU B s3bike SQL.
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Kypc OcHoebl 623 AaHHbIX

TepBUYHBIM K BOBMOXHBIE KJIIOUH NIEPEMEHHBIX OTHOLIIEHU. * [1eJ10 B TOM, UTO
B pesyJibrare 3toro oobspneHuss CYBI nonyyaer nHdopMauuio, KoTopasi B
JajbHerIIeM OyaeT UCITOIb30BaThCS KaK OrpaHUYEHMS LeJJOCTHOCTH. ** CYB]]
HUKOT/A HE TOIYCTUT MOSIBJIEHUS B IEpEeMEHHOM OTHOLIEHUsSI 3HAYE€HUSI-OTHO-
LIEHUS, COAEPXKALIEro JABa KOPTEXa C OJAMHAKOBLIM 3HayeHHeM atpubyra
CIIY_HOMEP (onpeaeieHne IepBUYHOrO KI0Ya LISl JaHHOM IepeMeHHOM OTHO-
LIEHUSI OTMEHUTD Hellb3sl). [TosBIeHEe ABYX KOpTeXel ¢ OJMHAKOBBIM 3HAYE-
HUeM aTpubyTa CIIV_YMs 6yaeT TaKKe HEBO3MOXHO JIO TEX I10p, MOKA OCTAETCS
B cWie ompenaesieHue {CIY_MMS} KaK BO3MOXHOro Kitoda. TeM caMbIM 0OBSIB-
JIEHUS [IEPBUYHOrO K BO3MOXHBIX KiTtouei farot CY B/ BO3MOXHOCTh TIoAep-
KMBaTh 11€JIOCTHOCTb 0a3bl JAHHBIX JaXe B cllyyae MOMBITOK 3aHECEHHUS B HEe
HEKOPPEKTHBIX JaHHBIX.

HaxkoHeu, BepHeMcsl K CBOUCTBY MUHHMAJIBHOCTH TEPBUYHOIO U BO3-
MOXHBIX Koueil. Kak 0TMeYanoch BBIIIIE, 3TO CBOMCTRO SIBIISIETCA KPUTHIECKHU
BaXHBIM, ¥ BAXHOCTb NPOABISETCS MMEHHO IIPU TPaKTOBKE NEPBUYHOIO U BO3-
MOXHBIX KJII0Uei KaK orpaHU4YeHUH LieIOCTHOCTU. B HallleM mpuMepe ¢ OTHO-
LIeHUEM CJIVXAINE CBOMCTBOM YHUKAJIBHOCTU OyAET 061alaTh He TOJIBKO MHO-
JKECTBO aTpUOYTOB {CJIV_HOMEP}, HO M, HAIPUMEP, MHOXECTBO {CJIV_HOMEP,
CJIY_OTI_HOMEP}. Ho ecyin 6B1 MBI BHICTABWIM B KA4€CTBE OrpaHUUEHUS LIEJIO-
CTHOCTM TpeOOBaHWE YHUKAIBHOCTH {CJIY_HOMEP, CJY_OTJ_HOMEP}, TO
CYB/I rapanTupoBasia Obl OTCYTCTBUE KOPTEXKEH C OMMHAKOBLIM 3HAYEHUEM aT-
pubyTa CJIY_HOMEP He BO BCEM 3HAUYCHUM OTHOIIEHMS CJIVXAIME, a TOJIBKO B
rpynnax KopTexXeil ¢ OTHUM M TeM XXe€ 3HaueHWeM atpubyrta CIIY_OTI_HOMEP.
IToHSTHO, 4TO 3TO HE COOTBETCTBYET CMBICIY MOMAEIUPYEMOM IpEeAMETHOM
obnacTu.

3aberas Brepena, 3aMETHUM, YTO BO MHOTHUX IPAKTHUYECKUX peaIM3aLMsIX
pensiumoHHbIX CYB/1 nomyckaeTcsi Hapylle€HUe CBOMCTBA YHUKAITBHOCTH KOp-
TEXEN 1151 IPOMEXYTOUHBIX OTHOIIEHU M, TTOPOXIAEMBIX HESIBHO IPU BBITIOJ -
HEHMHM 3aNpocoB. Takue OTHOIIEHUS ABIAIOTCA HE MHOXECTBAMHU, a MYJBTH-
MHOXECTBAMM, UTO B PsIIE CIIYYaeB ITO3BOJISIET NOOUTBCS ONPEAETICHHBIX Mpe-
MMYIIECTB, HO YacTO MPUBOIAUT K CEPhE3HBIM IpodieMaM. MBI OCTAHOBUMCS
Ha 3TOM IToApoOHee npu obcyxmeHuH sA3bika SQL.

OTcyTcTBUE YNOPSAOYEHHOCTU KOPTEXeH

KoneuHo, ¢hopManbHO CBOMCTBO OTCYTCTBUSI YITOPSMOYEHHOCTH KOPTE-
K€l B 3HAaY€HUH OTHOLIEHUS TAKXe SIBJISETCS CJIEACTBUEM OMpeaesieHus Tea

* EcM OH ABNSIETCS CTOPOHHHKOM KJIaCCHYECKOTO PeNsIHUOHHOTO NOAX0a; B si3bike SQL momyc-
KaeTcst onpeeseHHe Tabani 6€3 MEPBHUHOTO M BO3MOXHBIX KIIOYEH.

** Kcraty, 3aMeTHM, UTO B KIACCHYECKOH peIIHMOHHON MOJENH, €CH IPH OIpeAeICHHH nepe-
MEHHOH OTHOLUEHHS IBHO He yKa3bIBAETCSI e€ MEPBUYHBIH K04, TO MO YMOJYAHHIO MTePBUYHBIM
KJIIOUOM CYHMTAETCS MONHBIA Habop aTpHOYTOB 3arojiOBKa OTHOLUEHHWS. KOHeuHO, B 3TOM ciydae
Takasl IepeMeHHasl OTHOIIEHUs MOXeT MPUHUMAT JII060€ 3HaueHHe-OTHOLIEHHE, COOTBETCTBYIO-
1jee 3aroj0BKY, M MEPBUYHBIA KJIIOY HE UIPAET pOJb OTPAHHUEHHS.
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Nexuus 2 BBeaeHwe B pensaumMOHHYIO MOAENb IAHHbIX

OTHOIUECHHSI KaK MHOXECTBAa KOopTexed. OOHAako Ha 3TO CBOMCTBO MOXHO
B3[JISIHYTH M C JAPYroi cTopoHsl. [1a, To 06CTOATENBCTBO, YTO TEIO OTHOILEHUS
SBJISIETCSI MHOXECTBOM KOpTeXel, 00Jieryaer ocTpoeH!e MoJTHOTO MEXaHU3-
Ma peSISIHHOHHOM MoJesTd TaHHBIX, BKIIoUas 6a30oBble CpeCcTBa MAaHUITYIUPO-
BAHMS JaHHBIMM — peJIAITHOHHBIEe ayire6py U ucuucieHue. Ho, Ha Mo#t B3rsiA,
OCHOBHasi IPUYHHA HE B ITOM.

JocTtaTouHo 4YacTo y nojib3oBareiei peassuuoHHbsIX CYB/l u pa3spador-
YMKOB HH(POPMALIMOHHBIX CUCTEM BBI3bIBAET Pa3fpaxXeHUe TOT (PakT, YTO OHU
He MOTYT XpaHUTh KOPTEXH OTHOIIEHUH Ha (PU3UIECKOM YPOBHE B HY>KHOM UM
nopsinke. M ccbIkH Ha TpeGOBaHMS PEMSILMOHHON TEOPHUM 3[eCh HE OYEeHb
YMECTHBI. MOXHO OBLJIO OBl pa3paboTaTrh APYIyO TEOPHIO, B KOTOPOH AOMYyCKa-
JUCh OBl YIOPSAOYEHHBIE «OTHOILEHUs». OIHAKO XpaHHUTh YIOPSAOYeHHBIE
CITUCKU KOPTEXell B YCIOBMSIX HHTEHCHMBHO OOHOBNIIEMOM 0a3bl JaHHBIX TO-
pa3no cJaoXHee TEXHUYECKH, a MOIEPKKa YITOPSAI0YeHHOCTH BJIEYeT 33 COOOM
CylIeCTBEHHBIE HAKJIAHBIE PACXO/IbI.

OrcyTcTBHE TPeOOBAaHMS K MTOLAEPXKAHHIO MOPSIKA HA MHOXECTBE KOpTe-
xeil otHowenust npugaer CYDB/l nononHUTENbHY10 TMOKOCTh MPU XpaHEHUU
6a3 JaHHBIX BO BHEIIHEH MaMsTH U MPHU BHIMMOJHEHUH 3aIPOCOB K 0a3e NaH-
HBIX. DTO He MPOTHUBOPEYMUT TOMY, UTO NMPH (HOPMYIMpPOBaHUM 3anpoca K B,
HanpuMep, Ha si3bike SQL MoxHO MoTpedoBaTh COPTUPOBKU PE3YIBTUPYIONICH
TabNMIIBI B COOTBETCTBHH CO 3HAYEHMUSIMH HEKOTOpPBIX cTonOLOB. Takoii pe-
3yJIBTAT, BOOOIIE FOBOPSI, SIBISIETCS] He OTHOIIEHUEM, 3 HEKOTOPBIM YIOPSIAO-
YEHHBIM CTTMCKOM KOpTeXei, U OH MOXET OBITh TOJILKO OKOHYATEIbHBIM pe-
3yJILTaTOM, K KOTOPOMY YX€ HeJIb35 aipeCOBaTh 3aripoCkHl.

OTcyTCcTBME YNOPSAOYEeHHOCTU aTpUOyTOB

ATpUOYTHl OTHOILLUEHUH HE YMOPSAOYEHBI, MOCKOJBKY MO OMPEACICHUIO
3aroJIOBOK OTHOLIEHHS €CTh MHOXECTBO Map <uMs aTpubyTa, MMs OOMEeHa>.
st CCBIIKM Ha 3HAueHHMe aTpuOyTa B KOPTEXe OTHOLIEHUS BCETIa UCTIONB3Y-
ercss UMs aTpudyTa. JIerko 3aMeTUTh SIBHYIO aHAJIOTHIO MEXAY 3arojOBKaMH
OTHOLLIEHU U CTPYKTYPHBIMM TUIIAMH B si3blKaX NporpaMMupoBanusi. Jaxe B
A3bIKe NporpaMMupoBaHusi C ¢ ero MpakTHYeCKU HEOTPaHMYEHHBIMHM BO3-
MOXHOCTSIMHM pabOTHI C yKa3aTeNsIMH HACTOMYMBO PEKOMEHIyeTCsT 00pan(aTh-
CS1 K TIOJISIM CTPYKTYP TOJIbKO 110 UX UMeHaM. Ecnu, Hanpumep, Ha si3bike C on-
peneNieHa CTPYKTYpHasi MepeMeHHast

STRUCT {integer a; char b; integer c} d;

TO B CTAHAAPTE SA3bIKA PELIMUTENLHO HE PEKOMEHIYETCS UCTIONb30BaTh A1 A0-
CTYITy K CUMBOJIbBHOMY MOJIO b KOHCTPYKLMIO * (&d + sizeof (integer))
(B3sTh aApec CTPYKTYPHOI IepeMeHHOH d, MpUOABUTh K HEMY YHCIIO 6aiTOB B
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Kypc OcHoBbI 623 gaHHbIX

1LIEJTOM YHCJIE U B3SITh 3HAYeHUE OaifTa Mo NMOJTy4eHHOMY aapecy). DTO OOBbACHS -
€TCsI TeM, UTO IIPU PealbHOM PACIIONOXEHUU B MAMSITH NOJEH TaKo# CTPYKTYp-
HOM IIepeMEHHOMN B TOM MOPsLIKE, KaK OHHU OMPEAETIECHbI, BO MHOTUX KOMIIbIO-
Tepax NoTpedyeTcsi BHIPOBHATH IOJIE ¢ O OalTy ¢ 4eTHBIM anpecoM. Iloatomy
onuH 6aitT npocto nponaznet. Ipu pacnosoXeHUM CTPYKTYPHOH IIEpeMEHHOM B
MaMSITH SKOHOMHBII KOMITWIATOP (BEpHEE, ONTUMU3ATOP) MEPECTABUT MECTA-
MU I10JI1 b M ¢, U yKa3aHHasi BbIllIe KOHCTPYKIIHSE HE 00eCIIEUHUT JOCTYyMNa K Mo~
0 b. JIJ1si KOppeKTHOro oOpalleHMs K MO0 b MEPEMEHHOMN d HYXKHO UCIIONb-
30BaTh KOHCTPYKIMH d.b WIH &d->Db, T. €. ABHO YKa3bIBATh UM I10JIA.

AHaJIOrHYHBIMY NIPAKTHYECKUMH COOOpaKeHUAMHU OTNIPaBILIBACTCSI U OT-
CYTCTBHE YNIOPSIIOYEHHOCTH aTpUOYTOB B 3aroJIOBKE OTHOLIEHHS. B aToM cny-
yae CYDB/l cama NpMHUMAET pEeLIEHUE O TOM, B KAKOM (DU3MYECKOM MOPSIIKE
clielyeT XpaHUTh 3HAY€HHUSI aTPUOYTOB KOPTEXEH (XOTS OOBIYHO OUH U TOT Xe
bu3NYeCKU OPAIOK MO PXUBAETCS JUIS1 BCEX KOPTEXEH KaXI0ro OTHOLIE-
Hus). KpoMe Toro, 310 cBOMCTBO 00JIEr4acT BHIIIOJIHEHHE Onepaliui MoaugH-
KallMU CXeM CYIIECTBYIOIIMX OTHOLIEHUH HE TOJBKO MMyTEM J00OaBICHMS HOBBIX
aTpubyTOB, HO YU NMYTEM YIANACHMS CYIIIECTBYIOIINX.

CHoBa 3a0erasi Bliepell, 3aMETUM, 4TO B A3bIKe SQL B HEKOTOPHIX ClTydyasx
JIOITYCKAETCSA MHACKCHOE yKa3aHHWE aTpuOyTOB, IIPUYEM B Ka4ECTBE HESIBHOTO
NOpsiIKa aTpUOYTOB UCIIONB3YETCS HX MOPSLIOK B IMHEHHOMN dopMe onpeneie-
HHS CXeMbI OTHOIIIEHHS (3TO OIHA M3 OCYXKIaeMbIX 0cOOeHHOCTEH s13bika SQL).

AtomMmapHoOCTb 3HaYeHui aTpnbyToB, nepeas HopManbHas ¢popma
OTHOLUEHUNA

3HayeHUsI BCeX aTPUOYTOB SIBASIIOTCS aTOMApHBIMU (BEpHEE, CKAISPHBI-
MH). BTO ClIenyeT U3 ONpeaeaeHUs JOMeHA KaK IOTEHIIMAIbBHOTO MHOXECTBA
3HaYECHHH CKAJIIPHOrO THIIA JAHHBIX, T. €. CPEAU 3HAYEHUM JOMEHA HE MOTYT
CONlepXaThCs 3HAUYCHUS C BUIMMOM CTPYKTYpOH, B TOM YHCJIe MHOXECTBA 3Ha~
yeHHUi (OTHOLIIEHHUS). 3aMETHUM, YTO 3TO HE NTPOTUBOPEUYMUT TOMY, YTO rOBOPH-
JIOCh B pasnene «OQCHOBHBIE MOHATHS PEIALIMOHHBIX 0a3 JaHHBIX» O MIOTEHLIM -
aJIbHOIM BO3MOXHOCTH UCITONB30BaHUs IIPU CICUM}HKALIMUA aTPUOYTOB THIIOB
JaHHBIX, OIIpeaesseMbIX TTOJIb30BaTeNIMU. HanipuMep, MOXHO ObLIO OB 100a-
BUTh B CXEMY OTHOULIeHUs] CIIYXAWME aTpuOyT CITV_OOTO, Onpenc/ieHHBIH Ha
JIOMEHe (WIH THIIE JaHHbIX) ®OTOI' PAOUU. [lTaBHOE B aTOMapHOCTH 3HAYCHUM
aTpUOYTOB COCTOMT B TOM, 4To pensitimoHHass CYB/l He nomxHa odecrie4yuBaTh
MOJTb30BATE/SIM SIBHOWH BUIMMOCTH BHYTPEHHEN CTPYKTYphl 3HaueHUs1. Co Bce-
MM 3HaYEHHMSIMH MOXHO 00palllaThCs TOJAbKO C MIOMOIIbIO ONEpAaluii, onpene-
JIECHHBIX B COOTBETCTBYIOLIEM THUIIE JaHHBIX.

IIpuHsATO rOBOPHUTH, YTO B PEIALIMOHHBIX 0a3ax JaHHBIX JOMYCKAKTCS
TOJbKO HOPMAJIM30BaHHBIE OTHOLIIEHHS], WIN OTHOLLUEHUS, IPEACTABIACHHBIC B
nepeoil HopmansHoii ghopme.
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Nexuyus 2 BeeneHue B pensiuMoHHYIO MOAENb AaHHbIX

IIpvMep HEHOPMATU30BAaHHOTO OTHOILIEHHS TTOKa3aH Ha pHc. 2.2. Mox-
HO CKAa3aTh, YTO 3IeCh MBI HMeeM OMHAapHOE OTHOILIEHHE, B KOTOPOM 3HA4Y€HH-
MU aTpuOyTa OTNEJH ABNAKOTCA OTHOIIEHUA. 3aMETUM, UYTO UCXOMHOE OTHO-
umeHue CIIVEAIUE ABNseTcd HOPMATM30BAaHHBIM BAPMAHTOM OTHOLIEHMS OT-
IEJH-CIYXAIME. HopMajim30BaHHEIA BapUAHT MOKAa3aH Ha puc. 2.3.

HopMaim3oBaHHbIE OTHOILEHHS COCTABISIOT OCHOBY KJIaCCHYECKOI'O pe-
JISIITMOHHOTO TIOX0a K OpraHU3aliuu 6a3 naHHbIX. OHU 061aJ310T HEKOTOPBI-
MM OTpaHUYEHHUSIMU (HE BCSAKYI0 MHMOPMAIIMIO YIOOHO MpeacTaBisaTh B BUIE
IUIOCKHUX TAGNMIT)*, HO CYHIECTBEHHO YMPOLLAIOT MAHUITYJIMPOBaHUE TaHHBIMM.
PaccMoTpuM, HanpuMep, ABa MAEHTUYHBIX OMepaTopa 3aHECEHHUsT KOPTeXa:
® 3ayMCcIUTh cayxamero KysHelosa (mponyck Homep 3000, 3apmara

25000.00) B otaen HoMep 320;

OTHOEN
HOMEP_OQOTIEJIA

CJIY_HOMEP CIIy_UMA CIIY_3API

2934 HNBaHoB 22000.00

310 2935 Iletpos 30000.00
2937 ®enopoB 20000.00

313 2936 Cuagopos 18000.00

315 2938 WBaHosa 22000.00

Puc. 2.2. HeHopMainM30BaHHOe OTHOIIeHHe OTIEIH-CITYXAIINE

CJIy_HOMEP CIy_UMd CIIY_3APII CIIy_OTH_HOMEP
2934 HBanos 22000.00 310
2935 Ietpos 30000.00 310
2936 Cunopos 18000.00 313
2937 ®eaopoB 20000.00 310
2938 HBaHosa 22000.00 315

Puc. 2.3. OtHomeHHe CIIVXAIIUE: HOPMaITU30BaHHbII BApUAHT
OTHOUIEHUA OTIEJIH-CIIYRAIINE

* 3TU orpaHMUYeHHMS Bce Goiee 0caabisIIoTCs B ITOCAEAOBATEIBHOCTH CTAaHAAPTOB g3blKa SQL.
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® 3ayuCcJUThL ciayxamero KysueumoBa (mpomyck Homep 3000, 3apriarta
25000.00) B ornen Homep 310.

Ecau undopmaums o cayxaliux mnpeacrasieHa B BUAE OTHOIUEHUs CITY -
K¥AIME, oba ornepaTopa OyAyT BBITIOJHATLCS OJUHAKOBO (BCTABUTh KOPTEX B
OTHOLIeHHe CIIVXAINE). Ecnu Xxe paboTaTb ¢ HEHOPMAIHW30BaHHBIM OTHOILIE-
HHeM OTIEJE-CIIVXAIME, TO TepBbIA OMepaTop MpPHUBENET K MPOCTON BCTaBKE
KOpTEXa, a BTOPOM — K OOABIEHHIO KOPTeXa B 3HaYeHHe-OTHOILIEHHE aTpH-
OyTa OTIEJ KOpTeXa C MEPBUYHBIM KITIOYOM 310.

Ipu paboTe ¢ HEHOPMATHU30BAHHBIMM OTHOILIEHUSIMH aHAJIOTHYHbIE 3a-
TPYAHEHHS BO3HHUKAIOT NIPH BBIMOJHEHHUH OMEPAllUH yiaaeHUs] U MOTHpHKa-
LIUK KOPTEXeEH.

PensumoHHas Mmoaenb AaHHbIX

Korna B nmpenplayiiux pa3znesiax Mbl TOBOPWJIH 00 OCHOBHBIX MOHSATHSIX
PEJSILMOHHBIX 0a3 JaHHBIX, Mbl HE OMUPATUCH HAa KaKyl0-THOO KOHKPETHYIO
peaM3alUIo. DTH pacCyXIEeHHUs B paBHON CTEMEeHH OTHOCATCS K JI000H cHc-
TeMe, TIPH MOCTPOSHHUH KOTOPOH MCTIOIb30BAICS PEISLIMOHHBIA TOIXO/.

JpyruMH CIOBaMH, Mbl UCTIOJIL30BA/IM TTOHSITUSI TaK Ha3bIBaeMOM pelisi-
LIMOHHOM MoOJIeH NaHHbIX. Monenb JaHHBbIX (B KOHTEKCTe 0bnacTH 6a3 gaH-
HBIX) OIMMCHIBAET HEKMH HAOOp POAOBLIX NMOHSITUH M NMPU3HAKOB, KOTOPBIMU
JOXKHBI 061an1aTh Bce KOHKpeTHbIE CYB/] 1 ynipapisieMble MMM 0a3bl AAaHHBIX,
€CJIM OHW OCHOBBIBaIOTCS Ha 3Toi Modend. Hanuyne Moznenu JaHHbBIX T103BO-
JIsieT CpaBHUBATh KOHKPETHBIE pealN3aliM, UCTIOIb3Ysl OOMH OOLIMIA A3BIK.

XOTs MOHSATHE MOJIE/IM AaHHBIX SIBJSIETCS] OOLLIMM, U MOXHO TOBOPHUTD 00
HepapXHUIECKO, CETEBOM, CEMaHTUUYECKOM M IPYTUX MOAEJSIX JAHHBIX, HYXHO
OTMETHTh, YTO B 00JaCTH 6a3 JAHHBIX 3TO TMOHSTHE ObUIO BBEACHO DArapoM
KoamnoM npuMeHUTENbHO K PEISILIMOHHBIM CHCTEMaM U Haubonee 3¢ eKTUB-
HO MCITO/Ib3YETCS UMMEHHO B JAHHOM KOHTeKCTe. [1OMbITKH IPSIMOJTHHEHHOTO
TIpUMEHEHUST aHAJIOTMYHBIX MOJAENEH K JAOPENSIIUOHHBIM OPraHU3aLMsAM I10-
Ka3bIBAIOT, YTO PEJALIMOHHAS MOJAEJb CIMIIKOM «BEJTUKa», a ISl TOCTPEISILIH -
OHHBIX OpraHH3allui OHA OKA3bIBAETCS «MaJla».

O6Lwan xapakTepucTmka

XOTs NOHATHE PENAIMOHHON MOIENN NaHHBIX MEPBBIM BBEJ OCHOBOIO-
JIOXHUK pessuMOHHOro noaxona darap Koan, Hanbonee pacrpocTpaHeHHast
TPaKTOBKa PEISLMOHHON MOJENH NaHHBIX, ITO-BUAUMOMY, IIPHHALIECKHUT H3-
BecTHOMY nonynsipusatopy uiaeid Komma Kpucrodepy JleiTy, KoTophiid Boc-
MPOMU3BOAUT €€ (C Pa3TUYHBIMH YTOYHEHHSIMH) NMPAaKTHYECKH BO BCEX CBOMX
kuurax (cM., Hanipumep, K. [eiT. Beeaenue B cucTeMbl 6a3 1aHHBIX. 6-€ U3,
M.; CII6.: BuwibsaMc.— 2000). CornacHo TpakToBke [eiiTa, peisililMOHHAs MO-
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Nexuma 2 BBeaeHue B penaunOHHYIO MOAENb AaHHBIX

JIeJIb COCTOMT U3 TPEX YacTei, ONMUCHIBAIOIIUX PA3HbIE ACTIEKThI PEASILIMOHHOTO
noaXoaa: CTPyKTYPHOM YacTH, MAHUNYJISALMOHHOM YaCTH U LIEJTOCTHON YaCTH.
B cTpyxTypHO# yacTu Monenu UKCUPYETCsi, YTO €AUHCTBEHHONW pOIoO-
BOIT* CTPYKTYpOH HaHHBIX, UCIIOIbL3yeMOi B peJssLMOHHBIX BJI, ssBasieTcst HOp-
MaJIM30BAHHOE 7-apHOE OTHOoIeHHe. ONpenensitoTess MOHITHS TOMEHOB, aT-
pHUOYTOB, KOPTEXEM, 3aT0JI0BKA, Tea M epeMeHHOM oTHOIeHUs. ITo cytH ne-
Jia, B IBYX NMPEAbITYHINX pa3aesiax 3TOM JIEKIIMU Mbl pacCMAaTPHUBAIM UMEHHO
MOHSATUA M CBOMCTBA CTPYKTYPHOM COCTABJISIIONIEH peNsILIMOHHONU MOJAEIH.

B MaHUDYASUMOHHON YacTU MOJENHU OMpENeNnsitoTcsl nBa yHAaAMEH-
TanbHBIX ME€XaHU3Ma MaHUNYJIMPOBAHUS PeNSLUMOHHBIMU BJI — pensiumoH-
Hasi anrebpa ¥ pensitMoHHOe ucumuciieHue. TlepBoiil MexaHU3M Oazupyercs B
OCHOBHOM Ha KJIaCCHYECKON TEOPUH MHOXECTB (C HEKOTOPBIMH YTOUHEHHSI -
MM U JO0aBJICHUSIMH), @ BTOPOHA — Ha KJIACCHUUECKOM JIOTUYECKOM ammapare
WCYHMCIIEHUS] IPEeIUKATOB NEePBOTro Nopsiika. Mbl paCCMOTPUM 3TH MEXaHHU3-
MBI 60Jiee MOAPOOHO B CACAYIONIUX JIEKILIHUAX, a [TOKA JHIIb 3aMETHM, YTO OC-
HOBHOH (PYHKIIME MaHUMYJISLIMOHHON YacTH PEASLIMOHHOM MOIEIH SIBJIS-
eTcs1 00eCIeYeHUE MePhI PEISILIMOHHOCTH JIIOOOr0 KOHKPETHOTO SI3bIKa pesi-
LUMOHHBIX Bl sI3bIK Ha3bIBaeTCs PEASLMOHHBIM, €CJIM OH 00J1alaeT HE MEHb-
HIEH BbIPA3UTENbHOCTBIO U MOUTHOCTBIO, UEM PEJISILIMOHHAs anrebpa Uiu pe-
JISLIUOHHOE UCYUCTIEHUE.

UenoctHOCTL CYWHOCTU U CChINOK

Hakonell, B LIETOCTHON YaCTH PESLMOHHON MOIENH NaHHBIX (DUKCUDPY-
I0TCs1 JBa 0a30BBIX TPEOOBAHHUS LIEJTOCTHOCTHU, KOTOPbIE AODKHBI MOIACPXKU-
BaThCA B 1I000M pensittnoHHoil CYB/. IlepBoe TpeGoBaHMe HA3bIBAECTCS mpe-
boeanuem yerocmuocmu cyunocmu (entity integrity). OObEKTY UM CYIIHOCTH
peaTbHOTO MHUpa B PeNsSIMOHHBLIX B/l COOTBETCTBYIOT KOPTE€XU OTHOIICHHWA.
KoHkpeTHO TpeOGOBaHME COCTOMT B TOM, UTO JIOOOH KOpPTEX JIHOOOro 3Haue-
HUSI-OTHOILEHUS JIIOO0H MEePEMEHHON OTHOIIEHHUS AOIKEH OBITh OTITUYUM OT
J1060ro Ipyroro KOpTexa 3Toro 3Ha4€HUsI OTHOIIEHHUS MO COCTABHBIM 3Haye-

* Ve BTOpO# pa3 B 3TOM JIEKLIMH YTBEPXKIAETCS, YTO HOPMATH30BAHHOE 11-apHOE OTHOHIEHHUE SIB-
JISIETCSl eNMHCTBEHHOH POAOBOM CTPYKTYPOH NAHHBIX, HCTIONB3YEMOH B pesissunoHHBIX B, Tpu-
LIJTO BPEMSI MTOSICHUTD, YTO Mbl HMEEM B BHIY ITOA TEPMHUHOM podosas cmpykmypa. B sizbikax nmpo-
rPaMMHPOBAHMS C Pa3BUTHIMU CHCTEMAMH THITOB OGLIYHO UMEIOTCS KOHCTPYKIIMH, Ha3biBacMbIe
POCOBIMU MUNAMU, NAPAMEMPUYEMBIMU MUNAMU, KOHCIMPYKMOPAMU MUNOE, 2eHepamopamu munog
U T.[., TO3BOJISIOLIXE MTOPOAUTH KOHKPETHBIM THIT AaHHBIX Ha OCHOBE €ro abcTpakTHOM (0OBbIYHO,
npenonpeneieHHoM) cneuudukauuu. Oco6e HHOCTb TAKHX TUIIOB COCTOUT B TOM, YTO U OCHOBHBIE
orepalMid KOHKPETHOTO TUIIa ONPee/IsIIOTCS Ha YPOBHE 3TOH abCcTpakTHOM cneundukauuu. Oa-
HHUM M3 HauboJiee U3BECTHBIX MPUMEPOB SIBJISICTCST MuUn MHOXCecnea, HalpuMep, B si3bike Pascal.
B cnyyae peJisLlLMOHHON MOJEAH JaHHBIX MBI HE TOBODHM SIBHO, YTO OTHOHICHHE SIBASETCS POAO-
BBIM THITOM, HO, IO CYILECTBY, 3TO MMEHHO TakK. Onepaluy peisiiMOHHOMN aire6phl ONpeaeisor-
csl Ha ypOBHE abCTpakTHOTO OTHOWIEHUs] U MPUMEHHMBbI K JI0ObIM 3HaYeHUSIM-OTHOLUEHUSIM C
KOHKDETHBIMH 3aroJIOBKaMH.
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HUSM 3apaHee OINPEACTCHHOT0O MHOXECTBA aTPUOYTOB MEPEMEHHOU OTHOILLIE-
HHA, T. €., IPYTUMH CJIOBAMH, J100as IiepeMeHHAasl OTHOIIEHMS 1OJKHO 00JIa-
J1aTh NEPBUYHBIM KM04oM. Kak MBI BUZIETH B TIPEOBIAYIIEM pa3fiefie, 3TO Tpe-
060BaHME aBTOMATUYECKHU YAOBJIETBOPSETCS, €CJIU B CUCTEME He HapylIaloTCs
6a30BH ¢ CBOMCTBA OTHOIICHU .

Ha caMoM nene, TpeboBaHKE LENTOCTHOCTH CYIITHOCTH MOJTHOCTHIO 3BYYUT
CJIEIYIOLLMM 00Pa3oM: y 41000l nepemerHoil 0mHOueHUS QOANCEH CYUECMBO8aAMb
NepaUMHbLI KA, U HUKAKOE 3HAYeHUe NePBUYHO20 KAI0YA 8 KOPMENCax 3HAYEHUA -
OMHOWEHUS NePDEeMEeHHOU OMHOWEHUS HE 00ANCHO COO0EPHCamb HeonpeoeneHHbIX
3navenuil. UToObI 3T GOpMYyIUPOBKA ObLIA MOMHOCTHIO TIOHSITHA, MBI TOXKHBI
XOTS OBl KPAaTKO OOCYIUTH NOHATHE HeonpedereHHoeo 3Havenus (NULL),

KoHeuyHo, TeopeTHYECKM JTII000H KOPTEXK, 3aHOCHMBIM B COXPaHAEMOE OT-
HOIIIEHHE, NOIKEH COAEPXKATh BCE XapaKTEPUCTHUKUA MOACIUPYEMON UM CYLI-
HOCTH PEATLHOTO MHUPa, KOTOPBIE MBI XOTHM COXPaHHUTh B 6a3e AaHHBIX. OqHa-
KO Ha MPAaKTUKE HE BCE 3TH XapaKTEPUCTUKUA MOTYT OBITh U3BECTHBI K TOMY MO-
MEHTY, Korja Tpedyercs 3a@uKCUpPOBaTh CYIIHOCTh B 6a3e AaHHBIX. [TpocThiM
MPUMEPOM MOXET OBITh NpoLieaypa NPUHATHSA Ha paboTy YeJIoBeKa, pa3Mep 3a-
pabOTHOM TUIATHI KOTOPOTO €11€ HE oTpeaeneH. B 3ToM ciyuae cyxaliuii oT-
Jieia KapoB, KOTOPBIH 3aHOCHUT B OTHOILIEHHE CITVKAIVE KOPTEX, OMUCHIBAIO-
LIUH HOBOTO CIYXAIUEro, MPOCTO HE MOXET 00ECNeYUTh 3Ha4eHHUE aTrpudyTta
CIIY_3API (J11060€ 3HayeHHe NoMeHA PASMEPH_BHIIJIAT OyIeT HEBEPHO Xapak-
TEPU30BATh 3aPILIaTy HOBOTO CTYXaLEro).

Bnrap Koan npeutoXuil UCNOIL30BaTh B TAKUX CIIYYasiX HEOTpeIeIeH -
Hble 3HauYeHUs. HeomnpeneneHHoe 3HaYeHHe He TPUHAJIEXKUT HUKAKOMY THUITY
JAHHBIX U MOXET NPUCYTCTBOBATh CPEIU 3HAYEHM I J1I0OOTO aTpubyTa, onpene-
JIEHHOTO Ha JII000M THUIIE JAHHBIX (€CIH 3TO SBHO HE 3aINPELLECHO TIPU ONpene-
JeHuu atpudyta). Eciu a — 3To 3HaueHHe HEKOTOPOTO THUIA JAHHBIX HIIU
NULL, op — N100ast AByMeCTHas «apudMeTHYecKas» onepalus 3T0ro THNa 1aH-
HBIX (HAlIpuMep, +), a 1op — omnepanus CpPaBHEHHUS 3HAYSHU I 3TOTO TUMA (Ha-
TIPUMED, =), TO 1O ONPEAETICHHUIO:

a op NULL = NULL
NULL op a = NULL
a lop NULL = unknown
NULL lop a = unknown

3mech unknown — 3TO TPEThe 3HAYEHHE JIOTUYECKOTO, WK OYJIEBCKOTO,
THMA, obIamaloliee CIeoYIOIUMH CBOMCTBAMM:

NOT unknown = unknown
true AND unknown = unknown
true OR unknown = true
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false AND unknown = false
false OR unknown = unknown

(HartOMHHMM, YTO OMNepalMy AND M OR ABJSIOTCS KOMMYTaTHBHBIMH)*. B naH-
HOM JIEKIIHH HaM JTOCTaTOYHO MPHBEICHHOTO KPAaTKOTO BBEJICHHUS B HEOTIPEIE-
JIEHHbIE 3HAYEHMS, HO B CJICAYIOIINX JIEKIHUAX Mbl OYIeM HEOAHOKDATHO BO3-
BpPalIaThCA K 3TOM TEME.

Tak BOT, IEpBOE M3 TPeOGOBAHHIT — TpeGOBaHHE LEJTOCTHOCTH CYLIIHOCTH
— O3HAYaeT, YTO MEPBUYHBIH KITIOY JOJKEH MOJHOCTHIO UACHTH(MHUIIMPOBATD
KaXIYIO CYUTHOCTb, a IO3TOMY B COCTaBE JIIOOOTO 3HAYEHHUS] TEPBUYHOTO KJIO-
4ya He JOIMYCKAETCs HAJMYME HeOoIpeAcJeHHBIX 3HaYeHUi. (B kinaccuyeckon
PESILIMOHHON MOIEIU 9TO TpeOOBaHUE PAaCIPOCTPAHSIETCS U HAa BO3MOXHBIE
KJIIOUH; Kak OyleT IMoKa3aHo B CJICAYIOIINX JeKLHUsaX, B SQL-opueHTHPOBaH-
Heix CYB/I Takoe TpeGoBaHUe 111 BO3MOXHBIX KITIOYEH He NMOIIepXKUBaeTCs. )

BTropoe TpeboBaHKe, KOTOPOE HA3bIBAETCS MPebO8aHUEM UeAOCMHOCMU NO
cevinkam (referential integrity), sBnsiercs 6osee CIOoXHbIM. O4EBHIHO, YTO MPH
co01101€HUH HOPMANTU30BaHHOCTH OTHOLUIEHHUM CJI0OXKHBIE CYIIIHOCTH PEAJIbHO-
I0 MHUpa MPEACTABASIOTCS B peSUMOHHON Bl B BUIe HECKOJBKHX KOpPTEXEit
HECKOJIBKMX OTHOLUeHUii. HampuMep, mpeacTtaBuUM, 4To TpeOyeTcsd MpeacTa-
BHTh B PEJIIL{HOHHO# 6a3e JTaHHBIX CYLIHOCTh OTIET ¢ aTpuOyTaMu OT[_HOMEP
(HoMep oTaena), OTI_PA3M (KOJHYECTBO CAYXKAIIHX) U OTI_CIIY (MHOXECTBO
CAyXaliux otaena). s Kaxaoro ciyxauiero Hy>XHo XpaHHTb CITV_HOMEP (HO-
MEp cayXalllero), CIIV_YUMS (MM cayxallero) U CJIIV_3APII (3apaboTHas ruiata
ciyxarero). Kak Mbl yBUIUM B JIEKUMH 7, IPU TPaBUJIBHOM MPOEKTUPOBAHHH
cooTBeTCTBYIOMIEH BJI B Heit mosABATCS ABa OTHOIUEHUS: OTIEJNH {OTI_HOMEP,
OTII_PA3M} (NEpPBHYHBIA KJIIOU — {OTI_HOMEP}) ¥ CIVKAIIME {CIIV_HOMEP,
CNY_UMS, CIV_3APHI, CIV_OTH_HOM} (mepBHYHBIH KJIod — {CIIY_HOMEP}).

Kak BuaHo, arpubyr CJIY_OTI_HOM BBOOUTCS B OTHOILIeHUE CJIVXAINNE
He TTOTOMY, YTO HOMEP OTAEJIA ABIAETCS COOCTBEHHBIM CBOMCTBOM CYXAIIEro,
a JIUILb ISl TOrO, YTOOBI UMETH BO3MOXHOCTh MIPH HEOOXOIMMOCTH BOCCTAHO-
BHTh MOJIHYIO CYIIHOCTb OTIEJ. 3HayeHHe aTpuOyTta CIIY_OTH_HOM B Ji060M
KOPTEXE OTHOLIEHHUS CJIVKAIUE MNOJXHO COOTBETCTBOBATh 3HAYEHHUIO aTpUOy-
Ta OTI_HOM B HEKOTOPOM KOpTeX€E OTHOLIEHUS OTIEJH. ATpHOYT TaKoro poaa
(BO3MOXHO, COCTaBHOI1) HA3bIBAECTCS GHEWIHUM KatovoMm (foreign key), IOCKOJIb-
Ky €ro 3HQU€HHWs1 OJHO3HAYHO XapaKTePH3YyIOT CYIIHOCTH, NpPEICTaBICHHBIE
KOpTeXaMH HEKOTOPOTO IPYTOro OTHOLUEHMS (T. €. 33Jal0T 3HAYEHUS HX TEpP-

* Kak MOoKa3bIBAET OMBIT ABTOPA, HE BCErA U HE BCE CTYAECHTBI IOMHAT Ga30Bble JIOTHYECKHE OIle-
pauMu. JIns rapaHTUW npuBegeM TabMHULIBI UICTHHHOCTH omnmepauuii AND (& — KOHBIOHKLHSA),
OR (V — IM3BIOHKUMS) U NOT (71 — OTpHLIaHHE):

AND | true | false OR true | false NOT | true | false
true true | false true | true true true | false
false | false | false true | false
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BUYHOTO Kitoya). KoHeYHO, BHEILHHIA KJTI04 MOXET OBITh COCTABHBIM, T. €. CO-
CTOSITb U3 HECKOJIBKUX aTpuOyTOB. JIOBOPSIT, YTO OTHOILIEHHE, B KOTOPOM OIpe-
JA€JIeH BHEILHHUIA K104, CChIJIA€TCsl HA COOTBETCTBYIOLLEE OTHOILEHUE, B KOTO-
POM TaKoOU Xe aTpubyT SIBJSETCS MEPBUYHBIM KIIOYOM.

TpeOGoBaHME LIETOCTHOCTH MO CCBHUIKAM, WIM TPeOOBaHUE LIETOCTHOCTU
BHEILHETO KJTI04Ya, COCTOUT B TOM, YTO TSI KQXIOTo 3HAYEHHsI BHEILHETO KITIO-
4ya, MOSIBISIIOINETOCS B KOPTEXEe 3HAUYCHMSI-OTHOLLEHUSI CChLIAIOLIEICS Tepe-
MEHHOH OTHOLUEHHUSI, TMOO B 3HAUEHUU-OTHOILIEHUHU [IEPEMEHHOM OTHOIlE-
HUSI, HA KOTOPYIO YKa3biBAa€T CChLUIKA, NOJDKEH HAUTUCH KOPTEX ¢ TAKUM XK€
3HaY€HUEM TIEPBUYHOIO KIO4Ya, JUOO 3HAYEHUE BHEUIHEro KI4Ya XOKHO
OBbITh MOJTHOCTBIO HEOTpEAEEHHBIM (T. €. HA HA UTO He YKa3biBaTb).* Jlns1 Ha-
LIEro NpuMepa 3TO 03HAYAET, YTO €CJIM 151 CITYKALEero YKa3aH HOMED OTAena,
TO 3TOT OTAEN NOJDKEH CYILEeCTBOBATD.

3aMeTuM, UTO, KaK H MEPBUYHBIN KJIIOU, BHEILHUIH KITIOY JOJIKEH CHEIIM-
¢GbULMPOBATHLCS MPH OMNpeAeIeHUH MePeMEHHON OTHOIIEHUS W TIPEOCTABISIET
co00oi orpaHUYeHUE HA AOMYCTUMBIC 3HAYEHUSI-OTHOLICHUS] ITON MEepeMeH-
HOH. JIpYTUMHU ClIOBaMH, onipeaeieHUe BHELLHETO KITI0Ya MpeACTaBIsIET COOOH
ornpeaeeHUe orpaHUUEHUSI 11EIOCTHOCTH 6a3bl JAHHBIX.

OrpaHU4eHUs UETOCTHOCTH CYIIHOCTH H MO CChUIKaM AOJXHBI NMOAIEP-
xuBaTbcst CYB/. Jlnsi cobnmoaeHust LeJIOCTHOCTU CYITHOCTU HOCTATOYHO ra-
PAHTHPOBATH OTCYTCTBUE B JIIOOOU NMEPEMEHHON OTHOLLEHUS 3HAYEHUIH-OTHO-
ILIEHUH, COAepXallUX KOPTeXHU C OOAHUM U TeM XKe 3HaueHHeM IEPBUYHOIO
Kioya (M 3anpeiaTh BXOXACHUE B 3HAUCHUE NEPBUYHOTO KIIKOYA HEOMPEAE-
JIEHHBIX 3HaYeHH# ). C 1IEJIOCTHOCTBIO MO CCHUIKAM AEJI0 0OCTOUT HECKOJIBKO
CIIOXHEE.

IToHsiTHO, YTO NpW OOHOBNEHHUH CCHUIAIOILETOCS OTHOLLUECHUS (BCTaBKe
HOBBIX KOPTEXEH WX MOAUGUKALIUM 3HAYCHHUSI BHELLIHETO KITIOYA B CYLECTBY-
IOIIMX KOPTEXAaX) KOCTATOYHO CJEAUTD 34 TEM, YTOObI HE MOSIBJSUTUCH HEKOP-
PEKTHBIC 3HAaYEHMsI BHELLIHETO KJTIoua. Ho Kak OBITh P YXAJIEHUM KOPTEXA U3
OTHOILIEHUSI, HA KOTOPOE BEIET CChLIKA?

31ech CYIIeCTBYIOT TPH MOAXO0A, KAXKIBIH U3 KOTOPBIX MOLAEPXKHUBAET 11e-
JIOCTHOCTb IO CChiJIKaM. ITepBblii MOAXOA 3aKJI0YAETCSI B TOM, UYTO BOOOILE 3a-
NpelaeTcsi NPoU3BOAMThL YAAJIEHUE KOPTEXa, IS KOTOPOro CYLIECTBYIOT
CCBUIKM (T. €. CHayasia Hy>XXHO JIM0O YRAIUTDb CChLIAIOLIMECS KOPTEeXH, THOO co-
OTBETCTBYIOILMM 00pa3oM M3MEHMTh 3HAYEHHsI MX BHEIIHero kiiouva). Ilpu
BTOPOM TOAXOJ€E TP yAAJTeHHH KOPTeXa, Ha KOTOPbI UMEIOTCS1 CCBLIKH, BO
BCEX CCBUIAIOILIMXCS KOpTeXaxX 3HAUY€HUE BHEIUHETO KJIK0YAa aBTOMaTHU4YeCKHA
CTAaHOBUTCSI MOMHOCTBIO HeolpeAcneHHBIM. HaKoHell, TpeTui moaxonx (Kac-
KagHoe yRaJIeHUE) COCTOUT B TOM, UTO INMPH YAAUIEHUU KOPTEXA U3 OTHOILEHHSI,

* B s3pike SQL JormyckaeTcss HeCKOJIbKO BADHAHTOB OTIPEJENIeHUS BHELIIHETO KJI04Ya, U3 KOTODBIX
TOJIbKO OJJMH TTOJIHOCTBK) COOTBETCTBYeT KJIacCHYeCKOMY Toaxoay. bonee noapo6HO Mbl 06cyaMM
3TO B CJICAYIOLIMX JIEKLMAX.
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Ha KOTOPOE€ BEIET CChUIKA, M3 CChUIAIOILEroCs OTHOIICHHS aBTOMAaTHYECKH
YAAISIOTCS BCE CChIIAIOIMHECS KOPTEXH.

B pa3puthix penssuimoHHbIX CY B/l 06b519HO MOXHO BBHIOPATh CIIOCOD ITOMI-
JepXaHUsT LEJOCTHOCTH IO CChUIKAM ISl KaXAOro Ciayyas OIpeleIcHHS
BHellIHero kiova. KoHeuHo, I MPUHSTHSA TAaKOro pelIeHHs] HEOOXOAUMO
aHAJIM3UPOBATh TPeOOBAHUS KOHKPETHOM MPUKIAAHOMN 001aCTH.

3aksouyeHme

Cxkopee Bcero, OTEHLMANBHBIE YMTATENIU 3TOTO Kypca paboTaloT MU
OyayT pabotath ¢ Kakoii-nu6o SQL-opuentuposanHoi CYB]. JTio6as KoMm-
naHus1, npou3posinas nonobHeie CYBJl, Ha3bIBaeT UX PENSILIMOHHBIMH CH-
creMaMu. O4eHb BaXHO OTYETIMBO MOHUMATh, KAKHE CBOMCTBA TaKHUX CHUC-
TeM A€HCTBUTENBHO ABJISIOTCS PEISIIMOHHBIMM, a YTO B HUX HE BIIOJIHE COOT-
BETCTBYET MCXOIHBIM, SICHBIM M CTPOTUM WIESIM PEISLMOHHOIO moaxoda U
Jaxe MPOTHBOPEYHT UM. DTO MOMOXET 0oJjiee MpaBWILHO OpPTaHU3OBLIBATh
0a3pl HAHHBIX M CTPOHTH MpPHUIOXeHUS B cpene SQL-opueHTHpOBaHHOH
CYB/I.

B HecKONBKMX JIEKIIMAX JaHHOTO Kypca AOCTaTOYHO MOAPOOHO 06CYyX-
JAIOTCSI BO3MOXHOCTH TeKYIUMX CTaHAapToB si3bika SQL:1999 u SQL:2003.
Ho cHavana yuTarensM mpeaiaraetrcsi MaTepuaid, KOTOPBIA MpeacTaBisieT
PEJISILIMOHHBINA MMOIX0J B YUCTOM BUIE. B maHHOW neKUMU BBOOUTCS TTOHSA-
THUHHasE OCHOBA PEJISIITHOHHOTO MOAX0MA; OINPEAENSIOTCS OCHOBHbBIE TEPMU-
HBL; MCClieNyloTcd yHAaMeHTalbHble CIeNCTBUS Ga30BLIX onpeaeieHuii. Pac-
cMaTpMBaeMasi peJisiilUOHHAasi MOJIE)Ib JAHHBIX MTpeAHA3HAYEHA, [IPEXIe BCETO,
Uil OLIEHKH COOTBETCTBHS pa3iuuHbIX peanu3auuit CYB]] obieMy pensim-
OHHOMY TIOIXOJTY.
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Nexuuna 3. basucHble cpeacTea MaHUNYJIMPOBaAHUNA
pPensuMoHHbIMM AaHHBIMKU: pensunoHHas anrebpa Koana

B npeapinyuieii JeKuuM YNOMHHAJIMCh TPH COCTABJAIOMMX PEAsUOHHOM
MOJeJH AaHHbIX. [IBe H3 HHX — CTPYKTYPHYIO H IIEJIOCTHYIO YACTH — MbI PACCMO-
Tpenu foee WIH MeHee NoIPpodHO, 2 MAHHNYJIAIHOHHOH YaCTH peISIHOHHOMH MO-
JIeJIH JAHHBIX MOCBAIHAETCA 3TA H CJeAYIOnMe aBe JeKiuH. Mbl yneaseM JaHHOiA
TeMe Takoe 00Jiblll0e BHHMAHHE, MOCKOJIbKY MOHHMAaHUe (opMaIbHBIX MEXAHM3-
MOB MAHMITYJIMPOBAHHA PENIUHOHHBIMH JAAHHBIMH HCKIIOUHTEJIbLHO BAXKHO IS
NMOHUMAHUA TeXHOJIOrHH 0a3 AaHHbIX BooOIe. B 310il ieKuun nocie HeGOBIIO-
O BBeJieHHs OyIeT PACCMOTPEH BAPHAHT PeAIMOHHOMN aare0Ophl, NpeT0KeHHbIH
Kpucrodepom [eiitoM okoo 15 siet ToMy Hazaan. MHe 3TOT BapHaHT ajredpoi
KaxeTcs HaHGoJiee MOHATHBIM, XOTH NPeAIAraeMulii HaGop onepanuii HECKOJIbKO
u30bIToYeH. B ciienytomeii 1eKiun Mbl 00CYIHM HOBbI «MUHUMAJIBHDI» BAPHAHT
aiareOpol, npeanoxennplii /lefitom u Japsenom B konne 1990-x rr. Bo3moxno,
HOBas ajreGpa He 0YeHb NMPAKTHYHA, HO 3aTO KpacuBa H 3aerantHa. [locxae aTo-
IO B JIEKIIHH 5 MBI nepeiiieM K peasiHOHHOMY HCUHCJIEHHIO, JOCTATOYHO NoApos-
HO PACCMOTPMM OJMH M3 BAPHAHTOB PEJSAIHOHHOTO HCYMCJIEHUS KOpPTEXed M
KpaTKO 00CYIHM 0COOEHHOCTH MCYHCJICHHS IOMEHOB.

KioueBbie C10BA: MEXAHU3MBI MAHUIIYIMPOBAHUS PENSLIMOHHBIMU JaH-
HBIMHU, PeJISILIMOHHAS anredpa, peiiHOHHO MOJIHBIA 3K 6a3 TaHHBIX,
penauydoHHas anre6pa Komaa, ornepaliusi o6beAHHEHHST OTHOUIEHMIA,
onepaiusi epecedycH st OTHOUIEHHUA, orepanHs B3ITHs pa3HOCTH OTHO-
UIEHHIA, OTIepaLHsl B3SITHS PACUIMPEHHOTO AeKapToBa MPOU3BeAEHHS OT-
HOLLEHUM, orepalusi OrpaHUYEHHs] OTHOUIEHHUS, OrepaLus MpoeKLUH
OTHOLLIEHMSI, OTepalds COCAMHEHUs] OTHOLUIEHWM, omepaius AeJeHHs
OTHOLIEHMH, omepalus TIEpeMMEHOBAHUS aTpUOYTOB, ornepalus MpH-
CBaMBaHHsI OTHOLIEHMIA, 3aMKHYTOCTb PEJISIIMOHHO anreGpbl, COBMeC-
TUMOCTb OTHOIUEHHH M0 O00beAMHEHHIO, COBMECTUMOCTb OTHOILUEHU
OTHOCHTEJIbHO OTIEPAIIMH PACUIHPEHHOIO JEKAPTOBA MPOU3BEACHHUS, 9K~
BHCOEJIMHEHHE, ECTECTBEHHOE COeTHHEHHE.

BeepeHue

Kax MBI 0TMeYaH B ITpeabLIyIe JEKIWH, B MAHUITYJISILIMIOHHOH COCTaB-
JISIIOUIEH peNSIMOHHON MOJENH NaHHBIX ONPEAeNsIoTCs aBa 0a30BbIX Mexa-
HY3Ma MaHUMYJHPOBAHHUS PEISLUMOHHBIMU JaHHBIMA — OCHOBaHHAasl Ha Teo-
PHM MHOXECTB peJIsILIMOHHasl anrebpa v 0a3upylolllieecss Ha MaTeMaTHYECKOM
JIOTHKe (TOYHEE, Ha UCUYMUCJIEHHUH TIPEIUKATOB TIePBOTO MOPSAKa) PEIsSILIMOHHOE
Hcurcnenye. B ¢cBow ouepenb, 0ObIYHO BHIAECISIOTCS IBa BUIA peJISILIMOHHOTO
UCUMCIIEHUSI — UCUUCIIEHUE KOpTEXEi ¥ UCUUCTIEHUE IOMEHOB.
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Bce 3TH MexaHM3MBI 00J1a0a10T ONHUM BaXKHBIM CBOMCTBOM: OHM 3aMKHY-
TBl OTHOCHTEJIBHO MOHSTHS OTHOLUEHUS. DTO O3HAYAET, UTO BHIPAXKEHUS PeJisi-
LIUOHHOW areOpbl M GOPMYJIBI PEISILIMOHHOTO UCHUCTIEHUST OTIPEASTSIIOTCS] HAll
OTHOILIEHUSIMU PENSILIMOHHBIX B/l Y pe3yJibTaTOM UX «BBIYMCJIEHUSI» TAKXKE SB-
JISTIOTCS OTHOLIEHUSA (KOHEYHO, 316Ch UMEIOTCSl B BUIY 3HAYEHHS1-OTHOILICHUS).
B pesynbrate nmo6oe BoIpaXeHUe WM (GopMysa MOTYT MUHTEPIIPETUPOBAThLCS
KaK OTHOLIEHWS, YTO MO3BOJISIET UCMIONB30BaTh UX B APYTUX BHIPAKEHUSIX WU
¢dopmynax.

Kak MBI yBUAMM, ajiredbpa ¥ UCUMCIeHHE 00JamarT O0AbLION BEHIpa3u-
TENbHON MOILHOCTBIO; OUEHb CIOXHEBIE 3allpOoChl K 0a3e JaHHBIX MOTYT OBITh
BBIDAXEHBI C MMOMOIIBIO OAHOTO BHIPAXEHUS! PEJISILIMOHHON ajireOphl WK Of-
HOUM DOPMYIIHL PEIALIMOHHOTO UCUUCIeHUsL. UMEHHO 1o 3TOM NpUYUHE TaKue
MEXaHU3MBI BKJIIOUEHHI B PEISILIMOHHYIO MOJENb JAHHBIX. KOHKPETHEHIM A3bIK
MaHMITYJIMPOBaHUSI peNSIUMOHHBIMM BJl Ha3bIBaeTCsl pefsiliMOHHO-TIONHEIM,
ecan modoi 3anpoc, GopMyNUpyeMBIH C IOMOIIbIO OTHOTO BLIPAXEHHUS peis-
LIMOHHOM aynreGphbl UK OAHON (GOPMYJIBI PEISILIHOHHOTO UCYUCTIEHUS, MOXKET
OBITH ChOPMYTHUPOBAH C MOMOIIBIO OHOTO ONEPATOpPa 3TOTO SI3bIKA.

M3BecTHO (M MBI He ByIeM 3TO NOKa3HIBaTh), YTO MEXaHU3MBI PEJISILIUOH-
HOM anreOphl U pPENSIIUOHHOTO UCYUCTIEHUS 3KBUBAJICHTHBI, T. €. A1 J1000T0
IOITYCTUMOTO BHIPaXKEHUS PENSILMOHHOMR anredpbl MOXHO MOCTPOUTDL 3KBUBA-
JICHTHYIO (T. €. TIPOU3BOJISILYIO TAKOU XK€ Pe3yabrar) GopMyay pesiiMOHHOTO
HCUYUCIEHUs ¥ HAoO0poT. [ToueMy xe B pesILMOHHON MOAEIM NAHHBIX HPH-
CYTCTBYIOT 00a 3TH MeXaHU3Ma?

Heno B TOM, YTO OHM Pa3IMYAIOTCA YPOBHEM MPOLIEAYPHOCTH. BripaxkeHus
PENSILIMOHHOM aJIreOphbl CTPOSITCSI HA OCHOBE aJIre0pandyecKux orepaiuil (BeICo-
KOTO YPOBHS), M MOAOOHO TOMY, KaK MHTE PIIPETUPYIOTCS apUPMETHUUYECKHE H JIO-
THYECKHE BHIDAKEHUSI, BHIPAKEHUE PEJSILMOHHON ayirebphl TakXKe UMEET Mpo-
LIEAYPHYIO0 UHTEPIpEeTaLuio. JApyruMu CIOBaMM, 3ampoc, MPEACTABICHHBIA Ha
SI3BIKE PENSIUMOHHOM aNirebpbl, MOXET OBITh BRIYUCIEH HAa OCHOBE BHITIOJHEHHUS
3JIEMEHTAPHBIX aJIre0panyecKux ornepaumi ¢ yaeToM UX MpUOPUTETHOCTH U BO3-
MOXHOTO HayIMuusi cko6ok. [t popMynsl pelsiiMOHHOTO UCYUCIIEHUST OHO-
3HAYHas BBIYMCIIMTEIbHAA UHTEPIIPETalldsl, BOOOIIE TOBOps, OTCyTCTBYET. Pop-
MyJia TOJIbKO CTaBUT YCJIOBHS, KOTOPBIM JOJDKHbBI YAORBJIETBOPSTH KOPTEXH pe-
3yJBTUPYIOIIETO OTHOIIEHHS. [103TOMY A3BIKM PENISILIMOHHOTO UCUYUCACHUSA SIB-
JISTIOTCS B O0MbIIEH CTEIIEHH HEMPOLIEAYPHBIMHU, MK ACKJIAPAaTUBHBIMH.

ITockoabKy MEXaHU3MBI PEIALIMOHHON anrebpsl U pelsIHMOHHOTO HC-
YUCIEHHUS SKBUBAJICHTHBI, B KOHKPETHON CHUTYallMH IJIsl IPOBEPKHU CTETIEHH
PEISITMOHHOCTH HEKOTOPOTO s13b1Ka bJ1 MOXHO MoAb30BaThCA TIOOBIM M3 3THX
MEXaHU3MOB,

3aMeTUM, YTO KpaiHe peaKo aiaredpa Uid UCYMCIECHHE MPUHHUMAETCS B
KayecTBe MOJHON OCHOBHI Kakoro-nubo s3vika bJl. O6muHO (Hanmpumep, B
cny4dae s3pika SQL) sI3BIK OCHOBBIBA€TCS HA HEKOTOPOi CMECH ajiredpanydec-
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KHX M JIOTHYECKHUX KOHCTPYKILIMiA. TeM He MeHee 3HaHHe are6panyecKux U Jio-
TMYECKHMX OCHOB SI3bIKOB 643 JaHHBIX YACTO IIPUMEHSIETCST Ha IIPAKTHKE.

151 5KOHOMHH BpeMeHM M MecTa MBI He OyleM BBOIMTL KaKue-THOO0
CTPOTHE CHHTAKCHUYECKUE KOHCTPYKIINH, 4 B OCHOBHOM OTPAaHHYMMCS pacCMO-
TPEHHEM MaTepHajia Ha COIepXaTeJIbHOM YDOBHE.

0630p pensunoHHoi anreb6pst Kopna

OcHoBHas uaesl peJSLMOHHON aire6pbl COCTOUT B TOM, YTO KOJIb CKOPO
OTHOIIIEHHS ABJIAIOTCA MHOXECTBAMH, CPEACTBA MAHUITYJIHPOBAHHUS OTHOIIIE-
HHUAMH MOTyT 6a3MpOBaThCA HA TPAAUIIMOHHBIX TEOPETHKO-MHOXECTBEHHBIX
oIepallMsiX, JOTOJMHEHHBIX HEKOTOPBIMH CITELIHAIbHBIMH OIEpalHsIMH, CITe-
LUMDHUYHBIMY /1 DEASLIMOHHBIX 6a3 TaHHBIX.

CyllecTBYeET MHOI'O IIOJIXOOB K OIPEACNCHHIO DEISLIMOHHOMN aare6pol,
KOTOpBIE pa3IMYaloTCcsl HAabopaMHu oIepauui U CriocobaMy UX MHTEPIIPETALIMH,
HO, B IIDHHIIUIIE, SIBJISIIOTCA 6oJiee Wid MeHee paBHOCWIbHBIMH. B 1TaHHOM pa3-
Jiejie Mbl OTTMIIIEM HEMHOTO PACIIMPEHHBIH HaYaIbHBII BapHAHT ajlre6pel, KO-
TOpLIf ObLI npemyioxeH KoagoM (6yneM HasbiBaTh ee «aiarebpoit Kogma»). B
3TOM BapHaHTe Habop OCHOBHLIX alre6pandyecKux Orepali COCTOMT U3 BOCh-
MU Olepaliiii, KOTOphIe ACASITCSA Ha IBA KJacca — TEOPETUKO-MHOXECTBECHHbBIE
OmnepalMy U CIeUUaJIbHbIE DEJALHOHHBIE oIlepalluH. B cocTaB TeOpeTHKO-
MHOXECTBECHHBIX OII€PAIIHii BXOJSIT OINEPAIIUU:
® 0O0BEIMHEHHUS] OTHOLIEHUIH;
® [epeceyeHHs] OTHOILIEHHI;
® B3ATHS Pa3HOCTH OTHOILECHMI;
® B3ATHS JE€KApTOBA NPOU3BEACHHS OTHOIIECHHIA.

CreuyajgbHBIE PEJIIIIUOHHBIE OMEPALMH BKIIIOYAOT;

OTpaHUYCHHE OTHOLICHMS;
MPOEKIINIO OTHOLLICHHUS
COEAMHEHHNE OTHOLIEHHH;
ZIEJIEHUE OTHOLLIEHHIA.

Kpome Toro, B coctaB anredpbl BKJIIOYAETCS ONEpaLUs IPUCBaAaHBAHMUS,
MO3BOJISIIONIAS COXPAaHUTD B 06a3¢ JaHHBIX PE3YJIbTaThl BRIYMCICHUS ajlredpan-
YECKHX BhHIpaXXeHUH, Y ONepalys IIepeUMeHOBAaHHsI aTpUOYTOB, TalOIasi BO3-
MOXXHOCTE KOPPEKTHO COPMMPOBATh 3arojioBoK (CxeMy) pe3yJIbTUDPYIOLIETO
OTHOLIICHHSA.

O6was HTepnpeTauus pensiLMOHHbIX onepauuii

Ecny He BOaBaThCd B HEKOTODBIE TOHKOCTH, KOTOPbIE MBI PACCMOTPHM B
CIeQYIOUIMX pa3feiiax, TO MOYTH ISl BCEX Omepalyii MPelIOXKEHHOIO BHIIE
Habopa UMeeTCsl OUeBHAHAS H TIPOCTasi HHTEPIIPETALHSL.
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¢ [lpu BoinonHeHWHU ornepauun obsedunenus (UNION) nByx OTHOILIEHUM C
OIMHAKOBBIMU 3aT0JIOBKAMU IIPOM3BOJUTCST OTHOIIIEHHE, BKIIIOYAIOLICE BCE
KOPTEXH, KOTOPbIE BXOASAT XOTsI Obl B OIHO U3 OTHOIIIEHHI-OIEPaH/IOB.

¢ Onepauus nepeceyenus (INTERSECT) aByX OTHOLIEHHMH ¢ OAMHAKOBHIMHU
3ar0JIOBKAMHU TIPOM3BOIUT OTHOIIEHUE, BKIIIOUYAIOLLEE BCE KOPTEXHU, KOTO-
PHIE BXOAST B 00a OTHOIIEHUSI-ONEPaH/A.

¢ OtHouieHMe, spiasiouieecs pastwocmsio (MINUS) aByx oTHoLIEHHI ¢ OaU-~
HaKOBbIMH 3arojIOBKaMM, BKJIIOYAET BCE KOPTEXKH, BXOIASIINE B OTHOLIE-
HHe-TEePBBI ONepaHl, TaKKe, YTO HU OJAMH M3 HUX He BXOJAUT B OTHOLIEHHE,
KOTOPOE SIBJISIETCS] BTOPLIM OIE€PaH/IOM.

¢ [lpu BuimONHEHHUM Oexapmoea npoussedenus (TIMES) nByx oTHOLIEHMHA,
nepeceyeHHe 3aTOJIOBKOB KOTOPBIX MYCTO, TPOM3BOJUTCS] OTHOIIEHHE, KOP-
TEXM KOTOPOTO ITPOM3BOJATCS NMYTeM OObeNMHEHHST KOPTEXEH MEepBOTO U
BTOPOTO OTNEPAHIOB.

¢ PesynbratoM oepanuyenus (WHERE) oTHOLIEHHS] TO HEKOTOPOMY YCIOBHIO
SIBJISIETCS] OTHOLLEHHE, BKJIIOYAIOIEe KOPTEXH OTHOLIEHHsI-OIepaHa,
YIAORJIETBOPSIIOLLIEE 3TOMY YCIOBHIO.

¢ [Ipu BeinmonHeHuu npoexyuu (PROJECT) oTHOLIIEHMSI HAa 3aJaHHOE TIOAMHO~
>KECTBO MHOXECTBa €ro aTpUOYTOB NMPOU3BOJUTCST OTHOLIIEHHUE, KOPTEXKH KO-
TOPOTO SIBJISIIOTCS. COOTBETCTBYIOIIMMM TIOAMHOXECTBAMH KOPTEXell OTHO-
LIEHHSI-OIIe paHa.

¢ IIpu coedunenuu (JOIN) AByX OTHOIIEHUH IO HEKOTOPOMY YCJIOBHIO 0Opa-
3yeTcsl pe3YJbTHPYIOIlee OTHOIIEHHE, KOPTEXH KOTOPOro IIPOM3BOASTCS
nyTeM 00bEAMHEHUSA KOPTEXEH MepPBOro U BTOPOro OTHOILIIEHHWHA H yIOBJIE-
TBOPSIIOT 3TOMY YCJIOBHIO.

¢ V onepaumu peasyuonrnozo desenus (DIVIDE BY) na onepaHga — OuHap-
HO€ M YHApHOe OTHOIIEeHHUs. Pe3ynsTHpyIollee OTHOIIEHHE COCTOUT M3
YHapHBIX KOPTEXeH, BKIOYAKIINX 3HAYeHUS TIEPBOTO aTpUOyTa KOpTeXeu
TEPBOrO OIEpaH/a TaKMX, YTO MHOXECTBO 3HAYCHMI BTOpPOro aTpubyTa
(npu GUKCMPOBAaHHOM 3HAaUEHHUU NMEPBOro aTpudyTa) BKJIIOYaeT MHOXECTBO
3HaYe€HUI BTOPOro oIepaHia.

® Onepauus nepeumenosanuss (RENAME) npoussoaut oTHOIIIEHHE, TEJIO KO-
TOPOTO COBNAIAET C TEJIOM OI€PaHIa, HO MMEHA aTPHOYTOB U3MEHEHHI.

¢ Omnepauus npuceaugarus (:=) MO3BOJSIET COXPAHUTH PE3YJILTAT BEIYUCICHUS
PENSITMOHHOTO BHIPAXKEHUS B CYIIECTBYIONIEH nepeMeHHO oTHOeHus1 b/I.

IMockonbKy pe3yiasTaToM 1060t peaIIHOHHOM olepaliii (KpoMe ornepa-

LIMK NMPHCBaUBaHUs, KOTOpasi He BhIpaGaThIBaeT 3HauYeHH:A) SABASETCS HeEKoe

OTHOLLIEHUE, MOXHO OOpa30BBIBATh DENSILIMOHHBIE BBIPAXEHHUS, B KOTOPHIX

BMECTO OTHOILLIEHHsI-OIlepaH/Ia HEKOTOPO# PeJSILIMOHHOM ollepallui HaXoAUT-

¢S BIIOXEHHOE PEISILIIOHHOE BhIpaXeHHE. B MoCTpoeHUH peIsSIIMOHHOTO BbI-

paXeHHst MOTYT Y4acTBOBaTh BCE PENISIIMOHHBIE ONEpPalMi, KPOME OTepaliy
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MPUCBAUBAHUSA. BBIYMCIUTEIbHAS HUHTEPIPETALUA PEISLMOHHOTO BBIpaXe-
HUS TUKTYETCS YCTAHOBJIEHHBIMU IPUOPUTETAMH OIEPAIIHIA:

RENAME > WHERE = PROJECT > TIMES = JOIN = INTERSECT =
DIVIDE BY > UNION = MINUS

B npyroii ¢ropme npropUTETHI onepalluii Mmoka3aHel Ha puc. 3.1, Berumc-
JIEHWE BBIpAXECHHUSI POU3BOAMTCS CIEBA HANIPABO C YYETOM MPUOPHUTETOB OIIE-
pauuii 1 cKoOOK.

Onepauus IIpuoparer
RENAME 4
WHERE

PROJECT
TIMES
JOIN

INTERSECT

DIVIDE BY
UNION

Lol Bl B S BN (SR I (O i S} SOV BN OV)

MINUS

Puc. 3.1. Tabauna npUuopUTETOB oNepaliuii TPAAULIMOHHOMH
PEJISILIMOHHOMN aireOpbl

3aMKHYTOCTb pensiunMoHHOM anreGpbl n onepauns
nepeMmMeHOBaHVS

Kak MBI oTMeUanu B npeablayIiel JEKUHMH, KAXI0€¢ 3HaY€HHE-OTHOLIE -
HUE XapaKTEPU3YETCS 3arOJOBKOM (WJIM CXEMOM) M TENOM (WIM MHOXECTBOM
koprexeit). TlosToMy, ecmu HaM IEUCTBUTENBHO HyXHa anrebpa, olnepanuu
KOTOPOU 3aMKHYTbl OTHOCHUTEIBHO MOHSTUS OTHOIIEHUS, TO KaXnasi onepa-
LIUST TOJXHA NMPOU3BOAMTE OTHOLIEHHUE B MIOJHOM CMBICTIE, T. €. OHO JAOJIKHO
00J1a1aTh U TEJIOM, M 3aroJIoBKOM. TOJNIBKO B 3TOM ClIydae MOXHO OyAeT CTpo-
HUTb BIOXCHHBIEC BBIpAXEHHS.

3aro/10BOK OTHOIIIEHHUS NPEACTARISIET COO0 MHOXECTBO MNMap <inwsi-aTpubyTa,
yvsi-moMeHa>. ECM MocMOTpeTh Ha oOLIMil 0030p peNISIIUOHHBIX OIlepalluid,
NPUBEACHHBINA B IPEABIAYLIEM [TOAPA3AECIE, TO BUIHO, YTO AOMEHBI aTPUOYTOB
PE3yJIBTUPYIOIIECTO OTHOILICHUsSI ONHO3HAYHO ONPEACISIIOTCS AOMCHAMU OTHO-
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Jlekuma 3 PenaunoHHas anrebpa Kogaa

meHMi-onepanaoB. OQHAKO ¢ UMEHAMH aTpUOYTOB PE3YJIRTAaTa HE BCETAA BCE
TaK MPOCTO.

Hanpumep, npeacraBumM cebe, 4TO y OTHOIIEHUK-OTIEPAHAOB ONEPaluu
JIEKapTOBa NTPOU3BEACHUSI UMEIOTCSI OMHOMMEHHBIE aTPUOYTHI C OMUHAKOBBIMU
noMeHaMHu. Kakum Obut OBI 3aroJIoBOK pe3yasTUpyiollero orHomieHusa? Ilo-
CKOJIBKY 3TO MHOXECTBO, B HEM HE JOJIXXKHBI COACPKATHCS OJAMHAKOBBIC 3JIe-
MeHTbI. HO M noTepsiTh aTpubyT B pe3yJibTaTe HEIOMYCTUMO. A 3TO 3HAYMT, YTO
B TAKOM CJIydyae BOOOIIIE HEBO3MOXHO KOPPEKTHO BBLITIOJIHUTD ONEPALUIO Jg-
KapToBa MPOU3BEACHUS.

AHJIOTUYHBIE TPOGIEMbI MOTYT BO3HUKATh U B CIyYasiX APYTUX ABYMECT-
HBIX oniepauuii. st paspeieHUs1 IpoGiIeM B YUCIIO OTepalii PeNsILIMOHHOH
anreOpbl BBOJUTCS ornepalus epeuMeHoBaHus. Ee cienyeT npuMeHsTh B TOM
clly4yae, KOTAa BOZHUKAET KOH(MIUKT UMEHOBAHUS aTPUOYTOB B OTHOILICHHUSIX~
onepaHax ONHOU pelsiUMOHHON omepauuu. Torna K OmHOMY K3 ONEpaHOOB
CHayasa MPUMEHSIETCS OTepalysi TepeUMeHOBaHUs, a 3aTeM OCHOBHAs OTepa-
Msl BHITIONHSIETCs yxke 0e3 Bcakux npobineM. bonee crporo Mbl onpenennm
OrepalvIo MEPEMMEHOBAHUS B CICAYIONIEH JIEKUUU, a TI0KA JIUILb 3aMETHUM,
YTO PE3YyJBTaTOM 3TOH OMNEpALUM SIBISIETCS] OTHOIIEHUE, COBMANAIOLIEE BO
BCEM C OTHOILEHUEM-OIIepaHAOM, KPOME TOTO, YTO UMs1 YKa3aHHOTO aTpuOyTa
M3MEHEHO Ha 3alaHHOE M.

B nanbHeiIeM H3I0XKEeHUH MBI OyleM IpearonaraTb IpUMeHEeHHUe OIle-
palyy ITePEMMEHOBAHMS BO BCEX KOH(IMKTHBIX CUTYaLUsIX.

Oco06eHHOCTN TeOpPEeTUKO-MHOXECTBEHHbIX OnepaLuun
pensaunoHHOM anre6pbl

XO0TsI B OCHOBE TEOPETUKO-MHOXECTBEHHON YaCTH PEeNISIUUOHHOM anre6-
pet Kozja jiexuT kiaccuueckasi TEOpUsl MHOXECTB, COOTBETCTBYIOLIIUE OTEpa-
LM PEJSILMOHHOM anreOphl 00J1a1al0T HEKOTOPBIMU OCOOEHHOCTSIMH.

Onepauuu o6beguHeHNa, NnepeceveHuns, B3aTUS pasHOCTH.
CoBMecTUMOCTb No 06beauHeHUI0

HauHeM ¢ onepauuu o6 beIMHEHUS OTHOLIEHUH (BCE, YTO OYIET CKa3aHO
10 OBOXY 0ObEAMHEHHSI, BEPHO U JUTS OTIEpaliuii TEPECEICHUST U B3SITHUS pa3-
HOCTH OTHOIIeHMIT). CMBIC]T OoTlepaliui OOBEeNMHEHUST B PEJISIIIUOHHON anre6-
pe€ B LIEJIOM OCTAETCS TEOPETUKO-MHOXECTBEHHBIM. HartoMHHM, 4TO B TE€OpHH
MHOXECTB:
® DE3yNBTaTOM OOBEIUHECHUS IBYX MHOXECTB A{a} U B{b} SABISIETCSA TaKoe
MHOXECTBO C{c}, YTO /I KAXIOTO ¢ TUOO CYIIECTBYET TAKOH 3JIEMEHT a,
MPUHAIEXAIMK MHOXECTBY A, 4YTO c=a, MO0 CYIIeCTBYET TAKOH 3JIEMEHT
b, IpUHAJIEXKAMMHA MHOXECTBY B, 4TO C=b;
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® TepeceUYCHUEM MHOXECTB A U B ABJISIETCS TAKOE MHOXECTBO C {C}, UTO JUTA
JII0060TO ¢ CYIIECTBYIOT TAKHME 3JIEMEHTHI a, MPpUHAIIECXAaIIMH MHOXECTBY 4,
W b, IPHHAIUICXKAIIUK MHOXECTBY B, UTO c=a=b;

® Da3HOCTBIO MHOXECTB A M B ABJIAETCS TAKOE MHOXECTBO C {C}, YTO JUIA JIIO-
00ro ¢ CYyNIECTBYET TAKOK BJIEMEHT a, MpHHAMLIEXAUIMH MHOXECTBY A, 4YTO
c=a, M HE CYILIECTBYET TAKOM BJIEMEHT b, IPUHAJIEXAIIUHA B, 4TO C=b.

OO0beIUHEHHE [lepeceuenne BastHe pasHOCTH

Puc. 3.2. AmiocTpauysi pe3yabTaToOB TeOPETUKO-MHOXECTBEHHbIX
onepauui

Ho ecnu B Teopriu MHOXECTB OIepailvsi 00beIMHEHUS OCMbICJIEHHA LIS
JMIOOBIX ABYX MHOXECTB-OMNEPaHAOB, TO B CIyJyae peJssiHOHHOM anredpnl pe-
3yJIBTaTOM ONEpalyi 0ObeIMHEH A JOJIKHO ABIATHCS OTHOLIeHKE. Ecim B pe-
JISUMOHHOM anrebpe AOMYyCTUTh BO3MOXKHOCTh TEOPETHKO-MHOXECTBEHHOTO
00BEIUHEHHST ABYX NMPOM3BOJBHBIX OTHOLIEHUH (C pa3HBIMHU 3arOJIOBKAMH),
TO, KOHEYHO, Pe3YJbTaTOM ofepaluy OYyIET MHOXECTBO, HO MHOXECTBO pa3-
HOTHUMHBIX KOPTEXEH, T. €. HE OTHOIlIeHHUe. ECiu ucxonuTh U3 TpeOOBaHHUS 3a-
MKHYTOCTH PEJSILHOHHON anredpbl OTHOCHUTEJBHO MOHSTHS OTHOLUEHUS, TO
Takasl onepauus 00beIMHEHUS ABISAETCI OeCCMBICIEHHOM.

BOTH coobpaxeHHUs MOABOJST K MOHITHIO COBMECMUMOCMI OMHOUEHI No
00veduHeruro: 06a OMHOWEHU COBMECMUMbL NO 06BEOUHEHUI0 8 MOM U MOAbKO 8
mom cayuae, koeda obnadarom odunaxosbimu 3a20n06xamu. B passepHyToii dop-
Me€ 3TO 03HAYaeT, YTO B 3aroIOBKaX 0OOMX OTHOILIEHU I COTEPKUTCS OOUH U TOT
XK€ Habop UMEH aTpuOYTOB, U OMHOMMEHHbIE aTPHUOYThI OTIPENEIEHbl HAa OAHOM
1 TOM XK€ JOMEHE (3Ta pa3BepHyTas (popMyIHpOBKa, BOODIIE TOBOPS, SIBNSIET-
Csl M3JIMIITHEHM, HO OHA IMPUTOOUTCA HaM B CJEAYIONIEM ab3alie).

Ecnu nBa oTHOLIEHMS] COBMECTHMBI MO OObEIUHEHMIO, TO MPH OOBIMHOM
BBIMOJIHEHUY HaJl HUMH ONepaliii 00beIMHEeHUsA, IEpeceUCHUS] U B3ATUS pa3sHo-
CTH pe3y/IbTaTOM OINEpaLIH SIBISIETCS OTHOUICHHE ¢ KOPPEKTHO OnpenceHHEIM
3arojIOBKOM, COBIAJAIOIINM C 3aTOJIOBKOM KaXIOT0 U3 OTHOILICHH I -0TNepaHIoB.
HanoMHUM, YTO €C/TH IBa OTHOLICHHS «ITOYTH» COBMECTHMBI 1O OOBEIHHEHHIO,
T. €. COBMECTUMBI BO BCEM, KPOME MMEH aTpUOYTOB, TO IO BHIMOJHEHHS OMepa-
LIMK TUINA OOBEMMHEHHUST 3TH OTHOILEHMS MOXKHO CIIENaTh MOJHOCTBIO COBMECTH -
MBIMH 10 0OBbEAMHEHUIO NTyTeM NMPUMEHEHHS ONepailiy NeperuMeHOBaH .
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Ans unmocTpalluv ornepalii oObeAUHEHUS, TIEPECCYEHUS U B3ATUS
Pa3HOCTU IMIPEAIONIOXUM, 4YTO B 0a3e JAHHBIX MMEIOTCS JBA OTHOLIEHUS
CIYXAIIME_B_TIPOEKTE_1 ¥ CIVXAIIME_B_NPOEKTE_2 ¢ OAHMHAKOBBLIMH CXE-
MaMu {CJIY_HOMEP, CJIV_WMsS, CHV_3API, CIV_OTHK_HOMEP} (MMEHa OO-
MEHOB OINYILIEHHI MO NMPUYUHE OYEeBUAHOCTH). Kaxkaoe U3 OTHOUIEHUH CO-
JIE€PXUT AaHHbIE O CTYXALIUX, yYaCTBYIOLIUX B COOTBETCTBYIOLLEM IIPOEKTE.
Ha puc. 3.3 noka3aHO NpUMepHOE HAaNOMHEHHUE KaxXIOro U3 ABYX OTHOILIE-
HUii (HEKOTOphIE clyXallue Y4acTBYIOT B 0O0OMX MPOEKTaX).

CIIVRAIME B_IIPOEKTE_1

CIIY_HOMEP Cly_UMs CJIV_3API CHy_OTH_HOMEP
2934 Hpanos 22000.00 310
2935 Ilerpos 30000.00 310
2936 Cunoposn 18000.00 313
2937 ®enopoB 20000.00 310
2938 Hpanosa 22000.00 315

CIIVEALME B ITIPOEKTE_2

CIIY_HOMEP CHy_umst CIIY_3APII CIIV_OTH_HOMEP
2934 HBanos 22000.00 310
2935 IlerpoB 30000.00 310
2939 CunopeHko 18000.00 313
2940 denopeHKO 20000.00 310
2941 HBaneHko 22000.00 315

Puc. 3.3. IIpuMepHOe HanoJHEHHE OTHOIIEHHI
CNYXAIIME _B_IIPOEKTE_1 M4 CIYXAIIME _B_IIPOEKTE_2

Torma BBIMOMHEHHE oOIlepallMd CIAVKANME_B_IPOEKTE_1  UNION
CNYXAIME_B_NTPOEKTE_2 MO3BOJUT MOJYYHTh UHPOPMaILINIO 060 BCEX CIy-
XallMX, YYacTBYIOIIUX B 0OOWX TMNpoekTax. BhHIMOAHeHHe omepaluu
CNVXKANME_B_MNPOEKTE_1 INTERSECT CIVXAIME_B_IIPOEKTE_2 IO3BOJUT
MOJYYUTH JAaHHBbIE O CIYXalllUX, KOTOPbiE OMHOBPEMEHHO YYaCTBYIOT B ABYX
npoekTax. HakoHell, omnepaius CIVXANUE_B_NPOEKTE_1 MINUS
CIYXAIIVE_B_IIPOEKTE_2 BbIpa0OTaeT OTHOILEHHUE, COoAepXallee KOPTEXHU
CIIyXalluX, KOTOPbI€ YYaCTBYIOT TOJIBKO B [IEPBOM IpoekTe. Pe3ynbraThl 3THX
onepaluii MokasaHh Ha puc. 3.4.
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CIIVXAIME_B_IIPOEKTE_1 UNION CNIVEAIME_B_IIPOEKTE_2

CJIy_HOMEP CIIy_Umsi CJIy_3API CIIY_OT[I_HOMEP
2934 HBaHoB 22000.00 310
2935 IerpoB 30000.00 310
2939 CunopeHko 18000.00 313
2940 DenopeHKo 20000.00 310
2941 HMBaneHko 22000.00 315
2936 Cunopos 18000.00 313
2937 ®eznopos 20000.00 310
2938 HBaHoBa 22000.00 315

CIIYXAIME_B_IIPOERTE_1 INTERSECT CIVRAIME_B_IIPOEKTE_2

CITy_HOMEP CIIV_VMS CIIV_3API CIIV_OTI_HOMEP
2934 MBaHoB 22000.00 310
2935 ITetpos 30000.00 310

CIIVEAIME_B_ITPOEKTE_1 MINUS CIIVEAIME_B_IIPOEKTE_2

CIIY_HOMEP CIy_UMsa CIIY_3API CIIV_OTH_HOMEP
2936 Cunopos 18000.00 313
2937 ®enopos 20000.00 310
2938 HBaHosa 22000.00 315

Puc. 3.4. Pesynbrarsl BHITTONHEHUST oTiepaliyii UNION, INTERSECT
U MINUS

3aMeTHM, YTO BKJIIOYEHHE B COCTAB OIEpaliMii peSIUMOHHOMN aireGphl
TpeX oriepaluii o6beAUHEHMS, TIepecedeHrsT M B3SITUSI PA3HOCTH SIBAsSieTCH,
0YEBUAHO, U30BITOYHEIM, IOCKOJILKY, HAIIPUMEP, OoNepaliys nepecedyeHHs Bbl-
paxaeTcs uepes onepauuio B3aTus pasHocth*. TeM He MeHee Koz B cBoe Bpe-
Ms1 PElLI BKJIIOYHTh BCE TPU OTIEPALIMHU, UCXOAs U3 HHTYUTHUBHBIX TTOTPeOHO-
cTeil JaIeKOTo OT MATEMATHKHU MOTEHUMAIBHOTO H0JIb30BATEIIST CHCTEMBI PeJisi-
HuoHHBIX B/I.

* Jlerko yoenuThesi, 4t0 A INTERSECT B = A MINUS (A MINUS B) = B MINUS (B MINUS A).
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Onepaumsa pacLUMPEHHOro AeKapToBa NPoM3BeaeHUs U
COBMECTUMOCTb OTHOLUEHUNA OTHOCUTENLHO 3TOK onepauum

Jdpyrue npodsieMbl CBSI3aHBI ¢ ONepallMeil B3ITUS JeKapToBa IPOM3BENe-
HHSI JIBYX OTHOILIEHUIA. B TeopuHM MHOXECTB J€KapTOBO TIPOHU3BeIeHHE MOXET
OBITb OJIYYEHO 151 JIIOObIX ABYX MHOXECTB, U SJIEMEHTAMH PE3YJILTHPYIOLETO
MHOXECTBA SIBJIAIOTCS Mapbl, COCTABJICHHBIE U3 3JIEMEHTOB IIEPBOTO U BTOPOTO
MHOXecTB. Ecyii roBopuTh 60jiee TOYHO, 1€KApTOBBIM MPOM3BEICHUEM MHO-
XEeCTBA {a} U B {b)} IBISIETCS TAKOEC MHOXECTBO Nap C {<cl, c¢2>}, 4To ansi
KaXxJoro 3JIEMEHTa <cl, c¢2> MHOXECTBAa C CYLIECTBYIOT TAKOH 3JIEMEHT a
MHOXECTBA A, UYTO c¢l=a, U TAKOH 3JIEMEHT b MHOXECTBA B, UTO c2=b,

IToCKOJIbKY OTHOLIEHHUS SIBISIIOTCS. MHOXKECTBAMH, IS JIIOOBIX IBYX OTHO-
UIEHUH BO3MOXHO IOJIyIeHHE TIpsSMoro npou3sBeleHUs. Ho pesyneraT He Oymer
OTHOILIICHHEM! DJIeMeHTaMH pe3yibraTa OyayT He KOPTEXH, a Iaphl KOPTeXKe.

ITosTOMY B pENSILIMOHHON alredpe UCIONb3YETCA CeLIMATH3HPOBaHHas
(opma onepaliiu B3SITHUS J1€KAPTOBA IPOU3BEACHUS — PAaCLUMPEHHOE AEKAPTO-
BO NNPOM3BeAcHUE OTHOLIEHU M. ITpH B3ITHH paclUMPEHHOTO0 AeKapTOoBa IMPOM3-
BENIEHUS JBYX OTHOLLICHUHA 3J€MEHTOM PE3YJIbTHPYIOLIErO OTHOLICHUS SIBJISI-
€TCS1 KOPTEX, KOTOPbIH IpencTamiseT coboi 06beIUHEHHUE OJJHOTO KOpTEXa
MEPBOro OTHOILIEHUS U OMHOTO KOPTEXa BTOPOr0 OTHOILIEHHMS,

IIpuBenemM 6oJice TOUHOE OTpeAeIeHHE ONEpaLMM PaCIIMPeHHOro AeKap-
ToOBa Npou3BeJeHHs. [TycTh MIMEIOTCS OBa OTHOWIEHUS R1 {a;, &z, .., a,t U
R2 {b,, by, .., by}.Torma pe3ynsraToM omepaliMyd RI TIMES RZ2 sIBIsIeTCS
OTHOWUEHME R {a;, a,, ..., &, bi, by, .., by}, TEJIO KOTOPOTO SIBISIETCSI MHO-
XECTBOM KOPTEXEH BUAA { .1, Laz, ws Lan, Ibis Tb2s s Ten) TAKHX, UTO {I,;,
Ya2, w, Yan} BXOOMT BTENO R1, a {ry;, Trps, -, Tim} BXOIOHMT B TEJO RZ.

Ho Teneppb Bo3HUKaeT BTopasi nMpobjeMa — KaK IOJY4HTb KOPPEKTHO
c(hOpMHPOBAHHBIN 3ar0JIOBOK OTHOILEHHS-pe3yibraTta? ITockosbKy cxeMa pe-
3YJABTUPYIOILLETO OTHOILUEHHUS SIBASETCS OOBEIUHEHUEM CXEM OTHOIIIEHH-0IIE-
PaHIOB, TO OYEBUAHON MPoOGJIeMOH MOXeET ObITh UMEHOBAHHE aTpUOYTOB pe-
3YJBTUPYIOLIIETO OTHOILIEHMS, €CJIM OTHOIIEHHUS-OllepaHabl 061anaT OQHO-
MMEHHBIMH aTpUOyTaMHU.

DTH COOOPaXKECHHUS TPUBOIST K BBEACHHIO TIOHATHUSI COBMECMUMOCMU nO
83amulto paciiupennozo dekapmoea npouseedenus. [ea omuowenus coemecmumoi
N0 833MUI0 PACUUPEHHO20 0eKapmoad NPOU36e0eHUs 8 MOM U MOAbKO & MOM CAY-
uae, ecau nepecederue MHOXCecme umeH ampubymoe, 83ambvix u3 ux cxem Omuouie-
Huli, nycmo. JI1oOble 1Ba OTHOUIEHMST BCETIa MOIYT CTaTh COBMECTHUMBIMH T10
B3ATHIO 1€KAPTOBA NPOU3BEACHUS, €CIM NMIPUMEHUTD OTIEPALIUIO IEPEUMEHO-
BaHHUS K OJHOMY U3 3TUX OTHOILIEHHH.

Jna HarssAHOCTH MPEANOIOXUM, UTO B IIPUAAYY K BBeIECHHBIM paHee OT-
HOIUeHUSIM CJIVKAIME_B_TIPOEKTE_1 u CJIVXAIUME_B_IIPOEKTE_2 B 0a3e JaH-
HBIX COOEPXUTCA €ll¢ U OTHOIIEeHUEe MMPOEKTH cO cxeMo# {IIPOEKT_HA3B,
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NIPOEKT_PYK} (MMeHa HOMEHOB CHOBAa ONYyLIeHbI) U TeJOM, MOKAa3aH-
HBIM Ha puc. 3.5. Ha 3ToM Xe pUcyHKe MOKa3aH pe3yJbTaT Onepamnuu
CIYXAIME_B_INPOEKTE_1 TIMES IIPOEKTH.

CrenyeT 3aMETHTb, YTO OTEPALMS B3ATHS AEKApTOBA IPOW3BENEHUS
He SIBJISIETCST CULIKOM OCMBICJIEHHOW Ha TNpakTHKe. Bo-mepBBIX, MOLIHOCTD
Tesa ee pe3y/bTATa OUeHb BEJTHKA JaXe MPHU JOTTYCTUMBIX MOLIHOCTSIX OTiepaH-

TIIPOERTH
IIPOEKT_HA3B TIPOEKT_PYK
MMPOEKT 1 HBaHoB
[TPOEKT 2 HpaHeHko

CIIVRAIME_B_IIPOEKTE_1 TIMES IIPOERTH .

CJIY_HOMEP | CIV_VMS | CJIY_3APIl | CJIV_OTI_HOMEP | IIPOEKT_HA3B | IPOEKT_PYK
2934 Wpanos | 22000.00 310 MMPOEKT 1 HBaHoB
2935 IIerpos | 30000.00 310 ITPOEKT 1 HBaHoB
2936 Cupopos | 18000.00 313 ITPOEKT 1 HBaHoB
2937 ®cnopos | 20000.00 310 IMPOEKT 1 Hpanos
2938 Wpanosa | 22000.00 315 MMPOEKT 1 Hpanos
2934 Hpanos | 22000.00 310 IMPOEKT 2 | HBaHeHko
2935 IIerpos | 30000.00 310 ITPOEKT 2 | HBaHeHKO
2936 Cunopos | 18000.00 313 ITPOEKT 2 | KMBaHeHKO
2937 Deaopos | 20000.00 310 ITPOEKT 2 | WBaHeHKO
2938 Hpanosa | 22000.00 315 IMTPOEKT 2 | WBaneHxko

Puc. 3.5. OtHomieHue TTPOEKTH M pe3yJbkTaT onepaluu
CIIVXAIME_B_ITPOEKTE_1 TIMES IIPOEKTEH

JIOB, 4, BO~BTOPBIX, PE3YJILTAT OrepaliuH He 6oJiee HH(MOPMATHBEH, YEM B3SIThIE
B COBOKYMHOCTH orepaHabl. Kak 6yner rnokasaHo pgajiee, OCHOBHOM CMBICT
BKJIIOUEHHMS OTlepalliy paCIIMPEHHOTO IEKAPTOBA TIPOU3BEICHUS B COCTaB pe-
JISTITUOHHO anre6ppl Koama cocTOMT B TOM, UTO HAa €€ OCHOBE OMpeaesisieTcst
JEHCTBUTEILHO MOJIe3HAsT ONepalUs COeIUHEHMSI.

[1o moBoAy TeOPETHKO-MHOXECTBEHHBIX OTIEPAIlMii pesIIIMOHHOM ajre-
OpHI CNIEAYET ellle 3aMEeTUTDb, UTO BCE YETHIPE ONMEpPALMH SBJISTIOTCS accollya-
TUBHBIMH. T. €. ecli 0603HAYUTD Yepes OP MoOYI0 U3 YeThIpex ornepaluii, To
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(A OP B) OP C = A (B OP (), H, CICAOBATEIbHO, 6€3 BHECEHHS ABYCMBIC-
JIEHHOCTH MOXHO nucatb A 0P B OP C (A, BU C — OTHOILEHHA, oOIaaarolime
CBOMCTBaMH, HEOOXOAUMBIMH [IJIsl KOPPEKTHOTO BITTOJTHEHHS COOTBETCTBYIO-
nieit onepauuu). Bee onepauuu, KpoMe B3SITHSI pa3HOCTH, SIBJISIFOTCS KOMMY-
TaTUBHBIMU, T. €. A OP B = B QP A.

CneunansbHbie pendunoHHbLie onepaunn

B sTOM paszaenie Mbl HECKOJIBKO MOAPOGHEE PACCMOTPUM CrIELIMATBHBIE
peJISILIMOHHBIE OTIepallMi Pe/ISLIMOHHON airebphbl, TaKHE, KaK OrpaHH4YeHHE,
MPOEKLIUS, COEAMHEHUE U JETIEHUE.

Onepauuﬂ orpaHun4yeHunsa

Onepalus orpaHHYeHUsS] WHERE TpeOyeT HAJIMUMS IBYX OTIEpaHOOB: Orpa-
HHYHMBAEMOT0 OTHOILUEHHUSA U IIPOCTOro ycaoBus orpanndeHus. Ilpoctoe ycio-
BUE OTPAaHUYCHHUS MOXET UMETD:
¢ BUN (a comp-op b), TOE a U b— UMEHA aTpUOYTOB OrpaHMYMBaEMOro OTHO-
ILHEHHUS; aTPUOYTBI a U b IOJIKHBI ObITh ONPEAE/ICHBI HA OHOM M TOM X€ 10~
MEHE, U1l 3Ha4Y€HHUii 6a30BOro THIIA NaHHBIX KOTOPOTO MOMACPXUBACTCS
orepalMs CpaBHEHHWs comp_op, WIH Ha 0a30BBIX TUTAX JaHHBIX, HaI 3Ha4e-
HUSIMH KOTOPBIX MOXHO BBITIOJIHSTD 3TY ONEPAIMIO CPAaBHEHHS;

¢ wiu BUI (a comp-op const), THe a — UMsi aTpubyTa OrpaHUYHUBAEMOTO OT-
HOLLIEHHUS, a const — JUTePAJIBHO 3aIaHHasi KOHCTAHTa; aTpUOYT a JOIKEH
OBbITh OTIpeAe/ieH Ha IOMEHe WiIH 0a30BOM THIIE, AJIS 3HAYEHHUH KOTOPOIo
MO PXUBAETCS OTNIEpaLMs CpaBHEHUS comp_op.

Ornepaliuet CpaBHEHUS COMP-O0p MOTYT OBITh «=», «#», <%, €9, «<», «<»,
ITpocTeie yc/10BHS BBIUMC/SIOTCS B TpeX3HAYHOM JIoruke (cM. pa3n. «Pensuu-
OHHasi MOJIeJIb NAHHBIX», JIEKUUS 2), U B pe3yJIbTaTe BBIIIOJHEHUS OTNEpaluM
OrPaHUYCHMS TIPOU3BOIUTCS OTHOLIEHME, 3ar0JIOBOK KOTOPOrOo COBMAHAET C
3aroJIOBKOM OTHOLLIEHHUS-ONepaHia, a B TEJIO BXOASAT Te KOPTEXH OTHOIICHHSI-
ornepaHa, WISl KOTOPhIX 3HAYEHHEM YCJIOBUS OTpaHHUUEeHUS ABIseTcC true. TeM
CaMbIM, €CJIM B HEKOTODBIX KOPTEXaX COHAEPXKATCS HEONpEOeJEeHHbIE 3HAYE-
HUS, U MO JAHHOW MpUYMHE BBIYMCJIEHHE MPOCTOro YCJAOBUS JaeT 3HaueHHUe
unknown, TO 3TH KOPTEXH He BOHAYT B Pe3YJBETUPYIOIIEE OTHOLIEHHE.

s 0603HayeHHUsI BbI30Ba OIepallii OrpaHHYeHHs OYAeM HCIoJIb30BaTh
KOHCTPYKLIMIO A WHERE comp, THE A — OrpaHMYMBaeMOe OTHOLIEHUE, a comp
— MpocToe yciaoBHe cpaBHEHUS. IIycTh compl U comp2 — ABa MPOCTHIX YCJIOBUS
orpaHuyeHwusi. Torma ro omnpeneseHUIO:
® A WHERE (compl AND comp2) 0603HayaeT TO Xe caMoe, 94TO U (A WHERE

compl) INTERSECT (A WHERE compZ);
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® A WHERE (compl OR comp2) 0603Ha4aeT TO X€ caMoe, YTo U (A WHERE
compl) UNION (A WHERE compZ2);

e A WHERE NOT compl 0603HA4YaeT TO X€ caMoe, 4To U A MINUS (A WHERE
compl) .

DTH corameHus Mo3BoJSAIOT 3aACHCTBOBATh ONEPALUM OTPAHUYEHHUS, B
KOTOPBIX YCJIOBUEM OTpaHHUYEHUs SIBJISIETCS TTPOU3BOJIBHOE OYJIEBCKOE BhIpa-
JKeHHe, COCTaBJIEHHOE M3 MPOCTHIX YCIOBHH C UCIOJB30BAHHEM JIOTMYECKHUX
CBSI30K AND, OR, NOT M CKOOOK.

Pesynsrar BbIMONHEHMST Onepanuu CIIYEAINUE_B TNPOEKTE 1  WHERE
(CIIY_3APIT > 20000.00 AND (CIIY_OTI_HOM = 310 OR CIIV_OTHI_HOM = 315))
(1oNy4yUuTh AAHHBIE U3 OTHOIIEHUsT CIIVKAIIVE_B_NPOEKTE_1 O CilyXalllux, pa-
6oTatoiux B otaeaax 310 u 315 u monyyaroIMX 3apruiaTy, MPEBILIAIOINYIO
20000.00 py6.) mokasaH Ha puc. 3.6.

CIIY_HOMEP CIIy_umMs CIIY_3APII CIIy_OTJH_HOMEP
2934 HBaHoB 22000.00 310
2935 Ilerpon 30000.00 310
2938 HBaHopa 22000.00 315

Puc. 3.6. PesynbraT onepaliuu CJIVXAIVE_B_ITPOEKTE_1 WHERE
(CITY_3API > 20000.00 AND (CJIV_OTIO_HOM = 310 CR

CIIV_OTH_HOM = 315))

Ha MHTYMTHBHOM YpOBHE OINEpalli0 OrpaHUYEHUS JTyylle BCEro Inpei-
CTaBJIATh KaK B3SITHE HEKOTOPO#H «IOPU3OHTATBHOI» BEIPDE3KU U3 OTHOLUIEHHS -
orepaHaa (BLIGOPKH HEKOTOPBIX CTPOK U3 TabGIUIIbI).

Onepauus B3ATUA NPOEKLUN

Onepanys B3ITHS TPOEKIIMY TaKKe TpeOyeT HAJTUYMS IBYX ONEPaHIOB —
MPOELIMPYEMOro OTHOLIEHHS A U MOAMHOXECTBa MHOXECTBa HMEH aTpuOyTOB,
BXOJASAIIMX B 3aTOJIOBOK OTHOINEHHS A.

Pe3yabTaToM mpoeKUUMH OTHOLIEHMS A Ha MHOXECTBO aTpubyToB
{a;, a,, ..., a,}(PROJECT A {a;, a;, ..., an}) SIBJISETCS OTHOILIECHHE C
3aroJIOBKOM, OTIpEIe/IsIeMbIM MHOXECTBOM aTPpUOYTOB {a;, a,, ..., a,), HC
TEJIOM, COCTOSIIIIUM M3 KOpTeXel BUAA <a;: vy, a;:Vz, ..., ap:Vp>TaKHX,YTO
B OTHOIIEHHH A HMEETCS KOPTEX, aTPUOYT a; KOTOPOro UMEET 3HAYCHHE V3, aT-
pubyT a, UMEeT 3HaYeHHUe v, . . ., aTPUOYT a, UMeeT 3Ha4eHHe v,. TeM caMbiM,
TIPY BLIMTOTHEHUH OIEepallMiy MPOESKLHUH BBLICISICTCS «BEPTUKABbHAS» BbIpE3Ka
OTHOIUEHMA-ONEPAHIA C ECTECTBEHHBIM YHUYTOXECHHEM MTOTEHIMALHO BO3HU -
KaIoILMX KOpTexXeh-Ty0IUKaTOB.

66



JNexuma 3 PenaunoHHana anrebpa Kogaa

3aMeTHM, YTO MOTEeHUHaAJbHAas MOTPEOHOCTh YAAJeHUs] AYOIMKATOB
OYEHBb CWJIBHO YCJIOXKHSIET peaIM3alinIo ONlepalliy MPOEKIIMH, TOCKOJBKY B 00-
IIeM ciIydae ISl yAAJIeHUsT TyOIMKaToB TPeOYeTCcsl COPTHPOBKA MPOMEXYTOY-
HOTO pe3yibTaTa onepaliid. OCHOBHAS CJIOXHOCTh COCTOMT B TOM, YTO 3TOT
NIPOMEXKYTOUHBIH Pe3yJbTaT B OOLIEM CIy9ae MOXET ObITh OYEHb OOJIBLINM, H
JUIST COPTUPOBKM TpeOyeTCs MPUMEHSITh IOPOTOCTOSIIHE aATOPUTMbI 8HewHell
CcOpMupo6KY, BbIMOIHIEMbIE C TIPUMEHEHHEM OOMEHOB C BHEUIHEH MaMSTHIO.
(IMon «CTOMMOCTBIO» NEHCTBHS MOHUMAETCS BPEMSI €0 BHIMIOJTHEHMSL. )

Pesynbrat onepaiiyv PROJECT CIIVXAIIME_B_TIPOEKTE 1 {CJIV_OTH_HOM}
(B Kakux OoTHAejiax paboTaloT CIyXalllie, JaHHBIE O KOTOPHBIX COJAEPXKATCA B OT-
HolleHWH CIIVXAIIME_B_TIPOEKTE_17?) moKa3aH Ha puc. 3.7.

CIV_OTJl_HOMEP
310
313

315

Puc. 3.7. Pe3yabraT BBINOJIHEHHS ONepaliu
PROJECT CIIVXAINUE_B_IIPOEKTE_1 {CIIV_OTH _HOM}

Onepaumna coeaMHEeHNA OTHOLIEHUA

Oo61ast onepaiys coeTMHeHUs (Ha3pIBacMasi TAKXe COEIUHEHUEM T10 YC-
JIOBMIO) TpeOyeT HAIMYHSA IBYX ONIEPAHIIOB — COEAUHSEMBIX OTHOLLIEHUI U Tpe-
TBETO OMEPAHAA — MPOCTOrO YCIOBUSL. IIycTh COEAUHSIIOTCS OTHOLIEHUST A U B.
Kak u B cyuae onepailiiu orpaHU4eHUs1, YCJIOBUE COEAMHEHUST Comp UMEET BUJL
mbo (a comp-op b), b0 (a comp-op const), Toe a U b — UMeHa aTpUOYTOB
OTHOWIEHWUH A M B, const — JIMTEPABHO 3aJaHHasi KOHCTAHTA, U comp-op — A0~
MYCTUMasl B JAHHOM KOHTEKCTE OTepalivsi CPaBHEHHSI.

Tornma no onpeneseHUI0 Pe3ybTaTOM ONepallid COeAUHEHUS A JOINT B
WHERE comp COBMECTAMBIX MO B3SITUIO PACLIUPEHHOTO AEKAPTOBA MPOU3BEIE-
HUA OTHOLIEHUH A U B ABJIACTCS OTHOLICHHE, MOTY4aeMOE IYTEM BBITIOTHEHHS
ofnepalyd OrPAHUYEHUS T10 YCIIOBUIO comp PaCLIMPEHHOTO IEKAapTOBa IMPOU3BE-
JEHUs1 OTHOMIEHUI A M B (A JOINT B WHERE comp = (A TIMES B) WHERE comp) .

Ecnu TiatesHO OCMBICIHMTB 3TO OMNpPEAEEHHE, TO CTAHET SICHO, YTO B
obuIeM CiTydyae MMPUMEHEHUE YCIOBUS COEIUHEHUS CYLIECTBEHHO YMEHBIIUT
MOIIHOCTh Pe3yJibTaTa MPOMEXYTOYHOTO J€KapTOBa NMPOU3BEACHUS] OTHOIIIE-
HUH-OTIEPAaHAOB TOJBKO B TOM CIy4ae, €C/IM YCIOBUE COEAMHEHUSI UMEET BUI
(a comp-op b), Ile a ¥ b — UMeHa aTpUOYTOB pa3HbIX OTHOLIEHUI-OTIepaH-
noB. [ToaToMy Ha mpakTHKE OOBIYHO CUMTAIOT PEATbHBIMH OMNEPALMSIMH CO-
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eIUHEHUS UMEHHO T€ OTIepaliH, KOTOpPble OCHOBBIBAIOTCSH HA YCJIOBHH COETIHM-
HEHHUS IPUBEACHHOTO BUIA.

B nonpasnene, kacamomieMcsl onepalMi OTPAaHMYEHMs], MBI OTIpeIeIHIN
TPAKTOBKY HCITOJIb30BaHUS B KAYECTBE OTPAaHUYMBAIOILETO YCAOBUS MTPOU3BOJIb-
HOTO OYJIEBCKOTO BBIPAXEHMS, KOTOPOE COCTABICHO M3 MPOCTHIX YCAOBUI1 HaL
aTpuOyTaMH OTHOIICHHUSI-OTICpaHIa W JUTEPATbHBIMU KOHCTaHTaMU. KoHeYHO
Xe, M B OIEpallii COSAMHEHUS] MOXET 3a0aBaThCsl MPOU3BOILHOE JTOIMUECKOE
BBIpAXEHHE, COCTABNEHHOE U3 MPOCTBIX YCAOBUI1 Hal aTpUOyTaMH OTHOILIEHHIA-
ONEPaHIOB M KOHCTaHTaMHu. Onepalyio COeIUHEHUS] C TAKUM YCJIOBUEM Comp
pa3yMHO CUMTATh oriepaleii deldcmeumenbHo COEIMHEHHS, €CJIH OHO MMeeT BUI
(W11 MOXeT ObITh MPeoOpa3oBaHo K BUAY) compl AND (a comp-op b),Tae au
b — MMeHa aTpUOYTOB Pa3HbIX OTHOIICHMIi-OTIePaH/IOB.

Jns WLTIOCTpaLMY oIepalrii CoeIMHEeHUs] Mbl HEMHOTO U3MEHHM 3aro-
JIOBKH M TeJjla OTHOIIEHUH, KOTOpbIE HCIONb30BAIMCh paHee B IIpUMEpax 3TOU
gekuuH. IlycTh Temepb HMMEIOTCS OTHOUICHMs CJIVXANME  {CIIY_HOMEP,
CIIY_WMA, CHY_3API, IIPO_HOM} (arpuOyT IIPO_HOM COAEPXMT HOMEpa Ipo-
€KTOB, B KOTODBIX YYaCTBYET KaXIbIH CJAyXallui) W [TPOEKTH {IIPO_HOM,
TIPOEKT_PYK, TIPO_3API} (TIPO_HOM — HOMED TpoeKTa, IIPOEKT_PVK — HUMS
CNyXalllero-pyKoBOAUTENS MIPOEKTa, IIPO_3API — cpeaHsisi 3apaboTHas mjara
CJIyKallMX, yY4aCcTBYIOIIMX B MpoekTe). [IpuMepHOe ConepXUMOE Tes1 OTHOILES-
HUH CJIVXANVE M TIPOEKTH MOKa3aHo Ha puc. 3.8.

Torna ocMBICIEHHOR onepaluMeil coeaMHeHUs ofluero BUaa OyaeT
CNIVXAIIME JOIN IIPOEKTH WHERE (CHV_3API > IIPO_3API) (BbJATh AaH-
Hble O CAyXallUX, MOJyJalolluxX 3apaboTHYIO IUIaTy, MpeBbIUIAIOINYIO Cped-
HIOIO 3apabGOTHYIO ILIATY JKOOOro Mpoekra). Pe3yasraThl 3TOro 3ampoca noka-
3aHBI Ha puc. 3.9.

XoTa onepalivs COEAUHEHUS B ITPUBEICHHON MHTEPIIPETALIMN He SIBJISCTCS
MPUMHUTHUBHOM (MTOCKOJIBKY ONpeAessieTCA ¢ UCIIONb30BaHKUEM OTepaLvid AeKapTo-
Ba IPOM3BEICHUS] U MPOEKIIUM), B CHIIY 0COOOH MpPaKTHYECKON BaXXHOCTH OHA
BKJIIOYAETCA B 0a30BbIi HAGOp onepanuii peasiiioHHoM anredpsl Konma. 3aMe~
THM TAKXKeE, YTO B IIPAKTHYECKHX PEATH3ALIUSIX COeIMHEHNE OOBIYHO HE BBIIIO/THS~
eTcsl MMEHHO KaK OrpaHHYeHHUe JeKapToBa npousBencHus. MMerores Gonee ad-
(EeKTUBHBIC AJITOPUTMBI, TAPAHTHPYIOLIHE MOJYYEHHUE TAKOTO XKE Pe3yabTara.

CyllieCTBYeT BaXXHBIM YAaCTHBIHA Clydail COGMUHEHMS — IKGUCOeOUHeHue
(EQUIJOIN) u mpocToe, HO BaXHOe pacIlUpeHHe ornepalud 3KBUCOSIUHE-
HUs — ecmecmeennoe coedunenue (NATURAL JOIN). Onepaunsi coeIMHEHUS
HA3bIBACTCS onepaulell IKeUcoeduHe s, €CITA YCIIOBUE COEIMHEHUS] UMEET BUJ
(a = b), rme a ¥ b — aTpuOYTHI pa3HBIX ONIEPAHAOB COCIMHEHUS. DTOT CayJyai
BaXeH IOTOMY, UTO OH 4allle BCEro BCTPEUaeTCsl Ha MpaKTUKE, U ISl HEro Cy-
LIECTBYIOT HauOoee 3DOEKTUBHBIE AITOPUTMEI PEATU3ALIUH.

Onepalivsi eCTECTBEHHOTO COSIMHEHUS NPUMEHSIETCS K Iape OTHOLIE-
HHUI A U B, 00/1a0a0IIUX (BO3MOXHO, COCTABHBIM) OOIIUM aTpHUOYTOM c (T. €.
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Nekumna 3 PensiunoHHan anrebpa Kogna
CIIVERAIME
CJIY_HOMEP CIy_UMda CIIV_3APII [IPO_HOM
2934 HBaHoB 22400.00 1
2935 ITetpoB 29600.00 1
2936 CunopoB 18000.00 1
2937 ®enopos 20000.00 1
2938 HNBaHoBa 22000.00 1
2934 HNBanos 22400.00 2
2935 ITeTpos 29600.00 2
2939 CHIopeHKO 18000.00 2
2940 ®enopeHKo 20000.00 2
2941 HBaHeHKO 22000.00 2
IIPOEKTH
[IPO_HOM [TPOEKT_PVK [IPO_3API
1 Usanos 22400.00
2 HNBaHeHKO 22400.00

Puc. 3.8. OrHomeHust CIIVXAIVE U TPOEKTH
aTpHOYTOM C OJHUM M TeM XK€ UMEHEM U OTIpene/JEHHBIM Ha OJHOM U TOM Xe
noMmeHe). ITycTh ab 0003HauaeT 0ObEAMHEHHNE 3ar0JJOBKOB OTHOILIEHUNA A U B.
Torna ecrecTBeHHOE COeAHHEHHE A M B — 3TO CIIPOELIMPOBAHHBINA Ha ab pe-
3yJIBTaT 9KBUCOEIHHEHHUS A M B TI0 YCJIOBHIO A.¢ = B.c.* XOTs onepalud ec-
TECTBEHHOr0 COENWMHEHUS BBIPAXAETCS 4epe3 OIlepallMd TEePEUMEHOBAHMS,
COENMHEHUs 001eT0 BUIA U TIPOSKLUHU, IJIs1 Hee 00BIUHO UCIIOb3YETCA COKpa-
ueHHas ¢popma, Ha3biBacMasi NATURAL JOIN.

Ha puc. 3.10 npuBeneHbl pe3y/isTaThl Onepalil CIVKAIME JOIN ([TPOEKTH
RENAME (IIPO_HOM, TIPO_HOM1)) WHERE (CJNIY_3API = IIPO_3API) (2KBHCOENU-
HEHWUE OTHOLIEHUM CIIVXAIME U [TPOEKTH: HAWTH BCEX CAYXALIHUX, MOJIy4al0-
IIMX 3apILiaTy, paBHYIO CpelHEH 3apaboTHOM TJ1aTe B KAKOM-JIMOO TIPOEKTe) H
CIVXAIIME NATURAL JOIN IPOEKTEH (€CTECTBEHHOE COEAMHEHME — BbLIATD I0J-
HY10 MHGOPMALIMIO O CAYXKAIMX U TPOEKTaX, B KOTOPBIX OHM YYaCTBYIOT).

*3nmech A. c ¥ B. c IpEACTaBISIOT cOOOU TaK Ha3bIBAEMbIE K6a1UDUUUPoeannsie (ymouHenrnoie) iMe -
Ha aTpuOyTOB (9acTO TaKoii CHOcOb UMEHOBAHHS Ha3bIBAIOT TOYEYHOM HoTauueiH). Mol Oynem uc-
NIONb30BaTh NMOAOOHYI0 HOTALMIO B TeX C/Iy4asix, Korjaa TpedyeTcs SBHO MoKa3aTh, CXEME KaKoro
OTHOLIEHHA TIPUHAJIEXUT JAHHLIA aTpUOYT.
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Kypc OcHOBb! 6a3 AaHHbIX

CJIY_HOMEP CIIY_3APN | TPO_HOM | IIPC_HOM1 NPOEKT_PYK | NPO_3API

2935 29600.00 1 1 HBanos 22400.00
2935 29600.00 2 HMBaHenko | 22400.00

Puc. 3.9. Pesysprar onepanuu
CIIVKAIIME JOIN IPOEKTH WHERE (CJIIV_3APII > IIPO_3APII)

Pesynprar onepauuv CIVEAIME JOIN (IIPOEKTH RENAME (IIPO_HOM,
IIPO_HOM1) ) WHERE (CIIV_3APII = IIPO_BAPI)

CIIY_HOMEP | CJIv_UMs | CTIV_3API | IPO_HOM { IIPO_HOM1 | MPOEKT_PYK | MPO_3APH
2934 HBanos | 22400.00 1 1 HBaHoB 22400.00
2934 HBanos | 22400.00 2 2 HBanenko | 22400.00

Pesynprat onepauuu CIVEAIME NATURAL JOIN NPOEKRTH

CTV_HOMEP | Cv_yMst | CJIV_3API | IIPO_HOM POEKT_PYK | HPO_3APH
2934 Hpanos | 22400.00 Hpanos | 22400.00
2935 IletpoB | 29600.00 HBaHoB 22400.00
2936 Cumopos | 18000.00 HBaHoB 22400.00
2937 ®enopos | 20000.00 HUsanos | 22400.00
2938 Wpanosa | 22000.00 HBanos 22400.00
2934 Uanos | 22400.00 MBaHenko | 22400.00
2935 IlerpoB | 29600.00 Usanenko | 22400.00
2939 Cugopeunkof 18000.00 HBanenko | 22400.00
2940  |®enopenko| 20000.00 HBanenko | 22400.00

Hpanenko | 22400.00

NIRRT N] — = ] ] — ]

2941 Heanenko | 22000.00

Puc. 3.10. Pe3ynbrathl onepanuyii 5KBUCOEAUHEHUS U €CTECTBEHHOTO
COeIMHEHUS OTHOWIEHUH CIIVXAINE U IIPOEKTH

Eciv BCIOMHUTD BBEJICHHOE HAMHU B KOHLIE MPEAbIAyIled JEKHUH Onpe-
JIeJICHHE BHEUTHETO KJII0Ya OTHOUIEHMSI, TO JOMXKHO CTATh MOHSITHO, 4TO OC-
HOBHOM CMBICJI OT€paLiii €CTECTBEHHOTO COCAUHEHUS COCTOUT B BO3MOXHOC-
TH BOCCTAHOBJIEHUS CJIOXHOM CYIIHOCTH, ACKOMITO3UPOBAHHON Mo NMpUYHHE
TpeGOBaHUs TepBoil HopMalbHON (opmbl. Omepalisi eCTECTBEHHOTO COelu-
HEHUST He BKJIIOYAeTCs B cOCTaB Habopa omnepalyil TaHHOH PeNsSILUOHHOMN ajl-
reopsr Konna, HO MMeeT 04eHb BAXXHOE NMPAKTUYECKOE 3HAYECHHUE.
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Nexuma 3 PensunoHHas anrebpa Kogna

Onepauuns neneHns OTHOLUEHWA

DTa onepalds HauMEHee OYEBHAHA M3 BCEX ONepalluii peJISlHOHHOMH
anmrebpbl Konga ¥ mosToMy Hyxzaaetcs B OoJiee MoapoOHOM OOBSICHEHHH.

IlycThb 3a3aHbI 1BA OTHOILIEHHUS — A C 3aTOJIOBKOM {a;, a;, ..., a,, b;, by,
., b,} ¥ Bc3arojioBKkoM {b;, b,, ..., b,}. byieM cudTaTh, YTO aTpUOYT
b, OTHOLLIEHHS A M aTpUOYT b, OTHOIIEHUSI B (1 = 1, 2, .., m) HE TOJbKO

0071a8a10T OTHUM U TEM XK€ UMEHEM, HO U OIpelesieHbl HA OMHOM H TOM Xe
nomeHe. Ha3oBeM MHOXeCTBO aTpUOYTOB {a;} COCTABHBIM arpuOyTOM a, a
MHOX€eCTBO aTpUOYyTOB {b,} — cocTaBHBIM aTpubyTOoM b. Ilocie atoro Gynem
TOBOPHUTD O PENIALIMOHHOM JICJIEHUH «OHHApHOrO» OTHOLUEHHUS A {a, b} Ha
yHapHoOe OTHOILUEHUE B (b}.

Tlo onpeneneHuIo, pe3yabTaToM IeieHUs1 AHa B (A DIVIDE BY B) siBnd-
€TCsl «<YHapHOe» OTHOLUeHUE C {a}, TEJIO KOTOPOIrO COCTOUT M3 KOpPTeXeH v Ta-
KHMX, UTO B TeJIe OTHOLUEHHS A COLEPXKATCS KOPTEXH v UNION w TakKHe, YTO
MHOXECTBO {w)} BKJIIOYAET TEJO OTHOLIEHHUS B. OnepaliMsi pelsLlHOHHOrO Je-
JIEHUS He SIBJISIETCS TIPUMUTUBHOMN M BbIpAaXaeTcs yepe3 olepallMy AeKapToBa
NMPOU3BEJCHHsI, B3ATHS PA3HOCTH H NMpOeKILMU. MBI MOKAXEM 3TO B CleaylO-
LEH JIEKIIUH,

Jlng WwutiocTpallii 3TOH OoNMepalldH TPEATooXUM, YTO B Oa3e JaHHBIX
CayXamMx MOAAEPXUBAIOTCS CJIENYyIOUIHME OTHOLUeHUs: CITVKALME, KaKk OHO
OblIO omnpelesieHO paHee, MU YHApHO€ OTHOLIEHHEe HOMEPA_INPOEKTOB
{TIPO_HOM} (puc. 3.11). Torma 3anpoc CIVXAIVME DIVIDE BY HOMEPA_HNPOEKTOB
BbLIACT AaHHbIe 000 BCEX CIYKAIUKX, YYaCTBYIOIIIUX BO BCEX MpPOeKTax (Pe3yib-
TAT OTepaLlMM TIPUBEJEH TakKe Ha puc. 3.11).

OtHolueHue HOMEPA _TTPOEKTOB

IPO_HOM

Pesynbrar onepalyy CIIVEAIIME DIVIDE BY HOMEPA IIPOEKTOB

CJIY_HOMEP CIy_KnMs CIY_3APH
2934 HBaHos 22400.00
2935 Iletpos 29600.00

Puc. 3.11. [IpuMep pesILIMOHHOIO ACJIEHUS
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Kypc OcHoBb! 6a3 AaHHbIX

3axknovyeHue

B 3aBepuieHue JIEKIIMM XOUy OTMETUTHL HECKOJBLKO MOMEHTOB. [lpexie
BCETO, 3aMETHUM, uTo anrebpa Kojaga Obiya rnpeacTapieHa HE B €€ OpUTMHATbHOH
¢opme, a ¢ HEKOTOPHIMHU CYILIECTBEHHBIMA KOPPEKTUBaMM, BHECCHHBIMU Kpuic-
TopepoM [eiitoM. C Moeil TOUKM 3peHHsI, OMHOM M3 Haubosiee 3HAUMTEIBHBIX
KOPPEKTUB ObL10 100aBJIEHHE TPUBUAIILHOM Ha NEPBLIA B3MJIAA ONEpaluy rnepe-
nMeHoBaHus arproyros. Korna Oarap Komxn B koHue 1960-x . BriepBbIe OITy6-
JIMKOBAJI CBOIO anredpy, OCHOBHOE BHUMAHUE B HEH YIEISIOCH TOMY, KaK KOHCT-
PYUPYIOTCS Pe3YJIETUPYIOIINE MHOXECTBA KOPTEXEH, T. €. UTO MPEACTABISIIOT CO-
6011 Tesla pe3yasTaToB ofepaliuii. [opa3no MeHbIll€ BHUMAHHUA YAEISUIOCH 3aro-
JIOBKAM OTHOLIEHHM-pe3ynbTaToB. Maktyyecku Koma meITancs mpuMeHNTD JUIs
HMEHOBaHHSI aTpUOYTOB PE3YJILTATOB OMNEPALMii TOYCUHYIO HOTALUIO, UCIIONb-
3ys1 JUIs1 YTOUHCHUS UMCH aTpubyTOB UMEHa UCXOIHBIX OTHOLICHUH-OTIE paHAOB.
T1py HaNMYMK IPOU3BOJIBHO CJIOXHBIX Y JUTMHHBIX A/IT¢OpanueCKMX Bbl paXXeHHIA
3TOT MyTh, BJIYYILIEM CTy4ae, BeJl K MTOPOXACHHUIO JJIMHHBIX U TPYIAHBIX TSl BOC-
MpUSTHA UMEH. OUEBUIHO, UTO BBEJICHUE OlEepaliuy IEPEUMEHOBAHMS aTpudy-
TOB MO3BOJISIET JIETKO CIIPABUTLCS € ITOM NTpoOIEeMO.

Hanee, anre6pa Konna vcximounteibHO U30bITOUHA. Oniepaliiy repece-
YyeHHs, JEKaPTOBa IIPOU3BENEHHUS M ECTECTBCHHOTO COCAMHEHMSI, Ha CAMOM e~
JIe, SIBJISIIOTCS YaCTHBIMM CIIydasiMM OTHOU Oouiee 0b11Iei onepauym, 0 KOTOPOH
ITOMIET peub B CCAYIOLICH JeKIIMU. BBeIeHe onepailuy JeKapToBa ITPOU3Be -
JICHUS B KauecTBe 6a30BOI ornepaluy alredpbl MOXET BBECTH B 3a01yKICHUE
HEOMBITHLIX CTYAECHTOB M YUTATEJICH, HE OCO3HAIOIIMX NMPAKTHYECKY Oec-
CMBICJIECHHOCTDb 3TOU OMepalvi.

TToueMy ke Mbl Hayanu oOcyxaeHUe 6a30BbIX MAHUITYJISLIMOHHBIX MEXa-
HHU3MOB PeJISIIIMOHHON MOIEIN NaHHBIX ¢ 3TOH HEOGE3YNPEYHOM U HECKOJIBKO
ycTapeBiiiei anre6pel? KoHeuHo, npexiae Bcero, U3 yBaXEHHUs K 3acyraM JOK-
Topa Barapa Koana, Bkian KOTOpOro B COBPEMEHHYIO TEXHOJIOTHIO 6a3 MTaHHBIX
HEBO3MOXHO IepeoleHUTh. boee mpakTryecke cooOpaXeHusl, ITOBJIUSBIIHE
Ha Hallle pelleHHe HayaTth obcyxacHue ¢ anredpsl Koana, 3akioyaiuch B TOM,
YTO ceMaHTHKa si3bika SQL Bo MHOroM 6a3upyeTcsi MIMEHHO Ha 3TOH anrebpe, U
HaM OyneT npoiie Uu3ydath SQL, nmpeaBapuUTeIbHO ITO3HAKOMUBIINCE C HEH.
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Nexums 4 Anrebpa A feita n JapseHa

Jlekuus 4. Ba3ucHble cpeacTBa MaHUMYNIMPOBAHUS pe-
NAUMOHHBIMU AaHHbIMU: anrebpa A fleiTa n [lapseHa

B 5T0if AeKuuM Mbpi 00CYIHM HOBLIA «MHHHMAJILHBIH> BAPHAHT Aaredpbi,
ApeIOXKEHHbIH HeCKOJIbKO JieT ToMy Ha3an eiitom u Japsenom. Kak yxe orme-
Yanoch B MpeabLIylieii JeKIWH, BO3MOXKHO, HOBas aire6pa He oyeHb MPAKTHYHA,
HO 3aTO KPACHBA M 3JIETAHTHA.

KimroueBbie ciioBa: anredpa A, onepaiyH peasiliiOHHOTO OTPULIAHHSA (I0TI0JI1-
HEHUS), OTlepallusl PEISILIMOHHON KOHBIOHKIIMH, OMNEpallMi NEPEeCceYCHMUs,
€CTECTBEHHOIO COSAMHEHUS U B3STHA AeKapTOBa IIPOU3BEAEHMS KaK 4acT-
Hble Ccy4yau OllepallMy pPejsIMOHHOM KOHBIOHKUMH, OIIEpalivsl pEasiLIMOH-
HOM JU3BIOHKIIMHU, OTIEpaLIUA OObEIMHEHHS KAK YACTHBIN Cy4yal onepalyy
PESILIMOHHOM TU3BIOHKLIMH, OTIepalivs yaaleHUs1 aTpuOyTa, MoJHOTa AJre-
Opbl A, BBIBOOMMOCTD OTI€paliMi B3SITHSI pa3HOCTH, OrpaHUYEHHE OTHOILLIE-
HMH Ha OCHOBE OIEpaLlMH PEISIIMOHHON KOHBIOHKLIMU, KOHCTAHTHBIE OT-
HOLLIEHHS], COEIMHEHHE OTHOLIEHUM Ha OCHOBE 0a30BLIX Onepaluit Anre6-
pbl A, BHIBOAUMOCTD OTIEPALIMU PEJSILIMOHHOTO JeI€HHs, U30BITOYHOCTh AJl-
reOpbl A, peIsILIMOHHBIE aHAIOTH JIOTHYEeCKUX onepauuit «iutpux Ilegpde-
pa» 1 «cTpesika I1upca», BBIBOTUMOCTE ONepalvM TIepeUMEHOBAHMA.

BeepneHue

O6cyxnaBuiasicsl B mpeabiaylneit sekimu anredpa Komga B Gonblieii cte-
TIeHH 0a3upyeTcs Ha TeOPUU MHOXeCTB. Ba30oBbIMM OllepallUsiMM SBJISIOTCS
TIEpEUMEHOBAHHE aTPUOYTOB, OOBbEOAUHEHUE, TIEPECEUEHHE, B3SITUE PA3HOCTH,
IIleKapTOBO NPOU3BEACHHUE, TIPOEKIUS U orpaHudeHHe. Onepalys coeauHe HUS
001Iero BUIA, XOTS M BKJIIOYAETCA B alreOpy, sBIsSeTCS BTOPHYHOM M SABHO
TIpeACTaBiAETCS Yepe3 Apyrue onepaluu. OyHaaMeHTaIbHASA Xe B PeISLIMOH-
HOM TOJXOJE€ OIlepaliisl €CTECTBEHHOIO COEIMHEHUS BbIpaxkaeTcsd 4epe3 COo-
eIMHEHUE OOlIero BUaIa U B auredpy He BKIoYaeTcs. B TepMuHax anreOphi
Koana npoiiie Bcero onpeneisiotes aredpaMdeckue 4epThl si3bika SQL, B ua-
CTHOCTH 0011ast CEeMaHTHKa orepatopa SELECT.

ba3ucom npemnoxenHoit Kpucom eifrom 1 Xeio JdapBeHoM ANre6pel A
SIBJISIIOTCSL OTIEPALIMU PEJISILIUOHHOTO OTPHLAHMS (IOTIONHEHUS), PEISALIMOHHOMH
KOHBIOHKUMU (WIM IU3BIOHKIIMH) U TIPOSKUIMHU (YIaIeHUs aTpubyTa). Pensim-
OHHBIE AHATOTH JIOTUYECKUX OTIePALUil OTIPEAEISIIOTCS B TEPMUHAX OTHOIHEHHI
Ha OCHOBE OObIYHbBIX TEOPETUKO-MHOXECTBEHHbBIX OITEPALIMIA M ITO3BOJISIIOT BhIpa-
KaTh HATIPSIMYIO OTIEpaliMU TIepecedeHusl, IeKapToBa IPOU3BEACHHS, €CTECTBEH-
HOTO COEIUHEHUsI, OObEIMHEHWS] OTHOWIEHUH U T. A. [lyTeM KOMOMHMpOBaHUSA
0a30BbIX OMNEpalLMi BbIPAXKAIOTCS OMNEPaliMM NIEPEUMEHOBAHUS aTpUOYTOB, CO-

73



Kypc OcHoBbl 633 AaHHbIX

eIHHEHUs OOLIETO BUA, B3ITHS PAa3HOCTH OTHOLIEHUM. Anrebpa A mo3BoJsieT
JIYYIIIe OCO3HATh JIOTHYECKHE OCHOBBI PEISILIMOHHOI MOJieN N, X0Ts1, 6€3yCII0BHO,
SIBJISIETCSL B MEHBIIIeH CTeNeHU OPUEHTHUPOBAHHOM Ha MPaKTUYECKOE TIPUMEHE-
HMe, yeM anrebpa Kogma*. Jaxe camu aBTopbl Anredpnl A, [deitr u dapseH, B
CcBOeM y4eOHOM si3bike Tutorial D Mcionb3yloT HE AnTeOpy A HamnpsIMyio, a HEKO-
TOpOE €€ HAIMHOXECTBO, B OOJIBILICH CTeTIeHU HalloMUHarollee anreopy Koana.

Ba3oebie onepauuu Anre6psbi A

Marepuan 3Toii JeKIIMY U3JIaraeTcsl Ha HECKOIbKO Oosice hopMaibHOM
YPOBHE, UeM B IIPEIbIAYIIMX JEKUMSIX. Mconb3yeMble TIOHATHS OTIPEACAIOT-
cs1, IO CYLIECTBY, TaK X€, KAK U B JICKIIUK 2, HO [Uisl yIoOCTBa U 00ecTieueHUs
TOYHOCTH U3JIOXEHUS MBI IOBTOPHUM OIIPENETCHUS.
ITycTb r — oTHOIIEHHE, A — UMSI aTpUOyTa OTHOILIEHHUS r, T — UMS COOT-
BETCTBYIOLIETO TUIMA (T. €. TUTIA MJIM IOMeHa aTpulbyTa A), v — 3HaUeHHUe TUIa T.
Torma:
® 33Tr0JIOBKOM Hr OTHOILIEHMS r HA3BIBAETCS MHOXECTBO aTPUOYTOB, T.€. YTIOpsi-
JIOYEHHBIX TIap BUJa <4, T>. I1o onpeneneHuio HUKAaKKE NBa aTpuOyTa B 3TOM
MHOXECTBE HE MOTYT COJIEPXaTh OJHO M TO XE UMSI aTpUOyTa A;

® KOpTEX tr, COOTBETCTBYIOLIMM 3aTONIOBKY Hr, — 3TO MHOXECTBO YIOPSAO-
YeHHBIX TPUIUIETOB BUJA <A, T, V>, IO OOHOMY TAKOMY TPHILIETY JisT KaX-
JIOTO aTpudyTa B Hr;

® TeJI0 Br OTHOIIEHHS r — 3TO MHOXECTBO KOpTeXeit tr. 3aMeTHM, uto (B 00-
LIEM CJTyYae) MOTYT CYIIECTBOBATh TAKME KOPTEXH tr, KOTOPBIE COOTBETCT-
BYIOT Hr, HO He BXOISAT B Br.

3aMEeTHM, YTO 3arojIOBOK — 3TO MHOXECTBO (YIOPSIOYEHHBIX TIap BUIA
<A, T>), TENO — 3TO MHOXECTBO (KOPTeXeH tr), U KOPTEX — ITO MHOXECTBO
(ynopsitoyeHHBIX TPUIUIETOB BHIA <A, T, v>). DJEMEHT 3arojioBKa — 3TO0 aT-
pUOYT (T. €. ymopsiDOUE€HHas Iapa BUIa <A, T>); MEMEHT Tela — 3TO KOPTEX;
37EMEHT KOPTEXa — 3TO YIOPSIOYeHHBINH TPUILIET BUga <A, T, v>. JlioGoe
MMOAMHOXECTBO 3aT0JI0BKa — 3TO 3ar0JIOBOK, JIIOO0E MOAMHOXECTBO Tella — 3TO
TENOo, U M1000e MOAMHOXECTBO KOPTEXa — 3TO KOPTEX.

OrnpenenuM HECKOJIBKO OCHOBHBIX OIepaLdii (Kak OyneT MOKa3aHo naiee,
HEKOTOphIE U3 HUX M30BITOUHBI). Kaxaoe 13 TocaeayIommx ONpeacaeHHH coCcTo-
UT 13: GOpMaTbLHO# cieldUKALIMK OTPAHUUYEHHI (€CIM OHU UMEIOTCST), IIPUME-
HHMMBIX K OIlepaHiaM COOTBETCTBYIOLIEH orepauru; GopManbHONi crieuuduka-
LIMM 3arOJIOBKA pe3yNbTaTa 3Toil onepaunu; GopMatbHOi crieUH(pUKAIIMHA Tena
3TOTO pe3yabTaTa H HeopMaTbHOTO 00CYyXaAeHHST GOPMaTLHBIX CIIELM(DUKALIHIA.

* Henb3sl HE YIIOMSIHYTD €111€ K O TOM, 4TO «airebpa» Koaaa B AeACTBUTENLHOCTH HE ABISETCS all-
reGpoi OTHOLLIEHHI B MATEMAaTHYECKOM CMBICJIE, TOCKOJIBKY €€ Onepal[ii TPHMEHUMBI He KO BCEM
OTHOLLEHHSIM. B oTiume oT 3TOTO ajlrebpa A — 3T0 «HacTodllas» ajure6pa, B KOTOPOi OTCYTCTBY-
10T KaKHe-MG0 OrpaHHYEHHUS Ha ONepaHIbl.
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Jlekumn 4 Anrebpa A Jenta n JapseHa

Bo Bcex ¢popManbHbix crielMpUKALUAX exists 0003HAYAET K8aHMop cy-
lecmeosanus;, exists tr 03HAYAET «CYIIECCTBYET TAKOM t r, 4To». CUMBOJ «&»
03HayaeT NPUHALIEXHOCTb OJHOTO MHOXECTBA APYTOMY; tr€Br O3HAYAET, YTO
3JMIEMEHT tr MPHHAIUIEXHUT MHOXECTBY Br. BripaxeHHWe tr¢Br 03HAYaeT, 4To
JMEMEHT tr He MPHHAIJIEXUT MHOXECTBY Br. Onepaluu minus A union siBisi-
I0TCSL TPAOUMLIMOHHBIMH TE€OPETUKO-MHOXECTBCHHBIMU ONEPALMUSIMU B3SITHS
Pa3HOCTH H OOBEITUHEHHSI MHOXECTB.

IMockonbKy HeKOTOphie 6a30BbIe ONepaliyd ANredbpbl A MMEIOT Ha3BaHHUSA
OOBIYHBIX JIOTHYECKUX OTePalIMii, YTOOBI M30€XKATh ITyTAHULIBI, MMEHA PEJISILIMOH-
HBIX onepaluii 6epyTcsi B yIJIOBbIE CKOOKM: <NOT>, <AND>, <OR> U T. 1. B ucxon-
HBIH 0a30BRIA HAOOp OmepallMii BXOAST ONepalliyd PeILIMOHHOIO JOMOJHEHMS
<NOT>, yaaneHus aTpudyra <REMOVE>, EPeMMEHOBaHUS arpubyTa <RENAME>, pe-
JIIITAOHHOM KOHBIOHKIIUH <AND> U peJISIIMOHHON TU3bIOHKIIMH <OR>.

Onepauus penfiuoOHHOrO NONOJIHEHUS

Ilycth s 0003HaYaeT pe3yyabTaT Onepaiuu <NOT> r. Torma:
¢ Hs = Hr (3aroJIoBOK pe3yJbTaTa COBMANAET C 3ar0JIOBKOM OTE€paHia);
® Bs = {ts : exists tr (tr ¢ Br and ts = tr)} (BTeNO pe3y/ibrara BXOIIT

BCE KOPTEXH, COOTBETCTBYIOIIME 3ar0IOBKY M HE BXOISIILIME B TEJIO ONEPaH/a).

Onepanmsi <NOT> IPOU3BOAUT AOMOJHEHHE S 3aAAHHOTO OTHOUIEHHS I
3aroJIOBKOM s SIBJISETCA 3ar0JIOBOK r. TeJlo s BKIIIOYAET BCE KOPTEXH, COOTBET-
CTBYIOILLME 3TOMY 3arojIOBKY U HE BXOISAUIUE B TENO I.

Buaumo, crienyer mosiCHUTh, IIOUYEMY PEJISIIIMOHHBIN aHAJIOT ONepaly
JIOTHYECKOTO OTPHIIAHMS Ha3bIBaeTCs 3MleCh ONepalre pelsiiHOHHOIO Jo-
nosiHeHUsA. Bo-TiepBhIX, TEpMUH «IOMOJHEHHE» TIOJTHOCTHIO COOTBETCTBYET CY-
TH OIlepallid <NOT>: TEJIO0 pe3ybTaTa ONepalui <NOT> r SIBJISETCS TOIMOJHE~
HMEM Br 10 MOJIHOTO MHOXECTBA KOPTEXEH, COOTBETCTBYIOINX Hr. Bo-BTO-
PHIX, 3TO HEe MIPOTHBOPEYHT NpHpoae OYJIeBCKOM onepally NOT: y Oy/lieBCKOro
THIIA UMEIOTCSI BCETO IBa 3HAUEHMUSI — frue U false, n NOT true = false, a NOT false
= frue. (KcraTu, obpature BHUMaHHE, YTO OIEpalMi0 NOT B TPEX3HAYHOM JIO-
THKe (CM. JICKIIHIO 1) yXe HeJib3d cUMTaTh orepalied AOTIOJTHEHMS. )

YT100H NPHBECTH IPUMEDP HCIOJIb30BAHUS ONepalliid <NOT>, IPEANnoio-
XHM, YTO B COCTaB JoMeHa [OIYCTUMHE_HOMEPA_TPOEKTOB, HA KOTOPOM OI-
penejieH arpuOyT [IPO_HOM OTHOIIEHHSI HOMEPA_TTPOEKTOB ¢ puc. 4.1 cnesa,
BXOMHUT BCero MATh 3HaUeHMit {1, 2, 3, 4, 5)}.Torma pe3yabrar onepaluu
<NOT> HOMEPA_IIPOEKTOB OyIeT TaKHMM, KaK ITOKa3aHO Ha pHc. 4.1 cripaBa.

Onepauus ynaneHus atpubyra

IMycth s 0003HaUaeT pe3yabTaT ONepallud r <REMOVE> A. Jlng obecrneye-
HHS BO3MOXHOCTH BHINIOJIHEHHS OIEpalliM TpeOyeTcsl, YTOObl CYLIECTBOBAI
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Kypc OcHOBbI 623 AAHHbIX

HOMEPA_TIPOEKTOB <NOT> HOMEPA_NPOEKTOB
ITPO_HOM ITPO_HOM
1 3
2 4
5

Puc. 4.1. PesynbraT onepalivu <NOT> HOMEPA_ITPOEKTOB
HEKOTOPhI# TUN (WIM IOMEH) T TaKoi, 4To <A, T> € Hr (T. €. B COCTaB 3aro-
JIOBKA OTHOLIEHHUS r AOJKEH BXOAUTH aTpubyT A). Torna:
® Hs = Hr minus {<A, T>}, T. €. 3aTOJOBOK PE€3yJbTaTa [oJy4aeTcs U3 3a-
TOJIOBKA OIepaHia U3bATHUEM aTpubyTa A;

® Bs = {ts : exists tr exists v (tr € Br and v € T and
<A,T,v> € tr and ts = tr minus {<A,T,v>})}, T €. B TEJO Pe3y/bTa-
Ta BXOJST BCE KOPTEXH OIepaHaa, M3 KOTOPhIX yAAJICHO 3HaYeHUEe aTpUbyTa A.

OrnepaLys <REMOVE> IPOU3BOAUT OTHOLIEHUE s, GOPMUPYEMOE TIyTEM
yIaJdeHNs yKa3aHHOro aTpuOyTa A M3 33JaHHOTO OTHOLIeHHs r. Onepauus 3K-
BUBWIEHTHA B3ATHIO NMPOEKIIMH 1 HA BCe aTpUOYTHE, KpoMe A. 3aTONOBOK S TO-
JIYYAETCs TEOPETUKO-MHOXECTBEHHBIM BbIUMTAHHUEM M3 3aroJI0OBKAa r MHOXE-
CTBa U3 OOHOTO JeMeHTa {<A, T>}. TeJlo s COCTOMT U3 TAKHUX KOPTEXKEM, KO-
TOpbIE COOTBETCTBYIOT 3arOJIOBKY s, MPUYEM KaXObid U3 HUX SABIAETCHA MOI-
MHOXECTBOM HEKOTOPOTO KOPTEXKa TeJla OTHOLIEHHUS I.

IIpuimepoM onepaniu REMOVE (KOHEYHO X€, OUEHb [TOXOXHM Ha IIpUMeEp
MCIIONB30BaHMS OTlepaLiMi PROJECT U3 NpPEObIAyLIEH JTEKLMN) ABJIsieTCs CITY -
KAIIME REMOVE IIPO_HOM (MOJIYYUTh AAHHBIE O CIYXallUX, y4aCTBYIOLUMX B
NpoeKTax). Pe3ynbTaT 3T0i onepalivu Hax OTHOIIEHWEM CITYXAINE, TEN0 KOTO-
pOro MPUBENEHO B BEPXHEN YacTH pHc. 4.2, TOKa3aH Ha pUc. 4.2 BHU3Y.

Onepauua nepeuMeHoBaHusa

ITycTh s 0603HAaYaeT pe3ynbraT onepanu r <RENAME> (A, B). s obec-
neYeHMs1 BO3MOXHOCTH BBITIOJTHEHUA OTiepaLiiy TpebyeTcs, YTOOBI CYILECTBOBA
HEKOTOPbI TUIT T, TAKOM, UTO <A, T> € Hr, M UTOOBI HE CYIIECTBOBAJI TAKOM TUI
T, 9410 <B, T> € Hr. (JIpyrMM#u CJIoBaMM, B CXeMe OTHOUICHUS T TOJIKEH MpH-
CYTCTBOBAaTh aTpHOYT A Y He JOJIXEH NTPUCYTCTBOBaTh aTpuoyT B.) Torna:

® Hs = (Hr minus {<A4, T>}) union {<B, T>},T €.BCXEMe pe3yjkrara B
3aMeHSIET A,

® Bs = {ts : exists tr exists v (tr € Br and v € T and
<A, T,v> €tr and ts = (tr minus {<A, T, v>}) union {<B, T, v>})},

T. €. B KOPTEXax TCaa pe3yasrarta UMs 3HAYCHUU anHGYTa A MEHSIETCA Ha B.
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JNekupn 4 Anrebpa A [elita n JapeeHa
CIIVEAIME
CIy_HOMEP CHy_nmMst CIIV_3APII ITPO_HOM
2934 HBaHoB 22400.00 1
2935 IMetpoB 29600.00 1
2936 Cupnopos 18000.00 1
2937 ®eaopoB 20000.00 1
2938 HMBaHoBa 22000.00 1
2934 HMBaHoB 22400.00 2
2935 IMeTpos 29600.00 2
2939 CHIOPEHKO 18000.00 2
2940 ®enopeHKo 20000.00 2
2941 HBanenko 22000.00 2
CIy_HOMEP CNy__nmMs CIIY_3APII
2934 MBanoB 22400.00
2935 IMerpos 29600.00
2936 Cupnoposn 18000.00
2937 ®enopoB 20000.00
2938 HBanora 22000.00
2939 CupuopeHko 18000.00
2940 ®enopeHKo 20000.00
2941 HBanenko 22000.00

Puc. 4.2. Pe3ynsrart onepantuu CJIVXAIME REMOVE 11PO_HOM

Onepaius <RENAME > TIPOM3BOIMT OTHOIIEHHE S, KOTOPOE OTJIMYACTCA OT 3a-
JAaHHOTO OTHOLLEHMS I TOJBKO MMEHEM OIHOTO €10 arpubyTa, KOTOpPOe U3MEHSIET-
€1 ¢ A Ha B. 3ar0JIOBOK 5 TaKOM Xe, KAK 3aTOJIOBOK I, 32 MCKITIOUEHHEM TOTO, YTO
napa <B, T>3aMeHseT mapy <A, T>. Tello s BKIIOYAET BCe KOPTEXH Teia r, HO B
KAXITIOM U3 3THUX KOPTEXEN TPUILIET <B, T, V> 3aMEHSET TPUITAET <A, T, v>.

I1o nmpuynHEe OUEBUIHOCTH MPUMEP HCIMOIB30BAHUS 3TOM ONEPALIMK MEI

MPUBOIMUTL HE OyIeM.

77




Kypc OcHoBbl 633 AaHHbLIX

Onepauus penauMoOHHON KOHBIOHKLUMK

TlycTb s 0603HaYAET pe3y/ibTaT ONepaluu r1 <AND> r2. st obecrieyeHus1
BO3MOXHOCTH BBITTOJIHEHUS OTEpalluu TPeOyeTCs, YTOOBI €CM <A, TI>EHrl wu
<A, T2>€Hr2, To T1=T2. (IpyTMMH CJIOBaAMH, €CJIM B IBYX OTHOLLIEHUSIX-OIE~
paHAax UMEIOTCS1 OTHOMMEHHBIE aTPUOYTHI, TO OHU JOIKHBI OBITH ONIPEACICHbI
Ha OIHOM M ToM Xke Tnrne (noMmene).) Torna:
® Hs = Hrl union Hr2,T. €. 3arojIOBOK pe3yJibTaTa Mojydaercs myTeM o6b-
€IVWHEHUS 3aroJIOBKOB OTHOIIEHUH-OTEPaHIOB, KaK B onepalusix TIMES u
JOIN u3 NMpEABIAYINEH TeKLINH;

® Bs = { ts : exists trl exists tr2 ((trl€Brl and tr2€Br2) and
ts = trl union tr2)};, obpaTUTe BHUMAHHE HA TO, YTO KOPTEX pe3ybTara
onpeeNsieTcsl Kak ofsedunenue Kopmexcell onepandos; o3TOMY:

®  €CJIM CXeMBbl OTHOLLIEHUIT-OMEPAHIOB UMEIOT HEMYCTOE MepecedeHue,

TO onepalust <AND> paboTaer Kak ecmecmeennoe coedunenue;

s €CJIM NEpPEece4eHHUEe CXEM OINEpPaHIoB IMyCTO, TO <AND> paboTaeT Kak

pacuiupertoe dexapmoso npouseedeHue;

m €CJIH CXEMbl OTHOLUEHWI ITOJXHOCTHIO COBMALAIOT, TO PE3YJLTATOM

orepalvM SIBJISIETCS nepecedeHue NBYX OTHOIICHUI-OMEPaHIoB.

Onepanmst <AND> BASETCS PEJISILMOHHOW KOH®/OHKYUed, B HEKOTOPBIX
CJyyasix BbLOAIOLIEH B pE3y/IbTaTe OTHOIIEHUE S, PAHEE HA3bIBABLLEECS €CTECT-
BEHHBIM COEJIMHEHHUEM JIBYX 3alaHHbIX OTHOIIECHHH rl U r2. 3aTONOBOK S SIB-
JigeTcsa o6beIMHEHUEM 3arojioBKOB rl1 M r2. Tejao s BKIIOYAET KaXIblii KOp-
TEX, COOTBETCTBYIOLIHI 3ar0JIOBKY S M SIBJIAIOLIMICS HAAMHOXECTBOM HEKO-
TOPOTO KOPTEXa U3 Teia r1 U HEKOTOPOTO KOPTEXA U3 TeNa r2.

JI1a WLTIOCTPALIMHM BOCIIO/IB3YeMCSI TPUMEPHBIMU OTHOIIEHUSIMM, TTOKa -
3aHHBIMM Ha pUC. 4.3, KOTOpbIE€ MBI YK€ UCMOJIL30BAJIM B TPUMeEpax NMpenbiny-
LIeH JIEKIUH.

Ha puc. 4.4(a) y oTHomeHW# CIIYKAIIME U IIPOEKTH uUMeeTCs obIIuii
aTpubyT [1PO_HOM. ITo3TOMy onepalius <AND> paboTaeT Kak onepalus ecre-
crBeHHOTO coenuHeHus. Ha puc. 4.4(b) nepecedyeHue 3arojloBKOB OTHOILIE-
HMil CIIVXKAIIME_B_TIPOEKTE_1 M IIPOEKTH MyCcTO, M TI03TOMY B pe3yjbTare
PEIALIMOHHON KOH'BIOHKLIMM IIPOU3BOJIMTCS PACLLIMPEHHOE JEKapTOBO MIPO-
U3BeaeHHe ITUX oTHowmeHnH. HakoHel, Ha puc. 4.4(c) cXeMbl OTHOLLEHUH
CIVXAIME_B_NPOEKTE_1 M CIVXAWUE_B_INPOEKTE_2 COBIAZAIOT, U TEJIOM
onepaluu <AND> sIBJSIETCS NepeceyeHNe TeJl OTHOIIEHU-0NepaHaoB.

Onepauusa penuMoHHONW AN3BIOHKLNUUN

IIycTh s 0603HaYaeT pe3yabTar onepalunu r1 <OR> r2. [Lnsa obecnieyeHUs
BO3MOXXHOCTH BBITIOJIHEHHS ONepalliM TpebyeTcs, YToObI €cliu <4, TI1>€ Hrl
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JNekumnna 4 Anrebpa A ewta n JapseHa

CNYEAIME_B_TIPOEKTE_1

CJIY_HOMEP CIIY_VM4 CJIV_3BAPI CJIY_OTH_HOMEP
2934 HBaHoB 22000.00 310
2935 IletpoB 30000.00 310
2936 Cunopos 18000.00 313
2937 ®enopoB 20000.00 310
2938 HBanoBa 22000.00 315

CIIVEAIME_B_IIPOEKTE_2

CIIY_HOMEP CIIy_VMA CIIy_3API CIIy_OTI_HOMEP
2934 HBanoB 22000.00 310
2935 Iletpos 30000.00 310
2939 CunopeHko 18000.00 313
2940 ®enopeHko 20000.00 310
2941 HBaHeHKO 22000.00 315

IIPOEKTH
TTPO_HOM MIPOEKT_PYK
HBaHoB
2 HBaneHko
CIIYRAILME

CIIY_HOMEP CIly_MMA CIIy_3API IIPO_HOM
2934 HBanos 22400.00 1
2935 IletpoB 29600.00 1
2936 Cugopos 18000.00 1
2937 ®enopon 20000.00 1
2938 HBanopa 22000.00 1
2934 HBaHoB 22400.00 2
2935 Iletpos 29600.00 2
2939 CHI0peHKO 18000.00 2
2940 ®enopeHko 20000.00 2
2941 HBaneHko 22000.00 2

Puc. 4.3. TIpyuMepHBIe OTHOIIECHUS TS WUDTIOCTPAIIMH ONEPAMU <AND>
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Kypc OcHOBbI 6a3 AaHHbIX

(a) Pesynprar onepaniuu CIVEAIME <AND> IOPOEKTH

CJTY_HOMEP CITY_UMHA CIIY_3APII [IPO_HOM [IPOEKT_PYK
2934 HBaHoB 22400.00 1 HBaHoB
2935 IMeTpos 29600.00 1 HBaHos
2936 Cunopos 18000.00 1 HMBaHoB
2937 ®enopos 20000.00 1 HNBaHoB
2938 HBaHoBa 22000.00 1 HBaHoB
2934 HBaHoB 22400.00 2 UsaHeHko
2935 [Terpos 29600.00 2 UBaHeHKO
2939 Cupopenko | 18000.00 2 HBaHeHKO
2940 ®@enopenxko | 20000.00 2 HWBaHeHKO
2941 HBaneHko | 22000.00 2 HBaHeHkO
(b) Pe3ynprar onepanyy CIVFAIME_B_IOPOEKTE_1 <AND> IIPOEKTH

CIIV_HOMEP | Cnv_yMs | CTV_3APN | CNV_OTH_HOMEP IPO_HOM IIPOEKT_PYK

2934 Hganos | 22000.00 310 1 HsanoB

2935 Ierpor | 30000.00 310 1 HBanos

2936 Cugopos | 18000.00 313 1 Hsanos

2937 ®enopos | 20000.00 310 1 Hpanos

2938 Heanoea | 22000.00 315 1 HpanoB

2934 Heanos | 22000.00 310 2 HBaneHko

2935 Ilerpor | 30000.00 310 2 HBanenko

2936 Cunopos | 18000.00 313 2 HBaneHko

2937 ®enopos | 20000.00 310 2 HMBaneHko

2938 HBanosa | 22000.00 315 2 HBanenxo

(c) Pesynbrar onepanuy CIVEALME B_IPOEKTE_1 <AND>
CIIVEAIME B_IOPOEKTE_2

CIIY_HOMEP CIy_uMs CIIV_3APII CIIY_OTI_HOMEP
2934 HBanos 22000.00 310
2935 Iletpos 30000.00 310

Puc. 4.4. UnmocTpaliiy onepaliii peJIaliIMOHHOM KOHBIOHKITHN
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JNexuus 4 Anre6pa A leitta u [lapsena

U <A, T2>€Hr2, TO DOJKHO OBITh T1 = T2 (OMHOMMEHHbIE aTPUOYTHI JOJLKHBI
OBITH ONpeACICHB Ha OMHOM M TOM Xe Turie). Torma:
® Hs = Hrl union Hr2 (M3 CXEMBI pe3yJIbTaTa yaaIsiloTCs aTpUOYTHI-1y0JIn-
KaThl);
® Bs = { ts : exists trl exists tr2 ((trl€Brl or tr2€Br2) and
ts = trl union tr2)}; OY4EBUOHO, YTO MPHU 3TOM:
m  €CJIH Y OTNEpaHI0OB HET 001KUX aTpUOYTOB, TO B TE€JIO PE3YJIBTHPYIOILE-
o OTHOIICHMS BXOIST BCE TaKHWE KOPTEXH ts, KOTOPHIE SIBISIOTCS
00BEIMHEHUEM KOPTEXEH trl U tr2, COOTBETCTBYIOIHMX 3arOJIOBKaM
OTHOLIEHHUIT-OTIEPaHAOB, U XOTS Obl OUH U3 ITUX KOPTEXKEU NpHUHAIL-
JIEXHT TEJIy OMHOTO U3 OTIEPAHIOB;

®  €CJIM Y OTNEPAHIOB UMEIOTCA 001IME aTpUOYTHI, TO B TEJIO PE3YILTUPY-
I01LIETO OTHOLICHHS BXOIAT BCE TAKME KOPTEXKHU £S5, KOTOPHIE SABJISIIOT-
cs1 00beIMHEHUEM KOPTEXER trl U tr2, COOTBETCTBYIOLIMX 3ar0JIOB-
KaM OTHOIIICHHI-OMEPaHIOB, €CIM XOTS Obl ONMH M3 3TUX KOpTexXei
NPHHAJIEXKUT TEJy OMHOIO M3 ONMEpaHIOB, M 3HAYECHUs OOILMX aTpH-
OyTOB trl ¥ tr2 COBNALAIOT;

®  €CJIM X€ CXEMBI OTHOIIICHUI-0NE€PaHIOB COBMNAAAIOT, TO TEIO OTHOIIE-
HHUA-pE3Yy/bTaTa IBAAETCA OOBEAMHEHHUEM TE OTIEPAHIOB.

Onepauus <OR> SIBISAETCS PEJIILIMOHHOM dussionkuueli 1 06001eHHEM
TOrO, YTO paHe€ Ha3bIBAIOCh OOBEAUHEHHEM. 3ar0JI0BOK s €CTh OOBETUHEHHUE
3aroJIOBKOB r1 M r2. TeNo s COCTOMUT M3 BCEX KOPTEXKE, COOTBETCTBYIOILUX 3a-
TOJIOBKY S M SIBJISIIOIMXCS HAIMHOXECTBOM 1160 HEKOTOPOro KOPTEXKa U3 Tejla
rl, aubo HEKOTOPOTO KOpPTEXa U3 Tela r2.

Ipenmnonoxum, y HAC UMEIOTCSI OTHOIIEHUS [TPOEKTH_1 {IIPOEKT_HA3B,
[IPOEKT_PYK} M HOMEPA_IIPOEKTOB {IIPO_HOM} (puc. 4.5). IIpenmosoxum
TaKXe, 4YTO JOMEH arpubyTa IIPOEKT_HA3B BKIIOYAeT 3HAYECHHUs ITPOEKT_1,
IIPOEKT_2, TPOEKT_3, NOMEH aTpuOyra [TIPOEKT_PYK OrpaHWYEeH 3HAaYECHUSIMU
UBawHOB, JMBaHEHKO, a4 NOMEHOM aTpubyra IPO_HOM SIBISIETCS MHOXECTBO
{1, 2, 3}.Pesynbrar onepauuu IPOEKTH <OR> HOMEPA_ITPOEKTOB moKa3aH
Ha puc. 4.5.

Kak noka3zano Ha puc. 4.5, onepanus <OR> IPH HAJMUYMHK ONEPaHIOB C
HECOBMANAIOIHUMH CXEMaMH TIPOM3BOIUT PE3YNbTaT, ropa3no 60jiee MOILIHBIH,
YEM pe3y/IbTaT ONEePaly B3SITUA paCIIMPEHHOrO 1€KapToBa NMPOU3BEACHUS U3
JIEKLIMM 3, U €1I1€ MEHEE OCMBICICHHBIN C TIPaKTHYECKON TOUKH 3PEHHSI.

U1 WuTIoCTpaniiyu orepaivi <OR> Hall OTIEPaHJaMH, CXEMBI KOTOPhIX
HMEIOT HETYCTOE TMEPECEYCHME, BOCIONIb3YEMCS OTHOIICHUEM IIPOEKTH_ 2
{IIPO_HOM, TIPOEKT_PYK} (pucC. 4.6) ¥ yHApHBIM OTHOIIIEHHEM HOMEPA_TTPOEKTOB,
CXEMa M TEJIO KOTOPOro NMoKa3aHhl Ha pHuC. 4.5. ByneM npenmnonarats, 4YTo MHO-
KECTBAa 3HAYCHHUH TOMEHOB aTPUOYTOB TAKUE XK€, KaK B TIPSIBITYLIEM IIPUMEDE.
PesyneraT onepanuy IIPOEKTH_2 <OR> HOMEPA_IIPOEKTOB NoKa3aH Ha puc. 4.6.
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Kypc

OcHoBbI 623 BaHHbIX

IIPOEKTH 1
IIPOEKT_HA3B MNPOEKT_PVYK
IMTPOEKT 1 HBanos
ITPOEKT 2 HBanenko

HOMEPA_IIPOEKTOB

[IPO_HOM
1
2
Pesynerar onepaniy TPOEKTH <OR> HOMEPA_ IIPOEKTOB
[IPOEKT_HA3B [IPOEKT_PVK [IPO_HOM

ITPOEKT 1 HBaHoB 1
MMPOEKT 2 HMBaHoB 1
ITPOEKT 3 HBaHoB 1
ITPOEKT 1 HMBaHeHKO 1
ITPOEKT 2 HBaneHko 1
IMPOEKT 3 HBaHeHKO 1
IMPOEKT 1 HMBaHOB 2
ITPOEKT 2 HBaHoB 2
ITPOEKT 3 HBaHoB 2
IMPOEKT 1 HMBaHeHKO 2
ITPOEKT 2 HMBaHeHKO 2
ITPOEKT 3 HBaneHko 2
ITPOEKT 1 HBaHoB 3
ITPOEKT 2 HMBaHeHKO 3

Puc. 4.5. Pesyarrar ollepalinyl <OR> HaJl ollepaHIaMH 0¢€3 o0mmnx
arpubyToB

Kak VX€ OTMEYAJIoCh, IIPH COBIAICHHHU CXEM OTHOUIEHUM-OIIECPaHI0B

Pe3yJITATOM BBITIOJTHEHUS Hall HUMH OMepaluy <OR> SABISETCS 00beIUHEHHE
OTHOIUIEHHI. DTO HEMOCPEACTBEHHO CJEIyeT U3 CHeHH(PUKALUU ONepaIHy.
Ecnu 3T0T (pakT KaXeTcs HEOYEBUIHBIM, €Ie Pa3 BHUMATEIBHO IIOCMOTPHTE
Ha cnieuupukanuo. WLTIoCTpHpYIOLIWiA IIPUMEDP MBI IIPHBOIUTE HE OyIeM.
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Jlekuma 4 Anrebpa A Oevita n fapseHa

TIIPOEKTH_2
IPO_HOM [IPOEKT_PVK
1 HBaHoB
2 HMBaHeHKO

NIPOEKTH_2 <OR> HOMEPA_ITPOEKTOB

I[IPO_HOM [IPOEKT_PVK
HBaHos

HBaneHko

HUBanoB

—F N} NI}

HBaHeHko

Puc. 4.6. PesynsraT onepalinu <OR> Hall oniepaHAaMM, CXeMBI KOTOPHIX
YaCTHYHO IepeceKarTcs

MonHora Anre6pbl A

ITokaxeM, uro Anrebpa A sIBAAETCS IMOJHOM, T. €. HA OCHOBE BBEJIEHHBIX
onepalyii BbIpaxaroTcsi Bce onepaiuu aiaredOpel Kongma, paccMoTpeHHOH B
MpEeALIAYIIEH JTEKIHUU.

K HacTosi1ieMy MOMEHTY B cOCTaB 0a30BbIX Oriepalitii AreOphl A BXOAST
olepaliMsi <REMOVE> B Kau€CTBE aHaJlora ornepaiuyd PROJECT, a TaKxe onepa-
YA TEPEeUMEHOBaHUS aTpUOYTOB <RENAME>. UNION SIBJISIETCS YACTHBIM CJTyya-
€M oIlepalliu <OR>, TIMES, INTERSECT U NATURAL JOIN — 4acTHBbIE Cjydyau
ornepaluM <AND>. HaM ocranock nokaszaTh, 4TO Yepe3 onepauuu Anreopol A
BBIPAXKAIOTCSI OTepallMy B3STHS pa3HOCTH MINUS, orpaHU4YeHHUs (WHERE), co-
eIUHEHUs o01iero Buaa (JOIN) U pesSllMOHHOro aejacHus (DIVIDE BY).

BbiBOAMMOCTDL Onepauumn B3ATUA pa3HOCTH

ITokaxeM, uTo omnepaiidsi MINUS BBIpaXaeTcsl 4epe3 ApPYTHUe Olepalluu
Anreopel A. I8 HamISAHOCTH CHOBA BOCIOJb3yeMCSI OTHOLICHUSIMH
CNVXAINME_B_MPOEKTE_1 ¥ CIVXAIIME_B_MNPOEKTE_2 ¢ puc. 4.3 (st yiobcTBa
MMOBTOPHM €ro B BepxHeit yact puc. 4.7). Ias MpocToThI (XOTS 3TO HECYILIECT~
BEHHO) OyIeM IpearnoaraTh, YTo MHOXECTBA 3HAUeHUET IOMEHOB, Ha KOTOPHIX
ompenesieHbl aTpuOyThl CNIV_HOMEP, CIY_UMA, CIY_3API u CIV_OTH_HOMEP,
OrpaHUYEeHbl 3HAUEHUSMH, COAEPXANIMMHCA B Tejlax oTHolIeHu. Takke mis
yroOCTBa IMOKaXeM pe3yJkTaT onepauuyd CJIYXAIUE B _NPOEKTE_1 MINUS
CIIVKAIIME_B_IPOEKTE_2 Ha puc. 4.7a. 3aMeTUM, UTO TEJIO pe3yJIkTaTa CoAep-
XHT BCE KOPTEXH MEPBOro onepaHna, Kpome koprexeit UBaHosa u Ilerposa,
MOCKOJIBKY OHH BXOJSIT U B TEJIO BTOPOTO ONepaHa.
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Kypc OcHoBbl 6a3 naHHLIX

CIIVEANME_B_TPOERTE_1

CJIY_HOMEP CIy_umsl CIIY_3APII CJly_OTH_HOMEP
2934 HpaHos 22000.00 310
2935 Ierpos 30000.00 310
2936 Cunopos 18000.00 313
2937 ®enopoB 20000.00 310
2938 HBanoBa 22000.00 315

CIIVEAIIME_B TIPOEKTE_2

CJIY_HOMEP CIIy_MA CIIY_3APII CJy_OTH_HOMEP
2934 Hpanos 22000.00 310
2935 Tetpos 30000.00 310
2939 CunopeHko 18000.00 313
2940 DenopeHKO 20000.00 310
2941 HBaHeHKO 22000.00 315

(a) CTYRAIME_B_NPOEKTE_1 MINUS CIVRAIME_B_IIPOEKTE_2

CJIY_HOMEP CIY_uMA CJIY_3APII CJIY_OTH_HOMEP
2936 CuziopoB 18000.00 313
2937 ®denopos 20000.00 310
2938 HBaHoBa 22000.00 315

(b) <NOT> CJIVERAIME_B_TIPOEKTE_2

CJIY_HOMEP CIIy_VyMs CJIY_3APII CIIy_OTHO_HOMEP
2935 HUBanos 22000.00 310
2936 HBaHoB 22000.00 310
2941 WBauos 22000.00 310
2935 HBaHoB 30000.00 310
2934 ITetpos 30000.00 310

2936 ITerpos 30000.00 310




Nexkupn 4 Anrebpa A Jeita n [lapeena

2934 Cunopos 18000.00 313
2937 denopor 20000.00 310
2938 M Banosa 22000.00 315

(c) CTYRAIME_B_TIPOEKTE_1 <AND> <NOT>
CIIVRAUME_B_IIPOEKTE_2

CJIY_HOMEP CIIy_UMst CIIY_3API CIIY_OTI_HOMEP
2936 Cunopos 18000.00 313
2937 denopos 20000.00 310
2938 MBaHoBa 22000.00 315

Puc. 4.7. BeipazumocTs ornepauuu MINUS yepe3 onepaumu <NOT>
N <AND>

ITocMoOTpHUM Temnepb, YTO ABJISETCS TEJIOM pe3yjbTaTa onepauuu <NOT>
CIVXAUME_B_IIPOEKTE_2 (puc. 4.7b). B Hero BXOAAT BCE KOPTEXH, COOTBET-
CTBYIOIIIME CXEME OTHOLIEHMS CIVXAINMUE_B_IIPOEKTE_2 (M cXxeMe OTHOIIle-
HUSL CJIVXAUME_B_INPOEKTE_1), KOTOpBIE HE BXOASIT B TEJO OTHOIIEHHUSA
CNVXAIUE_B_TPOEKTE_2. B TOM 4HCJe B TE€JIO pe3yjbraTa 3TOH olepauuiu
BXxoaAaT U koprexu Cunopona, Penopopa U VIBaHOBOI U3 Tejla OTHOLIEHUS
CIIVEXAWME_B_ITPOEKTE_1.

Torna o4eBUAHO, YTO pe3yJbTaT Onepauuru CIVKAIUE_B_TIPOEKTE_1 <AND>
<NOT> CIIVXAIME_B_IIPOEKTE_2 (I€peceyeHME Tesa NMepBOro ornepaHaa ¢ TEJIOM
pe3yJpTaTa ornepauuu <NOT>) SIBJISIETCS B TOUHOCTH TEM XK€, YTO M pe3yJETaT
ornepauuy CITIYXAIME_B_TIPOEKTE_1 MINUS CIIVXAIME B_TIPOEKTE_2 (puc. 4.7¢).

B of0111eM cnyyae HETPYIHO A0Ka3aTh, YTO €CJIM OTHOIIEHUS r]1 U r2 COB-
MECTUMBHI IO OObEAUHEHMIO, TO r1 MINUS r2 = rl <AND> <NOT> r2.

UHTepnpeTauma onepauum orpaHNYeHUA

B j1exuuu 3 MBI OTIpedessuiy ONepatiio OrpaHUYeHUsl r WHERE comp, Tie
r — OTHOILEHHE, a comp — NPOCTOE YCJIOBHE OrpaHMdeHMs B1AA (a comp-op b), e
a ¥ b — UMeHa aTpubyTOB OrpaHUYMBAEMOTO OTHOIIEHHS, [UTS1 KOTOPBIX OC-
MBICJIEHA onepanus CpaBHEHHUs comp-op, JIMO0 BUaa (a comp-op const), The
a — UMs aTpyuOyTa OrPpaHUYNBAEMOTO OTHOIIECHUS, a const — JUTEPAIbHO 3a-
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Kypc OcHoBb! 633 AAHHLIX

JIaHHast KOHcTaHTa. Onepaureil CpaBHEHUS COmMp-0p MOXET OBITh «=», «z»,
¥, «<», «»», «<». [TokaxeM Ha HECKOJBbKUX MpHUMEpaX, KAK MOXHO BbIPa3WTh
OIEPaLIMIO OrPAHMYCHHS C IIOMOIIBIO 6a30BBIX ONlepalMii AreOps! A 1151 BceX Ipo-
CTBIX JOMYCTUMBIX YCIOBHA.

dnst winoctpauuu 6yneM MCIOJIb30BaTh OTHOLUEHHE CIIYKANMUE_1
{CJIY_HOMEP, CJIV_UMS, CIIV_3API, PYK_HOM) (pHc. 4.8). ATpubyT PYK_HOM
COHECPXHUT YHHKAIbHbICE HOMEpPA CIYXAILUX, SIBJISIOILUXCS PYKOBOIMUTEISIMU
TPOEKTOB, W OIPEACICH Ha TOM Xe€ JOMEHeE, 4To M CJIV_HOMEP. Mnl cHOBa
NPEATIONOXUM (151 YIIPOIEHUS TIPUMEPOB), UTO MHOXECTBA 3HAYCHUH ToMe-
HOB, Ha KOTOPBIX OIpeeeHbl aTPUOYTHI OTHOLIEHHUS CITYXANME_1, orpaHUyYe-
Hbl 3HAYCHUSIMH, COIEPKALIMMHUCS B TeJIe 3TOro oTHolueHus. HayHeM ¢ 06-
CYyXICHHUS onepallMid WHERE € yCJIOBHMEM BHUIA a comp-op const.

IMpennonoxum, 4To Mbl XOTHM HaMTH BCEX CIYXKAIUUX C 3apabOTHOM IL1a-
ToM, paBHo# 20000.00 py6. BosabMeM oTHolleHHe 3APIT_20000 {CJY_3APII}*.
MBI BUAMM, 9TO pE3yJIbTaT olepalluM CJIVEAINE_1 <AND> 3API_20000 B TOY-
HOCTHU COBNAJAET C pe3yJIbTAaTOM OIllepauuy CIVEAIWE_1 WHERE CJIY_3APII =
20000.00 (puc. 4.8).

Ecau TpeOyeTcsi HAlTH CyXallMX, Ybs 3apaboTHas IUiaTa NpeBbILIAET
20000.00 py6., To BO3bMEM OTHOLLIEHHE 3APII_BOJBIE_20000 (puc. 4.9)**. Tor-
Ja CHOBA pe3yibrar onepauuu CIVKAILIME 1 <AND> 3API_BOJBIUE_20000.00
OyleT coBnagaTh C pe3yJbTaTOM onepauvu CIVEAIIME_1 WHERE CJIY_3APIO >
20000.00 (puc. 4.9).

TTOHSITHO, YTO AHAJIOTHYHbBIM 06PA30M BbIPAXAIOTCS Yepe3 <AND> olepa-
LIMK OTPAaHMYEHHUS C YCIIOBUSAMM BUIA @ COmMp_op const, B KOTOPBIX comp_op
SIBJISIETCSI «<», «>» WIH «>». HeKOTOpBIi1 0COOBIH CIy4aif npeacTaBisieT yCio-
BUE BUIIA @ # const, U Mbl NPOWJUJIIOCTPUPYEM ITOT CIIy4al Ha NpUMEpPE 3a-
npoca «BrIOpaTh Bcex CIyXKalMX, He NOJIyYyarLIMX 3apaboTHYIO IUIATy B pa3Me-
pe 22 000.00 py6.». Bo3bMeM oTHolUEeHHe 3APII_HE_22000 (puc. 4.10)***. Pe-
3yJbTaT ONepauuu CJIVXANIME_1 <AND> 3APII_HE_22000 6ymeT coBnagarb C
pe3yJbTaTOM orlepaunu CIIVXANNE_1 WHERE CJIV_3API 22000.00 (puc. 4.10).

* 3nech HEOOXOLUMO MOSCHUTD, YTO OTHOLIEHHWEe 3APII_20000 B IeHCTBUTENBHOCTH NpEACTaBISIET
co60it THTepabHy10 KOHCTAHTY COOTBETCTBYIOLLErO TUIA OTHOLLEHHIi. MBI He BBOIUM 371€Ch CTPOTro-
r0 MOHSTUA TUIA OTHOLLEHHS; U1 TOHUMAHHS JaHHOTO NMOAPAa3eia HYXHO BCero JNUIIb OCO3HaTh,
YTO MO CBOEii NNpHpoe OTHOLLIeHHe 3APII_20000 M yncnoBoit tutepan 20000.00 He paxivyaroTcs.
** OtHowmeHWe 3API_BOJIBIE_20000 — 3TO TOXE JTUTEpaTbHASA KOHCTAHTA TOTO XK€ THIa OTHOILIIE-
HMSI, YTO M 3API_20000, OZHAKO MOLIHOCTD TeJla STOTO JIMTEPATbHOTO OTHOLUEHHS B O01LEM Cly-
yae (ecau 6bl Mbl HE BBEJIM OTPAaHHYEHHUsT HAa MHOXECTBO 3HaYeHHUH JoMeHa CIIY_3API) Morna Obl
OBITH OYEHDb GOJIBLIOIN.

**¥ OcoOEHHOCTD 3TOTO CITy4asi COCTOMT B TOM, YTO YHCJIO KOPTEXKEH B TeJle IMTEpaIbHOH KOHCTaH-
TBI 3API_HE_22000 BCEro JIMIUb Ha €IMHUIYY MEHBIIEC MOLUIHOCTH MHOXECTBA 3HAYEHU JOMEHA
CNy_3API. KoHeyHO, 5Ta MOUIHOCTh KOHEYHA, TTIOCKOJIBKY MBI HMEEM JIEJIO C KOMMBIOTEPHBIMHU TH-
TIaMH IaHHBIX, HO B OBILIEM Cllydae MOXeT GBITb oueHb Oonbiuoii. [TosToMy npuHUMNUANBHAs BO3-
MOXHOCTb BBIDAXCHHMS ONEpalMH OrpaHUYEHHsI 4epe3 ONepauMio PENsLMOHHON KOHBIOHKLMWH
He 03Ha4aeT, YTO ObUIO Obl pa3yMHO Pean30BLIBATh €€ TAKMM O6Pa3oM Ha MPAaKTHUKE.
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Nexkuus 4 Anrebpa A flerita u flapseHa

CIIVEAIME _1
CJIy_HOMEP CJIly_nMst CJIY_3APII PYK_HOM
2934 HBaHoB 22000.00 2934
2935 ITetpos 30000.00 2934
2936 Cuiopos 18000.00 2934
2937 denopos 20000.00 2934
2938 HBaHoBa 22000.00 2941
2939 CugopeHko 18000.00 2941
2940 ®enoperHko 20000.00 2941
2941 HBaHeHKO 22000.00 2941
3APHO_20000
CIIY_3API
20000.00
CIIVERAIME_1 <AND> 3APH_20000
CJIy_HOMEP CJIly_nMst CJIy_3APIl PYK_HOM
2937 ®enopos 20000.00 2934
2940 Denopenko 20000.00 2941

Puc. 4.8. Bripaxenue WHERE (a = const) 4yepe3 <AND>

Teneps 06paTUMCS K OTpaHHYCHUSIM C TIPOCTHIM YCJIOBHEM BUAA @ comp-op b.
OnaTh HAYHEM CO Cyvasi, KOrJia comp-op = «=». [IpeanosoxuM, 4To HaM Tpe-
OyeTcsl HAWTU JAHHbIE O CIYXAIIIUX, SBJISAIOLIMXCA PYKOBOAUTENSIMHU MPOECKTOB,
T. €. BHIIIOJIHUTD Onepauuio CIVKAIME_1 WHERE CJIV_HOMEP = PYK_HOM. ¥T-
BEPXIAETCA, YTO pe3yJibTaT STOU ONepaliMy COBIAAAET C Pe3yJIETATOM CJIEAYIO-
LIeTO BhIpAXEHHUA*;

CIIVKAIME 1 <AND> (({(CITYXAIME 1 <REMOVE> CJIV_HOMEP) <REMOVE>

CIv_JMs) <REMOVE> CIIY_3APII) <RENAME> (PVK_HOM, CIIV_HOMEP))

Pe3ynabTat BHIYMCAEHMS MPABOro ONnepaHaa onepaluuy < AND> U OKOHYa-
TeNIbHBIN pe3ynbTaT onepaldy MoKa3aHbl Ha puc. 4.11.

KoOHe4yHO XK€, MOXHO BBIPa3uTh ollepaluio CIVEAIUE 1 WHERE
CIY_HOMEP = PYK_HOM 4Yepe3 ONepauuio <AND>, UCIIONb3YS «KOHCTAHTHOE» OT-
HomreHue. JIjad 3TOro MOXHO BOCIOJNL30BATBCA OTHOMEHHWEM CJIYV_HO-
MEP_PYK_HOM, TIOKa3aHHBIM Ha puc. 4.12.** O4yeBHAHO, YTO B PE3YJILTATE BbI-
* KoHe4yHO, TOT Xe€ pe3ylabTaT AacT M BBIpaXeHHe CIVHAIME 1  <AND>  ({{ (CIYXAUME_1

<REMOVE> PYK_HOM) <REMOVE> CJIIY_MMS) <REMOVE> CJIY_3APII) <RENAME> (CNY_HOMEP,

PYK_HOM) ) .
* KOHC‘IHO, B OGIIICM Clydac MOIIHOCTH Te€Jla TAKOI0 KOHCTAHTHOI'Q OTHOIUCHHA 6y11eT paBHa
MOIHOCTH COOTBETCTBYIOLIECTO JOMECHA.
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Kypc OcHosbl 623 AaHHbIX

3API_BOJIBIE_20000

CJIV_3APII

22000.00

30000.00

CIIVRAIME_1 <AND> 3APII_BOJIBIE_ 20000
ClIy_HOMEP Cly_nmst CJIV_3APII PYK_HOM

2934 HBanos 22000.00 2934
2935 ITetpos 30000.00 2934
2938 MBaHosa 22000.00 2941
2941 HBaHeHKO 22000.00 2941

Puc. 4.9. BripaxeHue WHERE (a > const) yepe3 <AND>
MOJIHEHUS OTNepallM CIIYXAINE_1 <AND> CJIY_HOMEP_PYK_HOM OyaeT MoJydyeH
TOT XK€ Pe3yNbTaT, YTO MOKa3aH Ha puc. 4.11.
YToO6bl MOKa3aTb BO3MOXHOCTb BBINOJHEHHWS ONEpalMy OTpaHUYe-
HUS BUda r WHERE (a > b), NpPeANOJOXUM, UTO UMEETCS OTHOIUEHUE
CIIYXAIME_2 {CJIY_HOMEP, CIY_UMS, CJV_3API, CIY_IIPEM} (puc. 4.12),
NMpUYEM aTpUOYT CIIY_IIPEM COAEPXUT 3HAUYCHUS NIPEMHUAJIBLHOIO BO3HATpaXJie-

3APII_HE 22000

CJIY_3APII

18000.00

20000.00

30000.00

CIIVEAIME 1 <AND> 3APII_HE_22000
CJIY_HOMEP CIIy_1nm4d CJIV_3APII PYK_HOM

2935 ITetpos 30000.00 2934
2936 CunopoB 18000.00 2934
2937 denopos 20000.00 2934
2939 CHIOPEHKO 18000.00 2941
2940 DeaopeHKo 20000.00 2941

Puc. 4.10. BoipaxkeHue WHERE (a = const) uepe3 <AND>
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Nexuus 4 Anrebpa A [eiita v JapseHa

(( (CTIVRAIME_1 <REMOVE> CJIV_HOMEP) <REMOVE> CJIV_JMS)
<REMOVE> CJIY_3API) <RENAME> (PYK_HOM, CJV_HOMEP)

CIV_HOMEP
2934
2941

CIVKAIME_1 <AND> ((((CHVEAIME_1 <REMOVE> CIIV_HOMEP)

<REMOVE> CJIV_MMA) <REMOVE> CIJIY_3APII) <RENAME>
(PYK_HOM, CIJIV_HOMEP) )

CIIY_HOMEP CITY_MMs CIIV_3API PYK_HOM
2934 Hpanos 22000.00 2934
2941 Hpanenko 22000.00 2941

Puc. 4.11. BoipaxeHue WHERE (a = b) 4epe3 <REMOVE>, <RENAME> H
<AND>

HUS cyxaiero. EcrecTBeHHO, aTpuOYThI CJTY_3APII M CJTY_IIPEM OIpEIEae HBI
Ha OJHOM M TOM X€& JOMeHe (HAalIOMHHMM, YTO B 1IEJSX HAIIUX MPUMEPOB MBI
npeanoJyaracM, YTo MHOXECTBO 3HAYeHH I TOMEHOB OTPAHNYEHO 3HAYCHUSAMH,
comepXalMHUCs B TeJie IPUMEPHOro OTHOIIEHHs). [TycTh Hac MHTEpeCyloT
JAaHHBIE O CTYXKAILUX, TTOTyYalOIX JOTIOJTHUTEIbHBIE BO3HATPAX/IEHMS B pa3-
Mepe, TIpeBbILIAIOIIEM pa3Mep OCHOBHOM 3apIIATHI, T. €. HAM HYXEH pe3yJbTar
onepaiy CIVKAINE_2 WHERE (CIV_IIPEM > CIV_3API).

TIPOEKTH_2
CJIy_HOMEP PYK_HOM
2934 2934
2935 2935
2936 2936
2937 2937
2938 2938
2939 2939
2940 2940
2941 2941

Puc. 4.12. KoHcTtaHTHOE OTHOIIIEHHe CJIY_HOMEP_PVK_HOM
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Kypc OcHoBbI 623 AaHHbIX

Bo3pMeM oTHoLIeHue [TIPEM_BOJIBIE_3API {CHV_IIPEM, CIY_3APIl}, Te-
JIO KOTOPOTrO BKJIIOYAET BCE COOTBETCTBYIOIIME 3aroJIOBKY KOpTeXu {b, s}
Takue, yTob > s. JIpyrMMH clIoBaMH, OTHOILIeHHe [TPEM_BOJIBIE_3API CHO-
Ba ABJISIETCA JTUTEPATbHON KOHCTAHTOM THIA OTHOLIEHUS C IBYMs aTpUOyTa-
MM CJIY_IIPEM M CJTV_3API. KoHeyHo, naxe B cllydyae Halllero IpUMepa MOIII-
HOCTb TeJla 3TOTO OTHOIIEHMA [OOCTaTOYHO Beauka*. Teno OTHOIIEHHS
[IPEM_BOJBIIE_3APII MOKa3aHo B CpeaHel yacTH pHc. 4.13.

Pe3yabTaT BLINTOJHEHHUS onlepallui CITVKAIIUE 2 <AND> [TPEM_BOJBIE_3API
MOKa3aH B HHXXHEH JacT puc. 4.13. MBI BUAUM, YTO OH COBITAJAET C PE3YJIb-
TaToM OIlepaluu CIVKAILME 2 WHERE (CJIV_IIPEM > CJIV_3API).

AHaJOTHYHBIM 00pa3oM yepes3 ornepalry AJredpbl A BbIpaXxaloTCs OIle-
palLMK OrpaHHUYEHHs], YCIIOBUSI CpPaBHEHUS KOTOPBIX BUJA a comp_op b 6a3u-
DYIOTCSL Ha OTIEPALIMAX CPABHEHUS «<», «3», «<», «2»,

CoepgunHeHuna obilero suaa

ITpu HamuyuH Toro akTa, 4YTO ONepalMs B3SITUS PACIIUPEHHOro JeKap-
TOBA IPOU3BEACHUS TIMES SIBJSETCSA YACTHBIM CITyYaeM OMEpalluH <AND>, IMO-
CJle TOTO KaK MBI HAy4IJIHCh C ITOMOIIBIO AJre®pbl A BHIIIOJHATH OrpaHUYe-
HHSI, CTAHOBUTCSI OYeBUIHO, YTO Yepe3 omnepalu Aredpbl A BhIpaXaloTcsl H
coeqHHeHHs obmiero Buaa. B oblieM ciydae, yTOOBI MTOJTYYUTh PE3YJIBTAT CO-
€IMHEHHUs oD11ero BUa MPOU3BOJIbHBIX OTHOLIEHUH A U B, HYXHO:
® BBIMOJHUTb HAaJ OJHUM U3 OTHOLUEHHH OOHY WIH HECKOJBKO OIlepalluii
<RENAME >, yTOOBI U30aBUThCA OT OOILIUX HMEH aTPUOYTOB;
® BBINOJHHUTD HaJ MOJYyYEHHBIMH OTHOLUEHUSIMH ONEPAIIHIO <AND>, IPOU3BO-
JSILYIO pacllMPEHHOE JEKApTOBO NMPOM3BEICHHE;
® U I IOJIYYEHHOTO OTHOLIEHHS BBIIIOTHUTbL OQHY HJIH HECKOJBKO OIepa-
LUH <AND> ¢ OTHOLUEHUSIMU-KOHCTAHTAMH, YTOOBI AOKHBIM 00pa3oM or-
PaHHUYHUTBD €TO0.

PenaunoHHoe peneHune

ITycTh UMeloTCs OTHOLUEHHUS r]l {A, B} U r2 {B}. YTBepXnaercs,
YTO pe3yabTaT rl DIVIDE BY r2 COBHAIacT C pe3yJbTaTOM BBIpaXeHHs
{(r1 PROJECT A) MINUS ({{(r2 TIMES (rl PROJECT A)) MINUS rl1) PROJECT A)
B TEpPMHHAax OINepaluui peassuMoHHOHR anrebpsl Koana unm (rl <REMOVE> B)
<AND> <NOT> ({{r2 <AND> {(rl <REMOVE> B)) <AND> <NOT> rl) <REMOVE> B)
B TePMUHAaX oIepauuit Anre6pel A.

JeicTBUTENbHO, PE3Y/IBTaTOM BBIMIOJHEHMS ONepallMd rl1 PROJECT A
SIBIISIETCSI YHADHOE OTHOLLEHHUE CO CXeMOM {A}, KOPTeXM Tela KOTOPOro Co-

* Jlerxo y6eauThCS, YTO B OOIUEM CJIyYae, €CJM MOLHOCTD OBIIEro JOMeHa aTpubyTOB A M B paBHA-
€TCs N, TO MOLIHOCTD TeJ1a KOHCTAHTHOIO OTHOLUEHHUS A_BOTIBIE_B 6yneT cocTasusith (n-1)n/2.
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Nexuus 4 Anrebpa A fetita u flapeena
CIIYRAIME_2

CNy_HOMEP CIly_um4d CIY_3APII CIIY_ITIPEM
2934 HBaHoB 22000.00 18000.00
2935 Iletpos 30000.00 22000.00
2936 Cunopos 18000.00 20000.00
2937 ®enopos 20000.00 22000.00
2938 HBaHoBa 22000.00 20000.00
2939 CunopeHKo 18000.00 22000.00
2940 ®enopeHKO 20000.00 20000.00
2941 HMBaHeHkO 22000.00 20000.00

OPEM_BOJIBIE_3APH
CIIY_3APII CIy_IIPEM
18000.00 20000.00
18000.00 22000.00
18000.00 30000.00
20000.00 22000.00
20000.00 30000.00
22000.00 30000.00
CIIVXKALME_2 WHERE (CJIY_IIPEM > CJIY_3API)

CJIY_HOMEP CIIy_Ms CJIY_3APII CIy_IIPEM
2936 Cunopos 18000.00 20000.00
2937 ®enopoB 20000.00 22000.00
2939 CHropeHKOo 18000.00 22000.00

Puc. 4.13. BeipaxeHue WHERE (a > b) yepe3 <AND>

JIEPXAT BCe 3HayeHus aTpubyTa A U3 Tesia OTHOIUeHUsI r1. Pe3ynbrar Beipaxe-

HUA r2 TIMES

(rl PROJECT A) — 3T0 OMHAPHOE OTHOULICHUE CO CXEMOM

{4, B}, B TeJIO KOTOPOTO BXOHAT BCE BO3MOXHBIC KOMOMHALIMY 3HAYEHUH aT-
pu0yTa B B TeJie OTHOLIEHMS 2 ¥ aTpu0yTa A B TeJie OTHOLIEHHUS 1. B Tene pe-
3yJILTaTa BbIYUCIAECHUSA BbIpaXeHUd (r2 TIMES (rl1 PROJECT A)) MINUS rl
OCTaHyTCH TOJIbKO T€ KOPTEXHU, KOTOPbIe HE BXOMAT BO BTOPOM ONEPAHA, T. €.
KOPTEXM C TAKAM 3HAYeHUEM aTpubyTa A, 4TO 3HaYeHUe aTpubyTa B, NpUHAI-
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Kypc OcHoBb! 623 NaHHBLIX

Jiexallee Teay r2, He sIBIsSeTCs 3HaYeHUeM aTpuOyTa B HU B OJHOM KOPTEXe
TeJa OTHOIEHUS r1. Cle10BaTeabHO, ECTU Mbl BO3bMEM MPOEKIIHIO PE3YJIbTa-
Ta BBIpaXEHUS (r2 TIMES (rl PROJECT A)) MINUS rl HaaTpubdyr A4, TO B
PE3YJIETUPYIOILEM YHAPDHOM OTHOILUEHWH OCTAHYTCS TOJIBKO T€ 3HAYEHUS A,
KOTOpPBIE€ HE JOMXKHBI IONACTh B pe3yJIbTaT onepauuu r1 DIVIDE BY r2. [lo-
CJI€ BBIIIOJIHEHUSI 3aBEPINAIOIICH Orepallid MINUS MBI TIONYYHUM XKelaeMBbIi
pE3yJILTaT.

Anst UIMCTPallMM BOCTIOJNB3YyEMCSI OTHOUIEHUSIMU CIVXAUUE U
HOMEPA_IIPOEKTOB, KOTOPBIE MBI yX€ TIPUMEHSITU B IIPEILIIYIIIUX TIPUME-
pax. dnst ynodbcTBa MBI BOCTIPOM3BOIUM MX Ha puc. 4.14. Ha sToM Xe pUcyHKe
TOKa3aHbI IPOMEXYTOYHBIE U OKOHYATENbHBIM Pe3y/bTaThl BBIYUCICHHUS BbI-
paxeHust (CIIVXAIME PROJECT ({CJIY_HOMEP, CJIV_JMd, CIIV_3API}) MINUS
({((CNIVXAUME PROJECT ({CNY_HOMEP, CIV_UMA, CIY_3APII}) TIMES
HOMEPA_TTPOEKTOB) MINUS CJIVKALIME) PROJECT {CJIY_HOMEP, CIIV_MMA, CIIV_3API}).

TeM caMbIM, MBI TTOKa3ajH, YTO MATU onepallMi Anredpsl A 1OCTaTOYHO
IUTST BRIpaXeHHUsl Bcex orepauuit anrebpsl Koana u3 nexuuu 3. Ho Ha caMoM
LeJI€ YUCIIO OTepalvii MOXHO €IIe 60JIee COKPaTUTb, YTO MBI U TIPOJAEMOHCT-
PHPYEM B CIIELYIOIIEM pa3iee.

N306biTO4HOCTL AnreGpbl A

B ¢popManbHOM MaTeEMATUYECKOH JIOTHKE CTaHAAPTHBIM 6a3MCOM /151 BBI-
PaxKeHHsI BCEX BO3MOXHBIX Oy1eBCKUX DYHKLUMMH sIBAsA€TCS Habop {NOT, AND,
OR} (OTpMLIaHHE, IU3BIOHKIIUS U KOHBIOHKLHUS). U3BeCTHO, UTO 3TOT Habop
TPAaAULIMOHEH, HO U30BITOYEH, TTIOCKOIBKY BEPHBI TOXIECCTBA A AND B = NOT
(NOT A OR NOT B)MA OR B =NOT (NOT A AND NOT B).(DTH TOXAECCTBA
JIETKO TIPOBEPSIIOTCSI MO TabJUl[aM UCTUHHOCTH orepaliuil.) Oxka3biBaeTcst (4
3TO TOXeE JIETKO NIPOBEPUTH, OTIMPASICh Ha OTIpeJIe/ICHUsI OTIepalifii), YTO aHa-
JIOTUYHBIE TOXAECTBA CIIPABEIJIUBHI /I oniepaliui <NOT>, <AND> U <OR> AJI-
reopsl A. TeM caMbIM, B Habope 6a30BBIX oriepalMif Airebpbl A MOXHO OCTa-
BUTb ONEPALUU <AND> U <NOT> (WM <OR> U <NOT>).

PensunoHHbie aHanoru wrpuxa Weddpepa n ctpenku NMupca

Bosee Toro, B ajiredpe JOrMKM CYIIECTBYIOT ABE OIEpPAllMM, Yepe3 Kax-
IYI0 U3 KOTOPBIX BBIPaXaloTcs BCE TPU «Da30BbIC» onepaluu: «mTpux Ied-
¢epa» —sh (A, B) =NOT A OR NOT B—u «cTpenka [Iupca» —pi (A4, B)
= NOT A AND NOT B.

Jlerko BMAETh, YTO
® sh (4, A) =NOT 4
e sh (NOT A, NOT B) =A OR BHU
® NOT sh (A, B) = A AND B.

92



Nekuma 4 Anrebpa A Jeiita u Japeena

AHaJIOTUYHO,
® pi (4, A) = NOT A
® pi (NOT A, NOT B) = A AND BH
® NOT pi (A, B) =A OR B.

CHOBa HETPYAHO MPOBEPHUTD, YTO AHAJIOTHYHBIE TOXIECTBA CTIPaBeUTUBbI ISt
pensHoHHbIX BapuanToB rpuxa ledpepa (<sh> (r1, r2) = <NOT> rl <OR>
<NOT> r2) u crpesku ITupca (<pi> (rl1, r2) = <NOT> rl <AND> <NOT> r2).

INo3ToMy MOXHO CBECTH HabOp oneparuii ANredopsl A K TPEM OTEpaIusiM:
<sh> (WU <pi>), <RENAME> U <REMOVE>.

CIIYEAIME
CJIY_HOMEP CIly_1Md CIIY_3API ITPO_HOM
2934 HBaHoB 22400.00 1
2935 ITetpoB 29600.00 1
2936 Cuzopos 18000.00 1
2937 ®enopon 20000.00 1
2938 HMBaHoBa 22000.00 1
2934 VBaHoB 22400.00 2
2935 Terpos 29600.00 2
2939 CHIOpEHKO 18000.00 2
2940 ®enopeHko 20000.00 2
2941 HBaHeHko 22000.00 2
HOMEPA_IIPOEKTOB
ITPO_HOM
1
2

CJIIVKAIME PROJECT {CJIV_HOMEP, CJIY_MMHA, CJIV_3APIT}

CJIY_HOMEP Clly_nM4d CIIY_3APIT

2934 HBaHoB 22400.00

2935 ITetpoB 29600.00

2936 CunopoB 18000.00

2937 ®@enopos 20000.00

2938 HMBaHoBa 22000.00

2939 CHI0opeHKOo 18000.00

2940 DenopeHKO 20000.00

2941 HBaHeHKO 22000.00




Kypc OcHoBbl 623 AaHHbIX
(CIVEAEME PROJECT {CNY_HOMEP, CJIY_WUMd, CJIY_3APN})
TIMES HOMEPA_IIPOERTOB
CJIY_HOMEP CIIy_unM4a CIIY_3API [TPO_HOM

2934 HBaHoB 22400.00 1
2934 UBaHoB 22400.00 2
2935 IMetpos 29600.00 1
2935 IMetpos 29600.00 2
2936 Cunopos 18000.00 1
2936 Cunopos 18000.00 2
2937 ®enopos 20000.00 1
2937 denopos 20000.00 2
2938 HBaHoBa 22000.00 1
2938 HBanosa 22000.00 2
2939 CuaopeHko 18000.00 1
2939 CHIopeHKo 18000.00 2
2940 ®epopeHKo 20000.00 1
2940 ®enopeHko 20000.00 2
2941 HBanenko 22000.00 1
2941 MBaHeHKO 22000.00 2

( (CIYEAIME PROJECT {CJIV_HOMEP, CRV_MMA, CJIV_3APN})

TIMES HOMEPA_IPOEKTOB) MINUS CIVEAIMIE
CJIY_HOMEP CIIY_UMA CIIY_3APII TPO_HOM

2936 Cuaopos 18000.00 2
2937 ®enopos 20000.00 2
2938 HBaHoBa 22000.00 2
2939 CHuopeHko 18000.00 1
2940 ®enopeHKO 20000.00 1
2941 HBaHeHKO 22000.00 1

(CIYEAIME PROJECT {CJIV_HOMEP, CRYV_MMA, CJIV_3APN})

MINUS ((((COVEAIME PROJECT { CIIY_HOMEP, CIIY_MMsi, CIV_3API}) TIMES

HOMEPA_ITPOERTOB)
PROJECT { CIV_HOMEP,

MINUS CIVEAIME)

CIIy_¥MdA, CIY_3APN})

CJIY_HOMEP CIIY_UMA CJIY_3APII
2934 HBaHoB 22400.00
2935 Ietpos 29600.00
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flekuma 4 Anre6pa A Jewta v lapseHa

M36bITOMHOCTb ONepaLumu nepeuMeHOBaHUs

HakoHel, mokaxeM, 4TO U30LITOYHA W Oonepalus <RENAME>. JIas ui-
JIOCTPallUM CHOBA BOCHOJIb3yeMCsl OTHOLUEHHEM CIIVKAINME u3 puc. 4.14.
IlycTh HaM HyXeH pe3yJbTaT omepaldd CIIVEAIUE <RENAME> (ITPO_HOM,
HOMEP_IIPOEKTA) (MBI ITO-MPEXHEMY MPEANONATaeM, YTO MHOXECTBO 3HaYe-
HMIt JoMeHa aTpubyTa IIPO_HOM OrpaHMYE€HO 3HAYCHUSIMH, NIPEICTaBIEHHEI-
MM B Tejle OTHolleHUA CIVKAMUE). Bo3bMeM OMHapHOe OTHOILIEHHE
TPO_HOM_HOMEP_IIPOEKTA (pMc. 4.15), roe KaXAbld U3 KOPTEXEH COMEPXKUT
JIBa OMMHAKOBLIX 3HAYEHHMSI HOMEPa MPOEeKTa M B TEJIO OTHOLIICHHA BXOJST BCE
3HaYeHUA ToMeHa aTpubyTa ITPO_HOM.* Torma, Kak MokasaHo Ha puc. 4.15,
BEIUMCJIEHUE BHIpaXeHHA (CIYXAIUME <AND> IIPO_HOM_HOMEP_IIPOEKTA)
<REMOVE> ([TPO_HOM) NMPHBOIMT K XeTacMOMY Pe3yJILTATY.

TeM caMbIM, MOXHO COKpaTUThb HaboOp omepauuii AureOpsi A 10 IBYX
OMepalHii: <sh> (WIH <pi>) H <REMOVE> **

3aknouyeHue

basucoM AnreOphl A, ABIAIOLIEHCA anreOpoid OTHOILIEHHH B CTPOroM
MaTeMaTHYECKOM CMEBICIE, SIBJASIIOTCA ONEPAalldd PEIALIMOHHOIO OTPHLAHMSA
(1oTMOTHEHMA), PEIALHOHHON KOHBIOHKIIMM (MM AHIBIOHKIIHHU) U TPOCKLIMH
(ynaneHus atpudyra). PensiiMOHHbIe aHATOTH JOTMYECKUX OTepaliMi onpeae-
JITIOTCS B TEPMMHAX OTHOLUEHHH Ha OCHOBE OOBIYHBIX TEOPETHKO-MHOXECT-
BEHHBIX Ofepaliydii U MO3BOJISIIOT BhIPAXATh HAINPSIMYIO ONEepaliiy Tepecede-
HUsl, eKapTOBa MPOU3BEJCHHsI, €CTECTBEHHOTO COCAMHEHHUS H OOBbEeANHEHUS
otHoweHUH. ITyreM KOMOMHHpOBaHHS Ga30BHIX ONEpalldii BHIpaXaIoTCs Orle-
paLiMH TTepeMMEHOBaHHA aTpUOyTOB, COeIMHEHHUA ODIIEro BHMIa, B3ATHA pas-
HOCTH OTHOLLEeHUH. Airebpa A MO3BOJISET JIYULIE OCO3HATh JIOTHYECKUE OCHO-
Bl PEJIILIMOHHOM MOJAENH, XOTsA, Oe3yCIOBHO, ABISIETCA B MEHbILIEH CTEMEHHU
OpHMEHTUPOBAHHOM Ha MpaKTHYecKoe NMpUMeHeHue, yeM anredpa Konna.

Kak HaM kaxeTcsi, B METOAUYECKOM OTHOLIEHUH Ajrebpa A BaxHa,
TpeXae BCero, TeM, UTO B Hell peassUMOHHAs onepalius eCTECTBEHHOTO CO-
eNMHEHUS ABIAETCA OMHON U3 6a30BBIX OMNepalMii, B OTIHYHUE OT aIreOphl
Konna, roe aTa ornepalus UMeJIa BTOPOCTEIIEHHOE 3HaYeHHE. DTO BaxHO 10
TOW TPUYHUHE, YTO, KAK Mbl YBHIHUM B JIEKLIMH 7, ONepalus €CTeCTBEHHOTO
COeIMHEHHMS UTPaeT NEePBOCTENEHHYIO POJIb B KJIACCHYECKOM MOAX0Ie K IIpO-
€KTHPOBAHMIO PeJISLIMOHHBIX §a3 JaHHBIX HA OCHOBE HOPMAaJIM3alIHH.

* 3T0 «KOHCTAHTHOE» OTHOLIEHME, TeJIO KOTOPOro He 3aBMCUT OT TEKYHIEI'O COAEPXKaHUsA Tea
OTHOLIEHUA CIIVXAIUE.

** 1 KoHeuHO, B AnreOpe A, KakK U B aire6pe Konga, omkxHa MpUCYTCTBOBATh Oriepallus MPUCBa-
UBaHUS MepeMeHHOMH OTHOLICHMUS.
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Kypc OcHOBbI 623 faHHbIX

IIPO_HOM_HOMEP_IIPOEKTA

[IPO_HOM HOMEP_ITPOEKTA
1
2 2

CIIVEAIME <AND> IIPO_HOM_HOMEP_IIPOEKTA

CJIY_HOMEP CIIy_nMst CJIY_3APII ITPO_HOM HOMEP_ITPOEKTA

2934 HUBaHoB | 22400.00 I 1
2935 Iletpos 29600.00 1 1
2936 Cunopos | 18000.00 1 1
2937 ®enopos | 20000.00 | 1
2938 HMBaHosa | 22000.00 1 |
2934 HUBaHoB | 22400.00 2 2
2935 Iletpos 29600.00 2 2
2939 Cupopenko | 18000.00 2 2
2940 ®enoperko | 20000.00 2 2
2941 MBanenko | 22000.00 2 2

(CTIYRAIIME <AND> TIPO_HOM-HOMEP_IIPOEKTA) <REMOVE> (IIPO_HOM)

CJIY_HOMEP CIIY_UM4 CJIY_3API HOMEP_ITPOEKTA
2934 HBaHos 22400.00 1
2935 IleTpoB 29600.00 1
2936 CunopoB 18000.00 |
2937 ®enopos 20000.00 |
2938 HMBaHoBa 22000.00 1
2934 HBaHoB 22400.00 2
2935 IletpoB 29600.00 2
2939 CumopeHko 18000.00 2
2940 ®DenopeHko 20000.00 2
2941 HMBaHeHkKo 22000.00 2

Puc. 4.15. U306BLITOYHOCTD oniepaliiyd <RENAME>

96



Nekums 5 PensunoHHoe ncuucnesue

Jlexuua 5. BasucHblie cpeacTBa MaHUNYNIMPOBaHURA
penfauUoOHHbIMU AAHHbIMU: PEenaLUOHHOE UcHnucneHme

DTa JeKuMs 3aBepUIAeT MUK JIEKIHi, MOCBAIICHHBIX MAHUNYIAIHOHHOMY
ACNEKTY PEJIANMOHHON MO/Ie/IH AAHHBIX. MaTepHan JeKIHH HHTEPECeH U CaM Mo
cele, MOCKOJIBKY JIeMOHCTPHPYET, HACKO/ILKO ANNAPAT MATEMATHUECKOH JIOTHKH
ynpomaet ¢GopMyIHPOBKY 3aNPoCcoB K 6a3aM JAHHBIX.

KJiroueBble €J10Ba: MCUUCIIEHUE NIPEIUMKATOB TIEPBOIO MOPsIIKA, UCUUCTIE-
HMe KOpTeXel, KOpTexXHasl epeMeHHasi, oreparop RANGE, MpaBWIbBHO
noctpoeHHasi ¢popmyna (Well-Formed Formula, WFF), onepauus uMm-
TUIMKALlMM, METOM BIOXEHHBIX LUKJIIOB (nested loops join), KBaHTOp Cy-
wecTBOBaHUA (EXTSTS), KBAaHTOp BCEeOOWIHOCTH (FORALL), CBOOOIHAsA
nepeMeHHas1, CB3aHHasi nepeMeHHast, YMCJIOBbIe (PYHKUMHM Hal MHOXE-
CTBaMM, 1I€JIEBOI CIUCOK (target list), BHIpaXeHUE UCUUCICHUS KOPTE-
XeW, UICUUCIIEHUE TOMEHOB, YCIIOBHE WIEHCTBA, MPEAUKAT YWIEHCTBA, BbI-
paXeHUE UCUUCTIEHUS TOMEHOB, A3BIK 3anpocoB Query-by-Example.

BeBepneHue

INpennonoxum, 4To MeI paboTaeM ¢ 6a30i TAHHBIX, KOTOPAsi COCTOUT U3
OTHOULIEHUH CIIVKAIIUE {CJIY_HOM, CIY_WMMs, CIV_3API, IIPO_HOM} H [IPO-
EKTH {IIPO_HOM, TPOEKT_PVK, M[OPO_3APH} (B OTHOLIEHUU [TPOEKTH aTpH-
OyT IPOEKT_PYK COAEPXUT UMEHA CITYXKAIIUX, SIBISIOUIUXCS PyKOBOIUTEISAMU
MPOEKTOB, a aTpUOyT NTPO_3API — cpeliHee 3HAYEHHE 3apIUIaThl, TOJy4aeMon
y4aCTHUKAMHM TIPOEKTA), U XOTUM Y3HATb MMEHA U HOMEpPA CIyXalUIUX, KOTO-
pbie SIBJAIOTCA PYKOBOAMUTEISIMU MPOEKTOB CO CpeAHei 3apaboTHOH IUIaTOM,
npeBbimaiomeit 18000 pyo6.

Ecnu 661 Juist GOpMYJTUPOBKHM TAKOTO 3aTIpOCa MCIOJb30Baach PENsLM-
OHHas ajirebpa, To Mbl TOJIYUWIH Obl, HANIPUMEP, Clieaylollee atredpandeckoe

BbIpaXXEHHE:
(CIIVKAIME JOIN MPOEKTH WHERE (CIV_UMSA = [POEKT_PYK AND

NIPO_3APII > 18000.00)) PROJECT (CIY_UMs, CIY_HOM)

DTO BBIpAXXEHHE MOXHO OBUTO OB MPOYMUTATH, HATIPUMEP, CJICAYIOUIUM
obpaszoM:
® BBINIOJHUTH SKBUCOEAUHEHHUE OTHOLIEHUN CIIVXAINNE U TPOEKTH IO yClio-
BUIO CJIY_HOM = IIPOEKT_PVK;
® OrpaHUYHTDb MOJTYYEHHOE OTHOLLIEHUE MO YCJIOBUIO [TPO_3APII > 18000.00;
® CIpOELMPOBATh PE3yNbTaT NPeAbIAYIIEH onepaluMu Ha aTpubyT CIIV_UM4,
CJIY_HOM.
Mbi yeTKo chOpMynHpOBaIH MOCIEAOBATEIBHOCTD LLIATOB BBITIOJIHEHHS
3aMpoca, KaxIblid U3 KOTOPBIX COOTBETCTBYET OAHOMN PEJISILMOHHOM OTepalMH.
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Kypc OcHoBb! 6a3 AaHHbIX

Ecsu xe cpopMynupoBaTh TOT Xe 3apoC C UCITOIB30BAHUEM PEISIIMOH-
HOTO HUCUYMCJIEHUS, KOTOPOMY IMOCBSIIAETCS 3Ta JIEKLHMS, TO MBI [TOJYYWIH Obl
JIBa OTpeeSieHUs MepeMeHHBIX:

RANGE CIVXAIUA IS CIVXAILME H
RANGE TIPOEKT IS [POEKTH

H BBIDAXCHHE

CHYRAIVNA . CIIY_¥MA, CIVXRAUWKI.CITY _HOM
WHERE EXISTS (CIIVEAUMA.CIY_UMS = IPOEKT.IIPOEKT_PVK
AND IIPOEKT.ITPO_3APH > 18000.00).

DTO BBIpPAXXEHUE MOXHO ObLIO OBl MPOYUTATh, HANPUMED, CACAYIOILUM
o6pa3oM: BbLAATh 3HAYE€HUS CJTY_VMS U CJTY__HOM [UIs1 KaXIOTO KOPTEXa CIyXa-
LUIMX TAKOrO, YTO CYLIECTBYET KOPTEX MMPOEKTOB CO 3HAYEHUEM IIPOEKT_PVK,
COBITAfAIOIUMM CO 3HaYeHHUEM CJIY_HOM 3TOro KOpTEXa CIYXKALUIUX, U 3HAYEHU -
€M [IPO_3API, 6ojablurM 18000.00.

Bo BTOpOIit HOPpMYTUPOBKE MBI YKA3TH JUILb XaPAKTEPUCTUKHU PE3YABTU-
PYIOILETO OTHOIIEHMS, HO HUYETro He CKa3au o crtocobe ero ¢ropmuposaHusi. B
3TOM CJIyyae CHCTEMa caMa JOJ/DKHA PELIMTDb, KaKUe OMepalii U B KaKOM IO-
PSUIKE HYXXHO BBITIOJTHUTD Haf OTHOHICHUSMU CIIVKAIME U [TPOEKTH. OOBIYHO
TOBOPSIT, 4TO airebpandeckast (opMyJIMpOBKa SIBJISIETCS] TPOLIEAYPHOM, T. €. 3a-
JapIei MocaenoBareIbHOCT ACHCTBUI U1 BBIMIOJHEHUS 3aMpoca, a Joruye-
cKasi — OTIMCaTEIbHOM (IH N€KJIapPaTUBHOM ), MOCKOMBKY OHA BCETO JIUIIb OMU-~
CBHIBAET CBOMCTBA Xe1aeMoro pe3ynbrata. Kak Mbl yKa3plBAIM B HA4YaJIe JIEKIIUU
3, Ha caMOM JieJie 3TH 1Ba MEXaHU3Ma 3KBUBAJICHTHBI, M CYIICCTBYIOT HE CIULI-
KOM CJIOXHBIE TIpaBHiIa peobpa3oBaHusl oMHOTO opMain3Ma B APYTOM.

PeasaiimoHHOE MCYUCIEHUE SIBASIETCS TPUKIAAHON BETBBIO (DOPMATBLHOTO
Me€XaHU3Ma UCYUCIEHHUS MPEeIUKaTOB MEpBOro rnopsiaka.* B ocHose Ucuucie-
HUSI JICXUT ITOHSTHE MEPEMEHHOM C ONPEACICHHOM Uis1 Hee obacThio foMmyc-
TUMBIX 3HAaY€HU U MOHATUE NMPABUIBHO MOCTPOEHHON (HOPMYJIBI, ONUPAIO-
11ekicss Ha NepeMEeHHbIE, TPEAUKATLL U KBAHTODDI.

B 3aBUCHMMOCTH OT TOTO, YTO SABJISIETCS] OBJIACTHIO ONPEAETIEHUS IEPEMEH-
HOM, pa3jMyaloT UCYUCIIEHUE KOPTEXEH U UCYMCIIeHHE TOMEeHOB. B ucuyucie-
HUM KOpTeXei 00J1acTsIMU ONpENENeHNs] IEPEMEHHBIX SBJISIOTCA Teaa OTHO-
WeHUi 6a3bl JaHHBIX, T. €. JONYCTUMbBIM 3HAYEHUEM KaxXA0H NEpEMEHHOM SB-
JISETCS] KOPTEX TeJla HEKOTOPOro OTHoLIeHUA. B ucuncienuu noMeHoB obJac-
TSIMU OTNPENCICHUS 1€ PEMEHHBIX ABJSIOTCS JOMEHBI, Ha KOTOPBIX OMPEAEEHBI
aTpuOyThl OTHOHIEHUH 6a3bl NAHHBIX, T. €. JOMYCTUMbIM 3HAYEHUEM KaxXIoH

* 310 COBCEM HE O3HAYAET, UTO JUISi TOHUMaHHUS STOH JIEKUHH Tpe6ye'rc;1 3HAaHUEC UCHHUCIICHUSA TIPE-
IMKATOB. ABTOP CTPEMHIICS K TOMY, 4TOOBI MaTCpHaJl JICKUHHU 6bUT B OCHOBHOM CaMOIOCTATOYHBIM.
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Jlexums 5 PenaunoHHoe ncuncnenne

nepeMeHHOMH ABMISETCSI 3HaYeHHE HEKOTOPOro moMeHa. MBI paccMoTpuM 6oi1ee
noapoOGHO UCYHUCIEHHE KOPTeXe, a B KOHLIE JIEKUMH KOPOTKO OIUIIEM OCO-
OGEHHOCTH UCYHCIICHHS TOMEHOB.

Kak ¥ B j1eKIIMAX, MOCBSIIIEHHBIX PEIAIIMOHHON anredpe, B 3TOMH JICKUMH
HaM He yaacTcs u36exXaTh UCIOJIb30BAHHS HEKOTOPOTrO KOHKPETHOTO CHHTAK-
CHCa, KOTOPBIii MBI TeM He McHee GopMalbHO ONpeIessaTh He OyaeM. Te win
HHBlE CHHTAKCUYE€CKHE KOHCTPYKLUM OyyT BBOAUTHCS MO Mepe HEOOXOAUMO-
CTH. B COBOKYITHOCTH MCIONB3yeMBIH CHHTAKCHC OJIM30K, HO HE MOJHOCTHIO
COBIMAJaeT ¢ CHHTAKCHCOM s3biKa 6a3 nanubeiXx QUEL, KoTopEIii nonroe BpeMs
ABJISUICS OCHOBHBIM A3BIKOM M3BeCTHOM pesissuroHHoit CYB/I Ingres.

Ucuncnenmne koprexen

st onpenelieHU KOPTEXHOM MNEpEeMEHHOW HCIIONb3YEeTCA OlepaTop
RANGE. Hampumep, it TOro 4TOOB! ONpeaeiuTh NepeMeHHYIO CIIVKAILNT, 06-
JIACTBIO OMpeAe/CHUSI KOTOPOU ABIseTCS OTHOLIEHUE CIIVKAIME, HYKHO YIO-
TPEOUTh KOHCTPYKLIUIO

RANGE CIIVEKANMA IS CIIVEKANKE

Kak yxe roBOpujIoCh, U3 3TOr0 OIpeaesIeHHs CIedyeT, YTO B 11000 Mo-
MEHT BpeMeHH TepeMeHHast CITYXALNA npeacTaBisieT HEKOTOPBI KOpPTeX OT-
HoleHHUs CITYXAIUE. TIpy MCMONb30BAHUM KOPTEXHEIX MEepeMEeHHbIX B GOp-
MyJIaX MOXHO CChUIAThCAd Ha 3HAYeHHe aTpubyTa nmepeMeHHOM (3TO aHAJIOTHY-
HO TOMY, KaK, HarpuMep, TpH TIPOrpaMMHMpPOBAaHHMK Ha A3bike C MOXHO CO-
CaThcsl Ha 3HAYEeHHeE MoJIs CTPYKTYpHO# NepeMeHHol). HanmpuMep, uist Toro,
YTOOLI COCNATHLCA Ha 3HAYeHHe aTpubyTa CJIV_MMA mepeMeHHOM CIIVEAINM,
HYXHO YTOTPEOUTh KOHCTPYKLHIO CITVRAINA . CITY_MMA.

MpaBuibHO NOCTPOEHHbIE GOPMYIbI
IIpaBunbHO moctpoeHHas dopmyaa (Well-Formed Formula, WFF) cny-
XWT JUIS1 BIpaXKEHUs YCIOBUM, HAKJIAbIBAEMbIX HA KOPTEXXHbIE TIEPEMEHHBIE.

lMpocrtbie ycnoBus

OcHoBoit WFF gBAsIOTCS NPOCTHE YCIOBHSI, TPEACTaBASIONIME COBOi
OTepallMM CPABHEHUST CKAUTSIPHBIX 3HAYeHUH (3HAYEHMIA aTpUOYTOB MepeMeH-
HBEIX WIH JIMTEPATBHO 3alaHHBIX KOHCTaHT). Hanpumep, koHCTpyKiMu

2934 n
[IPOEKT.IIPOEKT PVK

CITVXAINWA , CTIV_HOM
CITVEAINHA . CTTV_HOM

SABJIAIOTCA TNIPOCTBIMHU YCIIOBHUAMM. HepBoe YCIOBUE NPUHHUMAET 3HAYECHUE frue
B TOM H TOJIBKO B TOM CJIydac, Koraa 3Ha4¢HHEC anPIGYTa CIIY_HOM KOpTC)KHOfl
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Kypc QOcHoBbl 6a3 AaHHbLIX

rnepeMeHHOM CIIVXAINA paBHO 2934. Bropoe ycliOoBHE MPUHUMAET 3HAYECHHUE
frue B TOM U TOJBKO B TOM CJIy4yae, KOrja 3Ha4eHUs1 aTpUOyTOB CJTY_HOM M IIPO-
EKT_PVK nepeMeHHBbIX CIIYXAUNY U MTPOEKT COBHAAAIOT.

ITo onpenenenuio, npoctoe cpaBHeHue sisnsiercs WFF, a WFF, zaknio-
YeHHasl B KpyTJible CKOOKH, TIPEICTaBIIsAeT CODOM MPOCTOE CpaBHEHHUE.

Bbonee cnoxHbre BapuaHThl WEF CTpOSITCSI C MOMOILLBIO JIOTHYECKUX CBSI-
30K NOT, AND, OR M IF ... THEN* C y4eTOM OObIYHBIX IIPHOPUTETOB OIlepaLMi
(NOT > AND > OR) M BO3BMOXHOCTH paCCTaHOBKH CKOOOK. Tak, eciu form —
WFF a comp — npocToe cpaBHeHHWe, TO NOT form, comp AND form, comp OR
formM IF comp THEN form siBasiiorcst WEFFE,

st mpuMepoB BOCIIOIb3yeMCSl OTHOLIEHUSIMU CJTYXAINE, TIPOEKTH U HO~
MEPA_IPOEKTORB U3 npenblaylliei JeKLHUH (CM. pHc. 5.1).

IlpaBMJIBHO MOCTPOEHHOHM ABJSAETCS caenyiowas popmyna:

IF CIV¥AIMA.CIIY_JMS = ‘lMBaHoB'
THEN (CIIYXADW.CIIV_3API >= 22400.00 AND CHIVXAIVA.IIPO_HOM = 1)

3ta ¢popmyna OyaeT NMPUHUMAThL 3HAYEHUE frue NSl CAEAYIOUIMX 3Hauye-~
HUI KOPTEXHOH MepeMeHHOM CITYXAINN:

CJTY_HOMEP CITY_VM4 CIIY_3API MTPO_HOM
2934 HraHoB 22400.00 1
2935 Iterpos 29600.00 1
2936 CuaopoB 18000.00 1
2937 ®enopoB 20000.00 |
2938 HBaHosa 22000.00 1
2935 IleTpos 29600.00 2
2939 CuaopeHKo 18000.00 2
2940 ®enopeHkKo 20000.00 2
2941 HMBanenko 22000.00 2

KoHeyHo, HyXHO NpeJCTaBIsITh Ce0e KAKOH-HUOYIb CIIOCO0 peain3aluu
CUCTEMBI, KOTOpasi cMOXeT no 3agaHHoi WFF npu cylecTByioltieM COCTOSSHUA
6a3bl JAaHHBIX TTPOM3BECTH TaKOM pe3yasrar. M TaKuM OYE€BUAHBIM CHOCOOOM
SIBJIAETCS CJAEAYIOLIUI: B HEKOTOPOM NMOPSIIKE IPOCMOTPETH 00J1aCTh onpeaeie-
HUsI IEPEMEHHOM U K KAKIOMY 0YEPENHOMY KOPTEXY MPUMEHUTS yCIoBUE. Pe-

* Yepes IF .. THEN 37ech 0D0O3HAYAETCH ONHA M BAXHBIX JIOTHYECKUX QYHKUMIA — MMIUTMKALIKSA.
Ilo onpeneneHuio, IF a THEN b = NOT a OR b. XOTH ollepaliyst HMILTHKALMH ABISETCS U30bI-
TOYHOM, OHA SIBHO BBOAUTCA B PEISALHUOHHOE UCUMUCIEHHE, IIOCKOBKY YacTo TpebyeTcd Ha IpaK-
TUKE JUIs] BBIPAXEHHS] YCIOBMIA.
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Nekuma 5 PenaunoHHoe ncuncnenune

CIIVXAIME
CJIY_HOMEP CIHy_umsa CIly_3API [IPO_HOM

2934 MBaHos 22400.00 1
2935 ITeTpos 29600.00 |
2936 Cunopos 18000.00 |
2937 denopos 20000.00 |
2938 MBaHosa 22000.00 1
2934 HpaHos 22400.00 2
2935 [Tetpos 29600.00 2
2939 CHIOOpEeHKO 18000.00 2
2940 denopeHko 20000.00 2
2941 MBaHeHKO 22000.00 2

IIPOEKTH

[TPO_HOM [TPOEKT_PVK
MBaHoB
2 MBaHeHKO

HOMEPA_TIPOEKTOB

IPO_HOM
1
2

Puc. 5.1. IIpuMepHble 3HaYEHUSA OTHOLIEHUH
CIIVXAIIME, ITIPOEKTH 1 HOMEPA_TTPOEKTCB

3YJIETATOM OYIET TO MHOXECTBO KOPTEXeH, JUIs1 KOTOPHIX IIPH BEIYHUCIECHUH YC-
JIOBUS TIPOM3BOAMTCS 3HAUeHUE frue. OUEBUTHO, YTO PE3Y/IBTAT IKBUBAJICHTEH
BBHITMIOJIHEHMIO ayireOpanvecKoil onepauuy CIVEANME WHERE (NOT (CIVXA-
IMA.CIIY_UMA = ‘Usa=oB’) OR (CAVKAIMNA.CIY_3APO >= 22400.00 AND
CAVKAIIMIA . TPO_HCOM = 1) Hall OTHOIIEHUEM, TEIO KOTOPOTO MPEACTABIISIET CO-
60i1 0bs1acTh onpeaeneHUs1 KOPTEXKHON IepeMEHHOM.

ITycTh MMeETCA CIEeAYIOLIEE OIPEAEIeHHUE KOPTEXKHOM IIEpeMEHHOM TTPOEKT:

RANGE TIPCEKT IS ITPOEKTH

Bor ellie mpyMep MPaBUITLHO TTOCTPOSHHOMN (OpMYJIbL:
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Kypc OcHoBbl 623 AaHHbIX

CIIYXAIMM . CJTV_UMS = TIPOEKT.IIPOEKT_PVK

3T1a popMyna byaeT IpUHUMATh 3HaUeHHE frue TS CASAYIOLIMX nap 3Ha-
YEHHH KOPTEXHBIX NEPEMEHHBIX CJTVKALNY U TPOEKT:

CIIVXALIUE [TPOEKTHI
CIY_HOMEP | Ciy_mMs | CTIV_3APN | IPO_HOM MPO_HOM | TIPOEKT_ BYK
2934 Hpanos |22400.00 1 1 HBanos
2941 M BaHeHKo | 22000.00 2 2 HBaHeHKO
2941 HBanos |22400.00 2 1 HBaHOB

OueBUIHBIN CIOCOO peaM3alliy CUCTEMBI, KOTOpas o 3amaHHoi WFF nipu
CYLIECTBYIOIIEM COCTOSIHMH 0a3bl JaHHBIX TIPOM3BOIHT TaKOM PE3YJIBTaT, 3aKITHO-
yaeTcsl B ceay1oieM. B HEKOTOPOM TopsiiKe MPOCMaTpUBATL 001aCTh OMpeesie-
HUSI (HalIpUMeEp) NMEPEMEHHOM CITYXAIINH. [171s1 KakIOro TEKYLIEro KOpPTexXa U3 06-
JIaCTH OMIPEAENICHHs! TIepeMEeHHOM CIIVXAINY nmpocMaTpuBaTh 061aCTh OIpeaee-
HMSI TIEpEMEHHO [TPOEKT. OcTaniiiTh B 06JIaCTH UCTUHHOCTH T€ TIaphl KOPTEXEH,
IUIS1 KOTOPBIX hOopMy/a MPUHUMAET 3HaueHHUE frie. BO3MOXEH U albTe¢pHATUBHBIN
MOIXOM; HauaTh MPOCMOTP € 001aCTH OMNPENETCHUsI TIEPEMEHHOM [TPOEKT, U 1A
K2XII0TO KopTexa [IPOEKT MpOoCMaTpUBaTh O0JIACTb oTipeaeneHus CIIVXAILNIA.

3nech HYXXHO CIEIaTh HECKOJIbKO 3aMevaHui. Bo-niepBhIX, ey 61 B 1aH-
HOM CJTydae (hopMyJia ObLTa TOXIECTBEHHO HCTUHHON (HalpUMep, HMeJla BU]I

CIIYKAIVMA, CITY_UMS) AND
NIPOEKT .IIPOEKT_PVK) ),

(CITYXALMNA . CTTY_NMS =
(ITPOEKT.IIPOEKT_PYK =

TO 00J1aCTbI0 UCTMHHOCTH 3TOH (POPMYABI ABISUIOCH ObI IEKAPTOBO NPOU3BENE-
HMe (B CTPOTOM MaTeMaTUUECKOM CMBIC/IE) TeJ OTHOIICHMIA CITYXAIMI ¥ TPOEKT.
B penssiMOHHOM MCUMCICHHUM KOPTEXKEH, KaK ¥ B PEISILMOHHON anrebpe, npu-
HSTO UMETD €70 € oTIepalKeil paCLUMPEHHOTO J€KAapTOBa IMPOU3BEACHUS, U 110~
3TOMY CUMTAETCs, YTO B MOMOOHBIX ClTydasx ob1acTbio MCTUHHOCTH WEF saBnsi-
€TCSl OTHOLUEHME, 3aTOJOBOK KOTOPOIO MPEACTABAsIET COO0H 0OBeIMHEHHUE 3a-
TOJIOBKOB OTHOLUCHHWH, HA T€IaX KOTOPBIX OMPEIEACHBI KOPTCXHBIC NMEPEMeH -
Hbl€, @ KOPTEXHU SIBISIOTCA OObEeIMHEHUEM COOTBETCTBYIOIUX KOPTEXEN U3 06-
JlacTel ornpeneneHus nepeMeHHbIX, [Ipy 5ToM MMs aTpubyTa pe3yJIbTUPYIOIIIEe-
IO OTHOLICHHUS YTOUHSETCS IMEHEM COOTBETCTBYIOUIEH nepeMeHHOH. [1osToMy
MpaBWIbHEe O6bLI0 6bI H300paXkaTh 061aCTh UCTUHHHOCTH (POPMYJIBI

CIYKAIMA . CTIY_UMSI = MPOEKT.IIPOEKT_PVK

CIENYIOLIMM 06pa3oM:
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Nekuma 5 PensiumMoHHOe NCHUCNeHue
CIYRALNUR CITY KA. CIYXAIMN. CITY XA, ITIPOEKT. ITPOEKT.
CJTIY_HOMEP CITY_1M3 CJIY_3API MTPO_HOM MMPO_HOM | MPOEKT_PVK

2934 HBaHoB 22400.00 1 HBaHoB
2941 HWBanenko | 22000.00 2 2 HWBanenko

Bo-BTOpBIX, KaK BUAHO, TIOKA3aHHOE PE3YJIBTUPYIOLLEE OTHOIICHHUE B TOY-
HOCTH COBIIAIacT ¢ PE3yJILTATOM AIre0panvyecKon omnepanuu CIYXANUE JOIN
[IPOEKTH WHERE CIY_UMS = ITPOEKT_PVK C y4eTOM OCOOEHHOCTH UMEHOBAHHS
arpubyTOB pe3yILTMpYIONIero oTHomeHHs. HakoHell, 3aMeTHM, 4YTO OMMCaH-
HBI# BBIIIE CIIOCO6 peau3allii, KOTOPHIA MPUBOAUT K MOJYUYEHHIO 00JaCTH HC-
THHHOCTH PACCMOTPEHHOI HOPMYJIbI, B AeHCTBUTEILHOCTH SB/IsAETCS Haubosee
o0UIMM (M 3a4aCTyi0 HEONITHUMAILHEIM) CTTIOCOOOM BBITIOMHEHHUS OIEPALIMiA CO-
eIMHEHHS (OH HA3bIBACTCS METOMIOM GAONCEHHBIX UUKA08 — hested loops join).

KsaHTOopsi, cBO60AHBIE U CBA3AHHBIE NepeMeHHbIe

Ipu noctpoenun WFF nomyckaercs MCNoab30BAHUE KBAHTOPOB CYLIECT-
poBaHusA (EXISTS) u Bceoburnoctv (FORALL). Eciu form — 310 WFF, B koTO-
pOH yJyacTBYET IepeMeHHAas var, TO KOHCTPYKUMH EXISTS var (form) W
FORALL var (form) npeacrapiustor coboit WFE [lo onpenenenuio, popmyina
EXISTS var (form) NIpUHMMAET 3HAYEHME frie B TOM U TOJBKO B TOM CJIyyae,
€CJIM B 00JIACTH OIpeaeAcHHS NepeMeHHOMN var HaiaeTcs XOTsa Obl OMHO 3HAYe-
Hue (Koptex), mwig koroporo WFF form npuHuMaer 3HayeHue true. @opmyna
FORALL var (form) IpHHUMAET 3HAYEHME frue, €CIIU U BCEX 3HAYEHHH TIepe-
MEHHOM var U3 ee o6actu onpeneneHust WEF form IpyHUMaeT 3HaYeHUE frue.

IMepeMennbie, Bxoasiine B WFE, MOTYT OBITh c60600HbiMU VITH C@A3AHHBI-
mu. [1o ornpeneneHuio, Bce rmepeMeHHbIe, Bxogsamue B WFF, npu moctpoeHuu
KOTOPOii He UCIOJIb30BATNCH KBAHTOPHI, ABISIOTCA CBOGOAHBIMU. (DakTHYeC-
KM, 3TO 03HAYaEeT, YTO €CJIH VI KaKOro-To Habopa 3HaYeHUH CBOGOJHEIX KOP-
TEXHBIX NIEPEMEHHBIX MPU BEIYUCIeHHH WEFF nosyyeHo 3HaueHue frue, TO 3TH
3HAYEHUS KOPTEXHBIX IIEPEMEHHBIX MOTYT BXOAUTh B PE3YJIBTHPYIOIIEE OTHO-
uieHue. ECiIM e UMs IepeMeHHOM MCITOIB30BaHO cpa3y IMocjie KBaHTOpa IpH
noctpoeHun WFF Buna EXISTS var (form) wid FORALL var (form),TOB
a1oii WFF U Bo Bcex WFF, NOCTpOEHHBIX € €€ YUacTHEM, var SBISETCS CBSI3aH-
HOI IepeMEeHHOM. DTO 03HAYaeT, UYTO TaKas NepeMeHHasi He BUIHA 3a Ipeaea-
Mu MuHuManbHOi WFF, cBsizaBuieit oty nepeMeHHyto. [1pu BEIYMCIIEHUH 3Ha-
yenus Takoit WFF ucnonb3yercss He oIHO 3Ha4eHUE CBA3AHHOM NMepeMEeHHOH,
a BcA 00J1aCTh €€ ONpeacIeHHUS.

IycTh 3nech ¥ Aajiee B 3TOM pasaese CIIV1 U CIIY2 NMpeAcTaBIsioT co0oil ne
KOPTEXHBbIE IIepeMEHHEIE, OTIpeicIeHHbIE Ha OTHOMIeHUH CITYXANUE. Torna WFF

EXISTS CIV2 (CIY1.CIY_3APIl > CJY2.CJIY_3API)
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Kypc OcHoBbI 623 AIaHHbIX

IUIs1 TEKYLIETO KOPTEXKA NepeMeHHoM CITV1 NpUHUMAET 3HAaYEHUE triue B TOM H
TOJIBKO B TOM CJIy4ae, €CJIM BO BCEM OTHOLIEHWM CIIVKAINE HAWAETCA TAaKOU
KOpTeX (aCCOLIMMPOBAHHBIN C MEpeMeHHOMH CJTY2), YToObl 3HAYEHHUE ETO aTPH-
6yTa CJIV_3APII YIOBJIETBOPSUIO BHYTPEHHEMY YCJIOBHIO CpaBHEHHUS. JIerko BU-
IeTb, 4yTo 3Ta GopMysia IPUHHUMAET 3HaUeHUE true TOJABKO ATl TeX 3HAaUeHUH
KOPTEXHOI NepeMeHHOH CJIV1, KOTOpPBIE COOTBETCTBYIOT CJIYXXKAlIUM, HE T10JTy-
YAOLIMM MUHUMaIbHYIO 3apIuiaTy. COOTBETCTBYIOLIEE MHOXECTBO KOPTEXEH
TOKa3aHo Ha pHc. 5.2a (A1 TeJla OTHOIIeHUs CIIVXANUE U3 puUc. 5.1).

(a) O6nacth uctuHHoct WFF
EXISTS CHIV2 (CIV1.CIY_3API > CIV2.CJIY_3API)

CJIY_HOMEP CIIy_UMA CIIV_3API ITPO_HOM
2934 WBaHoB 22400.00 1
2935 IleTpoB 29600.00 1
2937 ®enopos 20000.00 1
2938 HBaHoBa 22000.00 1
2934 HUBaHoB 22400.00 2
2935 IMetpos 29600.00 2
2940 ®enopeHKo 20000.00 2
2941 HMBaHeHKo 22000.00 2

(b) Obsactb ucTuHHOCTH WFF
FORALL CHV2 (CIV1.CIY_3API > CIV2.CIY_3API)

CIIy_HOMEP CIIy_ums CIIV_3API [TPO_HOM
2935 ITetpos 29600.00 1
2935 ITetpos 29600.00 2

Puc. 5.2. TIpuMepsl paBUIbHO NOCTPOEHHBIX (GOPMYJI C KBAHTOPAMHU

ITpaBWIBHO TOCTpOEHHas1 popMyia

FORALL CIIV2 (CIV1.CIV_3APIl > CIV2.CJIY_3API)

JUTSL TEKYLIETO KOPTEXa MepeMEHHOI CITV1 TIpUHUMAeT 3HaYeHHE frue B TOM U
TOJNILKO B TOM CJIy4ae, €CJTM TSI BceX KOpTeXeil oTHolleHUus CIVAAIUE (CBSI-
3aHHBIX C TIepeMeHHOM CITV2) 3HayeHus aTpubyTa CJIV_3API YIOBJIETBOPAIOT
yCJIOBUIO cpaBHeHMs:, CHOBA JIETKO BHUAETh, UTO (HOPMyJia IPUHUMAET 3HAYE-
HHE frue TOJBKO IS TEX 3HAUeHUH KOPTEXHOM MepeMEeHHOM CJIV1, KOTOpbIE
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Nexumns 5 PensuuoHHoe ucumcneruve

COOTBETCTBYIOT CJIyXalllMM, MOJy4YalollUM MaKcUMasbHylo 3apruiary.* Coor-
BETCTBYIOILIEE MHOXECTBO KOPTEXEi MoKa3aHo Ha puc. 5.2b.

OueBUAHO, YTO MOKA3aHHBIE HA PUC. 5.2 OTHOILLEHHUS COOTBETCTBYIOT YC-
JIOBUSIM 06enx popmy. HO Kak B JaHHOM cTyyae MOXHO peaiu30BaTh CUCTe-
My, KOTOpasi o 3alaHHOi opMyJie MPOU3BOAUT NpaBWIbHBIN pe3ynsrar? Ha-
ubojiee OYEBUAHBIA CrOco0 MHTEPHpETALUM OOEUX OOCYXAABIUMXCS BHILIE
dbopMmy creayiommii. B HEKOTOpOM nopsiike MpocMaTpuBaTh 061acTh OTNpeae-
JIEHHUsI CBOOOJHOM KOPTEXHOM MepeMeHHOM CIIV1. [ KaxXaoro ouepeaHoro
KOpTeXa U3 00/acTu ompeaeneHuss CIV1 npocMaTpuBaTh 00NacTh OMpeaesie-
HUS CBA3aHHOM IepeMeHHOM CJIY2 A0 TeX MOp, ITOKa HE OYAET YCTAHOBIEHO UC-
TUHHOCTHOE 3HaYeHHe (DOPMYIBL ISl JAHHOTO KOpTexa CJIV1 (B ciiyyae HajlM-
YU KBAHTOpA CYLIECTBOBAHMUS MPOLECC MPOCMOTpa AJisl CIIY2 MOXHO OCTaHO-
BUTb NMOCJie HaXOXIOEHUs MEPBOro KOpTeXa, i KOTOPOro 3HaYe€HUEM IOA-
dbopMynbl, HaxodsAleHca NOA 3HAKOM KBAaHTOpA, CTAHET frue; NpU HAIUUUH
KBaHTOpa BCEOOIIHOCTH HEOOXOAUMO MPOCMOTPETh BCIO 00J1aCTh OMpeaesie-
HUst CJIY2). 3aMETUM, YTO 3/1eCh MbI CHOBA TMOJIyYaeM JBa LUKJA, KaK U MpH
untepnpetaliuy WFF ¢ 1ByMsi CBOOOIHBIMHU TepeMEHHBIMH. Ho B JaHHOM
Cllyyae BO BHELLIHEM 1LIMKJIE 0653aTeIbHO TPOCMATPUBAETCA 001aCTh ONpeaee-
HMS1 CBOOOIHOM NepeMeHHOM.

Ha caMoM gene, mpaBUJIbHEE TOBOPHTD HE O CBOOOMHBIX U CBSI3AHHBIX I1€-
PEMEHHBIX, a 0 CBOOOIHBIX U CBSI3aHHBIX BXOXIEHUSIX NepeMeHHBIX. Ecu me-
peMeHHas1 var saBnsiercs cBsa3aHHo B WFF form, To Bo Bcex WFE, Bkiouaio-
UX form, BHE form MOXET UCTIOIb30BATLCS BXOXKIAESHUE TOTO Ke UMEHMU TTepe-
MEHHOM var, KOTOpOo€ MOXET ObITh CBOOOJHBIM MJIH CBSI3aHHBIM, HO B JIIOOOM
cJlyyae He MMeeT HUKAKOro OTHOILIEHMS K BXOXIECHMUIO MEPEMEHHOW var B
WFF form. BoT npuMep:

EXISTS CIy2 (Cnyl.MPC_HOM = CIJIV2.IIPO_HOM
AND CIIY1.CJIY_HOMEP CJIV2.CJIY_HOMEP)
AND FORALL CJIY2 (IF CIIY1.IPO_HCM = CJV2.[IPO_HOM
THEN CIIY1.CJIY_3API = CJIV2.CJIY_3APIH)

D1a dopMysa MIpUHUMAET 3HAYEHUE frue TOJIbKO [UISl TeX 3HAUCHUH nepe-
MEHHOH CIIV1, KOTOphI€ COOTBETCTBYIOT C/IYXXKAILIUM, YYAaCTBYIOLLUUM B ITPOCKTAX
¢ 0ojiee YeM OJHUM YYaCTHUKOM, MPHUYEM BCE YYACTHUKM MPOEKTa MOJy4yaroT
OIHY U Ty Xe€ 3apIuiary. 3A¢Ch Mbl IMEEM JIBA CBSI3aHHBIX BXOXAECHUS MTEPEMEH -
HO#1 CJTY2 ¢ COBEPILIEHHO pa3HbIM CMbICTIOM. [py6o roBopsi, IUist TEKYLUETO 3Ha-
YeHUs MEPEMEHHOMN CITV1 mepeMeHHas CIIV2 ABa pasa «[IpoOeXUT» CBOIO 00-
JIACTh OTpeAeIeHUS. — NEPBBIN pa3 MpH BLIUUCIEHUH YacTH (HOPMYJBI C KBaH-

* YnpaxHeHue pig uuratesneid. [loueMy B nepBoit popMyiie (¢ EXISTS) HCHOAB30OBAHO YCIOBUE
CIV1.CIY_3AP > CJIV2.CNV_3API, a Bropoii dopmyie (c FORALL) —
CNV1.CNY_3AP > CNV2.CNV_3APN?
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Kypc OcHoBbl 6a3 AaHHbIX

TOPOM CYLIECTBOBAHMS, a BTOPOM MPH BHIYMCIEHHH YacTH ¢ KBAHTOPOM BCe-
o6urHocTH. KeTati, K TOMY Xe pe3yJIsTaty npuBeneT ¢hopMynia ¢ OMHUM KBaH-
TOPOM BCEOOIIHOCTH BHJIA:

FORALL CJIV2 (IF {(CJIY1.MIPO_HOM = CJIY2.[PO_HOM AND
CIIY1.CJIY_HOMEP CJIV2.CJIY_HOMEP)
THEN CNV1.CHNY_3API = CHY2.CJIY_3APIH)

Jlerko 3aMeTHUTb, YTO KBAHTOPBHI MOXHO TpPaKTOBaThb KakK OYJIEBCKHE
¢yakuny (GyHKIUM, TIPUHUMAIOIIHE 3HAYEHUS friie WIH false) Hal MHOXECT-
BOM 3Ha4€HHH CBSI3aHHOH KOPTEXHOM nepeMeHHOH. C TEM XKe YCTIEXOM MOX-
HO BBECTH B PeSILMHOHHOE MCUHMCIIEHHE YHCIOBLIE (PYHKIIMH Hal MHOXECTBA-
MH, TakMe, Kak MIN (MHHHMAaJIbHOE 3Ha4eHHe), MAX (MaKCMMAJIbHOE 3HaYe-
HHUe), AVG (CpenHee 3HAYEHHUE) U T. 1.

B aTom ciyyae MoxHO ObLIO OBl HanMcaTb, HanpuMep, WEFF

CIy1.CIy_3API > MIN CIV2.CIIY_3APIl (CJIIV1.TIPO_HOM = CINV2.MPO_HOM)

B 00JIACTM MCTMHHOCTH KOTOPOH COIepXKaTcsi BCE KOPTEXH OTHOULICHMS
CJIYXAIYE, COOTBETCTBYIOLIHE TEM CIYXAIIUM, KOTOpbie MOJy4yaloT 3apa-
OOTHYIO TUIATY, NMPEBLIIIAIOIIYI0 MUHHMAbHYIO 3apTIIaTy CIyXaulux, y4a-
CTBYIOUIMX B TOM Xe npoekTe. [IOHSTHO, 4TO U NOJXYYeHUst pe3yJbTHPYIO-
HIEro OTHOUIEHHUS MOXHO HHTEPIPETHPOBATh (GOPMYJTY TAKHM Xe 00pa3oM,
Kak B 00CyXnaBllieMCsl BHIIIE CJIy9ae HATHYHSE KBAHTOPOB.

LleneBble CNIUCKN U BbIPaXEHUN PENALUMNOHHOIO UCHUCNEHUNA

Hrakx, WFF obecnieunBaloT cpeactpa (GOpMYJIMPOBKH YCJIOBHS BBIOOPKH
u3 otHommeHui B/I. YToOnl MOXHO OBUIO HCHOJb30BATh UCUYMCIEHUE TSI pe-
anbHOM pa6otel ¢ b/l, TpebyeTrcst enie oAMH KOMOOHEHT, KOTOPBIH ofpenesser
Habop ¥ MMeHa aTpUOYTOB PE3yJIETHUPYIOUIET0 OTHOIIEHUSE. DTOT KOMIOHEHT
Ha3BIBAETCS LiCJIEBBIM CIIMCKOM (farget lisf).
LleneBoit CIMCOK CTPOUTCS U3 LIEJIEBBIX 3JIEMEHTOB, KAXKIBIA M3 KOTOPBIX
MOXET UMETH CJICNYIOLIUA BUL:
® var.attr, rie var — HUMsS CBOOOIHOH TEpEMEHHOM COOTBETCTBYIOLIEH
WEFF, a attr — UMst aTpuOyTa OTHOIIIEHHsI, HA KOTOPOM OMNpENeieHa fnepe-
MEHHasl var;

® var, YTO 3KBUBAJIEHTHO HAJIUYHIO MOACTIUCKA var. attr;, var.attr,, ...,
var.attr,, rae {attr;, attr,, ..., attr,} BKIIOYAeT HMEHA BCEX aTpH-
OYTOB ONPEAEISIONIEr0 OTHOLIEHHS;

® new_name = var.attr; new_name-— HOBOE€ UMHA COOTBETCTBYIOUIEIO aTpHU-
OyTa pe3yJETHPYIOUIErO OTHOLIECHHA.
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Nexuyn 5 PensunoHHOe ncuncnenne

IMocnenHuii BapuaHT TpedyeTcs B TeX cayvasx, korna B WFF ncnons3yer-
€51 HECKOJIBKO CBOOOHBIX MEPEMEHHBIX C OAMHAKOBOI 00J1aCTBIO OMNpenesie-
Hud. PakTHYeCKH NpPUMEHEHHE LIeJIEBOTO CITUCKAa K 00JJACTH HMCTHUHHOCTH
WFF 3KBUBAJIEHTHO ACHCTBUIO anredpandyecKoi onepaluvy MpoeKIMH, a IMo-
CICAHUI U3 IPUBEICHHBIX BADUAHTOB IIPEACTABISIET COO0H HEKOTOPYIO Pa3HO-
BUAHOCTB AIre0panyeCKoi onepaluy nepeuMeHOBaHUS aTpUudyTa.

BripaxkeHueM peJSIIMOHHOTO UCUMCICHUS KOPTEeXKei Ha3bIBaeTCs KOHCT-
pyKLUs BUAA target _list WHERE WFF. 3HaU€HHUEM BBIPAXEHUS SABJISIETCS OT-
HolleHue, TeJo Kotoporo omnpeaeasiercas WFE, a MHoXecTBo aTpubyTOB U MX
HMMeHa — LIEJIEBBIM CITUCKOM.

B xauecTBe IIPOCTOTO IIPUMEPA MOKAXEM BhIPAXEHUE PENISTIIHOHHOTO UC-
YUCJICHHUS KOPTEXEH, PE3yJbTaT KOTOPOTO COBNAAAET C PE3YIBTATOM OIlEepalluy
CNIVKAIIME DIVIDE BY HOMEPA_IIPOEKTOB (pHc. 3.11 U3 nekiuu 3):

ClIyl, CNY2 RANGE IS CIYXAIUE

HOMEP_IIPOEKTA range is HOMEPA_ITPOEKTOB

CIyl.CIY_HOMEP, CHIV1.CIY_UMdA, CIY1.CIY_3API

WHERE FORALL HOMEP_IIPOEKTA EXISTS CIY2
(CIIY1.CIIY_HOMEP = CIIY2.CJIY_HOMEP AND
CJIy1l.1IPO_HOM = HOMEPA_ITPOEKTOB.ITPO_HOM)

KOHC‘{HO, PE3YyALTaTOM 3TOI'O BbIPAXCHUS SABJISICTCH OTHOILIEHUE

CJIV_HOMEP CIIy_IMsA CIIY_3APII
2934 HWBaHoB 22400.00
2935 [Metpos 29600.00

UcuncneHne nomMmeHoB

B ucuncneHun 1OMEHOB 00aCThIO ONPEAETICHUs TIEPEMEHHBIX SIBISIOTCS
HE OTHOLIEHUsI, a AOMEHBI. [IpUMEHHMTENBHO K 6a3¢ NaHHBIX CIIVKAIVE-TTPOEKTH
MOXHO TOBOPHTh, HATIPUMED, O TOMEHHBIX IEPEMEHHBIX MS (3HaYeHUsT — AOITy-
CTUMbIE UMEHA) WK HOCITY (3HaY€HHUs — AOIYCTUMBIE HOMEPA CITYXAIlHX).

Ycnosusa YneHcTBa

OCHOBHBIM (hOpMaJIbHBEIM OTJIUYHEM UCUUCIECHUS TOMEHOB OT UCUUCIIE-
HHUS KOPTEXEH SIBISIeTC HAIMUYHUE JOMOJHHUTEJbHOTO MHOXECTBA MpeauKa-
TOB, MO3BOJISIIOLIMX BHIPAXATh TAK Ha3blBaeMbI€ YCJIOBUSA WieHcTBA. Ecau R —
3TO n-apHOE OTHONICHUE C aTpuUdyTaMHu a,, a,, ..., a, TO YCIOBHE WICHCTBA
MMEETBUA R (a,; : Vi, @52 ¢ Vizs .., @ : Vi) (m<n),TAE v,; —3TO
U0 JTUTEPATIbHO 3aJaBaeMasi KOHCTaHTa, JU00 UMs JOMEHHOH nepeMeHHOM.
YcnoBue wieHCTBA MPUHAMAET 3HAYCHUE friie B TOM U TOJIBLKO B TOM CJIydae, ec-
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Kypc OcHoBbl 623 faHHbIX

JIA B OTHOUIEHHH R CYLUECTBYET KOPTEX, COAEPXAlUUM YKa3aHHbIE 3HAYCHUS
yKa3aHHBIX aTpuOyTOB. ECy v,, — KOHCTaHTa, TO HA aTpUOYT a, ; HAKJIaAbIBACT-
Csl XKECTKOE YCIOBHE, HE 3aBHUCSILEE OT TEKyLUIMX 3HAYEHUI JOMEHHBIX Mepe-
MEHHBIX; €CJTH XK€ V, ; — UMS JOMEHHOH NNEPEMEHHOMH, TO YCIOBHE WIEHCTBA MO-
2KET IPUHUMATh pa3Hbie 3HAYECHUS NIPU Pa3HBIX 3HAUECHUAX TOU NEPEMEHHOM,

st 6osblIelt ACHOCTH TIPUBENEM T1apy TTPUMEpOB. 151 mpocToTH 6yaeM
CUMTATh, YTO MBI OTIpEAEIWIN JOMEHHbIE EPEMEHHBIE, UMEHA KOTOPBIX COB-
MagarT ¢ MMeHaMM aTpuOyTOB OTHOUIeHUS CIIVXALME, a B clyyae, Korja Tpe-
OyeTcsl HECKOJIBKO TOMEHHBIX TMEPEeMEHHBIX, ONPEIeEHHBIX Ha OIHOM IOMeE-
He, MBI OyaeM 100aBasiTe B KoHlle UMeHH LIMdpbl. WFF ucurcieHus 1oMeHoB

CIIVXALVE (CIIV_HOM:2934, CHIY_JMA: 'VBaHOB',
CIIV_3APII:22400.00, TPO_HOM:1)

TIPMMET 3HAYEHHE frie B TOM U TOJBKO B TOM CJIyyae, KOTAa B Tejie OTHOUIEHHUS
CIIYXAIUE COTEPXKHUTCA KOPTEXK <2934, ‘UBa"os’', 22400.00, 1>.CooTBeT-
CTBYIOILHME 3HAYEHNT JOMEHHBIX TIEPEMEHHBIX 00pa3yIoT 061aCTh HCTUHHOCTH
aroit WFE. C apyroii cropors, WFF

CIIVKALME (CIIV_HOM:2934, CIV_UMA:'MBa#oB',
CIY_3APN:22400.00, TPO_HOM:I[IPO_HOM)

OyaeT NpMHUMAThL 3HaYEHUE frue 1)1 BCeX KOMOMHALIMM SIBHO 331aHHBIX 3Ha-
YEeHUH M OOTYCTUMBIX 3HAYEHHUH TIepeMeHHOM TIPO_HOM, KOTOpble COOTBETCT-
BYIOT KOpPTEXaM, BXOAAIIMM B TEJIO OTHOLIEHHUs CIIVXAIME. [1pd HaNUUMH Te-
Jia OTHOLIEHUS CIVXAIME, TToKa3aHHOTO Ha pUC. 5.1, 06JacTbl0 HCTUHHOCTH
aroil WFF siBasitoTcst ABa ciaenyolunx Habopa 3HaYeHUH JOMEHHBIX MTepeEMEH-
HBIX: <2934, 'UBa"oB’, 22400.00, 1> u <2934, 'UeaboB’, 22400.00, 2>.

BbipaxeHus ncuncneHns noMeHoB

Bo Bcex OCTanbHBIX OTHOUIEHHUSIX GOPMYJIBI M BBIDAXKEHWS HCUMCIEHUS
JIOMEHOB BBITSLIAT MTOXOXUMH Ha GOPMYJIbI M BbIpaXeHHs1 HCUHUCIEHWS Kop-
Texei. B dacTHocTH, GOpMYJIBl MOTYT BKITIOYATH KBAHTOPHI, U pa3iH4yaloTcs
CBOOOAHBIE U CBSI3AHHBIEC BXOXIEHUS JOMEHHBIX TIEPEMEHHBIX.

U1t mpuMepa BhIpaXeHUs] HCYHUCIEHNA JOMEHOB CHOPMYIUPYEM C MC-
TOJIL30BAHMEM MCYMCIIEHHS JOMEHOB 3anpoc «BbloaTh HoMepa U MMeHa ciy-
XKalllMX, He MoJydarollInX MUHHMANBHYIO 3apaboTHYIO ILIaTy»:

CIIY_HOM, CIY_UMA WHERE EXISTS CJIV_3API1
(CIIVXALME (CIIV_3APIl) AND
CIIVKAIIME (CITIV_HOM, CIV_MMS, CJIY_3API) AND
CIV_3API > CJV_3APIIL)
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Nexupa 5 PenauuonHoe ncuucnedme

PensunonHoe ucYHCIEHUEe OOMEHOB SIBJISIETCSI OCHOBOI OOJIBIIMHCTBA
SI3bIKOB 3aIIPOCOB, OCHOBAHHBIX Ha MCIIONIb30BaHUM dopM. B yacTHocTH, Ha
3TOM HCYMCIIEHUM 6a3sHpoBalicsi U3BECTHBIN s13bIK Query-by-Example, KoTo-
pBIfi OBUT MEPBBHIM (M HaUOOJICE MHTEPECHBIM) SI3BIKOM B CEMEHCTBE SI3BIKOB,
OCHOBAHHBIX Ha TaOJIMYHBIX (OpMax.

3aknovyeHue

OTOoM NeKUMER MBI 3aBepIlIaeM 0030p peNSLUOHHOM MOAEU JaHHBIX. B 1mo-
CJIETHHX TPEX JICKIMSAX pacCMaTpUBaiaCh MAaHUITY/ISILIMOHHAS COCTaBJISIIOLIAs pe-
JSIMMOHHOM MOJIe/NIM NaHHbIX. BhUTH NpencTaBineHbl 1Ba BApHaHTa PesIsILIMOHHOM
anreopel. KoHeyHo, ¢ OpMalIbHOM TOUKM 3peHNsI MOXKHO ObUIO 6B OOOHTHUCH
OIHHUM M3 BapUAHTOB, ITOCKOJIbKY MX BBIPA3HUTE/IbHBIE CPEACTBA S3KBUBAJICHTHABI.
Ho anre6pa Konna B 6onblliei cTeneHy 6a3upyercsa Ha TECOpUK MHOXecTB. baso-
BBIMU OIEPaLIMSAIMU SIBIISIIOTCS MepeMMEHOBaHUE aTpUOYTOB, OObEIMHEHHE, IIe-
peceyeHue, B3SITUE Pa3HOCTH, AEKAPTOBO MPOU3BEACHUE, TPOCKIIMS K OrPpaHHYE-
Hue. Onepanus CoOeAMHEHNS OOLIEro BMAA, XOTS M BKIIKOYACTCS B aredpy, sIBs-
€TCsl BTOPUYHOM U SIBHO TIPEACTABISIETCS Yyepe3 Apyrue omnepaunu. OyHaaMeH-
TaJIbHAs1 XK€ B PEJISIIMOHHOM TOAXOAE ONEepaLivs €CTECTBEHHOIO COCIMHEHUSI BhI-
paxaercs Yepe3 COeAMHEHUE 0D1IeTo B1aa U B anre6py He BKIIloYaeTcs. B TepMu-
Hax aynre6pel Komna rpoitie Bcero onpenensitores: anrebpandecKue YepThl si3bIKa
SQL, B yacTHOCTH 061I1asT CEMaHTUKa onepaTopa SELECT (cM. JieKiTHio 12).

Ba3zucom Anrebpsl A SIBISIIOTCS ONMEPALMU PEJISILMOHHOTO OTPULIAHUS
(IOTOJIHEHHS), PENSIUUOHHONM KOHBIOHKUMH (WU AU3bIOHKIIMU) U TPOCKLIMU
(ynaneHus atpubyra). PelsiLiMOHHbIe aHAJIOTH JIOTUYECKHUX OmNepalvid ompe-
JENSIIOTCS B TEPMUHAX OTHOIIIEHH Ha OCHOBE OOBIYHBIX TCOPETHKO-MHOXE -
CTBEHHBIX OIEpalii U MO3BOJISIIOT BhIpaXkaTh HAMPSIMYIO OIMlepalluy Mepece-
YEeHHUs, AEeKAPTOBAa MPOU3BEACHHS, €CTCCTBEHHOIO COCAMHCHHUS, OOBCINHE-
HUSA oTHOoUIeHHUH. TTyTeM KOMOUMHHUpOBaHUsI 6a30BBIX OINEPALIM BHIpAXAIOTCS
ornepalMy MEPEeUMEHOBAaHHUS aTpUOYTOB, COCAMHEHMS ODOILEro BHUIA, B3ATHA
pPa3HOCTH OTHOLIEHHH. Anrebpa A MO3BOJSET JIydllle OCO3HATh JIOTHYECKHE
OCHOBBI PEJIILMOHHON MOJENH, XOTs1, 6€3yCIOBHO, SIBJISETCSI B MEHBILICH CTe-
NI€HW OPUECHTHPOBAHHOM Ha MPaKTHUYECKOe IPUMeHeHHE, YeM anredbpa Koana.

PensilinOHHOMY HCUYMCIEHHIO Mbl OTBEIM MEHBILIE MECTa, MOCKOJIBbKY
He CTaBWJIY mnepel coboi 3a1ady onpelesiuTh KaKoH-JIM00 MOTHOLEHHBIHA JIo-
TMYeCKMI sI3BIK 3ampocoB. Lenb cocrosuia B TOM, YTOOBI ITOKAa3aTh BO3MOX-
HOCTb J€KJIapaTHBHOH JIOTHYECKOH (DOPMYJIMPOBKH 3alpoCcoB. B 3ToM ciyyae
BBIMOJHEHNE 3aIIpOCa MPOMUCXOIUT IyTEM MHTEPIPETAlMH JIOTHYecKoH dop-
MYJbl, 3 He BBIUMCJICHUS] arebpanueckoro BhIpaXeHHs. bbUIH pacCMOTPEHbI
JIBa BaDHAHTA PEJISLIMOHHOrO HCYHUCIICHHUS, ITEPBBIN U3 KOTOPBIX — PEJISIIHOH-
HO€ MCYHCIICHUE KOPTeXeil — ObUI ompenesieH CPaBHHUTENIBHO MOJIHO, a IS
BTOPOTO — PEJIALIMOHHOTO UCYUCIICHUA IOMEHOB — OBUIH TOJILKO OTMEUYEHBI U
MPOWLTIOCTPUPOBAHB OCHOBHBIE OTJIMYNTEIIbHBIC UEPTHI.
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Kypc OcHoBbl 623 AaHHbIX

Jlekuuns 6. AnemMeHTbl TeOpUM pensiLuoHHbIX 6a3
AaHHbIX: PYHKUUNOHANbHbIE 3aBUCUMOCTH
M Aekomno3anuma 6e3 norepb

DT1a M ABe CJeXyIonHe JeKUMH NOCBALIeHbI BONPOCAM TEOPHH PeISIIMOHHBIX
0a3 nannbix. [TocKOIbKY BCe HaNpPaBJIEHHE PEISAIMOHHOIO MOAX0a K OPraHu3anuH
023 NaHHDBIX ARIAETCH CYIy0o MPAKTHYECKHM, 3T TEOPHs, IIABHBIM 00pa30M, Mpar-
MatHdecKasa. OCHOBHASA Mpo0JieMa, Ha pellieHHe KOTOPOil HanpaBJieHa TeOPHsI Peisi-
IMOHHBIX 023 JAHHBIX, COCTOMT B OOHAPYXEHHMH TOJE3HBIX CBOMCTB HEKOTOPBIX
cxem 023 JaHHBIX U BEIPAOOTKE CMOCODOB NOCTPOEHHSA TAKkKX cxeM. I[IpuHsATO KpaT-
KO Ha3bIBATh 3Ty NPOOJIeMY npobiemoil npoeKmuposans peAsuuoHHbIX 6a3 OaHHbIX.

KinoueBbie €ji0Ba: TEOpUs PeNIILMOHHBIX 6a3 JaHHBIX, IIPOEKTUPOBAHUE
PeNSLMOHHBIX 6a3 JaHHBIX, (PYHKIIMOHATIbHAS 3aBUCUMOCTh, MHOTO3HAY -
Has 3aBUCUMOCTD, 3dBUCUMOCTh COeJUHEHH S, IeTEPMHHAHT, TPHBHATBHAS
(PYHKUMOHANTBHAA 3aBUCUMOCTD, 3aMBIKAHUE MHOXECTBA (DYHKIIMOHATb-
HBIX 3aBUCUMOCTE, TPAH3UTHUBHAA (PYHKIMOHATbHAS 3aBUCUMOCTD, Tpa-
BWIA BbIBOJAAZ (DYHKUMOHAJIBHBIX 3aBUCHMMOCTEM, aKCHOMBI APMCTPOHTA,
3aMBIKAHME MHOXECTBA aTPUOYTOB Hal MHOXECTBOM (DYHKUMOHAIBHBIX
3aBUCHUMOCTEM, CYIIe pKJII0Y OTHOIIIEHHUS, TOKPBITHE MHOXECTBa GQYHKIIHO-
HATBHBIX 3aBUCUMOCTE, MUHMMAIbHOE MHOXECTBO (DYHKUMOHANBHBIX
3aBUCHMOCTEN, MUHHUMAJIbHOE TIOKPBITHE MHOXeCTBA (DYHKUMOHATBHBIX
3aBUCHMOCTEH, JeKOMIO3UIIHSA Ge3 MoTepb, TeopeMa XUTa, MUHHMAJIbHO
3aBUCUMEIE ATpUOYTHI, AMarpaMMbl GYHKUHOHATBHBIX 3aBUCUMOCTEIA.

BeepeHue

HecMOTpsi Ha CBOIO TIPAKTHUECKYIO OPUEHTHPOBAHHOCTD, TEOPUS PEJISALIH-~
OHHBIX 0a3 JAaHHBIX SIBISIETCS CAMOCTOSITEIbHBLIM HayYHBLIM HAaITpaBICHUEM, B
KOTOPOM paboTanu (M NMpoAo/LKa0T paboTaTh) MHOTME U3BECTHBIE HCCIIEA0OBATE-
JIM, YbH UMeHa OYIyT BCTPEYATLCS B HAIIMX JIEKUMsIX. MBI He TUTAHUPOBAH B
JTAHHOM Kypce MoJApOOHO OIMMMCHIBATH OCHOBHBIE Pe3YJILTaThl B 00IACTH TEOPHHU
PeNSILIMOHHBIX 6a3 JaHHBIX. Hallla Lieib COCTOUT B TOM, UTOOBI 0GECTIEUHTD TOJIhb-
KO OIpelle/ICHUS U YTBEPKACHHS, HEOOXOAMMBIE ST OOILETO TOHUMAaHHS Mpo-
liecca MPOEKTHPOBAHUS PEISILIMOHHBIX 0a3 JaHHBIX Ha OCHOBE HOpMATU3ALIUH.

ITockoabky HauboJiee BaXHble C MPAaKTUUECKON TOYKH 3PEHHUS CBOM-
CTBa pPeJALIMOHHBIX 0a3 NaHHBIX 6a3UpPYIOTCA HA TIOHATHHU QYHKUUOHANbHOU
3aeucumocmu, Mbl BBIICJIWIH B OTAEJbHYIO JIEKIHIO KPaTKoe 0OCYyXIeHUE
COOTBETCTBYIOIIMX TEOPETHUYECKUX BOMPOCcOB. Cpeau 3THX BOIIPOCOB HaH-
OONbLUIMI HHTEpPEC MPEACTABIAIOT 3aMBIKAHHS H ITOKPBITHA MHOXECTB
(GYHKUMOHAIBHHIX 3aBUCUMOCTEM, aKCUOMBI APMCTpPOHTa H TeopeMa XHTa
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Jekumn 6 DYHKUMOHANBHBIE 32BUCMMOCTI U AeKoMno3nLma 6e3 noTepb

0 JIOCTATOYHOM YCJIOBHH JIEKOMITO3U1IUM OTHOIIIeHHUs 6e3 moTephb. [loHsTHS
U YyTBEPXAECHHUS JAHHOM JEKUHUM NeUCTBUTEIBHO HYXHBI JUISl YCBOSHHSI Ma-
Tepyaia JeKUHUH 7, HO Mbl CTPEMWIHNCH ellie ¥ MMPOAeMOHCTPHPOBATh YNTA-
TeJISIM Ha HECJIOXHBIX MTpUMepax, YTo co00i NPpeACTaBISIET TEOpUS Peisilik-
OHHBIX 0a3 TaHHBIX, KAKOB YPOBEHD €€ CJIOXHOCTH U HACKOJIbKO OHA [TOHST-
Ha UHTYUTHBHO.

3aMeTHM, YTO Mbl HE BLLICJISUIM B OTAEIbHBIE JIEKIIMU TEOPETHUECKUIA Ma-
TepHAJl, KACAIOLIHUIACS MHOLO3HAUHBIX 3A6UCUMOCMEN U 308UCUMOCMEl COeOUHEHUs.
D10 6LUIO CAENAHO IO ABYM NpHYMHAM. Bo-MepBbIX, 3TH BUALI 3aBUCHMOCTEM
pexe BCTpeYaloTcs [IPU MOJIeIMPOBAHUM TNIpeIMETHOM 001aCTH CpeicTBaMHU 0a3
JaHHbIX. TTOSTOMY MBI COYIH JOCTATOUHBIM IPEACTABHUTh BHYTPH JIEKIIMM 8
TOJILKO OCHOBBI COOTBETCTBYIOIIETO TEOPETHMUECKOTo Marepuana. Bo-BTopbix,
XOTSl TEOPHSI MHOTO3HAYHBIX 3aBUCUMOCTEH U 3aBUCUMOCTEN COESAMHEHH, 10
CYTH, HE HAMHOTO CJIOXHEE TEOPUM (PYHKIIMOHATBHBIX 3aBUCUMOCTE, €€ Onpe-
JeJIeHUs] M YTBEPXIEHHUS CIIMIIKOM I'POMO3IKH ISl JAHHOTO Kypca.

¢YH KUMOHaJNbHble 3aBUCUMOCTHU

Haubonee BaxxHbIe ¢ MPAKTHUYECKOM TOUKU 3pEHHUSI HOPMaJibHble (DOPMBI
OTHOIIICHUI OCHOBBIBAIOTCSI HAa (DYHRAMEHTAIHLHOM B TEOPUM PEJSLIMOHHBIX
0a3 MTAaHHbIX TIOHSITHU QYHKYUOHANbHOU 3a8ucumocmu. J1Ts1 nanbHEUIIETO U3JI0-
XEHMs] HaM NOoTpebyeTCsl HECKOJIBLKO OMNpeAeIeHUN M YTBEPXACHUH (10 Xomy
U3NIOKEHUST Mbl OY/IEM TMOSICHATH UX U WILTIOCTPUPOBATD).

O6wue onpepeneHns

IlycTb 3anaHa nepeMeHHast OTHOLWIEHHS r, U X U Y SIBJISIIOTCS] ITPOU3BOJIb-
HBIMU TOAMHOXECTBAMU 3ar0JIOBKa r («COCTABHBIMHU» aTpUOYTaMu).
Onpeneaenne 6.1. PynxkumuonabHas 3aBHCHMOCTD
B 3HaueHUH nepeMeHHOM OTHOLICHHS I AaTPUOYT Y PYHKULOHANbHO 3a8ucum
OT aTpUOyTa X B TOM U TOJBKO B TOM CJIydyae, €CJIM KaXIoOMy 3HaUeHHIO X CO-
OTBETCTBYET B TOUHOCTH OIHO 3HaueHHe Y. B 3TOM cilydae roOBOpAT TaKkxe,
4TO aTpUOYT X PYHKUUOHANbHO onpedessiem aTPUOYT Y (X IBIsIETCS demepmu-
Hanmom (onpedeaumenem) 151 Y, a Y SIBIISICTCSI 3aBUCUMBIM OT X). Bynem 060-
3HayaThb 3TO KaK r.X—r.Y. KoHen onpeneneHns.
st mpuMepa ©OyneM HMCIIOJIb30BaThb OTHOLIeHHE CIIYXANUE_TNPOEKTH
{CIIY_HOM, CIY_MMsI, CIYV_3API, TIPO_HOM, TPOEKT_PVK} (pHc. 6.1). Ouenua-
HO, YTO €CJTH CJTY_HOM SIBJISIETCSI IIEPBUYHBIM KJTHOUOM OTHOLIEHHSI CITVXAIINE, TO
IS 3TOTO OTHOIIEGHHMs CIpaBemJinBa (YHKLIMOHAJbHAsi 3aBUCHMOCTh
(Functional Dependency — FD) CITy_HOM—CJIY_JM.
Ha camowm nene, st Teia OTHOLIEHHs CITYKAIUE_TTPOEKTH B TOM BMIE, B
KOTOPOM OHO [10Ka3aHo Ha puc. 6.1, BRINOJHSIOTCS elite U caenyowmme FD (1):
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Kypc OcHosbl 623 AaHHbIX
CJTY_HOMEP CITY_UMst CIIY_3APII [IPC_HOM TPOEKT_PVK
2934 HBaHOB 22400.00 1 WUBaHOB
2935 ITetpos 29600.00 1 HUBaHoB
2936 Cunopos 18000.00 1 HBaHoB
2937 ®enopos 20000.00 1 HUBaHOB
2938 HBaHOBa 22000.00 1 HBaHOB
2939 Cupopenko | 18400.00 2 HUBaHEHKO
2940 ®enopenko | 20400.00 2 HBaHeHKO
2941 MBaneHnko | 22600.00 2 MBaHeHKoO

Puc. 6.1. [TpuMep BO3MOXHOIO Tena OTHOUIEHUS CTTYXAIME_TTPOEKTEH

CJIY_HOM—CJIY_}Ms1
CIIY_HOM—CIJIY_3APII
CIY_HOM—TIPO_HOM
CJIY_HOM—TIPOEKT_PYK
{CJIIY_HOM, CIIV_UMsi}—CJIY_3API
{CJIIY_HOM, CJIY_WMSL} —TIPO_HOM
{CIIV_HOM, CIIY_UMA}— {CJIIV_3API, IIPO_HOM}

[IPO_HOM—IIPOEKT_PVK H T.A.

HOCKOHbe HUMCHA BCCX CITYKAaIlUX PA3/IMYHBI, TO BBIMOJIHAKTCS U TAKHE

FD (2):

ClIy_JMA—CJIY_HOM
Cly_uMA—CJIY_3APII

CIIY_UMS—TIPO_HOM M T.A.

Boiee Toro, aisi npuMepa Ha pHuc. 6.1 BoinonHsiercss 1 FD (3):
CHIY_3APII—IIPO_HOM

Oaunako 3aMeTuM, uto npupoja FD rpynmnel (1) oTiHMyaercs oT npupo-
Jabl FD rpynin (2) u (3). JloruuHO NpeanonoXuThb, YTO HACHTUOHUKALMOHHBIE
HOMEpa CJIYXallWX JOJIXHBI OBITh BCETAA Pa3NUYHBI, a Y KaXIOrO MPOEKTa
MMeeTCsT TOJIbKO OAMH pykKoBoauTenb. [loatoMy FD rpynnbl (1) momxkHb!
OBITh BEPHBI UIS JI0OOr0 NOMYCTUMOTO 3HAYECHUS MEPEMEHHOMW OTHOLICHUS
CIYXAIIME_TTPOEKTH M MOTYT PAaCCMAaTpUBAThLCS KaK UHBApUAHmMbl, WU oepa-
HUMeHUs yeaocmuocmy 3TOU TIepeMEHHOM OTHOLLICHUSI.

FD rpynnet (2) 6a3UpyfoTcst Ha MeHee eCTECTBEHHOM MPEATIONOXECHUM O
TOM, UYTO UMEHA BCEX CJYXAUIUX Pa3IUYHBI. DTO COOTBETCTBYET NEUCTBUTEI b~
HOCTH JUTS MpUMepa U3 puc. 6.1, HO BO3MOXHO, YTO ¢ TedeHUeM BpeMeHH FD
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TNekuus 6 PYHKLMOHANBHBIE 32BUCUMOCTU U EKOMIO3ULIUA 6e3 noTeps

rpyniisl (2) He OyAyT BBIMOJHITHCS TSI KAKOTO-TUMO0 3HAYEHMS IIepeMeHHOM
OTHOLUeHUS CIIVKAIME_ITPOEKTEH.

Haxkonen, FD rpynms! (3) ocHOBaHa Ha COBCEM HEECTECTBEHHOM ITpE.I-
10JIOXEHHUH, YTO HUKAKHE IBOE CAYXAIINX, YYACTBYIOLIHE B pa3HBIX [TPOEKTAX,
He IT0o/1y4aloT OJHHAKOBYI0 3apruiary. OnsATh Xe, JAHHOE MPEIOI0XEHHE BEP-
HO JUIs1 MpUMepa U3 puc. 6.1, Ho, CKopee Bcero, 3To CIyyaifHOe COBITaeHHE.

B nanbHeineM Hac OyAyT UHTEPECOBATH TOJIBKO T¢ (PYHKIIMOHAJIBHBIE 3a-
BHCHMOCTH, KOTOPBIE JOJIXHBI BBITOJTHSITHCS JUTSI BCEX BO3MOXHBIX 3HAYEHHH
MEPEMEHHBIX OTHOLICHHUIH.

3aMeTHM, uYTO €CJIM aTPUOYT A OTHOILIEHUS r SIBJASIETCSI BO3MOXHBIM
KJII0YOM, TO IS JTI000T0 aTpUOyTa B 3TOTO OTHOLIEHHUS BCETA BHITTOIHSAETCS
FD A— B (B rpynie (1) k 2tTuM FD oTHocsites Bce FD, n1eTepMUHaHTOM KOTO-
pBIX siBJsAeTCsT CIIY_HOM). OOpaThTe BHUMAaHME, YTO HATUYHE B OTHOLLEHUHU
CIIVXAIIME_TIPOEKTH FD ITPO_HOM—IIPOEKT_PYK NMPUBOAUT K HEKOTOPOMH U3-
6bimoyHoCmu 3TOTO OTHOLIeHUsI. UMSI pYyKOBOIUTENSA IPOEKTA SIBISIETCS Xa-
PaKTEPUCTHUKOM IMPOEKTA, a HE CIyXaIlleTo, HO B HAILIEM CTy4ae COAEPXHUTCS B
T€JI€ OTHOLLUEHHS CTOJBKO pa3, CKOJBKO CAyXaIluX paboTaeT Hal MIPOEKTOM.

HTtak, MbI 6yneM uMeTh geio ¢ FD, KoTopbie BBITTOTHSIOTCS AJISI BCEX BO3-
MOXHBIX COCTOSTHUH Te/ia COOTBETCTBYIOIIETO OTHOLLEHHUSI U MOTYT PacCMar-
PHBATHCST KAK OrPaHUYEHMS 1IeJOCTHOCTH. Kak mmoka3biBaeT (HEMOMHbBIA) CITH-
coK (1), TaKMX 3aBUCHMMOCTEH MOXET ObITh OUYeHb MHOTO. I10CKOJIBKY OHH
TPAaKTYIOTCSI KaK OTPAHMUYCHUST LIENOCTHOCTH, 33 MX COONIONEHUEM [I0IXHA
caeauts CYB/I. [ToaTtoMy BaXHO yMeTh COKpaTUTh Ha6op FD no MunumMyma,
MoJIiepXKa KOTOPOTO TAPAHTUPYET BHITTOJIHEHUE BCEX 3aBUCHMOCTEMH. MBI 3aii-
MeMCS 3TUM B CIEAYIOIIUX TOpa3aeiax.

Onpenenenne 6.2. TpubnanbHas GyHKIMOHAILHAA 3AaBHCHMOCTD

FD A— B Ha3bIBaeTCS TPUBHAJIBHOM, €CIH A=B (T. €. MHOXECTBO arpHOyTOB A
BKJTIOUAET MHOXECTBO B WY COBMNAIAECT C MHOXECTBOM B). KoHen onpeneneHus.

Ouesuano, uro Jyobas tpuBuanpHast FD Bcerna BeirtonHsiercs. Hanpu-
Mep, B OTHOLIeHHWH CIIVXAIIME_IIPOEKTH Bceraa BuinonHsiercss FD {CV_3APII,
MMPO_HOM} —CJY_3APIL. YacTHBIM ciiydaeM TpuBHanbHoOM FD saBasiercs A—A.

IMockonpky TpuBHanbHele FD BbINONHSIOTCS Beeraa, ux Helb3si TPAKTO-
BaTh KaK OrPaHUYEHMS IIEIOCTHOCTH, M [I09TOMY OHH HE MPEACTABJSIIOT UHTE-
peca ¢ MPaKTUYECKOM TOUKH 3peHHUs . OHAKO B TEOPETHYECKUX PACCYKIEHUAX
HUX HUTMIHE HEOOXOOUMO YYMTHIBATD.

3aMbikaHne MHOXEeCTBa (DYHKLUOHANBbHbLIX 3aBUCUMOCTEMNR.
AxcuoMbl ApMcTpoHra. 3aMmbiKaHUe MHOXECTBa aTpubyToB

Onpenenenne 6.3. 3ampikanue Muokectsa FD
3ambikaHueM MHoxectBa FD S aBnsiercs MHoxectBo FD S, BKItouaio-
uree Bce FD, nornyecku spiBoguMbie u3 FD MHOXecTBa S. Konen onpenenenus.
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Jing Hauasa mpuBeneM jABa npuMmepa FD, M3 KOTOpPBIX CHEAYIOT
(unu ebtgodamca) npyrue FD. ByneM cHoBa no/ib30BaThbCsl OTHOIEHUEM
CIIYXAWUE_NPOEKTH. Jijs 3TOro OTHOILUEHUS BBHIMOJHICTCS, HATIDUMED,
FD cny_HOM— {CNY_3APHI, nPO_HOM}. U3 atoit FD BmBoasitcs FD
CNIY_HOM—CIY_3API ¥ CJIY_HOM—TIPO_HOM.

B orHomeHnnm CIVXANUE_INPOEKTH wuMeeTca Takxe mnapa FD
CJIY_HOM—TIIPO_HOM M IPO_HOM—IIPOEKT PYK. W3 Hux BmiBoautca FD
CJIV_HOM—TIPOEKT_PVK. 3ametruM, uto FD Buga CJIY_HOM—IPOEKT_PVK Ha-
3BIBAIOTCS MPAH3UMUGHbBIMU, TIOCKOJBKY ITPOEKT_PVK 3aBUCHT OT CJIV_HOM
«TPaH3UTUBHO», Yepe3 ITPO_HOM.

Onpenenenne 6.4. Tpan3uTHBHAA QYHKIHOHAIBHAA 3aBHCHMOCTD

FD A—C Ha3biBaeTCsl TPAH3UTUBHOM, €CIAH CYHIECTBYET TaKOH aTpUOyT B,
YTO UMCIOTCS (PYHKIIMOHAJIbHBIE 3aBUCHMOCTH A—B M B—C U OTCYTCTBYET
byHKIIMOHaIbHAsA 3aBUCUMOCTE C—A. KoHen onpeaeneHus.

ITonxon x peleHHIO IPOOJIEMEI TIOMCKA 3aMbIKaHUA S° MHoXecTtBa FD 5
BHEPBbIC Npe1oxui BuibsM ApmcrpoHr*. UM 6puT ipeutoxeH Habop npasun
6b1600a HOBBIX FD U3 CylecTBYIOINUX (3TU paBuia OOBIYHO HA3HIBAIOT aKCU-
omamu Apmcmporza, XOTsl CTIPABEIUIMBOCTE NPABUA TOKA3bIBAETCS HA OCHOBE
onpeneneHus FD). O6piuHO npuHsaTo GOpMYyIUpOBaTh 3TH MpaBUia BLIBOAA B
cnenytoiei popme. ITycTs A, B U C ABISIOTCS (B 00IHEM ClTyyae, COCTABHBIMHU)
arpuOyTaMu OTHOLUEeHUs r. MHOXeCTBa A, BU C MOTYT UMETh HEITYCTOE TEpe-
ceueHME. 1 KpaTKoCTH OyleM 0003HavyaTh yepe3 AB A UNION B. Torma:

1) ecnu B=A, TO A— B (pebACKCUBHOCTSD);
2) ecnm A— B, TO AC— BC (IIOTIOJTHEHUE);
3) eciu A—BHU B—C, TO A—C (TPAaH3UTUBHOCTD).

HWcTMHHOCTE TIEPBOM aKCMOMBI APMCTPOHTa CJIEAYyET M3 TOIO, YTO TIpH
B=a FD A— Bsapnsiercsi TpUBHAJIbLHOM.

CnipaBe IJIMBOCTb BTOPO# aKCUOMBI TIOKaXXeM OT TpoTHBHOTO. Ipeanosno-
xkHM, uTo FD AC— BC He cobmonaercsa. DTo o3HavyaeT, YTO B HEKOTOPOM AOMYy-
CTMMOM TeJle OTHOUEHUS HaMaYyTCA IBa KOpTeXa t1 U t2, Takue, uto t1 {AC)}
= t2 {AC} (a),Ho tl {BC} # t2 {BC} (b) (3mech t {A} 0OO3HAYAET IPO-
eKLHIO KOpTeXa t Ha MHOXeCTBO aTpulOyToB 2). 1o akcuome pediieKCHBHOC-
TH U3 paBeHCTBa (a) cienyet, uro t1 {A} = t2 {A}. I[lockonsky umeercst FD
A— B, IOJXHO COBJIIOIaThbCs paBeHCTBO t1 {B} = tZ {B}. Torma U3 HepaBeH-
crBa (b) cnenyeT, uto t1 {C} # t2 {C}, YTO NIPOTUBOPEYUT HATUUMUIO TPUBH-
anpHoMt FD AC—cC. CnemoparenbHo, mnpeanonoxeHue o6 orcyrctBud FD
AC— BC He ABJISIeTCS] BEPHBIM, U CIIpaBeJIMBOCTh BTOPOI aKCMOMBI JIOKA3aHa.

AHaJIOTHYHO JOKAaXeM MCTHHHOCTb TPEThbEM aKCHOMbI ApPMCTPOHra.
IIpeanonoxumM, uro FD A—C He cobnmogaeTcsi. 3To 0O3HAYAET, YTO B HEKOTO-

* K coxaneHulo, Kiraccudeckas cratbsi ApMcTpoHra — W.W. Armstrong. «Dependency Structures of
Data Base Relationships», Proc. IFIP Congress, Stockholm, Sweden, 1974 — Tak 4 He nepeBeaeHa Ha
PYCCKHUH SI3BIK (Ha CaMOM jielie, €€ HeJIerko HallTH U B opuriHane). [lostoMy s He MOy peKoMeH-
JIOBaTh €€ [UIs1 IOMOJIHUTEIBHOrO YTeHHS, XOTsl 00513aH COCIIAaThCSI.
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POM JIOITYyCTUMOM T€JI€ OTHOILEHHUS HAMMYTCS 1Ba KOPTEXa t1 U t2, TAKKE, YTO
t1 (A} = t2 {A},Hotl {C} # t2 {C}.Ho uz Hannuus FD A— B caenyer,
yro t1 {B} = t2 (B}, amnotoMy u3 Hautuuus FD B—C caenyer, uto t1 {(C}
= t2 {cC}. CnemoBaTenbHO, NMpeANoNoXeHUe 06 orcytctBUM FD A— C He siB-
JISTIETCSI BEPHBIM, H CIIPABEUTHBOCTH TPEThEH aKCHUOMEI TOKa3aHa.

MOXHO TOKa3aTh, 4TO CHCTEMA MPaBUJ BHIBOJA APDMCTPOHTA HOAHA U CO-
gepuwenna (sound and complete) B TOM cMBIC)Ie, 9TO ISl JaHHOTO MHOXecTBa FD
S mobass FD, noTeHUIManbHO BHIBOAMMAS U3 S, MOXET ObITh BbIBEAEHAa HA OCHO-
B€ aKCMOM APMCTPOHTA, U TpUMEHEHHE 3THX aKCUOM HE MOXKET IMPHBECTH K BhI-
oy ivmHeit FD. Tem He MeHee, JIeHT MO NpakTHYECKUM COOOPaXKeHHUSIM TIpe/I-
JIOXWIT PACILUPHUTE 6a30BbIi HAOOP MPAaBHU BBIBO/A EIIIE MSTHIO IIPABHIAMM:

(4) A—A (caMomeTepMMHUPOBAHHOCTB) — IIPSIMO CJIeayeT U3 npaBuia (1);
(5) ecnm A—BC, To A—B Y A—C (IEKOMITO3ULIUsI) — U3 TipaBuna (1) cienyer,

4TO BC— B; 10 nipaBwiy (3) A— B; aHATOTHYHO, U3 BC—C M mpaBuna (3)

ciaemyet A—C;

(6) ecan A—BWU A—C, TO A—BC (06beIMHEHHE) — U3 MpaBuaa (2) ciemyer,
4yTO A—>AB UM AB— BC; U3 npaBuia (3) cnenyert, yto A— BC;

(7) ecnu A—Bu C—D, To AC— BD (KOMITO3ULIUs) — U3 NMpaBWia (2) cienyer,
yTO0 AC— BC W BC— BD; U3 NpaBwia (3) ciaemyet, 4To AC— BD;

(8) ecim A—BCu B—D, To A—>BCD (HakoIUIeHUEe) — U3 mpaBuia (2) cienyer,

YyTO BC— BCD; U3 nmpaBuia (3) ciaenyer, 4to A— BCD.

Onpenenenne 6.5. 3ambikaHHe MHOXKeCTBA aTPpUOyTOB

IlycTh 3anaHBl OTHOLIEHHE r, MHOXECTBO Z aTpUOYTOB 3TOr0 OTHOILUEHHUS
(ITOMIMHOXECTBO 3aTOJIOBKA ', MJIH COCTAaBHOM aTpUbyT r) U HEKOTOPOE MHO-
xectBo FD S, BoinosiHsAeMbIx s r. Torna sambikanuem Z Had S Ha3bIBaeTCsl
HauOoJIbIIee MHOXECTBO Z° TAKUX ATPUOYTOB Y OTHOIIEHMA r, uTo FD Z—vY
BxoauT B S”. KoHen onpenesienus.

AUITOPUTM BEIMUCIIEHUS Z' o4eHb mpocT. OAMH U3 eTO BAPHAHTOB ITOKa3aH
Ha pHC. 6.2.

K := K+1;
Z[K] := Z[K-1];
FOR EACH FD A—B IN S DO
IF A=Z[K] THEN Z[K] := (Z[K] UNION B) END DO;
UNTIL Z[K] = Z[K-1];
z' 1= ZI[K);

Puc. 6.2. AITOPUTM NOCTPOCHUS 3aMbIKaHUS aTPUOYTOB Hall 3aJaHHBIM
MHoXecTBOM FD
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JlokaxeM KOppEKTHOCTb aJITOPHTMa M0 MHAYKUMH. Ha HyneBoM Liare
Z[0] = Z, FD Z—Z[I}, O4eBUIHO, MpUHAMLIEXHUT S (TpuBHanbHasA FD «Bbi-
BOAUTCA» K3 110ooro MHoxXecTBa FD). I1ycTh 11 HEKOTOPOro K BHIMOJHAETCS
FD z—Z[ K], n nycTb Mbl HalIWIH B S TaKyio FD 24— B, uto A=Z [ K] . Torna Mox-
HO MPEACTaBHTb Z[K] B BHAE AC, H, CJIeIOBaTelbHO, BeinoyHseTcs: FD Zz—AC.
Ho no npasuiy (8) Mbl uMeeM FD z—ACB, T.e. FD Zz— (Z[K] UNION B) BXO-
JTIUT BO MHOXECTBO S', UTO NEPEBOANT HAC Ha CJICAYIOIINI IUar MHAYKLIFH.

ITycTe mnst mpyMepa MMeeTCsl OTHOILUEHHUE C 3arojIOBKOM {A, B, C, D,
E, F) ¥ 3amaHHbIM MHoxecTtBoM FD 5 = {A—D, AB—E, BF—E, CD—F,
E— ). Ilycth TpebyeTca HaiTH {AE}" Han S. Ha mepBoM npoxonae Tena 1ukia
DO z[1] paBHo AE. B Tene nmxia FOR EACH Gyayrt HailneHsl FD 2—Dun E—C,
Y B KOHLIE IMKJIa Z[ 1] cTaHeT paBHBIM ACDE. Ha BTOpoM npoxoie Tena LuKJa
DO npu z[2], paBHOM ACDE, B TeJle LUMKJIa FOR EACH oyaer HaiinmeHa FD
CD—F, ¥ B KOHIIE LIMK1a Z[ 2] CTaHeT paBHBIM ACDEF. CleAyIOIIME ITPOXO Te-
sa uuxna DO He uaMenuT Z[ 3], u Z' ({AE)} ") 6GyaeTr paBHO ACDEF.

AJITOPHUTM TIOCTPOEHUS 3aMbIKAHHSI MHOXECTBA aTPUOYTOB Z Hall 3afaHHbIM
MHoxecTBoM FD S moMoraer Jierko yCTAHOBHTh, BXOAMWT JIM 3aiaHHasi FD Z—BB
3aMbIKaHHe S'. O4eBUIHO, YTO HeOOXOMNMBIM M IOCTATOYHBIM YCJIOBHEM IS 3TO-
o SIBISIETCS B=Z', T. €. BXOXIEeHNE COCTABHOTO aTpHOYTa B B 3aMBIKaHHe Z.*

Onpenenenne 6.6. Cynepkiou OTHOUIEHHS

CyTiepKJ1I040M OTHOIUEHHS] r Ha3bIBaeTCs JII0OOE MOAMHOXECTBO K 3aro-
JIOBKa r, BKJIlOUaloIliee, MO MEHbIIeil Mepe, XOTsA Obl OOUH BO3MOXHBIH
ko4 r. Konen onpenenenus.

OnHo U3 CJIEACTBHIA 3TOr0 OMPEAEICHHS COCTOUT B TOM, YTO IMOAMHOXECT-
BO K 3arojioBKa OTHOILEHUS r SIBIAETCA CYIEPKJIIOYOM TOTIa U TOJNbKO TOTAa,
Koraa uist 1o6oro atpubyra A (BO3MOXHO, COCTABHOTO) 3aroJI0OBKa OTHOIUEHHS T
poinosiHsieTcsl FD k— A. B TepMUHAxX 3aMbIKaHMSE MHOXECTBA aTpHOYTOB K SIBJISI-
€TCsl CYTIEPKJIIOUOM TOTZA M TOJIBKO TOTAA, KOTrJa K COBMANAET C 3ar0JIOBKOM I.

MuHuManbHOE NOKPLITUE MHOXECTBA GYHKLMOHANbHbIX
3aBNCUMOCTEN

Onpenenenne 6.7. ITokpoirie Muoxkecrsa FD
MHuoxectBo FD 52 HasbIBaeTcsl nokpuimuem MHOXecTBa FD 51, ecou moGast
FD, BoiBoAMMasi U3 S1, BHIBOOUTCS TakKe M3 S2. Konen onpenenenus.
Jlerko 3aMeTHTh, 4TO S2 SIBJAETCS MOKPLITHEM S1 TOTAA M TOJLKO TOTAA,
Korga S1'=S2". JIea MHOXecTBa FD S1 M 52 Ha3BIBAIOTCS IKGUBANECHMHbIMU,
€CJIM KaXI0€ U3 HUX SIBIACTCA MOKPBITHEM JPYIoro, T. €. S1° = 52°,

* Mb1 HCIO/b3yeM 3[E€Ch 3HAKH OnepauMi NMpOBEPKH BKIIOYEHHUSA MHOXECTB, UTO HE COBCEM KOp-
PE€KTHO, NNOCKOJbKY €CJIH, HAIPUMEP, MHOXECTBO B COCTOUT U3 OAHOTO JJIEMEHTA, TO 114 €10 06o-
3HAYCHHSA UCNOAB3YETCS HMS COOTBETCTBYIOLIETO annﬁyTa, H B 3TOM CJIydac NpaBHJIbHEE 6bL10 ObI
HCNONL30BATb 3HAK «E» (l'lpOBCpKa BXOXIEHMS 3JIEMEHTA BO MHOXECTBO).
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Onpenenenue 6.8. MunaManbHoe MHOXKecTBO FD
MHoxecTBo FD S Ha3bIBaeTCS MUHUMAAbHOIM B TOM U TOJIBKO B TOM Clly4ae,
KOT/a YAOBJIETBOPSIET CACAYIOLIMM CBOMCTBAM:
a)  mpaBag 4yacTh Ji60i FD U3 S aBnsieTcsi MHOXECTBOM U3 OJHOTO aTpH-
OyTa (ITpOCTHIM aTPUOYTOM);
b)  merepmuHaHT Kaxaoi FD u3 S obmamaeT CBOMCTBOM MuHuMAAbHOCMU,
3TO 03HAYAET, YTO YAAJeHUE JTI000ro aTpudyTa U3 AeTEPMUHAHTA TIPH-
BOAMT K U3MEHEHUIO 3aMbIKaHUS S°, T. €. TIOPOXICHHUIO MHOXECTBA
FD, He 3KBUBaJIEeHTHOTO S;*
¢)  yaaneHue odoit FD U3 S MpUBOOUT K U3MEHEHHIO 5, T. €. IOPOXIE-
HU10 MHOXecTBa FD, He akBUBaNIcHTHOTO S. KoHel onpeneneHus.
Y106l NMpOAEMOHCTPUPOBATh MUHHMAJIbHBIE 1 HEMUHUMAIbHBIE MHO-
xectBa FD, BepHeMcsa K TpUMEpY OTHOWIEHHUS CIIVXANUE_MPOEKTH
{CnV_HOM, CIv_WMd, CNY_3APII, NPO_HOM, IPOEKT_PVK} C pHUC. 6.1. Ecnu
CYUTATh, UTO SAMHCTBEHHBIM BO3MOXHBIM KJTIOUOM 3TOT0 OTHOLUCHUS SIBISIET-
¢ aTtpubyT CJIV_HOM, TO MHoxectBo FD {CIV_HOM—CNV_}Md,
CIIY_HOM—CJY_3API, CIY_HOM—IIPO_HOM, [PO_HOM—IIPOEKT_PYK} OyaeT
MHHUMAaIbHBIM. JIefiCTBUTEbHO, B MpaBbiX yacTax FD 3Toro MHoXecTBa Ha-
XOIATCS MHOXECTBA, COCTOSLINE POBHO U3 OJHOro aTpuOyTa; KaXXIbli U3 Je-
TEPMUHAHTOB TOXE SIBJISIETCSI MHOXECTBOM M3 OIHOTr0 atpudbyra, yaalcHHe
KOTOPOTO, OYEBUAHO, HEAOMYCTUMO; YAaIeHUe Kaxnoii FD siBHO MPpUBOAUT K
M3MEHEHMIO 3aMBIKaHUsI MHOXecTBa FD, nockonbKy yrpaurBaeMasi MHGOD-
MauMsl HE BEIBOAUTCS C TIOMOLIBIO aKCHUOM APMCTpPOHTa.
C npyroii ctopoHbl, MHOXecTBa FD
(*) (CIV_HOM— (CNV_MM$, CIY_3API}, CJIY_HOM—IIPO_HOM,
CIY_HOM—TIPOEKT_PYK, IPO_HOM—IIPOEKT_PVK},
(**) {CIy_HOM—CJIY_JMs, {CJIY_HOM, CJIY_MMS}—CIY_3API,
CJIIY_HOM—TIIPO_HCM, CJIY_HOM—TIPCEKT_PVYK, IIPO_HOM—IIPOEKT_PVK} U
(***) {CIY_HOM—CJIY_HOM, CNY_HOM—CIY_UMdA, CIY_HOM—CIJY_3APII,
CNIY_HOM—TIPO_HOM, CJIY_HOM—IIPOEKT_PVK, TNPO_HOM—IIPOEKT_PVYK}
HE SIBJISIIOTCSI MUHUMAaJIBHBIMM. LIS MHOXeCTBa (*) B MpaBOH YacTH TIEpBOM
FD nipucyTcTBYyeT MHOXECTBO M3 IBYX 2JIeMeHTOB. st MHOXecTBa (**) ynae-
HUe aTpudyTa CJIY_JMA U3 AeTepMUHaHTa BTopod FD He MeHsieT 3aMbiKaHue
MHoxecTBa FD. JInsg MHoxecTBa (***) ynaneHue nepsoit FD He npuBoauT K
U3MEHEHHUIO 3aMbIKaHMS. DTHU TIPUMEPHI TIOKA3BIBAIOT, YTO IS OTIpeACICHUS
MUHUMAaJIBHOCTH MHOXecTBa FD He Bcerna TpedyeTcs SBHOE MMOCTPOCHUE 3a-
MBIKAHUS JTaHHOTO MHOXECTBA.
MHTEepeCHBIM U BaXHBIM SIBJISIETCS TOT (GAKT, UTO 042 4106020 MHOXCecmaa
FD s cywecmeyem (u daxce moxcem Gbimbs HOCMPOEHO) 3KGUBANCHMHOE eMY MU~
HUMANbHOE MHOMCECME0 S .

* FD ¢ MUHUMATbHBIM IETEPMMHAHTOM HA3LIBAETCS MUHUMQILHOU Ce8q.
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IIpuBeneM oOIIyI0 cXeMy IOCTPOCHMST S MO 3aiaHHOMY MHOXecTBy FD
S. Bo-nepBBIX, UCTIONB3YSA NMPABUIO (5) (AEKOMITO3ULIMH), MBI MOXEM ITPUBEC-
TH MHOXECTBO S K 9KBHBaJIcHTHOMY MHOXecTBY FD S1, npaBeie vactu FD Ko-
TOPOTO COAEPXKAT TOJNBKO OAHO3JIEMEHTHBIE MHOXECTBA (ITPOCTHIE aTPUOYTHI).
Hanee, nnst kaxnoii FD u3 S1, netepMuHanT D {D;, D,, .., D,} KOTOpPOH CO-
JIEPXUT 6oJice OMHOTO aTpuOyTa, OyaeM NMbITaTbCAd YAAISATb aTPUOYTHI D,, MOy~
yast MHOXecTBO FD S2. Ecnu nocnie ynaneHust arpudyra D, S2 3KBUBAJICHTHO
51, TO 3TOT aTpUOYT yaaIsieTcs1, U mpolyeTcs chaeayromuii atpudyt. HazoseM
S3 MHOXecTBO FD, monydyeHHOe MmyTeM JTONYCTUMOTO yaaJeHUs aTpUOYTOB U3
Bcex AerepMrUHaHTOB FD MHoXecTBa S1. HakoHew, mnst Kaxnoi FD £ U3 MHo-
KecTBa 53 OyIeM MpoBepsTh IKBUBAIEHTHOCTh MHOXECTB S3 U S3 MINUS {f).
Ecnu 3T MHOXECTBa SKBUBAJICHTHBI, YIAJIUM f U3 MHOXECTBA S3, M B 3aKJIIO-
YeHHUE MOJIYYUM MHOXKECTBO S4, KOTOPOE MUHHUMATBbHO U 3KBUBAJIEHTHO HC-
XOJIHOMY MHOXecTBY FD 3.

Ilycte, HanpuMep, UMeeTcst OTHOIIEHHe r {A, B, C, D) M 3aJaHO MHO-
xectBo FD s = (A—B, A—BC, AB—C, AC—D, B—C}.Ilo npaBuny gieKoMm-
MO3ULIMU S SKBUBAJIEHTHO MHOXeCTBY S1 {A—B, A—C, AB—C, AC—D,
B—C}. B nerepmuHanTe FD AC— D MOXHO yIQTHUTh aTpUOYT C, TOCKOABKY T10
npaBWITy AonojHeHus u3 FD A— C cnenyer A— AC; o mpaBUly TPaH3UTHBHO-
¢ty BeiBoauTCst FD A— D, moaTtomy atpudyt C B netepmuHante FD AC—D siB-
JisieTcst U30bITOUHBIM. FD AB— C MOXeT OBITh yaa/leHa, ITOCKOIBKY MOXET OBITh
BeiBeaeHa U3 FD A—C (mo mpaBwiy MolonHeHuss U3 3toil FD BeIBOAMTCS
AB—BC, a Mo NpaBWIy ICKOMIIO3ULIMU JIajiee BHIBOOUTCS AB— (). HakoHel,
FD A—C Toxe BBIBOAWTCSI TO TIpaBHIy TpaH3UTUBHOCTU M3 FD A—Bu B—C.
TakuM o6pa3oM, MBI MOJIYYaeM MHOXECTBO 3aBUCUMOCTEH {A—B, A—D,
B—C}, KOTOpPOE SIBJISIETCSI MUHUMAJIBHBIM U 9KBUBAJIEHTHO S T10 IIOCTPOEHHUIO.

Onpenenenne 6.9. MunumanbHoe nokpoiTHe muoxkectsa FD

MuUHUMaNBHEIM TOKPBITUEM MHOXecTBa FD S HaseiBaeTcst nioGoe MUHH-
MajibHoe MHOXecTBO FD S1, skBuBasieHTHOE S. KoHen onpeaenenus.

Tockonbky st kaxaoro MHoxecTBa FD cyiuecTByeT 3KBUBaJleHTHOE
MMHMMaTbHOe MHOXecTBO FD, y kaxnoro MHoxecTBa FD uMeercss xoTs1 Ob
OIHO MHHUMAJIBHOE MOKPBITUE, MPHUUEM JJISI €T0 HaXOXIEHUsS He 00s13aTeIbHO
HaXxOIUTh 3aMbIKaHHE UCXONHOTO MHOXECTBA.

AexomMmno3aunuusa 6e3 notepb u GyHKLUOHANbHbIE
3aBMCUMOCTH

Kak yxxe oTMeuasioch, B C/IeayIOUIeid JIeKIIMK MBI OyaeM o0CyXaaTh Moj-
XOI K MPOCKTUPOBAHUIO DENSIIMOHHBIX 0a3 JaHHBIX HA OCHOBE HODMajiu3a-
UMM, T. €. JEKOMITO3ULINK (pa3OHMEeHUsT MyTeM IPOCHMPOBAHUS) OTHOUICHHUSI,
HaxoIsIIErocs B NMpeabiaynieid HopManbHO#M opMe, Ha IBa WM Oojlee OTHO-
LIEHMH, YIOBIETBOPSIOUIMX TPeOOBAHUAM CJICAYIOLICH HOPMaJbHOI (hOPMBI.
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Nekunna 6

d)yHKLI,MOHaﬂbele 3aBUCUMOCTU U AexomMno3uuma 6e3 notTepb

CunTaloTcs IpaBWILHBIMHY TaKUE IEKOMITO3ULIMU OTHOIIIEHHUsI, KOTOpEIE 0Opa-
THMBI, T. €. UIMEETCS BO3MOXHOCTb COOpaTh HCXOANHOE OTHOLLIEHHE U3 JEKOM-
MTO3MPOBAHHBIX OTHOIIECHHUH 6€3 MoTepu HHGOpMaLUH. Takue IeKOMITO3ULIMU

Ha3bIBalOTCs 0exozuno3uuwmu be3 nomepb.

KoppekTHbie u HeKOppPeKTHbIe AEeKOMMO3ULUN OTHOLLEHUIA.

Ha pHcC. 6.3 NPHUBCICHBI IBC BO3MOXHBIC NCKOMIIO3MLIHMHU OTHOHICHHSA
CIIYXANME_TIPOEKTH (11 SKOHOMHUH MeCTa Mbl COKPATHJIM U CJIETKa U3MEHWIN

Teopema Xuta

TeJI0 OTHOUIeHUs U3 pHc. 6.1).

CIIVEAIME NTPOEKTH

CJIy_HOMEP CIY_1MSI CJIY_3API MIPO_HOM TIPOEKT_PYK
2934 HBaHoB 22000.00 1 HBaHos
2941 HBaHeHKO 22000.00 2 HBaHeHKO

Hexommo3uuus (1). OTHounieHUs CIIVE ¥ CIIY_IIPO

CJIY_HOM CIIy_umsd CJIV_3APII
2934 HBaHoB 22000.00
2941 HBaHeHKO 22000.00

CJIY_HOM IIPO_HOM IIPOEKT _PVK
2934 HBaHoB
2941 2 HBaneHko

HexoMmno3unus (2)

. OtHonleHus CIIVE U 3APII_ITIPO

CJIV_HOM CIIy_1Msl CIIV_3API
2934 HMBaHoB 22000.00
2941 HBaHeHKO 22000.00

CIIV_3APII ITPO_HOM ITPOEKT_PVK

22000.00 HBaHoB

22000.00 2 HBaHeHKo

Puc. 6.3. [IBe Bo3MOXHEBIE€ T€KOMIIO3HIIMH OTHOLIEHHUS
CIIVXAIME_IIPOEKTH
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Kypc OcHosbl 633 JaHHbIX

AHanu3 puc. 6.3 MOKa3bIBAET, YTO B CJIydae ACKOMIIO3ULUHM (1) MBI
He NoTepsuTM MHGOPMALHIO O CJIYXAIUX — MPO KaXA0ro U3 HUX MOXHO y3-
HaTh UMSI, Pa3Mep 3apIlUiaThi, HOMEP BBIMOJHSIEMOrO NMPOEKTa U UMSI PYKOBO-
IUTENsT mpoekTa. Bropasi [EKOMITO3ULIMS HE JAeT BO3MOXHOCTH TOJYYUTh
JIaHHBIE O MPOEKTE CJIyXKalllero, Mockojibky MBaHoB u MBaHEHKO MOJTyYaioT
ONIMHAKOBYIO 3apIUIaTy; CJICAOBATEIBHO, 3Ta AEKOMIIO3UIUS MPUBOJIUT K T0-
Tepe HHPopMaluu. UTo Xe MpUBEJIO K TOMY, YTO OAHA NEKOMIIO3ULIUS SABJIA-
€TCsI IEKOMIMO3ULIMeN Oe3 moTepb, a BTopast — HeT?

3aMETHUM, UTO TPHU MPOBEICHUM NEKOMITO3ULIMU MBI MCITOJIb30BAIM OIIC-
palMIO B3SITUSA NTpoeKUHWH. Kaxnoe U3 OTHOIUEHHUM CIIVK, CJIIY_ITPO 1 3APII_ITPO
SIBISIETCS. MPOCKLUMEH UCXOAHOTO OTHOIUEHUsT CIVKANUE_ITPOEKTH. B cnyuae
JNeKOMNO3ULUH (1) OTCYTCTBUE MOTepU UHGDOPMALIUKM O3HAYAET, YTO B PE3YIIb-
TaTe ECTECTBEHHOIr0 COSAMHEHHUS OTHOIUEHUM CJIYX M CJIYV_IIPO MbI rapaHTHPO-
BaHHO IOJIyYUM OTHOILEHUE, 3ar0JIOBOK U TEJI0 KOTOPOro COBMAAAIOT C 3aro-
JIOBKOM U TEJIOM OTHOILIEHUST CIIYXAIUE_TTPOEKTH. ClieyeT OTMETUTD, UTO 3TO
MPOU30MAET IS JTIOOBIX TOITYCTUMBIX (M COIJIACOBAHHBIX) 3HAUYEHMIA IIEpEMEH-
HBIX OTHOLUEHWH CIYXANMUE_MPOEKTH, CIIVX u CIIV_IIPO, TIOCKOJBKY Y BCEX
3THUX MEPEMEHHBIX aTPUOYT CIIY_HOM SIBJISICTCS BO3MOXHBIM KJIHOUOM. OIHAKO
€CJIM BBINOJHHUTh €CTECTBEHHOE COSAMHEHHE OTHOLIECHUI CIIY M 3APII_IIPO, TO
OyAeT MOoJYyYEHO OTHOIlIEHHE, TT0KAa3aHHOe Ha puc. 6.4.

CxeMa 3TOro OTHOMUIEHHS, €CTECTBEHHO (ITOCKOJIBKY COETUHEHHE — €CTe-
CTBEHHOE), COBNAAAET CO CXEMOM OTHOILUECHHUS CIIYXANMUE_ITPOEKTH, HO B TeJie
MOSIBWIMCH TULUTHUE KOPTEXH, HATMYUE KOTOPHIX W MPUBOIUT K YTPaTe UCXO/I -
Ho# uHdopManuu. MHTYUTUBHO MOHSITHO, YTO 3TO MPOUCXOIUT IIOTOMY, YTO B
OTHOILEHUHU 3API_TIPO OTCYTCTBYIOT (YHKLHHUOHAJIbHBIE 3aBUCUMOCTH
CIY_3APTTI—IIPO_HOM M CJIY_3APT—IPOEKT_PYK, HO TOYHEE NMPUYHUHY NTOTEPU
HHQOPMALIMHU B JAHHOM CJy4Yae MBI OObSICHUM HECKOJBKO MO3XeE.

KoppekTHOCTb ke JeKOMMNO3ULIMM | clieayeT U3 TeOpeMbl XUTa;

Teopema Xura.

Iycthb 3amaHo oTHOIleHUE r {4, B, C} (A, BM C, B 0DLIEM cayyae, sIBIs-
IOTCS COCTAaBHLEIMM aTpUOYTaMH) U BhITIOHsieTca FD A—B.

CIIY_HOM CIIy_UMsA CITy_3APII [1PO_HOM [IPOEKT_PVK
2934 HBaHoB 22000.00 1 M BaHoB
2941 MBaHeHko | 22000.00 2 UBaHeHko
2934 HBaHoB 22000.00 2 HBaHeHKO
2941 HBanenko | 22000.00 1 HBaHoB

Puc. 6.4. Pe3yabsrar eCTECTBEHHOIO COeIMHEHUsI OTHOIUEHHUIA
CIIVX ¥ 3APII_ITPO
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Nexupa 6 OYHKLMOHANBHbIE 32BUCMMOCTHM 1 IEKOMMNO3MLUMA 6e3 notepb

Torma r = (r PROJECT {A, B}) NATURAL JOIN (r PROJECT {A, C}).
Ioka3zarenbcrso. [1pexae Bcero, 1okaxem, 4To B TeJ€ pe3ybTaTa €CTeCT-
BEHHOTO COCOWHEHUS (0003HAUYMM 3TOT pe3yJikTaT 4epe3 rl) comepxarcs
BCE KOPTEXM Tesla OTHOWEHMs r. JJeldCTBUTENbHO, NYCTh KOPTEX {a, b,
¢} € r.Torma no onpeaenieHHUIO ONEpPaLiMU B3SITUS TTPOEKLUMH {a, b} € (r
PROJECT {A, B}) M {a, c} € (r PROJECT {A, C}).CnegoBaTteibHo,
{a, b, ¢} € rl. Teneppb nokaxem, 4TO B T€JIE pe3ybTaTa €CTECTBCHHOTO
COEC/IMHEHHUS HET JIMILIHUX KOPTEXEH, T. €. UYTO €CJIM KOpTeX {a, b, c} €
rl,To{a, b, ¢} € r. Ecnu {a, b, ¢} € rl, TO CYIIECTBYIOT {a, b} €
(r PROJECT {A, B})u {a, ¢} € (r PROJECT {A, C}).IlocnenHee yc-
JIOBHE MOXET BBIMOJHATLCS B TOM U TOJIBKO B TOM CJIy4ae, KOraa CyIlecTBY-
eT KopTex {a, b*, ¢} € r. Ho mockonbky Beinonusiercs FD A— B, To b
= b* U, clIeNOBaTelbHO, {a, b, ¢} = {a, b*, c}. KoHel 10Ka3arejibCcTBa
Hns wiutrocTpauuu od1iero caydasi TIpUMEHEHUS TEOpEMbl XUTa PacCMO-
TPUM OTHOWIEHUE CIIVXAINUE_OTIEJH_ITPOEKTH {CIIY_HOM, CIy_oTn,
NIPO_HOM) (pHc. 6.5). ATpUOYT CIIV_OT[I COAEPKUT HOMEPA OTIEIOB, B KOTOPBIX
paboTaroT ciayxauue, a IPO_HOM — HOMepa MPOEKTOB, B KOTOPBIX CIyXalIue

CIIVEAIME OTHEIE ITPOEKTH

CIIY_HOM CIy_OT[ho [IPO_HOM
2934 630 1
2941 631 1
2934 630 2
2941 631 2

JlekoMno3uums.
OTHollleHHs CIYE_OTHEIH U CIIVE _NIPOEKTH
CIIY_HOM CIy_OT[L
2934 630
2941 631
CJIY_HOM IIPO_HOM
2934 1
2941 1
2934 2
2941 2

Puc. 6.5. lekoMno3ulims 6e3 oreps o Teopeme Xurta
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Kypc OcHoBbl 623 faHHbIX

MpUHUMAIOT yyactve. Kaxabii ciayxauiuid paboTaer TONbKO B OJTHOM OTACIE,
T. €. uMeeTcs FD CIIy_HOM—CJTY_OTII, HO OJUH CJAY>XKALIUA MOXET y4acTBOBATh
B HECKOJILKHUX ITPOEKTaXx.

B otHOWmIEHMH CNTYXANME_OTHAENL_ITPOEKTH aTpuOyT CJTY_HOM HE SIBJISIET-
¢ BO3MOXHBIM KJIIOYOM, HO, KaK IOKa3aHo Ha puc. 6.5, Hanuuus FD
CIIV_HOM—CJIV_OT]] OKa3bIBAETCSl AJOCTATOUYHO I IEKOMIIO3UIIUU 3TOr0 OT-
HOlIIEHUsI 6€3 NOTEPD.

Jlna nanpHeHInero U310XeHUsT HaM MOTpeOyeTCsl BBECTH €HIE OAHO OIpe-
JIeJIEHHE U CE/aTh Iapy 3aMeuaHuii.

Onpenenenne 6.10. MMHHMAJILHO 3aBHCHMbIE ATPHOYTHI

ATpUOYT B MUHHUMAJTBHO 3aBUCHUT OT arpuGyTa A, €C/IW BBITIONHSAETCS MUHU-
MayibHad cnesa FD A— B. KoHen onpenesenus.

HanpuMep, B OTHOIIEHUM CIIVEAINMUE_TPOEKTH BbIMoaHsATcs FD
CJIY_HOM—CJIV_3API M {CITY_HOM, CJIY_UMs1}—CJIy_3API. Ilepsas FD saps-
eTcsi MUHUMAJIBHOM cJieBa, a Bropast — HeT. [ToaToMy CJTV_3APII MUHUMAIbHO
3aBUCHUT OT CJTY_HOM, a ajist {CNTY_HOM, CJIV_UMS} CBOWCTBO MUHUMAJIbLHOM 3a-
BHCHMOCTH HE BBITIOJHSIETCS.

Auarpammet GYHKUNOHANBHbIX 3aBUCUMOCTEH

Hanee, s WUTIOCTpallMi B clIeayIOLIeH JIEKIIMU HaM TPUTOASATCS Aua-
rpaMMbl FD, ¢ MOMOIIBI0O KOTOPBIX MOXHO HArJIsIAHO NMPEACTABASATH MUHU-
MayibHBIE MHOXecTBa FD. HanpuMep, Ha puc. 6.6 npuBeleHa uarpaMma M-
HUMaJIbHOTO MHOXecTBa FD oTHoleHust CITVXAIUE,_TIPOEKTH.

B neBoil yacTM muarpaMMBbl BCE CTPENKHM HAYMHAIOTCS C arpudyra
CJIV_HOM, KOTOPBIii SIBJIAETCS] €AMHCTBCHHBIM BO3MOXHBIM (M, CJICIOBATE/IBLHO,
MEePBUYHBIM) KJTIIOUOM OTHOILUEeHUs CJTVKANNE_TIPOEKTH. O6paTuTe BHUMaHKE
Ha OTCYTCTBHE CTPEJIKM OT CJIV_HOM K TPOEKT_PYK. KOHEYHO, MOCKONBKY
CJIY_HOM ABIAETCS BO3MOXHBIM KJIIOUOM, MOJXHA BBINOJHATBCA U FD
CJIV_HOM—IIPOEKT_PYK. Ho 3Tta FD sBisieTCst TpaH3UTHBHOM (yepe3 IIPO_HOM)

Cly_uMsa

CJIY_HOM CIy_3APII

[TPO_HOM » [[POEKT_PVYK

Puc. 6.6. luarpaMmma MUHUMAaIbHOTO MHOXecTBa FD oTHOIIeHUS
CIIVKAIUE_TIPOEKTH
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Nekuus 6 (DYHKIJMOHaJ'IbeIe 3aBUCUMOCTW U AeKoMoanums 6ea noTepb

M TIO3TOMY HE BXOAUT B MMHMMaJIbHOe MHOXecTBO FD. 3aMeTuM, 4TO B mpo-
1ecce HOpMaJIU3alluHi, K PACCMOTPEHHIO KOTOPOTO MBI NIPUCTYITUM B CIIEIYIO-
e JIeKIUH, U3 AuarpaMM MHoxecTBa FD ynansiorcst cTpesiky, HauHHAKOIIH -
€Csl He OT BO3MOXHBIX KITIOUeH.

3aknoueHue

B 3100 JieKLMM 6bUTO BBEAEHO MOHATHE (PYHKUMOHAILHOM 3aBUCHMOCTH
M HCCIIeNOBATIMCh BaXHbIE CBOMCTBA (PYHKIIMOHAIBHBIX 3aBUCHUMocTel. OnHa
M3 1eNied coCTOsUIa B TOM, YTOOBI HA OCHOBE HEKOTOPOTr0 MHOXXECTBA (DYHKIIH -
OHANILHEIX 3aBUCHMOCTEH CyMeTb MOCTPOMTh MHUHHUMAIbHOE IKBHUBAIEHTHOE
MHOXeCTBO (PYHKIIMOHANBHBIX 3aBUCUMOCTe. MBI HaYa o6cyKneHue ¢ 1o-
HATHSA 3aMBIKaHHH MHOXeCTBAa (DYHKLUHOHAJBHBIX 3aBUCUMOCTEH U aKCHOM
AMCTpOHTIa, TEOPETHYECKU MO3BOJIAIOIINX MOCTPOUTh TAKOE 3aMbIKaHHE. 3a-
MBbIKaHHEe MHOXeCTBa (DYHKUHOHAIBHBIX 3aBUCHMOCTEN COAECPXKUT BCe (PyHK-
LIMOHAJIbHBIE 3aBUCUMOCTH, BHIBOJUMBIE U3 (DYHKIITMOHATBHBIX 3aBUCUMOCTEH
33JaHHOTO MHOXeCTBAa. PaccCMOTpEeHHBIN Aajiee alTOPUTM TIOCTPOCHUS 3aMbI-
KaHHUSI MHOXECTBA aTpUOyTOB HaJl 3aIaHHBIM MHOXECTBOM (DYHKIIMOHATTbHBIX
3aBUCHMOCTEH yIpollaeT 3a1aqy, No3BoJissl ONPEAETUTh NPUHALIEXKHOCTh 3a-
JNaHHOM (PYHKUHOHANBHON 3aBUCMMOCTH K 3aMbIKaHHIO 33JaHHOTO MHOXeCTBa
(hYHKUIMOHANBHBIX 3aBUCUMOCTEN 6€3 HOTPEOHOCTH B PEATLHOM MOCTPOCHUM
3aMbIKaHUS.

Jlaniee MBI 3aHSLTHCH TIOKPBITUSIMH MHOXECTB (DYHKIIMOHATBHBIX 3aBUCH-
MOCTEH U MUHHUMAaJIbBHBIMH MHOXECTBaMH (DYHKIIMOHANBHBIX 3aBUCUMOCTEMH.
HauGousiee BAXXHBIM PE3YJIETATOM 3TOM YaCTH JEKLHUM SIBJISIETCS JOKA3aTeNbCT-
BO CYLIECTBOBAHHUSI U HAMETKM AITOPUTMa MOCTPOEHUS MUHUMAJIBHOIO FO-
KPBITUSI 33JaHHOTO MHOXECTBA (DYHKIIMOHAIBHBIX 3aBUCHUMOCTEM — MMHU-
MaJIbHOTO MHOXECTBa (DYHKIIMOHAJIBHBIX 3aBUCUMOCTE N, 3KBUBAIEHTHOTO HC-
XOIHOMY MHOXECTBY.

Haxoneu, nocneAHUM pa3nen JEKIWH ObLT TOCBSIIIEH KPUTEPHIO IEKOM-
TIO3U1IHU OTHOUIEHHUS 6€3 MOTEPBD, T. €. TAKOMY CIIOCO0Y NPOeIMPOBAHUS 3aaH-
HOTO OTHOILIEHHS Ha JIBA OTHOILIEHHUSI, IPH KOTOPOM PE3YJILTAT €CTECTBEHHOTO
COCIMHEHHS MIPOEKIUI B TOUHOCTH COBIANAET C HCXOAHBIM OTHOIIEHHEM. [lo-
CTATO4YHOE (M OYEHb ECTECTBEHHOE) YCIOBUE NEKOMIO3ULINM Oe3 moTephb obec-
MeYMBAET TeopeMa XuTa.
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Kypc OcHosbl 6a3 gaHHbIX

Jlekuma 7. NpoekTupoBaHne penauMoHHbIX 6a3 aaHHbIX
Ha OCHOBE NPUHLMUNOB HOpManu3aunmn:
nepsbie Waru Hopmanm3aumm

DTa JeKUMs OTKPBIBAET CEPHIO U3 YeTbIpeX JIeKLHi, MOCBAIMIECHHbIX NPOEKTH-
POBAHHIO PEIAMOHHBIX 623 JaHHBIX. B AaHHOI IeKIMH peds nolieT o HopMain3a-
MM CXeM OTHOWIEHHH € YYETOM TO/IbKO (DYHKIMOHAJIBHBIX 3ABHCHMOCTENH MEXIy
arpuOyTaMy OTHOWIEHHA. DTH «NepBble WATH» HOPMAJIM3ANMH NMO3BOJAIOT MOdY-
YHTH cxeMy 0a3bl JAHHBIX, B KOTOPBIX BCe NMepeMeHHble OTHOWEHHI HAXO0AATCSA B
Hopmaunshoii popme Boiica-Koana, 00bvHO pacuieHuBaeMoil y10BI€TBOPHTE/IbHOM
JUtst OOJIbIIEH YACTH NPHIIOKEHHH.

KaroyeBbie cji0Ba: nepBast HOpMayibHas popMa, MpoLecc HOpMaTU3aLuu,
aHOManuM OOHOBJIEHUS, BTOpasi HOpManbHas (OpMa, TPEThsl HOpPMAaJbHAasl
dopMa, He3aBUCHMBIE MTPOEKIIMK OTHOIIEHUH, TeopeMa PuccaneHa, aToMapHoe
OTHOLUEHME, TIEPEKPBIBAIOIIMECA BO3MOXHBIE KJTIOUM, HOPMAIbHAs ¢GopMa
boiica-Koana.

BeBepenve

I1pu npoeXTHPOBaHKM 6a3bI JAHHBIX PEILIAIOTCS ABE OCHOBHBIE ITPOOIEMBI.

¢ KakuM 06pa3oM 0TOOPa3UTh OOBEKTHI MPEIMETHON 06J1ACTH B aOCTPaKTHBIE

0OBEKTBI MOJIE/IM AAHHBIX, YTOOBI 3TO OTOOPAXKEHHE HE TTPOTUBOPEUMIIO CE-

MaHTHKeE IIpeIMETHOR 061aCTH M OBbUIO, IO BO3MOXHOCTH, JY4IIUM (3¢-

($EeXTUBHBIM, YIOOHBIM U T. 4.)? YacTo 3Ty npobiieMy Ha3bIBAIOT NPoOIeMOit
JIOTHYECKOTO MPOCKTUPOBAaHUS 0a3 JTaHHBIX.

e Kak obecrieunts 3(PpHeKTUBHOCTD BBINMOJIHEHHUS 3aNpOCOB K 0a3e JaHHBIX,
T. €. KAKMM 00pa3oM, UMesl B BUILy 0COOeHHOCTH KoHKpeTHOM CYDB/I, pac-
TTONOXUTh JaHHBIE BO BHEIITHE! MaMsITH, CO3IaHUS KAKMX JOTOJIHUTEIbHBIX
CTPYKTYp (HampuMep, MHIEKCOB) MOTpeOOBaTh U T. 4.7 DTy pobaeMy 00bIY-
HO Ha3bIBAIOT NpobIeMOoi GU3NYECKOro MPOeKTHPOBaHUS 06a3 JaHHBIX.

B cnydae pensiuMoHHBIX 6a3 JAaHHBIX TPYAHO INPEIJIOXHUTb KaKHUE-TH00
00IIME PELETITHI MO YacTU (DUIMIECKOTO MPOEKTUPOBAHUSA. 31ECh CAUILIKOM
MHoroe 3aBUCHT OT ucroab3yeMoit CYB/I. [1o3ToMy MBI OrpaHUYMMCS BOIIPO-
CaMU JIOTMUECKOTO MPOEKTUPOBAHUSI PENSILIMOHHBIX 043 NaHHBIX, KOTOPHIE CY-
HIECTBEHHBI NPU UCTIONB30BAHUH 11060M pensuuonHoi CYB/.

Bosee Toro, Mbl He 6y1eM KacaThbCsl OUEHb BAXXHOTO ACTIEKTA IIPOEKTUPO-
BaHU — OIPEAETAEHUS OTPaHUYEHU I LIETOCTHOCTH OOLIETO BUAA (3a UCKITIOYE-
HUEM OTPAHUYECHUM, 3anaBaeMbIX QYHKIIMOHATLHBIMA U MHOTO3HAYHBIMH 33~
BUCHMOCTSIMHM, a4 TaKXe 3aBUCHUMOCTSIMM IpOEKIIMH/coeauHeHus). eno B
TOM, 4TO NpHU ucnoab3oBaHUM CYB/I ¢ pa3BUTHIMU MeXaHU3MaMH OrpaHHYe-
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Nexuyuna 7 MepBLIe Wwarn HopMannaauuu

HUH LesocTHOCTH (HanmpuMep, SQL-OpHMEHTHPOBAHHBIX CHCTEM) TPYAHO
MPEIJIOKUTh KAKON-TUO0 YHUBEPCAILHBIA MOAX0/ K ONpPeAeJIeHHUIO OrpaHuye-
HHH LEJTOCTHOCTH. DTU OTPAHMYEHUS MOTYT UMETh IMTPOM3BOJIBHO CIIOXHYIO
dopmy, ¥ Hx POpMYTHUPOBKA MOKA OTHOCUTCS CKOpee K 00JJaCTH MCKYCCTBA,
yeM MHXeHepHoro Mactepera. Camoe Gobliiee, YTO MpeIaraeTcsi Mo 3TOMY
MOBOY B JIMTEPATYpPE, 3TO ABTOMATHYECKAs MPOBEPKA HEMPOTUBOPEYUBOCTH
Habopa orpaHU4YeHUI LIEJIOCTHOCTH.

Tak 4yTo B 3TOH M CienyrolIen JeKIHsIX Mbl OyIeM CYMTATh, YTO NMpobiie-
Ma MPOEKTHPOBAHMUSA PENSLIMOHHOMN 6a3bl JAHHBIX COCTOMT B OOOCHOBAaHHOM
MPUHSITHM PELLIEHUIH O TOM, U3 KaKUX OTHOIIEHUI 10JXHA COCTOSITh B/l M Ka-
KHe aTPUOYThI 1OJKHBI OBITh Y 3TUX OTHOLICHHUIA.

B 3710i1 ¥ cnenytouieif nekuusix 6yaeT pacCMOTPEH KJIaCCHYECKHUM Mmoaxo,
MPH KOTOPOM BECH MTPOLECC MPOEKTUPOBAHUS 6a3bl JAHHBIX OCYLUECTBIISIETCS B
TePMUHAX DPEISIIMOHHON MOAEIU JAHHBIX METOJIOM IOCACAOBaTENbHEIX MPH-
OMMXEHUI K YIOBJIETBOPUTEILHOMY Habopy cxeM oTHolueHWid. McxomHoii
TOYKOWM SIBJSICTCSl MPEACTABJCHUE NMPEAMETHOM 00MacTH B BUAE OOHOIO WIH
HECKOJIbKMX OTHOIIIEHUH, U HA K&XIOM LIare NpoeKTUPOBAHUS IPOU3BOIUTCS
HEKOTOPBIN HA0Op CXEM OTHOLUIECHU, 00Jadal01UX «yJIyJIIIeHHBIMW» CBOMCT-
Bamu. TIpouecc NpoeKTUPOBAHUSA MPeACTABIsAET COO0I MpoLecc HOpMaIU3a-
UM CXEM OTHOLICHHWI, MPpUYEM Kaxaas cieaylollas HopMaiabHas dopMa 00-
JlajaeT CBOMCTBAMH, B HEKOTOPOM CMBICIE, IYYIIIMMHU, YEM MPEAbLAYIIAS.

Kax ot HopMaabHOI ¢opMe COOTBETCTBYET OIpeAeIeHHBII Habop orpa-
HUYEHHI, H OTHOIIIEHHE HAXOIHUTCS B HEKOTOPOH HOpPMaJIbHOHM opMe, eciH
YOOBJETBOPSIET CBOMCTBEHHOMY €W HAabOpy orpaHW4YeHHUi. IIpuMepoM MoXeT
CIY>XUTb OTpaHUYEHHUE NMEePBO HOPMaJIbHOM (POPMbI — 3HAYEHHUS BCEX aTPUOY-
TOB OTHOILIEHHsI aToMapHbI*. TIocKOIBKY TpeGoBaHHE IMEPBOM HOPMAIbHOM
¢ opMBI ABNISIETCA 0a30BBIM TPEOOBAHUEM KJIACCUYECKOM PEJISIIMOHHON Moje-
JIM JaHHBIX, MBI OyIeM CYUTATh, YTO UCXOJHBIA HAOOD OTHOIIEHUH yXE COOT-
BETCTBYET 3TOMY TPEOOBAHHUIO.

B Teopun pensiiMOHHEIX 633 JaHHBIX OGBIYHO BBLIEISIETCS CJIEAYIOLIAS
MOCJIe10BATEeIbHOCTh HOPMAJIBHBIX (hOpM:
nepBasi HopMajisHas ¢popMa (INF);

BTOpasi HopMaibHas ¢dopma (2NF);
TpeThsi HopMasibHas dopma (3NF);
HopMaJibHas ¢opma boiica-Koaga (BCNF);
yeTBepTasd HopMaibHasi popMa (4NF);
nsitasg HopMajibHas opMa, WIW HOpMajbHas (opMa MpOSKLMH-COSAUHE -
Hus (SNF wiu PJ/NF).
OCHOBHBIE CBOWCTBA HOPMAJIBHEIX (POPM COCTOSIT B CJIEAYIOIIEM:

* HamoMHUM U3 JIEKLIUH 2, YTO GMOoMApHOCMb 3HAYEHUS TPAKTYETCS B TOM CMBICIIE, YTO 3HAYEHHE
THIH3WPOBAHO, U C 3TUM 3HaY€HHEM MOXHO pafoTaTh TOJBKO € MOMOLIBIO ONEPaLHii COOTBETCT-
BYIOLIIETO TUIIA JAHHBIX.
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Kypc OcHoBbl 633 AaHHbIX

& Kaxnas cieayioulasi HopMaibHas (opMa B HEKOTOPOM CMBICIIE JIyUllIE Tpe-
JbLAYyHIeH HOpMaJibHOM (DOPMBI;

® IIpH Iepexode K CIeAYIOIeH HOpMabHOM (opMe CcBOICTBA MPEAbIAYIIMNX
HOPMAaJIbHBIX (hOPM COXPaHSIOTCSI.

B ocHOBe npouecca MPOEKTUPOBAHUS ICKUT METOA HOPMATU3ALIMH, T. €.
AE€KOMIIO3ULIMH OTHOLICHMS, HAXOAAIUErocs B MpEAbLAYINEA HOPMATbHOHU
dopme, Ha 1Ba WM O0Jiee OTHOLIEHUH, KOTOPbIE YIORIETBOPSIOT TPeOOBaHU-
SIM CNIEAYIOUIEH HOPMaTBHON (POPMBIL.

B a0 kMU MBI 06CYAMM MEPBLIEC WIAarH NpoLecca HOPMAJIU3aLluK, B
KOTOPBIX YYUTHIBAIOTCS QYHKIIMOHANBHBIE 3aBUCUMOCTH MEXIY aTpUbyTaMu
OTHOLIEHHU. XOTSI MBI U Ha3bIBa€M 9TH LLIATH NEPBbIMU, UMECHHO OHU UMEIOT
OCHOBHYIO NPAaKTUYECKYIO BAXHOCTb, ITOCKOIBLKY MO3BOJISIOT ITOJYYHUTH CXEMY
pesIUMOHHOM 6a3bl JAHHBIX, B OOJIBIIMHCTBE CIy4aeB yAOBJIECTBOPSIONYIO M0~
TpeOHOCTH NMPUIIOXKEHHUIA.

MuHuManbHble YyHKUMOHANbHbIE 3aBUCUMOCTHU
U BTOpas HopMmanbHaa ¢popma

IlycTb MMeeTcsl TiepeMeHHasi OTHOIIEHUS CIIYKAIUE_TPOEKTH_3ANAHUA
{CIIV_HOM, CINy_VPOB, CJY_3API, TIPO_HOM, Cnvy_3AHAH}. HoBble aTpuby-
Tl CJIV_VPOB M CJIY_3AAH COIEPXAT, COOTBETCTBEHHO, JAHHBIC O pa3psiae Cy-
XXalIllero ¥ 0 3aaHWH, KOTOPOE BHIITOJHSIET CIYXKAIUWHA B JAHHOM NpoekTe. by-
JIEM CYUTATh, YTO pa3psi CITYXAUIEro ONpeaesseT pa3mMep ero 3apaboTHOM mia-
ThbI, M YTO KaXABIHM CJTyKallUi MOXET YY4aCTBOBATH B HECKOJIbKMX MPOEKTAX, HO
B KaXIOM ITPOEKTE OH BBIMNOJIHAET TOJILKO OAHO 3agaHue. Torga 0o4eBHAHO, YTO
€OIUHCTBEHHO BO3MOXHBIM KJTIOYOM OTHOIIECHHUA CITYXAINUE_TNPOEKTH_3ANAHNS
SIBJISIETCSA COCTaBHOM aTpuOyT {CJIY_HOM, IIPO_HOM}. JluarpaMMa MMHUMaIb-
Horo MmHOXecTBa FD nokasaHa Ha puc. 7.1, a BO3MOXHOE TeJIO 3HAaYCHU I OTHO-
LIeHHUs — Ha pHc. 7.2.

CIV_YPOB | CJIY_HOM

¥ / »| CIIV_3AIRH
CIV_3APII TIPO_HOM

Puc. 7.1. IuarpamMma MHOXecTBa FD oTHOIIEHUsA
CIIVEAIME_TTPOEKTH_3AINAHUSA
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Nekuua 7 MepBbie Waru HopmManusauum

CJIV_HOM CIIV_YPOB CIIY_3APII ITPO_HOM CIIV_3AIIAH
2934 2 22400.00 1 A
2935 3 29600.00 1 B
2936 1 20000.00 1 C
2937 1 20000.00 1 D
2934 2 22400.00 2 D
2935 3 29600.00 2 C
2936 1 20000.00 2 B
2937 1 20000.00 2 A

Pwc. 7.2. Bo3sMoxXHOe 3HAYEHUE IMTEPEMEHHON OTHOILEHUS
CIIVXAIIME_ITTPOEKTH_3AIOAHUA

AHOManun o6HOBNEHUS, BO3HUKAIOLLWE U3-3a HAaNN4Yna
HEMUHUMANbHbIX PYHKUMNOHANbLHBIX 3aBUCUMOCTEN

Bo MHoxectBo FD otHoiueHust CIVXAIME TTPOEKTH_ 3AINAHUA BXOAUT
MHOro FD, B KOTOpHIX J€TEpPMUHAHTOM SIBJISIETCSI HE BO3MOXHBIHM KJ1104 OTHO-
HICHUSA (COOTBETCTBYIOIIME CTPEJIKM B JWarpaMMe HAYWHAIOTCA He ¢
{CJIV_HOM, INPO_HOM}, T. €. HEKOTOpPbie (PYHKLIMOHATbHbIE 3aBUCUMOCTH aTpU-
OYyTOB OT BO3MOXHOT0 KJII04a HE SIBISIIOTCS MUHUMAIBHBIMHU). DTO TPUBOAUT K
TaK HAa3bIBAEMBIM gHOMAUAM 00no8Aenus. Tlog aHoMaTUsIMUA OGHOBJICHUS TI0-
HUMAIOTCSl TPYAHOCTH, C KOTOPBIMYM NMPUXOAWUTCS CTATKHBATHECS MIPH BHITIOJTHE -
HUM omnepaiyi no0aBneHUs KOPTeXel B OTHOIIEHHE (INSERT), yoaJIeHUsI KOp-
Texeil (DELETE) U MoaudUKalluy KopTexeit (UPDATE). OOCyIuUM CHavdasa aHo-
MaJIi¥ OOHOBJICHUSI, BEI3bIBaeMBIe HatMuueM FD CIIv_HOM—CIIY_VPOB (3TH
aHOMAJIMM CBS3aHBI C HW30BITOYHOCTBIO XpaHEHWs 3HAYCHUN aTpubyTOB
CJIV_YPOB ¥ CJIY_3APII B KAaX/IOM KOPTEXE, OMUCHIBAIOILIEM 33JaHUe CyXKallle-
ro B HEKOTOPOM MPOEKTE).

e Jlobasaenue kopmedxceii. Mbl HE MOXEM JOMOJHUTE OTHOILIEHHE CITYXA-
IUE_NTPOEKTH_3AITAHAA NaHHBIMH O CTYXAIlEM, KOTOPBIA B JaHHOE BPEMSI
€lle HE y4acTBYET HY B OJIHOM TpoeKTe (TPO_HOM SIBASIETCS YacCThIO Tep-
BUYHOTO KJI04a MU HE MOXET CONEpXaTh HEOINpeleIeHHBIX 3HAYECHUIA).
Mexny TeM 4yacTo OBIBAET, UTO CHayaJla CAyxalllero NpUHUMAIT Ha pabo-
Ty, YCTAHABIUBAIOT €r0 pa3psii ¥ pPa3Mep 3apIulaThl, a JUIIb MOTOM Ha3Ha-
YaloT AJIs1 HETO MPOEKT.

® Yoanenue xopmexcei. Mbl HE MOXEM COXPAHUTL B OTHOLIEHUU CIV-
KAIME_TNPOEKTH_3ANAHUS AaHHBIE O CAYyXallleM, 3aBEPIIUBIIEM ydac-
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Kypc OcHosbl 633 AaHHBIX

THE B CBOEM MOCJEAHEM ITPOeKTe ([0 TOM NPUYHMHE, YTO 3HAYEHUE aTPU-
Oyta IIPO_HOM Ui 3TOro CJyXalllero CTAHOBUTCS HEOMNPEACJCHHBIM).
Mexny TeM XapakTepHa CUTyallusl, KOTAa MEXAY MPOEKTaMU BO3ZHUKAKOT
TepepbIBbl, HE MPUBOASIINE K YBOJLHEHHIO CIYXAIUX.

® Moouguxayusa kopmexceii. Y1066 U3MEeHUTD pa3psid CAYXaUIETro, Mbl OyaeM
BbIHYXII€Hbl MOAU(DUIIMPOBATL BCE KOPTEXHM C COOTBETCTBYIOIIMM 3Haye-
HMeM atpubyra CIIY_HOM. B mpoTMBHOM ciydae OyaeT HapylieHa ECTECTBEH-
Hass FD CJIV_HOM—CIJIY_YPOB (Y OJHOTO CIYyXallleT0 UMEETCS TOJNbKO OAUH
paspsn).

Bo3amoxHas AeKOMNo3nLmua

7151 IpeoaoSIEHUsT 3TUX TPYAHOCTEN MOXHO ITPOU3BECTU ACKOMITO3UIIMIO
TIEPEMEHHOI OTHOLIEHUsT CITYXANME_[TPOEKTH_3ANIAHNS Ha ABE TEPEMEHHBIX
OTHOUIEHUH — CIIVX {CJIV_HOM, CJIV_VYPOB, CJV_3APIT} v CIIVX_I[IPO_3ANIAH
{CIY_HOM, MPO_HOM, CIY_3ANAH}. Ha ocHoBaHHMM TeopeMbl XUTa 3Ta AEKOM-
TIO3ULHUA SIBJISIETCS] ACKOMITO3UIIUEH O€3 1OTEPh, MOCKONBKY B UCXOAHOM OTHO-
1eHuy umenack FD {CITV_HOM, IIPO_HOM}—CIV_3AIAH. Ha puc. 7.3 nmokasa-
Hbl TMarpaMMbl MHOXecTB FD 3TUX OTHOILIEHUA, a Ha puc. 7.4 — ux 3HaYEHUSI.

CITY_HOM »| CIV_VPOB CITY_HOM
¥ »| CIIV_3AIAH
CITV_3APT IPO_HOM

Puc. 7.3. Iuarpammsl FD B nepeMeHHBIX OTHOLIEHU I
CIIVK u CIIVX_IIPO_3ANAH

Ternepb Mbl MOXEM JIETKO CIIPABUTLCS C OTlepaliusiMU OOHOBJIEHMS.

o Jlo6aenenue Kopmexceil. YTOOBI COXpaHUTL JaHHBIE O MPUHATOM Ha paboty
clyXalleM, KOTOPBIH €1lle HE Y9acTBYET HU B KaKOM MPOEKTE, JOCTATOYHO
JI06aBUTH COOTBETCTBYIOIINI KOPTEX B OTHOIIEHHE CITY X,

o Yoanenue xopmexceil. ECIM KTO-TO U3 CNyXalllMX Mpekpauact paboTty Han
TPOEKTOM, JOCTATOYHO YAAIUTH COOTBETCTBYIOIIIMA KOPTEX U3 OTHOLIEHUS
CIIVX_TIPO_3AJIAH. IIp4 YBONbHEHHH CIYXAIIEr0 HYXKHO YATUTh KOPTEXH €
COOTBETCTBYIOIIUM 3Ha4yeHHeM atpubyra CJIV_HOM U3 OTHOLIeHUH CIIVEK W
CIIVX_IIPO_3AIAH.

* Moodugurxayus xopmeoxcei. Ecnu y cnyxauero MeHsieTcs pa3psa (4, cleno-
BaTeJbHO, pa3Mep 3apILiarhbl), 1OCTATOYHO MOJUGDUIIMPOBATH OJMH KOPTEX
B OTHOLIEHUH CITYX.
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Nexuwa 7 MepBble warn HopMmanmaaumv

3HaueHHEe MepeMEHHOM OTHOMIEHUS CITVX

CJIY_HOM CIIY_VPOB Cy_3API
2934 2 22400.00
2935 3 29600.00
2936 1 20000.00
2937 1 20000.00

3HaueHHe NepeMEeHHOU OTHOWEHUS CIIYX_ITPO_3AIIAH

CIIY_HOM TIPO_HOM CIY_3AIIAH
2934 A
2935
2936
2937
2934
2935
2936

937

NI — =] =] —}]
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Puc. 7.4. 3HaueHUs nepeMeHHbIX OTHOIIEHH I

Bropas HopMmanbHas dopma

Kak BunHo, Ha puc. 7.3 otcyreTByloT FD, He SBISIOMIMECT MUHUMANbHbI-
mu. Hannuwme taxux FD Ha puc. 7.1 BBI3BIBIO aHOMaIUH 06HOBIeHHUS. [Ipo-
6JeMa 3aKII04aIach B TOM, UTO aTPpUOYT CIIVX_YPOB OTHOCHJICS K CYILHOCTHU
cAy¥cawuli, B TO BpeMs KaK MEPBUYHBIA KITI0Y WIEHTU(PHULIMPOBAT CYILIHOCTb
300aHUe _CAYHCAUE20 _8_npoexme.

Onpenenenne 7.1. Bropaa HopmanbHas opma

IlepeMeHHas OTHOLLICHUSI HAXOAMTCS BO BTOPOil HOpMaibHO#M ¢dopme (2ZNF)
TOrRa M TOJIbKO TOrAAa, KOTAa OHa HaXxOAUTCs B IEPBO HOpMaTbHOU hopmMe,
M KaXIbIH HEKIIOYEBOH aTpUOYyT* MUHUMAIBbHO (hDyHKIIMOHATLHO 3aBUCHT
OT NepBHYHOTO Kitoua.** Konen onpenesienns .

INepeMeHHBIe OTHOLIEHUH CJIVX M CIIVX_IIPO_3ANAH Haxoastcs B 2NF
(Bce HEKTIOUEBBIE aTPUOYTHI OTHOLLIEHUH MUHUMAITLHO 3aBUCSIT OT TIEPBUYHBIX

* Hexstioue BbIM aTpUOYTOM Ha3bIBaeTCs aTPUOYT, He BXOASALMHA HY B ONMH BO3MOXHbIA KITIOY.
** B onpeaeICHKH TIPEIIONAraeTCs, YTO Y OTHOIIEH W1 HMEETCSl TOJIbKO OIMH BO3MOXHbIHM KITIOU.
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Kypc QOcHoBbl 623 faHHbBIX

KJHo4ei CJIV_HOM U {CJIV_HOM, IIPO_HOM} cOOTBeTCTBeHHO). [lepeMeHHast OT-
HoleHHus CJIVKAIIUE_TTPOEKTH_3ANAHUSA He Haxonutes B 2NF (Hanpumep, FD
{CJIV_HOM, IIPO_HOM}—CJIY_YPOB He siBjideTcs MUHUMaTbHOI1). JTro6as nepe-
MeHHas oTHolleHus, Haxonsamasics B I1NE Ho He Haxonsimmascs B 2NF, Mmoxert
OHITH TIpUBeAeHA K Habopy mepeMeHHBIX OTHOIIeHMI, Haxonsamuxcsa B 2NE
B pe3yabraTe 1eKOMNOO3ULIMHU MBI TTOTy4aeM Habop NpoeKILMii UICXOIHOA Tiepe-
MEHHOI OTHOILIEHHS, eCTeCTBEHHOE COeNHHEHUE 3HAYEHHI KOTOPBIX BOCIIPO-
H3BOJMT 3HAYEHHE HCXOTHOU NepeMeHHOH OTHOMIEHHUS (T. €. 3TO JEKOMIIO3U-
uus 6e3 noteps). L1s MepeMeHHBIX OTHOILIEHUH CJIVE M CJIVE_IIPO_3AIAH MC-
XOHOE OTHOIUCHUE CITVXAIUE_TIPOEKTH_3ANAHUSA BOCTIPOU3BOAUTCS X €CTECT-
BEHHBIM CO€IMHEHHUEM 0 0611eMY aTpUbyTy CJIV_HOM.

3aMeTHM, YTO IOITYCTHMOE 3HaAYEHHE [TEPEMEHHOM OTHOIEHMS CITYX MO-
XET cOepXaTb KOPTEXU, UHHOPMAHUOHHOE HAMOTHEHUE KOTOPBIX BBIXOAUT
3a Mpeaeabl JOIYCTUMBIX 3HAYEHU M epeMeHHOA OTHOLIEHUA CIIVXAIUE_TTPO-
EKTH_3AIAHMA. Hanpumep, B T€i€ OTHOILIEHH CJIYX MOXET HAXOAUTHCSA KOP-
TeX € JaHHBIMM O CIIyXaileM ¢ HOMEpOM 2938, KOTOPBIiA elle HE y4acTBYET HU
B OfIHOM TipoexTe. Hanmyme Takoro Koprexa He BMSIET Ha pe3yJibTaT €CTeCT-
BEHHOTO COeIMHEHH, TEJI0 KOTOPOTO BCe paBHO OyIET COBMAAATh C TEJIOM J0-
ITYCTUMOIO 3HaYeHHS MepeMEHHOM OTHOLLIEHU CITYXAIME_TIPOEKTH_3AIAHKI.

HeTpaH3anTtuBHblie GyHKLNOHAJIbHbIE 3aBUCUMOCTHU
WU TpeTbs HopMaJsibHas ¢popma

B mpousBeneHHOi NIEKOMMO3ULMH MEPEMEHHOW OTHOIIEHUS CIIVRA-
IIME_MPOEKTH_3AIAHUA MHoxectBO FD nepeMeHHOl  OTHOImIEHHUSA
CIIVX_IIPO_3AINAH MpeaejibHO MPOCTO — B EOWHCTBEHHON HETPHBHAJIBHOMH
byHKUMOHANBHOH 3aBUCHUMOCTH ACTEPMUHAHTOM SBISIETCS BO3MOXHBIA
ki104. IIpy HCoNMb30BaHUHU 3TOU MEPEeMEHHON OTHOIIEHHUS KaKHe-Iubo aHO-
Maiuu OGHOBJIEHHS] HE BO3HHMKaAiOT. OQHAKO NepeMeHHas OTHOIIEHUS CIIVX
HE ABJACTCS TAaKOH Xe COBEPIUEHHOM.

AHOManuu o6HOBNEeHU!, BO3HUKAIOWHUE U3-3a HANUYUS
TPaH3UTUBHbLIX QYHKLMOHANbHLIX 3aBUCUMOCTEN

DOYHKITHOHAIBHBIE 3aBUCUMOCTH TIePEeMEHHOH OTHOIIEHHUA CJVEK ITo-
MpexXHeMY MOPOXIAI0T HEKOTOPbIC AHOMATHH OOHOBJIEHHA. OHH BEI3BLIBAIOTCSA
HaIMYKeM TpaH3uTHBHONH FD CJIv_HOM—CIIV_3API (4epe3 FD CJIv_HOM—
CJIV_VYPOB ¥ CJIV_YPOB—CJIV_3APII). DTH aHOMAJIIMU CBA3aHbI ¢ U3OBITOYHOC-
ThIO XpaHEHHUS 3HAYCHUS aTpuOyTa CJIV_3APII B KaXAOM KOPTEXe, XapaKTepH-
3VIOLIIEeM CIIyXaI[UX ¢ OOHUM U TEM Xe pa3psaaoM.

o Jlo6aeaenue iopmexceii. HeBOIMOXHO COXpAHUTh JAHHBIE O HOBOM pa3psjie
(4 COOTBETCTBYIOLIEM €My pa3Mepe 3apIUIaThl), MOKA HE TOABUTCS CIIyXa-
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Kypc OcHoBbl 6a3 naHHb

3HayeHue nepeMEHHOM OTHOIEHUS CTTYR1

CJIV_HOM CIIy_VPOB
2934 2
2935 3
2936 1
2937 1

3HayeHUE HCpCMCHHOﬁ OTHOIUEHUS YPOB

ClIy_YPOB CIIY_3APII
2 22400.00
3 29600.00
1 20000.00

Puc. 7.6. Tena otHouleHui CJIVX1 M YPORB

03HAYyajI0, YTO aTpUOyT CJIV_3API XapaKTePU30BaI HE CYLIHOCTD CAYHCAUUil,
CYLIHOCTD paspao.
Oupenenenne 7.2. Tperbs HopMaanhas dopma
IlepeMeHHasi OTHOLLEHUsSI HAXOOUTCS B TPETheil HOpMaibHOU popme (3NF
B TOM Y TOJIBKO B TOM CJIy4ae, KOTr4a OHA HaXOAUTCS BO BTOPOM HOPMAIBLHO!
¢dopMe, U KaxkabIi HEKJIIOUeBOM aTPUOYT HETPAH3UTUBHO* (DYHKITMOHAIbH:!
3aBUCHT OT MepBUYHOTO KJoya.** Konen onpenesenns.

OrtHoureHust CJIVK1 U YPOB o6a Haxonstcst B 3NF (Bce HEKJIIOYEBRIE aT
pUOYTHI HETPAH3UTUBHO 3aBMUCAT OT IEPBHUYHBIX KIKOYEH CIIY_HOM |
CNy_vyPOB). OTHolueHHe CIVK He HaxoauTest B 3NF (FD Cny_HOM—CIY_3AP
SIBJIAETCS TPAH3UTHBHOM ). JI1060¢ oTHOMIeHUe, Haxoasieecs: B 2NF, Ho He Ha
xomsauieecss B 3NF, MOXeT OBITh ITPUBEAEHO K HA0OPY OTHOLLICHUM, Haxods
muxcst B ANE Mkbl nmonydyaeM Habop MPOEKLIUH UCXOAHOFO OTHOLLIEHUS, €CTE
CTBEHHOE COEIUHEHUE KOTOPHIX BOCIIPOU3BOIUT UCXOQHOE OTHOIIEHHE (T. €
3TO JEKOMIMO3ULIMs Oe3 oTeps). st oTHOmIEHUH CJIVE] ¥ YPOB UCXOAHOE OT
HollleHHE CJIYX BOCITPOM3BOJUTCS UX €CTECTBEHHBIM COCAVMHEHUEM 1o 001e
My aTpubyTy CIIV_VPOB.

3aMeTHM, YTO JIOMYCTUMBIC 3HAYEHMSI OTHOLLEHUsI YPOR MOTYT COAEPXaT
KOpTEXU, UHPOPMALIMOHHOE HATIONHEHUE KOTOPBIX BBHIXOAMT 3a TIPEAcibl TEl

* QueBHOHO, uTo FD Ha3biBaeTcs HETPAH3UTUBHOM TOIA M TOJIBKO TOTA, KOTA OHA He SIBJsIeTC
TPAH3UTUBHOM.

** B 3TOM ONpeleeHU M ONATh MPETOJIATAaeTCs, YTO Y OTHOLIEHUST KMEeeTCS TOIBKO OIUH BO3MOX
HBIA KIIOY.
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LU ¢ HOBBIM pa3psiaoM. (ITepBUYHLIN KI1I0Y HE MOXKET COAEPXKATh HEOIIpe-
JeJIeHHbIE 3HaYeHH4. )

* Yoanenue xopmedsceii. [Ipy yBOAbHEHHH MOCAEAHETO CIIYXALIErO ¢ JaHHBIM
pa3psiioM MBI YTPATHM HHGOPMAIIHIO O HAJIHYHH TAKOrO paspsiga U COOT-
BETCTBYIOIIIEM pa3Mepe 3apILUIaThI.

® Moodugurayus xopmexceii. [Ipy U3BMEHEHHUH pa3Mepa 3apIUiaThl, COOTBETCT-
BYIOLLIEH HEKOTOPOMY pa3psidy, MBI OylleM BBIHYXIEHBI U3MEHUTh 3HAUCHHE
arpubyTta CJIV_3APII B KOPTEXaX BCEX CIIYXAaLIMUX, KOTOPBIM Ha3HAyeH 3TOT
pa3psl (MHaye He OyneT BRIMoaHATECs FD CIIV_YVPOB— CJIV_3API).

Bo3mMoXHaa AeKoMNo3nuua

151 IpeonoaeHUs 3TUX TPYAHOCTEN MMPOU3BEIEM JEKOMITO3HIIHIO ITepe-
MEHHOH OTHOIIEHHsS CJIVX Ha [OBE IIEPEMEHHBIX OTHOINEHHH — CIYX1
{CIIy_HOM, CIIV_YPOB} H YPOB {CJIIV_YPOB, CJV_3API}. [To Teopeme Xura,
3TO CHOBa JEKOMITO3HM1IMA 6€3 MOTephb IO MPHYHHE HATWYUs, HarpuMep, FD
CIIY_HOM—CJIV_YPOB. Ha pHc. 7.5 nokazaHsl nuarpaMMbl FD 3THX nepeMeH-
HEIX OTHOIIEHHIA, & Ha pUC. 7.6 — UX BO3MOXHBIE 3HAUECHHS.

CJIY_HOM CIIY_YPOB CIIY_YPOB CIIY_3API

Puc. 7.5. IuarpamMmmbl FD B oTHollieHUsX CIIVX1 M VPOB

Kax BHJIHO U3 pHuc. 7.6, 3T0 NMpeobpa3oBaHue 06paTUMO, T. €. J1060€ 1o-
MYCTHMOE 3HaYCHHUE UCXOIHOM NMePEMEHHON OTHOILUEHHs CITVX SBJISETCA €CTe-
CTBEHHBLIM COCIHMHEHHEM 3HAYCHHUIT OTHOIIECHUH CIIYX1 ¥ YPOB. Takke MOXHO
3aMETHTh, YTO MBI M30aBWIHCH OT TPYAHOCTEH TIPH BHIMIOJHEHUH OTepalui
OOHOBJICHHS].
¢ Jlobasnerue xopmednceii. UYToOB COXPAaHUTH TAHHBIE O HOBOM pa3psiie, JOCTa-
TOYHO JOGABUTh COOTBETCTBYIOLIHI KOPTEX K OTHOIIEHHIO YPOB.

¢ Yoanenue xopmexceii. I1py YBOJIbHEHHMH TIOCAEIHETO CIyXKallero, obnaanaro-
LIEr0 JaHHHIM Pa3psiooM, YIAIsieTcsi COOTBETCTBYIOLUNA KOPTEX M3 OTHO-
eHHus CIIVX1, U JaHHBIE O pa3psiie COXPaHSIOTCS B OTHOILEHUH VPOB.

® Moodugurayus xopmexceti. [Ipy H3MEHEHHH pa3Mepa 3apIuiaThl, COOTBETCT-
BYIOLLIEH HEKOTOPOMY paspsilly, H3MEHsIEeTCsl 3HaueHHe aTpubyrta CIIV_3APII
POBHO B OTHOM KOPTEXE OTHOIUECHHSA YPOB.

TpeTbs HOpmanoHaa opma

TpynHoCcTH, KOTOpPBIE MBI HCIIBITBIBJIM, OBUIH CBSI3aHBI ¢ HAJTUYHEM
TpaH3uTHBHOM FD CIIy_HOM—CIIV_3API. Hanuuue stoii FD Ha camom nene
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OTHoLLIEHUsT CJTYX. Hanpumep, B Tejie OTHOLIEHUS! YPOB MOXET HAXOAMTLCS KOP-
TEX C JaHHBIMH O paspse 4, KOTOPLIH ellle He MPUCBOSH HU OTHOMY CTYXAILIEMY.
Hamuuue Takoro koprexa He BIMSIET HA PE3YJIBTAT eCTECTBEHHOrO COEMMHEHMS,
KOTOPBIi BCE PABHO OYAET ABIATLCS TOMYCTUMBIM 3HAUEHHEM OTHOIIEHUS CITV K.

He3aBsucumbie npoekuumn otHoweHuin. Teopema Puccanena

OO6patuTte BHUMaHWEe, YTO I IE€PEeMEHHOM OTHOWIEHHUS CJIVK
{CITY_HOM, CJIV_VPOB, CJV_3APIl}, KpoMe AEKOMIIO3MIIMM HA OTHOLICHUSA
CIIVX1 {CIJIV_HOM, CIY_VPOB} M YPOB {CJIY_VPOB, CIY_3APIl}, BOBMOXHa U
JCKOMIIO3ULIMS HA OTHOUICHUA CIIVX1 {CJIV_HOM, CIV_VPOB} u CIIVX_3APII
{CTY_HOM, CHY_3API}.* O6a OTHOLIECHUS, MOJYYECHHBIEC IIYTEM BTOPOH He-
KOMITO3UIIMH, HaxoasTcs B 3NF, 1 3Ta 1eKOMIIO3MLMS TAKXKE SIBISIETCS IEKOM-
no3uiMert 6e3 rmoreps. TeM He MeHee BTopasi AeKOMITO3ULIMSI, B OTJIUYHE OT
NepBOM, He yCTpaHsieT IMpoOJieMbl, CBSI3aHHBIE ¢ OOHOBJICHHEM OTHOILCHHUS
CIIvX. HammpuMep, mo-npexxHeMy HEBO3MOXHO COXpPAHUTb JaHHBIE O pa3psiie,
KOTOPBIM He 06JaziaeT HU OAMH cayxXamuii. [locMOTpHM, ¢ YeM 3TO CBSI3aHO.

OtHowmeHus CIVX1 U YPOB MOTYT OOHOBJISATHCSA HE3aBUCUMO (SIBIISIOTCS
HE3AUCUMbBIMU NPOEKUUAMIL), U TIPHA OTOM PE3YJILTAT UX €CTECTBEHHOTO COEIH -
HeHHMS Bceraa 6yaeT TakKuM, Kak ecJii Obl OOHOBIISLIOCH MCXOAHOE OTHOLLIEHUE
CIIVX. DTO IMPOUCXOAUT ITOoTOMY, UyTo FD oTHouleHUs1 CIIVX TpaHchoOpMUpOBa-
NUCh B WHIAWBUIYAJIbHBIE OrpPaHUYEHUS] MEPBUYHOrO KJr0Ya OTHOLICHMIA
CnyX1 u yPOB. Ilpu Bropoit nekommno3uimu FD ClIy_YPOB—CIIY_3APII TpaHC-
(hopMHpyETCA B OrpaHHYEHHE LEJOCTHOCTH Cpa3y sl ABYX OTHOLIEHUH (Ta-
KOTO pOJa OrpaHUYEHMsl LEJIOCTHOCTH HA3bIBAlOTCSl OTPaHUYEHUSIMU 6a3pl
JaHHBIX, U UX TIOAEPKKa ropasao 60jiee HakJIagHa ¢ TeXHUYECKOM TOUKH 3pe-
Hus1). IToHsITHO, YTO B IIpoliecce HOPMATU3ALMK JCKOMITO3UIIMs OTHOLISHUS
Ha He3aBHCHUMBbIE MPOSKIUH SBISETCS MPEANOYTUTENbHOMU. HeobxoaMble 1
JOCTATOYHBIE YCIOBMS HE3aBUCHUMOCTH MPOEKLIMHA OTHOLIEHUST 00eCIIeYUBAET
TeopeMa PuccaHeHa.

Teopema Puccanena

[IpoeKMH r]1 ¥ r2 OTHOLIEHHUS I SIBJISIIOTCS HE3aBUCUMBIMHU TOTAA U TOJIb-

KO TOTJa, KOraa:

. kaxnast FD B oTHouieHWH r jiorudyecku caeayet** us FD B r1 v r2;

] o01ue aTpubyThl r1 M r2 obpa3yroT BOZMOXHBIU KIIOY XOTsI Obl 11sI
OIHOTO M3 3TUX OTHOLIECHHUH.

Mpbl He 6yAeM IIPHUBOANTD J0KA3aTEIbCTBO 3TOM TEOPEMBI, HO IPOAEMOH -
CTPHPYEM €€ BEPHOCTh Ha IIpUMEpe JIBYX ITOKA3aHHBIX BhILIE AEKOMITO3HIINH

* TeopeTMuecKM BO3MOXHasl TPETbsl ACKOMIIO3HLIMS OTHOLUCHHSl CJIVX Ha OTHOIUEHHs CITVX2
{CIIy_HOM, CJIV_3APII} M YPOB {CJIY_VPOB, CJIV_3APII} HE SIBISECTCS JAeKOMITO3ULMEH 6e3 MoTeph.
Uto6b1 yOeAMTHCS B 3TOM, PACCMOTPHUTE Clydaif, Koraa Uisl ABYX Pa3sHbIX pa3psiioB CIYXalUHX Ha-
3Ha4YeH OJIMH M TOT Xe pa3Mep 3apriarthl. [lokaxHTe Takxe, 4TO JJIsl 3TOH IEKOMIMO3UIINU HE BbI-
TIONIHSIIOTCS YCIIOBHSI TEOPEMBI XHTa.

** T.e. BLIBOOUTCH HAa OCHOBE aKCHOM APMCTPOHTa.
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OTHOIeHUs CITVE. B nepBoii 1eKOMNO3UIMH (Ha MPOeKIiKMH CITVX1 H YPOB) 00-
UK aTpulyT CJIV_YPOB SBJISIETCS] BO3MOXHBIM (M TIEPBHYHBIM) KJIIOYOM OTHO-
meHuss YPOB, a €XMHCTBEHHas nomoiHurtenabHas FD oTHomeHus CIVE
(CITY_HOM—CIIY_3APII) JIOTHYECKH cieayeT W3 FD CIIV_HOM—CIV_YPOB H
CIIV_YPOB—CJIY_3APII, BLIIIOJHSAEMBIX UISI OTHOIIEHHH CITIVX1 U YPOB COOT-
BETCTBEHHO. BTOpasi 1eKOMNO3ULIUSA YAOBJIETBOPSIET BTOPOMY YCIOBMIO TEOPE-
MBI PuccaHeHa (CJTY_HOM sIBASIETCS TIEPBUYHBIM KITIOUOM B KaXIOM M3 OTHO-
LWIeHU CIIVK1 U CIIV_3API), Ho FD CIIV_YPOB—CJIV_3APII He BLIBOAUTCH U3
FD ClIy_HOM—CIIY_YPOB Hu CJIY_HOM—CIJIY_3APII.

AmomapHbimM OTHONICHUEM HA3bIBACTCS OTHOLUEHUE, KOTOPOE HEBO3MOX-
HO ACKOMIIO3UPOBaTh Ha HE3aBUCUMbBbIC NMpoeKIMU. Jlaneko He Bcerma uisi
HeaTOMAapHHIX (He SIBISAIOMINXCSA aTOMapPHBIMU) OTHOLUCHUH TPeOYeTCS AEKOM-
MOo3ULIMA Ha aroMapHele Ipoekuuu. Hanpumep, oTHOmEHUE CIIVE2
{CIIV_HOM, CIJY_3API, NPO_HOM} ¢ MHOXecTBOM FD {CJIv_HOM—CIIV_3APII,
CIIV_HOM— IIPO_HOM} He SIBJISIETCS1 aTOMAapHbIM (BO3MOXHA NEKOMITO3U LIS Ha
HE3aBUCHUMBIC MMPOCKLUU CIIVK3 {CIIY_HOM, CIIV_3APII} v CJIIVE4 {CIIY_HOM,
IMPO_HOM}). Ho 3Ta ACKOMIIO3UIIMS HE YIy4IlaeT CBOMCTBAa OTHOLUEHHUS CIIVX2
U TIOSTOMY He ABJIAETCA OCMBICJIEHHOI. [IpyruMu cjioBaMu, NpU BEIOOpE CIIO-
coba I1eKOMITO3ULIMY HYXKHO CTPEMHUTBCA K MOJYYEHHUIO HE3ABUCUMBIX MPOEK-
LM, HO HE 00s13aTEIbHO aTOMAPHBIX.

MepexpobiBaoLuecs BOSMOXHbIE KJTIOYU U HOpManbHas
¢dopma boica-Koana

Jlo cux nop B onpeneie HUAX HOpMAaJIbHEBIX (POpM MBI ITPEATIONarajiu, 4To
y HEKOMIIO3UPYEMOT0 OTHOIIECHHUS UMEETCS TOJBLKO OAWH BO3MOXHBIA KITIOY.
Ha npaktuke yatie Bcero ObIBaeT UMEHHO Tak. Ho MMeeTcsi onuH 4acTHBIH
clyyaii, KOTOphIi (rourn) ynosnerBopser TpeboBaHusaM 2NF u 3NFE Ho, TeM
He MeHee, MOPOXAAET aHOMATHU OOHOBJIEHUS. DTO TOT CIIy4aif, KOraa y OTHO-
LIEHHUS UMEETCS HECKOJIbKO BO3MOXHEIX KITIOUYEil, U HEKOTOPBIE U3 3THX BO3-
MOXHBIX KJIIOUEi «TI€PEKPBIBAIOTCA», T. €. COAePXKAT OOIIUE aTPUOYTHI.

AHomManun obHoBnEeHNiA, CBA3aHHbIE C HaInuneMm
NepeKpbIBAIOIKNXCA BO3ZMOXHbIX KJTIOYEr

Hanpumep, mycTb uMeeTcsl nepeMeHHasi OTHOLUEHHUA CIIVX_ITPO_3AIAH]
{CJIIV_HOM, CIYy_uMsi, NIIPO_HOM, CJIV_3ANIAH} ¢ MHOXecTBoM FD, mokasaH-
HbIM Ha puc. 7.7.

B otHOmIEHUM CIIVE_IIPO_3ANIAH] ciryXalliie YHUKAIbHO HACHTUhULIMPY-
JOTCA KaK 110 HOMEPaM YAOCTOBEPEeHMH, TaK U Mo UMeHaM. ClienoBaTeIbHO, CY-
mectByoT FD CITy_HOM—CITV_IMMA u1 CITV_VMA—CJIY_HOM. Ho onuH ciryxamui
MOKET Yy4acTBOBaTh B HECKOIBKHUX MPOEKTAX, IIO3TOMY BO3MOXHBIMH KJIIOYaMHU
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CJIy_HOM

[IPO_HOM

CIIY_3AIAH

CIIy_UMA

Y

ITPO_HOM

Puc. 7.7. uarpamma FD otHolIeHMs CITYE_TIPO_3AITAH1

ABIAIOTCS {CIIV_HOM, IIPO_HOM} M {CITV_MMA, IPO_HOM}. Ha puc. 7.8 nmoka3za-
HO BO3MOXHO€ 3HauyeHHe ITepeMeHHOI OTHOIeHUs CIIVE_TPO_3ANAHL.

CIIV_HOM CIY_MMs TPO_HOM [IPO_3AJIIAH
2934 HMBaHos 1 A
2941 MBaHeHKO 2 B
2934 HMBaHOB 2 B

HMBaneHko 1 A

Puc. 7.8. Bo3aMoXxHoe 3HaYeHHE TEPEMEHHOM OTHOILEHHUS
CIIVX_IIPO_3AIOAHL

OueBMIHO, YTO, XOTsI B OTHOLIIEHUM CJTVX_ITPO_3ANIAH1 Bce FD Hexmoue-
BBbIX aTpUOYTOB OT BO3MOXHBIX KJTIOUEit SIBJIAIOTCS MUHUMATBHBIMM U TPaH3U-
TBHbIe FD OTCYTCTBYIOT, 3TOMY OTHOILEHUIO CBOHCTBEHHBI aHOMAJIMU OGHOB-
neHus1. Hampumep, B cirydyae U3MEHEHMS MMEHH CIIYXAILEero TpedyeTcss o0HO-
BUTb aTpUOyT CJTY_JMS BO BCeX KOpTeXaX OTHOILEHHS CIIVX_IIPO_3AIAHI, co-
OTBETCTBYIOIIUX HOaHHOMY ciayxauleMmy. HMHaue Oymer HapyuieHa FD
CIIY_HOM—CJTY_UM{, 1 6a3a JaHHBIX OKAXETCS B HECOITACOBAHHOM COCTOSTHHUH.
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HopmanbHasa dopma Boitica-Koana

[IpUYHHONH OTMEUEHHBIX AHOMATWN SIBASETCS TO, YTO B TPeOOBAHMSX
2NF u 3NF ne tpebopanace MUHUMaNbHasi YYHKIIMOHAIBHAS 3aBUCUMOCTD OT
TEPBUYHOIO KJI04Ya aTpUOYTOB, SIBASIONIMXCS KOMIIOHEHTAMH NPYTUX BO3-
MOXHBIX KJtoueit. [IpoGneMy peinaer HopMasibHasi (popMa, KOTOPYIO HCTOPH-
YeCKH MPUHATO HA3bIBaTh HOpMATLHOH (hopMoii boiica-Koana w kotopast siB-
nisieTcst yrounenneM 3NF B ciiyyae HaTUUYUST HECKOABKUX MEPEKPBIBAOILINXCS
BO3MOXHBIX KITIOYEH.

Onpeneaenue 7.3. Hopmansnan dopma Boiica-Konna

TlepeMeHHast OTHOINEHMS HAXOAWTCS B HOPMayibHOI ¢opme borica-Konna
(BCNF) B TOM M TONBKO B TOM CJIy4ae, KOT/a JiioGasi BEINOJIHsEMast [UIs1 3TOH
repeMeHHOHN OTHOINEHWS HETPUBHANbHAS U MUHMMabHas FD nMeeT B Kaue-
CTBe IETepPMUHAHTA HEKOTOPBIH BO3MOXHBIN KJT104 NAHHOTO OTHOIIEeHHUs. Ko-
Hel onpeneieHus.

[lepeMenHast OTHOINEHMsI CITYX_ITPO_3ATIAH1 MoXeT ObITh MpHUBeieHa K
BCNF nyrem omHO#M M3 ABYX AEKOMNO3WUMMA: CIVX_HOM_MMA  {CJIIV_HOM,
CIy_¥Ms} U CIVX_HOM_NPO_3AINAH ({CIIV_HOM, TIPO_HOM, CHIVY_3AIAH} c
MHOXecTBOM FD M 3HauenusiMi, MOKa3zaHHBLIMU Ha pUC. 7.9, U CITY¥_HOM_UMA
{CITY_HOM, CINy_UMs} u CIVX_MVMS_TIPO_3AINAH {(Cny_umMs, PO_HOM,
cny_3A0AH} (FD M 3HaueHMs pe3yIbTHPYIOUIHX NTEPEMEHHBIX OTHOIUEHHUH BbI-
TISOAT aHATOTHYHO).

OueBHAHO, YTO KaXnas M3 JAEKOMIIO3HMLIMI YCTpaHSET TPYAHOCTH, CBSI-
3aHHble ¢ OOHOBJIEHHEM OTHOILEHUS CIIVE_ITPO_3AIAHIL.

Bcerpa nu cneayet crpeMutbes K BCNF?

[pennosoXxum Tenepb, 4YTO B OPraHU3aLiMH BCE MPOEKTHl BKIIOUAIOT pa3-
HBlE 3aJaHHUs, W TO-TIPEXKHEMY KaXAbI CAyXallMWA MOXET y4acTBOBaTb B
HECKOJIBKHUX MPOEKTax, HO MOXET BHITIOJHATD B KaXAOM MPOEKTE TOJBKO OJHO
3aganue. OQHO 3aJaHHE B KaXIOM MPOEKTE MOTYT BHITOJHATb HECKOIBKO CITy-
xawmnx. Toraa nepeMeHHasi OTHOIIEHHsT CITVX_TTPO_3ANAH MMeeT MHOXECTBO
FD, nokasanHoe Ha puc. 7.10, ¥ MoXeT coaepXkaTb 3HaYeHHUE, MPeACTABIEH-
HOE HA TOM e PUCYHKe.

B 5TOM OTHOIIEHWH CYIISCTBYIOT ABAa BO3MOXHBIX KJIKO4Ya: {CITY_HOM,
NMPO_HOM} M {CJIY_HOM, CHIY_3AHAH}. OTHOINeHHUE YIOBIETBOPseT TpeOOoRa-
UM 3NE orcyTcTBYIOT HeMHUHHMManbHble FDD HekoueBblX aTpuOYTOB OT
BO3MOXHBIX KJIF0YeH (TTOCKOJIbKY HET HEKJIIOUYEBBIX aTPUOYTOB) M OTCYTCTBYIOT
Tpan3uTHBHLIe FD. OaHako u3-3a nannuus FD CITy_3ANAH—TIPO_HOM 3TO OT-
Hoienue He Haxoautes B BCNFE TMostomy oTHoOIIeRHIo CIIY_ITPO_3AIAH CHO-
Ba CBOWCTBEHHBI aHOMATHH 00HOBeHHs. HanmpuMep (1TocKonbKy CJIV_HOM sB-
JITETCST KOMITOHEHTOM OOGOMX BO3MOXHBIX KIIIOUeH), HEBO3MOXHO YIATHTh
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Ouarpammbl FD oTHOLIEHUH CITYE_HOM_MMA U CITVE_HOM_IIPO_3AIAH

CJIY_HOM

CJIY_HOM w1 CIIY_NMA - [1PO_3AIAH

[TPO_HOM

3HaueHue nepeMeHHON OTHOLleHUsT CTIVE_HOM_IMA

CJIIY_HOM CIIY_InMs
2934 HBaHoB
2941 KM BaHeHKO

3HayeHUe MepeMeHHOI OTHOLIeHUSs CIIVE_IIPO_3ANAH

CIIY_HOM ITPO_HOM MIPO_3AJIAH
2934 1 A
2941 2 B
2934 2 B
2941 1 A

Puc. 7.9. quarpammsl FD u 3Ha4eHUsT TTepeMeHHBIX OTHOIIEHHUIH
CIIVX_HOM_UMA u CIIYX_HOM_ITPO_3AIAH

JAHHbIE O ¢IMHCTBEHHOM CJIYXAalleM, BBIMIOJHSOUIEM 33JaHHE B HEKOTOPOM
NpOEKTE, HE YTPATUB MH(POPMALIHIO 00 3TOM 3aJaHUH.

MoXHO NMpUBECTU OTHOLIEHUE CITVX_TIPO_3AIAH K BCNE, BBINOTHUB eT0
JEKOMITO3ULIMIO Ha OTHOLUEeHMS CIIVX_HOM_3ANAH {CJIVY_HOM, CJIV_3AIAH}*wu
IIPO_HOM_3AIAH {CIIV_3AIAH, IIPO_HOM}, M 3Ta IEKOMITO3ULIMA pellaeT 060-
3HauyeHHBbIe NPOOJIEMBI (TENEePh MOXHO XPAaHUTh JaHHBIE O 3aJaHHU TIPOEKTa,
HE BBIMOJIHSIEMOM HM OJHUM CJyXallMM). 3HaYeHUs] NepeMeHHBbIX OTHOMIE-
HUHR CIIYX_HOM_3AJAH m IIPO_HOM_3AJIAH nmokazaHbl Ha puc. 7.11.

OnHako BO3HUKAKOT HOBBIE TpyAHOCTH. Hanpumep, cucteMa A0KHa 3a-
OpeTUTh A00aBJIEHUE B OTHOLIEHUE CJIVX_HOM_3AINAH KopTexka <2934, D>,
MOCKOJIbKY 3alaHue D OTHOCUTCS K NMPOEKTY 1, a CIyXallui ¢ HOMEpOM 2934
yX€ BBIMOJHSAET 3aAaHHE B 3TOM NMPOEKTe. TaK MPOUCXOAUT, TOTOMY YTO HC-
xonHast FD {CJIy_HOM, IIPO_HOM}—CJY_3AIAH HE BLIBOJAUTCH U3 €IUHCTBEH-
HOU (HETpUBHAJILHON) NeWCTBYIOMIECH WISl 3THX npoekuii FD ClIy_3AIAH—

* EnuUHCTBEHHBIM BO3MOXHEIM KJTIOYOM OTHOMIEHMs CJIVE_HOM_3AIAH siBasteTcs {CJIV_HOM,
CIV_3AIAH}, ¥ B 3TOM OTHOIIIEHUU OTCYTCTBYIOT HeTpHBUAIbHEIE FD.

137



Kypc OcHoBbl 6a3 faHHbIX

Hduarpamma FD oTtHowieHus1 CITVE_IPO_3AJNIAH (HOBBII BApUAHT)

CIIY_HOM i CIIV_3AIAH

TTPO_HOM

A

3HaueHue epeMeHHON OTHOLIeHUS CIIVE_TPO_3AJIAH (HOBbIli BAPUAHT)

CJIY_HOM TIPO_HOM TIPO_3ATIAH
2934 1 A
2935 1

2941 2

2
I

2934
2941

Puc. 7.10. HoBriif BapHaHT NepeMEeHHON OTHOLLIEHUS
CIIV¥_IIPO_3ATAH

[NPO_HOM, ¥ COOTBETCTBYIOIIICE OrpaHUYEHHUE L1eTOCTHOCTH CTAHOBMUTCSI Orpa-
HUYeHHeM 0a3bl JaHHBIX.

TeM caMbIM, nipoekuy CJTYX_HOM_3ANIAH ¥ [TIPO_HOM_3AIIAH He SIBJISIIOT-
Csl HE3aBUCHUMBIMHM, a OTHOILIIEHWE CIIVX_ITPO_3AJAH aTOMapHO, XOTs1 M HE Ha-
xoautca B BCNE U3 sToro cieayer, yTo Ipy MpOSKTUPOBAHUM PEISLIMOHHOMN
0a3bl JaHHBIX IpuBeAcHHE oTHOMIeHUSA K BCNF He 10mKHO OBITh CaMOLIEITBIO.
HyXHo BHUMATEIbHO OLIEHUBATH MMOJIOXHUTEILHBIE U OTPULIATE/ILHEIE TIOCIIE-
CTBMS1 HOpDMaNnu3alMH.

Haxkonen, npuseaeM npUMep, KOria HalM4Me ABYX INEPEKPHIBAIOIIUXCSH
BO3MOXHBIX KIIOYeH He MelllaeT oTHoLieHUI0 HaxoauTkesi B BCNE Ipearno-
JIOXHKM, YTO B OPTraHM3allUM MTPOEKTHI BKIIOYAIOT OAHU U TE X€ 3aIaHusl, Kax-
OB CITYyXaIIWi MOXET y4acTBOBAaTh B HECKOJBKHMX NMPOEKTaX, HO MOXET BhI-
TIOJIHATH B K&XJAOM IPOEKTE TOJALKO OJHO 33gaHue. Toraa nepeMeHHasi OTHO-
wmeHus CJIVE_HOM_3ALAH uMeeT MHoxecTBo FD, nokasanHoe Ha puc. 7.12, u
MOXET COAEPXKATh 3HAYCHHUE, TOKA3aHHOE Ha TOM Xe PUCYHKE.

B TpeTheM BapuaHTe OTHOLIEHUS CITVX_HOM_3AIAH MMEIOTCS IEPEKPHIBAIO-
LIMECS BO3MOXHBIE KJII04M ({CJIY_HOM, IIPO_HOM} M {IPO_HOM, CIIV_3AIAH}),
onHako oHo Haxoautcsi B BCNF, MOCKOJIBKY 3TH KIIIOYM SBISIIOTCS €IUHCTBEH-
HBIMM JeTepMUHAHTaMU. JIerko yoeauThesl, YTO OTHOLICHHUIO CIIVE_HOM_3AIAH
AHOMAaIMK OOHOBJIEHUST HE CBOMCTBEHHEI.
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Nekunna 7

Me

pPBble Wwarn HopManu3auuum

3HaueHHe NepeMEHHOM OTHOLIEHUS CITVE_HOM 3AJIAH

3Hau

CIIY_HOM IPO_3ANAH
2934 A
2935 A
2941 B
2934 C
2941 D
€HHe [epeMEHHOM OTHOLIEHUs IIPO_HOM_3AJIAH
IPO_HOM PO_3AIOAH
A

B
C
D

Puc. 7.11. 3HadeHust TEPEMEHHBIX OTHOLUIEHUH CITYX_HOM_3AJIIAH U
OPO_HOM 3AIAH

CJIY_HOM

[TPO_HOM

»{ CJIY_3AIAH

Juarpamma FD oTHoueHust CIIVE_HOM 3AJIAH (TpeTUil BApUAHT)

CJIY_HOM

»1  CJIV_HOM

CIIY_3AIAH

(TpeTuii BapuaHT)

Bo3MoxHoe 3HaueHuUe TEpeMEHHON OTHOIICHUS CITVE_HOM_3AJAH

CJIy_HOM MMPO_HOM CIIYy_3AIAH
2934 1 A
2935 1 B
2941 2 B
2934 2 A
2941 1 D

Puc. 7.12. TpeTuii BapyaHT OTHOIIEHHUsT CJTY¥_HOM_3ATIAH
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Kypc OcHoBbl 6a3 AaHHbIX

3axkmouyeHue

B a10oii ek MBIl 00CYIMNM TpY HayanbHble HOPManbHble OPMBI OT-
HOILIEHUA — BTOPYIO U TPETHIO HOPMasbHbIE (GOPMBI U HOPMAaJbHYIO (QOPMY
boiica-Koana, — KoTopbie TPOM3BOASITCS MyTEM AEKOMIO3ULMU O€3 MOoTEph
HCXOIHOTO OTHOWLIEHUS Ha ABE MPOEKLIMH, TI¢ OTCYTCTBYIOT aHOMAIUU U3Me-
HEHUMH, CYIIECTBOBABUIME B HCXONHOM OTHOILUEHUM IO NMPUYUHE HATHYHSA
(hyHKLIMOHAIbHBIX 3aBUCUMOCTEH ¢ HeXelaTeNbHBIMU CBOMCTBAMM.

Hopmanusaiusi cxeMbl 6a3bl NaHHBIX CIIOCOOCTBYET 60Jiee 3¢ eKTUBHO-
MY BBIITOJTHEHHIO CUCTEMOM YITpaBieHUs 6a3aMy JaHHBIX ONepaLuii OOHOBJIE-
HUsl 0a3pl JAHHBIX, MTOCKOJbKY COKPALLAETCsl YUCIO MPOBEPOK M BCIIOMOra-
TeJIbHBIX e HCTBHUIA, TOANECPKHBAIOLIHX L[EOCTHOCTEL 0a3bl faHHbIX. I1pu mpo-
€KTUPOBaHUHU PENSILUMOHHON 6a3bl JAHHBIX MMOYTH BCEraa NOOUBAIOTCS BTOPOH
HOpMaJIbHOH (hOpPMBI BCEX BXOISIILIMX B 6a3y JaHHBIX OTHOWIEHUH. B yacto 06-
HOBJIsIEMBIX 0a3ax JaHHbIX OOBIYHO CTApAIOTCs1 OOECIEUUTD TPETHIO HOPMAJb-
Hyl0 ¢opMy otHouueHuit. Ha nHopMmansHyio ¢opmy boiica-Koana BHuManue
0o0palaloT ropasao pexe, MOCKOAbKY Ha MTPAKTHKE CUTyallMH, B KOTOPBIX Y OT-
HOILIEHUSI UMEETCH HECKOJBbKO COCTABHBIX MEPEKPLIBAIOLIUXCS BO3MOXHBIX
KJIIOYEH, BCTPEUAIOTCSl HEYacCTo.
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Nexups 8 JanbHeiwan HopMannsaums

Jlekuus 8. MNpoekTupoBaHMe pensuUOHHbIX 6a3 AaHHbIX
Ha OCHOBE NPUMHLUMMNOB HOPpMan3auun: panbHenLwan
HOpManuaauusa

B 3T0#i JekuuHM Mbl 0OCyIMM ABa GoJiee CAOXKHBIX BHIa 3aBHCHMOCTeEH
MeX1y ATPHOYTaMH OTHONIEHHHA — MHOTO3HAYHbIE 3ABUCHMOCTH H 3ABHCHMOCTH
NPOEKIUHH/COeIHHEHHA, A TAKKE OCHOBAHHbIC HA YYeTe€ TAKHX 3ABHCHMOCTEM
HOpManabHbie PopMbl OTHOMIEHHHA. OCHOBAHHAA HA yYeTe 3aBHCHMOCTH MpPOEK-
IHH/COeIHHEHHA NATAS HOPMAJbHAA ()OPMA OTHOUICHHMS ABJIAETCH «OKOHYA-
TeJIbHON> HOPMANLHOIH (POPMOiL, KOTOPYI0 MOXKHO MOJTYYHTh NYTEM JEKOMIO3M-
HHH OTHOUICHHIH HA OCHOBE HX MPOEIHPOBAHHS.

KitioueBbi€e CJI0Ba: MHOTO3HAYHAs 3aBUCUMOCTD, leMMa PeiimxkiHa, Teo-
peMa DeiiaKuHa, YeTBEpTast HopMalibHasg (opMa, #H-I1eKOMITO3HPYEMOe OTHO-
lIeHWe, TPUBHAILHAS MHOro3HayHasi 3aBHCHMOCTb, 3aBUCHMOCTbL IpPOEK-
LIMH/COeINHEHHUS, 3aBUCUMOCTh TIPOEKLIMH/COeIUHEHHs, TIoApa3yMeBaeMas
BO3MOXHBIMHU KJIIOUAMH, TPUBHANBHAS 3aBUCUMOCTDb MTPOEKIMH/COeAUHEHNS,
nsaTass HopMayibHasg ¢opMma, HopManbHas ¢GopMa MPOEKUMH/COeNUHEHUS,
OKOHYATEILHOCTD MATON HOPMATbHOM (hOpMBI.

BeepeHue

®OyHKUMOHATbHBIE 3aBUCUMOCTH, O KOTOPHIX MBI TOBOPWJIH B ITpEAbIAY-
LIMX IBYX JIEKLHUAX, U HOpMaIbHble (hOPMBI, OCHOBAHHBIE HA YUETE «aHOMAJIb-
HBbIX» (DYHKLIMOHAJILHBIX 3aBHCUMOCTEM, SIBJSIOTCS €CTeCTBEHHBIMH U JIETKO
TIOHUMAEeMBbIMH, TTOCKOJIBKY B MX OCHOBE JICXKHT MOHATHE (DYHKIIHOHAIBHOIO
0TOOpaXeHHs1, THTYUTHBHO TTOHSITHOTO AaXe JIIOASIM, TaTeKUM OT MATEMATHKH.
KoneuHo, 6BUIO OBl 3aMedaTesIbHO, €CJIM Obl TUKBUAALIMS B X0Ie HOpMaIn3a-
UMHA aHOMATBHBIX (PYHKLIMOHATBHBIX 3aBUCUMOCTEH rapaHTHpOBalia OTCYTCT-
BHE aHOMATHM 0OHOBJICHHS OTHOIIIEHHM.

K coxanenuio, 3Ta rapaHTHsI B 00IIIeM Cjiydae He obecrieunBaercsi. Muorna
B IIepEMEHHBIX OTHOLLIEHUH TpebyeTcsl moaaepkKa 60ee CJIOXKHBIX OrpaHNIeHM
LEJIOCTHOCTH, IUTSI BRIPAXKEHHST KOTOPBIX TIOHSTHE (DYHKLIMM OKA3bIBAETCS HEIO0-
cTaTo4HBIM. KJ1acc 3aBUCHMMOCTEi, OTTUPAIONINXCS HAa TIOHATHE (DYHKUUOHANA —
00001IeHHe MOHATHS (PYHKIMHU, 00Hapyxw1 B 1970-¢ . Ponanba @eiyrxkuy. OH
Ha3BaJl TaKHe 3aBUCHMOCTH MHO203HAYHbIMU, TIOCKOJbKY B HUX OJHOMY 3Hade-
HUIO JETEPMHMHAHTA COOTBETCTBYET MHOXKECTBO 3HAYCHHMIA 3aBHCHMOrO aTproyTa.
Hanvuune B mepeMeHHOM OTHOIIIEHUs] MHOTO3HAYHBIX 3aBUCUMOCTe, He SBJISAIO-
UIMXcs (PYHKLIMOHANBHBIMU 3aBUCHMOCTSIMH OT BO3MOXHOIO KJTI04a, TIPHBOIUT
K aHOMAJIMSAM OGHOBJICHUST TAKUX OTHOIIEeHUH. MDeli{/TKHH NoKa3al, YTO B 3TOM
CJTydae BO3MOXHA JEKOMITO3HIUA JAHHBIX OTHOILIEHWH Ha BE IIPOEKIIHH, JUTS
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Kypc OcHoBb 623 AaHHBIX

KOTOPHIX MOI0OHBIE AHOMATIMH OCHOBIICHUS HE MPOSBIISIIOTCS. Takue IMpoeKIuU
HaXOISTCH B 4emeepmoli HOpMAbHOU gopme.

TTo3xe 6BUTO YCTAHOBJIEHO, YTO MPU HAIMYMU HEKOTOPBIX €CTECTBEHHBIX
OrpaHHYEHUH, ABISIOUIMXCA 0000IIEHUEM OIrPAaHUYEHHA MHOT'O3HAYHBIX 3aBU-
CHUMOCTE, H B OTHOIUCHUSIX, KOTOPbIE HAXOMATCS B YETBEPTON HOPMaTbHOM
dopMe, MpOABIAIOTCS aHOMAJIMM OOHOBNEHUs. bojiee Toro, 3TM aHOMaIUU
HEBO3MOXHO YCTPAHUTB MYTEM MPOCLIMPOBAHUA OTHOLICHUS HA ABE MPOEKIIUH,
TpebyeTcs JEKOMIIO3UIIMS Ha TPY WM GoJIbliiee YUCIO OTHOIIeHUIA. Takue orpa-
HWYEHHWS TIONYYWIH Ha3BaHUE 3aBUCUMOCTEH npoexyuu/coedunenus. OTHOILIC-
HHE, B KOTOPOM CYILIECTBYET HETPUBUAIbHAS 3aBUCHUMOCTD ITPOCKLMH/COCIUHE-
HHSI, MOXET GBITh ICKOMIIO3HUPOBAHO HAa TPU WIM OOJBLICE YHCIO NIPOSKUUI, B
KOTOPBIX 3aBUCUMOCTH TPOSKUNWU/COSAMHEHUS CICAYIOT U3 BO3MOXHOIO KO-
ya. Takue npoeKUUU HAXOISITCS B NAMOI HOPMAAbHOU gopme, YWIH HOPMAAbHOU
dopme npoexuyuu/coedunenun. B OTHOIICHWSIX, HAXONSALLMUXCS B MSATOH HOPMATb-
HOI (opMe, OTCYTCTBYIOT aHOMAIUU OOHOBJIEHUS, KOTOPBIE MOXHO ObLIO ObI
YCTPaHUTDb ITyTEM JACKOMIIO3ULIMH, U MO3TOMY MPU AOCTUXKCHUU MSATOH HOp-
MaJIbHOM HOPMEI MPoLIECC MPOCKTUPOBAHUA PEITUMOHHOMN 6a3bl JaHHBIX HA OC-
HOBE HOPMAJIM3allMH €CTECTBEHHBIM 00pa3oM 3aBEpPIIACTCS.

MHoOrosHauyHbie 3aBUCUMOCTU U yeTBepTas
HOpManeHaa ¢popma

YToOBI MepeiTH K BoMpocaM JajibHeHllled HOPMAIU3aliMi, pacCMOTPUM
elle OAHY BO3MOXHYIO (YE€TBEPTYIO) HHTEPNPETALUIO NMEPEMEHHON OTHOLLIEHUA
CIYX_TTPO_3AIAH. TlpeanosoxXxuM, 4TO KaxXIbIH CIYXALIMH MOXET y4acTBOBaTh
B HECKOJIBKMX TPOCKTAX, HO B KAXIOM MPOCKTE, B KOTOPOM OH YYacTBYET, UM
JIOJDKHBI BHITIOJIHSTBCS] OHHU U T€ Xe€ 3aaHusA. Bo3MOXHOE 3HaYeHUE YE€TBEPTO-
ro BapHaHTa NMEPEMEHHOMN OTHOIIeHUs CITVX_ITPO_3AJAH MoKa3aHo Ha puc. 8.1.

CITY_HOM IIPO_HOM CITY_3AIAH
2934 1 A
2934 1 B
2934 2 A
2934 2 B
2941 1 A
2941 1 D

Puc. 8.1. Bo3aMoxHOe 3HaueHHE NMEPEeMEHHONW OTHOLLIEHUA
CJIY%_TPO_3AJIAH (YETBEPTHI BapUAHT)
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Nexkupnn 8 JAanbHerwan HopManu3ams

AHoManun o6HOBNEHWA NPU HANUYUN MHOTO3HAYHBIX
3aBUCUMOCTER U BO3MOXHAA AEeKOMMNO3ULUA

B HoBOM BapuaHTEe HepeMEHHON OTHOUIEHHUA €IUHCTBEHHBIM BO3MOX-
HBIM KJIJOYOM SIBJISIETCSI 3aroJIOBOK OTHOLIEHHMsA {CJIV_HOM, IIPO_HOM,
CIy_3AIAH}. KopTexX <cH, mH, c3> BXOIHUT B TEJIO OTHOUIEHHS B TOM H TOJb-
KO B TOM cJIyyae, KOTIa CIYXAaIIHii ¢ HOMEPOM CH BBIIOJHAET B IIPOEKTE I1H 3a-
JaHue c3. IToCKOJNbKY I KaXI0ro CAyXalllero yKa3blBaloTCA BCe NPOEKTHI, B
KOTOPBIX OH Y4acTBYET, H BCE 3aJaH1sI, KOTOPBIE OH JOJDKEH BBIIOJHSITH B 3THX
MpoeKTax, JJId KaXAOro NOIYCTUMOTO 3HAYEHHUSA IMEPEMEHHOM OTHOLIEHMS
CIIVX_ITPO_3AJIAH NOJIXHO BBITOJHATHCA Cleayloliee orpaHuueHue (TCI3 060-
3HAYaeT TeJIO OTHOLEHHUS ):

IF (<cH, nHl, c31> TCI3 AND <cH, nHZ, c32> TCI3)
THEN (<cH, mH1l, ¢32> TCI3 AND <cH, mHZ, c¢31> TCI3)

Hannune Takoro orpaHu4eHus (KaKk Mbl CKOPO YBUIUM, 3TO OTpaHUYe-
HHE TOPOXIACTCS HATMYHEM MHOTO3HAYHOW 3aBUCUMOCTH ) IPUBOIVUT K TOMY,
Y10 IPH padoTe ¢ OTHOMEeHHEM CJIVX_ITPO_3AIAH NPOSBIASIOTCS aHOMAJIHMH 00-
HOBJICHMS.

o Jlobasnenue xopmexca. ECTA yXe yyacTBYIOIUMII B IPOEKTaX CIYXAILHii
MPUCOEANHAETCS K HOBOMY IIPOEKTY, TO K TeJly 3HaYeHUs IepeMeHHOMN OT-
HOIEeHUs CJIIVE_IIPO_3AIAH TpeOyeTcsd O0OABUTH CTOJNBKO KOPTEXEW,
CKOJILKO 3aIaHU BBINTOHSIET 3TOT CITyXall[Ui.

¢ Yoanenue kopmexceii. Ecniv cyxaimii mpexpaniaeT y4acTie B IPOEKTax, TO
OTCYTCTBYET BO3MOXHOCTh COXPAHUTD IaHHEIE O 3a1aHUSX, KOTOPHIE OH MO-
XET BHIITOTHSITh.

* Modugurayus xopmeyxceii. IIpyu n3amMeHeHMH OJHOTO U3 33JaHUH CITyXallero
HEOOXOIMMO U3MEHUTH 3HaUeHHUe aTpubyTa CJIY_3AIIAH B CTONIBLKUX KOpTE-
XKaX, B CKOJIbKHUX MPOEKTaX yYyacTBYET CIyXallluH.

TpyoHocTH, CBsi3aHHBIE ¢ OOHOBJIEHHEM I[EPEMEHHOUN OTHOLIEHUS
CIIV¥_ITPO_3ANIAH, pelaloTcs IyTeM €ro JEKOMITO3MIMH Ha IIBE NEPEeMEHHBIX
OTHOILIEHUM: CJIIVX_IPO_HOM {CJIV_HOM, IPO_HOM} M CIVX_3AIOAHUE
{CNIy_HOM, CJIY_3AIAH}. 3HaYeHHS STUX [IEPEMEHHBIX OTHOIUCHHUI, COOTBET-
CTBYIOIIME 3HAYEHUIO TIEPEMEHHOI OTHOIIEHUs CIIVX_ITPO_3ATAH ¢ puc. 8.1,
NMoKa3aHbl Ha puc. 8.2.

Jlerko BUIETH, YTO NEKOMIIO3UIIHSA, TTPEACTARIEHHAsA HAa puUC. 8.2, ABIA-
eTcs JEKOMIO3UIUEH 6e3 IOTeph U YTO 3Ta AEKOMITO3UIUS PEILIAET Mepedmc-
JIEHHbIE BHILIE TPO6GJIEMBbI C OOHOBJICHHEM TMEPEMEHHON OTHOUICHUS
CIIVX_ITPO_3AAH.
¢ Jlo6asaenue xopmesxca. Eciv HEKOTOPBIA YX€ y4acTBYIOIIHI B MPOEKTaxX

CIyXalluil MPUCOENUHSIETCA K HOBOMY IIPOCKTY, TO K TEJTy 3HA4YEHUS Mepe-
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Kypc

OcHoBbl 6a3 AaHHbIX

3Ha4yeHHe NEPEMEHHOM OTHOIIEHUS CITYR_IIPO_HOM

CIIY_HOM TPO_HOM
2934
2934 2
2941 1
3HayeHHe MePEMEHHON OTHOLLEHUST CIIVE_3ANAHUE
CIIY_HOM CIIy_3AIAH
2934 A
2934 B
2941 A
2941 D

Puc. 8.2. 3HayeHUsT nepeMeHHbIX OTHOIIEHUN CIIYX_ITPO_HOM

U CIIVE_3AIAHUE
MEHHOM OTHOILUEHUs CINYX_IIPO_HOM TpebyeTcsd n1o0aBUTh OOUH KOPTEX,
COOTBETCTBYIOILMHA HOBOMY ITPOEKTY.

® Voanenue xopmexceii. Ecny cnyXaliyii mpekpaimiaeT yyacTHe B IIpOEKTax, TO
JAHHBIE O 3aAAHUSIX, KOTOPBIC OH MOXET BBIITOJHATb, OCTAIOTCA B OTHOIIE-
HUU CIIVX_3AIAHUE.

® Moougurayus xopmexceii. I1py U3SMEHEHHH OITHOTO M3 3a0aHUM CIIyXaIlEro
HEOOXOIMMO M3MEHMTH 3HAUeHMe aTpuOyTa CJIV_3AIIAH B OMHOM KOpPTEXE
OTHOIUEHUA CIIVX_3AINAHUE.

MHoOrosHa4yHbole 3aBUCMMOCTU. Teopema PepxuHa.
YeTBepTaa HopMmanbHasa ¢popma

3aMeTUM, 4YTO TOC/IEAHUI BapMAHT [IEPEMEHHOM  OTHOLUEHUS
CAYX_ITPO_3ANAH HaxomuTcsi B BCNE, MocKombKy Bce aTpHOYTHI 3aroji0BKa OTHO-
LIEHUsI BXOMSAT B COCTAB €MMHCTBEHHO BO3MOXHOTO KJTloya. B 3TOM OTHOLIEHUH
BoOOIIIe OTCYTCTBYIOT HeTpuBHanbHbie FD. [lostoMy paHee oGCyxaaBliMecs
MPUHUMITE HOPMATA3ALIMU 31€Ch HETPUMEHUMBI, HO, TEM HE MEHEE, Mbl [TOJIYYH-
JIY TTONIE3HYI0 IEKOMITO3ULIMIO. Bee fe10 B TOM, 4TO B Cilyyae 4eTBEPTOro BapUaH-
Ta OTHOLUEHUSI CITVK_ITPO_3AAH MBI IMEEM JIEJIO C HOBBIM BUIOM 3aBUCMMOCTH,
BNEpBbie 00HApYKeHHBIM PoHOM DeiimkuHOM B 1971 1. DeiimkuH Ha3Bajl 3aBH-
CHMOCTH 3TOrO BUna Mroeoznaxnbimu (multi-valued dependency — MVD). Kak Mbl
YBUIUM HEMHOTrO no3xe, MVD spisiercst 06061ieHneM nousatvs FD.
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Nexuna 8 JancHenwas HopMmanusaums

B oTtHomeHun CIIVE_IIPO_3AJIAH BBIMOJHAKTCS ABe MVD: CIIY_HOM
——TIPO_HOM M CJIV_HOM— —CJIY_3AJIIAH. IlepBasg MVD o3Hauaert, yTo Kaxao-
MY 3HaYE€HHUIO aTpUOyTa CJIY_HOM COOTBETCTBYET OMNpPEAE/ISAEMOE TOJbKO 3THM
3HAaYEHUEM MHOXECTBO 3HayeHWH aTpuOyra MMPO_HOM. JIpyrMMM CJI0BaMH, B
pe3y/bsrate BeIYUCICHHS aIredpandyecKoro BbIpaXKCHMS

(CITYE_IIPO_HOM WHERE (CIIY_HOM = cm AND CIIV_3AJIAH = c3))
PROJECT {IIPO_HOM}

U1 GUKCUPOBAHHOIO IOMYCTUMOTIO 3HAYEHUS CH U JIKDOOT0 JONYCTUMOTO 3Ha-~
YEHHs C3 MBI BCErIa ITOJYYHMM OIHO M TO € MHOXECTBO 3HayeHUI aTpudyrta
TIPO_HOM. AHAJIOTMYHO TpakTyeTcst BTopasi MVD.

Omnpenenenne 8.1. MHOro3HayHaa 3aBHCHMOCTD

B nepeMeHHO# OTHOLIEHHUS r ¢ aTpUOyTaMH A, B, C (B 001lieM ciy4yae, co-
CTaBHBIMH) HMEETCSI MHOTO3HAYHasl 3aBUCUMOCTb BOT A (A——B) BTOM H
TOJILKO B TOM CJly4ae, KOTria MHOXECTBO 3HAYCHUI aTpHOyTa B, COOTBETCT-
BYIOILlICE rape 3HaYCHUI aTpUOYTOB A M C, 3aBUCHUT OT 3HAUCHUS A U HE 3a-
BHCHT OT 3HaueHHs C. KoHen onpeneienus.

MHorosHauHble 3aBUCUMOCTH 00/1aJal0T MHTEPECHBIM CBOMCTBOM
«IIBOUCTBEHHOCTH», KOTOPOE JIEMOHCTPUPYET CJIEAYIONIAsl JIEMMa.,

Jlemma Deilpxuna

B otHolieHun r {A, B, C} BbinoJHsiercss MVD A—— B B TOM U TOJILKO B
TOM cJiyyae, Koraa BblnoyiHseTcss MVD aA——cC.

Hoxazamenscmeo docmamounocmu ycnroeus nemmol. TlycTh BBITONHSAETCS
MVD A—— B. IlycTb MIMEETCSI HCKOTOPOE YIOBJICTBOPSIONIES ITOM 3aBUCHMOCTH
3HaYCHHUE V, IEPEMEHHOM OTHONICHUA I, a 0003Ha4yaeT 3HauYeHUE aTpubyTa A B
HEKOTOPOM KOpTeXe TeJla V,, a {b} — MHOXECTBO 3HAUYCHMI1 aTpudyTa B, B3sI-
ThIX U3 BCEX KOpTeXeH Tefa V,, B KOTOPbIX 3HaYeHHEM aTpHOyTa A sinsiercs a. Ilpen-
TMOJIOXKUM, YTO JIJIs1 ITOTO 3HaYeHHSA @ MVD A——> C He BBIMOMHSETCS. DTO 03HAYAET,
YTO CYIIECTBYIOT TAKOE JOITYCTUMOE 3HaUeHHUE ¢ aTpUOyTa C U TaKOE 3HAYCHHE bE { b},
4TO KOpTEX <a, b, c¢>¢V,. Hoaro nporusopeunt Hamumio MVD A—— B, Creno-
BaTeJILHO, /U BhINoyIHsAeTcss MVD A—— B, To BLITIONHSETCS U MVD A——C. AHa-
JIOTHYHO MOXHO JIOKA3aTh HEOOXOMMMOCTD YC/IOBMs JieMMbI. Konell 10Kazarencrsa.

Takum obpazoM, MVD A——B U A——C Bcerjga cocTabisioT mnapy. [o-
3TOMY OOBIYHO HX NMPEACTABISIIOT BMECTE B popMe A —— B | C.

FD siBnsieTcst yacTHBIM crydaem MVD, xorfia MHOXeCTBO 3HaYeHUI 3a-
BHUCHUMOTO aTpubyTa 0053aTe/IbHO COCTOMT U3 OAHOTIO 3JIeMeHTa. TakuM o6pa-
30M, ecJii BeinonHseTcsas FD A— B, To Bpinonusierca ¥ MVD A—— B, *

Myl BUAMM, YTO OTHOLIEHHUS CJIYX_ITPO_HOM M CJIIVX_3AIAHUE He comep-

* YnpaxHeHue no xoxy 1eKUuu. [TycTs UMeeTcsi OTHOLIEHUE 1 ¢ aTpUOYTaMHU A, B, C (B 06LIeM CITy-
qae, COCTAaBHLIMH), B KOTOPOM cyuiuecTByeT FD A — B. YTo B 5TOM cilydae MOXHO CKa3aTh Mpo 3a-
BUCHMOCTh aTpUOYTOB AU C?
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xat MVD, otimuHbIX 0T FD, H HFMEHHO B 3TOM BBHIMTPBIBAaCT AEKOMIIO3ULIMS H3 PHC.
8.2. IIpaBOMOYHOCTD 3TOH JAEKOMITO3HULIUH I0KA3bIBACTCS IIPUBEACHHON HIOKE TEO-
peMoii DeiimxuHa, KoTopas IBIIeTCsl YTOUHEHHEM 1 0600IIIEHHEM TeopeMbl XHTa.
Teopema Peiixuna
ITycTh MMeeTcst NepeMeHHasi OTHOLLIEHUS r ¢ aTpudyTaMu A, B, C (B o0IIEM
cliyyae, cocTaBHbIMH). OTHOIIEHHE r AEKOMITO3UpYeTCs 63 IOoTePh Ha Ipo-
eKIIMHU {A, B} M {A, C} TOria ¥ TOJbKO TOr4Aa, KOraa mjisi HErO BBITIOJIHA-
erci MVD A —— B | C.
Joxaxncem docmamoynocms ycaosus meopemsi. I1ycTb V, IBISIETCS HEKOTO-
PHIM JOTYCTUMBIM 3HaUeHHEM ITepeMeHHOo oTHomieHuH r. IlycTh a ecTh 3Ha-
yeHUe aTpubyTa A B HEKOTOPOM KopTexe Tena V,, {b} — MHOXECTBO 3Haue-
HH# aTpuOyTa B, B3SATHIX M3 BCEX KOPTEXEH TeNa V,, B KOTOPBHIX 3HAUCHHUEM aT-
pubyTa A BnSETCA a, U {c} — MHOXECTBO 3HAYCHUH aTpudyTa C, B3SITHIX U3
BCEeX KOPTEXEil Tena V,, B KOTOPBIX 3HAUCHHEM arpudyTta A siB/sieTcs a. Toraoa
OYEBUAHO, YTO B TEJIO 3HAYEHHUSI IEPEMEHHOMN OTHOWIEHUA r PROJECT {A, B}
OynyT BXOAUTH BCE KOPTEXH BUAA {a, b,}, rae b,€{b}, U eCIM HEKOTOPBIH
KOpTeX {a, b,) BXOOMT B TEJIO 3HAUEHUS ITIEPEMEHHOM OTHOLUEHNS r PROJECT
{A, B), To b,€{b}. AHaJIOTMUHBIC PACCYXICHUS NMPUMEHHUMBI K r PROJECT
{A, C}.OueBHAHO, YTO U3 3TOrO CJIEAYET, YTO NPH HAJIMYMHA MHOTO3HAYHOM
3aBUCUMOCTU A —— B | C BIIEPEMEHHOW OTHOUICHUS r{A, B, C} IEKOM-
MO3ULMS ¥ HA IPOEKIIMUA r PROJECT {A, B} U r PROJECT {A, C} gBisieTcs
JEKOMIIO3ULIMENR Oe3 noTephb.
st noxa3zaTenbcTBa HEOOXOAUMOCTH YCJIOBHUSI TEOPEMBI MPEATIONOXHUM,
YTO ACKOMIIO3ULHS NIEPEMEHHON OTHOUWIEHUA r {A, B, C} Ha NPOEKLUHH
r PROJECT {A, B} Mr PROJECT {A, C} ABISETCS ACKOMIIO3ULIMEH 6€3 1oTeph
U1 JII0GOTO JOIMYCTHMOTO 3HAYECHHS V, IEPEMEHHOMN OTHOHICHHSI . MBI IOJDKHBI
T0Ka3aTh, YTO B TENE B - 3HAYEHUSI-OTHOLLICHHUS V- IOANEPXHUBACTCS OTPAHUUYCHHE

IF (<a, b;, ¢;> € B, AND <a, b;, c;» € By)
THEN (<a, b;, ¢» € B, AND <a, b,, c¢;> € By)

HeincTBUTENBHO, ITYCTD B B, BXOJAAT KOPTEXH <a, b;, ¢;>H<a, b,, .
IMpeanonoxum, 9to <a, b;, c,» € B, OR <a, b;, ¢;> ¢ B,. Ho B Teyo 3Ha-
YeHUsI IepeMEHHOM OTHOMIEHMsI  PROJECT {A, B} BXOIAT KOPTEXH <a, b;>
W <a, b,>, a B TENO 3HAYCHMS NEPEMEHHON OTHOIIEHHUsI r PROJECT {A, C}
—<a, c;>HU<a, c;>. O4EeBUIHO, YTO B TEJIO 3HAYCHUS €CTECTBEHHOTO COSIM-
HEHUsi r PROJECT {A, B} NATURAL JOIN r PROJECT {A, C} BOHIYT KOp-
TeXH <a, b;, c,>H<a, b;, ¢;>, VM Halll¢ TIPEATIONOXEHNE 00 OTCYTCTBUH 110
KpaliHelt Mepe OIHOTO M3 3THX KOPTeXei B B, IPOTUBOPEYUT MCXOOHOMY TIpEI-
TIOJIOXEHHUIO O TOM, YTO ACKOMITIO3MLIMSA I HA MPOEKIIMU  PROJECT {A, B} M
r PROJECT {A, C} SIBISIETCS NEKOMITO3WLIMEN 6€3 moTephb. TeM caMbIM, T€O-
pema DeitKiHA IMTOTHOCTBIO JoKa3aHa. KoHen A0KA3aTeJbLCTBA.
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Teopema PDeitmxrHa 06eCTIEYHBAET OCHOBY ISl ICKOMITIO3ULIMK OTHOLLE-
HMH, yTaiioniei «aHOMaJIbHbIe» MHOTO3HAUHbIE 3aBUCUMOCTH, C TIPHBEICHH -
€M OTHOLLECHUH B 4emaepmyo HOpPMAAbHYIo opmy.

Onpenenenue 8.2. Yersepras HopMaibHas (popMa

IlepeMeHHAas] OTHONIEGHUS r HAaXOOWUTCS B YETBEPTOH HOpMabHOMH (opme
(4NF) B TOM U TOJIbKO B TOM ciy4ae, Korna oHa HaxoguTcss B BCNE, u Bce
MVD r ssasiorcs FD ¢ nerepMMHaHTaMH — BO3MOXHBIMHY KJIIOYaMHU OTHO-
meHus r. Konen onpenenenus.

B cyminoctu, 4NF sasnsgercas BCNE B koTopoiit MHOTO3HAaUHbIE 3aBUCH-
MOCTH BBIPOXAAIOTCS B (PYHKILUOHANbHbIE (TIO3BOIMM C€0€¢ HA OMMH MOMEHT
OTKa3aTbcst OT cokpamieHHi). [IoHATHO, YTO OTHOWIeHUe CIIVX_IIPO_3AINAH
He Haxonutcs B 4NF, nockoibKy aetepMUHAHT MVD CJlIy_HOM——TIPO_HOM H
CJIY_HOM——CJIV_3AIAH HE ABJISCTCA BO3MOXHBIM KITIOYOM, U 3T MVD He sBs-
10TCsT (DYHKUMOHATBHBIMH. C Ipyroil CTOpPOHBI, OTHOUIEHUs1 CIIVE_IIPO_HOM u
CIy¥_3AIAHUE Haxomstcsl B BCNF u He conepxar MVD, otiinynasix ot FD ¢
JETEPMHUHAHTOM — BO3MOXHBIM KJ1104oM. [To3TroMy oHu Haxomsitcs B 4NE

3aBMCUMOCTU NpoeKuun/cCoeuHeHUs n nartan
HOopmanbHaa ¢opma

IIpuBenenue otHoweHUs K 4NF mpenmnonaraet ero AeKOMNoO3uLuo 6e3
TIoTeph Ha IBe NpoeKIKH (Kak U B ciaydae 2NF, ANF u BCNF). Oanako ObiBaoT
(XOTs U HEYaCTO) C/Iy4yaH, KOTMIa IEKOMIIO3ULIMS Oe3 MOTEPh Ha IBE MPOEKLUN
HEBO3MOXHAa, HO MOXHO MPOU3BECTH ACKOMITO3ULIHIO 6€3 MOTeph Ha GoJibliIee
YUCJIO MPOCKUMiA. ByneM Ha3bIBaTh #-AEKOMIIO3UPYEMBIM OTHOIIEHUEM OTHO-
LICHUE, KOTOPOE MOXET OBITh IEKOMIO3UPOBAHO O€3 MOTEph HA 7 MPOEKIIUIA.
Jo cux op MbI UMeJH €0 € 2-ACKOMIO3UPYEMBIMH OTHOLICHUSIMH.

N-AeKkoMno3upyemble OTHOLLIEHUS!

HauyHeM c eure oMHOTO ONIpEe/iIeHHS.

Onpeneyienne 8.3. TpHBHAIbHAS MHOTO3HAYHASA 3ABHCHMOCTD
B nepeMeHHOIi OTHOLIIEHUA r ¢ aTPUOYTaMH (BO3MOXHO, COCTABHBIMH) A H
BMYVD A—— B Ha3bIBaCTC MPUBUAAbHOI, €CJIN JINOO AS B, MO0 A UNION B
COBIIAAET C 3arojIOBKOM OTHOUICHUS r. KoHen onpenesieHus.

TpuBuanbHast MVD Bcerna ynornerBopsiercst. [Ipu A< B oHa BHIpOXIa€eT-
cst B TpuBHaNbiy0 FD. B cnydyae 2 UNION B = Hr TpeOOBaHMSI MHOTO3Hay-
HO#M 3aBUCMMOCTH COOJIIOIAIOTCSI OYEBHIHBIM 00pa3oM.

J1st ipuMepa n-IeKOMIIO3HPYEMOTO OTHOIICHUS TIPU # > 2 paCCMOTPHM
MATHIA BADHAHT TIEPEMEHHOM OTHOUIEHUs CIIYX_IIPO_3AJAH, B KOTOPOH UME-
€TCSl €MMHCTBEHHO BO3MOXHLIA K04 {CJIV_HOM, TIPO_HOM, CJIV_3AIAH} U
OTCYTCTBYIOT HeTpuBHAJIbHBEIE MVD. IlpuMep 3HaueHHMst IEPEMEHHON OTHO-
LIEHUS NIpUBeIeH Ha puc. 8.3.
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Kak nokazaHo Ha puc. 8.3, pe3yabTaT €CTeCTBEHHOTO COeIWHEHHS TIpo-
eKLMi CJIVE_ITPO_HOM M ITPO_HOM_3ALIAH MOYTH COBNANAET C TEJIOM HCXOIHOTO
OTHOLIEeHHs CJTV¥_ITPO_3AIAH, HO B HEM MPUCYTCTBYET OJHH JINUTHHI KOPTEX,
KOTOPBIH HCYe3HET MOCJIe BHITIOTHEHHS 3aKII0UYUTEIBHOTO eCTECTBEHHOTO CO-~
eAMHEeHHs ¢ NpoeKurei CIVX_3ADAHME. UnTaTeIsIM npeiaracTcst yoeauThesl,
YTO UCXOIHOE OTHOUIEHHE OyaeT BOCCTAHOBIEHO IIpH JI00OM IMOPSLIKE €CTECT-
BEHHOTO COEJIHMHEHHUS TpeX MPOCKIIM.

3aBMCMMOCTb NPOEKLUnN/coeauHeHns

Y1BepXIOeHHe 0 TOM, YTO TEJIO OTHOLIEHHsT CIIVE_IIPO_3AJIAH BOCCTAHAB-
JuBaeTcd Oe3 IoTepb NYTEM €CTECTBEHHOTO COEIWHEHMSI €T0 NPOEKLMi
CIIV¥_ITPO_HOM, ITPO_HOM_3AIAH ¥ CIIVX_3AINAHUE DKBUBaJIEHTHO CJIEAYIOLIE-
MY YTBepXIeHHUo (TCI3, TCIH, TIH3 1 TC3 0603HAYAIOT TejIa 3HAYEHUI nepe-
MEHHBIX OTHOIEHMH CJIVX_IIPO_3AJIAH, CIVX_IIPO_HOM, NPO_HOM_3AIIAH Hu
CIIYX_3AIAHUE COOTBETCTBEHHO):

IF (<cH, mH> € TCIH AND <mH, c¢3> € TIIH3 AND <cH, c3> € TC3)
THEN <cH, mnH, Cc3> € TCHO3

YTt0o6bl BO3MOXHOCTb BOCCTAHOBJIEHHS ©€3 TNOTEPb OTHOLIEHHS
CNYX_NPO_3AI0AH TIYTEM €CTECTBEHHOrO COE€AMHEHHSI €ro IpoeKI[Hi
CIIVX_IIPO_HOM, ITPO_HOM_3ANNAH ¥ CIIVX_3ANAHUE CYILECTBOBAJIA [IPH JIOOOM
JOMYCTUMOM 3HAaY€HUM TIEPEeMEHHON OTHOIeHHS CIIVX_ITPO_3AJIIAH, HOJIKHO
MMOJAEPXUBATLCS ClIeayioliee OrpaHUIeHUE!

IF (<cH;, mH;, C3;> € TCI3 AND <cCH,, IIH;, C3;> € TCIO3
AND <cH;, IIH,, C3;> € TCI3)
THEN <cH;, IIH;, Cc3;> € TCI3

D10 OOBIYHOE OTPaHMUYEHHE PEATBHOTO MHpa, KOTOPOE [UISl OTHOIIEHHS
CIIYX_IIPO_3ANAH MOXeT OBITh CPOPMYITHPOBAHO Ha €CTECTBEHHOM SI3BIKE Clle-
AYIOLIMM 00pa3oM:

Ecau cayrwcawuii ¢ Homepom cH ywacmaeyem 8 npoekme IIH, U 8 NPOEKMe IIH 8bi-
nosHsemcst 3a0anue C3, U CAYHCAWUIL ¢ HOMEPOM CH 8bINOAHAem 3ddanue C3,
MO cayHcawuil ¢ HOMepOM CH 8biNOAHAEm 3a0aHue C3 8 NpoeKme IiH.

B o6uieM Buzae Takoe orpaHWYEHHE HA3BIBAETCS 3dBUCUMOCMbIO NPOEK-
yuu/coedunenus. Bor popmanbHOe onpedencHHe.

Onpenenenne 8.4. 3aBHCHMOCTD IPOEKUHH/COETHHEHHS

IlycTb 3anaHa nepeMeHHast OTHOIEHHUS 1, U A, B, ..., Z ABJISIIOTCS TIPOU3BOJIb-
HBIMM MTOJIMHOXECTBAMH 3ar0/IOBKa r (COCTaBHBIMH, MEPEKPHIBAIOILIUMHCS
atpubyramMu). B nepeMeHHOR OTHOILICHUS 1 yIOBIETBOPSIETCS 3aBUCMOCTD
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Bo3MoxHOoe 3HaYeHue NIepeMEHHON OTHOLUEHMS] CIIYR_ITPO_ 3ANAH (IISThliA BADUAHT)

CIIY_HOM TTPO_HOM CIIY_3AINAH
2934 1 A
2934 1 B
2934 2 A
2941 1 A

3HaYeHHE TIEPEMEHHOMN OTHOLIEHUS CITYE_IIPO_HOM =
(CIIY®_IIPO_3AHOAH PROJECT {CJIY_HOM, IIPO_HOM})

CITy_HOM

[TPO_HOM

2934

2934

2941

—F N} =i

3HayeHHE TIEPEMEHHOM OTHOLIEHU CIIVE_3AAHUE =
(CNTYX_IIPO_3AHAH PROJECT {IIPO_HOM, CIIY_3AHNAH})

TPO_HOM

CIIV_3AIIAH

A

1
1

B

2

A

3HayeHHe NIEPEMEHHOM OTHOLIEHUS CITYR_IIPO_HOM =
(CIIY®R_IIPO_3AINAH PROJECT {CJIY_HOM, CIY_3AIAH})

CJIy _HOM CIIY_3AIIAH
2934 A
2934 B
2941 A

Pe3yabTat ecTeCTBEHHOTO COSAUHEHUA 3HAUCHUH
CIYX_ITPO_HOM NATURAL JOIN IIPO_HOM_3AHNAH

CJIY_HOM

MPO_HOM

CIIY_3AJIIAH

2934

A

2934

2934

2941

2941

1
1
2
1
1

Puc. 8.3. Bo3MoXxHO€E 3HaUYE€HUE MTEPEMEHHOIT OTHOIIIEHUS
CIIVX_IIPO_3AJIAH (MATHIM BApUAHT), PE3YNBTATH IIPOEKIINIA
M PE3YIBTAT YACTUYHOTO €CTECTBEHHOI'O COEMHEHHUS
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npoekuuu/coenuHeHus (Project-Join Dependency — PID) *( 4, B, .., 2)
TOIJIa ¥ TOJBKO TOT/a, KOraa Jrnoo¢e NOIMMyCTUMOE 3HAUCHUE r MOXHO MOJy-
YUTb IIYTEM eCTECTBEHHOTO COSAWHEHUSI IIPOCKIIUIA 3TOro0 3HaAYEHMs1 Ha aT-
pHOYTHI 4, B, ..., Z. Konen onpenejeHus.

AHOManum, Bbi3blBaeMbie HaNM4YMeM 3aBUCUMOCTHU
npoexuuu/coeanHeHUs

B nepeMeHHO#t OTHOIIEHHUsI CHNYX_IIPO_3ANAH BBINOJHSETCS PJD

* ({CJIV_HOM, TIPO_HOM}, {IIPO_HOM, CJIIV_3AHAH}, {CIIY_HOM, CIIV_3AIAH}).

Hanunuue takoit PJD obecnieunBaeT BO3MOXHOCTb JEKOMIIO3UIIMH OTHOIIIE-

HMs1 Ha TPH MPOEKLMU, HO BOBHHUKAET BOIPOC, 3a4eM 3T0 HyXHO0? YeM mo-

X0 MCXOJHOE OTHOIIeHHEe CHVE_IIPO_3AHNAH? OTBET OOBIYHBINA: 3TOMY OTHO-

IIEeHUIO CBONCTBEHHH aHOMAJIWHU OOHOBJICHUS. s NMpUMepa MpPeanoso-

XXMM, 4TO 3HAYEHUEM CNYX_ITIPO_3ATAH SIBIASETCS OTHOLIEHHUE, MOKA3aHHOE

Ha puc. 8.4.

o Jlobagnenue xopmexcei. Ecin K TCIO31 (puc. 8.4) mobaBisieTcsi KOPTEX
<2941, 1, A>, To DOJXEH OLITh TODABJIEH M KOPTeX <2934, 1, A>. [deit-
CTBUTEJIBHO, B TEJIE OTHOLICHMS NOSIBATCH KOPTEXHU <2934, 1, B>, <2941,
1, A>M <2934, 2, A>. OrpaHHuYeHHE LIEJJOCTHOCTH TPEOYeT BKJIIOUEHUS U
KopTexa <2934, 1, A>. UHTepecHO, yTO J00aB/ieHUE KOopTeXa <2934, 1,
A> HE HapyllaeT OrpaHUYECHHUE LIETIOCTHOCTH U, TEM CaMbIM, HE TpeOyeT I0-
OaByieHUs1 KopTexa <2941, 1, A>.

Bo3sMoxHoe 3HaueHue nepeMeHHoﬁ OTHOLICHHSA
CIvE_IIPO_3AJIAH (TCII31)

CJIY_HOM TIPO_HOM CIIY_3ATAH
2934 1 B
2934 2 A

PesynpraT nobasnenus K TCII31 koprexa <2941, 1, A> (TCII32)

CJIY_HOM TIPO_HOM CIIV_3AJIAH
2934 1 B
2934 2 A
2941 1 A
2934 1 A

Puc. 8.4. MmocTpaliuv aHOMaUii OOHOBJEHUS! B OTHOLIEHUH
CIIVX_IIPO_3AIAH NPH HATMYHHU 3aBUCHMOCTH COCTUHEHHSI
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® Yoanenue kopmexca. Ecnv u3 TCII32 yoaseTcss KOPTEX <2934, 1, A>,To AOI-
XeH OBbITh yIalieH ¥ KOpTeX <2941, 1, A>, IOCKOJBKY B COOTBETCTBUH C OT-
PaHUYEHHMEM LIEJIOCTHOCTH HATMYME BTOPOTO KOPTEXA O3HAYAeT HATMYHE Tiep-
Boro. IHTepecHo, uto ynaneHue Kkoprexa <2941, 1, A> HE HapyluaeT orpa-
HUYEHMS LIEJIOCTHOCTH M HE TPEOYeT NOMOIHUTEIBHBIX YIAICHUH.

YcTpaHeHue aHoOManuii 06HOBNEHNA B 3-ReKOMNO3ULUN

ITocne BIMONHEHUS AEKOMIIO3ULIMH TPYAHOCTH C OOHOBJICHHEM aBTOMa-
TUYeCKHM CHUMAIOTCsA. [IeHCTBUTENbHO, MACKOMIIO3UPYEM OTHOILICHHUE
CIIVX_INIPO_3ANAH Ha TPY OTHOLLUEHUA: CIIVX_ITPO_HOM {CJIY_HOM, IIPO_HOM},
CIIVX¥_3AIDAHME {CJIY_HOM, CIV_3AIAH} 4 NPO_HOM_3AOAH {IIPO_HOM,
CIV_3AJIAH}. Pe3ynsraT 1eKOMITO3UMLMHA 3HAUEHHUS] MEPEMEHHOM OTHOIUEHUS
CIIV¥_ITPO_3AMAH ¢ TeJloM TCII31 moKa3aH B BepxHeil yacTu puc. 8.5.

Tenepp eciii MbI XOTHM 100aBUTh JAHHBIE O CJIVXKAILIEM C HOMEPOM 2941,
BBITIOJIHAIOIIEM 33laHUe A B IPOEKTE 1, TO, eCTECTBEHHO, BCTABUM KOpPTEX
<2941, 1> B oTHOWIEHUE COTP-IIPO_HOM, KOpTeX <2941, A> B OTHOLUCHHE
COTP-3AIAHUE M KOPTEX <1, A> B OTHOIIEHHe [TPO_HOM-3AIAH. Pe3ynsrar
3TUX ONepaluii MoKa3aH B cpemHei yacTu puc. 8.5.

Ho ecny BBIMTOJIHUTL €CTECTBEHHOE COCOUHEHME ACKOMITO3MPOBAHHBIX
OTHOIIIEHUH C TeJIaMHU, MOJIYYEHHBIMM NTOCJIE TOOABJICHUS JaHHBIX O CTyXallleM
C HOMEpPOM 2941, BHIMOJIHSIOLLEM 3aIaHUE A B MPOEKTE 1, TO OYAET MOTYYEHO
3HAYCHUE-OTHOILUCHUE C 3arojIOBKOM OTHOILUECHUA CIIVE_ITPO_3AIAH M TEJIOM
TCII32 (HMXHsAS 4yacTh puc. 8.5). TeM caMbiM, NpoBedeHHAsA NEKOMITO3ULIMS
MO3BOJIMIA U30€XAaTh CJIOXHOCTEH TIPH BHIMOTHEHUH 100ABJIIEHUSI KOPTEXeH C
TMOJIYYEHUEM KOPPEKTHBIX PE3YIILTATOB.

AHQIOTMYHO MOXHO TPOWLTIOCTPUPOBATH TPOCTOTY U KOPPEKTHOCTh
ornepaluuvy yaaJleHHUs KOPTEXEN.

MaTaa HopmanoHaa dbopma

OTtHoteHus CIIVE_ITPO_HOM, CIIV¥_3AIAHUE v TPO_HOM_3ANAH HAXOIAT-
csl B SITOM HOPMaILHOM dhopMe, HO, TIpEeXAe YeM IIPUBECTH €€ ONpefesieHue,
HaM TpeOyeTcsl BBECTH €1le 1Ba BaXHBIX MOHSTUS.

Onpenenenne 8.5. 3aBUCHMOCTD IPOEKIHM/COeJHHEHHS, TTOAPA3yMeBaeMas

BO3MOXKHbLIMH KJII0YaMH

B nepeMeHHo# oTHOWEHUsA ¥ PJD *{ A, B, .., Z) Ha3bIBaeTCs MOHpasy-
MEBaeMOi BO3SMOXHBIMH KJTIOUaMH B TOM M TOJIBKO B TOM CJIy4ae, KOraa KaxX-
JBIA COCTaBHOM aTpHUOYT A, B, ..., Z ABJISIETCA CYTICPKIIIOUOM 1, T. €. BKIIOYAET
XOTs Obl OMH BO3MOXHBIH Kmod r. Konen onpenenenus.

Onpenenenne 8.6. TpuBHATbHAS 3aBUCHMOCTD NPOEKIHH,/ COeTHHEHUS

B mepeMeHHON OTHOILEHUS r 3aBUCUMOCTb NMPOEKIIMHU/COSTUHEHHUS * (A,
B, .., Z) Ha3bIBAe€TCS TPUBHAIBHOM, ECIIH XOTs OBl ONMH U3 COCTABHBIX aT-
pHUOYTOB A, B, ..., Z COBMANAET C 3arojioBKoM r. Konen onpenerenus.
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PesynbTaT 1eKOMITO3UIIMU TlepeMeHHOU OTHOIIEHUS CITVE_ITPO_3ANAH
¢ teJioM 3HayeHus1 TCII31

CIVE_MPO_HOM CITVE_3AJJAHUE IIPO_HOM_3ATIAH
CIIV_HOM | MPO_HOM CIIV_HOM | CIIV_3AIAH MIPO_HOM | CNY_3AIIAH

2934 1 2934 B 1 B

2934 2 2934 A 2 A

JloGaBieHHe NJaHHBIX O CYXalleM C HOMepoM 2941, BLITIOJHSIIOUIEM 3aJaHue A

B npoexre 1
CIIVXE_ITPO_HOM CIIYX_3AJAHIE IIPO_HOM_3ATAH
CNY_HOM | TPO_HOM CITV_HOM | CIIV_3ANAH MPO_HOM | CNIY_3AIAH
2934 1 2934 B 1 B
2934 2 2934 A 2 A
2941 1 2941 A 1 A
PesynbraT ecTeCTBEHHOTO COeIMHEHUsT OTHOILIEHUH TToCTe 100aBeHHs JaHHBIX
CIIYy_HOM [TPO_HOM CIIY_3AIAH
2934 1 B
2934 2 A
2941 1 A
2934 1 A

Puc. 8.5. UinnocTpalidsi 16KOMITO3HLIMM OTHOILIEHUS C 3aBUCHMOCThIO
COeIHHEHUS

Jlerko ybenuthest, 4TO0 HeTpUBHaIbHble PID, nogpazymeBaeMbie BOZMOX-
HBIMH KJII0YaMM, CYIIECTBYIOT BO BCEX OTHOIIEHHUAX ¢ ApHOCTBIO, BOJIBIICH OBYX,
TIEPBUYHBIH KJII0Y KOTOPBIX HE COBIANAET ¢ 3arojJOBKOM oTHotreHus. Hampumep,
€C/IM B OTHOLUIEHUH CJIYX_ITPO_3AIAH atpuOyT CJIY_HOM SIBJISIETCS MePBHYHBIM
KJIIOYOM, TO, O4EBUOHO, UMeeTCcA PJD * ( {CJIY_HOM, TIIPO_HOM}, {CJIV_HOM,
CIIY_3AIIAH}) (3TO cneayeT u3 TeopeMbl Xurta). Ho Takue 3aBUCHMOCTH IIpoOeK-
LIMH/COeNMHEHUST HEMHTEPECHBI ¢ TOYKH 3PEHUsI TIPOSKTHPOBAHUA Oa3bl JaH-
HBIX, IOCKO/IBbKY HE IIOPOXIAIOT aHOMAIMH 0OHOBICHUs. I[To3TOMY 00LUET pPUHSI-
TOE orpee/eHUe MATOM HOPMaIbHOM (DOPMBbI BBINISIAUT CJAEAYIOUIMM 00pa3oM.

Onpenenenne 8.7. [1aras HopMansHas dopMma

IlepeMeHHast OTHOLIIEHUSI r HAXOJUTCS B IISITOM HOpMaibHOMH (hopMe, WIH B
HopMasibHOU (hopMe npoekimu/coenuHenust (SNF, unu PJ/NF — Project-Join
Normal Form) B ToM ¥4 TOJBKO B TOM CJTy4a€, KOTIa KaXaasi HETpUBUATbHAsI
PJD B r nonpa3ymeBaeTcsl BOZMOXHBIMU Kitouamu r. Konelt onpenenenus.
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JNekuus 8 JancHehwas HopMmanuaaumst

TakuM 00pa3oM, YToObl pacro3HaTh, YTO JaHHasd NepeMeHHas OTHOILLE-
HUSA r HaxonuTcsl B SNF, HeoOX0OMMO 3HATh BCe BO3MOXHBIC KIIOUH ' U BCE
PID 3t0it mepeMeHHoii oTHOLIEeHUS. OOHapyXeHHe BCeX 3aBUCUMOCTEH coenu-
HEHUA ABISAETCA HETPUBUAJIBHOM 3a1a4eil, ¥ IS €€ pellleHHs] HET OOIINX METO-
noB. TIoaToMy Ha pakTHKE NMTPOEKTHPOBAHHUE PEISILMOHHBIX 023 METOIOM HOP-
MaJTH3aluu OOBIYHO 3aBeplliaeTcs noce AoctixkeHus: 4NF, M oTHolIeHus, Ha-
xonsuecs: B 4NF, kak npasuio, Haxoadarcsa 1 B SNE 3aueMm xe Toraa Obuta
BBeJcHA 3Ta TYMAHHAS U TPYAHOAOCTIKMMAg IsATasi HOpMaibHas (popMa?

OTBeT Ha 3TOT €CTECTBEHHBIH BOMPOC COCTOMT B TOM, 4TO SNF saBnsercsa
«OKOHYAaTE/IbHOM» HOPMaJIbHOM HOpMOii, KOTOPOIl MOXHO JOCTHYb B [TPOLIEC-
ce HOpMaJU3allMd Ha OCHOBE MpOoeKIMi. «OKOHYATENbHOCTh» MTOHUMAETCA B
TOM CMBICJIE, YTO Y OTHOILIEHUsI, Haxoaserocs B SNF, oTCYyTCTBYIOT aHOMaIMHU
OOHOBJICHUI, KOTOPBIE MOXHO GbUTO OBl YCTPAHUTD ITYTEM €TI0 IEKOMITO3HLIMH.
JpyruMu cJI0BaMH, TaKHE€ OTHOLLIECHHUS Jajiee HOPMATHU30BaTh O€CCMBICICHHO.

3aksioueHue

I1poliecc MpoeKTUPOBaHHUS PESIMOHHONM 0a3pl Ha OCHOBE METOJAa HOp-
MaJTH3aLUH IpecieayeT ABE OCHOBHBIX LIC/IN:
® 1130€XaTh U30BITOYHOCTHU XpPAHEHHS JAHHBIX;
® YCTPAaHWUTb aHOMAaJIMH OOHOBJICHHUS OTHOLLEHMUIA.

PaccMOTpUM, HaCKOJIBKO 3TH LIEJIH aKTYaJlbHbl B COBPEMEHHBIX YCIOBU-
SIX, KOTJa 00BbeMBI IOCTYITHBIX HOCHUTEJIEH BHELIHEH ITAMSITH HETTPEPBIBHO BO3-
pacTaioT, CTOMMOCTb UX MAlacT, a COBPEMEHHbIE CEPBEPHI PENISIUOHHBIX 0a3
JAHHBIX CITOCOGHBI aBTOMATHYECKHU TTOJIEPXUBATh LEJIOCTHOCTh 6a3 JaHHBIX.
31ech cienyeT OTMETUTD IBa BaXXHBIX 00CTOATEILCTBA.

Bo-nepBEIX, TeOpHS PeNSIIMOHHBIX 023 JAHHBIX 1 METOIBI UX IIPOSKTHPOBA~
HMS aKTHBHO Pa3BUBAJIKCH yXe 0ojiee 25 jeT ToMy Hazan. CUTyalus B 001acTH
TEXHOJIOTMH anrapaTypbl W IPOrpaMMHOro obecriedeHusi Toraa Gblla COBCEM
HMHOM, YEM CETOIHSI, ¥ XOPOIII0 HOPMAJIM30BaHHBIE PEISILMOHHBIE 0a3bl JaHHBIX
B 3HAYUTEJILHOM CTEIIEHH CIIOCOOCTBOBAIH POCTY 3hDEKTHUBHOCTH MPWIOKECHUI.

Bo-BTOpBIX, B TO BpeMsT peIALIMOHHBIC 6a3bl TPEUMYILIECTBE HHO MUCTTIONb-
30BATMCh B MHOOPMALIMOHHBIX CHUCTEMAX OIMEePAaTUBHON 00pabOTKH TpaH3akK-
mii (On-Line Transaction Processing — OLTP). XapakTepHble MpUMEPHI TAKUX
CHCTEM MBI OTMEYATH B JIEKIIUH 1 — OAHKOBCKME CUCTEMBI, CUCTEMEI pEe3€pPBU-
poBaHus OIIETOB U MeCT B rocTuHHULIax. CructeMam kareropud OLTP coiict-
BEHHEI YacThle 0OHOBJIeHUA 0a3pl JaHHBIX, TO3TOMY aHOMAJIHWHM OOHOBIICHUH,
Iaxe eCl UX KoppekTupoBKka npouspoautrcsi CYBJl aBToMaTHYeCcKH, MOTYT
3aMETHO CHHXATb 3(P(PEKTUBHOCTh MTPUITIOXKEHHMSI.

CeroiHsi Ha IepeJHeM Kpae MPIIoKEeHMI 0a3 JaHHBIX HAXOIATCS CUCTEMBI
KaTeropyy OnepaTUBHOI aHaTUTH4YeCKOH o0paboTku (On-Line Analytical
Processing — OLAP). B nonoOHbBIX CUCTEMaX, B YaCTHOCTH, CUCTEMAX MOLIEPXK-
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Kypc OcHoBbl 623 AaHHbIX

KU TIPUHATHS pelieHHA, 6a3bl JaHHBIX B OCHOBHOM HCITIOIB3YIOTCA /IS BHIOOPKH
JaHHBIX, TO3TOMY AHOMAIUSAMU OOHOBJICHUN MOXHO MpeHEOpeEYb, a8 00BEM 3TUX
0a3 HACTOIBKO OTPOMEH, YTO MOXHO MPeHeOpeyb U U3OBITOYHOCTBHIO XPAaHCHHS.

3HAYUT JIM 3TO, YTO ITOAXOA K MPOEKTUPOBAHMIO PEISIIMOHHBIX 0a3 JaH-
HBIX METOJIOM HOPMaIM3ALMH YTPATHI CBOIO poian? Hert!

Mup nipuroxeHuii 6a3 JaHHBIX B HACTOsIHIee BpeMsi orpoMeH. CeroaHsi JIio-
00e MaJI0-MaJIbCKH TIPMJIMYHOE [IPEATIPUATHE UCTIONB3YET XOTs ObI OHO [TPHIIO-
XeHHe 0a3 JaHHBIX — OyXTaITEPCKUE, CKIANCKIE, KATPOBBIE CUCTEMBL, BTO CHC-
TeMbl Kateropuu OLTP ¢ yacTbiM 00HOBJICHHEM JAaHHBIX 1 YMEPEHHBIMHU 3aI1po-
caMH K 0a3e JaHHbIX, HE BhI3BIBAIOMIUMH COSIUHEHUIT MHOTHX OTHOLIEHUIA. [
HEOOJIBLIMX KOMITAHWI PaBHO BAXHBI KAK 3 PEKTUBHOCTL UH(POPMALIMOHHDBIX
CHUCTEM, TaK U CTOMMOCTHL MCIIONB3YEMBIX amIapaTHO-TIPOrPaMMHBIX CPEICTB.
IpaBIIILHO CIIPOEKTUPOBAHHBIE, XOPOLIO HOPMATU30BAHHBIE PEJISILIAOHHBIE 6a-
3bI JAHHBIX TIOMOTAIOT PELIEHUIO KOPIIOPATHBHBIX TIPOGJIEM.

Ha, 11060e MpaBWIBHO pa3BUBaIOLIeecs MPEATNIPUATHE PAHO HIM MO3AHO
TIPUXOIUT K UCTIOJIb30BaHUIO cUCTEM KaTteropuu OLAP, HanpuMep, HEKOTOpo#
Pa3sHOBMIHOCTH CHUCTEM MOMAEPXKH MpUHATHA peuieHMH (Decision Support
System — DSS). B 6a3ax 1aHHBIX TAKMX CUCTeM OOHORBJICHHS OYEHb PEIKH, 4 3a-
MPOCH MOTYT UMETH IMTPOU3BOJIBHYIO CJIOXHOCTb, BKIIOYAasA COCAMHEHUS MHOTHX
otHouieHui. Ho, Bo-nepBbIX, TEXHOIOIrMYECKU MPaBUWILHO A1 cucteMbl OLAP
MOAAECPXUBATh OTACABHYIO 0a3y JaHHBIX (0OBIYHO MOAOOHBIC 6a3bl JaHHBIX Ha-
3bIBAIOT Xparuauwamu dannvix — DataWarehouse), a BO-BTOPbIX, OCHOBHBIMU
MCTOYHMUKAMU JAaHHBIX JJIS TTOCTPOCHHUS TAKWX XPAHWIHLIL JaHHBIX SBJISIOTCS
6a3bl gaHHbIx cucteM OLTP Tak 4To aKTyalbHOCTb MPABWIBHO CIIPOSCKTHPO-
BaHHBIX 0a3 naHHBIX OLTP-cHcTeM He YMEHBIIIAeTCs, a MOCTOSTHHO BO3PacTaeT.

Cneayer ¥ U3 3TOrO, YTO NMPUHLUMUITBI HOPMATU3ALUM HETIPUTOIHBI LIS
npoeKTupoBaHus 6a3 gaHHbIX OLAP-nipunoxenuii? U cHoBa B OTBET KaTero-
puuyeckoe HET! Bo3aMoxHO, OKOHUYATEIbHAS CXeMa Takoi 6a3bl JTaHHBIX JOJIK-
Ha OBITb JEHOPMAJIM30BaHA M3 COOOpaxeHUH MOBbIIIEHUS 3(DPEKTUBHOCTH
BBITIOJIHEHUSI 3a1IpocoB. Ho 4To0BI MOMydUTH MPaBUIIBHYIO JEHOPMATU30BaH-
HYIO CXeMY, HYXHO cHavaJia TIOHSThb, KaK BBILISIANT HOPMATHU30BaHHAS CXeMa.

OcCHOBHOM BBIBOA 3TOH M TIPSOBIAYIICH JEKIMii MOXHO C(OpPMYTUPOBATh
cemyroniuM obpasoM. Iloka Mbl OCTaeMcsi B MMPE PEJISIITMOHHBIX 033 TaHHBIX, IS
MPaBWIBHOTO MPOEKTUPOBAHMS 0a3bl JAHHBIX HEOOXOIUMO TTIOHUMATh ITPHUHIIMITAI
HOPMAaJTM3alliK, BOCTIDHHUMAS MX He KaK JOTMY, a KAK PYKOBOACTBO K ACHCTBHIO.
Kcratu, 310 OTHOCHTCS HE TOJNBKO K «PYYHOMY» TIPOEKTHPOBAHHIO PEJISLIHOHHBIX
0a3 JaHHBIX, HO ¥ K X TIPOEKTUPOBAHHUIO C IIPUMEHEHHEM CEMaHTUUECKHUX MOIe-
nie#t jaHHbIX M1 CASE-cpencTB, KOTOphie MBI 0OCYIUM B CJIEAYIOLIMX IBYX JICKLIMSIX,
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Nexuun 9 ER-aguarpamMmsl

Jlekuma 9. NMpoekTpoBaHne penaLuNOHHbIX 6a3 AaHHbIX
C UCNOMb30OBAHUEM CEMAHTUYECKUX MOAENEN:
ER-anarpammbi

B 3T0i1 H crexyome Jekyusx 00CyXKIaI0TCs MOAX0/IbI K NPOSKTHPOBAHHIO
pensiMOHHBIX a3 JAHHBIX HA OCHOBE HCIOJIb30BAHUS CEMAHTHYECKHX MojeJiei
JAaHALIX. JIeKIHH 00eCneYHBAIOT HAYANBHLIH YPOBeHb 3HAHHH B 3TOi 00JacTH H
He 3aMEHAIOT KHHI, LeJIHKOM NMOCBAIEHHLIX JaHHO# TeMe. Hacrosmias JeKuHs
NOCBAIeHA 00lieMy BBEIEHHI0O B CEMAHTHYECKHE MOJEIH JAHHLIX H KPATKOMY
PACCMOTpPEHHIO JHATPAMMHOM ceManTHYecKoil Moaeau «Cymnoctb-CBi3b». AHa-
JHM3HPYIOTCS CTAHAAPTHBIE NPHEMBI NPeoOpa30oBaHHs KOHUENTYAIbHOMH cXxeMbl 6a-
36l JAHHBIX, NpeICTaBIeHHOH B TepMuHax ER-Mozeu, B pesisiiHOHHYIO CXeMYy.

KnloueBble c/ioBa: CEeMaHTHYECKasi MOIENb NAHHBIX, KOHILEITyaJabHasl
cxeMa 6a3bl, CACTEMBI aBTOMATU3alIMH IIPOSKTUPOBAHHsI 623 JaHHbBIX, CE-
MaHTHYecKasi Moaesb Entity-Relationship (CyLlIHOCTB-CBsI3b), CYIITHOCTb,
THII CYIIIHOCTH, 3K3EMIUISIP TUIIA CYIIHOCTH, CBsI3b, THII CBSI3H, 9K3EMII~
JISip THMA CBsI3W, OMHapHasi CBsi3b, PEKypCUBHasl CBsI3b, KOHELl CBSI3M,
POJIb CBSI3H, CTETIEHB KOHLIA CBSI3U, 00s13aTEIBHOCTD CBSI3H, aTPUOYT CYIII-
HOCTH, YHMKAJIBHHIA HICHTH(PUKATOp THMA CYIIHOCTH, HOPMaJIbHBIE
dopmer ER-nmuarpaMM, mepBasi HopMmanibHasg ¢dopma ER-nuarpammel,
BTOpasi HopMasibHasi dopMa ER-nnarpaMMel, TpeThsi HOpManbHasi popMa
ER-guarpaMMbl, IIOATHIIBL M CYIIEPTHUIIBI CYIITHOCTEH, YTOYHSIEMBIEC CTE-
TIEHHW CBSI3H, B3aMMHO HUCKITIOYAIOUIUE CBSI3M, KaCKaaAHBIC YIAJIEHHUS 3K-
3eMIUISIPOB CYIITHOCTEH, MOJMydeHHUE peNSILIMOHHON cxeMbl M3 ER-nua-
rpaMMBl, MIPEICTABICHUE B PEISILIUOHHOMN CXEME CYIIEPTUIIOB U TIOATHIIOB
CYIIHOCTH, TIPEACTABJIECHUE B PESIIMOHHOM CXeME B3aMMHO MCKITIOYAIO-
IIMX CBS3EH.

BeeneHue

Iupoxkoe pacnipocrpaHeHue peasiinoHHbIX CYBJl ¥ UX HCcnoib30BaHHE
B CaMBIX pasHOOOPA3HBIX MPIIOXKEHUSIX MMOKA3BIBAET, YTO PEASILIMOHHAs MO~
IIeJb TAaHHBIX TOCTATOYHA IS MOAESIMPOBAHUSI pa3HOOOPA3HBIX MPEIMETHBIX
obmacteil. OMHAKO NMPOESKTUPOBAHUE PEISILIMOHHON 6236l JAHHBIX B TEPMHUHAX
OTHOLICHHI Ha OCHOBE KPaTKO pacCMOTPEHHOrO HaMH B IBYX TIPEIBLIYIIHUX
JIEKLIMSIX MEXaHU3Ma HOpMaJIM3allMM YacTO TIPEACTABIsIET COO0M OYEHb CIOXK-
HBI U HEYTOOHBIH ISl TPOEKTHPOBIIMAKA TMpOLIECC.
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OrpaHM4YeHHOCTb PenauuOHHON MOAenu NPy NPoeKTUPOBaHUMN
6a3 paHHbIX

IIpu ucnosb30BaHUM B MPOEKTUPOBAHUU OTPAHUYEHHOCTb PEISLIMOH-

HOI MOAE/U NPOSBIAETCS B CJAEAYIOIUMX aCIIEKTax.

¢ Mogenb He 06eClieurBaeT A0CTATOYHBIX CPEACTB ISl IPEACTABACHUS CMBIC-
J1a 1aHHBIX. CeMaHTHKa PeUTbHOM IpeAMETHOMN 001aCTH AOJKHA HE3aBUCH -
MBIM OT MOJEJIM CIIOCODOM MPEACTABIATLCS B FOJIOBE MPOSKTUPOBILHUKA. B
YaCTHOCTH, 3TO OTHOCHTCS K OTMEUABILECA HaMM paHee npobieMe mpen-
CTaBJICHUS OTPaHUYCHMI LIETOCTHOCTH, BRIXOASIUMX 32 MTPEACIBl OrpaHUYE-
HU NEPBUYHOIO U BHEILHETO KJIIOYa.

¢ Bo MHOTHMX MpUKIAAHBIX 00JIACTSIX TPYAHO MOJAEIUPOBATH IIPEAMETHYIO 00-
JJACTh HA OCHOBE ILUIOCKHUX Tabnuu*. B psae ciydaeB Ha caMoi HayasibHOM
CTaIuM MPOCKTUPOBAHUS AM3alHEPY MPUXOAUTCS HEJIETKO, MOCKOIBKY OT
Hero TpedyeTcsl onucaTh NMpeAMETHYIO 00J1aCTh B BUAE OAHOH (BO3MOXHO,
Jlaxxe HEHOPMAaTM30BAHHOW) TabINILbI.

¢ XO0Ts BeCb IPOLIECC IPOSKTUPOBAHHUS IIPOUCXOJUT HA OCHOBE Y4€Ta 3aBUCH-
MOCTEH, peNIILIMOHHAsl MOAEIb He MPEeAOCTaBIIsIeT KaKkue-a1ubo ¢opManin3o-
BaHHBIE CPEACTBA VISl IPEACTABIEHUS 3TUX 3aBUCUMOCTEHM.

¢ HecMOTpsl Ha TO, YTO MPOLIECC MPOEKTHPOBAHUSI HAUMHAETCS C BBIAEIEHHS
HEKOTOPBIX CYIUECTBEHHBIX ISl IPHUJIOXEHUs OOBEKTOB IIpeAMETHOI obna-
CTU («CYILHOCTEM») U BRIABJACHUS CBSA3eH MeXIY 3TUMHU CYUTHOCTSAMH, pelisi-
UMOHHas MOAENb JAHHBIX HE MpeiiaraeT KaKkoro-au60 MexaHu3ma Uisi pas-
JeJIEeHUS CYLIHOCTEH U CBSI3eH**.

CemaHTUYeCcKMe MoAeNnU AaHHbIX

INoTpe6bHOCTh MPOEKTUPOBILUKOB 6a3 JaHHBIX B Oojiee yAOOHBIX U
MOUIHBIX CPEACTBAX MOJEITHPOBAHUS MIPEAMETHOMN 06JaCTH BHI3BAJIA K XH3-
HM HamnpaBjieHHE CEMAHTHUUYECKUX MoJesell JaHHBIX. XOTH J10basi pa3BUTas
CeMaHTHUYECKasi MOAEIb AAHHBIX, KaK M pEJSLIMOHHAs MOJENb, BKIIOYAET
CTPYKTYPHYI0, MAHUITYJIAIUMOHHYIO U LIEJOCTHYIO YACTH, [NIaBHBIM Ha3Haye-
HHUEM CEMAHTMUECKHX MOJe/Iei IBNsieTCsT obecrieueHrue BO3MOXHOCTH BhIpa-
JKEHHUSI CEMAHTUKM JaHHBIX.

* HaunHas ¢ 3ToM JIEKIIMH, MBI IEPEXONUM K UCTIOJIB30BAaHUIO TEPMUHOB mabauya, cmpoka v cmoa-
6ey BMECTO CTPOTHUX PEJISILUOHHBIX TEPMUHOB OmHowenue, ampubym u mabauyd, NOCKOIbKY 31eCh
NoJ «pesIIMOHHBIMU» 6a3aMM JaHHBIX MOHUMAIOTCS, TJIaBHBIM 06pa3oM, SQL-opueHTHpOBaH-
Hbie 6a3bl JaHHBIX, JUIs1 KOTOPBIX 3Ta YIIPOLLEHHAs TEPMUHOJIOIUs 60Jiee eCTECTBEHHA.

** MHOrHe CTOPOHHHUKH PEJISILIMOHHOTO TIOAX0AA CUUTAIOT OTCYTCTBHE Pa3ebHOTO NpPEeCTABIe-
HHS CYLLIHOCTEN U CBA3E€H NMpPEeUMYILECTBOM PEJSIIMOHHOW MOJEIU AaHHBIX, MOTUBUDYS 3TO TEM,
4TO 334aCTyl0 TO, YTO BUepa CUMTAIOCH CYLIHOCTBLIO, CETOAHS Pa3yMHee NMPHHSITh 34 CBSI3b, U Ha-
060poT. D10, 6€3YCNOBHO, BEPHO ¢ TOUKHU 3PEHMS MOLAEPXKKU H MOAUMDUKALMU CYLLECTBYIOLIUX
PeJISILMOHHBIX 633 JaHHBIX, HO OTHIOOb HE TAK C TOYKH 3PEHHU S MPOEKTUPOBAHUS 6a3bl JaHHBIX.
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IIpexne yeM MbI KOPOTKO pacCMOTPHM OCOOEHHOCTH ABYX pacnpocTpa-
HEeHHBIX CEMAHTUYECKUX MOJeJIei, OCTAHOBUMCS Ha BO3MOXHBIX 00/1aCTsX UX
npuMeHeHus. Yalle Bcero Ha NpakTHKe CeMaHTUYeCKoe MOIETHPOBaHHUE HUC-
MOJIb3YeTCs Ha MepBOM CTaaWM IMPOEKTUPOBAHUS Oa3bl JaHHBIX. [1pu 3TOM B
TepMHUHAaX CEMAaHTHYECKOM MoJeNM IPOU3BOAUTCS KOHIENTyalbHasi cxeMma
6a3bl JaHHBIX, KOTOpasi 3aTeM BPYYHYIO Ipeobpa3yeTcsi K pesIiMOHHON (MU
KaKoU-THO0 ApYToi) cxeMe. DTOT MPOLIECC BHIMOJIHSETCS MO/ YIIPaBIeHUEM
METOJIHK, B KOTOPBIX JOCTATOYHO YETKO OrOBOPEHBI BCE ITAIBI TAKOIO MPeos-
pa3oBaHusi. OCHOBHBIM JOCTOMHCTBOM JaHHOIO MOAXOAA SIBJISIETCS OTCYTCT-
BHE MOTPEOHOCTU B JOMNOJHUTENbHBIX MPOTPAMMHBIX CPEACTBAX, MOAASPXH-
BalOLIMX CEMaHTUYECKOoe MoaeaupoBaHue. TpedyeTcsi ToNbKO 3HAaHHE OCHOB
BbIOpAaHHOW CEMaHTUYE€CKOW MOJeNM Y MpaBUJ Npeodbpa3oBaHUs KOHUENTY-
ATBHOM CXeMBI B PENSIHHOHHYIO CXEMY.

CrenyeT 3aMeTUTD, YTO MHOTHE HAaYMHAIOUIUe MPOeKTHPOBLUIUKM 6a3 1aH-
HBIX HEeIOOLIEHHBAIOT BAXHOCTh CEMAaHTHYECKOIO MOAETHPOBAHUS BPYUYHYIO.
3a4acTyl0 3TO BOCIPUHHUMAETCA KAK JOMOJMHUTENbHAS W M3JIMLIHAS paboTa.
DTa Touka 3peHHUsT abCOMIOTHO HeBepHa. Bo-mepBriX, MOCTPOEHHE MOILHON U
HarIsIAHOW KOHIIENTYyanbHOU cxeMbl b/ To3BossieT 6osiee Mo THO OLEHUTD Crie-
LHMPUKY MOIETUPYEMOH MpeaMeTHOM 001acTy U U30eXaTh BO3MOXHBIX OILIM-
00K Ha CTaJ UM MPOESKTUPOBAaHUs cxeMnl pesissiinoHHoH B/l. Bo-BTOpHIX, Ha 3Ta-
ne CeMaHTHYECKOro MOACIMPOBAHUA NMPOM3BOAUTCS BAXKHAs NOKYMEHTAlIMs
(xoTs1 6b1 B BUIE BPYUYHYIO HADUCOBAHHBIX JUAarpaMM U KOMMEHTapUeB K HUM),
KOTOpasi MOXeT 0Ka3aTbCsl OYeHb MOJIE3HOH He TOJBKO MpH NMPOEKTHPOBAHUH
cxeMbl pensiiuoHHo# B/, Ho u mpu 3KcIUTyaTalluy, CONPOBOXACHUU U pa3BH-
THH yXe 3amnojHeHHo BJl.

HeonHokpaTHO NpUXoaXI0OCh U MPUXOAUTCS HAOI04aTh CUTYaLliH, B KO-
TOPBIX OTCYTCTBHE TAKOIO pPoaa JOKYMEHTAlMH CYIIIeCTBEHHO 3aTPyaHsIEeT BHE-
ceHUe Jaxe HeOOJbLIMX U3MEHEHHUH B CxeMy CyIlleCTByIOLIeH pelstliMOHHON
B/l. KoHeuHo, 3T0 OTHOCHUTCS K ClTyyasiM, Koraa ripoektupyemast b/l conepxur
He CIMILIKOM Majoe yucio Tabaui. Ckopee Bcero, 6e3 ceMaHTHUECKOTO MoJe-
JIMPOBAHUS MOXHO OOONTHUCH, €CJIM YMCJIO TabMMI HE MpeBHIIIAET AeCATH, HO
OHO COBepILIeHHO HeobxoauMo, ecnu B/l BkiaoyaeT 6osee coTHH Tabnui. s
CIPaBEeJTMBOCTH 3aMETUM, UTO Ipolieaypa CO3JaHUs KOHUENTYATbHOM CXeMBbI
BPYUYHYIO C €€ MOCJeAYIOIUM MpeoOpa3soBaHUEM B PeJIAILMOHHYIO cxeMy BJ1
3aTpyJHUTENbHA B clyyae 6oibiuux B/l (cogepxallux HECKONBKO COTEH Tad-
auu). IIpUuyMHBI, IO BCeit BUAMMOCTH, HE TPeOYIOT MOSICHEHHIA.

HcTopust cucTeM aBTOMATH3alUMM IPOCKTUPOBAHUSI 0a3 MaHHBIX
(CASE-cpenctp*) Hayanach ¢ aBToOMaTH3alMHU IIpolLiecca PUCOBAHUA OHa-

* [Mo3Bosio ceGe 0OIHO TEPMUHOMOTHYECKOE 3aMeYaHHe, KOTOPOE MOXET TI0KA3aThCsl HECKOMBKO
HAMBHBIM [UISl CTEUHATMCTOB B OG/JACTH MHXEHEPHH TNPOrpaMMHOIo obecreyeHus (software
engineering), K YNC/y KOTOPHIX s1 He pUHaiexy. M3aBHa CyleCTBYET OTAENbHBIA KAacC IIpo-
IPaMMHBIX CHCTEM, NMpelHa3HAYEHHBIX [Vl aBTOMATH3alWH TIPOEKTHPOBAHHS HOBBIX POAYKTOB
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Kypc OcHoBbI 623 AaHHbIX

rpaMM, TIPOBEPKH HUX (OPMaAIbHON KOPPEKTHOCTH, 00ECTieYeHUs] CpPedCTB
JOJITOBPEMEHHOTO XpaHEHMs AUarpaMM M Ipyroil mpoOeKTHOH MOKyMeHTa-
iy, KoHeyHO, KOMIbIOTEpHasa TMoaaepxKa paboTel ¢ gHarpaMMaMHM IS
npoekTHpoBiIMKa b/l oueHpb nmone3Ha. Haiuume 3j1eKTPOHHOTO apXHUBa Mpo-
€KTHOM NTOKYMEHTAlLIMM TIOMOTaeT NMpH 3KCIUTyaTallMi, aIMUHHUCTPHPOBAaHHH
U COMPOBOXIEHWH 6a3bl naHHBIX. Ho cucTeMa, KOTOpas orpaHMYMBaETCA
MOAACPXKON PUCOBAHUS IMArpaMM, IIPOBEPKOH MX KOPPEKTHOCTH U XpaHe-
HHMEM, HAalTOMUHAET TeKCTOBBIH pelaKTop, MOMAepXHBAIOIIMI BBOM, peaak-
TUPOBAHME M TIPOBEPKY CHMHTAKCHUUYECKOM KOPPEKTHOCTHM KOHCTPYKLIMH
HEKOTOPOTO SI3bIKa IPOTPAMMHPOBAHMS, HO CYIIECTBYIOUIMH OTAEIBHO OT
KOMITIWISITOpa. KaxeTcss eCTeCTBEHHBIM XeJIaHUE pacliMpUTh TaKOi pelak-
TOp MYHKIIUSIMH KOMIIWISATOPA, U 3TO ISHCTBUTEIBHO BO3MOXHO, TOCKOJIb-
Ky M3BECTHA TeXHMKa KOMITWISLIMM KOHCTPYKIIMII f3bIKa NpOrpaMMHUpOBa-
HMs B KOIH LICJICBOro KOMIbIOTEpa. HO KOJIb CKOPO HMeeTCS YeTKAast METOIH -
Ka npeobpa3oBaHus KOHLENITyaIbHON cxeMbl b1 B pe/ISILIMOHHYIO CXeMY, TO
NnouyeMy Obl HE BBINIOJHUTh MPOTPAMMHYIO PEeaIM3aLUI0 COOTBETCTBYIOLIETO
«KOMITWISTOpPa» U HE BKIIOUUTH €€ B COCTAaB CUCTEMBI NMPOCKTUPOBaHHA 0a3
JaHHBbIX?

DTa Maes, eCTECTBEHHO, OKa3ajaach pa3yMHoi mpousoauresaMm CASE-
cpenctB npoektupoBauus bJ1. [lonapnsolnee GOIBIIMHCTBO MOAOOHBIX CHC-
TEM, MPEACTABICHHBIX HA PbIHKE, 00CCMEUMBACT aBTOMAaTU3MPOBAHHOE TIpeE-
o0pa3oBaHMe AMAarpPaMMHBIX KOHLIENITYaIbHBIX cXeM 6a3 MaHHBIX, NMpeICcTaB-
JIEHHBIX B TOM WJIU UHOM CEMAHTHYECKON MOJAEIHN NAHHBIX, B PECAALIMOHHbBIC
CXEMBI, e UL POBaHHBIE Yallle Bcero Ha s13bike SQL. Y unTtaTteng Moxer
BO3HUKHYTBH BOIIPOC, HIOYEMY B TPEABLAYLIEM TPELIOXKEHUN TOBOPUTCS MPO
«aBTOMAaTHU3UPOBAHHOE», a HE MPO «aBTOMAaTUYECKOe» Mpeodpa3zoBaHue? Bee
ZIEJI0 B TOM, YTO B THITHYHO# cxeMme SQL-opueHTHpoBaHHo# BJI MoryT conep-
KAThCs OTPEIEICHUSI MHOTMX 0OBEKTOB (OrpaHMUYECHMH LIEJIOCTHOCTH OOLIEero

B pasHbIX 00J1aCTsIX MPOMBILIIEHHOCTH — aBTOMOOWIECTPOEHUH, a3POKOCMUYECKOM TTPOMBIIII-
JIEHHOCTH, 3JIEKTPOHHOH NMPOMBILUTIEHHOCTH U T.A. OYEeBHAHO, YTO MPOUECC MPOEKTUPOBAHHUS
aBTOMOOWISI MPUHLHUIIHATBHO OTIMYaeTCsl OT Ipoliecca NPOEKTUPOBAHUSI MHUKPOITpOILECCopa,
HO, TEM He MeHee, M1 0603HaueHHUs Nob6oit CucteMbl ABToMatu3aluu I1PoexTHpoBaHus HC-
nonb3yercs: cobuparebHbiii TepMuH CAITP (CAD — Computer Aided Design). 3to onpasokiBa-
eTcs TeM, 4To pasHble noakiaccsl CAITP uMeroT ropasno 6onbiie OGINUX YEPT, YEM pa3TUUHA.
Tak BOT, IO MOEMY MHEHHIO, CHCTEMA aBTOMATH3aLMH NpoeKTHpoBaHUs B/l o cBoeMy Ha3Ha-
YEHHIO U CTPOeHHIO B Oonbliei crerneHM siBisieTcsi cucteMoi kiacca CAIIP, yem cuctemoit
wiacca CASE (Computer Aided Software Engineering). ITo Bceit BUAMMOCTH, CpeicCTBa aBTOMA-
THU3MUPOBAHHOM NMONAECPXKH NPOEKTHPOBaHHS 0a3 NaHHBIX CTaIM B CBOE BpeMs HasbiBaTh CASE-
CPEACTBaMH, MOCKOJIBKY OHH OOBIYHO BKJIIOYAJIHM HE TOJIBKO HHCTPYMEHTHI ISl TOAAEPXKH ITPO-
€KTHPOBaHMsI, HO U HHCTPYMEHTHI, IIOAAEPXKHBAIOIIME MPOEKTUPOBaHUE M Pa3paboTKy NMpuio-
XeHHU# 6a3 JaHHbIX. B ocneqHue roabl TakKue HHCTPYMEHTHI BCE pexXe TPOM3BOAATCS B BUJAE Ol-
HOTro nakeTa, U caM TepMUH «CASE-cpeicTBO» MOYTH BbIIIE] U3 YNIOTpeOicHHs. TeM He MeHee,
MOCKOJIbKY HE NOSIBWIOCH Kakoe-ubo Jpyroe cobupartesbHOEe Ha3BaHHE CPEACTB ITOMIEPXKH
NMPOEKTHPOBaHMUsA 06a3 JaHHKIX, MBI OyieM TPOONIXaTh HCMOAb30BaTh MMEHHO 3TOT TEPMHH.
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Nexuua 9 ER-amarpammbt

BHJA, TPUITEPOB M XpAaHHMBIX IPOLEAYP U T. A.), KOTOPbIE HEBO3MOXHO Cre-
HEPHPOBaTh aBTOMATHUYECKH HAa OCHOBE KOHILIENITYaTbHOMU cXeMbl. [IoaToMy Ha
3aBepILAIOILEM 3Talle MPOSKTUPOBAHHUS PEIAIIMOHHOM CXeMBI CHOBa TpeOyeT-
¢ py4yHasi paboTa MpoeKTUPOBILHKA.

Enie pa3 oOpaTtiTe BHUMAaHHE Ha TO, KAKOMH XOJI pacCyXIeHU TTPHUBET Hac K
BHIBOZY O BO3MOXXHOCTH aBTOMATH3ALIMH Ipoliecca IMpeo0pa3oBaAHUS KOHIIEITTY-
anbHO# cxeMbl B/ B pelissioHHy10 cxeMy. Eciii co3nareny ceMaHTHYeCKOM MO-
JeJIM NaHHBIX TpEeIOCTABISTIOT METOOUKY IpeoOpa3oBaHUA KOHULEITYATbHBIX
CXEM B PEJISILIMOHHBIE, TO IMOYEMY Obl HEe PEaTU30BaTh IMPOrpaMMYy, KOTopasi Ipo-
U3BOMIMT TE€ Xe IPeo0Opa30BaHMs, CJIEXys TOM Xe MeTonuke? 3agaauMcs Terepb
JIPYTUM, HO, TIO CYILIECTBY, CXOXHM BOIpocoM. Eciti cozmaresin ceMaHTHUYECKOMH
MOZIEIH JAHHBIX MPEIOCTARISIIOT SA3bIK (HANpUMep, JHarpaMMHBIN), UCITONb3Y
KOTOpBIi MpoeKTHPoBLUMKHA B/l Ha ocHOBe HCcx0oaHOI HHGOPMALIUH O IpeIMeT-
HOI 0OnacTi Moryr copMHpoOBaTh KOHUENTYAJIbHYIO cXxeMy BJI, To moueMy Obl
HE peaIM30BaTh IpOrpaMMy, KOTOpasi caMa reHepupyeT KOHIIEITTYATbHYIO CXeMY
BJ1 B cooTBeTCTBYIOIIEH CEMAHTHIECKON MOIEIM, UCTTIOJNIB3YS] MCXOIHYIO HHPOD-
MalHMIo O IpeaMeTHOM obnacTi? XoTs HaM He u3BeCTHB KoMMepueckue CASE-
cpencrea npoektuposanus b1, nonxepxuBalollye TaKOH IMOIX0M, IKCIIEPHMEH-
TAIbHBIE CUCTEMBI YCIIEITHO CYIIECTBOBATH. OHHU NPEACTARISUIH COO0I HHTETPU-
POBaHHbBIE CUCTEMBI IIPOEKTHPOBAHUS ¢ aBTOMAaTU3UPOBAHHBIM CO3JaHHEM KOH-
LENTYyATbHON CXEMBI HA OCHOBE MHTEPBLIO € 3KCIepTaMU NPeAMETHO 001acT U
TOC/IEAYIOILIMM TPe00pa30BaHHEM KOHLENTYAIBHOMH CXEMBI B PEJIALIMOHHYIO.

Kak mnpasunio, CASE-cpencTBa, aBTOMaTH3UPYIOILHNE MMpeoOpa3oBaHue
KOHUENTyaibHON cxeMbl B/l B pensiMoHHy0, MPOM3BOIAT DPESIHHOHHYIO
cxeMy 0a3bl JaHHBIX B TPETbeH HopMaibHOU dopMe. HopManusaius Oonee
BBICOKOTO YPOBHS$I YCJIOXKHSET IMPOrPaMMHYIO PEaTH3allMI0O U PEIKO TpedyeTcs
Ha IIPaKTHKE.

HaxkoHert, TpeTbsl BO3MOXHOCTh, KOTOPYIO CJIEAYET YIIOMAHYTD, XOTS OHa
enle He BbINLIa (WIH TOJBKO BBEIXOIMT, @ MOXET ObITh, TAK HUKOTZIA U HE BBIM-
JIET) 3a MpeIeIbl HCCIEAOBATENBCKMX H SKCIIEPUMEHTAIBHBIX IPOEKTOB, — 3TO
paboTa ¢ 6a30i1 JaHHBIX B ceMaHTHYecKoH Moaen, T. €. CYB/l, ocHoBaHHEIE
Ha CEMaHTUYECKHMX MOACAX AaHHBIX. IIpy 3TOM CHOBa pacCMaTpHUBAalOTCs IBa
BapuaHTa: o0ecreueHue MOJb30BATEILCKOTO UHTepdeiica Ha OCHOBE CeMaH-
TUYECKOI MOIENN JaHHBIX ¢ aBTOMAaTUYECKMM OTOOpaXeHHEM KOHCTPYKLIMI
aroro HHTepdeiica B peJIIIIHOHHYIO MOJEIb JAHHBIX (3TO 3ama4a MPUMEPHO
TOTO X€ YPOBHS CJIOXHOCTH, YTO H aBTOMATHYECKast KOMITHJIALINSA KOHLIETITY-
ATbHOM CXeMbl 0a3bl JAHHBIX B PEISAIIMOHHYIO CXEMY) M IpAMasl peain3aius
CYB/1, ocHOBaHHasl Ha KaKoH-JTHO0 ceMaHTHYECKOM MOJENU JaHHBIX. MHO-
M€ aBTOPUTETHBIE CMELMATUCTHI MOJIaraloT, YTO OJIMKE BCEr0 KO BTOPOMY
nonxonay o6beKTHO-opHeHTHpoBaHHbIe CYB/I, UbH MoJEeTH JaHHEBIX IO MHO-
TMM MapaMeTpaM OJIM3KH K CEMaHTHYECKHM MOJENAM (XOTs B HEKOTOPBIX ac-
MeKTax OHM GoJsiee MOILHBI, 4 B HEKOTOPLIX — OoJiee ciadbl).
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Kypc OcHoBbl 6a3 BaHHbIX

CemanTnueckas moaenn Entity-Relationship
(CywiHOCTL-CBA3b)

B 3Toii IeKLIMU MBI KpaTKO pacCMOTPUM HEKOTOpBIE YEPThI OMHOI U3 Ha-
uboJiee NMONyJISPHBIX CEMAHTUIECKHX MOJEIei NaHHBIX — Moaeau «CyIHOCTDb-
Css3b» (4acTo ee Ha3bIBalOT KpaTko ER-Monensio ot Entity- Relationship).

3mech cliemyeT caenaTh 1Ba 3aMeUaHusl, Kacalouluecs, TIIaBHbBIM 00pa3oM,
TepMuHOJiorTuM. Oba TepMUHA relation u relationship MOTYT OBITh TIEpEBENEHH
Ha pYCCKHH s13bIK KakK omuouwenue. [103TOMy B PYCCKOSI3BIUHOM JIUTEpaType
ER-Monenb MHOTAA HA3bIBAIOT MOJEJBIO CYMHOCMb-OMHOWeHUe, 3 UHOTAA U
PEISIIMOHHOM CeMaHTHMYeCKOW Moaenbld. HaBepHOe, B 3TOM HET HHYErO
CTpalLHOro, €cJid roBopuTh 0 ER-MOEH B OTpBIBE OT TEMATUKH NPOESKTUPO-
BaHUSA PEISALIMOHHBIX 6a3 JaHHBIX.

Ho ecniu Tpebyercsi 0IHOBPEMEHHO MCIIOJIb30BaTh TepMUHBI ER-Momenu
U peJSIHHOHHON MOJEeNIH JAHHBIX, TO, 6€3yCI0BHO, TPEOYETCS IPUMEHSTD AJIsI
TEpMHMHOB relation W relationship pa3Hble PyCCKHE SKBUBAJICHTBHI. 3a 3TUMH
TEPMHUHAMHM CTOSIT BECbMa pa3INuHbIe TTOHITHs. B pensiiuoHHOMH MOIENH OT-
HoweHue (relation) — 3T0 eMUHCTBEHHAsI pOAOBasi CTPYKTypa AaHHBIX. C mo-
MOLIBIO 3TOTO KE MEXaHU3Ma IPEACTABISAIOTCS «CBS3aHHBIE» CYLIHOCTH
(BCITOMHUTE, HANpuMep, Npo BHeIIHUE KIoun). Kak Mbl YBUIMM HEMHOIO
nosxe, B ER-Monenu a1 npeacrapiieHUs CXeMbl 6a3bl JaHHBIX UCITOJIb3YIOT-
Csl 1B paBHOIIPABHBIX OHSATHS — cyuyHocms U c643b. CBsizu B ER-Momenu ur-
paloT PoOJib, OTJIMUHYIO OT TOM, KaKyl0 MIpalOT OTHOIICHHUS B PEISLIMOHHOMN
MOJieJH JaHHBIX.

Kpome Toro, B pyccKOsI3bIYHYX) TEPMHUHOJIOTHIO BOLILJIa M YMCTasi TPaHC-
JIMTEpalMsa TepMUHA relation UMEHHO B CMBICIIE omHowerHue. Mbl TOBOpUM, Ha-
MpUMeEp, TIPO PEISIIIMOHHYIO MOAEb JAHHBIX, PEJSIIMOHHYIO alrebpy U T. 1.,
TTOHUMasi MoJieJIb JaHHBIX, OCHOBAHHYIO HAa OTHOIIECHUSX, AIredpy OTHOIIECHHHA
u T. 1. [1o aTOMy noBoxy, Mo KpaifHeH Mepe, B KOHTEKCTE 6a3 TaHHBIX, pa3yMHO
OKOHYaTeJIbHO 3ape3¢ PBUPOBATH TEPMUHBIL relation M omuowerue JUTsi 0603Haue-
HUS IOHATHI PEJISIIMOHHOM MONENH NaHHBIX, a Uil TepMUHa relationship vc-
TMTOJIb30BaTh APYTOM NOTTYCTUMBIM PYCCKOSI3BIUHBINA 3KBUBAICHT — C653b.

Ha ucnonb3oBanny pa3HbIX BapuaHTOB ER-Momenn ocHOBaHO OOJBLINH-
CTBO COBPEMEHHBIX ITOAXOI0B K IMPOEKTHPOBAHUIO 6a3 JTaHHBIX ([JIaBHBIM 0bpa-
30M, peJISILMOHHBIX). Mozenb Gbia npeaioxeda [Turepom YeHoM (Peter Chen)
B 1976 . MoaenupoBaHue NpeIMeTHOM 061acTh 6a3UpyeTCsl HAa UCTTOIB30BaHUH
rpauYeCKUX TUArpaMM, BKJIIOUAIOLIMX HeOOJIbIIOE YHCI0 Pa3HOPOAHBIX KOM-
oHeHTOB. [IpocToTa M HAMISITHOCTD MPEACTABICHUS KOHLICNITYAJIbHBIX CXEM 0a3
JaHHbIX B ER-Mozneny npuBeiu K ee HupokoMy pacripocrpaHeHmio B CASE-cu-
cTeMax, MoAnepXKMBalOLIMX aBTOMAaTU3MPOBAaHHOE MMPOEKTUPOBAHUE PESILIMOH-
HbIX 6a3 JaHHBIX. Cpedy MHOXECTBA pasHoBHAHoOCTei ER-Monenel onHa U3 Ha-
ubosiee TTOMY/ISIPHBIX M pa3BUTHIX NpuUMeHsutach B cucteMe CASE kommnaHum
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Nexkums 9 ER-anarpaMmel

Oracle. MbI 00CyTMM HEKOTODBII YIIPOLIEHHBIM BapHaHT 3Toi Mogenn. Ecnu ro-
BOPUTH 60Jiee TOUHO, COCPETOTOYMMCS Ha ¢ CTPYKTYPHOM M LIeIOCTHOM YacTsIX.

OcHoBHble nouaTua ER-mogenn

OcHOBHHIMH MTOHSTUAMH ER-Moneny snsiores cyunocms, c6a3b U ampubym.
Cywrocms — 3TO pealIbHbIM WIH IIPeACTaBIsIeMbIi 00BEKT, HHGPOPMALHS O KO-
TOPOM JIOJIXKHA COXPAHSIThCS M OMTh AocTynHOR.* B nuarpamMax ER-Momenn
CYIIHOCTD IIPEACTABISETCS B BUAE NIPSAMOYTOJIBHHKA, COAEPXKALIETO UMS CYIIl-
HOCTHU. [TpH 9TOM MMSI CYIITHOCTH — 3TO HMS THIIA, @ HE HEKOTOPOTO KOHKPET-
HOTro 3K3eMIUIApa 3Toro THIA. ** JI11s1 60JbIlei BIPa3UTEIBHOCTH M JIYUIIErO
MTOHUMAHMS UMsI CYIITHOCTH MOXET COITPOBOXIATHCS IIPUMEPAMH KOHKPETHBIX
3K3eMILISIPOB 3TOrO THIIA.

ASPOIIOPT
HapUMED ,

llepeMeTBEBO,
XuTpoy

Puc. 9.1. ITpuMep THIA CYIITHOCTH

Ha puc. 9.1 uzobpaxena cymHocts ADPOITOPT ¢ npHMepHBIMH 3K-
3emruigpaMi «lllepeMeTheBo» U «XHUTPOy». BTa IPUMUTHBHASA AMArpaMMa TeM
He MEHee HeCeT BAXHYI0 HH(pOPMAIMIO. Bo-NepBhIX, OHA IIOKA3BIBAET, YTO B
6a3e JaHHHIX OYAYT COMEPXKATHCA OMHOTHUITHBIE CTPYKTYPHI JAHHBIX (3K3€MILIS -
PBI CYIIHOCTH), OIIMUCHIBAIOIINE a3PONOPTHL. BO-BTOPHIX, TOCKOIBKY B XU3HH
CYILIEeCTBYeT HECKOJIBKO TOUYEK 3pEHMs Ha ad3pPOIOPTH (HAIpMMEP, TOUKA 3pe-
HMS TIWJIOTA, TOYKA 3PEHHsl Naccakupa, TOYKA 3peHHs aIMMHUCTpaTopa) M
3THUM TOYKAM 3pPEHHUsI COOTBETCTBYIOT pa3Hble CTPYKTYpPHl JaHHBIX, TO IIPHUBE-
JeHHbIE TIPUMEPHl a3POTIOPTOB IMO3BOJISIIOT HECKONBKO CY3MTh HOIMYCTUMBIA
Habop Touek 3peHus. B HaleM ciydae IpUBEACHBI IIPUMEPH MEXIYHAPOIHBIX
a3poIopTOB, TaK YTO, CKOPee BCEro, MMeeTCsl TOUKa 3peHHs Maccaxupa HWIH
MHJIOTa MEXIYHAPOJIHBIX aBMapeicoB.

* [TOHATHO, YTO 3TO «OTIpefe/IeHHe» Ha CAMOM Je/ie ABISETCS TABTOIOTHEN, TIOCKO/IbKY, BO-TIEPBbIX,
MBI TIbITAEMCS OTIPENE/IUTh TEPMHH CYUHOCMb Uepe3 He OTpele/IeHHBIA TEPMUH 065eKm, a BO-BTO-
PbIX, TIOTILITKH OTIpEIe/IeHHS TEPMHHA 065eKM HACTONbKO Xe Be3HaleXHbl. OGBIYHO ABTODI IThITa-
I0TCSL ONPABAbIBATLCA TEM, YTO B NOJOOHOM KOHTEKCTE OHH HMEIOT B BWIY <«KHMTEHCKOe», a
He CKOJIbKO-HHUOYIb (OPMATH30BaHHOE TOHATHE 065exma. KOoHEeYHO, OT 3TOro He CTAHOBUTCS JIeT-
4e, OCKOJIbKY TOHATHE CYyuHOCMY TOJDKHO TIOHHMAThCS B JOCTATOYHO TOYHOM cMbicie. Ho ara
TaBTOJIOTHA He M306peTeHa aBTOPOM 3TONO Kypca; OHa TPAIMLMOHHA IS 06JaCTH CeMaHTHYECKO-
0 MOJIEINPOBaHHA. B 9Tl 061aCTH CTPEMATCS MAKCUMAIBHO H36eraTh (hOpMaIbHOCTEM.

** XoTs GbLT0 Gbl TpaBWIbHEe BCEra MCIOAb30BATh TEDMUHBI Mun CYHOCMU Y IKIEMRASP muna
cywHocmu, AJIs U36€XaHHNsl MHOTOC/IOBHOCTH (M C/IeXyst TPATHLMH) B TeX CITydasix, [Ae 3TO He TIPUBO-
IMT K JBYCMBICIEHHOCTH, MBI OyeM HCTIONB30BATb TEPMHUH CYIgHOCMb B 3HAYSHUH mUna cywHocmi.
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Kypc OcHoBbt 6a3 parHbIX

IIpu onpeneneHMH THMa CYHUIHOCTH HEOOXOIMMO rapaHTHpPOBaTb, YTO
KaXIBIi 3K3eMIUIAP CYHIHOCTH MOXET OBITh OTJIMYMM OT JII0060T0 APYroro 3K-
3eMILISIpa TOM e CYHIHOCTH. DTO TpeOOBAaHUE B HEKOTOPOM POJIC aHAJIOTUYHO
TpeOOBAHHUIO OTCYTCTBHSI KOPTEXei-TyOJIMKaTOB B PEMSILIMOHHEBIX TAOIMLIAX.
Cen3zs — 310 TpapUYECKHU H300paxXaeMasi aCCoLUalus, YCTaHABTHBacMas
MeXIy IByMs THIIAMH CyHIHOCTei. Kak ¥ CyHIHOCTb, CBSI3b — 3TO THUIIOBOE I0-
HSATHE, BCE IK3EMIUISPH 000MX CBA3BIBAEMBIX TUMOB CYLIHOCTEH MONYUHAIOTCSA
yCTAHABIHBAaEMBIM MpaBwiaM cBsi3siBaHus. [1o3TOMY npaBuibHEE TOBOPUTH O
TUIE CBSA3M, YCTAHABJIMBAEMOM MeXIy TUMAMHU CYIIHOCTH, U 00 3K3eMIuisipax
THIIA CBSI3H, YCTAHABIMBACMBIX MEXIY IK3eMIUIApAMH TUIA CyuIHocTd.* B 06-
cyXmaeMoM 3nech BapyaHTe ER-Monenu 3Ta accouualys BCeraa apasiercs om-
HApHON U MOXET CYNICCTBOBATh MEXIY NBYMSl pa3sHBIMH THUIAMHU CYLIHOCTCH
WIH MEXITY TUIIOM CYHIHOCTH M UM Xe CaMHUM (peKypCUBHasl CBs3b). B 1060
CBSI3U BHIIEJISAIOTCA IBa KOHLIA (B COOTBETCTBUHU C CYLICCTBYIOLIEH mapoii CBs-
3bIBAEMBIX CYIIIHOCTEl), Ha KAXKIOM H3 KOTOPBIX YKA3bIBAIOTCSI MM KOHIIA CBSI-
34, CTeMeHb KOHILIA CBA3M (CKOJBKO 3K3CMIUIAPOB JaHHOTO TUIIA CYLIHOCTH
JOMXHO NPUCYTCTBOBATh B KAXIOM 3K3CMIUIAPE JaAHHOTO TUIA CBSI3M), 00sA3a-
TEJBHOCTD CBA3H (T. €. 1000 JIH 3K3EMIUIp JAHHOTO TUMA CYHIHOCTH JOKEH
YYacTBOBATh B HEKOTOPOM 3K3EMIUIApE JAHHOTO THIIA CBS3H).**
CBs3b NMPEICTAaBIACTCA B BUAEC HEHANpaBICHHON JMHUHU, COeAHHAIOUIEH
JIBe CYIIHOCTH WJIM BeAyHICH OT CYHIHOCTH K Helt Xe caMoii. [1pu 3ToM B Mec-
T€ «CTHIKOBKM» CBAI3H C CYHIHOCTBIO UCIIOIb3YIOTCA:
® TPEXTOYEYHBIH BXOJ B IIPAMOYTOJABHUK CYLIHOCTH, €CIH A1 3TOM CYHIHOC-
TH B CBA3H MOTYT (WU JOJDKHBI) MCIIOJIb30BATLCS MHOTO (many) SK3eMIUIA-
POB CYLIHOCTH;

® OJHOTOYEYHBIH BXO/, ECJIH B CBA3H MOXET (MJIHM IOJKEH) Y4aCTBOBATH TOJIb-
KO OJIUH 3K3EMIUISIp CYLIHOCTH.

O6s13aTeIbHBIM KOHEL CBSI3H M300paxaeTcsl CIUIOIIHOM JTUHUEH, a HEOo-
Os13aTEeJILHBIA — TIPEPBIBUCTOUN JTUHUEH.

CBs13b MEXIY CYHIHOCTAMHU BUJIET U IIACCAXUP, HoKa3aHHAs Ha puc. 9.2,
CBSI3BIBAET OWICTHI M NACCaXHUPOB. KOHell CBA3H ¢ UMEHEM «IIs1» TTO3BOJISIET
CBSI3BIBATh C OJJHUM I1ACCaXKMPOM 00Jjice OAHOTO OMUJIETA, IPUUEM KaXIbIH OU-

Puc. 9.2. IIpumMep THNA CBA3U

* TeM He MeHee, KaK M B CJIyJae THIIA CYI{HOCTH, Mbl OY/IeM 4acTO UCTIONb30BaTh TEPMUH C843b B
3HaYEHHH Muna Ces3u.

** B HekoTOpBIX BapHaHTax ER-Mome/TH KOHEL! CBSI3H Ha3bIBAIOT POJIBIO CBSI3H B AAHHOI CyILHOCTH. Tor-
JIA MOXHO FOBOPHMTD 00 UMeHU poau, crmenenu poau v 0083ameasHocmy poau CBSI3H B JAHHOM CYLIHOCTH.
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Nexunn 9 ER-puarpammbl

JIET 1OJKEH OBITh CBA3aH ¢ KAKUM-JTHOO0 naccaxupoM. KoHell CBA3H ¢ UMEHEM
«MeeT» TTOKA3BIBAET, YTO KAXIBI OHJIET MOXET IIPUHAILIEXATh TOJIBKO OIHO-
MY MacCaXupy, IpUYeM NaccaKHUp He 00s13aH UMETD XOTHA OBl OJUH OWIIET.

JlakoHMYHas yCTHasi TPAKTOBKA M300paXE€HHOM AUarpaMMBI COCTOUT B
CHEAYIOIIEM:
¢ KaxIpli BUJIET NpedHa3HayeH It ONHOTO U TOJBKO OOHOTO IIACCAKUPA;
® Kaxablid TACCAKMP MOXET UIMETH OIHH WK G6oJiee BUJIETOB.

Ha cnenmyioniem npumepe (puc. 9.3) uzobpaxeHa peKypCHUBHast CBS3b,
CBSI3BIBAIOLLAsE CYHIHOCTE MYXUMHA ¢ Hel ke caMoil. KoHell CBSI3M ¢ MMEHEM
«CHH» ONpPENENIAET TOT (HAKT, YTO HECKOJBKO JIIoAei MOTYT OBITh CBIHOBBSIMHM
onHoro otua. KoHell CBSA3M ¢ MMEHEM «OTel» O03HAYaeT, YTO HE Y KaXIOro
MYXYHHBI JOJDKHEI OBITH CBIHOBBSL.

Puc. 9.3. ITpuMep peKypCHBHOTO TUIA CBA3HU

JlakoHMYHAst YCTHasi TPAaKTOBKA HM300PaXEHHOM dUarpaMMBbl COCTOMT B
CNEXYIoIEeM:
® Kax/blil MYXIVHA BJISETCSE CBIHOM OJHOIO U TOJIBKO OTHOTO MYXUMHH
¢ KaxIplid MYXYMHA MOXET SIBJISITRCS OTLIOM OZHOrO WM 6osiee MYXIMH.

ATpUOYTOM CYLIHOCTH SIBJETCA NI00as HeTalib, KOTOpast CIYXUT IS
YTOYHEHUsI, UOEHTU(DHUKALIMH, KIAaCCHDHUKALMHM, YHUCIOBOM XapaKTePHCTHKH
WIU BHIpaXeHHS COCTOSIHHA CyIHOCTH. MMeHa aTpubyTOB 3aHOCSATCSE B Mpsi-
MOYTOJIBHUK, M300paxalolluid CyIIHOCTb, MOJ UMEHEM CYLTHOCTH U U306pa-
XaloTCs MATBIMH OYKBaMH, BO3MOXHO, C IPUMEPaMU.

IMpumep TMNa cymHOCTH YEJIOBEK ¢ YKa3aHHBIMYM aTPUOYTaMH MOKAa3aH Ha
puc. 9.4. C TeXHU4eCKOM TOYKM 3peHHMs aTpuOyTHI THNA cyliHOCTH B ER-Monenu
MOXOXM Ha aTprOyTHl OTHOIIEHUS B PENSIITMOHHOM MozeiH JaHHEX. M B TOM, 1
B IPYTOM CJIy4asiX BBEIeHNEe MMEHOBAHHHIX aTpHOYTOB BBOOTUT HEKOTOPYIO THIIO-

YENIOBEK
IoJI, HampuMep,
M um X
TOO POXOeHWUA,
1978
buo, Hanpumep,
UBaHOB UBaH

UBaHOBUY

Puc. 9.4. [IpuMep THIIA CYIITHOCTH C aTpUOYTAMH
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Kypc OcHoBbi 6a3 AaHHbIX

BYIO CTPYKTYDPY JaHHBIX, HMs KOTOPOH COBMANAcT ¢ UMEHEM THIA CYUIHOCTH B
cryyae ER-Mozenu Wik ¢ MMEHEM ITEPEMEHHOM OTHONICHUSI B CJTy4Yae PENISTIIMOH-
HOI MOJEH. DTOM THIIOBOM CTPYKTYPE HOMXHBI CIEH0BATh BCE 9K3EMIULIPHI TH-
Ma CYIIHOCTH WIH BCE KOPTeXH OTHoleHUs. Ho MMeeTcsl ¥ BaXHOE OTIMYHE.
HamoMHHM, YTO B PENSITHMUOHHON MONENIM NAaHHBIX aTPUOYT ONpENEIsieTCsS KakK
yHopsiTOYSHHAs! mapa <ums_aTpubyTa, msi_noMeHa> (WIM <uMsi_aTpubyTa,
1MsT_6a30BOTO_TUMA_TAHHEX>, €CJIH IOHATHE JOMEHA HE ITOIICPXUBACTCA). 3aro-
JIOBOK OTHOLICHHSI, ONPeACIsICMbIi KaK MHOXKECTBO TaKMX Map, NPEICTaBISET CO-
00i1 MOJIHBEIM aHAJIOT CTPYKTYPHOTO THIA JAHHHIX B 3bIKaX NPOTPaMMUPOBAHKS.

Tlpu onpenenenuu atpudbyroB TUna cymHocTd B ER-Monenu ykasaHue
JIOMEHa aTpuOyTa HE IBISACTCS 00S3aTCIbHBIM, XOTI 3TO M BO3MOXHO (CM. HU-
xe). ObcyMM, YeM BBI3BaHA 3Ta BO3MOXHOCTD «OCIa0JICHHOTO» OIIpeAC/ICHUS
arpubyroB. [Ipexne Bcero, Kak OTMEYAIoCh B pasjieyie «BBelieHUE», CEMaHTH -
YECKNE MOICNIH JAaHHBIX HCHONB3YIOTCS WISl NMOCTPOCHUS KOHLENTYaIbHBIX
cxeM B, ¥ 3Tu cxeMbl peobpa3yloTcs B pesisiiMoHHBIE ¢XeMbl b/l, koTopsie
noaepxuBaTcs1 Toi Wik uHoi CYB/1. HecMoTps Ha TO YTO B HAaCTOSIILEE Bpe-
Msl TUIIOoBBIe BO3MOXHOCTU PCYB/l B OCHOBHOM CTaHIApTHU30BaHH (Ha OCHOBE
cTaHgapTa si3sika SQL), netanu 6a30Boro Habopa TUIOB JaHHBIX U CPEICTB OM-
pelesieHus] JOMEHOB B Pa3HbIX CUCTEMAX MOTYT pa3nyarbes. I1oCKoMbKy mpo-
usBoauten CASE-CpelCTB NMpOSKTUPOBAHUS penssiUOHHBIX B/l ctpemsres
HE CBS3BIBAaTh OOCCTICYUBAEMBIE MU BO3MOXHOCTH CEMAHTHYECKOTO MOICIIH~
POBaHUS ¢ KOHKpeTHOUM peanu3ainueid CYDB/l, oHM ¢cTUMYyTUpYIOT OTKNanbIBa-
HHE CTPOTOro ONPEHSICHUS] TUIIOB aTPUOYTOB 0 CTAIUU HOJIHOTO ONpencse-
HUS PENSILMOHHOMN CXEMBI.

Kpome Toro, HamOMHKM, YTO NP ONpPECTICHUN aTprOyTa OTHOLIEHUSI AOITY-
CKAeTCs UCTIONIB30BAHUE UMEH aTpUOYTOB, COBMANAIONIMX ¢ UMEHAMH CBOMX JOME-
HOB (3TO JIBa Pa3HBIX IPOCTPAHCTBA UMEH, U HUTMYHE OIMHAKOBBIX MUMEH Y aTpUOy-
TOB ¥ IOMEHOB HE BBI3BIBACT Ko/umm3uit). [ToatoMy mpu onpeneneHuu arpubyTOB
THIIOB CYIIHOCTH MOXHO TaK MMoaOMpaTh UX UMEHA, YTO OHM B NAJIbHEHINEM OYIyT
MONCKA3bIBaTh, KAKME HJOMEHBI Y 3TUX aTpHOyTOB MMEIOTCS B BMAy. IToHMMaHUIO
MIPEATIOoNAaracMoi CyTH IOMEHOB CITOCOOCTBYET M BO3MOXHOCTD YKA3aHUS IPUMEPOB
3HayeHui aTpuoyToB. HanpuMep, Ha puc. 9.4 nMeeTcs aTpHOYT rof POXIeHNsI, B
KAYeCTBE MPUMEPHOIO 3HAYCHUS KOTOPOIO YKa3aHO «1976». BT0 MOOCKA3HIBACT,
YTO B PEJSILIMOHHOM CXEME IPU OTIPEACIEHUHM COOTBETCTBYIOIIETO aTpUOyTa Hanbo-
JIe€ €CTECTBEHHBIM 6Ga30BLIM THUIIOM JAHHBIX OyIeT TEMIIOPAJIbHBIA THIT «IATA»,
3HA4YCHHUSI KOTOPOTO 33/1a10T ATy ¢ TOYHOCTBIO 10 I0Ja.

YHMKanbHbIE MAeHTMd)MKaTOpr TUNOB CYLWHOCTVN

Kak 0TMeyanoch BbIlIE, TIPH OTIPENEIEHUH TUIA CYIIHOCTH HEOOXOIUMO
rapaHTHPOBATbh, YTO KAXIBIH IKICMIUIAP CYLUIHOCTH SBISACTCI OTIMYHMMBIM OT
JIIOGOro APYroro 3K3eMILIsIpa Toi Xe CYyIIHOCTH. [10CKONIbKY CYUIHOCTD SIBJISET-
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Nexuna 9 ER-gnarpammsl

¢s abCTpakiyed peaJbHOTO WM TPEACTAB/sIEMOT0 00beKTa BHEIIHETO MHUPa,
3T0 TpeOOBaHHE HYXHO HMETDb B BUAY YK€ MPH BHIOOpE KaHIHUIATa B THITBE CYIII-
HocTH. HanmpuMep, mpeanonoxuM, 4To NMpOEeKTUPYETCA 0a3a JaHHBIX IJIsl IO~
JepXKW pabdoThl KHIDKHOTO cKiaga. Ha ckiage MOTYT XpaHHMTBCS IIPOU3BOJIb-
HbI€ YaCTH TUpPaXa JI000Tr0o U3NaHUS JI000H KHUTH. MOXET JIM B 3TOM C/Iyyae
HHIUBUAYyaJlbHasi KHHUTA SBJISTHCS IMpoo0pa3oM THIla CYLIHOCTH? YTBepXKOaeT-
¢, 4TO HET, MOCKOJBKY OTCYTCTBYET BO3MOXHOCTb PAa3IMYCHUS KHHUT OJHOTO
u3gaHus. st KHHXXHOTO CKJaga npoo6pa3oM THIIA CYLIHOCTH OyaeT Habop on-
HOMMEHHBIX KHUT OTHOTO aBTOPA, BHILLIEALIMX B OMHOM U3gaHUU. OIHHUM U3 aT-
pUOYTOB 3TOTO THIIA CYIIHOCTH OyIeT uncno kHur B Habope. Ho xorma kHU-
Ta oCcTyrnaeT B OUGIMOTEKY U €M TTPUCBAUBACTCS YHUKAJIbHBIA OUOTHOTEUHbIM
HOMEp, OHA CTAHOBUTCS Pa3yMHBIM MPO0OOpa3oM THITA cyliHocTd. Ilioxo ycr-
poeHbl OMOTHOTEKH, B KOTOPBIX HE pa3TMYAIOTCS HHIUBUAYAIbHbIE KHUTH (Ia-
€ OTHOMMEHHbBIE KHUTH OJHOTO aBTOpA, BHILICALINE B OZTHOM H3TaHUH).

Ho npu npoekTUpOBaHWH 0a3bi JAHHBIX MAJIO TOTO, YTOOBI MPOESKTUPOB-
UMK yOeOWICs B INMpPaBUIBHOM BBIOOpPE THUIIOB CYIIHOCTH, FapaHTHPYIOLIEM
pa3IMuMe 3K3EMIUISIPOB KaXXIOTO THUIIA CYIIHOCTH. HeobXomguMo cOOOHINTH
cHCTeMe aBTOMaTH3aluH IIpoekTHpoBaHus bJl, KakuM oOpa3oM GyayT pa3iu-
YaTbCsl 3TH IK3EMIUISPHI, T. €. COOOUIUTD, KAK KOHCTPYUPYIOTCSI YHUKAJIbHbIE
HUACHTU(MHKATOPBI 3K3EMILISIPOB KaXIOro THMa cyuiHocTH. B ER-Mozenn y
3K3eMIUIsSIpa TUMA CYIIHOCTH HE MOXET OBbITh Ha3HA4aeMOTO II0JIb30BaTEIeM
VMEHH WIH Ha3HAaYaeMOT0 CHCTEMOM BHEUTHETO YHUKAJBHOTO MAEHTU(DHUKATO-
pa. DK3eMIUISIp THITA CYIIHOCTH MOXET HACHTU(MHLIMPOBATHCS TOJIbKO CBOMMHU
HHAUBHIYAJbHBIMU XapaKTEPUCTUKAMU, & OHU IIPEACTABIAIOTCH 3HAYCHUSIMH
aTpuOyTOB M 3K3EMIUISIDAMH TUIIOB CBSI3U, CBA3BIBAIOLNIUMU JAaHHBINA 3K3EMII-
JISIP THIIA CYUIHOCTH C 3K3EMIUISIpDAMHU NPYTUX THITOB CYIIHOCTHA WJIU 3TOTO XK€
THNA CYUTHOCTH. I103TOMY YHMKaTbHBIM HACHTU(PUKATOPOM CYLUTHOCTH MOXET
OBITh aTpUOYT, KOMOMHALIMS aTpUOYTOB, CBSI3b, KOMOMHALIMS CBSA3EH WU KOM-
OMHauMs CBsi3eH M aTpuOyTOB, YHUKAJIBHO OTIMYAIOHIAs JIOO0U 3K3EMILIIp
CYIITHOCTH OT APYTHX 3K3EMILIAPOB CYITHOCTH TOTO XK€ THIIA.

IIpuBeneM HecKoJibKO npuMepoB. Ha puc. 9.5 moka3zaH THII CYIIHOCTH
KHUT'A, MPUTOOHBINA IS UCIOAL30BAHUS B 0a3¢ MAaHHBIX KHYDKHOTO CKJIAja.

KHUT'A
aBTOD
Ha3BaHKe
HOMED W3IAHNS
U3OATEIBCTBO
TOI W3IAHUS
isbn

YMCIJIO KHUI' Ha CKIane

Puc. 9.5. Tun CyuiHoCTH, 3K3eMITISPhl KOTOPOTO HACHTHMULHUPYIOTCS
atpubyramMu
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B3POCIIEDA
QENOBER IACTOPT

[IPMHAINIEXUT

Puc. 9.6. Tun cyliHOCTH, 3K3EMIUTSIPH KOTOPOH MIEHTUDULIUPYIOTCS
CBsI3BIO

Ipu H3naHUH TI0060H KHUTH B JTIOOOM U3MaTENbCTBE (KPOME MUPATCKUX, KOTO-
PLIMU MBI ISl IPOCTOTH TIpeHEeOpeXeM) eil MpUCBAUBAETCS YHUKAJIBHBIA HO-
Mep — ISBN. IToHaTHO, 4TO 3HaYeHHe aTpUbyTa isbn OGyaeT yHUKAIbHO UAEH~
TUPULUPOBATh NAPTUIO KHUT Ha ckiuame. KpoMme Toro, KOHEYHO, B Ka4eCTBE
YHUKAIBHOTO MACHTH(UKATOPA TOAUTCS U KOMOUHALIUsI aTpUOYTOB <aBTOD,
Hal3BaHye, HOMED M3HOaHMsd, MU3IATEeNbCTBO, I'OHO MUIIaHMUSI>.

Ha puc. 9.6 nuarpamMmMa BKJIIOYAeT OBa CBSI3aHHBIX TUIIA CYIIHOCTH. Y
KaXJIOTr0 B3POCJIOTO YesIOBeKa MMeeTCsl OOWH M TOJILKO ONMH Macrnopr (Mbl
CHOBa He 6epeM B pacuyeT ocoObIi Cllydail, Koraa y OqHOTO YeloBeKa UMEETCst
HECKOJIBKO MACIOPTOB), M KAXIBIA IMACTIOPT MOXET IPUHAIEXATh TOJBKO O1I-
HOMY B3POCJIOMY Y€JIOBEKY (HEKOTODBIE YK€ T'OTOBBI€ IIACTIOPTa MOTYT OBITh
ellle HUKOMY He BblIaHbl). Toraa cBsi3b 4€JI0BEKA € €r0 IMacnoproM (KOHEL CBsI-
34 VIMEET) YHMKQJIBLHO HACHTHMhULKUPYET B3pOCIOTO YEIOBEKa, T. €., Ipydo ro-
BOPs1, NaCHOPT OIPeNeIsieT B3pOCoro 4eoBeKa. [I0CKOIbKY MOTYT CYILECTBO-
BaTh MACIOPTA, ellle He BhIJaHHBIE KAKOMY-JTU0O Yel0BeKY, 3Ta CBA3b He sIBJIs-
€TCsl YHUKAJIbHBIM UICHTUOUKATOPOM CYILIHOCTH TTACIIOPT.

Ha puc. 9.7 nnarpamma BKJII0YaeT TPH CBA3aHHBIX TUIA cylltHOCTH. [1po-
teccopa 061agaloT 3HAHUSIMU B HECKOJIBKMX YUeOHBIX AucumnminHax. [Ipemno-
JIaBaHWE KaXIO0i TUCHUIUIMHE JOCTYITHO HECKOJILKUM TipodeccopaM. Ipyru-
MH CJIOBAMH, MEXAY CYHIHOCTAMHU [POGECCOP M IUCLMIIIMHA ompenejieHa
CBSI3b «MHOTHE KO MHOTHM». Kaxabiit mpodeccop MOXET TOTOBUTh KYPCHI TIO
J000# JOCTYITHOM eMy TUCLIMIUIMHE. Kakmoil AMCIUIUTMHE MOXET ObITh MO-

3HAET
nposECCOP [ H mcmmmsa
: IOCTVTIHA ,
1 ]
TOTOBMT ! | IPENOIAETCS
TOTOBUTCS TIOCBSIEH

Puc. 9.7. Tun cylIHOCTH, 9K3EMIUIAPHE KOTOPOl HACHTU(ULHUDYIOTCSA
KOMOMHaUuei cBs3eid
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YEJIOBEK PEBEHOK
naTa
POXIEHMS
[0)(e]

Puc. 9.8. Tun cymHocTH, 3K3eMILUIIPbl KOTOPOH MAEHTH(HIIUPYIOTCS
KOMOMHaluei aTpudyTOB M CBsI3el

CBSILIEHO HECKOJIBKO Y4eOHBIX KypcoB. Ho Kaxublid mpogeccop MOXET roTo-
BUTH TOJILKO OIMH KypC IO 000 NOCTYNMHOH eMy MUCHHIUIMHE, U KaXIbIA
KyPC MOXET OBITh NMOCBSAIIEH TOJBKO OTHOM TUCUUIUIHHE. TeM CaMBIM, KaxX-
OB DK3EMIUISIP THUIA CYIIHOCTH KVPC YHUKAIBHO MIEHTH(DHULIUPYETCA K-
3EMITIAPOM CYIIHOCTH ITPOOECCOP M 3K3EMIUISIPOM CYIIHOCTH JUCLIUIIIMHA,
T. €. TIapo¥ CBsI3eil ¢ HMEHAMH KOHIIOB ["OTOBUTCSA M IIOCBANEH Ha CTOpPOHE
CYIIHOCTH KYPC. 3aMeTHM, YTO CYLUIHOCTH [IPOOECCOP M OUCLMUIIIMHA CBA3SA-
MU HE HIEHTUPULIMPYIOTCS.

Haxkoneu, Ha puc. 9.8 npuBeneH NpUMep THIIA CYIIIHOCTH, YHUKATbHBIHA
HACHTU(PUKATOP KOTOPOTO SAABASETCSI KOMOMHaLIMEH aTpuOYTOB H CBSI3eil. DTO
HECKOJIBKO YTOYHEHHBIH BapHaHT CYITHOCTH ¢ PEKYPCHBHOM CBSI3BIO C PHC.
9.3. ¥ Kaxgoro yeJioBeKa MOIYT OBITh METH, U Y KAXIOro YEJIOBEKA MMEETCS
orel. Tornma, €Cu MPEANONOXHUTD, YTO OJU3HELIAM, ITOSIBUBILIMMCS Ha CBET OJ-
HOBPEMEHHO, HE AAIOT OAMHAKOBBIX MMEH, TO YHHKAIBHBIM UICHTH(PUKATO-
POM THIIA CYIIHOCTH YEJIOBEK MOXeT OBITh KOMOHMHAIIMSA aTPHMOYTOB <gaTa
poxaerus, ¢OMO> M CBS3b C HMEHEM KOHIIA PEBEHCK.

HopmanbHblie ¢popmbl ER-anarpamm

Kak u B cityyae cxeM pesIsiLIMOHHBIX 6a3 TaHHbIX, L1 ER-auarpaMm BBo-
IUTCS IOHSITHE HOPMATBHBIX (DOPM, IIPHYEM HX CMBIC]I OUeHb OJIM3KO COOTBET-
CTBYET CMBICTy HOPMAIBHBIX (POPM OTHONICHHMIA. 3aMETHM, YTO OIpeaeaecHUS
HOpManbHEIX QopM ER-nuarpamMm nenaior 0osee NOHSITHREIM CMEBIC HOPMAaJIH -
3aIIMU CXEM OTHONICHUA. MBI IpUBENEM TONBKO OY€Hb KPAaTKHe H He(hopMaTh-
HBIE OTIpE/IC/ICHHS TPEX MEePBbIX HOPMANTBHHIX (popM. KoHeuHO, MOXHO ObLIO
OBl BBECTH majibHeiiime HopMaabHbie (opMbl ER-guarpaMM, aHajormyHble
HopManbsHOU (popMe Boiica-Komna, 4NF u SNF, Ho Ha MpakTHKe K TAKOM HOp-
MajTM3alMd OOBIYHO He MpUOEraroT, a OOIIME HUICH IOC/IE O3HAKOMIICHHUS C
JIEKIIMeN 8 MOJKHBI OBITh MTOHSTHH M TaK.
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JNlekupn 9 ER-anarpammbl

My, MOTYT MCIIOJIL30BATLCS Pa3Hble TPAHCTIOPTHBIE TIPEATIPUSITHS, U KaKA0e
TPAHCIIOPTHOE TIPEANIPHATHE MOXET OOCITYKMBATh HECKOIBKO a3pOIPOMOB.
Yem 1rioxa ata cutyanus? Ilpexie BCero, TeM, 4TO CKPbIBAETCS TOT (haKT,
YTO aBUAPEMOHTHOE TIPEATIPUSITHE PEMOHTHPYET CAMOJIETHI, a HE a3POIPOMEL.
Hauia xe ¢BA3b Ha CaMOM JieJie 03Ha4aeT, YTo J1000i a3poapoM K3 IPyTIbI a3-
pPOAPOMOB OGCIIYXKHMBAETCH JTI0OBIM aBUAPEMOHTHBIM MPEANPUITHEM U3 TPYII-
MBI TaKUX Mpearnpusitvii. [1pobiaemMa COCTOMT UMEHHO B TOM, UTO 3HaYeHUEM
aTpPUOYTA «CcaMoNeTH» SABISETCS MHOXECTBO 3K3eMILISIPOB THITA CYIIIHOCTH CA-
MOJIET, ¥ 3TOT THII CYLIHOCTH CaM oGJiagaer aTpUOYTaMU U CBA3SIMH.
Cutyaunio ucnpasisier ER-nmuarpamMma, moka3aHHast Ha puc. 9.9 (b).
3zeck MBI BBIIEJIWIN THUI CYLIUHOCTH CAMOJET. CBS3b MEXAY CYLUHOCTSIMH
A3POIPOM M CAMOJIET ITOKA3bIBAET, UYTO K OMHOMY a3pOAPOMY IIPUITUCEIBAETCS
HECKOJIBKO camMoJ1eTOB. CBsI3b MeXIY CYUIHOCTMH CAMOJIET M ABUAPEMOHTHOE
TIPEINPUATUE O3HAYAET, YTO KaXIblif caMOJIeT U3 TPYTITIbI CaMOJIETOB (TPYTIY
€aMOJIETOB MOT'YT COCTaRJISITh, HATIPUMEP, BCE CAMOJIETBI OMHOTO THITA) 00CITy-
XUBAETCS TIOOBIM TPAHCIIOPTHBIM TIPEANIPUATHEM H3 HEKOTOPO# TPYIIIbI Ta-
Kux npeanpusatuii. ER-nuarpamMa Ha puc. 9.9 (b) HaxoauTCsl B mepBoil HOpP-
MaJbHO# (pOpMe M, KaK Mbl BUIUM, JIydllie 0TOOpaXkaeT peaTbHYIO CUTYaHHIO.

Bropas HopmanbHas ¢dopma ER-guarpammbl

Bo BTOpO#i HOpMaBHOU (bOpMe YCTPAHSIOTCS aTPUOYTHI, 3aBUCSAILLHE
TOJILKO OT YaCTH YHHK&AIBHOTO HIEHTU(UKATOpa. DTa YacTb YHUKAIBHOTO
HIeHTH(HUKATOPA OIpeacisieT OTIENbHYIO CYIIHOCTD.

Ha puc. 9.10 (a) mokazaHa AuWarpaMma, Ha KOTOPOM THII CYLIHOCTH
JJIEMEHT PACIIMCAHYS He yAOBJIETBOPSET TPEOOBAHUAM BTOPO HOpMabHOMH
¢opMel. Ha 3Toi1 1MarpaMMe y CYIIHOCTH JJIEMEHT PACIVCAHUSA HMEIOTCH
CNIeTyIOLIME CBOMCTBA. DJIEMEHTDI PACITHCAHMSA TIPeIHA3HAUYECHBI 1)1 COXpaHe-
HHUA JaHHBIX O peiicax CaMOJIETOB, BbLICTAIOLIUX B TedeHUEe AHA. HekoTophi-
MM BaXHBIMH XapaKTEPUCTUKAMH peiica ABJISIOTCS HOMEp peiica, a3poropT
BBUIETA, a3POIOPT Ha3HAYEHMs, 1aTa U BPeMS BbLIeTa, OOPTOBOIM HOMeEp ca-
MoJIeTa, THIT camojieTa. Eciu roBoputh Npo pOCCUMCKHE ABUALIMOHHBIE KOM-
naHuH, To (1) y kaXnoro peiica UMeeTCsl 3apaHee NMPUITMCAHHBIA eMy HOMEpP
(YHUKaJIBHBIN Cpellu BCeX APYTUX UMEIOLINXCS HOMEpPOB peicoB), (2) He Bce
PENCHI COBEPILAOTCS KaXIbIi I1eHb, TO3TOMY XapaKTEPHCTUKOM KOHKPETHOTO
pelica SIBJISIETCS 1aTa U BPEMs €ro COBepILEHHs, (3) 6OPTOBOH HOMeEp caMoJie-
Ta OMpeIeaAeTCS MMapoi <HOMep pefica, OaTa-BpeMs BrieTa>. MMeercs
CBfI3b «MHOTHE K ONHOMY» MEXIY CYUIHOCTSAMM DJIEMEHT PACIMUCAHUA H
FOPOJ. DK3eMIUISIPBI THIA CYIIHOCTH ['OPO[I XapaKTEPHU3YIOT TOPO, B KOTO-
pHIH NpUOBIBAET JAHHBIN PEUC.

YHUKATBbHBIM UACHTU(DHUKATOPOM THIIA CYIIIHOCTH 3JIEMEHT PACTIMCAHUA
SIBNISIETCSA T1apa aTpUOYTOB <HOMEep pelica, LaTa-BpeMs BuieTa>. ECIM Bep-
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MepBas HopmanbHaa dopma ER-guarpammbl

B nepBoii HopManbHOM (hopme ER-nuarpaMMBbl ycTpaHSIIOTCS aTpUOYTHI,
comepXaillie MHOXECTBEHHbIE 3HAYEHUs, T. €. MPOU3BOIMUTCS BHIABICHUE
HESBHBIX CYIIIHOCTEH, «3aMaCKHPOBAHHBIX» 1101 aTPUOYTHI.

Ha puc. 9.9 (a) nokasaHa guarpaMMa, B KOTOPOil TUI CYILIIHOCTH ASPOIPOM
He YIOBJIETBOPSAET TpeOOBAHMIO NEepBOil HOpMalbHOU (hopMbl. 3mech A1 Hac
HEeCYIIECTBEHHBI aTPUOYTHI CYIIHOCTH ABUAPEMOHTHOE NTPEANIPUATUE, HO CYIII-
HOCTBb ASPCIPOM MOMUMO aTpUOYTOB, OTpAXaIOIMX COGCTBEHHBIEC XapaKTePHC-
THUKH a3POAPOMOB (JIIMHA B3JIETHO-II0CAN0YHOM MMOJOCHI, UUCJIO AHTAPOB U T.10.)
CONEePXUT aTpUOYT, MHOXECTBEHHOE 3HaYEHHE KOTOPOTO XapaKTepU3yeT caMo-
JIETHI, IPUITUCAHHBIE K 3TOMY a3poapoMy. OUYEeBHIHO, YTO CAMOJIETHI HYKIAK0T-
c B PEMOHTE, T. €. JOJDKHBI OOCITY>XHBATHCA HEKOTOPHIM aBUAPEMOHTHBIM
npeanpusatTieM. Ho MoCKobKy CaMOJIETH ABJISIIOTCS YACThIO CYIIHOCTH A3 PO-
IIPOM, €IMHCTBEHHBIM CITOCO60M (huKcaiiun 3Toro (axra Ha gUarpaMMe sBJIsi-
eTcsl TPOBEICHUE CBA3U «MHOTHE KO MHOTHMM» MEXIy TUITAMU CYIITHOCTH ASPO-
IPOM M ABUAPEMOHTHOE TIPENNPUATUE. TakuM 06pa3oM BbeIpaxaeTcs To coobpa-
XEHHUE, YTO AJIS1 PEMOHTA Pa3HbIX CAMOJIETOB, IPUITUCAHHBIX K OAHOMY a3pOpo-

ONB3VETCS
AJPOJIPOM Ty AMI
B Ak | ABMAPEMOHTHOE
YMCIIO aHI‘apOB“J - HPEHHPMTHE
CaMONETH TPOU3BOIUT
PEMOHT

(a) ER-nuarpamMma, He HaxoAsiascs B repBor HopManbsHo# dhopme

CBCIIYXVMBAET
ADPOIIPOM
OVHA [OOPOXKU
YMCIIO aHTapOoB {H camoner
caMoneTH TIPUIIMCAH L
CBCIIVEMBAETCSA
ABVMAPEMOHTHOE =l
TMPEROPYATIE - POU3BOIUT
PEMCOHT
(b) Ananor ER-nuarpaMMBl [ocJie MPUBEAECHUA K [IEPBOA HOPMaJIbHOMU
(opme

Puc. 9.9. IIpuMep npusencHuss ER-nuarpaMMb! K niepBoii HOpMaJIBHOM
¢dopme
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HYTBCS K TEpMUHAM (QYHKITHOHAIBHBIX 3aBUCHMOCTEMN, TO MEXIY aTpUOyTaMi
9TON CYIIHOCTH UMeIoTCs caeayoimue FD:
® {HoMep pelica, IaTa-BpeMs BhIETA} >DOpPTOBOM HOMED CaMoJeTa;
® poMep pelca — adporopT BHIIETA;
® HOMep penca —* a’pPonopT HazHadeHWUs,
® SOpPTOBOM HOMED CcaMojieTa — TUII caMoJieTa.

KpoMe Toro, oueBHIHO, YTO KaXILIH K3EMILISP CBSA3H C CYIITHOCTBIO ['O-
POJI TaK:Ke OIpeaensieTcs 3HaYeHUEeM aTpuOyTa Homep petica. Hanmuito Hapy
1eHUe TpeOOBaHUS BTOPOH HOPMaIbHOH (opMbl. MBI moxy4aeM HE TOJBK(
HU30BITOYHOE XpaHEHHUE 3HAYEHUIH aTPpUOYTOB aspoIopT BHIETAa M a3porop”
Ha3HAYEeHUS B KAXIOM 3K3eMIUISIpE TUIA CYIIHOCTH 3JIEMEHT PACIIUMCAHUS ¢
OOHUM H TEM Xe 3HaueHHeM HoMepa peiica. Mckaxkaercs U 3aTeMHSETCS
CMBICII CBSI3H C CYHIHOCTBIO 'OPOJI. MOXHO ITOAYMaTh, UTO B pa3HbI¢ THH ONU}E
M TOT Xe peiic MpUOBIBAET B pa3Hble ropoa.

Ha puc. 9.10 (b) moka3aH HOpPMaJIH30BAHHBII BapHaHT AHAarpaMMHI, 1
KOTOPOM BC€ CYIIHOCTH HAXOASATCSA BO BTOPOH HOpMaibHOM (opMe. Tenepi
MMEIOTCS TP THIIA CYLIHOCTH: PEJIC ¢ aTpUbyTaMH HOMep peiica, asporop:

SIIEMEHT PACIMCAHUA
HOMep pelica TIPUBLIBAET
aspoIopT BHIIETA
a®poNoOpPT HazHa4YeHus Hy
naTa-BpeMsI BHUIETA p
HDOPTOBOV HOMED
caMoreTa MPUBYOET

TUII CaMoJieTa

Inm|

I'orPOX

(a) ER-muarpamMMa, He HaxoJsI11asiCs BO BTOPOi HOpManbHOU (hopMe

PEJC SJIEMEHT PACIIMCAHUA
HOMED pelca 470 A oaTa-BpeMsa BHIIeTa
a3poTopT BHIETA . 50pfcvgzgﬁe;1§h4ep
asporopPT Ha3HaYeHUs KOTTA, HA YEM e a
(RN
TIPUBHBAET

I'OPO[,
NPUBYIET

(b) Adanor ER auarpaMMbl nocje NpuBeAeHHUs KO BTOPOH HOPMaJIbHOH
dopMe

Puc. 9.10. IIpumep npuseneHus ER-nmuarpaMMbl Ko BTOpoii
HOpMaJIbHOM (popMe
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PENC
HOMEep pelica
aspoIriopT BHIIETA
a’pOoNopT HazHAYSHUS

4To

OIIEMEHT

o
[IPUBHBAET

[IPUBYOET

TOPOX

H  PACINICAHMA

KOTTIA, HA uEM [/@T@ BpeMd BEIIETa
T

BHITOHSIETCS

BHIIOJIHAET

CAMOIIET
H0OpPTOBONM HOMEP
TUII caMoJieTa

Puc. 9.11. IIpumep npuBeneuusi ER-guarpaMMsl K TpeTbei

HopMaJibHOH opMe

Kax 00LeKTHO-OPUEHTHPOBAHHOrO TTporpaMMupoBadus), B ER-Monenu moa-
JEPKUBAETCSI BO3MOXHOCTb ONpene/ieHUs HOBOTO THIIA CYIIIHOCTH ITyTEM Ha-
CJIEIOBAHMSA HEKOTOPOTO CYIEPTUNA CYIITHOCTH. MeXaHM3M HaclleOBaHMsI B
ER-Moneny o61anaeT HECKOJIbKUMH 0COOEHHOCTSIMH: B YACTHOCTH, HHTEpEC-
HBIE HIOAHCHI CBSI3aHBI ¢ HEOBGXOMUMOCTBIO TPadHUecKoro H300paXeHHs 3TO-

rO MEXaHU3Ma (CM. HUXKE).

® Vmounsemoie cmenernu ces3u. Horna 6uIBaeT NOJIE3HO ONPEACTIUTH BO3ZMOX-
HO€ KOJIMYECTBO 3K3EMIUISPOB CYLIHOCTH, YYACTBYIOIIUX B JaHHOM CBSI3H
(HampUMep, BBECTH OTPaHUYEHHE, CBSI3AHHOE C TEM, UTO CJTyXKallleMy pa3pe-
LIAETCs YYacTBOBATh He 6ojiee YeM B TPEX MPOEKTaX OJHOBpeMEHHO). st
BBIPAXXKE€HHSI ITOTO CEMAHTHYECKOTO OTPAHUYEHUS Pa3pelIaeTCsl yKa3biBaThb
Ha KOHIIE CBSI3H €€ MAKCHMAIBHO JOIYCTUMYIO WIH 06s13aTeJIbHYIO CTETIEHb.

® B3qumHo uckaovarowue césasu. JIisi 3a0aHHOTO THIA CYIITHOCTH MOXHO OTIpe-
JIEJIUTh TaKOi HaGop THIIOB CBSI3M C APYTHMM THUIIAMH CYILIHOCTH, UTO IS
KaXXJIOTO 3K3eMIUTAPA 33]aHHOTO TUIA CYIIHOCTH MOXET (€CIH Habop CBsA3ei
SIBJISIETCST HeOOsI3aTeJIbHBIM) WM JOJDKEH (€CM Habop cBsideil obs3aTesieH)
CYILECTBOBATh K3EMILISIP TOJILKO OMHOM CBSI3H U3 3TOTO Habopa.

® Kacxaduole yoanreHusn 3x3emnanpoe cywrocmeli. Hexotopsie cBsi3u ObIBa-
IOT HACTOJIBKO CHUJIBHBIMHM (KOHEUHO, B CJIY4ac CBSI3U «OAMH KO MHO-
THM»), YTO IIPH YIAJICHUH OTIOPHOTO 3K3E€MILISIpa CYILIHOCTH {COOTBETCT-
BYIOILIETO KOHLY CBSI3H «OJMH») HYXHO YIAJTUTb U BCe IK3EMIUISIPHI CYIL-
HOCTH, COOTBETCTBYIOLLIME KOHIIy CBSI3M «MHOTHE». COOTBETCTBYIOIIEE
TpeOOBaHHE KACKaMHOTO yHajieHHs MOXHO cneludUIMpOBaTh NPU OI-

PCOCICHHUH CBSI3H.

e Jlomenss. Kak ¥ B clIydae peasiiiIMOHHON MOZEIH NaHHBIX, B HEKOTOPBIX CITy-
yasx I0Je3Ha BO3MOXHOCTb OIPEACICHHUS] MOTCHUMAIbHO OOITYCTHUMOTO
MHOX€eCTBA 3HaUYE€HHUI aTpHOyTa CYIITHOCTH (IOMEHa).
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JNlexkuma 9 ER-puarpammbl

BHJIETA, a3PONOopT Ha3HaveHus, SJIEMEHT PACIUCAHUSA Cc aTpUOyTaMu nata-
BpeMs BHUIETa, DOPTOBOM HOMED caMmojeTa, Tuil camosneTra M TOPON. YHU-
KaJIbHbIM HAEHTU(PHUKATOPOM CYITHOCTH PENC siBisieTcs aTpuOyT HOoMep peiica,
YHUKQIbHBIA HACHTH(PHUKATOP DJIEMEHT PACHUCAHUS COCTOUT M3 aTpudOyTa
JaTa BHIeTa U KOHIA CBA3U KOT'JA, HA YEM. MBI BUIMM, YTO HH B OJTHOM TH-
e CYyIHOCTH O0Jibllie HET aTpUOYTOB, ONMPENENSIEMbIX YACThI0 YHUKAIBHOTO
uaeHTudukaropa. CBOMCTBa BTOPOH HOPMATBHOMU (POPMBI YIOBJETBOPSIOTCS,
¥ MBI UMeeM D0Jiee KayeCTBEHHYIO AUarpaMMy.

TpeTbst HOpMmanbHaa ¢opma ER-guarpammbi

B TpeTheit HOpMaNBHOI POpMe YCTPaAHSIOTCS aTPUOYThI, 3aBUCSIIHE OT
aTpHOYTOB, HE BXOOSIIUX B YHUKAIbHBIH HACHTU(HHUKATOP. DTU aTPHOYTHI SIB-
JISIIOTCSI OCHOBOW OTHEJABbHOM CYIIHOCTH.

BarisiHeM ene pa3 Ha THII CYIHHOCTH 3JIEMEHT PACIUCAHYS Ha puc. 9.10
(b). KoHeuHO, KaxXAbIi JeHb KAXIBIA PEHC BHIOJIHIETCS TOJIBKO OMHUM CaMO-
JIETOM, ITO3TOMY HOPTOBOM HOMED camojieTa IOJHOCTBIO 3aBUCUT OT YHUKAIb-
Horo uaeHTudurkatopa. Ho 60pToBOif HOMEp SBASIETCS YHUKAIBHOW XapaKTe-
PUCTHKOM KaXIOT0 CaMoJIETa, M OT 3TOW XapaKTePUCTUKH 3aBUCST BCE OCTAb-
HbI€ XapaKTePUCTHKH, B YACTHOCTH THIT camoJieTa. JIpyruMu CIoBaMH, MEXIY
YHUKQILHBIM HIEHTUGOUKATOPOM U APYTUMHM aTpubyTaMd THINA CYLIHOCTU
DNEMEHT PACIHVCAHUS UMEIOTCS ClieAytolme QyHKIIMOHAIbHbIE 3aBUCUMOCTH:

{KOT'IA, HA YEM, maTa-BpeMsl BHJEeTa} —>0OOpPTOROM HOMEp CaMoleTa
{KOT'IA, HA 4YEM, nmaTa-BpeMsi BHJIETA} —>TUII CaMOJeTa
OOPTOBOM HOMEP caMmoJieTa—TUIl CcaMmolieTa

Kak BunHo, uMeercs TpaH3utuBHast FD (KOT'ZIA, HA YEM, pmaTa BeuieTa} —
TUIT camolieTa, M Ha1udue 3tod FD BhI3bIBaeT HapylieHHe TpeOOBaHMS TPEThEi
HOpManbHO# ¢opMbl. Ha caMoM Jejie, THUI CYIIHOCTHA DJIEMEHT PACIIMCAHMS Ha
puc. 9.10 (b) BKiuoyaeT B ceds1 (110 KpaiHEH Mepe, YaCTUYHO) THUIl CYIIHOCTH
CAMOIJIET. 910 BbI3bIBaeT H30OLITOUHOCTh XPAHEHUST U 3aTYMaHUBAeT CMBICT
auarpaMMel. Ha puc. 9.11 nokasaH HOpMaJIM30BaHHLIA BapHAHT AMArpaMMBI,
B KOTOPOM BCe CYIIIHOCTH HaXOISITCSl B TPETheil HOPMaIbHO# dopMe.

Bonee cnoxHble anemMmeHTbl ER-Mopenu

Jo cux mop Mbl paccMaTpUBaIA TOJBKO CaMble OCHOBHBIE U HauOolnee
ouyeBUAHbIe NOHATUSI ER-Monenu gaHHbIX. K 4ucity HeKOTOphIX 60Jiee ClIoX-
HBIX 3JIEMEHTOB MOJEJIM OTHOCSTCS CJieLYIOLIHE.

& [lodmune: u cynepmunst cyupocmeii. IlonoOHO TOMY KaK 3TO Je/IAeTCsl B A3bIKAX
MPOrpaMMUPOBAHUSA C Pa3BUTHIMH TUIIOBBIMH CUCTEMAMHU (HAIIpUMep, B sI3bi-
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DTH U OpyrHe YCIOXHEHHBIE 3JeMEHTH MOIEIH JaHHBIX «CyHIHOCTh-
Casa3b» AesaloT ee 60jiee MOUIHOM, HO OIHOBPEMEHHO HECKOJIBKO 3aTPYAHSIOT
ee ucnoiab3oBanue. KoHeuHo, npu peanbHOM npuMeHeHUH ER-nuarpaMm miist
NPOCKTUPOBAHUS 0a3 JaHHBIX HEOOXOIUMO O3HAKOMHUTBCSI CO BCEMU BO3MOX-
HocTsiMU. Huke MBI moapobHee oOCYAHM JiBa 9JIeMEeHTA U3 UMCJIa YTTOMSIHYTBIX
BBILLIE — CYNEPTUNBI U NOATUIIBI CYHIHOCTH, a TAKXKE NPHUBEAEM IIPUMEDP CYII-
HOCTH C B3aHMMHO HCKJTIOYAIOIMMH CBSI3SIMH.

HacnepnosaHue TUNOB CYLWHOCTU U TUNOB CBA3W

CyIIHOCTb MOXeET OBITh pacllielyIeHa Ha IBa WX OOJIblIIee YUCIO B3aUM-
HO HCKJTIOYAIOIIMX NOATUITOB, KAXKIBIM U3 KOTOPBIX BKJIIOYAET OOILKE aTpuby-
THl H/WIH CBAI3U. OTH OOuUIMe aTpUOYTHl U/WIM CBSI3M ABHO ONpEIesIOTCA
OIMH pa3 Ha 00Jice BLICOKOM YPOBHE. B MOATHIAX MOIYT ONpPEEIAThCS COOCT-
BeHHbIe aTpHUOYTH M/WIH CBsI3H. B mpHUHLMIIE, TOATUIHU3ALIMA MOXET [IPOAOI-
XaThCAd Ha 00J1ce HU3KHMX YPOBHSAX, HO OMNBIT HCcNoJb30BaHUS ER-Moaenu npu
NPOEKTUPOBAHUM 0a3 JaHHBIX [TOKA3bIBAECT, YTO B OOJBINMHCTBE CIIy4acB OKa-
3bIBAETCS IOCTATOYHO ABYX-TPEX YDOBHEH.

Eciu y TMIA CYLIIHOCTU A UMEIOTCS OATHUITHI B;, B,,..., B, TO:
(a) moboit 3K3eMIUISAp TUIA CYLIHOCTHA B;, B,,.., B, ABIAECTCSA 3K3EMILIAPOM

TUIIA CYLIIHOCTH A (BKIIIOUEHHE);
(b) ecau a aBASAETCA IKIEMILISIPOM THUIIA CYII[HOCTH A, TO a SIBJISIETCS 9K3EMII-

JIIPOM HEKOTOPOIO MOATHUINA CYIIHOCTU B, (i = 1, 2, .., n) (OoTcyT-
CTBHE COOCTBEHHBIX 9K3€MILISIPOB Y CYTNIEPTHUIIA CYIITHOCTH);
(c) HM Ui KaKuX NOATUNOB B, U B, (i, 7 = 1, 2, .., n) He CyLUECTBYET

3K3eMIUISPa, TUIIOM KOTOPOTO OAHOBPEMEHHO SIBJISIIOTCS TUIIBI CYIITHOCTH

B, U B, (pa3beAMHEHHOCTh MOATUIIOB).

Tun cyllfHOCTH, Ha OCHOBE KOTOPOTO ONpPEACAIOTCS IMOATHUIIBI, HA3hIBA-
ercd cynepTurnioM. Kak Mbl BHAEIM BBIILE, MOATUIIEI AOJLKHBI OOpa30BHIBATD
TOJTHOE MHOXECTBO, T. €. JIIDOOI IK3EMIUISAp CYNIEPTHUIIA JOJPKEH OTHOCHTBCS K
HeKoTopoMy noatuny. MHorna mia oGecriedeHys TaKOM MOJTHOTH MMPUXOAUTCS
ONpEaeIsATh NONMOTHUTEIbHBIN MOATHI ITPOYLE.

ITpuMep cyneptuna JIETATEJNLHEM ANMAPAT M €r0 NOATHIIOB A3POIIIAH,
BEPTOJIET, IITULEJET U [IPOCUUE MokKa3aH Ha puc. 9.12. ¥ nmoartumna A3 POIIJIAH
HMEIOTCA 1Ba COOCTBEHHHIX MOATUIIA — [IJIAHEP ¥ MOTOPHHM CAMOJET. g cy-
TepTHITIA CYIITHOCTH JIETATEJILHH AITIAPAT OIpeAcicH aTpU0YT MakCuMaibHas
DanBsHOCTE HoneTa M HeoOA3aTeIbHasA CBSI3b «MHOTHE KO MHOTHM» C TUIIOM
CYIIHOCTH IWJIOT. DTH aTpUOYT U CBAI3b HACJIeAYEeTCSI BCEMH NMOATUIIAMH 3TOTO
CyHepTHUIIa CYITHOCTH. ¥ HENOCPEACTBEHHOrO MOATUIIA CYIITHOCTH A3POIUIAH
olpeneaAeTca OAMH AONOJMHUTEIbHBINA aTPUOYT, TaK YTO B COBOKYITHOCTH Y
JAHHOTO THUIIA CYIITHOCTH MMEIOTCS ABa aTpUOyTa MakCuMaslbHAas HaJIbHOCTH
nosjieTa U pasMax KprUIEEB U OJIHA YHACJIEAOBAHHAS CBS3b C TUIIOM CYII{HO-
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CTH ITUJNIOT. ¥ nmoATHNa BTOPOro YpOBHA MOTOPHHI CAMONET CymnepTUIla A3-
POIIJIAH ONpeaeaseTcss OAUH AOMOIHUTEIbHLIA aTpUOYT MOHOCTE MOTOpa M
OlHa JOMOJHUTENbHAS (00s13aTeNbHAs) CBA3b C TUIIOM CYLIHOCTH ASPOIIPOM,
TeM caMBIM, y THUNA CYLIHOCTH MOTOPHE CAMOJIET MMEIOTCS TPH arpuOyTa: 1Ba
YHaCJICOOBAHHBIX — MakCcuManbHasd OaJIbHOCTB IIoeTa H pasMax KpRIIBEEB H
OIMH COOCTBEHHBIN — MOTHOCTE MOTOPA, 4 TAKXKE JBE CBA3M: OJHA YHACJIEIO-
BaHHAsi — C TUIIOM CYIIHOCTH [TWIOT U 0gHa COGCTBEHHAsI — C THITOM CYIIHOC-
TH A3POIIPOM. U Tak manee. [IOHATHO, UTO [U1sI THIIA CYHTHOCTH [IPOUYUE, cKOpee
BCEro, 6€CCMBICIEHHO ONpeeasaTh COOCTBEHHbIE aTPUOYTHI M CBSI3U, TaK YTO
CBO¥icTBa 3TOrO THIA OYAYT COBITANATH CO CBOMCTBAMU €TI0 CYINIEPTHUIIA.

Kak xe cienyeT NOHUMAaTh IMarpaMMmy, pelcTaBJIeHHYIO Ha puc. 9.12?
Ecau HauyMHATH OT CyNEpTHIIa, TO JUarpaMMa u3oOpaxaeT JIETATEJBHHI
AIMAPAT, KOTOPHIH HOMXEH OBITb ASPOIIAHOM, BEPTOJETOM, ITULEJETOM
WIM JIPYTUM JIETATEJBHEM ATINMAPATOM. ECiM HAaYMHATHL OT MOATUNA (HANIpH-
Mep, CYUIHOCTH BEPTOJNET), TO 3TO BEPTONET, KOTOPbI OTHOCUTCS K THNY
JIETATEJBHOI'Q ANNAPATA. EciM HaYyMHAaTh OT MOITHUIIA, KOTOPLIH SIBJISIETCS
OQHOBPEMEHHO CYNEPTHIIOM, TO 3TO ASPOIINIAH, KOTOPHIH OTHOCHUTCS K THITY
JIETATEJIEHOT'O ANTNIAPATA U JOJDXEH ObITh IIJIAHEPOM WM MOTOPHEM CAMOIETOM.

B Mexanusme HacneaoBaHuss ER-Mogen IOITycKaeTcs HaIHYHe ABYX
Win 6onee pa3dOUEHHH CYIIHOCTU Ha moaturbel. HampuMep, TN CYIIHOCTH
YEJIOBEK MOXET ObITh PACHICIUIEH Ha MOATHUITH 10 MPO(EeCCHOHATBHOMY IIPH-
3HaKy (IPOr'PAMMUCT, NOSIPKA M T. A.), @ MOXET ObITb PACHICIUICH U IO MOJIO-
BOMY MPH3HaKy (MYXUMHA, XKEHIIUHA).

JIETATENBHEI AIMIAPAT
MakcmMalbHAsA OAalbHOCTB IIOINeTa -—_} ______ ﬁ MITOT

ADPOIINAH
pasMax KpHILEB

[ITAKEP MOTOPHHIt CAMONET |4 ASPOLPOM
MOIIHOCTB MOTOpAa u

ASPOKIVB

BEPTOJIET
OMaMeTp BUHTA

OTUIEIET
IIpeOebHHM BeC

OPOYME

Puc. 9.12. CyniepTHUIIBI M IIOATHITEL CYIITHOCTH
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B3anMHO ucJnioualoume CBs3n

IlpuMep AuarpaMMbl M3 ABYX CYIIHOCTEH C B3aUMHO HMCKIIIOYAIOIIMMU
CBSI3sIMH IOKa3aH Ha pHc. 9.13(a). CaMoseT MOXET HaXOAUThCS B paboueM Co-
CTOSIHMH, Y TOTZA Y HET'O HMEeTCs OMHH M TOJIbKO OAUH TitoT. Miu xe camo-
JIET MOXET HAXOIHTHhCS Ha PEMOHTE Ha OAHOM M3 HECKOJBKHX BO3MOXHBIX
aBHAPEMOHTHBIX MPEANPHUATHH (KaXIOe MPEINPUITHE MOXET MPOU3BOIUTD
PEMOHT HECKOJIBKHAX CaMOJIETOB).

B naHHOM Cirydae AJis KaXIOTO 3K3EMILIApa THITA CYILHOCTH CAMOJIET O0JI-
KEH CYILECTBOBATh IK3EMIUISIP OMHOM M3 yKa3aHHBIX CBA3EH. s 3K3eMIUIsApOB
THIIA CYIUHOCTH CAMOJIET, COOTBETCTBYIOUIUX UCTIPABHBIM CaMOJIETaM, JOJDKECH
CYILIECTBOBATh K3EMILISP CBA3H «OIHMH K OMHOMY» € K3EMILUTSIPOM THTIA CYIIHO-
CTH [IUJIOT, a 3K3EMILISAPHI, COOTBETCTBYIOLIME HEUCTIPABHBIM CaMOJIETaM, IOJIX-
HBI y4acTBOBAaTh B 9K3EMIUIAPE TUIIA CBSI3H «MHOTHE K OMHOMY» C 3K3EMIUIIPOM
THTIA CYILHOCTH ABVAPEMOHTHOE ITPENPUATHE.

Kak noka3zano Ha puc. 9.13(b), nuarpaMma co B3aMMHO HCKITIOYAIOHIUMH
cBsI3sIMH M3 pHC. 9.13(a) MoxeT 6bITh TIpeoOpa3oBaHa K JuarpaMme 6e3 B3auM-
HO HCKJIIOYAIOIIUX CBA3€H MyTeM BBeACHHUS NoaTHIIOB. [1ocKONBKY M060# ca-
MOJIET MOXET OBITH THOO UCIIPAaBHBIM, JIMO0 HEUCTIPABHBIM, MOXHO KOPPEKT-
HBIM 06pa30M BBECTH JBa MIOATHIIA CYTIEPTHIIa CAMOJIET — UCTIPABHH CAMOJIET
M HEVUCTIPABHH CAMOJNIET. Ha ypoBHE CynepTHna CyILIHOCTH CBSA3H HE OTpeEac-
nsrores. s noaruna UCITPABHHI CAMOJIET OINpeAensieTcs 006s3aTeNbHasl CBI3b
«OIMH K OMHOMY» ¢ TUIIOM CYIHHOCTH IIMJIOT, a Ais noaTuna HEVCIIPABHH CA-

'E ABHAPEMOHTHOE

CAMONET TPEIPUATHE

~~~~~~ MIIOT

(a) ER-gnarpaMMa co B3aMMHO UCKIIOYAIOIIMMHU CBA3SIMA

CAMONET
MCIPABHEIA IDUIOT
CAMONET
HEWCTIPABHH |4 ABJAPEMOHTHOE
CAMONET ) OPENNPUATUE

(b) AHasor 6e3 B3aMMHO MCKIIIOYAIOHINX CBA3CH, HO ¢ TIOATUNAMU

Puc. 9.13. IIpumep ER-muarpaMMel CO B3aMMHO UCK/TIOYAIOLIMMU CBA3SIMU
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MOJIET omnpeaensieTcss 00s3aTebHasA CBA3b «MHOTHE K OTHOMY» C THUITOM CYyII-
HOCTH ABVAPEMOHTHOE ITPENMNPUATUE.

3aMeTHM, YTO I TOTO YTOOBI OMMMCAHHAS CXEMa pealTM3allMd MEXaHU3Ma
B3aMMHO UCKITIOYAIOLIUX CBA3€H HA OCHOBE MEXaHU3Ma HacJIEAOBaHUA NEHCT-
BHUTEJBHO Morjla paboTarh, B CpEACTBAX MaHUITYIMPOBaHUA JaHHBIMH ER-Mo-
JEJH JOKHA OBITh IMPEAYCMOTPEHA BO3MOXHOCTh IHHAMUYECKOTO H3MEHEHHUS
THIIA CYUTHOCTH Y 3K3eMIUIApa. KOHKpeTHO IjIsl Halllero ciayJasi Tpedyercst Bo3-
MOXHOCTh U3MEHEHMSI THIIA IK3EMIUISpa CYUIHOCTH UCIIPABHHN CAMOJIET Ha
THIT CYUIHOCTH HEUCITPABHHNA CAMOJIET, H HA000POT (MCIIPABHBII CaMOJIET MO-
XET JIOMAThCsl, HEUCTIPABHBIN CaMOJIET — IIPUBOAUTLCA B pabouee COCTOSTHUE).
KoHeyHo, Tpy TaKo¥ CMEHE TUIIA IO/DKEH U3MEHSATBCA M 9K3EMIULSIP CBA3M. 3a-
METHM, 4YTO B PaCCMaTPUBAEMOM CJIyYae Mbl HMEEM LEJI0 C OTPAHUYEHHDBIM -
HaMHMYECKWM M3MEHEHHEM THUIIA IK3EMIUISIpa, MTOCKOJIBKY U MCIIPABHLIE, U HeE-
HUCTIPaBHEBIE CAMOJIETHI SABJISIOTCS 9K3EMIUIIDAMHU CYTIEPTUITa CAMOTIET.

Monyyenune penaunoHHon cxemsl 3 ER-guarpaMmmsi

OnuiiteM THITOBYIO MHOTOIIIATOBYIO Ipolieaypy npeodpaszosanus ER-nn-
arpaMMbl B PeJISLMOHHYIO (6osee TouHO, B SQL-0pHeHTHpOBaHHYIO) CXeMY
06a3bl JAHHBIX.

Ba3oBble NnpuemMbl

Kaxnwlit npocmoii mun cyuspocmu nipeBpaiiiaetcs B Tabauuy. (ITpocTbiM TH-
TIOM CYLUIHOCTH HA3bIBAETCS THUIT CYLIHOCTH, HE SIBJSIIOLIMIACS TOATMIIOM H
HE MMEIOLHIT ITOATUIIOB.) MM cyuwHocmu CTAaHOBUTCS MMEHEM TaOMHULBL. k-
3emnasgpam TATIA CYHIHOCTH COOTBETCTBYIOT CripoKU COOTBETCTBYIONICH TaOIHIIBI.

Kaxnplit ampu6ym cTaHOBHTCS CTOJOLIOM TaOMHLIBI C TEM Xe HMEHEM; MOXET
BLIOMPAThCS D0JIee TOUHBIN (hopMar rpeacTaBieHuss NaHHBIX. CTOJOLB, COOTBETCT-
BYIOIIIME HEOOA3ATEBHBIM aTpUOyTaM, MOTYT COIEPXATh HEOIIPEACICHHEIE 3HAYE-
HMSL; CTOJIOLIBI, COOTBETCTBYIOIIME 00S3aTE/IbHBIM aTpUOyTaM, — He MOTYT.

Komnonenmot yruxanbHozo udenmughuxamopa cywHocmuy TpeBpaIiaiorcs B
nepeudHolii ka4 mabauybi. Ecin MMeeTcsl HeCKOMbKO BO3MOXHBIX YHUKATh-
HBIX MAEHTU()HUKATOPOB, I TIEPBUYHOTO KiIioya BbIOMpacTCcsl Hanbojee xa-
pakTepHblii. Ecin B cOCTaB YHUKAIBHOTO WACHTHU(MHUKATOPA BXOOAT CBSI3H, K
YUCITY CTOJIOLOB MEPBUYHOIO KiIl04a N0GABASETCS KOMUS YHUKAIBHOTO UIEeH-
THU(dHUKATOpa CYLIHOCTH, HaXOIslleiics Ha JaJbHEM KOHLE CBSI3H (3TOT Mpo-
LIECC MOXET TPOAOJLKATHCS PEKYPCUBHO, U B OOIIEM CIyYae MOXET IPUBECTH
K 3alMKJIMBaHMIO). [N UMEHOBAaHMA 3THX CTOJIOLIOB MCITOJIB3YIOTCS MMEHA
KOHIIOB CBSI3€il M/WJIM MMEHA ITAPHBIX TUIIOB CYLIHOCTEIA.

Ces3u «mHozue Kk 00HOMY» (M «OIMH K OJHOMY») CTAHOBSITCS BHEIIHMMMU
KJTI0YaMM, T. €. 00pa3yeTcs KOIMMs YHUKATBHOTO HACHTU(MUKATOPA CYUIHOCTH
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Nekuunsa 9 ER-pnarpammbt

Ha KOHIIE CBSI3M «OJUH», U COOTBETCTBYIOIIME CTOMOLIBI COCTABJISIOT BHEIIHUH
KJII04 TalJULbl, COOTBETCTBYIOLIEH THUMY CYIIHOCTH Ha KOHLE CBSI3H «MHO-
rue». HeobOs13aTeibHbIe CBSI3U COOTBETCTBYIOT CTO/IOLAM BHEIHETO KJTIOYa, 10-
MYyCKAIOIUM HaJIMYMe HEeOmpeaeSeHHBIX 3HAYCHUIA; 00sI3aTe/IbHBIC CBSA3H —
CcTON0LAaM, He JOMTYCKAIOLIUM HeonpeaeIeHHbIX 3HaYeHUH. ECTu Mex iy IByMst
TUIIAMM CYIITHOCTHU A U B HMEETCSI CBSI3b «OAMH K OTHOMY», TO COOTBETCTBYIO-
LM BHEILIHUI KJIIOY MO XeJaHHWIO MPOSKTUPOBIIMKA MOXET ObITh OOBSIBICH
Kak B TabaMue A, Tak U B Tabiauue B. UToOBI OTpa3uTh B onpeaeacHUH Tabau-
1ibl OrpaHUYEHHE, KOTOPOE 3aKJIIOYACTCSI B TOM, YTO CTENEeHb KOHLA CBSI3H
JOMXKHA PaBHATBCA €IMHMLE, COOTBETCTBYIOILMH (BO3MOXHO, COCTABHOM)
CTONOEL JOJXEH ObITh JOMOJHUTEJABHO CeUMPULIMPOBAH KaK BO3MOXHBIMH
KJIIOY TabMULBI (B CJIydae UCHOJIb30BaHUS si3biKa SQL ISl 3TOTO CJIYXUT CIie-
HMdUKauus UNIQUE — cM. JIeKLHIo 12).

JIJist MOAne PXKH CBSI3H «<MHOTHE KO MHOTHM» MEXKIY THIIAMM CYLIIHOCTH A
M B CO3[a€TCs JOMOJHUTEbHAs TabauLa AB ¢ ABYMSI CTOJIOLIAMH, OTMH U3 KO-
TOPBIX COACPKUT YHHKAIBHbIC HACHTUGUKATOPHI 3K3EMILIAPOB CYILHOCTH A, a
JAPYroit — YHUKaJIbHBIE HACHTU(DUKATOPHI 5K3EMILIAPOB CyIIHOCTH B. O003Ha-
YUM 4yepe3 YUI (¢) YHUKAJbHHHA MACHTUGUKATOP 3K3eMIUIIpa ¢ HEKOTOPOIo
THUIA CYIHHOCTU C. Toraa, eciiv B 3K3eMILUTSIPE CBSI3U «MHOTHE KO MHOTHUM» y4a-
CTBYIOT 3K3E€MIUSIPHI &;, &z, ..., &, TUMA CYLIHOCTH A U 3K3EMIUISIPHI b;, b, ..., b,
THUIIA CYILIHOCTH B, TO B TaOUI1IE AB BOJDKHBI TPUCYTCTBOBATH BCE CTPOKH BHAA
<YWO(a,), Vull(byy>mmai = 1, 2, .., n,j = 1, 2, .., m IloHATHO, 4TO,
HMCTIONB3YS TAOJIUIIBI A, B M AB, C HOMOIIBIO CTAHZAPTHHIX PEJITLIMOHHBIX OIie-
palui MOXHO HAATH BCE Naphl 3K3EMIUISIPOB TUIMOB CYLHOCTH, YYACTBYIOLIHX
B JAaHHOM CBSI3H.

MNHunekcol co3maioTest Ui NEPBUYHOTO Kiio4a (YHHK&IbHBIA MHIAEKC),
BHEUIHUX KJIIOYEH U TeX aTpUMOyTOB, Ha KOTOPBIX MPEANOJIATaeTCs B OCHOBHOM
06a3upoBaTh 3aNpoOCkHI. *

NpeacTasneHne B PENALMOHHOW CXeMe CynepTunos
M NOATMNOB CYLUHOCTMH '

B aToM nmogpaznene Mbl NpeanosiaraéM, 4To peJISILMOHHAs cxeMa 0asbl
JaHHBIX TPOEKTUPYETCS B PACYETE HA MCMONb30BaHUE 0ObIYHOM SQL-opueH-
tupoBaHHoi CYB]I, He noanepxuBaiouieii 00beKTHO-PEISILIMOHHbBIE PACIIHN~
peHusi. KctaTu, 3aMETHM, YTO TMOMIEPXKKA TAKUX PACIIMPEHMI HE CIUILKOM
TOMOTAET MpPHU NMEePEXOAE OT KOHLENTYaJbHOR CXeMbl 0a3bl JaHHBIX B MOJAETH

* Kak oTMevaioch B Havyajle IEKLIHH 6, BONPOCHI OnpeAeeHuss HHAEKCOB H APYTHX BCIIOMOTaTelb-
HBIX CTPYKTYP AaHHBIX OTHOCATCH K 3Tany hH3HYECKOT0, a He JJOTHYECKOrO NPOeKTHPOBAHHS AaH -
HblX. KOHeYHO, Ha MPaKTHKE 3TH 3TAMbl YaCTO MEPEKPHIBAIOTCA BO BPEMEHH. 3aMETHM, KCTaTH,
y10 B SQL-opuenTnpoBaHHbix CYB/ MHIeKCH IS BCeX BOZMOXHBIX U BHEIUIHHX KIKOYeH, KaK
MPaBUJIO, CO3AKOTCS CHCTEMON aBTOMATHYECKH.,
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«CymHOCTB-CBSI3b» K O0BEKTHO-PEISILIMOHHON CXeME, COOTBETCTBYIOLICH IO~
cJleTHUM CTaHaapTaM si3bika SQL.

Ecnu B xoHuentyaiabHol cxeMe (ER-nmuarpamMme) NpUCYTCTBYIOT MOATH-
Tbl, TO BO3MOXHEI IBa CNoco0a UX NMPeACTaBACHUS B PEISIIMOHHOMN cxeMe:

(a) coOpaTh Bce MOATHILI B OMHOM TabnaHlle;
(b) mas Kaxmoro noaTHna o6pa3oBaTh OTACJbLHYIO TAOIMLLY.
ITIpu npuMeHeHUH crocoba (a) TabaMia co3aaeTCs Ui MAKCUMMAIbLHOTO
CymepTHna (TUIa CYIUHOCTH, He SBJSIOLIETOCs MONTUIIOM), a I MOATHIIOB
MOTYT CO3IaBaThCs NMpeENCcTarneHus (CM. Jexkiuu npo SQL). Tabauua conep-
XHUT CTONOLBI, COOTBETCTBYIOIIHE KAaXIOMY arpUOyTy (M CBS3AM) KaXIOTO
noarumna. B tabnuily nobapnsiercsi, no KpailHeil Mepe, OMH cToNGell, conep-
Xalui Kod TUIA; OH CTAHOBUTCS 4YacThIo NMEepBUYHOTO Kitoya. JUIs Kaxmoit
CTPOKM TaOJMHIBI 3HAYEHHE 3TOTO CTOJOLIA OMNpenensieT TUIN CYIIHOCTH, 3K-
3eMILUISIPY KOTOPOTO COOTBETCTBYET CTpOoKa. CTONOLBI 3TOH CTPOKH, KOTOPBIE
COOTBETCTBYIOT aTpUOYTaM U CBSI3M, OTCYTCTBYIOLIHWM B JAHHOM THIIE CYLUHO-
CTH, HOJDKHBI COllepXaTh Heonpeae/ieHHbIe 3HaYeHHS.
IIpu ucnons3oBaHuu Metona (b) U1 KaXIoro NoATHIa IMepPBOTro YPOBHS
(w1s 6oJee rybOKMX YPOBHEH pUMEHSIETCS METO (a)) CYTIepTHIT BOCCO3IaeT-
Csl ¢ TIOMOILIBIO TIPEACTaBICHUS UNION (M3 BeeX TaGJIML] MOATUIIOB BEIOUPAIOT-
¢s1 0o01IHE CTONOLBI — CTONOLBLI CYyTIEPTHIIA).
Y kaxaoro crnocoda eCTb CBOM JOCTOMHCTBA U HEXOCTAaTKU. K NOCTOMH-
CTBaM IEePBOro crocoba (omHa Tabnula WISl CYTIEPTHTIA U BCEX €T0 ITOATHIIOB)
MOXHO OTHECTH cJedylolliee:
® COOTBETCTBME JIOTUKE CYTIEPTHIIOB Y MOATHUIIOB; MOCKOJBKY JI000M 3K3eMII-
JIsIp J1I000T0 TOATHIIA SBJISIETCS] SK3EMIUISIPOM CYTIEPTHUIIA, JJOTHYHO XPaHUTh
BMECTE BCE CTPOKH, COOTBETCTBYIOLIHE 3K3EMIUISIpaM CYTICPTHUIIA;

® o0ecrie4yeHUE NMPOCTOroO AOCTYIA K 3K3EMIUISIpAM CYTIEPTUIIA U HE CIMIITKOM
CIIOXHBIA AOCTVYII K 3K3EMILIsSIpaM MOITHUIIOB;

® BO3MOXHOCTb O0OOHTHUCH HEGONBITUM YMCIOM TabaMILI.

Henocrarku Merona (a):

® MpUKJIaHHas MPOrpaMMa, UMerwllas ACN0 ¢ OOHOM TabGiauleld CylnepTHna,
TIOJIXXHA BKJII0YATh NOTIOJTHUTENBHYIO JIOTHKY paboTHI C pa3HEIMH HabopaMu
cToNO1IOB (B 3aBUCUMOCTH OT 3HaueHHs cTono1ua THUIT) u pasHEIMU orpaHH-
YEHUSIMHU LIENIOCTHOCTH (B 3aBUCUMOCTH OT OCODEHHOCTEH CBsi3ei, omnpene-
JICHHBIX JUTS] TIOATHUIIA);

® obuias W1l Bcex MOATUIOB TabIH1Ia MIOTEHIIMAIBHO MOXET CTATh Y3KUM Me-
CTOM IIPH MHOTOIOJIL30BaTENLCKOM MOCTYIIE MO IPUYMMHE BO3MOXHOCTH
ONOKHUPOBKHM TabJNULBI LETUKOM™;

® ISl MHAMBHAYJIbHBIX CTONOLIOB MOATUIIOB JOJDKHA JOITYCKAThCS BO3MOX-
HOCTb COIEPXaTh HeolpeneneHHble 3HaYeHUA; TAKUM 00pa3oM, NMOTEHIIH-

* DTOT acneKT ToXe OTHOCHUTCA K ITamny (PU3UIECKOTO NPOEKTUPOBAHHUS, TIOCKOJIBKY CBA3aH € 0CO-
GeHHOCTAMM peanin3alMu KoHKpeTHoit CYB/I.
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Nexuus 9 ER-puarpammel

abHO B OOUICH TaOAMLIE OYAET COAEPXATHCA MHOTO HEOTIPEAENCHHBIX 3HA-
YEHHH, YTO MPH HUCNoab30BaHUU HeKoTOphix PCYB]l MoxeT noTpedoBaTh
3HAYUTETBHOrO 00beMa BHEIIHEH maMATH*,
HocronHcTBa MeTona (b) COCTOSAT B CIAEAYIOLIEM:
¢ JIeICTBYIOT 0OJIee IOHATHBIE MpaBiUia pabOTHI C MOATHIIAMHU (KaXXIOMY MO/~
THUITY COOTBETCTBYET OTHOMMEHHAs TabIUIa);
® YNPOLIAETCS JIOTMKA TIPUIOXEHHHN; KaXas nporpaMMa paboTaeT TOJIBKO C
HYXHOU Tabauiei.
Henocratku Metona (b):
® B 00lLEM Citydae TpEeOYETCA CIMIIKOM MHOTO OTAEAbHBIX Ta0IHIIL;
¢ paboTa ¢ 3K3EMILIsIpaMU CyNEPTHIIA HA OCHOBE IPEACTaBIICHUS, O0ObEANHSIIO-
LIETO TA0MHIIBI CYIIEPTUIIOB, MOXET OKAa3aThCs HEMIOCTATOYHO 3(hHEKTHBHOM
® TTOCKOJIBKY MHOXECTBO 3K3EMILISIPOB CYHEPTHUINA SABASIETCS 00beAMHEHHEM
MHOXECTB 3K3eMIUIAPOB noatunios, He Bce PCYB/I MoryT obecrieyuThb BHI-
MOJIHEHUE OTiepalMii MOIU(PUKAIMH IK3EMILISIPOB CYEPTHIIA.

MpeacTtaBneHue B PeNSLMOHHON CXEME B3aUMHO UCKIIOHAIOLWMX
cBsizei

CyliecTBYIOT 1Ba crioco6a GOpMHUPOBaHUS CXeMBI pesisiiHOHHOM B/l ripu
HATMYHY B3aMMHO HMCKJIIOYAIONIHUX CBS3eil (MMEIOTCS B BUAY CBSI3H «OIHH KO
MHOTHUM», TIDUYEM KOHEL[ CBSI3U «MHOTHE» HAXOOUTCA HAa CTOPOHE CYIIHOCTH,
JUIST KOTOPOM CBSI3H SIBJISIIOTCS B3AMMHO MCKITIOYAIOMIMMU):

(a) obmee xpaHeHUE BHEUTHUX KTIOUEH;
(b) pasnenpHOE XpaHEHHE BHEUIHHUX KJIIOUCH.

IToHATHO, YTO €CIM UMEIOTCS B3aHMHO MCKITIOYAIONINE CBSA3U YITOMSIHY-
TOM Kareropuu, To B TabjMIle, COOTBETCTBYIOMIEH CYIIHOCTH, 1 KOTOPOM
CBSI3H SIBJISTIOTCS B3aMMHO MCKTIOYAIOIMIMMH, HEOOXOOUMO XPaHUTh BHELIHHUE
Kka049d. EcIy BHENIHME KITIOYH BCEX MTOTEHUMAN BHO CBSI3aHHBIX TA0JUL] UMEIOT
oOLIMIT HOpMAT, TO MOXHO MPUMEHUTH CIIOCO0 (a), T. €. CO31aTh ABA CTONOLA:
UIEHTU(HUKATOP CBI3U M UIEHTU(DHUKATOP CYHTHOCTH (BO3MOXHO, COCTABHOM).
Cronbel MacHTU(MUKATOPA CBSA3Y UCIIONB3YETCA MU PA3IMYEHMS CBSI3€H, Oo-
KDBIBAEMbBIX OyToi HCKIOYeHUs. B cronbue (cronbuax) uaeHTHdHKATOpa
CYIIHOCTH XPaHATCS 3HAYCHHUS YHUKAJIBHOTO HACHTH(GUKATOpA CYIIHOCTH Ha
JabHEM KOHILIE COOTBETCTBYIOLIEH CBSI3H.

Ecnu pe3yasrupyouide BHEITHUE KITIOYM HE OTHOCSTCS K OIHOMY JIOMe-
HY, TO IPUXOOUTCS IPUOEraTh K UCIOAB30BaHMIO criocoda (b), T. €. co3maBaTh
TS KAXIOU CBSI3U, MTOKPHIBAEMOM OYTOI UCKITIOUEHHU S, IBHBIE CTOJIOIIBI BHEIII -
HUX KJIIOYEH; BCE 3TH CTOJOLILI MOTYT COEPXATh HEOIIPEACICHHBIE 3HAYEHHS.

* Xora B 6onpunHcTBe SQL-opreHTHpoBaHHBIX CYB/] XpaHeHHe HeonpeneneHHBIX 3HaAYCHHI
BbI3bIBAET MUHUMATbHbIE HAKJTANHbIE PACXObl; ITO CHOBA acTeKT (hH3HYECKOTO MPOEKTHPOBAHHS.
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Kypc OcHoBbl 623 AaHHbIX

IpenmMyiiecTBO oaxo0aa (a) COCTOMT B TOM, UTO B TaBJIUIIE, COOTBETCTBY-
01N CYIIHOCTH, MOSBJISIETCS BCETO ABA MOMOJIHHUTENBHBIX CTONOHA. OueBUI-
HbIM HEIOCTATKOM SIBJISIETCS YCJIOXKHEHHE BBIIIOJIHEHHUS ONEpaLiMy COeIUHE-
HMS. YTOOBI BOCIIOJIB3OBAThCA IS COEAUHEHUS OMHOM M3 aJbTePHATHBHBIX
CBsI3eii, HYXHO CHayajia POU3BECTH OrPpaHUYEHHE TaGIULIBI B COOTBETCTBHHM C
HY>XHBIM 3HaY€HHUEM CTOJIOLIA, COMEPKALIEro UIeHTH(UKATOPDI CBA3EH.

IIpn ncnonp3oBaHuM noaxoaa (b) coeNMHEHU ABISIOTCS SIBHBIMH (M €C-
TeCTBEHHBIMHM). HENOCTATOK COCTOMT B TOM, YTO TPeOYeTCsI HMETh CTOJIBKO
CTOJIOLIOB, CKOJIbKO MMEETCA a/IbTEPHATUBHBIX CBsA3eii. KpoMe Toro, B KaXnom
M3 TaKUX CTOJIOLIOB GYAET CONEPXKATbCS MHOTO HEOIpENEIeHHBIX 3HAYEHHH,
XpaHeHHE KOTOPHIX ITOTEHIHATHLHO MOXET ITPUBECTH K CEPbEe3HBIM HAKITATHBIM
pacxonaM BHELIHEH MaMsITH.

Monndukanus, nokaszaHHas Ha puc. 9.14 (b), ocHoBaHa Ha TOM HabJTIO-
JIEHHH, YTO KOJIb CKOPO CBSI3U SIBJITIOTCS ATBTepHATUBHBIMH, TO OHU PasieIsioT

[

u c

(a) ER-nmuarpaMma ¢ B3aMMHO MCKJIIOYAIOIUMHU CBSI3SIMHA

A
a1 H B
a2 H c

(b) ER-nuarpaMMa ¢ NoATHIIAMH CYLIHOCTH 6€3 aJIbTe PHATUBHBIX CBsI3eit

C

(c) ER-nuarpaMma, B KOTOPOH aJibTEPHATUBHBIE CBA3H 3aMEeHEHBI CBA3BIO
C CYTIEPTHIIOM CYLIHOCTH

Puc. 9.14. Bosmoxusie Mogudukauuu ER-anarpaMM, no3possiionme
n30exaTh B3aMMHO HCKIIIOYAKIINX CBA3EH
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Nexkumna 9 ER-guarpaMmeb!

MHOXECTBO 3K3eMIUISIPOB CYIIIHOCTH A Ha JIBa WIHM 6oJiee HerepeceKarluXcs
MOAMHOXECTBA, KOTOpbIE MOTYT JIEXaTb B OCHOBE OIpeAeIeHUS TIOATUITOB A1 U
A2. DTO XOpOIIMH BapHaHT, €CJIM TaKUE MMOATUITEI MOTYT IIPUTOAUTLCS €llle IS
yero-HUOynb. HanpuMep, B ciiy4ae B3aMMHO MCKIIOYAIOLIEH CBA3M, NpeIcTaB-
JIECHHOM Ha puc. 9.12, y HCIIpaBHBIX U HEUCIIPABHBIX CAMOJIETOB MOTYT UMEThLCS
HECOBMAAAIOLINE MHOXECTBA aTpUOYTOB (CKaXeM, Y TUIA CYILIHOCTH UCIIPAB-
HHE CAMOJIETH MOXET UMETLCA aTpUOYT maTta 3aBepleHuss TapaHTUTHOTO
CDPOKa, a Y THMNA CYNIHOCTH HEUCIIPABHHE CAMOJIETH — aTpuOyT Twr Heuc-
npasuaocTy). C ApYTo CTOPOHBI, KaK OTMEYaIOCh B MPEABIAYIIEM pasaeie, 1is
HCIOJbL30BAaHHUS 3TOrO IMOAX0Ja TpeOyeTCs] BOZBMOXHOCTh JMHAMHUYECKOTO HU3-
MEHEHHS THIMA CYHIECTBYIOLIErO 3K3EMILISAPA.

Monudukaiiys, mokasaHHas Ha puc. 9.14 (c), ocHoBaHa Ha TOM HabJi0-
JIEHUM, YTO KOJb CKOPO THITbI CYIIIHOCTH B U C Y4acTBYIOT B aTbTepHATUBHON
CBSI3M, TO, MO BCEl BUAMMOCTH, V 3THX CYIIHOCTEH HMEETCS UYTO-TO oOlliee.
Bo3MoxHO, UX ObUIO OBl MpaBUJIbHEE OIpPENeNATh KaK MOATHITEI HEKOTOPOTO
oblIero THMa CyITHOCTH. 3aMETHM, 4YTO IMPUMEp € pUc. 9.12 SIBHO AEMOHCTpH-
PYET, 4TO JAJIEKO HE BCETAa TUIThI CYIITHOCTH, YYACTBYIOUINE B AIbTePHATUBHOM
CBsI3U, 00JanatoT oMU yepraMu. Co3fnaHue obl1iero cyrnepruna st THIIOB
CYIIHOCTH IIWJIOT U ABMAPEMOHTHOE NPENNPUATUE IpedcTaBIseTCs BechbMa
CTpPaHHOM MAeeH.

Ha 3ToM MBI 3aKaHYMBaeM KPaTKyl0 SKCKYPCHIO B CEMaHTHUUECKOE MOJIE-
JIMpOBaHUeE ¢ ucnoib3oBaHueM ER-auarpamm.

3aknovyeHue

OCHOBHOH HENBI0 JAHHOM JIEKIIUKM ObUIO O3HAKOMJIEHHE C CEMAaHTUUEC-
KHMH MOJIENISIMU NaHHBIX Ha MpUMepe yIpoluneHHoro BapuaHta ER-Momenu.
IMpencraBnenHeil BapuanT ER-Momenu, ¢ oaHOI CTOPOHEI, ABIAETCS HOCTa-
TOYHO Pa3BUTHIM, YTOOBI MOKHO OBLIO MOYYBCTBOBATh OOIIYIO CrIeHUPUKY ce-
MaHTHYECKHMX MOJIeJIei TaHHBIX, a C IPYTOH CTOPOHBI, HE MEPETPYKEH ACTAIISI-
MM U U3TULIHUMH IMOHATUSIMH, 3aTPYAHSIOUIMMHU 0011lee MOHUMaHHE MOaX0aa.

C mpakTUYeCKO TOUKM 3peHUSI HAUOOJBIIYIO TOIB3Y MOTYT NMPHHECTH
paccMOTpeHHEIE TIpHeMHI Ttepexona oT ER-nuarpaMM K cxeMe peassiiOHHOMH
6a3nl JaHHBIX. OcOOEHHO MOTYT MPUTOANTHLCS PEKOMEHOALINH T10 TIpeACTaBIe-
HHIO B PEJISIUMOHHON cXeMe CBSI3€H «<MHOTHE KO MHOTHM», IIOATHUIIOB U CYIIEp-
THUIOB CYIITHOCTH M B3aHMMHO UCKJTIOYAIOLINX CBA3CH.

181



Nexuna 10 Junarpammbl knaccos a3bika UML

Ho, moMuMo mnipoyero, s3biKk UML akKTMBHO NpUMeHSIETCS IS TIPOEKTH-
poBaHUA peaalMOHHBIX BJI. JI1s1 3TOro UCroab3yeTcss HeOOoMbIlas YacThb SI3bIKa
(IMarpaMMBI KJ1acCOB), 1a M TO He B TTOTHOM o0beMe. C TOYKH 3peHMST MPOeK-
TUPOBaHUS PENSILIMOHHBIX B/l MoneibHBIE BO3SMOXHOCTH HE CJIMIIKOM OTIHYa-
10TCcsT OT Bo3MoxHocTei ER-muarpamm. Ho Bce ke Mbl KpaTKO OIMIIEM IHa-
rpamMmbl k1accoB UML, mockoNbKy MX UCTIONB3OBAHME TIPH NMPOEKTHPOBAaHHH
penssuoHHbIX B/l mo3BonsieT ocTaBaTthes B 001eM KoHTekcTte UML 1 npume-
HATb IPYTHE BHAbI IUArpaMM ISl IIPOEKTUPOBAHMS MIPIIOXEHHH 0a3 JaHHBIX.

OcHoBHbIEe NOHATUS AnarpamMmm knaccos UML

Juarpammoii xi1accoB B tepMuHoniorud UML HaseiBaeTcs muarpamma,
Ha KOTOpOM IIoKa3aH Habop KJIacCOB (M HEKOTOPBIX APYTMX CYLIHOCTEH*,
HE MMEIOLIUX STBHOTO OTHOILIEHHUS K TTPOEKTUpoBaHMIO bJl), a Takke CBsi3eit
MeXIy 3TUMM KiaccaMu.** KpoMe Toro, 1MarpaMma KjiaccoB MOXET BKJIIOYATh
KOMMEHTApHUH U orpaHrueHus. OrpaHUYeHUS MOTYT He(pOPMaIbHO 3a1aBaTh-
¢Sl HA €CTECTBEHHOM SI3BIKE WIM X€ MOTYT (POPMYIMPOBATHCSA HA A3bIKE 00b-
exTHbIX orpaHmyeHH OCL (Object Constraints Language).*** Uyth o3xe Mbl
00CyIuM 3Ty TeMy OoJiee oapoOHO.

Knaccbl, atpubyTbl, Onepauumn

Kraccom HazbiBaeTcsi UMEHOBAHHOE OMMCAHWE COBOKYITHOCTH OOBEKTOB C
oOIIMMM aTpubyTaMH, oTiepaliMsIMH, CBSI3IMU M ceMaHTHKOH. Ipadmyeckn xirace
M300paxaercs B BUIE NMPSMOYTOJILHUKA. Y KAXKIOTO KJIacca JOJDKHO ObITh MMS
(TeKCTOBasI CTPOKA), YHHKAIBHO OTJIMYAIOLIEE €T0 OT BCex ApYrux Kiaccos. [Ipu
dopmupoBaHuu uMeH kiaccoB B UML nonyckaercsi MConb30BaHKE TPOU3BONb-
HOM KOMOMHALIMM OYKB, 1IM(p U TaXe 3HAKOB NMpermuHaHus. OqHAKO Ha MPaKTH-
K€ PEKOMEHIYETCSI MCTIONIb30BATh B KAYECTBE MMEH KJIACCOB KOPOTKME M OCMBIC-
JieHHbI€ TIPWIATATENbHBIE U CYLIECTBHTENBHLIE, KAXIOE U3 KOTOPLIX HAYMHAETCH
¢ 3ariaBHOM OyKBEI. [IprMephl OImMcaHus KJ1aCCOB MOKa3aHbl Ha puc. 10.1.

* B 3T0# JIEKLIMY MBI UCIIOJIb3YeM TEPMMH CYU{HOCMb HACTONILKO Xe HeopMaJIbHO, KaK B Mpeabl-
Iyllle# JIEKIIMK UCTIONb30Ba TepMHUH o6sekm. UML npereHayeT Ha obecnieueHue 601ee TOUHOTO
u hopManbHOro NoHATHsA o6sexma (UML o6bIMHO Ha3BIBAIOT A3EIKOM OOBEKMHO-0PUECHMUPOBAHHO-
20 Modeaupoeéanus). B cneuudukauuu sisbika UML naxe mpucyTCTBYeT onpeleNieHue MOHATHS
obbekTa cpeacreaMu caMoro UML. OnHako, no HameMy nrybokoMy ybexIeHuio, HECMOTpsl Ha
3TH MOMNBITKM, NMOHATHE o6sexma B UML octaeTcs TakuM Xe HEYETKHM, KaK U TIOHATHE CYHOCMU
B ER-mopenu. Tlo-npexHeMy MPUXOAMTCA ONUPaThbcsl B OCHOBHOM Ha MHTYMUHIO M 3[PaBbIi
CMBICJL.

** B UML, xax 1 B Mogenu ER-nuarpamm, misi ponoBoro 0603HaueHuUs CBA3eil HCTIONb3YeTCs Tep-
MHUH relationship. Bo MHOTHX iepeBoaax KHHT npo UML Ha pycckuit s3bIK BMECTO TepMHHA €843b
TIpUMEHAETCA TEPMUH omHuowerue. Kak U B IpeABbITyLIEH JEKLIMMU, Mbl HCITONIE3YeM TEPMHUH C8A3b.
»#* A3pik OCL aBnisiercs yacthblo obuieit cneuudukaunn UML, HO, B OTJIHYHE OT APYTHX YacTen
SI3b1Ka, HMeET He rpaduyIecKyio, a TMHEHHYIO HOTALUIO.

183



Kypc OcHoBbl 6a3 AaHHbIX

JNexumsa 10. NMpoekTupoBaHue pensiLMOHHbIX 6a3
AaHHbIX C UCNOJ/Ib30BAHNEM CEMAHTUYECKUX MOAEeNenh:
AnarpamMmmsl Knaccos a3bika UML

B 3T0ii NeKIHM Mbl OOCYAHM OCHOBHbIE MOHATHA AHATPAMM KJIACCOB A3bIKA
UML # BO3MOXHOCTH NPUMEHEHUA ITOH AHATPAMMHOM MOAEJH A NPOEKTHPO-
BaHHA peJANHOHHBIX 643 JaHHbIX. Kpome Toro, B JieKIIMH 0yAeT KPaTKO paccMoOT-
peH #3bIK 00BekTHLIX orpanuyensii OCL u npuBenenb! npumepsbl (hopMYIHPOBOK
Ha s3bike OCL orpaHHvYenHii LEJTOCTHOCTH B TEPMHHAX KOHUENTYAIbHOMH CXeMbl
0a3bl JaHHbIX.

KinoueBsie ¢j10Ba: 361K 00BEKTHO-OPHEHTHPOBAHHOTO MOAETUPOBAHMS
UML (Unified Modeling Language), tMarpaMMa KJ1accoB, sSI3bIK O0BEKT-
HbIXx orpannueHuit OCL (Object Constraints Language), Kiacc, aTpudyr
KJ1acca, CBOMCTBO KJlacca, Onepaliis Kjlacca, CHTHaTypa OTepallut, CB3b
B JMarpaMMe KJIacCcoB, CBS3b-3aBUCHUMOCTH (dependency), cBsi3b-0000-
meHue (generalization), cBsi3b-accollMaliMs (association), cymnepkiacc,
MOAKJIACC, CBA3b «iS a», MOJUMOPPHU3M IO BKIIOUEHHIO, MHOXECTBEHHOE
HaciegoBaHue KiuaccoB B UML, n-apHbie accounanun B UML, ums ac-
COLIMALIMH, poJib KJIacca B acCollMallMM, KpaTHOCTh (multiplicity) ponn
aCCOIIMAIINM, SK3eMIUISAP acCoLlMallMU (coeduHeHHe — link), arperaTtHasi
accolMalvsi, KOMIIO3UTHAS accolMalvs (KOMITO3UIIMS), HABUrallus 1o
aCcCOIMAIUH, YHUKAIBHBIA MAEHTU(PHUKATOD OOBEKTA, TUITH KOJLTEKLIUHA B
OCL, npen- u noctyciaoBus onepaumii kitaccop B OCL, nHBapHaHTH
knaccoB B OCL, onepauuu Hag oobsektaMu B OCL, onepauiu Han 3Have-
HUSIMH KOJUTEKIIMOHHBIX TUNIOB HaHHBIX B OCL.

BeBepeHue

SA3BIKY 0OBEKTHO-OpHEHTHPOBaHHOro MoaenuposaHus UML (Unified
Modeling Language) nocBsIieHO BEJTMKOE MHOXECTBO KHUT, MHOTHE U3 KOTO-
PHIX TIEPEBENECHBI HA PYCCKUM SI3BIK (2 HEKOTOPBIE M HAITMCAHBI POCCUHCKHUMU
aBTopamu). A3mik UML pa3paboTaH M pa3BuUBaeTcsi KOHcopuuyMoM OMG
(Object Management Group) ¥ HMEET MHOTO OOLIET0 ¢ 0OBEKTHBIMU MOJES-
MM, Ha KOTOPBIX OCHOBaHa TEXHOJIOTHUS pacIipeAe/IeHHBIX O0BEKTHBIX CHCTEM
CORBA, u o6bekTHOI Moaenbio ODMG (Object Data Management Group).

UML 1no3BosisieT MOIEJIUPOBATh pa3Hble BUIBI CHCTEM: YHCTO IPOrpaMM-
HbIE, YACTO alIapaTHbie, IPOrpaMMHO-AINTIapaTHbIE, CMELIAHHBIE, SIBHO BKIIIO-
YaloIlMe AEATENILHOCTD IIoAeH U T. . Jlaxke ectd ObI MBI OrPaHHYMINCh BO3MOX-
HOCTSAMH UcTob3oBaHuss UML 115t NpoeKTHPOBaHUSA NTPOrpaMMHBIX HH(pOpMa-
LIMOHHBIX CUCTEM, 3TO CJIMIIIKOM JAJIEKO YBeJIO Obl HAaC OT OCHOBHOM TEMBI Kypca.
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Kypc OcHosel 623 AaHHbIX

AsponopT ABMapeMOHTHoOeIIpequpUaTIES

Puc. 10.1. ITpumepsl onrcaHus KIaccoB

Ampubymom Kaacca Ha3bIBa€TCS MMEHOBAHHOE C80licmao Kilacca, OIMChI-
Balolllee MHOXECTBO 3HAUECHH I, KOTOpbIE MOTYT IIPUHHUMATh 9K3EMILISIPHI 3TO-
ro ceoicrBa. Kimacc MOXeT MMeTh J11000e 4MC/I0 arpUOYyTOB (B YacTHOCTH,
HE UMETh HU OAHOrO aTpudyTa). CBOHCTBO, BhIpakaeMoe aTpUOyTOM, SIBJISICT-
¢Sl CBOMCTBOM MOAETHPYEMOil CYIITHOCTH, OOIIIUM [Ji BCEX OOBEKTOB JAHHOIO
Kinacca. Tak uTo aTpuOyT sABsAeTCsA abCTpakluei cocTossHUA 00bekTa. JI1060H
arpuOyT 1106010 006bEKTa KJ1acca JOKEH UMETh HEKOTOPOE 3HAYEHHE.

HNmena arpubyTOB IPEACTABISIOTCS B pa3aelie Kjacca, pacnojJoXeHHOM
nmoja uMeHeM Kiacca. XoTa UML He HakagpIBaeT orpaHUYEHUH Ha CIIOCOObBI
CO31aHUs UMEH aTpUOYTOB (HMs aTpubyTa MOXeT ObITh IPOU3BOJIBHON TeKC-
TOBOM CTPOKOI1), Ha MPaKTHKE PEKOMEHIYETCSI UCIIOIb30BATh KOPOTKHE TIPH-
JlaraTeJibHbIE U CYILIECTBUTE/IbHBIC, OTPAXKAIOIINE CMBICI COOTBETCTBYIOLIEIO
cBoiicTBa Kjacca. IlepBoe ¢/loBO B MMEHU aTpHOYTa peKOMEHAYeTCs IHUCaTh ¢
MPOITMCHOM OYKBBI, a BCE OCTANIBHBIE CJIOBA — ¢ 3arjaBHoi. [1pumep onucanus
KJ1acca ¢ YKa3aHHBIMH aTpubyTaMu nmoka3aH Ha puc. 10.2.

YenoBex

1071
nartaPoxnpenms

daMmnusiiMs

Puc. 10.2. Knacc Yenosexk ¢ yKa3aHHBIMH UMEHAMH aTPUOYTOB

Onepayuei xjacca Ha3bIBa€TC UMEHOBAHHAsS YC/IYyra, KOTOPYIO MOXHO
3aTlIpOCHTh Y JTIIOO0ro 00bekTa ITOro Kiacca. Onepauus — 310 abCTpaKIUs TO-
ro, YTO MOXHO AejlaTh ¢ 00bekTOM. Kiacc MOXeT cojepxaTh JI000e YUCTIo
olepauuii (B YaCTHOCTH, He ColepXaTh HU onHOM onepauun). Habop onepa-
LMH KJ1acca ABISETCs OOIMM Jisi BceX 0OBEKTOB JAHHOTO KJacca.

Onepauuu KJiacca onpeaesisiioTcs B pa3aeie, paclol0XeHHOM HMXE pa3-
nena ¢ arpudbyramu. [1py 9TOM MOXHO OTPaHUYUTHCS TONBKO YKa3aHHEM HMEH
oIepaLuii, OCTABUB JETAIbHYIO CIIeIM(UKAIIMIO BBINIOJHEHUS ONepauuii Ha
OoJiee Mo3AHKE ITAnbl MoaeaupoBaHusl. J MUMeHOBaHUsSI OMNEpalUil PeKO-
MEHOYETCS UCIOJIB30BaTh [J1arojibHble (QOPMEBI, COOTBETCTBYIOLIHE OXHIAEMO-
MY TOBEJICHHIO 00BEKTOB JAaHHOTO Kitacca. OMUcaHHE ONEPallii MOXET TAKXKe
conepxarb ee cueHamypy, T. €. HMEHA M TUIIbl BCEX MAPAMETPOB, a eCJIM Oorepa-
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JNlekuma 10 JAnarpammsbl Knaccos aabika UML

1M siBasieTcs GYHKUMEH, To U TUII ee 3HaYeHUs1. Kitace Yenosek ¢ onpeneneH-
HBIMH OMepaLMsAMHM oKa3aH Ha puc. 10.3.

JeloBeK

1071
naTaPoxneHus
dammmalvs

BHOaTwsBo3pacT ()

COXParNTLTeKyIIoxomn ( )
BHIaTHOOmmIoxoxn ()

Puc. 10.3. Kiacc Yenoeek ¢ onepauusiMu

Jns xjnacca Yenosek MBI ONpPEICIWAN TPU ONEPALMH: BHAATLRO3pACT,
coxpaHMTbTeKymMﬁﬂoxon,BHnaTbO6mMﬁﬂoxon.Iionepaunﬂ BHIATBEBO3pacT
HMCMNONB3YIOTCS 3HaUCHHUE aTpUbyTa nataPoxnennsi M 3HAUEHUE TEKYIUEH OaThl.
Onepanus coxpaunTeTerywmiloxon MO3BOJASET 3apUKCUPOBATh B COCTOSTHUH
00beKTa CyMMY M JaTy IMOCTYIUICHHMS A0Xolda JaHHOTro yeaoBeka. Omnepalus
BHOATHOOIMITIOXON BRIAAET CYMMAPHBIM A0XO/ JAHHOTO Y€JI0BEKa 3a yKa3aH-
HOe BpeMs. 3aMeTHM, UTO COCTOSIHUE OOBEKTa MEHSAECTCS IPU BBIMOJIHEHHH
TOJBKO BTOpOIi onepaliui. Pe3ynkraThl mepBoi U TpeThbel onepanui GopMu-
PYIOTCSI HAa OCHOBE TEKYLLETO COCTOSAHUA O0BEKTA.

Karteropum csaseil. CBA3b-3aBMCMMOCTDb

B muarpaMme KiaccoB MOTYT yYaCTBOBATE CBSI3M TPEX PA3HBIX KATETOPHIA:
3asucumocms (dependency), o6obwernue (generalization) U accoyuayus (associ-
ation). Ilpu npoekTHpOBaHUM pensaMOHHBIX B/l HaubGonee BaXHEI BTOpas U
TPEThsl KAaTETOPHU CBSI3€H, MTO3TOMY O CBA3AX-3aBUCHUMOCTAX OyneT cKa3aHOo
TOJIBKO CaMO€ OCHOBHOE.

3aeucumocmsio Ha3BIBAIOT CBS3b [0 MPUMEHEHMIO, KOLIa H3MEHEHHE B
creuHUKALMK OTHOTO KJIacCa MOXET MOBIUATH Ha MOBeIeHHE IPYTOro Kiac-
ca, UCMOJIB3YIoLIero nepsbli Kiacc. Yale Bcero 3aBUCUMOCTH TTPUMEHSIOT B
JHarpaMMax KjiaccoB, YTOOBI OTPa3UTh B CUTHATYpE OINEpallii OQHOTO KIacca
TOT (baKT, YTO NapaMeTPOM 3TOH ONepalMyd MOTYT OBITh OOBLEKTHI JAPYTOro
kinacca. [ToHATHO, 4To ecIH HHTepdeiic BTOporo Kiacca M3MeHSeTCs, 3TO BIIHU-
sieT Ha MoBeAeHHe 0O0BEKTOB MePBOTO Kiacca. IIpocToit npuMep AxarpaMmbl
KJIACCOB CO CBA3BIO-3aBUCHUMOCTBIO ITOKa3aH Ha puc. 10.4,

3aBUCHMOCTh ITOKA3BIBACTCSl MPEPHIBUCTONH JTUHHEH CO CTPENIKOM, Ha-
NPaBlIeHHOH K KJlaccy, OT KOTOPOTO MMEETCS 3aBUCHMOCTh. QOUEBHAHO, 4TO
CBSI3U-3aBUCUMOCTH CYIIECTBEHHBI 1T 0O bEKTHO-OPHEHTHPOBAHHHEIX CUCTEM
(B Tom unciae u wig OOB/I). [Tpu npoeKTUpoBaHUH peasasnuoHHEBIX B/l Heno-
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Pacrmcanue3aHA TN

_____________ > KRypc

Jobasute (c: Kypc)
YoamuTb (c: Kypc)

Puc. 10.4. [IlnarpaMMa KJIaCCOB CO CBSI3bH0-3aBUCHMOCTHIO

HATHO, YTO JIEJIaTh C 3aBUCHMOCTIMH (KaK BOCITOJI30BATbCS 3TON MHDOpMa-
el B pesiinonHou B17?).

Cea3n-o600LeHna n mMmexaHn3m HacnenoBaHua knaccoe B UML

Cea3b10-0000Werem Ha3bIBAETCS CBSI3b MEXKIY OOLICH CYHIHOCTBIO, Ha-
3bIBAEMOM cynepkaaccom, Win podumenem, U 00Jiee CTIEHUATM3NPOBAHHOM pa3-
HOBUIHOCTBIO 3TOM CYHIHOCTH, Ha3bIBAEMOW hOOKAACCOM, WM HOMOMKOM.
O0600111eHHAST HHOTIA HA3LIBAIOT CBS3AMH «is d», UMEST B BULY, 4TO KJIaCC-MIOTO-
MOK SIBJIIETCSI YaCTHBIM CJIydaeM Kiacca-rpeaka. Kiacc-nmoroMoK Hacnemayer
BCce aTpUOYTHI M OIEepaliuy Kiacca-Trpenka, HO B HEM MOTYT OBITh ONpeNeaeHbI
IOMOJHUTE/IbHBIE aTPUOYTHI M OTIEPALIMH.

OOBEKTHI KJIACCa-MTOTOMKA MOTYT UCTIONB30BaThCS BE3NE, T MOTYT MCMOJb-
30BaThCsl OOBEKTHI KNACCA-TIPEAKA. DTO CBOWCTBO HA3BIBAIOT MOJIUMOPGhH3IMOM 10
BKJIIOYEHHIO, UMEsI B BUAY, YTO OOBEKTHI ITOTOMKA MOXKHO CYUTATH BKJIIOYAEMBIMHU
BO MHOXECTBO OOBEKTOB KJlacca-Tpenka. Ipapuuecku o0600LIEHUST H300paKaOTCs
B BUZIE CIUTOLITHOM TMHHUM ¢ GOJbIIOM He3aKpallleHHOW CTPENIKOM, HallpaBIeHHOM K
cynepknaccy. B kadectse nepBoil WUTHOCTpALIMK, IIpHUBeNCHHOM Ha puc. 10.5, Boc-
MOJIb3yeMes1 KaccuHKalLipei eTaTe/bHbIX alnapaToB ¢ pyc. 9.12 u3 npenbinyinei
nexuny. Ha puc. 10.5 noxasaH npuMep Hepapxuyd ONMHOYHOIO HAC/ICHOBAHUS: Y
KAXIOro MOAKIIACCa UMEETCSI TONBKO OMH CyNEPKIIAcC.

OIMHOYHOE HAaCAEIOBAHME SIBJISCTCS NOCTATOYHBIM B GOJBIIMHCTBE CIIy-
4yaeB MPUMEHEHMS CBsAI3M-000011eHust. OngHako B UML nonyckaercst u MHOXe-
CTBEHHOE HacJie0OBaHWe, KOTNa ONMH ITOAKJIACC OIpeNeNsieTcsi Ha OCHOBE
HECKOJILKHMX CYTIEPKNAaccoB. B KauecTBe 0IHOro M3 pa3yMHBIX (HE CIUILIKOM pac-
IMPOCTPAHEHHBIX) MPUMEPOB PaCCMOTPHM JIHarpaMMy KnaccoB Ha puc. 10.6 (wis
YIIPOLIECHMS AMarpaMMbl HMeHa aTpUOYTOB M OTiEpaLinil YKa3bIBaTh HE GyneMm).

Ha sTo# nmarpaMme xJiacchl CTyneHT M lipenofaBaTent NOPOXICHB U3
OIHOTO cymnepkiaacca YenopexlzVuuBepcurera. Booblie roBops, K Kiaccy
CTyneHT OTHOCSITCS T€ OOBEKTHI Kilacca YeroBeKN3VHMBEDCUTETA, KOTOPLIE
COOTBETCTBYIOT CTYICHTaM, a K KJIacCy llpernogaBaTent — 00BEKTHI Kjlacca
YenoBeKW3VHMBEPCUTETA, COOTBETCTBYIONUIME mpernoxaBareasiMm. Ho, kak
3TO YaCTO CJYJAETCS, MHOTHE CTYICHTHI YX€ B CTYACHUECKHE TOIbIl HAYHHA-
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Nexuma 10 JunarpaMmbl knaccoB a3bika UML

JleTaTensHEAATIIIADAT

6opToBOMHOMED
MaKCUManbHasiCKOpOCTh

cMeHuTbEMec TOlPUITUCKM ()

ﬁ:

| 1
Asponnas BepToner
pasMaxKpeIILen AvaMeTpBUHTa
MOIHOCTBIBUTATENS
[ ]
CamoneTt IInanep
MOIHOCTBIBUTATEIS I'Py 30MIOIBLEMHOCTE

Puc. 10.5. Mepapxust OfMHOYHOTO HACJieIOBAHHUSI KJ1aCCOB

10T TIPeTioJaBaTh, TaK YTO MOTYT CYILECTBOBATh TaKHe ABa OOBEKTA KJIACCOB
CtyneHT M lipenonasaTeins, KOTOPBIM COOTBETCTBYET OAWH OOBEKT Kiacca
YenosekMaVuusepcurera. UTak, cpelu 0OBEKTOB Kilacca CTYOeHT MOTYT
OBITH NpPENoaaBaTesii, a HEKOTOpbIe TIPENOoIAaBaTeIH MOTYT ObITh CTYIEHTAMH.
Tornoa MbI MOXEM OIIpEOEIUTD Kiacc CTyneHTlIpenogasaTenns IyTeM MHOXECT-
BEHHOTO HACJIEAOBAHUS OT CYNIEPKIIACCOB CTyneHT U lipenonasaTens. OOBEKT
Knacca CtyneHtlpenofasarenn 00J1aIaeT BCeMH CBOMCTBAMH M ONepaItMsIMU
KNaccoB CTy IeHT M [IperogasaTens U MOXeT ObITh HCITOJIL30BaH Be3le, TAe MO-
T'YT IIPUMEHATHCS OOBEKTHI 3TUX KJIACcCOB. Tak 4TO MOJUMOpP(OU3M T10 BKITIOYE-
HMIO TIpoAoJiXaeT paboTaTs.ClieIyeT OTMETHTD, YTO MHOXECTBEHHOE HACJIeI0-
BaHHe, TTOMHMO TOTO YTO HE CJIMILIKOM YacTO TpeOyeTCsl Ha TIPaKTHKE, TIOPOX-
Jaet psaa npobJieM, U3 KOTOPBIX OOHON U3 HanboJ1ee U3BECTHBIX ABJISETCS IIPO-
61eMa HMEHOBAHHSA aTpHOYTOB M ONEpalMii B MOAKIACCE, TTOJIYYEHHOM ITyTeM
MHOXECTBEHHOIO HacienoBaHusa. Harpumep, TIpeAnosoXuM, 4To rpu obpa-
30BaHMH MMOJKIACCOB CTy NeHT M llpenonasaTent B HUX 000MX ObLI onpeesieH
aTpubyT ¢ KMeHEM HoMepKoMHaTH. OUYE€Hb BEPOSITHO, YTO AJIsT OOBEKTOB KJlac-
ca CTyneHT 3HaYeHUIMH 3TOro aTpubyTa OyoyT HOMEpa KOMHAT B CTyA¢HYeC-
KOM OOIEXNTHH, a JJIs1 00BEKTOB Kjlacca lipenofasaTels — HOMepa CITyXeo-
HbIX KabuHeToB. Kak 6bITh ¢ 00beKkTaMHu Kiiacca CTyneHTlpenoiaBaTenb, I
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Kypc OcHoBbl 623 naHHbIX

Yenopekl3VHuBepcuTeTa

T

CryneHnr IIpenogaBaTens

CrynenrilpenogaBarensd

Puc. 10.6. [TpuMep MHOXECTBEHHOTO HACJIETOBAHUS KIACCOB

KOTOPHIX CYHIECTBEHHHE 00a OMHOMMEHHEIX aTpUOYTa (Y CTydeHTa-IIpernoaBa-
TeJIs1 MOTYT HMEThCSI U KOMHaTa B OOILLEXUTHH, U CIyXeOHBIH KabuHer)? Ha
MPaKTHKE IPUMEHSETCSI OJHO U3 CIEAYIOIIHX PEUICHHIA:

(1) 3ampeTuTh 0Opa3oBaHHe MoaKIacca CrynertllpenogasaTens, MOKa B O-
HOM M3 CYTIEPKJIACCOB He OydeT MPOM3BEACHO IepEUMEHOBaHHE aTPUOY-
T4 HOMEepKOMHATH,

(2) HaciemoBaTh 3TO CBOMCTBO TOJBKO OT OAHOI'O U3 CYIEPKIACCOB, TAK 4TO,
HanpUMep, 3HaYeHHEM aTpuOyTa HomepKoMHaTH Y OOBEKTOB Kiacca
CrynentllpenonasaTent BCeraa OyayT HOMepa CIyXeOHbIX KAaOHHETOB;

(3) yHaciegoBaTh B MOIKJIAcce 00a CBOMCTBA, HO ABTOMATUYCCKH TEpeHMe-
HOBaTb 00a aTpuOyTa, YTOOBI IIPOSICHUTL MX CMBICIT; Ha3BaTh UX, HAIIPH-
Mep, HoMepKoMHaTHCTY meHTa U HoMepKoMmHaTHIIpernogapaTens.

Hu ogHO U3 peliieHUH He ABISETCS MOJHOCTBIO YAOBJICTBOPHTEILHBIM.
ITepBoe pemieHMe TpeOyeT Bo3BpaTa K paHee OIpeAc/IeHHOMY KJIaccy, MMeHa aT-
pUOYTOB M Ollepaliii KOTOPOro, BO3MOXHO, YK€ HCIIOJIb3YIOTCS B IIPHIOKEHH -
sax. Bropoe peiieHue HapyIiaeT JIOTMKy HacJleIOBaHMs, He 1aBasi BO3MOXHOCTH
Ha YpOBHE MoAKJIacca MCMOJIb30BaTh BCE CBOMCTBA cynepkiaccoB. HakoHell,
TPEThE PELICHUE 3aCTaBJISIET UCITONB30BATh UIMHHBIC UMEHA aTPHOYTOB H OIle-
paLWii, KOTOpbIe MOTYT CTaTh HEAOMYCTUMO JUIMHHBIMH, €CJTH TTPOLIeCC MHOXe-
CTBEHHOTI'O HacJIeAOBAHMS OyAeT IMPOAOJIKATHCA OT IOJXYYeHHOro rmoakiacca.*

* Kak kaxercs, 31eCb MOXHO TTPOBECTH HEKOTOPYIO AHAJIOTHIO ¢ CHTYalLUeH, 110 IPHYHHE HAJIH-
4yMs KOTOPOH B PesILMOHHOM anrebpe (CM. lekK1uM 3 u 4) 6bna BBeneHa onepauuss RENAME.
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Nekumns 10 AwunarpaMmbl Knaccos a3bika UML

Ho, xoHeYHO, CI0XHOCTh NpobIeMbl UMEHOBAaHHUS aTPUOYTOB M OrepaLMii
HECOITOCTABUMO MEHBIIE CIOXHOCTH PEVIM3ALIMH MHOXECTBEHHOTO Hac/IenoBa-
HuA B pesiiyoHHbIX BJ1. Tloaromy nipu ucnoiszoaHud UML mist mpoexTrpo-
BaHHMS peIILMOHHEBIX B/l HYXXHO O4€Hb OCTOPOXKHO HCIIOIB30BATh HACJIEI0BaHHE
KJIacCOB BOOOILE U cTapaThcsl U30erath MHOXECTBEHHOTO HAcaeA0BaHus. *

Ceasn-accounauun: ponm, KpaTHOCTb, arperauus

AccouMaliMeill Ha3biBaeTcd CTPYKTYPHasi CBS3b, MOKA3LIBAKOUIAS, YTO
06BEXTHI OTHOTO KJIAacca HEKOTOPBIM 00pa30M CBSI3aHbI C O0BEKTAMH JPYTOTO
WIHM TOTO Xe caMoro Kiacca. Jlomyckaercs, YTo6bl 06a KOHIIA aCCOLMALIMH OT-
HOCWIHCH K OIHOMY KJaccy. B accouuanuy MoryT CBs3biBaThCs IBa KJlacca, v
TOTrIA OHA HA3bIBAeTCs 6uHapHoi. JIoMycKaeTcsl CO3XaHNe acCoOlMalui, CBA3bI-
BalOLLIMX CPa3y # K1accoB (OHH Ha3bIBAIOTCA H-APHbIMU ACCOLMALIMAMH). ** [pa-
(bHMYECKH acCOLMALIMA U300paxaeTcs B BUAE JHHUH, COSIUHAIONIEH KIace caM
¢ cobB0t HIM C APYTMMH KJIacCaMH.

C MOHATHEM aCCOLMALIMM CBA3aHBI YEThIPE BAXHBIX JOMOJIHUTEIbHBIX
TIOHATHS: UMSA, poab, Kpamuocmb M dzpezayus. Bo-nepBuIX, acCOLMAIIUY MOXET
ObITh TIPUCBOGHO WMsA, XapaKrepusyloulee MpUponry cBsidH. CMBICI HMMEHH
YTOYHAETCA C [IOMOIIbIO YEPHOTO TPEYTOJbHHUKA, KOTOPBII pacrosiaraeTcs Haj
JIMHUEN CBSA3M CIIpaBa HIIM CJIeBa OT UMEHM acCOLMAIMN. DTOT TPEYTOJbHUK
yKa3bIBaeT HalpaBjeHHe YTeHUs UMs cBsa3H. TlpuMep MMEHOBAaHHOM acCOLH-
allvM noka3aH Ha puc. 10.7. TpeyrobHHK MOKa3bIBaET, YTO UMEHOBAHHAs ac-
CoLIMaLA JOJKHA YUTAThCS KaK «CTyIeHT yYUTCS B YHUBEDCUTETEY,

VUUTCA B P
CTyneHT YHUBEpPpCUTET

Puc. 10.7. ITpuMep UMEHOBAHHOM accolLMalIU

ﬂperIM CcrocoboM MMEHOBAHHSA acCOLIMALIUH SIBJSIETCS YKa3aHHUE poau
Kaxmnoro Kkjacca, ydaCTByYIouicro B 3TOM acCcolLMalUHU. Ponp KJjiacca, Kak U UMA
KOHLIA CBAI3HU B ER—MOI[CJIPI, 3a014a€TCA UMECHEM, TTOMCIIAEMBIM ITOL JUHHUEH ac-
COoLIMalMH OJIMKe K JaHHOMY Kiaccy. Ha puc. 10.8 noka3aHbl Be accollManivu
MEXIY KJlacCaMHU YenoBeK U VHMBepPCUTET, B KOTOPBIX 3TH KJIACCHI UIparoT
Pa3HBIEC POJIH. Kak MbI BUOUM, o0BeKTHI Kjlacca Yenorek MOTYT BBICTYIIATh B
* Ecny noa «pesiMOHHBIMM» 6a3aMU JaHHBIX TOHMMaTh SQL-opueHTHpoBaHHbie B/
** HarmoMHUM, uTo B BapuaHTe ER-Monenu, pacCMOTpEHHOM HaMU B ITPEABITYIIEH JIEKLUH, IOTTy-
CKaJTCh TONBKO OHHapHEIE cBsA3H. B cBoe BpeMsi KoMmaHust Oracle 060CHOBEIBasIa 3TO pellIeHHE

TeM, YTO HAIMYHE GUHAPHBIX acCOLMALUi Bceraa sIBIsSIeTCSl JOCTATOYHBIM. 31eCh MBI TAKXe OTpa-
HUYMMCS 00CyXIeHHeM GUHAPHBIX ACCOLMALIHIA.
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Kypc OcHoBbl 6a3 AaHHLIX

i PABOTHUK HAHUMATENb |
Jenosek YHMBEDCUTET

l CTYIEHT OBYYARIIUA

Puc. 10.8. JIBe acconaliii ¢ pa3HbIMHU POJISIMU KJIaCCOB

pony PABOTHMKOB HpH YYacTHH B acCOLIMALIMM, B KOTOpPOH OOBEKTHI Kiacca
YHMBEpCUTET WUIpaloT pojib HAHVMMATENS. B apyroi accouualvm OOBEKTHI
Kj1acca Yenosek MIpaloT posib CTYIEHTA, a 00BEKThI Kacca YHUBEPCUTET —
posb OBYYARIIETO.

B obmmem ciaydae, mis acCOIMALUM MOTYT 3aJaBaThCsl U €€ COOCTBEHHOE
M3, M HM€eHa poJieii KIIacCOB. DTO CBA3AHO C TEM, YTO KJIACC MOXET MUTPaTh Of1-
HY H Ty X€ pOJIb B pa3HBIX aCCOLIMALIMAX, TAK YTO B OOLIEM CiIydae mapa UMEH
poJieli KJ1accoB He MAeHTH(ULUMPYET acconnalmio. C Apyroit CTOpOHBI, B IIPO-
CTBIX CJIy4asx, KOTAa MEXIY IBYyMsl KIacCaMU ONpeesieTcs] TONLKO OHA ac-
coliMaliiisg, MOXHO BOOOIIEe He CBS3bIBATb C HEU IOMOJHUTEIbHbIE UMEHA.

Kpamuocmoeo (multiplicity) ponu accoudalilii Ha3bIBA€TCs XapaKTepHC-
THKA, YKa3bIBaloNIasi, CKOJILKO 00BEKTOB KJlacca ¢ JAHHOM POJIbI0 MOXET WJTH
JOJIKHO Y9aCTBOBATh B KaXKIOM 3K3eMIULipe accounauuu (B UML sk3eMIuisip
accoUMalyM Ha3bIBaeTcs coedureruem — link, HO MbI He OylIeM 31eChb UCTIONb-
30BaTh 3TOT TEPMHH, YTOOBI HE CO3/1aBaTh MYTAHULY — BCE-TAKH TPYAHO OTHO-
BPEMEHHO FOBOPHUTS MPO 643U, ACCORUALUU W cOeduHenus, AMES1 B BUIY Pa3HbIE
noHATHs1). Hanbosee pacrnpocTpaHEHHBIM cIOCOOOM 3aIaHUsI KPaTHOCTH PO-
JIM aCCOLIMALIMK SIBJIAETCS yKa3aHWE KOHKPETHOTO YMCia WiK auana3oHa. Ha-
TIpPUMED, YKA3aHHE «1» TOBOPUT O TOM, YTO KaXIbI OOBEKT KJ1acca ¢ JaHHOU
POJIbIO JOJKEH Y4aCTBOBAaTh B HEKOTOPOM 3K3EMIUIAPE JAHHOW acCOoLMaLIvU,
TIPUYEM B KaXKIIOM 3K3EMIUISIPE ACCOLMALIMM MOXET y4aCTBOBAaTb POBHO OOUH
00BEKT KJacca ¢ JaHHOH poJiblo. YKa3zaHUe JHara3oHa «0 . . 1» TOBOPHT O TOM,
YTO HE BCe 00BEKTHI KiTacca ¢ JAaHHOM poJibio 00s13aHbl Y4aCTBOBATh B KAKOM-
MO0 3K3eMIUISIpE JaHHOK acCOLUMAlUMM, HO B KAXAOM 9K3EMIUISIPE accolua-
LIMM MOXET YyJ4acTBOBATh TOJIEKO OJWH 00OBbEKT. AHAJIOTHYHO, YKa3aHHE JUara-
30Ha «1. .*» TOBOPHT O TOM, YTO BCe OOBEKTHI KJIacca ¢ JAHHOHN POJbIO JOMXK-
Hbl Y9aCTBOBaTh B HEKOTOPOM 3K3EMIUISIPE JAHHOK acCOLUMALIMM, U B KAXIOM
3K3EMIUISIPE aCCOLIMALIMN JOJIXEH YIaCTBOBATDb XOTs Obl OIWH OOBEKT (BEPXHSIsI
rpaHMlUa He 3amgaHa). ToJKoBaHHE AMATa3oHa «0..*» SBISIETCS OYE€BHIAHBLIM
pacuiMipeHUEM ciay4dast «0. . 1».

B 6onee cnoxXHBIX (HO KpaifHe peIKO BCTPEYAIOMIUXCS Ha MPAKTUKE) CITY-
Yasix oIpeaeieHHs] KpaTHOCTH MOXHO MCTIONIb30BATh CITUCKY AMana3oHoB. Ha-
TIPUMED, CITMCOK «2, 4..6, 8..*» TOBOPHT O TOM, YTO BCe OOBEKTHI Kjlacca C
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Nekumna 10 AwnarpamMmel knaccos asbika UML

YKa3aHHOMH POJIBIO TOJIXHEI y4aCTBOBATH B HEKOTOPOM K3eMILISIpE JAaHHOM ac-
COLIMALIMY, U B KAXIOM SK3eMIUISIPE aCCOLIMALIMU JOKHBI Y4acTBOBATh /1Ba, OT
YeThIpeX JO LIECTH WIK DoJiee CeMM OOBEKTOB KJlacca ¢ JaHHOM POJIBIO.

Ha nnarpamMe KiaccoB ¢ puc. 10.9 noxa3zaHo, YTO NPOU3BOJIBHOE (MOXET
OBITb, HYJIEBOE) YHCJIO JIIOAEH ABJIAIOTCI CAYXALIUMU NPOU3BOJIBLHOTO YMCa
YHUBEPCHUTETOB. KaXablii YHUBEPCUTET OOyYaeT IPOU3BOIIBHOE (MOXET OBITH,
HYJIEBOE) YMCJIO CTYAECHTOB, HO K&XABIA CTYAEHT MOXET OBITh CTYICHTOM TOJIb-
KO OTHOTO YHUBEPCHUTETA.

0..* 0..*

| PABOTHUK HAHUMATEJID ]
Jenosex YHUMBEpCUTET

[ CTYIEHT OBYYAQIUY i

0..* 1

Puc. 10.9. Accolialiuy ¢ yKa3aHHBIMU KPATHOCTSIMM POJIEH

OObIyHasA acCOUMALIMSA MEXIY NBYMsl KJIacCaMU XapaKTEePU3YeT CBS3b
MEXy PaBHONIPABHBIMH CYILIHOCTSIMH: 00a KJlacca HaXOIATCS Ha OTHOM KOH-
LENTyaJlbHOM ypoBHe. Ho MHOTAA B AMarpaMMe KJIacCOB TPEOYETCSI OTPA3UTh
TOT (aKT, YTO aCCOLIMALIMS MEXTY ABYMsI KJIaCCaMH MUMEET CIIELIMAJIbHBIH BUM
«JacTh-11eJI0e». B 3TOM citydae Kiracce «1iefioe» UMeeT 60J1ee BHCOKHIH KOHLIET -
TyaJIbHBIH YPOBEHbB, €M KJIACC «4aCTh». ACCOLIMALIMS TAKOTO POJia Ha3bIBACTCS
azpecamuou. Ipapuyecku arperaTHbie acCOLMALIMM M300paXaroTcsi B BUIE
MPOCTOM aCCOLMALIMM C HE3aKpaHIeHHHM POMOOM Ha CTOPOHE KJIAacCa-<«LIeIo-
ro», [1pocToii mpuMep arperaTHOM accoUMAlMK 1T0Ka3aH Ha puc. 10.10.

1 0..%
AYIMTODUR <> Iapra

Puc. 10.10. IlpuMep arperarHoi accolMaliiu

OOBeKTaMH KJIacca AymmuTopus SIBISIIOTCS CTYJEHYECKHME ayIUTOPHM, B
KOTOPHIX IIPOXOAST 3aHATHs. B KaXXnoit ayIuTOpPHH JOJDKHBI OBITh YCTAHOBJICHEI
napThl. I103TOMY B HEKOTOPOM CMBICJIE KJIacC [lapTa SABJSETCA «4acCThIO» KJIac-
ca Ayauropuss. MBI YMBIIIUIEHHO CHENaIW POJib Kjacca llapTa HeoOs3aTeNb-
HOM, MOCKOJLKY MOTYT CYLIIECTBOBAaTh ayIMTOPUH O€3 IMapT (HarpuMep, KJacc
JITIsl 3aHATHHA TaHLIAMM ) M HEKOTOPBIE MapThl MOTYT HAXOAUTLCS Ha cKiaje. O6-
paTuTe BHUMaHUE, YTO, XOTS aydIUTOPHUH, HE OCHALLIEHHbIE TapTaMH, KakK 1pa-
BWIO, HEIPUTOOHBI TSI 3aHATHH, 0OBEKTHI KINACCOB Ay mmMTopys U llapTa CyIlle-
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Kypc OcHoBbi 633 AaHHbIX

CTBYIOT He3aBUCUMO. Ecm HeKoTopast aynuTOpHs TMKBHAUPYETCS, TO HAXOISA -
IIIMECs B HE mapThl HE YHUYTOXAIOTCS, a MEPEHOCSTCS Ha CKIIal.

BHIBalOT CJTyyau, KOraa CBSI3b «4aCTH» M «1I€JOro» HACTONBKO CHIBLHA, YTO
YHHUTOXEHHE «1IEIOT0» TIPUBOOUT K YHUUTOXEHUIO BCEX €TO «4acTeii». Arperar-
HBIE acCOoLIMalliK, O0MaJaloNINe TAKUM CBOMCTBOM, HA3BbIBAIOTCS KOMNO3UMHbI-
MU, WU TIPOCTO komno3uyusamu. T1py HATHIMKM KOMITO3ULIMK OOBEKT-4acTh MO-
XET OBITh YaCThIO TOJILKO ONHOTO OOBEKTa-1IeNoro (KoMio3ura). I1pu obbraHoMi
arperaTHOM acCOLIMALIMKM «4aCTh» MOXET OOHOBPEMEHHO MNPHHAMLIECKATh
HECKONBKUM «11ebIM». [padpruecku KOMIO3ULIMS U300paXaeTcs B BUIE OPOCTOM
accoLMalMi, NOMONHEHHOH 3aKpalleHHbIM pOMOOM CO CTODOHBI <lIEJOTO».
IprMep KOMMO3UTHOM arperaTHoOi accollMaliuM rmoKasaH Ha puc. 10.11.

1 1.
VEMBepCHUTET ‘ darynnbTeT

Puc. 10.11. IIpuMep KOMIIO3UTHOM arperaTHo# acColMalMu

Joboi (hakynbTeT ABISIETCS YACThIO ONHOTO YHUBEPCUTETA, H IMKBHIA-
LIMS1 YHUBEPCUTETA MIPUBOINUT K JIMKBHIAIIMH BCEX CYIIECTBYIOIIMX B HEM ¢ha-
KYJBTETOB (XOTA BO BpeMsI CYLIECTBOBAHUSI YHUBEPCUTETA OTIENbHBIE (PaKyTb-
TEThl MOT'YT THKBHIMPOBAThCSA M CO3/1aBATHCS).

3aMeTHM, YTO B KOHTEKCTE MPOEKTUPOBAHUA pensiliMOHHbIX B/l arperar-
Hble H B OCOBEHHOCTH KOMITO3UTHBIE aCCOLIMALIMU BIIUAIOT TOJBLKO Ha CIIOCO0
MOAAEPXKKHU CChUIOYHOM 1IeJIOCTHOCTH. B 4aCTHOCTH, KOMITO3UTHAS CBSI3b SIBJIS -
€TCs SBHBIM YKa3aHHEM Ha TO, UTO CCHUIOYHAS LIEIOCTHOCTh MEXKIY «LIENBIM» H
«4acCTsSIMU» NOJDKHA MOIEPXUBATECS IyTEM KaCKaIHOIO YIAIeHHUS YacTei pu
yaateHuM uenoro. IogpobHee criocobbl NOAAEPKKHY CChUIOYHOM LIETOCTHOCTH
B SQL-opueHTHpoBaHHBIX Bl paccMaTpHUBaloTCs B CICTYIONIHX JICKIIHSIX.

Ilpy HAIMYUM MPOCTOM ACCOLIMALIMM MEXIY ABYMS KjaccaMM (HalpH-
MEp, acCOLMALlMM MeXIy KjaccaMH CTymeHT M YumsepcureT ¢ puc. 10.7)
MpeaIionaraeTcsi BO3MOXHOCTb Hasuzayuu Mexny obbeKTaMu, BXOASIIUMU B
OJIMH 3K3eMILISIP acCOLMAMH. ECcaM U3BeCTeH KOHKPETHBIH OObeKT-CTYIEHT,
TO JOJIXHA 00eCIeYUBATLCS BO3MOXHOCTb Y3HATh COOTBETCTBYIOLINM OOBEKT-
YHHUBepCHUTET. ECH HU3BeCTEH KOHKPETHBIM OOBEKT-YHHBEPCHUTET, TO JOJDKHA
0becreYnBaThbCs BO3MOXHOCTb Y3HATh BCE COOTBETCTBYIOIIHE OOBEKTHI-CTY-
JOEHTHI. JIDyTMMHU CIIOBaMH, €CJIM HE OTOBOPEHO MHOE, TO HaBMTaALIM 110 acCo-
LIMALIMK MOXET IIPOBOJIUTLCS B 000MX HampaBleHHsIX.* OnHaKo ObIBAIOT CIIy-

* [Tockonbky UML — 310 BHICOKOYPOBHEBBIi SI3bIK MOIETUPOBAHMS, B HEM HE YTOYHSIETCS, YTO TaKOe
HaBUraLMs B pealH3aHHOHHOM cMbiciie. Ho oyeBHIHO, 4TO camMo NOsIBIEHHE NTOHSATHS] HABUTalMH CBsI-
33aHO C OOBLEKTHO-OpHEHTHpOBaHHOM npuponoil UML. TepMHH «HapUrauusi» SIBSIETCS] IOYTH pyTa-
TEJIbHBIM B MHPE pesiUMOHHBIX B/, HO 1151 MHpa 06beKTHO-OpHEHTHPOBAHHBIX B/l OH BIIOJIHE €CTeCT-
BEHEH, [TOCKOJIBKY B 3TOM MHPE Ha MOZIEJILHOM YPOBHE IIPUCYTCTBYET IOHSITHE CCBUTKH, WM yKA3aTe/sl.
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JNexupa 10 AnarpaMmebl kKnaccos fisbika UML

YyaM, KOTJA XeNaTebHO OrPaHNYUTE HANpaBJieHUE HABUTALIMM JUISE HEKOTOPBIX
accouuauuii. B 3ToM citydae Ha TMHUU aCCOLIMALIMM CTABUTCS CTPEJIKA, YKA3bl-
Baloll[asi HaTpaejieHue HaBurauu. IlpuMep noka3sax Ha puc. 10.12.

1..* 1
Kumra - BubmoTeka

Puc. 10.12. Accoumalys ¢ yKazaHHBIM HarpaBlIeHHeM HaBUTALIMH

B OubnmoTeke AOJDKHO COAEPXATHCS HEKOTOPOE KOJMHMYECTBO KHHUT, H
Kaxnasi KHUra J0JIXHa TIpUHaIIeXaTh HeKoTopoit 6ubanoreke. C TOYKH 3pe-
HUSA OGUOJIMOTEYHOTO XO35MCTBA pa3yMHO MMETh BO3MOXHOCTb HAUTH KHUTY B
OHOMHOTEKE, T. €. TIPOU3BECTH HABUTALIMIO OT 0OBEKTa-OMOIMOTEKH K CBSA3aH-
HBIM C HUM 00beKTaM-KHHUraM. OmIHaKo Bpsi JIM OTpeGyeTcs Mo TaHHOMY 3K-
3eMILISIDY KHUTH Y3HaTb, B KaKoil OMOIMOTEKE OHA HAXOAUTCS. *

OrpaHunuyeHuns LenocTHOCTU M a3bik OCL

Kak yxe oTMe4dasioCh, B IMarpaMMax KjiacCOB MOTYT YKa3bIBaThCsl Orpa-
HHYEHMS 11eJIOCTHOCTH, KOTOPHIE TOJIKHBI OAIEPXUBATHCS B ITPOEKTHPYEMOMH
B1. B UML nonyckaiorcs ABa crnocoda onpenejicHUs OrpaHUdeHHMii: Ha ecTe-
CTBEHHOM s3bIKe M Ha s13bike OCL. Ha puc. 10.13 nokazaHa npocTasi fuarpaM-
Ma KJIaCCOB CTYIEHT H YHMBEPCUTET C OTPAaHUYEHHEM, BLIDAXKEHHBIM HA €CTe-
CTBEHHOM SI3BIKE.

B nanHoM ciy4ae HaKjaablBaeTCs OrpaHHYEeHHE Ha COCTOSIHIE OOBEKTOB
KJIACCOB CTYIEeHT M YHMBEpCUTET, BXOASIIUX B OMMH 3K3eMIUTSAP aCCOLMAIIUH.
O0BeKT Kiacca CTy IeHT MOXET BXOJUTh B 3K3eMIUISIP CBI3H C OOBEKTOM KJ1ac-

CTyneHT .. VEmMBepCcUTET

CTUrleHousa MakCcCTUreHous
MUHC TUTTeHOUS

(CTYOEeHT . CTUIIEEAMA HOJIKHO
HaXOfUTHCA B OMIIA30HE MEeXRAY
YimpepcureT . MHCTHIIEHINUA U
VHMBEPCUTET . MaKCCTUIIEHINA )

Puc. 10.13. OrpaHuyeHue, BIpAXEHHOE Ha €CTECTBEHHOM SI3BIKE

* C TouKY 3peHns penssiHoHHbIX BJl accoumaly ¢ ofHOHanpaBIeHHOH HaBUralMeld MOXHO CUH-
TAaTh yKa3aHHEM Ha HeOGXOIUMOCTh OrpaHHYeHHsT BUTUMOCTH 06beKTOB BJI. CooTBetcTBYIOIIYIO
(HO cylecTBeHHO Gojiee 061ry10) Bo3MOXHOCTb B SQL-opueHTHpoBaHHHIX B/l oGecnieunBaeT Me-
XaHW3M TpeacrtasneHuii (view). [lonpo6Hee 06 3TOM CM. B CIEAYIOLMX JIEKLIUSIX.
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Kypc OcHoBbl 623 faHHBLIX

€a YHuBepcuTeT TOJAbKO IPH YCIOBHUU, UTO pasMep CTUIIEHAUMH JAHHOIO CTy-
JEHTa HAXOAHUTCA B AHANIA30HE, JOITYCTUMOM B JAHHOM YHHUBCPCHUTETC.

O6uiaa xapaKkTepucTuka a3nika OCL

Bbonee TOUHBI M NAKOHMYHBIA CrIOcoO (HOPMYTHMPOBKM OrpaHMUCHHH
obecneunBaeT s3Ik OCL (Object Constraints Language). Bot ob1iias xapakre-
PUCTHKA 3TOTO A3BIKA.

M3 sa3sika UML* B OCL 3aMMCTBOBaHbI, B IEPBYIO OUYEPEb, CICIYIOIIHE
KOHLENLHHN:
® xJiacc, aTpuOyT, onepaLus;
® 00BEKT (IK3eMIUIAP KIacca);
® aCCOLHMALIMSA;
® THUII JaHHBIX (BKJIIOYasi HA0op mpeaonpeneneHHbIX TUTIOB Boolean, Integer,

Real u String);
® 3HayeHMe (IK3EMIUISIP TUMA JaHHDIX).

Jns noHnMmanus si3bika OCL cyiectBeHHBI onpedensieMbsle B UML Tpa-
IULMOHHDBIE IJIsi OOBEKTHBIX MOJENeH JAaHHBIX Pa3Iddds MEXAYy OOBEKTOM
HEKOTOPOTO KJlacca U 3HAYEHHEM HEKOTOPOTrO THUMA:
® 00BEeKT 00J1aaeT YHUKAIBHBIM HIEHTH(HKATOPOM U MOXET CPaBHHBAThCS

C IpYrMMH 00BEKTAMM TOJIBKO 0 3HAYEHHIO UAEHTH(UKATOPA; CJIEACTBUEM
3TOTO ABJAETCS BO3MOXHOCTDb OTIPEACICHHSI ONEpalMil Hai MHOXECTBaMU
00BEKTOB B TePMHUHAX UX HAEHTHU(PUKATOPOB**;
® 00BEKT MOXET OBITh aCCOLIMUPOBAH Yepe3 OMHAPHYIO CBSA3b*** ¢ IpYTUMU
o0beKTaMH, YTO Mo3BoyisieT onpeteanTb B OCL omepauMio mepexoma OT
IAaHHOTO OOBEKTA K CBA3AHHBIM C HUM OOBEKTaM;
® B TO e BpeMs 3HAYCHHE ABIAETCS «UUCThIM 3HAUYCHHUEM» B TOM CMBICJIE, YTO:
® TpH CPaBHEHUM IBYX 3HAYEHHI TTPOBEPSAIOTCS CAMM ITH 3HAUECHMUS
= KpOME TOTO, 3HAYEHMS] HE MOTYT y4acTBOBATh B CBS3fX, IMOCKOJIbKY
TIOHSITHE CBSI3H OTIPEEIEHO TOJIBKO /ISl OOBEKTOB KJIACCOB.

B nononHeHMe K ckasapHbimM TUTIAM JAHHBIX, 3aUMCTBOBAaHHBIM U3 UML,
B OCL npenonpeneneHsl cmpyKnypHbie TUTIBL, KOTOPBIE SBISIOTCS Pa3HOBHI-
HOCTSIMU THHOB KOJUIEKUMH (collection):

* MamemamuuecKkoe MHoXcecmao (set), HEyopsnoOUYeHHass KOJUIEKLHUS, HE CO-
Jepxailasi OAMHAKOBBIX 3JIeMEHTOB,;

* Xots s13p1k OCL hopmanbHo cuuTaeTcst 4yactoio UML, OH cienMgHLIMpoBaH B OTAETLHOM JI0KY-
MeHTe, B KOTOPOM TIPUCYTCTBYIOT CCHUIKH Ha JIpyTHe YacTd cneudduxauun UML, a Taxxe BBO-~
JIATCSI COOCTBEHHbIE TIOHATUSA U OTIPEJIEIEHUS.

** CnemyeT 3aMETHTb, YTO HH B cnieuduxaiud UML, HU B onmHcaHUM KakoH-Tu6o Apyroi o0s-
€KTHOM MOJe/TH HUKOT/IAa IPSIMO He TOBOPHTCS, YTO B ONEpaliMAX HaJ MHOXECTBAMHM OOBEKTOB B
NENCTBUTENbHOCTH YYACTBYIOT HAeHTUGHKATOpH 00beKkTOB. HO Jpyroro moHMMaHMs He CYIECT-
BYET.

*** O6paruTe BHUMaHuUe, 4To xo1s1 B UML nonyckaiorcs n-apHuie cBsizu, B OCL peyb uueT Tob-
KO 06 yXe NpUBBMHOM A1 Hac GMHAPHOM BapuaHTe.
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Nekuma 10 Ouarpammebl knaccos a3bika UML

* myabmumnoxncecmeo (bag), HEYNOPSAOYEHHAS KOJUIEKIIUS, KOTOpask MOXET
COAEPXATh MOBTOPSIOIIMECS 3JIEMEHTDI -TyOJIMKATHI;

® nocredosamensrHocms (SequUence), ynopsaouYeHHas KOJUIEKIUs, KOTOpasi MO-
XET COAECPXaTh 3NEMEHThI-AyOJIUKAThI. *

B OCL aneMeHTaMM KaXRXOTO U3 TPEX TUIIOB KOJUIEKLIMH MOTYT ObITh JIN-
00 00BLEKTHI, THOO 3HAYEHHUS.

S3pik OCL nipenHa3HadeH, TAaBHBIM OOpa3oM, [UIsl OMpeNeieHUsl orpa-
HUYEHHH 1IEJIOCTHOCTH JaHHBbIX, COOTBETCTBYIOIIHX MOJAEIH, KOTOpas Ipei-
CTaBJicHa B TepMHHax guarpaMmbl kjiaccoB UML. OCL MoxeT npUMEHATLCS
JIs1 OTIpeie/IEHUsI OTPaHUYEHHWH, OMTUCHIBAIOLIMX MTPE- U ITOCTYCIOBHS OIlepa-
LM KJIACCOB, U OrPAaHWYECHHI, TPEACTaBIAIONINX co00i MHBapHaHThI KJIac-
coB. I1pu npoexTHpOBaHWH PEMSLIMOHHBIX 623 JAaHHBIX BO3MOXHOCTD OIpelac-
JIeHHs TIpeli- U TIOCTYCJIOBHH orepalivii Bpsili TH MOXET 0Ka3aThCs CYILIECTBEH-
Hoi**, C TOYKH 3peHHS OTPEACICHHS OTPAHHYEHUH LIEIOCTHOCTH 0a3 JTaHHbIX
0oJiee BaXHbI CPEACTBA OINPEACICHHUSI HHBAPHAHTOB KJIaCCOB.

UuBapuaHT Knacca

ITon uneapuanToM Kiacca B OCL noHuMaeTcst yC/IOBHE, KOTOPOMY IOJIXHbI
YIOBJIETBOPATD Bce 00bEKThI AAHHOTO Kilacca. Eciii roBoputs 60Jiee TOYHO, MHBapH-
aHT KJIacca — 3TO JIOTMYECKOE BHIPAKEHHE, BBIMUCIEHHE KOTOPOTO A0JDXHO NABaTh
frue TIpY CO3MAHUM JIIOOOTO 00BEKTA IAHHOTO KJIACCa M COXPAHSTh UCTUHHOE 3HAYE-
HHE B TEUEHME BCEr0 BPEMEHH CYLIECTBOBaHMSA 3Toro o0bekTa. Ilpu onpeaeneHun
WMHBApUaHTa TPeOYETCS YKa3aTh UM KJIACCA M BhIpaXKEHHE, OTIPEIEIISIONIEE MUHBAPH -
aHT yKa3aHHOTO kjiacca. CHHTAKCUYECKU 3TO BHIISANT CIEAYIONIMM 00pa3oM:

context <class_name> inv:
<OCL-BHpaxeHue>

3nech <class-name> SIBISIETCS HMEHEM KJlacca, LISl KOTOPOTO OIpEaesi-
€TCSl MHBAapHUaHT, 1nv — KIIIOYEBOE CIIOBO, TOBOPSLIEE O TOM, UTO OTIPENEIISAETCS
HMMEHHO MHBApHaHT, a HE OrpaHUYEHHE APYTOro BUIA, U context — KIIOYEBOE
CJIOBO, KOTOPOE TOBOPUT O TOM, YTO KOHTEKCTOM CJIEAYIOLIETO NOC/IE ABOETOUHUSA
OCL-BbipaxeHus ABISIOTCS 00BbEKTHI Kilacca <class-name>, T. €. OCL-Bbipa-
XeHHe JOJDKHO IPUHHMATh 3HAYEHHE frue 1Tsl BceX 00 BEKTOB 3TOTO Kiiacca.

3ameTM, yto OCL sBIsieTcS TUIMM3WPOBAHHBIM A3BIKOM, MO3TOMY Y
KaXIOTO BBIpAXEHHUS MMeETCsl HeKOTOophiil TMT. EcrecTBeHHO, uTo OCL-BBHI-
paxeHHe B MHBapHaHTE KJlacca JODKHO GbITh TJOTHYECKOTO THUMA.

* B KOHTEeKCTE TIpOCKTUPOBAaHUA PeASIIMOHHBIX B/l (eciu He MMeTh B BUAY MCTIONB30BaHHE 00b-
eKTHO-penalIMoHHbIX CYB/1) nociaeaHss pasHOBUIHOCTL THIMA KOJUIEKIMH SBJISETCS GECCMBIC-
JICHHOM, TIOCKOJIBKY B pelslMOHHBIX B/l ynopsimoueHHocTh He nogaepxuBaetcs. [TosTroMy MbI
He OyaeM o6cyXaaTh AeTaly ofepalMil Hal MOCAeA0BaTeIbHOCTSIMH.

** EcJiM cCHOBa He HMeTh B BUITY MCTIOJIb30BaHHE OOBEKTHO-peIsLIMOHHBIX CYB/I.
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B o61ieM cnyyae OCL-BeipaxeHH€E B ONIpeAcICHHH HHBapHaHTa OCHOBBI-
BaeTCs HA KOMIIO3ULIMM OIEpallnii, KOTOPBIM MOCBANICHA 60abLIAs YacThb OIl-
peneneHus A3bKa. B crieduKanny A36Ka 3TH ONEPaliiK YCIOBHO pa3fesie-
HBI Ha CJIEIYIOIINE TPYTIIIHL:
® onepalrH Hajl 3HAYCHHSAMH npeaonpeacneHHbXx B UML (ckansipHBIX) TH-
OB JaHHBIX;
orepalyy Hal o0 bEKTaMH;

OIepaliy HaJ MHOXECTBAMM;

OmnepalUy HaJ MyJbTHMHOXECTBAMY;

OIepalliy Hal MTOCAEA0BATCIbHOCTIMH.
ITocnepoBaTeabHO OOCY UM STH I'PYIIIBI ONEPALIUIA.

Onepauuu Hag 3HavYeHnaMu npegonpeneneHHbIx TUNoB AaHHbIX

Ilonarasi OYeBMIHONH CEMAHTHKY MPEAONPEACTEHHBIX CKAISAPHBIX THIIOB
JAHHBIX ¥ OIepaldii Hal HUMH, OTPAHHYUMCA JIHIIb MX TepeyncieHHeM. B
OCL nopaepXuBaloTCs CACAYIOINE 3aHMCTBOBaHHBIC U3 olpeneneHust UML
CKaJIApHEIE TUIIBI JaHHEIX: Boolean, Integer, Real u String.

Onepauyunn Hag o6bexTamMu

B OCL omnpeneneHsl Tpy oniepaliii Hag OOBEKTAMH:
® MoJyyeHHE 3HaYCHHUs aTpuoOyTa;
® Tiepexo. M0 COSIHHEHHIO,
® BEI30B OMNEpalMH Kiiacca (IIOCHEIHs ONepalusa M LUeNeH MpOeKTHPOBa-
HHS peJssUHOHHBIX B/l HecyllecTBeHHA).
g 3amMcH 3THX TpeX ONepalMii UCIONB3YETCS «TOYEYHAsl HOTALIMS».
Hanpumep, pe3ynsraToM BeIpakeHHUs BHIA

<0BbBEeKT>.<umMs1 aTpubyTa>

SIBJIACTCS TEKYIIee 3HAYCHUE aTpUOyTa C UMEHEM uMst aTpubyTa, €CJIH OOBEKT
HMMeEET TaKOH aTpUOYT. B IpOTHBHOM Cilydae HCIIONIB30BaHUE ITOJOOHOIO BhIpa-
XEHHs IPUBOAUT K BOSHUKHOBEHHIO ONTHOKH THIIA.

Pe3yneraToM NpUMeHEHHUS K OOBEKTY Olepallly Iepexoia 1Mo coeaHHe-
HHUIO (PK3EMIUIAPY CBSI3U-AaCCOLIMALIMH) SBISETCA KOJUICKIIMS, coAepxkalias
BCE OOBEKTHI, KOTOPBIE ACCOLIMHUPOBAHBI C JAHHBIM OOBEKTOM Yepe3 yKa3bIBa-
€MOE COeIHHEHHE. DTO COEMMHEHHE HICHTHDHULIMPYETCS UMEHEM POJIH, IPO-
THUBOIIOJIOXHOM 10 OTHOLICHHIO K JAHHOMY OOBEKTY. TaKMM 00pa3oM, CHHTaK-
CHMC BBEIpAXEHHA Tepexoaa Mo COCMHHEHHIO CICTYIOIIHIA:

<OBBEKT>. <MMsI PONM, MPOTUBOTIONOKEHHON 10 OTHOMEHMO K OBBEKTY>
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Onepauuun Haa MHOXeCTBaMH, MYJIbTUMHOXECTBaMU
U nocnefoBaTeNbHOCTAMMU

B OCL noanepxuBaeTca oOIMPHBIH HAOOP OMnepalii Hal 3HAYEHUAMU
KOJUTEKLIMOHHBIX TUIIOB JaHHBIX. OOCYINM TOJLKO T€ U3 HUX, KOTOPHIE SIBJIS-
10TCS YMECTHBIMH B KOHTEKCTE JaHHOM JeKUUU. CHHTAKCHYECKH OINepaLiiy
Hall KOJUIEKLIMSIMM 3alMCHLIBAIOTCS B HOTAlIMH, aHAJIOTUYHOH TOYEYHOH, HO
BMECTO TOUKH UCTIOIb3yeTCs CTpeaka (— ). TakuM 00pa3oM, OGIIHMI CHHTaKCUC
TIPUMEHEHHA OTIEPAIIMH K KOJUIEKIIUH CIICTYIOIINH:

<KONNEKIMSI> — <UMS OIeparm> (<CrIMCOK QakTUYeCKMX T1apaMeTpOB>)

Onepauunsa select

B OCL onpeneneHbl TpM OTHOMMEHHBIX OTIEpAIIMM select, KOTOphIE 00-
pabaThIBAIOT 3aJaHHOE MHOXECTBO, MYJBTMMHOXECTBO WIH ITOCIIEJ0BaTeb-
HOCTb Ha OCHOBE 3aJaHHOTO JIOTUUECKOTO BHIPAXKCHHUS Haj JIeMEHTaMH KOJI-
JIEKUUH. Pe3ynbTaToM KaxXnoi onepaiuy sABIsieTCd HOBOE MHOXECTBO, MYJlb-
TUMHOXECTBO WIH ITOC/IEA0BATENBHOCTh COOTBETCTBEHHO M3 TEX JIEMEHTOB
BXOMHOM KOJUIEKIHUH, IS KOTOPHIX Pe3YJBTATOM BBIUMCIEHHS JOTHMUECKOTO
BBIPAXKCHHS ABJIAETCS frue.

Onepauunst collect

AHajyioruuHo Habopy omnepaiuii select, B OCL onpeaeneHbl TpH onepa-
1IMM collect, MapaMeTpaMM KOTOPHIX ABJISIOTCA MHOXECTBO, MYJIBTUMHOXECT-
BO WIH [10CJIEA0BATENBHOCTh U HEKOTOPOE BHIPAXEHUE Hall 2JIEMEHTAMM COOT-
BETCTBYIOIIEH KOJUIEKLUUM. Pe3yIbTaToM ABISIETCA MYJIETUMHOXECTBO I OTIe-
palMi collect, ONpeAeNeHHBIX HAJ MHOXECTBAMU U MYJIETUMHOXECTBAMHU, U
TIOCJIEMOBATEIBbHOCTD JJISI ONepaly collect, ONpenejaeHHON Hal IMocenoBa-
TeJILHOCTBIO. TIpH 3TOM pe3yJIETHPYIOLIash KOJUIEKLIHUS COOTBETCTBYIOIIErO THIIA
(XOJIEKLIMST 3HAYCHHUH WM OOBEKTOB) COCTOMUT M3 PE3YJILTATOB IIPUMEHEHHS
BHIPAXEHUS K KAXIOMY JIEMEHTY BXOTHOM KosuteKUuH. Orepaius collect vc-
MOJb3YeTCs, INIABHBIM 00Pa3oM, B TEX CAy4asixX, KOraa OT 3aJaHHON KOJUIeKIIMU
0OBEKTOB TPeOYyeTCS MEPEUTH K HEKOTOPOI APYToil KOJIEKIIUHY OOBEKTOB, KOTO-
DPble ACCOLIMUPOBAHLI ¢ 00BEKTAMM MCXOAHOM KOUIEKLIMH YEPE3 HEKOTOPOE CO-
enyHeHWe. B 3ToM citydae BhIpaXeHHE Hal 3JIEMEHTOM HCXOOHOM KOJUIEKIIHH
OCHOBLIBAeTCA Ha OIIepaLIMU N1epexoaa 1o COSAUHEHHUIO.

Onepaumm exists, forAll, size

B OCL ormpeaeneHb! TpM ONHOMMEHHBIX OMEPAllHU ex1sts Hal MHOXE-
CTBOM, MYJIBTUMHOXECTBOM M IOCIEN0BATENBbHOCTBIO, JOTIOTHUTEIbHBIM T1a-
paMeTpoM KOTOPHIX SIBJISIETCS JIOTUUECKOE BhipaxeHue. B pesynbrate Kaxmoi
W3 3THUX OTEepallii BLIIAETCS e B TOM U TOJIBKO B TOM CIIy4ae, KOraa XOTs Obl
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JUISI OTHOTO 3JIEMEHTA BXOAHOMW KOJUICKLIMH 3HAYCHUEM JIOTHYECKOTO BbBIPAXe-
HUSI IBASIETCST frue. B IPOTHUBHOM CJIydae Pe3yJbTATOM OINEPALMM SIBASETCS
false. Onepauyu forAll OTIMYAIOTCS OT OMEPALMHA exists TEM, UTO B Pe3yJIb-
TaTE KaXIOW U3 HUX BBLIACTCS frue B TOM U TOJBKO B TOM Ciaydyae, KOTOa [Wist
BCEX 3JICMEHTOB BXOJHOM KOJUICKIIUHU PE3YIBTATOM BBIYUCICHUSA JTOTHUYECKOTO
BbIPaXeHUs SABJISIETCA frue. B IPOTUBHOM CJiydae pe3yabTaToOM Ollepaluu OyaeT
false. Onepauusi size NMPUMEHSETCS K KOJUIEKIUH U BBIIAECT YKCJIO COAEPXKA-
IIHUXCS B HEH 371€MEHTOB.*

Onepaywnu union, intersect, symmetricDifference

[TapamerpaMu  ABYMECTHBIX  oOIlepaliMii  union, intersect,
symmetricDifference ABIAIOTCS ABE KOJUTEKIIUH, TpudeM B OCL onepalidy orn-
pelesieHbl IIOYTH JJIS BCeX BO3MOXHBIX KOMOMHALIMH THITOB KOJUIeKIIMH. He 6ynem
paccMaTpHBaTh BCE ONPEACTCHHNS 3THX ONepaliiii M KpaTKO YIIOMSIHEM TOJIBKO JIBE
M3 HUX. Pe3ynbTaToM onepaliM union, ONpeneaecHHON HaJl MHOXECTBOM M MYJIBTH-
MHOXECTBOM, SBISETCS MYJBTHMHOXKECTBO, T. €. U3 pe3yJIbTaTta OObeIMHECHUSI TAKHUX
JIBYX KOJUTEKIIMH AyOIMKATbI HE MCKITIOHAIOTCS. Pe3YJILTaTOM Xe Ofepallvy umnion,
OIIPEACTICHHOM Hall IByMSI MHOXECTBAMH, SBISICTCSI MHOXECTBO, T. €. B 3TOM CIIy4yae
BO3MOXHBIC TyOJTUKATHI JODKHBI OBITh UCKITIOYEHBI.

NMpumepsl HHBapnaHTOB

B saxmouenne o63opa siseika OCL mpuBedeM mpuMepHl YeThIpeX HHBA-
PHAHTOB, BHIPAXEHHBIX Ha 3TOM sI3BIKE. ByneM OCHOBBIBAaThCSl Ha AMarpaMMe
KJIacCoOB, MOKa3aHHoO# Ha puc. 10.14.

ITpumep 10.1

OrnpeneuTh OrpaHHYEHHE «BO3PACT CAYKAILKX TOMXKEeH OBITh O0JbIle 18
¥ MeHbLle 100 eT».

context Chyxaumi inv:
self.BozpacTt >18 and self.BozpacT < 100

YcnoBre MHBapHAHTa HAKJIaAbIBAaeT TPeOYEMOE OrpaHHYEHHE Ha 3HAUCHUS
arpubyTa Bo3pacT, ONPEACIEHHOTO B Kilacce Cinyxaumii. B YCTOBHOM BEIpaXe-
HUHM MHBapHaHTa KJIIOYEBOE CI0BO self 0003HAYaeT TEKyLIMii OOBEKT Kiracca-
KOHTEKCTa MHBapHaHTa. MOXHO CUMTATh, YTO IIPH IIPOBEPKE JAHHOTO YCJIOBHS
OynyT nepeOrpaThCs CYIIECTBYIONIME OOBEKTHI KJlacca Cirykamyit, ¥ U1 KaXII0To
00BeKTa OyIIET IMTPOBEPSTHCS, UTO 3HAUCHHUsI aTpUOyTa Bo3pacT HAXOAATCS B IIpe-
JeNiaxX 3aJaHHOro AuanasoHa. OrpaHUYeHHE YIOBIETBOPSIETCS, €CIM YCJIOBHOE
BhIpaXeHHe MPUHUMAET 3HAYCHUE frue JITS KaXXIOro OOBEKTa KJIacCa-KOHTEKCTa.

* JIng KoJUIEKU M 3HAaYeHMI BO3MOXHO TAKKe MPUMEHEeHHe oNepalluii min, max U avg, BbLIAIO-
HIMX MMHHMAJTbHOE, MAKCHMAIILHOE M CPEIHEE 3HAYE HUE IEMEHTOB KOJUIEKLIMHM COOTBETCTBEHHO.
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Crrymaupit
Orpen
HOMED 1..% 1
OOJIXHOCTE HOMEpD
BO3pacT CITyXammit oTmen ronOCHOBAHUS

ormen | 1..*

KOMITaHUA 1

KoMmanus

MM
rogOCHOBaHUS

Puc. 10.14. JuarpamMma Kj1acCoOB, UCIIOAB3YEMas I MPUMEPOB
Ha si3pike OCL

ITpumep 10.2
Beipasuth Ha g3bike OCL orpaHuyeHue, B COOTBETCTBUM ¢ KOTOPHIM B
oTaE/Iax ¢ HOMepaMHM OoJIblIe 5 TOXKHEI paboTaTh cayxamiue crapuie 30 Jer.

context Ormen inv:
self.nomMep < 5 or
self.cnyxammit — select (Bozpact < 30) — size () = 0

B 3TOM ciiyyae ycJiOBHOE BblpaxK€eHHUE MHBAPHUAHTA OYAET BHIYMCISTHCS
IUTSL Kaxnoro o0bekTa Kjacca Orgen. IloABbIpaxKeHUE CripaBa OT oNepauuM
or BBIYMCISIETCS c¢lieBa HamnpaBo. CHauasia BBIYUCISETCS TOABBIPAXEHHUE
self.cnyxauuit, 3HQYEHUEM KOTOPOTO SBJISAETCS MHOXECTBO OOBEKTOB, CO-
OTBETCTBYIOIIMX CJAYXall[UM, KOTOpbIe pabOTaloT B TEKYILEM oTaele. Hdanee K
3TOMY MHOXECTBY NMPUMEHAETCA ornepauua select (Bospact 30), B pe-
3yABTATE KOTOPOU BLIPAOATHIBAETCA MHOXECTBO OOBEKTOB, COOTBETCTBYIO-
UIMX CIYXalllMM TEKYIEero OTAENa, BO3paCT KOTOPHIX HE TpeBniiaeT 30 JeT.
3HayeHUEM OMEPAUUU size () SBASETCH YUCIO OOBEKTOB B 3TOM MHOXECT-
pe. Bce BolpakeHHe MPUHUMAET 3HAUYCHUE frue, €CNIU TOCIEIHSS OnepaLusl
CpaBHEHHUS «=0» BhIpaOATbHIBAET 3HAYECHUE frue, T. €. €CIM B TEKYLIEM OTIAE/IE
HeT cnyxammx miamgmie 31 roga. OrpaHuyYeHWe B LIEJIOM YIOBJIETBOPSETCS
TONLKO B TOM CJIy4ae, €CJIM 3HAYCHUEM YCIIOBUSI HHBApHAHTA SIBJISECTCA true
VIS KaXJ0ro OTIENA.

ToT Xe MHBAapUAHT MOXHO C(HOPMYIUPOBAaTh B KOHTEKCTE Kilacca
Cnyxaummn;

context ChayXaumi inv:

self.BozpacTt > 30 or self.oTmen.HoMep < 5
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3neck cnemyer o0paTUTh BHUMaHHe Ha MOABbIpAXeHWe self . oTnen.HoMep < 5.
ITockonbKy oTmen — 3TO UMS POJIU COETUHEHUS], 3HAYEHUEM TTOABBIPAXEHUS
self.oTmern ABMsieTCS KOJUIEKIUs (MHOXecTBO). Ho KpaTHOCTh poiiu ormen
paBHa eINHUILIE, T. €. KAXIOMY OOBEKTY CIIYXAIIETO COOTBETCTBYET B TOYHOCTH
omnuH o0bekT oraena. IloatoMy B OCL pomyckaeTcss COKpalleHHas 3aluch
onepaluy self.ormen.HoMep, 3HAYEHHEM KOTODOIA SIBJIIETCS HOMED OTaeNa
TEKYLIETO CIIYXALUETO. )

ITpumep 10.3

OrnpeneauTh OTpaHUYEHUE, B COOTBETCTBUH C KOTOPHIM Y KaXOTO OTAE-
JIa JOJUKeH OBITh MEHEIKED, U JII06OM OTHEN NOJIXeH ObITh OCHOBAaH He paHblle
COOTBETCTBYIOLIEH KOMIIAHUH:

context Ormem inv:
self.cmyxammii — exists (ODOMXHOCTE = “manager”) and
self.xoMmmaHus.rogOcHoBaHusa S self.romOcuHoBauus

3meck OOMIXHOCTh — aTpUOyT Kiiacca Cryxaumit, @ aTpUOyThl ¢ HMEHEM
rogOcHOBaHMS UMEIOTCS M Y KJlacca Orper, M Y Kiacca Kommaunst. B yciaoBHOM
BBIPDAXX€HUM 3TOTO MHBApUAHTA IOABBIpAXEHHUE self.cmyxaumit — exists
(DONXHOCTE = “manager”) 3KBUBAJNIEHTHO BHIDAXEHUIO self.cmyxammin —
select (HomkHOCTEL = “manager”) — size () > 1.Ecau 6w B orpaHu-
YEHUM MBI IOTPeOOBAIU, YTOOBI Y KaxXJ0ro oTaeaa ObL1 TOJBKO OOUH MEHea-
XKep, TO CIeIoBalo Obl HAIIMCATh .. size ()} = 1, ¥ 3TO 6bUIO OBl HE 9KBUBA-
JIEHTHO BapMaHTy C exists.

O6paTuTe BHUMaHHUE, YTO B 3TOM C/IY4ae CHOBA 3aKOHHBIM SIBISIETCA MO~
BBIpaXeHue self.xommanysa.ronOCHOBAHUS, I[IOCKOJBKY KPATHOCTh DOJH
KOMITaHMs B acCOLMallMUM KJIACCOB OTnen M KoMriauus paBHa eJMHULIC.

ITpamep 10.4

VcinoBue 4eTBEPTOro HHBapMAaHTa OTPAHUYUBAET MAKCUMAJIBHO BO3MOX-
HO€ KOJIMYECTBO CIYXAIIUX KOMIMAaHUM yuciaoMm 1000:

context KommaHusa inv:
self.ormen — collect (cmyxamme) — size ( ) < 1000

3meck mone3dHo o6paTHUTh BHUMaHHE Ha HCIIOJIb30BAHME OIEpalluu
collect. IlpocmenuM 3a BhIYMCJICHHEM YCJIOBHOTO BHIpaXeHHs. B Halllem
cJTyyae B KJ1acce KoMauusi BCero OAMH 00BbEKT, M OH ¢pa3y CTAHOBHUTCS TEKY-
muM. B pe3ynabraTe BHIIIOJTHEHHUS ONEpallMU self.ormen OyAET MOJTYy4yeHO
MHOXECTBO 00BbEKTOB, COOTBETCTBYIOIIMX BCEM OTIEJIaM KOMIaHUU. I1pH BbI-
ITOJIHEHUH ONepaliuu collect (cnyxamme) IJIST KAXIOTO 0OBEKTa-0TAENA 10
COeIUHEHHIO ¢ 00beKTaMHU Kjiacca CIVXAINME OyneT o6pa3soBaHO MHOXECTBO
00BEKTOB-CIYKaIlUX JaHHOTO OTAea, a B pe3yJibraTe 6yaer o06pa3oBaHO MHO-
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Jlekums 10 AnarpamMmbl kKnaccos a3blika UML

XECTBO Oﬁ’beKTOB, COOTBCTCTBYIOIIHMX BCECM CJIYXaAIIMM BCEX OTACIOB KOMIMaA-
HHWH, T. €. BCEM CJIYXallUM KOMITAHHUH.

Mnocbl 1 MUHYCBI UCNOJIb30OBaHUA a3bika OCL
npu NPOEKTUPOBaAHUW PeSIILUMOHHBbIX 623 AaHHbIX

Ilmocel 1 MMHYCBI HUCITONB30BaHUs s3bika OCL npu mpoekTHpoBaHUM
persiuMoHHbIX BJI odeBuMOHBI. A3bIK no3BOsseT GOPMATBHO U OXHO3HAYHO
(6e3 IBYCMBICIIEHHOCTE, CBOMCTBEHHBIX ECTECTBEHHBIM SI3bIKaM) OIIPEHEIIATh
orpaHM4eHHs LeJocTHOCTH B/l B TepMHHAX €€ KOHLIENTyaIbHOM cxeMbl. CKO-
pee BCero, HaJIM4Me NMOAOOHOW MPOEKTHOH NOKYMEHTALMU OYIET IMONE3HBIM
U151 conpoBoxaeHU B/1, naxe eciM MpUOETCS Mpeo0pa30BbIBATE HHBAPHAHTHI
OCL B orpaHuueHHU eaoctHocTd SQL BpyuHyto.

K oTpuuarteapHBIM CTOpOHAM Hcnonb3oBaHusg QOCL oTHOCHTCS, TIpexae
BCETO, CJOXHOCTH SI3bIKa M HEOYEBUIHOCTb HEKOTOPBIX €r0 KOHCTPYKIWIA.
Kpome Toro, CTporocTh CHHTaKCHCA U TUHEHHAS ¢opMa S3bIKa B HEKOTOPOM
polie IPOTHBOPEYAT HATJSAHOCTH U UHTYUTHBHOMN SICHOCTH TMArpaMMHOI 4a-
ctu UML. [a, B unBapuanTax OCL MCITONB3YIOTCSA T€ Xe ITOHATHS U UMEHA,
4YTO M B COOTBETCTBYIOIEH NMATpaMMe KIAaCCOB, HO UCMOJIb3YIOTCS COBCEM B
apyroi Manepe. Y nocneanee. TpyaHo n10Ka3aTh WU ONIPOBEPTHYTH KaK Ipefi-
noJjoXeHue, 4To Ha si3bike O CL MOXHO BBIPa3UTh JTIOO0E OTPAHUYEHHE 11EJI0-
CTHOCTH, KOTOPOE MOXHO OIPENeIuTh cpeacTBaMu SQL, Tak u yTBepxiaeHue,
4ro Ha a3sike OCL Henb3q BRIPA3UTh TAKOM MHBAPHMAHT, [T KOTOPOTO OKa-
XKETCSI HEBO3MOXHBIM C(hOPMYJINPOBATH 3KBHBAJIEHTHOE OTPAHUYEHUE 1IENO-
cTHOCTH Ha s3bike SQL. JIM4HO MHe Heu3BeCTHn pPabOThl, B KOTOPBIX ObI
CPaBHMBAJIACh BBIPA3UTENbHASI MOIHOCTD 3THX SI3BIKOB B CBSI3U C OTPAHUYE-
HUSIMU LIEJIOCTHOCTH PEASUMOHHBIX B,

MNonyyeHne cxemMbl pensiLMOHHOM 6a3bl AaHHbIX
U3 auarpammeoi knaccos UML

Ecnu He obpalath BHUMaHUS Ha pa3jiNyUs B TCPMHUHOJOTHH*, TO 3k€Ch
BBIITOJHSIOTCS NTPAKTHYECKM T€ XK€ IIard, 4TO M B C/Iydae npeodpa3oBaHMsA B
cxemy peasguroHHoi b/l ER-auarpammel. IToaTtoMy orpaHMduMcd TOJIBKO He-
KOTOPBIMHM PEKOMEHIAUMIMH, CIIELIM(UYHBIMY IS AHATPAMM KJI4CCOB.

* O4eBUAHBIM aHAJIOTOM K4acca SIBIISAETCS TUIT CYLHOCTH, a aHAJIOTOM C8A3U-aCCOUUalul — CBA3b
B cMbicie ER-monenu. Kcerati, pazimuns u 6ecnopsIoK B TEPMUHOJIOTHHA NEACTBUTENLHO YADY-
4yaloT. B ER-Monenu cea3w (relationship) — 9710 accoyuayus (association) MeXny IBYMS TUIIaMH
cymiHocTH. B UML accouuayus (association) — 310 OAMH U3 BUIOB céa3u (relationship). la ewe 3a-
yeM-To B UML BBe/ieH crielHanbHbIA TEPMHUH Jink Ui 0603HaUYE€HUS 9K3eMILIapa accourauny. ¥
CHOBA XOTeJIOCh ObI MCITOBb30BaTh B KAYECTBE PYCCKOTO DKBMBAIICHTA TEPMHMH C843b, HO OH yXe
6e3HANEXKHO 3aHST, U IPUXOIUTCH MEPEBOMUTS link Kak coedunenue. ITO, KOHEYHO, HE TIPOTUBO-
PEUYMT CMBICITY, HO TOXE OYEHb ILTOXO, ITOCKOJILKY B O01aCTH peliAMoHHbIX Bl TepMUH coedute-
Hue ¥ 6e3 9TOro UMeEET ABa Pa3HbIX CMBIC/IA — ONEPALMM COeTUHEHUS H COeTMHEHMSA C CEPBEPOM
0a3 1aHHBIX. MHe OYeHb XaJTb MepeBOAYHKOB KHHT, mocsAleHHbIx UML.
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Kypc QOcHoBbl 6a3 faHHbIX

Pexomennammsa 1. Ilpexae yem omnpenessiTh B KJaccax onepalunu, Moay-
MaiiTe, YTO BBl OymeTe AejiaTh ¢ 3THMH OIPENCNICHHUSIMHM B Cpele lieJIeBOM
PCYB/1. Ecnu B 3T0# cpelie moaue pXKHUBaIOTCA XpaHUMBIE ITPOIEAYPHI, TO, BO3-
MOXHO, HEKOTOpBIE OIepallii MOTYT OBITh PeaIM30BaHbBl HMEHHO € TIOMOLIBIO
Taxoro MexaHu3aMma. Ho eciu B cpeae PCYB/I noanepxuBaeTcss MeXaHH3M OIl-
penesieMBIX MOJIb30BaTEIAMH (DYHKIIHI, BO3MOXHO, OH OKaXeTcs boee moji-
XOISALINM.

Pexomennamus 2. ITomuuTe, uTo cpaBHUTEIbHO 3¢ dekTBHO B PCYB/]
peaIM3yIOTCH TOJBKO acCOLMALIMMA BUIOB «OJMH KO MHOTMM» U «MHOTHE KO
MHOrMM». EcCliM B CO30aHHOM AMarpamMMe Ki1acCoB MMEIOTCS acCOLMalUMu
«OJMH K OAHOMY», CJIEAYET 3aAyMaThCA O 1IEJIECO00PA3HOCTH TAKOTO MPOEKT-
Horo pelenus. Peanmsauusa B cpene PCYB/I acconManuii ¢ TOYHO 3aAaHHBI-
MH KPaTHOCTSIMH poJiei BO3MOXHA, HO TPEOYET OnpeaeieH|sl JOMOIHUTEIb-
HBIX TPUITEPOB, BBINOJHEHUE KOTOPBIX TOHU3UT 3¢ ¢hEeKTUBHOCTD.

Pexomenpamusa 3. [Ins TexHoyioruu pefsiinoHHBIX B/l arperatHele ¥ B
0COOEHHOCTH KOMITO3MTHBIE aCCOIMALIMK HeeCTeCTBeHHHI. [logymaiite o ToM,
YTO BBl XOTHUTE NMOJYUHUTh B peNissuroHHOM B/I, 00bIBUB HEKOTOPYIO accoIua-
uvio arperatHoi. Ckopee BCEro, HUYero.

Pexomenpamus 4. B cnermpukaund UML roBopHTtcst o ToM, YTO, ompe-
JieJ1s OJHOHATIPaBJIeHHbIE CBA3H, Bbl MOXETE CLIOCOOCTBOBATh 3(PHEKTUBHOC-
TH JOCTYTA K HEKOTOPBIM 00BeKTaM. /IJig TEXHOJIOTUH PeJISIIMOHHBIX 6a3 1aH-
HBIX MOJAEPXKA TAKOTO OOBSIBJIICHUS BBI3OBET JHONOJHHUTEIbHBIC HAaKIadHbIC
pacxoabl M TEM CaMbIM CHU3UT 3(P(DEKTUBHOCTD.

Pexomenaauus 5. He 3noyrnorpe6isiiite Bo3amoxHocTssMu OCL.

Jnarpamme xiaccoB UML — 3To MOIUHBIA MHCTPYMEHT 151 CO3NaHUS
KOHLEITYANBHBIX CXeM 6a3 JaHHBIX, HO, KAK U3BECTHO, BCE XOPOILIO B MEPY.

3aksniouyeHue

Henn3s ckazaTh, 4TO NMPoeKTUpOBaHUE 6a3 JaHHBIX HA OCHOBE CEMAHTH-
YEeCKHUX MoJeJIel B JIIOOM cllydae yCKOpsieT M/HIH YIIPOILAET MpoLece IPOeK-
THUpOBaHHA. Bce 3aBUCHUT OT CJIIOKHOCTH NMPEeAMETHON 00JIacTH, KBATHU(MHUKA-
LIMM TIPOEKTUPOBILHKA M KAYeCTBA BCIIOMOTATEILHBIX TPOTPAMMHBIX CPEACTB.
Ho Tak Wiy HHaye 3Tan JUarpaMMHOTO MOJICTHPOBaHHS 00eCIeUnBaeT Cieay-
IO1LME TIPEUMYILIECTBA:
® Ha paHHEM 3Tare MPOEKTHUPOBAaHMA AO NMPUBA3KH K KOHKpeTHOH PCYB]L
MTPOEKTUPOBILMK MOXET OOHAPYXXUTh M MCIIPABUTH JIOTUYECKHUE HENOYETHI
MPOEKTA, PYKOBOACTBYSICh HADISAHBIM TpadHUeCKUM MNpeACTaBICHHUEM
KOHLIETITYaJIbHOW CXEMBI;

® OKOHYATEJIBHBII BHJ KOHLENTYATBHOM CXEMBI, MOJYyY€HHOH HENOCPEACT-
BEHHO nepe NMepexogoM K (GOpMHUPOBAHMIO PEISITUOHHON CXEMBI, a MOXET
OBITh, M TIPOMEXYTOUHOM BEPCHHM KOHLICNITYAJIbHOH CXeMBI, JOJIKEH CTaTh
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Nekumns 10 JAunarpammbl Knaccos s3bika UML

4YacThlO NOKYMEHTALIMH 11eJieBOil pessaiiMonHoi BJI; HamhuuMe 3TOM JAOKy-
MEHTALIMHY OYEHB ITOJIE3HO TSI COMPOBOXACHUS U, B OCOOEHHOCTH, LIS U3-
MeHeHHUs cxeMbl Bl B CBSI3M ¢ U3BMEHMBIIMMUCS TPEOOBAHUSAMH,;

¢ npu Hcrnonb3oBaHuH CASE-cpeicTB KoHlenTyaibHOe ModelupoBaHHe BJI
MOXET CTaTh YacTbIO BCEro IMpoliecca MpOeKTUPOBAHUS 11eJIeBOH UH(bOpMa-
LIMOHHOM CHUCTEMBI, UTO AO0JXKHO CIIOCOOCTBOBATh MPaBUILHON CTPYKTYpH3a-
MM npotiecca, 3¢ GEKTHBHOCTH U MOBBILIEHUIO KAYECTBA MPOEKTA B LIEJIOM™*,

MBI TaKXe XOTeJIM 1T0Ka3aTh, YTO B KOHTEKCTE MPOEKTHPOBAHHUS PEJISILIH-
oHHBIX BJI CTPYKTYypHbBIE METOABI IPOEKTHPOBAHUS, OCHOBAHHBIC HAa UCITOJIb-
joBaHMKu ER-amarpamMM, 1 o0beKTHO-OPUEHTHPOBAHHBIE METOMbI, OCHOBAH-
HBIe HAa HCTOJIb30BaHMH si3pika UML, pa3nnyaroTcs, maBHbIM 00pa3oM, JIMIIb
tepmuHosiorueit. ER-Moment koHuentyanbHo mpoile UML, B Heil MeHblire
MOHSITHM, TEPMHUHOB, BAPUAHTOB NMTPUMEHEHUSI. M 3TO MOHATHO, MOCKOJbKY
pasubic BapHaHTH ER-Moaesneit paspabatbiBaich UMEHHO ISl MOIAEPXKH
MpoeKTUpoBaHus pensiinoHHbIX BJI, 1 ER-Moaenn modty He coldepXar BO3-
MOXHOCTEM, BBIXOASIILUX 34 MPEAeabl PeaTbHbIX MOTPEOHOCTEl MPOCKTHPOB-
HmMKa peassuioHHoi bll.

A3k UML npuHamiexxuT o0beKTHOMY MHpPY. DTOT MHP Fopaso CIoXHee
(ecsii yroaHo, HEITOHSITHee, 3alyTaHHee) peJsUMOHHOro Mupa. ITockosbky
UML MoxeT Hcnosib30BaThCsl IS YHUHULIMPOBAHHOIO 00BEKTHO-OPHEHTH-
POBaHHOTO MOJEJIMPOBAHUS BCETO YEro YrolHO, B 3TOM SI3bIKE CONEPXHUTCS
Macca pa3jIMYHbIX ITOHSITHH, TEPMHUHOB M BApHAHTOB MCIOJb30BaHMSA, N30bI-
TOYHBIX C TOYKH 3PEHHS TTPOCKTUPOBaHHUSA peistiuoHHbIX BJI. Eciu BbIwie-
HHUTb U3 O0ILIET0 MEXaHM3MA IMarpaMM KJ1acCOB TO, YTO AE€ACTBHUTEIBHO TPeOy-
eTCsl ISl MPOEKTUPOBAHUA PENsIHUOHHBIX BJl, TO MBI MOJYYMM B TOYHOCTH
ER-auarpaMMebl ¢ ApYroii HOTallMed U TEPMUHOJIOTHEHR.

IlosTOMy BHIGOp KOHKPETHOH KOHILIENTYAIBHON MOOEIH — 3TO BOINPOC
BKYyCa H CJIOXMBIIHMXCA OOCTOSITELCTB. [IOHSITHO, YTO €CJIM B OPraHH3alluHi
YK€ UMEETCS CIOXMBIIASACS MHGPACTPYKTypa MPOEKTHPOBAHHSI TPWIOXECHHUM,
TO pa3yMHO NPOAOJIKATb €10 MOJB30BATLCS IO TEX MOP, MOKA 3TO HE CTAHET
topMo3om. IIpn nocTpoeHnM xe HOBOUM MH(MPACTPYKTYPHI CTPATETHIECKHE CO-
0OpaXXeHHs BBICIIErO PYKOBOJACTBA KOMITAHMM HMMEIOT OOJIBIIMKA BeC, 4eM
MPEANOYTEHHUST TEXHUYECKUX CHEIHATHUCTOB, XOTSI 3TH NPEANOYTEHHS TOXE
00513aTeIbHO JOJIKHBI YUUTBIBATHCS.

* XOT$1 3TO HECKONBKO MPOTHBOPEYNT OIHOM M3 MIABHBIX UCXOIHBIX LieJIel PENSLMOHHOTO MOAX0-
na K opranu3auud BJl: ofecne4uTh MaKCUMAIbHYIO HE3aBHCHMOCTD MPHJIOXEHHUS OT CTPYKTYPBI
B/] ¥ yBENHUHTb BO3MOXHOCTB ITOBTOPHOIO UCIIOIb30BAHHUS CYILIECTBYIOIMX 6a3 JaHHBIX [IPH BO3-
HHKHOBEHMH HOBBIX IIpWIoXeHH . C IpYroi CTOPOHBI, 310pOBasi IIparMaTHKa rOBOPHT O TOM, UTO,
He 3a6bIBasi 0 BO3MOXHBIX MOTPEGHOCTAX B GYIyILEM, HYXKHO, MPEXAE BCETO, CTPEMUTECS K 3¢~
(heKTUBHOMY BBIMOJHEHHIO TEKYILIHX 3a0a4.
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Kypc OcHoBbl 633 AaHHbIX

Nekuusa 11. A3bik 6a3 gaHHbIX SQL: o6Wee BBepeHuve,
TUMbI AaHHbIX U CPeACTBa onpeaesieHus AOMEeHOB

OcraBmasica 4acTh 3TOT0 Kypca NOCBAIIAETCHA A3BIKY PeSIHOHHBIX 0a3
Janneix SQL. B kypce 0 pensimoHHbIX §a3aX JAHHBIX HEBO3MOXKHO 000HTHCH Oe3
MaTepHAJIa, KOTOPbIH OTHOCHTCA K 9TOMY A3BIKY. DTO CBA32HO COBCEM He C TeM,
4TO A3BIK NMpe/ICTaBAAET Co00i ocoboe nocTHXKeHHe B 00aacTH peasuuoHnsix B/I,
Hanporus, MHorde 4eprbl SQL, HauHHasA ¢ caMbIX NMepBLIX €ro BAPHAHTOB, MPO-
THBOPEYH/IH TIPDHHIMNAM PEJIALMOHHON MOJE/NH JAHHBIX, 3AJI0XKEHHbIM Darapom
Konnom. C npyroii ctoponsl, cnenndukanms ssbika SQL, no croeii cyru, sapis-
eTcs 3aBepuieHHOH crnenudukanmueii Moje/H JaHHBIX, KOTOPAsA CEroJHs WUrpaer
PoJib CYppOrara pejiiiMOHHOH MOJE/H.

Ecnu 0b1 MbI MONBITAIMCH 000MTHCH B 3TOM Kypce 0e3 00cyXaeHus s3bIKa
SQL, kypc 0b11 ObI MOJHOCTLIO OTOPBaH 0T XU3HH. Ceroansa SQL sBasercs lin-
gua franca B mupe 6a3 nannbix. Murepdeiicol, ocHoBannpie Ha SQL, mogaepxu-
BaIOTCA MOYTH BO Bcex ucnosibdyembix CYB/I, nanexko He Bce H3 KOTOPBIX NMEepBo-
HaYyaJIbHO pa3padaThiBAIMCh KaK pesuHoHHble cucTembl. A noxoxke, yto 3Ta cu-
Tyallus NPH JKH3HH HBIHEIIHETO NMOKOEHUS PAIUKAJILHBIM 00 pa3oM He H3MEHUTCH.
Kpome Toro, s3bIKk caM no cede 10CTATOYHO HHTEepeceH. B HeM Hamien oTpaxeHue
MHOTOJIETHHH NPAKTHYECKHH ONBIT MHOTHX JIi0j1eH, H OH BIUTAJ B ce6s1 MHOTHE NO-
JIOXKHUTeJIbHbIE (M OTPHIATENbHLIE) YePThI APYTHX A3BIKOB M MOIX010B (He TOJbKO
A3BIKOB 023 TAHHBIX H HE TOJILKO PENSIMOHHOTO NMOAX0a).

B nanHoj#i n1eKmnum nocie HeGo IO HCTOPHYECKOI CIIPABKM U KPATKOTO BBE-
JieHHA B CTPYKTYPY A3bika SQL GyayT pacCMOTPEHBI THIbI JAHHBIX, TOIMYCTHMBIE B
s3pike SQL 1 B SQL-0pHeHTHPOBaHHBIX 0a3aX JAHHBIX, 2 TAKKE A3BIKOBbIE Cpel-
CTBa Ompe/IeJieHHA, H3MEHEHHs ONpe/ieIeHHs U OTMEHbI ONpe/Ie/IeHHs JOMEHOB,

Kmouesbie ciopa: s13pIKk 6a3 manHbeix SQL, CYBJ System R, SEQUEL,
SQL/DS, DB2, Oracle, Informix, Sybase, Microsoft SQL Server, craHmapt
SQL/86, cranmapr SQL/89, SQL2, cranmapr SQL/92, SQL/CLI, ODBC,
JDBC, SQL/PSM, SQL3, cranmapr SQL:1999, SQL/Bindings,
SQL/Transaction, SQL/Temporal, SQL/MED, SQL/OLB, SQL/OLAP, ctan-
nmapt SQL:2003, SQL/Schemata, SQL/JRT, SQL/XML, npsamoit SQL, BcTpo-
ennblif SQL, nuHaMudeckuid SQL, 06a30Bbii, NPOMEXYTOUHBIM M MOJHBINA
ypoBHH s3bIka SQL, cucreMa THUIOB s13b1Ka SQL, TOUHbIE YHCIIOBBIC THIIBI,
MpHOIMXKEHHBIC YHCIOBBIE THIIBI, TUTIBI CHMBOJIBHBIX CTPOK, TUITBI OMTOBBIX
CTPOK, THIIbl JAThl M BPEMEHH, THMIIBI BPEMEHHBIX HHTEPBATIOB, Oy/l1eBCKUMH
THII, TUIIbI KOJUTEKIMI, AaHOHUMHBIC CTPOYHBIE THITBI, THITBI, OTIpee/IAeMbIC
MOJIb30BaTe/IEM, CChLIOYHBIC THUITBbI, HCTHHHO IICJIbIE THIIbI, TOYHBIC THIIHI,
JIOTTYCKAlOIINe HATMYKE APOOHOM YacTH, JTUTEPATb THIIOB, TUIIBI BpEMEHH U
BpPEMEHHOUN METKH ¢ BDEMEHHOM 30HOM, TpeX3HaYHast JIOTUKA, TUITBl MacCH-
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JNekums 11 O6Lee BBeACHNE, TUMbI AGHHLIX 1 CPEACTRA ONpeaeneHns I0MEHOR

BOB, KOHCTPYKTOP THIIA MacCHBA, THITbI MYJIETHMHOXECTB, KOHCTPYKTOP TH-
na MyJBTUMHOXECTBA, KOHCTPYKTOP aHOHUMHOTO CTPOYHOTO THIIA, CTPYK-
TYpHbI€ OTpeieNisieMble MO/b30BaTe 1eM THITbI, HHIUBHIYaJIbHbIE Onpeeisie-
MBbI€ TI0JIb30BATEIEM THITBI, THITM3UPOBAaHHASA TabIWLA, CChUIOYHBIE 3Haye-
HU, onpeleneHue JOMeHa, oneparop CREATE DOMAIN, 3HaYeHHe JOMEHa
M0 YMOMYAHUIO, OrpPaHHYEHUE JOMEHA, U3MEHEHHE OMpeeeHus JOMEHa,
onepatop ALTER DOMAIN, OTMEHa OINpeaeseHUs JOMEHa, onepaTtop DROP
DOMAIN, HESTBHbIE MTPeoGpa3oBaHUs TUITOB, MPaBWIa IPUBOIUMOCTH THUIIOB,
SIBHBIE NIPeOOPa30BaHMs THIIOB WIH JOMEHOB, OmepaTop CAST.

BBepneHue

B Hawajie JIEKIIMM MBI NIPEACTABUM HeOGOMbILoM ucTopuueckuil 063op SQL.
A3bIK yxe naneko He mojon. B 2004 1. coobmecTBo 6a3 JaHHBIX OTMETHIIO €T 30-
nerHUi 100Meil. [ToaToMy, YTOOB MPABUIBHO TIOHUMATh U TPAKTOBaTh COBPEMEH-
Hble BapUaHThl SQL, Hy:KHO 3HATh UCTOPHIO SI3bIKA XOTS Obl B OOLLIMX YEPTaX.

Kparkas ucropus a3bika SQL

A3pik SQL, npenHa3HauyeHHBIN TSI B3AUMOICHCTBUS € 6a3aMH JaHHBIX,
TosIBHACA B cepeauHe 70-x TT. (repBble mMybGaukauuy aatmpyiores 1974 1) u
6buT paspaboraH B KoMmrnaHnuu [BM B paMkax IpoekTa 3KCIEPUMEHTAIBHOM
pensnuoHHoit CYB] System R. HMcxomHoe HasBaHue sisbika SEQUEL
(Structured English Query Language) Tonbko 4acTUYHO OTpaXayio CyTh 3TOTO
sa3bika. KoHeuHO, sI3bIK ObUT OPUEHTHPOBAH IJIABHBIM 00pa3oM Ha YOOOHYIO U
MOHATHYIO TOJIb30BaTEIIM (POPMYJMPOBKY 3alpoCcoB K PElasILIUOHHBIM BJI.
Ho, B neiicTBUTENBHOCTH, OH TIOYTH ¢ CAMOTO HAavajla SIBJSICS TIOJHbBIM SI3bI-
koM BJI, obecrieunBaOIIMM TOMUMO CPEACTB (HGOPMYIUPOBAHUS 3aIIPOCOB U
MaHunynmupoBaHus B/ cienyiomiye BO3MOXHOCTH:
® CpelcTBa OMNpENe/ieHUsT U MAHUITyIUpOBaHUs cxeMou BJI;
® cpelcTBa ONpeAeIeHUsI OTPAHUYEHHUH LIEIOCTHOCTH U TPUTTEPOB;
® cpeacTBa onpedeNeHUs npeacraBieHui bJI;
® CpeNCTBa ONpENENECHHUS CTPYKTYD (PHU3NUECKOTO YPOBHSI, TTONAECPXHUBAIOIIHX
3(p(peKTUBHOE BHIITOJHEHHE 3aITPOCOB;

® CpelicTBA aBTOPHU3AIIMU AOCTYIIA K OTHOLIEHUSAM U UX MONSIM™;

® CpelICTBA ONpPEACICHUSI TOYEK COXPAHEHMSI TPAH3aKIIMM W BBIIOJIHEHHSA
(bUKcallM¥ ¥ OTKATOB TPAH3aKILIMH.

B s13bIKE OTCYTCTBOBAIHM CPEACTBA SIBHOM CHHXPOHHU3aLMM JOCTYIIA K OOBbeK-~
TaM BJI co cTopoHbI NMapajUieNbHO BBIMOJTHSIEMBIX TPAH3aKIIMM; ¢ CaMOro Haydana
MPEAIIOIarajoch, YTo HEOOXOMMMYIO CHHXPOHU3ALMIO HesiBHO Bhinonnsier CYBI.

* B 3TOM ab3alle MpUMEHSETCS TEPMUHONOTHS, KOTOPast UCTIONB30BATAch B MyGIUKALIUAX, TOCBI-
LIeHHBIX System R.
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Kypc OcHosbl 623 AaHHbIX

B Hacrostiiee BpeMs s13bIK SQL peanuzoBaH BO BCEX KOMMEPUYECKHUX PEIsi-
oHHbIX CYB/I u noutu Bo Bcex CYB/, KoTophie H3HAYAJIBHO OCHOBBIBAIUCH
HE Ha PesSIIMOHHOM Ioaxone. Bce KOMIaHUK-[IPOU3BOAUTE/M MPOBO3IVIALIA-
10T COOTBETCTBUE CBOEii peausaliuu ctannapty SQL, u Ha caMoM Jienie peaiu-
30BaHHbIe JHaIeKTH SQL oyeHb 0IM3KU. BTOro yaaioch JOOUTRCS HE Cpasy.

Haut6onee 6au3ku K System R ObU1M OBe cucteMbl KOMMaHuM [BM —
SQL/DS u DB2*. PazpaboTunku 0O6eHxX CHCTEM UCTIONL30BAM OTIBIT MPOEKTA
System R, a CYB/] SQL/DS HamnpsiMy10 OCHOBBIBaJIaCh Ha IIPOTPAMMHOM KOJIE
System R. Orcioga npenenbHast 61u30¢Th qUaiekToB SQL, peann3oBaHHBIX B
atux cucreMax, K SQL System R. M3 SQL System R 6bU11 ynajieHbI TOTBKO TE
YacTH, KOTOPBI€ OBUTH HeIOCTAaTOYHO MpopaboTaHbl (HallpuMep, TOYKHU CoXpa-
HEHVS) UK PeaU3allisi KOTOPBIX BHI3BIBAJIA CIUIIKOM OOBIUE TEXHUIECKHE
TPYIHOCTH {HATIPUMEDP, OTPAHMYEHUS LIEIOCTHOCTU U TPUTTEPHI). MOXHO Ha-
3BaTh 3TOT MYTh K KOMMepUYeCKO# peanusauuu SQL nBrxeHueM cBepXy BHH3.

Hpyroii nomxon NpUMeHsUICS B TAKUX CHCTeMax, Kak Oracle, Informix u
Sybase. HecMoTps Ha pa3nuuue B ciocobax pa3pabOTKU CUCTEM, peau3alius
SQL Be3ne npoUcxomuia «CHU3Y BBEpX». B mepBBIX BbINYILEHHBIX HA PHIHOK
BEPCHUSAX 3THUX CUCTEM HCIIOIb30BAJNIOCh OrpaHUYEHHOE MOAMHOXECTBO SQL
System R. B yacTHocTH, B mepBoii u3BecTHOM HaM peaymzaud SQL B CYB]]
Oracle B oneparopax BHIOOPKH HE JOMYCKAJOCh UCIIOJIB30BAHUE BJIOXEHHBIX
MOA3aNpoCOB MU OTCYTCTBOBAJIa BO3MOXHOCThH (POPMYJTHPOBKH 3aIIPOCOB C CO-
€AUHEHHUSIMH HECKOJIBKUX OTHOIUEHUH.

Tem He MeHee, HECMOTPsI Ha 9T OTPAHUYEHUS X HA OYEHB CTaby10, Ha MIEPBBIX
nopax, a¢hextuBHOcTs CYB/I, opreHTalusi KOMNaHUHA Ha MOANEPXKKY Pa3HBIX arl-
MapaTHbIX IWIAaTQOPM Y 3aMHTEPECOBAHHOCTE MO/Tb30BATE/ICH B IIEPEXOIE K PENSILIM-
OHHBIM CUCTEMaM TO3BOJMIM KOMITAHUSIM OOMTHCS KOMMEPYECKOIO ycrexa U
MPUCTYIUThL K COBEPLICHCTBOBAHHMIO CBOMX peaju3aluii. B Tekylux Bepcusix
Oracle, Informix, Sybase u Microsoft SQL Server moaiepxuBaroTcsi JOCTATOYHO
MOIIHBIe qUanekKTel SQL, XoTs peaqn3aniysi HHOTIA BHI3BIBAET COMHEHMS . **

OcobeHHOCThIO O0JBIIMHCTBA COBpEMEHHBIX KoMMepueckux CYB/I, 3a-
TPYIHSIOUIEH CpaBHEHHE CYIIECTBYIOIIUX AUaNieKToB SQL, siBjsieTcss OTCyTCT-
BUE €AUHOOOPA3HOTO ONHCAaHUY SI3bIKa. OOBIYHO OIMHUCAHHUE pa3tpocaHo I10 pas-
HBIM PYKOBOJICTBAM M MEPEMELIAHO C ONTMCAHHEM CIIELU(PHUUECKUX IS TAHHOM

* Kak 310 HM cTpaHHO, koMIaHus IBM, vMeBHIasi yHUKATLHBIN U TONOXUTELHBIN OIBIT peaiu3a-
LIMU 3KCMEpUMEHTaIbHOM pensuMoHHod CYB/l System R, He cTana nmepBoii KOMITaHUEH, BbIITYC-
THUBILIE€H Ha PRIHOK KOMMepuecKyto pesisitMoHHylo CYB/. KoMmnanuiwo IBM onepenuia Ha aBa ro-
J1a He3aloJIro A0 TOro obpa3oBaHHasi KoMMaHuUsi Oracle, BBIMYCTUBHIAS CBOKO IEPBYIO CUCTEMY B
1979 . CoBpeMeHHBIE 3KCIEPTH MO PA3HOMY OOBSCHSIOT NMPUYMHBI 3TOU «3aTOPMOXEHHOCTH»
IBM, Ho, mo Bceii BATUMOCTH, OCHOBHAsI IPUYMHA KPOETCsl B TPAAULIMOHHOM KOHCEPBATU3ME DY-
KOBOJICTBA KOMIAHUH.

** HanmpuMep, OOHO#M U3 BLIMTPHIHIHBIX 4epT SQL System R siBjIsU10CH TO, 4TO B OXTHOI TpPAaH3aKIIMK
pa3peliayioch KOMOMHUpOBAaTh BCe BO3MOXHbBIE orepaTopel SQL. TToCKONBKY TEXHMYECKH 3TO
00€eCMeyuTh JOCTATOYHO TPYAHO, MMOYTH BO BCeX CerogHsAIIHMX SQL-opueHTUpoBaHHbIx CYB]]
HMMEIOTCSl OrpaHU4EHHST Ha COCTAB OIEPAaTOPOB, KOTOPBIE MOXHO BBINONHSATE B OTHON TPAH3AKIIMH.
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CHCTEMBI I3BIKOBBIX CPEJICTB, HE MIMEIOINX MpsIMOro oTHoleHUsI K SQL. Tem He
MeHee, MOXHO CKa3aTh, 4TO 0a30BbIil Habop omnepatopoB SQL, BKITIOYAIONMIHIA
onepaTopsbl onpeneneHus cxembl BJ1, BLIGOPKHY 1 MAaHUITYTMPOBAHUSI JAHHBIMU,
aBTOPU3ALIMM AOCTYIIA K AAHHBIM, MOAIEPXKM BCcTpanBaHUA SQL B A3BIKK Mpo-
TPaMMUPOBAHHS U OTePaTopbl fMHaMuueckoro SQL, B KoMMepuecKux peajimsa-
LUSIX YCTOSUICS U 60Jiee WM MEHee COOTBETCTBYET CTAHAAPTY.

JesiTeIbHOCTD MO CTaHAApTU3alMK A3biKa SQL Havyanack MpaxTHYECKH Ofl-
HOBPEMEHHO C MOSIBIEHHEM €T0 TIEPBBIX KOMMEPUYECKHX peann3anuii. B 1982 1.
KOMMTETY 110 0a3aM AaHHBIX AMEPUKAHCKOTO HAIIMOHAIBHOTO MHCTHTYTa CTaH-
napToB (ANSI) ObUTO MOpYYeHO pa3paboTaTh CreIM(HUKALNIO CTaHAapPTHOIO
A3blKa PENALIMOHHBIX 623 JaHHBbIX. [TepBblit TIOKYMEHT U3 YMC/ia UMEIOLUXCS Y
aBTOpa MPOEKTOB CTAaHAapTa JaTHUpOBaH OKTsIOpem 1985 I u sBIsieTca yxke
He nepBbIM rpoexToM ctaHaapra ANSI. Crangapt 6sut npuHsaT ANSI B 1986 r.,
aB 1987 1. onobpeH MexayHapoaHoit opraHu3anuei no cranaaptusauuu (1SO).
DTOT CTAHIAPT MPUHATO HasbiBaTh SQL/86.

IToHATHO, YTO B Ka4eCTBE OCHOBEI CTAHAAPTa HeJIb3s ObUIO MCIOIB30BaTh
SQL System R. Bo-nepBhIX, 3TOT BApHAHT si3bIKa He ObLT JOJDKHBEIM 00pa3om Tex-
HUYECKH popaboTaH. Bo-BTophix, ero CIMILIKOM CJI0XXHO GBUIO OB peain30BaTh
(XTO 3HaeT, Kak Obl cytoXwiach cyasba SQL, ecu Ob1 Bee MaeM rmpoekrta System R
ObUIM peaiN30BaHbl MOTHOCTHIO). [103TOMY 33 OCHOBY ObLT B34T MUANEKT A3bIKA
SQL, cnoxwmpumiics: B IBM k Hauanmy 1980-x r. B cymiHocTH, 3T0T ManexT npen-
CTaRJSUT CO00M TEXHUUYECKH MpopaboTaHHOE MoaAMHOXeCTBO SQL System R.

K 1989 r. cranmapt SQL/86 6bL1 HECKOMBKO paclIMpeH, U ObUT MOATOTOB-
JEH M MpPUHAT CJAEOYIOUIMA CTaHAapT, NMoJy4YuBLIMi HasBaHue ANSI/ISO
SQL/89. AHanu3 AOCTYIIHBIX JOKYMEHTOB [TOKA3bIBAET, YTO MPOLIECC CTAHAAP-
TH3alMM SQL Mporcxoau o4eHb CIIOXKHO C UCTIONb30BAHMEM HE TOJIBKO Hayy-
HBIX 10BoJoB. B pesynsrate SQL/89 Bo MHOrMX YacTsX MMeET Ype3BBIYAIHO
OOLLIMIA XapaxTep U JOITYCKAET 0YeHb LIMPOKOE TOJIKOBaHUe. B 3ToM craHmap-
T€ MOJHOCTBIO OTCYTCTBYIOT TAKHME BAXHbIE Pa3fiesibl, KaAK MaHHUITYJTHPOBaHHE
cxemoii b1 u nuHamudeckuit SQL. MHorvMe BaxXHbI€ aCIeKTHl sI3bIKa B COOT-
BETCTBHH CO CTaH/IapTOM OIPEeAESISIIOTCS B peain3alun.*

BoamoxHo, HauGoJsiee BaXXHBIMU JOCTHXEHHUIMHU cTaHaapTa SQL/89 sB-
JISIIOTCST YeTKas CTAaHIAPTM3alldsl CUHTAKCHCA M CEMAHTUKH OMNEPaTOpPOB BbI-
GOPKH JaHHBIX ¥ MAHHUITYJIMPOBAHHSA TAHHBIMM U (PHUKCAIIMA CPENCTB OrpaHH-
yeHUs uenocTHocTH BJl. bouin crieundUiiMpoBaHbl CpeACTBa OINpEAE/IEHUS
MEPBUYHOTO M BHELIHUX KJIIOYEH OTHOLIEHHI M TaK Ha3bIBa€MBLIX MTPOBEPOY-
HbIX OrpaHUYCHMH 11€JJOCTHOCTH, KOTOPbIE MPEACTABISIOT COO0OM NOAMHOXE-
CTBO HEMEJIEHHO NMpOBepsAeMBIX orpaHuueHui teaoctHoct SQL System R.
Cpeznctea onpeje/ieHHs] BHEIIHUX KJIKOYEH MO3BOJISIOT jierko (popMyJIHpOBaTh

* D10 NpaKTHYeCKU ODECIIEHUBACT CTAHAAPT C TOYKH 3PEHMS IPOTPaMMHCTOB NMPUJIOXKEHHH 6a3
JAHHBIX, TIOCKOJIBKY He JaeT BO3MOXHOCTH CO3[aBaTh NPWIOXEHHS, HE IPUBSA3aHHbBIE K OCOOeH-
HocTAM KOHKpeTHbiXx CYB/I.
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Kypc OcHoBb! 6233 AaHHbIX

TpeGOBaHHMsI TaK Ha3bIBaeMOIi cchUTOYHOM LenoctHoctn BJI. Bro pacmpoctpa-
HEHHOE B pelsALUMOoHHBIX Bl TpeboBaHUe MOXHO ObLTO CHOPMYIMPOBATH U HA
OCHOBe 00111er0 MexaHu3Ma orpaHuyeHHii enoctHocTd SQL System R, Ho dop-
MYJIMPOBKA Ha OCHOBE MOHSTHA BHEIIHErO Kio4a 0oJiee MpoCTa M IMOHSTHA.

Oco3HaBast HenoJHOTY craHaapta SQL, Ha doHe 3aBepiieHU pa3paboT-
KH 3TOTO CTaHIapTa CIEHHATUCTBI Pa3IMIHBIX KOMIIAHWM Hayaiu paboTy Han
craHgaptoM SQL2. Dra paboTa Takke IUTHIACh HECKOJIBKO JIET, ObUIO BBIITY-
IHEHO MHOXECTBO MPOEKTOB CTAHAAPTAa, II0Ka HaKOHELL B Mapte 1992 . He ObL1
TIPMHAT OKOHYaTeIbHBIH TpoekT ctaHaapta (SQL/92). BroTt craHmapT cylue-
CTBeHHO nojiHee ctaHaapta SQL/89 U oxBaThIBaeT MPAKTHYECKH BCE ACIIEKTHI,
HEOOXOIUMbIE I PeATH3ALMHU TPWIOKCHUN: MaHUITyIUpoBaHue cxeMmoil B,
yIIpaR/ICHHE TPAH3aKIMAMH (TTOSBIJIMCh TOYKH COXPAHEHUA) M CECCHUSIMH (cec-
CHSI — 3TO TIOC/ICOBATEIbHOCTh TPAH3AKIIMIA, B IIPEACIaX KOTOPOil COXPaHSIOTCS
BpeMEHHbIC OTHOLIeHHUA), noakmoueHus K B/, mmnamuyeckwmit SQL. Hakonell,
OBUTH CTAHIAPTH30BaHbI OTHOLIEHMsI-KaTajaord B/I, yro Boo6Iie-To He CBsI3aHO
HETOCPEACTBEHHO C SI3bIKOM, HO OY€Hb CHJIBHO BIMSIET HA peIH3aLHI0.*

B 1995 1. crangapt 6bUT gomnonHeH crieuudHkaiied HHTepdeiica ypoBHs
BeizoBa (Call-Level Interface — SQL/CLI). SQL/CLI npexncrasnsieT co6oii Ha-
60p cneurdHKalUii HHTEpdEHCOB NPOLIEAYP, BHI30BBI KOTOPHIX IO3BOJISIIOT BbI-
TIOJIHSTh TMHAMMYECKH 3aaaBaeMbie oneparopsl SQL. ITo cytu nena, SQL/CLI
NpeACTaBIsgeT cob0i anpTepHaTHBY AuHaMuyeckomy SQL. UnTepdeiicer mpo-
LICOYp ONpeAe/ieHBl I BCEX OCHOBHBIX SI3BIKOB NporpaMmupoBaHust: C, Ada,
Pascal, PL/1 u T n. Cnenyer 3aMeTHTh, uyro cTaHnapt SQL/CLI nocyXwi ocHO-
BOM JUISI CO3[AHMsI TIOBCEMECTHO PaCIpPOCTPAHEHHBIX CErogHs HHTepdheHCoB
ODBC (Open Database Connectivity) u JDBC (Java Database Connectivity).

B 1996 1. k crangapry SQL/92 Obu1 n06GaBjieH €Il ONMUH KOMIIOHEHT —
SQL/PSM (Persistent Stored Modules). OcHoBHasi Liensb 3TOM crieLH(HKALIMH
COCTOMT B TOM, YTOOBI CTAHIAPTH3HPOBATh CIIOCOOBI ONPENeIEHUS H HCTIOJIb-
30BaHUS XPAHUMBIX HPOUedyp, T. €. CTIeLHanbHbIM 06pa3oM o(pOpMIIEHHBIX IIPO-
rpaMM, BKJIOYAIONIMX oneparopsl SQL, KoTopbie COXpaHsaIOTCS B Oase mgaH-
HBIX, MOTYT BHI3BIBATBLCS TTPUIOXEHUSIMH U BHITIONHSIOTCS BHYTpH CYB/I.

Hezanonro go 3aBepiiieHust paboT no onpeaeneHuio ctanaapra SQL2 6bu1a
HauaTa paspabotka craHgapta SQL3. ITepBOHAaYaJbHO IUIAHMPOBAIOCH 3aBEp-
LIHTH MPOEKT B 1995 I M BKITIOYUTD B SI3BIK HEKOTOPBIE OOBEKTHEIE BOZMOXKHOCTH:
oIpeleisieMble TTOTb30BATE/IIMA THITBI JAHHBIX, MONNEPXKY TPUITEPOB, MOI-

* Cpeam npouymx JocTHXeHUH System R Hesb3d He OTMETHUTD TO, YTO B 0a3ax JaHHbIX, YIIPABISIEMbIX
3toit CYB/, XpaHHIHCH KaK JaHHBIEC, TAaK M METAMAHHBIE — ONMUCATENN OTHOLUEHHUM, UX TOJEH,
NpeACTaBIeHUI, OTPaHUYEHHUsT LeJIOCTHOCTH M T.AO. [isi XpaHeHHUs] METaJlaHHBIX MCIIONB30BATHCH
crieLlHalIbHbIE CJIY>KEOHBIE OTHOILIEHUSI, KOTOPbIE CTAIM HA3bIBATh OTHOLIEHUSIMU-KaTaioraMu. U3
OTHOUIEHM I -KATAJIOTOB MOXHO ObUIO BBIOpATh TaHHBIE ¢ MOMOIIBIO OOBIYHBIX CPEACTB A3bika SQL.
KoHeuHo, opraHM3aliis cly>XeOHBIX JaHHBIX — 3TO Bompoc peanusauuu SQL, HO aToT BOmpoc
HEMOCPEACTBEHHO KacaeTcsl MOTeHLUMaNbHBIX Nosp3oBateneil SQL-opuentupoBanHHeix CYB/, u
MO3TOMY CTaHAAPTH3aLMS MpPeACTaBeHUs] MOJB3OBATENIO OTHOLLEHHMH-KATANIOTOB (B CTaHAApTe
SQL, undopMallMOHHOI cXeMbl §a3bl JAHHBIX) ARIAECTCA HCKIIOUMTENILHO BAXKHBIM JIEJIOM.
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JIEPXKY TEMITOPA/IbHBIX CBOMCTB IaHHBIX U T. 1. PeanbHo paboTy Ha/l HOBBIM CTaH-
JApTOM YOAIOCh YACTHYHO 3aBEPIINTH TOJBKO B 1999 1, U mo 310t mpuduHHe (a
TakXe B CBsI3U ¢ npodneMoit 2000 roma) cranmapt noryail HazsaHue SQL:1999.

[IpuBeneM KpaTKyl0 XapaKTEPUCTHUKY TEKYILErO COCTOSIHUSI CTaHIapTa
SQL:1999 u mepcriekTuB ero pa3BuTHs. I[Ipexe Bcero, 3aMeTUM, UTO KaXKAbIi
HOBBIH BapHaHT cTaHIapTa s13biKka SQL ObLT CYIECTBEHHO 0OBEMHEE ITPEabIIY-
mwux Bepcuit. Tak, ecnu cranaapt SQL/89 zanuman oxkosno 600 cTtpaHuL, To
06veM SQL/92 cocrasisut Ha 300 ¢ TMILHUM cTpaHul] 6osbiie. CaMbie mepBble
rpoekThl SQL3 3anuManu okosio 1500 ctpaHHUL. DTO BITOJHE €CTECTBEHHO, 1O~
TOMY YTO SI3BIK YCJIOXHSAETCS, a €ro cleu¢pUKaLMH CTAHOBSTCS 00JIee NeTalb-
HbIMM M TOUHBIMH. Ho pa3pabdoTunku SQL3 mpUIILIH K BBIBOMY, UTO MPH TAKHX
00beMax CTaHAApTAa BEPOSITHOCTb €ro MPUHSTUS U MOCHenylolei yerenrHon
MOJAECPXKH 3aMETHO yMeHbIIaeTcsl. [1oaToMy ObLIO NMPUHSTO pPELIEHHE pa3-
OUTH CTAaHIApPT HAa OTHOCUTEBHO HE3aBUCUMBIE YaCTH, KOTOPBIE MOXHO ObLIO
OBl pa3pabaThiBaTh U MOILAEPXUBATD MO OTACTLHOCTH.

B 1999 r. GbuUTM MpUHSTH MSITH MEpBbIX 4acTeit craHmapTta SQL:1999.
IlepBas uyacte (SQL/Framework) nocpsilieHa OMMCAHUIO KOHUENTYaIbHOMN
CTPYKTYpHI cTaHaapTa. B 3Toil 4yacTH NMpUBOOUTCS pa3BepHyTasi aHHOTALIMS
CIEOYIOIIMX YETHIpEX YacTeil U (GOPMYJIHPYIOTCS TPeOOBAaHUS K PEaTU3aLHsIM,
MPETEHAYIOIIUM Ha COOTBETCTBUE CTAHOAPTY.

Bropast yacts SQL:1999 (SQL/Foundation) o6pa3yeT 6a3uc craHgapra.
BBoguTcsi cucTeMa TUIOB sI3bIKa, (GOPMYJIUPYIOTCsSI NMpaBuia OIpele/IeHHUs
(GYHKLMOHATBHBIX 32aBUCUMOCTE U BOBMOXHBIX KITIOUEH, OTIpEHe/ISIIOTCS CHH-
TAKCHUC U CEMAaHTHKa OCHOBHBIX oneparopoB SQL:
® OMEpaTOPOB ONPEAEICHUS U MAaHHUITYJIMPOBAHUSA CXEMOI 0a3bl JaHHBIX;
® 0ONepaTopOB MAHUIY/TMPOBaHHUSI JaHHBIMH;
® OMepaTopOB YIIPABRJICHUS TPAH3AKIIUSIMU;
¢ OIlepaTopoB YIIPaB/IeHUs MOAKIIOUEHUSIMH K 6a3e JaHHBIX U T. 1.

TpeThio yacTh 3aHUMaeT yTOYHEHHAsI 1o cpaBHeHHIO ¢ SQL/92 cnetindu-
kauus SQL/CLI. B yerBeproii uactu cnietugpuuupyercs SQL/PSM — cuHTak-
CHUC M CEMaHTHKA SI3bIKa OINpeNeCHUs] XpaHUMBIX rpoueayp. Hakonel, B ms-
Toit yvactu — SQL/Bindings — onpenensiioTcst nmpaBuia cBsi3biBaHua SQL mis
CTaHAAPTHBIX BepcHil a3bikoB mporpamMmupoBanuss FORTRAN, COBOL,
PL/1, Pascal, Ada, C u MUMPS.

B cranpapr SQL:1999 nonxHbl ObUIM BOWTH €Il HECKOJBKO YacTEM.
Cpeny HUX crieln¢pHUKALMH CISTYIOIIHX CPEACTB:
® yIIpaBJIeHHE pacrpeneTeHHBIMU TpaH3akiusMu (SQL/Transaction);
® [I0JAEPXKA TEMIOPAIbHBIX CBOMCTB NaHHBIX (SQL/Temporal);
® yTpapieHHe BHEUTHUMU JaHHBIMU (SQL/MED);
® CBSI3bIBaHHE C OOBEKTHO-OPUECHTHUPOBAHHBIMU SI3bIKAMH IIPOrpaMMHUpPOBaA-

Hust (SQL/OLB);
® MOoAJEepXKa ONepaTUBHON aHaTUTHUYecKoH o6paboTku (SQL/OLAP).
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Kypc OcHosbi 6a3 faHHbLIX

B xonue 2003 r. 6bL1 IPUHAT W ONMyOJIMKOBAH HOBHIM BaApUAHT MEXAYHa-
ponHoro cranaapra SQL:2003. MHorHe crienHMaTuCThl CYNTATH, YTO B BApHaH -
Te cTaHpaapta, cienyomeM 3a SQL:1999, Gymyr Bcero Juiub MCIPaBIEHHI
HetouyHocTH SQL:1999. Ho Ha camoM nene, B SQL:2003 cneuucpuiinposaH psia
HOBBIX H BaXHBIX CBOMCTB, YaCTh M3 KOTOPHIX MBI 3aTPOHEM B 3TOM Kypce.

IIpeTepniena HeKOTOphle M3MEHEeHHsA OOLIass OpPraHM3allMsA CTaHOapTa.
Craugapr SQL:2003 cocToUT U3 CleayIOIINX YacTeii:

9075-1, SQL/Framework;
9075-2, SQL/Foundation;
9075-3, SQL/CLI;
9075-4, SQL/PSM;
9075-9, SQL/MED;
9075-10, SQL/OLB;
9075-11, SQL/Schemata;
9075-13, SQL/JRT,
9075-14, SQL/XML.

Yactu 1-4 1 9-10 ¢ HeoOXOAUMBIMH U3MEHEHUAMH OCTATUCH TAKUMH XKe,
Kak ¥ B SQL:1999 (pa3n. 7.4). Yacts 5 (SQL/Bindings) nepecrana cyliecTBOBATh;
COOTBETCTBYIOLIME cHeun(bUKalWN BKIIOYEHH B 4acThb 2. Pasmen vactm 2
SQL:1999, nocesnieHHBIN MHGOPMALMOHHON CXeMe, BBLIEICH B OTIEIbHYIO
yacTb 11. [TosgBrwinch aBe HOBbIE YacTH — 13 M 14. Yacts 13 noaHOCTBIO Ha3bIBa-
ercst «SQL Routines and Types Using the Java Programming Language» («Hc-
TI0JIb30BaHHE MOANporpaMM U TUIoB SQL B si3bIKe NIpOrpaMMHUpOBaHUA Java»).
ITosBlIeHHE TAKOM YACTH CTaHAapTa ONpaBAaHO TIOBBIIIEHHBIM BHHMaHHEM K
SI3bIKY Java cO CTOPOHBI BeylIMX IMpou3Bonuteneii SQL-opHeHTHpOBaHHBIX
CYB/. Hakodeu, niocnenHass yacts SQL:2003 moceduleHa crnelddpHKalnam
SI3BIKOBBIX CPEICTB, NTO3BOJSTIOMINX paboTaTh ¢ XM L-nokymeHTamu B cpene SQL.

Ha moii B3risin, TeKylee COCTOsSIHME Ipoilecca CTaHAapTH3allMK sI3bIKa
SQL oTpaxaeT TeKyllee COCTOSTHHE TEXHOJI0THM SQL-0pHeHTHPOBAaHHEIX 6a3
Ja”HbIX. Benyiue moctaBuimky cooTseTcTBYIOMNX CYB/I (ceromHs 310 KOM-
rmaHuM IBM, Oracle 1 Microsoft) ctapaioTcssi MAKCMMabHO OBICTPO pearupo-
BaThb Ha NOTPeOHOCTH M KOHBIOHKTYPY PbIHKA H PACIUUPSIOT CBOH IPOIYKTHI
BCE HOBBIMM H HOBHIMM BO3MOXHOCTSIMH. OueBHIHA TOTpeOHOCTH B CTaHAap-
TH3alHH COOTBETCTBYIOILMX SI3BIKOBBIX CPEICTB, HO IPOLIECC CTAHIaPTH3ALHH
SIBHO He ITOCIIeBaeT 3a IMPOUCXOASIIUMH U3MEHEHHUAMH.

CrpykTypa a93bika SQL

B maHHO# JeKIIMM MBI HAYMHAEM CUCTeMaTHYECKHM OITUCHIBATH Oa30BbIe
MeXxaHu3Mbl 13bIKa SQL. YTOGHI MOSICHUTD, O KAKOH YaCTH A3bIKa ITOMIET Peyb
B 5TOM M CIEIYIOUIMX JEKIIHAX, 00paTUMcs K puc. 11.1.

A3pik SQL, cooTBeTCTBYWOLIMI TMOcaeIHUM cTaHmapraM SQL:2003,
SQL:1999 (1 maxe SQL/92), — 3T0 04eHb GOTATHII U CJIOXKHBIHA SI3LIK, BCE BO3-
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Mpsmoit SQL

Berpoennsiit SQL

Jwunamugeckuit SQL

Puc. 11.1. OquH 13 crioco00B pasaeneHus si3eika SQL Ha ypoBHH

MOXHOCTH KOTOPOTO TPYAHO Cpa3y OCO3HaTh U TeEM OoJiee MOHATL. [1oaToMy
TIPUXOAMTCS pa3bMBaTh SI3bIK HA YPOBHM, WIM CJIOH, TAKKE, YTO KAXIBIH ypo-
BEHb fA3bIKA BKJIIOYAET BCE€ KOHCTPYKIIMM, BXONAIIKE B O00Jiee HU3KUE YPOBHU.
B cranmapte onpeaensieTca HECKONBKO CIOCOO0OB pa3bMeHMA A3bIKa Ha yPOB-
HU. B oaHoit M3 KiaccudMKalMi s3BHIK pa30UBAacTCA Ha «6a3oéwviil» (entry),
«npomexcymounbiit> (intermediate) v «noanstip> (full) ypoBHM.

Dta KinaccudHUKaldsl OpHEHTHPOBAHA, TIPEXAE BCETO, HAa TIPOM3BOIUTE -
seit CYB/, B xoTopeix mogaepxuBaercs SQL. Pearn3aiusg 6a30Boro ypoBHS
SI3BIKA SIBJISIETCSI OOSI3aTe/IbHEIM YCJIOBHEM XOTS OBl KAKOTO-TO COOTBETCTBMSA
craHaapry. Peanuszaumsi NMpoMEXyTOYHOTO YPOBHS XeJaTelbHA, U OOBIYHO
MMEHHO TaKOM YPOBEHb sI3biKa MONNEPXHUBACTCS BETYIIMMHM KOMITAHHSIMH-
npousBoauteaMu SQL-opuenTnpoBanHeix CYBJl. HakoHel, MOJMHEIA ypo-
BEHb fA3bIKa ABISAETCS LIETbIO, K JOCTHIXKEHHIO KOTOPOH ClIelyeT CTpeMHThCs. B
JaHHOM KiaccubUKaIIMM KPUTEPHUEM OTHECEHUSA TOM JIM HHOM BO3MOXHOCTH
sI36IKa K HEKOTOPOMY YPOBHIO SIBJISICTCS OLIGHUBaeMasi CO30aTeIsIMU CTaHIap-
Ta SQL (Gosblas 4acTh KOTOPHIX SIBJIAETCA COTPYOTHMKAMM BEIyIIHX KOMIIa-
HU#, npousBomsaiiux SQL-opueHTpoBanHele CYDBJI) TexHMuecKas CIIOX-
HOCTb peaiM3alliud 3TOH BO3MOXHOCTH. KoHeuHo, Takasa KiaccHbHKaLMA
BaXXHa M IS TIPOTPAMMHCTOB TIPWIOXEeHHH 0a3 JaHHBIX, HO TOJBKO IS TOTO,
YTOOBI OLICHHTH PeAIbHBEIC BO3MOXHOCTH KOHKpeTHOH CYB/I. Jna nmoHuMa-
HUA s13p1ka SQL 310 pa3bueHue HAa YPOBHH HECYIIECTBEHHO.

Hpyrast K1accugpMKaims mokasasa Ha puc. 11.1. Cpeay BceX KOHCTPYKIMM
s13p1IKa SQL MOXHO BBIIEIMTE TAKHE KOHCTPYKIIMH, KOTOPbIE MOXHO HCIIOIb30-
BaTh IIpH «npamom» (direct) B3aMMOIEHCTBUU KOHEUHOTO TioJib3oBaresisa ¢ CYB/I
(HampuMep, B MHTEPAKTUBHOM DEXWME). B HEKOTOPOM CMBICIIE 3TOT YPOBEHD
TAKXKE SBISACTCS DA30BBIM, MTOCKOJIBEKY COOTBETCTBYIOIIIHUE CPEACTBA A3BIKA B Ha-
ubonbIei CTEMEHW OTPaXaloT ero OPMEHTUPOBAHHOCTh Ha paboTy ¢ MYJIETHM-
HoxecTBaMM. Ha crienylonieM ypoBHE, YPOBHE «gcmpausedemozo» (embedded)
SQL, sA3BIK paciIMpseTcss KOHCTPYKIIMSIMM, TTO3BOJISIIOIIMMHM MCIIOIB30BaTh BO3-
MOXHOCTH ITpsiMoro SQL B nporpaMMax, HallTMCaHHBIX Ha TPAIULIMOHHBIX SI3bI-
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Kax nporpaMMHpoBaHHs. HakoHell, Ha YpOBHe «dunamuyeckozo» (dynamic) SQL
BO BcTpauBaeMblil SQL 106aBisioTc KOHCTPYKIIMH, TTIO3BOJISAIOLIME TIPUIOXE~
HusiM obpaiateca K CYB/I ¢ xoHcTpyKuMsaMu nipsMoro SQL, koTophle JUHA-
MMYECKH 00pa3yIoTcs BO BpeMs BBIIIOJHEHHS IIPOrpaMMEI.

Ham kaxercs, yro Bropasi Kiaccudukaius sABisiercss 6ojee Mose3HON
JUIS YUTATENA, TTOCTUrallero ocHoBH si3bika SQL. 1o HammeMy MHeHHIO, 1O-
TTOJTHUTELHBIE BO3MOXHOCTH, TIPHCYTCTBYIOILIME BO BCTPAUBAaeMOM M B IMHA-
muyeckoM SQL, He CIMIIKOM CHIBHO BIMSIIOT HA MOJEJbLHOE TIpe/ICTaBIeHHE
si3pIka. KoHEYHO, BO3MOXHOCTH BCTpauBaeMoro U AuHaMuueckoro SQL Heob-
XOJMMO XOPOLIIO 3HaTh pa3paboTyukam npunoxeHuit SQL-opueHTUpOBaHHBIX
6a3 maHHHIX. Ho TTocko/IbKy 3amadeit 5Toro Kypca He siBisieTcs o0ydeHue uc-
MOJIb30BaHUIO fA3biKa SQL mpu nmporpaMMHpoBaHMM TIPWIOXEHHN 6a3 JaH-
HbIX, MBI He OyJeM 3aTparuBath 5TH TeMbl. OGpaTuMce K TipgMoMy SQL, ripu-
YyeM He B IToJaHoM o0beMe ctaHgapToB SQL:2003 u SQL:1999 (3Toro He 1103B0O-
JIgeT caenaTh o0beM Kypcea). O0CyauM TOIbKO HauboJjiee BAXKHBIE acIleKThI.

B 370i1 nexuuy 06CcyKnaioTca OCHOBHbBIE ACTEKThl CUCTEMBI TUIIOB JaH-
HBIX s3bika SQL ¥ cpencTBa onpeneneHUs JOMEHOB.

3ameuanue: Jlexiu, TToCBsAlIeHHBIE 3Ky SQL, onupaiorcs, raBHEIM

obpaszoM, Ha crasaapt SQL:1999. B Tex ciayuasx, Kxoraa OyayT yrioMu-

HaTbCA JOTNOJHUTEIbHBIE BO3MOXHOCTH, crielu¢pUIINpOBaHHEIE B Hau-

BoJsiee cBexel BepcuM craHaapta — SQL:2003, Mbel 6yaeM SBHO Ha 3TO

yKa3bBaTh. [103TOMY 30€Ch MBI HCMONB3YEM TEPMUHOJIOTHIO CTaHIApTa

(TabauLIbl, CTPOKH, CTOJIOLLI U T. 1.).*

Tunbl AaHHbIX SQL

JaHHble, Xxpadsiuuecss B ctontuax tabmuiy SQL-opueHTHpoBaHHOK a3kl
JaHHBIX, ARJISIOTCHA THIIM3UPOBAHHBIMHU, T. €. IIPEACTABIISIIOT COOOM 3HAYCHUS OfI-
HOIO M3 TUIIOB JaHHBIX, IIPeIONpeae/IEHHBIX B si3bike SQL v onpenenseMbx
NOJB30BaTENIIMU TTyTEM MPHUMEHEHHS COOTBETCTBYIOIMX CDEACTB sA3BIKa. st
5TOTO TIpH OTIPeeICHUN TAOIUIIBI KAKIOMY €€ CTOJ10Iy Ha3HAaYaeTCA HEKOTOPBIN
THI AaHHBLIX (WK JoMeH), U B ganbHeiinem CYB/l nomkHa cieantb, yToOb B
KaXJIOM CTONOLIE KaXA0H CTPOKH KaXI0M TabNMUIIbl TPUCYTCTBOBATH TOJLKO 10~
MyCTUMEBIE 3HauY€HUsI. B 3TOM pasnesie Mbl 0OCYTUM CHUCTeMY TUIIOB si3bika SQL.

Bce nonyctumeie B SQL TUIIBI JaHHBIX, KOTOPLIE MOXHO HCIIOJIB30BaTh
TIPY OTIpENnesIecHUH CTOJIOLIOB**, pa30MBalOTCs HA CAEOYIOIINE KATETOPHU***:

* K coxaneHu1o, IPUXOIUTCS MCIIONBb30BaTh TEPMHUH CMPOKA B JIBYX CMBICTAX: CMPOKa mabauubi
(table row) M cumeoavnaa uru 6umosas cmpoka (character or bit string). IloctapaeMcsl obecreduTs
TIpaBWJIbHOE TOHMMAaHUE CMBICSIAa TEPMHUHA B KOHTEKCTE €r0 UCTIONB30BaHHUS.

** A TaKXKe IIepeMeHHBIX, [TapaMeTPOB ¥ JPYTHX THIHM3MPOBaHHBIX 00beKTOB A3bIKa SQL, koTophie
MBI HE 3aTParuBacM B 3TOM Kypce.

*** B 5TOT CIIMCOK He BKIIOYEH THIT AaHHBIX XML, MOCKONbKY B JaHHOM Kypce BoobGiie He
paccMaTpuBaloTes TIpobaeMs! yripaBieHus 6azamMu XML-JaHHBIX.
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TOYHBIC YHUCJIOBBIE TUIIHI (exact numerics);
TIpUOIVKEHHbIE YUCITOBbIC TUIIBI (approximate numerics),
TUIIbI CHMBOJILHBIX CTPOK (character strings);

THITBI GUTOBBIX CTPOK (bif strings)*;

THUTILI 1aThl M BpeMeHH (datetimes);

THUIIBI BpEMEHHBIX MHTePBAIOB (infervals);

oynesckuit Tun (Booleans);

THITBI KOJUIEKIIUH (collection types);

AHOHWMHBIEC CTPOYHBIEC TUIIBI (AnONymous row types);
THUIIBI, OTIPEAENsieMble TIOIb30BaTeeM (user-defined types);
CCHUIOYHBIE TUIIHI (reference types).

B cTon®11ax Tabimil, onpeaesieHHbIX Ha TIOObIX TUIIAX JaHHBIX, HApsITy CO 3Ha-
YEHHSAMH 3THX TUITIOB, JOITYCKAETCS COXpaHEHWE HEONPENe/ICHHONO 3HAaYCHISI, KO-
Topoe 0003HAYAETCS KJIIOUEBBIM CJIOBOM NULL. B si3bIke onpenesieHo, YTo pe3yJibTa-
TOM BBIpAXEHWI BUOA x a_op NULL, NULL a_op x, NULL a_op NULL siBiasieTcst NULL
JUIS1 BCeX apuMETHUECCKHUX OTiepalivii a_op (+, - U T. [1.), JOITYCTUMBIX [T TUIIA JaH~-
HBIX BhIpAXEeHMsI X (BbIpaXeHUe NULL a_op NULL SIRISIETCS NOTTYCTUMBIM JUIS JTHO-
6o¥i apudMeTHUYECKOH OIepalvy a_op). TakxKe IMo ONpeleleHHUIO TIONaraeTcsi, YTo
3HaUYE€HMEM BbIPAXEHUIA X comp_op NULL, NULL comp_op X, NULL comp_op NULL
JUIsl BCEX OnepaLii CpaBHEHMA (=, #, >, < U T. 1), OIPeAENICHHbIX Il TUIA Bbipa-
XKeHUS X, SIBMSIETCS TPEThS JIOTMYECKOE 3HAaueHHe unknown** (BblpakxeHHe NULL
comp_op NULL SIBISIETCS AOYCTHMBIM U151 JTI000# Oriepaliiy CpaBHEHMST Comp_op).

TO4YHbIE YNCNOBbIE TUMBI

K KaTeropuy TOYHBIX YHUCJIOBBIX TUIIOB B SQL OTHOCSITCS T THUIIBI, 3HA-
YeHHS] KOTOPHIX TOYHO TIPEACTABISIOT YHUCa. TUIbI JaHHBIX 5TOM KaTerOPHHU
pacrnagaioTcs Ha JBE YAaCTH: UCTUHHO LEJIbI€ TUITBI (INTEGER M SMALLINT) U
THIIBI, JOTTYCKAIONIME HATHYMe IpoOHO yacTh (NUMERIC ¥ DECIMAL). Oxapak-
TepU3yeM 5TH THIIbI JaHHBIX 6oJiee MOAPOOHO.
WcTHHHO 11€e/1b1e THIIbI
¢ Tun INTEGER. TUI CIy>XMT I TIpeACTaBIEHUS LIEIbIX Yicesl. TOUHOCTh Yn-
cell (YUCIIO COoXpaHseMbIX OUT) ompenesseTcs B peatu3aumu. [1pu onpene-
JIEHUH CTOJIOLA JAaHHOTO TUIIA JOCTaTOYHO yKa3aTh MPOCTo INTEGER.

¢ Tumn SMALLINT. Ty TaksKe CIYXKUT IS TpeICTaRIeHUs LIENbIX yMces. TOYHOCTh
ornpedesAeTCs B peam3alii, HO OHA He JO/DKHA OBITh OOJIbIIe TOUHOCTH THTIA
INTEGER. I1pu onpenefieHUM CTOJIOLA YKA3BIBACTCS MIPOCTO SMALLINT, ***

* CneuncrKalus MpeaonpeaeieHHOro TUIa JaHHBIX OUTOBBIX CTPOK ObLIa yaajieHa B CTAHAApTE
SQL:2003. Ho mockonbKy 3Ta crielindHUKaLHst TOSIBUIACH TOJIBKO B SQL:1999, MBI COWIN yMeCT-
HBIM OCTaBHMTH B Kypce 00CYXIeHHE 3TOro THIa JaHHBIX.

** CM. HuXe Bynesckuii mun.

*** CrelyeT mOAYEPKHYTh, YTO B cTaHmapTe SQL He onpenenseTcst YUCIo GaifT, 3aHUMAaEeMBIX TIPH
XpaHeHHH B NIaMSTH 3Ha4eHUH LebIx THIoB. He cnemyer aymats, uto B SQL m1st XxpaHeHuUst 3Ha-
YeHHs THIa INTEGER TpeOyeTcst 4eThipe OaiiTa, a SMALLINT TpeOyeT ABYX 6alTOB.
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¢ JluTepanbl TUMIOB LEABIX YUCET NPEACTABISIOTCS] B BUAE CTPOK CUMBOJIOB, U300-
PAXAMOILKX JeCITUYHBIC YMCIIA; B HAYaIe CTPOKH MOTYT IPUCYTCTBOBATH CHMBO-
JIBl «+» WU «-» (€CJIM CUMBOJI 3HaKa OTCYTCTBYET, Moapa3yMeBaeTcs «+»). [1pu-
MEPBI JIMTEPAIOB TUIIOB INTEGER U SMALLINT: 1826545, 876.

TouHble THNBI, JOMYCKAIOLIME HATTHYHE APOOHOH YacTH

¢ Tun NUMERIC. Ha caMoM Aene, 9TO He IPOCTO TUM JaHHBIX, a MapaMeTpu3ye-
Mbiid TUn. [Ipu ompeneneHuM crondbiua MOXHO yKasaTb CHeludUKaLUIo
NUMERIC (p, s),CdepH s — JUTEpAIbBI UCTUHHO LIEJIOr0 TUIA, U D 3a1aeT
TOYHOCTH 3HAYEHUU (YUCIO COXpPaHsSIeMBIX OUT), a s — WIKATXY (YMCJIO Aecs-
TUYHBIX LMD B ApoOHOM yacTH). 3agaBaeMast iKajia He JODKHA OBITh OTPU-
LIATEABHON M HE AOJ/DKHA MPEBBIIATh 3HaYeHUE TOYHOCTH. [Tpu onpeneneHuu
CTOJIOLIA MOXHO MCITONB30BaTh COKpalleHHBIE PopMBl cienubUKaMU TUMA
— NUMERIC M NUMERIC (p). [lepBas dopMa npeanosiaraet UCMONb30BaHUE
TOYHOCTH, OTPEACIACMOE MO YMOJYAHUIO B PEATU3ALUH, U [IKANBl, PaBHOW
HYJII0, a BTOpasi — UCTOb30BAHUE 3aaHHOI TOUHOCTH Y LIKAJIbI, PABHOU HY-
Ji10. JIOIMyCTUMBIE UANA30HbBI 3HAYEHUHA p U S OTIPEACSIOTCS B PETU3aLIUU.

¢ Tun DECIMAL. DTOT TN aHAJIOTHWYEH TUITY NUMERIC. OTIHYIHE COCTOMT B TOM,
YTO €C/IA TIPU OTIPEIENICHUH CTON0LA TUIIa DECIMAL 3a0aeTcsi TOYHOCTD p, TO
Ha CaMOM [igjie UCITOJIb3yeTCs TOYHOCTh m, OMNpefgiseMas B peaid3alui, Ta-
Kast, yTom > p. Hlkana Bcerna yctaHaBIMBAeTCs TaKOM, KaK SIBHO MJIM HESIBHO
(no yMouanuio) 3anaetcsi. [1pu ykazaHuu Tuna cToabua MoXHO UCTIONIb30BaTh
crienuduKaluy DECIMAL, DECIMAL (p) M DECIMAL (p, s).

e JluTepasbl TUIIOB TOYHBIX YMCEJ, HOMYCKAIOIMX HATMYUE APOOHON YacTy,
MPEACTABIAOTCS B BUIE CTPOK CUMBOJIOB, U300paxaloliUX OECATUYHBIE
YHCJia, B HaYyajae KOTOPhIX MOTYT IPUCYTCTBOBATh CUMBOJIBI «+» HIH «-» (€C-
JIM CUMBOJI 3HaKa OTCYTCTBYET, TOAPA3yMEBAETCA «+»), a BHYTPH MOCIEN0-
BaTeJBbHOCTH LU(P MOXET MPUCYTCTBOBATh CUMBOJ «.». [IpuMepkl 1utepa-
JIOB TUIOB NUMERIC M DECIMAL: 125, 26.36.

anﬁnu)KGHHble YUCnoeBble TUMnbl

K kateropuu npubIuKeHHBIX YUCIOBBIX TUIIOB B SQL oTHOCSTCS Te TH-
TbI, 3HAYeHUSI KOTOPBIX MPEACTABISIOT YUCIa NPUGIKEeHHBIM 00pa3oM. [Tpu-
OJIMXKEHHBIE YMCIIa TIPENCTABIAIOTCS B BUZle Napbl <manmucca, nopsidoK>, Tae
MaHmucca COCTOUT U3 3HAYalluX UUdp Yucaa, a nopsadox ONpeaeiseT peaib-
HBIM pa3Mep 4yucia. B peanu3anusix npuOJIMXKEHHBIM YUCIOBBIM TUIlaM SQL
0OBIYHO COOTBETCTBYIOT THIIBI C IUIaBaloleii Toukoi. B SQL nopaepxuBamooT-
Csl TPY BapHaHTa NPUOAVKEe HHBIX YUCTOBBIX TUTIOB.
¢ Tun REAL. 3HaUeHUs] THIA COOTBETCTBYIOT YUCIAM C IUIABAIOLUEH TOYKOMH
OJJMHApHOM TOYHOCTU. TOYHOCTH ONpEAEsISIETCS B pealn3allui, HO OObIYHO
COBMNANAET ¢ TOYHOCTHIO OJUHAPHOM IUIaBaoLel apuMETHKH, TTOJAEPXKHU-
BaeMoOil Ha anmnapaTHoO# ruiatdopMe, KOTopasi UCTIONb3yeTCsl peaTu3aluei.
[Ipu onpeaesieHUU cTOO1IA YKA3BIBAETCS TPOCTO REAL.
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¢ Tum DOUBLE PRECISION. TOYHOCTb 3HAYEHHMH 3TOrO THUIIA OINpeaeIsieTCs B
peaM3allMi, HO OHA JOJXKHA OBIThH OOJIbILIE TOYHOCTH THIA REAL. OBBIYHO
MpUOIMKEeHHBIM yucaaM SQL ¢ 1BOAHON TOYHOCTBIO COOTBETCTBYIOT MOI-
JEP>XXUBAEMBIC aIlllapaTypoi YKcia ¢ IUIABAIOLIEH TOYKOM IBOWHOM TOYHOC-
TH. [IpH onpeaeneHrnH CToaOLA YKA3bIBAETCA MPOCTO DOUBLE PRECISION.

¢ Tun FLOAT. DTO IMapaMeTPU3YEeMBIA THUIT, 3HAYCHHE MapaMeTpa p KOTOpOro
3agaeT HEOOXOOHMYIO TOYHOCTb 3HadyeHUH. Tpebyercsi, 4ToObI peasbHO
obecrieurBaeMast peain3ale TOUHOCTh 3HAUEHHU ObL1a HE MEHbLIE p. Jlo-
IMYCTUMBIH AMANa3oH 3HAYCHUH MapaMeTpa p ONpPEAEsieTCs B peaTM3aLivH.
Ipu onpeaeneHUH cToa0LIA MOXHO YKa3aThb IMOO FLOAT (p), JUOO NPOCTO
FLOAT. B mocienHeM ciny4yae MOApa3yMeBAETCA TOYHOCTb, OINpEAcisieMast
pean3aLMe o YMOTYaHHUIO.

¢ Jlutepanbl NpHUOIHKEHHBIX YUCIOBBIX TUIOB MIPEACTABASIIOTCS. B BUAE JIUTE-
pajia TOYHOrO YUCJIOBOI'O THIA, 32 KOTOPBIM MOTYT CJICAOBAaTh CUMBOJ «E» U
JMTepa 1eaoro yuciaoBoro Tvma. I[IpuMepsl JUTepaioB MPUOIMKEHHBIX
YMCJIOBBIX TUIIOB: 123, 123.12, 123E12, 123.12E12. JIuTepanbHOE BhIpaxe-
HUE XEy MPEICTaBIsSIET 3HAYEHUE x* (107).

Tunbl CUMBOJIbHbIX CTPOK

B SQL onpeneneHbl TpU MMapaMeTPU3YEMbBIX THITA CHUMBOJIBHBIX CTPOK:
CHARACTER (MJiM CHAR), CHARACTER VARYING (MM CHAR VARYING, MM
VARCHAR) M CHARACTER LARGE OBJECT (MM CLOB).*
¢ Tun CHARACTER. 3HaUY€HUSIMH THIA SIBJISIIOTCSI CUMBOJIbHBIE CTPOKH. KOH-

KpeTHBIM Habop AOMYyCTUMbIX CHMBOJIOB OIPEAC/ISIETCS B pealn3allii, Ho,
Kak Mnpaswio, BKIodaeT Habop cumBosoB ASCII. I1pu onpeneneHuH cTono-
112 JOIYCKAETCS UCIOIb30BaHUE crielMPuKalvii CHARACTER (x) M IIPOCTO
CHARACTER. [TocienHH# BapaHT SKBUBAJICHTEH 3a0aHMI0O CHARACTER (1).
IMocne onpeneneHus cron6blia TMna CHARACTER (x) CYB] 6yaer pesepsu-
POBaTbh MECTO JUIST XpPaHCHHUS X CHMBOJIOB 3TOTO CTOJI011a BO BCEX CTPOKAX CO-~
OoTBeTCTBYWOLIEe Tabnuiiel. Ecin, HanpuMep, ompeneneH croidell THhma
CHARACTER (8), U B HEKOTOPOM CTPOKE TaOIHUILIbI B HETO 3aHOCHUTCSI CUM-
BOJIbHAsA CTPOKA IJIMHOM MSATh CUMBOJIOB, TO PEAIbHO OYVIAYT XPaHUTbCS BO-
CeMb CHMBOJIOB, MOCJICAHHE TPH U3 KOTOPBIX OYAYT mpodenamMu**.
¢ Tun CHARACTER VARYING. IIpn ompeneneHuu cTondlia AOMYCKaeTcs Hc-
MoJb30BaHUeE crielM(pUKALMi CHARACTER VARYING (X) M IPOCTO CHARAC-
TER VARYING. [TocneaHu# BapMaHT SKBMBAJICHTEH 3alaHHI0 CHARACTER
VARYING (1). Ecim B HEKOTOpO# Tabnuiie oINpeleasieTcsl CTOA0EI THIIA
CHARACTER VARYING (x), TO B KaX[IOi CTpOKE 3TOM TabJIMILIbl 3HaYeHHUs
* B koHTekcTe NoKanu3auuu SQL-opueHTupoBaHHOi CYB/I (cpeacTsa NOKATU3AlIMK BXOIAT B CTaH-
Japt ﬂ3bIKa) MOXHO OHNPeIENHTE €1lte TPH THIA CHMBOJIEHBIX CTPOK — NATIONAL CHARACTER, NATION-
AL CHARACTER VARYING U NATIONAL CHARACTER LARGE OBJECT. ACEKThl MHTEPHAIlMOHATIU3ALIUY U

JIOKATM3AL[HH COCTARBJSIOT OTIENLHOE H3MEPEHHE s13bIKA U HE OOCYXKAAIOTCS B IAHHOM Kypce.
** MeHHO npobetaMu, a He «nycmaiMu» CHMBOJIAMHU!
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NAHHOTO cTOo01a 6yayT 3aHUMAaTh POBHO CTOJIBKO MECTA, CKOJILKO TpebyeT-
csl JUIS1 COXpaHEHHSs1 COOTBETCTBYIOLIEH CUMBOJILHOM CTPOKHM (HO HM OfHA
Takasl CTpOKAa He MOXET COCTOSATh 00jiee YeM U3 X CHMBOJIOB). *

¢ OmnpeneneH psa onepaluii, KOTOpble MOXHO BBITTOJIHATH Hall CHMBOJIbHBIMU
cTpokaMu. IlepeyrciuM HEKOTOPBIE U3 HHUX.

s Ormepanys KOHKaTeHallMH (0003Ha4yaeTcsa B BHAE «| |») BO3BpaulaeT
CHUMBOJIBHYIO CTPOKY, IPOU3BEACHHYIO IYTEM COEOMHEHHS CTPOK-
OTIEPaHAOB B TOM MOPSIAKE, B KAKOM OHH 33JaHbl.

s DyHKIMS BbIAEIEHHAS MTOACTPOKH (SUBSTRING) NPUHUMAET TPU apry-
MEHTa — CTPOKY, HOMep HauyaJIbHOM NMO3UIIMH U JJIMHY — U BO3Bpalila-
€T CTPOKY, BbIAEJECHHYIO M3 CTPOKM-apryMeHTa B COOTBETCTBHM CO
3HAYEHUSIMM IBYX MOCAECIHUX NTApaMETPOB.

s Dynkuya UPPER BO3BpalliaeT CTPOKY, B KOTOPOIl BCE CTPOYHbBIE OYKBHI
CTPOKHU-apIyMEHTA 3aMEHSIOTCH MPONMHCHBIMU. DyHKIIMS LOWER, Ha000-
POT, 3aMEHSIET B 337IaHHOMU CTPOKE BCE MPOITUCHbBIE OYKBbI CTPOYHBIMH.

s  DyHKuMA onpeeieHUa IMUHbB (CHARACTER_LENGTH, OCTET_LENGTH,
BIT_LENGTH) BO3BpallaeT MJIWHY 33aJJaHHOU CHUMBOJIbHOH CTPOKH B
CHMBOJIaX, OKTETAX WIM OUTaX (B 3aBUCMMOCTH OT BHJAA BBIYMCIISIO-
e PyHKIIMKA) B BUIE LIEJIOTO YHUCIA.

a ODyHkiumMs onpenesieHHs1 NO3ULKMU (POSITION) ompenensieT IepBYIO
TO3MILIMIO B CTPOKE S, ¢ KOTOPOi B Hee BXOOMT 3aJlaHHasi CTPOKa S1
(ecnu He BXOJHWT, TO BO3BpaLllacTCcsl 3HaYEHUE HYJb).

¢ Tum CHARACTER LARGE CBJECT. OTOT THIT JaHHBIX IpeAHA3HAYCH IS OTpee-
JIEHMSI CTOJIOLIOB, XpaHsIIMX OOJbILIKE W pa3HbIe IO pa3MeEpPy IPYIINbl CAUMBOJIOB.
IIpu onpeneneHuy cTosdIa 3anaercs creugukaima CLOB (z), roe z 3amgaer
MaKCUMATbHBIA pa3Mep COOTBETCTBYIOLLEH IPYIITbl CUMBOIOB. MaKCHMAIbHO
BO3MOXHOE 3Ha4eHHE NapaMeTpa z OIpeesIETCS B peIU3alMH, HO, OUEBHMAHO,
YTO OHO JOJDKHO ObITH CYIIECTBEHHO 60JIblile MAKCUMMAJIbHO BO3MOXHOTO 3Ha-
YEHUS IapaMeTpa X, IPUCYTCTBYIOLLETO B THIMAX CHAR M CHAR VARYING.**

o JluTepasibl THIIOB CHMBOJIbHBIX CTPOK MPEACTARISIIOTCS B BUAE MOC/ICNOBATE b~
HOCTei CUMBOJIOB, 3aKJIFOUYEHHEIX B OIMHApHBIC WX ABOMHbBIE KABbIUKU. B riep-
BOM CJTyyae cpeAiy Habopa CUMBOJIOB JIMTEpA/Ia JOITyCKAETCSl HAUTUUME CUMBOJIOB
IBOMHOI KABBIYKH, a BO BTOPOM — CHMBOJIOB OIMHApHOM KaBbMKU. [IprMephl
JIMTEPATIOB CUMBOJILHBIX CTPOK: 'ABCDEF’, 'Ab”“Ctd’, "Fbcdef”, "ab’cdtF”.

Tune! GUTOBLIX CTPOK

B SQL omnpeneieHbl TpU NmapaMeTpU3yeMbIX THIa OMTOBBIX CTPOK: BIT,
BIT VARYING M BINARY LARGE OBJECT (WM BLOB).

* MakCHMMaibHO JONYCTHMAs JUTHHA CTPOK NOCTOSTHHOTO U NIEPEMEHHOTO pa3Mepa (3HAYeHHe Ma-
paMeTpa x) orpenesieTcsl B peaiu3allui.

** [TocKONbKY 3HAUEHHUS Z MOTYT OBITh O4eHb GONBIIMMMU, JOIMycKaeTCsl cOKpallieHHast popMa Ux
3alaHHUs B BHIE nK, nM U nG, TAe n — MOJOXUTENHHOE LIEJI0€ YUCTO, a K, M ¥ G 03HAYAIOT KUA0, Me-
2a Vi 2uza COOTBETCTBEHHO.
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Nekuua 11 ObLwee BBegEHWE, TUNBI AAHHBIX U cpeacrea onpegeneHua 4oMeHOB

® Tum BIT. 3HaueHHUSMH THIIA SBJISAIOTCS OMTOBBIE CTPOKH. [1pu onpeaeneHun
CTOJIOIA JOMYCKAEeTCS UCIOIB30BaHUE crieuduKauui BIT (x) H IPOCTO
BIT. [locnenHuii BapyaHT SKBMBAJIEHTEH 3a1aHmio BIT (1). [Tocne onpenene-
Hus cTonbua ™A BIT (x) CYB/ Oyaer pesepBUpoBaTh MECTO /11 XPAHEHHS X
OUT 3TOrO CTO/6LIa BO BCEX CTPOKAX COOTBETCTBYIOMICH TAOIMLIBL.

¢ Tum BIT VARYING. ITpu onpeneneHuy cTosbla JOMYCKAaeTCs UCITOB30Ba-
HHE TOJBKO CrieliM(pUKalMy 6e3 yMoJluaHus BHaa BIT VARYING (x), rae
3HaYEHHUE X ONpeaecisieT MAaKCUMAIbHYIO JUTMHY OUTOBOM CTPOKH, KOTOPYIO
MOXHO XpaHMTb B TaHHOM CTOJIOLIE.

* Han 6UTOBBIMM CTPOKaMHM omnpelaciicH psia onepauvid. Hekotopeie U3 HUX
MEI PaCCMOTPUM,

s buropas konkaTteHaius (0603HayaeTcs B BHaE | | ), KOTopasi BO3Bpa-
IIAeT PE3YJETHPYIOLIYIO OMTOBYIO CTPOKY, ITOJIYYEHHYIO ITYTEM KOHKA-
TEHALIHH CTPOK-apTyMEHTOB B TOM IOPSIIKE, B KOTOPOM OHH 3aJaHbI.

n  DyHKUWA U3BICYEHHs ITOACTPOKH 13 OUTOBOM CTpoKU. CHHTAKCHC U ce-
MAaHTHKA 3TO# QYHKIIYY WACHTUYHB CHHTAKCHCY M CEMAHTUKE (DyHKLIMH
SUBSTRING ISt CHMBOJIBHBIX CTPOK, 33 UCKITIOUEHHUEM TOTO, YTO INEPBhIi
apryMEHT Y BO3BPALUIAEMOE 3HAUCHHE ABSIIOTCA OUTOBLIMU CTPOKAMM.

» QyHkIMA onpeneaeHUss MIMHBI (OCTET LENGTH, BIT LENGTH) BO3-
BpalllaeT LIMHY 3alaHHOH OUTOBOM CTPOKM B OKTETax WJIM OUTaxX B 3a-
BHCUMOCTH OT BEIOpaHHOH (DYHKLIMH.

s DOyHKUMA OINpeAesICHUsA NMO3ULUMUM (POSITION) ONpEAENseT IEPBYIO
TO3H1IMIO B OGUTOBOI CTPOKE S, C KOTOPOMH B Hee BXOIMT cTpoka S1. Ec-
JI CTpOKa S1 HE BXOIUT B CTPOKY S, BO3BPAMIACTCA 3HAYECHUE HYJIb.

e Tun BINARY LARGE OBJECT. DTOT THII JAHHBLIX NIpEAHA3HAYEH LIS OIpeie-
JICHUS CTOJIOIIOB, XpaHALIMX OOJIBUINE M pa3HBIC 110 pa3Mepy IPYIINLL Oaii-
1oB. Ilpu onpeneneHuu cTonbua 3anaercs crneuudukanus BLOB (z), rae z
3a7JaeT MAaKCUMAJIBHBIM pa3Mep COOTBETCTBYIOHIEH IPyTinbl 6aiToB. C Tex-
HHYECKOH TOYKH 3peHUS TUIIBI CLOB M BLOB ou€Hb NOX0XU. UX pasneneHue
TpeOyeTCs I TOro, YTOOBI MOAYEPKHYTh, YTO 3HAYEHUA THNA CLOB COCTO-
SIT U3 CUMBOJIOB (B YaCTHOCTH, B HUX MOXET OCMBICJIEHHO NMPOH3BOIUTLCS
TEKCTOBBIH TTOMCK), a 3HAYEHHS TUIIA BLOB COCTOAT U3 ITPOU3BOJIbHBIX Oai-
TOB, HE 0053aTEJILHO KOAUPYIOIINX CUMBOJIHL.

e JluTepasibl TUIIOB OUTOBBIX CTPOK IPEACTABIAIOTCSA KAK 3aKJIHUYCHHBIE B O~
HapHBIE KaBbIYKH MTOCJIEAOBATEIBHOCTH CUMBOJIOB «0» U «1», IPEABAPSAEMEIC
CUMBOJIOM «B»; WJIH IIpeABapsieMbIE CHMBOJIOM «X» IOCJIEN0BATEILHOCTH
CHMMBOJIOB, KOTOPbIE H300paXxaloT LieCTHAALATEpUYHBIE 1TU(PHI (3a LH(PpOH
«9» CIIEAYIOT «A», «B», «C», «D», «E» U «F»). [IpyMephI TUTEpATIOB THITOB OU-
TOBBIX CTPOK: B’ 0111001111000111111111", X" 78FBCDO012FFFFA"’ *

*B JIMTEpae BLOB Bcerga JOJDKHO COAEPXAThCA Y€THOE YHCIO LIeCTHAAUATHPUYHbBIX IIMCI)p.
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Kypc OcHosbl 6a3 gaHHbIX

Tunbl AaTbi U BpeMeHU

Bo3MoxHoCTh coxpaHeHHs B 6a3e JaHHBIX HH(GOPMAalIMH O JaTe U BpeMe-
HHM OuYeHb BaXXHa C MPAKTHYECKOM TOYKM 3peHMs. JOCTaTOUHO BCIIOMHHUTH
B30yI0OpPaXHUBILYIO BeCh MUD «1ipoOiiemy 2000 roma», OTHUM M3 OCHOBHBIX HC-
TOYHHKOB KOTOpPOM OBbLUTO HEKOPPEKTHOE XpaHeHWe AarT B 6azax gaHHBbIX. B
crangapre SQL nopmepxke cpeAcTB pabOTHI ¢ JaTOM M BPEMEHEM YaeseTcs
Oosbllioe BHUMaHUE. B 4acTHOCTH, MOIIEPXHUBAIOTCS CTIELIHAJIBHBIE «TEMIIO-
pajibHBIE» THUIIBI JaHHBIX DATE, TIME, TIMESTAMP, TIME WITH TIME ZONE M
TIMESTAMP WITH TIME ZONE. KOpOTKO 0OCYIHUM 3TH THIIbI.
Thn zaTbl
® Tumn DATE. 3HaueHHsl 3TOr0 THUIA COCTOSIT U3 KOMITOHEHTOB-3HAaYeHUI rojia,
Mecslia U JHSI HEKOTOPOM JaThl. 3HaYeHHe rofa COCTOMT M3 YeThIpeX Jecs-
THYHBIX LHUPP U COOTBETCTBYET JIETOMCUYUCIEHHIO OT PoxnectBa XpucroBa
10 9999 1. 3HayeHHe Mecsilla COCTOMT M3 IBYX ACCSITHYHBIX LIM(MP U BapbUPY-
ercs ot 01 mo 12. 3HaueHne HOMepa THS MecsIlla COCTOUT U3 ABYX ACCSITHY-
HbIX LMP u Bapeupyercd ot 01 Ao 31, XoTa 3HaYEHUE MeCsLIA AaThl MOXET
HaKJ1aabIBaTh OTPAHUYEHHUS Ha BOBMOXHOCTb UCTIONb30OBAaHUS 3HAUeHU M HSA
Mecsna 29, 30 u 31. B crangapre SQL He HakansiBaloTCs KaKHe-JTHOO0 orpa-
HMYEHHS Ha BHYTPEHHMIA CTIOCcO0 NpeacTaBIeHus AaT, HCITOIb3YeMblii B pea-
muzaimu. [1pu onpeaeneHUH cToadua TiIa DATE yKa3bIBaeTcs ITpocTo DATE.
¢ JIutepanbl THTIa DATE TIDEACTaBIISAIOTCS B BUAE CTPOKHM «'yyyy-mm-dd’, rae
CHMBOJIHI v, m M d JOJDKHBI M300paXaTh IecITHUHBIE YnuciIa. Hanpumep, -
Tepan DATE ‘1949-04-08' mpencTasiseT Aaty 8 ampenst 1949 r.
THnb! BpeMeHH
¢ Tun TIME. 3Ha4€HHUA 3TOr0 NTapaMETPH30BAHHOTO THUTIA COCTOSIT M3 KOMITOHEH -
TOB-3HAYEHHUI Yyaca, MUHYTBI M CEKYHIBI HEKOTOPOT'O BpEMEHH CYTOK. 3HaueHHe
yaca COCTOMT POBHO M3 IBYX NeCATUYHbIX LIM(PP ¥ Bapbupyercs ot 00 1o 23. 3Ha-
YeHWEe MUHYThI COCTOMT U3 ABYX ASCATHYHBIX M U Bapbupyetcs ot 00 1o 59.
OCHOBHO€E 3HAUEHHUE CEKYH/IbI TAKXKE COCTOMT U3 ABYX LGP, HO MOXET BKIIO-
YaTh JOMTOJHUTEIILHBIE TA(PBI, TIPEACTABISIIOIIME JOJIH CEKYHAbI. TaK uTo B Lie-
JIOM 3HauyeHMe ceKyHAbl Bappupyercs ot 00 1o 61.999... B 3HaueHUW BpeMeHH
TIPUCYTCTBYIOT ABE JIMILIHUE CEKYHBI, ITOCKOJIbKY BceMupHas ciry:x6a BpeMeHu
HHOra N00GARISIET ABE CEKYHIpI K IIOC/eAHEN MMHYTE Ioia IJISi CHHXPOHU3aLUH
MHPOBOI'O BPEMEHH C pealbHBIM. PellicHHe O MOMIePKKE ITUX «BUCOKOCHBIX>
CeKyHJ MMPUHUMAETCS Ha YPOBHE peanuzaimu. Yucio uudp B none ceKyHabl
TaKKe oNpeAessieTcs B peau3aliii. B ctangapre TpeGyercsl TOJIBKO TO, YTOOBI
3TO YMCI0 ObUTO He MeHblle 1ecTH. I1pu onpeneieHnH cTonbua Tiumna TIME Mo-
KeT YKa3bIBaThesl TIME (p) (3HAu4€HME D 33aeT TOYHOCTh TOJIEM CEKYH/IBI) WIH
NpocTo TIME (B 3TOM CJIydae JOJIH CEKYHABI He YUUTHIBAIOTCH).
¢ Jlurepanbl THNa TIME IIPEACTaBASAIOTCS B BUAE CTPOKM TIME  ‘hh:mm-
ss:f...f', rae CUMBOJKBI h, m, s ¥ £ TOJXKHBI H300paXaTbh IECATUYHBIC YHC-
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Nekuma 11 O6ulee BBEAEHWE, TUMBI A@HHLIX U CPeACTBa ONpeaeneHrs JOMEHOB

na. Hanpumep, nutepan TIME ‘16:33-20:333’ OpeaCTaBJISIET BPeMS CYTOK
16 yacoB 33 MuHyTH 20 1 333 THICAYHBIX CEKYHIIBI.
Tunbt BpeMeHHOH MeTKH

¢ Tun TIMESTAMP. 3HA4eHHUS 3TOrO NMapamMeTPU3OBAHHOIO THIIA COCTOSIT M3
KOMIIOHEHTOB — 3HAYeHMI rofa, Mecslla U AHS HEKOTOPOM JaTHl, a TAKXE
KOMMOOHEHTOB — 3HAYCHUA Yyaca, MUHYTHI M CEKYHIBI HEKOTOPOTO BPEMEHU
CYTOK (T. €. KaXI0€ 3HaUeHHeE 3a/1aeT HEKOTOPYIO abCOMIOTHYIO BPEMEHHYIO
METKY — OTCIOJa Ha3BaHME TUMa TIMESTAMP). Unucno mecaTuuHbix Lubp B
3HAYEHHUAX-KOMITOHEHTAX U OTPAHUYECHUS TUX 3HAYEHUH TaKUE XK€, KaK Y
3Ha4YeHMi1 TUNOB DATE u TIME. [1pu onpeneneHun cronbua tumna TIMESTAMP
MOXeT YKa3blBaTbcsl TIMESTAMP (p) (3HaUC€HUE p 3aHA€T TOYHOCTDb AOACH
CEKYHIbI) WIH NMPOCcTo TIMESTAMP (B 3TOM Cjiydyae, B OJIMUME OT TUIIA JaH-
HBIX TIME, ITO YMOJYAHUIO MPUHUMAECTCS, YTO B AOJU CEKYHIbl MCITOIb3Y-
I0TCSL NIECTh ACCATUYHBIX HU(P). MakcMMaIbHO NOMYCTUMOE 3HAUYCHHE D
OIpEHENSACTCS B pEaTU3aALIMH.

e Jlutepasbl THMIIa TIMESTAMP INMpEACTABASIOTCS B BHUIE CTPOKH TIMESTAMP
'yvyyy-mm-dd hh:mm-ss:f...f’, rae CHMBOABI vy, m, d, h, m, s U £ JOJXKHBI
n300paxaTh AecaTU4YHbIe yucaa. HanpuMep, autepan TIMESTAMP ‘1949-
04-08 16:33-20:333' mpeacraB/sieT BPEMEHHYIO MeTKy 16 yacoB 33 Mu-
HyThI 20 ¥ 333 THICAYHBIX CEKYHBI 8 amnpenst 1949 .

Tunbl BpeMeHH H BpeMEHHO# METKH C BPeMEHHOi 30HO0H

e Tun TIME WITH TIME ZONE. DTOT THMI JaHHBIX MOXOX Ha THII TIME ¢ TeM
JIMHIb OTJIUYHUEM, YTO 3HAYEHHUS TUIA TIME WITH TIME ZONE BKJIIOYAIOT 10-
IMOJTHUTEIbHBIH KOMIIOHEHT — 3HAY€HHUE, XapakTepU3yIoIee CMENICHUE CO-
OTBETCTBYIOIETO BPEMEHHU OTHOCUTEJILHO TPHHBUYCKOTO BPEMEHHU (TEMEPh
ero Ha3biBawT UTC — universal time coordinated). Hetancii npeacraBieHus
3TOrO JOIMOJHHUTENIBHOIO KOMIIOHEHTA MbI KAacaThCsl HE OyIeM.

® Tum TIMESTAMP WITH TIME ZONE. OTOT THI XaHHHIX OTIHYAETCS OT THIIA
TIMESTAMP T€M, 4YTO 3HAYCHUA THIIa TIMESTAMP WITH TIME ZONE BKJIIOYa-
10T JOMOJHUTEIbHBINA KOMIIOHEHT-3HAa4YCHHUE, XapaKTEPU3YIOLIEE CMEIICHUE
COOTBETCTBYIOIIETO BPEMEHH OTHOCUTEIbHO I'PUHBUYCKOTO.

Tunbl BpeMEHHbIX MHTEepPBanoB

Boo0i11ie roBOpSI, 8pemerHbiM UHMEPEAi0M HA3BIBAETCS PASHOCTH MEXITY IBY-
Msl 3HAYCHMSIMH JaThl WK BpeMeHu. B SQL onpeneneHbr 1Be KaTeropuy THITOB
BPEMECHHBIX MHTEPBAJIOB: «TOJ-MECSIL» U «I€Hb-BPEMSI CYTOK». BpeMeHHbIe WH-
TepBaJibl A3bIKa SQL He MpUBS3BIBAIOTCS K HAYaJIbHOMY M/WJIH KOHEYHOMY 3HAue-
HMIO JIaThl/BPEMEHH, a OITUCHIBAIOT TOJBKO MPOTSKEHHOCTH BO BpeMEHHU. B 06-
1LIEM CJTyYae MMpH OTpeIENICHUM CTON611Aa TUITA BDeMEHHOTO MHTEPBANIA YKA3bIBACT-
¢ INTERVAL start (p) [ TO end (qg) ], Tk BKAYECTBE «start» U «end» MO-
YT 3a[aBaTkCsl YEAR, MONTH, DAY, HOUR, MINUTE M SECOND. IlapaMerp p 3amaer
TpeOyeMYIO TOUHOCTB JIMIUPYIOLLETO OISl UHTEPBAIA (YUCIIO ACCATUYHBIX LIUDD).
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Kypc

OcHoBbl 633 AaHHBIX

ITapamMeTp g MOXeT 331aBaThCs TOJIBKO B TOM CJIVUAE, KOTAA B KauecTBe end HC-

nosne3yeTcss SECOND, M yKa3blBaeT TOYHOCTD JOJIEH ceKyHIObl. Eciu roBopurs 60~

Jiee TOUHO, BO3MOXHBI CIIEAYIOIIAE BAPUAIMK TUTIOB BPEMEHHBIX UHTEPBAJIOB.

¢ TUIBI KATETOPHUU «TOA-MecAL». MOXHO ONpeleNuTh CTOMOLBI CICTYIOIINX
TUIOB: INTERVAL YEAR, INTERVAL YEAR (p) (3Haue€HMs 5TUX THUIIOB — Bpe-
MEHHBIE MHTEPBAJIHI B rogax), INTERVAL MONTH, INTERVAL MONTH (p) (3Ha-
YEHUS ITUX THIIOB — BPEMEHHBIE UHTEPBAIBI B Mecsi11ax), INTERVAL YEAR TO
MONTH, INTERVAL YEAR (p) TO MONTH (3HaYy€HHS 3THX THIIOB — BpEMEHHBIE
HMHTEPBAJIbI B rojax ¥ Mecsiax). Eciiv 3HaueHUe MmapaMeTpa p He YKa3bIBaeT-
¢Sl SIBHO, 110 YMOTYAHHUIO [IPUHUMAETCS €70 3HAUCHHE «2».

® TUITBI KATETOPHH «I€Hb-BpeEMS CYTOK». IIpH ompeneieHUM cToI01a MOXHO
HUCTIOJIBL30BATh CICAYIOUINE KOMOWHAITUY (IS TIOJTHOTHI IIEPEUMCIIHM BCE):

INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL
INTERVAL

DAY (p},

DAY,

DAY (p) TO HOUR,
DAY TO HOUR,

DAY (p} TO MINUTE,

DAY TO MINUTE,

DAY (p) TO SECOND (q),
DAY TO SECOND (q),

DAY (p} TO SECOND,

DAY TO SECOND,

HOUR (p),

HOUR, INTERVAL HOUR (p) TO MINUTE,
HOUR TO MINUTE,

HOUR (p) TO SECOND (q),
HOUR TO SECOND (q),
HOUR TO SECOND,

MINUTE (p),
MINUTE,
MINUTE (p) TO SECOND (q),

MINUTE TO SECOND (q),
MINUTE (p) TO SECOND,
MINUTE TO SECOND,
SECOND (p, q),
SECOND (p),

SECOND.

Ecy 3HaueHUe napaMeTpa p He YKa3blBaeTcsl ABHO, 110 YMOTYaHUIO TPUHHU-
MaeTcsl €70 3HaUeHHUE «2», 3HaUEHHUEM NTapaMeTpa g 10 YMOTYAHHIO ABJIIETCS «b».
® TIpuBeneM TOIBKO OOUH IIPUMEP JIMTEPAJIA OMHOMN U3 Pa3HOBHIHOCTEH THIIA

INTERVAL: INTERVAL ‘10:20’ MINUTE TO SECOND — BpPEMEHHOM HHTEP-
Baji B 10 MuHyT 1 20 cexyHu.
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Nexumsa 11 Obulee BBeAeHME, TUNbI AHHLIX U CPEeACTBa ONpeaeneHnus JOMEHOB

n;':l é:g::g’;o Onepanus T\;':l ‘;Loﬂl;’; 0 Tun pe3yasrara
Datetime - Datetime Interval
Datetime + WIHN - Interval Datetime
Interval + Datetime Datetime
Interval + WIH - Interval Interval
Interval * WK / Numeric Interval
Numeric * Interval Interval

e Hap 3Haue HUSIMH TEMITOPAIBbHBIX THIIOB MOTYT BBLITTOJTHSIThCSA apHdpMeTHYec-
KHe OIlepalH, CMBIC KOTOPHIX OTIpeJesIAeTCsA Cleayioluei TabuIei:

3HayeHUsI TUIIOB JAHHBIX BpeMeHHbIX HHTEPBAIOB 00Pa3yIoTCs IIPH Bbi-
YUTAHMH OJHOTO 3HAYEHHS THIIA JAThl WIH BPEMEHH CYTOK M3 JPyroro 3Haue-
HHS COOTBETCTBYIOIIEro THma. I1pu noGarieHHH HHTEPBAJIBLHOIO 3HAYEHHS K
3HAYEeHHIO THIIA JaThl/BpeMEHH 00pa3yeTcss HOBOe 3HaYEHHE TUIIA JaThl/Bpe-
meHnH. KpoMe Toro, 3HaueHHe MHTEPBANTBLHOIO THIIA MOXHO YMHOXAaTh U Jie-
JIUTh Ha YHCJIOBbIE 3HAYEHMS, TTOJTyYast HOBOe 3HaUeHHe HHTE PBATLHOTO THIIA.

ByneBckuit Tun

ITpu onpeneneHuu cToab1a OyIeBCKOro THIA yKa3bIBAETCSI IPOCTO CIIe-
urdukaus BOOLEAN. ByleBCKHIi THIT COCTOMT U3 TpeX 3HAYCHHUIA: true, false n
unknown (COOTBETCTBYIOIIME JHWTEpaibl 0003HauyawTcst TRUE, FALSE H
UNKNOWN). TTopmepxuBaercst BO3MOXHOCTb TTOCTPOEHMST OYJIEBCKHX BBIPAXeE-
HHMH, KOTOpHIE BHIYMCISIIOTCA B TPEX3HAYHOM JIOTHKE. TaOMHMIIBI HCTHHHOCTH
OCHOBHBIX JIOTHYECKHX OTIEpallHii MOKa3aHbI Ha puc. 11.2,

TuUnbl KONNEKUUA

Hauunas ¢ SQL:1999, B s3bIKe MOAAECPXHUBACTCSH BO3MOXHOCTD HCITIONb-
30BaHMSA THUIIOB JAHHBIX, 3HAY€HHS KOTOPHIX SRIISIIOTCA KOJUIEKLIHAMM 3Haue-
HHWH HEKOTODPBIX APYTHX TUIOB. OGHIYHO MO TEPMHUHOM K0AAeK U TOHUMAET-
Cst OIHO U3 CJIENYIOINNX 00pa30BaHMM: MACCUE, CNUCOK , MHOXCECME0 W MYAbmil-
mroxcecmeo. B Bapuante SQL:1999, npunsitoM B 1999 1., ObuTH crieuduLIMpO-
BaHBI TOJILKO THITEI MaccHBOB. B HOBoM ctanmapre SQL:2003 nmosiBWiace cre-
LIMGbHKALIMA THIIA MYJIETHMHOXECTBA.

Thnel MaccHBOB

J1060# BO3MOXHBINA THII MAacCHBa IOJy4aeTCsA MyTeM IIPUMEHEHHA KOH-
cmpykmopa munog ARRAY. Ilpu ompeneneHnHu cronblia, 3HaYEHHS KOTOPOIo

* B crannapre SQL:2003 uMeercs eieayolniee yrouHeHHe: «B 310ii cietmdyKaliiu He npoBOINTCS pas3-
JIYMe MeXIy NULL-3HaYeHHeM GYJIe BCKOTO TUTIA IAHHBIX M HCTHHHOCTHBIM 3HauYeHHeM UKNOWN, sIBJIS -
JOLLMMCS Pe3YJIETATOM BBIMMCIICHHSI TIPEITHKATA, YCIOBHS TIOMCKA WIH GyJIEBCKOTO BBIDAXEHUSA; OHH MO-
YT HCTIO/IB30BAThCA B3AMMO3AMEHSIEMO M 03HAYAIOT B TOYHOCTH OTHO M TO Xe». C MOei TOUKH 3peH s
TaKO¥i IOAXOA BO MHOTOM SIRJISIETCS HEKOPPEKTHBIM, HO 51 He OyIy 31€Ch HA 3TOM OCTAHABIMBATHCA.

221



Kypc OcHoBbl 623 fiaHHbLIX

Puc. 11.2. Ta0bauiibl MCTHHHOCTH OCHOBHBIX JIOTHYECKUX ONEpalui
B TPEX3HAYHOM JIOTUKE

JIOJIXHBI TPHHAAJIEXATh HEKOTOPOMY THITY MacCHBAa, MCIIOJIb3YeTCS] KOHCTPYK-
ums dt ARRAY [ mc 1, rae dt cneuupULMPYET HEKOTOPBIA AOTYCTUMBIH B
SQL Tun gaHHBIX, a mc ABJIAETCA JUTEPAIOM HEKOTOPOTO TOYHOTO YHCJIOBOTO
TUIIA € HYJIEBOM UIMHOM IIKaJIBI H ONpEACIsieT MAKCUMAJIBHOE YHUCIIO SJIEMEH-
TOB B 3HaYeHHMM THNa MaccuBa (B TepMuHONOTHHA SQL:1999 310 3HaueHHE Ha-
3bIBACTCA MAKCUMANLHOI KapounanrsHocmbio MaccuBa). B cranmapre SQL:1999
MHOT'OMEpPHBIC MAaCCHBBI M MACCHBBI MACCUBOB He NMoanepXUBaIUCh. OMHAKO B
craHgapre SQL:2003 310 orpaHHYeHHEe ObLIO CHATO, U TEITEPh THIIOM 3JIEMEH-
TOB JIIOOOTO THIA KOJUIEKLIMHA MOXET ObITh JII000# gomycTumblii B SQL Tumn
JaHHBIX, KPOME CAMOTO KOHCTPYUPYEMOTO THITAa KOJUIEKIIHUH.

DjieMEHTaM KaX0ro 3Ha4eH s TUTIAa MaCCHBA COOTBETCTBYIOT MX TIOPSIKO-
Bble HOMEpA, Ha3bIBaeMbie HHACKCAMH. JHaUYeHHe MHIEKCA BCeraa JODKHO TpH-
HaJIeXatb OTpe3Ky [1, mc]. 3HauyeHUsIMU THIa MaccuBa dt ARRAY [mc] sIBJIS-
I0TCSI BCE MAaCCHUBBI, COCTOSLIIME M3 3JICMEHTOB THIIA dt , MAKCUMAJIbHOE 3HaUEHHE
MHJIEKCa KOTOPBIX cs HE MPEeBOCXOAUT 3HaueHus mc. [Ipu coxpaHeHuH B Oale
JAHHBIX 3HaYeHUsI THITA MACCHUBa 3aHUMAET CTOJILKO TIAMSITH, CKOJIBKO TpeOyeTCs
IUIS1 COXpaHeHus cs 2neMeHToB. ObecreunBaeTcs JOCTYIl K 2JIEMEHTAaM MacCHBa
110 UX MHAeKcaM. B yacTHOCTH, MOXHO OOBSIBUTL CTOJIOEL THIIA INTEGER ARRAY
[10] ¥ IpM BCTaBKE CTPOKM B COOTBETCTBYIOLIYIO TaOJMIly 3aAaThb 3HAYCHHE
TOJILKO TISTOTO 3JIEMEHTa MaccuBa. Torma B CTpOKy OyleT 3aHECEH MacCHB M3 Tisi-
TH 3JIEMEHTOB, NPHYEM ITIEPBHIE YETHIPE 3JIEMEHTAa OYIyT colepXarh Heolpeae-
JIEHHOE 3HaueHue (NULL).
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OCHOBHBLIMH ONeEpallisIMHA Hall MACCHBAMU SIBJISIIOTCS BLIOOPKA 3HAYEHUA
3JIeMeHTa MacCHBa IO €ro MHIEKCY, U3BMEHEHHE HEKOTOPOTO 3JIeMEHTa MAaCcCH -
Ba WJIK MAacCHUBA LIEJJMKOM U KOHKaTeHalus (CUeIUTeHHE) IBYX MaccuBOB. Kpo-
Me TOTO, [UISA JTI0OOTO 3HAYeH U TUTIA MACCHBA MOXHO Y3HATh 3HAYEHHE €0 CS.

Tunbl MyJIETHMHOXKECTB

Ipu onpeaeneHHu cTondLa TaGIMUBI TUIA MYJIBETHMHOXECTB HCIOJIb3Y-
€TCAd KOHCTPYKLUA dt MULTISET, rae dt 3amaeT THUI JAHHBIX 2JIEMEHTOB KOH-
CTPYHPYEMOI'O THUIA MYJETHMHOXECTB. 3HAYCHUSIMU THITA MYJBETUMHOXECTB
ABJSIIOTCSI MYJILTUMHOXECTBA, T. €. HEYNIOPSIOYCHHBIE KOJUIEKLIUM 3JIEMEHTOB
OTHOIO U TOTO Xe THITA, CPpeay KOTOPBIX JOIMYCKAIOTCs Ay6auKatel. Hanpumep,
3HAYEHUSAMH TUMA INTEGER MULTISET SIBASIOTCS MYJIBTUMHOXECTBA, 3JICMEH-
TaMH KOTODBHIX —LeJible 4uciaa. ITpuMEpoM Takoro 3Ha4eHUST MOXET OBITh
MYJBTUMHOXECTBO {12, 34, 12, 45, -64}.

B otnuume oT MaccuBa, MyJBTUMHOXECTBO SAABISACTCA HEOTPAHUYCHHOM
KOJUTEKIIMEN; IPY KOHCTPYMPOBAHUU THUIA MYJIBTUMHOXECTB HE YKa3bIBaeT-
cs npeaesibHasA KapAUHAJIbHOCTh 3HAYEHUH 3TOro TUna. OoHaKo 3TO HE O3HA-
9aeT, YTO BO3MOXHOCTh BCTABKHM 3JEMEHTOB B MYJIBETUMHOXECTBO JAeHCTBU-
TEJIbHO HE OTPAaHMYEHA; CTAHAAPT BCETO JUILbL HE TPEOYET SBHOTO OOBABIEC-
HUsA rpaHylbl. CUTyalusi aHAJIOTHYHA TOM, KOTOpasi BOSHUKAET IPU padoTe ¢
TaGIULIaMHU, JUTS KOTOPHIX B SQL He 00bSBIIETCS MAKCUMAIBLHO JOMYCTHMOE
YUCJIO CTPOK.*

Hns TUMOB MYJBTUMHOXECTB MOIICPAKUBAIOTCS ONepalliy Mpeodpa3oBa-
HUSI TMIIA 3HAYCHHUSI-MYJBTUMHOXECTBA K TUITY MAaCCUBOB WJIH APYIOMY THITY
MYJBETUMHOXECTB C COBMECTHMBIM THIIOM 3JIEMEHTOB (omepauusi CAST), is
yaaneHus OyOJIMKATOB U3 MYJIETUMHOXECTBA ((PYyHKLMA SET), A ONpeaeIeHUS
9HCJIA 2JIEMEHTOB B 33TAaHHOM MYJIETUMHOXECTBE ((PYHKIMS CARDINALITY), LA
BBHIOODKH 3JIEMEHTA MYJIBTHMHOXECTBA, COAEPXKANIErOo B TOYHOCTU OOUH 3Jie-
MeHT ((yHKLUs ELEMENT). Kpome Toro, Juisi MyJIETUMHOXECTB 00eCreYUBaIOT-
cd omepauyMu oObe¢AMHEHUA (MULTISET UNION), mepecedeHHUsi (MULTISET
INTERSECT) U ollpedeeHUs1 pa3HocTU (MULTISET EXCEPT). Kaxnaast u3 onepa-
LIMI MOXET BBHIMOJTHATLCA B PEXUME C COXPAHEHUEM NYyOIMKATOB (PEXXUM ALL)
WJIH ¢ ycTpaHeHUEM AyOJNMKATOB (peXHUM DISTINCT).

Pacumpennsie B SQL:2003 Bo3MOXHOCTH paOOTHI C THITAMH KOJIICKLIHUH
SIBJIAIOTCS. TIPHHLMTIMANIBHO BaXHBIMU. Jlaxe NMpH HAIMYUM OMPENETIAEMbIX
MOJTB30BATENSIMM TUTIOB JaHHBIX (CM. HUXE) U TUTIOB MaccuBoB SQL:1999
HE MPEAOCTaBJIsA/l TIOJHBIX BO3MOXHOCTEUH ISl TIPEOAOJICHUSA HMCTOPHYECKH
TIPUCYHIETO PEISALIMOHHONM MOAEIM JaHHHIX BoooOuie U SQL B YacTHOCTH orpa-
HUYEHUS «IUTOCKHX Tadmy». IToce mosiBieHUs KOHCTPYKTOPA TUTIOB MYJTETH -
MHOXECTB ¥ YCTPAHEHUSI OrpaHUYCHUI HA TUIT JAHHBIX JIEMEHTOB KOJUTEKLIUH
3TO MCTOPHUYECKOE OrpaHUYEHUE TIOJHOCTBIO JUKBHAUPOBAHO. MYJBETHUMHO-

* KOHe4HO, Ha NpaKTHKEe TaKUe OrPaHUYEHHUSI YCTAHABIWBAIOTCS B JOKYMEHTALMM KOHKPETHOM
ucnonsdyeMoit CYB/I, n1u6o naxe aAMMHUCTPAaTOPOM KOHKPETHOM 6a3bl JaHHbIX.
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KECTBO, TUMIOM 3JIEMEHTOB KOTOPOTO SBISACTCS aHOHHUMHBIM CTPOYHBIA THI
(CM. HUX€), TIpeacTaBasAeT coO0 MOMHbIN aHaor Tabauubl. TeM caMbiM, B Oa-
3¢ JaHHBIX JOITYCKaeTCs MPOM3BOJIbHAS BIOXECHHOCTD Tabnui. Bo3MoxHoCTH
BBIOODA CTPYKTYPBI 0a3bl JAHHBIX O€3rPpaHUYHO PACLIUPSIOTCS.

AHOHMMHBIE CTPO4YHbIE TUNbI

AHOHUMHBIH CTPOYHBIN THUIT* — 3TO KOHCTPYKTODP TUIIOB ROW, MO3BOJISIO-
LW MPOU3BOIUTE O€3EIMIHHBIE TUIIH CTPOK (KOpTexeit). JIro0o0i BO3MOXHEIH
CTPOYHBIN THII TOTYYACTCS IMyTEM MCITONB30BaHM KOHCTPYKTOpa ROW. ITpn omn-
peaesieHUH CTON0LA, 3HaY€HUS] KOTOPOTO JOJDKHBI NMPUHAIICXATh HEKOTOPOMY
CTPOYHOMY THUITY, UCTIOJIB3YETCH KOHCTPYKLUMS ROW (£1d1, f1d2, .., fldn ),
TI€ KaXIbli 3IEMEHT £1d1, ONPEAcsIONINiA M0Jie CTPOYHOTO TUIIA, 3a0acTCA B
BUae Tpolku fldname, fldtype, fldoptions. ITomanmeMeHT fldname 3amaer
HMMS COOTBETCTBYIOLLETO OIS ¢cTpovyHOro tuna. ITomsnemeHT £1dtype crieuu-
$bUUMpYET THUI JaHHBIX 3TOTO MO, B KavecTBe THNA NTaHHBIX MOJI CTPOYHOTO
THIIa MOXHO MCIIONIB30BATh JII000I HOITyCTUMBI B SQL THN JaHHBIX, BKJIIOYAs
TUIIBI KOJUTEKLINHA, ONPEACNAEMBIE MMOIB30BATENSIMU TUIIBI U APYTHUE CTPOYHBIC
THNbL. HeoOs13aTenbHBIH Noa3neMeHT £1dopt ions MOXET 3aaBaThCs I yKa-
3aHHA TIPUMEHSIEMOTO M0 YMOJYAHHIO NMOPSIKa COPTUPOBKH, €CJTH COOTBETCT-
BYIOIIWIi MOA3MeMEHT f1dtype yKa3bIiBaeT Ha THIT CHMBOJBHBIX CTPOK, a TAKXE
JOJDKEH 3a1aBaThCs, eciii f1dtype yKa3bIBacT HAa CCBUIOYHBIN THIT (CM. HIXE).
CTeneHbIo CTPOYHOTO TUTIA HA3bIBACTCSl YUCTIO €70 MOJIEH.

Tunbl, onpeagensemMmbie Nnonb3oBarenemMm

DTa KaTeropMs THUIIOB JaHHBIX CBSI3aHA ¢ OOBEKTHBIMH PaCIliPEHUSIMH
sa3eika SQL. bonee moapobHO MBI 00CYIUM 3Ty TEMY B 3aKITIOYUTECNIBHOM JIEK-
MM Kypca, a 3eCh JUIS TIOJTHOTH KapTUHEI MPUBEAEM Oeriblii HaGpOCOoK.

e CrpykrypHbie TUIIBI (Structured Types). COOTBETCTBYIOIINE BO3MOXHOCTHU
SQL:1999 no3BOAAIOT ONPEACTATh JOJITOBPEMEHHO XPAHUMbIE, HMEHOBaH-
HBI€ THITHI JaHHBIX** | BKJTIOYAIOLIUE ONUH WM Gosiee aTpuOyToB JIlo00TO U3
nomycTuMBIX B SQL Tumna naHHbIX***, B TOM YMCIie IPYTUe CTPYKTYPHBIC TH-
TIBI, TUITBI KOJUIEKIIMA, CTPOYHBIE TUIH U T. 4. CraHnapr SQL He Hakianwi-
Ba€T OrpaHUYCHUIA HA CJIOXHOCTH TMOJIy4aeMOW B pe3yJIbTaTe CTPYKTYPhI
JAaHHBIX, OJHAKO HE 3anpelllaeT YyCTaHABIWBATh TAKME OTPaHUYEHMS B pea-

* B Tekcte ctanmapra SQL:1999 ucnonbayercsi TepMUH anonymous row type. Clienys corjalieHusIM
MpeabLIYLIEro MYHKTa, Mbl JOJDKHBL ObUTH 6bl HCTIONB30BATh TEPMUH aHOHUMHbe munu cmpok. Ho
TOrAAa y>k TOYHO BO3HMKIIA GBI ITyTAaHHUIIA C TUIIAMU CUMBOJIBHBIX CTPOK. KOHeYHO, MOXHO GbUTO OB
PAIUKATBHO OTKA3aThCsl OT UCTIONBb30BAHHUS TEPMUHA CMpoKa mabauus U BEPHYTLCS K KOpmed¥cam
omnowenuii. Ho, K cOXalleHHIO, 3TOTO CENATh Heb3sl, MTOKOJBKY B SQL TaGiH1ILl — 3TO He cOBceM
(a MHOTA M COBCEM He) OTHOIUEHUS1, a CTPOKH TabIMLy — He COBCEM (coscem He) KOPTEXH.

*¥ COOTBETCTBYIOLIUE ONPENEJIEHHS COXPAHSIOTCS KaK YacTh METaAaHHBIX 6a3bl NAaHHBIX (APYTUMH
CJIOBaMH, SIBJIAIOTCS YACTBIO CXxeMbl 6a3bl JaHHBIX).

**¥¥ TpebyeTrcsi, 4TOGH B ONPEAECTIEHHH CTPYKTYPHOTO TUIA A UCTIONB30BATUCH TOJILKO T€ TUIIBI, KO-
Topbie GBUTH OMpeneJieHbl paHee.
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Ju3auMH. J1onoMHUTEIbHBIE MEXAHU3MBI OTPEAEIsieMbIX MOJIb30BATEISIMU
METONIOB, (PYHKLMI M TIpoLeayp TO3BOJSAIOT ONPEACIUTh TIOBEACHUYECKHE
ACTIEKTH CTPYKTYPHOTO THMA.

¢ WnnuBunyaneHbsie Tannl (Distinct Types). MoXHO omnpeneanTh NONTOBPE-
MEHHO XpaHHMMBbIH, MMECHOBAHHBIA TUN OAHHBIX, ONUPAACh HA €AUHCTBEH-
HEI} mpeaonpeneJeHHbIM THIl. HanpuMmep, MOXHO ONpeaeanTh MHAUBHUIY -
QTbHBIN TUI NAHHBIX PRICE, onupasch Ha TUI DECIMAL (5, 2). Torma3Ha-
YeHMs TUNa PRICE NpeaCcTaBIsAIOTCS TOYHO TaK Xe, KaK 3HaYEHM I THIa DEC -
IMAL (5, 2).Onnako B SQL:1999 nHAMBHAYAJbHBIN THI HE HACJIEAYET OT
CBOETO OMOPHOTI0 THITA HAbOp ONepaluii Haa 3HaYeHUAMU. HanpumMep, yto-
OBl CJIOXMTD JABa 3HAYEHMs TUTIA PRICE TpebyeTcs sIBHO COOOIIUTD CUCTEME,
YTO ¢ 3TUMH 3HAUYCHUAMM HYXHO O0paIlaThCAd KAK CO 3HAUCHUSMM THIIA
DECIMAL (5, 2)./lpyrast BO3MOXHOCTb COCTOHT B SIBHOM ONPEIAECTIEHUH ME-
TONOB, (PYHKIIHI U TIpOLIEAyDP, CBA3aHHBIX C JAHHBIM UHAUBUAYATBHBIM TH-
oM. IToxoxe, 4yTo B OyaylliMX BepCUAX CTAHAAPTA MOABATCA M Apyrue, 60-
Jiee yao6Hble BO3BMOXHOCTH.

CcCbINoYHbIe TUMbI

DTa KaTeropus THUIIOB JAHHBIX CBSI3aHA ¢ OOBEKTHBHIMU PAaCHIMPEHUSIMHU
a3pika SQL, ¥ MBI CHOBA OTJIOXHUM MOAPO6HOE 00CYKIECHHUE 3TOT0 MEXaHU3Ma J0
3aKJIIOYMTE/IBHOM JIEKIIMH Kypca H PACCMOTPHM €ro0 31eCh 04eHB KOPOTKO. Obec-
MIEYUBAETCSI MEXaHU3M KOHCTPYHMPOBAHMS THTIOB (CCHLIOYHBIX MUNO08), KOTOPBIE
MOTYT MCITOJIb30BaTLCA B KAaUE€CTBE TUIOB CTOJIOLIOB HEKOTOPOTO BHIA TabJHIL
(munusuposarnsix mabauy). PaKTHIECKHA 3HAYCHUSIMH CCHUIOYHOTO THIIA SIBJISA-
I0TCA CTPOKH COOTBETCTBYIOILEH THUIM3MPOBAaHHOH Tabiuubl. bonee ToyHO,
KaXI0# CTpOKe TUMTH3HPOBAHHOM TaGIULIBI TPHITUCHIBAETCA YHUKATBHOE 3HA-
yeHHe (HEYTO BpoAe MepPBHYHOTO KIII0Ya, HAa3HAYaeMOTO CUCTEMOI HUTH [TPHJIO-
XEHHUEM), KOTOPOE MOXET MCIOJIL30BaThCs B METOAAX, OTIPEACIICHHBIX Ui Tab-
JUYHOTO THIA, VI YHHKAIBHON HMIESHTH(QHKALMH CTPOK COOTBETCTBYIOIECH
TaOJMLBL. DTH YHUKATBHBIC 3HAYCHMA HA3BIBAIOTCS CCHLIOYHBIMU 3HAYEHUSMU, A
HX THIl — CCBhUIOYHBIM TUNOM. CCBUTOYHBIHA THN MOXET COAEPXaTh TOJBKO TE
3HAYEHMSA, KOTOphIE NEHCTBUTENbHO CCHUIAIOTCS Ha SK3EMIUISAPHl YKa3aHHOTO
TUNA (T. €. Ha CTPOKHM COOTBETCTBYIOIIEH THITU3MPOBAHHOM TAOIHLIBI).

CpeancTBa onpeneneHvns, UaMeHeHus onpeaeneHus
M OTMEHb! onpeaesieHNa LOMEHOB

Kak HeomHOKpaTHO YIIOMHHAJIOCh BBIIIE, TIPH ONpENe/IEHHH CTOJIOLOB
TabULBI TpeOyeTCA ABHO YKA3bIBATh TMI JAHHBIX KaXa0ro ctonbua. s aro-
IO MOXHO MCTIOJIB30BaTh OMTMCAHHBIE BHIIIE CPEACTBA CNIELM(UKALIMH THIIA.
Ho B SQL noanepxuBaercs U Apyroi MeXaHU3M— MEXaHH3M JOMEHOB. JloMeH
SIBJIIETCS NOJTOBPEMEHHO XPaHUMbIM, UMEHOBAHHBIM OOBEKTOM CXEMBI 6a3nl
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JaHHBIX. JJOMEHBI MOXHO CO31aBaTh (ONPEIEIATh), H3MEHSITb (U3MEHSTD OIl-
penejieHUs)) W JMKBUIMPOBaThb (OTMEHSTH omnpeaeaeHue). UMeHa OOMEHOB
MOXHO HMCITO/IL30BaTh IIPH ONpeIeJcHUH CTONOIIOB TabJUIl. MOXHO CUMTATh,
yto B SQL onpeneneHue 1oMeHa NpeaCTaRISICT COO0M BBIHECEHHOE 3a MPEACIIbI
onpefejieHUs UHIUBHAYAIBLHOU TaOJUIBI «pOAOBOE» OIpEnesieHHe CToab1a,
KOTOPO€E MOXHO UCMOJIL30BaTh )i ONpEAceHUS pa3THUHbIX peaibHbIX CTOJI0-
1IOB peasibHBIX 0a30BBIX Tabaull. B s3bike SQL obecrieynBaroTcst cpencTea om-
penesieHUsd JOMEHOB, U3MEHEHHS U OTMEHBI CYIIIECTBYIOIIMX ONpeaeIcHHUH.

OnpepeneHne aomMeHa

Hna onpeaeneHus aoMeHa B SQL wucmosaws3yercss omeparop CREATE
DOMAIN. OO6mIMii CMHTaKCHC 3TOro orepaTopa CJAenyonun:*

domain_definition ::= CREATE DOMAIN domain_name {AS] data_type
[ default_definition ]
{ domain_constraint_definition_list ]

3nech domain_name 3aJaeT UMs CO3AAaBAEMOro JOMeHa**, data_type
eCTh crielpUKaIMs OIpeae/isiioNIero THIa TaHHEIX. B HeobOsi3aTeIbHEBIX pa3-
nenax default_definition M domain_constraint_definition_list cre-
LU(PHIUPYIOTCS 3HAYEHHUE JOMEHA M0 YMOIYaHUIO*** U HaOop orpaHUYeHHH
LEJTOCTHOCTH, KOTOpPbIE OYAYT MPUMEHATLCS K JI0O0MY CTOJIOLY, ONpeaeieH-
HOMY Ha 3TOM JIOMEHE.

Paspen default_definition HMeET BUJ

DEFAULT { literal | niladic_function | NULL }****

3mech literal mpeicTapBisieT J0O0E TOMYyCTUMOE JMTEPATILHOE 3HAYe-
HHe ONpeaeAIOIEro TUMIa JoMeHa, NULL 0603HayaeT HEOIPEAEIEHHOE 3Haye-
HMe, a niladic_function MOXET 3a1aBaTbCA B OJHOM U3 CIECAYIOUIUX HOPM:

* HauuHas ¢ 3TOro Mecta Mbl 6yJeM NPHBOAUTL 6OIEE UITH MEHEE TOYHBII CHHTAKCUC KOHCTPYKLIUH
s3pika SQL (He anoymotpedsasa naiuinecTBaMu). be3 3Toro TekcT ObU1 G661 MeHee TOUHBIM H Gosiee
006beMHbIM. [TpOMHUCHBIMH GYKBAMH NOKa3bIBAIOTCA «TEPMUHATIBI» — KITIOUEBHIE CJIOBa si3biKa SQL.
** 31ech MBI B IEPBBIi pa3 CTAIKMBAaEMcs ¢ UMeHeM oObeKkTa 6a3bl AaHHBIX. He OyaeM yrny6nsaTs-
cA B AETAM, HO B ODILIEM Cllyyae MMEHa 00BeKTOB SQL-OpHEHTHPOBaHHBIX 6a3 JaHHAIX UMEIOT
BMJ MM5I_KaTanora . Msi_CXeMH . uMsi_o6bekTa, DTOT MOAX0A K HMEHOBAHHIO OOBeKTOB Da3bl JaH~
HEIX NTO3BOJIAET HE3aBUCHMO CO31aBaTh OOBEKTRI B PA3HBIX CXEMAaX, He 3a00TACh O TOM, YTOOE! 3TH
00BeKTBI UMEJH pa3Hhle pocThie MMeHa. [1pu ucronezoBaHuHu B oneparope SQL npocToro nume-
HH OObeKTa CHCTEMa JOJKHA aBTOMATHYECKH YTOUHHTb 3TO MMS, MCXOAs M3 MiaeHTH(dUKaTOpa
NIOJIL30BATEJIsl, OT MMEHH KOTOPOTO BHIITOJIHAETCA ONEpaTop.

*¥* 910 3HaYeHHE OyIeT UCITONB30BAThCS B KAYECTBE 3HAYEHHUSA IT0 YMOJIYaHHIO IUTA J1I060To CTONG-
L3, onpeaejieHHOro Ha JaHHOM JAOMEHE, [UIsi KOTOPOTO HE OINpPeAeseHO COOCTBEHHOE 3HaUYeHHUe 10
YMOJIYAHHIO (CM. CJIEAYIOLIYIO JIEKIIHIO).

***x {elementq,|elementy,|..|element } 03HayaeT, YTO B JAHHON CUHTAKCHYECKON KOHCT-
PYKLHH AOJDKEH NIPUCYTCTBOBATb OAMH H TOJBKO OJHH element §.
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Nexuma 11 O6Lwwee BBeaeHWUe, TWMbl AAHHBLIX M CPEACTBA OnpeneneHna LOMEHOB

USER

CURRENT_USER
SESSION_USER
SYSTEM_USER
CURRENT_DATE
CURRENT_TIME
CURRENT_TIMESTAMP*

Ecnu B onepatope CREATE DOMAIN 3HaY€HHE MO YMONIYAHHUIO HE CIIELIH-
(GUIIMpPYeTCsI, CUMTAETCS, YTO TAKOrO 3HayeHUs] HeT. OQHAKO MO3Xe K onpele-
JIEHHUIO TIOMEHA MOXHO N100AaBUTE pa3ie)l 3HAYEHHUS TT0 YMOTYAHHIO C MMOMOILbIO
onepatopa ALTER DOMAIN. KpoMe TOro, sTOT ornepaTop MO3BOJISET YIAIUTh
pa3niel1 3Ha4yeHUA 110 YMOMYAHMIO U3 CYILECTBYIOLIETO OTIpeIeIEHUS NOMEHA.

DjeMeHT cnucKa domain_constraint_definition_list UMeeT BUI

[CONSTRAINT constraint_name] CHECK {conditional_expression)

Heo6s3aTenbHbli pa3aen CONSTRAINT constraint_name MO3BOJSET OT-
pedeIUTh M1 HOBOTO OrpaHMYEHMS 1IeIOCTHOCTH. Eciu sBHOe yKazaHHe UMEHH
OTCYTCTBYET, OTPAHMUYEHHIO HA3HAYAECTCS] MMSI, aBTOMATHYECKU TeHEPHpPYyeMOe
cucTeMor. YTo KacaeTcsa BHIA YCJIOBHOTO BHIPAXEHMA, CIIyXKAIIero COOCTBEHHO
OrpaHMYEHHEM LIEJIOCTHOCTH, TO B CTAHAAPTE 3arpelliacTCs JIMIIb NPSIMOe WIH
KOCBEHHOE MCITO/Ib30BaHHUE B HEM JOMEHA, B OTIpEieJICHHE KOTOPOTO BXOIUT IaH-
HOE YCJIOBHOe BbIpaxeHHe.** OnHako HauOoJiee €CTECTBEHHBIM (M Haubosee
pacrpocTpaHeHHbIM ) BUIOM OrpaHHUYEHMA JOMEHA SBJISIETCS CJICAYIOILIMIMA:

CHECK (VALUE IN (list_of_valid_values))

Takoe OrpaHHYCHHE 3anpeuiacT rnoABJICHHUE B 1oGoM CTOJI6].IC, onpenec-
JJICHHOM Ha 1aHHOM IOMCHE, JM1000r0 3HAYEHHS OIpEAC/IAIONICTO THITA, HE BXO-
JAIIETO B CITUCOK NONYCTHMBIX 3HAYECHHU M.

Mpumepbl onpeaeneHnit AOMEHORB
B nanpHeiiinx NMpUMepax HaM MOHAN00SITCA ONpeaeeHUs] HECKOIbKHX
noMeHoB. [IpuBeneM UX B 3ToM noapasaeie. B npuMmepax Mbl GyneM UMeETE Jie-

* 3HavyeHne niladic_function «BBIYHUCAAETCA» B TOT MOMEHT, Korma TpeOyeTcs 3HaYeHue Mo
YMONYaHUIO (OOBIYHO NpM BCTaBKe B TaOnMULy HOBOW CTPOKM, 3HAYEHHME COOTBETCTBYIOLIETO
cronblua KOTOpod SIBHO He yKazaHo). Cwbicn CURRENT_DATE, CURRENT_TIME WH
CURRENT_TIMESTAMP oueBMAeH. USER (MJIM, YTO TO Xe€, CURRENT USER), SESSION_USER
SYSTEM_USER 3amaloT uAeHTU(HUKATOD MONb30BaTeNsl, OT UMEHU KOTOPOTO BRIOMHAETCS TeKyLIas
TpaH3aKLMs, TEKYIas CecCUsl, U AEHTUGHUKATOD ONlePaLIMOHHOM CHUCTEeMBI, B KOTOpoii paboTaer
NMoJL30BaTeb, COOTBETCTBEHHO. B cTaHIapTe He omnpeaessieTcs NpeacTaBieHUe 3TUX HACHTUDH-
KaToOpOB, HO B DEAJIN3a1[UAX OHM OOBIYHO NPEACTaBISAIOTCS B BUJE CHMBOJBHBIX CTPOK.

** bonee moapoGHO MbI OOCYAMM AOTTYCTUMBbIE B SQL BHABI YCJIOBHBIX BHIPAXEHHH B CICAYIOLIMX
JIEKLUSIX.
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JIO ¢ TabMMLIAMHU CITyXalllux (EMP), oTAea0B (DEPT) U NpOeKTOB (PRO). Kaxabii
clyxaluii o61anaeT YHUKaIbHBIM HOMepoM (EMP_NO) M Iojay4aeT 3apabot-
HYIO iaty (SALARY). OnpenenuM AOMEeHbI EMP_NO U SALARY.

CREATE DOMAIN EMP_NO AS INTEGER
CHECK (VALUE BETWEEN 1 AND 10000);

HoMmepa ciyxaiuux saBAsiioTCS LEIBIMA YUCIIAMH, TTI03TOMY 0a30BBIH THIT
JoMeHa EMP_NO ecTh TUII INTEGER. KpoMe Toro, Ha 3HaYeHHs 3TOro JOMEHa
YCTAaHABJIHUBAETCA CJICAYIONIEE OTPAHMYEHHE: OHU JOJLKHBI OBITH OOJIbIIE HYJIS
M HE MPeBOCXOIUTH Henoe 3HaueHue 10000.

JJoMeH SALARY ONpEAEIAM CICAYIOLIMM 0Opa3oM:

CREATE DOMAIN SALARY AS NUMERIC (10, 2)
DEFAULT 10000.00
CHECK (VALUE BETWEEN 10000.00 AND 20000000.00)
CONSTRAINT SAL_NOT_NULL CHECK (VALUE IS NOT NULL);

Pasmep 3apabOTHOM TUIATHI SIBJISIETCA 3HAYUCHUEM TOYHOTO YMCIIOBOTO TH-
rma NUMERIC M3 AeCSTH ACCATHYHBIX TGP, ABE U3 KOTOPBIX COCTABISIOT APOO-
Hy10 yacTh. 1o ymomuaHuio pazmep 3apaboTHO#H 1u1aTel coctasnsieT 10000 pyo.
YcTaHOBJIEH AMaNa3oH JOIYCTUMOro pa3Mmepa 3apruiatel ot 10000 py6. mo
20000000 py6. HeonpeneieHHOEe 3HaUYEHHE 3apIUIaThl HE AOMycKaeTcsl (Ha
YPOBHE ONpeacAcHUS JOMEHA).

U3mMeHeHue onpeneneHns oMeHa

st UBMEHEHUS XapaKTEpPUCTHK paHee OMpeaeJIeHHOro A0MeHa UCIOJIb-
3yerca ornepatop SQL ALTER DOMAIN. CHHTAKCHMC 3TOr0 OIEpATOpa BBIIJIAIUT
CJEAYIOLIUM 00pa3oM:

domain_alternation ::=
ALTER DOMAIN domain_name domain_alternation_action
domain_alternation_action ::=
domain_default_alternation_action
| domain_constraint_alternation_action

Kax BHAHO U3 CUHTAKCUYECKHX MPAaBWI, IIPY H3MEHEHHHU ONpeacaecHUS
JIOMEHAa MOXHO BBIIIOJHUTDb ACHCTBUE MO WU3MEHEHUIO pa3ielia 3HAYCHHUs IO
YMOMYaHHIO JTUOO0 U3MEHUTHh OTpaHUYeHUe AoMeHa. [Ing mepBoro BapHaHTa
JIeACTBYET CJEAYIOIINIA CHHTAKCHC:
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domain_default_alternation_action ::=
SET default_definition
| DROP DEFAULT

B cnydae ycTaHOBKM HOBOTO 3HA4YEHHS 1O YMOJYAHHIO (SET) 3TO 3HaYe-
HHE aBTOMATHYECKH IPUMEHSIETCS KO BCEM CTONIOIIAM, ONpeae/IcHHBIM Ha JaH-
HOM JoMeHe. boiee TOUHO, 3TO 3HaYeHHE CTAHOBUTCS HOBBIM 3HAYECHHUEM IO
yMonmyaHuwo. Onepalys He OKa3eBaeT BIUSHHUS Ha COCTOSTHUE CYIIECTBYIOLIUX
CTpOK Tabnu1l 6a3bl JaHHBIX. B cliyyae OTMEHEI pa3zelia 3HaYeHHUS 110 yMOI4a-
HMIO B onpeaesieHMM aoMeHa (DROP) cyliecTBoBainiee 3Hau€HHE IOMEHA TI0
YMOJYAaHHIO CTAHOBUTCS 3HAYEHHEM ITO YMOJIYAHHIO KAXAOIO CTOJIO1IA, KOTO-
phHIii OoIpenesieH Ha JAaHHOM IOMEHE W IJI KOTOPOTro He Creln(pHUIIMPOBAHO
COOCTBEHHOE 3HAYECHHUE MO YMOJIYAHUIO.

HeiicTBHE 1O U3MEHEHMIO OTPAHUYECHUST IOMEHA ONPEACIACTCS CSAYIO-
HIMM CUHTaKCHCOM:

domain_constraint_alternation_action ::=
ADD domain_constraint_definition
| DROP CONSTRAINT constraint_name

HeiicTBHe IO A100ABICHHUIO HOBOTO OIPEIEICHHUS OrPaHUYEHUS JOMEHA
(ADD) MPUBOIMUT K TOMY, YTO HOBOE YCJIOBHE J00ARISAETCA Yepe3 AND K CYIIECT-
BYIOLIIEMY OTPaHHUYEHUIO 1oMeHa. ECIM K MOMEHTY BEITTOTHEHHUSI COOTBETCTBY-
IOILIETO omnepaTopa ALTER DOMAIN CYIIECTBYIOT CTOJIOIBI HEKOTOPHIX TAGJIHII,
TEKyILME 3HAYEHHUS KOTOPHIX IIPOTUBOpPEYAT HOBOMY OorpaHuyeHuIo, 1o CYB/]
JOJIXHA OTBEPTHYTh 3TOT OmnepaTop ALTER DOMAIN. IeiicTBHE IO OTMEHE Or-
paHH4YeHUs foMeHa (DROP) MPHUBOAMT K MCYE3HOBEHHIO COOTBETCTBYIOLLEH Ya-
CTH OOIUEro OrpaHHYeHUs] COOTBETCTBYIOILErO IOMEHA, 4TO, €CTECTBEHHO,
HE BJIMSIET HA CYIECTBYIOIIME 3HAYEHHUS CTOJIOIIOB UMEIOLIMXCS TaGH1L.

Mpumepbl U3MEeHEeHUs onpeaeneHnus A0MeHa

HemHoro noympaxHsieMcsl ¢ IOMeHOM SALARY. JIJiss U3BMEHEHHS 3Have-
HUA 3apaboTHOH TUIaTH Mo yMonyaHHio ¢ 10000 na 11000 py6. HyXHO BHITION-
HHUTB OIEPATOP

ALTER DOMAIN SALARY SET DEFAUL 11000.00;

HJ'IH OTMEHBI 3HAYCHUA IO YMOIYAaHHIO B IOMEHEe SALARY clieAyeT BOC-
MOJB30BAaThCA ONIEPATOPOM

ALTER DOMAIN SALARY DROP DEFAUL;
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Ecnu K onpeneneHuIo 1oMeHa SALARY Tpebyercst 106aBUTh OrpaHUYCHHE
(HampuMep, 3alpeTHTh 3HaYeHHUE 3apiuiaThl, paBHoe 15000 py6.), HeoOX0TUMO
BBITIOJIHUTD ONepaTop

ALTER DOMAIN SALARY ADD CHECK (VALUE <> 15000.00);

Hakonern, ecin TpebyeTcsi OTMEHUTb (MMEHOBaHHOE!) OrpaHMYCHHE 1ie-
JIOCTHOCTH, IIPEMATCTBYIOLICEe HATHIHUIO HEOMPEACICHHBIX 3HaYeHUI B CTOJIO-
11aX, KOTOphI€ OTpee/IeHb Ha JOMeHE SALARY, TO HY>KHO BHITOJIHUTD ONlepaTop

ALTER DOMAIN SALARY DROP CONSTRAINT SAIL_NOT NULL;
OTMeHa onpepeneHus AOMEHa

Y1oOBI OTMEHHUTH paHEEC CO3JaHHOC OINPEACICHUEC NOMCHA, HY2)KHO BOC-
NOJb30BaThcsA oneparopoM DROP DOMAIN B cieaywolleM CHHTaKCHCe:

DROP DOMAIN domain_name {RESTRICT | CASCADES}

Ecnu B onepatope yka3aHO RESTRICT, U €CJIM COOTBETCTBYIOIIMIT JOMEH
HCITOJIb30BaH B OMNpEAEICHUH HEKOTOPOTO CTOJIOIA, B ONpeaeeHHH HEKOTO-
pOTO TIpeACTaBJIEHHUs] WIM B OIpelelIeHHH OTPaHUYeHMs LIEJIOCTHOCTH (CM.
CJIemyIoLIMe JICKLHH ), TO oniepatop DROP DOMAIN oTBepraeTcs. B npoTHBHOM
cITydae onpeaesieHHe JoMeHa TMKBUIHPYETCS.

Ecnu B onepatope DROP DOMAIN yka3aHO CASCADES, TO OTepaTop Bbi-
noJiHsieTcs Beeraa. IIpy 5TOM YHUYTOXAIOTCS BCE TIPeICTaBIeHUs U OTpaHuye-
HHS LIETOCTHOCTH, B OMNpedeIeHNH KOTOPbIX MCIOIb30BANOCh MMS JaHHOTO
goMeHa. CTon6lbl, onpele/ieHHbIe Ha 3TOM JIOMeHe, aBTOMAaTHYEeCKH Tiepe-
OTIpeJeIIOTCA CIeAYIOIIMM 00pa3oM:
® CYMTAETCA, YTO KAXABIH TaKOH CToNGel] Ternepb OTHOCHTCSA K ONpeaesisio-

LIEMY THITY YHHUYTOXAEeMOro JOMEHa;
® eClIM y ¢TOJIOLIA He ObUIO OMNpelie/ieHO COOCTBEHHOE 3HaueHHWe 1o yMoJya-
HHIO, TO CUUTAETCS, UTO Terepb y HEr0 MMeeTCsl TaKoe 3HaYeHHe Mo yMoJI4a-
HHIO, COBITaNaolllee CO 3HAYCHUEM IO YMOTYAaHHIO YHHYTOXAEMOTO JOMEHA;
® XaX/Iblii cToJIOE1] HAacIeAyeT BCe OrpaHMYEHHU S YHMUTOXAEMOTO TOMeHa.

HesiBHbIE U fiBHbIE ﬂp906p33OBaHMﬂ TUNa WIn goMeHa

B si3vike SQL obecrneynBaeTcsl BOBMOXHOCTb UCITONIb30BAHUS B pa3iny-
HbIX OTIEpaLIUAX He TOJbKO 3HaUeHHUIt TeX TUIOB, JUT KOTOPbIX NMpeaonpeese-
Ha oTepanMsi, HO ¥ 3HaYeHUI1 TUINOB, HESIBHBIM UJTU SIBHBIM 0GPa3oM MPHBO-
JHUMBIX K TpeOYeMOMY THITY.
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HesiBHble npeoGpa3oBaHms TMNoB B SQL

B SQL nonnepxuBaeTcss COBMECTUMOCTh HEKOTOPBIX TUITOB JaHHBIX 33 CUET
HESIBHOTO Ipeo0pa30BaHUsl 3HAYEHUH OJHOro THUIA K 3HAYEHHUSIM JPYroro TUIa
JaHHBIX (HanpuUMep, NIpU HeoOXOOAMMOCTH FLOAT HESIBHO MIPUBOAMUTCS K DOU-
BLE). OnunieM HauOoJee BaXHbIC ITpaBWjia COBMECTUMOCTH THUIIOB, IIPUHSITHIC B
SQL:1999. HauHeM ¢ onpeaeieHUsT IPUBOOIUMOCTH THITOB. TUN JaHHBIX A HPU-
BOIWM K THITY JAHHBIX B B TOM U TOJIBKO B TOM CJIy4ae, KOIJIa B IIOOOM MecCTe, Ie
oXMIaeTcs 3HaYeHHUE TUIIA B, MOXET OBITh HCITOIB30BaHO 3HAUCHUE THIIA A.

OcHOBHBIE NIpaBWIa IPHBOJIUMOCTH THIIOB COCTOSIT B CJIEAYIOLIEM.
® Tunet cumeonvibix cmpok. Tl CHARACTER  (xX) IIPMBOIMM K JIIOOOMY THITY

CHARACTER (y), €CJIM y=22X. TUIIBI VARCHAR (x) U CHARACTER (x) IIPUBOAM-
MBI K JTIOOOMY THITY VARCHAR (y), €CIM y2x. Tunbl CHARACTER (X) M VAR-
CHAR (x) IpUBOAMMEBI K JIOOOMY TUITy CLOB.

o Tuner 6umogolx cmpox. Tun BIT (x) NPUBOAUM K JIOOOMY THITy BIT (y),
ecJiM y=x. Tunel BIT VARYING (x) MBIT (x) NPUBOIHUMBI K JIOOOMY TH-
my BIT VARYING (y), €ClIMy=>X.

® Tune: BLOB. Tun BLOB (x) NPHUBOAMM K JII0OOMY THITY BLOB (y), €CJIH y>X.

¢ Tunbl TOYHBIX YKceN. TUIT EN (p;, s;) NPUBOAUM K T1000MY THITY EN (D,, S,), Y
KOTOPOIO $,25; U D, ONPEALAACTCS B peaiu3alMi. Tun EN (p, s) NMPHUBO-
JUM K JI060MY THIY NPUOIHU3UTENBHBIX YHCEN AN (p,), [IE P, ONMPEACAIETCs
B peayin3aluu.

o Tunst npubauzumenvhbix uuces. Tun AN (p;) NPHUBOAHUM K JIIOOOMY THIY
(D2), €CIIH P, 2D1.

fIBHble Npeobpa3oBaHNA TUNOB MM AOMEHOB M onepartop CAST

HesiBHBIC TpeoOpa3oBaHMs THIIOB He BCeraa yaoOHbBI, HEIOCTaTOUHO MO~
KU M MHOIJA MOTYT BHI3BIBAaTh OMHUOKH. I103TOMY, KaK MOKa3bIBaeT MpeablIy-
LW Moapa3aes, YUCJI0 JOIMYCTUMBIX HESIBHBIX Mpeobpa3oBaHHii TUIIOB B SQL
BecbMa orpannueHo. OgHako SQL cyiecTByeT crieIHaIbHBIN onepaTop CAST,
C TOMOIIBI0 KOTOPOI'O MOXHO SIBHO IpeoOpa3OBLIBATH THIILI WIM JOMEHH B
bojiee MIMPOKHMX Mpeaejax AOMyCKaeMbIX mnpeodpa3zoBaHUi. KOHCTpyKIUS
HUMeEET CACOYIOLINI CUHTAKCHUC:

CAST ({scalar-expression | NULL } AS {data_type | domain_name})

Oneparop npeodpa3syeT 3HaUeHHE 33JaHHOTO CKAJISIPHOIO BhIPAXKECHUS K
YKa3aHHOMY THUMY WJIM K 0a30BOMY THITy YKa3aHHOIO AoMeHa. PesyiasraTroM
MPUMEHEHMS onepaTopa CAST K HeonpeleJe HHOMY 3HAUCHHIO ABIAETCH HEO-
npedesieHHOe 3HaueHue. [ia 3HaueHMil, OTIIMYHBIX OT HEOMpPENeJEHHBIX, B
CTaHAapTe NMPUBOIATCA MOAPOOHEBIE MPAaBHJIA BHIMOJIHEHHS MPeoOPa3OBAHUI,
KOTOpbIe MHTYUTHBHO MOHSATHBI.
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IMosicHuM AelicTBHe onepaTopa CAST B Haubosiee BaXXHBIX cayyasx. [Tpu-
MeM clieayIoniue 0003HAUeHHsT TUIIOB JaHHbIX:
EN — TOYHBIC YHCIOBBIE THITH (Exact Numeric)

AN
C
FC

vC

B
FB

VB

D
T
TS
M
DT

MPUOIHU3UTENBbHBIE YUCIOBEIE TUIHI (Approximate Numeric)
TUIIB CHMBOJIBHBIX CTPOK (Character)

TUIBI CHMBOJIBHEIX CTPOK MOCTOSHHOW JUTMHBI
(Fixed-length Character)

TUNBI CHMBOJBHEIX CTPOK MEPEMEHHOM JJTMHBL
(Variable-length Character)

TUMBL OUTOBBIX CTPOK (Bit String)

THUITBI OUTOBBIX CTPOK MOCTOSIHHOU JUTMHBI
(Fixed-length Bit String)

TUITBI OMTOBBIX CTPOK MEPeMEHHOM ITHHBI
(Variable-length Bit String)

TUN Date

TUOH Time

THNB Timestamp

TUNEL Interval Year-Month

TUNBI Interval Day-Time

ITycTh TD — 3TO THN JAHHBIX, K KOTOPOMY TIPOU3BOIUTCS NMpeobpa3oBa-
HMeE, a SD — TUII AaHHBIX onepaHaa. Toraa AOMYCTUMBI Cleayolie KOMOHHA-
UMM («Ja» O3HAYaeT 6€3yCTOBHYIO JOITYCTUMOCTD, «<HET» — 0€3YCIOBHYIO HENO-
IMYCTUMOCTD U «?» — JOTYCTUMOCTD C OTOBOPKAMH).

D

EN AN | VC FC | VB FB D T TS YM | DT

sD

EN Ia Ia Ia Ia {Het | Her | Her | Her | Her ? ?
AN Ia Ha Ia Ia |Het | HeT | Het |Hetr | HeT | HeT | HeT
C Ha Ha ? ? IOa Ha Oa | Ha Ia Ia Ia
B Het } Her | Ja Ja Ja Ia HeT [ Her | Het | HeT | HeT
D Het | Het | IHa Oa | Het HeT Ila | Het na HeT | HeT
T HeT | HetT Ia IIa | Het HeT | Het | Qla Ia HeT | HeT
TS | Het} Het | Ja ODa {Het | Het | Ia Ia IOa | Het | Hert
™ ? Het | Ja Ila | Het } Het | Het | HeT |} HeT Ia | Het
DT ? Het | Qa OHa | Het | Her | Het | Het | Het | HeT | Ha

ITo moBoay styeek TaOAMIIBI, COAEpXKALIUX 3HAK BOIIPOCa, HEOOXOAMMO
CAENIATh HECKOJBKO OrOBOPOK:
(1) ecnu TD — MHTEPBAJI U SD — TUIT TOYHBIX YHCEJT, TO TD JOJXKEH COAEPXKATh
€AMHCTBEHHOE MMOJIE NAThI-BPEMEHHU;
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(2) ecmu TD — TUITI TOYHBIX YHCET U SD — HHTEPBAJ, TO SD JOJIKEH CONEPXKATh
€IUHCTBEHHOE MOoJIe NaThl-BpEMEHH;

(3) ecnu SD — THN CUMBOJIBHBIX CTPOK M TD — TUIT CUMBOJIBHBIX CTPOK TTOCTO-
SHHOHM WJIH TIepeMeHHOM UIMHBI, TO HabOp CUMBOJIOB SD U TD HOJLKEH
OBLITH OMHHUM H TEM XeE.

3akniovyeHue

B 3100t NeK1IMKu Mbl HAYaIu pacCMAaTpUBaTh cpeacTsa si3bika SQL, mosso-
JSIIOIIWE OTpenesiTh U TMHAMMYECKH U3MEHAThL cXeMy 0a3nl maHHbIX. Hanbo-
Jiee BaXXHBIM ISl OOIIEro MOHUMAaHUs s13bIKa SIBISACTCS pa3aen « TUIlbl JaHHBIX
SQL» — cucrema Tunos s3bika SQL (1 mob6oit SQL-opueHTUPOBaHHOM 6a3bl
JaHHBIX). B mocnenqHux craHgaprax si3bika SQL monaepXkuBaioTcs:
® pa3BUTHIH HA0OpP MPEAOIPEACAEHHBIX TUIIOB, BKIIOYasl psii MapaMeTpPU30-
BaHHBIX TUIIOB;

® TeHEpaTOphl TUIIOB MAaCCUBOB U MYJIETUMHOXECTB, 3JIEMEHTAMHU KOTOPBIX
MOTYT OBITh 3HAYEHUSI TIPEIOTIPEACIEHHBIX TUTIOB, THITOB KOJUIEKIIHMH, aHO-
HMMHBIX CTPOYHBIX TUIIOB CTPOK U TUITIOB, OINPEASICHHBIX ITOIb30BATE/ISIMH;

® r¢HEpaTOp AHOHUMHBIX CTPOYHBIX TUIIOB, B KOTOPBIX THIIOM 3JIEMEHTA
CTPOKHM MOXET OBITh 10601 MpeaonpeaeeHHbIN THIT, TUTT KOJUIEKIIMH, aHO-
HUMHBII CTPOYHBIA THUIL U THII, ONPEACIICHHBIN MTOJb30BATENISIMY;

® OIpEIC/ISIEMBIN TOJIb30BaTeNIeM CTPYKTYPHBIN THIT, B KOTOPOM TUIIOM 3JI¢-
MEHTa CTPYKTYPhl MOXET OBITh 1000 MpeaONPEAeICHHBIN THII, THIT KOJ-
JIEKIIMU, aHOHUMHBIH CTPOYHBIN THIT H THII, ONIPEACICHHBIHA MM0/1b30BaTesi-
MM; IJIsI OTNpEAeSIsIEMBbIX TOJIb30BATEIEM CTPYKTYPHBIX U UHIUBHUIOYATbHBIX
TUIIOB MOXHO ONPEAENATh MOJIb30BATC/IbCKUE OTNEpalIUH.

Henb3si ¢ yBepeHHOCTBIO CKa3aTh, YTO CHCTeMa THUMOB s3biKa SQL Ha-
CTOJILKO TIOJTHA, YTO MOXET YIORJIETBOPHTD JII0ObIE TOTPEOGHOCTH, HO MOXHO OT-
METUTb, YTO B ITOU CUCTEME TUTIOB OTCYTCTBYET €AMHBINA JIOTHYECKHH TTOAX0N U
HMeeTCsl U30BITOYHOCTE. BO3MOXHO, 3TO CTaHET MOHATHEE IOCIIC OOCYXKICHHS B
KOHIIE Kypca CPeACTB OOBEKTHO-PEJISILIMOHHBIX paciMpeHuit siabika SQL.

Kak mo/kHO 6bITh SICHO U3 3TOF JIEKIIMU, MeXaHU3M N1oMeHoB B SQL ur-
pacT BCIIOMOTATENbHYIO POJib. OTO HE COBCEM Te (MOXET OBITh, H COBCEM HE Te)
JIOMEHBI, TIOIEPXKa KOTOPLIX NMPEAIIOJIaracTCs pesisiiMOHHON Moaelblo. Pak-
TUYECKH OTIPENeSICHUE JOMEeHa 006eCTIeurBaeT CIIeIM(MUKALMIO OTPAHUYCHUH U
3HAYEHU I 10 YMOJIYAHUIO, BBIHOCHMBIX 3a MpeAebl onpeaeacHusa cToabua. B
KOMHUTETE IO cTaHmapTu3alu SQL obcyxxmaeTcss uaest NMOJHOTO OTKasa OT
MONAEPXKHA MeXaHU3Ma JOMEHOB U 3aMEeHBI €T0 Ha COOTBETCTBYIOIIUM o6pa-
30M IaNTUPOBAHHBIA MEXaHU3M WHAWBUWIYAJILHBIX THIIOB (CM. IOCJIEIHION
JIEKIIMIO Kypca).
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JNlexkuuna 12. A3bik 6a3 aaHHbIX SQL: cpencTBa
onpepenexHua 6a3oBbix TaONUL U OrpaHNYeHni
LLeJIOCTHOCTH

Jlekuusa mocBsimiena cpeacTsaMm A3bika SQL, mo3soisiommMm onpenessAth
(co31aBatb) 6a3oBbie TAOIMIBI, H3MEHATH Onpeleienus $a30BbIX TAGIMI U OTME-
HATDb UX. ITOCKOJILKY BAXXHBLIMH COCTABJIAIONIMMH Onpe/eieHusa 623080 Ta0 MBI
ABJISAIOTCA ONpeaeNeHHs OrPAHHYEHHI HA YPOBHSX CTOJI0IO0B U TA0IMIbI LIETHKOM,
MBI COWIH YMECTHBIM BKJIIOYMTD B ITY XK€ JICKIIHI0 MATEPHAN, NOCBAUIEHHDLIH cpe-
CTBaM olnpeJeJieHHs OrpaHMYeHH I 11eJI0CTHOCTH 001Iero BHAa (He NPHBA3AHHbIX K
onpeJesieHHaM 6a30BbiX Ta0IMI), H3MEHEHHS H OTMEHDbI TAKHX OTIpeIe/ICHHiA.

Kaiouessie c1oBa: 6a30Bast TabNulia, MyJETHMHOXECTBO CTPOK, OTIEPATO-
pol CREATE TABLE, ALTER TABLE ¥ DROP TABLE, onpele/ieHHUe CTONO-
13, 3HAaYyeHMs] cToJOLA MO YMOJIYAHMKO, OrpaHMYEHMS] LIEJOCTHOCTH
cronbua, orpaHuyeHye NOT NULL, orpaHMYeHHe NIEPBUYHOTO KITI0Ya, Or-
pPaHMUYEHHE BO3MOXHOIO KIK4Ya, OIMpelefieHME BHEIIHEro KJIoya Ha
YPOBHeE CTOJOLIA, IIPOBEPOYHOE OrpaHUYEHME Ha YPOBHE CTOJNIOLIA, OTIpE-
JejeHye TaGIMYHOro OrpaHMYeHHs1, TaGMIMUYHOE OrpaHHYCHUE TIEPBUY-
HOTO WIM BO3MOXHOIO KJIKOUYa, IIPOBEPOYHOE TaOJIMYHOE OrpaHMYECHHE,
TabIUUYHOE OrpaHMYEHHE BHEIIHEro KJIoYa, CIOoCOObI COMOCTaBICHHS
3HAYEHMI BHEIIHETO U BO3MOXHOTO KJTIOUei, CChUIOUHBIE JeCTBUS, 10-
GaBlicHKe, U3MEHEHNE WIH YIATeHHe OTpedeIeHHs CToN01a, U3MEeHEeHe
Habopa TaGJINYHBEIX OTpaHHUYEHUH, O6IIHEe OrpaHHYeHMs LIeJJOCTHOCTH,
orepaTopbl CREATE ASSERTION M DROP ASSERTION, HeMeRJICHHast U OT-
KJIaAbIBaeMast IpOBepKa OTpaHUYeHHH, oriepaTtop SET CONSTRAINTS.

Besepneunue

Kak MbI yXe oTMeuaiy B JeKuuH 11, K crietpurkauum sizbika SQL Mox-
HO OTHOCHTLCS Kak K CIieHUGUKALIMKM HEKOTOPOXA MOMETU JAaHHBIX, B OTNIpEae-
JIEHHBIX acIleKTax OGJIM3KOM K pelsILIMOHHONW Monenr. MBI CTpEMHUMCS K TOMY,
YyToObLl MOPANOK JIEKLMH, MOCBALIEHHBIX sI3bIKy SQL, crmocobcTBoBan mpa-
BWIbHOMY TTOHHMaHHIO UMEHHO 3TOH MOJIEH, 2 HE TEXHUYECKHUX TOHKOCTEH
si3bIKa. [Ipenbinyiuast JeEKLHs MOCBsIIanach TOMY, ¥mo (T. €. JaHHbIE KaKUX TH-
TIOB) MOXET XpaHHUTECS B SQL-opHeHTHpOBaHHOM Ha3e JaHHBIX.

Teneps cienyer MOHSATh, ede XpaHSITCS 3T JaHHbIe. Kak ¥ B peasiuuoH-
HOM MoJeJIu JaHHbIX, B MogeaH SQL noaaepxuBaeTcst eIMHCTBEHHAsI POAOBAast
CTPYKTYpa JaHHBIX, Ha3bIBacMasi B JAHHOM ciiydae 6a3oeoil mabauyeii. B riep-
BOM M3 IByX OCHOBHBIX Pa3eNioB JIEKLIMH 00CYKNAIOTCs cpeacTBa sizbika SQL,
npeaHa3HadeHHbIe ISl ONpEeIeCHUsI, U3MEHCHUS ONpPEIETICHUs] U OTMEHEI
orpenesieHus1 6a30BbIX TAOHLL.
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IoHsiTHe 6a30BOH TabJMLIBI POICTBEHHO TOHATHIO OTHOUIEHHUS: MOXHO
CUMTaTh, YTO 6a30Bast TabaHLA 00JanaeT 3aT0JI0BKOM*, B KOTOPOM cojepxXarcst
pazM4aeMblc MMEHA CTOIOLIOB U MX THITBI TAHHBIX (3aroj0BOK 06a30BoM TabIM-
bl ABASIETCSI MHOXECTBOM H MPEACTAB/ISIET COO0M OIM3KHMI aHAIOT 3ar0N0BKA
OTHOILLIEHUS1), H TEJIOM, BKJIIOYAIOLIHUM CTPOKH, KOTOPbIE COOTBETCTBYIOT 3aro-
JIOBKY TaGiM1bl (Ka3aaoch Obl, 31€Ch Mbl HMEEM aHAJIOTH TeJla OTHOLUCHHUS B
koprexei). Ho KopeHHoe oTimure 6a30Boi TaGIM1IbI OT HICTHHHOTO OTHOLIE-
HHSA COCTOHT B TOM, YTO TeJIO TAOIHULIbI HE 00SI3aTEIbHO ABJISIETCS MHONCECMBOM.
CpenM cTpoK TeJia TaGIHLIbI MOTYT BCTPEYaThCs IyOIHKAaThl, H B OOILIEM CTyvae
Tes10 6a30B0M TabMu1bl SQL npeacTaBisicT COO0M My 2bmumMHONCECMBO CTPOK.
3aberas Brepen (CM. CIEAyIOUIHE JIEKIIUU), CIEIyeT 3aMETUTb, UTO HO-
poxcoaembie mabauybt SQL, KoTOpbie (YOPMHUPYIOTCA MPH BHITTOTHEHUH 3aIMpPoO-
coB K SQL-opueHTHpOBaHHO# 6a3e JaHHBIX, elle 6onee otnansioT SQL ot pe-
JIILIMOHHON Mogdenu. B Takux TaGiauliax MOXET OTCYTCTBOBaTh U TPABUIBLHO
c(popMHUPOBAHHBIA 3aroI0BOK (MOTYT HMETHCS OTHOMMEHHbIE CTOJIOLbI).
IToyemy xe, MOHMMAsT NPUHLINITHAIbHBIE OTKJIOHEHU si3biKa SQL ot pensi-
LIMOHHOU MOIENH JaHHBIX, Mbl BKJIIOUMJIM 3TH ABE TEMBI B OIMH KypC U, Oosce
TOro, MHoraa HeopMaibHO HasbiBaeM SQL s3bIKOM peasyuonubix 6a3 danmnbix?
ToMy ecTb HECKOJILKO MIPHYHH.
¢ Bo-mepBhix, HCOAB3YS A3bIK SQL, MOXHO He HapyliaTh NpeanmuCcaHUi
PEJIILIHOHHON MOJIENIN, U TOTIA K «MPaBUJIbHO MOCTpoeHHOH» SQL-opu-
E€HTHPOBAHHOM 6a3¢ JaHHBIX IPMMEHUMBI Bce (DYHIAMEHTAbHBIE PE3YJib-
TATHl TEOPHH PEJISILIMOHHBIX 0a3 NaHHBIX, BKJIIOYAsl MPHHLMUIBI TPOEKTH -
POBAaHHS HAa OCHOBE HOPMAJTM3allH.

¢ Bo-BTOpbIX, MOJHOCTBIO OTBEpras poAcTBO si3bika SQL ¢ pensiiuoHHOR Mo-
JENBbIO TAHHBIX, Mbl BEICTYTTAIM OBl POTHB YCTAHOBUBIIMXCA UCTOPHYECKHX
TPATULIMIA. DTOT SI3bIK BO3HUK OKoJ10 30 JIeT TOMy Hasall BO BpeMs peain3a-
uu B KoMnaHnu IBM npoekTa no cosznanuio akcnepuMeHTatsHoi CYDB/
System R, 0CHOBHOH LIEJIbI0 KOTOPOIO SIBJISJIOCH 0DOCHOBAaHUE TpaKTHYEC-
KOU pealM3ally PEJIIIIMOHHOIO MOAX0AAa K OpraHM3alvM 6a3 NaHHBIX. Tak
yto UcTopryecku SQL 6a3upoBacs Ha peIsTUHOHHOM MOJIENIM JAHHbLIX (BO3-
MOXHO, HE COBCEM BEPHO MOHATOM M/WJIH BOILIOLIEHHOH).

¢ HakoHel, mo HauieMy MHEHHIO, B 00J1aCTH MH(OPMALUMOHHON TEXHOJIOTHH
11000 TIPaKTHYECKH UCTIONb3YeMbIii HHCTPYMEHT HE MOXET ObITh MOJIHOCTHIO
CBOOONIEH OT KOMITPOMHCCOB. UIEOIOrMuecKH YHCThIE PELUCHNS] BO3MOXHBI
TOJILKO B HAYYHO-9KCIIEPUMEHTATLHOM paboTe. «BeIMKUI U yXaCHBIN» SI3bIK
SQL — 3To nmopoxaeHue psiia KOMIIPOMHCCOB MEXIy TeOpHEid, MPaKTHKOM H
MAapKETUHIOBOM IESTEIbHOCTBIO. DTOT SA3bIK SIBISETCS HACTOJIBKO PEISALHOH-
HbIM, HACKOJIBKO 3TO MOHANOOWIOCh moTpebuTtensiM Kommepueckux CYB/I,
TPSIMO MJTH KOCBEHHO (PMHAHCHPOBABIIMM Pa3paboTKy SI3bIKA.

* B SQL He HUCTO/IB3YIOTCS TEPMHHHI 30204080K YU MeAo TAOMULIBL. 31eCh MBI BpeMEHHO MOTb3yeMCS 3TOM
TEPMUHOIOTHEH TOJIBKO JUIS LIEJIeH conocTasieHHs Moaenn SQL ¢ peasiltHOHHOM MOZAEIBIO JAHHBIX.
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B onepatope SQL CREATE TABLE cIeUMMHULIMPYIOTCS HE TOJIBKO CTOJIO-
Libl TaOJIULIBI, HO U OTPAaHUYEHUA LIENOCTHOCTH, KOTOPHIM JOJIKHEI YAOBIC-
TBOPATH JaHHBIE, XpaHslIKecs B 6a30BOM TabnyLe. DTH OrpaHUYECHUSA SIBJISI-
IOTCS YACTHBIM CIIydaeM OTpaHHUYeHUH 6a3bl JaHHBIX LEJTUKOM, JUIS OTIpeAeie-
HHMSI KOTOPBIX, @ TAKXKE MU3MEHCHUS U JUKBUIOALIUM OIPEICICHUH UMEIOTCS
crielHaIbHBIE OTnepaTophl. OOCYXXIEHHUIO 3THX CPEACTB MOCBSALICH BTOPOH OC-
HOBHOH pa3nen 3TOM JEKIIUH.

CpenctBa onpepneneHns, U3aMmeHeHus
M nuKBnAaauum 6a3osbix TadAUL,

BbazoBble (peajbHO XpaHUMBIE B 6a3e JTaHHBIX) TaGIULIBI CO30aI0TCA (0T~
penensiioTCs) ¢ UCMOb30BAaHUEM ollepaTopa CREATE TABLE. [Iis1 U3BMEHEHUSA
olpenencHUs: 6a30BoOH TAOJULIBI IPUMEHSIETCS onepaTtop ALTER TABLE. YHHY-
TOXHUTb XPaHUMYIO TabIUIY (OTMEHUTD €€ OTNPEdCAeHHE) MOXHO C TMTOMOLIBIO
olneparopa DROP TABLE.

3ameuaHue: XOTs BHEIIHE orepaTopbl CREATE TABLE, ALTER TABLE MU

DROP TABLE MOXOXH HAa COOTBETCTBYIOLUME OIEPATOPHl ONpPEACAEHHS,

U3MEHEHUS ONPEIEAEHNS] U OTMEHBI OIIPEAECTAEHUS IOMEHA, MEXIY HUMH

UMeeTc TIPHHLUMITHAIbHOE pasdnuuue. OnpeneacHue IOMEHA IIPUBOIUT

BCETO JIMIIb K CO3IaHUI0 HEKOTOPBIX HOBBIX OITUCATENCH, BXOOSALIMX B CO-

CTaB MeTagaHHBIX 6a3bl JaHHBIX. Co3naHHWe 6a30BOM TaOIULIBI, KDOME CO-

31aHUSI COOTBETCTBYIOLUMX OIIUCATEIEHA, ITOPOXKIAET HOBYKD 00JacTb

BHEIIHEH MaMsTH, B KOTOPO# OyIyT XpaHUTLCS NaHHBIE, ITOCTAB/IsIEMbIE

Mojb3oBaTeIsIMH. TeM caMbIM, Oa3oBasi Tabaulia SQL-opueHTHpOBaH-

HOIt 6a3bl JaHHBIX SIBASETCS MPSAMBIM AHANOTOM IIEPEMEHHON OTHOLIE-

HUSI PENSILIMOHHON MOIE/IHN JaHHBIX.

OnpeneneHne 6a3oBoi TabGnULbI

Oneparop co3naHus 6a30BoOH TaOIULILI CREATE TABLE MMEET CICAYIO-
LIUH CHHTAKCHUC:

base_table_definition ::= CREATE TABLE base_table_name
(base_table_element_commalist)*
base_table_element ::= column_definition

| base_table_constraint_definition

3mech base_table_name 3amaeT UMs HOBOHM (M3HAYAILHO ITYCTOM) 6a30BOM
TabymIbl. Kaxnbii aneMeHT onpeneacHus 6a30BoH TabIULIBI SIBISIETCA JTUGO0 OTIpe-
ZIeJICHUEM CTo011a, THOO0 onpeaeaeHHEM TabANYHOTO OTPaHNYEHUS LIENOCTHOCTH.

* B KpymJIBIX ¢KOOKax yKa3blBaeTes CIIMCOK OIpeAeNieHuit 31eMeHTOB 6a30B0H TabaMUb! (ZOJDKHO
TIPUCYTCTBOBATE OMPEleNIeHUE XOTsI Obl OTHOTO CTONOLIA), pa3fAeNeHHBIX 3aMITHIMHU.
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Onpepgenexnune cronbya

DJIeMEHT onpeaeaeHUs CTo0Ua crieUPHLIMPYETC HA OCHOBE CJIENYIO-
IIMX CHHTAKCUYECKUX TTPaBHIT:

column_definition ::= column _name { data_type | domain_name }
[ default_definition ]
[ column_constraint_definition_list ]

B anemeHTe onpeneneHus cToabua column_name 3aJaeT UMS ONpenessa-
eMoro ctoyibua. Tun cronbua crienuuuUpyercs IyTeM SBHOTO YKa3aHHs TH-
na gaHHBIX (data_type) WIH IIyTeM YKa3aHHs HMEHHU paHee OnpeaesieHHOro
JoMeHa (domain_name).

3Hauenns cTonbua no yMOHaHNIO

Heob6sa3aTenbHbIA pa3faes ornpeieaeHUsA 3HaueHUsA cToabla no ymos4da-
HHIO UMEET TOT Xe CHHTAKCHUC, YTO U pas3nes onpeaeaeHUsi 3HAYeHUs 10 YMOJT-
YaHMIO B OTIEPATOPAX ONpPEACICHUS T U3MEHEHHUS OTIpEAC/ICHUS IOMEHA:

DEFAULT { literal | niladic_function | NULL }

JericTBylolliee 3HAYEHHUE TI0 YMOJYAHHUIO 11 TAHHOTO CTOJIOLA onpene-
JIAETCsA caeayonM obpa3om:
® ¢CjIM B OTMpeNeieHUU CTONIOHA STBHO TTPUCYTCTBYET pasnes DEFAULT, TO 3Have-
HHEM CTOJI01A 10 yMOITYAHUIO SIRISIETCS 3HAYEHUE, YKA3aHHOE B 3TOM pa3ieie;
® UHaye, eCJU cToNOEI OTNpeneIsieTCs HA MOMEHE U B ONPEACICHUHU 3TOrO0 10-
M€Ha SIBHO MPUCYTCTBYET pa3aei DEFAULT, TO 3HAYEHHUEM CTOJIOHA 110 yMOJI-
YaHHIO ABJISECTCA 3HAUEHHUE, YKAa3aHHOE B 3TOM pasfelie;
® MHaye 3HaYECHHEM I10 YMOJYaHHIO CTOJIOHA ABIsAETCA NULL.*
3aMEeTHM, YTO €CJIM 3HAYEHHEM MO YMOJYAHUIO HEABHO OOBSBICHO HEO-
npeneeHHoe 3HadeHue (NULL), HO cpeay OTpaHUYEHHUH LIEJIOCTHOCTH CTOJIG-
Lia MPUCYTCTBYET OrpaHUYEeHHEe NOT NULL (CM. HHUXE), TO CUUTAETCSA, 4TO Y
cTojbua BoOOIIe OTCYTCTBYET 3HAYEHHE IO YMOJIYAHHIO. DTO O3HAYAET, YTO
npH o060l BCTaBKe HOBOH CTPOKM B COOTBETCTBYIOIIYIO ©a30BYy10 TaGJIHILy
3HAa4YeHHUE IAHHOTO CTOJIG1A NOXHO ObITh 3a1aHO SIBHO.

OrpaHn4eHust LesI0CTHOCTH cTonbuya
DeMEHT HEOBSI3ATENLHOTO CITUCKA OrpaHMYEHHMI LEJOCTHOCTH CTOI61a
onpeneyseTca CAeAYIOUMH CUHTAKCUYECKUMMU NMPaBUJIAMMU:

* 3aMeTHM, YTO XOTH CTONOEL] MOXET TMOJYYHUTh 3Ha4YeHHe NULL no yMOJUaHHIO KaK SBHBIM, TaK U
HEABHBIM 06pa30M, OTH JiBa CJiydyasd HE ABIAIOTCA SKBUBAJICHTHBIMH. ABHOE 3aaaHKe NULL B Ka4ecT-
B€ 3HAYCHMA MO YMOTYAHHIO 3anpeliacT HacJIeA0BaHHE CTOJOLIOM 3HaYEHUS IO YMOTYaHWIO IOMCHA.
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Kypc OcHoBbI 623 AaHHbBIX

column_constraint_definition ::= [CONSTRAINT constraint_name ]
NOT NULL
| { PRIMARY KEY | UNIQUE }
| references_definition
| CHECK { conditional_expression )

Kak MbI yBHIMM HEMHOTO MO33Xe, JII000€ OrpaHUYEHUE LIETIOCTHOCTH, BKITIO-
YaeMoe B OIpe/Ie/ieHHUE CTOMIOA, MOXET ObITh 9KBUBAIEHTHLIM 00Pa30M BhIpAXeE-
HO B BUIE TaGIUYHOTO OrpaHUUYEHUS LeJTOCTHOCTA. ENMHCTBEHHBIH pe30H orpe-
JIETICHUS] OTPAaHUYECHHUI Ha YPOBHE CTOJIOLIA COCTOUT B TOM, UTO B 3TOM CJTy4ae B OT-
PaHWYEHHUM LIEJIOCTHOCTH He TpeOyeTCsl SIBHO YKa3bIBaTh MMS CTOI01A. TeM He Me-
Hee, KPaTKO paCCMOTPHM OTPaHMYEHHS LIETIOCTHOCTH CTOJI01IA OTAEIIBLHO.

OrpanudeHue NOT NULL 03HAQYaeT, YTO B OTIPEIEISICMOM CTOJI01E HUKOT-
Ja He OOJIXKHBI COAePXAaThCsl HeonpeaeacHHble 3HadeHus1. Ecau onpenense-
MBIH CTOI0EN UMeeT UMH C, TO 3TO OrpaHH4YEeHHE IKBUBAJIEHTHO CIICAYIOLLEMY
TabIMYHOMY OFPAHUYEHUIO: CHECK (C IS NOT NULL).

B omnpeneneHue cTonb11a MOXET BXOAUTL OMHO U3 OrpaHHYEHHI: OrpaHH-
YeHHE TepBHYHOrO Kio4ya (PRIMARY KEY) WIM OrpaHMYEHHE BO3MOXHOIO
KJI4Ya (UNIQUE). BKilloueHHE B oIpeaeieHUe CTo0LA TI0O0ro U3 3TUX OTPaHU-
YeHH 03HaYaeT TpeOoBaHHEe YHUKAIBHOCTH 3HAYEHHIA OTIpeIesIIeMOTO CTONG-
11a (T. €. BO BCE BpeMsI CYLIIECTBOBAHHS OIpeAe/sieMO TabIHLIBI BO BCEX €€ CTPO-
Kax 3HAYeHHUs AAHHOTO CTOJIOLA AO/KHBI OBITH pasiWYHBLI*). OrpaHUYECHUE
PRIMARY KEY, B JOITOJTHEHHE K 3TOMY, BledeT 3a OO0 orpaHuyeHHe NOT NULL
IS OTIPEAETIAEMOTO CTOI0A. DTH OrpaHHYEHHS CTONIOLA SKBUBAJIEHTHBI CJIe-
IYIOIMM TaOJIMYHBIM OrpaHUYeHUSIM: PRIMARY KEY (C) M UNIQUE (C).

OrpannueHue references_definition o3HayaeT OOBSIBACHUE OIpee-
JIIEMOTO CTOJ01Ia BHELITHUM KJIIOYOM TaOMHILI M 00JaaeT CAeayIOUUM CHH-
TaKCHUCOM:

references_definition ::=
REFERENCES base_table_name [ (column_commalist) ]
[ MATCH { SIMPLE | FULL | PARTIAL } ]
[ ON DELETE referential_action ]
[ ON UPDATE referential_action ]

Ha camom nene, naHHasi CUHTaKCHYeCKash KOHCTPYKIIMA paboTaeT U B
cJIydyae onpeese HUs BHELTHETO KJTI04a Ha YPOBHE TabIUIIbI (B OMHOM U3 OIIpe-
JIEJCeHUH TaOJIHYHBIX OrpAHUYEHUH LIETOCTHOCTH). [103TOMY MBI OTJI0XKM 006-
CYXOEeHHE 10 pPacCMOTPEHMs 3TOro obiuero ciaydasi. [Toka oTMETHM TOJBKO,

4yTO NMpPH HCIOJIB30BaHHMH KOHCTPYKIHMH Ha YPOBHE OIIpCACICHHUA croabua
* B atom ciyyae SQL onHpaeTcss Ha CEMAHTUKY HeONpeleleHHbIX 3HaYeHUH, OTIMYHYIO OT HC-
110/Ib3yeMOMH B GOJBITMHCTBE APYTUX ciydyaeB. CuuTaetcs, 4to (NULL = NULL) = trueH 4ToO {a
= NULL) = (NULL = a) = false UIs 11000TO 3HAYEHHUS a, OTIMYHOTO OT NULL.
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column_commalist MOXET COAEPXATh UMS TOJBKO ONHOIO CTOA6LA (TOTOMY
YTO BHEITHUI KJTIOY COCTOUT U3 OJTHOTO OrpenesieMoro cronbua). OrpaHuue-
HHME 3KBUBAJIECHTHO CleAylOIHeMy TaOIUYHOMY OTpaHUUYEHMIO: FOREGN KEY
(C) references_definition.

TlposepouHoe orpaHuueHUe CHECK (conditional_expression)} Npu-
BOAUT K TOMY, YTO B JAHHOM CTOJIOLIE MOTYT HAXOIUTLCS TOJILKO T€ 3HAYEHUS,
IUI KOTOpBIX BEIUMCIEHUE conditional _expression HE MPUBOOUT K PE3yb-
TaTy false. B ycJI0BHOM BEIpAXXE€HUH NTPOBEPOYHOr0 OTPAHUYEHUS CTONIOLA pa3-
pelIaeTcsi UCITOJIb30BaTh UMSI TOJILKO ONPENEISIEeMOro CTojIoLa. 3aMETHUM, YTO
MPOBEPOYHOE OrPaHUYEHHE CTONIOLA MOXET OLITL 6€30 BCIKUX UBMEHEH U Me-
PEHECEHO Ha YPOBEHb Onpelle/ieHUs TabJIUYHBIX OTPaHUYEHHH,

OnpeaeneHue TaGNANU4YHOro orpaHNYEeHUs

DneMeHT OTIpCOC/ICHUA Tabau4HOrO OrpaHHUICHHUSA LEJIOCTHOCTH 3a1a€TCA
B CJICAYIOLIEM CUHTAKCHUCE:

base_table_constraint_definition ::=[ CONSTRAINT constraint_name ]
{ PRIMARY KEY | UNIQUE } ( column_commalist )
| FOREIGN KEY ( column_commalist ) references_definition
| CHECK ( conditional_expression )

Kax Mbl BUAUM, UMEETCS TPU PA3HOBUAHOCTU TAOJIUYHBIX OTPAHUYEHUH:
OrpaHWYEHUE TMEPBUYHOIO MJIM BO3MOXHOrO KJioua (PRIMARY KEY WIH
UNIQUE), orpaHMYEHHE BHEUIHETO KJII0Ua (FOREGN KEY) M ITPOBEPOYHOE Orpa-
HHYeHHEe (CHECK). JIioboMy orpaHHYEHUIO MOXET SIBHBIM 00pa30oM Ha3HAYATh-
Csl UMSI, €CJTU TIepel ONpene/ieHUEM OTPAHMYEHUSI MTOMECTHUTb KOHCTPYKIIUKD
CONSTRAINT constraint_name

TabnuyHOe OrpaHn4YeHNe MePBUIHOro NN BO3MOXHOIO K1I0Ya

TabiuyHOE OrpaHMYEHHUE MEPBUYHOIO MM BO3MOXHOTIO KJIKWYa
{ PRIMARY_KEY | UNIQUE } (column_commalist) o3HayaeT TpeboBaHue
YHUKAIbHOCTU COCTABHbIX 3HAYEHUM YKa3aHHOM IpyIIbl CTOJOLOB (T. €. BO
BCE BpeMs CYLIECTBOBAaHUS ONpeneisieMoi TablMLIbl BO BCEX €€ CTPOKaX CO-
CTaBHbIE 3HAYEHMsI HAHHOH TIPYIIbl CTOJOIIOB NOJDKHEI OBITh Pa3JIMYHBI*).
OrpaHuyeHue PRIMARY KEY, B AOINOJHEHHUE K ITOMY, BJIeYET OrpaHUYEHHE
NOT NULL aJisi BceX CTONOLOB, YITOMHWHAEMbIX B ONPEACIIEHUN OrpaHUYEHHMSI.
B onpenenenuun tabauibl HOMYCKAeTCS MPOU3BOJIBLHOE YUCIIO ONpPENesIEHUI
BO3MOXHOTO KJII04Ya (JUIsl pa3HbIX KOMOUWHALIWiA ¢TOI6LIOB), HO HE Dojiee On-

* C y4eToM 3aMeyaHMs 1O NMOBOAY 0COOOro TOJKOBAHUSE CEMAHTHKH HeonpeleJeHHbIX 3HAYEHUH,
CAEJIAHHOTO B NMPEAbLTYLICH CHOCKE.
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HOTO onpele/ieHUs IMEPBUYHOrO Kioya, O6paTute ocoboe BHUMaHHUE Ha I10-
CJIEHIO YACTh TIPEABbIAYIIETO MPEeMIOKEHHS: B si3bike SQL AeicTBUTEIBHO
JONYCKAETCSA OINpeleaeHue TabIUL, Y KOTOPBIX OTCYTCTBYIOT BO3MOXHBIE
KJIIOUH. DTa 0COOEHHOCTD A3bIKa, CPeAH MIPOYEro, OYEBUAHBIM 00pa3oM Npo-
THBOpPEYHT OA30BLIM TPEOOBAHUAM PEISIIMOHHON MOIEIHN JaHHBIX.

TposepoyHoe TabauyHoe orpaHnveHue

OnpeneneHue TabJIUYHOTO OrpaHUYEHHUS BUIA CHECK
(conditional_expression) NPUBOIMUT K TOMY, YTO YKA3aHHOE YCIIOBHOE BBI-
paxeHHe OyJleT BBIMUCIATHCS MTPH KAX IO MOMNBITKE OOHOBJICHHUS COOTBETCTBY-
1011e# TaOJIULIBI (BCTABKE HOBOM CTPOKH, YIAJIEHUH WIM MOTU(DHKAITUH CyIIIe-
cTBymolleH cTpokH). CUMTAETCS, YTO MOMBITKA OOHOBJICHUS TabIMIIBI HApyIIIa-~
€T POBEPOYHOE OrPAHUUYEHHUE 1IEJIOCTHOCTH, €CJIU MOCJIE BLIMTOJIHEHMS OMepa-
LIMH OOHOBJICHHSI BHIUMCJICHHE YCJIOBHOIO BBIPAXCHMS HAET pe3yikTaT false.
Jpyrumu ciioBaMH, TaGIMIa HAXOAUTCS B COOTBETCTBHH C JAHHBIM MTPOBEPOY-
HbIM TaOJIMYHBIM OrpaHUYECHUEM, €CJIU ISl BCEX CTPOK TAOIMIIBI PE3YIBTATOM
BBHIYMCJIEHUS] COOTBETCTBYIOIIETO YCIOBHOTO BRIPDAXKEHMS HE SIBJIACTCSA false.

MBI OTJIOXUM 00CYyXICHHE TOMYCTHMBIX PA3HOBUIHOCTEHN YCIIOBHBIX BbI-
PaxeHU 10 Clenyoule JIEKIUH, TIe OHO OYIET 60Jiee YMECTHO B KOHTEKCTE
pPaccMOTpeHHUs onieparopa SELECT s3bika SQL.

TabnwiHoe orpaHn4eHwne BHelWwHero knw4a

CHHTaKCHC U CEMAHTHKA OINpEAeICHUS] BHEIIIHETO KJIi04Ya B OIEepaTope
SQL onpenenecHus 6a30BOM TaOMMILIBI ABISIOTCS HOBOJBHO 3amyTaHHBIMM U
CJI0XHBIMU. 10 3TO# NMpUYMHE MBI NIOCBSIILIAEM 3TOM S3BIKOBOM KOHCTPYKILIMHU
OTAENIBHHIH Noapasae.

TabnuuHoe orpaHuMyeHue FOREIGN KEY (column_commalist)
references_definition 03HayaeT OOBABJICHUE BHEIIHUM KJIIOYOM TPYMIIbI
CTOJOIOB, MMEHA KOTOPHIX MEPEUYNCIICHEI B CITHCKE column_commalist. O6-
CYIUM TEMNEPh CMBICI OrPAHUYEHUST BHEITHETO KJII0YA MPH pa3HBIX BapHAHTaX
(opmupoBanus onpeaeicHUs1 CCbUIOK (references_definition). s yno6-
CTBAa NOBTOPHUM CHHTAKCHUYECKOE TIPABHIIO.

references_definition ::=
REFERENCES base_table_name [ (column_commalist) ]
[ MATCH { SIMPLE | FULL | PARTIAL } ]
[ ON DELETE referential_action ]
[ ON UPDATE referential_action ]

B sTOM onpeneneHnm base_table_name OOKHO MPEACTABISITh COOOH MM
HEKOTOpPOii 6a30BOH TaOMUIIBI (ITYCTh, HATIPUMEP, 3Ta Tabau1Ia UMeeT UM T). Ec-
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JIX OTpeeeHHe CChIIOK BKITIOYAET CIUCOK CTONOIOB (column_commalist), TO
3TOT CITMCOK JOJDKEH COBIajaTh (C TOYHOCTBIO A0 IMOPSAKA CJIeIOBAHMS MMEH
CTOJIOLIOB) CO CITUCKOM UMEH CTOJIOIOB, HCTIOIB30BAHHEBIX B HEKOTOPOM OIIpee-
JIEHUH TIEPBUYHOTO WIHM BO3MOXHOTO KJTio4ya (PRIMARY_KEY Wi UNIQUE) B ompe-
JeneHuu Tabuirsl T. Eciu B onpeeieHNH CChIJIOK CITUCOK CTOJIOIIOB SBHO HE 3a-
JAaH, TO CYMTAETCSI, YTO OH COBMAIAET CO CIMIMCKOM CTOJIOLIOB, HCIIOJIBE30BAHHEIX B
ONpeaeaeHUH NMEPBUYHOTO KItoya (PRIMARY KEY) TaOauLbl T.

Pa3HoBugHOCTM crnocob60B COMOCTaBIEeHNS 3HaAYEHNA BHELUHero
M BO3MOXXHOIO K/HoYyen

ITycth onpenensiemas tabnuiia UMeeT UM S. OBCynuMM CMBICT Heobs3a-
TEJILHOTO pa3ielia OInpelesieHHsl BHELIHEro Kiiodya MATCH { SIMPLE | FULL
| PARTIAL }. Eciu 3TOT pa3ien OTCYTCTBYET WIH €CTH IIPUCYTCTBYET M HMEET
BUA MATCH SIMPLE, TO OrpaHMY€HHE BHEILIHEro KJiw4va (CChUIOYHOE OrpaHH-
YeHHe) YIOBJIETBOPSETCS B TOM M TOJBKO B TOM C/Iydae, KOrda sl KaXmom
CTPOKM TabaULB S IMOO:

(@) kaxoii-aubo cTondell, BXOASAIIUN B COCTAB BHEIIHETO KJIIOYa, COAECPXKUT
NULL;

(b) TabnuLa T CONEPXUT B mMoyHOCMU OCHY CMpPOKy, TaKylo, UTO 3HAaYCHHUE
BHEILUHETO KJI04Ya B JAHHOM CTPOKE TabIHIIBI S COBIAJaeT CO 3HAYCHUEM
COOTBETCTBYIOILIETO BO3MOXHOTO KJII04a B 3TOM CTPOKE TabauIIbI T.

Ecnu paszgen MATCH HPHUCYTCTBYET B OIpedesICHHM BHEIIHETO KJI0Ya U
¥MeeT BUI MATCH PARTIAL, TO OrpaHUYEHHE BHEILHETO KII0Ya yIOBIETBOPS~
€TCs B TOM U TOJIBKO B TOM CJTydae, KOraa WIS KaxXa0il CTPOKH TabaIUIbL S TUb0:
(@) kaxcowiii cmonbey, BXOASIIMH B COCTAB BHEIIHEro KiIioda, COIEPXKUT

NULL;

(b) Tabnulia T COmEPKUT IO KpaiiHeii Mepe 0OHY TAKYIO CTPOKY, UTO JJI KaX-
JOro CTosbla JAaHHOH CTPOKM TaOMMUBI S, 3HA4eHue Komopoeo OMAUYHO
om NULL, €ro 3Ha4Y€HHE€ COBITaJaeT CO 3HAUEHHUEM COOTBETCTBYIOIIETO
CTOJIOLa BO3MOXHOIO KJIK04Ya B 3TOH CTpOKE TabIULIbI T.

Ecnu pasnen MATCH uMeeT BUJI MATCH FULL, TO OrpaHUYE€HUE BHEILIHETO
KJII04a YIOBJIETBOPSIETCS B TOM M TOJIBKO B TOM CJIy4ae, KOraa aisl KaxXnoi
CTPOKH TaOMMLBI S BHITTOJHSIETCS OOHO U3 CJIEAYIOIIMX YCIOBHIA:

(@) kaxwcowi cmoabey, BXOIAIIMI B COCTAB BHEIIHETO KIKO4Yd, COAEPXKHUT
NULL;

(b) Hu odun cTONOEl, BXOOAAILIMH B COCTaB BHEIIHETO KJIOYA, HE COACPKUT
NULL, 4 TabJaU1LIa T COOEPXKUT 8 MOHHOCMU 00HY cMPOKY, TaKylo, UTO 3Haue-
HHEe BHEIUHETO KJIKO4Ya B JAHHOM CTpOKe TabJMMIIBI S COBMANaeT CO 3Have-
HHEM COOTBETCTBYIOIIErO BO3MOXHOTO KJII04Ya B 3TOH CTpoKe TabauLIL T.
OueBUIHO, YTO TOJBKO MPU HATHYMM CTrIeLHGUKALMU MATCH FULL CChI-

JIOUHOE OrpaHHYEHHE COOTBETCTBYET TPeOOBAHUSIM PENISILIMOHHON Moaeau. Tem
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He MEHee B OMNpencJeHHH OTpaHWYEHHs BHEIIHETO Kioua 0a30BbIX TaOJIHIL B
SQL no yMonyaHHIO npearnoiaraeTcs HaIM4ue cneuudukauuy MATCH SIMPLE.*

NMogpepxkKka cCbINOYHOMN HENIOCTHOCTH M CChINTIOYHbIE feACTBASA

B cBsi3U ¢ onpenescHUEM OTpaHUYEHUS BHELUIHETO KJil04a HaM OC-
TaJJOCh paCCMOTPETH €IIC ABa HeoOsI3aTeIbHBIX pa3daena — ON DELETE
referential_action U ON UPDATE referential_action. Ilpexne
BCEro, NnpuBeIcM CHHTAKCHYICCKOC NMPpaBHUIIO:

referential_action ::=
{ NO ACTION | RESTRICT | CASCADE | SET DEFAULT | SET NULL }

YT100BI OOBSICHUTH, B KAKUX CIy4YasiX U KaKMM o0pa30oM BBITIOJTHSIOTCS
3TH JEHCTBUS, TpeOyeTC sl CHaYala ONpPeaeUTb OHSITUE CCHiRarowelicss Cmpoku
(referencing row). ECIi B onipeieIEHUYN OTPAHUYEHUS] BHELTHETO KJTI0YA OTCYT-
CTBYET pasnes1 MATCH WIM NPUCYTCTBYIOT cielMdukany MATCH SIMPLE auM00
MATCH FULL, TO JJisl JAHHOW CTPOKM t Tabau1Ibl T CTPOKOM TabaMLIbI S, CChLia-
JOIIECHCS HA CTPOKY t, HA3BIBAETCA KaxOas CTpOKa TaOaMULbI S, 3HaUYCHHUE
BHEIIHETO KJ1I04a KOTOPOH COBMAAaeT CO 3HAYEHHEM COOTBETCTBYIOILIETO BO3-
MOXHOTrO Kiwya CTpokd t. Eciv B onpeneseHUHM OrpaHUYEHHUS BHELLIHETO
KJII04a MPUCYTCTBYET crieUM@uKaLusa MATCH PARTIAL, TO AJjisi JAHHOW CTPOKU
t TabaUUBl T CTPOKOH TaOJMILIBI S, CChUIAIOILEHCS Ha CTPOKY t, Ha3biBaeTcCs
Kaxzaast CTpoKa TabJaULIbI S, OTIMYHBIE OT NULL 3HaY€HHUS CTOJOLIOB BHEIIHETO
KJIl04a KOTOPO# COBMNAAaloT O 3HAYCHUSAMHU COOTBETCTBYIOILHUX CTOJOLIOB CO-
OTBETCTBYIOILIETO BO3MOXHOTO KJIIO4a CTPOKHU t. B ciayyae MATCH PARTIAL
CTpOKA TabaMIIbl S Ha3bIBAETCS CChLIAIOIIEHCA UCKIIOUMTEBHO Ha CTPOKY t
TaOJULIH T, €CJIM 3Ta CTpOKa TaOJMLBI S ABISETCS CChUIAIOIICHCS Ha CTPOKY ¢
H HE SABJISIETCS CChUIAIOIIEICS Ha KaKyI0-THOO0 APYTYIO CTPOKY TaOMMLbI T.**
‘Tenepb MPUCTYNHM K CCHUTIOYHBIM ACHCTBIESIM. T1yCTh OnpenesicHue orpaHuye-
HMsI BHELITHETO KJTI0Ya COMEPXMT pa3aen ON DELETE referential_action. Ilpen-
TIOJIOXKHM, UTO TIPEANPUHUMAETCS MOTBITKA YAATUTE CTPOKY t U3 Tabmuusl 7. Torma:
® ¢CJIM B KaYecTBE TPeOYeMOro CChUIOYHOrO NEWCTBUS yKa3aHO NO ACTION
WIH RESTRICT, TO onepalus yaajJeHUs OTBEPracTcs, €CAH €€ BHIMOJIHEHHE
BBI3BaJIO OBl HAPYLIIEHHE OrPAHWYEHUS BHEIIHETO KII0Ya;

® ¢ClIM B Ka4€CTBE TpeOyeMOro CCHUIOYHOTO ACHCTBUA yKa3aHO CASCADE, TO
CTPOKA t YHAISETCS, U €CJIM B ONPEIEICHUUA OTPAHUYECHHS BHEIIHETO KITIO-
Yya OTCYTCTBYET pasfie] MATCH WM NMPHCYTCTBYIOT CIelM(MUKAUHHA MATCH

* Ecnyn onpenensercs BHELUIHUH KIIOY, COCTOSIIUMIA M3 OmHOro cTONOLA, TO SIBHOE yKa3zaHWe
cneundukaumy MATCH nmo6oi pasHOBHOHOCTH CTAHOBHUTCS GeCCMBICIEHHBIM, TOCKOJbKY B
atoM ciryyae MATCH SIMPLE, MATCH PARTIAL u MATCH FULL Begyt ce6si onMHaKkoBo.
** U3 npuBeaeHHBIX paHee OObACHEHU AeHCTBUA OrpaHUYEHUS] BHELIHETO KJIH0Ya MPU HATUYUU
B OTIpelle;IEHUM BHEITHETO KJllo4a pa3fena MATCH PARTIAL ICHO CIEOYET, YTO B 3TOM Cly4ae OIHa
CTpoKa TaBJIUIIBI S MOXET SIBISITBCSL CChUIAIOLIEHCS HA HECKOJIBKO PA3HbIX CMPOK TabIULIbL T.
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SIMPLE WM MATCH FULL, TO YHAJSIIOTCS BCE CTPOKM, CChUIAIOLIMECS HA t.
Ecau xe B ompenejeHUM OrpaHUYEHHUSI BHEIIHETO KII04a TPUCYTCTBYET
cneurduKaums MATCH PARTIAL, TO YAAISIOTCS TOJIBKO T€ CTPOKH, KOTOpHIE
CChUIAIOTCH HCKITIOYMTEIBHO Ha CTPOKY t;

® ¢CJIM B KaUECTBE TPEOYEMOTO CChUIOYHOIO NEMCTBUA yKa3aHo SET DEFAULT,
TO CTPOKA t yHAJIIeTCsA, H BO BCEX CTOJOLAX, KOTOPLIE BXOIAT B COCTaB
BHELIHETO KJII0Ya, BCEX CTPOK, CCHUIAIOLIMXCSA HA CTPOKY L, IPOCTaBIsIeTC
3alaHHOE TIPH UX OTIPEIE/IEHUH 3HaYeHue Mo ymondauuio. Eciu B onipene-
JICHHHM BHELIHETO KJTI0Ya CONEPXUTCA CrielUM(pHUKalMsa MATCH PARTIAL, TO
MOA0OHOMY BO3AEHCTBHIO MOABEPTalOTCS TOJBKO TE CTPOKH TAOJMIIBI S, KO-
TOpBIE CCHUIAIOTCS MCKITIOYUTENBHO Ha CTPOKY t;

® ¢C/IM B KaYeCTBe TPEOYEMOTo CCBLUIOYHOTO NEMCTBUA YKazaHO SET NULL, TO
CTPOKA t YOAISETCA, M BO BCEX CTONOLIAX, KOTOPHIE BXOIAT B COCTAB BHELIIHE-
T0 KJTI0Ya, BCeX CTPOK, CCHLUIAIOLIMXCSA Ha CTPOKY £, MpocTapisercsd NULL. Ec-
JIU B ONpEAEJCHHH BHEIIHETO KII0Ya COMEPXKUTCA CrelHdHKAaUuus MATCH
PARTIAL, TO MOAOOHOMY BO3ACHCTBUIO MOABEPIAIOTCS TOJBKO T CTPOKH Tab-
JIMLIBL S, KOTOPBIE CChUIAIOTCS MCKITIOUMTENBHO HA CTPOKY L.
IycTh onpeneieHHe OrpaHUYCHUS BHEITHETO KJTI0YA COJEPXHUT pasiaes ON
UPDATE referential_action. Ilpeanonoxum, 4yTto NpeATIPUHHUMAETCA MO-
TMBITKa OOHOBUTD CTOJIOIBI COOTBETCTBYIOIIETO BO3MOXHOIO KJTI0Ya B CTPOKE t
u3 Tabauisl 7. Torna:
® ¢CJIM B KaUecTBe TPeOYEeMOro CChLIOYHOTO NEMCTBUS yKa3aHO NO ACTION
WIH RESTRICT, TO Onepalus OOHOBJICHHUS OTBEPraeTCsl, €CJIM €€ BhITIOTHE-
HME BHI3BAJIO OBl HApYILIEHHE OTPAHUYECHUS BHEIIHETO KJTI0Ya;

® ¢CJIM B Ka4ecTBe TPeOYEMOTO CChUIOYHOTO JEeHCTBHS yKa3aHO CASCADE, TO
CTPOKA t OOHOBJSIETCS, M €CJIM B OTIPEAE]ECHUH OrpaHUYEHHS BHEIIHETO
KJII049a OTCYTCTBYET pasien MATCH WIH TIDUCYTCTBYIOT CelH(DHKALUH
MATCH SIMPLE WM MATCH FULL, TO COOTBETCTBYIOIIIMM 00pPa3oM OOHOBJISA-
IOTCSL BCE CTPOKH, CChUIAIONIHECA HA t (B HUX JOJDKHBIM 00pa3oM H3MEHS-
I0TCSl 3HAYEHHA CTOJOLIOB, BXOISILIMX B COCTAB BHENIHETroO Kioua). Eciu xe
B OMpeeICHUH OrPaHUYEHUS BHELTHETO KJTI0Ya MPUCYTCTBYET CIeLMGpUKA-
UM MATCH PARTIAL, TO OOHOBJSIIOTCS TOJBKO T€ CTPOKH, KOTOPHIE CChLIa-
I0TCSL UICKJIFOYHTENBLHO Ha CTPOKY t;

® €CJIA B KaYECTBE TPEOYEMOTO CCHUIOYHOTO NEHCTBUS YKa3aHO SET DEFAULT,
TO CTPOKa t OOHOBJAETCSI, M BO BCEX CTOJIOLIAX, KOTOPHIE BXOAAT B COCTAaB
BHEIIHETO KJII0Ya M COOTBETCTBYIOT H3MEHSIEMBIM CTOJOLIAM TabaHLbI T,
BCEX CTPOK, CCBUIAIOIIUXCS HA CTPOKY t, MPOCTABISAETCS 3afaHHOE TIPH HX
ONpeAeIeHUN 3HaYeHHWE N0 yMomdaHuio. Eciau B omnpeneseHHH BHELIHETO
KJTI04Ya COIepXUTCH crieuMduKanusg MATCH PARTIAL, TO NMOJOOHOMY BO3-
JIECTBUIO TOABEPTAIOTCSA TOJBKO T€ CTPOKHU TaOJIHLBI S, KOTOPBIE€ CCHUIAIOT-
cf HUCKIIOYHUTEIBHO Ha CTPOKY t, IIPHYEM B HHX H3IMEHSIIOTCA 3HAYEHHS
TOJILKO TE€X CTOJOLIOB, KOTOPEIE HE COMEPXAIH NULL;
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® eCJIM B KauecTBe TpeOyeMOro CChbUIOYHOTO AEHCTBUSA yKa3aHO SET NULL, TO
cTpoka t OBHOBJsETCS, U BO BCEX CTOJIOLIAaX, KOTOPHIE BXOAAT B COCTaB
BHEUIHEro KJIIOYa U COOTBETCTBYIOT M3MEHSEMbIM CTONOLAM Tabnuubl T,
BCEX CTPOK, CCHUIAIOILMXCS Ha CTPOKY t, pocTaBiasieTcss NULL. Ecnu B onpe-
JENEHUM BHELTHETO KJII0Ua COAEPXUTCS criedpukanus MATCH PARTTAL, TO
1o106HOMY BO3IEHCTBHIO MMOABEPTAIOTCS TOJIBKO T€ CTPOKH TabJHUIIBI S, KO-
TOPbIE CCHUIAIOTCS HCKITIOUMTEILHO Ha CTPOKY t.*

Mpumepsl onpeaeneHuii 6a3oBbix Tabnuy,

OnpenenuMm Tabauubl cayxanux (EMP), oTAenoB (DEPT) M NPOEKTOB
(PRO). DTH TabIUIIBI UMEIOT 3aT0JIOBKH, TIOKa3aHHbIE Ha puc. 12.1.

Cronbupl EMP_NO, EMP_SAL, DEPT_NO, PRO_NO, DEPT_TOTAL_SAL,
DEPT_MNG M PRO_MNG onpenegioTcs Ha paHee onpeneJeHHBIX JoOMeHax (ompe-
OEJIEHUS AOMEHOB EMP_NO M SALARY TpHUBEACHBI B TPEIBLIYILIEH JEKIIUH).
IlepBUYHBEIMU KJTIOYAMHM OTHOUIEHHMM EMP, DEPT M IpPOEKTOB PRO SIBISIOTCS
cTonbupl EMP_NO, DEPT_NO M PRO_NO cOOTBETCTBEHHO. B Tabnuiie EMP cTon6-
LIkl DEPT_NO U PRO_NO SBJSIIOTCS BHEUIHUMHU KIIIOYaMH, YKa3bIBAIOIIMMU Ha
OTAEJI, B KOTOPOM paboTaeT ciayKallui, U Ha BEIMOJHSAEMBIA UM IIPOEKT COOT-
BETCTBEHHO. B Tabnuiie DEPT BHELIHHUM KJIIOUOM SIBJISIETCA cTONOe DEPT _NO,
VKa3bIBAIOIIMI Ha CIyXaIllero, SABISIONIETOCS PYKOBOAUTENIEM COOTBETCTBYIO-
1LIEro OTAEa, a B TabauLe PRO BHEITHUM KJIHOYOM SIBJISIETCS CTONOEL PRO_MNG,
YKa3bIBaIOLIHUI Ha CTYXAlLIETO, SBISIOIIETOCS MEHEIKEPOM COOTBETCTBYIOLIE-
ro npoekTa. Jpyrue orpaHU4eHUS LIEJTOCTHOCTH MBI OOCYAMM MO3XKE.

Onpenenum Tabnuily EMP:

(1) CREATE TABLE EMP ({
(2) EMP_NO EMP_NO PRIMARY KEY,
(3) EMP_NAME VARCHAR(20) DEFAULT ‘Incognito’ NOT NULL,
(4) EMP_BDATE DATE DEFAULT NULL CHECK (VALUE >= DATE ’1917-10-24'),
(5) EMP_SAL SALARY,
(6) DEPT_NO DEPT NO DEFAULT NULL REFERENCES DEPT ON DELETE SET NULL,
(7) PRO_NO PRO_NO DEFAULT NULL,
(8) FOREIGN KEY PRO_NO REFERENCES PRO (PRO_NO) ON DELETE SET NULL,
(9) CONSTRAINT PRO_EMP_NO CHECK

( (SELECT COUNT (*) FROM EMP E

WHERE E.PRO_NO = PRO_NO) <= 50));

ITocnenoBaTebHO 0OCYOUM YaCTH 3TOTO onpeneyieHus. B yactu (1) yxa-
3BIBAETCA, UYTO co3maeTcd Tabiauna ¢ uMeHeM EMP. B yacTtu (2) onpenensiercs

* Kak MOXHO BUAETb M3 NPUBEIEHHBIX OOBICHEHHM, CCHUIOYHBIE ASHCTBHSA CIYXKAT TOMY, UTOOI
ABTOMAaTHYECKH NMOJIEPXUBATh CChUIOYHYIO LEJIOCTHOCTh NPU OOHOBIEHHUAX TabMULL, K CTPOKaM
KOTOPBIX BEAYT CChUIKH. JIOBOJIBHO YaCTO CChUIOYHbIE ACHCTBUS, IBISIIOLIMECS YACTBIO ONpeaenie-
HHUSI BHELTHETO KJII0YA, Ha3bIBAIOT 0eKAapamueHbiMU MpUu22epamu.
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EMP:

EMP_NO : EMP NO
EMP_NAME : VARCHAR
EMP_BDATE : DATE
EMP_SAL : SALARY
DEPT_NO : DEPT_NO
RO_NO : PRO_NO

DEPT:

DEPT_NO : DEPT_NO
DEPT_NAME : VARCHAR
DEPT_EMP_NO : INTEGER
DEPT_TOTAL_SAL : SALARY
DEPT_MNG : EMP_NO

PRO:

PRO_NO : PRO_NO
PRO_TITLE : VARCHAR
PRO_SDATE : DATE
PRO_DURAT : INTERVAL
PRO_MNG : EMP_NO

PRO_DESC : CLOB

Puc. 12.1. 3aronoBku Tabauil EMP, DEPT U PRO

cronbel] EMP_NO Ha foMeHe EMP_NO. Y 3Toro cTonbla He olpene/ieHO 3HaYeHHe
10 YMOTYAHHIO, U OH OOBABJIEH IMEPBUYHBIM KJIIOUOM TAOJUIIBI (3TO OrpaHHye-
HME LISJIOCTHOCTH JOOABJIACTC Yepe3 AND K OrPaHHYCHUAM, YHACICIOBAHHBIM
CTOJIOLIOM OT OTpelieIcHUA foMeHa). [ToMHUMO Tpoyero, 3o 03HAYAET HEABHOE
yKasaHHe 3alpeTa i JaHHOTO CToJI01A HeolpeAeieHHBIX 3HaYeHuit. B yacTu
(3) ompeneneH cronbelr EMP_NAME Ha 6a30BOM THIIE JAHHBIX CHMBOJBHBIX
CTPOK MePEMEHHOM [UTMHBI ¢ MAKCUMAJTLHOM WIMHOM 20. 11151 cTOJI011a YKa3aHo
3HAYCHHE 10 YMOJYAHHIO — CTPOKA ' Incognito’, U B KAYECTBE OrpaHHYEHUS
LICJIOCTHOCTH 3allpellieHbl HEOIPEASACHHBIE 3HaYeHUs. B yacTu (4) onpenensi-
eTcs cToabel] EMP_BDATE (aTa poXISHHUSA cayxaiiero). OH UMeeT TUIT JAHHBIX
DATE, 3HAYEHHUEM I10 YMOJTYAHHIO SIBJIAETCS NULL (JaThl POXIEHUS HEKOTOPHIX
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CIyXalllUX HEU3BECTHBI). KpoMe TOro, orpaHu4YeHUe CTO0LA 3aNpeliaeT NpHU-
HHMMAaTh Ha paboTy M1, O KOTOPBIX U3BECTHO, YTO OHH POMIWIHNCH 10 OKTAODD-
cKkoro mepeBopoTa. B uwactu (5) ompeneneH cronben EMP_SAL Ha IJOMEHE
SALARY. 3Ha4Y€HHE MO YMOJYAHHIO U OrpaHUYCHHUS LIETOCTHOCTH HACAEAYIOTCS
M3 ompefeiieHHst JoMeHa. B yactu (6) cronberr DEPT_NO OMNpeaeIsieTcss Ha Ofl-
HOMMEHHOM JOMEHE (JUIs1 HAlIIHX LieJIEH ero onpeae/ieHHE HECYIIIECTBEHHO), HO
SIBHO OOBSIBISAETCS, YTO 3HAYCHHEM T10 YMOYAHHIO 3TOTO CTOJIOLA OyaeT NULL
(HeKOoTOpBIE CAyXalllMe HE MPUITUCAHBI HUA K KakoMy oTaeny). KpoMe Toro, no-
OaBseTCs OrpaHMYECHHE BHEIIHEro KiIoya: cTojdel DEPT NO CCBUIAETCS Ha
TIepBUYHBIN KTI0Y TabMuLbl DEPT. OTipeieieHO CChJIOYHOE IEHCTBUE: MPH yIa-
JIEHWH CTPOKU M3 TabnH1bl DEPT BO BCEX CTPOKAX TabAMIIbI EMP, CChUIABLIMXCS
Ha 3Ty CTPOKY, cTOiOIy DEPT_NO MOJIKHO OBITh NMPHCBOEHO HEOMNpPEIe/ICHHOE
3HaueHHe. B yactu (7) onpenensieTcsa crondenr PRO_NO. Ero onpeneneHue aHa-
JIOTHYHO OMpeNesicHUIO cToNb1a DEPT_NO, HO OrpaHHYeHHE BHEIIHETO KIIIOUa
BBIHECEHO B YacTh (8), TI€ OHO OTNPEAECSETCSA B MOJHOI hopMe Kak TabaudHOe
orpaHuyeHue. Hakonel, B yacTH (9) onpenensieTcss TabAMYHOE MPOBEPOYHOE
OrpaHUYEeHHE ¢ MUMEHEeM PRO_EMP_NO, KOTOpoe TpeDOyeT, YTOObl HH B OIHOM
TIPOEKTE HE yyacTBoBajo Dosblue 50 ciayxXaiuux (TmpaBwia NOCTPOEHHSI COOT-
BETCTBYIOIIETO YCIOBHOTO BhIPAXXEHHS MOSICHSIOTCS B CJICAYIONINX JIEKIUSX).
OnpenenuM Tabauuy DEPT:

(1) CREATE TABLE DEPT {
(2) DEPT_NO DEPT_NO PRIMARY KEY,
(3) DEPT_EMP_NO INTEGER NO NULL CHECK (VALUE BETWEEN 1 AND 100),
(4) DEPT_NAME VARCHAR(200) DEFAULT ‘Nameless’ NOT NULL,
(5) DEPT_TOTAL_SAL SALARY DEFAULT 1000000.00

NO NULL CHECK {VALUE > = 100000.00),
(6) DEPT_MNG EMP_NO DEFAULT NULL

REFERENCES EMP ON DELETE SET NULL

CHECK (IF (VALUE IS NOT NULL) THEN

({SELECT COUNT(*) FROM DEPT
WHERE DEPT.DEPT_MNG = VALUE) = 1),

(7) CHECK (DEPT_EMP_NO =

(SELECT COUNT(*) FROM EMP

WHERE DEPT _NO = EMP.DEPT_NO)),

(8) CHECK (DEPT_TOTAL_SAL >=

(SELECT SUM(EMP_SAL) FROM EMP

WHERE DEPT_NO = EMP.DEPT NO)));

DTO omnpeneieHHE Mbl OOCYIHM B MEHEE CHCTEMAaTHYECKOH MaHepe, YeM
npenasinyiiee. OTMETHM TOJIBKO Haubosiee MHTEPECHbIE MOMEHTHI. B yactu (3)
cTonbell DEPT_EMP_NO (YHCJIO CITyXallluX B OTHENE) OoNpeaesicH Ha 6a30BOM TH-
e INTEGER 63 3Ha4eHHs [0 YMOTYAHHUIO, C 3aMPETOM HEOMPEAEIEHHOTO 3Ha-
YeHUS U C IPOBEPOYHBIM OTPAHHYEHHEM, YCTAHABIHBAIOILIEM JIOITYCTUMBIH JTH-
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ara3oH 3HAYCHHI Yucia CIyXalux B oTaese. Ellle 0AHO MPOBEPOYHOE OrpaHH-

YyeHUe 3Toro croybua — (7) — BbIHECEHO Ha YPOBEHb OMpeaeaeHUsT TabIUYHOTO

OrpaHUYEHHs. DTO OIpaHHYEHUE YCTAHABIMBAET, UTO B KAXKIOW CTPOKE TaOJIHULIBI

DEPT 3Hau€HHE CTOJI01Ia DEPT_EMP_NO JOJDKHO PaBHSITHCS OOIIEMY UHMCTY CTPOK

TabuLbl EMP, B KOTOPBIX 3HAaU€HHUE CTOI0UA DEPT_NO paBHO 3HAYE€HUIO OIHO-

MMEHHOTO CTOJI0LA JaHHOH CTPOKM Tabaulbl DEPT.* B yacTH (5) wis onpenesie-

HMA cToIb1a DEPT _TOTAL_SAL (0o6beM (poHma 3apaboTHOI TUIATHI OTAENA) MC-

TIOJIB3YETCST JOMEH SALARY**. Ho npH 3TOM SIBHO YCTaHOBJIEHO 3HaUEHHUE CTOJIO-

11a 10 YMOTYaHHIO (OTIMYHOE OT 3HAUYECHHS 110 YMOJUaHUIO TOMEHa), 3aTipellie-

HO HAJIMYME HEOoTIpeaeSIeHHbIX 3HAaYEHUH U BBEACHO JOITOJHUTEILHOE NPOBE-

POYHOE OrpaHUYEHUE, OTIpeIeIsIIONIee HIXKHUI opor o6beMa GoHaa 3apaboT-

HOMH Iu1aTHl oTaena. Eie oqHO MpoOBEpOYHOE OrpaHMYeHUE — (§) — BEIHECEHO Ha

YPOBEHD OIpeIceHHsI TaOIUUHOTO OrpaHUdYeHHUs. DTO OrpaHUYEHHE YCTaHaB-

JIUBaeT, 4YTO B KaXmoil cTpoke Tabmuubl DEPT 3HayeHHE CToaOLa

DEPT_TOTAL_SAL JOJDKHO OBITh HE MEHBIIIE CYMMEBI 3HAU€HHIA CTO/I011a EMP_SAL

BO BCEX CTPOKax Tabjaulbl EMP, B KOTOPBIX 3HAU€HHE CTO/I01Ia DEPT_NO paBHO

3HAYEHUIO OIHOMMEHHOTO CTONOA JaHHOM CTPOKY Tad/uLbl DEPT. *** OGpatu-

Te BHUMAaHHUE Ha OINpeaeeHue cToibua DEPT_MNG — 4acTh (6). D1oT cTonbelr

OOBABJISIETCS BHELLIHUM KJTFOUOM TabIuLibl DEPT. Ho MBI XOTHM cKa3aTh 60JIblile.

VY oraena MOryT BpeMEHHO OTCYTCTBOBAaTh PYKOBOAMTE/IH, IIO3TOMY B CTOJIOLIE

JIOIYCKaIOTCA Heolpeae/ieHHbIe 3HadeHus. Ho eciiu y oraena uMeercst pyKoBoO-

JIUTENDb, TO OH JOJIKEH SIBISITECSE PYKOBOIUTEJIEM TOJBKO 3TOro otdesa. Ha nep-

BbIi1 B3MISI MOKHO OBUIO Obl BOCITOIBE30BATLCS OrpaHUYEHHEM CToIb1a UNIQUE.

Ho Ttakoe orpaHudeHHe AOITycKano Obl HAJIMUME HEOMPENEICHHOTO CTOJIOIA

DEPT_MNG TOJIBKO B OIHOH CTPOKE TaGiUIIbl DEPT, a MBI XOTUM JOITYCTUTh OTCYT-

CTBHE PYKOBOIMTENS Y HECKOJIBKUX OTAEIOB. [103TOMY MOTpe6OBaioch BBECTH

0oJtee rpOMO3IKOE NPOBEPOYHOE OIpaHUYCHHUE CTOJIONIA.

Io noBoay nByx NpUBEACHHBIX OTpeneIeHUI 6a30BbIX TabJULL Y UHTATE~

JIeii MOTYT BO3HHUKHYTb JIBa BOIIPOCa:

(a) mouyeMy IIpOBEPOYHOE OIpaHHUEHHE (9) B IEPBOM OIPeaCAeHUH U IPOBE-
pounble orpannyeHuus (7) 1 (8) Bo BrOpoM OIpeAe/IeHUH BbIHECEHHI M3
ornpeae/ieHUH COOTBETCTBYIOUIUX CTOJOLIOB, XOTA (DOPMAILHO SBJISIOTCS
MMEHHO OIPaHUYEHUSIMH CTOJIOIIOB?

(b) moueMy orpaHMuYeHHIO (9) B MEPBOM OIPEACICHUHN IPHUCBOCHO SIBHOE
UMsI, a orpaHudeHMs (7) # (8) BO BTOpOM OIpeaeSieHUH OCTaBJIeHbI 6€3bI-
MSTHHBIMH?

* JIDYTMMH CJIOBAMH, 3TO €CTECTBEHHOE OTrpaHHYeHHe TpebyeT, 4TOGHl 3HayeHus croabia
DEPT_EMP_NO GbITH «[IPaBWIBHBIMH», T.€. IEHCTBHTENABLHO COOTBETCTBOBAIH YHCITY CTyXaInuX, pa-
60TaINKX B JaHHOM OTIENE.

** [1o 3Tol NpUYMHE MBI BBEJU B NpPEABLAYIUEH JEKUUH TaKylo OONBLIYIO BEPXHIOIO IPAHHUY —
20000000.00 — 3HauyeHH# TOMEHA SALARY.

*** JpyTMMH cJIOBaMH, 3TO €CTECTBEHHOE OTpaHUYeHHeE TpeOyeT, yToObl pa3Mep (poHIa 3apaboTHOIM Iuia-
ThI OTEAa HHKOTIa He ObLT MEHBIITE CYMMAapHOHM 3apIUTaThl, TTONMY4aeMOoi CIyXALMMH TOTO OTAECA.
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Kypc OcHoBbI 623 AaHHbIX

Ha nepBblit BOMpOC MOXHO OTBETUTH CJIEAYIOIIMM o6pa3oM. la, 3TH or-
PaHUYEHUS] MOXHO ObLIO Obl BKJIIOYUTH B OINPEICICHUS CTONGLIOB. DTO JIE0
Bkyca. Ho Bce Tpy orpaHU4YEHMS SABISIOTCA OYEHb BaXXHBIMU C TOYKU 3PEHUS
OpraHu3aiuu Tabauil B uejoM. [ToaToMy JTydilie TOKA3bIBATh UX HA YPOBHE OIl-
penesieHus TabJIMYHBIX OFpaHUYEHUA.

Bot otBeT Ha BTOpoit Bonpoc. OrpaHuyeHUe (9) B IepBOM onpeaecHUU
U orpaHndeHus (7) 1 (8) Bo BTOPOM OTIPEAESICHUN BHEIITHE TTOX0XU, HO CHJIb-
HO OTJIMYaloTcs 1o cBoe cyth. OrpaHudeHUs (7) U (8) CBA3aHBI C arperarHoi
CeMaHTHUKO#M cToNO1OB DEPT_EMP_NO M DEPT_TOTAL_SAL Tabauibl DEPT. Ot-
MeHa OrpaHUYeHMIA U3MeHIIAa OBl CMBICT 3THX CTONMOLOB. OrpaHuueHue (9)
SIBISACTCSA TEKYLUMM adMMHUCTPATUBHBIM orpaHMYeHHeM. EciM pykoBoICTBO
TIPEANPUATUSA TIPUMET pellleHUE Pa3pellINTh UCIIOIb30BaTh B OMHOM IIPOEKTE
6osiee 50 cayxkalux, orpaHMYeHUEe MOXHO OTMEHUTh 6€3 U3MEHEHUS CMbIC/Ia
CTOJIOLOB TaOIMILI EMP. IMest 3TO B BUIY, Mbl BBEJIM SIBHOE UMst OTPAHUYEHHUSA
(9), 4ro6LI TIPU HEOOXOTUMOCTH MMEJIach MPOCTasi BOBMOXHOCTh OTMEHUTh
3TO OrpaHMYEHUE C TIOMOLIBIO orepaTopa ALTER TABLE.

HaxkoHeu, onpenenum tabauiy PRO.

(1) CREATE TABLE PRO {

(2) PRO_NO PRO_NO PRIMARY KEY,

(3) PRO_TITLE VARCHAR(200)DEFAULT ‘No title’ NOT NULL,

(4) PRO_SDATE DATE DEFAULT CURRENT DATE NOT NULL,

(5) PRO_DURAT INTERVAL YEAR DEFAUL INTERVAL ‘1’ YEAR NOT NULL,
(6) PRO_MNG EMP_NO UNIQUE NOT NULL REFERENCES EMP ON DELETE NO ACTION,
(7) PRO_DESC CLOB(10M));

Cronben PRO_SDATE COAEPXMT AaTy Hayajia MpPOEKTa, a CToubell
PRO_DURAT — IPOROJIKUTEILHOCTD MPOEKTA B rofax. B aToM ornpeneieHUH uMe-
€T CMbIC/I MPOKOMMEHTUPOBATh 4acTh (6). MBI cuMTaeM, YTO €CJIM OTIEJI, IO
KpaiiHeit Mepe BpEMEHHO, MOXET CYIECTBOBATh 6¢3 PYKOBOAUTEJISA, TO Y MIPOEK-
Ta BCETa J0/DKeH ObITh MeHemxep. [loaToMy onpenieneHue cronbia PRO_MNG siB-
JIIETCS Topa3no OoJiee CTPOTHM, YEM OTIpeaesieHHE CTonoua DEPT_MNG B Tabiuue
DEPT. CoueTaHHe OrpaHM4IeHH 1 UNIQUE U NOT NULL IpH OTCYTCTBHH 3HAYeHUH
MO YMOMYaHHUIO MPUBOAUT K a6COMIOTHOM YHUKAILHOCTM 3HAUYEHUH CTOaOLIA
PRO_MNG. pyrumMu cJIOBaMH, 3TOT CTOIOEL 00J1aIacT BCEMHU XapaKTEPUCTUKAMHU
MEPBAYHOTO KJII0YA, XOTS OOBARIEH TOJABKO KaK BO3MOXHEIH Kitou. Kpome Toro,
OH OOBSIRIEH KaK BHEHIHUH KJII0Y C AEHCTBUEM MPU YIAUIEHHH CTPOKH TAOIULILI
EMP C COOTBETCTBYIOLIMM 3HAYEHUEM MEPBUYHOIO Klo4a NO ACTION, 3ampeuia-
IOLLIMM TakMe yIaieHHUs. B COBOKYITHOCTH 3TO rapaHTUPYET, UTO Y JII000ro mpoeK-
Ta GyIET CylieCTBOBATb MEHEIXEP, SABIIOLIMICS CIYKALIMM MpeAnpusTUa. B
yact (5) cTonben PRO_DESC (oImMcaHHe MPOEKTA) ONpeae/eH KaK 00JIbIION CUM-
BOJIbHBIN OOBEKT C MAKCUMAIBHEIM pasmepoM 10 Moaiit.
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Nexumna 12 CpepcTBa onpegeneHus 6a30Bbix Ta6AUL U OrpaHUYeHUn LENOCTHOCTN

MUameHeHue onpeaeneHnsa 6asoBon Tabnuubl
Onepatop U3MEeHEHHUS ornpencaeHus 0a30Boif TadIUIBl ALTER TABLE
MMeEET CIeAYIOIMI CUHHTAKCHC!

base_table_alteration ::= ALTER TABLE base_table name
column_alteration_action
| base_table_constraint_alternation_action

Kax BHOHO M3 3TOT0 CHHTAKCHYECKOTO TIpaBUNIA, IIPH BBITIOJTHEHHH OfI-
HOrO onepatopa ALTER TABLE MOXET ObITb BbIIIOJTHEHO JIMOO e HCTBHE I10 U3-
MEHEHHIO OIpeaeeHus cToaoua, TH00 aeHCTBHE MO M3MEHEHHMIO OIpeace-
HMSA TAOMUYHOTO OrPpaHHYEHHUS IETOCTHOCTH.

,ao6asneHue,usmeHeHueiuuqxaaneuue¢wwpaaeneuuncwon6ua

HeiicTBHE MO M3MEHEHHWIO OMNpPEACIeHUs CTONONA crenudUuInpyercs B
CIEAYIONIEM CUHTaKCHCe:

column_alteration_action ::=
ADD [ COLUMN ] column definition
| ALTER [ COLUMN ] column_name
{ SET default definition | DROP DEFAULT }
| DROP [ COLUMN ] column_name
{ RESTRICT | CASCADE }

HrTak, ¢ ucnoab3oBaHHEM onepaTtopa ALTER TABLE MOXHO HOGaBIAThb K
oIpeaeIeHHIO TabIUIBI ONpeaesIeHUe HOBOTO CcToNbHa (meicTBrUe ADD) U U3-
MEHSITh WIH OTMEHSATH OMNpPEAENICHHE CYILECTBYIONIEro CTonbHa (meiicTBUSA
ALTER M DROP COOTBETCTBEHHO).

Cwmbic neiictBusi ADD COLUMN MOYTH MOMHOCTHIO COBMANAET CO CMBICIIOM
paszaesna onpeaeaeHus cToadia B onepatope CREATE TABLE. YKa3blBaeTcsi MMs
HOBOTO CTOJIOHA, €T0 THIT JAaHHBIX WJIH JOMEH. MOryT onpenessitbest 3Ha4e HUE
10 YMOJYaHMIO H OTPaHHYEHMS HENOCTHOCTH. OIHAKO HMEETCS OMHO CYIIECT-
BEHHOE OTJIMUME: CTONOECH, ONpeneasieMblii B IEHCTBUM ADD onepaTopa ALTER
TABLE, 100aBIISIeTCA K YK€ CYIUIECTBYIONIEH TablMIe, KOTOpasi, CKOpee BCETO,
COEPXUT HEKOTOPhIH HA0Op cTpoK. B KaxmoH U3 CYIIECTBYIONIUX CTPOK HO-
BBIH CTOJIOEIT TOJDKEH COMEPXKATh HEKOTOPOE 3HAYEHHUE, M CYUTAETCS, YTO Cpa-
3y MOCJIe BBLIINOJNHEHUS AEHCTBHsI ADD 3TMM 3HAYEHMEM SIBISAETCS 3HAYeHHE
cron6ua mo yMondanuio. IToatoMy cronbelr, onpenensieMblii B ASHCTBUH ADD,
00513aTeJILHO NOJDKEH MMETh 3HAYEHHUE 110 YMOIYAHUIO, T. €. ISl HETO HEAOITy-
CTHMAa CUTYallMsl, KOTIa 3HAY€HHUEM N0 YMOJTYAHHIO IBHO WIH HESIBHO OOBSB-
JIEHO HeoTpene/ieHHOe 3HaueHHue (NULL), HO CPEIH OrpaHUYEHHI HETOCTHOC-
TH CTOJIOLA IPUCYTCTBYET OrpaHMYeHUE NOT NULL.
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Kypc OcHOBbI 633 AaHHbIX

B neiicTBUM ALTER COLUMN MOXHO U3MEeHUTB (SET default_definition)
WM OTMEHUTH OTpeAe/iCHUE 3HAUYCHHUS TO YMOJYaHUKO VISl CYLIECTBYIOLIETO
cronbua. [1paBuna ornpenesieHUsT HOBOTO JEHUCTBYIOLErO 3HaUeHUs CToJ0LIA
10 YMOJYaHMIO COBITAJAKOT ¢ COOTBETCTBYIOLIMMHU MpaBUWiaMu, 00CyXIaBLIN-
MUCSl B TIoJIpasieie onpeaejieHus ¢ctonbla B oneparope CREATE TABLE. 3aMme-
TUM, 9YTO U3MEHEHUE 3HAYECHHUs CTOI01A MO0 YMOIYAHUIO HE OKA3bIBAET BJIUSI-
HUS1 Ha COCTOSTHUE CYIIECTBYIOLIMX CTPOK TabIULIbI (IaXe €ClIM B HEKOTOPHIX
M3 HUX XpaHUTCS Tpenblayliee 3HaueHUE CToadua rno ymonvaHuio). Eciau
cTonbell onpeaesicH Ha TIOMEHE, y KOTOPOTo CYIIIECTBYET 3HaUEHHUE 10 yMOoJI4a-
HHIO, TO TIOCIEe OTMEHBI OTpeleIcHUsI 3HaYeHUs CTOJIOIA M0 YMOTYaHHUIO IS
3TOro croyablia HauMHaET AeHCTBOBATh 3HAYEHHUE 110 YMOJYaHUIO TOMEHA.

HenictBre DROP COLUMN OTMEHSIET OIpeAEICHUE CYLLIECTBYIOLETO CTOIO0-
ua (yoansietr ero u3 tatiuubl). defictBHe DROP COLUMN OTBepraercsi, €CJIu:

(a) yKa3zaHHBIN CTOJOELL SIBASIETCS €MIMHCTBEHHBIM CTOJI0LIOM TaOJMLEL,
(b) WIM B 3TOM JEHCTBHUM NPUCYTCTBYET crielUpHKalMs RESTRICT, U JdaH-

HbBIH CTOIOEL HCMOMB3YETCA B OTNIpeAeTIeHUH KaKUX-TH00 NpeacTaBlieHUH

WX OrpaHUYECHHH LETOCTHOCTH,

Ecnu B AeiicTBUM MPUCYTCTBYET crieLUpuKanus CASCADE, TO €ro BBINOJ-
HEHME TIOpOoXIaeT HesIBHOE BRITTOJIHEHHE oNepaTopa DROP ISl BCeX MpPeICcTaB-
JICHWH M OrpaHUYCeHUIA LIEJOCTHOCTH, B OTIPEAEIEHUH KOTOPBIX UCTIONB3YETCS
JAHHBIA CTONGELL.

Mpumepsbl nameHeuuns onpeaeneHns cronbya

IlpeanonoxuM, 4YTo Ha MOPEANpPUATHU BBEJIH CHCTEMY IPEMUPOBAHMS
cayxauiux. Kaxnplil ciyxaiuii MOXeT JOMOJHUTEBLHO K 3apIuiaTe IojydaTh
€XeMECSIIHYIO MPEMUIO, He MPeBRILIAKIIYIO pa3Mep ero 3apruiaTtel. Toroa pa-
3yYMHO 100aBHUTb K Tabjule EMP HOBBIM ¢TONOEL EMP_BONUS, UCIIOAB3Ys OIlE-
parop ALTER TABLE:

ALTER TABLE EMP
ADD EMP_BONUS SALARY DEFAULT NULL
CONSTRAINT BONSAL CHECK (VALUE < EMP_SAL);

O6paTuTe BHUMaHHUE, YTO Mbl IPHCBOWIHM IMTPOBEPOYHOMY OrpaHUUEHUIO
cTo101a SIBHOE MMs1, YTOOBI B C/lydae, €C/IM OrpaHHYCHMSI Ha pa3Mep MpeMUH
HU3MEHSTCS (UTO BITOJTHE BO3MOXHO), MOXHO ObLIO OBI JIEFKO OTMEHHUTH 3TO Or-
paHU4YeHUEe, BOCTIPUHHUMAS €ro KaK TaGJaudHoE.

Ilpu onpeneneHuu croadua EMP_SAL Tabauubl EMP [UIs1 3TOro CToja0La
SIBHO HE OMNpeIe/sUIOCh 3HaYeHHE 110 YMOJUYaHHUIO (OHO HACAeIOBANOCh U3 OIT-

* He cuMTas Te TablIMYHBIE OTPAaHMUYEHHUSA LIEIOCTHOCTH, KOTOPLIE (a) ONpee/eHbl B COCTaBe OMpe-
neneHus 6a3joBoit TabMULBI, cofepxalliell TaHHRII cTombel U (b) He COIEepPXaT CChbLIOK Ha KaKhe-
6o Opyrue CTOMOLEL.
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Jlekuma 12 CpeacTsa onpefenerus 6a30Bbix Tabavy U OrpaHUY4EHN LENOCTHOCTH

penesieHust AoMeHa). Ecau B Kakoi-To MOMEHT 3TO CTAIO HETIPaBIWJIbHLIM (Ha-
IIpUMeEp, MOBBICWICA pa3Mep MMUHMMATBHOM 3apIUIaThl), MOXHO YCTAHOBHUTH
HOBOE€ 3HAYEHHE 10 YMOTYAHUIO:

ALTER TABLE EMP ALTER EMP_SAL SET DEFAULT 15000.00.

ITpu ompeneneHuH cToabiia DEPT_TOTAL_SAL TaGauUbl DEPT IS HErO
OBLIO YCTAHOBJEHO 3HaueHHe nmo ymomyaHuio 1000000. TaeHbiA OyxranTtep
IIPEATNIPUATHA MOXET OBITh HEIOBOJICH TEM, YTO TaKHE BaXHBIE NaHHBIE, KaK
o0beM GoHAA 3apIUiaThl OTAEIOB, MOIYT YCTAHABIMBATHCSA II0 YMOJYAHHMIO.
Torga MOXHO OTMEHHTD 3TO 3HAUYEHHE MO YMOJIYAHUIO:

ALTER TABLE DEPT ALTER DEPT_TOTAL_SAL DROP DEFAULT.

OOpatute BHUIMaHHE, YTO [TOCJIE BBITIOTHEHHS 9TOTO ONEepaTopa IMpH BCTaB-
K€ HOBOH CTpOKH B TabuIy DEPT Bceraa norpedyeTcs siBHO YKa3blBaTh 3HAYEHHUE
cToI01a DEPT_TOTAL_SAL. XoTs (opMaibHO y CcTONOLA OyaeT CyIIeCTBOBATh
3HayeHUe Mo YMOJYAHHIO, HacaeayeMoe oT AoMeHa SALARY (10000.00), oHO
HE MOXeT OBITb 3aHECEHO B TA0NMILy DEPT, IOCKOJIBbKY IPOTHBOPEYUT OTpaHHYE-
HUIO CTOJI0LA DEPT_TOTAL_SAL CHECK (VALUE >= 100000.00).

MoxHo 3aayMaTbcs, AeHCTBUTEIBHO JIM TpeOyeTCs MOAAePXXKUBATh B Ta0-
Juue DEPT cTosidell DEPT_EMP_NO. Kak MBI BUAEIH, IS €TI0 MOAAEPKKH Tpe-
OyeTcs TpOBEPSATh IPOMO3AKOE OTPAHHMYEHME LIETOCTHOCTH, a YUCIO CIyXa-
IIMX B JI0OOOM OTAEAE€ MOXHO MOJYYUTh TUHAMHUYECKH C TTOMOIIBIO ITPOCTOrO
3arnpoca K Tabauue EMP (COOCTBEHHO, 3TOT 3aIIpOC BXOAUT B OTpaHNYCHUE 1Ie-
JIOCTHOCTH). [To3TOMY MOXET 0Ka3aThCsl pa3yMHBIM OTMEHUTH OIpEAC/ICHHE
cToa011a DEPT_EMP_NO, BBITIOJHUB CJISAYIOIIHHA onepaTop ALTER TABLE:

ALTER TABLE DEPT DROP DEPT _EMP _NO CASCADE.

HanomHuuM, yto cnietindukauusa CASCADE BEIET K TOMY, YTO ITPH BHITO-
HEHHM omepaTropa OYyIeT YHUUYTOXEHO He TOJbKO OMpeleieHHe YKa3aHHOTO
CTOJI011a, HO U OMNpeleJeHUs BCeX OrpaHWYEeHUH LIeJJOCTHOCTH U MpeacTaBle-
HHUH, B KOTOPBIX MCIIOJB3YETCS] YHUYTOXaeMBIH cronbell. B Haiem ciydae
¢IMHCTBEHHOE CBSA3aHHOE C 3TUM CTOJIOLIOM OrpaHMYEHHE UETOCTHOCTH, OIl-
pelieJieHHOE BHE OIpeNeIeHHUs CToN01a, ObLI0 OBl OTMEHEHO, JaxXe €Cju OH B
orepaTope OTMEHHI OMpeaeaeHH!s cToa61a DEPT_EMP_NO colepXanach Crenu-
¢ukanua RESTRICT, MOCKOJbKY 3TO €IMHCTBEHHOE BHelIHee OonpencieHue
OrpaHUYCHMUS SABJISAETCS OTPaHUYEHUEM TOJBKO CTO61a DEPT_EMP_NO.
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Kypc OcHoBb! 633 JaHHbIX

HN3meHeHne Habopa TabNNYHBIX OrPpaHNYEHNH

JeiicTBHE IO U3MEHEHUIO HaGopa TabJIMUYHbIX OTPAaHUYEHHUH crienndu-
LIMPYETCS B CJICAYIOIIEM CHHTAKCHCE:

base_table_constraint_alternation_action ::=
ADD [ CONSTRAINT ] base_table_constraint_definition
| DROP CONSTRAINT constraint_name
{ RESTRICT | CASCADE }

Heiicteue ADD [ CONSTRAINT ] HO3BOJisIeT A106aBUTh K HAOOPY CYIIECT-
BYIOIIIUX OTpaHUYEHUI TaOJMIIBI HOBOE OTPaHMYECHME ILIEIOCTHOCTH. MOXHO
CYMTaTh, YTO HOBOE OrpaHUYECHHUE J00aBJIsIeTCd Yyepe3 AND K KOHBIOHKLIMH Cy-
IIECTBYIOIUX OTPAaHUYECHUIM, KaK €CJIU OB OHO OTPEAEISIOCh B COCTaBE OMepa-
Topa CREATE TABLE. Ho 3mech UMeETCS OQHO CyHIECTBEHHOE ominuue. Eciu
BHHUMATEJIbHO ITOCMOTPETh HA BCE BO3MOXHBIC BUIBI TAOMUYHbBIX OTPAHUYCHUH,
MOXHO YOeAUTBCS, YTO JI000€ U3 HUX YAOBJICTBOPSICTCS Ha MYCTOH Tabulie.
IToaTOoMy, Kakoit 661 HaOOP TaGJIMYHBIX OTPaHUYCHUI HU ObLT OMpelcsiecH Ipy
CO3MaHUH TabJIUIIbI, 3TO OIpEAC/ICHUE SIBISACTCS JOITYCTUMBIM U HE TMPETISITCT-
BYET BBITIOJIHCHUIO omeparopa CREATE TABLE. Ilpu mo6apjieHUH HOBOro Tab-
JIMYHOTO OTPaHUYEHHMS C UCTIOJIb30BAHUEM ACHCTBUS ADD [ CONSTRAINT ] MBI
UMEeM IPYTVIO CUTYaLUIO, IMTOCKOJIbKY TabJiMLa, CKOpee BCETO, YK€ COMEPKUT
HEKOTOPbI HabOp CTPOK, U1 KOTOPOTO YCJIOBHOE BhIPAXEHWE HOBOTO OTpaHU-
YEHHsST MOXET MPUHSATDH 3HaueHHUe false. B 3TOM Cciiy4ae BBIITOJIHEHHE Oreparopa
ALTER TABLE, BKJIIOHAIONIEro ASUCTBUE ADD [ CONSTRAINT ], OTBEpraercs.

BoimosiHeHue aeMcTBUs DROP CONSTRAINT MPHUBOIMT K OTMEHE OTIpee-
JICHUS CYHIECTBYIOLIECTO TaOJUYHOTO OTPaHUYEHUSI. MOXHO OTMEHUTD OTIpe-
JIeJICHUE TONbKO UMEHOBAHHBIX TaOJMYHBIX OorpaHHYeHUM. CrelnMpUKALUH
RESTRICT ¥ CASCADE OCMBICIICHBI TOJIBKO B TOM CJIy4ae, €CJIM OTMEHSIEMOE Or-
paHUYEHHE SIBJISIETCS] OrpaHUYEHHUEM BO3MOXHOrO Kiroua (UNIQUE WiIH PRI-
MARY KEY)*. [Ipu ykazaHuu RESTRICT OeHACTBUE OTBEPraeTcsl, €CJIM Ha JaHHBIN
BO3MOXHBIM KJII0Y CChLIACTCS XOTs Obl OAWH BHEWIHUN Kito4. Ilpu ykazaHumn
CASCADE feiictBue DROP CONSTRAINT BBITIONHSIETCSI B JIIOOOM Cliy4yae, M BCE
OTpe/ie/IeHUS] TAKUX BHEITHUX KJIIOUEH TAKXKE OTMEHSIIOTCS.

Mpumeps! namexneHnss HA6opa TabNNYHBIX OrPpaHNYEHNI
HamoMHuM, uTo MBI 100aBIWIM K TabiuLe EMP cTonbeir EMP_BONUS, B KO-
TOPOM COXPaHSIOTCS pa3Mephl eXeMECTYHBIX IIpeMUit ciryxaiuux. [Ipeamnoo-
>KHM, YTO MTPEMHUH BbITUTAYHUBAIOTCA U3 (hOHIa 3apabOTHOM TUIATHL OTAENA, B KO-
TopoM paboTtaer ciayxaiiui. Torga MpoBepOYHOEe OrpaHUYEHHE CTOJI6LA
DEPT_TOTAL_SAL, yCTaHABJIMBaAWOLIce, YTO 06beM (DOHAA 3apILiaThl OTAEaa

* Xots hopmanbHO TpebGyeTcst yKa3biBaTh OMHO M3 3THX KIIOYEBbIX CJIOB B JTIOGOM JEHCTBHH DROP
CONSTRAINT.
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Nexunna 12 Cpencrea onpepenenun 6a30Bbix Tabnuu, n orpanHnyennii LenoCTHOCTH

He JOJDKEH OBITh MEHbILIE CYMMapHOM 3apIUIaThl CTYXallMX 3TOro oTaea, cTa-
HOBMTCSI HEIOCTATOYHBIM, H HaM TpedyeTcs 100aBUTH K HAOOpY OrpaHHYEHHU I
TabJUIIbI DEPT HOBOE OrpaHUYEeHHUE:

ALTER TABLE DEPT ADD CONSTRAINT TOTAL_INCOME
CHECK (DEPT_TOTAL_SAL >=
(SELECT SUM(EMP_SAL + COALESCE (EMP_BONUS, 0))FROM EMP
WHERE EMP.DEPT_NO = DEPT_NO)).

XoTs1 3TO orpaHMYEHHE Ha BMI JOBOJBHO CJIOXHOE, CMBIC] €r0 OYeHb
NPOCT: CYMMApHBIH JOXOI CIYyXXKalluX OTAesia He JOJIXeH NpeBhIaTh 00beM
3apIuiathl otaena. B apudMeTHyeckoM BBIpAXKEHHH MMOJ 3HAKOM arperaTHoi
onepaiiii SUM UCTIONB3YeTCs onepaliusg COALRSCE. 3ta ABYMeCTHas orepalus
onpeAessieTCs CleAyIOIMM 00pa3oM:

COALESCE (%, y) IF x IS NOT NULL THEN x ELSE vy,

T. €. 3HaYeHUEM OINepalluM sIBJISIETCSI 3HaUeHUe MEPBOro OrepaHia, €CJIH OHO
He paBHO NULL, M 3HaYeHHE BTOPOro orepaHaa — B IPOTUBHOM ciydae. Ham
NPULJIOCH BOCHOJB30BaThCSl 3TOH oOlepalied, [OCKOJIbKY B CTOJOLE
EMP_BONUS JOMYCKAeTCsl HATUYHME HeoTpeaeie HHbIX 3HaYe HU .

IToHsSITHO, YTO HOBOE OrPaHMYEHHE CTOJOA DEPT_TOTAL_SAL CHJIBHEE
TIpEABLAYIIETO, H 3TO MpeAblaylliee OrpaHHYEeHHE MOXHO OBbLUIO OBl OTMEHHTD.
KoHeuHo, ¢ Iorn4eckoi TOYKH 3peHUA HATHYUE 00OMX OrpaHUYeHUI HHYEMY
He MOBpeAMT (TpeAblaylliee orpaHUYeHUE SIBJISIETCS JIOTUYECKUM CJIeACTBHEM
HOBOT'0), HO MPH HCIIONB30BaHUH HE CIMIIKOM HHTEJLIEKTYATbHOM peann3a-
und SQL MOXeT MPHUBECTH K 3aMeIEHHIO pabOTHl CHCTEMEI, TTOCKOJIBKY 00a
OTPAaHUYEHUS MOTYT MPOBEPATHCST HeE3aBUCUMO. K coXalleHHIo, TIpH omnpeae-
JIeHWH TaOauLBl EMP MBI HE TIPUCBOMJTH SIBHOE HMSI IIPOBEPOYHOMY OrpaHHye-
HMIO CTONOUA DEPT_TOTAL_SAL M [O3TOMY HE MOXEM HEMEUIEHHO Mpoje-
MOHCTPHUPOBATh ONEPATOp OTMEHHBI 3TOrO OrpaHHYEHUSI. DTO He 3HAYMT, YTO
€ro HeJb3si OTMEHUTD BooOlle. B crannapre si3pika SQL tpebyeTcs, 4TOOHI Or-
paHW4YeHUS LEeJJOCTHOCTH, KOTOPhIM HEe Ha3Ha4YeHHI sIBHbIE UMEHA, TOJyYain
MMeHa, aBTOMaTUYEeCKH reHepupyeMble CUCTeMOH. JI1000# KBanudHULIUpOBaH-
Hblit nonp3oBarenb SQL-opueHTupoBaHHO CYB/I (ckopee Bcero, aIMHHHCT-
paTop) MOXET OOHAPYXHThL UMS JI000ro orpaHUYeHHs1, OOpaTUBIIKHCH K CHC-
TEMHOM TaOIM1Ie-KaTaaoTy OrpaHUYeHHH 1IEJIOCTHOCTH.

Kcrati, HoBOMY OrpaHMYeHHIO MBI MPHUCBOWIH siBHOE MMs. K atomy
MPUBENH Cleayonine paccyxaeHus. Koraa co3gaBaiach UCXOmHas cxeMa 0asel
JIAaHHBIX, PYKOBOJACTBO MPEITNPUSTHS HHYETO He TOBOPHIO O MPEMHUAX CIIyXa-
mux. Tenepb HAYaJILCTBO PELLIMIIO, YTO IPEMHH OYIYT BEIIUTAYMBATHCA U3 QOH-
J1a 3apIuiaThl. JJist 3Toro, Mol 400aBUIXM HOBBHIHM CTOJIOEL] U HOBOE OTpaHHYEHHE
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Kypc OcHosbl 6a3 naHHbIX

uieslocTHOCcTH. HO KTO 3HaeT, He M3MEHUTCS JIM CHOBA PEIICHHE O MpeMHUsX?
Yrobhl He N06aBIATh cebe paboTH B OyAyllleM, JaAUM HOBOMY OrpaHHYECHHUIO
SIBHOEC UMS U He OyIeM OTMEHSTD MPEAbLAYIIee OTpAHUYCHUE. *

Ipu onpegenenny Tabaubl EMP 66110 CIIELUGULMPOBAHO NTPOBEPOYHOE
TabNIMYHOE OrpaHMYeHHe PRO_EMP_NO, yCTaHABJIMBallee, YTO Hala OTHUM
TPOEKTOM He JOIXKHO paboTaTth 6onee 50 cnyxammnx. Mbl yke oTMEYalId, YTo
3TO OrpaHHYEHHE HOCUT YUCTO aAMUHUCTPATUBHBIN XapaKTep U MOXET ObITh
OTMEHeHO 6e3 HapylIeHMs JIOTUKH 6a3bl NaHHBIX. JIIs OTMEHBI OrpaHMYEHUS
HYXHO BBITTOJHUTD CACAYIOIWI OnepaTop:

ALTER TABLE EMP DROP CONSTRAINT PRO_EMP_NO;

OTmena onpegenenus (ynmutoxenue) 6asoeou Tabnuubl

st OTMEHBI ompenesicHUsI (YHUUTOXEHUS) 0a30BOM TaOAMLIBI CYXUT
oneparop DROP TABLE, 33a1aBa€MBbIil B CIEIYIOIUEM CUHTAKCHCE:

DROP TABLE base_table name { RESTRICT | CADCADE }

YcneinHoe BEIMOTHEHKE OTiepaTopa MPUBOAMT K TOMY, UTO YKa3aHHas 6a30-
Basi TAb;IM1IA MEPECTAET CYILIECTBOBATh. YHUUTOXAIOTCS BCE €€ CTPOKH, OTpeacie-
HHA CTONOLOB M TaOJTUYHBIC ONpEAeIeHH s LEeJOCTHOCTH. TIpy HATMIUKU cniely-
¢dukauu RESTRICT BHIMOJIHEHUE OTniepaTopa DROP TABLE OTBEPTaeTCsl, €CIA UMSI
TabIULIBI UICHIONB3YETCSI B KAKOM-JIMOO OMNpENeACHUU MPEACTABICHHS WK Orpa-
HUYEHHS LIeTOCTHOCTH**. TIpH HanmuuuM ciemduKaiy CASCADE OnepaTop BhI-
TIOHSIETCS B MIOOOM CiIydae, M Bce onpeae/eH s PeACTaBICHUH U OrpaHHYeH Ui
LEJTOCTHOCTH, COAEPXAILME CChUIKM Ha NaHHYIO TabIMILY, TAKXKE OTMCHSIIOTCS.

CpepncTtBa onpeneneHus u oTMeHbl o06wmnx
orpaHuYeHui UesIoCTHOCTHN

Buabl orpaHUYEeHHH LIETOCTHOCTH, ¢ KOTOPBIMM MBI UMEJIH JIEO B TIpe-
JBIAYIIUX pa3aesiax 3To# JIEKLMH, 00pa3yioT uepapxuio (puc. 12.2).

OrpaHHyeHHs LEJTOCTHOCTH, BXOSIINE B ONIpeleeHHE TOMEHA, HACemy-
JOTCSI BCEMH CTOJIOLIAMH, OTpe/ie/ICHHBIMHA Ha 3THX IOMEHAX, U SIBISIOTCS Orpa-
HHYEHHSIMM 3THX CTOJIOLIOB. KpoMe Toro, B onpeiesieH|e CTOJI6LA MOTYT BXOAUTD
oTipeliesicHUs] TOMOJMHUTENBHBIX OrpaHWueHMii. OrpaHHYeHMsT LEeJIOCTHOCTH,
BXOISIIIIME B ONpEAeIeHHME CTON0LIA (BKIII0Yask OTPAHHYEHMSI, YHACICIOBAHHBIE U3
onpenejeHus JoMeHa), SABIAIOTCS OrPaHMUYEHHSIMU TabJIMILIbI, B COCTAB OTpee-

* He cnemyer pacHeHHMBATh 3TH pacCyXIEHHS KaK PYKOBOACTBO K J€HCTBHIO. MBI MPHBEIH MX
TOJABKO U1l TOTO, YTO6BI O60CHOBATH IPUMED, XOTA PACCYXACHHUS, KOHEYHO, HE JIMILEHbI CMBICA.
** He cyuTasi Te orpaHHYeHHMs HENOCTHOCTH, KOTOpBIE (a) OMNpeleNeHbl B COCTaBe OINpeacieHus
naHHOM 6a30Boit TabnMiK ¥ (b) He cchUIalOTC Ha Kakue-Iub0 Opyrue 6a3oBble TaOMULBI.
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Nekuwa 12 Cpepcrsa onpeaenenus 6a30Bbix Tabnuu, U orpaHU4eHUin LeNOCTHOCTU

JIEHUsI KOTOPO# BXOAMT OIpeacIAcHUE JaHHOro cTondua. Kpome Toro, B onpene-
JICHUE TAOTULIBI MOTYT BXOIUTD ONPEACICHUS JOMOJHUTEIbHBIX OTPAHUYCHHUHA.

Ho uepapxust BHIOB OrpaHUYEHU I LETOCTHOCTH 3THM HE UCUEPITBIBACTCS.
OrpaHU4eHUs LETOCTHOCTH, BXOISIIIUE B ONPENE/ICHUE TaOIULbI (BKIIIOYAS SIB-
HbIC U YHACJICNOBAHHBIC OT OMPEACACHUS JOMEHOB OTPAaHMUYCHUS CTOJIOLIOB),
MPEACTARISIIOT COOOM OrpaHMYEHUs 0a3bl JAHHBIX, YACTHIO KOTOPOH SIBISIETCS
JaHHast Tabnuua. KpoMe Toro, MOryT onpeaeaaTbes JOMOIHUTEIbHbIC OTPaHM-
yeHus 0a3pl JaHHbIX. B ctanaapre SQL Takue NOMOMHUTENBHBIE OTPAHUYCHUS
0a3bl JaHHBIX HA3bIBAKOTCS ASSERTION, a Mbl MX Oy/1eM Ha3biBaTh OOLLIMMH OI'pa-
HUYCHHUSIMH LICJIOCTHOCTH.

OI'PAHMYEHMST TOMEHOB

Y

OI'PAHMYEHUS CTOJBLOB

Y

TABJIMMHHE OI'PAHUYEHUA

Y

OI'PAHMYEHUST BA3H JAHHHX

Puc. 12.2. Uepapxus BUAOB orpaHUYECHHH LIETOCTHOCTH

OnpepeneHue o6uMx orpaHMyYeHUH UENOCTHOCTHU

s onpeseieHUs O0IIET0 OrPAaHHYEHHS LIEJJOCTHOCTH CAYXHUT OIepaTop
CREATE ASSERTION, 3a/laBacMblif B CJIEAYIOIIEM CHHTAKCHCE:

CREATE ASSERTION constraint_name CHECK (conditional_expression)

3aMeTHM, YTO IIPH CO3AaHMH OOLIEr0 OrpaHMYEHHS LIEJIOCTHOCTH €ro
MMs BCETAa JOJIXKHO YKa3biBaThCs SIBHO. XOTA CHHTAKCHC OIPEIACICHUsS 00-
ILIET0 OTPAHHYEHUA COBNANAECT C CUHTAKCHUCOM OIPEACICHHUH OrpaHHUYCHHH
CTOJ0LA U TadAULbI, B JAHHOM CJIyyac JOMYCKAKTCA TOJBKO CIIELHAJIbLHBIE
BHUIBI YCJIOBHBIX BHIpaXeHHUl. MBI He MOXEM ceityac TOUHO cpOpPMYIHMPOBaTh
CBOMCTBA 3TUX BUIOB YCIOBHUH, ITIOCKOJIbKY OTIOXWIH MOAPOOHOE pacCMOT-
pEHHE PAa3HOBUAHOCTEH YCJIIOBHBIX BHIPAXEHHH O CIenyIOIUX JeKUHid. Ec-
JIU TOBOPUTh HEPOPMAIBHO, TO OCOOBIE CBOMCTBA YCIOBHM CBA3aHHI C TEM,
YTO MPHU OMNPEACTCHUU OOIMX OrPaHUYEHHUH LEJOCTHOCTH KOHTEKCTOM, B
KOTOPOM BBIUMCJIAETCS YCIIOBHOE BBIDAXEHUE, ABJASIETCA BECh HAOOD TAOIMLL
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Kypc OcHoBbl 6a3 AaHHbIX

6a3bl JaHHBIX, @ He HAbOp CTPOK TaOMHLIbI, KaK 3TO ObLIO IPH OMNpPeaAcICHIH
TaOJIMYHBIX orpaHuYeHHid. IIpomeMoHCTpHpYeM H IPOKOMMEHTHPYEM He-
CKOJIbKO TIPUMEPOB oTpelie/ieHHii 0OLIHX OrpaHHYEHHI 1IeJIOCTHOCTH.

B omnpeneneHuu TaOAMLBI EMP coAepXajJoch OrpaHM4eHHe cTonOlia
EMP_BDATE:

CHECK (EMP_BDATE >= ‘1917-10-24")

(x paboTe Ha MPEANPUATUH AOMYCKAIOTCS TOJIBKO Te JIMLA, KOTOPHIE POAWIUCH
nocjie OKTIOPBCKOTO MepeBopoTa). BOoT KakuM 06pa3oM MOXHO OTpEAEHTh
TAKOE X€ OrPaHUYCHHE HA YPOBHE OOLIUX OrPaHUYEHHUH LIETOCTHOCTH:

CREATE ASSERTION MIN_EMP_BDATE CHECK
( (SELECT MIN(EMP_BDATE)) FROM EMP) >= ‘1917-10-24‘).

B jioru4eckoM ycji0BHH 3TOro o0Ilero orpaHH4eHUsi BHIOMPAeTCss MUHH-
MaJIbHOE 3Ha4YeHHe cToOLa EMP_BDATE (aTa pOXIECHHUsI CaMOI'o CTaporo CIIy-
Xalero). 3Ha4eHHEM YCJIOBHOTO BbIpAXeHUS OyAeT false B TOM U TOJILKO B TOM
ciiydyae, eCJIM CpelH CIyXalllhx UMeeTCsl XOTs Obl ONMH, POAMBLIHICS A0 YKa-
3aHHOM JaThI.

Tenepnr nepedopMyauMpyeM B BHje 0Olliero OrpaHHYEeHHUs] LEIOCTHOCTH
orpaHHYeHHe TabJMUBI EMP PRO_EMP_NO, KOTOpPOE ONpPEAesioch CISTYIOIIHM
obpa3zoM:

CONSTRAINT PRO_EMP_NO CHECK
{ (SELECT COUNT (*) FROM EMP E
WHERE E.PRO_NO = PRO_NO) <= 50)

(Han oAHUM TIPOEKTOM He MOXeT padorath 6ojee 50 cayxammux).
BoT (hopMyaMpoBKa 3KBUBAJIEHTHOTO OOILIEr0 OTPaHMUYEHHS LIEJIOCTHOCTH:

CREATE ASSERTION NEW_PRO_EMP_NO CHECK
( NOT EXISTS (SELECT PRO_NO FROM EMP GROUP BY PRO_NO
HAVING COUNT* > 50)).

Jlornyeckoe BbIpaX€HHE 3TOro OTPAaHHYEHUS] MOXET MPHHUMATH TOJIBKO
3Ha4YeHHMs frue U false. BHyTpeHHHI onepaTop BHIOOPKH TPYIIIIMPYET CTPOKH
TaOJIMLBI EMP TaKMM 00pa30oM, YTO B OJHY TPYIITY NONAAa0T BCE CTPOKH C OH-
HAaKOBBIM 3HayeHHEM CTOJ0LAa PRO_NO. 3aTeM 3TH rpynibl GWIBTPYIOTCS MO
YCJIOBMIO pa3ziesia HAVING, M OCTaloTCS TOJBKO TPYMIIbI, BKJIIOYAOIIHe 6oJee
50 cTpok. B pesyabrupytolleit Tabiulie coaepxaTcsi CTpPOKHA U3 OJHOTO CTOJI0-
1a, colepXaliero 3HadyeHWe PRO_NO ocrasiuuxcsi rpynn. [lpenwkar NOT
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EXISTS NpUHUMAET 3HAYEHHE frie TOTAA U TOJIBKO TOT/1a, KOT/A 3Ta Pe3YJIbTH-
pyioluas Tabiunia He COAEPXUT HU OIHOM CTPOKH, T. €. HET HM OJJHOTO TIPOEK-
Ta, B KOTOpOM pabotaeT Gonsnie 50 cimyxaiux.

TTokaxkeM, KaKk MOXHO c(hOpMyIHpOBaTh B BUE OOLIETO OrpaHUYCHUS
LIEJIOCTHOCTH OTrpaHMYEHMe BHelIHero kimovya. Hanmpumep, npuBeneM Takyo
9KBUBAJIEHTHYIO POPMYIMPOBKY LISl ONIPEAETASHUS BHELLHETO KiIo4a PRO_NO,
BXOIAILIETO B COCTaB OnpeaeeHus: Tabnuibl EMP:

FOREIGN KEY PRO_NO REFERENCES PRO (PRO_NO}

B Busie 06111eT0 OrpaHUYEHMS HETOCTHOCTH 3TO MOXET BHITJISIAECTH CEHY-
1oluM o0pazom:
(1) CREATE ASSERTION FK_PRO_NO CHECK
(2) ( NOT EXISTS {(SELECT * FROM EMP WHERE PRO_NO IS NOT NULL AND
3) NOT EXISTS (SELECT * FROM PRO
)] WHERE PRO.PRO_NO = EMP.PRO_NO))).

Jlorudeckoe BhIpaXeHHUE 3TOT0 OrpaHHYEHUSI BHITJSITUAT AOCTATOYHO CIOX-
HBbIM U HYXJIA€TCA B MOSICHEHHUH. YCII0BHe BLIOOPKM ofepaTopa SELECT Ha CTpo-
Ke (2) cocToMT M3 ABYX YacTeil, CBsI3aHHBIX yepe3 AND. IlepBas yacte oTpminT-
DPOBBIBAaeT Te CTPOKH TaOJIHIIHl EMP, Y KOTOPBIX B CTOJI0IE PRO_NO COAEPXUTCS
NULL. Ecnm 310T cT016€e11 coaepkuT NULL BO BCEX CTPOKaX TaOJUIIBL, TO PE3YJIb-
TUpYIOLIad Ta0NMLA ONiepaTopa BEIOOPKHU Ha CTpOKe (2) OyAeT ITyCToil, U 3HaYe-
HUEM MpeAuKaTa NOT EXISTS OyneT frue, T. €. OTpAaHUYEHHUE YIOBIETBOPSIETCS.

Tenepb npennosoXuM, 4To B TabiKlie EMP HalIACh CTPOKA emp, B CTOJI0-
11e PRO_NO KOTOpOU COAEPXUTCS] 3HAYEHHE, OTIIMIHOEe oT NULL. HazoBeM 310
3HaYeHue cand_pro_no. s Hero BBIYHCISETCS BTOPAsi YaCTh YCJIOBHS BbI-
0opku omnepartopa SELECT Ha ctpoke (2). Oneparop BEIOOPKH Ha cTtpoke (3)
BBIOMpPAET BCe CTPOKH TabIUIIBI PRO, 3HaYeHUe cTo01a PRO_NO KOTOPBIX PaB-
HsieTcs cand_pro_no. Ecau [ug gaHHOTO 3HaYeHUs cand_pro_no HaIUIach
XOTs OBl OHA TaKasl CTPOKA, TO pe3yJIBTHpPYIOILas TabaMLIA oNlepaTopa BeIOOp-
K1 Ha cTtpoke (3) Oyaer HemycToil, K 3HAaUEHUEM IpeauKara NOT EXISTS Ha
ctpoke (3) Oyaer false. CoOTBETCTBEHHO, BCE YCIOBHE BEIOOPKH MEPBOTO Ofle-
paTtopa SELECT IpUMeET 3Ha4YeHUe false, M cTpoKa co 3HaueHHeM cand_pro_no
B cTOJIOIIEe PRO_NO Oyaer otdunsTpoBaHa.*

Ecnu xe HaigeTcst xoTs1 ObI OMHA CTpoKa TaOaU LBl EMP ¢ TAKMM 3HaY€HHEM
cand_pro_no croabua PRO_NO, 4yTo B Tabnulie PRO He HAMOETCS HU OJHOM CTpO-
KM, 3HaY€HUE cToa01a PRO_NO KOTOPOI paBHSIOCH OBl 3TOMY cand_pro_no, To
pe3yasTUpYyIolas Tabiuiia onepaTopa BHIOOPKHM Ha cTpoke (3) OyaeT mycToit, u
3HAYEHUEM TNIpeaukKaTa NOT EXISTS Ha ctpoke (3) Oyaert frue. Torna Bce yciaoBue
BBIOOPKM TEpBOTo orneparopa SELECT NpHUMeET 3HA4eHHE frue, U 3Ta CTPOKa Tab-

* D10 03Havaet, uto cand_pro_no SIBISETCs JOMYCTUMBIM 3HAYEHHUEM BHEILHEro KIIK04a.
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Kypc QOcHosbl 6a3 paHHbIX

JIMLIBL EMP OYZET MPOIYIEHA B PE3Y/IBTHUPYIOHIYIO TaG/IHLYy. 3HAYCHHEM IIPEIHKA-
TaNOT EXISTS OynerT false, T. €. OrpaHHYCHUE HE YIOBICTBOPSAETCH.

MBI cO3HATENBHO MTPUBEIH TAKOE MOAPOOHOE MOSICHEHUE HE TOIBKO IUISI
TOr0, YTOOBI ITPOSICHUTL CMBICJI YCJIOBHOTO BBIPAXEHUSI OOILIETO OrpaHUUEHUSI
LIEJIOCTHOCTH FK_PRO_NQ, HO H YTOOBI AaTh MOHSTh, BO YTO PEATBHO BRIPOXIA-
€TCS ITPOCTast CHHTAKCUYECKAsA KOHCTPYKIIUS OMPEAC/ICHUS BHELTHETO KTI0YA.
Kak rmoka3sIBaeT OITbIT, MHOIHE HAUMHAIOLIHE TTPOSKTUPOBLIMKH SQL-opueH-
TUPOBAHHBIX 633 JAHHBIX AYMAIOT, YTO CCBLJIOYHBIC OTPaHHUYCHHUSA TAK XK€ JIETKO
TTOANEPXUBATh, KAK OMPEACATD.,

HakoHen, copMyIupyeM obllee OrpaHMYEHHUE LIEJTOCTHOCTH, COCTOSI-
1Iee B TOM, YTO HHKAKOW MEHEKEDP MPOEKTA HE AOJKEH UMETh CYMMapHBIH
oOLIM noxon, 6OAbIINA CYMMAPHOIO JOX0AA PYKOBOOUTENA OTAEa, B KOTO-
poM paboTaET 3TOT MEHEIXKED.

(1) CREATE ASSERTION PRO_MNG_CONSTR CHECK
(2) NOT EXISTS (SELECT * FROM EMP EMP1, EMP EMP2, DEPT, PRO WHERE

(3) EMP1.EMP_NO = PRO.PRO_MNG AND

(4) EMP1.DEPT_NO = DEPT.DEPT_NO AND

(5) DEPT.DEPT_MNG = EMP2.EMP_NO AND

(6) EMP1.EMP_SAL + COALESCE (EMP1.EMP_BONUS,0) >
) EMP2.EMP_SAL + COALESCE (EMP2.EMP_BONUS,0) ;

B nornyeckoM BbIpaXeHHH 3TOro OrpaHUYEHUS UCMOJIB3YETCS OMEPATOP
BBIOOPKHM SELECT, B pa3aese nepeuyHs Tabaul (FROM) BIIEPBBLIE B 3TOM Kypce
HCIIOJIb3YETCSL HECKOBKO Tabnul. Takue 3anpocs B SQL Ha3weIBalOTCS 3a2npo-
camu ¢ coedurenusmu, 1 MBI BOCIIOJIB3YEMCSL CJIy4aeM, YTOOBI MOSICHUTH Ha
MpHUMepe (KOHEYHO, MIPEIBAPUTEIBHO), KaK UX CIEOYET TOHMMATh B COOTBET-
CTBHH CO CTaHIApTOM sA3bIka SQL.

Hrak, B pasaese FROM ollepaTopa BHIOOPKH, HUCITOJIB3YEMOIO B JIOTHYEC-
KOM YCJIOBHM 3TOr0O OTpaHHUYECHHS, YEPE3 3AMATYIO ITIEPEYHUCICHBI YETHIPE 3JI€-
MEHTa — EMP EMP1, EMP EMP2, DEPT u PRO. Bblpa)KCHHe BHaa EMP
ANQTHER_NAME 03HayaeT IPUMEHEHHE CBOErO poJa OIePallMH [IepEHMEHOBA-
HUs. BHYTpH 3anpoca cToIOLBI 3TOro «3K3eMILIAPa» EMP HMEIOT «KBaTH (U LIM-
POBaHHBIe» UME€HA BUAA ANOTHER_NAME. column_name, rae column_name 060-
3HAYAET UMS CYILECTBYIOLIErO CTONOLA Ta0ULIBI EMP,

BeluncieHue orepaTopa BHIOOPKH HAYHHAETCSA C TOTO, YTO GOPMHUPYETCS
pacIMPeHHOE IEKapTOBO MPOU3BEACHUE BCeX TabMML, YKa3aHHBIX B pa3aecie
FROM. B naHHOM ciTy4ae cxeMa pe3yJIbTHPYIONIeH TabauLbl pa3aesia FROM Oyaer
colepXarh CJeAyIOlIMe MMEHa CTOJOLOB: EMP1.EMP_NO, EMP1.EMP_NAME,
EMP1. EMP_BDATE, EMP1. EMP_SAL, EMP1 .EMP_BONUS, EMP1. DEPT_NO, EMP1.
PRO_NO, EMP2.EMP_NO, EMP2 .EMP_NAME, EMP2. EMP_BDATE, EMP2. EMP_SAL,
EMP2.EMP_BONUS, EMP2. DEPT_NO, EMP2. PRO_NO, DEPT.DEPT_NO,
DEPT.DEPT_EMP_NO, DEPT.DEPT_TOQOTAL_SAL, DEPT.DEPT_MNG, PRQ.PRO_NO,
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Nekuus 12 Cpepcisa onpegeneHus 6a30Bbix Tabnuy, U orpaHUHeHUiA LENOCTHOCTU

PRO.PRO_TITLE, PRO.PRO_SDATE, PRO.PRO_DURAT, PRO. PRO_MNG, PRO_DESC.
st ynoGCTBa HA30BEM 3Ty «ILIMPOKYIO» TabnuLly ALL_TOGETHER.*

Ycnosue pasnena WHERE COCTOMT U3 YETHIPEX YacTeil, CBA3aHHBIX Yepe3 AND.
ObcynuM Mx mocnenosaresibHO. Ilociie mpoBepku ycjioBHMs EMP1.EMP_NO =
PRO.PRO_MNG B Tabauiie ALL_TOGETHER OCTAHYTCSI BCe CITYXKAILIME-MEHEIKEPhI
NPOCKTOB BMECTE CO CBOMMM NMPOCKTAMH B KOMOMHALIMK CO BCEMH BO3MOXHBIMH
OTAEJIAMH X BCEMH BO3MOXKHBIMHU CIYXAIUMMM (HAa30BEM 3Ty OT(IILTPOBAHHYIO
Tabmmily ALL_TOGETHER_STEP1). Ilocjie MpoBepKU ycsioBHus EMP1.DEPT _NO =
DEPT.DEPT_NO B Tabnuuie ALL_TOGETHER_STEP1 OCTaHYTCSI BCE CITyXalllle-Me-
HeIXephbl IIPOEKTOB BMECTE CO CBOMMH ITPOSKTAMH M BMECTE C OITMCAHHUEM CBOMX
OTAEIOB B KOMOMHALIMK CO BCEMH BO3MOXHBIMH CIYXAIHMMH (Ha30BEM 3TY OT-
$wisrpoBaHHyI0 Tabmuiy ALL_TOGETHER_STEP2). Ilocnme mpoBEpKHM YCIIOBHSA
DEPT.DEPT_MNG = EMP2.EMP_NO B Tabmuiie ALL_TOGETHER_STEP2 OCTaHyTCH
BCE CIYXAallIHE-MEHEKEPHI TIPOEKTOB BMECTE CO CBOMMM MPOCKTAMH, BMECTE C
OITUCAHUEM CBOMX OTACJIOB M BMECTE C PYKOBOIUTE/ISIMH 3THUX OTAEAOB (110 OMHOMH
CTPOKE IS KAXKIOTO IOIMYCTUMOTO COYETAHHS «[TPOEK T-MeHe IKep_IIPOeKTa-0T -
nen_MeHenxepa_npoeKTa-pyKOBOOUTENb_OTAeNna_MeHemkepa_mnpoekTa»). Ha-
30BEM 3Ty OTWIETPOBAHHYIO Tabnuily ALL_TOGETHER_STEP3. Jlerko BUOETH, YTO
TI0CJIe MPOBEPKU YCJIOBUS EMP1 . EMP_SAL + EMP1.EMP_BONUS > EMP2.EMP_SAL +
EMP2 . EMP_BONUS B Tabjidile ALL_TOGETHER_STEP3 MOTYT OCTaThCsl TOJIbKO CTPOKH
IPOEKT-MeHeLKep_HpPOeKTa-OTheN_MeHenxepa_lpOoeKTa-pPYKOBOOUTENb_OThe-
na_MeHexepa_lIpoeKTa, B KOTOPhIX CyMMapHBIH J0X0I MEHEMXepa MPOeKTa Mnpe-
BBIILIAET CYMMAapHBIA TOXOI PYKOBOAWTENS OTNEa, Ie paboTacT MEHEIKEp TPo-
exTa. Eciin xots1 6bI O1Ha TaKast CTPOKA CYILIECTBYET, TO PE3YJIBTAT ONiepaTopa Bbi-
GopKU OylleT HeMyCTHIM, 3HaY€HHEM MpeauKara NOT EXISTS OyneT false, U TeM ca-
MbIM OTpaHHY€¢HHE LIEJIOCTHOCTH PRO_MNG_CONSTR OyIeT HapylIeHO.

OTMmeHa onpeageneHua oGiero orpaHmieHmsa LenoCTHOCTMU

Iisi Toro 4roObl OTMEHHTb paHee omnpeneeHHOe ollee orpaHHYeHHUE
LIEJIOCTHOCTH, HY>XHO BOCIIOJIb30BaTbCsI ONEpaTOPOM DROP ASSERTION, 3aJaBa-
€MBbIM B cJIeAyIOLIeM CHHTaKCHCe:

DROP ASSERTION constraint_name

Bor NpUMCEP oneparopa, OTMCHAIOILUCTO ONPCACICHUEC NTUCKPUMHWHALIU-
OHHOTO 00LIEro OrpaHHUYCHHA LECJIOCTHOCTH PRO_MNG_CONSTR:

* He cnenyer BocIpUHUMATh 3TOT M CJieyloLIMe ab3albl KaK OTIMCaHHE TOTO, KaK Ha CaMOM Jiefie
BHINIOJTHAIOTCS ofo6HbIE 3anpockl B SQL-cepBepax. 9To Haubosee npAMOIMHERHBI! U Mal03d-
(hekTUBHBIH cTIOCOO BBHINOTHEHHUS 3anpoca (XOTs, B IPUHLMUIIE, €T0 MOXHO NIPUMEHSATD U Ha MpakK-
THKe). MBI BHIOpaIU 3TOT CITOCOD ONMUCAHUS, TOCKONBLKY OH MaKCHMAJIbHO COOTBETCTBYET MOIXO-
Iy K OTIHCaHUIO CEMAaHTHUKH si3bika SQL, npuMeHsieMOMY B CTaHIapTe A3bika. KcTaTu, OCHOBHBIM
OTJIMYHEM 6oJiee MPaKTUYHBIX CNIOCOOOB BIMOJIHEHUS 3a1IPOCOB C COCAUHEHUEM SBISIETCA CTPEM~
JIEHHE K TOMY, YTOOBI U36eXaTh ABHOTO IeKapTOBa NPOM3BENEHHU.
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Kypc OcHoBbl 6a3 paHHBIX

DROP ASSERTION PRO_MNG_CONSTR;

HemepaneHHas U OTKnaAbisaeMast NPOBEPKA OrpaHUYeHniA

Ha nepBblii B3 KaXeTCs, YTO OTPAHUYEHHS LIETOCTHOCTH (BCEX BHU-
JOB) JOJXHBI HEMEIIEHHO TPOBEPATHCI B CAy4ae BBIMOMHEHHS NMIOGOTO
JEHUCTBUA, U3MEHSIOMIETO COomepXHUMoe 6a3bl HaHHBIX (BCTaBKa B MIOOYIO
Ta6IHIy HOBOM CTPOKH, MUBMEHEHHE WIIH yIANEHHUE CYIIECTBYIOLIMX CTPOK).
OnHaKo MOXHO ONpeleUTh TAK1e OTPaHUYEHHS LIETOCTHOCTH, JIOTHYECKOE
BBIpaXEHHE KOTOPBIX OYIET MPUHUMATh 3HaYeHMeE false IIpU MIOGOH HeMe -
JNeHHOH rpoBepKe. OIHUM M3 TIPUMEPOB TAKOTO OTPAHHUYEHUS ABJSIETCA OT-
paHHYEeHHE

CHECK (DEPT_EMP_NO =
(SELECT COUNT(*) FROM EMP
WHERE DEPT_NO = EMP.DEPT NO))

U3 onpeaeaeHusa TabauLbl DEPT. [IpenanonoXxuM, HampuMep, YTO B OTAEN 3a-
YHCaseTcsl HOBBIM ciyXalluii. Torma HY>XXHO BBITIOJIHUTH ABE oniepalivu: (a)
BCTaBHTbh HOBYIO CTPOKY B Tabnuiry EMP U (b) H3MEHHTH COOTBETCTBYIOMIYIO
CTpOKy TaOjnuiibi DEPT (NMpHOaBUTh €AMHHIY K 3HAYEHUIO CTOJGLA
DEPT_EMP_NO). O4eBHJIHO, YTO B KaKOM Obl MOpPsIKE HU BBINOJHSIHCH 3TH
omepalliu, cpa3y I0cJIe BRITOHEHHUS TIePBOM M3 HUX OTPAHUYEHHE 1IETIOCTHO-
cTH OyJeT HapylIeHO, COOTBETCTBYIONICE AeHCTBHE OyIeT OTBEPIHYTO, U MBI
HHKOTIa HE CMOXeM MPUHATh Ha paboTy HOBOTO CIYXKAIIETO.

ITocKoNbKYy OrpaHM4YeHUS LIEJIOCTHOCTH, HEMEIJICHHAs TIPOBEpKa KOTO-
PhIX 6ECCMBICIICHHA, ABIAIOTCA HYXXHBIMU M ITOJIE3HBIMHU, B A3bIK SQL BKIIO-
YEeHBI CPEACTBA, ITO3BOJIAIOIINE PETYIHPOBAThH BPEMSI MPOBEPKH OTPaHHYEHHH.
Ecau roBopHTE Gosiee TOYHO, B KOHTEKCTE KaXM0il BEITIOTHIEMOM TpaH3aKLMH
KaxJ0e OrpaHHYeHHE LEIOCTHOCTH NOJXHO HAXOIMTLCA B OJHOM M3 ABYX p€-
XKUMOB: PEXUME HeMeoreHHok npoeepku (immediate) WIH PEXUME OMAONCEHHOU
nposepxu (deferred). Bce orpaHUUYeHHUS 1IEJIOCTHOCTH, HAXOIAIMIMECS B PEXUME
HEMELIEHHOM TIPOBEPKH, TIPOBEPAIOTCS TIPH BHIIIOJIHEHUH B TPAH3aKLIHH JIIO-
0o0ii onepallii, U3MEHSIIONIEH COCTOsSIHME 6a3bl JaHHbIX. Ecnu aeificTBHE one-
PaLlMH HApYIIAeT KaKoe-JIH00 HEMEJIEHHO ITPOBEpsieMOe OrPaHUYEHHUE 1IEJTO-
CTHOCTH, TO 3TO JeiicTBHE OTBepraeTca.* OrpaHHYeHHUs LIEJJOCTHOCTH, HAXO 51~
HMecs B peXuMe OTIOXKEHHOM IpOBEPKM, TIPOBEPAIOTCS IIPH 3aBepIIEHUH
TPaH3aKUKWM (BBIIIOJHEHUH onepaniid COMMIT)**. Ecnu neficTBHS 3TOM TpaH-
3aKLHH HApYIIAIOT KaKoe-THO0 OTJI0XEHHO IIPOBEPAEMOEe OTPaHHYEHHE 11EM0-

* KoHeyHo, B rpaMOTHBIX peatn3alusax SQL npu BhIMOJIHEHUHM ONEpallud MpOBepPAIOTCA He Bce
HEMEJUTEHHO NTpOBEpsieMble OTPaHUYEHHSI LIEJIOCTHOCTH, a TOJILKO T€, KOTOPbIC B MPHHIIMIIE MOTYT
ObITb HApYIUEHB! JAHHOH onepalei.

** MuI cHOBa BBIHYXAeHbI 3aberats Brieped. Cpeacrea SQL mwist ympaBieHHs TpaH3aKUHAMH Goee
NOAPOOHO 06CYXAAIOTCS B CAEAYIOIIMX JICKLHAX.
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Nekuna 12 CpegacTBa onpegeneHns 6a308bix TabBnnL, M OrpaHUHEHWI LLENOCTHOCTU

CTHOCTH, TO TpaH3aKIMA OTKaThIBaeTcs (omepaius COMMIT TPAaKTYeTCs KaK
onepauus ROLLBACK).*

Jl1s1 3TOrO B KAYECTBE 3aKITIOYUTEILHON CHHTAKCHUECKOH KOHCTPYKLIMM K
MoGOMY OIpee/IEHUIO OTPaHHYEHHS LIEJIOCTHOCTH (JII060TO BUIA) MOXET OBITh
nobapieHa cnieuMgukauma INITIALLY B cleOyOUIed CHHTAKCHYECKOH (opMe:

INITIALLY { DEFERRED | IMMEDIATE } [ [ NOT ] DEFERRABLE |}

Ita cnenudHUKaALHA YKA3bIBACT, B KAKOM peXHUMe NOJXKHO HaXOOUThCS
IaHHOe OrpaHWYEHME LIEJIOCTHOCTH B HAYale BBIITOJTHEHHUS JI000H TpaH3aK-
MM (INITIALLY IMMEDIATE O3HayaeT, YTO B HAYaJI€ BBIMOJIHCHHS TPaH3aK-
LIMM JaHHOE OrpaHHYEHHE OYACT HAaXOOUTHLCSA B PEXHUME HEMeMJICHHOU Ipo-
BEPKHM, a INITIALLY DEFERRED — 4TO B HayaJie J1000H TpaH3aKIIMH OTpaHHUYe-
HHe OyIeT HaXOOMThCA B PEXUME OTIOKEHHOI IIPOBEPKH), a TAKXKE BO3MOX-
HOCTH CMEHBI pEXHUMa 3TOTO OrpaHHYECHUS] TPHU BHINIOJHEHHM TPaH3aKLMH
(DEFERRABLE 03HAYaeT, 4TO [JIs1 JAHHOTO OTPAHHYCHUS MOXET OBITh YCTAHOB-
JIEH PeXHUM OTJIOXEHHON NMPOBEPKH, @ NOT DEFERRABLE — YTO He MOXET**).

KombuHaums INITIALLY DEFERRED NOT DEFERRABLE SIBJISIETCSI HEAOMYC-
THMOIA. Ecnu B ollpeieneHH OrpaHHICHHUA CIIeLIMGUKALIMA HAYAIbHOTO PeXHMa
IIPOBEPKH OTCYTCTBYET, TO [IOAPAa3yMeBaeTCss HAUTHYHE CieIM(UKAIMN INITIAL-
LY IMMEDIATE. IIpM HATHYMH SBHOM WIX HesIBHOM crieU¢pUKalMH INITIALLY
IMMEDIATE H OTCYTCTBHUM SIBHOTO YKa3aHHsI BO3MOXHOCTH CMEHBI PeXXHMMa MO -
pa3yMeBaeTCs HATMIKE crielibHKalUui NOT DEFERRABLE. [IpH HATHYHH CrieLM-
¢ukanuy INITIALLY DEFERRED M OTCYTCTBHH SIBHOTO YKAa3aHHSI BO3MOXHOCTH
CMEHHI peXHMa Iopa3yMeBacTCs HATMYHE CIIeU(pUKAlIMH DEFERRABLE.

IIpH BHITIOJTHEHMH TPaH3aKUMH MOXHO H3MEHHTb DPEXHUM IIPOBEPKHU
HEKOTOPBIX WIM BCEX OTPAHHYEHMH LEJOCTHOCTH TSI JaHHOM TpaH3aKLHH.
151 3TOTO HCTONB3YeTCA onepaTop SET CONSTRAINTS, 3alaBacMBblii B CJIEAYIO-
LIEM CHHTAKCHCE:

SET CONSTRAINTS { constraint_name_commalist | ALL }
{ DEFERRED | IMMEDIATE }

Ecnu B OIIEPATOPE YKA3hIBACTCSI CITHCOK MMCH OFpaHI/I‘{CHI/Iﬁ TEJIOCTHOC-
TH, TO BCE OHH JOJDKHBI ObITh DEFERRABLE; €ClIH XOTA OBl 1JIs1 OAHOTO OTpaHH-

* KoHeyHo, B rpaMOTHbIX peanu3aiusix SQL npu 3aBepiieHUM TPaH3aKIIMH NIPOBEPSIIOTCS He BCe
OTJIOXEHHO NPOBePSIEMblE OrPaHUYEHHUS LIEJOCTHOCTH, a TONBKO Te, KOTOpble B IIPHHIIMITE MOTYT
OBITH HapYLIEHH JaHHON TpaH3aKIIUEH.

** ]I HEKOTOPBIX OTPAHMYEHUH LIEJTOCTHOCTH PEXUM OTJIOXKEHHON NPOBEPKH He UMeeT cMblcia. K
TaKUM OTPaHWYEHHSIM OTHOCSITCS, HAIIpUMEP, OTPAaHUYEHHS IOMEHA, OTPAHUYEHHUSI NOT NULL M or-
PaHHYEHHs] BO3MOXHOTO KJIIO4Ya (XOTS IIPH HMX OIIpeNeJeHHH [OMyCKaeTCsl yKazaHWe DEFFERABLE).
Eciin e BO3MOXHBIH K104 HCIIOB3YeTCsl B HEKOTOPOM OTIPENIEIEHUH BHELIHETO KJII04Ya, TO B CTAH-
napte SQL tpe6yeTcst, 4TO6bI OTPAHMYEHHE 3TOTO BO3MOXHOTO KJIl04a ObLT0 NOT DEFFERABLE.
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Kypc OcHoBbl 6a3 AaHHbIX

YeHHS! U3 CITUCKA 3TO TpeOoBaHHE HE BBLINOJHSETCS, TO omnepauus SET CON-
STRAINTS otBepraercs. [Ipy ykazaHHM KJIIOUE€BOro C1oBa ALL pEXHM yCTaHaB-
JIMBACTCS VIS BCEX OrPaHUYEHHM, B ONPEAEICHUHU KOTOPBIX SIBHO HJIH HEABHO
OBUIO YKa3aHO DEFERRABLE. EcnM B kauecTBe XenaeMoOro pexuMa IpOBEpPKH
OrpaHHYEHHIt 3aKaHO DEFERRED, TO BCe YKa3aHHbBIE€ OrPaHHUYCHHsI IIEPEBOAATCS
B PEXHUM OTJIOXEHHOM NMpoBepKHu. ECJIH B KauecTBe XEJIaeMoOro pexXvmMa Ipo-
BEPKM OrpaHH4YCHHIH 3a1aHO IMMEDIATE, TO BCE YKa3aHHBIC OFPAHHUEHMS Iepe-
BOOATCS B PEXHUM HeMeUIeHHO# npoBepkH. [Ipu 3ToM eciu xoTst ObI 0IHO U3
3THX OrpaHHYEeHHH He YIOBIETBOPSETCS, TO onepaius SET CONSTRAINTS oT-
BEpraercsi, U Bce yKa3aHHBIC OrPaHUYEHHS OCTAIOTCS B MPEIbIIyILIEM peKUME.

IIpn BHINOJTHEHHM OMNepalurM COMMIT HESABHO BBIMNOJHSETCA ONEpallus
SET CONSTRAINTS ALL IMMEDIATE. Eciu 3Ta onepauust oTBepraercs, To COMMIT
cpabarTbiBaeT Kak ROLLBACK.

3aknioueHune

B 3Toi#1 ¥ npeabLayeH TeKIUSAX MBI OOCYIIIN HAM00JIe€ BAXKHBIE ACIIEK-
Tl 13bIKa SQL, cBsi3aHHEBIE ¢ ONpeneIeHHeM CXEMBI 0a3bl JaHHBIX, — THIIBI
JaHHBIX SQL, cpencTsa ornpeneneHUsi TOMEHOB, 6a30BBIX TaOJIHIL M OrpaHHYe-
HHI HesJocTHOCTH. KpoMe Toro, ObITH paccMOTpeHBI cpeacTsa SQL, mo3poss-
IOLIHE TMHAMHYECKH U3MEHSITh U YAAISATh ONPEACICHUS 3TUX 00BbEKTOB. S3BIK
SQL ycTpoeH TaknM 06pa3oM, UYTO MPAKTHYECKH HEBO3MOXHO M3JIOXMUTH Ka-
KY10-TH00 ero 4acTh HE3aBUCHMO OT APYTUX yacTeil. M xoTs 3T IBe TeKIUA
O CMBICITY TOJIXHBI OBITh ITEPBBIMU CPENMH JNEKINH, MOCBAMEHHBIX SQL (ObI-
JIO OBl CTpaHHO OOCYXIATh ONEPATOPhl BLIOOPKM CTPOK M3 TabiULl, BCTABKH,
H3MEHECHHMS H YIAJICHHUS CTPOK IO OOCYXIEHHS CPEACTB CO3MaHMS TabiIHH H
orpaHMYeHHH HEJTOCTHOCTH), HAM MPHILJIOCH 3a0€XaTh Briepea U BOCITOIL30-
BaTbhCA MAaTePUAJIOM CJIeAYIOMIMNX JeKUMUH 1 0OOBICHEHUS CPEACTB OMpeacie-
HHS OrpaHHYCHHUH 1LIeJOCTHOCTH. Hameioch, YTO 3TO He CO3Oano CIMIIKOM
OONBUINX HEYIOOCTB LI UMTATEIEH, U OTCYTCTBHE DOPMANBHEBIX OMNpeace-
HHUH YIaJ0Ch KOMIIEHCUPOBATh HATUYHUEM MMPOCTHIX IPUMEPOB.
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Nexupn 13 XapaktepucTtuka oneparopa SELECT v ccbinkv Ha Tabnuub pazaena FROM

Jlekuua 13. A3bik 623 paHHbIX SQL:
obLian xapaktepuctuka oneparopa SELECT v opraHusaums
cnucka ccbifiok Ha Tabnuubl B paspene FROM

B 3T0ii 4 creayONMX TpeX JeKIMAX PACCMATPHBACTCS BAKHEHIIMIA oneparop
mbika SQL — oneparop SELECT, npeana3navenHniii [yis BLIOOPKH JAHHBIX H3
SQL-opueHTHPOBaHHOI 03Bl JAHHBIX. DTOT ONEPATOP UMEET TOBOJIHHO CAOKHYIO
H Pa3sBUTYIO CTPYKTYpY, HO, 10 HANIEMY MHEHHIO, €r0 HeoOXO0AHMO 3HATL MoboMy
CIIEHMAIHCTY, TAK HIH HHAYE CBA3AHHOMY C MCII0/Ib30BaHHEM 043 JAHHBIX; MOITOMY
B HALIIEM KYPCE eMY yaeasercs TaK MHOTO BuHManus. [Teppas JeKud HocHT moaro-
TOBHTE/IbHLIA XapakTep. B Heil MbI paccMaTpuBaeM BHAbI CKANSPHBIX BLIPAKCHHH,
HCMOJIm3YeMble, Mpexe Bcero, B KoncTpykuusax oneparopa SELECT, obcyxknaem
0a30BY10 CEMAHTHKY BbINOJHEHHSA 3TOTO ONEpPATOpa H AHANH3MPYEM NPHHIMILI A
Pa3SHOBMAHOCTH YKA3AHHSA TAOJIHI, H3 KOTOPLIX MPOU3BOIHTCA BHIOOPKA JAHHBIX.

Kimouesbie cIoBa: CKaTSIPHOE BHIPAXKEHHUE, MEPBUYHOE BHIPAXEHUE, arpe-
ratHast GYHKLIMA, CKAISPHBIHA MTOA3arpoc, YUCIEHHOE BHIPAXEHHE, BHI30B
GYHKIIHIMA € YHCTIEHHBIM 3HaYeHHUEM,, BHIPAXEHHUS CUMBOJIBHBIX X OMTOBBIX
CTPOK, BBI30B (DYHKIIMIH, BO3BPALIAIOIIMX CTPOYHBIC 3HAYECHHS, BhIpaXKe-
HMS JaThI-BPEMEHH, BBHI3OBBI (DYHKLIMH, BO3BPAILAOIINX 3HaUEHHE laTa-
BpEMSI, BBIPAXEHHUS CO 3HAUEHUSIMU THUITAa BDEMEHHOT'O MHTEPBAJIa, Oy/eB-
CKHe BbIpAXeHMS, BHIDAKCHHUS C MEPEKIII0YaTesIeM, BIpaXeHHUE C TMOMC-
KOBBIM MepeKJnoyaresieM, BRIpaXeHHe ¢ MPOCTHIM MepeKIodaresicM, Bbl-
paxeHue NULLIF, BEIpaxXeHHe COALESCE, onepatop SELECT, ceMaHTHKa
orneparopa BEIOOPKH, pa3aen FROM, pa3nei WHERE, pa3men GROUP BY, pa3-
Ilen HAVING, pa3nen SELECT, pa3nes ORDER BY, MopoxiaeMasi TaOIMIia C
TOPU3OHTAJILHOM CBSI3bI0, COeMMHEHHas Tabiuia, TabIMYHOE BhIpaXe-
HHe, cneHubUKauus 3a1poca, BhIpaXeHHE 3aMpPOCOB, «TEOPETHKO-MHO-
JKeCTBeHHBbIe» onepaunu B SQL, pasaen WITH BeIpaXXeHMS 3aMPOCOB, KOH-
CTPYKTOP 3HAYCHHS-CTPOKU, KOHCTPYKTOP 3HAYEHHUA-TAOJIMLBI, CCHUIKH
Ha 6a30BhIC M MPEACTABIsIEMBIE TaOIHLbI, CCHUIKH Ha MOPOXIaeMble Ta0-
JIMUBI, TIpENCTaBNsicMbIe TabIULIBI, YWIM NpeacTabieHus (VIEW), orneparop
CREATE VIEW, onepatop DROP VIEW.

BBepenune

HecMotps Ha To, yTo 131K SQL ABJIsIeTCSA MOMHBIM SA3BIKOM 0a3 JRHHBIX,
BKJIIOYAIOIIMM MHOXECTBO Pa3HOOOPA3HBIX CPENCTB ONPENEIECHUS CXEMBI, OI-
pPaHUYCHUS U MOIAEPKKH HENOCTHOCTH 0a3bl MAaHHBIX, MOAIEPXKKH AIMHHHUCT-
DPUPOBaHUs, 3aNOJIHEHUA U MoTUGMHKaHUK TabnuL 6a3bl JAHHBIX, TTOMREPXKKH
pa3paboOTKU MPUIOXEHUH U T. II., JUIS TTOJARISIOUIErO OOJIBITMHCTBA MOJIb30Ba-
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Kypc OcHoBbl 6a3 AaHHBbIX

TeJIeH 3TOT SA3BIK OCTAETCs SI3BIKOM 3aIpPOCOB, T. €. SI3BIKOM, MO3BOJSIOLINM
¢ opMyTHpPOBATh MPOU3BOJILHO CJIOXHBIE H TOYHBIE JEKJIaPATUBHEIE 3aIIPOCHI K
6ase JaHHBIX.

Kak orMeyasioch B KOHIIe Mpenbiayllici JIEKIIMH, CTPYKTYpa CTaHAaprta
si3bika SQL akTruecky He MO3BOJISIET ONMKMCATh OMHY YacThb A3bIKa (B YaCTHOC-
TH, CPEIICTBA 3aIIPOCOB) B OTPBIBE OT NPYTHX Yacteid. TeM He MeHee, Tojiarasi, 4To
CpeAcTBa BEHIGOPKH AaHHBIX COCTABJISIOT HaHbo0Iee UHTEPECHYIO M MPAKTHYECKH
3HAYMMYIO YacTh A3bIKa, Mbl BBIICITWIN LI HX PACCMOTPEHMSI HECKOJIBKO OT-
JEJBHBIX JIEKLIUA.

HanoMHMM, 9TO B 3TOM Kypce MBI OrpaHUYMBaeMcsi 6a30BBIM ITOAMHO-
xectBoM SQL:1999 u SQL:2003 («rpsaMbiM SQL») 1 1axke 3T0 MOIMHOXECTBO
OIMCHIBaeM He B INMOJHOM 00BbeMe cTaHaaprta. Kpome Toro, B TaHHOM JIEKIIMK
MEI He OyeM TOYHO MPUAECPXUBATLCS MOPsIKA BBEACHUS MOHITHH U CUHTAK-
CHYECKHX KOHCTPYKIIHI, TIPUHATOrO B CTAHIAPTE S13bIKa. MBI HAUWHEM C HEKO-
TOpOH 0OIel KapTUHBI, JaKollcH MpeacTaBieHUe 06 orepaTtope BHIOOPKH, a
3aTeM OyleM MOCTENEHHO YTOYHSATD €¢.

CkansipHble BbipaXeHusa

CkansipHoe BhIpaXeHHE* — 3TO BhIpaXeHHE, BHIPA0ATHIBAIOLIEE PE3YITb~
TAT HEKOTOPOTO THIIA, CrelIUUIIMPOBAHHOTO B cTaHnapTe. CKajisipHbIe BBIpa-
JKEHMS SABJISAIOTCS OCHOBOM si3bIKa SQL, MOCKOJBKY, XOTS 3TO PeJISSIIMOHHBIA
SI3BIK, BCE YCJIOBUS, 3JIEMEHTHI CITUCKOB BBIOODKH H T. 1. 6a3UpylOTC HMEHHO
Ha cKaJIIpHBIX BhIpaxeHHusax. B SQL:1999 uMeeTcss HECKOIBKO Pa3HOBHIHOC-
Te CKaJIAPHBIX BeIpaxXeHu . K uMcity Hanbosiee BaXHBIX pa3HOBUIHOCTEM OT-
HOCSITCA YMCJIEHHBIE BBIPAXEHWS; BBIPAXEHUS CO 3HAYCHHUSIMHU-CTPOKAMHU
CHMBOJIOB; BHIPAXEHHS CO 3HAYEHUSIMH AAThI-BPEMEHH; BLIPAXXEHMSI CO 3HAYE -
HUSIMH-BpEMEHHBIMU MHTEpBallaMH; OyJieBcKMe BHIpaXeHHs. Mbl He Oymem
CJIMIIKOM ITyOOKO BHMKATh B TOHKOCTH, HO TEM HE MEHEe IIPUBEAEM HEKOTO-
pble 0a30BbIe CTIELIMPUKALIMU U IIOSICHEHUS.

KoHe4Ho, MaTepyas 3TOii JIEKIIMH OTIMpaeTcs Ha pa3ae/ibl « TUITbI JaHHBIX
SQL» u «HesiBHEIE U AABHEIE TTPecOpPa30BaHHs TUIIA WM JOMEHa» JIEKIMH 11, B
KOTOPBIX YIIOMHHANUCh HEKOTOPHIE 0A30BBIE ONEPAIIMU HAJ 3HAYEHHSIMU TH-
noB AaHHBIX SQL U 06¢cyxaaiics onepatop CAST, MO3BOJISIOLIMI pa3peLIEHHBIM
00pa3oM U3MEHSATH TUIT JAHHBIX Pe3Y/IbTaTa CKASIPHOTO BHIPAXKEHHUS.

Ilpexne yeM IepeidTH K KOHKPETHBIM BHIAM CKaJSIPHBIX BBIpAXEHHIA,
pPacCMOTPUM HEKOTOpPBIE HauboJee 0b1He A3bIKOBbIE KOHCTPYKIIUM, Ha KOTO-
PBIX 3T BRIpaXXeHHUs 6a3UPYIOTCS.

* B cranaapre sa3pika SQL B KauecTBe 06111ero TepMUHa s 0003HAYEHHU S TAKMX BhIPAXEHMS UC-
NOJB3YETCA TEPMUH value expression. OgAHaKo B MeHee (hOPMaJbHEIX MyONIMKaLUSIX OOBIYHO MPHU-
MeHsieTcsi GoJiee MOHSATHBIA TEPMUH scalar expression, IUisi KOTOPOTO, BIOOABOK, CYLECTBYET
AfACKBATHBIN PYCCKMIA SKBUBAJICHT CKALAPHOe 8bipadicerue. B 3TOM Kypce MBI TaKKe NPeanioynTa-
€M MCIIOJIb30BaTh UMEHHO STOT TEPMHUH.
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O6uMe CUHTaKCUYeckue npaBuia NOCTPOEHUS CKansapHbIX
BbipaXeHUn

B SQL:2003 uMmeioTcst AeBSITh pa3HOBUAHOCTEN BHIPAXKEHHUI B COOTBETCT-
BMM C AEBSITBIO KATETOPUAMU TUIIOB JaHHBIX, 3HAYEHHS KOTOPBIX BbIpabaTbiBa-
I0TCS1 IIPH BBIYMCIIEHUH BBIPAXEHHS

value_expression ::=

numeric_value_expression

| string_value_expression

| datetime_value_expression

| interval_value_expression

| boolean_value_expression

| array_value_expression

| multiset_value_expression

| row_value_expression

| user_defined_value_expression

| reference_value_expression

Kak yxe oTMeyayioch B Ha4ajle 3TOro pa3zieia, Mbl OrPaHUYMMCS 06CYX-
NIEHWEM TEPBHIX IMATH PasHOBHAHOCTEN BBIpaxXeHUH. B OCHOBE MOCTPOCHMS
STHUX BUAOB BBIPAXKECHU JIEXUT NePeutHoe goipaxcerue, OTIpeaesieMoe Clenyio-
LIMM CUHTAKCUYECKUM MPaBUIOM:

value_expression_primary ::=
unsigned_value_specification
| column_reference
| set_function_specification
| scalar_subguery
| case_expression
| (value_expression)
| cast_specification

B npenenax 2Toro Kypca MOXHO CUMTATh, YTO CIIeLIMMUKALIUS Ge33HAKO-
Boro 3HauyeHHUs (unsigned_value_specification) — 3TO Bceriga JuUTepail
COOTBETCTBYIOLIETO THUIA WIN BBI3OB Huaaduueckoi (DYHKUUH (HANIPUMED,
CURRENT_USER)*. [1pH BLIUMCIIEHHUH BBHIPAXKEHUS V IUIS1 CTPOKH TaOJIMIIBI KaX-
Jasi CChuIKa Ha ¢Ttoabent (column_reference) aToit TabNu1ibl, HEMOCPEACTBEHHO

* JlIpyrie BapMaHThI MTOSIBSIIOTCSA BO BCTPaUBaeMOM M THHaAMU4ecKoM SQL, a TakKe paclIMpeHHH
SI3bIKa, TpeqHa3HadeHHOTO ST HallMCaHMS KOa XpaHUMBIX ITPOLIeAyp, TPUITEPOB, METOJIOB OIIpe-
neisieMBIX MOJIb30BaTEISIMM THIIOB M T.4. B 1I060M ciiyyae 6€33HaKoBO€e 3Ha4eHHMEe H3BECTHO O Ha-
Yaja KOMITWISLUH JI0O0H colepxallleit ero KOHCTPYKIIHH si3bika SQL.
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conepXamascsl B V, pacCMaTpPHUBAETCsl KAK CChUIKA HAa 3HAYE€HHE HAHHOTO
cToabua B JaHHOM CTpoKe. ArperaTHbie GYHKIUHNH (ynKuuu Had Mroxcecmea-
Mu — set_function_specification) ob6CyXnawTcs B CAEAYIOIINX JEKIH-
sax. EciM TmepBHYHOE BhIpAaXEHHE SIBASETCS CKaJSIPHBIM ITOA3aIIpPOCOM
(scalar_subguery, WIH MNOA3AMIPOCOM, PE3YJLTAaTOM KOTOpPOrO SIBJISETCS
TabJHLA, COCTOSIAS U3 OOHON CTPOKH H OOHOTO CTOA0LA) H pe3yabTaT Mol -
3anpoca IyCT, TO pe3yJbrTaT HEPBUYHOIO BBIPAXCHHS — HEONpPENCIEHHOE
3Hauyenme. (Ilodzanpoce: 0OCYXKIAOTCS B CIAENYIOLIEH JIEKLIUH, G6PANCEHUA ¢
nepexaroyamenem (case_expression) pacCMaTPUBAKOTCS HHXE B 9TOM pas-
nene.) Onepatop sIBHOro rnpeoOpa3oBaHMsi THIOB (cast_specification)
paccMaTpHBaJicsl B pasneie «HesiBHbIe M siBHBIE TTpeoOpa3oBaHMsl THIIA HIH
JOMEHa» JEKLUH 11.

YucneHHble BbipaXeHUua

YucneHHoe BBIPDAXECHHUE — 3TO BBIPAXEHHC, 3HAYCHHC KOTOPOro OTHO-
CHTCA K YHCJIOBOMY THNTY IaHHBIX. Bort d)OpMaﬂbeIﬁ CHUHTaKCHC YUCJICHHOTO
BBIDAXCHMUSI:

numeric_value_expression> ::= numeric_term

| numeric_value_expression + term

| numeric_value_expression - term
numeric_term ::= numeric_factor

| numeric_term * numeric_factor

| numeric_term / numeric_factor
numeric_factor ::= [ { + | - } ] numeric_primary
numeric_primary ::= value_expression_primary

| numeric_value_function

Caenyer o6paTUTh BHUMaHHE Ha TO, YTO B YMCIEHHBIX BhIpaxkeHHsAX SQL
MIEpPBUYHAS COCTaBJISIONIAsl (numeric_primary) SBASETCS JUOO MEPBUYHBIM
BBIDAXKEHHEM (CM. BbIlIIE), THOO BEI3OBOM (DYHKIIMH C YUCIEHHBIM 3HAaUeHHUEM
{(numeric_value_function). U3 3TOro, B 4aCTHOCTH, CIAENYET, YTO B YUCIICH-
HbI€ BBIpAXEHHUSI MOTYT BXONUTDb BhIPAXEHHSI C MepeKIIIoYaTesieM H olepaluiu
npeoOpa3oBaHMs TUITOB. BEI30BbI DYHKIWH € YHCIEHHBIM 3HaUEHUEM OTpeie-
JISTIOTCS CICAYIOIIMMY CHHTAaKCHYECKUMH NPaBIIAMH:

numeric_value_function ::=
POSITION (character_value_expression
IN character_value_expression)
| { CHAR_LENGTH | CHARACTER_LENGTH }
(string_value_expression)
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| OCTET_LENGTH (string_value_expression)
| BIT_LENGTH (string_value_expression)
| EXTRACT ({ datetime field | time_zone field }
FROM { datetime_value_expression
| interval_value_expression })
| CARDINALITY (array_value_expression
| multiset_value_expression)
| ABS (numeric_value_expression)
| MOD (numeric_value_expression)

MBI 10cTaTo4HO NMOAPOOHO 0OCYKAATH (DYHKILIUU ONpeeeHUs MO3ULUH
M JUIMHBI 110 OTHOIIEHHWIO K CUMBOJIBHBIM K OMTOBBIM CTPOKAM IPH PacCMOT-
PEHWH COOTBETCTBYIOIIMX TUIOB AAHHBIX; 31€Ch IPUBOJNTCS TOJBKO YTOUYHEH-
HBI CHHTAaKCHC MX Bbi30Ba. PYHKIMA EXTRACT H3BJICUECHMS MOJA U3 3Have-
HHUM JaTa-BpeMsl WJIM MHTEPBAI IO3BOJAET MOJYYMTh B BUJIE TOYHOTO YHUCIIA C
Macitadbom 0 3HaYeHUE JH0O0ro nos (roaa, Mecsaua, IHs U T. 1.). Kakoi KoH-
KPETHBIA THUN TOYHBIX YMCEN OYNET BLIOpAH — OMNpPEAEIISETCS B peaIM3aivy.
@OYHKIWIO CARDINALITY MBI 0OCYXnany B JekuMu 11. PyHKUMKM ABS M MOD
BO3BpAILIAIOT a0COMIIOTHOE 3HAYECHHE YHCIIA U OCTATOK OT ACJEHUS OTHOrO He-
JIOFO 3HaY€HMs1 Ha APYTO€ COOTBETCTBEHHO.

BbipaxeHusi, 3Ha4E€HUSIMU KOTOPbIX SIBASIOTCH CUMBOJIbHbIE
unun 6uToBbIe CTPOKKU

Bpra)KCHPIﬂ CUMBOJIBHBIX Y1 OUTOBBIX CTPOK — 3TO BLIpaXCHHWA, 3HAYCHHU -
SIMHU KOTOPBIX ABIAKOTCA CUMBOJIBHBIE WIH OUTOBBIE CTPOKH. COOTBCTCTBY]O—
1Y€ KOHCTPYKHHWH ONPEAECTAIOTCA CACOAYIOUIUMM CUHTAKCUCOM:

string_value_expression ::= character_value_expression
| bit_value_expression
character_value_expression ::= concatenation
| character_factor

concatenation ::= character_value_expression || character_factor
character_factor ::= character_primary { collate clause ]
character_primary ::= value_expression_primary

| string_value_function
bit_value_expression ::= bit_concatenation

| bit_factor

bit_concatenation ::= bit_value_expression || bit_primary
bit_primary ::= value_expression_primary

| string value function
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Ecnu He BIaBaThCsl B TOHKOCTH, CMBIC]T BBIPAKEHMI CUMBOJILHBIX U OUTO-
BBIX CTPOK IOHSITEH M3 OMHCAHUS CHHTAKCHUCA: €IMHCTBEHHAs MPUMEHHMAas
U1 TIOCTPOEHUST BEIPAXECHUI ONepallvs — 3TO KOHKaTeHalMs1, TPOU3BOASIILAS
«CKJIEHKy» CTpOK-0onepaHaoB. bosiee BaxXHO TO, YTO MEPBUYHOM COCTABIISIOLICH
BBIPRKECHUS Hall CTPOKAMU MOXKET ObITh KaK IMIEPBUYHOE CKAISIPHOE BRIPAXXEHHUE
(cM. BBIIIIE), TAK U BBI3OB (DYHKIIMI, BO3BPALLAIOILMX CTPOYHBIC 3HaUeHUsA. Pe-
TEPTyap M CUHTAKCHUC BHI30BA TaKUX (DYHKLIMH OTPEAENSIIOTCS CIEAYIOILUMHA
NpaBWIAMH;

string_value_function ::= character_value_function
| bit_value_function
character _value_function ::= SUBSTRING

(character _value_expression
FROM start_position
[ FOR string_length J)
| SUBSTRING (character _value_expression
SIMILAR character _value_expression
ESCAPE character_value_expression)
| { UPPER | LOWER }
(character_value_expression)
| CONVERT (character_value_expression
USING conversion_name)
| TRANSLATE (character_value_expression)
USING translation_name)
| TRIM ([ {LEADING | TRAILING | BOTH} ]
[ character_value_expression ]
[ character_value_expression ])
| OVERLAY (character_value_expression
PLACING character_value_expression
FROM start_position
[ FOR string_length ])
bit _value_function ::= SUBSTRING (bit_value_expression
FROM start_position
[ FOR string_length ])
start_position ::= numeric_value_expression
string length ::= numeric_value_expression

OCHOBHBIE NTOJIE3HBIE (PYHKIIMH — BHIJIEICHUE ITOACTPOKH (SUBSTRING) U
3aMEHa MasIbIX OYKB Ha 3amiaBHBIC H HA000pOT (UPPER M LOWER) — MBI YIIOMH-
Hald NpU pacCMOTPEHHH THUIIOB CHMBOJIBHBIX H OHTOBBIX cTpoK. OOCyXIeHHE
$yHKUMM SUBSTRING ... SIMILAR ... ESCAPE OTIOXHMM IO CJIEAYIOWIEH
nekuuy. Kak BHAHO M3 ONMMCAHMUA CHHTaKcHca (byHKLIMI, BO3BpalLaiolLHX
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CTPOYHBIC 3HAYEHHMS, IUIS1 CHMBOJIBHBIX CTPOK UMEIOTCS ellle YeThIpe PYHKIIMH:
CONVERT, TRANSLATE, TRIM ¥ OVERLAY. I[To cMBICSTY BCE OHM OUYE€Hb IMPOCTHI.
OyHkumsi CONVERT MeHSIET KOAMPOBKY CUMBOJIOB B 33[IaHHOM CTPOKE, IIpHYeM
Habop CMMBOJIOB He MeHseTcsa. Crocod 3anaHus MPaBWI NMEPEKOIHPOBKH OIl-
penensieTcs: B peamn3auui. OyHKIUa TRANSLATE, HA000pOT, B COOTBETCTBHHM C
NpaBWIaAMH TPAHCISLUUH «[IEPEBOIUT» TEKCTOBYIO CTPOKY Ha JAPYTOii A3BbIK (MC-
noJib3ysi HabOp CHMBOJOB LeneBoro aidaBura). KomupoBka He MeHsieTcs.
OyHKIHA TRIM «OTCEKAET» MOC/IEI0BATEILHOCTH YKAa3aHHOTO CHMBOJIA B Haya-
Jie, B KOHIIE WIM B KOHIIE M Hauaje 3amaHHOM cTpoku. HakoHen, dbyHKIIHs
OVERLAY 3aMeHSsIeT yKa3aHHYIO MMOICTPOKY MEPBOTo OIEPaHAa CTPOKOM, 3a1aH-
HOWM B KaueCTBe BTOPOro OlepaHia.

BuipaXeHUs AaTbl-BPEeMEHMU

K BbIpaXX€HHUAM OaTbI-BPEMEHH Mbl OTHOCHM BBIDAXCHHA, BblpaﬁaTbIBa—
IOIIHE 3HAaYCHHUA THIIA JaTa-BpeMsa H HHTEpBA. Bpra)KeHPIH OAaTbl-BPEMEHH
OIIPpEACNAIOTCA CNEAYIOUITUMH CHHTaKCHYCCKHUMH IMpaBWIaMH:

datetime_value_expression ::=
datetime_term
| interval_value_expression + datetime term
| datetime_value_expression + interval term
| datetime value expression - interval term

datetime_term ::= datetime_primary
[ AT { LOCAL | TIME ZONE interval value_expression } ]
datetime_primary ::= value_expression_primary

| datetime_value_function

Kak BUAHO U3 OMHCaHUSI CHHTAKCHCa, CAMH BBIPAXEHMS CTPOSITCS OYEHD
MPOCTO — Ha OCHOBE OOBIYHBIX apuMeTHUYeCKUX orepatmii. CHoBa 6ojiee HH-
TEPECHHl TMEPBUYHBIC COCTARJSIIONIME — BBI3OBBI (DYHKIIMH, BO3BpAILAOIINX
3HAYeHHUE aTa-BPeMSL. DTH BLIZOBBI OMPEAEIISIOTCS CIeIyIOIIMM CHHTAKCHCOM:

datetime_value_function ::= CURRENT_DATE
| CURRENT_TIME [ (precision) ]
| LOCALTIME [ (precision) ]
| CURRENT_TIMESTAMP [ (precision) ]
| LOCALTIMESTAMP [ (precision) |

BunuMo, TipMBeNeHHBIE CHMHTAKCHYECKHe IpaBWa He HYXIAlTCs B
KOMMEHTapHSIX: MOXHO MOJYYUTh TEKYIIYIO AATy, a TAKXE TEKYIIee BpeMs C
XejaeMoM TOUHOCThIO. OTaHuMe PYyHKUMK LOCALTIME M LOCALTIMESTAMP OT
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CURRENT_TIME U CURRENT_TIMESTAMP, COOTBETCTBEHHO, COCTOUT B TOM, UTO
nepBas mapa PyHKIWi HE BO3BpalllaeT CMEIIEHUE JIOKAIBHOTO BPEMEHHU OT
Ipunsuya.

CHUHTaKCHC BBIDAXEHUI CO 3HAYCHUSAMH THUIIA UHTEPBAJ OMpPECIseTCs
CJIEAYIOLMMH MPaBUIIAMHU:

interval_value_exXpression ::=
interval_term
| interval_value_expression + interval term
| interval_value_expression - interval term
| (datetime value expression - datetime term)
interval_qualifier
interval_term ::= interval_factor
| interval_term * numeric_factor
| interval_term / numeric_factor
| numeric_term * interval_factor

interval_factor ::= [ { + | - } ]
interval_primary [ <interval qualifier> ]
interval_primary ::= value_expression_primary

| interval_value_function

Kak BUIHO U3 MPUBEIEHHBIX MPABWI, BHIPAXEHHUS CO 3HAYCHUSIMH THIIA
HMHTEPBAJI YCTPOSHBI OUEHB MPOCTO; IIOYTHU BCS COAEPXaTeIbHass HHMOPMALIUS
ObLIa MpUBeAeHa TPH OOCYXIEHHWH COOTBETCTBYIOIICTO THMA JaHHBIX. CTOUT
TOJIBKO 3aMETUTh, YTO KBAIU(PHUKATOP MHTEPBaJla YKa3bIBaeTCs JUIA TOTO, YTO-
OBI ABHO crieLIMDULIMPOBATh CAMHUILY U3MepeHUs1 UHTepBasa. [lonaepxuBaet-
¢Sl TOJIBKO OJHA (PYHKIMSA ABS (aOCONIOTHOE 3HAYEHHE), ApPTYMEHTOM KOTOPOFH
SABJIAETCA BBIPAXKECHHE CO 3HAYCHHUEM TUIIA MHTCPBAJL.

ByneBcKue BbipaXeHus

K Oy/ieBCKMM BBIDaXEHHSM OTHOCSTCS BHEIPAXEHHsI, BhIpaOaThIBAIOIIME
3HaYeHHUd OyIeBCKOro THa (HarmoMHHMM, 4yTo OyleBCcKUit TUN s3biKa SQL co-
IEPXUT TPH JIOTUMECKUX 3HAYCHUS — frue, false v unknown). byneBckue Bbipa-
XKEHHS OMPEISTSIOTCS CACAYIOIIMMH CHHTAKCHISCKMMH TTpaBHIaAMH:

boolean_value_expression ::= boolean_term
| boolean_value_expression OR boolean_term
boolean_term ::= boolean_factor
| boolean_term AND boolean_factor
boolean_factor ::= [ NOT ] boolean_test
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boolean_test ::= boolean_primary [ IS [ NOT ] truth_value ]
truth_value ::= TRUE | FALSE | UNKNOWN
boolean_primary ::= predicate

| (boolean_value_expression)
| value_expression_primary

BripaxeHus BHIYMCAAIOTCA CACBAa HANPaBO C YYETOM MPHOPHTETOB OMNeE-
paunii (Hanbosee BEICOKMH NMPUOPUTET HMEET YHapHasi onepauus NOT, cieny-
IOIIHM YpPOBHEM MPHOPUTETa 00NanacT «MYJIBTHIUIMKATHBHAs» ONEpalus
KOHBIOHKIMHA AND, H CaMblii HU3KHHA NMPUOPHUTET Y «aAAUTHBHOKH» ONEpalnyU
JU3BIOHKIIMM OR) M KPYTJIBIX CKOOOK. Onepauun IS u IS NOT onpelaessiioTcst
CNeayIOLTUMU TabJIMLIAMUA HCTHHHOCTH:

Is TRUE FALSE UNKNOWN
TRUE TRUE FALSE FALSE
FALSE FALSE TRUE FALSE
UNKNOWN FALSE FALSE TRUE
IS NOT TRUE FALSE UNKNOWN
TRUE FALSE TRUE TRUE
FALSE TRUE FALSE TRUE
UNKNOWN TRUE TRUE FALSE

BbipaxeHus ¢ nepexnioyarenem

BripaxeHHUs1 ¢ MEPEeKIIoYaTeIEeM B HEKOTOPOM CMBICIIE OPTOTOHAIBHBI
PacCMOTPEHHBIM BBIIIIE BUIaM BBIPAXEHHIA, TOCKOJIbKY Pa3HbI€ BRIPAXCHHS C
NMEPEKITIOYATENIEM MOTYT BhIpabaThiBaTh 3HAYEHHUSI PA3HBIX THIIOB B 3aBUCUMO-
CTH OT THIA JaHHBIX JIEMEHTOB. [10CKOJIbKY MBI €Lile BOOOIIE HE pacCMaTpH-
BaJIM 3TOT BHUJ BEIDAXEHHH, 06CynuM nx 6onee noapodHo. Kak o6s19HO, Hay-
HEM C CHHTAaKCHCa:

case_expression ::= case_abbreviation
| case_specification

case_abbreviation ::= NULLIF (value_expression ,value_expression)
| COALESCE (value_expression_comma_list}
case specification ::= simple_case | searched_case
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simple_case ::= CASE value_expression simple_when_clause list
[ ELSE value_expression ] END

searched_case ::= CASE searched_when_clause_list
[ ELSE value_expression ] END
simple_when_clause ::= WHEN value_expression
THEN value_expression
searched_when_clause ::= WHEN conditional_expression
THEN value_expression

HaunGonee oOIuM BHIOM BBIPAXEHHSI ¢ TIEPEKITIOYATENIEM SABJISIETCA BbI-
DaXeHHe C TOMCKOBBIM NepeKouaTesieM (searched_case). [1paBuia BbuKC-
JIEHHS1 BBIDAXXEHHH 3TOTO BUIIA COCTOAT B CleAyolIeM. BoIuHCIAeT s TorHye-
CKOe BBIpaXeHHE, YyKa3aHHOe B TIepBOM pasfaeyiie WHEN CIHcKa
(searched_when_clause_list). Ecnu 3HaueHHe 3TOro JIOTMYECKOTO BBHIPA-
XeHHs paBHAETCA frue, TO 3HAYCHUEM BCETO BHIPAXKECHHSA C IIOMCKOBLIM Iepe-
KJIIOYATeNeM ABJIAETCA 3HAYEHHE BbIPaXEHUsI, YKa3aHHOTO B IIEPBOM pasieiie
WHEN IocJie KII0YEBOro cjioBa THEN. MHa4e aHaNnoruyHbie NeHCTBUA IIPOU3BO-
IATCS )1 BTOPOro pa3neia WHEN U T. . Eciii Hu [uist omHoTro pasaena WHEN IIpH
BBIYHCJICHHH JIOTHYECKOTO BBIPAXKECHHUS HE ObLIO MOJMYYECHO 3HAYCHHE frue, TO
3HAYEHHUEM BCETO BHIPAXECHHUS C MTOMCKOBBIM MEPEKIIOYATE/IEM SBJISICTCA 3Ha-
YeHHE BBIPAXECHHS, YKa3aHHOTO B pa3nene ELSE. Tumbl Bcex BoIpaXkeHU, 3Ha-
YEHM KOTOPBIX MOTYT SIBJIATLCH PE3YJIETaTOM BBHIPDAXKEHHS C TIOMCKOBLIM IIEpe-
KJII04YaTeNneM, TOKHBI ObITh COBMECTUMBIMHU, U THIIOM DE3YJILTaTa SIBJACTCA
«HaUMeHBILIHH 001IHH» THIT HA0OPA THITOB BHIPAXEHUI-KaHAUIATOB Ha BbIpa-
00TKy pe3yabraTta.* Ecii B BHIDaXEHUH OTCYTCTBYeT pa3fien ELSE, Mpeamnosa-
raercs HaJIu4Me pasfaena ELSE NULL.

B BrIpaxxeHHH C IPOCTHIM MePEKIIOYATENIEM (simple_case) THN JaHHBIX
olepaHaa IMepekioyarena (BhIPAXEHHA, HEMOCPEACTBEHHO CICAYIOLIETO 3a
KJIIOUEBBIM CJIOBOM CASE, Ha30BEM €10 CO — Case Operand) TOJKEH OBITH COB-
MECTHM C THIIOM JaHHBIX OIEpaHAa KaXIOTo BapyaHTa (BBHIPDAXEHHS, HEIO-
CPEICTBEHHO CJIENYIOLIETO 33 KJIIOYEBBIM CJIOBOM WHEN; Ha30BeM WO — When
Operand). BolpaxeHue ¢ MPOCTHIM NEpPEKTIoYaTeNEM

CASE CO WHEN WOl THEN resultl
WHEN WO2 THEN result2

* Ins Habopa TUNOB T1, T2, ..., Tn OyaeM Ha3bIBaTh TUNl T HAUMEHBIIUM ODLLHM 110 TPUBOIUMOC-
TH, €CJIM 3HAYEHHSA KAXKIOro U3 THIOB T1, T2, ..., Tn HESIBHO MPUBOIUMBI K THITY T, M HE CYLLECT~-
ByeT TUNA T’ TAaKOrO, YTO 3HAYEHHUSA THIIOB T1, T2, ..., Tn HEABHO NPUBOINMBI K TUTTY T, M 3HaYe-
HHUsA THNA T' HEABHO NPUBOAMMEI K TUITY T.
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WHEN WOn THEN resultn

ELSE result
END

3KBHBAJICHTHO BbBIPaAXCHHIO C TOMCKOBBIM ITICPECKITIOYATCIIEM

CASE WHEN CO = WOl THEN resultl
WHEN CO = WO2 THEN result2

WHEN CO = WOn THEN resultn
ELSE result
END

BoipaxeHue NULLIF (V1,

V2) 3KBUBAJICHTHO CIECAYIOILEMY BbIpaxe-
HUIO C MEPEKITIOYATENIEM:

CASE WHEN V1 = V2 THEN NULL ELSE V1 END.

BoipaxeHue COALESCE (V1, V2) 3KBMBIEHTHO CIEAYIOILIEMY BhIpaxe-
HHUIO C MTEpeKIIIoYaresieM:

CASE WHEN V1 IS NOT NULL THEN V1 ELSE V2 END.

Boipaxenue COALESCE (V1, V2, . Vn) WiAn > 3 3KBUBAJIEHTHO
CJIEAYIOILIEMY BBIPAXEHUIO C MEPEKITIOYATEIEM:

CASE WHEN V1 IS NOT NULL THEN V1 ELSE COALESCE (V2,...n) END.

OObuwias cTpyKkTypa onepartopa BbiOOpkU B a3bike SQL

st BHIGOPKHM JaHHLIX B mpsiMoM SQL ucnonelyercsa oneparop SELECT,
BO3BpaIlaoIHii HA0Op* M3 ONHOM WIM HECKOJIBKHX CTPOK OJJMHAKOBOM CTPYK-
TYpH ¥ 3a1aBAEMBIii B CICAYIOIIEM CHHTaKCHCE:

SELECT [ ALL | DISTINCT ] select_item commalist
FROM table_reference_commalist
[ WHERE conditional_expression ]
[ GROUP BY column_name commalist ]
[ HAVING conditional_expression ]
[ ORDER BY order_item_commalist ]

* MBI CO3HATENbHO UCTIONB3YEM 3I€Ch TEPMHMH HaA60p, MOCKOJBKY B OOILIEM Clydae pe3y/lbTaToM
BLIMIOJIHEHUS ONlepaTopa BLIGOPKU He SBIseTCS TabIuLa.
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CeMaHTUKa onepaTtopa BblGopku

Jnst Hayana omnuuieM OOIYIO CXEMY BBLITIOJTHEHHUS onepaTropa SELECT B
COOTBETCTBUM C TIpEANTMCAHUSIMM CTaHaapTa.* BeinmonHeHUE 3anpoca COCTOUT
M3 HECKOJIBKHMX 111aroB, COOTBETCTBYIOIIUX pa3/esiaM orneparopa Beibopku. Ha
TEPBOM 1lIaTe BBIMOJHAETCS pa3mesl FROM. ECiIH CITMCOK CCHUIOK Ha TaGIMIIbI
(table_reference_commalist) 3TOro pasiejia COOTBETCTBYET TaOaMLaM A,
B, .. C**, To B pe3y/ibrare BHITIOJIHEHHS pa3aesia FROM obpa3yeTcs Tabnuua (Ha-
30BEM e€ T), SIBJSIIOIIAsICS] paClIMPEHHBIM AEKAPTOBBIM MPOU3BEAEHUEM Tab-
JIMIL A, B, ..., C. Ecin B pa3nene FROM yka3aHa TOJIBKO OJHa TabJjuLia, TO OHA Xe
M SBJAETCS pe3yJBTaTOM BHITIOJHEHUST 3TOro pasaena. Kak rosopuioch B
JIEKLIMH 3, B PEIAILIMOHHOM ayirebpe UIST KOPPEKTHOTO BBIMOJAHEHHUS OTiepalluy
B3SITUSI PACUIMPEHHOTO JIEKAPTOBA MPOU3BEAECHHUS OTHOILICEHUH B OOIIEM CITy-
yae TpeOyeTcsl IpMMEHEHHE OTiepalliy TiepeUMeHOoBaHM S aTpu6yToB. CoOTBeT-
CTBYIOILIME BO3MOXHOCTH MEPEeMMEHOBAHUSA CTOJOLIOB TabaULl, YKa3aHHBIX B
CTIMCKe pa3jena FROM, moanepXHBaloTcs U B SQL.. AssrepHaTUBHBI CIIOCO6
MMEHOBAHHsI CTOJNOLIOB Pe3yAbTUPYIOLLEH TaGAaulbl T OCHOBBLIBAETCSI HA MC-
MOJIb30BAHUM KBaJIM(PULIMPOBAHHBIX UMEH CTOJIOLIOB. Maes sToro moaxonaa
(6onee panHero B ucTopuM SQL) 3aKioyaeTcsa B TOM, 4TO € JII000i TaGaMLIEH,
CChUIKA Ha KOTOPYIO COAEPXHUTCA B CIIMCKE pa3aeia FROM, MOXHO CBSI3aTh He-
KOTOpOe MMS-TICEBAOHUM (B CTAHAAPTE OHO HA3HIBAETCH correlation
name***), Toraa eciu ¢ Takoi Tab6iuliei A CBsI3aH NICEBIOHUM Z, TO B IIpeaeaax
orepaTopa BHIGOPKHA MOXHO CChUIATBLCS Ha JIloOOH cTonbell a TabaULBI A MO
KBUTU(HULIMPOBAHHOMY UMEHH Z.a. MH o6cyauM 310 moaApoOHee B Cleaylo-
meM moapasaeie. [Toka xe 6yaeM cyuTaTh, YTO MMEHA BCEX CTOJNOLIOB TaGIM-
LBl T OTIpEAE/IEHBl M PAa3/IUYHBI.

Ha BTOpOM 1are BbIMOJHSIETCA pa3Aci WHERE. YCIOBHOE BbIpaXeHHE
(conditional_expression) 3TOro pasaesia MPUMEHSETCHI K KaXIOH CTpoke
TaONAULBI T, U PE3YyJILTATOM ABJSIETCA Tabauua T1, coaepXxailas Te 4 TOJbKO Te
CTPOKM TaGaULIbl T, /IS KOTOPBIX PE€3YJILTaTOM BbIUMCIEHUS YCIOBHOTO BbhIpa-
XEHUS ABJIETCA frue. (3aroiioBkH Tabaull T U T1 coBnazalotr.) Ecnu pasnmen
WHERE B oneparope**** BRIGOpKH OTCYTCTBYET, TO 3TO TPAKTYeTCsl KaK HaJIU-
yue pasnesia WHERE frue, T. €. T1 CONEPXMUT T€ U TOJBKO T€ CTPOKH, KOTOPBIE
* He cinenyer noHHMaTh 3Ty CXeMy TaKMM 00pa3oM, YTo 3anpochl K SQL-opHeHTHpOBaHHO# 6aze
JAHHBIX JEHCTBUTENILHO JOMXHBI BBITIOAHATLCS MMEHHO TAKHMM 06pa30M. bonee TOro, H1U OgHa pe-
anu3auusa SQL He npuaepXuUBaeTcs B TOYHOCTH 3TOH cxeMe. Ho Kak 6bl peaJibHO HU BBITIONHSIICH
OMnepaTop BbIGOPKH, pe3y/bTaT LOJXKEH ObITh TAKHMM Xe, KaK €ClH Obl OH MOMyYasics MpU TOYHOM
caeJOBaHUH ONHChIBAEMOI CXeMe BbIITOJHEHHSI.

** A, B, U C He 00s13aHbl ABIATLCA 6a308biMu mabauyamu. CM. CIEOYIOIIUH MOApa3et.

*** [IpUYUMHBI UCTIOJIL30BAHHS B CTAHAAPTE 3TOr0 TepMHHa OyRyT G0see MOHATHBI NTOCJIE O3HAKOM-
JIEHUSA B CJICHYK)IL[Cﬁ JICKLIIMH C MEXaHHU3MOM KOpPEAUpyrouLix 6A0MNCEHHHX nodaanpocoe.

**¥* 3aMeTHM, 4TO 3Ta popMa pasnena WHERE B si3bike SQL He nomyckaeTcsi, MOCKOJNLKY MOCe

KJII04EBOro coBa WHERE JIOJIXHO CAel0BaTh OyJEBCKOE BbIpaX€HHe, a true OyNEBCKMM BBIpaXE-
HHEM HE ABIISCTCA.
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colepxarcs B Tabnuie 7. OOpaTiTe BHUMaHUE Ha pasHUILY B TPAKTOBKE JIO-
I'MYECKHUX BBIpAXKEHHUI B oIepaTopax BEIOOPKH U B TAOJHMYHBIX OrpaHHUYEHHUSIX
uenoctHocTH. JlorMueckoe BhIpaxeHHE pasfesia WHERE (M pasgesa HAVING)
orepaTopa BEIOOPKH pa3pelnaeT BEIOOPKY CTPOKH B TOM M TOJIBKO B TOM CJTy-
yae, KOrma pe3yJibTaToOM BBIYUCJIEHUS JIOTHYECKOrO BHIpAXKEHHMS Ha JaHHOM
CTPOKe sIBJIsIeTCS true (3HAYEHUA false U uknown He SIBISIIOTCS pa3pellaloniu-
MH). Jlornueckoe BbIpaxXxeHHe TaOJTHYHOTO OTPAHUYEHUS LIEIOCTHOCTH 3aIipe-
AT HAJIMYHE CTPOKH B TaOJIMLIE B TOM U TOJIBKO B TOM CJIyYae, KOrla pe3yjib-
TAaTOM BBIYHMCJICHUS JIOTMYECKOTO BBHIpAaXEHUS] Ha HaHHOM CTPOKE SBJISIETCA
false (3HaYeHMSsI true M uknown He SIBJISIIOTCS 3aMpPEILAIOIUMH).

Ecnu B onepaTtope BRIOOPKH NMPUCYTCTBYET pa3aesa GROUP BY, TO OH BHI-
TMOJIHSIETCA Ha TpeTbeM Iuare. Kaxmbiii 3JEeMEHT CIHMCKa WMEH CTOJIOLOB
(column_name_commalist), yKa3plBaeMOro B 3TOM pasielie, JOJKEH ObITh
OIHUM M3 UMEH CTOJIOLIOB TaOJULBI TI1. B pe3ynsraTe BBIMTOJIHEHUS pa3jeiia
GROUP BY 00pa3yeTcsl cepynnupo8anHas mabauya T2, B KOTOPOK CTPOKH TabJIH-
LBl T1 paccTaBIieHbl B MUHUMAJIBHOE YUCJIO TPYIII, TAKHX, YTO BO BCEX CTPOKaX
OIHOM rpyIbl 3HaYeHUSI CTOJIOIIOB, YKa3aHHBIX B CITUCKE HMEH CTOJIOLIOB pa3-
Jena GROUP BY (cmoabuyoé epynnuposkiu), OMTUHAKOBBL* 3aMETHM, YTO CIPYII-
MUPOBaHHBIE TAOJMLIBI He MOTYT SBJISITBCSI OKOHYATEJIBHBIM PE3yJIETATOM OIle-
paropa BEIOOpKH. OHU CYIIECTBYIOT TOJIBKO Ha KOHLENMTYATbHOM YpOBHE Ha
CTaIMH BBIMOJIHEHHS 3aIpoca, CoAepXKallero pasaeia GROUP BY.

Ecnu B onepaTtope BEIOOPKM MPHUCYTCTBYET pa3/aesl HAVING, TO OH BBIMOJI-
HsIETCSl Ha CJIEAYIOLIEM IIare. YCJI0BHOE BBIPAXEHHE 3TOTO pa3ieia MpHMEHS -
eTcsl K KaXIOM IrpyTiie CTPOK TaOIHUIIbl T2, U pe3YJIFTATOM SBJISIETCS] CTPYTIIH-
poBaHHas TAaONMIA T3, coAepXalllasi T¢ ¥ TOJBKO T€ I'PYIIIBl CTPOK TAOIHIIBI
T2, JUIS1 KOTOPHIX PE3yJbTaTOM BBIYMCJIEHHST YCIIOBHOTO BBIPAXKEHMS SIBJISICTCS
frue. YCJIIOBHOE BBHIpaXEHHE paslesia HAVING CTPOMUTCSI MO CHHTAKCHYECKUM
NpaBuJiaM, OOILHUM IUISI BCEX YCJIOBHBIX BhIpAaXeHHId, HO 00JlanaeT TOM crielu-
¢HKOIA, YTO MPUMEHSIETCS K IPYIIIAM CTPOK, a He K OTAEJbHBIM cTpokaM. [To-
3TOMY INPEANKAThl, U3 KOTOPBIX CTPOUTCS 3TO YCJIOBHOE BBIPAXEHHUE, JOJIKHBI
OBITH NpeAUKATAMHU Ha IPYIHIY B LIeJOM. B HUX MOTYT MCIIOIb30BaThCsl UMEHA
CTOJIOIIOB I'PYIHTUPOBKM (UHE8APUAHMbL 2PYANBL) U TAK Ha3bIBa€MbIE arperaTHhIE
¢yHKUMH (COUNT, SUM, MIN, MAX, AVG) OT APYTHX CTOJIOLIOB. MBI 0GCYIUM ar-
peraTHble QyHKIMH OoJiee MOAPOOHO B CIAEAYIOIIMX JIEKLIUSIX.

[Ipu HasMuuM B 3ampoce pasmesia HAVING, KOTOpOMY He MpeallecTBYET
pa3zaen GROUP BY, Tabnmila TI pacCMaTPHBAETCsl KaK CrPYIIIIMPOBaHHast Tab-
JIMHA, COCTOSILAs U3 OMHOM IPYIHILI CTPOK, 6€3 CTOJIOLOB rpynnypoBaHusi. B
3TOM CJTydae JIOTHYECKOe BhIpaXeHHUe pas/iesia HAVING MOXET COCTOSITh TOJIBKO
U3 MPEAUKATOB C arperaTHbIMU (YHKIUSIMU, a pe3yJIbTaT BBIYUCICHHUS 3TOTO
pazfena T3 mubo COBIAAAET ¢ TaOMUILIEH T1, THOO ABJIAETCS IYCTHIM.

* EciM roBOpUTS D0JIee TOYHO, TO B OJHO#H TPYTINE BCE CTPOKH, COCTARIEHHBIE U3 3HAYEHUH CTONO-
LIOB TPYMIIMPOBKH, SBJISIOTCS JyOJIMKATaMH.
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Ecnu B oneparope BHIOOPKM IMPHUCYTCTBYET pa3aes GROUP BY, HO OTCYTCT-
BYET pa3ien HAVING, TO 3TO TPAaKTYeTCA KaK HATW4HeE pasaena HAVING frue*, T. €.
T3 COIEPXHT Te U TOJIbKO T€ TPYIIIBI CTPOK, KOTOPBIE COAEpXaTcs B Tabulie T2.

ITocre BLIMOTHEHHUS pa3nesia WHERE (€C/TM B 3aIpoce OTCYTCTBYIOT pasjie-
JIBl GROUP BY M HAVING, ciTyyaii (a)) WU ABHO WM HESABHO 3aJaHHOTO pasnesa
HAVING (cnmyyait (b)) BuimmomHsieTcsi pasaen SELECT. [IpH BBIIOJHEHHH 3TOTO
paszena Ha OCHOBe TabJIUIIbl T1 B ciTydae (a) MJIM Ha OCHOBE CIPYTIITHPOBAHHOM
TabuUBl T3 B ciaydae (b) cTpouTcst TablaulLia T4, coAepXalilasi CTOJBKO CTPOK,
CKOJIBKO CTPOK WJIM IPYII CTPOK COJIEPXKUTCA B TAOMHMLAX T1 WIH T3 COOTBET-
CTBEHHO. YHCI0 CTONO1I0B B Tabnulie 74 3aBUCHUT OT YHUCJIA 3JIEMEHTOB B CITHC-
K€ 3JIEMEHTOB BBIOOPKH (select_item commalist) M OT BUIA SJIEMEHTOB.

PaccMmoTpuM, kakM 06pa3oM (GOpMUPYIOTCs 3HAYEHUSI CTOJIOLIOB B Ta0J M-
1€ T4. DJIEMEHT CITUMCKa BLIOOPKHM MOXET 3aaBaThCsl OMHUM U3 IBYX CIIOCOOOB:

select_item ::= value_expression [ [ AS ] column_name ]
| [ correlation_name . ] *

CHavana oOCyIuUM IEpBBIH BapMaHT. B 3TOM clyyae KaXInblii 37eMeHT
CMHCKA 3JIEMEHTOB BBIOOPKM COOTBETCTBYET CTOMOLYY TaGiauubl T4. CTonOLy
MOXET ObITh SBHBHIM 06pa3oM MPHITMCAHO MMHA (KOTIIa H 3a4€M MOTYT HCIOJb-
30BaThCsl UMEHA TabIuLBl T4, MBI 00CcynuM mno3xe). Ilopsinok ¢ropMupoBaHuUsi
3HAUYEHHU ST 3TOrO CTOJIO11A 1 BRLAEICHHBIX BhILIE ciyyaeB (a) U (b) paziuyaer-
Csl, U MBI PACCMOTPUM MOJIOOHBIE CIIYYaH MO OTAEIBHOCTH.

B cnyyae (a) BeIpaxeHHe, COAEPXalleecs B JIEMEHTE BBIGOPKU, MOXET
colepXarhb JUTePaTbHBIC KOHCTAHTHI U BBI30BH (DYHKIIUMA CO 3HAUCHUSAMH CO-
OTBETCTBYIOLIUX TUIOB (B TOM YHCJIe HUIanuyeckue). KpoMe Toro, B BeIpaxe-
HWH MOTYT UCIIOJIB30BaThCsl UMEHA CTOJIOIIOB TaGiIuLbl T1**. BeipaxkeHue BhI-
YHCIIAETCH I KaXKIOW CTPOKM TaONMLUbI T1, H MMEHAM CTOJIOLIOB COOTBETCT-
BYIOT 3HaY€HMs 3TUX CTONO1IOB B JaHHOM CTpOKE TabIULbI T1.

B ciyuae (b), kak U B ciy4yae (a), BhIpaxkeHHE, coepXalleecs B 3JeMeH-
T€ BBIOOPKM, MOXET COAEPXaTh IMTEPAIbHBIE KOHCTAHTHI ¥ BHI30OBHI (DYHKILIHIA.
Ho, B oTiiuue oT cnyyas (a), B BBIpaXXE€HHE MOTYT BXOAUTh HEMTOCPEACTBEHHO
HMEHA TOJILKO TE€X CTOJIOLIOB TAOIULH T3, KOTOPHIE BXOIUIN B CTUCOK CTOJIO-
1I0B TPYTIITHPOBKY pa3ieia GROUP BY omepartopa BHOOpKHU. (Eciu crpymmmipo-
BaHHas Tabavua 73 ObUla 0Opa3oBaHa 3a cYET HaJIMUMA pasneyia HAVING 6e3

* 3aMeTHM, 4YTO 3Ta (hopMa pasnena HAVING B A3bike SQL He momyckaercs, MOCKOIBKY IOCHIE
KJIIOYEBOTO ¢JI0Ba HAVING JIOMIXKHO ClIenoBaTh OYJIE€BCKOE BHIpAXeHHe, a true OyJIeBCKHM BbIpaxe-
HHEM He SBISETCS.

** OOpaTUTe BHUMAaHHE, YTO B BBIpAXEHHUH DJEMEHTa BBIOODKHU He 06:3amensHo NOJKHO COfep-
XaTbes XOTS Obl OIHO MM cTonbLa. JlomycKaeTes HaTuy1e YUCTO KOHTAHTHOTO BEIDaXKEeHUs, 3Ha-
YeHUe KOTOpOro 6yneT MOBTOPAThCA B JaHHOM cronbue Bcex cTpok Tabnuubsl TE Kpome Toro, 3a-
METHM, YTO B COOTBETCTBHM C ONpENEIeHHEM value_expression MEMEHT CIUCKA BHIGOPKHA MO-
XeT ObITh 3alIPOCOM, BO3BPAILIAIOLINM TabIHIY U3 OHOM CTPOKH ¢ OMHHUM CTOJNIOIIOM.
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MPUCYTCTBUS pasaeia GROUP BY, TO B BbIpaXE€HHUH 3JIEMEHTA BHIOOPKH BOOG-
HI¢ HeJIb3Sl HETMOCPEICTBEHHO HCIOIb30BaTh MMEHA CTONOLIOB TaGaMLIBI T3.)
HNMeHa gpyrux cToNGLOB Ta0IUIIBI T3 MOTYT HCITOJTb30BaThCS TOJIBKO B KOHCT-
PYKLHUSIX BBI30BA arperaTHoix GyHKIUA COUNT, SUM, MIN, MAX, AVG. Belpaxe-
HHE BBIUMCJISIETCS [UTsl KX IO TPYTITBI CTPOK Tabmuubl 73. UMeHaM cTonbLIoB,
BXOISIIMX B BhIpDAXCHHE HEIMOCPEICTBEHHO, COTOCTABIIAIOTCS 3HAYCHHUS 3THX
CTONOIIOB, KOTOPBIE COOTBETCTBYIOT JAHHOM IPYIINE CTPOK TaGaUIIbI T3,

Bo BTOpOM BapHaHTe criellMpHUKaLIMA TEMEHTA CIMCKA BBIOOPKH BHIA
[ Z. 1* gaBasieTcs COKpalleHHONH opMoii 3aITUCH CITUCKA Z. a1, Z. 82, vy Z . ap,
IO€ a;, @z, -, &, NPEACTABIACT COOOM MOJHBINA CIIUCOK UMEH CTONOLIOB Tab -
Ibl, TICCBIOHUM KoTopo#t Z.* CrenyeT caefaTh TpHM 3aMedyaHus. Bo-TiepBrix,
U1 UMEHOBAHHOM TaOMH1IbI, BXOAAIIECH B CMMHMCOK pasfiesia FROM TOJBKO OAMH
pa3, MOXHO MCITOTb30BaTh MM TaOIH1IBI BMECTO IICEBIOHMMA. Bo-BTOpHIX, BO
BTOPOM BapHaHTe CIeUM(PUKALIMK JIEMEHTA CITUCKA BHIOOPKU MOXHO OITyC-
TUTb TICEBIOHHM TOJILKO B TOM cJiydae, €cjiM B pasiese FROM yKa3aHa TOJIBKO
omHa Tabauua. B-tpetbHx, B caydae (b) BTopoi BapyMaHT cieIMDHUKALIMH JTe-
MEHTa BbIOOPKH JOITYCTHM TOJILKO TOTAQ, KOTJa BCE CTOJIO1bI TAOIHIIbI C TICEB~
JOHHMOM Z BXOAAT B CITUCOK CTOJIOLIOB IPYIINIMPOBKHY pa3faesa GROUP BY.

HTtak, Mb1 oyt Tadnuiry 74. Eciau B cielMdUKaluK pasaeia SELECT
OTCYTCTBYET KJII0YEBOE CJI0BO DISTINCT, WIM MPUCYTCTBYET KIIOUEBOE CJIOBO
ALL, TM00 OTCYTCTBYIOT M ALL, M DISTINCT, TO T4 SIBJISIETCS PE3YJILTATOM BhI-
MOJHEHUS pa3fiesia SELECT. B MpoTMBHOM cjiyyae Ha 3aBepllalollei CTaguu
BBIITOJTHEHHS pa3aesia SELECT B Tabiulie T4 yIAISII0TCS CTPOKH-TYOTUKATHI.

Ecnu B omeparope BBIOOpKM HEe COACPXKUTCSA pas3nea ORDER BY, TO TabiH-
1a T4 SIBAeTCS pe3yIbTHpYIolei Tabmuieit 3anpoca. MHaue Ha 3aBepialoliei
CTAaAWHM BBIIIOJIHEHHSI 3aMpoca NMPOU3BOAMUTCS COPTHPOBKA CTPOK TabaHlIbl T4 B
COOTBETCTBHH CO CITUCKOM 3JIEMEHTOB COPTUPOBKHU (order_item commalist)
pasnena ORDER BY. B cranmapte SQL:1999 ajeMeHT cniMcKa 3JIEMEHTOB COPTH-
POBKH MMEET CJICAYIOLIYIO CHHTAKCHUECKYIO (hOPMY:

order_item ::= value_expression [ collate_clause ]
[ { ASC | DESC } 1

BoinonHeHWe pasaena ORDER  BY NMPOM3BOAMTCS CIEAYIOLUIUM OOpa3oM.**
Bri6upaeTcst mepBblid 2JIEMEHT CITUCKA COPTUPOBKH, M CTPOKH TaOJMLIBI T4 pac-
CTaRBJISIIOTCS] B MTOPSIIKE BO3pacTaHMsl (€CU B 3JIEMEHTE IPUCYTCTBYET CHICLIM(H-~
Kalusi ASC; IMPY OTCYTCTBHH clielmduKanuu ASC/DESC NpeanoaraeTcsi Hajau-

* 3aMeTHM, 4TO JM106OH 3JIEMEHT Z.a, 3TOr0 HESIBHO 3alaHHOTO CIIMCKA MOXET OBITh SIBHO BKITIO-
YeH B CITHCOK 3JIEMEHTOB BHIGOPKH. KCTaTH, €C/iM B CIIMCKE BHIOOPKE NMPUCYTCTBYET SIBHO MJIH HeE-
SIBHO 3aJaHHBII 9JIeMEHT BUIA Z. a, TO B IIpeleNiax 3apoca COOTBETCTBYIOILHUI CTON6EL TAOTH LI
T4 MOJIY4aeT TO XK€ UMSL.

** Mbl CHOBa IIPOMTHOpPHpYEM ClielMdHUKaliMio pa3fena collate, CBA3aHHYIO C HCIIOJb30BaHHEM
HALIHOHATbHBIX HA6OPOB CHMBOJIOB.
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ype ASC) WK B Topsake yObIBaHUS (TIpM HAUTMYUHM crieliibrUKauy DESC) B CO-
OTBETCTBUU CO 3HAUECHUSIMH BBIPAXEHUSI, COAEPXKALIErocsl B JaHHOM 3JIEMEHTE,
KOTOpBIE BBIUUCISIOTCS VIS KaXIOH CTPOKHW Tabaulpl T4. [lajee BbIOMpaeTcs
BTOPO#1 3JIEMEHT CIIMCKA COPTHPOBKH, U B COOTBETCTBHH CO 3HAYCHUSIMH 3a1aH-
HOTO B HEM BBIPAXEHUS U TTOPSAKA COPTUPOBKM pPacCTaBISIOTCS CTPOKH, KOTO-
pbie TIOC/IE TIEPBOTO IIaTa COPTHPOBKY OOPA30BaIM IPYIIIBI C OAMHAKOBBIM 3Ha-
YeHHEM BbIpaXKe€HHS TIEPBOTO 3JIEMEHTA CITUCKA COPTUPOBKHU. OIepalust Mpoaoi-
JKAETCS IO MCUEpIIaHMs CITUCKA 3JIEMEHTOB COPTHPOBKH. Pe3ysTHpyIoninii oT-
COPTHUPOBAHHBIH CITUCOK CTPOK SIBJISIETCST OKOHYATETbHBIM PE3Y/IBTATOM 3aTIpoca.

B ob111eM cityyae BeipakeHHe, BXOASILIEE B SJIEMEHT CIIUCKA COPTUPOBKH,
OCHOBBIBA€TCS HA MMEHAX CTOJIOLIOB TaOJIHLIBI T4 U HMEHAX CTOJIOLIOB TabIu-
1tbl, HAl KOTOPOH BBIMMCIISUICA pa3aen SELECT (T1 wnu T3). Umess cocTOUT B
TOM, 4TO €CJIH HEKOTOPOE BbIpAXEHHUE MOTJIO Obl OBITH UCTIONB30BAHO B 3JIe-
.MEHTe CITUCKa BBIOOPKH, TO €r0 MOXKHO MUCTIOIb30BaTh B JJIEMEHTE CITUCKA COP-
THpOBKH. B cranmapre SQL:1999 npucyTCTBYeT psin YUCTO TEXHHUECKUX Orpa-
HUYEHHWH Ha BHJ BBIPAXEHUH, TOMTYCTHUMBIX B 3JIEMEHTaX CIIMCKA COPTUPOBKH,
€CJIM B 3a1pOCe MPUCYTCTBYIOT pa3/esibl GROUP BY U/WIM HAVING U €CJTM B pa3-
Jesie SELECT npHUCyTCTBYeT crieuudukanus DISTINCT. Ho B mo60M cirydae 310
BBIpAXEHME MOXET UMETh BHI a, TAE a — UMSI CTOJIOLA TaOIULbl T4.

3aMeTHM, 4YTO B MpeAbIAYHIUX BePCUSAX CTaHAapTa si3bika SQL, Bkitoyas
SQL/92, aneMeHT CIIMCKa COPTUPOBKH ONPEAC/SUICS CACAYIOIIHM CHHTAKCH-
YeCKUM IIpaBHJIOM:

order_item ::= { column name | unsigned_integer }
[ { ASC | DESC } ]

B kxayecTBe UMeHM CTOJIOLA (column_name) MOXHO ObLIO HCIONB30BATh
Jo60e M4, BBOIUMOE IS CTON0LA TAOULIBI T4 B 3JIEMEHTE CITUCKA BLIOOPKH.
BMecTo uMeHH ¢TOIOLIAa MOXHO OBLIO MCITOJIb30BaTh €r0 MOPSAKOBBI HOMED
(unsigned_integer) B CIIMCKE 3JEMEHTOB BBIOOPKH pasiena SELECT. Kak
Mbl BUIEIU, B HOBOM CTaHIApTE BTOpas BO3MOXHOCTh UCKIOYeHA. JJoBOIOM
SIBJISETCS HE TOT HaKT, YTO UCIIOIb30BAHUE HOMEPOB CTOJOLIOB MPOTUBOPEYMUT
pesiUMoHHON Moaenu. Mcronb3oBaHHE HOMEPOB CTOJOLIOB 3aIlpellieHO, TT0-
CKOJIbKY HE HaBajio BO3BMOXHOCTH IIPUMEHATD B 3JIeMEHTAX CIIUCKA COPTHPOB-
KU BbIpaxeHUs1. TeM He MeHee, o HallleMy MHEHHIO, BO3MOXHOCTb UCIIOb30-
BaHUSI HOMEPOB CTOJOLOB B TeUE€HUE AOJTOr0 BpeMEHU OyAET IpPOAOJIKaTh
TMOAEPXHUBATLCS B KOMMEPUECKHX peatu3auusax SQL, MOCKOJIbKY OHA TIpUMeE-
HSIETCA BO MHOTHX CYILECTBYIOLUHX [IPUIOXKEHUSX.

Ccbinkm Ha Tabnuubl paagena FROM

HanmoMHMM, uTO pasfesl FROM orieparopa BBIOOPKH OIpeNeNseTcd CHH-
TAaKCHMUECKHM MPABUIIOM
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FROM table_reference_commalist

PaccMoTpuM 6ojiee moapo6HO, KaKOil BUI MOTYT HMETh JIEMEHTHI 3TOTO
cnucka. JIns Havama npuBedeM TIOJIHBIAM HA0Op CHHTAKCHUYECKMX TIpaBHII
SQL:1999, onpenensiiomuii table_reference.*

table_reference ::= table_primary | joined_table
table primary ::= table or query name [ [ AS ] correlation_name
[ (derived_column_list) ] ]
| derived_table [ [ AS ] correlation_name
[ (derived_column_list) ] ]
| lateral_derived_table [ [ AS ] correlation_name
[ (derived_column_list) ] ]
| collection_derived_table [ [ AS ] correlation_name
[ (derived_column_list) ] 1
I ONLY (table_or_query name)[ [ AS ] correlation_name
[ (derived_column_list) ] 1 | (joined_table)
table_or_query_name ::= { table_name | query_name }
derived_table ::= (query_expression)
lateral_derived_table ::= LATERAL (query_expression)
collection_derived_table ::= UNNEST

{(collection_value_exression) [ WITH ORDINALITY ]

MBI OTJIOXHMM 10 CACOYIOLIMX JIEKIIMI 00CyXIeHHe MOPOXIaeMbIX TabauLL C
TOPH3OHTAILHOM CBA3bI0 (lateral_derived_table) M «COCAMHEHHBIX TAOIUL»
(joined_table). KpoMe Toro, Mbl He 6y/ieM paccMaTpUBAaTh B 3TOM KypPCe KOHCT-
pyKUMH collection_derived_table m ONLY (table or_query_name), No-
CKOJIbKY OHH OTHOCATCS K OOBEKTHBIM PacIiMpeHHUsIM si3pika SQL., KoTophIe B IaH-
HOM Kypce noapo6HO He pacCMAaTPUBAIOTCS (Ha He(POPMATBHOM YPOBHE OOBEKTHO-
PENSLIMOHHBIN MOAX0I 00CYKAaeTCA B TIOCIEAHEH JIeKIIMK 3Toro Kypca). Ho naxe
TIPH TaKUX CAMOOTPAaHHYEHHSIX IS JATbHEHIIIEro NPOABMXKEHHUS HAM TIPUIETCS OTl-
Pe/leSTUTb HECKOJIBKO AOTIOTHUTETBHBIX CHHTAKCMYECKUX KOHCTPYKLIMIA s1361Ka SQL.

TabnunyHoe BbipaxeHne, crieyndukaymnsa 3anpoca
¥ BbIpaXeHue 3anpocoB

Tabauunvim evipaxceruem (table_expression) Ha3pIBaeTCsl KOHCTPYKIIMSA

table_expression ::= FROM table_reference_commalist
[ WHERE conditional_expression ]
[ GROUP BY column_name_commalist ]
[ HAVING conditional_expression ]
* B cBa3M ¢ BBegeHHEM B cTaHgapTe SQL:2003 KOHCTPYKTOPa TUIIOB MYJTETHMHOXECTB, B KA4eCT-
B€ 3JECMCHTAa CIMHCKa CCbUIOK Ha Taﬁﬂld].lbl pa3pesia FROM Tenepb MOXHO HCHOJNbL30BaTh H BbIpaXxe-

HME CO 3HAYEHUEM-MYJIBTUMHOXECTBOM. OIHAKO B 3TOM KYPCE MBI HE GYHBM HOﬂpOGHO paccMar-
PUBaTb 3TY BO3ZMOXHOCTbD.
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Cremmdukanmei 3ampoca (query_specification) Ha3bIBAETCs KOHCTPYKIIMS

query_specification SELECT [ ALL | DISTINCT |}
select_item_commalist table_expression

Hakonen, smpaxemmeM 3ampocos (query_expression) Ha3bIBaeTCs
KOHCTPYKLIHSI

query_exXpression ::= [ with _clause ] query_expression_body
query_expression_body ::= { non_join_guery_eXpression

| joined_table }
non_join_query_expression ::= non_join_query_ term

| query_expression_body
{ UNION | EXCEPT }[ ALL | DISTINCT ]
[ corresponding_spec ] query_term
query_term ::= non_join_query_term | joined_table
non_join_query_term ::= non_join_query primary
| query_term INTERSECT [ ALL | DISTINCT ]
[ corresponding_spec ] query_primary

query_primary ::= non_join_query primary | joined_table
non_join_query_primary ::= simple_table

| (non_join_query_eXpression)
simple_table ::= query_specification

| table_value_constructor
| TABLE table_name
corresponding_spec ::= CORRESPONDING
[ BY column_name_comma_list ]

Ecnu He obpaniath BHUMaHUs Ha HE oOCYXIaBIIMECS MOKa KOHCTPYK-
MU joined_table W table_value_constructor, CHHTAKCUYECKHUE TIPaBH-
Jla TTOKa3bIBalOT, UTO BhIPAXEHHE 3alTPOCOB CTPOUTCS U3 BhHIPAXEHUI, 3HAUE-~
HUSIMU KOTODBIX ABJISAIOTCS TaOMUUBI, C UCIIOIb30BAHHEM «TEOPETHKO-MHO-
KECTBEHHBIX»* omepalii UNION (o6benuHeHHE), EXCEPT (BBIYMTAHHE) H
INTERSECT (nepecedyeHue). Onepaius mnepeceueHUs SIBISETCA «MYJIBTHILTH-
KaTUBHOM» M 061anaeT Gojiee BHICOKUM TIPUOPUTETOM, YEM <«aITUTHUBHBIC»
onepalii oObeIUHEHUS U BHIYMTAHUS. BbIUMCIIEHHE BBIpAXEHUS MTPOU3BO-
JMUTCS CJIeBa HAMPABO ¢ YYETOM MPUOPUTETOB OTIEpaliuii U KPYIJIBIX CKOOOK.
[1pu 3TOM AEUCTBYIOT Clienyollre MpaBuia.
¢ EciM BeIpaXeHHE 3alpOCOB HE BKIIKIOYAET HU OJHOH TEOPETHKO-MHOXECT-
BEHHOM OTepalivy, TO PE3yJIBTATOM BBIYMCICHH S BHIDAXEHHUS 3aTIPOCOB SIB-

* MBI UCMONB30BAJIM KaBbIYKH, MTOCKOJIbKY TaOIULbI, K KOTOpPBLIM NMPHMCHSAIOTCA OII€paliiv, B
o61eM cayyae MOTYT COICpXaTh CTPOKHM-IyOIUKATHI, T.€. ABJIATHCS MYABMUMHRONCECMBAMU.
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JIETCS pe3YJIbTAaT BIYUCICHUS ITPOCTOH WUIM COEAMHEHHOMN TabIUIIbI.

e Ecim B TepMe (non_join_gquery_term) WIH BBIPAXEHUM 3allpOCOB
(non_join_query_expression) 0e3 COeAMHEHUSI MPUCYTCTBYET TEOPETHKO-
MHOXECTBEHHasi oriepaLusi, TO MyCcTb T1, T2 ¥ TR 0603HAYAIOT COOTBETCTBEHHO
TIEPBBIA omnepaHi, BTOPON OnepaHA U PE3yJIBTaT TepMa WK BHIDAKEHUSI COOT-
BETCTBEHHO, a OP — UCMOJIB3YEMYIO TEOPETUKO-MHOXECTBEHHYIO OIIEPALMIO.

e Ecnu B onepaudy NpUCYTCTBYET CrielM¢UKaLusl CORRESPONDING, TO:

(a) eclM MpUCYTCTBYET KOHCTPYKLIMS BY column_name_comma_list, TO
BCE UMEHA B 3TOM CMHMCKE AOJIKHBI OBITh PA3JIMUHBI, U KaXA0E UM
JOJIXHO SIBJISITLCS] OTHOBPEMEHHO HMEHEM HEKOTOPOTO CTONI0LA Tab-
JIMLBI T1 ¥ UMEHEM HEKOTOPOTO cTo01a TaGaULbl T2, MPUYEM THUIIBI
9THX CTOJOLIOB NOJLKHBI ObITH COBMECTUMBIMH; 0003HAYMM JAHHBIA
CIIUCOK UMEH Yepe3 SL;

(b) eciu CMMCOK COOTBETCTBUS CTONOLIOB HE 33[aH, MyCTh SL 0603Hava-
€T CIIUCOK UMEH CTOJIOLIOB, ABISIOLIMXCS UMEHAMHU CTOJIOLIOB U B T1,
U B T2, B TOM MOPSIOKE, B KOTOPOM 3TH HMEHa (PUTYPUDPYIOT B T1;

(C) BBIYMCISIEMBIE TEPM WM BBIPAXEHUE 3alpoCOB 0€3 COeAUHEHUS K-
BUBAJIEHTHBI BRIpAXEeHHIO (SELECT SL FROM T1) OP (SELECT SL
FROM T2), He BKJIIOUYaloLeMy crieludukanmio CORRESPONDING.

¢ [Ipu OoTCYyTCTBUM B omnepaluu crielddHKalMd CORRESPONDING omnepalus
BBINOJTHIETCS] TAKUM 00pa30M, KaK €CJIH Obl 3Ta crieliMdUKaI|s IIPHCYTCT-
BOB&JIA M BKJIIOYAJIa KOHCTPYKUMIO BY column_name_comma_list, B KOTO-
po¥t ObLIH OBl IIEpeYNCICHBI BCE CTONOLBI TabmULel T1.*

¢ [Ipu BEINOJHEHUH OTepallMud OP ABE CTPOKH sl ¢ HMEHAMM CTOJOLIOB c1,
2, .., Cn U $2 ¢ UMEHaMHM cTonbLoB d1, d2, ..., dn CYUTAIOTCS CTPOKaMHU-1y0-
JIMKaTaMH, €CJIU Ui Kaxaoro I (1 = 1, 2, .., n) Jubo ci U di He co-
JepXaT NULL, U (ci = di) = true**, nubo M ci, U di colepxaT NULL.

¢ Ecnu B onepaliiy OP He 3adaHa crieludUKaLus ALL, TO B TR CTPOKH-IyOIH-
KaThbl yIISIOTCS.

¢ Ecnu cneundukauua ALL 3a1aHa, TO IYCTh s — CTPOKa, ABISAIOIIAACA QyO-
JIMKATOM HEKOTOPOM CTPOKH T1, WIM HEKOTOPOH CTPOKM T2, WIM OOEHX;
IYCTh M — YKUCJIO AyOJIUKATOB s B T1, a n — YUCJIO AyOJIMKATOB s B T2. Toraa:

®  €CJIM yKa3aHa ornepaLus UNION, TO YMCJI0 AYOJIHKATOB s B TR paBHO
m + n;

®m  €CJIM yKa3aHa ornepaLusa EXCEPT, TO YUCJIO AYOJIUKATOB s B TR paBHO
max ((m-n),0);

»  €CJM yKadaHa onepauus INTERSECT, TO YMCIO OyOJUKATOB s B TR
paBHO min (m,n).

* JIpyrMMH CJIOBaMHM, NPH OTCYTCTBHM cneuudukaluu CORRESPONDING TpebyeTcsi, YTOOHI 3aro-
JIOBKM TabGiHMIL-ONEepaHAOB COBMAjaiM 3a HCKJIIOYEHHEM, BO3MOXHO, MHOpsiIKa CJeNOBaHHUSA
cTON6LOB.

** C y4eTOM BO3MOXHOCTH HESABHOTIO NIPHBEIEHHUA THIIOB.
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Pasnen WITH Bbipa>xeHusi 3anpocoB

Kax BUOHO M3 CHMHTaKcHca BbIpAXCHHSA 3aripOCOB, B 3TOM BbLIPAXCHHUH
MOXET NMPUCYTCTBOBATD pa3aca WITH. OH 3aiaercs B CJICOYIOUIEM CHHTAKCHUCE!

with_clause ::= WITH [ RECURSIVE ] with_element_comma_list
with_element ::= query_name [ (column_name_list) ]
AS (query_expression) [ search_or_cycle_clause ]

Oo6uryio dopmy pasaena WITH Mbl OOCYIMM B CACAYIOUIMX JEKIUSIX, KOT-
Ja 6yIeM paccMaTpuBaTh CpeacTBa (POPMYJIUPOBKH PEKYPCUBHBIX 3aIlIPOCOB.
[Toxa orpaHMYMMCS CIydaeM, KOTAa B pasnaesie WITH OTCYTCTBYIOT clieliMdHuKa-
uMs RECURSIVE U search_or_cycle_clause. Torma KOHCTpYKLMS

WITH query_name {(cl, c¢2, .. cn) AS (query_exp_l} query_exp_2

03HAYaeT, UTo B JIIOOOM MeCTe BhIpaXeHHS 3alPOCOB query_exp_2, TIe IOMy-
CKaeTcsd TMOSBICHUE CCBUIKM Ha TaOiMily, MOXHO MCIOJb30BaThb UMs
query_name. MOXHO CUMTaTh, YTO Iepel BLINOJTHEHHUEM query_exp_2 IIpo-
MCXOJIMT BBITIOJTHEHHE query_exp_1, M pe3yJbTHpYIoias TabauLa ¢ UMEHAMHU
CTONOLOB 1, ¢2, ... cn COXPAHAETCA IO UMEHEM query_name. Kak Mbl YBUIUM
M03Xe, B 3TOM Clydae pasaea WITH ¢pakKTHUECKU CIYXUT ISl JTOKATbHOTO OIl-
peneneHus NpeacTaBIgeMoii TabauLbl (VIEW).

KoHCTpyKTODbBI 3HaYeHUsi CTPOKM M TabnunLbi

Yto6hI 3aBepILIMTE OOCYKICHHE BRIPAXEHMI 3aIIPOCOB (C YUETOM TOTO, UTO
KOHCTPYKIIMS COeIMHEHHBIX Tabu1l (joined_table) OTJIOXEHA Ha CleayIOLINe
JIEKIIMH), HAM OCTaJIOCh PACCMOTPETh KOHCTPYKIIMU table_value_constructor
U TABLE table_name.

B onpeneneHn KOHCTPYKTOpa 3HAYEHMSI-TAOIHMLIBI UCIIOIb3YeTCS KOH-
CTPYKTOD 3HAU€HHUA-CTPOKU, KOTOPHI CTPOMT YNOPSAOUYEHHBIH HAabop cKa-
JISIDHBIX 3HAYEHHUH, NPEACTABISIOUIMA CTPOKY (BO3MOXHO M MCMOJb30BAHHUE
noasanpoca*):

row_value_constructor ::= row_value_constructor_element
| [ ROW ] (row_value_constructor_element_comma_list)
| row_subquery
row_value_constructor_element ::= value expression [NULL | DEFAULT

33M€THM, YTO 3HAYCHHUE JICMECHTA IT0 YMOJTTYAaHHIO MOXXHO HCITOJIb30BaTh
TOJIBKO B TOM CJIy4a€, KOrga KOHCTPYKTOP 3HAYCHHUA-CTPOKH ITPUMECHACTCA B

* B cneayromeit sexkuuu Mut Gonee monpoGHO obcynum monsampochi. [loka 3aMeTuMm, 4TO
row_subguery — 3TO 3allpoc, pe3yJIbTHpYyIoLiasi TablIuLia KOTOPOTO COCTOUT U3 OLHOM CTPOKH.
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oneparope INSERT (TOorda 3TUM 3HA4Y€HUEM OydeT 3HAaYeHWE MO YMOMYAHHUIO
COOTBETCTBYIOLLETO CTONOLA).

KoHcTpyKTOp 3HaYeHUSI-TaOMHMLBI TPOU3BOAUT TaOMHUIy HAa OCHOBE 3a-
JaHHOTO Habopa KOHCTPYKTOPOB 3HAYEHUH-CTPOK:

table_value_constructor ::= VALUES
row_value_constructor_comma_list

KoHeyHo, m1st Toro 4ro6bl KOPPEKTHO MOCTPOUTH Tabmuiry, TpebyeTcs,
qToOBI CTPOKH, IIPOU3BOINMBIC BCEMU KOHCTPYKTOPAaMH CTPOK, ObUTH ONHOM U
TOM XK€ CTeNeHH M YTOOBI THUIbI (MJIM JOMEHBI) COOTBETCTBYIOIUIMX CTOIOLIOB
SIBJISIUCH TIPUBOAUMBIMH.

HakoHell, KOHCTpPYKIIMST TABLE table_name SIBASETCS COKpallleHHOMW
¢dopMOi 3anUcH BbipaxXeHUs SELECT * FROM table_name.

Ccbuixu Ha 6a3oBsie, npegcrasnsaemMbie ¥ nopoxgaembie Tabsnub!

Tenepb MBI MOXEM 33aBEPIIHThL OOCYXICHHE Pa3HOBUIHOCTEHM CCBLIOK Ha
Tabnuuy B pasnesie FROM. Jins yno6cTBa MOBTOPHM CHHTAKCHYECKHE MpaBUia
(OTIyCTMB KOHCTPYKIIMH, paCCMOTpPEHHE KOTOPBIX OTJIIOXKEHO Ha Cliedyloliue
JIEKIEMH WIKM BBIXOOHUT 3a Mpeaebl MaTepuana JaHHOTO Kypca):

table_reference ::= table_primary
table_primary ::= table_or_query name [ [ AS ] correlation_name
[ (derived_column_list) ] 1
| derived_table [ AS ] correlation_name
[ (derived_column_list) ]
table_or_query_name ::= { table_name | query_name }
derived_table ::= (query_expression)

HTak, B caMOM IIPOCTOM CJIyYae B KAUECTBE CCHUIKM Ha TAOMUILY UCTIONb3Y-
eTcsl UM TabauLbL (0a30BOM WIIH IIpeICTARISIEMOI) WIH UMSI 3a1poca, MPUCoe-
JHHEHHOTO K JJAHHOMY 3aIlpocy ¢ IOMOILBIO pasiena WITH. B apyroM cnydae
(derived_table) nopoxnaeMasl TabarMLa 3a8a€TCS BBIPAXEHHEM 3arpoca, 3a-
KJIIOUeHHBIM B KPYTJIble CKOOKH. SIBHOE yKa3zaHHE MMEH CTOJOLIOB pE3Yy/aLTaTa
3arpoca U3 pasiena WITH WiIM NMopoxaaeMoit TabauLibl TpedyeTcs B TOM CiIydae,
KOTJa 3TH HMEHA He BLIBOISITCS SIBHO M3 COOTBETCTBYIOLLETO BhIpaXKEHUS 3aIPO-
ca. O6GparuTe BHUMAHHE, YTO B TAKUX CIYYasiX B COOTBETCTBYIOLLUEM 3JIEMEHTE
CIMUCKa pasfaeia FROM HOIDKEH yKa3bIBaThCS MCEBAOHUM (correlation_name),
TMOTOMY UTO MHave Tabanma 6bi1a O BOOOIIE TMIIEHA UMeHU. MOXHO CUMTATh,
YTO BBIPAXXEHME 3aIIpOCa BBIYMCISAECTCA M COXPAHSIETCS BO BPEMEHHOM Tabmuie
rpu o6paboTke paznena FROM.
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B0o3MOXHO, HEKOTOPBIX YHTATENE CMYTHAA PEKYPCHBHAS IPUpOJA CHH-
TAKCHYECKUX OTIPEAeIEHHM, IIPUBEICHHBIX B 9TOM Ioapasaeie. YTobkl olpe-
JIEJINTh TTOHSATHUE CCHUIKM Ha TabJIUILY B pa3aeie FROM orepaTropa BIOOPKH, KO-
TOPBIH OMTMPAETCA Ha CITIELH(HUKAIIMIO 3aIIpOca, HaM IPHUIIUIOCH BBECTH GoJiee
o0lliee [MOHATHE BBIPAXEHHS 3a[IPOCOB, B OTIPEAEICHHH KOTOPOTO UCIIOb3YeT-
¢ cneuMdUKauus 3amnpoca. Ja, AeHCTBUTENHLHO, MHOTME CUHTaKCHYECKUe
KoHCcTpyKIMHU SQL ompenensiiorest pekypcuBHO. Ho 3Ta pekypcHs HMKOTOa
He TTPUBOJMT K 3aLIMKIMBAHHIO. B YaCTHOCTH, pacKpyTKa peKypCHH OIepaTo-
POB BbIGOPKU OCHOBHIBAETCSI Ha 6a30BOii, He BbIAENSEMOM OTAEIbHBIMU CHH-
TaKCHYECKUMH MpaBWwiaMH (hopMe, B KOTOpOH B pasiesie FROM yKa3blBaIOTCS
TOJIBKO UM€HA 6a30BbIX TAGIHII.

MpeancTaBnaemobie Tabnuubl, unu npeacrasneHus (VIEW)

Enie onHMM NMpUMepOM pEeKYPCUBHOCTH crielMdukanui s3bika SQL sB-
JISIETCS TO, YTO B KOHIIE€ 3TOH JIEKIIMM MbI BBIHYXKIEHBI TIPEPBaTh OOCYXICHHE
oriepaTtopa BbIOOPKH Y BBECTH TOHATHE TIPEACTABIASIEMOM TabJIMNLIbI, MIH TIpE -
CTaBJIEHHsI, KOTOPYI0O MOXHO HCIIOJb30BaTh B OIEPAaTOPE BHIOOPKM HapsIAy C
6a30BbIMH TabIHLAMH. TOJNBLKO MOCTE 3TOT0 MOXHO 6YIeT CUUTaTh 00CYXIe-
HHUE CCBUIOK Ha TaOJHUIIBI B pa3aeiie FROM YCIOBHO 3aBeplIeHHbIM. UTak, omne-
paTop CO3[aHHsI TIPEACTABICHUS B OOLIEM CIydae OTIPEAEsAeTCS CACAYIOINMU
CHUHTAKCHUYECKUMM IIPpAaBHIAMH:

create_view ::= CREATE [ RECURSIVE ] VIEW table_name
[ column_name_comma_list ]
AS query_expression
[ WITH [ CASCADED | LOCAL ] CHECK OPTION ]

PexypcHBHBIE TTPEACTABICHHUS (TaKue, B OTIPEIETIEHHH KOTOPBIX IIPHCYT-
CTBYET KJIIOUYEBOE CJIOBO RECURSIVE) M HeoOs3aTeJbHBIM pasfes WITH CHECK
OPTION MBI OOCYIHM B CIEOYIOLIMX JIEKLIMSX (TTOKA JHIb 3aMETHM, YTO 3TOT
pasfen CBSI3aH ¢ 0COOEHHOCTSIMM BBITIOJIHEHHS ONEpalvii OOHOBIEHHUS 6a3bl
JIAHHBIX 4Yepe3 MPeACTaBICHUs). 31eCh Mbl KpaTKO PAaCCMOTPHM TOJBKO IIpO-
¢Ty10 GOpMy MIPEACTABICHUH, ONpeaeasseMbIX 110 CAEAYIOHIMM MpaBHIaM:

create_view ::= CREATE VIEW table_name
[ column_name_comma_list ]
AS query_expression

Mmst Tabnuiel, 3a1aBaeMoe B ONIpedesieHUH MIpeACTaBIEHUsI, CyIIECTBYET
B TOM Xe [POCTPAHCTBE HMEH, YTO U MIMeHA 6A30BbIX TAOIHII, U, CJICI0BATETh-
HO, IOJI)XHO OTJIMYATBCS OT BCeX MMeH TabJHLL (6a30BbIX U IIPEACTABIAEMBIX),
CO3aHHBIX TEM Xe TIojib30BaTeNeM. Ecu uMs TIpedCcTaBlIeHH s BCTPEYAETCS B
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pa3szesie FROM KaKkoro-amoo orneparopa BHIOOPKM, TO BEIYHCIISIETCS BhIpaXXeHHe
3ampoca, yKasaHHOeE B pa3nese AS, M ONepaTrop BEIOOPKU paboTaeT ¢ pe3yIbTH-
pyloleil TabIulIeit 3TOro BRIpaAXEHHUS 3amnpoca.* SIBHoe yka3aHHe UMEH CTOJIO-
LIOB MpeACTaBasseMOi TabJIHLIbI TPEOYETCA B TOM C/ydae, KOrga 3TH HMMeHa
HE BHIBOAATCS M3 COOTBETCTBYIOIIETO BHIPAXEHHUS 3aIIpoca.

Kak u s Bcex Apyrux BApMaHTOB olepaTtopa CREATE, Wisi CREATE VIEW
HMeeTcsT o0paTHRIN onepaTop DROP VIEW table_name, BHIMTOJHEHHE KOTOPO-
o NPUBOJHUT K OTMEHE OIpeAcIEHUSA MPEICTaBICHHUS (PEABHO 3TO BHIPAXAET-
¢A B VAAJIEHHH JaHHBIX O MpeACTaBIeHUH U3 TabJIMII-KaTaJIoroB 0a3el JaHHEIX).
IMocne BBIMOJHEHHS ONEpaliMM I0Jb30BAaThCA IPEACTABIEHHEM C AaHHBIM
HMEHEM CTAHOBMTCSA HEBO3MOXHO.**

3axkmoyeHue

B xone uTeHMs JIEKIINiA, MIOCBANIEHHEIX OIlepaTopy SELECT si3bika SQL, MHe
HEOIHOKPATHO CIIYYATIOCH CABIIIATh XaJI00bl CTYAEHTOB Ha CYXOCTh HAYaAILHOIO
Matepyalia M OTCYTCTBHE WLTIOCTPUPYIOIIUX MpUMepoB. OMHAKO g He BeTpeydal
HH OHOTO y4eGHOTr0 1ocobus 1o A3bKy SQL, 0cHOBaHHOTO Ha npuMepax (cpe-
M MHOrouMciaeHHBIX n3ganuit thna «SQL 3a 24 yaca», «SQL w1 yaliHMKOB» U
gaxe «SQL mwis WIHOTOB»), KOTOPLIH [eHACTBUTENLHO AaBall Obl NpeaCTaB/IeHHE
06 SQL kak g3bIKe, a He CIYXKIT HMHCTPYKITUEH apMeHCKOTO THIIA.

CIOXHOCTh OpPraHU3allMy OTlepaTopa BLIOOPKH He MO3BOJSAET cpasy Ha-
YHHATh C MOJIHOLEHHBIX IIPUMEPOB, a JUIA AEMOHCTPALMK IIPUMEPOB IIpOMe-
KYTOYHBIX KOHCTPYKIIMI TpebyeTcsl co3daHMe HENpHEMJIEMO I'POMO3AKOro
KOHTeKCTa. [103TOMY MOry JIMIIIb TPUHECTH H3BUHEHMS 33 HEKOTOPYIO CYXOCTh
3TOM JIEKIIUH.

C Apyroit CTOpOHHI, TEMEPh MBI Y€ BIUIOTHYIO MOIOIUTH K TOMY JTAIy,
Ha KOTOPOM BO3MOXHO HCIIONBb30BaHHE WLTIOCTPALMH, U B CIEAYIOLIUX JIeK-
[IMSIX UX OYIEeT HOCTATOYHO, XOTS NPOHJUTIOCTPHPOBATL BCe HHTEPECHEBIE pa3-
HOBHIHOCTH OllepaTopa SELECT BCe PaBHO He MPEICTABISETCS BO3MOXHBIM,
MOCKOJIBKY YHCJIO BAPHAHTOB OJIM3KO K aCTPOHOMHYECKOMY.

* Tlo kpafiHeil Mepe, Tak 3TO cliellyeT NIOHUMATh B COOTBETCTBUU C CEMAHTUKOM MpeACTaBlIeHUI B
si3bike SQL. INpu peanbHoil 06paboTKe 3aNpocoB Hax NMpeACcTaBJICHHSIMY Takast SIBHAsI «MaTepHa-
JU3alysi» TMPEICTABIEHUs BBITIONHSETCSl KpaliHe penko. BMecTo 3TOro ucmolib3yeTcss TeXHHKa
MOJCTAHOBKH TeJia NMPeNCTABJeHUs B TEJIO 3aMpoca ¢ rapaHTHEH TOro, 4To pe3yJbraT MOIUMHITH-
POBaHHOTO 3arpoca GyeT B TOYHOCTH TAKHUM XK€, YTO M pe3yJIbTaT HCXOAHOTO 3alpoca Hajx Marte-
PHATM30BaHHBIM TNpeacTaBieHueM. HO 3To yXxe OTHOCHTCS K TeMaTHKe onTuMusanuu SQL-3a-
TIPOCOB, BBHIXOASIHCH 3a NIPEIesbl 3TOro Kypcea.

** KoHctpykiius ALTER VIEW B si3bike SQL He monnepxuBaercs.
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Kypc OcHoBb 633 AaHHbIX

Nexkuua 14. fA3bik 6a3 gaHHbLIX SQL:
npeavkaTsl pasaena WHERE onepatopa SELECT

B 3T0ii 1eKIHH MbI NPOIOJIKHM PACCMATPHBATD MEXAHH3M BLIOOPKH JAHHLIX
a3bika SQL ~ oneparopa SELECT. JleKuus e IHKOM NOCBAMIEHA BHIAM YCIOBHBIX
BbIpaJKeHHii, KOTOpbie MOTryT colepxarhes B pasaene WHERE oneparopa Buibop-
Ku. OnpeiesioTcs H WLTIOCTPHPYIOTCA HA NPHMEPAX 3aMPOCOB BCe BHIbI NPEAH-
KaToB, cnenndHuMpoBaHHbX B cranaapre SQL:1999.

Kmouennie cnoBa: pasnes WHERE oreparopa BHIOODKH, TOTHYECKOE BhIpa-
XKeHue pa3jenia WHERE, NpeauKar, peIMKaT CpaBHEHHU S, CPABHEHUE CUM-
BOJIBHBIX CTPOK, CPAaBHEHHUE OUTOBBIX CTPOK, CPABHEHHUE 3HAYECHUH TUIIA
JaTa-BpeMsi, CpaBHEHHE 3HAYCHHH aHOHUMHOTO CTPOKOBOTO THUIA, CIe-
uupukauua DISTINCT, KOPPENSLUMOHHBIE NMOA3aNpPOCHl, MOJIYCOSAUHE-
HHE (semijoin), yTOUHEHHasl CEMaHTHKa OIepaTopa BLIOOPKH, ITPEAUKAT
between, npeaukaT null, ceMaHTHKa NIpearKaTa nul 1, IpeauKar in, rpe-
AUKaT like, pasgen ESCAPE, NMpeAMKaT similar, peryIapHbIE BbIpaxe-
HHUS NIpeAMKaTa similar, HAbop CUMBOMOB (regular character set), UICH-
TH¢UKaTop Habopa cuMBoNOB (regular charset id), ¢pyHxkuus SUBSTRING
... SIMILAR ... ESCAPE, NpeIyKaT exists, NpeIydKar unique, rnpeamKar
overlaps, NMPEeAHKAT CPaBHEHUS C KBAHTOPOM, MPEIUKAT CPABHCHHA C
KBAaHTOPOM BCEOOLIHOCTH, NMPEJUKAT CPABHEHHUS ¢ KBAHTOPOM CYLIECT-
BOBaHMWS, NPEAMKAT mat ch, THUII CONOCTaBJICHUA SIMPLE, THUIl COIOCTaB-
JICHUS PARTIAL, TAN CONOCTABJIeHUs FULL, nmpeaukar distinct.

BeepeHue

KoHcTpykuuu oneparopa SELECT sidblka SQL B 3HAaUMTENBLHOW CTENICHH
OpPTOroHaNbHbI. B 4acTHOCTH, BBIOOD criocoba yKa3aHus CCHUIKM Ha TaOJIUIILI B
pasgmene FROM HMKaK He BJIMAET Ha BbIOOp BapuaHTa (GOpMHPOBAHUS YCIOBHUS
BBIOODKH B pasjesie WHERE. DTo Nojie3HOE CBOMCTBO SA3bIKa MO3BOJSACT HaM ab-
CTParupoBaTbcsl OT 00CYXIaBILErocs B INpeAbLIYILEH JIEKIIMH MHOrooopasus
crioco6O0B yKa3aHHs CChUIKH Ha TaOJMILY M COCPEIOTOUYMUTHCS Ha BOZMOXHOCTSX
(GopMUpOBaHUA 3aTIPOCOB NPH UCIOIB30BAHUH PAITMYHBIX PEAUKATOB, JOITY-
ckaeMbIx craHaapToM SQL:1999 B normueckux BhIpaXEHUSIX pa3aena WHERE.

B crannapte SQL:1999 cneumguuupoBaHbl 12 pa3sHOBUIHOCTEH NpearKa-
TOB, IPUYEM HEKOTOPBIE U3 HUX B ICHCTBUTENLHOCTH TPEACTABISAIOT COOOM ce-
MeMCTBa (HarpuMep, 110 OOUIMM Ha3BaHHEM npeduxama CpasHeHus CKpbiBaloT-
¢ IIeCTb BUIOB NpenukaToB). Habop normycTuMeix npeaukatos B SQL siBHO U3~
OBITOYEH, HO TEM He MeHee B s3bike SQL. uMeeTcs sBHast TEHACHUMS Pacupe-
HMS 3TOro HaGopa. B yactHocTH, B SQL.:2003 B CBS3M C BBEJICHHEM T€HEpPATOpa
THIIOB MYJIETHMHOXECTB B JIOMOJIHEHHE KO BCEM PA3HOBWIHOCTSAM IPEIHUKATOB
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SQL:1999 nosiBunoch TpU HOBBIX BUJA NMPEAUKATOB: NIPEAUKATDI 1JIsi IPOBEP-

KM TOTO, YTO 33JlaHHOe 3HAYeHHUE SIBJSETCS JIEMEHTOM MYJIbTUMHOXECTBa

(MEMBER); 4TO OJJHO MYJBLTHMHOXECTBO BXOIHUT B JIPYTO€ MYJETHMHOXECTBO

(SUBMULTISET) U YTO MYJIETUMHOXECTBO HE COACPXUT NyONMMKaTH (IS A SET).

B 3TOM Kypce MBI HE TIDHBOIMM TOAPOOHOTO OMMUCAHUS 3THUX BUIOB TpEIMKa-

TOB 110 HECKOJILKUM TTPHUMHAM:

® BBeJicHHE KOHCTPYKTOpa THIOB MYJIBTUMHOXECTB B craHmapTe SQL:2003
HE O3HAYaeT, YTO JOCTUTHYTa 00Ilas LieJb pa3paboTYMKOB cTaHaapTa SQL
1o o6ecrneyeHUI0 MOIHOro Habopa THIOB KOJUIEKIIMIA; 1O BCE BUAMMOCTH,
B OyAyHIHX BEPCHAX CTaHAApTa MOSIBATCH JOTOJIHHUTEIbHbIE KOHCTPYKTOPBI
THUIIOB KOJUIEKIIMIA, 1 HA0OD BUAOB MPEAMKATOB U3SMEHUTCS;

® TIpeIUKATHl C MYJETHMHOXECTBAMH TPYIHO MOSICHATh U WUTIOCTPUPOBATD B
OTpbIBE OT APYTHX OOBEKTHO-PESILIMOHHBIX CPEACTB si3bika SQL;

® BKJIIOYEHHE MTOJOOHOro MaTepyaia B JaHHYIO JEKIHIO 3aMETHO YBEJTUYWIO
Obl ec 00BEM U 3aTPYIHWIO IOHUMaHKE 6071 TPATULIMOHHBIX KOHCTPYKLIMA.

B neKiuu colepXUTCs MHOTO TIPUMEPOB 3aIMPOCOB C UCMOJIb30BAHUEM
pa3TUYHBIX BUIOB NpeauKaToB. [[ns MoxHOro ycBoeHUs MaTepuaia Tpedyercsi
TIATEIbHO MPOAHATU3UPOBATh 3T MPUMEPHI.

Jlornueckue BbipaxeHus pa3aena WHERE

CHHTAaKCHYECKH JIOTHYECKOE BbhIpaXEHUE paszfena WHERE OIIpelesieTCs
Kak OyneBckoe BhipaxkeHHe (boolean_value_expression), IpaBuiia MOCTPO-
€HHSI KOTOPOTO OOCYXIANUCh B MpeAbIIYIUCH JeKIIMH. OCHOBOI JIOTHYECKOTO
BbIDaXEHHUsA SIBISTIOTCA Tpeaukarhl. flpeaukar mo3ponsieT creuubUIIMPOBaTh
YCJIOBHE, PE3yJbTATOM BBIYHCJICHHS KOTOPOTO MOXET OBITh frue, false wnu
unknown. B s3bike SQL:1999 normycTUMBI CIeAYIOIIUE MPEAUKATHI: *

predicate ::= comparison_predicate
| between_predicate

| null_predicate

| in_predicate

| like_predicate

| similar_predicate

| exists_predicate

| unique_predicate

| overlaps_predicate

| quantified_comparison_predicate
| match_predicate

| distinct_predicate

* MbI He 06cyXiaeM B 3TOM Kypce NpeAMKaThl, OCHOBaHHbIE Ha UCTIONb30BAaHUU BBHIPAXEHHUIH TH-
na MyJIETHMHOX€ECTBa, KOTOpbIe ObLTH BBefIcHHI B cTaHzapte SQL:2003.
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Hanee Mbl 6yneM nocjienoBaTe/IbHO 00CYXKIaTh pa3Hble BUABI TIPESIUKATOB
U IIPUBOJHTL IPUMEPHI 3aTIPOCOB C MCITOJIL30BaHUEM 6a3bl JaHHBIX CJTYXAIE-
OTIEJIE-TIPOEKTH, ornpeAeieHus TabIH1l KOTOPO# Ha si3bike SQL 6bUTH nipHBe-
JeHBI B leKLuH 12. I11st yno6¢cTBa MOBTOPHM 3[1eCh CTPYKTYPY TaOIHLI.

EMP:
EMP_NO : EMP_NO
EMP_NAME : VARCHAR
EMP_BDATE : DATE
EMP_SAL : SALARY
DEPT_NO : DEPT_NO
PRO_NO : PRO_NO

DEPT:
DEPT_NO : DEPT_NO
DEPT_NAME : VARCHAR
DEPT_EMP_NO : INTEGER
DEPT_TOTAL_SAL : SALARY
DEPT_MNG : EMP_NO

PRO:
PRO_NO : PRO_NO
PRO_TITLE : VARCHAR
PRO_SDATE : DATEP
RO_DURAT : INTERVAL
PRO_MNG : EMP_NO
PRO_DESC : CLOB

Cronbusl EMP_NO, DEPT_NO M PRO_NO SIBJISIIOTCS IIEPBUYHBIMH KILOUaMA
Ta0JM1l EMP, DEPT M PRO cOOTBETCTBEHHO. CTONOLBI DEPT_NO M PRO_NO TabIH-
LBl EMP ABJISTIOTCSI BHEIIHUMU KJIIOYaMH, CCHUIAIOIIMMHMCS Ha TaOIHIbI DEPT U
PRO COOTBETCTBEHHO (DEPT_NO yKa3bIBae€T Ha OTIEJBI, B KOTOPBIX paboOTalOT
cJIyXaliue, a PRO_NO — Ha IIPOEKTHI, B KOTOPBIX OHH Y4aCTBYIOT; 00a cToola
MOTYT IPUHUMATh HeomnpeeeHHbIe 3HaueHUA). Ctonbell DEPT_MNG SIBISIETCS
BHEITHUM KJII0YOM TabJIU1Ibl DEPT (DEPT_MNG yKa3bIBaeT Ha CIIyXalllHX, KOTO-
pble MCIOJHAIOT 00S3aHHOCTH PYKOBOAHWTEJIEH OTIENIOB; Y OTHENa MOXET
HE OBITh PYKOBOJUTENA, M ONMH CIyXalIui He MOXeT OBITh PYKOBOIHTEIEM
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IByX WiH 6osee otaenoB). Ctonbel PRO_MNG ABJSI€TCA BHEIUTHUM KJTIOUOM Tab-
Jibl PRO (PRO_MNG yKa3blBA€T Ha CYXAIlMX, KOTOPHIE SIBSIIOTCS MEHeXe-
paMH MPOEKTOB, Y NMPOEKTA BCEra eCTh MEHEIXKEP, U OJHH CITyXallluii HE MO-
XeT ObITh MEHEIDKEPOM NIBYX WIH 0oJiee MPOEKTOB).

MpeaukaTt cpaBHEHUA

DTOT NMpeavKar TNpeaHa3HaueH A creUM(pHKALUU CPaBHEHUST ABYX
CTPOYHBIX 3HAaUeHMI. CHHTAKCHC MpeINKaTa CJIeIyOLIHii:

comparison_predicate ::=

row_value_constructor comp_op row_value_constructor
comp_op ::= = | <> ("HepaBuHo”)| < | >

| <= "MeHblle wnu paBHO”| >= “Oonblle MU pPaBHO”

CTpoKkH, SBJISIONMIMECS OTEPAHIAMH OMNEpPALIMM CPAaBHEHUS, TOJIXHBI
ObITh ONMHAKOBOM cTerneHU. THIBI JAHHBIX COOTBETCTBYIOIIMX 3HAYEHHH
CTPOK-OINEPaHIOB NOJDXHBI OLITh COBMECTUMBI.

Ilyctb X ¥ Y 0603HA4aOT COOTBETCTBYIOIIME 3JIEMEHTHI CTPOK-OMepaH-
JI0B, a Xxv U yv — X 3Ha4eHus. Torma:

(@) ecnaM xv U/WIM yv IBISIOTCS HeompeaeJeHHBIMY 3Ha4YeHUsIMHU, TO 3Have-
HME YCIOBHUS X comp_op Y —unknown;

(b) B IPOTUBHOM CiIyJyae 3HaYeHHUEM YCJIOBHA X comp_op Y SIBASIETCA frue Wid
false B COOTBETCTBUM C €CTECTBEHHBIMH ITPABWIAMH NTPUMEHEHHUS OTepa-
LIMH CpaBHECHHS.

Ipu srom:
¢ Yyiciaa cpaBHUBAIOTCS B COOTBETCTBHH C MPABMIAMU anreOphl.
¢ CpaBHEHHE IByX CUMBOJIbHBIX CTPOK ITPOU3BOIMTCS CIEAYIOIIMM 00pa3oM:

s €CJIM JUIMHA CTPOKM X He paBHA JUTMHE CTPOKM Y, TO IIs1 BBIpaBHUBA-

HHS JUTHH CTPOK 0oJiee KOPOTKas CTPOKA PACUIUPSIETCS CUMBOAAMU HA -
6usxu (pad symbol); eciu Uit UICTIOIb3YeMOro HaGOPAa CUMBOJIOB MOPSI-
JIOK COPTHPOBKH SIBHBIM 00pa3oM He crielMULHPOBaH, TO B Ka4ecT-
BE CHMBOJIa HAOMBKH HCITOIb3YETCS MPOOE;
® Jajiee MPOU3BOMMUTCS JeKCHUKOrpapuueckoe CpaBHEHHE CTPOK B COOT-
BETCTBUH C NPEIONpeAeeHHBIM WIHM IBHO OMNpPEAEICHHBIM MOPSIKOM
COPTUPOBKM CHUMBOJIOB.
¢ CpaBHeHHE IBYX OUTOBBIX CTPOK X U Y OCHOBaHO HAa CPaBHEHUHU COOTBETCT-
BylolMx OUT. EciM X, M Y, — 3Ha4YeHHUs 1-TbIX OMT X M Y COOTBETCTBEHHO U
€CclIM 1x ¥ 1y 0603Havaer JJIMHY B OMTaxX X M Y COOTBETCTBEHHO, TO:

s X PpaBHO Y TOT/A U TOJNBKO TOTAQ, Korna Ix= 1y u X, = Y, Uid BceX i;

s XMeHbllle Y TOLNAa M TONMBKO TOrAa, Korna(a) 1x < Iy u X, = Y, JUis Bcex

1 MEHBIIMX WIHM paBHBIX Ix, Wik (b) X, = Y, WIABCeX I < nU X, = 0,
a Y, =1 ang HEKOTOPOTO 11 MEHBILEro WK paBHoro min (Ix, Iy).
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e CpaBHEHHE ABYX 3HAUECHUIl TUIIA JaTa-BpeMs IIPOU3BOJHUTCS B COOTBETCT-
BHH C BUIOM MHTEpBaJa, KOTOPBII MOAyYaeTCcsl MPH BEIYUTAHHH BTOPOTO
3HaYeHUsA U3 nepBoro. I1ycth X ¥ Y — cpaBHUBaeMble 3HaYE€HHSI, 2 H — Ha-
HMEHEEe 3HAYMMOE TI0JIe AaThl-BpEMEHHW X W Y. Pesyibrar cpaBHeHHs X
comp_op Y omnpenensieTcs Kak (X - Y) H comp_ op INTERVAL (0) H. (dBa
3HAYCHHUS THIIA JAaTa-BpeMs CPaBHHUMBI TOJILKO B TOM CJIydae, €CJIM OHH CO-
JIepXaT OIMHAKOBBII Habop 1osiei NaThl-BPEMEHM. )

e CpaBHEHHE IBYX 3HaY€HUIl aHOHHUMHOI'O CTPOKOBOTO THUIIA NPOM3BOIUTCS
caenyiolinM oopa3oM. IIycTs Rx M Ry 0603HAYAOT CTPOKH-OIIEpAH/Ib, a RX,
M Ry, — i-Thi€ 3JIEMEHTBbl RX U Ry COOTBETCTBEHHO. BOT Kak omnpedensiercs
pe3yNbTaT CpaBHEHHUS Rx comp_op Ry:

m Rx = Ry eCTb frue TOTJia M TOJBKO TOTHA, KOra Rx, = Ry, €CTb true
JUISI BCEX 1

m Rx <> Ry €CTb true TOTJla U TOJBKO TOTIA, KOTJA Rx, <> Ry, €CTb true
JUISI HEKOTOPOTO 1;

m Rx < Ry €CTb frue TOTIA U TOJBKO TOTHA, KOIIA Rx, = Ry, €CTb frue
JUISI BCeX I < n, M Rx,, < Ry, €CTh true JUISl HEKOTOPOTO 11

m Rx > Ry €CTb frue TOra M TOJbKO TOTNla, KOTAa Rx, = Ry, €CTb true
JUIi BCeX 1 < n, M RX, > Ry, €CTb true JUIsl HEKOTOPOrO n;

<= Ry €CTb true TOTJIa U TOJBKO TOTAA, KOTIA Rx = Ry eCTb true Win

< Ry €CTb true;

>= Ry €CTb true TOrJa ¥ TOJBKO TOTAA, KOTJla Rx = Ry €CTh true Win

> Ry eCTb frue;

= Ry €CTb false TOTJA U TOJIBKO TOTJA, KOTJA Rx <> Ry €CTb true,

<> Ry €CTb false Toria M TOJBKO TOTOA, KOTAA RXx = Ry €CTh true;

< Ry ecTb false TOra ¥ TOJIBKO TOTAA, KOTIA RX >= Ry €CTh true;
> Ry eCTb false Tora ¥ TOJBKO TOTAA, KOTZA Rx <= Ry €CTb true;
<= Ry €CTb false ToTr1a M TOJBKO TOTHA, KOTAA Rx > Ry €CTh true;
>= Ry €CTb false TOTIa ¥ TOJBKO TOTHA, KOTIA RX < Ry €CTb true;

comp_op Ry €CTb unknown TOrIa M TOJbKO TOTHA, KOrJa Rx
comp_op Ry He €CTb true WM false.

SR S

lNMpuMepbl 3anpocoB ¢ UCMONb30BaHNEM MpeauKaTa cpaBHeHNS

IIpumep 14.1. Haiit HOMepa OTAEIOB, B KOTOPBIX pabOTaIOT CIyXKalIIHE C
damumeit ‘Smith’.

SELECT DISTINCT EMP.DEPT_NO

FROM EMP

WHERE EMP.EMP_NAME = ‘Smith’;

Mpe1 no6aBwiny crieuMdukaimio DISTINCT B pa3nen SELECT, IOTOMY YTO B
OIHOM OTIEJIE MOTYT pabOTaTh HECKOABKO CTYXAIIKX ¢ paMMWIMEH *Smith’, a UX
4YKCNI0 HAC B TaHHOM CJtyvae He MHTepecyeT. Kcraty, ecnu Ob1 HAC MHTEPECOBATIO
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YHCIIO CITyKalux ¢ haMmwirelt 'Smith’ B KaXIOM OTAeNe, TIe TaAKUE CIIyKallue
paboTaloT, TO CJieA0BaIO Obl, HATPUMED, HAIMKCATh TAKOM 3anpoc (mpumep 14.1a):

SELECT EMP.DEPT_NO, COUNT(*)
FROM EMP

WHERE EMP.NAME = ‘Smith’
GROUP BY EMP.DEPT_NO;

B sTOoM BapuaHTe 3amnpoca creiiMdukanusa DISTINCT He TpeOyeTcs, mo-
CKOJIBKY B 3aIpOCe COAEPXUTCA pa3mes GROUP BY, IpyHIMpOBKa MPOU3BOIUTCS
B COOTBETCTBHH CO 3HAYEHHSIMH CTOJIOLIA EMP.DEPT_NO, U CTpOKa pe3yJibraTa
COOTBETCTBYET ONHOM TPYTIIIE.

Ilpumep 14.2. Haiitn HoMepa, MMeHa H HOMEpa OTIENOB CITyXallluX, Po-

JUBLIMXCA nocie 15 anpenst 1965 &

SELECT EMP.EMP_NO, EMP.EMP_NAME, EMP.DEPT_NO
FROM EMP
WHERE EMP.EMP_BDATE > DATE ‘1965-04-15';

B pesyasrare 3TOr0 3anpoca gyoJMKaToB ObITh HE MOXET, TOCKOJIbKY B CITH-
COK BBIOOPKH BKJIIOYEH CTOJIOCII, ABISIIOUIHIACS MTEPBUYHBIM KIIIOUOM TaOJIMIIBI
EMP. 1O/XKHO OBITH SICHO, YTO ITO 3TOM MPUYMHE BCE CTPOKM Pe3yJIbTaTa OyayT
Pa3IMYIHBIMH.

IIpumep 14.3. Haiitn HOMepa, MMEHA M HOMEpa OTACAOB CIIVXAIIKX, pa3-

Mep 3apabOTHOM IUIAThl KOTOPBIX COCTAB/ISET OoJblle OMHON IeCATOM

obbema doHna 3apaboTHOI TUIATH KX OTAEJIOB.

SELECT EMP.EMP_NO, EMP.EMP_NAME, EMP.DEPT_NO
FROM EMP
WHERE EMP.EMP_SAL > 0.1 *

(SELECT DEPT_TOTAL_SAL

FROM DEPT

WHERE DEPT.DEPT_NO = EMP.DEPT_NO);

B sToM SQL-3anpoce uMeioTcs iBe HHTepeCHbIe 0OCOOEHHOCTH, KOTOPhIE
MBI IO CUX NOp He 0Ocyxanu. Bo-mepBrix, BTOpOi oNlepaHa ONepalvMi CpaB-
HEHHMS COJAEPXUT ITOA3AINpPOC, BO3BPpAILAIOIINI eIMHCTBEHHOE 3HAYEHHE, TO-
CKOJIBKY JIOTHMECKOE BbIpaXXeHHME pasfiesia WHERE 3TOro moa3amnpoca COCTOMT
M3 YCJIOBHS, OTHO3HAYHO ONPEIESISIONIEro 3HaUeHHE IIEPBUYHOTO KII04a Tab-
JIMIIBI DEPT. Bo-BTOpRIX, B YCAOBHM pasiesna WHERE ITOA3ANpoca UCIIOb3YeTCs
CChUIKA Ha cToJ0e1r TaOMMLIBl EMP, yKa3aHHOM B pa3aesie FROM «BHELIHETO» 3a-
npoca. [Togo6HbIe moa3anpocel B TepMUHOJIOTMY SQL TpaTuIiMoHHO Ha3bIBa-
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I0TCSI KOPPEASUUOHHbIMU, U UX CIIENYEeT TIOHUMATh CICAYIOUIUM 00pa3oM™.

IIpy BHITTONHEHHMM BHEIIHEro 3alpoca IOCIeNoBaTeNbHO, CTPOKa 3a
CTPOKOH, B HEKOTOPOM TOPSIIKE, OTNPEACISAEMOM CHCTEMOI, NMPOU3BOIUTCS
TIPOBEPKA COOTBETCTBHUSA CTPOK PE3YJILTHUPYIONICH TabIuIbl pa3nena FROM ycio-
BMIO pa3aeiia WHERE. Eciiv 3T0 yc/ioBHE BKITIOYAET KOppeaayUoHHbie TION3arpo-
Cbl, TO BHYTPH KaX/IOI'0 U3 3TUX MOJA3aIIPOCOB CChUIKA Ha CTOJOel BHELIHEH
TabGIULIBI TPAKTYETCS KAK CChUIKA Ha CTOA0EL TEKYIICH CTPOKHU JaHHOM Tabiu-
1Bl BO BHeuIHeM 1nukie. EcTtecTBeHHO, ycioBue WHERE soboro rmopsarnpoca
MOXeET BKJII0YATh GoJiee IMyOOKO BIOXEHHBIE MOA3AMpOChl, HA KOTOpbIE pac-
TPOCTPAHSIETCS TO XK€ TIPAaBUIIO KOPPEJIALUH C BHCIIHUMHM TaOIHIIAMH.

KcratH, sksuBasieHTHast ¢opMyJHpoBKa Ha s3pike SQL npumepa 14.3
BBITJISLIUT ClieaylouM obpa3oM (mpumep 14.3a):

SELECT EMP.EMP_NO, EMP.EMP_NAME, EMP.DEPT_NO

FROM EMP, DEPT

WHERE EMP.DEPT_NO = DEPT.DEPT_NO AND
EMP.EMP_SAL > (0.1 * DEPT.TOTAL_SAL;

MEI BUIM, YTO B TEPMUHAX PEISIUAOHHOM ajireOpbl 3TOT 3aMpoC MPEACTaBIIs~
eT coboit orpaHMuyeHMe (10 ycJoBHIO EMP.EMP_SAL, > 0.1 * DEPT.TOTAL_ SAL)
akeucoedunenus Tabauu EMP M DEPT (mo ycioBUI0 EMP.DEPT_NO =
DEPT.DEPT _NO). ITono6Hyio onepaiuio 4acTo Ha3bBaIOT noaycoeduHenuem (semi-
Join), IOCKONBKY B Pe3y/ILTUPYIOUIEH Tab/IuLe UCTIONB3YIOTCS CTONIOUBI TOIBKO OA-
HOTO M3 ONEPaHOB Olepallii SKBUCOSAUHEHMS. MBI IPUBEIH BTOPYIO (POPMY/TH-
POBKY 3aIlpoca, Mpecieays ABe Leau: (1) nmpoaeMOHCTpUPOBaTh, KAKMM 00pa3oM
TIPEINKAT CPABHEHHUS MOXHO MCIIOJIL30BATh IS 3aaHNsA YCJIOBHA COSAMHEHHS, H
(2) mokasarsb, YTO 3aMpochl, CONEPXKAIIHE BIOXEHHBIE 3a1POCHI, YaCTO MOTYT OBITh
niepeOpMy/TMPOBAHBI B 3a1POCHI C COSTUHEHHSIMU.,

[Ipumep 14.4. HaiiTu HoMepa, UMEeHa, HOMEpa OTAEJOB U IMEHA PYKOBO-

JUTENCH OTAENTOB CIYXALMX, pasMep 3apabOTHOI TUIAaTHl KOTOPHIX MEHBILE

15000 py0.

SELECT EMP1.EMP_NO, EMP1.EMP_NAME, EMP1.DEPT NO, EMP2.EMP_NAME
FROM EMP AS EMP1, EMP AS EMP2, DEPT
WHERE EMP1.EMP_SAL < 15000.00 AND

EMP1.DEPT_NO = DEPT.DEPT_NO AND

DEPT.DEPT_MNG = EMP2.EMP_NO;

* 3pech CHOBA MIET peyb O cemanmuke BBINIOJIHEHHA oleparopa SELECT. B CTaHAApPTE, €CTCCTBEH-
HO, HE ’I'pCﬁyCTCH, YTOOBI B pe€aIM3allHH A3bIKa 3aIIPOCHI ¢ KOPPECISILIHOHHBIMH ITOA3ANIPOCAMH BbI-
TMMOJHATUCH B TOYHOCTH TaK, KaK OITUChIBACTCA HHXKE. CyTb B TOM, 4YTO KaKo¥ Obl peanbHbIR anro-
PHUTM BBINTIOJTHCHHUSA TAKOTIO 3alpOca HE UCITOJIb30BAJICA, PE3YJIbTAT BHIITOJHCHUSA JOJDKEH OBbITh TOY-
HO TAKUM X€, KaK €CJIK Obl 3aIpOC BBITOJHSUICA IO OITHCHIBAEMOM CXeMe.
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Nexuunn 14 A3bik 623 aaHHbIX SQL: npegukaTtel pasgena WHERE onepartopa SELECT

DTOT 3aMNpoc NMPEACTABISAECT COO0H IKBUCOCAMHEHNE OTPAHUYCHHUS Tao-
JIULBI EMP (TTO YCJIOBHIO EMP_SAL < 15000.00) ¢ TabauuaMu DEPT U EMP (1o
YCJIOBHAM EMP . DEPT_NO = DEPT.DEPT_NO M DEPT.DEPT_MNG = EMP2.EMP_NO
CcoOTBeTCTBeHHO). Tabnuua EMP yJyacTBYeT B KaUueCTBe ONepaHAa ONepaliiy
9KBHCOEAUHEHHUS ABa pa3a. IlosaToMy B pasnmene FROM eif mpHCBOEHBI ABa
NCeBAOHUMA — EMP1 M EMP2. Cneays npeaInMcaHHOMY CTaHIAPTOM MOPSIAKY
BBIIIOJIHEHUS 3aMpoca, MOXHO CUHUTATb, YTO BBEACHHE 3THUX NCEBAOHHMOB
obecreynmBaeT NepeMMEHOBaHUE CTONAOIIOB TAaOAMUBI EMP, TpebyeMoe Wis
BBIIIOJIHEHUS pasfena FROM ¢ 00pa3oBaHHUEM paCIIMPEHHOTO OE€KapTOBa
TIPOM3BeACHUS TabIHII-ONepaHaoB.* 3aMeTUM TaKXe, YTO B JAHHOM cllydae
MBI UM€EM [IENIO C NOAHbIM FIKBUCOCAMHEHNEM TPeX TabauL (a HE ¢ noaycoe-
IUHEHNEM ), TOCKONBKY B CITMCKE BBIOOPKH NMPHCYTCTBYIOT MMEHA CTOIOLIOB
Kaxao# U3 HHUX.

ITokaxeM cnocob (GopMYyITHPOBKH 3TOTO 3anpoca ¢ UCIONIb30BaHUEM BJIO-
XEHHOTO OA3aIpoca B KAYeCTBE 3/IEMEHTA CITMCKA BHIGOPKH (mpumep 14.4a):

SELECT EMP.EMP_NO, EMP.EMP_NAME, EMP.DEPT_NO,
(SELECT EMP_NAME
FROM EMP
WHERE EMP_NO = DEPT_MNG)
FROM EMP, DEPT
WHERE EMP.EMP_SAL < 15000.00 AND
EMP.DEPT_NO = DEPT.DEPT_NO;

Kak nokaseiBaeT nocnenHuii npuMep, B YCIIOBUM BEIGOPKHU MOA3aIpo-
Ca, YYacTBYIOILIETO B CIIMCKe BHIOOPKH, MOXHO HCIIOJB30BaTh HMEHA CTOJI-
60B TabnuL BHelIHero 3anpoca. M3 3Toit Bo3MoXHOCTH si3bika SQL BMIAHO,
yro B pasaene «O6IlIMe CHHTAKCHMYECKHE IIPaBHJIA TOCTPOCHHUS CKATSIPHBIX
BBIpAXEHMIT» TIpeabIayIeH TeKIMH O 06JeryeHU MOHMMaHUI MaTepHaia
MBI HEMHOTO HCKa3WIH CEMaHTHKY olepaTopa BeIOOpKHU. TaM 6110 CKa3aHO
cnenywouee: «[locne BRIMOJHEHUS pa3aeyia WHERE (€CIM B 3aIIpOCE OTCYTCT-
BYIOT pasfeiibl GROUP BY M HAVING, ciydaif (a)) WM BBIIOJHEHHS SIBHO HUIH
HESIBHO 3alaHHOTO pasfgena HAVING (ciaydail (b)) BBIIONHAETCS pa3geln
SELECT. IIpu BBINOJHEHHUM 3TOTO pasdesa Ha OCHOBE TabJMLBI T1 B clydyae
(a) WM Ha OCHOBE CTPYIIIHPOBAHHOM TAOGAMLBI T3 B caydyae (b) cTpouTcs
Tabnuia T4, COAepXKalllasi CTOJIbKO CTPOK, CKOJBKO CTPOK MY T'PYIIN CTPOK
conepxutcs B Tabnuuax 71 WM T3 COOTBETCTBEHHO». B IeICTBUTENBLHOCTH,
B 001IIeM caydae odepenHast CTpoKa TaGNMUIBI T4 AOJMXHA CTPOUTLCS B TOT
MOMEHT, KOTa 04epeaHasi CTPOKa UM TPpYIMIa CTPOK 3aHOCUTCS B TaOJIUILY
T1 WIN T3 COOTBETCTBEHHO.

* Kcrat, B 3TOM ciiyuae MOXHO ObUI0 OBl 000HTHCH BBEAEHHEM OIHOTO IICEBIOHHMA, OCTABUB B
Ka4yeCTBe HESIBHOTO BTOPOTO IICEBIOHMMA UMS TaOIHLbI — EMP.
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NpeaukaT between

Mpeaukar no3soiser cnenudHUIMpoBaTh YCIOBUE BXOXICHUS B IUamna-
30H 3HaYeHUH. OnepaHgaMH SIBJSIOTCS CTPOKU:

between_predicate ::=
row_value_constructor [ NOT ] BETWEEN
row_value_constructor AND row_value_constructor

Bce TpM cTpOKH-ONepaHabl JOJKHBI UMETh OJHY M TY € CTereHb. TUIIbI
JAHHBIX COOTBETCTBYIOIIMX 3HAYEHUH CTPOK-OMEpaHaOB AOMXHBI ObITH COB-
MECTUMBIMH.

Ilycth X, Y Z 0603HAYAOT [IEPBBIA, BTOPOIf U TpeTHH OriepaHabl. Toraa
IO OTpeNeIeHUIO BEIpaXeHue X NOT BETWEEN Y AND Z 3KBUBJIEHTHO BbI-
paxeHuo NOT (X BETWEEN Y AND Z). BelpaxeHue X BETWEEN Y AND Z IO
Olpee/IEHUIO 9KBUBATEHTHO OY/IEBCKOMY BBIPaXEeHUIO X >= Y AND X <= Z.

Mpumepb! 3anpocos C NCrIONIb30BaHNEM NPeanKaTa between

Ilpumep 14.5. Haittu HoMepa, MMeHa U pa3Mep 3apIuiaThl CIyXalluX, Mo-
Ay4aolluX 3apruiaty B pasmepe oT 12000 go 15000 py6.

SELECT EMP_NO, EMP_NAME, EMP_SAL
FROM EMP
WHERE EMP_SAL BETWEEN 12000.00 AND 15000.00;

Ilpumep 14.6. Haittn HoMepa, ”MeHa U pa3Mep 3apIulaThl CIyXalluX, Mo~
JIYYaIOLIMX 3apIUIaTy, pa3Mep KOTOpOil He MeHblUe cpelHel 3apIuiaThl
CJIyXalMX CBOEro OTHeNa U He Gobllie 3apIUiaThl PYKOBOAUTENS OTAea.

SELECT EMP_NO, EMP_NAME, EMP_SAL
FROM EMP
WHERE EMP_SAL BETWEEN
(SELECT AVG(EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP.DEPT_NO
AND
(SELECT EMP1.EMP_SAL
FROM EMP EMP1
WHERE EMP1.EMP NO
(SELECT DEPT.DEPT_MNG
FROM DEPT
WHERE DEPT.DEPT NO = EMP.DEPT_NO));

I

EMP1.DEPT_NO)

1
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Nexumnna 14 #A3bik 6a3 aaHHeIX SQL: npeaukaTol pasaena WHERE onepatopa SELECT

B 3TOM 3ampoce MOXHO BBUIEIMThH TPH MHTEpPeCHBIX MOMeHTa. Bo-mep-
BBIX, MATIa30H 3HAUEHU M MpeIMKaTa BETWEEN 3aaH 1ByMs ITOA3AMPOCaMH, pe-
3yJIBTAaTOM KaXJIOTO M3 KOTOPBIX SIBJISIETCS €AMHCTBEHHOe 3HaueHue. [lepBorit
MOA3ANpPOC BBLIAET €IMHCTBEHHOE 3HAYEHHE, TOCKOJIbKY B CIIHMCKE BBIOOPKHM
COIepXHTCA arperaTHas GyHKLus (AVG) M OTCYTCTBYET pa3aes GROUP BY, a BTO-
POl — IMOTOMY YTO B €ro pasfejie WHERE NPHMCYTCTBYET YCJIOBME, 3afaioliee
eAMHCTBEHHOE 3HaYeHHe MepBUYHOIO KIToYa. Bo-BTOPBIX, B 00OMX MOA3aIpo-
cax Tabnuiia EMP MoJydaeT IceBIOHMM EMP1 (B ¢hOpMYTMPOBKE 3TOTO 3ampoca
MBI CTAPATUCh UCIMONL30BaTh KAK MOXHO MEHBbIlEe BCTIOMOTaTeIbHbIX HICHTH-
¢dukatopoB). ITocKONBKY MOA3ANPOCHl BBHIMOJHSIOTCS HE3aBHCMMO OIWH OT
JPYroro, MCIoJb30BaHWe O0IIero MMEHHU He BHI3bIBaeT nmpobiem. HakoHell, B
YCJIOBMHM BTOPOTO IMOA3aNpoca NMPUCYTICTBYET 6oJiee NTYOOKO BIOXEHHBIM MOI-
3arpoc, ¥ B YCIOBHUH €ro pasaena WHERE MCITIOJIb3YeTCs CChLIKA Ha CTOa0eL Tad-
JIMLIBI U3 CAMOTO BHEILHETO pa3aesia FROM.

MpeaukarT is null

ITpenuxar is null MO3BOJSAET MPOBEPUTD, SABJISIOTCA JIM HEOIpedeeH-
HBIMH 3HAYEHUS BCEX JIEMEHTOB CTPOKH-ONEPAHIA:

null_predicate ::= row_value_constructor IS [ NOT ] NULL

[Tycth X 0603HaYaeT CTPOKY-ornepana. Eciiy 3HaYeHUsT BCeX IJIEMEHTOB
X ABJIAIOTCS HEOTIPEAEIEHHBIMH, TO 3HAYEHHUEM YCIIOBHS X IS NULL SIBISIET-
cs true; UHave — false. EcIM HY y OOHOIO 2JIeMeHTa X 3Ha4eHHe He SBISAETCS
HEOMNpeaeJIeHHbIM, TO 3HAYEHWEM YCIOBUS X IS NOT NULL sABIsieTCH frue,
WHade — false.

3aMeyaHHe: ycioBhe X IS NOT NULL HMeeT TO Xe 3HauyeHHe, U4To yc-
JIoBMe NOT X IS NULL mas Ji000ro X B TOM U TOJLKO B TOM Cliydae, KOraa
cTeneHb X paBHa 1. [TonHas ceMaHTHKa npeaykKaTa null rnpyuBeneHa B Tab-
quue 14.1.

Ta6a.14.1.
Bun yenosus [X IS X| IS NOT |NOT X IS| NOT X IS
Bua onepanaa NULL | NULL NULL NOT NULL
Crenenn 1: 3HaueHue NULL true false false true
CreneHn 1: 3HaueHUE OTIIMYHO false true true Salse
ot NULL
Crenens > 1: y Bcex 3/ieMEHTOB true false false true

3HayeHue NULL

CreneHsb > 1: y HEKOTOPBIX (He Y Beex) | false | false true true
31€MEHTOB 3HayeHHe NULL

CreneHsb > 1: HY Y OZHOIO JIEMEHTA false true true false
HeT 3HayeHusa NULL
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Mpumeps! 3anpocos ¢ UCNONL30BaHNEM Npeankara is null

Iprmep 14.7. Ha camoMm nene, B Hawel ¢opMyJIMpPOBKE 3aIlpoca U3 MpHU-
Mepa 14.6 ecTb oaHA HETOYHOCTh. ECJTM y HEKOTOPOTO CIIyXalllero HOMep
OT/IeJ1a HEU3BECTEH (3HaYeHHUe CTo0Ia EMP . DEPT_NO y COOTBETCTBYIOIIEH
CTPOKM TaOJIUIIBI CIyXalllMX SIBISIETCSI HEOTIPEIEICHHBIM), TO BeCCMEBIC-
JIEHHO BBIYMCJIATH CPETHMI pa3Mep 3apIuiaThl OTAENa 3TOTO CAYXAIIEro U
HaXOOWTH pa3Mep 3apIliaThl PYKOBOAMTENST OoThena. (PopMynupoBKa U3
npuMepa 14.6 npuBedeT K NpaBWIBHOMY PE3YJETaTy, HO 3TO HEOUEBHAHO. *
Yt0o6k! caenath GopMyTHpOBKY 60Jie€ TIOHSTHOM (M, BO3MOXHO, TTIOMOYb
CHUCTEME BHIITOTHUTS 3anpoc 6onee 3¢GEKTUBHO), HYKHO BOCIIOJB30BaTh-
Cs IpeauKaTtoM IS NOT NULL M Iepernucarh 3anpoc CIeIyIoM o0pa3oM:

SELECT EMP_NO, EMP_NAME, EMP_SAL
FROM EMP
WHERE DEPT_NO IS NOT NULL AND
EMP_SAL BETWEEN
(SELECT AVG({EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP.DEPT_NO
AND
(SELECT EMP1.EMP_SAL
FROM EMP EMP1
WHERE EMP1.EMP_NO =
( SELECT DEPT.DEPT_MNG
FROM DEPT
WHERE DEPT.DEPT NO = EMP.DEPT_NO ) };

EMP1.DEPT_NO)

Ilpamep 14.8. HaiiTi HOMepa U MMeHa CJIyXXallluX, HOMEpP OTAea KOTO-
DPBIX HEM3BECTEH.

SELECT EMP_NO, EMP NAME
FROM EMP
WHERE DEPT NO IS NULL;

* [ToxkaxeM 3T0 B pa3BepHyTOit hopme. [TycTh s — Tekyiuas cTpoka TabauLbl EMP, TpOCMaTpHBa-
€MOH B LIMKJIe BHEILIHETO 3a1rpoca, M MycTh s.DEPT_NO COIEPXKUT HeonpeneaeHHoe 3HadeHue. Tor-
J1a [UISL CTPOKM S YCJIOBHE TIepBOTO MoA3anpoca 6yner MMeTh BUA NULL = EMP1 . DEPT_NO, M 3Haue-
HMEM 3TOTO yciloBUS OyneT uknown [is 1060 CTPOKM Tabiauubl EMP (EMP1), MpOCMAaTpBaeMou B
LMKJIe 3TOTO non3arnpoca. ITocKONbKY uknown He SBASETCS pa3pellalollMM YCJIOBUEM, PE3YJIbTH-
pywoluas Tabaulia noasanpoca OyIeT MycTa, ¥ arperaTHast GYHKLHUs AVG BBLIACT 3Ha4eHMe NULL.
ITo sToMy moBOLY 3HaYeHUEM YCJIOBHS BHELIHETO 3anpoca OyneT uknown, U CTpPOKa S HE BOHIET B
€0 pe3YJITUPYIOILYIO TabMUILLY.
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Mpepukar in
ITpeaukar 1mo3poseT cruelnpULUPOBaTh YCIOBHE BXOXACHHUSA CTPOYHOIO
3HAYCHHA B YKa3aHHOC MHOXCCTBO 3HauyeHuii. CUHTaKcUYeCcKUe npaBuia
CNIENYIOLIHE:

in_predicate ::= row_value_constructor [ NOT ]
IN in_predicate_value
in_predicate_value ::= table_subquery

| (value_expression_comma_list)

Crpoka, sABIA0IAsgCs MEPBEIM ONIEPaHAOM, U Tabu11a-BTOPON onepaHn
JIOJDKHBI OBITh OMMHAKOBOM cTemeHW. B 4acTHOCTH, €CIHM BTOpOM OmepaH.
MpENCTaBIsAeT COO0H CIMCOK 3HAaYEHHWH, TO MEPBBIH ONEpaH[ I0JLKEH UMETh
crenieHb 1. TUNBI JAHHBIX COOTBETCTBYIOLIUX CTOJOLIOB ONMEPAHAOB HOJDKHBI
OBITE COBMECTUMBI.

ITycTh X 0603HaYaeT CTPOKY-NEPBLIH OMEpaH, a S — MHOXECTBO CTPOK
BTOpOrO onepanga. O603HaYUM 4Yepe3 s CTPOKY-INMEMEHT 3TOIO0 MHOXECTBA.
Toraa no ONpeaeaCHUIO YCIOBHE X IN S 9KBUBAJICHTHO OYJICBCKOMY BRIDAXE-
HMIO ORses (X = s).dpyrumu cjioBaMu, X IN S IOpHHHMACT 3HAYCHUE frue B
TOM M TOJIBKO B TOM CJIy4ae, KOTa BO MHOXECTBE S CYLIECTBYET XOTs Obl OIMH
JEMEHT S, TAKOM, YTO 3HAYCHUEM MpPEAUKATa X = s sABAsETcA frue. X IN S
TIPUHUMAET 3HaYeHUE false B TOM M TOJBKO TOM Clly4yae, KOTAa IJisl BCEX 2JIe-
MEHTOB $ MHOXECTBA S 3HAYCHHUEM OMNEpPaLiUU CPaBHEHUSA X = S SABISIETCS
Jalse. UHaye 3HaYeHUEM YCJIOBUSI X IN S aBisercs unknown. 3aMETHM, 4TO
IUTS TTYCTOTO MHOXECTBA S 3HAYCHUEM X IN S sBIsAeTC false.

Ilo onpeneneHuto ycnoBue X NOT IN S 9KBHBaJIEHTHO NOT (X IN S).

lMpumepsi 3anpocoB ¢ UCNONL3OBaHNEM NPEAMUKATa in

IIpumep 14.9. Haiitu HoMepa, HMEHA U HOMEPA OTACJIOB CIYXALlUX, pa-

foTatomiux B oTaenax 15, 17 u 19.
SELECT EMP_NO, EMP_NAME, DEPT_NO

FROM EMP
WHERE DEPT_NO IN (15, 17, 19);

KoneyHo, 3Ta (hOpMYIHpPOBKA 3alIpOca SKBUBAJIEHTHA clenyloiieit dhop-
MYJHUpPOBKe (npuMep 14.9a):

SELECT EMP_NO, EMP_NAME, DEPT_NO

FROM EMP
WHERE DEPT_NO = 15
OR DEPT_NO = 17

OR DEPT_NO = 19;
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IIpumep 14.10. Haiitu HOMepa CITyXalIuX, HE SIBJISIONIUXCA PYKOBOIUTE -
JISIMH OTHEJIOB U MOJYyYaloIUX 3aIL1aTy, pa3Mep KOTOPO# paBeH pa3Mepy
3apIiaThi KAKOTO-TM00 PYKOBOIUTES OTAENA.

SELECT EMP_NO
FROM EMP
WHERE EMP_NO NOT IN (SELECT DEPT_MNG FROM DEPT)
AND EMP_SAL IN (SELECT EMP_SAL FROM EMP,
DEPT WHERE EMP_NO = DEPT_MNG) ;

3anpochi, cogepxanide Mpeaukar IN ¢ Moa3anpocoM, Jerko nepedopmy-

JIMPOBATh B 3aMpPOCH ¢ coequHeHUIMU. Hampumep, 3ampoc U3 nmpuMepa 14.10
3KBUBAJICHTEH CJIEAYIONIEMY 3aMpPOCy ¢ coemuHeHUsiMU (npumep 14.10a):

SELECT DISTINCT EMP_NO

FROM EMP, EMP EMP1, DEPT

WHERE EMP_NO NOT IN (SELECT DEPT MNG FROM DEPT)
AND EMP_SAL = EMP1_SAL
AND EMP1.EMP_NO = DEPT.DEPT_MNG;

Io nmoBoxy 31O BTOPOIt (hOPMYTUPOBKH CIIEAYET CHEIATh [BA 3aMEIAHUS.

Bo-nepBhIX, KaK BUIHO, MBI UBMEHWIHM TOJBKO Ty 4acTh YCJIOBHUsS, B KOTOPOU
HCIOJIL30BANICA MPEAHKAT IN, H He 3aTPOHYJIH IPeadkKaT NOT IN. 3ampochi €
npeAuKaTaMy NOT 1IN 3anpocaMu ¢ COETUHEHUSAMH TaK MPOCTO HE 3aMEHSIOT-
cs1. Bo-BTOpBIX, B pasnese SELECT ObL10 106aBJI€HO KIIOUEBOE CJI0BO DISTINCT,
TMOTOMY YTO B pE3yJIbTaTe 3alpoca BO BTOPOit (POPMYITMPOBKE ISl KAXKIOTO CO-
TPYAHHUKA OYAET COAEPXKATHCS CTOJIBKO CTPOK, CKOMBKO CYLIECTBYET PYKOBOAU-
TeJieH OTIENOB, MOJIYYalOIUHX TAKYIO XK€ 3apIUIaTy, YTO U JAHHBIM CITy>KaLIuH.

Mpeaukar like

®opMabHO NpeauKaT like ONpenesseTcs CAeaylOLIMMU CHHTaKCUYeC-

KHMH NpaBUIaMH:

like_predicate ::= source_value [ NOT ] LIKE pattern_value
[ ESCAPE escape_value ]

source_value ::= value_expression

pattern_value ::= value_expression

escape_value ::= value_exXpression

Bce Tpu omepanna (source_value, pattern_value U escape_value)

JIOJKHBI OBITh OJHOTO THUIIA: TUOO THITA CUMBOJIBHBIX CTPOK, Jub0 TMNa 6UTO-
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BbIX CTPOK*. B mepBoM Ciiyyae 3HaUCHHEM TMOCIECIHETO ONepaHIa H0TXKHa ObITh
CTpOKa M3 OIHOTO CHMBOJIa, BO BTOPOM — CTpOKa M3 8 OUT. Bropoii orepaHn,
KaK IIpaBHJIO, 3a1a€TCs JIMTEPAJIOM COOTBETCTBYIOLIETO THUITa. B 060MX ciyyasx
3HaueHHe TIpeINKaTa paBHSIETCA frue B TOM M TOJBKO B TOM CJIydae, KOTIa Uc-
XOIHasi CTpoKa (source_value) MOXET OBITh CONMOCTABJIEHA C 3a0aHHBIM I11a0-
JIOHOM (pattern_value).

Ecnu 06pabaThIBalOTCs CUMBOJBHBIE CTPOKH, M €CIH pa3aes ESCAPE yc-
JIOBUS OTCYTCTBYET, TO IIPH COIIOCTABICHHHU IA0IOHA CO CTPOKO# IIPOU3BOIUT-
¢s crielMaibHasi HHTEPIIpeTalUsA ABYX CHMBOJIOB IIA0J0HA: CUMBOJ noodep-
KuBaHMs ('_') obo3HavaeT MobOH OMMHOYHBIH CHMBOJI; CHMBOJ MPOLICHTA
(’%’) 0b03HaYaeT NOCAeI0BATENLHOCTD IPOU3BOJIBHBIX CHMBOJIOB ITPOH3BOJb-
HOM JUTMHBI (JUTHHA ITOCIeI0BaTeILHOCTH MOXET ObITh HyJIeBoit). Eciu Xe pas-
Jien ESCAPE IPUCYTCTBYET U CIEUMMHULIMPYET HEKOTOPBIA ONIMHOYHBIH CUMBOJ
X, TO ITapbl CHMBOJIOB «X_» H «X%» [IPEICTaBSIOT ONMHOYHBIE CHMBOJIBI «_» H
«%» COOTBETCTBEHHO.

B cirydae 06paboTKH GHTOBBIX CTPOK CONOCTABICHHUE HIa0JIOHA CO CTPO-
KOH MPOU3BOINUTCS BOCBMEPKAMH COCEIHUX OUT (okmemamu). B cooTBeTCTBUH
co cranzaptoM SQL:1999, ripu conocTaBieHHH MAGJOHA CO CTPOKOM IPOM3-
BOOUTCA CIICUHAbHAs MHTEPIIPETALIMSA OKTETOB CO 3HAYECHHAMH X'25' H
X'5F' (KoIobl CHMBOJIOB IMOZYEPKHUBAHHUA M NpoleHTa B KonupoBke ASCII).
IlepBeIit OKTET 0003HAYACT OO0 OOTMHOYHBIN OKTET, a BTOPO — ITOC/IeA0Ba-
TEIBHOCTb ITPOU3BOJILHOM JUTMHBI IIPOU3BOJILHBIX OKTETOB (IUTHHA MOXET OHITh
HyneBoM). B pa3aene ESCAPE yKa3bIBACTCSI OKTET, OTMEHSIOUIHM CieIHAIbHYIO
MHTEPIIPETALINIO OKTETOB X' 25’ U X' 5F .

3HaueHHe npegukaTta like ecTh unknown, €Cli 3HAYCHHUE MEPBOTO HIN
BTOPOTO OITEPAHIOB SIBJISCTCSA HEOIPEHCICHHBIM. YCIOBHEe x NOT LIKE y
ESCAPE z 5KBHBAJIECHTHO YCJIOBHIO NOT x LIKE y ESCAPE z.

Mpumeps! 3anpocoB ¢ UCMOML30BaHUEM NpeanKara like

ITpumep 14.11. Haittu HOMepa ITPOEKTOB, B HA3BAHUW KOTOPBIX PHCYTCTBYIOT
coBa ‘next’ U ‘step’. C0Ba AODKHBI CJIEIOBATh MMEHHO B TAKOI rToce-
IIOBaTEIBHOCTH, HO CJIOBO ‘next’ MOXET ObITh ITEPBbIM B HA3BAHUM IIPOEKTA.

SELECT PRO_TITLE

FROM PRO

WHERE PRO_TITLE LIKE ’%next%step%’
OR PRO_TITLE LIKE ‘Next%step%’;

3To OYeHb HeyHayHBI 3aIpoc, IIOTOMY YTO €T0 BBINOJIHEHME, CKOpEe
Bcero, BLIHyIUT CYDB/I npocMoTpeTh BCe CTPOKH TaOJIHLIBI PRO M T KAXKIOH

* B crannapre SQL:1999 pa3speluaercd NpUMeHATh NPeAUKAT LIKE TOJIBKO AT OUTOBBIX CTPOK TH-
na BLOB. ButoBeie cTpoku TUMOB BIT ¥ BIT VARYING He AOMYCKAKOTCH.
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CTPOKM BBLINOJHUTL ABE NMPOBEPKU CTOAOHA PRO_TITLE. MOXHO HEMHOIO
YIYYIINTL (OPMYJIHPOBKY ¢ HEGONBIIMM PHCKOM ITOJIYYHMTh HEBEPHBIM OTBET
(nmpumep 14.11a):

SELECT PRO_TITLE
FROM PRO
WHERE PRO_TITLE LIKE ‘%ext%step%’;

IMpumep 14.12. HaiiTu HoMepa OTAENIOB, CIyXalllue KOTOPHIX SIBJISTFOTCS
MeHeIXePaMHM TIPOEKTOB, U Ha3BaHHUe KAXKIOro U3 3THX IIPOCKTOB HAYH-
HaeTCs ¢ Ha3BaHUsl OTIeNa.

SELECT DISTINCT DEPT.DEPT_NO
FROM EMP, DEPT, PRO
WHERE EMP.EMP_NO = PRO.PRO_MNG
AND EMP.DEPT_NO = DEPT.DEPT _NO
AND PRO.PRO_TITLE LIKE DEPT.DEPT_NAME || ‘%';

Bot kax MoXeT BRIIJISLIETh (POPMYJIMPOBKA 3TOrO 3aIpoca, €CJIM UCTIONb-
30BaTh BIIOXEHHLIE TT0A3artpochl (mpumep 14.12a):

SELECT DEPT.DEPT_NO
FROM DEPT
WHERE DEPT.DEPT_NO IN

(SELECT EMP.DEPT_NO

FROM EMP

WHERE EMP.EMP_NO IN

(SELECT PRO.PRO_MNG FROM PRO

WHERE PRO.PRO_TITLE LIKE DEPT.DEPT NAME || ’‘%’));
ITpumep 14.13. HaiiTu HoOMepa OTAEN0B, HA3BaHHUS KOTOPLIX HE HAYMHA-
IOTCsI CO CJIoBa ‘Software’.

SELECT DEPT NO
FROM DEPT
WHERE DEPT_NAME NOT LIKE ‘Software%’;

MNpepukar similar

dopMabHO NpeAUKaT similar ONpeaesseTcs CIeayOIIMMH CHHTAaKCH-
YeCKUMH MpaBUIaAMMU:

similar_predicate ::= source_value [ NOT ]
SIMILAR TO pattern_value [ ESCAPE escape_value |
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source_value ::= character_expression
pattern_value ::= character_expression
escape_value ::= character_expression

Bce Tpu onepanna (source_value, pattern_value U escape_value)
JOJDKHBI MMETh THIT CUMBOJIbHBIX CTPOK. 3Ha4eHHEM IOCJIEAHEro ornepayaa
JOJIXHa OBITh CTPOKa M3 OOHOTO CHMBOJa. BTOpoi#l onepaHa, Kak IpaBHIo,
3aJaeTcsl JIMTEPAJIOM COOTBETCTBYIOLIETO THIIa. B 060MX Cllydasix 3HayeHHe
NpeaMKaTa paBHSETCS frue B TOM H TOJBKO B TOM CJyvae, Korga miaGyioH
(pattern_value) JOJXHbIM 0Opa30M COMOCTABJAETCS C HCXOMHOM CTpOKOH
(source_value).

OCHOBHOE OTJIMYHE MpearKaTa similar OT paCCMOTPEHHOIO paHee mpe-
JuKaTa 1ike COCTOMT B CYUIECTBEHHO PaCIIMPEHHBIX BO3MOXHOCTSX 3alaHHs
11abjioHa, OCHOBAHHBIX HA MCHOJb30BAHWH ITPABHJI IIOCTPOCHUS PecyAAPHbIX
evipaxcenuti, PeryiasipHble BbIpaXeHHWS NPEIUKATa similar OMNpeAEasIOTCS
C1eyIONIMMH CUHTAKCUYECKMMM IIPABWIAMH:

regular_expression ::= regular_term

| regular_expression vertical_bar regular_term
regular_term ::= regular_factor | regular term regular_ factor
regular_factor ::= regular_primary

| regular_primary *

| regular_primary +
regular_primary ::= character_specifier

l Q

%

| regular_character_set
I ( regular_expression )
character_specifier ::= non_escape_character | escape_character
regular_character_set ::= _
| left_bracket character_enumeration_list right_bracket
| left_bracket ”~ character_enumeration_list right_bracket
| left_bracket : regular_charset_id : right_bracket

character_enumeration ::= character_specifier
| character_specifier - character_specifier
regular_charset_id ::= ALPHA | UPPER | LOWER | DIGIT | ALNUM

ITocKoNbKY B CHHTAKCHYECKHX IIpaBUIaX PeTryJIsipHBIX BHIPAXKEHUN CHM-
BOJIBI «|», «[» U «]», HCIIOJIb3yeMble HaMU B Ka4yeCTBE METACUMBOJIOB B BNF,
SIBISIIOTCS TEPMUHAJIbHBIMU CHMMBOJaMM, OHHM H300paXeHbl Kak
vertical_bar, left_bracket ¥ right_bracket COOTBETCTBEHHO.

Co3naBaeMoe 10 IPHUBEICHHBIM INPABUJIAM PETYJIAPHOE BBIpaXeHHE
NMPEacTaBisieT o060l CUMMBOJIBHYIO CTPOKY, COAEPXKAUIYIO BCE CUMBOJIBI, KOTO-
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phle TpeGyeTCs SIBHO COMOCTABJIATL ¢ CHMBOJIAMH CTPOKU-HCTOYHMKA. B cTpo-
K€ MOT'YT HaXOAUTBCS CIIEIIHATbHBIE CUMBOJIBI, IIPEACTABIAIOIINE CODOIT 3ame-
HUTEH OOBIMHBIX CUMBOJIOB («%» M «_»), 0003Ha4YCHHUs onepaui («|»), moxka-
3aTeNIM YKMCJIa BOSMOXHBIX TIOBTOPEHHI («*» U «+») U T. A. [IpH BBIYMCICHUH
PETYJISIPHOTO BEIPAXEHHUA 00Pa3yIOTCs BCEe BO3MOXHBIE CHMBOJBHBIE CTPOKH,
HE coAepXaluMe CHELUMATBbHBIX CMMBOJIOB U COOTBETCTBYIOLIME HCXOIHOMY
mabnoHy. TeM caMbIM, 3HaUEHHEM NPEAUKATa similar SBMISIETCS frue B TOM H
TOJIBKO B TOM CTy4ae, KOria Cpei BCEX CHMBOJIBHBIX CTPOK, TEHEPUPYEMBIX 1O
pETyJISIDHOMY BBIDAXEHHIO pattern_value, HaimeTcsi CUMBOJBHAsl CTPOKa,
COBIIaJAI0IIAsI ¢ source_value.

PaccMOTpHUM HECKOJIBKO NMPUMEPOB PETYJISIDHBIX BBIPAXKECHHUH.

BreipaxeHue ' (This is stringl) | (This is string2)’ NpoU3BOOUT
JIB€ CHMBOJIBHBIE CTPOKH: ' (This is stringl)’ ™ /' (This is string2)’.
B o6mieM cityyae B KpYDJIBIX CKOOKaX MOTYT HAXOOUTBCS IPOU3BOJIBHBIE pEry-
JISIpHBIE BBIpaXeHHs rexpl H rexp2. Pe3ynbraToM BBIYHUCIECHHUSA
"(rexpl) | (rexp2) ' ABISIETCS MHOXECTBO CUMBOJIBHBIX CTPOK, TEHEPUPYEMBIX
BBIpAXEHHEM rexpl, 06beIMHEHHOE ¢ MHOXECTBOM CUMBOJIBHBIX CTPOK, I'€HE -
PHPYEMBIX BHIPAXEHHEM Texp2.

BeipaxeHue ‘This is string [12]*’ reHEpPUPYET CHMBOJIBHBIE CTPOKH
‘This is string ', 'This is string 1, ‘This is string 2‘, ‘This is
string 11, 'This i1s string 22‘, ‘This is string 12’, 'This is
string 22°, ‘This is string 111’ u T a. KOHCTpyKiiHs B KBaapaTHBIX CKOO-~
Kax mpeacTaBIsieT coboi ONMH M3 BapMaHTOB ONpPeNCIeHUsT Habopa CHMBOJIOB
(regular_character_set). B 1TaHHOM cIy4ae CUMBOJIBI, BXOISILUME B OTNpEAc-
JIsieMBIH Ha0Op, MPOCTO NEPEUUCAioTcA. [Ipy BHIYMCICHUH PETYISIPHOTO BHIpa-
XEHUS B KAXKION M3 T€HEPUPYEMBIX CUMBOJIBHBIX CTPOK KOHCTPYKHLMS B KBaI-
paTHBIX CKOOKAX 3aMEHSIETCS OOHHUM H3 CHMBOJIOB COOTBETCTBYIOILIETO Habopa.

CrienHaibHBINH CUMBOJT «*», CTOAIIHI MOC/E 3aKpBIBAIOILEH KBagpaTHOM
CKOOKH, SIBJISIETCSI MOKA3aTe/IeM YMC/IA MOBTOPEHUHN. «3Be3M0YKa» O3HAYAET,
YTO B F€HEPUPYEMBIX CHMBOJIBHBIX CTPOKAX 3JIEMEHT PETyIsSipHOTO BHIPAXE-
HHs, HEMOCPEACTBEHHO MPEALISCTBYIOLIHI «3BE300YKE», MOXET MOSBISATHCS
HoJb Wi 0ojee pa3. Ucnonb3oBaHWE B TaKOH XK€ CUTYallUM CNEIHAIBHOIO
CHUMBOJIA «+» 03HAYaeT, YTO B FeHEPUPYEMBIX CHMBOJBHBIX CTPOKAX JIEMEHT
PETYJISPHOTO BBIPAXEHHUsS, HENMOCPEACTBEHHO MPENUIECTBYIOLUHN CHMBOIY
«IUTIOC», MOXET MOABIATHCS OOUH WM O0Jiee pas.

Jpyras ¢opMa onpenencHus Habopa CUMBOJIOB WIUTIOCTPHUPYETCS PEeryysip-
HBIM BBIpAXEHHEM 'This is string [:DIGIT:]’. B 3TOM ciiyyae KOHCTPYK-
1M1 B KBaIPaTHBIX CKOOKaX MpeAcTaRIseT J1000H OIMHOYHBIH CHMBOJI, H300pa-
XKAIMH OeCATUYHYIO UMbpy. Apyrumu gomyctuMbiMU B SQL nneHTMdMKaTO-
paMM HaboOpOB CHUMBOJIOB (regular_charset_id) sBIAOTCS ALPHA (mo6oi
cuMBoJ andapura), UPPER (11000l CUMBOJI BEPXHETO PErUCTpa), LOWER (J11000¥H
CHUMBOJI HXHETO PErucTpa) U ALNUM (J1ro00# andaBATHO-UHM(GPOBOMH CUMBOII).
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OnpenensieMblit HAGOp CHUMBOJIOB MOXET 3alaBaThCs HUXHEH M BepxHei
TpaHUIIEH IMana30oHa 3HaYEHWil KOJAOB IOITyCTUMBIX CHMBOJIOB. HanpuMep, B
pPErYJISIDHOM BbipaXeHUM ‘This is string [3-8]' KOHCTPyKUMS B KBal-
PaTHBIX CKOOKaXx NpeacTapiser coboii 11b0il 0 MMHOYHBIIA CUMBOJ, H306pa-
Xaomui MBI OT 3 A0 8§ BKIIOYHUTEIBLHO. 3aMETHM, YTO ITPH 3aAaHUH JUa-
Na30Ha MOXHO HCTIOJIb30BaTh JIIOObIe CHMBOJIBI, HO TpebyeTcs, YTOGH 3Haue-
HHe KOjJa CHMBOJIA JIEBOI I'DAHHULIBI [Hana3oHa ObUIO HE GOJblle 3HAYEHUSs
KOJIa CHMBOJIa ITPaBOil rpaHMIIbI.

HakoHen, uMeeTcs elle oJHa BO3MOXHOCTD OIpeesieHUss Habopa CUMBO-
J0B. COOTBETCTBYIONIAsA KOHCTPYKIIUS TIO3BOJISIET YKa3aTh, KAKHE CUMBOJIBI U3
obiero Habopa cuMBoIoB SQL He BXomsT B onpeaeisieMblii HAG0p CHMBOJIOB.
Hanpumep, perynsipHoe BbIpaXeHMe ‘_S[”t]*ing%’' TeHEpPHpPYET BCE CHM-
BOJIBHBIE CTPOKH, Y KOTOPBIX BTOPBIM CHMBOJIOM SIBJIAETCS «S», 32 KOTOPHIM (He
00513aTeJIbHO HETIOCPEACTBEHHO) CJIEAYET IMOACTPOKA «ing», HO MEXIY «S» U
«ing» OTCYTCTBYIOT BXOXIEHHUS CUMBOJIA «L».

Kak u B npegukare 1ike, CHMBOJI, onpeAe/ieHHbIH B pa3aejie ESCAPE, H0-
CTaBJICHHBIH nepen JIOObIM CHELHUATIbHBIM CHMBOJIOM, OTMEHSIET CIelHaATb-
HYIO HHTEPIIPETALIHIO 3TOTO CHMBOJIA.

B 3akimoyeHHe MAHHOTO ITYHKTA4 BEPHEMCS K OTJIOKEHHOMY B pasielie
«CKaJIsipHbIE BHIpAXEHHS» JIEKIIMH 13 06CcyXneHn0 QYHKIIMK SUBSTRING
SIMILAR ... ESCAPE. HAamoMHMM, YTO BBI30B 3TOi QYHKIIMH OTIpeAeisieTcs
CJIEMYIOUIMM CHHTAKCHCOM:

SUBSTRING (character_value_expression
SIMILAR character_value_expression
ESCAPE character_value_expression)

IIpeanonoxumM, 4yTo B pasnene ESCAPE (KOTOPBIA JHOIKEH MPUCYTCTBO-
BaTb 0053aTeJIbHO) 3a1aH CUMBOJI «x». Torma CHMBOJIbHAsI CTPOKa, 3aAaBacMast
BO BTOPOM OIepaHOe, AOJIKHA UMETh BUIA ‘rexplx”rexplx”rexp3’, TIe
rexpl, rexp2 M rexp3 SIBJISIOTCA PETYISIpHBIMU BhIpaXe HUAMH. OYHKIIUS TThI-
TAeTC Pa3fie/iIiTb CUMBOJIBHYIO CTPOKY INEPBOro OIepaHAa Ha TP pasiena,
NMEPBBIA U3 KOTOPBIX ONPEAEIISIETCs IyTEM COIOCTaBJIEHUSI Hayajaa CTPOKH CO
CTPOKaMH, FT€HEPUPYEMBIMH rexpl, BTOPOM — ITyTEM COINOCTABJIEHUSI OCTaB-
IEHCS YaCTH CTPOKHU NIEPBOTO OTNEPaHa C rexp2 U TPETHH — ITyTEM COTIOCTaB-
JICHUSI KOHLIA 3TOW CTPOKHM C rexp3. Bo3BpauiaeMbIM 3HAYEHHEM (DYHKITHM SIB-
JISIETCSL CPEHSIS YaCTh CUMBOJILHOM CTPOKH TIEPBOTO ONEpaHia.

Bot nipuMep BBI30Ba PYHKLINH:

SUBSTRING ( ‘This is string22’
SIMILAR ‘This is\”[:ALPHA:]+\”[:DIGIT:]+’
ESCAPE '\’ )
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PesynsraToM 6yneT cTpoka ‘string’.

TMpumeps! 3anpocoB C NCNOb30BaHNEM NpeanKaTa similar

IIpumep 14.14. Haiitn HoMepa M Ha3BaHHS OTHEJIOB, Ha3BAaHHE KOTOPHIX
HAYMHAETCA CO CJIOB 'Hardware’ WM 'Software’, a 3a HUMH (He 0051~
3aTeJIbHO HEMOCPEeNCTBEHHO) CAeAyeT MOCAeN0BATEIbHOCTD JECATHYHBIX
uu@p, NpeasapAaeMbIX CHMBOJIOM ITONYEPKHBAHHA.

SELECT DEPT_NAME, DEPT_NO
FROM DEPT
WHERE DEPT_NAME SIMILAR TO ' (HARD|SOFT)WARE%\_[:DIGIT:]+’ ESCAPE ‘\’;

ITpumep 14.15. Haiitu HoMepa U Ha3BaHMS IPOEKTOB, HA3BAHHUE KOTOPBIX
He HAYMHAETCA C TTOCIENOBATENBHOCTH LUGP.

SELECT DEPT_NAME, DEPT_NO
FROM DEPT
WHERE DEPT_NAME SIMILAR TO ‘' ["1-9]+%';

Mpenunkar exists
Ipenukar exists ONPSAENSETCS CIETYIOLMM CHHTAKCHYECKUM TIPABIIIOM:

exists_predicate ::= EXISTS (query_expression)

3HaueHHEM YCI0BHUS EXISTS (query_expression) SIBISIETCS frue B TOM
M TOJIEKO B TOM CJIy4ae, KOra MOIIHOCTh TaOJIULbI-pE3yJIbTaTa BEIpAXEHUS 3a-
MpocoB GoJIblIe HYJIA, MHAYe 3HAYSCHHEM YCIOBUS SIBNISIETCS false.

Mpumepsi 3anpocoB ¢ UCNOL30BaHNEM NPeANKaTa exists

IIpumep 14.16. Haiith HoMepa OTAENOB, CPEH CAYXAIMKUX KOTOPHIX UME-
IOTCS MEHEIXEPhI IIPOEKTOB.

SELECT DEPT.DEPT_NO
FROM DEPT
WHERE EXISTS

(SELECT EMP.EMP_NO

FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT_NO
AND EXISTS
(SELECT PRO.PRO_MNG
FROM PRO

WHERE PRO.PRO_MNG = EMP.EMP_NO));
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D1y HGOPMYTHPOBKY MOXHO YIIPOCTHTh, M30aBUBLIMCH OT CAMOTO BJIO-
XeHHoro 3anpoca (npumep 14.16a):

SELECT DEPT.DEPT_NO
FROM DEPT
WHERE EXISTS
(SELECT EMP.EMP_NO
FROM EMP, PRO
WHERE EMP.DEPT _NO = DEPT.DEPT_NO
AND PRO.PRO_MNG = EMP.EMP_NO});

Hdanee 3aMeTHM, 4TO TIO CMBICIY IIpeArKaTa EXISTS CIUCOK BHIGOD-
KM BO BJIOXEHHOM TO3aMPOCe SIBJSIETCS HECYIIECTBEHHBIM, H HOPMYITH-
POBKY 3ampoca MOXHO H3MEHHTb, HAlPHUMeEp, CJAENYIOUIUM 00pa3oM
(mpumep 14.16b):

SELECT DEPT.DEPT_NO
FROM DEPT
WHERE EXISTS
(SELECT *
FROM EMP, DEPT
WHERE EMP.DEPT_NO = DEPT.DEPT_NO
AND PRO.PRO_MNG = EMP.EMP_NO) ;

3anpockl ¢ npeaMKaToM EXISTS MOXHO Takxe nepedopMyJUpOBaTh B
BUJIE 3aIIPOCOB C MpPeANKATOM cpaBHeHHUst (npumep 14.16c¢):

SELECT DEPT.DEPT NO
FROM DEPT
WHERE (SELECT COUNT (*)

FROM EMP, DEPT

WHERE EMP.DEPT_NO = DEPT.DEPT_NO

AND PRO.PRO_MNG = EMP.EMP_NO ) >= 1;

Ipumep 14.17. Haiitn HOMepa OTHENIOB, pa3Mep 3apabOTHON TUIATH CO-
TPYIHHKOB KOTOPBIX HE MPEBRIIIAET pa3Mep 3apaO0THOM IUTaThl PYKOBO-
IUTEJIS OTAENA.

SELECT DEPT.DEPT_NO
FROM DEPT
WHERE NOT EXISTS
(SELECT *
FROM EMP EMP1, EMP EMP2
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WHERE EMP1.EMP_NO = DEPT.DEPT_MNG AND
EMP2.DEPT_NO = DEPT.DEPT_NO AND
EMP2 .EMP_SAL > EMP1.EMP_SAL);

MpepukaT unique

DTOT NpeANKAaT Mo3BoJsAeT CHopMYIHPOBAThL YCIIOBHE OTCYTCTBHSA OyOIN-
KATOB B pe3yJibTaTe 3anpoca:

unique_predicate ::= UNIQUE (query_expression)

Pe3ynpraToM BBIUMCIIEHHS YCJIOBUSI UNIQUE (query_expression)
SIBJIAIETCS frue B TOM U TOJIBKO B TOM cJiyyae, Koraa B TabJHIle-pe3yJibTaTe
BBIPaXXE€HHUSA 3aPOCOB OTCYTCTBYIOT KaKUe-JIUOO ABE CTPOKH, OAHA U3 KOTO-
phIX ABIACTCA NyOJIMKATOM APYroii. B MpOTHBHOM cilydyae 3HaYeHUE YCIIO0-
BHS eCTb false.

Mpumeps! 3anpocos ¢ UCNOL30BaHWeM ripeguKara unique

ITpumep 14.18. HaiiTu HOMepa OTAENOB, CyXaLIMX KOTOPBIX MOXHO pa3-
JIMYUTD 1O HMEHH H AaTe POXICHHS.

SELECT DEPT_NO
FROM DEPT
WHERE UNIQUE
(SELECT EMP_NAME, EMP_BDATE
FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT_NO);

Bo3MoxHa ansTepHaTHBHasA, HO 6oJiee ciioXHas (OpMYJIHpPOBKA 3TOTO
3anpoca ¢ UCTMOJIb30BaHUEM MpeauKara NOT EXTISTS (upumep 14.18a):

SELECT DEPT_NO
FROM DEPT
WHERE NOT ESISTS
(SELECT *
FROM EMP, EMP EMP1
WHERE EMP1.EMP_NO <> EMP.EMP_NO
AND EMP.DEPT_NO = DEPT.DEPT_NO
AND EMP1.DEPT_NO = DEPT.DEPT_NO
AND EMP1.EMP_NAME = EMP.EMP_NAME
AND (EMP1.EMP_BDATE = EMP.EMP_BDATE
OR (EMP.EMP_BDATE IS NULL
AND EMP1.EMP_BDATE IS NULL)));
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Eciau xe orpaHUYUTbCA TpeOOBAaHHEM YHHUKAJIBHOCTH MMEH CJIYXAILUX,
TO BO3MOXHa ciienyiouas opmynupoka (npumep 14.18b):

SELECT DEPT_NO
FROM DEPT
WHERE (SELECT COUNT (EMP_NAME)
FROM EMP
WHERE EMP.DEPT NO = DEPT.DEPT_NO) =
(SELECT COUNT (DISTINCT EMP_NAME)
FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT_NO) ;

Mpepukar overlaps

JTOT NpEAUKAT CIYXUT IJIA ITIPOBEPKH NMEPEKPBITHA BO BDEMCHH IBYX CO-
OBITHI. YcioBUe OIIPCACIACTCA CICAYIOIIIMM CHHTAKCUCOM!

overlaps_predicate ::= row_value_constructor OVERLAPS
row_value_constructor

CreneHb KaXA0i U3 CTPOK-OIEPAHIOB JOJXHA ObITh paBHa 2. Tun gaH-
HBIX [IEPBOT0 CTOAOLIA KAXAOT0 U3 ONEPAHAOB JOIXKEH OBITh TUIIOM JaThI-BpE-
MEHH, U TUMNBl JAHHBIX MEPBBIX CTOJOLIOB JOJKHBI ObITh COBMECTUMBI. THII
JaHHBIX BTOPOIo CTOJIOLA KAXAOI0 U3 ONepPaHAOB JOJLKEH ObITh TUIIOM JAaThl-
BpeMEHU WiIH UHTepBana. [Ipu 3Tom:
® €CJIM 9TO TUI UHTEPBAJIA, TO TOYHOCTb TUIMA JOJKHA OBITh TAKOH,, YTOOBI MH-
TepBal MOXHO ObLIO MPUOAaBUTh K 3HAUEHMIO TUIA AaTa-BpeMs IEPBOIO
cronbua;
® €CJIM 3TO TUII JaTa-BpeMsl, TO OH JOJIKEH ObITh COBMECTUM C THUITOM JaHHBIX
JaTa-BpeMs MePBOro CToadLa.
ITycth D1 ¥ D2 — 3HAYEHHUS TTEPBOTO CTOJOLIA MEPBOrO U BTOPOTO OMNEpPaH-
JIOB COOTBETCTBEHHO. EC/IM BTOpoii cToNGEL TEPBOro onepanaa UMeET THI JaTa-
BpeMsl, TO ITyCTb E1 o6o3HayaeT ero 3HaueHHe. Eciu BTopoit cronbelr mepBoro
ornepaHaa UMeet TUIl INTERVAL, TO MyCcTh 11 —ero 3HaueHue, akEl = D1 + I1.
Ecnu D1 sABIsI€TCA HeonpeaeieHHBIM 3HAUYEHUEM WIH €CJIM E1 < D1, To ITyCTh
S1 = E1u Tl = DI1. B NpOTHBHOM Cijlyyae, NycTb S1 = D1 M T1 = EI1. AHalo-
TUYHO OTPENESIOTCS S2 U T2 IPUMEHHUTEIBHO KO BTOPOMY OlepaHay. Pe3yib-
TaT YCJIOBMS COBITAAAET C PE3YJbTATOM BBIUMCIECHHS CleAylolero 0yaeBCKOro
BbIPAXEHUS:

{S1 > S2 AND NOT (S1 »>= T2 AND Tl »>= T2))
OR
(S2 > S1 AND NOT (S2 >= T1 AND T2 »>= T1))
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OR
(81 = S2 AND (Tl <> T2 OR T1 = T2))

lMpumeps! 3anpocos ¢ UCNONb30BaHueM npeaunuKara overlaps

IIpumep 14.19. HaiiTi HoMepa NPOEKTOB, KOTOPbI€ BBITIOJIHSUIACH B Iie-
puoxn ¢ 15 susaps 2000 r. ro 31 aexa6ps 2002 .

SELECT PRO_NO

FROM PRO

WHERE (PRO_SDATE, PRO_DURAT) OVERLAPS
(DATE '2000-01-15’, DATE ‘2002-12-31');

IIpumep 14.20. HaiiTu Ha3BaHUS TIPOEKTOB, KOTOPBIE OYAYT BBITIOJHSITh-
¢Sl B TEYEHHUE CJIECAYIOILIEro roaa.

SELECT PRO_TITLE

FROM PRO

WHERE (PRO_SDATE, PRO_DURAT) OVERLAPS
(CURRENT_DATE, INTERVAL ‘1’ YEAR);

MNpeaykaT cpaBHEHUA C KBAHTOPOM

JT0T IIpEAUKAT ITIO3BOJISACT CHCI.IPI(DPII.IHDOB&TL KBaHTH(pI/II_IHDOBaHHOC
CpaBHEHHUEC CTPOYHOTO 3HAYCHHUS MU OIIPEACTIACTCS CACAYIOIIUM CHHTAKCHYCC-
KHUM IIpaBHJIOM!

quantified_comparison_predicate ::= row_value_constructor
comp_op { ALL | SOME | ANY } query_expression

CreneHp IepBOTO OMepaHaa NOJIXKHA OBITh TAKOM Xe, KakK H CTeleHb Tab-
JIMLBI-PE3YJbTaTa BBIpAXEHHS 3aIlpoCcOB. TUITHI AAHHBIX 3HAYEHHHM CTPOKH-
ornepaHAa JOJXHBI OBITh COBMECTUMBI € TUIIAMH JAHHBIX COOTBETCTBYIOIINX
CTONOLIOB BEIpaxkeHHs 3amnpoca. CpaBHEHHME CTPOK IIPOM3BOIUTCA ITO TEM Ke
MpaBWIaM, YTO M IS IIPEIUKATA CPABHEHHS.

0O0603HaYMM Yepes x CTPOKY-TIEPBBII OllepaH/l, a Yepe3 S — pe3y/IbTaT BhI-
YHUCIEHHUS BhIpaxeHHUs 3anpoca. [1yctb s 0603HayaeT MpoOU3BOJIBLHYIO CTPOKY
Tabnuuw S. Toraa:
® VYCJIOBHE X comp_op ALL S HMEET 3HAYEHHE frue B TOM H TOJIBKO B TOM CJIY-

yae, KOraa S nmycro, Wik 3Ha4yeHME YCIAOBHS X comp_op S PaBHO frue s
KaXIOM CTpOKH s, BXOASIIIEH B S. YCJI0BHE X comp_op ALL S HMMeEeT 3Haye-
HHUE false B TOM U TOJBKO B TOM CJIydae, KOrJa 3HaY€HHME INpPEIHKATA X
comp_op S PaBHO false XOTs ObI IJIS1 ONHOM CTPOKHU s, BXoAsliei B S. B oc-
TAJIBHBIX CIYYasiX 3HaYEHHUE YCIOBHUS x comp_op ALL S paBHO unknown,
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® YCJIOBHE X comp_op SOME S HMeeT 3HauyeHHe false B TOM M TOJBKO B TOM
cllyyae, Koraa S IyCcTo, WIH 3HaYeHHE YCIOBHSI X COmp_op S PaBHO false st
KaXnoH CTPOKHM s, BXOASIIEH B S. YCIIOBHE X comp_op SOME S HMeEET 3Ha-
YEeHHUE frue B TOM U TOJBKO B TOM Cjydae, KOrfa 3Ha4eHHE TpeauKara x
comp_Op S PaBHO true XoTs Obl AJIsT OXHOM CTPOKH s, BXoAslleH B S. B oc-
TaJIbHBIX CJIy4asix 3HAYEHHE YCIOBUST X comp_op SOME S paBHO unknown;

® YCIOBHE X comp_op ANY S 3KBHBaJIEHTHO YCJIOBUIO X comp_op SOME S.

Mpumepsi 3anpPocos ¢ UCMOIb30BaHNEM NPEANKaTa CPABHEHNS
C KBaHTOpPOM

IIpnmep 14.21. HaiiT HOMepa cyXalllux oTaea HoMep 65, 3apruiara Ko-
TOPBIX B 3TOM OTHAEJE He ABISIETCS MUHUMATBLHOM.

SELECT EMP_NO
FROM EMP
WHERE DEPT_NO = 65
AND EMP_SAL > SOME (SELECT EMP1.EMP_SAL
FROM EMP EMP1
WHERE EMP.DEPT_NO = EMP1.DEPT_NO) ;
OnHa U3 BO3MOXHBIX AJIBTEPHATHBHBIX (POPMYIHPOBOK 3TOTO 3arpoca
MOXET OCHOBBIBAaTbCS Ha UCIIOJIB30BaHUM ITpeAuKaTa EXISTS (mpumep 14.21a):

SELECT EMP_NO
FROM EMP
WHERE DEPT_NO = 65
AND EXISTS(SELECT *
FROM EMP EMPI1
WHERE EMP.DEPT_NO = EMPI1.DEPT_NO
AND EMP.EMP_SAL > EMP1.EMP_SAL);

BoT ansrepHaTHBHAas (OpMYIHPOBKA 3TOTO 3aTIpOCa, OCHOBAHHAs Ha HC-
MTONAB30BAHUHU arperaTHoi GpyHKIIMU MIN (mpumep 14.21b):

SELECT EMP_NO
FROM EMP
WHERE DEPT_NO = 65 AND
EMP_SAL > (SELECT MIN(EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP.DEPT_NO = EMP1.DEPT NO);

IIpnmep 14.22. Haiity HoMepa ¥ MMeHa CIyXallUx oTaena 65, oqHoda-
MIUTBIIBI KOTOPBIX PabOTAIOT B 3TOM X OTAEJE.
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Kypc

SELECT EMP_NO, EMP_NAME

FROM EMP

WHERE DEPT_NO = 65 AND
EMP_NAME = SOME (SELECT EMP1.EMP_NAME

FROM EMP EMPI1
WHERE EMP.DEPT NO = EMP1.DEPT_NO
AND EMP.EMP_NO <> EMP1.EMP_NO);

3aMeTHM, YTO 3Ta (POPMYIUPOBKA IKBUBAJICHTHA CIEAYIONIEH QopMyTH-

poBKke (npumep 14.222a):

SELECT EMP_NO, EMP_NAME

FROM EMP
WHERE DEPT_NO = 65 AND
EMP_NAME IN (SELECT EMP1.EMP_NAME
FROM EMP EMP1
WHERE EMP.DEPT_NO = EMP1.DEPT_NO
AND EMP.EMP_NO <> EMP1.EMP_NO);

BosMoxHa ¢opMyTHpoOBKa ¢ MCMOJb30BAHUEM arperaTHoi (GyHKIMU

COUNT (npumep 14.22b):

SELECT EMP_NO, EMP_NAME
FROM EMP
WHERE DEPT _NO = 65 AND
(SELECT COUNT (*)
FROM EMP EMP1
WHERE EMP.DEPT_NO = EMP1.DEPT_NO
AND EMP.EMP_NO <> EMP1.EMP_NO ) >= 1;

Hawutosee 1akoHUYHBIM 00pa30M 3TOT 3aIIpOC MOXHO ChOpPMYIHPOBATh
C HCIIOJIb30BaHHEM cOoelHHeHUs (mpumep 14.22¢):

SELECT DISTINCT EMP.EMP_NO, EMP.EMP_NAME

FROM EMP, EMP EMP1

WHERE EMP.DEPT_NO = 65
AND EMP.EMP_NAME = EMP1.EMP_NAME
AND EMP.DEPT_NO = EMP1.DEPT_NO
AND EMP.EMP_NO <> EMP1.EMP_NO;
B mocnenHeit ¢hopMyIMpOBKE MBI BBIHYXIOEHB Be3/le HMCIOJL30BATh
YTOYHEHHBIE UMEHA CTONOLOB, MOTOMY YTO Ha OAHOM YPOBHE UCIONL3YIOTCS

JiBa BXOXIEHUs TaOIUUbI EMP.
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ITpnmep 14.23. HaiiTn HoMepa cliyXalliux oTaeNa HoMep 65, 3apIuiaTa Ko-
TODPEIX B 3TOM OTHEJE SABISAETCS MAKCUMATLHOIA.

SELECT EMP_NO
FROM EMP
WHERE DEPT_NO = 65
AND EMP_SAL >= ALL(SELECT EMP1.EMP_SAL
FROM EMP EMP1
WHERE EMP.DEPT NO = EMP1.DEPT_NO);

OHHa U3 BO3MOXHBIX aJbTCPHATHBHBIX (I)OpMyJIPIpOBOK 3TOro 3a-
poca MOXeET OCHOBLIBATHCA HA UCMOJbB30BAHUHU Npeaukara NOT EXISTS
(npumep 14.23a):

SELECT EMP_NO
FROM EMP
WHERE DEPT_NO = 65
AND NOT EXISTS (SELECT *
FROM EMP EMP1
WHERE EMP.DEPT_NO = EMP1.DEPT_NO
AND EMP.EMP_SAL < EMP1.EMP_SAL);

MoxHo chopMynTHpoBaTh 3TOT Xe 3aMpoc C UCMOJB30BAHUEM arperar-
Ho# GyHKIIMK MAX (mpumep 14.23.b):

SELECT EMP_NO
FROM EMP
WHERE DEPT_NO = 65
AND EMP_SAL = (SELECT MAX(EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP.DEPT_NO = EMP1.DEPT_NO);

Ilpamep 14.24. HaiiTh HOMepa U KIMEHA CITyXalllHuX, HE UMEIOIIMNX OTHO-
¢daMUIIbLEB.

SELECT EMP_NO, EMP_NAME
FROM EMP
WHERE EMP_NAME <> ALL (SELECT EMP1.EMP_NAME
FROM EMP EMP1
WHERE EMP1.EMP_NO <> EMP.EMP_NO) ;

BTOT 3aIpoC MOXHO TepedOPMYIHPOBATE HA OCHOBE MCIOJIL30BAHHUS
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npeaukara NOT EXISTS WM arperaTHoit (pyHKIUKU COUNT (1o NMpHYHHE ove-
BUIHOCTH MBI HE TIPUBOAUM 3TH (DOPMYJIMPOBKH), HO, B OTJIMYHE OT CIy4as B
npumepe 14.22c, GopMyIupoBKa B BHIE 3aIlpoca C COCOIMHEHHEM 3[1€Ch
He TpoXoauT. POPMYIUPOBKA 3aIIpoca

SELECT DISTINCT EMP_NO, EMP_NAME

FROM EMP, EMP EMP1

WHERE EMP.EMP_NAME <> EMP1.EMP_NAME
AND EMP1.EMP_NO <> EMP.EMP_NO) ;

3KBHBAJICHTHA (POPMYITUPOBKE

SELECT EMP_NO, EMP_NAME
FROM EMP
WHERE EMP_NAME <> SOME (SELECT EMP1.EMP_NAME
FROM EMP EMP1
WHERE EMP1.EMP_NO <> EMP.EMP_NO) ;

OueBHIHO, YTO 3TOT 3aIlpoc SIBJsIETCA OeccMbIcNeHHbIM («Haith co-
TPYAHHUKOB, TSI KOTOPBIX UMEETCSI XOTSI Obl OIMH He ONHO(MAMIIEL»).

Mpeaukart match

TIpenukaT no3poaseT cHopMyTUPOBATE YCIIOBHE COOTBETCTBHS CTPOUHO-
ro 3Ha4YeHHUs pe3yabraTy Tabau4yHOro rnoasanpoca. CHHTaAKCUC OTIPEIessieTCs:
CJIeIYIOIIUM IIPaBIJIOM:

match_predicate ::= row_value_constructor
MATCH [ UNIQUE ] [ SIMPLE | PARTIAL | FULL ]
query_expression

CreneHb MEpPBOro ONEpPaHIa AOMXHA COBMAAATh CO CTENEHBIO TabIu-
LIBI-PE3YJIBTaTa BbIPaXeHUS 3a1ipoca. TUIbl JaHHBIX CTOJIOLOB IIEPBOTO OIIE-
paHAa HOMXHbI OBITh COBMECTUMBI C TUTIAMHU COOTBETCTBYIOLIUX CTOJOLIOB
TabauuHOro mnoxsarnpoca. CpaBHEHWE IIAp COOTBETCTBYIOLIUX 3HAYECHUH
TPOU3BOIUTCS AHAJOTHYHO TOMY, KaK 3T0 CIeLHU(PULIHUPOBATIOCH IS TIPETH-
KaTa CpaBHECHHSI.

ITycTh x 0603HaYaeT CTpOKY-TepBhIit orepadn. Torna:
¢ Ecnu orcyrctByer crieLiMdUKalMs BUAA COMOCTaBIeHUs WM crieuuULIn-

POBaH THIT COTMIOCTaBIeHUsT SIMPLE, TO:
®  €CJIM 3HAYeHUE HEKOTOPOTO CTONOLA X SIBISAETCS HEOIPEACICHHBIM,
TO 3HAYECHUEM YCIOBUS SBIISIETCA frue;
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€CJIU B X HET HECOMPCOCICHHDBIX 3Ha4YeHHU, TO:

o

[m]

€CJIM He YKa3aHo UNIQUE, U B pe3yJibTaTe BhIPAXKECHHU S 3a1poca Cylie-
CTBYET (BO3MOXHO, HE YHUKAJIbHas1) CTPOKA ¢ B TaKasd, YTO X = 5, TO
3HAYEHUEM YCJIOBUS SBJIACTCH frue;

€CJIM YKa3aHo UNIQUE, U B pe3YJIBTAaTe BhIPAXCHHS 3arpoca Cylle-
CTBYET YHHUKAIbHASI CTPOKA S, TAKasl, UTO X = S, TO 3HAYEHUEM YC-
JIOBUS SIBNISIETCS frue;

B IIPOTHMBHOM CJIyyae 3HaUCHHEM YCIIOBHS sIBJsSIETCA false.

e Eciu B yCIOBHM NMPUCYTCTBYET crieliudyKalms PARTIAL, TO:

€CJIM BCE 3HAUEHUs B X SBJSIOTCS HEOIpeleeHHbIMH, TO 3HaYeHHe
YCIIOBHS €CTb true;

HHaye:

[m]

€CJIM He YKa3aHo UNIQUE, M B pe3y/IbTaTe BhIPAXCHHUS 3aIlpoca Cy-
1IECTBYET (BO3MOXHO, HE YHUKAJIbHASI) CTPOKA S, TaKasl, YTO KaxX-
IIoe OTJIMYHOE OT HeoIpeIeJICeHHOro 3HaYeHUE X paBHO COOTBETCT-
BYIOLLIEMY 3HAUEHHIO s, TO 3HAUCHHUE YCIOBHUS €CTh frue;

€CJTH yKa3aHo UNIQUE, U B pe3yJisTaTe BbIpaXXeHHs 3arpoca Cyile-
CTBYET YHHUKAJIbHAsL CTPOKA s, TaKas, YTO KaxkIOe€ OTJIHYHOE OT
HEOIPEACIEHHOTO 3HAU€HUE X PABHO COOTBETCTBYIOLIEMY 3Haue-
HHIO s, TO 3HAUECHUE YCIOBUS €CTh frue;

O B IIPOTHBHOM cliydyae 3HaYeHHe YCIOBUS eCTb false.

¢ ECJH B YCIOBHH IIPUCYTCTBYET ClIeMMUKAINS FULL, TO:

€CJIM BCe 3HAUCHMS B x HEOMpeaeieHHbIe, TO 3HaUeHHE YCIOBHS €CTh
true;

€CJIM HM OIHO 3HAYEHHE B X He SIBJISIETCS HEOMpeaeIeHHBIM, TO:

O eCJHM He yKa3aHo UNIQUE, M B pe3y/bTaTe BhlpaXeHHs 3arpoca Cy-

IeCTBYeT (BO3MOXXHO, HE YHUKaAJIbHAs) CTPOKA s, TAKasl, YTO x = s,
TO 3HAUEHHUE YCIOBUS €CTh Hrue;

€CJTA YKa3aHO UNIQUE, M B Pe3y/IbTaTe BhIPAXKEHUS 3aIlpoca Cylle-
CTBYET YHHKaNbHAsI CTPOKA s, TaKasi, UTO X = s, TO 3HAYECHHE YC-
JIOBUSL €CTb true;

O B IIPOTHBHOM CJy4yae 3HaYeHHE YCIOBMS €CTh false.
B TTPOTUBHOM Cilyyae 3HaUeHHUE YCIIOBUS eCTb false.

MpumMeps! 3anpocoB ¢ NCNONb30BaHNeM npeanKara match

Bce mpumepsl 3TOro NMyHKTa OCHOBaHH Ha 3amnpoce «Haltn HoMepa
CIyXall¥X U HOMEPa UX OTHEJOB JUISL CIYXKALIUX, JUIST KOTOPBIX B OTAENE CO
«CXOXHM» HOMEPOM DPabOoTaeT CIAyXalllMi CO «CXOXel» NaTOU POXIECHHUs» C
HEKOTOPBIMHU YTOUHECHHUSIMH.
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ITpumep 14.25.

SELECT EMP_NO, DEPT_NO
FROM EMP
WHERE (DEPT_NO, EMP_BDATE) MATCH SIMPLE
(SELECT EMP1.DEPT_NO, EMP1.EMP_BDATE
FROM EMP EMP1
WHERE EMPI1.EMP_NO <> EMP.EMP_NO) ;

DTOT 3anpoc BEPHET JAHHBIE O CYXAINUX, IPO KOTOPHIX:
¢ 1100 HEU3BECTHBI HOMED OTAENA AU 1aTa POXAECHUS (WIH U TO, U APYTOE);
¢ 1100 B OTAEJE JAHHOTO CyXaiuero pabotaer no kpaiiHe# Mepe eie oavH
YeJIOBEK C TOW Xe JaTOU POXICHUS.
Ecnu ucnonp3oBars npegukar MATCH UNIQUE SIMPLE, TO MBI TIOJNYYUM
JIaHHBIE O CJTYXaIHUX, PO KOTOPBIX:
® ;1100 HEU3BECTHBI HOMED OTAEJA UAU 1AaTa POXACHUSA (VI U TO, U IPYTOE);
® 5100 B OTAEJEe AAHHOTO CIYXallero paboTaeT elle OJUH YeJOBEK C TOH Xe
JAaTOH POXIAECHHUS.
ITpumep 14.26.

SELECT EMP_NO, DEPT_NO

FROM EMP
WHERE (DEPT_NO, EMP_BDATE) MATCH PARTIAL
(SELECT EMP1.DEPT_NO, EMP1.EMP_BDATE N

FROM EMP EMP1
WHERE EMP1.EMP _NO <> EMP.EMP_NO) ;

DTOT 3aNpoC BEPHET JAHHBIE O CHYXAI[HX, PO KOTOPHIX:
¢ U060 HEU3BECTHBI HOMED OTAEJA U 1aTa POXACHUS,
® U060 HEU3BECTCH HOMED OTIENA, HO UMEETCA IO KparHed Mepe ellle OJNH
YEJI0BEK C TOM XK€ JATOH POXICHHS;
* 110 HEM3BECTHA JaTa POXIEHHS, HO B OTAENEe JAHHOrO ciyxaimero pabo-
TAET MO KpaHeH Mepe e1ie OJMH YEJIOBEK;
¢ 100 M3BECTHHI U HOMEp OTAENA, U AATa POXIACHUS, U B OTIAEIE AJAHHOTO
ciyxauero paboTaer Mo KpaifHeil Mepe e1ie OAMH YEJIOBEK C TOH Xe JaToH
POXIACHHUS.
Ecnu cnonb3oBaTh npeAKaT MATCH UNIQUE PARTIAL, TO MBI HOJYYHM
JaHHBIC O CIYXAallUuX, PO KOTOPHIX:
¢ U060 HEU3BECTHHI HOMED OTAE/A U JaTa POXICHUS,
* 1100 HEM3BECTEH HOMED OTHAE/Ia, HO UMEETCH €IIe OMUH YEJIOBEK C TOM XKe
JATON POXACHHUS;
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® 160 HEU3BECTHA aTa POXKIAEHHUS, HO B OTAEJe NAaHHOTO CIyXallero pado-
TaeT elle OIMH YeJIOBeK;
® TGO M3BECTHHI M HOMED OTAEeJa, U JaTa pOXACHUS, U B OTIAeNe AaHHOTO
cJTyXalero paboTaeT elle OAUH YEJIOBeK C TOH Xe HaTOok POKACHUS.
IMpumep 14.27.

SELECT EMP_NO, DEPT_NO
FROM EMP
WHERE (DEPT_NO, EMP_BDATE) MATCH FULL
(SELECT EMP1.DEPT_NO, EMP1.EMP_BDATE
FROM EMP EMP1
WHERE EMP1.EMP_NO <> EMP.EMP_NO) ;

DTOT 3anpoc BEPHET JAHHbIE O CIYXAIIHUX, O KOTOPHIX:
® ;MO0 HEeM3BECTHBI HOMED OTAEJA ¥ JaTa POXIACHHS,
¢ 100 B oTHese JAHHOTO clyXallero paboTtaet no kpaiHei Mepe ellle oauH
YeJIOBEK C TOM XK€ NaTOH POXKACHHS.
Ecnu ucnonb3oBath NpeAudkar MATCH UNIQUE FULL, TO Mbl ITOJYYUM
JJAHHbIE O CIYXKAIlMX, O KOTOPBIX:
¢ 1u60 HEU3BECTHLI HOMED OT/ENA i AaTa POXACHUS;
¢ ubo B OTHENIe JAHHOrO CayXaniero paboTaeT ellie OAUH YEJIOBEK C TOH XKe
JIATON POXAECHHS.

Mpepuxar distinct

Hpenm(aT MO3BOJACT IMPOBCPHUTH, ABIAIOTCA JHU ABC CTPOKH nybnukara-
MH. YCIIOBHE OIpeaessieTC CIEAYIOIIUM CUHTAKCHYECKUM ITPaBUJIOM:

distinct_predicate ::= row_value constructor IS DISTINCT FROM
row_value constructor

Crpoxku-onepaHabl J0JKHBI ObITh OMMHAKOBOI cTereHW. THUITBEI JaHHBIX
COOTBETCTBYIOIIUX 3HAYEHUH CTPOK-OTE€PaHIOB JOIXKHBI ObITh COBMECTUMBIL.

HanoMHuM, 4TO ABE CTPOKH s1 ¢ KUMEHAaMH CTOJOLOB c1, ¢2, .., CNH $2
¢ UMeHaMH cTtonbuoB dl1, d2, .., dn CUYMTAIOTCA CTPOKAMHU-IyOIMKATAMHU, €C-
JIM g Kaxaoro 1 (1 = 1, 2, .., n ) aubo ci ¥ di He coaepxkaT NULL,
MU (ci = di) =true, Tu60 U ci, U di comepxkaT NULL. 3Ha4yeHHEM YCJIOBHUS
51 IS DISTINCT FROM s2 ABJSIETCA frue B TOM U TOJIBLKO B TOM CJly4yae, KOr-
J1a CTPOKH s1 M s2 He ABAAIOTCI 1yOnMKaTaMHu. B IIpOTMBHOM cilydae 3Hauye-
HHEM YCJIOBUSA ABJACTCA false.

3aMeTHM, YTO OTpMUATeNbHasA ¢dopma yclnoBusi — IS NOT DISTINCT
FROM — B ctaHgapre SQL He nonaepxuBaercs. BMecTo 3T0ro MoXHo BOCITONb-
30BATLCH BhIpaXeHHUEM NOT sl IS DISTINCT FROM sZ.
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Mpumepsl 3anpocos ¢ MCNonb30BaHneM npeaukarta distinct

IIpnmep 14.28. Haiitu HoMepa M UMeHa CITyXalllUX oTiaena 65, KOTOPHIX
MOXHO OTJIHYHUTD 10 JaHHLIM 00 UMEHH U JaTe POXICHUSA OT PYKOBOIH-
TeNs oTdaena 65.

SELECT EMP_NO, EMP_NAME
FROM EMP .
WHERE DEPT_NO = 65
AND (EMP_NAME, EMP_BDATE)} IS DISTINCT FROM
(SELECT EMP1.EMP_NAME, EMP1.EMP_BDATE
FROM EMP EMP1, DEPT
WHERE EMP1.DEPT_NO = EMP.DEPT_NO
AND DEPT.DEPT _MNG = EMP1.EMP_NO) ;

ITpumep 14.29. HaiiTh Bce mapsl HOMEPOB TAKMX CJyXalIMX oTaena 65,
KOTOPBIX HEMb3s PA3JIMYUTH IO JaHHHIM 00 UMEHH M JaTe POXICHMUS.

SELECT EMP1.EMP_NO, EMP2.EMP_NO
FROM EMP EMP1, EMP EMP2
WHERE EMP1.EMP_NO <> EMP2.EMP_NO
AND NOT ((EMP1.EMP_NAME, EMP1.EMP BDATE) IS DISTINCT FROM
(EMP2 .EMP_NAME, EMP2.EMP_BDATE) ) ;

3aknioyeHue

B 1ot nekuuu MBI oOCYyIMIM Haubolee BaXHBIE BO3MOXHOCTH SI3bIKa
SQL, cBsi3aHHBIE ¢ BLIOOPKO JaHHBIX. Jlaxke MpOCThIe TIPUMEDPHI, IIPHBOIMB-
LIKUECH B JIEKLIMH, MTOKA3BIBAIOT UCKIIOUYUTENBHYIO H30BITOYHOCTE s13b1Ka SQL.
Eute B To Bpemsi, koraa J€HCTBYIOLIMM CTAaHIAPTOM si3bika 6bU1 SQL/92, ObUia
ony0IMKOBaHa TFOOOMBITHAS CTAThs, B KOTOPOU MPUBOAWIOCH 25 opMyTHpo-
BOK OJTHOTO M TOrO Xe€ HECJIOXHOro 3amnpoca. [Ipu ucronb3oBaHUH BCEX BO3-
MoxHOoCcTell SQL:1999 3tix GOpMYITHPOBOK OBLIO OBI rOpa3ao OobIe.

MOoXHO CITIOPHUTH, XOPOIIIO MJIU TUTOXO HMETh BO3MOXHOCTb (POPMYJIHPO-
BaTh OJIMH Y TOT Xe 3arpoc JeCITKaMH pa3HBIX crtoco6oB. Ha Mot B3rjsaa, 3To
HE OYEHb XOPOIIIO, MOCKOJIBKY YBEJTUUUBAET BEPOSITHOCTD MOSBJICHHMS OIIHOOK
B 3arpocax (0COOEHHO B CIOXKHEIX 3ampocax). C Ipyroil CTopoHbI, TAKOBO 00b-
€KTUBHOE COCTOSTHUE €1, U Mbl CTPEMHIJIMCH O0ECTIEUHTh B 3TOM JIEKUIMH MaTe-
PHaJ, IOCTATOYHBIN IS TOTO, YTOOBI MPOYYBCTBOBATDH PAa3IMYHbIE BO3MOXHO-
CTU (hopMyIMpOBKM 3arpocoB. Kak Mmoka3nIBalOT CIEAYIOLIME IBE JIEKLIMH,
BO3MOXHOCTH, MPEIOCTABIISIEMbIE ONEPAaTOpOM SELECT, B I€MCTBUTENBHOCTH
ropasfo 1umpe.
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Nexuma 15 pynnuposka v ycnosus pasaena HAVING, nopoxaaeMelie v coeMHeHHbie Tabnuub

Jlekuua 15. f3bik 6a3 gaHHbIX SQL: rpynnupoBka -
M ycnosua pa3gena HAVING,
nopoXaaeMbie U coeauHEeHHble Tabnuubl

B 3T10ii JeKnuH MbI 3aBepuiaeM 00CyxIeHUe OCHOBHBIX (TPajMIMOHHBIX)
KOHCTPYKIHii oneparopa SELECT sa3bika SQL. B pa3nene «Arperaruoie QpyHKIMH,
TPYNIMPOBKA H YCJIOBHA pasaena HAVING» 00CyKnawTcs pa3aensl GROUP BY u
HAVING. OCHOBHO# AKIEHT JeJAeTCH HA CNoco0aX KOHCTPYMPOBAHMA YCJIOBHI
pa3iena HAVING. Ha mpumepax JeMOHCTpUpYeTCs, YTO pasjeiibi GROUP BY u
HAVING JeiCTBHUTE/IHO MONE3HbI, 3 HHOIIA H HeOOXO0IHMBI pH GOPMY/IHPOBKeE
3aMpocoB ¢ BbI30oBAMH arperatHelx ¢ynkuuii. B pasgenax «CchlUIKH HA
nopoxnaembie TabaMubl B paszjeie FROM» M «bBoJiee C/lOXKHbIE KOHCTPYKIHH
OnepaTopa BLIGOPKH» MBI BO3BPAIUAEMCH K PAZHOBHIAHOCTAM CChUIOK HA TadHIy
B pa3jenie FROM H MOC/I€A0BATENLHO 00CYKIaeM NOPOXKIAeMbIe TAOIMLbI, COeIM-
HeHHbIe TA0HLBI H MOPOXKAAEMBIE TAOIHILI C FOPHIOHTAJIBHO#H CBA3BIO.

Kmouessie coBa: arperatHble QyHKIIMM, CEMAHTHKA arperaTHbIX (DyHKIIWIA,
TUIIBL 3HAYEHUI arperaTHbIX (PYHKIIWIA, MCIIONBb30BAHUE arperaTHbIX (PYHK-
LIMiA B pa3ienax HAVING U SELECT orepaTopa BIOOPKH, JOTHUECKHIE BbIpa-
>XKeHMS pasaeiia HAVING, MpeauKaThl CpaBHEHMS, IIPEOMKAT between, 1Ipe-
JMKAT null, NpeauKar in, NpeauKarT 1ike, peaukKar exists, rnpeadkar
unique, NpeANKaThl CPABHEHUS C KBAHTOPOM, MPeanKaT dist inct, cChUI-
KM Ha ITOpoXaaeMble TaOIMLIBI B pa3aene FROM, COeTMHEHHAs TabaMua, co-
OTBETCTBYIOINE CTOJIOLLI COETUHEHMA, CITUCOK BHIOOPKH COOTBETCTBYIO-
ILMX CTOJIOLOB COEAMHEHMS, TIPSIMOE COeIMHEeHHEe (CROSS JOIN), BHYT-
pEHHEe COoeAMHEHHE M0 YCJIOBHIO (INNER JOIN .. ON), BHYTpEHHEe CO-
€IMHEHHE 10 COBMANEHUIO 3HAYEHUI YKA3aHHBIX ONHOMMEHHBIX CTOJIOLIOB
(INNER JOIN .. USING), eCTECTBEHHO¢ BHYTpPEHHEE COEeIWHEHHE
(NATURAL INNER JOIN),JIeBO€ BHEIIHEE COEAMHEHHUE I10 YCIOBHIO (LEFT
OUTER JOIN .. ON), IIpaBo€ BHEIIIHEE COEAMHEHUE IO YCIOBUIO (RIGHT
OUTER JOIN .. ON), NOJHOE BHEIIHEE COEMHHEHHE MO YCIOBUIO (FULL
OUTER JOIN .. ON), CHMMETPHYHOE BHEIIIHEE COeIMHEHIE, JIEBOE BHEIII-
Hee COEMHHEHHE 110 COBIANECHMIO 3HAYEHMI YKA3aHHBIX OTHOMMEHHBIX
CcTonOUOB (LEFT OUTER JOIN .. USING), IIpaBO€ BHELIHEE COEMMHEHHE
MO COBMAACHHMIO 3HAYEHUI YKA3aHHBIX OOHOMMEHHBIX CTONOLOB (RIGHT
OUTER JOIN .. USING), HOJHOE BHEIIHEE COCAMHEHUE M0 COBIIANCHHIO
3HaYE€HWH YKa3aHHBIX OMHOMMEHHbIX CTONOLOB (FULL OUTER JOIN

USING), eCTeCTBEeHHOE JIEBO€ BHElIHee coeauHeHHe (NATURAL  LEFT
OUTER JOIN), €cCTeCTBEHHOE€ IIpaBOe BHEIIHee COeIHHEHHE
(NATURAL RIGHT OUTER JOIN), eCTeCTBEHHOE ITIOJTHOE BHEIIIHEE COCIH -
HeHue (NATURAL FULL OUTER JOIN), coeaqMHeHHEe OOBeIHHEHHEM

317



Kypc OcHoBbl 623 faHHbIX

(UNION JOIN), mopoxaaeMble TaOMWLBI C TOPU3OHTANBLHOM CBSI3BIO
(lateral derived table).

BeenexHue

B npenpiayinMx ABYX JIEKLIMSIX Mbl OOCYIWIH IOIYCKAaeMbI€ B CTaHIApTE
SQL BUABI CCBUIOK Ha TaGJIMIIBLI B pa3nene FROM onepatopa SELECT M noapo6-
HO, ¢ MHOTOYMCJIEHHBIMH NPHUMEPaMH, PACCMOTPEIM BO3MOXHEIE CIOCOOHI
MOCTPOEHUS YCAOBHBIX BhIpaXeHHi pasaesia WHERE. JIaHHYIO JIEKIIMIO MBI Ha-
YHHAEM C aHATHU3a BO3MOXHOCTEHN H LI€1eCO00Pa3HOCTH UCIOIbB30BAHHUS B 3a-
Mpocax pasnesioB GROUP BY M HAVING. COOTBETCTBYIOIHMIA pa3aen «Arperar-
Hble (PYHKIIMH, TPYNITTUPOBKA U YCJIOBHUS pa3aeiia HAVING» (hOpMaJIbHO MOX0X
Ha pasfen «Jlormyeckue BoIpaXeHHUsl pasaeia WHERE» JieKIiMH 14: 06CyxIaioT-
Cs1 BUIBI NPEIUKATOB, KOTOPBIE MOXHO UCIOJIb30BaTh B YCIIOBHBIX BHIPAXEHH-
sIX pasaesia HAVING, U IPUBOISITCS WLTIOCTpUpYIOIUe npuMephl. Ho B meiict-
BHTEJILHOCTH MBI IIpeciiefiyeM GOMBbIIYIO Lieb: TOKA3aTh, YTO BO MHOTHX CJTy-
yasgx pasleabl GROUP BY U HAVING SBJSIIOTCS U3OBITOYHBIMH; 3aMPOC MOXHO
copMyHpoBaTh O0Jiee MOHATHBIM 00pa3oM 6e3 UX MCNONb30BaHMs. [IpuMe-
HEHHE pa3lesioB GROUP BY U HAVING OKa3bIBa€TCs NEHCTBUTEIBLHO MOJIE3HBIM,
a MHOTAAZ U HEOOXOIMMBIM, B T€X CJIydYasix, KOrIa B 3ampoce NMPHUCYTCTBYET
HECKOJILKO BBEI30BOB arperaTHhIX (PyHKIIMIA Ha IPYIIax CTPOK.

ITocne obcyxneHus pa3aenoB GROUP BY M HAVING MOXHO OYAET CUMTATb,
YTO MbI MOJTHOCTBIO PACCMOTPEH 6a30BbI€ KOHCTPYKIIMH OIlepaTopa BEIOOPKH
(pa3nmen ORDER BY He 3aCJIYXXKMBAaeT JOMONHUTENBbHOTO 06cyXxneHHs). [ToaToMy
B pasnenax «CchUIKM Ha MOopoXaaeMble Tabnuiibl B pasnene FROM» u «bonee
CJIOXHBIE KOHCTPYKIIUH OIlepaTopa BHIOOPKH» MBI BO3BpAaIlIaeMCSI K OTJIOXKEH -
HBIM B JieKIIUH 13 TeMaM NMopoXnaeMbIX TabJML, COCAMHEHHBIX TabIHL U MO-
POXIAEMBIX Ta0GJIHL ¢ TOPU3OHTATILHOM CBS3bIO.

B 06bIyHBIX NOpoXxaaeMbix Tabauuax SQL HeT Huyero ocobeHHoro. 1o
BCE BUIUMOCTH, BO3MOXHOCTD YKa3bIBaTh B pa3esie FROM BbIpaXeHHUS 3arpo-
COB, a He TOJIbKO CChLIKH Ha 0a30Bble WIM TIpeACTaBAseMbIe TaOJUILIEI, ObLUIa
BBeacHa B SQL Ha OCHOBE CJIEQYIOIIHUX €CTECTBEHHBIX cooOpaxeHHuid. Pe3ynb-
TATOM BBIYHCJICHHUSI BRIpaXeHHUs 3anpocoB B SQL sipnsiercst Tabnnua. Cnenosa-
TEJILHO, B JIIO00M KOHCTPYKIIUH SI3bIKa, TIe MOXET IIPUCYTCTBOBATh CChHUIKA HA
Tabauy SQL, cienyeT JOIMyCTUTh NMPHUCYTCTBHE BHIPAXKEHHUS 3aNpocoB. OQHO-
BpPEMEHHOE HaJIM4yHe BO3MOXHOCTEH OMNpeAcieHUsT NMpeacTaBAsSIeMBbIX TabIML,
yKa3aHUs UMEHOBAaHHOIO BBIPAXEHHS 3aIlIpOCOB B pasaeic WITH U yKasaHMs
BBIPAXEHUST 3aMPOCOB TMOPOXAAEMOUM TaGNMULIBI HEMOCPEACTBEHHO B CITUCKE
paznena FROM, OYEBMIHO, SIBJISIETCS W30BITOYHBIM.

CoenuHeHHbIE TaOIMLBI TOSTBWIKCH elie B ctangapre SQL/92, u BHenpe-
HHMe B cTaHnapT SQL 3Toil BO3MOXHOCTH OBLIO NEUCTBHUTEJILHO O0OCHOBaH-
HbIM. B COOTBETCTBUM ¢ TpPaAMLIMOHHOM 0O0lIeil CeMaHTUKOI oliepaTopa
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SELECT B HEM BOOOLIE HE NIPEeAyCMaTpPUBAIH SIBHBIEC CPEACTBA ST BBIPAXCHHS
NOTpe6GHOCTH B COENMHEHUH ABYX WM G6ojee Tabauu. Harduue BO3MOXHOCTH
YKa3bIBaTh HECKOJBKO CCBHIIOK Ha TabMIBI B pa3aeie FROM U ClieUMUKALIMH
[IPOM3BOJILHOrO JIOTHYECKOrO BHIPAXEHUSI B pa3aene WHERE ISl OTpaHUYeHHST
pacLIMPEHHOr0 AeKapTOBa MPOU3BEACHUS ITHX TAGIHII TTO3BOJISIET BHIPAXATD C
MOMOIIBIO TPAIULIMOHHKIX cpeacTB SQL coenMHeHUEe 06UIEro BUAa B CMBICIIE
Konna, u 10 MOpH 10 BpEMEHH 3TO CUMTANIOCH HIOCTATOYHBIM.

BHellHMe coeANHEHMNA

Ho uMeroTcs ABa BAXKHBIX YACTHBIX CIy4asi COGAUHEHUM, KOTOPHIE BbIpa-
XaI0TCA ¢ MTOMOUIBIO TPAIUIIMOHHBIX cpeacTB SQL MaTULIHEe rpPOMO3IKO,— 3TO
€CTeCTBEHHBIC M BHEIIHHE COeAUHEHUsI. [Ipyu HaMMUMKU BO3MOXHOCTH Onpee-
JIEHHst BHELIHUX KITIOYEH TABIMIIBI KAXETCS JOCTATOYHO CTPAHHOK MOTPEOGHOCTh
BCSIKMIA pa3 SIBHO YKa3bIBaTh B 3alpOCax YCJIOBUE €CTECTBEHHOTO COCAMHEHMS.
HanpuMep, BO MHOTHX PUMEPAX 3aMPOCOB B JICKIIMU 14 MPUCYTCTBYET YCIOBHUE
coeIUHEeHHUs EMP.DEPT_NO = DEPT.DEPT_NO B TeX CJy4asix, KOraa B OE€HCTBH-
TEJLHOCTU HaM TpeOOBaJICs pe3yJIBTAT Onepauuy EMP NATURAL JOIN DEPT.

BHemHue coeauHeHust ObUTH BBeIEHHI elle DnrapoM Komaom B 1979 . B
1IeJIOM, OCHOBHasl HAesl 3TOH Pa3HOBHAHOCTH OMEpallUM COeIUHEHHUS COCTOsLIA
B TOM, 4TO, C ODHOM CTOPOHB!, PE3YJIETaT ONepalui OOLIYHOrO COCIMHEHUS ABYX
OTHOLICHUIA MOBHILIAET HHPOPMAUMOHHBI YPOBEHb JAHHBIX, TTIOCKOJIBKY B pe-
3yJIbTATe OMNEepauud MB MMeeM WHGOPMAlUMOHHO CBs3aHHBIC maHHbie. Ho, ¢
JIPYTOi CTOPOHBI, B Pe3Y/IETUPYIOLIEM OTHOLIEHUH MBI TepsieM MH(pOpMaLHUio 06
HMCXOOHBIX 0OBEKTAX, KOTOPhIE OKA3a/IMCh HECBSI3AHHBIMHU M HE BOILUIX B Pe3YJib-
Tat coeMHeHust. Koma npuayman, KaK, MCMOJIb3Yysl HEOMNpeae eHHbIC 3HAYEHMS,
onpeaeauTh 06001IEHHYIO OTtepaLlutIo, KoTopas 6yaeT 06/1a1aTb JOCTOMHCTBAMM
OOBIYHOI OrNepauu COEAMHEHHUS, HE MPUBOIS K ITOTEpe UCXOOHOH HHGpOpMa-
uuMu. BepHee, OH MpeaIoXWI TPU ONEpaUMU; JIEBOE BHEIIHEE COCAUHEHUE, TIpa-
BO€ BHELIHEe COeAUHEHHE M MOJHOE (CMMMETPUYHOE) BHEIIHEE COCIWHEHUE.
IIpuBeneM ux onpenencHus (B peAsSLIMOHHBIX TEPMUHAX JAHHOTO Kypca).

ITycTh UMEIOTCA OTHOIIEHMS rl U r2, COBMECTUMEIE OTHOCHUTEJIBHO OMe-
paluMU B3SITHSI PAaCLUMPEHHOTO I€KapToBa nnpousBeneHus. I1ycTs s sBnsercs pe-
3y/IBTATOM OIepauuM r1 LEFT OQUTER JOUN r2 WHERE comp (JIEBOC BHELIHEE
COelIMHEHHE r]1 U r2 M0 YCJIOBUIO comp). Torna Hs = Hrl union Hr2. Ilycth
trl € Briutr2 € Br2. Torga trl union tr2 € BS B TOM M TOJBKO B TOM CJIy-

yae, Koraa comp (trl union tr2) = true. Eciu uMeeTcs KopTex trl € Brl,
JUIST KOTOPOTO HET HU OOHOTO KOpTeXa tr2 € r2, TaKoro, 4yTo comp (trl union
tr2) = true,To trl union tr2,,; € Bs, TA€ trl,; — KOPTEX, COOTBETCT-

BYIOLUMHA Hr2, BCE 3HAYECHUS KOTOPOIO ABJISIOTCS HCOI’IpC}lCJIeHHbIMI/l*.

* 3nech Mbl NpHGeraeM K KOMITPOMHCCY MEXIY PeJIALMOHHON TepMHHONOTHEN H MOIENbIO JAHHBIX
SQL: KOHe4YHO, B peJIALIMOHHON MOOEN KOPTEX U3 HeoTpeie/leHHBIX 3HAYeHHIA HE MOXET COOTBETCT-
BOBATh 3ar0JIOBKY OTHOLUEHHS, IOCKOJIbKY NULL He ARIAETCA 3Ha4YeHHEM HH OQHOTO THITA JAHHBIX.
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TlycTh s sIBIsIETCS PE3yABTaTOM oflepallii r1 RIGHT QUTER JOUN r2 WHERE
comp (TIpaBoe BHEIITHEE COCAMHEHME r] M r2 110 YCIOBUIO comp). Torna Hs = Hrl
union Hr2. ITlycre trl € Briu tr2 € Br2. Toraa trl union tr2 € Bs BTOM 4
TOJILKO B TOM CJIydae, Koraa comp (trl union tr2) = true. Eciu uMeeTcst Kop-
TeX tr2 € Br2, 1Sl KOTOpOro HET HA OQHOIO TakKoro Koprexa trl € Brl, 4ro
comp (trl union tr2) = true,To trl,;; union tr2 € Bs, A€ trl,;; — KOPTEX,
COOTBETCTBYIOLIMIT Hr1, BCE 3HAYEHUS KOTOPOTO SIBJISIIOTCS HEOTPEAEACHHBIMHU.

HakoHel1, mycTh s SIBASIETCA PE3YyABTaTOM ONe€palMu rl FULL OUTER
JOUN r2 WHERE comp (MOJHOE BHEUIHEE COEAUHEHHE rl U r2 IO YCIOBHIO
comp). TormaHs = Hrl union Hr2. Ilyctb trl € Brilv tr2 € Br2. Torpa trl
union tr2 € Bs BTOM M TOJBKO B TOM Cllydae, Koraa comp (trl union tr2)
= true. Ecnu uMeeTcs KopTeX trl € Brl, sl KOTOPOro HET HU OAHOTO KOp-
TeXa tr2 € Br2, TaKOTO, 4TO comp (trl union tr2) = true,TO trl union
tr2.1: € Bs, TO€ tr2,,;; — KOPTEX, COOTBETCTBYIOUIUHI Hr2, BCE 3HAYEHUS KO-
TOPOTO SIBJISIIOTCSI HEOMpeAeNeHHbIMU. ECITH HMeETCs KOpTeX tr2 € Br2, Ajs
KOTOpOTO HET HHM OJHOTrO KOpTeXa trl € Brl, TaKOro, 4To comp (trl union
tr2) = true,TO trl,,;; union tr2 € Bs,TOe trl,,;; — KOPTE€X, COOTBETCT-
BYIOLIMI Hrl, BCE 3HAYEHUS KOTOPOTO SIBIISIIOTCSI HEOTIPEACTIEHHBIMHU.

IToHsATHO, YTO TPAAMIIMOHHBIMH CpeAcTBaMH SQL MOXHO BHIPa3WTh BCE BHIBI
BHEIIHUX COEAUHEHHH (HaTIpUMEp, C MCTIONb30BAHKUEM TIEPEKITIOYaTeNieil), HO TaKue
3anpochl O6yIyT odeHb TpoMO3TKMMH. KoMmmanuu-npoussoaureny SQL-opueHTH-
poBaHHbIX CYB/I nbITaiuch 006ecrneyrBaTh BeIpa3UTeIbHbIE CPEACTBA BHEIIHUX CO-
€IMHEHHWI ITyTeM paclliUpeHUsl CUCTEMbI 0003HAYCHUH A5 OTepaliuii CpaBHEHMSL.
Drot nozaxox 6bU1 HE CIUIIKOM YIaYHBIM U He 00€CTIeYHBaj1 OOLIETO PEeIeHHS.

B cranpapre s3pika SQL crienuduimpoBaH OTAEIBHBIN ClIeMATN3HPOBaH-
HBIH OXBSI3BIK LTI YOPMHUPOBAHUS BhIpAXKeHMH coequHeHUs Tabnuil. Takue BhIpa-
JXEHUS Ha3bIBAIOTCS COCOIMHEHHBIMM TAOMIIaMM, M MIX MOXXHO MCTIO/IB30BATh B Ka-
YeCTBE CChUIOK Ha TabJIHIIBI B CITUCKE pasaena FROM. Pazpaborumku ctangapra SQL
HeE JIOOSIT MEIBYUTD — B A3BIKE AOITYCKAETCSl 14 BUIOB COCIMHEHUIM:
® MpSIMOE€ COEAUHEHMUE;
¢ BHYTPEHHEE COEIHMHEHHE IO YCIIOBHIO;
® BHYTpEHHEe COEAMHEHHE I10 COBIANEHHUI 3HAUYEHHI YKAa3aHHBIX OJHO-
MMEHHBIX CTOIOLI0B;
€CTECTBEHHOE BHYTPEHHEE COCAMHEHHUE;

JIeBO€ BHELTHee COeIUHEHHE I10 YCIOBHIO;

IpaBO€ BHELIHEE COCAUHEHHUE 10 YCIIOBHIO;

MOJIHOE BHEIIHEE COEAMHEHHUE IO YCIIOBUIO;

JIeBO€ BHEIIHeE COCAMHEHHE IT0 COBITANEHUIO 3HaYeHUH YKa3aHHBIX OJHO-

HMMEHHBIX CTOJOLI0B;

® [IpaBO€ BHELIHEE COEAMHEHUE 10 COBHAACHMIO 3HAYEHU M YKA3aHHBIX OOHO-
MMEHHBIX CTOJIOLIOB;

® [I0JJHOE BHENIHEE COEAUHEHHE M0 COBMAACHUIO 3HAYEHUH yKa3aHHBIX OTHO-
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HMEHHBIX CTOJIOLIOB;

€CTeCTBEHHOE JIeBoe BHEIIIHEe COeIUHEHHE;
€CTeCTBEHHOE IIpaBoe BHELIHEE COeIMHEHHE;
€CTeCTBEHHOE II0JIHOE BHEIIIHEE COeTHHEHHE;
coeqHeHHE 00beIHHEHHEM.

Bo Bcex 3THIX omepalusix HET HUUEro CJIOXHOIO, HO MX HeopMatbHOe
OIHCaHHe HCKIIOUUTENILHO TpoMo31Ko. [ToaToMy B pasgnene «bonee cioxHbie
KOHCTPYKIIMH OIlepaTopa BEIOOPKM» MBI OIIPEACIIIeM OIepalliid Ha (popMasb-
HOM YPOBH€, a IIOTOM WUIIOCTPHPYEM MX Ha IIPUMEpax.

HakoHelr, nocjaenHsst TeMa 3TOM JIEKIIUKM OTHOCHUTCS K elle OMHOMY THITY
CCBUIOK Ha TaGIMILY, AOITyCKaeMbIX B pa3ziesie FROM: HopoxcoaeMbiM mabauyam ¢
20pU30HMAanboli céAzbio. MaKTUUECKN NopoXaaeMasi TablIuIa C TOPU3OHTIb-
HOM CBSI3BIO MPEICTaRIsAET cOOOH BhIpaXeHHE 3al[POCOB, B KOTOPOM MOXET
IIPUCYTCTBOBATh KOPPEJALIMA CO CTPOKAMM TAOGIHIl, crelln(UIIMPOBAHHBIX B
CIIMCKE pa3fesia FROM creéa OT JAHHOM MOPOXIAeMOM TaGIMILI C TOPH30H-
TaJIbHOH cBs3b10. Hayimune nopoxmaeMsbIX TabJIMIL ¢ TOPU3OHTAIBHOI CBA3bIO
TpeOyeT HEKOTOPOIo YTOUHEHHsI CEMAHTHKH BHIIIOJHEHHS pasziesia FROM ole-
paropa SELECT. [1o HallleMy MHEHHIO, 3TO CPEICTBO ABJIAETCA IMOJHOCTBIO U3-
OBITOYHBLIM, XOTA U He BPEIHBIM, [IOCKOJIBKY €T0 PeaIH3aliusA He JOJDKHA BhI-
3bIBaTh 3aTPYAHEHUN H/HIH CHIXATh 3 PEKTUBHOCTh CUCTEMEI.

ArperaTHbie ¢GpYHKUMM, PYNNMPOBKa U YCNOBUSA
paspena HavING

B 3TOoM pa3snesie MBI cHcTEMaTHYECKH O0OCYIUM BCE ACIIEKThI IPYTIIIHPOB-
KH TaOJIHI] M BLIMUCIIEHHA arperaTHhIX ¢yHKIMiA. HekoTophle TeMBI yXe 3aTpa-
TMBAJHCH Ha He()OPMAJTBLHOM YPOBHE B IIPEIbIAYIIIHNX JIEKITUAX,

CemMaHTMKa arperartHbixX GyHKUMA

ArperatHble ¢YHKUHH (B cTaHgapTe SQL oHM HaswIBaloTCS QYHKIIUAMH Hazl
MHOXECTBaMH)* OIpenesiioTCs CASAYIONIMMHA CHHTAKCHYECKHMH TTPABWJIAMH;

<set_function_specification> ::=
COUNT (*)
| set_function_type ([DISTINCT | ALL ] value expression)
| GROUPING {(column_reference)
<get_function_type> ::=
{ AVG | MAX | MIN | SUM | EVERY | ANY | SOME | COUNT }
* Oba TepMHUHa SABASIOTCS NpHEMIEMBIMH. Peub uet o6 aepecamubix ¢yynxkyusax, OCKOIbKY apry-
MEeHTOM (DYHKIIHH SIBJISIETCS arperaTHoe (COCTaBHOE) 3HaueHHUe. Peus uIieT o gpyrkyusx nad muoice-
cmeamu, TIOCKOJIbKY apTYMEHTOM (bYHKIIMH SBISETCA MHOXECTBO (B 001LIEM CITydae, MyJIETHMHOXE -

cTBO) 3HauyeHUH. Ho 6osiee npaBWwiIbHO OBUIO Obl TOBOPHUTE O 2PYNNOguix (YHKLUAX, TIOCKONIBKY B
6ONBILIMHCTBE CIIyyaeB Takvie GyHKIMH paboTaloT Ha 3HAUEHHUSX CTONOLIOB IPYNI CTPOK.
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Kak BuaHo u3 3mux npaswt, B ctaHaapre SQL:1999 onpenesieHs! MSITh CTaH-
JIAPTHBIX arperaTHbIX PyHKIIMIA: COUNT — YHUCJIO CTPOK WIH 3HAYEHWH, MAX — MaK-
CHMAIbHOE 3HaYeHHe, MIN — MUHHMAJIBHOE 3HaYeHHE, SUM — CyMMapHoOe 3Haue-
HUE U AVG — CpeHee 3HaUYeHHe, a TAKKE B «KBAHTOPHbIe» (PYHKIIMH EVERY U
SOME (ANY). B mocjaeqHux IByX CJIy4asx BhIpAXEHHE TOJDKHO UMETh Oy/1eBCKUIA
Tun. O6cyxaeHue GyHKUMH GROUPING MBI OTIIOXUM 0 CIACIYIOLUEH JIEKLIUH.

ArperaTHble (PYHKILHH TTPeAHA3HAYEHB! [T TOTO, YTOOB!I BBIYUCIISTH HEKO-
TOPOE 3HAUYECHME 1151 3aIaHHOTO MYJIETHMHOXECTBA CTPOK. TaKMM MYJTETHMHOXE-
CTBOM CTPOK MOXET OBbITh I'PYITNA CTPOK, €CJIU arperaTHast GyHKIIUS TPUMEHSIET-
¢Sl K CTPYIIIMPOBAHHOMN TaOJIHLIEe, WIH (B BRIPOXISHHBIX CJIyYasix) BCA TabaMLIA.
s Bcex arperatHbix GyHKIIMM, KpoMe COUNT (* ), haKTHUYECKHIA (T. €. TpeOye-
MBI CeMAHTHKOI1) MOPSLIOK BEYMCIECHHUH COCTOUT B ClleaytouieM. Ha ocHOBaHHU
MapaMeTPOB arperaTHoi GyHKIMM U3 3alaHHOTO MYJIBTUMHOXECTBA CTPOK MPO-
W3BOIMUTCA CITHCOK 3HaUYEeHHWH. 3aTeM T10 3TOMY CITUCKY 3HAa4eHUH TTPOU3BOIUTCSA
BRIYMCIEHHe QYHKIIMKA. EcnyM CrMcOK OKasacsl MyCThIM, TO 3HAYeHHEM (DyHK-
LM COUNT /i HeTo sIBjisieTcs 0, 3HaueHMeM (QyHKIIMM SOME — false, 3HaUeHUEM
byHKIMH ALL — frue, a 3HaUEHHEM BCEX OCTAIBHBIX (DYHKIIMM ~ NULL.

ITycTh T 0603HAYAET THIT 3HAYEHUH U3 3TOTO CITMCKA (BEPHEE, «<HAUMEHD-
IHU oOLIMit» TUM, CM. pa3nen «CKansipHble BRIpaXeHUs» Jekuuu 13). Tunw
3HA4YeH M arperaTHhIX GYHKIIMI OTIpEAeAIOTCA CIEAYIOLIMMH TTPaBUIAMH.
® Pe3yibsraT BRIYMCIEHHSA (GyHKIMU COUNT — 3TO TOYHOE YUCIIO C TOUHOCTHIO

M IIKAJIOH, KOTOPHIE ONPEAESIIOTCS B pEATM3aLINH.
o Tun pesynsrara 3HaYeHHH QyHKUMIA MAX M MIN coBrianaer ¢ 7. [1pu BermcIie-
HUM QYHKLUMH SUM M AVG THIT T He NOJDKEH OBbITh TUIIOM CMMBOJIBHBIX CTPOK.

s Eciau T npencrapisier COO0H TUM TOYHBIX YHCEN, TO U THIIOM PE3yJIb-
TaTa QYHKLHUHU ABJIAETCA THI TOYHBIX YHCEN C ONpeleNiieMbIMH B pea-
JIN3aLMH TOYHOCTBIO U LIKAJIOM.

» Eciau T npencraBisieT co00i THIT TPHOJU3UTEIBHBIX YUCET, TO U TH-
TIOM pe3yNbTaTa PYyHKUHH SIBISAETCSA THIT PUOIH3UTEBHBIX YHCET C
ONpeneIsIeMOM B peaTM3allii TOUHOCTHIO.

o JInst pyHKUMIT EVERY M SOME T sIBs€TCS 6YJIEBCKUM TUITOM.*

n [lepBasi QyHKIIMS MPUHUMAET 3HAYEHHUE frie B TOM M TOJBKO B TOM
cJIyyae, KOTJa BBIYHUCJICHHME BBIPAXECHHSA-aPTyMEHTA AAaeT 3HAYCHHE
true VIS K&XIOH CTPOKH M3 3aaHHOI0 Habopa CTPOK. U false — Korma
3HaYyeHHE BBIPAKECHHUSA-apTYMEHTA €CTh false XOTs OBl 1 OTHOM CTPO-
KH M3 33]aHHOTrO Habopa CTPOK.

n  PyHkuMa SOME NpUHUMAaeT 3HaYeHHe false B TOM M TOJTBKO B TOM CJTy-
yae, Korjga 3HayeHHEe BBIPAXKCHHUSI-apIyMEHTa €CThb false s Kaxaoit
CTPOKH M3 33aHHOTO Habopa CTPOK, H frue — KOTJa 3HAaYeHHE BhIpa-

* TTockonbky, Kak orMedaitoch B Jlekimu 11, B SQL K 6yJ1eBcKOMY 3HaYeHHUIO uknowrn NPUHATO
OTHOCHTBCS TOUHO TaK Xe, KAK W K HeOmNpeleJIcHHOMY 3HAYeHMIO, B CIHUCKE 3HaUeHWH s
BBIYUCIIEHUS 3THX GYHKUHUH He OCTaHyTCs 3HaueHHMs uknown.
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XEHUSI-APTYMEHTA €CTh frie XOTsI OBl [UIs1 OMHOU CTPOKH U3 3aIaHHOTO
Habopa cTpok.

Briuucnenue ¢dyHKIMU COUNT (*) MPOWU3BOAUTCS IMYTEM MOMCYETA YUCA
CTPOK B 3alaHHOM MYJIBTUMHOXecTBe. Bce cTpokU cuuTaroTesl pa3nu4HBIMH,
JIaXe €CIM OHU COCTOSIT U3 OJHOTO CTONOLA cO 3HaYeHUeM null BO Bcex CTPO-
Kax.*

Ecnu «apudMeTnyeckas» (AVG, MAX, MIN, SUM, COUNT) arperatHas GyHK-
s creuu(pULIMPOBaHa ¢ KJIIOYEBBIM CIOBOM DISTINCT, TO MHOXECTBO 3Ha-
YeHUH, HA KOTOPOM OHa BBIYUCISIETCS, CTPOUTCS W3 3HAYECHUH yKa3aHHOro
BBIPAXKEHMSI, BHIYMCISAEMOTO JUTSI KAXI0M CTPOKH 3aJTAHHOI IPyTIBLI CTPOK. 3a-
TEM U3 3TOr0 MYJBTUMHOXECTBA YHAJISIIOTCS HEONPEACIECHHbIC 3HAYEHUS, U B
HEM YCTPaHSIOTCS 3HAYeHUSI-TYOTUKaTH (T. €. 00pa3yeTcss MHOXecTBO). [locte
3TOTO BLIYUCISIETCS YKa3aHHAsA (yHKLIMSA.

Ecnmu arperatHasi ¢pyHKUMS crieuuduuupoBaHa 6e3 KII0YeBOTro CIOBa
DISTINCT (WIM C KJIIOYEBBIM CIOBOM ALL), TO MYJIETUMHOXECTBO 3HAYCHUU
dopMupyeTcs U3 3HAYEHUIH BBIPAXKEHUS, BEIYUCISIEMOTO IS KAXI0i CTPOKH
33JJaHHOM TPYTIIBI CTPOK. 3aTEM M3 3TOr0 MYJILTUMHOXECTBA YIAISIOTCS HEO-
NpeaeACHHbIE 3HAYEHUS, U IIPOU3BOAUTCS BHIUMCICHUE arperaTHON (yHKIIMH.

Pe3ynbraTthl 3anpocoB U arperaTHble GyHKLUN

06 Mcnonb30BaHUU arperaTHbIX yHKIIMI B pasaenax HAVING u SELECT
omneparopa BBIOOpDKM YIIOMHHAJIOCL B pasiene «OO6lIMe CHHTAKCHYECKHE
NIPaBWJIA MOCTPOEHUSA CKAJISIPHBIX BHIPAXKEHUIA» ieKuuu 13. B taHHOM noapa3s-
JieJle YMECTHO IOBTOPUTEL M YTOYHUTDL 3TOT MaTepUaJl.

ArperatHble (PYHKILIMY MOXHO Pa3yMHbIM 00pa30M HCIIONB30BaTh B CITUCKE
BBLIOOPKH (MPH MOCTPOEHUH BLIPAXKEHHUIHA , SIBJISIOUIAXCSA 3IEMEHTAMM BLIOOPKH) U
B JIOTMYECKOM BBIDAXEHHWH pa3fiesia HAVING (BepHee, B BBIDAXKCHHUSIX, BXOISLIIAX
B NPOCTHIE yCJIOBHsI). PaccMOTpyMM pasHbI€ ciaydad NMPUMEHEHHS arperaTHbIX
(yHKUMIA B CIUCKE BEIGOPKU B 3aBUCUMOCTU OT BUJ1A TAGIMYHOIO BHIPAXKEHMSL,

Ecnu pe3yasTaT TabJIMYHOrO BHIPAXEHUSI R HE ABJAECTCS CrpyNIMPOBaH-
HOM Tabnuuei (T. €. B TAOIUYHOM BBLIpAaXEHHUHM OTCYTCTBYIOT pasfesibl GROUP
BY ¥ HAVING), TO MOSIBIE€HHUE B CIIMCKE BBIOOPKH XOTS 6B OHOTO BHI30BA ar-
peraTHOH (yHKUUH OT (MYJIBTH) MHOXECTBA CTPOK R IMPUBOJIUT K TOMY, YTO R
HESIBHO pacCMaTpUBAETCS KaK CrpyINIUpPOBaHHAs TabaULIA, COCTOSIIIAS U3 Of-
HOM (WJTM HYJISI, €CJTU R IIYCTO) TPYIII ¢ OTCYTCTBYIOIIMMH CTONOLIAMU TPYTIIH-

* O6paTUTe BHHMaHKE Ha TO, YTO 3TO €Ilie OIMH BUA pa3iuyeHHs cTPoK B SQL M erie ofiHa CKpPHI-
Tast HHTEPMPeTall¥s HEOMpeIeIeHHOrO 3HauYeHusl. COUNT (*) paboTaer Tak, KaK €c/id Obl BRIMOJI-
HAJIOCh COOTHOLIEHHE (NULL = NULL) = false. TeM caMbiM, B SQL Np¥MeHSIOTCS BCe TPH BO3ZMOX-
Hele WHTeprpeTauMu NULL. Ilpd BBMMCIEHMHM JIOTMUYECKUX BBIDAXEHHIi nmonaraetcss (NULL =
NULL) =uknown; TIpH ONpeeJieHUH CTPOK-IYOIMKAaTOB HESIBHO CYMTAETCs, YTO (NULL = NULL)
=frue; HaKOHell, NMPH BBIYUCIEHUMU arperaTHOW (PyHKUMH COUNT(*) HesIBHO MOJIAraeTcsi, YTo
(NULL = NULL)=false. KoHeuHO, B TAKOH «TPOHCTBEHHOCTH» HET HUYETO XOPOILIEro, HO B KOHTEK-
cTe a3pika SQL NpUXOaNTC MUPUTLCS € 3TUM U IPYTHMH HETATUBHBIMH NMOCJIEICTBHAMH HATHUHA
HEONpeIeeHHBIX 3HAYECHHUH.
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poBaHus. [1o3TOMY B JaHHOM CJIydae B BHIpAXEHHUSX CITUCKA BHIOOPKH HE J0-
MYCKAETCA MIPSIMOE UCITOIb30BaHHUE HMEH CTOJIOLOB R: BCE OHM JOJDKHBI Haxo-
JUTHCA BHYTPH crielU¢HKALIMi BBI30BA arperaTHLIX QyHKIMA. Pe3ynsraTomM
3arpoca sBIsAeTCA TablKIa, COCTOSLIAst HE 60JIe€ YEM U3 OMHOM CTPOKM, 3HA-
YeHHUs CTOJIOLIOB KOTOPOM IMOJMYUEHBI ITyTEM NPUMEHCHUS arperaTHbIx QyHK-
LUK K R.

AHaJIOTHYHO OOCTOMT JIeJI0 B TOM ClIyyae, KOrja R IpeacTaBiseT co60oi
CTPYIIITUPOBAHHYIO TaOJIMIY, HO TaGJIMYHOE BBHIPAXKCHHUE HE COAECPXUT pasjeiia
GROUP BY (M, CJIEHOBATEIBLHO, COAEPXKUT pa3fiei HAVING). B atoM ciayvae cuu-
TAETCs, YTO PE3YyJBTAT TAOJHUYHOIO BBIPAXKEHHSI SIBHO OOBSBIEH CTPYITIIUPO-
BaHHOM TabNU1IEH, COCTOSLIEH U3 OAHOM TPYMIIbL, X PE3Y/bTAT 3aIpOca MOX-~
HO (POpMHPOBATH TOJIBKO ITyTEM ITpUMEHEHM arperaTHhIX GyHKIIMM K JaHHOH
rpyme cTpok. OnsATh pe3yJbTaToM 3ampoca sIBsieTcs TabiuLa, COCTOsIIaN
He 60Jiee 4eM U3 OJHOM CTPOKM, 3HAYEHHUS CTOJIOLIOB KOTOPOH TOJIyYEHBI ITy-
TeM TIPUMEHEHHS arperaTHhIX byHKLUHMIA K R.

HakoHel, paccMOTpHM cCiIy4al, KOraa R IPEACTABISIET COO0M «HACTOs-
HIYIO» CTPYIIITUPOBAHHYIO Ta6JIHLLY, T. €. TaGJIMYHOE BBIPAXKEHUE COAEPKUT pa3-
Jen GROUP BY, H, CJIEIOBATEIIbHO, ONIPEACIICH O KpaiHEH MEpe OMUH CTOIOEL]
TPYNIUPOBAHUA (T. €. HMEETCS XOTA Obl OMMH TaKOM CTONOEL, YTO A5 JIIOOOK
TPYNIIL €r0 3HAYeHHs OJHMHAKOBHI BO BCEX CTPOKax rpymiel). B aToMm ciryyae
npaBuia GOpMHPOBAHMS CITMCKA BEIOOPKH ITOJTHOCTBIO COOTBETCTBYIOT ITPABH-
J1aM (pOpMHUPOBAHUS YCJIOBUSI BLIOOPKH pasaenia HAVING. JIpyrdMu ClIOBaMH, B
BBIPAXEHUSIX, SIBJISAIOLIMXCS DJIEMEHTAMH CIIUCKA BBIOOPKH, AOITYCKAETCS MpsI-
MO€E HCIT0JIb30BaHUE UMEH CTOJIOLIOB T'PYNIIUAPOBAHUSA, a ClieLIUM(pUKALIUN OC-
TaJbHBIX CTOJIOLIOB R MOTYT IOSIBISATLCS TOJIBKO BHYTPH crieliubukaiumii arpe-
raTHbiX QYHKLHEA. Pe3yisraToM 3ampoca ssBisieTcs TabNM1a, YHUCII0 CTPOK B KO-
TOPOI paBHO YKHCIY TPYIIII B R. 3HaY€HHS CTOJOLOB KaXIOK CTPOKH HOPMHPY-
JOTCS. Ha OCHOBE 3HAYeHUH CTONOLOB IPYNITMPOBAHUA H BbI30BOB arperaTHBIX
GYHKUMHA A1 COOTBETCTBYIOUIEH TPYIIILL.

Jloruueckue BbipaXxeHus paaaena HAVING

IMpuBeaeM MpUMEPHI UCTIONB30BAHUSA B JIOTHUECKHX BHIPAXEHHSIX pase-
Jla HAVING HEKOTOPBIX TTPeIHKATOB, OOCYXIABIIMXCS B MTPeAbLIYILICH JIEKIHH.
TeopeTHYECKH B 3THX JIOTHYECKHX BBIPAXEHUSIX MOXHO HCIMOJb30BaTh BCE
MpeIUKAThI, HO TIPUMEHEHHE TeX MPEAMKATOB, KOTOPbie Mbl IPOWLTIOCTPHPY-
eM, gBisercs 60jlee eCTECTBEHHBIM.

Npeguxars: cpasHeHus

IIpumep 15.1. Haiitu HOMepa OTAEIOB, B KOTOPHIX paboTaet poBHO 30 co-
TPYAHHKOB.
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SELECT DEPT_NO

FROM EMP

WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO

HAVING COUNT(*) = 30;

KoHeuyHo, 3TOoT 3anpoc MOXHO chOPMYJIHPOBaTh M 6€3 UCTIOIb30BaHUS
pas3nenioB GROUP BY M HAVING. HampuMep, BO3MOXHa caenywouias GpopMyan-
poBka (npumep 15.1a);

SELECT DISTINCT DEPT_NO
FROM EMP
WHERE (SELECT COUNT (*)
FROM EMP EMP1
WHERE EMP1.DEPT_NO = EMP.DEPT _NO) = 30;

O6paTute BHUMaHUe, 4YTO B (popMyTHpOBKe 15.1a oTaeabHas IpoBepkKa
ycaoBUA DEPT_NO IS NOT NULL He TpebyeTcs.

ITpumep 15.2. HaiiTh HoMepa BceX OTAEIOB, B KOTOPBIX CPEIHHI pasMep
3apIvIaThl CAyXKalux npesocxoaut 12000 py6.

SELECT DEPT_NO

FROM EMP

WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO

HAVING AVG(EMP_SAL) > 12000.00;

QueBUAHO, YTO U B 3TOM Clyyae Bo3MoxHa ¢opMyIHpoBKa 3amnpoca 6e3
HCIIOJIb30BAHUS pa3nenaoB GROUP BY M HAVING (mpumep 15.2a):

SELECT DISTINCT DEPT_NO
FROM EMP
WHERE (SELECT AVG(EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP1.DEPT_NO = EMP.DEPT_NO) > 12000.00;

HeMHoro 3aaepXAMCcs Ha 3THX IIpUMepax U 06CyAMM, YTO 03HAYaeT pas-
nuyure B GOpMYIMPOBKAX 3aIPOCOB. B COOTBETCTBUM C CEMAaHTHKOM omeparo-
pa SELECT, IIpM BBITIOJTHEHHH 3anpocoB 15.1a 1 15.2a st Kaxmoii CTpoKH Ta6-
JULBI EMP B IIUKJIE MIPOCMOTPA BHEIIHETO 3alpoca OyIeT BHITTOJTHATECS MOA3a-
MpOC, KOTOPbIA B Clyyae HAlIMX NMPUMEPOB BhIOepeT U3 TaGaUILILI EMP (EMP1)
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BCE CTPOKH CO 3Ha4eHHUEM CTOJi01a DEPT_NO, paBHBIM 3HAYEHUIO 3TOTO CTOJIO-
112 B TeKyLlieil CTpoKe BHEMIHEro HHKiIa. JIpyTHMHU CJIOBaMHU, LTSI KAXKAOH CTpO-
KW BHEHIHEro LMKJIa 00pa3yercs rpymnna, JUisl Hee [POBEPSIETCS YCJIOBHE BhI-
OOpKH, U B CIIUCKE BHIOOPKH MCITOIL3YETCSl HMS CTOJI0LA 3TOM HESIBHOH IrpyIi-
nmupoBku. M3-3a Toro, 4yro rpymmna obpasyercss M OLlCHUBACTCS M1 KaxXaoH
CTPOKH TaGNHLEBI EMP, MBI BHIHYXXICHEI yKa3aTh B pas3nene SELECT crieuuduka-
LU0 DISTINCT.

®opmyaupoBku 15.1 u 15.2 obGecriednBaoT O0jiee YeTKUE YKa3aHHUS JUIs
BBINOJIHEHHSA 3ampoca. HyXHo cpa3y crpylnnupoBaTh TaOauily EMP B COOTBET-
CTBHH CO 3HAYEHHUAMH CTOJOIa DEPT_NO, 0TOOpaThb HYXHEIE I'DYIIIbI, U IS
KaXJIOh OTOOpaHHOM rpyIIbl BBIYUCIUTH 3HAUEHUS] BHIDAXKEHHUH CITUCKA BhI-
Oopku. B 3TOM cllydyae ceMaHTHKa BBIMOJIHEHUS 3ampoca HE IMPEIITMChiBaeT
BBITTOJIHEHHS JIMIIHUX AeicTBuii. KoHedyHO, B pasBuToil peanuzaumu SQL
KOMITHWJISITOD JOJDKEeH CYMETh ITOHSITh, UTO GOopMyIHMpoBKHU 15.1a u 15.2a 3KBH-
BaJICHTHEI (pOopMYTUpOBKaM 15.1 H 15.2 COOTBETCTBEHHO, U M30€XaTh BBINOJI-
HEHUs JIMUIHUX NEHCTBUM.

ITpumep 15.3. Hatitiu HoMepa BCex OTIEI0B, B KOTOPBIX CYMMapHBIid 00b-
€M 3apIUIaThl CIyXaliMX MEHBIIIE CYMMapHOTro o0ObeMa 3apIliaTsl BCeX py-
KOBOIHUTEJIEN OTAEIOB.

SELECT DEPT_NO
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO
HAVING SUM(EMP_SAL) < (SELECT SUM(EMP1.EMP_SAL)
FROM EMP EMP1, DEPT
WHERE EMP1.EMP_NO = DEPT_MNG) ;

H B 3TOM Caydyae Bo3MOXHa (GOPMYIHMPOBKa 0e3 MCIIOIb30BaHHUs pa3ie-
JIOB GROUP BY M HAVING (npumep 15.3a). 3ta popMyaupoBka sipisieTcs 6oJiee
CJI0XHOM, YeM B c/Iydae ABYX IpeAbIIyIHX [IPUMEPOB, HO M K HEi IPUMEHH -
MBI [IPUBECHHBIC BhHIIIIE 3aMeYaHHSI.

SELECT DISTINCT DEPT_NO
FROM EMP
WHERE (SELECT SUM(EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP1.DEPT_NO = EMP.DEPT NO) <
(SELECT SUM({EMP1.EMP_SAL)
FROM EMP EMP1, DEPT
WHERE EMP1.EMP_NO = DEPT _MNG) ;
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IMpumep 15.4. /17151 KaXX10r0 OTAENa HAUTH €10 HOMED, UMSI PYKOBOAMTEJIS,
YHUCJIO CJIYKAIHUX, MUHUMATBHBIH, MAKCUMATIBHBIA U CPEIHUNA pa3Mephbl
3apIUIAThI CITYKAIIHX.

SELECT DEPT.DEPT_NO, EMP.EMP_NAME, COUNT(*),
MIN(EMP1.EMP_SAL), MAX(EMP1.EMP_SAL), AVG(EMPl.EMP_SAL)

FROM DEPT, EMP, EMP EMPI1

WHERE DEPT.DEPT_NO = EMP1.DEPT NO

GROUP BY DEPT.DEPT_NO, DEPT.DEPT _MNG, EMP.EMP_NO, EMP.EMP _NAME

HAVING DEPT.DEPT MNG = EMP.EMP_NO;

BTOT 3aMPoC WUTIOCTPUPYET HECKOJIBKO HHTEPECHBIX 0COOEHHOCTE I SA3BI-
ka SQL. Bo-nepBbiX, 3TO MEPBbIif MPUMEp 3aMpoca ¢ COETMHEHUSIMH, B KOTO-
POM TIPUCYTCTBYIOT pa3ieibl GROUP BY M HAVING. Bo-BTOphIX, OOHO YC/TOBUE
COeTHHEHUS HAXOMUTCS B pa3iesiec WHERE, a Apyroe — B paszieiie HAVING. Ha ca-
MOM JieJie, MOXHO ObUTO Obi TEPEHECTH B pa3aen WHERE U BTOPOE YCJIOBHE CO-
eJUHEHUSI, U, CKOpee BCEro, Ha MPaKTUKE UCITOJIb30BaIach Obl HOPMYITHUPOBKA,
NpUBe/IcHHas B npuMepe 15.4a:

SELECT DEPT.DEPT_NO, EMP.EMP NAME, COUNT(*),
MIN(EMP1.EMP_SAL), MAX(EMP1.EMP_SAL), AVG(EMP1.EMP_SAL)
FROM DEPT, EMP, EMP EMPI1
WHERE DEPT.DEPT_NO = EMP1.DEPT_NO
AND DEPT.DEPT_MNG = EMP.EMP_NO
GROUP BY DEPT.DEPT NO, EMP.EMP_NAME;

Ho nepBas dopMynupoBka Toxe BepHa, ITOCKOJIBKY BTOPOE YCIOBUE CO-
e¢IUHCHHUA ONpPEIeSICHO Ha CTONIOLAX IPYIIITUPOBKH.

HakoHel, ierko BUAETh, YTO 1O CYIIECTBY I'PYNITHPOBKA TPOU3BOAUTCS
IO 3HAYEHHUSAM cTOoJI0LUA DEPT.DEPT_NO. OCTalbHbIE CTOJIOLBI, YKa3aHHBIC B
CMUCKE CTONOLIOB IPYMIUPOBKH, GDYHKITMOHAIBHO ONPEIEISIOTCS CTOJIOLIOM
DEPT.DEPT_NO. TeM He MeHee, B NepBoi (hOpPMYITHUPOBKE MBI BKIIOYHIH B
3TOT CITUCOK CTOJIOLBI DEPT . DEPT_MNG U EMP . EMP_NO, YTOOBI UX HMEHA MOX-
HO OBUIO MCITOJIb30BaTh B YCJIOBUM pa3nena HAVING, u ctondel] EMP . EMP_NAME,
YTOOBI MOXHO OBUIO MCITONB30BaTh €0 MMS B CIIMCKE BBIOOPKM pasjgefia
SELECT. JIpyTMMH CJIOBaMH, MBI BHIHYKACHBI PACHIMPSATE 3aMIPOC U30BITOYHBI-
MU JAHHBIMH, YTOOBI BBIIIOJIHUTE (DOpMaNbHBIE CHHTAKCHYECKHE TPeOOBaHUA
s3bika. Kak BuaHO, BO BTOpoi OPMYJIHPOBKE MBI CMOIJIH YIATUTD U3 CITUCKA
IpYTIIIMPOBKH IBa cTonO1a. KcTaTu, He ClIeayeT AyMaTh, YTO MHOTOCJIOBHE ITep-
Bo# dopmynupoBku nomeiniaeT CYB/] BbIMOJHUTL 3aITPpOC HACTOJIBKO Xe (-
(heKTHUBHO, Kak 3ampoc BO BTOpoi (hopMynupoBke. [paMOTHO NMOCTPOEHHBIH
ontuMu3arop SQL caM npusener nepyio GOpMyIHUPOBKY KO BTOPOI.
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HakoHel, ¥ 3TOT 3anpoc MOXHO cHopMyIHpoBaTh 6€3 UCII0Nb30BaHHs
pasfena GROUP BY 3a CUET MCIIOJb30BaHMSI ITOA3aIPOCOB B CIIMCKE pa3fieia
SELECT (npumep 15.4b):

SELECT DEPT.DEPT_NO, EMP.EMP_NAME,
(SELECT COUNT (*)
FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT_NO),
(SELECT MIN(EMP_SAL)
FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT NO),
(SELECT MAX (EMP_SAL)
FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT_NO),
(SELECT AVG(EMP_SAL)
FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT_NO)
FROM DEPT, EMP
WHERE DEPT.DEPT MNG = EMP.EMP_NO;

3Aech Mbl CHOBa HMEEM 3aMacKUPOBAHHYKO TDYIIITMPOBKY CTPOK IO 3Ha-
YEHHsIM CTONOLa DEPT,.DEPT_NO M BBIYHCJIEHHME arperaTHbiX GbyHKUMI Lsi
Kaxno# rpymnsl. (PopMabHO I'PYIINa CTPOUTCS KaXKIbli pa3 3aHOBO IPU BhI-
30B€ KaXIOil arperaTHOH GyHKUMH. XopoInuil KoMnwisitop SQL momxeH
npuBecTy GOopMyIUpOBKY 15.4b kx Buny 15.4a.

H nocnenHee 3aMeyaHue. Bo Bcex MpUBEIEHHBIX HOPMYITHPOBKAX B pe-
3YJIBTAT HE MOMANyT AaHHBbIE 00 OTAEax, B KOTOPBIX OTCYTCTBYET PYKOBOAM-
Tenb (cTonbel DEPT.DEPT_MNG MOXET COAEpPXaTb HEOIpeAeleHHOe 3Haue-
HHe). BooOilie roBopsi, 3TO HE IIPOTUBOPEYHUT YCJIOBHIO 3alIPOCa, HO €C/TU OBl
MBI XOTEJIH BBLIABaTh B pe3y/IkTaTe NULL B KaU€CTBE HMEHH PYKOBOJUTENS OT-
Jena ¢ OTCYTCTBYIOIIHMM PYKOBOAHTEIEM, TO MOXHO OBLIO HEMHOIO YCJIOXHHUTD
hopMyTHpOBKY 3allpoca, HalIpUMep, CIeAyIONIMM obpazoM (npumep 15.4¢):

SELECT DEPT.DEPT_NO,
CASE WHEN DEPT.DEPT _MNG IS NULL THEN NULL
ELSE (SELECT EMP.EMP_NAME
FROM EMP
WHERE EMP.EMP_NO = DEPT.DEPT_MNG),
COUNT(*), MIN(EMP1l.EMP_SAL),
MAX (EMP1.EMP_SAL), AVG(EMPl.EMP_SAL)
FROM DEPT, EMP, EMP EMP1
WHERE DEPT.DEPT_NO = EMP1.DEPT_NO
GROUP BY DEPT.DEPT_NO;
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Npegukar between

ITpumep 15.5. Haittu HoMepa OTAEJIOB H MUHUMAIBHBIA U MaKCUMAaJlb-
HBIH pa3Mep 3apIUIaThl CIyXalIuX I OTACNIOB, B KOTOPBIX CPEAHMMA pa3-
Mep 3apIUiaTel CIYXallMX He MeEHBIIEe CpPeIHETo pa3Mepa 3apIulaThl
CIyXalllMX BO Bceil KOMITAHMM M He 6osbiiie 30000 py6.

SELECT DEPT_NO, MIN(EMP_SAL), MAX(EMP_SAL)
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO
HAVING AVG(EMP_SAL) BETWEEN
(SELECT AVG(EMP_SAL)
FROM EMP) AND 30000.00;

Eire pa3 npuBeaeM BO3MOXHYIO (POPMYIMPOBKY 3TOrO 3ampoca 0e3 Hc-

MONB30BaHUA pa3fenoB GROUP BY M HAVING (mpumep 15.5a):

SELECT DISTINCT DEPT_NO, (SELECT MIN(EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP1.DEPT_NO = EMP.DEPT_NO),
(SELECT MAX(EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP1.DEPT NO = EMP.DEPT_NO)
FROM EMP
WHERE (SELECT AVG(EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP1.DEPT_NO = EMP.DEPT_NO) BETWEEN
(SELECT AVG(EMP_SAL)
FROM EMP) AND 30000.00;

Kak BUJIHO, OTKa3 OT UCITOJIb30BaHHUA pa3aena GROUP BY ITPUBOIMT K pa3-

MHOXEHHUIO OJHOTUIIHBIX TIOA3aIlpOCOB, CTPOSALIMX OJHY U Ty Xe€ IpYIIIy
CTPOK, HaJl KOTOPO BRIYMCIAETCSA arperaTHas GyHKIIMA.

Npeankar null
ITpumep 15.6. Haiftu HoMepa U YUCTO CTYyXAIMX OTAENIOB, JAHHKIE O PYKO-
BOJMTEJISIX KOTOPBIX HE COIEepXaT HOMEP OT/eNna (KOHEYHO, B 3TOM cilydae
HAC MHTEPECYIOT TOJIBKO T€ OTAENEI, Y KOTOPHIX HMEETCS PYKOBOIMTEND).

SELECT DEPT.DEPT_NO, COUNT(*)
FROM DEPT, EMP EMP1, EMP EMP2
WHERE DEPT.DEPT NO = EMP2.DEPT_NO
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AND DEPT.DEPT_MNG = EMP1.EMP_NO
GROUP BY DEPT.DEPT_NO, EMP1.DEPT_NO
HAVING EMP1.DEPT_NO IS NULL;

Kak u B mpumMepe 15.4, ycnosHe pa3neia HAVING MOXHO ITepEMECTUTD B
pasnes WHERE U TOJIYYUTh BTOPYIO (hopMyTUpPOBKY (npumep 15.6a):

SELECT DEPT.DEPT_NO, COUNT(*)

FROM DEPT, EMP EMP1, EMP EMP2

WHERE DEPT.DEPT_NO = EMP2.DEPT_NO AND
DEPT.DEPT_MNG = EMP1.EMP_NO AND
EMP1.DEPT_NO IS NULL

GROUP BY DEPT.DEPT_NO;

KcraTH, B 3TOM Cilydae, MOCKOJBKY B 3a1IPOCE IPUCYTCTBYET TOJILKO OIHH
BBI30B arperatHoil (pyHkuuu, opMyrHpoBka 6e3 UCMOJB30OBAaHMS pa3menia
GROUP BY oka3miBaeTcs 0osiee MOHATHOM M He MeHee 3(deKTHBHOM (Iaxe mpu
CJIeOBAaHMH MpeATHCAaHHOM CeMaHTHKE BHIITOJIHEHUS orepaTropa SELECT), 4To
roka3ssiBaeT npumep 15.6b:

SELECT DEPT.DEPT_NO, (SELECT COUNT (*)
FROM EMP
WHERE DEPT.DEPT_NO = EMP.DEPT_NO)
FROM DEPT, EMP
WHERE DEPT.DEPT_MNG = EMP.EMP_NO AND
EMP.DEPT_NO IS NULL;

lMpeaunkar in

ITpumep 15.7. HaiiTu HoMepa OTAEIO0B, B KOTOPHIX CPEAHUMN pa3Mep 3ap-
IUIATHI CYXAaIUX paBeH MaKCUMAJILHOMY pa3Mepy 3apIUiaThl CIIyXKallux
KaKoro-jaubo Apyroro otaena.

SELECT DEPT.DEPT_NO
FROM DEPT, EMP
WHERE DEPT.DEPT NO = EMP.DEPT_NO
GROUP BY DEPT.DEPT_NO
HAVING AVG(EMP.EMP_SAL) IN
(SELECT MAX (EMP1.EMP_SAL)
FROM EMP, DEPT DEPTI1
WHERE EMP.DEPT_NO = DEPT1.DEPT_NO
AND DEPT1.DEPT_NO <> DEPT.DEPT_NO
GROUP BY DEPT.DEPT_NO) ;
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DTOT 3ampoc, MIOMHUMO MMPOYero, IEMOHCTPUPYeT HATHYKE B YCJIOBHM pa3iena
HAVING BJIOXEHHOTO monsamnpoca ¢ Koppensiuyei. Kak u paHbliie, MOXHO H30a-
BUTBECS OT pa3feioB GROUP BY M HAVING BO BHEILIHEM 3anpoce (nmpumep 15.7a):

SELECT DEPT.DEPT_NO

FROM DEPT

WHERE (SELECT AVG(EMP_SAL)
FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT_NO) IN
(SELECT MAX(EMP1.EMP_SAL)
FROM EMP, DEPT DEPTI1
WHERE EMP.DEPT_NO = DEPT1.DEPT_NO

AND DEPT1.DEPT_NO <> DEPT.DEPT_NO

GROUP BY DEPT.DEPT_NO) ;

Ho B 1aHHOM ClTyyae MBI HE MOXeM 0TKAa3aThCsl OT pasjiesia GROUP BY BO
BTOPOM BJIOXEHHOM 3alpoce, MOCKOJbKY 6e3 3TOro HeBO3MOXHO IMONYYUTh
MHOXECTBO 3HAUYEHHIA pe3yJIETATOB BEI30BA arperaTHoN (PyHKIIWH.

lNpeaukar like

IIpumep 15.8. Bo Bcex oTnenax HaiiTH KMEHA M YUCIIO CIYXAIIUX, Y KOTO-
pHIX B JAaHHOM OTHEJIE UMEIOTCS OgHOMaMIIbILI U (PaMIIUKH KOTODPBIX
HauYHHAIOTCSA CO CTPOKM CHMMBOJIOB, H3o0paXamliei haMUWIHIO PYKOBO-

JHUTEJIS OTIea.
SELECT EMP_NAME, COUNT(*)

FROM EMP, DEPT
WHERE EMP.DEPT NO = DEPT.DEPT NO
GROUP BY DEPT.DEPT_NO, EMP_NAME
HAVING COUNT (*) > 1
AND EMP.EMP_NAME LIKE (SELECT EMP1.EMP_NAME
FROM EMP EMP1
WHERE EMP1l.EMP_NO = DEPT.DEPT MNG) || ‘%’';
KoHeyHo, 11 B 3TOM Cily4yae yCJIOBHE C IMPeAMKAaTOM LIKE MOXHO repeMe-
CTHTBh U3 pa3fena HAVING B pa3fes WHERE. DTOT 3aMpoc MOXHO nepedopMyu-
poBaTh B BHJE, JIMIIEHHOM pa3aefioB GROUP BY u HAVING (mpumep 15.8a), Ho
BPSLI JIH 3TO Pa3yMHO, ITOCKOJIBKY (hOPMYJIHPOBKA SIBJSIETCA MEHEE ITOHSATHOH
U CYIIIECTBEHHO 60Jiee CIOXHOM.

SELECT EMP_NAME, (SELECT COUNT(*)
FROM EMP EMPI1
WHERE EMP1.DEPT_NO = EMP.DEPT_NO
AND EMPL.EMP_NAME = EMP.EMP_NAME
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AND EMP1.EMP_NO <> EMP.EMP_NO) + 1
FROM EMP
WHERE (SELECT COUNT(*)
FROM EMP EMP1
WHERE EMP1.DEPT_NO = EMP.DEPT_NO
AND EMP1.EMP_NAME = EMP.EMP_NAME
AND EMP1.EMP_NO <> EMP.EMP_NO) > 1
AND EMP_NAME LIKE (SELECT EMPl.EMP_NAME
FROM EMP EMP1, DEPT
WHERE EMP.DEPT NO = DEPT.DEPT_NO
AND EMP1.EMP_NO = DEPT.DEPT_MNG) |l ‘%’;

MNMpeankar exists

ITpumep 15.9. Haittit HoMepa OTAENIOB, B KOTOPEIX CPEIHMIA pa3Mep 3apIuia-
ThI CTyXaHIMX PABEH MaKCUMaJTLHOMY pa3Mepy 3apIUIaThl CIIyXalIUX KaKo-
ro-1160 Apyroro otraena (apyrasi GOpMyJIHpPOBKa s IpuMepa 15.7).

SELECT DEPT.DEPT_NO
FROM DEPT, EMP
WHERE DEPT.DEPT_NO = EMP.DEPT_NO
GROUP BY DEPT.DEPT_NO
HAVING EXISTS (SELECT *
FROM EMP EMP1
WHERE EMP1.DEPT_NO <> DEPT.DEPT_NO
GROUP BY EMP1.DEPT_NO
HAVING MAX (EMP1.EMP_SAL)= AVG (EMP.EMP_SAL));

B aT0i1 hopMyTHPOBKE OCHOBHOM MHTEpPEC IMPEACTABISET ITOA3aIIpoC, B
KOTOPOM KOPPEJSILIMS C BHEIITHHUM 3aIIPOCOM ITPOHUCXOIHUT YEPE3 BBI3OB arperar-
HOM (OYHKIIHH OT IPYIINBI CTPOK BHEITHETO 3aImpoca. 31ech TAKXKe MOXHO H30a-
BHUTBCS OT pas3nesioB GROUP BY M HAVING BO BHEIHEM 3anpoce (nmpumep 15.9a):

SELECT DEPT.DEPT_ NO

FROM DEPT

WHERE EXISTS (SELECT EMP.DEPT_NO

FROM EMP
WHERE EMP.DEPT_NO <> DEPT.DEPT_NO
GROUP BY EMP.DEPT_NO
HAVING MAX (EMP.EMP_SAL)=
(SELECT AVG (EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP1.DEPT NO = DEPT.DEPT NO));
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MNMpeauxar unique
IIpumep 15.10. Haiitii HoMEpa OTHEJIOB ¥ CPEAHUI pa3Mep 3apIvIaThl CO-
TPYAHHUKOB /15l TAKMX OTHEJIOB, Tle CPEeIHMIA pa3Mep 3apIUIaThl CIIyKalluX
OTJIMYAETCS OT CPEHErO pa3Mepa 3apIUIaThl BCeX APYTHX OTIETIOB.

SELECT DEPT.DEPT_NO, AVG (EMP.EMP_SAL)
FROM DEPT, EMP
WHERE DEPT.DEPT_NO = EMP.DEPT_NO
GROUP BY DEPT.DEPT_NO
HAVING UNIQIUE (SELECT AVG (EMP1.EMP_SAL)
FROM EMP EMP1
WHERE EMP1.DEPT_NO IS NOT NULL
GROUP BY EMP1.DEPT_NO
HAVING AVG (EMP1.EMP_SAL) = AVG (EMP.EMP_SAL));

Bor anbrepHaTiBHAs GOPMYIMPOBKA 3TOTO 3a1poca ¢ UCIONB30BAHUEM
npeaukara NOT EXISTS (mpumep 15.10a):

SELECT DEPT.DEPT_NO, AVG (EMP.EMP_SAL)
FROM DEPT, EMP
WHERE DEPT.DEPT_NO = EMP.DEPT_NO
GROUP BY DEPT.DEPT_NO
HAVING NOT EXISTS (SELECT EMP1.DEPT NO
FROM EMP EMP1
WHERE EMP1.DEPT_NO <> DEPT.DEPT_NO
GROUP BY EMP1.DEPT_NO
HAVING AVG (EMP1.EMP_SAL)= AVG (EMP.EMP_SAL));

lNpeaunxarsl cpaBHEeHNS1 C KBAHTOPOM

IIpumep 15.11. HaiitTh HOMepa OTHOEIOB Y CPENHUI BO3PACT CIIyXKALMX
IUTsl TAKMX OTAEJIOB, YTO HalueTcs XOTs Obl OMH APYTOil OTHEN, CPEAHHI
BO3PACT CIYXALIUX KOTOPOTro GOJIbIIIE, YEM B JAHHOM.

SELECT DEPT _NO, AVG (CURRENT_DATE - EMP_BDATE)
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO
HAVING AVG (CURRENT_DATE -~ EMP_BDATE)< SOME
(SELECT AVG (CURRENT_DATE - EMP1.EMP_BDATE)
FROM EMP EMP1
WHERE EMP1.DEPT_NO IS NOT NULL
GROUP BY EMP1.DEPT_NO);
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HanoMHuM, 4To «HWIanuuyeckas» GpyHKIUs CURRENT_DATE BBLIAET TEKY-
Iyl JaTy, W, CJIeAOBATEJIbHO, 3HAYEHUEM BbIpaXeHHS CURRENT_DATE —
EMP_BDATE sABJsieTc WHTEpBaJ, MNPEICTAaBAAIOIINNA TeKYILIU BO3pacT
cayxaiero. Ha Haut B3rsia, ¢opMyJIMpPOBKa 3TOr0 3arpoca HECKOJIBKO YIIpO-
HIAeTCS, €CIH MOJb30BaThCA NMpeaUuKaToM EXISTS (mpumep 15.11a):

SELECT DEPT_NO, AVG (CURRENT_DATE - EMP_BDATE)
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO
HAVING EXISTS (SELECT EMP1.DEPT_NO
FROM EMP EMP1
WHERE EMP1.DEPT _NO IS NOT NULL
GROUP BY EMP1.DEPT_NO
HAVING AVG (CURRENT_DATE - EMPl.EMP_BDATE) >
AVG (CURRENT_DATE - EMP.EMP_BDATE)) ;

IIpumep 15.12. HaitTh HOMepa OTHENOB U CPEeNHUH BO3PACT CIyXallluX
ISl OTAENOB C MUHUMAIBHBIM CPETHUM BO3PACTOM CIIYXKAlIUX.

SELECT DEPT_NO, AVG (CURRENT_DATE - EMP_BDATE)
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO
HAVING AVG (CURRENT_DATE - EMP_BDATE) <= ALL
(SELECT AVG (CURRENT_DATE - EMP_BDATE)
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO) ;

3TO0T 3ampoc Jerko GopMyaupyeTcs B 60siee MOHATHOM BHJIE C UCTIONB30~
BaHUEM TIpeAMKaTa NOT EXISTS (mpumep 15.12a):

SELECT DEPT_NO, AVG (CURRENT_DATE - EMP_BRDATE)
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO
HAVING NOT EXISTS (SELECT EMP1.DEPT_NO
FROM EMP EMP1
WHERE EMP1.DEPT NO IS NOT NULL
GROUP BY EMP1.DEPT_NO
HAVING AVG (CURRENT_DATE - EMPl.EMP_BDATE) <
AVG (CURRENT_DATE - EMP.EMP_BDATE) ) ;
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lpeankar distinct
Ilpumep 15.13. Haittu HoMepa oTnenoB, KOTOPblE MOXHO OTJIMYUTE OT
J1060ro Ipyroro oTiaena Io Aare poXIeHUsI PYKOBOAMUTENS U CPEeHEMY
pa3Mepy 3apriaThl.

SELECT DEPT.DEPT_NO
FROM DEPT, EMP EMP1, EMP EMP2
WHERE DEPT.DEPT_NO = EMP1.DEPT_NO AND
DEPT.DEPT_MNG = EMP2.EMP_NO
GROUP BY DEPT.DEPT_NO, EMP2.EMP_BDATE
HAVING (EMP2.EMP_BDATE, AVG (EMP1.EMP_SAL)) DISTINCT FROM
(SELECT EMP2.EMP_BDATE, AVG (EMP1.EMP_SAL)
FROM DEPT DEPT1, EMP EMP1, EMP EMP2
WHERE DEPT1.DEPT_NO = EMP1.DEPT_NO AND
DEPT1.DEPT_MNG = EMP2.EMP_NO AND
DEPT1.DEPT_NO <> DEPT.DEPT_NO
GROUP BY DEPT.DEPT_NO, EMP2.EMP_BDATE) ;

Ccbiikn Ha nopoXaaemble Tabnuubl B pasgene FROM

B 3TOM pasgesne MBI IPUBEAEM HECKOJIBLKO IIPUMEPOB 3alPOCOB, B Pa3ie-
Jie FROM KOTOPBIX COIEPXATCS BRIPAXEHHS 3aIIPOCOB (CCHUIKM Ha ITOPOX/ae-
MBIe TaOaWLEBl, cM. pasien «OO0lue CHHTAKCHMYEeCKME MPaBWia IOCTPOESHUS
CKAJISIPHBIX BBIPAXCHHUH» JieKIWH 13).

Ewe oauH cnoco6 ¢popmMynupoBKu 3anpocoB

IMpexne BCcero, Ha MPOCTOM TMPUMEpPE IMOKAXEM, KaK HCIOJIb30BaHHE
CCBUTOK Ha IOPOXIAEMbI€ TaOJHUIIB pacUIHPSIET BO3MOXHOCTH (POPMYJIMPOBKHU
3aIIpOCOB.

IIpumep 15.14. Haiiti HoMepa OTAEIOB U KMEHA PYKOBOIUTEJEH OTHENOB,

KOTOPBIE YUCJISITCS B TEX XK€ OTAE/NaX, KOTOPBIMH PYKOBOMST, M IOJY4YaloT

3apIUIaTy, pa3Mep KOTOPOH SBJISAETCI MAKCUMATBHBIM IS CITYKalllMX JaH-

HOro otaena.

SELECT MNG.DEPT_NO, MNG.MNG_NAME
FROM (SELECT DEPT.DEPT_NO, EMP.DEPT _NO, EMP_NAME, EMP_SAL
FROM DEPT, EMP
WHERE DEPT.DEPT_MNG = EMP.EMP_NO)
AS MNG (DEPT_NO_1, DEPT_NO_2, MNG_NAME, MNG_SAL)
WHERE DEPT_NO_1 = DEPT_NO_2
AND MNG_SAL = (SELECT MAX (EMP_SAL)
FROM EMP
WHERE EMP.DEPT_NO = DEPT_NO_1);
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B atoM 3amnpoce nmopoxaaeMas Tabnuia MNG cOIepxXHUT MO OOHOM CTpoKe
IUISE KQXIOTO CJYXalllero, SIBJISAIOLIErocs pykoBoauTeneM otiaena. Ilepssiit
cronberr 3Tod TabauuUbl — DEPT_NO_1 — COAECPXHAT HOMEp OTAENIA, KOTOPBIM
PYKOBOIHUT JAHHBINA ciryxaliuii. B ctonbue DEPT_NO_1 XpaHATCSA HOMepa OT-
JIETIOB, B KOTOPBIX YHUCISATCA PYKOBOIUTENH OTAEJIOB, a B CTONOL[aX EMP_NAME U
EMP_SAL comepXaTcsl UMS CJIYXallleTO-pYKOBOAUTEINS OTAEA U pa3Mep ero 3a-
paboTHO# TUTaTHl COOTBETCTBEHHO.

KOHeYHO, 3TOT 3alpoc MOXHO c(OpMYJIUPOBaTh U 6€3 UCTIONb30BaHHS
CCBUIKH Ha MOPOXIaeMylo TabJMILy B pa3iese FROM, HaripuMep, CIeayIOLUM
obpa3zom (npumep 15.14a);

SELECT DEPT.DEPT_NO, EMP.EMP_NAME
FROM DEPT, EMP
WHERE DEPT.DEPT_MNG = EMP.EMP_NO
AND DEPT.DEPT_NO = EMP.DEPT_NO
AND EMP.EMP_SAL = (SELECT MAX(EMP_SAL)
FROM EMP
WHERE EMP.DEPT_NO = DEPT.DEPT_NO);

A BOT KaK MOXHO C(l)OpMy.III/IpOBaTb TOT X€ 3arpoC ¢ UCNOJIb30BAHHEM

pasnena WITH (npumep 15.14b):
WITH MNG (DEPT_NO_1, DEPT_NO_2, MNG_NAME, MNG_SAL) AS

(SELECT DEPT.DEPT _NO, EMP.DEPT_NO, EMP_NAME, EMP_SAL
FROM DEPT, EMP
WHERE DEPT.MNG_NO = EMP.EMP_NO),
MAX_DEPT_SAL (MAX_SAL, DEPT NO) AS
(SELECT MAX (EMP_SAL), DEPT_NO
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO)
SELECT DEPT_NO_1, MNG_NAME
FROM MNG
WHERE DEPT_NO_1 = DEPT_NO_2
AND MNG_SAL = (SELECT MAX_SAL
FROM MAX_DEPT_SAL
WHERE MAX_DEPT SAL.DEPT_NO = DEPT_NO_1);

Cnyuau, B KoTopbix 6e3 nopoxaaemMbix TabnuL, 060ATUCE HEBO3MOXXHO

Ha camom nene, mpumep 15.14 1eMOHCTPUPYET JIUIIb BO3MOXHOCTD aJTb-
TEPHATUBHBIX (POPMYIMPOBOK 3aMpPOCOB C MCMOJB30BAHUEM CCBUIOK Ha TO-
poxraeMbie TaOIULB B pa3zaeiie FROM. Ho B HeKOTOpBIX cilydasix 63 momoOHBIX
KOHCTPYKUMI{ IPOCTO HEBO3MOXHO 000HTHCH. BOT mpocToii mpumep.
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Tpumep 15.15. Haittu obiiee YMCAO CTyXallMX U MakKCUMAIBHBIA pa3Mep
3apIviaThl B OTAEAAX ¢ ONMHAKOBBIM MaKCHMAIBHBIM pa3MepPOM 3apIUIaThl.

SELECT SUM (TOTAL_EMP), MAX_SAL
FROM (SELECT MAX (EMP_SAL), COUNT (*)
FROM EMP
WHERE DEPT NO IS NOT NULL
GROUP BY DEPT_NO ) AS DEPT_MAX_SAL (MAX_SAL, TOTAL_EMP)
GROUP BY MAX_ SAL;
U B 3TOM Ccly4ae BRIPAXEHHE 3alIPOCOB, COIEpPXKallleecs B pa3nese FROM,

MOXHO TIEPEHECTH B pa3faen WITH (mpumep 15.15a):
WITH DEPT_MAX SAL (MAX_SAL, TOTAL_EMP) AS

(SELECT MAX (EMP_SAL), COUNT (*)
FROM EMP
WHERE DEPT_NO IS NOT NULL
GROUP BY DEPT_NO)
SELECT SUM (TOTAL_EMP), MAX_ SAL
FROM DEPT_MAX_SAL
GROUP BY MAX_SAL;
3mech MBI HE MOXEM ODOMTHCH «OTHOYPOBHEBOM» KOHCTPYKLIHEH 3aIpoca,
MOCKOJIBKY TpeOyeTCs ABOMHAsI IPYTITIUPOBKA, MPUYEM BTOPast IPYTINMHPOBKA JOJTK-
Ha OBITB NMOJTy4eHa B COOTBETCTBUH C PE3YIETaTaMH NepBoi. Erre onMH npuMep.

Ipumep 15.16. HaiiT 4MCI0 MPOEKTOB, NATy UX 3aBEPIUCHUS H CPEAHUM
pa3Mep 3apIUIaThl CAYXAIINX, Y4aCTBYIOIIMX B MTPOEKTE, WISl TIPOCKTOB C
OIHOM M TOM Xe€ NaTOH 3aBEPIUCHUA U OTHHUM U TEM XE CPCAHHM pa3Me-
POM 3apIUIaThl CIYXKAIIHX, YYACTBYIOIIUX B TIPOCKTE.

SELECT COUNT (*), PRO_EDATE, AVG_SAL
FROM (SELECT PRO_EDATE, AVG (EMP_SAL)
FROM (SELECT PRO_SDATE + PRO_DURAT, PRO_NO
FROM PRO) AS PRO1 (PRO_EDATE, PRO_NO), EMP
WHERE PRO1.PRO_NO = EMP.PRO_NO
GROUP BY PRO1.PRO_NO ) AS PRO_AVG_SAL (PRO_EDATE, AVG_SAL)
GROUP BY PRO_EDATE, AVG_SAL;

3aMeTUM, YTO BBIpAKEHHUE 3alIPOCOB Ha TPETheH M YETBEPTOM CTPOKAX
npUMepa HEOOXOAMMO TOJBKO MO TOH NPUYMHE, YTO HAM TpeOyeTcs Irpynmnu-
POBKa MO JlaTe OKOHYaHMSA MPOEKTOB, COOTBETCTBYIOLIMI cTON6CI] B Tabnuie
PRO OTCYTCTBYET, & B CITUCKE IPYTIIIUPOBKY MOXKHO HUCTIONB30BATH TOJBKO UME-
Ha cToa0LoB. 1 yrpouieHus Biuaa (GOpMyJIUPOBKU ITO BEIPAXKEHHE PAa3yMHO
BBIHECTH B pa3nei WITH (mpumep 15.16a):
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WITH PRO1 (PRO_EDATE, PRO_NO) AS
(SELECT PRO_SDATE + PRO_DURAT, PRO_NO

FROM PRO)
SELECT COUNT (*), PRO_EDATE, AVG_SAL
FROM (SELECT PRO_EDATE, AVG (EMP_SAL)

FROM PRO1, EMP

WHERE PRO1.PRO_NO = EMP.PRO_NO

GROUP BY PRO1.PRO_NO) AS PRO_AVG_SAL (PRO_EDATE, AVG_SAL)
GROUP BY PRO_EDATE, AVG_SAL;

Bonee cnoxHble KOHCTPYKLUN onepaTtopa BbIGOpPKU

B 3ToM pa3snene Mbl 06CYTUM BO3MOXHOCTH s3bika SQL, xacammmuecs
SIBHOTO 3aaHUsl BHIDAXEHUH C COENMHEHUSIMH U TIOPOXOAEMBIX TalIHIL ¢ TO-
PHU30HTANBHOM ¢BA3bI0 (lateral_derived_table). HauHeM ¢ cCOEqUHEHUH.

CoeauHeHHble Tadbnuubl

B nipumepax npeabimynieit ¥ JaHHO#H JIEKIINI IIPUCYTCTBOBAJIO MHOTO 3aIIpo-
COB ¢ COENMHEHHUSAMM IBYX WM BoJiee TabauLl. YCJIOBUS COCIUHEHHUS 33daBATHUCH
MpeaMKaTaMM CPaBHEHMS CTOJNOLOB TaOjul, CHeln(PHIMPOBAHHEIX B pa3iese
FROM, M BXOIWIM B COCTaB JIOTHYECKMX BBIDAXCHHUM pasnesa WHERE (WIH, pexe,
pasznena HAVING). [TockosbKy Ha IpaKTHKE TPeOYIOTCH pa3Hble BUILI COEAMHEHHMIA,
B craHpapre SQL/92 mosiBWwiachk ajbTepHATUBHASA BO3MOXHOCTb CIICUH(PHKALIMN
COEIMHEHHH — coelMHeHHas Tabnuua (joined table). CoOTBETCTBYIOIUAS KOH-
CTPYKLIMSI MOXET HCIIOb30BATHCS B pa3esie FROM BRIDAXKEHUS 3a1IPOCOB U (GaKTH-
YeCKM IO3BOJIICT CTPOUTH BBIDAXKEHUS COEONUHEHMH Tabmuu. CHHTAKCHYECKHE
MPaBHJIA MIOCTPOEHMS TAKMX BBIPAXKEHMIA BRIJISIST CJIEAYIOLIUM 00pa3oM:

joined_table ::= cross_join
| gqualified_join
| natural_join
| union_join

cross_join ::= table reference CROSS JOIN table_primary

qualified_join ::= table reference [ join_type ] JOIN
table_primary join_specification

natural_join ::= table_reference NATURAL [ join_type 1
JOIN table_primary

union_join ::= table_reference UNION JOIN table_primary

join_type ::= INNER | { LEFT | RIGHT | FULL } [ OUTER }

join_specification ::= ON conditional_expression

| USING (column_comma_list)

HanoMHUM, 4YTO CHMHTAKCHYECKHE TpaBWIa i table_reference M
table_primary ObUIM MOKa3aHbI B JIEKUHH 13,
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Jlexuuwa 15 pynnuposka 1 ycnosus pasaena HAVING, nopoxaaemblie 1 CoeAMHeHHbIe Tabnuubl

Kak nmokassiBaeT CBOJIKA CHHTAKCHYECKMX TTpaBuiI, B SQL moxnepxuBa-
€TCSI MHOTO BaPHAHTOB COeNHHEHUI. UTOOB O0BSICHUTL OCOOEHHOCTH pa3HbIX
BUIOB COCOIUHEHMH Ha HEe(OPMAJILHOM YpPOBHE, TPEOYeTCs OUYE€Hb OOJBLIOH
00bEM TEKCTa ¢ OOJIBILIMM YHCIIOM MOBTOpeHUH. [103TOMY cHavaia MBI IIpUBe-
JIEM ITOCTaTO4YHO (hOpMajibHOE OITHCAHHME ITOPSANKA OIpeleeHHUs 3arojioBKa U
TeNa PEe3YJABTUPYIOIIEH TaOJIHLBI [UIS BCEX DA3HOBHUAHOCTEH COENHHEHHH.
(PaKTHYECKU 3TO OIMHUCAHHE HANPAMYK IMMO3aUMCTBOBAHO M3 CTaHAapTa
SQL:1999 ¢ HeKOTOPBIMH HE3HAYHTEIBHBIMH YTIPOICHHAMHU. 3aT€M MBI IIpe-
CTaBUM PSiI WUTIOCTPHPYIOLIHX TPUMEPOB.

PDopmMasnbHbie onpeneseHns

[Tycts TpebyeTcs BBIMOJHUTH HEKOTOPYIO OINEpPALIMI0 COCAMHEHHS Hal

TabuLaMu tablel u table2. Torna:

e O0o3HAUMM Yepe3 CP pe3y/IbTaT BLIOJTHEHHS 3ampoca

SELECT *
FROM tablel, table2*

e Ecnu 3amaercs onepauus JOIN (MM NATURAL JOIN) 0e3 IBHOTO yKa3aHHUSA
THMA cCoeTMHEHHS (join_type), TO MO YMOJYAaHHIO UMEETCH B BULY INNER
JOIN (Wt NATURAL INNER JOIN).

¢ Ecnu B cieudUKaIMU coeMMHEHH (join_specification) ykazaHo KITiOYe-
BOE CJIOBO ON, TO BCE CCHUIKH Ha CTOJIOLIBI, BCTPEYAIOLIMECS B YCIIOBHOM BhIPA-
XeHUH (conditional_expression), JOJDKHB YKA3hIBaTh HAa CTONOLIBI TaOMHIL
tablel M table2 VJIK HA CTOJIOLIBI TAOJTHULI BHELITHETO 3arpoca. Eciu B 310M yc-
JIOBHOM BBIPAXXEHHH TTPUCYTCTBYET BBI30OB arperaTHoi ¢yHKIHH, TO COETUHEH-
Has TabIHLIa MOXET (PUIypHPOBATh TOIBKO B IOA3AIIPOCAX, HCIIOIB3YEMBIX B
pasnenax HAVING WM SELECT BHEILTHETO 3aI1poca, U CChUTKA Ha CTOJIOELL B BhI-
30B€ DYHKIIMH IOJCKHA YKA3BIBATh Ha CTONOEL TaGIHIIBI BHELIHETO 3aITpoca.

o [l npsMBIX coeAMHeHMNH (CROSS JOIN) M BCEX IPYTHUX BUIOB COCIMHEHUS,
BKJTIOUAKOIITHAX pa3nen ON, 3aroJIOBOK pe3yJibTaTa onepallii COBIIAKAET C 3a-
TOJIOBKOM TaOIULIBI CP.

¢ Ecnn B cnetMHKaLIMK BUIA COSOIHHEHHUS TTPHCYTCTBYIOT KITIOYEBBIE CIOBA
NATURAL WIH USING, TO 3arojIOBOK pe3y/ibTaTa Olepalliy ONpeaesieTcs Cle-
JAYIOLIMM 00pa3oM:

B €CJIM B crieM(pUKALIMH BUAA COEIUHEHUSI IIPUCYTCTBYET KJIFOUEBOE CJI0~-
B0 NATURAL, To OyneM Ha3blBaTb COOMEemMCcMmeyIoWuMU cmonbuamu
coedunenusn (corresponding Join column) Bce CTOJOLLI TabIHIL

* MHTepecHO, YTO ISl 3TOTO 3aNpoca BO3MOXHA ajIkTePHATHBHAst (GOPMYJIHPOBKA C HCIIOJIb30Ba-
HHEM oMepaluuu CROSS JOIN: SELECT * FROM tablel CROSS JOIN table2. MoxeT BO3HHK-
HYTb €CTECTBEHHBIH BOMPOC: 3a4€M BBOAMTH CIIELIHATBHYIO KOHCTPYKIIHIO ISl 1€KapTOBa IIPOU3-
BeneHust? [To MHeHUIO aBTOpa, 3Ta KOHCTPYKLMS ObUla BBeIeHa, IIaBHBIM OOpa3oM, [UISI IO BBILLIE-
HMUsI YPOBHS OOLIIHOCTH si3bika SQL. KpoMe Toro, HCHob30BaHHE SIBHOTO KJTIOUEBOTO CJIOBa CROSS
JOIN sIBJISIETCS] MOATBEPXKICHUEM TOTO, YTO TONB30OBATENb AEHCTBUTEIBLHO XKeNaeT MMONYYUTh Je-
KapTOBO NIPOU3BeIeHUE, a He OMYCTHJI 110 OLUUOKe pa3ien WHERE.
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tablel M table2, KOTOPbIE UMEIOT B 3aroJIOBKaxX 3THX TaOJML OJUHA-
KOBHIE UM€HA. EcnM B cieundpukalyuy BUIA COENMHEHMS TIPHUCYTCTBYET
KJII0YEBOE CJIOBO USING, TO OyAE€M Ha3BIBaTb COOMEEMCMEYHOUUMU
cmoabuamu coedurnenun (corresponding join column) BCE CTOJOLIBI
TabmuL tablel U table2, HMEHA KOTOPBIX BXOMAST B CIHCOK MMEH
CTONOL0B pa3aena USING (3TH CTONOLBI JOXKHBI OBITh OMHOUMEHHBIMH
B 3arojioBKax 00cux Tabini). B 060uMX cIyyasix TUMB JAaHHBIX KXo
Mapbl COOTBETCTBYIOLIYX CTOJOL0B JOJLXHBI ObITH COBMECTUMBIMH;
OyZieM Ha3bIBaTh CHUCKOM GbI00pKU cOOMEemcmeayIouux cmoabuoe coedu-
Henus (select_list of corresponding join columns — SLCC)
CITHCOK 3JIEMEHTOB BHIA COALESCE (tablel.c, table2.c) AS c*, roe
¢ SIBJIAETCSI IMEHEM COOTBETCTBYIOLIETO CTOIOLA COEMUHEHHS. DIEMEHTHI
pacIoiaraloTcsi B TOM IOPSITKE, B KOTOPOM OHM ITOSIBJISIIOTCSL B 3ar0OJIOBKE
Tabmiupl tablel. O6o3HaYuM yepe3 SLT1 (SLT2) CIIMCOK HUMEH CTONO-
1oB Tabmuiibl tablel (tablel), KOTOPLIE HE SIBISIOTCS COOTBETCTBYIO-
LIMMH CTONIOLaMK coenuHeHmsa. IMeHa pacronaraioTcst B TOM Ke TIopsi-
K€, B KOTOPOM OHM MOSIBIIAIOTCS B 3ar0JIOBKE COOTBETCTBYIOLIEH TaOIHLIBI;
3aroJIOBOK pe3yJibTaTa COBMAAAET ¢ 3aroJIOBKOM pe3yJibTara 3armpoca
SELECT SLCC, SLT1, SLT2
FROM tablel, tableZ;

¢ HaGop cTpoK peaynbrata (MHOXECTBO HIIH MYJIETHMHOXECTBO) OIpeaeIsieTCs
IO C/IeAYIOMM npaBwiaM. OGo3HaYuM Yepe3 T ClieAyIole Habophl CTPOK:

€CJIM BUJIOM COENUHEHHS ABAETCS UNION JOIN, TO T — IYCTO;

€CJIH BUAOM COEIMHEHMS SIBJIIETCST CROSS JOIN, TO T BKJIIOYAET BCE
CTPOKH, BXOJsIILIHE B CP;

€ClH B crelUHpHUKALHI0 BHUIA COSMMHEHHS BXOAMT pa3ien ON, To T
BKJIIOYAET BCE CTPOKH CP, [UTs1 KOTOPLIX PE3YJIBTATOM BbIYHCIEHHS YC-
JIOBHOTO BBIPAXECHUA SIBIISIETCS frue,

€CIM B CIeHM(pHUKALIMIO BUIA COEMMHEHUS BXOASAT pasaeiabl NATURAL
WIH USING, ¥ CIIHCOK SLCC HeE SIBJISIETCSI ITYCThIM, TO T BKJTIOYAET BCE
CTPOKM CP, I/l KOTOPBIX 3HAYEHHUS COOTBETCTBYIOLIMX CTOJIOLIOB CO-
€IMHEHMS COBITANAIOT;**

€CJIH B crielIndpHKALIMIO BUIA COEMUHEHHMS BXOIAT pas3aesibl NATURAL MIH
USING, ¥ CITHCOK SLCC SIBJISIETCS ITYyCThIM, TO T BKJTFOYAET BCE CTPOKH CP.

® (O6o3HayMM yepe3 PI (P2) Ha0op (MHOXECTBO WIH MYJBTHMHOXECTBO) BCEX
CTpOK Tabnulbl tablel (table2), KaXaas U3 KOTOPLIX y4acTBYET B 06pa3o-
BaHMH HEKOH CTPOKH T.

* Jnst ynoGCTBa UMTaTes el HaMmOMHMM, 4TO MO ONpele/ieHUIO BEIpaXeHHWe COALESCE (V1, V2)
3KBMBAJIEHTHO CJIEAYIOIIEMY BBIPXEHHUIO C MepeKIoyareeM: CASE WHEN V1 IS NOT NULL THEN
V1 ELSE V2 END.

** CoBnaaloT B CTPOTOM CMEICJIE, T.€. 3Hau€HHe CTosbla tablel.c COBMAjaeT cO 3HaYEHHEM
cronbila table2.c Toraa M TOJBKO TOTHA, KOIJa 3HadyeHUE OnepaltM¥ CpaBHEHMS tablel.c =
table2. c aBusiercs frue.
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¢ 00603HayuM yepe3 Ul (U2) Habop (MHOXECTBO MIIH MYJILTHMHOXECTBO) BCEX
CTPOK TaOJIULbI tablel (table2), HU ONHA U3 KOTOPHIX HE YJaCTBYET B 00pa-
30BaHUH KAKOH-TMO0 CTPOKH T.

¢ O0o3HaYMM 4epe3 X1 HabOp (MHOXECTBO WJIHM MYJBTUMHOXECTBO) BCEX
CTPOK, 00pa3yeMBIX U3 CTPOK Habopa Ul IyTeM n00aBiieHUs CIIpaBa IOACT-
POKHM M3 HEOMpPEACTCHHBIX 3HAYEHHU M, cofepXalllel CTOJILKO HEOMpeAeIeH-
HBIX 3HAYEHHIA, CKOJIBKO CTOJIOLIOB COAEPXMT Tabnula table2. O003HAYUM
yepe3 X2 Habop (MHOXECTBO WIH MYJIBTHMHOXECTBO) BCEX CTPOK, 0Opa3ye-
MBIX M3 CTPOK Habopa U2 IyTeM MOo0aB/IEHHS CJieBa MOICTPOKHA U3 HEOIpE-
JEeJICHHBIX 3HAYeHMH, copepXallleil CTOJIbKO HEOMpeACSICHHBIX 3HAYEHHH,
CKOJIBKO CTOJIOLIOB COAECPXUT Tabnuua tablel.

¢ Jlna coenuHeHHU BUaa CROSS JOIN M INNER JOIN MycTh S 0003HA4aeT TOT
Xe Habop CTPOK, YTO U T.

¢ Jlna coenyHeHM BUOa LEFT OUTER JOIN IycTh S 0003HavyaeT Habop CTPOK,

SIBJISIIOIIUIACS PE3YJIbTATOM BBIPAXEHHS 3alIPOCOB
SELECT * FROM T

UNION ALL
SELECT * FROM X1;
¢ Jlna coenyHeHM Buaa RIGHT OUTER JOIN IMycTh S 0003Ha4aeT HaObop
CTPOK, ABJIAIONIMICA pe3yIbTaTOM BhIpaXeHHs 3alPOCOB
SELECT * FROM T
UNION ALL
SELECT * FROM X2;
¢ Jlnsg coenuHeHU# BUIa FULL OUTER JOIN ImycTh S 0603HayaeT Habop CTPOK,
SIBJIAIOILHICSA Pe3yJIbTATOM BHIPAXEHHUS 3aIIPOCOB
SELECT * FROM T
UNION ALL
SELECT * FROM X1
UNION ALL
SELECT * FROM X2;
¢ Jlna coequHeHMH BMAa UNION JOIN mycTh S 0003Ha4aeT Habop CTPOK, sAB-
JISIIOIIUHCS PE3Y/ILTATOM BBIPAXKECHUS 3aNPOCOB
SELECT * FROM X1
UNION ALL
SELECT * FROM X2;
¢ Ecau B cnennduKaliMy BUIa COEANHEHHS MIPUCYTCTBYIOT KJIIOYEBBIE CIOBA
NATURAL wa# USING, TO pe3yJibTaT ONepallii COBIIAAAET C PE3YJIETaTOM BhI-

PaxXeHHus 3arpoCcoB
SELECT SLCC, SLT1, SLT2

FROM S;
¢ Bo Bcex ocTaIbHBIX CJIydadax pe3ysbraTt ornepaun COBNaaacT C S.
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TMpumepsI coeaAnHeHNH pa3Horo suaa

OcHOBHO€ Ha3HAYeHUE NMTPUBOAMMbIX HUXE MPUMEPOB COCTOUT HE B TOM,
YTOoOBl MPOJAEMOHCTPUPOBATH TPAKTUYECKYIO 3HAUMMOCTb Pa3HOOOPa3HbIX CO-
eIVUHEeHWI, a JTUIIb B TOM, 9YTOOBI TOMOYb B HMX pa3oopaThca.* [TosaToMy MbI
OyneM MCIOJIb30BaTh YIIPOLISHHbIE U (hOpMaibHbIE TaOJIMLIBI M MTOKA3bIBaTh 3a-
TOJIOBKH U TeJIa pe3yJIbTUPYIOUINX TabIu1l.

Hrak, mycTh uMetotes Tabnuibl tablel (al, a2, cl, c¢2) u table2
(bl, b2, cl, c2) co CleaylouuMU TeJIaMu:

tablel tableZ
al az cl c2 bl b2 cl c2
1 1 1 1 1 1 1
1 1 2 3 1 2 3
1 1 2 3 3 3 >
> 4 4 4 4
3 4 NULL | 15 NOLL [ WOLL ] 5

O603HayuM 4yepe3 JR TabJuiLy, SIBJASIOUIYIOCS Pe3yIETaTOM COeAUHEHUS.
Torga mist onepauMu tablel INNER JOIN table2 ON al=bl AND a2<b2
(sHympenHtee coedurerue no ycaos8uro) Teao JR OYAET CACAYIOLIUM:

JR
al az tablel.cl| tablel.c2 | bl b2 table2.cl| table2.c2
1 1 1 1 1 2 2 3
1 1 2 3 1 2 2 3
1 1 2 3 1 2 2 3

CtpoKM-TyOIUKATHI IOSIBIWIMCH B JR, TOCKOJIBKY B IEPBOM OINEPaH/Ie MpH-
CYTCTBOBAJIM CTPOKH-IYOJIHUKATHI, YIOBIECTBOPSIOLINE YCIOBUIO COEMMHEHHS.

PesynbratoM onepatiuu tablel INNER JOIN tableZ USING (c2)
(eHympennee coedunernue no COBRAOCHUID 3HAMEHUU YKA3AHHbBIX OOHOUMEHHBIX
cmoabyoe) 6yaeT cieayiolas tTabamua.

JR
al az tablel.cl c2 bl b2 table2.cl
1 1 1 1 1 1 1
1 1 2 3 1 2 2
1 1 2 3 3 3 2
1 1 2 3 1 2 2
1 1 2 3 3 3 2
3 NULL NULL 5 3 NULL NULL
NULL NULL 5 3 NULL NULL

3
* 32 OUEBUAHOCTBIO MBI OYCTUM NpUMep CROSS JOIN.
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PesynbraT onepauuu tablel INNER JOIN table2 USING (cl,c2):
JR
al a2 cl c2 bl b2

[ = S
= =) = ] -
o rof o ol =
wi wf wj w| —
[OC] RSN RYUV) QY SN
W of wi v

Tako# xe pe3ynsrat OyJeT NMOJyd4eH MpPH BHINIOJHEHWM OMNEpalMu table.
NATURAL INNER JOIN table2 (ecmecmeenroe éHymperHee coedunenue). bonee To
o, JUIsi TPOU3BOJNILHBIX Ta0mull tablel M table2 pe3y/isTarhl onepauMii table.
INNER JOIN table2 USING (cl, c2, ...cn) ¥ tablel INNER NATURAL JOIP
tableZ COBNANAIOT B TOM M TOJILKO B TOM CJTy4ae, KOTa CIIMCOK UMEH CTOI0LOB ¢
c2, . ..cn BKJIIOYaeT Bce UMeHa CTONIOLOB, OOIIME 1A Ta0IHL tablel U tablel.

PesynsraToM onepauny tablel LEFT QUTER JOIN table2 ON al=b.
AND aZ2<b2 (nesoe sHeuHee coeduHenue no ycaoeuo) OyneT cnenyioilast Tabiyviia

JR

al az tablel.c] tablel.c2} bl b2 table2.clj table2.c2
1 1 1 1 1 2 2 3

1 1 2 3 1 2 2 3

1 1 2 3 1 2 2 3

2 3 4 NULL NULL {NULL |NULL NULL

3 NULL |NULL 5 NULL |NULL [NULL NULL

Kak BHIOHO, B pe3y/ibTaTe JIEBOTO BHEUTHETO COCAMHEHUS COXPAHSIOTCS
BC€ JaHHBIE NTIEPBOTO (JIEBOTO) OMEpaHAa.

PesynsraToMm omnepatium tablel RIGHT OUTER JOIN table2 ON al=bi
AND aZ<b2 (npasoe ereulHee coeduHerle no ycaosuio) 6yIeT cienyroiast Tabavia
JR

al az tablel.clj tablel.c2 | bl b2 table2.clj table2.c2
1 1 1 1 1 2 2 3
1 2 3 1 2 2 3
1 1 2 3 1 2 2 3
NULL |NULL |NULL NULL 1 1 1 1
NULL }JNULL |NULL NULL 3 3 2 3
NULL {NULL [NULL NULL 4 4 4 4
NULL |NULL |NULL NULL 3 NULL | NULL 5
NULL |NULL |NULL NULL 3 NULL | NULL 5
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Kak BuaHO, B pe3yJIbTaTe MPaBOro BHEIIHETO COCMHEHUS COXPAHSAIOTCS
BCe JaHHBIE BTOPOTO ([IPaBOro) OIEpaHA.

PesynbraroM omnepaiMu tablel FULL OUTER JOIN tableZ ON al=bl
AND aZ<b2 (nosnoe gHewnee coedunerue no ycaosuro) 0yaeT cieayronias Tadamua;

JR

al az tablel.cl| tablel.c2} bl b2 table2.cl} table2.c2
1 1 1 1 1 2 2 3

1 1 2 3 1 2 2 3

1 1 2 3 1 2 2 3

2 3 4 NULL NULL |NULL |{NULL NULL
3 NULL |NULL 5 NULL {NULL |NULL NULL
NULL {NULL |NULL NULL 1 1 1 1
NULL |NULL |NULL NULL 3 3 2 3
NULL NULL |NULL NULL 4 4 4 4
NULL NULL |NULL NULL 3 NULL | NULL 5
NULL |NULL {NULL NULL 3 NULL {NULL 5

Kak BHUAHO, B pe3y/IkTaTe MOJHOIO BHEIIHENO COCANHEHHUS COXPAHSIOTCS
JaHHBbIe 000KX onepaHnoB. KcTatu, MOMHOE BHEIIHEE COCIMHEHHE HHOT A Ha-
3BIBAIOT €I CUMMEMPUYHBIM 8HelHUM coedunenuem. OYEBUIHO, YTO BCE OIIE-
pallM¥ BHYTPEHHETO COEAMHEHHUSI M ONEpalysl [OJHOTO BHEIUHETO COeAMHE-
HUSI KOMMYTATHBHBI, a OTIEPALIMU JIEBOTO U IIPABOT0 COCAUHEHUA KOMMYTATUB-
HBIMH He SIBISIOTCS.

PesynwraTroM onepaiuu tablel LEFT OUTER JOIN tableZ USING (c2)
(nesoe eHewHee coeQuHeHue NO COBNAGCHUIO 3HAYEHUN YKA3AHHBIX OOHOUMEHHbIX
cmonablos) OyneT cienylolas TadbauLa;

JR

al a2 tablel.cljc2 bl b2 table2.cl
1 1 1 1 1 1 1

1 1 2 3 1 2 2

1 1 2 3 3 3 2

1 1 2 3 1 2 2

1 1 2 3 3 3 2

3 NULL NULL 5 3 NULL NULL

3 NULL NULL 5 3 NULL NULL

2 3 4 NULL NULL NULL NULL
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PesynsraToM onepaliiu tablel RIGHT OUTER JOIN table2 USING (c2)
(npaeoe eHeutnee coedureHue no COBNACEHUIO 3HAYEHUL YKA3AHHBIX OCHOUMEHHBIX
cmonbuyoe) OyleT caeaylolias TabiauLa:

JR

al a2 tablel.clic2 bl b2 table2.cl
1 1 1 1 1 1 1

1 1 2 3 1 2 2

1 1 2 3 3 3 2

1 1 2 3 1 2 2

1 1 2 3 3 3 2

3 NULL NULL 5 3 NULL NULL

3 NULL NULL 5 3 NULL NULL

NULL NULL NULL 4 4 4 4

PesynsratoM onepaliiu tablel FULL OUTER JOIN table2 USING (c2)
(noanoe enewnee coedunenue no COBNAOEHUI 3HAUEHUI YKA3AHHBIX 0OHOUMEHHBIX
cmoabyoe) OyeT cienyloniast TabauLa;

JR

al az tablel.clfc2 bl b2 table2.cl
1 1 1 1 1 1 1

1 1 2 3 1 2 2

1 1 2 3 3 3 2

1 1 2 3 1 2 2

1 1 2 3 3 3 2

3 NULL NULL 5 3 NULL NULL
3 NULL NULL 5 3 NULL NULL
2 3 4 NULL NULL NULL NULL
NULL NULL NULL 4 4 4 4
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PesynbraToMm onepaiium tablel LEFT OUTER JOIN table2 USING (c2,
cl) (nonepalmu tablel NATURAL LEFT OUTER JOIN table2 — ecmecmeen-
Hoe ne6oe Helunee coeduHenue) OyIET Cleayrolnas Tabnuia:

JR

al az cl c2 bl b2

1 1 1 1 1 1

1 1 2 3 1 2

1 1 2 3 3 3

1 1 2 3 1 2

1 1 2 3 3 3

2 3 4 NULL NULL NULL
3 NULL NULL 5 NULL NULL

PesyiabraTom omepaumu tablel RIGHT OUTER JOIN table2 USING
(c2, c1) (4 omepaluM tablel NATURAL RIGHT OUTER JOIN table2 —
ecmecmeeHHoe npaéoe gHeuiHee coedunenue) OyaeT caenyroias Tabnuua:

JR

al az cl c2 bl b2

1 1 1 1 1 1

1 1 2 3 1 2

1 1 2 3 3 3

1 1 2 3 1 2

1 1 2 3 3 3
NULL NULL 4 4 4 4
NULL NULL NULL 5 3 NULL
NULL NULL NULL 5 3 NULL
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PesynbTaToM ornepaluy tablel FULL OUTER JOIN tablel USING (c2,
cl) (M onepauny tablel NATURAL FULL OUTER JOIN table2 — ecmecmeeH-
Hoe noaHoe 8Hewree coedutierue) 6yneT cnegyoolias Tabauia:

JR

al az cl c2 bl b2

1 1 1 1 1 1

1 1 2 3 1 2

1 1 2 3 3 3

1 1 2 3 1 2

1 1 2 3 3 3

2 3 4 NULL NULL NULL
3 NULL NULL 5 NULL NULL
NULL NULL 4 4 4 4
NULL NULL NULL 5 3 NULL
NULL NULL NULL 5 3 NULL

HaxkoHe1, pe3ynbraToM ornepanny tablel UNION JOIN table2 (coedu-
Herue ob6sedurenuem) OyIET caeaylolias Tabnuua;

JR

al a2 tablel.cl} tablel.c2 | bl b2 table2.cl} table2.c2
1 1 1 1 NULL |NULL |NULL NULL
1 1 2 3 NULL |{NULL {NULL NULL
1 1 2 3 NULL (NULL }NULL NULL
2 3 4 NULL NULL {NULL {NULL NULL
3 NULL |NULL 5 NULL }NULL |{NULL NULL
NULL NULL |NULL NULL 1 1 1 1
NULL NULL |NULL NULL 1 2 2 3
NULL NULL  [NULL NULL 3 3 2 3
NULL NULL |NULL NULL 4 4 4 4
NULL NULL |NULL NULL 3 NULL |NULL 5
NULL NULL {NULL NULL 3 NULL {NULL 5
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Mpumeps! 3aNpPoOCcoB ¢ UCNOML30BAHNEM COCANHEHHbIX Tabnuy,

MBI IpUBEAEM BCEro napy MPUMEPOB, YTOOH NPOWLIIOCTPUPOBATh Qop-
MYJIMPOBKM 3aIpOCOB, B pa3fieie FROM KOTOPBIX HCIIONb3YIOTCS CCHUIKH Ha CO-
eMUHEHHBIE TAOMHIIB, T. €. BHIPAXECHHUST COSTUHEHHIA.

IIpumep 15.17. [Ing Kkaxnoro otaena HaAiTH ero HOMEp, UM PYKOBOAHUTE-
JISl, YUCJIO CIyXalUMX, MUHUMAaJbHBI, MAKCUMAIBHBIA U CPEIHUHA pas-
MepBI 3apIUIaThl CIyXallux (eie onHa GopMyIHpPOBKa 3anpoca U3 IpH-
Mepa 15.4).

SELECT DEPT.DEPT_NO, EMP1.EMP_NAME, COUNT(*), MIN(EMP2.EMP_SAL),
MAX (EMP2.EMP_SAL), AVG{EMP2.EMP_SAL)
FROM (DEPT NATURAL INNER JOIN EMP AS EMP2)
INNER JOIN EMP AS EMP1 ON DEPT.DEPT_MNG = EMP1.EMP_NO
GROUP BY DEPT.DEPT NO, EMP1.EMP_NAME;

ITpumep 15.18. HaiiTu HoMepa clIyXalllux 1 UMeHa UX HaYaJbHHKOB OT-
JIENIOB ISl CIyXalIuX, pa3Mep 3aprulaTel KoTOpeIX 6osblie 30000 py6.

SELECT EMP1.EMP_NO, EMP2.EMP_NAME
FROM (EMP AS EMP1 NATURAL INNER JOIN DEPT)

INNER JOIN EMP AS EMP2 ON DEPT.DEPT_MNG = EMP2.EMP_NO
WHERE EMP1.EMP_SAL > 30000.00;

MoxHo o6oiTHCE BOOOIIE 63 pa3aena WHERE, €CJIM ITIOXEPTBOBATD «€C-
TeCTBEHHOCTBIO» IIEPBOro cocAMHeHUS (mpamep 15.17a):

SELECT EMP1.EMP_NO, EMP2.EMP_NAME
FROM (EMP AS EMP1 INNER JOIN DEPT
ON EMP1.DEPT_NO = DEPT.DEPT_NO AND
EMP1.EMP_SAL > 30000.00)
INNER JOIN EMP AS EMPZ2 ON DEPT.MNG = EMPZ.EMP_NO;

B03MOXHOCTH COCIMHEHHBIX TaOIHLL OTKpBIBAIOT I.[_[PIpOKI/Iﬁ IIPOCTOP A1

BOOOpaxXeHHs, HO He OyeM YBIIEKAThCA U OTPaHMYMMCA ITPUBEIEHHBIMH IIPO-
CTBIMH TIPUMEPAMH.
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Mopoxapaembie TabnuLbl C rOPU3OHTaNbHOM CBA3LIO
(lateral_derived_table)

Bo Bcex BapraHTax IMOCTPOEHMS 3aIIPOCOB, OOCYKAABIHMXCS paHee B 3TOH U
MpeabLTYHIEN JEKIMAX, OCTaBaIaCh JEUCTBYIOILEH 001last CeMaHTUKA BBINTOIHE-
HHS 3aIIpOCa; Ha MEPBOM 1Hare BEIYUCIISAETCS PACIHUPEHHOE AeKapTOBO MPOU3Be-
JeHue Tab/uil, crielin¢HULIMPOBAHHBIX B CITUCKE pa3fiena FROM. OTo ocTaeTcs Bep-
HBIM M JUTSI CJTy4aeB MOPOXAAEMBIX M COETUHEHHBIX TabIUIl — BHIYHUC/IEHHE BbI-
DPaXEHMS 3alIpOCOB WIH BBIPAXEHHUS COENUHEHU N COOTBETCTBEHHO ITPOU3BOIUT-
s KaK MOJILAr BHIYHCIEHU pasfena FROM. OnHako B SQL uMeeTcst OUH Criein-
ATBHBIN CTy4aii crieiiiUKaLMH CChbUTKM Ha TabauLy (table_reference), KOTo-
pHIii, BoOOIIEe TOBOPSI, H3MEHAET CEMAHTHKY pasiesia FROM. B 3ToM nionpasnene
MBI KPaTKO paCCMOTPHUM 3TOT CIIELUAAIBHBINA CITy4dai.

Kak moka3siBaloT CHHTAKCHYECKME MMPaBUJIa, TPUBEACHHBIC B JICKUHH 13,
OIWH U3 BO3MOXHBIX CITOCOOOB CrielIMUKAILIAUA CCHUIKH Ha TAGJUILy COCTOHUT B

CICOYIOILIEM:

table_reference ::= LATERAL (query_expression)
[ [ AS ] correlation_name
[ ( derived_column_list ) 1 ]

Tabnuua, cceulKa Ha KOTOPYIO CIIeIHpHUITHpYETC TaKUM 00pa3oM, Ha3bl-
BaeTcsi  hopoxcdaemoli  mabauyeli ¢ 20DU3OHMAABHOU  C8A3bIO*
(lateral_derived_table; Wi KpaTKOCTH OydeM Ha3biBaThb TakKue TaOJHLIEI
LD-tabnuuamn). Orauane LD-1abauubl oT 0OBIIHOM MOpoXAaeMoi TabTHLIBI
COCTOMT B TOM, YTO B BhIpaXeHHH 3ampocoB LD-taGmuibl paspeinaercs UC-
TMOJIB30BATh CCHUIKH Ha CTOJIOIBI TaOnul, crielindIIHPOBaHHEIX paHee B pa3-
nenne FROM (T. €. TaKuX TabJIMII, CCBUIKH Ha KOTOPBIE COAEPXKaTCs B CITUCKE pa3-
Jena FROM c/ieBa OT CCBUIKM Ha JaHHyo LD-tabnuiry).** ITokaxem Ha npuMe-
pe, KakuM o0pa3oM HaJIUdHe B CIIUCKE pasaesia FROM cChUIKM Ha LD-Ta6nuiy
MEHsSIeT CEMAaHTHKY 3TOTO paszena.

* KoHeuyHo, pennaraeMblit pyccKuit BapHaHT TepMHUHa lateral cauunikoM rpoMo3nok. ITo Bceii BU-
JUMOCTH, €CJIM 3TOT MEXaHHU3M BOIMAET B NPaKTUKY Moybs3oBateneil SQL, HyxHo Oyaer HCTIONb30-
BaTh Ka4eCTBE TEPMMHA YTO-TO BPOJE 1amepanvhoii nopoxcoaemoli mabauysi. Ho 3mech ansi Hac
IJIaBHBIM SIBJISIETCS He MPEAIOXEHHE XOpollieii HOBOI TEPMHUHOJOTHH, a obecneyeHHe MOHUMaHUs
Marepuana.

** TeM caMbIM, cCchUTKAa Ha LD-Tabauiry He MoXeT ObITh epBoit B cniicKe pasgena FROM. Kcra-
TH, MOXET BO3HUKHYTb €CTECTBEHHBIH BONPOC: MOYEMY Pa3pelUaloTCs CChUIKK TOJNBKO Ha Tabiau-
Libl, HAXOASILMECS B CIUCKE pasdena FROM Toibko ciaesa LD-tabauubi? CraHaapT oTBevyaeT Ha
3TOT BOMPOC BEChMA MPOCTO ¥ OeCXUTPOCTHO. EC/M pa3pelunTh HCMOMb30BaTh CCHUIKH, HAXOMA-
LIMeCs M CJIeBa, ¥ CIpaBa OT crelupHrKaluuy ccbulki Ha LD-Tabnuiry, To 3T0O MOXET MPHUBECTH K
3aLMKIMBAHHUIO NPH BLITIOJTHEHUH pasaena FROM. [103ToMy HYXHO OBUIO BHIOMPATh OOHO M3 Ha-
npaBieHU#, U ObUTO BLIOPAHO HATIPaBJIEHHE CIEBAa HAMPABO.
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IIpeanonoxum, 4yTo pa3aen FROM uMeeT BUI FROM TI1, T2, IpUYEM Tab-
avua T2 saeiasietcsi LD-tabnuueir. O603HaUuMM COOTBETCTBYIOIIEE BhIpAXEHUE
3anpocoB yepe3 Q2. Toraa Tabnuua T, ABIAOWIASCS Pe3yJILTaTOM pasjieia
FROM, 6yneT BBIYMCIATBCA CleayrolluM obpa3oM. IlocienoBarenbHoO, CTpOKa
33 CTPOKO# mpocMarpuBaercs Tabnuua T1. Ilycte sl sIBsieTCA o4yepeTHOMN
cTpokoi T1. Torma B Q2 Bce CChUIKM Ha CTOJIOLBI BHAA T1.ck, rae ck — UMs
HEKOTOpOro CcToioua T1, 3aMEHSIOTCS 3HAUYEHHUEM s1. ck, M BBIYMCIAETCS MO-
Jy4YeHHOE TaKMM 00pa3oM BbIpaxeHHue 3anpocoB. O603HAaUMM pe3yIbTHPYIO-
11Y10 TabJIMILy 3TOTO BhIpAXEHUSI yepe3 T2,;. O603HAUYUM yepe3 T12,, TabJIUILYy,
SIBJISIONLYIOCS PE3YJbTaTOM PACUIMPEHHOro [IeKapToBa INPOMU3BEACHHA sl
CROSS JOIN T2, Tabnauua T noay4aercs nyreM OObeAMHEHUS ¢ COXPAHEHH -
eM ny6auKaToB Tabauil T12,;, NOJY4EHHBIX I BCEX CTPOK s1 Tabauubl T1.

Bunumo, Haubonee BaXXHBIM (XOTS M HE €MMHCTBCHHBIM) YaCTHBIM CJTy-
yaeM npuMeHeHHUs LD-Tabauubl sIBAsSIETCS TOT CJIy4daid, KOTa B pe3y/bTaTe Bbi-
MOJIHEHHMS pa3aeia FROM GopMHUpYeTCs coeauHeHHe Tabauu. MHorue u3 ¢gop-
MYJIUDOBOK 3allpOCOB, IPUBOUBIIUXCS B 3TOM JIEKLIMU B KAUECTBE IPUMEDPOB,
MOXHO nepedopMyJIMPOBaTh C UCTIOJNB30BAaHHEM JaHHOTO MexaHHu3Ma. [1puse-
JIEM JIMTITH OJIMH IIPOCTOH IIPUMED.

IIpamep 15.19. HaiiTu HoMEpa CIIyXalllMX, HE SIBJSIOILUXCS PYKOBOJIUTE -

JISIMU OTAEJIOB M TOJTyYalolMX 3aIlIaTy, pa3Mep KOTOpO# paBeH pa3Mepy

3apIuviaThl KAKOTO-TU60 pyKOBOAUTENA 0TAeNa (elle 0aHa GOopMYJIMPOBKa

3anpoca u3 npumepa 14.10 u3 nexuuu 14).

SELECT EMP.EMP_NO
FROM DEPT, LATERAL
(SELECT EMP1_SAL
FROM EMP EMP1
WHERE EMP1.EMP NO = DEPT.DEPT_MNG),
LATERAL
(SELECT EMP_NO
FROM EMP
WHERE EMP_SAL = EMP1_SAL AND
EMP.EMP_NO <> DEPT.DEPT MNG) ;

S1 He MOTy MPUBECTH HU OJHOTO IIpMMeEpa 3arpoca, KOTOPHIH GbUIO ObI
HEBO3MOXHO chopMyTUpoBaTh 06€3 UCIOIBL30BaAHUS TTOPOXAAeMBIX TabiuL ¢
TFOPU30HTAILHOH CBA3b10. BO3HMKaeT BrieuatjieHUe (BO3MOXHO, OIITHOOUYHOE),
YTO 3Ta KOHCTPYKLIMA 6blIa BBEIEHA B s13bIK 10 IBYM ITPUYMHAM — (a) U3 CO06-
paXXeHUi 0OIIHOCTH U (b) Mo NPUYHHE MPOCTOTH peaIM3alluM (B TOM CMBICIIE,
yTo s peanu3auuu LD-tabauu He Tpebyercss M306peTaTh KaKMe-TO HOBBIE
TEXHHUYECKHUE TIPUEMBI).
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3aunoyeHme

dyMamo, 4TO TEerepb YMUTATECIM B COCTOSSHUM B NMOJHOM MEpE OLIEHHUTH
MOILHOCTD, pa3HooOpa3re U H30BITOYHOCTh CPEACTB A3bika SQL, npenHa3Ha-
YEeHHBIX U1 (POPMYJIHPOBKH 3alpOCOB Ha BEIOOPKY JaHHBIX. KOHEYHO, SI3BIK
SQL (o xpaifHeit mepe, Ty yacTh SQL, KoTopast 06Ccyxmaercsi B TOM Kypce)
HEJIb351 CYUTATH A3BIKOM [IPOrPAMMUPOBaHUsl, HO HAITUCAHME CJIOXKHBIX 3aM1PO-
COB CPOIHHM NporpaMMHpoBaHuO. U Helb3sa ckazaTth, yto SQL Kakum-1ub0
00pa3oM IMCUMIUITMHUPYET 3TO «[IporpaMMUpoBaHue». I1o Bceil BUIMMOCTH, B
o0LIEM ClIy4ae HUKTO HE MOXET CKa3aTh, Kakasd U3 (pOpMYJUPOBOK OIHOIO H
TOrO Xe€ 3arpoca sipjsieTcs Oojiee NpaBWILHOM, 3TO €10 BKyCa.

3ayacTyro JecsTh CTYAEHTOB, OMHOBPEMEHHO (hopMyaupyoolmx Ha SQL
OOHH U TOT Xe€ 3aNpocC K OTHOM M TOM Xe 6a3e TaHHBIX, BBLIAIOT HECATDH pa3HbIX
MpaBIIBHLIX pelleHuid. OIUH YeJOBEK IMPEANOYMTaeT (DOPMYIMPOBKH 3aIpo-
COB B KJIACCHYECKOM CTHJIE, IPYTOM UCITOJIB3YET BHIPAXXEHUS 3aIIPOCOB B pa3ie-
Jie FROM, TPETH IBITAETCA COCPEAOTOYMTb BCE YCJIOBUSI BHIOODKH B pasziesie
HAVING. JItomu ¢ ajireGpandyeCKUMM HAKIIOHHOCTSIMH MTPEATIOYMTAIOT HCITONIb30~-
BaTh BBIpAXEHUS coeaMHEeHU. [Ipuxoaunocs BcTpeyaTb U (OPMYJIMPOBKH CO
CJIOXHBIMH BIOXEHHBIMH I10A3alIpOCaMH B CITMCKE BBIGOPKH paszena SELECT.

KoHeuHo, Teopetndyecks KoMnuwiarop SQL go/okeH ObITH B COCTOSAHMM
pacno3HaTh BCE 3KBUBAJICHTHBIC (POPMYJIMPOBKH OXHOTO M TOTO X€ 3aIpoca U
BBIPA0OTATh [UIS BCEX HUX OIMH M TOT Xe HauboJjee 3¢pOeKTUBHBIN TUIaH BbI-
nonHeHus. Ho yem Gosnbllle pa3HOOOpa3ue BO3MOXHBIX (POPMYJIUPOBOK, TEM
cloxHee 3Ta 3anavya. OTCiofa NpPaKTUYECKHUM COBET: HE 3710yHOTpedJisifTe
CJIOXHOCTBIO (hopMynHpoBKH 3arpoca. [lonaraiiteck Ha MHTYHLHIO (M UMEKO-
Mecs NpeacTaBIeHUA 00 0COOCHHOCTAX HCIIONBb3YEMOMH CUCTEMBI) U (DOPMY-
JIMpYHTE 3aMpoc KaK MOXHO MPOILE.

U eute onuH npaktiyeckuii cosetT. IIpu dopMyIMpoBKe 3anpoca HUKora
HE MOJIb3YUTECh UMEIOILIMMMCS Y BAC JAHHBIMH O TEKYIUEM COCTOSTHUM Oa3bl JaH-
HBIX, IT0JIArafiTeCh TOJIBKO Ha MeTaJlaHHbIe CXeMBI 0a3bl JaHHBIX. B MpoTHBHOM
CJTy4ae Bbl CMOXeTe C(OpPMYJIHPOBaTh 3allpoC, BBIAAIOLIMIA B AAHHLIH MOMEHT
MPaBUABHBINA PE3YJIbTAT, HO 3TOT 3aIpoc He OYAET 3KBUBAJICHTCH HUKAKOMY 3a-
TIPOCY, BBIAIOLIEMY ITPABUJIBHBIA OTBET IIPH JIIOOOM COCTOSTHMH 0a3bl JaHHBIX.
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Nexkumsa 16. A3bik 6a3 naHHbix SQL: cpencrea
$OpPMYNMPOBKM aHANTUTUYECKUX U PEKYPCUBHbIX 3aNpocoB

B 3T0ii NeKIMK MbI 3aBepuiaeM 00CYXKIeHHE CPeaCTB BbIGOPKH JAHHBIX A3bI-
Ka SQL KOpoTKHM ONMCaHHeM CPaBHHTEJIbHO HEJAaBHO MOABHUBUIMXCH B A3bIKE
SQL cpeacts GopMyTHPOBKH AHAJHTHIECKHX H PEKYPCHBHBIX 3aNpPOCOB.

KmoueBbie €J10Ba: aHATUTHYECKHE 3aITPOCHI K O6a3e JTaHHbIX, ONlepaTUBHas
aHanmuTHUYecKast 06paboTka 6a3 faHHBIX, OLAP, pa3aes GROUP BY ROLLUP,
arperatHas GyHKUMA GROUPING, pasmen GROUP BY CUBE, peKypCHBHBIE
3ampocsl, 06X0/ AepeBa B IIHPHHY, 00X0I iepeBa B INTyGHHY, LIMKJI B OPH-
€HTHPOBaHHOM Tpade, NpaMas peKypcus, THHeHHasaA peKypcHs, MOHO-
TOHHasA NMpPorpeccHsi, B3aMMHasA peKypCHUs, OTpMLIAHUE, HAYaJIbHBIA MC-
TOYHUK PEKYPCHH, CTPAaTU(DHUKALIMA, CEMAaHTHKA GUKCUPOBAHHOH TOYKH,
peKypCHBHBIE 3aIlIPOCH C pa3ieioM WITH, KOHCTpYKUMA SEARCH, pa3naen
CYRCLE, peKypCHUBHO€ Mpe/CTaB/lIeHUE.

Beenexnue

JIBe TeMbI, KOTOPBIM ITOCBSITHAETCS 3Ta JIEKIMs, KACAIOTCSA CPaBHUTEIBHO
HOBBIX BO3MOXHOCTeH onepaTtopa SELECT si3bika SQL, BriepBbi¢ MOSABUBIIHUX~
ca B cta”Hmapte SQL:1999 U OTKpBHIBAalOILUX BO3MOXHOCTb HCIIONb30BaHHUA
sI3bIKa B MPHJIOXEHUSX, 1A KOTOPBIX paHee OH He 6pUT mpHucnocobneH. Peus
HIET O BO3MOXHOCTAX aHAIMTHYECKUX U PEKYPCHUBHBIX 3alIpOCOB. DTH TEMBI
JIOTHYECKH He CBA3aHbl, HX 00be IMHSET JTUIIb TO, YTO COOTBETCTBYIOILHE Cpel-
CTBa OYeHb IPOMO3IKH U HE BCEraa JIerko MoOHMMaloTcsa. B maHHOI KpaTKoit
JIEKIIMM MBI HEe CTPEMHUMCS IMPUBECTH IIOJHOE OIIMCAHHE BO3MOXHOCTEM, CIie-
LMHULIMpOBaHHBIX B cTaHaapTe SQL. Haiua 11eJib COCTOUT JIMIIb B TOM, YTOOBI
B O6GILMX YepTax onucaTh nogxoa SQL B yKazaHHBIX HallpaBIeHUSIX.

B aHaTUTHYECKUX NPUIOXEHUAX OOBIUHO TpeOYIOTCA He NeTalbHbIE JaH-
Hble, HEMOCPEICTBEHHO XpaHsIIHecs: B 6a3e TaHHBIX, a HEKOTOPHIE HX 00600~
1eHus, arperaTel. Hanpumep, aHaIUTHKa MHTepecyeT He 3apaboTHas IUiaTa
KOHKPETHOTO 4eJIOBEKA B KOHKPETHOE BpeMsi, a H3MEeHeHHe 3apaboTHOI 1a-
Thl HEKOTOPO# KaTeropuHM JIFOei B TeUeHHeE OIpeie/IEHHOTO MPOMeXyTKa Bpe-
MeHH. Eciu monbs3oBaThea TepMuHonordeit SQL, To TMMMUYHBIN 3aripoc K 6a3e
JaHHBIX CO CTOPOHBI AaHAJTUTUYECKOrO MPIUIOXEHUS COINEPXUT pasnesl GROUP
BY M BBI3OBHI arperaTHboIX GyHKUIMA. XOTSA B 3TOM Kypce MBI IOUTH He KacaeM-
¢a BonpocoB peantusaluy SQL-opuentupoBanHbix CYB/, 3 o6mmx coobpa-
XKEeHUI NOJIKHO OBITh IOHSATHO, YTO 3aIpOChl C pa3neaoM GROUP BY B o0uieM
clyyae SIBISIOTCH «TpyAHbIMU» s CYB/l, MocKoabKy MIs rpyIlinypoBaHHUs
TabIHLIBI, BOOOIIE rOBOpPs, TpeOyeTCsl BHEILIHAS COPTUPOBKA.
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B cucreMax 6a3 mTaHHBIX, CIICIIMAIBHO CIIPOCKTHPOBAHHEIX B pacyeTe Ha
aHATUTHYECKHE MIPWIOKEHHS, Tpo6ieMy OOBIYHO PELIAlOT 3a CYET IBHOTO H3-
OBITOYHOIO XpaHEHMd arperMpOBaHHBIX JaHHBIX (T. €. PE3YyJILTATOB BBI3OBOB
arperaTHeIX QyHkuMii). KoHeuHo, i1g 3TOoro TpedbyeTcs TMHaMH4ecKash KOp-
PEKTHPOBKA XPAaHUMBIX arperaTHLIX 3HAYeHWA NpPH M3MEHEHHUM JeTaTbHBIX
JaHHBIX, HO JJIS TaKHUX CIIEIHATU3UPOBAHHEBIX 0643 JaHHBIX 3TO HE CIMIIKOM
00peMeHNTENIBHO, TIOCKOJIBKY aHAIMTHYCCKHE 0a3bl JAaHHBIX OOHOBIIAIOTCSH
CPaBHUTEJIBHO PENKO.

OpnHako JajeKo He KaXxI0e MPEaNpHUATHE MOXET ITO3BOJIMTL cebe OMHO-
BpPEMEHHO TIOAAEPXKMBAThH ONEPATUBHYIO 6a3y MAaHHBIX IS pabOThl OOBIYHBIX
NPWIOXEHMI orepaTUBHON 06paboTku TpaH3akiuii (OLTP), Takux, kak 6yx-
raITepCKHE, KAIPOBEIE U IPYTHE IPWIOKEHHWA, M aHAIUTHUYECKYIO 6a3y JaH-
HBIX TS TIPWIOXEHMI OIepaTUBHON aHAaIMTHYeCKOH 00pabotku (OLAP).
TIpUXOaUTCA BBHITIOIHATD aHAUTMTHISCKHUE IIPWIOXEHUA HAIl NeTATBEHBIMH OIle-
PaTUBHBIMHM 6a3aMH JAHHBIX, X 3T IIpwioxeHusa obpamawTcsa K CYB]l ¢ MHO-
TOYMCJICHHBIMH TPYAOEMKHUMH 3aTIPOCAaMU C pa3fielaMy GROUP BY M BBI3OBaMH
arperaTHbIX PYHKIHHA.

PazpaboTunku craHmapTa si3sika SQL crapamuch ONHOBPEMEHHO PELUNTH
JIBE 3aJa4N; COKPATHTh YHCJIO 3aIIPOCOB, TPEOYEMBIX B aHAIHTHYECKHX ITPIIIOXKE-
HUSX, X TOOUTBCSI CHIDKEHHS CTOMMOCTH 3aIIpOCOB C pa3fesioM GROUP BY, obec-
NEeYMBAIONINX TpeOyeMble CyMMAapHble NaHHble. B 3ToH JeKIIMM MBI O6CYINM
HauboJee BaxXHbIe, ¢ HallleH TOYKY 3peHHs], KOHCTPYKLIMH s13bIKa SQL, obnerya-
fo1Me (GOPMYJTMPOBKY, BHITIOJTHEHHE Y UCITONB30BAHUAE PE3YJIETaTOB aHAIATHYE -
CKHX 3aITpOCOB: pa3aenbl GROUP BY ROLLUP M GROUP BY CUBE M HOBYIO arperar-
HyIO0 (YHKIIHIO GROUPING, IO3BOJISIONUIYIO ITPABWIBHO TPAaKTOBATh PE3YJIBTATHI
AHATITHYECKHX 3aIIPOCOB IIPYU HAJTMYMH HEOTPEACICHHBIX 3HAUSCHUN.

TpanumyonHo s3HIK SQL HUKorga He 06Jamam BO3MOXHOCTBIO (POpMY-
JIMPOBKH PEKYPCHBHBIX 3aIIpOCOB, TIE IOJA PEKYPCHUBHBIM 3alpocoM (YIipo-
LIIEHHO TOBOPA) MBI IIOHMMAaEeM 3arpoc K Tabiuile, KOTopas caMa KaKMM-TH60
06pa3oM U3MEHSETCs NPH BBITTOJIHEHUH 3TOTO 3anpoca. HarnoMHIo, 4To 3To 3a-
JIOXeHO B 0a30BYI0 ceMaHTHUKy omneparopa SQL: 10 BBINOJHEHUs pasmena
WHERE pe3ynsTaT pasfaesia FROM HOJKEH OBITh ITOJTHOCTBIO BEIYHUCIIEH.

OnHako pa3paboTYHKaM MPIWIOXKEHUH 4acTO IIPUXOIUTCS pelIaTh 3aaa-
4M, JUIS1 KOTOPBIX HEJOCTATOYHO TPAOUIIMOHHBIX CPEACTB (DOPMYIUPOBKH 3a-
NMpocoB A3siKa SQL: HanmpuMep, HAXOXICHWUE MAapILIpyTa IBHXEHHUS MEXIY
IBYMs 3a0aHHBIMH reorpaMyecKMMH TOYKAMH, OTIpeaesieH!s 0611ero Habo-
pa KOMILIEKTYIOIINX JUId cOopa HEKOTOPOro arperara U T. . KoMnaHuH-1po-
n3Boautenu SQL-opueHTrpoBaHHBIX CYB]I MBITATHCH YIOBIETBOPSATEL TAKHE
MOTPeOHOCTH 3a CUET YACTHBIX PEILeHWH, 06J1analoluX OrpaHUIeHHBIMH pe-
KYPCUBHBIMHM CBOMCTBAMH, HO IO INOSBIEeHUS cTraHAapTa SQL:1999 obiue
CTaHIAPTU3OBaHHEIE CPEICTBA OTCYTCTBOBATH.
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CrneayeT OTMETHTh M HEKOTOpoe AaBjieHHMe Ha SQL-coobiuecTBo co
CTOpPOHEHI co00lIecTBa JOTHYECKHUX chcTeM 0a3 maHHBIX. Ha ocHOBe s3bika
JIOTHYECKOTO ITporpaMMHpoBaHus Prolog 6p11 pa3paboTaH sI3BIK PEASILIUOH -
HBIX 0a3 maHHbIX Datalog, obecneynBalolMii Bce HEOOXOAUMEIE CpEICTBa
JUisi OOBIYHOM paboTH ¢ a3aMM MAHHBIX HApsIy C Pa3BUTHIMHA BO3MOXHOC-
TSIMU PEKYPCHUBHEBIX 3alIpocoB. TpeboBaics ageKBAaTHHINA OTBET CO CTOPOHBI
pa3paboTyukoB ctaHaapTa SQL.

KoMmpoMHCcCcHOe (He CAHILKOM KpaCUBOE) pELUCHHE TSI BBEACHHUS pe-
KypcuH B SQL ObUTO HalileHO HAa OCHOBE BBEJCHHUS pa3esia WITH B BBIDAXECHHE
3arpoca. ToJIbKO B 3TOM pa3feie N0MyCKaeTCs KaK JIMHEHHasl, TaKk U B3aUMHast
PEKYPCHSI MEXTY BBOMIMMBIMM MOpOXnaeMbpIMU TabnuuaMu. [Ipu 3ToM Tonpko
IJIsl TUHEUHON PEKYPCHM ODECIIEYMBAIOTCA MOIMOTHUTEIBHBIE BO3MOXHOCTH
YIIpaRJICHHUS TMTOPSIAKOM BBHIYHUCJICHHUS PEKYPCUBHO OMNpPEAETICHHOH MOpoXaae-~
MO TaObNHULIBEI U KOHTPOJISI OTCYTCTBHSI LHUKIOB. ClIeayeT 3aMEeTUTh, UYTO TIpH
YTEHUH CTaHapTa BpeMeHaMH BO3HMKAET BIIEYATICHUE, YTO €TO aBTOPLI CaMH
He 10 KOHLIA €1lle OCO3HAIM BCEX BO3MOXHBIX ITOCACACTBHIA, K KOTOPBIM MOXET
MIPUBECTH UCITOJIB30BAaHUE BBEICHHBIX KOHCTPYKLMHI. A AyMalo, UTO B CJIEAYyIO-
IMUX BEPCHUAX CTAHIApTa ClEAyeT OXHIATh YTOYHEHHH W/WIU OrpaHHYeHHIA
UCIOJIb30BAHUS HA3BAHHBIX KOHCTPYKLIMIA. B CBSI3U ¢ 3TUM B AaHHOMW JIEKUUH
Mbl OrpaHMYHBAEMCSI OOIIUMU OMNpPEAESCHUIMH PEKYPCUBHBIX KOHCTPYKLIMH
si3piKa SQL u ob6cyxaeHHeM MPOCTOTO ¢Iyyas peKypCUBHOTO 3aIIpoca.

Bo3MOXHOCTU POPMYIMPOBAHUSA aHANIUTUYECKNX
3anpocoB

AHATHTHYECKMMH 3aIlIpOCaMH K 0a3e JaHHBIX [IPUHATO HA3bIBATH 3aIpo-
CBbl, CBOIHBIE (arperaTHbIC) Pe3yJIETaThl KOTOPHIX BEIYUCISIIOTCS HAM JA€Talb-
HBIMM JTaHHBEIMH, XpaHSUIMMHUCS B Tabnuiax 6a3sl JaHHBIX. B 3TOM CMEICTe
J1000i#1 3amnpoc Ha sa3bike SQL, pe3yasTaT KOTOpOro OCHOBAaH Ha BBEIMMCIECHUH
arperaTHeIX (pyHKUHH, MOXHO Ha3BaThb aHATMTHYECKUM. XapaKTepHas OCO-
OEHHOCTb AHATUTHYECKHUX 3alPOCOB COCTOMUT B TOM, YTO, KaK MPAaBUIO, OHH
TIPUMEHSIOTC K OONBIINM 10 00heMy 0a3aM JaHHBIX, U BBIIIOJTHEHUE TaKHX
3aIlpOCOB BHI3LIBAET CYIIlECTBEHHBIE HaknaaHble pacxoasl CYB/I.

B 3TOM Kypce MBI He OyneM nmogpoOHO 00CYyXIaTh BO3MOXHOCTH SI3bIKa
SQL, npegHa3sHayeHHBIE LIS TTOOISPXKH OITepaTUBHON aHATUTHYECKOM 0Opa-
60TKM 6a3 gaHHBIX (OLAP — on-line analytical processing). PaccMoTpuM T05B-
KO CaMble OCHOBHEIE CPEACTBa, ONMHMPAsCh HA MPOCTBle NMpuMepsl. s 3THX
MPUMEPOB IIPEATIONOXHUM, YTO Tabnuua EMP CONEPXHT CICAYIOLIMH Habdop
CTPOK (ITIOKAXeM COIEePXHMOE TOJILKO T€X CTOJIOIIOB, KOTOpHIE MOTPEDYIOTCS B
TIpUMepax, IPUYEM [UIsl IIPOCTOTHI OYIEM CYHTATh, YTO B CTOJNOLIE EMP_DATE
CONEPXKHUTCS HE MOJIHAsI 1aTa, a TOJIbKO TO POXICHHS CAYXalllero):
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Nexumnna 16 Cpeacta GOPMYNIMPOBKN aHAIMTUYECKUX U PEKYPCUBHBIX 3arnpocoB

EMP
EMP_NO DEPT_NO EMP_BDATE EMP_SAL
2440 1 1950 15000.00
2441 1 1950 16000.00
2442 1 1960 14000.00
2443 1 1960 19000.00
2444 2 1950 17000.00
2445 2 1950 16000.00
2446 2 1960 14000.00
2447 2 1960 20000.00
2448 3 1950 18000.00
2449 3 1950 13000.00
2450 3 1960 21000.00
2451 3 1960 22000.00

IlpencraBuM cebe, 4TO [UIA TNMpPOBEAECHUs] aHajlW3a TpeOyeTcs Yy3HaThb
MaKCUMAJIbHBIM pa3Mep 3apijaThl Ha BCEM TMPEONPUATHH, MAKCUMAJIbHBII
pasMep 3apIiaThl B KaXA0M OTIAejle M MAKCUMAJIbHBIM pa3Mep 3apiiaThl Co-
TPYAHMKOB KaXA0i BO3paCTHOM KaTETOPHUM Kaxaoro otaena. Eciu noupso-
BaTbCSl CTAHAAPTHBIMM CpeacTBaMU si3bika SQL, o6CcyXnaBIIMMUCS paHee B
MpeTIOXEHHOM Kypce, TO I MOJyYeHUsl 5THUX JaHHBIX MOTpeOyeTcs TpH
3anpoca:

SELECT MAX (EMP_SAL) AS MAX_ ENT_SAL

FROM EMP;

SELECT DEPT NO, MAX (EMP_SAL) AS MAX_DEP_SAL

FROM EMP

GROUP BY DEPT_NO;

SELECT DEPT_NO, EMP_BDATE, MAX (EMP_SAL) AS MAX DEP_RDATE SAL
FROM EMP

GROUP BY DEPT_NO, EMP_BDATE;

IIpu BHIMOTHEHNWM 3aNIPOCOB OYAYT MOJYYEHBI CIEAYIOILINE PE3YNETUPYIO-
1Me TabIuLbl:

MAX ENT_SAL
22000.00
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Kypc OcHoBbt 633 BaHHbLIX

DEPT_NO MAX_ DEP_SAL

1 19000.00

2 20000.00

3 22000.00
DEPT_NO EMP_BDATE MAX DEP_BDATE_SAL
1 1950 16000.00
1 1960 19000.00
2 1950 17000.00
2 1960 20000.00
3 1950 18000.00
3 1960 22000.00

Pasnen GROUP BY ROLLUP

DTH XK€ pe3yNbTaThl MOXHO ITOJYYHTH MPH BBITOJHEHHUH €JHHCTBEHHOTO
3anpoca, €M B €ro (PopMYTMPOBKE HCITONB30BATE CITEIIMATBHBIA BUA TPYIIIH -
POBKH ROLLUP (mpumep 16.1):

SELECT DEPT_NO, EMP_BDATE, MAX (EMP_SAL) AS MAX_SAL
FROM EMP
GROUP BY ROLLUP (DEPT_NO, EMP_BDATE) ;

CHayasa IMoKaxeM, KakK OyeT BBITISIETh pe3yIBTUpyonIas TabiuLa 3To-
o 3a11poca, a [IOTOM MPUBEIEM Pa3BEPHYTOE NOSICHEHUE ACHCTBUS HOBOH KOH-
CTPYKUHH. B pe3yibraTe BHIMOJHEHHS 3aIipoca OyneT morydeHa Tadbinua, mo-
Ka3aHHas Ha puc. 16.1.

Kax BungHO, B cTOM0LE MAX_SAL MEPBON CTPOKU* pe3yaBTHpYIOLIEH Tao-
JIMIIBL HAXOMHMTCS MAaKCHMAaJIbHOE 3HAUY€HHUE 3apIUiaThl CIyXAaUIMX Ha BCEM
npeanpuaTui. Cronbupl DEPT_NO M EMP_BDATE B 3TOH CTPOKE conepXaT
HEOTIpEeIe/ICHHOE 3Ha4YE€HUE, MOCKOIBKY 3HaueHUE MAX_SAL HE NPHUBSA3aHO K
KakKHM-JTH0O0 OTAeNy U BO3pacTHO#M KaTteropuu. B ctonbue MAX_SAL ciaenylo-
IIHX TPEX CTPOK HAXONATCS MaKCHUMAIbHBIE 3HAYEHHUs 3apIUIaThl CIYXallUuX
OTHEeI0B ¢ HoMepaMH 1, 2 U 3 COOTBETCTBEHHO, YTO MOKA3bIBAIOT 3HAYEHUS

* KoHeuHO, Mbl TIOKA3aJIH CTPOKM PE3YJIBTUDPYIOLIEH TabIULbl, PACTIONOXEHHbIE B YIOOHOM JIst
Hac NMopsIKe TOJNBKO IUIST YIIPOIIEHHS] OObsSICHEHHIA. B 1€ HCTBUTEIBHOCTH, CTPOKH PE3YIBTUPYIO-~
e Tabnuusl (Kak 0ObIMHO) OYAYT pacrioNoXeHbl B TIOPSIIKE, ONPeAeIsieMOM CUCTEMOMH. YTOGRI
ZIOOMTBCSI B TOUHOCTH TAKOTO TIOPSAKA PAcNONOXeHHs CTPOK, KaK 3TO MOKa3aHo Ha puc. 16.1, x
dbopMyTupoBKe 3ampoca M3 TipuMepa 16.1 HyXHO noGaBuTh pa3fiesl ORDER BY DEPT_NO,
EMP_BDATE.
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Nexumna 16 Cpeacrea ¢popMyNMPOBKM aHANMTUHECKUX M DEKYDCUBHBIX 3anpocoB

cronbua DEPT_NO. Cronbell EMP_BDATE B 3THX CTPOKAaX COIEPXHT HEOIIPEE-
JIEHHO€ 3HaYeHUe, ITOCKOJIbKY 3HaUeHUE MAX_SAL He NPUBSI3aHO K KaKOH-JIU-
00 Bo3pacTHOI KaTeropuu. HakoHell, B cTo01ie MAX_SAL B MOCJAEAHUX ILECTH
CTpOKaX COIEPXATCA MAKCUMAIbHbIE 3HAUEHUS 3apIUIaThl CAYXKAIIMX KaXIon
BO3paCcTHOU KaTeropuu KaxJ0ro OTAea, YTO MOKA3bIBAIOT 3HAUEHUS CTOIOLIOB
DEPT_NO M EMP_BDATE, KOTOpPbI€ TEIIEPb COIEPXAT COOTBETCTBYIOLIUI HOMED
oT/eNa ¥ TOR POXACHHUS CIyXKallUX.

DEPT_NO EMP_BDATE MAX_SAL

NULL NULL 22000.00
1 NULL 19000.00
2 NULL 20000.00
3 NULL 22000.00
1 1950 16000.00
1 1960 19000.00
2 1950 17000.00
2 1960 20000.00
3 1950 18000.00
3 1960 22000.00

Puc. 16.1. Pesynerar 3anpoca ¢ pa3nejioM GROUP BY ROLLUP

B ob1ieM ciaydyae mycTh pa3ien IpyMIIMPOBKM 3allpoca UMEET BUA GROUP
BY ROLLUP (cname;, cname,,.., cname,),Trne cname, (i = 1, 2,.., n) —
HMMS CTOJIOLA TADIHIIBI-pe3yIbTaTa pa3aena FROM 3anpoca. I1ycTh B CiMcKe BbI-
OOpKM HCIIONB3YIOTCA BBI30BBI arperaTHhIX (DYHKUUM AGG,, AGG,,.., AGG, Hal
3HAYEHHUSAMU CTONOIIOB, HE BXOISIIHUX B CIIHUCOK I'PYTIIIMPOBKH, a TAKXKE UMEHA
CTONOLIOB cname;, cname,,.., cname,. TOTIa 3aIIpOC BEIMOTHACTCS CIEAYIOIUM
obpazoM. IlepBas cTpoka pe3yneraTa (IIepBblif HAOOp CTPOK pE3YIBTHPYIOLICH
TabaULIBl) IPOU3BOAUTCS TAKMM 00pa3oM, Kak €Ciay Obl B 3alIpoce BOOOIIIE OT-
CYTCTBOBaJI pa3fiel GROUP BY, T. €. arperatHeie (yHKUMHU AGG,, AGG,,.., AGG,
BBIYMCISIIOTCSA HAA 3HAYEHUSIMM BCEX CTPOK Tabmulel. 3HAYeHUEM CTOJIOLIOB
cname;, cnames,.., cname, B 9TOH CTpOKe sABAseTCS NULL. { 1+1) -1 Habop cTpokK
pe3ynsrata ¢pOpMHUpPYeTCsl TaK, KakK ecli Obl pa3fen TpyMIIMpOBKH 3aIpoca
UMeJT BUX GROUP BY (cname;, cname,,.., cname,) (1<i<n).Bo Bcex 3Tux
CTPOKax 3HAYEHHMEM CTONOIOB cname,,,;,,.., cname, Busercs NULL. HakoHelrr,
(n+1)-# HaOOp CTPOK pe3ynpraTa (POPMHUpPYeTCS TaK, KaK eClM OBl pa3men
TPYIIIUPOBKHU 3arpoca UMel BHII GROUP BY (cname;, cname,,.., cname,) .
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Kypc OCHOBbI

MoxeT roKa3aThCsl, UTO 3arpockl, COAepXaliie pa3aei GROUP E
HACTOJILKO CJIOXHBI, UTO MX BBHITIOJIHEHHE OyjleT 3aHMMATb upe3Me
110e BpeMs. DTO OUIYIIEHHE SABJISETCH JIOXHBIM. B neiicTBUTENbH
BBHINIOJTHEHHH 3arIpOCOB ¢ OOBIYHOM I'PYNIIMPOBKOM BHIAa GROUP B
cname,..., cname,, Kak IIpaBUJIO, TTOCJIE10BATeIbHO BHITOTHAETCS Ct
CTPOK TAONHUIIbI-pe3y/ibTara paszieia FROM B COOTBETCTBHM CO 3H
cToNbLa cname;, 3aT€M — B COOTBETCTBHH CO 3HAYEHHUAMM CTOJIONA Cric
M B 3aKJIIOYEHHE — COPTHPOBKA B COOTBETCTBUH CO 3HAUEHUSIMHU CTONIG
Bo BpeMst BLITIOJTHEHHS KAXIOH COPTUPOBKHA MOXHO 330HO BBIYHI
yeHus arperaTHelx GYHKIMM. Tak 4TO CTOMMOCTb BBITTOJIHEHHS 3al
Jepxaulero pasaea GROUP BY ROLLUP, JHUIb HE3HAYHTEJIHHO OTJI
CTOMMOCTH BBIITOJTHEHHU A 3apoca ¢ OObIYHOM IPYTITIMPOBKOM.

ArperatHas QyHKUNA GROUPING

O6cynuM Ternepb OOUH 60jiee TOHKMH BONpoc. Kak roBopuioci
12, onpenenenue cToabLoB DEPT_NO M EMP_BDATE TaOJMIIbI EMP
MOSIBJIEHUE B 3TUX CTOJNOLIAX HEOTIPEACIeHHbIX 3HaUeHU. [ToaTomy
JIMIBI EMP MOIJIO ObI HMETh, HAIPUMED, CIEAYIOIUN BUA:

EMP

EMP_NO DEPT_NO EMP_BDATE EMP_SAL

2440 1 1950 15000.00
2441 1 1950 16000.00
2442 1 1960 14000.00
2443 1 1960 19000.00
2452 1 NULL 15000.00
2453 1 NULL 17000.00
2444 2 1950 17000.00
2445 2 1950 16000.00
2446 2 1960 14000.00
2447 2 1960 20000.00
2448 3 1950 18000.00
2449 3 1950 13000.00
2450 3 1960 21000.00
2451 3 1960 22000.00
2454 NULL 1950 13000.00
2455 NULL 1950 14000.00
2456 NULL NULL 19000.00
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Nexuma 16 Cpeacrsa GOpMyNMPOBKM aHANNTUHECKUX U PEKYPCUBHLIX 3anpocos

Toraa pe3yibrar 3ampoca u3 mpumepa 16.1 uMen Obl clieayiommi Bua*:

DEPT_NO EMP_BDATE MAX SAL
NULL NULL 22000.00
NULL NULL 19000.00
NULL NULL 14000.00
1 NULL 19000.00
2 NULL 20000.00
3 NULL 22000.00
1 NULL 17000.00
1 1950 16000.00
1 1960 19000.00
2 1950 17000.00
2 1960 20000.00
3 1950 18000.00
3 1960 22000.00
NULL 1950 14000.00

Puc. 16.2. Pe3yneraT 3anmpoca ¢ pa3aenoM GROUP BY ROLLUP
K TaOJIH1Ie ¢ HEOMpeAeIeHHBIMU 3HAYSHUSIMH CTOJIOLIOB FPYIIITUPOBKH

OueBuAHO, YTO, IPOCMATPUBAsl CTPOKHU TaOJIUUbI, TIOKA3aHHOH Ha pUC.
16.2, HEeBO3MOXHO YCTAHOBUTD, B KAKOM M3 MEPBBIX TPEX CTPOK HeolpeaesieH-
HOE 3Ha4Y€HHE CTOJOLOB DEPT_NO 1 EMP_BDATE 03HAuYaeT TO, UTO 3Ta CTPOKA B~
JISIETCST CBOJHOM IUISI BCErO TIPEATNIPUSITHS, a4 HE TO, UTO OHA SIBJISECTCS CBOOHOM
JUTSI BCEX CJTyKALIMX C HEU3BECTHBIMH HOMEPOM OT/IE/Ia ¥ TOAOM POXICHUS HIH
TPOCTO JUIST BCEX CIIYXAMIMX ¢ HEM3BECTHBIM HOMEPOM OTiAeNa. AHATIOTHYHBIM
00pa3oM HEBO3MOXHO TMOHSATH, KaKasi CTPOKa B CJIEAYIOILEH Jaiee mape CTpoK
SIBJISIETCST CBOOHOM JUIA BCEX CAyXalUUX OTaeda Homep 1, a He IS BCex
CJTyXalluX OTAesia HOMEP | ¢ HEU3BECTHBIM TOJOM POXKICHHS.

151 TOro 4ToOBI BCeraa MOXHO OBUIO Pa3o0paThCs B pe3y/ibraTax 3ampo-
COB, BKJIIOYAIOILMX pa3des GROUP BY ROLLUP, B sA3bIK SQL Oblia BBeIeHa CIIe-
uManbHasi arperatHast (YHKUUA GROUPING. Dta (yHKUMS TPHUMEHSETCS K
CTOJNOLLY, BXOAS11IeMY B CIIMCOK CTONOLIOB pa3aena GROUP BY ROLLUP, ¥ IpHHH~
MaeT 1IeJIoe 3HaYeHHUE | B TeX CTPOKAX pe3YJbTUPYIOIIEH TabNMIIBI, B KOTOPBIX
COOTBETCTBYIOLIUH CTONOEL] MMeeT 3HaYeHUe NULL IO TOH MPUYUHE, YTO CTPO-
* Mbl OIATH UCKYCCTBEHHEBIM 00pa30M YIIOPSUIOUMIH Pe3yJLTaT 3ampoca Aisl yE006CTBA TOSCHEHUIA.
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Kypc OcHoBbt 623 gaHHBIX

Ka SBJISAETCS CBOGHOM Ui 6onee 0000IIeHHON rpylnel. B mpoTuBHOM ciydae
dyHkIua GROUPING npuHUMaeT 3HadeHue 0.
YrouHuM GopMyIHPOBKY 3aIpoca U3 puMepa 16.1 (mpamep 16.1a):

SELECT DEPT_NO, EMP_BDATE, MAX (EMP_SAL) AS MAX_SAL,
GROUPING (DEPT_NO) AS GDN, GROUPING (EMP_BDATE) AS GEB

FROM EMP

GROUP BY ROLLUP (DEPT_NO, EMP_BDATE};

PesyisTHpytolas Tabiuiia WIsk 3TOTO 3ampoca OyIeT UMeTh CICAYIOIMIA BHI;

DEPT_NO EMP_BDATE MAX_SAL GDN GEB
NULL NULL 22000.00 1 1
NULL NULL 15000.00 0 0
NULL NULL 14000.00 1 0
1 NULL 18000.00 0 1
2 NULL 20000.00 0 1
3 NULL 22000.00 0 1
1 NULL 17000.00 0 0
1 1850 16000.00 0 0
1 1960 15000.00 0 0
2 1950 17000.00 0 0
2 1960 20000.00 0 0
3 1950 18000.00 0 0
3 1960 22000.00 0 0
NULL 1950 14000.00 0 0

Puc. 16.3. Pe3yapraT 3anpoca ¢ pa3uejsoM GROUP BY ROLLUP M BLI3OBa-
MH arperaTHoi (GpyHKIHUH GROUPING K Tabaulle ¢ HeonpeaeaeHHBIMHI
3HAYEeHHAMH CTOJOLIOB IPYNITHPOBKH

AHaTH3UpYS 3HAYEHHS CTOJIOI0B GDN M GEB B CTpOKax TaOJHIIbI, NTOKa-
3aHHOM Ha pHc. 16.4, MOXHO yOeIUTbCs, 4TO 3HaYEHHE CTOIONIA MAX_SAL B Iiep-
BOM CTPOKE SIBIACTCS MAKCHMAJIBHBIM 3HAYEHHEM 3apIUIaThl BCEX CIIYXKAIIIMX
MPEAPUSITHA, BO BTOPOl CTPOKE — MAKCUMAJIBHBIM 3HAYeHHUEM 3apIUIATH CIy-
XKalUX ¢ HEH3BECTHBIMH HOMEpPOM OTIEea M IOJOM POXIEHWs, a B TPETheH
CTPOKE — MAKCHMAJIBHBIM 3HAYEHHEM 3apIUTAThl BCEX CIYXAIINX C HEU3BECT-
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Nexuuna 16 Cpeacrtsa GOPMYNIMPOBKN AHAIMTUHECKNX U PEKYPCHBHBIX 3aMpOCos

HBIM HOMEPOM OT/ea. B ciienyonx Tpex CTpoKax 3HaYeHH CToJI011a MAX_ SAL
ABIAIOTCH MAKCHMAIbHBIMH 3HAYE€HUSAMH 3apIUIaThl CAYXKALIKUX ¢ HEU3BECTHHIM
TOOOM POXIEHHS U3 OTHEJIOB ¢ HOMepaMH 1, 2 U 3 cooTBeTcTBEHHO. Kak BHa-
HO, 3HaY€HMsI CTOJIOLIOB GDN U GEB ABJISIOTCS CBOETO pOJa MHIUKATOPAMMU, YKa-
3pIBAIOIIMMH Ha IPUPOAY OCHOBHBIX 3HAUECHHIA CTPOKH.

Pasnpen GROUP BY CUBE

Hakonel, 3aMeTHM, 4TO, B OTVIMYKE OT 3aIIPOCOB C TPATHLIMOHHOM IrpyII-
TMMPOBKOM, PE3YJIBTAT 3aIIpoca, COAEPXKAIUero pasneia GROUP BY ROLLUP, 3aBU-
CHUT OT MOPSIAKA CTOJIOLIOB B CITUCKE IPYMIMMPOBKU. I1pH BRIMTOJHEHHH 3a11poca po-
HMCXOIOUT ABWXKEHHUE IO 3TOMY CITUCKY CJIEBa HAIpPaBo C MTOBLILIEHUEM YPOBHS J€-
TAILHOCTH PE3YIBTUPYIOIIMX JaHHBIX. CyIlIeCTBYET €I€ OOHA Pa3sHOBHIHOCTD 3a-
TIpoca ¢ rpyINUPOBKOM, OCHOBAHHAS HAa UCITOJIb30BAHWM pa3neiia GROUP BY CUBE.

Ilycth pasmen IpynImMpOBKH 3aIpoca HMMeeT BUA GROUP BY CUBE
(cname;, cname,,.., cname,),Tde cname, (i = 1, 2,.., n} — AMSA CTOJO-
112 TaOJIULIBI- pe3yIbTaTa pa3aena FROM 3anpoca. O603HaYUM Yepe3 Sgsc MHOXKE -
CTBO {cname;, cname,,.., cname,}.llycTb S, IBASETCS NMPOU3BOJIBHBIM IO~
MHOXECTBOM Sgge, T. €. S, MIPEACTABISAET COOOM ITYCTOE MHOXECTBO MJIM UMEET
BUA {cname,;, cname,,,.., cname,,}, TOe m<n, U KaxXJ0€ HMs CToJI0La
cnamei, COBMANaeT ¢ ONHUM W TOJbKO OIHMM MMEHEM CTOMOLA M3 CIHUCKA
CTONOLOB pa3aeia GROUP BY CUBE. O4EBHAHO, YTO Y MHOXECTBA Sgye CYIECT-
ByeT 2" IMOAMHOXECTB Pa3JIMYHBIX BHAA S,. Toraa 1o onpeaeicHUIo pe3yabTaT
3TOTO 3aMpOoCa COBNANAET C 0OBEAMHEHHUEM PE3YJIETATOB 27 3alIPOCOB C TEMH XK€
pa3genamMu SELECT, FROM U WHERE, UTO Uy 3arpoca ¢ GROUP BY CUBE, H € pa3-
JAEJIOM TPYIINUPOBKHU BHAa GROUP BY S,, MPUYEM BO BCEX CTPOKAX pE3YIbTaTa
YaCTUYHOTO 3aIMpoca 3HAYEHHUEM JIIOOO0TOo cTON0UA cname; TAKOTO, 4TO crame,
€ Sgec U cname, ¢ S,, sABasgerca NULL. 3ampoc ¢ pa3jejioM IpylIdpoBKM BUIa
GROUP BY S, rme S — IIyCTO€ MHOXECTBO, TPAKTYETCS KakK 3arpoc 6€3 pasaesa
GROUP BY. Bor npumep 3arnpoca, comepxaliero pasaen GROUP BY CUBE.

IIpumep 16.2. Hajitn MakcUMalbHbBIHA pa3Mep 3apIuiaThl BO BCEM IIpEl-
MMPUATHH, MAKCUMAIBHBIH pa3Mep 3apIUiaThl B KaXIOM OTIelie, MaKCH-
MAaJIBHBINA pa3Mep 3apIvIaThl CIYXKAIIUX B KAXIO0 BO3PaCTHOM KaTeropuu
A MAaKCUMAJIBHBIA pa3sMep 3apIulaThl CIyXallMX KaXaod BO3pacTHOH Ka-
TETOPUH KaXJI0T0 OTAea.

SELECT DEPT_NO, EMP_BDATE, MAX (EMP_SAL)AS MAX_SAL,
GROUPING (DEPT _NO) AS GDN, GROUPING (EMP_BDATE) AS GEB

FROM EMP

GROUP BY CUBE (DEPT_NO, EMP_BDATE);

PesynsTpyrolnad Tabauiia A1s1 3TOTO 3aIMpoca OyIeT HMETh CIICAYIOIIMMA B
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Kypc OcHoBbl 6a3 AaHHbIX

DEPT_NO EMP_BDATE MAX_SAL GDN GEB
NULL NULL 22000.00 1 1
NULL NULL 19000.00 0 0
NULL NULL 14000.00 1 0
1 NULL 19000.00 0 1
2 NULL 20000.00 0 1
3 NULL 22000.00 0 1
1 NULL 17000.00 0 0
1 1950 16000.00 0 0
1 1960 19000.00 0 0
2 1950 17000.00 0 0
2 1960 20000.00 0 0
3 1950 18000.00 0 0
3 1960 22000.00 0 0
NULL 1950 14000.00 0 0
NULL 1950 18000.00 1 0
NULL 1960 22000.00 1 0

Puc. 16.4. Pe3ybrat 3amipoca ¢ pa3nesioM GROUP BY CUBE 1 BBI30BaMU
arperaTHoM ()yHKIMM GROUPING K Ta0/IHile ¢ HEOTIpEAEAEHHBIMM 3HaUYe-
HUSAMY CTOJOLIOB rPYIIITUPOBKH

Kak BUIHO, pe3ynsTar 3afpoca U3 pumepa 16.2 coBceM HEMHOFO OTJIM-
qaeTcst OT Pe3yJIbTaTa 3armpoca U3 nmpumMepa 16.1a. JlobaBunuch ABe MOCIeIHNE
CTPOKH, TOKA3bIBAOLINE MAKCUMAIbHBIC 3HAYCHUS 3aPIIaThl BCEX CITYXAIIMX
MPEATIPUATHS, POOUBILIMXCS B 1950-M 1 1960-M IT. COOTBETCTBEHHO.

Hair mpuMep MOXET HaBECTH Ha MBIC/Tb, YTO U B OOILEM ciiydae 3armpo-
CHI, collepXalllie pasfael GROUP BY CUBE, He CIMINKOM OTJIMYAIOTCA OT 3a-
MPOCOB ¢ GROUP BY ROLLUP, M BBINOJHEHHUE 3TUX 3AMPOCOB TOXE HE C/IMII-
KOM pasinuaercd. OIHAKO 3TO COBCEM HE Tak. 3arpoc, CoaepXallui pa3nen
GROUP BY CUBE, AeHCTBUTEBHO BHIPOXIAETCA B 00BEIUHEHUE PE3YJILTATOB
2" 3aMpOCOB ¢ OOBIYHBIM pa3fieioM GROUP BY. COOTBETCTBEHHO, CAOXHOCTD
BHITIOIHEHHS TAKOTO 3allpOCa HECPABHEHHO BBILIE CJAOXKHOCTH BHITIOJHEHHSA
IMOXOXETO 3arpoca ¢ GROUP BY ROLLUP. B HallleM nmpuMepe Bce MOAYyYHIOCh
TaK TPOCTO TOJBLKO 0 TOM NMPUYMHE, YTO B 3alIPOCE MMEIOTCS BCETO JABA
cToa011a rpynnyupoOBKH.
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Nexuus 16 Cpencrtsa GOPMYIMPOBKIN aHANUTUYECKUX U PEKYPCUBHBIX 3anpocoB

PeKypcuBHbIe 3aripochl

HauyHeM 3TOT pasgen ¢ HECKOJIbKHUX OTPEIACTCHUN, KacaloIIMXCsl TIOHSI-
THI, KOTOPBIE CBSI3aHbl C PEKYPCUEH. DTH TIOHATUS UMEIOT OOLIMIT XapaKTep,
HO B IIPUBEIEHHBIX HUXKE OIpeIcIeHUIX H KOMMEHTAPHUAX K HUM (TaM, TOe 3TO
YMECTHO) TToJYepKHUBaeTCs KOHTEKCT SQL.

OnpepeneHns, OTHOCAUMECS K PEKYPCHUU

O6x00 odepesa & wupury. IIpy 3TOM crrocobe 06xoaa HEIMOCPeACTBEHHbIE
TTOTOMKY OGXOMATCS CJIeBa HAMPABO, A0 TOTO KaK MPOU3BOAUTCS MEPEXO] K IMO-
TOMKAaM CJIEAYIOLIErO YPOBHS POACTBA.

KopeHb
Y
Y Y Y
IToromoxk 1 IToToMox2 [Toromox3

Il.1 1.2 1.3 In2.1 2.2 2.3 3.1 3.2 3.3

Puc. 16.5. ITpumep nepesa

ITpu o6xone B LIMPHHY JepeBa, IIOKa3aHHOIO Ha pUc. 16.5, y3ab1 Oy-
AYT OOXOIHMTBHCS B CHCAOVIOLIEM MNOpPSAOKE: KopeHb-IIoToMOK1-TIOTOMOKZ -
NoToMoK3-TI1.1-T11.2-MM1.3-102.1-T12.3-113.1-T13.2-T13. 3.

06x00 depesa 6 eaybuny. IIpu 3TOM criocobe o0xoaa Ha KaXIOM Iare
MMPOM3BOIUTCA MEPEXOM K CAMOMY JIEBOMY TeKYLIeMY MTOTOMKY. IIpu o6xone
B IIyOUHY JepeBa ¢ puc. 16.5 mopsanok o6xoma y3Ja0B OVAET CIACIYIOLINM:
KopeHp-IloToMoK1-111.1-T11.2-11.3-TloToMOKR2~T12.1-T12.2-T12 . 3-TloTO-
MOK3-T13.1-113.2-T13.3,

Luka ¢ opuenmupogannom epagpe. B Teopun rpadoB OpHEHTHPOBAHHBIH
rpac Ha3bIBAETCS LIUKIMYECKUM B TOM M TOJBKO B TOM CJy4yae, KOrjaa XoTst Obl
OIMH y3ea rpada oTHOBPEMEHHO SIBISETCS U IIPEIKOM, U ITOTOMKOM (T. €, [JUTsS
3TOro y3j71a MMEETCS W BbIXoAsiulas, ¥ Bxomsuias ayra). B SQL:1999 yznaMu
rpaca peKypCHHU SIBIASIIOTCS CTPOKH, BXOASILNME B pe3yABTAT PEKYPCUBHOIO 3a-
Ipoca, a IyTH COOTBETCTBYIOT CIIOcO6aM 06paboTKM TEKYILMX CTPOK, KOTOPhIE
BEIYT K A00ABJIEHUIO K Pe3y/IbTaTy HOBbIX ¢TpoK. Ha puc. 16.6 mokasaH mpo-
CTESHIIUI MPUMEP OPUECHTUPOBAHHOTO rpada ¢ LUKIOM.
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KopeHb
A

Puc. 16.6. ITpumep rpaga ¢ TUKIOM

Ilpamas pexypcus. Tlo onpeneneHUI0, HEKOTOPBIN 3JIEMEHT UCITONb3YeT
TIPSIMYIO PEKYpPCHIO B TOM U TOJILKO B TOM cJy4ae, Koraa oH obpaiaercsi caM K
cebe 6e3 mocpeIHUKOB. IIpuMep, IPUBEIEHHBIN Ha pUC. 16.6, 1eMOHCTPUpPYET
(B rpadoBoii dhopme) Tipsimylo pexypcuio. Ha puc. 16.7 nokasaH rpacgosbiit
TMPUMEDP HENPAMOM pEKypCHH.

Y

Puc. 16.7. IpadoBbIii puMep HEMPSIMOIl peKypCHU

Juneiinas pexypcus. I1py nMHEHHO peKypCUBHOM BBI30BE 3JIEMEHT MPSIMO
peKypcHUBHO obpaiiiaetcs caM K cebe He 6ojee onHoro pa3za. B SQL:1999 B on-
peaeeHUH J1000H BUPTYaIbHON TaGiIMUb] ¢ peKypcHel JomycKaeTcs He Oosee
OIHOM CCBIJIKH Ha caMy cebs (B pazaene FROM u/und B oazanpocax). Ha puc.
16.8 mokazaH rpa)oBbIif IpUMEP PEKYPCUHU, HE SIBISIOIEHCS THHEHHOM.

Mornomonrocms. MOHOTOHHON TPOTPECCUEA HA3bIBAeTCsi MOCICAOBATENb-
HOCTh HEyOBIBAIOIMX WM HEBO3PacTalILMX 3HaueHWH. Hampumep, mocnemopa-
TeJIbHOCTD HATYpAJIbHBIX UKcesd {1, 2, .., n, ..} sBuseTcs MoHOTOHHOM. B SQL:1999
CBOWCTBO MOHOTOHHOCTH ITOJIEPXXMUBAETCS B TOM CMBICJIE, YTO YHCJIO CTPOK PE3YJIb-
TaTa peKypCHMBHOTO 3aMpoca He YMEHBIIIAaeTCsT Ha KAXIIOM I1Iare peKypCHH.

Bzaumnas pexypcus. DnNeMeHTbl A U B CBSI3aHbl OTHOLIEHUEM B3aUMHOM
PEKYPCHH, €CJIM A MPSIMO WJIM KOCBEHHO BBI3BIBAET B, U B IPSIMO WJIM KOCBEH-
Ho BeI3bIBaeT A. Ha puc. 16.9 mokasaH rpacoBblii MpuMep B3aUMHOM peKypCcUHr
(3J71EMEHT A BBIBIBAET 2NEMEHT B Uepes3 JEMEHT C, a 3JIEMEHT B BbI3bIBAET JJe-
MEHT A 4epe3 JIEMEHT D).

Puc. 16.8. IpadoBbiii mpuMep HeTMHEHHON peKypcum
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Puc. 16.9. I'padoBriii MpuMep B3aUMHON PEKYPCHH

Ompuuyanue. B xontekcte SQL oTpuilaHHeM Ha3bIBaeTcs Joboe OEHCT-
BHE, IIPHBOASIIIICE K YMEHBIICHHIO YHCJIa CTPOK B peayJibrate 3anpoca. CBOUCT-
BaMM OTPHIIAaHMs 00NaNaT ONepalluy Had (MYyJBTH)MHOXECTBAMU EXCEPT M
INTERSECT, crielimduKalusa DISTINCT, ycjaoBUe NOT EXISTS U T. I. B ctaHaap-
Te SQL He 3anpeniaercsi HCNOJAb30BaHHE OTPULIAHHUS B PEKYPCUBHBIX 3aIIpOCaXx.
Bo3MoxHOI npobieMbl HApYIIEHUSI MOHOTOHHOCTH yIaeTcs u3bexaTh 3a CYET
TOTO, YTO OTPUIIAHHE PA3PEILAETCS TPUMEHSITh TOIBKO K TEM Tab/iilaM, KOTO-
pbie SIBJISIOTCSI TMTOJIHOCTHIO U3BECTHBHIMUA (WJIM BBIYUCIEHHBIMH) K MOMEHTY
TIpUMEHEeHHUs1 OTpUllaHust. B mpoliecce BBIYMCACHUS TaOMHUIbI TPUMEHEHHE K
Hel OTpUIIaHHUS He JOITyCKaeTCsl.

Havansnuiii ucmoynux pexypcuu. I1py BBINOTHEHUH PEKYPCHBHBIX BHIYHC-
JIEHUI1 OOBIYHO (XOTS U HE BCErla) UMEETCSI HEKOTOPOe HavyalbHOE 3HAYEHUE.
B SQL 2T¥M HaYaTbHBIM HCTOYHUKOM PEKYPCHH SIBISIETCSI OXHA WU HECKOJIb-
KO CTPOK, YIOBJIETBOPSIOIIMX HEKOTOPBIM HAaYaIbHBIM YCIOBUSIM. Ha ocHoBe
3THX CTPOK B IIpOlIECCe PEKYPCHBHOTO BBIYMCJICHHS TTPOU3BOAATCS JOTIOJHU-
TEJBHBIE CTPOKH, 00pa3ylolue OKOHYATENbHbIN pe3y/IbTaT.

Cmpamugurayus. B SQL peKypcHBHBIN 3ar1poCc 0OBIYHO COCTOUT U3 «pe-
KYPCUBHO» U «HEPEKYpPCUBHOMH» HacTeii. B npouiecce crparudukaiun («pac-
CIOCHHS») 3alpoca BHIMOJIHEHHWE 3THUX IABYX 4YacTeil pasgeisiercsa. B Gonee
CIIOXHBIX PEKYPCHBHBIX 3aITpOCaX MOXET COAEPKAThCS HECKOMBKO PEKYPCHB-
HBIX YacTeil ¥ boJiee OMHON HepeKypCHBHOM YacTH. B 3TOM citydae B mpoliecce
cTpatuduKaunu 6yaeT o6HapyxeHo 60JbLIee YUCTO CHOEB.

Cemanmuxa curcuposannoii mouxu. B xourekcre SQL:1999 cemanTHKa
(pHKCUPOBAaHHOM TOUYKM O3HAYAET, YTO PEIIEHHE O 3aBePILIEHUH PEKYPCUBHOTO
3arpoca [IpUHUMAETCs TOTIa, KOTa CTAHOBUTCS HEBO3MOXHO T100aBHUTD K pe-
3yJITaTy KaKue-JIM00 XOMOTHUTETBHbBIE CTPOKH.

PeKkypCHBHbIE 3anpockl C pa3nenom WITH

B npeabiayliux JeKILHSIX MBI YK€ TOBOPU/IN O Pa3HOBHAHOCTH Crieiinu-
Kalli{ CCHUIKM Ha Tabjiully ¢ MCIMOJb3oBaHHeM pasfieia WITH., OQIHAKO MBI
YMBIIIUIEHHO OTVIOXIIH 00CYXIeHHE peKyPCHBHBIX BO3MOXHOCTeH. TToaHbIM
CHHTAaKCHC paszesia WITH BBIVISLOUT CIEIYIOIUHM 00pa3oM:
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with_clause ::= WITH [ RECURSIVE ]
with_element_comma_list
with_element ::= query_name [ (column_name_list) ]
AS ( query_expression ) [ search_or_cycle_clause ]
search_or_cycle_clause ::= search_clause
| cycle_clause
| search_clause cycle_clause

search_clause ::= SEARCH recursive_search_order SET
sequence_column_name
recursive_search_order ::= DEPTH FIRST BY

order_item commalist
| BREADTH FIRST BY order_item_commalist
cycle_clause ::= CYCLE cycle_column_name_comma_list
SET cycle mark_column_name TO value_expression
DEFAULT value_expression
USING path_column_name

Juisi WutlocTpallid BO3MOXKHOCTEH PEKYPCHBHBIX 3alIpOCOB C pa3leiioM
WITH M TTOSICHEHHUSI CMBICJIAa KOHCTPYKIMM SEARCH M CYCLE BOCIIO/NIB3YEMCS KJ1AC-
CHYECKUM TIPUMEPOM «pa300pKH AeTaleh» (B JAHHOM Ciyyae Mbl OyneM pa3ou-
paTh aBTOMOOWDb). TIpeanomoXxuM, 9yTo JaHHBIE 0 KOHCTPYKTUBHBIX 2MeMEHTAX
aBTOMOOWJISI XpaHATCS B TaOnmuLe CAR, OINPeIeSICHHOMR CIeAYyIOIUM 00pa3oM:

CREATE TABLE CAR (CONTAINING PART VARCHAR (10),
CONTAINED_PART VARCHAR (10),
NUMBER_OF_PARTS INTEGER,
PART_COST DECIMAL (6,2));:

Y aBTOMOOMIISE UMEETCS OMUH KOHCTPYKTHBHBIM 3JIEMEHT BEPXHETO YPOBHS
— MOJHOCTBIO COOPAHHBLINA ABTOMOOWIb. DTOT 37IEMEHT He SIBIISIETCS COCTABHOM
YaCcThI0 KAKOT0O-JIN0O0 APYroro 3JeMEHTa, U VIS €r0 CTPOKH 3HaYeHHEM CTonOLa
CONTAINING_PART SIRJISIETCSA TEKCTOBasi CTpoKa MIHHbI (. B mo6oit apyroii cTpo-
Ke TabmuLibl CAR, COOTBETCTBYIOIIECH HEKOTOPOMY HEATOMAPHOMY KOHCTPYKTHB-
HOMY NIEMEHTY e, cTONOeL] CONTAINING_PART COOEPXUT HACHTH(DHUKALIMOHHBIH
HOMED 3JIEMEHTA e, B KOTOPBIA BXOAUT 3JIEMEHT e, CTONOEI] NUMBER_OF _PARTS
— YUCIIO 3K3EMILTSIPOB 3/IEMEHTA e, BXOASIIMX B e, a ctonber] CONTAINED_PART
— MACHTU(OUKALIMOHHBIN HOMEP CaMOro 3JieMeHTa e. B mo60ii cTpoke Tabiaribl
CAR, COOTBETCTBYIOILEH HEKOTOPOMY aTOMapPHOMY KOHCTPYKTHBHOMY SJIEMEHTY,
3HAYEHHEM CTOJIOIA CONTAINED_PART SIRIAETCS CTPOKA JIHHH 0, a B cTONOLIE
PART COST COXpaHSETCS LieHAa aTOMapHOTO KOHCTPYKTHBHOIO JIeMEHTa (IUis
HeaTOMapHBIX JTEMEHTOB 3HAYEHHE 3TOTO CTOIOLIA PABHO HYJIIO).

IpennonoxuM, 910 HaMm TpeOyercsi pa3oOpaTh aBTOMOOWIb, HauMHasA ¢
3JIeMEHTa CaMOTO BEPXHETO YPOBHS, ¥ JUIST KAXXIAOTO KOHCTPYKTUBHOIO 3JIEMEHTA

366



Nekums 16 Cpeactea GOpMYINPOBKM aHANIMTUYECKMUX N PEKYPCUBHLIX 3anpocoB

HOMYYUTb €10 HOMED, O0LIEE YNCIIO MCTIONB3YEMbIX 9K3EMIUTSIPOB 3TOTO NIEMEH-
Ta, a TAKXKE, €C/IM IEMEHT SIBISETCSI aTOMapHbIM, OOLILYI0 CTOUMOCTb HCIO/b3Y-
€MBIX 3K3eMILIsipoB. BoT Bo3aMoxHas hopMyMpoBKa 3arpoca (nmpumep 16.3):

WITH RECURSIVE PARTS (PART_NUMBER, NUMBER_OF_PARTS, COST) AS

(SELECT CONTAINED_PART, 1, 0.00 (a)
FROM CAR
WHERE CONTAINING_PART = '’

UNION ALL

SELECT CAR.CONTAINED_PART, CAR.NUMBER_OF_PARTS,
CAR.NUMBER_OF_PARTS * CAR.PART_COST
FROM CAR, PARTS
WHERE PARTS.PART_NUMBER = CAR.CONTAINING_PART)
SELECT PART_NUMBER, SUM(NUMBER_OF PARTS), SUM(COST) (b)
FROM PARTS
GROUP BY PART_NUMBER;

DTOT 3anpoc OYIET BHIMOAHATHLCS CAeMyolUIMM ob6pa3oM. IIpu BEIYHCIE-
HHH pa3zaesia FROM ocHOBHOTO 3armpoca (b) HauHETCs BHITOTHEHUE PEKYPCUBHO-
r'O BHIpAXEHHMSI 3alPOCOB (@), ONpeaeIeHHOro B pasaeiie WITH. Ha nepBoM Iia-
re peKypcHM OyIeT BHIMOJTHEHA YacTh JAHHOTO BHIPAXKEHHsI, MPEALIECTBYIOLIAs
ofepallii UNION ALL M ofpa3yiolilasg HauaJlbHBIA UCTOYHHK peKypcHH. B pe-
3yapTaTe OyAEeT MPOM3BEACHO HMCXOMHOE COCTOSSHHE BHUPTYAIbHONH TaOIHIIBI
PARTS, B KOTOPOM, B HalleM CJIydae, IIOSBUTCS SIMHCTBEHHAs CTPOKa, COOTBET-
CTBYIOLIIasl aBTOMOOIIIO 11IeTUMKOM. Ha cienyiouiem 1are K Tabnuiie PARTS Oy-
IyT 100aBJIECHBI CTPOKH, COOTBETCTBYIOLIME KOHCTPYKTUBHEBIM 3JIEMEHTaM BTO-
pOro YPOBHs (Ui aBTOMOOMJISI 3TO, MO-BUIMMOMY, IBUTaTeNb, KOjieca, IaccH
HT. 1.). DTOT npouecc OyaeT PoaoIKaThCA A0 TeX IO, MOKa MBI He IOMIEM 10
aTOMApHBIX KOHCTPYKTUBHBIX 3JI€MEHTOB U HE TOCTUTHEM, TEM CaMBbIM, (PUKCH-
POBaHHOM TOYKH. [TOCKOIBKY B pEKYPCHBHOM 3aMpOce COACPKHUTCS OTepalivs
UNION ALL, B pe3yJbTHPYIOLICH TaOJIUIIE MOTYT HOSIBASITHCA CTPOKH-TYOIHKA-
Thl. Hamuuue cTpoku-my0aMKara BUia <part_no, number, cost> 0O3HAYaeT,
YTO IEMEHT C HOMEPOM part_no BXOAMT B OMHOM H TOM XK€ YHCJIe 3K3EMILISI-
POB B HECKOJIbKO KOHCTPYKTHMBHBIX 2JIEMEHTOB 60JIe€ BHICOKOTO YPOBHSI.

Pa3pnen SEARCH

B npuBeneHHOM BHILIE MPUMEpE HE ONPEHE/IsUICS MOPSIOK, B KOTOPOM
CTPOKH JOOGARISAIOTCSH K YACTHIHOMY PE3YJIBTaTy PeKYPCHBHOTO 3ampoca. OnHa-
KO MHOTAA TpeOyeTCs1, YTOOBI Hepapxus 00XOAWIach B IITyOHHY WM B LIMPUHY.
CoOOTBETCTBYIOLIAS BOBMOXHOCTb 00eCIeYMBaeTCS KOHCTPYKIIMei SEARCH. [lpu
yKa3aHHH TpeGoBaHHUs 06X0/1a B IIyOHHY rapaHTUPYETCST, YTO KAXIBIA 3JIEMEHT-
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MPENOK MOSBUTCA B Pe3YJIBTATE PAHbILIE CBOMX IIOTOMKOB M CBOUX OpaTheB CIIpa-
Ba. Ecnu yka3biBaeTcs TpeOOBaHUE 00X01a UepapXHH B LLIMPHHY, B pe3yJIbTare
BCE OpaThbsi OJHOTO YPOBHS MOABJISIIOTCS PaHbIIE, YeM KAaKOM-JIMO0 UX TTIOTOMOK.
Hinke nmoka3aH BapyMaHT 3alIpoca, B KOTOPOM COAEPXKHUTCS pasaei SEARCH ¢ Tpe-
6oBaHHEM 00X01a MEPAPXHMU IJIEMEHTOB ABTOMOOWIIA B LIMPUHY (mpumep 16.4).

WITH RECURSIVE PARTS (ASSEMBLY, PART NUMBER,
NUMBER_OF_PARTS, COST) AS
(SELECT CONTAINING_PART, CONTAINED PART, 1, 0.00
FROM CAR
WHERE CONTAINING_PART = ‘'
UNION ALL
SELECT CAR.CONTAINING_PART, CAR.CONTAINED_PART,
CAR.NUMBER_OF_PARTS, CAR.NUMBER_OF_PARTS *
CAR.PART_COST
FROM CAR, PARTS
WHERE PARTS.PART NUMBER = CAR.CONTAINING_PART)
SEARCH BREADTH FIRST BY CONTAINING_PART, CONTAINED PART
SET ORDER_COLUMN
SELECT PART NUMBER, NUMBER_OF PARTS, COST
FROM PARTS
ORDER BY ORDER_COLUMN;

B criucke cTojIb1I0B COPTHPOBKHM pa3eia SEARCH TOKHBI YKA3bIBATHECH UME-
Ha CTOJIOLOB BUPTYATHHOMN TaOMHUIIBI, ONpeae/icHHOM B pa3aene WITH. [Tockonpky
B JAHHOM CJTy4ae Mbl XOTHM, YTOOBI B PE3y/IETaTe CHAYasIa MMOSBISUTMCH BCE KOHCT-
PYKTHBHBIE JIEMEHTHI OMHOTO YPOBHS (CONTAINING_PART), a 3aTeM BCe HX ITOI3-
JIEMEHTHI (CONTAINED_PART), B CIIMCOK BBHIOODKHM PEKYPCHMBHOTO 3ampoca PARTS
nobaBieH crondel CONTAINING PART, KOTOPBIM HE MCITONIB3YETCS HUTAE, KPOME
pasznena SEARCH. B pasmene SET K pe3yJbTHPYIOLIEH Tabiuiie peKypCHBHOTO 3a-
npoca 106aBJIeH CToN0eL, KOTOPBIA MBI HasBaJd ORDER_COLUMN. Ha3BaHue cooT-
BETCTBYET IIPUPOJIE CTOIOLA, IOTOMY YTO MPH BBITOJIHEHUH PEKYPCHBHOTO 3aI1pO-
€a B 3TOT CTOJOCI aBTOMATHIECKH 3aHOCATCA 3HAYCHHS, XapaKTePU3YIOIHHE I10-
PSANOK reHepHPYEMBIX CTPOK B COOTBETCTBUM C BRIOPAaHHBIM CIIOCOOOM 06X0/1a He-
papxuu. YToOBl CTPOKHM pe3yjbTaTa OCHOBHOIO 3aIpoca IMOABJISLUTUCH B TOJDKHOM
MOPSAOKE, B 3TOM 3aIpoce TpeOyeTcs HaMWuMe pasaena ORDER BY € yKazaHHEM
CTOJIO1a, onpeAesIeHHOTO B pazaenie SET.

Paagen CYRCLE

Hakonen, o6cyauM, mist 4ero HyXeH pasien CYRCLE. [eno B ToM, 4TO
WHOTIA CaMH JaHHbIe, XpaHUMbIE B TAGIMLIAX 6a3bl TAHHBIX, MOTYT UMETh IIUK-
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nu4ecKyo npupony. IlpeacraBuM cebe, HaTlpuMep, KOMIIAaHHUIO, B KOTOPOH Cy-
LIECTBYET COBET MUPEKTOPOB, SIBISIONIMNCS BBICIIMM OPraHOM YTIpaBJIEHHS
KoMnaHHeid. OOBIYHBIM CIIy4aeM SIBIISIETCS TOT, KOTAa, IT0 KpaiHei Mepe, OIuH
M3 WICHOB COBETA AUPEKTOPOB SABIACTCS IIPOCTHIM CJIYKAIINMM 3TOH Xe KOMIIa-
HHUH (HallpuMep, OH MOXET BXOJMTH B COBET IMPEKTOPOB KaK IpPeICTaBUTENb
npodcoioza). HaszoeM gaHHOro wieHa coBeTa AMpPEKTOPOB EMP_DIR. Kak
YJIEH COBETA AUPEKTOPOB, EMP_DIR «ympaBiIsieT» AESITEIbHOCTBIO IIPE3HIEHTA
koMimaHuH. C Ipyroi CTOpOHHI, KaK CIyXallHid KOMITIAaHHH, EMP_DIR HaXOAMT-
¢S B IIPSIMOM WM KOCBEHHOM MOJYHHEHHH Y NPE3UACHTA KOMIIaHHH. Takoe
MOJIOXCHUE MOXET NMPHUBECTH K 3aLIMKIMBAHMIO BHIITOJIHEHUS] PEKYPCHUBHBIX
3anpocoB. Pa3nen CYRCLE ofecrieuMBaeT HEKOTOPYIO BO3MOXHOCTh PacIio3Ha-
BaTh NMOAOOGHBIE cCUTYallMU. Eciy y TONB30BaTesIs] UMEETCS ITOJIHAs YBEPEH-
HOCTB B OTCYTCTBHH LIMKJIOB B JaHHBIX, K KOTOPHIM aJIPECYETCS PEKYPCHUBHBIH
3anpoc, TO UCHOIL30BaHHE pa3aena CYRCLE He TpeOyeTcs.

Iloaxon X pacno3HaBaHHIO 3aLMKJICHHBIX 3allpOCOB, MPUHATHN B SQL,
COCTOMT B TOM, UTO PacIO3HAIOTCS JaHHBIC, KOTOPHIE YK€ YUacTBOBAIU paHee
B ¢GOpPMHPOBAaHHMH pe3y/ibTaTa peKypCHBHOro 3arnpoca. I1py HaauyuM pasgena
CYRCLE IIpH J100aBJICHHH K Pe3y/IbTaTy CTPOK, YAOBJIETBOPSIOUINX YCJIOBHIO 3a-
Ipoca, TAKHE CTPOKH ITOMEYAIOTCS YKa3aHHBIM 3HAUYEHHEM, KOTOPOE 03HAYaET,
9TO 3TH CTPOKH yXe BOIIUIM B pe3yabTar. [1pu nonbiTke 106aBlIeHUS K Pe3Yiib-
TaTy KaXXJ0H HOBOM CTPOKH IPOBEPSIETCS, HE HAXOAUTCS JIM OHA VXK€ B pe3yJib-
TaTe, T. €. He ITIOMeYeHa JIH OHA THM YKa3aHHBIM B pasfesie CYRCLE 3HaueHH-
eM. EciM 3T0 JeMCTBHUTENIBHO TaK, TO CUMTAETCS, YTO MMEET MECTO LHUKI, H
JajpHelIee BHIIOJIHEHHE PEKYPCHUBHOIO 3aMpoca IpeKpallaeTcs.

O6c¢cynuM Bce 310 60stee popMaiibHO. 11 ymobcTBa BOCIIPOU3BEAEM ellie
pa3 CHHTaKCHC pa3zaesa CYRCLE.

cycle_clause ::= CYCLE cycle_column_name_comma_list
SET cycle_mark_column_name TO value_expression_l
DEFAULT value_expression_2
USING path_column_name

B criucke cycle_column_name_comma_list yKa3bpIBarOTCS HMEHA OIHO-
IO WIH HECKOJIBKHX CTOJIOLIOB, KOTOPHIE MCITOIB3YIOTCS AT HACHTUDHKALINHU
HOBBIX CTPOK Pe€3Y/IBTaTa Ha OCHOBE CTPOK, YK€ BXOHSIUHX B pe3yisrar. Ha-
npumep, B mpuMepax 16.3 u 16.4 cron6er; CONTAINED_PART CBSI3BIBAa€T KOHCT-
DPYKTHBHBIH 3JIEMEHT aBTOMOGIIS C BXOASIIHMH B €70 COCTaB IOA3JIEMEHTAMH
(depe3 3HayeHUs HMX CTOJNOLOB CONTAINING_PART). Pasmen SET NpHMBOIHT K
00pa30BaHMUIO HOBOTO CTOJI01Ia Pe3yIsTUpYIOLIeit Tabnuubl. s cTpok, KoTo-
DBIE [TONIANAIOT B PE3YJIBTaT NMEPBHIN pa3, B cTo6ell cycle_mark_column_name
3aHOCHUTCS 3HAUCHHE BHIPAXEHHUS value_expression_2. B IOBTOPHO 3aHOCH-
MBIX CTPOKax 3HaueHHe cToabua — value_expression_l. THMOM DaHHBIX
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3TOrO CTOJIOLIA SABJISIETCS TUIT CHMBOJIBHBIX CTPOK JUTHHBI OMH, TaK UTO B Kaye-
CTBe value_expression_1 M value_expression_2 pa3yMHO HCIIOJIb30BaTh
KOHCTaHTHI ‘0’ M 1’ WIH ‘Y’ U 'N’.

Paznen USING npHBOOMT K 00pa30BaHMIO €111€ OOHOrO JOMOIHHTECIBHOTO
CTOJIOIA pe3yyibTaTa ¢ HMEHEeM path_column_name. THMOM maHHBIX cTOJNIOIA
SIBJISIETCSI ARRAY, IPHYEM KapAMHAIBbHOCTDL 3TOT0 THIA MpeanojiaraeTca 10cTa-
TOYHO OOJIBLUIOMH, YTOOBI COXPaHUTL HHGpOpPMaLIMI0 000 BCEX CTPOKaXx, MOMaB-
LIHX B PE3YJIBTAT. DJIEMEHTH MAacCHBA UMEIOT «CTPOYHBIH THID» (row type),
COJIepXalllHii CTOJBKO CTOJIOLIOB, CKOJILKO MX YKa3aHO B CITUCKE pa3aesia CYR-
CLE. Kaxaplii 31eMEHT MacCuBa COOTBETCTBYET CTPOKE pe3yJibTaTa, U B €ro
CTOJIOLAX CONEPXKUTCA KOIMHMA 3HAYEHUH COOTBETCTBYIOIIMX CTOJIOIIOB 3TOH
cTpokH. BoT mpHMep 3amnpoca, coaep:xaiero pa3nea CYRCLE (npumep 16.5):

WITH RECURSIVE PARTS (PART NUMBER, NUMBER _OF_PARTS, COST} AS
(SELECT CONTAINED_PART, 1, 0.00
FROM CAR
WHERE CONTAINING_PART = ‘'
UNION ALL
SELECT CAR.CONTAINED_PART, CAR.NUMBER_OF_PARTS,
CAR.NUMBER_OF_PARTS * CAR.PART_COST
FROM CAR, PARTS
WHERE PARTS.PART_NUMBER = CAR.CONTAINING_PART)
CYRCLE CONTAINED_PART
SET CYCLEMARK TO ‘Y’ DEFAULT ‘N’
USING CYRCLEPATH
SELECT PART_NUMBER, SUM(NUMBER_OF PARTS), SUM(COST)
FROM PARTS
ORDER BY PART NUMBER;

HmeHa cTonbuoB CYCLEMARK M CYRCLEPATH BHIOpaHB MPOU3BOJbHEIM
00pa3oM — TpeOyeTcs TOJNBKO, YTOOH UMEHA 3THX CTOJIOLIOB OTJIHYAIHCH OT
HMEH CTOJIOLIOB PEKYPCHBHOTO 3arnpoca. IIpH BEIMOJXHEHHH 3arpoca CTPOKH,
YIOBJICTBOPSIONINE €0 YCAOBHIO, HAKAIUIMBAIOTCA B PE3YIBTUPYIOLIECH Ta0-
suie. Ho, KpoMe TOro, 3TH CTPOKH «KUIHPYIOTCSI» B CTOJOIE CYRCLEPATH.
I1pu momnpITKe NOGaBIEHUS K PE3YJIETATy HOBOM CTPOKHM Ha OCHOBE TEKYLIETO
COIEPXUMOTro cToybua CYRCLEPATH NpOBEpSIETCS, HE COAEPXHUTCH JIH OHa
yXxe B pe3yasrare. ECIH He COIepXHTCS, TO JaHHBIE 00 3TOH CTpOKe mobaB-
JISIOTCS K ¢cTON0IYy CYRCLEPATH (K MacCHBY H00aBJISIETCSI HOBBIM 2JIEMEHT), B
cToibel] CYCLEMARK 3TOM CTPOKM 3aHOCHTCSI 3HaUeHHUe ‘N’ , H CTpOKa 100aB-
JiseTcs K pe3yasrary. MHaue B cronbell CYCLEMARK COOTBETCTBYIOIIEH CTpO-
KM pe3yJibTaTa 3aHOCHUTCS 3HaUeHHUe ‘Y', O3Hayalolllee, YTO OT 3TOH CTPOKH
HayuHaeTCs LHUKII.
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PekypcuBHbIe NpeacTaBneHus

PekypCHBHBIM Ha3bIBaeTCsl MpeACTaBeHHE, B ONMPEAESIONIEM BEIPAXEHHUH
3aMpoca KOTOPOTro HCIOJB3yeTcss MMST 3TOT0 Xe NMpe/icTapIeHud. B nmpeacrapieHusax
MOXET MCITO/Ib30BaThCA M MpsiMasi, M B3aMMHas pekypcusi. CHHTaKCHC ollepaTopa
ofpe/ieIeHHs] PEKYPCHBHOTO 3aMpoca BHITSIUT CIISEYIOUMM 06pa3oM:

CREATE RECURSIVE VIEW table_name
[ column_name comma_list ]
AS guery_expression

XoTs 15 TOro, 4ToOkI NMpeAcTaRIeHHE ObUIO pEKYPCHBHBIM, TpeOyeTCs pekyp-
CHUBHOCTD OIpPEAESIOLIEro BhIpaKEeHMs 3anpoca (T. €. B HEM J0JKHA MPUCYTCTBO-
BaTh crielMUKALIMA RECURSIVE); HAIMUKE U3OLITOYHOTrO KJIOYEBOro RECURSIVE B
OIpE/ICICHUH PEKYPCUBHOTO TIpeICTARIEHU SIBsieTCsl 00s3aTeNnbHbIM. Kak roBo-
PST aBTOPBI CTAHAAPTA, 3TO CACIAHO 1A TOTrO, YTOOh! H30eXaTh CIIYYaHHOrO MOSIB-
JIEHHSI HETIPEIYCMOTPEHHBIX PeKypPCHBHBIX TpeactarieHuil. HakoHen, oGparure
BHMMAaHHE Ha TO, YTO €1LE HE OOCYXKIABLIMIACS HAMH HEOO0s3aTeIbHbINA pa3nen WITH
CHECK OPTION He MOXET IPUCYTCTBOBATD B ONPEAEICHUH PEKYPCUBHOTO MPEACTaB-
JieHus (110 TOi NpUYMHE, YTO pa3paboOTYMKH CTaHAApTa HE CMOIJIM HAWTH pa3yMHOH
MHTEPIpETaLUU 1A KOMOMHAIIMKM RECURSIVE M WITH CHECK OPTION).

B 3axioueHHne 3TOro pasaeiia MOTY CKa3aTh, YTO JIMYHO MHE MEXaHU3M
peKypcHH, npeanaraeMbeiid B ctangapre SQL, npeacraBisieTcsi rpOMO3IKHM U
orpaHuYeHHbBIM. KpoMe Toro, HaCKOJIbKO MHE U3BECTHO, KOMITaHHH, TTOCTaB-
nsiomie SQL-opueHTupoBanHbie CYDB/, He cremiat BHeAPSTh B CBOH TPO-
JIYKTBI CpeCTBA PEKYPCHH B COOTBETCTBHH cO cTaHIapToM SQL:1999 (wiu, no
KpaitHe# Mepe, He CTUIITKOM UX AHUIIUPYIOT).

3aovyeHue

Ecnu BepHYTbCS K CHHTAKCHUECKUM OTNpefeNieHUsIM pasf. «Ooime
CHUHTAKMUeCKHe NpaBWia TOCTPOCHHMS CKATSPHBIX BBIpAXECHUH» JIEKIIHH 13, TO
MOXHO YOEIUTHLCS, YTO B MOCIEIHUX YETHIPEX JIEKIIMSAX MBI PACCMOTPEIH BCE Ba-
pHaHTBI OpraHU3alMK oneparopa SELECT sizbika SQL (32 HCKITIOYEHUEM KOHCT-
pykuui collection_derived_table HONLY (table_or_guery name), OTHO-
CAIMXCS K OOBEKTHBIM paciIMpeHusiM si3bika SQL).

s obliiero MOHUMAHUS A3bIKA HA MOAEJIBHOM YPOBHE 00Jjiee BaXKHBIMHU SIB-
JIAI0TCS TIPEABUIYIINE TPH JICKIIMH. JIlaHHAs ICKIMS BKITIOYEHA B KYpC, CKopee, C LIe-
JIbIO OOLLETO 03HAKOMIICHHS YHTATEICH C HOBBIMH BO3MOXHOCTSIMU OTIEPaTOpa BbI-
60pKH, YeM C LIEJBIO HX NMoApoOHOro onucanust. C GOJBIIOH BEPOSITHOCTBIO Cpe-
cTBa (opMYJHPOBKH aHAIMTHIECKHX H PEKYPCHUBHBIX 3aIpOCOB s13biKa SQL 6ymyt
MepecMaTPUBATLCS TIPH MOATOTOBKE CJIEAYIOUINX BADHAHTOB CTaHAApTAa SI3bIKA.
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Jlexuusa 17. fA3bik 6a3 paHHbIX SQL:
cpeacTBa MaHUNYNIMPOBaHUA AaHHbIMM

HasBaHue 3T0ii JIeKIMH He COBCEM NPABHILHO OTPAXKAET ee peasibHoe CO-
nepxanue. Co0cTBeHHO cpeacTraM A3bika SQL, npeana3nayeHHbIM 11 00HOB.IE-
HMs 6a3bl JaHHLIX, NOCBAIAETCA TOJBKO OAHH H3 TPEX OCHOBHLIX pa3aenos. On-
HAKO H CJIeAYIONIHEe JBA pa3/eia HenocpeACTBeHHO NMPHMBIKAIOT K 3Toil Teme. B
pazaene «IIpeacraBieHHs, HAJ KOTOPLIMH BO3MOXKHBI ONEepauHH OOHOBIEHHS»
PACCMATPHBAIOTCS BO3MOXKHOCTH BbITIOJHEHHS onepaumii 0GHOB/IeHHs §a3bl 1aH-
HbIX Yepe3 nmpencTasisembie Ta0Hubl. O0cyxKnaercsa npod/ieMa B BeioM, NOAX0
K ee pelleHHI0, NPHMeHABIIHiCA B pAHHHX BapHaHTax cTamaapra SQL, u peime-
HHe, npuHAToe B cTanzapre SQL:1999. ITocneanuii 0CHOBHO# pa3/ien JieKIHH No-
CBAINAETCA MEXAHH3MY TpHITEpOB, cnenHGHUHPOBAHHOMY B CTAHIAPTe
SQL:1999. 3aech Toxe UMeeTCs SIBHASA CBA3b C OCHOBHOI TeMOii JIEKIHH, IOTOMY
YTO IIABHBIM YCIOBHEM CPa0OaThIBaAHHSI TPHITEPA ABASECTCA BbINOJHEHHE HEKOTO-
pojii onepanHH 00OHOBJIEHHA 0a3bl JAHHBIX, H JEACTBHA, BLINOJIHAEMbIE B TPHITEP-
HOii poneaype, KaK NPaBIiIo, ToOXe CBA3AHBI ¢ 00HOBJIeHHEM 0a3bl JTAHHDIX.

Kmioyesnie cioBa: onepatop INSERT, BCTaBKa BCEX CTPOK YKa3aHHOM Tab-
JIMIIBI, BCTABKA SIBHO 3aJ]aHHOro Habopa CTPOK, BCTABKA CTPOK pe3yJibTa-
Ta 3aIpoca, onepaTop UPDATE, onepaTop DELETE, NMpeACTaBACHHUs, Hal
KOTOPBIMH BO3MOXHBI OTIepalini 00HOBJIeHUs (updatable view), Matepu-
aM3alus TIpeACTaBIeHUS, TTPEICTaBIeHHUs, JOIMYCKAOIIUE TPUMEHEHHE
orepaiuii oOOHOBIeHHA, B cTanmapte SQL/92, npencraBieHus, JONycKa-
IoIIMe MpUMEHEHHE onepaLuii 0OHOBNeHHs, B ctangapTe SQL:1999, mo-
TEHLIHAJbHAST TIPUMEHUMOCTb OTEepallii OOHOBJICHUS, TIPUMEHHMOCTD
onepaluyii oOHOBJIEHUS, MPOCTasi MPUMEHHUMOCTb OIepalluii oOHoBIIE-
HUSA, IPUMEHUMOCTD OTTEpaIlMi BCTABKHM, aKCHOMAaTHYeCKas (hyHKIIHO-
HaJIbHasA 3aBUCUMOCTDb, U3BECTHAA (DYHKIIUOHAIbHAA 3aBUCUMOCTD, BUC-
MHOXECTBO CTOJIOLIOB, BPK-MHOXECTBO CTOJIOLIOB, pasaen WITH CHECK
OPTION  OIpenejieHUss  TNPEACTABIEHUS], PEXUMBl  TPOBEPKH
CASCADED M LOCAL, TpWUITEp, TPUITEpHas MpoLeaypa, aKTHUBHas Oasa
JIAHHBIX, MEXaHHU3M TpUTTepoB B SQL:1999, npenMerHas Tabauiia (subject
table), nHuiMupytomui onepatop SQL (triggering SQL statement), Tpur-
repsl BEFORE M AFTER, TPMITEpHl INSERT, UPDATE M DELETE, TPUITEDHI
ROW U STATEMENT, pasien WHEN OopeaeIeHUs TPUITEPa, HHULIHHPYEMbIH
SQL-omepatopom (triggered_ SQL_statement), cOCTaBHOH MHHULIMHPYE-
MbIif SQL-onepatop, SQL-npouenypa (SQL procedure), SQL/PSM, BbI-
TIOJTHEHUE TPUITEPOB, KOHTEKCT BBHIMIOJHEHMS TPHITEPA, INEpPEXOaAHas
TabnuIa, MOPSJOK BHIIOJHEHUS] TPUITEPOB, TPUITEPHI U CChUIOYHEIE
JAEUCTBUSA.

372
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BBeneHue

Ba3bl naHHbIX, MO KpaliHel Mepe, B npunoxeHusx kareropuu OLTP, siB-
JSIOTCST BBICOKO TUHAMUYHBIMM OOBEKTaMHM. B Takux NpMIOXEHHUSIX HA IBE
OTepaLMy BIOOPKH NaHHBIX B CPEIHEM MPUXOIUTCS OJ{HA OTIePALIUsSI OOHOBJIE-
HHUS COAEPXMMOTro 6a3bl JAHHBIX (A00ABICHHSI HOBBIX JAHHBIX, VIAJICHHS HIN
MoaMdHKalMU CYyIIeCTBYIOIIUX AaHHBIX). [ToaToMy s mosip30oBaresiei U pas-
padotunkoB OLTP-npunoxeHUN CPENCTBA MAHURYAUPOBAHUS OAHHbIMU TIO
BAXXHOCTH HAXOIATCS HA BTOPOM MeCTe MOCJIe CPeNCTB BbIOOPKH AAHHBIX.

B 370i1 nekiuu Mbl 06CYIMM CpPENCTBa MAaHUITYJIHMPOBAHHSA NaHHBIMH,
pxomsimme B npamoii SQL. 3aMeTHM, UTO ¢ MPaKTHUECKON TOUKU 3peHUs 60-
Jiee BaXHBIMH SIBJISIOTCS CPENCTBA MaHHUIYJIMPOBAaHHWA NAHHBIMH, BBHIXOMS-
e 3a npeaessl NpssMoro SQL U NpHCYTCTBYIOLIME BO écmpaugaemom U ou-
namuueckom SQL. Ho, KaKk MBI HEOJJHOKPATHO OTMEUAJIH, B 3TOM KypCe MBI
He 00CyXIaeM BO3MOXHOCTH MCIIOb30BaHusA SQL mist co3gaHUs Npuioxe-
uuii. Ilo MHeHHIO aBTOpa, MaTepHall JaHHOM JICKIUM TOJIe3eH IJIsd OOlIero
MOHUMAaHUS CEUUMUKHA OTNEPATOPOB MAHUMYIUPOBAHUA JaHHBIMM, a pac-
UIMPEHUS 3TUX ONEPATOPOB, MPUCYTCTBYIOIIHME BO BCTPAMBAEMOM M IMHAMH -
yeckoM SQL, B 11000M cillydyae HyXXHO MU3y4aTb COBMECTHO C IPYTUMM acliek-
TaMU MOAOOHBIX YPOBHEM SI3bIKA.

Jlex1iiust cOCTONT M3 TPEeX OCHOBHBIX pa3nesioB. B mepBoM pasnene Mbl 06-
CYlMM CUHTAaKCHUC U CEMAHTHKY OTE€PaTOPOB MAHUITYJIUDOBAHUSA HAaHHBIMH,
foJiarasi, YTO OHM ACHCTBYIOT Had 6a30BbIMU TabauuaMu. Bo BTopoM pasnene
OyIeT MpOIEMOHCTPUPOBAHO, YTO B PsAME CAy4yaeB, CMECLU(PUITMPOBAHHBIX B
cTaHzapTe si3bika SQL, onepaTopbl MAHUTTYJIMPOBAHUSA AAHHBIMUA MOXHO TP -
MEHSATD K MOPOXIdeMbIM Ta0NIUIIaM Y IIPEACTABICHHUAM C ONHO3HAYHBIM 0TO0-
paxXeHUEeM Pe3yIbTaTOB ACUCTBUS 3TUX ONEPATOPOB HA COOTBETCTBYIOIIME Oa-
30Bble TaOnuIBL. TpeTuil pasnen NMOCBAIIEH MEXaHU3MY TPUITEPOB, KOTOPHIE,
MO CYILECTBY, NMPEACTABASIOT COO0M «XpaHUMBbIE NTPOLIEAYPHI», aBTOMaTHUECKH
BBI3LIBAEMBIE TIPH BO3HUKHOBEHUH COOTBETCTBYIOLIUX YCIOBUM. TpUrrepnl
He 00513aTeILHO CBSI3BIBAIOTCS C ACMCTBUAMM, IPOU3BOAMMBIMM ITPU MAHUITY-
JUPOBAHUHU NAHHBIX, HO, MOCKOIBKY OMHO U3 OCHOBHBIX (PYHKI[UM 3TOr0 MeXa-
HHU3Ma COCTOMT B MOIEPXAaHUH LIEJOCTHOCTH 0a3 JaHHBIX, KaK IIpaBUJIO, Ta-
Kast CBSI3b MeeTcsl. [103TOMy MBI BKITIOUMIM 0OCYyXIeHUE MeXaHH3Ma TpUIre-
POB B COOTBETCTBUM CO cTaHIapTOM SQL MMEHHO B JaHHYIO IEKILIUIO.

Ba3oBble cpeacTBa MaHUnynmposaHua AaHHbIMU

K 6a30BbIM cpencTBaM MaHUIYJIHPOBAHUSA JaHHBIMU si3biKa SQL oTHO-
CATCS «ITOMCKOBBIE» BAPUAHTBI ONEPAaTOPOB UPDATE U DELETE. DTH BapHAHTbi
Ha3bIBAIOTCSA MOUCKOBBIMH, IIOTOMY UTO TIPH 3aJaHHHM COOTBETCTBYIOIIEH OlIle-
palMM 33JaeTcsl JOTMYECKOE YCIOBUE, HajaraéMoe€ Ha CTPOKH ajapecyeMoi
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OrnepaTopoM TadJIULIBI, KOTOPLIE AOKHBI OBITh MOABEPTHYTH MOAU(UKALIUU
WIN yaaieHu10. KpoMme Toro, B TAKyI0 KaTErOpHIO SI3BIKOBBIX CPEIACTB BXOIUT
orneparop INSERT, MO3BOJIAIOIIMHA 100aBJSITE CTPOKH B CYLLIECTBYIOILME TAOIU-
1bl. JJornyHO HAaYaTh U3/10XeHHE HMEHHO C oTiepaTtopa INSERT, MOCKOJIbKY, VISt
TOT0 YTOOBI MOXHO OBUIO UTO-TM00 MOTM(PUIIMPOBATh B TAONIHMIIAX WIH YIAISIThH
U3 Tab/IM1I, HyXKHO, YTOOHI B TaGIMLIAX COAEPXKATHUCH KAKHE-TO CTPOKH.

OnepaTtop INSERT ANS BCTaBKU CTPOK B CyLieCTBylowme Tabnuubl
OO011HMI CUHTAKCHUC omnepaTopa INSERT BBITJISIAUT CJIEIYIOLIMM 00pa3oM:

INSERT INTO table_name
{ [ (column_commalist) ] query_expression
| DEFAULT VALUES

Ha Bua cMHTaKcH4eCKHE TpaBWiia KaXyTcs O4eHb MPOCTHIMM, MOKA He
BCIIOMHHUIIIb, YTO 0003HAYaeT CHHTAKCHYECKAas KaTETOpHsl query_expression
(cM. pasgen «OOLIME CUMHTAKCHUYECKUE TIpaBHJIA TOCTPOECHUS CKAISAPHBIX
BBIpAXEHUIH» JIEKIIMH 13). Jlaxke eCiM orpaHUIUTBCS NIPOCTEHIIEH COCTABIISIO-
e 3TOM KOHCTPYKIMH (simple_table), TO MBI UMEEM CIIEAYIOIIHE BOZMOX-
HOCTH:

simple_table ::= query_specification
| table_value_constructor
| TABLE table_name

BcTaska scex CTPOK yka3aHHOW Tabnnybl

Tem caMbBIM, CTaHAApT OOITYCKAaeT BCTAaBKY B YKAa3aHHYIO TaOJMILy BCeX
CTPOK HEKOTOPOI JpyToii TaGIHLEI (BApUAHT table_name). DTa Apyrag tabiu-
11a MOXeT ObITh KaK 06a30BoOi1, TaK U npeacTaBisieMoii. EcTecTBeHHO, YTO B IO-
cJieIHEM CJTyYyae B ONpPENEJIEHUH NPEICTABIeHHUsS HE JOJKHBI TIPHUCYTCTBOBATD
CCBUIKHM Ha TabJIHiLy, B KOTOPYIO TIPOU3BOAMTCS BCTaBka. [1pH MCoONb30BaHUU
JAaHHOTO BApUAHTA OIlepaTopa BCTABKM YUCIIO CTOJOLIOB BCTABISIEMOM TabJIMLIBI
JOJDKHO COBMAaAaTh ¢ YMCJIOM CTOJOLOB TabJHULBI, B KOTOPYIO MPOH3BOIHUTCS
BCTaBKa, WIM C YUCIOM CTOJOLIOB, YKa3aHHBIX B CITMCKE column_commalist,
€CJIM 3TOT CMUCOK 3a7aH. TUMbl JAHHBIX COOTBETCTBYIOLLMX CTOJIOLIOB BCTABJIS-
€MOM TaOIULIL U TAOJULIEI, B KOTOPYIO TIPOU3BOAUTCS BCTAaBKa, JOJKHEI OBITH
coBMecTUMBIMU. EcCiu B orepalluM 3afgaH CIMCOK column_commalist M B HEM
CONEpXaTcss He BCe MMeHa CTOJOLIOB TabJULIbl, B KOTOPYIO TPOU3BOIAUTCS
BCTaBKa, TO B OCTaBUIMECS CTOJOLBI BO BCEX CTPOKAX 3aHOCATCS 3HAYEHMS
CTONOLIOB MO yMoJ4aHUIo. Eciu murst Kakoro-mbo M3 OCTABIIMXCSI CTOJIGLIOB
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3HaYeHHE [0 YMOJTYAaHHIO HE ONpPEAESICHO, PU BHITIOTHEHUU OIEPALlMH BCTaB-
KA PUKCUpYETCST oLTUOKA.

YT106bl TIPUBECTH MPHMEpP 3TOTO BapHaHTa omepaldd INSERT (mpHmep
17.1), npeanonoxuM, 4yto B 6aze JaHHBIX EMP-DEPT-PRO MMeeTcs elle ogHa
NpoMeXyTouHas TabJMua EMP_TEMP, B KOTOPOii BpeMeEHHO XPaHATCS JaHHbIE
0 CIyXallHX, MTPOXOISAIINX HCIIBITaTeNIbHBIH cpok. [TycTh 3Ta TabauLIa ©MeeT
CIeNyIOWMA 3aro0BOK:

EMP_TEMP:
EMP_NO : EMP_NO
EMP_NAME : VARCHAR

EMP_BDATE : DATE

B tabaune EMP_TEMP XpaAHATCA HE MOJHBIC CBEACHHA O CIyXallHX, a
HUMCHHO T€, KOTOPLIC Tpe6y10'rca Ha BPCMs1 UCTTIBITATCJIBHOI'O CpOKa. Ecau BB~
NOJHHUTH OIIEpALINIO

INSERT INTO EMP (EMP_NO, EMP_NAME, EMP_BDATE) TABLE EMP_TEMP;

TO B OCHOBHOH TaOnulie EMP NOSIBATCS CTPOKH, COOTBETCTBYIOLUME COTPYIHH-
KaM, TPOXOAMBIIMM HCTIBITATEIbHBIN cpok. IIpu 3TOM B cTONOLAx EMP_NO,
EMP_NAME, EMP_BDATE 3THX CTPOK OYIYT collepXaTbCsl AaHHBIE, B3SIThIE U3 Ta0-
JIMIIBI EMP_TEMP, a B cTO10LIaX EMP_SAL, DEPT_NO, PRO_NO OyAyT HaXOOHUTbCS
3HaYeHMs, OorpeleeHHbIe I JaHHBIX CTOJOLOB Mo yMomdaHuio. KoHeuHo,
MTOCKOJIBKY CTOJI0el] EMP_NO ABJISI€TCS MepPBUYHBIM KJIIOYOM TaONMHLBI EMP (110
Bceil BUIMMOCTH, U TabauLbl EMP_TEMP), omnepalldsi BCTABKH OYAET ycrellHo
BBITIOJTHEHA TOJILKO B TOM CJlydae, KOrfa OrpaHHYeHHe IEepBHYHOIO KIova
TaGIMLUBl EMP He OydeT HapylleHO (KOHEYHO Xe, TpeOyeTcsl BBIIIOJHEHHUE U
BCeX IPYTMX OrpaHHYEHH LENOCTHOCTH, ONpeAe/IEHHbIX ISl TaO ULl EMP),

Bcraeka siBHO 3agaHHoro Habopa cTpok

Temepb o6paTUMCA K BapUAHTy ornepaTopa INSERT, B KOTOPOM Habop
BCTaBJSIEMBIX CTPOK 3aMaeTcs SIBHO € MCIOJIb30BAaHMEM CHHTAKCHYECKOM
KOHCTPYKUMH table_value_constructor. HallOMHHUM CHHTaKcHYeCKHe
npaBuja, oTipeleNsiloliue 3Ty KOHCTPYKIINIO:

table_value_constructor ::= VALUES row_value_constructor_comma_list
row_value_constructor ::= row_value_constructor_element

| [ ROW ] (row_value_constructor_element comma_list)

| row_subquery
row_value_constructor_element ::= value_expression | NULL | DEFAULT
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Cameblii TIpOCTOM MPUMEP MCTIONB30BAaHUS 3TOT0 BapMaHTa OIepaTopa
BCTaBKHM COCTOMT B 3aHECEHHMH B TaOIUIYY EMP ABHO 331aBa€MbIX JaHHBIX O HO-
BOM cJyxatiieM (npumep 17.2):

INSERT INTO EMP
ROW (2445, ’'Brown’, ’'1985-04-08’, 16500.00, 630, 772);

B 3ToM mpuMepe sABHO 3amaHbl 3HAYEHMSI BCEX CTONOILIOB 3aHOCHMOM
CTPOKHU (KaK MMOKAa3bIBalOT CHMHTAKCHYECKHE TpaBHa, KITIIOYEBOE CJIOBO ROW
MOXXHO OITyCTHTh). Bo3MOXeH U Takoif BapHaHT (npumep 17.2a):

INSERT INTO EMP
ROW ( 2445, DEFAULT, NULL, DEFAULT, NULL, NULL);

B 3TOM ciydyae MBI 3Ha€M O HOBOM CIIYKalllEM OYE€HDb MaJio, HO YBEPEHBI B
TOM, UTO €TI0 UMSI M pa3Mep 3apaGoTHOM IUIAThl JOMXKHBI ObITh Ha3HAYEHBI TT0
YMOJTYAHHIO, a TIPO ATy POXICHHS, HOMEp OTIENa U HOMED MPOEKTa HUUYETO
He u3BecTHO. OBpaTuTe BHUMAHHE, UTO BBHITIOJTHEHHE MOAOOHON omepanuu
HE HapyllIaeT OrpaHUYEHUS LIETOCTHOCTU TAOMUIIBI EMP.

Ecnau obnanate nmoimHo#t uHQopMaLmeit 06 onpencneHUy TabauLbl EMP,
TO (OPMYIUPOBKY OMepariu mpumepa 17.2a MOXHO MeEpenUcaTh Kopoye Cie-
NYIOILIUM SKBHBAJICHTHBIM 00pa3oM (mpumep 17.2b):

INSERT INTO EMP (EMP_NO) 2445;

BcnoMHuM TETIEPD, 4TO OJIHOM u3 Pa3HOBMIHOCTEH
value_expression_primary SBISETCA scalar_subquery (CM. pasgen
«CKangpHbIe BbIpAXEHHUs» JEKIHMH 13). DTO 03HAYAET, YTO B CITUCOK 3IEMEHTOB
KOHCTPYKTOpa CTPOKH MOTYT BXOOHTb CKAIISIPDHBIE 3aIIPOCHI, T. €. 3alpOChl, pe-
3YJIBTAT BBHIOTHEHUS KOTOPBIX COCTOUT U3 €THHCTBEHHOM CTPOKM, BKITFOYAIOLLICH
€IMHCTBEHHBIN cronbenl. TTosToMy nomycTMMa, HarpuMep, Takasi oreparus
BCTaBKM (mpumep 17.3):

INSERT INTO EMP VALUES
ROW (2445, (SELECT EMP_NAME
FROM EMP
WHERE EMP_NO
"1985-04-08",
SELECT EMP_SAL
FROM EMP
WHERE EMP_NO
NULL, NULL ),

2555),

2555),
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ROW (2446, (SELECT EMP_NAME

FROM EMP
WHERE EMP_NO

*1978-05-09",

(SELECT EMP_SAL
FROM EMP
WHERE EMP_NO

NULL, NULL );

2556},

2556),

ITocne BHIMONMHEHUS 3TOM OMepalliy B TabIMLIE EMP IMOSBSITCS IBE€ HOBBIE
CTPOKM IS CITYXallTUX ¢ YHUKaJbHBIMU HACHTH(DUKATOpaMH 2445 U 2446,
MpHYEM IIEPBOMY M3 HHUX OYyIeT MPUCBOCHO UMS U pa3Mep 3apaboTHOM IIAaTH
CJIyXKallero ¢ YHUKaJbHbIM HICHTHPHUKATOPOM 2555, a BTOPOMY — aHaJIOTHY~
Hble JaHHBIE O CIYXaIlleM ¢ YHUKaJIbHBIM HAEHTU(HHUKATOPOM 2556.

Bcraska CTPOK pe3ynbrara 3anpoca

Hakownen, o6¢cynMM BapMaHT oriepaTopa BCTaBKH, KOraa Habop BCTaBJIsI-
€MBIX CTPOK oInpenensiercsl yepe3 crielinpukaunio 3ampoca. I1peanonoxum,
HanpHMep, 4TO TpeOyeTcsl COXPaHMTb B OTAEJNbHOMN Tabiuile DEPT SUMMARY
CBEIEHHS 0 UMCIIE CAYXKAIIMX KaXA0r0 OTAe/1a, UX MAKCUMaJIbHON , MUHUMAJIb-
HOM M CyMMapHOi1 3apa6oTHo# iarte. [1ycTh TaGnuiia DEPT_SUMMARY yXe CO-
30aHA U UMEET CJIEAYIOITHIA 3ar00BOK™:

DEPT_SUMMARY :
DEPT_NO : DEPT_NO
DEPT_EMP_NO : INTEGER
DEPT_MAX SAL : SALARY
DEPT_MIN_SAL : SALARY
DEPT_TOTAL_SAL : SALARY

Torna 3anofHUTH TAOJHULY MOXHO C MOMOLIBIO CJERYIOUIEH OIepaluu
BCTaBKH (mpumep 17.4):

INSERT INTO DEPT_SUMMARY
(SELECT DEPT_NO, COUNT(*), MAX (EMP_SAL),
MIN (EMP_SAL), SUM (EMP_SAL)
FROM EMP
GROUP BY DEPT_NO) ;

* Mr1 He 6yneM MpHUBOIMTD MOJTHOE ONpeesieH!e TaGaHUILbl, BKIIOYalolliee TpebyeMble OrpaHude-
HHSA L1€JIOCTHOCTH.
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OnepaTop UPDATE ans MmoanduUKaLmm CyLeCTBYIOLMNX CTPOK
B CYLWECTBYIOLLMX Tabnuuyax

OO1IMit CHHTAKCUC OTTepaTopa UPDATE BBIIJISAUT CICIYIOLIUM 006pa3oM:

UPDATE table_name SET update_assignment_commalist
WHERE conditional_expression
update_assignment ::= column_name =
{ value_expression | DEFAULT | NULL }

CeMaHTHKa oriepaTopa MO,ZIPI(I)PIK&I.[PII/I CYIICCTBYIOLUIUX CTPOK ONpeacia-

€TCco CAedyIolMM 00pa3oM:

o))

@

IS BCEX CTPOK TabIULbI C UMEHEM table_name BBIYUCASETCA OYIEBCKOE
BeIpaxeHMe conditional_expression. CTpOKH, IIST KOTOPHIX 3Haye-
HHUEM 3TOr0 OyJIEBCKOTO BHIPaXXECHUS SIBMISIETCSA frue, CYUTAIOTCS MTOMIEXKa -
IIMMHA MOIUGUKALIMHI (0603HAYMM MHOXECTBO TAKMX CTPOK 4epe3 T,);
Kaxnasi cTpoka s (s € T,) moasepraercsl MonudbUKaluy TaKuM obpa-
30M, UTO 3HAYEHHUE KaXAOro CToab1a 3TOH CTPOKH, YKa3aHHOTO B CITUCKE
update_assignment_commalist, 3aMEHSICTCS 3HAUCHUEM, YKa3aHHBIM
B ITPABOM YaCTH COOTBETCTBYIONIETO JIEMEHTa CITUCKA MOAMMDHUKAILIUMN*.
3HauyeHHs CTOJNIOIOB CTPOKH S, HE yKasaHHbIe B CITUCKe MOAUMDHUKALIH,
OCTAIOTCSI HEU3MEHHBIMH.

IIpuBegeM npuMepsl onepaunit MoOaUGUKALIMN TabIHLI.

ITpumep 17.5. IlepeBecTu Bcex CIyXalllMX, BRITOJHSIOLUIUX TPOEKT C HO-
MepoM 772, B oTaen 632 U MOBLICUTHS UM 3apaboTHYIO riaty Ha 1000 py6.

UPDATE EMP SET DEPT_NO = 632, EMP_SAL = EMP_SAL + 1000.00
WHERE PRO_NO = 772;

[1pu BBIMONHEHWH AaHHOM OTEpALIMH Ha ITEPBOM Llare B TA0IULIE EMP 6y-

YT HalEHB! BCE CTPOKH, OTHOCSILMECS K CIIYXKAIIUM, KOTOPLIE YY4CTBYIOT B
TIpoeKTe ¢ HoMepoM 772. Ha BTOpPOM 1iare BO BCEX 3THX CTPOKAaX 3HAYEHHE
cTos1611a DEPT_NO OyaeT M3MeHEHO Ha 632, a K 3HaYeHHI0 CTOIOLA EMP_SAL Oy-
net npubasnexo 1000.00.

ITpamep 17.6. [Ins Bcex cnyxaIuux, paboTaoliux B OTIENaX, 3apaboTHas
TiaTa MeHexkepoB KoTopsix npesslinaeT 30000 pyd., YCTAHOBUTH pas-
Mep 3apaboTHoO# wiaTkl, Ha 1000 py6. mpeBsINAOIUIA CpeqHUH pa3Mep

* Ecnu B ipaBoit 4acTH 3neMeHTa MoaudHKaUuMHu PUCYTCTBYET value_expression, B KOTOPOM
COEPXUTCS 3aMpPoc, TO B CIydae UCTIONB30OBAHHUS B 3TOM 3alPOCe UMEH CTONI6LOB MoaudHLMpye-
MOt TaBIULBI MOA 3HAYEHUSIMH 3THX CTONOLIOB MTOHUMAETCS 3HaUYeHHE A0 MOAUGDHUKALIHH.
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3apaboTHOM IUIaThHl COOTBETCTBYIOLIETO OTAENA, a HOMEpa MPOECKTOB, B
KOTOPBIX YYAaCTBYIOT 3TH CIIyXKalllKE, caejJaTb HECOIPEACICHHBIMHU.

UPDATE EMP SET EMP_SAL = (SELECT AVG (EMP1_SAL)
FROM EMP EMPI1
WHERE EMP.DEPT _NO = EMPI1.DEPT_NO)
+ 1000.00, PRO_NO = NULL
WHERE (SELECT EMP1.EMP_SAL
FROM EMP EMP1, DEPT
WHERE EMP.DEPT_NO = DEPT.DEPT_NO
AND DEPT_MNG = EMP1.EMP_NO AND) > 30000.00;

KoHeyHo, ecv BaM OOJIbIIIE HPABUTCS APYTrOoM CTWIIb, TO 3aIipoc, GUry-
PUPYIOIIMH B pazzene WHERE, MOXHO nepedOopMyIMpOBATh C UCIIOIb30BaAHUEM
BJIOXEHHOTO NoJ3arnpoca (npumep 17.6a).

UPDATE EMP SET EMP_SAL = (SELECT AVG (EMP1_SAL)
FROM EMP EMPI1
WHERE EMP.DEPT _NO = EMP1.DEPT_NO)

+ 1000.00, PRO_NO = NULL
WHERE DEPT.NO IN (SELECT DEPT.DEPT_NO

FROM EMP, DEPT
WHERE DEPT MNG = EMP_NO
AND EMP_SAL > 30000.00);

DTH MpUMEPH] MO3BOJISIIOT MOHSTH, HACKONBKO OOraTbl BO3MOXHOCTH
oneparopa UPDATE. B pazaesie WHERE MOXET COAEPXKATHCS JTIOO0E YCIOBUE, 10~
MYCKaeMoe B OIEpPaTope BHIOOPKHM, a B 2JIECMEHTAX CIIMCKA pa3aenaa SET MOXET
MPUCYTCTBOBATH JII0O00H BUI value_expression, B TOM YUCE 1000 3amnpoc,
BbIpabaTHIBAIOLIMI OIMHOYHOE 3HAYEHUE (CKAJSIPHBIN 10A3a1poc).

Oneparop DELETE Q)19 YAANEeH!Us CTPOK B CYLLLECTBYIOLUMUX
Tabnuuax

O6muMii CHHTAKCHC onepaTopa DELETE BRITJISIAUT CJIEAYIOUIMM 0Opa3oM:

DELETE FROM table_name
WHERE conditional_expression

B HekoTOpOM CMEIC/IE omepaTop DELETE SIBASIETCS YacCTHHIM CIIydaeM
ornepaTopa UPDATE (MJIM, HA0OOPOT, AEHCTBHE Oreparopa UPDATE NpeACTaBIs -
€T coboii KOMOMHAUMIO AeHCTBUI onepaTOpoB DELETE U INSERT).
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CeMaHTHKa ornepaTopa MOINMUKALIUU CYIIECTBYIOIIUX CTPOK OTIPEACIIsi-
€TCH CEAYIOLINUM 06pa3oMm:

(1) nad BceX CTPOK TaGaHIIbI C MMEHEM table_name BBIYHUCIAETCA OYIEBCKOE
BbIpaXeHHe conditional_expression. CTPOKH, I KOTOPBIX 3HAue-
HHEM 3TOTO OYJIEBCKOTO BHIPAXECHUS SIBJISETCA frue, CYUTAIOTCA TTOAIEXKa-
LIIUMHU YOATEHHIO (0603HAYMM MHOXECTBO TAKUX CTPOK Yepes3 Ty);

(2) Kaxpasg CTpoKa s (s € T,) yoanfAeTcd U3 yKa3aHHOM TaOIHIIbI.

C 1IeMBI0 WLTIOCTPALIMM TIPUBEIIEM JIBA TIPHMEPA OTIEPALIMHY YAATIECHHUS CTPOK.

ITpumep 17.7. Ynanurtb U3 TabIULIBI EMP BCE CTPOKHU, OTHOCSILIIUECH K CITY-
XaIIUM, KOTOPBIE YYaCTBYIOT B ITPOEKTE C HOMEPOM 772,

DELETE FROM EMP WHERE PRO_NO = 772;

ITpumep 17.8. Ynanute U3 TabIULBI EMP BCE CTPOKH, OTHOCSLIHUECH K CITy-
XKalllMM, pa3Mep 3apabOTHOMN IUIATHI KOTOPBIX MPEBBILIAET pa3Mep 3apa-
60THOMH TUTaThl MEHELXKEPOB UX OTACIOB.

DELETE FROM EMP WHERE EMP_SAL >
(SELECT EMP1.EMP_SAL
FROM EMP EMP1, DEPT
WHERE EMP.DEPT_NO = DEPT.DEPT_NO
AND DEPT.DEPT.MNG = EMP1l.EMP_NO) ;

Kak u B oneparope UPDATE, B pa3aesne WHERE oneparopa DELETE MOXHO
HCIIO/Tb30BAaTh 11000 BHI OYJIEBCKOTO BHIpaXeHHSsI, TOITYCTHMOTO B OIIepaTope
BBIOOPKH. [103TOMY BO3MOXHOCTH omepaTopa YOAIEHHS CTPOK OrpaHHUYECHBI
JIMLIb (DaHTA3UEH MONB30BATES.

MpeacraBneHus, Hag KOTOPbIMU BO3MOXHbI
onepauum o6HoOBNEeHUs

B pasnene «OO6IIMe CHHTAKMUECKHE ITPABWIA TOCTPOSHUA CKAISPHBIX
BBIpAXXEHUI» TeKLMHN 13 6bUTO BBEICHO ITOHATHE NpeacTarIeHus (VIEW). Kpar-
KO MMOBTOPHM, YTO MPEACTARICHHE — 3TO COXPaHAEMOE B KaTalore 6a3nl JaH-
HBIX BBIpAXEHHE 3aIpoCcoB, objamaoliee COOCTBEHHBIM UMEHEM H, BO3MOX-
HO, COOCTBEHHBIMH HME€HAMH CTOI0LOB. 1St y1o6cTBa ITOBTOPUM CHHTAKCH-
YeCKHE NMpaBWIa ONIPEACTACHHUS TIPEACTABICHHUS:

create_view ::= CREATE [ RECURSIVE ] VIEW table_name
[ column_name_comma_list ]
AS query_expression
[ WITH [ CASCADED | LOCAL ] CHECK OPTION ]
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B onepainusax BHIOOPKH K JII0OOMY IPEACTABICHUIO MOXHO apeCOBaTbCs
TAKUM Xe 00pa3oM, Kak M K J11000# 6a30Boii Tabiuie. ECTeCTBEHHO, BOHUKA~
€T BOIIPOC: a2 MOXHO JIM HUCIIOIb30BaTh UMEHA NPEICTABICHUH U B ONEpaLHiIX
00OHOBJIEHHU 6a3bl JAHHBIX M €CJAH TaKas BO3MOXHOCTD JIOITYCKAeTCsd, TO KaK
3TO CJIeayeT MOHUMATh?

HanoMHMM, 4TO B COOTBETCTBUH C CEMaHTHKOH s13biKa SQL. r1pu BBITION-
HEHHH 3a1poca, B pasaeie FROM KOTOPOTO NMPSIMO WIH KOCBEHHO IIPUCYTCTBY-
€T UM TIPEICTABICHUS, IPEXIAE BCETO, IIPOU3BOANTC MaAMepUalu3ayus mpe-
CTaBJICHHUs, T. €. BHIMHCISIETCS PE3YJbTAT COOTBETCTBYIOIIETO BHIPAXECHHUA 3a-
TPOCOB, COXPAHAETCA BO BPeMEHHOU 0a30BOi TabiHlle, U Jajee 3arpoc Bbl-
TIOJIHSIETCS 1O OTHOLUEHMIO K 3TOH 6a30Bo# Tabnuue. XoTs B peanu3alusax
SQL o6b1yHO cTpeMsTcsl u36eraTh MaTepHalU3alMy MpeacTaBIeHUH, modas
peanu3alus 0053aHa 00eCIIEUUTD TAKOE BBINOJHEHHE 3a1pOca Hall IpeIcTaB-
JIEHHMEM, KOTOPO€ OBbLTIO Obl SKBUBAJIEHTHO BHINIOJIHEHHUIO 3a1Ipoca ¢ sIBHOM Ma-
TEPHAIM3ALMEH TIPEICTAaRICHHS.

Ecnu DoImycTUTH BBIIOJHEHHE Hall MPEICTABICHUAMH Olepaluii 00HOB-
JIeHUs (Cpa3y 3aMEeTHM, UTo, BooOIie roBops, B 3blke SQL 3T0 Bcerna paspe-
IANIOCh), TO B 3TOM CJIy4ae CEMaHTHMKAa MATCPHATU3ALUU SBHO HE ITOAXOMMT.
Ha nmepBoe MeCTO BBIXOOUT TpeOOBaHUE, UTOOB omnepalus OOHOBJICHMUS Hal
MPEACTABICHHUEM OTHO3ZHAYHO OTOOpaXanach B OOHY WIH HECKOJBKO OIlepa-
LM OOHOBJIEHUA HajJ TEMH IIOCTOSIHHO XPaHHMBIMH 0a30BBHIMH TaOJIHLIAMH,
Hall KOTOPBIMH IIPSIMO WJIH KOCBEHHO OIPENEIeHO JaHHOE NPEACTaBICHHE.

NpeacTaBnexus, gonyckawoiune NnpuMeHeHue onepawmin
o6HoBNeHus, B cTaHpapTe SQL/92

IMockonpKy 6a30BBIM 3]IEMEHTOM BbIDAXEHHS 3aIIPOCOB ABIAETCS CIIELHM-
duxauma 3anpoca, Ipexae BCETo HYXXHO MOHATD, Kako#t Kiace crieuuguKalmi
3aTIPOCOB ABJIACTCS JOnycKarowum onepauuu o6HosaeHus (TepMUH updatable —
06HoeAsembtli, UCTIONB3yeMBbI B cTanaapTe SQL, KaXeTcs He CIMIIKOM yIay-
HBIM B pycCKOM BapHaHTe). B ctanmapte SQL/92 cneundukauus 3anpoca Cuu-
TJ1aCh JOMYCKAIOIIEH Ornepaluryd OOHOBJICHHUS B TOM M TOJBKO B TOM CiIyyae,
KOTIa BBIMIOJTHSUINCH CIICAYIOIUE YCIOBUSA:
® B pasneie SELECT cnetM(HKALUK 3arpoca OTCYTCTBYET KITIOUEBOE CJIOBO
DISTINCT (T. €. He TpeOyeTcs yaaJeHHe CTPOK-AyOJIMKATOB U3 pe3y/apTaTa
3anpoca);

® BCE 3JIEMEHTHI CIIMCKAa BHIOOpKM pasznena SELECT sBASIOTCS HMEHaMHU
CTOJNOLOB, M HU OOJHO UMs CTOJI0IIa HE BCTPEYAETCSI B 3TOM CITMCKe OoJiee
OIHOTO pa3a;

® B pazuesne FROM MPUCYTCTBYET TOJALKO OIHA CChUIKA HA TAOJIMILY, H OHA yKa-
3pIBacT JIHOO Ha 6a30BYI0 TAOIHILY, TMOO HA TOPOXKIAEMYIO TAOIMILY, JOITYC-
KaloILy1o orepallii OOHORJICHMS;
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® TIpsSIMBIE€ WIM KOCBEHHBIE CCHUIKH Ha 6a30BYIO TabIHLLy, ITPSAMO WIN KOCBEH-
HO MIEHTH(HUIIMPYEMYIO CCLUIKOM Ha TaOJMLIy B pasjieie FROM, He BCTpeYa-
I0TCA B pasfene FROM HM OJHOTO MOA3anpoca, YYACTBYIOILIETO B pasjeiie
WHERE crienM}pHKalMy 3a1poca;

¢ B crielM(HUKALIMH 3AIIPOCa OTCYTCTBYIOT pa3Aesibl GROUP BY M HAVING.

HetpyaHo yGeaurbcs B TOM, UTO 3TH TpeOGOBaHMS ARISAIOTCA AOCTATOYHBIMH
JULS OIHO3HAYHOM MHTEPPETALMH OTIEpPalliii OOHOBJICHMSI HAJl PEACTABICHUSAMM.
HamnpuMep, nycts UMeeTcA clieaylolias cnenudukanus 3anpoca (nmpumep 17.9):

SELECT EMP_SAL
FROM (SELECT EMP_SAL, DEPT_NO
FROM EMP
WHERE EMP_NAME = (SELECT EMP_NAME
FROM EMP
WHERE EMP_NO = 4425))
WHERE DEPT_NO <> 630;

1y cnen@HKALIAIO MOXHO YIIPOCTHT 10 SKBUBAJICHTHOM (hOPMYIMPOBKI*:

SELECT EMP_SAL
FROM EMP
WHERE EMP_NAME = (SELECT EMP_NAME
FROM EMP
WHERE EMP_NO = 4425 )
AND DEPT_NO <> 630;

Tlpennonoxum, 4To ¢ JaHHOM crieundbHUKaIMEH 3anpoca CBSI3aHO TIPe-
CTaBJICHHE C UMeHeM EMPSAL. Torna onepauust

UPDATE EMPSAL SET EMP_SAL = EMP_SAL - 1000.00;

3KBHBAJICHTHA OIICpallin

UPDATE EMP SET EMP_SAL = EMP_SAL - 1000.00
WHERE EMP_NAME = (SELECT EMP_NAME
FROM EMP
WHERE EMP_NO = 4425 )
AND DEPT _NO <> 630;

* ObpaTute BHUMaHHe, YTO (HOPMATBHO 3Ta (HOPMYTUPOBKA He oTBevyaet TpeGoBaHmsiM SQL/92
Ui cneuu@HrKalMit 3a1pocoB, JONYCKAIOLIMX IPUMEHEHRE onepaliuit o6HoeneHust. Ho B geifcr-
BUTENBLHOCTH 3[€Ch BJIOXEHHRIH NOA3aNpoCc BHIYUCHAETCS B €EIMHCTBEHHOE 3HAYECHHE NPH OTCYT-
CTBUH KaKOMH-THO0 KOPPENSALIMHA C BHEITHMM BXOXAECHHEM TaOMULILI EMP.

382



Nlexupna 17 A3bik 6a3 faHHbIX SQL: cpencTBa MaHUNyIMPOBaHUS AaHHLIMU

Onepauumsi

DELETE FROM EMPSAL WHERE EMP_SAL > 20000.00;

3KBHUBAJICHTHA OIl€paliny

DELETE EMPSAL
WHERE EMP_SAL > 20000.00 AND
EMP_NAME = (SELECT EMP_NAME
FROM EMP
WHERE EMP_NO = 4425 )
AND DEPT _NO <> 630;

Onepaunﬂ BCTaBKM HaJ peacraBjieHUEM EMPSAL

INSERT INTO EMPSAL 25000.00;

TPAKTYeTCsl KaK

INSERT INTO EMP
ROW (DEFAULT, DEFAULT, DEFAULT, 25000.00, DEFAULT, DEFAULT);

IToHsTHO, YTO TaKkas onepalust OyJeT OTBEPrHyTa CUCTEMOM, IIOTOMY 4TO
IS cToJIG1Ia EMP_NO TaGiu1bl EMP 3HaYeHMs 110 YMOJIYAHUIO HE OIpelelICHbI
(3TO IePBUYHBIN KITI0Y TaOJIULIbI, 3HAYEHH S KOTOPOTO JIOJXHKI IBHO 33/1aBaTh-
cs1 B 11000 onepalvy BCTABKH).

C 1npyroii CTOpPOHBI, YCJIOBUS NOMYCTUMOCTH Ollepaluil 0GHOBNICHHS,
cneuuduumpoBaHHeie B SQL/92, He sBnsiiorcs HeobxonuMuiMH. Hampu-
Mep, Hal IpeiacTaBieHueM EMPMNG, ompefefieHHBM Hajl crieuudbukaunei
3anpoca («BbIOpaTh JaHHBIE O CHYXALIUX, SBJSIOUIMXCS PYKOBOAUTENSIMHU
OTHEJIOB»).

SELECT *
FROM EMP
WHERE EXISTS (SELECT *
FROM DEPT
WHERE DEPT_MNG = EMP_NO) ;

MOXHO 6BUI0 Gbl COBEPLIEHHO KOPPEKTHO BHIMOTHATH OIlEPaLy OOHOBIEHHUS

(C HEKOTOPBIMM OTOBOPKAMM HAac4yeT OIepallu¥ BCTABKH; CM. HILXE B 3TOM
paszene).
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Npeacraesnexusi, Aonyckaiowue npuMmeHeHue
onepauuii o6HoBneHus, B cTaHpapte SQL: 1999

B cranmapre SQL:1999 npaBuia NpMMeHUMOCTH oIlepaLyit OOHOBIEHUS
K crielM¢pHUKaliM1 3aI1Ipoca CYIIECTBEHHO YTOUHEHAI.

Kpurepunn npumeHnMocTH onepaumnii oO6HOBIeHNs

BBeneHbI TOHATUSL NOMEHUUANBHOU NPUMEHUMOCIU onepayuli 0GHO8AeHUS,
NpUMEHUMOCMU Onepayuti 0bHOBAeHUA, NPOCMOL NPUMEHUMOCMU onepayuli 06-
HogAeHUA u npumeHumocmu onepayuu écmaexu. K cnenMgpuUkaliMy 3amnpoca mno-
TEHUUATbHO NIPUMEHMMBI OIEpaLlUM OOHOBJICHHS B TOM M TOJILKO B TOM CIY-
yae, KOrJia BBIMOMHSAIOTCA CIEAYIOLUE YCIOBUA:
¢ B pasmene SELECT crieunpuKalMy 3arpoca OTCYTCTBYET KITIOUEBOE CJOBO
DISTINCT;

® 3JIEMEHT CITMCKa BIOOPKH pa3aea SELECT, COCTOSILINIA U3 CCBUTKU Ha HEKOTO-
Pblif CTONIOELL, HE MOXET IMPUCYTCTBOBATh B ITOM CITUCKE D0JIee OMHOro pasa;

® B cneuM@UKaLUM 3arpoca OTCYTCTBYIOT pa3Aesibl GROUP BY M HAVING.

Ecnu BeIpaxkeHHe 3alpoCOB OTBEYAET YCIOBUSIM MOTEHLIMAJIBHOM MTpUMe-
HMMOCTHU Olepaluii 0OHOBJIEHHUS U B €ro pasaesie FROM MIPUCYTCTBYET TOJHKO
OJIHA CChUIKA Ha TabJIMILY, TO K KaXIOMY CTOJIOLY BhIPaX€EHMs 3a1poca, COOT-
BETCTBYIOLLEMY OTHOMY CTOJIOITy TaO/MMLIBI M3 pa3fiea FROM, IPUMEHUMBI OTle-
pauuu o6HoBICHM. Eciiu BRIpaXXeHUe 3aMpoca OTBEYAET YCIOBUSAM MOTEHLIM -
aJTbHOM MPUMEHUMOCTH OTiepalivii OOHOBJICHHS, HO B €ro pasaesie FROM IpH-
CYTCTBYIOT AB¢ WM OoJjiee CCBUIKM Ha TaOIMLIBI, TO ONEpauuM OOHOBICHHS
MPUMEHHUMBI K CTOJIOLY BEIpaXXE€HUS 3alIPOCOB TOJBLKO IIPH BBIMIOTHEHUM CJie-
AYIOLIMX YCIIOBHIA:
® CTONOEL MOPOXIAETCA M3 CTOJMOLA TOJNBKO ONHOI TaGNMMUBI U3 pa3geia

FROM;
® 31a TAOJMLIA UCTIOIL3YETCH B BBIPAXKEHHUM 3aTIPOCOB TAKMM 00pa30M, 4TO CO-
XpaHSIOTCSA CBOMCTBA €€ MEPBUYHOIO M BCEX BO3MOXHBIX KITIOUE.

ApyruMm ciioBaMu, K CTOJIOLY TaGIMLIBI, KOTOpas OTBEYAET YCIOBUAM TIO-
TEHUUATbHO MPUMEHUMOCTHU OTepaLiuii OOHOBJICHUS, IPUMEHMMBI ONepaLlUu
OOHOBJICHUSA TOJIBKO B TOM CJIy4ae, KOTIa 3TOT CTOA0eL] MOXET ObITh OQHO3HAY -
HO COMNOCTABJICH C ¢AMHCTBEHHBIM CTOJIOLIOM €OJWHCTBEHHOM TaOIULIBI, y4acT-
BYIOILEM B BRIPAXKEHHH 3aIIpOCa, U KaXAas CTPOKA BRIPAKEHUS 3alIpoca MOXKET
OBbITh OIHO3HAYHO COTOCTABJEHA C ¢AMHCTBEHHOM CTPOKO#M JaHHOI TAOIULIBI.

BrIpaxeHMe 3amIpocoB YAOBJIETBOPSET YCIOBUIO TMTPUMEHMMOCTH Ofepa-
1Mt OOHOBJIEHHS, €CJIM MO KpaiiHEN! Mepe K OJHOMY CTOJOLY BhIpAXEHHS 3a-
MPOCOB MPUMEHUMBI OMepaluu OOHOBJIEHUA. BoIpaXeHHE 3alPOCOB YIOBJIE-
TBOPSAET YCAOBMIO MPOCTOM NMPUMEHUMOCTH OIEpaluii oOHOBJIEHHUS, €CJIK B
pasfesie FROM BbIDAXKECHUS 3alPOCOB COLECPXKUTCS CChUIKA TONBKO Ha OHY Tab-
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JIMLLY, ¥ Bce CTOJIOLIBI BBIPAXEHHsI 3aIIPOCOB YIOBJIETBOPSIOT YCIOBHUIO IPUME-
HHUMOCTH OIlepaliii OOHOBIEHHS.

BrIpaxeHHe 3anpOCOB YAOBJIETBOPUT YCJIOBHUIO NIPUMEHMMOCTH OIepa-
LM BCTABKH, €CJIH OHO YIOBJIETBOPSIET YCIOBUIO NMPUMEHHUMOCTH OIlepaluii
OOHOBJIEHHS;, K&XIasd M3 TAOJIHILI, OT KOTOPBIX 3aBHCHUT 3TO BbIpaXeHHE (T. €.
TabJIU1I, HA KOTOPble HMEIOTCS CCHLIKH B pasaelie FROM), yIOBIETBOPSET YCIIO-
BH10 IIPHMEHHMOCTH OIIEpaliMii BCTABKH H BEIPAXEHHUE 3aIIPOCOB HE CONEPKHUT
onepaluii UNION, INTERSECT U EXCEPT. KoHeuHoO, 3To onpeaeieHue 6asupy-
eTcsl Ha ToM (haKTe, UTo 1151 11060 0a30BOM TaOJIMLIBI YCIOBUE ITPUMEHUMOC-
TH OIIEpallMM BCTABKH YIORJIETBOPAETCA (IIPH HAJTMYMHW IIPUBUIETHH INSERT,
CM. CJIeYIOLIYIO JIEKIIHIO).

lNpasnna pyHKUMOHANIbHBIX 3aBUCHMOCTEMH

IIpuBereHHBIA HA0OP IPaBK ABJISIETCS 1OCTATOYHO rpyObIM. B cTaHmap-

Te SQL:1999 oH yTouHsieTcsi HAaOOPOM TONOJIHUTENBLHBIX NTpaBUJ, YCTaHABIH-

BaIOLIMX BOCITPMUMYHMBOCTD Pa3IMUHbIX SI3bIKOBBIX KOHCTPYKIIHI K OIlepalu-

sIM OGHOBJIEHHA U BCTAaBKH. B OCHOBE 3THX IIPaBUI1 JIEXHT MOHSATUE PYHKUUO-

Haavrolt 3aeucumocmu (Functional Dependency — FD, cM. nexumio 6). [lonaras,

YTO B 1I€JIOM NOHSATHE (QPYHKIIHOHATBHOM 3aBUCHMOCTH YX€ HE JOJDKHO BBI3bI-

BaThb y YMTaTeIEH KaKMX-JIMO0 3aTPpYOIHEHUI, IPUBEIEM HECKOIBKO MTOTIOIHHM -

TENbHBIX OIPEIEICHH, TPEOYEMBIX IUI MOHUMaHMA TTO/IX0/1a, UCTIOJIb3YEMOTO

B SQL:1999.

¢ [lyctk S 0603HaYaeT HEKOTOPOE MHOXECTBO CTONOLOB TabNUUBI T, a SS 060-
3HaYaeT HEKOTOpoe MOOAMHOXECTBO S (5SS < S). Torma mo repBoii aKkcHuoMe
ApmMmcrponra (cM. pasaen «DyHKIMOHATbHBIE 3aBUCHMOCTH» JIEKLHUH 6) SS— S.
B tepmunonoruu SQL:1999 ara FD nHa3sbiBaeTcs akcnoMaTudeckoil. Bee @3,
He ARISIOIIMECS aKcUoOMamuMecKumil, Ha3bIBAIOTCS HEAKCUOMAMUYeCKUMU.

¢ Bce akcuomaTtuueckue FD sinstiores uzgecmuvivu FD. B crangapte onpene-
JISTIOTCS TIpaBUiIa onpeaesieHus apyrux u3sectHelx FD. Kpome toro, craH-
JIapT OCTaBJIgeT cBoOony WA peaym3auuii SQL B MONoJIHEHHH 3TOM CHUCTe-
MBI IPABUJI € 1IeJIbIO HaxoXIeHUs u3BecTHRIX FD, He crielmpuumpoBaHHBIX
B CTaHIapTeE.

¢ Eciu HeKOTOpBIH cToN0el C1 BUPTyaldbHOHW TaOmuubl TI1 (MOpoXIaeMoi
TaGJIMLIBI WM IIPEICTABICHHS ) ONpeae/isIeTCs IMMyTeM CCRUIKHM Ha cTonbel C2
HEeKO# apyroii (6a30BOH WM BUPTYAJbHOM) TabMUIILI T2, HA OCHOBE KOTO-
poii nmopoxnaeTcs T1, To C1 aBasieTcs dgolinuxom C2. bonee TouHo, C1 apisi-
ercs deoiinuxom C2 6 coomeemcemeuu ¢ mabauyeii T2.

¢ [loHsTHe NIBOMHUKOB pacliMpsieTcs Ha MHOXeCTBa cToNOLOB. Eciu Heko-
TOpOE MHOXECTBO CTOJOLIOB S1 BUPTYaJbHON TAaOMHIBI T1 ompenensercs
(ryTeM oToOpaXXeHHS «OOUH — B — OJUH» ) MHOXECTBOM CTOJIOLIOB S2 OIlpe-
JeJismollei TaOMuLbl T2, U KOXIbIH cTONMOEll U3 MHOXECTBA SI1 SIBJIAECTCSA
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JBOMHUKOM COOTBETCTBYIOILIETO CTOJI0IIAa U3 MHOXECTBA S2, TO S1 Ha3bIBa-
eTcsl deolinuxKom S2 8 coomgemcemeuu ¢ mabauyeii T2.

¢ Eciau HM B OHOM U3 CTOJOLI0B BO3MOXHOTO KJl04a (Habopa CTOJIOLOB, CIie-
LUGULIMPOBAHHOTO B HEOTKJIANBIBAEMOM OTPAHUYCHUU YHUKAIBHOCTH) HE
IIOTTYCKAETCS HaJMUME HEOTPENCICHHBIX 3HAYEHMH, TO 3TO MHOXECTBO
CcTONOLIOB Ha3bIBAE€TCS BUC-MHOXECTBOM (aKPOHUM BUC IPOUCXOAUT OT Base
table Unique Constraint). JI1o6oe MHOXECTBO CTOJIOIIOB, SIBJSIOLIEECS TBOM -
HHKOM BUC-MHOXECTBA, TAKKe €CThb BUC-MHOXECTBO, TaK UYTO 3TO CBOMCTBO
pacrpocTpaHseTCsl 4yepe3 pa3IdyHbIE BBIPAXECHUSI, TIPOU3BOJSIILINE BUPTY-
ajbHBIe Ta6nuLbl. Eciiv UMeroTCs iBa MHOXECTBA CTOJIOLIOB S1 U S2, TaKMe,
4To S1=S2, S1— 52, U S2 ABNSAeTCA BUC-MHOXECTBOM, TO U S1 ABjseTcsa BUC-
MHOX€eCTBOM. MOTyT CyUIECTBOBAThL TaOJIUILIbI, Y KOTOPLIX BUC-MHOXECTBO
SABJISIETCS MYCThIM. Takasi Tabaulia MOXET coliepXaTh He 6osiee 0aHOU CTPO-
ku*. C Ipyroil CTOpoHBI, MOTYT CYHIECTBOBATh TAOJIULILI, ¥ KOTOPBIX BOODILLIE
OTCYTCTBYIOT BUC-MHOXeCTBa**.

® MHOXecCTBO CTOJIOLOB, COCTABISIIOIINX ITEPBUYHBIN KITIOY TaOJIUIILI, HAa3bl-
BaeTcs €€ BPK-MHOXECTBOM (akKpOHMM BPK mnpoucxomut ot Base table
Primary Key). IIoHATHO, 4TO KaxX10€ BPK-MHOXECTBO ABJISETCA BUC-MHOXe-
crBoM. Eciu uMelorcsi iBa MHOXECTBA CTOIOLOB S1 U S2, TaKMe, UT0 S1&S2,
S1—52, N 52 aBasieTcsl BPK-MHOXECTBOM, TO U S1 SIBASIETCS BPK-MHOXECT-
BoM. ITono6HO BUC-MHOXeCTBaM, BPK-MHOXECTBA MOT'YT ObITh MYCTLIMH.

Ha ocHose 31HX onpeaenenuti B craHaapre SQL:1999 ycraHaBauBaloTCs

npaBuia pyHKLUOHAIBbHBIX 3aBUCUMOCTEH i 11 KOMIIOHEHTOB A3bIKA.

® baszosbie mabauybi. ECv y TabNMIbI MIMEETCS TIEPBUYHBIH KITIOY, TO COOT-
BETCTBYIOILIEE MHOXECTBO CTOJIO110B 06pa3yeT BPK-MHOXECTBO 3TO Tabu-
usl. Ecnu y Tabnauusl iMeeTcsl He OTKIANbLIBAEMOE OTPAHMYEHUE YHUKATD-
HOCTH, XU HM Y OIHOTO CTOJI011a, YKa3aHHOTO B 3TOM OTpaHU4YEHHH, HE AOITY-
CKaeTcs HATUYME HEompeAe/IeHHBIX 3HAYEHUi, TO COOTBETCTBYIOIICE MHO-
XEeCTBO CTOJIOIIOB SABJsIETCSl BUC-MHOXecTBOM. Eciiu MHOXeCTBO CTO/NOLI0OB
UCL 6a30B0# TabaMLbl —BUC-MHOXECTBO, a CT 0003HaYaEcT BCE MHOXECTBO
cToJOLOB 3TO Tabnuibl, TO FD UCL— CT npeacTapiaseTr co6oi uzeecmuyro
GyHKyuOoHAbHYIO 3a8ucumocmb Ga30BON TaOINLIBL.

® Koncmpyxkmopb: mabaudhsix 3naveHull. I10CKONbKY A5 KOHCTPYKTOPOB Tab-
JIMYHBIX 3HaYeHWiII HEBO3MOXHO OIpPeICIsATh OrpaHUYECHUs, B CTaHAapTe
SQL:1999 wis HUX He crelMUIIMPOBaHBI BUC- U BPK-MHOXecTBa. B cTaH-
JApTE HE OTPEAEISIOTCS U3eecmHble (YYHKIUOHANbHbIE 3a8UcUMOcmU UISL Ta-
KOTO poia KOHCTPYKIMWH, OTJIMYHBIE OT akCMoMaTtudecKux. OIHAKO CTaH-
IApT AOTyCKaeT, 4ToOnl peamn3auuu SQL BKIIOYAIU JOTOJIHUTEILHBIE Me-
XaHU3MBI OIIpeICICHUS U3BECTHBIX GYHKLIMOHATBHBIX 3aBUCHMOCTEI.

* MHOXECTBO, 3JIEMEHTBI KOTOPOT'O HEBO3MOXHO Pa3JIHIUTh, MOXET ObITh TU00 MyCcTHIM, 1100 CO-
JACPXaTb TOJNBKO OOHWH 3JICMCHT.
** B sTOM ciryyae TabiuLa COOTBETCTBYET NOHATHIO MYJIBTUMHOXECTBA.
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® Coedunennsie mabauyst. EC1Y TOBOPUTH O COEIMHEHHBIX TabIMLAX, MOJy4da-
eMBIX B pe3yJbTaTe NMPUMEHEHHUs ollepalldii €CTeCTBEHHOIo COCAMHEHMS
(NATUARAL JOIN) WIH COE€IUHEHHUS ¢ 3aJaHUEM CIHUCKAa UMEH CTOJOLIOB,
3HAUEHHUsI KOTOPBIX JOJIXHBI COBMAaIaTh (USING), TO MOHATHO, UYTO COEAM-
HEeHHasi Tabiauua OyIeT coaepXaTb ABOMHUKOB U3 OJHON MM IBYX UCXOIH-
HBIX Tabaul. EciM 0603HauuTh Yepe3 S HEKOTOPOE MHOXECTBO CTOJIOLIOB
pe3YJBTUPYIOLIEH TabauLbl, a Yyepe3 CT — BCE MHOXECTBO CTOJNOLIOB 3TOH
TabJHLBI, TO S ABNSETCS BPK-MHOXECTBOM B TOM H TOJLKO B TOM Clydyae,
KOra UMeET JBOHMKA B ONHOW WM 00EMX UCXOIHBIX Tabauuax. B TakoM
cJIy4yae BO BCEX CTONOLIAX S HE JAOMYCKAKOTCS HEOMPEAENeHHbIE 3HAUEHUS, U
FD s—CT siBnsieTcs uzgecmuoil (hyHKYUOHANbHOU 3A8UCUMOCTMEIO.
B cTaHmapte ompenensieTCsi HECKOJIBLKO MPaBU, HA OCHOBE KOTOPBIX YCTa-
HaBJIUBAIOTCS U38eCMHble DYHKYUOHAAbHbIE 3A8UCUMOCTU COETUHEHHDBIX Ta0-
JIML, HO 3J1€Ch MBI IIPUBEIEM TOJIBKO MPOCTEHIIEe U3 3TUX NpaBuiI. Ecnu co-
eIWHEHHas Tabaulla MPOU3BOIUTCS Ha OCHOBE OJHOM M3 IBYX YKa3aHHBIX
BBILIE OTNEpAallMi, TO B IIEpBOM TaOIULIE-UCTOUHUKE ITPUCYTCTBYET OAMH WU
OoJiee CTONOLIOB, COOTBETCTBYIOIIUX OJHOUMEHHEBIM CTOJIOLAM BTOpPOM Tad-
JIMIBI-UCTOYHHUKA. O003HAUMM Yepe3 SLCC CIMHUCOK CAEAYIOWMX BhIpaXe-
HUH (371IEMEHT CITUCKA COOTBETCTBYET OOLLEMY CTONOLLY):

COALESCE (tl.colname, t2.colname) AS colname*

Ilycth JT 0003HAUaeT KIIOUEBBIE CJIOBA, OMpEAC/IsIIOLINE THIT COeAUHEHHS
(INNER, LEFT, RIGHT, FULL U T. A.), H ITyCTb TNI U TN2 0003HauaoT UMeHa
TaGauL WK (eCIM OHH 3alaHbl) UMEHA MMCEBIOHUMOB IBYX TaOIHII-UCTOU-
HUKOB COOTBETCTBEHHO. O003HAYUM uepe3 IR pe3y/IbTAT BHIYUCIEHUS CIIe-
IYIOLIErO BBIPAXEHHS 3aIIPOCOB:

SELECT SLCC, T1*, T2* FROM T1 JT JOIN T2;

Toraa, B COOTBETCTBUM ¢ TTpaBWiIaMu SQL, 1OMOJIHUTETBHBIMH U3BECTHHIMHU
(GYHKUMOHATBHBIMH 3aBUCUMOCTSIMU SBASIOTCS CJeOYIOLINE:
= €CIU JT3amaer INNER un LEFT, To neidctByeT FD COALESCE (T1.Ci,
T2.Ci)—T1.Ci onsl BCEX 1 OT €AMHULBI IO YUCA CTOIOLIOB B IR,
m  €CJIM JT3amaeT INNER WM RIGHT, To aefictByeT FD COALESCE (T1.Ci,
T2.Ci)—T2.Ci IS BCeX 1 OT EAMHUIIBI JO YMCNa CTOA0LOB B IR.
0O003HaYMM uyepes3 SL HEKOTOPBIN CITUCOK BLIOOPKH. T1yCTh:
s eCJIM Bce CTONOLIbI MepBOM U BTOPOI TA0MUII-UCTOUHUKOB SIBISIOTCS
OOIIUMH, TO SL COBMNAIAET ¢ SLCC;

* Onpenenenue BbIpaXeHUss COALESCE (V1, V2) cM. B pasmeie «Cpenctsa onpeneeHMs,
M3MEHEHUSA U TUKBUAALMHU 6a30BbIX TAONHUL» JeKUMH 12.
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®  eCJIHU Cpedr CTOJAOLIOB TAOJIUII-UCTOYHHUKOB HET O0LIMX CTOJOLIOB, TO
SL COCTOMT M3 CITMCKA CTOJIOLOB MEPBOM TAOJIHLbI-UCTOYHHUKA, 332 KO-
TOPBIM CJIeAyeT CTIMCOK CTOJIOLIOB BTOPOii TabIHIIBI- ICTOYHHKA;

m  eCJIM BCE CTOJIOLBI MIEPBOI TAOJMLBI-UCTOYHUKA SIBJSIOTCS OOIIUMH,
HO Y BTOPO# TaGIMLIbI-UCTOYHNKA HUMEIOTCS] HEOOIHE CTOJIOIBI, TO SL
COCTOUT M3 SLCC, 3a KOTOPBIM CJIEOYET CIIMCOK HEOOIUUX CTOJOLIOB
BTOpOH TaOJIULILI-UCTOYHHUKA;

s  aHAJIOTHYHO, €CJIM BCE CTOJOLBI BTOpOH TabIUIIbI-MCTOYHHKA SIBJISI-
10TCS OO0IMMH, HO Y TIEpBOI TaOIULIBI-UCTOYHUKA UMEIOTCS HE 00LIHe
CTOJO1BI, TO SL COCTOMT U3 SLCC, 3a KOTOPBIM CJIedyeT CIIMCOK HE 00-
LIUX CTOJIOIIOB MePBOi TaOJHLIbI-UCTOYHUKA;

s HaKOHell, €CJIU CPeIH CTOJIOLIOB IEPBOi TADIUIILI-UCTOYHHKA U Cpedu
CTOJIOLIOB BTOPOH TabIMILIbI-MCTOYHHKA UMEIOTCS HEOOIIHUE CTOJNOLIBI,
TO SL COCTOMT U3 SLCC, 3a KOTOPBIM CJIEAYET CIIMCOK HEODILUX CTOJIO-
1I0OB MEPBOH TaOJMLBI-UCTOYHHKA, a Jajlee Pacrojaraetrcsi CIIMCOK
He 0OILMX CTOJOLIOB BTOPO TabJIULLI-UCTOYHUKA.

Tormga, B COOTBETCTBMH CO CTAaHIAPTOM, M3BECTHBIMM (DYHKIIMOHAJILHBI-

MM 3aBUCHUMOCTSIMU BUPTYAJIbHOUW TaOJMIbI, TIOJYIaEMOIl TIyTEM COEIU-

HEHMSI, SIBISTIOTCS U3BECTHBIE (DYHKIIMOHAIbHBIE 3aBUCHMOCTH BhIpaXe-

HUSA

SELECT SL FROM IR;

® Cevuru Ha mabauys. CTONOLBI BUPTYATbHOM TaOMIMULIBI, TIPOU3BOAUMOM IO
CCBLUIKE Ha TaOJIMILY, SIBJISIIOTCS €CTECTBE HHBIMU IBOMHHUKAMH CTOJIOLIOB Ta0-
JIMLBI, KOTOpasi HAEHTU(ULIMPYeTCsl CChUIKOM. [1o3TOMY BUC- M BPK-MHO-
KECTBA PE3YJIBTUPYIOILEH TAOIHLbI SBASIOTCS OIBOWHWKAMU BUC- W BPK-
MHOXECTB UCXOJHOM TaGJIMIIbI, U U3BECTHLIE (PYHKIIMOHANBHBIE 3aBUCUMO-
CTH Pe3YJIBTHPYIOILEH TabJIUIIBI T10JYy4al0TCs TyTEM 3aMEHBI UMEH CTOJIOLIOB
HCXOJHO# TaOJHULIBI HA UMeHA CTOJIOLIOB PE3YIbTUPYIOLLEH TaOIULIbI B U3BE-
CTHBIX (hYHKIIMOHAJIbHBIX 3aBUCUMOCTSIX UCXOAHOMN TaGINLIBI.

® Pasden FROM. OTIMCBIBas B JIEKIIMH 13 00I1LyI0 CEMaHTHKY OTepaTopa BbIOOp-
KM, MBI OTMEYA/IH, YTO HA TIEPBOM IIIare BHITIOJIHEHUSI 3TOT0 OTepaTopa mpo-
M3BOIUTCS (BUPTyaiibHas) TabJMLIA, SIBJISIIOINASICS PACUIMPEHHBIM I€KApTO-
BBIM TIPOM3BEJEHUEM BCEX TaOJIHII, CIIEHM(ULIMPOBAHHBIX B pasiaeie FROM.
IlosToMy B cTaHAapTe SQL ecTecTBeHHBIM 00pa30oM (DOPMYJIUPYIOTCS CJICIy-
omMe nmpaswia. Eciv B cnycKe CChUTOK Ha TabJIMIIbI pa3geia FROM coliep-
JKHUTCS BCETO OJIHA CChUIKA, TO BUC- M BPK-MHOXeCTBA PE3YAbTUPYIOILECiH Tab-
JIULIbI SABJISIIOTCST IBOMHMKAMM BUC- M BPK-MHOXECTB MCXOAHOM TaOIUIIbL.
Ecnu B ciucke pasnena FROM conepxXarcs ABe WK 00Jiee CCbUIKU HA Tabnu-
1IBl, TO, B COOTBETCTBHM CO CTAHIAPTOM, BUC- U BPK-MHOXECTBA PE3YJILTUDY-
foLlelt TabIuLbl He onpenaeseHsl. M3BecTHhIE QYHKIIMOHATBHBIE 3aBUCUMO-
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CTU pE3YJBTUPYIONIEH TaGNMHUIIBI COCTOSIT U3 M3BECTHHIX (hYHKIIMOHATBHBIX
3aBUCUMOCTEN KaXA0M TaONMLIBI, CieHMUIIMPOBAHHOM B pa3nesie FROM.

® Pa3zden WHERE. B cTaHgapTe colepXHUTCsl Habop MpaBHil, MTO3BOJSTIOLINX OIT-
penenuTs BUC- U BPK-MHOXECTBA pe3yJbTHPYIONICH TaGaHULIbl 3TOro pasie-
Ja*, a Takke U3BeCTHhIe (PYHKLIMOHAIbHBIE 3aBUCUMOCTH PE3YIBTUPYIONIEH
Tabnuuel. IIpaBuia oCHOBBIBAIOTCS Ha OCOOSHHOCTSX MMOBEACHUS TTpeanuKa-
Ta CpaBHEHHs IO PaBEHCTBY U JIOTHYECKOH ornepaliy AND,

® Pa3sden GROUP BY. [Ing omnpeneneHus BUC- U BPK-MHOXECTB M U3BECTHBIX
(byHKUMOHANBHBIX 3aBUCUMOCTEN De3yNbTUPYIOIIECH TaOnHilbl pasiena
GROUP BY Tpebyercs (pakTHUECKOE 0Opa3oBaHHe B pe3yabTHPYIOIeH Tabau-
1le HOBOIO CTOJI0lIa, 3HAYEHUST KOTOPOro MOIJH Obl KaKUM-TO 00pa3oM
HIOSHTUGhUIIHPOBATh CTPOKHA HMCXOAHON TabOMHLILI, OOpa3ylomMe TIPYIIIbI
CTpYNIUPOBAHHOM TAOIULIbI.

® Pazden HAVING. BUC- U BPK-MHOXECTBA M U3BECTHbIE (PYHKIIMOHAIBHEIE 3a-
BUCHUMOCTH pe3yJIbTUpPYIOLIeii TaOIHULIbI pa3aena HAVING MoJy4yatoTcs U3 co-
OTBETCTBYIOUIHX MHOXecCTB U FD Tabnuiibl, K KOTOpOi MpUMeHSETCS 3TOT
paszmen**, Ha OCHOBE TNPaBWI, CBSI3aHHBIX C YCJIOBHBIM BRIpAXXEHUEM pa3ieiia
HAVING (Kak Y B CJIy4dae YCJIOBHUS pa3aena WHERE, B JaHHBIX TIPABIJIaX YYHUTHI-
BalOTCS OTiepallii CpPaBHEHHUS 110 PABEHCTBY M JIOTUYECKHE OTIepallii AND).

¢ Pazden SELECT. Ha onpeaeneHue BUC- M BPK-MHOXECTB M M3BECTHHIX
¢(YHKUMOHAIBLHBIX 3aBUCHMOCTE pe3yiibrara cielliduKalii 3anpoca Biu-
sieT HAUIMYUE B CTIMCKE BLIOOPKHM BbIpaXeHUH (value_expression), OTAUY-
HBIX OT CCBUIOK Ha CTOJIOLIBI.

® Bupaxcenue 3anpoca. Ha onpenenenue BUC- U BPK-MHOXECTB U U3BECTHBIX
(YHKIMOHAIBHBIX 3aBUCHUMOCTEIl pe3yjibTaTa BRIpAXEHUs 3ampoca BIHSIET
HaTWYHKE B 3TOM BBIpaXXeHHUH orepalinii UNION, INTERSECT ¥ EXCEPT. B craH-
JapTe OTCYTCTBYIOT KaKWe-THOO IpaBuWiIa A ornpeaeseHus1 GyHKIMOHAIb-
HbIX 3aBUCHMOCTEH B pe3yabraTax pPeKypCHBHBIX 3ampocoB. OTMedaercs
JIMIIL BO3MOXHOCTb BBEICHHSI TAKHUX TIPABHII B peaTM3aLIUsIX.

Pa3snen WITH CHECK OPTION onpegeneHvs npeactaBneHvs

IlycTb B 6a3e JaHHBIX UMEETCS YNIPOLeHHas Tabnula EMP, conepxaiias
cleaytoniee MHOXECTBO CTPOK (Kak B IpuMepe ¢ GROUP BY ROLLUP pa3sdene
«B0O3MOXHOCTH (pOPMYIUPOBAHUS AHATUTHYECKHX 3aTIPOCOB» JIEKLIMHK 16).

INpeanonoxuM, 4to B 6a3e JaHHBIX UMEETCS TIPEACTaBJieHHe RICH_EMP,
omnpeieIeHHOE CIeTYIOLIUM 00pa3oM:

* HanoMH#MM U3 JleKuuHM 13, UTO B COOTBETCTBUH C CEMAaHTHKOH OllepaTtopa BLIOODKH B PE3YJIBTAT
pasziesia WHERE BXOIAT Bce CTPOKH pe3yJbTaTa pasfiesia FROM, LISl KOTOPHIX Pe3YJIETaTOM BHIYUCIE-
HHM31 JIOTHYECKOTO YCTIOBHsI pa3fiesia WHERE siBiisieTcs true.

** HanoMHMM M3 IeKUMH 13, 9T0 Ha BXOA pa3ziesa HAVING NojaeTcsl pe3yabTaT pasaena GROUP BY,
€CJIM 3TOT pa3/iesl IPUCYTCTBYET B ClIELMMUKAIIUH 3ar1poca, MHaYe — pe3yJIbTaT pasienia WHERE, ec-
JIM 3TOT pa3fiesl IPUCYTCTBYET B cieliMMUKAIIMHU 3a1poca, MHaYe — pe3yJbTaT pasaena FROM.
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EMP

EMP_NO DEPT_NO EMP_BDATE EMP_SAL
2440 1 1950 15000.00
2441 1 1950 16000.00
2442 1 1960 14000.00
2443 1 1960 15000.00
2444 2 13950 17000.00
2445 2 1950 16000.00
2446 2 1960 14000.00
2447 2 1960 20000.00
2448 3 1950 18000.00
2449 3 1950 13000.00
2450 3 1960 21000.00
2451 3 1960 22000.00

CREATE VIEW RICH_EMP AS
SELECT *
FROM EMP
WHERE EMP_SAL > 18000.00;

[NoHATHO, 9TO B COOTBETCTBHU ¢ npaBmiaMu SQL (4 3nqpaBbIM CMBICTIOM)
HaJl 3TUM TIPEACTaBJEHHMEM MOXHO BBITONHSITH ofepaliid oOHOBIeHUs. Kak
BUIHO, B TabIMIe EMP COREPKUTCA CTPOKA, KOTOPasi COOTBETCTBYET CIIyXKallie-
MY ¢ HOMepoM 2447, nonyyaiolieMy 3apiuiary B pazmepe 20000 py6. Ecrect-
BEHHO, 9Ta CTPOKa OYAeT NPUCYTCTBOBATh B BUPTYaJIbHOM Tabnuiie RICH_EMP.
IToaToMy MOXHO Ob1JI0 OBl BHINTOJHUTDL, HANPUMED, ONEPALIUIO

UPDATE RICH_EMP
SET EMP_SAL = EMP_SAL - 3000
WHERE EMP_NO = 4452;

Ho ecnu BhINOMIHEHHWE TaKOH OllepaLiiy AEHCTBUTEIBHO JOMYCKAETCS, TO
B pe3yJIBTATE CTPOKA, COOTBETCTBYIOIIAS CITyXaIlleMy ¢ HOMepoM 2447, ucdes-
HET U3 BUPTyaJIbHOU TaGNUIlLl RICH _EMP! AHanoruyHblid 3¢ deKT BOZHUKHET
TIPY BHITIOJTHEHUH OTEPAL{HHA BCTABKH

INSERT INTO RICH_EMP (EMP_NO) 2452;
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B 6a3oBo#i Tabau1e EMP ITOSIBUTCS CTPOKA, B KOTOPOU 3HAaYE€HHEM CTOJI0-
ua EMP_NO Gyner 2452, a 3Ha4e€HHs1 OCTAIBHBIX CTONIOLIOB GYAYyT YCTAHOBJIEHBI
10 YMOJ4YaHHUI0. B yacTHOCTH, 3HaYeHHeM cToidua EMP_SAL Gyxer 10000.00.
TeM caMbIM, €CJIH ITOA00HAs ONEPALMs BCTaBKU JeHCTBUTEIBHO AOIMYCTHMA, TO
Mbl BCTABWJIH B BUPTYaJIbHYIO TabJHILY RICH_EMP CTPOKY, KOTOPYIO B 3TOH BHP-
TyanbHOM TabHle YBHAECTh HEBO3MOXHO.

YTo6b1 H30€XAaTh TAKOTO IIPOTHBOPEYHBOTO ITOBEACHHS ITPEACTABISIEMBIX
TabIML, HYXHO BKJIIOYaTh B OIpEIeIeHHE IIPEACTaBIEHUs pa3aes WITH CHECK
OPTION. Ilpy HaJMYHH 3TOro pasieia IO PEaJbHOTO BHIITOJTHEHHS OIepatri
MoIM(HUKALMHA WIH BCTAaBKH CTPOK 4Y€pe3 MPEACTABIICHHE JUTST KaXJI0H CTPOKH
OyIeT IPOBEPATHCS, YTO OHA COOTBETCTBYET YCJIOBHSM IpelcTaBieHus. Eciau
JaHHOE YCJIOBHE He BBIITONHSETCS XOTS OBl [Tl OMTHON MOIMMULIMPYEMOU WIH
BCTAaBJISIEMOM CTPOKH, TO OIepaliis IMOJHOCTBIO OTBepraeTcsi. B HeKOTOpoM
cMbiclie (MMpY HATMYMH pa3ieia WITH CHECK OPTION) ycilioBHe BBIGODKH, CO-
Jlepxallieecss B BEIpaXECHHH 3aIIPOCOB ITPEACTABIEHHSI, MOXHO CYHUTATh Orpa-
HMYEHHEM LIEJTOCTHOCTH 3TOTO IIPeACTaBICHHUS.

Pexunmbl npoBepkyn CASCADED u LOCAL

BcrioMHHMM Tenepb, 4TO B MOJHOM BHJIE CHHTAKCHC pa3mena WITH CHECK
OPTION MOXET BKJIIOUATH KJIIOYEeBBIE ClIoBa CASCADED MM LOCAL. O6CyauM mx
cMeic. TIpenmonoxuM, YTo MpeacTaBlcHHe V2 ornpedessieTcs Haj MpeacTaB-
JIeHHeM V1 ClieAyIolINM 00pa3oM:

CREATE VIEW V2 AS
SELECT ..
FROM V1
WHERE ...
[ WITH [ CASCADED | LOCAL ] CHECK OPTION ]

Ilycts Ham V2 BBLIMOJNHSIETCS HEKOTOpasi olnepauus O OOHOBIEHHs 0a3bl

JaHHBIX. Toraa:

® cCJIM IpeAcTaBIeHue V2 onpeaeiasiioch 6e3 paznena WITH CHECK OPTION,
TO IpH BBINTOJHEHUH OITepaliiy O OyayT IIPOBEPATHCS BCE YCAOBHUS, OIIpEac-
JITIONINE OrPAaHUYEHHUS LIEJIOCTHOCTH V1 (€CIH B ONIpeNeeHUH VI IIPUCYTCT-
BOBaJI pa3nes WITH CHECK OPTION), HO HUKaKHWM 00pa3oM He OynyT y4M-
TBHIBATBCS YCJIOBHS BHIOOPKH, CoAepXallieeCsi B BHIPAXEHHUH 3aIIpOCOB Ipel-
CTaBJIeHUA V2,

® ¢CJIM B ONpeACICHUH MPEICTABICHUS V2 COAepXICA pa3aea WITH LOCAL
CHECK OPTION, TO IPH BHIIIOJHEHHUM OINEPALUU O OYAYT IPOBEPSTHCS BCe
YCJIOBHs1, ONpPEICSISIONIHE OrPaHUYEHHS LEJIOCTHOCTH VI, U BCE YCIOBMS,
coIepxaiieecs B BRIpaXeHHH 3alIpOCOB MPEACTaBICHHUs V2,
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® HAKOHELl, €CJIM B OIpeeieHUH TIPeICTAaBIeHUS V2 colepxXaics pasnena WITH
CASCADED CHECK OPTION, TO MpH BBHIIIOJTHEHHUH OTIepallii O OyOyT IpoBe-
PATHCSL BCE YCJIOBHSI, ONMPERESsIONINEe OTPAHUYECHHUS LEIOCTHOCTH V1 (Tak,
KaK eCJIM OBl B OMpeNeieHUuH VI MPUCYTCTBOBAI pasfed WITH CASCADED
CHECK OPTION). TeM caMbIM, GyOyT ITPOBEPATLCA BCE OrPAHUYEHHUS LIETOCT-
HOCTH, YCTAHOBJIEHHBIE JUISL BCEX 6A30BBIX Ta0JIH1I, HA KOTOPHIX OCHOBBIBA-
eTCsl onpelesieHHe V1; BCe YCIOBHSI BCEX MPEACTABIEHMA, OIpeaeeHHbIX
HaJ STUHMH 0a30BLIMU TAOJMIIAMH; H, KOHEYHO, BCE YCIIOBMS, CONEPXALIHE-
CA B BEIPDKEHHH 3aIIPOCOB MPEACTABIECHUS V2.

Mpumepsi pe3ynsraros gedcTBmnsg pasnaena WITH CHECK OPTION

YT0oObI MOSICHUTDL PE3YABTAThI JEMCTBHS pa3nena WITH CHECK OPTION,
JOTIYCTHM, YTO B 0a3e JaHHBIX TIPUCYTCTBYIOT OIpeaeieHHs ABYX TpeacTaBe-
HHUH MIDDLE_RICH_EMP U MORE_RICH_EMP:

CREATE VIEW MIDDLE_RICH_EMP AS
SELECT *
FROM EMP
WHERE EMP_SAL < 20000.00
[ WITH [ CASCADED | LOCAL } CHECK OPTION ];
CREATE VIEW MORE_RICH_EMP AS
SELECT *
FROM MIDDLE_RICH_EMP
WHERE EMP_SAL > 18000.00
[ WITH [ CASCADED | LOCAL } CHECK OPTION ];
O4yeBUAHO, YTO B TE€JO (MaTEpHAIU30BAHHOIO) MPEACTABICHUSA
MIDDLE_RICH_EMP OyayT BXOOMUTH CIeAYyIOLIUE CTPOKH 6a30BOM TaGnULbI EMP:

MIDDLE_RICH_EMP

EMP_NO DEPT_NO EMP_BDATE EMP_SAL
2440 1 1950 15000.00
2441 1 1950 16000.00
2442 1 1960 14000.00
2443 1 1960 15000.00
2444 2 1950 17000.00
2445 2 1950 16000.00
2446 2 1960 14000.00
2448 3 1950 18000.00
2449 3 1950 13000.00
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B Tteno (MaTepManu30BaHHOrO) MpeacTaBieHUs MORE_RICH_EMP Oyayt
BXOIUTH CACAYIOLINE CTPOKM NpeAcTaBisieMoit Ta0nuIlbl MIDDLE_RICH_EMP:
MORE_RICH_EMP
EMP_NO DEPT_NO EMP_BDATE EMP_SAL
2443 1 1960 19000.00

B kaxnoM M3 npeacraBieHuii MIDDLE_RICH_EMP U MORE_RICH_EMP MoO-
3KET OTCYTCTBOBATD WIIH ITPHCYTCTBOBATH (B OMHOM M3 ABYX BUIOB) pa3aea WITH
CHECK OPTION. B COBOKYITHOCTM BO3MOXEH OIUH U3 AEBATU CIy4aes:

MORE_RICH_EMP | none LOCAL CASCADED

MIDDLE RICH EMP

none Cmyuam 1 Cmyyanm 2 Cmyyanm 3
LOCAL Criyuan 4 Ciy4dan 5 Cryuan 6
CASCADED Criyqan 7 Criy4an 8 Criyuant 9

YT06Bl paccMOTPeTh KaXOblil U3 BO3MOXHBIX CIy4yaeB IO OTAEIbHOCTH,
o0cynuM, 4TO OyJeT MPOUCXOAUTD B KAXKIOM Cjiy4yae IPH BBITTOJTHEHUH CJIeay-
IOLIMX ABYX orepanyii MoanduKauu cTpok (OyaeM Ha3bIBaTh 3TH OIEepalMu
U1 ¥ U2 COOTBETCTBEHHO)*:

UPDATE MORE_RICH_EMP

SET EMP_SAL = EMP_SAL + 7000.00;
UPDATE MORE_RICH_EMP

SET EMP_SAL = EMP_SAL - 7000.00;

Coryvaii 1. Hu B ogHOM M3 IpeACTaBICHUN He COAEPXMTCA pasaen WITH
CHECK OPTION.

IlepBEIii HEOXUIAHHBIM PE3YJIBTAT COCTOMT B TOM, UTO IIOCJIE€ BHIITOJHE-
HMS ONlepaliiy Ul TEJIO NpeacTaBieHuss MORE_RICH_EMP OoKa3bIBaeTCs ITYyCTHIM.
JIeACTBUTENIBHO, ¥ €OIWHCTBEHHOM CTpPOKM TaOJMIIBI EMP (CO 3HaueHUEM
EMP_NO, paBHBIM 2443), OTHOBpPEMEHHO YAOBIETBOPSIOLECH YCIOBUIM 0OOMX
TIpeAcTaBieHUM, cTonbelr EMP_SAL mpuHMMaeT 3HadyeHue 26000.00. ITocie
3TOro CTpPOKa TIiepecTaeT YAOBIETBOPATh VYCJIOBHUIO TIpeAcTaBiIeHUS
MIDDLE_RICH_EMP M McCu€3acT U3 PE3YIBTUPYIOLLEH TaO UL Bl MORE_RICH_EMP.
DTOT pe3yIbTaT MOXET ObITh OCOOEHHO HEOXUIAHHBIM JIJIA TT0JIb30BaTeael Oa-
3bl JAHHBIX, KOTOPBIM U3BECTHO, UTO YCJIOBHE IIPEACTaBIeHUSI MORE_RICH_EMP

* BygeM cuuTaTh, YTO TEM, KTO ITOJb3YETCS NPeACTaBIeHHeM MORE_RICH_EMP, HEM3BECTHO Orpa-
HHYeHHe EMP_SAL < 20000.00, Ha KOTOPOM OCHOBBIBAETCA IpecTaBleHue MIDDLE_RICH_EMP.
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uMeeT BUI EMP_SAL > 18000.00, ¥ cobaioAeHUE ITOTO YCIOBHSI JOJXHO CO-
XPaHSTLCS TIPU YBEJIUUEHUH pa3dMepa 3apIuiaThl.

BrimosHeHUe omepauuMM U2 TakKXe MPUBEAET K OMYCTOLUICHHUIO Teja
MORE_RICH_EMP (B 6a3zoBoii TabnMlLie EMP HE OCTAaHETCSI HU OJHOM CTPOKH,
YIOBJIETBOPSIIOILIEH YCIOBMIO 3TOTO IpeAcTaBiaeHMs1). Bo3aMoxHo, 310 Oyder
OOCTATOYHO €CTECTBEHHO O MIONb30BaTENEH MIpEeACTaBICHUSA
MORE_RICH_EMP, KOTOPBIM M3BECTHO YCJIOBUE IPEACTAaBIEHMSA, HO T€, KTO pa-
60TaeT ¢ npencTaBieHUeM MIDDLE_RICH_EMP, ¢ yIMBJAEHUEM O0OHAPYXAaT B Te-
Jie pe3yJbTUPYIOIeH TabauIIbl HOBBIE CTPOKH.

Ciryyaii 2. B onipenenenuy npeacraBieHyst MIDDLE_RICH_EMP COAEPKHUT-
cs pazgen WITH LOCAL CHECK OPTION, a B onpeeieHUM MORE_RICH_EMP pa3-
nen WITH CHECK OPTION OTCYTCTBYET.

B 3TOM ciydae, B COOTBETCTBHMM € MIEPBBIMHU JIBYMsI TIpaBUIAMU MTPOBEPKH
KOPPEKTHOCTH BBINIOJIHEHUS Olepalivii OOHOBICHUsI Hal MPEACTABICHUSIMH,
orepauus Ul A0XHA ObITh OTBEPTHYTA CUCTEMOM (IIOCKONBKY €€ BBITIIOJTHEHHE
HapylliaeT YCIOBHE MpeacTaBieHusa MIDDLE_RICH_EMP). Ho 3amMeTuM, yTo Ta-
KOe IMOBEIEHME CUCTEMBI OYIET COBEPIICHHO HEOXWAAHHBIM U HETIOHATHBIM
JUIS1 TeX TMoJib3oBaTeiel 6a3bl JaHHBIX, KOTOPBIM M3BECTHO TOJILKO OIpeaesie-
HUE «BEPXHETro» MpeACTaBieHUs MORE_RICH_EMP, IOCKOJIbKY OTiepaLus Ul sB-
HO He MOXET HAPYILMTh BUIMMOE UMH OrPaHUYEHME.

C nmpyroii cTOpoHBI, omepalusi U2 OyAeT YCHEeUIHO BBIMIOJIHEHA M TO-
MpeXHEMY MPUBEIET K OITyCTOLICHUIO Tela Pe3yJILTUPYIOIed TabIMIIbl IIpe-
CTaBieHUS MORE_RICH_EMP.

Coryyaii 3. B onpeaeneHuu npencrasieHust MIDDLE_RICH_EMP COACPKMT-
csl pa3fen WITH CASCADED CHECK OPTION, a B olpelc/icHUH MORE_RICH_EMP
pa3fnen WITH CHECK OPTION OTCYTCTBYET.

B aTo# cuTyaumu 6yayT MpoBePSITLCS YCIOBUSI, COACPXAIUECS B OTIPEAE-
JICHWH TpeACTaBieHHss MIDDLE_RICH_EMP, a TakKXe BCE OTPaHHYCHHUS LIENIOCT-
HOCTH TabJMILB EMP W BCEX APYTMX MMPEACTABJICHHH, onpedeJeHHbIX Haa 3TOM
6a30B0it Tabnuueil. B pe3ynsrate onepalusa Ul 6yAeT oTBEprHyTa CUCTEMOM, a
orepallusi U2 OyIeT «yCIIEIIHO» BLITIOJHEHA, JIpyruMu clioBaMH, TOBTOPUTCS
Ciyyaii 2.

Cayvait 4. B omnpeneneHuu MpeacraBieHust MIDDLE_RICH_EMP pasjen
WITH CHECK OPTION OTCYTCTBYET, a B ONpeAcieHuH MORE_RICH_EMP colep-
KUTCA pa3fiea WITH LOCAL CHECK OPTION.

IToHsITHO, YTO B 3TOM BapUaHTE OTNepalivst U2 He cpaboTaer (e¢ BLITOIHE-
HUe He OyneT JOITYLIEHO YCIOBUEM «OTPAHUUYCHHS LIEJIOCTHOCTU» TTPENCTaBIIC-
HMS MORE_RICH_EMP). Ho omepauus Ul (yBenUUYEHHE pa3Mepa 3apIuiaThl Ciy-
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Xalux) GyAeT yCIeHO BhINIOJIHEHA, ITOCKOJILKY OHA HE IPOTUBOPEYMT JIO-
KaJBbHBIM OIpaHUYEHUSIM MPEACTABIeHHs MORE_RICH_EMP.

Cayvai 5. B onpeneneHusx IpeAcTaBieHUMA MIDDLE_RICH_EMP u
MORE_RICH_EMP COIEPXUTCS pa3fen WITH LOCAL CHECK OPTION.

BoinonneHue obeux onepaiuit Ul M U2 OyaeT CripaBeIMBO OTBEPTHYTO.
Ha nepBeiit B3rnsga Bce B nopsake. Ho ecau Hajm mNpencTaBieHUEM
MORE_RICH_EMP OyaeT onpeneieHo elie OHO IIPECTABICHUE V, TO MBI MOXEM
nonyyuth cutyauuio Cnydas 2, rae V Oyner urpath poib MORE_RICH_EMP, a
MIDDLE_RICH_EMP — poib MORE_RICH_EMP.

Cayqai 6. B onpeneneHuu npeacrasieHust MIDDLE_RICH_EMP COOEPXUT-
cst pasfen WITH CASCADED CHECK OPTICN, a B OnpelaejicHMM MORE_RICH_EMP
coaepxurcd pasnea WITH LOCAL CHECK OPTION.

CHoBa, eC/IM Hal IpeacTaBieHUeM MORE_RICH_EMP GymeT oIpelesieHO
elle OJHO IpeIcTaBIeHUe V, TO MBI MOXEM NONacTh B cutyaumio Ciydas 2, rie
vV OyoeT urpatk pojb MORE_RICH_EMP, a MIDDLE_RICH_EMP — poJb
MORE_RICH_EMP.

Cayuaii 7. B onpeneneHuM IpeactaBieHust MIDDLE_RICH_EMP pasnen
WITH CHECK OPTION OTCYTCTBYET, a B onpelejeHHM MORE_RICH_EMP couep-
XKUTCA pa3aen WITH CASCADED CHECK OPTION.

Ecnu Hag npeacraBieHueM MORE_RICH_EMP GYIET ONpeaesIeHO elle OTHO
NpeAcTaBIeHUe V, TO MBI MOXeM Tonacth B cutyauuio Cinydas 3, roe V Oyaer
WUrpaTh pojb MORE_RICH_EMP, a MIDDLE_RICH_EMP — ponb MORE_RICH_EMP,

Cuyuaii 8. B onpenenenuy npeacrasieHust MIDDLE_RICH_EMP cOmepXKnT-
cqa pazgen WITH LOCAL CHECK OPTION, a B onpenejieHMu MORE_RICH_EMP —
pa3nen WITH CASCADED CHECK OPTION.

Ecnu Han npeacraBneHneM MORE_RICH_EMP GyIeT ONpeAc/IeHO e1le OOHO
NPEACTaBICHUE V, TO MBI MOXEM NONYYUTh cuTyaluio Ciydas 3, roe V Gyder
WUrpaTh pojb MORE_RICH_EMP, a MIDDLE_RICH_EMP — posib MORE_RICH_EMP.

Cayyaii 9. B omnpeneneHusix npeacTaBjieHH MIDDLE_RICH_EMP u
MORE_RICH_EMP COmepXUTCS pa3fesn WITH CASCADED CHECK OPTION.

TosnbKO B 3TOM cliydae onepaiud OGHOBIEHHS GYAyT BBINOJIHSITECS KOp-
PEKTHO, HE3aBUCHMMO OT TOT'0, UMEIOTCS JIK B 0a3e JaHHBIX IIPEICTaBIEHUS, OIl-
peleieHHBIe Haal MORE_RICH_EMP HMJIM MeXAy MORE_RICH_EMP,
MIDDLE_RICH_EMP U EMP.

OueBUIHBIA BBIBOI M3 NMPUBEACHHOIO aHATM3a 3aKJIIOYAETCI B TOM, UTO
€IMHCTBEHHBIM CIIOCOG0M 06€CTIEYUTh KOPPEKTHOCTD BHITIOJIHEHUS OTIepalldii
OOHOBJIEHUS Yepe3 NMPEACTaBieHUs (IOMyCKAoIMe ONepallid OOHOBIEHMS)
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ABJISIETCS BKJIIOUEHHE B OINpeleieHHe KaXIoro MpelacTaBleHus pasaena WITH
CASCADED CHECK OPTION. B 3TOM ciyyae moBeneHHe CUCTeMBI GyleT ocTa-
BaThCS KOPPEKTHHIM TIPH BBEICHUM AOIMOJHMTENBHBIX IMPEACTABICHUNA Hal
npeacrtasjeHueM MORE_RICH_EMP, MeXay npeacTaBl€HUAMU MORE_RICH_EMP
U MIDDLE_RICH_EMP Wiu MeXny npeactaBieHueM MIDDLE_RICH_EMP U 6azo-
BOI Tabnulleil EMP, eC/Ii B ONpeAeIeHUsIX BCeX STHX MPEACTABIeHUI TPUCYT-
CTByeT pa3aein WITH CASCADED CHECK OPTION.

NcTopuyeckmnii ouepk

3aBeplUINM O6CYXIECHHE BO3MOXHOCTEH ITPUMMEHEHUS OTnepalii 0OHOB-
JICHHUs] K BHUPTYAIbHBIM TaOJMLAM HEOOJBIIMM 3KCKYpCOM B McTopHio. Ha
MIPOTAXEHUH 00Jjiee YeM TPHALATWIETHEN UCTOPUH PENISILMOHHBIX 06a3 TaHHBIX
BOIIPOC O BO3MOXHOCTH OJHO3HAYHOM MHTEpIpeTalMHu orepalrii oOHOBIE-
HHUs 6a3 JaHHbIX Yepe3 BUPTyalbHbIe TabJIMIIbI MHTEPECOBAI MHOTMX UCCIIEN0-
BaTtesiel. [TIpUUNHBI 3TOrO0 HHTEPECA COCTOAT B CJICAYIOIIEM.

Bo-mepBrIX, KaKk OTMEYaJIOCh B JIEKIIMHU 3, ONHON M3 HauboJjiee IpUBJIcKa-
TEJbHBIX YepPT PENSILMOHHON aNredphl SBISETCH 3aMKHYTOCTb OTHOCHTENIBHO
TTOHATHA OTHOLIeHUA. B modoii anredpanyeckoil onepauuu, OrepaHIoM KOTO-
pOM fABJISIETCS OTHOIIEHHE, B KAUECTBE OIepaHaa MOXXHO HUCITOIb30BaTh airedpa-
nyeckoe BbipakeHre. C Apyroil CTOpOHbI, UMEETCSl ABHOE HEpaBHOIPaBHE IO
OTHOLLEHHIO K OrlepalMsM OOHOBIEHUS. MBIl MOXEM BCTABISITh, MOAUGPUIIUPO-
BaTh M YOAIATb KOPTEXH B 0A30BBIX OTHOILLIEHUSIX, HO HE MOXeM (B OOIIIEM Clly-
Yyae) NMPUMEHATh 3TH OMEpaluM K anredpanyeckUM BBIpDAXEHUAM. XOTEI0Ch
MaKCHMaJIbHBIM 00pa3oM YCTPaHUTh MOJ0OHOE HEPABHOIIPABHUE.

Bo-BTOpPLIX, Ha MEPBHIA B3rJIsi 331a4a He SIBJISIETCS CJIMILIKOM TPYIHOMH
(1o xpaiiHed Mepe, €CJIM OCTaBaTbCsl B Mpeleiiax pesILUMOHHOM anredphl).
HeiicTBUTENbHO, 6a30BbIX OMepaliiii coBceM HEMHOTO, M Kax/as 6a3oBasi omne-
pauus 04eHb IpocTa. )

K coxaneHuto, 3T0 OIIyLLEHUE ITPOCTOTH MPoGIeMBbl OKa3aloch 0OMaH-
YUBBIM. BblJIO BBHIMOJIHEHO MHOXECTBO MCCIIeNOBaHUM, ONMyOJIMKOBAaHO MHO-
XKECTBO CTaTel (HaM KaxXeTCd HelelecooOpasHbIM MPUBOAUTL CIIUCOK 3TUX
cTaTed B JaHHOM Kypce), HO TaK YU HE yAaja0Ch OOHAPYXHUTb [TOJIHOE MHOXECT-
BO airedbpanyecKux BHIPAKEHHUM, LISl KOTOPBIX BO3MOXHA OAHO3HAYHas HH-
TeprnpeTaums onepauuii ooHoBaeHUA. Ha Moii B3misin, JaHHAas CUTyalHsi OKa-
3ajla 3aMETHOE BJIMSIHME Ha TOJAXOJ K pelleHUIo NMpobrieMbl MPUMEHUMOCTU
olepaluii 0OHOBJIEHHS K BUPTYAIbHBIM TabIMULIaM, KOTOPbIM PYKOBOICTBYIOT-
cs pa3paboTymnKy s3bika SQL.

B nByx nepBbIX MexayHaponHbix cTaHaapTax (SQL/89 u SQL/92) x Buny
TaKUX BUPTYyIbHbIX TAOJIM1I TIPEABSBIISUIMCH YPEZMEPHO CTPOTHE TPeOOBAHMS.
DTO MOKAa3bIBAIOT 1AXE Te MPOCThie IPHUMEPHBI, KOTOpHIE IPUBOIMWINCH B HAaYa-
Jie JaHHOTO pasfaena. M KoHeyHo, HATMYKE TaKHMX OrpaHUYEHUI B cTaHOapTe
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SI3bIKa TMIPUBOIWIIO K TOMY, 4TO B peanu3anusx SQL nosisisuioch MHOTO paciluy-
PEHHIA, KOTOPbIE MTOAIEPXKUBATUCH TOJIBKO OTACIbHBIMH KOMIIAHHSIMH -TIPOU3-
BoautenamMu CYB/I. Co3naeTtcs BieyaTiaeHUe, 4TO Koraa 6oiee qecsiT JIeT Ha-
31 ObuT HHULIMHPOBAH ITPOEKT HOBOTO craHaapta SQL-3 (KOTopblii B KOHIIE
KOHLIOB npuBeJ K nosBneHn0 SQL:1999), pa3paboTuuku HaAXOMUIWUCh B CO-
CTOSTHMH pacTEePSHHOCTH.

Kcratu, ogHa U3 uneii, BKIIOYaBITUXCSI B paHHUE BapyUaHThI poekTa SQL-
3, cocTosUia B TOM, YTOOBI pacIIUPUTh OMpEAe/ieHUE TIPeACTABISAEMOH TabTHIIBI
CpelICTBaMH, TMO3BOJISIONIMMHU SIBHO CIIELMMHUIMPOBATh ACUCTBHS, KOTOPBIC
HYXHO TIpeANIpHHMMATh TIpH BBINIOJTHEHWH HajA TIpEACTABIEHUEM OIlepaLMii
INSERT, UPDATE u DELETE. JIpyTMMH CJI0OBaMH, TIpeIarajiocsk NepeioXuTh pe-
1IeHUE MpoOieMbl Ha 1wieu mnonan3oBareiciit CYB/l. KoHeuHo, 3TO paguKaib-
HbIA MOAX0/, HO, C APYTOil CTOPOHBI, OH MOT Obl MPUBECTH K MOJTHON aHAPXHH.

Kak MoXxHO 3aMeTHTh, B OOHLIMATILHO TIPUHSITOM cTaHmapte SQL:1999
UCTIOJIBb3YETCSI HEKOTOPBIM KOMITPOMHUCCHBIN Toaxoa. B craHmapte He duKcU-
PYIOTCSI XKE€CTKHE MpaBijia, OrpaH MYMBAIONINE BUI BUPTYAIbHBIX TAOHLI, K KO-
TOPBLIM NIPUMEHHMMBI OTlepallid O0OHOBNeHUs. BMecTo 3TOrO chopMynupoBaH
Pl pEKOMEHAALH A, KOTOPBIMH CJIEIyeT PYKOBOJACTBOBAThHCS TIPOM3BOAUTEISIM
CYB/l. Henb3s yTBEpXKIATh, YTO TAKOE PELIEHUE SIBJISIETCS] MAEATBHBIM, HO 60-
Jiee yIayHOro peIIeHUs] HAUTH He yIaI0Ch,

Onepau;vm o6HoBNeHns 6a3 AaHHbIX U MeXaHU3M
TpUrrepos

TepMUH mpuceep B KOHTEKCTE PEJSIIMOHHBIX 0a3 JaHHBIX ObLT BBEJAECH B
obuxon yyacTHUMKaMH mnpoekTa System R (pa3n. «BeemeHue» mexiumu 11). B
TEPMHUHOJIOTUM 3TOTO MMPOEKTa TPHITEPOM Ha3bIBAJIaCh XpaHHUMasl B 0a3e JaH-
HBIX Mpoliedypa, aBToMaTH4YecKW Bbi3biBaeMasi CYB/l npu BO3HMKHOBEHUM
COOTBETCTBYIOLIMX YcioBUM. [Ipu ompeneseHUM TpUITEpa YKa3bIBAIMCH JBa
YCJIOBMS €T0 IPUMEHUMOCTH — OOLIee YCIOBHE (MMSI OTHOIUEHHS M THII OTIe-
palii MaHUIYJMpPOBaHHUS JaHHBIMM) U KOHKDETHOE YCIOBHE (JIOTMYECKOe
BbIpaXeHHE, TIOCTPOEHHOE 10 MpaBUiaM, 6JIU3KUM K TIpaBHJIaM OrpaHUYeHUi
LIEIOCTHOCTH), a TaKXe AEHCTBUE, KOTOPOE TOIKHO OBbITh BhINOJAHEHO Hax B/l
TpY HAJTMYUM YCIIOBUNH TPUMEHUMOCTH.

KoHeyHo, TepMUH mpuzeep B TAaHHOM KOHTEKCTE SIBJISIETCS XKAPTOHHBIM.
Ho, ¢ apyro# cTropoHbl, OH TOCTaTOYHO TOUHO COOTBETCTBYET CUTYallUM: IS
MPUMEHEHUS TIPOLIEAYPhI AOJIKHBI OBITh MMPOM3BENEHBI «BO30YXIAIOIIUE» ee
neictBus. Kak oTMeuanoch B JiekiiMH 11, rocie 3aBeplileHus NMpoekTa System
R Ha npotsixeHuu Gosiee AeCATH JIET TPUITEPHI HE NMOMALEPKUBAIUCH HU B OJI-
Hol komMepueckol SQL-opueHTuposanHoit CYB/I. Ho 3ateM npakTtuyecku
Bo Bcex Beayuinx CYB/l MexaHU3M TpUTTEpOB B TOM HJIM MHOM BH/IE OBLI pea-
JIU30BaH.
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Kypc QcHoBbl 6a3 aaHHbIX

B ctangapte ke s3pika SQL cnenundukanuy TpurrepoB OTCYTCTBOBAIU
Io npuHsaTus cranaapta SQL:1999. o cioBaM raBHOIO peaakTopa CTaHIap-
ToB SQL/92 1 SQL:1999 [Ixrma MentoHa, 3ta cienuduxaims Obuia yxe noJi-
HOCTBIO TOTOBa K MOMeHTy nipuHsitusi SQL/92 1 He Bolwia B TEKCT CTaHAApPTA
TOJILKO T10 IPUYHHE OTPaHUYEHHOCTH ero o0beMa. OIHAKO, KaK MHE KaXeTcCsl,
3TOMY TIPETISITCTBOBA/IU U PACXOXAECHUS B TIOAXOAAX, CYILIECTBOBABILUE MEXAY
OCHOBHBIMM KOMTIaHUSIMU-TIpou3BoauTensiMu CYB/.

3aMeTHUM, YTO AJIETEPHATUBHBIM TEPMHUHOM 110 OTHOILIEHUIO K 0a3aM JaH-
HBIX, COJICPXKAIUM TPUITEPHBIE TIPOLIEAYPHI, SIBJISICTCS TEPMUH aKkmusHas b6asa
dannbix. HaBepHoe, 3TOT TepMUH 00jee TOYEH, MOCKOJIbKY ACHCTBUTENLHO
peyb uaeT o 6a3ax JaHHBIX, COAEPXKAIlUX MPOLeYphl, KOTOPLIE ABTOMAaTUYeC-
KU BBI3BIBAIOTCS] NIPU CpabaThIBAHUH CBSI3aHHBIX ¢ HUMH TipaBil. OMHAaKO B
obuxone nmoab3onateneit SQL-opuentupoanHbix CYB/] no-npexHeMy Oonee
pacrnpocTpaHeH TepMUH mpuezep.

MonaTtue Tpurrepa B SQL: 1999

B s13bIKe 00€CTIeunBaIOTCS BO3MOXHOCTH OTpeeIcHUs! TPUITEPOB, KOTO-
pBHI€ BBI3BIBAIOTCS («CpabaThiBAlOT») TIPU BCTABKE ONHOM WJIM HECKOJbKHUX
CTPOK B YKa3aHHYIO TaOJHIly, TPy MOIUGMUKAIMU OJHOU MIM HECKONbKHUX
CTPOK B YKa3aHHOH TaOJIMLE WIH TIPH YAAJICHUU OMIHOM UK HECKOJBKHX CTPOK
M3 YKa3aHHOU Ta0nuLbl. BooOI1ie roBopsi, TpUITEp MOXET IPOU3BOIHUTS JII000e
JeACTBUE, HEOOXOANMOE JIJ1SI COOTBETCTBYIOILETO MPHIIOXKeHUs1. MOXHO omnpe-
JIEJIUTh TPUITEPH], CpadaThIBaIOIIUE TI0 OJHOMY pa3y s ofnepauuit INSERT,
UPDATE iy DELETE, HO CYIIECTBYET X BO3MOXHOCTEh OTIpe/IeICHUSI TPUITEPOB,
BBI3BIBAEMEBIX MPH BCTaBKE, MOAUMUKAIIUM WM YIAJCHUU KAXKIOH OTAEIbHOM
cTpokH. Tabiuiia, C KOTOPOIA CBSI3BIBAETCS OTIPENEIeHUE TPUITEPA, HA3BIBACT-
csl npedmemnoii mabauyeii (subject table), a oneparop SQL, BemoHEHHE KOTO-
pPOro TIPUBOIMT K CpabaThIBAHHUIO TPUITEPA, MBI OYIIEM Ha3bIBATb UHUYUUPYIO-
wum (triggering SQL statement).

Tpurrepsl MOTYT cpabaTbiBaTh #0cie U J0 PEANTbHOTO BBHITIOJTHEHHUS UHU-
uuupywouiero orneparopa SQL. B Tene Tpurrepa nomyckaercst 10CTYI K 3Have-
HUSIM BCTaBJISIEMBIX, MOTUDULIMPYEMBIX U YIAISIEMBIX CTPOK. B ciyuae omepa-
UMH MOTU(UKALIHKA BO3MOXEH JOCTYT K 3HAYEHUSIM CTPOK 10 MOAUPUKALIUU
A K 3HAYEHHSIM Tociie Momudukauuu. B COOTBETCTBUM €O CTaHAApPTOM
SQL:1999 n060i TpUrrep acCoLIMUPYETCS TONBKO C ONHOM 0a30BOH TabHUILICH.
He nomyckaercs omnpenenaeHue TPUITEPOB Hall TIPEACTABICHUSIMU*.

MoxHO npuayMaTh pa3IuyHbIe CTIOCOOLI TTOJIE3HOrO IPUMEHEHHUS MeXa-
HU3Ma TPUITEPOB, HO TIPUHSATO CUMTATh, YTO OCHOBHBIMU 00/IACTSIMH HCIIOJIb-
30BaHHUSI ITOTO MEXaHU3MA SIBJISIOTCS CIIEIYIOINIHE.

* HenoHATHO, OTKYZa MPOUCXOIUT 3TO orpaHudYeHue. CKopee Bcero, B OyIyLIMX BEpCHSAX CTaHIap-
Ta OHO OYIET CHATO.
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* XKypnanuszauus u ayoum. C NOMOIIBIO TPUTTEPOB MOXHO OTCJIEXKUBATh U3ME-
HeHHUs TabJuII, JUIST KOTOphIX TpebyeTcs MnoamepxKa MOBBIIIIEHHOTO YPOBHS
6e3onacHocTH. JlaHHbIe 06 U3MEHEHHH TaOJIML] MOTYT COXPAHSITLCA B APYTHX
TabNMIIAX U BKIIOYaTh, HAIpUMe p, KICHTU(MUKATOP I0JIb30BaTEst, OT UMEHH
KOTOpOTroO BBIMOJIHSUIACH Oonepalysi OOHOBICHUS; BPEMEHHYIO METKY Orepa-
LIMM OOHOBJIEHMSI; CAMH OOHOBJIsIEMbIe TAHHBIE U T. [I.

Coenacosanue u ouucmra dartbix. C T10OBIM TPOCTHIM oreparopoM SQL, 0b-
HOBJISTIIONIUM HEKOTOPYIO TabJIMILY, MOXHO CBSi3aTh TPUITEPHI, MPOU3BO/IsI-
IIIM€ COOTBETCTBYIOLIME OOGHOBNEHHS Ipyrux Tabnauu. Hanpumep, ¢ onepa-
LIME BCTABKH HOBO# CTPOKH B TaOnuily EMP (MpHeM Ha paboTy HOBOIO Clly-
XKallero) MOXHO ObUIO CBsi3aTh TPHUITEP, MOTH(MULHUPYIOUIHMA 3HAYCHHS
€T0N1010B DEPT_EMP_NO ¥ DEPT_TOTAL_SAL* CTpOKH TabAHUIBI DEPT CO 3Ha-
YeHHEM CcToJIOLAa DEPT_NO, KOTOPOE COOTBETCTBYET HOMEPY OTIeIa HOBOTO
CJIyXaliero.

Onepayuu, He c8s3aHHbIE C U3MeHeHUeM 6a3bl dannbix. B TpUrrepax MoryT Bbi-
TIOJTHATHCS HE TOJIBKO onepaliu oOHOBJIeHUst 6a3bl JaHHBIX. CTtanaapt SQL
MO3BOJISIET ONPEAE/IATh XpaHUMBbIEC MPOLIEAYPHI (KOTOPBIE MOTYT BBI3bIBATh-
Csl U3 TPUITEPOB), NMOCHUIAIONUIME NEKTPOHHYIO MOYTY, rnevyaTalouine J0Ky-
MEHTBI U T. 1.

CuHTaKcUc onpeaeneHusl TPUIrepoB U TUNbl TPUITEpPoB

ns1 6onee noapoOHOro odocyxaeHUs: MexaHu3Ma Tpurrepos B SQL:1999

HEe00X0AMMO BBECTHU Ha60p CUHTAKCHYCCKUX IMpaBHUII.

trigger_definition ::=
CREATE TRIGGER trigger_name
{ BEFORE | AFTER }
{ INSERT | DELETE | UPDATE [ OF column_commalist ] }
ON table_name [ REFERENCING
old_or_new_values_alias_list ]
triggered_action
triggered_action ::=
{ FOR EACH { ROW | STATEMENT } ]
[ WHEN left_paren conditional_expression right_paren ]
triggered_SQL_statement
triggered_SQL_statement ::= SQL_procedure_statement
| BEGIN ATOMIC
SQL_procedure_statement_semicolonlist
END

* B mpuMepax 3Toi JeKuuu MBI OyneM cYUTaTh, 4TO B cTONOIE DEPT_TOTAL_SAL TaGAUULl DEPT
XpaHHMTCSE CYMMapHoe 3HaueHue 3apaboTHOM I1aThl CAyXallUX COOTBETCTBYIOLIETO OTAENA.
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o0ld_or_new_values_alias ::= OLD [ ROW ] [ AS ] correlation_name
| NEW [ ROW ] [ AS ] correlation_name
| OLD TABLE [ AS ] identifier
| NEW TABLE [ AS ] identifier

EcrecTBEeHHO, B sI3bIKE UMEETCS M KOHCTPYKILIHsI, OTMEHSAIOIIIAasA OoNpeac-
JICHHUE TpUITEpa:

DROP TRIGGER trigger_name.

(KoHcTpyKiusa ALTER TRIGGER B si3bike SQL He nopmepxuBaeTcsi.)
Kaxk MbI BUAMM, CUHTaKCUUYECKHE TpaBWIA JOMYCKAIOT HECKOJIBKO pa3-
HOBUIHOCTEH ONpeeseHUs Tpurrepa. Kparko o6¢cy1uM 3TH pa3HOBUIHOCTH.

Tpurrepoi BEFORE n AFTER

Ecnu B ompeleneHUMM TpUITepa yKa3zaHO KII04YeBOe CJIOBO BEFORE, TO
TpUrrep 6yaeT cpabaTbiBaTh HEITOCPEACTBEHHO 10 BHINOJIHEHUS ONEpaLkM 00-
HOBJIEHHs1 6a30BOi TaOGJUIBI COOTBETCTBYIOIIMM HWHHUIIMUPYIOIIUM OTEpaTO-
poM SQL. Ilpu 3anaHUM KITIOYEBOTO C/10Ba AFTER TPUITEP OyIeT BBI3bIBAThCS
HEMEUIEHHO IT0CJIE BBIITOJIHEHHSI MHHULIMHPYIOILIEro oIepaTopa.

Tpurrepset INSERT, UPDATE #1 DELETE

Buibop 01HOro U3 3THX KITIOUEBBIX CJIOB ITPH ONPE/IEJICHUH TPUTTEPA YKa-
3pIBAET HA IPHUPOAY COOBITHA, KOTOPOE JOJDKHO IMMPUBOAMTD K CpabaThbIBAHHIO
Tpurrepa. Ilpu 3a7aHUM KiTI04eBOTo cJioBa INSERT K cpabaTbhlBaHHMIO TPUITEpa
MOXET IIPUBECTH TOJIBKO BBINOJHEHHE ONEpALIMM BCTABKH CTPOK B IIPEAMET-
Hyio Tabnuiyy. Eciy yka3biBalOTCsl KJIIOUEBBbI€ cloBa UPDATE WM DELETE, TO
YMCJIO BO3MOXHBIX COOBITUH, TPUBOISILKX K cpabaTbIBAaHUIO TPUITEPA, BO3pa-
craeT. KpoMe sBHBIX onepaiiuii Mogu¢pHKaLIMK CTPOK ITPEIMETHOM TaOJIHLIE]
WJIK yIAJIEHHs U3 HEE CTPOK K cpabaThIBAHUIO TPUITEPA MOTYT TPUBECTH CCHI-
JIOUHBIE AeCTBUA (CM. pasaen «CpeacTsa onpeacieHus, H3MEHEHMS U INKBU -
ALy 6a30BbIX TAOIML» NEKLIHMH 12).

3aMeruM, uto B ctanaapte SQL.:1999 oTcyTcTBYET BO3MOXHOCTE OTIpEIe-
JIEHWs1 TPUITEPOB, JJii KOTOPBIX COOBITHEM ObUIO ObI BBITIOJIHEHUE OTIEpallHy
BbIOOPKM M3 NpeaMeTHOM Tabauubl. Pa3paboTyuky cTaHgapTa COWIH, YTO 00-
JIaCTb IPUMEHEHUSI TPUTTEPOB TAKOIO poja Yepecuyp y3Ka (TpyIHO MpUAyMaTh
Kakoe-JIN00 NpUMeHeHHe, KpoMe KaK ISl XXYPHAIU3aLUH M ay[IUTa).
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Tpurrepsi ROWy# STATEMENT

Ecnu B onpeaeneHuM TpUITEpAa MPUCYTCTBYET KOHCTPYKLMSI FOR EACH
ROW, TO TpUIrep OyaeT BBI3BIBATHLCS IS KAXIOW CTPOKM IPeAMETHON TabIMLIbI,
obHoBsIeMoi MHULHUpYIoUIMM SQL-oneparopoM. Eciu Xe 3amaHo FOR EACH
STATEMENT (WM siBHas cneurdukanusg FOR EACH OTCYTCTBYET), TO TPHUITED
cpaboTaeT OJIMH pa3 Ha BCEM MPOTSDKEHWH MPOLIECCa BRIMOJTHEHUS UHULIUUDY-
fourero SQL-onepaTopa.

Paapen WHEN

BxuitoueHue B ornpeesieHHe TpUITepa pasjesa WHEN ¢ COOTBETCTBYIOLINM YC-
JIOBHBIM BEIpAXCHHEM TI03BOJIsIeT D0JIee TOYHO CrielIM(UITPOBATh YCJIOBUE IIPUME-
HHAMOCTH TPUITEPA. BRIYMC/IEHNE YCIOBHOTO BHIPAXKEHUS IPOU3BOAMUTCS HAIl CTPO-
KaMHM NpeIMETHOW TabJIUITbl, M TPUITEP cpadaThiBaeT TOIBLKO B TOM ClIyyae, KOrjaa
3HAYEHHUEM YCJIOBHOTO BBIDAKCHUS sIBNsieTcs frue. [1OHATHO, YTO BUOBI U UHTEP-
MpeTaLvsi JIOTMUECKHUX BHIPAKEHUIA, KOMYCKAeMBIX B pasaesic WHEN, pa3iuJaioTcs y
TPUITepoB ¢ FOR EACH ROW M Y TPUITEpoB ¢ FOR EACH STATEMENT. B mepsoM
C/Tyvyae YCJIOBHOE BBIPAKECHHME BBHIUMCISICTCS] IS OOHOM CTPOKH, KOTOpas HODKHA
ObITh OOHORIEHA HHULIMMpYIoNIMM SQL-oneparopoM. Bo BTOPOM — YCJIOBHOE Bhi-
PaXeHUE BLIMUCIISCTCS 7151 BCeH MPEAMETHOM TabNIMIIb]l LIETMKOM H, [0 BCEI BUAM~
MOCTH, JOJKHO Da3MpOBAThCSl Ha «KBAHTOPHBIX» Mpearkarax. CreayeT TakkKe 1o-
HUMATh, YTO BBIYUCIIEHHUE YCIOBHS pa3jesia WHEN JaHHOTO TPUITepa IPOU3BOIMUTCS
TOJILKO B TOM CJIy4ae, €CJTA NPOU30LLUTO COOBITHE CpadaThiBAHHS TPHUITEPA.

Teno tpurrepa

Onepauuu, KOTOpbie JAOJXHBI OBITh BHIIIOJHEHBI NpPU cpabaThiBa-
HUM TpUITEpa, CHNEHUPUUUPYIOTCS B CHHTAKCUYECKONW KOHCTPYKLHU
triggered_SQL_statement (6yaeM Ha3bIBaTh €€ uxuyuupyemovim SQL-onepa-
mopom). Kak BUTHO M3 CHHTAKCUYECKUX ITPABWI, BO3MOXHHI /IBa BU/1a [IOCTPO-
€HHUSI ITOI KOHCTPYKIIMU: B BUIIE OMUHOYHOrO ornepatopa SQL v B Buze criuc-
Ka OIepaTopoB cO cCKOOKaMu BEGIN ATOMIC M END.

HenoyMeHue uunrtateneii MoXeT BBI3BATh HEYTOYHEHHAs KOHCTPYKLIMUSA
SQL_procedure_statement. [ToctapaeMcst 0OBSICHUTE €€ IPOUCXOXAEHUE U
cMbica. Jeno B ToM, uto B craHmapte SQL:1999 ompeneneHo mpoleaypHoe
pacuinpenne SQL, HazeiBaeMoe SQL/PSM (ot Persistent Stored Modules). Dto
JIOCTaTOYHO OOJIBILION A3BIK, KOTOPBII MBI He OyleM moapoGHO paccMaTpy-
BaTh B 3TOM Kypce Jekunit*. Tem He MeHee 1Jis1 MOHUMAaHHs CUMHTAKCHCA OIl-

* 1151 unTaTes e, KOTOpbie UMEIOT XOTA 6bI MHHHUMAJIBHEIM OMBIT paGOTE C NPOXYKTAMH KOMIIa-
Huu Oracle, 3aMeTHM, YTO BO MHOTHX cBoMX YepTax SQL/PSM Hamomuuaetr PL/SQL. OxHoit u3
MPUYMH, HA OCHOBAHUM KOTOPBIX MbI OTKa3anuch oT onucausa SQL/PSM B 3Toit KHUrE, ABjsET-
sl TO, YTO IO CHUX IOp (TiepBbIi BapuaHT ctaHnaapta SQL/PSM 6t ony6imkoBaH B 1996 1) HeT HU
ofHo# peanuzanuu SQL, B KOTOpOIi 3TOT CTaHAAPT GbLN GbI peaIu30BaH MOJHOCTBIO (TOYHEE, HU
OJlHA TaKas pealn3allus He U3BECTHA aBTOpY).
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pelesieHUs] TPUITEPOB HEOOXOOMMO OTMETUTh, 4To: (a) SQL/PSM BkmiouaeT
OCHOBHBIE oneparopbl SQL., cBsA3aHHBIE ¢ OOHOBJIEHUEM NAaHHBIX; (b) SI3bIK
SIBJISIETCS BHIYMCIIUTEILHO TOJIHBIM, T. €. BKIIOYAET Pa3BUThIE CPEACTBA BbI-
YUCJIEHUH; (C) B SI3bIKE COAEPXATCS CPEACTBA OINpENcJEeHUs] U BbI30Ba QyHK-
uwmii u npoueayp,* u (d) SQL/PSM coaepXuT CTaHAAPTHBIN KOMILIEKT yIIPaB-
JISIONIMX KOHCTPYKIIMHA — LIUKJIbI, BETBJICHUSI PA3HbIX TUIMOB U T. A. TeM ca-
MbIM, SQL_procedure_statement — 3T0 Jtodast Npoleaypa, onpeaejcHHast
Ha si3bike SQL/PSM.** B 4dacTtHOCTH, 3Ta mpoledypa MOXET MpPEACTABISAThH
coboii onepatop SQL 006HOBIeHUS 6a3bl JaHHBIX.

O06cynuM Ternepb, 0TKyNa BO3HUKAET MOTPEOHOCTh B COCTABHOM MHULIM-
upyeMoM SQL-onepaTope. [lejio B ToM, YTO Ha IPAaKTUKE MPU OMNPEACTICHUHU
TPUTITEPOB B KauecTBe SQL_procedure_statement Yalle BCEro UCIOJIb3yIOT-
cs onepatopsl SQL o6HOBIEHUS 6a3bl naHHBIX. MHOTIA (M MBI IOKAXEM 3TO
Ha NpUMeEpe) /1T KOPPEKTHOTO onpeaeeHus PyHKIIMOHAILHOCTH TPUITEPA
OIHOTO orepaTopa He XBaTaeT, a B SQL oTCyTCTBYeT BO3MOXHOCTh OIIpeAeie-
HMS COCTaBHBIX orepaTopoB. [103ToMy 10TyCKaeTCsi UCTIOJIb30BAHUE CPEACTB
onpeaeIeHUsI COCTABHBLIX OIEPaTOpPOB, MpUCYTCTBYomMx B SQL/PSM
(BEGIN ATOMIC M END).

JI1s1 WUTIOCTpaLMU CJydasi, KOTAa [py OIpeae/ieHUU TPUTTepa J0CTaTOu-
HO crielMpUIMpoBaTh OAUH ornepatop SQL, mpuseaeM MpuMep ONpeacIeHUs
TPHUITEPA, YCIIOBUEM CPabAThLIBAHMSI KOTOPOTO SIBJISIETCS BBIIIOJIHEHUE ONepa-
LIMH BCTAaBKM HOBOH CTPOKM B Tabauly EMP (MpueM Ha paboTy HOBOTO CIIyXa-
mero). Ecimm 3HadeHue ¢Tosbua DEPT_NO B o4epeaHON BCTABJISIEMOM CTPOKE
OTJIMYHO OT NULL, TO TPUITEP AOKHBLIM OOpPAa3OM MOAUDULIMPYET 3HAUCHUS
CTOJIOLOB DEPT_EMP_NO U DEPT_TOTAL_SAL CTPOKHM Tabnulbl DEPT cO 3Haue-
HHUEM CTOJI01IAa DEPT_NO, KOTOPO€ COOTBETCTBYET HOMEPY OTAEja HOBOIO CO-
TpyaHuKa (mpumep 17.10):

CREATE TRIGGER DEPT_CORRECTION AFTER INSERT ON EMP
FOR EACH ROW
WHEN (EMP.DEPT_NO IS NOT NULL)
UPDATE DEPT SET
DEPT_EMP_NO = DEPT_EMP _NO + 1,
DEPT_TOTAL_SAL = DEPT_TOTAL_SAL + EMP_SAL
WHERE DEPT.DEPT_NO = EMP.DEPT_NO;

* Bo MHOIOM Ha 3THX BO3MOXHOCTAX OCHOBBIBAIOTCS MexaHuaMbl SQL:1999, mpenHaszHauyeHHbIE
IUISL OTIPe/ieieHHs Ha yPOBHE MOJIb30BaTe s HOBbIX THITOB JAHHBIX U HX OMepaluii. DTa TeMaTHKa
TaKKe BBIXOAMT 3a TPeAebl JaHHOTO Kypca (XOTSl MBI HEMHOTO 3aTPOHEM COOTBETCTBYIOILME BO-
MPOChI B TTOC/EHEN JEKIIMH 3TOTO Kypca).

** Ha camoM jieJie, ISl HAMMCaHUs TpoLeayp, GYHKUIHH U METOJOB JIOMYCKAeTCsl HCIIOb30BaHHe
He ToJbKO A3biKa SQL/PSM, HO ¥ TpamULIMOHHEIX SI3BIKOB TIPOrpaMMHUpPOBaHHUsl, Al KOTOPBIX B
CTaHJapTe onpeaeieHbl paBuia cBa3biBanuns ¢ SQL. B mocneaHeit tekiuu Kypca Mbl HEMHOTO 3a-

TPOHEM M 3TY TEMY.
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Tenepp INpPEANONOXUM, UTO TNPHU YBOJBHEHUM CIYXAIUEro (yIAIeHUU
CTPOKM M3 TaOJUIIBI EMP) MBI XOTHM HE TOJIBKO JOJIXHBIM 00pa3oM Moaudu-
LIMpPOBaTh Tabyiully DEPT, HO U COXPAaHATh (C LEIbIO dyIUTa) NaHHBIE 00 YBO-
JICHHOM CJIyXallleM B Tabsuiie EMP_DISMISSED*:
EMP_DISMISSED:

EMP_NO : EMP_NO
EMP_NAME : VARCHAR

DEPT_NO : DEPT_NO

OrnpenejieHUe COOTBETCTBYIOLIETO TPUITEPA MOIJIO ObI BLIIJISAAETH CIELY-
01IMM o6pa3oM (npumep 17.11):

CREATE TRIGGER EMP_DISMISSION AFTER DELETE ON EMP
FOR EACH ROW
BEGIN ATOMIC
INSERT INTO EMP DISMISSED
ROW (EMP.EMP_NO, EMP.EMP_NAME, EMP.DEPT _NO);
UPDATE DEPT SET
DEPT_EMP_NO = DEPT_EMP_NC - 1,
DEPT_TOTAL_SAL = DEPT_TOTAL_SAL - EMP_SAL
WHERE DEPT.DEPT_NO = EMP.DEPT_NO
END;

BbinosnHeHue TpUrrepos

ITpu BHITTOJHEHUM KaXIOI'0 TPUITEpa CUCTEMA YCTAaHABIUBACT KOHMeEKCMm
8binoAHerus mpueeepa. BeinoaHeHue moboro oneparopa SQL, 06HOBISIOIETO
6a30By10 Tabaully 6a3bl JaHHBIX, MOXET NPUBECTU K cpabATHIBAHUIO OJHOrO
MU HECKOJIBKUX TPUITEPOB, a BLITIOTHEHHE orepaTopoB SQL, comepxaluuxcs
B TPUITEPAX, MOXET IIPUBECTU K OOHOBJIECHUIO APYTHX 06a30BbIX TAOMMIL. DTH
«BHYTPUTPHUITEPHbIC» (MHULIMHPYEMbIE) OIIEpaTOPHI BHITIOIHSIOTCS B KOHTEK-
CT€ TEKYILEro TPUITEepa, HO UX BHITIOJHEHHUE MOXET NMPHUBECTH K cpabaThiBa-
HUIO JIPYTUX TPUITEPOB. JIJIs1 KaXA0ro U3 «BTOPHYHBIX» TPUITEPOB 0Opa3yercs
COOCTBEHHBIM KOHTEKCT BBITTOJHEHMSI, TO3BOJISIIOIIMI ONpeAe/INTh UX AeHcT-
BUSI TOUHO M HE3aBUCHMO OT JeHMCcTBUU niepBoro Habopa Tpurrepos. BrimonHe-
HUE BTOPHUUYHBIX TPUITEPOB MOXKET MPUBECTH K CPAOATHIBAHUIO «TPETHUYHBIX»
TPUITEPOB U T. . — AOMYCKAETCsI MPOU3BOJIbHAS [NIyOHMHA BIOXEHHOCTH. s
KaXXJIOro TPUITEPa Ha KaXI0M YPOBHE 00pa3yeTcsi COOCTBEHHBIN KOHTEKCT.

* Jins ynpomeHus 6yaeM CUHTATh, YTO HASHTH(MOUKATOPH YBOJEHHBIX CIIYXalKMX HE UCTIONB3YIOT-
cS TIOBTOPHO.
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KoHTekcT BBIMTOJIHEHMS] TPUITEpa BCerida SIBJISETCS aTOMapHBIM, T. €.
MHULMHUpYeMblii SQL-omnepaTop 1160 YCIIEIHO 3aBepIHaeTCsl, JINOO pe3yiibTa-
TBI €r0 AeCTBUS rapaHTHPOBAHHO OTCYTCTBYIOT B 06a3¢ JaHHBIX.

O0cynvMM NIOHSATHE KOHTEKCTA TpUrrepa HeMHoro 6osee noapooHo. INpen-
TIOJIOXKUM, YTO B Hallle# 6a3e JaHHbIX EMP-DEPT-PRO AOJKHO TIOJAEPXKUBATHCS
MpaBUJIO, B COOTBETCTBUM C KOTOPBIM KaXIbIi CJIyXalllHii, CTAHOBAILUNACA pYy-
KOBOAMTEJIEM TIPOEKTa, aBTOMAaTUYECKH MoJydaeT TNMpHOaBKY K 3apabOTHOM
mwiate B 10 000 py6. (Jnst mpocTOTH OyAeM CYMTATh, YTO CHATHE CJIYXKAILETo C
JOJDKHOCTH PYKOBOJIUTENA TTPOEKTa He TIPUBOANT K ABTOMATHIECKOMY H3MeHe-
HHIO €T0 3apIuiaThl M YTO TS KAXKAOTO CIIYXAIUETo, SABJAIOIIErocs pyKOBOAUTE-
JieM TIpoeKTa, OoIpelieJieH HOMEp OTlieNla, B KOTOPOM OH pabotaet.) Toraa Ml
MOIJTH OBl OTIPEIENTUTDb TPUTTep CHANGE_MNG_NO CJIEAYIOIINM 00pa3oM:

CREATE TRIGGER CHANGE_MNG_NO AFTER UPDATE OF PRO_MNG ON PRO
FOR EACH ROW
UPDATE EMP SET EMP_SAL = EMP_SAL + 10000.00
WHERE EMP _NO = PRO_MNG;

Ho oueBuaHO, UTO 118 MOAAEPKAHUS KOPPEKTHOCTH JAaHHBIX B TaOIHLIE
DEPT HaM TpeOyeTcs TPUITEp, YCIOBHEM CpabaThbIBAHHUSA KOTOPOTO ObLIO Obl H3-
MeHEHHe 3Ha4eHHU#H ctonbua EMP_SAL B Tabnuie EMP. OTipeae/iiM COOTBETCT-
BYIOIIMIA TpUrrep DEPT_CORRECTION_1:

CREATE TRIGGER DEPT_CORRECTION 1 AFTER UPDATE OF EMP_SAL ON EMP
REFERENCING OLD ROW AS OLD_EMP NEW ROW AS NEW_EMP
FOR EACH ROW
UPDATE DEPT SET
DEPT_TOTAL_SAL =
DEPT_TOTAL_SAL + NEW EMP.EMP_SAL - OLD_EMP.EMP_SAL
WHERE EMP.DEPT_NO = DEPT.DEPT_NO;

HYCTL TECMEPDb BBINMOJIHACTCSA Oni€palrs

UPDATE PRO SET PRO_MNG = 4455
WHERE PRO_NO = 554;

Cpasy mnociie BbIIOJHEHUS B3TOW omepauuu cpaboTaeT TpUrrep
CHANGE_MNG_NO. DTOoT TpHurrep 6yIeT BBIMOIHITHCI B KOHTEKCTE, KOTOPHIH
MBI U1 yno6cTBa Ha30BEM Kormekcmom CMN. 3aMETHUM, 9YTO HCXOAHBIH ore-
patop MOAU(pUKALNH B 1eACTBUTEIbHOCTH U3MEHSIET TOJILKO OAHY CTPOKY
TabJaulbl PRO, HO TpUITepy CHANGE_MNG_NO 3TO HEM3BECTHO, H OH OyneT

404



Nekuus 17 A3bik 6a3 AaHHbix SQL: cpeacTea MaHUNynMpPOBaHUs AaHHBIMU

paboTaTh TaK, KaK €cA¥ Obl U3MEHSJIOCH IIPOMU3BOJIBHOE YHUCIO CTPOK Tab-
JIMLBI PRO.
BrinonHeHye onepauyy MOAHQHUKALIMY TabIuLbl EMP IIpHBEAET K cpaba-
TBIBAaHMIO TpUITepa DEPT_CORRECTION_1. B 3TOT MOMEHT KOHTEKCT CMN OyIeT
«YTIpSATaH B CTE€K», 00pa3yeTcsi M CTAHET aKTUBHBIM KOHTEKCT CJICAYIONIETO
TpUrrepa — konmexcm DRI. TTocie 3aBepliieHUs] BBIITOJIHECHUS 3TOTO TPUTTEpa
KOHTEKCT DR1 G0JbliIe HE TpeOyeTcsl, U OH JIMKBUINUPYETCA, & U3 CTEKa BOCCTa-
HaBJIMBACTCA KOHTEKCT CMN, B KOTOpPOM U OYyINEeT 3aBEPLICHO BHITIOJTHEHHE
TpUrTEpa CHANGE_MNG_NO.
KOHTEKCT BBITIOJTHEHHUS] TPUTTEpA CIYXKHUT ISl TOTO, YTOOBI 00ECIICYUTD
CYB/l naHHBIMH, HEOOXOIMMBIMH [UISI KOPPEKTHOTO BBITIOJTHEHUS MHULANDY-
eMoro onepatopa SQL. DTH JaHHBIE IPEACTABISAIOT cO00i HabOp uameneruil
COCMOARUSA, TIE KaXI0e U3MEHCHUE COCTOSHHUSA OIMCHIBACT M3MCHCHWE NaH-
HBIX B LIeJIeBOM Tabiule Tpurrepa. M3MeHeHHE COCTOSAHUS BKJIIOYACT CIEMYIO-
IIMe JaHHbIE:
® TPUITEPHOE COOBITHE — INSERT, UPDATE WIN DELETE;
® YMd TIPEIMETHOM TabJIUIIbI TPUTTEDA;
® JMEHAa CTOJIOLIOB TIPEAMETHOM TaGIMLbI, CIEUUPHULIMPOBAHHBIX B ONpeae-
JICHUH TPUTTEDPA (TOJBKO I TPUITEPOB 10 UPDATE);

® Habop nepexodoé (NPEICTABICHUE BCEX CTPOK, BCTABISACMBIX B IIPEIMETHYIO
TabauLy, MOIUGHUIIMPYEMBIX B HEM WIM yOAISIEMBIX M3 HeEe), CIIMCOK BCEX
TPUITEPOB YPOBHS STATEMENT, YK€ BBIIIOJTHEHHBIX B HEKOTOPOM (He 00s13a-
TEJIbHO aKTUBHOM) KOHTEKCTE BBITIOJTHEHUS, X CITUCOK BCEX TPUTTEPOB YPOB-
Hs ROW, yXe BHIIOJHECHHBIX B HCKOTOPOM (HE 00513aTeJIbHO aKTUBHOM) KOH-
TEKCTE BHIIIOJHEHHUS, U CTPOK, HaJl KOTOPHIMHU 3TH TPUITEPH BHIIIOJHSUIUCD.

OTCIeXUBAaHUE YK€ BBITIOJTHEHHBIX TPUITEPOB BEAETCS [T IIPEAOTBpa-
IIEHUI MHOTOKPATHOTO BHITIOJIHEHHSA OJHOTO M TOTO X€ TPUITEPa B pe3yJibTa-
T¢ BOBHHKHOBEHHS OJIHOTO COOBITHS, YTO MOTJIO Obl MOTEHLIHAJIBHO TIPUBECTH
K 3aLIMKJIMBAHHIO BBITIOJIHEHHUSI CHCTEMbBI TPUTTEPOB.

ITpu cO3maHNM KOHTEKCTA BBIIIOJIHEHHS TPUITEPa €70 HabOp U3MEHEHUH
COCTOSIHMSI M3HAYANbHO ITYcT. B HaGop M3MEHEHUI COCTOSHMA HOGAaBIgeTCA
KaXJI0€ BCTPEYAIOIIECECS] «<HOBOE» U3MEHEHHUE COCTOSIHMS, B KOTOPOM He 1y0-
JINPYIOTCS TPUTTEPHOE COOBITUE CYILECTBYIOLIETO U3MCHECHHUS COCTOSHUSA, MMS
TIpeAMETHOM TabJIUIIbI ¥ UMEHA cTOJIOLIOB ITpeaMeTHOoM Tabauubl. Habop nepe-
XOIOB KAXIOTO U3MEHEHHUS COCTOSHUSA M3HAYAIbHO MYCT, X IIEPEXOIbl 100aB-
JISIOTCA TIPH KaXIOM OOHOBJICHHHM ITPESAMETHOM TaOIHULIbI, aCCOLMMPOBAHHON
C U3MCHEHHEM COCTOSIHUS (BKITI04Yass OOHOBJICHWA, MIPOU3BOANUMBIE CCHLIOY-
HbIMH IEHCTBUSMH).

405



Kypc OcHoBbl 633 fIaHHbIX

BO3NK”KHOCHWMCHOﬂb3OBaHMﬂCH?pbﬂHlHOBbﬂ(3HaquMﬁ

Me1 yxe poAeMOHCTPUPOBAIN UCTIONB30BAHUE CTAPBIX M HOBBIX 3HAYCHHUH
B ONpeaesieHUH Tpurrepa DEPT_CORRECTION_1. FMoCKONBKY 3Ta BO3MOXHOCTH
SIBJISIETCS BAXKHOM 0COOEHHOCTBIO si3blKa SQL, o6¢cynum ee Gosee moapo6Ho.

CHayvaJla HEeMHOTO TIOTOBOPUM O CMHTakcuce. iTak, B olpeaesieHUH
TpUrrepa MOXET MMPUCYTCTBOBATH pasmen REFERENCING
old_or_new values_alias_list, IPUYEM CIUCOK OMPEACICHUNA TTCEB-
JTOHHUMOB MOXET BKJIIOYaTh CJICAYIOLUIHUE 3JIEMEHTHI:

OLD [ ROW 1 [ AS ] correlation_name
NEW [ ROW ] [ AS ] correlation_name
OLD TABLE { AS ] identifier
NEW TABLE [ AS ] identifier

Kaxnas U3 3TUX KOHCTPYKLIMI MOXET BXOAMTh B CIIMCOK OMpenesie-
HHUIl ICEBOIOHUMOB He 0o0Jjiee OAHOTO pa3a, U crieUMpUKAlUUH OLD ROW H
NEW ROW MOTYT IPUCYTCTBOBATb TOJILKO B OMPEAeICHUHA TPUTTEPOB YPOBHS
ROW. OnpenessieMble KOPPEASILIMOHHBIE UMEHA M TICEBIOHUMBI MOXHO HC-
MMOJIb30BaTh BHYTPU TPHUITEpa Msl CChIJIOK HA 3HAYECHUS MPEeAMETHOH Tab-
qunbl. Ecnu ompenensieTcss KOppeNsiLiMOHHOE UMS AJIS1 HOBBIX 3HAYEHUH
(NEW ROW) WJIM TICEBAOHHUM I HOBOTO COAEPXUMOTO Tabnuubl (NEW
TABLE), TO 3TH HME€HAa MOXHO HUCMOJIb30BATh IJISI CCIJIOK HA 3HAYEHUSI, KO-
TOpble OYAYT CYHIECTBOBATh B MPEIAMETHON TaGjulle nocae BBIMTOJIHEHUS
ornepaluii INSERT uiu UPDATE. Eciu Xe onpeleisieTCsl KOpPeJsilIMOHHOE
HMS 11 CTapbiX 3HaYeHUH (OLD ROW) MJIM TICEBAOHMM ISl CTAPOTO colep-
XKUMOT0o Tabnuibl (OLD TABLE), TO JaHHBbIE HMEHA MOXHO HCMOJIb30BaTh
JIJIS1 CCBUTOK Ha 3HAYEHUS, KOTOPbIE CYIIECTBOBAIM B IIPEAMETHOMN TabIHLE
Jdo BHITIOJIHEHUSI Omnepauuii UPDATE WiM DELETE. KOHe4HO, Henb3s HcC-
MMOJIb30BaTh NEW ROW MJiM NEW TABLE B Tpurrepax DELETE, MOCKOJIbKY HU-
KaKH€ HOBBI€ 3HAUYEHHUSI HE CO3IAIOTCsS. AHAJOTHYHO, HENb3S1 MCMOJb30-
BaThb OLD ROW WM OLD TABLE B Tpurrepax INSERT, MOCKOJbKY HUKAKHUE
cTapble¢ 3HaYEHHS HE CYIeCTBOBAJIH.

Tabau1ibl, HA KOTOPbIE YKA3bIBAIOT KOPPEJSILIMOHHbIE MMEHA UJIH TCEB-
JIOHUMBI, Ha3bIBAIOTCS HepexodHbimy, DTH TaGIMLIBI HE COXpaHSIOTCS B 6a3e
JAaHHBIX JOJITOBPEMEHHO, OHU CO3[aI0TCS U YHUUYTOXAIOTCS JUHAMUUYECKH,
M0 Mepe HagoOHOCTM B KOHTEKCTE BBIMOJIHEHMUs Tpurrepa. B Tpurrepax
YPOBHSI ROW MOXHO MCIOJIb30BATh KOPPEASIIMOHHOE UMSI, OTIPEIACIICHHOE B
KOHCTpYKUMHU OLD ROW, MJisl CCBUJIKM Ha 3HAYE€HHUSI CTPOKH, YAANAEMOR WK
MOAU(PHLIMPYEMONH UHULIMMPYIOIIUM ONEpaTopoM, B TOM BHU/IE, B KOTOPOM
JaHHas CTpOKa CYINeCTBOBaIa B NMpeAMETHOM TabiMlie 10 TOro, Kak 6puia
yaajeHa uju MOAU(PULIMPOBAHA MPH BLIMTOJIHEHUHM UHULIMUPYIOINETO Olepa-
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TOpa. B Tpurrepax 3Toro ypoBHSI MOXHO TaKXe MUCIMOJIb30BaTh MCEBIOHUM,
olpeneJeHHbl1 B KOHCTPYKLIMK OLD TABLE, MUl CCHIIKHM Ha J1000e 3Hade-
HHE MEepeXOaHON TabMULBI B TOM BUAE, B KOTOPOM OHA Haxoaujach 10 yAa-
JICHUS MT1A MOAUGUKALIUK OYEPECIHONH CTPOKHU MPH BHINOJHEHUH WHHULIMH-
pymolero oneparopa. AHaIOTHYHO OOCTOST [e/1a C HCIONAB30BaHHEM KOPPE-
JISILITUOHHBIX UMEH U TICEBIOHUMOB, ONpPEACAECHHBIX B KOHCTPYKUHUSIX NEW
ROW U NEW TABLE.

st TpurrepoB KaTeropuu BEFORE UMEETCSH CYLIECTBEHHOE OrpaHuyYe-
HHE: B HUX HE pa3pelIaeTcss UCMOAb30BaTh KOHCTPYKLIMHA OLD TABLE M NEW
TABLE, a BHYTPUTpUITepHBIH SQL-omnepaTop HE MOXET MPOM3BOAMTL Ka-
KHe-11u00 n3MEHEeHUs B 6a3¢ 1aHHBIX. OCHOBAaHHEM IJI TAKOTO OrpaHHYe-
HHS SIBJISIETCA TO, YTO Ha MePEXOAHbIe TabAULIbI, MOPOXAaeEMbIe OLD TABLE
U NEW TABLE, MOTYT CYLIECTBEHHO BJHUSITh CCHIIOYHBIE A¢HCTBHSA, KOTODBIE
AKTUBU3UPYIOTCS B pe3yNbTaTe U3MEHEHHH 6a3bl JAHHBIX MIPH BBIMTOJHEHHH
BHyTpUTpUrrepHoro SQL-omeparopa. [1o3ToMy 3HaueHHS CTPOK B TaKUX
TabAMLAX MOTYT OKa3aTbCSl HECTAOUJIBHBIMH M HEIOCTATOYHO IpPeACKa3ye-
MBIMH, €CJIH TPUITED CpabaThiBaeT paHbLIE JEHCTBUS TPUITEPHOTO Olepa-
Topa SQL.

O6paboTka HECKONbKUX TPUITEPOB, CBA3aHHbIX C OQHOM
npeaMeTHoH Tabnuueii

B SQL:1999 He 3anpeniaercs onpeaeaeHUe HECKOJIBKHUX TPHITEPOB, aCCOLIMH-
POBaHHBIX C OJHOM MpeAMETHOM TabaMLeH, OTHOCALIMXCS K OOHOM U TOM Xe Kare-
ropuy (BEFORE WIH AFTER) M CpabaThIBAIOLLMX MO OJHOMY U TOMY Xe COOBITHIO.
IoHsATHO, YTO NPY BO3HUKHOBEHHUH YCJIOBHS CpabaThIBAaHHUS BCEX TAKUX TPUITEPOB
CUCTEMA JOKHA BHIOPATh NOPSAIOK, B KOTOPOM OHU OYIYyT BBIIOTHATHCS.

Pemienne, mpunsitoe B SQL, sBiasieTCss ONpeneabHO MPOCTBIM, XOTS U
HECKOJIBKO CTpaHHBIM. [IpM ompeneneHHM Kaxaoro Tpurrepa (pUKCHpyeTcs
BPEMEHHAs METKA BBIMIOJIHEHUSA Ofepatopa CREATE TRIGGER, M BCE€ TPUITEPHI,
ACCOLIMMPOBAHHBIE C OMHOM NPEeIMETHOM TabnULIeH, OTHOCAILIMECA K OTHOU U
TOM Xe KaTeropuu (BEFORE WM AFTER) M cpabaThIBalOlIHe 10 OMHOMY H TOMY
K€ COOBITHIO, YNIOPSIOYHUBAIOTCS B COOTBETCTBUHM CO CBOMMHM BpEeMEHHBIMH
MeTKaMu. Toraa npd BOSHMKHOBEHHH YCIIOBUS CpadaThIBAHHUSI BCEX TPUITEPOB
ONHOM IPyTIBI CHAYAJIA BEIMIOJIHSETCS NEPBBIA TPUITED, 3aT¢M BTOPOH U T. 1. B
cTaHjapre He crielMULMPYeTCs TOYHOCTh BPEMEHHOM METKH, CBSI3BIBAEMOM C
TPUTTEPOM, U €CIU B OMHOM Ipymne 00HapyXUBAIOTCS JBAa WIH Oojiee TpUITe-
POB C HEPA3TUYUMBIMHU BPEMEHHBIMU METKAMH, TO IOPSIOK UX BBIIIOJTHEHHS
IOJIKEH ONPEAEAsIThCS B peajiu3aliui.

IMoaxon K yCTaHOBJIEHHIO NTOPSIKA BHITIOJHEHHSI TPUITEPOB B COOTBETCT-
BUU C UX BpEMEHHBIMH METKAMH MOXET BBI3BaTh YHCTO MPAKTHYECKHE TPYI-
HOCTH y nonb3oBareneit SQL-opuentuposanHbix CYB/l. Hanpumep, eciu B
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X0Jie pa3paboTKU MPWIOKEHHUS BBIACHUTCA MOTPEOHOCTh B OMpeAeJIEeHUM HO-
BOTO TPUITEPA, KOTOPBIA JOJXEH BBIMOJHATHCA paHbIIE HEKOTOPOIO CYIECT-
BYIOILIETO TPUITEPA TOM XK€ I'PYITILI, TO CTAHIAPT HE MOXET NMPEUTOXUTH HUYE -
'O JIVULIIETO, KpOME KaK YHHYTOXUTH ONPEIeACHUS BCEX TPUITEPOB 3TOM IPyTI-
TTBl, & 3aTEM 3aHOBO OMNPEACIUTh UX B HYXKHOM ITOpSIIKE.

M ewre onHo MHTepecHOe CBOMCTBO TpUrrepoB B SQL:1999. Kak yxe ro-
BOPWJIOCH paHee B HTOM pasjeiie, Kaxnblii MHALIMUpyeMblil SQL-omeparop
JIOJIXEH SIBJISITHCS] aTOMApHEBIM, T. €. €CJIM €I0 BHIOJHEHHE 3aBEPIIAETCA HEYC-
MEeNIHO, TO B 6a3e MaHHBIX HE JOKHO OCTaThCA HHUKAKUX CAEAOB MOAOOHOIO
BbINMoOJHeHMA. Ho B cTaHmapTe roBopuTcs 00JIblile: HEYCITEIIHOE BBITOJTHEHHE
XOTs 6bl OJJHOI'O TPUITEPA U3 I'PYIINEI C OMUHAKOBLIM YCIIOBUEM cpabaThiBaHUSI
JOJDKHO TPHUBOAMTL K OTMEHE pe3Y/JbTaTOB BBHIMTOMHEHUS HWHULIMMPYEMBIX
SQL-onepaTtopoB BceX TPUITEPOB 3TOM I'PYIIITEI, 4 TAKXKE K OTMEHE pe3yibra-
TOB BBINMOJIHEHUA caMoro MHULUMUpyloilero SQL-oneparopa*.

Tpurrepsl U CCbUNIOYHbIE ACACTBUSA

B pasnene «BeeneHue» IEKIMH 12 MBI 1OCTATOYHO MOAPOOHO 00CYXIaIH
MEXaHU3M OMpeACSICHUS] CCHUTOYHBIX JEHCTBUIA, CITy>XalllHi ISl aBTOMaTHJeC-
KOI1 NOAAEPKKH CCHUIOYHOH LIeIOCTHOCTH. HanmoMHUM, 9TO CCBIIOUHBIE Aeii-
CTBUS aBTOMATUYECKM MOAMDPULMPYIOT 3HAYEHHUST BHEIIHETO KJII0Ya COOTBET-
CTByIOLIEH TaGAMLBI MIPH YAAIEHUH WIA MOAM(PHUKALUYU CTPOK TaOIULILI, Ha
KOTOPYI0 YKa3bIBalOT CCHUTKH,

KoHeuHO, cCHUIOYHBIE NECHCTBUS BECbMa HAITOMWHAIOT TPUITEPHI, U B
HekoTophiXx SQL-opueHTHpoBaHHbIX CYB/l oHM pean3yoTcss Ha OCHOBE 00-
1iero MexaHusma TpurrepoB. Paspatorumku ctanmapra SQL:1999 cuyuraior
3TOT NMOAXOJ HEyNAaYHBIM, TTOCKOJIBKY MPOLEAYpHAas IIpUpoAa TPUITEPOB BXO-
JHUT B MPOTHBOPEUHE C TIUATEIbHO pa3paboTaHHOM AEKIapaTUBHOM OCHOBOM
CCBUIOYHBIX OIrPaHUYEHHUI LIeJOCTHOCTH. [IpYyTUMH C/IOBaMM, crieL(pUKALIMS
CCBUIOYHOM LIEJIOCTHOCTH, COAEpXKallasicsl B CTAHNAPTE, IPEMSTCTBYET BO3-
MOXHOCTH BCTPaUBAHUS B TPUITEP YIIPOIIEHHOIO MPOLEAYPHOIO KOJA.

Onnako naxe B Tex CYDB/I, rne He cMELIMBAIOTCS MEXAHU3MBI CChLIOY-
HBIX JeHCTBUI M TPUITEPOB, HEMHUHYEMO BO3HHUKAET B3aMMOCBS3b MEXIY CChI-
JIOYHBIMH ACHCTBUSAMH, U3MEHSIONIMMMY HEKOTODPYIO TabauLy, U TpUITEpaMH,
KOTOpbIE ONpeeicHbl B 3TOM TaGIMIEe WM Takke U3MeHsioT ee. B SQL:1999
3Ta B3aMMOCBS3b HEMHOTI'O YIIPOLIAETCS 33 CUET TOI'0, UTO KOHTPOJIb BCEX Orpa-
HUYEHUH LIEJJOCTHOCTU (BKJIIOYAs CCBUIOYHBIE OTPAHUYCHHS) U BHIMIOJIHEHUE
BCEX CCbUIOUHBIX JEUCTBUI JOXHBI IPOU3BOAUTHCS 10 cpabaTbIBAHHUS TPUT-
IepoB KaTeropuy AFTER. ECIM BBHITIOJHAETCS HEKOTOPasi onepaluss 0OHOBJIe-

* TIoMMMO Npouero, 3ToT GakT 03HAYAeT, YTO OnpeacieHre B 6a3e TaHHBIX HOBOTO TPHITEPA MO-
XET NMPUBECTH K HEPABOTOCTIOCOGHOCTH CYIIECTBYIOIUMX MPUIOXEHUH, pa3paGOTYHKH KOTOPBIX,
BOOGILE TOBOPSA, MOTYT AaXe U He 3HATh O NMOSBIECHUH HOBOTO TPUITEPA.
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HHS TaONHIBI T, TO ITOC/E €€ BHITIOJHEHMS U CPA0aThIBAHUS BCEX CCHLUIOUHBIX
JNeHACTBUMII MHULIMKUPYIOTCS] BCE TPUITEPHI, aCCOLIMUPOBAaHHbIE ¢ TabNULEH T U
BUJIOM ITPOU3BENCHHOMN OIepaliii, a TAKXE COOTBETCTBYIOILIME TPUITEPHI, ac-
COLIMMPOBAHHBIE C J1000M Tabnulel, KOTopas 3aTparMBalach CCbLIOYHBIM
JeACTBUEM, €C/TU B 3TOM Tabnulie Obl1a MU3MEHEHA XOTs Obl oqHa cTpoka. Ko-
HEeYHO, cpabaTHIBAHUE TPUITEPA MOXET IIPUBECTH K HOBBIM CCBUTIOUHBIM Aeii-
CTBHUSM, KOTOPBIE MOBJIEKYT 32 COO0OM cpabaTbIBAHWE APYTUX TPUITEPOB U T. 4.*

B 3aknioyeHue 3TOro pasnena, MOCBSIIIEHHOTO MEXaHU3MY TPUITEPOB,
3aMeTHUM, YTO MHOTHe cneltdukaimn crangapra SQL:1999 suirisaasaT Heno-
CTaTOYHO yOeAMTEeNbHBIMHU. 1o BCeil BUAMMOCTH, TONE3HbIE HA IPAKTUKE
TPUITEPHI CAUILKOM CJIOXKHBI C TOUKM 3peHust Teopuu. Co3znaercs Brieyarse-
HME, YTO 3a TOJIbI, MPOILEIIINE TTOCIE 3aBeplleHus nmpoekra System R, ¢ nmo-
JOOHBIMM TPYIHOCTSIMU TaK M He yIaioch crpaBuTbes. OTcloa npakTHyec-
KMt COBET: €C/IM BaM AeHCTBUTENbHO TpeOyeTcsl HCTIOJNb30BAHHE TPUITEPOB,
oOpataifitech K JOKyMeHTallMN ucnoas3yemoit Bamu CYDB/l, a ecnu u noky-
MEHTALUS HE COAEPXHUT SICHBIX PEeKOMEHAAlMH, Tpuderaifte K OCMBbICIEHHBIM
3KCTIEPUMEHTAaM.

3axknoueHue

B sToit teK1iMu MBI 06CYIMITH BaXXHBIE aCIEKTH si3bika SQL, oTHOCS -
IHecs K MexaHU3MaM OOHOBJIEHUSI TaHHBIX. B mepBoM pasnene Obiu pac-
CMOTpPEHBHI ollepaTophl NMpsiMoro SQL, npenHa3HaYeHHBIE IS BCTABKH, MO-
IudUKALUY U yAaleHHs] JaHHBIX M3 CYIIECTBYIOIIMNX Tabauil. Omeparophi
UPDATE M DELETE 3TOH KaTeropuM WHOIZA HA3bIBAKOT NMOMCKOBBIMH, I10-
CKOJIBKY B HUX BKJIIOYAIOTCS YCJIOBUS Ha CTPOKHU TaOJIHIIBI, KOTOPHIE TOJIXK-
HBl OBITH MOAM(MULIMPOBAHBI WK yaaneHbl. B s3bike SQL onpeneneHs! Tak-
K€ NO3UKUOHHbIe OTIEPATOPHI MOAUMUKALIMY U YIATEHHS CTPOK, a TaKXe du-
HaMu4ecKue NO3ULUOHHbIe BADUAHTBI JAHHBIX OINEPATOPOB, HO IS HX 00-
CYXAeHUSA TpebyeTcs o6lllee pacCMOTPEHHE BCTPAMBAaeMOro M IMHAMHYeC-
xoro SQL, 4To BRIXOAUT 3a paMKH AJAHHOTO Kypca. Ha Mot B3rsia, oucKo-
BbIE€ BEPCHUH OIEePATOPOB MOAU(DUKALIMM U YAATEHHUS XOPOIIO XapaKTepHU3y-
0T COOTBETCTRBYIOIINE BO3MOXHOCTH si3bika SQL. KpoMme Toro, oneparop
INSERT, IPEACTAaBACHHBIN B 3TON JEKLHNH, clIeHU GULIMpOBaH B si3bike SQL
TOJBKO B TAKOM BapHaHTe.

Bropoii pa3aen neKuuM NOCBSILEH OOCYXIEHHIO BO3MOXHOCTEH sI3bIKa
SQL, cBsiI3aHHBIX C IPUMEHUMOCTBIO OTIepalinii OOHOBJIEHUS Oa3bl JAHHBIX Ye-
pe3 BUPTYaIbHble TAONIMLbI, B TOM YUCE Yepe3 MPEACTaBIeHUsI. MBI pacCMOT-
pey orpaHMYeHUs si3bika SQL/92, Hak/1anbIBaeMble Ha BUPTyalIbHbIE TaOIH-
Ubl, K KOTOPHIM MPUMEHWMBI OIepaltii OOHOBIEHUs. OTMEYanoch, YTO 3TH

* 31ech 51 OMATH YeCTHO MepecKasa cTangapT SQL:1999. U cHosa mpemioxeHHOe pellileHHEe Bbi-
DISIIAT TIPOCTBIM, HO HE yOEIUTENbHBIM.
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OTrpaHUYEHMS SIBJSIIOTCS AOCTATOUHBIMH, HO HE HEOOXORUMBIMH LTSI TPUMEHE-
HHUs onepauuit ooHoBNeHHs. Bbul omMcaH noaxol ctaHaapta SQL:1999, rne
MpeIaraloTCsl peKOMeHIallK, HO He TPeOOBAHUSI, KOTOPBIX CIIERYET MPUAED-
XMBaTbes pean3auusaM SQL, 4ToObl COOTBETCTBOBATL CTAHAAPTY.

Haxkonell, B TpeTbeM paszesie JEKIIUM PACCMATPHBAICH MEXAaHH3M TPUT-
repos. B nepsoM noapasznesie ymoMHHAJINCh OCHOBHBIC TTOHATHSI TPUITEPOB,
KOTOphbI¢ ObUIM BBEAEHHI NPH BBINMOJHEHUH TIpoekTa System R. [lanee npuso-
TWIMCh OCHOBHBIE CHMHTAaKCHYECKHE KOHCTDPYKIIMH, INpeAHa3HAUYEHHbIE JUIS
ornpenesieHUs] TPUITEPOB, a TakXe Obula omrcaHa ux 0a3oBasd ceMaHTHKA. B
caeAyiolleM Toapaszesie 00CYXKIATNCh MPHHIUILl BLITTOJTHEHUsS] TPUITEPOB,
3ajloxeHHble B cTaHgapT SQL:1999. Hakonell, B 3aKiiioueHue pa3neiia ObuiH
PaccMOTPEHB UMEIOLIMECS B3aUMOCBSI3U MEXIY CChUIOYHBIMHU ACUCTBUSIMH U
TPUITEPAMM.

OnuH M3 OCHOBHBIX BBIBOJOB JEKIIHH COCTOUT B TOM, UTO B CTaHAApPTE
SQL:1999 cneundUKalMH MHOTHX aCHEKTOB, OTHOCSILUIMXCHA K OOHOBJIEHHIO
0a3 JaHHbIX, 000CHOBAaHBI HENOCTATOYHO yOenuTeNbHO. B psie cimydaes pa3pa-
OOTYMKHU CTAaHAAPTA OXHJAIOT YIydUIeHUS crietinduKanuii B CIeAyIOLUIMX Bep-
CHSIX CTaHAapTa.

YacTb ciaeaylolleil JieKLHMH, OTHOCSIIAsACSA K cpeacTBaM sizbika SQL,
KOTOphIE IpeAHa3HadeHBl JUISl YIpaBA€HUS TPAH3aKLHUAMHU, TaKxXe UMeET
HEMOCPEeACTBEHHOE OTHOLIIEHHE K orepatopaM oOHOBIEHUs 6a3 JaHHBIX.
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Nexumnn 18 ABTOpU3aUMa AOCTYNA K AAaHHbIM, YNpaBaeHNe TpaH3aKuMaMmM U CECCUAMUN

Jlexumna 18. A3bik 6a3 gaHHbIX SQL:
cpeacTBa a3bika SQL ana o6ecneyeHusa apTopu3auum
AOCTyNa K AlaHHbIM, YNPaBJ/iIeHUA TPaH3aKUMAMM,
ceccUaIMU U NOAK/IOYEeHUAMMU

B a10it nekupn 00cyknaw0Tcd ocHoBHble cpenctBa SQL:1999, npeanasHa-
YyeHHbIe 115 PeryJMpoBanus padoTel ¢ 6a3amu nanHbix. CHayasa paccMaTpuBaer-
Cf MEXaHM3M ABTOPH3ALHH N0CTYNa K 00bekTaM SQL-opHeHTHPOBAaHHOH §a3bl
JAHHBIX, OCHOBAHHBIH HA MOHATHAX HAEHTH(HKATOPA NO/IL30BATEA, HMEHH POJTH
H NPUBHJIETHH 10CTYNA. 3aTeM ONMCHLIBAIOTCH ocoDeHHOCTH SQL-TpaH3akumii U
OCHOBHblE A3bIKOBBIE CPEICTBA, BO3AEHCTBYIOIHE HA NMOBEJEHHE TPAH3AKIIMIA.
Hakonen, oocyxnawrcs 3adukcupoBannbie B cranaapre SQL cpeacrsa ynpas-
JIEHHS MOAKIIOYEHHEM K cepBepy 6a3 NaHHbBIX.

Kinouenble cjioBa: MaHAaTHBIM (mandatory) croco® 3alUThl JaHHBIX, JUC-
KpeLIMOHHBIH (discretionary) crioco® 3aIuTEl AAHHBIX, ABTOPH3ALIMST JOCTYTIA
K JAHHBIM, WIeHTH(MKATOp aBTOpH3anMy (authorization identifier, authID),
&yHKIMsT CURRENT  USER, NMpUBWIETHM AOCTYTIA, POib, MACHTU(MHKATOP
NICEBAONONB30BAaTE s PUBLIC, BIaAeaell 00heKTa 0a3bl AAHHBIX, TPUBIICTHH
ypoBHsl DBA (DataBase Administrator), MAEHTHGHUKATOP MOJIBL30BATENS,
nMs pormu, SQL-ceceust, uaeHTHUKAaTOp Nojb3oBatesst SQL-ceccuu, UM
pom SQL-ceccuy, TeKyinit waeHTHOMKATOp noJis3oBarens SQL-ceccun,
dyHxima SESSION_USER, Tekyilee UM poiu SQL-ceccuu, pyHkims CUR-
RENT _ROLE, onepatop CREATE ROLE, pa3aejl WITH ADMIN, ornieparop DROP
ROLE, oniepaTop GRANT, niepeaada NpUBWICTHIMA, pa3aea WITH GRANT OPTION,
pasziesn GRANTED BY, NpaBHIa ofipeae/ieHHs PUBUICTHE HAM IpeACTaRICHU -
SIMH, TIepeAada posiei, oneparop SET SESSION AUTHORIZATION, orepaTop
SET ROLE, orepatop REVOKE, aHHYJHpOBAaHHE TIPHBWIETHH, PEXHUMBI
RESTRICT ¥ CASCADE, pa3aeia GRANT OPTION FOR, aHHYJIMPOBAaHHE POJICH,
ACID-TpaH3akuusi, aTOMapHOCTb  (Atomicy),  COINIaCOBAHHOCTh
(Consistency), uU3omauMs (Isolation), JOATOBEYHOCTh (Durability),
YpOBEHb M30JISILIMM (isolation level), pexaiM aoctyma (access mode), pasmep
00J1aCTH AMArHOCTUKH, orepatop SET  TRANSACTION, omepartop START
TRANSACTION, (heHoMeH «rpsisHoro» ureHHs (dirty read), ypoBeHb H30JISIIMA
READ UNCOMMITTED, (heHOMeH HEOBTOPsIEMOT'0 YTeHHs (unrepeatable read),
YPOBEHBb U30JIAIIMU READ COMMITTED, (peHOMEH (DAaHTOMOB, YPOBCHB H30J151-
1y REPEATABLE READ, YPOBEHb U30JALIUU SERIALIZABLE, oniepaTop COM-
MIT, oneparop ROLLBACK (ROLLBACK WORK), pa3gaen AND [ NO ] CHAIN,
orepatop SET CONSTRAINTS, oleparop SAVEPOINT, onepaiys ROLLBACK
TO SAVEPOINT, omnepaTop RELEASE, YCTAHORJIEHHUE COCAMHEHMIA, OriepaTop
CONNECT, onepaTop SET CONNECTION, onepaTop DISCONNECT.
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BBepneHue

B aT0i1 JIexum MBI 0GCYIMM CpEACTBA A3bIKa, KOTOPBIE KAaCalOTCs CKOpee
aIMMHUCTPATOPOB 0a3 JaHHBIX, HEXEIM KOHEUHBIX I10JIb30BaTeIei WIM Mpo-
rpaMMKCTOB TIpwioxeHuii. Ho Hano ckazaTh, 4To J000H KBATU(DULIMPOBAH-
HbI# TIoJib30BaTedb SQL-opueHTHpoBaHHOM 0a3bl JAaHHBIX AO/KEH HUMETh
TpeAcTaBIecHHE 00 aIMHUHUCTPAaTHBHLIX cpeAcTBax SQL (TeM Oosee uto cpeacrt-
Ba YIIpaBJIeHUs TPaH3aKLMSAMU BO MHOI'OM 3aTparuBalOT U €10 UHTEPECHI).

JaHHast JIeK1Ms BKJIIOUAET MaTEpUaJl, B MEHBILIEH CTENIEHU KOHUETITYaIb-
HO CBSI3aHHBIM, YeM 3TO ObUTO B IIPEAbIAYIIMX JIEKIIMAX Kypca, MOCBSIIIEHHBIX
3Ky SQL. B nepBoM M3 OCHOBHBIX pa3Ae/ioB JEKIIMH MBI 00CyIuM 6a30BhHIE
MIEW aBTOPU3AIMU MOCTyNa K JAHHBIM, 3aJI0XKEHHbIE B OCHOBY si3bika SQL.
MerToa aBTOpHM3alMH JOCTYIa, UCHOJb3yeMBlil B SQL, orHOCHTCA K Mandam-
Hbim (mandatory) BUIaM 3aUlATH AaHHBIX. [Ipy 3TOM IMoAXoe ¢ KaXIbIM 3ape-
TMCTPUPOBAHHBIM B CUCTEME ITOJIB30BaTeNeM (cybsekmom) W KaXIbIM 3ally-
1[aeMbIM OOBEKTOM CHCTEMBI CBSI3BIBAETCS MaHOam, OTIPEACIAIONIMN JeHCT-
BM51, KOTOPBIE MOXET BHITIOJHATD JaHHBIH CYOBEKT Hajl JaHHBIM 00BeKTOM. B
OTJIMYHE OT TAKOI'o MOAXO/a, NPH TIPUMEHEHUH JUcKpeyuonro2o (discretionary)
MeToJa OrpaHHYEHHUS AOCTYIIA C KaXIbIM U3 OOBEKTOB CUCTEMEI CBA3LIBAECTCS
OlHA WIH HECKOJIBKO Kameeopui noaszoeameneii, KaXI0W U3 KOTOPBIX ITO3BO-
JISIOTCST WM 3apellaloTcsl HEKOTOPBIE JeHCTBUS HAll OOBEKTOM.

Crenyoluuil pasaen MocpsileH (pyHIAMEHTAIbHOMY B 00JacTH 0a3 1aH-
HBIX (M He TOJIBKO) MOHATHIO Mpax3aKyui — TIOCIeI0BaTeJIbHOCTH OIepaluii
Han 6a30i qaHHBIX (B 00LIIeM Cilydyae BKJIKOUAloIler onepauuy oOHOBIeHHSs Oa-
3bl AAHHBIX), KOTOpast BOCIIPUHUMAETCS CUCTEMOM KaK OJHA HeAe/IMMas orepa-
ums. TIpu xiraccuyecKoM monxoAe K YIIPaBI€HHIO TPAaH3aKIMSIMH CIIEOYIOT
MPUHIMITY ACID (Atomicy, Consistency, Isolation, Durability).3To-
MY NPUHIIMITY CIeA0BAIH U pa3paboTUHKU si3bika SQL. OnHako MOHSITHE TpaH-
3aKLIMK BHIXOJUT AaeKo 3a rnpeaesibl SQL; MeXaHW3MBI YIIPABIIEHUS TPaH3aK-
LIMSAIMHM COCTABJIAIOT OTHEJBbHYIO M OOJIBIIYIO MCCIIEAOBATENbCKYIO Oo0n1acTh. B
JIAHHOM JIEKIIHU MBI He Oy/ieM yriyOJaThcs B TEXHUUECKHUE NETATH YITPaBICHUS
TpaH3aKUMUSIMH H OrPAaHUYHUMCST BOBMOXHOCTSIMU, 3aJI0XEHHBIMH B 361K SQL.

Hakomnew, B nocjieJHeM OCHOBHOM pa3jielie JIEKLUH MbI 00CYIUM CpeacTBa
a3pika SQL, nmpenHasHayeHHbIE [UISl YIIPABICHUS ceccUAMU W NOOKAOHEHUMU
MOJIb30BaTENILCKUX TIpWIoXeHH. [lomapnsiolniee OOJBIIMHCTBO peaTu3alvid
s3biKa SQL OCHOBBIBAETCS HA APXUTEKTYPHOU MOIENH KaueHm-cepgep. T1puio-
XeHHUs OObIUHO BBIMOJHSIOTCS Ha KAueHmCcKol anmaparype, OTAeJeHHOH (1o
KpaifHeii Mepe, JIOrTHYeCKH) OT cepaeproii annapaTypsl, Ha KOTopo# paboTtaeT cob-
crtBetHo CYB/l. UToOR! MOMYyYnTh AOCTYII K 6a3e JaHHBIX, IPWIOKEHHE JOIXKHO
ROOKMOHUMbBCA K CEPBEPY M 00pa30BaTh Ceccuto B 3TOM MOAKITIOYEHHH. Y TIPHIIO-
XEHHS MOXET OIHOBPEMEHHO CYILIECTBOBATh HECKOIBKO MOJKITIOUEHHUHA K pa3HBIM
cepBepaM 0a3 JaHHBIX, HO He 0Jiee OMHOM CECCHH B KaXIOM ITOIKIIOYEHUH.
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Moanepika aBTopM3auum A0CTyNa K AaHHbIM
B A3bike SQL

B 00111eM cityyae 6a3a JaHHBIX SIBJAETCS CUILIKOM IOPOTOCTOSIIIMM IIpe-
METOM, YTOOBI MOXKHO OBLIO HCITOJb30BaTh €€ B aBTOHOMHOM pexxrMe. OObIYHO
¢ JOCTAaTOYHO OONbLNIOH 6430 JaHHBIX (MMapajielbHO WIH MOC/eI0BaTEILHO)
paboTaeT MHOTO IIPUIOXKEHUH U [10Jb30BaTeNIei, U He JUISl BCeX HUX ObUTO ObI
pa3yMHO 00ecIieYuBaTh paBHOIIPABHBINA AOCTYI K XPAHSLIMMCS JAHHBIM,

B sa3pike SQL (SQL:1999) npeaycMoTpeHbl BO3MOXHOCTH KOHTPOJIS 10~
CTYTIa K pa3HbIM 00ObeKTaM 6a3bl AaHHBIX, B TOM YMUCIIE K CICAYIOLIMM OObEKTaM:
Tabinuam;
cronbduam Tabaui;

TIPEACTABJICHUSIM;

JIOMEHAM;

HabopaM CUMBOJIOB¥;

ITOpsiIKaM COPTHPOBKU CUMBOJIOB (collation);
rpeoOpa3oBaHmsIM (translation);

TpUTTEpaM;

MOANpOTpaMMaM, BbI3biBa€MbIM M3 SQL;
OIpEACIICHHBIM ITOJb30BATEASIMU THIIAM.

B coBoxynHocTH B SQL:1999 MoXeT ImoanepXXuBaThCs AEBATh BUIOB 3aLUTHI
pa3HBIX OOBEKTOB B COOTBETCTBUHM CO CJIEAYIOIIMMH BO3MOXHBIMH HZEHCTBHSMMU
(cM. Tabu. 18.1).

ITpu pa3paboTke cpeacTB KOHTPOJIsI AOCTYITa K 00beKTaM 6a3 JaHHbIX CO-
3nareny SQL npuaepXuBaIMCh IPUHLMITA COKPBITUSL HHOpMaLIMHK 00 00BbeK-
Tax, coepXalMuxcsl B cXeMe 6a3bl JAHHBIX, OT IOJb30BaTENCi, KOTOPbIE JIU-
LIeHBl AOCTYTIA K 3TUM 00beKkTaM. JpyruMu cioBaMu, €ClIM HEKOTOPBIHM TOJb-
30Baresib He obanaeT, HalpuMep, TIpUBWIETHeit Ha IPOCMOTpP TadnuLibl PRO,
TO IIPH BBINIOJIHEHHH OllepaliMid SELECT * FROM PRO OH ITOJYYMT TAKOE XK€ AW~
arHOCTHYECKOE COOOIUEHHE, KAK ecu Obl Tabnuia PRO He cyluecTBoBaia. Ec-
JIK OBI B Cliy4ae OTCYTCTBHSI 3TOM TaOIUIIBI M B CIy4ae OTCYTCTBUS IPUBWIETUU
JIOCTYI1a BBIIABAIMCH pa3Hble MATHOCTUYECKHE COOOIIECHUS, TO HEIPUBMWIIE-
TUPOBAHHBIN MOJIB30BATEb OJYYWI ObI AaHHBIE O TOM, YTO MHTEpPECYIOIas
€ro TabJMiia CylecTBYeT, HO OH JIMILIEH AOCTyIa K Heil.

B nexuuu 12 Mb1 6erno ymoMuHaNH, 4yto B SQL-0pHeHTUPOBaHHOM CHUC-
TEME KaXIOMY 3aperMCTPUPOBAaHHOMY B CHCTeMe IIOJIb30BaTel0 COOTBETCT-
BYET €70 YHUKANBHbIH MAEHTH(HUKATODP (B CTaHIApTe MCIIOJIB3YETCSl TEPMHH
udenmudhuxamop aemopusayuu, authorization identifier — authID). Kak MbI OT-
Meyanu, B ctaHaapte SQL:1999 He 3apMKkcHpOBaHH TOYHBIE IpaBHIIa [IPEd-
CTaBJICHUS MAEeHTUGhUKATOpa IOJAB30OBATENIsl, XOTSI OOBIYHO B peaM3allusax

* HanmoMHMM, 9TO B 3TOM Kypce MBI HE KacaeMcCsl BONPOCOB HHTEPHALIMOHATH3ALMH H JTOKAIH3a-
UMy A3bika SQL.

413



Kypc QOcHoBbl 6a3 BaHHbLIX

Tabnnua 18.1.

Bud 3awumet u Haszeanue Tlpumenumo k caedyroujum

coomeemcmeyiouiee| npusuneeuu obsexmam

deiicmeue

IIpocmoTp SELECT Tabauubl, CTONOLBI,
TTOATIPOrPaMMBI, BHI3BIBAEMEIE
u3 SQL

BcraBka INSERT Ta6auupl, cTONOLBI

Moaudukauus UPDATE Tabauipl, CTONOLBI

Vnanenue DELETE Tabauusl

Cchuika REFERENCES Tabauubl, CTONOLBI

HMcnonb3oBaHue | USAGE JlOMeHBI, onpeaeaeHHbIe

TIOJIL30BATEIAMH THUIIBI, HA0OPHI
CHUMBOJIOB, MOPSIAKU COPTUPOBKU
CHMBOJIOB, NIpe0bpa30BaHUs

HHuuuupoBaHue | TRIGGER Tabauiibl

BrinonHeHue EXECUTE IToanporpaMMBbl, Bbi3bIBa€Mbie
u3 SQL

IoaTunuszauus UNDER CTpyKTypHBI€ TUIIBI

SQL nunaduueckas dyHKUMsA CURRENT USER BHIZA€T TEKCTOBYIO CTPOKY, CO-
JepXalllyl0 perMCTPAalMOHHOE MM TIOJIb30BaTENsl, KAK OHO COXpPaHseTCs B
(daiiax cooTBeTCTBYOLIEH onepauroHHoi cuctemsl (OC). IpuBwieruu no-
cTyna Kk o6beKTaM 6a3bl JAHHBIX MOIYT TIPEIOCTABJISTHCS IOJIb30BATENIAM,
MpeICTaBIsAeMbIM CBOMMU WIEHTU(HKATOPAMHU, a TAKXKe poasm™ (CM. clieayro-
LW Noapa3aen), BHITOJIHEHHE KOTOPBIX, B CBOIO 0UE€PEIb, MOXET MPEI0CTAB-
JISIThCSl TIoJib30BaTessiM. KpoMme Toro, B SQL mommepxXuBaeTcsi KOHUEMNLIMS
ncesgonacHTHUKaTopa (MJIH HACHTH(MHKATOpa ICEBAO) MOIb30BATENS
PUBLIC, KOTOPBIM COOTBETCTBYET JIIOOOMY MPIJIOXKEHHIO WIN TI0Jb30BATEIIO,
3aperHCTPUPOBAaHHOMY B cHcTeMe 6a3 JaHHBIX. «Ilonb3oBaTemo» PUBLIC MO-
I'YT MIPEeIOCTABISATHCS NPUBMIETHH TOCTYTA K 0ObeKTaM 0a3bl JaHHbIX, KaK U
JIIOOOMY IpYroMy II0JIb30BaTeNIo.

B Monenu KoHTposa aoctymna SQL co3marens 11060ro oo6bekTa 6a3h JaH-
HBIX aBTOMaTHUYECKM CTAHOBHTCS 81a0eablem 3Toro oonekta. Ilpu 3TOM Biage-
Jiell 0ObeKTa MOXET HACHTH(HLMPOBATLCS JIMOO CBOHM HMIESHTH()HUKATOPOM
TI0JTB30BaTENs, JIMO0 HMEHEM CBoei poii. Boobuie rosops, Biajenel 00beKTa

* Kax Oyner noka3aHo B clieflylolleM nojpasieie, TepMHH poab B si3bike SQL noigHOCTbIO cOOT-
BETCTBYeT CBOEMY XHTelickoMy cMmbicay. U B Mupe 6a3 naHHBIX JI0OM GOJbIieH YacTbiO UTPAOT
YbIO-TO POJIb, @ HE TIPEICTABIAIOT ce0sl IMUHO.
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00J1anaeT 1oJHbBIM HAaG0pOM TNPUMBWIETHH MJISI BBIIIOJIHEHMUS] AEUCTBUMHA Hal
00BEKTOM (C OIHUM UCKIIOYEHHEM, KOTOPOE MBIl OOCYANM B JaHHOM pa3iiene
nosxe). Bianenen o6bekTa, MOMUMO NIpOYero, 0biafaeT NpUBKHIErMed Ha re-
penady Bcex (WM 4acTh) CBOMX MPUBWIETUI APYTUM MOJIB30BATEISAM WU PO-
ssM. B yactHOCTH, Biafenen 00beKTa MOXET NePeaTh APYTHM I10J1b30BaTEISIM
WM POJISM MIPUBUJIETHIO HA repeaavy NpUBIICTHI NOCeIyIOIIUM I101b30Ba-
TEJAM WIH pOJsIM (3TH AEHCTBHUS ¢ Nepeaadeil MpUBUIETHM Ha niepeaaqy Ip1-
BUJIETHH MOTYT TPONIOIXATHCS PEKYPCHUBHO).
Bo MHOrux peanuzanusix romiepXdBAaIOTCS TIPUBWJIETHH YpPOBHs DBA
(DataBase Administrator) sl BO3MOXHOCTH BBIIIOJHEHUS OIlepaliyii DDL
— Data Definition Language (CREATE, ALTER M DROP Ham OObEKTaMH, BXO-
ISIIUMU B cXeMy 0a3bl 1aHHbIX). B ctangapre SQL tpebyercs nuuib cobmome-
HME CAEAYIOLINX TTPaBUI.
¢ Jl100bI€ I10JIb30BaTEIb WIH €r0 POJIb MOTYT BBINOJHSATH JIIOOBIE OIepalivi
DDL BHYTPH CXEMBI, KOTOPOH BAameOT*.

¢ He nonyckaeTcst BBIITOTHEHUE KaKHUX-THUOO0 omnepalMi DDL BHYTPHU CXEMBI,
KOTOPOI{ HE BIaieeT NMOJIb30BATENb MM POJIb, ITBITAIOIIHECS BBITIOIHUTE CO-
OTBETCTBYIOLUYIO OTIEPALIUIO.

® DTU NpaBWJia HE JOITYCKAIOT HCKITIOUEHHUHA.

NMonb3oBaTenun n ponn

Kak rosopuioch B Hauajie 3TOro paszieia, JIo00MH I10/1b30BaTe b XapaKTe-
pU3yeTcsi CBOMM udenmudghuxamopom asmopusayuu (authID). B cTaHmapte HU-
YEro He TOBOPUTCS O TOM, YTO authID JAOKEH ObITh MACHTUYEH peaucmpaiu-
OHHOMY UMEHU HOAb306amens B CMBICIE ONepalMOHHON cHcTeMbl. CoriaacHo
craHaapty SQL:1999, authID CTPOMTCS TO TeM Xe NMpaBuiaM, 4To U JoO0oH
JIpYyroit HoeHTH(PHKATOP, U MOXKET BKJIIOUATh 10 128 cMBoJioB. TeM He MeHee
BO MHorux peanusannsax SQL, seinonnednslx B cpene OC cemeiicra UNIX,
IUIMHA authID cocTaBisgeT He 6ojiee BOCbMHM CHMBOJIOB, KaK 3TO CBOHCTBEHHO
OrpaHMYEHHUAM HA IUIHHY PETUCTPAIIMOHHOTO UMeHHU B 3THX OC.

B cranpapre sispika SQL He crenM@HULIMpPOBAaHBI CPEACTBA CO3AAHUA
HIeHTU(HHUKATOPOB aBTOpH3alMu. Eciiu roBoputh Gosiee TOUHO, B CTaHIApTe
HE OIIPEAEASIETCS KAKOU-TMO0 ABHBIN CIOCO0 CO3MaHUS JOMMYCTUMbIX UAEHTH-
¢ukaTopoB nonb3opatenci. UaeHTHGHKATOP aBTOPU3AITUU MOXKET SIBJISIThCS
60 HIeHTHHHUKATOPOM TI0JIb30BATENs, THO0 UMEHEM POJIM, a ISl CO3JaHHA
poneii B SQL noanepXuBaloTcs COOTBETCTBYIOILIME CpeacTBa (cM. Huxe). Ho
B COOTBETCTBUHM C NpaBWIaMHu ctaHnapta SQL, Bce aut hID JOKHBI OTCIEXH -
BaTbcsd CYB/l (MMeroTest B BUAY Bee authID, IJIST KOTOPBIX CYILECTBYET XOTS

* B COOTBETCTBHH CO CTaHJapTOM, nobble 3apEeTHCTPHPOBAHHBIE B CHCTEME IMOJIL30BATENb MM
POJIb aBTOMaTH4YCCKH ABJISAIOTCA BAaA€1bLIAMHU 4aCTH CXEMBI 6a3bl JaHHBIX, HMEHA 0OBEKTOB KOTO-
PpOii HAUMHAIOTCS C COOTBETCTBYIOLLIETO l’IJICHTqu)PlKaTopa, 3a KOTOPRIM CIEOYET CHMBOI «.»,
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Kypc QcHoBbl 6a3 AaHHbIX

6b1 oHa npuBUaerus). U B ctaHaapTe noaaepKuBaroTCs TOYHBIE MPaBUIIa MO-
POXIEHUS U pacTipoCTpaHeHUs: puBWiIerdid. IIpUBUIETUU 10 OTHOILIEHUIO K
00beKTy 6a3bl NAHHBIX IIPEAOCTABISIIOTCS CUCTEMOW BIAACNbIY CXEMBbI TIPU
CO3I1aHUM 00BEKTA B 3TOM cXeMe, U IPUBMIIETUH MOTYT SIBHO NepeaaBaThCS OT
UMEHU OAHOTO authID apyroMy authID IIpy HAJUYUHU Y IEPBOTO authID npu-
BWIECTUH Ha Iepeaavyy NpUBUIIETHA.

Hrak, authID MOXeT ABIATHCS JUO0 HICHTUGMUKATOPOM ITONb30BaTENS,
6o mneHtudukatopoM ponu. ITonpobGyem pa3obpaTbCs B CyTH TepMHHA
poas. TIpu padoTe ¢ 60AbIIMMHY 6a3aMHU JAHHBIX B KPYITHBIX OpraHM3alusix 4ya-
CTO COTHHM CITyKAaIlIUX ITPOU3BOAAT Hal 0a30i JTaHHBIX OIHH U TE XK€ OTNCPaLIuH.
KoHeuyHo, I 3TOro Kaxnblif U3 CIyXallux TOKEH OBbITh 3aperUCTpUPOBaH-
HBIM TONB30BATENIEM COOTBETCTBYIOLLCH CUCTEMBI 0a3 NAHHBIX, U TEM CaMbIM,
00magath cCOOCTBeHHBIM authID. Mcnonp3ysa 6a30BbIE CPEICTBA ABTOPU3AIIUU
goctyna (3adukcupoBaHHble B cTaHmapTe SQL/92), MOXHO TpeaocTaBUTDH
KaXIOMY TMOJIB30BATENIO TPYIIIEL OOHU U Te Xe MTPUBUIICTHHA JOCTYIIA K TpeOy-
eMBbIM 00beKTaM 6a3bl JaHHbIX. Ho cxeMa aBTOpU3alLiMK JOCTYIIA [IPH 3TOM CTa-
HOBMTCSI OYEHB CIIOXHOK*. B HEKOTOPOM CMBICTIE UMSI poau UACHTUDULUDYET
JUHAMHYECKH 00pa3yeMylo TpyIIy I0Jb30BaTecii CUCTEMBI 0a3 JaHHBIX,
KaXIblii M3 KOTOpBIX 00NanacT, BO-NEPBBIX, NMPUBHJICTUECH HA MCTIOTHEHUE
JaHHO# POJH U, BO-BTOPBIX, BCEMH MIPUBWIETUSAMU JAHHOH POJIM UIS1 JOCTYTIA
K 00BbeKkTaM 6a3bl JaHHBHIX. JIpyruMu cnoBaMu, HAJIMYKE poJieil YIIpoIaeT mo-
CTpOEHHUE U AAMMHUCTPUPOBAHUE CUCTEMBI aBTOpU3alMU JocTyna. [1poumnnio-
CTPUPYEM 3TO Ha puc. 18.1.

Kaxnasi cTpenka Ha puc. 18.1 COOTBETCTBYeT MaHAATY AOCTyna (Imape
<authID, Habop_NpMBUIIEIMI_OOCTyNa_K_ obbekTy_BI>), KOTOPHIHA TpeOy-
€TCs COXPAaHAThL B KaTajore 6a3bl JAaHHBIX U TIPOBEPATD IIPH MOMBITKE JOCTYIIA
OT UMeHH authID. Kak BuAHO, B ciydae (a) TpeOyeTcsi COXpaHeHUE U IIPOBEP-
Ka n*m MaHIATOB, TJI¢ n — YUCIIO MOJIL30BaTENICH B TPYIINE, a m — YUCITO 00BEK-
TOB 0a3bl JaHHBIX, JJIs1 KOTOPBIX MOJIB30BATEIN TPYIIIbI JOJXKHBI UMETh OJTHU U
Te Xe TpuBWIerMd. B ciyuae (b) unciio TpeOyeMbIX st KOPPEKTHOH pabOThI
MaHAATOB PABHO JIMIIb 11+m, U CX€Ma aBTOPU3ALIUM PE3KO YIIPOILAETCS.

Ipynnel monb3oBaTesei, 00beIUHEHHBIX OMHOMH POJIbIO, SIBISIIOTCS JUHA-
MUYECKHUMU, TOCKOJIbKY B SQL nmomaepXxuBaoTcss BOBMOXHOCTH TIPEIOCTaB-
JIEHUS TI0b30BaTENIO TIPUBWIETUM HA UCIIOJNHEHUE JAHHOW POJIU U JIUILEHUS
TIOJTb30BATENS 3TOM MMPUBHIECTUH (CM. HUXKE B 3TOM pasnefie). bonee toro, ume-
J0TCSL BOBMOXXHOCTH TPEIOCTABICHUS 3aJaHHOM pOJK 1 BCEX WM YaCTH TIpH-
BWJIETHH apyroi poiu 1. ECTeCTBEHHO, UTO MPH 3TOM NPUBHIETUH U3MEHSIIOT-
Csl Y BCEX MOb30BaTeIeH, KOTOPBIE MOTYT UCIIOJHATH pob 1.

* lns kaxporo oobekTa 6a3bl JaHHBIX M I KAXIOro Mojib30Bateis, o0nananliero KakHMH-IMoo
TIpUBWICTHSIMH [IOCTYTIa K 3TOMY OOBEKTY, TpeOyeTcsl XpaHMTh CIIMCOK ero npuBWwierdi. Ecau
YYECTh ellle ¥ BOBMOXHOCTh Iepeayl MPUBWIETHH 0T OZHOTO NOb30Batesis K JpYroMy, To o0pa3sy-
€TCs TPOU3BOJIBHO CIIOXHbINH rpad, 3a KOTOPBIM TPYIHO CIEIUTL AIMHHHUCTpATOpaM 6a3bl JaHHBIX.
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Nekuya 18 ABTOpPU3aLMA AOCTYNA K AaHHbIM, ynpasieHne TpaH3akUMaMu U ceccuamu

I11 Ol
2 02
In On

(a) OnpeneneHue NPUBIIIETHIA MTONB30BATENEH 6€3 UCITOAB30BAHUS POJIU

I Ol
2 02
POJIb
In On

(b) OnpenesieHue NPUBUIIETUH NOJIB30BATENEH C IOMOILBIO POJIU

Puc. 18.1. lNpusurernu, noab30BaTe M U POJIH

Bonee Toro, UMeIOTCST BO3MOXHOCTH TIPESAOCTABIICHUsE 3aIaHHOW POJIH A
BCEX WIH YaCTH NPUBMIETHH Ipyroii ponu B. EcTecTBeHHO, YTO ITPH 3TOM MPHUBH-
JIETUW U3MEHSIOTCS Y BCEX MOJIB30BaTe/Ieil, KOTOPbIE MOTYT MCITOJIHATh POJb A.

MpumeHeHne naeHTUPUKaATOPOB NONb30BaTENEH U UMEH poneit

B sToM nonpasaene Mbl BRIHYXIEHBI MCIIOIB30BaTh MoHsATHE SQL-cec-
CHH, KOTOpOoe BoJiee IMOCIe0BATEbHO OOCYXIAaeTCS B TPETHEM OCHOBHOM pa3-
Jaene jeKunu. Kax v B mpeabIayIinx JeKIIHsIX, TOCBIIIEHHBIX si3bIKy SQL, MBI
MOXEM OTpaBaaTh NOJOOHYIO HEJIOTHYHOCTD TOJBKO PEKYPCHBHOM NMPUPOAOH
craHpaprta SQL*.

Hrak, B 10603 MOMeHT 3amaHHas SQL-ceccus accormmpyeTcs ¢ naeHTHhHKA-
TOPOM NOJIb30BATENIS, HA3bIBAEMBIM LOeHmMuUpUKamopom noavzoeamens SQL-ceccuu n
C IMEHEM POJIH, HAa3bIBAEMBIM umerem poni SQL-ceccuu. T1odTH Beeraa NpUBWIETHH,
CBSI3aHHBIE C 3THMH WICHTU(MHKATOPOM H UMEHEM, UCTIONB3YIOTCS JUTSL OTIPEAC/ICHHS
JIOTTYCTUMOCTH BBITTOJTHEHWS PA3/THYHBIX OTIEPalivii BO BpeMSsI JaHHOH CECCHM.

B ctaHmapte He cnenUdUUMPOBAHBI BCE CHOCOOBI aCCOLMMPOBAaHUS
authID ¢ SQL-ceccueit. OnpeneseHo JUIIb TO, YTO €CJIH CECCHsA 0Opa3yeTcs

* Y106HI XOTS 6b1 HEMHOTO O0JIEMYMTD YTEHHE JaHHOTO ToApa3neJia, 3aberas Bnepel, 3aMETHM, YTO
MOHSATHA ceccuy U nOOKAKHEeHUS OTHOCSTCS K CeaHCY paboThl KTHEHTCKOTO MTPHIIOXEHHS ¢ HEKOTO-
pbIM cepBepoM SQL-opHeHTHpOBaHHOM 6a3bl JAHHBIX.
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Kypc OcHOoBbI 633 AaHHbIX

C TMOMOLIBIO onepaTtopa CONNECT (cM. pasaen «IloaknioueHus U ceccum»), To
authID yka3plBaeTcs B KauyecTBE NapaMeTpa COOTBETCTBYIOLUEH omnepaluu.
Hnst peanuzauuii SQL nonyckaercsi, 4ToObI NMOJB30BaTEIbCKUN UACHTUDU-
kaTop SQL-ceccuu coBnanaji ¢ perucTpallMOHHBIM UMEHEM TOTb30BATENS C
TOYKU 3PEHHUs ONEPALMOHHON CHUCTEMBI WM SIBJISUICS UIEHTU(MHUKATOPOM,
CTelHaIbHO YCTAHABIMBAEMBIM CTIELIMAIUCTAMU OPraHU3allUuM, OTBETCTBEH-
HBIMH 3a obecrieueHne 6e30macHoCcTH. KpoMe Toro, qJonyckaeTcss HaATU4YKe B
peaju3alMM oneparopa SET SESSION AUTHORIZATION, MPUMEHEHME KOTO-
POro IPUBOIUT K CMEHE TOJIb30BaTeNIbCKOro uaeHTudukaropa SQL-ceccun.
B Hayane SQL-ceccuu 3HaueHUE meKyuieeo udeHmugukamopa noabv3oeamenst
SQL-ceccuu coBmamaeT co 3HAYEHUEM T0OJb30BATENBCKOIO HACHTU(DUKaTOpa
SQL-ceccuu, U Takasi CUTyallUsi COXpaHsIETCs A0 TeX IMop, Noka Noab30Ba-
TeJbCKUM naeHTudukatop SQL-ceccun He OyneT KakuM-1u00 00pa3oM u3-
MEHeH. 3HauyeHMe TEKylUIero Tojb30BaTebCKOro HaeHTUdukatopa SQL-
CECCHM BO3BpallaeTcsl BBI3OBOM Hujsaduteckold (MYHKUUM SESSION_USER
(nexuus 13).

Hnst kaxnoit SQL-ceccuu CyllIeCTBYET TaKXKe mexyujee ums poau (31o UM
MOXHO TIOJYYHMTh IIyTEM BbI30Ba (YHKLIMM CURRENT_ROLE). Cpa3sy nocne 00-
pa3oBaHUsl CECCUM TEKYLUEMY MMEHH POJIM COOTBETCTBYET HEOMpeEAcEHHOE
3Ha4YeHHUE, YTO TPAKTYETCS KaK «poJib IJisl CECCHM HE HasHauyeHa». MMeetcs
HECKOJIBKO CIIOCOGOB MOAMEHBI MONIb30BaTEILCKOTO UAeHTUdUKATOpa U/UTU
uMenu poiu SQL-ceccuu. [1pu 3ToM ecnu 3anaeTcst UACHTU(PUKATOP NONB30-
BaTeJisl, TO OJHOBPEMEHHO TIOJIaraeTcs, UTO HESIBHO YKa3bIBAETCSI UMSI POJIH,
UMelolliee HeonpeleieHHoe 3HaueHue. Eciu xe 3agaetcst uMs pojiv, TO, 3a
HECKOJIbLKHMH UCKJIIOUEHHUSAMH, CUUTAETCS, YTO HESIBHO YKA3bIBA€TCS HAEHTH-
¢uKaTop IMOJb30BaTENsI, UMEIOUIMI HeomnpeaesieHHOe 3HaueHue. boiee mo-
JIpO6HO MbI OOCYAMM NMOIOOHBIE BOZMOXHOCTH HUXE B 3TOM pasielie.

Ecnu nubo tekymiuil uneHTUMUKATOD NMOAL30BaTeNs, MO0 TEKYLIEE UMSI
POJIM conepxkaT HeomnpelesIeHHOe 3HAaYeHUe, TO TOT UAEHTU(UKATOP WIH TO
HUMsI, Yy KOTOPOTO 3HaUYe€HUE HE SIBJISIETCS] HeoNpeAeJeHHbIM, UCTIONB3YeTCs B
KadecTBe mekyuezo authID SQL-ceccun. Ecnu HM Tekynuii uneHTUGHUKATOD,
HHU TeKyIllee UMS He coaepxKar NULL, TO TEKYIIMM authID CECCHUM CITYXKHUT Te-
KYIIUNA HAeHTH(PHKATOP TTOJIb30BATEIS.

Kak u Be3ze B 3TOM Kypce, Mbl OITYCTHM JETaJTH, OTHOCSLIKECS K OCOOEHHO-
CTSIM aBTOPU3aLIMK TIPY UCTIONB30BAaHWH BCTPAaUBagMoro u iuHaMudeckoro SQL.

Co3paHvie U NMKBUAAUUS poneii

g co3naHusi HOBOM POJIA MCIIONB3YETCA oNepaTrop CREATE ROLE, omnpe-
NeNIIEMBIN CJIENYIOIMM CUHTAKCUYECKUM TIPaBIIIOM:

CREATE ROLE role_name
[ WITH ADMIN { CURRENT USER | CURRENT_ROLE } ]
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Jlexumns 18 ABTOPWN3aLMA AOCTYMNA K OAHHBLIM, YIpABNEHUE TPaH3aKLMAMU U CECCUAMMU

HMs cozgaBaeMoi poIH JOJKHO OTJIMYATLCA OT JII0OOro uaeHTu(PUKaTo-
pa aBTOpPHU3aLIMM, YXKE OTIPEIEeIEHHOTO U COXPAHEHHOTrO B 06a3€ JaHHbIX. B ciy-
Yyae YCIELTHOro CO3IaHHUs POJIH HEKOTOPBIA aut hID mojydaeT MPUBUIETHIO HA
HCMOJHEHUE JaHHO# poau. Eciau B onepaTope CREATE ROLE HE COOEPXUTCA
pasfgen WITH ADMIN, TO NPUBWIETHIO HA UCTIOJIHEHHE POJIM TIOIYYAET TEKYLIMI
uaeHTUdHUKaTop nojb3oBareiss SQL-ceccuM, €cliM 3HAaYEHHE ITOr0 UACHTH-
¢bukaTopa OTJIMYHO OT NULL; HHAYE MPUBWICTHS HA UCTIOJIHEHUE POJIH JAETCH
TEKYIEMY UMEHU POJIU CECCHHU.

Ecau B cocraB orneparopa BKIIOYAeTCs paszgen WITH ADMIN, TO MOXHO
BBIOpATh, OyIeT JIU ABJISITHCA BJIAACIIBLIEM POJIM authID, COOTBETCTBYIOMIMH Te-
KyllleMy HAeHTH(HKATOPY Nosb3oBatest SQL-ceccuu, Wi authID, COOTBET-
CTBYIOUIMI TEKYILIEMY UMEHH POJIH (TIPU YCIIOBHH, YTO COOTBETCTBYIOUIME TE-
KyHLIUH UaeBTHPUKATOP WIM TEKYIIEE UMSI He coAepxkaT NULL). Kpome Toro,
BKJIIOUEHHME 3TOrO pasjejia O3HAYaAET, uTo authID-Biagesiell POJM TMOJIy4aeT
MpaBo Ha Nepefady NPUBUIETHH UCTIONHEHUS JaHHOM pou IpYruM authlID,

B coorBercTBUM cO cTaHAapToM SQL:1999, npuBuneruu, TpebyeMbie List
BBITIOJIHEHUST oniepaTopa CREATE ROLE, onpeAelisitoTest B peanusanusix SQL.
HanpuMep, B HEKOTOPBIX peayiM3allMsax BBIITOJIHEHUE 3TOM ONepaliuud paspe-
LIAETCs TOJIBKO aAMUHUCTPATOPY 6a3bl JaHHBIX.

CyLIeCTBYIOLIYIO POJIb MOXHO JIMKBUIUPOBATh ¢ MOMOIIBIO OTiepaTopa

DROP ROLE role_name

JIna BBHIMOJIHEHUS 3TOM omepaluu Tpebyercs, YToObl TEKYIIMH authID
SQL-ceccun npsiMO MM KOCBEHHO (Yepe3 1IENOYKY pOJiei) SIBASUICS BJaaeiib-
LIEM JIMKBUAMPYEMOH poJiH. T1pu TMKBUIALIMH POJTH, IPEXIE BCETO, M3bIMAET-
¢Sl IPUBWJIETUS HA €€ UCTIOJIHEHHE Y BCEX authID, KOTOPBIM JaHHasi IPUBHIIC-
rusi Obuia paHee nepegaHa.

Mepepnava npuBuneruin u ponen

[ns nepenayv npuBWieruii U posicii OT opHUX authID APYTUM MOIIEP-
SKUBAETCS ONEPATOP GRANT, KOTOPBIH Mbl OOCYIMM OTAENBHO IS CIYYaeB Iie-
pelayu PUBWIETHIA U TIEPEAAYH POJIEH.

Nepenaya npusunernii

B ciyyae nepeaayd NMpUBWIETHI HCIIONB3YETCS CIEAYIOIIMI CHHTAKCHC
oneparopa GRANT:

GRANT { ALL PRIVILEGES | privilege_commalist }
ON privilege object
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Kypc OcHoBbl 623 AaHHbIX

TO { PUBLIC | authID_commalist } [ WITH GRANT OPTION ]
[ GRANTED BY { CURRENT USER | CURRENT_ROLE } ]
privilege ::= SELECT [ column_name_commalist ]
| DELETE
| INSERT [ column_name_commalist ]
| UPDATE [ column_name_commalist ]
| REFERENCES [ column_name commalist ]
| USAGE
| TRIGGER
| EXECUTE
privilege_object ::= [ TABLE ] table_name
| DOMAIN domain_name
| CHARACTER SET character_ set_name
| COLLATION collation_name
| TRANSLATION translation_name

ITockonbKy authID MOXET SIBASTbCS HMIOCHTU(hUKATOPOM TOJBL30BATENSA
WM UIMEHEM POJIH, TIPUBUJIETMH MOTYT TMepeaaBaThCsl OT MOJIb30BATENEH MOIb30-
BaTesIsAM, OT NOJIb30BaTeliei posisiM, OT poJiei POJIsiM M OT poJiei TIOJIb30BATENSIM.

B cnmcke nmpuMBMAErMi MOXHO MCMOJIB30BaTh SELECT, DELETE, INSERT,
UPDATE, REFERENCES ¥ TRIGGER TOJIBKO B TOM CJTydae, KOria B KaueCTBe O0BEK-
Ta MPUBWJIETHI yKa3biBaeTcst Tabanuua. COOTBETCTBEHHO, CITMCOK MPHBIIIETHI
MOXET COCTOSITb M3 €IMHCTBEHHOH IMPUBUJIETHH USAGE TOJILKO B TOM Cllyyae,
Korna oObeKTOM SIBIISIETCS] IOMEH, HAOOp CUMBOJIOB, MTOPSAOK COPTHUPOBKH WIH
TpaHchaauus. Eciy B criycke NpMBUWIETHA yKa3bIBaeTcsi 6oJiee OQHOM NpUBUIIE-
THM, TO OHM BCE€ IepelaloTCsl YKa3aHHbIM authID, HO JJIs 3TOro TEKYILWM
authID SQL-ceccum no/mkeH o6aagaTh IPUBWIETHEN Ha Iiepeaayvy MPHUBIIETHIA.

Hcrnonb3oBaHue KIIIOUEBOro Cl10oBa ALL PRIVILEGES BMECTO SBHOTO 33-
JIAHUS CIIMCKA NMPUBWIETHIA 03HAYAET, YTO MTepeaaroTCsl BCE NMPHUBUWIETHH T1OCTY-
Nna K COOTBETCTBYIOIIEeMY OOBEKTY 6a3bl TaHHBIX, KOTOPLIMM 00J1aJaeT TeKy-
mui authID SQL-ceccuu.

Kak moka3piBaeT CHUHTAKCHC, ONHH OIepaTop GRANT ITO3BOJSIET Nepeaa-
BaTh MIPUBWIETHH JOCTYIA TOJBKO K OMTHOMY OOBEKTY, HO B TOM Cllyyae, Koraa
0OBEKTOM SBJISIETCS TAOJIMLIA, PA3HbIE MPHUBUJIETUH MOTYT MEPeaaBaThCs IO OT-
HOILICHHIO K OMHOMY H TOMY e Habopy cToIOLI0OB WIM K pa3HbIM HabopaMm. Ec-
JIM MIpY YKa3aHUH NpUBWIETHH SELECT, DELETE, UPDATE U REFERENCES CIu-
COK UMEH CTOJIOIIOB He 3a1a€TCs, NepeaaioTcsl IPUBWIETHH 10 OTHOILIEHHIO KO
BCEM CTOJIOIIAM TaGMIbl. 3aMETUM, YTO 3TH IIPUBWIETHHM KacaloTCsl BCEX CY-
LIEeCTBYIOIIMX CTOJOOB JaHHOW TablMLBI, a TAKXKE BCEX CTONOLOB, KOTOpPHIE
Korjaa-Jubo OyayT K Helt 10OaBIeHbI.

BxiioyeHue B onepatop HeoOsi3aTeIbHOTO pasaena WITH GRANT OPTION
03HAYaeT, YTo NoJIydyaTesiM NiepelaBaeMbIX IIPUBUJIETHM JaeTCsl TAKXe NMPHBH-
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Jlerusi Ha JaJIbHE HIITYI0 nepeaady Mody4eHHbIX IPUBUIIETHH, BKIIOYAs IPUBH-
JIETHIO Ha Niepeaady MpuBWiernii. BkioueHue B orepaTop pasaena GRANTED BY
MO3BOJIAET IBHO YKa3aTb, MEpPEAArOTCs JIU MPUBWIETHH OT UMEHH TEKYILETo
HAeHTH(HUKATOpA MOMB30BATENSL WIM XKe TEKYIUETO UMEHH PO,

[Ipy1 npoBepke BO3MOXHOCTH BBHIINOIHEHMs omnepauu B SQL-ceccuu
YUIUTHIBAIOTCA NIPUBHJIETHHU TeKylLIero authID SQL-ceccuu, a TakKe MpUBUIIE-
I'MH BCeX POJieH, KOTOpbie TlepeaHbl JaHHOMY authID. [TockonbKy 3TUM po-
JISIM MOTJIM ObITh MEePEAAHbI APYTUE PONH, 0bJanaollne cOOCTBEHHBIMU MPU-
BWJIETUSIMM, aHAJIU3 BO3MOXHOCTH BBIMOJHEHUS OMNEPaLiMU ABISIETCS PEKYP-
CUBHOM MpPOLECAYPOH.

Ecnu omna M Ta ke npuBWIerHs nepenaerca 0osee ONHOTO pa3a OOHOMY
M TOMY XK€ authID2 OT MMEHHM OJHOTO M TOTO X€ authIDI1, TO BOSHMKAET CUTY-
alus, Ha3zbiBaeMasi U3OBITOUHOU dybaupyrouweii npususeeueil. Dta cUTyauusi
HE BBI3bIBACT JOTOMHUTEIBbHBIX NPOOJIEM, MOCKONbKY M30BITOUHAS Tepenaya
NPUBWIECTUM WUTHOPHUpYETCA. Jnsi aHHYIMPOBAaHUSI JAHHOU TNPUBWIECTHU Y
authID2 OT UMEHM authID2 TpebyeTcs BBINOJIHEHHWE BCETO JIMIIL OAHOM olle-
pauuy REVOKE (cM. HIZKe B 3TOM pasnene). Eciu npuBuierus 6ubia oIMH pas
rnepegaHa authID2 OT UMEHM authID]1 BMecCTe C IIPUBWJIETMEN Ha Iepenavy
3TOM npuBWiIerHu (WITH GRANT OPTION), a B ApYrod pa3 — 6e3 3Toi omnuuu
(MOpAIOK ACUCTBUM HE SIBJSIETCS CYLIECTBEHHBIM), TO aut hID2 obfiagaeT naH-
HOM NPUBUWIETUEN U TIDUBWIIETHUEHN Ha ee repeaayvy.

Ecnu npeanpuHUMaeTCs TOMNBITKA MEPENayy HECKONMbKUX ITPUBWIETHIA,
HO COOTBETCTBYIOLIUH aut hID He 00Ja/jaeT HU OOHOHN M3 HUX, TO PUKCUpyeTCs
OolIMbKa. AHAJIOTUYHO, €CJIY MPOU3BOAUTCA TOMBITKA MEpeaayd HECKOMBbKHX
NPUBWIETUH ¢ Niepeaadyei IIPUBUWIECTUH Ha Te€pejady [IPUBUJIETMNA, HO COOTBET-
CTBYIOLIUIA authID He obnanaet npuBwierued WITH GRANT OPTION HM [UISl OA-
HOI1 M3 NepeaaBaeMbIX IPUBUIIETHIA, To pukcupyeTcs omnbka. Hakonel, ecnu
TPOU3BOAUTCS MOIMBITKA MTEPEAAYM HECKOJIBKUX IPUBWIETHI € mepenadyer mpu-
BWICTHH Ha Tepeaavy NPUBWIETHI U COOTBETCTBYIOILMI aut h1D obyangaer nmpu-
BWIETHEN Ha Iepenayy TOJbKO YaCTH 3TUX MPUBWIETUH, TO B Pe3yJIbTaTe BhI-
MOJIHEHUS ONEepalyM BbIPabaThIBACTCSl MPEAYNPEXACHHUE, HO COOTBETCTBYIO-
111as1 4acTh [IPUBWIETHH Mepeaaercs ¢ npuBuierned WITH GRANT OPTION.

anBMﬂel' N M npegcraBJ/IeHNAa

INpu onpenenenun npencTaBJCHUN NEHUCTBYIOT CHELUANTbHBIE TpaBUia
ONpeAeNieHUs IPUBWICTHHA HAA 3TUMMU MpeacTapIeHUIMHU. Ecny rpu co3naHuu
OOBIYHBIX 0OBEKTOB 6a3bl JAHHBIX, TAKUX, KaK TabAULA WIK AOMEH, TEKYIITHH
authID aBTOMaTUYECKM MO0Jy4aeT BCe BO3MOXHBIE TPUBWIETHHM AOCTYMA K CO-
OTBETCTBYIOLIEMY OOBEKTY, BKJIIOUYasi [IPUBUJIETHIO Ha TMepeaady NMpUBWIETHH,
TO JUIS1 IpeACTaBIeHUI cuTyauus uHas. [Tockonbky co3naBaeMoe npeacTaiie-
HHE BCera OCHOBBIBAETCS HA OAHOM WJIM HECKONbKUX 6a30BbIX TabnULax (WIH
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Kypc OcHoBbl 6a3 AaHHbIX

MPENCTAaBIEHUSIX ), IPUBHJIETMH, KOTOPBIE MOMYYAET CO3MaTENb MPEACTABIEHHS,
JOJDXKHbBI OCHOBBLIBATBCSI Ha TPHUBUJIETHSIX, KOTOPBIMHM pacriojaraeT TeKyLIHi
authlID o OTHOIIEHHUIO K 3TUM 6a30BBIM TAONHLIAM WU IPEACTABICHUSIM.

HaripuMep, 4TOOHB! oriepaiidsi CO3AaHUs MPeXCTaBICHUS ObLIa BHIIIOJIHE-
Ha yCIIeNIHO, TeKYLIUI authID mojxeH 00ianaTh puBWieruer SELECT 110 OT-
HOILIEHHIO KO BCEM 6A30BBIM TAONHLIAM M MIPEACTABIECHUSIM, HA KOTOPHIX OCHO-
BBIBA€TCSI HOBOE ITpeacTaBneHue. Torma TeKyuii aut hID aBTOMaTHYECKH I10-
JIYYUT NMPUBUHIIETHIO SELECT [UJ11 HOBOroO rpeacTtabieHusi. Ho Tekywui aut hID
CMOXET repeaaBaTh 3Ty IPHUBUJIETHIO APYTHM authID TOJBKO TOrAA, Koraa 06-
JlaJlaeT COOTBETCTBYIOLIEH MPHUBHJIETHEH U1 Bcex 0a30BBIX TAONHI] U Ipen-
CTaBJICHHIi, HA KOTOPBIX OCHOBBLIBAETCSI HOBOE NPEACTABICHNE. AHATOTUYHBIM
00pa3oM Ha INpe/icTaB/€HUE paclpOCTPAHSIOTCS NPUBUIETrUM DELETE, INSERT,
UPDATE M REFERENCES. IToCKONBKY TPUITEpPBI HAl MPEACTABICHUSIMH CO34a-
BaTh HE pa3peliaeTcs, NpuBWiIerusa TRIGGER NpeACTaBIEHUAM HE NMEpeaacTcs.

Hakonen, MocMOTpHUM, YTO MPOUCXOAUT MPU CMEHE MPUBWICTUH Bia-
JEJbLIA MPEACTABICHMS O OTHOILICHHUIO K TabJWLaM, Ha KOTOPEIX OCHOBAHO
3TO NpencTaBiicHUe. s mpocToThl MPEANON0oXKUM, YTO MPEACTaBICHHE V OC-
HOBaHO Ha 6a3oBoi Tabaule T. Eciu BO BpeMsl CO3AaHHUs V TEKYLIMH authID
(bynywmmii BIagenew rnpeacTasleHus1) 06Jagan o OTHOLCHUIO K T IMPUBWIE-
TMSMH SELECT M INSERT, TO OH OYAET 001aaaTh 3TUMM MPHUBWIETUSIMU U MO
OTHOIIIEHHIO K V*. ECIM BriocneXCTBUHM Biaaeiel NPeaCTaBICHHUS MTOTYIHUT MO
OTHOWLIEHUIO K T NOMOJHUTENbHBIC IPUBHIIETHH, TO OH (M Bce authID, KOTO-
PbIM MEPeAABATUCE BCE MPUBWICTHY — ALL PRIVILEGES I V) MOJTYYHUT TE XKE
MpUBUIErHM W1 V. JomKHO ObITh NMOHATHO, KaKUM 00pa3oM 0000LIaeTCs
3TOT MOAXO/ Ha clyJyaid, KOraa rpeacTaBlIeHKe OMpeaesieTcs Hal HECKOJIbKU -
MM TabJUIIaMM WU NPEACTABICHHUSIMH.

Nepepgava ponei
st mepenaum poseit HCMomB3yeTcs CEAYIONIMH BapyaHT orepaTopa GRANT:

GRANT role name_commalist
TO { PUBLIC | authID_commalist } [ WITH ADMIN OPTION ]
[ GRANTED BY { CURRENT_USER | CURRENT _ROLE } ]

Kaxk rnokasbsIBaeT CHHTAKCHC, OMEpaTop MO3BOJSET NMepenaBaTh MPou3-
BOJILHOE YHCJIO POJIEi IPOU3BONIBEHOMY YHCTY authID (KOTOphIe MOTYT Mpe-
CTaBJIATE COB0M MICHTUDUKATOPEI IoNIb3oBaTelci MK UMeHa poJeit). Kak u
B clyyae repeaadyd MPUBWIECTHMA, OT JaHHOro authID MOXHO HepexaBaTh

* KctaTd, 3TO ONMH U3 TeX CJIydaeB, KOTIa UMems npaeo He 03HaYaeT aBTOMATHYECKH uMemb 603~
MONCHOCb peaausayuu ceoe2o npasa. SQL momyckaeTt, HAMpUMep, HATHYUE TTPUBHJICTHH INSERT
JUTst IPEeICTaBJIeHUst, K KOTOPOMY ollepaiiust INSERT He MpUMeHHMa.
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Jlekumsi 18 ABTOpPU3aLMS LOCTYNA K AaHHbLIM, YPABEHNe TPaH3aKLMSIMU U CECCUSIMM

TOJILKO T€ POJIM, KOTOPble ObLIM IMOJIYYEHBI 3TUM authlID ¢ MpUBMIETHEN Ha
JMaJbHeyo nepenady (WITH ADMIN OPTION). [1pu BKIIIOYEHHH B COCTaB OIe-~
paTopa GRANT pa3zesia GRANTED BY MOXHO SIBHO yKa3aTb, YTO POJIU MEPeNaloT-
Ccd OT UMEHH TEKYILEero MICHTHU(HUKATOPa IMOJIb30OBATENsI WM XE TEKYHIETO
HMEHHU POJIH.

U3meHeHue TeKkywmnx naeHTMUKaTopoB nonb3oBarenen
U UMEeH ponen

Kak Mbl oTMeudanu paHee B 3ToM pasaene, B SQL:1999 cneuudpuuupora-
Hbl HEKOTOPbIE OIEPaTOPhl, MO3BOILIOIINE U3MEHSATb TEKYHITHUH HACHTHU(DUKA-
TOp MOJIb30BaTENs M TeKyluee uMst poau SQL-ceccun.

Onepatop SET SESSION AUTHORIZATION

JIns1 usBMeHeHUsI TeKyLIEro UaeHTUUKaTopa moiab3oparessi SQL-ceccuu
MOXET UCOJIb30BaThCs OTEpaTop

SET SESSION AUTHORIZATION value_specification

Kak yka3biBaioch B JIeKIIUH 13, value_specification MOXET ObITb JIH-
60 suTepasoM (B JaHHOM CiIydae JUTEpaJIoM TUIla CUMBOJIbHBIX CTPOK), TUOO
BbI30BOM Huiaduueckodi (PyHKIIMH, TaKo#, KaKk CURRENT_USER, SESSION_USER
U T. 1. Eciu ykazaHHas crielu¢puKalusa 3Ha4eHHUs1 He COOTBETCTBYET TpeboBa-
HUSIM, MPEIbSIBISIEMbIM B peaiM3allMU K MpPEACTaBICHUIO HUACHTU(dHUKaTopa
MOJIb30BATEIs, ONepalMs U3MEHEHUS TEKYIero uneHTudrKaropa nojb3oBa-
TeJIsi aBapMMHO 3aBepIacTCs.

B cTannapTe Takxe rOBOPHUTCS, YTO €CJIM CrieLUMPHUKALIMA 3HAYCHHS, 3a-
JaHHas B onepauuu, ¢GopMalbHO COOTBETCTBYET TPCOOBaHUSAM, TIPEABABIISIC-
MBbIM K (hopMaTy HACHTH(HUKATOPA ITOJIb30BATE/sI KOHKPETHOM CHCTEMbI, HO B
JEHCTBUTSIBHOCTH HE MNPEICTABISACT uU3gecmublii cucmeme WACHTH(HUKATOP
MOJIb30BATEIsA, TO OHSTh XK€ (PUKCHUPYETCsI OIIMOKA, U ornepalus He BbIMTOJIHSI-
ercsi. JlommyckaeTcsi, yToObl B peaju3allMii NPUHUMAIOCh PEIIEHHE O CMEHE
UAeHTH(DUKATOpa TIONIb30BATENS] CECCUM ONHOBPEMEHHO C PETrHCTpaLiMei HO-
BOTO MAEHTH(PHKATOpA nosib3oBaTesi. OrpaHUYEeHHUs] Ha PErUCTPALIMIO TaKUM
Ccroco00OM HOBOTO TMOJIb30BaTENs TOXKE ONPEIEAIOTCS HA YPOBHE pEAIM3aLIMH.
ITocie ycnellIHOTO BHIIIOJIHEHHS Oreparopa SET SESSION AUTHORIZATION Te-
KYLIEEe UMST POJIM COOTBETCTBYIOLIEH CECCHM MPUHUMaeET 3HaYyeHHe NULL, TaKk
YTO TEKYIIMM authID 3TO# CeCCUM CTAaHOBUTCS 3adaHHOE 3HAYCHWUE UICHTH-
¢ukarTopa 1oJb30BaTes.

Orsith Mo HEOOXOAMMOCTH 3aberasi BIeped, 3aMETHM, YTO OMNEpallHio
CMeHbI TeKyHIero uneHTudukarTopa nonb3oearenst SQL-ceccuu He paspelia-
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Kypc OcHoBb 623 AaHHbIX

€TCs1 BBITOJHSATh BHYTPH KaKOM-THO0 TpaH3aKIIMH 3TOU ceccHu. MHaue Tepsui-
¢s1 6b1 CMBICTT IPUBUWJIETHIA TOCTYIIA, KOTOPHIMU PYKOBOJCTBYETCSI CUCTEMA TTPH
BHIMOJIHEHUH OTIepalidii BHYTPH TPaH3aK1IHH.

Oneparop SET ROLE

Jlasi cMeHBI TEKyIero MMeHH posi SQL-ceccMM MOXHO MCMOJIbL30BaTh
oneparop

SET ROLE { value_specification | NONE }

OrpaHH4YeHHSI HA BBITIQJIHEHUE OTEePALMM SET ROLE MOYTH COBMAAAIOT C
OnpelejIeHHbIMH B CTaHAAPTE OTPAHHYEHUSIMM Ha BBIMIOJHEHWE OTEPaluH
SET SESSION AUTHORIZATION. HaubGonee BaxHbie OTJIUYHS COCTOSAT B TOM,
4TO 3Ty ONEPALMIO OT UMEHH TEKYyLIero authID C€CCHMU BCErAa pa3pellaeTcs
BBIMOJIHATDL ISl POJIEH, KOTOPHIE IEPEAaHbl «IOJb30BaTeNO» PUBLIC WIH
JTaHHOMY TeKyllieMy authID, a TakxKe B TOM, YTO BCETAa pa3pelacTcs IpuMe-
HeHUEe KOHCTPYKUMH SET ROLE NONE. BhIONHEHHME MOCIeIHEN KOHCTPYK-
LIMM [PHBOAHUT K TOMY, 4TO 3HAY€HHUE TEKYLIETO UMEHHU POJIM CECCHUU CTAHO-
BHUTCSI HEOTIPEACICHHBIM.

3aMeTHM, YTO MPH CMEHE TeKyIlero HMeHH posiu SQL-ceccuu 3HaueHHE
TEKYILIETO MOJIb30BaTeIbCKOTO HICHTH(MUKATOPA CECCUM HE MEHSIETCS, TAK UTO
BIIOJIHE BEPOSITHO, YTO MOCJIE BHIITOJHEHUS OTEPALIUU U TEKYIIIUNA UIEHTU(DU-
KaTop, X TEKyIlIee UMS POJIM OYAyT UMETh 3HAUCHUS, OTIMUHBIE OT HEOIIPEIE-
JIeHHOTO 3HaueHus. 1 KkoHeuHo, onepalsi SET ROLE NONE GyaeT BHITTOJHEHA
YCIIEITHO TOJBLKO B TOM CJIydae, KOTAa 3HAUCHUE TEKYIIETO MOJIb30BaTEIbCKO-
ro HAEHTU(MHUKATOPA HE ABISAETCS HeonmpeaeJCHHbIM™.

AHHYNnUpoOBaHue NnpuBUNeruii u ponen

Eciu oT UMEHHU HEKOTOPOTro authID HEKOTOPbIE NIPUBUIETUS UIU PO-
JIK 6bUTH nepedaHbl OIHOMY WJIM HECKOJIBKMM JAPYIUM authID, TO BIOCIEA-
CTBHM MEPBbIM authID (B ceCCHUM, A€ 3TOT authID SBASETCA TEKYLLHUM)
MOXXHO U3bAThb, WIW GHHYAUPOGamb, IEPEIaHHbIE MTPUBUJIETUH WM POJIH IY-
TEM IPUMEHEHUS ornepaTopa REVOKE. Kak u B ciiydae nepegayv NpuBUJIETUA
U poJicd, crocoObl aHHYJIUPOBAaHUA MPUBUIIETHHA U POJIEH MOXOXHU, HO MEXK-
Iy HUMH UMEIOTCSI HEKOTOpbIe OTNHYUs. [103TOMY MBI CHOBa 06CYIUM 3TH
Ccroco6bl B OTAEJIBHOCTH.

* Kcrati, CTaHIApT TMOJHOCTBIO OTAET HA BOJIIO peaid3allvy crocob Toro, KakuM obpa3oM crie-
JIaTh HEOTIpeAe/IeHHBIM 3HAYEHKE TEKYLIETO MOJb30BaTEILCKOTO HAeHTHdMKaTopa SQL-ceccuu.
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AHHYNIUpOBaHue npuBuaernm

s aHHYJIMpOBAHHS NPUBIJIETHIT HCHOIBL3yeTCs orneparop REVOKE, omn-
penenseMblii CAeIyIOHIMM CHHTAKCHUECKHM IPABUJIOM:

REVOKE [ GRANT OPTION FOR] privilege_commalist
ON privilege_object

FROM { PUBLIC | authID_commalist }
[ GRANTED BY { CURRENT_USER | CURRENT_ROLE } ]
{ RESTRICT | CASCADE }

CHHTaKCHC KOHCTPYKIIMIA privilege W privilege_object Takoil xe,
KaK JUIA oneparopa GRANT. OOHIuii CMbIC/I ONepaliy JOLKEH OBITh MOHATEH
M3 CHHTAKCHCA: Y YKa3aHHBIX authID aHHYJIUMPYIOTCS yKa3aHHbI€ IIPUBUIETHH
JIOCTYTIA K YKa3aHHOMY OO0BeKTY 6a3bl JaHHKIX.

ITepBoii BaxHOH 0COGEHHOCTBLIO ONepaTopa aHHYJIMPOBAHUS TIPUBWIE -
TUH daBaAseTcsA 0053aTeJbHOCTL yKa3aHHSl OLHOTO M3 KIKUYEBBLIX CJOB
RESTRICT MM CASCADE. Eciu B onepaTope COOEPXHUTCSI RESTRICT, TO MpHU
BHIMIOJIHEHUU OMEPALIMU CUCTEMA TIPOBEPUT, HE MepedaBaiach JIM KaKas-Ju-
60 M3 yKa3aHHbIX IPUBWIETHH KaKUM-IM60 authID OoT TOro authID, y KOTO-
poro NMPUBWIETHA JOXKHA ObITh aHHYJIMPOBAHA (3TO BIOJIHE BO3MOXHO, €C-
JIY paHee MpUBUJIerysa O6buUla epedaHa ¢ npaBoM nepenauu). Ecau aTo neict-
BUTEJIbHO TaK, ONepaliksl He BHITIOIHAECTCS; B IPOTUBHOM Ciy4yae YKa3aHHbIe
TIPUBMWJIETHH Y YKa3aHHBIX authID aHHy/IMpYyloTcs. MHadve roBops, MpH Ha-
JIMMUM KJIIOYEBOTrO C10Ba RESTRICT HE OOMYCKAeTCsA, HAIpUMEpP, CUTyalus,
MoKa3aHHas Ha puc. 18.2.

authID1 ! authID2 »i authID3
R T “‘__-—'
prl Tee ¥ .-
object

Puc. 18.2. Ilepenava nosrydeHHON MPUBUIETUH

Ha sToM pucyHKe authID1 siBjisieTCA BianejblieM 06beKTa 6a3bl JaHHBIX
C MMEHEeM object W, cienoBarejibHO, oblanaer BCEeMU NPUBWICTUAMM Haj
3TUM 00BbeKTOM. ITYHKTHPHOI cTpeKoit 0603HaUeHa 0OHA U3 TTOAOOHBIX TIPH-
BWIETHH pri. OT UMeHH authID1 npuBwierus prl 6puta nepenadHa authlID2
BMECTe C TPHUBWJIETHEH Ha €€ AalbHEeHIIyio nepeaavy. HakoHel, oT UMEHH
authlID2 npuBHiIerHs prl 6suta nepeaana authID3. Torna onepalus aHHYIH-
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Kypc OcHoBbl 6a3 faHHbLIX

POBaHMs 3TOU NMPUBWIETUM OT UMEHHU authID1 y authID2 MpU HATUYKUM KITIO-
YeBOro ¢j10Ba RESTRICT He OYAET BBIMOJHEHA YCMEUIHO.

B Toii Xe cuTyalluM MpUBWIerHs Obia Ob1 aHHYJIMpOBaHa Uist aut hID2 (4
IS authID3), eciiM Obl B oneparope GRANT MPUCYTCTBOBATO KJII0YEBOE CJIOBO
CASCADE. B o011ieM ciydae €cjiv BBIMOJIHSETCS onepauus REVOKE ... CASCADE,
TO yKa3aHHBIEC TPUBWIETUH aHHYJIMPYIOTCS Y BceX aut hID, MPSIMO WIH KOCBEH -
HO (4epe3 MPOMEXYTOYHBIE authID) MOJYYUBIIMX MPUBWIETMHN OT TEKYILETO
authID SQL-ceccuu, B KOTOPO# BBHITTOIHSETCS JAHHAsI OTlepaLUs.

Ecnu B oneparope conepxurcst pa3nes GRANT OPTION FOR, HO UMEETCS
KJII04eBOe CJI0BO RESTRICT, TO YKa3aHHble NMPHUBWIETHH MJISi YKa3aHHBIX
authID He aHHYJHUPYIOTCS, HO Y YKa3aHHBIX authID aHHYJIUpPYeTCs [IPUBUIIE-
I'Ms1 TIepeJayy JaHHBIX TPUBWICTHH (onepaLus J0JIXXHA YCIEIIHO BBIMOJHATh-
¢Sl TOJIBKO TIPH CODJTI0IeHUH 00CYXXIABIIMXCS paHee YCII0BUI). ONHAKO €CJIH B
orepaTope 0JHOBPEMEHHO COAEPXATcsl U GRANT OPTION FOR, M CASCADE, TO
yYKa3aHHble MPUBWIETHHM aHHYJHUPYIOTCS ¥ BceX authID, KOTOphIE MPSIMO WIH
KOCBEHHO (4epe3 MPOMEXYTOYHbIE authID) MOJMyYUIU MPUBWIETHH OT TEKY-
mero authID SQL-ceccuM, B KOTOPOH BBITIOJNHSIETCS JAHHAS OTEPALIMS.

3amaHue B oTiepaTope HeoOsI3aTeIbHOTO pa3iesia GRANTED BY Mo3BoJisieT
SIBHO YKa3aTh, YTO JOJIXKHO MCITOJIb30BaThCSl B KAYECTBE TEKyHIero authID —
TEKYILMIA [0Jb30BATEIbCKUI HISHTU(HUKATOP WIM TeKylluee uMs pos SQL-
ceccun. Ecnu pa3nen GRANTED BY B oneparope REVOKE HE COAEDPXKHUTCS, TO
JEUCTBUS IPOU3BOASTCS OT MMEHH TeKylllero authID SQL-ceccuu (0 TOM, Kak
OH ONpEIEsACTCS, CM. BhILIE).

Ecnm Texyiuumii (WIM yKa3aHHBIN) authID He 06anaeT HA OAHOM U3 yKa-
3aHHBIX B orepaTope REVOKE NPUBWIETHIA, TO BHIMOJIHEHHE ONIEpaLiMK He TIpo-
u3Boautcs (pukcupyercsa ommodka). Ecnm authID o6nanaeT HEKOTOPBIMU, HO
He BCEMH, MPUBWIETHSIMU U3 YUC/IA YKA3aHHBIX, TO OTEPALUS BBITOIHAETCS MO
OTHOLLEHMIO K 3TUM HEKOTOPBIM MIPUBMJIETHAM, HO BBIIAETCS MPEAYTIPEXICHHE.

Bo3MoXxHBI CMTyallMH, KOTa Y HEKOTOPOTrO authID OCTaeTCs HEKOTOpas
TIPUBWIETHS T10CJIE€ BBIMOJHEHUSI OI€palluM aHHYJIUPOBAHUSL ¥ 3TOr0 authID
3TOoi npuBMIerun. OHa U3 TAKWUX CUTYALIMA TPOUJUTIOCTPUPOBaHA Ha puc. 18.3.

authIiDl » authlID2 » authID3
o 3 '7
e - ! Phle -
prl ==~ ¥ .-
object

Puc.18.3. KocBeHHas U npsiMasi nepegada MpUBHIETHIH
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3necs mpuBwierus prl nepegaHa oT authID]1 K authID2 BMecTe ¢ Ipa-
BOM Ha JaJbHEHINYIO MIepeaady 3ToH IpUBWIErHH. Janee, IpUBWIETHA prl me-
penaercsi oT authID2 K authID3. M 3aTeM BbBINOJHAETCA NpsMasi mepenaya
MIPUBWIETHH OT aut hID1 K authID3 (Ha caMOM neJie, OPSIOK TaKUX ACHCTBUI
He SIBJISIETCA CYLIECTBEHHBIM). Teneph MpearnoaoXnuM, 4To OT UMEHM authID1
BBITIOJIHAETCA OIepaLus

REVOKE prl ON object FROM authID2 CASCADED

B cooTBercTBMM ¢ npaswiaMu SQL:1999 nocie BEIMONHEHUA 3TOM Ome-
pauMy aut hID3 OYAET MPOAOJLKATh BIaleTh IPUBWIETHEH prl ITO OTHOIIEHHIO
K 00BEKTY object, MOCKONBKY MOJIYYWI JAHHYIO IPUBWIETHIO 08YMSA pa3HbIMU
cnocobamu. ITpybo romops, omepauuss REVOKE, BEITOJHsSEeMas OT HMEHH
authID1, BEITIOJHSAETCSA TOJIBKO IO TEM MYTAM I'pada UACHTUDUKATOPOB aBTO-
PHU3aLUHU U 0OBEKTOB 6a3bl JAHHBIX, KOTOPbI€ HAYMHAIOTCS C Y3JI0B, COOTBETCT-
BYIOIIMX authID, YKa3aHHbBIX B pa3aese FROM 3TOH onepaiyu.

Janee, HAaMOMHMM, 4YTO €CJIH IpH nepedade OT authIDl K authID2
TNPUBWJIETUH Ha BBIITOJIHEHUE HEKOTOPBIX AeHCTBUH HaJ HEKOTOPOH Tabiau-
e T (Hanmpumep, UPDATE) SIBHO HE YKa3bIBAETCSA CIIUCOK MMEH CTONOIIOB
3TON TabJaULUBI, TO NMPUBWIETHS PacIpOCTPaHAECTCA Ha BCe CTONOLBI 3TOH
TabaULBbl (BKJIOYAs CTOJOLBI, KOTOPBIE, BO3MOXHO, €llle OYIYT CO3daHbI).
Ecau neiicTBUTEIbHO UCMIOIB30BAJICS TAKOM CIIOCOO Nepeaayy NpuBUIECTUH,
TO B JaJbHEHILIEM MOXHO aHHYJIMPOBAaTh MPUBWJIETHIO authID2 HA MOINDHU-
KalMi0 OTHEJbHBIX (YX€ OIpenescHHBbIX) CTOJOLOB TabMMLBl T, OCTABUB
NPUBUWIETHIO Ha MOOUMHKALMIO BCEX OCTAJNbHBIX CTONOLOB (BKJIHOYas Te,
KOTOpBIE €Ille He CO3IaHbI).

M nocnenHee 3amevanue. Ecay HekoTOpasi npuBMiIerus ObuUia nepeaaHa
rncesnoauthID  PUBLIC, TO, KOHEYHO, 3TOM TpUBWIErHer oOnamaioT Bce
authID. Ho HeT BO3MOXHOCTH aHHYJIHMPOBATh TAKYIO NPUBWIETHIO Y OTAEIBHO
yKa3biBaeMoro authID. IlpuBuierns Obuta IepegaHa BceM, M aHHYJINPOBATh €€
MOXHO TOJIBKO Cpa3y y BCEX.

AHHYNIMpOBaHue ponen

BapuaHT oneparopa REVOKE, UCIIOJIb3YeMbIi 11 aHHYJIMPOBAHMSA POJIEH,
BBITJISLANT CJEAYIOIIMM 0Opa3oM:

REVOKE [ ADMIN OPTION FOR ] role_name_commalist
FROM { PUBLIC | authID_commalist }
[ GRANTED BY { CURRENT_USER | CURRENT_ROLE } ]
{ RESTRICT | CASCADE }
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Kypc QOcHosbl 633 AaHHbIX

JleiicTBHE oIepaliii aHHYJIUPOBAHUSA POJieil OYeHb ITOXOXE Ha MefCTBHE
ornepalMy aHHYJTHPOBaHUA MPUBWIETHA. OTIHYHE COCTOUT B TOM, UTO aHHY-
JIUPYIOTCS He TIPUBHJIETHH, a POJIH, a TAKKE B TOM, YTO Ui AHHYTHPOBAHUS
MIPUBWIETHH HA TIepeaadyy poJid UCIIONb3YETCA pa3aen ADMIN OPTION FOR*.

Ynpasnexue TpaH3akuuamu B SQL

O6sacTh OpraHM3allMy TPAH3AaKIWHA W YIIPABICHHA HMH HACTOJBLKO IH-
POKa, YTO 3aCyXHUBAET OTAEJBHBIX KHHUT M YU4eOHBIX KypcoB. B 3TOM Kypce Mbl
OrpaHHYMMCH PaCCMOTPEHHEM BOIPOCOB YIIPAaBJIEHUS TPAH3aKLUIMH B TIpe-
Jejax craHaaprta s3eika SQL.

ACID-Tpansakuusa

B SQL:1999 nmoamepxuBaeTcs KjIacCHUYECKOe MMOHMMAHWE TPaH3aKIIUH,
xapakTepusyemoe abbpeBuarypoit ACID (OT Atomicy, Consistency,
Isolation ¥ Durability). B COOTBETCTBUM € 3TUM MOHSATHUEM O] TPAH3AK-
LIMeH pa3yMeeTcs IoCIea0BaTebHOCTD Ollepaluii (HarpuMep, Haa 6a3oi naH-
HBIX), o6agapiias CleayoiuMU CBOUCTBAMU.
® Amomaprocms (Atomicy). DTO CBOMCTBO O3HAYAET, YTO PE3YJBTAThl BCEX

OIepallMii, YCIIEIIHO BHITOJIHEHHBIX B ITPEAeIaX TPAH3AKIIMH, AOJXHbBI OBITh
OTpaXeHbl B COCTOAHHH 0a3bl NaHHBIX, JIUOO B COCTOSTHMM 0a3bl JaHHBIX
HE JOJDKHO OBITh OTPaXeHO MeHCTBHE HH OAHOH onepali (KOHEYHO, 31€Ch
pedb HAET 00 ornepalusIX, U3MEHSIOMINX COCTOSTHHE 0a3bl JaHHbIX). CBOMCT-
BO aTOMAapHOCTH, KOTOPOE YacTO Ha3bIBAIOT CBOMCTBOM «BCE MJIM HUYETO»,
MO3BOJISIET OTHOCUTBCS K TPAH3aKLIMH, KAK K IMHAMUYECKHU 00pa3yeMoi Co-
CTaBHOM onepaluy Hax 6a30il MJaHHBIX**.

o Coenacosannocms (Consistency). B KIacCUMUeECKOM CMBICIE 3TO CBOMCTBO
03HAYAeT, YTO TPaH3aKLIUSI MOXET OLITh YCIIEIIHO 3aBepIUCHA C gukcayuell
PE3YJIBTATOB CBOMX OIEPALIMi TOJIBKO B TOM CIy4ae, Koraa AeMCTBHUS ollepa-
LIMI He HApYLIAIOT LIEJIOCTHOCTD 6a3bl JaHHBIX, T. €. YIOBJIETBOPSIOT HAbOpY
OrpaHWYEHHH LIEJIOCTHOCTH, OMNpENENeHHBIX i 3TOoM 6a3bl maHHBIX. B
cra"aapre SQL: 1999 310 cBOICTBO paclUUpsSIEeTCs TEM, YTO BO BpEMH BBHITION-
HEHHUs TPAH3aKIIMW pa3pellaeTcsl YCTAaHABIMBATb TOUKH COTNTACOBAHHOCTH
(CM. HMXXE IIPO TOYKM COXpPAaHEHHMS) ¥ SIBHBIM 00pa3oM IPOBEPSITh OrPaHH~
YeHHS LEJTOCTHOCTU***,

* B 1eiCTBHTEILHOCTH, KaK BUAHO U3 IIPHUBEACHHBIX ONIHCAHUM, BADUAHTRI OTIEPATOPOB GRANT H
REVOKE [Tl IPUBWIETUH U POJIEH HACTOJIBKO OJIU3KH, YTO HEIIOHATHO X CHHTAKCHYECKOE pa3ie-
JIEHHE, KOTOpOEe, OUEBUAHO, YCIOXHSET peain3aunio. Kak kaxercs, 310 pasgeneHre He obocHO~
BaHoO B cTanaapte SQL:1999.
** B ob1uem cayyae cocTaB M NMOPAIOK BBITOJHEHHS Ollepalyy, BLITIOTHIEMbIX BHYTPH TPaH3aK-~
MM, CTAHOBHUTCSL U3BECTHBIM TOJLKO Ha CTAIHH BLITONHEHHS.

*** Yurareneil MOXET CMYTUTh Tapa/UlejibHOE MCIIOAb30BAaHHE TEPMUHOB CO21ACOBAHHOCMD U
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Nexuua 18 AsTOpU3auMA AOCTYNA K AaHHBLIM, YNpasneHne TpaH3akuMAMU U CECCUAMMN

¢ H3onayus (Isolation). Tpebyercs, 4ToOB IBE ONHOBPEMEHHO BHINOJHSE-
MEIE TPAH3aKUUU* HUKOUM 00pa30oM He AeHCTBOBAIM OJHA Ha Apyryw. Apy-
TMMM CJIOBAMHU, PE3YyJbTAThHl BHIIIOJHEHHS OIepallvid TpaH3akUMKU T1 He
JOJDKHBI OBITH BUIHBI HUKAKOH ApYroil TpaH3akUMK T2 OO TeX Iop, NoKa
TpaH3aKUMs T1 He 3aBePIIHUTCS YCIICIIHBIM 00pa3oM.

® Jloseoseurnocms (Durability). Ilocne ycreIHOTO 3aBEPUICHUS TPAH3aKIIMU
BCE UBMEHEHHS, KOTOPbI€ OBLTM BHECEHBI B COCTOSTHUE 0a3bl JAaHHBIX OIEpa-
LIMSIMH 2TOM TPaH3aKLIMM, TOJDKHBI TADAHTUPOBAHHO COXPAHATHCS, JaXe B
cryyae ¢00eB anmaparypel Hiv IPOrpaMMHOTO 00ECIICYCHHA.

MopoxaeHune TpaHsakuui 8 SQL: 1999

B cootBeTcTBMM co cTaHAapToM si3bika SQL:1999 tpaH3zakuuu™** Moryr
00pa30BBIBATLCS IBHBIM 00Pa30M C UCIIOIB30BAHHEM OnepaTopa START TRANS-
ACTION, nGO HesIBHO, KOTAA BEIMOJHSETCS OMEpaTop, A1 KOTOPOro TpeGyercs
KOHTEKCT TPAaH3aKLIMM, a 3TOr0 KOHTEKCTa He cylecTByeT. HanpuMep, onepa-
TOpBI SELECT, UPDATE WM CREATE TABLE MOTYT BBITIOJTHATHCS TOJBKO B KOH-
TEKCTe TPaH3aKUMM, a U1 BBIMOJHEHHS omepatopa CONNECT (cM. pasmen
«[TomKTIOYEeHUS M CECCHUM» ) TAKOI KOHTEKCT He TpeOyeTC s, U BBITIOJTHEHHE OT1e-
paTtopa CONNECT He IPHUBOIMT K HESIBHOMY 00pa30BaHUI0 TpaH3akuMM. s 3a-
BEpILEHHUS] TPAH3AKLMU JOIXKEH ObITh ABHO UCITONB30BaH OJUH U3 IBYX OIepa-
TOPOB — COMMIT (TpeGoBaHME 3aBEPLIMTE TPAH3AKIIMIO ¢ DUKCALIUEI ee PE3YIb-
TATOB) WIM ROLLBACK (TpeGoBaHHMe 3aBepLUMTh TPAH3aKIIHIO C YIAIEHHUEM pe-
3YJITATOB BCEX BBIMOJHEHHEBIX ONEPALIMif U3 COCTOSIHUSA Ga3bl JAHHBIX**¥),

YcraHoska XapaKkTepucTuK TpaH3akymm
Y Kaxzaoit BBINOJTHSEMOM TpaH3aKIIU1 HMCHOTCA TPH XapaKTCPHUCTHKH,

3HAYECHUSA KOTOPBIX CYIIECTBEHHO BJIMSIOT Ha NEHCTBHSA CUCTEMBI IIPH YTIPaB-
JIEHUW TpaH3aKIilMel, — ypogenb usoaayuu (isolation level), pexcum docmyna

yeaocmuocms. C TOYKH 3pEHUS aBTOPA 3TOTO Kypca, B KOHTEKCTe 6a3 JaHHBIX 3TH IBa TepMHHA
3KBUBICHTHBI. EXUHCTBEHHBIM KPUTEPHEM COTJIACOBAHHOCTH JaHHBIX ABIAETCH HX YEOBJIETBO-
peHHe OrpaHNYEHUSIM LEJIOCTHOCTH, T. €. 6a3a JaHHbIX HAXOLUTCS B COTJTACOBAHHOM COCTOSIHMH
TOTZA ¥ TOJBLKO TOTZA, KOTAa OHa HAXOZUTCS B HIETOCTHOM COCTOSIHUH.

* 31ech MBI ONISITh CTAJIKHBAEMCS ¢ TEPMHHOJIOTHYECKOMN TPYAHOCTBIO, CYLIECTBYIOLIEN YK€ MHOTO
JieT. B aHIMOA3BIYHON TEPMUHOJNIOTHY UMeeTCs 3aMedaTebHbli TEPMUH Cconcurrent, KOTOPBIA co-
OTBETCTBYET KaK pealbHO NapauleIbHOMY, TaK U KBazulapaJlieIbHOMY BBITTOJTHEHHIO TPaH3aKIMHA
(nw1u mpoiieccoB). PyccKuil 3KBUBAJIEHT 00H08peMEHHbIL HE COBCEM TOYHO COOTBETCTBYET CMBICITY
OPMTrHHaa, HO JIYYIIero BapUaHTa NOKa HeT.

** [IpaBuibHee ObUTO OBl TOBOPUTb SQL-mpan3axyuu, Ho B 3TOM Kypce MBI He 06CyXIaeM IpYyTHe
MOIENTHU TPaH3aKUMA U NMO3ITOMY OyZeM HCMONb3OBaTh TEPMUH <«TPaH3aKIMs» B cMbicie SQL-
MPAH3AKYUA.

*** B pyccKoi TEpMHHOMOTHH TSI KPAaTKOH XapaKTepHCTUKM 3TOTO AEHCTBUS YaCTO MCIIOJIb3YeTCs
HE 0YeHb 3JIETAHTHBINA, HO TOYHO OTPAXAIOLIWIA CYTh NPOUCXOAALIETO TEPMUH 0micam TPaH3aKIMH.
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Kypc OcHoBbl 6a3 gaHHbIX

(access mode) v pasmep obaacmu duaenocmuxu. TIpu HessBHOM 0Opa3oBaHUHU
TPaH3aKIWH 3TH XapaKTePUCTUKU YCTAHABIHBAIOTCS 110 YMOJTYAHMIO: TPaH3aK-
LM TIOJyYaeT MAaKCHMAJIbHBIA YPOBEHb MU3OJISIIMH OT OJHOBPEMEHHO BBIMOJI-
HSIEMBIX TPAH3AKIIMI{; PEXUM JOCTYTIA, MO3BOJAIOUIMNA BBIMOIHITL U OIepa-
LMK BLIOOPKH, M OTiepallii OOHOBIEHUS 6a3bl JAHHBIX; U Ha3HAYaeMbId IO
YMOTYaHHIO pa3Mep 00JIaCTH TMAaTHOCTUKH.

Ecnn 3HaueHHs XapaKTepUCTHK TPAH3aKIIMH, YCTAHABIMBAEMBIX II0
YMOJTYaHHI0, B HEKOTOPOM CNy4yae He SIBASIOTCSI MPUTOTHBIMH, TO /IO BBHIITOTHE-
HMSI OIIEpaTopa, HESIBHO HHULIMUPYIOLIETO TPAH3aKLHIO, MOXHO SIBHO YCTaHO-
BHUTb XapaKTEePUCTHUKH JaHHOM TPaH3aKIMU C UCITOJIb30BAHMEM OIepaTtopa SET
TRANSACTION. DTOT ONEPATOP OMPEALTSETCS CACAYIOLUIUMH CHHTAKCHYECKUMH
NpaBUJIAMU:

SET TRANSACTION mode_commalist
mode ::= 1isolation_level
| access_mode
| diagnostics_size
isolation_level ::= READ UNCOMMITED
{ READ COMITTED
| REPEATABLE READ

| SERIALIZABLE
access_mode ::= READ ONLY
| READ WRITE
diagnostics_size ::= DIAGNOSTIC SIZE value_specification

OriepallMio YCTAHOBKM XapaKTePUCTHK TPAH3aKIMU HEb3s] BHITIONHSATD B
KOHTEKCTE KaKOM-IH00 aKTHBHOM TpaH3aKUMH. BHIMTONHEHWE onepalliy 10-
ITYCTHMO TOJILKO JI0 0Opa30BaHHUA NepBoit TpaH3akuuu SQL-ceccun unm Mex-
JIy TTOCJICAOBATEILHO BBITIOIHAEMbIMA TpaH3aKUUSIMHU 3TOH ceccuu. B omHoM
omneparope SET TRANSACTION MOXHO 3a1aTh TOJILKO IO OJHOMY 3HAYCHHIO
KaXI0H U3 TpeX XapaKTepHUCTHK, HO JOIYCKAETCs MTOCIENA0BAaTEeIbHOE BBIMION-
HEHHE HECKOJIBKHX TAKHMX OTIEpallMii ¢ pa3HBIMH OINEpaHIaMu.

Kax BUAHO M3 CHHTAKCHUECKMX NPaBWII, Y XapaKTepUCTHKHU pexcum do-
cmyna MOXeT ObITh YKa3aHO OJHO M3 ABYX 3HaUYC€HWI — READ ONLY WJIM READ
WRITE. Ecan ycraHaBiIMBaeTcs pexXUM READ ONLY, TO B TpaH3aKIIMHU HENb3s Oy-
JIET BBIIOJIHATH HUKAKKE OMNEpalliM, H3MEHSIOLINE 6a3y JaHHBIX, B TOM YHCIIE
omnepaly OOHOBJIEHHUs TAOJHII M OMpeAcTeHUs] HOBBIX OOBEKTOB 0a3bl JaH-
HbIX. Eciu pexXuM gocTyna siBHO He YKa3bIBA€TCsl, 10 YMOJTYaHUIO IPUHUMAET-
€ XapaKTepUCTHKa READ WRITE, €CJIM TOJBKO B KaUeCTBE 3HAUCHMS XapaKTe-
PUCTHKH YPoBeHb U30A8UUU HE YKa3bIBaeTCa READ UNCOMITTED (B 3TOM cJiyyae
YCTaHABJIMBAETCS PEXUM JOCTYNA READ ONLY).
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JNlexums 18 ABTOpU3aLMSA AOCTYNA K 4aHHLIM, YpaBNeHne TpaH3aKuMsiMU 1 CECCUAMM

Ecnu ykasbiBaeTcsl pasMep o01acTH AMAarHOCTUKU, TO MOCTE KIKYEBHIX
CJIOB DIAGNOSTIC SIZE AOJXKEH CJIe10BaTh LIeJIOYUCIEHHBIN JIMTEPAN, OIIpEae-
JITIOIIM M YUCIO JMATHOCTUYECKHUX 3JIEMEHTOB, KOTODBIE JOJIXKHBI Pa3MeCTHUTh-
¢ B 00J1aCTH JUATHOCTUKH (YUCIIO UCKIIIOUUTEIbHBIX CUTYaLIMH, IIpeayTpeX-
JeHHH, coob1IeHU M 00 OTCYTCTBMM JaHHBIX U 00 YCIEUIHOM BBITIOJTHEHUH, KO-
TOpblie OyOyT BbIpaGaThIBaThCS IIPU BLIITOTHEHUM OIIEpaTOPOB BHYTPH Oynylieit
TpaH3akuuu). Ecau pasMep o6JacTH IMarHOCTUKU SIBHO HE YKa3bIBa€TCs, TO
peliIeHHe 0 pa3Mepe 3TOM 06JIacTH IIPUHUMAETCS B peau3alumn™.

YpoBHU U30aALMH OyayT NOAPOOHO 0OCYXIAaThCA HUXE, HO 3[IECh MbI 3a-
METHM, YTO €CJIM 3HAaYEHUE YPOBHS U3OJISILIMU SIBHO HE 3aaHO, TO 10 yMOJI4a-
HHIO NIPUHUMAETCS YPOBEHb U30MSLMU SERIALIZABLE. KpoMe Toro, ene pa3
00paTUM BHHMaHHE YUTATeNeH, YTO OAHOBPEMEHHOE 3aiaHue YPOBHS M30J15-
IIMY READ UNCOMITTED M pexXuMa A0cTyna READ WRITE He JOITYyCKaeTCs.

Eume omHa WHTEpeCHas OeTajb OIEPATOPA YCTAHOBKM XapaKTEPHCTHK
TpaH3aKLUU COCTOUT B TOM, UTO BBIIIOJTHEHUE KaXIOro CAEAYIOUIErO OMNepaTo-
pa SET TRANSACTION MOJHOCTBIO ITepeKphiBaeT 3(pdEKT BLITTOTHEHUS TIPeabi-
JYLIEero Takoro oreparopa. B 4acTHOCTH, eCJIM B IPeIBIAYIIEM OIlepaTope SB-
HO 3a1aBaJIOCh 3HAY€HUE HEKOTOpPOWU XapaKTEpUCTUKH, a B CIENYIOUIEM 3TO
3HaYeHHE NMPUHUMAETCS 110 YMOJIYaHUI0, TO UMEHHO 3HaY€HHUE 10 YMOJYaHHUIO
OyaeT ABAATLCS 3HAYEHUEM XapaKTEPUCTUKHY TPaH3aKLHH.

SIBHasi MHULMALNA TPaH3aKLUN

st sBHOTO 06pa30BaHMsA TPAH3aKIWH [TOAIEPKUBACTCS ONepaTop START
TRANSACTION, onpeaenseMblil CIeNyIOIMMH CHHTAKCHYECKHMHU TTPaBUIAMM:

START TRANSACTION mede_commalist

DTOT onepaTop 04eHb MOXOX Ha SET TRANSACTION. ETMHCTBEHHOE (XOTS
Y OYEHb CYLLECTBEHHOE) OTJIMYME COCTOUT B TOM, UTO BBINIOJIHEHHE ONlepaTopa
START TRANSACTION NPUBOIMT HE TOJBKO K YCTAHOBKE XapaKTEPUCTHUK TPaH-
3aKLMH, HO M K PEATbHON MHUIIMALIMY TPAH3aKLUHU.

YpoBHUu usonaumu SQL-TpaH3akuuu

B cranmapre SQL:1999 ypoBHM U30JSLIMM ONpenesIIOTCS Ha OCHOBE
HECKOJbKHUX (PeHOMEHOB, KOTOpble MOTIYT BO3HHUKAThb MPH BHITOJHEHUHU
TpaH3aKIIUIT**.

* B atoM Kypce Mbl He OyaeM Golee mMoapobHO 00CYXIATh CMTOCOOB! MOMydeHHS K 00paboTKH IH-
arHOCTHYECKUX COOOIIEHUH, MOCKOIBKY 3TO MOTPeBOBaNIO Obl MPUBISYEHHUS CIHILIKOM 0OIbIIOro
YHCSIa TEXHUYECKUX IeTANei, HE CIULLIKOM CYILIECTBEHHBIX 11 00111ero MOHUMaHHS SI3bIKa.

** B neitcTBUTEILHOCTH, 3TOT MOAXo/ ObLT BBEIEH ellle B mpoekTe System R.
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Kypc OcHoBb! 623 JaHHbBIX

PeHOMeH «rps3aHoro» yrenns (dirty read)

DTOoMy (beHOMEHY MONBEPXeHBI TPAH3aKIIMU, B KOTOPHIX IOIYCKAaeTCs
BO3MOXHOCTb BHIETh U3MEHEHUSI OOBEKTOB 6a3bl NAHHBIX, POM3BOIUMLIE
JIPYTHMH OJHOBPEMEHHO BBITIOJTHSEMBIMH W elle He 3apUKCUPOBAaHHBIMH
TpaH3akIuaMU. [TpocToii npuMep (heHOMEHa «epsA3Ho20» UTEHHUS T0Ka3aH Ha
puc. 18.4.

Bpems
HN3meHeHue

obbekTa 0 | Y tl

YreHnue »
- t2

06bekTa 0
\
COMMIT - £3
Y

ROLLBACK | t4

Puc. 18.4. ®eHOMEH «IpsI3HOTO» YTCHHS

Ha 3ToM pHCyHKe MOKa3aHo, YTO B MOMEHT BPEMEHH t 0 ObLIHM 00pa3o-
BaHBI IBE TpaH3aKIUM T1 U T2. B MOMEHT BpeMeHH t1 TpaH3aKUMA T1 yc-
MEUIHO BHIIMIOJHAET Olepaluio MOAUGHUKALIMU HEKOTOPOro 00beKkTa 0a3bl
JaHHBIX O. B MOMeHT BpeMeHHM t2 (t2>t1) TpaH3aKLHS T2 YUTAET OOBEKT
0, TIOCJIE YEro YCIIEIHO 3aBepliaeTCs] B MOMEHT BpeMeHH t 3. TpaH3aKIIUs Xe
T1 3aBepHIACTCS B MOMEHT BPpEMEHH t4 (t4>t3), IpUYEM B HEH BBHITIOJIHS-
eTcsl oneparop ROLLBACK, 4TO IIPUBOAMT K JTUKBHAALIMU B 6a3e JaHHBIX T10-
CIIeICTBUIT U3MeHEeHHMs 00beKTa O. B pe3ynkraTre 0Ka3hBaeTCsd, YTO B TpaH-
3aKIIUM T2 00pabaTHIBAIMUCH AAHHBIE, KOTOPHIE PEAJbHO HE CYIUECTBYIOT B
0a3e JaHHHBIX (OTCIONA ¥ TEPMHH <«2pPA3Hbie» OaHHbIE).

B SQL ¢peHOMEH «I'psSI3HOrO» YTEHUST MOXET HabJIIOAATHCS Y TPAH3AKIIUM,
BBHITIOJIHAIEMBIX HA YPOBHE U3OJISIIIMH READ UNCOMMITTED. PeKOMEHOYeTCH UC-
MOJIB30BaTh 3TOT YPOBEHb U3OMSAILIMUA TOJABKO B TEX TPAH3aAKLHUSX, U1 BHITIOJ-
HEHHSI (YHKIIMH KOTOPHIX TOYHBIC HAHHBIE HE 0OsI3aTE/NbHBI (HAIpUMEp, B
TpaH3aKIIHAX, [IPOU3BOAAIIHUX CTATUCTHUECKYIO 0O6paboTKY).
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Nexuuna 18 ABTOpPU3aUMA NOCTYNa K JaHHbIM, YNPasNeHUe TpaH3aKuVAaAMU U CECCUAMU

deHOMeH HenoBTopsieMoro Yyreuns (unrepeatable read)

DTOoMy (PeHOMEHY ITOABEPXEHBI TPaH3aKIIWM, YUTAIOLIUE HEKOTODHIE
00BeKThl 0a3bl JAHHBIX U JOITYCKAIONIHE U3MEHEHUS YK€ TIPOYUTAHHBIX 00b-
€KTOB IPYIrUMH TpaH3akiusaMu. Ilpumep ¢eHOMEHa HEMOBTOPSIEMOTO YTEHUS
MoKa3aH Ha puc. 18.5.

Bpewms
T1 - T2 |- to
Yrenne B
¥ obpekTa 0 | tl
Hsmenenne | P
obbekTa 0 | Y ¢

YreHue » 3

obbekTa O | ¢

Puc. 18.5. ®eHOMEH HEMOBTOPSIEMOIO YTEHUS

Ha 5ToM pucyHKe Ioka3aHo, YTO B MOMEHT BPEMEHH t 0 ObLTU 00pa30BaHbI
IIBe TpaH3aKUMU T1 ¥ T2. B MOMEHT BpeMeHM t1 TpaH3aKLMs T2 BBHIIOIHSET
ONEPALMIO YTEHHST HEKOTOPOTO O0LeKTa 6a3bl JaHHBIX O (HANPHUMED, MPOU3BO-
IUT BLIOOPKY CTPOKM U3 TaOJIHLBI C YKa3aHHEM 3HAYEHHUS MEPBUYHOIO KJII0Ya).
B MoMeHT BpeMeHU t2 (t2>t1) TpaH3akuus T1 u3MeHseT o0beKT O (Moaudu-
LUPYET WIH aXe yaausieT). B MoMeHT BpeMeHU t3 (t3>t2) TpaH3akuus T2 Mo-
BTOPHO CUHUTHIBAET OOBEKT O U OOHAPYXHBAET, YTO OH U3MEHUJICS VUTH BOBCE OT-
CcyTcTBYeT. JIpyTMH CJIOBaMM, B TPaH3aKUHUHU T2 MOBTOPHOE BLITIOJIHEHHME BHI-
60pKu 00BbeKTa 6a3bl TAHHBIX O 1AJI0 PE3YJIBTaT, OTJIMYHBINA OT pe3yJibraTa nepBo-
IO BBHITMIOJTHEHHUS (OTCIOA ¥ IPOUCXOUT TEPMUH «HENOGMOPAEMOE HMEHUEY).

B SQL ¢eHOMEH HEIMOBTOPSIEMOTO YTEHUS] MOXET HAOMI0IaThCSA y TpaH-
3aKLKH, BBITOJTHAEMBIX Ha YPOBHE M30JSUMU READ COMMITTED (3TOT yPOBEHb
U30JISILIMMA, KaK TTOKa3bIBaET €r0 Ha3BaHUE, rapaHTUPYET OTCYTCTBUE (DeHOME-
Ha «IPSA3HOTO» YTCHHUST).
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Kypc OcHoBbI 633 JaHHbIX

PeHOMeH paHTOMOB

DTOMY (beHOMEHY MOJABEPXKEHBl TPAH3aKLIWH, MPOU3BOISILINE BHIOOPKY
CTPOK M TabJMIL 6a3bl NAHHBIX U JOITYCKAIOUINE NOOaBIEHNE K TAHHBIM TaOMu-
LIaM JpYTUMH TPaH3aKLHSIMU CTPOK, KOTOPbi€ YIOBJIETBOPSIOT YCJIOBHIO BbI-
6opku. IlpuMep peHoMmeHa (aHTOMOB [TOKa3aH Ha puc. 18.6.

Bpemsi
T1 - T2 ot t0
Bribopka u3
\
TaOJIMLBI R 11O |- t1
HobapneHue K YCJIOBHIO C
Tabnuue R CTPoK, |
YIOBJIETBOPSIIOLIUX | 7 t2
YCJIOBHIO ¢ Buibopka U3
TabJIMLBI R [10 | t3
¥ YCJIOBHIO C

Puc. 18.6. ®eHoMeH paHTOMOB

Ha 3ToM pucyHKe rmokKa3aHo, YTO B MOMEHT BpeMeHM t 0 ObUTH oOpa3oBa-
HBI IBe TPAaH3aKLUWHU, T1 U T2. B MOMeHT BpeMeHH t1 TpaH3aKLUMs T2 BBIIOJI-
HSIET OTepaluio BRIOOPKH CTPOK U3 TAOJIMIIBI R IO YCJIOBUIO ¢. B MOMEHT Bpe-
MEHM t2 (t2>t1) TpaH3aKuMs T1 BBINOJHAET HAl TabaulLel R oriepauuio oo-
HOBJICHUS (BCTaBKM WM MONMPHUKALIMK CTPOK), B pe3yJibTaTe KOTOpoi B Tab-
JIMIIE R NOSIBJISIIOTCS JOTIOJIHUTENbHBIE CTPOKH, YIOBJIETBOPSIOLINE YCIOBUIO C.
B MoMeHT BpeMeHM t3 (t3>t2) TpaH3aKLus T2 NOBTOPHO BBHIMOJHAET Ollepa-
LIIO BBIOOPKM CTPOK U3 TaOIULBI R MO YCJIOBUIO ¢ U OOHApYXUBAET HATUYUE B
pe3ynbTare NONOJHUTEIbHBIX YaHMOMHbIX CTPOK.

B SQL deHOoMeH (paHTOMOB MOXKET HAOMIONATHCA Y TPAaH3AKLIUH, BBIMON-
HAIEMBIX Ha ypOBHE M30JIAIIMM REPEATABLE READ (3TOT YpPOBEHb M3OJISALIMH,
KaK TMOKa3bIBa€T €ro Ha3BaHME, TapaHTUPYET OTCYTCTBHE (PEHOMEHA HEMOBTO-
pAEMOTO YTCHMUS).

HakoHeu, misi TpaH3aKUWii, BBHIIOJHSAEMbIX Ha YPOBHE H3OJISILUH
SERIALIZABLE, HEBO3MOXHO W INpOsiBIeHUE peHOMeHa (PaHTOMOB. TepMuH
serializable (cepuanuzyemsiii) UCTIONB3yeTCS MO TOW MMPUYUHE, YTO MpU padboTe
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JNlekums 18 ABTOPM3aUMA DOCTYNa K AAHHLIM, YIPABAEHUE TPaH3aKUMAMW N CECCUAMMU

Ha JAHHOM YPOBHE M3OJAIMUA CYMMAapHBbIH 3(dekT BpINONHEHUA Habopa
TpaH3akKuuit {T1, T2, .., Tn} WIeHTUYEH 3 HEKTY HEKOTOPOTO MOCIEAOBA-
TEJILHOTO BBITIOJIHEHMS 3TUX TPAH3aKLUiA. DTO 03HAYAET NPEAETbHYIO U30/U-
POBaHHOCTh TPaH3akLMiK. O0111asi KAPTUHA B3aUMOCBSI3HM YPOBHEN U30JISLIMU U
(eHOMEHOB TpaH3aK1LIMii oKa3aHa B Tabnuile 18.2.

Ta6. 18.2. YpoBHM U30/IAIIMH U (hEHOMEHBI

VYpoBeHb «IpszHOE» Henostopsemoe | @aHTOMbI
YTeHUe 4TeHMe

READ UNCOMMITTED Bo3MoxHO Bo3moxHo Bo3MoxHBbI

READ COMMITTED HeBo3moxHo | Bo3MoxHo Bo3MoxXHBI

REPEATABLE READ HeBo3MoxHo | HeBo3MoxHO Bo3MOXHBI

SERIALIZABLE HeBo3moxno | HeBosmoxHo HeBo3MoOXHBI

3aseplueHue TpaH3aKkuuii

Kak MBI 0OTMeYaly B HaYaje 3Toro pasjesia, TpaH3aKLIMK MOTYT UHULIMU-
pOBaThCsA KaK ABHBIM CHOCOOOM (C MOMOLIBIO oneparopa START TRANSAC-
TION), TaK U HEABHO, [P BLIOJHEHUH HEPBOTO OIepaTopa, TPeOYIOLIETo Ha-
JIMYMST KOHTEKCTA TPAH3aKIM K. JI71s1 3aBepilueHUs TPaH3aKIU KW Bceraa* Tpedyer-
Al BBHITIOJIHEHHE OJJHOTO M3 JBYX ONepaTopoB COMMIT (¢hUKcaivs TpaH3aKIuH)
WIM ROLLBACK (OTKAT TPaH3aKILHK), KOTOPhIe UMEIOT CICAYIOLIMI CHHTAKCHUC:

COMMIT [ WORK ] [ AND [ NO ] CHAIN ]
ROLLBACK [ WORK ] [ AND [ NO ] CHAIN ]
[ TO SAVEPOINT savepoint_name ]

Ipu XeJaHUM 3aBEPIIMTh TPAH3AKIIMIO TAKUM 00pa3oM, YTOOB! BCE MPO-
U3BeACHHEBIE €10 U3MEHEHUS OBbLIM HABCEIa COXPAaHEHBI B 0a3e NaHHBIX, Cle-
JyeT 3aBEPIIATh TPAH3AKIIUIO ONEPaTOPOM COMMIT (KaK BUIHO U3 CUHTAKCHUCA,
JOTIYCKAETCA SKBUBAIEHTHBIN BHI COMMIT WORK). Eciu TpebyeTcs 3aBepLinTh
TPaH3aKLHIO C aHHYJIMPOBAHUEM BCEX MPOU3BEIEHHBIX UBMEHEHUI, TO HYXHO
MCTOJIb30BaTh onepaTop ROLLBACK {ROLLBACK WORK).

3aMeTUM, YTO ¥ onepanus GUKcallMu TpaH3aKIMM, U OMepailus OTKaTta
SIBJIAIOTCSA JOCTAaTOYHO CJIOKHBIMH M BLITIOJIHAIOTCS He MTHOBeHHO. IToaToMy B
XOIe BHITIOJHEHHSA 3THX OMepalilif, BOOOLIE TOBOPs, MOXET MPOU30MTH aBa-

* [IpaBunbHee 6bU10 BB cKa3aTh nowmu 6ce2da, MOCKONbLKY B SQL npemycMaTpuBaercsi ocoObIii
cnocob TepMHHALMKM TPAaH3aKLMH, HHHLMHPOBAaHHBIX MPOrpaMMHBLIMK areHTamMu. Ho B 1aHHOM
Kypce MBI 3TOTO He Kacaemcsl.
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Kypc OcHoBbl 6a3 AaHHbIX

PHUHHBIN 0TKa3 cUCTeMbl. EcTecTBEHHO (XOTs B 3TOM Kypce MBI He 006cyXnaeM
TEXHHUYECKHME JETAIM BO3MOXHBIX peyiM3auui), 6a3za naHHbIX OyIeT BoccTa-
HOBJICHA B CBOE MOCJIEAHEE COTJIACOBAHHOE COCTOAHUE, HO CUTYallUH TIpEPBaH-
HOTO BBITIOJTHEHHA OIlepallMi (YMKCAllMU U ONIepallMi OTKaTa KOPEHHBIM 00pa-
30M pasnuyatorcsa. Omneparop COMMIT cuuTaeTcs 06e3ycIOBHO BBIITOTHEHHBIM
TOJBKO B TOM cCJiyyae, KOrZa cepBep 0a3 JaHHBIX MOATBEPAWI 3TO MOCJE BbI-
TIOTHEHUSI BCeX ACHCTBUM, TpeOyeMbIX Iisi (PUKCcAlMM TpaH3aKLMKU. ABapHii-
Hasl CUTyallysl BO BpeMsl BBIIIOJTHEHUS OTIepalMi ROLLBACK HUYEM HE OTIMYa-
€TCsI OT aBapUIfHOI CUTYallMH, BO3HUKLIEN B IIPOLIECCE BBITIOJIHEHUS TPAH3aK-
uun. B aToM ciyyae (IIpy BOCCTaHOBJICHHHM 0a3bl JaHHBIX) IpEpBaHHas TpaH-
3aKIIUS CYMTAETCS He3aUKCUPOBAHHOM (YTO TaK U €CTh), U BCE €€ UBMEHEHUA
aBTOMATHUYECKU YAATSIIOTCS U3 COCTOSAHUA 0a3bl JaHHBIX. [103TOMY OKOHYa-
TEJIBHBIN PE3YJALTAT BBHINTOJIHEHUSI oINepauuy (UKCALMM TpaH3aKUMWH, IIpe-
PBaHHOH aBapMITHBIM OTKa30M CHUCTEMbI, 2KBUBAJICHTEH YCIICUIHOMY BBIMOI-
HEHUIO OIEPAIlMU 0TKATa TPaH3aKIIMHU*.

Cunrakcuc 060HX OIIepaTOPOB MOKa3bIBAET, YTO B KAXXIOM U3 HUX MOXET
COIEPXAaThCA pazfea AND [ NO ] CHAIN. Ilocrapaemcs KpaTKo TIOSICHUTD
CMBICJI 3TOTO pasaena (He BIaBasiCh B IE€TAIH, NMOCKOJAbKY cTaHaapT SQL:1999
OCTaBJIIET OKOHYATEIbHOE PELICHUE 3a PeaTU3aliueii).

Onepatiny 06pa3oBaHUs M 3aBePILICHHUS TPAH3aKIIMU SIBISIOTCS IOCTATOY-
HO IOpPOTOCTOSIIMMHU. B OCODEHHOCTM 3TO KacaeTcsl Ollepallud 3aBeplUeHUS
TpaH3aKLHH, IIPU BHITIOJTHEHUM KOTOPOH HEOOXOAMMO BBIMOJIHUTH OOMEHBI C
BHelIHeH maMsiTbio. C IpyTroit CTOPOHBI, UCTIOIb30BAHHUE NOITOBPEMEHHBIX TPaH-
3aKIMit YpeBaTO CHIDKEHHUEM YPOBHS INapa/UleInu3Ma B CUCTEME, a TAKKE MOBBI-
LIAET PHUCK YTPAThl PE3y/IBTaTOB TPaH3aKIMHU B pe3yJIbTaTe CUCTEMHOTO 0TKa3a.

IToaTOMY 4acTO MCIOAB3YETCA KOMIIPOMHUCCHBIM BADHUAHT, ITPX KOTOPOM
IeHcTBUS oneparopoB COMMIT WM ROLLBACK NMPUBOAAT HE TONBKO K 3aBepllie-
HMIO TEKYylIed TpaH3aklIMH, HO M K 00pa3soBaHMIO HOBOW TpaH3aKUUM**,
HMMeHHO 3Ty BO3MOXHOCTb NMOIACPXMBAET pa3aen AND [ NO ] CHAIN omepa-
TOpPOB COMMIT M ROLLBACK. Eciv TakoM pasnen OTCYTCTBYET B OIllepaTope 3a-
BEpLIEHMUs] TpaH3aKIMM, TC IOApa3yMeBaeTcsl HajlUuyue pasfena AND NO
CHAIN, M HOBas TpaH3akLMsa He obpa3yercsi. Eciu xe pa3men AND CHAIN mpH-
CYTCTBYET, TO HEMeUIEHHO IIOC/I€ 3aBEplLICHUs BBINOJIHEHUS COMMIT WM
ROLLBACK TeKylIeH TpaH3aKIIMM o0pa3yeTCs HoBasl TPaH3aKLYsl, HACIEAylo-
1as1 Bce XapaKTEPHUCTUKH 3aBEpLIEHHONW TpaH3aKUHH.

CeMaHTHKY pasfena TO SAVEPOINT MBI TIOSCHUM HEMHOTO TTO3Xe.

* BO3MOXHO, HEKOTOPBIM YUTATENIAM TH PACCYKIEHUSI TOKAXYTCS HECKOJIBKO PACIUTBIBUATBIMH,
HO B JEHCTBHUTEIBLHOCTH 33 HUMHU CTOMT Pa3BUTasi TEXHMKA XYPHAJIU3allMM U BOCCTAHOBJECHMS,
NpUMeHsiemMasi BO BceX pa3BUTHIX SQL-opuentpoBanHHbix CYB/I.

** IIpu 3TOM 3KOHOMSTCS XOTs ObI pecypchl, TpeOyeMble 1isi Co3IaHUs TpaH3akuui. MHoraa ta-
KHe€ LIENOYKH TPaH3aKIMI TO3THYECKH HAa3BIBAKOT CA2amu: €CIIV Bbl KOTIa-HUOyAb MPOOOBAIH N~
CaThb CATH, TO JOJDKHBI ObLIM MOYYBCTBOBATD, YTO 3TO NPOLIE, YeM NMUCATD OTAE/IbHBIE CKa3aHMs.
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Nexums 18 ABTOpPM3aUMa AOCTYNA K AaHHLIM, YNPaBieHne TpaH3aKLUNAMUN N CECCUAMMU

TpaH3aKuMu U orpaHU4YeHns LeIOCTHOCTHU

MaTtepuan storo noapasiena yxe usarajics B JJieKuvu 13, Ho TaM 3To ne-
JIANOCh B KOHTEKCTe ONpeesieHUidl OrpaHUYEHUI LIeJTOCTHOCTH. LIS MOJTHOTHI
KapTMHBI MBI BOCIIPOU3BEIEM YaCTh 3TOI0 MaTepHayia B KOHTEKCTE YIIpaBJic-
HUS TPAH3AKLIUSIMH.

HrTak, mi060e orpaHUYeHHE LICJTOCTHOCTU o6Gianaer aTpubyToM, omnpe-
JEJISIONIUM BpeMsl TIPOBEPKH JaHHOTO OrpaHUYEHHUsi. DTOT aTpUOYT MOXeET
MMeTb 3HauyeHusi DEFERRABLE (OTJIOXEHHas TMpoBepka) MJM NOT
DEFERRABLE (HeMelJieHHas npoBepka). YToObl JaHHOE OrpaHUyeHME LeJo-
CTHOCTH MOIJIO KOrma-iu6o o61afaTh CBOHCTBOM OTIOXEHHOH IPOBEPKH,
HYXHO, YTOOBI B OMNpeje/IeHUU TAKOTO OrpaHUYE€HUS TIPUCYTCTBOBAIH KJIIO-
yeBHIe cJIoBa INITIALLY DEFERRED MAM INITIALLY IMMEDIATE. B mo6Gom
ciydae, B KAXAbIM MOMEHT BPEMEHH BBITIOJTHEHUS TPAH3aKLM U J1I06oe orpa-
HUYeHHE 11eJIOCTHOCTH HaXOMUTCA B OTHOM U3 ABYX COCTOSIHUH — omaocen-
HaA npogéepka WU Hemedaennas npogepka. Eciu HayalbHBIM COCTOSIHUEM OT-
paHWYEHMA sABIsAeTCA INITIALLY DEFERRED, TO B Hayaje JMo0oi TpaH3aK-
UM €ro TEKYILMM COCTOSIHUEM OYIET OMAOMCEHHAS hposepKd. AHAIOTUYHO
JUISl OTPAaHUYEHHUM ¢ HAaYaJIbHBIM COCTOSIHHEM INITIALLY IMMEDIATE.

Jio6oe orpaHUYEHME, HAXOIAILEECS] B COCTOSTHUN HeMedAeHHOU nposep-
KU, BCErOa IPOBEPSETCA B KOHLE BBINOJHEHUs JloGoro omeparopa SQLX.
HemeieHHO TIPOBEPSIIOTCA U T€ OrPAHUYEHUS, KOTOPbIE ObUTH ONpPENeIeHbI
KakK NOT DEFERRABLE, HO JUISl KOTOPBIX BITOCJIEICTBUH GbLI YCTAHOBJIEH pe-
XKHM HeMeJIEHHOM MpoBepkH. ONHAKO €CJIU TEKYILIUM COCTOSTHUEM OrpaHM-
YEHMA SIBJISCTCA OMAONCEHHAA NPOBepKa, OHO OYIET MPOBEPSITHCS TOJIBKO TOT-
J1a, KOTJa MeperieT B COCTOSTHUE HeMedaeHHol npogepKy. DTO Nenaercs HesiB-
HO TIPU BBITIOTHEHUH orepaTopa COMMIT UJIM ABHO TP BHIMIOJHEHHH Orepa-
TOpa SET CONSTRAINTS. DTOT ONEpaToOp HMEET CIIENYIOLIHI CHHTAKCHC:

SET CONSTRAINTS { ALL | constraint_name_commalist}
{ DEFERRED | IMMEDIATE }

KittoueBoe ¢10BO ALL SIBASIETCS COKpAILeHHOU popMoii 3a1aHMsI CITUCKA
MMEH BCeX OTPaHMYECHHUI LIEIOCTHOCTH, ONpene/ieHHbIX B 6a3e JaHHBIX, KOTO-
pble cneuMPHLIHPOBAaHH C YKa3aHMEM KITIOUEBOro cjioBa DEFERRAELE. Eciau
CIIHCOK UMEH OrpaHUYEHUM 33Ja€TCsl IBHO, TO BCE BXOAALIME B HETO UMEHA
JIOJIKHBI COOTBETCTBOBATh OTPAHUUYEHUSIM, OTIPEAEIEHHBIM C YKa3aHUEM KITIO-
YeBOro cioBa DEFERRABLE.

Ipu nonwiTke pUKcALUY TPAH3AKLIUM, IJIsI KOTOPOH HUMEIOTCSI OIHO HITH
HECKOJBKO OrPAaHUYEHHH LIEJIOCTHOCTH, TEKYIIIUM PEXMMOM KOTOPBIX SIBJISIETCS

* EcTecTBEHHO, Ha TPAKTUKE MPOBEPAOTCA TOJBKO TC OTrPAHHYCHHS, KOTOPBIE MOTYT ObITh NOTEH-
LIHAJIBHO HAapYWECHB B PE3yJbTaTe BbIIIOJHECHHS COOTBETCTBYIOLLUEIO OMnepaTopa.
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Kypc OcHosbl 623 faHHbIX

OMAONCEHHAA NPO8epKa, CUCTEMA (HEHAIONTO, MOCKONBKY TPaH3aKIIUA CKOPO TEM
WJIHA UHBIM CIIOCOOOM 3aBEPIIMTCS) YCTAHARIUBAET JUTS BCEX STUX OrPaHUYCHHUN
peXHM HeMeUIEeHHOM NPOBEPKU M MPoBepsieT orpaHuueHus. Ecnu Kakoe-nn6o
U3 OTPaHUYEHHUI HAPYILAETCs, TO onepaumss COMMIT TPaKTyeTCsl Kak ornepammsi
ROLLBACK, W IONB30BATENIO (WIM MPWIOXKEHUIO) COODILIAETCS, YTO BO3HUKIIA
oubka. 36exaTh 3TOH HENMPUATHON CUTYALIMH MOXHO SIBHBIM BLITIOTHEHUEM
oneparopa SET CONSTRAINTS ALL IMMEDIATE A0 (PMKCAUWH TPAaH3aKUWH, IS
KOTOPOI HMEIOTCSI DEFERRABLE OrpaHHYeHUS, TEKYTIUM PEXUMOM KOTOPHIX SIB-
JISIETCSI OMAONCEHHAR NPOBEPKA.

Touku coxpaHeHus

Kak MBI yXe OTMevyaid, UCMOJIB30BaHHE TONTOBPEMEHHBIX TPAH3aKLIHH
MOBHIIIAET PUCK MOTHOTO aHHYJIUPOBAHUS PE3YJILTATOB TPAH3aKUUH MO IPU-
YHHE HAPYIIEHHs OrPaHUYEHHUI ¢ OTIOXEHHON NMPOBEPKOM MPH BHINONHEHUH
KaKHX-HO0 3KCMEPUMEHTAIBHBIX (HEIOCTATOYHO MPOBEPEHHBIX) ONMEPALIHM.
KoHe4HO, TeopeTHYeCKH MOXHO ObUIO OB O(DOPMITATH BHIITOJHEHHE KAXKIOMH
TakoH NMOMO3PUTEIHLHOMN OIlEpallii B BUAE OTAENBHON TPAH3aKLMH, HO 3TO Ya-
CTO TNPOTHBOPEYUT OOIIIEH JIOrMKe NMPWIOXEHHs, KOrIa IMocieq0BaTeIbHOCTh
JIEACTBUH HOMXHA ObITh aTOMApPHOM.

YacTUyHOE pelieHHe 3ToH MpobiaeMbl MPeIOCTaBIsIeT MEXaHU3M Mo4eK
coxpanenusn (savepoint) SQL:1999. Touka coxpaHeHMs NMPEIACTABISET COOOM
CBOETO pojia TIOMETKY B TOCJIEIOBATENBHOCTH OMNEpALMi TPaH3aKI{UU, KOTO-
DYIO B JIbHEHLIEM MOXHO MCIIONIb30BATh JUIS1 YACTUYHOIO OTKAaTa TpaH3aK-
UMM C COXPAHEHHEM XHU3HECMOCOOHOCTH TPAH3aKLIMU U PE3YNLTATOB Olepa-
LIMH, BLITIOJIHEHHBIX B TPAH3aKIUH OO TOYKH coxpaHeHus. [Ipumep ucnonn3o-
BaHMsI TOYKHM COXpaHEHHUsI MoKas3aH Ha puc. 18.7.

HCTOpHﬂ XKH3HHU TpaH3aKIIUH

L | | P
[locnenoBaTeIBHOCTD [locnenosaTenbHOCTh ®dukcalus pe3yasTaToB
«be30nacHbBD» «PUCKOBAHHBIX» «Be30nacHBIX»
orepalMii orepauuin onepauMi

YcraHoBKa TOUKM  OTKAT TpaH3aKIMH I0
COXpaHeHHs TOUYKH COXpaHEHHUS

Puc. 18.7. I[IpumMep TpaH3aKLHU C TOYKON COXpaHEHUS
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Nekuus 18 ABTOpU3aums AOCTYNa K AaHHBIM, YNPaBneHne TpaH3aKuvsiMu u ceCCusimm

Ha 3ToM pHCYHKe 1OCJIe BBITTOJTHEHUS TOCIeI0BATEIbHOCTH TIPOBEPEH-
HBIX «0€30MacHBIX» OTNiepaluii, KOTOpHIE, IT0 MHEHUIO TTOIb30BaTeNsl, HE MOTYT
HapyHIMTb OTPAaHUYEHMS LEJIOCTHOCTH C OTJIOXKEHHOM MPOBEPKOM, YCTaHABIU-
BaeTCs TOYKA COXpaHEHMs. 3a 5TOH TOUKOM CIEAYeT CEPUS «PUCKOBAHHBIX»
onepauuii. Eciy 1Mo xakuM-To NMpUYKHAM (HAIpUMEp, IIyTEM HeMeLICHHOM
MPOBEPKH OTJIO0XEHHBIX OTPaHUYEHHI) 3aTeM IPUHUMAETCS PEIICHHUE O Helie-
JIecoo0pa3HOCTH HUKCALIMHU PE3YIETATOB JAaHHBIX OIlepaliMii, TO BHITIONHAETCS
YaCTUYHBIMA OTKAT TPAH3aKIIMM K TOYKE COXpAaHEHHs, a 3aTeM (PUKCHUPYIOTCSA
pe3y/IbTaThl 0€30MacHBIX OTEPALIHIA.

JloImycKaeTCsl yCTAHOBKA B OMHOM TPAH3aKLIMUA HECKOJIbKUX MOCIEA0BATEb-
HBIX TOYEK coxpaHeHHs. [1py ycTaHOBKe KaXkOH TOUKH COXPAaHEHHSI €/ Ha3Haya-
€TCs1 HEKOTOpOe (JIOKATbHOE B Tpele/ax TPAaH3aKIMH ) UMS, KOTOPOE B JAJIbHEH-
1IIEM MOXET UCITIONB30BAThCA B ONepaliii ROLLBACK AJIst 33JaHUS TOUKH YaCTHY-
HOTO OTKATa TPaH3aKUMH (CM. BHILIE CHHTAKCHC ollepaTopa ROLLBACK). Eciu no-
CeJ0BaTEbHO YCTaHABIUBAIOTCS 1BE TOYKHM COXPAaHEHHUS SP1 M SP2 U 3aTeM BhI-
TOHAETCA onepauust ROLLBACK TC SAVEPOINT SP1, TO BOCCTAHORJICHHE IIPO-
M3BOIMTCA A0 SP1 (yepe3 SP2), H TOYKa COXPAaHEHHST SP2 «3a0bIBaeTCa»*.

Jlid ycTaHOBJAEHHUSA TOYKH COXPAHEHHUS HCIOJb3YETCS ONepaTrop
SAVEPOINT C OUYEBHAHBIM CHHTAKCHCOM

SAVEPOINT savepoint_name

MOXHO TaKXe 0TKa3aThCs OT paHee YCTAHOBJIEHHOW TOYKM COXPAHEHMS,
yaanuB €€ M3 KOHTCKCTA TPaH3aKUHUH. }:LTIH 3TOTr0 IIpCAHA3HAYE€H OIreparop
RELEASE, CUHTAKCHC KOTOPOTO TAKXKE OUYEBUIICH:

RELEASE SAVEPOINT savepoint_name

ITocie BbINOAHEHHUS 3TOM ONEpalUM B JaHHOM TPaH3aKLMU HEBO3MOXHO
BHITIOJTHATh KaKHe-JIM0O IpYTHe OnepalMy Hal TOYKOM COXpaHEHUS C TaHHBIM
HUMEHEM, 1T0Ka He OyAeT 06pa3oBaHa JApyras ONHOMMEHHAs TOYKA COXPAHEHHMS.

* OOpaTuTe BHUMaHHUE, YTO omneparop ROLLBACK TO SAVEPOINT savepoint_name, XOTS M CHH-
TAKCHYECKH CXOX C «OOBIUHBIM» OTIePaTopoM ROLLBACK, MPHHLHMHAIBHO OTIHYAETCs MO CBOCH
ceMaHTHKe. OTKAT TPaH3aKIMH 10 YKa3aHHON TOYKH COXPAHEHHs He O3HAYaeT 3aBepUICHUS TpaH-
3aKIMH. Buanmo, 3 coobpaxeHHii 3apaBoro cMeIcia, ciiegoBasio ObI BBeCTH B a3blK SQL omepa-
LIMI0 ABORT TRANSACTION ISl aBapHHHOIO 3aBepLICHHUS TPaH3aKILMHU C JIMKBHAALMEH BCeX Mo-
CTIeJICTBHIA ee onepalnii B 6a3n! JAHHBIX M, OTAENLHO, ONepalnio ROLLBACK TO, B KOTOPOIi BCeraa
SIBHO yKa3bIBANOCh OBl, JO KaKOro YpoBHs TpeGyeTcst oTkaT. KcTaT, 3aMeTHM, YTO KOMOMHALUS

ROLLBACK AND CHAIN TO SAVEPOINT savepoint_name

SIBJIAETCH HEAOMYCTHMOM (TIOCKOJIBKY TEKYILAs TPaH3aKiIUs He 3aBepLUaeTcs).
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Kypc OcHOBbI 633 AaHHbIX

MoaxnioyeHna nu ceccumn

MoxeT noka3arbCsi CTPaHHBIM, YTO MBI OCTABMJIM HA KOHEII 3TOMH JICKILINH
MaTepHall, KOTOPbIi, Ka3anoch 6bl, HEOOXOAUMO 3HATh, YTOOBI HMETH BO3MOX-
HOCTb NPUCTYITUTD K paboTe ¢ KaKoh-11M60 U3 COBpEeMEHHBIX CUCTEM 0a3 naH-
HBIX. OOBSICHEHHE OYEHD IpocToe. YeM HiKe YpOBEHb CpEICTB s3bika SQL,
yeM OJIMKe 3TH CPEACTBA CONPUKACAIOTCH ¢ MHAMBUIYAJIbHBIMHA OCOOEHHOCTS -
MH peaM3aLiiii, TeM MeHEe TOYEH M KOHKpeTeH cTaHaapT SQL. A B JTaHHOM
paszejie peyb HMIAET O CpelCTBax, peanu3anus Kotopeix B CYB/ pasHbIX 1mo-
CTaBIIMKOB 00JIanaeT 04eHb OOMBIION CIELIU(MUKOMN.

CuIbHO ynpoIas TEKYILIYIO CUTyallI0, MOXHO CKa3aTh, YTO IIPAKTHYEC-
KH BCE COBPEMEHHEBIE IIPOIYKTHI yripaBieHUs SQL-opHeHTHpOBaHHBIMH (a3a-
MH JaHHBIX OCHOBAaHBI Ha apXHTEKTYPE «KIHEHT-cepBep». [IpMHLIMITHATbHAS
CXeMa KIIMEHT-CEpBEPHOM OpraHU3alliy IToKa3aHa Ha puc. 18.8.

Kiuenrckast
qacth 1.1 ?
_ | Knerckas Cepgep 6a3
Mons3obarens | = yacmp 1.2 JaHHBIX 1
Kinenrckast
Monb3oBatens 2 = yacry 2.1

KnueHTckast CepBep6as |
4acThb n. | JaHHBIX 2 |
N e /l/
Monb3oBaTens n et yoerp .l

Puc. 18.8. Kauenr-cepepHas apxutekrypa CYB/]

KoHeyHo, 310 pHCYHOK BecbMa yciioBeH. [Ton TepMUHOM nosb306amens 31€Ch,
KOHEYHO, ITOHUMAETCSI HEKOTOPOE TIPUNIOXKEHHE, ¢ KOTOPBIM PEATbHO PabOTaeT KO-
HEYHBIH MOMB30BaTENb (HAIPUMEDP, B 3TOM TMPUIOXEHUHA MOXET OBITh PEATH30BaH
MonuTop npsiMoro SQL). Kauenmcras yacms CYB]] — 3TO TOT CUCTEMHBIH KOMIIO-
HEHT, C KOTOPBIM HETIOCPENICTBEHHO B3AUMOJICHCTBYET H01b306amens. JJaHHbIA KOM-
MOHEHT CKPHIBAeT CIEUM(pHUKY pealbHBIX B3aMMOIECHCTBHI C CepBEPHOM YacThio
CYB]1 (narpumep, UCTIONB3yeEMbIE CETEBBIE MPOTOKOJMbI, €C/IM KIMEHTCKAsA U Cep-
BepHast yactd CYB]] pa3HeceHHI 110 pa3HbIM KOMITbIoTepaM ceTH). HakoHel, cepeep
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JNlexuma 18 ABTOPM3aUMA AOCTYNA K JAHHLIM, YRpaBneHne TPaH3aKuMaMu U CecCUaMm

6a3 dannbix NipencTaBiser coboit ocHoBHY10 yacTe CYB/I, roe, cobCcTBeHHO, H Tpo-
HCXOIMT BEITIOJIHEHME onepaTtopoB SQL 1 ocyllecTRIIAETCsE JOCTYII K 6a3e JaHHBIX.
Baxuo oOpaTHTL BHUMAHKE, YTO NPOTPAMMHBIE KOMIIOHEHTSI, TIpeICTaB-
JISIIONIME noab3osamenn U kauenmckyro yacme CYB, 0OBIYHO BBHITIONHSIOTCS Ha
OIHOM KOMIIBIOTEDE, a cepsep 0a3 Oanubix paboTaeT Ha IPYroM (CEpBEPHOM)
Kommblotepe. Ho BriojiHe MOXET OBITh, YTO BCE TPH TIEPEYMCIIEHHBIX IIPOTPaMM-
HBIX KOMITOHEHTA B JeHCTBUTEILHOCTY pa3MELIEHbI HA OMHOM KOMITBIOTEPE.

YcTaHOBAeHue coeauHeHnit

HaunHas co cranaapra SQL/92, ipu pa3paboTKe S3BLIKOBBIX CPEJCTB
cTana MpUHUMAThLCS BO BHUMaHWE KIUEHT-~cepBepHas opranu3anus CYB/.
Eciu roBoputh 60jiee TOYHO, CTAN OYEBUAEH TOT (PAKT, YTO BO BCEX CYIlIE-
creyloniux CYB/I no Hayana paboTsl MPUIOXKEHUSsE CO CPEICTBAMHU YIIpaBJie-
HHUs 0a30il JaHHBIX TpeOyeTCs BBHINIOJHUTH HEKOTODHIE IpedBapUTEIbHBIE
HHUIIHHUPYIOIIHe NeicTBUA. B YacTHOCTH, HEOOXOAUMO CO31aTh KOHTEKCT, B
KOTOpOoM OyaeT paboTaTh cucteMa 6a3 JaHHbIX. B HEKOTOPBIX peanu3anusax
3TOT KOHTEKCT CO30AeTCsi aBTOMAaTHYECKH IIPH 3aIlyCKe IPHJIOXEHHUS, I10-
CKOJBKY KiHeHTcKast yacTb CYDB/l KOMIOHyeTcsl K MPUIOXeHHI0. B apyrux
ciydasix IpUKJIaaHas nporpamMma cpssbiBaeTcs ¢ CYB/ 3a cueT Hanuuus
CeHATH3UPOBAHHBIX PEATHU3AIIMOHHO 3aBUCUMBIX CPEACTB MOJKII0OYEHUS
K CYB/J. NHorna KOHTEKCT (POPMHUPYETCS HAa OCHOBE COCTOSIHUSI CUCTEM-
HBIX II€PEMEHHBIX.
O4eBUIHO, YTO JUTS BBIPAOOTKH A3BLIKOBBIX CPEACTB, KOTOPHIE HE IIPOTHBO-
peylsid Obl CYHIECTBYIOLIMM pead3aldsiM, TpeOOBAJICS KOMIIPOMMCC. DTOT
KOMITPOMHMCC BEIpa3wics B ToM, 4ro B SQL:1999 nomyckaercs yCcTaHOBjIeHHE
cBs3u npwioxeHus ¢ CYDB/I no yMoyaHHIo, a TakKe 06eCeduBaIOTCSA CPEICT-
Ba SIBHOTI'O YIIpaBJIeHHUs coeAMHeHUSIMU. OOILHI TTOIXOJ COCTOUT B CIICAYIOLIEM.
e TToutu Bce omepaTopsl SQL (¢ HEOOJBHIMM YHCJIOM MCKIIOYEHUIA) MOTYT
BBINOJHATBCA TOJBKO IPH HATHYUM TNOAKITIOUEHHS KJIMEHTCKOH YacTH
CVYB/ k cepsepy 6a3bl JaHHBIX. .

¢ Ecin coemMHEHHUE C CepBEPOM YCTAHOBJICHO U TIPWIOXEHUE MBITAETCA BbI-
TIOJTHUTh OOWH U3 orepatopoB SQL (I1s1 BHITIONHEHHst KOTOPHIX TpeGyeTcst
coenuHeHue), 1o ero BeimoxHsAeT Ta CYB/, ¢ KOTOpO#i YCTAHOBJICHO COSIH-
HEHHE,

¢ EC)id NprioXeHHe IILITaeTCA BHIIOJHUTL OAMH H3 orepatopoB SQL (s BI-
TIOJIHEHMST KOTOPBIX TPeOYETCsl COEIMHEHUE), 4 COEMMHEHHE HE YCTAHOBJICHO,
TO, IIPEXIE BCEro, TpebyeTcsl yCTAaHOBUTDL coeaHeHHe. B SQL:1999 yka3swiBa-
€TCsl, UTO TAKOE COeAUHEHHE ARMsIeTCs coenuHeHueM ¢ CYB/I mo ymo/daHuo.
Yto coboii MpeAcTaRIsSeT 3TO YMOTYAHUE, OIpeaesieTcs B peanmu3anuu. Io-
CJI€ YCTAHOBJIEHUs! COCAMHEHUS YIOMSHYTBIH omnepatop SQL BeINMOHAETCS
Toit CYB/I, ¢ KOTOPOii YCTAaHOBJIEHO COeTUHEHHUE.
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Kypc OcHOBbI Ha3 AaHHbIX

e Ecau mepBeIM (10 YCTAHOBKH COEIWHEHMS) BBINTOJHSAEMBIM ONEpaTOpPOM
SQL siBnsiercs oneparop CONNECT (3TO OAHO M3 HUCKJIIOYEHHH), TO COSNH-
HEHHE TI0 YMOJYAaHHIO HE YCTAaHABJIMBAETCH, a IIPOMCXOAUT oOpalleHHe K
3aIpalluiBacMoOMy CEpBEpY, U COEIMHEHHE YCTAHABIMBAETCS HMMEHHO C
HUM.

® MOXHO BBINOJIHATE onepatop CONNECT ISl YCTaHOBJIEHUS COeIUHEHHUH
€O BTODBIM, TPETHUM H T. lI. CEpBEpPaMU, He pa3phiBasi paHee YCTaHOBJIEH-
Hble coenuHeHUs. Kaxnoe BHOBb YCTAHOBJIEHHOE COEIMHEHWUE HAa3BIBAET-
csl mekywum coedunenuem (current connection), a Bce paHee YCTaHOBJIEH-
HbIe COCIMHEHUS — OMAOHCEHHbBIMU coeduneruasmu (dormant connection).

e (C KaxIBIM COeIUHEHUEM acCOollMMpoBaHa ceccus. Ceccusi, acCOIIMUPOBaH-
Has ¢ TEKYUIUM COeIUMHEHUEM, Ha3bIBAeTCA mexyuieli ceccueil (current ses-
sion), a CECCUM, aCCOLIMMPOBAHHBIE C OTJIOXEHHBIMU COETMHEHUSIMH, Ha3bl-
BaIOTCS oMAOXCeHHbIMU ceccuamu (dormant session).*

¢ Eciu y NpWIoXeHHUs UMEETCS HECKOJIBKO COSMTHHEHHI, MOXHO MEPEKITIO-
YyaTh UX C IMIOMOLIBIO omepaTopa SET CONNECTION.

e [/Ina moadgepXaHHUSA YCTAHOBJIEHHBIX COEIMHEHHH MOTYT pacXomOBaThCs
3HAYUTENBbHBIE CUCTEMHBIE pecypchl. [103TOMYy MOXET BO3HHKHYTH IIO-
TpeOHOCTh B JINKBUJALIMHA COEAMHEHUS. DTO MOXHO CHIEJaTh C TIOMOMIbIO
oneparopa DISCONNECT. Bce coequHeHMs1, He TMKBUIUPOBAHHBIE IBHO 10
3apeplueHUs padOThl IPHIOXEHUS, TUKBUAUPYIOTCS CUCTEMOI aBTOMAaTH-
yecky. [lonbITKa TMKBUAWPOBATh TEKylllee COeNMHEHHE, B KOTOPOM BBI-
TIOJIHSAETCS TpAH3aKIIMsl, paclieHUBaeTCs KaK OUIMOKa.

¢ B peannzaumu onpeaesisieTcs, MOXHO JIM ITepeKJII0YaTh COEAMHEHHS BO Bpe-
M$ BBITTOJTHEHUS TpaH3akiUu. OMHAKO eCJIM peaanu3aliMs 3TO J0ITyCKAaeT, TO,
B COOTBETCTBMH CO CTAHHAPTOM, BCe OIEPaTOpPbl, BBINOJHAEMbIE B OTHOH
TpaH3aKLMH, HO B Pa3HBIX COEAUHEHUSIX, SIBJISIOTCS YacCThIO OAHOMH oO1Iei
TpaH3aKLWH.

Onepartopsbl SQL ansa ynpaBsneHnsa coeanHeHUsiMmn

Kak oTMeuanocsk Bhillie, B 3Ty IPYIITY BXOIST ONepaTopbl CONNECT, SET
CONNECTION U DISCONNECT.

Oneparop CONNECT

Omnepatop onpeaensieTcs CAeAYIOINMHY CHHTAKCHUSCKUMH TTPaBHIIAMH:
CONNECT TO connection_target

* KaxnoMy coeIMHEHHIO COOTBETCTBYET OIIHA U TOJIBKO OflHa ceccusl. B coobiectse SQL 3TH Tep-
MHHBI YaCTO MCIOJIbL3YIOTCS MONEPEMEHHO [UIA 0603HAaYeHHsT OqHOro KM Toro xe. bonee ctporue
GJIIOCTHTEIH TEPMHHOJIOTHH YTBEPXKIAIOT, YTO TEPMHH NOOKAIO4EHIEe OTHOCHTCS K CETEBOMY ITyTH
MEXIY KIIHEHTOM H CEPBEPOM, a Ceccusi — 3TO KOHTEKCT, B KOTOpoM paboraeT SQL-cepsep.
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connection_target ::= SQL_server_name
[ AS connection_name ]
[ USER connection_user_name ]
| DEFAULT

3nech SQL_server_name — 3TO JUTEPATbHO 3alaHHAS] CHMBOJIBHAS CTPO-
Ka, WACHTHOHUIUPYIOIIAsA cepBep, K KOTOPOMY TpeOyeTcsl MHOAKIIOUHUTHCS.
CMBICT (M (popMaT) 3TOTO HMEHH ONpEAcIsieTCS B PeaTM3allNH.

B Heobs3aTenibHOM pa3snesie AS ykasbiBaeMoe MM (connection_name)
BBICTYIIAET B POJIM BDEMEHHOTO UMEHU COCIMHEHUSI, KOTOPOE BIIOCIEACTBUM
MOXeT OBITH UCIONB30BAHO B omepaTtopax SET CONNECTION U DISCONNECT.
Ecnu B oneparope CONNECT pa3gesl AS HE COAEPXHTCS, TO MO YMOJIYaAHHIO
connection_name COBManaeT ¢ SQL_server_name.

B He0053aTeILHOM pasleine USER yKa3blBaeMoe UM
(connection_user_name) WACHTU(MHLUHUPYET MOJL30BATENSI, OT UMEHH KOTO-
pOTO YCTaHaBIMBaeTCs coeanHeHue. [Ipy oTcyTcTBUM pa3nena USER B Ka4ecT-
Be connection_user_name MO YMOJTYaHHUIO IPUHUMAETCS TEKYIUUM authID. B
CTaHAApTE JOIyCKAETCS, UTO peaTN3aLiUsI MOXET OrPaHUYMUTh BO3MOXHbIE 3HA -
YeHHUs] connection_user_name (HanmpuMep, NMOTpeOOBaThb, YTOOBI 3TO HMMS
BCET/IA COBIMAANIO C TEKYIIUM authID).

DddekT UcIoap3oBaHus oneparopa B popMe CONNECT TO DEFAULT moy-
TH HE OTJIMYAETCS OT pe3yJibraTa ACMCTBHUS CUCTEMBI IIPU OTCYTCTBMH KaKOTO-
JIUOO0 IBHOTO TpeboBaHMs coeauHeHUs!. (HarmoMHuUM, 4To COeIUHEHUE MO YMOJT-
YAHUI0 HESIBHO YCTAHARIMBAETCS MIPH MOMBITKE BHIMOJTHEHMS TIEPBOTO ONEPaTo-
pa SQL, Tpebytoniero coenuueHus.) OMHAKO UMEETCS OMHO BAXHOE OTIIMYME.
Ecnu coeauHeHMe MO yMOTYaHUIO YCTAHARIUBACTCS HESIBHO, a 3aTEM BIAPYT IIpe-
PHIBAETCs M3-3a KaKON-TO OMIMOKH, TO OHO aBTOMATHYECKH IepEyCTaHABINBA-
€TCs TIPH BBIMOJIHEHUH clieayionero oneparopa SQL. Ecnu xe coenuHeHue 1o
YMOJTYaHHIO YCTAHABIMBAETCS SIBHBIM 00pPa3oM, TO aBTOMAaTHYECKOE IIOBTOPHOE
YCTAHOBJIEHME COSAMHEHHS IOCJIE €70 Pa3pbiBa HE IIPOU3BOANTCS.

Oneparop SET CONNECTION

Orneparop onpeaeasercs CIeAYIOIMMH CHHTAKCUYECKMMH MPaBIUIaMU:

SET CONNECTION connection_object
connection_object::= { connection_name | DEFAULT }

YcnoBueM YCIICHIHOT'O BBINMMOJIHEHUSA ONECpaly sSIBASICTCA HAJTUYUE OT-

JIOXKCHHOTI'O YCTAHOBJICHHOIO COCAMHCHHUA C UMCHEM connection_name WIH
OTJIOXKCHHOIO YCTAHOBJICHHOIO COCAUMHCHHS ITO YMOJIYaHHIO. B stom cliyyae
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TEKYILee COEAUHECHUE CTAHOBUTCS OTJIOXEHHBIM, a YKA3aHHOE OTIOXEHHOE
CO€IUHEHHE — TEKYILIUM.

Oneparop DISCONNECT

OnepaTop UMeET CIIeayIOIUH CHHTAaKCHUC:

DISCONNECT { connection_object | ALL | CURRENT }

HeoOxoouMBIM YCIIOBHEM Il BO3MOXHOCTH JIMKBUIALIMM COETHHEHUS
SIBJISIETCSL OTCYTCTBHE AKTHBHOM TPAH3aKIIUU B 3TOM COSTUHEHHH.

Ecnu B omepaTope yKasbIBaeTcs connection_object, TO COOTBETCTBYIO-
niee UM JO/DKHO COOTBETCTBOBATH YCTAHOBIEHHOMY (TEKYLUEMY MM OTJIO-
XeHHOMY) coeqUHeHHUI0. EcM yKa3piBaeTcss CURRENT, TO JOJXHO CYLIECTBO-
BaTh TEKYyLlee COeAUHEHHUE.

Ecnu onepaTop NMpUMEHSIETCS K TEKYILEMY COEIMHEHHUIO, TO 3TO COEOH-
HEHHE JIUKBUIUDPYETCS, U HU OIHO COeNMHEHHUE He SBJIseTCsS TeKyuuM. B Ta-
KOM CjIyyae ISl TIPOJOJDKEHHST paboThl HEOOXOAMMO YCTAHOBUTD TEKYIIIEE CO-
eAMHEHHE TIPH IIOMOIIH ONepaTopoB CONNECT Mid SET CONNECTION.

Ecnu B oneparope yKasbiBaeTcsi ALL, TO JIMKBUIUPYIOTCS BCE COEMUHE-
HMSI, BKJIIOYAs TEKyIIee.

3asoyeHme

B 3Toit IeKIIMH OBUTH paCcCMOTPEHEI TPU TEMBI, KOTOPBIE SIBJISIIOTCS OTHO-
CHUTEJIbBHO He3aBUCUMBIMHU, HO OTHOCATCS K CpeACTBaM s13blka SQL, npeaHas-
HadyeHHBIM JJIS PeryJIMPOBaHUA AOCTYIIAa MOJb30BaTeNied K 6a3aM JaHHBIX. Ha
TEePBBIHA B3MJISI MaTepHas 3TOH JIEKIIMH MpPOIE MaTepyaa MpeablAyHINX JIeK-
LIMiA, TOCBAILIEHHBIX s13bIKYy SQL. HaBepHoe, 3To NeHUCTBUTENBHO TaK, €CJIU T'O-
BOPHTb IIPO YHUCTO SI3BIKOBYIO CIOXHOCTb COOTBETCTBYIOUIUX onepaTopoB SQL.
Ho B mnefcTBUTENBHOCTH (KOTOPYIO MBI CTapaTeJbHO OOXOMMIU B OCHOBHBIX
paszaesniax JeKUMH) IeJ10 0OCTOUT ropas3io CAOXHEE.

Kak yierko BuAeTh, IPU PacIPOCTPAHEHWH IIPUBIIIETHI M POJIEH MOIYT
BO3HMKATh ITPOM3BOJIBHO CJIOXHBIC OPUCHTHPOBAHHBLIE rpadbl CBI3EH MeXny
00beKTaMM 0a3bl JAHHBIX, BIAAEIbUAMU IPUBUIETUNA, TPUBUIIECTUSIMUA U POJISI-
MH. Eciin u306pakaTh CIUTOUTHBIMH CTPEJIKaMH Niepeaavy IpUBWIETHIA, TpepHI-
BUCTBIMH — IIepeaaydy poJiei, MyHKTUPHBIMHU — BJIAACHUE MPUBUIIETUSIMH, & TO-
YeyHBIMH — BJIAJIEHUE POJISIMH, TO JaXe M0 OTHOUIEHHUIO K OAHOU TTPUBUIIETHH
DI IJist OMHOTO OOBEKTA 0 MOXKET ITOSIBUTLCS CIEMyIONIUii rpad cBsizeit (userID
03HayaeT authlD, OTIMYHBIM OT HMEHH POJIM), IOKa3aHHOMY Ha puc. 18.8.

Kak Mor nosiButbcst Takoit rpad? IMonws3oBaTenb ¢ authID, paBHBIM
userID] (3TO MBI MPEANOJOXMWIN IJIA YIIPOLIEHHUS, a BOOOILEe-TO 3TO MOIJIO
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KopeHns — Bnagenel o6bekra O
i

\

userlD1

Puc. 18.8. IpocTeiimmuii rpad nAeHTUDHKATOPOB IMOIb30BaTENS, UMEH
poJiei, OOBEKTOB U IIPUBUJIET UM

OBbITb U HMEHEM POJIM), CO3MAET OOBEKT 0, CTAHOBUTCS €ro BIaAeNblieM U TEM
CaMbIM obJiafaTesieM IMPHUBWIETHH pr M0 OTHOIIEHHIO K 3TOMY 00beKTY. [Tonb-
30Baresb userID]l NpeaocTaBaseT MOJTHOMOYME pr POJIH rolel (¢ IMpaBOM Ile-
penayu). 3aTeM MoJIb30BaTeNi0 userID1 NMpenocTaBIsieTCs poJib rolel (c mpa-
BOM Mepenayr), H OH MOJIydaeT MPaBo UCITONHATDL 3TY poib. OT HMeHH poJix
rolel NMoJIHOMOYHE pr NMEPENaeTCs MOJIb30BaTeNIO user1D2 (C NpaBoOM Iepe-
IayM), M 3TOT Xe IONb30BaTeNb MOJiydaeT NMPaBo HCHOJHATH PoJib rolel (¢
npaBoM niepenayn ). [lonb3oBatens userID2 MepeaaeT poaM role2 posb rolel
M noidHoMouHe pr (¢ nMpaBoM nepenayu). HakoHel, oT UMEHHU poOJH role?
NOJTHOMOYHE pr ¥ CaMa poJib role2 NMepeaarwTCs IMOJb30BATENIO userID].
TIonpoOy¥iiTe Tenepb NMPOCIEANTDb, KaK OYIET BBITTOMHATHLCS ONlepalyst

REVOKE pr ON o FROM rolel CASCADED

Kakue y3nbl ¥ Nyrd ocTaHyTcs B rpagde? 3anaya He OYeHb CIIOXHAsA, HO,
OYEeBHAHO, HeTpuBHanbHass. M Takoro pona 3amayv MPUXOAMTCS €XeNHEBHO
peniaTh aAMUHUCTpaTOpaM OONBIIHX U JUHaMH4YeCKHX SQL-opHeHTHpOBaH-
HbIx 6a3 TaHHBIX.

Teneps HEMHOIO TOrOBOPUM 00 YIIpaBJIE€HUM TPAH3aKLMSAMHU. B cTaHmap-
Te SQL:1999 HHMYero He roBOPUTCSI O BO3MOXHOUN peajM3alldH pa3IMYHBIX
ypoBHeil u3onsiuy. KoHeYyHo, 3TO TIpaBHJIBHO, IMOCKOJBKY CIelluUKaLUs
sI3pIKa He NTOJDKHA HaKJIaAblBaTh KaKHe-JTHOO OrpaHWYeHMs] Ha pealh3allii.
Ho, x coxaneHuio, px UCNojb3oBaHHH SQL-opueHtupoBanHoit CYB]I Hexo-
TOpble 3HAHMS O peaiM3aliMd MeXaHHM3Ma TpaH3akKUMi HeobxoauMbl. Hampu-
Mep, NPEANOoIOXUM, YTO HMEIOTCST IBE TPAH3aKUKUM T1 M T2, BHIIOJIHSEMEIE B

445



Kypc

QcHoebl 623 fAaHHbIX

Bpems
Tl |- T2 -t £0
BriGopka u3 BriGopka u3
TabaMLBbI R2 TaOJIULIBI R] T10 t1
IO YCJIOBHIO 3 YCIIOBHIO ¢1
Jobasienue K JobapneHue K
Tabnuie R1 CTPOK, Tabmmlie R2 CTPOK, |
YAOBJETBOPSIIOLLIMX YAOBIETBOPSIOIINX | te
YCJIOBHIO ¢ 1 YCJIOBHIO C2
Bri6opka u3 Bribopka u3
TabauLIbI R2 IO TA0JIULIBI R1 TIO | £3
YCIIOBUIO C2 YCIOBHIO 1
COMMIT COMMIT - t4

Puc. 18.9. B3auMHbIe «aHTOMBI»

peXUMe U30JSLUMU SERIALIZABLE. [1peaAnonoxum, 4To OHU AOJKHBI padoTaTh
MO «CHMMETPUYHOMY» IUIaHy, ToKa3aHHOMY Ha puc. 18.9.

TpaH3aklMM pabOTalOT B HAMBLICIIEM PEXHME H30JIMPOBAHHOCTH. Dd-
¢eKT UX BBITIOJTHEHUS JOJLKEH ObITh 3KBUBaJIEHTEH 3 dEKTY HEKOTOPOToO T10-
CJ1eI0BaTeIbHOIO BBHIIIOJIHEHHMs TpaH3aKLHWK T1 U T2. Ho nonpoO®yiite npumry-
MaTh KaKOM-TMO0 KOPPEKTHBIM Croco6 ONHOBPEMEHHOIO BBITIOJIHEHHUS 3THX
TPaH3aKLHi, KOTOPBIHA NPUBE Obl K 3¢ ¢eKTY X [TOCIEIOBATEILHOIO BBITION -
HeHus. I pyTMMH CJ1I0BaMH, Ui TPAMOTHOI'O HCTIOJIb30BAaHMS MEXaHW3Ma TpaH-
3aKIIMi Ha ypoBHe s3bika SQL HeobxonuMMo 3HaTh, KaKUM 00pa3oM JaHHBIN
MeXaHH3M peayn30BaH B ucnonb3syemoii CYB/I.

U, KoHeuHo Xe, 3HaHUs 0 peal3aliui abCOTIOTHO HEOOXOMUMBI IIPH KC-
M0JIb30BaHUH MeXaHH3Ma MOAKIIOYEHUH U ceccuii. CIMIIIKOM MHOTO B 9TOM
YacTH CTaHAApTa OTAAETCS Ha BOIIO PeaTU3alliu.
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JNexuma 19 A3bik 623 naHHbIX SQL: o6bekTHble paciunperHns

JNexkuusa 19. f13bik 6a3 paHHbIX SQL:
00beKTHble pacLuMpeHuns

B nocneaHeil JeKIMH 3TOro Kypca Mbl KPaTKO H3JIOKHM CYTh O0BEKTHbBIX
pacuiMpeHnii, KOTopble BKMoYeHbl B cranaapt SQL:1999. Jlexius ocHOBaHA He
Ha o(PMIHANLHOM TEKCTE CTAHAAPTA (OH o04eHb GOpMAaNEH U CKyYeH), 2 Ha KHMre
Jxuma Menrona «Advanced SQL:1999. Understanding Object-Relational and
Other Advanced Features» (Morgan Kaufmann Publishers, 2003), xoTopas, no
CYTH, fAiBJseTCA HehopMATbHBIM ONHMCAHHEM CEMAHTHKH (rationale) coorBeTcTBY-
1omeil YacTu A3bika. B yKazaHHo# KHure 00BLeKTHBLIM pacumMpenusM si3bika SQL
nocesaiieHo 6onee 200 crpannu. EcTecTBenno, Hame u3jioxkenue Oyaer ropasio
foJiee KpaTKHM.

Kmouesbie ciioBa: kommanus IBM, npoekT System R, 00beKTHO-pesiim-
OHHBIH ITOAXO0J K OpraHHU3alIMH CUCTeM 0a3 JaHHHIX, OObEKTHO-PEISILH -
OHHBIE CUCTeMHI yrpaBneHUs1 6a3amu gaHHbIX (OPCYBH), CYBJ Ingres,
xoMnauusi Computer Associates, CYBJI Postgres, CYBJ PostgreSQL,
O0BEKTHO-OPHEHTHPOBAHHBIE CHCTEMblI YTIPABJICHHs 0a3aMHM JaHHbIX
(OOCYB), xommnanus Illustra, CYB/] Illustra, komnanus Informix, OP-
CYBJ Informix Universal Server, komnanus MCC, OOCYB/l Orion,
xoMnanusi UniSQL, OPCYB/l UniSQL, MaHudecT cucTeM OOBEKTHO-
OPHEHTHPOBAHHBIX 0a3 JaHHBIX, MaHU(ECT CUCTEM 0a3 JaHHBIX CIEOYIO-
mero niokoneHus1, kommanug Oracle, OPCYB]] Oracle8, OPCYB/l DB2
Universal Database, oobexTHass Mogens SQL, cTpyKTypHbIE, OIpeaesse-
Mble nonp3oBareaaMu THIIbI JaHHbIX (User Defined Type, UDT), THNH3U-
poBaHHBe TaOauubel (Typed Table), MUHMMAILHBIA TaKeT OOBEKTHBIX
cpoiictB PKG006, monublil naket o0nexkTHBIX cBokicTB PKGO007, uHausu-
JyanbHBIA TUTI (distinct type), CTpyKTYpHBINA THUI (structured type), omepa-
top onpeacneHuss UDT, onepatop CREATE TYPE, HacjaenOBaHUE CTPYK-
TYPHBIX TUIIOB, MAaKCUMAJIbHBIA CTPYKTYPHBIA CYNEpTUN, pasien npea-
craByieHus B onpenencHuH UDT, onpeneneHue aTpudyta CTpYKTYpPHOIO
UDT, Meron-Habmonatens (observer), MeTom-mMyTaTop (mutator), pasaen
reference_scope_check ornpeaencHuss aTpudyra, WHCTAHLMHPYEMbIH
(instantiable) CTpyKTypHBIH THII, HEHHCTAHLIMUPYEMBIH (not instantiable)
CTPYKTYPHBI# THII, pa3aen finality onpenenenuss UDT, pazgen cneundu-
KallM{ CChUTOYHOTO TUMA B OMNPEACACHUHN CTPYKTYPHOIO THUIIA, YHUKATb-
Hble MIAEHTHUGHUKATOPH IK3EMIUISIPOB CTPYKTYPHOILO THMA, pasgel
ref_cast_option B OINpeneJeHNUH CTPYKTypHOro THUIIA, paslien
cast_option B ONpeacieHHH WHIMBHAYAIBHOTO THIIA, pa3aei oObsBje-
HHUS CUTHATyp METOIOB, NEPBUYHBIA MeToa (original method), moaMeHs-
rownii Meton (overriding method), MeTon ak3eMIutsipa (INSTANCE), CTaTH-
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yeckuit MeTol (STATIC), METOA~KOHCTPYKTOP (CONSTRUCTOR), BbI3BIBHOE
uMs MeTona (invocable name), TouHoe UMs MeTona (specific name), xa-
pakTepuctHka Metona (method characteristic), xapakTepucTHKa MeTona
PARAMETER STYLE SQL, xapakTepHUCTHKa MeTtoaa PARAMETER STYLE
GENERAL, XapakTEpUCTHKa MeToa PARAMETER STYLE JAVA, JETEpMUHHU-
poBaHHBIM (DETERMINISTIC), HEACTCPMHMHUPOBAHHBIH MeTod (NOT
DETERMINISTIC), XapakTepMCTHKH CBSI3H MeToaa ¢ SQL, xapakTepucTH-
KaNO SQL, XxapakTepucTuKa CONTAINS SQL, XapakTepHCTHKA READS SQL
DATA, XapakTepHUCTHKa MODIFIES SQL DATA, XapakTepUCTHKa RETURN
NULL ON NULL INPUT, xapakT¢pHCTHKa CALLED ON NULL INPUT, onpe-
JIeJIeHNE THITH3UPOBAHHOM TabTHIIbI, orepaTop CREATE TABLE, HaclIemo-
BaHHME TUITH3UPOBAHHBIX TAOIHII, TTOATA0IHIIA, CYTIepTab/IHiIa, YHACIEAO-
BaHHBIE CTONMOUBI MoATaOMUILI, 3aHOBO ONpeAc/ieHHbIE CTONO1LLI MToaTal-
JIMUBI, HETIOCPEACTBEHHBIN CYTIEPTHII, ONpEACICHHE 3JIEMECHTOB TUITU3H-
pOBaHHOM TaOJMULI, MAKCUMAJIbHAS CYTIEpTa0INla, CaMOCChLUIAIONINICS
(self-referencing) cronberi, omiuK cToab1oB (column options), CChUIOY-
HO€ 3HayeHUe, CChUIOYHRBIN (REF) THII, MEXaHU3MbI T€HEPALIUH CCBhLIOY-
HBIX 3HAYCHHH, MoamepXKa COITTACOBAHHOCTH CChUIOK, pasiaen SCOPE,
KOHCTpYKIIUA reference_scope_check, onepalus pa3sbIMEHOBAaHUSA
(dereferencing) B SQL:1999, paspenienue ccbuiku (reference resolution) B
SQL:1999, cneumdukanus ONLY B onepauusax DELETE M UPDATE Haa TH-
TMU3UPOBAHHBIMHU TA0JIULIAMH, THITU3HPOBAHHBIEC IIPEACTABJICHUSA, TIPe-
CTaBJIeHHE, Ha KOTOPOE MOXHO CChuIaTheA (referenceable view), oObeKT-
Hoe TpeICTaBIeHUE, CYTepIpeacTaBlIeHUe, IMOANpPEACTARICHHE, HEIo-
CpeICTBEHHOE CYTIEpIIPEACTABICHHUE, HEMTOCPEACTBEHHOE MOAIPEACTABIIE -
HHME, COOCTBEHHOE CYTIEpITpEeACTaBICHUE, COOCTBEHHOE TIOATIPEACTABIIE-
HHe, CeMEMCTBO NMoaTabIuIl, oNpeAcIcHUE THITM3UPOBAHHOTO MpPeICTaB-
JIeHUs1, oneparop CREATE VIEW, 6a3McHasl TaOJIMIIA IIPEACTARICHUS, MaK-
CHUMAaJILHOE CYTIepIIpeACTaBIcHHE.

BseneHue

Kaxk ormeyanoch B Jlekuuu 11, si3bik SQL rossuiics B cepenune 1970-x It

TIPH BRIMOJHEHUH 3KCIEpPUMEHTAIBHOTO NpoekTa pensiiinoHHon CYB/ System
R. ITpoekT BbImonHsUICS B KoMnaHnuu IBM, U 3To BIoNHE €CTECTBEHHO, [IOTOMY
YTO MMEHHO cOTpyAHUK IBM Barap Koan npenioxit MUpy HACIO peASIIMOHHBIX
6a3 qaHHbIx. Ot System R ucxoauT GOJILIIMHCTBO TPaAULIMOHHBIX CPEICTB CTAH-
nmapra SQL:1999 (u SQL:2003), koTopbie MbI 00CYXIAIA B BOCBMHU TPEIbUTYIIHX
Jlekuusx. OOHAKO B 3TOM JIEKIIMU pedb TOMIET 0 BO3MOXHOCTAX COBPEMEHHEBIX
BapuaHTOB SQL, KoTopele He MMEIOT OTHOLIeHHA K System R (3a McKITioueHHeM
HEKOTOPBIX 9KCIIEPUMEHTOB 10 ITPEICTABICHUIO CITOXHBIX O0BEKTOB CPENCTBAMH
SQL) u, Boobilite TOBOpSA, K PEIIIIMOHHON MOIEIN NaHHBIX, @ UMEHHO — O TaK
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Nekups 19 A3bik 6a3 AaHHbIX SQL: 06bekTHLIE pacluMpenns

HA3bIBAEMbIX 005€KMHO-PeAslUOHHbIX PACIIIMPEHUSX A3bIKa. YTOGH! Y UMTATENEH
He BO3HHMKJIO BIEYATICHHE, YTO OOBEKTHLIE PACHIMPEHHS ITOSIBWIHCH B SI3BIKE
SQL BHe3arnHo, Gynarogapss KakOMy-TO 03apeHHI0 pa3paGOTYHMKOB S3blKa, Mbl
HayHEM 3TY JIEKLIMIO ¢ HEGOBIIOrO (M KpailHe CyObeKTUBHOIO) OYepKa HCTOPUHU
00BeKMHO-pessyioHH020 n00X00a K OPTaHU3aLIMM CUCTeM 6a3 JTaHHBIX.

UcTokm v KpaTkas UCTOpPUS 06BEKTHO-PENSLUMOHHBIX 623 AaHHbIX

ITanbMy mepBeHCTBa B 061aCTH OOBEKTHO-PEJISILIMOHHBIX CUCTEM YIIPaB-
JneHus 6a3zamu ga”HHbIX (OPCVYDB]l) ocrnapuBaioT ABa BECbMa M3BECTHBIX CIIE-
LHATHCTA B 00JaCTH TEXHOJOTrMM 0a3 maHHBIX — Maitkn CroyHOpeiikep
(Michael Stonebraker) 1 Bon Kum (Won Kim).

Mepasie OPCYB

Maiikn CroyHbpeitkep Hayan paboraTh B 061acTy 6a3 JaHHBIX B HA4yaJie
1970-x IT. poNUIOro BeKa B yHUBepcUTeTe bepkiu. Ero mepBeiM BCEMHUPHO U3-
BECTHBIM ITpoeKTOM Obuta pensiuuoHHass CYB/ Ingres, koTopasl CyllecTBYeT U
MCITOJIB3YETCS JO CHX MOP B ABYX UIIOCTACAX — KaK CBOOOAHO pacIIpoCcTpaHsie-
Mast cucteMa (yHugepcumemckas Ingres; Koa noanepxusaercs B bepkin) v Kak
koMMepueckast CYBJI, npuHamiexainas komnaHun Computer Associates. B
ucxonHoM BapuanHTe CYBJl Ingres oTcyrcTBoBana monaiepxka s3bika SQL
(mopaepxuBaics coOcTBeHHBIN A3bIK 3ar1pocoB QUEL), HO cHCcTeMa yxe 00-
J1aja/1a HEKOTOPBIMH YHUKAJIbHBIMH YEPTAMH, KOTOPBIE, C HEOOJIBIIONH HATIXK-
KO, MOXHO ObUTIO Ob1 Ha3BaTh o0sexmubimu (HaripuMep, B CYB] Ingres normy-
CKaJIOCh OTIPEACIEHHE TTOIb30BATEILCKHX IIPOLIEAYD, BHIIIOIHAEMBIX HA CTOPO-
He cepBepa). Kpome Toro, B ipoekTe Ingres 04eHb 60JIbLIOC BHUMAHUE YACTS-
JIOCh YTIPaBICHHIO NPaBHIAMH.

B 1980-¢ rr. Maitxn CroyHbpeiikep Bo3rnasnsan nmpoekr Postgres (Bapu-
aHT 3TOM cHUcTeMbI o Ha3BaHUEM PostgreSQL B HacTosiiee BpeMs ABISETCA
BeCbMa ITOMYJISIPHBIM CBOOOIHO JOCTYITHBIM TTpoaykToM). B Postgres 6b1u pe-
aJIM30BaHbl MHOTHME HHTEPECHBIE CPEACTBA: MOIACPXUBAIACH TEMITIOPATbHAS
MOJeIb XPAHEHUS U 1OCTYITA K JAHHBIM, H B CBSI3H C 3TUM ObLT ITOJTHOCTBIO TIe-
PECMOTPEH MEXaHHU3M XYDHAIU3AIMM M3MEHEHMI, OTKATOB TpaH3aKIMH M
BoccTaHoBJeHUs B/l mocne c60eB; 0becrieynBaicsi MOLIHBIM MEXaHU3M Orpa-
HWYEHHUH 1IEJIOCTHOCTH; MOAACPXUBAINCh, HEHOPMAIHU30BAaHHbIE OTHOLIEHHUS
(paboTa B 3TOM HaIpaBJICHUH Hayanach elle B cpeae Ingres), XxoTsa M 10BOJIBHO
CTPaHHBIM CIIOCOOOM: B ITOJIE OTHOLIEHUS] MOT XPAHUTbCS TMHAMUUECKH BbI-
TTOJIHSIEMBIH 3aripoc K BJI.

OnHo cBOMCTBO cHcTeMBbI Postgres cOnmxano ee co CBOMCTBAMU OOBEKT-
Ho-opueHTHpoBaHHLIX CYB (OOCYB/). B Postgres nomyckanoch XxpaHeHHe
B TTOJISIX OTHOLUEHHH TaHHBIX aOCTPaKTHLIX, OTNPEAEIAEMBIX T0Jb30BATEIIMH
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TUIIOB. DTO 00ECMEUUBAIO BO3MOXHOCTh BHEIPEHHUS ITIOBEIEHYECKOTO ACIEK-
Ta B B/l, T. e. pewano Ty xe 3anauy, uto ¥ OOCYB/l, X0Ts1, KOHEYHO, CEMAaHTU-
YecKME BO3MOXHOCTH MOJEIM JaHHbIX Postgres ObLIM CyLIECTBEHHO ciadee,
4eM y 00bEKTHO-OPUEHTUPOBAHHBIX MOJeei naHHbIX. OCHOBHAsI pa3HHIIA CO-
CTOsUIa B TOM, YTO B Postgres He Npeanoiarajocs HUTHUHME SA36IKa MPOTPAMMM -
pOBaHHUsl, OMMHAKOBO [TOHUMAEMOT0 KAaK BHEIIHEH CHUCTEMOM MpOrpaMMHpO-
BaHMsI, TaK U CUCTEMOM yTipaBiaeHus 6a3amu naHHbIX. Kak u B Ingres, B ucxon-
HoM BapuaHTe Postgres He mognepxusaics si3sik SQL (uMecsi cobCTBEHHBIM
s13bIK 3anpocoB Postquel). Kctatu, Bo BpeMeHa Postgres Maiikst CToyHOpeikep
HE UCIIOJIb30BAJl TEPMHH 006eKMHO-PeAAUUOHHAR cucmema, TIPESAIIoYnTasl Ha-
3b1BaTh ¢BOIO CYDB/ cucmemoii cnedyrowezo nokonerus.

B Hauase 1990-x rr. CroyHOpeiikep co3nan komnauuio Illustra, ocHOBHoOM
LIEJIbI0 KOTOPOM ObLT BRITYCK KOMMepuecKoro BapuaHta CYB]] Postgress, mo-
nyyuBliero HaspaHue lllustra. B aToil cucTeMe MOANEPXUBAIUCH OCHOBHBIE
unen Postgres, HO yXe NpUCYTCTBOBaIA U nmoaiepxka si3bika SQL. B KoHue
1995 r. komnanwus llustra 6pU1a MoTyIONIEHAa KOMITaHUe Informix, # 910 NpHU-
BeJio K BhiycKy B 1996 . CYB/I Informix Universal Server (cM. HiXe).

Hms Bona Kuma ctajio LimpoKo M3BECTHO BO BTOpOi mojoBuHe 1970-x
IT., KOTIA OH IIPUMKHYVJI K Y4aCTHIO B 3KCIIEPHMEHTAIILHOM ITPOEKTE KOMIIAaHUU
IBM System R. Hautonee usBecTHas paHHssi pabora noktopa Kiima 6bU1a o-
cBsillieHa ITpeobpa3oBaHuio SQL-3aMpocoB ¢ LEbIo PEeBPAILICHUsT 3aIIPOCOB C
BJIOXXEHHBIMH TMOA3AITPOCAMH B 3a1IPOChl ¢ COCTUHEHUSIMU.

B 1980-¢ rr. Bon Kum patoTtan B komnanud MCC, rje ycnelmHo BhIToI-
HUWI peanu3aiuio cepud nporotunoB QOCYB Orion. B 3tHX mpoTtoTHax
ObLUIM OIMpOOOBAHB MHOTHE MIEH 00beKTHO-OpHeHTHpoBaHHEIX CYB. On-
HOM U3 HHTEPECHBIX OCOOEHHOCTEN IIPOEKTa ObLIO TO, UTO B KAYECTBE OCHOB-
HOTO s13bIKa MPOrpaMMHPOBAHUS UCTTONB30BAJICS OOBEKTHBIN BADUAHT U3BECT-
Horo (pyHKUMOHaNBHOTO si3biKa Lisp.

B konue 80-x rr. 1-p Kum ocHoan komnanuio UniSQL, BeIMyCTHBIILYIO B
1991 r. nepsyio Bepcuio npoaykra UniSQL, kotopsiii Bow Kum cTan HaswiBath
006eKMHO-penayuonnoil cucmemoii. TpymHO OLICHHBATh KOMMEPYECKHH YCIeX
atoit CYB/. B HacTostiee BpeMsi OHa MpUHAIUTEXUT KopeiiCKOH HALIMOHATIbHOM
TEJIEKOMMYHHKAIIMOHHOM KOMITIAHHH U, ITO BCEH BUIMMOCTH, NMPOJOJIKAET HC-
nosnb3oBatbes. TTockoasky UniSQL 6vu1a iepBoit CYB/I, odunmansHo Ha3biBa-
€MOi1 OOBEKTHO-PEJISILIMOHHON CUCTEMO#, MPUBEIEM €€ KPATKOE OITUCAHHE.

UniSQL o6ecneynpana BO3MOXHOCTh MOCTPOESHUS TaK Ha3bIBAEMBbIX ¢he-
Odepamugnbix cucmem 6a3 dannbvix. TIpH 3ToOM 00eCnEUUBAIOCHh €AUHOE IIPE-
CTaBJICHUE NAHHBIX, KOTOPHIE MOTJIM XPAHUThCA MO0 B 6a3€ JAHHBIX, HEMO-
cpeacTBeHHO ympabBisiemMod UniSQL, nubo B KakKoii-1160 M3 peassiiMOHHBIX
0a3 naHHbIX, ynpasiasgemoi CYB/I Oracle, Informix, Sybase u T. 1., 1160 B Ka-
Koi-1160 mopensimioHHoM 6a3e naHHbIX. CepBep UniSQL obecrieunBan uHTe -
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TPUPOBAHHBIN JOCTYN K JaHHBIM, yrpasiseMbiM pasHeiIMU CYDB/. OgHa u3
BO3MOXHBIX KOH(UTYPALIMH UCIOJIb30BAaHMSI CUCTEMHI MTOKAa3aHa Ha puc. 19.1.

IIpunoxenue 1 [punoxeuue 2 [punoxenue 3

CxeMma S

1

Cepsep UniSQL

Pnc. 19.1. Bo3amoxHast koHdurypaumst cucreMsl UniSQL

Kak nokaswiBaer puc. 19.1, cepBep UniSQL no3BosisieT npeacTaBicHHIM
paborarh Yepe3 «modaTBHYIO» CxeMy 0a3bl JaHHBIX S, MOJYYEHHYIO M3 ABYX
«(bparMeHTapHBIX» CXeM 0a3 JaHHBIX, KOTOPHIC YIIPaBJSIIOTCS HEMTOCPEICTBEH -
Ho UniSQL u CYB/] Oracle.*

PaspaGorunku UniSQL monaraim, 4To NMOCTPOEHHE IMOMHOMYHKIIUO-
HanbHOM CYDBJI, ocHOBaHHOH Ha NMPWHIIMITHAJBHO HOBOM MOAENH NAHHBIX,
KpaiiHe npobieMaTHYHO. BbuT BHIOPaH NOAX0N K PaCUIMPEHUIO PEISIIUOHHOMN
MOJIE/IH, BBIPAXAIOLIHUICS B CASTYIOIINX YETHIPEX IPHHLIMIIAX:
® 3HAYEHUSIMM aTPUOYTOB OTHOLIEHUH MOTYT OBITH HE TOJNBKO JIMTEPATbHbBIC

3HAYEHHsI, HO U OOBEKTHI;

* Bonpochl MHTErpaliuM JAHHBIX BBHIXOIAT 3a MpeJesTbl TEMAaTUKH 3TOro Kypca. OIHaKo clienyeT cie-
naThb 1Ba 3aMedaHusi. Bo-nepBrix, mpobieMaTuka obecreueHUsl AOCTYTIA K pa3HOPOAHLIM JaHHBIM
Yyepe3 HEKOTOPYIO IMoGabHY0, HIIM KOHUETITYATLHYIO CXEMY MHTEPECYET COO0LUecTBO 6a3 JaHHBIX
B TeYeHHE HECKOIBKUX €CSTKOB JeT. CyllleCTBOBAIH MHOTOYMCIEHHbIE MOTMBITKY 00ECTIEYNTDh MH-
Terpanuio 6a3 JaHHBIX, IPEICTABRIEHHbIX BO BCEX BO3MOXHbIX MOJIEJISIX (CETEBOM, MEPapXHUECKOI,
PENSILIMOHHOMN, OOBEKTHO-OpUEHTUPOBaHHOM). C TOUKH 3peHMS TEOPUH peilieHHe TPOGIEMBI BO3-
MOXKHO, HO Ha ITPaKTHUKE 3TO MPUBOAMT K OUEHb CJIOKHBIM C TEXHHYECKOM TOUKH 3peHHs] pearu3a-
LMSIM, O6NaaloMM KpaiiHe HU3KOH NMpou3BoauTebHocThio. Bo-BTopeix, B MCC B 1980-€ roant
6bL1 CO31aH BECbMA YCTIEILHBII MPOTOTHIT CUCTEMEL, HHTerpUpyloel SQL-opHeHTHpoBaHHbIE Ga-
351 JAHHEIX. JIOJDKHO GBITh MOHSTHO, YTO TaKasl MHTEIPaliMsl CYILECTBEHHO IMPOILE B TEXHUYECKOM
CMBICJIEe, TOCKONBKY IobanbHasi U (parMeHTapHbIEe CXeMbl NIPEICTARIIEHBI B ONIU3KUX TIOHSATHSX.
[Toxoxe, yto npoexT UniSQL B GonbIoit cTeneHH 6a3sMpoBaicsl M HA 3TOM pabore.
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® 3HayeHUs aTpUOYTOB OTHOLLUEHUI He 00S3aTETbHO ABMSIOTCA aTOMAPHBIMU;

® TIpU MOCTPOCHUM TaONULI (KJIACCOB) MOXET UCTOIb30BATLCA MEXaHU3M Ha-
CJIeIOBAHMS,

® KJIaCChl BKJTIOYAIOT OTIEPALIUK.

B co3panHoOIl KoMITaHMel cucTeMe TTOMIEPXKHUBAIOCH paclllipeHUe CTaH-
napta SQL — SQL/X, oIHOBpeMEHHO BKJIIOYaloIlice U 00BEKTHO-OPUEHTUPO-
BaHHBIC, U PEJNSLIMOHHBIE BO3MOXHOCTH. B OQHOM SI3BIKE MOAAECPXUBAIHUCH
BO3MOXHOCTH U ONpelesIcHUSA JaHHBIX, © MAHUNYJTUPOBaHUS UMHU. B KauecT-
BE SI3BIKOBBIX CPEICTB NMPOrpaMMMPOBAHMUS IIPWIOXCHUN MOAAePXHBAIHUCH
s3eikM C++ 1 Smalltalk.

BuegpeHne ob6beKTHbIX pacilunpeHuii B OCHOBHble PCYB[

B xonHue 1989 r. rpynna HU3BeCTHBIX CIEIMAIMCTOB B ODJIACTH SI3BIKOB
MpOrpaMMHUPOBaHUS 0a3 JaHHBIX OMYOJMKOBAJIA NOKYMEHT TMOJA Ha3BaHUEM
Manugecm cucmem oGsexmuo-opuenmuposannbix 6a3 0annbix (ISl KpaTKOCTH
Oyaem HasbeIBaTh ero [lepevim manugecmom). OCHOBHBIM MOBOIOM K HaNMca-
HMIO U MyOTUKALIMU 3TOTO MaTepHasia ObUIO TO, YTO K TOMY BPEMEHHU CYIIIECT-
BOBQJI S CUCTEM yTIpaBJcHHUs 6a3aMU JaHHBIX, KOTOPBIE, IO OOIbIIOMY CUe-
Ty, O0OBEAUHSIIA TOJBKO OOWIAsT MPUBA3AaHHOCTh K OOBEKTHO-OPUEHTUPOBAH-
HBIM sI3bIKaM nporpaMMmupoBanus. B Ilepeom manughecme Gbuta npeanpuHsTa
TIOTIBITKA JATh ONpeeIeHUE CUCTEMAM 00beKTHO-OPUEHTUPOBAHHBIX 043 TaH-
HBIX. ABTOPBI CTPEMUINCH IIPUBECTH OIIUCAHUE OCHOBHBIX CBOMCTB M XapakTe-
PUCTHK, KOTOPBIMHU JOJXKHA 00J1aiaTh CUCTeMa, IPETECHAYIOUIast Ha TO, YTOOBI
Ha3bIBAThCSI CUCTEMON 00beKTHO-OPUEHTHPOBAHHBIX 0a3 IaHHbIX. [lepabili ma-
Hugecm OB HAITHCAH AKAIEMUYECKUMU UCCIENOBATESIMU; IOYTH BCE OHU SIB-
JISJIMCh U SBJIAIOTCA NpodeccopaMU pa3iIMyHBIX YHUBEpPCUTETOB. KoHeuHo,
9TO HalUIO CBoe oTpaxkeHHE B cTiie [lepBoro MaHudecTa — 04eHb MSATKOM U
YMEPEHHO PEKOMEHIATEBHOM (XOTS IO CBOEMY AYXY NPELTOXEHUS 3TOTO Ma-
HUdecTa ObUIM BeCbMa paUKATbHBIMH).

Yepes ron nocne nydnukaumu Ilepgoeo manughecma BoilleN B CBeT Manu-
ghecm cucmem 6a3 OaHHbIX Mpembezo NOKOAeHUs, WHULIMATOPOM KOTOPOTo, oYe-
BUIHO, ObLT Maiikn CroyHOpeitkep (XOTS Y JOKYMEHTA (POPMaTBHO MMEIOCh
MHOTO aBTOPOB). MBI rOBOpHM 00 3TOM C YBEPEHHOCTHIO, TOCKOJIBKY B 3TOM
MaHu(ecTe MoBclogy BUAHBI uaeu CToyHOpehKepa, UCIONb30BAHHBIE UM B
npoekTax Ingres u Postgres.

B HekoTopOM pone Marugpecm cucmem 6az danHbix caedyouiezo noOKoAeHUs
(B KpaTKOCTH MBI OYA€M HA3bIBaTh €10 Bmopbim manugecmom) cTag OTBETOM
MMDPY OOBEKTHO-OPUEHTUPOBAHHBIX 0633 JaHHBIX CO CTOPOHBI MUpa SQL-opu-
eHTHpOBaHHbIX 06a3 naHHBIX. Eciu Ilepebiii manugecm ObUT XOTS U HEMHOTO ITy-
TAaHHBIM, HO BCe~-TaKHM HOCWJI HAYYHHIH XapakTep, TO Bmopoii manugpecm sapns-
eTcsl B Ooibliedl CTeNMeHW WHXEHEPHO-TYOJHULIMCTHUECKHM NTOKYMEHTOM.
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Nexuma 19 93bIk 6a3 AaHHbIX SQL: 06beKTHLIE paclunpeHns

Bmopoii manugpecm MOXHO pacueHUBaTh KakK peakiuo uHayctpud CYDB/I Ha
HEMPHATHBIE I Hee U3MBIIIUIEHHUS HayKH.

Bmopoit manugecm (1nu, BepHee, pabOTHI, MPUBEAILINE K €T0 MMOSIBICHHIO)
HMMeJ BaxHble nmocneactsus. B 1995 r. koMnanus Informix (HpIHE BXonsiiasi B
coctaB IBM) kymwia kommanuo Maiikia CroyHopeiikepa Illustra*, n CtoyH-
OpeiKep cTal TEXHHYECKUM JupexTopoM Informix. B Havate 1996 ©. komnaHus
Informix 00BsiBHJIa O BBITYCKE NPHHLMIIHAIBHO HOBOTO mpoaykra Informix
Universal Server, B KOTOPOM, KaK YTBEPKIAIOCh, JTydinue 4epThl Informix Online
Server coyeTaIMCh C pa3BUTBIMH 0OBEKTHBIMM YEPTaMH, MpucyiuMH Illustra.

K Brinycky Informix Universal Server oueHb peBHHBO OTHECHACh KOMIIA-
Hus Oracle, KoTopasi HEMEUIEHHO 3asiBIJIA, YTO Y He€ rOTOB COOCTBEHHBIHM
00BbEKTHO-PEISLIMOHHBIH MPOAYKT, IO BCEM MapaMeTpaM IIPEBOCXOASIIIIUN CH-
creMy koMnaunu Informix. Dta cucreMa, nojsyuyuBiiasi Ha3Banue Oracle8, ObI-
Jia BBIITYILIEHA B KOHIIe Jieta 1996 r.

TomoM no3xe K rpyrine npou3BoguTesici 00beKTHO-pesILHOHHBX CYB/
(OPCYDB/l) nmpumkHysa KomnaHus IBM, einyctuBmass npoaykr DB2
Universal Database. Kak BBISICHIIOCH NT03Xe, Bce HaHOo0JIee BaXXHBIC CBOCTBA
3TOro NMpoaykTa 6bLTH pean3oBatbl eite B 1995 ©. B CYB/ DB2 for Common
Servers. Ilpocto komnanus IBM mpeanowia a0 nopel He apMILIMPOBATH CBOH
paCLLIMpEHMS.

IlepBoie napy yieT BOKpyr 00beKTHO-pesisitiuoHHbBIX CYB/l crosin 60ib-
woif mwyM. ITo3xe BBISCHUIOCH, YTO MAPKETHUHIOBBIE OXWIAHUS KOMITAHMIi-
TMTaHTOB OKa3alHCh NpeyBeJudeHHBMHU. (B 1acTHOCTH, 3TO GbUTO OOHOM M3
OCHOBHBIX NPHYMH NaaeHuss KoMmaHuM Informix.) CerogHs o0beKTHEIE pac-
mupeduss SQL-opuentupoBaHHbix CYBJ mpemtaraloTcst NnoJjib3oBarelisiM
JIUIIIb B KAYECTBE OTIOTHUTEIBHBIX, XOTSI M BAXHBIX BO3MOXHOCTEH.

O0beKTHBIE pacIIUpeHHs s3biKa SQL 6bLTH 3aMKCUpPOBaHbl B CTaHIAp-
Te SQL:1999. B TOi1 MM MHOI Mepe 3TH pacIIMpeHHsl MOAICPXKUBAIOTCS BO
BCEX TpeX NMepeyMUCICHHBIX BbINIE MpoayKTax. B HacTosiilee BpeMs OJInXKe BCex
K ctaHaapTy HaxoasTcss CY b/ komnanum Oracle u DB2 xoMnanuu IBM.

O6bexTHas moaenb SQL

O61nekTHBIE paciiMpeHUs SQL:1999 6a3upyIoTCs HA HEKOTOPOM OOBEKT-
HOI MOJEJH, XOTsI 3Ta MOAENIb B IBHOM BHAE B CTAHAApTe He CrieLMGHIIHPY-
ercsa. O0bekTHas Mozeab SQL** He aBasieTCS TOXIECTBEHHON OOBEKTHBIM
MOIEJISIM KaKOT0-IH00 00BEKTHO-OPHEHTHPOBAHHOTO SI3BIKA NMPOrpaMMHpO-
BaHUS WIHU KaKOH-JTHUOO0 OOBEKTHO-OPUEHTPOBAHHOM CHUCTEMBI 6a3 MaHHBIX.
OaHako NpH omnpedeieHHH O00BEKTHON Mogean SQL yJyacTHMKH mpoliecca

* Komnanus Illustra 66u1a co3nana CToyHOpeiKepoM Ui KOMMepLHATH3alMH pa3paboTaHHOM
TIOJ ero PyKOBOACTBOM cBoGogHO goctyniHoi CYB/I Postgres.
** KOHEeYHO, 3TO He MOAEb JaHHBIX B cMbicie Komna.

453



Kypc OcHoBbl 623 AaHHbIX

CTAHJIAPTH3ALMH TIIATEIBHO POAHANIM3UPOBAJIM PSII JIPYTUX SI3bIKOB U CHC-

TEM C LIeJIbIO BLISCHEHUS IOCTOMHCTB U HEOCTATKOB MX OOBEKTHHIX MOJEEH.

ITo MHeHMI0 aBTOPOB cTandapta SQL:1999, BEIpaboTaHHAast MMM OOBEKTHASA

MOJEJIb MOX0Xa Ha 00BbEKTHYIO MOIENb A3bIKa Java, HO TIpH 3TOM afanTHpO-

BaHa K npupoje sa3bika SQL kak sizeika CYB/I ¢ HajinuueM cTabWIbHO XPaHH-

MBIX METANAHHBIX U JaHHBIX*.

O6vexkTHas Moaeab SQL:1999 BxmoyaeT ABa OCHOBHBIX OTIMYUTEIBHBIX
KOMTIOHEHTa — CMPYKmMYpHble, onpedeasembie noAb308aMeAIMU MUnbl OGHHOIX
(User Defined Type — UDT) v munusuposanusie mabauub (Typed Table). Tlepsoiit
KOMTIOHEHT MO3BOJISIET OTIPEAEIIATh HOBBIE TUTTHI IAHHBIX, KOTOPHIE MOrYT OBITh
ropasno 6osee CI0XHBIMU, YEM BCTPOCHHBIE TUMBI JAHHBIX A3bika SQL. Tpu
onpeneneHuu crpykrypaoro UDT Tpebyercs crieuuUIIMPOBATH HE TOJBKO CO-
JepXalluecst B HeM 3JIEMEHTHI JaHHBIX, HO M CEMaHTHKY THTIA JAHHBIX, T. €. €70
MOBEICHUE Ha OCHOBE MHTep(eiica BEI30BOB MeTON0B. BTOpOit KOMIIOHEHT —
TAIMMU3UPOBAHHBIE TAOIHLbI — MO3BOJISIET ONPEAC/ATE TAOJMLbI, CTPOKH KOTO-
PHIX ABJISTIOTCS 9K3eMILIsipaMHy (in 3HaueHUsiMM) UDT, ¢ KOTOpBIM SIBHO acco-
LMMpYeTCs Tabmuua. Bo MHOTMX OTHOLIIEHUSIX CTPOKA TUITM3HPOBAHHOM Tabny-
LBl TOX0Xa Ha OOBEKT KJIAacca B 0OBbEKTHO-OPHUEHTUPOBAHHOM CHUCTEME,

B cranmaptre SQL:1999 onpenenieHnl ABa nakeTa 0ObEKTHBIX CBOMCTB —
muHuManbHbiilt (PKG006) u nonueiit (PKG007), KOTOpBIM AOXKHBI yAOBJIE-
TBOpsTh SQL-0opuentuposannsie OPCYB/I, npeTeHay0mue Ha COOTBETCTBHE
crangapty. Huxe OymyT mepeuuciieHbl CBOHCTBA, BKJIIOUEHHBIE B KAXIBIA U3
MAKETOB, HO CMBICJI 3TUX CBOMCTB OYAET MOHSITEH TOJBKO TOC/E MPOUTEHUS
OCTaJIbHBIX pa3lieiIoB.

INaker PKG006 BxiiloyaeT Bcero nsiTb CBOMCTB:

e cBoiicTBo S023 («Basic structured types») — BOZMOXHOCTb onpeaeasits UDT
M UX METOABI C OTPAHHYEHHBIMH BO3MOXHOCTSIMH;

® cBoiicTBO S041 («Basic reference types») — BO3BMOXHOCTb ONIPEACIIATD U UC-
TM0JIb30BaTh CCHUIKU Ha 3k3eMIuvisipsl UDT, Bxoasiiive B THNU3UPOBAHHBIE
TaOMULIBL;

o cpoiicto S051 («Create table of type») — BO3SMOXHOCTb CO3NaHUSI TUTTM3UPO-
BaHHBIX TAOIHL;

e cpoiictBo S151 («Type predicate») — BO3MOXHOCTBb OTNIPENEICHUS] TOUHOTO
THMA (B Mepapxyu TMTNOB) 3K3eMiuisipa UDT,

e cBoiictBo T041 («Basic LOB data type support») — BO3MOXHOCTb OTIpeesie-
Hus LOB-tunos B cMbiciie SQL (¢ HeoOsi3aTeNbHOM MOAmepXKOi onepa-
LM, KpOMe OTIepalinii COXpaHEeHUST U MOJIHOM BRIOODKH).

IMaker PKG007 conepXuT neBsTh AOMOJIHUTENBHBIX CBOICTB:

* [laneko He ¢axkT, YTO OpHEHTALIHsI Ha SI3bIK Java Obula MpaBUILHLIM peiieHueM. [1o MHeHHIo aB-
TOpa AAHHOTO Kypca, MPUYMHOH SIBASIIOTCS OTHIOAL HE YHUKAIbHBIE IOCTOMHCTBA si3biKa Java (06-
CYXIEeHHMEe ITOTO S3bIKA HeE SIBJISIETCS 3a/1a4eif aBTOpa), a TO, YTO BO BpeMs pa3paboTKH CTaHOapTa
SQL:1999 31k Java 6bU1 0coGeHHO MoieH. [1ToMMMO Mpoyero, 3aMeTHM, YTO IS sA3bIKa Java (Ha-
CKOJIbKO M3BECTHO ABTOPY) HUKOT/IA He omnpeesiachk GopMaibHas 0ObeKTHAS MOJIEND.
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® cpoiicTBO S024 («Enhanced structured types») noGaBasieT K cBOMCTBY S023
Psi pa3BUTHIX BO3MOXHOCTEHM, B YUCJIO KOTOPBIX BXOAAT BO3MOXHOCTH KO-
JUPOBAaHUS METOIOB Ha A3bIKAX, OTJIMYHBIX OT SQL., cpaBHEHHS 3K3eMILIS-
poB UDT u nmepenaua ak3eMmisipoB UDT B KauecTBe nmapaMeTPOB pazjind-
HBIX TIPOLIEAYD;

* cBoiicTtBo S043 («Enhanced reference types») pacuimpsieT cBocTBo S041 Bo3-
MOXHOCTSIMH OMpPENEICHHUS] CCHUIOK € 00J1acThio NEWCTBHS, aBTOMaTHYEC~
KOH MPOBEPKH 3aKOHHOCTH CCHUIOK U T. 1I.;

e cpoiictBo S071 («SQL-paths in function and type name resolution») 1o3BoJisieT
UCIIOJIb30BaTh MyTeBbie BhipaxeHuss SQL (SQL-path) B anropuT™Me paspe-
IICHUS THUIIA,

® cpoiicTBO S081 («Subtables») pacimpsieT BO3MOXHOCTH CBoiicTBa S051, no-
IyCKasi OpraHW3ailMi0 UEPapXdHU TaOJUI[, aHAJIOTUYHON HEepapXHH THUIIOB
cootBercTBYIoninx UDT;

® cBoicTBO S111 («ONLY in query expressions») obecnieUrBaeT BO3MOXHOCTD
BBIOOPKH M0AbKO 3K3EMIUBIPOB YKa3aHHOTO THMA, 6€3 3K3EMILTSIPOB JII000-
Io U3 €ro MOATHITOB;

® cBOMCTBO S161 («Subtype treatment») mo3BoisiecT UHGOPMHUPOBATL Cpedy
SQL o ToM, YyTo HEKOTOPHI#H 3k3eMIuIsip UDT B NeHCTBUTEIBHOCTH SIBIISIET-
¢Sl IK3eMILTSIPOM YKa3aHHOTO MOATHIIA;

® cBotictBO S211 («User-defined cast functions») pa3peiiaeT onpeneisiTh Noma-
MporpaMMel, peodpasyloniue 3k3eMiuisipel UDT k npyrum tumnam;

® cBoicTBO S231 («Structured type locators») ciocoOGCTBYET JOCTYITY K 9K3EMII-
Jgsipam UDT u3 npuKiIagHbIX Mporpamm;

o cBoiicTBO S023 (« Transform functions») NO3BOJISIET ONPENEIISATE MOIIIPOrpaM-
MBI, ipeoGpasyouue 3HaueHust UDT B 3HaueHusT npeaonpeneneHHbIX TH-
MOB JaHHBIX, ¥ HA00OPOT.

Llenn nexuun

CnemyeT 3aMETUTD, ITO B 3TOM, O€3yCIIOBHO, ITEPETPYKEHHONH MaTEPHATIOM
JICKLIMH MBI IIPECI€NyeM ABE OCHOBHBIE 1ieH. [IepBasi 1ieJTb COCTOUT B TOM, YTO-
OHl ITOKAa3aTh YMTATEIISAM, UYTO B CPEACTBAX OMNPEICICHHUS CTPYKTYPHBIX THITOB
SQL ucrmons3ylores, o CyTH, Bce 6a30Bbie BO3MOXHOCTH ONPEICACHHS 00beK-
TOB 0a3bl JAHHBIX U BHIOOPKH NAHHBIX, KOTOpbIE 0OCYXIATHUCh B IPESILLTYLIMX
JieK1IMsix. bonee Toro, onpeneneHHbIe MOJb30OBaTENSIMU THITE B SQL siBnstoTcs
obbekTamu nepBoro Kiacca; UDT MoxHO Hcionb3oBath B JIIOOOH KOHCTPYK-
LIMK s3bIKa, B KOTOPO# MOMYCKAETCS MPHUMEHEHHUE MPEAONpeAcICHHOIO HIH
KOHCTPYHPYEMOTO THITIA JaHHBIX. OUeHb BaXKHO OTAABaTh ce0€ OTUET B TOM, UTO
HaJIMUHE BO3MOXHOCTH ONPEICISTD MOJIL30BATEILCKHE THITHI HE JEIAeT SI3BIK
SQL MeHee peNsiliMOHHBIM WIH Ooee OOBEKTHRIM. 3Ta BO3MOXHOCTh «BCETO
JIMIIB» (DAHTACTUYECKY MOBBIIIACT BRIPA3UTEILHYIO MOLIHOCTD SI3BIKA.
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Bropoii 1ebio SRISeTCs AeMOHCTPAIIMS TOTO, KAK HA OCHOBE 6a30BBIX MEXa-
HH3MOB SI3bIKA Y1aJ10Ch BBECTH JOMOJIHUTEIbHbIE KOHCTPYKLIMH, KOTOpPHIE JEHCTBU -
TeJIbHO BIUIOTHYIO MpuonmkaioT SQL kK 00beKTHOMY MHPY. 31€Ch, KOHEYHO, OCHOB-
Hy10 posb urpaet cBsi3ka UDT u MexaHu3Ma TUIIM3MPOBAHHBIX TAabJIML], KOTOPHIE M-
patoT B SQL cBoeoOpa3Hyt0 COBMELICHHYIO POJIb KJIACCOB H KOJUIEKLIMI OOBLEKTOB.

MoXeT 0Ka3aThCs, YTO MaTepual 3TOM JEKIMH MOKAXKETCSA CIOXHBIM, TMO-
CKOJBKY JJIs1 €TO YCBOCHHS He TTIOMENIAJo Obl UIMETh TIPEABAPHTENLHYIO MIOATOTOB-
Ky B 00,1aCTH MOJHOTHITIOBHIX SI3bIKOB MPOrpaMMHUPOBaHUSs, OOBEKTHO-OPUEHTHPO-
BaHHBIX SI3BIKOB U CUCTEM 0a3 MAHHBIX U T. A. XOYETCS HAIEATHCS, YTO BOSHMKHO~
BEHHUE TPYAHOCTEH NIPY U3YYCHUHU JIEKLIMH HE OTITYTHET YUTATEJIEH OT 3TOM TEMBI, a
HaTpOTHB, MOCIYXHUT CTUMYJIOM K M3y4eHHIO JOTIOTHHTENBLHOM JTHTEPATYPAI.

Bo3MmoxHa M apyrast onacHas cutyanus. KpaTkocTs M HekoTopas dop-
MaJIBHOCTh W3JOXEHUS MOXET CO3AaTh JIOXHOE BIIEYATICHUE TPUBHAIIBHOCTH
00BeKTHBIX paciiupeHui SQL. B 3ToM crydyae MOTY ITOCOBETOBATH ITEPEUUTATh
MpeAbIOyLHME JIEKUMH Kypca, oTHocsinuecs K SQL, cunras, 4To Be3ne, rae uc-
TOJIB3YIOTCS MPENOTIPEAEACHHbBIEC HJIM KOHCTPYHPYEMbBIE THIIbI, IPUMEHSIOTCSA
Hekotopeie UDT, a B Tex ciry4asix, rae MMEIOTCS Tab IHIIbI, CBA3bIBAEMBIE €CTe-
CTBEHHBIM COSTMHEHHUEM, HCTIOIb3YIOTCS THITH3UPOBAaHHBIE Ta0aULIbL. JlyMaio,
3TO MO3BOJIMT OLICHHUTh MOIIL HOBBIX Bo3MoXHocTei SQL.

BBenst 3TOT HEOOXOAMMBIA KOHTEKCT, MepeiaeM K OTTMCAHHUIO COOTBETCT-
BYIOLLMX MexaHH3MOB SQL:1999.

OnpepensemMbie Nosib30BaTEJIIMMU TUTbI

OnuH U3 OCHOBHBIX YIIPEKOB MO aapecy A3biKa SQL, 3By4aBIiIHii, B yacT-
HOCTH, B ITepBoM MaHU(ecCTe, 3aKITI0YAICS B OTCYTCTBUH KaKKX Obl TO HH ObI-
JI0 BO3MOXHOCTEH XpaHHUTD B 6a3€ AaHHBIX JaHHBIE, THIT KOTOPBIX SIBISUICS Obl
HE TipeJonpeeieHHbIM, a ONpedeIsieMbIM MOJb30BaTeAMH. OTpHIIATEIbHBIE
MOCAEACTBHA OTCYTCTBHSI TAKOH BO3MOXHOCTH TIpH3HABAIMCh U BO BTopom
MaHudecre. B SQL:1999 stor aedexr 6vi1 ycrpaHeH. Kak oTMeuyanoch B
JIEKIIMM 11, B cTaHaapTe NoJAepXUBAeTCsA BO3MOXHOCTh ONpeae/IeHUs T10JIb-
30BareasAMH IByX pasHoBuaHoctet UDT — cmpyxmypuoix munoe (structured
type) u undusudyanbubix munoe (distinct types).

UHagmueugyanbHble TUMbI

HanoMHHM, YTo HHIUBHOYANTbHHIM THITOM Ha3biBaeTcst UDT, ocHoBaH-
HBIA Ha €AMHCTBEHHOM BCTPOCHHOM THIe (HanpuMep, INTEGER). 3Ha4eHHA
TAKOTO THIIA HENb3sl NPAMO HCIIONb30BATh B OTIepallMsiX COOTBETCTBYIOLEro 6a-
30BOr0 THMA, OJHAKO JOITYCKAEeTCs SIBHOE NPHBEACHUE 3HAYCHUH WHIUBUIY-
aNbHOTrO THNAa K 6a30BOMY THITY. [TosICHUM 3TO Ha NpUMeEpax.

ITycTh 3agaHbI CaeAyOILNe ONpeaeieHUA HHANBUAYAIbHBIX TUIIOB:
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CREATE TYPE EMP_NO AS INTEGER FINAL;
CREATE TYPE DEPT_NO AS INTEGER FINAL;
CREATE TYPE PRO_NO AS INTEGER FINAL;

Tabauiry EMP MOXHO OIIpeHeJUTh CACOYIOIIMM 00pa3oM (YNpOUIeHHBIH
BapHaHT):

CREATE TABLE EMP (
EMP_ID EMP_NO,
EMP_NAME VARCHAR(20),
DEPT_ID DEPT_NO,
PRO_ID PRO_NO) ;

Takoe onpeneneHue TaGIULIBI IPUBENET K TOMY, YTO XOTS BCE TPH MHIH-
BUAYAJIBHEIX THIIA ONpENEIEHB Ha OMHOM M TOM Xe 0a30BOM THIle INTEGER,
TMTOTIBITKA BBIMOJIHUTD 3aIpOC

SELECT EMP_NAME
FROM EMP
WHERE EMP_ID > DEPT_ID;

OyIeT OTBeprHyTa CHCTEMOH (M 3TO NPaBHIBLHO, TIOCKOJIBKY, CKOpEe BCeTo, 3a-
npoc 33naH no omubke). Ho ecau AedcTBUTENBLHO TpebyeTcsl cpaBHHUBATh
WICHTU(MHUKATOPHI CAYyXaUMX ¢ WACHTHGHKATOPAMH MX OTHEJIOB, TO MOXHO
BOCIOJIb30BaThCSI KOHCTPYKLIMEH SIBHOTO TIDUBEACHHSI TUTIA:

SELECT EMP_NAME
FROM EMP
WHERE CAST (EMP_ID TO INTEGER) > CAST (DEPT_ID TO INTEGER);

AHaJIOTHYHLIM 00pa3zoM OyeT OTBEPIHYT 3alpocC

SELECT EMP_NAME, EMP_ID + 5
FROM EMP
WHERE DEPT_ID > 630;

Y1oOsI yKa3arb CUCTEME, YTO ACUCTBUTEIIBHO TpeﬁyeTCH BBITIOJTHUTB OTIC-
palMy HEJA0OYHUCIICHHOTO CIIOKEHHWA U CPABHCHHUS Had 3HAYCHUSIMH HHAWBHUOY -
AJIBHBIX THITOB, 3aIIPOC HYXXHO INEPEITUCATh CICAYIOMHUM 06pa30M:

SELECT EMP_NAME, CAST (EMP_ID TO INTEGER) + 5
FROM EMP
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WHERE CAST (DEPT_ID TO INTEGER) > 630;

Y yuTaresneit MOTYT BOSHMKHYTh JIBa 3aKOHHBIX BONPOCa:

® T10YeMYy, BOIIPeKH OOBIKHOBEHHIO, MBI HE ITPUBENIN (DOpMATbHbIE CHHTAaKCH -
YyeCKHe MpaBUia onepaliy onpeaesieHuss HHANBUAYATbHOTO THITa?

® YTO 03HAYaeT KIIOYEeBOE CJIOBO FINAL B IIpHBEACHHBIX IPUMEpax oIpeacie-
HHUS MHIUBUIYAJTbHBIX THIIOB?

Ha o6a 3tu Bompoca A0CTaTOYHO AAThb OAMH (BO3MOXHO, HEOXHUIaH-
HbI) oTBeT. C (popMaIbHOM TOUKM 3peHMS] MHAWBUAYAJIbHBIA THN AaHHBIX
SIBJISETCS YACTHBIM CJIydaeM CTPYKTYPHOIO THMa JaHHbIX. O0e pa3HOBUIHO-
ct UDT onpenensiorcs eAMHBIM CMHTAKCHCOM, KOTOPBIM MBI OOCYIMM B
cleayolIuX moapasaeiax. B yacTHOCTH, KNloueBoe CJIOBO FINAL MUTpaeT Bax-
HYIO pOJIb B ONpEIEICHUN CTPYKTYPHOrO THMA, yKa3biBasg Ha TOT QakT, 4yTo
3TOT THN MOXET MCIOJb30BAThCS TOJABKO IS CO3JaHHUSI OOBEKTOB, 4 HE IS
MMOPOXKIEHHS HOBBIX THIIOB HAa OCHOBE MEXaHHW3Ma HacnenosaHus. [Ipu omnpe-
JIeJIeHUH MHIMBUAYATBHBIX TUTIOB MEXaHHU3M HACJIEAOBAHUSA HE MCITONb3YeT-
csl, ¥ IO3TOMY B ONpPEAEICHUH JI000r0 MHANBUAYATBbHOIO TUNA JOJIXHO NPH -
CYTCTBOBATh KJIIOUEBOE CJOBO FINAL.* Jlanee, MOCKOJIbKY WHAWUBUAYAIbHBIH
THI SIBJISIETCS YACTHBIM THITIOM CTPYKTYPHOIO THINA, IS MHAWBUAYAILHOIO
TUIIa MOXHO OTIPEAESITL METOABI.

B cBOMX KHHrax mIaBHbIH penakrop craigzaptoB SQL xxum MentoH no-
CTOSTHHO TTOAYEPKHBAET CEMaHTHYECKOE CXOICTBO MOHATHI MHIUBUAYAIBHOTO
THUI4 JAHHBIX U JoMeHa B cMbicnie SQL ( nekums 11). bonee Toro, yreepxnaer-
¢S, 4TO B CNIEAYIOLINX BepcHsix cTaHaapTa SQL ucnonbp3oBaHHE AOMEHOB OyIeT
CHayaJla OOBSIBJIEHO HEXeNATeIbHBIM, a ITOTOM U BoBce Oyner 3amnpeiieHo. Ho
sl TIOJIAralo, 4YTO CAEJIaTh 3TO COBCEM HEMPOCTO.

HanoMHMM, 4TO B ¢cydae Ucnoyib3oBaHusa SQL-goMeHa:

(a) B onpeAcJIiEeHUH IOMEHA YKa3bIBaeTCsl 6a30BbIi BCTPOSHHBIH THIT JaHHBIX
H, BO3BMOXHO, OFpaHHYEHHE JOMYCTHMBIX 3HAYE€HHI1, KOTOPOE PACITPOCT-
paHsieTcsi Ha J1l000# cTonbell, ornpeaeieHHbIH Ha JAHHOM JOMEHE;

(b) 115 3HaYeHH# cTONIOLIA, ONpEAE/IEHHOIO Ha JOMEHE, MOMYCKAIOTCS BCe
olepalliy, pa3pelleHHbIC U1 6a30BOrO THIIA.

EcTrecTBEeHHO, 3TH BO3MOXHOCTH MOIYT HMCIOJIB30BATHCS TEKYLIUMH
roJiL3oBaTeNIsIMU ctaHaapTa SQL. B To xe BpeMs B ciydae UCTIOIL30BAHHSI HH-
JUBUIYATBHOTO THITA JAHHBIX:

(a) B onpenecHHW WHIWBUIYAIbHOrO THIA YKa3biBaeTCsl TONBKO 0a30BBIH
TUI JAHHBIX, €CJIM CTOJIOCIl ONpeaessaeTcss Ha WHIWBUIYATLHOM THIIE
IAaHHBIX, TO IJIA HEro 0643aTeIbHO NPUAETCS CIICLIU(pUIIMPOBATh COOCT-
BEHHOE OFpaHUYCHHUE LIETOCTHOCTH;

* Kcrary, He o4eHb TIOHATHO, MO KaKKM NTPUUKMHAM B ctaHaapte SQL He momaepxuBaercst Hace-
NIOBaHME JUT1 MHIUBHAYATbHbIX TUITOB, KOHEYHO, 3TOT MEXaHU3M CYIIECTBEHHO 6oJiee NoJie3eH LIS
CTPYKTYPHBIX TUIIOB, HO €TO BIIOJIHE MOXHO ObLIO ObI PEATU30BaTh U 111 HHAUBUAYATBHBIX THIIOB.

458



Nexuma 19 A3bik 623 ganHbIX SQL: 06bexTHLIe paciunpeHus

(b) Ut 3HAYEeHU# CTOJOLA, ONpede/IEHHOrO Ha HHIWBHAYAJIbLHOM THIE JaH-
HBIX, HE JOMYCKAIOTCS Ollepallii COOTBETCTBYIONIEro 6a30BoOro Tuia (ec-
JIM He UCTI0JIb30BATD ONEPaLuIo SBHOIO NPUBEAECHUS TUIIOB).
31ech IBHO MMEIOTCS TIPOTUBOPEYHS, VISl CIJIAXUBAHUS KOTOPLIX TpeOy-
eTcss MOOTUDHULHPOBATH MOHATHE UHANBUAYATILHOTO TUIIA JAHHBIX.

OnpegeneHve CTPYKTYPHBIX TUMOB

O6mmii cuHTakcHuc oneparopa onpeneneHuss UDT (MHOWBUAYaNbLHOIO
WIH CTPYKTYPHOIO) OIpeaesieTcs CeIyIOIHMMHU MPABUWIAMH:

UDT definition ::= CREATE TYPE UDT_name
[ subtype_clause ]
[ AS representation |
[ instantiable clause ]
finality
[ reference_type_specification ]
[ ref_cast_option ]
[ cast_option ]
[ method_specification_commalist ]

HMMs onpeaensieMoro noJjib3oBareieM TUIAa JaHHbIX UMEET, B 0011IeM CITy-
yae, TpPagMUIMOHHYIO i SQL Tpex3BeHHYIO CTPYKTYPY — MMsI_KaTalo-
Ta.uMMsi_CXeM.¥Ms_Tvma. Pasnel MOATMNU3ALUMM 33JaeTcsi B ClEeAyIOILeM
CHHTAaKCHUCE:

subtype_clause ::= UNDER UDT_name

Ecnu stoT pazaen npucyrctyet B onipeneiaeHun UDT, To B HeM yka3biBa-
eTcsi uMs paHee onpeaeaecHHoro UDT, atpuGyThl 1 METOIBI KOTOPOro G6yayT
HacCIeAOBaThCS OINpPEAcIsAeMbIM CTPYKTYDHBEIM THIIOM. CTPYKTYDHEBIC THIIHI,
onpenesieMble 6e3 UCnoJb30BAHUSI HACACOOBAHHUS, HA3bIBAIOTCS MAKCUMAAb-
HboiMU cynepmunamu (IIOCKOJIBKY Y JTI0O0TO M3 TAKMX THIIOB CYIIEPTHUII OTCYTCT-
ByeT).* B onpeneneHUsIX MAKCUMAIBHOTO CTPYKTYPHOTO CYTIEPTHIIA WM HHIU -
BHAYAIBHOTO THIIAa JOJKEH TIPUCYTCTBOBATH pa3iell NpeAacTaBicHuUs (AS):

representation ::= predefined_type
| (attribute_definition_ commalist)
Ecnu B pa3gene mpeAcTaBlAeHMsT YKA3bIBAETCS UMSA IpeaonpeleeHHOTO
BCTPOEHHOTO TUIA, TO ONpPeAesieTcs] UHAUBUAYAILHBIN TUIL. YKa3aHHUE CIIUC-

* Kak yXxe 0TMeuanoch paHee, pa3jiel NoATUNU3ALMU MOXET IPUCYTCTBOBATDH TOJILKO MIPH OTIpee-
JNIEHHH cTpykTypHoro UDT.
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Ka OIpeleNIeHUI aTpUOYTOB COOTBETCTBYET OIPEAEIEHUIO CTPYKTYPHOTO THIIA.
3aMeTHM, UTO pasdell TpeACTABIEHUS] MOXET OTCYTCTBOBaTh. B 3TOM cityyae
JIOJIXEH IIPUCYTCTBOBATD pas/ies] MMOATUITH3AlMM, U TIPeICTaB/IEHHE 3aHOBO OIl-
peaeasseMoro CTPYKTYPHOIO THUIIA MOJHOCTBIO HACENYETCS U3 OIpenesIeHUs
ctpyktypHoro UDT, uMsi KOTOpPOTro yka3aHo IOCJie KJIIOUeBOro ¢jioBa UNDER.

Onpenenenme arpubyra CTPYKTYPHOro UDT

Onpez[ene}me anPI6YI‘a HUMEET CJICIIYIOI].[Plf;I CHHTAKCHC!

attribute_definition ::= attribute_name data_type
[ reference_scope_check ]
[ default_clause ]
[ collate_clause ]

Hwms onpenenasieMoro aTpudyTa JOMKHO OTJIMYATHCSL OT UMEH BCeX IPYTUX
aTpuOyTOB OMpeAEIEMOTO TUMA, BKJIIOYAsi UMEHA aTPUOYTOB, HACJIEXYEMBIX OT
CyNEepTHIIa, H MMEHA aTPUOYTOB TUIIA JaHHBIX OMpeaensieMoro arpudyra. Tun
JaHHBIX MOXET OBITH JIIOOBIM JOIYCTUMBIM B SQL THIMOM JaHHBIX (BKITIOYAs
KOHCTPYHPYEMBIE TUTIBI ARRAY* U ROW, a Takxke UDT), KpOMe CaMOTO OIpeaeisi-
€MOT0 CTPYKTYPHOTO TUIIA U €70 CYNepTUIOB**,

Jlnst aTpubyTa MOXHO OOBSIBUTH 3HaUEHHE TI0 yMOI4aHuio. Ecnu TunomM
JAaHHBIX aTpUOYTa sSIBJISAETCSI BCTPOEHHBIN TUIT JAHHBIX, TO 3HAYEHHE aTpHOYTa
OOBSIBJISIETCS B TOM X€ CHHTAKCHCE, YTO H 3HaYE€HHE CTOJIOLA TTO YMOJIMaHUIO B
onpeaejeHUH TabauLBI (cM. iekuuio 12). Eciiy TUIIOM NaHHEBIX aTpUOYyTa sIBJIsi-
eTcs1 UDT (MHIHUBUAYJTHHBIA WU CTPYKTYPHBIH ), TUIT ROW WJIH CCBUIOYHBIN TUTT
(CM. ClleayIoLIMii MyHKT), TO €OUHCTBEHHBIM HOMYCTUMBIM 3HAYEHHEM IO
YMOJIYAHUIO ABJISAETCS HEOIpeleNeHHOEe 3HauyeHue (NULL). Eciu xe TUmoM
JAHHBIX aTpUOYyTa SBISETCS TUM ARRAY, TO 3HAUEHUEM TTO YMOIYAHUIO MOXET
OBITH NULL WIH ITyCTOE 3HAY€HUE-MACCUB (YKa3bIBaETCSA KaK ARRAY []).

Jlnst KaXa0ro onpenesieHust aTpudyTa, B KOTOPOM THIIOM aTpuOyTa sIBNsi-
€TCS1 CTPYKTYPHEIN THII, CUCTEMAa aBTOMAaTHYECKU TE€HEPUPYET Tapy METOMIOB,
HMMEHa KOTOPBIX COBIANAIOT ¢ UMEHEM aTpuOyTa. IlepBblit MeTOA SIBASETCS Ha~
omodamenem (observer). OH BHI3bIBaeTCs O€3 SIBHBIX MTAPAMETPOB U BBLIACT 3HA-
YeHHE YKA3aHHOTO aTpUOyTa B 3HAYE€HHH TOTO CTPYKTYPHOTO THIIA, K KOTOPOMY
npumMeHsieTcsi. Bropoii Meton saBasieTcst mymamopom (mutator). OH BHI3BIBAETCS
C OOHHUM SBHBIM IIAPAMETPOM — 3HAYEHWEM THIIA aTpHOyTa, MPUMEHSETCS K

* A B crangapte SQL:2003 u MULTISET.
** [TocneaHee orpaHHYECHHE SBASETCA HETIOHATHBIM. Ero MOXHO 060HTH, HalIpUMeED, CAEIYIOLLUM
o0pa3oM. [1ycTh CTPYKTYPHEIH THI T’ ompede/sieTcs KakK NMOATHIT THNa T, U MBI XOTHM BKJIIOUUTD
B TIpeACTaBIeHHE TUNA T’ aTpHOyYT a THMa T. Torga NpegBapUTebHO ONPeae/MM THI T’ KaK NMod-
THTI TMUNa T B TOYHOCTH C TeM Xe NpeacTaBieHHeM. Torna HUYTO He IOMEILaeT ONpeAe/UTh B Npel-
CTaBJICHUM TUMA T’ aTpUOYyT a THNa T’ .
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HEKOTOPOMY MECTOTIOJIOXEHHIO (CTOJIOITY, TepeMEHHOM MM TIapaMeTpy), rie
HaXOAMTCsl 3HaYEHHUE OTNPERENISIEMOTO CTPYKTYPHOTO THUIA, U 3TOT BBI30B MPU-
BOIMT K TOMY, UTO 3HaYE€HHE 3aMEHSETCS HOBBIM 3HAa4€HHEM TOTO Xe THUIIA C M3-
MEHEeHHBIM COOTBETCTBYIOIIMM 00pa3oM 3HaYeHHEM JaHHOTOo aTpubyTa.

Ipucyrcreue B onpeneneHuu atpubyra pa3nena reference_scope_check
BO3MOXHO (1 TpeOyeTCsi) B TOM M TOJIBKO B TOM C/Ty4dae, KOraa TUIIOM OIpeness-
eMoro aTpubyTa ABIsieTcsl CChbUIOYHBIN TUIL. bojlee moapoOGHO MBI 00CYAUM CYTh
3TOl crielin¢pUKALIMHU B ClenyonieM pasaeie. Iloka Juinb KpaTKo 3aMeTHM, YTO
3TOT pa3fieNl YKa3blBaeT CUCTEME, IOKHA JIU OHA [IPOBEPSITh, YTO KaXA0e 3HAYE-
HHe NAaHHOTO aTpuOyTa SIBIAETCS CCHUTKOM Ha CYIIECTBYIOIIMIH SK3eMIUISIp YKa-
3aHHOTO CTPYKTYPHOTO THIIA, U JIOJDKHA JIM CUCTEMA BBI3BIBATH CCHUIOYHOE NIeH-
CTBHE TIPH YIATEHUH 3K3eMIUISIpa, Ha KOTOPBIH BelleT CChUIKa. *

MOXHO OnpenenuTh uHcmanyuupyemsiii (instantiable) Win neuncmanyuu-
pyembiii (not instantiable) CTpyKTypHBIH THUIT:

instantiable_clause ::= INSTANTIABLE
| NOT INSTANTIABLE

1s1 HEUCTAaHLMHUPYEMOTO THUITA KOHCTPYKTOD He OIpeaessieTcs, M 03To-
My CO30aTh 3HaYE€HHE 3TOTO THIIA HEBO3MOXHO.** Takue TUIIBI IIPHMEHUMBI
TOJIBKO JJIA OIpenesleHus MHCTAHUMUPYEMBIX IMoaTunoB. Ha3zHayeHWe HEMH~
CTaHLMHUPYEMBIX TUIIOB COCTOMT B MOIEJIHMPOBAHMHU a0CTPaKTHBIX KOHLICTIIIMH,
Ha KOTODBIX OCHOBBIBAIOTCS 60Jic€ KOHKpeTHhle KoHUenuuu. HenHcTaHLMK-
PYEMBIE TUITBI MOTYT OBITh TUIIAMM aTpUOYTOB APYTUX CTPYKTYPHBIX TUIIOB, TH-
MaMH CTOJIOLIOB, IIEPEMEHHBIX U T. . ONHAKO B COOTBETCTBYIOIIEM MECTOIIOJIO-
XXeHHUHM BCeraa JOJKHO HaXOMUTHCA MO0 3HaYeHHe MHCTAHLIMUPYEMOTO TO-
TUIIA JaHHOTO HEMHCTAaHIIMUPYEMOTO THUIIA, THOO0 HEOMpeAeIeHHOE 3HaYeHHE.
IMpu orcyrcTBUM sAABHO#H criellM(HUKALIMHU 10 YMOMYAHHIO TUII CYUTAETCA MH-
CTaHLIMUPYEMBIM.

O6si3aTenpHBIl pa3gen finality yKas3pIBaeT Ha BO3MOXHOCTH WIH
HEBO3MOXHOCTE OIpeaeeHUs TOATUIIOB OIPEAEIAeMOrO CTPYKTYPHOTO TUIIA;

* MBI BEIHYXAEHBI C/IeJOBaTh TEPMUHOJIOTHH cTaHaapTa SQL, koTopasi HHOTa OBIBaET JOBOJIBHO
HeyeTKoM. B 4acTHOCTH, 110 OTHOIIEHHIO K CTPYKTYPHBIM THIIaM MCIIONB3YIOTCSI TEPMUHBI 3HA4Ye-
Hue (value) BO BIIOJIHE CTAHIAPTHOM CMBICIIE; Mecmonoaoxcenue (site) Kak paClIMpeHHOE TIOHATHE
NepeMEeHHOM (HedyTo, colepXxalllee 3HaYeHHE CTPYKTYPHOTO THIIA); ax3emnasap (instance). Iocnen-
HHi TEepPMHH B OOBEKTHOI TEpPMHUHOJIOTHH OOBIYHO HUCIIONB3YETCSI B TOM X€ CMBICIIE, UTO 06BeKm
Kknacca. B ciiyqae SQL 3To ¢Tpoka THIIH3MPOBAHHOM TabIMLBI (CM. CNIENYIOIIMIA pasnen).

** MBI CHOBa HCITOJIb3yeM 060POTHI, IPUHATHIE B cTaHnapTe SQL. 3aMeTHM, YTO, XOTsI CMBIC/T HEMH-
CTaHUMUPYEMOTO TUIIA JOJDKEH ObITh HHTYMTUBHO TOHSTEH, IPHBEAEHHOE OTpele/IeHHE SBIISETCSA
O4YeHb HeueTKNM. Kilaccdyeckoe (He BIIOJIHE CTPOTOE ) TIOHATHE THIIA IaHHBIX OCHOBLIBAETCS HA Ma-
D€ <MHOXEeCTBO_3Hadenmuit, Habop_omnepaumii>. [l09TOMy HeNlb3s CO30aTh 3HAYEHUE TUIIA, MOXHO
TOJIBKO BHIOPATh €TO M3 COOTBETCTBYIOLLETO MHOXECTBA 3HaueHHI. [ToaToMy, cTporo roBops, B THIIE
JIAHHBIX HE MOXET IIPUCYTCTBOBATh «METO-KOHCTPYKTOP», 2 MOXET MMETECSA (HWIIH HE HMETBCA ) ofle-
pauusi BLIGOpKH 3HA4YEHHUs1. Y HEMHCTALMHUPYEMbIX THITOB TaKasl ONepalHsi OTCYTCTBYeET.
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finality ::= FINAL | NOT FINAL

[lpu onpenereHNH HHINBUAYAJILHOTO THIIA BCeraa TpedyeTcs yKa3biBaTh
FINAL. IIpu onpeneneHUH cTpyKTypHoro tvna B SQL:1999 Heo6xomuMo yka-
3aTh NOT FINAL. B3T0 TpeOoBaHHE He O00CHOBAHO, U B CICAYIOUIMX BEPCHUSIX
crangapta SQL OyzneT pa3pelieHo onpenessiTb CTPYKTYpPHbIE THITbl, OT KOTO-
PBIX HEBO3MOXHO HACJICIOBaHHE.

Paapnen cneyungunkaunmn cCblZIOYHOro TuNa

XOTs1 TUMMHU3UPOBAHHBIEC TAOTHLIBI OOCYXIAIOTCS B CISAVIONIEM pa3ielie,
MBI BEIHYXJICHBl HEMHOTO 3a0€XXaTh BIiepel, YTOObI BBECTH CHHTAKCHUC U ITOSC-
HUTb CMBICH pa3aena reference_type_specification onpeaeaeHust CTPyK-
TypHOoTro THIA. CTPOKM THIIM3HMPOBAHHBIX TAOJMII 00J1anal0T BCEMH XapaKTe-
PUCTHKAMH O0BEKTOB B OOBEKTHO-ODHEHTHUPOBAHHBIX CHUCTEMaxX, BKIKOYAs
YHHKaJIbHbIE HACHTHOHKATOPBI, KOTOPBIE MOTYT MCIIOb30BaThCs JUTSI CCHUIOK
M3 IpYTUX KOMOOHeHTOB cpedbl. B SQL:1999 nonmepxXuBalooTcs TpU pa3iny-
HBIX MEXaHM3Ma MPUCBAMBAHHA YHHUKAIBHBIX MICHTH(HKATOPOB K3EMILIS-
paM CTPYKTYPHBIX THIIOB, ACCOLIMMPOBAHHBIX C TAKUMH TabIHLaMu (IUIs1 BceX
CTPOK TaOJIULIbI, ACCOLIMHPOBAHHOM C JAHHBIM CTPYKTYPHBIM THIIOM, UCTTIOJNb-
3yeTCst OAMH U TOT XX€ MEXaHW3M). YHUKAJIbHbIC HICHTU(PHUKATOPH 3K3EMILISI-
POB CTPYKTYPHOTO THIIa MOTYT ITPEACTAaBJISITE COOOH cienyioiee:
® 3Ha4YeHUsl, FTeHepHPYEMbIE CHCTEMOI aBTOMATHYECKU
{system_generated_representation);
® 3HaYeHHUsI HEKOTOPOro BCTpoeHHoro tumna SQL, KOTopele DOJKHBI T€HEepHpO-
BaThCs MPWIOKEHHEM TIPH COXPAaHEHWH 3K3eMIUTApa CTPYKTYPHOTO THIIA KAk
CTPOKH TUIM3UPOBAHHOM TaOMHIIE (user_generated_ representation);
® 3HaYeHHUsI, TIOPOXKIACMbBIE U3 OMHOTO WJIM HECKOJIbKHX aTpHOYTOB CTPYKTYD-
Horo tuna (derived_representation).
CoOTBETCTBEHHO, CHHTAKCHUC pa3jena reference_type specification
ornpeaessieTcs CAeAyIOUIMMHU NpaBHIaAMHU:

reference_type_specification ::= system_generated_representation
| user_defined representation
| derived_representation

system generated_representation :== REF IS SYSTEM GENERATED
user_defined representation :== REF USING predefined_type
derived representation ::= REF USING (commalist_of_attributes)

Paznen reference_type_specification MOXeT MpHUCYTCTBOBATDH TOJIb-
KO B OMpeJeIeHUH MAaKCUMAJIBHOTO CTPYKTYPHOTO CYIIEPTHIIA, T. €. COOTBETCT-
Bytoulas crneuu¢UKalus HacaeayeTcsi BCEMH TOATHIIAMHM 3TOrO CYIEpTHIIA.
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Ilpn oTcyTcTBMM B  OIpEAEIEHUWU  CylepTurna SABHOIO  pasjiesa
reference_type_specification Mo YMOJYaHUIO NPEATOIAracTcsl HaAIM4YUe
pa3gena REF IS SYSTEM GENERATED.

Pasnensi cneynduxaunm pyHxUni aBHOro npeobpa3aoBaHua TUNos

Ecnu B onpeneleHUH CTPYKTYPHOTrO THIIA MPUCYTCTBYET pasaen ref-
erence_type_specification U OH UMEET BHA user_generated_representation,
TO B ONpelejeHUM CTPYKTYPHOIO THUIA NOJDKEH TPUCYTCTBOBATh M pasiel
ref_cast_option (TeM caMbIM, pasien ref_cast_option MOXET MIPHCYTCT-
BOBaTh TOJLKO B OINpeIeIeHUHM MaKCHMAIbHOIO CTPYKTYPHOI'O CYNMEPTHIA).
CrneuMpUKaluu 3TOro pasjena UCIOAB3YIOTCS A NMpeoOpa3soBaHUs TpEno-
CTaBJIeHHBIX TPWIOXEHHEM 3HAYEHWHW BCTPOEHHOIo THMIA B 3HAYEHMs THIIA
REFERENCE (REF), HeOOXOOMMBIEC ISl PEATbHOrO BHITIOJHEHUS CCHUIOK Ha
CTPOKHU TUITM3UPOBAHHOM TaOJMILIBI, U oOpaTHOro npeodpazopaHusa. CUHTaK-
CHC pasliesia ONpeaessieTCs CIeTyIOIMIMMH IpaBUIaMH (oApoOHee CM. B CIIeAy-
IOLLEM pazienie):

ref_cast_option ::= cast_to_ref

| cast_to_type
cast_to_ref ::= CAST (SOURCE AS REF) WITH identifier
cast_to_type ::= CAST (REF AS SOURCE) WITH identifier

Pasnen cast_opt ion MOXET MPUCYTCTBOBATDH TOJALKO B ONPENEICHUH HH-
JIuBHIyaIbHOro TMmna. CneuM@ukaiy pasaena 00ecrnedyrnBanT BO3MOXHOCTH
npeodpa3oBaHUsi 3HAYEHU HWHAMBHIYyAIbLHOIO THUIA B 3HA4ye€HHUsT 0a30BOro
BCTPOEHHOTO TUITAa, U HA000pOT. Pazien uMeeT cedytoluii CHHTaKCHC:

cast_option ::= cast_to distinct

| cast_to_source
cast_to_distinct ::= CAST (SOURCE_TO_DISTINCT) WITH identifier
cast_to_source ::= CAST (DISTINCT TO_SOURCE) WITH identifier

Paspen o6baBneHns cUrHaTyp MeToaos

B pasnene method_specification_commalist OObSBASIOTCS CUTHATY-
PbI METOIOB, ACCOLIMMPYEMBIX C ONPEAEIAEMbIM CTPYKTYPHBIM THITOM. Paznen
ornpenensieTcs CieaylolMMH CHHTAKCUYECKUMHU NPaBHUJIAMM:

method_specification ::= original_method_specification
| overriding_method_specification
| static_field method_specification
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original_method_specification ::= partial_method_specification
[ SELF AS RESULT ]
[ SELF AS LOCATOR ]
[ method_characteristic_list ]
overriding_method_specification ::=
OVERRIDING partial_method_specification
partial_method_specification :==
[ INSTANCE | STATIC | CONSTRUCTOR ] METHOD method_name
SQL_parameter_declaration_list
return_clause
[ SPECIFIC specific_method_name ]
method_characteristic ::= language_clause
parameter_style_clause
deterministic_clause
SQL_data_access_indication
null_call_clause
specific_method_name ::= [ schema_name . ]
qualified_identifier
static_field _method_specification ::=
STATIC METHOD method_name ( )
RETURNS data_type
[ SPECIFIC specific_method_name ]
external variable name character_string_literal

|
|
|
|

Kax mokasbsIBaeT CHHTAKCHC, HMEIOTCS BO3MOXHOCTH OIPENEIIATh nep-
auunble Memoodbt {(original_method_specification), HEIPUMEHUMBIE K JIIO-
OOMY CYTIEPTHITy OIPENEJIiEMOr0 CTPYKTYpHOro TUTa. Eciu ompenensieMblid
THII ABJISIETCSA MOATUIIOM HEKOTOPOTO APYTOro THIIA, TO MOXHO TAKXKE OINpene-
JIUTb nodmenarowue memoods (overriding_method_specification). [Toame-
HAOIIUM METOM UMEET TO X€ UMSI M TOT XK€ CITUCOK apTyMEHTOB, UTO M METOX,
OIpelieIEHHBIM B HEKOTOPOM CYTIEPTHUIIE OTIPEAESIEMOTO TUTIA.

HcxogHplit MeToo MOXeT OBITH OINpeNeNieH KaK memood 3K3eMnAApa
(INSTANCE), cmamuyeckuii memod (STATIC) HIU MemoO-KOHCMPYKMOp
(CONSTRUCTOR). MeToAbl 3K3eMILIsipa JCHCTBYIOT Hal 3K3EMILJIsIpaMU OII-
peaeasieMoro Tuia. CTaThyecKue MeTOIbl HE UCTIONb3YIOT 3K3eMILISIPLI TH-
1a U He BJIMAIOT Ha HUX, TAKKE METOOBI ACHCTBYIOT HAll caMHUM TUroM. Ha-
KOHELl, METOIbI-KOHCTPYKTOPHI HMCIIOJBb3YIOTCS IJISi MHULMANU3ALUN 3K-
3eMIUISIpOB THITA. [T0CKOJIBKY Y HEHHCTAHLIMMPYEMOTO TUTIA HE MOXET OBITh
3K3EMILIAPOB, IS HETO MOT'YT OBITh OMPEACICHBI TOJIbKO CTATHYECKUE ME-
Tombl. EcM mpu oOIpedAcACHUHM IMEPBUYHOIO METOAA €ro Pa3sHOBUIHOCTH
He YKa3bIBAeTCsI, 3TOT METOA CUUTAECTCS METOAOM 3K3EMILISpA.
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B curHatype MeTola yKasbIBaeTCs MMsl, MO KOTOPOMY 3TOT MeToi OyIer
BBI3BIBATLCA (8bi3bt6H0e uma — invocable name). KpoMe Toro, MOXHO yKasaTb
mouHoe uma memoda (specific name), KOTOPOE MOXET HUCIIONb30BATHCS UIA YHU~
KaJbHOM naeHTU(hHKALMU METO/1a, ECJIM €r0 BHI3bIBHOE UMS e perpyxeHo. Ec-
JIK Y METOAA UMEIOTCA Kakue-T00 MapaMeTphl, OTIMYHbIE OT HESIBHOTO Tapa-
MeTpa SELF, TO B OIpeAeJIeHUH J0JIXEH MPUCYTCTBOBATh 3aKTFOUEHHBIH B CKOO-
KM CITUCOK Map <uMs_rapaMeTpa, TUII_lapaMeTpa>, pa3lesaeMbIX 3alATbIMU.
TTockonpKy MeToap! ABIAIOTCA PYHKIIMAMH, TpeOyeTcs yKaszaTh THIT BO3Bpallia-
€MOro 3HayeHHus1. MeToasl MOIyT BO3BpalllaTh 3HAY€HH JIIOO0r0 AOMYCTHMOTO
B SQL tina, naxe CTpyKTypHOTO THIIA, AaCCOLIMUPOBAHHOTO C METOMIOM.

HaxkoHell, y KaXaoro MeTona uMeeTcsa Habop xapakmepucmuk memooa
(method_characteristic). Metonbl MOryT OBITE HANKCAaHB Ha sA3bKe SQL
(6osee TouHo, Ha SQL/PSM) win Ha n10O0M U3 A3BIKOB MPOrpaMMUPOBa-
HMA, MOAAEPXKa KOTOPHIX IpeaycMoTpeHa B ctanaapre SQL (Ada, C/C++,
COBOL, Fortran, MUMPS*, Pascal, PL/1). SI3bik Java nonzepxuBaeTcs B
CTaHAApTE B HECKOJIBKO MHOM MaHepe, YeM Apyrue sa3piki. CIUCOK napaMe-
TPOB METOAa MOXET OBITh OTpEAejeH B CTHIE, 00Jiee COOTBETCTBYIOIEM CTH-
a0 SQL-moanporpaMM (KaXIBH MapaMeTp MOXET MPUHMUMATh HeoIpeae-
JIEHHO€ 3Ha4eHHeE, M He TpeOyeTCsl mapaMeTp Koza Bo3Bparta). Jljist 3Toro B Ka-
YeCTBE XapaKTEPUCTHKHA METOjJa HYXHO ykKa3aTb PARAMETER STYLE SQL.
MOXHO OmNpeAenuTh CIMCOK MapaMeTPOB B CTHIE, 0ojiee OJU3KOM CTHITIO
PA3IMYHBIX SI3BIKOB IPOrPaMMHUPOBAaHMA (K INapaMeTpy, KOTOPBIA MOXET
NMPUHUMATh HEOTpeJe/IeHHOE 3HaYeHUE, J0JXeH ObITh N00aB/ieH JOMOJIHHU-
TEJILHBIH MapaMeTp-UHANKATOP, U I0JXeH OBITh SIBHO OTIPEAEIEH BBIXOIHOM
rnapaMeTp Koja oTBeTa). B 3ToM ciiydyae MeTo 10JKEH UMETh XapaKTEpUCTHA~
Ky PARAMETER STYLE GENERAL. HakoHel, misi METOIOB, Tejla KOTOPEIX Oy~
JyT HalUcaHBl Ha s3bIKe Java, HY’)KHO yKa3aTh XapaKTepUCTHKY PARAMETER
STYLE JAVA.**

JIxo60it MeToA MOXET OBITh demepmunupogartbim (DETERMINISTIC) WU
HedemepmunuposannoiM (NOT DETERMINISTIC). JleTepMMHMPOBAaHHBIA METOA
BCErAa BO3BPALIaeT OJNH M TOT X€ PE3YJILTaT, €CJIN BHI3BIBAETCSA C OJHUM H TEM
Xe HabOpOM apryMeHTOB IpPH OJHOM H TOM Xe COCTOAHMM 0a3bl JaHHBIX. I1o
YMOJIYaHUIO METOABI CYUTAIOTCS HEACTEPMUHUPOBAHHBIMH.

Y Kaxnoro MeToa UMEETCs XapaKTePHUCTUKA, YKA3BIBAOIIAs CBA3D 3TOr0
meTona ¢ SQL. MoxHo yKa3aTh CJieAylolue BApUaHTHL:
® MeToJ HE COAEpXMT onepaTopoB SQL (NO SQL);

* Terniepb 3TOT SI3bIK Ha3biBaeTcsl M. BOKPYT 3TOTO s13bIKa H €T0 peayiu3aLiuii HMeeTcsl, B YaCTHOCTH,
nenoe ceMeiictBo CYB/, oCHOBaHHBIX Ha TaK Ha3biBaeMoil M-TexHomoruu. Cyast Mo BceMy, Hau-
GoJlee yCreLIHOM npeAcTaBUTENIbHULICH 3TOTO ceMeticTBa siBisieTca CYBJ Cache u3BecTHOIM KOM-
maHuu InterSystems.

** 9ot ab3all, B 4aCTHOCTH, ITOKA3bIBAET, KAK MHOTO HYXHO 3HaThb TEXHUYECKHX (U HE TOIBKO TeX-
HUMYECKHX) MOAPOOHOCTEH, YTOOB! peaJIbHO OCBOMTH TeXHUKY onpeaenenusi UDT B cpeae SQL.
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® MeToJI colepXuT onepaTopsl SQL, Ho He obpalaeTcs K 6a3e TaHHBIX {(CON-
TAINS SQL);
® METOI MOXET IMPOU3BOAUTH BLIOOPKY M3 6a3bl JaHHBIX, HO HE OOHOBJAET 6a-
3y IaHHBIX {(READS SQL DATA);
® B METOE AOIMYCKAKTCSI OOHOBIEHUS 0a3bl AaHHBIX (MODIFIES SQL DATA).
ITo ymon4aHHI0 MpUHUMAETCS XapaKTepucTHKa CONTAINS SQL. Hako-
Hell, ISl KaXKI0ro MeToda MOXHO OIPEACIUTh €ro peakliMio Ha apryMeHThI,
SIBJISIONIMECS HeolpeleeHHBIMU 3HadeHUsIMU. EciM yka3bsiBaeTcss RETURN
NULL ON NULL INPUT, TO METOI BCErAa BO3BpAlLAET HEOMPEAeJEHHOE 3Ha-
YeHMe, eCJIU 3HaYeHHE JI000ro U3 €ro apryMeHTOB fABJISACTCS HEONpEeAeIeH-
HBIM (HE3aBHCHUMO OT TOTO, YTO HAMMCAHO B Tejle QYHKIUUU, PeaTU3YIOLICH
Merton). Ecnu xe ykaspiBaercss CALLED ON NULL INPUT (WJIHM eCIH Xapak-
TepHUCTHKA SIBHO He 3alaHa), TO METOI BCeraa sABHO BBIMTOJHAETCA (T. €. ITpO-
HCXOIUT BBI30B COOTBETCTBYIONIECH (YHKUMHU) IPHU BBI30BE ¢ TKOBIM Habo-
POM apryMeHTOB.

TunuaunpoBaHHbIe TabnuLbl

B npenbiayiieM moapasaelie yXe YIIOMUHAIach BO3MOXHOCTD OITpene-
JICHUSI MURU3UPOBAHHbIX Mabauy, OCHOBAHHBIX HA HEKOTOPOM CTPYKTYPHOM
TUe. Jlasee MH IMPHUBEAEM U MOSCHUM COOTBETCTBYIOUIME CHHTAKCHYECKHE
NMpaBWja, BBeAeM ITOHSTHE HepapXMH THIIM3UPOBAHHBIX TAGJUIl M CBSI3b
9TOH HepapxHU ¢ HepapxHeil CTPYKTYPHBIX TUIIOB, a TaKxXe 0OCYAMM COOT-
HOIUEHHE MTOHSITHS CTPOKH TUITU3MPOBAHHOM TAOJIHIILI ¢ MOHATHEM O0BEK-
ta B OOB/.

Onpeaenexne TMMU3NPOBaHHON Tabnuubl

C TOYKH 3peHUsI CUHTaKCHCa OorepaTop ONpeacieHUs] TUIIM3MPpOBaHHOM
TabJIUIIBI SIBJISIETCS YACTHBIM CIIydaeM oIieparopa co3aaHus 6a30BOM TabIMIIbI
CREATE TABLE, obCyxXmaBIIerocs B JIEKLIMH 12 (TaM Mbl HE UMETM BO3MOXHO-
CTH pacCMaTPHUBATh 3TOT YACTHHIN ciiyyaid). Tunu3upoBaHHbIE TabIULIB! ONIpe-
IENAI0TCA B CIIEAYIOIEM CUHTAKCUCE:

typed_table_defintion ::= CREATE TABLE typed_table_name
OF UDT_name
[ UNDER typed_table_name ]
[ (typed_table_element_list) ]

ITepBo# cyllecTBeHHON 0CODEHHOCTBIO OMEpaTopa CO34aHUs TUITM3HPO-
BaHHOH TabMMLIBI sABASETCA 00sA3aTe/IbHOE HaIW4YMe pasfesia OF, B KOTOPOM
YKa3bIBAETCsl UMsl paHee OIpPeNeIeHHOro CTPYKTypHOro tura. CTpoKy THITH-
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3UPOBAHHOMN TaOJHULIBI SIBJISIIOTCS 3K3EMILIIPAMH aCCOUMHUPOBAHHOIO C TabJIM-
LIEH CTPYKTYPHOTO THIIA.

Moarabnuus n cyneprabaunubi

Hanee, npu onpeaeNeHHH TUITU3UPOBAHHOM TabULIBI MOXKHO OOBABUTD
ee moaTabyiMiel HEKOTOPOH APYyroil TMITM3MPOBAHHON TabJMLUbI (MMSI CYyTIep-
TabJIMLB YKa3hBaeTCs B pasaese UNDER). Tabauia R’ ABAsieTcs COOCTBEHHOM
noaTadauLei cynepTabJULbl R, €CIM R’ HE COBMAajaeT ¢ R (B 3TOM ciy4vae Tad-
JIMLA R ABISETCS COOCTBEHHOH Ccymepradauiieit noatadbauuet R'). Cyneprab-
JIMIIA JOJKHA OBITh ACCOLIMMPOBAHA CO CTPYKTYPHBIM THUITOM, SIBJISIOIIUMCS
HEIMMOCPEACTBEHHBIM CYNEPTHIIOM* onpeaenasieMoil moatabauubl. Kaxabrii
cToNIbel] YKa3aHHOM CcyrepTabiiuiibl HacAeAyeTCs NOoATabIMUEH; HAaCAEAYIOTCS
M XapaKTepPHUCTUKH CTONOLIOB CynepTabauLbl — 3HAYEHUS MO YMOAYAHHUIO, Or-
paHHYEHHUS LETOCTHOCTH U T. I. DTH CTONOLIBI HA3BIBAIOTCS YHACACO0BAHHBIMU
cmonbyamu TIOATAONMLEB, U OHH coOTBeTCTBYIOT aTpubyram UDT monta6nu-
1bl, YHaciegoBaHHHM oT UDT cymepradbnuusl. KpoMme Toro, noarabauia oy-
JIET COAEPXKAThb 10 OAHOMY CTONOLY JUTSI KAXIOro COOCTBEHHOro arpubyTa ac-
COLIMMPOBAaHHOTIO CTPYKTYPHOIO THIMA. Takue CTOJOLB 1MoaTabavubl Ha3biBa-
10TCSl 3aH0B0 ONPedeseHHbIMU.

Kak 310 npuHaTo B SQL, cTon0LBI TUMHM3HPOBAHHONW TaOMHLIBI HMEIOT
MopsiAKoBbie HOMepa. IIpH 3TOM yHaclieZoBaHHbBIE CTOIOLBI HYMEPYIOTCA A0
3aHOBO OIPEAEJIECHHBIX CTOJNOLOB U UMEIOT TE XK€ HOMEpA, KOTOPHIC UMEIH
CTONOLBI CyTiepTabInLIbI.

Onpepenenne 31eMEeHTOB TUITU3NPOBAHHON Tabnuubl

3aKJTIOYUTEIbHBIM KOMIIOHEHTOM OMPENCAEHHS THIU3HPOBAHHON Tab-
JIMUBI ABJISIETCA KOHCTPYKUMA typed_table_element_list, sgBaswowmascs
000011IeHHEM KOHCTPYKLIMHU table_element_list, KoTOpas UCHONL3YETCA B
onpenejeHUH 0OBYHOM 0a30BOM TaOMMLBI (CM. JIEKLIMIO 12). DICMEHT CITUCKA
3JIEMEHTOB TUITU3UPOBAHHOM TabJIHLIBI ONPEACAICTCA CASAYIOIMM CHHTAaKCH-
YECKHM TPABUIIOM:

type_table_element ::= table_constraint_definition
| self-referencing_column_specification
| column_options

* Tun T sABNsETCA HENOCPedCMEEHHBIM CynepmunoM TUNa T’ B TOM Y TOJIBKO TOM Cliyyae, KOraa T siB-
JIAETCS CYNEPTUIIOM T’ , M He CYIIeCTBYET TAKOFo TUNa T'', 4TO T ABJNsAETCS CynepTunoM T'' , u 7'’
ABJISIETCA CYNepTHTIOM T .

467



Kypc OcHosbl 6a3 AaHHbIX

Kak BHIHO M3 3TOTO MIpaBuJia, B OINpeaeIeHUH THITU3UPOBAHHOM TaOIU1IBI
paspemaercsi yKa3bIipaTh TaOJIUYHbBIE OTPAHUYEHUS LieJIoCTHOCTH. Eciu orpe-
IensdaeMass Tabiuia ABIsAeTcd MoATAONIUIICE HEKOTOpOU CynepTabiuiibl, TO B
HeH He JOITyCKaeTCs oIpeAe/ieHHe OTpaHUYCHHUS IIepBUYHOTO Kitoya (PRIMARY
KEY). OmHaKo eCly onpenensieTcss MaKCMMallbHas CyrniepTabiulia, TO B ee OIpe-
JeJIeHUH JomycKaeTcs crieuudukauus PRIMARY KEY (C yKa3aHUEM OAHOTO WU
HECKOJIBKMX CTOJIOLIOB) WJIM cieln(bUKALIMS OTpPAaHUYEeHHUSA UNIQUE (C yKa3aHH-
€M OJHOro WJIM HeCKOJIbKHX CTOJIOLIOB) B KOMOMHALIMH ¢ YKa3aHHeM NOT NULL.
B onpeneneHUH TUMTH3UPOBAaHHOM TaOMUIIBI MOTYT TAKXKE CONEPXKATHCS CHEIH-
(bHKaAIIMM CCBUIOYHBIX OTpaHHUYEHHUH 11eT0cTHOCTH. CChUIKM MOTYT BECTH KakK
Ha TUMMM3UPOBAHHYIO, TaK U HA OOBIYHYIO TaGIHLLY.

«Camoccoirarouwuiica» (self-referencing) cronbell crieUPHUIIHpYeTCS
B CJIelyIOIeM CUHTAKCHCE:

REF IS column_name { SYSTEM GENERATED | USER GENERATED | DERIVED }

Dta crieudpUKaluUsl He MOXET BXOAUTb B ONpeAciieHHe MOATAGIULIB.
Crnenudukanys 1oJoDKHa IMTPUCYTCTBOBATD B ONpeie/ e HUM MaKCUMAaJIbHOH Cy-
MeprabIvLIbl, U CAMOCCBhUIAIOIIUICA CTONOEL, ONpEeACICHHBIM B MAKCUMaITb-
HOM cyIepTabiinlle, HacneayeTcs moboii ee moaradbnuiein. CeMaHTHKA caMOC-
CBIIAIOIIUXCS CTOJIOLOB OOCYXAETCS B CICAYIOIUEM MYHKTE.

IlocnenHen pa3sHOBUAHOCTBIO 3MIEMEHTA TUMTM3UPOBAHHON TAOIULIEL SIB-
JSTI0TCS onyuu cmoabuyos (column_options). ONMUMH cTONOIIA MOXHO YKa3HI-
BaTh TOJILKO JJIsl 3aHOBO OIPEACICHHBIX CTONOLOB — ISl YHACICAOBAHHBIX
CTONGILIOB 3TO He AonycKaeTcss. COOTBETCTBYIONIAsS KOHCTPYKIIUSA HMEET CIIeIy-
JOIIUHA CUHTAKCHUC:

column_name WITH OPTIONS ::= scope_clause
|ldefault_clause
jcolumn_constraint_definition_list
lcollate_clause

Paznen scope_clause MOXET BXOAUTD B OINUMHU TOJBKO 3aHOBO OIPEAC-
JISIEMOTO CTOJIOLIA C TUTIOM REF (MoApoOHOCTH B ClieayiollieM nmoapasaene). Jdns
3aHOBO OIPEAEIIEMOro CTOJIOIA HEKOTOPOro TUIA CUMBOJIBHBIX CTPOK MOXKHO
yKa3arb pa3zen collate_clause, 4ToOBI 3a1aTh XeJJaeMbIH IMOPSANOK Ha COOT-
BEeTCTBYIOIIeM Habope cMMBOJIOB. Eciiu TpebyeTcs yKa3aTh 3HaUCHHUE CTOJIOLIA
10 YMOJIYaHHIO, OTJUYHOE OT 3HAYEHHUS IO YMOJIYAaHHUIO COOTBETCTBYIONIETO
arpubyTa, acCCOLIMMPOBAHHOIO C OMpeAENsieMOM Tabnullel CTPYKTYpHOTO TH-
ra, MOXHO BOCIOJIb30BaThcsl oniMei default_clause. HakoHel, mis 3aHo-
BO OTIpelieIsieMOro CToJIOLAa MOXHO YKa3aTh OMHO WJIM HECKOJIBKO OTpaHHyYE-
HHIi, BKJTIOYAs TIPOBEPOYHBIE OTPAHUYEHHUS (CM. JIEKLIMIO 12).
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CcbinouHblie 3Havyennn n REF-Tunbi

TToHATHSA CCHUTOYHBIX 3HAYEHUH H CCHUIOYHBIX (REF) TUIIOB SIBJISIIOTCS, 110
cyliecTBy, HepasneauMbIiMUA. B SQL:1999 CCBLIOYHBIN TUI MOXET HCIOJIb30-
BaThCs B KAYECTBE THITA JAHHBIX CTOJIOLIOB OOBIYHbIX Ta0JIHULL, aTPUOYTOR CTPYK-
TYPHBIX THIIOB, SQL-TepeMeHHBIX U [TAPAMETPOB — CJIOBOM, BE3MIE, [AE MOXHO
MCIOJIL30BaTh APYrHe TUIIHI AaHHBIX SQL. 3HaueHUsT MECTOIONIOXKEHUS CChI-
JIOYHOTO THIIA BCErna SBNSAIOTCH CCHUIOYHBIMM 3HAYEHUSIMU CTPOK THITU3UPO-
BaHHBIX TaOJIUILI (T. €. 3HAYEHUSIMM CAMOCCHLUIAIOUIMXCS CTOJIOLIOB 3THX CTPOK).

51 yno6CTBa MOBTOPUM CHHTAKCHUC CHIELM(DHKALIMYM CCBUTOYHOTO THIIA:

reference_type specification ::= system generated_representation
| user_defined_representation
| derived_representation

system_generated_representation :== REF IS SYSTEM GENERATED
user_defined_representation :== REF USING predefined_type
derived_representation ::= REF USING (commalist_of attributes)

MexaHn3msi reHepauny CCbIJTIOYHBIX 3HAYEHNA

B SQL:1999 u SQL:2003 obecnieynBaloTCsSl TPU MeXaHM3Ma Ha3HayeHHUs
YHUKaAbHBIX HACHTU(UKATOPOB 3K3EMIUISIPAM CTPYKTYPHBIX TUIIOB, ACCOLIUH -
POBaHHBIX C TUITM3HPOBAaHHBIMM TaOyMuaMU. Bo Bcex TMTIM3UPOBAHHBIX Tab-
JIKLIAX, aCCOLUMUPOBAHHBIX C TAHHLIM CTPYKTYPHBIM THIIOM, NOJKEH UCIONb-
30BaThCA ONMH U TOT Xe MeXxaHu3M. [IpenocTapiasdioTcs cienyiolue ajlsTepHa-
TUBEI BEIOOPA CCHUIOYHBIX 3HAY€HHUI1, KOTOPhIE MOTYT SIBISITBCS
® 3HaYeHHUIMH HEKOTOPOTO BCTpoeHHoro thna SQL (user_defined_repre-
sentation), KOTOpbLIE OOJKHEI F€HEPUPOBATHCH TIPHIOXKCHHUEM KaXIbIid
pa3 TIp¥ COXpAaHEHUH 3K3EMIUISIpa CTPYKTYPHOI'O THIIA KaK CTPOKH TUITH3H-
POBaHHOU TabULIBL,

¢ 3HAYCHUSAMH, TIOPOXAAEMBIMU M3 ONHOTO WU HECKOJBKHX aTpuUOyTOB
CTPYKTYPHOTO THIIA;

® 3HAYEHUSIMH, aBTOMAaTHYECKH T€HEPUPYEMBIMHA CHCTEMOHM.

Kak ormeyanoch B paspeiie «OrnpeneisieMble MOJIb30BaTEAAMH THIIbI»,
TpU OIpeAc/iCHUM JI000TO0 MaKCUMAJIBHOTO CTPYKTYPHOTO CYTIEPTHIIA SIBHO
WIK HEABHO 3ajaeTcsd crieuuduKalusg cCbL1oyHoro tuna. Crenudukauus
CCBUIOYHOTrO THIIA HACJEAYETCS BCEMU MOATHITAMU 3TOro cynepruna. Ilpu on-
penejieHUH TUIH3UPOBAHHBIX TAaOMMI HEOOXOOUMO yKa3aTh COOTBETCTBYIO-
1YI0 crieUnUKaLWIO CaMOCCHUIAIOLIETOC CTON0A (KOHEYHO, 3Ta crieuGu-
Kallus JIOTUYECKH U30BITOYHA, U, TI0 BCCH BEPOSITHOCTH, B CJICAYIOIIMX BEPCH-
six ctaHzapta SQL 3To TpeboBaHue O6yaeT ociadieHo). XOoTd COOTHOLICHHUE
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MeXIy ajbTepHaTHBaMHU CrieM(UKALUK CCBLUTOYHOIO TUIA M crieHMDUKaLIMU
caMoCChLIaIomerocst cTonb1a o4eBMAHO, NPUBEIEM €ro siBHO (puc. 19.2).

reference_type_specification self-referencing_column
REF USING predefined_type USER GENERATED

REF FROM commalist_of_attributes | DERIVED

REF IS SYSTEM GENERATED SYSTEM GENERATED

Puc. 19.2. Crneun¢puKauuy CCbLTOYHOTO THIA M CAMOCCHLIAIOIErOCs
cronbua

Ecnu mnst HEKOTOPOro CTPYKTYPHOTO TUIA BHIOpAH BapHAHT MOJIb30Ba-
TEJIbCKOW TeHEPALIMU CCBUIOYHBIX 3HAYEHHUI, TO OTBETCTBEHHOCTD 3a MOMIEP-
KaHUe YHUKIBbHOCTH TaKUX 3HaYeHU I JIEXKHT Ha Nosib3oBaTeie. KoHedyHo, or-
paHU4YEHUST PRIMARY KEY Win UNIQUE, onpeaeneHHbIE Ha YDOBHE MAKCUMAaJlb-
HOI CymepTabiMIibl CEMENCTBA TUMMH3UPOBAHHBIX TAOMUL, MOTYT FapaHTHUPO-
BaTh OTCYTCTBHE B JiloOOM TabnuLEe 3TOr0 CEMEUCTBA NyOIUPYIOIIHUX CChLIOY-
HbIX 3HaYeHHUii, HO B SQL:1999 oTCcyTCTBYIOT KakHe-THOO CpeacTBa, NMpeaoT-
BpallialoIHe MOBTOPHOE UCIIOJIb30BAHUE CChLIOYHBIX 3HAYCHUI U3 yIaleHHBIX
CTPOK B CAMOCCBUIAIOIIUXCS CTONOLAX HOBBIX CTPOK.

Npeo6pazosanne 3afgasaeMbix N10/1b30BaTEIEM CCbI/IOYHBIX
3Ha4YeHuH K CCbiIOYHOMY THNTY

B 3TOM cilyyae B OMpeaesieHUH CTPYKTYPHOIO THUITA MOXET TIPUCYTCTBO-
BaTh KOHCTPYKLIMSI ref_cast_option (BepHee, OHA TOJIKHA MPUCYTCTBOBATH B
onpelesieHHH COOTBETCTBYIOIET0O MaKCUMANBHOro cynepTruna). CUHTAKCHC
3TOi1 KOHCTPYKIIUH IMPUBOAIICS B MPEABIYIEM pasfesie, HO TS yI0OCTBa Mbl
€ro0 HOBTOPHM 3/1ECh:

ref_cast_option ::= cast_to_ref

| cast_to_type
cast_to_ref ::= CAST ( SOURCE AS REF ) WITH identifier
cast_to_type ::= CAST ( REF AS SOURCE ) WITH identifier

YT100BI MOSICHUTD 3TY KOHCTPYKIIMIO, MPEANOIOXHUM, UTO B ONIPEACICHUH
CTPYKTYPHOIO THIA YKa3aHO REF USING INTEGER. Torma cOOTBETCTBYIOILHE
MPUJIOXEHHUSI OTBEYAIOT 3a TO, YTOOBI O6ECTIEYUTh IN1I00ABHO YHHKAIBHBIE Lie-
Jible 3HAYEHHUS CaMOCCHLIAIOIIEroCs CTONOLA BO BCEX CTPOKAX BCEX TUMMHU3HUPO-
BAHHBIX TabIUL, ACCOLIMMPOBAHHBIX ¢ 3TUM CTPYKTYPHBIM THIIOM. HO npuio-
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>KeHHsI 00ECIIEUNBAIOT 3HAYECHHSI LIEJIOTO TUMNA, @ THITOM JAHHBIX CAMOCCHLIAK0-
LIETOCS CTOJAOLA SBISETCA HEKOTOPBIA CChbUIOYHBIN THIL,

Jlns pelueHUss UMEHHO 3TOM NMpo6JieMbl M MpeAHa3HauYeHa KOHCTPYKIIHS
ref_cast_option. B 3T0i KOHCTPYKUHH BBOIATCS UMeHa 1Byx SQL-dyHK-
LIV, TIepBasi U3 KOTOPBIX CIYXUT JUTSI MTPeoOpa30BaHMs CChLIOYHBIX 3HAYCHHUH,
obecrieurBaeMbIX ITPHIOXKEHHEM, K COOTBETCTBYIOILIEMY REF-TUITY IPH BCTaB-
K€ WIN ODHOBJIECHUU CTPOK TUITU3UPOBAHHOMN TabAULIBI (SOURCE AS REF).
Bropasi ¢yukius mnpeobpasyeT 3HaueHHUs] REF-TUMA K COOTBETCTBYIOLLEMY
BCTPOEHHOMY THUITY JaHHBIX MIPH BHIOOPKE CTPOK M3 TUITM3MPOBAHHOM TabIH-
1B (REF AS SOURCE). CHCTeMa aBTOMAaTHYECKH TeHepHpYeT 06¢e MOAITporpaM-
MBI, H KOHCTPYKLIMS ref_cast_option MO3BOJSIET JUIUb HA3HAYUTE MOANPO-
rpaMMaM UMeHa. Eciid KOHCTpYKLU ref_cast_option SIBHO HE BKIIOYAETCS
B ONpPeACIeHUE CTPYKTYPHOTO TUNA ¢ REF USING predefined_type, TO UMe-
Ha TMOATIPOTpaMMaM Ha3HAJyaloTCsl CUCTEMOM. ENUHCTBEHHBIM MPEUMYIIECT-
BOM SIBHOT'O HA3HAYEHHS] UMEH SIBJISETCA BO3MOXHOCTD SIBHOTO BBI30BA 3THX
¢yHK1Mi npyd HanmucaHuu SQL-omnepaTopoB, conepXalliuX BhIpaXeHUsi REF-
THIIA, KOTOPble HYXHO IIPUBECTH K COOTBETCTBYIOIIEMY BCTPOCHHOMY THITY.
3aMeTHM, 4TO Takue (PYHKIIMH HEBO3MOXHO HAIMCATh BPYYHYIO, ITOCKOJIBKY
MpaBwia 0TOOpaXxeHHUsl 3aBUCAT OT peaid3aud SQL.

Ecnu nist CTpYKTYpPHOTO THMIIA BbIOHpAETCsl aJIbTEPHATHUBA TMOPOXICHMS
CCBUIOYHBIX 3HAUYEHUH, TO CUCTEMA MCTIOIB3YET JUISl MIOPOXIEHUS CCHBUIOYHBIX
3HAYEHUH 3HAYEHUS] HESIBHO YKA3aHHBIX CTOJNOLIOB (COOTBETCTBYIOIIUX SIBHO
YKa3aHHBIM aTpuOyTaM acCOLIMMPOBAHHOIO CTPYKTYpHOro tuma). [Ipu stom
OCTaIOTCS1 BCE YIIOMSIHYThIE BbIllI€ TIPOOIEMbI, XOTS B TAKOM CJiydae SIBHO Tpe-
oyeTcst 00bsIBICHHE OTPaHUUYEHNHA PRIMARY KEY WM UNIQUE JJISI COOTBETCT-
By10OllIero Habopa CTOJIOLIOB.

HakoHel1, npy BbIOOpe MOCIeIHEH aibTepHATUBBI (CHCTEMHO-TeHEPHUPY-
€MBbI€ CCBUJIOUHBIE 3HAYEHUSI) KaXIOH CTPOKE, BCTABISIEMOU B TUITU3HPOBAH-
HY10 TabJIMILY, aCCOLIMMPOBAHHYIO C COOTBETCTBYIOIIUM CTPYKTYPHBIM THIIOM,
MPUCBANBAECTCS YHUKAIbHbII MACHTH(HHUKATOP. DTO 3HAYEHHE COXPAHSIETCS B
CaMOCCHLIAIOLIEMCS CTONOLIE U MOXET ObITh UCTIONIB30BAHO JTIIOOBIM MTPUJIOXE-
HHEM [UIS YHUKAJIbHOM MICHTU(UKALIMYA JAaHHOW CTPOKM HA BCEM IPOTIKE-
HHUH XKV3HH TaOITULIBI.

CrnieynuKaLmns CCbIZIOYHOro THna npyn obvasnennn
cron6yos u arpubyros

CaMocchuialoiyecs CToJi01bl Bcerma HMerT REF-TUI. KoOHKpeTHBIH
REF-THI 3aBUCHT OT ABYX ()aKTOPOB:
® CTPYKTYPHOTQ THIA, aCCOLIMMPOBAHHOTO C THUITU3UPOBAHHOU TabMHLIEH:
REF-THII BCET/ia CBSA3aH C HEKOTOPBIM CTPYKTYPHBIM THIIOM;
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® BLIGPAHHOTO CIIOCO6a reHepaluy CChUTOYHBIX 3HAUEHHU; 3Ta HHQpOpMaLIUs
3a0aeTCs B ONpeNeJeHHH CTPYKTYPHOrO THIA M He MPUCYTCTBYET B CITEIIU-
(DHUKAIMU CCHUTOYHOTO THITA.
J1s oOBSBICHUS MECTOINONOXKEHUST CChUIOYHOTO THUIA HCIOJb3YETCSI
CIEAYIOIHI CHHTAKCHUC:

reference_type ::= REF (referenced_type) [ SCOPE table_name ]
referenced_type ::= UDT_name

UDT_name JOJXKHO 33JaBaTh UMs TUITA (referenced_type), Ha 3K3eMII-
JIAPH KOTOPOTO OYAYT YKa3bIBaTh 3HAY€HUSI CCHUIOYHOTO THUIIA. REF-THUIT MOXET
HCIIOb30BATHLCA B KAYECTBE TUIIA aTpHOYTa CTPYKTYPHOTO THIIA, H B 3TOM CJIY-
yae referenced_type MOXeET ObITb TEM X€ CaMbIM, UYTO H OIIPEACISEMBbIH
CTPYKTYPHHI# THIT. BO BCe OCTAIBHBIX clydasix referenced_type JOKEH AB-
JIATHCS HEKOTOPBIM CYIIECTBYIOIUMM CTPYKTYDPHBIM THITOM.

B Heobs13aTenbHOM pasaeie SCOPE 3agaeTcsd UM TUITU3UPOBAHHOM Tab-
JULBL. ACCOLIMUPOBAHHBIM CTPYKTYPHBIM THIIOM 3TOH TaOMULBI AOJXEH
ObITh referenced_type REF-THINA, B CIeUU(PUKALIUU KOTOPOTO CONEPXHUT-
¢S JaHHBIH pasfaen SCOPE. XoTS MOXHO OBIO OB OXMIATh, YTO 3HAUCHHUE
REF-THIIA MOXHO HCITOJb30BaTh I CCBUJIKM HAa CTPOKH THUIIM3UPOBAHHBIX
Ta0IHULl, ACCOLIMUPOBAHHBIN CTPYKTYPHBIH THIT KOTOPBIX ABJISIETCS COOCTBEH-
HBIM IIOATHIIOM Yyka3aHHOro referenced_type, B SQL Takas pa3HoBuI-
HOCTb CCBUIOK HE JOMYCKaeTcs. ACCOLMUPOBAHHBIH CTPYKTYPHBIM THI Ta0-
JIMLBI, HA CTPOKHM KOTOPOM YKa3bIBAIOT 3HAUYEHUS REF-THIIA, JOJMXEH ObITh B
TOYHOCTH TeM Xe€, UYTO M referenced_type 3Toro REF-tuna. Ho, KoHeuHo,
MOXHO 0OBSIBUTEL REF-THII, Y KOTOPOTo referenced_type SIBISETCA aCCOLH~
HPOBAHHBIM CTPYKTYPHBIM THIIOM ITOATAGIHIIBI, XOTA CaMOCChUIAIOIUMICS
CTON0eL 3TOH MOATA0IHLIBI HEOOXOIUMO HACIEAYETCS OT MAKCUMAIBHOH Cy-
rmeptabauiibl ceMeicTBa TabauL.

MNMoanepxka cornacoBaHHOCTH CCbIZIOK

Hukakoe cCbUIOYHOE 3HAYEHHE HHKOTAA HE MICHTHQUIHPYET KAKYIO-
100 CTPOKY, KPOME TOM, ¢ KOTOPOil OHO OBUIO aCCOLIMMPOBAHO ¢ CaMOTO Ha-
yana. Ecnu aTa cTpoka yaansieTcsi, To 3HaueHUe HUYETO He MIEHTUDULIUPYET U
HHUKOTA HE MOXET OBITh CBSI3aHO C APYToi cTpoKo#. M3 3TOro cneayeT, 4To cu-
cTeMa JOJNIXHAa KaKUM-JTH60 006pa3oM y3HaBaTh O TOM, MACHTUQULHUDYET JIH
JAHHOE CCBHUIOYHOE 3HaYeHHE KaKyl-TO XPaHUMYKIO CTPOKY WJIH HHUYETO
He HACHTHOULIMPYET (ABISACTCS BUCSLICH CChUIKOM). HO Kak cHUcTeMa MOXeT
3TO Y3HATh, HE IIOTPATHB MHOXECTBO pecypcoB? OTHACTH 3[E€Ch MOXET TIOMOYb
pasgen SCOPE. B 3ToM pa3sjieie yKa3bIBaeTCs OJHa TaOlH1a, B KOTOPO CTPOKH
JIOJDKHBI CYIIECTBOBATD JJIsS BCEX 3HAUYCHU I JAHHOTO MECTOITOJIOXEHUSI, TUIIOM
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JIAHHBIX KOTOPOTO SIBIACTCSA HEKOTOPHIM REF-TUIIL. (B OyIymlIux Bepcusix CTaH-
mapta SQL, mo Bcell BUAMMOCTH, OymET pa3pelliecHO YKa3blBaTh B pasfeie
SCOPE CITMUCOK UMEH TUITU3UPOBAHHBIX TaOJHUL WK JaXe UCITOJIb30BATh HEKO-
TOPYIO KOHCTPYKIIHIO, O3HAYAIOLIYIO «BCE TaOJIMIIbI, ACCOLIMMPOBAHHEIE C JaH~
HBIM CTPYKTYDPHBIM THITOM».)

Hrak, eciu onpenesiercst cToabell TabJULIbI, 10JI€ CTPOYHOIO THIIA WIH
aTpuOyT CTPYKTYPHOTO THITA, U TUIIOM 3TOTO MECTOIIOJIOXEHHUS ABJIsIeTCS REF -
THIT, TO MOXHO clIeHMDULMPOBAThH pa3en SCOPE. OMHAKO eC/IM TaKoH pa3ies
JEUCTBUTEIBHO YKA3bIBa€TCsI, TO TPeOYeTCA TAaKXE yKa3aTh, HYyXHa JH Ipo-
BEpKa CCBUIOYHBIX 3HadeHHH. sl 3TOro CIAYXHUT KOHCTPYKLHS
reference_scope_check, onpeaeisseMas CiAeAyOIIUM CHHTAKCHYECKUM
TIPABUJIOM:

reference_scope_check ::= REFERENCES ARE [ NOT ] CHECKED
[ ON DELETE referential_action ]

Ecau ykaswiBaeTcs REFERENCES ARE NOT CHECKED WIH €CJIM pa3ien
SCOPE HE 3a[a€TCsI, TO B OMPEAECIACEMOM MECTOITOJOXEHUM MOXHO XpaHHTh
J1000€ CCHUIOYHOE 3HaYeHHE, HE3aBUCHUMO OT TOTO, SIBJISIETCS JIM OHO 3HAYeHH -
€M CaMOCCBUIAIOIIEroCs] CTOI01A KaKOW-TH60 TaOMMLIBI, HA CTPOKY KOTOPOM
TMIPEITNOJIOKUTEILHO YKAa3bIBAaET CChUIKA. B 9TOM cilydae cHCTeMa He rapaHTH-
PYET, UTO CCBUIOYHOE 3HAYEHHE ICHCTBUTEIBHO YKA3bIBAET HAa CTPOKY (HO, KO-
HEYHO, 3TO 3HaYeHME JOJKHO OBITh 3HAYEHUEM MPaBWILHOIO TUIIA — REF-TH-
11a YKa3aHHOTO CTPYKTYPHOIO TUIIA).

Ecau xe ykasbiBaeTcs REFERENCES ARE CHECKED, TO KaXAblil pa3
MIPUA COXPAaHEHWUH 3HAYCHHUSA B OIPEHEIsIEMOM cToO1IE, ToJie WU aTpudyTe
cucTeMa obpallaeTcs K yka3aHHOH B pasjelie SCOPE Tabiule, 4ToObI ybe-
JUTBHCA B TOM, 4TO B HEH MMEETCS CTPOKA, 3HAUEHUE CAMOCCHIIAIONIETOCH
cTondLa KOTOpOH COBIAgaeT C COXPAaHSIEMBIM CCHUIOYHHIM 3Ha4YEHHEM.
Kpome Toro, ecnu ykasbiBaeTcsi REFERENCES ARE CHECKED, TO MOXHO
TAKXE YKa3aTh CCbUIOYHOE NEHCTBUE, KOTOPOE MOJXKHO BBHINOJHATHCA NPH
yOaJ€HUU CTPOKH, MICHTUGUILHPYEMOH CCBUIOYHHIM 3HadeHHeM. Kak
OOGBIYHO (CM. JIEKLHIO 12), BO3BMOXHBIMU CCHUIOYHBIMHU JT€HUCTBUSAMHU SIBJIS-
10TCs1 RESTRICT, CASCADE, SET NULL M NO ACTION. Eciu ccpuiogHOE Aei-
CTBHUE SIBHO HE YKa3bIBAE€TCS, IO YMOJYAHUIO MPUHUMAETCS NO ACTION.
(I1nsa nons crpouyHoro Tuma (ROW TYPE) U aTpubyTa CTPYKTYpHOTO THIIa
JOITYCKa€eTCH TOJbLKO NO ACTION.)

3aMeTuM, 4TO ecs pasaesi SCOPE BKiloYaeTcs B olpeAe/icHUe aTpubyra
CTPYKTYPHOTO TUII4, TO B KOHCTPYKLIMHU column_options cToiad1a THITH3HPO-
BaHHOM TaGMMLEBI, COOTBETCTBYIOLIETO JAHHOMY aTpUOYTY, pa3aen SCOPE NpH-
CYTCTBOBATb HE MOXET — 3TO CUMUTAETCS] CHHTAKCUYECKOM OLIMOKOM.

473



OcHoBbl 6a3 AaHHbIX

Bbi6opka AaHHbLIX U3 TUMM3UPOBaAHHbLIX Tabnuy

IpuBeneM HECKOJNBLKO NIPUMEPOB onepalinii BBIGOPKH JNaHHBIX U3 TH-

MU3WPOBAHHBIX TAOJHL, a TAKXKE KpaTKo OOCYyAMM oIlepallMh OOHOBJIECHHSA
Takux Tabauu. ng 3Toro cHayala ONpEeAECIUM CTPYKTYPHBIE THIIBI EMP_T,
PROGRAMMER_T M DEPT_T, a TaKXE COOTBETCTBYIOLIHWE THMHU3NPOBaHHBIE
TabaULBI (YIIPOIIEHHBIA BapHAHT).

CREATE TYPE EMP_T AS (
EMP_NAME VARCHAR (20},
EMP_BDATE DATE,

EMP_SAL SALARY,

DEPT REF (DEPT))

INSTANTIABLE

NOT FINAL

REF IS SYSTEM GENERATED

INSTANCE METHOD age ()
RETURNS DECIMAL (3,1);

CREATE TYPE PROGRAMMER_T UNDER EMP_T AS ({
PROG_LANG VARCHAR (10))
INSTANTIABLE
NOT FINAL;

CREATE TYPE DEPT_T AS (

DEPT_NO INTEGER,
DEPT_NAME VARCHAR (200),
DEPT_MNG REF (EMP))
INSTANTIABLE

REF IS SYSTEM GENERATED
NOT FINAL;

CREATE TABLE EMP OF EMP_T
(REF IS DEPT_ID SYSTEM GENERATED,
DEPT WITH OPTIONS SCOPE DEPT);

CREATE TABLE PROGRAMMER OF PROGRAMMER_T UNDER EMP;

CREATE TABLE DEPT OF DEPT_T
(REF IS EMP_ID SYSTEM GENERATED,
DEPT_MNG WITH OPTIONS SCOPE EMP);

CresyeT OTMETHTD, UTO ¢ TUIIM3UPOBAHHBIMHU TaBGJIMIIAMH MOXHO pabo-

TaTh, Kak ¢ OOBIYHBIMH TabnuaMu*. [1o3ToMy, B YaCTHOCTH, BO3MOXEH CJIETy-
IOILIMH 3a11poc.

* 1o xpaiiHeit Mepe, B To# Xe CHHTaKCHYeCKO# dopMe.
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IHpumep 19.1. Haiitu nMeHa Bcex ciyxalllux, pa3Mep 3apaboTHOM MiaTel
koTopbix MeHbine 20000.00.

SELECT EMP_NAME
FROM EMP
WHERE EMP_SAL < 20000.00;

B cootBercTBUU ¢ ceManTuKON SQL:1999, npu BbINoIHEHUH 3aMIpoca U3
npuMepa 19.1 cHayana Oyner npou3BeneHa BHIOOPKA UMEH CIYXaIlWX, YIOB-
JIETBOPAIOIIMX YCJIIOBHIO, U3 TaOMULIBI EMP, 3aTeM — U3 TaOJIMLIBI PROGRAMMER,
U 3TH MIPOMEXYTOUHbIE PE3YJIbTaThl OyAyT CKOMOMHUPOBAHH B OKOHYATEIb-
HBI pe3yabTaT IyTeM NPHUMEHEHUS ollepaluM oObeAMHEHUs (UNION). Ho
TIPEATOI0XHUM, YTO HAC MHTEPECYIOT TOJBKO TE CAYXKALIWE, [T0JyYaloLlIHe 3ap-
TLU1aTy, He npepsimalomyio 20000 py6., KoTopbie He SIBISIOTCS IPOrPaMMHCTA-
Mu (mpumep 19.2). Torna MOXHO TPUMEHUTD (POPMYJIUPOBKY 3aIlpoca, B KOTO-
pOH NPUCYTCTBYET crieliuukaivs ONLY:

SELECT EMP_NAME
FROM ONLY (EMP)
WHERE EMP_SAL < 20000.00;

ECTeCTBCHHO, B 3amnpocax K THIIHU3HUPOBAHHBIM TabIULAM MOXHO HC-
MOJb30BaTh CCHUIKH.

Hpumep 19.3. Haiitu uMeHa U Ha3BaHUsI OTIENOB, IIe paboTalOT ClyXa-
e, pa3Mep 3apaboTHOM TIaTel KOTopsix MeHblre 20000.00.

SELECT EMP_NAME, DEPT -> DEPT NAME
FROM EMP
WHERE EMP_SAL < 20000.00;

B SQL:1999 onepaums «->» Ha3BIBAECTCSI onepauueli pasbiMeHo8aHus
(dereferencing), HO B 0OHMXOJI€ €€ MOXHO CUMTAThL OIlepalMedl Iepexoma Io
CChUIKe (B HallieM npuMepe DEPT cChilaeTcsl Ha DEPT_NAME). MoxHo Hedop-
MaJIbHO TPAKTOBATbh CCBUIOYHBIE 3HAYEHUS KaK YKA3aTeJIM Ha CTPOKM THUITH3H-
POBAHHBIX TAOJIHLI.

MoxeT noka3atbcsi HEOXMIAHHBIM, 4TO 3arpoc u3 npumepa 19.3 BoiOH-
paeT 3HaYeHMsI U3 TaONUIBI DEPT, XOTs B pa3aene FROM 3TOro 3anpoca oHa ia-
Xe He ynoMHuHaercs. [deno B TOM, YTO BBHIIOJIHEHHE ONEePAllHU Pa3bIMEHOBA-
HUs (paKTUUECKU IPUBOINT K BEIITOTHEHUIO COSMUHEHMsE TabuLl EMP M DEPT,
nenasi B 3anpoce cronbell DEPT_NAME «BUIUMBIM».
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KoHeuyHo, B 3ampoce JOMYCKAIOTCs MHOTOKPATHBIE MEePEXOAbl MO CChUT-
KaM, TaK YTO MOXHO ¢(OpPMYJIHPOBAThH CIEAYIOIIMIA 3anpoc:

IMpumep 19.4. HaitTH nMeHa cinyXallux W UMEHA PYKOBOOUTENEH UX
OTIENIOB [UISl CIYXALIUX, MOJYYAIONINX 3apIljIaTy, He MpeBbIIIAI0LIYIO
20000.00.

SELECT EMP_NAME, DEPT -> DEPT_MNG -> EMP_NAME
FROM EMP
WHERE EMP_SAL < 20000.00;

Kak nmokasbiBaeT C)'ICI[YIOI.LII/Iﬁ TIpUMEDP, B 3aripocax MOXHO HCIIOJIb30BaTh
BbI3OBbI METOOOB Hall CTPOKAMH, K KOTOPBIM IIPOU3BOANUTCA IIEPEXO ITO CCHUIKE.

Ipumep 19.5. Haiitu UMs U Bo3pacT pyKoBoauTesis otaesa 605.

SELECT DEPT MNG -> EMP_NAME, DEPT_MNG -> age ()}
FROM DEPT
WHERE DEPT_NO = 605;

HakoHel, UMeeTCsA BO3MOXHOCTb IMOJHOCTBIO BHIOPATh 3K3EMILIAP
CTPYKTYPHOTO THIIA, WACHTHOWLHUPYEMBIH CCBIIOYHBEIM 3HadeHHEM (B
SQL:1999 aTo Ha3bIBaeTCS pazpeuieHuem ccolak — reference resolution).

IIpumep 19.6. IMonyunTh MoONHBIE AaHHBIE O pYKOBOAUTENE oTAena 605.

SELECT DEREF (DEPT_MNG)
FROM DEPT
WHERE DEPT_NO = 605;

B 3TOM cayuae pe3yasratoM 3ampoca OyIeT ABAAThCA TabauLa, BKIOYa-
101lIasi OIMH CTOJIOEL CTPYKTYPHOro THra EMP_T. EAMHCTBEHHBIM 3HaY€HHEM
3TOro cTONA0LAa OYAET 3K3EMILIAP (3HAUEHUE) 3TOTO CTPYKTYPHOTO TUIA, COOT-
BETCTBYIOIIMH CNTyXallleMy-PYKOBOTUTENIO oTAeTa 605.

Ornepaunuyi OGHOBJIEHWA THITU3WUPOBAHHBIX TAONWIl BHITIONMHAIOTCS OYe-
BUIHBIM 00pa3oM. Onepauus INSERT BCTaB/sA€T YKa3aHHBIE CTPOKH B YKa3aH-
Hyto Tabauiy. Onepauuu DELETE W UPDATE yAQISIOT WIH MOTHGHUIMPYIOT
CTPOKH B HEpapXuH TaOJHILl, KOPHEM KOTOPOil SABNAETCA YKa3aHHas Tabnuia,
€CJIM B OTIEpaliii He conepxkuTcst ONLY. Ecnu xe cenuduuupoBaHo ONLY, TO
YIATAIOTCA WIH MOTUGUITUPYIOTCA TOJIBKO CTPOKHM YKA3aHHOW TaONMLIbI.
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TUNn3anpoBaHHbie NPEeACTaABNEHUS

Hapsny ¢ THNH3MpoBaHHBIMH 6a30BBIMH Tabnuiiamu B SQL:1999 non-
JIEPXHUBAIOTCS. TUITH3UPOBAHHBIE NMPENCTABIECHHUS], HHAUe Ha3blBaeMbIe Hpeo-
CMABACHUSMU, HA KOMOpble MOXCHO ccoliambcs (referenceable views). MHorna Ta-
KHe TPELCTABICHHUS] TAKXKE HA3BIBAIOT 00BEKMHOIMU NpeocmagreHusmu, To-
CKOJIBKY JAHHBIEC, BUAHMBIEC Uepe3 IpPEACTABIEHHE, COOTBETCTBYIOT CTPOKAM
TUIIM3UPOBAHHBIX TAGIMIL, MOBEAEHHE KOTOPBIX BO MHOTOM ITOXOXE Ha MoBe-
JeHHe 00BEKTOB B 0OOBEKTHO-OPHEHTHPOBAHHBIX CHCTEMaxX. MeXIy THITH3H-
POBaHHBIMH 6a30BbIMH TaGJIMIIAMH H THITM3UPOBAHHBIMH ITPEACTABICHUSIMHI
HMeeTCs 6OJIBIIOE CXOACTBO, HO €CTh M HECKOJIBKO OTIIMUMIA, CBA3aHHEIX C pa3-
JIMYUSIMH 6a30BbIX TAGIUL U NIPEACTABIEHHIA.

B SQL B cBS3M ¢ OOBEKTHLIMH IIPEACTABICHUSAMH BBOJUTCS DS TEPMH-
HOB — «cynepnpedcmagaenue» , «<noonpedcmasnenue» , «<HenocpedcmeenHoe cynep-
npedcmasnerue» , «<HenocpedcmeenHoe noonpedcmasaenle» , «Co6CmeeHHoe cynep-
npedcmaenenue> U «cobcmeernHoe nodnpedcmaenerue». CMBICI 3THX TEPMHHOB
MOJIHOCTBHIO aHATIOTHYEH CMBICITY COOTBETCTBYIOLIMX TEPMUHOB JUIS1 THITU3HPO-
BaHHBIX 6a30BbIX TaONHIl. TEPMUH cemelicmeo nodmabauy IPUMEHSIETCS KAK K
THIM3HPOBAaHHBIM TaOJIHIIAM, TaK H K THIIH3HPOBAHHBIM IIPEIACTABICHHSM.

OrnpeneneHHE THIIH3XPOBAHHOTO IPEACTABICHHUS 33a€TCSl B CJIEIYIOLIEH
CHHTaKCHUYeCKOI opme:

view_definition ::= CREATE VIEW table_name
OF UDT_name
UNDER table_name
(view_element_commalist)
AS query_expression
[ WITH [ levels_clause ] CHECK OPTION ]
view_element ::= self_referencing column_specification
| column_name WITH OPTIONS scope_clause

VkassiBaeMoe UDT_name JODKHO OBITh HMEHEM CYIIECTBYIOIIETO CTPYK-
TypHoro TiIa. Kak ¥ B onpeae/ieHHHU oObIMHBIX IIPEACTABICHHH, B pa3aeiie AS
YKa3bIBa€TCsl BhIpaXkeHHE 3ampoca. B ciydyae TUNH3MPOBAHHBIX MPEACTaBIIC-
HHUH 3TO BBIpAXEHHE 3aNpoca JOKHO OCHOBBIBATHCSI HA €IHHCTBEHHOMN THITH-
3UpOBAHHON Tabuuile (6a30BOH TabGIHIle WIH MPEACTABIICHUH). DTa THIIH3H~
poBaHHas TabIMIila JOXKHA OBITh ACCOLIMMPOBAHA C TEM XK€ CTPYKTYPHBIM TH-
IOM, YTO H ONPEIALIAeMOe NpeACTaBleHHe. TaKyro TabIHIy HHOTIa Ha3bIBalOT
6a3ucHoii mabauyeli IpeACTABIICHUSI.

TUNHU3UPOBAHHOE MPEACTABIEHHE MOXHO OIIPEIEIHTD KaK IIOAIIPEACTaB-
JIEHHE JIPYTOrO THIIHM3HPOBAHHOTO IPEACTABIICHHs. B 3TOM ciiyyae CTpyKTyp-
HBIH THII, aCCOLMHPOBAHHBIN C OIPEAEIISIEMBIM IIPEACTABIEHHEM, JOXKEH SB-
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JIATBCS. HETIOCPEACTBEHHBIM MOATUIIOM CTPYKTYPHOTO TUIIA, KOTOPBIA acCOLM-
HPOBaH ¢ cymneprpeacTaBIeHUEM, cneUu@UUMpPyeMbIM B pasaene UNDER. ba-
3UCHas TabJMLA OTIPEIENsAEMOro NMPEACTABIEHUS JOMXKHA ABIATHCH COOCTBEH-
HOH noaTabauLeil HIM COOCTBEHHBIM MOATIPENCTAaBIEHUEM — HE 00513aTEILHO
HEMOCPEACTBEHHBIM — 0a3MCHOM TabGMHIBI HEMOCPEACTBEHHOTO CyTIepIipen-
CTaBJICHUSI OIpPEeEAsIEMOTO NMPEACTABICHMS.

B onpenenenre THMU3MPOBAHHOTO TIPEACTaBACHHUS MOXET BXOIUTh OIHH
HJIM HECKOJTBKO JIEMEHTOB column_name WITH OPTIONS scope_clause. Ec-
JIM MpEACTaBJCHHUE OMPEAesiCTCs KaK MOATNPEACTABICHUE IPYTOr0 TUITU3UPO-
BaHHOTO NMPEACTABJIECHUS, TO B €0 OINpPEJCIICHUN HE NO/KHA CONEPXAaThCs Clle-
uuburKaLMsa caMocchUiaolerocs cronbua. Eciu onpenensiercss MakCUMaJlbHOE
cynepripeacTaBieHue (T. €. B ONpeae/€HUU HE COAEPXUTCS pasaei UNDER), TO
3Ta crieuMdHUKaLMsa MOXET TIpUCYTCTBOBaTh. Ecnu crieuuduKauus npUucyTCcT-
BYET, TO OHa MOXET COACPXaThb TOJbKO KOHCTPYKUMH USER GENERATED WJIM
DERIVED (M3 3TOTO CJEAYET, YTO HEJNb3Sl ONPENCIMTh TUIIM3UPOBAHHOE TNpea-
CTaBJICHUE, B aCCOLLMMPOBAHHOM CTPYKTYPHOM THIIE KOTOPOTO NMPHUCYTCTBYET
crienugukausa REF IS SYSTEM GENERATED). Ilpu ykazaHuUM USER GENERATED
CTETICHB OTIPEAC/IIEMOTO NMPEACTABICHMS Ha €IMHUILY OOJTbIIIC YUC/Ia aTPUOYTOB
ACCOLMUPYEMOTO CTPYKTYPHOIO THMNA; NOTOJHHUTEIBHBIM CTOJOLIOM SIBJISIETCA
caMocchIIaroluiicss cronbeu. B ciyyae ykazaHusi DERIVED JONOJHHTEIbHBIN
CTOJ0ELL He MOSBISCTCS, MOCKOJAbKY 3HAYCHHUE CAMOCCBUIAIOLIETOCs CTo0La
TTOPOXIACTCA U3 TEX XKE CTOAOLOB, U3 KOTOPBIX [I0POXAAECTCA 3HAYCHUE CaMOC-
CBUIAOIIErocst CTo1011a 6a3MCHOH TaOIHLIBI.

3aknouyeHume

Ecau obpaTuThCs K UCTOPUH, BBISCHHMTCS, YTO NMOMBITKU PACIIUPEHUS
dyukunonansHoct CYB/I, H3HaYalbHO OCHOBAHHBIX HA PEJISILIMOHHOM TO/I-
Xojie, NpeINnpUHUMAJIUCh YXKE Ha PAHHUX CTAIUSIX pa3paboTKU TAKUX CHCTEM.
KiraccuyeckMMH TippMepaMu SIBISIIOTCS TTPOEeKTH System R kommanum 1BM,
rae pa3paboTYHMKH MBITAJIUCH OOECTICYUTh BO3MOXHOCTH PabOTHI CO CJIOXHBI-
MM oObekTamu nyteM paciuupenust SQL, u Ingres (yHuBepcutet bepkiu), rue
Maiikn CtoyHOpeiikep npeuiaran MEXaHHU3M OIPEAC/ICHUS TTOJIB30BaTENbCKHX
THUIOB JaHHBIX HA OCHOBE NPEICTABJEHHMI W XpaHMMBIX Npouenyp. OaHako
HOBBIH TOT4OK K paciuupenuio SQL-opueHTHpoBaHHBIX CYB/ 00BbeKTHBIMU
CBOMCTBaMH OBUT IMOJTYYEH CO CTOPOHBI 0OBEKTHOTO MMpa Nocie MyOIUKaltu1
Ilepsozo manugecma.

B orBeTHOM Bmopom marnughecme TpeACTaBUTENN UHAYCTPUU Pa3BUTHIX
CYB/l yrBepXIanH, 4TO UMEIOTCS peaJlbHBIC BO3MOXHOCTH JOOUTBCS Xenae-
MO# (YHKITHOHANBHOCTH 6€3 KOPEHHOM JIOMKH TPAIMLMOHHOMN TEXHOJOTHH.
Uneu Bmopoeo manughecma Ob11M BOILIOILIEHBI B XU3Hb B HECKOJIBKUX BEIYILIHX
SQL-nponykrax, ¥ UCNIOJb30BaHUE OOBEKTHBIX PACIIMPEHHUI 103BOTUIIO Ca-
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MHM ITOCTABLIMKAM 00eCIIEYUTH Psi 3aKOHYEHHBIX (DYHKLIMOHAIBHBIX PaCIlit-
peHUit CBOUX cUCTeM. OIHAKO OXHIAHHUSA BOJIBIIOTO CIIPOCA CO CTOPOHBI MOJTb-
30BarTejici HAa CaMM MHCTPYMEHTBI OOBEKTHBIX PACLIMPEHHI HE OMPaBIATHCH.
HexoTopble H3BECTHHIE CIICLMATUCTB U3 06;1acTH 6a3 JaHHBIX CYMUTAIOT, YTO
IUISL 3TOTO €11I€ HE MPUILLTO BPEMSI.

Pa3BuTHE 0OBEKTHO-PEIALMOHHOTO TOAXOAA HAIUIO OTPAXEHHE B SI3bIKE
SQL. Iurantckwii crannapt SQL:1999 no3BosisieT XoTs1 6bI COMOCTABISITH OTALIb-
HBIE peaM3alMH, XOTS HM OJIHA KOMITAHUS TTOJTHOCTBIO €r0 HE MOAICPXHBACT.
Kax MOXHO 3aMeTHTh, pa3paboTIMKH cTaHaapta SQL Mmolnmi Ha CyLIeCTBEHHO
Gosbliee COMMKEHHUE C OObEKTHO-OPMEHTHPOBAHHBIM MTOAXOI0M K OPTaHHU3aLIMH
cHUCTeM 6a3 JaHHBIX, YEM 3TO MIPEANoNaranochk Bo Bmopom manugpecme. B ocobeH-
HOCTH 3TO MPOSBISAETCS B MEXaHHU3MaxX TUITM3UPOBAaHHBIX TaOMHI, CCHUIOYHBIX
TUIOB U CCBUIOYHBIX 3HAYEHUI: TUITU3UPOBAHHBIE TAOIULIBI ITOX0XHM Ha 9KCTEH-
ThI KJIACCOB, a CCbUIOYHbIE 3HAYEHMST — HA OOBbEKTHBIE UIEHTU(UKATOPBI. OnHa-
KO BO MHOTOM 3TO CXOJICTBO SIBJISIETCS] BHEIITHUM — 32 ITYyTEBBIMHM BbIDAKEHHUSMH
B ctiwie ODMG no-npexHeMy CKpBIBAIOTCS OTIEPALIMKM COSIMHEHMS TaOIHL.

JaHHast eKUUsl COAEPKHUT BeChbMa pa3sHOOOpPa3HbIM MaTepual, 0Obeam-
HEeHHBIH TOJIBbKO 0611e uaeei pacuiupenuss PCY B/l 06 beKTHBIMI BO3MOXHO-
camu. K coxaneHuio, 310 BLHIHYXXIEHHOE pa3HooOpasue, MOCKONbKY, Ha MOH
B3rJsiA, Gonblasi yacTh PACIIMPEHHM BBITIONHSIACH 0€3 NpeaBapUTEIbHOM
MpopaboTKM HE TOJIBKO OOLIEH MOIENH, HO AaXe U KOHILEIIIMHU s3biKa. B pe-
3yJIbTaTe MBI MOXEM OKa3aThCsA B CUTYallMH, Koraa s3elKk SQL B nydinem ciy-
yae 6yAeT NOJHOCTBIO TIOHSITEH TOJLKO IIaBHOMY PEAAKTOPY CTaHIApTA.

W nocrnenHee 3aMeuyaHue, Ha KOTOPOM MBI 3aKOHUMM 3TOT Kypc. HecMo-
TP Ha HEKOTOPYIO KPUTHUKY B anpec s3blka SQL, BbiCKazaHHyio B Hayaie
Jekunu 11, Mbl MOTpaTUAX Ha OOCYXIEHHE 3TOTO s3bIKa MOJOBUHY Kypca U
6oJblie €ro MPakTHYECKH HEe KPUTUKOBANMU. He 03Hayaer M 3TO, YTO SI3BIK
BCE-TAaKM OUEHb XOPOII WJIM YTO aBTOP NMUTAET K HEMY OCOOYIO IPUBS3aH-
HocTh? KoHeuHo xe HeT! B a3pike SQL mMeercss MHOXECTBO CJIabBIX MECT,
HETOUYHOCTEH U 1axe MpsIMbIX olIMO0K. Eciu 3anaThCs 11eTbI0 IPONEMOHCTPH -
poBaTh BCe MpoMaxH si3bika SQL, To 3TOT Kypc HUKOrAa Obl He 3aKOHYWIICS, a
€0 YMTATEJM TaK ¥ HE Y3HAJIU Obl, YTO IPEACTABIsIeT COO0H A3BbIK B LIEJIOM.

ITpu Bcex HegocTaTkax y SQL MMEIOTCS 1Ba HEOCTIOPUMBIX TTPEUMYILECT-
Ba. Bo-nepshix, 3a 30 sieT Cyl1eCTBOBAHHUS SI3bIKa K HEMY IPUBBIKIH (M gaXe
CPOAHWINCH C HUM) THICSUM NTPpoheCCHOHAaN0B B 001acTH 6a3 1aHHBIX. Kak ro-
BOPUTCS, Jydllle ILIOXO€, 1a CBo€. Bo-BTOPBIX (M 3TO MpOBEPEHO MHOTOJICTHEH
NpakThKoit) 36K SQL ponyckaeT 3(pHEKTHBHYIO U MaCIITAGUPYEMYIO Peain-
3a1UI0, U AaXe OObEKTHBIE PACIINPEHHUS SI3bIKa HE BBI3BIBAIOT KAKOH-THGO Ie-
rpafgalyy MpoU3BOIUTEIBHOCTH CUCTEM. OTHHUM CIOBOM, HAM IIPEACTOUT E11E
Jonrast CoBMecTHast Xu3Hb ¢ SQL, 1, yToOB! OHa ObLTa YIAYHOM, HYXXHO XOpPO-
110 3HATh U JOCTOMHCTBA, U HEAOCTATKM ITOTO SA3bIKA.
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Jlysyuine (HenepeeefeHHbIe Ha PYCCKUIA A3bIK) KHUru npo SQL

Ha pyccxom azvixe uzdano mHo2o krue no SQL (kax nepesodHbix, mak u Ha-
RUCAHHbIX omexecmeeHHbmu agmopamu). Ho Hu 00Ha u3 Hux mMHe He Hpasumcs.
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