Bonpocs! k 3a4ery

1. daiia, daisioBas cuctema. Kimaccnpukanus ¢aiiioBeix cucreM. OCHOBHBIE MOAXOABI K 3aliATe
(aiiyIoBBIX cHCTEM.

C TOYKM 3peHHs NPUKIAJHON IporpaMMsl (aiija — 3To UMeHOBaHHas 00J1aCTh BHEIIHEH MaMATH, B KOTOPYIO
MOKHO 3aIIMCBIBaTh M U3 KOTOPOH MO>KHO CUMTHIBATh JaHHbIe. CucTeMa ynpaBieHus ¢ainamu 6eper Ha cebs
pacmpeenieHie BHEIIHEH NaMATH, 0ToOpaxxeHrne nMeH (DailioB B COOTBETCTBYIOIINE aapeca BHEIIHEH MaMsITh 1
o0ecredyeHue JoCTya K JaHHBIM.

Tepmun ¢aiisioBast cucrema (file system) ucrnosnb3yercs s 0003HaAYCHUS IPOTPAMMHOM CHCTEMBI, YITPABIISIONICH
¢aitnamu, u apxuBa (HaiyioB, XpaHALIETOCs BO BHEITHEN aMSATH.

H3onupoBanHble (ailnoBble cHCTEMBbI — Kbl apxXuB (ailsioB (MTOIHOE JEPEBO KAaTaOTORB) HEIUKOM
pacmonarajics Ha OTHOM JIMCKOBOM IAKETe WM JIOTHIECKOM AMCKE (KaK Ha BUH/E), TOJTHOE UMs (aiijia HaunHaeTcs ¢
HWMEHU JUCKOBOT0 YCTPONCTBA.

HenTpanuzoBannas (kak B Multics) — oOecrieyrBaiach BO3MOXHOCTh IPEACTABIISATh BCIO COBOKYITHOCTD
KaTanoros u ¢aioB B BUe equHOro Aepesa. [lonHoe ums daiina HauMHAIOCH ¢ IMEHH KOPHEBOTO KaTajora, 1
MOJIL30BAaTEINb HEe 00513aH OB 3a00TUTHCSI 00 YCTaHOBKE Ha JIICKOBOE YCTPOMCTBO KaKUX-TNOO KOHKPETHBIX TUCKOB
(To ecth ouH (aiin Mor OBITH pa3HECEH Ha JANCK, TUCKETY U JIBa BUHTA).

CmemanHas (*nix) — co3zmaercs (aiyioBas cucTeMa, a MOTOM €IIe HCIIONb3yeTcsl mount Uit MOJCOSANHEHUS
JIPYTHUX YCTPOMCTB CO CBOMMHU (PailyIOBBIMU KaTaJIOTaMH.

3amuTa Npyu MHOTOMOIb30BATEIBCKOM PEKME: MAHAATHBIN U ANCKPEeMOHHBIN 10aX0Abl. MaHIaTHBI:
KaXIbIH TIOJIH30BATENh UMEET OTACIBHBIA MaHAAT A7 paObOThI C KaXKIbIM (haifiioM MIIM HE UMEET €T0, MHOTO
JOTIOJTHUTEIbHON HH(OpManyy.

JIMCKPEeHOHHBIH — Ka)KIOMY 3apETUCTPUPOBAHHOMY I0JIB30BATENI0 COOTBETCTBYET Mapa LETOUYNCIEHHBIX
HACHTH(QHUKATOPOB: WACHTH(UKATOP IPYIIIBI, K KOTOPOH OTHOCHUTCS TTOJIb30BATENb, i €ro COOCTBEHHBIN
uaenTudukarop. COOTBETCTBEHHO, NIPU KXI0M Qaiijie XpaHUTCS MOJIHBIA HACHTU(PHUKATOP TOIb30BATEIS
(coOcTBeHHBIH UACHTHHUKATOP TUTIOC UACHTH(OUKATOP TPYIIIBI), KOTOPBIA CO3Jall 3TOT (aiii, U moMeyaeTcs, Kakue
JecTBU ¢ (ailyioM MOXKET MPOU3BOIUTH OH CaM, Kakue JeHcTBUS ¢ (ailioM TOCTYNHBI AJIS OCTAJIbHBIX
MOJIb30BATEIICH TOM K€ TPYIIBI U YTO MOTYT JAeNaTh ¢ (ailioM nonbp30BaTeNu Apyrux rpyni. s kaxmoro daiiia
KOHTPOJIMPYETCS BO3MOKHOCTh BBITIOJTHEHUS TPEX JIEHCTBUIL: YTeHHUe, 3amich U BbInonHeHne. COOCTBEHHO, TaK B
*nix.



2. CYB/. OcnoBublie pynkuuu CYB/I. TunoBasi opranu3auus copemennoii CYB/I.
CYB/ (cuctema yrnpasicHus 0a3aMu TaHHBIX ) — HHPOPMAIMOHHAS CUCTEMa, KOTopasi 00ecreyrBacT
CTOPOHHUM TPOTpaMMaM JOCTYIT K CTPYKTYPHUPOBAHHBIM JIaHHBIM, 00SCIICUNBAs IIPU 3TOM HEKOTOPBIC (VyHKITHH:

e  YOPABJICHUE JIOTUYECKON COrTACOBAHHOCTHIO U LEJIOCTHOCTHIO JAaHHBIX BO BHEIIHEH MaMSTH;

e ynparieHue OyhepaMu onepaTuBHON aMATH (padoTaTh HANPSIMYIO C BHEITHUM JUCKOBBIM YCTPOHCTBOM
JIOJITO);

e  yIpaBJICHUE TPAH3AKIHUAMU (C OTPEACICHHBIMU CBOWCTBAMHU, BOIIPOC 3);

e KypHanmu3anms u BocctaHorienue b/l mocie cOoes;

e TmoaaepxkaHue A36IK0B b/] (YHUBEpCATBHBIN S3BIK 3aIIPOCOB, KOTOPBIH MOXKET OBITh HCTIOIL30BaH U3 BHEIITHEH
MIPOTPaMMBI U TIO3BOJIUT HE YTITyOISAThCS BO BHYTPEHHIOIO CTPYKTYPY XpaHEHUS TaHHBIX, Harpumep SQL).

Tunosas opranusanusi coppeMednoil CYB/l. Jloruuecku B coBpeMeHHOU pensiiinonnoit CYBJ[ MoxxHO

BBLIETTUTH HanOoJsiee BHyTPEHHIO0 YacTh - AApPo CYB/] (vacto ero HaszpiBatoT Data Base Engine), komnuasTop
si3pika B/I (o0praa0 SQL), moagcucTemMy noaiep:KKku BpeMeHH BbINOJHEHHs, Ha00p yTHJIUT. B HEKOTOPBIX
CHUCTEMaXx 3TH YaCTH BBIACISIIOTCS SIBHO, B IPYTHX - HET, HO JIOTHYECKH TAaKOE pa3ZelIeHue MOKHO IIPOBECTH BO BCEX
CVYB/.

Anpo CYBJI oTBeuaeT 3a ynpapieHre TaHHBIMUA BO BHEIIHEH aMATH, yrpaBieHue Oydepamu onepaTUBHOI
MaMsTH, YIIPaBIeHNE TPAH3AKIMAMH U KYPHAIU3AIHIO.

OcHoBHOH pyHKIMEH KoMIuasTopa a3bika B/l sBisercs koMnuisiuus onepaTopoB s3bika b/l B HeKoTOpyIo
BEITIOJHIEMYIO IporpamMmy. Pe3ynbTaToM KOMIMIISIINY SBJISIETCS BBITIOTHSEMast IPOrpaMMa, MpecTaBiIsieMas B
HEKOTOPBIX CUCTEMaX B MALIMHHBIX KOAAX, HO O0Jiee 4acTo B BHIIIOJHIEMOM BHYTPEHHEM MaIIMHHO-HE3aBUCHMOM
Koje. B mocnenHeM ciiydae peaabHOE BBIITOJIHEHUE OIIEpaTOpa MPOU3BOJUTCS C IPUBIEYEHUEM MTOACHCTEMBI
NMOAEPKKH BpeMeHH BbINOJIHEHM, ITPEICTABIIAIONIEH cOO0H, 10 CyTH JeNna, HHTEPIPETaTOp 3TOr0 BHYTPEHHETO
SI3BIKA.

B otnenpHble yTHAMTHI B/l 00BIYHO BBIICISIFOT TAKHE TPOLIEAYPHI, KOTOPhIE CIUIIIKOM HAKJIaTHO BBHITIOIHATH C
HcToNb30BaHueM s3bika bJl, HarpuMmep, 3arpy3ka u Beirpy3ka b/, cOop craTucTHKY, TTI00aNbHAS IPOBEPKa
nenoctHoctu bJI u 1.1.



3. Tpanzakuun. Ceoiictea ACID. Cepuanu3zanusi TpaH3aKIMii.

TpaH3akuua - 3TO TOCIeN0BaTeIFHOCTE onepanuii Hax b/, paccmaTtpuBaemerx CYB/] kak enuHOe 11€7T0€.
JIu6o Tpan3zakuus ycnemHo Beimonasercs, 1 CYB/ puxcupyer (COMMIT) usmenenus b1, npousBeneHHbIE 3TOM
TpaH3aKLuel, BO BHEIIHEH MaMsTH, TM00 HU OJHO U3 3TUX U3MEHEHUH HUKaK He oTpaxkaeTcsi Ha cocTossHuu b/
[TonsTHE TpaH3aKIMKU HEOOXOMUMO JJIS IO KAHISI JIOTHIECKOH 1ienocTHoCcTH B/,

ACID onuceiBaeT TpeOOBaHUS K TPAH3aKIUOHHBIM CHCTEMaM. ATOMAPHOCTb — TPaH3aKLU HE MOXKET OBITh
BBITIOJTHEHA YacTHYHO. COry1acoBaHHOCTBH — TOCJE TPAH3AKIINH CHCTEMa JOJHKHA OCTATHCS B COTJIACOBAHHOM
COCTOSIHMH (OTpaHUYCHHSI CCBUIOK, TUIIOB, O0JIee CIIOKHBIE OrpaHrIeHUs (HalpuMep, CyMMa CToI0na paBHa
3aJaHHOMY uHciy)). M301MpoBaHHOCTD — JIpyTye MpOLEecChl He JOKHBI BUIETh JaHHBIE B IPOMEKYTOUHOM
cocTosiHUH. JI0roBe4HOCTh — €CITH M0JIL30BATENb MOJTYYHII IOTBEPKICHNAE O BHIIOJTHEHUH, TPAaH3aKIHs He OyaeT
OTMEHEHa.

[on cepuanu3anueii NapayuieIbHO BBITOIHSIIONINXCS TPAH3AKIMA TOHUMAETCS TAKOW TIOPSIOK TUIAHUPOBAHUSI
UX pabOTHI, PU KOTOPOM cyMMapHbIi 3 dekT cMecH TpaH3akiuii SKkBUBaNeHTeH 3QPeKTy nX HEKOTOPOTro
MOCJIEeI0BAaTENILHOTO BINOJIHEHUs. CepHaJibHbIii IJIaH BHINOJHEHNSI CMECH TPaH3aKLINH — TaKoH IJIaH, KOTOPBIT
MPUBOJIUT K CEPUATN3AIIH TPAHIAKIIHH.



4. Hapexnocts CYB/l. Knaccupukamus cooes. KypHaauzanus. Y poBHU KyPHAIU3ALUM.
TunuyHbie cXeMbl UCIOJIb30BAHUA KYPHAJIA.

OpnnauM 13 OCHOBHBIX TpeboBauuii k CYB/] sBnseTcs Hae)KHOCTh XpaHEHHUS TAaHHBIX BO BHENIHEH mamstu. [loj
HAJIE:KHOCTBIO XpaHeHus moHuMaetcs 1o, uto CYB/ 1omkHa OBITh B COCTOSSHUM BOCCTAHOBUTH ITOCIICTHEES
coritacoBaHHoe coctosHre b/l mocie mo0oro annmapaTHore Wi NporpaMMHoro c6osi. O6sIYHO paccMaTpPUBAIOTCS
JIBA BO3MOXKHBIX BHJIA allllapaTHBIX COOEB: TaK Ha3bIBaeMbIC MATKHE COOM, KOTOPHIE MOXKHO TPAKTOBATh KaK
BHE3AITHYI0 OCTAHOBKY pPa0OThI KOMITbIOTEpa (HampuMmep, aBapuiiHOE BBIKITIOUEHUE MUTAHUS), U )KeCTKUE cO0H,
XapakTepu3yemble moTepei nHopMaIy Ha HOCUTEN X BHeNTHel naMsati. [IpuMepamu mporpaMMHbBIX cOOEB MOTYT
ObITh: aBapuiiHOe 3aBepieHue padotel CYB/] (o mpuunHe omulKu B IporpaMMe Wil B pe3yJibTaTe HEKOTOPOTO
anmapaTHOro c60s1) WM aBapuilHOE 3aBEpILEHIE MT0JIb30BaTEIbCKOIM IIPOTPaMMEI, B pe3yJIbTaTe Yero HeKOTopast
TPaH3aKIUs OCTaeTCs He3aBepiieHHOU. [lepByro cHTyalnio MOKHO pacCMaTpUBaTh KaK OCOOBIH BUJ] MSTKOTO
anmapaTHOro c60s; Ipy BO3HUKHOBEHNH TOCIEHEN TpeOyeTcs TNKBUANPOBATD MOCIEICTBUS TOIBKO OTHOM
TpaH3aKIAH.

Kypnan - 310 ocobas yacts B/l, Henoctynnas nons3zoBarensiMm CYB/l n monnepxuBaemas ¢ 0oco0oi
TIIATENLHOCTHIO (MHOT/Ia MOJJICPKUBAIOTCS JIBE KOTIMH KYpHaa, pacroyiaraeéMble Ha pa3HbIX (U3MYECKUX JUCKAX), B
KOTOPYIO IOCTYMAIOT 3aMCH 000 BCeX M3MEHEHUsIX 0CHOBHOM yacTH b/l.

Yposuu :xxypHanuzanuu. B pasueix CYB/]| usamenenus b/l ;xypHanu3yroTcs Ha pa3HbIX YPOBHSIX: HHOT /A
3aMKCh B )KypHAJIE COOTBETCTBYET HEKOTOPOH JIOTHUYECKOH orneparuu u3sMeHenus b/ (Hanpumep, omeparuu yaaneHus
CTPOKH U3 Tabnuibl pensunonHoi bJ1), nHOT/1Ja — MUHUMAaIIEHOM BHYTpEHHEH onepanui MOAU(DUKAIMH CTPAHUIIBI
BHEIIHEH MaMsTH; B HEKOTOPBIX CHCTEMaX OJIHOBPEMEHHO HCIIONB3YIOTCs 00a MoJX0/a.

OcHoBHas uaes ;KypHanu3anuu. Bo Bcex cinyvasx NpUASPKUBAIOTCS cTPaTernu "'ynmpexnaoomei' 3anucu B
XKypHai (Tak Ha3piBaeMoro nporokona Write Ahead Log - WAL). I'py0o roBops, 3ta cTparerus 3aKiIo4aeTcs B TOM,
YTO 3anmuch 00 W3MeHeHuH Jr00ro 00bekTa b/l J0mKHa oNmacTh BO BHEITHIO MAMSTh KYypHAIa paHblie, YeM
M3MEHEHHBIA 00BEKT MONaJeT BO BHEIIHIOK NMaMsITh ocHOBHOU yactu bJI. M3BectHo, uto eciu B CY B/ koppekTHO
cobimogaercs mpoTokosl WAL, To ¢ OMOIIbIO XKypHala MOXKHO PEIUTh BCe MpodiieMbl BocctaHoBneHus b/l mocie
m060r0 cOOsl.

TunuyHbie cXeMbl HCMOJIb30BaAHUA KYpHaa. UHAUBUAYANbHBIH 0TKAT TPaH3akiuu (oueBuaHO). [lpu Msarkom
c0o0e BO BHEIIHEH MaMAITH OCHOBHOMW YacTu b/l MOTYT Hax0UThCsl 0O BEKTHI, MOTUGBHUITMPOBAHHBIE TPAH3AKIIUIMU, HE
3aKOHYMBIIIMUCS K MOMEHTY C0O0s1, © MOTYT OTCYTCTBOBaTh OOBEKTHI, MOAU(PHUIIMPOBAHHBIC TPAH3AKIIHSIMH, KOTOPHIE
K MOMEHTY c00s YCIIEITHO 3aBEPIIMIIKCE (110 MPHYMHE UCIIONB30BaHus O0y(depoB onepaTHBHOM MaMSTH, COJICPKIMOE
KOTOPBIX TP MsITKoM cOoe mpomnaaaet). [Ipu codmoaennn npotokona WAL Bo BHEITHEH MaMATH KypHala JTOJDKHBI
rapaHTUPOBAHHO HAXOJUTKCS 3aIKCH, OTHOCSIIIUECS K OMEpanysM MOTUPHUKAITIN 000X BUI0B 00heKTOB. Llenpio
mpoliecca BOCCTaHOBIICHUS TTOCIIE MATKOTO cOOsI SIBISIETCS] COCTOSIHUE BHEIIHEH MamMsTH ocHOBHOM yact b/I, koTopoe
BO3HHUKJIO ObI IIpH (PUKCAIIMK BO BHEIIHEH MaMITH U3MEHCHHUH BCEX 3aBEPUIMBIINXCS TPAH3aKIIUH H KOTOPOE HE
coJiepkao Obl HUKaKMX CJIEJIOB HE3aKOHYCHHBIX TpaH3akuuid. [[ist Toro, 4To0bI 3T0T0 M0OUTHCS, CHAYala
MIPOM3BOAT OTKAT HE3aBEPIICHHBIX TpaH3aKuui (undo), a MOTOM MOBTOPHO BOCTIPOHM3BOIAT (redo) Te orepamnun
3aBEpIICHHBIX TPAaH3aKINHA, Pe3yIbTaThl KOTOPBIX HE 0TOOpa)KEeHBI BO BHEITHEH MaMsATH. DTOT MPOLECC COACPIKUT
MHOTO TOHKOCTEH, CBsI3aHHBIX C OOIIeH opraHn3anuelt ynpasieHus Oydepamu u xypHaioMm. boree mogpoOHO Mbl
pPacCMOTPUM 3TO B COOTBETCTBYIOIIECH JIEKIIUH.

st BoccranoBiaenust B/ mocie skecTkoro c00s1 HCIONB3YIOT JXXypHAI U apxuBHYyto konuio bJ1. ['py6o rosops,
apX¥BHAs KOIHUS - 3TO MoJHas Komus b/l kK MOMEHTY Havaia 3arojHeHUs KypHaia (MMeeTcss MHOTO BApHAaHTOB OoJiee
rUOKOW TPAKTOBKU CMBICIIa apXUBHOU Koy ). KoHeuHo, 171 HopMaibHOTO BocctaHoBIeHUs b/l mocne sxecTkoro
c00s1 He00X0IMMO, YTOOBI KypHaJ He mponall. Kak yxe oTMeuanock, K COXpaHHOCTH KypHaJa BO BHEITHEH aMsTH B
CYB/] npeabsBiisitoTcs 0co00 MOBbIICHHBIE TpeOoBaHus. Toraa BoccTaHoBaeHUE B/l COCTOUT B TOM, YTO UCXOJIS U3
APXUBHOW KO I10 KypHAITy BOCIIPOU3BOAMUTCS Pab0Ta BCEX TPAH3AKIIHMA, KOTOPhIE 3aKOHYMINCH K MOMEHTY c0os1. B
MIPUHIIATIE, MOKHO JIayKe BOCIIPOU3BECTH pabOTy HE3aBEPIISHHBIX TPAH3aKIUI U MPOAOIDKUTE UX paboTy mocie
3aBepIlIeHNs BOCCTaHOBIEHUS. OJTHAKO B peaJIbHBIX CHCTEMaX 3TO OOBIYHO HE JIeTaeTCsl, TOCKOJIbKY TpOoIiece
BOCCTAaHOBJICHHUS TIOCTIE KECTKOTO COOS ABISAETCS JOCTATOYHO JITUTEIHHBIM.



5. Pannue AOPEIAINMOHHBIC ITOAXO0/1bI K OPpraHu3aluu 0a3 JaHHBIX.

Hau6oJ1ee 00111He XapaKTePUCTHKH PAHHUX CHCTeM (OCHOBHOE BBIJICIICHO):

a. OTH cHUCTEMbl aKTUBHO UCII0JIb30BAJIUCh B TEUCHUE MHOTHUX JIET, JOJIbIIE, YEM HCIIOIb3YeTCsl KaKkas-Iubo u3
pemsiunonsbix CYB/I. Ha camoM aene HeKOTOpble U3 PaHHUX CUCTEM HCIIOJB3YIOTCS 1aXKe B HAIIIE BpeMs,
HaAKOIUJICHBI IPOMaHbIEe 0a3bl TaHHBIX, U OJHON U3 aKTyaJIbHBIX MTPOOJeM HHPOPMAIHOHHBIX CHCTEM
SBJISIETCS] UCIIOIb30BAHUE ITUX CUCTEM COBMECTHO C COBPEMEHHBIMU CUCTEMaMHU.

b. Bce panHue cucTeMbI He OCHOBBIBAJIHMCH HA KAKUX-TH00 a0CTPaKTHBIX Mojesix. Kak Mbl yHoMUHaIH,
MOHSATHE MOJEINN JaHHBIX (PAKTUYECKH BOLIO B 00MXO/] CIIeHaIicToB B obdnactu b/l Toabpko BMecTe ¢
PEISLMOHHBIM [10J1X010M. AOCTpaKTHbIE IIPECTABICHU PAHHUX CUCTEM MOSIBUIIMCH II03K€E HA OCHOBE
aHaJIM3a U BBIABJICHUS OOLIMX NPU3HAKOB Y Pa3IMUHbIX KOHKPETHBIX CUCTEM.

c. B pannmx cucremax goctyn K b/l npousBoauiicst Ha ypoBHe 3anucei. [lonp30BaTenu 3TuX cucTeM
OCYIIECTBIISUTU SIBHYFO HaBUTAIMIO B BJI, MCTIONB3YsI SI36IKK MPOTPaMMUPOBAHHS, paCIIUpEHHbIE (DyHKIUIMH
CYB/I. MarepaxktuBHbIH noctyn K b/l momgepKuBaics TOIBKO IMyTEM CO3/IaHUSI COOTBETCTBYIOIINX
MPUKIIAJHBIX IPOTPaMM C COOCTBEHHBIM HHTEp(eicoM.

d. MosHo cunTath, 4To YpoBeHb cpeacTB panHNX CYB/] cooTHOCHTCS € ypoBHEM (PaiijIOBBIX CUCTEM IPUMEPHO
TakK e, KaK ypoBeHb si3pika K060 cooTHOCHTCS ¢ ypOBHEM s3bIKa AcceMOiiepa. 3aMeTuM, YTO TIPY TaKOM
B3TJISI/I€ YPOBEHD PENIAIIMOHHBIX CHCTEM COOTBETCTBYET YPOBHIO s13bIKOB Anta min APL.

¢. He 0bL10 OITHMU3anMN MOMCcKa/nocTyna. HaBurannonHas npupoja paHHUX CUCTEM U IOCTYI K JAaHHBIM Ha
YPOBHE 3amuceil 3aCTaBIsUIN OJIh30BaTeNsl CaMOT0 TIPOU3BOIUTH BCIO ONITUMH3AIINIO JTocTyma K B/1, 6e3
KaKOH-TNOO MOIEePKKA CUCTEMBI.

f. Ilocne nosiBneHHs PeSILMOHHBIX CUCTEM OOJIBIIMHCTBO PAHHUX CHCTEM OBLIO OCHALIECHO "pesIIuOHHBIMU"
uHTepdeiicamu. OnHaKo B OOJNBIIMHCTBE CIIyYaeB 3TO HE CAENAJI0 UX MMO-HACTOSILIEMY PEJIIHHOHHBIMU
CHUCTEMaMH, TIOCKOJIbKY OCTaBalach BO3MOKHOCTh MaHUITYJINPOBATh JaHHBIMU B €CTE€CTBEHHOM [T HUX
pexuMe.

Cucrembl, 0CHOBaHHbIE HA HHBEPTUPOBAHHBIX cnucKax (Hanpumep, Datacom/DB, Adabas) . ba3a ganubIx,
OpraHU30BaHHAas C IOMOIIHI0 HHBEPTUPOBAHHBIX CITUCKOB, MTOX0’Ka Ha pesIAIMOHHYI0 bJl, HO ¢ TeM OTIMYHMEM, YTO
XpaHUMbIe TaOIHIBI M ITyTH TOCTYIA K HUM BHIHBI OIb30BaTessiM. [pu sTom:

a. Crpoku TaOJIuI[ YIOPAI0YCHBI CHCTEMOM B HEKOTOPOH (PU3NUECKOH MOCIeI0BATCABHOCTH.

b. ®usnueckas ynopsaa04eHHOCTh CTPOK BCEX TAOJIMIT MOXKET ONpeAeaThes u i Beelt BJ1 (Tak menaercs,
Hanpumep, B Datacom/DB).

c. Jns kaxmoii TaGNUIBI MOXKHO ONPENENUTh MPOU3BOJIBHOE YUCIIO KITI0UEH MONCKA, I KOTOPBIX CTPOSITCS
WHAEKCHI. DTH UHAEKCHl aBTOMAaTHYECKH MOIIEPKUBAIOTCS CUCTEMOM, HO SIBHO BUHBI TIOJIB30BATEISIM.

d. OGmue npasuna onpeneneHus nenoctHoctd b/l oTcyTcTBYIOT (Bo3maraercsi Ha NPUKJIAIHYIO IPOrPaMMy).

SIBHOE onepUpOBaHUE C aIPECAMH B TAMSATH

f. omepanuu THIIA «HAWTH MIEPBYIO 3AIKCHY, KHAWTHU CICTYIONIYIO 3aIHChY», TE KE, TOIBKO C YCIOBUSMH «HAUTH
CIIEYIOIYTO, ISt KOTOPOW 3HAUEHHE PABHO YEMY-TO» HIIU «HANTH CIEIyIOIIYIO, ISl KOTOPOU 3HaYeHHe
OO0JbIIE YEero-TO», a TAKXKE ONEPALMN «B3SThY», KU3MEHHUTBHY, «yIaIUTh»

Hepapxuueckue cucrembl (Hanpumep, Information Management System (IMS)). Ctpoutcst 4To-To THIIA A€pEBa

o

(HeumkIMYeckuii rpad), eCTh 3aUCh-TIPEIOK (OTAE), JAJIs HEE MOXKET BBOJUTCS «CBSA3bY C 3aMUCAMU-TIOTOMKAMH, UX
MOJKET OBITh HECKOJIBKO (CITy>Kalllre OTJIeNa), Uil OHa (PyKOBOJUTEN), Ui AepeBa bJl onpeneneH moHbIH MOpsSI0K
00X0/1a — CBEpXy-BHHU3, ClIeBa-HATIPABO, B3SATHS, N3MEHEHUSI, yIAJICHHS, TAPaHTHPYETCS [IEJIOCTHOCTh B TOM ILIaHE,
YTO Y KaXKI0r0 IOTOMKA €CTh OJJUH POJUTEIb.

Cetesble cucrembl (Hanpumep, Integrated Database Management System (IDMS)) . Paciimpenue
nepapxuueckoro noaxoja. Toxe «cBsizny, HO rpad moxet ObITh uKIM4eckuM. CereBast B/l cocrout u3 Habopa
3ammced 1 Habopa CBsI3eil MeX Iy 3TUMU 3alHCSIMH, a €CJIM TOBOPHUTH 00JIee TOUHO, M3 Habopa IK3EMIUTSIPOB KaKJ0TO
THTA U3 337aHHOor0 B cxeme b/l Habopa THIOB 3amuicy 1 Habopa SK3eMIUIIPOB KaXKJIOT0 THIIA M3 3aJJaHHOTO Habopa
THUTIOB CBSI3U. THUI CBSI3U OIpeneisieTcs A ABYX TUIIOB 3allMCH: TIPEKa U MOTOMKA. DK3EMIUISAP TUIIA CBSI3U COCTOUT
W3 OJTHOTO JK3eMILIApa TUTIA 3aIMCH NIPEIKa U YIOPSA0OYSHHOTO Habopa IK3eMILISIPOB THITA 3aMUCH TToToMKa. J1Jis
JaHHOTO THMa cBs3u L ¢ Tunom 3amucu npeaka P u tunowm 3anucu noromka C AOMKHBI BHIIOIHITHCA CIEAYIOIINE J1Ba
YCIIOBUS:

o  Kaxaplil ak3emIuLsp Tumna P sBisercs npeakoM TOJIBKO B OAHOM 3K3eMIutpe L;
o  Kaxaprii ak3zemmuisip C sBisieTcs IOTOMKOM He OoJjiee, 4eM B 0IHOM 3Kk3emIuisipe L.



6. Ba3oBble moHsiTUsA peasiuuoHHOM Moaeau naHHbIX. Kimouu. HeonpenenenHnble 3HaYeHUS.
CcpL104HAasI HEJOCTHOCTh M CMOCO0BI ee MoA/iep:kaHusi. AToMapHOCTh aTpudyToB u 1HD.
K unciry 1ocTOMHCTB peNSIMOHHOTO TOAX0/a MOXKHO OTHECTH:

e HAJTW4YNE HeOOJIBIIOro HA0Opa adCTPAKIMiA, KOTOPEIC MO3BOJIIOT CPABHUTEIHHO MPOCTO MOACITUPOBAThH
OOJIBIIYIO YacTh PACIPOCTPAHEHHBIX MPEIMETHBIX 00JIacTell U JOMYyCKaOT TOUHbIe (hopMallbHbIE
OTIpEIETICHHSI, OCTABASCh UHTYUTUBHO IMOHSATHBIMHU;

e HAJW4YHME MPOCTOro M B TO K€ BpeMsl MOII[HOT0 MaTeMATHYECKOT0 ANINAPATa, OIUPAIOIIETOCS TJIABHBIM
00pa3oM Ha TEOPHUIO MHOKECTB ¥ MATEMATHUECKYFO JIOTUKY B 00€CIICUNBAIOIIETO TEOPETUICCKIIA Oa3uC
PENSIHOHHOTO MMOIX0/1a K OpraHu3anuu 0a3 TaHHbIX;

e BO3MOKHOCTh HEHABHUTAIIMOHHOT0 MAHUITYJIMPOBAHHUA JAHHBIMH 0€3 HEOOXOUMOCTH 3HAHUS
KOHKPETHOH (pU3N4eCKOl opraHu3anuu 0a3 JaHHBIX BO BHEITHEH MaMSITH.

THIE TAHHEDX

- ot
-~

Llemere CTporn
YHCIA CHMBONOR Aesru
JlomMEHE
Y — —
Houepa Houmepa
POy CKOR BEITLLAT OTAETOR

| ATPHEYTEL

MeperupEt kmoy |/

r FaronoBok

Ex CITY_HOMEP | CIY_HMH | CIy_3apM | oIy _OTI_HOMED (== DM CEDTE
g 2934 | Mpasos | 22000.00 310

% 2935 Merpos | 30000.00 310 \

2|9 [ 2936 | Ctopos | 1800000 313 N

8 - -Anoe i - \y [ OTHOMIEHHA
2 2937 | egopos | 20000.00 310 N

5| [| 2938 | Msamosa | 22000.00 315 -—\3{ Kopresi

Tun 7aHHBIX — Hekas 0a3a, Kak B sI3bIKaX MPOrpaMMHUPOBaHUs (IEJIbIe YMCIIA, CTPOKH ), MHOXKECTBO 3HAYCHHUH,
HaJl KOTOPHIMU OIPEAEIICHBI ONEPALUH, a TAKXKE MPEACTAaBICHUE STHX YHCEN NIPU BBIBOJIE (JTUTEPAIIBI).

JloMeHBbI — MOATHIIBI, HACIEAOBAaHbI OT TUIIOB, UIMEIOT HEKOTOpbIe orpaHnueHus. CeMaHTHYECKH: JaHHbIC
CpaBHHUMBEI, €CIIM OHH B OJTHOM JIoMeHe. Hanbomnee npaBuIIbHOW HHTYUTHBHOM TPaKTOBKOW MOHSTHS JJOMCHA SIBIISICTCS
MMOHUMAaHKE IOMEHa KaK JIOMYCTUMOTO MOTEHIMAJIbHOT0 MHOKECTBA 3HAYCHNH TAHHOT'O THUIIA.

CxeMa OTHOLIEHHS (3ar0JI0BOK OTHOIIIEHUSI, OTHOIIeHHe-cxeMa) Hr — KoHeyHOe MMEHOBaHHOE MHOXECTBO
nap {ums atpudyTa, UMs AJOMEHa (WM THIA, €CIY HOHIATHE JOMEHa He noanaepxxuBaetcs)}. CteneHp nin "apHocTh"
CXEMBbI OTHOLIEHH — MOLIHOCTB 3Toro MHOkecTBa. Crenens otHomeHuss COTPY JIHUKU paBHa deTbipeM, TO €CTh
OHO sSIBNSE€TCS 4-apHBIM.

Kopre:k, cooTBeTcTBYOIMIA JaHHON cxeme oTHouleHus tr(Hr) — muoxecTBo nap {uMs arpulyra, 3Ha4eHuUE},
KOTOPOE COJIEPIKUT OJHO BXOXKJICHUE KAXKIOr0 UMEHH aTpuOyTa, MPUHAJISKAIIETO CXeMe OTHOIEHUs. "3HayeHue"
SIBIISIETCSI JIOITYCTUMBIM 3HaUEHHEM JIOMEHA JIAHHOTO aTpuOyTa (M TUIA JaHHBIX, €CIIH [TOHATHE JOMEHA HE
nojaepkuBaercs). Tem caMbIM, CTENIeHb WK "apHOCTB" KOPTEXa, T.€. YUCIIO JIEMEHTOB B HEM, COBIAAET C
"apHOCTBIO" COOTBETCTBYIOLIEH cxeMbl oTHOLIEHH. [lonmpocTy roBopsi, KOpTe:K — 3TO HAOOpP UMEHOBAHHBIX
3HAYEeHUI 32JaHHOT0 THIIA.

OTHoueHMe (TeJI0 OTHOIIEHUS]) — 3TO MHOYKECTBO KOPTEXEH, COOTBETCTBYIOLINX OJHOW CXeME OTHOILEHHUS.

IBoJaOIUd cXeMbl 6a3bl JaHHBIX — OIpE/IeJIeHNE HOBBIX U M3MEHEHHE CYIECTBYIOUINX CXEM OTHOILIEHHUS.

PeasinmonHas 6a3a JaHHbIX — Ha0Op OTHOILEHHH, MMEHAa KOTOPBIX COBHAJAIOT C IMEHAMH CXEM OTHOILCHHUH
B cxeme B/I.

IlepBuuHbIi K104 (hopMaTIbHOE ONpeneNeHIe) — MUHUMAIbHOE OAMHOKECTBO U3 MHOXKECTBA aTpUOyTOB
CXEMBI, YTO B JI000€ BpeMst 3HaUe€HHE NEPBUYHOTO KII0Ya OAHO3HAYHO HICHTU(HIHPYET KOPTEXK, a 11000e Apyroe
cOOCTBEHHOE MHOKECTBO aTpUOYTOB 3TUM CBOMCTBOM He 00Jaaet (B HaOOp aTprOyTOB MEPBUYHOTO KITIOYa HE



JTIOJDKHBI BXOAUTH TAKUE aTPUOYTHI, KOTOPBIE MOJKHO OTOPOCHUTH 0e3 yiiepoa Il OCHOBHOTO CBOMCTBA — OJTHO3HATHO
OTIPENEIISATh KOPTEXK).

3HaveHHsI BCceX aTpHOyTOB aTOMAaPHbI (TOYHEE CKASPHEI), TO €CTh ITOJIH30BATEIh HE BUIUT CTPYKTYPHI, a
OTIepUPYET TOIBKO 33JaHHBIMHU JIS1 TUIIOB (JIOMEHOB) onepanusiMu. Hampumep, naxke eciii Mbl IPUCBanBaeM
¢dororpaduu, Noap30BaATEND JIENACT ITO OAHOM OmepaLueil, He 3ayMBIBAsICh O TOM, KaK JaHHBIE XPAHITHCS. SBISIFOTCS
aTOMapHBIMHU

1H® — nepBas HopmanbHas popma: TabauLa HAXOAUTCS B epBoit HOpMaibHOH hopme (1HD) Torna u Tonbko
TOTrZa, KOT/Ia HM OJHA U3 €€ CTPOK HE COACPKUT B JIIOOOM CBOEM MoJie 0oJiee OJHOTrO 3HAYCHHUS M HU OJHO U3 €€
KIIFOUEBBIX TOJIeH He mycTo. Hopmanu3anmusa — npouecc pa30neHns Ha pa3Hble TOATAOINIIBI, 9TOOBI BRIIOTHHUTD ATH
cBoticTBa. Hanpumep, Tabnuma no otraenam, rae B KaXI0M M0J€ CTOUT CIMCOK CIYKalliX — HE HOpMalU30BaHa,
HOpPMaJTU30BaHa, €CIIH €CTh CITUCOK CITYXKAIllUX, H JJIsl K&KIAO0TO YKa3aH HoMep oTaena. B persiimnoHHbIX 6a3ax NaHHBIX
JOIMYCKAIOTCS TOJIBKO HOPMaJIM30BaHHbBIE OTHOLIECHHUS MM OTHOLLCHHMS, IPEJICTABIICHHBIE B IEPBOM HOPMaJIHON
dhopme.

BHemHMii KJII0Y — CCBUIKA HA IPYroil KOPTEX, peanu3yeMasl yKa3aHUEM €ro YHUKaJIbHOrO IIEPBUYHOTO
KITI0Ya.

TpedoBaHHe MEJTOCTHOCTH CYIIHOCTH (entity integrity). 3HaUe€HUE MEPBUYUHOTO KII0Ya HE MOXKET ObITh HE
onpeaeneHo. Uto sxe takoe He onpeneneno? Broaurcss NULL - neonpedenennoe snauenue nis mo0OOro Tuna JaHHBIX.
st OyneBCKUX BBOOUTCS 3HAUCHHUE unknown.

TpeGoBanue neaocTHOCTH MO ccblIKaM (referential integrity): TpeGoBaHME NETOCTHOCTH O CCHUTKAM, WIIH
Tpe0oBaHMe BHELIHEr0 KJII0Ya COCTOUT B TOM, YTO JUIS KaXIOT0 3HAYEHHsI BHEIIHETO KII0Ya, MOSBIISIOLIETOCS B
CChIIAIOMIEMCA OTHOICHUH, B OTHOIICHNH, HA KOTOPOEC BEJCT CChIJIKA, TOJDKCH HaWTHUCH KOPTEXK C TAKHUM XKE
3HAa4YCHUEM IICPBUYHOI'O KJIHOYa, 00 3HAaYE€HHE BHEIIHETO KITI0Ya JOJIZKHO 6I)ITB HCOIPEACICHHBIM (T.e. HH Ha 4YTO HE
YKa3bIBaTh).

Tpu noaxoaa, AJ1s NoIeP:KaAHUS LEJTOCTHOCTH MO cChIIKaM. [IepBblil MOIX0/1 3aKITI0YAETCS B TOM, YTO
3aIpeniaeTcs MpOU3BOIUTh yaalleHHE KOPTeKa, Ha KOTOPBIM CYIIECTBYIOT CCBUIKH (T.€. CHayasa Hy>KHO JIM0O yAaIUTh
CCBUIAIONINECS KOPTEXKH, THO0 COOTBETCTBYIONIMM 00pa30M U3MEHHTh 3HAYCHHUS MX BHEIIHETO Kimtova). [Ipu BTopom
moAXOoAc IMpU YAAaJICHUU KOPTEXKaA, Ha KOTOpBIﬁ HUMCIOTCA CCBIJIKH, BO BCEX CCBUIAIOIMNXCA KOPTEKAX 3HAUCHUC
BHEIIIHETO KII04Ya aBTOMAaTU4ECKU CTAHOBUTCS HeonpeaeaeHHbIM. Hakonen, TpeTuit moaxon (KackagHoe yaaleHue)
COCTOHUT B TOM, YTO TIPH yIAICHUH KOPTEKa U3 OTHOIICHHUS, HA KOTOPOE BEJIET CChUIKA, U3 CCHUIAIOIIETOCS OTHOIICHUS
AaBTOMATUYECKU YIANSIOTCS BCE CChUIAIONINECS KOPTEXKH.



7. Peasimuonnasn ajaredopa Kogaa. Ilepeuncauts Bce onepanuu. [IpuopurteT onepaumii.
3aMKHYTOCTH peJIsIiMOHHOI aaredpbl.

OTHOIIIeHHS, C KOTOPBIMH UET paboTa B pensiuonHbix b1, sBnstorcs mHOkecTBamu. Y Kopana nosBuiach
ujes COCTaBUTh Ha HUX anreOpy. EcTh 00mmue onepanuu (TeOpeTHKO-MHOKECTBEHHEBIE), @ €CTh CICIIHATbHBIC
(pensuuoHHBIC OTIepanun). Be3ne BMECTO «OTHOIICHUE» & «TEJI0 OTHOIICHHU MOXKHO YUTATh «Ta0JIAIIay», TaK
MPOILE MOHSTH.

B cocTaB TeopeTMKO-MHOKeCTBEHHbIX ONepaliii BXOAAT onepanuu:

Ob6vedunenue (UNION) 1ByX OTHOIICHUH C OJMHAKOBBIMH 3ar0JIOBKAMH IPOU3BOUTCS OTHOIICHHUE,
BKJIIOUAIOIIEE BCE KOPTEXKH, KOTOPBIC BXOAST XOTs ObI B OJIHO M3 OTHOIICHUIH-OMIEPaH I0B (TabuIa U3 CTPOK MEPBOM U
BTOPOU TaOJIUIBI).

Hepeceuenue (INTERSECT) nByX OTHOIICHUH ¢ OTMHAKOBBIMHU 3ar0JIOBKAMH IPON3BOAUT OTHOIIICHHUE,
BKJIFOUAIOIIEE BCE KOPTEXH, KOTOPBIC BXOAAT B 00a OTHOIICHHSI-OTIEpaHIa.

Paznocms (MINUS) AByX OTHOIICHHIA C OJJUHAKOBBIMH 3ar0JIOBKAMH, BKIIFOUAET BCE KOPTEIKH, BXOJISIINE B
OTHOIIIEHUE-TIEPBBIN ONEpaH/l, TAKKE, YTO HA OJIUH U3 HUX HE BXOJUT B OTHOIICHUE, KOTOPOE SIBJIIETCS BTOPHIM
OTIepaH/IoM.

Hexapmoso npouseedenue (TIMES) nByx oTHOLIEHUH, IepeceueHUE 3ar0JIOBKOB KOTOPBIX ITyCTO,
MIPOU3BOIUTCS OTHOIIICHUE, KOPTEKH KOTOPOTO MPOU3BOIATCS IMyTeM 00bEAMHEHUS KOPTEKEH IIEPBOr0 M BTOPOTO
OTepaH/IoB (CIMBAOTCS CTOJOLIBI).

CneuuajbHble pejisilMOHHbIE ONlePALMH BKJIIOYAIOT:

o  Oczpanuuenue (WHERE) oTHOIIEHHUS 10 HEKOTOPOMY YCIOBHIO SIBISETCS] OTHOILICHHE, BKIIIOYAIOIIEE
KOPTEXHU OTHOLICHUS-OTIEPaH/Ia, YIOBIETBOPSIOIIEE STOMY YCIOBHIO.

o Ipoexyuu (PROJECT) oTHOImIEHMS HA 33JJaHHOE ITOJIMHOKECTBO MHOJKECTBA €T0 aTPHOYTOB MPOU3BOTUTCS
OTHOIIIEHUE, KOPTEKHU KOTOPOTO SBIISIOTCA COOTBETCTBYIOIIMMHU TOIMHOKECTBAMH KOPTEXKEH OTHOIICHHUS-
orepaHja.

e Coeounenue (JOIN) 1Byx OTHOILECHHH IO HEKOTOPOMY YCJIOBHIO 00Opa3yeTcs pe3yJbTHpYIollee OTHOLICHHUE,

KOPTEXU KOTOPOT'O POU3BOAATCS IMyTeM 0ObEANHEHNSI KOPTEXKEH MepBOro U BTOPOrO OTHOIICHUH 1
YIOBJIETBOPSIOT 3TOMY YCIOBHIO. 3aMETHM TaKKe, YTO B MPAKTUYECKUX PEATU3AIMIX COeTUHEHNE OOBIYHO HE
BBINOJIHSAETCS IMEHHO KaK OrpaHHMYeHHE IeKapToro npoussenenus. Mimerotcs 6omnee 3hhekTuBHbIE
JITOPUTMBI, FAPAaHTUPYIOIIUE N10JIyYEHHE TaKOTo XKe Pe3ysIbTaTa.

o Penayuonnoe denenue (DIVIDE BY) umeer nBa onepanna — OMHAPHOE M YHAPHOE OTHOILCHHUS.
PesynpTHpyloliee OTHOLIEHHE COCTOUT U3 YHAPHBIX KOPTEXKEH, BKIIOYAIOIIUX 3HAUCHHUS IEpBOro aTpulyTa
KOPTEXEH MepBOro ornepan/ia Takux, 4TO MHOKECTBO 3HAUYCHHH BTOPOTO aTpubOyTa (npu GUKCUPOBAHHOM
3HAYEHUH [IEPBOT0 aTpuOyTa) BKIIOYAET MHOXKECTBO 3HAYCHUH BTOPOTO ONEpaHa.

JLOTIOTHUTE/IBLHO:

o Ilepeumenosanue (RENAME) npons3BoauT OTHOIIEHHE, TEJIO0 KOTOPOTO COBHAIAET C TEJIOM ONepaHia, HO
UMeHa aTpUOyTOB U3MEHEHBI.

o Tlpuceausanue (:=) 103BOJISIET COXPAHUTH PE3YJILTAT BEIUUCICHUS PEJSILIMOHHOIO BBIPAXKECHUS B
CYLIECTBYIOIIEM OTHOILIEHUH B/I.

IIpuopureTsI:

RENAME # WHERE = PROJECT £ TIMES = JOIN = INTERSECT = DIVIDE BY £ UNION = MINUS
Anre0pa He ABJsIeTCS 3aMKHYTOH B MaTeMaTHyeckoM cMeicie (Hampumep, TIMES B cirydae oquHaKoBBIX 3ar0JIOBKOB
He siBisieTcst oTHotenueM). Ho mpumenenue onepannn RENAME nozsonsier ucnonb3oBats anredpy Koana moutu
KaK 3aMKHYTYIO anreopy.

PeasiunonHoe fesieHne: o0ObsicHeHne s roiei. [lycTh 3a1ansl 1Ba OTHOIICHHS - A C 3aTOJIOBKOM {aj, @y, ..., a, by,
b, ..., b} 1 B ¢ 3aronoBkom {by, b, ..., b,}. Bynem cuutath, uro aTpulyT b; OTHOIICHUS A ¥ aTprOYT b; OTHOIICHHUS
B He Tosbko 00J1a1aI0T OJJTHAM U TEM K€ UMEHEM, HO M OIpeeIeHbl Ha OJTHOM H TOM e oMeHe. HazoBem
MHO’KECTBO aTPUOYTOB {a;} COCTABHBIM aTpUOYTOM a, a MHOKECTBO aTpuOyTOB {b;} - cocTaBHBIM aTpHOyTOM b.
[Tocne 3Toro OyneM TOBOPUTH O PEISAIMOHHOM JeJIeHUH OMHapHOTO OTHOIICHUS A(a,b) Ha yHapHOe oTHOIIeHUE B(b).



PesyneraTom nenenus A Ha B sBisieTcst yaapHoe otHomeHne C(a), cCoCTosIIee U3 KOPTEXKEH vV TaKUX, 9TO B
OTHOIIICHUU A UMEIOTCSI KOPTEXKH <V, W> TaKHE, YTO MHOXKECTBO 3HAYCHHUN {W} BKIIFOUACT MHOXKECTBO 3HAUCHUM
atpubyTa b B oTHOIIEHNH B.

[Ipeanonoxxum, 9T0 B 6a3e JaHHBIX COTPYIHUKOB moaaepxuBatorcs nsa otHomeHus: COTPYJIHUKU ( UM,
OTJI _HOMEP ) u UMEHA ( UM ), npuuem yHapHoe otHomeHrne UMEHA comepxut Bce paMuinu, KOTOPHIMU
00J1a/1a10T COTPYAHUKY OpraHu3aiuu. Torma nocsie BRIIOIHEHUS OTePaliy PENISIIUOHHOTO JIEIICHUS] OTHOIICHHS
COTPYIHMKU na ornomenne UMEHA Oyner moyry4eHo yHapHOE OTHOIICHHE, COIepKaliee HoMepa OT/IEIIOB,
COTPYIHHKHU KOTOPBIX 00JIaJal0T BCEMH BO3MOKHBIMH B ATOH OpraHM3allii IMEHAMHU.



8. Peassumonnas anredpa Koana. TeopeTuko-MHo:kecTBeHHbIE onepanun. CoOBMeCTUMOCTD
OTHOILIEeHMIT 0 00beTMHEHUIO M M0 PACIIHPEHHOMY 1eKAPTOBOMY NPON3BEAEHUIO.

IoapooHee — Bompoc 7. TeopeTnko-MHOKeCcTBeHHBIE orteparuu: ooseauHerre (UNION), mepeceueHue
(INTERSECT), paznocts (MINUS) u nexaproso npousseneuue (TIMES). /IBa oTHOIIEHHsSI COBMECTHMBI 11O
00beIMHEHHUI0 B TOM U TOJILKO B TOM CIIydae, Koraa 00JIajaloT OTMHAKOBBIMH 3ar0JIOBKaMH (CXeMaMU OTHOITICHHH ).
Bonee TouHO, 3TO 03HAaYaeT, YTO B 3aroJOBKax 00OMX OTHOLICHUN COAEPKUTCSA OJUH U TOT K€ Habop MMeH
aTpuOyTOB, U OJTHOMMEHHBIC aTPUOYTHI OTIPEICICHBI HA OJTHOM M TOM e JJoMeHe. Toraa K HUM MOYKHO ITPUMEHSATh
o0BeIMHEHNE U MTOYYUTh NPaBIIIbHOE OTHOIIeHKE. Hade — Het. Ho eciv THIBI OHM U Te e, a TOJIBKO Ha3BaHUS
[oJIeH OTJIMYAIOTCs, TO MO>KHO TpuMeHTs RENAME.

JIBa OTHOLIIEHUSI COBMECTHMBI M0 B3ITHIO PACHINPEHHOT0 1eKAPTOBA MPOU3BeeHUs B TOM U TOJBKO B TOM
cllyyae, eClii epeceueHre MHO)KECTB IMEH aTpUOYTOB, B3STHIX M3 UX CXEM OTHOMICHHH, mycTo. JIroOble 1Ba
OTHOIIIEHUS BCETJ]a MOTYT CTaTh COBMECTHUMBIMHU I10 B3ATHUIO JEKApTOBA IMPOU3BEIEHUS, €CIIH IPUMEHUTH OIIEPAIIHI0
MEPEUMEHOBAHUS K OJJHOMY U3 3THX OTHOIIICHHH.



9. Pensiunonnas anredopa Kogna. CrnennasibHble peJIsiiMOHHbIEC ONlePaLuu.

IHoapoonee — Bompoc 7. Orpanudenne, mpumep: CIIVKAIIME B ITPOEKTE 1 WHERE (CJIY 3APII >
20000.00 AND (CJIY_OTZA_HOM =310 OR CJIY_OTZ_HOM = 315)).

IIpoexuus (Bo3Bpaiaer He BCIO TaOIUIly (OTHOILIEHHKE), a TOJBKO YacTh ee): PROJECT
CJIYVXAIIME B IMTPOEKTE 1 {CJIY _OTJ _HOM} — BepueT otHomeHue ¢ omauM mosiem «CJIY OTJ HOM».

Coennnenue: 6epeM /1Ba OTHOLICHUS, CTPOUM HX JEKapTOBO MIPOU3BEACHUE, K HEMY IPUMEHSEM YCIOBHE.
pumep: CIYIKALIWE JOIN ITPOEKTHI WHERE (CJIY _3APII > [IPO_3APII). B pe3ynbrate OyayT mojis u3
tabmuiel CJIYIKAILMWE u [TIPOEKTHI, u cTpoku, KOTOpHIE YIOBIETBOPSIOT YCIOBHIO.

PensinmonHoe qejeHue: eCTh 1Ba OTHOIIEHHS, B HUX €CTh IEPECEKAIOLINEcs OIS B 3arojioBKe (Hampumep,
otnomenue CJIYXKAUIUE u [TPOEKTBI n nomers HOMEPA TIPOEKTOB). B pesynbrate CJIYXXAIUIWE DIVIDE
BY HOMEPA TTPOEKTOB nony4ynm Tex ciyXaiix, KOTOpbIe y4acTBYIOT B IepeUnCIIeHHbIX npoekTax (1 wiu 2).

CrrHome He HOMERA_TTPOEETOR

IMERC_HOM
|
2

PeavneraT onepanmwm CIVEAMME DIVIDE BEY HOMEPA_ITPOEETOE

CTY_HOMER CITY_MMA CTV_3AFT
2934 Heanos 2240000
2935 [MeTpor 29600.00




10. Peassumonnas anredpa A. bazoBble onepanuu NoaApodHoO ¢ NpUMepaMu.

Wnen Kogna Obutn iepepaboTaHbl HECKOIBKO JIeT ToMy Hazan Jleditom u JlapBeHOM 1 ObLIa MTPEIIOKEHBI HOBAs
aqreopa A (IpUTOM 3TOT anredpa B MaTeMaTHUYECKOM CMBICIIE).

Hebonbmoe nosropenue. Ilycts r — oTHOIIEHHE, A — UM aTprOyTa OTHOIIEHHS T, T — UM
COOTBETCTBYIOIIETO TUTIA (T. €. THIA WX JOMEHa aTpuOyTa A), v — 3Hadenne tumna T. Torma:

3aroJi0BKOM Hr OTHOIIEHHS T HAa3bIBAETCSI MHOXKECTBO aTpUOYTOB, T.€. YIOPSIOUYSHHBIX nap Buaa <A, T>. Ilo
OTIPE/ICIICHUIO HUKAKHUE JIBA aTpUOyTa B 3TOM MHOKECTBE HE MOTYT COJIEPYKATh OJIHO U TO K€ UMs aTpudyTa A;

KOPTe:K tr, COOTBETCTBYIOIIUH 3arojoBKy Hr, — 3T0 MHOXXECTBO yHOPAI0YEHHBIX TPUILIETOB Buaa <A, T, v>,
[0 OTHOMY TaKOMY TPHUIUIETY JUIsl Kaxxaoro aTpudyrta B Hr;

Teso Br oTHOMmIEHUSI I — 3TO MHOKECTBO KOpTEXeil tr. 3ameTnm, 4To (B 00IIeM ciIydae) MOTYT CYIIIeCTBOBaTh
TaKue KOPTEXH tr, KOTOpble COOTBETCTBYIOT Hr, HO He BXonsT B Br.

3aMeTnM, 4TO 3aroJIOBOK — 3TO MHOKECTBO (YHOPSIOUEHHBIX Map Buaa <A, T>), Teo — 3To MHOKECTBO
(KopTexeii tr), 1 KOPTeK — 3TO MHOXKECTBO (YIOPSAAOUYSHHBIX TPUILIETOB BUaa <A, T, v>). DneMeHT 3aronoBka —
3TO aTpuOyT (T. €. yHopsaodeHHas napa Buaa <A,T>); aJieMeHT Tesa — 3T0 KOPTEXK; 3JIEMEHT KOpTexXa — 3TO
yropsiioueHHbIN TpurnieT Buja <A, T, v>. JIio6oe moIMHOKECTBO 3ar0JIOBKa — 3TO 3aroJI0BOK, JII000e
MOJIMHOXKECTBO TeJla — 3TO TeJo, ¥ JF000€ MOJMHOKECTBO KOPTEXKa — 3TO KOPTEK.

Onepanuu ykasblBaeM B YIJIOBBIX CKOOKax, YTOOBI HE IyTaTh C ONEpaLusIMH areOpbl Joruku. Bo Bcex
(hopManbHBIX crienu(pUKANUIX eXists 0003HAUACT KEAHMOP CYUIeCmB08a UL, €XISts tr 03HAYAET «CYIECTBYET TAKOH t7,
qTO».

1) Peasimuonnoe gonmoanenue. [Tycts s o6o3nagaet pesynprar onepamun <NOT> r. Torna:

e Hs = Hr (3aronoBok pe3ynbraTa COBIAAAET C 3ar0JIOBKOM OIepaHa);

e Bs={ts: exists tr (tr & Brand ts = tr) } (B TeTO pe3ynbTaTa BXOISIT BCE KOPTEKH, COOTBETCTBYIOIIHE
3aroJIOBKY W HE BXOJISIIUE B TEJIO OIICPAH/IA).
UToOBI MpUBECTH MPUMEDP UCTIONB30BaHUs oneparuu <NOT>, mpearnonoxum, 9To B COCTaB JOMEHa

JOITYCTUMBIE HOMEPA TIPOEKTOB, na xotopom omnpenenen atpudyt [IPO_HOM orHomenus

HOMEPA TIPOEKTOB c pucynka cneBa, BXOOUT BCero NsATh 3HaueHuit {1, 2, 3, 4, 5}. Toraa pe3ynpTar onepanuu
<NOT> HOMEPA ITPOEKTOB 6yzaet Takum, Kak OKa3aHO Ha PUCYHKE CIpaBa.

HOMEPA_TPOERTOR <NOT> HOMEPA OPOEETOR

[TP_HOM TIF_HOM
1 3
2 4

3

2) Ynanenue atpudyra. [Iycts s o00o3Hauaer pesynsrar onepanuu ¥ <REMOVE> A. J/Insa oGecrieuenust
BO3MOXXHOCTH BBIIIOJIHEHUS! OTiepanuu TpedyeTcsi, YTo0bI CYIIeCTBOBAI HEKOTOPBIN TN (Min 1oMeH) T Takoi,

uro <A, T> = Hr (T. €. B COCTaB 3aroJI0BKa OTHOIIEHHUS 7 TOJKEH BXOIUTh atpu0yt A). Torna:
e Hs=Hrminus {<A, T>}, T. €. 3aroJI0BOK pe3y/ibTaTa MOJy4aeTCs U3 3arojIOBKa ONepaHa U3bITHEM
aTpubyTa A;
e Bs = {ts: exists tr exists v (tr = Brand v = T and <A,T,v> = tr and ts = t» minus {<A,T,v>})}, T. e. B Tes10
pe3ysibTaTa BXOJAT BCE KOPTEKHU ONEPaHIa, U3 KOTOPBIX YAAJIEHO 3HAYCHHE aTpudyTa A.
dDakTHYeCKH, OepeM J100yI0 Tadauny (OTHOIIEHNE), M YAAJIsIeM OAUH CToJI0ell.
3) llepenmenoBanue. [Iycts s 0603Ha4aet pe3yibrar onepannu ¥ <RENAME> (A, B). Jlns obecrieuenns

BO3MOKHOCTH BBIIOJIHEHHS ONEPALUK TPeOyeTcs, 4TOObI CyIeCTBOBAN HEKOTOphIi Turl T, Takoi, uto <A, T> “Hr, u

4TOOBI HE CylIecTBOBAN Takoi Tum T, uro <B, T> = Hr. (JlpyruMu cioBaMu, B CXeME OTHOIIECHHUS 7 JIOJIKEH
MIPUCYTCTBOBATh aTpUOYT A M HE IOJDKEH MpHucyTcTBoBaTh arpudyT B.) Torma:
e Hs=(Hr minus {<A, T>}) union {<B, T>}, T. e. B cxeme pe3ynbrata B 3amensier A;

e Bs= {ts: exists tr exists v (tr = Br and v*=T and <A, T, v> = tr and ts= (t minus {<A, T, v>}) union {<B, T,
v>1)}, T. €. B KOpTekKax Tesa pe3yibTara UMs 3HaueHU aTpuOyTa A MeHsercs Ha B.

dakTHYeCKH, OepeM Ta0IUIly, MEHsieM Ha3BaHHe CTOJI0NA, MOJy4aeM pe3yJbTar.
4) PexssumonHasi KOHbIOHKIHS. [1ycTh s 0003HauaeT pe3yabTar onepaiuu r; <AND> r,. Jlnsg obecnieueHus

BO3MOKHOCTH BBIIOJIHEHHS OTepaIii Tpebyercs, uTobsl eciu <A, T1>=Hr u <A, T2>=Hr,, To T1=T2.
JpyruMu ciioBamMy, €CJIH B IBYX OTHOIICHHUAX-OTIEpaHIaX UMEIOTCSI OTHOMMEHHEIE aTpHOYThI, TO OHH JOJKHEI
OBITh OITPEJICIICHBI Ha OJTHOM U TOM k¢ Ture (1omene). Torna:



e Hs=Hr| union Hr,, T. €. 3aroI0BOK pe3yibTaTa MOTydaeTCs ITyTeM 00heTHHCHHS 3aT0JIOBKOB
OTHOLIECHUHR-onepanioB, kak B onepauuax TIMES u JOIN u3 npeasiayiieit 1eKuuu;

e Bs= {ts: exists tr exists tr, ((tr;*Br; and tr,=Br,) and ts = tr union tr,)}; oOpaThTe BHUMaHKE HA TO,
YTO KOPTEXK pe3yibTaTa ONPEAeIIeTCS KaK 00beduHene Kopmexceil onepanoos; mo3ToMy:
O  €CIIU CXEMBI OTHOIICHUH-0NIEPaH0B UMEIOT HEIYCTOE MEePECCUEHIUE, TO OTepaIlis
<AND> paboTaeT Kak eCTECTBEHHOE COCIMHCHIE;
O  ©CJIH TepeceueHue CXeM OTepaHIoB IMycTo, To <AND> paboraeT Kak pacumpeHHOE JECKapTOBO
MIPOU3BEICHNUE;
O  €CIIM CXEMBI OTHOIIICHUH IMOJTHOCTHIO COBIAIAIOT, TO PE3YJIBTATOM OTICPAIUU SBIISETCS
MIepECEUYCHHE IBYX OTHOIICHUH-OIIEPAHIOB.
3aroy10BoK rs sIBJIsIETCS 00beIMHEHNEM 3ar0JIOBKOB 71 H ;. Tes10 § BKII0UAEeT KaXKAbIil KOPTEXK,
COOTBETCTBYIOIIUIA 3ar0JI0BKY § U IBJSIOIINACH HAIMHOKECTBOM HEKOTOPOT0 KOPTEKA U3 TeJja rq U
HEKOTOPOr0 KOPTekKa U3 Tejia r,. CMOTpUTE JIydIlle TPUMep =)
5) Peasimuonnas nu3bloHknus. I1ycts s o603Haqaer pesynbrat onepamun r; <OR> r,. Jlnsa obecreuenus

BO3MOKHOCTH BBITIOJHEHHS OIepaiuu Tpedyercs, uto6bl ecmu <A, T1>SHr, u <A, T2>=Hr,, To nomxHo 6bith T1 =
T2 (oqHOMMEHHBIE aTPUOYTHI JOJDKHBI OBITH OIIPEJIEICHBI Ha OJTHOM U TOM ke THre). Toraa:
e Hs = Hr union Hr, (43 cxemsl pe3ynbTarta yAasiFoTCsi aTpHOYTHI- Ty OIUKATHI);

e Bs={ts:exists tr; exists tr, ((tr,"Br; or tr,Br,) and ts = tr| union tr,)}; OUeBHIHO, YTO MIPH ITOM:
O €CIIi y ONepPaHJIOB HEeT OOIIUX aTPUOYTOB, TO B TEJIO PE3YIbTUPYIOIIETO OTHOIICHUS BXOIST BCE
TaKue KOPTEXKH ts, KOTOPHIE SIBISIFOTCS 00BETUHEHNUEM KOPTEXKEH tr| utr,, COOTBETCTBYIOIIHNX
3aroJIOBKamM OTHOmeHHﬁ-OHepaHHOB, U XOTA 61)1 OIWH U3 OTUX KOpTe)I(eﬁ HpI/IHaIUIe)KI/IT Teny OOgHOTO
U3 OIEPaH/IOB;
O  €CJH Y OTEepPaHI0B UMEIOTCS 00IITHe aTpUOyTHI, TO B TEJIO PE3yIbTUPYIOIIETO OTHOIICHUS BXOIST BCE
TaKue KOPTEKU ts, KOTOPHIE SIBISIFOTCS 00BETUHEHUEM KOPTEKEH t7| U t7;, COOTBETCTBYIOIIHUX
3aroJIOBKaM OTHOIICHUH-OTIEPAH/IOB, €CITH XOTs OBl OJMH U3 ATHX KOPTEXKEH MPUHAICKHUT TEITY
OJTHOTO W3 OTIEPAH/IOB, ¥ 3HAUCHHUsI O0IUX aTpUOYTOB tr| U tr, COBIAIAIOT;
O  ©CJIM XK€ CXeMBbI OTHOIIICHUI-OMIEPaHI0B COBIIAAIOT, TO TEJIO OTHOIICHUSI-PE3YIbTaTa SIBISICTCS
00BeTMHEHUEM TEN OTICPAH/IOB.
3aro/10BOK s eCTh 00beIMHEHHE 3ar0JI0BKOB 71 U F,. TeJ10 s COCTOUT U3 BCeX KOpPTexKei,
COOTBETCTBYIOIIMX 3ar0JIOBKY S M AABJSIIOIIUXCS HAAMHOKECTBOM 1460 HEKOTOPOT0 KOPTeKa U3
Teja ry, 1u60 HEKOTOPOT0 KOPTEXKA U3 Teja r,. CMOTpHUTE TydIlie IpuMep =)



11. IMonxnoTa anredopsl A. Onpeneienue onepauuii aaredopol Kogaa yepes anareopy A.

Bonee noapobuo — Ha ctp. §3-92.

[Nokaxkem, uto Anredpa A sIBIsieTCS MOJIHOM, T. €. HA OCHOBE BBEJCHHBIX ONEpaLnil BEIPAKAIOTCS BCE
onepanuu anreops! Komma, paccMOTpeHHON B MPEIBITYIICH JIEKIIHH.

K nacrosimemy MomeHTy B cocTaB 0a30BbIX onepauuii Anreopst A Bxogst onepayst <REMOVE> B kauectse
anayora omneparuu PROJECT, a taoke oneparnus nepenmenoBanus aTpuoyroB <RENAME>, UNION sBrnsercs
gacTHBIM citydaeM onepanud <OR>, TIMES, INTERSECT u NATURAL JOIN — gacTHbIE ClTydan ONEpaIiu
<AND>. Ham ocTtanoch 1mokasartb, 4To 4epe3 onepauun AnreOpbl A BBIPayKar0TCs ONEPALlH B3ATHs Pa3HOCTH
MINUS, orpannyenust (WHERE), coenuaenns o6mero Buna (JOIN) u penssmuonnoro neneuus (DIVIDE BY).

MINUS

rl MINUS 12 =r1 <AND> <NOT> r2.

WHERE

Jns mpocToThl OyZieM cUnUTaTh, 9TO MHOKECTBA 3HAUYCHU JOMEHOB B b/] orpannieHo 3HaYEHUSIMH,
COJIEpIKAIIMMUCS B TeJle OTHOIICHHS. PaccMOTpuM OrpaHUYeHHs ¢ IPOCTBIMH YCIIOBUSMH BHIA(MMS OTHOIIICHUS —
REL):

e acomp_op const(=) Jl1s BeIpayKEeHHUS YCIIOBUI paBEHCTBA B TEPMHUHAX ajireOphl a 3aBOJIUTCS
BcriomorarensHoe otHomeHne(CONST _REL), conepikariiee HeoOXoAMMbIe aTpHOYTHI B KOPTEXKH.
ITorom npocto 6epercs REL <AND> CONST_ REL(3xBuBaneatHo REL WHERE a = const)

e acomp_op const(>) Onars CTPOMM BCIIOMOTaTeIbHOE OTHOILIIEHHUE, COJICpIKaIIee HEOOXOIUMbIC HaM
JTaHHBIC(OHU CUUTAIOTCS pydkamu, aa) U cHoBa nenaeM REL <AND> CONST REL(3kxBuBajgeHTHO
REL WHERE a > const)

e acomp_op const(!=) coOCTBEHHO, BCE TO KE CaMoe. ..

e acomp_op b(=) lns nposepku 3toro orpannueHusi(npumep — CJIY_HOMEP = PYK_HOMEP)
cTpouTcs cienyroias KoHCTpykius: <REMOVE>’oM ynajsioTcs BCe «IUIIHAE)» aTPUOYTHI
3aroJioBKa, 3aTeM IIePEUMEHOBBIBAIOTCS OCTABIIHICS aTpUOYT(OH AOKEH OBITh U3 OJHOTO IOMEHA CO
CpaBHUBAEcMbIM aTpHOyTOM), YTOOBI COBITAJAlId UMEHA Y TIPOBEPsieMbIX 3HaueHu 1 Oepetcss <AND>
MOCTPOCHHOM W MCXOTHOM TaOIUITHI

e acomp_op b(!=, >, <,...) AHaTOTUYHO — UCIIONB3YETCS TEXHUKA PAOOTHI CO BCIIOMOTaTEIHbHBIMU
Ta0JIMIIaMH, yIaJICHUEM HeHY)KHBIX aTpUOYTOB M NeperMeHoBaHneM HY X HbIX. Hy n <AND>, kyna
0e3 Hero...

JOIN
B3sstue pacmmpensoro nexaprosa npousseacHud TIMES sBnisieTcss 4acTHBIM CiIydaeM OINeparyy
<AND>, orpannueHue NocTpoeHo, 3HaYUT MOKHO BbIpa3uTh JOIN.
Bot anroput™m B 061iem ciryyae:
®  BHINOJHATH HAJl OJTHUM W3 OTHOIICHUU OJTHY WM HecKoNbKO orepanuii <RENAME>, 4To00b1 130aBUTHCS OT
0OIINX UMEH aTpUOYTOB;
®  BBINOJHUTH HaJl MOMYYEHHBIMHU OTHOLIEHUSIMU orieparuio <AND>, mpon3BoAsIyi0 pacIIMPEHHOE 1€KapTOBO
MIPOM3BEJIEHUE;
® U ISl IOJIyYEHHOTO OTHOLICHHS BBIIOJIHUTE OAHY WIHM HECKOJIBKO oniepauuii <AND> ¢ oTHOmEHUAMU-
koHcTtaHTaMu(tak crpoutcst WHERE), uTo0bI 10KHBIM 00pa3oM OrpaHUYUTh €T0.

DIVIDE BY
ITycte umerotcs otHomernus rl {A, B} u 12 {B}.
rl DIVIDE BY r2 coBnazgaer c pesynbraTtoM BeipaxkeHus (rl PROJECT A) MINUS (((12 TIMES (r1 PROJECT
A)) MINUS r1) PROJECT A) B TepMHHax oliepanuii peisiuoHHon anreops Komna.
Torna
rl DIVIDE BY r2 =(r] <REMOVE> B) <AND> <NOT> (((12 <AND> (r] <REMOVE> B)) <AND>
<NOT> r1) <REMOVE> B) B TepMuHax omneparuii Anreopsr A.



12. PeasimuonHasn ajareopa A. Ilepeuncants 6a3oBbie onepanuu. U30bITOYHOCTD aJaredpsnl A.
CokpameHue Ha0opa onepanuii aaredpol A.

Bonee monpobHO — Bompoc 10 + ctp. 92-95.

bazoBrlie OonICpanmrm:

e Pemsmmumonnoe ponoineane <NOT>

e Vnanenue arpudyta r <REMOVE> A

e  Omnepanus nepeumenoBanusi t <RENAME> (A, B)

e Omnepanus penauuoHHON KOHBIOHKIUU 11 <AND> 12
e Omnepanus penauuoHHON nu3boHKIUU 11 <OR> 12

M30BITOYHOCTE aJIre0psl A:

1) dnst onepanuit anredpst A <AND>, <OR>, <NOT> cripaBesIUBbI T€ )K€ TOXKAECTBA, YTO U B KJIACCUYECKON
OyJ1eBoii JTIoTHKe. DTO MPOBEPSETCSI MO ONPEACIICHHIO:

A AND B =NOT (NOT A OR NOT B)

A ORB=NOT (NOT A AND NOT B)

Mauio Toro, uist onepaluii anreopsl A cymiecTByroT aHayoru mrpuxa [lleddepa u crpenku [Mupca:

<sh> (11, 12) = <NOT>r1 <OR> <NOT>r2
<pi> (rl, 12) =<NOT>rl <AND><NOT>r2

IToaTomy MoxHO cBecTH Habop onepatuii AnreOps! A k Tpem onepanusam: <sh> (wmm <pi>), <RENAME> u
<REMOVE>.

2) 30bITOYHOCTD ONlepaniy MeperuMEHOBAHUS

Hnst nmoctpanuu Bocnionbdyemcs otHomeHneM CJIYIKAILME u3 puc. Hike. [Iycth HaM HyXeH pe3yabTaT
omeparuu CJIVKAILIME <RENAME> (ITPO_ HOM, HOMEP TTIPOEKTA) (MbI nipefnonaraeM, 4T0 MHOXKECTBO
3HayeHui qomeHa arpudyrta [IPO_HOM orpannyeHo 3Ha4€HUSAMH, IPEACTABICHHBIMY B TEJI€ OTHOIIEHUS
CIIYXAIIHME). Bo3smem 6unapHoe otHomenrne [IPO_ HOM_HOMEP_TTPOEKTA , rie kaxasiii u3 KopTexen
COJICP>KUT J1BAa OAMHAKOBBIX 3HAUCHHUS HOMEPa IPOEKTa U B TEJI0 OTHOIICHHUs BXOST BCE 3HAYCHUS IOMEHa aTpuOyTa
[TPO_HOM. Torpaa, kak moka3aHo Ha puc. , Beraucienue soipaxkenus (CJIVXKAILME <AND>
I[MTPO_HOM_ HOMEP_ITPOEKTA) <REMOVE> (ITPO_HOM) npuBOAUT K *KelaeMOMY pe3yJIbTaTy.



OPO_HOM HOMEP TIPOEKTA

ITF0_HCM HOMEE_TTPOEETA
l |
2 2

CIIVEAIME - AND- OPO_HOM HOMEP_MIPOEETA

CIy _HOMEFR CIYy_WMA | CTY_3AFI | IRQ HOM HOMEER_TIEOEETA

2934 Heanor | 22400.00 | 1
2935 Metpor | 29600.00 | 1
20936 Cunopor | 18000.00 | 1
2037 Denopon | 20000.00 | 1
2938 Heawora | 22000.00 | 1
2934 Heanor | 22400.00 2 2
2935 MeTrpor | 29600.00 2 2
2039 Cuoopenko | 18000.00 2 2
2940 hegoperko | 20000.00 2 2
2941 Heanenko | 22000.00 2 2

(CTIVEAIME <AND-> IPQ_HOM-HOMEP MPOERTA| <REMCOVE- ([IFC_HOM)

CITY_HOMED CITY_ 1A CIY_3AET HOMEP_[TPOEKTR
2934 Hearor 22400.00 1
2035 MeTpor 20600.00 1
2936 Cuoopos 18000.00 1
2037 Degopos 20000, 00 1
2938 Heanora 22000.00 1
2934 Hearos 22400.00 2
2935 MeTpon 2960000 2
2939 CunopeHko 18000.00 2
2940 PegopeHko 20000.00 2
2041 Heanenro 22000.00 2

TeM caMbIM, MOKHO COKPATUTh HA00p onepauuii AJredopsl A 10 AByX onepauuii: <sh> (nam <pi>) n
<REMOVE>



13. PensiumonHoe ucumnciaeHne: HcYKUCIeHHE KOPTexXeil U 1oMeHOB. CpaBHeHHEe MeXaHN3MOB
PeISIHOHHOI aaTe0phbl U PEISIUOHHOT0 HCYHCJIEHHsI HA MpuMepe GopMYJTUpPOBaHuUsI 3aMpoca.

CDaBHGHI/Ie MEXAaHHU3MOB DeJ’IHHHOHHOﬁ aJ'II‘C6DBI " PEIANMOHHOTO HCYHUCTICHUSA

PensiionHoOe McUHCIeHNE SBISICTCS IPUKIIATHON BETBHIO ()OPMAIBHOTO MEXaHM3Ma UCYUCIICHUS
MPEINKATOB MEPBOTO MOPAAKA. B 0OCHOBE MCUMCICHNS JISKUT MOHATHE IEPEMEHHOMN C OIPE/IeICHHOM I Hee
00J1aCThIO JIOMTYCTUMBIX 3HAYEHUH U MOHATHE MTPABMIBHO MOCTPOCHHON (POPMYJIBI, OMTUPAIOIICHCS Ha
MIEPEMEHHBIE, TPEAUKATHI U KBAHTOPBIL.

[Ipusenem npumep. [Ipeanonoxkum, uTo MBI paboTaeM ¢ 0a30il TaHHBIX, KOTOPast COCTOUT U3 OTHOIICHUH

CIIYXAILME {CJIY_HOM, CJIY_HM4, CJIY_3APII, [IPO_HOM}

u

ITPOEKTEI {ITIPO_HOM, ITPOEKT PVK, ITPO_3APII}

B otnomenuu [TPOEKTBI arpubyt I[IPOEKT _PVYK conmeput umMeHa ciyKalux, sBIsIOMUXCS
PYKOBOAMTEISIME MTPOEKTOB, a aTpudyT IIPO_3APII — cpeanee 3HaueHHE 3apIiiaThl, OTYYaeMO Y4aCTHUKAMHU
MpoekTa. MBI XOTUM y3HAaTh UMEHA U HOMEpa CIyXallluX, KOTOPbIE SBISIFOTCSI PYKOBOAUTENSIMH ITPOEKTOB CO
cpemHeit 3apaboTHOM TTaToH, npesimarorieit 18000 pyo.

Ecnu Ob1 a71s1 GOpMYyTHPOBKH TAKOTO 3aMPOCa UCIOIB30BATIACh PENSIMOHHAS anreOpa, TO MbI MOTYIHIIH
OB, HAPUMEP, CICAYIOIICE AIredpanvyeckoe BhIpaKeHUE:

(COYIKAIIAE JOIN IMTPOEKTBI

WHERE

(CJIY_HMMSI = IPOEKT _PYK AND IIPO_3APIH > 18000.00))
PROJECT (CJY_HMSI, CTY_HOM)

3TO BRIpKEHHE MOKHO OBUIO ObI POYUTATH, HATIPUMED, CICAYIOIINM 00pa3oM:

1) Bemonauts sxBucoenunenue otaomennit CJIVKAIIUE u ITPOEKTDI o ycinoBuio
CJIY_NMA =ITIPOEKT PVK;

2) Orpanu4uTh Nody4deHHoe oTHouenue no yciaosuto [IPO_3APII > 18000.00;
CIPOELUPOBATh PE3yIbTAT NpeablayLIe onepanun Ha atpudyt CJIY MM, CJIY _HOM.

MpbI 4yeTKo chopMyJTHPOBATH NMOCTEI0BATEIbHOCTD IIAT0B BHITOJTHEHHS 3aPOCca, KaMXKIbIH U3
KOTOPBIX COOTBETCTBYET OJHOM peJIAUMOHHON Onepanmnu.

Ecau ke copMy1upoBaTh TOT e 3aNpocC ¢ HCNO0JIb30BAHMEM PeISIHHOHHOI0 MCYHCIEHHS TO MbI
NOJIY4YMJIM OBl 1Ba onpeeeHUs NepeMeHHbIX:

RANGE CJIYKAIIUM IS CTYKAIIUE n
RANGE ITPOEKT IS IPOEKTbI

U BbIpa:KeHHe

CJOYKAIAN.CITY UMSI, CAYIKAIANA.CTY HOM WHERE EXISTS
(CJLYKAIMIAL.CY _MMSI = IPOEKT.MPOEKT_PYK AND IPOEKT.ITIPO_3APII > 18000.00).

370 BBIpAKEHHE MOYKHO OBUTO OBI IPOYHTATh, HATIPHUMED, CIEAYIONIMM 00pa30M: BBIAATH 3HAUCHHUS
CJIIY_UMS u CJIIY_HOM i1 kaXa0ro KOpTeka CIIy>KallluX TaKoro, 4YTo CyIIECTBYET KOPTEX MPOEKTOB CO



3HauenneM [IPOEKT PVYK, copnamarommm co 3HagenremM CJIY HOM sToro Koprexa CIryKaliux, ’
sraueHueM [IPO_3APII, 6onpmum 18000.00.

Bo BTOpOIi hopMyIHMpoBKe MbI YKA3aJIU JUIIb XapPAKTEPUCTHKHU Pe3yIbTHPYIONIEro OTHOLIEHHUS,
HO HMYEro He CKAa3aJM o crnocode ero popmupoBanus. B 3Tom ciryyae cucreMa cama J0JI5KHA PelIUTb,
KaKHe onepanuy 4 B KAKOM MOPsiAKe HYKHO BHIMOJHUTH Haa oTHomeHussvmu CJIYKAIIUE u
IPOEKTDI. O0b14HO roBOPAT, 4TO ajiredpanydeckas (popMyJTHPOBKA ABJIsAETCH MPOLEeIYPHOI, T. e.
3ajaouleil nocjieJ0BaTeIbHOCTD e CTBUIA 1/ BHIIOJHEHUS 3aMPOCa, a JIOTHYeCKas — ONMUCATeIbHOM
(1M AeKJapaTUBHOM), MOCKOJbKY OHA BCEro JIUIIb OMUCHIBAET CBOICTBA JKeJIaeMoro pe3yJabTaTa.

Hcuncienue KOpTeXer 1 JOMEHOB

B 3aBucumocts ot TOT'0, YTO ABJIACTCS 00J1aCThIO OIpeACICHUA nepeMeHHoﬁ, pa3IMvarOT UCYUCIICHUC
KOpTG)KGﬁ 1 UCUYHUCIICHUE JOMCHOB. B ucuunciaennun KopTemeﬁ obJacTaMu onpeaecieHus NePEeMEHHBbIX
SIBJIAIOTCS TeJIa OTHOLIEHHH 0a3bl AJaHHBbIX, T. €. 10IIYCTUMbIM 3HAYCHUEM KaxKa0i HepeMel—lHOﬁ
ABJACTCH KOPTEK T€J1a HEKOTOPOro OTHOIICHUS. B ucumnciieHun 70MeHOB 00J1aCTSIMH orpeaeJ1eHus
NMEPEMECHHLIX ABJIANTCH TOMEHBbI, HA KOTOPLIX OIIPEACTCHDBI anI/lﬁyTBI OTHOIIEHUI 0a3bI JAHHbIX, T. €.
A0MYCTUMBIM 3HAYCHUEM KaxKa0ii HepeMel—lHOﬁ SIBJISACTCHA 3HAYCHUE HEKOTOPOIo 10MEHA.



14. Hcuucnenune koprexeil. Kopre:xxnas nepemennasi. [lpaBuiibHo nocrpoenHas gpopmyJia.
Mpumep. Cnocod peaanzanuu.

Bonee moapodHo —ctp. 99-103

Hcuucnenue xoprexeii. KoprexxkHas nepeMeHHasl.

B ucuuciaenuu KopTemeﬁ odJacTAMHU onpeaec/JcHud NePEeMEHHbIX ABJIAIOTCH TEJIa OTHOIIEHUH 0a3bl
AaHHBIX, T. €. 10IYyCTUMbIM 3HAYCHUEM KaXKI0H HepeMeHHOﬁ ABJACTCH KOPTEK TEJIa HEKOTOPOIro
OTHOILLICHUSA.

g onpeeneHust KOPTEKHOU epeMeHHoN uctonb3yercs oneparop RANGE. Hampumep, 11t Toro 4to6s!1
onpenennth rnepemennyio CJIYIKAILNM, 061acTbio onpeaesieH st KOTOPOIA SIBISETCS OTHOIICHHE
CIIYXAIME, Hy*HO ynoTpeOUTh KOHCTPYKIHIO

RANGE CJIYXXAILHIA IS CITYXKAILLME

U 3TOr0 ONpeseneH s CeayeT, 4To B 1000t MoMeHT BpeMmenn nepemennas CJIY KA npencrapmsier
Hekotopsiil kKopTex oTHOomweHus CIIYXXAILME. I1pu ucrnons30BaHUN KOPTEKHBIX IEPEMEHHBIX B OpMyax
MO>KHO CCBUIAThCS Ha 3HaYeHHe aTpuOyTa nepeMeHHoi. Hampumep, 11st Toro, 9To00bI cOCNaThCs Ha 3HAYEHHUE
atpuGyra CJIY _MMS nepemennoit CJTYIKAILLMIM, Hy)HO yOTpeOUTS KOHCTPYKIHIO
CJIYXKALLMN.CTY M.

HDaBI/IJ'H:HO OOCTPOCHHEBIC d)ODMVJ'IBI

IIpaBuiabHo nocrpoennas gopmyaa (Well-Formed Formula, WFF) cnyxut ans BelpakeHuUs YCIOBUH,
HaKJIaJbIBAEMbIX Ha KOPTEKHBIC TIEPEMEHHEIE.

OcnoBoit WFF SBISIIOTCSI IPOCTBIE YCIOBUS, MPEACTABIAIOLINE COOO0H ONepaliy CPaBHEHHUS CKaJSIPHBIX
3HaYeHHUH (3HaYeHUH aTpUOYyTOB MEPEMEHHBIX HIIN JINTEPaIbHO 3aJaHHBIX KOHCTAHT) - HAIPHUMeEp,
KOHCTPYKIIUU

CJIYXKALLMI.CIIY _HOM = 2934

CJIVXKAILM.CJIY _HOM = ITPOEKT.IIPOEKT PVK

ITo onpenenenuro, npocroe cpapuenue spJasiercss WFF, a WFF, 3akiioueHHas B KpyIJjible CKOOKH,
npeacTaBseT co00i MPocToe CPpaBHEHMe.

Taxeoxke eciu form — WFEFF, a comp — npoctoe cpaBHenne, To0 NOT form, comp AND form, comp OR
form u IF comp THEN form siBasitorcss WFF.

Crioco6 peanm3anuu

PaccmoTpuMm crioco0 peanuzanuy cUCTeMBbI, KoTopast cMoskeT 1o 3aganHoit WFF npu cymectByromem
COCTOSIHUH 0a3bl TaHHBIX TIPOU3BECTH PE3YJITAT: B HEKOTOPOM MOPSAKE MPOCMOTPETH 00JIaCTh OTIPEIeICHUS
MEPEeMEHHON M K KKIOMY OYepeTHOMY KOPTEKY IPUMEHUTH yCIIoBHE. Pe3yapraToM OyIeT TO MHOXKECTBO
KOpTeXeH, /ISl KOTOPBIX MPH BEIYHMCICHUH YCIOBUS Mpon3BoauTcs 3HadeHue true. Eciiu B WFF ncnons3yercs
JIBE MIEPEMEHHBIX, IS KAXKI0T0 (UKCHPOBAHHOTO 3HAYCHUS MIEPBOM pacCMaTPUBAIOTCS BO3MOXKHBIC 3HAUCHHS
BTOpOii. M Tak manee st moOOro KOJHIECTBA IEPEMEHHBIX.

3aMeTHM, 4TO OTMCAHHBIN BBIIIE CIIOCO0 peaTn3anni, KOTOPbIi MPUBOIUT K MOTYYEHHIO 00JIacTH
HUCTHHHOCTH PacCMOTPEHHOHN (OpMyIIBl, B IEHCTBUTEIBHOCTH SIBIIsICTCS HanOosee 00IIUM (1 3a4acTyro
HEONTUMAIBHBIM) CIIOCOOOM BBITIOJTHEHUSI ONIEPAIMii COeANHEHUS (OH Ha3bIBACTCSI METOJIOM BIIOYKEHHBIX
nukioB — nested loops join).



15. HUcuncienue RopTemeﬁ. KBaHTprl, CBOOOJHBIE U CBSI3aHHbIE NnepeMEeHHbIC. HeJ’leBble CIIMCKHU.
Bblpamemm PECIANHOHHOI0 UCHYUCICHUSA.

s onpeneneHus KOPTEKHOM nepeMeHHoil ncnonbiyercs onepatop RANGE. Hampumep, 1715t Toro 4to0b
onpenenuts mepemennyio CJIYIKAILMIM, o6aacTbio onpeaesennst KOTopoii siisiercst otromerne CJIYIKAILME,
HYXHO YHOTPEOHUTh KOHCTPYKIHIO

RANGE CJIYKAIIU IS CITYKAIIUE

KBaHTOpBI, CBO0OHBIE W CBAI3aHHbIE NepeMeHHbIe
IIpu noctpoenunn WFF nonyckaercs ucnonszosanue kBantopos cymectsoBanus (EXISTS) n BceobuinocTn
(FORALL). Eciiz form — ato WFF, B koTOpoii yuactByet niepemenHas var, To koHcTpykiuu EXISTS var (form) u

FORALL var (form) npencrasmnstor cod6oit WFF. Tlo onpeaenenuto, popmyna EXISTS var (form) npuanmaet
3HAYEHHE true B TOM U TOJIBKO B TOM Clly4ae, ecii B 00/1aCTH OnpeaesieHusl IEpeMEHHOM var HaiaeTcst XoTs Obl OJTHO
3HaveHue (koptex), mist kotoporo WFEF form npunnmaet 3nauenue true. @opmyna FORALL var (form) npuHiMaeT
3Ha4YeHUe true, M AJIsl BCceX 3HaUeHUM nepeMeHHoi var u3 ee obnactu onpenenenust WFF form npuanmaer
3Ha4YCHUE true.

Bce nepemennslie, Bxoasmue B WEF, npu nocTpoeHHH KOTOPOH HE HCIIOIB30BAJIMCH KBAHTOPBI, SIBIISIFOTCS
cB00OAHBIMH. PaKTHUECKH, 3TO O3HAYAET, YTO €CIH I KaKoro-To Habopa 3Ha4eHUH CBOOOIHBIX KOPTEKHBIX
MepeMEeHHBIX NpH BeluncieHnr WEF noixydeHo 3HadeHue true, To 3TH 3HaUYEHUS] KOPTEKHBIX IEPEMEHHBIX MOTYT
BXOJIUTH B pE3yJIBTUPYIOIIEE OTHOIIEHUE. ECN ke NMs IepeMeHHO UCTIONIBb30BaHO cpa3y Mocie KBaHTOpa MpH
nocrpoerann WFF Buna EXISTS var (form) wmmn FORALL var (form), To B 9Toii WFF 1 Bo Bcex WFF, moctpoeHHBIX
C €€ yJacTHeM, var - 3TO CBsI3aHHAas rnepeMeHHas. Ha camom aene, npaBuiibHEe TOBOPHUTH HE O CBOOOTHBIX U
CBSI3aHHBIX TIEPEMEHHBIX, @ 0 CBOOOJTHBIX U CBSA3aHHBIX BXOXKICHHSIX TEPEMEHHBIX.

IleneBbie CIMCKHA
Wrakx, WFF o0ecnieunBarot cpeicTBa GOpMYITHPOBKH YCIOBUS BbIOOpKH U3 oTHOIIEHUH BJI. UTOOBI MOKHO OBLIO

HCTIONB30BaTh UCUUCIICHHE AT pealbHoi padoTel ¢ B/I, TpebyeTcs emie oguH KOMIOHEHT, KOTOPBIN ONpeaessieT
Habop M UMeHa aTpHOyTOB PE3YIIBTUPYIOIIETO OTHOIIEHHSI. DTOT KOMIIOHEHT Ha3bIBACTCS 1eJIeBbIM CIHCKOM (target
list).

LeneBoii ciMcoK CTPOUTCS U3 LIETEBBIX 3JIEMEHTOB, KAKIBIN U3 KOTOPHIX MOKET UMETh CJIECAYIOLINI BU/I:
e var.attr, e var — UM CBOOOAHOI nepemenHoi coorBercTByromeii WFF, a attr — ums atpuOyTta oTHOIICHUS,
Ha KOTOPOM ONpezesieHa IIepeMeHHast var;
e var, 9YTO SKBHUBAJICHTHO HAJIMYMUIO MOJCIHUCKA Vvar.attrl, var.attr2, ..., var.attrn, tne {attrl, attr2, ..., attrn}
BKITIOYAeT MMEHA BCceX aTpHOYTOB OMpPEIENSIONIero OTHOIICHUS;
e new_name = var.attr; new_name — HOBO€ UMsI COOTBETCTBYIOIIEI0 aTprOyTa pe3yIbTUPYIOIIEr0 OTHOILICHHS.

[Mocneanuii BapuaHT TpeOyeTcs B TexX ciydasx, koraa B WFEF ucnonb3yercss HeCKOJIBKO CBOOOIHBIX IEPEMEHHBIX C
OJIMHAKOBOW 00J1aCThIO OTIPEAETICHHUS.

Bripa:keHueM peJisIIUOHHOTO UCHUCIEHUST KOPTeskell Ha3zpiBaeTCsl KOHCTpyKuusa Buja target list WHERE wif.
3HayeHHeM BbIpa:KeHMS SIBJISIETCS OTHOLLEHHE, TeJ10 KoToporo onpeneasiercss WFF, a nadop atpulyroB u ux
HMEHA - I[eJICBBIM CIIMCKOM.



16. HUcuncienue 1oMeHoB. OCHOBHBbIE OTJIUYUA OT MCYUCTIEHHSI KopTemeﬁ.

B ucuunciennu 10MeHOB 00J1aCTHIO ONPe/IeSIeHIs ePeMEHHBIX ABJIAITCH He OTHOIIIEHH, 2 JOMEHBI.
OCHOBHBIM (POPMAITEHBIM OTIMYUEM HCUUCIICHUS JIOMEHOB OT UCUUCIICHUS KOPTEXKEH SBISCTCS HATHIUC
JAOMOJTHUTEIHHOT0 MHOKECTBA MPeIMKATOB, TIO3BOJISIONINX BRIPAKATh TaK Ha3bIBaeMbIe yciaoBHA WwieHcTBa. Ecimm R
— 3TO N-apHOE OTHOIIIEHUE ¢ aTpudyTamu al, a2, ..., an, To ycinoBue wieHcTBa uMeeT BU R (ail : vil, ai2 : vi2, ..., aim
: vim) (m <= n), rae vij — 3T0 J1u00 JIUTEPaIbHO 3aJaBacMasi KOHCTaHTa, IH0O UM JOMEHHOM IMEPEeMEHHOM. Y cj10BHe
YJIEHCTBA MPUHUMAaeT 3HaYeHHe true B TOM M TOJBKO B TOM cjIy4ae, ecJiM B OTHOLIeHUH R cylecTByeT KOopTex,
cojlep:KalInii yKkazaHHble 3HaYeHus (V_ij) ykazanHbIx aTpudyToB (a_ij). Eciu vij — koHCTanTa, TO Ha aTpuOyT ajj
HaKJIaJIbIBACTCS JKECTKOE YCIOBHE, HE 3aBUCSIIESE OT TEKYIIMX 3HAYCHUH TOMEHHBIX IIEPEMEHHBIX; €CIIH JKe Vij — UMs
JIOMEHHOM MEPEeMEHHOM, TO YCIOBHE WISHCTBA MOXKET IPUHUMAThH Pa3HbIe 3HAYCHUS TPU PA3HBIX 3HAYCHHSIX 3TOU
[IEPEMEHHOM.

[Ipumepsl. WFF ucuncnenus J0MeHOB
CJIYXKXAILIKME (CJIY_HOM:2934, CJIY HMSI:'VMiBanoB',
CJIY _3APII1:22400.00, ITPO_HOM:1)

MIPUMET 3Ha4YeHHE true B TOM M TOJIBKO B TOM citydae, korja B Tene otHomeHust CJIYIXXKAIUE conepxxutcs KopTex
<2934, 'MBanos', 22400.00, 1>. CooTBEeTCTBYOIINE 3HAYCHHUS JOMEHHBIX ITEPEMEHHBIX 00pa3yIOT 00JIacTh
uctuHHocTu 3Toi WFF,

WFF
CIIYXAIIME (CJIY_HOM:2934, CJIY_HM4:'MBanoB',
CJIY_3APIIL:22400.00, ITPO_HOM:ITPO_HOM)

OyzeT mpUHUMATh 3HAUCHHE true U1 BceX KOMOMHAIMIA SIBHO 3aJaHHBIX 3HAYCHUH U TOMyCTUMBIX 3HAUCHHUH
nepemenHoi [IPO__HOM, koTopble COOTBETCTBYIOT KOpTEXkaM, BXoauM B Testo oTHomeHus CJIVIKAILME

Bo Bcex ocTanbHBIX OTHOIIEHUAX (POPMYJIIBI M BEIPAXKEHHS UCUUCICHHS JOMEHOB BBITJISIAT MOXOXKUMHU Ha (POPMYIbI U
BBIpa)KEHUsI MCUMCIICHHSI KOpTexel. B yacTHOCTH, POpMYIIBI MOTYT BKITFOUATH KBAHTOPHI, H PA3IMUYAOTCS CBOOOHEIC
1 CBSI3aHHBIEC BXOXK/ICHHSI TOMEHHBIX IEPEMEHHBIX.



17. Kaaccnyecknii moaxoa K NpoeKTHPOBAHUIO 023 JaHHBIX HA 0CHOBE HOPMAJIM3AaLMH.
HopMmaabnas gopma. O6mme cBoiicTBa HOpMaIbHBIX (opM. I1oTHBII CIHCOK HOPMATBHBIX (hOPM.
Hopmanu3zanusa B OLAP u OLTP cucremax.

IToapob6nee — cTp. 124-126, cTp.

ByaeM cuuTaTh, 4TO NMPOOIEeMa NPOEKTUPOBAHUS PeJISIIMOHHON 0a3bl JaHHBIX COCTOUT B
000CHOBAHHOM MPHUHITHM PELIEHUI 0 TOM, U3 KAKUX OTHOIEHUH T0J3KHA cocToATh B/l U kakue aTpudyThHI
JOJIZKHBI ObITH Y 3TUX OTHOLIeHUH. ByaeM npu0InkaTh cxeMbl OTHOLIEHUI K XOPOLIEMY COCTOSIHUIO IIyTeM
HOpPMAJTU3AIUM — IPUBEAEHHUS K BUIY, 00/1aa1011[eMy ONpeaeeHHbLIMH XOPOIIMMH CBOICTBAMHU, B HECKOJILKO
IaroB.

B Teopuu pensimoHHbIX 6a3 JaHHBIX OOBIYHO BBIICISETCS CIEAYIOIAs TOCIEeI0BATEILHOCTH HOPMAITbHBIX

hopm:

e nepBas HopMaibHas Gopma (1NF) — emoTpu Bonpoc 6;

e Bropas HopMmanbHas hopma (2NF);

e TpeThs HOpManbHas Gopma (3NF);

e HopmanbHast ¢popma boiica-Kogna (BCNF);

e yerBepTas HopManbHas Gopma (4NF);

e [sATas HopMalbHas popMa, Uil HopManbHast popma npoekuuu-coenunenus (SNF unu PJ/NF).

OCHOBHBIC CBOHCTBa HOPMaJIbHBIX (DOPM COCTOST B CIICIYIOIIEM:

e  KaXKaas cleAyrolas HopMaibHast hopMa B HEKOTOPOM CMBICTIE JTy4lle MPeAbIAYILeH HOpMaabHOH (OpMBI;
® [IpH IepexoJie K cleaytollel HOpMaIbHOM (hopMe CBOWCTBA MPEABLIYINX HOPMAaIBHBIX OPM COXPaAHSIOTCSI.
Crnabo HOpManu3oBaHHbIE MOETH JaHHBIX — popMel |HO v 2H®. CunbHo HopMmanuzoBanHble — 3HD u nanee.

OLTP u OLAP-cucteMsl

MOHO BBIAEIUTH HEKOTOPBIE KJIAcChl CUCTEM, IJIs1 KOTOPBIX OOJMbLIEe MOAXOIAT CHIIBHO MK cl1abo
HOPMaJIM30BaHHBIE MOJIETH JAaHHBIX.

CHiIbHO HOPMAaIIM30BaHHBIE MOJIENN TAHHBIX XOPOIIIO MOAXOIAT Tl Tak HazbiBaeMbix OLTP-npunoxennii (On-Line
Transaction Processing (OLTP)- onepatusnas o0pabotka Tpanzakuuii). Tunnunsivu npumepamu OLTP-
MIPUIOKEHUH SBIISIOTCS CUCTEMBI CKIIAJICKOTO y4YeTa, CHCTEMBI 3aKa30B OMIIeTOB, 0aHKOBCKHE CHCTEMEI,
BBIMOJIHSIOIINE ONIEpaluy 110 IEPEBOAY AeHET, U T.I. OCHOBHAsA (YHKLUS MOJOOHBIX CUCTEM 3aKIIIOYAETCS B
BBITTOJIHEHUU OOJIBIIOTO KOJIMYECTBA KOPOTKHUX TpaH3akiuii. CaMy TpaH3aKIUK BBITJISIST OTHOCUTENFHO TIPOCTO,
Hanpumep, "CHATh CyMMY JICHET co cuera A, 100aBUTh 3Ty cymMMy Ha cdet B". [Ipobnema 3akmoyaercs B TOM, UTO,
BO-TIEPBBIX, TPAH3AKUUI 0Y€Hb MHOTO, BO-BTOPBIX, BBINOIHIIOTCS OHU OJHOBPEMEHHO (K CHCTEME MOXKET OBITh
MOJIKITFOUEHO HECKOJILKO THICSY OJTHOBPEMEHHO pabOTAIOIIMX MOJIb30BaTeNel ), B-TPEThUX, IPH BOZHUKHOBEHHN
OMOKH, TPAH3aKUMUS TOJDKHA LIETMKOM OTKaTUTHCS U BEPHYTh CUCTEMY K COCTOSHHIO, KOTOpO€e ObLIO 0 Hayaja
TpaH3aKIuK (He JOJDKHO OBITh CHTYaIlH, KOT/Ia JICHBTH CHATBI CO cueTa A, HO HE MOCTYIUIIM Ha cueT B).
[IpakTuuecku Bce 3anpockl kK 0aze naHHbiX B OLTP-npriioskeHusX COCTOSAT U3 KOMaH/| BCTaBKH, OOHOBJICHUS,
ylaneHus. 3arpockl Ha BBIOOPKY B OCHOBHOM IIpEIHA3HAYCHBI U1 IPEI0CTaBICHHS [10JIb30BATENISIM BO3MOKHOCTH
BBIOOpPA M3 Pa3NUYHBIX CIIPABOYHHUKOB. bonbiias yacTs 3anmpocoB, TakuM 00pa3oM, U3BECTHA 3apaHee ellle Ha dTare
MIPOEKTHPOBaHUs cucTeMbl. Takum obpaszoM, kputndeckuM aist OLTP-nipunoxkenuii siBiasieTcsi CKOpocTb U
Ha/ICKHOCTb BBIITOJIHEHHUS] KOPOTKHUX OINepalyii OOHOBJICHHs JaHHBIX. UeM BbIIIE YPOBEHb HOPMaIU3aLUHI JaHHBIX B
OLTP-npunoxeHuu, TeM OHO, KaK MPaBUIIO, OBICTPEE U HaJICIKHEE.

JpyruM THIIOM MPHUIIOKEHUH SBISIFOTCS Tak HazbiBaeMble OLAP-npunoxxenus (On-Line Analitical Processing
(OLAP) - ontepatuBHast aHanuTH4IeCKast 00paboTKa JaHHBIX). ITO 000OIIEHHBIN TEPMIH, XapaKTEPU3YIOITUI
MIPUHIIUIIEI TIOCTPOCHUS CUCTEM TOAEePKKH npuHsTHs pemeHuit (Decision Support System - DSS), xpanumuin



nanubixX (Data Warehouse), crcTeM HHTEIUIEKTYyallbHOTO aHaym3a naHHbiX (Data Mining). Takue cuctembl

npeaHasHAYCHbI AJ1d HAXOXKIACHUA 3aBUCHMOCTCH MCKAY JaHHBIMU (HaanMep, MOJHO IMONBITATECA OMPCACINTL, KaK

CBsI3aH 00BEM MPOJIAK TOBAPOB C XapaKTEPUCTUKAMHU MOTEHIIMAIBHBIX MIOKYIAaTeNei), 111 MPOBEIEHHUS aHajm3a "ITo

ecid...". OLAP-iprioskeHus ONepupyroT ¢ OOJBITUMH MacCUBaMHU JaHHBIX, YKe HAaKOTUICHHBIMH B OLTP-
MPWIOKEHUSX, B3ITHIMH UX DJICKTPOHHBIX TAOJIHII WM U3 APYTUX HCTOYHUKOB AaHHBIX. TaKkue CUCTEMBI

XapaKTepU3yI0TCA CIETYIOIMNMHU IPU3HAKAMU:

HobaBneHre B CUCTEMY HOBBIX IaHHBIX IIPOUCXOAUT OTHOCUTENFHO PEAKO KPYHMHBIMH OJIOKaMu (HampuMep,
pa3 B KBapTaJl 3arpy’KaroTcs JaHHBIE IO UTOTaM KBapTaibHbIX npofax u3 OLTP-npuioxenus).

JlanHble, 100GaBICHHbIE B CUCTEMY, OOBIYHO HUKOTJ]a HE YAAISIOTCS.

[lepen 3arpy3koil JaHHBIE TPOXOAAT PA3TUYHbIE MPOLIEAYPHI "OYUCTKN", CBA3aHHBIE C TEM, YTO B OJHY
CHUCTEMY MOTYT ITOCTYIaTh TaHHbIE U3 MHOT'MX UCTOYHUKOB, MIMEIOIINX pa3iIrNdHble (POpMaThl IPEACTABICHUS
IUIsL OTHUX U TEX K€ MMOHATHH, TaHHbIE MOTYT ObITh HEKOPPEKTHBI, OLTHOOYHEI.

3ampockl K CHCTEME SIBISIFOTCS HEPETIIaMEHTHPOBAHHBIMH U, KaK MIPABIJIO, JOCTATOYHO CIOKHBIMUA. OdeHb
4acTo HOBBIH 3ampoc (GopMyITUpyeTCs aHATUTUKOM JIJIs1 YTOUYHEHHS pe3yiIbTara, OJYydIeHHOTO B Pe3ysIbTaTe
MIpEIBIIYILIErO 3ampoca.

CKOpOCTh BBINIOJIHEHUS 3aIIPOCOB BaXKHA, HO HE KPUTHUYHA.

Bo3zBpamasich k mpobiieMe HopMalTu3alye JaHHBIX, MOKHO CKa3arh, 4To B cucteMax OLAP, ucmomns3yronux

PEIEINUOHHYIO MOJCJIb JaHHBIX, TdHHBIC uenecoo6pa3H0 XpaHUTb B BUJC c1abo HOPMAJIM30BAHHBIX OTHOHJCHPIﬁ,

coacpiKaluX 3apaHeC BEIYUCIICHHBIC OCHOBHBLIC UTOT'OBBIC TaHHBIC. Bonbiias u30bITOYHOCTh M CBSI3aHHBIC C HEl

HpO6J’ICMBI TYT HC CTpAallIHbI, T.K. OOHOBJICHUE MPOUCXOAUT TOJIBKO B MOMCHT 3arpy3Ku HOBOI1 nopuuu NaHHBbIX. HpI/I

OTOM IIPOUCXOJUT KaK )_IO6aBJ'IeHI/IC HOBBIX JAHHBIX, TaK U IEPECUYCT UTOT'OB.



18. @OYHKIHOHATbHAS 3aBUCHUMOCTD. IIpuMep oTHOIIEHNS U ero PYHKIIMOHATBHBIX 3aBHCUMOCTEIA.

CBsi3b PYHKUHOHAJIBbHBIX 3aBHCUMOCTEH 1 orpanuyeHuii nesoctHocTu. TpuBnanbuas FD. Tpausutusnas FD.

IlycTp 3anana nepemenHas orHomenust R, u X u Y SBISIFOTCS TPOU3BOJIBHBIMU OMHOXKECTBAMU
3arojoBka R («cocTaBHBIMU» aTprOyTamu).

B 3Hauenun nepemMeHHoi oTHoIeHus R atpubyT Y dyHkunonaabHo 3aBucut (Functional Dependency —
FD) ot atpubyTa X B TOM U TOJIBKO B TOM CJIy4ae, €CIIH KaXKIOMy 3HAYEHUIO X COOTBETCTBYET B TOYHOCTH OJHO
3HaueHue Y. B aToM ciiyuae ropopsT Takke, uTo aTpuOyT X (PyHKIHOHAIBHO onpeneiset atpudyT Y (X sBisercs
JIeTepMUHAHTOM (ompeaenuTenem) st Y, a Y sABjseTcs 3aBUcUMbIM 0T X). Bynem o603Ha4arh 310 kak R.X —> R.Y.
B ob6mem ciyuae X, Y — cocTaBHbBIE.

ITpumep:

CITV_HOM CIT_MMA CITV_ARETI MPC_HOM MPOEKT _PYE
2934 HMeanos 22400.00 1 Heanon
2935 INeTpoe 29600,00 1 Heanos
2936 Cuagopoe 1EOOO.00 1 Heanor
2937 Pemopos 20000.00 1 Heanor
2938 HMeanoea 22000.00 1 Heanon
2939 CHaopeHKD 1840000 2 HMeanenko
2940 PenopeHKo 20400.00 2 HMeansH®o
2041 HMeanenko 22600.00 2 HMeaneHKO

CJIY _HOM -> CIIY UMl
CJIY_HOM -> CJIY_3APII
CJIY_HOM ->ITPO_ HOM
CJIY_HOM ->ITPOEKT PVYK
ITPO_HOM — ITPOEKT PVYK
Bce Brinenepeuncnenssie FD - mnHBapHaHTBI, WM OrPAHMYEHUS LEJOCTHOCTH 3TOM IEPEMEHHOM
OTHOILIEHU:A. DTO 3Ha4MT, uTo FD noposkaaroTcs He cilydaliHBIMU SIBICHHUSAMH B TaHHOM MTEPEMEHHOM, a 3HaHUAMH U3
MPEeIMETHON 00JIaCTH U BHIMOTHSIOTCS BCETAa, a:Ke NPU U3MEHEeHUH OTHOLIEeHHs (HarpuMep, eciau A — KI04
OTHOWICHUS, TO IS II0O00T0 B 13 3aronoBka 3TOro OTHOIICHUS BHIMOIHEHA ()YHKIIMOHAIBHAS 3aBHCUMOCTh FD: A-
>B). Ho 6riBatot FD, He sBnstonirecs HHBapUaHTaMU.
Hanpuwmep,
CJIY_UMA — CIIY_HOM
toke FD, HO siBIIsieTCS TAKOBOH TOJIBKO IOTOMY, YTO HET COBHAJAIOIINX UMEH, MHA4e Obl HE BBIIOIHSIOCH. JTO HE
OTrpaHUYCHHE LIETOCTHOCTH.

FD A —> B HazbpIBaeTcst TPUBHANBHOI, ecnii A conepxuT B. OueBuano, uto mobas TpuBnanbHas FD Bcerna
BBITIOJTHSIETCSL.

FD A — C Ha3biBaeTCsi TPAH3MTUBHOI, €CIIM CyIIECTBYET Takol aTpuOyT B, 4yTo nMeroTcst QyHKIMOHAIbHbIE
3aBucuMocTH A —> B u B —> C u oTcyrcTBYyeT PyHKIIMOHATBHAS 3aBUCUMOCTh C —> A.



19. 3aMbIKaHHe MHOKECTBA (PYHKIMOHATbHBIX 3aBUCHMOCTE. AKCHOMBI ApMCTPOHTa (C
JoKa3zaTeabcTBOM). Paciupernsblii Ha6op npaBua BeiBoaa JleiiTa (¢ BLIBOAOM).

3ambikanueM MHOXKecTBa FD S saBimsgerca muoxectBo FD S+, Bkmrouaromee Bce FD, mornuecku BRIBOUMbBIC
u3 FD muoxectra S. IIpumep: (CN) -> (CName, CZarplata) => CN->CName u CN->CZarplata
IToxxon x penieHuo MPoOIEMbI MMOUCKa 3aMblkaHus S+ MHOxkecTBa FD S BriepBbie npeanoxnn Bumbsam
Apmctponr. MM ObuT IIpejiokeH HA00p NpaBuJl BbiBoaa HOBbIX FD U3 cylecTBYrOMMX (3TH MpaBuiia 00bIYHO
Ha3bIBAIOT AKCMOMAMHU APMCTPOHIa, XOTs CIIPaBeIJIMBOCTh MPABWII TOKa3bIBa€TCS Ha OCHOBE onpenaenerus FD).
e cciu B comepxutca B A, To A — B (peduiekcuBHOCTB);
e ccimu A—> B, 10 AC — BC (momosinenmne);
e eccmmA—>BuB—>C,t0A—> C (TpaH3UTHUBHOCTb).
HcTHHHOCTH MepBoOi akCHOMBI APMCTPOHTA CIIEAYET U3 TOTo, uTo npu B conepxutcs B A FD A->B
SIBJISIETCS] TPUBUAJIBHOM.

CrpaBeAnTUBOCTb BTOPOI aKCHMOMBI JOKakeM OT npotuBHOTo. [Ipenmonoxum, uto FD AC->BC He
coOiroaercs. OTo 03HAa4YaeT, YTO B HEKOTOPOM JOIYCTHUMOM TeJie OTHOLIECHHS HalayTcs Ba KopTexa tl u t2, Takue,
gro t1 {AC} =12 {AC} (a), Ho t]l {BC} <>12 {BC} (b) (3nech t {A} 00603HAYAET MPOESKIMIO KOpTEXkKa t Ha
MHOXecTBO aTpuOyToB A). [lo akcnome peduiekCHBHOCTH U3 paBeHCTBa (a) cienyet, uro t1 {A} =t2 {A}. Ilockonbky
umeercs FD A->B, nomxHo cobmonathest paseHcTso t1 {B} =t2 {B}. Torna u3 nepasenctsa (b) cnenyer, uro t1 {C}
<> 12 {C}, uto nmpotuBopeunT Haanumio TpuBranbHoit FD AC->C. CnenoBareiabHO, IPEANOIOKEHHE 00 OTCYTCTBUU
FD ACBC e aBnsieTcsl BEpHBIM, U CIIPaBEAIMBOCTE BTOPON aKCHOMBI TOKa3aHa.

AHaJOTHYHO JJOKa)KEM UCTUHHOCTh TpeTheil akcuoMbl ApMcrponra. [pennonoxum, uro FD A->C He
coOiogaercs. OTo 03HA4YaEeT, YTO B HEKOTOPOM JOIYCTHMOM TeJie OTHOLICHHS HalayTcs Ba KopTexa tl u t2, Takue,
gro tl {A} =t2 {A},Hotl {C} <>12 {C}. Ho u3 nanmmuus FD AB cnenyer, uro t1 {B} =t2 {B}, a motomy u3
nannuus FD B->C cnenyer, uro tl {C} =t2 {C}. CnenoBarensHo, npeamnonoxenue 06 orcyrcrsuu FD A->C ne
SIBJISIETCS] BEPHBIM, U CIIPABEJNIMBOCTh TPEThEH aKCHOMBI JJOKa3aHa.

Mo>HO oKa3aTh, 4TO CHCTEMa MPaBUII BbIBOa APMCTPOHTa MOJIHA U coBepuienHa (sound and complete) B
TOM CMBICIIE, YTO ISt JaHHOTo MHOKecTBa FD S mo6as FD, moTeHnuanibsHo BEIBOAUMAS U3 S, MOKET OBITH BEIBEICHA
Ha OCHOBE aKCHOM APMCTPOHTa, 1 IPUMEHEHHE 3THX aKCUOM HE MOXET NpuBecTH K BeIBoy nuinHed FD. Tem ne
MeHee, JJelT o npakTHYECKUM COOOpaKeHUSIM MPeIIoKIIT PACIIUPUTE 0Aa30BBIH HAOOP MPAaBMII BBIBOJA €IIE NATHIO
npaBuJIaMM:
e A — A (caMoIeTepMHUHUPOBAHHOCTH) — MPSIMO ciieayeT u3 npasuia (1);
e ccm A—BC, 10 A—Bu A — C (gexkomnosunus) — u3 npasuia (1) cnexyer, uro BC — B; no npasuiy
(3) A — B; ananornyno, n3 BC —> C u npaBuna (3) cienyer A — C;
e comA—>BuA—>C,t0oA—>BC (00benuHenue) — u3 npasuia (2) cuenyert, uto A —> AB u AB — BC; u3
npasuia (3) cnenyert, uro A —> BC;
e ccmu A—>BuC—D,toAC —> BD (xommo3umus) — u3 npasuna (2) creayert, uto AC — BC u BC —> BD;
n3 npasuia (3) cieayer, uto AC — BD;
e ecciu A—=>BCuB—> D, 10 A—> BCD (Hakomenue) — u3 npasuia (2) cienyer, uro BC — BCD; u3
npasuina (3) cnenyet, uro A — BCD.



20. 3aMbIKaHHe MHOKeCTBA aTPpuOYTOB Ha MHOKecTBe FD. Anropurm nocrpoenus. [Ipumep.
MMoab3a. Cynepk/iio4 OTHOIIEHHSI, €r0 CB3b ¢ 3aMbIkaHueM U FD.

HYCTB 3aJaHbl OTHOIIICHUEC R, MHOXECTBO Z anI/I6YTOB 3TOI'0 OTHOIIICHUA (HO)_'[MHO)KCCTBO 3arojoBKa R, nim

coctaBHOM aTpudyT R) 1 HEKOTOpoe MHOKeCTBO FD S, Brimonmsiemsix miist R. Toraa 3ambikannem Z Haa S
Ha3bIBaeTCs HanOoJbIIee MHOXKECTBO Z+ Takux atpuOyToB Y oTHOmeHus R, uto FD Z —Y Bxoaut B S+.

AJaroputm Bbluncjienns Z+

K := E+1;
Z[K] := E[EK-1];
FOR EACH FD A—B IH 5 [O
IF A=E[K] THEN EZ[E] := (E[K] THNICH B) END 0O:
INTIL Z[K] = Z[E-1];

' := Z[K];

[lycth miis mpuMepa uMeeTcs oTHolIeHue ¢ 3aroyioBkoM {A, B, C, D, E, F} u 3anaHHbIM MHOXECTBOM
FD S={A—>D, AB—E, BF >E, CD—>F, E — C}. Ilyctb TpeOyercs Haiitu {AE}+ Haz S.

Ha nepBom npoxoge tena mukia DO Z[1] paBao AE. B tene mukina FOR EACH 6yayt naiinenst FD A—>D un E —>
C, u B xoHue nukna Z[ 1] craner pasasiM ACDE. Ha BTopoM npoxone Tena mukna DO npu Z[2], pasaom ACDE, B
tene nukia FOR EACH Oyner natinena FD CD —> F, u B xonne mukna Z[2] cranet pasasiM ACDEF. Crienyromuit
npoxof tena nukia DO ue msmenur Z[3], u Z+ ({AE}+) 6yner pasao ACDEF.

ANTOpPUTM MOCTPOCHHSI 3aMbIKaHUSI MHOKECTBA aTpUOYTOB Z Hal 3aJaHHBIM MHOkecTBoM FD S momoraer
JIETKO YCTaHOBUTh, BXOAMT Jiu 3anaHHas FD Z — B B 3ambikanue S+. O4eBUIHO, YTO HEOOXOIUMBIM U JOCTATOYHBIM

YCIOBUEM IJIS1 3TOr'O ABJIACTCA BXOXKIACHUC COCTABHOT'O anI/I6YTa B B 3ambikanue Z.

Cynepkiawyom oTHomeHus R Ha3piBaercs modoe noamHoxecTBo K 3aronoska R, Bxitoyaromiee, 1o
MEHbIIEH Mepe, XOTs Obl OJJMH BO3MOXKHBIH Kiro4 R.

OnHO U3 CIIEACTBUI 3TOr0 ONPEAETICHUS COCTOUT B TOM, YTO MOAMHOXKeCTBO K 3aronoBka oTHomeHust R
SIBJIICTCS CYTICPKIIFOUOM TOTJa U TOJBKO TOTJa, KOra Jiis Jiro0oro atpudbyra A (BO3MOXKHO, COCTABHOT0) 3aroj0oBKa
otHomreHus R Bemonasercs FD K — A. B TepMuHax 3aMbIkanust MHOKeCTBa aTpuOyToB K sBIsieTCs cymepkiIroyomM

TOTJIa ¥ TOJILKO Torja, korjaa K+ coBmagaer ¢ 3arojoBkoM R.



21. IHokpbiTHEe MHOkecTBa FD. JkBUBa/IeHTHbIE MOKPBITHSI. MUHUMAaIBLHOE MHOKecTBO FD.
IIpumepbl. AJITOPUTM NMOCTPOEHUSI MUHMMAJILHOT0 YKBHBAJTEHTHOr0 MHOKecTBA. MUHUMAJIbHOE MOKPBITHE
MHOKeCTBAa (PYHKIIMOHAJIBHBIX 3aBHCHMOCTEIA.

MmuoxectBo FD S2 HazpiBaeTcst mokpoiTHeM MHOKecTBa FD S1, ecu mo6ast FD, BeiBogumas u3 S1, BEIBOIUTCS
TaKxke u3 S2.

Jlerko 3aMeTuTh, uTO S2 sABISETCA MOKPHITUEM S1 TOrAa U TONBKO TOrna, koraa S1+ npuHaanexuT S2+.

JBa MmHOkecTBa FD S1 1 S2 Ha3bIBalOTCS AKBUBAJEHTHBIMHM, €CITH KaXKI0€ U3 HUX SBJISCTCS TOKPBITHEM
npyroro, T. €. S1+ = S2+,

MmuosxectBo FD S Ha3piBaeTCss MUHEMAJIBHBIM B TOM U TOJBKO B TOM CIy4ae, KOTla YOBIETBOPSET
CJIEYIOLIMM CBOMCTBAM:

e TmpaBas yacTh Jir000it FD u3 S sBiseTcss MHOKECTBOM M3 OTHOTO aTprlyTa (IPOCTHIM aTprOyTOM);

e jnerepmuHaHT Kaxnoi FD u3 S o6mamaer cBoiiCTBOM MUHMMAIBLHOCTH; 3TO O3HAYAET, UTO yIaJICHHE JIFO00TO
aTpuOyTa U3 IeTepPMHUHAHTA TPUBOJUT K H3MEHEHUIO 3aMbIKaHusl S+, T. €. IOpoXxIeHnto MHOXecTBa FD, He
9KBUBAJIEHTHOI'O S;

e ynanenue mo6oi FD u3 S npuBoaut k u3mMeHeHuo S+, T. €. mopoxaeHnto MHOKecTBa FD, He
SKBUBAJICHTHOTO S.

IIpumep:

Paccmotpum otnomenne CJIIVIKAIWE TTPOEKTHI {CJIY _HOM, CJIY _HMMA, CJIY_3APIIL, ITPO_HOM,
[NPOEKT PVYK}. Ecnu cunrtaTh, YTO € AMHCTBEHHBIM BO3MOXKHBIM KIIFOYOM 3TOTO OTHOLICHHUS ABJSETCS aTpHOyT
CJIY_HOM, 1o muoxecto FD {CJIY_HOM->CJIY NM,

CJIY_HOM->CJIY 3APII,

CJIY_HOM->ITPO_HOM,
CJIY_HOM->ITPOEKT PYK} Oyner MUHUMaJIbHBIM.

C npyroii ctopoHbl, MHOXeCTBO FD
{CJIY_HOM->(CJIY_HMA, CIJIY_3APID),

CJIY_HOM->CJIY _HMA,
CJIY_HOM->CJIY _3APII,
CJIY_HOM->ITPO_HOM,
CJIY_HOM->ITPOEKT PVK} e siBnsercs MUHUMAaJIbHBIMU.

st mro0oro muoskecTBa FD S cymecTByer (1 1axe MoKeT ObITh IOCTPOCHO) IKBHBAJICHTHOE €My
MHHHMMAJIbHOE MHOKECTBO S.

AJITOPUTM NMOCTPOEHUSI MUHUMAJIBHOT0 3KBHBAJIEHTHOI0 TMOJAMHOKeCTBA:
[IpuBenem oO1Ly0 cxeMy MOCTPOCHHUS S- M0 3aaHHOMY MHOXecTBY FD S:

1) Hexommozumus: ecnu A-> BC, To A->B u A->C , moiay4uiu HOBOoe MHOXeCTBO S1.

2) VYnaneHnue aTpuOyTOB U3 JIEBOHM yacT 0e3 U3MEHEHUsI 3aMbIKaHus: Juis Kaxaon FD u3 S1,
nerepmuHant D {D1, D2, ..., Dn} xoTopoii cogepxut 60iee onxHOro arpudyTa, Oynem
MBITaThCS yAAIsATh aTpuOyThl Di, moyuas muoxkectBo FD S2. Ecnu nocne yaanenus
atpubyta Di S2 skBuBaneHTHO S1, TO 3TOT aTpUOYT yIaseTcst, U MPoOyeTcs CIieTy oI
atpuOyT. [Tomyunnu S3.

3) Vnanenue FD ne mensttorux S. J{ns kaxnoii FD f u3 MHoxkecTBa S3 Oynem npoBepsTh
9KBUBaJIEHTHOCTh MHOXKECTB S3 1 S3 MINUS {f}. Eciu 3T MHOXXECTBa SKBUBAJICHTHBI,
ynanum f u3 MHOkecTBa S3, ¥ B 3aKIFOUEHHE MOJTYYUM MHOXKECTBO S4, KOTOPOE MUHHUMAIBHO
Y 3KBUBAJIEHTHO HUCXOJHOMY MHOXecTBY FD S.

MuHuMaIbHBIM NOKPbITHEM MHOKecTBa FD S Ha3piBaeTcs moboe MuHMMabHOE MHOXKeCTBO FD S1,
SKBHBAJIECHTHOE S.



22. KoppekTHble U HeKOPPEKTHBbIE 1eKOMIIO3UIlUU OTHOIeHu . Teopema Xwura (¢
JA0Ka3aTeIbCcTBOM). MMHUMAJILHO 3aBUCHMbIEe AaTPUOYTHI.
CunTarTCs MPaBIWILHBIMUA TAKUE IEKOMIIO3HUIIMY OTHOIICHUS, KOTOPBIC OOPATUMBI, T. €. HIMEETCSI BO3MOXHOCTh

C06paTL HCXOAHOC OTHOIICHUC U3 JCKOMIIO3UPOBAHHBIX OTHOIIICHUM 0e3 noTepu I/IH(i)OpMaLII/II/I. Taxue JCKOMITIO3HITMH
Ha3bIBAIOTCA JCKOMIIO3UMIITUSAMH 0e3 nmorTepb.

CIIVEAIME_MPOEETH

CIV_HOMER OV MM OIV_GAPT | IS HOM MPOEKT _EVE
2034 Heanos 22000.00 Hearnos
2941 HMeaneHKO 22000.00 2 Heanenxo

Hexommozuuma (1), OrHowenna CIVE 1 CIIV_IIFO
CIV_HOM OV HMA CIY_3APT
2034 Heanoe 22000.00
2041 HpaneHko 22000.00
CIV_HOM TFO_A0M NMPOEET BVE
2034 | Heanoe
2041 2 Heanenko

Hexommosuuma (2)

. Orrowenna CIIVE 1 B3APIL_TIFO

CIV_HOM CITY_HMA CIY_SAF
2034 Heanos 22000.00
2941 Heanenko 22000.00

CIIV_3AFT TTEC_HOM NEQEKT_EVE

22000.00 1 Heanos

22000.00 2 Heanenko

Puc. 7.3 IBe Bo3moxHble nekomnozunnu otHomeHust CJIVKAIIME TTPOEKTDI

Amnanu3 puc. 7.3 MoKa3bIBaeT, YTO B CiIyyae JeKOMNO3ULUH (1) MBI HE MOTEPsUTH HHPOPMALIUIO O CITyKAIUX.
Bropas nexommnosuius He JaeT BO3MOKHOCTH MOJTYYHUTh JaHHBIE O TIPOEKTE CIyXKallero, MocKoabKy MIBaHOB U
VBaHEeHKO MOJTyyaroT OIMHAKOBYIO 3apIUIaTy, CI€IOBaTEeIbHO, 3Ta JEKOMIIO3UIMS IPUBOIUT K MOTEpe HH(OpMAaLUH.
Uro e MpHUBEJO K TOMY, YTO OJIHA JIEKOMITO3HUIIMS SIBJISIETCS JIEKOMIIO3UITUEH Oe3 oTeph, a BTopast — HeT?

Cxema 3TOro OTHOLICHHS], ECTECTBEHHO (IIOCKOJIBKY COSAMHEHHE — ECTECTBEHHOE), COBIIAAAET CO CXEMOM
otHomeHus CIIVKAIIUE TIPOEKTEI, HO B Tene MOSIBUINCH JIMIITHUE KOPTEXH, HAINYNE KOTOPBIX M MPUBOAUT K
yTpaTe UCXOHOU uH(popMaruu. HTYUTUBHO TOHATHO, YTO 3TO MPOUCXOIUT MOTOMY, uTo B oTHOIIeHuH 3APIT TTPO
oTcyTcTBYIOT pyHKIMOHaNIbHBIE 3aBucuMocTr CJIY 3APII->ITPO_HOM u CJIY_3APII->IIPOEKT PVYK, Ho TOuHEE
MPUYHHY TIOTEPU HHGOOPMAIIMU B JAHHOM CIIy4ae Mbl OOBSICHUM HECKOIBKO Mo3Ke. KOppeKTHOCTE e JIEKOMITO3HIIUH
1 cnenyet U3 TeopemMbl XUTa:

Teopema Xwura. Ilycts 3anano orHomenue r {A, B, C} (A, B u C, B 00uiem cityuae, SIBISIOTCS COCTABHBIMU
atpubytamu) u Bemonasietrcs FD AB. Toraa r = (r PROJECT {A, B}) NATURAL JOIN (r PROJECT {A, C}).



CIVEAIME _OTIENH _IPOERTH

CIV_HOM CIry_OTI MPO_HOM
2934 630 1
2941 63l 1
2934 630 2
2941 63l 2

JexoMmosnumna.
OrHomenua CIVE_OTIEH u CIIVE_IPOEETH
CIV_HOM CIV_0TH
2934 630
2941 63l
CIY_HOM B _HOM
2934 |
2941 |
2934 2
2941 2

Puc. 7.4. PesynpraT ectectBenHoro coeannenus orHomennii CJIVK u 3APIT_TTPO
JokazaTeabcTBO.

[pex e Bcero, TOKaKeM, 4TO B Telle pe3yiIbTaTa eCTECTBEHHOTO COSAMHEHMS (0003HAUYMM ITOT pe3yiIbTaT uepes
rl) comeprkaTcs Bce KOPTEXKHU Tela OTHOLIECHHMS T. JleHcTBUTENBHO, MyCTh KOPTeX {a, b, ¢} mpunaanexwur r. Toraa mo
OTIPEIICJICHHIO OTEepaLny B3ITUs npoekuun {a, b} npunamnexur (r PROJECT {A, B}) u {a, c} npunaanexwur (r
PROJECT {A, C}). CnenoparenbHo, {a, b, c} npuHaanexut rl. Teneps nokakeM, 4To B Telle pe3yibTaTa
€CTECTBEHHOTO COSIMHEHUSI HET JINIITHUX KOPTEKEH, T. €. UTO eClii KOpTex {a, b, ¢} mpunamiexur rl, To {a, b, c}
npunaanexur r. Ecmu {a, b, ¢} - npuHaanexur rl, To cymecTByioT {a, b}, npunamnexaiee (r PROJECT {A, B}), u
{a, ¢} , mpunamiexaree (r PROJECT {A, C}). [locienHee yclioBHEe MOXKET BBITIOJIHATHCS B TOM M TOJIBKO B TOM
cilyyae, KOTAa CyHIecTBYeT KopTex {a, b*, c}=r. Ho mockonbky Bemonnsercst FD AB, To b = b* u, cnegosatensHo,
{a, b, c} = {a, b*, c}. Konen qokazartejibcTBa.

ATpudyT B MUHMMATBbHO 3aBMCHT OT aTpUOyTa A, €Cli BHIOIHIETCS MUHIMalbHas cieBa FD AB.



23. MuHuManbHble (PYyHKIHOHAJIbHbIC 3AaBUCHMOCTH. AHOMAJINH, BOSHHKAKOIIME U3-32 HAJIMYHSA
HeMuHUMAJIBLHBIX FD. [IpuMep nekoMno3uuuu, pemamwuiuii npodjaemy. 2HD.
ATpuOyT B MUHIMAJILHO 3aBHCHUT OT aTpUOyTa A, €ClM BBINOIHIETCI MUHIUMalbHas cinesa FD AB.

AHOMaJIMM 00HOBJIEHHUS, BOSHUKAIOLIHE U3-32 HAJIUYMS HeMUHUMAIBbHBIX FD

Bo muoxkectBo FD otHomenust CJIVKAIIME TTPOEKTBI 3AJIAHUA Bxoaut muoro FD, B koTOpBIX
JETEPMUHAHTOM SIBJISIETCS] HE BO3MOKHBIN KJIFOY OTHOLLIEHHUS (COOTBETCTBYIOLIME CTPEIKU B JUarpaMMe HaunHAIOTCs
He ¢ {CJIY _HOM, I[TPO _HOM}, 1. e. HekoTOpbI€ (hYHKIIMOHAIBHBIC 3aBUCMOCTH aTPHOYTOB OT BO3MOYKHOI'O KJIH0Ya
HE SIBIISIOTCSI MUHUMAJIBHBIMH ). DTO IPUBOAMT K TaK HA3bIBAEMBIM aHOMaIHAM OOHOBIeHU. [log aHoMaIusiMu
00HOBJIEHMS TOHUMAIOTCS TPYIHOCTH, C KOTOPHIMH MTPUXOJUTCS CTAIKUBATHCS MTPH BHITIOJTHEHUHN OTIepaiui
nobasnenus koptexeit B orHomenue (INSERT), ynanenus koprexeii (DELETE) n mogudukanun koprexeit
(UPDATE). Ob6cyanm cHauaaa aHOMAaJIuH OOHOBJICHHMSI, BRI3bIBaeMble HammaneM FD
CJIY_HOM->CJIY_VPOB (31n aHOMamnuu CBsi3aHbl ¢ U30BITOYHOCTBIO XpaHeHus 3HaueHuit arpubyros CJIY _YPOB
u CJIY _3APII B ka)KJJ0M KOPTEXKE, ONMUCHIBAIOIIEM 33JaHHUE CITY)KAIIEr0 B HEKOTOPOM MPOEKTE).

1) JobaBaenne koprexeii. Mu1 He MoxkeM monoiuauTh otHOoeHue CIIYKAIIWUE TTPOEKTHI 3AJJAHUA
JaHHBIMH O CITy’KallleM, KOTOPBIH B JaHHOE BpeMs elle He ydacTByeT HU B ogHoM npoekte (IIPO_HOM
SBJISIETCS YACTHIO MIEPBUYHOTO KIIF0UA M HE MOXKET COJIepKaTh HEONpeIeNIeHHbIX 3HaueHHi). Mexay TeM
4acTo OBIBAET, YTO CHaYalla CIIy’Kallero MpUHUMAl0T Ha paboTy, YCTaHABIIMBAIOT €T0 Pa3psia U pa3Mep
3apIUIaThl, a JIMIIb TIOTOM Ha3HAy4aroT AJIs HETO MPOEKT.

2) Ypanenue koprtexeii. Mol He MoxkeM coxpanuTh B oTHomeHnu CIIY X KAIIWUE TTPOEKTBI 3AJIAHUA
JaHHBIE O CITy’KallleM, 3aBEPIIMBILEM Y4acTHE B CBOEM MOCIEIHEM IPOEKTE (110 TOH MPUYUHE, YTO 3HAUCHHE
atpuOyta [IPO_HOM pn71s1 3TOTO CyKallero CTAHOBUTCS HEOIIpeAeeHHbIM). MEXIy TeM XapaKkTepHa
CHUTYyaIusl, KOT/Ia MEX/Ty TPOEKTaM1 BO3HUKAIOT IEPEPHIBHI, HE MPUBOAIINE K YBOIHHEHHUIO CITY KaIlUX.

3) Moaudukanus kopresxeii. UToObI U3MEHUTH pa3psal CIyKalIero, Mbl OyJeM BBIHYXACHBI MOAU(DUIUPOBATH
BCE KOPTEXKH C COOTBETCTBYIOMUM 3HaueHueM atpudyra CJIY HOM. B npotuBHOM cirydae OyaeT HapyIieHa
ecrectBerHas FD CJIY _HOM->CJIY _VYPOB (y omHOT0 ciyKaliero uMeeTcs TOJIbKO OAMH Pa3psm).

Bo3mo:kHasi nekoMnosunus

g mpeofonenns 3TUX TPYJHOCTEN MOXKHO IPOU3BECTH JEKOMIIO3HLIUIO IEPEMEHHON OTHOILIEHHS
CIIYKALLIUE ITPOEKTBI 3AJXAHU A na aBe nepemennsix otHomenuit — CJIYXK {CJIY _HOM, CJIY_VYPOB,
CJIY _3APII} u CJIVXK ITPO 3AJIAH {CJIY _HOM, ITPO_HOM, CJIY 3AJ1AH}. Ha ocHOBaHMM TeopeMbl XUTa
3Ta ACKOMIIO3UIMS ABJISIETCS IEKOMITO3ULKEH 6e3 MoTeph, HOCKOJIBKY B HICXOJHOM OTHOLIECHUU MMenack FD
{CJIY_HOM, I[TPO_HOM}->CJIY _3AJIAH.

Ha puc. 8.3 nokazansl quarpamMmmbl MHOKeCTB FD 3Tux oTHOLIEeHUH, a HA puc. 8.4 — UX 3HAYCHUS.

CITY_HOM  |—a={ CIV_VPCOB CIY_HOM

* —|  CITV_3ATTAH

CIIV_3AFTI [TFC_HOM

Puc. 8.3. Inmarpammsl FD B nepemenssix otHomenui CJIYVXX u CJIVXK I1PO_3AZTAH

Tenepb MBI MOKEM JIETKO CIIPABUTHCS C ONIEPALIMSIMUA OOHOBJICHHUS.

Jo6aBnenune koprexxeid. YTOOBI COXpaHUTh JaHHBIE O MPUHATOM Ha paboTy CiIyXallleM, KOTOPHIH eIle He
Y4acTBYET HU B KAKOM IPOEKTE, AOCTATOYHO 100aBUTh COOTBETCTBYIOIINI KOpTex B oTHomeHue CJIYK.

VY nanenue koprexeil. Eciin KT0-To n3 cityamux npekpamiaer paboTy HaJ MPOEKTOM, JOCTATOYHO YAAIUTh
cooTBeTcTBYIOHIMI KOopTexk u3 otHoueHust CJIYIXK TTPO_3AJIAH. [Ipu yBOJIbHEHHH CITY)KAILETO HY)KHO YIATUTh
KOPTEXH C COOTBETCTBYIONMM 3HaueHueM atpudyta CJIY HOM u3 otromennit CJIYXK u CIIYXK ITPO_3AJIAH.

Monudukanus koprexei. Eciu y ciryxaiiero MeHsercs paspsij (4, ClIeI0BaTeIbHO, pa3Mep 3apIuiaThl),
JIOCTaTOYHO MOIU(UITUPOBATh OAWH KOpTexk B oTHOIIeHnU CIIY K.



IHaYeHHe MepeMeHHoN oTHomeHnA CTVE

CIY_HOM CIy_YEOR CITY_3AFT
2034 2 22400.00
2935 i 29600.00
2036 | 20000.00
2937 | 20000.00

JHaueHHe NepeMeHHON oTHOWEHMA CIVE_NPD_ZAIRH

CINV_HOM TTFC HOM CTyY_3ATAH
2934 | A
2035 | B
2936 | C
2037 | D
2934 2 D
2035 2 C
2936 2 B

037 2 A

Puc. 8.4. 3HadyeHns nepeMeHHBIX OTHOIIEHUHN

[lepemeHHast OTHOLIEHUS HAXOJUTCS BO BTOPOi HOpMaibHO# (opme (2NF) Torna, u Tonpko Toraa, Korna oHa
HaXOJHUTCS B IIEPBOH HOPMaJIbHOU (hopMe, U KaXIbli HEKIIOYCBOH aTpUOYT MUHHUMAJIBHO (PYHKIIMOHAIBHO 3aBUCUT
OT IIEPBUYHOIO KJIIOYa.



24. Tpan3utuBHbIe GYHKUHMOHAIBLHBIE 3aBHCUMOCTH. AHOMAJINH, BOSHHKAIOIINE U3-32 HAJTMYHUS
Tpau3uTuBHLIX FD. IIpuMep nexomMno3nuuu, pemammuii npodjgemy. SHD.
AHoMaJIMu 00HOBJIEHHI, BOSHMKAIOIIME H3-32 HAJIMYHUS TPAH3UTHBHBIX (PYHKIHOHATbHBIX 3aBHCHMOCTEI:
OyHKIMOHANIbHBIE 3aBUCUMOCTH NiepeMeHHol oTHomenus: CJIY K nmo-npexxHeMy NOpoXIat0T HEKOTOPhIE
anomayu 00HOBIIeHUs. OHU BRI3BIBAIOTCA HanmaueM Tpan3utusHoit FD CJIY HOM->CJIY 3APII (uepe3 FD
CJIY_HOM->CJIY_VYPOB u CJIY_YPOB->CJIY_3APIIl). OTu anomManuu cBsi3aHbl ¢ U30BITOUHOCTBHIO XPAHEHUS
3HaueHus atpuoyra CJIY 3APII B kaxxa0M KOPTEKe, XapaKTEPU3YIOMIEM CITYXKAIIMX C OJTHAM U TEM K€ Pa3psaoM.
1) Jdo6aBienune koprexeii. HeBO3MOKXHO COXpaHUTH TAHHBIE O HOBOM pa3psie (M COOTBETCTBYIOIIEM €My
pasMepe 3apIuiaThl), IOKa HE MOSBUTCS CIYXKAIIUKA ¢ HOBBIM pa3psioM. (IlepBUYHBIN KITFOY HE MOXKET
coiepKaTh HEOIIPEIeIICHHBIC 3HAUCHIS. )
2) Yaanenue xoprexeil. [Ipy yBOIbHEHNH MOCIETHETO CIYXKAIIETO C TaHHBIM Pa3pa0M MBI yTPaTUM
WH(OPMAITHIO O HATMYMH TAaKOTO pa3psiia U COOTBETCTBYIOIIEM pa3Mepe 3apIiiaThl.
3) Moaudukanust koprexeid. [Ipu n3MeHeHNN pa3Mepa 3apIuiaThl, COOTBETCTBYIONICH HEKOTOPOMY paspsiy,
MBI OyieM BBIHYX/IE€HBI U3MEHUTH 3HaueHue arpudyra CJIY 3APII B kopTekax Bcex CIyXKallux, KOTOPBIM
Ha3Ha4eH ATOT paspsy (uHadye He Oyaert BoimonHAThCS FD CIIY YPOB->CJIY 3APII).

Bo3mo:xkHast nekoMnosunus

g mpeomonenns 3TX TpyJHOCTEN Mponu3BeneM AEKOMITO3UIHIO mepeMerHoil otHomenns CJIYK Ha nBe
nepemenHbix otHomeHu — CJIYXK1 {CJIY _HOM, CJIY _YPOB} u YPOB {CJIY_VPOB, CJIY 3APII}. Ilo Teopeme
XwuTa, 3TO CHOBA JICKOMIIO3HIHS 0e3 MoTeph Mo mpuauHe Haaumaus, Harpumep, FD CJIY _HOM->CJIY YPOB.

Ha puc. 8.5 nokazansl quarpamMMsl FD 3THX epeMeHHBIX OTHOLIEHHH, a Ha PUC. 8.6 — HX BO3MOXHBIE 3HAUYCHUS.

CITY_HCH = CIV_YECR CIy_VEOB = CIIV_3APT

Puc. 8.5. Jluarpammst FD B otHOmenusx CJIVXK1 u YPOB

Kak BumHO 13 puc. 8.6, 310 mpeodpazoBaHue 00paTHMO, T. €. JTF000E TOMYCTHMOE 3HAUEHUE MCXOTHON
nepemenHo otHommenus CJIYK sBisieTca ecTecTBeHHBIM coeHeHreM 3HaueHui otHomenuit CJIYXK1 u YPOB.
Taxoxe MOXKHO 3aMETHTh, YTO MbI H30aBHIIUCH OT TPYJHOCTEH NPH BHITOIHECHUN ONepaliiii OOHOBICHUSL.

HobGapnenune koprexeid. UToObI COXpaHUTh TaHHBIE O HOBOM pa3psijie, J0CTaTOYHO T0OABUTh COOTBETCTBYIOIIUI
KopTex K oTHomeHnio YPOB.

VY nanenue koptexeil. [Ipy yBoIbHEHHH MOCTIEAHETO CIIY>KAIIEro, 00Ia1at0Iero JaHHBIM Pa3paaoM, YAaIIeTcs
COOTBETCTBYIOMUN KOpTexk n3 oTHomeHus CJIYK1, u nanHbIe 0 pa3psne coxpaHsiorcs B oTHomeHun Y POB.

Moaudukanus koprexeid. [Ipu u3menenun pasmepa 3aparbl, COOTBETCTBYIOIIEH HEKOTOPOMY pas3psiy,
nuzMensiercst 3Hauenne arpudyra CJIY_3APII poBHO B osiHOM KopTexe oTHomeHus: Y POB.

JHaueHHe MepaMeHHON oTHOoWeHMA CIIVEL

CITY_HOM CIY_VPOR
2034 2
2935 3
2936 1
2937 1

IHaueHNE NepeMeHHOH oTHomeHA YPOR

CIV_VEOB CIV_3ZAPM
2 22400.00
3 29600.00
1 20000.00

Puc. 8.6. Tena ornomenunt CJIVK1 u YPOB

ITepeMeHHas oTHOLIEHUSI HAXOAUTCS B TpeTbeil HopMaabHOU ¢opMme (3NF) B ToM U TOJIBKO B TOM cllydae,
KOTJIa OHa HAXOJUTCSI BO BTOPOI HOpMalbHOU popMe, M KayKAbIi HEKIIOYEBOH aTpuOyT HETPAaH3UTUBHO
(YHKLIMOHAIBHO 3aBUCHUT OT IIEPBUYHOTO KIIIOYA.



25.

OTHOILUCHHUSA.

He3aBucumble npoeknuu oTHoueHunii. Teopema Puccanena (0e3 noka3arejibcTBa). ATOMapHbIe

Heo0Oxomumble 1 TOCTaTOYHBIE YCIOBUS HE3aBUCUMOCTH TMPOCKITNH OTHOIICHUS 00SCIICUNBACT TeopeMa
Puccanena:

[Ipoexiuu r1 1 12 OTHOIIEHUS I SBJISIOTCS HE3aBHCHUMBIMHU TOTJa M TOJIPKO TOT/Ia, KOT/1a:
e xaxnas FD B oTHoweHuu r noruyecku ciaenyet u3 FD B rl u 12;

L4 O6H_II/IC anI/I6YTLI rlur2 o6pa3y}0T BO3MOSKHBIHN KJTFOU XOTS OBl JJIL OJHOT'O U3 OTHUX OTHOILICHUH.

ATOMapHI)IM OTHOIIICHMUEM Ha3BIBACTCSA OTHOIICHUEC, KOTOPOE€ HEBO3MOXKHO JEKOMIIO3UPOBATH HA HE3aBUCHUMbBIC
MMPOCKIUH.



26. IlepexpbiBalonuecss BO3MOKHbIE KJIIOYH, AaHOMAJINU 00HOBJIEHHS , BOSHUKAIOIINE U3-32 UX
Haauvuda. Hopmansnasa ¢popma boiica-Komna.

PaccMoTtpum ciyyaii, korja y OTHOIIEHUS] UIMEETCSl HECKOJIBKO BO3MOXKHBIX KIIIOYEH, 1 HEKOTOPBIE U3 ATHX
BO3MOXHBIX KITIOUEH «II€PEKPBIBAIOTCS», T. €. COAEpKaT 00IIre aTpuOyTHI.

AHOMAaJHuHM 00HOBJIEHHUI, CBA3aHHbIE C HAJMYHEM NePeKPbIBAIIINXCH BO3MOKHBIX KJII0YeH

Hanpumep, nycts umeercs nepemennast ornomenust CJIVIK TTPO _3AJAH1 {CJIY_HOM, CJIIY UM,
ITPO_HOM, CJIY 3AJIAH} ¢ maOXecTBOM FD, moka3zanHbeIM Ha puc. 8.7.

> CIY_HOM
TBC,_HOM
\H\\i
P CIV_3AITRH
w| OV i -
[IE0_HOM

Puc. 8.7. Inarpamma FD otnomenus CJIYK TTPO 3AJIAHI

B otnomennu CJIVK TTPO _3AJIAH1 ciyxainue yHUKaIbHO HACHTHQHUIMPYIOTCS KaK 10 HOMepam
YIOCTOBEPEHUH, TaK U 110 uMeHaM. CrefoBatenbHo, cymectBytor FD CJIY _HOM->CIIY _MMS u CJIY _UMS-
>CJIY_HOM. Ho oaun ciayamui MOXET y4acTBOBATh B HECKOJIBKUX MPOEKTAX, TO3TOMY BO3MOKHBIMU KIIFOYaMH
spisitoTest {CJIY_HOM, ITPO_HOM} u {CJIY_UMS, [IPO_HOM}. Ha puc. 8.8 mokazaHO BO3MOKHOE 3HAUCHHE
nepemenHoi otHomenus CJIYK TTPO 3AJIAHI.

CITY_HOM CITY_HMA ITFC_HOM CIIY_3a02H
2034 Meanor | A
2941 Heanenko 2 B
2034 Meanor 2 B
2041 Heanenko | A

Puc. 8.8. Bo3moxnoe 3Hauenne nepemenHoit otnomenus CJIYVXX [TPO _3AJTIAH1

OueBuaHo, uto, x0T B otHoeHun CJIYK TTPO 3AJIAH1 Bce FD HexinroueBBIX aTpuOYTOB OT BO3MOKHBIX
KIIFOYEH SIBIIAIOTCS MUHUMAJIBHBIMU U TpaH3UTUBHBIE FD OTCYTCTBYIOT, 3TOMY OTHOIIEHHIO CBOMCTBEHHBI aHOMAIIUN
oOHoBieHus. Hanpumep, B ciyyae n3MeHEHUsI IMEHH CiTyskaliero Tpedyercst oonosuts arpudyt CJIY _HMS Bo Beex
koprexxax otHomenus: CJIYIK TTPO_3AJIAH1, cooTBeTcTBYIOMMX JaHHOMY cliyxamiemy. MHaue OyneT HapyieHa
FD CJIY_HOM->CJIY MM/, u 6a3a 1aHHBIX OKaXXETCSI B HECOTIACOBAHHOM COCTOSIHUH.

HopMmaabnas gopma Bboiica-Kogaa

[IpuurHOI OTMEUEHHBIX aHOMAJTH sIBJIsieTCs TO, 4To B TpeboBanusix 2NF u 3NF He TpeboBanack MUHUMAIIbHAS
(YHKIIMOHABHAS 3aBUCUMOCTD OT MEPBUYHOTO KIFOUa aTPUOYTOB, SBISIONIMXCS KOMIIOHEHTAMH JIPYTHX BO3MOYKHBIX
kmoueit. [Ipobnemy pemraer HopMasibHas Gopma, KOTOPYO HCTOPHUUYECKH IIPUHATO HAa3bIBaTh HOPMAIbHOM (hopMOit
Boiica-Kogna un xotopas sensercs yrounenreM 3NF B ciydae HaIU4Hs HECKOJNBKHUX MEPEKPBIBAIOIINXCS BO3ZMOKHBIX
kmouei. [lepemenHas oTHOIIEHUs HaxoauTcsa B HopManbHOU dopme boiica-Koxna (BCNF) B Tom 1 TonbKO B TOM
ciydae, Korja Jiro0ast BRIIOTHIeMast sl 3TOW NIePEMEHHON OTHOIICHUS HeTPUBHAIbHAs U MUHUMalbHast FD nMeet B
KauecTBE JIETEPMUHAHTA HEKOTOPHIH BO3MOXKHBIN KITIOY JAHHOTO OTHOLIEHMS.

[lepemennas otHomenust CJIVXK [TPO 3AJIAH1 moxer ObiTh npuBenena k BCNF myrem oxHoil n3 aByx
JIEKOMITO3HIIHIA:

1) CJIIY2K_ HOM HMA {CJIY_HOM, CJIY UM} u

CJIYX _HOM ITPO 3AIAH {CJIY HOM, ITPO_HOM, CJIY _3AJIAH}

2) CJIYXX_HOM_ UMM {CIIY_HOM, CJIIY_UMSA} u

CIIYK_MMS TTPO_3AJIAH {CIIY_ MM, ITPO_HOM, CJIY 3AJIAH} (FD u 3HaueHus pe3yIbTUPYIOIIIX
MIEPEMEHHBIX OTHOLLIEHUH BBITTIAAAT aHAIOTUYHO).

OueBuAHO, UTO KaXAasl U3 JEKOMIIO3ULIUI yCTpaHsIeT TPYAHOCTH, CBI3aHHbBIE C OOHOBJICHUEM OTHOLICHUS
CIYX_ITPO 3AJJAHI.



27. MHoro3Ha4yHble 3aBUCMMOCTH. J[BOiiCTBEHHOCTh MHOTO3HAYHOI 3aBUCUMOCTH. JleMMa
®Deiiknna. Teopema Deiigkuna (¢ 10Ka3aTeILCTBOM).

B niepemennoit otHomienus R ¢ arpudyramu A, B, C (B o01iem ciry4ae, COCTaBHBIMH ) IMEETCSI MHOTO3HAYHAS
3apucuMocThb B oT A (AB) B TOM 1 TOJBKO B TOM CiTydae, KOTJa MHOXECTBO 3HAaUeHHU aTpubyTta B,
COOTBETCTBYIOIIEE TTape 3HaUCHMM aTpuOyToB A u C, 3aBUCUT OT 3HAYCHUS A W HE 3aBUCHT OT 3HaueHwms C.

MHoro3Ha4HbIC 3aBUCUMOCTH 00JIaJITAI0T MHTEPECHBIM CBOMCTBOM «JIBOMCTBEHHOCTH», KOTOPOE IEMOHCTPHUPYET
CIIeyIoas JemMma.

Jlemma @eiimxuna

Ecmu B orHomenun R {A, B, C} Bemonnsercs MVD AB, To Bemonnsercs MVD AC. (3amuceiBaercs kak A-
>>B|C).

Joxka3zatenbcTBo JemMmbl. [lycte <a,b,c’> npunagmexur r u <a,b’,c> mpunHamiexur r. M3 toro, uto A-
>>B cneayeT, 4to <a,b’,c>=<a,b,c> npHHAJICKHUT I, CJICJOBATEIBHO, C OT b HE 3aBHCHUT, HO 3aBUCHT OT a. [1o
onpenencanio A->>C.

Jloxa3zano.

Taxum o6pazom, MVD AB u AC Bcerna coctaisitor napy. [103roMy 00bIMHO MX MPENCTABISIOT BMECTE B
¢dopme A->> B | C.

FD sBisiercst yactHbIM citygaeM MV D, korma MHOKECTBO 3HAUCHUN 3aBUCUMOTO aTpruOyTa 00s13aTEIHHO COCTOUT
13 OJIHOTO 3neMeHTa. TakuM oOpa3om, eciu BeimonHseTcss FD AB, To Bemonasiercs u MVD AB

Teopema @elip:kuHa

r PROJECT (AB) NJ r PROJECT (AC) =r Toraa u ToabKo Toraa, korna A->>B|C. (To ecTh OTHOIIEHHE
JEKOMIIO3UPYETCs 0€3 OTEPh)

JoxaxeM 10CTATOYHOCTH YCJIOBHS TEOPEMBI.

[lycth <a,b,c’>wu <a,b’,c> npunamnexar r. CieaoBaTeNIbHO, <a,b> NpuHAISKUT rl <a,c> NPUHAMICKUT 12.
CrnenoBatensHo, <a,b,c> mpuHamnexurt rl NJ r2. 3HauuT, <a,b,c> npunammexwur r. Ilo onpenenennro A->>B|C.

Joxa3zaTenbcTBO HEOOXOAMMOCTH YCJIOBHS TEOPEMBbI.

1) Ilpeanonoxum, uro <a,b,c> NPUHAIJICHKHUT I' , CIICTOBATEIBHO, <a,b> MpUHAIICKUT rl <a,c>
npuHauIexuT 12. CnemoBarenbHo, <a,b,c> mpuHamiexut rl NJ r2.

2) U3 Toro, uro <a,b,c> mpunamiexur rl NJ r2, cnenyer, uro <a,b> npunHamiexur rl <a,c>
MPUHAUICKHUT 12. 3HAYMT, CYIIECTBYIOT Takue <a,b,c’>wu <a,b’,c>, mpHHAJICKAIIUE I, YTO
<a,b,c> TakKe IPUHAMICKUT I (T.K. CYIIECTBYET MHOTO3HAYHAS 3aBUCUMOCTh A->>B|C)

Konen 1oka3aTeabcTBA.

Teopema DeitkuHa 00ecrieurBaeT OCHOBY IS ACKOMITO3UIIMKA OTHOIIICHUH, YAAJSIONICH «aHOMAJIbHBIC)
MHOTO3HAYHbIE 3aBUCHMOCTH, C TIPUBEJICHUEM OTHOIIIEHHU B UETBEPTYIO HOPMAIBHYIO (OpMY.

(mpum. [lokazaTenbcTBa JIEMMBI M TEOPEMBI B3STHI U3 JIeKInid Marin)



28. MHoro3Ha4yHble 3aBUCMMOCTH. AHOMAJIMU, BO3HUKAaOuUe u3-3a Haauuusg MVD. Ilpumep
JAEeKOMIIO3M MM, pelauuii npodaemMy (Ha yeM ocHoBbIBaeTcs1). 4H®. HeTpuBuanbHasi M TPUBHATbHAA
MHOT03HAYHbIE 3aBHCHMOCTH.

B niepemennoii otHomienus R ¢ arpudyramu A, B, C (B o01iem city4ae, COCTaBHBIMH ) IMEETCSI MHOTO3HAYHAS
3aBHCHMMOCTB B oT A (AB) B TOM 1 TOJIbKO B TOM Clly4yae, KOI'/Ia MHOXKECTBO 3HauYeHui arpudyTa B,
COOTBETCTBYIOIICE Mape 3HaueHMI aTpuOyToB A 1 C, 3aBUCHUT OT 3HaUCHUs A W HE 3aBHCHUT OT 3Ha4eHus C.

UToOBI mepeiTH K BOIIpOcaM JaTbHEHUIIISH HOpMaTU3allii, PACCMOTPHM €Il OJTHY BO3MOXKHYIO (ETBEPTYIO)
nHaTepnperanuio nepemennoit ornomenwst CJIYK TTPO_3AJIAH. [Ipeamnonosxum, 9To KaXKIbIA CITy>KaITuil MOYKET
Y4acTBOBATh B HECKOJIEKHX IMPOEKTAX, HO B KAXKJIOM MPOEKTE, B KOTOPOM OH Y4aCTBYET, M JIOJKHBI BBITTOIHSATHCS
OJTHU W Te ke 3a1anusl. Bo3MokHOe 3HaueHue yeTBepToro Bapuanta nepemernoi orHomenus CJIVK T1PO 3AJIAH
MoKa3aHo Ha puc. 9.1.

CITY_HOM IR HOM CITY_2ATAH
2934 1 A
2934 1 B
2034 2 A
2034 2 B
2941 1 A
2041 1 D

Puc. 9.1. Bo3moxxnoe 3nauenune nepemenHoit otHomeHust CJIYK [TPO 3AJIAH (ueTBepTslit BApHaHT)

AHoMaIuM 00HOBJIEHUI NIPH HAJTUYUM MHOTO3HAYHBIX 3aBHCHUMOCTEH U BO3MOKHAS 1eKOMIIO3M LM

B HOBOM BapuaHTe NepeMEeHHON OTHOIICHUS €IMHCTBEHHBIM BO3MOKHBIM KIIFOUOM SIBJISIETCS 3aT0JIOBOK
otnomenus {CJIY _HOM, [TIPO _HOM, CJIY 3AJIAH}. KopTex {cH, 1H, C3} BXOJUT B T€JIO OTHOLICHHUS B TOM U
TOJBKO B TOM CIy4ae, KOrJa CIyKallli ¢ HOMEPOM CH BBIMOJHIET B IPOEKTE MH 3a1aHue c3. [lockonbky st
Ka)KJIOTO CIIYXAaIIeTo YKa3bIBaIOTCS BCE MPOCKTHI, B KOTOPHIX OH YYaCTBYET, U BCE 3aJIaHUS, KOTOPHIC OH JODKCH
BBITIOJHATH B 3THX MPOEKTaX, IS KaKJ0To JOIMyCTUMOTro 3HaueHus nepemerHoit otHomenus CJIVIK ITPO 3ATAH
JIOJDKHO BBITTONHATHCS cneaytoriee orpannderre (B CII3 o0o3HavaeT Teno OTHOIICHHUS):

= =
IF ({cHE, o, n::3l} BI:]13 AND {eomH, IIH .:32} B ]

1 A Cos

=
THEN ({cH, 1H_, -:32} Bn:n

. M]D{u:H,m—I,u:3l}EB

2 2 cos !

Hannuue takoro orpanndenys (Kak Mbl CKOPO YBUIUM, 3TO OTPaHUYCHHUE TOPOKAAETCS HATHIHEM
MHOT'0O3HAYHOW 3aBUCHMOCTH) IPUBOIUT K TOMY, 4T0 Ipu padote ¢ otHomenuem CJIVIK TTPO _3AJIAH
MIPOSIBJISIIOTCS] aHOMAJIUK OOHOBIICHHSI.

1) Jdo6aBuaenue kopresxka. Eciau yxe yyacTBYHOUIMI B IPOEKTAX CIy>KaIlUKA MPUCOECTUHSAETCS K HOBOMY
MIPOEKTY, TO K Teny 3HaueHus nepemerHoi otHomenus: CJIVIK ITPO_3AJIAH tpeGyercst 1o6aBUTh
CTOJIBKO KOPTEXEH, CKOJIBKO 3aJaHUI BBIIOIHSET 3TOT CIIYKALLNM.

2) Ynpajgenune koprexeil. Eciy cinyxamuil npekpamaeT y4acTUe B IPOEKTAX, TO OTCYTCTBYET
BO3MO>KHOCTh COXPAHMTh JaHHBIE O 3a/1aHUAX, KOTOPBIE OH MOKET BBITIOJHSTD.

3) Moaundukamus kopre:xeii. [Ipu n3MeHeHNUN OAHOTO U3 33/IaHUH CITYKaIIeTo He00XOUMO U3MEHHUTh
3nauenue atpudyra CJIY 3AJIAH B CTONBKHUX KOPTEXaX, B CKOJIBKHX MPOEKTaX y4acCTBYET
CITy>Kalllui.

TpynuocTH, cBsizanHble ¢ 00HOBIeHHEeM nepemerHoi oTHomeHus CJIYIK TTPO 3AJIAH, pemaroTcs myTeM ero
JIEKOMITO3HIIMH Ha JIBe epeMeHHbIX oTtHoureHuit: CJIYK [TPO_HOM {CJIY_HOM, [TPO_HOM} u
CIIVK 3AJJIAHUE {CJIY _HOM, CJIY 3AJIAH}. 3HadeHus 3TUX MEPEMEHHBIX OTHOIIIEHHUH, COOTBETCTBYIOIIIHE
3HaueHuto nepemennoit otnomenust CJIYIK ITPO _3AJIAH c puc. 9.1, mokazans! Ha puc. 9.2.



Jlerko BUAETD, UTO JCKOMIIO3UITHS, TIPEICTABIICHHAS Ha pyC. 9.2, SIBISICTCS TEKOMITO3UIIAEH 0€3 MOTeph U UTO 3Ta

JIEKOMIIO3HIINS PellacT MepeUNCICHHBIE BBIIIE TPOOIEMbI ¢ 0OHOBIICHUEM IIEPEMEHHOM OTHOIICHUS
IHaueHHe NepeMeHHol oTHoWeHHA CIIVE_IIPO __HOM

CITV_HOM IEDHOM
2934 |
2934 2
2041 |
IHaYeHHe NepeMeHHol oTHomeHnA CIIVE_AAJAHIE
CITV_HCM CIV_3478H
2934 A
2934 B
294] A
2941 D

CJIYK_ITPO _3AJTAH.

Puc. 9.2. 3navenns nepemennsix otHomennid CJIYK TTPO HOM u CJIY XK 3AJTAHUE

Hob6asnenue xkoprexa. Eciy HEKOTOPBIH yKe y4acTBYIOLIMK B IPOEKTaX CIYXKaIIUi NPUCOSAUHACTCS K HOBOMY
MIPOEKTY, TO K Teny 3HaueHus nepemennoi otHomenus: CJIVK TTPO_HOM tpebyercst 10OaBUTH OJJMH KOPTEK,
COOTBETCTBYIOLINI HOBOMY IPOEKTY.

VY nanenue xoptexeil. Ecnu ciyxamuil npekpam@aer yyacTie B IPOEKTax, TO JAHHBIE O 3a1aHUAX, KOTOPBIE OH
MOJKET BBITIOJIHATE, ocTatoTcs B oTHomennu CJIIYK 3AJTAHUE.

Moandukanus koprexeid. [Ipy n3MeHEeHUN OIHOTO U3 3aJaHHUI CITy>KaIlero He0OX0IMMO U3MEHUTH 3HAUCHHUE
atpubyrta CJIY 3AJIAH B onHom kopteske otHomeHus CJIVIK 3AJIAHUE.

[lepemeHHast OTHOLIEHUS I HAXOANUTCS B YeTBePTOH HOpMaIbHOI (popme (4NF) B ToM 1 TONBKO B TOM ciyyae,
korza oHa Haxoautcs B BCNF, u Bce MVD r sBnstorest FD ¢ gerepMuHaHTaMu — BO3MOXKHBIMHU KITFOYaMU OTHOILLIEHHS

r (HeT MHOTO3HAa4YHBIX 3aBHCUMOCTEN).



29. N-nexommnosupyemble oTHoueHus. [lpumep gexommoznuuu. 3aBUCUMOCTH
NpoeKIU/coeTUHEHUS].

B nepemennoii otHomenus R ¢ arpuOyramu (Bo3mMoxxHO, cocTaBHEIMU) A 1 B MVD AB nazbiBaetcst
TPUBHAIBHOI, eciu 60 AB, mu6o A UNION B coBnagaer ¢ 3aroioBkom otHomieHus R.

HerpuBunaabHasi MHOTO3HAYHAS 3aBUCUMOCTh: CYIIECTBYEeT MHOTO3HaYHas 3aBUcUMOCTh A->>B|C, HO HeT
($yHKUMOHANBHBIX 3aBuUcuMocTel A->B nu A->C.

Tpusuansaas MVD Bcerna yaosnerBopsiercs. [Ilpu AB ona Beipokgaercs B TpuBnaibHyio FD. B cnyuae A
UNION B = HR 1peboBaHus MHOIO3HAYHON 3aBUCUMOCTH COOJIIOAI0TCS OUEBHIHBIM 00Pa30M.

OTHoLIECHHE HAa3bIBACTCS N-AE€KOMIIO3MPYEMbIM, €CTh €r0 MOXKHO JEKOMIIO3UPOBATh Ha N yacTeil.

st mpuMepa n-eKOMITO3UPYEMOT0 OTHOIIEHHUS TTPH N > 2 paCCMOTPUM IISATHIN BapHAHT IIEPEMEHHOMN
otHomenust CJIVIK _TTPO_3AJIAH, B koTopoii nMeeTcsi eTMHCTBEHHO BO3MOXxHbIH kitou {CJIY _HOM, [IPO_HOM,
CJIY_3AJIAH} u oTcyTcTBYIOT HeTpuBHaidbHbIe MVD. IlprMep 3HaUEHNS TEPEMEHHOM OTHOIIICHNS TPUBEEH Ha

puc. 9.3.
BoasoHoe THaveHne nepeMeHnoil oTHOWe A CITVE,_OPO_3ATAH (4Tl BapiauT)
CIYF_HOM TIPO_HOM CIY_SANRH
2934 1 A
2934 [ B
2934 2 A
2941 1 A

.gl!H‘IEE{I!L’ [IE'p';‘.'-!EI-I]-IDﬂ OTHOIEHMH CM_HPG_HGH

(CTIVE_NPO_3ANAH PROJECT (CTV_HOM, TPO_HOM))

CIY_HOoM MEG_HCH
2914 I
2934 2
2941 I

IHageHNE [I:!'p-;!.'.!ﬂ'l-l]-ml! OTHOWEHNH CIYE_3SATAHUE =
(CTIYE_IPO_SAIDAH FPROJECT (MPQ_HOM, CIIV_3AJAH))

MBO_HOM CV_3ATAH
1 A
1 B
2 A

Juauenie nepeMeHHON OTHOWeHIN CIVE_MPO_HOM =
(CIYE_TEPOQ_3ATAH PROJECT (CMY_HOM, CIV_3ANAH))

CITY_HoM CY_3ATaH
2934 A
2934 B
7941 A

PezyNETaT ecTeCTREHHOTO COCTHHEHHA IHAMEHII
CTVE_IPO_HOM MATURAL JOIN MPO_HOM_SAHNAH

CITY_HOM TP_HOM CITy¥_3AJIAH
2034 1 A
2934 1 B
2934 2 A
2941 1 A Tl
2941 1 B -

Puc. 9.3. Bo3moxxnoe 3nauenue nepemenHoit otHommeHust CJIYK ITPO 3AJIAH (msteiii BapuaHt), pe3ynbTaTbl
MPOEKIHIA U pe3yIbTaT YaCTUIHOTO ECTECTBEHHOTO COSINHEHHUS

Kak nmokasano Ha puc. 9.3, pe3ynbTar ecrectBeHHOro coenunenus npoekuuii CJIVK [TPO HOM un
IMTPO_HOM 3AJIAH moutu coBmanaet ¢ tenom ucxoanoro otHomenus CJIYIK TTPO 3AJIAH, Ho B HeM
MIPUCYTCTBYET OAWH JIMITHUN KOPTEK, KOTOPBI HCYE3HET MOCIIE BHITOTHEHUS 3aKTFOUNTEIEHOTO €CTECTBEHHOTO



coemunaenwms ¢ poekiueit CJIYIK 3AJIAHUE. Uutarensam npeiaracTcs yOeIUThCS, 9TO HCXOIHOE OTHOIIICHHE
OyJeT BOCCTAHOBJICHO MPH JIIOOOM TOPSAKE €CTECTBEHHOTO COSAMHEHUS TPEX MPOSKIINH.

3aBHCHMOCTL IPOEKLMH/COeIMHEHHS

Ecnu cy»xammii ¢ HOMEpOM CH y4acTBYET B IPOEKTE IH, U B IPOEKTE ITH BBIMOJIHACTCS 3a/1aHUE C3, U CITy KaILUi
C HOMEPOM CH BBIIIOJIHSIET 3a/laHKE C3, TO CIIY’>KaIlMi ¢ HOMEPOM CH BBITIOJIHACT 3aJaHUE C3 B IIPOEKTE IIH.

B o0miem Buze Takoe orpaHUueHUE Ha3bIBACTCS 3aBUCHMOCTBIO MPOEKIMH/COeIMHEHNS.

®opMmajibHOE ONpeneseHHe:

[TycTh 3amana nepemennast oTHomeHus R, 1 A, B, ..., Z SABIAIOTCS TPOU3BOILHBIME ITOIMHOKECTBAMH
3arojoBka R (cocTaBHBIMH, IEPEKPHIBAIOLIMMUCS aTpuOyTaMu). B nepemenHoii otHomeHus R ynosaerBopsiercst
3aBUCUMOCTD npoeknun/coequnenns (Project-Join Dependency — PID) *( A, B, ..., Z) Torna u ToinbpKo TOTJa, KOraa
m000€e JOMyCTUMOE 3HaYCHHUE T TIEPEMEHHON OTHOIIEHHS R MOXKHO MOTYyYHUTh MyTEM €CTECTBEHHOTO COEANHEHNUS
MPOEKIHIA ATOT0 3HAYeHUs Ha aTpuOyTHl A, B, ..., Z.



30. AHOMAaJIMM, BOBHUKAIOIIME U3-32 HAJIMYHUS 3aBUCUMOCTH NpoeKkuun/coequnenns. Ilpumep
JEeKOMIIO3M MU, pemamuii npodjaemy. SHD.

B nepemennoii otHomenust CJIVK TTPO_3AJIAH Bemonusiercs PJD *({CJIY_HOM, ITPO_HOM},
{ITPO_HOM, CJIY_3AlAH}, {CJIY_HOM, CJIY_3AJIAH}). Hannuue takoii PJD obecneunBaet BO3MOKXHOCTh
JEKOMIIO3UIINY OTHOLICHHSI HA TPH MPOEKIIMH, HO BO3HUKAET BOIIPOC, 3a4€M 3TO Hy>KHO? UeM II0X0 UCXO0mHOe
otromenue CJIYXK TTPO 3AJIAH? OtBer OOBIYHBIN: 3TOMY OTHOIIIEHUIO CBOWCTBEHHBI aHOMaK OOHOBIICHUS. [lyis
npuMepa npeanonoxum, 9to 3HadenneM CJIYIK T1PO 3AJIAH sBnsercs oTHoIeHUE, TOKa3aHHOE Ha puc. 9.4.

1) To6aBaenne koprexeii. Eciiu k TCII31 (puc. 9.4) nobasisiercs koprex <2941, 1, A>, To A0/KEH OBITH
no0aBieH U KopTex <2934, 1, A>. JlelicTBUTENBHO, B TeJIe OTHOIICHHUS MOSBITCS KOpTexu <2934, 1, B>,
<2941, 1, A>u <2934, 2, A>. OrpaHiueHHe [IEJIOCTHOCTH TPEOyeT BKIIIOUEHHUS 1 KopTexka <2934, 1, A>,
WnTtepecHo, uro nodasnenne koprexa <2934, 1, A> He HapylIaeT orpaHUYeHHEe LETOCTHOCTH U, TEM CaMbIM,
He TpebyeT nobapneHus kopTexa <2941, 1, A>.

BossmodHOoe 3HAYEHHE Me peneH HO OTHOLIEHH A
CIVE_IPC_SAMAH (TCII31)

CITY_HOM TR HOM CITY_23AT0AH
2934 | B
2934 2 A

Peavnwrar nobarnenna k TCII3] kopresa <2941, 1, &= (TCII32)

CITY_HOM TR HCM CITY_2ATRH
2034 1 B
2934 2 A
2041 1 A
2934 1 A

Puc. 9.4. Unmoctpanuu aHomanuii oonosnenus B otHomeHnn CJIIYXX TTPO 3AJIAH npu Hannunn
3aBUCHMOCTH COEINHEHUS
2) Ynanenue kopresxka. Ecau uz TCII32 ynansercs koptex <2934, 1, A>, To n10KeH OBITh yAaIEeH U KOPTEX
<2941, 1, A>, NOCKOJIbKY B COOTBETCTBUU C OTPAaHUYEHUEM IIEIIOCTHOCTU HAJUYHE BTOPOrO KOPTEXKa
O3HauaeT Hajmu4re nepBoro. MuTepecHo, 4to yaaneHue koprexa <2941, 1, A> He HapymaeT orpaHHYEHUS
LEJIOCTHOCTH U HE TpeOyeT AOTONHUTENbHBIX YAaICHHUH.
Ycrpanenue aHoMaJinii 00HOBJIEHUA B 3-1€KOMIO3UIIUH



PesyneTar N1eKOMIIOZHITHK NepeMeHHO OTHOIeHHd CIIVE_TIPO_3AJIAH
C TenoM 3HageHnda TCII31

CIIVE_TIPO_HOM CIIVE_3ATAHME OPC_HOM 3ATAH
CITYy_HOM | IIPO_HOM CITY_HOM | CIy_3ANAH MBEQ_HOM | CITV_3AJIAH
2934 1 2934 B 1 B
2934 2 2934 A 2 A
HoGapmenne NaHHEIX 0 CIVEALLEM ¢ HOMepoM 2941, BRIMOMTHAIOIIEM 3aTaHKHe A
B npoekTe 1
CIVE_ITIPO_HOM CIIVE_SATAHNE IPO_HOM_S3AIIAH
CITYy_HOM | IIPO_HOM CITY_HOM | CIY_3AIAH MB0_HOM | CJTV_3AJRH
2934 1 2934 B 1 B
2934 2 2934 A 2 A
2941 1 2941 A 1 A
PeayeTar ecTecTBeHHOTO CcOeIHHeHH A OTHOLIeH I noce 106aB/leHHs JaHHBIX
CIY_HOM IEC_HOM CIIV_3AT2H
2934 1 B
2934 2 A
2941 1 A
2934 1 A

Puc. 9.5. Wmmoctparus 1eKOMIIO3UITINHN OTHOIICHUS C 3aBUCUMOCTBIO COCTHHEHUS

[Nocre BHIMONHEHNS IEKOMITO3UIINN TPYAHOCTH ¢ OOHOBJICHHEM aBTOMATHYECKH CHUMAIOTCSI. J|eHCTBUTENBHO,
nexomnosupyem otHomenne CJIVIK TTPO_3AJIAH na tpu otHomenus: CJIYXX ITPO_HOM {CJIY_HOM,
I[TPO_HOM}, CIIYX _3AJAHUE {CJIY_HOM, CJIY_3AJlAH} u I[IPO_HOM 3AJIAH {IIPO HOM,

CJIY _3AJIAH}. PesynbTaT nexommnosunuu 3uaueHus nepemenHoi otnomenus CJIVXK TTPO 3AJIAH ¢ Tenom
BCII31 noka3an B BepxHel yacTH puc. 9.5.

Teneps eciu MbI XOTUM JOOABUTh JaHHBIE O CIIY’KaIIeM ¢ HOMepoM 2941, BBIMOMHSIOMEM 3aJaHie A B IPOCKTE
1, To, €CTeCTBEHHO, BCTaBUM KOpTexk <2941, 1> B otHomenne COTP-ITPO_HOM, koptex <2941, A> B OTHOITICHHE
COTP-3AJAHUE u xoptex <1, A> B otHomenne [IIPO_ HOM-3AJIAH. Pe3ynpTaT 3THX oneparuii mokasaH B
cpemHei yactu puc. 9.5.

Ho ecnu BBINOIHNTE €CTECTBEHHOE COSAMHEHHE AEKOMIIO3UPOBAHHBIX OTHOILECHHUH C TEJIAMH, TIOTY4YE€HHBIMH
rocie 100aBIeHMs JaHHBIX O CITyKalieM ¢ HoMepoM 2941, BEITIONHSOMEM 3a7anne A B mpoekte 1, To Oynet
MOJTy4eHO 3HaueHune-oTHoIeHue ¢ 3arooBkoM oTHommeHuss CJIYIK TTPO 3AJIAH u texom BCII32 (HmxHAS 9acTh
puc. 9.5). Tem cambIM, IPOBEIEHHAS AEKOMITO3ULIMS O3BOJINIIA N30€XKAaTh CIIOXKHOCTEH NPH BHIIIOJIHEHUN
N00aBIeHHUS KOPTEKEH C MOTydYeHNEM KOPPEKTHBIX Pe3yIbTaTOB.

AHaAIOrMYHO MOKHO MTPOMJLTIOCTPUPOBATH IPOCTOTY U KOPPEKTHOCTH OMNEpaIuil yAaIeHUs KOPTEKeH.

B nepemennoii otHomenus R PID *( A, B, ..., Z) Ha3biBaeTcs moapazymMeBaeMoil BO3MOKHBIMM KJII0YAMH B
TOM M TOJIbKO B TOM Cllydyae, KOT/1a Kax/Iblii cocTaBHOM aTpuOyT A, B, ..., Z sBisercs cynepkitouom R, T. e.
BKJIIOYAET XOTs ObI OJTMH BO3MOXHBIHN K104 R.

B nepemenHoii otHoteHus R 3aBucumocTts npoekuuu/coeaunenns *(A, B, ..., Z) Ha3pIBaeTCs TPUBUHAJIBHOT,
€CJIM XOTs1 ObI OIMH U3 COCTAaBHBIX aTpuOyTOB A, B, ..., Z coBnanaet ¢ 3arojioBkoM R.

[lepemenHast oTHOmIEHUS R HaxouTCs B MATOI HOpPMAJILHOI opMe, HITH B HOpMaJIbHOH dopme
npoeknuu/coenunerust (SNF, wim PJ/NF — Project-Join Normal Form) B TOM 1 TOJBKO B TOM ClTy4ae, KOTJa Kax/as
HetpuBuaibHas PJD B R nogpa3zymeBaeTcst BO3MOKHBIMU KilFouaMu R.

SNF sBnsieTcst «OKOHYATENBHOI HOPMAITbHOHW (POPMOIA, KOTOPOH MOXKHO JOCTHYh B TIPOIECCe HOPMATU3AIUN Ha
OCHOBE MPOEKIUi. «OKOHYATEIHLHOCTEY» IIOHUMAETCA B TOM CMBICIIE, UTO Y OTHOIIEHUS, Haxoasmerocst B SNF,
OTCYTCTBYIOT aHOMAJIMU OOHOBJICHHH, KOTOPBIE MOXKHO OBUIO OBl YCTPAHHUTh IIyTEM €ro JeKOMIO3UIUH. Jpyrumu

CJIOBaMH, TaKMC OTHOIICHUA OaJI€C HOPMAJIN30BaATh 0eCCMBICTICHHO.



31. Hoaxoab! k puznueckomy xpaneHuro oTHomeHuii. IlocTtpounoe xpanenue orHomennii. [llonsaTue
tid-a.
Bo3HukarT cienyroniye pa3sHOBUAHOCTH OOBEKTOB BO BHEIIHEH MaMATH 0a3bl JaHHBIX:

OTHOIIeHN — OCHOBHAS 9acTh 0a3bl TaHHBIX

Cay>xeOHble OTHOLIECHHUS (XpaHAT HHPOPMALUIO O CXEMe, TapaMeTpax Kiroda 1 T.1.)

WH/ICKCHI - YIIPABISIOLINE CTPYKTYPBI, YCKOPSIIOIIUE JOCTYI

JKypHAJIBI (HAAS)KHOCTh XPaHEHUS JaHHBIX )

ciyxeOHas nHpopManys, IoAAepKrBaeMas il BHYTPEHHUX MMOTPEOHOCTEH HMYKHETO YPOBHS CHCTEMBI
(mampumep, nHpOpMAaLK O CBOOOAHOMN MaMsITH).

Xpanenrne OTHOIICHNN:

Nk W=

1. TloxopTexxHOe WiH MocTpoyHOe (OBICTPBIN HOCTYII, 3aHUMAET OOJBIIE MECTA).
BHeniHss maMsATh — MHOKECTBO CEIrMEHTOB, Pa30UTHIX Ha CTPAHUIIBI.

tid — unentTudukarop Koprexa (00sr9HO, <NecTpaHuibl, Ne kopTexa™).
B cnyuae nepemerieHust KOpTeka MEHsIETCA Oonucanue, Ho tid coxpaHsercs.

2. TloctonbioBoe (coxpaHeHHE MeCTa, HO TpyaoeMKas cOopka). Penko mpruMeHuMO U lanblilie He
paccMaTpuBaeTcsl.



32. IlonsiTe nHAeKCcOB B 6a3e JaHHBIX. TexHNKka XpaHeHHs] HA OCHOBe B-nepeBbeB. MeToabl
XeLIUPOBAHHUS.

OcHOBHOE Ha3HAUYEHUE UHIEKCOB COCTOUT B oOecrniedyeHnH 3 (HEKTUBHOTO MPSIMOT0 JOCTYIA K KOPTEXKY TaOIHLIBI TIO
KIIIOUYy.
OOBIYHO UHJEKC OIPEAENAETCs Ul OJHOM TaOIMLIbl, ¥ KIIIOYOM SIBJISETCS 3HaUeHHeE ee nojst. Eciu kimodyoMm nHnexca
SIBIISIETCSI BO3MOKHBIN KITIOY TAOJIHUIIBI, TO MHIAEKC TOJDKEH 001a1aTh CBOWCTBOM YHUKAIBHOCTH, T.€. HE COEPkKATh
IyOJTMKATOB KITIOYa.
ITone3HbIM CBOMCTBOM MHJIEKCA SIBIISIETCS 00eCIeueHHE II0CIEN0BAaTEIbHOTO IPOCMOTPa KOPTEXel TaOIulb! B
3aJaHHOM JHalla30He 3HAYCHUH KJIIoYa B MOPSIIKE BO3pACTaHMsI WK YObIBAaHHS 3HAUECHHUN KIII0Ya.
Mexann3m MynbTH-UHIEKCA. .. Hukomy He Hy>keH! Ecin HyXeH, TO BOT. .. HCIIOJIB3YETCS ISl ONTHMHU3AIIAN
skBUcoeanHeHHs Tabnul. CyTh B TOM YTO MYJIbTH-UHAEKCHl OPraHu3yIOTCs 1711 TaOJIMI C OIWHAKOBBIMU aTpHOyTaMH
(OIMH UM HECKOJIBKO U3 aTPUOYTOB CTAHOBUTCS KIFOYOM MYJBTH-MH/IEKCA). 3HAYEHUIO KITFOYa COTIOCTABIISETCS
HabOp KOPTeXKel 3TUX TaOJHUII, 3HAYSHHSI BELICTIEHHBIX aTPUOYTOB KOTOPBIX COBMAJAIOT CO 3HAYEHHUEM KITIOUA.
O6wieii uneeit 1000 opraHu3anry UHAECKCA (U IPSAMOrO AOCTYIA MO KII0Yy U IPOCMOTPa B MOPSAKE
BO3pacTaHus1/yObIBaHMsI 3HAUEHUH KITI0Ya) SIBIISICTCS. XpaHEHHUE YIOPSI0UYEHHOTO CIMCKa 3HAYEHHUH KITro4a (co
CIHMCKOM HICHTU(PHUKATOPOB KOPTEKEH I KaXI0r0 3HaUeHHs Kiroda). OnHa opranu3anys HHIEKCa OTINYAeTCs OT
JpYyTOH, TIaBHBIM 00pa3oM, B crioco0e MoKrcKa KIro4ua ¢ 3aJaHHBIM 3HaUCHHEM.
B-nepeBbs1 — criocob opraHu3aIiu WHAEKCOB, AEPEBO BO BHEIIHEH MaMATH (HaKJIaJHbIE PacXOIbl BETUKH, MEHATH
nHOPMALIMIO JIerye)
Mexannsm B-nepeBbeB (B+) opueHTHpOBaH Ha XpaHEeHHE BO BHEIIHEH MaMATH 2 TUIIOB CTPaHUIL:

a. BHyTpeHHHX — 3TO MOCIICAOBATESIBHOCTD 3HAUCHHUH KITFOUEH U cehlTka Ha No clieiyroleit cTpaHuIlbl, TH00 Ha
JICTOBYIO.

N; kmrou; N, Kmrod; N KTrod, . N K09, N

[Ipu 5TOM BBEIIEPKUBAIOTCS CIETYIONINE CBOWCTBA!
1. KIIro4; < K04, <...< KIIFOY,,
il. B cTpanuIie AepeBa Ny, HAXOIATCS KUK K CO 3HAUCHUSMH KITIOU,,, <= K <= KJTF0Yp41.

b. JlucroBeix

KTHOY CIHCOK; KT, CIIHCOK; . . . KTHD, CITHCOK,

1. K04 < KITI0Y, < ... < KII0Yy;
ii. CITUCOK, — YIIOPSIZIOYCHHBIN CITMCOK UICHTH(OUKATOPOB KOopTexei (tid), BKIIOUaomuX 3HaYeHUE KITFOUT;
iil. JINCTOBBIE CTPAHUIIBI CBSI3AHBI OJJHO- HJIH JIByHATIPABICHHBIM CITHCKOM.

B-nepeBo — cbanancrpoBaHO (BETBH JI0 JTUCTHEB OJIMHAKOBOH ITyOUHBI).
I'mybuna ~log,, N, rie m — 9ucio kirodeil BO BHyTpeHHEH cTpaHulle, N — YUCIIO KOPTEKEH.
[Ipu coznanum nepesa, B ciryyae MepenogHEeHUs MOPOXKAaeTCS HOBasi CTPAHUIA, B KOTOPYIO TIEpENTUBACTCS TIOJIOBHHA
MpebIAyILe. => 4acThle paclleIyICHUs U CIHUSHUSL.
Pewenue:
1. VYmpexaenus pacuierieHus (paHHee paclielUIeHUe Mo JOCTHKESHUH HEKOTO YPOBHS)
2. llepenuBanue (paBHOBECHE COCEIHUX BEPILIH)
3. Cmusnaue 3-8-2 (a He 2-B-1)
XelupoBaHue — CIIocod OpraHu3aliy NHEKCOB.
1. Kiaccuueckwuii ciryyail — cBepTKa KIIIOYa UCIIOJIB3YETCS KaK aapec B TaOIMLe, ColepKalel KII0Un 1 3aIllUCH.
OCHOBHBIM TpeOOBaHUEM K XAII-(PYHKIMH SBISECTCS pABHOMEPHOE paclpe/ielicHie 3HaueHIe CBEPTKU
2. Pacmmpsiemoe xamuposanue (Extendible Hashing) — mpuHIMT ncTonb30BaHus AEPEBHEB UPPOBOTO MOKMCKA
B OCHOBHOM NaMsTH. B OCHOBHOM mamsTH NOAAEPKUBACTCS CIPAaBOYHHK, OPraHM30BAaHHbIM HA OCHOBE
OuHapHOTO AepeBa HU(PPOBOTO MOUCKA, KIIFOYAMU KOTOPOTO SIBJISIOTCS 3HAYCHUS XAII-(DYHKINH, a B
JUCTOBBIX BEPIIMHAX XPAHSATCS HOMEpa OJIOKOB 3alKceil BO BHEIIHEH MTaMSITH.
3. Jluneiinoe xammpoBanue (Linear Hashing) — siBisiercst To, 9To /U1 afpecaryn OJI0Ka BHEITHEH TaMsATh
BCEra UCHOIb3YIOTCS MiIaiue OUThI 3HaUeHus X31m-QyHKkunu. Eciiu Bo3HUKaeT noTpeOHOCTh B
pacIlenIeHn , TO 3alTUCH TIepepacTIPEICIIAIOTCS 10 OJIOKaM Tak, YTOObI afjpecalnus ocTajiach IPaBUILHOM.



33. Buabl npoexTupoBanus 6a3 1anHbIX. HepoctaTku NpoekTHpoBaHNus B TEPMUHAX OTHOLICHUI.
IlonsiTe unpopManuoHHOIl Moaean. JJocTonHcTBa HHGOPMALMOHHOI0 MoAesMpoBanus. Cpencrsa
aBTOMATH3ALMH NPOEKTHPOBAHUSA 0a3 JaHHBIX.

IIpoextuposanue b/I.

[porecc cozpanust MOACTH, UCIIOIL30BaHKE HHGOPMAIIMH, HE 3aBUCSINEH OT JTIFOOBIX

‘ KonuenryansHoe
(hM3UYECKUX ACTICKTOB €€ MPEICTABICHMUS.
[porecc co3maHust MOAEIH, UCIIOIB3YEMOM 110 IpearoIaracMoi HHPOPMALIMHK C YICTOB
BBIOpPaHHOW MOJIETTH OpPTaHW3AIlUH JaHHBIX, HO He3aBHCsIIeH oT Tuma 1eneBor CYB/] u mp. | Jlormcckoe
(hM3UYECKUX ACTICKTOB €€ pean3allyH.
[Ipomnecc onmmcanus peanuzanuu b/l ¢ yaerom BeibpanHoii nenesoit CYB/] u ykazanuem ‘ duznyeckoe

CTPYKTYpP XpPaHEHHUS U METOJIOB JIOCTYIIA, UCMOIB3YEMBIX JUIS OpraHu3anuu d3PQGEKTUBHON
00pabOTKH TaHHBIX.

OrpaHnM4eHHOCTb POEKTUPOBAHUS:
1. PensnuoHHas Mozeb JaHHBIX HE IpeiaraeT Kakoro-inbo MexaHu3Mma [yl pa3aesieHus CyIIHOCTeN
00BEKTOB NMPEIMETHON 00JIACTH U CBSA3EH MEXIY HUMH,
2. Mopgenb He obecnieynBaeT JOCTATOYHBIX CPEJCTB IS IPEICTABICHHS CMbICIIA TAaHHBIX,
Bo MHOTHX TIPUKITaHBIX 00JIACTAX TPYAHO MOJEIUPOBATH TPEJIMETHYIO 00JIaCTh Ha OCHOBE TIOCKHX TaOJIHII,
4. XoTs Bech MpoIecc MPOESKTUPOBAHUS MPOUCXOIUT Ha OCHOBE y4eTa 3aBUCUMOCTEH, PeNSIIMOHHAs MOJIENb HE
MPEeNOCTaBIseT Kakue-1100 hopManTu30BaHHbIE CPENICTBA AJIS IPEJCTABIICHUS 3TUX 3aBUCUMOCTEHA,
5. Ha panHux craausx tpeOyercs ydacTie cnennanuctoB naHuoit [10.

W

I/IH(I)OpMaL[I/IOHHaH MOACIIb — cIoco0 NpCaACTaBJICHUS MTOHATHHA UK 00BEKTOB HO, OIIMCAaHHuC CYH_[HOCTeﬁ I JaHHOT'O
npeanpuATrsa COBOKYITHOCTH O6’beKTOB, UX MapaMeTpbl, MOBEACHUC U OTHOIICHUC MCKAY HUMU.

HOCTOI/IHCTBa I/IH(I)OpMaLII/IOHHOI‘O MOZACIIMPOBAHUA:

1. TlocTpoeHue MOIIHOM M HATJISAHON KOHIENTYalbHON cxeMbl B/l mo3BossieT 6oJiee MojHO OLICHUTh
cneunpuKy MOJAETUPYyEMON IpeAMETHOHN 001acTH 1 M30€XKaTh BO3MOXKHBIX OIIMOOK HA CTAANU
MIPOEKTHPOBAHUS CXEMBI peNsIUOHHON B/

2. HudopmanoHHnas MOAeb B BUjIe JOKYMEHTAIIMH (XOTs Obl B BHJIE BPYYHYIO HAPUCOBAaHHBIX JHarpaMM U
KOMMEHTapHUeB K HUM), KOTOpas MOKET 0Ka3aThbCa OUEHb MOJIE3HON He TOJIBKO MPU MPOSKTHPOBAHUH CXEMBbI
pemsiunoHHoM B/, HO M Ipy 3KCIUTyaTaluu, CONPOBOXKACHNN U pa3BUTHH YK€ 3aroHeHHoH B/l

3. Ha peiake npeacrasienbl CASE-cuctemsl, o0ecrieyrBaeT aBTOMAaTH3UPOBAHHOE MTPEOOpa3oBaHUe
JarpaMMHBIX KOHIIENITYaJIbHBIX CXeM 0a3 JaHHBIX, IPEJCTABICHHBIX B TOM WM HHOW CEMaHTHYECKOM
MOJIEJIN IaHHBIX, B PEIISILMOHHBIE CXEMBI, CIICIM(UIIMPOBAaHHBIE Yallle Bcero Ha si3pike SQL

CASE — computer aided software engineering.
Cucrema MoiIep)KKH TEXHHIECKON aBTOMATU3aINH MTPOSKTPUPOBAHUS, PEaT3allK H COMPOBOJUICHHS CIIOKHBIX
TOPOTPpaMMHBIX CUCTEM Ha BCEX I3TAIlaX UX JXU3HCHHOI'O IMUKJIA



34. ER-moaenn. OcHoBHbIe nousaTus. [IpeacraBiieHue Ha TUarpaMMax CylHocTeil, aTpudyToB U
cBsaseil. [Ipumepsnl. YHHKAJbHBbIE HIEHTU(PUKATOPBI TUIIOB CYIIIHOCTEH.
Entity — Relation Mmozens (CynrHOCTS - CBA3b) IipeHa3HadaeTcs i onucanus [10 B mensx mpoeKTHPOBaHUS
BJl(MmonenupoBanue 06a30BbIX IOHATHI HAa POCTHIX IpaUKax ¥ qUarpaMmax).
OcHOBHbIE OHATHSA:

CyIHOCTbD - 3TO pPeanbHbIi WU MPEJICTaBIAEMbI 00bEKT, HHQOpMAaLHs - 0 KOTOpPOM
JOJDKHA COXPAHATHCS M OBITH JOCTYITHOU (M300paXkaeTcs NOoT, HANpHMep,

IPAMOYTONEHHKOM) r-:u1[~1 p?;f.ﬁeﬁm .

ATpuOyT (CymHocTH) — JIt00ast AeTanb, KOTOPAas CIIY>KUT IS - ]Lq i;ﬁm{epr YTOUYHEHUS,
HACHTHU(QHUKALINY, KIIACCU(DHUKAIINHN, YUCTCHHOW XapaKTEPUCTUKH WITH Heawcn Head BBIPAKECHUS

Meamopry
COCTOSHUSA CYIIHOCTH.

(ITpumep crpaBa)
CBs13b — 9T0 Tpaduyeckn n300pakaeMast acCOIMAaIUs, yCTaHABIMBAEMasi MKy JBYMSI CYITHOCTSIMH.
ER-monenu cBsi3u Ounaphble. B 10001 cBsI3M BBIIEISIOTCS Ba KOHIIA, Ha K&XKIOM M3 KOTOPBIX YKa3bIBAIOTCS UM
KOHIIA CBSI3H, CMeneHsb KOHIA CBA3H (CKOIBKO 3K3EMIUIIPOB JAHHOTO THITA CYITHOCTH JTOJKHO MPUCYTCTBOBATH B
KaXK/I0M 9K3EMILISIpE CBSI3H), 0053ameNbHOCMb CBS3H.
CBs13b IpeACTaBIAETCS B BU/I€ HEHANIPABICHHON JIMHUHU, COSTUHSIIOLIEH ABE CYLTHOCTH MJIM BEAyIIEeH OT CYIIHOCTH K
Heil xe camoi. [Ipu 3TOM B MeCTe «CTBIKOBKMY» CBSI3U C CYIIHOCTBIO MCIOJIB3YIOTCS mpexmoueunviii BXOA (B CBA3U
MOTYT/AOJKHBI HCIIOIB30BATHCS MHOTO 3K3EMIUISIPOB CYIIHOCTH) 00 00HOMOYey bl BXOI(MOXKET/ IOJKEH
Yy4acTBOBATh TOJIBKO OJUH SK3EMILISP CYIIHOCTH).
O06s13aTebHBIN KOHEL] CBSA3M H300paXkaeTcs CIUTOLIHOM JTMHUEH, a He00sS3aTeIbHbIH — MPEPBHIBUCTOM JIMHUCH.
[Ipumepsr.
«MHorue K 0OTHOMY»

oA

EMIET ACCAEHE
MMEET

e kaxnpiii BUJIET npeanasnauen njst oqHoro U Tonbko ogHoro IIACCAXKUPA;
o xaxnaeii [TACCAXXUP moxer umets onud win 0ostee BUJIETOB.
«PexkypcuBHas MOJIETIbY

(HH
MyETMHA .

OTEL

o xaxaeiii MYXXUMHA sBisieTcst CBIHOM OJIHOTO U TOJbKO ogHoro MY KUMHBI,
o xaxaeiii MY XKUNHA MoxeT aBiIgThECS OTIOM O1HOTo vin 0ostee MY KUIH.
Kak ormedanocsk Bele, pu onpeesieHUH THTIA CYIITHOCTH HEOOXO0ANMO TaPaHTUPOBATh, YTO KaXIbIil SK3EMILISP

CYIIHOCTH SIBJISIETCS OTIIMYMMBIM OT JIFOOOTO IpYTroro sK3eMIuIsipa ToH e cymHocTd. Heobxoanmo cooOmurs
crcTeMe aBTOMaTH3aluH MpoekTrpoBanus b/I, kakuM 00pazom OyAyT pa3invaThCs 3TH IK3EMILISIPHL, T. €. COOOIIHTS,
KaK KOHCTPYUPYIOTCSl YHUKAJIbHbIEC HICHTU(PHUKATOPBl 3K3EMIUISIPOB KaXIOTO THIIA CYIIHOCTH.

YHHUKAJLHBIM HIEHTH(PUKATOPOM CYIIHOCTH MOXET OBITh aTpUOYT, KOMOMHAIMS aTPUOYTOB, CBS3b, KOMOMHAIIHS
CBsi3ell M KOMOMHALINS CBA3el M aTpUOYTOB, YHUKAIBHO OTIMYAIONIAS JTI0OOOH 3K3EMILISIP CYIIHOCTH OT APYTHX
9K3EMIUIIPOB CYILHOCTH TOIO K€ THIIA.



3s.

Monyyenue peasimuonHoii cxembl 3 ER-muarpammel. IlomaroBbiii anroputMm (0e3 yuera
HacJeI0BaHUSA U B3aMHO HCKJIIOYAIONINX CBsA3eil).

Kaxnp1ii mpocToi TUI CyIIHOCTH NIPEBpaLIaeTcs B TaOIHILy.
Wms cymHOCTH — UMS TaOIUIBL. DK3EMIUISIP — CTPOKA.

ITpOCTBIM THIIOM CYIIIHOCTH Ha3bIBACTCS THII CYIIIHOCTH, HE SBJISIOIIUICS HOATHIOM U HE UMEIOLINIT
noaTumios (cM. omp. B b36).

Kaxnprii arpudyT => cronber TabIULIbI
KoMIIOHEHTH! YHHKAJILHOT0 HACHTH(HKATOPA CYIIHOCTH IIPEBPAIIAIOTCS B IEPBUYHBIA KITF0Y TaOIHIIBI.
Ecnu B cocTaB yHUKaIbHOTO UACHTU(PHUKATOPA BXOIAT CBSI3U, K YHCITY CTOJIOLOB MEPBUYHOTO KITIOYA

,I[063.BJ'I}ICTC$[ KOIIUA YHUKAJIBbHOT'O I/I}_ICHTI/I(bI/IKaTOpa CYHIHOCTH, HaXOﬂHmeﬁCﬂ Ha JaJIbHEM KOHIIC CBA3HU

CBs13U «<MHOTHE K OTHOMY» (M «OJIMH K OJTHOMY») CTAHOBSITCS BHEITHUMH KJIFOUaMH, T.€. 00pa3yeTcs KOmus
YHUKaJIBHOTO WACHTH(HUKATOPA CYLITHOCTH Ha KOHIIE CBSI3U «OAMH», U COOTBETCTBYIOLIHE CTOIOLIBI
COCTABJISIIOT BHEIIHUH KITI0Y TaOJIMIBI, COOTBETCTBYIOLIEH TUITY CYITHOCTH Ha KOHIIE CBSI3U «MHOTHE.
HeoOs3aTenpHbIE CBSI3M COOTBETCTBYIOT CTOJIOIAM BHEITHETO KITIOYa, JOITYCKAIOIINM HaIN4IHe

HEOTIpe/IeJICHHBIX 3HAYCHUI; 00s3aTeNbHEIE CBSI3U — HE JIOMYCKAIOT.

Ecnu Mexy mByMs THIIaMU CYITHOCTH A 1 B mMeeTcs CBsI3b «OJUH K OTHOMY», TO COOTBETCTBYFOIIIHMA
BHEIIHMN KJIFOY I10 JKEJTaHUIO TPOSKTUPOBIIMKA MOKET ObITh OOBSIBIICH Kak B Ta0/uile A, Tak u B Tadsuie B.
UTo0Ob! NOAYEPKHYThH €IMHCTBEHHOCTh B OMPE/IEIICHUH Ta0JIUIIbI, COOTBETCTBYIOIIHIA CTONOCII JOKEH OBITh
crienupUIIpoBaH KaK BO3MOXKHBIN KITIOY TaOJTHITEI.

CBSI3b «MHOI'ME KO MHOTMM)» MEKIY TUIIaMH CYIIHOCTH A u B co3nmaercs nononnurensHas Tabnuna AB c
JOBYMS CTONOLIAMH, OJTUH U3 KOTOPBIX CONEPKHUT YHUKAJIBHBIC HACHTU(DHUKATOPHl 3K3EMILISIPOB CYLITHOCTH A,
a Ipyrod — yHUKaJIbHbIE WACHTU(UKATOPHI AK3EMIUIIPOB CYIIHOCTH B.



36. HacnenoBanue cymuocteii B ER-monenu. Ilpumepsl. OToOpaskeHne 1uarpaMmmbi ¢
HacJleI0BaHUEM B PeJISIIMOHHYIO CXeMY.
Tun cylmmHOCTH MOXKET OBITh PACHICIUIEH HA HECKOJIBFKO MOATHIIOB, KaXIbIH 13 KOTOPBIX BKIIOYAET OOIIHUE aTPUOYTHI
n/vy cBsi3u. TUN CYIHOCTH, HA OCHOBE KOTOPOT'O OIPEEISIFOTCS ITOATUIIBI, HA3bIBACTCS CYNEPTUIIOM.
ER-Moznenu He orpaHUYHMBACT MOATHITN3AITNI0, OOBITHO OKA3bIBACTCS JOCTATOYHO 2-3 YPOBHEH.
IIpocToii THN — HE ABASACTCS MOATUTIOM U HE UMECT MOITHUIIOB.
Oco0eHHOCTH MeXaHu3Ma HaCJIeIOBaHHS:

1. Bxmrouenue: ast moborob € Bi=>b € A
2. OrtcyTcTBHE COOCTBEHHBIX IK3EMILISIPOB Y cynepTuna: 1 godoro a € A =>a € Bi.
3. PaswpeauHEHHOCTDh MOATHUIIOB: AJis odoro b € Bi =>b !€ B;j.

ITpumep:
TETATENEHHN AMIAFAT
MAKCHMANHAA OANMEHOCTE [IOMeTa OHIoT
ABPONIMAH
FasMaN KpHILEE
IMAHEP MOTOPHEN CAMONET

MOMHICTE MOTOpa A3POOOET

ABPOETYE

BEPTCIET
IOHaMeTD BHMHTA

TITHOETIET
MpedenEHE Bac

FOME

CynepTunbl 1 MOATHIBL.
a. OO0niag TadauLa 1Jg BcexX NOATHUIIOB

T aj ay am b]] b1k1 bnkn

By [ X[ X [|X [ X [ X | X [ X | X | X [|X |X NULL | NULL | NULL | NULL

T-npu3Hak noaruma, X-HEKOTOPOE 3HAYHHE.
g cynepTumna BepHO 4TO (CM ciies OUiieT):
1. muaaroborob€ Bi=>b€ A
2. g iroboroa € A=>a € Bi
3. st mroboro b € Bi =>b € Bj
Wzsneus 00bekTh cyneptuna: PROJECT A{a,...an, by...by} WHERE t ="Bi’

b. OtaenbHasi TAa0JAHIA 1JISl KAKIOT0 MOATHIIA
Coo0pats cyneprun: PROJECT B, {a;...a,} UNION...UNION B,{a;...a,}

ocronHcTBa a.
®  COOTBETCTBHE JIOTHKE CYNEPTHUIIOB U TOATUIIOB; TOCKOIBKY JTFO00H DK3EMILISP JIF0O0O0TO MOITUIIA SBIISETCS
9K3EMIUTAPOM CYIIEPTHUIA, IOTHYHO XPAHUTh BMECTE BCE CTPOKH, COOTBETCTBYIOIINE SK3EMILISIpaM
CYIIEPTHIIA;
e o0ecrneueHHe MPOCTOrO JIOCTYIIA K SK3EMITISIpaM CYTEPTHIA M HE CIHITKOM CIIOXKHBIN TOCTYI K 9K3eMITIsIpaM
IIOJTHUIIOB;
®  BO3MOKHOCTH O0OHTHCH HEOOIBIINM YUCIOM TaOJIHII.
Henocrarku a.
®  YCJIOXHEHHE IIPOrPaMMHOI0 KOJ1a PUII0KCHHH
e 001ras TabuIla MOTCHIMATBHO MOXKET CTaTh Y3KUM MECTOM IPH MHOTOIOJIB30BATEILCKOM PEKUME
e pacxof BHemHe# namsatu (MHoro NULL)
JlocTouncTBa 0.
e JICHCTBYIOT OOJIee MOHATHBIE MPaBuiia pabOThI C MOATUIIAMU (KaXIOMY ITOJITHITY COOTBETCTBYET
OJTHOMMCHHAs Ta0JINIIA);
e  yIpoIIaeTcs JOTHKA MPUIOKEHHI; KaX1asi MporpaMMa paboTaeT TOJIBKO ¢ HY)>KHOU TaOJIHIICH.
Henocrarku 0.
e B OOIIEM CiTydae TpeOYyeTCs CIUIIKOM MHOTO OTICIILHBIX TaOJIHUIL;
®  YCIOXHEHHE JOCTYIA K IK3EMIUISIpaM CyIepTHUIIa;






37. B3aumuo uckiawyammue cBszu B ER-moaenu. Illpumepsl. OToOpaskeHue 1uarpaMmmabl €o
B3aHMHO MCKJIIOYAIOUIUMH CBA3AMH B PeJSIUOHHYIO CXeMY.
Jiig 3aJTaHHOM CYIITHOCTH MOXKHO OTPEJIEIIUTh TaKOW HAOOp CBsi3eH C IPYrol CYIIHOCTBIO, YTO JIJISl KaXKIOTO
AK3EMILISIPA CYNTHOCTH MOXET/TOJKESH CYIIECTBOBATH TOJIBKO OJHOM CBSI3U M3 TAHHOTO Habopa.
JuarpamMma co B3aMMHO HCKITFOUYAIOIIMMH CBSA3SIMH MOKET OBITh ITpeoOpazoBaHa K [uarpamMme ¢ HaclieZOBaHUEM 2
crocobamu:
1. Cnemmanmsanus (BHeApeHUe moaATruIoB). [lpumep, cMm puc b.

2. Bsenenue obmiero cynepruna (0000IeHHE).
Tak 4T0OBI y 3aJaHHOM CYITHOCTH OBLTA TOJIBKO OJHA CBS3b C ATHM CYIIEPTHIIOM (KOTOPBIN COJepkall Obl B

cebe ocTaIbHBIE K3EMIUTAPHI CYITHOCTEH).

AEVAPEMOHTHOR
CAMOTET IPETIPHATHE

IIMIoT

(a} ER',IHﬂT‘I‘JﬂHMC’I €O BIGHNMHO HCETKIAKIIHAME CBA3AMH

CAMOTIET
MICTIPA BHEDE
CAMOTET TmmeT
HEHNCIIPABHEM AEMAPEMOHTHOE
CAMOTET OFEMIFUATHE

(b) AHamor Ges B3aMMHEC HCKITOSMARIINE CEA32H, HO © MOITHITLMHI

6. IlpencraBieHue B3aMMOUCKIIOUYAIOIIUX CBS3EH.
[IpeobpazoBaTh B3aNMOUCKITIOYAIOIINE CBS3U T10 ITYHKTY 6.

Ecnu cBsa3p 1-mu (HpI/I‘ICM KOHECII MHOI'O IOJCOCAMHCH K CYH_IHOCTI/I), TO CJICAYIOIIHC BbIXObI:

a. oOuee XxpaHeHHe BHEIIHUX KJIKOYei;
Ecnu BHelIHKME KIH0YHM BCEX MOTCHIMAIBHO CBSI3aHHBIX TAOJIUI] KIMEIOT 00IIHiA (OpMaT, TO MOKHO IPUMEHHUTD CIIOCO0

(a), T. e. cozngatk ABa cTONIOLA: MAECHTU(UKATODP CBA3M U UACHTH(UKATOP CYITHOCTH (BO3ZMOKHO, COCTaBHOM).

b. pa3geibHOe XpaHeHHE BHEITHUX KJIHOYE.
B Tabnuie kak MUHUMYM N CTOJIOIOB (JIF000H MOXKET ObITh COCTABHBIM — BHEIIIHUHN KITFOY CBSI3H)

JIOCTOMHCTBA a.
¢ MHHHMAJIBHOE YHUCJIO CTOJIOIIOB

HepnocraTtku a.
®  YCJIOXHEHHE BHITIOITHEHHUS OTIEPAIU COSTMHEHUS

JlocTouHcTBa 0.
e Vmpomenue oneparun coenunenne (A NATURAL JOIN B)

Henoctatku 6.
e TpeOyercs Oosbliioe Yncio cToyoIoB (B 1t000M MokeT ObITh NULL) => pacxonx namsTy.



38. JAuarpammel kiaaccoB si3bika UML. OcHoBHbIe TOHATHSI. OTOOpaskeHHEe KJIACCOB, CTEPEOTHUIIOB,
KOMMEHTApHEB U Orpannyenuii Ha quarpammax. lipumepsi.
UML no3BosisieT MOJISUPOBaTh Pa3HbIE BUIBI CUCTEM: YUCTO POTPAMMHEBIEC, YUCTO aliapaTHbIE, TPOrpaMMHO-
anmnapaTHbIE, CMEIIaHHEIC, IBHO BKJIFOUYAIONINE JICATSILHOCTD JIFOJICH U T. II.
Cranmapt: 12 nuarpamMm KJaccoB, ITO3BOJISIONTNX OMUCATh CTAaTHYECKHUE (CTPYKTYPHBIC) U TMHAMHYCCKIE
(ToBeieHUECKHE) CBOHCTBA CUCTEM.
OCHOBHBIE [TOHSATHS:

JumarpamMma Kj1accoB MOKET BKJIFOUYAaTh KOMMEHTAPHHU (COSAMHSIOTCS ITyHKTHPOM C TOH CYIIHOCTBIO, KOTOPYIO
MOSICHSIIOT) M OTPAaHMYeHHs (3aKI04aloT B { }). OrpanndeHust MOTyT He)OpMaIbHO 33JaBaThCsl HA €CTECTBEHHOM
SI3BIKE WJTH K€ MOTYT (POpPMyJIMPOBaThCS Ha s3bike 00beKkTHBIX orpanndennii OCL (Object Constraints Language).
Kumaccom Ha3pIBaeTCsl IMEHOBAaHHOE OMTUCAHUE COBOKYITHOCTH OOBEKTOB C OOIIUMHE aTpHOyTaMu, ONepaIusIMH,
CBSI3SIMH ¥ CEMaHTHKOH (M300pakaeTcs MPSMOYTOJIEHUKOM).

ATpuOYTOM KJlacca Ha3bIBAETCSl NMEHOBAHHOE CBOMCTBO KJIacca, OTMMCHIBAIOIIEEe MHOXKECTBO 3HAYEHUH, KOTOphIE
MOTYT MIPUHUMATH 3K3EMIUIAPBI TOTO CBOMCTBA. ATPUOYT ABISAETCS a0CTpaKIMel COCTOSHUS 00BEKTA.

Omnepauueii KjJacca Ha3bIBa€TCS IMEHOBAHHAS YCIIYyTa, KOTOPYIO MOXKHO 3aIllPOCHTH Y JIF000T0 00BEKTa ITOTO Kilacca.
Oneparust — 3T0 abCTpaKIWS MMOBEICHUS 00BEKTA.

Crepeorun — Mexanu3M paciupenus ceMantuku UML, no3Bosnsitoniuii co3nate HoBbIe 31emMeHTs UML Ha ocHOBe
CYILIECTBYIOLINX, C YI€TOM OCOOEHHOCTH PEIIECHUS 3a1a4H.

B cranpmapte npemycMoTpeH HAOOp CTEPEOTHIIOB.

Knacc
Cmepeomun
TJanoBax
101 > <<enumeration>>
OaTaPoEISuT Sex
aroomaiie ¢

M

BEHOATEROARACT ()
CCHLAHHTE Teky Moo | ) - — > K
BEIOATE Ol oo i )

— — //OnpenencHue
MEPEYHCIIIEMOTO THIIA




39. Juarpammsl kjaaccoB si3bika UML. KaTeropuu cBsi3eii u ux oTo0pa:keHue Ha AuarpaMmme.
ITpumepsl.

CBs13p10-000011IeHHEM Ha3bIBACTCA CBSI3b MEXIY 00LIeH CYIIHOCTBIO (CyIepKiIace/poauTesieM) u 0omuee
CHEIMATU3UPOBAHHBIM THUIIOM 3TOH CYIIHOCTH (TIOJIKIACC/TIOTOMOK).
Tonumopgusmom no éxnovenuto — 00bEKTH TOTOMKA MOTYT HCIIOJIB30BAaThCS BE3/IE, TJ€ MOTYT HCHOIb30BATHCS
00BbeKThI mpeaka. [loroMok HaciienyeT Bce aTpuOyTHI M OTIEpalluK MIPEAKa.
V KkJacca ecTh CKpPBITOE CBOHCTBO isAbstract — MOXKET JIN KJIacC UMETh OOBEKTHI.
MHoxkecTBeHHOE HacJIel0BaAHHe — IIOJIKJIACC OIPEAENAETCsl HA OCHOBE HECKOJIbKUX CYIEPKIIACCOB.

Henoeerla¥VEMBapcHTETA

,{F

CrymerT [peocmaBaTant

7 5

CrypenrlpeancpgaEaTens

Acconuanmeii Ha3pIBaCTCS CTPYKTYPHAS CBS3b MEXIY 00BEKTaMU OJTHOTO KJIacca U OOBEKTaMHU JPYTOTO WK TOTO JKe
camoro kjacca (H300paxaeTcs JTUHUECH).

B acconmanuu MOTyT CBSI3BIBATHCA JBa KJIacca, M TOT/Ia OHA Ha3bIBaeTCs OMHApHOU. [lomyckaeTcs co3nanme
ACCOIIMAITUH, CBA3BIBAIONINX N KIACCOB — N-apHbBIE aCCOIUAIIHH.

C acconmanueil CBSI3aHbl 5 Ba)KHBIX IIOHATHM: UM, POJIb, KpamHocnty, aecpecayusl u Hasucayus.

VY cBsI3K MOXKET OBITh MMSI, TPEYTOIBHUK YKa3bIBacT

— o r—— HaInpaBlieHNE YTeHUs UMEHHU CBA3M; y KaK/0ro Kaacca

MOKET OBITh PoJib B acColialiin,

KPaTHOCTH (33/1a€TCsl YUCIIOM, UHTEPBAJIOM, CITUCKOM

3HAYCHUM U UHTEPBAJIOB, * - 0ECKOHEYHOCTh) IMOKA3bIBACT,
| FASTHIX HASMATERS CKOJIKO 00BEKTOB KJIACCa MOXKET/ JOIKHO y4aCTBOBATh B

2
*

(=]
-

Hemosex yansepcurer SK3EMILISPE ACCOLUALIUH.

Arperannsi B UML ucrnionb3yeTcs A1t OTOOpakeHust

Aymropnd <> = Oapra CBSI3H «UaCTh-11e710e» (KIIacc-Iesioe nMeeT Ooiee BEICOKUN

KOHIIENTYaJIbHBI YPOBEHb).

HHorpa cBsA3b «9acTH» U «ILEJIOT0» HACTOJIBKO CHJIbHA, YTO

i 1 «4aCTh» MOYKET OBITH YaCTBHIO TOJIBKO 1 «II€JI0ro»,
VERBepCHTET ‘ dagymeTeT

YHUUYTOXKCHHUEC «IECJIOr0» MPUBOAUT K YHUYTOXKCHUIO BCECX

ero «4yacrei». Takue arperauuy— KOMIIO3UTHBIE.

HaBuranusi MoxeT OCYHICCTBJIATHECA B obonx

BuEmeoTaRa

HarpapieHUsX. sl HEKOTOPBIX accouuanui
JKEJIaTeIbHO OIPaHUYUTh HABHUTAIUIO (CTPEJIKa).

C ToukH 3peHus1 ONOTUOTEKH Pa3yMHO IPOU3BECTH
HABUTaIUIO OT 00BEKTa-OMOIIMOTEKN K CBI3aHHBIM C

HUM 0OBeKTaM-KHUraM. OmHaKo BpsiZ JIM TOTpeOyeTcs 0 JaHHOMY 3K3EMIUIAPY KHUTH Y3HaTb, B Kakol ONOIHoTeKe
OHA HaXOIMTCS



40. 31k OCL. UuBapuantbl OCL. OcHOBHBbIE THIIBI JAHHBIX U BhIPaKeHH .
B UML 2 cnioco6a ompeaenieHust OrpaHUICHIN: Ha €CTECTBEHHOM s3bIke 1 Ha s361ke OCL. bonee TouHbIM 1
JIAKOHWYHBIN c11oco0 (hopMynupoBku orpannyennii ooecneunBaet 5361k OCL (Object Constraints Language).
N3 sa3p1ika UML B OCL 3auMCTBOBaHBI, B IEPBYIO OUEPEIb, CACAYIOIINE KOHICIUN:
®  KJIacc, aTpuOyT, OTICPAIIHSI;
e 00BEKT (FK3EMIUIIp Ki1acca);
®  accoIMaIys;
e THWII JaHHBIX (BKJIrO4as HaOop TunoB Boolean, Integer, Real u String);
e 3HaueHHE (IKIEMIUISIP THIIA TAaHHEIX).
B OCL mpenompeneneHbl CTpyKTYPHBIE THITbI, KOTOPBIE SIBIISIOTCS PA3HOBUIHOCTSIME THITOB KOJUTEKITHi (collection):
e MaTeMaTHYECKOE MHOXKECTBO (set), HEYIOpAJOUCHHAs KOJJICKIHS, HET OAMHAKOBBIX 3JIEMEHTOB;
e MyJIbTHMHOXECTBO (bag), HeynopsioueHHas KOJUISKIIHS, KOTOPasi MOXKET COJIePKAaTh AIEMEHTHI-TyOUKATHI;
®  [I0CJIEIOBATENLHOCTH (Sequence), yIIOps0YeHHAs KOJJIEKIHS, KOTOpasi MOKET COJepPiKaTh 3JEMEHTHI-
Iy OJTMKAaTHI.
e ymopsgoueHHOE MHOKHECTBO (ordered set), yrmopsimodeHHAs KOJIIEKIIHS, HET OJTMHAKOBBIX 3JIEMEHTOB;
OCL MOKeT MPUMEHSITHCS JUTSL OTIPEJICIIEHHsI OTPaHUYEHHI, ONICHIBAIOINIUX TPEJI- U TIOCTYCIIOBHS OIIEpaIiii KJIAcCOB,

Y OTPaHWYEHHH, TPEACTABISIONINX COO0OH MHBAPHUAHTHI KJIaCCOB.

HWHBapnaHT KJIacca — 3TO JOTMUECKOE BBIPAXKEHNE, BEIYMCIIEHUE KOTOPOro TOJKHO 1aBaTh true Mpu CO3aHUH
J000r0 00BEKTa TAHHOTO KJIAcca U COXPaHATh HCTUHHOE 3HAYEHHE B TEUEHHE BCEIO0 BPEMEHH CYIIIECTBOBAHUS 3TOTO
00BbeKTa.

CuHTaKCcHUC OTpeIeNIeHNs] MHBapUaHTa:

context <class_name> inv:
<OCL-BbIpaxeHne>

[Ipumep (cymecTByeT 4ea0BeK, 00Ja1alomni KOHTPOJIbHBIM MAKETOM aKLIUH)

Context Kommanus inv:
Self.akumnonep =>Exists
(a:genoBek|a.konmuecTBoakmii >= self.konmmyectBoakiuii div 2 +1)

Onepaunu Hag 00beKTAMU

<00BeKT>.<uMs_aTpuOyra> (3HaueHue aTprlyTa)

<00BEKT>.<uMs_poar> (IIepexo] 0 COSAUHEHHIO, 0] UMEHEM UMEETCsI BBUAY UM POJIM O0BEKTa Ha IPYrOM KOHIIE
CBSI3H)

<00BeKT>.<uMs_onepanun=>((QpakTHIecKuil mapaMeTp, T.e. MOKHO BBI3BATh OTIEPALIHIO)

Omnepanuu HaJX KOJUICKIHAMHA

<KOJIEKLHUS>—+<HUM$ Olepan™> (<CIHUCOK (HaKTHUECKUX HapamMeTpoB™>)

Select(iterat/mornueckoe BeIpaKeHHE) Pesynbprar — HOBast KOJUTEKIUS (M3 CTapBIX 3JIEMEHTOB,
YIIOBJIETBOPSIONINX JIOTHYECKOMY BBIPKEHHIO)

collect(iterat/BeIpaskeHue) Pesynprar — HOBast KOJUTEKIUS (3TEMEHTHI BBIYHCIISIOTCS 110
BBIPAXKEHHUIO)

exists(iterat/moruueckoe BhIpasKEeHHUE) True, eciu BBIIOJIHEHO XOTHI ObI JyIs 1 311€MeHTa

forAll(iterat/morudeckoe BeIpaKEHHUE) True, eciu BBIITOJIHEHO IS BCEX DJIEMEHTOB

Size() Hucno 351eMeHToB

union, intersect, symmetricDifference

At(index)

Count(element)

Includes/excludes(element)

Tun Onepanuu

Boolean | And or xor implies if then_ else

Integer | +-*/ div mod min max cpaBHeHHE

Real +-*/ abs float round min max cpaBHeHHe

String Concat size substring toUpper toLower




41.TlosryueHue peJsIMMOHHON CXeMbl H3 HArPAMMBI KJaaccoB. OCHOBHbIE MPOGJIeMbI M PEKOMEHIAMH.
Pexomenmanun:

HE yBJIEKalTeCh OINpeeNICHHEM Oepaluii B Kilaccax

CTapaiitech n30eraTb MHOXECTBEHHOE HACJIEANE U OCTOPOKHO HCIIOIb30BATh OIMHOYHOE

peanu3. B CYB/I ¢ TouHO 3a1aHHBIMU KPATHOCTSIMH BO3MOYXHO, HO MPEAMIOYTHUT. IOI. TPUTTEPOB U
orpannueHuid (yMeHbaeT 3¢ (HEeKTHBHOCTD)

arper. acconuanuu He ectecTBeHHBI, KoMmmopeTHble ([IOITPABBTE, HE PA3SOBPAJI) BAUSIOT TOJBEKO Ha
c110co0 MOAEPKKH CCHUIOYHON IIETTOCTHOCTH

OJTHOHATIPaBJICHHBIE CBS3U €CTECTBEHHBI TOJIBKO I 00beKTHO-OpreHTHpoBaHHBIX CYBJI. Jlist pensimoHHbBIX
B/l monneprkka BBI3BIBAET AOTIOIHUTEIBHBIE HAKIIAJHBIE PACXOAbI, 3HAYNT, CHIKaeTcsl 3 (heKTUBHOCTD.

HE 3JI0yNOoTpedsiiTe orpaHnYeHUsIME (CHIKAETCS SPPEKTUBHOCTS )



42, S3bik 6a3 naHHbIX SQL. OcHOBHBIE oTJIMYUsT SQL-0pueHTHPOBAHHOI MOIeH OT PeIAIUOHHOI
moaean. Ctanaapt SQL:2003 — ocHoBHBIe TOMa. CTPpyKTypa si3bika SQL (Tpu pa3M4YHBIX CXeMBbI).

B cranmaprax SQL onpezensercs coOCTBEHHAs: MOJICIb JAHHBIX, OHA MOX0KA HA PEISIIIMOHHYI0, HO 3HAYUTEIHHO
otrnuyaercs. Mtak, 2 BaXKHBIX OTIUYHL:
e B SQL manHbIe — 3T0 Habop mabauy, KaKaas TA0JINIA COACPKUT MYIbMUMHONCECMBO CTPOK,
COOTBETCTBYIONINX 3ar0JI0BKY Ta0OnuIbl. B penaunonHoi Moaeny “@yHaaMeHTanbHas abcTpaKTHas
«pOIOBas» CTPYKTYypa NaHHBIX OTHOIICHUE, IIPEICTABIET COO0H MHOXKECTBO KOpTexkel.” (npum. Banepoi.
A cam e nownsan cmuicna, uzguHume)
e B SQL st TabmuIs! oAepKUBACTCS TIOPSIOK CTOJIOIOB, COOTBETCTBYIONIUH MOPSIKY MX OIPEICICHHUS.
B penaunonnoit mogenu atpuOyThl OTHOIIEHHS HE YIIOPAI0YEHBI.
prrI/IMI/I CJIOBaAMH, Ta6.HI/II_Ia — 3T0 BOBCC€ HC OTHOIICHHUEC, XOTS BO MHOI'OM OHH ITOXOXKH.

OtMedaercs, 4TO U3 ITOTO CIIELYET, YTO:

e B SQL otcyrcTByeT 00s13aTenbHOE IPEANUCaHre 00 OrpaHUuEHUH LETOCTHOCTH CYIIHOCTH.

e B 0ase 1aHHBIX MOTYT CYIIECTBOBAThH TAOIUIIBI, Il KOTOPBIX HE ONpeIesieH ePBUYHBIA KITFOY.
C npyroii cTOpoHBI, €cH AJ1sl TAOIULIBI ONPEAEIICH IEPBUYHBIN KITI0Y, TO 7Sl Hee OrpaHuuYeHHe HeTOCTHOCTH
CYLTHOCTH TIOAIEP’KUBAETCS TaK )K€ KaK U B PENALINOHHON MOJENN TaHHBIX.
Ccp104Has 1IETOCTHOCTh B MOAEM AaHHBIX SQL moanep;xuBaercst B 0053aTeIbHOM MOPSAKE, HO B TPEX pa3HBIX
BapHaHTaXx, JUIIb OJUH U3 KOTOPHIX TOJTHOCTHIO COOTBETCTBYET PEISAIIMOHHON MOJIEIH. DTO CBA3aHO C MHTEHCUBHBIM
ncrnons3oBanreM B SQL HeonpeneneHHbIX 3HAUSHH.

Cranpapt SQL:2003 — ocHOBHbIE TOMA:
e 9075-1, SQL/Framework;
e 9075-2, SQL/Foundation;
e 9075-3, SQL/CLI;
e 9075-4, SQL/PSM;
e 9075-9, SQL/MED;
e 9075-10, SQL/OLB;
e 9075-11, SQL/Schemata;
e 9075-13, SQL/JRT;
e 9075-14, SQL/XML.
Crpykrypa s3bika SQL

1. Knnaccuduxkanus, opueHTupoBanHast Ha npoussooumenei CYB]] (u3nyTpn). 31ech Kaxaas KOMIaHHS MOXKET
BBIOpATh YPOBHH, KOTOpPBIE OHH peanu3yIoT Uit cBoei B/1. SI3bIk pa3ouBaercst Ha 0a30BbIi (entry), MPOMEXKYTOUHBIN
(intermediate) u monHeri (full) ypoBHH.

2. Knaccudmukamms, opueHTHpOBaHHAS HAa TIpOorpaMMucTa npuinoxennii bJI(cHapyxn):

Ipsamoii — Hanpumep,uHTepakTrBHAsE KoHCONB(BHI umeTe SELECT * FROM... , 1 BaM cpa3y BeIJAIOT pe3yJbTaT)
BCTPaMBaeMblii — HanpuMep, peann3anus OMOIMOTEK IS SI3BIKOB IPOrPaMMHUPOBAHHMS, YTO OBl MOJKHO OBUIO B 3THX
porpammax HCIoias30Bath SQL,

AUHAMUYECKHii — 371ech caM SQL 3ampoc MokeT THHaMU4ecKr GOPMHUPOBATHCS TI0 XOIy IPOrpaMMBbI(B
npensiaymeM cama “‘ctpoka SQL 3ampocs!” Obl1a Kak Obl “IocTosHHA”).

Mpamoit SOL

_/\
@

JuHaMug ecKiil SQL

_-d'




43. OcHOBHBIE THIIBI JaHHBIX si3bIka SQL (0e3 yueTa 00beKTHBIX paciiupenuii). [IpeoopazoBanus
THTIOB JAHHBIX
Bce nannble, xpansmmecs B Ta0IMIax, THIU3UPOBaHbL. Kax oMy cToi0Ily onpeaenseMoi TabIuIlbl
MIPUITUCHIBAETCS CBOU coOcTBeHHBIN TUT. CYB/] momkHa clieuTh 32 COOTBETCTBUEM THITOB (IO CTHMBIMU
3HAYCHUSIMH).

Tunbl IaHHBIX

Jlornuyeckue tunsl (TRUE, FALSE, UNKNOWN). B crangapre UNKNOWN u NULL He pa3nuuatorcsi.

Tounbie ynuciaoBbie THNBI (SMALLINT, INTEGER). C npo6noii gacteto — NUMERIC (p,s), DECIMAL(p,s). P —
YHCIIO0 AECATHYHBIX IHDp, S — MIKana (YUCII0 JECITUIHBIX TUQP B IpoOHOM yacTH). J1is p,S BO3MOXKHBI 3HAUYEHHUS 10
ymomrganuio. st NUMERIC p — crporoe, anst ), DECIMAL — makcumanbao Bo3moxHoe. [Tpumep: 1234,5 — B
NUMERIC wenmomyctumo, B ), DECIMAL gomyctumo.

[pubéau:kennsie uncaosple Tunbl (BemectsenHsle TUBI REAL, DOUBLE PRECISION, FLOAT(p)). [Tapametp p
— YUCIIO 3HAYMMBIX LU(P B MaHTHCCE.

CumBoabnble cTrpoku. CHAR(X) — cTpoku ¢pukcupoBanHOH JHHEL X (10 ymMouanuto X = 1), VARCHAR —
MIPOM3BOJIBHON ITMHBI, HO He 0oJee X (1o ymonuanuto X = 1). CLOB (character large object) — 3ToT THI TaHHBIX
MIpeIHa3HavYeH I OTPEIeTICHHS CTOIOIOB, XPaHAIIUX OOJIBIINE U pa3HbIe IO pa3Mepy IpyMIbl CHMBOJIOB. [lpn
omnpenesneHny cronbdua 3anaercs cneundukanys CLOB (z), Taoe z 3anaeT MakCUMaJIbHBIA pa3Mep COOTBETCTBYIOIIEH
IpyHIbl CUMBOJIOB. MakCMMalbHO BO3MOKHOE 3HAUEHHE [TApaMETPa Z ONIPENEISETCA B Peaau3aliy, HO, OUEBUIHO,
YTO OHO JIOJDKHO OBITh CYIIECTBEHHO OOJIbIIIE MAKCUMAIFHO BO3ZMOKHOTO 3HAUEHU ITapamMeTpa X, MPUCYTCTBYIOMIEr 0
B tunax CHAR 1 CHAR VARYING (z >> x; ecnu JyinHa MEHBIIE X, TO CIIpaBa 00aBISIOTCS TPOOEITHI).

butossle cTpoxu (BIT, BIT VARYING(x), BLOB(x)).

Jara u Bpemsa. DATE : “YYYY-MM-DD”, TIME “HH:MM-SS:FF” (uucno cumBosnoB B FF omnpenemnsercs
napamerpoM p), TIMESTAMP “YYYY-MM-DD HH:MM-SS:FF”(no ymon4anuio p = 6, A5l CEKyH[| IOIyCTUM
nuanasos 0..61 ), TIME WITH TIME ZONE — +HH:MM, -HH:MM no I'punaBu4y. CtannapTHbie QYyHKIHH:
CURRENT DATE( TIME, STAMP).

Bpemennsnie unrepBasbl ( INTERVAL ‘start(p)[TO end (q)]’). P—TounocTs (110 yMonm4aHuio p = 2), pa3HuIia He
MpUBsI3aHa K HaYaly/KOHILy HHTEepBala.

( npum. ocmanbHbIX MUNo8 6 aexyusax Mawu nem)

IIpeodpazoBanue TuNoB. B SQL noep)xuBatoTCs ABHBIC U HESIBHBIC IIPe0Opa30BaHus 3HAYCHUH OJTHOTO TUIIA K
3Ha4YeHUsIM apyroro. HesBHbIe (MHTYUTHBHBIC) TPeoOpa30BaHMsI TUIIOB HE BCETAa YAOOHbI, HEIOCTATOYHO TMOKU
WHOT'ZIa MOTYT BBI3BIBaTh OMHNOKHK. [T03TOMY, Kak mOKa3bIBaeT MPEAbLIYLIHIA HOAPA3Ae, YUCIO JOMYyCTUMBIX HESIBHBIX
npeobpa3zoBanuii TroB B SQL Bechbma orpannueHo. Ognako B SQL cymectByer criennanbHeli oneparop CAST, ¢
MIOMOILBI0 KOTOPOT'O MOXKHO A6HO MPEe00pa30BhIBATH TUIIBI MM JOMEHBI B 00JIee INPOKUX HPEeAEiIax JOMyCKaeMbIX
npeoOpa3oBanmii. KOHCTpYKIINS IMEET CIeAYIONMN CHHTaKCHC:

CAST ({scalar-expression | NULL } AS
{data_type | domain_name})



44, CpeactBa padotsl ¢ someHamu B SQL.

JloMeH sIBJIsIeTCs! IOJTOBPEMEHHO XPaHUMBIM, UMEHOBaHHBIM 00BEKTOM CXEMBbI 0a3bl JaHHBIX. JlOMEHbI MOKHO
CO371aBaTh (OMPEACIIATD), M3MEHAThH (U3MEHSTH OIPEACICHUS) U IUKBHANPOBATEH (OTMEHATDH omnpeneicHue). mena
JOMEHOB MO>KHO HCHOJIb30BaTh MPU ONpPEeNICHUH cTON01O0B Tabauu. MoskHO cHuTaTh, 4T0 B SQL onpedenenue
Odomena NIpeAcTaBJisieT c000ii BbIHECEHHOE 32 NpeeJibl oNpeie/JeHHs] HHIANBUAYAIBHON Ta0IHLbI «POAOBOE»
onpejgeseHne CTOI01A, KOTOPOe MOKHO MCIOJIb30BATh /151 OIlpe/e/IeHUs] Pa3INYHbIX PeajbHbIX CTOI0110B
peanbHbIX 0230BBIX TA0JIHII.

OnpenesieHue J0MeHa.

s onpenencuust nomena B SQL ucnonssyerces onepatop CREATE DOMAIN. OO1iuii CHHTaKCHC 3TOr0
oreparopa ciexyommii: s

domain_definition ::= CREATE DOMAIN domain_name [AS] data type

[ default_definition ]
[ domain_constraint_definition_list |

3neck domain_name 3ajaet uMs co3aaBaeMoro goMera >, data_type ecTh crienubpUKALys ONPe/IeNsIOMEro THIA
naHHbIX. B HeoOs3arenbHbIX pazjenax default definition u domain_constraint_definition_list cierudurupyrorest
3HAYEHHE JOMEHA 110 YMOTYAHHIO " ¥ HAGOp OrpaHHYEHMUH LIEJIOCTHOCTH, KOTOPbIE OYIyT PUMEHATHCS K H000MY
CTOJNOILY, OTIpE/ICTIECHHOMY Ha 3TOM JIOMEHE.

Paznen default definition umeer Bug

DEFAULT { literal | niladic_function | NULL }*"

3necs literal mpencrasiser M000€e JOITyCTUMOE JTUTEPATbHOE 3HAUEHHUE onpeelistoniero Tumna gomMeHa, NULL
o0o03HavaeT HeonpeIesIeHHOe 3HaYeHue, a niladic_function MmoxeT 3a1aBaThCsl B OJHOHM U3 CIEAYIOMHUX HOpM:

USER

CURRENT_USER

SESSION_USER

SYSTEM_USER

CURRENT_DATE

CURRENT _TIME

CURRENT_TIMESTAMP*

Ecmu B oneparope CREATE DOMAIN 3HaueHre 0 yMOJTYaHUIO HE CIICIUPHUINPYETCS, CAUTACTCS, YTO TAKOTO
3Ha4yeHus HeT. OAHAKO MOIKE K ONPEACTICHUIO JOMEHA MOKHO J0OAaBUTh pa3ziei 3HAYeHHUS 110 YMOITYAHHUIO C
nomounisto oneparopa ALTER DOMAIN. Kpome Toro, 3ToT oneparop Mo3BoJisieT YAAIUTh pa3es 3HaYeHH 110
YMOITYaHUIO U3 CYIIECTBYIOIIETO OTPEICICHUS JOMEHA.

OnemenT cnricka domain_constraint_definition_list umeeT Buj

[CONSTRAINT constraint name]

CHECK (conditional expression)

HeoGs3atensasriii paznen CONSTRAINT constraint_name mo3BoJisieT ONnpeeIiTh UMl HOBOTO OTpPaHUYCHUS
nesioctHocTH. Ecy siBHOE yKa3aHue UMEHH OTCYTCTBYET, OTPaHUUCHHIO HA3HAYACTCS] MMS1, aBTOMATHUECKU
reHepupyemMoe cucteMoil. Uto kacaeTcs Buia yCIOBHOT'O BBIPAXKEHHS, CIIy>Kalllero COOCTBEHHO OTPaHn4YCHUEM
LEJIOCTHOCTH, TO B CTAHJIAPTE 3arpeniaeTcs UMb MPsIMOe WIM KOCBEHHOE MCIOJIb30BaHNE B HEM JIOMEHA, B
ompeieieHe KOTOPOro BXOIHUT JaHHOE YCIOBHOE BhIpaxkeHue.~ OJHAKO Hauboee ecTeCTBEHHBIM (i Haubonee
pacnpocTpaHeHHBIM) BUIOM OTPaHUYEHUS IOMEHA SBJISIETCS CIIe Iy OLIHIA:

CHECK (VALUE IN (list_of valid values))

Takoe orpannyeHue 3anpeniaeT MosBICHUE B JIIOOOM CTOJOIIE, OTIPE/ICIIEHHOM Ha JIaHHOM JIOMEHE, JTIF000T0
3HAYEHUS ONPEAEISIIOIETO THIA, HE BXOASLIET0 B CIIMCOK JOIMYCTUMBIX 3HAYCHUH.

HN3menenune nomMeHa.

st m3MeHeHus XapaKTepUCTUK paHee OMpeeICHHOTO JOMeHa nctonb3yercs oneparop SQL ALTER
DOMAIN. Cunrakcuc 3Toro onepaTopa BBIVISAUT CIEIYIOLIUM 00pa3oM:

domain_alternation ::=

ALTER DOMAIN domain_name domain_alternation action
domain_alternation_action ::=
domain_default alternation action
| domain_constraint_alternation action

Kak BUAHO U3 CHHTaKCHYECKUX MPABUII, IPH U3MEHEHUH OTIPE/ICIICHUS JOMEHA MOYKHO BBITIOJIHHUTE JICHCTBHUE 110
HM3MEHEHUIO pazjesnia 3HaYeHHUs 110 YMOIYaHUIO TM00 U3MEHUTh OrpaHudeHne foMeHa. /s nepBoro Bapuanra
JIEUCTBYET CAEAYIOIIHNI CHHTAKCHC:

domain default alternation action ::=

SET default_definition
| DROP DEFAULT


http://www.citforum.ru/database/advanced_intro/49.shtml#footnote88
http://www.citforum.ru/database/advanced_intro/49.shtml#footnote89
http://www.citforum.ru/database/advanced_intro/49.shtml#footnote90
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B cnyuae ycraHoBKM HOBOro 3HaueHus 1o ymosrdanuto (SET) 310 3HaueHue aBTOMaTHYECKH IPUMEHSAETCS KO
BCEM CTOJIOLIaM, OTIpeIeNICHHBIM Ha JaHHOM JAoMeHe. boiee TouHO, 3T0 3HaYeHHE CTAHOBUTCSI HOBBIM 3HAUYCHHEM T10
ymoirdanuio. Onepanyst He OKa3bIBaeT BIUSHUS Ha COCTOSHUE CYLIECTBYIOLINX CTPOK TaOuuL 0a3sl JaHHBIX. B cioydae
OTMEHBI pa3zieiia 3HaueHus 110 yMOJIYaHulo B onpeaenenun qomeHa (DROP) cymectBoBamee 3HaueHue 1oMeHa o
YMOJIYaHHIO CTAHOBUTCS 3HAUCHHUEM 10 YMOJIYAHUIO KKO0I'0 CTOJIONA, KOTOPBIH ONpeieNieH Ha JaHHOM JIOMEHE U
IUIsL KOTOPOTO He Cenru(pUIUPOBAHO COOCTBEHHOE 3HAYCHHUE [0 YMOIYaHUIO.

JlelicTBUE 110 U3MEHEHUIO OTPAHUYEHUS IOMEHA ONPEeIIeTCs CIEAYOIINUM CUHTAKCUCOM:

domain constraint alternation_action ::=

ADD domain_constraint_definition
| DROP CONSTRAINT constraint_name

JeticTBre 110 MTOOABICHUIO HOBOT'O OMpeeeHIs orpanndeHus qoMera (ADD) nmpuBouT K TOMY, 9YTO HOBOE
ycnoBue nodasisercs yepe3 AND k cyliecTByomeMy OrpaHMYeHUI0 1oMeHa. Eciii K MOMEHTY BBITIOJTHEHUS
cootBercTBytomero onepatopa ALTER DOMAIN cymiecTByrOT CTONOIBI HEKOTOPBIX TAOJHII, TEKYILUE 3HAYESHUS
KOTOPBIX MMPOTUBOpPEYAT HOBOMY orpanndenuto, To CYB/l nomxna orBeprayTh 3ToT oniepatop ALTER DOMAIN.
HeiictBue o otmene orpanndenus gomeHa (DROP) npuBoanT K MCUE3HOBEHUIO COOTBETCTBYIOIIEH YacTH 00IIEro
OTpaHUYEHHS COOTBETCTBYIOIIETO IOMEHA, YTO, ECTECTBEHHO, HE BIMSET HA CYIIECTBYIOIINE 3HAYSHHUS CTOJIOLOB
HUMEIOIIUXCS Ta0JINI.

OTtMmena 1oMeHa.

UroObl OTMEHHUTH paHee CO3JaHHOE OTIpeesICHHE JOMEHA, Hy>KHO BOCIOJIb30BaThes oneparopom DROP
DOMALIN B crnenyromeM CHHTaKCHCE:

DROP DOMAIN domain_name {RESTRICT | CASCADES}



45. CpencrBa onpejejieHns, ©3MeHeHHsI U OTMeHbI onpeneaeHus: 6a30BbIX Tadaul B SQL.

Omnpenenenre 6a30BOi TAOIUIIBI.

Onpenenenue cToadua: BO3MOKHO HCIIOIb30BaHUE ONPEIEICHHOI0 paHee J0MEHa.

OrmpeneneHre OrpaHUICHUN 1IEJTOCTHOCTH: IS CTOJIONA, M1l TaOIUITEI, TS Beel 0a3pl. OTpaHuYeHIS
MIEPBUYHOTO KIIF0Ya, OTPaHHYCHSI BHEIITHETO KITFOYA.

QrPAHHYERMA TOMEHOE

v

OTFAHHYEHHMA CTOIELCE

T

TAENMMYEEE CUPAHMYERHA

1

OTPRHMYEHHI EAZH JAHHEIX

ITpumep:

(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));



46. Ba3oBble cpeicTBa MAaHHIYJIMPOBAHMUSI TAHHBIMH B si3bike SQL.

K 6a3o0BbiM cpeactBam Manumynuposanus otHocsitess UPDATE, DELETE u INSERT.
INSERT 151 BcTaBKHM CTPOK B CyHIeCTBYIOIIHE TAOJIMIbI:

O6mmit cuaTakcuc oneparopa INSERT BBITISINT CIETYIOITIM 00pa3oMm:

INSERT INTO table name

{[ (column_commalist) ] query expression
| DEFAULT VALUES

IZIe query expression — MO>KeT OBITh JIFOOBIM BBIPaKEHHEM-3AIIPOCOM.
Tax Hampumep BO3MOKHA BCTaBKB BCEX CTPOK KAKOH-TO TAOJIHIIBL:

INSERT INTO EMP (EMP_NO, EMP NAME, EMP BDATE) TABLE EMP TEMP;
BcTaBka ogHON CTPOKH (HMCIIONIB3YETCSI KOHCTPYKTOP CTPOKH):

INSERT INTO EMP
ROW (2445, 'Brown', '1985-04-08', 16500.00, 630, 772);

Omneparop UPDATE nns moau¢ukanuu cymecTBYIOINAX CTPOK B CYIIECTBYIOIIHUX Ta0JMIAX
OOmuit cuarakcuc oneparopa UPDATE BeINISIAUT ClieAyIONMM 00pa3oMm:
UPDATE table name SET update assignment commalist
WHERE conditional expression
update assignment ::= column_name =
{ value_expression | DEFAULT | NULL }

[Ipumepsr:
IIpocroii:

UPDATE EMP SET DEPT _NO =632, EMP_SAL = EMP_SAL + 1000.00
WHERE PRO_NO =772;

CJII0O>KHBIIL:

UPDATE EMP SET EMP_SAL = (SELECT AVG (EMP1_SAL)
FROM EMP EMP1
WHERE EMP.DEPT NO = EMP1.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;

Omneparop DELETE ns ynaneHusi CTPOK B CyIIeCTBYIOIIUX Tadaumax
OO6muit cuarakcuc oneparopa DELETE Beirnsaut criegyronmm oopazom:
DELETE FROM table name
WHERE conditional expression

[Ipumep:
IIpocroii:

DELETE FROM EMP WHERE PRO_NO = 772;
CnoXHBIH:

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 = EMP1.EMP_NO);



47. IMousitue Tpurrepa. Mexanusm tpurrepoB B SQL. TUnbI TPUITEPOB U UX BHINOJTHEHHE.

Tpurrepom Ha3zbIBaeTCS XpaHUMas B 0aze TaHHBIX IPOIEAypa, aBToMaTndecku BeizbiBaeMas CYbB ]l mpu
BO3HUKHOBEHHHU COOTBETCTBYIOIUX YCIOBHH.

B s13bIKe 00€CTIEUNBAIOTCS BOBMOKHOCTH OMPE/IEIICHHS TPUTTEPOB, KOTOPBIC BRI3BIBAIOTCS («CpabaThIBAIOT») PU
BCTaBKE OJIHOW WIJIM HECKOJIBKUX CTPOK B YKa3aHHYIO TaOJIHILy, TIPU MOAUGUKAIIMN OJHOM MITH HECKOJIILKHUX CTPOK B
yKa3aHHOU TaOJIMIIe WITH MTPU YAAJCHUN OJHOM MIIM HECKOJIBKUX CTPOK U3 YKa3aHHOU TaOJIHIIBI.

Tabnuia, ¢ KOTOPO CBS3BIBACTCS OIMPEICIICHUE TPUTTEPA, Ha3bIBACTCS npeomemnou mabauyei (subject table), a
orieparop SQL, BEINOIHEHNE KOTOPOTO MPUBOAMT K cpabaTHIBAHHIO TPUTTEPA, MBI OyJIeM Ha3bIBATh UHULUUDVIOWUM
(triggering SQL statement).

OCHOBHBIMY 00JTACTSAMH UCIIONIE30BAHUS MEXAHU3Ma TPUTTEPOB SBIISIOTCS:

o JKypuanuzayus u ayoum. C MOMOILBIO TPUTTEPOB MOKHO OTCIIEKUBATH U3MEHEHUSI TaOJIHIL, IS
KOTOPBIX TpeOyeTcs MoAAepKKa MOBBIILIEHHOT0 YPOBHS Oe3omacHoCTH. JlaHHbIe 00 M3MEHEHUH TaOJIHIl MOTYT
COXPAHATHCA B APYTUX TaOJIUIAX M BKIIOYATh, HAPUMED, WACHTH(HUKATOP MOIB30BaTENs, OT HIMEHU
KOTOPOTO BBITIOJHSIACH OTlepanys OOHOBIIEHHUS; BPEMEHHYIO METKY ONepanny OOHOBIICHHS; CaMU
OOHOBJIsIEMBIE TaHHBIE U T. JI.

o Coenacosanue u ouucmxa oanusix. C moOBIM MPOCTHIM orepatopoM SQL, 0GHOBISIOIIIM
HEKOTOPYIO TabIHUILy, MOXHO CBSI3aTh TPUTTEPHI, MPOU3BOSIINE COOTBETCTBYIOIINE OOHOBIIEHHUS IPYTHX
tabnuu. Hampumep, ¢ onepanueii BcTaBku HOBOI cTpoku B Tabnuiy EMP (npuem Ha paGoTy HOBOTO
CITy’Kalllero) MOXHO OBIIO CBSI3aTh TPUITEP, MoguHuuupyromuil 3uauenus cronouos DEPT EMP NO u
DEPT _TOTAL_SAL' crpoku ta6muust DEPT co 3uauenunem cronéua DEPT NO, KoTopoe COOTBETCTBYeT
HOMEpY OT/Ie]a HOBOTO CIIYKAILETO.

o Onepayuu, ne cesazanHvie ¢ usmeHeHuem 0a3vl OaHHbIX. B TpUrrepax MOryT BBIIIOJIHATHCS HE TOIBKO
oreparu 00HOBIeHuUs 6a3bl JaHHBIX. CTangapT SQL mo3BoIIET ONpeneisITh XpaHUMbIE TPOIIeTyphI
(KOTOpBIE MOTYT BBI3BIBATHCS U3 TPUITEPOB), OCHUIAIOIINE ANEKTPOHHYIO ITOYTY, MTeYaTaloie TOKYMEHTHI U
T. I.

THUMBI TPUITEPOB U UX BBIIOJIHEHHE:
Tpuzzepvt BEFORE u AFTER

Ecnu B onpenenennu tpurrepa ykaszaso kmoueBoe ciioBo BEFORE, To tpurrep 0yzaer cpabaTsiBaTh
HETIOCPEICTBEHHO JI0 BHIIOIHEHUS ONlepaliii OOHOBJICHHsI 6a30BOi TaOIHIILI COOTBETCTBYIOIINM HHUIIHUAPYIOIIAM
onepatopoM SQL. IIpu 3aganuu kmoueBoro cnoBa AFTER tpurrep Oyner BrI3bIBaTHCS HEMEUIEHHO MTOCTIE
BBITIOJTHEHHS] HHULIMHMPYIOILErO ONepaTopa.

Tpuzzepor INSERT, UPDATE u DELETE

Br160p 01HOTO M3 3TUX KIFOUEBBIX CJIOB P ONPEIEICHUH TPUTTEPA YKa3bIBaeT Ha TIPUPOLY COOBITHSI, KOTOPOE
JOJDKHO IPUBOJUTE K cpabaTeiBanuio Tpurrepa. [Ipu 3aganuu kimtoueBoro cinoBa INSERT k cpabaTbiBaHMIO TpUrTEpa
MO>KET MIPUBECTH TOJIBKO BBHIIIOJIHEHUE ONEPALUU BCTABKU CTPOK B MPEIMETHYIO Tabauiy. Eciau yka3siBaloTcs
kimouesbie cnoBa UPDATE wiu DELETE, To 4rciio BO3MOXKHBIX COOBITHH, TPUBOSAIINX K CpabaThIBAHHUIO TPUITEPA,
Bo3pacTaeT. Kpome sIBHBIX oneparuii MoAu(UKaUK CTPOK MPEIMETHON TaOIUIbl MM yIAJICHUS U3 Hee CTPOK K
cpabaThIBaHUIO TPUITEPA MOTYT IPUBECTH CCHUIOYHBIE EHCTBUS

Tpuzzepet ROW u STATEMENT

Ecnu B onpenenennu tpurrepa npucyrctByeT KoHCTpyKuust FOR EACH ROW, To tpurrep Oyzaer BBI3bIBATHCS
JUTSL K&KIOW CTPOKH MPeMETHON TabIuIpl, 00HOBIsieMol nHunmupytommmM SQL-oneparopom. Eciu ke 3amano FOR
EACH STATEMENT (wnu siBnas cnienugukanus FOR EACH orcyTcTByeT), TO TpUITEp CpabOTaET OAMH pa3 Ha
BCEM MPOTSHKEHHUH MPOTIecca BHITOHEHMSI HHUIIMHUpYTomero SQL-omepaTopa.

Pazoen WHEN

Bxirouenue B onpezenenue tpurrepa paszaena WHEN ¢ COOTBETCTBYIOIIMM YCIOBHBIM BBIPAKEHUEM TO3BOJISIET
OoJee TOUHO ceNUUIMPOBATh YCIOBUE IPUMEHUMOCTH TPUrTepa. BeruricieHne yeIoBHOTO BEIPaKEHHS
MIPOM3BOJUTCS HAJ CTPOKAMH NIPEAMETHON TaOIULIbI, U TPUITEP CpadaThIBAET TOJILKO B TOM CIIy4ae, KOrza 3HaYeHUEM
YCIIOBHOT'O BbIpaXeHHH siBIsieTcd true. IIoOHATHO, 4TO BUIBI ¥ MHTEPIPETALHS JOTHYECKUX BBIPAKEHUI, JOMyCKAEMBbIX
B paznene WHEN, pazmuuatorces y tpurrepoB ¢ FOR EACH ROW u y tpurrepos ¢ FOR EACH STATEMENT. B
MIEPBOM CIIy4ae YCIIOBHOE BBIPQ)KEHHE BBIUUCIISIETCS IS OTHON CTPOKHU, KOTOpast AOJKHA ObITh OOHOBJICHA
nHunuupyomuMm SQL-oneparopom. Bo BTopoM — yClIOBHOE BbIpa)KEHUE BBIYHUCISICTCS AJI1 BCEM MPeAMETHOU
TaOJUIIBI LIETUKOM H, TI0 BCel BUIMMOCTH, JTOJDKHO 0a3UpOBaThCS HA «KBAHTOPHBIX» MpenukaTax. Ciemyer Takxke
MOHHUMaTh, YTO BblUKcCeHHEe yciaoBus pazaena WHEN nanHoro tpurrepa mnpou3BOAUTCA TOIBKO B TOM CIIydae, €ClIH
MIPOM30LIIO COOBITHE CPabaThIBAHUS TPUTTEPA.

BrinosiHeHnue TpUrrepos.

[To X0ty BBIIOTHEHMS TPUTTEPa BOZMOXKHA CUTYAIUs, TPH KOTOPOH BBI3BIBAECTCS BHYTPEHHUHN (BTOPUYHBIN)
TPUITED, a TAK)KE TPETUYHBIA U.T.J — INTyOMHA BIO>XEHHOCTH BBI30BOB HeorpanudeHHa. (Pexypcus, kopoue).


http://www.citforum.ru/database/advanced_intro/75.shtml#footnote162

BrimonHeHno TpUrrepa COOTBETCTBYET KOHTEKCT BBITIOTHEHHA. [1py 3aBepIIeHHH BHITOTHEHNS BHYTPEHHETO
TpUTTEpa KOHTEKCT MEHSETCS HA KOHTEKCT BHEIIHETO TPUTTEpa.



48. O6uasi cTpyKTypa onepatopa BbI0opKH B si3bike SQL 1 cxeMa BbINOJHEHHSI.

st BeIOOpKHM maHHEBIX B mpssMoM SQL ucnonsiyercs onieparop SELECT, Bo3pparmaromuit Habop w3 0THOM WK
HECKOJBKUX CTPOK OJJMHAKOBON CTPYKTYPHI H 3371aBaeMbIi B CIIEYIOIIEM 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 ]

Ha nepsom miare Beimonnsercs pasaen FROM.

Ha BTopom miare BeimonHsiercs paszaen WHERE. Ycnosroe Beipaxkenue (conditional expression) aToro paszjiena
MIPUMEHSIETCS K Kax10# cTpoke Tabmutsl T, u pesynbraTtoM siBisieTcst Tabnmuna T1, comepikarias Te u TOJIBKO T
CTpOKH Tabiuibl T, 1715 KOTOPBIX PE3y/IbTaATOM BBIYHMCIICHHS YCIOBHOIO BRIPAKEHUS SBIISICTC true. (3aroyioBKu
tabmu T u T1 coBnagaroT.)

Ecnu B oneparope Boi6opku npucyrctByeT pazaea GROUP BY, To oH BBINOJIHSETCS HA TPETHEM LIare.

Kaxxnpiii anmeMeHT criucka UMeH cToaomoB (column name commalist), yka3eIBaeMOTo B 3TOM pasjielie, J0JDKEH
OBITh OJTHUM U3 UMEH cTOJIONOB Tabauisl T1. B pesynbrate Boimonnenus paszaena GROUP BY o6pasyercs
cepynnuposannas mabauya T2, B KoTopoli cTpoku Tadnuubl T1 paccTaBieHbl B MUHIMAJIBHOE YUCIIO TPYIII, TAKUX,
YTO BO BCEX CTPOKAX OJHOW TPYIIIbI 3HAYCHHSI CTOJIOIIOB, YKa3aHHBIX B CIIUCKE MMEH cToOIOoB pasnena GROUP BY
(cmonbyoe epynnuposxit), OTUHAKOBBHI.

Ecmu B oneparope Bei6opku nipucyTctByeT pasaen HAVING, To oH BINOTHSIETCS HA CIEAYIOIIEM Iare.
VYciioBHOE BhIpa)keHHE ATOTO pasziena NPUMEHSETCS K KaXKI0W TpyIIe CTPOK Tabmauubl T2, U pe3ysIbTaToM SBISIETCS
crpynnupoBaHHas Tabnuna T3, cogepikaiias Te ¥ TOIBKO Te TPYIIIBI CTPOK Tabiuisl T2, 1 KOTOPBIX Pe3yIbTaTOM
BBIYHUCIICHHSI YCIIOBHOT'O BBRIPKEHHUS SIBIISIETCS true. Y cimoBHOE BeIpakeHue pasnena HAVING crpoures mo
CHUHTaKCHUYECKUM IIPaBUIaM, OOLINM AJISl BCEX YCIOBHBIX BBIPQXKEHHUM, HO 00J1a1aeT TOH CrIeU(HKOH, 9TO
MPUMEHSIETCS K TPYIIIaM CTPOK, a He K OTJEIBHBIM cTpokaM. [103ToMy npenuKkaThl, i3 KOTOPBIX CTPOUTCS 3TO
YCIIOBHOE BBIPa)KCHHE, TOJDKHBI OBITH NpEANKaTaMH Ha IPYIIY B IeJ0M. B HUX MOTYT HCHONB30BaThC UMEHA
CTOJIOLIOB TPYNIMPOBKHU (UHEapUanmbl epynnsl) U Tak HazeiBaeMble arperatisle Gpyakuun (COUNT, SUM, MIN,
MAX, AVG) oT apyrux CTOJIOIOB.

Brmonaenne paznena ORDER BY npou3BoauTcst B TOCIETHIOI 04Yepe/hb, CIeTYIOMHIM 00pa3oM. Beibupaercs
TIEPBBIN JIEMEHT CITUCKA COPTUPOBKH, U CTPOKH TaOIUIBI T4 paccTaBIsIFOTCS B MOPSIKE BO3pacTaHMsl (€CIn B
asieMeHTe npucyTcTByeT crieruduxanus ASC; npu orcyterBuu crierudurannn ASC/DESC npennonaraercst Hanu4ue
ASC) unu B opsiake yobiBanus (npu Hanuuuu crnenrdukanuu DESC) B COOTBETCTBUM CO 3HAUECHUSIMH BBIPAYKEHUS,
CoJIepIKaIIerocs B JAHHOM 3JIEMEHTE, KOTOPhI€ BEIYUCIISIFOTCS [T KKAO0W cTpoku Tadnuiel T4. Jlanee Beioupaercs
BTOPOI1 3JIEMEHT CIHCKa COPTUPOBKH, U B COOTBETCTBUH CO 3HAUEHUSAMH 33JaHHOTO B HEM BBIPAXKEHUS U MOPSIIKA
COPTHUPOBKHU PACCTABISIOTCS CTPOKH, KOTOPHIE MOCIIE TIEPBOTO IIara COPTHPOBKH 00pA30BAIH TPYIIITHI C OJIMHAKOBBIM
3HAUYEHHUEM BBIPAXKEHHUSI IEPBOTO JIEMEHTA CIIUCKA COPTUPOBKU. Orepanust NpoAoHKaeTcs 10 UCUepIaHus CIIUCKa
3JIEMEHTOB COPTUPOBKH. Pe3ynbTHPYIOMNKA OTCOPTUPOBAHHBINA CIICOK CTPOK SBJISIETCA OKOHYATEIbHBIM PE3yIbTaTOM
3arpoca.



49. Ipencrasasiemble U nopoxkaaembie Ta0IUIbI B SQL. ArperaTHble H KBAHTOPHBIE (QYHKIIUH.
Ipeacrasasiemas Tadauia — npejcTaBieHue TabIHIE, KOTOPOE MOXKHO HCIIONB30BATh B OTIEPATOpPE BHIOOPKU
Hapsay ¢ 0a30BBIMH TaOIUIIAMHI
(table reference ::= table primary).

OTIEPaTOp CO3/IaHUs MPECTABICHUS B OOIIEM ClTydae ONpeelseTcs CICAYIOIMNMI CHHTAKCHIECKUMHE MTPaBUIIaMU
(mpocToii Bux):
create_view ::= CREATE VIEW table name
[ column name comma list ]

AS query expression - 3ampoc
Wms Tabnuipl, 3aaBaeMoe B ONpeAETICHUH MIPEACTAaBICHUS, CYLIECTBYET B TOM K€ MPOCTPAHCTBE UMEH, YTO U HUMEHA
0a30BBIX TAOJHIL, 1, CIICAOBATEIBHO, JOJDKHO OTJIMYATHCA OT BCeX MMEH Tabmuil (0a30BBIX U MPEACTABISIEMBIX ),
CO3JIAaHHBIX TEM K€ MOJIL30BATEIIEM.
Ecnu ums npeacraBnenust BetpedaeTcs B pazoene FROM xakoro-nndo orneparopa BBIOOPKH, TO
BBIUHUCIISIETCS 8bIpadiceHie 3anpocd, yKasaHHoe B pasenie AS, v onepaTop BEIOOPKM paboTaeT ¢ pe3yabTHPYIoLIeH
TaOJIHMILIEH 3TOTO GbIpAdICeHUs 3anpocda.

Iopo:xnaemasn Tadauua derived table 3amaercs guipasicenuem 3anpoca, 3aKIIOYCHHBIM B KPYTJIble CKOOKH:
derived_table ::= (query_expression)

ArperaTHble M1 KBAHTOPHbIE (PyHKIHH

arperaTHble:
Bcé aTo hyHKIIMM HaJ MyTBTHMHOXECTBOM CTPOK (crpynmupoBanHbix, eciii GROUP BY, nnn Beeii Tabnuueit). Ha
OCH. M/MHOX€CTBa CTPOK IPOU3BOAATCS] MHOKECTBA 3HAUCHHUN

COUNT — Koiu4ecTBO 3HAYECHUH
MAX

MIN

AVG — cpenHee 3HaUCHUE

SUM

COUNT (*) — konn4ecTBO CTPOK (BCET/Ia CUUTAIOTCS PA3IMYHBIMH)

(aprymeHTHI cnenyromux KBaHTPOHbIX ¢pyHKIuil — CYTD noruueckue BEIpasKeHHs)

EVERY: true , ecnu nor. Beip. True 11 Bcex cTpok
SOME (ANY): true , ecu nor. BeIp. True st XoTst ObI OJHON CTPOKH

DISTINCT - ynanenue myOoaukaToB CTPOK U3 pe3yabTaTa.

Ecnu Ha BXoze mycToe MHOXXECTBO, TO
COUNT =0 EVERY = true MAX, MIN, AVG, SUM = NULL



50. Ipeauxatel a3bika SQL.

Jlorny. BeIpaskeHue — OyJIeBO BRIPaKEHHE, KOTOPOE CTPOHUTCSI HA OCHOBE IpeAnKaToB ¢ ucn.oneparopos AND, OR,
NOT U ()
S — cka.pon3BecHUE
R — cTpok.Tabn
[R| - 3HaueHME B CTpPOKE
T — rabnuna
[Ipenukar no3BosseT cneuUIUPOBATE YCII-€, Pe3yIbTaTOM KOTOPOTrO MOXKET OBITH true, false niam unknown.
Jiist MoOBIX apryMEHTOB MPEMKATOB ITPaBHJIa:
1) COBMECTUMOCTH THIIOB
2) paBeHCTBO cTeneHei cTpok. omepanoB [Rx| = |Ry]
3) s mo0. npeauk. ecth 00patHbI NOT pred = NOT (pred)

IIpepukarbi:
1) Ilpenukat cpaBHenusi: Rx comp-op Ry
2) Ilpenukar between: ycioBue Bx-s B quan. 3HaueHuit (Rx between Ry and Rz)
3) Ilpenuxkar is null: sBiIsSIETCS HEOTP.3HAYEHHEM apTyMEHTa
4) Tlpenukar in: yCIOBHE BXOX/JCHHS B YKa3.MHOKECTBO
5) Ipenuxar like: string LIKE pattern ESCAPE symbol
B pattern - 1000 OMHOY.CUMBOJI, % - MPOU3B. I/CTPOKa

6) Ilpemukar similar
7) Ilpenukat exists: nomyummu u myctyto Tadauiy (TRUE < | Ty, [>0 , nnaue FALSE)
8) IIpenuxar unique: = TRUE, korna B T, OTCYT. 2 OIMHAK. CTP
9) IIpemuxar overlaps: mepeceueHue Mo BpeMeHU 2X COOBITHIA
10) IIpenukaT cpaBHEHUs C KBAHTOPOM:

Rx comp op ALL T (xBaHTOp BCEOOIIHOCTH)

Rx comp_op SOME T (kBaHTOp CyIIIeCTBOBaHUS)

11) [Ipemukat match: cOOTBETCTBHE ITOJACTPOKH PE3-TY 2/1 3ammpocy
12) Ipenuxkar is distinct: Rx IS DISTINCT FROM Ry = TRUE < Rx u Ry - nyonukats



51. Ynpasiaenne Tpanzakuusavu B SQL. CpeacTBa HHMIHANMH ¥ 3aBeplUIeHUs] TPAH3AKIHIA.
IoHsiTHE TOYKH cOXpaHeHUA. YPOBHU u30jsiuuu SQL-TpaH3akumuii.

Tpanzakmusa ACID — nocnen. onepanuii, 00JIaJar0IIAX CB-BaMU aTOMAPHOCTH, COTJIACOBAHHOCTH, U30JIAIL,
JIOJITOBEYH.

Tpanmzakmmst , oopazoBannas sBHBIM oOpazoM: START TRANSACTION nu6o HEsSBHO, KOTIa BEITIOTHSICTCS
oreparop, JJis KOTOPOro TpeOyeTcsi KOHTEKCT TPAH3aKIINH, & €ro HeT.

s 3aBepiIeHNS TPAH3AKIUU: COMMIT (rpanzaxius coxp-cst B BJ])
ROLLBACK (cucrema Bo3BpalaeTcs B COCT-€ JJO CTapTa)
SET TRANSACTION mode commalist
mode ::=isolation_level
| access mode
| diagnostics_size
isolation_level ::= READ UNCOMMITED - YPOBEHb M30JALNH
| READ COMITTED
| REPEATABLE READ
| SERIALIZABLE
access_mode ::= READ ONLY - PEKUM JIOCTYIa
| READ WRITE
diagnostics_size ::= DIAGNOSTIC SIZE value_specification - Ne quar.3iaeM-B, KOT. MOTYT pa3MeIaThes B
0051acTH TMarHOCTHKH

Touku CoXpaHeHus.

Touka coxpaHeHHs IPEACTABISAET COOOH CBOETO POAA MOMETKY B IOCIEIOBATEIBHOCTH OTNIEpallii TPaH3aKINH,
KOTOPYIO B IIaJILHefIIHeM MOXHO HCITOJIB30BATh JJId HaCTUYHOI'O OTKaTa TpaH3aKIWU C COXPaHCHUEM
KHU3HECTIOCOOHOCTH TPAH3aKLMH U Pe3yIbTATOB ONEPALii, BBINOJHEHHBIX B TPAH3AKIMHU 10 TOUYKU COXPAHEHHS.

Ycranoenenus Touku coxpanenusi: SAVEPOINT savepoint_name

YpoBuu n3onsauun SQL-Tpan3aknun
B cranmgapre SQL:1999 ypoBHM HU30JIALIMN ONIPEACISIOTCSI Ha OCHOBE HECKOIBKUX (DEHOMEHOB, KOTOPBIC MOTYT
BO3HHKATb IPH BBHIIIOJTHEHUH TPAH3aKIHA:

o deHomeH «rps3Horo» uyrenus (dirty read) - Otomy QpeHOMEHY MOBEPKECHBI TPAH3AKIMH, B
KOTOPBIX JIOIYCKAETCS BOBMOYKHOCTD BUIETh H3MEHEHHsI 00bEKTOB 0a3bl IaHHBIX, IPOU3BOIUMBIE IPYTUMH
OJIHOBPEMEHHO BBINIOJIHIEMBIMH U €Ie He 3aMKCUPOBaHHBIMH TpaH3akuusiMu. B SQL ¢penomen
«TPSI3HOT0» YTCHUSI MOXKET HAaOJII0AaThCsl Y TPAH3aKLUKH, BBIIOJIHAEMBIX Ha ypoBHE n3oisiuud READ
UNCOMMITTED

e deHoMeH HenoBTOPsieMoro yrenusi (unrepeatable read) - Otomy PeHomMeHy OABEPIKEHBI
TpaH3aKLUH, YUTAIOIINE HEKOTOPhIe 0OBEKTHI 0a3bl JAaHHBIX U AOMYCKAIOIINE U3MEHEHHS yXKe IPOUNTaHHBIX
00BEeKTOB JIpyrumu TpaHzakiuusMu. B SQL peHoMeH HenoBTOPseMOro YTEHUS] MOKET HAOIIOIaThCs y
TpaH3akuuii, BeIMoaHseMbIX Ha ypoBHe nzoisinun READ COMMITTED (3toT ypoBeHb H30IISLHMH, KaK
MOKAa3bIBAET €T0 HAa3BaHHUE, FAPAHTHPYET OTCYTCTBUE (DEHOMEHA «IPS3HOTO» YTECHUS).

o deHomeH paHTOMOB - DTOMY (hEHOMEHY MOABEPIKEHBI TPAH3aKIIMH, TPOU3BOISIINE BEIOOPKY CTPOK
1 Tabnu1l 0a3bl JaHHBIX U JOMyCKalolIe J00aBIeHNe K JaHHBIM TaOlIuaM APyriMy TPaH3aKIHIMHU CTPOK,
KOTOpbIE YIOBIETBOPSAIOT yciI0BHIO BEIOOpKH. B SQL (eHOMEH (haHTOMOB MOXKET HaOIIOAATHCS Y
TpaH3akui, BeImoaHseMbIX Ha ypoBHe u3oisaiun REPEATABLE READ (310T ypoBeHb H30JSAIMH, KaK
MOKAa3bIBAET €T0 HAa3BaHHE, FTAPAHTHPYET OTCYTCTBUE (DEHOMEHA HEIIOBTOPSIEMOTO UTCHHUS).



52. Nepapxusi BUI0OB OrpaHMYeHuil HeaocTHocTH B SQL.

CCPRHMMEHMA TOCMEHDE
OUPAHNMEHHA CTONELGE
TREMMYHEE OCPAHHYEHRKA

OrPAHWYEHWA EAZH ITAHHEX

B crarnmapte SQL momomHuTebHBIC OTpaHudeHsI 0a3pl JaHHBIX Ha3bBaloTcs ASSERTION, T.e. o0mme
orpaHn4eHMs HeJocTHOCTH (orpannyenns BJI).
g onpeneneHust 0011eT0 OrpaHUYeHus [eocTHOCTH CityKUT oriepatop CREATE ASSERTION, 3anaBaeMeblil B
CJIETyIOIEM CUHTAKCHCE:
CREATE ASSERTION constraint_name

CHECK (conditional expression)

IIpumep:
CREATE ASSERTION MIN_EMP BDATE CHECK
((SELECT MIN(EMP_BDATE)) FROM EMP) >="1917-10-24")

B koHTeKCTE KaXk10ii BBITIOIHIEMO TpaH3aKIMU KaK10€ OTpaHUYEHHE LIETOCTHOCTH JOIHKHO HAXOIUTHCS B OTHOM
13 JBYX PEXKHUMOB:

1) HemensienHol npoBepku (immediate): TpoBepsIOTCS MPY BHIMOIHEHUH B TPaH3aKIIUH JIIO00W olepamuy,
M3MCHSIIOMICH cocTOosTHUE 0a3bl TaHHBIX, U, BO3M0OkHO ROLLBACK,

2) ots10:xeHHOii npoBepku (deferred): mpoBepsroTCs NPH 3aBEPILICHUN TPAH3AKIMHU (BBIITOJIHEHUN

oneparn COMMIT).

cnerduraryst INITIALLY ans orpanndenus nenoctTHocT (JTF000T0 BUIA):

INITIALLY { DEFERRED | IMMEDIATE } [ [ NOT ] DEFERRABLE ]

[HonpoOnee:

INITIALLY IMMEDIATE - B pexxume HemeOoneHHOU nposepKi,

INITIALLY DEFERRED — HaxoauTscs B pexuMe oTiao0keHHOU npoBepkH, a Takke DEFERRABLE - st nanHOTO
orpaHuueHus M O ycTaHoBIieH peskuM otioxeHHoi nposepkd, NOT DEFERRABLE — uto He MOXeT,

INITIALLY DEFERRED NOT DEFERRABLE sBnsercss He1omyCTUMON BO3MOXHOCTH CMEHBI PeKUMa
nonapasymeBaercs Hannuue cnerudurain DEFERRABLE.



53. Ilonpep:xka aBTOPU3anMH A0cTyNa K JaHHBIM B SQL. O0bexThl 1 npuBnierun. Ilosan3oBarenu u posn.

1) Meton aBropusanuu B SQL oTHOCUTCS K MaHAATHBIM METO/IAM.
2) B SQL — 9 tumoB npuBmieTruii + NpUBKIICTHS HA TIepeaady MPHUBUIICTHA.

3) [lonnepkuBaeTcs MPUHIUI COKPBITUS MHPOPMAIUK 00 00BEKTaX OT CYObEKTOB, Y KOTOPBIX HET JIOCTYIIA.

4) CyowekTtsl B SQL — monp3oBaTey u poiid. Poiib COOTBETCTBYET NMHAMHYECKH OIIPEACIICHHON TPYIITe, KaXxaas u3
KOTOPBIX OTPaXKaeT MPUBIJIETHH Ha MCTIOIHEHUE TAHHOH POJIH, a TAKXKE BCEMH MTPUBHUIIETUSMH JAaHHON POIH IS

nocrtyma K oobexram bJ[



54. Ilepenavya u aHHYJMpPOBaHMe NPUBHJIErHii U poJieil B SQL.
1) Co3marens mro6oro o0bekTa b/l aBTOMaTHUeCKn CTAaHOBUTCS €T0 BiaaelbiieM. Biagenerr obmaeT BceMu
MPUBWIICTHSIMU JIJISI BBITIOJTHEHHST ISHCTBHI HaJl TAaHHBIM 00beKTOM. OH MOXKET Nepe/iaTh BCe/9acTh CBOMX
MPUBHWIETHIA JPYTUM TI0JIH30BATEISAM WU POJISIM, B TOM YUCJIC IPUBUIICTHIO HA TIepeiauy MPUBHIIETUN (PEKYpCHs).
2) C nro60# 1osIb30H 1 TF000H poiibio B SQL cBs3aH yHUKATBHBIA HASHTH(GUKATOP HHANHATH3anmi. CpencTea
co3nanus uaeHTuduKaTopa nojip3osatens B crangapte SQL He onpeneneno. Ho momkeH cymecTBOBaTh
nosik3oBatenb ¢ uneHtudukaropom PUBLIC — nceBnonons3., cooTB. mr000My ToIb30BaTemto. J{ist
co3nanus/yaaneHus poiu nmoaaepxusatorcs oneparopsl CREATEROLE 1 DROPROLE.
3) st nepenaun npuBmieruu poiu noaaepxkusaercs onepatop GRANT, mns ynanenns — REMOVE.



55. O0beKTHO-OpMEeHTHPOBAHHAS MOJe/Ib JaHHbIX. Ee CTpyKTypHas, MAHUITYISINMOHHAS H
nejgocTHast yacTu. Peannzanuu
O6nexTHas bJ] — Habop KOHTEHHEPOB MPOU3BOIHLHOTO THITA (0OHEKTHI)
Tunel TaHHBIX:

JlutepanbHble:
1) aTomapHbIe
® UHUCIIOBBIC
® CTPOKOBBIE
® TEeMITOpaIbHBIE
® JIOTUYECKHE
2) KOHCTPYUPOBaHHBIC

®  CTPYKTYpPHI
e  KOJUTEKIMH (MH-Ba, MyJIBTH MH-Ba, MACCHBBI, CIIMCKH, CJIOBApH)
OOBeKTHBIE:
1) aromapHbIe
2) 00BEKT: KOJUICKIIHS
JIutepanbHbIE — TOJBKO B KAYECTBE THITOB aTPHOYTOB BHYTPH 00OBEKTAa 3HAYEHHUE JI. TUIIOB HE MMEIOT

HJCHTU(QHUKATOPOB U HE MOTYT CaMOCTOSITENILHO XpaHUThes B B/I.
OOBexTHBIE — y T1000r0 TUIMACYLIECTBYET KOHCTPYKTOP (CO3A. M MHULIKAIL.) U OTAeNbHbINA aTpuOyT OID (00BeKT.
unenrudukarop). OID yHukanex no Bcei b1 (kirou — TosbK0 B penenax tadnuisl). OID renepupyer b1 u He
3aBHCHUT OT COCTOSIHUSI 00BEKTa (KJIIOY 3aBUCUT OT COCTOSHHUS 00BEKTa)
3 BHIa DKBUBAJIECHTHOCTEN OOBEKTOB:
® UJACHTUYHOCTH (MICHTU(HUKATOPHI COBMAAAIOT)
® DKBHUBAJICHTHOCTh 10 3HAYCHUIO (3HAYCHUE BCEX UX aTPHUOYTOB OJIMHAKOBO, B CIIy4Yae CIOKHBIX OOBEKTOB -
PEKYPCHBHO)
® TIOBEPXHOCTHAS 3KBHBAJECHTHOCTbD, KOT1a aTPHUOYTHl MACHTHYHBI (IIPOCTHIE — IO 3HAUYEHHIO, 0OBEKTHBIE — T10
UACHTUPHUKATOPY)
OOBEeKTHBIE KOJJIEKIIMK MOTYT XpaHUThest B Bl caMOCTOSTEbHO M UMEIOT UIIEHTU(UKATOD.
ManunyaupoBaHue JaHHBIMHU
Omnepatopbl MOTYT BBI3BIBATHCS U3 JIFOOOTO S3bIKA IPOTPAMMHUPOBAHUS K HA000POT
B OQL pe3ynsraToMm 3ampoca sBisieTcs:
®  MHIUBHUIYaJbHBIH OOBEKT
®  KOJJIEKLHUsS 00bEKTOB
®  KOJUIGKLHS JIUTEPATHHBIX 3HAUEHUI
®  VHJIUBH/yalbHbIC JIUTEPAIbHBIC 3HAUCHHUS
ODL noszBousieT onucath cxemy b/l B Bujie Habopa nHTEp(eiicoB 00BEKTHBIX THTIOB.
IMoaxonp! k co3naHUI0 OOBEKTOB:
1) yCTOHYMBOCTH — XapaKTEPUCTHKA BCEX IK3EMIUISIPOB BCEX OOBEKTHBIX THIIOB
2) BbI30B KOHCTPYKTOpPA MPEAIIOI. CO3/1aHUE TPAH3UTHOTO SK3EMIUIIPa
3) cMewaHHBINA: THII 00bEKTa ONpeAEIIeTCs TapaMeTpaMyu KOHCTPYKTOpa
VY naneHue oObEKTOB:
1) o0beKkT (hm3uUecKH yaansercs B II000M Cirydae
2) OOBEKT UMEET CUETUUK CChUTOK. [Ipr HeHyIeBOM 3HAYEHNH CYETUYHKA BBICTABIACTCS (Djar yHHUTOXKEHUSI, a
00BEKT (PU3UUECKH YAAISIETCS [I0CTe TOro, Kak c4eTdnk=0.
OrpaHn4eHus! LeIOCTHOCTH:
00BEKTHI COBMAAAIOT TOTJA U TOJIBKO TOT/A, KOT/Ia OHU WACHTHYHBI, 3HAYHUT, HET O'PAHUYCHUS LIETIOCTHOCTH KaK B
pemsin. BJ1. He cymecTByeT moTOMKOB 0€3 mpeaka.
Peanuszamuu: Versant, Objectivity DB, db4objects (Java/.NET)
¢ cepeaunnl 2000x ODBMS.ORG — 2008 — HOBBIH cTaHAapT



56. O0bekTHO-pesiMOHHBbIe paciupeHust sa3bika SQL. Bo3MoskHBbIEe TOAX0ABI K 00beKTHO-PeISIHHOHHOMY
0TOOpaKeHUIO 0€3 UCMOJIL30BAHNS 00beKTHO-PEISIIMOHHBIX paciuupennii SQL.
Omnpenenenue 110JIb30BaTENIEM TUIIOB aHHBIX U TUIIM3UPOBAHHBIX TaOIHIL.
UDT:

e UuauBunmyansHblid THII. OCHOBAaH Ha €IMHCTBEHHOM MpeaompeacieHHoM tune (tuma typedef), Ho 0e3
HAaCJIEICTBEHHBIX OIlepaluii, UX HY’KHO YKa3bIBaTh.

e CrpykrypHbiii TUI. IMEHOBAHHBIH TUI JaHHBIX, BKIOUatomui 1 miu 6osnee aTpuOyToB THOOBIX U3
nonycTUMbIX B SQL TUIIOB AaHHBIX, B TOM YHCJIE B JaHHBIX CTPYKTYPHOT'O THIIA MOKHO MCIIOJIB30BATh
MEXaHM3M HACJECTBEHHOCTH OT paHee ONpeAeNIEHHOTO CTPYKTYPHOTO THITA.

[Ipu onpeneneHny TUMU3UPOBAHHBIX TAOJHIL YKA3bIBACTCS paHee ONPEACICHHBIA CTPYKTYPHBIHN THIL, U €Ci B HeM N
aTpuOyTOoB, TO B Tabumne N+1 cTonber “IMIIHUI" — cCaMOCCBHUTAIOIIMICS U COACPIKUT TUITM3UPOBAHHBIN YHUKAJIBHBIHN
UACHTU()HUKATODP CTPOK.

Crioco0 reHepanyy 3Ha4€HUH IPH ONPEAEIEHUH CTPYKTYPHOT'O THIIA

2) SYSTEM GENERATED — ananor OOB/{

3) USER DEFINED (TYPE) — onp. THn yHuKanbHOTo UIAEHTH()UKATOPA, TOJIb30BATENb YKa3bIBAET 3HAUCHHUE,
KOTJIa BCTaBJISIET CTPOKHU

4) USER DEFINED (criucox cTos0OII0B) — aHAJIOT KJTF0Ya



57. UcTuHHAasA peissOMOHHAS MOJeJIb NaHHBbIX. Ee cTpyKTypHasi, MAHMIYJIAIHOHHAS W HEeJOCTHAS YacTH.
Peasmzanun.
Tume! JaHHBIX
®  CKaJSIPHBINA (MHKATICYJIHP. THII, BHYTPEHHSS CTPYKTYpa KOTOPOTO CKPBITa OT MOJIb30BATENs)
® KOPTEXKHBIH (OmpeaensieTcs yKka3aHueM 3arojIoBKa B BUE€ MHOXKECTBA Map <UMs aTp., THII aTp.>, 3HaUCHUE —
TPHUIUIET <WMsI, THII, 3HAYCHUE™>)
e OTHOIIEHUE (OIpEaeAeTCs 3ar0JIOBKOM <HMsl, TUIL>, 3HAYEHNE-3ar0JI0BOK, COBIIAJICHUE 3ar0jI0BKa B
OTIPEJICIICHUH + TEJIO0 KaK MHOKECTBO KOPTEXKEN)
JIr000ii KOPTEK B OTHOILIEHUU COAEPXKUT POBHO | 3HaUeHHe 1is 1to0oro arpudyTa, 3HauuT, otHoueHue B 1NF.
B/l — Habop nONTOBPEMEHHO XPaHUMBIX OTHOIICHHA.
MaHumysiys JaHHBIMU:
e amrebpa A
e s3pIK D (mpuHIMIIBL: 711 3aIpOCOB — anredpandeckuii OaX0/1, 3alPOCHL, aIpeC K CIOXKHBIM JTaHHBIM,
dhopmymupyetcst 6onee TouHo, Yem Ha SQL.)
OrpaHnyeHus IEeTOCTHOCTH:
1) obs3aTenpHOE OmpeneneHne X0Ts 061 1 BO3SMOMXKHOTO KITl04a
2) moaaep)kKKa OTpaHHYEHUS IEJIOCTHOCTH KaK MPOU3BOJIHBIX YCIOBHBIX BBIPAXKEHNUH, KOTOPBIE JIOTHYECKU
SKBUBAJICHTHBI 3aMKHYTOH MPAaBUIIbHO MOCTPOCHHOU (opmyIie.
3) PekoMeHIyeTcs HCIOIB30BaTh CP. Mo, cchutod. IenoctHocTd DATAPHOR.
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