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IIpakTnueckoe 3ansaTue Ne 1
IIpoexkTHpOBaHMeE peISIIIUOHHBIX 0a3 TaHHBIX

eab padoThl: 03HAKOMUTHCS € OOIIEH XapaKTepUCTUKON Mpolecca MpoeK-
TUPOBAaHUS, U3YUUTh CTPYKTYpPY MH(OPMAIMOHHO-JIOTHYECKON Moenu uHpopma-
LINOHHOM CHUCTEMBI. PacCMOTPETh NPOEKTHYIO TOKYMEHTALHUIO.

Teopernueckne cBeieHUA

OCHOBHBIM MPUHIIMIIOM OpPraHU3alMK 0a3 JTaHHBIX SBISIETCSI COBMECTHOE
XpaHEeHUe JJAHHBIX U UX OMHCAHUS.

Opna 1 Ta ke 6a3a JTaHHBIX MOXKET OBITh UCIIOJIB30BAHA VISl PEIIEHUS] MHOTHX
NPUKJIAAHBIX 33/1a4. Hanudre MmeTagaHHbIX ¥ BO3MOXKHOCTh MH(POPMALIMOHHOM MOI-
JEP’KKHU pEelIeHUs MHOTHX 3aJ1a4 — 3TO MPUHIMIHAIbHBIE OTIUYHS 0a3bl JaHHBIX OT
10001 Apyrod COBOKYIMHOCTH JAHHBIX, PACIOJIOKEHHBIX BO BHEIIHEH NaMATH
OBM.

Onemenmol NpoeKMuposanus 6a3 OAHHbIX

[TpoextupoBanue 6a3nl ganHbIX (BJl) — oqHa M3 HanMbosIEe CIOKHBIX U OTBET-
CTBEHHBIX 3aJ1a4, CBSI3aHHBIX C CO3/IaHUEM aBTOMAaTHU3WPOBAHHBIX MH(POpPMaLIMOH-
HbIx cuctem (AUC).

B nepByto ouepens AUC noikHa oOecnieunBath Benenue bJl: 3amucek, ure-
HUE, MOJU(DUKAIUIO JAHHBIX, YAAJIICHUE HEaKTyalbHbIX JTaHHBIX (BO3ZMOXHO, B ap-
XUB) ¥ 3alIUTY JaHHBIX. B3auMopaeiicTBue KoHEUHBIX NoJib3oBaTenel ¢ b/l 00bryHO
OCYUIECTBIISIETCS C MOMOIUIBI0 MHTEPHENCHOTO MPHIIOKEHUS, BXOSALIETO B COCTaB
AWC. Ecnu nons3oBareneit AMIC MOXKHO pa3/ieIuTh Ha TPYNIIBI IO XapakTepy pe-
[IaeMbIX 33/1a4, TO MPHIOKEHUN MOKET OBITh HECKOJIBKO (TI0 KOJIMUECTBY 3a/1a4 UITH
IPYIII MOJIb30BaTENEN ).

B pesynbrare npoextupoBanusi b/l 10MKHBI OBITH OMpeiesieHbl COCTaB Oa3bl
JAHHBIX, Y)PEKTUBHBIN 17151 BCeX €€ Oy IyIIHX MOIb30BaTeNel crocod opranu3anuu
JTAHHBIX ¥ UHCTPYMEHTAJIbHBIE CPEACTBA YIIPABICHUS TaHHBIMHU.

TpebGoBaHus K MpoOeKTy O6a3bl TaHHBIX

OcHoBHBIE TpeOOBaHUs, KOTOPBIM JIOJKEH YAOBIETBOPATH NPoeKT b/1:

1. Koppektaocts cxemsl b/I.

baza naHHbIX J0JKHA OBITH TOMOMOP(HBIM 00pa3oM MOJENUPYyEMON TIpea-
METHOU 00JIacTH, T.€. Kax10h cymHocTd [10 nomKHBI COOTBETCTBOBAThH JTaHHBIC B
namsatu OBM, a kaxxiomy npolieccy — aieKBaTHbIe MPOLEaypbl 00paOOTKH JaHHBIX.
KoppekTHocTh MoApa3syMeBaeT TakkKe JOTHYECKYI0 HEIMpPOTHUBOPEYMBOCTH Oa3bl
JAHHBIX, KOTOPasi MOJJIEPKUBAETCS aBTOMAaTHUECKHU ¢ ToMouisko cpencts CYB/.

2. ObecnieyeHre OrpaHUuEHUN HA PECYPCHI BHIYUCIUTEIIbHON CUCTEMBI.

B nepByro ouepenp UMEIOTCS B BUAY OIpaHUYEHUS HA 00BEMBI BHEIIHEH U
OTIepaTUBHOMN MaMSTH, KOTOpbIE MOTpeOyroTCs s pyHkimonupoBanus b/I.

3. O¢ddexTrBHOCTD DYHKITMOHUPOBAHUS.

baza naHHBIX M0DKHA OBITH CLIPOEKTHPOBAHA TAKMM 00pa3oM, YTOOKI TIPH €€
HKCILTyaTauy COOTI0ATNCH OTPAHUYCHUS Ha BPEMsI PEaKIIiy CUCTEMbI Ha 3aITPOChHI
1 MOAU(DUKALIUIO JaHHBIX.



4, 3amuTa JaHHBIX.

[Ipoekt B/l nomkeH BKIIOYATH ONMMCAHHWE 3AIIUATHI JAHHBIX OT HECAHKIINO-
HUPO-BAHHOI'O JOCTyna. 3auuTa oT cOoeB siBisieTcs BHyTpeHHel pynkiueit CYB/],
HO TpeOOBaHMUS K HACTPOMKE MEXAHM3MOB 3aIIUTHI TAK)KE BBIIIBUTAIOTCS HA dTaIle
npoexkTupoBanus b/, T.k. onpenenstoTcs npeaMeTHON 001acThIO.

S. ['mbOkocTh

[Tox »TM moapasymeBaeTcsi BO3MOXKHOCTh pa3BUTHsA U afanTaiuu b/ k us-
MEHEHHUSM TMpeaMETHON obnactu u/minum TpeOoBaHuii monb3oBareneil. Koneuwo,
HEJb3s MPEyCMOTPETh BCE BO3MOKHBIE BapUAHTHI UCIONB30BAHUS U W3MEHEHUS
0a3el JaHHBIX. HO B OOJIBIIMHCTBE MPEIMETHBIX 00JaCTEH OCHOBHBIE CYIITHOCTU U
WX B3aMMOCBSI3U OTHOCUTEIILHO CTa0MIbHBI. MEHSIOTCS TOJIBKO MH(OPMAIIMOHHBIE
TpeOOBaHMsI, T.€. CIOCOOBI UCTIOIB30BAHUS TAHHBIX VISl PEIIeHUs 3a/1a4.

6. [TpocToTa 1 y106CcTBO IKCILTyaTaIUH.

[Tox sTM moApazymMeBaeTcsl COOMIOACHUE MPUBBIYHOTO IS TOJIB30BATEIIS
anroput™a paboTel ¢ JaHHBIMHA. OT 3TOTO HE B MOCIEAHIOI OYepPe/Ih 3aBUCHUT KOJIH-
YECTBO OLIMOOK MOJIB30BATEIIS.

VY noBieTBopeHne MepBhIX 4-X TPeOOBAHMI 00S3aTEIBHO JJISl PUHSATHS TIPO-
eKTa.

Omanwvl npoekmupoganus 6a3vl OGHHLIX

B co3nanuu aBTOMaTM3UpOBaHHON MH(OPMAIIMOHHOM CHCTEMBI, BKIIO-4aro-
et 0a3y JaHHBIX, MOXKHO BBIJCJIUTH TPH JTara:

|.IIpennpoexTHast HOATOTOBKA.
I.ITpoextrpoBanue b/I.
I11.Peanuzanus (coznanue b/] u I1I10).

[IpoexTupoBaHre HAUNHAETCA OOBIYHO C IJIAHUPOBAHMUS, YTO TIO3BOJISIET:

. pa30uTh 3a/1a4y Ha HEOOJbIITNE, HE3aBUCUMBIE, YIIPABIISIEMbIC IIATH,

. MIOCTaBUTh KPATKOCPOUHBIE U TIOITOBPEMEHHBIC IIEJTH, KOTOPBIC CITyKaT
JUTSI OTICHKH (DAKTUYIECKUX PE3yJIbTATOB MPOSKTUPOBAHUS U CPABHEHHS UX C TUIA-
HOM;

. ONPECIUTh BPEMEHHBIE 3aBUCUMOCTH MEXAY 3a/lauaMHu, T.€. OmpeJie-
JUTh, KaKUe 3aJ1a4i JOJIKHBI OBITh PEIICHBI PaHBIIE APYTHX (COCTaBUTH CETEBOU
miaH-Tpaduk padoT);

. BBISIBUTH Y3KHE MECTA, T.€. PECYPChI, OT KOTOPBIX IJIaH 3aBUCUT CHUJIb-
Hee BCero;
. CIIPOTHO3UPOBATh MOTPEOHOCTH B KaApax JJis MMPOCKTA.

Pabora o co3nanuto b/l HaunHaeTcs ¢ moabdopa kaapoB. Tpebyercs onpee-
JIUTh, KAKUE CIICIHATMCTBI HEOOXOIUMBI VISl BBITIOJIHEHHS 3TOM paboThl. B o0mem
CJIy4ae 3TO JOJIKHBI ObITh CIIETYIONINE KaTerOpUU:

. AHamuTUKHA. DTO CHEIUATUCTHI UCCIETYEMON MPEIMETHON 00IacTH,
KOTOPHIE B Heasie JOKHBI OBITH 3HAKOMBI C OCHOBAMH CO37jaHus 0a3 maHHBIX. B nx
3a/1a4y BXOJUT MOCTAHOBKA 3a7a4u MpoekTupoBaHus: ananu3 [10, BeisiBIeHEe OU3-
HEC-TIPOIIECCOB U OM3HEC-TIpaBuJl, onpenesienue Tpedoanuii k b1,

. [Tons3zoBatenu. Hanuune 5TOi KkaTeropur pabOTHUKOB OCOOEHHO
BaXXHO TOrja, Korjaa npoekT b/l co3maércst B pa3BuTHE CylIeCTBYIOMIECH HHPpOpMa-
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LMOHHOW CUCTEMBI, T.K. B 3TOM CIIy4ae €CTh ONPEAEAEHHBIA ONBIT padOTHI (Tpaau-
MU, TPUBBIYKK U BMECTE C TEM IMOXKeENaHus). BCE 3TO )enaTeNbHO yUUTHIBATD IS
TOT0, YTOOBI 00ECIIEYUTh MPEEMCTBEHHOCTh U HE BBI3BaTh HETaTUBHOI'O OTHOLIEHUS
K CUCTEME, HAallpUMED, U3-3a HEMPUBBIUHOTO UHTEPPENica.

. [IpoeKTUPOBIIUKHU. DTO COTPYAHUKHU, KOTOPHIE OYIyT 3aHUMATHCS COO-
CTBEHHO pa3paboTkoii mpoekTa b/I.
. AnmunuctpaTopsl. B ToM cityuae, ecnu cuctema HeOOJIbIIas], aIMUHU-

ctparop b/l Mmoxxet 61T oiMH. Ecin ke cuctema 60Jblast U TEppUTOPHAIBHO pac-
npeneneHHas, To noMumo ABJ] motpeOyeTcs eé aiIMUHUCTPATOP CUCTEMBI, U, BO3-
MO>KHO, He 0iuH. ABJ] MOKeH MOsSBUTHCS HE TOT/1a, KOT/1a CUCTEMA YXKE CIIPOEKTHU-
poBaHa, a Ha 3tamne npoektupoBanus bJl. 9To He0OX0MUMO XOTS OB TOTOMY, YTO
IPY IPOSKTUPOBAHUU JIJIST OTJIAJIKH M TECTUPOBAHUS 00s3aTEIIbHO CO3/1aETCsl pabo-
yuit mporotun b/l, u xenarenbHo, 4TOOBI 32 001IEE OOecTeueHre PyHKIIMOHUPOBa-
HUS ATOTO MPOTOTHITA OTBEYAN OTACIIbHBIN CIICITUAIHCT.

. PazpaboTunku mporpammuoro obecrnedenus. Jlrobas bJl tpeGyet mo-
mMuMo CYBJI co3pmanuss HEKOTOPOro MPUKIATHOTO MPOTPAMMHOI0 OOeCreyeHus
(ITITO). Ecnu cnoxuocTh 3Toro I1I10 HeBennka, TO 0OBIYHO €r0 CO3AaHHUEM 3aHHU-
MAaIOTCSl CAaMH MIPOSKTHPOBIIUKH. B MpOoTHBHOM citydae, He00X0auMO HaOpaTh Mpo-
IrPaMMHCTOB (MJIM BBIICTUTH U3 UMEIOIINXCA), KOTOpPbIE OYAyT STUM 3aHUMAThCS.

[Ipu onpenenennn mOTpeOHOCTH B KaJpax MOKET BOBHUKHYTh CUTYyalus, KO-
r7ia y>K€ Ha 3TOM dTare CTaHeT OYEBUIHA HEBO3MOKHOCTD MOAO0pa HYKHOTO KOJIH-
YEeCTBA CHEIUAIMCTOB OMpeNeaEHHOro mpoduis u KBanudukauu. Toraa 3To Mo-
KET MPUBECTH K IEPECMOTPY 00bEMa 3a71a, CTOSIINX Mepe 0a30ii JaHHBIX.

OO6mrast cxema KU3HEHHOTO IMKJIa MPUJIOKEeHUs 0a3 TaHHBIX MPUBEICHA HA
puc. 1. Kak BUIHO U3 ATOTO PUCYHKA, MPOSKTUPOBAHUE HOCUT UTEPAIMOHHBIN Xa-
paxtep. Hanpumep, ecan Ha kKakoM-1100 3Tamne BBIACHAETCS, YTO paHee chopMyu-
pOBaHHbIE TPEOOBAHUS WM PEIICHUS HE MOTYT OBITh peain30BaHbl, TO pa3paboT-
YUKW JOJKHBI BEPHYTHCS Ha 00JIee paHHHUIA ATall U BHECTH COOTBETCTBYIOIIHE W3-
MEHEHHS. DTH U3MEHEHUs, ECTECTBEHHO, MOTYT MMOTPEOOBaTh KOPPEKTUPOBKH paHEe
BBITIOJITHCHHBIX 3TaIlOB.

[Tepeuncnum 6osee moApoOOHO 3a/1auu, pElIeHUE KOTOPBIX JTOHKHO Tpeallie-
CTBOBATh CO37aHuIo npoekra b/l.

1. [IpenBaputenbHblii aHau3 npeametHoi oodnactu (I110).

Brxutouaet B cebst cOop nokymMeHTOB, XapakTepusyromux 110, ykpynHénnoe
ormucanwne [10 (He neTanu3upoBaHHOE) U OOIIYIO TTOCTAHOBKY 3a/1a4H.

B mporiecce aHanu3a v MpOEKTUPOBAHUS JKEJIATEIBHO PAHXKUPOBATH TUTAHH-
pyemble (PYyHKIIMUA CUCTEMBI IO CTENEHU BaXXHOCTU. OJIMH U3 BO3MOKHBIX BapHaH-
ToB Kiaccupuxanuu — MoSCoW-ananu3 (tepmunonorus Kierra u bapkepa, [8]):

Must have — HeoOXoauMBbIe (HYHKITHH;

Should have - xenarensHbIe QyHKINY;

Could have — Bo3moxHbIe QyHKITNY;

Won't have — orcyrcTByromme GpyHKIUH

Heobxooumvle pyHK1IMM 00€CTIEUNBAIOT BO3ZMOXKHOCTH, KOTOPBIE SIBISIOTCS
KPUTHYECKUMH JIJIs1 yCTICTITHOW pabOoThI CUCTeMBI. Peanu3arus sceiamenbHuLx U BO3-
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MOKHBIX (DYHKIIMI CUCTEMBbI OTPAaHNYCHA BPEMEHHBIMH W/WIM ()MHAHCOBBIMHU pPaM-
kamu. Omcymcmeyowue GyHKIIIN — 3TO T¢ (YHKIMH, KOTOPHIE PEaTbHO CYIIe-
CTBYIOT, HO HE OyIyT pealu30BaHbI B 3TOM IMPOCKTE MO PA3IMIHBIM IPUIHNHAM.

2. PaccMoTpeHue u MpUHATHE PE3yIbTAaTOB aHAIN3A.

Dta 337a49a 00BIYHO PEMIAeTCss UTEPATUBHO BO B3aUMOICHCTBUH IMTPOCKTUPOB-
IIMKOB Y 3aKa34MKOB (MJIM aHATUTUKOB). Ha 3TOM 3Tane o4eHb BaXKHO ONPEICTUTD,
YTO MPOSKTHPOBIITUKH IPABMIHBHO TOHMMAIOT OIMCAHKUE IIPEIMETHOM 001acTH U 3a-
Jla4M, TTOCTABJICHHBIC MEepe]] HUMU aHAJTUTUKAMH. {71 3TOro 0OBIYHO IPOBOIATCS
COBMECTHBIC CEMHHAPHI, Ha KOTOPHIX MPOBEPSICTCS aICKBATHOCTh MOJCIIH U TIPE]I-
METHOI 00JIaCTH.
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B nannom ciiydae moa TepMUHOM KpUTHYECKHE (DAKTOPHI MOAPA3ZYyMEBAIOTCS
KaK ")KM3HEHHO BAXKHBIE JUISI IPUEMKHU M YyCHENIHOW peaIM3ally MPOEKTa'", TaK U
"KpUTUYECKHE C TOUKH 3pEHUS (PYHKIIMOHUPOBAHUA cUCTEMbI". OUeBUIHO, YTO €CIIH
HE y4€eCTb XOTs Obl OIMH U3 TaKUX (PAaKTOPOB, TO CYLIECTBOBAHUE U YCIIEIIHOE (DYyHK-
LIUOHUPOBAHUE IIPOEKTA OYJET MOCTABJIEHO MO BOIIPOC.

4. OneHka CHCTEMHBIX OTPAHUYEHHUN.

B kadecTBe 4acTO BCTpEYAOIUXCsl OTPAaHUYECHUI MOKHO OTMETHUTH CIIEYO-

iue:
0 (UHAHCOBBIC
0 BpPEMEHHBIC
0 TeXHUYECKHUE (Hampumep, BEIOOP ONpeAeiEHHON anmnaparypsl);
0 nporpaMMHbIe (Hampumep, BBIOOP OMPEeNeIEHHOTO MPOTPaAMMHOTO
obecrieueHus ),
S. OmnpeneneHue UENeBOM apXUTEKTYPBI.

Ilon neneBor apXUTEKTYpOH B TAHHOM ClIy4dae IIOHMMAETCS apXUTEKTypa C
Touku 3penust CYBJl (onHO3amayHas uUiM MHOro3aJavyHasi, apXUTEKTypa KIMEHT-
cepBep, napaieNbHbINA cepBep). BoIOOp apXUTEKTypbl OBIUAET B JaJIbHEHIIIEM Ha
nepedyeHb TpeOyeMbIX anmnapaTHbIX U MPOrPAMMHBIX CPEACTB.

6. Onpenenenue TpeOOBaHUN K MPOU3BOIUTEIHHOCTH.

Heobxoaumo npuMepHO OLIEHUTh KOJMYECTBO TPaH3aKLUW B €IUHUILY Bpe-
MEHU U 00bEM 00pabdaThIBa€MbIX 3TUMU TPAH3AKIUSAMU JaHHBIX. TpeOoBaHMs K
POU3BOJUTENLHOCTH 3aBUCAT OT PEKKUMA, B KOTOPOM OyA€T (PYHKIIMOHUPOBATh CH-
creMa:

0 HNHTEpakTUBHBIN peXUM. /{151 3TOr0 pexxmmMa ycraHaBIu-
BACTCS BpEMs, B TCUEHUE KOTOPOTO IOJIb30BATEINb JTOKEH IIOJYYUTh
OTBET Ha CBOM 3ampoc. OOBIYHO BpEeMs PEAaKLIMU CUCTEMBI HE JIOJKHO
IIPEBBIIIATH HECKOJIBKUX CEKYH].

0 [TakeTHBI pexkuM. 31ech TpeOOBaHUS K IPOU3BOIUTEIb-
HOCTH OOBIYHO HE TaKHe KECTKUE, KaK JJI1 HMHTEPAKTUBHOTO PEXUMa,
Y BBIPAXKAIOTCS B MUHYTaX WJIM Yacax, TPEOYIOIIMUXCS Ha MOTy4YEHHUE
KOHEUYHOI'O pe3yJIbTaTa BEIYMCICHUM.

0 Pexxrim peanbHOTO BpEMEHHU. DTOT PEXKUM SABISIETCA Ca-
MBIM CJIO)KHO peanuzyembiM. B Hacrosmee Bpems (2009 r.) cymie-
ctByeT Toabko ogHa CYB/I, koTopas B moJIHOW Mepe OTBeYaeT Tpedo-
BaHUAM pexxkuma peanbHoro Bpemenu: CYBJl JIMHTEP — enuHcTBEH-
Hasg CYB/l oreuectBenHoro mpousBoacTBa (komnanus PEJIDKC, r.
Boponex).

CornacoBaHre CTaHIAPTOB IPOEKTUPOBAHUS, B YACTHOCTH:

IPaBHJI UMEHOBAHUS 0OBEKTOB;

CTaHJapTa IPOEKTHOM JOKYMEHTALH;

MpaBUJI BBEJCHUS OOIIUX TUIIOB U T.1I.

Bb160p nporpaMMHBIX CPEJCTB JIJIsl IPOSKTUPOBAHUS U pEAU3alluU CU-
CTEMBI (I/IMeeTCH B BUy BcriomorareinbHbie cpeacta Tuna CASE u ap.).

CoOctBenHo nporecce npoektupoBanus b/l Bkitouaer B ce0sl CleayoIIe oc-
HOBHBIE ATaIlbI:

CDOOO\]



|. MupopmanmoHHO-10rnYecKkoe (MHPOIOTHIECKOE) TPOEKTUPOBAHNE
I1.Onpenenenue TpeboBaHUN K OMEPAllMOHHON OOCTaHOBKE, B KOTOpPOil Oynaer
(GyHKUMOHUPOBATh MH(POPMALIMOHHAS CUCTEMA.
[11.Bei6op CYB/] u Apyrux HHCTPYMEHTAIBHBIX POTPAMMHBIX CPEICTB
IV.Jlornueckoe npoektupoBanue bJI. (MHorma »ToT 3Ta Ha3bIBaeTCs AaTal0T1-
YECKUM MPOCKTUPOBAHUEM).
V.Dusnueckoe nmpoektupoBanue bJI.

DT 3Tanbl NOAPOOHO PACCMOTPEHBI B CIEAYIOLIEM pa3/ere.

[Tocne Toro, kak MPOeKT 0a3bl JaHHBIX CO3/IaH, HACTYIAET 3TAll peanu3aliu
npoekTa. OH pa30ouBaeTCs Ha CIASAYIONIUE Iaru:

A.  Cozpanue nporotuna b/ u ero otinaaka. Otiaaka nmojapazyMeBaeT mpo-
BEPKY MPABUILHOCTH (PYHKITMOHUPOBAHUS MPOIEAYPHBIX 00beKTOB B/l (Tpurrepsi,
npoueaypsl, QyHkuuu). [IpoToTUn mNO3BOJSET ONPEACIUTH >KHU3HECHOCOOHOCTH
npoekTa b/ v BRISBUTH €ro HEIOCTATKH, YTO MOXKET MOTPEOOBATh BHECCHUS M3ME-
HEHUI B mpoekT. [IpoToTun Takxke HyKeH Kak 6a3a st pa3pabOoTUYUKOB MPHIIOKE-
Huil. {ns aroro b/l HanonHseTCs peaibHBIMU UJIA TECTOBBIMU JAHHBIMU.

B.  Pa3pabotka u ornagka npuioxeHuid. BeimonHgercs pa3paboTunkamMu
PO-IPaMMHOT0 00ECIIEYEeHUsI Ha OCHOBE (PYHKIIMOHAJIbHBIX TPEOOBaHUN, KOTOPbIE
ObLTH BBIABICHBI Ha 3Tanax 1.2, 1.3, u cnenudukanuu bBJ1 (cxemsr b/1).

C.  KoueptupoBanue u 3arpy3ka AaHHbix B BJI. TOT 3Tan BeinoaHseTCS
B TOM clly4ae, eciii JaHHble B B/l 3arpyxarorcst U3 paHee CylIeCTBOBABIIEH CH-
CTEMBI.

D. TectupoBanne padbotsl 6a3bl qaHHbIX 1 AVC B 11e1om. Paznmuaaror Ta-
KHE BUJbI TECTOB, KaK:

0 A6MOHOMHbLE — TECThI OTIEIBHBIX MOJYJIEH;

0 mecmul cési3eli — TECThl MEXK]Ly MOJYJISIMHU;

0 pezpeccugrbvle — TECThl Ha MPOBEPKY YKE A6MOHOMHblE — TECThI OT-
JETIbHBIX MOJYJIEH;

0 IPOTECTUPOBAHHBIX MOAYJIEH B CBSI3U C MOJKIIOUEHHUEM HOBBIX MOAY-
neit (pyHKuuit), KOTOpble MOTYT HAPYLIUTh PabOTy paHee CO3JaHHbIX MOAYJIEH;

0 Haepy30uHble — TECThl Ha POBEPKY BPEMEHHU PEAKLUU CUCTEMBI B pa-
0o4eM peXxUMe WM ONPEEICHNE TIPOU3BOJUTENIBHOCTH CUCTEMBI;

0 cucmemmble — TECThI Ha TIPOBEPKY (PYHKIIMOHUPOBAHUS CUCTEMBI B 11€-
JIOM;

0 NpUémMo-coamoyHnvie — TECTbl, KOTOPbIE MPOBOAATCS IPU Cllaye CHU-

creMbl (AUC) B skcmuTyaTanuio.
Ha sramne I11.4 0ObIYHO BBITIOTHSAIOTCS Harpy304YHbIe, CHCTEMHBIE U MPUEMO-
CIaTOYHBIE TECTHI.

E. DOxkcmiyarauus u conpoBoxienue cozgannoit AUC. 3nech MOXHO BbI-
JEIUTh P 3a/1au:
0 B nponecce axcrmyaranimun AVIC MOKeT BOZHUKHYTHh HEOOXOIMMOCTh

BHECEHUSI M3MEHEHUM B CUCTEMY. ITO MOXET ObITh BBHI3BAHO U3MEHEHUSIMU MPE/-
METHOM 00J1acTH, TTOSIBICHUEM HOBBIX 3aJ1ay WM BBISBJICHUEM CYIIIECTBEHHBIX HE-
noctatkoB B AVIC. Henp3s 3a0bIBaTh 0 TOM, YTO BCE BHOCHUMBIE M3MEHEHHUS JIOJDKHBI
OBITHh JIOKYMEHTHUPOBAHBI.
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0 Heo0xoaumo BBINIONHATE PE3EPBHOE KOMMPOBAHUE AAHHBIX, YTOOBI
PEIOTBPATUTh UX MOTEPIO B CIIy4Yae CEPbE3HOT0O COOS MU OLIMOKH MOJIH30BATENS.
0 Conpooxaenue AC 00bIYHO BKIIIOYAET NEPUOJUUYECKUE TPOBEPKHU

BBINIOJIHEHUS CUCTEMHBIX OTPaHUYECHHUI (Ha 00BbEM NaHHBIX U BPEMs PEAKIUU CH-
cTeMbl). B pe3ynbrare 3TUX MPOBEPOK YIAISIOTCA YCTapeBLIME JaHHbIE (€Clu He
IPEeIyCMOTPEHO aBTOMATHYECKOE apXMBUPOBAHUE IAHHBIX ). YIIyUIlIEHUE TTOKa3aTe-
Jeil TPOU3BOAUTENHLHOCTH CUCTEMBI MOXKET OBITh JOCTUTHYTO 3a CUET HACTPOMKHU
CYB/I, koTopast BBIMOIHSAETCS aAMUHUCTPATOPOM 0a3bl JaHHBIX.

Teneps nepeliném k 0osee moapoOHOMY OOCYKIEHUIO 3TANOB MPOSKTUPOBA-
Hus b/I.

Hnghonoeuueckoe npoexmuposanue

Nudonornyeckuii mogxo1 He CONEPKUT HOPMATBHBIX CITOCOOOB MOJIEITHPO-
BaHUS PEAIbHOCTH, HO OH 3aKJIaJIbIBAET OCHOBBI METOI0JIOT MU MTpoekTupoBanus b/

[lepBoii 3a1aueit HHPOJIOTHUECKOTO TPOEKTUPOBAHHUS SBIISIETCS ONPECICHHUE
npeomemnoi oonracmu (I110) cuctemsl, NO3BOJISIONIEE U3YUNUTh UH(OPMALIMOHHbBIE
notpedHoCTH OyaylIux noJib3oBaTenen. [pyras 3amaua storo stana — ananus 110,
KOTOPBIN pHU3BaH cPOPMUPOBATH B3I HA HEE C MO3UIMI coOOIIecTBa Oy IyIINX
nosb3oBareneit b1, T.e. unghonocuuecxoii mooenu 110.

Amnanu3 [1O BeInonHSAETCS TPOEKTUPOBIIMKOM B/] ¢ MOMOIIBIO CIENUATNCTOB
B nanHoi [10. B ocHoBe aHanu3a jiexkaT TOKyMEHTHI, HCTIOJIb3yeMBbIE B paboTe Ipe-
npusATUS (OpraHu3alnn), ¥ TEXHOJIOTHUS paOOThI C JaHHBIMH.

Wudonornueckas mozaens [10 BkiItoyaeT onucanue CTPYKTYpbl U TUHAMUKU
I1O, xapakTepa nHPOPMAMOHHBIX MTOTPEOHOCTEH MoJib3oBaTeael cucreMbl. Omu-
CaHUE BBINOJIHAETCS B TEPMHUHAX, OHATHBIX MTOJIB30BATENI0 U HE3aBUCUMBIX OT pe-
anuzauuu cucreMbl. OOpaTtute BHUMaHue: nHposornyeckas moaens [10 He nomkHa
3aBUCETh OT MOJIEJIN JAHHBIX, KOTOpas Oy/IeT UCIoyIb30BaHa npu co3nanuu b/I.

OO6b1yHO onucanue [1O BbIpakaeTcs B TEpPMUHAX HE OTIEIbHBIX CYLIHOCTEH
Y CBSI3€M MEX]ly HUMU, a UX TUIIOB, CBSI3AHHBIX C HUMH OIPAHUYEHUN LETOCTHOCTH
U TeX MPOLIECCOB, KOTOPbIE MPUBOAAT K niepexoay [10 u3 ogHoro cocrosiHus B apy-
roe. Takoe onucanre MOXET ObITh MPEJCTABICHO JIFOOBIM CIIOCOOOM, JOIYCKako-
MM OJTHO3HAYHYI0 UHTEPIPETALUIO.

B npocteix cinyuasx onucanue I10 npeacTapiseTcss Ha €CTECTBEHHOM SI3BIKE.
B Goiiee CIOXKHBIX clydasx UCIOJIb3YeTCs TaKkKe MaTeMaTUYeCKUi ammapat: Tal-
JIMIBL, TUarpammel, rpadsl u 1.11. Ecnu ananus [1O BeIMOTHSAETCS HECKOJIBKUMU CIie-
LUAIUCTaMH, TO OHH JIOJKHBI IPUHSTH COTIAIICHHS], KOTOPBIE KACAKOTCS:

- HCMOJIb3YEMBIX METOJIOB aHAJIN3a MPEIMETHON 001acTH;

- TIpaBWJI UMEHOBaHUs U 0003HaueHus cymHoctei 110, atpulyToB U cBs3EH;

- coJiep)kaHus U popMaTa cCO3/1aBa€MbIX UMH JIOKYMEHTOB.

Otan MHQOJOTHMYECKOro MPOEKTUPOBAHUS HAYMHAETCA C MOJEIHPOBAHHUS
[1O. TlpoektupoBmuk pazouBaer [1O Ha psia JNoOKaIbHBIX 00MacTell (JIOKAJIbHBIX
MpeACTaBICHUM ), KaXK/lasg U3 KOTOPBIX (B Healie) BKIIOYAET B ce0s MHPOpMaIIHIo,
JIOCTATOYHYIO JIJIsl oOecnedeHus] UHPOPMALIMOHHBIX TOTPEOHOCTEH OJHON TPYIIIbI
OyIylIMX TOJIb30BaTeNIed WM PelleHUs OTAEeNbHOW 3aaaun. Kaxmaoe JokanbHOE
MPEICTaBICHUE MOACIUPYETCS OTJEIBHO, & 3aTEM BBIMIOIHSIETCS UX 00bEIMHEHHUE.
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Br160p nokanpHOTO ipeAcTaBneHus 3aBUcHT oT Maciutabos [10. O6srano [10
pazOuBaeTCs Ha JIOKAJIbHbIE 00JIACTH TaK, YTOOBI Ka)K/1asi U3 HUX COOTBETCTBOBAJIA
OT/ICJIbHOMY BHEIIIHEMY MPUJIOKEHUIO U cojieprKalia 6-7 CylHoCTeH (T.€. 00bEKTOB,
0 KOTOPBIX B cUcTeMe OyJeT HakarauBatrhcsi uHbopmanus). Takum obpazom, eciu
[1O neOonbias, To pa3dUeHKe Ha JOKaIbHbIE MPEICTABICHUS HE TPEOyeTCs U MO-
nenupoBaHue BoinosHsgercs 1is [10 B uemnom.

CyiecTBYyIOT pa3Hbie OAXO0/bI K MH(POJIOTrHYeCKOMY TpoeKTUpoBanuio. Pac-
CMOTPUM OCHOBHBIE U3 HUX.

1. DOyHKIHMOHAJIBHBINA M0AX0 K NpoekTHpoBanuio b/,

DTOT METOJ pealiu3yeT NpUHIMIT "OT 3a7a4" U IPUMEHSIETCS B TOM Cily4ae,
KOT'/Ia U3BECTHBI (DYHKITMM HEKOTOPOW TPYIIbI JIHI] W/ KOMILJIEKCA 3ajad, JJIs
o0cimykuBaHUsT UHPOPMAIITMOHHBIX MOTPEOHOCTENH KOTOPBIX CO3AaETCS paccMaTpu-
Baemas b/I.

2. IIpeameTHbIit moaxoa k npoexktupoBanuro b/1.

[TpeaMeTHBIN TOAX01 MPUMEHSETCS B T€X CIydasx, KOorja y pa3pabOoTUnKOB
ecTh 4€TKoe mnpesacrabieHue o camoil 110 u o Tom, Kakyr0 UMEHHO MH(OPMALIUIO
OoHM XOTenu Obl XpaHuTh B b/, a cTpyKTypa 3arpocoB He ONpeeseHa Win onpee-
JieHa He MOJIHOCThI0. Toraa ocHOBHOE BHUMaHME yaensercsa uccienoanuio 110 u
HauOoJee afekBaTHOMY €€ oToOpaxkeHuto B bJ[ ¢ yuéTtom caMoro mmpokoro crek-
Tpa UHPOPMAIIMOHHBIX 3aIIPOCOB K HEH.

3. IIpoexkTHpOBaHHeE ¢ MCNIOJIB30BAHNEM METOAA ''CYyIIHOCTH—CBA3L ',

Meton "cymuocTh—cBs3p" (Entity—Relation, ER-method) 6s11 paspaboran B
1976 r. I1.YUenom (Chen P.P.). OH siBiIsseTcst KOMOMHAIMEH IBYX TIPEABIIYIINX U 00-
JIagaeT JOCTOMHCTBAMHU O0O0UX.

ER-meton siBnsieTcss Hauboliee pacpoCTpaHEHHBIM METOJIOM MPOEKTUPOBA-
Hus BJl, mo3ToMy MBI paccCMOTpPUM €ro NoAPOOHO.

Memoo "cywnocmo-céa3v"

B npeameTHoil 00macTu HEOOXOAMMO BBIAEHUTH CYWHOCU, ampudymol u
ce53u. CylHOCTH, CYIIIECTBOBAHNE KOTOPHIX HE 3aBUCUT OT CYIIIECTBOBAHUS IPYTHUX
CYIIHOCTEH, Ha3bIBAIOTCS 6A308bIMU, OCTATBLHBIE CYIIIHOCTHU — 3asucumbimu. Hanpu-
Mep, cymHocTh JIEKI[UA 3aBucut ot 6a30Bbix cyiiHocteit [ PYIIIIA, IIPEIIO/[A-
BATEJIb, AUCHUATIVIMHA.

JUist KaxaoW CYIIHOCTH ONpEeNeNsitoTcss arpuOyThl (CBOMCTBA), KOTOPHIE
MO>KHO YCJIOBHO KJIAaCCU(UIIMPOBATH CIEAYIOIIUM 00pa3oM:

1.  Hoemmugpuyupyrowue u onucamenvuvie ampubymsi. Unenrudpunupy-
IOI[Me aTpuOyThl UMEIOT YHUKAIHHOE 3HAYEHUE JUIsl CYIIHOCTEH JAaHHOTO THUIA U
ABJISIIOTCS. nOomeHyuanbrvimu Kaouamu. OHU MO3BOJISIOT OJHO3HAYHO PACIIO3HABATH
IK3EMIUIIPBI CYIIHOCTU. V3 MOTEHIMaNbHBIX KIIOYEe BBHIOMpPAETCS OJIMH TEePBHUY-
ubiil katou (I1K). B xauectBe 11K 00b14HO BBIOMpAETCS MOTEHIIMATBHBIN KJIIOY, O
KOTOPOMY Hallle TPOUCXOUT oOpalieHue K 3K3eMIuisipam cyuHoctu. Kpome toro,
[TK mgomxkeH BKIIOYATh B CBOM COCTaB MUHUMAJILHO HEOOXOIUMOE TSl UACHTU(DU-
KAl KOJUYecTBO arpuOyToB. OcTajabHble aTpUOYyThl HA3BIBAIOTCS OIMMCATEIIb-
HBIMH U 3aKJIIOYAIOT B ce0€ MHTEPECYIONINE CBOMCTBA CYLIHOCTH.
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2. Cocmasnvie u npocmoie ampubymet. [Ipoctoit atpuOyT COCTOUT U3 OJ1-
HOT'O KOMITOHEHTA, €ro 3HayeHue HeaenauMo. CocTaBHOM aTpUOyT sABIsSETCS KOMOU-
HaIle HECKOJbKUX KOMIIOHEHTOB, BO3MOXHO, MPUHAJICKAIIUX PA3HBIM THUIIAM
nanHbIX (Hanpumep, @O unu agpec). Pemenre o ToM, UCIONB30BaTh COCTABHOM
aTpuOyT WU pa3OUBaTh €ro Ha KOMIIOHEHTBI, 3aBUCHUT OT XapakTepa ero o0padoTKu
U (popMaTa Mosb30BaTEIbCKOI0 MPEACTABIECHUS ITOrO aTpulyTa.

3. OoHo3HauHble U MHO203HAUHble ampudymsl (MOTYT UMETh COOTBET-
CTBEHHO OJIHO WJIM MHOTO 3HAUEHUH JJIS KQXKIOTO dK3EMIUISIpa CYIIHOCTH).
4, OcHosHble U nPou3800Hble ampudymsl. 3HAYEHUE OCHOBHOT'O aTpuoyTa

HE 3aBUCHUT OT JIPYyTUX aTpUOYTOB. 3HAYEHUE MPONU3BOTHOTO aTPUOYTa BEIUUCIISETCS
HA OCHOBE 3HAYCHHU JIPYTrux aTpuOyTOB (HAIPUMEpP, BO3PACT YEIOBEKA BBIYHCIISA-
€TCSl Ha OCHOBE JIaThl €ro POKACHUS U TEKYILEH 1aThl).

Crnenudukanus aTpudyTa COCTOUT U3 €ro Ha3BaHUsI, TUIIA TAHHBIX, pa3Mepa
Y OMHUCAHUS OTPAHUYECHUN IIEJIOCTHOCTH — MHOKECTBA 3HAYEHUN, KOTOPHIE MOMKET
NPUHUMATH JaHHBIN aTpUOYT.

Hanee ocymectBisiercst crienudukanus cBs3eid. [loa cBS3p0 MoHUMaeETCs
OCMBICJIEHHAsI aCCOLMALMSA MEXIY CYIIHOCTAMM, Hanpumep, CTV/[EHT yuumcsa B
[PYIIIIE, BOAUTEJIb svinoansem PEVIC w T.11. BBISBISIOTCS BCE CBSI3H MEXKIY
CYIIHOCTSIMU BHYTPH JIOKaJIbHOTO IpeAcTaBieHus. Kaxaas cBsI3b UMEHYeETCs, s
He€ ONpeeNSIIOTCS CTENeHb, KApAUHAIBHOCTD U 00513aTEIbHOCTD.

Kpome cnenndukaruu cBsizeit Tuma "CymHOCTbh — CYIITHOCTh'", BBITIOJIHIETCS
cnenuduKanus cBs3eil Tuma "cynHocTh — aTpudyT" u "aTpulyT — aTpudyT" BHYTpHU
OJIHOM CYIIHOCTH. [{J151 3TOr0 HaJ0 ONPEIEeTUTh 3aBUCUMOCTH MEXTY SK3EMIUIsIpaMu
CYIIHOCTSIMUA M aTpuOyTamH, a TaKKe MEXIy aTpuOyTaMu, OTHOCSIIMMUCS K OJI-
HOMY 2K3eMIUIApY cymuoctu. Harpumep, atpudyt Teregonwt cynmnoctu COTPY/]-
HUK MoeT ObITh MHOTO3HAYHBIM M HE00s13aTeNbHbIM, T.€. ¢BsI3b COTPYJIHUK —
> Teneghonvt UMeEET THUII 1:n U SABIAETCA HEOOSI3ATEIBHOM A COTPYIHUKA. A €CIH
paccmoTtpeTh atpudyThl Mapuipym u Cmoumocms cymuHoctd BUJIET, TO MexIy
HUMH €CTh CBSI3b 1:1, T.K. CTOUMOCTH OUJIeTa 3aBUCUT OT MapiIpyTa (MyHKT OTIpaB-
JICHUS — TyHKT Ha3HAYCHUS).

[Tocne BeisiBneHus cymuocten u csaszel 110 crpost ER-auarpammy, kotopas
sBIgeTCs HaryAIHbIM oToOpaxenueM mojaenu [10. (Ilpumep ER-nuarpammer npu-
BeJICH Ha puc. 1.4).

ObveouneHue T0KANbHbIX NPedCmasieHull

[Tpu HEOOIBIIIOM KOJIMUYECTBE JIOKAIBHBIX 00J1acTel (He OoJee msaTH) 00beau-
HEHUE BBITIOJIHSAETCS 3a OJUH mIar. B mpoTUBHOM ciiydae OOBIYHO BBITIOHSIIOT OU-
HapHOe oO0beauHeHue. [Ipu 3ToM MPOEKTUPOBIITNK MOXKET (POPMUPOBATH KOHCTPYK-
IIUH, IPOU3BOIHBIC 10 OTHOIICHUIO K TEM, KOTOPbIE ObLIIA UCTIOJIH30BAHbBI B JIOKAJb-
HBIX NpejicTaBieHusx. Llens BBeaeHus: moJo0HBIX aOCTpaKIIMiA:

. 00beIMHEHUE B €IMHOE 11eJ10€ (PparMEeHTAPHBIX MPEACTABICHUN O pa3-
JIMYHBIX CBOMCTBAX OJTHOW M TOM K€ CyIIHOCTH;
. BBeJICHUE aOCTPAKTHBIX MOHSITHH, YIOOHBIX IJIsI pElIeHUs 3aja4 CHU-

CTCMbI, YCTAHOBJICHUC UX CBA3U C Oonee KOHKPETHBIMHU INOHATUAMHN MOJCIIN,
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. 00pa3oBaHME KJIACCOB U MOJKIACCOB MOJOOHBIX CYUIHOCTEW (HampHu-
Mep, Kiace "uzaenue” U NOAKIACCH TUIIOB U3/IEIN, MPOU3BOAUMBIX Ha MTPEATIPHUSI-
THH).

[Ipu oObeIMHEHNH JTOKATBHBIX MPEICTABICHUIN UCTOIb3YIOT TPU OCHOBOIIO-
JIararome KOHUCIIUU:

1. NnenTtuyHocTsb. [IBa nau 6osiee 371EMEHTOB MOJISTH UACHTUYHBI, €CIIN
OHU UMEIOT OJIMHAKOBOE ceMaHThueckoe 3Hauenue. Hanpumep, COTPYV/[HUK nins
otaena kajapoB u COTPY/[HUK nns oTjesna 3aKynoK — 3TO OJMH U TOT Y€ THUII Cy -
HOCTH, BO3MOXXHO, C pa3HbIM Habopom atpuOyToB. (HaGopsl arpuOyToB HCXOTHBIX
CYIIHOCTEH IpPH 3TOM OOBEIUHSIIOTCS).

2. Arperanus. [To3BossieT paccMaTpuBaTh CBSI3b MEK/Y AJIEMEHTAMU Kak
HOBBIN 3nemMeHT. Hanpumep, cBsi3b 2k3amenogams Mexay cymuoctasmu JUCLIHU-
LUIUHA, IIPEIHIOHABATEJIb, CTY/IEHT moxet ObITh MpeJICTaBIeHa arperupo-
BaHHOU cymHOCThI0 IK3AMEH c atpubyramu Haszeanue oucyuniunst, Pamuius
npenodasames, Lamunus cmyodenma, Quenka.

3. O000menne. [To3Bosisier 00pa30BbHIBATH MHOTOYPOBHEBYIO HEPAPXHUIO
000061menunii. Hanmpumep, B 00beIMHAEMBIX MPEICTABICHUSAX MPUCYTCTBYIOT CIEAY-
IOIIUE CYITHOCTH:

HETAJIN COBCTBEHHOI'O IIPOU3BOJICTBA

HETAJIN [IOKYVIIHBIE

CHEOPOYHDBIE EJITUHULIBI [IOKYIIHBIE

CHFOPOYHBIE EJTUHHULIBI COECTBEHHOI O ITPOU3BO/ICTBA

Nx M0oxHO 00BETMHATH TaK, KaK ITOKa3aHO Ha puc. 8.2.

| MIEMEHTRL W38 I IPEInpisTHA
—— T
[T ey TIH BIE | CoOcTReH BOTD TPy B0 TR |
a T a

CoopovHEE MeTami (D opovHEE

AN HH LK CAHHH LK

Hetnnu

Puc. 8.2. cnonb3oBanue o000IIeHUH TTPH 00bETMHEHUIX

DTO MO3BOJUT YNPOCTUTH (POpMaNIU3aAIIUI0 MPOIIECCOB 00pPabOTKH JTaHHBIX.
Hanpumep, opopmiieHne 3aka3za Ha MOKYITHBIE SJIEMEHTHI U3JICJIUNA B JaHHOM MPHU-
Mepe MOXKET OBITh OIMKMCAHO OJIUH pa3 (11 BTOPOTO YPOBHS HEPAPXHH).

Ha stane o0beauHeHnss HEOOXOIUMO BBIIBUTh U YCTPAHUTh BCE ITPOTHBOPE-
yus. Hanmpumep, U3MEHUTH OJITMHAKOBBIC HA3BAHUSI CEMAHTUUECKH PA3JIUUYHBIX CYIII-
HOCTEH WJIM CBSI3€M UM HECOTJIACOBAHHBIE OTPAHUYCHHUS LIEIOCTHOCTH Ha OJ[HU U TE
e arpuOyThl B Pa3HbIX MPUIONKEHUSAX. YCTpaHEHUE MPOTUBOPEUUN BBI3BIBACT
HEOOXOJIMMOCTh BO3BpaTa K 3TAly MOJICTUPOBAHUS JIOKATBHBIX MPEACTABICHUN C
1[EJIbI0 BHECEHUS B HUX COOTBETCTBYIOIIUX U3MEHEHUH.

[To 3aBepiieHnr 00bEAMHEHUS PE3YJIBTATHI IPOCKTUPOBAHUS MPEICTABIISIOT
co00#l KoHLENTyalbHYI0 HH(ponornueckyro Mmoaens [10. Ona ¢puxkcupyercs B Buae
o6meit ER-nuarpamMmbl mpeaMeTHOM 061acTu. Mojienu TIOKaJIbHBIX NpeICTaBICHUN
— 3TO BHENTHUE HH(POJIOTUIECKUE MOJIeNN (BHEIIIHUE CXEMBI).

Ha srane ananu3a [1O Ttakke pemnaroTcs CleayoIme 3a1aqu:
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1. Onpenenenue nmnpaBuil (OrpaHUYEHU LEIOCTHOCTH), KOTOPBIM
JOJDKHBL YJIOBIETBOPATh CcymHOCTH [1O, aTpuOyThl CynIHOCTEH U CBA3U MEXIY
HUMH. YacTh 3TUX MIpaBUWII peaausyeTcs B cxeMe 0asbl JaHHBIX. BO3MOXXHOCTH pea-
JIA3alIMY OTPAHUYEHUH LIEJTOCTHOCTHU B cxeMe b/l onpenenstoTess MOIEIbIO JaHHBIX
toit CYBJI, koTopast Oynet BeiOpana aJist peanu3anuu mpoekra. OcTaibHbIe IpaBuUiia
peanu3yoTCs ¢ TOMOIIBIO MPOTPAMMHOI0 00ECTIeUeHHUS.

2.  Beimenenue rpynn mosib3oBareneil cuctembl. Kaxmas rpymnmna BeITION-
HSET ONpeneICHHbIE 3aaul U 00JIaaeT pa3HbIMH MPaBaMU JIOCTYIIa K CUCTEME.
3. Coznanue BHeNHeH crienudukanuu TeX GyHKIuH (IpoIeccoB), KOTO-

pBie dTa cucteMa OyJeT BBIONHATH. Hampumep, ans Toii ke OMOIMOTEYHOU CH-
CTEMBI 3TO 33aJ]a4M MOUCKA KHUT (IO ONpeAeaEHHBIM KPUTEPHSIM), BblIauk/Ipuéma
KHUT, OIpe/ieJIeHHe CIMCKa JOKHUKOB M T.J. JTa creruduKanus sSBiseTcs 0CHO-
BOM ISl pa3pabOTKU MPHUIOKEHUN M BBIAAETCS MPOTPAMMHCTaM B KayeCcTBE 3a/1a-
HUSL.

Onpeodenenue mpebosanuii K OnepayuoHHou 06Cmanoexe

Ha sTom sTamne mpon3BoAUTCS OIEHKA TPEOOBAHUHN K BBIYHUCIUTEIHHBIM Pe-
cypcaM, HEOOXOIUMBIM JiJIsl (PYHKIMOHUPOBAHMS CUCTEMBI, BBIOOp THINA U KOH(DHU-
rypauuu OBM, tuna u Bepcun oneparionHoi cuctemMsl (OC).

Bb160p 3aBUCHUT OT TakuX MOKazaresiel, Kak:

. npuMepHbIi 00bEM naHHBIX B B/I;
. JMHAMUKA pocTa 00bEMA TaHHBIX;
. XapakTep 3aIpoCoB K JIAHHBIM (M3BJICYCHUE U OOHOBJICHUE OTIEIBHBIX

3anuceil, o0paboTka rpynn 3amnucei, 00padoTKa OTACIbHBIX OTHOIICHUN WM CO-
€IMHEHUE OTHOIICHU);

. MHTEHCUBHOCTH 3aIIPOCOB K JIaHHBIM I10 THIIaM 3alIpOCOB;
. TpeOOBaHMS KO BpEMEHU OTKIMKA CUCTEMBI IO TUIIAM 3aIIPOCOB;
. pekuM paboThl (MHTEPAKTUBHBIN, MAKETHBIM WM PEXHUM PEATbHOTO
BPEMEHN).

Ota uHdopMalus TO3BOJISET ONPEIETUTh CUCTEMHbBIE TPEOOBAHUS K O0BEMY
ONEpPaTUBHON U TUCKOBOM MaMATH, a TAKkKe PYHKIMOHAIbHBIM BO3MOXKHOCTSIM OC.

Be10op CYB/l u HHCTPYMEHTAIbHBIX NPOrPAMMHBIX CPeICTB

Bri6op CYB/I siBiisieTcst 0THUM M3 BaXKHEUIIIMX MOMEHTOB B pa3paboTKe Mpo-
exta b/l, Tak Kak OH IPUHIMIHAIBHBIM 00pPa30M BIUSET Ha MPOIECC MPOEKTUPOBA-
Hus bJl u peanuzanuu nHGOPMAITMOHHON CUCTEMBI.

Teopernuecku mpu OCYIIECTBICHUM 3TOr0 BhIOOpa HYKHO MPUHUMATh BO
BHUMaHHE JiecaTku (akTopoB. Ho Ha mpakTuke pa3pabOTUYMKH PYKOBOJICTBYIOTCS
JIUIIH COOCTBEHHON MHTYUIIMEH W HECKOJIBKIUMHU Han0oJiee BAXKHBIMU KPUTECPHUSIMH,
K KOTOPBIM OTHOCSITCS:

. THII MOJEJIA JTAHHBIX, KOTOpPYIO noanepxusaeTr ganHas CYDB/I, anek-
BAaTHOCTb MOJIENIN JAHHBIX CTPYKType paccMmarpusaemoi 110;

. XapakTepucTuku npouspoauTeapbHoctu CYDB/I;

. 3anac (PyHKUMOHAIbHBIX BO3MOYKHOCTEH JJI ajJbHEHUIIEro pa3BUTHS
UH(OPMAIMOHHOW CUCTEMBI;

. creneHb ocHamEéHHOCTH CYB /] uncTpymMeHTapueM it nepcoHaia aj-

MUHUCTPUPOBAHUSA TAHHBIMU,
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. yn06cTtBo 1 HajgexHocTh CYB/I B akcruryaTanuu;
. HaJIMYHME CTIeNUaINCTOB 1o pabote ¢ konkpetHoit CYB/;
. ctoumoctb CYB/] 1 1OMOIHUTENHEHOTO TPOrPAMMHOr0 00eCIIeYeHUS!.

[TIo pe3ynapraraM mpenbIAyIIETO dTana ONPEAEIIEHbl OCHOBHBIE XapaKTEpH-
ctuku b/], Takue kak 00bEM MamMsATH U He0OX0IUMasl TPOU3BOAUTENLHOCTD. B 3aBuU-
CUMOCTH OT 3TOro Beibupatorcs 2-3 CYB]], koTopble COOTBETCTBYIOT BBISIBICHHBIM
tpeboBanusM. Hanpumep, eciiu 066éM B/l He npebicuT 100M, 00IBITMHCTBO 3a-
pocoB BeIOUpaeT ot 1 g0 20 3anuceld U BpeMsi peakiiiyi CUCTEMbI HE JJOJIKHO Tpe-
BbIIATh 10 CEKyHJ, TO CleAyeT OCTAaHOBUTH BHIOOpP HAa CHUCTEMAaxX CPEJHEro Kiacca,
takux Kak Firebird, PostgreSQL, FoxPro. Jlns Mmerbmux mo o66émy bBJ1 MOXHO BBI-
Oopatp Access nunmu MySQL, a takue cepné3nbiec CYBJ] kak Oracle, DB/2 umu
Informix cnexyer paccMaTpuBaTh B TEX CIIy4asiX, KOTJa BETMK O0BEM aHHBIX WU
MMEIOTCS BBICOKHE TPEOOBaHUS K IPOU3BOUTEILHOCTA CUCTEMBI.

BriOpannusie CYB/] onieHHBaroTCs MO CTENEHU COOTBETCTBUS BBISIBICHHBIM
TpeboBanmsM K BJI, u BeIOupaeTcs Ta cuctema, KOTopas JydIlle M COOTBETCTBYET.

Jlornyeckoe npoextupoBanue b/[

Ha »rtane noruueckoro mnpoexktupoBaHus uHpojormyeckas mozaens [10,
npenacrasiieHHas B Bujae ER-nuarpammel, mpeoOpasyercst B TOTHYECKY0 (KOHLIETI-
TyalibHy10) cxemy BJl. Pemienue 3Toil 3aiaun CyIleCTBEHHO 3aBUCUT OT MOJENIH
JTaHHBIX, ojepxkuBaemMoit BeiopanHot CYB/I.

Pe3ynbTaToM BBINOJHEHHS 3Tana JIOTMYECKOTO MPOEKTUPOBAHUS SIBIISIFOTCS
cxeMbl b/] KOHIENTYaIIbHOTO U BHEIIHETO YPOBHEW APXUTEKTYPHI, COCTABICHHBIC
Ha s3pike ompenenenus manHblx (DDL, Data Definition Language) BbiOpanHOM
CVYB/I.

Bonee moapoOHO 3TOT 3Tanm Mbl pacemotpuM it PMJT (1. 8.9).

Qu3zuyeckoe npoexmuposganue bJ[

OcHoBoO# 1 PU3NIECKOT0 MPOCSKTUPOBaHUS siBsieTcs cxema bJl, momyuen-
Has Ha npeasiaynem srane. OU3nyeckoe NPOEKTUPOBAHNUE 3AKIIIOYAECTCS B YBI3KE
jgoruyeckoi ctpyktypbl bl u pusmdeckoil cpeapl XxpaHeHus ¢ LeNbo Hauoboee 3¢-
(GheKTUBHOTO pa3MelleHus JaHHbIX. PeraeTcss BOmpoc pa3mMenieHrs XpaHUMBbIX JIaH-
HBIX B IPOCTPAHCTBE MaMSTH U BbIOOpa 3(h(PEKTUBHBIX METOJOB JAOCTYyNA K Pa3IHy-
HBIM KoMITOHeHTaM "usndeckoit” B/I. Pe3ynbrarsl 3T0T0 3Taa 10KyMEHTUPYIOTCS
B opMe CXeMbl XpaHEHUs Ha SI3bIKE OMpeJeieHUs] NaHHbIX. [IpuHsATHIE HA 3TOM
JTaIe PELICHMs OKa3bIBAOT OINPEIECISAIONIEE BIUSHUE HA TPOU3BOAUTENBHOCTD CH-
CTEMBI.

Hnsa pemsiunonnon b/l Ha 3TOM 3Tane onpeaensatoTcs mapaMeTpsl pacupeie-
JICHUS TaMATH U1l 00beKTOB b/I, cTposTCS MHACKCHI, onpeesercs eiaecoodpas-
HOCTb MCITOJIb30BaHUS XEIIMPOBAHUS U KIIACTEPU3ALUU.

@PakTnuecku npoekrupoBanue b/l mmeer nrepannoHHbINA Xapakrep. B mpo-
riecce PyHKITMOHUPOBAHUS CUCTEMBI CTAHOBUTCS BO3MOYKHBIM U3MEpEHNE €€ pealib-
HBIX XapaKTEPUCTUK, BbIABICHHE 'y3kux' mecT. M ecnm cuctema HE OTBEYaeT
NpEeAbIBIIEMbIM K HEH TpeOOBaHUAM, TO OOBIYHO OHA MOJIBEPraeTcsi peopraHuza-
11U, T.€. MOAU(PUKALIMY IEPBOHAYAIBHO CO3[JaHHOTO ITPOEKTA.
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IHopsinok BbINOJIHEHNSI MPAKTHYECKOH padoThI:
1. Cobpatrp mpenBapuTenbHyI0 WH(DOpMAIIO 00 HCCIEAYEMOM MPEANPHUs-
THUHU.
2. ChopmynnpoBaTh BUJEHUE BHIMIOJHEHUS TPOCKTA U TPAHUIIBI IPOEKTA.
3. CocTaBUTh OTUET 00 00CIIEIOBAHUN.
4. TlonyuuTs cienyrouue JaHHbIE:
u Kparkas uadopmarus o koMmmaHuu (Ipo@uiib KIMEHTA).
] [lenun nmpoekra.
n [TogpazneneHus U MoJab30BaTEIN CUCTEMBI.
IIpakTuyeckoe 3ansaTue Ne 2
BbinosiHeHne MHPOPMAIMOHHOT0 AHAJIN3A ONMCAHUSA MPEAMETHOI 00J1aCTH
(ITO), onpenesieHue JOTHYECKOI CTPYKTYPbI 0a3bl TaHHBIX

Heab 3aHATHSA: BBITOIHUTH, MHOOPMAIMOHHBIA aHAN3 MPEIMETHON 00Ja-
CTH MCCIEAYEMOTO NPEANPUATHS, ONPENAEIECHUE JIOTUYECKON CTPYKTYPBI U COCTaB-
nenune ER- nuarpammsl.

Teopernveckue cBeeHUA

Pazpabotka mo60it AUC HaunHaeTcs ¢ onpeeneHus NpeIMeTHOM 00acTu.

lIpeomemmnas obracmv uHGOPMAYUOHHOU CUCTEMDBL

[Ipenmernas o6nacts (I10) mHPOpMAIMOHHOW CHUCTEMBI pacCMaTpUBAETCS
KaK COBOKYITHOCTH PeajbHBIX IIPOIECCOB M OOBEKTOB (CYNIHOCTEM), TPEIOCTABIIS-
IOIKUX MHTEpec I e€ nmonb3oBarenei. Kaxnas u3 cymuocreit [10 o6nanaeT omnpe-
JeNEHHBIM Ha0OpOM CBOMCTB (aTpuOyTOB), Cpeu KOTOPHIX MOXKHO BBIICTUTH CY-
IIECTBEHHBbIE W Majo3HauuTenbHble. [Ipu3HaHue kakoro-nuOO CBOICTBA cCyllie-
CTBEHHBIM HOCUT OTHOCUTEIIbHBIN Xapaktep. Hanpumep, arpulyt Jonxcnocme nis
COTPY/IHUKA SIBJISIETCS CYIIECTBEHHbBIM, a JUIsl YuTaTess OMOIMOTEKN — MaJIO3HAYH-
TEJbHBIM.

Kpowme toro:

1. CyIHOCTh 3anuchiBaeTcs NponucHbiMUA OykBamu (O T/EJI)

2. ATpuOyT CYIIHOCTM HAYWMHACTCS C MPONMUCHOW OYKBHI (Haszsawue).
KitroueBoi#t arpuOyT BbLACISICTCS MOTYXKUPHBIM mpudToM (TadenbHblii Homep).

3. CBs13b MEXK/Ty CYITHOCTSIMHU ONPEACISIETCS IIIaroyioM (pabomaem).

Hnst ynpomienus: npoueaypsl popmanuzanuu [1O B O0JbIIMHCTBE ClydaeB
mpUOETaIOT K OMPENEIICHUIO TUTIOB CYIITHOCTEN. THII MO3BOJIAET BBIACIUTD U3 BCETO
MHOXkecTBa cymHocteil [10 rpyniy cynHocTeil, OAHOPOAHBIX MO CTPYKTYpE U TO-
BEJICHUIO (OTHOCUTEIBHO pamMok paccMmaTtpuBaemoit 110). Hanpumep, ns 10 "Un-
CTUTYT" B KaU€CTBE TUIIOB CYLIHOCTEN MOTYT paCCMAaTPUBATHLCSA CTYAECHTHI, MIPEMNO-
JlaBaTeNid, TUCIUIUIMHBI U T.1. J[aHHbIE peIMETHON 00JIaCTU MPEICTABISIOTCS K-
3eMIuIsipamMu cyiHoctel (cryaent UBanos, npenoaasarens CuaopoB, AUCHUILIMHA
"ba3bl naHHBIX"). DK3EMIUISIPHI CYIIHOCTEH OJHOTO THIIa 00Jaal0T OJAMHAKOBBIMU
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HabopaMu aTpuOyTOB, HO JOJDKHBI OTJIMYATHCS 3HAYEHUEM XOTS OBbI OJTHOTO aTpH-
OyTa J7151 TOTO, YTOOBI OBITH Y3HABAEMBIMU (HAIIPUMED, CTYICHTHI MOTYT UMETh OJT!-
HakoBble PO, HO OJIKHBI UMETh pa3Hble HOMEPA 3aUETHBIX KHUKEK).

Mexny cymHocTsamu [10 MoryT CymiecTBoBaTh CBSI3M, UMEIOIINE PA3TUYHbBIN
coziepKaTelbHbIN CMBICI (CeMaHTHKY ). Hanpumep, CTyIeHT yyumcs B rpyIie, Bpad
Jleyum TAlMeHTa, KIUEeHT umeem BKiaa B 0anke. CBsi3u MOTYT OBITh (PaKyIbTATHB-
HBIMHM WU 00513aTeJIbHBIMU. ECiIi BHOBb MOPOXKAEHHAS CYIIHOCTh OJIHOTO U3 TH-
OB OKa3bIBAETCA M0 HEOOXOJIMMOCTHU CBS3aHHOM C CYIIHOCTBIO JIPYroro TUMA, TO
MEXIy STUMH TUIIAMHU CYIIIHOCTEHN ecTh o0s3aTenbHas cBsi3b. IHave cBsI3b sBIsIeTCSA
dakynpTaTuBHOU. [IprMepbl 00s13aTenbHOM U (haKyJTbTATUBHOMN CBSI3€H MPUBEICHBI
Ha puc. 1.3. 3aech CBA3b 3amewsaem sIBIsiCTCs: 003aTENBHOM (M300paXkaeTcst IBOM-
HOW JTMHUEH ), TOTOMY YTO KaXblii COTPYIHUK Jo/1iceH PabOTaTh HA ONIPEeIEHHON
JOJDKHOCTH, a CBSI3b 3aMeujaemcsi IBIAETCA (PaKkyIbTaTUBHOM, T.K. JOJIKHOCTD MO-
Jicem Oblmb BAKAHTHA.

=¢'_T_-_-_:F-'|_'l=|_\||_"|_|j"l=| er -H::_-_"_',.'l-=
COTPY/IHHK JIOJDKHOCTh
—E'-:_-_-;'H’IML‘HJ,';’I | -_-_-_-_-_:'

- -

Puc.3. Ilpumepsl 00s13aTesibHON U (PaKyJIbTaTUBHOM CBA3EH
JIist ynoOCTBa KaXIyI0 CBSI3b MEXAY CYIIHOCTSMHU MOXHO H300paxaTb OJ1-
HUM poMOOM (puc. 1.4). BeiiensitoT Takke MmokasaTesib KApANHAJbHOCTH CBA3M:
"oquH k ogHOMY" (1:1), "oauH ko MHOTUM" (1:n) U "MHOTHE KO MHOTUM" (m:n) (puc.
1.4).

W|
. _LN

KOHKA | ) - MMATTATA
-::'_'_\__\_ JACHHTE ______"_:-
1 T N
M | L

T T — —-—

-f::: 1 H I M T --::_'f::-—]| IMALMEHT I—]:::'_F:_ HEXOUTRCE -_:_':::-

Puc.4. [IpumMepsl pa3nnyHON KapANHAIBHOCTH CBA3EN
CBs3u, npuBea€HHble HA puc. 1.4, ¢ y4ETOM CEMAHTHUKHU O3HAYAIOT CIEAYIO-
uiee:
. nanueHT—koika (1:1) — Kax bl MalMeHT 3aHUMAET OJIHY KOMKY, Kax-
Jast KOMKa B KayKJblii MOMEHT BPEMEHU MOKET ObITh 3aHATA TOJIBKO OJHUM MalleH-
TOM;

. najgata—nanueHT (1:n) — KaXIbIi malueHT HaxXOoAUTCs B OJTHOM Iajare,
B Ka)XJI0M MajlaTe MOTYT HaXOJIUThCSI HECKOJIBKO TAIlUCHTOB;
. NalUeHT—Bpay (N:m) — KaXIbli MAIIUEHT MOXKET JICYUTHCA Y HECKOJIb-

KUX Bpaye, KaXKJbli Bpa4 MOKET JIECYUTh HECKOJIBKO MAI[UEHTOB.
OOGpaTuTe BHUMaHHE: HeOOsA3aTeNbHAS CBS3b UMEET MOaudHUKaTop "MoxKeT",
a 'y 00s13aTeIHbHOM CBSI3U €r0 HET.
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CreneHb CBSA3M — 3TO KOJIMYECTBO CYITHOCTEH, KOTOPBIE BXOJAT B CBA3b. Pa3-
JAMYaloT yHapHbIe (puc. 5,a), bunapusie (puc. 5,0) u TepHapHsie (puc.5,B) cBs3u. (Ha
IPAKTUKE CBSI3U ¢ OOJIBIIEH CTENEHBIO PEIKO UCIIONB3YIOTCS ). Y HapHas CBsI3b O3Ha-
9aeT, YTO OJTHU SK3EMIUIAPBI CYITHOCTH CBSI3aHBI C APYTUMH SK3EMIUIIPAMU STOM K€
CYIITHOCTH (HaIpUMep, OJHU COTPYAHUKH PYKOBOIST APYTUMH, a ACTATb MOXKET 5IB-

JIATBCA 4aCTbIO MexaHI/IBMa)
BPAY

| COTPY AHHEK l_ l

o e

= TIEUHTE T
A T o
..o-'-"-'-'- --_-"'-_ --\-\-"--._ e
- -,
— Y VEOBOIHTE e
--:_\_\___ LS 1 a —
— o

e MALHEHT
&} VHAPHLS CEAIR |I IPEIMOIABATELL

0 } DHHAPHER CRATL

| CTYIEHT } —— :-;|._u1_1.1{_*|usuu|-|-,-::::} IHCLHITTHHA

g =
o

B} I{."l'?llill}'lilH CHHG R

Puc.5. [Ipumepsl cBsA3EM pa3IndHON CTETICHU

Paznmuuarot tun ceasu v oxzemniap ceazu. TUI CBA3U ONPENEISETCS €€ nMe-
HEM, 00s3aTeIbHOCTBIO, CTENEHbI0 U KapAMHAIBHOCTHIO, HAaNpuMmep, OWHapHas
cBsI3b yuumes Mexny cymuoctsmu [ PYIITIIA w CTY/IEHT, o6s3aTenbHas IS CTy-
JIEHTa, KapIMHAIBHOCTBIO 1:n. A 3K3eMIUISP CBA3U — 3TO KOHKPETHAS CBSI3b MEXKIY
ctyaenTom CunopoBbiM u rpynmoi H-11, B koTopoii oH yuuTcs.

COBOKYIIHOCTB THIIOB CYLIHOCTEN W THUIIOB CBS3€U MEXIy HUMM XapaKTepH-
3yeT CTPYKTYpy npeameTHou ob6mactr. COOCTBEHHO JaHHBIC MPEICTABICHBI K3EM-
IUISIpaMU CYIIIHOCTEW U CBSI3€M MEXy HUMHU. J[aHHBIE SK3EMIUISIPOB CYIIHOCTEU U
CBsI3el XpaHATCs B 0a3e JaHHBIX WH(POPMAIIMOHHOW CHUCTEMBbI, a OMHUCAHUE TUIIOB
CYIIHOCTEU U CBSI3€U SIBIISIETCA METAJaHHBIMU.

MHoO»XecTBa 9K3eMIUISIPOB CYIIHOCTEH, 3HAUEHUsI aTpUOYTOB CYIIHOCTEH U
HK3EMILIAPHI CBA3EH MEXIY HUMHU MOTYT U3MEHATHCS BO BpeMeHU. [loaToMy Kax-
JIOMY MOMEHTY BPEMEHH MOKHO COIIOCTABUTh HEKOTOPOE COCTOSIHNE MPEeAMETHOM
obsactu. CocrostHust 110 gOJKHBI HOAYMHSTHCS COBOKYITHOCTH MTPABUII, KOTOPbIE
XapaKTepHU3yIOT CEMAaHTHUKY MpeAMETHOM obnacTu. B 6aze maHHBIX 9TH MpaBuUIa MO-
T'YT OBITH 33/IaHBI C TOMOIIIBIO TaK HA3BIBAEMBIX 02PAHUYEHULL YeNOCMHOCMU, KOTO-
pbl€ HAKJIAJIBIBAIOTCS HA aTPUOYTHI CYITHOCTEH, THUIIBI CYHNTHOCTEH, THIIbI CBSI3EH
U/WIHN WX DK3eMIUIIpbl. @aKTUYECKH, OTPAHUYCHHUS IIEJIOCTHOCTH — 3TO MPABUJIIA, KO-
TOPBIM JOJIKHBI YJOBJIETBOPATH 3HaueHus qaHHbix B bBJ[. Hanpumep, mis 6ubnmo-
T€KHA MOYKHO MPUBECTU TAKUE OTPAHUYCHUS LIEJIOCTHOCTU: KOJIUYECTBO 3K3EMILIS-
POB KHUTH HE MOXET OBbITh OTPUILIATEIbHBIM; HOMEP MACHOpPTa YUTATENS JOJKEH
OBITh YHUKAJIBHBIM; KaXKJ1asi KHUTA OTHOCUTCS K ONPEICIEHHOMY pa3Jieny pyopuka-
topa bBK — 6ubnmoreuno-6mbimnorpaduueckoit kaccupukauu u T.J1.

JI71st TOro 4TOOBI 0OECTIEYUTh COOTBETCTBHUE 0a3bl JAHHBIX TEKYIIIEMY COCTOS-
HUIO TIPEAMETHON 00s1acTH, 6a3a TaHHBIX OuHamuyecku ooHosnssemcs (Iepuoanye-
CKU WJIA B PEKHUME PEAIbHOTO BPEMEHH ). DTO OOHOBJICHHE HA3bIBACTCS AKTYyaJIM3a-
nMeld JaHHBIX. AKTyanu3anus MOKET MPOBOAUTHCA:
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. BPYYHYIO, €CJIM MU3MEHEHHS B JIaHHbIE BHOCHUT IOJIb30BaTEb (HAIMpHU-
Mep, 3alKCh CBEJICHUI O BblJIaue a0OHEHTY KHUTU B OMOJIMOTEKE);
. aBTOMATU3UPOBAHO, €CJIU U3MEHEHUS MHULIMUPYIOTCS MMOJIb30BaTENEM,

HO BBITIOJIHSIFOTCSI IPOrPaMMHO (HanmpuMep, OOHOBJIIEHHE CITUCKA JOJIKHUKOB B O1O-
JMOTEKE — YUTATENEH, KOTOpbIE TPOCPOUUIIU AaTy BO3BPATA KHUT);

. aBTOMATUYECKH, €CJIU JaHHBIE TOCTYIAIOT B 3JIEKTPOHHOM BHUJE U 00-
pabaTbiBa-I0TCS TporpamMmoi 6e3 ydyacTus yesnoBeka (3To KacaeTcs, Hapumep, aB-
TOMATU3UPOBAHHBIX CUCTEM YIPABICHUS IIPOU3BOJICTBOM).

[IpaBUABHOCTH OOHOBJICHHM MOXET KOHTPOJMPOBATHCA MPOTrPaMMHO, HO
IIPAaBUJIbHEE KOHTPOJUPOBATH UX aBTOMATHYECKU C MOMOIIBIO OTPAHUYECHUU ILie-
soctHocTh BJI.

baza nanubIxX siBnseTcs HHOOPMAITMOHHONW MOJIETBI0 BHEITHETO MUPaA, HEKO-
TOpOM npeaMeTHOW obmnactu. Bo BHemHem mupe cymHocTd 110 B3auMocBs3aHbl,
no3Tomy B b/ 3Tu CBSI3U NOJKHBI OBITh OTpakeHbl. ECIu CBSI3U MEXKly JaHHBIMU B
b/l oTCcyTCTBYIOT, TO UMEET CMBICI TOBOPUTH O HECKOIBKUX He3aBUCHMBIX b/l n
XPAaHUTh UX PA3IAEITBHO.

Ha3znauenue u ocnognuvle komnoneHmol cucmemsl 6a3 OAHHBIX

Cucrema B/l BKito4aeT 1Ba OCHOBHBIX KOMIIOHEHTa: COOCTBEHHO 0a3y AaH-
HbIX U cucteMy ympasieHus 6azamu ganHbix — CYBJl (puc. 1.6). boasmmHcTBO
CO/] BkIIIOUAIOT TaKKe MporpaMMbl 00paOOTKU JaHHBIX (MPUKIATHOE MPOrpaMM-
Hoe obecnieuenue, [1110), kotopeie oOparnatorcs k nanHbIM uyepe3 CYB/I.

| I]PII.] KTAaTHOE NPOrpasMMHOe ohecneveHNe

T

| Cucrema Ypasmen nd faTamMn ,'[l’ll.]l]L.]I"L|

Baza
_ MAHHEIX

Puc.6 KomnoHeHTsI cucTteMbl 0a3 TaHHbBIX
B cootBercTBuM ¢ puc. 1.6 CYB]] obecrieunBaeT BBINIOJHEHUE ABYX TPYIIII

byHKIIHIA:

. IpeJOCTaBIEHUE JIOCTyIa K 0a3e JaHHBIX MPUKIAJTHOMY IpOrpaMm-
HOMY 00€CTIeUeHUIO (WM KBATU(PUITUPOBAHHBIM TOJIH30BATENSIM);

. yhnpaBieHUE XpaHeHneM U 00paboTkoii qaHHbIX B B/I.

Taxum 06pa3zom, obparienne k 6a3e JaHHBIX BO3MOXKHO Tosibko yepe3 CYB/I.

bJl mpenmnasHadeHa miis XpaHEHUs JAaHHBIX WHPOPMAITMOHHOW CHUCTEMBI.
[Tonw3oBaTenu oOpamiaroTcs K 0a3e JaHHBIX OOBIYHO HE HAMPSAMYIO Yepe3 CpeACTBa
CYB/1, a c moMo11pt0 BHEIIHETO HHTep(deiica — MPUIIOKeHUsI, BXOJISIIETO B COCTaB
ANC. Ecnu monbs30BaTesne MOXKHO pa3AeiIuTh Ha TPYIIIHI 10 XapaKTEPy PEIIaEMbIX
3a]1a4, TO IPUIOKEHUN MOKET ObITh HECKOJIBKO (IO KOJUYECTBY 3a]1a4 WJIU TPYIII
noJib3oBatesnei). Hanpumep, aiis OMOIMOTEKH MOKHO BBIIETUTh TPU TPYTIIBI MOJIb-
30BarTesiei: YUTaTeIu, KOTOPHIM HYKHO OCYHIECTBISAThH MOUCK KHUT MO Pa3INYHbIM
pU3HAKaM; COTPYIHUKH, BBIJAIONIME U MPUHUMAIOIINE Y YyuTaTesne KHuru (ouod-
JMOTEKapH) U COTPYIHHUKHU OTHEJa KOMILIEKTALMH, OCYIIECTBIISIFOLIUME TPUEM HO-
BBIX KHUT U CIIICAHUE CTapbIX.
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VYposnu npedocmasnenuss OanHvix

CoBpeMeHHas TeXHOJI0rus 0a3 TaHHBIX OCHOBaHA HA KOHIENI[UYM MHOTOYPOB-
HeBol apxutekTypbl CYBJI. Otu uneu Bnepsbie ObUIM CHOPMYITUPOBAHBI B OTUETE
paboueii rpynmnsl o 0a3am qaHHbIX KoMuTeTa 10 MiaHupoBaHUIO CTaHAAPTOB AMe-
PUKAHCKOT0 HallMOHANbHOro0 HHCTUTYTa cTanaapToB (ANSI/X3/SPARC). Orort oT-
4&T ObLT omyOsMkoBaH B 1975 r. B HéM Obl1a nipesioxkeHa 0o000IeHHas TPEXYPOB-
HeBas Mojenb apxuTekTypsl CYB/I, BkiItodaroiias KOHIENTYaJIbHbIN, BHEITHUNA U
BHYTPEHHUM ypoBHHU (puc. 1.7).

Breomnmnii yposeHb |

i)

Konuyeny wi sHel Y POBCHE |
i
v
Buyrpennnii yposcHb |

Puc.7 YpoBHHU nipencTaBiieHUs] JaHHBIX

Konnenrtyanbublii ypoBenb apxutektypbl ANSI/SPARC cnyxut nmnst noa-
JIEP’KKHU €IMHOTO B3TJIsAa Ha 0a3y JaHHBIX, OOIIETO /sl BceX €€ MPUIIOKEHUN U He-
3aBHCUMOI'0 OT HMX M OT cpenbl XpaHeHus [6]. KoHuenTyaabHbIM ypOBEHb MpeE-
CTaBJsieT coO0W (pOopMamu30BaHHYIO MH(OPMAIMOHHO-IOrM4YecKyto mojaens I10.
Omnrcanue 3TOro NMPEICTABICHUS HA3bIBACTCSI KOHLIENTY AJIBHOW CXEMOM MJIN CXEMOM
BJI.

Cxema 6a3bl JaHHBIX — 3TO ONMCaHUE 0a3bl JaHHBIX B TEPMUHAX KOHKPETHOU
MOJIENIN JaHHBIX.

BHyTpeHHMIi YpOBeHb apXUTEKTYPhl MOJJICPKUBACT MPEACTABICHUE JaH-
HBIX B CPEJE XPaHEHHUSI U TyTH 10cTyna K HUM [6]. Ha 3TOM apXUTEKTYypHOM ypOBHE
bJI npencrapiieHa B OJHOCTHIO ""MaTEPUATM30BAHHOM ' BUJIE, TOTAA KaK Ha IPYTUX
YPOBHSIX UJIET pabOTa Ha YPOBHE OTIEIBHBIX SK3EMILISPOB WJIM MHOKECTBA IK3EM-
wsipoB JaHHbIX. Onucanve b/l Ha BHYTpEeHHEM YPOBHE Ha3bIBACTCS 8HYMpEHHEU
CXeMOU NN CXeMOU XPAHEHUSL.

BHemnui ypoBeHb apxuTekTypsl b/l npennaznaden aist rpynin nojib30BaTe-
nei. OnucaHue NpeaCcTaBICHUs] JaHHbBIX ISl TPYIIbI MMOJIb30BaTENE Ha3bIBACTCSA
BHEIIHEN cxeMou. Hanuume BHEMIHEro ypoBHsI MO3BOJISIET MOAIEPKUBATH PA3HOE
IPEICTABIICHUE OJTHUX U TEX K€ JAHHBIX JUISl PA3JIMYHBIX FPYIII MOJIb30BATENEH HIIN
3amay [6].

Kaxxnplil U3 3TUX YpOBHEH MOKET CUMTATHCS YIpaBiIsieMbIM, €Clii OH 00Jia-
JTAeT BHEIIHUM UHTepdEencoM, KOTOPBI 00eCcreYnBaeT BOZMOXHOCTH ONPEIeTICHUs
JaHHBIX. B 3TOM ciiyyae cTaHOBUTCS BO3MOKHBIMH (DOPMHPOBAHUE U CUCTEMHAs
noJiJIep>KKa He3aBUCUMOro B3risiaa Ha b1 ayis kakoi-nmu0o rpymnmsl nepcoHasna uin
MOJIb30BaTelIeH, B3aumoiecTByomux ¢ b/l uepes uaTepderic 1TaHHOTO YPOBHS.

B apxurextypnoit monenu ANSI/SPARC npennonaraercs nanuuue B CYB/]
MEXaHU3MOB, 00ECTICYMBAIONIUX MEXITYYPOBHEBOE OTOOpaKEHHE NAHHBIX "BHEIII-
HUW — KOHLIENTYJIbHBIN" U "KOHLIENTYaJIbHBI — BHYTpEeHHHI". OYHKIMOHAJIbHbBIE
BO3MOKHOCTH 3THUX MEXaHU3MOB ONPEAEISIIOT CTENEHb HE3aBUCUMOCTH JIaHHBIX HA
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BceX ypoBHsX. Ha mepexoze "BHENIHUI — KOHUENTyaJIbHbINA" 0OecrieunBaeTcs J10-
ru4ecKasi He3aBUCUMOCTD JIaHHBIX, Ha NIEPeX0/€ "KOHUENTyalbHbId — BHYTPEH-
HUN" — u3nyeckas He3aBUCUMOCTh. [10/1 Toruueckoit He3aBUCUMOCTBIO TTOAPA3Y-
MEBAETCS BO3MOKHOCTh BHOCUTh U3MEHEHHUS B KOHLENTYaIbHbI YPOBEHb, HE ME-
Hss npeacTasienue b/l auist monbs3oBarenei, Ui U3MEHTh PEICTABICHUE TaHHBIX
JUIA TIOJIb30BaTeNne 0e3 U3MEHEHUs! KOHLENITyallbHOM cxembl. (PU3nYecKasi He3a-
BHCHMOCTH JAaHHBIX I10JIpa3yMeBAaEeT BO3MOKHOCTh BHOCUTHh U3MEHEHHUS B CXEMY
XPaHEHHUs1, HE MEHssl KOHILIENTyaabHyt0 cxemy b/l

OCHOBHOM XapaKTepUCTUKOM 0a3 JaHHBIX SIBJISIETCSI COBMECTHOE UCIIOJIb30Ba-
HUE JaHHBIX MHOTUMH noJb30BaTesiMu AVIC. J[omkHO CylecTBOBaTh Kakoe-To 00-
niee MOHMMaHuEe WH(pOpPMaLWH, MpencTaBIeHHONW NaHHbIMU. OOlIee MOHMMaHue
JOJDKHO OTHOCUTBCS K UEMY-JTMOO0 BHEIIHEMY 110 OTHOLICHHIO K MOJIb30BaTENsAM, U
OHO JIOJKHO OBITh 3a(pKCHpOBaHO. {151 3TOro He0OX0AMMa HEKOTOPAs IpeIBapHU-
TEJIBHO OMNPENENEHHAs] TPAMMATHKA, KOTOPYIO IPUHATO HAa3bIBATh MOJEIBIO JIaH-
HBIX.

THunbl CTPYKTYP AAHHBIX

CrpykTypu3anus JaHHBIX 0a3upyeTcsl Ha UCIOJIb30BAHUM KOHIIENIUH "arpe-
raiuu ¥ "00001menua". OuH U3 NEePBbIX BAPUAHTOB CTPYKTYPHU3ALMH JAHHBIX ObLI
npeioxkeH Acconuanuei no sizpikam oOpabotku ganHbix (Conference on Data
Systems Languages, CODASYL) (puc. 2.1).

bata
JLAHHBIY

¥

InemenT y AIPEAT -
. . o i *  Zanuck * Habop
JAHHBIY JAHHBIX

Puc.8 Kommnoszunus ctpykryp gannbix no sepcun CODASYL

DJJIeMeHT JaHHBIX — HAUMEHbIIIasl TOMMEHOBAHHAS €IMHUIA TAHHBIX, K KO-
topoit CYBJ] MoxeT oOpaniaTbCsi HEOCPEACTBEHHO U C TOMOIIBIO KOTOPOM BHITIOJN-
HSIETCSI MIOCTPOEHUE BCEX OCTANBHBIX CTPYKTYp. sl KakI0ro ajieMeHTa JTaHHBIX
JIOJKEH OBITh ONIPE/ICNIEH €T0 THIL.

Arperatr JaHHBIX — IMOMMEHOBaHHAas COBOKYITHOCTb JJIEMEHTOB JIaHHBIX
BHYTpPH 3aIUCH, KOTOPYIO MOYKHO pacCMaTpUBaTh Kak euHOE 1iejioe. Arperat Mo-
YKET OBITh IPOCTHIM (BKIIFOUAIOIITUM TOJIBKO JIEMEHTHI JJAHHBIX, pHC. 9,a) U COCTaB-
HBIM (BKJIFOYAIOIIUM HapsAy ¢ dJIEMEHTaMU JaHHBIX M IPyTHE arperatsl, puc. 9,0).

A{CHIUBAHHE) ~ AMPErdr JAHHBIX

Al npeanpaaTie )
| A mara) HIT B € Alagpec)
)T _f""T“----_
L~ — _— —
| QI || MECHL] | ||u,L| (TR Copo SITH L |

HHIEES A
a) —_— ]

Puc.9 [Ipumeps! arperaToB: a) mpocToi u 0) COCTaBHOI arperaT
3anuch — NTOMMEHOBAaHHAs! COBOKYITHOCTH 3JIEMEHTOB JAHHBIX HJIU 3JIe-MEH-
TOB JAHHBIX M arperatroB. 3aluch — 3TO arperar, He BXOJAIIUI B COCTaB HUKAKOTO
JPYroro arperata; OHa MOKET MMETh CIIOKHYIO HEpapXHUUYeCKyl0 CTPYKTypy, IO-
CKOJIbKY JTOTIyCKaeTCs MHOTOKpAaTHOE MPUMEHEHUe arperanuu. Pa3nuyaror tum 3a-
nucH (e€ CTPYKTYpY) B 9K3EMIUISp 3aMUCH, T.€. 3alICh C KOHKPETHBIMU 3HAUCHUSMU
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AJIeMEHTOB JaHHbIX. O/IHA 3aMUCh ONMKUCHIBAET CBOMCTBA 0HOM cyHocTH 10 (3k-
3eMIusApa). IHoraa TepMuH "3anuch" 3a-MEHSIOT TEpMUHOM "Tpynna'.
[Tpumep 3anucu, cogepxaiieii CBeIcHUs O COTPYAHUKE, TPUBEAEH Ha puc. 10.

|\'-_' nprnveka ALPHO)  Jara [[aciepr|[lan OwnaafAdfagpec)| Al eneone)

(T CHILE

Homep [Lonwnocrs
0 TEREL

e
= -y ™ .
" i " i’

= n [ . A
|:|31!'-III_'JII.H| |||a|u | |1TI‘H.‘C'I1M'I| T TORE /"
WHERE |
| MHAERE |

g | WIIMLLL, JIOML,

HEL PITILpL

Puc.10 ITpumep 3anucu tuna COTPY/IHUK

DTa 3amuch UMEET HECKOJIBKO 3JIEMEHTOB JNaHHbIX (Homep nponycka, onic-
Hocmb, [lon v T.J1.) M TpU arperata: npoctbie arperatsl @UO u Adpec v IOBTOPSIIO-
nuiics arperat 1enegonsi. (IloBTOpSIIONINIACS arperat MOKET BKJIIOUATHCS B 3aTUCh
MIPOU3BOJILHOE YUCIIO Pa3).

Cpenu 2JIeMEHTOB JaHHBIX (TIOJICH 3amMCH) BBIICISIOTCS OJHO WM HE-
CKOJIBKO KJIIOUEBBIX n0Jeti. 3HAUCHUS KITFOUEBBIX IMOJICH MO3BOJISIOT KJIACCHU(BHUIIH-
pOBaTh CYIIHOCTh, K KOTOPOW OTHOCHUTCSI KOHKpPETHas 3anuch. Kiltoun ¢ yHUKalb-
HBIMHU 3HAYEHHSIMU HA3BIBAKOTCS nomeHyuaivHvimu. KaXapli KIFOY MOXET Ipe-
CTaBIIATh cOOOW arperar naHHbIX. OJWH K3 KIIOYEH Ha3HAYaeTCs MEPBUYHBIM,
OCTaJIbHBIE SABJISIIOTCS BTOPUYHBIMU. [lepBUYHBIN KJII0Y UICHTUPUIIUPYET IK3EM-
ISP 3aIMCH, €T0 3HAYEHUE JI0JIKHO ObITh YHUKAJIBHBIM U 00s13aTE€JIbHBIM JIJ1s1 3aI1H-
cel ogHoro tuna. /g npumepa Ha puc. 2.3 NOTEHUUAIbHBIMU KIIOUYAMU ABJISIOTCA
nosist Ne nponycka v Ilacnopm, a IEpBUYHBIM KJIIOUOM IIeJiecooOpa3Hee BhIOpaTh
nosne Ne nponycka, T.K. OHO IBHO 3aHUMAET MEHBIIIE NaMSITH, YEM NTACHOPTHHIE 1aH-
HBIC.

Ha6op (uu epynnosoe omnowenue) — NIOMMEHOBAaHHAsI COBOKYITHOCTh 3aIlH-
cell, o0pa3yronmMx IBYXYPOBHEBYIO HEPAPXUYECKYIO CTPYKTYypy. Kaxkiawlii Tum
Habopa IpeICTaBIAeT COO0M CBSI3b MEKY IBYMS WJIM HECKOJILKHUMH THIIAMH 3aIld-
ceit. J{ns kaxxaoro Trra Habopa OJIMH THII 3aIMCH 00BABIIACTCS BIIaJIeblieM Ha0opa,
OCTAJIbHBIE THUIBI 3aMUCU OOBSBISIIOTCA 4ieHamMu HaOopa. Kaxmwii sx3emrmisp
Habopa JOKEH COJEp)KaTh TOJIBKO OJIMH AK3EMIUISP 3alUMCH TUMA Biajeiblia U
CTOJIKO DK3EMIUISIPOB 3allMCel THIIa WICHOB Ha0Opa, CKOJBKO UX CBS3aHO C BIIa-
JenpleM. /[ rpynnoBoro OTHOMIEHHUS TAKXKE Pa3JIMYAOT THI U SK3EMILISP.

['pynmoBsie oTHOIIEHUSI yA00OHO M300paxkaTh C MOMOIIbIO AuarpamMmbl bax-
MaHa, KOTOpas Ha3BaHa TakK M0 UMEHU OJTHOTO U3 pa3pabOTUUKOB CETEBOM MO
naHHbIX. J[narpamma baxmana — 3To OpUEHTUPOBAHHBIN rpad, BEPIIMHBI KOTOPOTO
COOTBETCTBYIOT rpymnmam (TUMaM 3amuceil), a Ayrd — TPYIINOBBIM OTHOIICHUSIM

(puc. 11).

||[[J.-']|[K.-']|[|[|[|{|[ | OPFT AHM3ALIHH |
ZINKC LR PR AL A ™, o paboT i
N — P3Y {Pemoumao-
TR WOCTLT VAT AL HE BI2 VITPARIEHI S}
CPOOK BT | -

e
e
AT LB YT

KBAFTHFPLI

Puc. 11 [Ipumep nuarpammel baxmana nns dparmenta b1 "I'opox”
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3nech 3anuchk tuna [IOJIUK/IMHUKA asBngercsa BiaaaeablieM 3alllCcEe TUIIA
JKUTEJIb v OHM CBsA3aHBl T'PYNIIOBBIM OTHOILLIEHUEM Ouchancepusayus. 3anuch
tuna OPI'AHU3ALIUA Taxoxe saBisieTcs Biaaenblem 3anuceit tuna KU TEJ/Ib n onu
CBSI3aHbl TPYIIIIOBBIM OTHOIICHUEM pabomarom. 3anucu tuna POY w tuna KU-
TEJIb saBnsarotcsa BaagenbiaMu 3anuceit tnmna KBAPTHUPA ¢ OTHOIIEHUSMH COOT-
BETCTBEHHO 00cayaicusaom u npoxcusarom. Takum o0pa3oM, 3alUCh OJHOTO U TOTO
YK€ TUTIa MOYKET OBITh WICHOM OJTHOT'O OTHOIIICHUS U BJIaJICNbIIEM JAPYTOro.

ba3a 1aHHBIX — MIOMMEHOBaHHAs! COBOKYITHOCTb 3K3€MILISIPOB IPYIIIl U TPYTI-
MOBBIX OTHOIIECHHUI. DTO CaMbIi BBICOKUM YPOBEHb CTPYKTYpPHU3AIUU TAHHBIX.

ITopsAIOK BBHINOJHEHHUSI MPAKTHYECKOM PA0OTHI:

1. CocraButh ER - muarpammy npeameTHOU o0nacTu oOCiaeayeMoro mnpe-
MPUSATHUSL.

2. IlpoBectu kiaccuuKalyio MOJb30BaTEIEH MO YPOBHIO JAOCTYIA K JaH-
HBIM.

IIpakTuyeckoe 3anaTue Ne 3
AJITOPUTMBI BbISIBJIEHUS] QYHKIMOHAJIbHBIX 3aBUCMMOCTEN JaHHBIX.

He.flb paﬁoTI)I: BBISIBUTDH q)YHKHI/IOHaHLHLIG 3aBUCHUMOCTH JaHHBIX UCCIICIYC-
MOT'O IIpCAIIPpUATUA

Teopernueckue cBeIeHUA.

Onepayuu Ha0 OaGHHbLIMU

Mojenp AaHHBIX OMNpPENENIIET MHOXKECTBO JEHMCTBUM, KOTOPBIE AOIYCTUMO
IIPOU3BOJIUTH HAJ HEKOTOPOM peanusanuen b/l mis e€ nepeBoaa U3 OIHOTO COCTO-
SIHUSL B IPyroe. 9TO MHOXXECTBO COOTHOCST C SI3bIKOM MAHUIYJIMPOBAHUSA JAH-
meivu (Data Manipulation Language, DML).

JIroOast omepaiys HaJ JaHHBIMU BKJIIOYACT B ce0s CeJIEeKIUI0 JTaHHBIX
(select), To ecTh BBIJIENIEHHUE U3 BCEH COBOKYITHOCTU UMEHHO T€X JIaHHBIX, HaJl KOTO-
pPBIMU JIOJDKHA OBITH BBHITIOJIHEHA TpeOyemasi orepaiivsi, U JelCcTBUE HaJl BbIOpaH-
HBIMU JIaHHBIMH, KOTOPOE OMPENEIIAET XapaKTep onepauuu. Y cJI0BHe CeJeKINU —
ATO HEKOTOPBIN KpUTEpHil 0TOOpa JaHHBIX, B KOTOPOM MOTYT OBITh UCIIOJIb30BaHbI
JIOTUYECKas MO3ULMS AJIEMEHTA IAHHBIX, €r0 3HAYEHUE U CBSI3U MEXKAY JaHHBIMH.

[To Ty npou3BOAUMBIX AEUCTBUN PA3INYaAOT CIEAYIOMINE OTIEPALIAN:

. uAeHTU(UKAINS TaHHBIX U HaXO0XKJIeHUEe WX mo3uiuu B b/1;
. BbIOOpKA (UTeHHE) naHHbIX U3 b/I;

. BKJIFOUEHHE (3amuch) JaHHbIX B B/I;

. yaajaeHue AaHHbIX u3 b/l;

. Moaudukanus (n3MeHeHue) nanabix b1,

O06paboTka naHHbIX B B/ ocyIecTBiasieTcs: ¢ MOMOIIIBIO TIpotiexyp 0asbl gaH-
HBIX — TpaH3akiui. TpaH3akuueil Ha3bIBAIOT YHNOPSIAOYEHHOE MHOXKECTBO OIepa-
uui, nepesoasmnx b/l U3 0HOrO COTIACOBAHHOTO COCTOSAHUA B APYyroe. TpaH3ak-
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1usl JIMOO BBIMIOJIHSIETCS MOJHOCTBIO, T.€. BBIITOJIHSIOTCS BCE BXOSAIINE B HEE Olle-
patmu, 100 HE BBIMOIHIETCA COBCEM, €CJIH B IIpoIecce €€ BHIMOTHEHNS BOZHUKAET
ommoKa.

Ozpanuuenus yenocmuocmu

OrpanuyveHusi HEeJOCTHOCTH — 3TO IIPABUIIA, KOTOPBIM JOJIKHBI YJOBJIETBO-
PATH 3HAUEHUS DJIIEMEHTOB JaHHbIX. OrpaHUYEHUs LETOCTHOCTH JICIIATCS Ha SIBHbIE
Y HesIBHbIE.

HesiBHBIE OrpaHnyeHus ONPEAEISIIOTCS CaMOU CTPYKTYypoul naHHbIx. Hanpu-
Mep, ToT (akT, uro 3anuck Tuna COTPY/IHUK vmveet none ama poscoenus, Ciy-
UT, 10 CYIIECTBY, OTPAaHMYECHUEM LETOCTHOCTH, O3HAYAIOMINM, YTO KaXIbIil CO-
TPYAHUK OPTaHU3ALNU UMEET JaTy POKIACHUS, IPUUEM TOIBKO OJHY.

SIBHBIC OrpaHUYEHHS BKIIIOYAIOTCS B CTPYKTYpY 0a3bl JaHHBIX C MOMOIIBIO
cpeactTB si3bika KoHTpost nanHbix (DCL, Data Control Language). B kauectBe siB-
HBIX OTPAaHUYEHUI Yalle BCEro BBICTYMAIOT YCIOBUS, HAKJIaAbIBAEMbIEC HA 3HAYEHUS
naHHbIX. Hanpumep, HoMep macnopra SBISeTCs YHUKaIbHBIM, 3apa00THas TU1aTa He
MOKET ObITh OTPULATENBHOMN, a JaTa MpuéMa COTpyIHUKA Ha paboTy 00s3aTeNIbHO
OyZeT MeHbllle, YeM JaTa ero nepeBojia Ha APyryto padory.

Takoke pa3anMyaroT cTaTHYeCKUe U JUHAMHYECKHe OTPaHUYCHHUS 11eJIOCTHO-
ctu. Cratndeckre orpaHudeHus npucyum Bcem coctossHusM 110, a nuHamuuyeckue
OMPENEIAI0T BO3MOKHOCTH nepexonaa I1O u3 ogHoro cocrosauus B apyroe. IIpume-
paMU CTaTUYECKUX OTPAHUYEHUH IEIOCTHOCTH MOTYT CIY>KUTh TpeOOBaHUE yHH-
KaJIbHOCTU UHAMBHAYAIBHOTO HOMepa Hanororarensiuka (MHH) unu 3ananue
OTPaHMYEHHOT'0 MHOXkeCTBa 3HaueHui atpudyta "[Ton" ('M' u "x'). B kauecTBe npu-
Mepa IMHAMUYECKOT0 OrPAHUYEHUS LIEJIOCTHOCTH MOXHO MIPUBECTH MIPABUIIO, KOTO-
po€ pacupoCTpPaHSIETCs HA MOJSA-CUETUYMKU: 3HAYCHUE CUETUMKA HE MOYKET YMEHb-
1aThCsl.

3a BBINOJHEHUEM OrpaHndeHui nenoctuoctu caeaut CYDB/I B mponecce cBo-
ero (pyHkironupoBanus. OHa NpoBEPSET OrPaHUYEHUS LETOCTHOCTH KaXKIblil pas,
KOTJ[a OHM MOTYT OBITh HapYILIEHBI (HArIpuMep, P J00aBJICHUH JaHHBIX, IIPU yaa-
JICHUU JAHHBIX U T.I1.), ¥ TApAHTUPYET UxX coOmoaenue. Ecnu kakas-nub6o komaHaa
HapylIaeT OrpaHUYEHUE [IEJIOCTHOCTH, OHA HE OYJIET BBINOJIHEHA U CUCTEMA BBIJACT
COOTBETCTBYIOIEEe cooOmieHne o0 ommuodke. Hampumep, eciu 3amath B KauecTBe
orpaHu4eHus mpaBmiio «OCTaTOK AEHEXKHBIX CPEJICTB Ha CUETE HE MOXKET OBITH OT-
pHULIATENBHBIMY, TO MPHU MOMBITKE CHATH CO cuéra JieHer OoJbllie, YeM TaM €CTh, CH-
CTeMa BBIJIACT COOOIIeHHEe 00 OMMOKE U HE TIO3BOJIMT BHITIOJIHUTH ATy ONEPAIIHIO.
Taxum 00pa3oM, orpaHuYeHHs EIOCTHOCTH 00ECIIEUNBAIOT JIOTMUECKYI0 HEPOTH-
BOPEYMBOCTh JAaHHBIX ITpH nepeBoje b/] u3 ogHOro coctosiHus B Apyroe.

lonusmue omuowienust

PensiunonHas Mozenps NaHHbIX ObLIa npeioxeHa B 1970 r. MaremMaTukom
Oarapom Kogaom (Codd E.F.). PM/] siBnsieTcs HanOosiee IUpPOKO paclpoCcTpaHEH-
HOM MOJIENIbIO JAHHBIX U €UHCTBEHHOU M3 TPEX OCHOBHBIX MOJICTEH NaHHBIX, JJIs
KOTOPOM pa3paboTaH TEOpETUUECKUI Oa3KuC C UCTI0JIb30BAHUEM TEOPUH MHOYKECTB.

bazoBou crpykrypor PM/I siBisieTcss 0OTHOLIEHME, OCHOBAHHOE Ha JEKapTO-
BOM IIPOU3BEJECHUU JOMEHOB. JloMeH — 3TO MHOXECTBO 3HAUEHUI, KOTOPOE MOKET
NPUHUMATh JIEMEHT JAaHHBIX (HAIpUMEpP, MHOKECTBO LIETBIX YHUCEN, MHOXKECTBO
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JIaT, MHOYKECTBO KOMOMHAIUK CMMBOJIOB JIuHON N U T.I1.). /JloMeH MoXkeT 3ama-
BaThCS MEPEUNCIICHUEM DJIEMEHTOB, YKa3aHUEM JTuara3oHa 3Ha4eHU, PyHKIueH u
T.JI.

ITycts D1, D2,..., Dk — mpou3BoJibHbIE KOHEUHBIE U HE 00S3aTEIbHO pa3iny-
HbIC MHOXECTBA (JIoMeHbI). /[ekapTOBO MpoU3BeleHHe STUX MHOXKECTB OIPEICIIs-
€TCS CJICTYIONUM 00pa3oM:

D1xDox...xD¢={(d1, d2,...,dx | di [I Di, I=1,...,.K)}

Takum 00pa3om, JIEKapTOBO MPOU3BEACHHUE MO3BOJIICT IMOJTYYUTh BCE BO3-
MOKHbIE KOMOMHAIIMK 3HAYEHUI 2JIEMEHTOB UCXOIHBIX MHOYKECTB.

Hpumep. Tis nomenos D1 = (1, 2), D2 = (A, B, C) aexapToBo Npou3BeaACHNE
D = D1xD; 6yner rakum: D = {(1,A), (1,B), (1,C), (2,A), (2,B), (2,C)}

IToqMHOXECTBO JI€KapTOBa IPOMU3BEICHUS JIOMCHOB HAa3bIBACTCS OTHOIIIE-
HHEM.

OTHOILIEHUE COACPKHUT JAHHBIE O CYIIHOCTSAX omnpenesnéHHoro tumna. [losic-
HUM 3TO Ha mpumepe. Eciii ocTpouTh npousBeieHre TpEX TOMEHOB J{oidcHoCmU
(‘mupekrop', 'Oyxrantep', 'Bogutens', 'mpoaasen'), Oxkradsr (X | 20000?7x?80000),
Haobasxu (1.1, 1.2, 1.3), To M1 noayunm 4*60001*3=720012 kombunanwuii. Ho pe-
anbHO oTHOIIeHKE «IlITaTHOE pacTricaHne)» CONIEPKUT IO OJTHON CTPOKE Ha KaKYTO
JOJHKHOCTB, T.€. SIBJISICTCS MMEHHO IMOAMHOXECTBOM JIEKapTOBa MPOU3BEICHUS J10-
MEHOB.

DeMeHTHl OTHOIICHHS Ha3bIBAIOT Kopmedcamu (Win 3anucsamu). Kaxmprii
KOPTEX OTHOIIEHUS COOTBETCTBYET OJHOMY 3K3EMIUIIPY CYIIHOCTH ONpeIenéH-
HOT'O THIA. DJIEMEHTBI KOPTEKa IMPUHATO HA3bIBATh ampubymamu (WA nOJIsMU).

Ceoucmea omuoweHu

OtHoureHue 00a1aeT IByMsI OCHOBHBIMU CBOWCTBAMH:

1. B oTHOImIEHNN HE TOMIKHO OBITH OAMHAKOBBIX KOPTEXKEH, T.K. 3TO MHO-
JKECTBO.
2. ITopsAIOK KOpPTE)KEN B OTHOLLIEHUU HECYILIECTBEHEH.

Takum 06pa3oM, B OTHOIIEHUHU HE ObIBAET MEPBOr0, BTOPOTO WU MTOCJICTHETO
KOpTEXa: MPHU BBIBOJE JIAHHBIX OTHOIICHUS KOPTEXKH BBIBOJSITCS B MIPOU3BOJIHLHOM
MOPSJIKE, €CITU HE 3aJ]aHO0 YIIOPSII0YEHHUE 10 3HAUCHUSIM TOJIEH.

OTtHotieHne y100HO MPEICTaBIATh KaK TaOJIUILy, TJIe CTPOKA SIBISIETCA KOP-
TEXKEeM, a CTOJIOEI] COOTBETCTBYET JoMeHy (puc. 2.7, orHomenue CTY/EHTHI). Ko-
JIMYECTBO CTPOK B TabJIHMIIE (KOPTEKEH B OTHOIIICHUH ) HA3bIBAETCS MOIIIHOCTHIO OT-
HOLLIEHHUsI, KOJTUYECTBO CTOJIONOB (aTprOyTOB) — APHOCTBHIO.

OUO Howme . l'on Pazmep
I'pynna CTYy/JEHTA SAHCTHON OXJICHUSA | CTUNECHIUHU
Y KHIDKKE | P
C-72 Bonkosa Enena [1asmosaa | C-12298 1991 1550.00

C-91 benos Cepreit FOpbeBuu C-12299 1990 1400.00
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C-72 | ®ponos Opuit Bagumosuu | C-14407 1991 0

Puc.2.7. llpumep TabnndyHON (HOPMBI IPEACTABICHUS OTHOIICHUS

OTHOILIEHHE UMEET UMs, KOTOPOE OTINYAET €ro OT UMEH BCEX APYTHX OTHO-
meHuil. ATpuOyTam pessIIMOHHOTO OTHOLLIEHUSI Ha3HAYAIOTCS UMEHA, YHUKAJIbHbBIE
B paMkax oTHoueHus. OOpaleHrne K OTHOIIEHUIO IIPOUCXOIUT MO €ro UMEHH, a 00-
panieHue K aTpuOyTy — 10 UMEHHM OTHOILIEHUSI U UMEHH aTpuoyTa.

Kaxnp1il aTpuOyT ornpenenéH Ha HEKOTOPOM JIOMEHE, HECKOJIbKO aTpuOyTOB
OTHOUIIEHUS] MOTYT OBITh OINpPEEIICHbl HA OJHOM M TOM K€ JIOMEHe (Hanmpumep, HO-
Mepa pabouero u jomanitero renedoHoB). JlomeH 3agaércst TUIIOM TaHHBIX, pa3Me-
POM M OTpaHUYEHUSIMU LETIOCTHOCTHU: HAITPUMED, MTOJI — 3TO CUMBOJIBHOE T0JIE JJTH-
HOH |, KOTOpO€ MOXKET MPUHUMATh 3HAUYEHUS U3 MHOXKecTBa ('M', 'k'). B pensaunon-
HBIX 0a3ax JIAaHHBIX MOJJEPKUBAIOTCS TAKUE TUIIBI JTAHHBIX KaK CUMBOJIBHBIH, YHC-
JIOBOM, JaTa U HEKOTOpbIE Apyrue (KOHKPETHBIM NEepeYeHb THUIOB 3aBUCUT OT
CYBL).

ATpuOyT MOXET OBITh 0053aTE€IBHBIM M HEOOS3aTeIbHBIM. 3HAUCHHUE 00513a-
TEJIBHOr0 aTpUOyTa JTOJKHO OBITH ONPEAEICHO B MOMEHT BHECEHUS JaHHbIX B B/I.
Ecnu atpulyT HeoOA3aTeNbHBIN, TO Ul TAKUX CIIY4aeB MPEAYCMOTPEHO CIICIUANb-
Hoe 3HaueHne — NULL, koTopoe MOKHO HHTEPIPETUPOBATH KaK "HEM3BECTHOE 3HA-
yeHue". 3naueHne NULL He npuBsizaHO K ONpeAcIEHHOMY THUITY JaHHBIX, T.€. MO-
KET Ha3HAYaThCs JaHHBIM JIFOOBIX THUIIOB.

[lepeuenn aTprOyTOB OTHOIICHUS C UX TUIIAMHU JIaHHBIX U pa3MepaMu OIpe-
JEJSIIOT cXeMy OTHomeHusi. OTHOIIEHUS, OCTPOCHHbIE IO OJMHAKOBOM CXeMe,
HA3bIBAIOT OJJHOCXEMHBIMM; 10 PA3JIMYHBIM CXEMaM — PA3HOCXEeMHbIMH.

K104 oTHOIIEHUs1 — 3TO aTpulyT (rpyIina aTpuOyToOB), 3HAYEHUS KOTOPOTO
KJIacCU(DUIMPYIOT WU UACHTUDUIIUPYIOT KopTex. Hanmpumep, 3nauenue atpudyra
I'pynna otnomenust CTY/[EHTHI no3BOISIE€T BBIACIUTD CPEAU BCEX CTYJCHTOB HH-
CTUTYTa CTYJCHTOB KOHKPETHOW Ipymbl. ECIM KII0Y COCTOUT U3 HECKOJbKUX aT-
puOyTOB, OH Ha3bIBaeTCa cocmasHuiM. Eciy 3HaueHUS KITI0Ua YHUKAIBHBI B paMKax
CTOJIO1Ia OTHOILEHUS, TO TAKOW KIII0Y HAa3bIBACTCS nomeryuatbubim. IloTeHumanb-
HBIX KJIIOYEH MOXKET OBITh HECKOJIBKO (MJIM HE OBITh HU OJTHOTO), HO JJISl OTHOIIICHUS
BBIJICJISIETCS OJIMH OCHOBHOMU KJItOU — NepBUUYHbINA. [lepBUUYHBINA KJIHOY UACHTUDU-
IUPYET IK3EMILISAP CYIIHOCTH, €T0 3HAYCHUE JOJDKHO OBITh YHUKATBHBIM (UNique)
u o0s3atenbHBIM (NOt NUll). (Ha puc. 2.7 nepBUYHBIN KITFOY BBIICICH MOTYKUPHBIM
mpudrom). HeyHukaabHbIe KITIOUH €111€ HA3BIBAIOT 8MOPUYHBIMU.

PMJI ne nognepxuBaeT rpynnoBbie oTHomeHus (mo Bepcun CODASYL).
Jnst cBsizel MEXIy OTHONIICHHSIMU HMCIOJIb3YIOTCS BHEUIHUE KItoud. BHemHui
kiarou (foreign key) — ato atpubyT MOAYMHEHHOTO (JIOUEPHEr0) OTHOILICHHS, KOTO-
PBIii ABIsICTCS KOnMel nepBudHOro (primary key) uiu yaukaabHoro (Unique) Kirrouya
poautensckoro otHomeHus. (IIpumep — ornomenne OLJEHKH, cBsI3aHHOE C OTHO-
menueM CTV/[EHTHI BuemiHuM KitouoM Homep 3auémmuou kHudicku, puc. 2.8).

HomMmep 3a4eTHOM KHHKKH Jucuunnuaa Ouenka
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C-12298 [TIporpammupoBanue 5
C-1229891 JuckpeTHasi MaTemMaTUKa 4
C-14407 [IporpammupoBanue 3

Puc.2.8. Csa3b otHOomeHu "Ouenku" u "CTyaeHThI" 110 BHEIITHEMY KITIOUY

Ecnu cBs3b HeoOs13aTebHas1, TO 3HaY€HHUE BHEUTHETO KITF0Ya MOKET OBITh He-
onpeaenéunsiM (Null).

@DaKTUYECKU BHEIIHUE KIIIOUU J02UYECKYU CBS3BIBAIOT SK3EMILISIPbI CYIIIHO-
CTEN pa3HbIX TUIIOB (POAUTENHCKON U MOAUUHEHHON CYIIIHOCTEM).

BHemHui K104 — 3TO OrpaHUYEHUE LEIOCTHOCTH, B COOTBETCTBUU C KOTO-
PBIM MHOXKECTBO 3HAYEHUN BHEIIHETO KIIKOYA SBJISIETCS IMOAMHOXKECTBOM 3HAYECHNUU
NEPBUYHOTO WJIM YHUKAJIBHOTO KJIH0Ya POJUTENBCKOM TaOIUIBI.

OrpaHnyeHue 1ENOCTHOCTH 10 BHENTHEMY KJIIOUY MPOBEPSETCS B IBYX CIIy-
qasax:

. npu go0aBieHuu 3anuck B nogunHéHHyto tabnuny CYBJl nposepser,
YTO B POJUTEIBCKOM TabJUIE €CTh 3alUCh C TaKUM € 3HAYECHUEM MEPBUYHOIO
KJIFOUa;

. NIpU yIaJICHUH 3amicu U3 poautenbekoit Tabmunsl CYB]] mpoBepsier,
4YTO B MOJAYMHEHHOW TaOJMIlE HET 3alMCed C TaKUM K€ 3HAUEHUEM BHEIIHEIo
KJIIO4a.

Anomanuu mooughuxkayuu OaHHbIX

[Tocne cocTaBneHust KOHIENTyaIbHOU (JIoru4eckoil) cxembl bl Heo6xoaumMo
IPOBEPUTH €€ Ha OTCYTCTBHE aHOMAJIUN MOAU(UKAIUU TaHHBIX. Jleno B TOM, 4TO
IIPU HENPABUJIIBHO CIPOEKTUPOBAHHOU cxeMe b/] MOTyT BO3HUKHYTh aHOMAJINH BbI-
NOJIHEHHUS ollepaluuii MOJU(PUKAUU JaHHBIX. DTH aHOMaJIMK 00YCJIOBIIEHBI OTPaHU-
YEHHOCThIO CTPYKTYpbl PM/I (0TCYyTCTBHEM arperaTtoB U Mpoy.).

PaccmoTpum 3TH aHOManuu Ha IpUMEPE OTHOLIEHUS CO CIAEAYIOLIIMMHU aTpH-
Oytamu (aTpuOyThl, BXOASIIKE B KIIIOY, BBIJCICHBI TOTYEPKUBAHUEM ):

LIOCTABKHU (Homep nocmasxu, Hazeanue mosapa, Ilena mosapa, Konu-
uecmso, /lama nocmasku, Hazeanue nocmaswuxa, Aopec nocmasuuxa)

Pa3znuyaroT Tpu BU1a aHOMaJIM: aHOMaJIMK OOHOBJIEHUS, YJaJIeHUs U 100aB-
JeHust. AHomanusi OOHOBJIEHHS MOKET BO3HUKHYTh B TOM cllydae, Korjaa MHpopma-
s 1yonupyertcs. Jpyrue anomanuy BO3HUKAIOT TOI/Ia, KOTJa JiBe U 00Jiee CyIHO-
CTH 00beIMHEHBI B 0JIHO OTHOLIEeHHe. Hampumep:

1. AHoMmanus o0HOBJIeHus:: B oTHOWEHNN [/OCTABKH oHa MOKET BO3-
HUKHYTb, €CJIA Y KaKOT0-1100 MOCTABIIMKA U3MEHUJICS aapec. MI3MeHeHUs TOIKHBI
OBITH BHECEHBI BO BCE KOPTEKH, COOTBETCTBYIOIIME MOCTABKAM 3TOT'O MOCTABILUKA;
B IIPOTUBHOM CITy4ae JaHHbIE OyAyT MPOTUBOPEUYMUBHI.

2. AHOMATHA yOAaJIeHUsl: IPU yJaJleHuU 3anucei 000 Bcex MOCTaBKax

onpee€HHOro MOCTaBIIMKA BCE JaHHbIE 00 3TOM MOCTABIIUKE OYAYT yTEPSHBI.
3.
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4, AHoMaJuus 100aBJIeHUA: B HAIIEM MPUMEpPE OHA BO3HUKHET, €CIU C
MOCTABIIUKOM 3aKJIIOUYEH JOTOBOP, HO MOCTABOK OT HETOo eni€ He Obu10. CBeIeHUs O
TaKOM MOCTaBIIUKE HEJIb3s BHECTH B Tabnuiy [IOCTABKH, T.K. 1Jisl HETO HE Ompe-
Jen€H KoY (HOMEp TOCTaBKU M Ha3BaHHWE TOBapa) U Apyrue oOsi3aTeNbHbIC aTpH-
OyTHI.

Jlns pemierust mpoOieMbl aHOMATUU MOAU(MUKAIIUK TAHHBIX TTPU TIPOCKTUPO-
BaHUM PEALMOHHON b/l mpoBOAUTCS HOpMAIM3alUsl OTHOILLICHUM.

Hopmanuzayus omuowenuu

B pamkax penstinonnon moaenu ganubix 3.D. Konmom 6su1 paspabdboran an-
napaT HOpMaju3aluyd OTHOIICHUH M TIPEIJIOKEH MEXaHU3M, TTO3BOJISIONTUI JTI000¢
OTHOIIIEHUE TIPeoOpa3oBaTh K TpeThel HopManibHOU hopme. Hopmanmzammsi cxeMbl
OTHOILICHUS BBITIOJHACTCSA MYyTEM JEKOMITO3UIIUUA CXEMBI.

JlekomIio3unuen cxembl OTHOLIEHUsI R Ha3bIBaeTcs 3aMeHa €€ COBOKYITHO-
CTBIO CXE€M OTHOIIICHUHN Aj TaKMX, UTO

R:UAE
i

U He Tpedyercs, yToObl OTHOLIEHUs Al ObUIM HenepeceKarmumucs. Jlexom-
HO3UIIMS OTHOILIEHUS HE JI0JKHA IPUBOJUTH K OTEPE 3aBUCUMOCTEN MEXAY aTpU-
OyTamu cyuHocTel. [l 1eKOMITO3UIIMK JOJIKHA CYILECTBOBATh ONeparius pessiu-
OHHOM anredpbl, NPUMEHEHNE KOTOPO T03BOJIUT BOCCTAHOBUTH UCXOIHOM OTHOILIE-
HUE.

[Tokaxxem HOpManu3aIuio Ha mpumepe otHommenuss KHUIT'U (tad:. 8.1):

1d - uaeHTUuduKaTop (MepPBUYHBIN KITIOY),
Code mudp pyopuku (mo bBBK — 6ubnuoreuno-oubnuorpadgudeckoi Kimac-
- cudukanum),
Theme - Ha3BaHue pyOpuku (o BEK),
Title - Ha3BaHH€E KHUTH,
Author - aBTOP(BI),
Editor - penaktop(bi),
Type - Tun u3nanus (yaeOHUK, yaeOHOe mocoOre, COOpHUK U.T.I1.),
Year - TOJl M3JaHUs
Pg - KOJIMYECTBO CTPAHUI]

Breném nonsitue npoctoro u cioxuoro arpudyta. IIpocToii aTpudyT — 310
aTpuOyT, 3HAYEHHSI KOTOPOTO aTOMapHHI (T.€. HeAeauMbl). CI0KHbIA aTPUOYT MO-
KET UMETh 3HAUYCHHE, MPEJICTABIISAIONIEEe COO0M KOHKATEHAIIMIO HECKOJIBKUX 3HAYe-
HUUW OJTHOTO WJIA PAa3HBIX JOMEHOB. AHAJIOTOM CIIOKHOTO aTprOyTa MOKET OBITh ar-
perar Wiv NOBTOPSIOLIMKCS arperaTr JaHHbIX.

Tabnuua 8.1. Ucxonnoe otnomenne KHUT'H

I1d | Code | Theme | Author Title Editor = Type | Year Pg




20

10

35

11

44

89

22.18

22.18

32.97

32.81

32.97

boukos
C.
Cy0660-

TUH /.

MK

Jlxe-
MK xanu H.

Comno-
BbeB I,
Huxu-
TuH B.

BT

Kubep- | Ilomos
HeTtuka | O.B.

ITY nns

I159BM

Koyrc
P.b

32.973 | OBM .

Bieii-

MuHK U.

S3bIK TIpO-
rpaMMHPO-
Banusa CU

S3eik AJITA

OnepaimoH-
HBIE CU-
creMbl DOBM

OOmenue ¢
OBM Ha
€CTECTBEH-
HOM SI3BIKE

Nutepdeiic
«UEJIOBEK-
KOMITBIOTEPY

IlepBasi HopmanabHas popma (1HD).
OtHomenue npuseaeHo k |H®, eciu Bce ero atpulOyThl TPOCTHIE.
Otnomtenne KHUI'U conepxut cioxublie atpuOyTsl Author ("Aptopsl") u

Caquu-
koB [I. | yueO-
Cenos HUK
IT.
Kpacu-
JoB A. | yu4eoO-
Ilepmu- |  Huk
HoB O.
y4eo-
HOE TI0-
cobue
Hekpa- | yue06-
coB A. HUK

Buren- | cnpa-
oepr O. | BOUHHK

[Manb- | yueb-
ruH B. HUK

1990

1988

1992

1982

1992

1990

384

552

208

360

208

501

29

Editor ("Pemaxropsr"). s npuBeacHus k 1H® tpedyercs caenath Bce aTpuOyThI
IPOCTBIMU M BBECTH cocTaBHOM K04 oTHomienus (1D, Author u Editor) (ta6:m. 8.2).

Id

20

20

10

Code | Theme @ Author
boukoB
22.18 MK
C.
2218 MK | Y000
TuH /1.
2218 MK | AKe

xanu H.

Title

S3bIK TIpO-
rpaMMHPO-
Banusa CU

S3bIK TIpoO-
rpaMMHPO-
Bauusg CU

S3eik AJTA

Ta6muma 8.2. Otnomenue KHUT'U, npuBenénnoe k 1HD

Editor Type

Year

Camuu- | yueO-
koB I1. HUK

CenoB | yueo6-

11 HUK
Kpacu- | yueb6-
JI0B A. HUK

Pg

1990 384

1990 384

1988 | 552
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10 2218 MK = PPKC qunc Afa | LepME- yued- iga0 ppo
xanu H. HoB O. HUK
C OnepannoH- y4eo-
35 32.97 BT °“°F' HEIE CH- Hoe mo- | 1992 | 208
BbCB 1. crteMbl DOBM cooue
OrnepannoH- y4eo-
353297 BT Eﬁfg HbIC CH- Hoe mo- | 1992 | 208
" | cremsl DBM cobue
OO0uienue ¢
11| 32.81 Kubep- | Ilomos OBM Ha Hekpa- | yue6- 1982 | 360
HETHUKA 9.B. €CTECTBEH- | COB A. HUK
HOM SI3BIKE
ITY pnsa Buren- | cmpa-
44 32.97 I11OBM oepr O. | BOUHHK 19921208
UnTepdeiic
89 32973 DBM | KOYTC | ienopex- | LHAHb- y9ed- 4945 5o
P.b ruH B. HUK
KOMIIBIOTEPY
. WnTepdeiic
89 32973 DBM | DU | ienopex- | LHaHB- yued- 4445 5o
MuHK U. rudg B. HUK
KOMITBIOTEP»

Otnomienne B 1H® sBasercss nHOpMalnoOHHO-U30bITOUHBIM. JlJI1 Takoro
OTHOIIIEHHUSI BO3MOKHBI BCE TpH BUJa aHoMainu. Ecinu notpedyercs, Hanpumep, u3-
MeHUTb Tull u3ganus Jxexanu H. «f3pik AJJA» ¢ yueOHuKa Ha yueOHoe nocodue,
TO OOHOBJIEHUE JOJKHO KOCHYTHCS JIBYX 3alMCel, NHaYe BO3HUKHET HapyIICHUE
JIOTUYECKOM LEJIOCTHOCTH JIaHHBIX.

Beeném nonsTre (pyHKUMOHAJIBLHOU 3aBucuMoOcTH. [lycth X u Y — arpu-
OyThl (rpymmbl aTpuOyTOB) HEKOTOPOro OTHoWIeHHs. ['oBopsAT, uro Y ¢yHKUHO-
HaJIbHO 3aBUCHUT OT X, €CJIM B JIFOOOH MOMEHT BPEMEHH KaXKIOMYy 3HAUEHUIO X=X
COOTBETCTBYET ennHCTBeHHOE 3HaueHne Y=y (X—Y). (Ilpu stom mro6omy 3Haue-
HUIO Y=y MOXET COOTBETCTBOBAaTh HECKOJBKO 3HaUCHUN X=(X1, X2,...)). ATpUOyT
X B (hyHKIMOHAJTBHON 3aBUCUMOCTH X—Y Ha3bIBaeTCs I€TEPMUHAHTOM OTHOIIIE-
HUSL.

[Ipoite roBopsi, PyHKIMOHAIbHASI 3aBUCUMOCTh UIMEET MECTO, €CJIA Mbl MO-
KEM OJJTHO3HAUHO OIpeNeInTh 3HaueHue atpudyra (Y), 3Hast 3HaU€HUE HEKOTOPOTo
npyroro atpubyta (X). Hanmpumep, eciu Mbl 3HaeéM Ha3BaHHE CTpPaHbl, TO MOKEM
ONPENEIUTh HAa3BaHUE €€ CTOJMIBL, a 110 HOMEPY 3a4€THONM KHHMKKM CTyACHTA —
Ipyniy, B KOTOPOW OH yUHTCH.

B HopMann3oBaHHOM OTHOIIEHHWU BCE HEKIIIOUEBBIE aTpUOYThl (YHKIHO-
HQJIBHO 3aBHUCSIT OT KJtoya oTHomleHus. HexiroueBoit aTpuOyT (QyHKIMOHAIBHO
MIOJTHO 3aBHCUT OT COCTaBHOTO KITF04a, €CJIM OH (DYHKIIMOHAJIHLHO 3aBUCHUT OT KIIIOUa,



31

HO HE HaXOJUTCA B (DYHKITMOHAILHON 3aBUCHMOCTH HU OT KAKOW 9aCTH COCTaBHOTO
KJIFOYa.

Bropast HopmasbHas gopma (2HD).

OtHowmenue Haxoautcs Bo 2H®, ecnu oHo npuBeaeHo k |H® u kaxapii
HEKJII0UEBOM aTpUOyT (PYHKIHMOHAIBHO MOJTHO 3aBUCUT OT COCTABHOTO KJIIOYa.

Jlnst Toro uToObI IpuBecTH oTHOIIEHHE Ko 2H®D, HyX)HO:

° IMOCTPOUTH €TI0 IMPOCKUHUIO, UCKIIFTOUNB anI/I6YTI>I, KOTOPBLIC HC HAXO-
JATCS B q)YHKHI/IOHaJIBHO MOJIHOM 3aBUCUMOCTH OT COCTaBHOI'O KJIro4a,
° IMOCTPOUTD AOITOJIHUTCIIBHBIC ITPOCKINH Ha 9aCTh COCTABHOI'O KJIHOYad U

aTpuOyThl, GYHKIIMOHAIHHO 3aBUCAIINE OT 3TON YaCTH KIIIOYA.

Kimtouom otHomenus KHHUITU (tabn. 8.2) apisiercss komOuHarus mosei (1D,
Author, Editor). Bee moiis, He BXOIAIIHE B COCTaB KJII04Ya, 3aBUCAT TOJILKO OT HJIEH-
tuukaropa kauru. [loaromy oTHoOmIEHNE JOHKHO OBITH pa3ouTo Ha nBa: KHUI'U
(tabun. 8.3) u KHUI'U-ABTOPbHI-PE/IAKTOPAHI (tabiu. 8.4). DT OTHOIIEHUS CBSI-
3aHBI TI0 BHENTHEMY KITFOUYy, KOTOPBIM siBJsieTcst moste 1D.

Tabnuua 8.3. OtHowenue KHUI'U, npusenénnoe k 2HO

1d | Code &= Theme Title Type Year  Pg

S3BIK TpOrpaMMHUPOBAHHUS
CHu

10 22.18 MK A3k AIIA yueOonuk | 1988 | 552

20 | 22.18 MK yueonuk | 1990 384

OmnepalioHHbIE CUCTEMBI | yueOHOe 1992 | 208

35| 32.97 BT OBM rmocooue

Kubepne- | Obwenue ¢ 9BM Ha ecre-
THKa CTBEHHOM $I3bIKE

11| 32.81 yueOnuk | 1982 360

44 | 32.97 BT ITV ms IIOBM cupaBounuk 1992 208

HuTepdeiic «uenoBek-

89 32973 OBM yueonuk | 1990 501

KOMITBIOTEP»
Ta6muna 8.4. Otnomenue KHUI'U-ABTOPbI-PE/[AKTOPAI (2HD)
Id Author Editor
20 boukos C. Camuukos I1.
20 Cy660TuH /I. Cenos I1.
10 Jlxexanu H. HepM;f{%?aCIg)J:IOB A
10 [Tepmunos O.
35 ConosbeB I'.

35 Huxutnu B.
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11 [ToroB 2.B. Hexpacos A.
44 Burenbepr D.
89 Koyrc P.b [[Tansrun B.
89 Bnetimunk U.

Otnomenne Bo 2H® saBasercs meHee m30bITOUHBIM, yeM B 1H®, HO OHO
TaK)xe He cBOOOHO OoT aHoManuil. Hanmpumep, npu yaanennn kauru [Tonosa «O0-
nieHue ¢ 9BM Ha eCTECTBEHHOM SI3bIKE» MbI MOTEpsieM UHPOPMAIUIO O TOM, YTO
ecThb pyopuka «Kubepueruka» ¢ kogom 32.81. U BHecTH CBeIeHHS O HOBOU pyOpHKe
HEJIb3s, MIOKA B CIMMCKE KHUT HE MOSIBUTCS XOTsI Obl OJIHA KHUTA T10 3TOU pyOpHKe.

Tenepb pacCMOTPUM MOHATHE TPAHZUTUBHOM 3aBUCUMOCTH. [Iycth X, Y, Z
— atpuOyThl HeKOoTOpoTro oTHOMEeHUS. [Tpu aToM X—Y u Y—Z, Ho 06paTHOE COOT-
BETCTBHUE OTCYTCTBYET, T.€. Z HE 3aBUCUT OT Y uiu Y He 3aBucur ot X. Toraa ro-
BOPST, 4TO Z TPAH3UTUBHO 3aBUCUT OT X (X——7Z).

Tperbst HopmaabHas popma (3HD).

OtHomenue Haxoautcs B 3H®, eciiu oHo HaxoauTes BO 2H®D u B HEM OTCYT-
CTBYIOT TPAH3UTHBHBIEC 3aBUCUMOCTH.

Jlns otHomenus KHUIH (ta6i. 8.3) arpuOyt Theme 3aBucut oT atpubyra
Code, a He oT KIt0oYa (XOTSA Ha3BaHUE PYOPHKH, €CTECTBEHHO, COOTBETCTBYET €&
mndpy). [losromy st npusenenust otHoweHus kK 3H® (tabra. 8.5) HyKHO Bblze-
JUTH U3 Hero emi€ oHo oTHoleHue PYSPUKATOP (tadm. 8.6).

Ta6nuna 8.5. Otnomenus KHUIT'U, npusenénusie k 3HD

1D | Code Title Type Year Pg
20 22.18 | S3pix nmporpammupoBanus CU y4EeOHHK 1990 384
10 22.18 S3bik AITA y4eOHUK 1988 552

y4ueOHOEe T0CO-

1992 208
oune

35| 32.97 | Omnepaunonnsie cuctembl IBM

OO6menue ¢ 9BM Ha ecTeCTBEHHOM
SI3BIKE

44 | 32.97 ITY mna [IDBM crupaBounuk 1992 208
89 [32.973 Hnurepdeiic «4en0BeK-KOMIBIOTEP y4eOHUK 1990 501

11 32.81 y4eOHUK 1982 360

. OtHomienue PYHBPUKATOP
Code Theme
22.18 MK
32.97 BT
32.973 OBM

32.81 Kubepneruka
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Otnomenust, Haxozsmuecs B 3HD, cBoOoaHBI OT aHOMaNiT MOAM(UKAIIHAH.
Ho nnsa tabn. 8.5 MOKHO emé BBIHECTH B OTAENbHYIO TaOnuiy noisie Jun, 4ToObl
peanu30BaTh OrpaHMYEHNE Ha JOMeH s Toro nons. Tabnuna TUIIbI U3TAHUM
OyJZleT cOCTOATh U3 OJIHOTO oISt Hazeanue muna, onpeaenéHHOTO Kak epBUYHbBIN
ko4, Tornma nmoisie Tun tabmuisl KHUIT U cTaHeT BHEITHUM KJIIOYOM.

Ipumeuanue: ecnu s arpuOyToB X,Y,Z €CTh TPaH3UTHUBHASI 3aBUCUMOCTD
X —>— Z,unpudtoMm Y — X wim Z — Y, TO Takasi 3aBUCUMOCTb HE TpeOyeT Jie-
KOMIO3UIIMU oTHOIIeHus. Hanpumep, nis otHomenunss ABTOMOBUJIHU ¢ niepBuy-
HBIM KJIFOUOM [ 0cydapcmeentblil HOMepHOU 3HaK W TIOIIMH N ky308a v Ne dsuea-
meJs O4YEBUIHO, UTO HOMEPA Ky30Ba U JBUTATENS 3aBUCIT KaK APYT OT APYra, TaK U
OT NEPBUYHOTrO KJIroya. Ho 3Ta 3aBUCHUMOCTh B3aMMHO OJHO3HAYHAs, IIOATOMY J€E-
KOMITO3UIIMH OTHOILICHUS HE HYKHA.

BBeném moHsATHE MHOrO3HAYHOW 3aBHCUMOCTH. MHOro3HayHas 3aBUCH-
MOCTh CYIIECTBYET, €CJIM 33aJIaHHBIM 3HAUYEHUSM aTpuOyTa X COOTBETCTBYET MHO-
KECTBO, COCTOsALIEE U3 HYJIA (Un Oosiee) 3HaueHuit atpulyTa Y. Eciu B oTHOIIEHUH
€CTh MHOTO3HAYHbIE 3aBUCHMOCTH, TO CXEMa OTHOIICHMS JOJDKHA HAXOIAUTHCS B
4HO.

[Tepedpazupys BhillIecKazaHHOE, MHOT'O3HAYHAS 3aBUCUMOCTD (X—»Y) umeeT
MECTO, €CJIM TI0 3HAYEHHUI0 HEKOTOPOTro arpubyTa (X) Mbl MOKEM ONPEIEITUTH HA0OP
3HaueHui apyroro arpubyta (Y). Hanpumep, 3Hast Ha3BaHUE CTpaHbl, Mbl MOXKEM
ONPEAEIUTh HA3BaHUS BCEX COCEHUX C HEIO CTPAH.

Paznuuaror TpuBHaIbHBIE U HETPUBUAJIBHBIE MHOIO3HAYHBIE 3aBUCHUMOCTHU.
TpuBManbHOI Ha3BIBACTCS MHOTO3HAYHAS 3aBUCUMOCTh X—»Y, /1t koTopoit Y d X
i X U'Y =R, rae R — paccmarpuBaemoe otHomeHue. TpuBuanbHasi MHOTO3HAY-
Has 3aBUCUMOCTb He HapymaeT 4H®. Eciu xoTst ObI 01HO U3 IBYX 3THX YCJIOBHI HE
BbITIONTHSIETCS (T.€. Y He sABisieTcsa noaMuoxectBoM X win X U Y cocTouT He U3
Bcex arpulOyToB R), To Takass MHOro3HayHasi 3aBUCUMOCTb HAa3bIBACTCSl HEeMpUBU-
AIbHOMU.

HOpHI[OK BBIINTOJIHCHU A HpaKTH‘IeCKOi/‘I paﬁoTl:.I:

1. BEITOJIHUTE IMOCTPOCHHUC PCILINNOHHBIX OTHOLLICHUU Hpe,ZIMCTHOﬁ obOnactH
HCCIICAYCMOI'O MPCAIIPUATUSA

2. BBITIOJTHUTH HOpMAJIN3alluio OTHOILIICHUH

IIpakTuyeckoe 3ansaTue Ne 4
O0beKTHO-OPUEHTUPOBAHHBIN MOAX0/ K OPraHu3anuu 0a3 T1aHHbIX.

Leab padoThl: 03HAKOMHUTBLCH ¢ KOHIENINEH 00beKTHO-OPHUEHTHPOBAH-
HOT0 npoekTupoBanus 6a3 1anubix U1 CYB/]

Teoperuueckue cBeIeHUs.
O0beKkmHO-penayuoHHas MoOelb OAHHbIX
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O06bekTHO-pensinuonHast Mojienb qanHbix (OPMJI) peanu3zoBaHa ¢ HOMOIIIbIO
PENSIIIMOHHBIX TAOJUII, HO BKIIFOYACT OOBEKTHI, aHAJJOTUIHOTO TTOHITHIO 0OBEKTA B
00BEKTHO-OPUEHTUPOBAHHOM IporpammupoBanun. B OPM/I ncnonb3yroTcs Takue
00BbEKTHO-OPUEHTUPOBAHHBIE KOMIIOHEHTHI, KaK MOJb30BATEILCKUE TUITHI TAHHBIX,
MHKAINCYJISALMs, TOJIUMOPPU3M, HacIeAOBaHUE, IEPEONPEIETCHUE METOIOB U T.II.

K coxanenuto, 10 HaCTOSAMIETO BPEMEHU pa3pabOTUMKKU HE MPUIILIN K €u-
HOMY MHEHHIO O TOM, 4TO JojikHA obecnieunBath OPMJI. B 1999 r. O6b11 ipunsT
cranaapt SQL-99, a 8 2003 r. BbIlIET BTOPOH pesii3 3TOT0 CTaH1apTa, OTYyUYUBIINANA
Ha3BaHue SQL-3, koTopsblii onpenensieT ocHoBHBIE xapakTepuctuku OPM/I. Ho 1o
CUX TIOp OOBEKTHO-PEIISIIMOHHBIE MOJICITH, TTOIJIEP)KUBAEMbIC PA3TUYHBIMU MTPOU3-
BogutensiMu CYB/I, cymecTBeHHO oTiMYaroTea Apyr OT apyra. O nepcrnekTuBax
ATOTO HAMPABIIEHUS CBUJIETEILCTBYET TOT (aKT, YTO BEIyIIHE PUPMBI—IPOU3BO/IH-
tenu CYB/I, B uncne koropeix Oracle, Informix, INGRES u np., pacmumpuiu Bo3-
MO>KHOCTH CBOMX MPOIYKTOB /10 00bekTHO-pessiiuonnoit CYBJl (OPCYB/).

B 6onpumimucTBe peanuzanuit OPM/] 00bexkTamMu IpU3HAOTCA arperaT u Tad-
auna (OTHOLLIEHHUE), KOTOpasi MOKET BXOJUTh B COCTaB Apyroi Tadbiuibl. MeTosl
00pabOTKU JaHHBIX MPEJCTABICHBI B BUJIC XPAHUMBIX MPOILEAYP U TPUTTEPOB, KO-
TOpPBIC SBJISIOTCSA MPOLIEAYPHBIMU O0BEKTaMU 0a3bl JAaHHBIX, U CBSI3aHbI C TaOJIH-
namMu. Ha xoHIIenTyanbHOM ypoBHE BCe JaHHbIe 00beKTHO-pensiinonHon bJ] mpen-
ctaByieHbl B BUje oTHouieHul, 1 OPCYB/] noanepxkuBatoT si361k SQL.

O6vexmuo-opueHmupo8aHHas Mooeib OAHHbLX

Emé oqun nmoaxon xk mocrpoenuto b/l — ncrnonp3oBanrne 00bEKTHO-OPUEHTH-
poBanHoU Mosenu qanHbIx (OOM/) [5]. MoaenupoBanue qanubix B OOM/J] 6a3u-
pyercst Ha noHsTHH 00bekTa. OOM]] 00BIYHO TPUMEHSIETCS B CIOXKHBIX MPEAMET-
HBIX 00JIaCTSX, JJI1 MOJCIUPOBAHUS KOTOPBHIX HE XBaTaeT (PYHKIIMOHAIBHOCTHU pPe-
JSIUUOHHOW Mojenu (Hampumep, Il CUCTEM aBTOMAaTU3allud MNPOCKTUPOBAHUS
(CAIIP), u3natenbCKUX CUCTEM H T.IL.).

[Tpu cozpanum 06bexTHO-OpueHTHpoBaHHBIX CYBJ] (OOCYB]]) ncnonb3y-
I0TCS Pa3HbIE METO/Ibl, @ UMEHHO:

. BCTpauBaHUE B 0OBEKTHO-OPHCHTHPOBAHHBIN SI3BIK CPEJICTB, NIPEIHA-
3HAYEHHBIX 151 paboThl ¢ B/I;

. pacHIMpeHne CylIeCTBYIOMIEro sS3bIka paboThl ¢ 0a3aMH JTaHHBIX 00b-
€KTHO-OPUEHTUPOBAHHBIMU (DYHKIIUSIMU;

. CO3/laHie OO0BEKTHO-OPUEHTUPOBAHHBIX OMOIMOTEK QYyHKIMN A pa-
60thI ¢ B/I;

. CO3/IaHUE HOBOTO SI3bIKA U HOBOW OOBEKTHO-OPUEHTUPOBAHHOM MOJIETTH
JaH-HBIX

K nocrouncream OOM/] MOKHO OTHECTH IIMPOKHUE BO3ZMOKHOCTH MO/IEIIU-
pOBaHUSI MPEAMETHON 00J1IaCTU, BEIPA3UTEIIbHBIN SI3BIK 3AIIPOCOB U BHICOKYIO MPOU3-
BOAUTENBbHOCTh. Kaxapiii 00bekT B OOMJ] nMmeeTr yHUKaIbHBIN UASHTU(OUKATOP
(OID - object identifier). O6pamenue mo OID nmporcXoauT CyIIecTBEHHO ObICTpee,
YeM MOUCK B PEIALIMOHHOMN Tabauue.

Cpenu nenocrtatkoB OOM/] ciienyeT OTMETUTh OTCYTCTBUE OOLIENPUHATOM
MOJIENIM, HEJIOCTATOK OMbITa co3aanus 1 akcruryatauuu OOB/], cnosXxHOCTh UCTIOJTb-
30BaHMS U HEIOCTATOUYHOCTh CPEJICTB 3aIIUThI JaHHBIX.
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B 2000 r. pa6ouas rpynna ODMG (Object Database Management Group),
oOpazoBanHas (upmamu-tipousBogutessimu OOCYDB/], BbelllycTHIa O4YepeaHOU
craugapt (ODMG 3.0) nns OOCYB/l, B koTopoMm omnucaHa 0ObEKTHAsE MOJIENb,
A3BIK OMPENIETCHUSI 3alPOCOB, A3BIK OOBEKTHBIX 3alPOCOB U CBA3YIOIIUE SI3bIKU
C++, Smalltalk u Java. Ctangaptet ODMG He siBnsitoTcs oduiimanbabiMu. [logxon
ODMG K cTanaapTU3aliy 3aKJII0YaeTCs B TOM, YTO MOCIE MPUHATUS OYepeTHOM
BepCcUU cTaHjapTa opranuzanusmu-wieHaMu ODMG nyOiukyeTcsi KHUra, B KOTO-
POl COEPKUTCS TEKCT CTaHIapTa.

Tenepb paccMOTpHUM, Kak MOJJEpKKa MOJIeNIeH JaHHBIX peaii30BaHa B pe-
IBHBIX CHCTEMaX yIpaBJIeHHs 0a3aMu JaHHBIX.

Cucmemwt ynpasnenus 6azamu OAHHbIX

Cucrema ynpasienust 6azamu 1aHabix (CYB/]) — 310 BakHEHIIINIT KOM-TI0-
HeHnT AUC, ocaoBanHoM Ha 6a3e manHbiX. CYB /] HeoOxoamMma 1j1s Co3aHus U IOI-
JEPKKHU 0a3bl JAaHHBIX MH()OPMALIMOHHOW CUCTEMBI B TOM € CTENEHH, KaK JUIsl pas-
pabOTKH MporpamMMbl Ha alrOPUTMUYECKOM sI3bIKE€ — TpaHcasaTop. IIporpammubie
cocrasistonire CYB/] BkintovaroT B ce0s iAPO U CEpBUCHBIE CPeACTBA (YTUIUTHI).

Aapo CYB/l — 510 Habop NMporpaMMHBIX MOAYyJei, HeOOXOAUMBIN U 10CTa-
TOYHBIN JUIS CO3JaHus U noaaepxkanus b/l, To ecTb yHUBEpCcaibHAS YacTh, PELIALO-
1asi CTaHAapTHBIE 33/1a4 0 UHPOPMAIIMOHHOMY OOCITYKUBAHUIO TI0JIb30BATEIICH.
CepBuCHBIE IPOrPAMMBI MPEOCTABIISIIOT MOJIB30BATENSIM PSJT JOTOTHUTEIBHBIX
BO3MOHOCTEH U YCIIYT, 3aBUCSIINX OT ONMUCHIBAEMOMN MPEIMETHON 00J1aCTH U TO-
TpeOHOCTEH KOHKPETHOTO MOJIb30BATEIIS.

Cucremoii ynpasjenusi 6a3aMy JaHHBIX Ha3bIBAIOT NMPOTPAMMHYIO CHU-
cTeMy, MpeHa3HAYEHHYIO0 Jig co3anust Ha DBM o061ieit 6a3bl TaHHBIX JJI11 MHO-
JKECTBa MPUIIOKEHUH, MOJIepKaHus €€ B aKTyaIbHOM COCTOSIHUM U 00€CTICUeHUS
3¢ PEeKTUBHOTO AOCTYIIA MOJIB30BATEIICH K COJIEPIKAIIUMCS B HEM JaHHBIM B paMKax
MPEIOCTABICHHBIX UM MTOJTHOMOYHH.

[IprHIMnMansHO BaxkHOe cBOoMCcTBO CYDB/] 3akirogaeTcs B TOM, 4TO OHA IIO-
3BOJISIET PA3IMyaTh U MOAJAEPKUBATh JIBA HE3aBUCHUMBIX B3riaaa Ha bJI: "B3rmsag"
MTOJIb30BAaTEIS], BOILIOIIAEMBIH B ' TOTMYECKOM "' TPECTABICHUH JaHHBIX, U "'B3rIs "
cucteMsbl — "pusznueckoe" npeacrapieHue (opraHu3anus XpaHUMBbIX JaHHBIX).

Jlns uauimanu3anuu 0a3bl JaHHBIX pa3pabOTYUK CPEJCTBAMU KOHKPETHOMU
CVYbB/I onuceiBaeT JIOruyeckyto cTpykrypy b/I, e€ opranusanuio B cpesie XpaHeHuUs
U TI0JIb30BATEJIbCKUE MPEACTABICHUS JAHHBIX (COOTBETCTBEHHO KOHIIETYaJbHYIO
cxemy BJI, cxemy xpaHenus u BHentHue cxembl). OOpabatbiBas 3Tu cxeMbl, CYB/]
co3na€t myctyto b/ Tpedyemoil cTpyKTyphl ¥ IPEOCTABIISIET CPEACTBA JIJIsl HATOJI-
HEHUsI €€ TaHHBIMH IIPEAMETHOMN 00J1IaCTH U JTaTbHEHIIICH SKCILTyaTal|u.

Knaccugpurxayua CYB/]

ITo crenenu ynuBepcanpsHoctu CYBJ] nenst Ha nBa kinacca: CYB/] o61mero
nasHauenusi (CYB/] OH) u cneumannsupoBannbie CYB]/[ (CuCYB/).

CYB/l OH He opueHTHpOBaHbl HA KaKyI0-TM0O MPEAMETHYIO 00JIacTh WU HA
KOHKpETHbIE HH(OpPMAMOHHBIE MOTPEOHOCTH Moab30Barenei. Kaxnas cucrema ta-
KOr0 poJia SIBJISIETCSI YHUBEPCAIbHOW U peanu3yeT (PyHKIHOHAIBHO U30BITOYHOE
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MHOXkecTBO onepauuid Hax ganHbiMu. CYB/] OH nMerot B cBO€M cocTase cpeacTBa
HACTPOWKHN Ha KOHKPETHYIO IPEIMETHYIO 00JIaCTh, YCIOBUS IKCIUTyaTAIlMHA U TPe-
OoBaHus mojb3oBaTeneil. [Ipou3BOACTBO ITUX CHCTEM MOCTABJIEHO Ha IIMPOKYIO
KOMMEPUYECKYIO OCHOBY.

CneunanmusupoBannbie CYB/] co3marorest B TeX Cilydasix, KOT1a HU OJIHA U3
cymectByromux CYBJ[ o6miero HazHaueHHUs HE MOXET YJAOBJICTBOPHUTEIHHO pe-
IIUTh 33/1a41, CTOSIINE Mepe] pazpadoTurkaMu. [IpudrH MoKeT ObITh HECKOJIBKO:

. HE JJOCTUTAeTCsl TpeOyeMoro ObICTpoAeHCTBHS 00paOOTKH JIAHHBIX;

. HeoOxoauMa padotra CYB/] B yciioBHsX )KECTKUX anmapaTHbIX OTPaHU-
YCHMH;

. TpebyeTcs moaepxka crnernuduaecknx GyHKIui 00paboTKH TaHHBIX.

CunCYB/I npenHa3zHayeHbl 171 PEIICHUsI KOHKPETHOM 3a7a4H, a TpUeMJIIeMble
napaMeTphl 3TOTO PEIICHHS JOCTUTAIOTCA CIETYIOIUM 00pa3oM:

1. 3a C4€T 3HaHUA OCOOCHHOCTEH KOHKPETHOM MpeAMETHOM 00nacTH,

2. myTEM COKpaleHus: QYHKIIMOHATHLHON MOTHOTHI CUCTEMBI.

Coznanue CuCYB]l — neno BecbMa Tpy10EMKOE, TTOATOMY JIJIsl TOTO, YTOOBI
BBIOpATh ATOT Iy Th, HAJIO UMETH JICUCTBUTEILHO BECKHE OCHOBaHUs. B nayipHeleM
OynyT paccmarpuBarhes Toibko CYB/] 0611ero nazHaueHusl.

ITo meToam opranu3anuu XpaHeHus U 00padbotku nanueix CYBJl gemsT Ha
LHeHTpPaJn30BaHHbIe U pacnpeneaénnblie. [lepsoie paboraroT ¢ bJl, kotopas du-
3UYECKH XPAaHUTCA B OJTHOM MecTe (Ha OJJHOM KOMITbIOTEpE). DTO HE O3HAYAET, YTO
M0JIb30BaTENIb MOKET pabotarh ¢ b/ TONbKO 32 3TUM K€ KOMIBIOTEPOM: JOCTYII
MOJKET OBITh YJaIEHHBIM (B pEeXKUME KIHMEHT—CEPBEP). BOIBIIMHCTBO IIEHTPAIN30-
BaHHbIX CYDB/] nepeknaapIBacT 3ajiauyy OpraHu3alyy yJIaJéHHOTO JOCTyIa K J1aH-
HBIM Ha CETEBOE 00eCredeHNe, BHITIOIHSISA TOJIBKO CBOM CTaHIapTHBIC (DYHKIIUH, KO-
TOPBIE YCIIOKHSIOTCS 32 CUET OJJTHOBPEMEHHOCTH JOCTYIIa MHOTHX MOJIb30BaTENIeH K
JTAHHBIM.

[To mozaenu naHHBIX PA3IUYAIOT HEPaApPXUYeCKHe, ceTeBbie, peIsiiMOHHbIE,
00bEKTHO-PEJIANUOHHBIE U 00beKTHO-OpueHTHpOoBaHHbIe CYDB/I.

s pensiivondsix CYBJ] O.®. Koan npennoxuin u obocHoBai 12 npaBui,
KOTOPBIM J0JbKHA yaoBieTBopATh pessiiinonnas CYB/] nanneix (PCYBU).

IIpasuna Koooa ons pensyuonnou CYB/ (PCYE/])

1. AsHoe npencrapnenue nanubix (The Information Rule). Madopmarnus
JoJKHA OBITh MpEJICTaBlieHa B BUJIE JAAHHBIX, XpaHAIIMXCS B suelikax. JlaHHbIE,
XpaHs-1Uecs B s;UeiKax, TOKHBI ObITh aTOMapHbIL. [LopsSI0K CTPOK B PENSIITMOHHON
TaOJIUIIE HE TOJDKEH BIUSATH HA CMBICI JAHHBIX.

2. lapantupoBanusiii noctyn k ganabsiM (Guaranteed Access Rule). K
KaKJIOMY DJIEMEHTY JJAHHBIX JIOJDKEH OBITh TAPAHTUPOBAH JIOCTYTI C TIOMOIIBI0 KOM-
OMHAIMY UMEHU TaOJIUIIbI, IEPBUYHOTO KJIF0Ua CTPOKU U UMEHU CTOJIOIIA.

3. OOpaboTka HewsBecTHhIX 3HadyeHmid (Systematic Treatment of Null
Values). Heussectrbie 3HaueHuss NULL, oTiimgHBIe OT JIF0OOTO M3BECTHOTO 3HAYEC-
HUS, TOJKHBI TIOAICPKUBATHCS JIJI BCEX TUIIOB JAHHBIX TP BBITTOJIHEHUHU JIFOOBIX
onepauuii. Hanpumep, 11 YMCIOBBIX JAHHBIX HEU3BECTHBIE 3HAUEHUS HE JOJIKHBI
paccMaTpUBaThCS Kak HYJIH, a 1JIsI CAMBOJIBHBIX JJAHHBIX — KaK ITyCThI€ CTPOKH.
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4, JIlnHAMUYeCKHI KaTajaor JaHHBIX, OCHOBAaHHBIA Ha PEIALMOHHOW MO-
nemu (Dynamic On-Line Catalog Based on the Relational Model). Karamnor (wn
CJIOBApb-CIIPABOYHMK) JIaHHBIX JTOJKEH COXPaHAThCA B (hOpME pEIsIUMOHHBIX Tal-
muu, 1 PCYB/] nomxHa noanepkuBath JOCTYII K HEMY ITPU ITOMOIIY CTaHIAPTHBIX
SI3BIKOBBIX CPEJICTB, TEX YK€ CAMBIX, KOTOPBIC UCIIOIB3YIOTCS JJIs1 paOOTHI C PEIISIIH-
OHHBIMU TAOJMIIAMH, COJEPKALMMU MOJIb30BATEIbCKUE JaHHBIE.

5.  Tlomnora moamuoxecTBa si3bika (Comprehensive Data Sublanguage
Rule). PCYB/] nopkHa moaaepKuBaTh €AMHCTBEHHBIN SI3bIK, KOTOPBIM IMO3BOJISIET
BBINIOJIHATh BCE ONEpallMM HaJ JaHHbIMU: ompeneneHue nanubix (DDL, Data
Definition Language), manunynupoBanue manabiMa (DML, Data Manipulation
Language), ynpaBiieHHe JTOCTYIOM IOJb30BaTeNeH K JaHHBIM, YIIPABJICHUE TPaH-
3aKIUSIMHU.

6. [Tonnepxka oOHOBisiembIx mnpencrtaBieHud (View Updating Rule).
[IpencraBnenue (view) — 3TO XpaHUMBIN 3anmpoc K Tabmunam 6a3sl ganabiX. (ITo-
npoOHee O MpeacTaBlieHHs X pacckazaHo B [3]). OOHoBIsieMoe MpeiCTaBlICHUE
JOJDKHO TIOJICP)KMBATh BCE OIEpaIllid MaHUITYJIMPOBAHUS JaH-HBIMH, KOTOPBIC
TIO/IJICP>KUBAIOT PEIISIIMOHHBIE TAOJIHUIIBI: ONepaIliy BCTAaBKH, MOIU(DUKAIINN U y1a-
JICHUS TaHHBIX.

1. Hanuuune BbICOKOYPOBHEBBIX orepanuii ynpasiaeHus ganabiMu (High-
Level Insert, Update, and Delete). Oneparuu BcTaBku, MOAUGUKAIINA U YIAJICHUS
JAHHBIX JOJKHBI MOJIEPKUBATHCS HE TOJIBKO MO OTHOIIEHUIO K OJTHOM CTpOKe Tab-
JIMIIBI, HO TI0 OTHOIIEHUIO K JIF0OOMY MHOKECTBY CTPOK MPOU3BOJIBHOMN TaOIHUIIBI.

8. dwusznyeckas HesaBucuMocTh AaHHBIX (Physical Data Independence).
[TpunoxeHust He TOJDKHBI 3aBUCETh OT UCIIOJIB3YEMbIX CITOCOO0B XpaHEHHUS JaHHBIX
Ha HOCHUTEJISIX, OT almnapaTHoro 00ecrneueHnsi KOMIbIoTepa, Ha KOTOPOM HaXOIUTCS
BJI. PCYB]] nomxHa npeaocTaBiasiTh HEKOTOPYIO CBOOOIY MOIU(PUKAIIUU CLIOCOO0B
opraHu3anuu 0a3bl JaHHBIX B CPEJIC XpaHEHUs, HE BBI3bIBAsI HEOOXOAMMOCTH BHECE-
HUS U3MEHEHUH B JIOTUYECKOE TIPEICTABIICHUE JJAHHBIX. DTO MO3BOJISET ONTHMHU3U-
pOBaTh Cpely XpaHEHUS JAHHBIX C LETbI0 MOBBIMICHHUS dY()PEKTUBHOCTH CUCTEMBI,
HE 3aTparuBasi Co3JaHHBIX MPHUKJIAJIHBIX MporpaMM, padoTaromux ¢ b/I.

Q. Jlorndeckass He3zaBucuMocTh aaHHbIX (Logical Data Independence).
DTO CBOWCTBO MO3BOJIAET CKOHCTPYHUPOBATh HECKOJBKO PA3IMYHBIX JIOTMYECKHX
B3TJIS710B (MPECTABICHUI) HA OJTHU U TE 5K€ JIaHHbIE JJI Pa3HbIX TPYII MMOJIb30Ba-
teneil. [Ipu 3ToM mosib30BaTENbCKOE MPEICTABIICHNE JAHHBIX MOXKET CUIILHO OTJIH-
Y4aThCsl HE TOJIBKO OT (PU3NYECKON CTPYKTYPHI MX XPAHEHUS, HO M OT KOHIICTITYaJlh-
HOM (JTIOru4ecKoit) cxeMbl JaHHBIX. OHO MOKET CUHTE3UPOBATHCS JUHAMUYECKH Ha
OCHOBE XpaHUMBIX 00beKTOB b/[ B mporiecce 06paboTKu 3armpocoB.

10. Hes3aBucumocts koHTpOJI 1eaocTHOCTH (Integrity Independence). Bes
uHbopMaIus, HeoOXoauMast IS TOAAePKAHUS [IETTOCTHOCTH, JOJKHA HAXOIUTHCS
B CJIOBape JAaHHBIX. SI3bIK /TSl pabOTHI C JAHHBIMH JIOJDKEH BBITIOJHSTH TPOBEPKY
BXOJIHBIX JIAHHBIX ¥ aBTOMATHYECKH TOIIEPKUBATH IIEIOCTHOCTh JAHHBIX. JTO pe-
IM3YETCsI C TIOMOIIBIO OTPAaHWYCHUH 1IEJIOCTHOCTH U MEXaHW3Ma TPaH3aKIui (CM.
paznensl 5.2 u 6.1).

11. HesaBucumocts oT pacnpenenénnoctu (Distribution Independence).
baza naHHBIX MOXET OBITh pacnpeneinéHHON (MOMKET HaXOIUThCS Ha HECKOJIbKHX
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KOMIIBIOTEPAx), U 3TO HE JOJKHO OKa3bIBaTh BIMSIHHE Ha Mpuiioxkenus. [lepenoc
0a3bl JaHHBIX Ha JPYTOd KOMIBIOTEP HE JOJKEH OKA3bIBaTh BIMSHHUE HA IPUIIOKE-
HUSL.

12. CornacoBanue s3bIKOBbIX ypoBHeW (Non-Subversion Rule). He
JOJHKHO OBITH MHOTO CPEACTBA JOCTYIA K JAHHBIM, OTIUYHOTO OT CTaHAapTHOTO
s3bIKa JUIS PaOOTHI C JaHHBIMH. ECIHM MCTHONb3yeTcsi HU3KOYPOBHEBBIN S3BIK J10-
CTyna K JIaHHBIM, OH HE JI0JDKEH UTHOPHUPOBATH MpaBmiia 0€30MacHOCTH U LIEJIO0CT-
HOCTH, KOTOPBIE TOJIEPKUBAIOTCS A3BIKOM 00JIe€ BHICOKOTO YPOBHSI.

KoHTpoJibHBbIE BONPOCHI:
1. UcTopuueckue acieKThI MOSBICHUS PEISIIMOHHOTO MOAX0Aa co3anus 0a3 gaH-

HBIX U €r0 COJIep>KaHue
2. Ocnosuble xapakrepuctuku OOCYB/]
3. CBolicTBa U BUBI OTHOILIEHUI

4.0OcuoBuble nipaBuia Koana mist pensiquonnoit CYB/]

IHopsinok BeINOJIHEHNsI padOThI:
1.O3HaKOMUTHCS ¢ TEOPETUUECKUMU CBEACHUSIMHU

2. OTBETUTh HA KOHTPOJIbHBIE BOMPOCHI

IIpakTuyeckoe 3ansaTue Ne 5
CpaBHeHMe 00bEeKTHO-OPHMEHTHPOBAHHBIX U 00beKTHO-peasiunoHHbIX CYB/L.
JlocTOMHCTBA M HEIOCTATKH.

Leab pabdoTbl: MPOBECTH CPABHUTEIBHBIM aHAIH3 PEISIIUOHHOTO U 00B-
EKTHO-PETISIIMOHHOTO MOIX0/1a K MPOSKTUPOBAHUIO 0a3 JaHHBIX.

Teopernueckue cBeeHU.

Jlocmourncmea u neoocmamxu PMJ]

[IIupokoe pacnpoCcTpaHEeHHUE PENSIUOHHON MOJENH OOBSICHAETCSA B MEPBYIO
odepe]lb MPOCTOTOM MpecTaBieHus: U GOpMUPOBaHUS Oa3bl JaHHBIX, YHUBEPCAIIb-
HOCTBIO M YJI0OCTBOM 00pabOTKHU JaHHBIX, KOTOpas OCYIIECTBISACTCS C MTOMOIIBIO
JeKIapaTUBHOTO s13bIKa 3anpocoB SQL (Structured Query Language, ).

MopenvupoBaHue NMpeaMeTHON 00J1acTH B paMKaxX PENISIIIMOHHON MOJIEIHN CO-
31a€T HEKOTOPbIE CIOKHOCTH, T.K. B 3TOM MOJIENIN HET CHEUUAIBHBIX CPEICTB IS
OTOOpaKEeHMsI Pa3IMYHBIX TUIIOB CBsi3el U arperatoB. OTCYTCTBUE arperatoB Mpu-
BOJIUT K TOMY, YTO IPU IMTPOEKTUPOBAHUU pEISIIMOHHON b/l mpuxoauTcs npoBOaNTH
HOpMaJu3anuio oTHomeHud. [locine HopManu3anuu JaHHbIe 00 OJHOW CYIIHOCTH
PEeIMETHON 00JIaCTH PacHpeIeSIOTCS M0 HECKOIBKUM TaOIUIlaM, YTO YCIOKHSIET
paboty ¢ BJI.
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OTcyTcTBHE CHEMAIbHBIX MEXAHU3MOB HAaBUraluu (Kak B UEPAPXUUECKOM
WJIM CETEBOM MOJEINSIX ), C OJTHOM CTOPOHBI, BEAET K YIPOLIEHUIO MOJIENH, & C APYTron
— K MHOT'OKPaTHOMY YBEJIMUEHHMIO BPEMEHH HA U3BJICYEHUE JAHHBIX, T.K. BO MHOTHX
cityyasix TpedyeTcsi IpOCMOTPETh BCE OTHOILIEHUE ISl TOUCKA HY>KHBIX JTAHHBIX.

B PM/I HeT noHATHH peXUM BKIXOUYEHUS U Kilace yieHcTBa. Ho ¢ moMolbio
BHEIIHUX KJIIOUEH U JOMOJHUTENbHBIX BO3MOKHOCTEN CYB]] NX MOXKHO 3MyIupo-
Bath. ([logpobHee 00 3ToM pacckazaHo B [3]).

Nrak, penssiunoHHass MOJENb TaHHBIX — 3TO MOJEJIb JaHHBIX, OCHOBAHHAs Ha
IPe/ICTaBIICHUH JAHHBIX B BUJIe HA0Opa OTHOLIECHUH, KaXA0€ U3 KOTOPBIX SBISETCS
IIOAMHOKECTBOM JI€KAPTOBA IIPOU3BEAECHUS ONIPEACIEHHBIX MHOKECTB. MaHuIyu-
poBaHue gaHHbIMA B PMJ] oCyliecTBIISIETCS ¢ TTOMOIIBIO ONEpALMA PEIISIIUOHHON
anreops! (PA) wnu pensunonHoro ucurciaeHus. Pensimronnas anre6pa ocHOBaHa Ha
TEOPUH MHOKECTB, a PEJALIMOHHOE MCUUCICHHE 0a3upyercs Ha MaTeMaTUYeCKOu
JIOTHKe (BEepHEE, HA UCUUCIIEHUH MPEIUKAaTOB NEPBOro nopsaka). Myuenue pesns-
LIMOHHOTO MCYMCIJIEHUS BBIXOJMUT 32 PAMKU JAHHOTO nocobOus. Mbl paccMOTpuM
TOJIBKO OTEpaliy pesuOHHOMN anreOpsbl.

Ocnosnuvle pynxyuu perayuonnot CYBJ]

OcHoBuble ¢yHkuuu pensiuuonHon CYBJl omnpenensitoTcss npaBuiiaMu
Konna. Ho morpe6HOCTH NOSIb30BaTeNel 00yCIIaBIUBAIOT TAKXKE Cleytonue PpyHk-
LWHU:

1. [Hopaepxkka MHOTOMoJIb30BaTEJILCKOI0 pe:KuMa n0cTyna. basa nan-
HBIX CO31a€TCs ISl PEIIEHHUs] MHOTMX 3aJa4 MHOTMMH IOJIb30BaTEISIMU. DTO MO~
pasyMeBaeT BO3MOKHOCTb OJHOBPEMEHHOIO JOCTYIIA MHOTHX IIOJIb30BaTElIEd K
nanubiM. [lannuble B BJ[ sBnsitoTcs pazpensiembiM pecypcom, 1 PCYBJl nomxna
o0ecneunBaTh pa3rpaHuYeHHe JOCTyNa K HUM.

2. Oo0ecnieyenne GpusnvYecKoi HeJOCTHOCTH AaHHBIX. [Ipobiema obec-
neyeHus: (PU3NYECKOU LIEIOCTHOCTH JTAaHHBIX 00YCIIOBJIEHA BO3MOXKHOCTBIO pa3py-
IIEHUS TaHHBIX B pe3yJbTaTe cOOEB M OTKA30B B pa00TE BEIYMCIUTEILHON CUCTEMBI
WIHM B pe3yJibTaTe omunoOoK nosb3oBateneid. Pazsutsie PCYB/l no3Bomisior B 60J1b-
IIMHCTBE CIy4YaeB BOCCTAHOBUTH MOTEPSHHBbIE JaHHbIE. BocCTaHOBIEHNE TaHHBIX
Yalle BCEro OCHOBAHO Ha MEPUOANYECKOM CO3JaHUM pe3epBHbIX konui b/l u Bene-
HUU )KypHaJla perucTpaluy u3MeHeHni (OkypHasa TpaH3akiui) (cM. pasaen 5.2).

3. Ynpasiaenune noctynom. Jljisi MHOronoJib30BaTe€lIbCKUX CUCTEM aKTy-
anbHa TpobsieMa 3aluThl TaHHBIX OT HECAHKIIMOHUPOBAHHOTO aocTyna. Kaxabii
I10JIB30BATENIb 3TOM CUCTEMBI B COOTBETCTBHHM CO CBOMM YPOBHEM (IPHUOPUTETOM)
UMEET JIOCTYI JIUOO KO BCEW COBOKYNMHOCTH JTaHHBIX, JIMOO TOJIBKO K €€ YacTH.
VYrpaBiieHHe JOCTYIIOM TaKXe MOAPa3yMeBaeT IPEIOCTABICHHE IIPaB Ha MPOBEJe-
HUE OTJICJLHBIX OTIEPAIMA HAJl OTHOIICHUSIMU WU APYTHUMH o0bekTamu b/I.

4, Hacrtpoiika PCYB/l. Hactpoiika PCYBJl 00bl4HO BBINIOJIHAETCS ajl-
mMuHucTpatopom BJl, oTBeyaromuM 3a GyHKIMOHUPOBAHHE CUCTEMBI B IiesioM. B
YaCTHOCTH, OHA MOKET BKJIFOUATh B c€0s CIEAYIOIIHNE ONEpaliu:

. IIOJKJIFOYEHHUE BHEIIHUX NIPUII0KeHu K b/1;

. MOAU(UKALIMS apaMETPOB OPraHU3ALMK CPEIbl XpaHEHUS! JaHHBIX C
LEJIbI0 MOBBIIEHUS 3PPEKTUBHOCTH CUCTEMBI;
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. U3MEHEHUE CTPYKTYPhl XPAaHMMbBIX JAHHBIX WJIM UX pa3MELICHUS B
cpene xpaneHus (peopranu3anus b/I) 115 noBeieHns Npou3BOIUTEILHOCTH CH-
CTEMBbI UJIU TTIOBTOPHOTO UCIIOIb30BaHUSI OCBOOOUBIIICHCS MAMSITH;

. MOAU(DUKALIUIO KOHIIENTYaIbHOM CXEMBbI JAHHBIX (PeCTPYKTYpU3auus
BJ1) npu n3mMeHeHnn npeaMeTHON 00JacTU U/ WM MOTPEOHOCTEHN MOJIH30BATEIICH.

3amaun agmunaucTpatopa b/l (ABJl) nocrarouHo BaXHBI, MOATOMY Ha HHUX
CJielyeT OCTaHOBUTBHCSI HECKOJIBKO MOpOOHEE.

Onepayuu perayuoHHou anreeopul

Onepanaamu 1 oniepaiuil peasiiuOHHOM anreOpsbl SBISIOTCS PEsSIIUMOHHbIC
oTHoIIeHUS. Pe3yapTaToM BeINOJIHEHUS onepannii PA Takxe siBIs€TCS OTHOLIEHUE.
Takum 00pazoM, MEXaHU3M PEISIIUOHHON anreOphl 3aMKHYT OTHOCHTEIIBHO TOHS-
THSI OTHOUIEHHUS. DTO MO3BOJISIET MPUMEHSTH onepaiuu PA kackagHo.

Hcnonp3oBanne onepannii PA HakmanplBaeT Ha OTHOLICHMS JBAa OTpPaHUYE-
HUS:

. TIOPSIJIOK CTOJIONOB (TI0JIei) B OTHOIIIEHUU (PUKCHPOBAH;

. OTHOIIICHUS] KOHEYHBI.

Cyl1ecTByeT MsTh OCHOBHBIX OIEpalldii peSIMOHHON anreOphl — IPOeKIus,
CeJIeKus, IeKapTOBO MPOU3BEICHUE, Pa3HOCTh, OOBEAMHEHUE, — U TPU BCIIOMOTa-
TEJIBbHBIX: COEAMHEHHUE, IEPECEUCHHE U AeleHue. BecromorarenbHble Onepalul Mo-
I'yT ObITh BBIPAXKEHBI YEPE3 OCHOBHBIE, HO B HEKOTOPBIX CUCTEMaxX pPeaju3yloTcs C
MOMOIIBIO CTIEIIMAIBHBIX KOMaH 1 (KJIFOUEBBIX CJIOB) AJ yA0OCTBA MOJIb30BATENCH.

1. lpoexmus (projection)

DT0 yHapHas ornepauus (BbIIOJHAEMAas HaJl OJJHUM OTHOILIEHUEM), CITyKallas
JUTsI BBIOOpA TTOJIMHOKECTBA aTprOyTOB U3 oTHOIIEHUsI R. OHa yMeHbIIaeT apHOCTh
OTHOILIEHUS K1 MOYKET YMEHBIIUTh MOIITHOCTh OTHOLIEHHUS 32 CUET UCKIIFOUEHUS OJIH-
HAKOBBIX KOPTEKEM.

[Tpumep 1. ITycts umeercs otnomenne R(A,B,C) (puc. 2.10,a).

Torna npoexmmst [1ac(R) Oyner Takoi, kak moka3ano Ha puc. 2.10,0.

OtHomienue R

Cexnusi Oac(R)

A B C

A C
a b C . A
C a d )
C b d 5)
a)

Puc.2.10. [Ipumep npoekimyu OTHOLICHUS

2. Cenexums (selection)

DTO yHapHas omepanus, pe3yabTaTOM KOTOPOW SIBJISETCS MOIMHOYKECTBO
KOPTEKEH MCXOTHOTO OTHOIICHHUS, COOTBETCTBYIOIINX yCIOBHSIM, KOTOPHIE HaKJIa-
JBIBAIOTCS HA 3HAYCHUS OMPEACIEHHBIX aTPUOYTOB.

[Tpumep 2. Jlna ornomenus: R(A,B,C) (puc. 2.11,a) cenexuust [Ic=q(R) (npu
ycioBuu "3Hauenue atpubdyrta C paBHo d") Oyner takoii (puc. 2.11,0):
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OtHomenune R

Cexnust Oc=d(R)

A B C

A B C
a b C

C a d
C a d 5 N q
c b d 5)
a)

Puc. 2.11. IIpumep ceneKuuu OTHOIIEHUS

3. llekapToBo npousBenenue (Cartesian product)

Ot0 OuHapHas oneparys HaJ pa3HOCXEMHBIMH OTHOLIEHUSIMU, COOTBETCT-BY-
IOIIAsl OTIPENETIEHUIO IeKapToBa pousBeneHus st PMJI.

ITpumep 3. Ilycts umerorcst otHomenue R(A,B) n othomenne S(C,D,E) (puc.
2.12,a). Torga nekaptoBo npousBeaeHue RxS oyner rakum (puc. 2.12,0).

JlekapToBo nmpousBeaenue R xS
A B C D E

OtHomenune R

A B OTtHomeHue S a b 1 2 3

" 0 C D E a b 4 5 6

1 2 3 C a 1 2 3

¢ a 4 5 6 C a 4 5 6
b d

b d 1 2 3

b d 4 5 6

a) 0)

Puc. 2.12. I[Ipumep aexkapToBa NporU3BEACHUS OTHOLICHUN

4. O6bequHenne (Union).

OO0beauHeHneM IBYX OJHOCXEMHBIX OTHOIIEHUHM R 1 S Ha3bIBaeTCs OTHOIIIE-
Hue T = R U S, xoTopoe BKIIFOYaeT B ceOs BCe KOPTEkKU OOOMX OTHOIICHHM Oe3
MIOBTOPOB.

5. PazHocTthb (Minus).

Pa3HOCTBIO OJTHOCXEMHBIX OTHOIICHUH R 1 S Ha3pIBaeTCsI MHOXKECTBO KOPTE-
el R, He Bxoasmux B S.

[Ipumep 4. Ilycts umerorcst otHouienue R(A,B,C) u ornomenue S(A,B,C)
(puc. 2.13,a). Torna paznoctb R—S Oyaet takoi (puc. 2.13,0):

OtHomenne R OTHomienue S Pa3znocthr R-S
A B C A B C A B C
a b C g h a C a d

C a d h d d C h C
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a) 0)

Puc. 2.13. [Ipumep pa3sHOCTH OTHOIIEHHAN

Crenyromue Tpu Onepanyu sBISIOTCS BCIOMOTAaTeNbHBIMU onepauusmu PA.

6. Ilepeceuenne (intersection).

[Tepeceuenne nByX OJHOCXEMHBIX OTHOIIEHHH R M S ecTh MoaMHOXKECTBO
KOpTEeXeH, MPUHAIJISKAIUX 000MM OTHOIIEHUSM. DTO MOKHO BBIPA3UTh Uepe3 pas-
HOCTb:

RNS=R - (R-S))

7. Coequnenue (join).

Dta omnepauus OomnpenesseT MOAMHOXKECTBO JAEKapTOBa MPOU3BEACHUS JIBYX
pa3sHOCXEMHBIX OTHOLIeHUU. KopTex nekapToBa NpoOU3BEAEHUS BXOAUT B PE3YJib-
TUPYIOIIEe OTHOIIEHUE, €CIIU I aTpUOYyTOB Pa3HBIX UCXOJHBIX OTHOIIIE-HUW BbI-
MOJIHAETCS HEKOTOpoe ycnoBue F.

Ecnu ycnoBuem siBiisieTcs paBEHCTBO aTpUOYyTOB UCXOJIHBIX OTHOIIICHUH, Ta-
Kasi onepanus Ha3blBaeTcs oxsucoeoureruem. EcrtecTBeHHOe coeIMHEHHe — 3TO JK-
BHUCOEJIMHEHUE 10 OJIMHAKOBBIM aTpUOyTaM UCXOJIHBIX OTHOILICHUIA.

[Ipumep 5. Ilycts umerotcs otnomenust R(A,B,C) u S(A,D,E) (puc. 2.14,a).
Tornma ecrectBenHoe coenuHeHue R [1[] S Oynmer TakuM, Kak MOKa3aHO Ha PHC.
2.14,6.

OtHomenue R

A B c OtHomienue S Coennnenne ROOS

A | D E Al B C D E
. ; : h a c a d | b ¢
C a d g

C b C c h ¢ | b ¢
i h : h d d b | d | h | a
g b d g

a) 6)

Puc. 2.14. IIpumep eCTeCTBEHHOTO COCIMHEHUS] OTHOIIICHUM

8. lenenue (division).

[Tycth otHOmIeHHE R copepxkut atpudyThl {r1,l2,...,lk, lk+1,...,In}, @ OTHOIIIE-
HHUE S — aTpuOYTHI {Ik+1,...,Mn}. TOraa pe3ynbTHUpYIOIIee OTHOIIEHHE COACPKUT aT-
puOyTHI {r1,r2,...,Ik}. KOopTex oTHOmEHNS R BKIIIOYaeTCs B pe3ynbTUPYIOIIEE OTHO-
LIEHHE, €CIIU €r0 AEKapTOBO MPOU3BEICHNUE C OTHOLIEHUEM S BXOAMT B R

[Ipumep 6. [Tycts umerorcest orHomenust R(A,B,C) u S(A,B) (puc. 2.15,a). To-
raa yactHoe R/S Oyner Takum Kak noka3aHo Ha puc. 2.15,0.

OtHomenue R OTtHomenue S YacrtHoe R/S
A B C D C D A B
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a b C b g h a b
C f g h c b C f
a Y C b
a b g h
C % g h
C f C b

a) 0)

Puc. 2.15. [Ipumep onepauuu aeneHus
SA3bpIkOM 00paOOTKHU JTaHHBIX, OCHOBAHHBIM Ha PEJISIITUOHHON anredpe, sBIIs-
erca SQL

IHopsinok BbINOJTHEHHS MPAKTHYECKO padoThbI:

1. BbINOAHUTH CpPaBHUTENbHBIA AaHAINW3 PACCMOTPEHHBIX paHee METOOB
IPOEKTUPOBAHUS IPUMEHUTEIBHO K 00CIeyeMOMY IPEAPUITHIO.

2. OO6ocHOBaTh BBIOOP TOTO MJIM MHOTO CPEJICTBA TPOCKTUPOBAHMUS.

IIpakTuyeckoe 3ansaTue Ne 6
IIpyHUMI NPOEKTUPOBAHNUS M HCNOJIb30BAHUS MHOTOMEPHBIX 0a3 1aH-
HBIX

He.]'l]) paﬁoTbI! O3HAKOMHUTLCA C MPUHLOUIIAMH CO3AaHUS W HMCITOJIb30BAHUA
MHOTOMCPHBIX 0a3 JAaHHBIX.

Teopernyeckue cBeIeHUA:

Bor yxxe 6osee 30-u et 6a3bl JTaHHBIX SBJISIOTCA OAHOW U3 OJHOM U3 Hanbo-
Jiee IIMPOKO BOCTPEOOBAHHBIX MH(OPMAIIMOHHBIX TEXHOJOTHI. HekoTopbie aBTOPHI
YTBEPKJIAIOT, YTO MOSIBICHHE 0a3 JaHHBIX CTAJI0 CAMbIM Ba)KHBIM JOCTHIKCHHEM B
obnactu nmporpaMMHoro obecrieueHusi. CucreMbl 0a3 JaHHBIX KOPEHHBIM 00pazoM
U3MEHWIM pab0Ty MHOTHX OpraHW3alliid, U MPAaKTUUYECKH HET TaKoW obiacTtu jes-
TEIbHOCTH, KOTOPYIO OHU HE 3aTpoHYyJU. Exeroausiii poct 006EMoB npoaax CYB/]
U BCIOMOTraTelbHOrO MporpaMMHOro obecrnedeHus ¢ 1995 r. cocraBisieT OKOJO
20%.

K uncny nHambosiee BaXHBIX M MEPCIEKTUBHBIX HampaBieHUM pa3Butus b/]
CIEAYET OTHECTH CIICIYIOIINE:

1. Xpanwiauima gaHabix 1 OLAP-00padoTka. XpaHwiniie JTaHHBIX —
3TO MPEA-METHO-OPUEHTUPOBAHHBIN, MHTETPUPOBAHHBIM, IPUBSA3aHHBIA KO Bpe-
MEHHU ¥ HEM3MEHAEMbI HAaOOp NaHHBIX, IPEAHA3HAYCHHBIN SISl MOJACPKKH IPUHS-
THS pelleHUH. XpaHWINILE JAaHHBIX TO3BOJSIOT COXPAHATh UCTOPUUECKUE TAHHBIE
C LEJIBI0 aHaJM3a U MPOTHO3UPOBAaHUs pa3BUTHs cuTyauui. [Ipu npaBuibHOM npo-
EKTUPOBAHUU XPAHWINIIE TAHHBIX AT BHICOKYIO OTAa4uy 3a CUET OoJiee KauyeCTBEH-
HOTO yIpaBJeHUsl paboTol opraHuzanuu (mpennpustus). JJanHble B XpaHWIAIIE
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naHHbIX oOpabateiBatoTcst ¢ momoribio OLAP (online analytical processing) — un-
CTPYMEHTOB OTIEPAaTUBHOW aHATUTHYECKON 00paboTku manubix. OLAP mo3Bomser
OBICTPO IPOU3BOAUTH PACUETHI HaJl OTPOMHBIMU 00bEMAMHU JJAHHBIX, B TOM YHCIIE, C
LEJbIO BBISBIICHUS TUHAMHUKY U3MEHEHUS Pa3IMvHbIX apaMeTpoB (IapameTphl 3a-
JAI0TCS] AaHATTUTUKOM).

2. PaboTa ¢ HeTOYHBIMHU JaHHBIMU. MHpopMaius B 6a3ax JaHHBIX 4Ya-
CTO COJICPKUT OLIMOKHM WK SIBJIsIETCA HEenoJHOM. Pe3ynbrarsl 3ampoca o takoi bJ|
MOTYT CWJIBHO OTJIMYAThCSl OT peajibHOro MoJioKeHus aen. [Iponeccop 3ampocos,
paboTaromuii ¢ BEPOSITHOCTAMHU, KodpduimeHTaMu 1oBepusi, koddduimenramu
HOJIHOTHI U T.JI. TO3BOJIMJI OBl YUUTHIBAThH CTENIEHb JOCTOBEPHOCTH JIaHHBIX ITPH IIPU-
HSATUU PELICHUI Ha OCHOBE 3THUX JaHHBIX.

3. HoBgble nojib3oBaTebeckne nuTepdeiicbl. IT0 0JHO U3 HauboJiee ak-
TyaJIbHBIX HAIPABIECHUN COBPEMEHHBIX MH(POPMALIMOHHBIX TeXHOJOruii. KoHeuHsie
MOJIb30BATENN HE 3HAIOT SA3bIK 3anpocoB (SQL), u mist moxyyeHus: nHGopMaIuu 13
B/ BeIHYXIIeHBI TIOJIB30BAThCS HHTEp(EHicaMi, KOTOPhIE A HUX CO3JAI0T MPO-
rpaMMUCTBI. B npusoxenust 00bIYHO BKIIIOUAIOT HEKOTOPBI HAOOP TOTOBBIX 3aIMpO-
COB M BO3MOXXHOCTb C(hOPMYJIMPOBATh MPOU3BOJIbHBIN 3aIIPOC € TOMOILbIO HEKOETO
KoHCTpykTOpa. Ho st Toro, 4roObl BOCHOIB30BATHCSI KOHCTPYKTOPOM, MOJIb30Ba-
TeJb TOJDKEH 3HATh CTPYKTYPY 0a3bl JaHHBIX U XOPOIIO pa30UpaThCs B MPEATI0KEH-
HOM emy (popmanuszme I10.

Hauboinee ecrectBeHHBIM BUJIOM siBisieTcs 3anpoc K BJI, cpopmynupoBan-
HbII Ha ecTecTBEHHOM si3bike (ES). Ho s Takux 3ampocoB XxapakTepHbI HETOYHO-
CTH U HEOJHO3HAYHOCTb. Perienue 3Toi 3aaun HEBO3MOXKHO 0€3 MCIOIb30BaHUS
3HaHUH O MIPEAMETHON 00JIACTH U O CTPYKTYPE SA3BIKA.

OpHMM U3 BapUaHTOB PELICHUS 3TOM MpoOIeMBbl ABIAIOTCS OHTOI0THH. [lof
OHTOJIOTHEN MOHUMAETCS ONPEAEIEHHBIM 00pa3oM (GOopMaTM30BaHHAs CUCTEMA 3HA-
HUH O IPEeIMETHOM 00J1aCTH, ONUCHIBAIOLIAS, KIIACCH(PUUMPYIOIIAs U YBA3bIBAIOILIAS
MexX Ty coboii mousTus 3710 [10. MaTerpanus onToI0THi 1 0623 TaHHBIX MO3BOJIUT
M0JIB30BATENSIM 33]1aBaTh 3alpOChl B COOCTBEHHOW TEPMUHOJIOTUU C HUCIOJIb30Ba-
HUEM OI'PAHUYEHHOTO ECTECTBEHHOTO S3bIKA. JTO YIIPOCTUT CO3JJaHUE U COITPOBOXK-
JIEHUE TPUIIOKEHUHN U MOBBICUT 3P(HEKTUBHOCTH UCIOIb30BaHus b1,

4. [TpoGnembl onTUMH3aNMHU 3an1pocoB. [ToMrMO ocTaromieics aKkTyalb-
HOM 33/1a41 MOMCKA HOBBIX CITOCOOOB ONTUMH3AIIMU, MOKHO BBIICIUTH €IE JIBE Ce-
pBbE3HBIE MPOOJIEMBI ONTUMU3AIMU: 00padOTKa HECTPYKTYPUPOBAHHBIX 3aMPOCOB
(BO3MO>XXHO, Ha OTPAHUYEHHOM €CTECTBEHHOM $3BIKE), U ONTHUMHU3aLUs TPYIIbI 3a-
npocoB. Pabora ¢ HeCTpyKTYpHUpOBaHHBIMU 3allpOCAMHU OCOOCHHO akTyajlbHa B
CBETE UCIOJIb30BaHus 0a3 JIaHHBIX B MOMCKOBBIX CUCTEMax (B TOM 4HKCIe, IPHU IO-
ucke B Internet). A onTuMu3anys rpyIIbl OJHOBPEMEHHO BBIITOIHSIIOIMXCS 3aIIPO-
COB ITO3BOJIUT YJIy4IIUTh XapakTepucTuku CYB/] ¢ Touku 3peHust ObICTpOAEUCTBUS.

S. HNHaTerpanusa pasHOPOAHBIX U ¢J1a00 GOPMATU30BAHHBIX JAHHBIX.
N3navyanbHo 0a3bl JAHHBIX MPeIHA3HAYAINUCh IS XpaHEHUs U 00paboTKH (akTo-
rpauuecKkux XOpoulo CTPYKTYpHpPOBAaHHBIX NaHHbIX. HO orpomMHOe KOIMYECTBO
JAHHBIX TPEJICTABIICHO B PA3JIMYHBIX TpaUUECKUX U MyJbTUMEIUNHBIX (hopmaTax.
Bxirouenne B CYB]] cioco60oB 06paboTKu MOJ0OHBIX JAHHBIX MTO3BOJISET UCIIOJIb-
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30BaTh TEXHOJIOTUH 0a3 JaHHBIX B TaKUX cdepax, kak, Hanpumep, [ UC (reo-uHbop-
MallMOHHBIE CUCTEMBI), U3/IATEIIbCKUE CUCTEMBI (C MOAACPKKON BEPCTKH HOMEPOB
uznanus), CAIIP (cucrembl aBTOMATU3AIMU TPOCKTUPOBAHMS) U T. 1.

6. Opranusanus gocryna K 6azam gaHHbix 4yepe3 Internet. Muorue
Web-caiiTel cofiepkaT IMHAMUYECKYIO HH(OPMALIHIO, HAPUMED, O TOBapaXx U IieHax
B Internet-marazunax. B nokanbHBIX cucTeMax Takass WHGOpMAIUS TPaAUIIMOHHO
xpanutca B 0azax ganubix. Unrerpanus CYB/] B web-cpeny mo3BosieT coxpa-HUTh
BCE MpeuMylIecTBa 06a3 JaHHBIX JJI1 UCIIOJIb30BaHUs B wWeb-npuiioskeHusix. OCHOB-
HBIMU 33Ja4aMHU 3/1€Ch SIBISIOTCS:

a. opranuzanus dpdexTuBHOr0 MHTEpdEiica, paCCUUTAHHOTO HA HEMOI-
TrOTOB-JICHHOT'O I10JIb30BATEIIs;

b. ONTHUMH3aLK 3alPOCOB, HAPABJICHHAsI HA YMEHBLIEHUE CETEBOI0O TPa-
¢duka;

C. noBbiIeHUEe npousoauTensHocT CYDBJ] B MHOTONOJIb30BaTEIbCKOM
pexxume padoThl.

7. Camoanantauus. CoBpemennble CYB/[ UMEIOT MHUPOKHE BO3ZMOKHO-

CTH T10 HAaCcTpoiKe 06a3 JaHHBIX MO/ KOHKPETHYIO IPEAMETHYIO 001acTh U anmnapar-
HbIe cpeacTBa. Ho ucnonp3oBaHue 3TUX BO3MOXKHOCTEH — JJOCTATOUYHO CIIOXKHAs 3a-
Java, KOTopasi TpeOyeT Haduuusl BhICOKOKBATH(UIIMPOBAHHOTO aJIMHUHHCTPATOPA
BJI. Hns ynpomenus Hactpoiiku u conpoBoxaenus bJI CYBJl nomxna 6paTth Ha
ce0s1 OOJIBIIMHCTBO (PYHKIIMI HACTPOMKHU U BBIMOJIHATH UX B ABTOMATHYECKOM WITU
ABTOMATU3UPOBAHHOM PEXKUME.

8. HUcnoan3zoBanue GRID. GRID - 510 xoHenuuss o0beIUHEHNUS BbI-
YUCJIUTEIBHBIX PECYPCOB B €IMHYIO CETh. B KauecTBe aHAJIOTUU 3/1€Ch MOKHO MPH-
BECTH AJIEKTPUYECKUE CETU: TPU BO3ZHUKHOBEHUH MOTPEOHOCTH TMOIH30BATEIh MIPO-
CTO MOJKJIIOYAETCS K CETH U MOJIy4YaeT dIEKTpUuecTBO. TOUHO TaK K€ MpU BO3ZHUK-
HOBEHHMHM MOTPEOHOCTU B BBIYMCIIECHUAX MOJIH30BATENb JOJKEH MPOCTO MOAKIIIO-
yaTbca K GRID u nony4yars BeruncauTensHbie pecypcesl. [Ipenmyinecrsa aToro noa-
X0J1a OYE€BUIHBI: BO3MOKHOCTh pelaTh 00Jiee pecypCcoEéMKHe 3aa4u U riepepacipe-
JesTh Harpy3Ky Ha y37bl ceTd. Ho u HepeméHHbIX nmpobsieM 3/1ech TOXKE J0CTa-
TOYHO, MMOATOMY 3TO 3a7a4a Oy yIIero.

Tem He MeHee, nepBbie npombinieHHbIe GRID-cucteMsl yxke cyniecTByIorT,
HO MOJIJICPKUBAIOT OHM TOJBKO 0a3bl JaHHBIX: 3TO cuctembl Oracle 10G u Oracle
11G (G - ato cokparienne or GRID). OHM IMHAMUYECKHU BBIACIAIOT PECYPCHI IS
BBITIOJIHEHHUS 3a/1a4 ToJib3oBaTens no aoctyny k bJl Oracle u mepepacnpenensitor
HArpy3Ky Ha y3JIbl CETH C LIEJIbI0 ONTHUMU3AIMU UCIOJIb30BAHUS BRIYMCIUTEIIbHBIX
PECYPCOB 1 TIOBBIMICHUS OOIIEH MPON3BOJUTEIHBHOCTA CUCTEMBI.

9. CoxpaHHoOCTbh JaHHBIX. KonrdecTBO HAKOTUICHHBIX ITU(POBBIX JaH-
HBIX B MUpe orpomMHo. Ho co BpeMeHnem ycrapeBatoT U popMaThl XpaHEHUS TaHHBIX,
U CpEJICTBA JI0CTyNa K HUM. [IporcXouT Takke cTapeHre HOCUTENEH: pa3MarHuyu-
BAIOTCS MArHUTHBIC JIEHTHI U IUCKU, U3MEHSIOTCS ONTUYECKUE U (PU3UUECKUE CBOM-
cTBa Hocutens. [loaTomy naxke apXUBUPOBAHHBIC JaHHBIE MOTYT CTaTh HEJOCTYII-
HBIMHU, OCOOCHHO €CJIU HET YCTPONCTBA JIJIsl YTEHUSI yCTapPEBIIET0 HOCUTEIIS UITH OT-
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CYTCTBYET BO3MOKHOCTH 3aIlyCTUTh MPUIIOKEHHE, KOTOPOE MOKET UNTATh YCTapEB-
mmii popmar. Pemuts 3Ty mpobiieMy MOTYT cpencTBa, 00ecrneunBaroIie MUrpa-
IO TAHHBIX B HOBBIC (DOPMATHI C COXPAaHEHHEM WX OMUCAHUS (T.€. METaJaHHbIX ).

10. TexHosoruu pa3padoTKM JaHHLIX W 3HaHWH (data mining u
knowledge mining). Texnonoruu pa3paboTKu JaHHBIX IPEIHA3HAYEHbI JJI TOUCKA
HEOUYEBHIHBIX TCHJICHIIMM U CKPBITHIX 3aKOHOMEPHOCTEHN B OOJIBIINX 00BEMAX J1aH-
HbIX. A knowledge mining — 3To u3BJIeUYeHUE 3HAHUN W3 0a3 JaHHBIX (WM U3 Xpa-
HWININA JTaHHBIX). 3]1€Ch UCTOJb3YIOTCS KakK (hopMabHbIe METOJbI (PErpecCrOH-
HBIM, KOPPEISIUOHHBIA U APYTrHe BUIbI CTATUCTUYECKOTO aHajIn3a), TaKk U METObI
UHTEIUIEKTYaJIbHOM 00pabOTKY TaHHBIX, OCHOBAaHHbIE HA MOJIETIMPOBAHUY I103HABA-
TEJBbHBIX MEXaHU3MOB — UHAYKLNH, I€TyKIIUH, a0 yKIHH.

MHnoeononvzoeamenvckuti 00cmyn K OaHHbIM

Jannbie B b/l aBnsrOTCA pasznenseMslM pecypcoM. MHOTOIOIb30BaTENbCKUI
JIOCTYT K JaHHBIM IOJIpa3yMeBaeT OJJTHOBPEMEHHOE BHITIOJTHEHHUE JABYX U OoJiee 3a-
MIPOCOB K OJIHUM U TE€M K€ 00BheKTaM JaHHbIX (TabnuiaMm, 0jJokam u T.11.). st op-
raHu3aluy OJJHOBPEMEHHOTO JIOCTYyNa He 00s3aTeIbHO HAJIMYKME MHOTOIIPOIIECCOP-
HOM cucteMbl. Ha ogHomnponieccoproit 9BM 3anpockl BBIMOIHSAIOTCS HE OJIHOBpE-
MEHHO, a MapajuiesibHO. /{15 KaXk10ro 3ampoca BbIAEISIETCS HEKOTOPOE KOJINYECTBO
IPOLIECCOPHOTO BpEMEHHU (KBAHT BPEMEHH), 110 UCTEUEHUHU KOTOPOTO BBIMOJIHEHUE
3ampoca MPUOCTAaHABINBAETCS, OH CTABUTCSI B OUEPE/Ib 3alIPOCOB, a HA BHINOJHEHUE
3aIlyCKaeTCsl CICAYIOUMU 0 oYepeau 3amnpoc. T.0., IpoLeccCOpHOE BpEMsI JEIUTCS
MEXKIy 3alpoCaMH, U CO3JAETCS WIUTIO3USA, YTO 3alPOChl BBIMOJIHIIOTCS OJHOBpE-
MEHHO.

[Ipu mapannenbHOM JIOCTYIIE K TAHHBIM 3alPOChl HA YTEHUE HE MEIIAKOT JPYT
npyry. HaoGopoT, eciu ouH 3amnpoc cuuTaji JaHHbIE B ONEPATUBHYIO NMaMsTh (B
Oydep maHHBIX), TO APYTOH 3amPOC HE OyIET TPATUTh BpeMs Ha 0OpaIeHue K JUCKY
32 ’TUMU TAaHHBIMHU, a MOJY4YUT UX U3 Oydepa nanubix. [[po6GiaemMbl BOSHUKAIOT B TOM
ciiyuae, eciid JOCTYM MojJipasyMeBaeT BHECEHUE U3MeHeHui. s Toro 4Tolbl nc-
KJIFOYMTh HAPYIIEHUS JIOTUYECKOW [IETOCTHOCTU JAHHBIX TPU MHOTOIOJIb30BATEIb-
CKOM JIOCTYTIE, UICIIOJIB3YETCA MEXaHU3M TPaH3aKIIUi.

Mexanuzm mpanzaxyuu

Tpan3akuus — 5T0 yrnopsiiodeHHas ociae0BaTeIbHOCTh OIepaToOpoB 0Opa-
OOTKH aHHBIX, KOTOpas MEPEBOAUT 0a3y JaHHBIX M3 OJTHOTO COTJIACOBAaHHOTO CO-
CTOSIHUS B IPYTOE€.

Bce koman b1 pabOoThI C TaHHBIMU BBITIONHSAIOTCS B paMKax TpaH3akiui. J{is
KaXJI0ro ceanca cBs3u ¢ b/[ B Kaxablii MOMEHT BPEMEHHU MOKET CYIIIECTBOBATH
€AMHCTBEHHAsI TPAH3aKLMs WK HE ObITh HU OJTHOM TPaH3aKIIUH.

Tpan3zakuust 001a4aeT CISAYIOINIMMU CBOMCTBAMU:

1. Jlornueckasi HEAEIUMOCTh (ATOMApPHOCTh, Atomicity) 03Ha4aeT, 4To
BBITIOJTHSIIOTCS JTMOO BCE orepanuu (KOMaH/Ibl), BXOSIINE B TPAH3aKIUIO, TH00 HU
oaHou. Cucrema rapaHTUPyET HEBO3MOXKHOCTH 3allOMMHAHUSI YacTH W3MEHEHU,
MPOU3BENEHHBIX TpaH3akUuen. /[0 TexX mop, Mmoka TpaH3aKUWs HE 3aBEplICHa, €€
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MOYKHO "OTKATUTh', T.€. OTMEHUTh BCE CAECIAHHbIC KOMAaHIAMU TPAH3aKLIUH H3MeE-
HEHHUsI. YCHENIHOE BBINOJHEHUE TpaH3akuuu (pukcaiusi) o3HavaeT, YTo BCE KO-
MaH/bl TPAH3aKIUHU MPOAHAIU3UPOBAHBI, UHTEPIIPETUPOBAHBI KaK MPaBUJIbHBIE U
0€3011100YHO UCTIOJIHEHBI.

2. CoraacoBannocth (Consistency): TpaH3aKIus HAYMHAETCS HA COTJIa-
COBaHHOM MHOKECTBE JAHHBIX U MOCJIE €€ 3aBEPLICHUS] MHOKECTBO JaHHBIX COIJIa-
coBaHo. CocrostHue B/l siBisieTcsl COTyIacOBaHHBIM, €CIM JAHHBIE YAOBIETBOPSIOT
BCEM YCTAaHOBJIEHHBIM OIPAHUYEHUSIM LIEJOCTHOCTH M OTHOCSTCSA K OJHOMY MO-
MEHTY B COCTOSIHUU MPEAMETHOM 00JIacTH.

3. H3oaupoBannoctsh (Isolation), T.e. OTCYTCTBUE BIUSHUS TPaH3aKIUN
npyr Ha napyra. (Ha camom nene 3To BIUSIHHME CYLUECTBYET U PErIaMEHTHPYETCS
CTaHJapTOM: CM. pazzeln 5.3. "YPOBHU U30JALMY TPaH3aKIUK'").

4.  YcroituuBocTh (Durability): pe3ynbraTsl 3aBEepUIEHHON TpaH3aKIMH
HEe MOT'yT ObITh noTepsiHbl. Bo3BpaT B/l B pebity1iee cocToSHUE MOKET OBITh JOC-
TUTHYT TOJIBKO ITYyTEM 3aIlyCKa KOMIEHCUPYIOIIEH TpaH3aKIUH.

TpaH3akuuu, yIOBIETBOPSAIOLIIME 3TUM CBOMCTBaM, Has3biBaroT ACID-Tpan-
3aKUsAMU (110 MepBbIM OYKBaM Ha3BaHUM CBOMCTB).

Jlist ynpaBiieHusl TPAH3aKUUSAMH B CUCTEMAX, MOACPKUBAIOIINX MEXAHU3M
TpaH3akUMil U 361K SQL, MCMONIB3YyIOTCS CAEAYIOIINE ONIEPATOPBI:

. ¢uxcauus TpaHzakuuu (3anmoMuHaHue usMeHeHuil): COMMIT
[WORK];

. oTkat TpaH3akuuu (otMeHa uamMenenui): ROLLBACK [WORK];

. coznanue Touku coxpaHeHus: SAVEPOINT <ums Touku coxpaHe-

HUSI>,
(Knroueoe cioBo WORK neobGs3arenbHo). i dukcauy nim oTKaTa TpaH-
3aKIUU CUCTEMA CO3/1a€T HEeSIBHbIEC TOUKHU (prkcanuu u otkara (puc. 5.1).
ﬁ HEARH AR TOY KL O TEATA
msert. ..
delete. ..
msert. .. TPRHIIRI R

update. ..

Hs& AAH 38 TOY K II:I FEECHLE FEE

Puc.5.1. HesiBHbIE TOUKM UKCALIUK U OTKATa TPAH3AKLIMU

[To xomange rollback cucTteMa OTKaTUT TpaH3aKIMIO HA HaYajo (Ha HESIBHYIO
TOYKY OTKaTa), a Mo KoMaHjae commit — 3a)UKCUpPyeT BCE 10 HESIBHOM TOUKH (UK-
calliy, KOTOpasi COOTBETCTBYET MOCIEAHEN 3aBEPIIEHHON KOMaH/IE B TPaH3aK-1[UU.
Ecnu B TpaH3aKIMU U3 HECKOJIBKUX KOMaH]I BO BPEMS BBINIOJHEHHS OYEPEIHON KO-
MaH/ bl BOBHUKHET OIIMOKA, TO CUCTEMAa OTKATUT TOJIBKO 3Ty OITMOOYHYIO KOMaHY,
T.€. OTMEHUT €€ Pe3yJIbTaThl M COXPAHUT MPEKHIOI HESIBHYIO TOUKY (PUKCAIIUU.

Jlns obecnieuenus nenoctHocty Tpan3aknuu CYBJ[ MoxeT oTKI1abIBaTh 3a-
MACh U3MEHEHN B b/ 10 MOMEHTA yCIIEMTHOTO BBINOJHEHUS BCEX ONEpalnii, BXO-
JAIIMX B TPAH3AKLHMIO, W TOJIYYEHUS KOMAaHIbI IMOATBEPXKACHUS TPAH3AKIIHU
(commit). Ho vaiie ucnosib3yeTcsi APyroi moJixoa: CUCTEMA 3aMUChIBAET U3MEHE-
Hus B b/l, He 10XKUIasCh 3aBEPIICHUS TPAH3AKIMHU, & CTAPbIC 3HAYEHHUS TaHHBIX CO-
XpaHSET Ha BPEMs BBITIOJIHEHUS TPAH3aKI[MM B CETMEHTaX OTKAaTa.
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CermenT oTkara (rollback segment, RBS) — sTo cnenuanbHas 001acTh ma-
MSTH Ha JUCKE, B KOTOPYIO 3alMChIBAETCS MH(pOpMaLus 000 BCeX TEKyIIuX (He3a-
BepIIEHHBIX) U3MeHeHusIX. OObIUHO 3anuchiBaeTcs "ctapoe" u "HoBoe" conepKu-
MO€ U3MEHEHHBIX 3alUCEN, YTOOBI MOKHO OBLIIO BOCCTAHOBUTH MPEXKHEE COCTOSTHUE
b/l npu otkate Tpan3akiuuu (mo koMmanje rollback) wim npu oTkare Tekyien ormne-
panuu (B ciryyae BO3HMKHOBeHHUs omuOku). Jlanueie B RBS xpansrtces no tex mop,
MOKa TPaH3aKIKs, U3MEHSIONIAs 3TH JJaHHbIe, He OyeT 3aBepiieHa. [lotom oHu Mo-
I'yT OBITH [l€pE3aNKCaHbl JAHHBIMU 00JI€€ MO3THUX TPaH3aKIIUM.

Komanpa savepoint 3armoMHHaeT TPOMEXKYTOUHYIO "TEKYIIYIO KOMHIO" COCTO-
stHUSE 0a3bl JAHHBIX JUIS1 TOTO, YTOOBI IPH HEOOXOIUMOCTH MOKHO OBIJIO BEPHYTHCS
K coctosiHuio b/ B Touke coxpaHeHUs: OTKaTUTh pabOTy OT TEKYIIEro MOMEHTA 10
Touku coxpanenus (rollback to <ums Toukw™>) wnm 3apuKcUpoBaTH pabOTy OT
HayaJla TPAH3aKLHMK 0 TOYKU COXpaHeHHs (commit to <ums_Touku>). Ha onny
TPaH3aKIUIO MOKET ObITh HECKOJIBKO TOUEK COXpPaHEHHs (OTpaHUYEHHE Ha MX KO-
au4yecTBO 3aBUCHT 0T CYBJ]).

Jns coxpanenus cenennil o tpan3zakuuax CYDBJl Benér xypHan TpaH3ak-
uuii. 2KypHaa tpan3akuuii — 310 yactb bJ[, B KoTOopyto nmoctynarT gaHHble 000
Bcex u3MeHeHusix Bcex o0bekToB bJI. XKyphnan nenoctynen nonszoBarensim CYB]]
U MOJIEP’KUBAETCS 0CO00 TIIATENBHO (MHOTA BEAYTCs JIBE KOMUHU KypHaia, Xpa-
HUMBbIE Ha Pa3HbIX (PU3NYECKUX HOCUTENIX). DopMa 3alucu B KypHAJ U3MEHEHUMN
3aBucut oT CYB/I. Ho 0Ob1yHO Tam uKcupyeTcs ciaeayroliee:

. HOMEp TPaH3aKIUKM (HOMEpa MPUCBAUBAIOTCA aBTOMATHYECKHU IO BO3-
pacTaHuio);

. COCTOSTHHE TpaH3aKIHMH (3aBepileHa (puKcalueld Wik OTKaToM, He 3a-
BEPIIICHA, HAXOJUTCS B COCTOSIHUU OXKUJIaHUA);

. TOYKU COXPAHEHUs (SIBHBIC U HESIBHBIC);

. KOMAaH/Ibl, COCTaBJISIOIINE TPAH3AKIMIO, U POY.

Havano TtpaH3akumyu COOTBETCTBYET IMOSBIECHUIO IEPBOTO HCIOIHAEMOTO
SQL-onepatopa. I[Ipu 53TOM B 3)KypHase NOSBIsSETCS 3alUCh 00 3TON TpaH3aKIUU.

ITo crangapty ANSI/ISO Tpan3zakuus 3aBepiiaercs OpH HACTYIUIGHUHM OJI-
HOTO U3 CJICAYIOIINX COOBITHH:

. [Moctynuna komanma commit (pe3ysibTaTbl TpaH3aKIUU (QUKCUPY-
I0TCS).

. [Toctynuna komanpga rollback (pe3ynbTaThl TpaH3aKIMU OTKAThIBA-
I0TCS).

. VYcnemnmHo 3aBepiieHa nporpamma (exit, quit), B paMkax KOTOPOU BbI-
MOJIHSJIACh TpaH3akius. B aToMm cinydae TpaH3akius GUKCUPYETCsS aBTOMATHUYECKHU.

. [IporpaMma, BBINOJHSIOWIAS TPAH3aKUUKO, 3aBEPIICHA ABAPUIHO

(abort). IIpu 3TOM TpaH3aKI1sl aBTOMAaTUYECKH OTKATHIBAETCS.

Bce u3MeHeHus1 TaHHBIX BBIMOJHSIOTCS B ONEPAaTHBHON maMatu B Oydepe
JaHHBIX, 3aTeM (DUKCUPYIOTCS B )KypHaJie TPaH3aKLIUN U B CETMEHTE OTKaTa, U Tie-
puoanYecKu (TpU BBHITIOJHEHUN KOHTPOJBHON TOUYKH) MEPENHUCHIBAIOTCS HA JIHCK.
[Tpouecc popmupoBanus KOHTPoabHOM ToukH (KT) 3akmtouaercs B cMHXpOHU3a-
IIUY JAHHBIX, HAXOSAIINXCS Ha TUCKE (T.€. BO BTOPHYHON MaMsITH) C TEMHU JaHHBIMH,
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koTopsie HaxonsaTcs B OIl: Bce mogudunmpoBanusie nanusie u3 Ol mepenuceia-
I0TCS BO BTOPUYHYIO NMaMsATh. B pa3zHbIX cuctemax mpouecc GopMUpOBaHUS KOH-
TPOJILHOM TOYKH 3amyckaercs no-paznomy. Hanpumep, B CYB/] Oracle KT ¢hopmu-
pyercsi:

. MIpU MOCTYTUICHUU KOMaHIbl commit,

. py nepenoyHeHuu Oydepa 1aHHbIX,

. B MOMEHT 3aIl0JTHEHUS] OUepeHOro (paiiyia xypHasa TpaH3aKIHH,
. yepe3 TPU CEKYHIbl CO BPEMEHU MOCIEAHEN 3aliCH Ha JHCK.

BHecenne n3MeHeHU B )KypHal TPaH3aKUUK BCEr/a HOCHUT OIEpPEKAFONIUN
XapakTep M0 OTHOUIEHUIO K 3allMCH M3MEHEHHI B OCHOBHYIO 4acTh b/l (rmpoTokon
WAL — Write Ahead Log). Ota cTparerus 3akiato4aeTcsi B TOM, YTO 3aIUCh 00 W3-
MeHeHuH Jrboro odbekta b/l momKHA MOmacTe BO BHEIIHIOK MaMsTh KypHala
TpaH3aKI1il paHbllle, 4eM U3MEHEHHBI 00OBEKT MONAAET BO BHEIIHIOK MAMSTh OC-
HoBHOM yactu b/l. Eciiu CYB/] koppekTHo cobmoaaet nporokoia WAL, To ¢ momo-
IO JKypHAJIa TPAH3AKIIMI MOKHO PEIIUTh BCe MpoOIeMbl BoccTaHoBIeHUs bJ] mo-
cie c6os, eciii cOOM MPENnITCTBYIOT JalbHEIeMy (GyHKIHMOHUPOBAHUIO CUCTEMbI
(Hanpumep, nocine c6os npuioxenus uinu ponosoro npouecca CYBJI).

Takum oOpazoM, pu UCTOIb30BaHUU IPOTOKOIa WAL n3MeHeHHbIE TaHHbIE
MOYTH Cpa3y MOoMaaaroT B 0a3y JAaHHBIX, €lI€ MO0 MOCTYIJIEHUs KOMaHIbl commit.
[ToaToMy ¢uKcalys TpaH3aKIUK Yalle BCEro 3aKII0YaeTCs B CIEIYIOIIEM:

1. N3MmeHeHus1, BHECEHHBIE TPAH3AKIUEH, IOMEYAIOTCS KaK ITOCTOSIHHBIE.
2. YHUYTOXKAIOTCA BCE TOUKH COXPAHECHUS JJIs1 TAHHOW TPaH3aKIHUH.
3. Ecau BeIMONHEHUE TpaH3aKIIUK OCYIIECTBIIIECTCS C TMTOMOIIBIO OJIOKH-

POBOK, TO 0CBOOOXK/1at0TCS OOBEKTHI, 3a0JIOKUPOBAHHBIE TPAH3aKIMEH (CM. pazjen
5.5).

4. B xypHane TpaH3aKUMW TpaH3aKIMs MOMEYAeTCs KAaK 3aBEepLICHHa,
YHUUTOXAIOTCA CUCTEMHBIE 3alMCH O TPAH3aKLIUH B ONIEPATUBHOMN MaMsTH.

A mpu OoTKaTe TPaH3aKIUH BMECTO I1.1 OOBIYHO BBIMOIHIETCS CYUTHIBAHUE U3
Cer-MeHTa OTKaTa NPEeXHUX 3HAYECHUI JaHHBIX U MEepenuchiBaHue ux oopatHo B bJ|
(ocTanbHBIE TYHKTHI coXpaHsATcs Oe3 u3MeHeHui). [loaToMy OTKaT TpaH3aKIUuu
PAKTUYECKU BCErJa 3aHUMAET O0JIbIlIE BpEMEHH, YeM (PUKCALIMSL.

Bzaumoenuanue mpanzaxyuii

TpaHzakuuu B MHOTOMNOJB30BaTeNbckoil b/l MOIKHBI OBITH M30IMPOBAHbI
JPYT OT JIpyra, T.€. B UJeaie Kaxaas U3 HUX JIOJDKHA BBIMOIHATHCS TaK, Kak OyITo
BBIINIOJIHAETCS TOJBKO OHA OJHA. B peaslbHOCTH TpaH3aKUUU BBITOJIHSOTCS OIHO-
BPEMEHHO U MOTYT BJIMATH Ha Pe3yJbTaThl APYT APYyra, €Cld OHM OOpaliaroTcs K
OJIHOMY U TOMY k€ Ha0Opy JaHHBIX U XOTs Obl OJJHA U3 TPaH3aKLUUNA U3MEHSET AaH-
HBIE.

B o6miem citydyae B3aMMOBIUSIHUE TPaH3aKIUI MOKET MPOSIBISTHCS B BUJIE:

. IIOTEPU U3MEHEHUN;

. YEPHOBOTO YTEHUS,

. HEIOBTOPSEMOIO YTCHHS;
. dbaHTOMOB

IToTepst M3MeHeHUiT Moryia Obl MPOU3ONTH MPU OJHOBPEMEHHOM OOHOBIIE-
HUM JBYMs U OoJiee TpaH3aKLUUsIMHU OJJHOTO M TOTO ke Habopa naHHbIX. TpaH3akuus,
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3aKOHUYMBIIASCS TTOCIICTHEH, TTepe3anucana Obl pe3yIbTaThl U3MEHEHUN, BHECEHHBIX
OpeAbIYIUMU TPAH3AKIHUSAMU, U OHU OBLUIHA ObI TOTEPSIHBI.

[IpencraBum, 4TO OJHOBPEMEHHO HAYaJIU BHITIOJHATHCS JIBE TPAH3AKIUU:

tpanzakuus 1 — UPDATE COTPYJHUKMU

SET Oxgag = 39200

WHERE Howmep = 1123;

tpan3akuus 2 — UPDATE COTPYHHUKUM

SET JlopkHOCTD = "cTapiinii 5)KOHOMHUCT"

WHERE Howmep = 1123;

O06e TpaH3aKIUK CUUTATHU OJIHY U Ty ke 3anuch (1123, "Pyaun B.I1.", "sxoHo-
muct", 28300) 1 BHECIIN KaXK1asi CBOM U3MEHEHUS: B OyXTaJITepPUU U3MEHUITU OKJIA]T
(Tpan3akius 1), B oTAE€ KaIpOB — JOJKHOCTD (TpaH3akius 2). Pe3ynbTarsl TpaH-
3akuu 1 OynyT norepsiHsl (puc. 5.2).

Orrrouenne "Corpyaiitien”
Haowmep  DHO Jonsuoers Orenag

| 123

Pyanu BIT.| weonomner

28300 |

|ll_'-‘."- Pyann B.IL.| srowomnet |3‘:‘ZUU | Tpansacnn 1

| 123

Pyaun B.IL. coa puni sxonosmucr | 28300 | Tpanswayin 2

Puc.5.2. HegonycTruMoe B3aMMOBIUSIHUE TPAH3AKIMNA: TOTEPSI N3MEHEHUM

CYB/l He nonmyckaer TAKOro B3aMMOBJIMSHHMS TPAaH3aKLUUi, PH KOTO-
POM BO3MOKHA NOTEePs U3MEHEHM!

Curyanys 4epHOBOIr0 YTeHHs BO3ZHUKAET, KOTJa TPAH3AKIUs CYUTHIBACT U3-
MEHEHHSI, BHOCUMBbIE JpYyroil (He3aBeplIEHHOW) TpaH3akuueu. Eciam ata BTOpas
TpaH3aKIus He OyJeT 3auKcupoBaHa, TO JaHHBIE, TOJYyYEHHBIE B PE3yJIbTATE Yep-
HOBOTO YTEHUS, OyAyT HEKOPPEKTHBIMU. TpaH3aKIMU, OCYIIECTBIISIONINE YEPHOBOE
YTEHHE, MOTYT UCIOJIb30BATHCSl TOJILKO MPU HEBBICOKUX TPEeOOBAHUSX K COIIaco-
BAHHOCTH JAHHBIX: HAIIPUMED, €CIIM TPAH3AKLHS CYUTAET CTATUCTUYECKUE MTOKA3a-
TEJU, KOT/1a OTKJIIOHEHHS OTJIENIbHBIX 3HAUYCHUM JTAHHBIX CJIa00 BIUSAIOT Ha OOLIUIA
pe3yJIbTar.

[Ipy mOBTOPSIEMOM YTEHUH OJWH U TOT K€ 3aMPOC, TOBTOPHO BBIMOJHIEMbIN
OJIHOM TpaH3aKIMeH, BO3BPAILAET OJIMH U TOT € HA0Op NaHHBIX (T.€. UTHOPUPYET
WU3MEHEHHUSI, BHOCUMBIE IPYTHUMU 3aBEPIIEHHBIMU U HE3aBEPIUEHHBIMU TPaH3aKIIH-
amu). HemoBTopsiemoe uTeHue SBISETCS MPOTUBOMOJIOAKHOCTBIO MOBTOPSEMOTO,
T.€. TPaH3aKIus "BUIUT" U3MEHEHUS, BHECEHHBIC IPYTUMU (3aBEpIIEHHBIMHU | ) TPaH-
3akiusaMu. CIIeICTBUEM 3TOTO MOXKET OBITh HECOIJIACOBAH-HOCTh PE3yJIbTATOB 3a-
IIpOCa, KOrja 4acTh JaHHBIX 3alpoca COOTBETCTBYET COCTOAHUIO b/[ 10 BHeceHus
W3MEHEHHM, a 4acTh — cOCTOSHUIO b/] mociie BHeceHus u hUKcalluu U3MCHEHUH.

@aHTOMBI — 3TO OCOOBIN THIT HEMOBTOPSEMOTO UTeHHUs. BO3HUWKHOBEHHE
(aHTOMOB MOKET MPOUCXOIUTHh B CUTYyallMH, KOTJa OJIHA U Ta K€ TPaH3aKLHUs CHa-
yajia MPOU3BOJUT OOHOBJIEHWE HAa0Opa NTaHHBIX, a 3aTEM CUYUTBIBAHUE 3TOrO K€
HaOopa. Eciy cunThIBaHNE MaHHBIX HAYWHACTCS PAHBIIE, YeM 3aKOHUYHMTCS UX 00-
HOBJICHHE, TO B PE3YJIbTAaTE YTEHUS MOKHO MOJIYYUTh HECOIIACOBAHHBIN (HE OOHOB-
JEHHBIA WK 4acTUYHO OOHOBIEHHBIN) HaOOp AaHHBIX. [Ipu mocnenyrommx 3amnpo-
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cax 3TO SIBJIEHUE MPOMAaJaeT, T.K. HA CAMOM JIeJI€ 3alpOIICHHbIE TaHHbIE MTOCIIE 3a-
BEpIICHUS OOHOBJICHHUS OyAyT COTJIAaCOBAaHHBIMH B COOTBETCTBHE CO CBOMCTBAMU
TpaH3aKIIHH.

JIns pasrpaHuyueHUst IBYX MUIIYITUX TPAH3AKIUKM U MPEIOTBPaAllIEHUs] TOTEPH
n3meHeHnit CYB /I ucnosib3yroT MexaHu3Mbl OJIOKMPOBOK MIJIM BPEMEHHBIX OTMETOK,
a 1Sl pa3srpaHUYCHUS MUY LIEN U YUTAIOIINX TPAH3aKIUI — ClIEHUaJIbHbIC IPABUJIA
MOBEJICHUS TPAH3AKIUI, KOTOPBIE HA3bIBAIOTCS YPOBHSAMHM U30JISUUNA TPAH3AKIIUIA.

Ypoenu uzonayuu mpanzaxyuii

Cranmapt ANSI/ISO qis SQL ycTanaBnuBaeT pa3iudHbIe YPOBHU U3OJISIIUH
JUISL OTIepaliid, BRIMOJHAEMBIX Haa bJl, koTopsie paboTaroT B MHOTOIIOIH30BATEIIb-
CKOM pexuMe. Y pOBeHb U30JISIIIUU OTPEICIIIECT, MOXKET JIM YUTAIOIIAs TPAH3AKI[US
cuumoigams ("BUACTH") pe3yabTaThl PAOOTHI APYTUX OJTHOBPEMEHHO BBITIOTHIEMBIX
3aBEPHIEHHBIX W/WIM HE3aBEPIIEHHBIX NUITYIIUX TpaH3akiuii (Tadiu. 5.1). Ucnob-
30BaHHE YPOBHEH HM3O0JISIIMU OOECIEYMBAET MPEACKA3yEMOCTh PabOThl MPUIIOKE-
1502078

Ta6numa 5.1. YpoBHu uzossiuu o cranaapty ANSI/ ISO

Yepnosoe = Hemosropsie- | @Pan-
YpOBEHb N30T
YTEHHE MO€ UYTCHHUE TOMBI
Read Uncommited — urenue He3a-
. o Ha Aa Aa
BEPIIEHHBIX TPaH3aKIUl
Read Commited — urenue 3aBepiéH-
. HET na na
HBIX TpaH3aKIuh
Repeatable Read — moBTopsiemoe ure-
HET HET na
HUE
Serializable — nmocnenoBarensHOE
HET HET HeT

YTCHHUC

[To ymomuanuto B CYB]] 06p1uHO ycTanoBieH ypoBeHb Read Commited.

YpoBeHb U30JSLKMK TO3BOJISIET TPAH3aKIMIM B OOJIbIIEH MM MEHbIIEH cTe-
NIEHU BJIUSATH JAPYT HA JIPyra: MpU MOBBIIICHUN YPOBHS M30JIAIMH MOBBIMIAETCS CO-
TJIACOBAHHOCTH JIAHHBIX, HO CHUKAETCS CTETICHb MapaJieIbHOCTH PAOOTHI U, CIIE0-
BaTEJIbHO, MPOU3BOJUTEIHBHOCTD CHCTEMBI.

brnokuposxu

BiokupoBKa — 5T0 BpeMEHHOE OTPaHWYCHUE JOCTyNa K JaHHBIM, y9aCcTBY-
IOIIUM B TPaH3aKI[UHU, CO CTOPOHBI IPYTUX TPAH3AKITUN. .

biIoKMpOBKa OTHOCHUTCSI K IECCUMUCTUYECKUM AJITOPUTMaM, T.K. IpeAmnoa-
raeTcs, 4TO CYIIECTBYET BBICOKAsi BEPOATHOCTh OJIHOBPEMEHHOTO OOpalieHus: He-
CKOJIbKMX MUIIYIIAX TPaH3aKIHWK K OJHUM U TEM K€ JaHHbIM. Paznnyaror cienyro-
IT1E TUTIBI OJIOKUPOBOK:

. 10 CTEINICHU JOCTYITHOCTHU JAHHBIX: PA3AECIsIeMble U UCKIIOYAIOIINE;

. 110 MHOECTBY OJIOKMPYEMBIX JaHHBIX: CTPOUYHBIC, CTPAHUYHbBIC, Ta0-
JINYHBIC;
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. 10 CIIOCO0Y YCTAHOBKHU: aBTOMAaTUYECKUE U SIBHBIE.

CTpouHble, CTPAHUYHBbIE U TA0JJUYHBIE 0JJOKMPOBKHU HAKJIAJAbIBAIOTCS CO-
OTBETCTBEHHO Ha CTPOKY TaOJMULbI, CTpaHUILy (0JI0K) MaMsTH U Ha BCIO TaOJIUILY Lie-
aukoM. TabnuyHas OJOKHPOBKA MPUBOAUT K HEOMPABAAHHBIM 3aJIepKKaM UCITOJ-
HEHUs 3allPOCOB U CBOJAMT HA HET MapajuieIbHOCTh paboThl. [[pyrue Buabl OJOKU-
POBKH yBEJIMYUBAIOT Mapajuiesiu3M padoThl, HO TPEOYIOT HAKJIAIHBIX PAacXOJ0B Ha
nojiep>kaHue OJOKUPOBOK: HAJIOKEHUE U CHITHE OJOKUPOBOK TpeOyeT BpeMEHH, a
JUIsl XpaHeHus: “HGOpMAaIMU O HAJIOKEHHON OJIOKUPOBKE HY)KHA JIOMOJIHUTEIbHAS
namsTh (U1 KaXI0M 3aucy Uiy 0J10Ka JaHHBIX).

Pa3nensieMmasi OJIOKMPOBKA, YCTAaHOBJICHHAs Ha OMNPENENIEHHBIA pecypc,
MPEAOCTABISET TPAH3AKIUSAM MPABO KOJUIEKTUBHOIO JIOCTyIa K 3TOMY PECYpCY.
OOBIYHO ATOT BUJ OJIOKMPOBOK UCTIOIB3YETCS JIJISl TOTO, YTOOBI 3alPETUTh IPYTUM
TpaH3aKLUMsIM MPOU3BOJUTH HeoOpaTumbie u3MeHeHus. Hampumep, eciu Ha Tad-
JUIly LIEJIUKOM HAJIOXKEHa paszjensieMasl OJOKMpPOBKAa, TO HU OJIHA TPAH3aKIUsS HE
CMOXET YNAJIUTh 3Ty TaOJIUIy WU U3MEHUTH €€ CTPYKTYpPY J0 Te€X MOop, MOKa 3Ta
onokupoBka He Oyner cHsTa. (IIpu BHIIOTHEHWU 3aMpPOCOB HA UYTEHHE OOBIYHO
HaKJIaJIbIBaeTCs pazjessieMas OJIOKMPOBKA Ha TaOJuILy.)

Hcexknroyaromas 0J10KMPOBKA MPEIOCTABIIAET MIPABO HA MOHOIIOJBHBIN J10-
CTYM K pecypcy. Mckiouaroias (MOHOMOJIbHAS ) OJIOKUPOBKA TAaOJIMIIBI HAKJIA (bIBa-
eTcs, Harpumep, B cityuae BoinojHeHus onepauu ALTER TABLE, T.e. uamenenus
CTpYKTYyphl Tabnuubl. Ha otnensHbie 3amucu (6JI0KM) MOHOIOJbHAS OJOKHUPOBKA
HAKJIJBIBACTCS TOT/a, KOTJa 3TH 3anucH (OJI0KM) MOIBEPTratoTCs MOAU(DUKAIIH.

brokrupoBka MokeT ObITh aBTOMATHYeCKOM 1 IBHOM. Eciu 3amyckaercs HO-
Bas Tpanzakius, CYBJl cHauana nmpoBepsieT, He 3a0JIOKMPOBaHA JIM JIPYTrOM TpaH-
3aKIuen CTpoka, Tpedyemasi 3TOM TpaH3aKIUHU: €ClId HET, TO CTPOKa aBTOMAaTUYECKU
OJIOKHPYETCSI U BBINOJHAETCS ONepalusl HaJl TaHHBIMU; €CIId CTPOKa 3a0JI0KHpO-
BaHa, TPAH3AKIIHS OKUIACT CHATHUS OJIOKUPOBKH. SIBHAST OJIOKMPOBKA, HAKJIAIbIBAC-
mas komanaoi LOCK TABLE s3sika SQL, 00bIYHO MCHIOJIB3YETCSA TOTJA, KOT/Ia
TpaH3aKLHs 3aTParuBaeT CYIECTBEHHYIO YACTh OTHOLIEHUS. JTO IMO3BOJISIET HE Tpa-
TUTh BpEMS Ha IOCTPOUYHYIO OJIOKUPOBKY TabauIel. Kpome Toro, npu 60JibIIoM Ko-
JIMYECTBE MOCTPOUYHBIX OJIOKMPOBOK TPAaH3aKLIKs MOKET HE 3aBEPIIUTHCS (13-32 BO3-
HUKHOBEHHMSI B3aMMHBIX OJIOKMPOBOK, HAIPUMEP), ¥ TOTJa BCE ClIeJIaHHbIE N3MEHE-
HUA NPUIETCS OTKATUTh, YTO CHU3UT MPOU3BOAUTEIBHOCTD CUCTEMBL.

SIBHYI0 OGJIOKMPOBKY TaK)K€ MO>KHO HAJOXKUTh C TIOMOIIBIO KIIFOUEBBIX CJIOB
for update, Hanmpumep:

for update, Hanpumep:

SELECT *

FROM <ums_Ttabaumpr>

WHERE <ycnosue>

for update;

[Tpu >TOM GOKHMpOBKa OyIET HAKIAABIBATHCS HA TE 3aIMCH, KOTOPBIE YI0-
BJICTBOPSIIOT <yCJIOBHIO>.

U siBHBIC, M HESIBHBIE OJIOKUPOBKY CHUMAIOTCS TP 3aBEPILICHUH TPAH3AKIIUH.
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briokupoBkH MOTYT CTaTh IPUYNHON OECKOHEYHOTO OKHIAHUS U TYTTHKOBBIX
cutyanuii. beckoHeuHoe 0kMJaaHMe BO3MOXHO B TOM Cllydae, eclii He coOo1a-
eTCsl 04EepEMHOCTh OOCIYKUBAaHHUS TpaH3aKUMK M TpaH3aKIWs, MOCTYIHUBIIAs
paHblIIE OPYTUX, BCE BPEMS OTOJBUTACTCS B KOHEIl ouepenu. Pelienue 3Tor mpo-
OnemMbl OCHOBBIBaeTCs Ha BbinmosHeHuu npaswia FIFO (first input — first output):
"MepBbIi MpUILIET — IePBbIN yiien".

Tynuxosbie cutyauuu (deadlocks) BO3HHKAIOT TPU B3aUMHBIX OJIOKH-POB-
KaX TPaH3aKIUi, KOTOPBIE BBINOJHSIOTCS HA MEPECEKAIOIINXCS MHOXKECTBAaX JIaH-
HBIX (puc. 5.3). 31ech NpUBeIEH MPUMEP B3aUMHON OJOKMPOBKHU TpeX TpaH3aKUUN
Ti na orHomenusix Rj. Tpanzakius T1 3a01okupoBana ganasie B1 B oT-HOIIEHUH
R1 u k1€t ocBOOOXKIeHUs NaHHBIX B2 B oTHOmEHNN R2, KOTOpBIEe 3a0I0KUPOBAHBI
Tpan3akuueit T2, oxxumaromieit ocBoO0XKaeHNs JaHHBIX B3 B oTHOImeHuu R3, 3a6;10-
KUPOBAHHBIX TpaH3akUuen T3, KOToOpas HE MOXKET MPOJOJKUTh BBIITOJTHEHHUE W3-3a
Tpan3akuuu T1. Eciiv He npenpuHuMaTh HUKAKUX JIOMOJTHUTENbHBIX JEUCTBUH, TO
ATHU TPaH3aKIMHA HUKOT/Ia HE 3aBepIlaTcs, T.K. OHM BEYHO OYyIyT KJaTh IPYT JpyTa.

R R, R,

T,

Puc.5.3. BzauMHas 6J10KMpOBKa TpeX TpaH3aKIUH

CymiecTByeT MHOTO CTpaTeruil paspernieHus: mpoOjaemMbl B3aUMHOU OJIOKH-
POBKH, B YaCTHOCTH:

1. Tpanzakuus 3anpaimvBaer cpa3zy Bce TpeOyemble OJOKUPOBKH. Takoi
METO/J] CHI)KAeT CTeNeHb Napajuiesn3Ma B padboTe cucTeMbl. Takke OH HE MOMKET
IPUMEHSATHCA B TE€X CIydasx, KOrJa 3apaHee HEM3BECTHO, KaKHe JaHHbIE MOTPEOy-
I0TCS, HAallpUMEp, €CJIM BbIOOpPKA JTaHHBIX M3 OJHOM TAOJIMIIBI OCYLIECTBISETCS Ha
OCHOBAHMHM JIaHHBIX U3 JAPYTON TaOJIUILIbI, KOTOPBIE BBIOMPAIOTCS B TOM K€ 3aIpOCe.

2. CYB/] oTcnexnBaeT BOZHUKAIOMIUE TYIIHUKN U OTMEHSET OJIHY U3 TPaH-
3aKIUN C MOCIEAYOIIUM PECTAPTOM Uepe3 CIIyUalHbIM TPOMEKYTOK BPEMEHHU. DTOT
METOJ1 TpeOyeT AOTOIHUTENbHBIX HAKIAJHBIX PACX0/I0B.

3.  BBoautcs TaiimayT (time-out) — makcuMaabHOE BpEMsi, B TEUECHHUE KO-
TOPOTrO TPaH3aKLHU MOKET HAXOJUTHCS B COCTOSIHUM OKHUIaHus. Eciu TpaH3akuus
HaXOJUTCS B COCTOSIHUM OKWJIAHUSI JOJbLIE TailMayTa, CYATAETCS, UYTO OHA HAXO-
auTca B cocTtosiHuu Tynuka, 1 CYBJl nHuimupyer e€ oTkar ¢ rnocie-ayrumM pe-
CTapTOM 4Y€epe3 CIyYalHbIM NPOMEKYTOK BPEMEHHU.

5.5. BpemeHHbIe 0TMETKH

Hcnonp30BaHue BpEMEHHBIX OTMETOK OTHOCUTCS K ONTUMUCTUYECKUM QJIrO-
puUTMaM pasrpaHuyeHus Tpan3akuui. g ux 3pPexTuBHOro (PyHKIMOHUPOBAHUS
HE00XO0AMMO, YTOOBI BEPOSITHOCTh OJJHOBPEMEHHOTO OOpaIeHUs] HECKOJIbKHUX IH-
LIYLIUX TPAH3AKUUN K OJHUM U TEM K€ JaHHBIM ObLIa HEBEJIMKA.

BpeMenHas oTMeTka — 3TO YHUKaJIbHBIN uaeHTHUUKaTop, KoTopbli CYB]]
co37aéT Uil 0003HAUYEHMs] OTHOCUTEJILHOIO MOMEHTAa 3alycKa TpaH3akiuu. Bpe-
MEHHasi OTMETKa MOET OBbITh CO3[]aHa C MOMOIIbIO CUCTEMHBIX YaCOB WJIU IyTEM
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IPUCBOCHUS KaXKIOM ClIeyroleil Tpan3akuuu ouepeqHoro Homepa (SCN — system
change number). Kaxxgast panzakuust 7i ”MeeT BpeMEHHYIO OTMETKY ti, U KaXKIbIi
aJIeMeHT JaHHbIX B B/1 (3amuch uitn 0J10K) UMEET ABE OTMETKHU: tread(X) — BpeMEHHas
OTMETKA TPaH3aKIUH, KOTOpasl MOCIEAHEH CUnTalla JIEMEHT X, U twrite(X) — BpeMeH-
Hasi OTMETKa TPAaH3aKIIMK, KOTOpas MOCIeqHEH 3anucana JIEMEHT X.

[Tpu BbINIONTHEHUH TpaH3akIuu T cucTeMa CpaBHUBAET OTMETKY 1i 1 OTMETKHU
tread(X) ¥ twrite(X) 271eMeHTa X 17151 OOHAPYIKEHHS KOH(PIIUKTOB:

1. nmns guraromedt Tpan3akuuu Ti: eciu ti <twrite(X), TO 2JIEMEHT JaHHBIX X
niepe3anucan 0oJsee Mo3aHel TpaH3aKIKel, U ero 3HaYeHHe MOKET 0Ka3aThCsl HECO-
IJIACOBAaHHBIM C TEMHU JJAHHBIMH, KOTOPBIE 3Ta TPAH3AKIUA YXKE yCIelIa IPOUUTATh.

2. A NUIIyIIed TpaH3aKIuu:

. eciu ti < tread(X), TO 2JIEMEHT JaHHBIX X CUUTaH OOJICE MO3AHEH TpaH-
3akuuen. Ecnum tpan3akius T U3MEHHUT 3HAUEHUE DJIEMEHTA X, TO B APYTOM TPAH3aK-
M MOKET BO3HUKHYTh OIIHUOKA.

. ecid 1 < twrite(X), TO DIIEMEHT X mepe3anucan Ooiee Mo3aHEH TpaH3aK-
uuen, u tpan3akuusa T neiraeTcsa noMecTuTh B b/l ycrapeBiiee 3HaueHue 3JIEMEHTA
X.

Bo Bcex ciydasix oOHapykeHus KOH(PIMKTAa CHUCTEMAa MEepe3anyCcKaeT TEeKy-
nryto Tpan3akiuio 7 ¢ 6osee mo3aHeln BpeMeHHON oTMeTKo#. Eciu koHpIuKTa HeT,
TO TPaH3aKIIMs BbITTONHsIETCS. OYEeBUIHO CIIEAYIOIIEe: €ClId pa3Hble TPAH3aKIIUU Ya-
CTO 00palarTcs K OJHUM U TEM e IaHHBIM OJIHOBPEMEHHO, TO TPAH3AKIIUU YaCTO
OyIyT mepe3ammycKkaTbes, 1 3PGEeKTHBHOCTh TAKOI'0 MEXaHU3Ma Oy/IeT HeBEIIMKA.

Mnozeosapuanmmuocms

st yBenuuenust 3 PEeKTUBHOCTH BBITIOIHEHHS 3a1ipocoB HeKOTOphie CYB/]
WCIIOJIb3YIOT aJITOPUTM MHOTOBAPHAHTHOCTU. DTOT AJITOPUTM TTO3BOJISIET 0OECTIeun-
BaTh COTJIAaCOBAHHOCTb JIAHHBIX MIPU YTEHUU, HE OJIOKUPYS 3TU TaHHBIE.

CoriacoBaHHOCTb JIaHHBIX JIJISl OMEpallUd YTCHUS 3aKJII0YaeTCs B TOM, 4YTO
BCE 3HAUYCHHUS JAHHBIX JIOJHKHBI OTHOCHUTHCS K TOMY MOMEHTY, KOT/la HauMHaIach
aTa onepanus. {15 5Toro MoXHO peABAPUTEIBLHO 3aMPETUTD APYTUM TPAH3AKIUSIM
U3MEHSTh ATH JIaHHBIE 0 OKOHYAHMS OTEpalMK YTEHUSI, HO 9TO CHUKAET CTEIEHb
napauieIbHOCTH paOOThl CUCTEMBI.

[Ipu rcnonp30BaHUM aITOPUTMA MHOTOBAPHUAHTHOCTH KaXK bl OJIOK JAaHHBIX
XpaHUT HOMEp MOCTEAHEN TpaH3aKIMU, KOTopas MoAnGUIIMpOBaa JaHHbIE, XpaHs-
nruecs B 3ToM 610ke (SCN — system change number). 1 kaxxaast TpaH3aKIus ©MeeT
cBoii SCN. Ilpu urenun nanasix CYB/] cpaBHHBaeT HOMep TpaH3aKUHUH U HOMEP
CUMTBHIBAEMOT0 OJIOKA JIaHHBIX:

U eciii 0JI0K JaHHBIX HC MO,Z[H(bHI_II/IpOBaIICH C MOMCHTA Ha4daJila YTCHHII,
TO AaH-HBIC CHUTBIBAIOTCA U3 3TOI'O 6HOKa;
U CCJIM JaHHBIC yCIICIIM U3MCHHUTLCS, TO CUCTCMA O6paTI/ITC$1 K CCTMCHTY

OTKaTa M CUUTACT OTTY/a 3HAYCHUS JAaHHBIX, OTHOCSIINECS K MOMEHTY Hadaja 4Te-
HUSL.

Henocratkom 3TOro Meroma SIBISETCS BO3MOXXHOCTh BO3HUKHOBCHHS
OIUOKH TIPU YTEHUU JaHHBIX, €CJIU CTAphlc 3HAYCHMS JAHHBIX B CETMEHTE OTKAaTa
OynyT nepesa-nucanbl. [Ipu 3TomM OyAeT BbIJaHO cOOOIIEHUE 00 OIMOKE U orepa-
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IIUIO YTEHUS MPUAETCS Tepe3aycKaTh Bpy4uHyro. [ ycTpaneHus mo100HBIX TTPO-
0J1eM MOYKHO YBEJIMUUTH pa3Mep CETMEHTA OTKaTa WK pa30UTh OJTHY OOJIBIITYTO OTie-
paryio YTeHUsI Ha HECKOJIBKO (HO TPHU 3TOM COTJIACOBAHHOCTH JAHHBIX 00ECIeUH-
BaThCs HE OYJIET).

KoHTpoJIbHBIE BOIPOCHI:
1. Yto takoe xpanunuiie gaHnHbix 1 OLAP o6paboTka?
2. Kakue npo6sieMbl BOZHUKAIOT NIPH MapajuieIbHON 00padoTKe TpaH3aKIuii?
3. Kakue tumnsl 610kHpoBOK paznmnuaroT? Kak dopmynupyercs mpoTOKoJIO
OJIOKUPOBKU?
4. KakumMu OCHOBHBIMH CBOMCTBAaMH J0OJI’KHA 00J1a1aTh JIFOOAst U3 TPaH3aKIUH
pu paboTe MHOTOIOIB30BaTEILCKUX 0a3 JaHHBIX ?

Iopsiok BbINOJIHEHMSI PA0OTHI:
1. O3HaKOMUTBCS C TEOPETUUECKUMU CBEACHUSIMHA
2. OTBETUTH HA KOHTPOJbHBIE BOMTPOCHI.

IIpakTueckoe 3anaTue Ne 7
TexHoJI0THS XeIIUPOBAHNS U MHAECKCHPOBAHUSA

Heanb padoTbl: 03HAKOMUTHCS C (PU3MYECKOM OpraHu3aledl JaHHBIX 0a3
JTAHHBIX

Teopernveckue cBeIeHUA

Mexarnusmol cpedvt xpanenus u apxumexmypa CYBE/]

Mexanusmebl cpeapl XpaneHus b/ ciryxat s yrpaBieHus IByMs IPyIIamMu
PECYPCOB — pecypcaMy XPAHUMBIX JAHHBIX U peCypcaMy MPOCTPAHCTBA MAMSITH.
B 3agauy 3TOro Mexanu3ma BXOJUT OTOOpaKEHUE CTPYKTYPhl XPAaHUMBbIX JaHHBIX B
MPOCTPAHCTBO MaMSTH, MMO3BOJIsItONIEe YP(HEKTUBHO UCIIOIB30BATh MaMITh U OMpe-
JIETIATh MECTO Pa3MEIICHUS TAHHBIX MPU 3aIIOMUHAHUN U MIPU TTOUCKE JAHHBIX.

C ToukM 3peHus MoJIb30BaTelsl paboTa ¢ IaHHBIMU ITPOUCXOUT HA YPOBHE
3anMucei KOHLENTYaIbHOTO YPOBHS U 3aKJII0UaETCs B 100aBICHUH, TIOUCKE, N3MEHE-
HUU U yJaJIeHUH 3anuceid. [Ipu 3ToM MeXaHU3MBbl Cpelibl XpaHEHUS IEJIAl0T CIEIy-
{011 (STeK

[Ipu 3ar1OMUHAHUU HOBOW 3aIIHCH:

0 ONpEJIEICHUE MECTA Pa3MELICHUSI HOBOM 3alMCU B IIPOCTPAHCTBE I1a-
MSITH;

0 BbIJIEJICHHE HEOOXO0IMMOTO pecypca namsTH;

0 3alOMUHAHUE 3TOM 3aMuCH (COXpaHEHHUE B IAMSITH);

0 (opMHpOBaHUE CBA3EU C IPYTUMH 3aMUCAMH (KOHKPETHBIA MEXaHU3M
3aBUCHUT OT MOJIENIN JaHHBIX).

2. [Ipu moucke 3anucu:

0 MOMCK MECTa pa3MeIlEHHUs 3alliCH B MPOCTPAHCTBE MaMITH 1O 3aJ1aH-

HBIM 3HAYEHUSIM aTpUOyTOB;
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0 BBIOOpKA 3amucu Jyuisi oOpabOTKH B OmNEepaTHUBHYIO mamsth (B Oydep
JTAHHBIX).

3. [Tpu u3MeHeHnn aTpuOyTOB 3aMKCH:

. TIOMCK 3alucu U cunuthiBanue e€ B OII;

. U3MEHEHHE 3HaUeHUIl aTpulyTa (aTpuOyTOB) 3aIUCH;

. COXpaHEHUE 3aMKCHU Ha JUCK.

3anuch MOMENIAETCs Ha MPEXKHEe MECTO, €CITH OHA HE YBEIUYMIach B 00bEMeE
WJIM Ha IPEKHEM MECTE JOCTATOYHO MaMATH Uil He€. Eciii 3anuch yBeJINYn-Iach B
00BbEME U He TOMEINIAeTC s Ha TPEXKHEM MECTe, TO OHa JIMOO0 3alKChIBaeTCA Ha HOBOE
MeCTO, IN00 pa30MBAETCS HA YACTH, U MEePBas 4YaCTh XPAHUTCS Ha MPEKHEM MECTE,
a IPOJOJIKEHUE — HA HOBOM, HAa KOTOPOE YKa3bIBA€TCS CChIJIKA U3 IIEPBOU YaCTH.

"] IIpu ynanenuu 3anucu:

. yJIaJICHUE 3alCH C OCBOOOXKICHHEM NaMATH (pusuueckoe yoaenue)
W 0e3 0CBOOOKICHHUS (102uueckoe yoaieHue);
. pa3pyIieHue CBsI3ei ¢ APYTUMH 3aUCIMA (KOHKPETHBIN MEXaHHU3M 3a-

BUCHUT OT MOJICTTU JaHHBIX).

B ciyuae nornueckoro yaaneHus 3anuch MOMEYAETCS KakK yJaJeHHas, HO
(akTHUECKH OHA OCTAETCS HA TPEeKHEM MecTe. DaKTUUYECKOe yAalIeHUE 3TOU 3aITUCH
Oynet mpousBeaeHo oo npu peopranuzanuu bJl, m1ubo criennansHON cepBUCHOMN
porpamMmMoi, KoTopyro aBromatuuecku 3anyckaer CYB/] wnu Bpyunyto ABJI. ITpu
bu3ruecKoM yAalleHUH 3alicy paHee 3aHSThI y4acTOK OCBOOOXIAETCs U CTaHO-
BUTCS JOCTYITHBIM JJIsI HOBTOPHOI'O MUCIIOJIb30BaHMUS.

®usnueckyro opranuzanuio b/ Mbl Oynem paccmaTpuBaTh TOJBKO st
PCYB/l. O3nakomuthcs co criocodbamu opranmuzaiuu CYbB/], ocHOBaHHBIX Ha JIpy-
TUX MOJCISAX JaHHBIX, MOXKHO B [1].

Bce onepanyy Ha pU3MUECKOM YPOBHE BBINOJIHAIOTCS 0 3alpOCaM MEXAHU3-
MOB KoHUenTyanbHoro ypoasa CYB/I. Ha ¢u3nueckom ypoBHE HUKAKHUX Ollepaluii
HENOCPEICTBEHHOI0 OOHOBJIEHUS M10JIb30BATEIbCKHUX IaHHBIX WM IPeoOpa3oBaHui
MIPEICTABIICHUS XPAHUMBIX JAHHBIX HE MPOUCXOJIUT, 3TO 3a/1a4a 00JIee BHICOKHUX ap-
XUTEKTYPHBIX YPOBHEH. YIIpaBJIEHUE NAMATHIO BBIMOJIHACTCS ONEPALMOHHOU CH-
cremoit no 3anpocam CYB]I nim nenocpencreenno camori CYB/I.

B tpexypoBueBoii Moaenu apxutektypsl CYB]l neknapupyercs He3aBUCH-
MOCTh apXUTEKTYPHBIX ypoBHEW. Ho mist nocTuxkeHust 6osiee BBICOKOM POU3BO/IN-
TEJIbHOCTU Ha YPOBHE OPraHU3allMK CPEABI XPAHEHHS YACTO MPUXOJAUTCS YUUTHIBATh
cnenuuKy KOHLENTYyaTbHOW MOAENU. AHAJIOTUYHO OpraHu3amnus (GaiioBod Cu-
CTEMbI HE MOXKET HE OKa3bIBaTh BIWSHUSA HA CPELY XPAHEHUS.

Cmpykmypa XxpaHumulx OaGHHbIX

Enununei xpanenus naHubix B b/[ siBiisieTcs Xxpanumas 3anuch. OHa MOXET
IPEACTaBIATH COOOM KaK MOJIHYIO 3alIMCh KOHUENTYaIbHOI'O YPOBHS, TaK U HEKOTO-
pyto e€ yacte. Ecnu 3anuch pazduBaeTcs Ha 4acTH, TO 3TU YACTH MPEACTABIISIIOTCS
AK3EMIUIIPAMH XPaHUMBbIX 3alMCell KaKux-JI100 TUIIOB. Bce yacTu 3anucu cBs3bIBa-
I0TCA YKa3aTeNlsiMU (CChUIKaMU) WM Pa3MEIIA0TCs MO CIeHATbHOMY 3aKOHY Tak,
4TOOBI MEXaHU3MbI MEKIYYPOBHEBOI'O OTOOPAKEHUS MOTJIM OMO3HATH BCE KOMIIO-
HEHTBhI M OCYILIECTBUTH COOPKY MOJIHOM 3amucH KoHuentyaibHoi B/l mo 3ampocy
MEXaHU3MOB KOHIENTYaIbHOTO YPOBHSI.
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XpaHUMBbIE 3alMCH OJTHOTO THIA COCTOAT U3 (PUKCUPOBAHHON COBOKYITHOCTHU
noJiel 1 MOTYT UMeTh (popMat (PUKCHPOBAHHON MM IEPEMEHHOMN JITUHBI.

3anucu nepeMeHHOM UIMHBI BO3HUKAIOT, €CIM JOIYCKAEeTCs UCIOIb30BaHUE
NOBTOPAIOIIMXCA TPYI MOJIeH (arperaToB) ¢ MEPEMEHHBIM YUCIOM MOBTOPOB WIIU
noJiel nepeMeHHou IuHbl. PaboTa ¢ XpaHUMbBIMU 3aMKMCSIMU TIEPEMEHHOU JTMHBI
CYILIECTBEHHO YCIJIOXKHSIET YNpaBJI€eHWE MPOCTPAHCTBOM MaMSTH, HO MOXET ObITh
POJIMKTOBAHA JKEJIAHUEM YMEHBIIUTh 00bEM TpeOyeMoil maMsATH WU XapaKTEpOM
MOZENH TAHHBIX KOHIIENTYaJIbHOTO YPOBHS.

XpaHuMas 3aUCh COCTOUT U3 IBYX YacTEH:

1. Cnyacebnas wacmeo. Victionb3yeTcs 71 uICHTU(DUKAIIAY 3aIIUCH, 3a]1a-
HUA €€ TUIa, XpaHEHHUsI IPU3HAKA JJIOTUYECKOTO YIalIeHUs], 1Sl KOAUPOBAHUS 3HAUe-
HUW 3JIEMEHTOB 3allUCH, JJIsl YCTAHOBJICHUSI CTPYKTYPHBIX acCOLMALMN MEXIy 3a-
NUCSAMU U TpoY. Hukaxue nonb3osamenbckue npocpammsl He umerom 00Cmyna K
CIYIHCEOHOU Yacmu XPaAHUMOU 3aNUCH.

2. Hughopmayuonnasn uacms. Coaep>KuT 3HAYCHUS FIIEMEHTOB TaHHBIX.

[Tonst xpaHUMOM 3amMCH MOTYT UMETh (DUKCUPOBAHHYIO WUJIM MEPEMEHHYIO
mHy. [Ipu aToM *kenatenbHo nois GUKCHPOBAHHON JJIMHBI pa3MelaTh B Hayalie
3aMMcH, a HeoOsA3aTeNIbHbIE MO — B KOHIIE. XpaHEHHE MOJIeH MepeEMEHHOMN JJITMHbBI
OCYIIECTBIISIETCS OJTHUM U3 IBYX CIIOCOOOB: pa3MeIlleHUe ToJIel uepes pa3aeiuTelb
WM XpaHEHUE pa3Mepa 3HaueHus nojs. Hainuue nmoseil mepeMeHHOM JUIMHBI 103-
BOJISIET HE XPaHUTh HE3HAYAILIME CUMBOJIBI U CHUYKAET 3aTPAThI IAMSITH Ha XpaHEHUE
JAHHBIX; HO TP 3TOM YBEJIMUMBAECTCS BPEMS HA U3-BJICUCHUE 3AMKCH.

Kaxnon xpanumoii 3anucu b/ cucrema nprucBanBaeT BHyTPEHHUM UACHTHU-
dukarop, HazpiBaeMbii (110 ctangapty CODASYL) kiarouom 6a3el nanubix (KbJ).
(Muoraa ucnonb3yercst TepMuH uoenmuguxamop cmpoxu, RowlD). 3nauenue Kb/]
(bopMHpYyETCS CUCTEMOM MPHU pa3MEILICHUH 3aIIUCH U COAEPKUT UH(OPMAIIHIO, TI03-
BOJISIFOLYIO OJJHO3HAYHO ONPENETUTh MECTO pa3MelleHus 3anucu (mpeoOpa3oBaTh
snauenue KBJl B agpec 3anucu). B kauectBe Kb/[ MoxeT BbicTynarh, Hampumep,
NOCJIeJOBATENbHBIM HOMED 3anucHu B (haiiyie WM COBOKYITHOCTh a/ipeca CTPAHUIIbI
NaMsATH U CMEUIEHUS OT Hayaja CTPAHULIbI.

Konxkpetnbie cocrasisitomue KB/ 3aBucAT 0T onepaniOHHOW CUCTEMBI U OT
CYB/1, TouHee, OT BUAA UCMOIB3YEMOU afpecaluy U OT CTPYKTYPHU3ALNH [TaMsITH,
npuHsaTol B nanHoit CYB/I.

Ynpaenenue npocmpancmeom namsamu u pazmewjenuem OaHHbIX

Pecypcam nmpocTpaHCTBa TaMATH COOTBETCTBYIOT OOBEKTHI BHEIIIHEH MaMSITH
OBM, ynpasnsieMble cpeAcTBaMu onepaniioHHoi cucteMsl i CYB/I.

Jliist obecrieueHrs eCTECTBEHHOM CTPYKTYpU3AIIUU XPAHUMBIX JIAHHBIX, O0Jee
3¢ (HEKTUBHOTO YIIPaBICHUS PECYPCaMU U/WITH JIJISl TEXHOJIOTHYECKOT0 Y/100CTBa BCE
npocTpancTBO namsTu bJl oObryHO paznensiercs Ha yacTu (00JaCTH, CErMEHTHI U
ap.). (Bo mHOTHX crcTemax 00yiacTh COOTBETCTBYET (paitny.) B xaxnon obracmu
namsamu, Kak IPaBUiIo, XpaHITCs JaHHbIE 0HOTO 00bekTa bJl (oxHOM TaOIHUIH).
CBenieHUs O MECTE PACIOJIOKEHUs JaHHBIX TaOJIUIIbl (CChUIKA Ha 00JIaCTh XpaHe-
Husi) CYB/] xpanut B cnoBape-cnpaBounuke gaHHbiXx (CCJl). O6nactu pa3ouBa-
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I0TCSI Ha IPOHYMEPOBAaHHbIE cmpaHuysl (0.10Kku) PuKCUpoBaHHOTO pazmepa. B 60iib-
IIMHCTBE CUCTEM 00pabOTKY TaHHBIX HAa YPOBHE CTPAHUIL BEAET ONEepaIlMOHHAs CU-
crtema (OC), a 00pabOTKy 3amuceit BHyTpU cTpaHullbl o0ecrneunBaeT Tojibko CYB/I.

Crpanuiisl mpeacTaBisitoTcs B cpeqe OC 610kaMu BHELTHEH TaMSITH WU CEK-
TOpamu, JOCTYN K KOTOPBIM OCYILECTBIISIETCS 3a 0JJHO oOpatienue [6]. Hekoropsie
CYB/I no3BoJisitoT yrpaBisTh pa3MepoM cTpaHullbl (00ka) ajst 6a3bl NaHHBIX. B
TaKMX CUCTEMAax pa3Mep CTPAHUIIbI OMPEAEIIAETCS HA OCHOBE KOMIIPOMHUCCA MEXKIY
IPOU3BOAUTEILHOCTHIO CUCTEMBI U TPEOYyEMBIM 00BEMOM OIEpaTUBHOM MaMSsITH.

Crtpanunia UMeeT 3aroJI0BOK CO CIIyeOHOoM nHpopMalre, Bcien 3a KO-To-
PBIM pacIoyiararoTcsi COOCTBEHHO J1aHHbIE. B OOJBIIMHCTBE CilydaeB B KaueCTBE
CIMHHUIIBI XPAHCHHS JAHHBIX IPUHUMAETCS XpaHuMas 3anuck. Ha ctpanurie pa3me-
IaeTcsi, Kak MpaBUJIO, HECKOJIbKO XPAHUMBIX 3aIHUCEH, U €CTh CBOOOIHBIN Y4aCTOK
JUIL pa3MENIEHUs] HOBBIX 3anuceil. Ecin 3anuch He mMoMemaeTcs Ha OQHOM CTpa-
HUIIE, OHA Pa30MBaeTCs Ha GParMeHTHI, KOTOPBIE XPAHITCS Ha Pa3HBIX CTPaHUIAX U
CCBUIAIOTCS IPYT Ha JIpyTa.

Cucrtema aBTOMAaTUYECKU YIIPABIISIET CBOOOIHBIM MTPOCTPAHCTBOM MaMSITH Ha
ctpanunax. Kak nmpaBuiio, 3To o0ecreuynBaeTcsi OJHUM U3 JIBYX CIIOCOOOB:

. BEJICHHE CITUCKOB CBOOO/IHBIX YUYAaCTKOB;

. JTMHAMUYECKas peopraHu3aliys CTPaAHULI.

[Ipn nuHAMHMYeCKOW peopraHu3anumu crpanul 3anucu b/l mioTHo pa3me-
HIAIOTCS BCJIEN 3a 3aroJIOBKOM CTPAHUIIBI, & MOCIE HUX PACIIONIONKEH CBOOOIHBIN
ydactok (puc. 4.1,a). Cmemenne Hadana CBOOOHOTO Yy4YacTKa XPaHUTCS B 3aro-
JoBKe cTpaHullpl. [Ipu ymaneHun 3ammicu OCTaBIIMECS 3alUCU TEPETHCHIBAIOTCS
OIS/ B HAYAJIO CTPAHUIIBI M U3MEHSETCS CMEIIIEHUEe Hayalla CBOOOTHOTO YYacTKa.
[Tpu yBenuueHnn pazMepa CYIISCTBYIOIIEH 3allMCH OHA 3aIMCHIBACTCS MO TIPEK-
HEMY aJIpecy, a BCJIe] UAYLIUE 3alIUCH CJIBUTAIOTCHL.

JIOCTOMHCTBO TaKOTO MOAX0/1a — OTCYTCTBUE (hparmeHTarmu. HemocraTku:

. Anpec 3anicH MOKET OBITh ONMPEAETEH ¢ TOYHOCTHIO 10 ajJpeca CTpa-
HUIIBI, T.K. BHYTPY CTPAHUIIBI 3aITUCh MOXET MepeMeIaThCsl.
. [Touck Mecta pa3MelleHus HOBOM 3alMCH MOKET 3aHSITh MHOTO Bpe-

MeHu. Cucrema OyJeT 4uTaTh CTPAHUIIBI OJHY 3a JAPYrod 10 Te€X MOp, MOKa He
HaWAET CTPAHHUILY, HA KOTOPOU IOCTaTOYHO MECTA JUIsl pa3MELICHNsI HOBOU 3aIlUCH.

) M O ) CIHCKH B0 BOTHEL B CILHCKH CBOGOTHELY
[reOfTaHH 3L VHAC THOE Hi VHACTROR B BIfE
CTPRHIL CT] HILE OT2ME HEL CTPVET Y

(3 KT ) (3ArCETO B ) (3T )
o I:I,--H
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'—w\} 1 2
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Puc. 4.1. Ynpasnenue cBOOOIHBIM TPOCTAHCTBOM MaMATH Ha CTpaHUIAX
J171s1 Toro 4ToOBl YMEHBIIUTh BpEMS TOMCKA MECTa JJIsl pa3MEIECHUSI 3alTUCEeN,
NpU TUHAMUYECKON peopraHu3alMi CTPAHUI] MOTYT CO3JaBaThCsl TAK Ha3bIBa€MbIEC
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VMHBEHTAPHBIE CTPAHUIIBL, HA KOTOPBIX XPaHATCS pa3Mepbl CBOOOIHBIX YYACTKOB /IS
KaxJ10M cTpaHuubl. [louck cBOOOJHOTO MecTa Jyisi pa3MEIeHHs] HOBBIX 3amucei
OCYILECTBIISIETCS YEPE3 UHBEHMAPHbIE CIMPAHUYbL, KOTOPBIE 3arPYyKAOTCA B ONepa-
TUBHYIO NamsTh. [Ipu kaxaoM yJaneHun/pa3MenieHud JaHHbIX COJAEPKUMOE HH-
BEHTAapHBIX CTpaHUl] 0OHOBIsAeTcA. Takum 00pa3oM, oOeclieyeHue akTyalbHOCTU
COAEP)KUMOr0 UHBEHTAPHBIX CTPAHUIl 3aHUMAET JOMOJHUTEIBHOE BPEMS, HO OHO
MEHbIIIE, YeM BpeMsl MoMcKa CBOOOAHOTO y4acTKa Ha CTpaHHIIaX.

Hexoropeie CYB]l ynpaBisioT NamsAThlO MO-APYroMy: OHU BEAYT CIHCOK
CBOOOAHBIX YYACTKOB. 371ECH MOXHO PACCMOTPETH JIBA BAPUAHTA:

1. Ccplika Ha TIepBbIN CBOOOHBINA YYaCTOK HAa CTPAHUIE XPAaHUTCS B 3a-
TOJIOBKE CTPAHMIIBI, U KaXK/IbI CBOOOTHBIN yYaCTOK XPAHUT CCHUIKY HA CIEIYIOIIUN
(w1 mpu3HaK KoHia crucka) (puc. 4.1,0). Kaxnapiit ocBoOOX1aeMbIii y4acTOK
BKJIFOYAETCS B CIIMCOK CBOOOHBIX YYaCTKOB HAa CTPAHULIE.

2. Crircku cBOOOAHBIX YYACTKOB PEAIU3YIOTCS B BUAE OTACIIBHBIX CTPYK-
Typ (puc. 4.1,8). OTU CTPYKTYypbl TakKe XpPaHATCA HA OTIEIbHBIX UHBEHMAPHBIX
cmpanuyax. Kaxnas M”HBEHTapHas CTpaHMIIA OTHOCUTCS K 00JacTH (WK TPYIIIe
CTPAHMII) MaMSITH U COAEPKUT MHPOPMALIUIO O CBOOOJHBIX YUacTKax B 3TOM 00Jia-
ctu. Cucok BEIETCS KaK CTEK, OUepelb WK YIIOPSAIOYEHHBIM ciucok. B mocnen-
HEM CJIy4ae YIops0YeHUe OCYUIECTBISETCS 10 pa3Mepy CBOOOJHOTO y4acTKa, 4To
MO3BOJISIET MPU Pa3MEILIEHUH HOBOM 3allMCy BHIOMPATH JJ1s1 He€ HanboJiee moIX 0 1s-
LM 110 pa3Mepy Yy4acToK.

Benenune cnuckoB cBOOOJIHBIX YYAaCTKOB HE NMPUBOAUT K MEPEMEILEHUIO 3a-
IIMCH, U aJIPEC 3aIIMCU MOXKHO OIPEJEIUTH C TOYHOCTBIO JJO CMEIICHHS Ha CTPAHULIE.
OTO yCKOPSIET NOUCK JTAHHBIX, T.K. HE HY>KHO IIPOCMAaTpPUBaTh BCE 3allMCH Ha CTpa-
HHUIIE JIUTA TTOMCKA KaXKJI0M KOHKPETHOM 3aIKCH.

[Ipu 3anOMHHAHUM HOBOM 3allMCH CHCTEMA YE€pEe3 MHBEHTAPHBIE CTPAHULBI
UIIET CBOOOJAHBIN YUaCTOK, TOCTATOYHBIN I pa3menieHus 3Toi 3anucu. (OObIYHO
BBIOMpAETCS MEPBBII MOAXOAIINNA YU4aCTOK, pa3Mep KOTOPOro HE MEHbIIE Tpedye-
Moro.) Eciu BeIOpaHHbIN y4acTOK OOJIbIIIE, YEM 3aIIUCh, TO OCTATOK OPOPMIISETCS B
BUjJIe cBOOOHOrO yuyactka. (IIpu nuHaMmuueckoi peopraHu3aluy CTPAHUI] 3aIUCh
IIPOCTO pa3Mellaercs BCe 3a MOCNeIHeN 3aluchbio Ha AaHHOU cTpanuiie.) Ilocie
ATOTO CUCTEMA KOPPEKTUPYET COAEPKUMOE MHBEHTAPHBIX CTPAHUIL (€CJIU OHU €CTh).

[Ipu v3mMeHeHuwn 3amucH, UMeroled GUKCUPOBaHHBIN (hopmaT, OHa TIPOCTO
niepe3anuchiBaeTcs Ha npexkHee mecto. Ecim ke 3amuch umeer Gopmar nepeMeH-
HOU JUIMHBI, BO3MOKHBI CUTyallMH, KOTJa 3allMCh HE TIOMEIAETCS Ha MPEXKHEE Me-
cro. Torna 3anucek pa3duBaercs Ha (pparMeHTHl, KOTOPbIE MOTYT pa3MeIlaThCs Ha
pasHbIX CTpaHHUIAX. DT (parMeHTHI CBSI3aHbl IPYT C JPYrOM CChUIKaAMH, YTO I03-
BOJISIET cucTeMe "'coOrpaTh' 3amuch U3 OTACIBHBIX ()ParMeHTOB.

OCHOBHBIM HEIOCTATKOM, BOZHUKAIOIINUM IIPU UCIIOJIB30BAHUU CIIUCKOB CBO-
OOJHBIX YYACTKOB, IBJIIETCA (hpazmenmayus NPpOCTPAHCTBA NAMSATH, T.€. OSIBJICHUE
pPa3pO3HEHHBIX HE3ANOJHEHHBIX YYaCTKOB MaMsATH. /[ TOoro 4ytoObl YyMEHBIINUTH
¢bparmenraumio, B nogo0HeIX CYB/] npenycMoTpensl (hOHOBBIE MPOLEAYPBI, KOTO-
pbl€ MEPUOAMYECKH MPOBOJAT CIUSHUE CMEXHBIX CBOOOJHBIX YYAaCTKOB B OJIUH
(manpumep, yyactku 1 u 2 Ha puc. 4.1,B).
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CTpykTypa M IpeICTaBICEHUE XPAHUMBIX JIaHHBIX, UX pa3MEIICHHE B IMpO-
CTPAHCTBE NAMSTH U UCIIOJIb3YEMbIE METOMBI TOCTYIIA HA3BIBAKOTCSA CXEMOU XpaHe-
Hus. CXeMa XpaHeHHs ONepUPYET B TEPMUHAX TUIIOB OOBEKTOB.

Buowl adpecayuu xpanumvix 3anucei

B oOmem cnyudae anpeca 3anuceit bJl nurne ne xpausarca. [lpu noucke nan-
HeiX CYB/] u3 crnoBapsi-cipaBouHUKa JaHHBIX OepET UHPOPMAIIHIO O TOM, B KAaKOH
obJyiacTu maMsITH (HampuMmep, B KakoM (ailyie W/iiii Ha KaKuX CTpaHHUIAX IMaMsITH)
pacrnoJioKeHbI JaHHBIE yKa3aHHOM Tabnuiibl. Ho mpu 5ToM 117151 orcka KOHKPETHOM
3anucu (10 3HAYCHMSIM KJIFOYEBBIX TMOJICH) CUCTEMa BBIHYXJeHa OyAeT MpOYnuTaTh
Bcto Tabnuity. B PCYB/] nnst yckopeHus moucka JaHHBIX TPUMEHSIFOTCS WHIACKCHI —
CHEeLUaIbHbIE CTPYKTYpPBI, YCTAHABIMBAIOIIME COOTBETCTBUE 3HAYEHUN KITFOUEBBIX
noJieti 3anucy u "aapeca" aroit 3amucu (KbB/]). Takum oOpa3zom, BUI agpecarinu Xxpa-
HUMBIX 3aIIMCEN OKA3bIBAET BIMSIHUE HA IPOU3BOAUTENIBHOCTD, a TAKKE HA IEPEHO-
cumocTh b/l ¢ 0IHOrO HOCHUTENS HA IPYTOM.

PaccmoTpum Tpu Buaa agpecanun: nNpsMyro, KOCBEHHYIO U OTHOCUTEIBHYIO.

IIpsimass agpecanms NpelycCMaTpUBAET YKa3aHUE HEMOCPEICTBEHHOIO Me-
CTOTOJIOKEHUS 3aIIMCU B IPOCTPAHCTBE namsATH. [Ipsmast anpecannst vCcnob3yeTcs,
Hanpumep, B cucteme ADABAS. Henocratkom Takoil agpecanuu sBisercst 00Jib-
I0W pa3mep aapeca, 00yCIOBICHHBIM OOJIBIIMM pa3MepOM MPOCTPAHCTBA MAMSITH.
Kpome toro, npsimasi afipecaiusi He MO3BOJISET NIEPEMEIIATh 3alMKiCH B MaMATH 0e3
u3menenust Kb /1. Takue usmenenus nprsenu Obl K HEOOXOIUMOCTH KOPPEKIIUU pa3-
JMYHBIX YKa3aTeJel Ha 3alMCH B Cpeie XpaHEHUs (HalpuMep, B MHJIEKCaX, CM. pas-
nen 4.5.2), ato 6110 OBl Upe3BBIYAITHO TPYNOEMKOHN TIpotierypoit. OTCYTCTBHE BO3-
MO’KHOCTH TE€pEeMEIaTh 3aIUCh BEAET K (pparMeHTaluu namsITH.

YKa3zaHHbIE HETOCTATKU MOKHO IPEOA0JIETh, UCIIOIb3Ysl KOCBEHHYIO ajpe-
canuio. OOl IPUHIMIT KOCBEHHOM aJpecaliiy 3aKJII04aeTcsl B TOM, YTO B Kaye-
ctee KBb/[ BicTynaer He cam "anpec 3anucu', a aipec MecTta XpaHeHus "ajapeca 3a-
nucu'.

Cy1iecTByeT MHOKECTBO ClTIOCOOOB KOCBEHHOM ajipecanuu. OAUH U3 HUX CO-
CTOUT B TOM, YTO YacCTh aJPECHOTO MPOCTPAHCTBA CTPAHULBI BBIIEIAECTCS MO UH-
nekce cTpanuiibl (puc. 4.2). Yucno crareii (c10TOB) B HEM OJJMHAKOBO JIJIsl BCEX CTpa-
Hull. B kadectBe Kb /] 3amucu BBICTYIIaeT COBOKYITHOCTh HOMEpPA HYKHOW CTPAHUIIBI
¥ HOMepa TpeOyeMOoro ¢IoTa B MHEKCe 3TOM cTpaHullsl (3HadeHus N, | Ha puc. 4.2).
B i-M cnore Ha N-it cTpaHuile XpaHUTCS COOCTBEHHO aJpec 3alucH (CMEIICHUE OT
Hayasa CTPaHUIbI).

atpecasarmoe crpana N

36
k i HHJIEHKE i YaCTh
— ! CTPAHHL Bl

b+l ™ 4 4

CHEIACTE C1 PHHH LI
1 AL X PHCHHA

AdH HBIX

)

Puc. 4.2. KocBeHHas aapecanusi ¢ UCIOJIb30BAHUEM HHIAECKCUPYEMBIX CTpa-
HUI]
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[Ipu nepemeleHnH 3aucu OHa OCTa€TCA Ha TOM K€ CTPaHHUIIE, U CJIOT IO-
IPEKHEMY YKa3bIBaeT Ha He€ (MEHSETCS ero COAEpKUMOE, HO He caM cioT). Ecnun
3aMKch HE BMEILIAETCSl Ha CTPAHUILy, OHA IOMEUIAETCS Ha CIIEUAIbHO OTBEAEHHbBIE
B JJAHHOW 00JIaCTU cmpaHuysbl nepenoiHenusi, U COOTBETCTBYIOLIUN CIOT MPOJI0JI-
YKaeT YKa3bIBaTh HA MECTO €€ pa3MELICHHUS.

DTOT MOAXO0/1 TO3BOJISIET IEPEMEIATh 3aMMCH Ha CTPaHHUILIe, UCKITI0YaTh (par-
MEHTAIMI0, BO3BpaIlaTh OCBOOOJAMBIIYIOCS MaMATh JIJIsi MOBTOPHOT'O HMCIIOIb30Ba-
HUSL.

Tpetuit cioco6 agpecanuv — OTHOCUTebHAs aapecauus. [IpocTeiimuii Ba-
PUAHT OTHOCUTEIBHOM aIpecaliii MOKET UCIOJIb30BAThCS, HAIIPUMED, B CUTYaLIHH,
KOT/1a JaHHbIe 0JTHOTO 00BbekTa b/ (Tabmuiipl) XpaHsATCs B OTACIbHOM (aiijie u Xpa-
HUMas 3aMuch UMeeT popMat GUKCUPOBAHHOMN UTUHBI. TOr/1a B KauecTBE 3HAYCHUS
KB/l Oepércst mopsIKOBbIA HOMEP 3alKCH, 10 KOTOPOMY MOXHO BBIYUCIIHTH CME-
mieHue ot Havana (aiina. (Ilpumep Takoi aapecarusi — cucrtembl dBaselll,
dBaselV).

OOt TPUHIIUI OTHOCUTEIBLHON aJpecallii 3aKJII04YaeTCsl B TOM, YTO aJIpec
OTCUMTBIBAETCS OT Havajia TOi 00JaCTH NaMsATH, KOTOPYIO 3aHUMAIOT TaHHbIE 00b-
exta bJl. Eciiu namate pazdbuta Ha cTpaHulbl (0JIOKH), TO aJpECOM MOXKET BBICTY-
naTh HOMEp CTpaHUIlbl (0JI0Ka) U HOMED 3alMCH Ha CTpaHMIlEe (MU CMEIICHHE OT
Hayaja CTpaHullbl). B ciaydae OTHOCHUTENBHOW aJipecaly MEPEMENICHUE 3alucCh
npuBeACT Kk u3mMenennto KbJl 1 HeoOXoquMoCTH KOPPEKTUPOBKHU UHJIEKCOB, €CITU
OHHU €CTb.

Cnocobvl pazmeweHust OaHHbIX U 0ocmyna K 0anHvim 6 PHJ]

IIpu co3raHny HOBOM 3aITMCH BO MHOTHX CIIy4asiX CYIIECTBEHHO pa3MEIICHUE
ATOM 3alKCH B MAMSTH, T.K. 3TO OKa3bIBAE€T OIPOMHOE BIIMSIHUE HA BPEMS BHIOOPKHU.
[Ipocreiimias cTpaTerust pa3MeIIeHHs JaHHBIX 3aKJII0YaeTcsd B TOM, YTO HOBas 3a-
NUCh pa3MeIAeTCs Ha IEPBOM CBOOOJHOM yUYacTKe (€CiId BEAETCS YUET CBOOOIHOTO
MPOCTPAHCTBA) WJIM BCIIE] 32 MOCJEAHEN U3 paHee pa3MenIéHHbIX 3anucei. Cpenu
0oJjiee CI0KHBIX METO/IOB Pa3MEIICHHUs JaHHbIX OTMETUM XEIIUPOBAHUE U KIlacTe-
pHU3aLHKIO.

XemupoBaHUe 3aKI0YaeTcss B TOM, YTO CHEHUAIbHO MOAO0OpaHHas Xeul-
byHKIMSA MpeoOpa3yeT 3HaueHHe KITto4a 3alKicH B afpec 0JI0Ka (CTpaHHUIIbI) TaMsTH,
B KOTOPOM 3Ta 3anuch OyAeT pazMemarbed. [lon kirouom 3amucu 31ech moapasyme-
BaeTCs I0JIe UM HAaOOop ToJiel, TO3BOJISIONIME KiIaccuUuuupoBaTh 3anuch. Hamnpu-
mep, 1t Tabmuiel COTPY/IHUKH B xayecTBe KItoUa 3alMCH MOXET BBICTYIATh
noje Homep nacnopma wiu Habop nosen (Pamunus, Uws, /lama podcoenus).

Knacrepuzanust — 310 crmocod xpaHeHUsI B OJHOW 00JIaCTH MaMATH TaOJHII,
CBS3aHHBIX BHEITHUMHU KIOYaMH (OJHA POAUTENhCKas TaOJuIla, OJHA WJIM He-
CKOJIbKO MOJYMHEHHBIX Tabnuil). sl pa3Melenust 3anuceil HCoJib3yeTcsl 3Haue-
HUE BHEIIHETO KJII0Ya TaKUM 00pa3oM, 4TOOBI BCe JaHHBIC, UMEIOIINE OJMHAKOBOE
3Ha4YeHHE BHEIIHETO KIII04a, pa3MeIlaInch B 0JHOM OJoke qaHHbix. Hanpumep, ans
tabmmu COTPY/IHUKU, IETH COTPY/IHUKOB, TPY/IOBAA KHHUKKA, OT-
1IYCKA B kauecTBe BHEIIHETO KJIK0Ya MOJYMHEHHBIX TAOJUIl BBICTYMAET MEepBUY-
HbIN K04 Uoenmuguxamop compyonuxa tTabmuusl COTPY/[HUKU, v Tora npu
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KJIACTEpU3allMM BCE JTAaHHBIE O KAXKIOM COTPYAHHKE OYAYyT XPaHUTHCS B OJHOM
0JIOKE TaHHBIX.

Coco0bl1 10cTyNIa K JAHHBIM

PaccMoTpuM OCHOBHBIE CIOCOOBI TOCTYTIA K IaHHBIM:

. IHocnenoBareabnas oopadorka odaactu bJ[. O6nacteio BJI moxer
OBbITh (haliy WM PYroe MHOXKECTBO cTpanull (6510koB) mamsitu. [locnenoBaTenbHas
00paboTKa MpeJIoiaraeT, 4YTo CUCTEMA MOCIEN0BATEIHHO MPOCMATPUBAET CTpa-
HUIIbI, POMYCKAET MYCThIE YYACTKU U BBIJAET 3alMCH B (PU3MUECKOU IMOCIEI0Ba-
TEJIbHOCTU UX XPAHEHUSI.

. Hoctyn mo kiarouy 6a3bl nanubix (Kb/I). Kb/] onpexnensier mecroro-
JI0’)KeHre 3anucu B maMsatd OBM. 3Has ero, cucreMa MOKET M3BJIE€Yb HYXKHYIO 3a-
IIUCh 32 OJJHO OOpalleHne K naMsTH.

. JocTyn no kiaw4y (B 4aCTHOCTH, NepBU4HOMY). Eciu cucrema obec-
NEYUBAET JOCTYII MO KJIIOYY, TO 3TOT KJIIOY TAK)KE€ MOYKET HCIOJIb30BATHCS IIPH 3a-
NOMUHAHUU 3alMCH (I ONpENeNIEHUsT MECTa pa3MELIEHUs 3aliCH B MaMsTH). B
0a3ax JaHHBIX MPUMEHSIOTCS TaKhe COCOObI JOCTYyNa MO K04y, KaK MHJIEKCUPO-
BaHUE, XCIIUPOBAHUE U KIaCTepHU3aLHs.

NunekcupoBanme JaHHBIX

OnpenenuM MHACKCUPOBAHUE KaK CIIOCOO TOCTYMAa K JAaHHBIM B PeJsLA-OH-
HOM TaOJIMUIIE C MOMOINIBIO CIIEUATIBLHON CTPYKTYPbI — MHJIEKCA.

Nupgeke — 3TO CTpyKTypa, KOTOpas OIpENeisieT COOTBETCTBUE 3HAUYECHUS
KJTIF0Ua 3anucH (aTpuOyTa Wiy TPYIIb aTPUOYTOB) U MECTOIIOJIOKEHHUS 3TON 3aITUCH
— KB/ (puc. 4.3). Kaxxap1ii uHIEKC CBsI3aH C ONpeAeIEHHON TaOIuIeH, HO SIBISETCS
BHCIITHHWM 11O OTHOLICHHUIO K Ta6J'II/II_Ie H OOBIYHO XpaHUTCA OTACIIBHO OT He€.

Nupexc IIpocTpaHcTBO MAMATH
3nauenue F6:00 Boinkosa
ampu- KbJJ F6:1E Boskos
byma

F6:31 ITocmenos

Benosa |FA:00
Bonkos |F6:1E
Bomnxkxosa | F6:00

Ocunos |FA:2B FA:00 Bernoa
ITocnenos | F6:31 FA:1D Opuaman
FA:2B Ocurion

Opunman FA:1D

Puc. 4.3. IIpumep unuexca

Nunekc 00bIYHO XpaHUTCS B OTAETBHOM (haiisie WiIu OTAeIbHOM 00JacTH na-
matu. [Iycteie 3HaueHus arpuOyToB (NULL) He uHaEeKCUPYIOTCHS.

NHpekcupoBaHue UCIIONB3YETCS I YCKOPEHUS I0CTYIA K 3alUCsAM 110 3Ha-
YEHUIO KIIF0Ua M HE BIUSAET HA pa3MENICHHUE JAaHHBIX ATOM TaOIUIIBI. Y CKOPEHUE TI0-
UCKa JTAHHBIX Yepe3 UHACKC 00ecTeunBaeTcs 3a CUET:

1. yHOPSAI0YUBAHUS 3HAYCHUN HHACKCUPYEMOro aTpudyTa. ITO MO3BO-
JISI€T IPOCMATPUBATH B CPEAHEM MOJIOBUHY MHJEKCA MPU JTMHEHHOM MOUCKE;
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2. MH/IEKC 3aHMMAaeT MEHbBIIIE CTPaHHI] MaMsITH, YeM cama Tabiuna, mo-
TOMY CHCTEMAa TPATUT MEHBIIIE BPEMEHU HA YTEHHE UHAEKCA, YEM HA YTEHHE Tal-
JIULBI.

NHpekcbl moaiepKUBaKOTCs IMHAMUYECKH, T.€. ITOCJIe OOHOBJICHUS TaOIULIbI
— 100ABIICHMSI WJIU YAAJICHUS 3alIUCeil, a TaKke MOAU(UKAIIUU UHIEKCUPYEMBIX TO-
Jeil, — MTHAEKC MPUBOJAMUTCS B COOTBETCTBHUE C MOCTIEAHEH BepCueit TaHHBIX TaOIHIIbI.
OOHOBIIEHHE MHJIEKCA, €CTECTBEHHO, 3aHUMAET HEKOTOPOE BpeMsi (MHOI/Aa, OYEHb
00JIbIII0€), TOATOMY CYIIECTBOBAHME MHOTMX MHIEKCOB MOXKET 3aMEJIJIUTh padoTy
B/I.

ObparieHue K 3anucu TaOIHIIbI YEPe3 UHACKCHI OCYIIECTBIISIETCS B /1Ba 3Tara:
cHayana CYB/] cuuteiBaeT uHaekc B oneparuBHyto namsath (OIl) u Haxoaut B HEM
Tpedyemoe 3HaueHue aTpudyTra u cooTBeTcTByronui anpec 3anucu (KBJ), 3arem
110 3TOMY aJpecy MPOUCXOAUT OOpaIlleHHE K BHEIIHEMY 3alIOMUHAIOIIEMY YCTPOM-
ctBy. MHnekc 3arpyxkaerca B OIl nenukoM mnm XpaHUTCS B HEW IOCTOSHHO BO
BpeMs paboTel ¢ Tabnueit b/, ecnu xBataet 00b-éma OIL.

WNHpekc Ha3bIBAECTCS nepsuyHbiM, €CI KaXI0My 3HAYEHHUIO MHJIEKCAa COOT-
BETCTBYET YHUKAJIbHOE 3HaUeHue Kitoua. MHaeKe no kiouy, A0MyCKalemy 1y0-
JIMKAThl 3HAYEHUM, Ha3bIBaeTCs 6mopuunvim. bonpmmHcTBo CYB/] aBTOMatnuecku
CTPOSIT MHAEKC M0 MEPBUYHOMY KIIIOUY U 110 YHUKAIbHBIM CTOJIONAM. DTH UHACKCHI
UCIIOJIB3YIOTCS JIJISl IPOBEPKU OIPAHUYUCHUS [IEJTOCTHOCTH UNIQUE (YHHUKAJIBHOCTS ).

JIist ka0 TabauIbl MOKHO OJTHOBPEMEHHO MMETh HECKOJIBKO MEPBUYHBIX
Y BTOPUYHBIX HHJEKCOB, YTO TAK)KE€ OTHOCUTCS K JOCTOMHCTBAM MHJEKCHUPOBAHHS.

Pa3nnuaroT MHAEKCHI 10 OJHOMY IOJIFO U 10 HECKOJIBKUM (cocTaBHbIE). Co-
CTAaBHO#M MHEKC BKIIOYAET JiBa WU Oosiee cTondma ogHoM Tabmuisl (puc. 4.4).
[TocnenoBaTenbHOCTh BXOXKACHHS CTOJIOLOB B MHAEKC OIpPENEseTCs MPU €ro co-
3nanuu. U3 npumepa Ha puc. 4.4 BUIHO, YTO TAHHBIE B MHJIEKCE OTCOPTUPOBAHBI 1O
nepBomy croiouy (ID), BHyTpu rpymnsl ¢ OAMHAKOBBIMH 3HaueHusAMH ID — oTcop-
tupoBanbl 1o Bropomy ctonbdiy (EDATE), a BHyTpu rpynmnsl ¢ 0IMHAKOBBIMH 3Ha-
yeHussMu ID u EDATE — no tpetbemy ctomnbity (CODE).

Tadauma HNnupexc
| ED C FI P | ED C
D ATE ODE RM RICE D ATE ODE
1 01. Ad Ko 31 1 01. A
00 12.95 MyC 2.0 00 12.95 4
y; 01. Ad I1a 32 1 02. A
00 12.95 pTus 1.5 00 12.95 2
1 02 O 11 1 10. A
' 10 12.95 4
00  12.95 A2A0 g6
3apst 2 01. A
d 00 12.95 2
1 10. Ad 31
10 12.95 MpMa - 0 2 01L. A

"b+" ' 000 12.95 4
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z 01. A2 ITa 11 2 02. A
00 12.95 pTHs 4.0 00 12.95 1

z 01. Al A 52
00 12.95 mos Itd. |.8

Puc. 4.4. IIpumep cocTaBHOTO MHJIEKCA

Cnoco0Obl OpraHu3anuy UHAEKCOB

Cy1ecTByeT MHOKECTBO CITIOCOOOB OpraHU3aIMU HHIEKCOB:

1. B mioTHBIX MHAEKcAX U1 KaKIOr0o 3HAYEHHUS KJI0Ya UMEETCS OT-
JieibHas 3aMUCh UHACKCA, YKa3bIBAIOIIAsi MECTO Pa3MEILCHHUs] KOHKPETHOM 3aIKCH.
HemnoTHble (pa3pe:KeHHbIC) UHACKCHI CTPOATCS B TPEANOJIOKEHUHU, UTO HA KAXKIOU
CTpaHUIIE MaMITH XPAHATCS 3aIIUCU, OTCOPTUPOBAHHBIC MO 3HAYCHUSIM UHICKCUPY-
emoro arpuOyTa. Toraa s Kaka0W CTpaHUIIbl B MHEKCE 3a/1a€TCsl AUANa3oH 3Ha-
YEHUHU KIIFOYEHW XPaHUMBIX B HEM 3aIIMCEU, U TMIOUCK 3aIIUCU OCYIIECTBISAECTCA CPEAU
3aMKCcel Ha YKa3aHHOM CTPAHUIIE.

2. Jlnst GoNbIIMX MHEKCOB aKTyalibHa MpoosiemMa cxxaTus kiroda. Hanbo-
Jiee paclpOCTPAHCHHBIA METOJ CKaTHsl OCHOBaH Ha yCTPAHEHUU H30BITOYHOCTHU
XpaHUMBIX JaHHbIX. [lociaenoBarenbHO UAYIME 3HAYEHUS KIII0Ya OOBIYHO MMEIOT
OJIMHAKOBbIE HAaYaJbHbIE YACTH, TOATOMY B KaXKJIOM 3alIMCH MHJIEKCA MOXHO Xpa-
HUTH HE MOJHOE 3HAYCHHE KIII0Ya, a JIMIIb MHHOPMAIIHIO, TTO3BOJIIONIYIO BOCCTA-
HOBUTHb €0 U3 WU3BECTHOTO MPEAbIAYIIETO 3Ha4YeHUs. Takol HMHIEKC Ha3bIBACTCS
CKATBIM.

3. OaHOypOBHEBBII MHIEKC MPEICTaBIsAEeT COO0M JINHEWHYIO COBOKYII-
HOCTb 3HAYEHUW OJTHOTO WJIM HECKOJIBKUX TNOJIeH 3anucu. Ha nmpakTuke oH ncnosib-
3yercs penko. B pazButeix CYB/] npumensitoTcst 60Jiee CI0KHbIE METOJIbI OpPTraHHU-
3aMu UHJEKCOB. OcoO0eHHO 3(DPEKTUBHBIMU SIBIISIIOTCS MHOTOYpPOBHEeBbI€ HMH-
JAeKchl B BUjIe cOalaHCUPOBAHHBIX JiepeBbeB (B-nepeBbeB, balance trees).

MHoroypoBHeBble HHAEKCHI HA OCHOBe B-1epeBa

B-nepeBo crpouTcs nMHaMUUYECKH 110 Mepe 3arnoiaHeHus 0a3bl JaHHBIMU. OHO
pacTét BBEpX, M KOpHEBas BEepIIMHA MOXKET MeHAThCs. [lapamerpamu B-aepesa sB-
JISIFOTCS TOPSAJIOK N U KOJIMYECTBO YpOBHEH. [1opsiiok — 3TO KOIMYECTBO CCHUIOK U3
BEPIIMHBI 1-TO YPOBHs Ha BepmuHbl (i+1)-ro ypoBHs. [Ipumep noctpoenus B-ne-
peBa nopsjka 3 npuBeAEH Ha puc. 4.5.
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Puc.4.5. Ilpumep noctpoenusi B-gepesa nopsiaka 3
Kaxnoe B-nepeBo n0MKHO yIOBIETBOPATH CIEAYOIIUM YCIOBUSAM:

1. Bce koHeuHbIe BEpIINHBI PACIIONIO0KEHBI HA OJTHOM YPOBHE, T.€. JJIMHA
MyTH OT KOPHS K JTI000I KOHEUHOH BEPIIMHE OJMHAKOBA.
2. Kaxxnast BepiriHa MOXKET COJiepKaTh N aJIpECHBIX CChUIOK U (n-1) KiIt0-

yeit. CcbUIka BJIEBO OT KJoYa oOecreurBaeT Mepexo/i K BepIlIUHE JepeBa ¢ MEHb-
IIMMU 3HAYEHUSIMU KJTIOUECH, a BIPABO — K BEPIIMHE C OOJBIIUMU 3HAUYCHUSIMU.

3. JIto6as HEKOHEYHAas BepIIMHA UMEET HEe MEHEe Nn/2 MOAYMHEHHBIX BEp-
muH. (s 1epeBbeB HEUETHOTO MOPSAKA 3HAYEHUE N/2 OKPYIIISIETCS B OOJBIITYIO
CTOpPOHY).

4, Ecnu HexoneuHas BepimHa coaepxuT k (k<n) kirodeit, To el moauu-
HeHa (k+1) BepmmHa Ha cneAyoIIeM ypoBHE HEPAPXHH.

Anroputm dhopmupoBanus B-aepeBa nopsiaka N mpeanoiaraer, YTo cHavana
3aM0JIHSIETCS. KOPHEBasl BeplIMHA. 3aTeM MPU MOSBJICHUH HOBOW 3allMCH KOpHEBas
BEpIIMHA JEIUTCS, 00pa3yroTcs MOJYMHEHHbIE €l BeplluHbl. [Ipu 3anmoMuHaHuun
Ka)JI0 HOBOM 3aIlMCH ITOUCK MECTa JIJIsi He€ HAYMHACTCS C KOPHEBOW BEPILMHBI.
Ecnu B cymiecTByromiem Ha TaHHbIM MOMEHT B-zepese HeT MecTa 1 pa3MeleHUs
HOBOT'O KJIFOYa, MPOUCXOJUT CABUT KJIIOUEH BIPABO WM BJIEBO, €CIU 3TO HEBO3-
MOXHO — OCYIIECTBIISIETCS IEPECTPOUKA JepeBa.

B xaudecTBe KOHKPETHOIO MpUMEpPa PACCMOTPUM HUHJIEKCUPOBaHUE B BUje B-
nepesa, kotopoe ucnosb3dyercsa B CYBJ] Oracle (puc. 4.6).
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e 1*yposer:
B II

I c m=mmmmsemes Jo{n—2) YpOBHH
Y v
AmuHa EBan Hacea Fotor Ilonom CepoR  |___(n-1)-#
Eenoe Te Hank CHHa Foroea VPOBEHE

I S S I

Amma-rowid| |Bagtowid| [Jaeea-rowid| |Eeroe—rowid | [lloneerowid | | Cepor-rowid
EBenoerowtd | [Terowid | |Haepa-rowid| |OcHma—rowid| |Ilenoe+rowtd

Eenoerowid Hane- rowid Porcea-rowid

W w2 T

Puc.4.6. [Ipumep unaexcHoro 6moka CYBJ] Oracle

Opranuzanus naaekcoB B CYBJ] Oracle Heckonbko oT/IMYaeTcst OT pacCcMOT-
PEHHOM BBILIE KIACCUYECKOW OpraHu3auuu B-gepesa, HO NPUHLMI OCTAETCA TOT
Ke: OJJMHAKOBOE KOJIMYECTBO YPOBHEH Ha J0OOM MyTH M aBTOMaTH4ecKas cOanaH-
CUPOBAHHOCTh. BepxHue 0JI0KkU MHAECKCA COAEPKAT aBTOMATUYECKHU BBIYHCIIIEMbIE
3HAYEHHUsI, KOTOPBIE MO3BOJISIOT OCYIIECTBIIATh MOUCK NaHHbIX. [Ipeanocneanuii (n-
1)-ii ypoBeHb COJCPKHUT 3HAUCHUS HHICKCUPYEMOTo 1oJis (aTpudyTa) 63 HOBTOPOB
(T.e. Kaxgoe 3HaueHue oAuH pa3). CaMblil HIXKHUM N-il ypOBEHb — OJIOKU-JTUCThS,
KOTOpBIE COAEpPKAT UHAEKCUPYEMbIE 3HAUEHHS U COOTBETCTBYIOIINE MACHTH(PUKA-
topsl 3anuceit RowlD (row identification, Kb/I), ncons3yemble 1isi HaX0XIeHUS
camux 3anuce. [yl HeyHUKaJIbHBIX HHIEKCOB 3HAUCHUS UIEHTU(PUKATOPOB CTPOK
(RowlID) B Onokax-TUCThAX HWHACKCA TaK)Ke€ OTCOPTUPOBAHBI MO BO3PACTAHMIO.
bioku-nucThs cBA3aHbI MEKY COOOM IBYHAIIPABIECHHBIMH CCHUIIKAMH.

[Tonck Mo K04y OCYIIECTBISIETCS cleayromuM oOpa3zom. biok Bepxnero
YpOBHs (YPOBEHb 1) COAEPKUT HEKOTOPOE 3HAUYCHHUE X U yKa3aTelld Ha BEPXHIOIO U
HWKHIOIO 4acTH UHJeKca. Ecnu 3HaueHne uckomMoro kirova 6ospiue X, TO IPOUC-
XOJIUT NEPEXO0 K BEpXHEW YacTH HUHIeKca (110 JIEBOMY YKa3aTeso), HHa4Ye — K HUX-
Hel yacTu. bjioku BTOpOro u nociaeAyonmx ypoBHel (KpoMe IBYX MOCIETHUX ) Xpa-
HAT HadaJIbHOE X0 U KOHEUHOE 3HaueHus Xy KJIK04a, a TaKkKe Tpu ykasarend. Eciu
3HaYEHUE MCKOMOTI'O KJII0Ya MEHbIE, 4eM Xo, TO MPOUCXOAUT oOpallleHue 1o Je-
BOMY YKa3aTelll0; €CJIM OHO 0oJble, 4eM Xk, TO IPOUCXOAUT OOpalleHue 1o mpa-
BOMY yKa3aTelll0; €ClIM OHO MOoMNajaeT B auana3zoH Xo+Xyg — [0 CpeHEMY YyKaza-
TE0. BeplnHbI, KOTOPBIE ACIAT CIEAYIOUIUN YPOBEHD IepeBa Ha TPU MOAIEPEBA,
MOTYT 3aHUMATh HECKOJIBKO YPOBHEN. DTO 3aBUCUT OT KOJIMYECTBA NHIEKCHUPYEMBIX
3allMCEN U CPEHEro pasMepa HHICKCUPYEMBIX 3HAUCHUN.

[Tpu oOHapykeHNH 3HAYEHUSI HICKOMOTO KJTF04Ya B 0JI0KE MH/IEKCA IPOUCXOIUT
oOpaienue k nucky mo RowlD u uzBneuenue tpedyemoit 3anucu (3anuceii). Ecnu
’Ke 3HaUeHHEe He 0OHApyKEHO, pe3yJIbTaT MOUCKA MYyCT.

Nunexc B Bume B-mepeBa aBTOMAaTHUUECKU MOJJIEPKUBACTCS B cOalaHCUPO-
BaHHOM BHJI€. DTO 03HAYAET, YTO MPH NEPETNOTHEHUN KAKOT0-T1M00 13 OJIOKOB MH-
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JIeKca TIPOUCXONT Tepepacpe/ieiicHIe 3HAaUCHU KiTroueil nauekca (6e3 dusnde-
CKOr0 IepeMelleHus 3anuceid JaHHbix). Hanmpumep, eciu npu 100aBiIeHUH HOBOM
3anucu ¢ KiIodoM "T'opuH" BO3HUKAET MEpEernoHEHNE COOTBETCTBYIOIIETO OJ0Ka
uHjekca (puc. 4.6), cucreMa MOKET ePEeCTPOUTh MHIEKC TaK, KaK MOKa3aHO Ha pUC.

4.7.
_ A —%u—,

/T\ SN

Armina Baun Fopim Jame Oarmm Porom |- o]
Benon Ie Jaera Koton [Moron Cepon

Armmmarowid | | Banvowid | [Cops-rowid) | Jamke-rowid Ociparowd | | Porosa-rowid
Benoe-rowid | |Te-rowid | [Taeea-rowid | | Koros-rowid | | Monos-owid | | Cepon-rowid
Benoe-rowid Iaep a-rosvid [Tomo-owid

o = = = =

Puc.4.7. Tlpumep mnepepacnpejeneHuss AaHHbIX UHIEKCHOTro Osoka CYB]]
Oracle

Ecnu Bce OJ0KU-TUCThS MHACKCA 3aMO0JIHEHBI MPUOTUZUTEIHHO HA TPU YET-
BEpPTHU, TO MpHU A00ABJICHUU HOBOU 3alUCHU OCYIIECTBISETCS MOJHAs Mepe-CTPoiiKa
B-nepeBa nyTém BBEeIEHUS JOMOJHUTEIHHOTO YPOBHS. BCE 3TO CKPBITO OT MOJIB30-
BaTeJIs U MPOUCXOAUT aBTOMATUUECKH.

Crpykrypa B-nepeBa umeer cieayromniye NpeuMyIecTna:

. B-nepeBo aBTOMaTMUeCKH TMOJJEPKHUBAETCS B cOaJaHCHUPOBAHHOM
BUJIE.

. Bce 6510ku-mucThs B 1epeBe pacmloIoKEeHbl HA OJTHOM YPOBHE, CIE0-
BaTeJIbHO, MOUCK JI00O0M 3amucu B MHACKCE 3aHMMAET MPUMEPHO OJHO U TO XKe
BpEMsI.

. B-nepeBbst o0ecnieunBaroT XOPOIIyI0 MPONU3BOIUTEIHHOCTD JIJIS IIIUPO-
KOT'0 CIIEKTpa 3apoCOB, BKJIKOYAsk MOUCK MO0 KOHKPETHOMY 3HAYEHUIO U MOUCK B OT-
KPBITOM M 3aKpPHITOM HMHTEpBajiax (Ojaromaps CChUTKAM MEXTYy OJOKaMHU-JIACThb-
MU ).

. Moaudukanus TaHHBIX TaOJUIBI BBIMOIHSAETCS JA0CTaTOYHO Y Pek-
THUBHO, T.K. B 0JI0OKax MHJEKCAa OOBIYHO €CTh CBOOOIHOE MECTO JIJIsl pa3MEICHUS HO-
BBIX 3HAUCHHM, a MMOJTHAS IMePEeCTPOHKa IepeBa BBITIOJIHIETCS JOCTATOYHO PEIIKO.

. [TpousBoauTenpbHOCTL B-epeBa 0JMHAKOBO XOPOIIIa ISl MAJICHBKUX U
OOJBIINX TAOJHI], ¥ HE MEHSAETCS CYIIECTBEHHO MPH POCTE TAOJIUIIBI.

Hcnoan3oBaHue HHAEKCOB

B cucremax, noanepkuBaroniux a3bik SQL, mHIEKC co34a€TCsl KOMaHIOM
create index. CuHTakcuc 3TOM KOMaH/IbI CIICAYOIIUI:

create index <ums_uWHJEKCa>

on <ums_Tabauuer>(<nonel> [, <mone2>,...])
[<napameTpbr>];
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Nms nHIEKCa TOJDKHO OBITh YHUKATBHBIM cpeau UMEH o0bekToB bJl. Ecnm
WHJIEKC COCTaBHOM, TO BXOJISIIME B HETO MOJIS MEPEUUCIIAIOTCA yepes 3ansaTyro. He-
00s13aTeNIbHBIC <mapaMeTpbl™> 3aBUCAT OT ucnoiabzyemoit CYB/I.

Hanpumep, ¢ momomipto cieayromend KOMaHabl MOKHO CO34aTh COCTaBHOM
uHaeke g tabmuiel COTPY/IIHUKHU (EMP) no nonsm @amunus (fam) u Uwsa
(name):

create index ind_emp_name on emp(fam, name);

WNHpekcsl MOBBIIAIOT MPOU3BOJUTEIBHOCTD 3alIPOCOB, KOTOPHIE BHIOMPAIOT
OTHOCUTEJIFHO HEOOJIBIIIOE YUCIIO CTPOK U3 Tabmubl. s onpeaenenus 1enecoo0-
PA3HOCTH CO3JaHUS MHACKCA HYKHO MPOaHAIN3UPOBATh 3aMPOCHl, OOpalIéHHbIE K
TabJnIle, ¥ pacupe/ie]ICHUE TaHHBIX B MHACKCUPYEMBIX CTOJIOIAX.

CucrtemMa MOKET BOCIIOIb30BaThCA MHAEKCOM 0 OIPEACIEHHOMY TOJII0, €CITN
B 3aIIpOCE Ha 3HAYCHME ITOTO MOJIs HAKIAAbIBAETCS YCIOBUE, HAIPUMED:

SELECT * FROM emp WHERE name = '[lans'

Ho naxxe npu Hanuuuu Takoi BO3MOKHOCTH CUCTEMA HE Bceraa oOpalaercs
K WH-JeKkcy. Hampumep, ecnu 3ampoc BeIOUpaeT 0OJibllle TMOJIOBUHBI 3alUCcel OT-
HOIIIE-HUSI, TO U3BJICUCHUE TAHHBIX Yepe3 UHACKC MOTpeOyeT 00Jibllie BpEMEHH, YeEM
MOCJIeI0BaTEIbHOE UTCHUE TAaHHBIX. DTO CIEAYET U3 TOr0, YTO JaHHBIC Yyepe3 UH-
JIEKC BBIOMPAIOTCS HE B TOM MOCIIEI0OBATEIBLHOCTH, B KOTOPOH OHU XpaHATCS B Ma-
MsATU. JJ1g oA0OHBIX 3aMpOCOB MOCTPOCHUE UHIEKCA HEIleIeco00pasHo.

OO0paiiieHre K COCTAaBHOMY MHAEKCY BO3MOXKHO TOJIBKO B TOM CJIy4ae, €CJIM B
YCJIOBUSIX BBIOOpA YUYaCTBYIOT CTOJIOIBI, MPEACTABIISIIONINE COOOM JTHUIUPYIOIIYIO
4acTh COCTABHOT'O MHJIeKca. Eciin unaekc, Hanpumep, BkiatodaeT ot (X, Y, Z), To
oOpaleHre K UHJEKCY OyJeT MPOUCXOIUTh B T€X CIydasx, KOrja B YCJIOBHUH 3a-
npoca y4acTBytoT 1noJit XYZ, XY ninu X, npu4éM UMEHHO B TAKOM ITOPSIKE.

[Ipu coznanum uHaeKkca 00IbIIOE 3HAYCHUE UMEET MOHSITUE CEIEKTUBHOCTH.
CeJIeKTUBHOCTD OIPEEISETCS MPOIEHTOM CTPOK, UMEIOIIUX OJIMHAKOBOE 3HAue-
HUE MHACKCUPYEMOTO CTOJIOIA: YeM BBIIIE 3TOT MPOIEHT, TEM MEHBIIIE CEICKTHUB-
HOCTb.

Br16op cTONOIOB sl MHJEKCA ONPEEseTcsl CICAYIOIMMMU COOOpaKeHU-

SIMH;

. B nepByto ouepens BoIOMpArOTCs CTONOLBI, KOTOPbIE YAaCTO BCTpeya-
I0TCS B YCJIOBHSIX TTOUCKA.

. CTouT MHIIEKCUPOBATH CTOJIOIbI, KOTOPbIE UCIOIB3YIOTCS JIJISl COETHU-

HEHUs Ta0-JTUI] UITK SIBJISIOTCS BHEITHUMU KJTtouaMu. B mocieanem ciydyae Hamuuue
WHJIeKCa TO3BOJIICT OOHOBIISITh CTPOKHU IMOJTYUHEHHONW TaOIUIBI 0€3 OJIOKU-POBKHU
OCHOBHOM TabOJHUIIbI, KOT/[a MPOUCXOAUT WHTEHCUBHOE KOHKYPEHTHOE OOHOBIICHUE
CBSI3aHHBIX MEXIY c000t0 TabmuIl (mogpoOHee 0 OJIOKUPOBKAX — pazzen 5.4).

. HenenecooOpa3Ho WHIEKCHUPOBATH CTOJIOIBI ¢ HU3KOW CEJICKTUBHO-
cThio. IcKiTtoueHus sl HU3KOM CEIEKTHBHOCTH COCTABJISIOT CITy4au, MPU KOTOPBIX
BBEIOOPKA YaIle MPOU3BOIUTCS IO PEIKO BCTPEUAOIIIMMCS 3HAUCHUSIM.

. He mHACKCUPYIOTCS CTOJIOIBI, KOTOPHIE YacTO OOHOBIISIOTCS, T.K. KO-
MaHIbI 00-HOBJICHHUS BEIYyT K TOTEpe BpEMEHU Ha 0OHOBJICHNE WHCKCA.
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. He unnexkcupyroTcst cTon0I1Ibl, KOTOPBIE YaCTO MUCHOIB3YIOTCS KaK ap-
TYMEHTBI BRIPQXKCHUM I (PYHKIIHI: KaK MPaBUIIO, 3TO HE TIO3BOJISET UCIIOJIb30BATh
WH-JIEKC.

B HEKOTOpPBIX CiIydasiXx UCIOIb30BAHUE COCTABHOTO UHAEKCA PEATIOUYTUTEIb-
Hee, YEM OJIMHOYHOI0, 3 UMEHHO:

° Heckonbko CTOJ'I6HOB C HM3KOH CEJICKTUBHOCTBIO B KOM6I/IHaHI/II/I Aapyr
C IpyromM MoOryT aaTtb ropasao Ooee BBICOKYIO CCJIICKTUBHOCTD.
° Ecou B 3aIlpocax 49aCTO HCIIOJIB3YIOTCA TOJBKO CTOJ'I6LIBI, Y4aCTBYIO-

1iMe B MHJIEKCE, CUCTeMa MOKET BooOIIe He oOpamarbcs K Tabiauie Juisl oucKa
JTAHHBIX.

XemupoBaHue

[Ipu acconmaTUBHOM JOCTYTIE K XPAaHUMBIM 3aIKCAM, MPEIIOIararoneM om-
peneneHrne MECTOTIOOKECHHUSI 3aITMCH 110 3HAYCHUSM COJIEPIKAIMUXCS B HEH TAHHBIX,
UCIIOJIB3YIOTCSI 00JIee CIIOKHBIC MEXaHW3MBI pa3MenieHus. [ 3To# 1e1u ucmob-
3YIOTCSI Pa3IMYHbBIE METOBI OTOOPAKEHUS 3HAUCHHS KITI0Ya B a7[pec, HAIpUMep, Me-
TOJ/bI XeIUPOBaHUs (TIEpEMEILIUBAHUS).

[TpuHIIMTT XeMMpPOBaHUS 3aKIII0YAETCS B TOM, UTO JIJISl ONIPEACIICHUS aapeca
3aliCH B 00JIACTH XPAHCHMS K 3HAYCHUIO KITFOYCBOTO TOJISI 3TOW 3alUCH TTPUMEHSI-
ercs Tak HasbiBaeMas xew-gyuxyus h(K). Ona npeobpasyer 3nauenue kimoda K B
ajJipec y4yacTka mamsiTé (3To HasbIBaeTcs CBEPTKOM kitoua). Hopas 3ammch Oyner
pa3Melarbes Mo TOMY aapecy, KOTOPBIM BhIAACT XeI-(PYHKITUS JIJIsl KIr04a 3TOi 3a-
nucu. [Ipu nmoucke 3amucu no 3HadeHuto kmoda K xem-QyHKIus BbIAACT ajapec,
yKa3bIBAIOIINI Ha HAYaJl0 TOTO y4acTKa MaMsATH, B KOTOPOM HAJ0 MCKaTh ATy 3a-
UCh.

Xenr-pyuknus h(K) momkHa 0061agath JByMs OCHOBHBIMU CBOHCTBAMM:

1. BBIJIaBATh TaKUE 3HAYEHUS aJPECOB, YTOOBI OOECIIEUUTh PABHOMEPHOE
pacrpejiesieHue 3aluceil B MaMsTH, B YaCTHOCTHU, JJI OJM3KUX 3HAYEHUN KIIroua
3HAYEHUS aJIPECOB JTOJDKHBI CHIIBHO OTINYATHCS, YTOOBI 30eraTh MEPEeKOCOB B pa3-
MEIICHUY JTaHHBIX:

K1~K>=h(K1)>>h(K2) V K2>>h(K1)
2. Ul pa3sHBIX 3HAYEHUI KIII0YA BLIAABATh Pa3HBIE afpeca:
K1#K2 = h(K1)#£h(K?>)

Bropoe TpeboBaHwMs SABISETCS CI0KHO BBITTOTHUMBIM. TpyaHO mo1o0path Ta-
K0 XelI-(hyHKIHUIO, KOTOpas UIsl JII000T0 pacnpeaeseHus 3SHaYeHUH KITFoua Beeraa
BblJaBasa Obl pa3Hble ajpeca I pa3HbIX 3HaYeHUU. [[s peanbHbIX QYyHKUUN Xe-
IIMUPOBaHUS JIOMyCKaeTcs coBmanaeHue 3HaueHud Qynkumu h(K) mis pasnmmdaHbix
Kiroueid. st paspeieHus HeonpeaeaEHHOCTH IPU COBIAICHUH aIpeCcOB MOCIIE BbI-
uucienust h(K) ucnomnp3yrores crienuanbHbie MeTo bl (cM. pazzaen 4.5.3.2).

Henocrarok MeTo10B o100pa xem-(pyHKIUNA 3aKITI09aeTCs B TOM, 4TO KOJIU-
YeCTBO JIAaHHBIX M paclpe/ie]ieHne 3HAYeHN KITF04a TOJDKHBI ObITh U3BECTHBI 3apa-
Hee. Takke MeTO/Ibl XEIIMPOBAHUS HEYJAOOHBI TEM, YTO 3alUCH OOBIYHO HEyHopsi-
JOYEHBI 110 3HAYCHUIO KITF0Ya, YTO MPUBOJUT K JIOTIOTHUTEIBHBIM 3aTpaTaM, Harpu-
Mep, IIPH BBITOJHEHHH COPTUPOBKH. K mpenMymecTBaM XEMIMPOBaHUSI OTHOCUTCS
TO, YTO YCKOPSIETCS TOCTY K JaHHBIM IO 3HAYEHUIO Kiroua. OOparieHne K JaHHBIM
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MPOUCXOINT 3a OJHY OIEpaIfio BBOJA/BbIBOMA, T.K. 3HAUCHHUE KITI0YA C MOMOIIBIO
xenl-QyHKIIMU HEMOCPEACTBEHHO Mpeolpa3yeTcs B aapec COOTBETCTBYIOIIEH 3a-
nucu (Wnu agpec 0Jioka maMsATH, B KOTOPOM XpaHUTCS 3Ta 3anuch). [Ipu sToM He
HY>KHO CO3/1aBaTh HUKAKUX JOMOJHUTEIbHBIX CTPYKTYp (THIIA MHAEKCA) U TPATUTh
naMsITh Ha UX XpaHECHHUE.

MeTtoasl XelIMpoOBaHUSA

MHOro4HCIIEHHbIE SKCIEPUMEHTHI C PEAJIbHBIMU TAHHBIMU BBISIBUIN yAO0BIIE-
TBOPUTEIBHYIO Pa0dOTy JIByX OCHOBHBIX THUIOB XemI-(QpyHKIni. OauH U3 HUX OCHO-
BaH Ha JICJICHUH, IPYToi — Ha YMHOKeHUH. Bce paccykaeHust BeAyTcs B PEInoo-
&KeHuu, uto xem-pynkuus A(K): 0 < h(K) < N nns Beex xinoueit K, roe N — pazmep
NaMsTH (KOJIMYECTBO STYEEK).

Merton AeneHus UCMoIb3y€eT OCTATOK OT AeieHust Ha M:

h(K)=K mod M (4.1)

Eciim M — uérHoe yucio, To npu u€tHex K 3rHauenue h(K) Oyner uétHbiM, 1
HA000pOT, 9YTO MAET 3HAYMTEIbHBIE CMEIICHUS 3HAYCHUNW (YHKIMH IS OJIM3KHUX
3HaueHuil K. Henb3g Opatb M KpaTHBIM OCHOBaHHUIO CUCTEMBI CUMCIICHUS MAIIMHBI,
a Taxke kpaTHbeIM 3. BooO1ie, M 10KHO YAOBIETBOPATH YCIOBUIO:

M #r+a,

rae K u a — gebonpime yucia, a I — "OCHOBaHWE CUCTEMBI CUMCIeHUs" s
OOJILIIIMHCTBA MCTOJIB3yEMBIX JUTEp (Kak mpaBuiio, 128 uiam 256), T.K. OCTaTOK OT
JICJICHUs] HA TAaKO€ YHCIO OKa3bIBA€TCSd OOBIYHO MPOCTOW cyrepno3uiuend nudp
kitoua. Yare Bcero B kauectBe M OepyT MPOCTOE YUCIIO, HAPUMED, BIIOJTHE YA0-
BJIETBOpUTENbHBIE pe3ynbTaThl naét M = 1009.

MynbTUIIIMKATUBHBIA METOJI TAKXKE JIETKO PEaInu30BaTh. B COOTBETCTBUU €
HUM XelI-(DyHKIIHS ONpeeIseTcs TaK:

h(<) =M|[ 2 & |mod1 |
R ! (4.2)

rae W — pasMep MaIlMHHOTO cloBa (00b14H0, 2%1); 4 — nenoe yncio npocroe
MO0 OTHOIICHUIO K W; a M — HEKOTOpasi CTENeHh OCHOBAHMSI CUCTEMbl CUHCIICHUS
OBM (2™). Takum oOpa3oM, B KauecTBe 3HaueHUs QyHKIuH Oepyrcs M mpaBbix
3HaYaIux U p ApoOHOMN YacTH MPOU3BEACHHS 3HAYCHHSI KJTI0Ya U KOHCTAHTHI A/W.
[Tpenmy1iecTBO BTOPOTr0 METO/Ia MEpe]] MEPBBIM O0OYCIOBIEHO TEM, UTO MPOU3BEIE-
HUE OOBIYHO BBIYHCIIIECTCS OBICTpEE, YEM JICTICHUE.

[Ipu ucnosb30BaHUM JIFOOBIX METOIOB XEIIMPOBAHUS AJI Pa3MEILCHUS 3aIu-
cell ToJbKeH OBITh BBIJIEJICH y4acTOK naMatu pazmepoM N. [ Toro yToObl moiy-
YyeHHOE B pe3ynbrate 3HadyeHue h(K) He BbINUIO 3a rpaHUIIBI OTBEAEHHOTO y4acTKa
NaMsITH, OKOHYATEIbHO a/IPEC 3alIMCH BbIUUCIIAETCS TaK:

AK)=h(K) mod N (4.3)

Pa3zpemienue kosuM3ui

Cnyuyaii, xorga ajis IByX U OoJsiee Kitouei BBIIAETCS OJMHAKOBBIA ajpec,
Ha3bIBaeTCA KoJLIu3ueil. Hanmane kommmsuii cHuxaeT 3P eKTHBHOCTH XEITUPOBa-
HUSL.



71

Pazpemenue komum3nid JOCTUTAETCS IMYTEM peXellMpOBaHMs — CIICHHAIb-
HOTO aJITOPUTMA, KOTOPBIA HCHOJIB3YETCS KaXKAbIA pa3 IPU pa3MEIEeHUU HOBOH 3a-
MIMCHU WJIM TIPU MOUCKE CYIECTBYIOIIEH, €CIM BO3HUKIIA KoJUTu3us. B cuctemax 6a3
JAHHBIX PEXEIIMPOBAHUE BBIMOIHAETCS OJHUM U3 CIEIYIOUIUX CIIOCOOOB:

1. OTkpbITas agpecanus: HOBas 3aUCh PA3MEIIACTCS BCIE 3a TIOCIIEI-
HEl 3alMChI0 HAa TAaHHOW CTPAHMUIIE WK Ha CIEAYIOUIEH, €CIM CTPAaHMIIA 3alI0JIHEHA.
(s mocnenaHed cTpaHUIlbl MaMsTH CIEAYIONIeH sBiseTcsa nepsas crpanuna). [o-
VICK 3aIIMCH OCYLIECTBIIETCS TAKKE IMOCIEI0BATENbHO, OTKY/1a CIIEAYET, UTO 3allUCH
HENb34 YIATATh (PU3UUYEeCcK (C OCBOOOKICHUEM MAaMATH), HHAYE LIETIOYKA PEXEIIU-
POBAHHBIX 3aMKCEN MPEPBETCS, U YaCTh 3aMMCEH MOXKET OBITH "moTepsiHA".

2. Hcnonp30oBanne KOJUIM3MOHHBIX CTPAHMII HOBAs 3allMCh pa3Mella-
eTcsl Ha OJHOW M3 KOJUIM3MOHHBIX CTPaHMII, OTHOCSAIIMXCS K Tabnuie (B 06iactu
nepenonnenus). JIns yCkopeHus oucka pexemmpoBaHHbIX 3aMCEN MOXKET UCIIOJIb-
30BaThCsl CBSI3aHHAs 00JIACTh MEPENOIHEHUS, ISl KOTOPO HA CTPAHULIE XPAHUTCS
CCBUIKA Ha KOJUIM3UOHHYIO cTpaHully. HyneBoe 3HaueHHE TaKOW CCHIJIKM TOBOPUT
00 OTCYTCTBHUM KOJUTMU3UU ISl TAHHBIX, Pa3MEIEHHBIX HAa ATOW CTpaHULE

3. MHoOrokpaTHoe XemnpoBaHue. 3aKII0YaeTCs B TOM, YTO ITPU BO3HUK-
HOBEHUHU KOJUIM3MM JJisl TIOMCKA APYroro ajapeca (BO3MOXKHO, Ha KOJUIM3MOHHBIX
CTpaHU-11ax ) MPUMEHSIETCS ApyTras (PYHKIUS XeIUPOBAHUSI.

Hcnoab3oBanue XelIMpoOBaHUA

XemupoBaHue TaOIUIBI MTOJIE3HO B CIEAYIONIUX CIIydasix:

. B Tabnwuie ecth yHUKaIBHBIN KIIFOY, U OOJBIIUHCTBO 3alIPOCOB 00pa-
LIAI0TCS K 3aIIUCAM 10 3HAYEHUIO 3TOr0 KJIK04a, HallpUMep:

SELECT <cmnucok BeiOOpa>

FROM <rab6auma>

WHERE unique key = <3Hauenue>;

3HauYEHHE, YKAa3aHHOE B YCIIOBHH, XEUIMPYETCS; IO 3TOMY XE€II-3HAYEHUIO
IPOUCXOAUT MPSMOM TOCTYI K COOTBETCTBYIOIIEMY OJIOKY JaHHBIX (0OBIYHO, OHO
(bu3nUecKoe YTeHUE, €CJIM HET KOJUIM3UH U 3allMCh IOMEUIAETCsl B OTHOM OJIOKE).

. /N HEYHMKaJbHOrO XEHI-KJIKo4Ya BCE 3allMCH C TAaKUM 3HAYEHUEM
KJIF0Ya TIOMEIAI0TCS B OJJHOM OJIOKE, KOTOPBIM TaK:Ke€ MOXXHO IMPOYUTATh 32 OJIMH
pas.

. Tabnuia nmpakTU4ecKu cTaTudHa (peaKo oOHOBsieTcs). Yucio 3amu-
cell M X CpeHMM pa3Mep MOKHO ONPEIeTUTh 3apaHee U Cpa3y BBIJCIUTD MOJ] Ta0-
auiy Tpedyemoe pu3nYecKoe MpoCTPaHCTBO.

XelNUpOBaHUE HE PEKOMEHIYETCA B CIEAYIOIIMX CIydasX:

. Henb3s cpasy BBIIECNUTH CTOJBKO MaMSTH, CKOJIBKO TpeOyeTcst Tad-
mute. Eciau motpeOyeTcst BeIIensATh TaOMUIIE TOMOJIHUTENBHYIO TaMSTh, 3Ta TaMSTh
OyZeT oTBeieHa MO KOJUTM3UOHHBIE CTPAHUILIBI, YTO CUJIBHO YXYAIINUT POU3BOIU-
TEIBHOCTH (3TO ciienyeT u3 popmyJisl (4.3), MO KOTOPOUH pacCUUTHIBAETCS aJIpec 3a-
nucn)./1i>

. BoABIIMHCTBO 3alpOCOB BBIOMPAIOT 3aMKMCH B HEKOTOPOM HMHTEpBaje
3HAUYCHUH KJTtoua. XelUpoBaHKUe HE AET 3/1e€Ch MPEUMYIIECTB, T.K. 3alMUCH OOBIYHO
HE yIOPSIIOYEHBI, 1 CUCTEMA UCIOJIB3YET MOCIIEI0BATEIIBHOE YTCHHE.
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D¢} PexTHBHOCTD UCTIOIH30BAHUS XEIIUPOBAHUS HE B TOCIEAHEH CTETIEHH OII-
penensieTcst KaueCTBOM Xel-PyHKIHH. CUCTEMBI, MOAIEP>KUBAIOIINE BO3MOKHOCTD
XEIIMPOBAHUS JAaHHBIX, OOBIYHO UMEIOT BCTPOCHHYIO XelI-(DYHKIMIO, HO U MO3BO-
JSI0T TOJB30BATENI0 3a/1aBaTh CBOIO. DTO MOXET MOHAJI00MTHCS TOrJa, KOrnaa
BCTPOCHHAs Xel-QyHKIMS HE JNaéT XOPOIIMX PE3yJIbTaTOB, a IMOJIb30BaTENIbCKas
XeI-(QyHKIIHMS MOXKET y4eCTb OCOOEHHOCTH pacTpe/IeeHHs 3HAUeHU KOHKPETHOTO
KJroua. Eciu jke KIrod SBIsSeTCS YHUKAIbHBIM U PACIpEAEIICHUE €r0 3HaUCHHI paB-
HOMEPHO, TO CAMH 3HAYEHHSI MOT'YT OBITh MCIIOJI30BaHbl B KAYECTBE XEIlI-3HAYCHUN
(Toraa gaHHble OYIyT pa3MenaThCs B MOPSIIKE YBETUUCHHS 3HAUCHHUM XellI-KITto4a).

KoHTpoJibHBIE BONPOCHI:

1. Yto coboii mpecTaBisieT CTpaHUIHAs OpraHM3aIHs TAHHBIX ?

2. Uto co0o¥i TpeicTaBIIsIeT TEXHOIOTHS XEITMPOBAHUS, ISl YeTO OHA MCTIONB3Y-
€TCsl B CTpyKTypax xpaHenus b/[?

3. B ueM cocTonT OCHOBHOE Ha3HAYECHNE HHICKCOB?

4, Kakol MHIEKC Ha3bIBAIOT IUIOTHLIM?

5. B uem coCTOUT TeXHOJIOT s MOUCKA, BCTABKH U YAAICHHS 3JIEMEHTA C UCIIOIb30-
BaHHWEM HEIUIOTHOIr'O MHjeKca?

6. Jly1s1 yero cTposiTCsi ”HBEPTUPOBAHHBIE CITUCKU.

IHopsinok BeINOJIHEHNsI padOThI:
1. O3HaKOMUTBHCS C TEOPETUUECKUMU CBEICHUSIMU
2. OTBETUTh HA KOHTPOJIbHBIE BOMPOCHI.

Chnucok UcnoJib30BAHHBIX HCTOYHUKOB:

1 OcHoBHasi IuTEpaTypa

1. Mypar E.Il. Uadopmaruka III : yue6Hoe mocobue / Mypat E.Il.. — Pocrtos-na-/lony,
Taranpor : M3natensctBo FOxHOTO denepanpHoro ynusepcutera, 2018. — 150 ¢. — ISBN 978-
5-9275-2689-5. — TekcT : 371eKTpOHHBIN // DnekTpoHHO-6ubnuoreyHas cucrema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/87415.html

2. Crapeiruna C.J1. IHdopmaTnka: TEXHOJIOTHH M OHCHOE TIPOTrpaMMUPOBAHUE : Y4eOHOE
noco6ue / Crapeiruna C. /1., Hypues H.K., Hypranuesa A.A.. — Kazans : Kazanckuii HalimoHa1b-
HBII UCCIIeIOBATEeNIbCKHUM TeXHOJIOTrHUecKkuil yauBepeuret, 2018. — 232 ¢. — ISBN 978-5-7882-
2565-4. — Tekcr : anekTpoHHbIH // DnekTpoHHo-O0nbmmoreunas cuctema IPR BOOKS : [caiir].
— URL.: http://www.iprbookshop.ru/100670.html.

3. O6010HMH 1. A. OCHOBBI KOMITBIOTEPHOTO TPOSKTHPOBAHNUS B MH(POKOMMYHHUKAITHOHHBIX
TEXHOJIOTUSIX : yueOHO-MeTouueckoe nocoodue / Odononun M. A.. — HoBocubupck : Cubupckuii
TOCYTapCTBEHHBIN YHUBEPCUTET TEICKOMMYHHUKaWi U nHpopmaruku, 2018. — 250 ¢. — ISBN
2227-8397. — TekcT: 31eKTpOHHBIH // DnekTpoHHO-0ubanoTeunas cucrema [IPR BOOKS: [caiir].
— URL.: http://www.iprbookshop.ru/84070.html.

4. Kysneuon C.JI. OcHoBBI 0a3 1aHHBIX: Kypc JeKiuil. Yued. nocobue. - M.: nTepHeT-
Yuausepcurer Madopm. Texnonornit, 2005.- 488 c.

5 Ixopmxec I'. 50 sddextuBHBIX NpuemMoB 00paboTku 1upoBbIX (oTorpaduii c
nomotibio Photoshop / I'. Ixxopmxec; niep. ¢ anri. C.J1. [lanacroka; mox pexn. B.C. MBamienko. -
M. [u ap.] : Auanextuka, 2006 .— 464 c.
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4. T'ypckwit, 0. Kommnerotepnas rpaduka: Photoshop CS3, CoreDRAW X3, Illustrator
CS3 /10. I'ypckuit, U. I'ypekas, A. XKsanesckuit .— M.[u np.] : [Tutep, 2008 .— 992 c.

JonosHuTeIbHAA JIUTEPATYpPa

1. MenpaukoB B.II. Wudpopmanmonnsie TexHoJormu. YueOHHK miusi BY3oB. M.:
Axagemus, 2008. — 426 c.

2. Ky3un A.B. ba3sl nansbix: yue6. mocooue s By30B / A. B. Ky3un, C. B. JleBonucosa
.— 2-e u3n., crep .— M.: Akagemus, 2008. — 316 c.

3. I'pexyn B.U. IlpoexktupoBanne WHPOPMANMOHHBIX CHCTEM: KypcC JIEKIWH: yueO.
nocobue ans By3oB / B.M. I'pexyn, I'.H. lenumenko, H.JI. KopoBkuna. - M.: IHTepHeT-YH-T
WNudopm. Texnomoruii, 2005. — 304c.

4. Bonkoga, E.B. XynoxectBennas oopabotka dotorpacduii B Photoshop / E.B. Bonkosa.
- M.[u ngp.] : TTurep, 2005 .— 269 c.

Ilepeuenn pecypcoB HHGOPMANIMOHHO-TEJIEKOMMYHUKALIMOHHOM CeTH
«/HTEpHET», HEOOXOAMMBIX /IJIS1 OCBOEHUS TN CIUIIMHBI (MOLYJIA)

1. Hayunas Dnekrponnas bubnuoreka eLibrary - GubmuoTeka JIeKTPOHHOM Mepro-
nuKd.- Pexxum moctyna: http://elibrary.ru/ , mo maposo.- 3ari. ¢ sKpaHa.

2. Onexrpounsid untanbubli 3a1 “BUBJIMOTEX” : yue6nuku aBTopoB Tynl'V mo Bcem
aUcHuIuIMHAM.- PesxkuMm moctyna: https://tsutula.bibliotech.ru/, mo maposmso.- 3ari. ¢ sxkpaHa

3. ObC UznatennsctBa «Jlauby e.lanbook.- Pexxum noctyna: http://e.lanbook.com/, mo na-
posto.- 3ari. ¢ dKpaHa.

4. OBC «Kuura®ouay (OO0 «llentp mudposoii auctpudyium») knigafund.- Pesxum no-
cryna: http://www.knigafund.ru/.- 3aru. ¢ sxpana.

5. OBC IPRBooks yuuBepcaabHas 06a3oBasi KOJJICKIHS H3TaHWN. — PeXuUM mocTyma:
http://www.iprbookshop.ru, mo maposso.
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