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BBEJAEHHNE

Bazbl maHHBIX SBIAIOTCS OCHOBHBIM KOMIIOHCHTOM COBPEMCHHBIX
MH(OPMAILMOHHBIX CUCTEM U UTPAXOT KIKYCBYIO PONIb B OPTAHU3ALNH,
XPaHCHHUH U YTIPABICHUN TAHHBIMH,

Hacrosiee y4ueOHOE mMOCOOHE TMOCBAIICHO OCHOBAM TEXHOJIOTHI
0a3 JaHHBIX U COCTABICHO ¢ YUCTOM TPSOOBAHUH CTYACHTOB U HAYMHUHA-
FOLUX CHCHUAJUCTOB, KOTOPBIC XOTAT Pa3odpaThCs B OCHOBHBIX MPHH-
ITUTIAaX PabOTH! 6a3 JAHHBIX U HAYUUTHCS TIPUMCHSATE WX B MPAKTHUCCKUX
3agadax.

B nocoGum mocnexoBaTeIbHO PAacCMATPHUBAIOTCS OCHOBHBIC MO-
Jenu 0a3 JaHHBIX U UX OCOOCHHOCTH, a TAKKE BOIMPOCH! MPOCKTHPOBA-
Hus 0a3 JaHHBIX. 3aTE€M MOIPOOHO PacCMATPUBACTCS PEIISIIUMOHHAS MO-
JCTb JAHHBIX, KOTOPAS SIBSICTCS OCHOBOM OOJIBIIMHCTBA CUCTEM YIIPAB-
JcHus OasaM¥l JAHHBIX, 4 TAKIKE M3YUacTCs CTPYKTYPHUPOBAHHBIN SI3BIK
3anpocoB (SQL), KOTOPBIH MITHPOKO HCTIONB3YETCs A paboThl ¢ pems-
LUOHHBIMY OazaMu JaHHBIX. TPeThs 4acTh yueOHOro mMoCcoOus OXBaThI-
BACT BOMPOCHI CO3AAHUS NPCACTABICHHA W WHACKCOB, UCTIONb30BAHHS
MPOLCAYPHBIX perneHuii si3pika SQL, a Taxke ynpaBieHHUE TpaH3aKIU-
sMu. B 3aKTIOUUTEIBHONM YacTH TOCOOUS MPEACTABICHBI OCHOBHBIC HE-
PCISLIMOHHBIC PSIICHUS 71 PA0OTHI ¢ JAHHBIMH, & TAKKE OCHOBBI 00pa-
OOTKH OOJBIINUX JAHHBIX.

Marepuan mocoOus BEICTPOCH TaKuM 00pazoM, 4ToObI 00yUaron-
€CS1 IMEITH BO3MOYKHOCTE TO3HAKOMHUTBCS ¢ OCHOBHBIMH KOHIICTIITHSIMHE
PadoTHI C PESIIIMOHHBIMU Oa3aMH JAHHBIX C UCTIOIb30BAHUEM CTPYKTY-
pupoBaHHOTrO s3b1Ka 3arpocos SQL Ha mpumepe MySQL u PostgreSQL,
a TaKKe HEPEIILMOHHON JOKYMEHTOOPUEHTHUPOBAHHOM CHCTEMOM
yrpasiacHus Oazamu naHHeix MongoDB.



1 BBEJJEHUE B BA3bI JAHHbBIX

1.1 IHousitTHe 0a3bI JAHHBIX https://t.mefit_boooks/2

bassr ganubix (b/1) HCnoap3yOTCS MOBCEMECTHO, MPAKTUYCCKH HU
OJHO MPHIIOXKCHUE HEe obxoaurcs 6e3 6assl qanHbX. CaiTel, PprHaHCO-
BBIC M MCAMIIMHCKUC YIPCKACHUS, YICOHBIC 3aBSACHUS, PA3IUUHBIC Op-
FaHU3ALMH TAK WKW HHAYE UCTIOIB3YIOT CHCTCMBI XPAHCHUS U 00pabOTKH
JaHHBIX. B kadecTse oaHOrO M3 mpumepa 0a3bl AAHHBIX, YaCTO UCIIOJb-
3yeMOM CTYACHTAMH, MOXKHO TTPUBECTH 0a3y JaHHBIX ¢ HHPOpMaALHEH O
pacnucaHuu, OICHKAX, MOCCIACMOCTH | T.1., KOTOPast MOKET HCIIOb-
3YCTCS AJISl OTOOPAKCHHUS JAHHBIX YCPE3 IMIHBIN KAOUHET HA CANUTE YHU-
BepcureTa. JApyruM npumMepoM MOKET SBJSIThCs 0asza JaHHBIX CKIAaa C
uHpopMmarueii 0 Hantuuuu ToBapa. B ar00oM criyuae, 6a3bl JaHHBIX MO-
IYT HMCIOJB30BATHC KaK JUIS XPAHCHUS MAHHBIX COBCEM HEOOJBIIOTO
o0beMa, Tak u 11 00paboTku TepadaiT nHPOPMALUH.

Uro ke takoe 6aza ganHbiX? CyIECTBYIOT PA3IUYIHBIC OMPEACIIC-
HUS 3TOTO TCPMHHA, OTPAKAIIINX CKOPES CYOBCKTHUBHOS MHCHHE TEX
WJIH WHBIX aBTOPOB, OJHAKO OOILICTPU3HAHHAS ¢auHAas (HopMyIUpoBKa
OTCYTCTBYET.

Taxk, cornmacHo 'OCTy (34.321-96), ycraHaBIMBaOIIEMy 3TAJIO0H-
HYHK0 MOJC/Ibh VOPABACHHS AAHHBIMH, N0 0a30i JaHHBIX MOHUMACTCS
«COBOKYITHOCTh B3aUMOCBSI3AHHBIX JAHHBIX, OPraHU30BAHHBIX B COOT-
BETCTBUH CO CXEMOH 0a3bl JAHHBIX TAKUM 00Pa3oM, ITOOBI ¢ HUMH MOT
paboTarp mosb3oBaTeby [ 1].

I'paxnanckuii kogexe PO onpeaenseT Oasy JaHHBIX KaK MPEICTAB-
JCHHYIO B 0OBCKTHBHOH (DOPME COBOKYITHOCTh CAMOCTOSITSIBHBIX MATE-
PHAJIOB, CUCTEMATU3UPOBAHHBIX TAKUM 00Pa30M, YTOOBI 3TH MATCPUATIBI
MOTJIH OBITh HAMACHBI U OOPA0OTAHBI ¢ TOMOIIBIO AJICKTPOHHOM BBIUHC-

JINTCJIbHOM MAIIIUHBI.
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Kpome toro, moa 0a3zoi AaHHBIX YacTO MOHUMAKOT COBOKYITHOCTb
JAHHBIX, XapaKTCPU3VIOIIVIO aKTyaIbHOE COCTOSHUEC HEKOTOPOH mpea-
METHO 0051aCTH U HCTIONIB3YEMYIO IS YAOBJICTBOPCHUS HHPOPMAITHOH-
HBIX TOTPEOHOCTEH OPraHU3alyy, & HE TOJIBKO OTACITBHBIX MOIb30BATE-
neu [2].

VYKka3aHHBIC BBILIC OMPEIACICHNS UMCIOT PA3TUYHBIC AKIICHTH, HO B
COBOKYITHOCTH MO3BOJSIOT C(HOPMYIHPOBATh HEKOTOPBIC XapaKTCPHBIC
MPU3HAKU Oa3bl JAHHBIX:

— 0asza JaHHBIX XPAHUTCSA U 00PadATHIBACTCS B BHIYUCIHUTCIBHOM

cucreme. Taxum 00pa3oM, MOObIC BHCKOMITBIOTCPHEIC XPAHITHIIA

nHbpOpMAITUH (TaKHe KaK apXUBBl, ONOTHOTEKH, KAPTOTCKH H TOMY
noo0HOC) GazaMu JAHHBIX HE SIBJISFOTCS,

— JAaHHbIC B 0a3aX JAHHBIX JJOTHUECKH CTPYKTYPUPOBAHBL U CUCTC-

MaTH3UPOBAHHI € LIENbIO 00CCICUCHHS BOBMOKHOCTH HX 3] dekrrs-

HOTO MOKCKA U 00pabOTKU B BEIMUCIUTEIbHON crcTeme. CTPyKTY-

PHPOBAaHHOCTh MOAPA3YMEBACT SIBHOC BBIACICHHE COCTABHBIX Ya-

CTCH H CBA3CH MEKAY HUMH, & TAKIKE THITH3ALIUIO SIICMCHTOB H CBSI-

3¢, MPU KOTOPOU C THUIIOM 3JIEMEHTA COOTHOCHTCS ONPEACIEHHAS

CCMAHTHUKA U JOMYCTHMBIC OTNICPALIHH;

— B 0ase JaHHBIX XPAHATCS HE TOIBKO pabovuue JaHHBIC, OMTUCHIBA-

IOLIHE KaKYIO-TO IMPEAMETHYIO 0071acTh, HO U METAIAHHBIC, OTTUCHI-

BAIOIINC JIOTHUYECKYIO CTPYKTYPY CaMHUX AAHHBIX B (OpMaIbHOM

BuAe. Takyr Ba)KHYIO CHOCOOHOCTh 0a3 JAHHBIX YACTO HA3BIBAIOT

CaMOOOKYMeHMUPOBAHUEM,

— cxeMa 6a3bl JAaHHBIX BKIIOYACT B CEOSl OMMCAHUS COACPIKAHUS,

CTPYKTYPBI U OTPAHUUCHUH LIETOCTHOCTH, HCTIONB3YEMBIX IS CO-

30aHHS U TOAACPKKU Oa3bl JaAHHEBIX;

— HoTpeOUTEeIEM JAHHBIX MOXKET BBICTYIIATh HE TOJBKO UEIIOBCK,

HO U IIPOrpaMMHO-alMNapaTHbIC KOMITJICKCHI.
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1.2 PasBurtue 6a3 AaHHDBIX

MozkHOo BBIACTUTD HCCKOJIBKO 3TAIOB B Pa3BUTUU 0a3 JAaHHBIX, CXC-

MAaTUYHO TTOKA3aHHBIX HA PUCYHKE 1 [2].

SNEeKTPOHHbIE KapTOTEKNU

(10 1965 1) * CuCTEMbI, OCHOBaHHBbIe Ha daiinax

MepBble Moaenu b1 * Nepapxuueckan MoaeNb
(1965-1975 1) » CeTeBas MOAe/b

PenauuoHHana mogens ¢ PefaluMoHHaA moaes
(c 1970 1. Mo Haww AHM) * KoHUenTyansLHan MOJENb «CYLIHOCTb-CBA3bY

SR S I e e ® YYHWEHHAsA PENsLMOHHAA MOAENb
(c 1986 1. no Haww AHM) * OBBLEKTHO-OPMEHTMPOBAHHAA MOAENb

CnabocTpyKTypupoBaHHbie gaHHbie  pRUYIE
(c 1998 r. No HalWKW AHK) * JSON

JokymeHTo-opueHTUpoBaHHaa Mofenb
(c 2008 r. no Haww gHuM) * Cncremel No3QL

PucyHok 1 — Drtansl pazeurus 0a3 JaHHBIX

Hcropust BO3HUKHOBSHHS (a3 JaHHBIX OCPET CBOC HAYAIO ¢ KOHIA
50-X roJ0B MPOILIOro BEKA, KOIrAa MOsSBUIOCH ITPOrPaMMHUPYEMOe 000-
pyaosanue amasi oOpabotkm 3ammceii. PaspaboranHoe mnporpamMmHOS
00CCIIeUCHNE MOAACPKUBAIO 00paboTKy 3amuceii Ha OCHOBE (haioB.
Jist XpaHeHHsI JAaHHBIX UCTIOIB30BAINUCH TCPHOKAPTHI.

3ameineHue (aiIoBEIX CUCTEM MEPBBIMH MOJACSIMHU 0a3 JAHHBIX
(Taxk Ha3pPIBACMOL CCTCBOH M UCPAPXUICCKON MOICIH) MPOU3OIILIO B IIC-
puoj ¢ cepexuasl 60-x 1o nepeyto noaosuHy 70-x ronos XX Beka.

Creayromui BasKHBIN 3TAIl CBSI3aH ¢ TOSIBICHUEM B Hauane 1970-x
pensuuoHHOH Moaeau AanHbiX. B 1970 roxy goktop Sarap Koax us uc-
cemoBareabCKoU nadoparopuu IBM onyOnukoBan cTaThio MO Ha3Ba-
HueM «Pesaimonsas Mo ey JaHHBIX 171 O0IbIIUX oOImuX OaHKOB 1aH-
HBIX», B KOTOPOH BICPBBIC MMPO3BYYAT TCPMUH «PESILIUOHHAS MOJCIIb.
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Penduponnas Mozenp JAaHHBIX OCHOBBIBACTCS HA TCOPHH MHOMKECTB H
MaTeMaTHUYCCKOM MOHSATHH OTHOIICHKE («relationy). B kauecTse Hedop-
MaJIBHOT'O CHHOHMMA TCPMHHY «OTHOIICHHEY» YaCTO BCTPEUACTCS CIOBO
tabmuua. Heo0xo1uMo mOMHUTS, UTO «TabIUI@y €CTh MOHITHUE HECTPO-
roe 1 He(hopMaTBHOE U YacTO 03HAYACT HE «OTHOLICHHE) KaK aOCTPaKT-
HOC TIOHATHE, & BU3YATbHOC NPEACTABICHUC OTHOLICHHS Ha OymMare Hiu
skpane. s yMEHbIICHHS N30BITOYHOCTH JAHHBIX B PEISILIMOHHON MO-
JCJIA JAHHBIX HCTIONB3YETCH HOPMATH3ALHSL.

B cepeanne 1980-x romoB Ha pBIHKE MPOTPAMMHBIX HPOIYKTOB
CTaTy aKTUBHO MOSBIATHCS MPOTPAMMHBIC CPEACTBA, MOCTPOCHHBIC HA
OCHOBE 00'BEKTHO-OPUCHTHPOBAHHOH napaaurMel. B pamkax stux moze-
JCH TAHHBIC MOACTUPYIOTCH B BHIAC OOBCKTOB, HX aTpUOYTOB, METO0B
U KJTACCOB, YTO MO3BOJISCT PabOTaTh ¢ OOBCKTAMH 0a3 JAaHHBIX TaK XKE,
KaK ¢ 00BEKTaMHU B MPOTPAMMHPOBAHUH B 00BEKTHO-OPHCHTHPOBAHHBIX
A3BIKAX POrPAMMHPOBAHUSL.

B Tex curyaumsax, Korga Ha mepBOE MECTO BBICTYNACT HE CTOJBKO
PCLICHHE 3a1a4H XPAHCHU 3aITUCEH, CKOIBKO MPOCTOTA OPTaHU3ALHH U
VHHBEPCATBHOCTh OOMCHA JAHHBIMH, CTOMT OOpPATHTh BHHMAaHHE Ha
HACKO PabOoThI CO CNA0OCTPYKTYPUPOBAHHBIMU JaHHBIME. Jj1s1 00CTyKu-
BaHH cIabOCTPYKTYPHUPOBAHHBIX JaHHBIX B 1998 roxy 611 pazpaboTtan
OTICIBHBIN CTAHAAPT — PacCIIUPACMBIN A3bIK pasMeTkH (i XML). Cre-
OVET OTMETUTh, YTO cIabOCTPYKTYPHPOBAHHBIC JAHHBIC B (opmare
XML He HY»KAAOTCS B OTACIBHBIX CUCTEMAX YITPABICHUS 0a3aMH JAaH-
HBIX, a 111 00paboTku XML paspaOoTtaH crienHanbHbIA MPUKIAIHONW HH-
Tepdelic mporpaMMUPOBAHHL.

Hakonern, B Hauase ABYXTHICSAYHBIX T'OJOB MOSBUINCH HOBBIC MOA-
XOJbl K XPAHCHHUIO AAHHBIX, CPEAU KOTOPBIX MOJKHO BBLACIHTH JOKY-
MEHTO-OPHCHTHPOBAHHYIO MoAenb. KaTtamuzaropoM pasBHTHS JOKYV-
MEHTO-OPHCHTUPOBAHHBIX 043 JAHHBIX CTANO MOSBICHHE PacIpeIc/icH-
HBIX CUCTEM U TCXHOJIOTHI 00paboTKu 0ObIKX AaHHBIX. OTBIT SKCILTY -

aralyn pCiIIUOHHBIX 0a3 JAAaHHBIX TIOKa3ayl, YTO HOPMAJIMU30BAHHBIC
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JAHHBIC HETOCTaTOUHO 3((EKTUBHBI B pacipeacieHHou cpene. Kroue-

BBIM MPEUMYIICCTBOM JOKYMEHTO-OPHCHTHPOBAHHOTO MOAX0/1A KaK pa3

H CTaJIa BO3MOXKHOCTD HCIIOJIb30BAHUA HECTPYKTYPHUPOBAHHBIX JaHHBIX

B PACHpPEACICHHBIX CUCTEMAX, B KOTOPBIX JOMHHHUPYIOIUMH TpeboBa-

HHSMH BBICTYNIAIOT CKOPOCTb 00pabOTKH JAHHBIX H MACIITAOUPYEMOCTb.
PaccmoTpuM mpeacraBieHHbIE MOAETH TIOAPOGHEE.

1.2.1 Uepapxudeckast Moaesb 0a3bl JAHHBIX

Hepapxuueckas modenb — 3T0 MOJCIb JAHHBIX, B KOTOPOH HUCIIONb-
3yeTcs MPEACTABICHUE JAHHBIX B BUAC JPCBOBHIHOU (MU Hepapxudc-
CKOM) CTPYKTYPHI, COCTOAMIEH U3 0OBEKTOB Pa3IUUHBIX ypoBHEH. Kax-
JBIH U3 Y3T0B, B CBOKO OUEPEIb, MOT SBJIATHCS POIAUTCIBCKUM IO OTHO-
LICHUIO K OJHOMY WJIH HECKONBKHM HIDKEPACIIONIOKCHHBIM V371aM, HO Y
JOYCPHETO y37I1a HE MOKET OBITh Oonee oaHoro poaures. Takum obpa-
30M, B HEPAPXUUECKON MOACIH PEaTH30BaHa OJHA M3 HAHOOJIEe JacTo
BCTPCUAIOLINXCA B PCATTBHOM MHUPE CBA3b MEKAY CYLIHOCTSMH — CBA3b
«OJUH KO MHOTUMY (PHCYHOK 2).

o O

@@&

Pucynok 2 — Uepapxuueckas MoJienb 6a3bl JAHHBIX
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PaccmoTpum mpumvep 6a3bl aaHHBIX. B ropoie HaxoauTcs MHOTO
KOMITaHUH, B KOMIIAHHH 00pa30BaHO MHOTO OTAEJOB, B OTACC paboTacT
MHOT'O COTPYIHHKOB. [IpoekT Oa3el JAHHBIX «OTAEN — COTPYIHHKY, pea-
JU30BaHHBIA CPEACTBAMH HUEPAPXHUCCKOH MOJACTH, MOT OBl BBITJISACTD
Tak, Kak MPEACTaBICHO Ha pucyHke 3. Ormen ompenemseTcs CBOUM
HAa3BaHUEM, T COTPYAHHUKOB XpaHUTCH HHpOpMaLuH 06 ux GaMuiny,
HUMCHH, OTYCCTBE M JATH POXKICHHA. Y 3Bl COTPYIHUKOB BBICTYNAIOT B
Ka4eCTBE MOTUMHCHHBIX M0 OTHOLICHHIO K y37aM OTICIOB H HE MOTYT
cymecTBoBath 6e3 HUX. B mpeacraBieHHoM mpumepe B otaene upek-
s paboTaeT OMUH COTPYAHUK, B OYXTaITePHUU U OTACIC KaapoB pado-
TaKOT IO JBA COTPYAHUKA, T.€. MOJCITHUPYETCS CBA3b OJUH KO MHOTHM.

[Tpu >xenanuy cXeMy MOJKHO M Pa3BHTbh, HAPUMED, IOTIHHUB CO-
TPYAHUKAM VY3IBl C 3aKa3aMH, ONMHCAHUEM paboT, HOMEPAMH CUCTOB
u 1.1 [lomoOHoe pa3euTHe HE TPEOYST KAPAMHATIPHOTO H3MCHCHHS VIKS
CYLICCTBYIOLINX Y3II0B ACPEBa, HCOOXOIUMO TONBKO JOOABUTh OUEpe.I-
HBIC Y376l Ha HOBOM ypoBHE. QIHAKO, €M OAWH COTPYAHHK OYICT pa-
00TaTh B HECKOJBKHUX OTACTAX, BCIO HHOOPMALHIO O HEM NMPHACTCS Iy0-
JUPOBATh, T.K. CBA3b MHOTHE KO MHOTHUM HE TOAJCPKHBACTCA.

Modens

HasBaHue_otaena >—‘—~ Dammnnna ‘ Nma ‘ OtuectBo ‘ Aata

lipumep

Awvpexkumna —————— |lBaHoB ‘ Banepwuii ‘Hmkoﬂaeam 01.01.1966

Byxrantepua —

OTaen kagpos Metpos Cepreii MNeTpoBuu 13.06.1977

Opnos MNetp Cepreesuy 27.02.1980

———* Cepreesa Enena [eopruesHa 05.05.1982

KaTkos leopruit Anekceesud 16.12.1991

Pucynok 3 — [Ipumep uepapxutueckoii 0a3bl JJAHHBIX
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Ilo cpaBHenuto ¢ cucremamu GaiioB HEPAPXUUCCKAT MOJCTH 00-

AanacT psaoM npeumymects. CaeayeT OTMETHTD CIICAYIOUINE:

L.

IIpocrora noHnManu CTPYKTYPH AaHHBIX. Mepapxudaeckoe no-
CTPOCHHE NAHHBIX HWHTYUTHUBHO MOHATHO, YTO CYINECTBEHHO
VIIPOLIACT NPOCKTUPOBAHNE 63 JAHHBIX.

LenocrHocte manneix. Mepapxuueckue 0aspl JaHHBIX MPEI-
cTaBmsIn coOOH HEpa3pO3HCHHBIC MPHIOKCHUS U Gaiinsl. Bee
JAHHBIC HAXOJUITUCH MO KOHTPOJIEM OJHON CHCTEMBI YIIPABIIC-
HUS 0azaMy JaHHBIX, KOTOpas HE AOMYCKana HECKOPPCKTHEIC
JCHCTBUA € 3amUCiIMH (HApHUMEpP, VAAICHHE POAMTEIBCKOTO
V351, V KOTOPOT'O OCTABAIHUCH «OCHPOTCBIIUMID JOUCPHUC 3T1C-
MCHTHI).

HezaBucumocts nannbix. JlanHbie 0O/IBIIE HE MPUHAICKAT O~
HOMY TpUIOKeHUI0. Hamuume cucreMHOro karauora mo3posseT
padotath ¢ 6a30¥ JAaHHBIX MPUITOKECHUSIM, KOTOPBIC YMCIOT UH-
TaTh MCTAJAHHBIC.

BezonacHocTe manHbIX. KOHTpomupyemelii mocTynm K AaHHBIM
OCYILECTBISCTCA C MOMOIIBIO CHUCTEMBI YIpaBICHMS 0OazaMu
JAHHBIX, B KOTOPYIO 3aKIaJbIBACTCS MPEATOYTHTEIBHAS MMOTH-
THKa OE30TIACHOCTH.

Bricokas 3¢¢eKTHBHOCTE AITOPUTMOB MOUCKA, T.K. CTOUMOCTh
MPOLICAYPHI «CIyCKa MO ACPEBY» MPOMOPLHOHATIbHA TIyOHHE
Jepesa.

Onxnako, TOOOPOB HEIOCTATKH CHUCTEM, OCHOBAHHBIX Ha (aiiax,

HepapXuuecKas MOJAETb mpuodpena HOBbIe. BOT TOIBKO HEKOTOpHIE M3

HHUX!

L.

OrpaHuueHUS B OPraHU3aHH OTHOIICHUH MCIKIY CYIIIHOCTSIMH.
Hepapxuueckas MOACTE HO3BOICT OPTAaHU30BATh IMTOCICIOBA-
TCIBHYIO CBA3b «OAWH KO MHOTHM) MEXKAY JAHHBIMH TOJBKO OT
pOAUTENS K IOTOMKY, HO HE B COCTOSIHUHU PEAIU30BATh OTHOLIE-

HHUA «KMHOTHC KO MHOTHM)».
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2. CrpykrypHas 3aBucuMocTte. Mepapxudeckas cTpykTypa mpen-
nojgarajiaa, 94To (I)I/ISI/I‘IGCKI/I JAAHHBIC TAKXKC CTAHYT XPAHUTHCA B
Buze aepesa. Cepbe3HOE H3MEHEHHE CTPYKTYPHI (HAIpUMep, me-
PCIIOAYNHCHUC y3J'IOB) MOTJIO MMPUBCCTHU K TOMY, UTO NPUKIAA-
HBIC TIPUJIOKCHU A TCPAIN BO3SMOXKHOCTD HABUT'aAllUU 1O JaAHHBIM.

3. BeicOKas CTOMMOCTD OInepauui MOAUMPUKAIINK 33 CUST MPUME-
HCHU: aJropuT™Ma paCliCIijICHUA U CJIMAHUA BCPIIUH ACPCBA IIPU
BCTaBKE U YJANCHHU 3aIIUCEH.

4. OrcyrcrBue cranmaptuzaumu. Kak ciaeacteue, Bcerga cyiie-
CTBOBAJA NPOOIEMa NEPEHOCUMOCTH.

1.2.2 CereBast Mmoaeanb 0a3bl JAHHDBIX

CeteBag Mogens Oa3el JAaHHBIX SBJSICTCS PACHIHPECHUEM HEpapXu-
YeCKOH MOAENU JaHHBIX. B JaHHOM ciydae 3a OCHOBY Oblia B3siTa HE
JPEBOBUAHAA MOJAECIb JAHHBIX, & CTPYKTYPA, MOCTPOCHHAA HA OCHOBE
rpada. [Ipumep ceteBoit Moaenu B BuAe rpada mokasaH Ha PUCYHKE 4.
PaSHI/IHa COCTOHUT B TOM, UTO B HepapXH‘ICCKOﬁ MOACIHN 3alIUCh-ITIOTOMOK
JODKHA MMETh B TOYHOCTH OJHOTO MPEIKA, a B CCTCBOH CTPYKTYPE JaH-
HBIX Y TIOTOMKA MOXKET OBITh JTF000€ THC/IO MTPSAKOB.

Pucynok 4 — CereBast Mojienn Ga3bl JJaHHBIX
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ITo cpaBHEHHIO ¢ HEpapXUUECKOH, CETEBas MOACIb UIMEET OJTHO CE-
PBE3HOE MPEUMYIICCTBO. OHA MO3BOMACT HA3HAYATH MMPOU3BOJIBHOC KO-
JAMYECTBO CBA3CH Mexay vanamu rpada. [lostomy oHa B cOCTOSHUHM CO-
30aBaTh 0a3bl JaHHBIX, 0OJEC TOYHO OTPAXKAMOLINE CBA3U PEATBHOTO
MHPA, B YaCTHOCTH B CETCBBIX 0a3ax JaHHBIX 0€3 0CO00T0 TPyAa MOKHO
Ob110 (POPMUPOBATH OTHOILICHHUSI «MHOTHE KO MHOTHM) HJIH 3aMBIKATh
CBsI3b V3714 Ha ceOsl caMoro.

[Ipu ypaneHuy 3amucu B ceTeBOM 0a3e AAHHBIX YHHUTOXKACTCS
TOJBKO 3TOT COOTBETCTBYIOIIMM €11 2IEMEHT U CBA3b C HUM, BCE OCTAJIb-
HOE OCTacTCs HA MECTE. DTO PA3HUTEIBHOE OTIHYHE OT HEPAPXUUCCKH Op-
raHU30BAHHOW 0a3bl AAHHBIX, BSAb B HCH MPH YIAJICHHH OJHOTO y37a
VIANCHUIO MOJJIEKANA BCSA HIDKEPACIIOIOKCHHAS BETBb JOUCPHHX BJIc-
MeHTOB. JInbo ke TpeGoBamock MPOBOAUTE OTHOCHTEIBHO CIIOKHYIO
MPOLICAYPY MEPEIOTIMHCHHAS JOUCPHUX Y3IIO0B.

I'oBops 0 HemocTaTKax MOACTH, CIEAYET OTMETUTh, YTO OONBIIOE
KOJINMYCCTBO MPONU3BOJIBHBIX CBSI3CH MOBBIMIACT CIOKHOCTH CXEMBI 6331)1
JAAHHBIX U, KaK CJICACTBUC, BBISBIBACT AOIOJIHUTCIIBHBIC TPYAHOCTU NIPU
00eCreYeHNH 1eTIOCTHOCTH AaHHbIX. Kpome Toro, Bospacranma crox-
HOCTb Pa3pa0OTKH MMPUKIAIHOTO MPOTPAMMHOIO 00CCICUCHHUSL.

1.2.3 PenrssunonHast Moaeab 0a3bl JAHHBIX

JIOBOIBHO CKOPO HA CMCHY HEPAPXHUYCCKON M CETCBOH MOACITISIM
npunuIa NPUHIUIMAAIBHO HOBAA MOAC/Ib JAHHBIX — PCILINUOHHAA.

PensipnorHas Moae/ib AAHHbIX — JTOTHYCCKAS MOJC/Ib, OCHOBAHHAS
Ha MHOKCCTBE B3aMMOCBI3AaHHBIX MMCHOBAHHBIX OTHOILICHHH. B CBOrO
o4epenb, PeIALMOHHA Oa3a JAaHHBIX — 0a3a JAHHBIX, OCHOBAHHAS HA pe-
JSIMUOHHOM MOJACTH AAHHBIX. TCPMHH «PEIALMMOHHBI O3HAYACT, UTO
TCOPHSI OCHOBAHA HA MATCMATHUCCKOM MOHSITHH OTHOLICHHUCY.

OrHowenne — 510 HHGOPMALMOHHAS MOJCTH PEATBHOTO 0OBEKTA
MPeAMETHOM 00macTr, GopMaTbHO MPSACTABICHHAS MHOKECTBOM OHO-
TUMHBIX KopTexkei. KopTexk oTHOLICHHUS mpeacTaBisieT cOO0H 3K3eM-
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VISP MOJCTUPYEMOTO 00BEKTA, CBOMCTBA KOTOPOTO OMPEIACIIIOTCS 3HA-
YCHISIMH COOTBETCTBYIOIIUX aTpuOVTOB («moneh») koprexa. Ceszu
MEKIY KOPTEKAMH OTHOUICHUMN (ITPH UX HAJHYHH) PCATU3YIOTCS YSPE3
MPOCTOM MEXAHU3M «BHELIHHX KJIHYEiD», SIBISIOIIUXCS, IO CYIICCTRY,
CCBIIKAMH HA aTPUOYTHI CBSI3BIBACMBIX KOPTEIKEH OTHOIICHHH.

Takoe ynpoIgHUE MO3BOJISCT ACCOLMUPOBATh OTHOIICHUSI PEIISALIU-
OHHOM 0a3bl JAHHBIX ¢ MPSIMOYTOJbHBIMHU TUIOCKUMH TAOIUIIAMHE, & KOP-
TCKH OTHOLICHHUH — CO CTPOKAMH TAKUX TAOMHII, YTO YIPOINACT MPEI-
CTaBICHHE O CTPYKTYPE 0asbl. ITO YIPOIICHHUE HE COBCEM BEPHO, HO 10-
CTaTOYHO CHIIBHO pacnpocTpaHeHo. KnroueBoi 0cOOCHHOCTBIO, TOYEMY
(dhopManbHO HEIB3S OTOKIACCTBISATh OTHONICHUE W TAOJHUIY 3aKIIIOYa-
€TCSI B TOM, YTO OTHOIICHUE HE UMEET BHYTPH ceOst mopsaka. Korga ro-
BOPSAT O TAOJHUIIE, MOPA3yMEBAIOT, YTO BHYTPH TAOIHIIBI €CTh KAKOH-TO
MOPSZIOK, T.€. €CTh MIEPBAst 3aMUCh U €CTh MOCICAHSS 3AMUCh. BHyTpH
OTHOIICHUS TAKOTO MOPSAKA HET, 3TO HEYMOPSIOYCHHOS MHOMKECTBO.
Koraa menaetca zanpoc k 6a3e AaHHBIX, TO PE3VJIbTAT BO3BPAINACTCS
OOBIYHO B KaKOM-TO HOPsiAKe. Eciau mopsaok SBHO HE 3a4aTh, TO €ro
MOKHO CUHTATh CIy4alHbIM. BHYTPCHHSIS CTPYKTypa CHCTEMBI YIIpaB-
acHus 0a301 JAHHBIX OOBITHO TAKOBA, YTO 3TOT CIIYUANHBIH MOPSIIOK OY-
JCT COBMAIATh OT 3ampoca K 3aIpocy, T.€. MOMKET CIO0XKHTBCS JIOKHOC
BIICYATJCHHUE, YTO BCC JAHHBIC BCCTAA OYAYT YIOPSIOUCHBI IO KAKOMY-
Iu0O0 KITIOYCBOMY TTOJTIO WM B OPSIAKE T0OABICHUS — 3TO HE Tak. B mro-
00l MOMEHT MOPSIIOK MOKET IIOMCHSITHCSI.

B kauecTBe mpuMepa Ha PUCYHKE 5 MOKA3aHA YaCTh PEISALIUOHHON
6a3bl AaHHBIX (PHIBMOB, KOTOpas XpaHUT HHpOpPMaLUIO O QuapMax u
CHUMABIIKXCS B HUX akTepax. CreBa mpeacTaB/icHa MoIHas cxema Tad-
JIUILL, CIPaBa — YaCTh JAHHBIX (YACTh CTPOK U CTONOLIOB), XPAHSIIUXCS B
3TUX TAOIULAX.

VYuureiBas BBSACHHBIC (DOPMATBHBIC OMPEACICHHUS, OTHOIICHUSIMH
SIBIITFOTCSL CYIMHOCTH «(PUIBMY» U «AKTEP», KOTOPBIC MPEACTABICHBI CO-
otBeTcTBYIOIMMHU Tabaunamu «film» u «actor» B Gase mannbix. Kopre-
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JKEM, OTTUCHIBAOIIUM OTACIBHBIA 3K3EMILTIPH! (PUITBMBI WITH aKTepa, Oy-
JCT SBIATHCS CTPOKA B COOTBETCTBYIOWIEH Tabmune. Hanpumep, kopre-
JKEM SIBISICTCS CTpoKa ¢ JaHHbIiMH 00 aktpuce «Penclope Guiness».
ATpubyTaMu KopTexa ABIIOTC cTon0nsl Tabnuel. [Ipumepom atpu-
OyTa gBaseTcsa GpaMuIns B TAOIULC aKTCPOB.

Jns cBA31 TabIHL UCTIONB3YIOTCS BHEIIHKE KIIOYH. B nanHOM City-
Yae, MoKa3aHa CBI3b «MHOTHE KO MHOTHUM», T.€. B OZHOM (HIbME CHAMA-
JIOCh MHOTO aKTEPOB, OAWH aKTEp CHUMAJICSA BO MHOruX ¢umbmax. Jns
OMMMCAHHUI JTHX CBA3CH HCHONB3YETCA JOMONHHUTENbHAS —Tabiania
«film_actor». Mcmonp3ys CCBUIKH, 3aJaHHBIC BHCIIHUMH KIIFOYAMH,

MOYKHO TIOTYYHTh CITHCOK aKTEPOB, HIPAOIIUX B OMPEACICHHOM (DHUIbME.

film
BL, punbmos

@ ACADEMY DINOSAUR A Epic Drama of...

@ ACE GOLDFINGER A Astounding Epistle of ...
fim_id SMALLINT 3 ADAPTATION HOLES A Astounding Reflection of ...
title VARCHAR(255)
desciion TEXT actor i SMALLINT 4 AFFAIR PREJUDICE A Fanciful Documentary of ...
release_year YEAR first_name VARCHAR{45)
language_id TINVINT last_name VARCHAR(45)
original_language_id TINY last_update TIMESTAMP film actor actor
rental_duration TINYINT > -

———

rental_rate DECIMAL(4,2)
L a ~ _
length SMALLINT @ @ @ PENELOPE  GUINESS
replacement._cost DECIMAL(S,2) — E
rating ENUM..) 1 23 2 NICK WAHLBERG

actor_id SMALLINT
special_features SET(...)

film_id SMALLINT 3 ED CHASE
last_update TIMESTAMP

> last_update TIMESTAMP

» 19 @
> "
————— 85

®

Pucynok 5 — Ilpumep persiiuoHHOH 0a3bl JJaHHBIX

Takum 00pa3oM, PEIsSIHOHHAS MOJC/Ib JAHHBIX BKIOYACT B CeOS
HECKONBKO acieKToB. [ lepBhIit acieKT CTPYKTYPHBIH — OTHOIIEHHS, KOP-
TEHKH, AaTPUOYTHI.

Bropoii actiekT — acnekT HEeTOCTHOCTH, T.€. IOAJACPKAHHUE IEJIO0CT-
HOCTH W TIOJTHOTHI JAHHEIX HA YPOBHE CHCTECMBI YIIPaBIcHUS 0a30d 1aH-
veix (CYBJl). MoxeT mokasaThCsi, YTO KOHTPO/Ib LCIOCTHOCTH Ha
yposre CYBJI mumanii. OnHaKo MHOTHE BEIIH HA YPOBHE NPUIOKCHHUS
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KOHTPOJINPOBATh OUCHB CIOKHO. T.€. MOMKHO JIErKO MPOBEPHUTH MOTHOTY
JAHHBIC HA YPOBHE NPHIOXKCHHSA W 3aIPETHTh A00ABIAThH, CKAKEM,
¢uneMm 6e3 HazBaHug. Ho mpoBepuTh, HanmpuMep, VHUKAIBHOCTD HICH-
TUDHUKATOPA VIKE CIOKHEE.

U eme oauH KOMIOHEHT PEMSALMOHHON MOJACIH JAHHBIX — 3TO Ma-
HHUITYJIUPOBAHKE JAHHBIMH, T.C. U3BMCHCHHUE JAHHBIX B 0a3¢ WIN U3MCHE-
HHE CTPYKTYPBI OTHOIICHUH C HCIIOIB30BAHHUEM ONEPATOPOB MAHUITYTH-
POBaHH: OTHOLICHHSMH.

JloCTOMHCTBOM PEMALHOHHON MOAETH CTaNa MPOCTOTA MPEACTABIIC-
HHUS CTPYKTYPH! 0a3bl JAHHBIX M BBICOKAs THOKOCTb YIPABICHHS JaH-
HBIMU. TaOaHLBl PEMSLHOHHON MOJCIH KECTKO CTPYKTYPHUPOBAHEI, YTO
yrpouaet ux oocnyxusanue. Kpome Toro, cieayeT OTMETHTE BEICOKYIO
3¢ $EeKTHBHOCTD BEIMTOTHECHUA MoAnuIupyomux onepaunii. Hakonern,
MOSIBIICHHE CTPYKTYPUPOBAHHOTO s3bIKa 3anpocos SQL, cTaBmiero cran-
JAPTOM, TAKXKE CIOCOOCTBOBANIO PA3BUTHIO PEIIIHOHHBIX a3 JaHHBIX.

KoneuHo, y pensunoHHOM MOEeN ecTh U cBou HeaocTaTku. [lo cy-
HICCTBY, 3TO KOMIIPOMHCCHOE PCIICHHE MEXKAY MOTPEOHOCTBIO OTpa-
JKaTh CYIIHOCTH PEATBHOTO MHPA U CBS3H MEKIY HUMH M OTPaHHYCH-
HBIMH BO3MOKHOCTSIMH MAaTEMaTHYCCKOH TCOPHH MHOMKECTB, MEPEINO-
SKEHHOH Ha MPOTpaMMHBIHN KOJ.

Taxk, u3-3a 60pbOBI ¢ N3OBITOYHOCTHIO JAHHBIX B PE/SILIHOHHOM 0a3e
JAHHBIX B MPOLIECCE HOPMATH3ALUH JAHHBEIC PACIPEIC/IIOTCA MO He-
CKOJIbKUM OTHOIICHusM (Tabmuram). Kak cieacreue, A MOMyUYCHUS
CBOJHOTO OTHOILICHHS MPHUXOIUTCS COOHpaTh JAHHBIC MO Pa3HBIM Tab-
JMLAM U OCYINECTBIATh MHOXKECTBO cocquHeHui. Yem Oonbine coenu-
HCHHUH CIICAYET MPOBECTH, TSM OOBIIC BPSMCHH H PECYPCOB OYACT 3a-
TpaucHo. [pyrag npoGremMa pensIUOHHON MOIETH 3aKIH0UACTCI B 0CO-
OCHHOCTAX OPraHM3alUM CBI3H MEKAY OTHOWCHHWAMH. s cozmanus
OTHOLICHMS «MHOTHE KO MHOTHIM» MPHUXOJUTCSI BBOAUTH AOTOTHUTCIb-
HBIC aCCOLIMATHBHBIC TAOMHIIBI U MPHMEHATh JBA THIIA CBA3CH «OIUH KO

MHOTHM», KaK OBLIIO TTOKA3aHO B mpuMepe ¢ 0a30i JaHHBIX (HIBMOB.
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1.2.4 O0beKTHO-OPHEHTHPOBAHHASI MOAEJb 0a3bI AAHHBIX

B cepeanne 1980-x romoB Ha pBIHKE MPOTPAMMHBIX HPOIYKTOB
CTalT aKTUBHO MOSBIATHCS MPOTPAMMHBIC CPEACTBA, MOCTPOCHHBIC HA
OCHOBE OOBEKTHO-OPUCHTHPOBAHHOH mapaaurmbl. OOBEKTHBIC U 00b-
CKTHO-PEIIIHOHHBIC MOJCTH OCHOBAaHB HA XPAaHCHUH B 0a3c MaHHBIX
0OBEKTOB, ONPEACTICMEIX B paMKax OOBEKTHOU MOJCIH S3BIKA MpO-
IrPaMMHPOBAHMSL, UX aTPUOYTOB, METOJOB U KJIACCOB.

C TOUYKH 3peHHS TOYHOCTH MOJCTHPOBAHHUS PCANBHOIO MHpPA
00BEKTHO-OPHUCHTHPOBAHHAS MOJETb AAHHBIX IO BCEM CTAThsIM CMOXKET
MPEB30HTH PENALUOHHYIO, BEIb B HACATC OHA JOJDKHA OBITh CLIOCOOHOM
aJCKBATHO BbIPA3NUTh HHOOPMALIMOHHEIE CTPYKTYPBI JIIOOOU CIOKHOCTH.
Campim rmaBabiM goctouHcTBOM CYBJI ouepeaHoOro mokojcHus Mor
cTaTh TOT (PaKT, YTO MPOBEIACHUC JOTHUYCCKHX ONEPALMN HAA JAHHBIMU
MHOTOKPATHO VCHJIUTCA 33 CUET BO3MOXKHOCTCH OOBCKTHO-OPHUEHTHPO-
BaHHoro nporpammuposanus (OOID). Ator moaxox mo3eonna Obl 10-
OUTBCS OUCHB BRICOKOH 3D (DEKTHBHOCTH TOCTYIIA B PCIKUME HABHTALIUH.
Oxnaanock, 4To 0OBEKTHBIE Oa3bl JAHHBIX BBITCCHAT BCE OCTATIBHBIC
KJIacChl MOJENCH JaHHBIX, OJHAKO MO PIAY MPHYHH 3TOTO HE MPOU30-
mo: 6a3a JaHHBIX MOYKET HCIIONB30BaThC TOJIBKO KIMCHTAMU, HAITH-
CaHHBIMH Ha OJTHOM S3bIKE MPOrPAMMHUPOBAHIS, HE VAACTCS CO3aTh BbI-
COKOYPOBHEBBIH ACKIAPATHBHBIA S3bIK 3alPOCOB, HE VAACTCH obecrie-
YHUTh BEICOKYIO IPOU3BOAUTEIBEHOCTD MIPH MACCOBOH BBIOOPKE TAHHBIX.

B urore cucteMbl, 0CHOBAaHHBIC HA YUCTO OOBEKTHBIX MOACTISIX AaH-
HBIX, 33HSUTH OTHOCHTEIBHO HEOOIBIIOW CETMEHT B MHOTOOOPA3HH NIPH-
meueHuit CYB/l, HO HEKOTOPBIC OOBEKTHBIE CPEACTBA CTAIH COCTABHOM
YaCThIO) CHCTCM VIIPABICHUS 0a3aMy JAAHHBIX OOIISCTO HAZHAUCHUS, Ta-
kux kak PostgreSQL. B HacTosmee BpeMst MHOTHE BBICOKOTIPOU3BOIH-
TEJBHBIC CUCTEMBI PCATU3YIOT OOBEKTHBIC PACIIUPEHUS, H IO3TOMY HUX

MOPUHATO HA3BIBATH O6’b€KTHO-p€J'I$ILII/IOHHLIMI/I.
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Haunbonee BakHBIMI BUAAMH OOBEKTHBIX PACITUPECHHH MOYKHO CUH-
TaTb BO3MOXXKHOCTH OHpC,Z[eJ'ICHI/IH TIOJIB30BATCIIBCKHUX THIIOB AJAHHBIX,
B TOM 4YHCIE CTPYKTYPHBIX, a TaKXKE€ HCIOJb30BAHUE KOJUICKLIUH
OOBEKTOB.

1.2.5 CnaGocTpyKTypHpPOBAHHBIE JaAHHbIE

CrabocTpyKTYPHUPOBAHHBIC JAHHBIC — 3TO (hOpMa CTPYKTYPHPOBAH-
HBIX JAHHBIX, HE COOTBETCTBYIOLIAS CTPOTOU CTPYKTYPE TaOIHULl U OTHO-
LICHUH B MOJETAX PEALMOHHEIX 0a3 JaHHBIX, TEM HE MEHee 3T1a hopma
JAHHBIX COACPIKUT TETH U APYTHC MAPKEPH! IS OTACICHHUS CEMAHTHYC-
CKHX 3JICMCHTOB U ATl OOCCIICUCHUS HEPAPXUICCKON CTPYKTYPBI 3aIH-
cell 1 noniei B HAOope JaHHBIX.

B HexoToprIX KIaccax MPUITOKCHHH OTACICHHUE OMUCAHUS CTPYK-
TYPBI AaHHBIX (T.€., IPU HepeJadc JOKYMEHTOB IO CETH LEJICCO00Pa3HO
ONpPEEICHUE CTPYKTYPBI JOKYMEHTA MEPECHUIATh BMECTE € €ro COACP-
»KUMbIM. [Tockonbky B TOJOGHBIX Cydasx 3HAUUTEIbHAS YaCTh JAHHBIX
MPEACTABISICT COOOU TEKCT HAa €CTECTBCHHOM S3BIKE, TAKHC JAHHBIC MPH-
HATO HA3BIBaTh cIa0OCTPYKTYpupoBaHHBIMH. Hambonee mmpoko uc-
MOJb3YEeMBIM  (POpPMAaTOM TSl MPEACTABICHM CIa00CTPYKTYPUPOBAH-
HBIX JAHHBIX ABISCTCS XML, 10BOIBHO 4acTo ymoTpeOasSeTCS TaKKe
JSON. Xors vu XML, au JSON He npeanonaranoch UCIOIb30BATh IS
XPaHCHM JAaHHBIX, 00a 3THX (opMaTa MOKHO PacCMaTpUBATh KaK MO-
JCJIN TAHHBIX.

B oObexkTHO-peIUMOHHEIX (6a3ax cnadoCTPYKTYPHUPOBAHHBIC AaH-
HBIC MOTYT XPAaHUTHCS KaK 3HAYCHHS aTPpUOyTOB OTHOLICHHUH (Ta0nuir),
TaKKEe UMCIOTCSl BCTPOCHHBIC (DYHKLHUH, MO3BOJSIONIE (HOPMHPOBATH
3HAYCHUS CTa0OCTPYKTYPUPOBAHHBIX THIIOB U3 TAONWYHBIX JAHHBIX H,
HA000POT, U3BJICKATh JICMCHTH CIA00CTPYKTYPUPOBAHHBIX 3HAYCHUH B
BUJAEC KOJUICKIHH, UYTO AACT BO3MOKHOCTD COUCTATh PEILILIMOHHBIC U Clla-
OOCTPYKTYPHUPOBAHHBIC SI3BIKK 3ampocoB (B uactHoctn, XPath u
XQuery, a raxcke SQL/JSON path, BBeaeunsiit B crangapre SQL 2016).
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1.2.6 Moaesn KIH4Y-3HAYCHHE

OHLIT 3KCHHyaTa,LII/II/I pCJ'IHLII/IOHHLIX 633 JAHHBIX ITIOKA3aJ1, 4YTO HOp-
MaTM30BAHHBIC JAHHBIC HEAOCTATOYHO S(P(PEKTUBHBI B PACIPEACICHHON
cpeae. Ecan neoGxoanmo cozaate oueHb Oonpinyio 6a3y JaHHBIX, KOTO-
PYIO HENb3s WCTIOIB30BATH HA OJHOM CCPBEPE — HEOOXOTUMO BBIMOIN-
HHUTh Krnactepu3anuio 6a3el. Ho npu ucnons30BaHu# KNacTepoB BO3HU-
KarT MPOo0ieMbl 00SCIICUCHUS ICTOCTHOCTHA JAHHBIX H3-33 TMOSBICHHC
JIMIITHUX 3az[ep>1<el< HpI/I ,Z[OCTyHe K JAHHBIM Ha paSHbIX cepBean. I/IHO-
IJ1a OCO3HAHHO KCPTBYIOT IEIOCTHOCTHIO, BO3MOYKHOCTBIO HCIIONB30-
BatTh cnoxkHbie SQL-3ampocsl, HO MOMYYAOT 00JICe MPOCTOC MaCIITaOu-
pOBaHHC.

HpOCTbIM CHOCO6OM TIOBBIIIICHUS HpOI/ISBO,Z[I/ITCJ'ILHOCTI/I Xpa,HI/IJ'II/IH.I
JAHHBIX CTAJIO0 YIIPOLICHUE MOACTH JaHHBIX. BMecTo pesinonHbix Tab-
JINL MOKHO HUCITIOJIb30BAaTh a,CCOLII/Ia,TI/IBHbII\/'I MaCCHUB HUIIN CHOBapb, 103~
BOJIFOINUI paboTaTh ¢ AaHHBIMU 1O KIr04y. [logo0HbIC 0a3bl JaHHBIX
HOquI/IHI/I HA3BAHUC Xpa,HI/IJ'II/IH.I KIY-3HAYCHUC. I[aHHbIC 30C€Ch Xpa-
HATCA KaK COBOKyHHOCTb r[ap KIIOY-3HAUYCHUC, B KOTOprX KITIOY CJ'Iy)KI/IT
VHHKaJIbHBIM HAcHTHHUKaTOpoM. [Ipr 3TOM B KauecTBe KITIOUYCH U 3HA-
IICHI/II\/'I MOKET UCIIOJIB30BATHCS UTO yI‘O,Z[HO: oT HpOCTbIX THUIIOB AAHHBIX
IO CHOKHBIX OOBEKTOB.

B mMoaemsx mogoOHOTO THITA MPEATIONAracTes, uTo MOUCK JaHHBIX
BO3MOZKCH TOJIBKO ITO HCpBI/I‘IHOMy KHIqu, a I/IHTCpHpCTaLII/IH SHAUCHUA
BBITIONHETCA B HpmitoskeHuu. [IpuBrnexaTenpHON CTOPOHOH TaKkMX CH-
CTCM SBJIACTCST HpOCTOTa HAYAJIBbHOT' O SaHYCKa, OJHAKO HpaKTI/I‘ICCKI/I BCC
(YHKUUH, OOBIYHO BBITIONHACMBIC CHCTEMAaMH YIIPaBICHIS Oa3aMu JaH-
HBIX, B TOM YHCJIC B3aHUMOCBA3H MC)K,Z[y O6’bCKTaMI/I, OI‘paHI/I‘IeHI/IH nc-
JJOCTHOCTH, BLICOKoypOBHeBbIe ,Z[CKJ'IapaTI/IBHLIC sanpocm, IIOHUCK ITO 3HA-
YCHUAM HCKIKOUYCBBIX anI/I6yTOB JOJIKHBI peaJ'II/ISOBbIBaTbCH B KOAC

MPUIOKCHUS, UTO CYLICCTBCHHO YCIOXKHAICT Pa3padoTKy MPHUI0KCHHUH.
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[Tockoapky OT XpaHHUIHINA KITIOY 3HAUCHHE TPEOYETCS TaK MaJio, TO
6a3bl JAHHBIX 3TOTO THIIA MOTYT ACMOHCTPUPOBATE HEBEPOSITHO BBHICO-
KVIO IPOH3BOAUTEIBHOCTE, HO B 00IIEM cliydae OeCrone3Hsl, KOraa Tpe-
OVIOTCS CIIOKHBIE 3ampochl W arperuposanve. [lozoOHbIe cHcTEMEI
HAIITH CBOC MPHUMCHEHHE B MIEPBYIO OYEPEAb MPH OPraHU3alUH OBICT-
POro KEemMpoBaHUA. XPaHWIHIIA KIOU-3HAYCHHN B MEPBYIO OUYCPEAb
BOCTPeOOBAHBI AJIs1 XPAHCHUSI OYCHb OOJbIIUX OOBEMOB JAHHBIX, MO-
3TOMY UX pa3paboTka BEACTCS MHOTUMH KPYIHBIMH HHTCPHET-KOMIIA-
musivu (Amazon, Apache, Google). MHOrue CHCTEMBI, IEPBOHAYATBHO
MO3ULMOHUPOBABIINCCS KAK CHCTEMBI 3TOTO THIIA, SBOTIOLHOHHPYIOT B
HAMNPaBJICHUH BKIIOYCHNS 00JIee CIOXKHBIX BO3MOXKHOCTCH, MpUOIIKa-
romux ux k 6onee pazsuteiM CYB/, BIToTh 10 peanu3anyy noJTHOLCH-

HBIX ACKJIAPATUBHBIX A3BIKOB 3aIIPOCOB.

1.2.7 loxymeHTO-0pHEeHTHpOBaHHAS MoJeb b/l

JoKyMCHTO-OPUCHTHPOBAHHAS MOACTb JAHHKIX — SBJICHUC CPABHU-
TEIbHO HOBOE, mogsuBImeecsd B Hadane 2000-x rogos. JlaHHas mMonaenb
BBICTYIIACT €IBA JIM HC AHTHUIIOAOM PCIHMOHHON TCOPHH U OMHPACTCS
HA UACI0 XPAHCHHS UCPAPXUUCCKUX CTPYKTYP JAHHBIX, B KOTOPOU KaXK-
JIBIH 3JICMCHT NPSACTABISICT COOOM LICIIOCTHBIH, a HE «PAa3Ma3aHHBII 10
JBYMECPHBIM OTHOIICHIIM, KaK B PCSIIUOHHON MOJCTH, OKyMEHT. [lo-
KyMCHTBI XPaHATCS HE B TaD/IMIAX, & B CIICHHUAIBHBIX XPAHWIHINAX J0-
KyMeHTOB. OCHOBHBIM HHCTPYMEHTOM IO JOCTYITY U YIIPABICHUIO JaH-
HBIMH BeICTYTACT AckaaparuBhbiil s36ik NoSQL (Not only SQL).

B cpaBHCHUHN C PEIALHOHHON MOACITBIO AOKYMCHTO-OPHUCHTHUPO-
BaHHASI MOJIC/Ib BBITVISLAUT BECbMa HEOOBIuHO. Bo-mepBrIX, 31¢Ch HE HC-
MOJIB3YIOTCS CTPYKTYPHBIC ¢ IHHUIIBI PEISIIHOHHBIX 0a3 JAHHBIX, TAKUX
Kak aTpulbyT, KOPTEK, OTHOLICHUE. ba3oBas CTPYKTypHAs €AUHULIA 10~
KYMCHTO-OPHUCHTHPOBAHHON MOJACTH — 3TO JOKYMCHT, KPOME TOTO, CIIE
CYIICCTBYET MOHATUC KOJICKIINK — KOHTCHHEPA IS CXOKUX JOKYMCH-
T0B. C HEKOTOPOU CTCICHBIO JOMYIICHUS MOYKHO CUHTATh KOJIICKIHIO
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aHanoroM TabauLeL, a JOKYMEHT — CTPOKOH, HO B PEILILIMOHHON TabIuLe
BCE CTPOKH 00TIaJar0T HACHTHIHOH CTPYKTYPOH, 2 B JOKYMCHTO-OPHECH-
THPOBAaHHOW 0a3e JAHHBIX BCE JOKYMCHTHI MOTYT OBITH MPOU3BOIIb-
HBIMU. B kauecTBe nprMepa Ha pUCYHKE 6 MOKa3aH OAWH JOKYMEHT, Xpa-
wiuin uaopMarmio o duneme. JJoKyMEeHT npeAcTasicH B dopmare
JSON, xoTOpBIi MOXKET COACPKATH BIOKCHHBIC OOBEKTHI, HAPUMED,
nHdpopmaruro o peiituare unsma u3z 6a3el Aanaex IMDB wnm o Harpa-
Jax GunbMa, U CIIACKHU 3HAYCHUH, HAPUMED, CITUCOK AKTCPOB HITH JKaH-
poB. B pensauonnoii 6a3e naHHBIX QHIBMBI H aKTEPhl XPAHUITUCH B pas-
HBIX TabIHIAX, a A1 CBA3CH MEKAY HHUMH HCIIOIb30BATHCh BHEINHHC

KJIHOYH.

"Soid": "573al39bf29313caabcf4ddo”

"fullplot": "A ticking-time-bomb insomniac and a slippery soa
"imdb": {
"rating": 8.9,
"votes":
"id": 137523
te
"year": 1999,
"plot"™: "An insomniac office worker, looking for a way to change his life...",
"genres": [ "Drama" ],
"rated": "R",
"metacritic": @6,
"title": "Fight Club",
"lastupdated™: "2015-09-02 00:16:15.833000000",
"languages": [ "English" 1,
"writers": [ "Chuck Palahniuk (novel)", "Jim Uhls (screenplay)" 1,
"type": "movie",
[ "o
v:o11,
"nominations": 22,
"text": "Nominated for 1 Oscar. Rnother 10 wins & 22 nominations."
Te
"countries": [ "USA", "Germany" ],
"cast"™: [ "Edward Norton", "Brad Pitt", "Helena Bonham Carter™, "Mesat Loaf" ],
"directors™: [ "David Fincher" ]

ksl
t
w
=
1]
]
=
]
=

Pucynox 6 — [pumep zarmcu u3 B[ MongoDB ¢ mmdopmarmeit o ¢prompme

Takum 00pa3oM, JOKYMEHTO-OPHUCHTUPOBAHHBIC Oa3bl CBOOOIHBI
OT KJIFOYCBOTO HEAOCTATKA WX PE/ILIMOHHBIX KOJUIET — CYIICCTBEHHBIX
3aTpat Ha cOOPKY JAHHBIX U3 HECKOIBKUX TabIHL B €OUHOE LEIOC LIS
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(hOpMHPOBaHUS CBOJAHOTO PE3yIbTATA 3AIPOCA, T.K. CAHHULCH XPAHCHHS
BBICTYIIACT HEACIUMBIN JOKYMEHT. Uconb3ys mpuMep, MOKa3aHHbIH Ha
pucvHKe 6, momyueHue Bcell muHpopMarmu o puiabMe OGVAET BBHINON-
HATBCSI OYCHD OBICTPO, T.K. MO ¢axrTy OYACT ACIATHCS 3AMPOC HA OAUH
JOKYMEHT o ero kmouy. Kak npasuio, Takue 6a3el JaHHBIX OPUCHTH-
poBaHbl Ha paboTy ¢ GOMBLIMMU MAaCCHBAMH JAHHBIX, HAXOMSIIHUMUCS B
pacnpeeICHHBIX CHCTEMAX

OO6patHO¥ CTOPOHOH MEJaTH BHICTYIACT OTPAaHHYCHHOCTh CHHTAK-
CHYCCKUX KOHCTPVKIHH MO VIPaBICHUIO AaHHBIMH s3b1ka NoSQL. T.e.
4TOOBI MOMYYHUTh NOIHYIO HHPOPMALIIO 00 akTepe, HEOOXOIUMO TIOY-
YUTh OTACTABHBIN JOKYMCHT, ONMUCHIBAIOINUN akTepa. lomytacHne cBoa-
HOTO OTHOLICHUS, HAPUMED, BCeX QUIBMOB, B KOTOPBIX CHUMAICS yKa-
3aHHBIN aKTep, TakKe yeaoxkHsIeTcss. Kpome Toro, B JOKyMEHTO-OpHEH-
tuposaHHeIx CYB/] 0TCYTCTBYET TPaH3aKIIMOHHOCTD B TCPMHHAX PEILs-

OHMOHHBIX 0as JAHHBIX.

1.2.8 Pacnpeaenennas o6padorka MapReduce

Kparko paccmoTpum €Ine 0auH MOAXOM K PaclpeacIeHHOU obpa-
Ootke Oopimux gaHaeix — MapReduce.

WNnea MapReduce 3apoaunacek B crenax komnanun Google kak pe-
3yMbTAT MOKUCKA HAMOOJICC aJCKBATHBIX PCIICHUU MO PACIPEICICHHOM
00paboTke OOMBIINX 0OOBEMOB JAHHBIX HA KOMITBIOTEPHBIX KIACTCPAaX.
CyTp napagurmel MapReduce 3akmodaeTcs B ToM, 4To OobIIas 3a1a4a
paszensieTcs Ha psAA HEOONMbIIUX 3aJaHHH, KAKIOE U3 KOTOPBIX MOXKET
OBITH BBITIOIHCHO HA JTFOOOM U3 y3JI0B KjIacTepa.

I[OHYCTI/IM, B HAIICM HUCXOAHOM Ha6ope JAHHBIX HMCIOTCS 3aIThCH,
COCPIKAIINE PASHOTHUITHBIC TOKYMCHTHI, H HAM HEOOXOAUMO Pa3OUTh UX
Ha OXHOTUMHBIC rpynnbl. Pemenue Takoit 3agaun B MapReduce Gyaer
OCYIICCTBJCHO B TPH 3Tara (PUCYHOK 7):

1. Tlepsas daza Map npeacrasiaser co0O# NpeABAPUTEIbHYIO Ta-

paIeibHYI0 00pabOTKY BXOAHBIX JAHHBIX B COOTBETCTBHU C
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npaByuIaMHy, 3aJaHHBIMU TIIOJIb30BATCIICM. PeanuzoBaHubic B
koze ¢yHkuua Map() mpaBuia TPUMEHSIOTCS K KQKIOH MOCTY-
MAroUICH Ha BXO/ 3aIUCH, B PE3YIIBTATE MOIYIHUTCS MOCICI0BA-
TCIBHOCTD NP KIIOY-3HAUCHUC.

2. TIlaps kmou-3HaueHue (k,v), Bo3ppamacmeic Map, obpabaTsiBa-
IOTCS B COPTUPYIOTCS 10 Kiarouy. Kiroun pazaensirorest Meskay
Beemu ¢yukumsamu Reduce(), mosromy Bce mapsl KIrO4U-3HAUC-
HHUC ¢ OJHHUM H TCEM KC KITIOUYOM k OTHPAaBIAKOTCA HA BXO O,Z[HOI\/'I
u Toi xe ¢pyHkuuu Reduce().

3. ®aza Reduce ocymecTsisier 00pabOTKy KITFOUa U BCEX ACCOLH-
upoBaHHbIX ¢ HUM 3HaucHui. Oyukius Reduce() oOpabarsiBacT
BXOAHBIC JAHHBIC B COOTBCTCTBUU C IIPaBUIaMU, 3allporpaMmMu-
POBAHHBIMH TOJB30BATEIICM, W BO3BPALIACT MOCICAOBATEIIb-
HOCTb U3 HYJIsI, OXHOU Win 00JIee Hap KII0Y-3HAYCHHUC.

MNapsl Kntou v Bce ero
KNnw4y-aHa4yeHne 3Ha4yeHnA
k. v) ) kw2
=
i

Bxoa [ Bbixon
—>

Bxo,
XOA |

Map() Mpynnuposka Reduce()
o Kno4am

Prcynok 7 — Cxema pactipesienentot o6padotkut MapReduce
CymectBeHHOH ocoGeHHOCTRIO Moaean MapReduce sBnsercs 1o,
yTo Bce 3amycku QyHkumid Map() u Reduce() Moryt ocymecTBmaThes
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HE3aBUCUMO HA Pa3HBIX KOMIIBIOTEPAX, BXOJSIIUX B PACHPEACICHHYIO
cucteMy wiH kiacrep. To ke camoe MOXKHO CKa3aTh M O IPOMEIKYTOU-
HOU Omepalyy rpynnupoBKy mo kiaro4daM. Bee 31o B nienom obecneuu-
BACT BHINIOJTHCHUC BAXKHOTO B PaboTe ¢ OOMBIINMH JAHHBIMH B pacrpe-
JCJICHHBIX CHCTEMaX MPHHLMINA TOPU30HTATBHON MacIITabUPyeMOCTH.

1.3 Cucrembl ynpaBjeHHst 6a3aMH JAHHBIX

C mosBnenueM 6oee COBEPIICHHBIX MOACICH JAHHBIX ISl VIIPaB-
JCHUA JaHHBIMHU CTalln paSpa6aTbIBaTb CIICIUAIBHOC TPOrpaMMHOC
00CCIICUCHNE, MOMYYUBLICE HA3BAHHC CHCTCMBI YIIPABICHHS Oa3amu
mauabix (CYBJ).

1.3.1 Housitne CYBJ1

Cucrema ynpaBjieHHsi 6a3aMH JaHHBIX — 3TO KOMIUIEKC IPO-
rpamMum, MO3BONSIOIUX co3aarh 0a3y aannbix (bJl) u MaHunyupoBaTh
JAHHBIMU (BCTABIISATh, OOHOBIIATE, YAAIATE U BeIOUpaTh). Cucrema obec-
MEeYnBacT OE30MACHOCTh, HAAEKHOCTh XPAHCHHUS U LCTOCTHOCTH JAH-
HBIX, & TAKXKE MPEIOCTABIIICT CPEACTBA AMUHHUCTPUPOBAHHS JOCTYIA K
CXCMaM JAaHHBIX U JAHHBIM [3].

3auem BooOe Hy)kHbI CYBJI? [Ipeanonoskum, Mbl XOTHM CO31aTh
CBOC MPHIIOKCHHE, COACPIKAIIEE HHPOPMALMIO O KOJICKIIHH MY3bIKaTIb-
HBIX aTb00MOB U UX HCTIONHHUTENSX. M pernniny noiTy caMbiM MPOCTHIM
MyTeM — 3alUCHBaTh HHpOpManuio B (ain. MokHO Aaxke mucatk BCe
JaHHbIC B oquH daiin popmara JSON. U ckopee Bcero 3ToT noaxoxa 0y-
JCT XOpoLIo padoTaTh OOMBIIYIO YACTh BPEMEHH — OTKPBLITH (a1, 3amm-
camy HOBYIO HH(GpoOpManuio, 3akpeiu daiin. [Ipobnemsl HauHYTCS MU
PA3UYHBIX BHCLITATHBIX CUTYALMAX, HANpPHUMEP, MPH OTKIIOYCHUH
snekTpudectsa. [pu padore ¢ BhalinoBoi CHCTEMOM PE3yIbTaT TAKUX CH-
Tyalri MOXET ObITh COBCPIICHHO Pa3HbIH — MOYKHO MOTEPSTh BCIO HH-

dbopMarvio, HEKOPPSKTHO 3aMKMCATh YacTh JAHHBIX M HAPYIIUTH BCIO
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ctpykrypy JSON-daiina u ToMy noJobHOE — 3TO UTO KacaeTcs HeoOXo-
JUMOCTH BOCCTAHOBJICHHUS JAHHBIX MOCE ¢O00eB. OTACIBHEIM BOTIPOCOM
SBISICTCA MHOTOTIOB30BATECIBCKHM JOCTYI K JaHHBIM: UTO OyIeT, CCITH
HECKOJIBKO YCTOBEK 3aXOTAT OJHOBPEMCHHO 3aINMCATh HOBBIC NAHHBIC
WM OOHOBUTD OJTHH U TC JK¢ CYINECTBYIONNC TAHHBIC?

Uro0Obl CAMOCTOSITCIBHO HE PEILIATh 3T BOIPOCHL PH pa3paboTKe
KaKIOTO HOBOTO MPHIIOKCHHSA — T.€. HC AyMaTh, Kak 00CCTICUHUTH TIPOHU3-
BOJUTCIBHOCTD AOCTYIIA K JAHHBIM, 3AIUTHTh UX OT HECAHKIIHOHHPO-
BAHHOTO JOCTYMA, OOCCICUNUTh MHOTOTIONB30BATCIABCKHI JOCTYI, pe-
3CPBHOC KOMTUPOBAHUC M TAK JAJICEC — UCIIOIB3YIOTCS CUCTEMBI YTIPABIIC-
HUA 0a3aMu JAHHBIX.

Takum o6pazom, Ha CYB]] BozararoTcst 00sS3aHHOCTH HE MPOCTO
O YIPABICHUIO 0a3aMU JAHHBIX, HO H IO TIPS IOTBPAINCHUIO HCCAHKITH-
OHHPOBAHHOTO JOCTYTIA K JAHHBIM: KOHTPOJIO 32 MHOTOTIONb30BATE b=
ckpM (TTapaICABHBIM) JOCTYTIOM; MOJACPIKKE TCTOCTHOCTH JAHHBIX,
BOCCTaHOBJICHHIO JAHHBIX.

1.3.2 ®yuxkouun CYB/|

B HACTOALICC BPCMA MOXKHO T'OBOPUTH O HCCKOJIBKHUX ACCATKAX
(dYHKUHUH, c1yKO U CEpPBUCOB, KOTOPBIMH 00s13aHa 00J1a1aTh COBPEMEH-
Hast CYB/I. Paccmotpum ocHoononararomue ¢pyakumu CYB/I.

1. locTynHOCTH AAHHBIX.

[Noa 0CTYIMHOCTEIO JAHHBIX TOHUMACTCSI IIPEAOCTABICHHE MOIb30-
BATCJIIO BOSMOXKHOCTH BCTABJIATH, PCAAKTUPOBATD, YAAIATE U U3BJICKATDH
JaHHBIC U3 6331)1 JAAaHHBIX, a TAKXKC YIIPABJICHUC JaHHBIMHA BO BHCITHEH 1
B OHCpaTI/IBHOI\/'I TIaMATH. praBJ'IeHI/IC JaHHBIMHU BO BHCIMHCH HaMATH
BKITFOUACT 0OecreueHUE HeOOXOJUMBIX CTPYKTYP BHCINHECH MaMSITH KaK
AT XpaHCHUA JAHHBIX, HCIIOCPCACTBCHHO BXOAAIINUX B 633}7, TaK U JJId
CyKEeOHBIX HEICH (HAmpUMED, AJIsl XpaHCHUS UHASKCOB). B HEKOTOPBIX
peammzaupsgx CYBJl HCmonp3yroTcss BO3MOMXHOCTH CYIIECTBYIOLIHX
(haliI0BBIX CUCTEM, B APYTUX PabOTa MPOU3BOIUTCS BILIOTH A0 YPOBHS
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ycTpoiicts BHeHEH namsaTi. CYB ]l 00braHO paboTaroT ¢ JaHHBIMU 3HA-
YUTCIIBHBIX PA3MEPOB; 3AYACTYIO MPEBBIIAIOIUMHU Pa3MEp OICPATHB-
Hot mamatu. [loHaTHO, uTO ecu npu odpalneHUN K TF000MY 3JICMEHTY
JAHHBIX OYACT MPOU3BOAUTHCS OOMCH ¢ BHCIIHCH MaMSITHIO, TO BCS CH-
crema OyaeT paboTaTh CO CKOPOCTBIO YCTPOHCTBA BHCLIHCH MAMSITH.
IpakTudeckn ¢TUHCTBCHHBIM CIOCOOOM PEATBHOIO VBEIMUYCHHS 3TOH
CKOPOCTH SBJsIeTCs Oydepusanus JaHHBIX B ONCPATHBHOW MAMSITH.
B paznmuneix CY B/l peanuzoBaHbl cBOM MEXaHU3MBI OV (hepr3aliuy JaH-
HBIX /151 YIIPABICHUS JAHHBIMH B OTICPATHUBHON mamsT. B 1r06oMm cy-
Yyae, MpH OCYLICCTBICHUH JTIOOOH M3 omepauuii padoThl ¢ JaHHBIMH
MOJb30BATEIb HE JOJIKCH BHUKATh B OCOOCHHOCTH (PU3HUCCKOM peau-
3aLHH CUCTEMBI, T.€. BCS ONCPALIMU AOJKHBI ObITh MPO3PAYHBI.

2. Meraonucanue AaHHbBIX.

CYB/] nomxHa Npea0CTaBIsATh CHCTEMHBIN KATaJIOT, B KOTOPOM CO-
JCPKUTCS. OINMUCAHUE XPAHUMBIX B 0a3¢ MAHHBIX, OMHUCAHHE CBI3CH
MEKIY JAHHBIMH, OTPAHUUCHHS LEIOCTHOCTH JAHHBIX, PETUCTPALIMOH-
HBIC JAHHBIC MOJIB30BATE/ICH U Apyras ciy;keOHas nnpopmarus. biaro-
Japst METaaHHbIM 0a3a JAHHBIX CTAHOBUTCS JOCTYITHOH BHCIITHUM ITPH-
JAOXKCHHUSIM, YIPOINACTCS TMOHUMAHHUE CMBIC/IA JAHHBIX, YCHIHBAOTCS
MEPbI OE30MACHOCTH, MOKET BBITIOTHATHCS Ay AUT UHPOPMALIHH.

3. YnpasJjieHHe Napa/JieJIbHOCTBIO.

[Tox mapannensHOCTBIO OyIEM MOHUMATh PEATU3ALMIO MEXaHHU3MA
OJHOBPEMEHHOT'O MHOTOIOIb30BATEIBCKOIO AOCTYNA K oOpadaTsiBac-
MBIM JAHHBIM C TapAaHTHCH KOPPEKTHOTO OOHOBICHHUS 3THUX NAHHBIX.
YMeHHE NPEeaOCTaBUTh HECKOIBKHUM ITONB30BATEISIM COBMECTHBIH J0-
CTYII K Pa3feIIeMBIM pecypcaM — 3TO ¢Ba JIHM HE camast CII0KHA 330244,
pemacmast CYBJl. CYBJl nomkna cymeTs n3bexkaTh KOHGIUKTA COB-
MECTHOTO AOCTYIA ABYX WM OOJBIICTO YHCIA MMOIb30BATENICH K OJHUM
U TEM K¢ CTPOKAM TAONHIIbI, UITH, TI0 KPAHHCH MEPE, HCKIFOUUTh KAKUE-
AU00 HEKEJIATEIBHBIC MOCICACTBUS MPU BOSHUKHOBCHUN KOH(IHUKTA.

4. O0pa0oTKa JAHHBIX B PAMKAX TPAH3AKLHH.
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CYB/] rapaatupyet, uto 6a3a JaHHBIX OYICT BCETAA HAXOAUTHCS B
HETPOTUBOPCUNUBOM COCTOSIHHM BHE 3aBUCHMOCTH OT JIIOOBIX COOCB MpH
MPOBSACHUM Omnepaiuii oOHOBICHUS JaHHbIX. s 3Toro omepaumu ¢
JAHHBIMU (B MECPBYIO OYEPEAb BCTABKH, PCAAKTHPOBAHUS U YIAAICHUS)
0OBCAUHSIOTCS B CAUHBIN OTOK, HA3BIBACMBIH TPAH3AKIHCH.

Tpansaxyus — 3TO MOCACAOBATSIBHOCTD ONICpaliuil Ha Oa30i JaH-
HbIX, paccMatpuBacMbix CY B kak equnoe nenoe. JInGo Bes TpaH3ak-
st yenemso seinoaasercs, 1 CYBJl dbukcupyer u3ameneHus B 0ase
JAHHBIX, POU3BEACHHBIC 3TOU TPAH3AKLUCH, BO BHCIIHEH MaMSITH, THOO
BCSI TPAH3AKI[US HE BBIMOHACTCS U HU OJHO U3 ACHCTBHH, BXOASIINX B
€ COCTaB HUKAK HEC OTPAXKACTCS HA COCTOSIHUM 0a3bl, B TAKOM C/Iy4ae
roBopar o0 otkare TpaHzakuuu. lIpu oTkare TpaH3aKUUU COCTOSHHE
0a3bl JAaHHBIX OYACT BOCCTAHOBACHO HA MOMCHT BPEMCHH, MPEALICCTBY-
FOLIHI BRI30BY TPAH3AKIIHH.

Tpan3zakiuu HEOOXOIUMBI TSI TIOAACPIKAHMUS JTOTHUSCKOH LIEIOCT-
Hoctu bJl, a moaaepxka MexaHH3Ma TPAH3AKIUH SBISCTCS 00s3aTC/Ib-
HBIM YCJIOBHEM JAKE AJIs1 OJJHOMOIb30BATEIbCKUX 0a3 JaHHBIX.

5. ObecnieueHHe HEJTOCTHOCTH AAHHBIX.,

Bce copepaxamuecs B 6a3e AaHHBIC JOTKHBI OBITH KOPPEKTHBI U HE-
MMPOTHBOPSUMBBI. ITO O3HAYACT, YTO JAHHBIC B TAOIMIAX MOTYT MOIH-
(ULIUPOBATHCS TONBKO B COOTBETCTBUU C YTBEPIKACHHBIMHU MTPABHIAMH.
B camom o01mem ¢aydae MOKHO TOBOPHTh O CYIICCTBOBAHUH TPEX IMpa-
BWJI MOAACPKAHUS LCAOCTHOCTH JAHHBIX. IEIOCTHOCTH JOMCHOB HITH
THIIOB AAHHBIX, IICTOCTHOCTh OTHOIICHUHN, LECTOCTHOCTE CBA3CH MCKIY
otHoIIeHUsIMHU. Kpome Toro, pa3paboTyuk UMEET BO3ZMOKHOCTD OHCHI-
BaTh CBOU COOCTBEHHBIC OM3HEC-TIPABUIIA, KOTOPBIC HA3BIBAKOTCS KOPIO-
PaTHUBHBIMHU OTPAHUICHUSIMU.

6. KypHanuszauusi H3MEHEHHIi, pe3epBHOE KOMHPOBAHHE H BOC-
CTAHOBJIEHHE 0a3bI JAHHDBIX OCJIE CO0EB.

Onxnaum u3 ocHOBHBIX TpeOoBanuii kK CYB]] sBIsSeTCS HAACKHOCT

XpPaHCHUA JAHHBIX BO BHCIITHCH ITAMSTH. HO,Z[ HAACKHOCTHIO XPAHCHUA
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norumactcs 1o, 4to CYBJ] nomkHa ObITE B COCTOSHHH BOCCTAHOBHTD
MOCJICAHEE COTTIACOBAHHOE COCTOSIHUE OA3bl JAHHBIX MOCHE TIOOO0TO arl-
MApaTHOTO WM MporpaMMHoro coos. Jns BoccTaHOBICHUS Oa3bl JaH-
HBIX HYKHO Pacroyiaratb HCKOTOPOH AOMOIHUTEIBHOH MH(GOpMaLHCH.
Hpyrumu ciaoBaMu, MOAACPKAHUC HAMCKHOCTH XPAHCHUS MAHHBIX B
6asze TpeOyeT H3OBITOUHOCTH XPAHCHHS JAHHBIX, IPHYCM Ta YaCTh JaH-
HBIX, KOTOpas UCIONB3YETCS IS BOCCTAHOBICHUS, JOJDKHA XPAHUTHCS
0cobo HagexkHo. s BoccTaHOBICHHS Oa3bl mocine cOOSl UCTOMb3YIOT
MOJXOM, OCHOBAHHBIH Ha MECPHOAMICCKOM TIOJTHOM PE3CPBHOM KOITHPO-
BaHUU 0a3bl JAHHBIX U UCTIOIb30BAHHUU KyPHAJIA TPAH3AKLIHI, KOTOPBIH
XPaHUT BCC M3MCHCHMS, MPOUCXOMUBIINE B 0a3c ¢ MOMCHTA CO3NAHUS
rocneAHeH pesepBHO konww. [ Ipy Be xeHAN XKypHAIa IPUACP)KUBAIOTCS
CTPATETHH «YNPEIKAAIOLICID 3aIHCH B )KYPHAIL. JTa CTPATCTHsl 3aKIII0-
YACTC B TOM, UTO 3AIHCH 00 U3MECHCHHUH TH000T0 00BEKTa Oa3bl JAHHBIX
JOJDKHA MOTMACTh BO BHEIIHIOK MAMATh JKyPHAJIA PaHbIIE, YeM H3MEHCH-
HBIH OOBEKT NOMAJECT BO BHCLITHIOK MaMATh OCHOBHOH yacTu 6a3bl JaH-
HbIX. Mcnonp30BaHue TaKUX MEXaHU3MOB MO3BOJIICT BOCCTAHOBHUTD a3y
BILTOTh A0 HE3aBEPLICHHBIX TPAH3AKLUHUH H POJOIKUTE PadoTYy.

7. O0OMeH JaHHBIMH.

CVYB/ o6s3aHa noaaep >KUBaTh COBPEMEHHBIC CCTEBBIC TEXHOIOTHH
U MPEIOCTABILATh AOCTYN K 0a3c AaHHBIX VAAJICHHBIM MCPCOHATIBHBIM
KOMITBIOTEPaM.

8. KoHTpoJIb 32 1OCTYNIOM K JaHHBIM.

JocTyn K IaHHBIM MOT'YT OCYIIECTBIATh TOJIBKO 3apETUCTPHPOBAH-
ueic B CYB/] monp3oBarenn B COOTBETCTBHH ¢ HA3HAMCHHBIMH UM aIMH-
unuctparopom CYB/I npasamu.

9. lMoaaep:xka s136IKOB 04361 JAHHBIX,

Hist paboThl ¢ 6a30# UCTOIB3YIOTCS CIICIIHATBHBIC SI3BIKH, B LICJIOM
HaselBacMbIe sA3pIkamMu 0a3 aanHex. B pannnx CYB]l moxaep:kusanoch
HECKOJBKO CICIHATH3HPOBAHHBIX 10 CBOMM (YHKLUAM s13bIKOB. Yarre
BCETO BBIAC/SLINCH ABA sI3bIKA; s13bIK onpeacacHus nanueix (DDL — Data
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Definition Language) u s3pik MaHunynupoBanus ganaeiMa (DML —
Data Manipulation Language).

B cospemennsix CYBJl 00bIYHO MOAACPKUBACTCS ¢AUHBIA HHTE-
TPUPOBAHHBIN SI3BIK, COACPKAIINI BCE HCOOXOMUMBIC CPEACTBA AT pa-
OoThI ¢ 0a30# JAHHBIX, HAUMHAS OT €€ CO3AAHMS, U 0OCCICINBAFOIIMI
0a30BBI TOJB30BATCILCKHE HHTEpdEHC paboTel ¢ OazamMu JaHHBIX.
CraHaapTHBIM SI3BIKOM HAWOO0JICE PACIPOCTPAHCHHBIX B HACTOSIICS
Bpemst pemsitmonabix CYBJL seasercst si3pik SQL (Structured Query
Language). Kpome yOMsIHY THIX SI3bIKOB VIPABACHHS H MAHUITY THPOBA-
HHUS JAHHBIMH, B cocTtaB SQL emie BXOTUT M A3BIK KOHTPOJS JAHHBIX
(DCL - Data Control Language), omepaTopbl KOTOPOTO MO3BOJISIOT
VIIPABJIATH TIPABAMH JOCTYTIA K CXCME TAHHBIX U JAHHBIM.

Eme pas caeayer ormeTuTs, uro crmucok obszannoctein CYB/] Ha
3TOM Ja/ICKO HE 3akaHunBacTCs. COBPEMCHHBIC CHCTCMBI MPEIOCTAB-
JSIIOT CPEICTBA MOHHTOPHHTA, CEPBUCH CTATUCTHYSCKOTO AHATN3A, YTH-
JIMTHI 3KCTIOPTA/MMITOPTA JAHHBIX, PA3BUTHIC CPEACTBA MPOCKTHPOBAHHS
0a3 JaHHBIX M MPUKIATHOTO MPOTPAMMHOTO OOCCICUCHHSI, HHCTPY-
MCHTHI peopranusarvv (paiioB JaHHBIX ¥ MHACKCHBIX JaHHBIX, CITYKOBI
ayauta U MHOroe apyroe. OmHAKO BCE JOMOJHUTCIBHBIC CEPBHCHI H
C1y>KObI BBITIOTHSAIOT BCIIOMOTATCIBHYIO POJIb, & OCHOBBI JKU3HEACHTC/Ib-

Hocti CY B/ onpeaensrores: nepeurucICHHBIMU BBILIC (BYHKIIUSIMH.

1.3.3 Opranuzanus coppemeHnbix CYB/]

Ha coBpeMeHHOM pBIHKE MPOTrpaMMHOTO 0OCCIICUCHHS KOHKYPH-
pyet okoJi0 Tpex aecatkoB komMepueckux CYBJl. HecmoTpst Ha To, uTO
BCE 3TH NPOTPAMMHBIC IMPOAYKTH MPEIHAZHAYUCHBI A PCLICHUS MPaK-
TUYCCKH OJHHX M TEX K¢ 3aj4a4, Bxogsmue B nepeuncicuusic CYB]]
MPOTrPaMMHBIC KOMIIOHCHTBI U B3aHMOCBSI3H MEXKIY HHUMH JAICKO HE
nacHTH4YHbL. [ToaToMy mocTpouts cTpykTypHyIO cxXemy Taunosord CYBJ]
JOBOJIBHO ¢103kHO. Paccmotpum ocHoBHbie kommoHeHTs! CY B, moka-
3aHHBIE HA PUCYHKE §.
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CpepcTea CpeacTea »
npoekTMpoBaHua b1 npoekTuposaHua NO
.
CYBf,
Mpoueccop 3anpocos
KoHTponk npae gocTyna
KoHTponb uenoctHocTn
Mpoueccop KomaHg OnTUmMK3aTop 3anpocos
AaHHbIX
Cuctema ynpasneHus .
MnaHUPOBLLWK 3aaHK#A
TpaH3aKUMUAMM
| S
~
KoHTponnep pesepsHoro
KoHTponnep KonTponnep P P pesep
KONWPOBaHWA U
CHUCTEMHOMO KaTanora Basbl JaHHbIX
BOCCTAHOBNEHUA ABHHbIX

JaHHble

CUCTEMHBIA
KaTanor

basa gaHHbIX

Pucynok 8 — OcHoBHBIE KOMIIOHEHTH CYB]]

Ha BepxHEM YpOBHE CHCTEMBI PACIIONIOKECHBI MOTPSOUTEIH VCIYT
CYB/: agMunaHCTpaTOphl 6a3bl JAHHBIX, TPOTPAMMECTEL H MONb30Ba-
TENTN NPUTOKCHUHA. A TMUHHCTpaTOp 6a3bl JAHHBIX MPOCKTHPYET CXEMY
JAHHBIX, HA3HAYACT TIPaBa AOCTYIIA, HACTPAMBACT PE3CPBHOE KOITUPOBa-
HUE JAHHBIX C UCIIOIb30BAHUEM Pa3IHUHBIX CPEIACTB MPOSKTHPOBAHUS,
kak Bxogsiux B cocras CYBJ, Tak 1 OT CTOPOHHUX MPOU3BOIUTEIICH.
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Iporpammuctst ncnoap3yroT cpeactsa CYB]] ans pazpaboTku KiIHeHT-
CKUX MPHUI0KEHUH 1 0oTueToB. [lomp30Bareny ABIAIOTCS OCHOBHBIM IO-
tpedureiem yeayr CYB]I,

Hns B3auMoaencTeus ¢ 0a30i JAHHBIX HCIONB3YETCS CTPYKTYPH-
poBaHHbIH 236K 3anpocos SQL. Cpeacrea npoekTupoBaHus 0a3bl JaH-
HBIX, IPOrPAMMHOTO 00CCIICUCHHUS U KJIMCHTCKHUE MPHIOKECHHUS OTIPAB-
asttot B aapec CYB/] uncrpykumu Ha s3pike SQL. DT koMaHabl mOCTy-
MAIOT Ha MPOLECCOpP 3aMpOCOB, KOTOPBIH Mpeobpas3yeT uxX B HAOOp HH3-
KOYPOBHEBBIX KOMaHA, NOHATHBIX sapy CYB/I.

Janee BRIIOTHACTCS KOHTPOIIL IPAB JOCTYIIA AT HOIb30BATEI, OT
HMMCHHU KOTOPOTO BBHIMOTHAOTCS KOMaH bl. Pa3HEIe mOTp30BaTE N MOTYT
HMETh pasHeC mpaea A paboTel ¢ 0a3oi aaHHbBIX. KTO-TO MOMXKET
TOJIBKO YHTATh AAHHBIEC, KTO-TO PEIAKTHPOBATH TOJBKO YaCTh JAHHBIX, &
HEKOTOPBIM IOJIb30BATEIIM JOCTYII K 6a3¢ TAHHBIX MOXKET ObITh HOJTHO-
CTBIO 3aKPHIT.

[Tocne mpoBepku npaB, KOMaHAA MOCTYIACT HA MPOLIECCOP KOMAHA.
Ha stom ypoBHE cHauana mpoHCX0IUT MPOBEPKA KOHTPOIIS LIETOCTHOCTH
JAHHBIX C UCIIOIb30BAHUEM METAAaHHEIX, IIONYICHHBIX OT KOHTPOLICpa
CHUCTEMHOTO Karanora. Jlanee KOMaHAa MOCTYNACT B ONTHMHU3ATOP 3a-
MPOCOB, Ubs LEIb — HAUTH Hanbosee 3 (HEeKTHBHBIN CIOCOO BBHIMOJHE-
HHSI IOCTYMUBIIMX KOMaHA. ONTUMH3UPOBAHHAS KOMAaHIa KOMITHIHPY-
eTCS M TMEPEAacTCd B CHCTEMY VIpaBIcHHUs TpaHzakumiMu. Cuctema
VIIPaBJICHHUS TPAH3AKLUUSIMHE, BO-TICPBBIX, OTBEUACT 32 MOJTHOE U KOPPEKT-
HOC BHITIOJTHCHUE 010Ka KOMaHJ U, BO-BTOPBIX, COBMECTHO C IJIAHUPOB-
IIMKOM 33JaHHH O0CCIICUHMBACT MAPATICIbHYI0 MHOTOIONb30BATCIb-
CKyI0 00pabOTKy TaHHBIX.

Haxonerr, 6510k KOMaH[ nEpeaacTes B KOHTPOUIEp 0a3 JaHHBIX. 3a-
Jada MOIYJIS 3aKIFUacTces B opraHuzanuu B3amvoachcteus CYBJI ¢
datinamu Ga3bl gaHHBIX U (aiimamu cucTeMHOro Karanora. [Ipu stom
JUTSL OCYILCCTBIICHHUS CTAHAAPTHBIX ONCPALUi BBOJA-BBIBOA 3aCHCTBY -

HOTCsI BO3BMOKHOCTH OHGpaI_II/IOHHOI\/'I CHUCTCMEI.
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1.3.4 Knaccuduxauus CYB/]

CVYB/J MoxHO Kmaccu(UIUPOBaTh MO PA3THIHBIM KPUTCPHSM: 1O
MOJCJIN AAHHBIX, CTCIICHU PacPEICICHHOCTH H MO CIoco0y A0CTyNa K
0a3e maHHBIX. PasznuuHbIc MOCTN JAHHBIX OBITH PACCMOTPEHBI PAHES —
3TO peLIUHOHHAS, 0OBCKTHO-OPHCHTUPOBAHHAS, JOKYMEHTO-OPUCHTH-
pOBaHHAs U APYTHEC MOACIIHA JAHHBIX.

[To crenenn pacnpeaeneHHocTH paznuyarot tokanpHbeie CYB]I, ko-
raa see yactu CYBJ] pasmeniaroTcst Ha 0HOM KOMITBIOTEPE, U pacipe-
nenennsie CYB/1. B pacnpeaencuupix CYBJl uacti MOTyT pa3meiaThest
Ha HCCKOJIbBKUX KOMIIBIOTCPAX.

Ilo cmocody moctynma k 6a3aMm AaHHBIX pa3nuyaroT (Qain-cepsep-
HBIC, KITUCHT-cepBepHblic U BeTpansacMbie CYB/I.

B ghaiin-cepeeprwvix CYBH/] (pucyHok 9) ¢daiiiel JaHHBIX pacroiara-
H0TC LeHTpann30BaHHoO Ha daitn-cepsepe. Camu CYB]] pacnonararorcs
Ha kaxmou padoucii cranuuu. Hocryn CYB]] x aaHHBIM OCYIECTBIIS-
€TCs IOCPEACTBOM JIOKATBHOM CETH.

3anpoc AaHHbIX

E CeTb
:— Paiin

Pabouan cTraHumA
(CyeA) dainosbili cepeep

.

Pabouasn cTaHumn Pa6oqaﬂ cTaHuma
(CYBL) {CvybA)

Basa gaHHbIX

Pucynok 9 — ®aiin-ceppeprast CYB]]

[Tpu 06paboTre AAHHBIX TOCIE MOTYICHHUS 3aMpoca K JAHHBIM HpO-
HUCXOAUT YACTUIHOC KOIMUPOBAHUC (I)aﬁHOB 6a3bI JAAHHBIX HA KJIMCHTCKHC
MAIIHUHbI, TAS Ta 00padoTKa U mpoucxoaut. Eciau mpou3BoanIocs us-
MCHCHHE JAHHBIX, TO 00pabOTaHHBIC AAHHBIC OTHPAB/AIOTCS HA33[ HA
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CCPBEpP C LB OOHOBICHUS 0a3bl JaHHBIX. CHHXPOHHU3ALMS YTCHUH U
OOHOBJICHUH OCYIIECTBISICTCS MOCPSACTBOM (HatiIOBBIX OJOKHPOBOK.

[MpenmymecTBOM 3TOH apXHUTEKTYPHI SIBISIFOTCS TOJIBKO MPOCTOTA
peanu3anyy U HEBRICOKHE TpeboBaHus K (afinosomy cepsepy. B kaue-
CTBE HEJOCTATKOB MOKHO MEPEUHCIUTE HEOOXOJUMOCTD YCTAHABIUBATD
nonuyo korur CYBJl Ha kaxkaoi pabouei CTaHIMH, MOTCHIIHATBHO
BBICOKas 3arpy3ka JTOKATbHOW CETH, MPOCCAAHUC MPOU3BOAUTCIBHOCTH
IPU OAHOBPEMCHHOU PabOTe MHOTHX KJIMCHTOB C OZHHMHU U TEMH XK
JAHHBIMH, BBICOKHC TPESOOBAHUS K KIMCHTCKUM paboOdMM MecTaM, 3a-
TPYAHEHHOCTh HJIM HEBO3MOXKHOCTE LICHTPATIM30BAHHOTO YIIPABICHUS,
HH3KUH YPOBCHb OOCCIECUYCHHUS LICJIOCTHOCTH U COXPAHHOCTU JAHHBIX.
Ha mannbiif MoMeHT daiin-cepBepHas TEXHOJIOTHS CUHTACTCI YCTapeB-
HIcH, a ¢ NCIONb30BAHNE B KPYITHBIX CUCTEMaX — HENOCTATKOM.

Knuenm-cepeepnas CYEJ] (pucyHOK 10) pacnioaracTcs Ha OTACTb-
HOM MPOU3BOAMTEIBHOM CEPBEPE BMECTE ¢ 0A30H JAHHBIX U OCYIIECTB-
JsgeT JocTyn K 0a3e JaHHBIX HEMOCPEACTBCHHO, B MOHOIIOJIBHOM pe-
skume. Bee kareHTCKue 3armpockl Ha 00padoTKy AaHHBIX oOpadarsiBa-
1otcs kmeHT-cepeepHoit CY BJ] uenTpanmuzoBaHHo.

—f\’/_ 3anpoc gaHHbIX
5 CeTb
:— HahHbie
KnueHt Ea3auaHHux
CepBep

KnMEHT H!WIEHT

Pucynok 10 — Kiment-cepepaast CYBJ|
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Ha xmueHTCKUX CTaHIMAX AOCTATOYHO YCTAHOBUTH CPABHUTCIBHO
HEeTpeOOBATENBHOE K PecypcaM MOIb30BATEIBCKOE MPOrpaMMHOE 00ec-
MCUYCHUE M HACTPOUTH CeTeBOH moctyn k cepsepy CYBJl. Padota kiu-
CHT-CCPBEPHBIX CHCTEM NPUHLMITHATIBHO OTINYACTCS OT PabOTHl B CH-
cTemax «daiin-cepeep». Teneps BMecTO mepekauku (aiinos ¢ Oazout
JAHHBIX KIHCHTCKUH KOMIIBIOTEP OTHPaBISIET CEPBEPY  3ampoc,
MOCTPOCHHBIN Ha ocHOBE a3bika SQL. [lonyuns u 06paboTas HHCTPYK-
o SQL, cepBep BO3BpaIIacT KIHCHTCKOMY KOMIIBIOTEPY PE3YIbTATHL
€¢ BBIIIOTHCHUS, HAITPUMED, BHIOOPKY OMPEACICHHBIX JAHHBIX.

KrnroueBoit mpuHIINMN TEXHOIOTHH KIHECHT-CEPBEP B MpOcKTax 6a3
JAHHBIX 3aKIIYacTCd B PA3ACICHUN MEKIY VUACTHUKAMH MPOLIECCa
dyHKImit 1o padote ¢ aHHbIMU. OOBIYHO BBIACISIOT CICYFOIINI IEPe-
YCHb YPOBHEH (yHKLIMIA:

1. ®yHKUMHU MPE3CHTALNOHHON JOTHKH OIPEACIIIOT OCOOCHHOCTH
MPECTABICHUS AAHHBIX HA DKpaHe U rpaduueckuil nHTepdeic
MONTB30BATEII B LIETIOM.

2. @yHKkUMM OU3HEC-TOTHKU NPEACTABISIOT COOOH anrOPUTMEI pe-
LICHUS 3aJad MPHWIOKCHHS, VyKasaHHas Tpynna (yHKIWH
0OBIYHO peau3yercs Ha npoueaypHoM SQL w/miau Ha s3bIKax
MPOrPaMMHUPOBAHHS BEICOKOTO YPOBHIL.

3. ®ysxkuuu noruxu b/l obecneunsaroT pemenne 3a1a4 BEIOOPKH,
BCTAaBKH, VAAJICHUSA U PCIAKTHpoBaHMs JaHHBIX. [lepeuncnen-
Hble (PYHKUHH 00pabOTKH JaHHBIX OOBIYHO PEATHU3YIOTCS CPea-
crBamu SQL.

4. dyaxumn CYBJl obecneunBaroT ynpaeicHHE HHPOPMAITHOH-
HBIMH PECYPCaMHL.

B zaBucuMocCTH OT TOro, Kak NMEPCUYHMCICHHBIC TPYMITBl (BYHKIUH
pacnpeaeeHbl MEXKY KIUCHTOM H CEPBEPOM, FTOBOPAT O TOM HUJTH HHOM
TUIE JBYXYPOBHCBOTO KJIHMCHT-CEPBCPHOrO MpOcKTa 0a3 JaHHBEIX
(pucyHoK 11).
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Mpe3eHTauMoHHbIi
ypOBeHb

=l

Knnent

MpeseHTaUMOHHbIH
ypoBeHb

YposeHb BusHec-
NOTUKM

NpeseHTauMoHHbIA
YPOBEHb

¥YposeHb GusHec-
NOTUKK

Mpe3eHTaLUWOHHBIMA
YpoBeHb

MpeseHTauMOHHBIR
YpOBEHbL

YpoeeHb Bu3Hec-
NOTUKK

YposeHb brsHec-
NOTVKK

MpeseHTaumoHHbIN
YpOBEHb

4

Y
YpoBeHb busHec-
NOTrUKK

A

Y

YposeHb noruku b,

YposeHb norukun b

YpoBeHb noruku BL,

YpoBeHb normkmn bl

YposeHb 6KsHec-
NOrnKn

YposeHb noruku b

=

Cepeep

Cm

YposeHb CYB[],

YpoeeHb CYB[

YpoeeHs CYB[

YposeHb CYBJ,

YposeHb CYB[,

PacnpedeneHHoe

Yoanennoe

PacnpedenerHHan

YdanenHoe

PacnpedeneHHoe

rnpedcmasnerue npedcmaenenue Busrec-nozura yn, a u a u

Pucynok 11 — JIByxypoBHeBas KimeHT-cepBepHas CYB ][

Ha pannux sTanax passuTHA KIHEHT-CEPBEPHON apXUTEKTYPHI JA0-
MUHHPYIOIIAM TOAXOJ0M CUHUTAIOCH PACHPEACICHHOS NMPEACTABICHUC
U VAAJCHHOE MPEACTABICHUC NaHHBIX. M B mEpBOM, U BO BTOPOM CITy-
HasiaX KIHCHT YaCTHYHO HWJIH IIOJTHOCTBIO BBINOJJIHSI JIMIOb 3adavu, CBsI-
3aHHBIC C BBIBOJAOM JAHHBIX Ha 3KPAaH U BBO,Z[OM/pe,Z[aKTI/IpOBaHI/IeM OTHUX
JAHHBIX TIoJb30BarciacM. Bee ocrampHoe aenam cepeep. B HacTosmee
BPCM:, KOrga CTOUMOCTD NICPCOHAJIBHBIX KOMIIBPIOTCPOB CTalla HC CTOJIb
BBICOKOM, & IPOU3BOAUTEILHOCTh CYIIECTBCHHO BO3pocia, oee momy-
JSIPHBIMH CTATH MOJENH C PACIPEICICHHON OM3HEC-TOTHKON U Y IATICH-
HBIM YIIPABJICHUCM TaHHBIMU. B HO,Z[O6HLIX MPOCKTAX KIIUCHTCKUC CTaH-
LUU YaCTHYIHO WJTH TOJTHOCTHIO 3a0HParOT y cepBepa (PpyHKIMU, peanu-
3VIOIUe OM3HEC-TOTHKY MPOCKTa. TeM caMbIM ¢ cepBepa CYIIECTBCHHO
CHIDKACTCS HATPY3Ka U, KaK CICICTBHE, YIPOIIACTCS MacITaOHpPOBaHUC
MIPOEKTA.

XoTs ABYXYPOBHCBHIC MOJCIHM PacHpeIcICHUs OOsA3aHHOCTEH
MEKIY KIUCHTOM U CEPBEPOM CETOIHS HAaHOOIIee MOy ISPHEI, HMCIOTCS
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u ewme Oomee crnoxHble pemeHus. Cpeau HUX MOXKHO BBIOCITUTH TPEX-
VPOBHEBVIO MOJEJNb, OOMOTHCHHYIO CCPBEPOM TPUIOKCHHH, SBILIIO-
LIMMCS IOCPETHUKOM MEKAY KIUCHTOB U CEPBEPOM 0a3 JaHHBIX.

VY Ke HECKOIIBKO ACCATHICTHH KIHECHT-CEPBEPHOE MOCTPOCHHE Ga3bl
JAHHBIX SBJCTCS AOMUHUPYIOIUM. [ [pUYHH TOMY HECKOIBKO:

— 3HAYUTEIBHO MOBBIIIACTCS JOCTYIMHOCTE Oa3bl naHHbIX. CepBep

MPEACTABISICT COOOU OTKPEITYIO CHCTEMY, MO3TOMY KITHCHTCKHUC

KOMIIBIOTEPBI MOT'YT (PYHKLIMOHUPOBATH MO YIIPABICHUEM Pa3Hy-

HBIX OIMECPAHOHHBIX CUCTEM U C Pa3IMYHBIM MPOTPAaMMHEIM 0bec-

MCUCHHEM;

— seiaencHuelid cepeep CYB]l B cocrosaun obecneunts mapan-

JICTIBHYIO MHOTOIIONB30BATEIBECKYI0 00PabOTKY JAHHBIX;

— OCHOBHBIC NPaBUNA MOJACPIKKH LETIOCTHOCTH U HEMPOTHBOpPE-

YHBOCTH JAHHBIX OMHCHIBAIOTCS Ha oqHOM cepeepe CYB /I, kmueHT-

CKHE TPUTOKEHHS HUKAKUM 00pa3oM HE B COCTOSHHH ODOUTH 3TH

MpaBUIa;

— 3KOHOMHO PacXOAYeTCs MPOIMTYCKHAS CIIOCOOHOCTh KOMITBIOTEP-

HBIX CETCH;

— Onarojapsi UCHTPATM30BAHHOMY XPAHCHHIO JAHHBIX CPaBHH-

TENBHO MPOCTO NMOAACPKHUBATE CAMHEIC 7T BCEX Mpasuiia bezomnac-

HOCTH 0a3bl JAHHBIX;

— HaAJIMYUC CTAHJAPTA HA OCHOBHOU s3bik oOmieHus SQL obecme-

YHBACT LTHPOKHE BO3ZMOXKHOCTH AOCTYIA K cEpBEPY Oas3bl JaHHBIX

U3 IPOTPAMMHOTO 00CCICUCHHS PA3THIHBIX MPOU3BOAUTEIICH;

— VIPOIICHB BOHPOCH OOCTYKMBAaHUS W AIMHUHHUCTPHPOBAHUS

0a3bl JaHHBIX.

Henocrarox knuent-cepBepubix CYBJ[ cocTouT B MOBBIIICHHBIX
TpeOOBAHHUIX NPOU3BOAUTEIEHOCTH K CEPBEPY.

Bempaueaeman C Y]] mocTaBnsaeTcs Kak COCTABHAS 4aCTh HEKOTO-
POrO MPOrpaMMHOTO MPOAVKTA, HE TPEOYS MPOLEAYPHl CAMOCTOSTE b=

HOH YCTAHOBKH.
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V¥ BerpauBacmbix CYBJl ects psin ocobennocteii. Takas CYB]]
MpeJHA3HAYCHA AT JIOKATBHOTO XPAHCHHS JAHHBIX CBOCTO NPUIIOKEHHS
U HE PACCUMTAHA HA KOJUICKTUBHOE HCIIONb30BaHUE B ceTH. Berpansae-
Meie CYB]] MoryT ucnone30BaThCs, HAIPUMEP, B MOYTOBBIX KIUCHTAX
W MECCEHKEPax.

Omuuecku BetpansacMas CYB/I wame Bcero peanuzoBaHa B BUAC
MOJKTI0YacMOi GHOnnoTeku. JIocTyI K JaHHBIM CO CTOPOHBI HPHIIOKE-
HHS MOYKET TPOUCX0AnTh nocpeactsoM SQL mubo uepes crenuaabHbie
MPOrpaMMHBIE HHTEPQEHCHL, YTO MO3BOIACT 0OCCIICUUTh BEICOKYIO CKO-
POCTb JOCTYIA K JAHHBIM H MANBIA PACXOX NAMSITH.

Oobnacte npumeHenus BerpauBacMbix CYBJ] onpenesier u peanu-
svemeic B HUX Qyakumd. B takux CYB/l, xak nmpaBuno, HET MOIb30Ba-
TENBCKUX MPaB U PCATH30BaHA MPOCTEHINA H3OISALMS TPAH3AKIUH C T0-
MOIIbIO CTAHAAPTHEIX MEXaHU3MOB OTNICPALIOHHOMN CHCTEMBI HAOJ00Ue
OnokupoBku (aitioB. Takke 3a4acTyI0 OTCYTCTBYCT apXHUBALAS U Pe-
wkaus. Berpansaemas 6a3a 1aHHBIX HAAEKHA HACTONBKO, HACKOIIBKO
Haaékua Oudmuoreka CYBJ| u dafinoBas cuctema, Ha KOTOpOH Oasza
JAaHHBIX pacnosaraetcs. TeM He MEHee, €CTh MHOXKECTBO CIIOCODOB MO-
TEPATH JAHHBIC, TAK YTO TAKUE PELICHHUS MO HAAEKHOCTH YCTYIIAIOT Cep-
BepubiM CYB/I.

B xauectse mpmmepos BctpamacMbix CYBJl MoxkHO mpuBecTH
SQLite, Oracle Berkeley DB nau Microsoft SQL Server Compact.

1.3.5 Copemennnie CYB/]

B 3AKIHOUYCHUHN KpaTKO Hepe‘H/ICHI/IM COBpeMCHHbIe CUCTCMBbI praB-
AcHUA 0a3aMHU TaHHBIX.

W3 Manbix CHCTEM, pacCUMTAaHHBIX HA OJHOTO MOJB30BATEIS, CETO-
JHS HauOOIbIICH MOMYJSPHOCTBIO MOMb3vIoTcs Microsoft Access u
SQLite.

B mepeueHs MONyYHBIIMX IIMPOKOE MPHU3HAHHWE MHOTOIOIB30BA-
teapckux pemsiuuonnbix CY B/l Bxoast: Oracle, Microsoft SQL Server,
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MySQL [4, 5], PostgreSQL [6, 7] u apyrue. Bce CYB/] tak wiu unatue
craparorcs nogacpxkusath ctanaapt SQL ams 3ampoca 1 MaHUTYJISLHHA
JAHHBIMH.

Onnako ecth 1 pasnuuus. Hampumep, npakTHIeCKu B KOKAOH U3
CYB/] umerorcs cnietmiuuHbie qiiss HEC THIBI JAHHBIX, HC UMCHOIINC
aHAJIOroB B CTaHAapTe. B KauecTBE XapakTePHOro MPUMEPA MOKHO TIPH-
BecTH Postgre SQL, B K0TOpOM peann3oBaHbl 3K30THUECKHE THITHL, IPE-
HA3HAYCHHBIC [IsI XPAHCHHUS MPOCTPAHCTBCHHBIX U TCOMETPHUCCKUX
mauabix (BOX, CIRCLE, LINE u 1. 1.). He Bce CYB/l nogaepxusator
perynspHbie BeIpakeHus. KpoMe TOro, MOTYT OT/IMYAThCS MEXAHU3MBI
VIOPABICHUS TPAH3AKIHUIMHU, PE3CPBHOTO KOMHPOBAHUS U CIIOCOOBI pea-
muzanmu apyrux ¢pyvakoui CYBI,

CaMBIMH HM3BECTHBIMH TIPOTPAMMHBIMH PCIICHUAMH THTIA KITFOU-
snaucHue cranu 0a3pl Amazon DynamoDB u Apache Cassandra.

B kadecTBe nmpuMepoB HAMOOJIEE U3BECTHBIX HOKYMCHTO-OPHCHTH-
posannbix CYB ]l moxuHo mpusect MongoDB [8, 9], CouchDB, Google
Cloud Datastore u RavenDB.

43



2 PEJIAHUOHHBIE BA3bI JAHHbIX

2.1 PerssuHoHHAY MOAEJIb

B 1970 roay 3. Koxa omyGaukoBai CTaThiO, B KOTOPOH BIICPBBIC
MIPO3BYYAJ TEPMUH «PEJIAIHOHHasI Moaensy [ 10]. Pexsunonnas moxens
OCHOBBIBAJIACH HA MAaTEMAaTHUYCCKOM MOHATHH «OTHOLICHUE» U OMHUpa-
Jach HA CTPOTHEC MATEMATHYCCKHC BBIKIAAKH, OCTABASICh WHTYUTHUBHO
MOHATHOM.

MO>HO HepeYHCINTD CIEAYIOMUE JOCTONHCTBA PEIAIHOHHON MO-
JIE T

— MOJEbh UME;Ia HEOOIBIIIOH HAOOP a0CTPAKIHIA, KOTOPBIC MO3BO-

JSFOT CPABHUTEIBHO MPOCTO MOACITHPOBATH OONBINYIO YacTh Pac-

MPOCTPAHCHHBIX MHPEAMETHBIX OOMacTeli M AOMYCKAOT TOYHBIC

(hopMabHBIC OTPSACICHUS,

— MOJENb UMEJIA MPOCTOU U B TO 3KE BPEMsI MOLTHBIA MaTeMaTHYE-

CKHI anmapar, OMUPAIOIIUICS IMaBHEIM 00pa3oM Ha TCOPHIO MHO-

JKECTB M MATEMATHUICCKYIO JIOTHKY ¥ 00CCIICYHBAIOLIMI TEOPETHYC-

CKHl Oa3uc PESIMOHHOrO MOAX0Aa K OpraHu3auu 6a3 JaHHBIX,

— MOJETb MPEIOCTABIIA BOBMOKHOCTh MAHUITYITUPOBAHUS JAH-

HBIMH 0€3 HCOOXOMMOCTU 3HAHUSI KOHKPETHOM (PU3UUCCKOM opra-

HHU3auy 0a3 JaHHBEIX BO BHCITHCH MAMSITH.

OCHOBHBIMH MOHATHSIMH PESILIUOHHBIX 03 JAHHBIX SBISIOTCS THIT
JAHHBIX, JOMEH, aTPHOYT, KOPTEXK, MEPBUUHBIN KITFOY M OTHOIICHHUE.

JTH MOHATHUS NMPOULTIOCTPUPOBAHBI HA PUCYHKE 12 HAa IPUMEpPE OT-
HomeHUs «COTPYIHUKIY, COACPKAIIETO HHPOPMALIHIO O COTPYAHUKAX
HEKOTOPOU opraHuzanuu. B mpuMepe OTHOIICHHE XPAaHUT CIACAYIOLIYIO
HHPOPMALTHIO O COTPYIHHKAX: WACHTH(QHUKATOP COTPYIHHKA, HUMI, (a-
MUITUS, 3apIiiara, JaTa POKICHIS U OTACH, B KOTOPOM OHHU paboTaroT.
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Tunbl AaHHBIX

Llensie umcna ‘ CTpoKku ‘ JeHbru ‘ Hatbl ‘

!
[oMeHLI I | |

I
Homepa Pazmeps! Natsl Homepa
NpONycKoB Ve MRS BbINnat poxaeHua oTAenoB
MepBUYHBIA KNtoY
employee_id last_name first_name salary birthday department_id}— ATpUBYTHI

2934 Meanos Banepuii 112 000 01.01.1966 310

n o
OTHOLEHWe 2935 eTpos Cepren 144 000 13.06.1977 310

«COTPYAHUKNY 2936 Opnos MNerp 92 000 27.02.1980 313 Koprexu

2937 Cepreesa Enena 110000 05.05.1982 310

2938 Katkos Teopruii 112 000 16.12.1991 315

Pucynok 12 — OtHorienue «CoTpy THUKHAY

2.2 Tun ganubIx. lomen

IMonsTie THOA JAHHBLIX B PSISILIMOHHON MOJCTH AAHHBIX MOJHO-
CTBIO 3JCKBATHO COOTBETCTBYIOLICMY MMOHITHUIO THNA JAHHBIX B S3bIKAX
mporpammupoBanus. OOBIYHO B COBPEMCHHBIX PEIIMOHHBIX 0azax
JAHHBIX MOMYCKACTCS XPAHCHHUS CHMBOJIBHBIX JAHHBIX ¢ (PUKCHPOBAH-
HOM WM NEPEMEHHON ATWHOW, YMCIOBBIX AAHHBIX, BKJIIOUAsd LIEJIbIC
YUCNIA PA3TMYHOTO Pa3Mepa, BEIICCTBCHHBIC YUCIA C IUIABAIOIICH WITH
(PUMKCUPOBAHHOW TOYHOCTHIO, OUTOBBIC JAHHBIC, «TCMIIOPAJBHBIC) TaH-
HBIX (TAKKUE KaK Jara, BPEMs WM BPEMCHHOU mHTepBan). Kpome toro,
muorue CYBJ] noaaep:xuBatoT XpaHCHHE MPOCTPAHCTBCHHBIX U Cllad-
GocTpykTypupoBaHHEIX AaHHBIX B (hopmare XML umnu JSON. Hocra-
TOYHO AKTHBHO PA3BUBACTCS MOIXO/ K PACIIHPESHUIO BOZMOKHOCTEH Pe-
JSIUOHHBIX CUCTEM a0CTPAKTHRIMHU THIIAMU AaHHbIX. Hanpumep, B 6aze
maHHbix Postgre SQL moaaepkuBacTCs XPaHCHHUS AAHHBIX CIICIIHAITb-

HOTO THIIA KACHBTHY.
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Tunuzanus XpaHHAMBIX 3HAYCHUH HE MPOCTO YKA3bIBACT HA pazMep-
HOCTh B 0aiiTaX, KOTOPYIO AOJDKHA BBIACITUTE CUCTEMA A PA3MEIICHHUS
B MAMATH TOTO WK HHOTO 3HAYCHUS. THNN3AIHS TakKe ONPEALISCT, Ka-
KHC ONEpaLMH MOTYT OBITh OCYIICCTBICHBI C TEMH WIH WHBIMH JaH-
HBIMH.

Takum o0pazoM, MOHATHE THI AAHHBIX HHTETPUPYET B cede TpH
KOMITOHCHTHI:

— OTpaHHYCHUE MHOMKCCTBA PUHAIICKAIMX THITY 3HAUCHHI;

— OIpeIeNIeHUE IPUMEHIEMBIX K THITy Habopa oneparyi;

— OHOpEACICHHE CrocoDa 0TOOPAKCHUS 3HAUCHU THIIA.

B npumepe ¢ orromenuneM «CoTpyIHUKHY (PHCYHOK 12) IPeCcTaB-
JICHBI JAHHBIC YCTHIPEX TUIOB: LEIBIC YHCIA UCTIOMb3YIOTCS A XpaHe-
HHS WACHTH(HKATOPA COTPYAHUKA U HACHTUPHKATOPA OTAEIA, CTPOKH
CHUMBONOB [T XPaHCHHUS UMCHH U (aMHIHHM, & TAKXKE THIBI JAHHBIX
«aaTa» U «ICHBIM.

Kak nokasana npaxTuxa, npu o6paboTKe JaHHBIX B COBPEMCHHBIX
UHGPOPMAITHOHHBIX CUCTEMAX BO3MOXKHOCTCH OOBIMHON THITH3ALMH CTa-
HOBHTCS HexoctaTouHo. DyHaaMeHTanbHad A COBPEMEHHBIX SI3BIKOB
MPOrpaMMHUPOBAHMS HACS THITU3ALHMN B PEISLHOHHOW MOJCITH MONY-
YHIa JaNbHeHIee pa3BuTre. BEIo BBEICHO HOBOC MOHATHE — AOMEH.

IMoustue momena Oonee crneumpuyHo M1t 6a3 JAHHBIX, XOTS H
HMMEET HEKOTOPBIC AHANOTHH € MOJTHIAMH B HEKOTOPBIX SI3BIKAX MPO-
rpaMmupoBanus. B camom obmieM Buae JOMEH ONpeaeisIeTCs 3a1aHueM
HEKOTOPOro $a30BOro THIA AAHHBIX, K KOTOPOMY OTHOCSTCS BIIEMCHTEHI
JOMEHA, H TPOU3BOIBHOTO JTOTHYCCKOrO BBIPAKCHHUS, TPUMEHIECMOTO K
3MEMEHTY TUNA AAHHBIX. ECITH BBIUHCICHHE 3TOTO JOTHYECKOTO BhIpa-
JKCHHMS JACT PE3YIIbTAT «HUCTHHAY», TO 3JICMCHT JAHHBIX SBIISACTCS NECMCH-
TOM JOMCHA.

JloMeH He MOAMEHSET MOHATHE TUITU3ALINH, & BHICTYIIACT B KAYCCTBE
JOTOTHUTEIBHOTO OrPaHUYIUTENs 00pabaTeiBacMON B 6a3e NaHHBIX HH-
dbopmaruu.
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Haubonee npaBuibHON HHTYUTHBHOMH TPAKTOBKOM MOHATHS JOMEHA
SIBIIIETCS] IOHMMaHHUE JOMEHA KaK AOMYCTHMOTO IOTCHIHATBHOTO MHO-
JkecTBa 3HaueHUH gansoro tumna. Hampumep, nomen «Mmena» B npu-
MEpE € COTPYAHUKAMH ONPEACTICH HA Ga30BOM THIIC CTPOK CHMBOJIOB, HO
B YHCJIO €T0 3HAYEHUI MOTYT BXOJWUTH TOJIBKO T€ CTPOKH, KOTOPBIE MO-
I'YT H300pakarh UM (B YACTHOCTH, TAKHE CTPOKH HE MOT'YT HAYHHATHCS
¢ MATKOTO 3HAKA).

CaenyeT OTMETHTD TAKKE CEMAaHTHUYCCKYIO HATPY3KY MOHATHS JO0-
MEHA. JaHHBIC CUHUTAIOTCA CPABHHUMBIMH TOIBKO B TOM CIydac, KOTAa
OHM OTHOCSTCSA K OTHOMY AoMeHy. B mprvepe 3HaueHms nomeHos «Ho-
Mepa nporryckos» 1 «Homepa 0Taen0B» OTHOCATCS K THITY HEIBIX YHCET,
HO HE SIBJIOTCA CpaBHUMbBIMH. OIHAKO CTOHUT 3aMETHTh, YTO B OOJb-

mHCTBE pesiuuonHbix CY B moHsTHE 1OMEHA HE HCTIONB3YETC.

2.3 OTHOLIEHHE

2.3.1 IlousiTHe OTHOLLIEHHS

Beengem onpenencHHEe OTHOLICHHS B PEISIIHOHHON MOJCTH JaH-
HBIX.

OtHoweHue R COCTOHUT U3 cxembl U med.

Cxema H oTHOmEHHUS R — KOHCUHOEC MHOKECTBO YIIOPSAOUCHHBIX
map euma (4; T;), toe A; — uma atpubyrta, a T; — UMS JOMCHa,
i =1, ..., n. Ilo onpenencHuro Tpebyercs, 4TOOBI Bce UIMEHA aTpUOYTOB
B 3ar0JIOBKE OTHOLICHHS OBLTH PA3NHIHBIMHA (VHHKATBHBIMH).

Tesio B otHOmEHNI R — MHOKECTBO KOPTEXKEH .

Koprex £, coorBeTcTBYIOINE CXeMe H — MHOJKECTBO YIIOPSAOUCH-
HbIX map Buaa (4;, v;), Tae v; — AOMYCTUMOE 3HAYCHHUE 1oMeHa T;.

KonmiecTso xopTexel Ha3bIBAIOT KapAWHATBHEIM YHCIOM OTHO-
nmeHUs (KapAUHATBHOCTBIO), HIIM MOLIHOCTHI oTHowceHusA. Komuue-

CTBO anI/I6YTOB HA3BIBAIOT CTCIICHBIO, UJIN KAPHOCTBH» OTHOLICHU:.
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Cxema 6a3bl JaHHBIX (B CTPYKTYPHOM CMBICIC) — 3TO HA0OP HMEHO-
BaHHBIX CXEM OTHOWCHUH. Pendauponnas 6a3a JaHHBIX — 3TO HAOOP OT-
HOLICHUH, UMEHA KOTOPBIX COBNAJAIOT C UMCHAMH CXEM OTHOLICHHH B
cxeMe 0asbl JaHHBIX.

B knaccuueckux pesuHOHHBIX 6a3ax JAaHHBIX MOCIE ONPEACICHHUS
CXEMBI U3MCHSIOTCS TOJIBKO OTHOLICHI-3K3EMILTAPH. B HUX MoryT mmo-
SBISITBCSL HOBBIC U VAATATHCS HITH MOAM(ULMPOBATHCS CYLICCTBYIOLIIC
kopTexkd. OMHAKO BO MHOTHX PEATH3ALMUAX AOMYCKACTCd U U3MCHCHHUC
cxeMbI 0a3bl JAHHBIX, T.C. ONPEACICHUC HOBBIX U N3MCHCHHUE CYLICCTBY-
IOIIUX CXCM OTHOLICHHS. JTO MPHHATO HA3BIBATb 260I0YUET CXeMbl
ba3vl OaHHBIX.

Y npo1neHHbIM NPEeACTABICHUEM OTHOIICHUS SBILICTCA TabIuIIa, 3a-
T'OJIOBKOM KOTOPOU SBJIICTCS CXEMa OTHOLICHHMS, & CTPOKAMH — KOPTEXKH
OTHOLICHIA-3K3EMILIAPA; B 3TOM CIy4ac HMCHA aTpuOyTOB HMCHYIOT
croabubl 3rofi Tabmaunml. IlosTomMy wHOrAa roBopsT «cToadel Tald-
JIMLIBI», UMES B BUAY «aTPHOYT OTHOLICHUSY.

Bepuemcs k paccmoTpeHHOMY npuMepy ¢ otHomeHueM «Cotpya-
Hukn». Ha pucynke 13 mpeacrapnena tabmuina (Wmd OTHOIICHHUE) € 6
cronOuamu-arpuOytamu (uacHtuduKarop, pamunmsa, UM, 3aproiara,
jgara poxxacHus U otaen). Koprexk ompenenseTcs Kak MHOMKECTBO map
Buga (umst atpudyTa, 3HaucHUE AomeHa). Koprex coaep:xkut 6 arpudy-
TOB, T.C. ApHOCTh OTHOLICHUS paBHa 6. TaOnuua coaepkur 5 cTpok, T.¢.
B JaHHOM CIIy4a¢ MOLIHOCTh OTHOLICHUS paBHa 3.

(ﬁoﬁé@fﬁme)

Wmsi ctonbua F\
.

employee_id last_name | first_name salary birthday  |department_id

2934 HWeanos Banepuit 112 000 01.01.1966 310

2935 Netpos Ceprett 144 000 13.06.1977 310

OTHOLLEHNKE Koprex
(ranuua) ‘ ‘ 2936 Gpnos ‘ Merp | 92000 | 27.02.1980 313 ~"|(cTpoka, sanuob)

2937 Cepreesa Enena 110000 05.05.1982 310

2938 KaTkos leoprui 112 000 16.12.1991 315

Pucynok 13 — OtHorienue «CoTpy THUKHY
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2.3.2 ®ynaamMmeHTAJIbHBIE CBOHCTBA OTHOLIEHHIH

PaccmoTpumM yHaaMeHTATBHBIC CBOMICTBA OTHOLICHHH.

1. OTcyTcTBHE KOpTEKEii-ny0THKATOB.

JybmipoBaHne AaHHBIX HNPOTUBOPCUUT TCOPHUH MHOMKECTB, T.K. B
KJIACCHYECKOW TCOPHH MO OMPEICICHHIO KQKI0C MHOKECTBO COCTOMT U3
Pa3IUYHBIX 3IeMEHTOB. JlyOnuKaThl JAHHBIX 3HAYUTEIBHO OCIOKHAIOT
padoTy ¢ mpOrpamMMoH, T.K. OTCYTCTBYET BO3MOKHOCTD PCAAKTHPOBAHHUS
3HAYCHUH aTpHOyTOB TONBKO Vv oxHOro koprexa. ObecneucHue Tpedo-
BaHHS YHUKATBHOCTH CTPOKH JOCTUTACTCS IMyTEM BBOJA B TaOIMLy JTO-
MOJTHUTEIBHBIX YHUKATIBHBIX ATPUOYTOB.

2. OTcyTcTBHE YNOPSAA04YEHHOCTH KOPTEMKeii.

CBOMCTBO OTCYTCTBUS YNOPSAOUCHHOCTH TAKXKCE SBILICTCS CICI-
CTBHEM OIPEICICHAS OTHOIICHUS KaK MHOXKecTBa Kopresked. OtcyT-
cTBHE TPeOOBAHUA K MOAJCPKAHUIO MOPAAKA HA MHOMKECTBE KOPTEXKEH
OTHOIICHUS AacT aonoauTenpayio ruokocts CY B/l npu xpanenun 6az
JAHHBIX BO BHCIIHEH MAMATH U MPH BEITIOTHCHUH 3aIPOCOB K 0ase naH-
HBIX. DTO HE MPOTUBOPSUHUT TOMY, UTO MPU HOPMYTHPOBAHHH 3AITPOCA K
Oase gaHHBIX, HampuMmep, Ha s3bike SQL MokHO moTpeboBaTh COPTH-
POBKH PE3YABTHPVIOIIECH TaOMHIIB B COOTBETCTBHH CO 3HAUCHHIMH HE-
KOTOPBIX cTONONOB. Takoi pe3yabTar, BOOOIIE TOBOPS, HE OTHOLICHHUE,
a HCKOTOPBIM YIOPSIIOUEHHBIN CITUCOK KOPTEKEH.

3. OrcyTcTBHE YHOPSIAOUEHHOCTH ATPHOYTOB.

ATpuOYTH OTHOLICHUI, KAK H CTPOKH, TAKKE HE YIIOPSAAOUCHBI, MO-
CKOJIBKY TIO OIpPCACICHUIO CXEMa OTHOLICHHS C€CTh MHOMKECTBO Map
< A, T >. J1ns cCBIIKK HA 3HAYCHHUE aTpUOyTa B KOPTEXKE OTHOLICHUS
BCETJA HCIIONB3YETCA UM aTprOyTa. ITO CBOHCTBO TCOPETHUYCCKH 03~
BOJLICT, HAIPUMEP, MOAUGHLHIPOBATh CXEMBI CYINECTBYIOIIUX OTHOIIC-
HHUI HE TONBKO NyTeM J00ABICHUS HOBBIX aTpUOYTOB, HO M MYTEM yIa-
JeHus cymecteyomux. Kak u npu 3anpoce k Tabmuue CTPOKH MOKHO
VIIOPSOOYHTE, TAK U MOPSIIOK BHIBOJA CTOJIOLOB TOYHO TaK JKE HA3HAYA-
eTcs mporpaMMucToM cpeactsamu SQL.
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4. ATOMapHOCTL 3HAYEHHI aTPHOYTOB.

3HaYCHUS BCEX aTPHOYTOB SBISIOTCS ATOMAPHBIMH. JTO CBOHCTBO
CIeNyET U3 ONPEeACICHHS TOMEHA Kak HEKOTOPOTO TIOAMHOKECTBA 3HA-
YCHHH MPOCTOrO THIA JAHHBIX, T.C. CPECAM 3HAYCHUHM JOMCHA HE MOTYT
COJEPKATHCI MHOKECTBA 3HAUCHUN HITH OTHOIICHHSL.

ATOMapHOCTh O3HAYACT, YTO HA MEPECCUCHUH CTPOKU U CTOIOLA
JOJDKHO HAXOTUTHCS CAUHCTBCHHOE 3HaucHue. [IpuMepom HapymeHus
ATOMAPHOCTH MOXKET CTaTh MOMBITKA 3alUCH B OAHY SUCHKY TaOIHLBI
IPYIIB 3HaUCHUH, Hanpumep cnucka. [lonoGHbIi moaxox Takke 3a-
TPYAHAET MpoLece Noucka U 06paboTku HHPOPMALTHH.

[TpuHATO TOBOPHTE, UTO B PEISLMOHHBIX 0a3ax JAHHBIX JOIMYCKa-
IOTCSl TOJBKO HOPMATH30BAHHBIC OTHOIICHHUS WIH OTHOIICHHUS, Mpen-
CTaBJICHHBIC B TICPBON HOPMATBHOU (opME.

[ToTeHIHaTBHBIM NPUMEPOM HEHOPMATU30BAHHOT'O OTHOIICHHUS SB-

JIACTCA CICAYIOMICC OTHOLICHHUC ((OT,Z[CJ'ILI)), npCACTABICHHOC Ha pPU-

CYHKC 14.
department
department _id | ;o
- employee_id | last_name | first_name salary - birthday
2934 Meawos | Banepwit 112000 = 01.01.1966 |
310 . 2035 Metpos  Cepreii 144000 | 13.06.1977
2937 | Cepreesa | Enewa 110000 | 05.05.1982
313 293 Opnos  Merp 92000  27.02.1980
315 2938 Kavo | [eopruii 112000 = 16.12.1991

Pucynok 14 — OtHonieHue «OTaensny

31ech KOXKABIA OTACT XPAHUT B ceOe HECKOMBKO CTPOK ¢ HH(popMma-
e o paboTariux B HeM CoTpyAHuKax. Kak BUIHO, B 3TOM Cliydae Ha
MCPESCCUCHUU CTPOKU U CTOI0LA HAXOAUTCS MHOKECTBO 3HAYCHUH (1st
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otaeaa ¢ Homepom 310), T.¢. 3HaUCHUS arpudyTa HE SIBJISIOTCS aTOMap-

HBIMH, & OTHOIICHUC B TAKOM CJIYyUacC ABIACTCA HCHOPMAINU30BAHHBIM.

2.4 I1lenoCTHOCTHh AAHHBIX

baza nqaHHBIX H0KHA COACPIKATH HEKOTOPBIH HAOOP NMpaBwiI, HEOO-
XOZUMBIX JJIS1 TOTO, YTOOBI JAHHBIC BCCTAA HAXOMTUINCH B COTIACOBAH-
HOM COCTOSTHHH.

HCHOCTHOCTB JAHHBIX — COOTBCTCTBHC 3HAYCHUU BCEX JAHHBIX B
0a3e ompeaeICHHOMY HEIIPOTHBOPSUYUBOMY HAOOPY MPABHII.

MoskHO BBIACIIUTD TPU 6330BLIX Kj1acca npaBuil, MPU3BAHHBIX ITOA-
ACPKUBATH LCIOCTHOCTh JAHHBIX B pCHHHHOHHOﬁ 6336 JAAHHBIX!

—  LEIOCTHOCTh JOMCHOB;

- LEAOCTHOCTD CYIIHOCTEH;

- CCBINTIOYHAA INCIOCTHOCTD.

2.4.1 IlenocTHOCTL AOMEHOB

LlenocTHOCTE TOMEHOB MOAACPKUBACTCS 32 CUST MEXAHH3Ma J0-
MCHHBIX OTPAaHUYCHUH. DTO KaK pa3 TOT CAyYal, KOrJa OMHCAHUC I0-
MEHA BKJIOYACT B CCOSI HCKOTOPBIC JIOTHYCCKUE MPABUIIA, 3AMPCIIAOIIHS
BHOCHTb HCKOPPEKTHBIC 3HAYCHUS B aTpuOyTH Tabmuupl. B npocreiimem
CIydac AOMYCTHUMBIC 3HAYUCHUA MOI'YT 6LITI> npoCTO NCPCHUUCIICHBI UIN
O6’I>HBJ'ICH AUarna3oH J0MYyCTUMBIX 3HAUCHUH.

Ocobas poJib B IOAACPKAHUN JOMCHHOH LICTOCTHOCTH OTBOAUTCS
ocobomy mapkepy NULL. Ilpu pabote ¢ 0azaMu JaHHBIX MOKET BO3-
HUKHYTb CUTyalu:, KOrAa 9aCTh JAHHBIX HCU3BCCTHA UJIHU CHIC HC OIIPC-
geneHa. ms Toro utodbl 000HUTH MPOoOIEMY HEMOIHBIX HIH HCH3BECT-
HBIX JAaHHBIX, B 6a3aX JAaHHBIX MOT'YT HUCMOJIb30BaThCA TUIIBI JAHHBIX,
pomonueuHsie Tak HazeiBacMbIM NULL-3nauenuem. NULL-3HaueHue —
3TO, COOCTBCHHO, HE 3HAUCHUEC, 4 HCKHH MApKEp, MOKA3bIBAIOIIUH, UTO

SHAUYCHHUC HCU3BCCTHO.

51



OcnoBHO Mpo61eMoii pu padoTe ¢ JAHHBIMU, KOTOPBIC MOTYT CO-

aepxate NULL-3HaueHus1, SBASCTCS HECOOXOAMMOCTh HCIIONb30BAHUS

TPEeX3HAYHOU NOTMKH. Tpex3HadHas Toruka Oazupyercs Ha Tabmumax

HUCTHHHOCTH, IPEICTABICHHBIX Ha pucyHke 15. M3 Tabmun MoxHO onpe-

JenuTh, 4To, Hanpumep, BeipakeHne «Mctmra» m NULL mact Ham

NULL, Tak ke, xak u erpakcaue «NULL wmu JIoxs».

Tabnuua uctuHHocTM AND Tabnuua uctuHHoctt OR Tabauua uctmHHoct NOT
AND | False | True | NULL OR False | True | NULL Not
False | False | False | False False | False | True | NULL False | True
True | False | True | NULL True | True | True | True True | False
NULL | False | NULL | NULL NULL | NULL | True NULL NULL | NULL

Pucynox 15 — TaGnuItel HCTMHHOCTH TPEX3HAYHON JIOTHKA

HNmeeTcs HECKOTBKO ClTe ACTBHM MPUMEHEHHS TPEX3HATHOH JTOTHIKH:
NULL-3HaucHue He paBHO camomy cebe. JIeicTBUTE ThHO, BRIpaiKE-
aue NULL = NULL naer suauenue ue MICTHHA (True), a HEU3-
BECTHO (NULL). CooTBETCTBCHHO BBIPAXKCHHE X = X HE 00s13a-
tensuo MCTHHA

HeBepHO Takxke, uto NULL-3HaueHue HE paBHO camomy ceOe. Boi-
paxenvie NULL # NULL rtawke npunmmaer 3HaueHue we MUC-
THUHA, a HEM3BECTHO. CooTBETCTBEHHO BBHIPAKEHHE X # X HE
obszareapHo JIOXKD;

Bripaskenne x OR NOT (x) nwe obsazatensHo MCTHUHA. Cootser-
CTBCHHO B TPEX3HAYHOU JTOTHKE HE paboTacT NPHHLIUI HUCKITFOUCH-
HOTO TPETHETO.

2.4.2 Ile10CTHOCTH CYLIHOCTER

OnxHuM n3 GyHAAMEHTANBHBIX CBOWCTB OTHOLICHHM SIBISICTCS OT-

CYTCTBUC KOPTEkEeH-1yOmukaTos. Ha camMom aernie, CBOHCTBOM YHUKAIIb-

HOCTHU B IPCAC/IAX OTHOLICHUA MOIYT O6J'Ia,,Z[aTb OTACIBHBIC anI/I6YTbI

KOPTeKEH MM rpynmel aTpuOyToB. Takue YHUKaNbHBIE aTpHOYTHI

yA00HO UCIOIB30BATh /ISl HACHTH(DHKAIINH KOPTCKEH.
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IHoTeHuHaNBHBIH KJIHY — TIOAMHOKECTBO aTPUOYTOB OTHOIICHUS,
VAOBJCTBOPSIOIICEC TPCOOBAHUSIM YHHKATBHOCTH H MHUHHMAJBHOCTH.
YHUKATBHOCTh 03HAYACT, YTO HE CYIICCTBYET ABYX KOPTCKEH JAHHOTO
OTHOIICHUS, B KOTOPBIX 3HAYCHHS HTOTO [TOAMHOKECTBA aTPUOYTOB COB-
MaJAK0T.

MuHHUMATBHOCTD O3HAYACT, UTO B COCTABE MOTCHIHAIBHOTO KIHOYA
OTCYTCTBYET MCHBINEE MOAMHOKECTBO aTPUOYTOB, YIOBICTBOPSIOLICS
VCIOBUIO VHUKANBHOCTH. T.¢. B Habop arpuOyTOB MOTCHIHMATBHOTO
KJTFOUa HE JOJIKHBI BXOJUTh TAKUC aTPUOYTHI, KOTOPBIC MOKHO OTOPO-
cuth O¢3 yiiepba Ajis OCHOBHOT'O CBOWMCTBA — OMHO3HAYHO OMPEAC/IATh
koprexk. [loTeHUMANBHBIN KITHOY, COCTOSINMHA W3 OAHOrO aTpudyTa,
HA3BIBACTCS NpocmubiM. I IOTCHIIMATBHBIN KITFOY, COCTOSIIUN U3 HECKOJIb-
KHX aTpUOYTOB, HA3BIBACTCS COCHIAGHBIM.

B pestiuonHON MOASIH JAHHBIX TCPBUYHBIN KIKOY — 3TO OJWH U3
MOTCHIIHAMBHBIX KITFOUCH OTHOIICHUS, BHIOPAHHBIN B KAYCeCTBE OCHOB-
HOTO KT04a. ECIH B OTHOLMICHUH MMEETCS ¢IMHCTBCHHBIN MOTCHIHAITb-
HBIH KJTFOY, OH SIBJIICTCS U IICPBUYHBIM KIHOUOM. ECIH MOTCHIIHATBHBIX
KITFOUCH HECKOIBKO, OJTMH U3 HUX BRIOHPACTCS B KAYCCTBE MICPBHUYUHOTO,
a APYTHC HA3BIBAIOTCS «ATbTCPHATHBHBIME,

LlenocTHOCTE CYIHOCTEH HAMpaBICHA HA OOCCIICUCHHUE BHYTPCH-
HETO ¢IMHCTBA OTACIBHOMW CYI[HOCTH. BHE 3aBUCHUMOCTH OT TOrOQ, YTO
HCOOXOUMO XPAHHUTh B TAONUIIAX, CICAYST COOMOAATh IIPABKUIIO — KaXK-
Jast CTPOKA TabIuLbl 00s13aHa ObITh YHUKATBHOU. J{/1st 3TOT0 HYKHO KOH-
TPOJHPOBATh KOPPEKTHOCTD NICPBUYHOTO KIt04a oTHOIICHUs. CyTh Tpe-
0OBaHMS K ICPBUYHOMY KITIOUY MPOCTA — 80 X0OIUIUX 8 €20 COCMAB (M-
pubymax me 00aXHCHO codeprucamvest Hu 00Hoeo onpedenumens NULL.
Ecnu momyckaeTcs, 4TO BO BXOASMINEM B COCTAB MCPBUYHOTO KIIIOYA
CTO0LE MOKET HAXOAUTHCS HEOMPEACICHHOS 3HAYCHHUES, TO TO O3HA-
YACT, UTO MOJIC MEPECTACT MOAJCPKHUBATH MEXAHU3M OJHO3HAYHOU
UACHTU(UKALIUK CTPOKH TAOIHUIIH.
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2.4.3 Cpsi31 MeKAY KOPTEIRAMH OTHOLLIEHHIA

PengunonHas Moaens npr3BaHa HE TONBKO ONMKCATh NEPEUYCHb TH-
MOB CYIHOCTEH, HO U OTPa3UuTh OCOOCHHOCTH B3aMMOJCHCTBU MEXKIY
HUMH. [ToMHMO IepBHYHBIX KITIOUCH, B TAaOMHIAX AKTHBHO MPUMCHSICTCS
CIIC OJHA PA3HOBUAHOCTL KIIOUCBOIO MO — 3TO BHELIHHH KJIHOY.
BHemHue KIr04YH MpeAHA3HAUCHBI TS PEATH3ALHH CBI3H MEIKAY KOpTE-
’KaMH OTHOLICHHUN. BHEIHHE KITFOUH ABISIOTCS IO CYIIECTBY, CCLTKAMH
Ha aTpuOyThl CBA3BIBACMBEIX KOpTExkKeH. PasnuuaroT Tpu THma CBA3M
MEKIY CYIMHOCTAMHE: «OJUH K OTHOMY», «OJUH KO MHOTUMY H «MHOTHE
KO MHOTHM.

[Ipu BBIZETECHUM CBA3M BEIACIIOT TJIABHYIO WM POAMTEIBCKYIO
TabIHLy U 3aBUCHMYIO, WIH JOUCPHIOK TaOIuLy.

CBs3p «OOUH K OZHOMY» BCTpeUacT He 4dacto. B stom ciyuae
00BEKTY OJHOU CYIIHOCTH MOJKHO COTIOCTABUTH TOJBKO OXHMH OOBCKT
apyroi cymuoctd. Hanpumep, mycTs HEKOTOPBIM COTPYAHHMKAM BBI-
JaHbl cay:keOHbie aBToMoOmIn. Torma BHSLIHUIA Kir04 «car_id» B Tab-
JUIE COTPYIHHUKOB OYACT CCHLIATHCS HA OJHOMMCHHBIH MCPBUYHBIN
KIII0Y B TAOIULEC aBTOMOOHICH, KaK MOKA3aHO HAa PHCYHKE 16.

Hepeaxo 3ot oI cBA3ei npeanonaracT pazOoucHue 0AHON OOMb-
IO TaO LBl HA HECKOJBKO MaicHbKUX. OCHOBHAS POAUTEIbCKAS TAa0-
JMLA B 3TOM CIIy4ac MPOJOLKACT COACPIKATh YaCTO UCIIOIb3YEMEBIC TaH-
HBIC, a JOYCPHSIS 3aBUCHMAas TAOIHLA OOBIYHO XPaHHUT JAHHBIC, KOTOPBIC
HCTIONB3VIOTCS PEXKE.

CnyxebHbie aBTomMoGumn

CoTpynHuku

employee_id

last_name

first_name

car_id

2934

2935

Wearos

MNetpos

Banepuii

Ceprei

16

17

2936

Opnos

Nerp

NULL

2937

CepreeBa

Enena

NULL

2938

Katkos

Teopruii

Pucynok 16 — CBS3b «OJMH K OJTHOMY»

18

state_number

model

0752 TP B3 rus

BMW

K7850¥ 63 rus

Lada

B 200 OY 63rus

KIA




Ha npaxrrke Hanbomnee pacnpocTpaHeHa CBA3b «OJUH KO MHOTHMY.
B 3ToM THIIE CBA3EH HECKOIBKO CTPOK M3 AOUCPHUH TaOMHMIBI 3aBUCHT
OT OJHOH CTPOKH B POAUTCILCKOH TaOIULIC.

[TpumepoM Tako# CBSI3H MOXKET SBJATBCS CBA3b «OTACTBI-COTPYA-
HHKH». B OJHOM OTJENC pabOTAIOT MHOTO COTPYIHHKOB, IPH 3TOM CO-
TPYAHHUK MOXKET PadOTaTh TOJBKO B OAHOM oTacie. Ha pucyske 17 B go-
yepHed TaOmuue «COTPYOHHMKH» CYLIECTBYCT BHCIIHHH  KITHOY
«department_id», KOTOpPHIN YCTAHABIMBACT CBA3H MCIKAY TAOIHULIAMH CO-
TPYAHUKOB U oTAenoB. Ecian HeoOxoaumMo, HanpuMmep, HAaHTH COTPYAHH-
KOB OTJEJIA KAAPOB, MOKHO Y3HATh KJIFOU 3TOTO OTACJA B POAUTCIBCKOH
tabmuue «Oraensr». B Hamem ciay4aae 1o 310. M nanee nHaiitu cotpya-
HHKOB, JJIS KOTOPBIX 3HAYCHHS COOTBETCTBYIOIIETO AaTpudbyTa
«department_id» paBHB HaHICHHOMY 3HAYCHHUIO KIo4a. Takum obpa-
30M, B HAIIEM MMPUMEPE B OTICNIE KaAPOB pabOTaOT TPH COTPYIHHKA, T.€.

HUCMOJB3YCTCA CBA3b KOAUH KO MHOTUM».

OTtaenbl

CoTpyaHuKKn

depanment_id‘ department_name

employee_id | last_name first_name |department_id 310 Otgen Kagpos

2934 WMBaHos Banepuit 310  — 313 Byxrantepua

2935 Netpos Cepreit 310 J 315 OTaen NhaHupoBaHua

2936 Opnos Metp 313 L o~

2937 CepreeBa Enena 310 [

2938 KaTkos leoprui 315

Pucynok 17 — CBS3b «OIMH KO MHOTHM)

I'pu Tune cBszeit «<MHOTHE KO MHOTHM) OJIHA CTPOKA U3 TaOnuiel A
MOKET OBITh CBSI3aHA C MHOXKECTBOM CTPOK m3 Tadmuisl B. B ¢Boro oue-
pPeap OnHA CTPOKA U3 TAOIHLBI B MOXKET OBITh CBSI3aHA ¢ MHOMKESCTBOM
CTPOK U3 Ta0mIbl 4.

JI1st MILTFOCTpALUS 3TOTO TUMA CBI3CH BOCIOIB3YEMCS IPUMEPOM,

CBA3b «(UIBMBI-AKTEPE». B OAHOM (HIBME CHUMATIOCh MHOTO aKTCPOB,
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OJIVH aKTCP CHUMAJICSI BO MHOTHX (prsibMax (pUCYHOK 18). [list omucanust
3THUX CBI3CH HCMOIB3YETCs MomojHHUTSIbHAs Tabmuua «film actor».
HHorga naHHbIe U3 3TOH MPOMEKYTOUHOH TaOIUIIBI TAKKE MOTYT MPE.I-
CTaBMIATh COOOM OTACIBHYIO CYIMHOCTE. MICOMb3ys CChLIKY, 33 aHHBIC
BHCITHUMH KJTFOUAMU, MOXKHO MOJIYIUTh CITUCOK aKTCPOB, UTPAIOIINX B
OTPEACICHHOM (QHITBME .

TexHUYECKH, CBI3b MHOTME KO MHOTHM BBIMOJHCHA 4YCPE3 B

CBA3H OAUH-KO-MHOTHM.

film

1 ACADEMY DINOSAUR A Epic Drama of...

2 ACE GOLDFINGER A Astounding Epistle of ...

3 ADAPTATION HOLES A Astounding Reflection of ...

4 AFFAIR PREJUDICE A Fanciful Documentary of ...

film_actor actor

@ (€)) @ PENELOPE  GUINESS

1 23 2 NICK WAHLBERG
3 ED CHASE

19

™)

85

~

Pucynok 18 — CBSI3b «MHOTHE KO MHOTHUM»

CBOHCTBA BHCIITHUX KITFOUCH:

— BHCUIHHH KJTKOY MOYKET ObITh MPOCTHIM U COCTABHBIM;

— BHCUIHHWH KJIFOY JOKCH OBITh ONMPEACICH HA TEX KE JOMCHAX,

YTO M COOTBETCTBYOIIUN MICPBHYHBIA KITFOY POAUTEIBCKOTO OTHO-

IOCHUSI,

— BHCIIHHWH KJIKOY, KaK MPABUIIO, HEC 00/1aJacT CBOWCTBOM YHH-

KaapHOCTH. TaK ¥ MOKHO OBITh, T.K. B IOUYCPHEM OTHOIICHHUH MO-

JKET OBITh HECKOJBKO KOPTEIKEH, CCHIJIAOIINXCS HA OJWH U TOT 3KE
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KOPTEXK POAUTEIBCKOTO OTHOIICHUS. DTO, COOCTBEHHO, U JAACT THII
OTHOIICHUS «OJUH-KO-MHOTHM),

— XOTH KOKI0E 3HAYCHUE BHELITHETO KITIOYA 0013aHO COBIAAATE CO
3HAYCHUSIMH NOTCHIHUAIBHOTO KITI0YA B HEKOTOPOM KOPTEXKE POAU-
TEABCKOTO OTHOIICHUS, TO 00PATHOE, BOOOIIE TOBOPS, HEBEPHO,

— T BHCIITHETO KITI04a HE TPEOYETCs, YTOOBI OH OB KOMITOHCH-
TOM HEKOTOPOTO MOTCHIUATBHOTO KITI0YA;

— NULL-3HaueHus a1 aTpuOyTOB BHELIHETO KIFOUA JOMYCTHMEL
TOJBKO B TOM CJIy4ac, KOrAa aTpUOyThl BHEITHETO KITF0YA HE BXOIAT
B COCTAaB HUKAKOT'0 MOTCHLIUATBEHOTO KITFOYA.

2.4.4 Ccbli104HAS LIEJIOCTHOCTD

T.K. BHCITHUC KIOYHU (ba,KTI/I‘{CCKI/I CIIYy>KaT CChLIKAMH Ha KOPTCKU
B APyromM (I/I.]'II/I B TOM K€ CaMOM) OTHOICHHWH, TO 3TH CCBIJIKH HC JOJIPKHBI
VYKa3bIBaTh HA HECYIICCTBYIOIIUEC OOBEKTHI. JTO OIMPEIACITICT CIACIAYIO-
Mee MPaBWIO TEMOCTHOCTH BHCIIHUX KITIOUCH:. GHeuwHue Koyl He
OOJZQfCHbl 6blmb HECO2NACOBAHHbIMU, T.€. AT KAXKIAOrO 3HAYCHHUA BHCIII-
HETO KITF0Ya JO/DKHO CYLICCTBOBATH COOTBETCTBYIOLICE 3HAUCHHE MCP-
BUTHOI'O K/IHOYA B POAUTCIIBCKOM OTHOLIICHUU.

CchLUTOYHAs LICITIOCTHOCTE MOXKET HAPYIUUTHCS B PE3YIbTATE ONCpa-
LUH, U3MCHSIOIUX COCTOSHUE Oasbl JaHHBIX. Takux omepauuid Tpu -
BCTaBKa, OOHOBJICHHC W YIAJICHHC KOPTCKCH B OTHOMICHHAX. T.K. B
OTIPCACIICHUM CCHIJIOYHOM IIEJOCTHOCTH YYACTBYIOT IBA OTHOIICHUS —
POIUTEIBCKOC M AOUCPHEE, a B KAKIOM M3 HAX BO3MOKHBEI TPH OIepa-
Oy — BCTaBKa, O6HOBHCHI/IC, YAQUICHHUC, TO HYKHO paCCMOTPCTh HICCTh
Pa3IUIHBIX BAPUAHTOB.

JU1s1 pOAUTENBCKOTO OTHOLICHHUS

— BCTAaBKa KOPTCXKa B POAUTCIIBCKOM OTHOLICHHUU. HpI/I BCTABKC

KOPTEXa B POTUTCIIBCKOS OTHOIICHHE BO3HUKACT HOBOC 3HAUCHHC

MOTCHLHATBHOTO KiFoua. T.K. JOMyCTHMO CYIICCTBOBAHHE KOPTE-

JKCH B POAUTCIIBCKOM OTHOLICHUHN, HA KOTOPBIC HCT CCBLJIOK U3 O0-
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Hmst

YCPHETO OTHOIICHUS, TO 6CHIAGKA KOPMENCEH 8 POOUMENbCKOE OM-
HOULeHUEe HE HaPYULAem CCbLIOYHON Yel0CMHOCHIU,

— OOHOBJICHUEC KOPTEXKA B POAMTESIBCKOM oTHOwICHUH. [Ipu 00-
HOBJICHUH KOPTEKA B POAUTCIIBCKOM OTHOIICHHH MOKET H3ME-
HUTBCS 3HAYCHUC MOTCHIMAIRHOTO Karova. Ecnu ecTh KOpTekH B
JOYCPHEM OTHOIICHUH, CChITAOIUCCS HA OOHOBISICMBIH KOPTCK,
TO 3HAYCHHUS X BHEIIIHUX KJTFOUCH CTAHYT HEKOPPEKTHRIMU. JOHO8-
JleHIe KOPMeHcd 8 pOOUMENbCKOM OMHOUEHUI MOJCEM NPUBLCIIL
K HAPYULEHUIO CCHLIOYHOT YeA0CMHOCMU, SCTH 3TO OOHOBJICHHUE 3a-
TParuBacT 3HAYCHUC MOTCHIMUAIPHOTO KJIFOUA,

— VAAJICHHUE KOPTEkKa B poauTe/ibckoM otHowmeHuu. [lpu ynane-
HUU KOPTCIKA B POAUTEIBCKOM OTHOIICHHUM YIATSICTCS 3HAUCHUC
MOTCHIIUATBHOTO KTto4a. ECITH €CTh KOPTE:KU B JOUCPHEM OTHOIIC-
HUH, CCHIIAIOINCCS HA YIAISICMBIA KOPTCK, TO 3HAUCHUS WX BHEIII-
HUX KJIFOUCH CTAHYT HCKOPPEKTHBIMH, YodaneHue Kopmedrceil 6 po-
OUMENbCKOM OMHOULEHUU MONCEM NPUBECI K HADYUEHUIO CCbl-
JOYHOU YeIOCIMHOCTIL.

JOUCPHETO OTHOLICHHUSI

— BCTaBKAa KOPTECka B JoucpHee oTHomcHue. Henp3s BCTaBUTH
KOPTEXK B JOYCPHEC OTHOIICHHUE, CCIM BCTABISICMOC 3HAUCHUC
BHCIIHETO KJKYAa HCKOPPEKTHO. Bemaegra xopmedca 6 0ouepHee
OMHOULEHIE MOMCEM NPUBECHIIL K HAPYULEHUIO CCOUIOYHOT YeoC-
HOCHILL,

— OoOHOBJICHHE KOpPTE:ka B AoucpHem oTHouneHuu. [Ipu oGHOBIC-
HUHU KOPTCKA B TOYCPHEM OTHOIICHUH MOYKHO MOTIBITATHCS HEKOP-
PCKTHO M3MCHHTh 3HAYCHUC BHCIIHETO Kawoua. (JOHosneHue Kop-
meoca 8 O0UePHeM OMHOULEHU MOMCEM NPUBECHIU K HADYULEHUIO
CCLLIOYHOT YeTOCMHOCIL,

— VAAJICHHS KOPTS:KA B AQUYCPHEM OTHOIUCHUU. [Ipu yoanenuu
KOpme#ca 6 00YepHeM OMHOULCHUU CCOLIOYHAL YeIOCMHOCHDb He

Hapyuiaemcs.
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CyIIecTBYIOT 1BC OCHOBHBIC CTPATETUU MOAACPKAHMS CCHITIOYHOM
LEJIOCTHOCTH:

— oepanuqums (RESTRICT);

— ewvinoanumo kacrkaono (CASCADE).

[Tpu ncnone3osannu ctpareruun RESTRICT nHe paspemactcest BeI-
MOJTHCHHUE OTICPALIH, NPUBOISIICH K HAPYIICHUIO CCHIIOYHOM LIETIOCT-
HOCTH. JTO camas MpocTas CTPATerus, TPeOYIOAs TONbKO NPOBEPKH,
HMCIOTCS TH KOPTEKU B JOUCPHEM OTHOLICHUH, CBA3aHHBIC C HEKOTO-
PBIM KOPTEKEM B POTUTEIBCKOM OTHOIICHHH.

[Tpu ucnonezosannu crparerun CASCADE paspemaercs BbIIOI-
HEHHE TpeOyeMOU onepanuy, HO IPU 3TOM BHOCATCS HEOOXOJUMBIC MO-
MPAaBKHU B APYTHX OTHOLICHHUSX TaK, YTOOBI HE JOMYCTHTh HAPYLICHHS
CCBIJIOYHOH IIETIOCTHOCTH M COXPaHUTh BCE UMEIOIHecs cBa3u. Mavene-
HHE HAYHHACTCS B POAUTEILCKOM OTHOIICHHUH U KACKATHO BBITIOTHACTCS
B JOUCPHEM OTHOIICHHHU. B peanuzamuu 3Tol cTpaTeruu HMeeTcs 0JHa
TOHKOCTD, 3aKTIOUAIOIIAALCH B TOM, YTO JOUCPHEE OTHOLICHHUE CAMO MO-
JKET OBITh POTUTEIBCKHM 1 HEKOTOPOTO TpeThero otHomeHus. [Ipu
3TOM MOKET JOTOJIHUTEIBHO NOTPEOOBATHCS BHINOIHCHHE KAKOH-THOO
CTpaTEeTHH U JUIs 3TOH CBA3W U T.4. Ecnm mpu 5ToM Kakas-mubdo u3 kac-
KaIHbIX omepanui (1:000ro VpOBHS) HE MOXKET ObITh BEIIIOJHCHA, TO
HEOOXOUMO OTKA3aThCsl OT IEPBOHAYATBHOM ONEpaLFK U BEPHYTh 6a3y
JAHHBIX B HCXOJHOE COCTOSHHE. ITO camas CIOKHAs CTPATETHs, HO OHA
XOpOIIA TEM, YTO MPH 3TOM HE HAPYIIACTCS CB3b MEXKIY KOPTEKAMHU
POIOMTENBCKOrO U AOUYCPHETO OTHOLICHHH.

JTH CTPATETUH SBISIOTCS CTAHAAPTHBIMH U MPUCYTCTBYIOT BO BCEX
CYB/1, B KOTOPBIX UMEETCS MOAASPIKKA CCHIIOYHOM LIETOCTHOCTH.

PaccmatpuBaroT 1 JONOTHUTEIBHBIC CTPATETHN IOAACPKAHMS CChI-
JOYHOM LIETOCTHOCTH:

— yemanoeums ¢ NULL (SET NULL) — pa3pemuth BHITIOTHEHHUC

TpeOyeMOH OnepaLyi, HO BCE BOZHUKAIOIIHE HEKOPPEKTHBIC 3HAYC-
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HuUs BHCINHUX KiroucH usmeHsth Ha NULL-3naueHus. Jrta crpare-
TS UMECT ABa Hexoctarka. Bo-mepsbix, At Hee TpeOyeTcs aomy-
ctuth ncronb3oBanne NULL-3HaucHMil. Bo-BTOPHIX, KOPTEKH 10-
YEPHErO OTHOLICHHUS TEPSIOT BCAKYIO CBS3b ¢ KOPTECKAMH POAU-
TEBCKOTO OTHOLICHHS. Y CTAHOBHTE, € KAKHM KOPTEXKEM POAUTENb-
CKOTO OTHOLICHMS OBLTH CBSA3aHBI M3MEHCHHBEIC KOPTEKH JOYCp-
HETO OTHOLICHMS, IOCIIC BBITIOTHEHHS OTICPALIUH YKE HEb3L,

— yemanoeums no ymonwanuio (SET DEFAULT) — pasperunts
BBHIMTOJTHCHHE TPEOYEMON OIepanyi, HO BCE BO3HUKAIOIIHE HEKOP-
PCKTHBIC 3HAUCHHS BHCITHUX KIIOUCH H3MEHATh HA HEKOTOPOE 3HA-
YCHHE, MPHHATOE 110 YMOTIAHHUIO;

— uenopuposamv (IGNORE) — BoimoHsaTh Onepaimu, He odparuas
BHUMAaHUS HA HAPYIICHUS CChLIIOYHON LETOCTHOCTH. B 3TOM Ciiyuae
B JOYCPHEM OTHOIICHHH MOTYT MOSBIATBCS HEKOPPEKTHBIC 3HAUC-
HHUSI BHCIIHUX KIIOUCH, M BCS OTBCTCTBCHHOCTB 33 LICJIOCTHOCTD

0assl JAHHBIX JIOKHUTCA HA IMOJIb30BATCIIA.

2.5 PensiuonHas ajaredpa

PCHHHI/IOHHaH MOACIIb JaHHBIX OCHOBAaHa Ha TCOPHUU MHOXKCCTB U
PEISLIMOHHON anmredpe.

PensiunonHas ajnredpa npeacTaBisieT COOOH TCOPSTUICCKHIMA SI3bIK
orepanuii, KOTOPEIC Ha OCHOBC OJHOTO HIJIH HECKOJIBKHX OTHOIICHHIMA
MO3BOJIAIOT CO3/aBaTh APYrO¢ OTHOINCHYC.

Oreparmu penaiuoHHON anreOps:

1) BeIOOpKa (selection) o

2) mpoekuws (projection) I1;

3) mexaproBo npowusseacHue (cartesian product) X ;
4) oOweauneHue, cioxeHue (union) U,

5) sBeruuTaHue, pasHoCcTs (set difference) —;

6) mnepeceucHue (intersection) N;
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7) nmencuue (division) \;

8) coeauncHue (join) ||.

Pensimonnas anreOpa 0asupyercs Ha TPAIUIMOHHBIX TCOPETUKO-
MHOYKCCTBCHHBIX OTICPAIIHAX (ITO MEPECCUCHUE, OObEIMHCHYIC, BHIUUTA-
HHEC M ACKAPTOBO TIPOU3BEACHUE), KOTOPHIC TOMOMHECHBI YCTHIPHMS OTIC-
parusive, crieun()UIHBIME AJ151 00PabOTKU PEIISLIMOHHBIX JAHHBIX (BBI-
Oopka, mpoekius, AeacHue U coeaquneHue). Bee atu onepauun obpada-
THIBAIOT OTHOIICHHS, KOTOPBHIC (MO OIMPEIACICHUIO) SIBISIOTCS MHOMKE-
cTtBamMHu Koprekeh. Kpome atux omepanuii, B PeISILIHOHHYIO aareOpy
BKITIOUAIOT OMNEPALMI0 NMEPCUMCHOBaHM aTpuOyToB (AS), mo3sosro-
MY KOPPEKTHO (GOPMUPOBATE CXEMY PE3YIbTHPYIOINIECTO OTHOIICHHUS,
Y OTICPALHIO TPUCBAUBAHUS (=), MO3BOJIMIOIYIO COXPAHITh B 0a3¢ JaH-

HBIX PC3YyJIbTaThl BBIMUC/ICHUA aHF€6pqu€CKHX Bpra)KeHI/II\/'I.

2.5.1 Bei6opka

[Ipu ocymmecTBICHHN BRIOOPKH M3 UCXOJHOTO MHOXKECTBA (OPMHU-
pyeTcs pe3yIbTUPYIOLIEE TOAMHOKECTBO, COASPIKAIIEE TOIBKO YIOBIIE-
TBOPSIOLINAE OIPEICICHHOMY YCIOBHIO JIEMEHTHI.

Ha a3p1ke MHOMXKECTB BBIOOPKY MOXKHO C(HOPMYIHPOBATh CICAYIO-
muM obpazom. [1ycte cymecTByeT npeaukar BEIOOPKY F, apryMeHTaMu
KOTOPOTO BBICTYIIAIOT ATPHUOYTHI PEISLHUOHHON TabIULIBI, COCTOSIIECH 13
MHOXKECTBA KOpTexKeH R. Pe3ynbraTtoM BEIGOPKH OKaXKETCS MOIMHOMKE-
CTBO KOPTE:KEH R’, 711 KOTOPBIX TPEAUKAT BHIOOPKHU F UCTHHEH:

R' = op(R),

rae F — npeaukar BeIOOpKH, R — MHOKECTBO KOpTekeH, R’ — moaMHo-
JKECTBO KOPTEIKEH, A1 KOTOPHIX MPEAUKAT BEIOOPKH F MCTHHEH.
PaccmoTpuM npumep — Tabmuily, XpaHAIIyo JAHHEIC O CTYACHTAX
(pucyHok 19). C momompio omepanuu BHIOOPKH MOXKHO HONYYHTH,
HaIpHMeEp, CIIHCOK cTyaeHTOB, poausmuxcsa B 2000 roay. Beibopka n3
tabmuupl «CTYACSHTBI» HO 3TOMY VCIOBHIO COCTABUIIA TPU CTPOKH.
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R - tabanua «CTyaeHToI

Id | last_name first_name birthday speciality

Opexos Bnagumup | 11.04.1999 | MaTemaTuka R’ - BuiGopka m3 Tabanybl «CTygenToi»

~

MetpoBckuit | Anekcangp | 22.11.2000 | MaTematuka

~

MeTpoBckUi | AnekcaHap | 22.11.2000 | MaTematuka

3 | KynbrvHa Okcana 05.01.2000 | WMH. asbik ’_I\ 3 | KynbrvHa OkcaHa 05.01.2000 | WH. A3bIK
4 | Camoinos EBreHui 15.07.2001 | Uudopmatuka ! 5 | KyabmuHa UpuHa 02.03.2000 | ®usmka
5 | Ry3bmuHa Mpuna 02.03.2000 | ®u3umka
6 | flkoBeHKo KoHctaHTHH | 13.09.2001 | Xumusa

HweHko Bnagumup 19.09.2002 | AcTpoHoMMA

Pucynok 19 — Oneparust «Bri6opkay

2.5.2 Ilpoexus

B otnvune ot onepanuy BEIOOPKH, BEIACISIOMIEH TOPH30HTATBHEIE
3IEMEHTHl HCXOAHOTO MHOXKECTBA, ONCpaLMs MPOCKIIMK HAIIPABICHA HA
MOJYYCHUE BEPTUKATBHOU COCTABIAIOMEH MHOXKecTBa. lonycTim, Tab-
mvna R obnagaer n arpubyTaMy, a HAC HHTEPECYET MOIMHOKECTBO aT-
PHOYTOB C UMEHAMH i , ..., i}, IpuueM k < n. Torma pe3yapTaToM mpo-
CKLUH CTAHET NIOJMHOMKECTBO, KOTOPOE BKIIOUYACT B ¢e0s TOIBKO Ompe-
JCJICHHBIC MTOIB30BATEIEM CTOIOLEI TA0 THLIBL:

R =Tlii,,.i,(R).

rae R — MHOKECTBO KOPTEIKEH, 11 — KOJIHUCCTBO aTPUOYTOB MHOKECTBA
R, i4, ..., i} — IOOAMHOKECTBO aTpUOYTOB 18 MpoeKimu k < n.

s mprvepa Ha pucyHke 20 mpeacTaBacHa MPOCKINS, BKIIOIAIO-
1as B ¢€0s1 TOMBKO CTONOLBI ¢ haMHTUCH U UMCHEM CTYCHTOB.

R - 1abauua «CtyaeHTbIn Npoekuua
Id | last_name | first_name birthday speciality Opexos Bnagumup
1 | Opexos Bnagnmup 11.04.1999 | MartemaTtvka Metposckuii | AnekcaHap
2 | NeTpoBckmit | Anekcanap | 22.11.2000 | Martematvka Kynbruxa OkcaHa
3 | KynbruHa OkcaHa 05.01.2000 | WH. A3bIK 7> Camoitnos EBrexui
4 | Camoiinos EBreHuni 15.07.2001 | MHdopmaTuKa Ky3bmuHa WpwuHa
5 | KyabMKlHa MpurHa 02.03.2000 | ®u3mnKa AkoBeHKo KoHcTaHTUH
6 | AkoBeHKko KoHctantH | 13.09.2001 | XumuAa HNuwerko Bragumup
7 | NueHko Bnagumup 19.09.2002 | ActpoHomuA

Pucynok 20 — Oneparust «I [poeximsi»y
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2.5.3 JlekapTOBO MpPOU3BEAEHHE

JexapToBo NpoH3BEICHHUE OTKPHIBACT HAOOP omnepauuii, OCyIecTB-
JIEMBIX C ABYMS MHOXXECTBAMH KOpTEXXeH R n §.

B nexapToBOM IpOM3BEACHUH KOPTEKH PE3YIBTHPYIOMETO OTHO-
meHUs (GOPMHUPYIOTCS MYTEM MOMAPHOTO COCAMHECHHS BCEX KOPTEXKEH
OTHOLICHHUH-OIEPAHA0B R 1 S. ApHOCTb PE3yIbTHPYIOIIETO OTHOLICHHUS
OyIeT paBHOH CyMME apHOCTEH BCEX MEPEMHOKASMBIX OTHOIICHHI-OTIC -
PaHAOB, @ MOIHOCTD — MIPOM3BEICHHUIO MIX MOIITHOCTEH.

R'=RXS.

Koprexu pesynprupyromero otHomeHus R’ GpopMupyoTes mytem
MOTMAPHOTO COCANHEHHS (KOHKATCHALMH, HIH CLCTUICHHA) BCEX KOpTeE-
kel oTHoIICHUH-oniepadaoB R u S. T .¢. B pe3ynprare ackaprosa mpons-
BCACHUS K KOKIOU CTPOKE U3 OJHOU TaOmuLpl R MPUCOCAUHACTCS OJHA
cTpoka 3 Apyrou tabmunpl S. Ha npaktrke nogobHas onepanus peako
KOTJa OKa3bIBACTCS BOCTPEOOBAHHOM, BEJb B PE3YIBTHPYIOLIEM MHOMKE-
CTBC OKa3bIBAIOTCS BCE BO3MOYKHBIC COUCTAHHMS CTPOK U3 ABYX TAOIHULI,.

B kauectBe mpuMepa MOXKHO TIPUBCCTH CICAYIOMALN 3arpoc. Jorry-
CTHM, YTO CTYICHTBHI XOTAT MONYIUTh JAHHBIC O TOM, KakHe VIcOHBIC
JUCLHIUTMHBI UM TPEACTOUT H3y4aTh (PUCyHOK 21).

R - «CrypeHToIR 5 =« QucunnanHbI» RXxS
last_name first_name discipline last_name | first_name discipline
Opexos Bnagumnp OnepaunoHHbIe chcTembl Opexoa Brapumup OriepaunonHele cheremst
— _\ Opexos B A3k npor]
MeTposckui | AnekcaHap X A3blKWM NpOrpamMmmupoBaHna Opaxon Bragnmp MeTome! nporpanmpoRaHyA
RynbruHa OKcaHa MeToasl NporpammupoBaHna Opexos Bnagumup CYBA

Metposekili | Anekcauap | OMepawiHoHHbIE CHCTemsl

cYBA,

MerposeHuii p | Azt npor

Metposckuit | Anexcauap | MeTORL MPOTPaMMUPOBAHUA

Metposckuit | Anexcanap | CYBAL

Kynbrua Oncana OnepauronHtIe cHeTemb!

Kynbrina OkcaHa A2bIKi NPOTPaMMHPOBAHHA

Kynbrita Oncana MeToab! NporpaMmupoBarma

Kynernna Okcana vl

Pucynok 21 — Onieparust «/lexapToBo IIpou3BeIcHUE»
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B mpumepe kaxzaas ctpoka n3 TabmHIBl CTYACHTOB MOCICIOBA-
TCAPHO COCAUHSCTCS € KAXKAOH CTPOKOUW u3 TaOJUIbl JUCLMILIHH IS
(OpMHUPOBAHUS UTOTOBOTO OTHOIICHHS. APHOCTh MTOTOBOTO OTHOLIC-
HUS, T.K. KOJTMYCCTBO CTOIOLIOB TAONHULIBI, PABHO 3 — CYMME apHOCTCH
OTHOIIEHUH-ONIEpaHa0B. MOIDHOCTE PE3YIBTHPYIOMETO OTHOINECHHUS,
T.€. KOIMYECTBO CTPOK B Tabnuile, pasHa 12.

2.5.4 O6neanHeHHe

Oneparnus 00bSAUHEHUS POBOIUTCS TOJIBKO ¢ OTHOIICHUSIMU R 1
S, COBMECTUMBIMH MO OOBCAMHCHUIO, HAMPUMEP ¢ HACHTHYHOU CTPYK-
Typol. B pesynprare oObeanHeHN Oy IeT HOMYUCHO PE3YIbTHPYIOLIEES
OTHOILIECHUE, COACPIKAINYI0 KOPTEKU U3 ABYX UCXOIHBIX OTHOLICHUH.

R'=RUS.

Pesyabrupyromee oTHOWCHNUE R’ BKIIIOUACT BCE KOPTCHKH, BXO-
LIUE XOTs ObI B OJHO M3 OTHOLICHUH-ONCPAHI0B R miu S.

IpeacrasaeHnas Ha pucyHke 22 omeparust 00ObSIHHCHUS CYMMU-
pvet 3anucu u3 Tadbmun «CtyaeHTsl 1» 1 «CTyAeHTHI 2» B Pe3yIbTHPY-
fomee oTHomeHue. CTOUT 3aMETHTh, YTO €CITH UCXOTHBIC TaOIULBI CO-
JCpKaT OAWHAKOBBIC IO COACPIKAHUIO CTPOKH, TO B PE3YJIbTATE OIEpa-
UM 0OBCAUHCHHS U3 HTOTOBOTO MHOYKECTBA AOJLKHBI OBITh VAATICHBI 3a-

MUCH-TYOIUKATEL

R — «CtypeHTbl 1» S — «CryneHTbl 2» RUS

last_name | first_name last_name | first_name last_name | first_name

Opexos Bnagumup Andépos Hukonai Opexos Braanumup

MNerpoBsckuit | Anekcangp U OcTtaneHko Bnaaumup |_/ MeTpoBckuin | AnekcaHap

KynbruHa OkcaHa lOpos Oner KynernHa OkcaHa

Opexos Baagumup Andépos Hukonai

OcTaneHko Bnaguvmnp
tOpos Oner

Pucynok 22 — Onieparust «OObeIMHEHUEY
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2.5.5 Beruuranue

Ilpm BEIUHMTAaHNYM PE3YIBTHPYIONIEE OTHOMICHHE BKIIIOUACT BCE KOP-
TEXKH, BXOJAIINE B OTHOLICHUE-OTIepan R, Takue, 9YTO HU OJHMH U3 HHUX

HC BXOJIWT B OTHOIICHUC-OTICPAHA S.
R'=RUS.

Omnepauys BEIMUTAHHUS MO3BOJSCT BEISCHUTD, KAKUE H3 CTPOK MEp-
BOM TaOIUILIBI OTCYTCTBYIOT BO BTOpoi Tabmuue. Kak u B cnyuae o0beau-
HCHHS, PA3HOCTE paboTacT TOMBKO € OTHOLICHUSIMH, COBMCCTUMBIMH 10
00BCANHEHUIO (T.€. C OTUHAKOBOM CTPYKTYPOIA).

Paccmotpum onepanmio BerauTaHusd Ha npumepe. Ipeanomoxmm,
YTO y HAC €CTh ABE TAOAMUBl R M S, B HECPBOH HAXOMITCS NAHHBIC
0 CTYACHTax y4eOHOH IpyImbl, a BO BTOPOW — JAHHBIC O CTYACHTAX,
VCIICIIHO CHABIIMX 3K3aMCHAITMOHHYIO ceccrio. Onepamus BbIUHATA
MO3BOJIUT HAUTH CTYACHTOB, KOTOPBHIM CICAYET SIBUTHCS HA HEpecaady

(pucyHok 23).
R — «Crypentbr 1» S — «CrypeHTbl 2»
last_name first_name last_name first_name
Opexos Bnaavmup Opexos Bnaaumup
MNeTpoBckuii | Anekcanap MNeTpoBcKUiA | AnekcaHap R-S
KynbruHa OKcaHa KyAbruHa OKcaHa last_name | first_name
Camoinos | EsreHuit Camoinos | Esrenmid \—> AkoseHKo KoHcraHTuH
Ky3bmuHa MpunHa Ky3bmuHa HpuHa
fKOBEHKO KOHCTaHTUMH WMiweHko Bnaavmup
MweHko Bnaaumup Andépos Hukonan
Andépos Hukonait

Pucynok 23 — Oneparust «Berauranue»

2.5.6 Ilepeceuenune

Ipu mepecedeHnn PE3yIbTUPYIOIEE OTHOMEHHE R’ BKIIOUaeT B
ceOd BCE KOPTEXKH, BXOIAIIHUE B 002 OTHOLICHUA-ONICpanaa R u S.

R'=RnNS.
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Omneparys nepeceucHust MOXKET MMPOBOJUTHCS C TAOIULAMH, COBME-
CTUMBIMH 10 00BeANHEHMIO. JIONYCTHM, UTO HaM CICAYET Y3HATH, KAKUC
W3 CTYACHTOB VCICIIHO COATH SK3aMEH MO BBICIICH MareMaTHke (Tab-
auna R) u sx3amen mo CYB/] (tabmuua S). [lepeceuenue qyx otHoe-
HHI R W S mperocTaBUT HaM 3ampalvBacMBId PE3yabTaT, T.C. OYAYT
HAHACHBI CTPOKH, COACPIKAIMUECS B 00eHuX Tabnmuuax (pucyHok 24).

R — «CrygeHtbl 1» § - «CrypeHtbl 2» RNS

last_name | first_name last_name | first_name last_name | first_name
Opexos Bnagumup bobpos CemeH MeTpoBCKuWiA | AnekcaHap
MNeTpoBcKkUiA | Anekcangp MeTPOBCKMIA | AneKkcaHap KyabrvHa OkcaHa
KynbruHa OKcaHa n KynbruHa OKcaHa Camoiinos EBreHuin
Camonnos EsreHuit Camoinos EsreHui \—> KyzbMmmHa WpwrHa
KysbmuHa MpuHa KyzbmuHa Wpuna Andépos Hwkonan
AKOBEHKO KoHcTaHTuH MuweHko Bnagumnp

LLyKUH AneKcaHap Andépos Hukonai
Andépos Hukonai

Pucynok 24 — Oneparus «I lepeceuenuey

2.5.7 lenenune

Peayaprar aencHus ucxoaHow tabauiisl R HA TaOIUIY-ASIUTE b S
OVICT CoAepKarh CTOJMOLBI, OTCYTCTBYIOIIME B AcaUTe/¢. B kadecTBe
CTPOK B PE3VJBTAT BOWAYT TOJBKO TC 3AMUCH U3 JACIUTENIS S, 4TO MPH
JCKAPTOBOM MPOU3BCACHUN PE3yJIbTATA HA JCIUTC/Ib COACPKATCS B C-

auMoM R.
R'=R/S.

PaccmoTtpum onepanuro ASACHHS MPOILIE HA MPUMEPE (PUCYHOK 235).
Homyctum, B Tabaune R coaeparcs JAHHBIC O TOM, KAKUC BUABI 3aHs-
TUM OMNPEACICHHBX AUCLUIUINH BEAYT IMPENOAABATEIN YHUBEPCUTETA.
Ham tpebGyercst y3uaTs, k1o BeAeT madoparopueic padotsl o CYB]l u
OPAKTHYCCKUC 3aHATHA II0 A3BIKaM IPOTrpaMMHUPOBAHUS. I[J'IH 3TOTO
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B TaOHIly S 3aHOCITCS ABEC CTPOKH ¢ YKA3aHHBIMH JAHHBIMH H OCY-
MICCTBISCTCS JCICHHIC.

Peayaprar aeacHus ucxoaHou tabauisl R HA TaOMHIly-ACTUTENb S,
BO-TICPBBIX, OYACT COACPIKATh CTOJIOLBI, OTCYTCTBYIOIIKE B ACTUTE/C (B
HAIIEM ciy4ae 310 arpudyT damunuu «last name»). Bo-Bropeix, B Ka-
YECTBE CTPOK B PE3YJIBTAT BOWAYT TOABKO TC 3AMKCH, YTO MPH JCKAPTO-
BOM MPOU3BEACHUH PE3YJIbTATA HA ACIUTEIb COACPIKATCS B NCTUMOM R.

Takum oOpazom, HoCie AeneHus Oy Iy T MOTYUSHBI 1BE CTPOKH C (a-
munuamu Opros u Bonoanna. [Ipenonasarens CeMeHOB He monani B pe-
3yMBTUPYIOLICE OTHOLICHUE, TAK KAK OH HE BSACT TA00PATOPHBIC IO TUC-
murmaae CYB/I.

R - pennmoe S - penutens R/S

last_name discipline type discipline type last_name

Opnos CYBL, TNekuus CYBJ, Nab. pabora Opnoe
J p

Opnos CYB[, Na6. pabota / AsbikK PaKTHKa \—l/ BonoguHa

Opnos A3bIkv NnporpammupoBanus | MpakTika

Bonoguha CYB4 Nab. pabota

BonoguHa | A3bIKM NpOrpaMMMUpoBaHiA | MpaKTika

CemeHos A3bIKW Nporpammuposanus | MpakTuka

Pucynok 25 — Oneparus «/lenenuey

2.5.8 Coegunenne

Onepauus CoeIUHCHUS — HAHOOJICe BasKHASL PE/SIIIUOHHAS OTepa-
Iy,

R'=Re<S.

Koprexu pe3yapTupyronero oTHome Hust R’ 0GpasyroTes myTem co-
SAMHCHMUS (KOHKATCHALIMHY, WJIH CHCTUICHHUS ) KOPTEKEH OTHOIICHUM-OTIC-
panaoB R u S, YAOBICTBOPSIONINX 33JaHHOMY YCIOBHIO (JII000OMY KO-
PEKTHOMY JIOTHYSCKOMY BBIPAKCHUIO). BHINOTHEHHE onepaliuu coeau-
HEHUS OTHOIIEHUH MOYKHO PacCMaTpUBaTh Kak ONEPALUIO UX PACIIUPEH-

HOTO JACKAPTOBA MPOU3BECACHUS C MOCACAYIOUICH (DHUIBTPALUCH MHOKE-
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CTBA KOPTEKEH MOTYUCHHOTO MPOMEKYTOYHOT'O OTHOLICHHS MO 3aJaH-
HOMY YCJIOBHIO.

HonycTuM, B HaIIEM PacTIOPSKCHUN HMCKOTCS JBE TaOIHLEL, B TA0-
e S xpanurces nabopmanus o kadeapax By3a, a B Tabnuue R — uH-
dopmarust o mpemogasaresx (pucyHok 26). IIpoaemoHcTpupyeM
HauOoJee PacIpOCTPAHCHHYIO OTNEPALIMI0 ECTCCTBEHHOTO COCIMHCHHUSL.
B sToMm cniydae TabauIbI COSTUHSIOTCS MO O0IIEMY CTONOLY: B TaOJIUIC
kageap S aro nepeuuneiii kmod CHAIR D, a B Tabnune npenoaasare-
JcH R 3T0 O AHOMMEHHBIH CTONOCI] BHECLTHETO KiTto4a. 1.¢. yClnoBuem co-
CAMHCHUS B JAHHOM CTV4ae SIBISCTCS COBNAACHUH 3HAUCHHUN aTpHOYyTOB
B cronbmax chair id. B mpumepe mpenogasatenn Oprnos u Bomo-
JUHA COCIUHIIMCE TIO KITIOUY CO 3HA4YCHUEM | co 3HavueHHEeM Kadeaphl
«["eonngpopmaruka», CemeHoB — ¢ kadeapoi «Duznka», ApXUNos u
AHapees — ¢ kadeapoii «Bricmias maremaruka». B pesyapTupyromei
TabNUIE HE OKA3AT0Ch Kaeapbl XUMUH. ITO 0COOCHHOCTh €CTECTBCH-
HOro coeauHeHus. T.x. B Tabaune R HET HU OJHOM 3alUCH C BHEIIHUM
KITFOUOM, CCHLIAOIIUMCS HA Ka(eapy XUMUH (T.€. HET 3AIUCH C KITFOUOM
4), To xadeapa XUMHUN HE MOMANA B HTOTOBBIA PE3VIIbTAT.

R - «MNpenopasarenn» § = «Kadeppor» R’ - ecrecTBenHoe coeguHeHue

last_name | chair_id chair_id chair last_name | chair_id chair

Opnos 1 1 feouHpopmaTika Opnos 1 leouHdopmaTtuka

BonoauHa 1 2 Bolcwan maTemaTHka > Bonoauta 1 TeouHpopmaTUKa

CemeHoB 3 3 busmKa CemeHos 3 [oETTE]

Apxunos 2 4 Xumua Apxunos 2 Bblcwan maTemaThka

Axppees 2 AHppees 2 Bbicluaa matemaTrKka

Pucynok 26 — Oneparust «EcTecTBEHHOE COETUHEHUE

Ecnu xxe Ham TpebyeTcst MOMyYUTh BCE KOPTEKH U3 OTHOLICHHH, TO
BMECTO UCTOJIb30BAHUS CCTECTBCHHOTO COSAMHEHUS HEOOXOUMO MPH-
MEHUTh BHEITHEE COCIUHEHNE. Pa3nuiaroT nmpaBoe 1 1eBOE BHEITHHE CO-
cauacHuI. Ha pucyHke 27 mpeacTaBacHO mMpaBo¢ BHEITHEE COCAMHCHHUC,
HpaBbIM BHCITHUM COCAUMHCHHUCM HAa3BIBACTCA COCAUHCHUC, IPU KOTO-

POM KOpTEKH OTHOWEHHUS Kadeap S (Tadnnua pacnonokeHa crpasa), He
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UMEIOIIME COBHAJAOINNX 3HAYEHHUH B OOINUX CTOJIOLAX OTHOLIEHUS
npenogasarencii R (Tabauue ciaeBa), TakKe BKIIOUAIOTCS B PE3YIBTHPY-
onee oTHoueHue. Hepocraromuye 3HaYeHMs U3 JICBOTO OTHOLICHUS OY-
IyT 3aMeHeHsl mycTeiM 3HaueHneM NULL. [l nesoro BHemHEro co-
CAMHECHMS, HA00OPOT, B PE3YIBTUPYIOLICE OTHOIICHHUE BKITIOYAKOTCS BCC
KOPTEKH U3 JIEBOTO OTHOLICHHUS, & HEAOCTAIOIIHNE 3HAUCHHS U3 TIPABOTO
samensrores NULL om.

B mpumepe Ha pucyake 27 pis kadeapsl « XUMUSD» HET 3aIUceh 0
MPETIOAABATEIIIX, TOITOMY KOPTEK coaepakut 3Haucaue NULL ams ar-
pudyTta last_name.

R - «MNpenoaasarenn» § - «Kadeppbi» R' - npaBoe BHEwWHee COEANHEHNE

last_name chair_id chair_id chair last_name chair_id chair

Opnos 1 1 leonHdopmaTika Qpnos 1 leoundopmatnka

BonoauHa 1 2 Bbiclias maTemartuka N BonoauHa 1 leouHdopmatuka

=>C

CemeHos 3 3 DuzmKa CemeHos 3 Burzmka

Apx1nos 2 4 Xumwna Apxvnos 2 Bbiclwaa maTemaTtrka

AHppees 2 AHppees 2 Bbicllaa maTemaTHKa

NULL 4 Xumun

Pucynok 27 — Oneparust «IIpaBoe BHEIIHEE COETUHEHUE»

B penaauoHHON MOACTH ONPEACIICHO HCCKOIBKO PA3HOBUIHOCTCH
ONEPaLUH COCTUHCHUS:

— BHYTpeHHee coeauHeHne (INNER JOIN), mpH KOTOPOM COEeIuU-
HAIOTCS TOJBKO TC KOPTEXKH OTHOLICHHH-ONICPAHI0B, A KOTOPBIX
BBITTOJTHACTCS 33AaHHOC YCIIOBHC;

— gaesoe (LEFT JOIN) u mpaBoe (RIGHT JOIN) BHCIIHHE CO-
CAMHCHYE, IPH KOTOPOM PE3yIBTHPYIOLIEE OTHOLICHUE OyaeT 0e3-
VCIIOBHO COJEPKaTh BCC KOPTCIKH JIEBOTO (MM COOTBETCTBCHHO
MPABOro) OTHOLICHUS-ONICPAHAA, B TOM YHCIC H TC, AT KOTOPBIX
HET «Iapbl» B APYTOM OTHOLICHHH-ONCPAHAC, PH STOM «HEI0CTA-
IOLIHE» aTPHOYTHL B TAKUX KOPTEKAX PE3VIbTHPYIOLICTO OTHOLIC-
HHUA ITOIyJaT HCOMPCACICHHBIC NULL-3HAUCHHUA,
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— BHemHee coeauneHue (OUTER JOIN) — 3TO OJHOBPEMECHHO H
JICBOE, U MPABOC COCAUHCHUC,

— oskBH-cocauHCHKE (EQUAL JOIN) — TaKOe COCIUHCHHUE, YCIIO-
BUC KOTOPOTO COACPIKUT OTICPATOP CPABHCHHSI KPABHOY,

— ecrectBeHHOE coeauHeHHe (NATURAL JOIN) — 3TO 3KBH-CO-
CAMHCHUC ABYX OTHOIICHHH, MMCIOUIUX OJUHAKOBBIC ATPUOYThHI
(Kak TPaBUIIO, ITO MEPBUYHBIA U BHEIIHHUN KIIOYH COCAHUHICMBIX
OTHOIIICHMUH ), PABEHCTBO KOTOPBIX U SIBISCTCS YCIOBUEM COCIUHE-
HUS KOPTECKEH (IPU 3TOM COBIAJAOIIHI aTPUOYT B CXEME PE3YIib-
TUPYIOLICTO OTHOIICHUS HE TyOIUPYeTCs).
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3 IPOEKTHPOBAHHUE BA3 JAHHbIX

3.1 Ilonsite nHGOPpMALHOHHOH CHCTEMBI

[To cBoeit cytu mrodas 6aza HaHHBIX MPEACTABISCT COOOH XpaHH-
JMIIE CTPYKTYPHPOBAHHBIX JaHHBIX. CaMo 1o cebe XpaHumuIe ocodoro
HHTEpeca HE MPEACTABISCT A0 TEX MOP, MOKA OHO HE MHTCTPHPYETCS
B cocTas H0Jice CIIOKHOW HaICHCTEMBI, Ha3bIBACMOH HHPOPMALTHOHHOH.

HNudopmannonnas cucrema (Information System) — 3to cuctema,
MpeJHA3HAYCHHAS 111 XPaHSHHS, TIOUCKa 1 00paboTku HHPOPMALTHHL.

[Iponece cozaanus HHGOPMALMOHHOW CUCTEMBI B OOIIEM CIydae
BKITFOUACT STAIBL:

1) nIaHWpOBaHHE CHCTEMBI;

2) aHanM3 33434 CUCTCMbI M TPSOOBAHUM K CUCTEME,

3) NOPOCKTUPOBAHUE CHCTEMBI,

4) peamuzanys U BBOJ CHCTEMEI B 3KCILTYaTALUIO;

5) compoBoKICHHE.

baza gaHHBIX — XOTA U KIIOYEBas, HO AAJICKO HE CAMHCTBCHHAS CO-
cTaBHas 4acTh uHboOpMauMOHHOU cucteMbl. [lomumo 6a3bl JaHHEBIX,
B THITHYHYIO HH(OPMALIMOHHYIO CHCTEMY BXOJST: IPOrpaMMHOE 00ec-
MCUCHUE MOAICPIKKH Oasbl JAHHBIX, alNapaTHoe OOCCICUCHUE, MpH-
KIaJHOC MPOrpaMMHOC OOCCIICUCHHEC U SKCIUTYATHPYIOIIUH CHUCTEMY
MCPCOHA.

baza naHHBIX HE TONBKO (PYHKIMOHHUPYET BHYTPH HHGPOPMALMOH-
HOHM CHCTEMBI, HO U Pa3BUBACTCSI BMECTE € 3TOM CUCTEMOH, MO3TOMY B
Hauane 80-X rogoB ObLT BBESACH TCPMUH HCUSHEHHbLI YUK OA3bl OOHHBIX.
KuzHeHHBIH LUK 0a3bl JAHHBIX — 3TO NPOLIECCC MPOCKTUPOBAHMS, pea-
JU3aLUH U TOAJCPKKH Ga3bl TaHHbIX.

Ha pucynke 28 mnpexnctaBicHbl OCHOBHBIE 3Tallbl JKH3HEHHOTO
mmkaa bJI.
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i

MnaHupoBaHue NnaHnposaxue
pazpaboTku BJ,

|

OnpefeneHue U aHanus
TpeboBaHui K cucTeme

1

MpoekTvposBaHme b Buibop CYB]

!

CosgaHue
o TecTvpoBaHWe 1 0TNazAKa

KnaneHTcKoro MO

!

Peanusauua

Pa3paboTka ’

ConposoxpaeHue IKenayaTauua u

COMNpOBOKAEHUE

Pucynok 28 — JKusnenssnii 1k b

Ha srane mnanupoBanns pa3pabOTKH NPOHU3BOANUTCS OLICHKA 00'b-
eMa paboThI, BpEMEHH Ha Pa3pabOTKy U PEATU3ALMIO POSKTA H CTOUMO-
cTH pabor.

CreayroLmuM 3TaroM sIBISICTCS OMPEACICHHIS U aHAIH3 TPSOOBAHUI
k cucreme. Ha atom arane gomkHa ObiTh cOOpaHa nHpopMaLus, HEOO-
XOAUMAs! AJTS IPOCKTHPOBAHUsI 0a3bl JAHHBIX. JTa UH(POPMALIHST MOKET
BK/IIOYATh, B T.U., OCIIU U 3a1a4YU KOMIIaHUU, PCHIACMbIC I/IH(I)OpMaLII/IOH-
HOIt CHUCTCMEI, 6H3H6C-HpOLIeCCbI KOMIIAHUH U T.A.

Jlanee BBHIMOIHSCTCS MPOCKTHPOBAHUE, BKITIOYAIOINCE B CEOsI KOH-
LENTyadbHOE, JOTHYECKOC M (H3HYecKkoe NPOCKTHPOBAHUE Oaskl

JAHHBIX.
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3asepuiuB padboty Hag (popmupoBaHHEM (PUINUCCKON CTPYKTYPHI
B/, mpoeKTHPOBIIMK TEPEXOTUT K ITAMY pa3pabOTKH MPHUIOKCHUH,
MPeAHA3HAYCHHBIX Ayist paboTei ¢ b1,

Ha srane peanmzammui OCYIIECTBISETCS BBINYCK OKOHYATEIBHOM
BEPCHH MPOTPaMMHOTO MTPOAYKTA.

JKcIIyaTanus U CONMPOBOXKACHHUE — 3TO 3aKIFOYUTCIBHBIN 3Tan
skn3HeHHOTO 1HkiIa bJI, B Xoxe KOTOoporo ocymecTsIseTCs pa3BepThIBa-
Hue 6a3pl JaHHBIX 1 npukiaaHoro [10 Ha cepBepax H KITHEHTCKUX CTaH-

IUIX 3aKA39IHKA.

3.2 IlpoexTupoBaHHe 0a3bI JAHHBIX

JTan NpoeKTHUPOBaHHUS 0a3bl JAHHBIX B CBOIO OUEpeIb OOBIMHO pas-
JenseTcs Ha Tpu ¢assl (pucysok 29) [11]:

1) koHIENTYaAJBHOS MPOCKTUPOBAHUE,

2) JOTHYECKOC MPOSKTHPOBAHKE,

3) (U3UYCCKOS MPOCKTUPOBAHHE.

l

MNpoexktnposarue b/

KoHuenTtyanesHoe
NPOEKTUPOBaHKWE

JNoruueckoe
npoeKT He NPOEKTNPOBaHne

3aBucuT ot CYBJ

I

.

> BuiGop CYB[,

Mpoekr
3asucut ot CYB/] dusuueckoe

npoeKkTMpoBaHue

o

Pucynok 29 — Oran nipoextupoBanust b/,
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Ha srtane KOHLCUTYAJIBbHOT'O U JIOTHYCCKOI'O IMPOCKTUPOBAHUA HAC
He uHTepecyer koHkpetHas CYBJl. OcobenHoctu BrOpanHoit CYB/]
VIUTBIBAIOTCS TOJIBKO PH GHU3UIECKOM MPOCKTHPOBAHHH OA3bl JAHHBIX.

3.2.1 KoHuenrya/jibHOE NPOEKTHPOBAHHE

Ha srane xoHumenTyamsHOro mpoekTHpoBaHUS (PopMHUpyeTCs BHL
OvayuicH 6a3sl JaHHBIX, HO 0€3 0COOCHHOCTEH ¢¢ (PU3MUICCKOM peatn3a-
. OCHOBHBIM CPEICTBOM MOCTPOCHHS KOHLENTYATbHOH Moaenu B/l
BeICTYMacT Moaeab ER-mozenp «CyIHOCTB-CBA3bY» WITH POACTBCHHBIC
el MOJETH.

IMonsarua «ER-monens» u «ER-guarpamMmMay» 9acTo HE pa3iIudaloT,
X0T# Ans Bugyanu3auud ER-Moneneli MoryT ObITh HCTIOTB30BaHbI U APY-
rue rpadyiuecKue HOTAMH, THO0 BU3YAITH3ALHS MOJKET BOOOIIE HE PH-
MEHATBCS (HAIPHMEDP, UCTIONB30BATBCSA TEKCTOBOE ommcaHue). OcHOB-
HbIC TPaUICCKUE HOTALMH BKIIOYAKOT B ¢eOst HOTaImio YeHa, HOTALHIO
Crow’s Foot, IDEF1X u apyrue.

Pesynprarom ¢asel KOHUENTYATBHOTO MPOCKTHPOBAHUS SABISCTCS
ER-moaene B]l, Brarouatoras B ce0st OnucaHue:

— THUIIOB CYIIHOCTEH;

— CBA3€H MEXKAY TUIIAMH CYLIHOCTEH;

— aTpuOyTOB (PKEIATEIBHO C MPEIBAPUTEIBEHBIM OMHUCAHUEM JOMC-

HOB ¥ OTPaHHUYICHUH);

— TEPBHYHBIX K/IIOUCH.

3.2.2 Jlornueckoe NpoeKTHPOBAHHE

daza 10ru4IeCKOro MPOCKTUPOBAHMS IPEIHAZHAUCHA AT Ipeodpa-
30BaHMS OOOOIICHHON KOHIENITYIBHOW MOACTH B 3aBEPIUICHHVIO JIOTH-
YECKYIO.

Ha 3tom sTamne yrounstorcs TpeOOBaHHsI, BBISIBICHHBIC HA KOHLICTI-
TYaJbHOH CTaJHH MPOCKTHPOBAHUS, U BBHIMOIHICTCS YIPOLICHHE MO-
Jenu (6e3 cHIKeHHS (PYHKLIHOHATBHBIX BOBMOYKHOCTEH).
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s sroro nmpeasaputenprHas ER-Moxems mpoBepsacTes ¢ MOMOINBIO
mpaBu HopMau3sauu. B pesyibrare OyayT NOay4YCHBI HE H30BITOYHBIC
PEIALHOHHBIC TAOIHULEI, CBOOOAHEIC OT MPHUCYINUX HEHOPMATH30BAaH-
HBIM J2aHHBIM aHOMATHN BCTABKH, PCAAKTUPOBAHUS H YAATCHHSL.

[Tomumo HOpMaMU3ALMHK, HA JTOTHYCCKOM BTANE OCYLICCTBISIOTCS
CIEAYIOIINE AEUCTBH:

— YTOYHSIOTCS OTPaHHYCHHS HA JAHHBIC,

— OMpPEICIIOTCS JOMCHBI JAHHBIX

— BBOJITCA OM3HEC-TIPABUIIA U KOPIIOPATHBHBIC OTPAaHUYUCHHS LiC-

JOCTHOCTH;

— OHOPEACIACTCS MECTOIMOJOKCHUE Oyayimux Tadaui (B ciydac

eCM peub UACT O pactpeacneuuoi bJ1).

Ha srtamax xoHUENTYaJbHOTO M JIOTHYCCKOTO MPOCKTHPOBAHUS
OOBIYHO TOMB3VIOTCA OJHOU W3 ABYX cTparteruii npoektuposanus bJI:
cTpaterueht gocxooaujeco npoexmuposanus (bottom-up design) wiu
CTpaTerue nucxoosaue2o npoexkmuposanus (top-down design).

CyTh BOCXOAALIETO METOAA 3AKIIOUACTCA B TOM, UTO CHauana dop-
MHPYETCS TOMHBIA CTUCOK aTpUOYTOB (CTONOLIOB TaOULT), TIOAICIKAITHX
xpanenmto. [lo3aHee atpuOyThl TPYNNUPYIOTCS B THIIBI CYLIHOCTCH,
KOTOPBIC TIOMAJAIOT B MOJCTb, T.C. BBIIOJHACTCS MPOLIECC HOPMATH3a-
LUH. DTOT CMOCO0 MOAXOAUT OOBIYHO IS CPABHHUTSIBHO HEOOIBIINX
MPOCKTOB.

B Hucxoasgme crparerun NpOCKTUPOBAHNUE HAYUHACTCS C BBISBIIC-
HHSI OCHOBHBIX THIIOB CYIIHOCTEH, M 3aTeM A CYLIHOCTEH Ompeacis-
10Tcs arpuOyThl. Kiaccumiueckuil mpuMep HUCXOMAIECTO METOAA — MO-
Jaeb CyiHOCTh-CBs13b (ER-Moa€eB).

Ha npaxTuxe MoaenupoBaHue CTPYKTYpHI 6a3bl JAHHBIX, 0COOCHHO
0OMBIION, PU MOMOINU ANTOPUTMA HOPMATIH3ALHMUA HMEET CCPHC3HBIC
Hepoctatkd. [lepBoHauampHOE pa3MeIIeHUE BCEX aTpHOYTOB B OJHOM

OTHOIIICHHN SBISICTCI OYCHb HCCCTCCTBCHHOM onepauneﬁ, T.K. HHTYH-
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THUBHO CPa3y BBILACISICTCS HECKOJIBKO OTHOIICHHH B COOTBETCTBHU C 00-
HAPY>KCHHBIMHU CYIMHOCTIMH. KpoMe TOro, 1acto HCBO3MOXKHO Cpasy
OTPEACIUTD MOHBIH CIUCOK aTPUOYTOB M BBIACIUTH BCE 3aBUCHMOCTH,
YTO HCOOXOAUMO IS BHITTOJTHCHHUS. HOPMAIH3ALMH.

IMosTomMy Ha HPAKTUKE OOBIYHO BBIMOJHACTCH MPOCKTUPOBAHHE C
nomompo ER-mMomenn, k' KOTOpOH TPUMCHSIOT HOPMATH3ALMIO IS

YTOUHEHUS OTHOUICHUI.

3.2.3 ®uznyecKoe NPOEKTHPOBAHHE

@D u3HuecKOC TPOSKTHPOBAHUE — 3TO YTOYHCHHE PSLICHHUS C YICTOM
HUMCIOIIUXCS B HATMYHH TCXHOJIOTHH, BO3MOYKHOCTH PCATH3ALMU H TPC-
OyeMOii MPOU3BOAUTEIBHOCTH.

Lenpro Gpu3nIecKOro MpOSKTUPOBAHHUS CTAHOBUTCS IICPCHOC JIOTH-
yeckod Moaenu Ha miatgopmy BeiOpanHor CYBJ. [lns sToro Heobxo0-
JTAMO:

—  co37aTh TaOJHIIBI U CBSI3H MEXKIY HUMHU;

—  €03JaTh BTOPUYHBIC HHICKCH TAOIHLI;

—  pa3paboTaTh OPSACTABICHHUS,

—  peamuzoBarh OusHec-10ruKky b/l (B mepByro ouepeas, ¢ momo-

MIBIO TPUTTEPOB U XPAHHUMBIX TPOLICAYD);

—  ompeacauTh GpyHKUUOHAIBHBIC XaPAKTCPUCTHKH TPAH3AK LM,

—  BHCIPUTH MCXQHM3MBI 3aIMUTHI (KaK MUHHMYM, MPEIYCMOT-

PETh ABTOPH3ALMIO MOIH30BATC/ICH U HA3HAYUTH IpaBa JOCTYIA K

JAHHBIM).

Takum o0pa3oM, OTHOIICHHUS, pa3pabOTaHHBIC HA cTaanu GOpMU-
POBAHUS JIOTHICCKOW MOJCTH JAHHBIX, MPEOOPA3YIOTCs B TaOJIHIBI, aT-
PpUOYTHI CTAHOBATCS CTOAOLAMH TAOIHLI, [T KITFOUSBBIX aTPUOYTOB CO-
3AF0TCSl YHUKAIBHBIC HHACKCHI, JOMCHBI MPEOOPAKAIOTCS B THIIBI JaH-

HBIX, TpuHATHIC B KoHKpeTHOW CYB/l n 1.1
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3.3 ER-monenupoBanue

3.3.1 OcHOBHBIE NIOHATHS

PaccmoTpuM mpouece KOHIENTYaabHOTO U TOTHICCKOTO MPOCKTH-
POBaHHEC C HCIONB30BAHHEM HHUCXOMIICTO TOAXOJA HA OCHOBC
ER-mozemuposanmsa. B 3ToM moaxone OpoCKTUPOBAHUC HAYHHACTCS C
BBISIBIICHHSI OCHOBHBIX THIIOB CYIIIHOCTEH, M 3aTEM AJIS CYIHOCTEH ompe-
JCJISIOTCS aTPUOYTHI.

HauneMm ¢ OCHOBHBIX MOHATHH.

CyuHoCTh — 3TO KJIaCC OJHOTUITHBIX 00BEKTOB, HHOPMALHS O KO-
TOPHIX TOJDKHA OBITH yuTeHA B Mojenu. [IpuMepamu cymHocTed MOTYT
ObITh Takue kiacchl 00bekTOB Kak «lloctaBmmiky, «CoTpymHUK»,
«ToBap».

IK3eMILISIP CYLIHOCTH — 3TO KOHKPETHBIA NPEACTABUTEIb JAHHOU
cymuoctu. Hampumep, npeacrasuresiem cymuoctu «COTPYIHHK» MO-
ket ObTh «Cotpyanuk MBaHOB». DK3EMIULIPHI CYIMHOCTCH MOMKHEL
OBbITh PA3NMHYHMBL, T.C. CYIIHOCTH JOJKHEI HMETh HEKOTOPBIC CBOMCTBA,
VHHKaJIbHBIC A5 KQKIOTO SK3EMIUTAPA STOH CYIIHOCTH.

ATpHOYT CYLLIHOCTH — 3TO UMCHOBAHHAS XapaKTCPHCTHKA, SBISIOLIA-
SCs1 HEKOTOPBIM CBOMCTBOM cyIIHOCTH. | [puMepamu aTpHOYTOB CYIITHOCTH
«CoTpyaHUK» MOTYT OBITh Takue aTpuOVTHI Kak «TabenbHbIA HOMEP»,
«Damvumusy, «Umsy, «OtaectBoy, «JlomkHocThy, «3apiiaray 1 T.10.

CyIHOCTh U aTpuOYTHl CYITHOCTH B KJIACCHYCCKOM CHOCOOC Mo-
ctpoerus ER-amarpavm otoOpakarorcs B BHAC MPSIMOYIOIBHHKA C
HAaHUMCHOBAaHUEM U MOJSIMU-2TPUOYTaMH, Kak MoKa3aHo Ha pucyHke 30.

Karou cymHocTH — 310 HEU30BITOUHBIH HAOOP aTpUOYTOB, 3HAUC-
HHSI KOTOPBIX B COBOKYITHOCTH SIBJISIFOTCSl VHHUKAIBHBIMH IS KaXKIOTO
3K3EMILTAPA CYIMHOCTH. HEM3OBITOUHOCTE 3aKIII0YacTCI B TOM, UTO YA~
JeHue mrdoro aTpudyTa U3 KI0Ya HApYIIACTCS €r0 YHUKATBHOCTb.

CBsi3b — 3TO HEKOTOpas aCCOLMALUSL MEXKIY ABYMS CYITHOCTSMHU.
OnHa cyIHOCTh MOXKET OBITh CBSI3aHA C APYTOU CYIMHOCTHIO WM CaMa C
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c000r0. CBsi31 MO3BOJIAIOT MO OAHON CYIHOCTH HAXOAUTH APYTUC CYIII-

HOCTH, CBA3AHHBIC C HCIO.

MokynaTtens

Homep nokynatens
Wmsa nokynarens
Anpec

BaHKoBcKWe pekBUaUTbI

Pucynok 30 — Cynocts B ER-inarpamme

Pasnmyuaror 3 THna cBs3e: OOUH K OXHOMY, OJMH KO MHOTHUM H
MHOTHE KO MHOTHM. B CBA3H «0AHMH K OTHOMY» OAMH SK3CMILTIP MEPBOH
CYLIHOCTU (JICBOH) CBSI3aH ¢ OZHHUM 3K3EMILLIPOM BTOPOH CYLIHOCTH
(npaBoii). CBsi3p THUNA OJUH KO MHOTHMY» O3HAYACT, YTO OJUH IK3CM-
IUISIP IEPBOH CYIMHOCTH (JICBOH) CBA3aH C HECKOIBKUMH 3K3CMILIAPaAMHU
BTOPOU CYIIHOCTH (MPaBoii). IT0 HAHOOJCE YACTO HUCIONb3YEMBIA THIT
cBs3u. CBS3b THIA «MHOTHE KO MHOTHIM» O3HAYACT, YTO KAXKABIH IK3EM-
VISP MIEPBOH CYLTHOCTH MOXKET OBITh CBSI3aH C HECKOIBKHUMH 3K3EMILIS-
pamMu BTOPOH CYIIHOCTH, U Ka’KAbIH K3EMIUIIP BTOPOH CYIIHOCTH MO-
JKeT OBITh CBSI3aH C HECKONBKHMU SK3CMILUISIPAMH NICPBON CYIIHOCTH.
THun cBA3M «MHOTHE-KO-MHOTHM» SIBISICTCS BPEMCHHBIM THUIIOM CBSI3H,
JOMYyCTUMBIM Ha PaHHUX 3Tanax paspabotku Mojemu. B manpreimem
3TOT THII CBSI3H JOJKCH OBITh 3aMEHCH ABYMSI CBA3SIMH THIIA «OXHH-KO-
MHOTHM» TIYTEM CO3AaHUs MPOMEKYTOYHON CYIHOCTH.

Kpome toro, kaxaas cBg3b MOKET UMETh OAHY U3 ABYX MOJAIBHO-
cTed cBa3n. MOJATbHOCTD «MOXKET» O3HAUACT, YTO DK3EMILLIP OJHOU
CYLIHOCTU MOKET OBITh CBA3AH ¢ OJHHM HIIM HECKOIBKHUMH 3K3CMILIS-
paMu APYroi CyIMHOCTH, a MOKET OBITh U HE CBSI3aH HU C OXHUM K3EM-
WIIPoM. MOJATBPHOCTh «IOJDKCH» O3HAYACT, YTO SK3EMIUIAP OJHOU
CYLIHOCTU 0053aH OBITh CBS3aH HE MCHEEC YCM C OJHUM 3K3CMILISIPOM
JPYTOH CYLTHOCTH.
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Crioco6 otobpaxkenms csasedl Ha ER-muarpamme mokaszan Ha pu-

cyske 31.
1:1 Moxer —————————————
1M DorkeH
N:M

Pucynok 31 — Cea3u B ER-marpamme

3.3.2 llpumep paspadorku ER-mogenn

[Tpu pazpaborke ER-mMonenelt HEO6X0IUMO MOTYIHUTE CIIEAYIOMYIO
UHGPOPMALTHIO O MPEAMETHON 00IaCTH:

1) cnmcoK CYIIHOCTEH MPeaMETHOM 00nacTH,

2) CIHUCOK aTpuOyTOB CYLIHOCTCH;

3) omucaHHE B3aMMOCBSI3CH MEKIY CYITHOCTSMHU.

ER-auarpaMmel y 100HBI TEM, YTO HPOLICCC BBLACICHUS CYITHOCTSH,
aTpubyTOB U CBA3CH ABIsIETCA UTepamoHHbIM. [locne pazpadotku nep-
BOroO HpI/I6J'II/I>K€HHOI‘O BapuaHTa AUarpaMMbl IIPOUCXOAUT €TI0 YTOYHC-
HHE MyTEM ONPOCa 3KCIIEPTOB MPEAMETHON 00IacTH.

Paccmorpum moctpoeHue ER  amarpamver Ha nmpumepe. [peamomno-
JKUM, YTO TICPEX HAMH CTOMT 334a4a pa3padoTarh HHPOPMALMOHHYIO CH-
CTCMy MO 3aKa3y HEKOTOPOW OMTOBOW TOProBOH (UPMBI, KOTOpas
JIOJKHA BBITIOJIHATD CJIEAYIOIIUE ACHCTBHSL:

— XpaHUTh HHPOPMALIUIO O MOKYNATEIAX;

— MCHATATh HaAKJIaAHBIC Ha OTIIYIICHHBIC TOBAPBI,

— CJEIUTH 3a HATHYUEM TOBAPOB Ha CKIIAJC.

Boraenum noTeHIMATPHBIC KAHAWAATHL HA CYIIHOCTH U aTPUOYTHL U
npoanamn3upyeM ux. JomycTim, OBLTH MOJIYYCHB! CICAYIOUIUC BapH-
AHTHI:

— TOKYIIATEIb — SBHBIM KaHAUAAT HA CYIIHOCTB;

— HakIaJHas — ABHBII KaHAWAAT HA CYLIHOCTb;

— TOBap — ABHBIM KaHAWAAT HA CYLIHOCTb;
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— (?7) cknax — HAZO YTOYHHUTH, CKOJIBKO CKIANOB MMeeT ¢upma?

Ecnu HeckobKO, TO 3TO OYACT KAHAMIATOM HA HOBYIO CYLIIHOCTD;

— (?) HamMuue TOBapa — 3TO, CKOPEE BCEro, aTpudyT, HO aTpHOyT

KaKOM CYITHOCTH?

Cpasy BO3HHKACT OYCBHIHAS CBI3b MCIKAY CYIMHOCTIMH. (ITOKYIIa-
TCJIU MOT'YT MOKYIIATh MHOI'O TOBAPOB» U «TOBAPbI MOT'YT IIPOAABATHCA
MHOTUM HOKYHIaTC/IsIM». HCpBbIﬁ BAPHUAHT AUArpaMmbl BBITJIIOAUT Tak,
KaK TI0Ka3aHO Ha PUCYHKE 32.

MNokynatenn

Mokynaet
————— - Tosap

BbiTb NpoAaHHbIM

Pucynok 32 — Bapuant ER-uarpaMmsl

Hanee, ObLIO BBISICHCHO, YTO (PUPMA UMEET HECKOJIBKO CKIIJ0B.
IMpuuem, kaxapiii TOBAP MOKET XPAHUTHCI HA HECKOJIBKUX CKIAJax U
OBITh MPOJAHHBIM C JIFOOOr0 CKIaAa. BO3HUKACT BOMPOC Kyjga MOME-
ctuth cymHoctr «Hakmaanas» u «Cxaaa» v ¢ 9eM UX CBS3aTh?

HomyctuMm, uto cymecTByer cneayiomuii mpouecce. Iloxymarenn
MOKYMAIOT TOBAPHI, MOIyYast MPU STOM HAKJIAIHBIC, B KOTOPHIC BHCCCHBI
JAHHBIC 0 KOMMYICCTBE U IICHE KYIICHHOTO ToBapa. Kaxkipiii MOKymaTe/ib
MOJKET MOJYYUTh HECKOJBKO Hakiaagubeix. Kaknas HakmagHas oOs3aHa
BBINUCHIBATHCA HAa 0HOTO mokymnarens. Kaxnas Haxnagnas obs3ana co-
JICPKaTh HECKOIBKO TOBAPOB (HE OBIBACT MyCTHIX HAKIAAHBIX). Kaskapiit
TOBAP, B CBOKO OUEPE/Ib, MOKET OBITh MPOJAH HECKOJIbKHM MOKYIIATSIISIM
Yyepes HeCKOIbKO HakIaaHeIx. KpoMe Toro, kakaas HakIagHas JODKHA
OBbITh BBIMHCAHA C OMPEACICHHOIO CKIAA, U € JIIOOOT0 CKIIAAa MOXKET
OBITH BBIITUCAHO MHOT'O HAKJIAAHBIX. TakuM 00pa3oM, MOC/IC YTOUHCHUS,
quarpamMma OyJaeT BBINISLACTh TaK, KaK MOKA3aHO HA PUCYHKE 33.
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MokynaTenb

Mony4aet

Haknapwas

Beinnceisaetca ona

Copep#uTea B

|

|

|

|

|

|

|

|

|
YkasbiBaeTcs B A
Tosap

Cknan

XpaHWUTCH Ha

Pucynok 33 — YtounenHsiit BapuanT ER-uarpaMmbl

Ha caexayroruem stane moctpoeHust ER-mMoaemu Obiin onpe aeic Hpt
atpulyThl, KOTOPBIC AOJKHBI XPAHUTHCS B 0ase maHHbIX. Kpome Toro,
HCOOXOAUMO OBLIO PA3ACAUTh CBA3H «MHOTHE KO MHOTHMY Ha 2 CBSI3H
TUIA, «OJUH KO MHOTHMY ¢ HUCHOIb30BAHUEM JOTOHUTSIBHON CYIIHO-
ctu. st 31oro ObI0 CO3MaHO 2 CYIMHOCTH — «3amuch B HAKJIQTHOW,
4TOOBI YOpPaTh CBA3b MEKAY HAK/IAMIHOU U TOBApPAMH, U CYIMHOCTh «To-
Bap Ha ckiaje», yTodsl yopars cBazpb «Cknan-Tosap».

PesynpTar BHECCHHS H3MEHEHUS B ANArPaMMY MPEACTABJICH HA PH-
cyHKe 34.

INoxazannsnii Ha pucynke 34 npuvep ER-muarpaMmsl aeiseTcs npu-
MEPOM KOHLCTITYATIBHOH JUarpaMMbl. JTO O3HAYACT, UTO AUArpamMma He
yuutbiBaeT ocobeHHocTH KoHKpeTHOM CYB/, Tlo maHHO# KOHICTTYa/Ib-
HOH AuarpaMme MOKHO MOCTPOHUTH (H3HUECKYIO THArPAMMY, KOTOPas yIKe
OyayTt yuutsiBarbes Takue ocooeHnoctr CYBJI, kak 1omycTiuMeie THITH U
HAMMCHOBAHHS TIOJICH U TaOIIHL, OTPAaHUYCHHS LIETIOCTHOCTH U T.11. Ha pu-
cyHke 35 mpeacrasicH GU3HICCKUN BAPHAHT AUATPAMMBI, BBITIOJTHCHHBIH
cpeacreamu MySQL Workbench.
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Mokynatenn

Homep nokynaTens
Wms nokynatens
Anpec

BaHKoBCKME peKBn3nTEl

Nonyyaet

3anuch B HaKNaHoM

KonwnyecTtso ToBapa

Llena Tosapa

Haknapnas

Homep HaknapHown

Hata HaknagHoi

Beinvcoisaetcs ans

CyMma HaknaaHoi

[
|
|
|
|
# YKasblBaetcs B

Cknan

Homep cknapa

HavmeHoBaHue cknaga

Dcm

customer_id INT

Xpanut

MpuHagnexut
Conepxnt
Ho———
Conepxut
CopepxvTca B
ToBap

————e

CesawiBaeTcs ¢

ToBap Ha cKnane

Homep ToBapa
HaumeHosaHWe ToBapa
EnuHnua namepenns

Tekywas LeHa

t
XpaHuTca Ha KonuyecTeo ToBapa

Pucynok 34 — Uroropsnii Bapuant ER-uarpamMmsl

v

customer_name VARCHAR(45)

address VARCHAR(45)
bank_account VARCHAR(45)

] warehouse

warehouse_id INT

] receipt_detail v
! receipt_id INT
¥ product_id INT

count INT
T price DECIMAL
| >
> | — recet y
|
| receipt_id INT
I_ < customer_id INT
receipt_date DATETIME
total_sum DECIMAL
________ |~ warehouse_id INT
= ] product
product_id INT

warehouse_name VARCHAR(45)

>

product_name VARCHAR(45)
unit VARCHAR(45)
current_price DECIMAL

] product_in_warehouse *

¥ warehouse_id INT

! product_id INT

amount INT

Pucynok 35 — ®usnueckuii Bapuant ER-muarpammel
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Ha nanHO# mumarpamme kaxkaas CYIIHOCTh MPEACTABISET COOOM
Tabnuuy 6a3bl JAaHHBIX, KAXKIBIH aTpUOYT CTAHOBUTCS KOJOHKOH COOT-
BETCTBYIOLIEH Tabmuipl. OOpaTHTe BHUMAHUE HA TO, YTO BO MHOTHX Tab-
ovnax, HampuMmep, «receipt detail» m «product in_warchouse», coot-
BETCTBVIOIIUX CYIITHOCTSM «3aIich cIUcKka» U «ToBap Ha cKIaae», mo-
SBUJIMCh HOBBIC aTpUOYThI, KOTOPBIX HE OBIIO B KOHLENTYaIbHOH MO-
JCJIH — 3TO KITIOUYCBBIC aTPHOYTHI POAUTEIBCKUX TAONHUL, MUTPHPOBAB-
IUX B JOUYCPHHUES TAOIHIIBI [T TOTO, YTOOBI OOCCIICUUTD CBSI3b MEIKIY
TabIHIaMu MOCPEIACTBOM BHEIIHUX KITFOUCH.

[TonyuyeHHbIE TAGIUIBI HOPMATH3OBAHE H HE COACPKAT H30BITOU-

HBIX JAHHBIX.

3.4 Hopmasu3anus OTHOIIEHHA

Iponecc mopmammzanuu u ER-MoxemupoBaHue BHICTYHAOT pas-
HBIMH CTOpOHaMH 0HOH Menanmu. O0a moaxoaa NPUBOIAT K CO3JAHHIO
mozacu b]I, ¢ Toit mumme pazaune, uro ER-Moaenmuposanie oCymecTs-
JIETCS HAa KOHLCNTYAJIBHOM VPOBHE M OCHOBAHO HA MPUHIIMIIE OT 00-
IIETO K YaCTHOMY (TaK HA3BIBACMbIN HUCXOAsUH moaxoa). Hopmanu-
3amus MPOU3BOANTCS HA STAIC IOTHUCCKOTO MPOCKTUPOBAHUS U, B OTJIH-
que o1 ER-MoxemupoBanus, HCHOMB3VET HACH BOCXOAIICTO MOAXO0AA
(OT "YacTHOro K 00IIEMY).

3.4.1 llpumep npegmeTHOii 001aCcTH

s u3ydeHus1 npouecca HOPMaTIH3alHH OTHOIICHUH, PACCMOTPUM
B Ka4ECTBE MPEAMETHOH 0OMacT OPraHU3alMIO, BBIMOIHAIOIYIO HEKO-
TOpEIC TPOCKTEL. MoJens npeaMETHOH 00IacTH ONMUIIEM CIIEXYFOLIHM
HeOpPMaTbHBIM TCKCTOM:

1) coTpyIHMKH OPraHU3ALMH BHIIOTHIIOT HPOCKTEL;

2) TOPOEKTHI COCTOAT M3 HECKOIBKUX 32124,
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3)

4)

5)

6)
7)

Ka.)K,Z[bII\/'I COTPYAHUK MOXKCT YIaCTBOBATh B OAHOM WJINU HCCKOJIb-
KHUX MPOCKTAX, UJIX BPCMCHHO HC Y4aCTBOBATh HU B KAKHX IIPO-
€KTax;

HAJ KKIBIM ITPOCKTOM MOKET paboTaTh HECKOIBKO COTPYIHH-
KOB, U1K BPCMCHHO IIPOCKT MOXKCT 6LITL MNPUOCTAHOBJICH, TOTAA
HaJ HUM He padoTacT HH OJUH COTPYAHHUK;

HAJ KaXI0¥ 3a1a4ucii B mpoekTe paboTaeT POBHO OAUH COTPY -
HUK,
KaXAbIM COTPYAHUK YHUCINUTCA B OJHOM OTACIE;

KaXAbIM COTPYAHUK UMEET Tene(bOH, HaxXOIAILIUNCA B OTACIIC

COTPYIHHKA.

B X0AC AOMOIHUTCIIBHOTO YTOYHCHUA TOTO, KAKUC TAHHbBIC HEOOXO-

AUMO YUUTBIBATD, BRIACHUIOCH CIICAYIOLICC!

1)

2)
3)

4)

0 KXKI0M COTPYIHHKE HCOOXOAUMO XPAHUTh TAOCTbHBIN HOMED
u pamuiuio. TabeapHBI HOMED SBISCTCS YHUKAIBHBIM IS
KQKI0rO COTPY,IHHKA,

KQKbIM OTAC] UMEET YHUKANbHBIM HOMED;

KOKIbIH MMPOSKT MMEET HOMEP W HammeHOoBaHue. Homep mpo-
CKTa SIBISCTCS YHUKAIbHBI,

KQKIast 337a49a U3 MPOSKTA UMEST HOMEP, YHUKAIBHBIN B TIPE/IC-
Jax mpoekTa. 3aa4M B Pa3HBIX MPOCKTAX MOT'YT UMETh OJHMHA-
KOBBIC HOMEPA.

OruetHas popma, chopmupoBaHHas MO0 HEHOPMATBHO OMUCAHHON

MOJCIH NPSAMETHOH 00IACTH, MOXKET UMETh BH/I, KAK MOKA3aHO B Tal-

qure 3.1.

Kax BumHO 13 TabauIlbl, BCE aTpUOYTHI 3aMUCAHBI B OJHY (HOpMY.

Cne;[yeT OTMCTHUTD, UTO AaHHAA (bopMa HC ABIICTCA OTHOMICHUCM, T.K.

HC BBITIOTHICTCS CBOHCTBO aTOMAPHOCTH JAHHBIX. B mpumepe oauH npo-

CKT COACPKUT HECKONIBKO CTPOK ¢ MHPOPMAITUCH O COTPYIHUKAX.
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Ta6mrmra 3.1. OtuetHas popma

H - H D
Homep apa OMep M Homep Termne- Homep
HUE COTPY - COTpyA-
TIPOEKTa oTaena ¢doH 3aJaHus
TIPOEKTa HHKa HHKa
11-22-
1 1B 1 1
AHOB 3
1 Kocmoc 2 IlerpoB 1 ! 1;2_ 2
33-22-
3 CujyiopoB 2 1 3
33-22-
3 CujiopoB 2 1 2
2 Kmvat 5%
1 Us 1 el 1
AHOB 3

Iepetinem k HOpMATH3ALAN OTTUCAHHBIX TAHHBIX.

3.4.2 Ilepsast HopmanbHas gopma

Ilepemennas OTHOWIEHHS HAXOAUTCA B NEPBOH HOPMAJIBLHOI

dpopme (IH®) toraa u ToapK0 TOTAQ, KOTAA B TFOOOM JOMYCTHMOM 3HA-

YCHUU 3TOH MEPEMEHHOM Ka’KABIM KOPTEXK OTHOLICHUS COACPKHT

TOJBKO OJHO 3HAUYCHHUC AT KAKIO0TO U3 anI/I6YTOB.

CornacHO ONPEAC/ICHUIO OTHOIICHUH, TFO00C OTHOIICHHE aBTOMA-

THIeCKH yxe Haxoaurea B |H® cormacHo cBoMcTBaM OTHOIIEHHIT:

B OTHOILICHUU HET OJUHAKOBBIX KOPTEXKEH,
KOPTEKH HE YIOPSIOUECHBI,
aTpubyTHl HE YIOPSAOUCHBI U PA3THYAKOTCS IO HANMECHOBAHUIO;

BCE 3HAYCHHS aTPUOYTOB ATOMAPHHEI.

Jannble CBOMCTBA M SBIAIOTCS CBOHCTBAMH NEPBOH HOPMAIBHOM

hopMsIL.

Ecnu yopoctute onpeaencare, Tabauna NPHUBEICHA K IEPBOH HOP-

MaJIbHOU (hOopMeE, €CITH B HEH OTCYTCTBYIOT MOBTOPSIOIIMECS TPYIIILI, U

BCC 3HAYCHMUS, XPAHUMBIC B HCH, HEJCTUMBI (AaTOMAPHBI).
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Bepaemces x npumepy. B xoxe mormueckoro MOACTHPOBAHHS HA
MCPBOM IIATe MPESAJIOKSHO XPAHUTD JAHHBIC B OJTHOM CBOJHOM OTHOIIIC-
HUH, UMCIOIICM CJICAY OIS aTPUOY THI:
COTPYIOHUMKNM OTHEJIE MMPOEKTH (

HOMEP COTPYJHUKA, ORMWINVA, HOMEP OTHEJIA, TE-
JIE®OH,

HOMEP ITPOEKTA, IIPOEKT, HOMEP 3ANAUU
)s
rae

— HOMEP COTPYIOHMKA — TabeIbHBIN HOMEP COTPYAHHKA,

— OAMWINA — haMuIus COTPYIHUKA,

— HOMEP OTHEJIA — HOMECP OTACHA, B KOTOPOM HHCIUTCI CO-

TPYAHHK;

— TEJIE®CH — teedoH COTpyAHHKA,

— HOMEP IIPOEKTA — HOMEp IPOEKTA, HaJ KOTOPEIM paboTacT

COTPYIHHK;

— TPOEKT — HAMMCHOBAHHE MPOCKTA, HAJ KOTOPBIM PaboTacT Co-

TPYAHHK;

— HOMEP 3AJIIAUM — HOMED 3aJadH, HaJ KOTOpOH paboTaeT co-

TPYAHUK.

IMoTeHUMATPHBIN KJIHOY — MOAMHOKECTBO aTPHUOYTOB OTHOIICHUS,
VAOBJCTBOPSIOIICC TPSOOBAHMSM YHHKAJIBHOCTHU W MHHHUMAJIBHOCTH
(HECOKPaTHMOCTH).

T k. KaKABIH COTPYIHHUK B KAXKIAOM MPOCKTS BBIMOIHSICT POBHO
OJHY 33Javy, TO B KAYECTBE MOTCHUUAIBHOIO KII0Ya OTHOIIECHHUS HEOO-
xoguMo B3aTe mapy arpudyroe {HOMEP COTPY/HHUKA, HO-
MEP ITPOEKTA}.

Otaowenne 8 1H® nokazano B Tabnune 3.2.
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Tabmua 3.2. OtHomenne B 1HO

HOMEP_1 - 0 ovm HOMEP TEJIE HOMEP_ HOMEP
COTPYR- | e | ormena ®OH [PO- HPOEKT |\ iaum
HUKA JE EKTA g
11-22-
1 WBanoB 1 3 1 Kocmoc 1
11-22-
1 HBanos 1 13 2 Kmamar 1
11-22-
2 Tetpos 1 3 1 Kocmoc 2
33-22-
3 Cuniopos 2 11 1 Kocmoc 3
33-22-
3 CujropoB 2 1 2 Kimmmar 2

JlaHHBIC B OTHOINCHHUH COTPYIHVKIM OTHEJIB ITPOEKTH xpa-
HATCS ¢ OOMBIION U30BITOYHOCTHIO. BO MHOTHX CTPOKAX MOBTOPSIFOTCS
dbamMunun COTPYIHHUKOB, HOMEPA Te/IC(HOHOB, HAMMCHOBAHUS MIPOCKTOB.
Kpome TOro, B maHHOM OTHOIICHHHM XPAHATCS BMECTC HC3aBHCHMBIC
JPYT OT Apyra AaHHBIC — U JAHHBIC O COTPYIHHKAX, U 00 OTACIAX, U O
MpOCKTax, U 0 padboTax mo nmpoekTaMm. [Ipu u3MeHESHHU COCTOSIHUS Oa3bI
JAHHBIX 3TO MOKET MPUBECTH K psiay mpodiem. Mcropudecku 3tu mpo-
OJICMBI TTOTYYHTH HA3BAHUEC AHOMATUU OOHOBICHHSL,

AHoMaMst OOHOBJICHHUS — HCAACKBATHOCTh MO/C/IM AAHHBIX MPSI-
METHOM 00JIACTH WK HEOOXOAMMOCTbD TOTIOTHUTEIbHBIX YCHITUN TS Pe-
aNM3aluy BCEX OTPAHHUCHUHN, OIPEACICHHBIX B IPEAMETHOH 001acTH.

T x. aHOMa/IMK MPOSIBISIOT CeOSI MPU BHINIOTHCHUN OTICPALIUL, W3-
MEHSIOIIUX COCTOSHHUE 0a3bl JAHHBIX, TO PA3THYAOT CJICAYIOIINC BUIBI
AHOMANHUIL:

— a”omanuu BCcTaBku (INSERT);

— anomauu 00HOBjIcHUs (UPDATE);

— aHomasnu yaancHust (DELETE).
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K mpumepy, B OTHOIICHHE HENB3s JOOABUTE 3aMHCh O COTPYAHHUKE,
KOTOPBIH NIOKA HE YYACTBYET HU B OJJHOM MPOCKTE, T.K. HENNb3s J0OABUTh
xoprex co 3HaueHreM NULL arpuOyra HOMEP TTPOEKTA, HOCKOIBKY
3TOT aTpudyT BXOAUT B COCTAB MOTCHLHUAIBHOTO KIOYA, H, CJICI0Ba-
TeApHO, HE MOkeT coAepxkarh NULL-snauenuii. Taxxe, uz-3a 1y0nupo-
BaHUs HH(OPMALIMK HEBO3MOKHO PEaTH30BaTh OOHOBICHUE HH(pOPMA-
LMK OJHUM ACHCTBHEM (HANPHUMED, MPH H3MCHCHUH HA3BAHUS POCKTA
MOTPeOYEeTCS MEHATD 3HAYCHNS aTpHOyTa B HECKOIBKIX KopTexkax). [Tpu
VAQICHUH HECKOTOPBIX JAHHBIX MOXKCT MPOH30HTH MOTEPs APYroil WH-
dbopmaruu.

VYuuTeiBast yKa3aHHBIC HEAOCTATKH, MOXHO CACIATh BBIBO/, YTO JIO-
THYECKas MOACTb AAHHBIX HEAJACKBATHA MOJCIH MPEAMETHON 001acTH.
baza maHHBIX, OCHOBaHHAsS HA TAKOH MOACTH, OyIACT paboTaTh HEmpa-

BHJIBHO.

3.4.3 Bropas HopmanbHas opma

Jis yeTpaHeHMsT YKa3aHHBIX aHOMAJIHH HEOOXoauMa JaTbHEHIIas
HOpMaJM3aLus, KOTOPasst OCHOBAHA HA MOHATHH (DYHKIHOHAIBHOMN 3aBH-
CHUMOCTH aTPUOYTOB OTHOIICHUS.

Ilepemennas OTHOIIEHMS HAXOJUTCI BO BTOPOH HOPMAJIBLHOI
dpopme (2H®) torga u ToapKO TOTJa, KOTAA OHA HAXOIUTCS B MICPBOM
HOpPManbHOH (popMe 1 KaKABIH HEKTIOUEBOH aTpHOYT HENPUBOIUMO 32-
BUCHUT OT (KaKI0ro) ¢¢ moTeHiuanbHoro knoda. HexmoueBoii atpu-
OyT — 3TO arpuOYT, HEC BXOAAINUI B COCTAB HUKAKOTO MOTCHIHAIBHOTO
KITIOUA.

Wnu mpomie, tabauna mpuBeacHA KO BTOPOH HOPMAaIbHOU (opMme,
ccm oHa cooTBeTCTBYCT 1H® 1M B HEH HET YACTUIHBIX 3aBHCHUMOCTCH,
T.€. HET HCK/IIOYCBBIX CTOJIOLOB, 3aBHCALINX OT YACTH NCPBHYHOTO
KITFOUA.

Ecan moTeHIManbHBIN KIIOY SBISCTCS MPOCTHIM, TO CCTh COCTOUT

W3 €IUHCTBEHHOTO aTpuOyTa, To 1r00as (YHKIHOHATIbHAS 3aBUCHMOCTD
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OT HEro SBJISCTCSA HEmpuBOoaAMMOH (monHo#). Ecnu moteHumanbHbIH
KIIIOY SBJISICTCSl COCTABHBIM, TO, COTVIACHO OMPEICICHUIO BTOPOU HOP-
MaJIbHOW ()OPMBIL, B OTHOIICHUH HE JOIKHO OBITh HCKITFOUEBEIX aTpudy-
TOB, 3aBUCIIUX OT YACTH COCTABHOrO MOTCHUUATBHOTO KITFOUA.
Hpyrumu ciosamu, y Tabmnusl B 2H® He 1omkHO OBITE aTpUOYTOB,
3aBUCSIIUX TONBKO OT YaCTH NEPBUYHOTO KITIOYA.
Paccmotpum otnomenue B 1H®, npeacrasiennoe B Tadauie 3.2.
Mo:KHO BBIIETHTE CACAYIOMHE (YHKIHOHATBHEIC 3aBUCHMOCTH:
1) 3aBucumocTh aTPHOYTOB OT KJIKYA OTHOLLIEHHS:
— {HOMEP COTPYOHMKA, HOMEP MPOEKT} — OAMU-
JINA;
— {HOMEP COTPYIOHMKA, HOMEP IIPOEKT} — HO-
MEP OTIEJIA;
— {HOMEP COTPYOHMKA, HOMEP MPOEKT} — TEJIE-
dOH;
— {HOMEP COTPYOHMKA, HOMEP INPOEKT} — IIPO-
EKT;
— {HOMEP COTPYOHMKA, HOMEP IIPOEKT} — HO-
MEP 3AIAUN.
2) 3aBHCHUMOCTH ATPHOYTOB OT HOMEPA COTPYAHHKA!
— HOMEP COTPYIHMKA — OAMWIVA;
— HOMEP COTPYIHMKA — HOMEP OTIEJIA;

— HOMEP COTPYIHVKA — TEJIEDOH.
3) 3aBucuMOCTh aTPUOYTOB OT HOMEPA MPOEKTA;
— HOMEP TIPOEKTA — IIPOEKT
4) 3aBHCUMOCTH ATPHOYTOB OT HOMEPA OTHEJIA:
— HOMEP OTHOEJIA — TEJIEQOH
OrHotenne He HaxoauTcs B 2H®, T.x. €cTh aTpulOyTh, 3aBUCSINNC
OT YaCTU CJOKHOTO Kiatoda. st Toro, yTto0bl YCTPAHUTh 3aBUCHMOCTD
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aTpubyTOB OT YACTH CIIOKHOTO KIIOUA, HYXKHO MPOU3BECTH AEKOMII03H-
LMK OTHOLICHHS Ha HECKONbKO oTHOWeHHH. [Ipu aToMm me ampubdyme,
KOMopbie 3a6ucim Om Yacmy CIOHCHO20 KAI04d, BEIHOCITCS B OTACITb-
HOE OTHOILICHHE.

Hnsa ycrpaHeHus (YHKUHOHANBHBIX 3aBHCHMOCTCH OTHOLICHHE
COTPYIHVEKM OTHEJIEL MTPOEKTH ACKOMMOO3UPOBAHO HA TPU OTHO-
meHust: COTPYIHVKY OTIEJIBEL, TPOEKTH, SAITAUN.

OTtHomcHH1e COTPYOHMKM OTHREJIH (HOMEP COTPYIHMKA,
OAMMITMA, HOMEP OTIEJA, TEJIEGOH) mokasaHO B Tabnuug 3.3.

TaGmura 3.3. OtHomenue COTPY JITHUKU OTJIEJIBI

HOMEP CO- HOMEP OT-

Py - OAMUIISL JE H:‘, TEJIEO®OH
1 MBanos 1 11-22-33
2 Ilerpos 1 11-22-33
3 Cujopos 2 33-22-11

B otHOmennun COT PYJIHMKM_OTJIEJ‘[H MOZKHO BBIJCJIMTH CJICAY-
OIHE PYHKIMOHATBHBIC 3aBUCHMOCTH:
1) 3aBucuMOCTh ATPUOYTOB OT HOMEPA COTPYAHHUKA:
— HOMEP COTPYIHVKA — OAMWIIVA;
— HOMEP COTPYIHMKA — HOMEP OTIEJIA;
— HOMEP COTPYIHVKA — TEJIEDOH.
2) 3aBHCHUMOCTH aTPUOYTOB OT HOMEPA OTACA:
— HOMEP OTHOEJIA — TEJIEDOH.
Otnomenne [TPOEKTH

(HOMEP TIPOEKTA, IIPOEKT) moka-
3aHO B TaOmuIe 3 .4.
Tabmua 3.4. Otnomernme [IPOEKTEHI
HOMEP _ITPOEKTA TIPOEKT
1 Kocmoc
2 Kmvar
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B otHOmICHNH [TPOEKTH MOXKHO BBIACTUTD (PYHKIIHOHATIBHYIO 3a-
BUCUMOCTh HOMEP TIPOEKTA — IIPOEKT.

OtHotenne TPOEKTH  (HOME P TMPOEKTA, IIPOEKT) moka-
3aHo B Tabmume 3.5.

Tabmurra 3.5. OtHomenue 3AJJAYN

HOMEP_COTPVY[I- HOMEP TIPOEKTA HOMEP_3AJIAYU
HUKA -
1 1 1
1 2 1
2 1 2
3 1 3
3 2 2

B otHOmeHMy 3AAUV MOXKHO BBIACTHTE (PYHKIIMOHATBHYO 3aBHU-
cumocte {HOMEP COTPYIOHMKA, HOMEP INPOEKT} — HO-
MEP 3AIIAUN.

OTHOWIECHMS, TIONYYCHHBIE B PE3VJIbTATe ACKOMITO3HLIMH, HAXO-
aarcs B 2H®. Ornomenns COTPYIHVKM OTIEJIH u ITPOEKTH
HUMEKOT OPOCTBIE KIKYH, CICA0BATEIbHO, aBTOMATHUICCKUA HAXOATCS B
2H®, otHomcHre 3ATAHNMS UMEET CIIOKHBIN KIIFOY, HO ¢IUHCTBSCHHBIH
HEKTI04eBOH arpubyT HOMEP SAIAUM (YHKUHMOHANBHO 3aBHCHT OT
BCero kmoua { HOMEP COTPYIHMKA, HOMEP TPOEKT}.

YacTe aHOMATHH YCTPAHCHA, OHAKO, BCC CIIC BO3MOXKHBI AaHOMA-
JUH BCTaBKH, OOHOBNICHUS U yiancHus. Hampumep, B oTHOIICHHE CO—
TPYIHVKM OTIEJIL HEAB3d BCTABUTh KOPTCXK (4, Cemenos, 1,
33-22-11), T.X. IpHU 3TOM NOJIYUYUTCS, UYTO ABA COTPYAHUKA U3 OJHOTO
OTIEIa UMCIOT Pa3HbIc HOMEpa TeNe(OHOB, 2 3TO MPOTUBOPCUUT MOACTH
npeametHoU obnactu. Tawke, n3-3a nyOnuposanus uHGopManuu (Ho-
mepa TenehoHOB), OOHOBICHKE 0a3bl JAHHBIX OJHUM ACHCTBUEM Peaiu-
30BaTh HCBO3MOXKHO. [Ipy yrancHuN HCKOTOPHIX JAHHBIX HO-TIPCIKHCMY
MOJKET MPOU3OUTH NOTEPS APYrod HHPOPMALIUH.
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3.4.4 Tperbs1 HOpMasbHast popma

ATpuOYTH HA3BIBAIOTCS B3AUMHO HE3aBUCHUMBIMH, €CITH HU OJUH U3
HHUX HE ABIACTCH (PYHKIIMOHATIBHO 3aBUCUMBIM OT APYTOTO.

OTHOIICHUE HAXOAWTCS B TPeThbell HopMabHOIl (opme (3HD)
TOrAa W TOIBKO TOTJA, KOIJA OTHOLICHHUE HAXOAWTCS BO BTOPOW HOP-
MaJIBHOU (JOpPME U BCE HEKITIOUEBBIC aTPHUOYTHI B3aNMHO HE3aBHCHMBI.

Huave, Tabnuia npuBeaCHA K TPEThSH HOPMabHOM (opme, eciti
oHa cootBercTtByeT 2ZH® 1 B HEHl OTCYTCTBYIOT TPAaH3UTHUBHBIE 3aBUCH-
MOCTH.

Tpanzutupnas 3apucumMocts A — B — C ycTpanseTcs ¢ AMHCTBCH-
HBIM CIIOCOO0OM — 3a cueT BoiACcHus atpudyToB B > C (mn A —> B) B
apyryro tabnuiy. T.€. amst Toro, 4To0bl YCTPAHUTh 3aBUCUMOCTD HEKITIO-
YEBBIX aTPUOYTOB, HEOOXOAUMO MPOU3BECTH ACKOMIIOZUIIMIO OTHOIIC-
HHS HA HECKOIbKo oTHomeHui. [Ipu 3TOoM Te HekToUeBbie aTpUOVTHL,
KOTOPBIC ABIAIOTCS 3aBUCUMBIMH, BBIHOCATCS B OTACIBHOC OTHOLICHHE.

OtnHomenne COT PYIHVKY OTHEJIB, NpeACTABICHHOC B Tabnuue
3.3, He HaxoguTcsa B 3H®, T.x. nMeeTcs QyHKIHMOHATBHAS 3aBUCHMOCTD
HCK/IIOUCBBIX ATPHOYTOB (3aBUCUMOCTh HOMEpA Tene hoHa OT HOMEPaA OT-
nena). Jlns npuBeIeHUS OTHOLICHMS B TPETHIO HOpMAIbHYIO popMmy, ae-
KOMITO3UpyeM OoTHOICHNUC COTPYIHMKNM OTIEJIH Ha ABA OTHOIIC-
Hug: COTPY OHMKV, OTOEJIBL

OtHomenne COTPYIHMKM  (HOME P COTPYIOHMKA, OAMU-
JMs, HOMEP OTJIEJIA) moka3aHo B Tabmmie 3.6.

Tab6murra 3.6. Otnomenue COTPY JIHMKN

HOME;I/—I?{ZTPVH' OAMUIINYI HOMEP OTJEJIA
1 WpaHoB 1
2 Iletpos 1
3 Cujopos 2
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B otHomennu COTPYIHMKNM MOKHO BBIACIATE CICAYIOIHEC (byHK-
LUOHAJIBHBIE 3ABUCUMOCTH.
— HOMEP COTPYIHVKA — OAMWIVA;
— HOMEP COTPYIHMKA — HOMEP OTIEJIA.
OtHowmeune OTOEJIE ( HOME P OTHEJIA, TEJIE®OH) mokasaHO
B Tabymue 3.7.

Tab6murra 3.7. Otaomenue OTJ[EJIBI

HOMEP_OTJEJIA TEJIEGOH
1 11-22-33
2 33-22-11

B otHOmeHnn OT JEJIB MOKHO BBIICIHTH (byHKuI/IOHanLHon 3aBU-
cumocth HOMEP OTIEJIA — TEJIEDOH.

Cnexyer obparute BHUMaHHE, uTO aTpuOyT HOMEP OTIEJIA, He
SIBISIBIIIAMCS KIIFOUCBBIM B OTHOILICHUH COTPYJIHMKM_OTJIEJ‘[H, cTa-
HOBUTCA MOTEHIUAIBHBIM KIHOUYOM B oTHOmEeHuH OTOEJIB. UMeHnuo 3a
CUCT BTOrO YCTPAHSCTCS M3OBITOYHOCTH, CBI3aHHAS C MHOTOKPATHBIM
XPAHCHUECM OJHHX H TEX KE HOMEPOB TCICHOHOB.

Takum oOpa3om, BCe OOHAPYKCHHBIC AHOMAIHH OOHOBICHHS
VCTPAHCHBI. PCIIALIMOHHAS MOJEb, COCTOAINAS U3 YCTHPEX OTHOINCHUI:
COTPYHOHUKN, OTIOEJIE, [TPOEKTHL, SADAHNVA, — HAXOAAMHUXCS B TPC-
TbECH HOPMAIBHOU (POpME, SBISCTCS aACKBATHBIM OMHUCAHHUECM MOJCITH
MPEIMETHON O0IaCcTH.

3.4.5 AnroputM HOpMATH3ALIHH

Aroput™M HOPMATH3ALNH, T.€. TPUBCACHUs oTHOmCHUH K 3HD,
OTHMCHIBACTCS CIICIYFOIUM 00pazoMm.

Iar 1 (Ilpueegenne k 1H®). Ha nepBom mare 3agacTcst 0QHO
WJTH HECKOJIbKO OTHOLICHHM, OTOOPAXKAOIIMX TOHITHS [IPEAMETHOH 00-
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ngactu. [lo Momeau mpeaMeTHON 00aCTU BBIMUCHIBAIOTCS OOHAPYKEH-
HblC ()VHKIIHOHATBHBIC 3aBUCHMOCTH. Bce OTHOIICHHS aBTOMATHYCCKH
Haxoxarca B 1IHD.

Iar 2 (IlpuBeaenne k 2H®). Ecnu B HEKOTOPBIX OTHOIICHUSMX
oOHapy KeHa 3aBHCHMOCTE aTPUOYTOB OT YACTH CIOXKHOTO KIIKOYa, TO
MPOBOJMM ACKOMIIO3ULIHIO STHX OTHOIICHUH Ha HECKONBKO OTHOIICHUH
CIIEAVIOINM 00pa3oM: T¢ aTpUOYTHI, KOTOPHIE 3aBUCAT OT YACTH CIOXK-
HOT'O KJTFO4a, BEIHOCATCS B OTACIBHOE OTHOIICHUE BMECTE C 3TOH YacThIO
KI04a. B HCXOAHOM OTHOIICHHM OCTAIOTCA BCE KITIOUCBBIC aTPHOYTHL.

Iar 3 (IlpuBeaenne k 3H®). Ecnu B HEKOTOPBIX OTHOIICHUIX
oOHapy KeHa 3aBUCHMOCTh HCKOTOPBIX HEKIIOUCBEIX aTPUOVTOB OT ApY-
I'HX HEKIIOUCBBIX aTPUOYTOB, TO MPOBOIUM JCKOMITO3HLHUIO 3THX OTHO-
LICHUH CeayIOMuUM 00pa3oM: T€ HEKITIOUCBBIC aTPHOYTH, KOTOPHIC 3a-
BUCAT OT APYTUX HECKIIOUECBBIX aTPHOYTOB, BEIHOCATCS B OTACIBHOC OT-
HOLICHHE.

Ha mpaktuke, npu co3aaHnu TOruuecKord MOJCTH AAHHBIX, KaK IMpa-
BUJIO, HE CICAVIOT NPSMO MPHBCIACHHOMY AJITOPUTMY HOPMAIHM3ALHUH.
OmnbiTHEIE Pa3pabOTIUKH OOBIYHO cpasy cTposAT oTHolncHusS B 3HO.
Kpome Toro, ocHOBHBIM CPEACTBOM Pa3pabOTKH JTOTHYSCKHX MOZACTICH
JAHHBIX SBISIOTCA pasziauunbic BapuaHTel ER-nuarpamm. OcobGeHHOCTS
3THUX AWATPAMM B TOM, YTO OHH CPa3y MO3BOLIIOT CO3JABATh OTHOIICHHUS
B 3H®. Tem HE MEeHEe, IPHUBEACHHBIIN AITOPHUTM BayKEH 10 JBYM ITPHIH-
HaM. Bo-TiepBBIX, 3TOT alIrOpuT™ NMOKA3bIBACT, KAKUE MPOOICMbI BO3HH-
KaT mpHu pa3paboTke ¢iado HOPMAIM30BAHHBIX OTHOLICHHH. Bo-BTO-
PBIX, KaK MPaBHJIO, MOACTb MPEAMETHONW OONACTH HHUKOTAA HE OBIBACT
MPaBUIBHO pa3paboTana ¢ nepBoro mara. M3sMeHeHHs B MOAETH MOTYT
MPUBECTH K MOSBICHHIO HOBBIX 3aBUCUMOCTCH, KOTOPBIE OTCYTCTBOBAIH
B IICPBOHAYABHONW MOJACTH NpeAMETHOH oOnactu. B aToM ciyuae Heo6-
XOJUMO HCIIONB30BATh AITOPUTM HOPMATH3AIUH XOTSA OBl AN TOTO,
4100l YOS IUTHCS, UYTO OTHOLECHHS ocTtannck B 3H® u noruueckas mo-
JCJIb HE YXYALIHIACK.
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CymecTBy T U 60¢e crporue hopMbl HOpManuzanuu. Yersepras
HopMaJibHAst opMa YCTPAHSICT MHOTO3HAYHBIC 3aBUCHUMOCTH (T.C.
CBSI3U «MHOTHEC KO MHOTHM)») IyTEM BBCACHHS MOIOIHUTCIBHONU Tal-
JHILBI, KOTOPAst 3aMCHACT CBSI3b «MHOTHUEC KO MHOTHM» Ha JBE CBSI3H
«oauH ko MHOTEMY. IlaTass HopMasbHasi dopma npcaHABHAYUCHA AT
YCTPAHCHHSI 3aBUCUMBIX COUCTAHUH U YIUTHIBACTCS TOJBKO MIPH JCKOM-

MO3UIIMHU OTHOLICHUH.
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4 BBEAEHUME B SQL

4.1 Crangapt SQL

B cepeaune 70-x TOI0B, NOCAC MOABICHUS PCIISAIIMOHHON MOICTH
JAHHBIX, HAYaIach pa3paboTKa HOBOTO SI3bIKA, MPCIHAHAYCHHOTO IS
yOpasiacHus JaHHBIMU. [IepCICKTUBHBIN S3bIK PEIMLHOHHBIX 0a3 AaH-
HBIX JOJKEH OB IIO3BOJIATD:

— cozzmaBath 0a3bl JAHHBIX, TAOMHUIEL U APYTUE 00BeKTH B/I;

— BBIMOJIHATH OCHOBHBIC ONCPALIMUA PSAAKTHPOBAHUS JAHHBIX B

Tabnuuax (BCTaBKa, MOAU(DHUKALIVS U YIAICHHUE),

—  BBIMIOJTHATH 3AMPOCH TIOIH30BATE/IS K JAHHBIM, TPEOOPA3y oINS

XpaHSIIHECs B TaOMUIAX JAHHBIC B BBIXOIHBIC OTHOIICHUS.

B orauuune ot BEICOKOYPOBHEBBIX SI3BIKOB MPOTPAMMHPOBAHUS TEX
JCT, HOBBIN SI3bIK JO/UKCH ObLI paloTaTh C TPEX3HAYHOH JIOTHKOH.
Hapsany ¢ xnaccuueckumu 171 M000TO S3BIKA MPOrPAMMHUPOBAHUS T10-
HATHSIMH HCTHHA/MOKb (true u false), HeoOxoanmo ObLTO 0OpadaTeiBaTh
Tpetbe 3HaucHue Heompeaeneuuoctu Unknown (umu NULL). K tomy
JKe, TIAHHUPOBAIACH pa3padOTKa SI3bIKA, ¢ KOTOPBIMU CMOTYT paboTaTh
HE TOJIBKO MPOTPAMMHUCTBI, HO U TOIb30BATC/IH, T.C. S3bIK JOKCH ObIT
OBITh JACKIAPATUBHBIM, & HC OPOLCAYPHBIM. B COOTBETCTBHH ¢ 3THM
MOJIb30BATEIIb JIMIIh CTABUT 0A3¢ JAHHBIX 337a4y (T.. YKa3bIBACT, UTO
€My HYKHO OT 0asbl AaHHBIX), a Kakum oopazom CYB/] craneT pemnats
MOCTABJICHHYIO 337a4y, MOJb30BATE/ISI HC HHTCPECYCT.

Takum sizpikom cran sizbik SQL (Structured Query Language —
«SI3BIK CTPYKTYPHPOBAHHBIX 3AMPOCOBY») — ACKJIAPATHBHBIN SI3BIK MPO-
rPaMMUPOBAHUS, MPUMCHICMBIN sl CO3AaHus], MOIU(UKALIUH U BbI-
0opa JaHHBIX B PEISILIHOHHOM 0a3¢ JAHHBIX, YIIPABIIEMOH COOTBETCTBY -
FOLICH CUCTEMOM yIipaBieHus O0azamMu gaHHbIX [12].

IMockomeky k Hauaxy 1980-x romoB CyIIECTBOBANO HECKOIBKO Ba-
puantoB CY B/ pa3HbIX nmpou3BoAnTENCH, MPUIEM, KXKIbIH U3 HUX 00-
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Aanai COOCTBEHHON Peamn3aueii sI3pIKa 3ampocoB, ObLIO MPHHSITO Pe-
nmeHue paspaboTaTh CTAaHAAPT A3BIKA, KOTOPBIH OVAET rapaHTHpOBaTh
MCPSHOCUMOCTh mporpaMMHOTo obecrneucHus ¢ oxnoit CYB/ Ha apy-
I'VIO (IIPH YCIOBUH, YTO OHU OVIYT HOAJCPIKUBATE 3TOT CTAHAAPT).

Cranmaprom SQL cran B 1986 roxy Onarozaps AMEPUKaHCKOMY
HALMOHATBHOMY HHCTUTYTY cTanaapTos (ANSI) u MexxayHapoaHoi op-
raau3zanmu craggapruzanuu (1SO).

Hznauanero SQL G111 0CHOBHBIM CIOCOOOM PabOTHI TOIH30BATEISL
¢ 623011 JaHHBIX W HO3BOJISUT BHIIOTHATE CICAVIOIUN HAOOP OMEPaLHiA:

— coszaHue B 06a3e JaHHBIX HOBOU TaOMIIBL,

— JaobGaBneHue B TaOMHITY HOBBIX 3aITUCEH;

— U3MEHEHHE U YJAJICHUC 3AIUCEH;

— BHIOOPKA 3AIUCCH M3 OMHOU WM HECKOJBKUX TadauIl (B COOT-

BETCTBHU C 33JAHHBIM YCIOBHCM);

— HW3MEHCHHUE CTPYKTYPHI TabIHLI.

Co BpemeneMm SQL ycnoxkaumcs: oboraTuiacss HOBBIMH KOHCTPYK-
LUSMHE, 00CCTICUNT BO3MOKHOCTE OMHCAHUS U YIIPABICHUS XPAHUMBIMH
00BECKTaMH (HAIPHUMEP, WHACKCAMH, NPEACTABICHHIAMH, TPUITEPAMH H
XPaHHUMBIMH MPOLECAYPAMH), — U CTAll MPUOOPETATh YSPThI, CBOUCTBCH-
HBIC S3BIKAM MPOTPAMMHPOBAHHSL.

ITocne mosBreHMIO IEPBON Bepeny cTanaapra B 1986 roxy, oH no-
CTOSIHHO MEHSUICS U Aonousuics (tabnuna 4.1). B 1990-x rogax odunm-
aNbHO ACWCTBYIOIIMM M OOIICTPHU3HAHHBIM CTaJ CUHTATBHCA CTAHAAPT
SQL:92. Ilpakrudecku modast cepbe3Has KOMIAHUS, pa3padaThIBAOIIAS
CYB/1, crapaercs noanep:kusats TpedoBanms SQL:92.

B 1999 roay 6si1 Beimy e ouepegHoi crasaapt SQL-3 (SQL:99).
B crangapre Obiia q00aBicHA MOAACPKKA TPUTTSPOB, OA30BBIC MTPOLIC-
OVPHBIC PaCIIMPEHHS, MOIANCPIKKA PETVISPHBIX BhIpakeHHHA. Kpome
TOro, CTAHAAPT CACTAN BRKHBIU IIAr B HANPABICHUH MOJACPIKKA 00b-
extreix B/, B yactHoCTH, 306CHh OBLIM OOBSBICHBI CTPYKTYPHBIC OIPE-

ACIEICMBIC MOJIB30BaTC/ICM JAHHBIC U TUIIU3UPOBAHHBIC Ta6J'II/IL[bI.
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TaGmura 4.1. Craggapr SQL

Tox Ha3sBanmne H3MmeHeHIsT
1986 | SOL-86 IlepBprit Bava/IaHT CTaHJ[apTa, IPUHATHIN HHCTUTYTOM ANSI 1
o100penssIit ISO B 1987 roy.
1989 | SQL-89 Hemuoro popaGoTaHHBIN BapHaHT IIPEABLIYIErO CTaHAapTa.
1992 | SQL-92 3aaunrensHple u3MeHeHus (1SO 9075).
JloGaBneHa 1ojiepKKa peryJsipHBIX BEIPOKEHHUN, PEKYPCHB-
1999 SQL:1999 HBIX 3aIIPOCOB, IIOJJIEPKKA TPUITEPOB, 0a30BbIE MPOIIEIYP-
/SQL-3 HbIE PaCcIIUPEHUs, HECKAISIPHBIE TUIIHI JJAHHBIX U HEKOTOPBIE
00BEKTHO-OPUEHTUPOBAHHBIE BO3MOKHOCTH.
Baenenn! pacnimpenust a3t paGoThl ¢ XML-1aHHBIMHA, OKOH-
2003 | SQL:2003 Hble (QYHKIIMY, TeHepaToOPhl TOCTIeNOBATEIHHOCTEH U OCHO-
BaHHBIE HA HUX TUITBI JJAHHBIX.
OYHKIMOHATBHOCTH PadoThl ¢ XML-IaHHBIMU 3HAUUTEITHHO
2006 | SQL:2006 pactmpeHa. [losBUIach BO3MOKHOCTh COBMECTHO UCIIONB30-
Bath B 3arpocax SQL u XQuery.
2008 | SQL2008 VYiIyuIeHbl BO3MOKHOCTH OKOHHBIX (YHKIIWHM, yCTpaHEHBI
HEKOTOPbIe HEOMHO3HAUHOCTH cTaHapTa SQL:2003.
2011 | SQL2011 PeanuzoBaHa mojjiepkka XpOHOJIOTHYECKUX 0a3 JTaHHBIX
(PERIOD FOR), oiepxxka koucTpykimu FETCH.
2016 | SQL:2016 3anmTa Ha YPOBHE CTPOK, IOIUMOPQHBIE TaOIUIHbIE QYHK-
iy, JSON.

O,Z[HaKO MHOTI'UC CIICHUATUCTBI YKa3bIBAJINU Ha HC3ABCPIICHHOCTDH

crangapra. Bo maOTOM 1o 310# nprauHe B 2003 roxy K BOMPOCy MoACp-

Huzatmu SQL BepHyuch BHOBb. B 0OHOBICHHEBIN cTaHAAPT ¢ HEOOXO-

JAUMBIMU U3MCHCHUAMU BOIILIW BCC YaCTHU MPCKHCTO CTaHAapTa U ObLIH

MPCACTABJICHBl PACITUPCHUS IS B3aUMOJCHUCTBHS ¢ sA3BIKOM Java u

XML-gaHHBIMHA.

IMocme 2003 roma ouepenusic Bepcuu crangapra SQL Beixomumn

MPUMEPHO pa3 B 3—5 JeT, Nocae AHUM cTanaapToM cuuraetcs SQL:2016,

KOTOPBIH BOOpas B ceOst HApaOOTKH BCEX CBOMX MPEAIIICCTBCHHUKOB. B

craHmapt ObLau m00aBiacHBI OKOHHBIC (yHKIHMH, nogaepxkka JSON u

JPyTUE BO3MOKHOCTH.
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Ilo Tpaaummm, kak u co MHOTHMHU cTaHAapramu B I T-uHIyCTpHN, C
si3pikoM SQL BO3HHKIA NPOOIEMa; Ha KAKOM-TO 3TANE MHOTHE MPOU3BO-
qutenu ucnonb3yiomero SQL mporpammuoro obecneucHus (I10) pe-
LAY, YTO (PYHKIMOHATBHOCTD B TEKYIICH (HA TOT MOMCHT BPEMCHH)
BCPCHH CTAHIAPTA HEJOCTATOYHA, U €¢ KEJIATeIbHO paciuupuTh. B pe-
3yNBTATES Y PA3HBIX MMPOU3BOIAUTEICH CUCTEM YIIPABICHUS OazaMu JaH-
HBIX B XOAy pasHbic Auancktel SQL, B o0memM ciayuae MEkay coOoi
HECOBMECTUMBIC.

Kak crnenctBue cTaHAapT B CBOKO OYEPEIb HE MOCMIEBACT 3a MPOH3-
BOAUTE/ISIMH, a 3TO HEMHHYEMO BEJCT K MOSBICHHUIO PA3IHYHBIX BETBCH
SI3BIKA, UTO C KAKIABIM rO0M BCE 0oJice 1 0016 MUHUMHU3HUPYET BEPOSIT-
HOCTh nosiBicHus pegakumu SQL, oxrosnauno Ha 100 % moxaepskusa-
eMol BceMu pazpaborunkamu [10.

Mo3>kHO BBIACTUTD CICAYIOIINE TpeuMynecTna si3pika SQL:

1) wnezaBucumocts oT koHKpeTHOH CYBJl. HecmoTpst Ha Hamvume
JUAICKTOB U PA3IHYUi B CHHTAKCHCE, B OOJIBIIMHCTBE CBOEM
SQL-3anpocel MOryT OBITh JOCTATOYHO JETKO MEPCHECCHBI U3
oxuoit CYBJ] B apyryio. EcrecTBeHHO, 9TO MpH NPUMCHCHUH
HCKOTOPBIX CICHU(PUUIHBIX [T PeATU3AIMH BO3ZMOKHOCTCH Ta-
KOH HEPECHOCUMOCTU TOOUTHCS Y3KE OUCHD TPYIAHO,

2) Hanuuue craHaaproB. Hamuume cranmapToB u HaOopa TECTOB
JUTSL BBISIBJICHUSI COBMECTHMOCTH U COOTBETCTBHUSI KOHKPCTHOMH
peamuzanmu SQL oOLICTIPHHIATOMY CTaHAAPTY CIIOCOOCTBYET
«crabumuzanuny s3eika. [IpaBaa, cTouT oOpaTUTh BHUMAHUE,
4TO CaM Mo ce0e CTaHAAPT MECTAMU CITUIIKOM (hOPMaTH30BAH;

3) mexnaparuBHOCTh. C omMoinpo SQL mporpaMMuCT ONMUCHIBAST
TOJIBKO TO, KAKUC JAHHBIC HY:KHO H3BJICUb WM MOAU(PHUIIHPO-
Batk. To, kakum obOpaszom 310 caeiarsk, pemact CYB/] neno-
cpeacTeHHO npu oopabotke SQL-3zampoca. Ho, koHeuHO, mo-
ae3Ho mpeacrasiath, kak CYBJ] Oyaer pasbupars TeKCT 3a-
mpoca. YeM croxkHEe CKOHCTPYHPOBAH 3ampoc, TeM O0bIIE OH
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A0MMYCKaCT BAPHUAHTOB HAIMUCAHUS, PASIUIHBIX 110 CKOPOCTHU BbI-

NOJTHCHUA, HO OAUHAKOBBIX IO UTOTOBOMY Ha6opy JAHHBIX.

K vegocratkam sizpika SQL MOKHO OTHECTH CIICAYIOLIKE:

1)

2)

3)

4)

HECOOTBETCTBUE PEILHOHHOM Moenu qanHbeix. Co3nateny pe-

JSALUHOHHOW MOJCTH W MX CTOPOHHUKH VKA3bIBAIOT HA TO, UTO

SQL He sBASCTCS HCTHHHO PE/LILIMOHHBIM SI3BIKOM. B wgacTHO-

CTH, OHHU YKa3bIBAIOT Ha creayiomue aedexror SQL ¢ Touku 3pe-

HUS PESLMOHHON TEOPHUU:

— JONYLICHHE CTPOK-AYOMHKATOB B TAOMULIAX U PE3yJIbTaTax
BBIOOPOK, YTO B paMKax PEISILHOHHOW MOJCIH JAHHBIX HE-
BO3MOXKHO H HEJOITyCTUMO;

— moaxep;xkka Heonpeneaéuunix 3HadcHuii (NULL), cosxaro-
mas GaKTHICCKH MHOTO3HAYHYIO JIOTHKY

— 3HAYMMOCTh MOPAIKa CTOIOLOB, BOBMOMKHOCTh CCBHIIOK Ha
CcTOa0LBI 0 HOMEPaM (B PEISIHOHHON MOJACIH CTOOLBI
JOJDKHBI OBITh PABHOIIPABHEI);

— JomyleHue cronduoe Oe3 MMCEHH, AYOMHUPYIOIMUXCS HMEH
CTOJIOIIOB;

CIOKHOCTE A3bIKa. X0Tsa SQL 1 3axymbIBancs kaxk cpeacTBo pa-

0OTBl KOHCUHOTO TMOJb30BATENS, MO3KE OH CTal HACTOIBKO

CJIOKHBIM, YTO MPEBPATHIICS B HHCTPYMCHT IPOrPAMMHUCTA;

OTCTYIUICHHUS OT CTaHAapTOB. HecMOTpsI Ha HammIMe MEXXIyHApOI-

Horo cranaapta ANSI, mHorue paspaborunku CYB]] BHOCAT 13-

MeHeHus B s3Ik SQL, npumensemerii B CYB/, Tem cambiv oTeTy-

mast oT craHgapTa. TakuM O0pasoM MOSIBISIFOTCS CHCLM()HYIHBIC

st kakaon koukpetaoit CY BJ] quanexrsr s3pika SQL;

CIIOJKHOCTE PabOTHl € HCPAPXHUUCCKUMH CTPYKTypamu. Panee

muanektel SQL Oomeiuactea CYBJl He mpennaranu cmocoba

MaHHUIYSIAA JPSBOBUAHBIME CTpYKTYpamu. Hekoropsie mo-

crasimku CYB]| mpepnaranu csou pemicaus. B HacTosmiee

Bpems B ANSI crangapTuzoBaHa peKYpPCHUBHAS KOHCTPYKLIUS

WITH.
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4.2 Boszmozxknoctu SQL

PaccmoTpuM BO3MOXKHOCTH, KOTOpEIE HpeaocTaBmseT s3bik SQL.
Cpasy ormetuMm, uro SQL HE paccMmarpuBacT 3aqaduu, CTOSIINE MEPET
NPUKJIATHBIM B TEM 00JIee CHCTCMHBIMH MPOrPAMMUCTAMH, TAKHE KaK
peanu3anys HU3KOYPOBHEBBIX OINCPALUi BBOAA-BBIBOAA, BOIPOCH! IO-
CTPOCHUS MONb30BATEIbCKOrO HHTEpdEica, OpraHu3auy padoTH ¢ Tie-
pudepuitaeiMu yeTporicteamu B ToMy nogodnoe. T.e. SQL sto He 3a-
MCHA TPAAULIHOHHBIM SI3bIKAM IPOTPAMMHUPOBAHHSI.

S3pik SQL  BBICTYMACT HEOTBEMIICMOH YaCThIO PEIILMOHHBIX
CYB/I u npuMeHsieTCst TOABKO B 334adax o0paboTku AaHHBIX. B o0mem
cIIydac MOXKHO BBIACTHTE creayiomue 3agadu SQL: onpenencHue nan-
HBIX, MAHHUITYJHPOBAHHUC AAHHBIMH, OTPAHHYCHUC JOCTYNA K JAHHBIM,
VIIPaBJICHHE KyPCOPOM H YIIPABICHHE TPaH3aKIUCH (PUCYHOK 36).

(DDL) MaHunynvpoBaHue MocTpoeHue K AaHHIM

3anpocos

I I
OnpegeneHne AaHHbIX OrpaHuyeHue aoctyna
AaHHbIMK

(DML)

Ynpasnenve
Ynpasnexue kypcopom -
TpaH3aKumeit

Pucynok 36 — Bosmoxnoctu SQL

Omnepanyy onpeaencHus JAHHBIX PEaTn3yIOTCS CPEICTBAMH MOAb-
s3pika onpeaencHus nanubix (Data Definition Language). S3sik Hane-
JICH Ha PCLICHHC BOMPOCOB CO3AAHHS M VAANCHUS 0a3bl JAHHBIX U €€
0OBCKTOB. TaOIHL, NPCACTABICHHH, WHACKCOB, Kypcopos. Mcmomeay-
roTcs oneparopel CREATE, ALTER u DROP.

Manunyauposanue nanasivu (Data Manipulation Language) obec-
MCYNBACT NPOBEACHUC OTICPALIUI BCTABKH, PCIAKTHPOBAHHUS H YIATCHUS
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JaHHBIX U3 Tadaui 0azel AaHHbIX. s Mogudukamy JaHHBIX UCTIOb-
3vIOTCA KoMaHael INSERT, UPDATE u DELETE. Haubonee Boctpebo-
BaHHas dactb DML, ocHoBanHasg Ha MHCTPYKIMKM SELECT, TIO3BOISAET
W3BJICKATh JAHHBIC M3 OJHOH MM HECKOIBKHX TaOIHULI.

OrpaHnveHHe JOCTYIA K JAHHEIM — 3TO ONpeAcicHUe Habopa npas
MOJIB30BATENICH Ipu paboTe ¢ 0ObekTaMu 6a3sl JaHHBIX. OCHOBHBIMH KO-
MaHJAaMH ABIAIOTCA KOMaHAbl GRANT, REVOKE u DENY.

VmpaBieHue KypcopoM MO3BOMSICT 00padaTeiBaTh JAHHBIC IO-
cTpouno. 3amaua penracTes 3a cuet komanq DECLARE, OPEN, FETCH u
CLOSE.

Haxonen, xoMaHgsl YIPaBICHWS TPaH3AKIMEH BKIIOYAIOT HH-
cTpykuu SET TRANSACTION, BEGIN TRANSACTION, COMMIT mn
ROLLBACK. S3bIK MO3BOISACT ONMPEACIATh VPOBCHD H30JISAIIMHA TPAH3AK-
LIHH, HAYWHATh, PUKCHPOBATh WM BO3BPAINATh TPAH3AKLHUIO B HCXOTHOC
COCTOSIHHE.

4.3 Tunbi xanabix B SQL

3HAKOMCTBO C SI3bIKOM HAYHEM C PACCMOTPCHHUS NOAACPKHUBACMBIX
vM THNOB faHHBIX. Ha pucynke 37 npeacTasieH nepeueHb CTaHIapTHRIX
tunos gauHbix SQL. CYB/I, moaaepskusaromiue crangapt SQL:92, pea-
JU3VIOT HA0OP THUIOB AAHHBIX, KOTOPBIA BKIIOYACT B ¢0sI TOUHBIC YHC-
JIOBBIC THIIBL, MIPHOTMKECHHBIC YUCIOBBIC TUIIBI, THITH A1 pabOTHI C Ja-
TOH U BPEMCHEM, BPEMCHHBIC HHTCPBANEI, JOTHUYCCKUEC THITBI JAHHBIX,
CTPOKH CUMBOJIOB M OUTOBBIC CTPOKH.

Ecmu CYBJ] coBmecTuma ¢ 60j1€€ HOBBIMH CTaHIAPTaMHU, TO K TIC-
peUHI0 100aBIsSETCs SIe HECKOIbKO TuoB. B cranxapre SQL:2003 ux
HA3BIBAIOT HEMPEIONPEACICHHBIMU U AaXKE O0JIEE dKECTKO — TUIIAMH JaH-
HBIX, He oTHOCsmuMuc K SQL. C HekoTOpoii CTENEHBIO AONYIICHUS UX
MOJKHO TPUYHCIUTh K CTPYKTYPHBIM THIAM JAHHBIX, UMCIOIIUMCS B

GONBLIMHCTBE BHICOKOYPOBHEBBIX SA3bIKOB IPOIPAMMHPOBAHHSL: 3TO KOJI-
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JICKOUH, TOCJICA0BATCIIBHOCTHU, TUIIBI JaHHBIX, ONPCACIACMBIC TIOJIb30-

BaTCJICM, B CCBLJIOYHBIC THIIBI.

| L:2016 |
l:l e Bl EIEER I:

Tourste BpemenHoii unrepaan THne! KOANERWH
{exact numeric) (intervals) {collections type)
D s

Uensie BewecTseHHsle Toa-mecal fews

¢ SMALUNT ¢ wumERIC ) 7 INTERVAL YEAR ) 7 INTeRvALDAY 3

T ONTEGER > < DEGMAL CINTERVAL MONTH > < INTERVAL HOUR NocneaosarensHocTy
. 2 = = = = = : (row types)

O memr CINTERVAL MINUTE

(inTERVAL s£COND ) Row

Norneckye
(booleans)

¢ sootean 3

Moubnnensbe BHTORKIE N0EREAGRATEALHOCTH
(approximate numeric) bz strings}

Tonbsosarensexme
(user-defined types)
T Ay L

STRUCTURED TYPES. \J— DisTINCTTYPES )
A LGE Ty
_oucciiowe )

¢ DOUBLE FRECISION J— ¢ eTvarvinG — Cebiiounbie
= = == = (reference type)
CTpok# camecaos [laTa W Bpema
{characters strings) (datetimes) Gl

(XML type)

Unicode
1SON
S| e ; USON type)

TIME P,

WAL < row [ e

ot )

Pucynok 37 — Twrmsl 1aHHBIX

Kpome toro, coppemennsie cranaaptel SQL crocoOHbI paboTath ¢
MOMYSIPHEIMU ceroans dopmaramu AaHHbIX XML 1 JSON.

THIBl JaHHBIX HCHOIB3YIOTCS, BO-TICPBBIX, HPH OIMPSACICHHU
cTonOnoB Tadnuu. Bo-BToprIX, MpH 0GBSIBICHHN EPEMEHHBIX B XPaHH-
MBIX MPOLCAYPaX, QYHKIUIX, ONPEACTICMBIX MMOIb30BATCIICM, H TPHT-
repax. B-tpereux, mpu opraHuzanyy oOMEHA JAHHBIMH MEXIY Oazou
JAHHBIX U KJIUCHTCKUM TPUIOKCHHCM.

4.3.1 TouHbIe YHCJIOBbIE THIIbI

TouHbIC YNCTOBBIC THITHI PEAHAZHAUCHBI 7151 00PAOOTKH LCIOUHC-
JCHHBIX 3HAYCHHUH U 3HAYCHUH, UMCIOIIUX APOOHYIO YacTh, O€3 MOTEPh

TOYHOCTH. HpI/I 3aAaHHUH TAKOIro THIIA JAaHHBIX H€O6XO,Z[I/IMO yKasarb ABa
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apryMeHra: TouHocth (n) W macmTad (m). TounocTe 3amaer obiee
YHCIO 3HAYAIUX HUPP, UCTIOIB3YEMBIX MPU OTOOPAKCHUH Yucaa. Mac-
mtad ONMpeACSICT YHUCIIO 3HAYAINMX LU(P CIpaBa OT ACCATHIHON TOUKH.

EXuHCTBEHHBIM JOMOIHCHHEM K HaOOpPY TOYHBIX YHUCIOBBIX JaH-
HBIX, CYIIECTBOBABIINX C MEPBHIX Bepcuii ctanaapta SQL, cran BBeaeH-
seiii B 1999 roay tun xansaeix BIGINT (tabnuua 4.2).

Tabmua 4.2. TouHble YHMCIOBBIE THIIHI

Crennpurxanusi Onuncanne

NUMERIC
TouHoe o, onMCcHBaegMoe apryMeHTaMe 11 ¥ 1.

[(n[;m])]

DECIMAL [(n[.m])] | B ommunre or NUMERIC, crioco6HO XpaHUTh YUCIO

WIH JiajIbITie ¢ GOJIBITIelt TOYHOCTEHIO, YeM OTIPEJICNICHO B apry-

DEC [(n[,m])] menre m. [Tosromy rosopsr, uro NUMERIC 3azaer peains-
Hoe 3HaueHre TouHocTH, a DECIMAL — MuHuMansHOE 3Ha-
YeHHE TOUHOCTH.

BIGINT Tun maHHBIX, Ipe/THAa3HAYEH IS XpaHEeHUs OOJIBITIHX IIEIBIX

ymcen (00biHO 64 6uT). Tursl JaHHbpIX BIGINT, INTEGER
u SMALLINT sBIsoTCs YacTHBIM CITyyaeM THITA JIAHHBIX
NUMERIC, y xoToporo mMacmtal ycTaHOBIIEH B 0, a TOu-
HOCTB ollpeJiesieHa BozMoxkHocTsIMU CYBJI.

INTEGER wim INT | Twurn gaHHBIX, IIpe/JHa3HAUYEH JUISL XPAHEHHUS 11€TIhIX YHCET
(o0bruHO 32 OHT).

SMALLINT Ty maHHBIX, TIpeHA3HAYEH TS XPAHEHUS MalbIX I1EIhIX
ymcen (00biHO 16 OHT).

4.3.2 llpubauskeHHbIE YHCIOBbIE THIBI

[TpuOnrKeHHBIE YHCTOBLIC THITBI MPEACTABISAIOT cOOOM THUI AaH-
HBIX JJIsI ONPEACICHUS YUCE C INABAKOIIECH TOUKOM, OCYIICCTBISIOMUN
XpaHCHHE YHCTa B HAy4YHOM (popMmare (MaHTHCCA IUTIOC MOPSAOK) (Tad-
aura 4.3).

Tunsl ganHbIX real U double precision xpanar npubnu-
JKEHHBIC YHCIOBBIC 3HAYCHUS C MIEPEMEHHOW TOYHOCTBIO. OOBIYHO 3TH

THIBI PEATH3YIOT CTAHAAPT A7 ABOUYHOW apUMETHKH C ITaBarOIei
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TOYKOU (C OJUHAPHOU U ABOHHONM TOYHOCTHI) COOTBETCTBEHHO), B TOMU
MEPE, B KAKOU €ro MOAACPKUBAIOT MPOLIECCOP, ONCPALIMOHHAS CUCTEMA
U KOMITHJISITOP.

HeTtouHoCTh 348Ch BRIPAKACTCS B TOM, YTO HCKOTOPHIC 3HAUCHHUS,
KOTOPBIC HEJIB3s MPEOOPa30BaTh BO BHYTPCHHUE (HOPMAT, COXPAHSFOTCS
MPUOIMKEHHO, TaK YTO MOMYYCHHOS 3HAYCHHUE MOKET HECKOJIBKO OTIIH-

HaTbCsa OT 3aITHUCAHHOTO.

TaGmura 4.3. 1puOmKeHHbIE UMCIIOBBIE THIIB

Crennpurxanusi Onuncanne
REAL Tounocts u nipesien 3HaueHui 3aBucat ot CYBJI. Kaxk mnpa-

BWIO, 3aHUMAET B TAMATH 6 GaliT ¥ B COCTOSIHUY XPaHUTh
ymclo B uHTepBate ot —3.4E — 38 o +3 4E + 38 ¢ TouHo-
CTBIO 1o 7 1 (p TIOCTIE 3aIsIToM.

FLOAT [(n)] ApPryMeHTOM 1 OIIpeieNsieTcss MUHUMAIbHOE 3HaUeHHE TOU-
HocTH. OGBIMHO I10/Ipa3yMeBaeTcs] XpaHEHHe YHCe C O/TH-
HapHOU TOUHOCTHIO, 4 OaliTa.

DOUBLE Tounocts onpegensiercs Bepcuett CYB/I, pepbiaer Tou-
PRECISION HocTh REAL (00bIMHO, 8 OaiiT).

Tun maHHBIX CTIOCOOEH XpaHUTh YUCIIO B HHTEepBaie oT 1,7E
—308 g0 +1,7E — 308.

4.3.3 Jloruuyeckuii THII

Jlormyeckuii THIT JaHHBIX sA3b1Ka SQL 0TAM9IaeTCs OT COOTBETCTBY-
IOLICTO TUIIA B CTAHAAPTHBIX S3bIKaX MporpaMmMuposanusa. OcoOeHHOCTD
3aKJIFOYACTCS B TOM, YTO JBA KJIacCHUeCKuX dmemeHTa (true/ false) Oye-
BOM JIOTUKH 3ACCh OOIMOJHCHBI TPCTHbUM 3HAUCHUCM — HCOIIPCACICHHO-
cteio Unknown (uun NULL). Kak crieacTBue 1orvka CTaHOBUTCS 00J1€e
CJI0KHOM — TPEX3HAYHOM.

ITonsarne NULL-3HaucHNS BBOAMNOCE B pasacne 2.4.1 mpu pac-
CMOTPECHHUH BOTPOCOB IICJIOCTHOCTH AAHHBIX. TaOauIIbl HCTHHHOCTH TSt
TPEX3HAYHOU JIOTHUKH ObLTH HPEACTABICHBI HA pUCYHKE 15.
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4.3.4 CTpoKoOBbI€ THIBI AAHHBIX

CTpOKOBBIC THITB JAHHBIX, OMPCACICHHBIC B CTAHAAPTE, NPESACTAB-
nensl B Tabmuue 4.4. CHAR npeacraBnser coOoli cTpoky GUKCHPOBaH-
Ho# mmnbl. Eciin B mone tTuma CHAR 3anmceiBacTca TEKCTOBOE 3HAUE-
HHEC MCHBILCTO Pa3Mepa, YeM Pa3MEPHOCTD OIS, TO OCTABIIHECS O3H-
LMK CUMBOJIOB 3aMOJTHATCS MPOOSIAMH.

VARCHAR npeacraBmsieT co0Oil CTPOKY MNEPEMCHHOM JIHHBI.
IMpenmymmecTBo Takoro tumna nanubx Hag Tunom CHAR szaxirouaetes B
TOM, YTO 3[CCh MYCTHIC MO3ULMH HE 3AMOJHSIIOTCS MPOOSIaMH H, COOT-
BCTCTBCHHO, Tabuia TpeOyeT MECHBLICTO pa3Mepa ONCPATHBHOM U ANC-

KOBOH ITAMSATH.

TaGmura 4.4. CTpOKOBBIE THITHL

Crennpurxanmst Omcanne

CHARACTER [n], umu co- | TuI 1aHHBIX NIpe/iHa3HAYEH YIS CO3/[aHUS TEKCTOBOM
KpaIreHHo CTPOKY HUKCHPOBAHHON JUTUHBI, IOTIOTHEHHAS IIPO-
CHAR|n] Oenamu. KolnuecTBO CHMBOIIOB B CTPOKE OIIpEJICTIs-

€TCs B KBaJpaTHBIX cKoOKax 1ocie YKaszaHuA TUIla

JIAHHPIX.
CHARACTER VARYNG TexcroBas cTpoka IlepeMeHHOU JITUHBL. Makcumanb-
[n], o coxpareHHO HBII pa3Mep CTPOKHU OIIPEJENSIeTCsl B KBa/[PaTHBIX
VARCHAR|n] CKOOKax.
NCHAR|n], CTpOKH HaIMOHAIBHOTO CUMBOIILHOTO Habopa
NCHAR VARYING [n] (NATIONAL). Ilpu ucrnionb30BaHuM cleyeT yKa-

3aTh CIIEIMPUKAIHIO HaGopa CHMBOJIOB, BOCIIONH30-
BaBImch komaHgoit CHARACTER SET.
(NATIONAL) CHARAC- IIpemHa3HaueH Ui OIpeeleHUs CTOIOIOB TalIIuIl,
TER LARGE OBJECT [n], | xpassiux GOIIbIME IPYIIIHI CHMBOJIOB.

wm CLOB|n]

B CTaAaHIAPTC TAKKC OIPCACIICHBI TUIIBI AAHHBIX IJI1 XPaHCHUA
HALMOHAIBHOTO CUMBOJIBHOTO Habopa. It Takoro TUma JaHHBIX HEOO-
XO0AuMO 3a1aBaTh UCTIOJIb3YyCMYIO KOAUPOBKY. M e JAHHBIX JJIA Xpa-
HCHHS TEKCTOBOH MHGOPMALUH OOJIIIOro 0ObeMa.
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U xoneuno paszusiec CYBJl nogaepkuBaroT 1OMOJHUTSIbHBIC THIIBI,
HanpumMep, Tan AaHHeiX TEXT B MySQL u Postgre SQL.

4.3.5 butoBble MOCJaE€10BATEIHLHOCTH

butoBag nmocacA0BaTCIRHOCTE MPEAHAZHAUCHA IS XPAHCHUS JTIO-
Ooti gBouuHOM MHPOPMAIUH. THUIT JAHHBIX YHUBEPCAJICH U TMO3BOJSICT
OTIMCHIBATh KaK MPOCTCUIINEG JOTHUYCCKUC JAHHBIC, TAK U CJIOKHBIC 00b-
SKThI, HANpuUMEP, (hakliibl My TbTUMEANA.

Tak k¢, Kak U I CTPOKOBBIX THIOB AAHHBIX, MOAACPKHUBAIOTCS
OHTOBBIC MOCICAOBATSIPHOCTH (BUKCHUPOBAHHON [JTHHBI, MEPCMCHHOMN
JUTHHBL 1 TIOC/ICI0BATC/IbHOCTH, PSAHAZHAUCHHBIC /IS XPAHCHUS OO0Tb-
umx 00bekToB (Taduia 4.5). OcoOCHHOCTD THNA JAHHBIX (PUKCUPOBAH-
HOM JguHbl BIT coCcTOWT B TOM, UTO MOMBITKA 3aIUCATh B MOJIE 3TOTO
THIIA 3HAYCHUS MCHBIICH JJTHHEBL, UCM YKA3aHO B QPTYMCHTE N, IPUBCACT

K OLIUOKE.

Tabma 4.5. BUToBBIE TTOCTIETOBATEILHOCTH

Crennpurxanmst Onuncanne

BIT [n] Burosas ocneoBaTenbHOCTh GUKCUPOBAHHOMN UTUHEL Ap-
TYMEHT 1l yCTaHABIMBAeT JUIMHY TI0CIIE/[0BaTebHOCTA B OU-
Tax. Eciy apryMeHT oTCyTCTBYET (WM YCTaHOBIIEH B 1), TO
THII JJAHHBIX HCTIOTb3YETCs UL I10J1e IOTHIECKOT O TUIIA.

BIT VARYNG [n] buropas nocieioBaTeNsHOCTh IEPEMEHHOH JUIUHBL, N — MaK-
CHMAJIBHOE 3HAUEHHE GUTOBOM ITOCIETOBATELHOCTH.

BINARY LARGE Tun maHHBIX IpeiHA3HAYEH 1L XpaHEHUS OOJIBIX 00bEeK-
OBJECT [n], ToB. Hamprmep, daiitoB MymsTUMEMA U M300paKeHUI.
BLOB [n]

4.3.6 laTa u Bpemst

3a omucaHue 3HAYCHUI AaTbl U BpCMCHHU OTBCUACT IIATH TUIIOB AaH-
HBbIX. COOTBGTCTBCHHO, MOXKHO XPaHUTHb TOJBKO AATY, TOJIBKO BPCM:,

AaTy U BpEMd OAHOBPCMCHHO, a TAKXKC JOIMOJTHUTC/IIPHO MOYKHO YKa3aTb
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BpPeMCHHY0 30HY (Tabauna 4.6). Jlara npeacrasiasercs B dopmare 00-
MICTIPUHATOTO B OONBIIMHCTBE CTPAH MHPA IPUTOPHAHCKOTO KaJCHIaPs.

TaGmwra 4.6. Jlata u Bpems

Crenupurxanusi Onuncanne

DATE Ty maHHBIX BKIFOYAET TPH IIOTISL:

YEAR (rox) — or 0001 10 9999; MONTH (mecsr) — ot 01 j1i0
12; DAY (nmenp) — ot 01 jio 31.

®Gopmar zammicu: «yyyy—mm-—ddy.

TIME [(n)] Ty manspx Brouaer Tpu moist: HOUR (vacer), MINUTE
(MuHyTHL), SECOND (cexyHpl). Ecim apryMeHT TOUHOCTH
(1) He oIpeJieNieH, TO TIOJIHOE YHCIIO TTO3UIMI (BMECTe ¢ pas-

JICTIUTEISIMA ) PABHO 8.
®Gopmar 3armcu: «hh:mm:ssy.

TIMESTAMP [(n)] | Merka JaTel-BpeMeHH, IIpeICTaBILIONIAs co00i KoMOHHA-
1o TuroB JaHHbIX DATE u TIME.

TIME WITH Twn ganmwix a"anoruvueH TIME 1mmoc ABa JOIOTHHUTEIHHBIX
TIME ZONE 3HAYCHUSI, XapaKTEPU3YIONMX CMEIEHHE OT | pHHBHYCKOTO
MepumaHa B yacax TIMEZONE HOUR u munyTax
TIMEZONE MINUTE.

TIMESTAMP Merka JaTel-BpeMeHH IDIIOC CMENeHUE OT | pruHBUYA.
WITH TIME
ZONE

4.3.7 HenpeaonpenejaeHHbIE THNBI JAHHBIX

BoapIIMHCTBO HECTAHAAPTHBIX, WIIH, KaK HX CIIC HA3BIBAKOT, HE-
MPEIONPESACACHHBIX THIIOB JAHHBIX, BouLIO0 B coctaB SQL cpaBHu-
teapHO HeaasHO. B SQL:1999 nossunace cneuudukaims KOUICKIHNA U
Maccuba, a B SQL:2003 k crangapty 1006aBUIOCH MYIbTHMHOMKECTBO.
Kpowme Toro, ctangapt 100aBHI TAKHE TUIIBI, KAK MOCICI0BATCIPHOCTH,
0JIb30BATE IbCKUI THII, TUIT JaHHBIX XML, JSON # CCBIIOYHBIH THII.

OcHOBHAsE OCOOCHHOCTh HEHPEAOIPEACICHHBIX THIIOB B TOM, UTO
Jaxe B aehcTByromeM craHgapre SQL ux Ha3pIBarOT THIAMU JAHHBIX,
He cootsercTByrOmME SQL. HecooTBeTcTBHIT MHOrO, HO IiaBHOC —
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HapyHICHUC Tp€6OBaHI/IH K aTOMapHOCTU OaHHBIX, KOTOPOC MPCATIHUCHI-
BaeT, YTOOBI B OJAHOH SUCHKE TAOIUIBI XPAHUIIOCh CIUHCTBCHHOS HEC-
JMMOE 3HAUCHHC.

MaccuB, MYTBTUMHOKECTBO U MOCICIOBATEIBHOCTh HENb3S Pac-
CMaTpUBAaTh KakK aTOMaprII\/'I THII, U CCJIIA TAKOH THII JAAHHBIX OTIPCACIIACT
KOJIOHKY TaOJIHUIIBI, TO CPa3y BO3HUKHYT MPOOJCMBI HOPMATHU3ALINN JAH-
HBIX. YKAa3aHHOC MPOTHBOPCUME MOSBUJIOCH M3-32 CTPESMJICHHS pas3pa-
OOTYMKOB CTAHAAPTA PACLIHPHTD BO3MOMKHOCTH PEILIHOHHBIX 0a3 Imo
XPaHCHHIO JaHHBIX U, B MICPBYIO OYCPEIb, Pa3pelinTh XPAHUTh B Oa3se
JAHHBIX CJOKHBIC OOBCKTHI, YTOOBI TIO3BOIUTh Pa3pabOTIHKAM CO31a-

BaTh OOBCKTHO-PEISIIMOHHBIC 0a3bl JAHHBIX.

4.4 Onepatopsl

B SQL cymecrByeT ctaHaapTHBIH HA0OP ONECPATOPOB, MPUMCHSIC-
MBIX U1 OCYLICCTBICHHUS MATCMATHYCCKHUX, JIOTHYCCKHUX OMCPALvi,
ONepalMi CPaBHEHUS U APYTUX ONEpaLui.

Onepanus IPUCBAUBAHUS, «=», PEIKE «=».

ApudMeTHuecKre OnepaTophr:

—  «+» CIOKEHUE,

— «—» BBIYUTAHHC,

— «*» YMHOXKCHHC;

—  «/» #encHuE;

— «DIV» LeI0YHCICHHOrO ACICHIUC,

— «%» (MOD) ocrarka OT AenCHUS.

Muorue auanexktol SQL moaaep:KuBarT ONepaTopsl HEIOUHUCICH-
HOTO ACJICHHUS U OCTATKA OT ACACHUS. 34 HCOOBIINM UCKITIOUCHUCM, B
Ka4YeCTBE OMEPAHAOB JOJIKHBI BRICTYNATH TOABKO uncia. Kpome toro,
apu(GhMETUUICCKUE OMEPATOPhl MOTYT HCIONIB30BAThCS MPHU padoTe ¢ Ta-

KUMHU TUIIAMU JAHHBIX, KaK OaTa, BpCMs U HHTCPBAJL.
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Szpix SQL Taxke noanep:kuBacT CTAaHAAPTHBIN HEPSUCHD JTOTHYC-
CKHX OTICPaTOPOB:

— AND - moruueckoe ymuoxkenue («M»);

— OR - noruueckoe cnoxenne («AJIN»);

— NOT - noruueckoe orpunanue («<HE»);

— XOR - ucxmouaromee «AJIN».

Oneparopsl CPaBHCHHS TAKAKE SBIISIOTCS CTAHJAPTHBIMU:

—  «<» MCHBIIE,

— «>» OombIIE;

— «<=» MCHBIIIC HUJIU PABHO,

— «>=» OOJBILIEC PABHO;

— «=» MPOBEPKA PABECHCTBA,

— «<=>» nposepka paseHcTsa ¢ yaetoM NULL;

—  «!=», «<>» MPOBEPKA HEPABCHCTBA.

[Ipu ocymecTBICHUN ONEpaliy CPABHEHHS HEOOXOAUMO VUHTHI-
BaTh, YTO CPEHU CPAaBHUBAEMBIX 3HAUeHUH MoxeT oka3atbcs NULL. Pe-
3VABTATOM OMICPATOPA CPABHCHUS MOXKET ABIICTCA | — uctuHa, 0 — 10K
i NULL.

Muorue CYB]] onpenesttor cBou (PYHKIIMH U ONICPATOPHI CPABHE-
HUSI, HATIPUMEDP, CPABHCHHUE CTPOK 10 MATTCPHY HIJIM MPOBEPKA MMOTAIa-
HUS 3HAYCHHUS B HCKOTOPBIN JHATIA30H.

B muanekrax SQL pa3muyHbIX MPOU3BOAUTEICH OOBIYHO MPEAy-
CMOTPEHO HECKOJBKO CIIOCOOOB MPOBEPKH 3HAUCHHUS HA HEONPEICIICH-
HocTh. O0OBIUHO Hucnobayeres oneparop IS NULL:

<3HauveHMe> IS [NOT] NULL.

Kpome toro, wacto Bcrpeuaetes yHkius ISNULL ().
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4.5 Berpoennble (pyHKIIHH

Knaccuueckuii SQL onpeaenseT cpaBHUTEIRHO HEOOMBINONH HAOOD
BCTPOCHHBIX (DYHKIUH: MOMYICHNUE ATUHBI OUTOBOH MOCICI0BATCIBHO-
CTU WJIH CTPOKHU, MOJYUCHUC TCKYHICIO BPCMCHU U AAThl, IMOUCK IIOJ-
CTPOKH B CTPOKE, TPCOOPA3OBAHIEC K HIDKHEMY HITH BEPXHEMY PETHCTPY

U IpYTHE, IEPEUUCICHHBIEC B Tabmuue 4.7.

Tabmvmia 4.7. Betpoennsie GyHKImm

Criermdukaryst

Ormmcanne

BIT LENGTH(6uToBas ctpoka)

Bo3spparraer jyuHy cTpoKU B OUTax.

CAST(3HaueHue AS THUII JAHHBIX )

OyHKIMS IpeoOpa30BaHus HCXOTHOTO 3Ha-
YEHUS. K HOBOMY THITY JIAHHBIX.

CHAR LENGTH(cumBonbHas
CTpOKa)

Bo3spparmaer yIUHy CTPOKH B CHMBOJIAX.

CURRENT_DATE

Bospparmaer Texymryro garty.

CURRENT TIME(TouYHOCTB)

Bo3sparmaeT Texyiee BpeMsi ¢ YKa3aHHO!
TOYHOCTBIO.

CURRENT_TIMESTAMP(tou-
HOCTB)

Bo3spparmaeT TekyIyio JaTy U BpeMs ¢ yKa-
38HHOH TOUHOCTHIO.

LOWER(cTpoka)

IIpeoGpazoBaHue TEKCTOBOH CTPOKU K HUK-
HEMY PETUCTDY.

POSITION(monctpoxka IN cTpoka)

BOSBpaH_[aCT IIO3HITHIO, C KOTOpOfI HavyrHa-
€TCS BXOKACHHUEC ITOJICTPOKH B CTPOKY.

SUBSTRING{ctpoka FROM n FOR
JUTAHA)

Bo3sBpairaer 4acTs CTpOKH, HAUMHAS C N-TO
CHAMBOIIA C YKa3aHHOU JUIMHON.

TRANSLATE(ctpoxa USING ¢yHK-
st

IIpeoGpazoBaHue CTPOKHU C UCTIONB30Ba-
HHEM YKa3aHHON QYHKIINH.

TRIM(LEADING | TRAILING |

V/:[aneHI/Ie U3 CTPOKH BCEX IIEPBBIX

BOTH cumBon FROM ctpoka) (LEADING), nocnemaux (TRAILING) nm
niepBbIX U TocieHux (BOTH) cumBoIos.
UPPER(cTpoxka) IIpeoGpazoBaHue TEKCTOBOM CTPOKH K

BEPXHEMY PETUCTPY.
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Cospemennsie CYB/] 3HaUUTCIBHO PACIIUPSIIOT STOT CIIHCOK, J10-
Gapnas (PYHKIUH PabOTHI ¢ YHCIAMH. TAKUE KaK OKPYIJICHUC, BO3BEIC-
HHC B CTCIICHb, HAXOXKACHHS KBaJPATHOTO KOPHS M Apyrue, QpyHKIMN
padoThI C JaTO¥ U BPEMEHEM, HANPUMED, HOIYUCHHE MECSIA JAThl HITH
MHUHYTHI BPEMCHH, a TAK)KE JOTOMHUTEIBHBIC (YHKIUH paboThI CO CTPO-

KaMH.
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5 SQL. OIIEPATOPBI OIIPEJAEJEHUA JAHHBIX

Iepeiiaem k W3YYCHHUIO TEPBOU OOJBIIONH TPYIIBI ONCPATOPOB
a3pika SQL - omepatopoB ompeaencHus AaHHBIX JaHHbIX (Data
Definition Language, DDL). Mnorga sty rpynmny oneparopoB HA3bIBAKOT
noabsa3eikoM DDL. DT onepatopsl O3BONSIOT CO3JaBATh, PEAAKTHPO-
BaTh U YIAIATh OCHOBHEIC 00BeKThI BJ, Takue kak cXeMbl, JOMEHBI, Ta0-
JIMLIBL M T. X. 33 CO3aHUE, N3MEHEHHUE U yaancHue oobekrta bJl otBeuaroT
Tpu KoMaHAbel CREATE, ALTER 1 DROP COOTBCTCTBCHHO.

5.1 Ba3e1 gaHHBIX

I[JIH co3manus 0asel JAHHBIX HUCTIONIB3YETCA KoMaHAa CREATE
DATABASE. OHa umeer cne,uyfomI/II‘/'I CHHTAKCHUC:

CREATE DATABASE [IF NOT EXISTS] <um#a 6Oasbl OaHHX>;

B kBamparHeix CKOOKaxX yKa3blBACTCH HEOOS3aTC/IbHAS YACTh KO-
mauabl. COOTBETCTBCHHO, Y KOMAaHABI ¢CTh ABe Gopmbl. [lepsas dopma
CREATE DATABASE mOmeITAacTCs CO31ATh 6a3y JAaHHBIX, HO €CJIN TaKad
0a3a JaHHBIX Y3KE CYIICCTBYCT, TO OMEPALIMs BO3BpaTHT OmuOKy. Bro-
past popma CREATE DATABASE IF NOT EXISTS mOmBITaCTCS CO-
31aTh 0a3y JAaHHBIX, €CITH HA CEPBEPES OTCYTCTBYET 0a3a ¢ TAKMUM UMEHEM.

Xors koManga CREATE DATABASE NOAACPKUBACTCS IPOU3BO-
mutensima CYB/L, B cranmapre SQL oHa B IBHOM BUIEC OTCYTCTBYET,
BMCCTO HECC IPCAYCMOTPCHA CHHTAKCHYCCKASI KOHCTPYKUMI CREATE
SCHEMA, KOTOpast UMEET CICAYIOIUI (hOpPMaTbHBIH BUA:

CREATE SCHEMA <yMsS CXeMB> [AUTHORIZATION umMsa BJIa-
meJblia]
[DEFAULT CHARTERSET Ha®op CHMEBOJIOB I[IO YMOJIUaHMUIO]

[PATH <CHMMBOJIBHEIM OYyTh K ¢anygam BI> ]
[ <OOHNOJIHUTEJIbHEIE MHCTPYKLUMM>... |
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[Tocne coznanus Ga3wl AAHHBIX ¢ HEH OYAYT MPOBOAMTCS PA3NIUY-
HBIC ONCPaIUH: co3aaHue TabauL, 10OaBICHNE U NOMYUCHUE JAHHBIX U
T.X. YTOoOB! MPON3BOIUTD 3TH ONEPALIUH, HAAO YCTAHOBUTH ONPCACICH-
HYI0 0a3y JaHHBIX B KAYECTBE HUCMOIb3YEMOU. sl 3TOro mpUMEHACTCS
omeparop USE:

USE <MMH_6a3H_ﬂaHHX>;

Hns ymamenuss ©0a3el AaHHBIX NPUMEHSCTCS KOMaHaa DROP

DATABASE, KOTOpas UMeCT cne;[yfomI/II‘/'I CHUHTAKCHC:

DROP DATABASE [IF EXISTS] <uMmsa Gasbl HaHBIX>;

Kak u B cnyuae ¢ komana0# co3nanus 6a3el JaHHBIX, KOMaHJA Vaa-
neHus umeet ase Gopmsl. [lepas dopma DROP DATABASE mormeITa-
eTcs yAanuTh Oa3dy JaHHBIX, HO €CH Takas 0a3a OTCYTCTBYET Ha cep-
BEpe, TO omepaums Bo3Bpatur omuOKy. Bropas d¢opma DROP
DATABASE IF EXISTS nomblTacTCs YAAIUTH 6a3y JaHHBIX, CCIIK Ha
cepBepe CYIIECTBYET H6a3a ¢ TAKUM HMCHEM.

B cBoro ouepens, B crangapte SQL ompeaencHa xomanga DROP
SCHEMA:

DROP SCHEMA <wumMms_ cxemu> [CASCADE |RESTRICT];

5.2 TaGauubl

5.2.1 Co3znanue Tabami

I[JIH co3aanus TadiuL HCTIIONIB3YVETCA KoMaHaa CREATE TABLE.
JTa KOMaHABl MPUMEHICT PAL ONCPaTOpPOB, KOTOPHIC OMNPEACTSIOT
CTONOLBI TAOIMLIBI M UX ATPUOYTHL. Y IPOLICHHBIN (OpMAaTbHBIH CHHTAK-
cuc komauasl CREATE TABLE umeeT crieayrommuii BUa;

CREATE TARBLE <Ha3BaHI/Ie_Ta6J'H/ILLbI> (
HaspaHue crosbual <TUI OaHHBIX> <aTpu-
OyTe 1>,
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HasBaHue cTosbuaZ <TUI JaHHHX> <aTpu-
OyTH 2>,

HasBaHue crosbuaN <TuN HaHHHX> <aTpu-
Oy TEl N>,
a_TpI/IﬁyTbI_ypOBHF[_Ta@J'H/ILLbI
)i
IMocne komanael CREATE TABLE uaeT HasBaHue Tabmaubl. VMg
TabIHLBl BRITIOTHACT POJIb €€ HAcHTH(HKaTopa B 6a3¢ JAaHHBIX, IO3TOMY
OHO JOKHO OBITh YHHUKATBHBIM. 3aT€M B CKOOKAaX MEPCUHCISIOTCS
Ha3BaHUA CTONOLOB, WX THIBI JaHHBIX W atpuOyThl. B camom xoHie
MOKHO ONIPEACIUTh AaTPHOYTHI 1UTs Beel Tabmuibl. ATpHOYTH CTOIOLOB,
a TaKKe aTpuOyTHI TAOIUIBI VKA3bIBATh HEOOA3aTCIBHO.
B kauecTBe mpuMepa pacCMOTPHUM CKPHOT CO3AAHMA NPOCTEHIIEH
TaOJIULBL;

CREATE DATABASE productsdb;
USE productsdb;

CREATE TABLE customers |
id INT,
age INT,
first name VARCHAR(20),
last name VARCHAR(20)

)

T k. Tabmuua HE MOXET CYHICCTBOBATH caMa MO ce0e, a JOJIKHA
OBITh CO3JaHA B OIPSACICHHOM 0a3¢ JAHHBIX, B CKPUIITE CHAYAIA CO3/1a-
ercst Oaza productsdb. 3arem npumeHsierest komaHaa USE, 4toOb
yKa3aTh, UTO BCC JATBHCUIINE OMCPALMH, B TOM YHUCIC CO3AAHUC Tad-
JvLeL, Oy YT IPOU3BOAMUTECS C 3TOU Oazoi AaHHBIX. [lanee coOCTBEHHO
WACT KOMaHa CO3AaHUs TaOMULIBI KJIHCHTOB ¢ HA3BaHHEM customers.
B tabmuue onpeneneno ueteipe crondua: id, age, first name,
last name. Ilepsrie aBa cTONOIA MPEACTABIAIOT COO0H HAECHTH(UKA-

TOP KJMCHTA U €r0 BO3PACT M UMEIOT THI INT, TO ecTh OVAYT XPaHUTb
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LEJIOUYUCTICHHBIC 3HaueHUs. Claeayomue cTononpl XpaHiaT umMs 1 pamu-
JIMIO KJIMEHTA ¥ UMEIOT TUIl VARCHAR (20) |, TO €CTh IPEACTABIAIOT CO-
6ol cTpoky anuHOM He Gonee 20 cuMBONOB. B qanHOM ciyvae ams Kax-
JOTO CcTOIOLA OMPEACTCHB HMS W THI JAAHHBIX, NPH 3TOM aTPUOYTHI
CTO0LIOB U TaOIHUIIBI B LIEIOM OTCYTCTBYIOT.

C nomompro aTpubyTOB MOXKHO HACTPOUTH MOBCIACHUE CTOJIOLIOB.
MoryT HCnonbp30BaThCs ATPUOYTHL, NPEACTABICHHbBIC B Ta0muue 5.1.

TaGmura 5.1. ATpuCyTsI cTOIOIOB

Kirou Ormcanue

NOT NULL 3arper Ha BCTaBKY B CTOJIOEI] HEOIIPEIEIIEHHOTO 3HAYEHUS
NULL.

UNIQUE 3HaveHue cToNOIA JIOKHO OBITh YHUKAILHBIM.

AUTO_INCREMENT | 3nauenue ctonlira OyeT aBTOMATHYECKU YBEIIMUUBATHCS
IIpu JoOaBJICHUH HOBOH CTPOKH.

DEFAULT Ornpe/iensieT 3HaYCHUE 110 YMOIYAaHUIO [T CTOIOIA.

PRIMARY KEY IIpu3sHak nepBUYHOTO KIXO4a. 3HAUEHHUE OIS JIOTKHO
OBITh YHUKAJILHBIM, OHO HE MOKeT cojiepkath NULL, B
TalIHIIE 3TO OrPaHUIEHHUE MOKET UCIIONIB30BaTHCS TOIBKO
OJIUH pa3.

CHECK OrpaHuueHue-IIpoBepKa Ha JIOITy CTUMOE 3HaueHue. B
ckoOkax 3a oneparopom CHECK ykaspiBaeTcs nipe/ikar,
TIPOBEPSIFOIIUI JIOITYCTUMOCTD 3HAUCHHS.

FOREIGN KEY OrpaHydYeHre BHENITHErO KIo4a JYIs TaOuIbl. OrpaHuye-
HUSI BHETITHETO KITIOUa TPpeGyIOT, YTOOHI BCe 3HAYEHVIS,
TIPUCYTCTBYIONHIE BO BHETITHEM KITIOUE, COOTBETCTBOBAIN
3HAYEHUSIM POJTUTENHCKOTO KiTfoua (o6ecIieueHne CChlIoy-
HOU TIETOCTHOCTH)

PaccmoTpuM npuMep co3aaHus TaOMHLBI ¢ UCTIONB30BAHUEM J0-
MOJTHUTECIBHBIX anH6yTOB.
CREATE TABLE customers (
id INT PRIMARY KEY AUTO_INCREMENT,

age INT DEFAULT 18 CHECK(age > 0 AND age <
100),
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first name VARCHAR(20) NOT NULL,

last name VARCHAR(20) NOT NULL,

email VARCHAR(30) NULL,

phone VARCHAR (20) UNIQUE,

CHECK ((email != '') AND (phone != '"))
)

B mpumepe cozmaerca tabmuua customers ¢ yKa3aHHEM, YTO
cTonOen 1d gBaseTCs NEpBHYHBIM KmouoM. Kpome Toro, 3tot cTonGen
SBISICTCS] aBTOMHKPEMEHTHBIM, T.€. SIBHO 321aBaTh 3HAUCHUC UACHTH(DH-
KaTopa He TpeOyeTcs, 3HaueHHe cToa0na 1d mocie kakaod HOBOH J0-
0aBICHHOH CTPOKHM OVAET yBeNIMUMBAThCA Ha eaununy. Jmg ctondua
age ykaszaH atpuOyT DEFAULT, T.c. €CIH SIBHO HE YKa3aTh 3HAYCHHC
3TOrO CTOJIONA TPy A0OABJICHHH HOBBIX JAHHBIX, [0 YMOTYAHHIO OyAST
nobGasneHo 3HaueHre 18. Kpome Toro, y cronbua age ykazaH aTpuOyT
CHECK, mocia¢e KOTOPOro J00ABACHO YCIOBHE, YTO BO3PACT KIHUCHTOB
noiked OulTh Oomnpine 0 u menbie 100. Taxke CHECK MOKHO HUCIIOJb-
30BaTh HAa YpoBHE TAaOMHLEL. B naHHOM mpuMepe mpoBepsaeTcs, UYTO TK-
CTOBBIC TIOJIA 3aMoTHEHEL. Jlanee ykazaHo, uTo uMs U GaMuiIvs KIHCHTA
HE MOTYT COAEpKark HeompeacicHHbe 3HadeHus NULL. Cronben
phone, KOTOpPEIH NpeaCTaBIACT TENC(OH KIHCHTA, MOXET XPaHUTb
TOJIBKO YHHUKAIbHBIC 3HauUCHuUs. T.€. OyaeT Heab3s J00aBUTh B TAOIHILY
JIBE CTPOKH, Y KOTOPBIX 3HAYCHHUS B 3TOM CTONIOLE Oy YT COBMAAATh.

PaccmoTpuM eme oamH mpuMep ¢ 33JaHHEM NEPBUYHOTO KITHOUA
tabmuupl. [TepBUYHBIN KTIOY YHUKATBHO HIACHTUQHLHPYET CTPOKY B
tabmuue. [lepBUYHBIA KITFOY MOKET OBITH YCTAHOBJICH KAk HA YPOBHE
cTonOna, Tak U Ha VpoBHE TaOmuubl. [IepBHYHBIN KITFOY TaKKEe MOMKET
OBITH COCTABHBIM. TAKOH KJIKOY OyAST MCIOIB30BATh CPa3y HECKOIBKO
€TONOOB, YTOOB YHUKANBHO HACHTH(QHLHPOBATh CTPOKY B Tadnuue. B
CIICAVIOIIEM MPUMEPE COCTABHOM KITIOY CO3AACTCSA AT TAOIMIIBI 3aKa30B

orders.
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CREATE TABLE orders (
order id INT,
product id INT,
quantity INT,
price DECIMAL(10, 2),
PRIMARY KEY (order id, product id)
)
B tabmuue nomns order_id HPpro duct_id BMECTEC BBICTYIIAIOT
KaK COCTABHOU MEpBUYHBIN K04, TO €CTh B TaOmuIEe orders HE MO-
JKET OBITh ABYX CTPOK, TAC Al OOOMX M3 3THUX MOJCH OJHOBPEMCHHO
ObL1M OBl OJHH U TE K€ 3HAUYCHUS.
Takum k¢ 00pa30B HA YPOBHE TAONULIBI MOYKHO YKa3bIBATh aTpPHU-

OyTel CHECK u UNIQUE.

5.2.2 BHellIHHE KJII0OYH

Bremnue knroun (FOREIGN KEY) MO3BOJSIIOT YCTAHOBUTD CBI3H
Mex Iy Tabmuuamu. BHEITHUIA KII0Y yCTAHABIUBACTCS AT CTOJIOLOB U3
3aBUCHMOM, JOUYCPHCH TaOMWIbI, U YKA3bIBACT HA OJHH U3 CTONOIOB
[JIABHOUM WM POAUTEIIbCKOHN Tabauipl. Kak mpaBuio, BHCIIHUE KO
VKa3bIBACT Ha MCPBUYHBIN KIIIOY W3 CBA3aHHOU ryaBHOU Tabmuipl. O0-
LU CHHTAKCUC YCTAHOBKHU BHEITHETO KITFOUA HA YPOBHE TaOJIUIBI UMECT

CIEYIOIUN BUA;

[CONSTRAINT <uMS OTpPaHUYEHUS>]

FOREIGN KEY (<cTmombeul>, <crombeuz2>, ..., <CTOJ—
HeuN>)

REFERENCES <ruiaBHada Tabauia> (<cronbeul>, <cros-
tenu2>, ..., <crombeuN>)

[ON DELETE <gpeMcrBue> ]
[ON UPDATE <peMcrTBHUe>]

I[JIH CO3JaHM OrPAaHHYCHHSA BHCIMHCTO KiIIO4Ya mociae FOREIGN
KEY ykaselBacTcd cToaben TaOmaumbl, KOTOPbIH OVACT NMpPEACTaBIATh
BHCITHUHY Kimro4. [locne xaroueBoro cnopa REFERENCES YKa3bIBACTCS
MM CBI3AHHOM TaOIHIIBI, 4 3aTEM B CKOOKAX MMs CBA3AHHOTO CTOJIOIA,
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Ha KOTOpbIH OyAeT ykaspiBaTh BHeInHuE ka4, [locrme BeipaxeHus
REFERENCES uayT BeIpakeHusI ON DELETE u ON UPDATE, KOTOpBIC
33JAK0T ACHCTBHUE NPH YAAICHUN U OOHOBICHUH CTPOKHU U3 TNIABHOU Ta0-
JIMIIBI COOTBETCTBCHHO.

PaccmoTpum co3aanue BHEIHero kimoua Ha npuvepe. Onmpeaenum
Tabmuiel customers m orders. Tabmuna customers sBIgeTCA
[JIABHOU U MPSACTABIICT KiueHTa. Tabauna orders sABISCTCS 3aBUCH-
MOM U MPEICTABIACT 3aKa3, CACTAHHBIN KIIUEHTOM.

CREATE TABLE customers (
id INT PRIMARY KEY AUTO_INCREMENT,
age INT,
first name VARCHAR(20),

last name VARCHAR(20)
)

CREATE TABLE orders (
id INT PRIMARY KEY AUTO_INCREMENT,
customer id INT,
created at DATE,
FOREIGN KEY (customer id) REFERENCES customers
(id)
);

Cronben customer id B Tabmuie orders SBIIETCS BHEUTHUM
KITFOUOM, KOTOPBIH yKa3bIBACT HA ¢To0CH 1 d U3 Tabmuipl customers,
KOTOPBIH SBIETCH NEPBUYHBIM KITFOUOM.

Ilpm co3maHmm BHEMIHETO KIIIOYA C TIOMOINBIO BBIPAKECHHHA ON
DELETE u ON UPDATE MOXHO YCTAaHOBUTb ACUCTBUS, KOTOPBIC BbI-
MOJTHAKOTCA COOTBETCTBEHHO NPH YAAIEHUM U U3MEHEHUH CBS3aHHOM
CTPOKH M3 IVIABHOH Ta0nuilel. B Ka4ecTBe ACHCTBUS MOTYT HCIIOJB30-
BaThCs OMLIMH, MEPSUNCICHHBIC B Tabnuie 5.2. Hampumep, kackaanoe
VAAICHHUE MO3BOJISICT MPU YIAJICHUN CTPOKH U3 TJIABHON TaOIHIIBI aBTO-

MaTUICCKU YAAINTD BCC CBA3AHHBIC CTPOKU U3 3aBUCHMOM Ta6J'II/II_IbI.
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TaGmuma 5.2. Ommm ON DELETE / ON UPDATE

Kimou Ormicanne

CASCADE M3MeHeHne 3HaYeHNS TIEPBUYHOTO KIIFOYa IIPUBOJIUT K aBTOMa-
TUYECKOMY M3MEHEHHIO COOTBETCTBYIOIIMX 3HAYCHUM BHEIITHETO
KIIFOYa.

SET NULL 1Ipu nu3MeHeHUN 3HAYECHUS I Y IJICHUH [IEPBUYHOTO KITFOUa
BCE 3HAUCHUS B CBA3aHHBIX C BHENTHUM KIIFOYOM KOJIOHKaX ycTa-
HaBimBatoTcd B NULL. B pesynbrare B jouepHeii Tabnuile mo-
SIBJIIIOTCS «OPOILEHHBIE) CTPOKH, YTEPSBIIHE CBS3b C COOTBET-
CTBYIOITIEH 3aIMCHIO U3 TIABHOU TaOIHUIThL.

RESTRICT OTKIIOHSET yIaJICHUE WM U3MEHEHHE CTPOK B ITIaBHOM TalIuIle
TIPY HAITMYVY CBSI3aHHBIX CTPOK B 3aBUCUMOI Tabimire.

NO ACTION To ke camoe, uro m RESTRICT.

SET DEFAULT | Ilpu ynaneHuu cBS3aHHOU CTPOKU U3 IJIABHOH TaOIMITHI ycTa-

HaBJIMBAET JUIS CTOIOIA BHENIHEr 0 KITFoya 3HauUeHHUE 110 YMOJTda-
HUIO, KOTOPOE 3ajiaeTcs ¢ momoIpio arpudytel DEFAULT.

5.2.3 Moaudurxamust Tadaun

Jlns usmMeHeHU TaOJIHIIbI npuMCHACTCI koMaHaa ALTER TABLE.

E¢ coxpatneHHbIii (hOpMATBHBIN CHHTAKCHC UMECT CACAYIOIIMMA BU/;

ALTER TABLE <Ha3BaHI/Ie_Ta6J'H/ILLbI>
{

ADD <HasBaHMe CTOJOUa> <TUI HaHHHX> [<aTpubyTer>]

|
DROP COLUMN <HasbaHMe> RESTRICT | CASCADE |

MODIFY COLUMN <HasBaHMe> <TUII IaHHBIX> [<aTpu—
Oy TE>] |

ALTER COLUMN <HasBaHMe> SET DEFAULT <sHaueHUe> |

ADD [CONSTRAINT] <ompefesieHMe OTPaHUYUYEHUA> |

DROP [CONSTRAINT] <ums> RESTRICT | CASCADE

}

C moMOIIbIO 3TOH KOMaHBI MOKHO TOOABUTh, H3MCHHUTD W/IH YAd-
JUTH CTONOLBI TAOIULIBI, & TAKKE J00ABUTh K TAOIUIC HOBOC WM YAa-
JUTh VKE CYIISCTBYIOINEe orpanmdcHue. IlapamMerppl koMaHIBI OMMU-
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caubl B Tabiuue 5.3. [TonHble BO3MOKHOCTH KOMAHABLI MOYKHO ITIOCMOT-
peThb B odunuanbHOM JokyMeHTauny ucnonabsdyemon CYB/I.

Ta6mma 5.3. TlapameTpsl KoMaH B! MOUUKATNA TAGTATTHI

Kimrou Ormcanue

ADD JloGasisteT B TaGnuiry HOBBIH cTolOen. Hopplit cronberr ompeie-
[COLUMN] nsiercs Tak ke, kak B oneparope CREATE TABLE.

ALTER HWcnonb3yercst s co3/JaHus] WM OTMEHBI 3HaUEHUSI 110 YMOI4a-
[COLUMN] HHIO IS CTOJIOLA.

DROP Y aanser u3 tamuirpl ctonderl. 1 py uernonp30BaHuM NapaMeTpa
[COLUMN] RESTRICT nepen yaanenuem crontua CYb][ nmpoBeput Hanu-

Ure CChUTOK Ha Hero W3 APYrux TalIvil U IpesicTapieHuid. Ecm
TaKOBbIE UMEIOTCH, TO cToNOeI He Oy eT yaneH. HaoGopor,
IIpH UcTiob3oBaHuK Ttapamerpa CASCADE Bmecte co cToa0-
oM GYYT YAAlleHbI Bce 0OBEKTHI, CCHITAIONIHECS Ha HETO.

ADD ITo3Bosier 100aBUTH K TaOIHIIE HOBOE OTPaHUUCHHE.
CONSTRAINT
DROP Yaaiser yxe cylecTByolme orpaHiyeHus . Eciu B nipeioxe-

CONSTRAINT | Huu 3aman napametp RESTRICT, To B 5TOT MOMEHT CTOJIOEIT HE
JIOIDKEH UCITONH30BaThCs KaK POMUTEIbCKUIA KITIOH JUTSI BHETTI-
Hero KIIIoUa Jpyroi Tabmmpl. Ecmm rmepeiaeTcs mapaMeTp
CASCADE, 1o BHelIHHUE KIIFOUH, UMEIOITHIE CCHUIKU WIH Orpa-
HuueHuss FOREIGN KEY, yauuroxarorcs.

J1st mOTHOTO yAAACHUS JAHHBIX, T.€. OUHUCTKH TaOJIULIBI, TPUMCHSI-
ercst komanga TRUNCATE TABLE:

TRUNCATE TABLE <I/IMH_Ta6J'H/ILLbI>,‘
Hns yaaneHus tTabnuibl U3 0a3bl JAHHBIX OPUMCHICTCS KOMaHAA

DROP TABLE, nocie KOTOPOH YKa3bIBacTCs HA3BaHHE yAAIsIeMOl Tab-

JIUIIBI

DROP TABLE <uMA TaOJMLE>;
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6 SQL. OITIEPATOPBI MAHUITYJIMPOBAHUSA JAHHBIMHU

Caenyrommii 6moxk SQL-omeparopos mpeIHAZHAYCH TS MAHUITY -
JIUPOBaHUA OJaHHBIMU, T.C. AJIA BbI60pKI/I JAHHBIX U3 Ta,6J'II/ILI, BCTaBKH,

PCAAKTUPOBAHUA U YAAJICHUA JAHHBIX B Ta6J'II/II_IaX.

6.1 lo6aBaenue ganubix. Uucrpykuus INSERT

Haunewm ¢ no6aBnenns qanHex. g BcTaBky B TaOIUIy OJHOH WK
HECKONBKHUX CTPOK HUCHOIB3YeTCA MHCTPYKIMA INSERT. Ipakrnuecku
Bce auanekTel SQL moaHOCTBIO MOAACPKUBAIOT CHHTAKCHYCCKYIO KOH-
CTPYKIHIO, PCKOMCHIOBAHHYIO CTAHAAPTOM:

INSERT INTO {uma Tabamubl | MMA NpeAcTaBJileHnd}
{vma_crombua [,..]}
{VALUES (sHaueHue 1 [,..]) | uHCTpyKuus SELECT}

[Tocne kmoueBbIx cnoB INSERT INTO ykaseiBaeTcs uMms Tab-
JIMLBL, B KOTOPYIO HEOOX01uMo 100aBHTh AaHHbIE. Jlanee nunet nepeync-
JACHHUE CTOAOLIOB TAOMIIBI, B KOTOPHIC MOOAB/ISIOTCS HOBBIC JAHHBIC.
Ecnu criricok cToa010B OKa)XETCsl HEMOIHBIM, T.€. B 3aIpoce OVAYT yKa-
3aHBl HE BCE CTONOLBI TAOMHLEI, TO B OCTABLIHCCS MOJIS 3AIHCHIBACTCS
3HAUCHHC 1O yMouannio unu NULL. Ecmu, B CBOIO OUepeab, 3HAUCHUC
MO YMOJTYAHHIO HE OBLIO OMPEC/ICHO 3apaHee (Ha dTane co3qaHus Tad-
JHILBI) U HA CTOJOCI] HATOKEHO orpanmdeHre NOT NULL, TO oneparus
JOOABICHUS JAHHBIX 3aBEPLINTCS ¢ omnOKoH. Taxke omuOKoi 3aBep-
LINTCS MOMBITKA SBHOH 3aITHCH JaHHBIX B CTONOCI, KOTOPBIA CAMOCTOSI-
TENBHO FCHEPUPYET HOBOE 3HAUCHHE (HAPUMED, B CTOJIOLBI aBTOMHKpPE-
MEHTHOTO THIIA).

ITocne xmroueBoro ciosa VALUE S yKa3eIBaOTCS JAHHBIEC, KOTOPBIE
TpebyeTca 1o0aBuTh B Tabauny. ApyriuM BapHaHTOM SBISICTCS 00ABIC-
HHE CTPOK, BO3BPAIIACMBIX B PE3YIbTATE BBIIOIHCHHUS HHCTPYKLIUH BhI-

Oopku nanHeiXx SELECT, koTopas OyJeT pacCMOTPEHA AajIce.
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I[JIH JACMOHCTPALIMH IPUMEPOB HCIIOIb30BaHUA KOMaHAbl INSERT
cO31a UM 6a3y maHHbIX productsdb u B HEH co3aaauM Ta6nnuy
products, koTopas coACP>KUT aBTOMHKPEMEHTHBIN MIEPBUYHBIN KIIFOY
id, HazBaHue TOBapa M MPOU3BOAUTEIA, a TAKXKE KOJUIECTBO TOBapa U
€TI0 LICHY.

CREATE DATABASE productsdb;
USE productsdb;

CREATE TABLE products (
id INT NOT NULL AUTO_ INCREMENT,
product name VARCHAR(45) NOT NULL,
manufacturer VARCHAR(45) NOT NULL,
product count INT DEFAULT O,
price DECIMAL (10, 2) NOT NULL,
PRIMARY KEY (id)
)i
PaccmoTpuM HanbGonee pacmpocTpaHeHHYIO GOpPMY HPUMCHEHHS
HHCTPYKIUKM INSERT INTO, B KOTOpOH HaMm TpeOyercsa 100aBUTh HO-
BYIO CTPOKY B Ta0auiy products. 3HaueHus OVAYT 3aIHUCHIBATHCS B

CTOJOLBI ¢ YUCTOM MO3UIIHH.

INSERT INTO products

(product name, manufacturer, product count, price)
VALUES

("iPhone 13', 'Apple', 5, 94990);

3aMeTHM, YTO B TEKCTE 3aIpoca OTCYTCTBYET 0053aTeIbHOC 3HAYC-
HUEC JTst CTOA0UA nmepBudHOro Kitoua tadmuisl 1d. T k. mose 1d oObsB-
JCHO ¢ aTpuOyTOM AUTO_ TINCREMENT, TO HOBOC 3HAYCHHUC TICPBUY-
HOTO KJI¥04a OyJET CTCHEPHPOBAHO ABTOMATHUYCCKH.

[Tpu peammzaumm xomanael INSERT nekotopeie CYBJl pacmm-
PHIH CTAaHAAPTHBIC BO3MOKHOCTH SQL, mo3BoJIs1st 32 01HO oOpalneHue K

koMaHae INSERT BCTABIATh B TAOIUIYy HECKOJIBKO CTPOK.
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INSERT INTO products

(product name, manufacturer, price, product count)
VALUES

('"Galaxy S21', 'Samsung', 3, ©67000),

('P50', 'Huawei', 1, 115000),

('12 Pro', 'Xiaomi', 3, 115000);

Takoe peieHne BecbMa ya00HO, 0COOCHHO KoTAa TpeOyeTcs ao0a-

BUTH BCEC CTPOKH B TAOJIHUILY B PAMKaX ¢IMHCTBCHHON TPAH3AKIIHU.

6.2 Bei6opka nannbix. Uuctpykuus SELECT

6.2.1 ba3oBblii CHHTAKCHC

HucTtpykums SELECT, npeXHA3HAUYCHHAS I BEIOOPKH JaHHBIX U3
OJHOM MM HECKOJBKUX TAOMHUI] WU MPSACTABICHHUH, SIBISCTCS OCHOB-
HbIM 371eMeHTOM s3bika SQL. B mpocreiitnem ciyyae pe3yapTar 3ampoca
MOJKET TOJHOCTBI) MOBTOPSITh COACPKHUMOE OJHON TAOIHIIBI, MOMXKET
MPEACTABIATh COO0H 00hETUHCHUE HECKONBKUX TAOIHII, OMPEACICHHY O
BbI60pKy M3 HCXOMHBIX AaHHBIX U T.1. [ToMumo 3TOTO, 3anpocel SELECT
AKTHBHO MCIIONB3YIOTCS MPH CO3TAHUU PIAA KITOUCBBIX 00BEKTOB 0asbl
JAHHBIX (IIPEACTABICHUH, XPAHUMBIX MPOLCAYP U TPUITCPOB).

bazoBas cuHTaKCHUCCKAS KOHCTPYKIHS 3aPOCa BHITTIAT CICIY-
FOLITIM 00pa3oM:

SELECT [DISTINCT|ALL]
{ uma_cronbua [AS nceemoHuMm] [,..]

| byHkuMa arperupoBaHus [AS ncesmoHum] [, ..]
| BHpaxeHMe IJIS BHUMCIEHMA 3HaueHus [AS INCeBOOHMM]
[,..]
| cneuudpuraTop.* |}
FROM
{vma_ rabmuue [AS ncesmoHuM] [, ..]
|umMa_npencrabieHua [AS ncesmoHuM] [, ..]}
[WHERE ycJsioBUA oTOOpa]
[GROUP BY uma crosbua [,..]] [HAVING ycioBue]
[ORDER BY uma crosbua [ASC | DESC] [,..]]
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CraenyeT OTMETHTS, UTO NPEACTABICHHBIH MAOIOH 3aIpoca ONUCH -
BacT BRIOOPKY AAHHBIX U3 OAHOH Taduisl. 3anpockl SELECT, KOTOpBIC
padoTarT ¢ HECKOJNBKUMHU TabIMLIAMH W NPEACTABICHUAMH, OVAYT
PaccMOTpPEHBI Jajee.

3anpockl Ha BEIOOPKY JAHHBIX BCErAA HAYMHAIOTCS C KIOYCBOTO
cnosa SELECT, 3aTeM CIEAYET NEPEUCHDb CTOIOLOB, KOTOPHIC IIIAHUPY-
€TCS BKIIOYHUTh B PE3YABTAT BHINIOTHEHHUA 3ampoca. B nepedeHs, kpome
Ha3BaHWH CTOJOLOB TabIHL, MOTYT BXOIUTh arperupyiomue HyHKINH,
BBIPKCHHS M TIPOCTO KOHCTAHTHI. 34 CITUCKOM CTONOLIOB CIACAYET CIIe
OZHO 003aTCIBHOE CIOBO FROM, a 33 HUM — UMCHA TaOIHI[ WiIn npen-
CTaBICHHMN, 3 KOTOPBIX OYJCT MPOU3BOAUTECS OTOOP JAHHBIX.

Jns mnmocTpanin npuMepoB HCOIR30BaHNA onicparopa SELECT
OyZAEeT HCIOMB30BaThCS CO3MaHHas Tadnuia products.

Jist BRIOOPKH BCEX JAHHBIX TAOIUIIBI MOKET UCIIOIb30BATHCS CIIC-

JVIOIIHM 3a11poc:

SELECT * FROM products;

CHUMBON «*» YKa3bIBAaCT, YTO YTO B PE3YJIBTHPYIOLICE OTHOIICHHUS
MOMAAYT BCE CTONOLBI 13 Ta0uibl. CTOUT OTMETHUTh, YTO MIPUMCHCHHE
«*» TS MOJTYYCHUS JAHHBIX CUUTACTCS HE OUCHBb XOPOIICH MPAKTUKOH,
TaK Kak BhIOOPKA BCEX CTOJIOIOB 3HAYUTEIHHO MOBBIIIACT OOBEM 3aIpa-
LIUBACMBIX JAHHBIX M 3aMEIJISCT BHIMOJHCHHE 3ampoca. OaHaKo wuc-
MOJIB30BAHUE CHMBO/IA «*» MOKET OBITh MPESAMOYTHUTEILHO TOT 1A, KOTAa
Ha3BaHUsI CTOJIOLOB HE U3BECTHBI.

Ecnu HEOOXOMUMO MOYYHUTh JAHHBIC HE W3 BCEX, a4 U3 KAKUX-TO
KOHKPETHBIX CTOJOLOB, TOrAa CHCHH(UKAIIMY 3THX CTOIOLOB MEPCUHC-
JSIFOTCSL UePe3 3amsaTyio nocie SELECT, HampuMep:

SELECT product name, manufacturer FROM products;
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Ecin pesyiapTUpyIOIIEE OTHOLIEHHE COAEPKUT HMOBTOPSIOIIHMECS
CTPOKH, KOTOPBIC HECOOX0IUMO YIAIUTH U3 BRIOOPKH, TO CPpa3y HOCIC UH-
cTpyknun SELECT cieayeT BCTaBUTh npeaukaT DIST INCT:

SELECT DISTINCT manufacturer FROM products;

O6partHeiii npeaukat ALL YKa3bBACT HA TO, YTO HEOOXOIUMO BEp-
HYTb BCE CTPOKH JAHHBIX, BKIOUas M AyOnukaTel. BrnpoueMm, B SBHOM
MpUMEHEHUH ALT, HCOOXOAUMOCTH HET, TAK KAK ITO PEKHUM IO YMOI9a-

HHIO.

6.2.2 Ucnosb30BaHHE NICEBAOHUMOB

Crenudukanus crondbua HeoOA3aTENBHO NODKHA MPEACTABILITH
€ro Ha3BAHHUEC. ITO MOKET OBITH JIFOOOC BBIPAKCHHS, HATPUMEP, PE3Y.Ib-
TaT apudMeTHICCKOH onepamyy.

B Tex cnywasx, xoraa 3ampoc JOCTATOYHO CIOXKEH M COACPIKHT
JAJIUHHBIC HA3BAHU CTO.]'I6LIOB u Ta6J'II/ILI, a TaKXKC IIPU UCIOJIb30BAHUN
arperupyromux QyHKIMNA WK CTOJIOLOB, MOSBHBLIMXCS B PE3VIILTATE
BBITNIOJTHCHU A Pa3/INIHBIX OHepaHHﬁ, MOZKHO BBCCTHU IICCBAOHUMBI CTOJ'I6-
1o u Tadauil. s 3T0ro npuMeHSIeTCs KIIF0YSBOES CIOBO AS.

B cnexyromem npuMepe pe3yabTaT 3ampoca COACPKUT 3 cToaoua:
HUICHTU(HKATOP, MONTHOC HA3BAHHC TOBAPA, SIBILIIOIICCCS KOHKATCHA-
LII/IGI\/'I Ha3BaHUA U IIPOU3BOAUTCIIA, 4 TAKXKC COBOKYITHYIO CTOUMOCTD TO-
Bapa. Kpome Toro, BBINOIHEHO IEPEUMEHOBAHHE KAK CTONIONA TaO HIIbI,
TaK U CTOJOLIOB — PE3Y/IbTATOB OICPALIHIL.

SELECT
id AS ProductlID,
CONCAT ('ToBap: ', product name,
'.[IpouspomuTesib: ', manufacturer) AS Title,
product count * price AS TotalSum

FROM products;
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6.2.3 Coprupoeka. llpeano:xxenue ORDER BY

[Tomy4yeHHEBIN B pe3yIbTATE BBIOJIHEHHUS 3aIpoca HabOP CTPOK MO-
ket ObITh ymopsgoueH. [lopsaok cOpTUPOBKH JAHHBIX ONPEACISCTCS
MPY MOMOINY Mpeanokenuss ORDER  BY W mepedHs cTOJA0LOB, MPHHH-
MAIOIIIX YYaCTHE B COPTHPOBKE.

B cneayromem npuMepe BEITOTHACTCS VIOPSIIOYHBAHHUS BEIOOPKH

u3 Tabauiel products no ¢crondiyy price mo BO3pacTaHHIO:

SELECT * FROM products
ORDER BY price;

Ilo ymomuaHHIO JaHHBIE COPTHPYIOTCS IO BO3PACTAHUIO, OJHAKO C
MOMOIIBIO KITFOYEBOTO €1oBa DESC MOXKHO 33JaTh COPTUPOBKY O YObI-
BaHnio. KpoMe TOro, MOKHO IPOHM3BOIWUTH COPTHPOBKY JAHHBIX IIO
NICEBIOHUMY CTOJIONA, KOTOPBIH ONPEACTIICTCS C IOMOLIBIO OIEpaTopa
AS. Taxke B Ka4eCTBE KPUTEPHI COPTHPOBKH TAK)KE MOYKHO HCIIOIB30-
BaTb CJIOKHO BBIPAXKECHUE HA OCHOBE CTOJIOLOB.

B cnexyromeM npuMepe IPOUCXOANUT COPTUPOBKA IO COBOKYIIHOM
CTOMMOCTH, IPUICM 3HAYCHHUC BBIYUCIIACTCI HCIIOCPCACTBCHHO B OIcpa-
TOope ORDER BY:

SELECT product name
FROM products
ORDER BY product count * price DESC;

[Tpu copTupoBKe cpa3dy Mo HECKOIBKUM CTOIOLAM BCE STH CTOIOLIBI
VKa3BIBAIOTCS YEPe3 3aIMITYIO Mocie oneparopa ORDER  BY. [lng pas-
HBIX CTOJIOLIOB MOXKHO OIPEACTUTh COPTUPOBKY IO BO3PACTAHHUIO HUITH 1O

VOBIBAHHUIO C IOMOIIBIO KIIFOUYCBBIX ClIOB ASC B DESC COOTBETCTBCHHO.

SELECT product name, manufacturer, price
FROM products
ORDER BY manufacturer ASC, product name DESC;
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6.2.4 Ycaosue or6opa nanubix. [penno:xkenne WHERE

3a4acTyro HEOOXOAMMO U3BJCKATh HE BCE NAHHBIC M3 0a3bl JAHHBIX,

a TOJIBKO TC, KOTOPBIC COOTBCTCTBYIOT OIIPCACICHHOMY YCJIOBUIO. I[J'IH

¢dunpTpanuy AAaHHBIX B KoMaHAe SELECT NOpHMCHACTCS OMNEpaTop

WHERE, mociic KOTOPOro ykasbiBacTcs yciaosue (umprpauuu. Cos-

MECTHO ¢ WHERE OpUMEHSETCA CJIEAyOIUI IEPEUCHb TUIIOB OrpaHuye-

HUH;

— CPaBHCHHC. TIPOBOIUTCS CPABHCHHUC PC3VIIBTATOB BBIYHCICHUS
OJHOTO BBIPAKCHUSA C APYTUM C HCHOIB30BAHHCM OICPATOPOB
CpaBHCHUSA («<», «>», «<=», «>=», «=», «!=, <>»). Peayabrar
CpaBHCHHA MOKCT IIPHHHMATh 3HA4YCHHI TRUE, FALSE u
UNKNOWN;

— TOMAJAHHUC B IHANA30H: MPOBCPICTCA, TIOMATACT U PC3YJIBTAT
BBIYHCIICHAS BRIPKCHUS B OMPCACICHHBIN TUAIA30H 3HAUCHUH,

—  COOTBETCTBHC MAOIOHY MPOBEPSICTCS, COOTBETCTBYET JIH HEKO-
TOPOC CTPOKOBOC 3HAUCHHUEC 33JaHHOMY 1MAOJIOHY

— HCOMPCACACHHOCTH. COACPIKUT JIH TOJIC HCOMPCACICHHOC 3HA-
yeHue NULL;

— TPOBEPKa CYIICCTBOBAHUS. MPOBEPSCTCS (DAKT CYIICCTBOBAHMUS
3HAUCHHS B BBIXOAHBIX PC3VABTATaX BIOXKCHHBIX TOA3AMPOCOB K
JPYTHM OTHOIICHUSM Oa3bl JAHHBIX

Bcee NCPCUUCICHHBIC OTPAaHUICHUA OTTUCBIBAIOTCA CPa3y MoCJIC UH-

cTpykumu WHERE. B oxHOM 3ampoce gomyckaeTcs KOMOHMHUPOBATE He-

CKOJIPKO OTPAaHMYECHUMN, UCIOJB3YS JOTHUECKUE OnepaTopel AND, OR u
NOT.

CpaeHeHue — HamboIICEe pPacupoCTpaHCHHOC yCIIOBUC OI'PAHUYICHUA

Pe3yIBTHPYIOLIETO Habopa AaHHBIX. B creayromeM mpuMepe 3ampoc

BO3BpAIfacT BCC TOBAPBI, KOIUICCTBO KOTOPBIX MCHBIIIC TPCX.

SELECT * FROM products
WHERE product count < 3;
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VcnoBue 3anpoca MOXKET COAEPIKATD CIOKHBIC COCTABHBIC BRIPAYKE-
HUSl ¢ UCIMOJIb30BAHUCM APU(PMETHICCKUX M JIOTUYCCKUX OICPATOPOB,
HaTpuMep:

SELECT * FROM products

WHERE manufacturer = 'Samsung' OR
70000 AND price < 100000)

ORDER BY price DESC;

(price >

B dopmymuposaHnu yCI0BUH MOXKHO OOBCIUHATE HECKOIBKO BbI-
PKEHNH, BKITIOYAIOINX PA3THIHBIEC OTIEPALMH C TIOMOIIBIO IOTHISCKHAX
oneparii. I Ipyu HCTIOIB30BaHUM CITOKHBIX BEIPAKECHHUH CIEIYET YUUTHI-
BaTh mpuopurteT onepauuii. B tabnune 6.1 ykazaHsl omepauyu B mO-
paake yOriBaHus mpuoputeTa. [ propureT onepaunii MOKHO Tiepeorpe-
JEIHUTH C TIOMOIIBIO CKOOOK.

TaGmura 6.1. Ipuopurer oneparuii

Oneparyst Ormmcanme
-~ ‘YHapHbIif MUHYC, OUTOBAs UHBEPCHSL.
” TTo6uroBoe uckmouaromee MJI.
*, /, DIV, % YMHOKEHHE, TEICHIE, OCTATOK OT JCICHMS, IIEIOUMCICHHOE
MOD JCICHUE.
+, CrokeHue, BEIUUTAHHE.
<<, >> ITo6uTOBEIC CABHTH.
& TToGurosoe .
| TTo6uToBoe NJI.
=, <>, <=,>= Ornepallviy CpaBHEHMUSL.
NOT Jloruueckoe oTpuIaHue.
AND Jloruueckoe 1.
XOR Jloruueckoe uckimovaroriee MJIA.
OR Jlormueckoe NJIA.
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Omneparop noazanpoca IN MPOU3BOIUT MPOBEPKY, BXOAMT JIU pe-
3y/IbTaT BEIYUCICHUS B 33JaHHOE MHOXECTBO. MHOKECTBO MOJKET OITH-
CBHIBATHCA KaK MO3IEMEHTHO, TaK U OBITh PE3YABTATOM APYTOTO, BIOKCH-

HOT'O mmoA3aripoca:

<sHaueHue> [NOT] IN (nomsanpocC | SJEeMEeHTH MHO-—

XecTBa) .

B npumepe BBITIOTHSIETCSA MONUCK TOBAPOB, Y KOTOPBIX IPOHU3BOIH-

TCIb — OOHH U3 3JICMCHTOB MHOKCCTBA.!

SELECT * FROM products
WHERE manufacturer IN ('Samsung', 'HTC',

'Huawei') ;

IIpeauxar BETWEEN BBITTOJHAET MPOBEPKY, UTO HWHTEPECYIOIIHI
HAC PEe3yIbTAT BXOANUT B ONPEACICHHBIA ANAITa30H 3HAUCHUH. Y Ka3bIBa-
€TCA KIHUYEBOE C/IOBO BETWEEN, 3areM Ha4YaIbHOE U KOHCUHOC 3HAYC-

HUS TUANA30HA, PA3ACICHHBIC KIIIOYCBBIM CIIOBOM AND:

<sHauveHme> [NOT] BETWEEN <HauaJjo nmuamnasoHa> AND

<KOHel] OMallasoHa>.

UroObl HANTH CTPOKHU, KOTOPHIC HE MONAJAIOT B YKA3aHHBIN AHama-
30H, MOXKHO BOCIOJIB30BaThCA omeparopoM NOT BETWEEN. Kpome
TOrO, B 3alPOCE MOXKHO UCMONb30BATh U CJIOKHBIC BBIPAZKCHUSL.

[Ipemukar LIKE onpeaenseT YCIOBHUS MOKCKa B opMe madioHa:

<sHadeHme> [NOT] LIKE <mabJiOH IMOICTPOKM>

B ma6none noacTpoky, moMuMo Habopa HHTEPECYIOIINX HAC CHM-
BOJIOB, AOIIYCKACTCA NMPUMCHATDL ABA Tpa(bapCTHbIX CHUMBOJIA:

— CHMBOJ NOAYCPKHUBAHUA ((_)), KOTOprI\/'I HUCMOJIb3YyCTCA BMCCTO

1r000T0 OMUHOYHOTO CHMBOJIA B BHIPAKCHHH,

— CHMBOJI POLICHTA «%», 3AMCHSFOLIHN MTOCIICA0BATCIBHOCTb JIFO-

OBIX CUMBOJIOB.
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B crexyromem npuMepe BBITIOTHICTCS MMOUCK TOBAPOB, UbH MPOU3-
BOJUTEITH YAOBICTBOPAOT madbnony. IabnoH moacTpoku comepKut
JBa CHMBOJIA TIOTICPKUBAHUS HA BTOPOH M YCTBCPTOU TO3UITHH U CHM-

BOJI % B KOHLE CTPOKU:

SELECT * FROM products
WHERE product name LIKE 'i h ne%';

s HaXOXKACHUS CTPOK, COACPKAIINX B CTONOLE HEONPEACICHHOE
3HaueHue NULL, HCIONb3yeTcs npeukar 1S NULL, NpeAHa3HAYCHHBIN
JUTS IPOBEPKH (PaKTa OTCYTCTBHS WA HATHYHS 3HAYCHUH B CTONOLE OT-
HomeHus. Eciu ske TpeOyeTes HalTH CTPOKH, KOTOPBIX HE COACPIKAT He-
OIPEACICHHBIX 3HAYEHUH, HEOOXOIUMO HCHOJIB30BATh npeaukar IS
NOT NULL.

Hs monyueHust quana3ona cTpok B pasueix CYBJ] npeacrasneHst
pasubie koHCTpYKumH. B MySQL u PostgreSQL mMoxHO BOCHOIB30-
BaThCAa oneparopamMu LIMIT u OFFSET, KOTOPBIC HMCIOT HCMHOI'O OT-
auuatornuiics cuarakcuc. B SQL Server ans BeiGopa auamnazoHa CTPOK

HUCTIOIL3YETCAI KoMaHaa TOP.

MySQL: LIMIT {[offset,] row_count | row_count
OFFSET offset}
PostgreSQL: LIMIT {row count | ALL} [OFFSET offset]

IIpeaukar LIMIT onpenenseT KOIHISCTBO M3BICKACMBIX CTPOKA.
OFFSET yKa3slBacT CMCLICHUEC OTHOCUTEJIEHO HAavasa (TO €CTh CKOIBKO
CTPOK HY2KHO IPOIYCTHTb.

B caexyromeM npuMepe BBIMOTHICTCS BHIOOPKA ABYX 3aMUCCH,

Ha4YHUHAS C YETBEPTOM.

SELECT * FROM products ORDER BY id
LIMIT 2 OFFSET 3;
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6.2.5 ArperatHbie GyHKIHH
Arperarssie (0000maromume) GyHKIMA B KAYCCTBE MUCXOAHBIX Ma-
PaMEeTPOB INPUHUMAIOT 3HAYCHHS, VKA3aHHBIC B 3ampoce (Iocie CloBa
SELECT), B BRIYHCISIOT pe3yabTar. OCHOBHEIC arperatHele (QyHKIUH
nepedrcieHs! B Tabmune 6.2. Kak npaBuio, 3TH GyHKIMN TPUMEHSIIOTCS
B 3anpocax I'pynIMpoOBKU ¢ HCIIOJIL30BAHUCM KOMaHAbl GROUP BY.

Tabmvmia 6.2. ArperaTHble (yHKIN

OyHKIUS Ormmcanme

COUNT Bospparraer xomdecTBo cTpok. THII Bo3BpaIiaeMoro 3Ha4eHUs —
TIETI0€ YHCIIO.

AVG Brermicser cpeee apudMeruiaeckoe I YKa3aHHBIX 3JIeMEHTOB.
Hcronp3yercs TOIBKO JUIS MoJIeH ITU(POBBIX TUIIOB JIAHHBIX. THII
BO3BpPAITIAEMOT0 3HAYEHUS — BEIIECTBEHHOE HHCIIO.

SUM Bermcnser cymmy 3uadenvid. [ [pumenseTcs ToIbKo TS I POBBIX
THIIOB JTJAHHBIX.

MAX Bos3sppairaet HauGobIiiee U3 BecexX 3HAYCHUI.

MIN Bo3sBpairiaetr HauMmeHbIIIee U3 BCeX 3HAUCHUI.

Bce arperarhbie GpyHKIMH paboTAKOT C ¢IUHCTBSHHBIM OICM Tald-
JIMIBI ¥ BO3BPAIaOT CAUHCTBCHHOC 3HAYCHUC. d)yHKuI/II/I COUNT, MIN
1 MAX IPUMCHHUMBI KaK K YHCIOBBIM, TaK U K TCKCTOBBIM mOjIsM. DyHK-
muu SUM U AVG TOJKHBI IPUMCHSITBCS TOJIBKO K YHUCIOBBIM MOJISIM.
COBMECTHO ¢ MCPCUUCICHHBIMU (DYHKIMSIMH PA3PEIICHO HPUMCHSITDH
npeaukatr DISTINCT.

Bce arperarnpic dyHkimu 3a uckmoucHueM COUNT (* )  HTHOpH-
pyioT 3HaucHUI NULL.

B crnexyromeM nmpuMepe BBITIOTHICT PACUCT CPCIHCH COBOKYITHOM
CTOMMOCTH BCEX TOBAPOB OMPEACICHHOIO MPOU3BOAUTENS ¢ UCIIOJb30-

BaHHEM QYHKUIUH AVG:

SELECT AVG(price * product count) AS avg to-

tal price
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FROM products

WHERE manufacturer = 'Samsung';

Oyukuus COUNT BBIYKC/SIET KOJUISCTBO CTPOK B BIOOpPKE. EcTh
nse dopwmsel 310 GyHkuuu. [lepsas popma COUNT (*) MOACUUTHIBACT
YHCIO CTPOK B BEIOOpKE. Bropas gopma (HyHKUIMH ¢ YKa3aHHEM UMEHH
cTONONA BBIYUCIACT KOMHYSCTBO CTPOK MO OMPEACICHHOMY CTONOLY,

OpH 3TOM CTPOKHU CO 3HAUCHUAMHU NULL UTHOPHPYIOTCS, HAITPHMED:

SELECT COUNT (product count)
FROM products;

OcranpHbie PyHKIMU pabOTAOT aHATOTUYHO. 3HaducHus NULL ur-
HOPHPYIOTCS M HE YUUTHIBAIOTCS NPH arperariy 3HAUCHHH.

Bee dyHKIME MOTYT KOMOMHHPOBATHCS, YTOOBI B OJHOM 3ampoce
BBIBOAMINCEH PE3YIIbTATH MPUMEHCHUH HECKOIBKHX (PYHKLHUH K CTONO-
1aM TabIHLBl UTH BEIYHCTSICMBIM BBIPOKCHHSIM.

B creayromemM npumepe BEIYHCIACTCS MHHUMAIBHOC U MAaKCH-
MaJIbHOE 3HAUCHHE LCHBI I BCEX TOBAPOB, & TAKXKe 00IIas CTOUMOCTD
BCEX UMCIOLIUXCS TOBAPOB!

SELECT MIN (price), MAX(price),
SUM(price * product count)
FROM products;

[To yMomuaHWIO BCE BHIMICTICPCYHCICHHBIX NATh (PYHKIUA VUHUTHI-
BAaIOT BCC CTPOKHU BBHIOOPKH s BRIYHCICHUA pe3yibrara. Ho Beibopka
MOJKET COACPKATh MOBTOPSIIOINKE 3HaUCHUA. ECin HeoGX0 1Mo BHITION-
HUTb BBIYMC/ICHUS TOJBKO HAJ YVHUKAIbHBIMHU 3HAUCHUSIMH, UCKIIOUUB
13 Habopa 3HAUYCHUH MOBTOPSIOIIUECS JAHHBIC, TO A 3TOTO MPUMEHSI-
erca onepatop DISTINCT.

6.2.6 I'pynmupoBka ganssix. [pegnoxenue GROUP BY

Hpe,unox(eHHe GROUP BY mpe¢aHa3zHAUCHO IJISI OCYIICCTBICHHA
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IPYIIAPOBKH BRIXOIHBIX CTPOK MO KAKOMY-THOO MPU3HAKY, HAITPUMED,
MO PABCHCTBY 3HAYCHUIN KakuX-m00 cToa0u0B. [Ipeanoxenne GROUP

BY uMeeT CIeAyOMUil CHHTaKCUC!

GROUP BY mmMsa crosbua 1 [, mMmMa crosbBua 2, ..]

3ampoc, B KOTOPOM MPUCYTCTBYET GROUP  BY, Ha3eIBacTCs rpym-
MHPYIOLIHM 3aIIPOCOM, ITOCKOJBKY B HEM IPYIIUPYIOTCA JaHHBIE, MO-
JIVICHHEIC B PC3YyAbTATC BEINOIHCHUA oncparmu SELECT, mocie 4ero
JUISL KasKIOW OTACNBHOM IPYIIEBI CO34AETCS €AHMHCTBEHHAs CyMMapHas
ctpoka. IIpm manmuny B onepatope SELECT npeanoxkenus GROUP BY
KOKABIM 3JIEMEHT CIIMCKa B OpeAnokeHHH SELECT AOMKEH HUMETh
SAMHCTBEHHOE 3HA4YeHHE 11 Beel rpynnel. boaee Toro, npeanoxenue
SELECT MOKCT BKIIOYATh TOJIBKO CICAYIOIIHC THIBI JJICMCHTOB:
HMMCHA MOJICH, arperatHbie ()YHKLUWH, KOHCTAHTH H BBIPAXKCHUS, BKIIEO-
YaroIue KOMOWHALIMN MIEPEUUCICHHBIX BBIIIC 3JICMEHTOB.

Bce nmena TOJICH, MPUBCACHHBIC B CITUCKE MPEAT0KCHUS SELECT,
JOJKHBI OPUCYTCTBOBATh U B ONPCMIOKCHHN GROUP BY 3a HCKIIIOYC-
HHEM CIYYacB, KOTJa UM CTONONA HCIONB3YETCs B arperatHod (pyHk-
uuu. OOpaTHOES MPABUIIO HE SIBISICTCS CIIPABEIJIMBBIM — B IPSATIOKCHUH
GROUP BY MOryT ObITh MMCHA CTOIOLIOB, OTCYTCTBYIOILIHC B CIIHCKE
HHCTPYKIUH SELECT.

B xagectse mpumepa paccMOTPHM 3amlpocC, KOTOPBIM TPYMITHPYET
TOBAPHI MO MPOU3BOJUTCIIIO U CUUTACT KOJUYCCTBO TOBAPOB KaAKIOTO
MIPOU3BOIUTCIIA.

SELECT manufacturer, COUNT (*) AS count
FROM products
GROUP BY manufacturer;

JanHbI 3a1poc CrpynnupyeT BCE CTPOKH, UMEIOIMNE OJHHAKOBOS

3HAYCHUC MO «IPOU3BOANTEIbY (manufacturer), B OAHY CTPOKY.
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Bce nmvena mosiel, nepeunciacHabie B SELECT, y4acTBYIOT JTHOO B ITPE.I-
70keHUH GROUP BY, nmu00 B arperaTHod ()yHKLIUH.

Ecmu B BrIpaxkeHnn SELECT NMpPOW3BOAMTCS BHIOOPKA IO OAHOMY
W HECKOJIBKAM CTONOLAM, W TAKKE HCIIONB3YIOTCS arperatHeie GpyHk-
LIMH, TO HCOOXOIUMO HUCIIOIb30BATh BeIpakcHUC GROUP BY.

Craeayer yuuThiBaTh, YTO BBIpAKCHHEC GROUP BY MOMKHO HATH
HOCJIC BRIpAKCHUA WHERE, HO 10 BRIpaXCHUI ORDER BY, TK. CHauaaa
JaenaeTcs puapTparys 3anucet, yI0BICTBOPSIOIINX YCIOBHI0 WHERE, a
[TOTOM BBITIOIHACTCA TPYIIIMPOBKA CTPOK. Pe3ympTaT rpympoBKH Cop-
THPYCTCS MO YCJIOBHUIO, YKa3aHHOMY B ORDER BY.

Omneparop GROUP BY TakKe MOXKET BBINIOJIHATH IPYIITHPOBKY IO
HECKOJILKUM CTOIOLAM.

6.2.7 ®unbTpauus rpynn. Ilpeanoxenne HAVING

Omneparop HAVING NO3BOSIET BBIOTHUTE (PUIBTPALMIO TPYIIIL, TO
€CTh ONPEIACIICT, KAKHUEC TPYNIBl OVAYT BKIIOYCHB B BBIXOJHOU
pe3yIbTar:

[HAVING ycioBua_ oTOopa]

HcnonrzoBanne HAVING BO MHOTOM AQHAJIOTHYHO NPUMCHCHHIO
WHERE. Tonsko eciu WHERE npuMeHSETCS A QHIBTPALMN CTPOK,
T0 HAVING - qs puastpaunu rpynn. B ogHOM 3ampoce MOXKHO coue-
TaTh BRIpAKCHUA WHERE 1 HAVING.

B crexyromem mpumepe 3ampoca cHauana (pUIBTPYIOTCS CTPOKH:
BBIOUPAIOTCS TC TOBAPHI, 0OIIAS CTOMMOCTE KOTOPBIX OOJIBIIE CTA THICY.
3areM BHIOpaHHBIC TOBAPHI IPYIIUPYIOTCA MO mpousBoaurensM. Ha 3a-
KIIOYHTCIEHOM Mare (QUIBTPYIOTCS CaMH TPYIIbI: BRIOHPAIOTCA TC
IPYIIIBL, KOTOPHIE coaepKatr OObIIE OTHONH MOJCITH.

SELECT manufacturer, COUNT(*) AS models count
FROM products
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WHERE price * product count < 500000
GROUP BY manufacturer
HAVING COUNT (*) > 1;

Ecnu npu 310M HE00X0JUMO MPOBECTH COPTHPOBKY, TO BRIPAKCHHE
ORDER BY uACT NOCIC BHIPAXKCHUA HAVING.

6.3 Baio:keHHBIE 3aIPOCHI

HacTo HEBO3MOXKHO PEIIUTh MOCTABICHHYIO 3aJa4y IIyTeM OJHOTO
3ampoca. ITo 0COOCHHO aKTYaIbHO, KOTAa MPU HCTIONb30BAHUN VCIOBHS
NOHCKA B IMPCAI0KCHNH WHERE 3HAQUCHHC, ¢ KOTOPBIM HAJA0 CPaBHH-
BaTh, 3apaHee HE ONPEACIICHO U JOKHO OBITh BEIYUCICHO B MOMCHT BBI-
HOJHEHus oneparopa SELECT. B TakoM ciiyuae HCHOJIB3YIOTCS OIepa-
TOPHI SELECT, BIIOXKCHHBIC B TCJI0 APYroro oneparopa SELECT.

Hucrpykumsa SELECT AOIMyCKaeT BIOJKEHHE B 3alPOC HEOTPAHHU-
YEHHOTO KOJIMYECTBA MOA3AIPOCOB, Onarogapst KOTOPBIM MOXKHO CO37a-
BaTh BEChMa CIIOJKHBIC MHOTOSIPYCHBIC KOHCTPYKLNH BHIOOPKH JAHHBIX.

— BaytpenHuii noazanpoc npeacTaBIsIeT cOOOH TAKKE ONEpaTop

SELECT, a KOZUPOBAHUE €0 NPEANTOKECHUM MOAUNHICTCS TEM K

IpaBHIaM, YTO U OCHOBHOIO oneparopa SELECT.

— Bnemnnii oneparop SELECT HCIIONB3YET PE3YIBTAT BBITIOIHE-

HMS BHYTPCHHCTO OIICpaTopa MJIsd ONpeACACHUA COACPKAHMS OKOH-

YATCIBHOTO PE3YIbTATA BCCH ONICPALIMH.

— BayrpenHue 3ampockl MOryT OBITH HOMEIIEHBI HEMOCPE-

CTBCHHO MOCJIC OIICPaTopa CPaBHCHHA B OPCMIONKCHUS WHERE u

HAVING BHCmHCTO oncparopa SELECT — OHM mOTy4YarOT Ha3Ba-

HHE TI0J3aIIPOCOB MIIH BIOKEHHBIX 3arpocos. BHyTpeHHNe onepa-

TOpEl SELECT MOryT HOPHUMCHATBECA B omecparopax INSERT,

UPDATE u DELETE.
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BrioskeHHbIi 3anpoc (I0a3ampoc) — 3TO HHCTPYMEHT CO3JAHUS BPE-
MCHHOU Ta0HUILBI, COACPKUMOE KOTOPOH H3BJICKACTCsS W 0OpabarbiBa-
€Tcsl BHEIIHUM onepatopoM. TekeT noazanpoca 10mKeH ObITh 3aKTIOUCH
B ckoOku. K moazanpocam npUMEHSIOTCS CIEAVIOIIUE MPAaBUIA U Orpa-
HHYCHUSL

— mpeanokenue ORDER BY He ucmonb3yeTcs, XOTS U MOMKET

MPUCYTCTBOBATh BO BHEITHEM MOJ3AITPOCE;

— cnoucok B mpemioxkeant SELECT cocTouT u3 UMEH OTASIBbHBIX

CTONOLOB WK COCTABICHHEIX M3 HUX BBIPAKCHHH — 32 HCKIIOUC-

HHEM CITy4asi, KOTJa B MOA3AMPOCE MPUCYTCTBYET KITIOUEBOEC CIIOBO

EXISTS;

— [0 YMOTYAHWIO HMCHA CTONOLOB B MOA3AMPOCE OTHOCATCA K

TabnuiEe, uMs KOTOPOH ykasaHo B npeioskeand FROM. Ogxaxo

JOMYCKACTCS CCHIJIKA M HA CTOJOLBI TAONUIIBI, YKA3aHHOH B TIPea-

noxennd FROM BHemHero 3ampoca, A1 4ero MpUMEHSIOTCS KBa-

Mu(UIHPOBAHHEIE UMEHA CTONONOB (T.€. ¢ YKa3aHHEM TaOJHIIE);

—  ©CJH HOA3ANpOC SBIIETCS OAHUM H3 ABYX ONCPAHIOB, VIaCTBY-

IOLIHX B OMEPALK CPABHCHUS, TO 3aMPOC AO/IKCH YKA3BIBATHCS B

HNpaBoOH 4aCTU 3TOU ONEPALUH.

[To Tuny pe3ynpTupyromero Hadopa JAaHHEIX MOYKHO BBIACTHTE JBA
THIIA MO3aIPOCOB:

— CKQSPHBIM MOA3AIpOC, KOTOPBHIM BO3BpAIAET €JUHCTBCHHOE

3HAYCHUC,

— TaOJIUYHBIA MOA3AMPOC, KOTOPBIH BO3BPAIIACT MHOKECTBO 3HA-

YCHHH, T.€. 3HAUYCHHS OJHOTO HIH HECKOJBKHUX CTOIOLOB TaOIHIIEL,

pasMenIeHHBIC B 00JICe ueM OHOM CTpoke. TaOnudaHbIi HoA3aIpoC

MOJKET MPUMEHSITBCS BE3JC, TAC JOMYCKACTCS HATUYHUE TaOIULIBL.

[Toxzampockl MOI'YT IPUMEHSATHCA BO BCEX KOMaHOAX BEIOOPKH U
MOIUGPHUKALNN JAHHBIX.

[Tpu BrIOOpKE HaHHBEIX (B MHCTPYKUMH SELECT) BIIOKCHHBIC 3a-
MPOCHI MOTYT HPHUMCHSTHCA
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— B KauecTBe creuudukamuu croadua TMOCTE  BBIPAKCHHS

SELECT,

— B Ka4eCTBE TaOMUILBI 71 BEIOOPKH B BEIPAXKCHHH FROM;

— Jang QUIBTPalHK CTPOK U TPYIIN B NPEITOKEHUIX WHERE u

HAVING COOTBCTCTBCHHO.

[Ipu noGaBieHUH AaHHBIX B BRIpaXCHAN INSERT BIOXKCHHBIC 3a-
MPOCHI MOT'YT MIPUMEHATHCA JJT ONIPEACIICHUA 3HAYEHHA, KOTOPOE BCTaB-
JISIETCSL B OJIVH U3 CTOJIOLOB TaOIULIbI.

[Ipu oGHOBNEHUH AAHHBIX B BHIpKCHHH UPDATE MOA3arpOCH
NPUMEHAIOTCA:

— A4 YCTAHOBKH HOBOI'O 3HAYCHHSA MOCIC oncparopa SET,

— Kak 4YacTb YCIOBHS (PUIBTPALUH B BEIpKCHHH WHERE.

Ilpn vaanenum naHHBIX B BhIpakeHHHM DELETE BIIOKEHHBIE 3a-
OPOCHI IPUMCHIIOTCS KaK YacTh YCJIOBHUA B BRIPAXKCHUU WHERE.

UroOBI paccMOTPETH BBIMOIHCHUE BIOKCHHBIX 3aIIPOCOB HA PUME-
pax, cozgaauM B 0a3c JaHHBIX TAOMUIly 3aKa30B orders (IOMOIHH-
TEJAPHO K CYIIECTBYIOMWECH TabauIe ToBapoB products, ONUCAHHOU B
pazaene 6.1):

CREATE TABLE orders (
id INT AUTO_INCREMENT PRIMARY KEY,
product id INT NOT NULL,
product count INT DEFAULT 1,
created at DATE NOT NULL,
FOREIGN KEY (product id) REFERENCES
products (id) ON DELETE CASCADE

) ;

Tabmua orders SBASCTCS AOUCPHEH U CBI3aHA C TJIABHOM C HC-
MOJTE30BAHUEM BHEITHETO KITIOUA.
B nepsom mpumepe OvaeM HCIOIb30BATh BIOXKCHHBIH 3ampoc IS
OMPCICNICHUS 3HAYCHUA OpH A00ABICHUH JAaHHBIX B MPCITOKCHUH
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INSERT. loGaBuMm uHMOPMAIHIO O 3aKa3axX, yKa3aB HACHTH(MHKATOP
TOBapa, Ha KOTOPHIH CACTAH 3aKa3, KOJINICCTBO TOBAPOB B 3aKa3¢ U JaTy
3aKasa:

INSERT INTO orders (product id, created at,
product count)

VALUES

( (SELECT id FROM products WHERE

product name='iPhone 13'), '2022-05-21', 2 );

Ilpu noGasieHun naHHBIX B TAOAUIY Orders HUCHOMb3YETCS MO~
3anpoc A/ NoaydeHust nHPOpMAIUH 00 UACHTU(UKATOPE HYKHOTO TO-
Bapa u3 Tabmuiel products. B mpuMmepe OCHOBHOH 3ampoc u moa3a-
MIPOCHI BBIMIOTHIUCH K PA3HBIM TAOIUIIAM.

OCHOBHOH | BIIOKCHHBIH 3aPOC MOTYT 00paLaThCs K OHOM Tabd-
auie. PaccMoTpuM mpumep UCMONB30BAHMS MOA3ANPOCA B MPSATIONKE-
Huu SELECT:

SELECT * FROM products
WHERE price = (SELECT MAX (price) FROM products) ;

B npumvepe ocyImecTBIsAeTCs MOUCK BCEX TOBAPOB, KOTOPBIE HMEIOT
MakCHMaJBHYIO IIeHy. B TakoM 3ampoce 11 BEIBOJa TOBApOB ¢ MaKCH-
MaJIbHOHN LCHOM HEJb3sl UCHOJIBb30BaTh MPOCTOE OorpaHuucHue LIMIT,
T.K. KOJIMIECTBO 3aITUCEH 3apaHee HEM3BECTHO, IMMO3TOMY HCIIONb3YETCS
BIIOKEHHBIH 3arpoc. B nmoxzanpoce cHauana HAXOAUTCAS MaKCUMAaTbHAL
LCHY TOBapa, UCMOb3ys arperatHyro ¢pyakumio MAX. Ha Bropowm mmare
B OCHOBHOM 3aITPOCE BBITTOIHAETCS IIOMUCK BCEX TOBAPOB C TAKOH HEHOH.
T.c. B3TOM mpUMEPE MOA3AMPOC BHITIOTHICTCS KaK YacTh YCIOBUS (PUiTb-
Tpauy B IPCIIOKCHNH WHERE.

B creayromem npuvepe HeoOX0AUMO HAUTH HHGOPMALIUIO O 3aKa-
3ax caMoro JOpororo ToBapa:
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SELECT * FROM orders
WHERE product id IN (
SELECT id FROM products
WHERE price = (
SELECT MAX (price) FROM products

) ;

B npumepe ucnonap3yeTcs ABa NOA3AIPOCca; CHAYAIA BBIIIOIHICTCS
MOA3aNpoC, KOTOPBIH BO3BPAIACT MAKCHMAIbHYIO CTOMMOCTb TOBapa,
3aTeM 3ampoc, KOTOPBIH BO3BPAINACT HACHTU(UKATOPHI TOBAPOB, HME-
FOLIHX MAaKCHMATBHYI0 CTOMMOCTE, U TOJBKO MOCTIE 3TOr0 OTPabaTHBACT
BHEITHUU 3aITpOC, KOTOPBIM BO3BPAIACT 3aKa3bl C CaMbIM JOPOTUM TO-
BapoM. T k. B Tabauue products MOKET CYIIECTBOBATE HECKOIBKO TO-
BapOB C MAKCUMATIBHOH LICHOH, TO MOA3AMPOC MONYICHUS HACHTH(UKA-
TOPOB BEPHET MHOXKECTBO 3HaueHUH. [loaromy 1u1d mowcka 3aKa3oB BBI-
MOJTHACTCS HE MPOCTO MPOBEPKA HA PABCHCTBO, 4 UCIONIB3YETCA OIepa-
Top IN, KOTOPHIH BEIMOMHACT (PHABTPALIUIO MO MONAJAHUIO 3HAUCHHS B

MHOXKCCTBO.

6.3.1 Oneparop EXISTS

Omneparop EXISTS nmpogepseT, BO3BpaIlacT au NOA3ANPOC KaKoe-
aubo 3HaueHue. Kak mpaBumno, 3ToT onepaTop UCHONB3YETCS A HHIU-
Kalli{ TOTO, YTO KaK MHHUMYM OJHA CTPOKA B TAONHLE YAOBICTBOPSCT
HEKOTOpOMY yenoBuro. [Tockonbky Bo3BpalneHus Hadopa CTPOK He Ipo-
HUCXOTUT, TO MOA3ANPOCH ¢ TIOJOOHBIM OMEPATOPOM BBHIOIHSIOTCS J0-
CTaTOYHO OBICTPO.

[Ipumenenne omepatopa uWMEET CleAyIOIUH  (QopManbHBIN

CHHTAKCHC!:

WHERE [NOT] EXISTS (<nonsalpoc>)
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B cneayromem npuMepe UCIOMB3YETCS 3aPOC HAXOKACHHSA BCEX
TOBAPOB U3 TabIuIbl products, HA KOTOPBIC €CTh 3aKa3bl B TAOIHUIIC

orders, ¢ HCNIOJIB30BAHUEM OmlepaTropa EXISTS:

SELECT * FROM products
WHERE EXISTS (

SELECT * FROM orders

WHERE orders.product id = products.id
) i

CTOUT OTMETHTH, YTO AN MOIYYCHHS HOJAOOHOTO pE3yibTaTa
MOKHO Ob1710 OB HCTTONB30BaTh U oneparop IN. Ho mockomeky npu npu-
MeHCHHH EXTSTS HE MPOUCXOANUT BHIOOPKA CTPOK, TO €0 UCIO/Ib30BA-

HHe G6onee 3gekTHBHO, YeM HCIOIb30BaHue onepaTopa IN.

6.3.2 MHorokpaTHoe CpaBHEeHHE

Ipu BrmmoTHCHMH TTOA3apoca IN IPOBEPSACTCS PABCHCTBO HEKOTO-
POro 3Ha4CHUs, 00padaThIBACMOrO OCHOBHBIM 3aIPOCOM, KAKOMY-TO W3
3HAYCHUH, COACPIKAIIMXCA B CTONOLE PE3YIbTATOB BIOKCHHOTO 3a-
npoca. B ciayuae coBnaaeHus nanHas 3anuck J00ABISACTCS B PE3YIbTH-
pyromuii Hatop 3ampoca. B SQL mpeaycMoTpeHsr omepaTopsi, OCy-
LICCTBILIOLIME 0OJIeEe CIOKHEIC TPABUIA CPABHEHHSL, M0 ACPKUBAIOIIIC
HE TOJBKO JIIEMEHTAPHYIO MPOBEPKY HA PABEHCTBO, HO M OCTAJBHEIC
OIEPaTOphl CPABHEHUS — JTO NpeauKkaTel ALL U ANY | SOME.

IMpeaukar ALL uMeeT ciieAyrOIHiA CHHTAKCHUC!

<CpaBHMBaeMoOe 3HadeHMue> <olepaTop> ALL (<non-—

3amnpoc>) .

IIpoeepsemMoe 3HAUEHNE TOOYEPETHO CPABHUBACTCA C KAXKIBIM JJIE-
MCHTOM, BO3BPAIIACMBIM MOA3aITPOCOM:!

— ¢cliM BCce cpaBHCHMA faroT TRUE, TO B BCA mpoBepka ALL BO3-

Bpatut TRUE;
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— ecau XOT4 OBl OJUH PE3VIbTAT CPaBHECHUS paBeH FALSE, To 06-

UM PE3YJIbTATOM TAKXKE CTAaHET FALSE.

Eme oxua ocobeHHOCTE npoBepKH ALL 3aKIIOYACTCSI B TOM, UTO
€CJTH BJIOJKCHHBIH MMOJ3aMPOC BEPHET MYCTOH HAOOP AAHHEIX, TO MPEIH-
kar ALL Bo3Bpatut TRUE.

B crenyromem npumepe BBIITOTHASTCS MOUCK BCEX TOBAPOB, IICHA
KOTOPBIX MEHBIIIC, YeM y TF000ro ToBapa YKa3aHHOW KOMITAaHHH:

SELECT * FROM products
WHERE price < ALL (
SELECT price FROM products
WHERE manufacturer = 'Apple’
) i

Oneparop ALL B CBOSM POAC SIBIISCTCS SKBUBAJICHTOM TIOTUUICCKOM
oneparuu AND («1»), OH Bo3Bparact 3HaucHue TRUE, e€cu noA3ampoc
HC BO3BPATHT HHU OJMHOM 3aIlMCH WJIM, HA00OOPOT, KOrJa BCE CTPOKH B
HabOPe BBLACPKUBAIOT cpaBHeHUE. COOTBETCTBECHHO, pe3ynbTar FALSE
BEPHETCS B CIIy4ae, KOTAa CPABHCHHE HE MPOHAST XOT OBl OHA CTPOKA
B Habope.

Hpe,uI/IKaTbI ANY m SOME paBHO3ZHAYHBI, UX CHHTAKCHC BBITJISIUT

CCAYIOIIUM 00pa3oM:

<CcpaBHMUBaeMoe 3HaueHMne> <onepaTop OTHOUEHUSI>
ANY | SOME (<nozms=amnpoc>)

Kak u B ciaygae ¢ ALL, nmpoBepsAeMOe 3HAUCHHE TOCIIET0BATEIBHO
CPaBHHUBAETCH C 3JIEMEHTaMH, BO3BPAIICHHBIMU [TOA3aIPOCOM:

— eciu XoTs Obl OHO W3 CPABHCHHHA AACT MONIOKHUTCIBHBIN Pe-

3yMBTAT, TO MPOBEePKa ANY (SOME) TaxKe 3aBEPIIUTCS C Pe3yJIbTa-

TOM TRUE;

— HHAYC PC3yabTaT NPOBCPKH FALSE.
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Ecnu BjokeHHBIM MOA3AMPOC BOOOINE HE BO3BPATUT JAHHBIC, TO
cpaBHeHHE ANY (SOME) 3akaHYMBACTCS 3HAUCHUEM FALSE.

6.3.3 Koppenupyroumie noasanpocsl

Tarke CTOUT OTMETUTD, YTO MOA3ANPOCH KIACCUPHIMPYIOTCI KaK
KOPPETUPYIOLINC U HEKOPPEITUPY FOLIHC:
— HEeKOPPeJHPYIOLIHii M0A3aMPOC HE 3aBUCHT OT OCHOBHOTO 3a-
[POCa U BHINOHACTCS] OMUH Pa3 Ik BCEIO BHEIIHETO 3arpoca;
— koppesupyroiuii moazanpoc (correlated subquery) — moaza-
MPOC, KOTOPBIA COACPIKUT CCHLTKY HA CTOJOIBI M3 BKITFOUAKO-
IIEro €ro OCHOBHOTO 3anpoca. Koppenupyromuii noazanpoc Oy-
JIET BBIIIOJIHATHCA AJI KaKI0H CTPOKH OCHOBHOTO 3arpoca, Tak
KaK 3HAYCHUS CTOIOLOB OCHOBHOTO 3ampoca OYAYT MCHSIThCS.
B caeayromuem npumepe 3anpoc BeIOupacT HHGOPMALIHMIO O 3aKa3ax
u3 Tabauiel orders, A00aBUB K HeH MH(MOPMALIHIO O TOBAPE:

SELECT created at, product count,

(SELECT product name

FROM products

WHERE products.id = orders.product id) AS
product
FROM orders;

B paccmoTpeHHOM MpUMEPe MOA3ANPOC SBISCTCS CICHUpUKANICH
croabua. 3armpoc BO3BPAIIACT TPH CTOIONA, MPUUEM B TPETHEM CTOJIOLC
COJCPIKUTCS HA3BAHUC TOBApa, MOMYUCHHOC BBHITIOJHCHUE BIOKCHHOTO
KOPPETUPYIOLICTO 3anpoca.

Koneuno, Takoii criocod 00beAUHCHMS JAHHBIX U3 HECKOIBKUX Ta0-
JIVIT B OJTHOM 3aMPOCE MPAKTHUCCKH HE UCTIONB3YETCS, ITO TIPOCTO TIPH-
MEp, ACMOHCTPHPYIOITHH, KaK MOYKHO HCMONb30BATh KOPPCIHUPYFOIIHC
noazanpocki. bosee 3 hexkTuBHBII CIOCOO AT U3BJICUCHUS TAHHBIX K3
JPYTHX TaOJHIT 3aKTF0YACTCS B UCTIOb30BAHUY ONIEPATOPa COCTUHCHHS
JOIN, KOTOpHIH OyaeT paccCMOTPEH B pazzene 6.4.
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CaenyeT yYUTBIBATB, YTO T.K. KOPPEIUPVIOIIUE MOA3ANPOCH BbI-
MOTHSIOTCS IS KOKIOU OTACIBHOU CTPOKH BBHIOOPKH, TO BBITIOJTHEHUC
TaKUX MOJA3ANPOCOB MOXKET 3aMEJJISITh BBINOJHEHHE BCErO 3ampoca
B LICJIOM.

6.4 MHoOroTa0IH4HbIE 3ANPOCHI

IMomumo wucnosp3oBanus moazampocos, B SQL mpeaycMoTpeHo
SIIC Ba COCO0A MOCTPOCHHUS 3aMPOCOB K HECKOJBKUM TaOIHI[AM — 3TO
COCOUHCHUS, OCYIICCTBIICMBIC ¢ IMMOMOINBIO KIIIOUCBBIX CJIOB WHERE H
JOIN, u ciustHue TabJuUI[ ¢ UCMO/Ib30BaHKE oneparopa UNION (pucy-
HOK 38).

MHorotabauuHbie
3anpocskl SELECT

! !

CoeguHeHua CnuaHma UNION MNoazanpockl SELECT
| }
WHERE JOIN
INNER |LEFT |RIGHT NATURAL JOIN,
JOIN JOIN ...USING

Pucynox 38 — Kimaccrpukarust MHOTOTaOIIYHBIX 3alIpOCcoB

Jns unmocTpayu npuMepoB Oy YT HCIOIb30BATECS ONPEACICH-
HBIC paHee TabIHULBl TOBAPOB products W 3aka3oB orders W HOBas

TabIMNa KJIUEHTOB customers:

CREATE TABLE customers (
Customer_id INT NOT NULL AUTO_INCREMENT,
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first name VARCHAR(30) NOT NULL,
PRIMARY KEY (customer id)
)7

Kpome toro, B Tabmune products OblT MEPeUMEHOBAH IEPBUY-
HBIH Kkmod ¢ 1d Ha product id. IlepenMeHoBanNe HEOOA3aTENBHO
JUTSL CBSI3M TAONHUL, HO Tak OyAET MpoIIe MPONLTIOCTPUPOBATh HEKOTO-
pBIC CBOMCTBA OTHOIICHUH. B Ta0nuiy orders Obut 100aBICH HOBBIH
cronben customer id M BHEIIHHH KIFOY, YKa3bIBAIOIHMN HA TAOIHITY

customers.

6.4.1 lexapToBO NpOU3BEACHHE TAOIHI
Pabota ¢ jaHHBPIMH HECKONBKHX TaOIHIl OCHOBBIBACTCS HA OTCpa-
LUSAX TCOPUH MHOXKECTB U PE/ISILIUOHHON aareOphl, KOTOPbIC OBLIH pac-
CMOTpEHSHI B pazaene 2.5. PaccMoTpyM 3TH onepariiy MPUMEHHTENBHO K
TabmnaM 0as3el JAHHBIX.
B craexyromeM mpuMEpe BHITIOMHACTCS ACKAPTOBO IPOU3BCACHHC

Tabmui orders H customers:

SELECT *

FROM orders, customers;

Ilpu Takoii BeIOCOpPKE Kaxkaast cTpoka u3 tadmuiel orders OyaeT
COCUHSATHCS ¢ KAKAOH CTPOKOH u3 Tabnuiel customers. Ho Bpsig au
3TO TOT PE3YJIBTAT, KOTOPBIN XOTEIOCH Obl BUACTH. TeM 0oiee, Kaskapii
3aKa3 CB3aH ¢ KOHKPETHBIM MOKYIIATE/ICM, & HE CO BCEMHU BO3MOYKHBIMH

NOKYyHIaTC/IsIMU.

6.4.2 Baytpennee coenunenne WHERE

UroOwl pemmTh 3a1a4y CBI3M 3amuceH mo uacHTH(pukaTopam (T.c.
M0 KOHKPETHOMY YCIOBHIO), HEOOXOIMMO HCIONb30BaTh MPEITOKCHUC
WHERE g ¢punetpanuis CTpok.
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PaccmoTpuM npumMep 3anpoca, KOTOPEIH BEIBOJUT HH(OPMALIHIO O
3aKazax, BKIoUYas HHYOPMAIUIO O KIUCHTE H 3aKa3aHHOMY TOBapy:

SELECT customers.first name, products.prod-
uct name,
orders.created at
FROM orders, customers, products
WHERE orders.customer id = customers.customer id

AND orders.product id = products.product id;

Tak Kak 34¢Ch HYKHO COSAUHHUTH TPU TAOIUILBI, TO MPUMCHSIOTCS
Kak MUHUMYM JBa ycaosust. KiiroueBoi Tabmutiei ocractest orders, u3
KOTOPOH M3BJIEKAIOTCS BCE 3aKa3bl, a 3aTEM K HEHM OACOEIUHSIECTCA JaH-
HBIC TI0 KJIWCHTY 1O VCIOBUID PABCHCTBA 3HAYCHHUN CTONOIOB
customer id m3 Tabmui orders u customers U JaHHBIE IO TO-
Bapy IO YCIOBHIO PABEHCTBA 3HAYECHHH cTONONOB product id.

B nanHOoM npumepe Ha3BaHHS TAOHI] CHJIBHO YBEIHYHUBAKOT KOJ
3aMpoca, HO €ro MOXKHO COKPATUTh 34 CUET HCTOJIb30BAHUS ICEBAOHU-
MoB TaOmun. Kmarouesoe cimoBo AS IpU ONPCACICHUH IICCBAOHUMOB

MOKHO OITYyCTUThD!:

SELECT c.first name, p.product name, o.created at
FROM orders AS o, customers c, products p
WHERE o.customer id = c.customer id

AND o.product id = p.product id;

PesynpTar 3ampoca Oy aeT 3KBUBAICHTCH PE3YIbTATy MPEABIAYIICTO
3arpoca.

6.4.3 Coegunenne JOIN

C BexomoMm cranaapta SQL-92 BMecTo coeJMHEHHS € HCTIOTb30Ba-
HUCM OPCIIOKCHUA WHERE HUCIIONB3YIOTCA CHHTAKCHICCKHC KOHCTPYK-
LUK, UCTIONB3VIoIUe npegiokeHrue JOIN. B SQL Takux kOHCTpYKIMN
HECKOINBKO.

146



Bo-r[epBbIX, NOAACPKUBACTCA BHYTPCHHCC COCAMHCHHC INNER
JOIN wmau npocto JOIN (kmoueBoe cnioBo INNER sBisieTcs HeoOs3a-

TENBHBIM, TI0 YMOTYAHUIO UCTIONB3yeTcs INNER JOIN):

SELECT wmma_cTonbua [,..]

FROM <jeBada_Tabiuua>

[INNER] JOIN <mnpabasd Tabmmua> [ON <ycioBue>]
[WHERE ycJsioBUA oTOOpa]

ITocme xmroueBoro ciaoea ON VKa3bIBaCTCAd YCIOBHE COESIMHEHH,
KOTOPOC YCTaHABIHBACT, KaK JBc TaOIMLBl OyayT cpaBHHBaThCciA. B
GONBLIMHCTBE CNYYACB ISl COCAMHCHHUS MPUMEHACTCS ICPBUYHBIN KITFOY
IJIaBHOM TaOIULIBI M BHEIIHUN KII0Y 3aBUCHMOM TaOIHLIBL.

Bo-Bropeix, B SQL ocyiiecTBicHa MOAACPKKA TAK HA3IBIBACMOTO
BHEIHETO COCIUHCHUA, ANl KOTOPOTO TPeOVETCs SIBHBIM 00pa3oM yka-
3bIBATh, KAKOTO THIIA COCTUHCHHUE TpeOyeTcd moay4uuT: nesoe (LEFT),
mpasoe (RIGHT):

SELECT wmma_cTonbua [,..]

FROM <jeBada_Tabiuua>

{LEFT | RIGHT} JOIN <npabasa Tabmuiia> [ON <ycjo-
BHE>]

[WHERE ycJsioBUA oTOOpa]

Ilpm Hanmcanwm 3ampoca BaXXKHYIO POJb HIPacT IMOCIEIOBATEIb-
HOCTh cocauHeHus Tabmu. o mpaBunam noctpoeHus 3ampoca JOIN
MM IEBOH TaOMHULIBI CIICAYET CPasy MOCIE KITIOUEBOTO ClIoBa FROM, UM
rpaBoi TadauLbl — ociae JOIN.

Ecmu paccmotpeTs nmapy tabmun A ¥ B, TO ¢ HCIIOIB30BAHUEM CO-

eauHeHUS JOIN MOXKHO MOJYYUThH PA3MUYHBIC KOMOWHALIMK JAaHHBIX,
KaK TOKA3aHO HAa PUCYHKE 39.
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SELECT <select_list>

FROM TableA A

LEFT JOIN TableB B
ON A.Key = B.Key

SELECT <select_list>
FROM TableA A
LEFT JOIN TableB B

SQL JOINS

SELECT <select_list>

FROM TableA A

RIGHT JOIN TableB B
ON A.Key = B.Key

SELECT <select_list>

FROM TableA A

RIGHT JOIN TableB B
ON A.Key = B.Key

WHERE B.Key IS NULL |

ON A.Key = B.Key

SELECT <select_list>

FROM TableA A

FULL OUTER JOIN TableB B
ON A.Key = B.Key

Pucynok 39 — Turmsl coeuHeHmiA

WHERE A.Key IS NULL
SELECT <select_list>
FROM TableA A

INNER JOIN TableB B

ON A.Key = B.Key SELECT <select_list>

FROM TableA A
FULL OUTER JOIN TableB B
ON A.Key = B.Key
WHERE A.Key IS NULL
OR B.Key IS NULL

G

INNER JOIN HCHOIB3YCTCA A MOJIYUYCHHS NCPECCCUCHUS ABYX
Tabnwu.

JleBoe BHemmHee coeauneHue LEFT JOIN BO3BpaTHUT BCC (,Z[a>1<e
HCCBS3aHHBIC) CTPOKH JICBOU TaOIHLBI M JOMONHUT HX CBSI3aHHBIMH
cTpokaMu TpaBod Tabmuupl. [l HECBA3aHHBIX CTPOK HEIOCTAFOLIUC
3HAYCHUS OyayT 3anmojHeHbI 3HaueHUeM NULL. [IpaBoe BHEIIHEES coeu-
HEHHE, HA000POT, BEPHET BCE CTPOKH U3 MPABOH TaOULIbI, JOTIOTHUAB UX
CTPOKaMH U3 JICBOH TabmuIbl 00 3HAUCHUsIMU NUL L.

B pame CYBJ| momaepskuBactcs moqHOS coeauHeHue (FULL
OUTER JOIN), KOTOPOE BO3BPAINACT BCS CTPOKHU M3 JCBOW U MPaBOM
Tabnuu.

PaccmoTtpum oneparinm coefMHEHHS HA IPAMEPaXx.

Ucnonp3ys JOIN, BRIOEpEM Bce 3aKa3bl H J00aBHUM K HUM HHpoOp-
Maruio o ToBapax. Jlara co3gaHus 3aKa3a U KOJHUYECTBO TOBAPOB B 3a-
Ka3e BBIOUPAIOTCS U3 TabmHULBl order s, HA3BaHHE TOBApa BHIOHUpAcTCH
n3 Tabmun products. g cokpameHns Koaa 3anmpoca HCHOAb3YIOTCS

ICEBJOHUMBI TaOIULL;

SELECT o.created at, o.product count, p.prod-

uct name

FROM orders o

JOIN products p ON p.product id = o.product id;
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Crangapt SQL moCTOSIHHO COBEPIICHCTBYSTCS, AO0ABIISS JOIO-
HUTEIbHBIE CHHTAKCHYIECKHE KOHCTPYKITNH ucnoiab3osaana JOIN. [ep-
Bad KOHCTPYKIHA NATURAL JOIN — ¢CTCCTBCHHOC COCIHHCHHC.

CyTh KOHCTPYKLHMH €CTECTBCHHOTO COCIWHCHHUS 3aKTIOYACTCH B
oM, uto SQL camocTosTeIbHO BHIOMPACT CIIOCOO COCAUHCHUS TAOIIHII,
B mepsyro ouepear mpoBEpSIOTCS OJHOUMEHHBIC CTONOLBI B JICBOH H
MpaBoi TabIUIAaX €CIM TAKOBBIE OTCYTCTBYIOT, TO COCAWHCHHE OCY-
IIECTBJETC 10 OJHOTUIIHBIM CTOJI0LAaM KOHCTPYKIMH JOIN. Ho x uc-
MOJb30BAHUIO TAKOTO COCOHHCHHUS CICAYET OTHOCUTBCA € OOIBIIOH
OCTOPOKHOCTBIO, T.K. MOXHO IIOJYYHATh HCOXKHJAHHBIM PE3yIbTarT,
HAMpUMEP, €CIM COCAUHCHHUE MNPOU30MAET MO ABYM OJHOWMEHHBIM
croabuam.

CunTakcrieckas KOHCTpYKIHS JOIN ... USING — COCAUHCHHUE C
SBHBIM yKa3aHueM ctoibna. B aTom cnyuae ykassiBaeTes ums ctoadua,
KOTOPOE MPUCYTCTBYET B 00CHX TAOIULAX;

SELECT orders.created at, orders.product count,
products.product name

FROM orders

JOIN products USING (product id);

ITo cBoeit cytn coennaeHns NATURAL JOIN um JOIN ... USING
BBICTYNAKT HNPOCTO CEPBUCHBIMU PACIIHPEHUSMU TPAIULHUOHHBIX KOH-
cTpykiuil JOIN U NpeaHa3HAUCHBI A1 HCIOIb30BAHUS TOJBKO B TOM
caydae, €CaH MPU MPOCKTUPOBAHUY TAONHUL] CTPOTO COOTIOANINUCEH Mpa-
BHJIa UMCHOBAHMS CTOJOLOB TMECPBHYHOTO M BHEIIHETO KITIOYCH U HE
ObLTO Apyrux TabIHIl ¢ OJUHAKOBBIMHU HMEHAMH, KOTOPBIC HE JOJDKHEL
Y4aCTBOBATh B COCIUHCHUU.

K 3ampocam coeauHEHHS TakKe MOXKHO MPHMEHATh OOJce KOM-
IUICKCHEBIE VCIOBHS C (GHIBTPALIMCH H COPTHPOBKOM.
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B ortimmune or INNER JOIN BHEIIHEE COEIUHEHHUE BO3BpalmacTt
BCE CTPOKH OJHOH WM JBYX TAOJHI], KOTOPHIC YUIACTBYIOT B COCIUHE-
HUH.

JleBoe BHemmHee coeauneHue LEFT JOIN BO3BpaTUT BCC (,Z[a>1<e
HCCBSI3AHHBIC) CTPOKU JICBOM TAOJHUIIBI M JOTOJTHHUT HUX CBSI3AHHBIMH
CTPOKaMH MPABOH TAOHUIIHL.

B caeayromeM mnOpumepe BBIMONHACTCS COCHAMHCHHE TaOJIHI]
customers u orders. B cmydae, ecnu A1 KIMCHTOB HET CBI3AHHBIX
3aKa30B, COOTBETCTBYIOIIUE CTONOLBI U3 TAOMHIEl orders B BHIOOPKE

OVIyT 3aMOJHCHBI 3HAUYCHHEM NULL:

SELECT first name, created at, product count
FROM customers
LEFT JOIN orders ON orders.customer id =

customers.customer id;

[IpaBocTOpOHHEE COCAMHEHHE BBIOMPACT BCE 3alUCH U3 NPaBOU
Ta6J'II/II_IbI U AOMNOJIHACT UX CBCACHUAMU U3 JICBOM Ta6J'II/ILIbI WIN 3HAUYCHUC
NULL.

B crieayromem mpumepe aenaetcs BHIOOPKA BCEX TOBAPOB ¢ HHBOP-
MalueH o 3aKkazax npu uxX Hanmaun. B 3anpoce ucnomne3yercs mpaBocTo-
POHHEE COCIUHCHHE!

SELECT o.created at, o.product count,
p.price, p.product name

FROM orders o

RIGHT JOIN products p USING (product id);

B psae CYBJl moaxepskuBactcst omeparop FULL — [OUTER]
JOIN, KOTopLII‘/'I OCYIICCTBJISICT ONCPALHIO IIOJTHOIO BHCIIHCTO COCAU-
HCHHSI, BO3BPAINAst BCE CTPOKH M3 MPABOU U JICBOH TaOIHUI[ COCAUHCHUS.

W koHEYHO B OHOM 3amMpPOCce MOTYT KOMOMHUPOBATHCS PA3TUIHBIC

THIBI COCAUHCHUH, YCIOBUS QUIBTPALIUH, TPYIIHPOBKH H COPTHPOBKH.

150



6.4.4 O6neanaenne UNION

Omneparop UNION Hcrmons3yeTcs, Koraa Tpedyercs 00beJHHATS pe-
3yNbTATBl HECKONBKHUX 3anmpocoB. OOBCAMHCHHUE NPOUCXOTUT IMIO-
CTPOYHO, HOBBIX CTONOLOB, B OTIMYHH OT UCIIONb30BAHMS ONICPALIMH CO-
CAMHCHMYS, HE MOSBISCTCS.

CHHTaKCHUC OMEPALMN UMEET CIICAYIOIIUN BH;

SELECT BrpaxeHue 1

UNION [ALL]

SELECT BopaxeHue 2

[UNION [ALL] SELECT BupaxeHyne N]

Ilo yMoa4aHuIO, MOBTOPSIOIIUECS CTPOKU MPU OOBCIUHCHHH YA~
Tsr0TCA. UTOOBI COXPAHUTE CTPOKH-AYOIHKATEL, HEOOXOJUMO UCTIONb30-
BaTb KJIHUYCBOC CIOBO ALT.

O0beauHeHre UNTON MOXKET OCYIIECTBISTHCSA TOJABKO Y COBME-
CTHUMBIX TI0 00BeAUHCHHIO OTHOLICHHH. JlomycTrMo 00beIUHATE OTHO-
LICHHUS TOJBKO MPU YCJIOBHH COBHAACHUS KONMMYCCTBA U THIMA JAHHBIX
00BE AUHAEMBIX CTOJIOLIOB.

Jis mpumepa ucnoip30BaHus OOBCAUHCHUS CO3AATUM CIIC OTHY
TabNUIy COTPYAHUKOB employees, COBHAJAIMIYIO M0 CTPYKTYPE C
Tabnuueh knueHToB. Toraa 3ampoc BeiBoAa HHGOPMALIMH O BCEX KIUCH-
Tax U COTPYAHUKAX B OJHOM PE3YJbTHPYIOIIEM OTHOIICHHH MOKET
UMETh CICAYIOMUI BUA!

SELECT first name FROM customers
UNION
SELECT first name FROM employees;

[Tpu 0OBEIUHEHNH KOMUYECTBO BHIOMPACMBIX CTONOLIOB U HX THI
COBMAIAOT it 00eux BHIOOPOK. PeaymbraT 3ampoca sABIsSeTCs 00beu-
HCHHEM JIBYX 3aIPOCOB.
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6.5 Mogudurkauus ganabix. Uucrpyxuus UPDATE

Jnst OOHOB/ICHUS YKE CYIIECTBYIOIUX B TAONULIE CTPOK MPUMEHSI-

eTcs koMaHga UPDATE. OHa uMeeT cneayromui GopManbHbIi CHHTAK-
cuc:

UPDATE {mMsAa TaOuulpl | MMSA NpencTaBJIeHNS }
SET {{umsa_crosbua= BbpaxeHue | 3HaueHue | NULL |
DEFAULT | ARRAY | ROW=cTpoka} [,..]}

[WHERE ycJsioBue oTbopa | WHERE CURRENT OF uMSa Kyp-
copal

OOBIYHO HCTIONB3YETCS YIPOLICHHBIH CHHTAKCUC M3MEHEHUS Tal-
JIMLBL, TIPH KOTOPBIX MEPEUHCIIIOTCS HA3BaHUA CTONOLIOB CO 3HAYCHH-

SIMHU ¥ YKa3bIBACTCA YCIOBUE QUIIBTPALMH CTPOK, K KOTOPEIM OYAYT IpH-
MEHEHBI U3MCHECHUS:

UPDATE uMA_TaOJIULE

SET umMmga croJjbua 1 = 3HaueHue 1,
uMsa crTosblua 2 = sHaueHue 2, ..,
uMs croJibua N = sHaueHue N

[WHERE ycisioBue oT6opal

B creayromem mpuMepe BHITIONHAETCA M3MEHEHNE 3HAMCHUM IBYX
CTOIOLOB Y CTPOK TaOIHLBI, KOTOPHIE YAOBICTBOPSIOT YCIOBHIO, YKa-
3aHHOMY B OPCANOKCHUN WHERE:!

UPDATE products

SET manufacturer = 'Samsung',
product count = product count + 3
WHERE manufacturer = 'Samsung Inc.';

HpH OOHOBJIEHUU BMECTO KOHKPETHBIX 3HAUCHUI U BRIPAKEHUN MO-
I'YT HUCHOJB30BATHCA KIIOYCBBIC CI10Ba DEFAULT um NULL mna ycTa-

HOBKH COOTBCTCTBCHHO 3HAUCHUS MO YMOTYAHHIO MJTH NULL.
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6.6 Yaanenue ganabix. Uacrpykuusa DELETE

Wuctpykums DELETE npeaHazHaueHa A1 VAATICHHS CTPOK U3 Tab-
JINL JAHHBIX:
DELETE FROM mMs TaOJMlEl
[WHERE ycJioBUe gT6opa | WHERE CURRENT OF uMsa Kyp-—
copal B B
B GompimnacTee CYB/] oneparmst yaanieHus HE MPUBOTUT K HEMEI-
JCHHOMY (PH3HUECKOMY CTHPAHHIO CTPOKH. BMECTO 3TOro crienpanbHbIA
CITykeOHBIH OUT VOATICHHUS CTPOKH MOMEYACTCS COOTBETCTBYIOIIUM 00pa-
30M, IOCIIE Y€rO CEPBEP HAYUHACT NOJIAraTh, YTO CTPOKH HE CYIIECTBYET.
B creayrome mpuMepe yAQISIOTCS CTPOKH TaOIMLBL, YAOBICTBOPSIIO-
IIHAC COCTABHOMY YCIOBHIO, O0BCAMHCHHOMY JIOTHUCCKHM OMeparopomM AND.

DELETE FROM products
WHERE manufacturer = 'Apple' AND price < 90000;

Jis yaaneHus BCEX CTPOK TaONULIBI MOKHO BOCIOIb30BATHCS KO-
MaHao¥ DELETE, He yKa3bIBas Mpeaukart GUIbTpalys JaHHbIX, T.¢. 063
npeanoxeHusd WHERE:

DELETE FROM products;

Ecnu HeoOXx0auMO yAATHTE BCE CTPOKH M3 TAOMHIBI, MOKHO TAKKE
HCHOIb30BaTh KOMaHAy TRUNCATE:

TRUNCATE TABLE products;

OTnuuns B HCNIONB30BaHUH OnepaTopoB DELETE u TRUNCATE:

— TRUNCATE BBIMIOJHACTCS OBICTPEE;

— JgevictBue kKoManAbl TRUNCATE HEIb3sl OTMEHUTb OIEPATOPOM
OTKAaTa TPAH3AKIIHNH;

— eCITU A TabIuUBl ONPEICICHbl ABTOMHKPEMEHTHEIC TIOMS, TO
3HAYCHUC HX CUCTYHUKOB OOHVILICTCA MOCIEC HCIONB30BAHMS KO-
MaHael TRUNCATE.
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7 IPEACTABJIEHUA

7.1 IlonsiTHe NpeacTaBIeHHSA

HpeacraBiaenne (VIEW) — 00bekT Ga3bl AaHHBIX, SBISIOLIUNACS
PE3VABTATOM BBIMTOIHCHHUS 3ampoca K 0a3e AaHHBIX, ONPEACICHHOTO C
MOMOIIBI0 orepaTopa SELECT, B MOMEHT o0palleHus K MpeacTaBic-
HHIO.

[IpencraBneHus HHOTAA HA3BIBAIOT «BHPTYATBHBIMHU TAOIULIAMID).
Takoe HazBaHHE CBI3aHO C TEM, YTO MHPEACTABICHHUE NOCTYITHO IS
MOJb30BAaTEN Kak TabIuLa, HO caMO OHO HE COACPIKHUT JAHHBIX, & H3-
BJICKACT X U3 TAONHI B MOMEHT oOpareHus Kk Hemy. Eciu naHHbIe H3-
MEHCHBI B 0a30BOH TaOJMIE, TO MOJB30BATCIb MONYYHT AKTYaTbHBIC
JAHHBIC MPH OOPAIICHHH K MPEACTABICHUIO, HCIIONB3YIOMIEMY JaHHYIO
Tabnuny; K3MIMPOBAHHUA PE3YIbTATOB BHIOOPKH N3 TaOMHULBI TpH paboTe
npeacTaBiIcHUH He mpoussoautcs. [Ipu 3ToM, MEXaHN3M KIMIUPOBAHUS
3ampocoB (query cache) padoraer Ha ypoBHE 3aMpPOCOB MOJIB30BATEIS
OC30THOCHTEIPHO K TOMY, OOpaInacTes /I MOJb30BATe/Ib K TadauLaM
WIH TPEACTABICHUSM.

MoOXHO OTMETUTH CIACAVIOLUIME MNPEHMYLICCTBA HCIOIB30BAHUS
MPE ACTABJICHUI:

1) maet BO3MOXKHOCTh THOKOM HACTPOHKH MPaB AOCTYNA K JAHHBIM

3a CUET TOTO, UTO HpaBa JAr0TCs HE Ha TabIuLy, a HA MPEACTAB-
JICHHE. JTO MO3BOMICT HA3HAYUTH MPAaBA HA OTACIBHBIC CTPOKU
TabIHLBl UK JACT BOBMOYKHOCTD MOJTyYaTh HE CAMH JAHHEIC, &
pe3yabTaT KaKUX-TO ACHCTBUI HA HUMU,

2) HO3BOJET PA3ACIUTh JOTHKY XPAHCHIS JAHHBIX H MPOTrpaMM-
HOro obecrieucHus . MOKHO M3MCHATh CTPYKTYPY JAHHBIX, HE
3aTparvBas nporpaMMHeid koa. [lpu m3MeHeHHH cxeMbl Oasel
JAHHBIX JOCTATOYHO CO3JaTh MPCIACTABICHUS, AHAIOTHYHBIC
Tabnuuam, K KOTOPbIM paHblic 0OpaIlaIuch TIPUIOKEHHS. JTO
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yA00HO, KOTJa HET BO3MOKHOCTH U3MCHUTH MPOTPAMMHBIN KO/,
WA K OJHOH 0a3¢ JaHHBIX OOPAINArOTCs HECKOIBKO MPHIOKE-
HUH ¢ pa3nuYHBIMU TPECOOBAHUSIMH K CTPYKTYPS AAHHBIX

3) ymoOCTBO B HCIOIB30BAHUM 33 CUCT ABTOMATHYCCKOrO BBIMOJI-
HEHUS TaKUX JACUCTBHUM, KaK JOCTYI K OIpPEACICHHOHN HacTu
CTPOK W/HITH CTOJIOLOB, IOTYICHHUE JAHHBIX U3 HECKOIBKUX Tab-
JHI ¥ UX TTPeoOpa30BaHKE C TIOMOIIBIO PA3IUYHBIX (PYHKIHH;

4) mockoapky SQL-3ampoc, BRIOUPAOLINN JAHHBIC MPEACTABIIC-
HUSL, 3ahUKCHpOBaH Ha MOMEHT ero co3aanus, CY B/l monyuaet
BO3MOKHOCTh MPUMCHHUTD K 3TOMY 3aMPOCY ONTUMH3ALUIO WIH
MPEABAPUTCIBHY IO KOMITHUIISLIUIO, YTO MOXKCT MOBBICUTh TPOU3-
BOJUTCITBHOCTD BEITTOTHCHHUS 3aIPOCOB.

VopouieHHbiil  cuHTAaKCUC cozganust npeacrasicHuii B CYB]]

MySQL umeer caeayromuii BUA;

CREATE [OR REPLACE]
[ALGORITHM = {UNDEFINED | MERGE | TEMPTABLE] ]
VIEW view name [ (column list)]
AS select statement
[WITH [CASCADED | LOCAL] CHECK OPTION]

JanHoe BBIpaXKCHHUE CO3JACT HOBOE MPEICTABICHNE WM 3AMEHSIECT
CYIICCTBYIOUICE, CCITH UCIIONB3YETCS BEIpaskeHUe OR REPLACE. Bripa-
JKeHHC select statement ompeacmger npeacrapicHue. SELECT
MOJKET OTHOCHUTBCS KaK K TabmuIaM, Tak ¥ K APYTUM MPEIACTABICHHUIM,
T.€. HOAACPKUBACTCS HCIONb30BAHUE BIOKECHHBIX MPEACTABICHUN.

[IpencraBneHus OMKHBI HMETh VHHKATBHBIC HMeHA cTo1010B. [To
VMOTYAHHIO UMCHA CTOJIOLOB, MOIYUCHHbBIE BhIpaxkeHHeM SELECT, ue-
MOJB3YIOTCA NI UIMCHH CTOJOLA MpeAcTaBicHus. SIBHBIC MMEHA IUis
CTONOLOB NMPEACTABICHUS MOTYT OBITh 33JaHBI C IIOMOIIBIO BEIPAYKCHHUS

column list Kak CIMCOK pa3AeNsIeMBbIX 3aIsITON HACHTU(PHUKATOPOB.

155



Omnuus ALGORITHM ompeneiser, kak CYB/] oOpabarsiBacT npea-
CTaBICHHE!

— MERGE: TEKCT 3ampoca K MPeACTABACHUIO 00bEIUHSICTCS C TCK-

CTOM 3ampoca caMoro npeacrasicHus k Tadmunam b1, peayns-
TaT BBIMOTHCHUS O0BSIUHCHHOTO 3aITPOCa BO3BPAIIACTCS T0/Ib-
30BaTEIIIO;
— TEMPTABLE: COACPKHUMOC HOPCACTABICHUA COXPAHACTCA BO
BPEMCHHYIO Ta0JIULYy, KOTOPAs 3aTeM UCTIOIb3YSTCS ISl BBITOI-
HEHUS 3aIpoca;

— UNDEFINED (3nHaucuuce mo ymomuanuio). CYBJl camocros-
TCJIBHO BRIOHPACT, KAKOH aJITOPHUTM HCIIO/Ib30BATH MPU 00parie-
HUH K TPEIACTABICHHIO.

HpI/I HUCIMOJb30BaHUU B OMPCACIICHUU NPCACTABJICHUA KOHCTPYKIIUU
WITH [CASCADED | LOCAL] CHECK OPTION BCe JOOABISICMBIC
WJTH U3MCHSICMBIC CTPOKHU Oy YT MPOBEPITHCS HA COOTBETCTBUE OIPE/IC-
JICHUIO TIPEACTABICHHS.

Paccmotpum mpumep mpeacrasineHus u3 0a3bl AaHHBIX sakila
(yueOHoii 6a3sl aanubix, moctasisiemoi ¢ CYBJ] MySQL), Bossparuaro-
LICTO MPOJAXKH MO KAXKIOH KaTeropuu QuiibMa.

CREATE ALGORITHM=TEMPTABLE
VIEW sales by film category AS

SELECT c.name AS category, SUM(p.amount) AS sales
FROM payment p

JOIN rental r ON p.rental id = r.rental id

JOIN inventory i ON r.inventory id = i.inven-
tory id

JOIN film £ ON i.film id = f.film id

JOIN film category fc ON f.film id = fc.film id
JOIN category c ON fc.category id = c.category id
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GROUP BY c.name
ORDER BY total sales DESC;

Te. B MPUMEPE co31aeTCs MPEACTABICHHS
sales by film category c AJITOPUTMOM 00OpaboTKu
TEMPTABLE. Hpe,Z[CTaBneHI/Ie OIIPCACTIACTCS 3arpoCcoM, 00Bbe JUHSIO-
UM JAHHBIC U3 MICCTH TAOMHIT, ¢ TPYIIIUPOBKOHN JaHHBIX.

B creayromem mpuMepe BHITOTHIACTCS 3aPOC K MPEICTABICHHUIO!

SELECT *

FROM sales by film category
ORDER BY category

LIMIT 5;

Pabota ¢ npeacTaBICHUSIME MPOUCXOIUT TAK KE, KaK U ¢ TaOIu-
[AMH — TI03TOMY TIPCACTABICHHUS WHOTAA M HA3BIBAIOT BHUPTYAJbHBIMU
tabnuuamu. B 3ampoce BMecTo obOparueHus K Tabaune aeaaetes oopa-
IICHHE K MTPEACTABICHUIO.

7.2 OGHOBIsIEMbIE NIPEACTABJIEHHS

[IpencraBnenue Ha3pBAcTCs 0OHOBJSIEMBIM, CCIIH K HEMY MOTYT
ObITh IPUMCHUMBI onieparopsl UPDATE u DELETE 115t ©'3MCHCHHS TaH-
HBIX B TAOJHLAX, HA KOTOPBIX OCHOBAHO MPEACTABICHHUE.

Hist Toro, 4ToObl TPEACTABACHUE OBLIO OOHOBISIEMBIM, JOJIKHBI

OBITH BBITIOTHCHEI HCKOTOPBIC YCJIOBUSA, B T.1.:

oTCcyTCTBHC (DYHKIIUI arperaiuu B IPEACTABICHHUH,

OTCYTCTBHC CICAVIOIIMX B MPEICTABICHUH  BBIPAKCHUH
DISTINCT, GROUP BY, HAVING, UNION;

— OTCYTCTBHC IIOA3AIIPOCOB B CIUCKC BRIPAKCHHUA SELECT,

— CTONOLBI NPESACTABICHUS JODKHBI OBITh MPOCTHIMH CCBHITIKAMMU
Ha 1oy Tabnui (a He, HanpuMep, apuPMETHICCKUMHE BBIpaXKe-
HHSIMH) U T.JI.
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OO0HOBIIEMOE MPEICTABICHUAEC MOXKET JOIMYCKATh NOOABICHHUE AAH-
HBIX (BBITOJHCHNEC HHCTPYKIMH INSERT), €CITH BCE MO TAOIHLIBI-UC-
TOYHHUKA, HE MIPUCYTCTBYIOINUE B MPEACTABICHUHA, UMEIOT 3HAUCHUS T10
YMOITYAHHIO.
Jis mpeacrasicHui, OCHOBAHHBIX HA HECKOJIBKHX Ta0MULAX, OIC-
parust no0aBieHus JaHHBIX (INSERT) BBINOIHICTCS TOJBKO B CIyYac,
€CITH MPOUCXOTUT A0OABICHUEC B CAMHCTBCHHYIO PCANTBHYIO TaOJHLTY.
V nanenue naHHBIX (DELETE) JUT TAKUX MIPEACTABICHUN HE OAOEPAKHU-
BacTCH.
Ipu ncnomp30BaHUM B ONIPECACICHUN OPCACTABACHUI KOHCTPYKITHHI
WITH [CASCADED | LOCAL] CHECK OPTION BCe A00ABISICMBIC
WJTH U3MCHSICMBIC CTPOKHU Oy YT MPOBEPITHCS HA COOTBETCTBUE OIPEIC-
JICHUIO MPEACTABICHUS
— wu3MeHeHue AaHHbiX (UPDATE) pa3peuicHO TOABKO IS CTPOK,
VAOBJICTBOPAIOIINX YCIOBHIO WHERE B OIIPCACICHIH IPECACTAB-
acHUA. KpoMe TOro, HOBBIC 3HAUCHHS CTPOKHU TAKKC JAOLKHBI
YAOBICTBOPATH 3HAUCHUAMH YAOBICTBOPSACT YCJIOBUIO WHERE

— pobasicHue AaHHBIX (INSERT) pa3peiicHO, TONBKO €CJIH HOBAs
CTPOKA YAOBJICTBOPACT YCJIOBHIO WHERE B ompeACICHUH NPCa-
CTaBIICHUA.

Kirouessie ciioBa CASCADED u LOCAL ONMpeACISIOT IIIyOHHY MPOo-
BEPKU AJ15 IPEACTABICHUM, OCHOBAHHBIX Ha APYTIUX NPEACTABICHUAX:

— Ang mpeactaBicHUs ¢ Moau(pukatopomM LOCATL HPOUCXOTUT

MmpoBepka ycnoBmsi WHERE TONBKO B COOCTBCHHOM ONpEacIe-
HUU IPEACTABICHUSL,

— And mpeAcTaBieHUs ¢ MoangukatopoM CASCADED mpoHCXO-
JUT OPOBEpKa JJIs1 BCEX NPEACTABICHUM, HA KOTOPBIX OCHOBAaHO
JAHHOC MPEACTABICHUE. JHAYCHUCM MO0 YMOTYAHHUIO SIBIISCTCS
CASCADED.
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B caeayromem mpumvepe cozaaeTces OOHOBISIEMOE MPEACTABICHUC,
KOTOPOS BO3BPAINACT TOBAPBI TOJBKO /ISl OJHOTO MPOU3BOIUTEIIS:

CREATE VIEW apple products AS
SELECT *

FROM products

WHERE manufacturer = 'apple';

Hcnonb30BaHne Takoro mpeaCTABACHHS MOXKET OBITh TOJC3HO B
clIy4ac, eCliM HeOOX0JUMO Pa3rPaHUIHTh HCTIONb30BaHHUE TaOIULIbI pas-
HBIMH TIOJIB30BATC/IAMU WKW NPUIOKCHUAMH U HC NPCAOCTABIIATH T0-
CTYI K TOBapaM cpa3y BceX npousBoautencit. T.k. B TaHHOM mpUMEpPe
HE OTIPEACICHO HUKAKUX OTPAHUYCHHI HA MTPEACTABICHUE, TO BOZMOKHO
BBITIOJTHUTD O6HOBJ'I€HI/I€ JAaHHBIX B IMPCACTABJICHUU U, COOTBCTCTBCHHO,
B Ta6J'II/ILI€, HU3MCHUB IPOU3BOAUTCJIA.

B crneaviomem mpuMepe CO3JAeTCA BIOKCHHOC MPEACTABICHHE,
JUIE KOTOPOTO H3MCHAEMBIC CTPOKH OVAVT MPOBEPATHCS HA COOTBET-
CTBHE OTPCICICHHIO MPEACTABICHHS

CREATE VIEW iphone products AS
SELECT *

FROM apple products

WHERE product name LIKE 'iPhon%'
WITH CASCADED CHECK OPTION;

[IpencraBnenne 0OwsBICHO ¢ MOTUGHKaTOpoM WITH CASCADED
CHECK OPTION; T.6. MPOBEPKA CTPOK 6y,£[eT IPOBOAUTHCA AT BCCX
HNPEACTABICHUN, HA KOTOPBIX OCHOBAHO JAHHOE IPEACTABICHUE.

Ipu monpiTke OOHOBJICHUS JAHHBIX B 3TOM MPSACTABICHUU HA TC,
KOTOPBIC HE OYAyT VAOBACTBOPITh YCIOBHSIM B MPCAIOKCHUN WHERE
MPEACTABICHHUH, 3aNPOC 3aBEPLIUTCS C OLIHOKOM.
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8§ UTHIEKCUPOBAHUE

8.1 IlousiTHe HHAEKCA

Paccmotpum Ha mpumepe, IS 4ero HEOOXOAMMO BBHIMIONHATE HH-
aexkcupoBanue tabmui. Jonyctum, 6a3a JaHHBIX COACPKUT TeaCGOH-
HBIU CIIPABOYHHUK C YKazaHueM (paMHIuu U Tene()OHHOrO HOMepa Bia-
JeNbla, IPUYEM JaHHBIC XPaHATCd HeynopsaodeHHo. Ecau motpeby-
eTcs HaliTh HoMmep TenedoHa KOHKPETHOTO YEIOBEKA, TO HEOOXOAHMO
6y,Z[CT BBITIOJIHUTD HOCJ'IC,Z[OBaTCJ'IbHLIfI MIPOCMOTP BCCX CTPOK Ta6J'II/ILIbI
JUTSI TIOMCKA HYKHOTO 3HAYCHUS. Tako# moc/ae10BaTe/IbHbIN nepedop 3a-
MUCECH MOKET 3aHUMATh MHOTO BPEMEHH, OCOOCHHO, €C/TM TaOMHLA CO-
Jepxutr Oonpmoe yucno cTpok. KoHeuHo, MOXKHO peann3oBaTh yropsi-
AOYUYCHHOC XPaHCHHUC CTPOK AAHHBIX Ha AUCKC IIO (baMI/IJ'II/II/I BJIQACTbIIA,
Kak B OymaxkHoM TenedoHHOM cnpaBovyHuke. OIHAKO, €CNH HAM TOHA-
JOOUTCS PEeLIMTh OOPATHYIO 33Javy — HAWTH BiIaaenbLa Teac(oHHOro
HOMEpa — 0e3 mepedopa BCEX CTPOK OMMSTh HE OOOHTHCH.

Hns pemenns 6pictporo nmoucka AanHeix B CYBJl ucnonb3yercs
MEXaHU3M UHACKCHPOBaHUs JaHHBIX. MHaeKe — 310 00beKT 0a3bl 1aH-
HBIX, COS,Z[aBaCMbIﬁ € ICJIBKO MOBBIMICHUA ITPOU3BOAUTC/IBPHOCTU ITOUCKA
JAaHHBIX.

Pengaunonnas Ttabnuma MOMKET OJHOBPEMEHHO COACPYKATh He-
CKOJIBKO WUHACKCOB!

— HHACKC MNCPBHUYHOTO KIIOYA CO3AACTCA aBTOMATHUYCCKU B MO-
MEHT CO3JaHus EPBUIHOTO Kroua tadmuiel (PRIMARY KEY).
I/IH,Z[CKC NCPBUITHOIO KIIHOYA AOJLKCH rapaHTHUPOBATH, YUTO BO
BXOMIIUX B COCTAB MEPBUYHOIO KIKOYA CTOIOIAX OyAyT Xpa-
HUTHCA YHUKAJIBHBIC JAHHBIC,

— HHACKCHI BHCIMHCTO KIIOYA CO3AANOTCA aBTOMATHYCCKH B MO-

MEHT CO3JaHHUs BHEUIHETO KFoua Ta0miel (FOREIGN KEY).
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OcHoBHas 3a1a4a HHACKCA BHCIIHETO KIHOUA — OBICTPBIN MOHCK
3aMmiced BO BHEITHUX TabIUIAX AN COCAUHCHUS C 3THMH Tab-
JTULAMH;

— TIOJB30BATEIBCKUE HHACKCH CO3JAI0TCA BPYUHY0. OHU OMUCHI-

BaIOT JOMONHUTCIBHBIC CIIOCOOB! YIOPSAIOUUBAHHS CTPOK Tab-
JMLBL, YCKOPSIOT MOUCK AAHHBIX H MOT'YT MPOBEPATh JAHHBIC HA
VHHKaJIbHOCTb.
BricTphlii 1ocTynm K JAaHHBIM — 3TO TJIABHOE MPEHMYINCCTBO HH-
Jckca, dmarogapss KOTOpoMy B 0a3e AaHHBIX PEaIH3VETCs HECKOJBKO
BAKHBIX CCPBUCHEIX BO3MOKHOCTCH:
— YCKOPCHHE YNOPAAOUNBAHHS CTPOK OTHOLICHHIA;
— YCKOPCHHE MOHMCKA JAHHBIX N0 MOJHOMY WJIH YaCTUYHOMY COB-
MAACHUIO,

— YCKOPCHHE COCAWHCHUS TabIHL, CBA3aHHBIX MO MECPBHYHOMY H
BHEIITHEMY KJTFOUaM;

— BO3MOXKHOCTb MOJACP)KKH VHHKAJIBHOCTH JAHHBIX 3a CUCT 3a-
LIUTE OT BBOJA MOBTOPSIOIINXCS 3HAUCHHH.

Ho, xoHe4uHO, 3a MPUPOCT B CKOPOCTH MOUCKA PHUXOJUTCS TIIATHTb.
Jns XpaHeHHS HHOCKCOB B 0a3¢ JAHHBIX MPUXOAUTCS CO3AABAThH JOION-
HHUTEJBHBIC CTPYKTYPHI AaHHBIX. B 3THUX CTPYKTYpax XpaHATCS KOX JaH-
HBIX M YKa3aTelTb HA MECTOIOI0KCHUE 3TUX JAHHBIX A5 KAXKIOH CTPOKH
MPOUHICKCHPOBAHHOH Tabmumpl. YeM Ooblie HHACKCOB, TEM OOJIbIIC
Pa3sMEpPHOCTh AOMOIHUTEIBHBIX CTPYKTYP. MOXKET CIYIUTBCS TaK, 4TO
CYMMapHBIN paszMep cny:keOHoM nHpopMaLlni, OTBOIUMOH AT XpaHe-
HHSI UHJCKCOB, MPEBBICHT Pa3Mep MONE3HBIX AaHHBIX. Kpome Toro, nH-
JCKCHI TAKOKC YBEITHUUBAIOT BPEMsI BHITIOJTHECHHUS 3aMPOCOB Ha 100aBe-
HHE, UBMCHCHHUE H YIAICHHUC NAaHHBIX U3-32 HCOOXOANMOCTH OOHOBIC-
HHSI HHACKCA MOCJE BBITIOTHEHHS COOTBETCTBYIOIIHX 3aIPOCOB.

CyIIecTBYIOT pa3inyHbIC TUITBI HHICKCOB, HAHOOICE MOMYIISIPHBIC
U3 KOTOPHIX:

— HHACKCHI, 0Aa3UPYIOLIHECs HA TeXHONMOoTuHU Xermuposanus (hash);
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— HHACKCH Ha OCHOBE cOaaHcupoBaHHbIX B-aepesnes (B-tree);
— IpPOCTpaHCTBCHHBIC MHACKCH (Spatial grid, R-tree);
— OHTOBBIC HHICKCHI;

— IOJHOTCKCTOBBIC HHACKCHI.

8.2 Tune! uuaexcos

8.2.1 Nnaekchl HA OCHOBE XeIIHPOBAHHS

Xemmuposanue (hashing) mose3Ho B ToM ciaydae, Koraa TpedyeTcst
60pIION 00BEM 3HAYCHUH COXPAHHUTh B CPABHHUTEIBHO HEOOIBIION IO
Pa3MEPHOCTH Ta0IHLE (TOYHEE, XCII-TAOIUIIC) U 00CCIICYUTh OBICTPBIN
AOCTYII K OTUM 3HAYCHUAM.

CymiecTByeT MHOKECTBO METOAOB XCINUPOBAHMS JaHHBIX. X 06-
ek HAeeH SABICTCA MPUMEHCHUE K JAHHBIM HEKOTOPOH Xem-(hyHKLNH,
IO OTPEICICHHOMY aJITOPUTMY BEIPaOaTHIBAIOIICH 3HAYCHUE MCHBIIECTO
pasmepa (xem-3nadcHue). Hampumep, Ha BXOA (PYHKUMU MOCTYMAST
TEKCT (JOMYCTHM, Ha3BAaHUE TOBAPA), a HA BBIXOJC MOIYIACM KAKOES-TO
qUCI0. CBepTKa HUCXOAHBIX JAHHBIX — O,Z[HOHaHpaBJ'ICHHbII\/'I nponcecc: mo-
JIYYIUB XCII-3HAYUCHUC, HC MOJTYIUTCA BOCCTAHOBUTD IO HCMY UCXOJHBIC
JAAHHBIC, HO IIPH MOCTPOCHUU UHACKCOB B 3TOM U HCT HCO6XO,Z[I/IMOCTI/I.
rHaBHOG, IITO6I)I Xe]l[-(bYHKLII/IH Ha OAHHU U TC KC BXOAHBIC AJAHHBIC BCC-
I'Ia BO3BpALlalia OXHO U TO JKE BHIXOJHOC 3HAUCHHUCM.

Hns xpanenus muaekcHbix aanabix CYBJl cosmaer oTaeapHYIO
xewm-TabIuiy, COCTOSIIYIO M3 ABYX CTONOLOB: XCII-3HAUCHHS U aapec-
HOTO TOJIS, COACPIKAIIETO VKA3aTe/Ib HA CTPOKY HHACKCHPYEMOU Tab-
auisl (pucyrok 40). M3nauanbHO aApecHOS MOJIC HE 3aMOHCHO U Xpa-
HHT HEOMPEACICHHBHN ykazaTens NULL. CucreMa HauMHACT MPOLIECC
HUHACKCHUPOBAHUA — MOCJICAOBATC/IBHO YUTACT HA3BAHUA TOBAPOB U IICPC-
JACT UX Ha BXOJ Xel-(DYHKUUHU. Xem-QYHKIHI B COOTBETCTBHH C 3a10-
KCHHBIM B HCC MAaTCMATUYCCKUM BBIPAKCHUCM OCYIICCTBIIACT BBIYUC-

JEICT YUCTIOBOC XCIM-3HAUCHUC.
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products MNHaekcHana Tabnuua

0 name- prce
1 item... 100 h, YkasaTerb 1
— 2 item... 10 h, Ykasaterb 2
3 item... 18 h, NULL
4 item... 15 Xe W-hyHKLMA h, Ykasaterb 4
5 item... 100 h, Ykasaterb 5
98 item... 20 h,s YkasaTernb M-2
99 item... 30 h,., Ykasaternb M-1
100 item... 7 [ Ykasaternb M

Pucynok 40 — MHjiekec Ha OCHOBE XEIMPOBAHUS

HomyctiM, 9TO XEMIHUPOBAHUE TEKCTOBOH CTPOKH ¢ id=2 gamo
Xewm-3HaueHue hy_p. Ilepexoaum K CTpoke ¢ HOPSIKOBBIM HOMEPOM
hyy—> B UHACKCHOM Ta0nuLg (Xe-tabiIuie) U B €¢ CTOJI0CI] «A Ipec JaH-
HBIX» BHOCHM VKa3aTellb HA (PU3HUCCKYIO 3aIKCh C HY>KHBIM HICHTU(H-
KaTopoM MHICKCHUPYEMOU TaO HIbI. DTa OTCPALHSI IIOBTOPSICTCS 10 TEX
MOP, TOKa HE MMOCTPOUTCS MHACKC M1 Beer Tabmuusl. [o 3apepeHnm
WHACKCUPOBAHHS B XCII-TA0IHIEC OVAY COACPKATHCS MAPBI; XCII-3HAUC-
HHE U COOTBETCTBYIOIIUH 3TOMY 3HAYCHHUIO YKA3aTelb HA CTPOKY C pe-
ATBHBIMH JAHHBIMH TaOTHLIBI

Bnaronmapst mHACKCAM CYILICCTBCHHO YNPOINACTCSH MOHCK JAHHBIX:
TEHEpPh BMECTO mHepebopa BCEX CTPOK HUCXOAHOH TaOIHLBI € LETBIO
HAXOXKACHUS COBIAICHUS CHCTEMA MEPEIACT COACPKAHHE HHTEPECYIO-
el Hac CTPOKH Xen-(QpyHKIMU. Xe-(hyHKINS BBIYHCIICT XEII-3Hadue-
HHE W BO3BPAINACT HOMEP CTPOKH B MHACKCHOM xem-tabnuue. [locne
3TOr0 OCTACTCS MEPEUTH K UCKOMOM CTPOKE IO XPAHAIIEMYCsI B HHICKC-
HOWM TaOJTUIIE YKA3aTE/IIO.

[Mocne coznanus uaaekca CY B/l 06s13aHa moaaepKuBaTe €ro B ak-
TyaJIbHOM COCTOSIHUH. DTO O3HAYACT, UTO MPH BBOS B 0A30BYIO TAOIHITY
HOBOTO KOpTEXa, peJakTuposanuu u yaancumu crpoku CYB/I naaexcu-
PYST M3MCHCHHUS U OOHOB/ICT AAHHBIC B UHACKCHOU Tabnuuge. O0beM
BBIYHCITUTEIBHBIX PECYPCOB, 3aTPAYUBACMBIX HA OOHOBIICHHE HHACKCOB,
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IPSIMO MPOTIOPLIMOHACH KOIHICCTBY MOAU(DUIIMPOBAHHBIX 3aMMUCEH U B
OTACTBHBIX CIYYasX MOXET CYLUICCTBCHHO CHH3UTh MPOH3BOAMTCIIb-
HOCTh B/JI.

B mporiecce mocTpocHM HHACKCA HA OCHOBE TEXHOJIOTHH XCIITHPO-
BaHMsI KIIFOUCBAS POJb OTBOAUTCS XeuI-)YHKIMH, OTBEYAIOINCH 3a
CBEPTKY MCXOJHBIX JAHHBIX B XCIN-3HAUCHHC 3aBEIOMO MCHBLICH pa3-
MCPHOCTH.

WNneanpupix QyHKINIA XSIIUPOBAHUS HE CYLICCTBYET, KPOME TOTO,
pasMep xem-rabauibl CYIIECTBCHHO MCHBINEC MCXOJHOW TaONHUIbI, MO-
3TOMY BCETAA HMEETCS BEPOSITHOCTD TOTO, YTO B PE3VIBTATE XCIIUPOBA-
Hus ABa (W 00JICE) Pa3IHMYHBIX BXOAHBIX 3HAYCHUS CBEPHYTCS B OTHO
U TO JKC XCLI-3HAYCHHC U, KAK CJICACTBUC, OVAYT HANPABJICHHI B OJHY H
Ty ke cTpoky xem-tabmumpl. OZHAKO CTPOKA XEII-TAONHIBl 001a1aeT
CIMHCTBCHHBIM TIOJICM YKA3aTelIsl, IO3TOMY OJHOBPEMEHHO HE CIIOCOOHA
CCBLIATHCS HA HECKOJTBKO 3AIMUCCH HCXOMHOH TaOHIIBI.

OxHo u3 HaAWOOJCE PACHPOCTPAHCHHBIX PCUICHHHM JAHHOH MPO-
OJIEMBI— PA3PCIICHUE KOJTU3UH C TOMOIIBIO LEMOYCK (PUCYHOK 41).

NHpekcHas Tabnnya

Xaw-3HauyeHne Agpec AaHHBLIX

h, YkasaTenb 1 >
h, YkasaTenb 2

h, NULL

h, Ykaszatenb 5 >
h,. Ykasaternb M-2 >
hy Ykasatenb M-1 >
hy Ykasaterb M >

Pucynok 41 — Pasperienne kommm3uii

B sToMm ciiygae mpeaycMaTprUBaeTCs BO3MOKHOCTh TPHKPETUICHHUS
K KQOKIOU U3 TUCCK XCII-Ta0NUIIBI JOTIOTHHUTEIBHOH CTPYKTYPbI, HAIPH-
MeEp CBA3HOTO cIucKa. Kak TompKo B pe3yipTaTe KOJIH3HH B YKE 3aHI-
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TYIO STUCHKY ONAJACT CChIIKA HA €1IE OJHY CTPOKY, MEXaHU3M MOCTPO-
CHHS HHICKCA CO3AACT AOMOTHUTEIBHBIN 3EMEHT CBA3HOTO CIHCKA (KO-
TOPBIA COCTOUT U3 ABYX MOJCH — MO JAHHBIX U MOJISL — yYKa3aTe/s Ha
CIICAVIOIINI 3JIEMEHT CIIHCKA) U 3aHOCHT YKa3aTellb Ha CTPOKY ¢ HCXO-
HBIMHU JAHHBIMH VK€ HE B SMCHKY TaOIHUIIBL, 2 BO BHOBb CO3JAHHBIH 3Iic-
MEHT CIHCKA. B pesyiprare BBICTPAWBAcTCA LETIOUKA M3 IIEMEHTOB
COHCKA, a B AYCHKE XCII-TaONHIBl TCHCPh XPAHUTCA YKA3aTelb HE HA
CTPOKY UCXOJHOU PETSLIMOHHON TaOMHUIIbL, 4 HA MEPBBIA SIIEMCHT CITUCKA
Hanmape nermouku HeCKOIBKO 3aMEIIAET MPOLECC MTONCKA TaHHBIX,
BEJb TENEPh IPUXOANUTCS TPOCMATPHUBATh BCE 3IEMEHTHI CBI3ZHOTO
CITUCKA, HO 3TO BCE PAaBHO HAMHOTO OBICTPES, UeM mepeOupaTh BCE 3a-
MMHUCH HCMHACKCUPOBAHHOH TaONMHIIbL.
[IpeumyimecTBOM HCHONB30BAHUS XCII-HHACKCOB SBISCTCS OBICT-
PBIH JOCTYII K JAHHBIM, €CITH HET GOIBIIOTO KOTHYECTBA KOJUTH3HH.
K BegocraTkam Xem-uHAEKCOB MOYKHO OTHECTH CIIEAVIOIIHE:
— HEIB3s UCIONB30BATh JAHHEIC B HHACKCE, YTOOBI H30CKATh UTC-
HUS CTPOK;
— HEJb3s UCIOJIB30BATh AJII COPTHPOBKHU, IIOCKOJIBKY CTPOKH B HH-
JEKCE HE XPAHSTCS B OTCOPTUPOBAHHOM MOPSLAKE;
— XEW-MHJACKCH HE TMOAJCPKUBAIOT IIOUCK [0 YaCTHIHOMY
KJIFOUY, T.K. XEII-KOABI BBIYUCIIAIOTCA JUI BCETO WHACKCHPYE-
MOTO 3HAYECHHS,
— XEII-MHJEKCH MOAACPKUBAIOT TOIBKO OTIEPALMIO CPABHEHHUS Ha
PaBEHCTEO;
— HEKOTOPBIC OEPaIiy 00CTYKUBAHHUI HHICKCA MOTYT OKa3aThCs

MCIJICHHBIMH, C€CJIH KOTUYICCTBO KOJITU3HUH BEIHKO.

8.2.2 Nnpekcobl HAa ocHOBe B-aepeBbeB

CeMelicTBO HHASKCOB HA OCHOBE B-1¢peBbeB — 310 HanboJ1ee 4acTo

I/ICHOJ'ILSYGMLII\/'I TUII UHACKCOB, OPraHU30BaHHBIX KaK c6anchnpOBaH-
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HOC ACPEBO YIOPSAOUYCHHBIX KIO4YCH. OHH MOAACPKUBAIOTCS MPAKTH-
uecku BceMH CYDBJl kak peasiMOHHBIMU, TaK U HE PEISLUOHHBIMH, U
MPAKTHUYSCKU AJIS1 BCEX THIIOB AAHHBIX.

[Tpu mocTpoeHun uHaeKkca OVACT co3naHa MHOTOYpPOBHeBas cba-
JAHCHPOBAHHAS HCPaPXUUCCKas CTPykTypa. CTpaHHIBI BEPXHUX YPOB-
Hel B-aepeBa cTaHyT BRICTYNATH B POJIM HHIACKCA, & JIUCThSI CAMOTO HIXK-
HETO YPOBHS CTAHYT XPAHUTH JAHHBIC M YKA3ATC/IH HA 3aMKUCH B TAOIHIIC
(pucyHoKk 42).

index
root ‘-‘ 15 ‘- 56 |-‘ 77 e
o S . .

. —
. Ve : “a T
child-nodes ‘-‘ 15 -‘ 20 |- 49 ‘-|

leaf-nodes | ... f«—— 15 | 18 <> 20 | 30 « > 49 | 50 >
4 3 98 | 99 id id
products

id name price

1 item... 100

2 item... 10

3 item... 18

4 item... 15

5 item... 100

» 98 item... 20

99 item... 30

100 item... 7

Pucynok 42 — PasperieHne kommm3uii

Kax To1pK0 BO3HUKACT 3a4a4a MOUCKA KAaKOH-HUOYAb 3AITUCH, CUH-
THIBACTCS MHICKC KOPHCBOH CTPAHHUIIBI U MO YKA3ATCIO BBHIMOIHICTCS
MEPEX0/ K HYKHOU JOUCPHCH CTPAHHIIC, 3aTCM CUHUTHIBACTCS UHACKC Y
JOUYCPHCH CTPAHUIBI U BBIMOJHICTCS MEPEXOA K CICAYIOUICMY V37y.
Ipouecc npomomkaeTes A0 TEX MOP, MOKA HE J0OSpeMest K TpeOyeMomy
aucty ¢ manueiMu. brarogaps tomy, uro B-aepeBo cOamaHcupoBaHo,
MOWCK B HHACKCE OCYIICCTBIICTCS 3 OJHHAKOBOC KOJUICCTBO MEPEXO-
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JAO0B IO UHACKCHBIM CTpPaHULIaM, BHC 3aBUCUMOCTU OT TOr'0, KaKHUC AaH-

HbIC HE0OXx0AuMO Halitu. Takas 0coO0eHHOCTE B-1epeBREB XOPOIIIO CKa-

3piBacTCs Ha nponseoauteasHOCTH CYB/L,

HHuaexcesr Ha ocHOBE B-mepeBheB 001a0ar0T PSIIOM MPEUMYIIECTB

o CPaBHCHHUIO € XCHI-UHACKCAMU:

MOJACPKUBACTCS TIOUCK MO MOTHOMY 3HAUCHHIO,
MOAACPKUBACTCS MMOUCK MO MPEPHUKCY CTOIOMA;
MOJACPKUBACTCS TIOUCK MO AHAMA30HY 3HAYCHUI,
MOJACPKUBACTCS MMOUCK TIO MTOJTHOMY COBIAICHHIO OTHOH YacTH
U AUana3oHy B ApYyroH 4acTy;

€CNIH MHACKC XPaHUT B ceOC OTACIbHBIC MOMS TAOIULIBI, & HE
TOJBKO YKA3aTeNIH Ha CTPOKH, TO 3aIPOCHl HA 3TH MO MOMHO
BBIMOJIHATh TOJIBKO MO MHACKCY, HE MEPEeXons K CTpokam Tab-

JIUIIBI.

B xauectBe HCAOCTATKOB MOXKHO YKa3aTh CJICAYIOIIHUC!

CCITH PACCMATPHUBACTCSI COCTABHON HHACKC, TO HENIb3sl HCKATH I10
MPaBOH YacTH KII0Ya, Oe3 UCIIOIb30BAHMUS ICBOU YACTH KITIOUA;
HEJIB3SI MPOITYCKATh CTOIOLBI COCTABHOTO KIIOUA;

HCJIB3A BBINOJHATH ONITHMH3AIIHUIO IIOCJIC ITOHUCKA B THAIIA30HC,
T.€. HCOOXOJUMO MPOCMATPUBATE BECh THAIA30H;

OOJIBIIME 3aTPAThl HA MEPECTPOCHUE MHICKCA, B OCOOCHHOCTH,
eCiu OBLJIO U3MEHEHO, A00aBICHO WK YAAICHO 00JIBIIOS KOTH-
YECTBO 3AMUCCH. ITO MPUBOIUT K PACHICTLICHUIO OOJIBIIOTO KO-
JUYCCTBA NCPCTIOMHCHHBIX BCPIIWH WU, HaO60pOT, CIIMAHUIO

OyCThIX WJIN NOJYITyCTBIX BCPIIUH U JTUCTHCB.

8.2.3 IlpocTpaHcTBeHHbIE HHAEKCHI

HpOCTpaHCTBeHHbIG HHACKCHI HCO6XO,Z[I/IMLI A1 UHACKCHUPOBAHUA

OPOCTPAHCTBCHHBIX MAHHBIX. HpOCTpaHCTBeHHbIC JaHHBIC TIPCACTAB-

JSIFOT CBEACHUS O (DU3MUCCKOM PACHOIOKCHHUH (T.€. KOOPAHHATAX) H
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(dhopMe reOMETPUICCKUX OOBEKTOB. ITUMHU OOBEKTAMH MOTYT OBITh O0b-
CKThI MPOCTHIX TUTIOB, TAKKC KaK TOUYKH, THHHUH, TIOJUTOHBI, & TAKXKE 00-
Jee CIOXHBIC OOBEKTHI, MPEACTABIACMBIC KOJICKIMAMH 0OBCKTOB. B
JaHHbH MoMeHT Bee KpymHbie CYB ]l UMEIOT MPOCTPaHCTBCHHBIC THITBI
JAHHBIX U (PYHKIHH 711 PAOOTHI ¢ HUMHU.

Jns mpoCTpaHCTBEHHBIX TUIIOB AAHHBIX CYIIECCTBYIOT OCOOBIC Me-
TOABI WHACKCHPOBaHMs HAa OCHOBE ceTok (grid-based spatial index:
MS SQL Server) u R-nepesees (R-Tree index: MySQL, PostgreSQL).

Spatial grid (w1 mpocTpaHCTBEHHAS CETKA) — 3TO APCBOBHIHAS
CTpYKTYpa, noxodHas B-aepeBy, KoTopas HCNONb3yeTCs [Tl OpraHu3a-
WU JOCTYMA K MPOCTPAHCTBCHHBIM JAHHBIM, TO €CTh AJISI HHACKCALIUH
MHOTOMEpHOU HH(popMaIyy, Takol, HanpuMep, Kak reorpadpuucckue
JAHHBIC ¢ JABYMEPHBIMH KOOpPAMHATAMH (IIMPOTOM W JOJITOTOM).
B aroii cTpykType v3namu AepeBa BHICTYHAIOT SUCHKH MPOCTPAHCTBA
(pucyHoK 43).

Level 1
[ Level 2

[ ] Level3
Level 4

Pucynok 43 — IIpocTpaHcTBeHHAs ceTKa

Hampumep, mas A1ByXMEPHOrO MPOCTPAHCTBA CHAYAIA BCS POJIH-
TEABCKA IIOIIAs Oy ICT pa3OuTa Ha CETKY CTPOTO OMPEACICHHOTO Pas-
PCIICHMS, 3aTEM KaKIas sMCHKA CETKH, B KOTOPOU KOJHUYESCTBO OOBCK-
TOB TIPEBHIIIACT YCTAHOBICHHBIH MAKCUMYM OOBCKTOB B SIMCHKE, OyACT
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pasbura Ha MOACETKY CICAYIOMIETO YPOBHS. DTOT mpouece OyaeT mpo-
JOJDKATBCSL IO TEX MOP, MOKA HE OVACT AOCTUTHYT MAKCHMYM BIIOXKCH-
HOCTH (€CJTH YCTAHOB/ICH), HIIH TIOKA BCE HE OYJCT Pa3AC/icHO A0 SUCEK,
HC NPCBBIIAIONIINX MAKCHMYM OOBCKTOB.

Creayromuii THIT IPOCTPAHCTBCHHBIX HHACKCOB — HHACKCHI HA OC-
HOBe R-mepesbeB. R-aepeBbst — 9T0 APEeBOBHAHAS CTPYKTYpa AAHHBIX,
noxoOHas Spatial Grid. DTa cTpyKTypa JaHHBIX TaKKe pa3OUBACT MPO-
CTPAHCTBO HA MHOXKECTBO HCPAPXHUUCCKH BIIOKCHHBIX SMECK, HO KOTO-
prie, B oTmnune ot Spatial Grid, He 00sA3aHBI OTHOCTHEO MOKPEIBATE PO-
JUTETBCKYIO SUEHKY U MOTYT IEpeceKaThes (PUCYHOK 44).

R19

[r8 [Re [R10] [R11[R12] | [R13[R14] | [RI5|Rt6[ | [R17|R18[R19]

Pucynok 44 — Mnyeke Ha ocHOBe R-jiepeBa

JU1a pacienieHrs MEPEroNTHEHHBIX BEPIINH MOTYT TPUMEHITHCS
Pa3IMYHBIE ATTOPUTMBI, UTO TIOPOXKIAET AeneHne R-nepesreB Ha moa-
THIBL: C KBAJPATHYHON U TUHCHHOU CJIOKHOCTBIO.
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TUmIIHEIM 3aPOCOM ¢ UCTIONIB30BAHUCM R-IEpCBBECB MOXKET IB-
asTbes crneayomuil: «Halit Bce 00beKTHI B IPeaeiax 2 KHIOMETPOB OT
MOETO0 TEKYIIETO MECTOIOJOKEHU.

8.2.4 buToBble HHAEKCHI

OcHoBHOE Ha3HAUCHKE OUTOBBIX HHACKCOB (bitmap indexes) — MHICK-
CHPOBAHHE CTOIOLOB ¢ HEOOIBIINM KOMHYSCTBOM PA3ITHIHbBIX 3HAYCHHH.

Knaccuueckuii mpumep — mos uenoseka. C TOUKHU 3peHust Ga3bl 1aH-
HBIX €T'0 MOXKHO 33aJaTh TPEeMsI 3HAUCHUAMU: My, «K» 1 NULL. B o 00-
HBIX HMHACKCAX I TPCACTABJICHHUS CYMICCTBOBAHUA OIMPSIACICHHOTO
3HAYCHUS CTOJIOIA EACCO00Pa3HO UCTIOIB30BATh OUTOBYIO MOC/ICI0BA-
TENBHOCTH (CTPOKY M3 HYJICH M ¢IMHMIT), KAK TTOKA3aHO HA PUCYHKE 45.

JaHHble

Id last_name first_name gender
1 Opexos Bnagnmnp MyRcKOM

2 MeTpoBCKNA AnekcaHpp My3KCKOM

3 KynbrHa OkcaHa HeHckui

4 Camolinos EBrenuii My»cKoit

5 Ky3bmuHa MpwuHa HeHckui

BuTOBbIE MaCKK

value first-id bitmask
HeHckui 1 00101
My3KCKO#M 1 11010

Pucynok 45 — buToBbIit HHIEKC

Ecim naaexc Ha ocHOBe B-1epeBheB XpaHUT O JTHO3HAYHOE COOTBET-
CTBUC MCIKAY CTPOKOM TaOIHIIBI U 3AIMChI0 B MHACKCE, TO OUTOBBIH HH-
JCKC 00ECIEeunBacT CCHUIKY Ha OONBINOE KOMHYECTBO CTPOK OJTHOBpE-
MeHHO. MHAEKCH Ha OCHOBE OUTOBBIX KapT 3aHUMAIOT MAJIBIH pa3Mep U
MO3TOMY 00ECIICUHBAIOT ropa3ao 0onee BEICOKYIO CKOPOCTh BEIOOPKH.
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8.2.5 Ilo1HOTEKCTOBBIH HHACKC

[TomTHOTEKCTOBRIN HHACKC HUCIIOIB3YETCS A MMOTHOTEKCTOBOTO T10-
ncka. [IomHOTEKCTOBRIN MOUCK — MOUCK MO COACPKHUMOMY TCKCTOBBIX
JOKYMCHTOB 0OONBIINX 0OBEMOB.

[TomTHOTEKCTOBBIN HHACKC — CI0BAPh, B KOTOPOM MEPEUHCIICHBI BCE
C0Ba M YKA3aHO, B KAKUX MECTaX JOKYMEHTA (CTPOKaxX TaOJHIbl) OHU
BcTpeuatorcs. [1pyn HamuIuu Takoro HHACKCA JOCTATOYHO OCYIICCTBUTD
MOWCK HY?KHBIX CIOB B HHACKCE M TOTAA Cpa3y ke OYACT MOIYUCH CIH-
COK JOKYMCHTOB, KOTOPEIC COACPIKAT UCKOMYIO HH(OPMALTHIO.

[IpeumymecTBa NOTHOTEKCTOBOrO MOKCKA MO CPABHEHUIO C Orepa-
TOpOM LIKE:

— moaAcpxKKa MOPGOIOTHH,

— BBLAAYA PE3YABTATOB IO PEICBAHTHOCTH;

— Hamuuue MOJU(HKATOPOB IS HACTPOWKH MOTHOTCKCTOBOTO

MOWCKA,;

— CTON-CJIOBA, KOTOPBIC Oy YT MPOUTHOPUPOBAHBI MPH MOUCKE.

8.2.6 KnacrepHbie HHAEKCHI

KnacrepHslii HHACKC — 3T0 TaKOU CrOCcOo0 OPraHMU3aIlui UHACKCA,
[PH KOTOPOM 3HAUCHHUS MHACKCA XPAHSITCS BMECTC C JAHHBIMU, UM CO-
OTBeTCTBYHOIIMMU. Yl HHACKCHI, U JAHHBIC TIPH TAKOH OPTraHU3AIHH YIIO-
psaouensl. HekmacTepHbiii HHASKC XPAHUTCS OTACIBHO OT JAHHBIX, H,
COOTBETCTBCHHO, B 3TOM C/Ty4ae YIIOPSIIOUCHHBIH HHACKC CCHIIACTCS HA
HCYMOPSTOUCHHBIC CTPOKH TAOTHIIBI.

Kax mpasusio, ecnu 11st TabNULBI OMPEACIICH KIACTCPHBIN UHICKC,
TO HEKJACTCPHBIH ccrnaetesd Ha Hero. C touxu 3perus 3¢ ekTHBHOCTH
WCTIOIb30BAHUS KJIACTCPHBIC HHACKCH 3(()CKTUBHEE, T.K. MOC/IC BBIIO/I-
HCHHSI MIOUCKA HE HAJO ACJIaTh COOTBETCTBYOIIYIO BRIOOPKY JAHHBIX U3
TabMUIbl. ITO MO3BOJSICT MUHUMHU3HUPOBATH KOJUUICCTBO ONCPALIUH UTe-
HUS C AUCKA MpH padoTe ¢ TakuMm HUHACKCOM. B Tabsmue mMoxkeT ObITh
TOJIBKO OJUH KIACTCPHBIA UHACKC.
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8.3 CeJleKTHBHOCTL HHAEKCA

Iox u3dupaTenbHOCTLIO (CEICKTUBHOCTHIO) HHICKCA TOHUMACTCS
YUCJIO KOPTEKEH, KOTOPBIC MOTYT OBITh BBIOPAHBI MO KAXKIOMY 3HAYC-
HHUIO WHACKCA BO BpeMs roucka. bonee n3duparenbHbIN UHACKC YIUTHI-
BacT OOJIBINC 3HAUCHUH U OTOMpACT MCHBINUH OOBEM JAHHBIX OJHHM
CBOMM 3HAYCHHEM, U HA00OPOT — HHACKC € HU3KOH H30HPaTEIbHOM Cro-
COOHOCTBIO (MMEIOIMMI BCETO HECKOIBKO 3HAYCHHH B OOIMBIIOH Tab-
JIMLIC) MOKET 0KA3aThCs OCCIIONE3HBIM B 3aIPOCax.

dopmysa pacuera CCICKTUBHOCTH MHACKCA S UMECT CJICAYIOLIHMA
BHI;

1
" YMCII0 YHUKANBHBIX 3HAYEHMH B ctosbie(ax)’

UeM MeHbBIIE PE3yNbTAT, TEM JIVULIC ¢ TOYKH 3PCHHS ONTHMH3a-
Topa. Hampumep, B cnyuae ¢ YHHKaIbHBIM HHICKCOM CEICKTHBHOCTD C
VBEITHUCHHEM CTPOK B Tabnuie crpeMutcs Kk 0. 3xech kakaoMy 3Hade-
HHUIO HHICKCA COOTBETCTBYET CAUHCTBCHHAS 3aIUCh B TAOIHIIC, & TOBTO-
pAIOIUXCS KITIOYeH HeT. Ecnu ke MHACKC HE YHUKAICH U JOIMYCKacT
XPaHCHHE 3HAYCHUH-IyOIHKATOB, TO CEICKTUBHOCTh magaet. Ilpwm ca-
MOM TITOXOM Pa3BUTHH CHTYaLMH (KOTA BCEC 3HAYCHUS KIIOUCH OIUHA-
KOBBI) CEICKTUBHOCTB cTpeMutcs K 1. [lokazarens ceJIeKTHBHOCTH HH-
JCKCa B IIEPBYIO OUCPEIb BAXKCH A OLICHKU OBICTPOACHCTBUS HHACKCA.
UeM BBIIIE CENEKTHBHOCTH, TEM MPOU3BOJUTEIBHEE HHACKC.

B Gompmmmacte CYB] nHaekc ocHOBaH Ha CTPYKTYpe B-mepesa,
OCHOBHBIM JOCTOHMHCTBOM KOTOPOTO CUUTACTCH COATaHCHPOBAHHOCTb.
brarogaps cOanaHCHpOBaHHOCTH MBI, HAXOISICh B KOPHE AcpeBa, AO-
CTUTHEM JOOOT0 U3 JHCTOB HIJKHETO VPOBHS 32 OJHO H TO MKE KOJIHIC-
CTBO IIAroB W OBICTPO OOHApYKUM UCKOMBIN Kiarou. Ho Tomeko mpu
OJHOM YCJIOBHH — €CITH UHACKC VHUKAJICH. B MpOTHBHOM cryuac Ha ca-
MOM HIKHEM VPOBHE ACPEBa MOSBILIOTCS LICTIOUKH AyOIHKaToB (pUcy-
HOK 46).
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Kaxmas nenovxa XpaHHAT TONBKO OJMHAKOBBIC JICMCHTHI-IYOITH-
karel. C HOSBACHUEM OYCPEIHOTO MyOIMKaTa OH BCTAB/ISICTCS B HAYAIO
LCTIOYKH, & OCTAIBHBIC JICMCHTHI CMCIIAOTCH. Takum o0paszoMm, ueMm
00JbIIC B TAOHLIC MOBTOPSIOIIUXCS 3HAYCHHIM, TCM AJUHHEC UX LiC-
moyka. Terneps MPH MOUCKE HYKHOTO 3HAUCHHUS HHIACKC OYJICT BBIHYK-
JICH 3aTPAYMBaTh AOTOJHUTCIBHBIC YCUIINS HA MPOCMOTP COOTBETCTBY-
FOIIETO CITHCKA HIICMCHTOB.

tlrlelele]s
1
T
T

- ]

Pucynok 46 — JIuct HukHETO YpoBHS B-JiepeBa ¢ 1ieroukaMul TyOIuKaToB

T.e. 30eCh BOBHUKAKOT TC K€ MPOOJICMBI, UTO U ¢ KOLIHU3USIMH B

XCII-UHACKCE.

8.4 PexoMeHaALIHH 110 CO3AAHHI0O HHAEKCOB

T k. mepBUYHBIE MHASKCH M HHACKCH BHEITHUX KITFOUCH CO3AA0TCA
ABTOMATHYCCKH, PACCMOTPHM, KOTJa BPYYHYIO HEOOXOIMMO CO31aBaTh
MOJIE30BATEIECKHE HHAEKCH. B mepByio oduepeap cneayeT HHACKCHPO-
BaTh CTOJOLBI OTHOLICHUH, KOTOPEIC HAUOOIEE YACTO HCIOIb3YIOTCS B
3ampocax Ha BHIOOPKY JAaHHBIX.

Ecmu cTonlupl BCnonb3yIOTCS B COPTHPOBKE HIH TPYIIIHPOBKE
JAHHBIX, OCTICA0BATEIBHOCTD CTONOLOB B COCTABHOM UHICKCE JOIKHA
COOTBETCTBOBATh MOCJCAOBATEIBHOCTH CTOIOLIOB, CIACAYIOIINX B WH-
cTpykuun SELECT cpady mociae mnpemnoxkeHus ORDER  BY wumm
GROUP BY.
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HawuGonee 3 dhexTrBHB HHACKCHI, HAKIAIBIBASMBIC HA CTOJIOLBI, B
KOTOPBIX HE XPAHSTCS MOBTOPSIOIINECS 3HAUCHUs. B O0MbIIUHCTBE CIty-
YacB HE CTOUT MHICKCHUPOBATH CTONIOLBI ¢ HEOOBIINM KOJUYCCTBOM
MHOTOKPATHO MOBTOPSFOIIUXCS 3HAMCHUH HJIA CTOJIOLBI C YACTO HU3ME-
HSFOLUMHCS 3HAYCHUSIMH.

BaxxHO MOMHUTB, UTO MHACKCHI MPEANOIATAIOT JOMOIHUTEIBHBIC
omepanuu 3anucu Ha Auck. [Ipu kaxqoM 0OOHOBICHHUHU WK A0OABICHUH
JAHHBIX B TAOIUILY, MPOUCXOIUT TAKKE OOHOBICHHUE NAHHBIX B HHICKCE.
IMoatomy cozmaBaTh CACAYET TOIBKO HEOOXOIUMBIC HHACKCHI, YTOOBI HE
pacxoaoBath pecypch cepeepa. He umeer cMpiciia co3aaBarh HHACKCH
Ha TaOIUIAX, YHUCIO 3AMUCCH B KOTOPHIX MCHBINEC HECKOIBKUX THICSY.
Jtst Takux TAaOUI] BRIMTPHILI OT UCTIOIB30BAHUS HHACKCA OYAST MpaK-
TUYCCKH HE3AMCTCH.

He caenyer cozgaBare HHACKCH 3apanee. MHACKCH TOKHBI yCeTa-
HAaBIUBaTbCcAd NOA (OPMY M THII HArpy3kd paboTalomeld CHCTCMBL.
Co31aHKE UHASKCOB CICAYST HAYUHATH ¢ CAMBIX YacThIX 3aMMPOCOB.

Hewucrnonsayempie HHASKCH HEOOXOAUMO YIAISTS.

8.5 Coszanue HHAEKCOB

Cuctema unzaekcuposanus ucronb3yetcs Bo Bcex CYB]] 6e3 wmc-
KITFOUCHHSI, HO B cTaHAapTHOM SQL CHHTaKCHYCCKass KOHCTPYKIUS CO-
3MAHUS HHACKCOB OTCYTCTBYET. BMecTe ¢ Tem muanekte SQL Gosbrima-
CTBa MPOU3BOAUTENEH BEChMA CXOXKH U IPUICPKUBAIOTCS CXOXKEU KOH-
CTPYKIIUHU CO3JAHHUS HHICKCOB.

YrporieHHbI# CUHTaKCUC co3aanus uHackca B MySQL umeer crie-
JAVIOIIHUH BUA!

CREATE [UNIQUE | FULLTEXT | SPATIAL] INDEX in-
dex name

[index type]

ON tbl name (key part,...)
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key part: {col name [ (length)] | (expr)} [ASC |
DESC]

index type:
USING {BTREE | HASH}

Hns YIAJICHUA HHACKCA UCTIONIB3YCTCA OIICPATOP ONPCACICHUS JaH-
HbBIX DROP:

DROP INDEX index name ON tbl name
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9 ITPOLIEAYPHBIN SQL

[Tpu pazpabotke sa3p1ka SQL craBunace nenp pazpaboTats AeKiIa-
PaTHBHBIN SI3bIK, KOTOPBIM MOTJIH OBl MOIb30BATHCS HE TOIBKO IPOrpaM-
MHCTBI, HO H [TOJIb30BATEIN OA3bl JAHHBIX. B COOTBETCTBHH C TAKUM MO~
X0J0oM omeparopy Obuto goctarouHo aumb noctaBute CYB]] mpa-
BUJIBHO COPMYTHPOBAHHYIO 3a1a4y, a kakuM obpazom CYB]] craner
pemaTh 3Ty 3a7ady, HOIb30BATEI HE KacaloCh.

Cospemennriii SQL nMeeT Bce MPU3HAKH JCKIAPATUBHOTO S3bIKA.
Hanpumep, paccmotpum mpocteiimuii SQL-3anpoc, HAWTH MUHHMAb-
HOE 3HAUCHHE IICHBI TOBApA!

SELECT MIN (price) FROM products;

[To cyTtu, 3ampoc 3ByuuT Tak: «BeiOpath MUHUMaNbHOE U3 3HAUC-
HHUH cTonOua price n3 Tabnuuel productsy. Jpyrumu cnosamu, 3a-
nmaua CY B/l moctasneHa Ha ecTecTBEHHOM si3bike. Ecim cxoxas 3amauy
pemanach Ha KJIACCHICCKOM MPOLEAYPHOM S3bIKE MPOTPAMMHPOBAHHS,
HEOOXOaUMO OBITO OBl OOBSBUTH PAJ NMEPEMEHHBIX W OPraHH30BaTh
IUKJI, B KOTOPOM OBI OCYIIECTBIISUICS MOCIEA0BATEIBHBIN TEpebop Beex
3HAYCHUH CTOIONA H MPOBOJMITUCH OTICPALIH CPABHCHH TEKYIIETO 3HA-
YCHHMS C MPEIBLAYIINM.

OnHako BO3MOXHOCTH JACKIAPATHBHOIO SI3BIKA HE OC3TPaHHYHEL.
B Tex cutyaumsx, xoraa HeoOXoaAUMas Onepanus ¢ JAHHBIMH XOTs Obl
Ha HEMHOTO OTXOJHT OT NPUBBIYHON 11 aHamu3aTopa SQL cTtpykTypsl,
A3bIK TIEPECTACT CHpaBIIThca. B pesynprate Bo Beex auanekrax SQL
CTaIT! MOSIBIIAITHCA MPOLICAYPHBIC JICMCHTHI.

9.1 lIpouenypubie pacmupenus SQL

B 1996 roay uactuTyToM ANSI 6611 MpuHAT cTanzapt SQL/PSM
JUTSL TIOCTOSTHHO XPaHHMBIX MOAYJICH B KadecTse pactmpenus SQL.
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CrangapT noAaCpKUBACT NPOLEAYPHOE MPOrPaMMHUPOBAHUE B AOMOJ-
HCHHE K BhIpakeHHsM 3ampoca sa3pika SQL. Pacmupenne SQL/PSM
CTaHIAPTU3UPYET NpoueAypHOE pacuupenue ams SQL, Bkarouas cieay-
omue QYHKLIUH:
— VOPaBJICHUE MMOTOKOM BBHITIOJTHCHUS,
—0bpaboTKa yCI0BHI;
—o0paboTtka (1aroB COCTOSIHHUIA;
— IOAJCPIKKA KYPCOPOB U IOKATBHBIX ICPEMCHHBIX, 4 TAKKE MPH-
CBAMBAHUE BBIPAKCHUH MEPEMEHHBIM U NAPAMETPaM;
— chopmManuzarys OOBSIBICHUS U MOAACPKKA MOCTOSIHHBIX MOIMPO-
IpamMM S3bIKOB 6a3 TAHHBIX (HAIPUMED, «XPAHUMBIX IPOLIEAYP»).
[paxrryeckn kaxapiid mpoussogurenp SQL cran paszpabareiBath
csou mpoueaypueie pacmupenns: PL/SQL B Oracle, Transact-SQL B
Microsoft SQL Server, SQL/PSM 8 MySQL, PL/pgSQL B PostgreSQL.

B nomonuenme k cranmaptHeiM pacmupennaM SQL/PSM u mpo-
mpuetapHeiM pactmperusm SQL mpoueaypHoe u 00bEKTHO-OPHEHTH-
POBAHHOC MPOTPAMMHPOBAHUE JOCTYIHO HA MHOTHX miardopmax SQL
nocpeacteoM unterpammu CYBJ] ¢ apyrumu sizpikamu. Crangapt SQL
OMPEENACT PACIIUPEHUs I MOAACPKKH KoAa Java B 0azax JaHHBIX
SQL. PostgreSQL no3BoiseT nonp30BareasM MHCaTh PYHKIHH HA MIH-
pokoM paznuuHsie s3biky, BKmouas Perl, Python, C u gpyrue.

OCHOBHBIMH NPOLICAYPHBIMU PACIIHPCHUSMH SBIISFOTCS XPAHUMBIC
npoueaypsl, GYHKUNH H TPUITSPH. XPaHHMbIE NPOLEAYPbI, PyHKIHH
U TPHUITEepbI — 3TO O0OBEKTH 0a3bl JAHHBEIX, NMPEACTABIAIOMNC COOOH
Habop SQL-HHCTPYKUMH, KOTOPBII KOMIUINPYETCS U XPAHNUTCS KaK ca-
MOCTOSITCIBHBIA HMCHOMHICMBIH KOJ B CHCTEMHOM Kartamore Oasel
JAHHBIX.

Takum 00pa3oM, 3T 0OBEKTH MOYKHO PAcCMATPUBATh KaK MOIIPO-
IpPaMMBbl, B KOTOPBIX MOTYT MPOHU3BOAMTELCS YHCIOBBHIC BBIUHUCICHHS U

oncpanuu HaJd CUMBOJIBHBIMU AAHHBIMU, PC3YIbTATBI KOTOPBIX MOTYT
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MPUCBANBATHCS NEPESMCHHBIM H napaMeTpaMm. OHU MO ACPKUBAKOT CTaH-
JapTHBIC onepaniy paboTsl ¢ Ga3aMu JAHHBIX, B HUX BO3MOKHBI LINKJIBI,
BCTBJICHHS U paboTa ¢ IEPEMEHHBIMH.

Kpome Toro, xpaHumeie nporeayps! 1 GyHKIUHA MOT'YT HIMETh BXOJI-
HBIC MIAPAMETPHI U BO3BPALIACMBIC 3HAUCHHS.

KmroueBoe oriauuue mpoueayp U QyHKIuUH, ¢ OAHOH CTOPOHBI, U
TPUITEPOB — C APYTOH, 3aKIFOYACTCA B TOM, YTO HEPBBHIC MOTYT BBI3bI-
BaThCs ¢ I000ro Mecta nucTpykimu SQL ¢ nomoisio oneparopa CALL
(EXECUTE) niu SELECT, a TakKe IpOorpamMMbl, HAMMUCAHHON Ha BBICO-
KOYPOBHEBOM s13bIKe, a Tpurrepsl 3amyckarorcs CYBJl aBromarnaecku
MO OMPEACACHHOMY COOBITHIO O¢3 KaKoro-aud0 BMEIIATEIbCTBA U3BHE.
Hanpumep, Tpurrep MoxeT ObITh BBI3BaH MEpea 100aBICHHECM HOBOM 3a-
MMUCH B Ta0uIly 0a3sl JAaHHBIX WM MTOCIC VAATICHUS 3AHCH.

B ncnonp3oBaHiy XpaHUMBIX TIPOLEAYP H QPYHKIMHA €CTh Psix mpe-
HMYIICCTB!

— nogviutenue npouzgooumensvrocmy. B 0aze TaHHBIX XpaHHUMBbIC
MPOLECAYPHl XPAHATCS B OTKOMIHIHPOBAHHOM U ONTHMH3HPO-
BaHHOM BHAc. Kak clieAcTBHE, BHIIOTHCHUC XPAHHUMOU IpOLe-
OyPBl TPOHUCXOTUT OBICTPEE, HEM 3aIyCK AHATOTHYHOTO KOAA
auHamuueckoro SQL;

— cHudceHue 00vema nepedagaemvlx OanHvix. JIsa BpI30Ba XpaHU-
MOW MPOLEAYPHI JOCTATOUHO VKa3aTh €€ UM M 3HAUCHHS rapa-
METPOB, B MOOOM CIy4ae 5TO MCHBLIC, YeM OTIIPABKA MO CETH
nmosiHoro Tekcta SQL-3ampoca. Kak creacreue MoXHO COkpa-
TUTb CCTCBOH TpaduK;

— obecnevenue dezonacHocmit OaHHBIX. XPaHUMBIC MPOLICAYPH MO-
I'VT UCTIONB30BATHCS I 3ALIUTHI OT HECAHKLIMOHUPOBAHHOTO JI0-
ctyna. Kox xpannmpIx npoueayp v pyHKIHIH H3BECTEH, B TO BPEMS
kak SQL-3anpoc MoxeT ObITh COPMHPOBAH 3OYMBIIITICHHUKOM
U COACPKATh BPEIOHOCHEIE KoMaHapl. Ha BhImOIHEHNE XpaHUMOH
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MPOLICAYPHI MOTYT ObITh HA3HAUCHBI MPABA OTACIBHBIM MOJIB30BA-
TCJISIM, KOTOPBIC JAKE HE Oy IyT 3HATh, KAKUE TAOIULIBI 331CHCTBO-
BAHbI AJIs1 BBITIOJTHCHUSA MHOCTABJICHHOM 3aIa49m,

— N08MOPHOe UCNOTb308AHIe KOOd. XPAHUMBIC TIPOTICAYPHI, BbI-
IOJIHAIOINUC OAHOTHUIIHBIC ,Z[CI\/'ICTBI/IH, MOTyT MNCPCHOCHUTHCH

Mex Ay O0a3aMu JAHHBIX C HE3HAYUTEIIBHOM MOTUPUKAIUCH.

9.2 Ynpasasromue KoHcTpykuuu SQL

PaccmoTpumM yopasisrompye KOHCTpYKINH s3b1ka SQL Ha mpumepe
CYBJ MySQL.

9.2.1 IlepemenHsble

HawuGonee pactpocTpaHeHHBINH COCO0 XPAHCHHSI JAHHBIX, HCTIOb-
3YEMBIX B MMPOMEKYTOUHBIX BBIUYUCICHUAX, PEATHU3YETCS C UCIOIb30BA-
HUEM MEPEeMEHHBIX. [ lepeMEHHBIC MO3BOSIOT PA3MEIIATh B TAMSITH 3HA-
YCHHUS PA3IHYHBIX THMOB (LICBIC M BCIICCTBCHHBIC YUCIA, CHMBOJIBI,
TCKCTOBBIC CTPOKH H T.I.).

Mo3kHO BBIACIUTD TPU KATCTOPHH MCPEMEHHBIX . JIOKATBHBIC, TI0/Ihb-
30BATC/IbCKHUE U CHCTCMHBIC TICPSMCHHBIC,

HawuGosnee 4acto MCmoap3yiOTCs JOKAJNbHbIE IEPEMEHHBIC, KOTO-
PBIC MPUMCHSIIOTCS. B XPAHUMBIX MPOLCAYPaX, PYHKLUUAX U TPUTTEPaAX.
Hiist oObsiBACHHUS MEPEMEHHBIX HCHOIB3YIOT CHHTAKCHYCCKYI) KOH-

CTPYKIIHIO CICIVIOMICTO BUAA!

DECLARE var name [, var name, ..] type [DEFAULT

value]

Hns oObsaBIcHHS HCNONB3yeTes oneparop DECLARE, mocie KOTO-
POrO YKa3bIBACTCsA UM U THIT IepeMeHHON. YTOOH! 331aTh 3HAUCHHE T10
YMOTYAHHUIO I HEPEMEHHOH CNEAYET HCIOIb30BaTh MPEITOKCHHE

DEFAULT. 3HauCHUEC MOKET OBITh 33aHO B BUAC BBIPAKCHHS, OHO HE
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00s13aTeIPHO A0KHO ObITh KOHCTaHTOU. Ecau npeanoskenne DEFAULT
OTCYTCTBYET, HAUAIBbHBIM 3HAYCHHEM IEPEMEHHOH Oyaet NULL.
[Tpumep 0OBIBICHUS HETOUUCICHHON IEPEMEHHON W HHULIMATIA3a-

U ¢ 3HadeHueM O:

DECLARE count INT O;

Jns mpucBanBaHMs 3HAYUCHUS MICPEMCHHON HCITONB3YIOT OTICPATOP
SET:

SET variable = expr [, variable = expr]

SET count = 10;

[lepeMeHHbBIC OOBABIAIOTCA B MEPBEIX CTPOKAX KOJA XPaHUMOU
MPOLICAYPHI, CPa3y 3a KIYCBHIM CIOBOM BEGIN u OyayT JOCTYHBIMH
J0 END, 3aKpBIBAIOIICTO TCJIO IIPOLICAYPHI.

Ilonb3oBaTenbcKHe TIEPEMEHHBIE TIPEIHAZHAUCHBI U PEINCHHS
JOKaNBHBIX 3aJa4 C NpUMEHEHHeM wuHTepakTuBHOro SQL, oHu mo-
CTYIIHBI HCKJIFOUHTENIEHO B paMKax OTAEIbHOM ceccnn. MveHa nepemeH-
HBIX, OIPCACIACMBIX MOJIL30BATCICM, NO/KHBI HAUMHATBCA C CUMBOJIA
«@». OtaenpHOrO OOBABICHUS MOIb30BATEIBCKON IEPEMCHHON HE Tpe-
oyerca. g onpeaencHus NEPEMEHHON U MPUCBAUBAHMS 3HAYCHUS UC-
HOIB3YIOTCA KIHOYCBRIC ¢jIoBa SET mnu SELECT u onepaTopsl NpHCBa-

HUBAHUI «=» HUIIH «: =N

SET (@start = 1;
SELECT @finish := @start + 10;

OcHOBHOEC HA3HAUCHHUE CHCTEMHBIX MCPEMCHHBIX 3aKIFOUACTCS B
nHPOPMHUPOBAHHN oneparopa 06 0COOCHHOCTAX KOH(Urypaluy U pa-
60THI 6a3bl JaHHBIX M IS U3MCHCHMS MapameTpoB cepeepa. Haunna-
I0TCA ¢ ABYX cuMBOJI0B (. Creayromuii mpuMep BEIBOAUT BEPCUIO CEP-
BEpa:

SELECT @@version;
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9.2.2 YcnosHbiii onepatop IF... THEN...ELSE

Hos MOCTPOCHUS KOHCTPYKIIUH BCTBIICHHS
(ecnu...70...uHaue) B MySQL mnpeaycMmoTpeH kiaccHuecKui

YCAOBHBIN onepaTop IF, KOTOPBIM UMEET CACAYIOIIHN CUHTAKCUC:

IF YCJIOBUMEl THEN
BHIIOJIHAeTCH, korma YCJIOBUEl npuHMMaeT TRUE ..}
ELSEIF YCIIOBUEZ2 THEN

{..
[
{.. BHIIOJNIHAeTCH, korma YCJIOBUEZ npuHuMMaeT TRUE ..} ]
[ ELSE

{..

BHIIOJIHAeTCH, korma YCJIOBUEL u YCJIIOBUEZ npuHM-—
MaioT FALSE ..} ]
END IF;

BetBu ELSEIF u ELSE — HeoOsa3arenbHble. Ycnosue ELSEIF uc-
MOJb3YETCH, €CIU HEOOXOAUMO BEITIOTHUTE HAOOp ONMEpaTopoB, KOTAa
BTOpOE ycnoBHe (T.€. YCIJIOBMEZ2) npuHuMaeT 3HaucHue TRUE. Ycio-
Bu¢ ELSE HCMO/IB3YSTCs, KOTAQ HCOOXOAUMO BBITIOJHHUTH HAOOP omnepa-
TOPOB B CIIy4ae, €CJAU HH OJHO U3 yCJaoBUU IF unu ELSEIF He paBHO
TRUE.

9.2.3 Oneparop BbiGopa CASE

Bo MHOTHX BEICOKOYPOBHEBBIX A3BIKAX IIPOrPaMMHPOBAHUS OTICpa-
TOp BeIOOpaA CASE BBEACH [T MOBBIIICHUS YA00OCTBA paboThl. B mporie-
aypaoM SQL pemaemas onmepatopoM CASE 3amava cX0XKas — OCYILIE-
CTBUTHh MHOKCCTBCHHBIN BHIOOP, HO 0COOCHHOCTRIO CASE B SQL sBsi-
€TCs TO, UTO 3ACCh ONepaTop 0OIaiacT ABYMS CHHTAKCHUCCKUMH (op-
mamu. [lpu sxenannu onmepatop CASE MoXeT Oe3 3aMCHEH KOHCTPYK-
muci TF..THEN..ELSE.

[lepeas popma CASE MpakTHUCCKH HUYEM HE OTJIMYACTCS OT aHa-
JOTHYHBIX KOHCTPYKUHH B OOBIYHBIX BBICOKOYPOBHEBHIX S3BIKAX IMPO-
IrpaMMHPOBAHU:
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CASE BHpaXeHMHe

WHEN sHaueHue 1 THEN

{BHIIONIHSeTCH KOI, KOI'Da BHpaxXeHMe paBHO SHaue-
Hue 1}

[ WHEN sHaueHue 2 THEN

{BHIIONIHSeTCH KOI, KOI'Da BHpaxXeHMe paBHO SHaue-
Hue 21} ]

[ WHEN sHaueHue n THEN

{BHIIONIHSeTCH KOI, KOI'IDa BHpaxXeHMe paBHO SHaue-
Hre n} ]

[ ELSE

{BbIHOJ'IHI/ITCH Kon, e€CJIVM BHBIpPaXeHMe He PaBHO 3BHaUWeHMAM

]
END CASE;

CeeKkTop MOCACA0BATEIPHO CPABHUBACT BHIPAKCHUE CO 3HAMCHH-
SIMH U B CIVYaC COBIAICHUS BHIIOIHIACT COOTBCTCTBYIOIMK koA, Ecmm
COBMaACHUH HE OBLIO OOHAPYIKCHO, BBHIMIOJHCHHUIO TMOJICHKHUT KOJ CCK-
muu ELSE.

Bropas dopma CASE o6nazaeT GonpIei rHOKOCTBIO:

CASE

WHEN ycsoeue 1 THEN
BHIIIOJIHAETCS KOOI, KoIma YCHOBMe_l = TRUE }
WHEN ycioeue 2 THEN

BHIIOJIHAETCA KON, Korga ycijoBue 2 = TRUE |} ]

{
[
{
[ WHEN ycsioeue n THEN
{
[
{

BHIIOJIHAETCS KOO, Korma ycyoBue n = TRUE P
ELSE
BRIIIOJIHUTCSA KO, Korma Bce ycioeua = FALSE } ]
END CASE;

3,[[er BMCCTO IPOCTOr0 yKasaHu:dA CAUHCTBCHHOI'O KOHTPOJBHOIO
SHAUCHUA CPaBHCHUC OIIHUCBIBACTCA HCTIOCPCACTBCHHO UIA Kﬁ.)K,Z[OfI us3
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KOHCTPYKIMH WHEN. B kauecTBe BEIpasKeHU CPABHEHNS MOXKET IPHUHH-
Marbes Tr000H HaOOp OMEepaTopoB, MPH VCIOBHUH, YTO OH BO3BPATHUT
TRUE wmu FALSE. Kak TONBKO BBIPQXKCHUEC CPABHCHUS BO3BPAINACT

3HaucHHUC TRUE, BRINOTHACTCA COOTBCTCTBYIOINCC BRIPAXKCHIUC.

9.2.4 luknbi

B Oonpmunctee amanckroB SQL momyckaetcsi mpUMEHEHHE He-
ckobKuX THIOB 1HknoB. Hanbonee momynspHe! mukiasl WHILE (UK C
npeaycaosueM) U REPEAT (umki ¢ mocTycnoBuem). Heckombko peke
BCTpeUacTCsl UK LOOP — TICTICBOM ITHKJI, I BBRIXOAA H3 KOTOPOro
00s13aTETBHO HCTIONB3YeTCs oneparop LEAVE.

Cunrakcuc oneparopa WHILE B MySQL umeeT ciaeayrommii BUA;

[MeTka:] WHILE ycioBue LuMKya DO
OoNnepaTOopH LMKJA
END WHILE [mMeTKa]

Teno OHUKJIAQ BBITIOJTHACTCA, IIOKA yCJ'IOBI/Ie_LLI/IKJ'Ia OpuHUMacT
3HaucHHUC TRUE.
Luka ¢ mocTycioBrueM OCHOBaH Ha oneparope REPEAT. B MySQL

CHHTAKCHUC LIUKJIA BHITJISIUT CJICAYOIIHM 00pa3oM:

[MeTka:] REPEAT
OnepaTopH LMKJIA
UNTIL ycJyoBMe UMKIa
END REPEAT [MeTKa]

Lukn REPEAT uMeeT ABE OCOOCHHOCTH!

1) UK BBIIOIHSCTCS, TIOKA €r0 YCIOBUE JIOKHO. T.¢. UK 3aBep-
LIATCS, KOTJA Y CJIOBME LMKJIIA CTAHCT paBHO TRUE;

2) BHC 3aBUCHUMOCTH OT COCTOAHUA YCJIOBHA LUKJI BBIIIOJIHUT, IO
KpailHEH Mepe, OAHY HTEPaLHIo, BEAb MPOBEPAEMOE VCIOBHUE
HaXOJIUTCA B OCIEIHEH CTPOKE €ro KoJa.
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OcHoBHass 0COOCHHOCTh METICBOTO HUKIA LOOP 3aKII0YacTCs B
TOM, YTO B HEM (B OTJIHYKE OT UUKIOB WHILE u REPEAT) OTCYTCTBYET
yenosue Beixoga. [loaroMy HEOOXOAUMO MPEAYCMOTPETh CHOCOO Mpe-
PHIBAHVS TICTIH, WHAYC TMONYIUTCA OCCKOHCUHBIN Iuki. CHHTAKCHC

LUK/ BRITVILIUT CJICTYFOIIUM 00Pa3oM:

[MeTka:] LOOP
ONnepaTOopH LMKJAa
END LOOP [mMeTKa]

Bce THmBl TUKIOB MOTYT PacHIHPATh CBOH BO3MOMKHOCTH 32 CUET
BKITFOUCHHUS HEOOA3aTEIBHBIX ONECPATOPOB, KOTOPBIC MO3BOILIIOT OCY-
LIECTBIISITh AOCPOUHBIN BRIX0O U3 LUKIA (oneparop LEAVE uiu BREAK)
U nponyck urepauny (ITERATE unn CONT INUE).

9.3 XpaHumsble npoueaypsl

Bombmmyro 9acTe MpUMEPOB CO3AAHUA H HCHOIB30BAHUS XPAHIMBIX
npoueaAyp, GyHKUMHA U TPUTTEPOB OyAEM paccMaTpuBaTh Ha MPUMEPS
CYBJ MySQL. B apyrux CYBJ] ucnoas3yroTcst T¢ k¢ 00BEKTHI 0a3
JAHHBIX, HO MOXKET OTIMYATHCS CHHTAKCHC X OMPEACICHHS, CIOCOOBI
HUCTIOIB30BAHUA YIIPABIIAIOIINX KOHCTPYKLHUY U T. 1.

VIpoImeHHsIii CHHTAKCHC CO3AaHMA XPAaHUMOHM TPOLEAYPH B
CYBJ] MySQL uMeeT crieayonui BUA;

CREATE PROCEDURE [IF NOT EXISTS] sp name

([proc_parameter [,...]1])

[characteristic ...] routine body

proc parameter:
f_IN | OUT | INOUT ] param name type
type:
BaJIMIOHEIA THUI ITaHHHX MySQL
characteristic: {
COMMENT 'string'
| [NOT] DETERMINISTIC
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| { CONTAINS SQL | NO SQL | READS SQL DATA |
MODIFIES SQL DATA }

| SQL SECURITY { DEFINER | INVOKER }
}

routine body:
BaJIMIOHEIL onepaTop SQL

Komanna HaumHaeTCS ¢ KIACCHUIECKOTO OTIEPATOpa SI3bIKa OIpee-
JeHUA JaHHBIX CREATE, MOCIE KOTOPOTO VKA3BIBACTCS THIT 0OBEKTA —
npoueaypa. [Ipn HeoOX0aMMOCTH MOXKHO YKa3aTh KIIOUEBBIE CJIOBA
IF NOT EXISTS, T.c. mpouenypa OyaeT co3AaHa TOIbKO B TOM CIy4ac,
€CJT IIPOLIEAYPHI C YKA3aHHBIM UMEHEM B 06a3¢ JaHHEIX HE CYILICCTBYCT.
Hanpie yKasbIBacT MM NPOLEAYPHl SP name M CHUCOK IMapaMeTPOB.
IIpoueaypa MOXKET HE IMETH TIAPAMETPOB.

Kaxaprit mapameTp mpoueaypsl onpeaenseTcs Moandukaropom IN
| OUT | INOUT, uMeHEM IapamMeTpa param name u tanoMm type. Mo-
gudukatop omnpenenseT cnocod nepenaun napametpa. [lpu mepexave
napamerpa ¢ Mmoaudpukaropom IN mporeaypa MOKET YUTATh U MCHSThH
3HAYCHUEC MapaMeTpa, HO U3MCHEHHUE He OVCT BUIHO BRI3BIBAIOLICH CTO-
poHe, Koraa npoueaypa BeimomHNTCS. [lapamerp OUT mepegaet 3Hade-
HHE W3 MPOLEAYPH OOpaTHO BBI3BIBAKOWICH cTopoHe. Ero HawambHOe
3HAYCHHUC paBHO NULL B IPOLECAYPS, U €ro 3HAYCHUC BUIHO BBI3BIBAIO-
meH CTOPOHE, Korga npoucaypa eemonaurcs. [lapamerp INOUT wHH-
LHATH3UPYETCS BHI3BIBAIOLICH CTOPOHOH, MOXKET OBITh H3MEHEH MPOLIC-
OYPOH, U M000e H3MEHEHHUE, BHECEHHOC MPOLICAY PO, OYACT BUIHO BHI-
3BIBAIOIIECH CTOPOHE, Korja mpoueaypa semmoaautcd. [lo ymomrdanmio
WCTIOIB3YETCs Moau(pukarop IN.

Tunom napameTpa sBaseTCs M0OOH BaTUIHBIN THI JAHHBIX.

[Iponenypa Taxke MOXKET ObITh OIMUCAHA ¢ HAOOPOM Heobs3aTeNb-
HBIX XapaKTEPUCTHK. XapakTepuctuka COMMENT — KOMMEHTapHH — MO-
JKET UCIOJIB30BAThCS A ONUCAHUS XPAHUMOU IMIPOLEAYPHL.

Hanee nayr moaudukaropst DETERMINISTIC unu NOT DE-

TERMINISTIC. Ilponeaypa cumraercsa «IeTCpPMUHUPOBAHHON, €CIIH
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OHA BCETJA JACT OJHH U TOT K€ PE3YIbTAT I OJHUX U TEX K€ BXOIHBIX
apaMeTpoB, U «HEACTCPMUHHPOBAHHON» B NMPOTHBHOM ciaydac. Ecim
HU DETERMINISTIC, au NOT DETERMINIST IC HC YKa3aHH B OIIPC-
JACICHUU HOPOLCAYPHI, MO YMOIYAHHIO HCHOJB3YCTCA 3HAUYCHHC NOT
DETERMINISTIC. CYB/l He mpoBepsier, uTo mpoueaypa, oObsIBICH-
Hag DETERMINISTIC, HC COACPIKUT OIICPATOPOB, KOTOPHIC AAKOT HEC-
JCTCPMHUHHPOBAHHBIC PE3yIbTaThl,  HA000POT. O JHAKO HEMPABHIBHOC
YKQ3aHHUE THIA NPOLEAYPBI MOKET MOBIUATh HA PE3YIBTATHI WU IPOU3-
BOJUTEIIBHOCTD.

Janbine wAyT HECKOJBKO XapaKTEPHCTHK, KOTOPHIE MPEXOCTaB-
JSFOT UHPOPMALTHIO O XapaKTepe UCTIOIB30BAHNS JAHHBIX MPOLECAYPOH.
B MySQL 5T XapakTepHCTHKH HOCAT TOJNBKO PEKOMECHIATEIBHBIN Xa-
paxtep. CepBep HE HCMONB3YET UX IS OTPAHHYCHHS TOTO, KAKUE OITe-
PaTopPBI PaspeIICHO BBINIOIHATE B IPOLEAYPE.

CONTAINS SQL yKasplBacT, YTO IMPOLCAYpPA HC COACPIKHUT HH-
CTPYKLMH, KOTOPHIC CUATHIBAIOT WK 3aMHCHIBAIOT JAHHBEIC. JTO 3HAYC-
HHC MO YMOT4aHui0. NO SQL yKasbIBacT, YTO MPOLCAypa HE COACPIKUT
oneparopoB SQL. READS SQL DATA yKa3bIBacT, UTO MPOLEIYPA CO-
JCPKUT HHCTPYKIUM JUTs1 YTCHHUS JAHHBIX (Hampumep, SELECT), HO He
UHCTPYKIHH JJISL 3alUMCH JaHHBIX. MODIFIES SQL DATA YKa3bIBacCT,
YTO NPOLEAYPA COACPIKAT ONEPATOPHL, KOTOPBIE MOT'YT 3alIMCHIBATD JAH-
Hble (HanpuMep, INSERT unu DELETE).

Xapakrepuctuka SQL  SECURITY MOMKET HMETh 3HAUCHHE
DEFINER unau INVOKER, 4TOOB VKa3aTh KOHTCKCT OE30MACHOCTH, TO
€CTb BBIMOIHSICTCS U MPOLIEAYPa C MpaBaMU MOIb30BATE L, KOTOPBIH €€
€O31a1, WiIH NOIb30BaTENs, KOTOPBIH €€ BbI3bIBACT.

Haxonen, Teno npoueaypsl routine body COCTOHUT U3 BhIpaKE-
Hubd s3pika SQL. I10 MOkeT OBITh MPOCTOM OMEpPaTop, TAKOH Kak

SELECT unu INSERT, WIH COCTABHOM OIEpaTOp, HAIUCAHHBIN C HUC-

186



noJjip30BaHueM BEGIN u END. CocraBHBIC OMEpaTopbl MOTYT COACP-
JKaTh OOBIBICHHS, LIUKJIbI H APYTHEC YIPABISIOIAC HHCTPYKLIUH.

B cnenyromem mpumMepe cozgacTea XpaHuMasd poueaypa, KoTopas
BO3BPAIIACT MAKCHMAIbHYIO IIEHY TOBapa 3aJaHHOTO IPOU3BOIUTEI,
HNEPEABAEMOr0 B IPOLEAYPY BO BXOJAHOM MEPEMEHHONM p manufac-—

turer:

CREATE PROCEDURE find max price (IN p manu-
facturer
VARCHAR (45), OUT p max price DECI-
MAL (10, 2))
BEGIN
SELECT MAX (price) INTO p max price
FROM products
WHERE manufacturer = p manufacturer;
END
IIponieaypa BHIMOHAICT 3amPOC U COXPAHACT PE3VABTAT 3ampoca B
BBIXOJHYIO IIEPEMEHHYIO P max price, oOpiBIeHHYIO ¢ MO (DHKa-
TOpOoM OUT.
I[JIH BBI30BA CO3JaHHOMI npoueaAyPrI UCHOIb3YCTCI KoMaHaa CALL.
g BeIBOIA 3HAMCHUS NEPEMCHHON MOKHO BOCIIOTB30BATHCS OMICPATO-

poM SELECT:
CALL find max price('Apple', @max price);

SELECT (@max price;

9.4 ©@ynxkuun

9.4.1 Co3nanue pynxkuun B MySQL
Cunrakcrc coznanus pyaxkumun B MySQL mmeer cxoxkuil BHI C

CHHTAKCHCOM CO3JaHH MPOLEAYPHIL:

CREATE FUNCTION [IF NOT EXISTS] sp name ([func pa-
rameter [,...11)
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RETURNS type

[characteristic ...] routine body
func parameter:

param name type
type:

BaJIMIOHEIA THUI ITaHHHX MySQL
characteristic: {

COMMENT 'string'

| [NOT] DETERMINISTIC

| { CONTAINS SQL | NO SQL | READS SQL DATA |
MODIFIES SQL DATA }

| SQL SECURITY { DEFINER | INVOKER }
}

routine body:
BaJIMIOHEIL onepaTop SQL

B otnuune ot xpaHuMmBIX mpoueayp, v GyHKIUH HET MOAU(UKATO-
poB mapametpoB IN, OUT u INOUT. [Ing ¢$yHKLHI BCce mapaMeTpsl Bee-
IIa pacCMaTPUBAKOTCSA Kak mapaMeTpsl IN. Bosspar 3navueHus u3 QyHK-
WU IPOUCXOIUT ¢ UCIIOIBb30BAHUCM KIHOUCBOTO CT0BA RETURN, Kak BO
MHOTHX S3bIKax MporpaMMupoBanus. Beipaxxeane RETURNS yKa3bIBacT
THIT BO3BPAIIACMOT0 3HAYCHUS (PYHKIMH, a TS0 (PYHKIHUHU JOKHO CO-
Jepxkath oneparop RETURN. Ecnmn mHCTpyKIMa RETURN BO3BpaImact
3HAYCHHUC JPYIOr'o THIIA, OHO IMPHUBOJAUTCS K HYKHOMY THITY.

B otamume ot xpaHUMBIX Tpoueayp, PYHKIHUH MOTYT OBITH BBI-
3BaHbl BHYTpU SQL BRIpakeHHS.

PaccmoTpum mpumMep cozmanus GyHKIHH, KOTOPas BO3BPALIACT KO-
JMYECTBO 3aKa30B BHIOPAHHOTO TOBApA:

CREATE FUNCTION get orders count(p product id INT)
RETURNS INT
READS SQL DATA
BEGIN
DECLARE count INT DEFAULT O;
SELECT COUNT (*) INTO count
FROM orders
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WHERE product id = p product id;
RETURN count;
END

B kauecTBe BXOMHBIX JAHHBIX (DYHKIUH BBICTYIACT LICAOUHCICHHAS
MCPEMEHHAS — MACHTU(UKATOP TOBAPA, PE3YIbTAT (PYHKLIMK BO3BpAIIa-
€TCSI ¢ UCIOJIb30BAHUEM omiepaTopa RETURN.

B otnuume ot XpaHuMON Opoueaypsl, GYHKLMS BHI3BIBACTCS B 3a-
npoce SELECT. B caexyromeM npuMepe pe3yabTaT Be30Ba (HYHKLNH,
KOTOPOMY HPUCBOCH MCEBAOHUM Ccount, BEIBOAUTCS B 3aMPOCE AOMOJI-
HUTCIBHO K ¢TOJI0maM Tabmuupl products:

SELECT *, get orders count(product id) AS count

FROM products
ORDER BY orders count DESC;

Hnsa Moaudukanmy npoueayp U GYHKIUH OPUMCHSIOT HHCTPYKLIAH
ALTER:

ALTER PROCEDURE ums OpoLenypH ...;

ALTER FUNCTION umMa QYHKUUM ..}

CunHTakcruc MHCTPYKUUH ALTER MOBTOPSET CHHTAKCHUC HHCTPYK-
uuii CREATE PROCEDURE u CREATE FUNCTION. 3TO OOBsICHICTCS
TCM, YTO Ha CAMOM JCIC HHCTPYKUMH ALTER cHavYana yaaadioT NoauIc-
JKAIIYIO PSAAKTHPOBAHUIO MPOLEAYPY (Win (PyHKIHIO), a 3aTeM BHOBb
CO3JAl0T €€.

Hns yaanenust mpoueAyp ¥ (GYHKUHMHA HCHOJB3YCTCS KOMaHAA
DROP:

DROP {PROCEDURE | FUNCTION} [IF EXISTS] uMs mnpolLe-
Oypul (yHRUMUM) ;

Iepen ynaneHueM mpoLeAYPHI CICAYET YOSAUTHCS, YTO OHA HUTAC
6OJ'II>H.IC HC UCMOJB3YCTCA, B T.U. B PA3JINIHBIX KJIHUCHTCKUX IMPUIOKC-

HHAX.
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9.4.2 Co3pnanne pyuxuuu B PostgreSQL

His mpumepa paccMOTPUM CHHTAKCHUC CO3AaHus (DYHKLIUH CO-
riIacHo odumatsHoN fokyMeHTaruu PostgreSQL:

CREATE [ OR REPLACE ] FUNCTION

uma ( [ [ pexuMm aprymeHTa ] [ MMa apryMeHTa ]
Tun_aprymeHTa [ { DEFAULT | = } BHpaXeHMe MO YyMOJ-—
vyaHuio | [, ...] 1)

[ RETURNS Tun pesynbTaTa | RETURNS TABLE (

uMsa_crojyibua THUm crosbua [, ...] ) ]
{ LANGUAGE uMf_fSHKA

| TRANSFORM { FOR TYPE mMmsa Tuna } [, ... ]

| WINDOW

| { IMMUTABLE | STABLE | VOLATILE }

| [ NOT ] LEAKPROOF
| { CALLED ON NULL INPUT | RETURNS NULL ON
NULL INPUT | STRICT }

| { [ EXTERNAL ] SECURITY INVOKER | [ EXTERNAL
] SECURITY DEFINER }

| PARALLEL { UNSAFE | RESTRICTED | SAFE }

| COST CTOMMOCTL BHIIIOJIHEHUSI

| ROWS CTpoOK B pesyibTaTe

| SUPPORT BCHOMoraTeanaH_@yHKuMH

|

SET napameTp KoHOmrypauumu { TO 3HaueHue | =
sHaueHne | FROM CURRENT }
| AS 'omnpeneseHue'
| AS 'oObeKTHEN Qann', 'OOBEeKTHHM CMMBOJ'
| Teso _sqgl

}

Komanaa CREATE FUNCTION ONpeaciasicT HOBYIO (hYHKIIHIO.
CREATE OR REPLACE FUNCTION co3aaéT HOBYKO (pyHKLHIO, TUO0
3aMEHAET ONPEICIICHHE yKe CyIIecTBYIoOmeH. Jlanee yka3slBacTcs UM
(YHKLUMH U TIapaMeTphl, BKIOYas Mogudukarop aprymeHTa IN, OUT,
INOUT, umd mmapamMeTpa ¥ €ro THIL.
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Hasiee yka3plBacTCsl THUIT BO3BPAIACMBIX JAAHHBIX (BO3MOXKHO, 10-
MTOJTHCHHBIN CXEMOI).

3ateM HUAyT mapamMeTpsl GYHKIUM, UM SA3BIKA, HA KOTOPOM PEan-
30BaHa GyHKUUS, MOTUIHKATOPSI, Kak (HyHKIHs padoTacTt ¢ 0azoi naH-
HBIX, OT MMCHHM KaKOTO TIOIb30BATS/I 3aITyCKacTC U Apyrue. B koHIEe
YKa3bIBACTCS TEI0 (DYHKIIHU.

B crieayromem npumepe cozaactest (hyHKIUS, HCITOIb3YFOMIAS LIAKIT
¢ npeaycaoBueM WHILE:

CREATE FUNCTION calc cost({val INT) RETURNS INT
LANGUAGE plpgsqgl

AS $S
DECLARE

res INTEGER;
BEGIN

res = 0;

WHILE res <= 3000 LOOP
res = res + val;
END LOOP;
RETURN res;
END $S;

9.5 Tpurrepsi

[Tox tpurrepoM monmmaercs ocobas PasHOBHIHOCTb XPaHUMOU
MPOLICAYPHI, BBI30B KOTOPOH OCYINECTBISCTCS aBTOMATHUCCKU. |pHr-
repbl B OCHOBHOM MPEIHA3ZHAYCHBI A1 00CCTICUCHIS LICIOCTHOCTH U He-
MPOTHBOPEYHNBOCTH JAHHBIX:

— TPUITEP rapaHTHPOBAHHO CPabaTHIBACT TONBKO MPH HACTYILIC-
HUH OTNPEACTICHHOTO COOBITHSL, OOBIMHO CBA3aHHOTO ¢ MOAM(DH-

KalUeH 3HAYCHUI B CTPOKE TAOJIULIBI,
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— TPUITCP NPOBEPSICT YCIOBHS BHIIIOIHCHUS OTICPALIIH, BbI3BAB-
nIek ero cpabaThIBaHUC,
— ©CJH YCIIOBHS BEPHBI, TO TPUITEP BBIMOIHSICT OIMPEIACICHHBIC
JeicTBUA (HampuMep, paspermact 100aBUTh B TAOIHUIY HOBYIO
CTPOKY), @ €CJIH YCIOBHS JIOXKHBI — TPHITEP OTBEPract onepa-
LIHIO.
CyILECTBEHHOE OTIMYHE TPHUITEPA OT XPAHUMOH MPOLICAYPHI CO-
CTOUT B TOM, YTO 32 BBI30B TPUITEPa OTBEUACT TOJbKO cepeep SQL, a
KJIMCHTCKOC MPHIOKCHHC HE MOKET YIPABISTE pabOTON TPUITESPOB.

9.5.1 Co3nanue Tpurrepa 8 MySQL

Hns cozpanmsa tpurrepos B paznuuneix CYBJ] npumensores He-
MHOTO OTIHYAIOIIUCCS CHHTAKCHYCCKUE KOHCTPYKIHH. 3armpoc co3Ja-
Hust Tpurrepa B MySQL BeIirmsquT ciieayommm oopa3oM:

CREATE TRIGGER trigger name
trigger time trigger event
ON tbl name FOR EACH ROW
[trigger order]

trigger body

trigger time: { BEFORE | AFTER }

trigger event: { INSERT | UPDATE | DELETE }
trigger order: { FOLLOWS | PRECEDES } other trig-
ger

B zampoce trigger name - mma TpHrrepa, trigger time
OIPEACISECT BPEMS BRIIIOJHEHUS TPUITEPA: A0 WU MOCJIE HACTYILIEHUS
coOmTHsl trigger event. B kadecTBe COOBITHS MOTYT HCIONB30-

BaTbCd cacayromue: INSERT, UPDATE, DELETE.
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[Ipennoxkenne FOR EACH ROW VKa3bIBAaCT, UTO TPUITEP CPabaThI-
BaCT OTACIBHO Tt KAKIOH U3 CTPOK TAOIHUIBI, MOMABIINX MO BO3ACH-
ctBue koMaHapl SQL. Takue TpUrrepsl HA3BIBAOT TPUITEPAMHU YPOBHS
kxoprexka. Hexoroprie CYB]/] mopaepikuBatoT komanay FOR EACH
STATEMENT, B 3TOM ciiy4dac OyJACT CO3AaH TPUITEP YPOBHS KOMAHIBI.
ITOT TPHUITEP, BHE 3aBUCUMOCTH OT KOJIUYCCTBA CTPOK, MOMABIINX O
BozaeucTBre uHCTpyKiuu SQL, cpaboTaeTt TOIpKO OAMH pa3.
BosMmoxkHO co3aaHUE HECKONBKHX TPUITEPOB AN 3aJaHHOHM Tad-
AMIBL ¢ OJWHAKOBBIMM  3HAUCHMAMH trigger time w
trigger event.Ilopaaok BHIMOTHEHH TAKUX TPUITCPOB ONMPEACIA-
eTcs JaToH ux co3ganud. I lopsaaoxk MOKHO M3MEHHTD, UCTIONB3YS BhIpa-
skeHuss FOLLOWS 1 PRECEDES. C FOLLOWS HOBBIHM TPUITEP aKTHBH-
pyeTcs mOocie CYIIECTBYIOMIETO TpUrrepa, ¢ PRECEDES — nmepea cyuie-
CTBYIOLIUM TPUITEPOM.
Crangapt SQL pexomenayer paspadoruukam CYB]l obecnieunts
BO3MOXKHOCTb HE TOJIBKO OIHCHIBATH TPUITEP, pearHpyomui Ha (akr
CBEpIIUBLICTOCS COOBITHs (AFTER), HO U MPEAOCTABUTh BO3ZMOYKHOCTb
BBI30Ba TpUrrepa nepex cooeitueM (BEFORE). Takum oOpaszom, B 60ib-
ummHeTBe CY B/l BO3MOXKHO CO3aHHE TPEX Tap TPUTTEPOB:
— coObiTust BEFORE INSERT u AFTER INSERT BO3HUKAOT
COOTBETCTBCHHO TEPEA TEM, KaK HOBas CTPOKa MONAACT B Tad-
JMLY, ¥ MOCTIE TOTO, KaK 3Ta CTPoKa OYACT COXpaHCHA;

— coOblTHs BEFORE UPDATE u AFTER UPDATE reHEpHPYIOTCS
HepeJ HauanoM U MOCTIE 3aBEPIICHHS PEAAKTHPOBAHUS JAHHBIX,

— coOpTHe BEFORE DELETE npeamectByet, a AFTER DELETE

3aBEPIIACT ONECPALTHIO YIAICHHUS JAHHBIX W3 TAOTHIIBL.

Muorue CYB]] mo3BostoT K 0XHO 1 TOH ke TaOIHIIE ITOAKIIOYATh
HECKOJBKO TPHITEPOB, SBHO YKa3bIBas OPIAOK UX cpabateiBanus. Eciau
ycnoBue cpadateiBanus Tpurrepa BEFORE BEpPHO, TO ACHCTBUC BBIMOJI-

HSETCA U VIPABJICHHE NepeaacTes Tpurrepy AFTER, KOTOPBIH, B CBOIO
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ouepeib, MPOBEPAET CBOE YCIOBHE M BBITIONHACT CBOE AekicTeue. [Ipu
HCBBITIOJTHEHUH VCIIOBHS B TIOOOM TpHrrepe BEFORE OCYIIECTBISICTCS
OTMCHA ACUCTBUS, U JaHHBIC 00padaThIBACMON CTPOKH BO3BPALIAIOTCS B
HUCXOAHOE COCTOsAHME. ECnm 3a BBI3BABIINM HCKIIOUCHHE TPHITEPOM
BEFORE creayet Tpurrep AFTER, TO yIPaBICHHUC ¢My HC ICPCAACTC.

Baxxno moMuuTh eme oxny aetans. Ecnam cpabGareiBanue Tpurrepa
MPOMU30LIJIO B paMKax TPaH3aKLHH, A0 3TOr0 BBIIOIHUBIIECH KakOH-TO
MEPCUCHb ONICPALIUH C AAHHBIMH, U B PE3YIbTaTe CpadaTbIBaAHMS TPHITED
MPUIIET K BBIBOAY, YTO YCJIOBHE OLIIHOOYHO, TO TCHEPALMs HUCKIIOUH-
TEIbHOU CUTyalluH IMPHUBEAET K OTKATy BCCH TPaH3aKLUU.

st Toro 4toGbl pa3paboTUHK TPUITEPA MOT MONYYATE JOCTYII KaK
K HOBBIM JAHHBIM, HOCTYTAIOLINM B TaOIHULY C OUYEPEIHOH CTPOKOH, TakK
U K CTapbiM (OAICKAIINM MOAUGDHUKALIHN) 3HAYCHUSM CTOJIOLOB, B TC/IC
Tpurrepa B psae auanckros SQL 1ocTymHbI JBE KOHTEKCTHBIC IEPEMEH-
HbI¢ OLD u NEW, KOTOPBIC MO3BOJISIFOT MOJYYHTh AOCTYIT K CTPOKaM Tad-
JUIBI, ASHCTBUE HAX KOTOPBIMHM aKTHBHPOBATH Tpurrep. B ciydae
INSERT Tpurrepa MOKCT MCIIOIB30BATBCA TOIBKO NEW.col name,
TaK Kak HET CTapbIX cTpok. B DELETE TpUTrTEpe MOXKET HCIIONb30BATHCS
TOAbKO OLD.col name, Tak Kak HET HOBBIX CTpOK. B UPDATE Tpwur-
repe MOXKHO HCIIONB30BaTh OLD. CcO l_name IJIsI o6pameHI/m K CTONO-
I1aM CTPOKH Tepe s ee 00HOBIeHHEM U NEW . col name aist oOparueHus
K CTOJIOLIAM CTPOKHU MOC/IC €¢ OOHOBIICHHUSL.

PaccmoTpum npumep cozmanus tpurrepa 8 MySQL. Creayromuit
TPUITEP OCYIIECTBIAECT NPOBEPKY BATHIAHOCTH JAHHBIX IEPEa H3MEHE-

HHUEM B TaOmuLEe orders:

CREATE TRIGGER update check BEFORE UPDATE ON or-
ders FOR EACH ROW BEGIN
IF NEW.product count < O THEN
SET NEW.product count = 0;
ELSEIF NEW.product count > 100 THEN
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SIGNAL SQLSTATE '45000' SET MESSAGE TEXT =
'TlpeBEIIEHO KOJMUECTBO TOBAPOB B 3akase';
END IF;
END;

B ciyuae, ecnm yka3aHO KOTUYECTBO TOBAPOB (3HAYCHHUE CTOIOLA
product count) B 3aKa3e MCHBIIE HyJIsl, B TAONHUILy 3aIHIIETCS 3HA-
yeHue Homb. Ecin komuuecTBo ToBapos npeebicut 100, Oyaer crenepu-
posaHno uckmoucHue. Coctosaue 45000 — 310 0obIIece COCTOSHHUE, Ipea-
CTaBAIOIICE COOON «HCOOPAOOTAHHOE OMPEACIICMOS MO Ib30BATEICM

HCKIIIOUYCHHC» .

9.5.2 Co3nanue Tpurrepa B PostgreSQL

B PostgreSQL cunTakcuc co3paHus TPUTTEPa BBHIISLAUT CJICIYHO-
UM 00pasoM:

CREATE [ OR REPLACE ] [ CONSTRAINT ] TRIGGER uMs {
BEFORE | AFTER | INSTEAD OF } { cofwmrtue [ OR ... ]
}

ON uMA TaBJIMIE

[ FROM cchutapmasaca Tabauua ]

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

[ REFERENCING { { OLD | NEW | TABLE [ AS ]
UMS_MepeXOoAgHOTo oTHomeHusa } [ ... ] ]

[ FOR [ EACH ] { ROW | STATEMENT ]} ]

[ WHEN ( ycioBue ) |

EXECUTE { FUNCTION | PROCEDURE |} uMA QyHKUMM
apTyMeHTH )
coBulTHE

INSERT

UPDATE [ OF mmMma crosbua [, ... ] ]

DELETE

TRUNCATE
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BbazoBrie KOHCTPYKIMY CO3AAHUSA TPUITEPOB CXOXKH: HCIIOIb3YETCS
oncparop CREATE TRIGGER, yKa3eIlBaCTCI UM TPHUITCPA, YCIOBHC
BBITTOJTHCHHUSI, UMS1 TaOIHLpI, I KOTOPOH CO30ACTCS TPUITED.

B kauecTse mpumepa paccMOTPUM CO3JAHHUE TPHUITEPA, BEAYILETO
MPOTOKOI U3MEHEHHUS AaHHBIX B Ta0muue products. CHavana cozna-
JuM YHKIUIO, KOTOpas OVIeT TOTHPOBaTh BCE H3MCHEHHS MO COOBI-
THaM INSERT, UPDATE u DELETE:

CREATE OR REPLACE FUNCTION product logger function/()
RETURNS trigger AS $body$
BEGIN
if (TG OP = 'INSERT') then
INSERT INTO products log (user name, rec-
ord time, old product name, new product name, opera-
tion)
VALUES (CURRENT USER, CURRENT TIMESTAMP, null,
NEW.product name, 'INSERT');
RETURN NEW;
elsif (TG OP = 'UPDATE') then
INSERT INTO products log (user name, rec-
ord time, old product name, new product name, opera-
tion)
VALUES (CURRENT USER, CURRENT TIMESTAMP,
OLD.product name, NEW.product name, 'UPDATE');
RETURN NEW;
elsif (TG OP = 'DELETE') then
INSERT INTO products log (user name, rec-
ord time, old product name, new product name, opera-
tion)
VALUES (CURRENT USER, CURRENT TIMESTAMP,
OLD.product name, null, 'DELETE');
RETURN OLD;
end if;
END;
Sbody$
LANGUAGE plpgsqgl
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Hanee cozmaaum Tpurrep cpasy Ha 3 COOBITHSL

CREATE TRIGGER product logger trigger
AFTER INSERT OR UPDATE OR DELETE

ON products

FOR EACH ROW

EXECUTE FUNCTION product logger function ()

Tpurrep OyaeT BBI3BIBATBCS MOCIE KAKIOTO COOBITHSA MOAN(UKA-
MM JAHHBIX M BBI3BIBATh CO3JaHHYIO GyHKmuIO product log-

ger function.

9.6 Kypcops!

OObI4HBIH, MOCTPOSHHBIA HA OCHOBE HHCTPYKUKU SELECT 3ampoc
Cpa3y BO3BPAINACT HAM HEKOTOPBIH PE3YNbTHPYIOIIHI HAOOp CTPOK.
OxHaKo 33a4acTyrO JOTHKA pa3padaTeiBacMOi 0asbl JaHHBIX TPEOYET A0-
MOJTHUTEIBHOM 00PabOTKU KAk A0 OTACIBHOM CTPOKH B PE3YIbTUPYIO-
eM HaboPe, HA KOTOPYIO HE CIOcoOHA koMaHaa SELECT.

B takux cnydasx uCnoap3yeTcs Kypcop, OpeACTaBISONINA OO0
vKazaTeldb Ha OTACTBHBIA KOPTEXK B oTHOmEHNH. C MOMOINBIO Kypcopa
MOJKHO TOCIECIOBATCIBHO NEPEOUPATh CTPOKH MOIYUYCHHOTO OTHOIIE-
HHSI, OCYIIECTBIISA ¢ HUIMH JONOHUTEIBHBIC ONICPALIUH, HATIPUMED, Pe-
JAKTHPOBAHHS.

Kypcops! MOTyT GBITh ONE3HBI B CACAYIOIIMX CAYIAIK:

— COXKHas JIOTHKa 3amnpoca (Hamuaue GopMyna, HEOOXOAUMOCTb
oOpalneHus U3 3aIpoca K MpoLeaypam uin GyHKIHIM, HEOOXO-
JUMOCTb HCIIOJB30BAHHUS VCIOBHBIX ONEPATOPOB U HCKIIOYC-
HHI);

— ONepauyy Mo ACHOPMATH3ALWH AaHHBIX, KOTJA U3 HECKOJIBKUX
OTHOUICHUN CICAYET coOpark oaHO (Hanpumep, B popmare Bpe-
MEHHOH TaOIHLBI) HITH BO3BPATUTD PE3VIbTATHl B GopMaTe TEK-
cTOBOH cTpoKH, JoKyMeHTa XML 1 1.11.;
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— CO3JaHHE MEPEKPECTHOTO 3ampoca, HAMPHUMED, BBIMOIHSIIOIIETO
CTAaTUCTHYCCKUE PACUCThI IO ABYM U O0JIee TabIuuaM, KOTOpbIe
MO3IHEE TPYNITUPYIOTCS B BUAEC OXHOM TAOMHLIBI;

— JBIDKCHHE TIO HEPAPXHICCKOMY JCPEBY.

s paboThl ¢ KypcopaMHu MOCICAOBATCIBHO PUMEHSICTCS YETBIPE

koMaHaer SQL:

1) ob6wsaButh kypcop (DECLARE CURSOR);

2) OTKpBITH Kypcop (OPEN);

3) cuuraTh AaHHBIC U3 Kypcopa (FETCH);

4) 3zakpeITh Kypcop (CLOSE).

Huarpamma Ha pucyHke 47 ULTIOCTPUPYET paboTy Kypcopa.

ii NO
~ P —
DECLARE —> OPEN — FETCH EMPTY} YES —»| CLOSE
S |

Pucynok 47 — PaGora xypcopa

PaccmoTpum cunTakcuc coznanusg kypeopa B MySQL. Cunrakcuc
OOBABICHUI KYPCOPA HMEET CIICAYFOLIMIL BU

DECLARE cursor name CURSOR FOR SELECT state-
ment;

JUTs OTKPBITHS KyPCOpa UCTIONB3YETCS BeIpakeHne OPEN:

OPEN cursor name;

Omneparop OPEN HMHHUIMATIH3HPYET PE3YIbTUPYIOIIUH Habop A
Kypcopa, MO3TOMY OH IOJDKCH OBITh BBI3BaH 40 Hava1a 00X04a CTPOK 13
PE3YIBTUPYIOIECTO HA00PA.

3ateM ucnomnp3yercsd oneparop FETCH, 4ToOBl HOMYYUTh CTPOKY,
VKa3aHHYIO KYPCOPOM, U MEPEMECTUTDL KYPCOP Ha CIECAYIOLIYIO CTPOKY
PE3YIBTUPYIOIECTO HAOOPA:

FETCH cursor name INTO variables list;
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3aece variables list — cIHCOK MEPEMEHHBIX, B KOTOPBIE H3-
BIICKAIOTCS JAHHBIC, OMUCAHHBIC B SELECT statement.

Ilocne »TOTO BHIMOMHACTCS MPOBCPKA, JOCTVITHBI JTH CIIC CTPOKH
st w3sjieucHust. [Ipu pabote ¢ kypcopom HEOOXO0AMMO OMPEASIUTD, UTO
JIENaTh B CIy4ae, KOrAa Kypcop HE MOXKET HAWTH CIEAYIOMYIO CTPOKY.
Hist atoro cnieayeT oObsiBUTh 00paboTauk coObiTrst NOT FOUND crie-
JYFOIUM 00pa3oMm:

DECLARE CONTINUE HANDLER FOR NOT FOUND state-

ment;

3neck statement — BEIpakeHHE, KOTOPOE OYACT BBIIOTHCHO IPH
JOCTIDKCHHH KOHLIA PE3YIbTHPYIOLET0 Habopa, 0OBIMHO 3TO HMPUCBAM-
BaHHC 3HAYCHHS HCKOTOPOU MEPEMEHHOH, HO B 00IIEM CIy4ae 3TO Mo-
JKeT OBITh M KOMITJICKCHOC BBIPAXKCHUE 3aKIIOUCHHOE B BEGIN. . . END.
O0paboTunk COOBITUN JOKECH OOBSBIATBCS TIOCIAC OOBSIBICHUS
Kypcopa.

[Tocne 3aBepueHns paboTH C KYPCOPOM HCTIIONB3YETCS BHIPAKCHUE
CLOSE it OCBOOOKICHHUS MAMSTH, UCIOIb3YEMOH KYPCOPOM, TOC/C
3aKpBITHS Kypcopa padoTa ¢ HUM HEBO3MOJKHA!

CLOSE cursor name;
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10 TPAH3AKIIMU

10.1 IousTHE TPaH3aAKIUH

IMox Tpansaxkumeii OyaeM MOHUMATHh BBIMOJHACMYIO OT UMCHH
OMPE ICICHHOTO NIOIb30BATES WK MPOLECcca MOCIACA0BATCIBHOCTD OTIC-
PaTopoB MAaHUITYJIUPOBAHUA TaHHBIMU, ICPCBOAAIAA 633}7 JAaHHBIX U3
OJHOTO LIETIOCTHOTO COCTOSHUS B APYTOE LETOCTHOE COCTOSHHUE.

To ecTh TpaH3aKLUA — 3TO OMEPALH, COCTOAINAS U3 OJHOTO HITH
HECKOJBKHX 3anpocoB K 6a3e ganHeIX. CyTh TpaH3aKUMN — 00ECIECYUTD
KOPPCKTHOC BBITTIOJIHCHUC BCCX 3aIllpOCOB B paMKax O,Z[HOI\/'I TPaH3aKIIHU,
a Take 00CCIEYNTh MEXAHN3M W30JIILMU TPaH3aKLIHA APYT OT APyra
JUTS PELICHHMS MPOOIEMBbI COBMECTHOTO JOCTYIA K AaHHBIM. JItobas TpaH-
3aKIHst TUOO BBIMOIHSCTCS IOJHOCTBIO, THOO MOJTHOCTHEO OTMCHSICTCS.

OxnuM U3 HaUOONICE PacIPOCTPAHEHHBIX HAOOPOB TPeOOBaHUH K
TPAH3AKLUAM M TpaH3aKHOHHBIM cuctemam, B T.4. CYBJl, sasmsercs
Habop ACID. JlanHrie TpeOOBaHMS MO3BOSIOT 0OCCHEUUTh Hauboee
HAJCKHYIO U COTIACOBAHHY IO pabOTy CUCTEMBI. ITU TPCOOBAHUS BKJIHO-
YaKoT B CeOs:

— aTOMapHOCTH (atomicity);

— COTJIacOBaHHOCTH (consistency);

— u3onupoBaHHOCTS (isolation);

— goaroseuHocTh (durability).

ATOMAPHOCTb FAPAHTHPYET, UTO HUKAKASA TPAH3AKITHI HE OyIeT 3a-
(I)I/IKCI/IpOBaHa B CHCTEMC YacTHYHO. BHE 3aBHCHMOCTH OT KOJHMYECCTBA
BOBJICKACMbIX B TPAH3AKIMIO OMCPATOPOB, TPAH3AKLHUS IO/DKHA MPEI-
CTaBIATh COOOU CAUHYIO M HEACTHMYIO JJOTHYCCKVIO CAMHULY PaboThI.

TpaHSaKLII/IH BBIMTOJIHACTCA KaK aTOMapHasd oncpanusa — J'II/I6O BbI-

NOJIHACTCA BCA TPAH3AKIHUA LICIUKOM, b0 oHa OCJIUKOM HC BBITIOJIHA-
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CTCA. TpaHSaKLII/IH HC MOKCT 6I>ITI> BBINTOJIHCHA YaCTUIHO, CCJIU B IIPO-
LCCCC BBITIOJIHCHUA TPaH3aKIUU BOZHUKACT KaKoOH-TO C6OI\/'I, TO BCC BBI-
TIOJTHCHHBIC A0 3TOr0 MOMCHTA H3MCHCHHA AAHHBIX AOJTXKHBI 6bITb OTMC-
HEeHBI. TpaH3aKus cCUNTaeTCA YCTIEITHO BBITIOMTHEHHOMH, €CITH B IIPOLIECCE
WCTIOJTHCHUS HEC BO3HUK/IA KAKasI-TH0O0 aBapHiiHAs CUTYALUS U BCE MPO-
BCPKHU OI‘paHI/I‘ICHI/II\/'I OeJIOCTHOCTH Aa/IN THOJI0KUTEIbHBIA Pe3yabpTar.

Caenyromiee TpeOOBAHHE — COTJIACOBAHHOCTL. TpaH3akuus mepe-
BOAUT 0a3y JAHHBIX U3 OJHOTO COTIACOBAHHOIO (LEIOCTHOIO) COCTOS-
HHS B APYrO€ coriacoBaHHoe (LenoctHoe) coctossaue. OAHAKo B mpo-
LICCCC BBIMOJHCHUS TPAH3AKLMH JONMYCKACTCS TMOSBICHHE HECOTIACOo-
BaHHBIX MTPOMCIKYTOUYHBIX Pe3yibTartoB. COrlacoBaHHOCTh JOCTHIACTCS
BCJICACTBHC aTOMAPHOCTH, T.K. 3aBCPLICHHASI TPAH3AKLMS FAPAHTHPYET
COrJIaCOBAHHOCTh JAHHBIX.

['oBOpst 0 COrTacOBaHHOCTH PE3YJIBTATOB, MMEETCSI B BHUAY, YTO B
PC3YIBTATC BBHIMIOJTHCHHUA TPAH3aKIUU JaHHBIC 6y,£[yT COOTBCTCTBOBATH
3aJI0’KCHHOH B 6a3¢ JAHHBIX JIOTHKE U MPABUIAM MOAICPKAHMS LICTIOCT-
HOCTH JAHHBIX.

Tpetbe TpeOOBaHHE — H3O0JIHPOBAHHOCTL. TPaH3AKIMH JOKHBL
BBITIOTHITHCS HE3aBHCUMO OJHA OT APyrou. TpaH3aKuu JOIKHbBI ObITh
HCAOCTYIIHBI TIPOMCXKYTOYHBIC PC3YJIbTATHI APYIUX MNapaA/UICIbHO HC-
HOJIHSIEMBIX TPAH3AKIHUM, a TAKXKE €€ MPOMEKYTOUHBIE PE3yNbTaThl HE-
JOCTYIIHBI APYTUM TPAH3AKLIHAM.

Jpyrumu crnoBaMu, W30JUPOBAHHAS TPAH3aKLUSA A MOXKET MONy-
YHUTB JOCTYI K 00BEKTY, 00pabaTbiBacMOMY TpaH3aKIHeH B, TOIBKO NO-
cne 3aepiieHusd B, u HaoOopot. Takum 06pa3zoM mpu OAHOBPEMEHHOU
paboTe ABYX MOJB30BATE/ICH ¢ OJHUMU U TCMH K¢ JAHHBIMUA OHH HE 3a-
MEUYAKOT APYT APYra, Kak ¢Cau Obl OHH PadoTaad ¢ 3THMHU JAHHBIMH
crporo o ouepean. M301mpoBaHHOCTE — TPEOOBAHUE JOPOTOE, TOITOMY
B peasbHBIX b/l CymecTBYIOT peXUMBI, HE TIOMHOCTBIO M30JIUPYIOIIHE
TPAH3AKIIUIO — TaK HA3bIBACMBIC YPOBHU U30JIALUN.
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Uerseproe TpeboBaHHE — JOAT0BeYHOCTh. Ecny TpaH3akius BbI-
MOJHCHA, TO PE3YNbTaThl ¢ paboThl AOLKHBI COXPAHUThCS B Oa3e JaH-
HBIX U HE MOTYT OBbITh YTEPSHBI HIH OTMCHCHEI HH MPH KAKHX 00CTOS-
TenbeTBaxX. B ciyyae ycnemHoro BEINONHEHUS TPAH3AKIMN BCE H3MCHE-
HHS TapaHTHPOBAHO (UKCHPYIOTCH B MOCTOSHHOW MaMATH JAXKE CCIH
B CICAVIOIIUH MOMEHT MPOH30HAeT cOol cucteMbl. B cyyae Heycnem-
HOTO 3aBCPIUCHMS TPAH3AKUUHM MO JIOOOW MPHYHHE TapaHTHPOBAHO
OTCYTCTBHE KAKHX-THOO CBA3aHHBIX C HCH W3MCHCHHHA BO BHCLIHCH
MaMAITH.

To ecTh HE3aBUCHMO OT IPOOIIEM HA HUXKHUX YVPOBHAX (K IPUMEPY,
00ECTOUNBAHUE CUCTEMEBI WK ¢OOU B 000PYAOBAHUH) U3MCHCHHS, CJc-
JIAHHBIC YCIICITHO 3aBEPIIEHHON TPAH3AKIUCH, JOKHBI OCTAThCS COXpa-
HEHHBIMH [IOCIIE BO3BPALICHUS CHCTEMBI B paboTy. JpyruMu cioBamu,
€CJTH TIOIb30BATEIb MOy YU MOATBEPIKICHHIE OT CUCTEMBI, YTO TPAH3aK-
LIUSI BRITIOJTHCHA, OH MOXET OBITh YBEPCH, UTO CACIAHHBIC UM H3MCHEHHUS
HE OYIYT OTMEHEHBI H3-3a KaKoro-mudo cOo4.

Bce atu TpeOoBaHus mpuU3BaHBl OOCCICUNUTh CO3AAHUE CHUCTCMBI,
padota koTOpoH OyAeT MoHATHAI U npeackasyema. Bee ato pernamen-
THPYETCS MPaBHIAMH PabOTHI C TPAH3AKLIUSIMH.

10.2 Mexanu3mbl o0ecnieyeHHs1 TPe0OBAHHH K TPAH3AKLIHUAM

10.2.1 KypHan TpaHzakuuii

CyILIecTBYIOT HECKOIBKO MEXaHHU3MOB, 00CCIICUHBAIOIINX BHITION-
ueuue ACID tpeOoBanwuii, HauHEM ¢ TPEOOBAHUH ATOMAPHOCTH U I0JI-
TOBCYHOCTH.

Hnsa obecneueHus TpeOOBAHUH ATOMApPHOCTH W JOITOBEYHOCTH
TPaH3aKLUH HCIONB3YCTCS MPOCTOW MPUHLMIL KaXKAAs ONepaums He
MPOU3BOJNTCS ¢ AAHHBIMH HampsiMyro. Mcmone3yeTess npuHIUN ABOW-
HOH 3aIMCH: CHavYa/1a JAHHBIC THLIYTCS B 3Ky PHAJ TPAH3AKIHH, TOJIBKO

MOTOM MEHSIOTCS caMU TAOJIMUHBIE AaHHBIE. TakoM MOAXOA MO3BOJSET
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B JIO00M MOMCHT BPEMCHH BEPHYTh 0a3y JAHHBIX B HCXOJHOC COCTOSHHE
(coctostHme A0 craprta Tpanzakiuu). OTKAT TPaH3aKLUH OCYILICCTBII-
€TCsL B TOM CJIy4ac, €CITU XOTs Obl OHH U3 OIIEPATOPOB, BXOISIIHX B CO-
CTaB TPAH3AKIIMU, BRITIONHACTCS ¢ omnOKoii. Bo Bpemst oTkaTta B oOpar-
HOM TIOPSIAKE OTMCHSIIOTCS BCE OTepanun Tpansakuuu. Eciu e Bee ore-
PaTopel BBIMONHSIOTCS BEPHO, TO PE3YIBTATHl TPAH3AKLUH (PUKCHPY-
OTCA — JAHHBIC U3 XKypHaJla IICPCHOCATCA B Ta6J'II/ILIbI 6a31,1 JAHHbBIX.

CoOOTBETCTBCHHO KypHanu3zauusi wu3meHeHuii (write ahead
logging, WAL) — ¢yukuus CYBJI, koTopast coxpassieT uHGOPMAIIHIO,
HCOOXOIUMYIO [Tl BOCCTAHOBJICHHUS 0a3bl JAHHBIX B MPEABIAYIICE CO-
[JIACOBAHHOC COCTOSHHC B CIy4ac JIOTHUYCCKUX WA (DH3HYCCKUX
OTKa30B.

Hist oro uro6sr CYBJ] cMoriia rapaHTHpOBaTh KOPPEKTHOES 3aBEP-
HICHUE WIH YCIICHIHBIM OTKAT TPAH3AKLHU, B )KyPHAIE TPAH3AKLIUN IpU-
XOOUTCA XPaHUTb Cy]l[eCTBCHHbII\/'I O6’beM JAHHBIX, B T.4.:

— CBCACHHS O CTAPTE TPAH3AKLIUH H €€ WACHTU(DHKATOP;

— MNCPCUCHb O6’beKTOB 6a31,1 JAAaHHBIX, Ha KOTOPBIC MOBJIUAIA TPaH-

3aKIUS,

— ONHCAHUE KAXKIOU M3 BXOJAAIIUX B COCTAB TPAH3AKLUHU OIEpa-

Ly OOHOBIICHUS JAHHBIX (BCTaBKA, OOHOBICHHE, YIAICHHUE),

— IOpeapIayLIee COCTOSHUE OOBEKTA U HOBOE COCTOSIHHUE OOBEKTA;

— CBCACHHS O 3aBCPIUCHUH TPAH3AKLIKH.

dopmupyemas TakuM o6pa3zoM HHPOPMALTU HA3BIBACTCS KYPHA-
JOM W3MCEHEHHH 6a3bl JaHHBIX. JKypHan COACPKUT OTMETKH Havala u
3aBCPLICHUA TPAH3AKINU U OTMCTKU NPUHATHA KOHTpOHbHOﬁ TOYKH, KO-
r7a JaHHBIC COPACHIBATUCH HA JKCK.

PaccmoTpum, 3atem TpeOyeTes HCOTB30BaTh JKYPHAT TPAH3AKLIUH.

OcnoBHag mpodaeMa npu 00CCICUCHHH COXPAHHOCTH JaHHBIX MPH
3almuCH Ha AUCK BOSHUKACT U3-3a TOTO, UTO JKCCTKHI AUCK HC UMCECT aToO-
MapHOH ¢pyHkupy 3anucy. T.e. ecnu OyaeT 3amichiBaThes MerabanT naH-

HBIX 1 B MOMCHT 3aIlTHCH 6y,£[€T OTKIFOYUCHO IMUTAHUC — PC3YIbTAT 3AIUCHU
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HE OTPEICIEH: BCE JAaHHBIC Oy YT 3aITUCAaHbl, HUUETO He OVACT 3aIHCaHO
WJIH 3aMMLICTCS TONBKO KaKas-TO YacThb.

Bropas npobrnema — ycTpoWCTBa XpaHCHUS OYCHb MEIICHHBIC 1O
CPaBHEHUIO € OMEPATUBHON MaMSTBIO.

UroObl KOpPPEeKTHO 00pabaThiBaTh STH CHUTYALMH HCIIOIB3YETCS
JKypHai TpaHzakuuil. OOyl anropuT™ HCIOIb30BaHHS XKYPHAIA TPaH-
3aKUUI UMEET CACAYIOITUI BUM!

1) xorzma HaunHaeTCs TpaH3akLys — eH nmprucBausacTcs Homep. [pu
M3MCHCHHUH JAHHBIX HOBBIC JAHHBIC HE MUIIYTCS B TAONULBI HA
JKECTKUH TUCK, & BCC M3MCHCHUS (COCTOSIHUE IO U TOCIIC) 3aITi-
CHIBAIOTCS B JKYPHANI TPAH3aKLUHM, W H3MCHSIOTCS CTPaHHLEI
0a3bl JAHHBIX B TIAMSITH,

2) BIKypHaJI TPaH3aKIKH COPACcHBACTCS MAPKEP YCICUIHOTO 3aBEP-
LICHHS TPAH3AKIIUH,

3) Korzga NpuxOAMT KOMaHAA MOATBEPIKACHUS TPAH3aKLUH — BECh
JKYPHAJ TPAH3aKLUH cOPachIBACTCS HA TUCK;

4) Kak TOJBKO MPUXOIUT MOATBEPHKACHUEC OT ONCPALIMOHHOHN CH-
CTEMBI, YTO >KYPHAI TPAH3aKLUHU YCICITHO COPOLICH — BBITION-
HACTCS U3MCHEHM B (pafinax, KOTOpbIC COOTBETCTBYIOT JAHHBIM
TabUII, U y>KE OHHU COPACchIBAIOTCS HA JTUCK.

IMocne yenemnoro cOpoca Ha auck ¢aitaios TabIuL, JAHHBIC KYP-
Haja Al 3TOW TPAH3aKUUK OOJIBIIC HE HYKHBI, JAHHBIC TAONHIBI HA
JIUCKE.

PaccmoTpum, uto nporcxoaut B ciyyae cOos. Ecnu cOoli mponso-
HIeT OO TOTO, KaK TPAH3aKLKS YCICLIHO 3aBEPIINIACE — T.€. H3MCHEHHUS
3aMMUCHIBATUCH B JKYPHAT TPaH3aKLMU, Npom3olen cOOH, JaHHEIC HE
ObLTH 1O KOHIIA 3aIMCaHbl HA IHUCK, B KYPHAIC TPAH3AKLUH HAXOIATCS
HE BATHIHBIC JAHHBIC — IPU BOCCTAHOBJICHUH 0a3bl JAHHBIX STH JAHHbIC
OyayT mpourHopupoBaHbl. Ecimu maHHbie ObutH COPOLICHBI B JKYPHAT

TpaH3aKUWH, HO He OBUTH M3MEHEHH! (aiiibl ¢ JAHHBIMH TabITULL, TO NPH
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BOCCTaHOBJICHHH Oa3bl JAHHBIX OVACT CACIaHa MPOBEPKA XKYPHAIA TPaH-
3aKUWH, HalIcHa KOPPEKTHAs 3allich, KOTOpas HE Oblja 3amucaHa B
daiin ¢ JaHHBIMH, W 3Ta TPAH3AKLMS MPUMEHHUTCH K Qaiiny JaHHBIX —
TPaH3aKLMA MPOWAET yCriemnHo. T.e. IpHHII ABOWHOM 3aITUCH MO3BO-
JSIET KOPPEKTHO 00padaThiBaTh CUTYALIMU CO COOSIMHU.

COpoc maHHBIX HA JKECTKHH IHUCK — 3TO OTHOCHTEIBHO AONras 3a-
maua, nosromy CYBJ| coolimaet, 4TO TpaH3aKUUS 3aBCPUINIACH
VCIICIIHO, KOTAA Ha AUCK YCIICHIHO 3arucanbl Gaiinsl )KypHaia TpaH3ak-
uui. JlanHpie TabIUI MCHSIOTCS B MAMSITH, HO HE COPACHIBAIOTCS HA
JHCK Cpagy Hoce 3aBepLIcHus TpaH3akuu. COpoc JaHHBIX HA JUCK MO-
JKET MPOUCXOIUTD TOCTE BBHIMOIHEHUS HECKOIBKHX TPAH3AKLIHUH. ITOT
MOMEHT MOMEUAECTCS. KOHTPOIbHOM TOUKOH.

T.K. B )KypHAT TpaH3aKLIHH MHIIYTCS BCEC AAHHBIC, KOTOPEIC HEOO-
XOJHMMBI JJ1s1 BOCCTAHOBICHHS CHCTEMBI TOCTE ¢OOs, TO KYPHAT TPaH-
3aKIHH MOKET UCIOJIB30BATHCS U JJI JOMOJIHUTCIbHBIN 1ICICH:

— BOCCTAHOBJICHHC HA MOMCHT BPEMEHH (point in time recovery) — uc-
MOJIB30BAHUE PE3CPBHOM KOMMU M XKYpHajda TPAaH3aKUUN Il BOC-
CTaHOBJICHHUS CUCTEMBI HOCIE cO0s;

— permMKanysa — MEXaHH3M CHHXPOHH3AIMH COAEPIKHUMOTO HECKOIIb-
KHX KOIMUH JAHHBIX (B T.4., COACPKUMOTO 0a3bl JAHHBIX) TSI TIOBbI-
IICHHS HAICKHOCTH U MPON3BOANTEIHLHOCTH CUCTEMEBI. B aTOM City-
yae JKypHaI TPaH3aKIHH TPAHCIHUPYETCS IO CETH OT OJHOTO Cep-
BEpa K JPyroMy Ul CHHXPOHHU3ALUH JaHHBIX.

Takum 00pa3oM, KYPHAT TPAH3AKLHUI, TOMHAMO TOTO, UTO OH obec-
MICYMBACT COXPAHECHMS CBOWCTB aTOMAapHOCTH M JOJITOBEYHOCTH, TaKKe
MO3BOJIAET PEATHN30BATh MEXAHU3MBI PEIUTHKAIIMM M BOCCTAHOBICHHA

6a3bl JAHHBIX HA MOMEHT COOSI WITH HA MOMCHT BBIOPAHHOU TPaH3aKLIUH.
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10.2.2 YnpagpjeHue napajieibHbIM J0CTYIIOM
MOCPEACTBOM MHOTOBEPCHOHHOCTH

[epetizem k creayiomemMy TpeOOBaHUIO — H30MHPOBAHHOCTH JAH-
HBIX. PaccMOTpuM cHTyalMio, KOTJa HECKOIBKO Monb3oBarenci pabdo-
TAKOT ¢ OAHOH u TOM x¢ 0a30i gaHHbX. He0O0X01MMO YCTaHOBUTH Tpa-
BUJIA, KaK ACHCTBHS MMOJIb30BATENICH OYAyT BIUATH APYT HA APYTA.

Ectp aBa OCHOBHEIX MOAXO0AA M1 OOCCTICUCHUS H30TUPOBAHHOCTH:

1) wucnoap3oBaHUC GIIOKUPOBOK;

2) HCNOIB30BAHUC MEXAHH3Ma YIIPABICHUS MapaicIbHBIM JOCTY-
IOM  MOCPeACTBOM  MHorosepcuoHHoctd  (MultiVersion
Concurrency Control, MVCC).

[Ipu wcronp3oBaHUN OJOKUPOBOK BCE JAHHBIC, KOTOPBIC 3a1CH-
CTBOBaHBI MPUJIOKCHHEM B paMKax TpaHzakuuu, Onokupyrotcs. [Ipu
Ha4aJI¢ YTCHHUA HJIH U3MCHCHM JAHHBIX HA HHUX HAKIAABIBACTCA 6J'IOKI/I-
poBka. Jlpyroe mpuioskeHHe, 00paInaroIeecs K TeM JKe JaHHBIM, BUAUT
OJIOKUPOBKY U KAeT okoH4yanwus oncpanuii. [Ipodaema takoro moaxona
COCTOHT B TOM, YTO OH IUIOXO MAacIITabUPYeTCs, T.K. BCE MOIb30BATCIH
HAXOJTCS B COCTOSIHAN OXKUIAHMS, IOKA OJUH KJIUCHT padoTaeT ¢ 0a30it
JAHHBIX.

YmpagieHUe NapayIcIbHbBIM JOCTYIIOM OCPEACTBOM MHOTOBEPCH-
oHHOCTH — oauH u3 mexanuamoB CYBJl ams obecneucHus mapaiiesib-
HOTO JOCTyIa K 0a3aM JaHHBIX, 3aKIFOUAOIIMHACS B MPEIOCTABICHUH
KQKIOMY TMOJIb30BATEIIO TAK HA3BIBACMOrO «CHHMKAa» WU cpe3a 0asbl,
001agaromero TeM CBOHCTBOM, YTO BHOCHMEIC TIOTIBb30BATEICM H3MEHE-
HUA HCBUAUMBI APYIUM MOJB30BATC/IAM 4O MOMCHTA (I)I/IKcaLII/II/I TpaH-
3aKIUH. DTOT CIOCOO YIPABICHUS MO3BOICT JOOUTHCS TOTO, YTO IMH-
MIVIUE TPAH3aKIHK HE OIOKHPYIOT YHTAOIIUX, U YHTAOIINC TPaH3aK-
UM HE OMOKUPYIOT MUINyIUX. Takoi moaxo UMeeT CleayIoImue npe-
HMYILIECTBA!

— pasHBIC MMOJIB30BATCIN MOIVT OJHOBPEMEHHO PaboTarh € Of-

HHUMH U TCMH KC TaHHBIMH,
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— KaXAbIU MOJIb30BATENb BUAUT CBOW N30JMPOBAHHBIHN Cpe3 1aH-
HBIX;
— HW3MEHCHUS, BHOCHMEIC MOJIb30BATCICM, HUKOMY HE BHIHBI 1O
3aBCPLICHHS TPAH3AKLIHH.
Mexanmsm MVCC Bnepseie nosiuncs B PostgreSQL, 3atem ero
nogaep:kka noseunack u B Apyrux CYB/, B 4. 8 MySQL, B gBrKke
InnoDB.

10.3 Ilpo6sieMbI COBMECTHOI0 AOCTYNA K JAHHBLIM

I'pu napaiieapHOM BBITIOIHCHUN TPAH3AKLHN BO3MOXKHBI CJICAYIO-
LIUE TTPOOIEMBI

— mnoTepsiHHOe oGHOBeHHe (lost update) — mpu 0THOBPEMEHHOM
M3MCHEHUH OJHOTO OJIOKA JAHHBIX PA3HBIMHU TPAH3AKIUSIMH TC-
PAIOTCA BCE M3MEHEHMS, KpoMe nocaeanero. T.e. B 3ToM ciayuae
O/IHA TPAH3AKIUS CPSITUCHIBACT U3MCHCHIUS, OCYIICCTBICHHBIC
JPYro# TpaH3aKUHEH, B PE3YJIbTATe OJAHO U3 UBMEHCHUH OvaeT
YTEPSIHO,

— «rpsizHoe» utenHe (dirty read) — uTeHHE AAHHBIX, TO0OABICHHBIX
WJTH U3MCHEHHBIX TPAH3AKIUEH, KOTOPAs BIOCJICACTBUN HE IO -
tBepautcs (oTkarutcs). B aToM cnyuae HezaUKCHPOBAaHHBIC
U3MEHEHUS, OCYUIECTBICHHBIE OJAHOM TPaH3aKLMEH, YUTAIOTCS
(nu oOHOBJISFOTCS) Apyroi. B ciyuae nepesanucu 3Tux mpome-
JKYTOYHBIX 3HAYCHUN WK OTKATA ICPBOM TpaH3akumu He3ahuk-
CHUPOBAHHBIC M3MCHCHUSI MOTYT OBITh OTMCHCHBI, & MPOYUTAB-
Iast UX TPAH3aKLHs ¢ TOTO MOMCHTA CTAHET PaboTaTh C HEBEP-
HBIMH JTAHHBIMH;

— HemoBTOpsiKOIIeecss uytenue (non-repeatable read) — mpu mo-
BTOPHOM YTCHHH B PAMKAX OTHOH TPAH3AKIIMU PAHEE MPOYNTAH-
HBIC JaHHBIC OKA3BIBAIOTCS WU3MCHEHHBIMU. Bo3HHKaeT Toria,

KOTJa TpaH3aKOud CUUTBIBACT U3 0assl SHAUYCHHUC, IOCJIC YCTrOo
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BTOpast TPaH3aKUus OOHOBISIET 3TO 3Ha4YeHHE. Eciau B 3TOT MO-
MCHT BPCMCHHU IICPBaA TPAH3AKLUA MPOAOLKACT BBITIOTHATHC,
TO UMCIOIIHCCSA B €¢ PACTIOPSIKCHUH JAHHBIC CTAHOBATCS HEAK-
TYAJIbHBIMU,

— ¢danTomuoe urenue (phantom reads) — ogHa TpaH3aKIKS B X0
CBOCTO BBIMNIOJTHCHUA HCCKOJIBKO pas3 BLI6I/IpaCT MHOXKCCTBO
CTPOK II0 OJHUM M TeM k& KputepuaM. [pyras tpaHzakuus B
HHTEpBAIaX MEXAY 3THMHU BBIOOpKaMH J0OABIACT CTPOKH HITH
H3MCHSET CTONOLBI HEKOTOPBIX CTPOK, HCIIONb3YEMBIX B KPUTE-
PHSIX BEIOOPKHU MIEPBOI TPAH3AKLHUH, U YCIICITHO 3aKAHYHBACTCA.
B pesyabTaTe mosyuuTCs, YTO OJHHU U TC JKE BBIOOPKH B MICPBOM
TPaH3aKIIMH JAKOT Pa3HbIC MHOKECTBA CTPOK.

10.3.1 YpoBHH H30JIILIHU TPAH3AKIUIT

UroObl yeTpaHHUTE NPOOIIEMEI, BOZHUKAIOLINE MPH MapalIcIbHOM
BBITIOJTHCHUY TPAH3AKLMHA, HEOOXOAUMO AOOUTHCS, IYTOOBI U3MCHEHUS,
CACTAHHBIC OAHOU TPaH3aKIMEH, ObLTH HEBUAMMBI TS APYTUX TPAH3aK-
LU 10 TeX MOop, MOKa TeKyINas TpaH3akuus He OyaeT 3adukcHpoBaHa
i oTMeHeHa. T.€. He00X0AUMO 00CCIICUNTD M3 ISIUIO TPAH3AKIIHH.

[Tox «ypoBHEM H30IALNH TPAH3AKLUI TOHUMACTCS CTCIICHB 00eC-
neunBacMoii BHyTpeHHIMHU MexanuzMamu CY BJ] 3amutsl oT BCex nim
HEKOTOPHIX BUAOB HECOTJIACOBAHHOCTHU JAHHBIX, BOZHUKAIOIIUX MPH Ma-
PATICIBHOM BBITOJTHCHUN TPAH3AKLIHH.

Crangapt SQL-92 onpeaenseT mkaay u3 4eThIPEX YPOBHEH H30IsI-
TTHH.

1. READ UNCOMMITTED (urcHue He3adUKCHPOBAHHBIX
WM «TPS3HBIX» JAHHBIX) — HANMCHEE 3AI0UINCHHBIA YPOBCHD
H30JLILHH, TIPU KOTOPOM TPaH3aKLHH CIIOCOOHBI YATATh HE3a-
(PUKCHpPOBAaHHBIC M3MCHCHUS, CACIAHHBIC APYTHMH TPaH3aK-

OHAMUA. HpI/I 3TOM BO3MOKHO CHHUTBIBAHHUC HC TOJBKO JOTHYC-
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CKH HECOTJIACOBAHHBIX JAHHBIX, HO U JAHHBIX, H3MCHCHHS KO-
TOPHIX emE He 3a(UKCHPOBAHBL,

2. READ COMMITTED (urcHuie QUKCHPOBAHHBIX JAHHBIX) —
HCKITIOUACTCS «TPA3HOC» UTCHHE, TPAH3AKLHS YBUANUT TOJIBKO
HU3MCHEHUS, 3a(pUKCHPOBAHHBIC JPYTUMH TPaH3aKIUAMH. Tem
HE MEHee, B mponecce paboThl OXHOM TPAH3AKIUH APYTras MO-
JKEeT OBITh YCICINHO 3aBCPIICHA U CACIAHHBIE IO M3MCHCHHS
3adukcuposansl. B ntore nepeas Tpanzaxuus OyaeT paboTats
¢ ApyruM HaOOpoM JaHHBEIX. BONBIMMHCTBO MPOMBIIITCHHBIX
CYB/l, B yactaoctu, Microsoft SQL Server, PostgreSQL u
Oracle mo yMOM4aHHIO HCHONB3YIOT UMCHHO 3TOT YVPOBCHB
W30,

3. REPEATABLE READ (noBtopsroieecs YTeHHE) — HaKIa-
JBIBACT OJNIOKHMPOBKH Ha 0O0pabaTeiBacMBIC TPaH3aKLUCH
CTPOKH M HE JOMYCKACT UX M3MCHCHHS APYTUMH TPAH3AKLH-
aMu. B pesynbrarte TpaH3aKUMsd BUANUT TOJIBKO TC CTPOKH, KO-
ToprIc OBLTH 3aUKCHPOBAHBI HA MOMEHT c¢ 3amycka. OaHako
JPYTHE TPAH3AKIHH MOTYT BCTABIIATE HOBBIC CTPOKH, COOTBET-
CTBVIOIIHC VCIOBHSAM MOWCKA HHCTPYKIHH, COACPKALIUXCS B
Tekywel Tpansakuuy. [Ipr mOBTOPHOM 3amycKe WHCTPYKIUH
TEKyLIEeH TpaH3akueHd OYAYT U3BICUCHBI HOBBIC CTPOKH, YTO
MpHUBEAET K GAaHTOMHOMY YTCHHIO. JTO YPOBEHB H30ALIUH 1O
yMomyanno B MySQL;

4. SERIALIZABLE (cepuanu3yeMocTb) — camblii HaJCKHBIN
VPOBCHb H30JALMH, NOTHOCTBIO HCKIIOYAIONIMHA B3aHMHOC
BIHUSHUCE TpaH3akuui. ToNbKkO HA 3TOM YPOBHE HapaslicIbHEIC
TpaH3aKUHK HEe NOABEPKEHBI 3PPeKTy «(HaHTOMHOro ure-
HUSD.

[pu u3MECHCHNN JAHHBIX B PAMKaX TPAH3AKLMK HA HUX TPEOyeTCs
HAaKIaabIBaTh OJOKHUPOBKY, YTOOBI HE mepe3anucars u3MeHeHus. B He-
KOTOPBIX CHUTYaLHAX AN OOCCICUCHUS H30JIMPOBAHHOCTH TpedyeTcs
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6moxuposats ewe U ureHne. Ho noanep:ranue 610kupoBOK TpeOyET BhI-
YHCITUTCIBHBIX PECYPCOB.

PasHble ypOBHU M30MALMHM TPAaH3aKUWH BBLAAIOT Pa3HbIC MpaBHIA
TOro, Kakue ACHCTBHS U3 COCCIHUX TpaH3akuui OyayT BUAHBEL. bomee
CTPOTHE YPOBHH H30JSILMH JOIMYCKAOT MCHBIIECE BIMSIHHC TPAH3AKIHA
Jpyr Ha apyra. Ha pasHeIX YpOBHAX H30JLIMH TPAH3AKLHU JOMYCKAa-
FOTCS PA3IMYHBIC KOH(QIHUKTH B JAHHBIX: IPA3HOC YTCHHUE, HETIOBTOPSIIO-
mieecs YTeHue, GaHTOMHOE YTCHHE W aHoManuu cepuanm3auud. [lore-
pAHHOE OOHOBIICHHE HE AOMYCKACTCS HH HA OXHOM YPOBHE U30JILIHHL.

YPOBHH H30ALMH TPAH3AKLUHMH ONPEIACILIIOT, KakHe MPoOIeMbl
COBMECTHOTO JOCTYIA K JAaHHBIM AOTyCTUMBI (Tabmuma 10.1).

TaGmura 10.1. YpoBHH U30JIIMN TPaH3aKI M

Henosropsi- AHoMaNuu
YpoBeHb IorepstnHOE I'pszHOE DaHTOMHOE
forneecs cepHai3a-
H30JISIITHA OOHOBJICHHE YTCHHS UTCHHS
YTCHHS HH
Read
. Hckomroueno BozmokHo BozmoxxHO BozmoxxHO BozmoxxHO
uncommited
Read
. Hckomroueno HckmroueHo BozmoxHO BozmoxxHO BozmoxHO
commited
Repeatable
d Hckomroueno HckmroueHo Hckimoueno BozmoxHO BozmoxxHO
rea
Serializable
Hckomroueno HckmroueHo Hckimoueno Hckimoueno Hckimoueno

T.e. Ha yposae mzomsiiimu READ UNCOMMITTED aonycrumo
IPA3HOE YTCHHE, HCIOBTOPSIOIEECS YTCHUE, (PAHTOMHOE UTCHUE U aHO-
Manuu cepuannzanud. [lotepsHaoe 0OHOBICHHUE UCKITIOUCHO.

Cranpmapt onpezaenser MmuauMansHbie Tpebosanust, Ho CYB/] mo-
JKeT yOparh Kakue-To NpoOIeMBI COBMECTHOTO JOCTYIIA, FIaBHOE obec-
MCYUTh HEOOXOIUMBIH MUHUMYM.

B PostgreSQL na yposae READ UNCOMMITED neBo3moxkHO
rpszHoe uteHue, a Ha ypoeae REPEATABLE READ neBo3moxuo dan-
TOMHOE YTCHHE, KOTOPHIC JOIMYCKAOTCS CTAHAAPTOM.
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10.3.2 [lorepsinHOe 0GHOBJIEHHE

Paccmotpum mpoOieMbl COBMECTHOTO IOCTYIA K JAHHBIM HA MPH-
Mepax.

Ilpu notepstHHOM OOHOBIICHHH OMHA TPAH3AKLMS MCPCITHCHIBACT
M3MCHECHHS, OCYIIICCTBACHHBIC APYTOH TPAH3AKIHCH, B PE3YJIbTATE OHO
U3 UBMCHCHHUH OyICT YTEPSHO.

Jomyctum, B CUCTEME BBITIOTHIFOTCS BE TPAH3AKIINH, U 0 3aBEP-
LICHHS TICPBOH TPAH3AKIIMH BO BTOPOH TPAH3AKIHKA OB H3MCHCHBI TC

K€ TAHHBIC, YTO OBLIM U3MCHCHBI B ICPBOH Tpan3akuuu (tadmuia 10.2).

TaGmura 10.2. [TotepsHHOE OOHOBIIEHUE

Tpanszakmms 1 Tpan3zaknus 2

UPDATE accounts
SET balance = balance + 100
WHERE name = 'Alice';

UPDATE accounts
SET balance = balance + 500
WHERE name = 'Alice';

CI/ITya,LII/IIO C NOTCPAHHBIM O6HOBHCHI/ICM HC AOIMyCKacT HU OAUH
VPOBEHBb H30/LIIUM TpaH3akuuu. [IpoOnema permaeTcs mpuMEHEHHEM
OJIOKUPOBOK Ha 3AITHCh.

10.3.3 I'psi3HO€E uTeHHE

I'psassOE uTEeHME — 3TO CUTYaIMH, IPH KOTOPOH JOCTYITHO YTCHHE
HGSaq)I/IKCI/IpOBaHHbIX JAHHBIX, ,Z[O6aBJ'I€HHbIX WM U3MCHEHHBIX cIic HC
3aBCPLICHHON TpaH3aKLIUEH.

B aToMm ciywyae MOKHO MTOMYYHTH PE3YJIBTAT HMPOMEKYTOUHOM pa-
0OTHI TPAH3AKLMH, IPH ITOM OYAYT JOCTYITHBI JAHHBIC, KOTOPHIC B KOH-

TCKCTC LHCIOCTHOCTHU 0assl JAAHHBIX HC JOJIXKHBI OBITh AOCTYIIHEL, T.K. IIO-
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CJIe 3aBEPIICHNS TPAH3AKIINK OHHM TapaHTHPOBAHHO M3MEHATCA. Bo-miep-
BBIX, 3Ta TPAH3AKIHA MOKET OTKATUTBCH, BO-BTOPBIX, ITH JAHHBIE MOTYT
CIIE Pa3 UBMEHUTHCS — T.€. JJIS YTCHHS OyOYT AOCTYIHBI TaK HA3bIBac-
MBI€ TPsI3HBIE JaHHBIE. COOTBETCTBEHHO, BOSHUKACT MPOOIEMa COTIaco-
BaHHOCTH JaHHBIX.

[Tpumep moayUeHUs rPA3HBIX AAHHBIX TOKazaH B Tabmune 10.3.

TaGmura 10.3. I'psasHoe uTeHnE

Tpanszakmms 1 Tpan3zakums 2

SELECT balance
FROM accounts
WHERE name = 'Alice';

UPDATE accounts
SET balance = balance + 100

WHERE name = 'Alice';
SELECT balance
FROM accounts
WHERE name = 'Alice';
200;
ROLLBACK;

B mpumepe nepsas TpaH3akius 0OHOBH/IA JAHHBIC, 4 BTOPAs TPaH-
3aKOyA MpouuTaia O6HOBJ'I€HHLI€, HO HC Sa(bI/IKCI/IpOBaHHbIC JAHHBIC.
[Tocne oTkara mepBoO# TpaH3aKLUH BTOPas TpaH3akUug OyJeT padoTaTh

C HCBAJIMAHBIMU (TPSI3HBIMH) JAHHBIMH,

10.3.4 HenosTopsiroieecs: YTeHHe

Ilpm HEMOBTOPSIOMEMCS YTCHHH B PaMKaxX OJXHOH TPaH3aKIHH pa-
HEE MPOYUTAHHBIC JAHHBIC OKA3BIBAKOTCS H3MCHEHHBIMHU.
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[Ipobnema BO3HUKAET, KOrJa B MPOLECCE TPAH3AKIHMU JOCTYIIHBI
JAHHBIC, KOTOPHIX HE OBIJIO HA HAYANO TPAH3aKUWH. TpaH3aKIus, KOTO-
pas BHECTa U3MCHCHHUS B 3TH JAHHBIC, VKE 3aBEPIIMIACE, HO B MOMCHT
Hauana UCXOJHOH TPaH3aKLUH STHX JAHHBIX CLIC HE OBLIO.

[Tpumep gaHHOM cuTyanuu nmokaszas B Tabmune 10.4.

TaGmra 10.4. Henopropsirortieecs YTeHHE

Tpanszakmms 1 Tpan3zakums 2

SELECT balance
FROM accounts
WHERE name = 'Alice';

UPDATE accounts
SET balance = balance + 100
WHERE name = 'Alice';

COMMIT;

SELECT balance
FROM accounts
WHERE name = 'Alice';

B nmpumepe mokazaHo, 9TO BTOpas TPaH3aKIKA MOJYIMIA JOCTYII K
JAHHBIM, KOTOPHIX HE OBIIO HA €€ HAYano, T.C. HAPYIOHIACH H30JIUPO-

BAHHOCTDb TPAH3aKIUH.

10.3.5 ®anToMHOE YTEeHHE

[Tpu paHTOMHOM YTCHUH BOZHHKACT CUTYALIUS, KOTAA IPH MMOBTOP-
HOM YTCHHH B PaMKax OJHOH TPaH3aKLHH OJHA M Ta K& BHIOOpPKA JacT
pasHble MHOXKECTBAa CTPOK. OT HEMOBTOPSAIOLICTOCSA YTCHHS 3Ta MHPO-
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OreMa OTIHYACTCS TEM, YTO PE3yIbTaT MOBTOPHOrO OOpalICHUs K JaH-
HBIM U3MCHHJICS HC H3-33 M3MCHCHUS/YIATICHUS CAMHX STHX JAHHBIX,
a U3-3a MOSBJICHHS HOBBIX ((DAHTOMHBIX) JAHHBIX.

[Tpumep panTomMHOTO UTeHMS MoKa3aH B Tadmmue 10.5.

Tabmua 10.5. GanToMHOE UTEHIE

Tpanszakmms 1 Tpan3zakums 2

SELECT SUM (balance)
FROM accounts;

INSERT INTO accounts
(name, balance)
VALUES ('Dave', 1000);

COMMIT;

SELECT SUM (balance)
FROM accounts;

B nmpumMepe BTOpas TpaH3akIys CUATACT HEKOTOPYIO CYMMY, MOCTIE
Yero mepsas TPaH3aKIKs 100ABISACT HOBBIE JAHHBIC, IOCIE YEro BTopas
TPaH3aKUWs NPH MOACYCTE CYMMBI IIOTYIUT HOBOC 3HAYCHHUE.

B uem pazanna Mexay aHTOMHBIM YTCHHEM H HETOBTOPSIIOLIIMCS
yreHHeM? B HENMoOBTOpPSIOMEMCS YTCHUN JAHHBIC OBLTH H3MCHEHBI HITH
VIANCHEI, TP (AHTOMHOM YTCHUH — JOOABJICHB!. JTH NPOOIEMEI pa3ac-
JISFOT, TIOCKOJIBKY TSl MX PELICHUS HEOOXOAMMBI Pa3HBIC HOAXOIBI AJIS
obecnieueHns n3onuposanHocty B Mexanmme MV CC. Ipu Henosrops-
FOLIEMCS YTCHHH M3BECTHO, KaKHE 3amncH ObUTH mpounTansl. Ecnu atu

3aIUCH APYTas TPaH3aKLHS MBITACTCS MOAU(DUILTIPOBATH — MOKHO 100a-
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BUTH OJIOKUPOBOK Ha camu 3amucu. Jas panToMHBIX 3amuceii OIOKu-
POBKY A00aBUTh HEJIb3SI, T.K. HC H3BCCTHO, KAKHUEC 3AMMUCH MOKHO MTPOUH-
Tath B OyAyIIEM MPHU TakOM 3ampoce. B 3Tom ciaydyae 00bIuHO 3amoMu-
HAIOT MOCJICAHIO 0OABICHHYIO 3aIHCh HA HAYANO TPAH3AKLIHH, YTOORI

OTCEYb BHOBb JOOABJICHHBIE.

10.3.6 AHomajiuu cepuaH3ALHA

[Mocnemusas npobnema — aHOMAITUH CEPUATHBALIH, KOTOPBIE HE J0-
MYCKAIOTCSl HA HAWOOIEE >KECTKOM VPOBHE HM30MALIUH TPAH3AKLIUH —
yvposre SERIALIZABLE.

AHOMaTHS CCPUATU3ALINHN — 3TO CUTYALMs, KOTJIA JBC TPAH3AKI[UH
o KakoOH-TO OPUYIUHC TIPU NapajICIbHOM BBITIOJIHCHUU BBLAAKOT PC-
3yJbTarT, OTIWYHEIH  OT IIOCJICAOBATCIABHOI'O  BBITIOJHCHUSI 3OTHX
TpaH3aKLHUH.

[Tpumep noaoOHOTO BBINOTHEHNS TPAH3AKLUIH NokasaH B Tadbmure 10.6.

TaGmura 10.6. AHOMaIMK cepraTu3aIii

Tpanszakmms 1 Tpan3zakmus 2

SELECT SUM (balance) SELECT SUM (balance)
FROM accounts FROM accounts

WHERE name = 'Bob'; WHERE name = 'Alice';
1000 500

INSERT INTO accounts INSERT INTO accounts
(name, balance) (name, balance)
VALUES ('Alice', 1000); VALUES ('Bob', 500);
COMMIT; COMMIT;

B cnyuae yposns tpanzakiyn REPEATABLE READ mocre zaBep-
LICHHUS TPAH3AKLUN [T TOIh30BATEACH ¢ UMCHEM Bob cymma OyaeT
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1500, g monp30BaTeNICh ¢ nMeHEeM Alice —Toxke 1500. [pu mocre-
JOBAaTEJILHOM BBITIOJTHCHUH 3THX JBYX TPAH3aKLMU MONYIHTh TAKOU pe-
3VIBTAT HEBO3MOIKHO.

VYposens SERIALIZABLE Ttakoro BBHINOJTHCHHS HE AOMYCKACT.
B crnyuac BeimonHeHus 3tux TpaHzakuuii Ha yposHe SERIALIZABLE
oJHa TpaH3akUui OyJeT OTMCHEHA.

MoeT BO3HHKHYTE BONPOC, 3a4eM BOOOIIE HYKHBI YPOBHH U301~
LUK, KOTOPBIC AOMYCKAIOT MPOOICMBbI COBMECTHOTO TOCTYIIA K AAHHBIM,
€CIM  MOXKHO  BCErJa  HCIONB30BATh  VPOBEHb  H30JIILIUH
SERIALIZABLE.

[IpyunHa B TOM, YTO 3TOT YPOBEHb HAaUOOJCE PECYPCOCMKHI, B
3TOM CIYYae MPAKTHUECKH MOTHOCTHIO OCTAHABIUBACTCS MapaicIbHas
00paloTKa JAaHHBIX, 3aCTABILLl OCTATBHBIC TPAH3AKLUH MPOCTAUBATH B
ouepean. Yem Gonee crporue TpeboBaHHE NPEIbIBIIIOTCS K obecmeye-
HHUIO W30JUPOBAHHOCTH TPAH3AKLUH, TeM OONBIIE IMAHCOB, YTO KaKHe-
TO TPAH3aKUHH MEKAY coboi OyayT KOH(IUKTOBATH U TPaH3aKUUs Oy-
JCT OTMCHCHA.

Kpome Toro, nanexo He Bcera HY»KHBI TAKUC TAPAHTHU LETOCTHO-
ctu. YacTp Takux mpoOieM MOTYT PELIaThCs, HAMPUMED, HA YPOBHE TIPH-
JIOKCHHUSL.

B uenom, mns yMEHBIICHHS BEPOSATHOCTH KOH(QIHUKTOB MEXKIY
TPaH3aKUMSIMHE, TPAH3AKIHHA AOJDKHBI OBITh KaK MOKHO KOPOUE, JTHH-
HBIX TPaH3aKLIUH CTOUT N30Crarh.

10.4 SIBHOe ynpaBieHHe TpaH3aKIHeH

Io ymomuanuro cepsep 0a3 AaHHBIX OCPET HA CeOsI MOTHYHO OTBET-
CTBCHHOCTb 32 YIPAaBJICHUE Tpan3akuuid. Kax Tonpko nons3oBareib oT-
mpasmsiet CYB]] uncrpykumo SQL, cepBep caMOCTOSITSIbHO HAYHHACT
TPaH3aKLUHUIO, OCYIICCTBISICT (QUKCALNIO U3MCHCHUH, €CTH B XOAC BbI-
MOJTHCHUS TPAH3AKIHH HE MPOU30LIIO0 HCKITIOUUTEIBHBIX CUTYALUH, WU
OCYILIECCTBSIET ABTOMATUUCCKUN OTKAT ONEpaluii, OCYyIIECTBICHHBIX B
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TPaH3aKLUWH IPH HATHYHH B HUX XOTA Obl 0AHOH omunbku. Takoe mose-
JCHHC CEPBEPa HA3BIBAIOT HESIBHBIM YIPABJIEHHEM TPaH3aAKLHSMH.
Bmecte ¢ TemM B SQL mpemycMaTtpuBacTcs HHCTPYMCHTAIBHBIN
Habop MO SIBHOMY ynpaBJeHHI0 TpaH3akusaMu. OH CKIaabIBaCTCS U3
TPEX HHCTPYKLUIA:
1) START TRANSACTION (umu BEGIN) — UCIIOIB3YETCS AJIA 3a-
MyCKa HOBOM TPaH3aKLUHU;
2) COMMIT - (ukcauus U3MCHCHHH, OCYIICCTBACHHBIX TPAH3aK-
UCH;

3) ROLLBACK — OTKaT TpPaH3aKIHHU B HCXOTHOC COCTOSHHC.

10.4.1 Yupasaenue Tpansaxkuueii B MySQL

B MySQL mast yrpaBieHus TPAH3aAKIUCH KUCIOIB3YCTCS CIICIYHO-
IMUC BBIPAKCHU:

START TRANSACTION

COMMIT [AND [NO] CHAIN] [[NO] RELEASE]

ROLLBACK [AND [NO] CHAIN] [[NO] RELEASE]
SET autocommit = {0 | 1}

[To ymomuannio, MySQL aBromatuuecku GUKCHPYET BHIIOTHCHHE
TpaH3akuuu. YToObl IBHO OTKIIOYNTh PEKUM aBTOMATHUYCCKOH (pUKca-
LUK, HECOOXOAUMO HCMONB30BATh CICAVIOIYI) HHCTPYKLUUIO SET
autocommit = 0. llocie OTKIFOUCHUS ABTOMATHYCCKON (pUKcanu
U3MEHEHUIT HEOOXOUMO SIBHO BBI3BIBATH omeparop COMMIT mis moA-
TBCPKACHUS TPaH3akIuK miu ROLLBACK a1 €€ OTKarta. Taxoke oTxIIO-
YUTh PEXKUM aBTOMATUIECKOTO 3aBEPLICHUA TPAH3aKUNN A/ OTAEIbHON
MOCJICAOBATEIBHOCTH ~ ONEPATOPOB  MOXKHO  omeparopoM  START
TRANSACTION.

Bripaskenne AND CHATIN yKa3bIBaeT CHCTEME, UTO C OUESPEIHOM
TpaH3aKUUCH crieayeT paborarh Tak, Kak OyATO OHA SBJSICTCS CIACAYIO-
UM 3BCHOM TIpeapiayincdi. B pesymprate BTOpas TpaH3aKIMA
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CTaHET HCMONB30BATh OOIMUEC HACTPOWKU MEPBOH TPaH3AKUWH (HAIpH-
MEp, YPOBCHBb U30IISLIMN).

KmroueBoe cnoBo RELEASE Tpebyer, 4TOOBI MOCTC 3aBCPLICHUS
TPaH3aKLUWH KIMCHT 3aBCPLINI TEKYIIYIO CECCHIO M OTKIFOUMICS OT Cep-
Bepa. Ilo ymomuanmro aeicteyer pexum NO RELEASE — ceccus He
MPEPHIBACTCS.

J11s1 HEKOTOPBIX OTIEPATOPOB HEMB3S BBINOJHUTE OTKAT C TOMOIIBIO
omneparopa ROLLBACK. B MySQL 310 oneparops! si3pika ONPEACICHHUS
nmansbix (Data Definition Language). Croaa Bxoaar 3anpocst CREATE,
ALTER, DROP, TRUNCATE, COMMENT, RENAME.

CootsetcTBeHHO, oneparop ALTER TABLE, HampuMep, HESBHO
3aBEPILIACT TPAH3AKLHIO, KAK €CITU O Iepe. BHIIOTHCHUEM 3TOTO Omepa-
Topa ObL1 BeI3BaH COMMIT.

PostgreSQL, B otmmune or MySQL, moaaep:kuBacT BEIOTHCHUE
omeparopos s3eika DDL B pamkax tpanzakiuu. T.c. B TpaH3aKIUH
MOKHO €03AaTh TabIHLy, H3MCHUTh €€, a MOTOM, HAPUMEP, OTKATUTD
HU3MECHCHUSL.

Tpan3zakiuss MOKET ObITh pPa3AcicHA HA TOUKH cOXpaHeHwus. Jlis
VIIPaBJICHUS TOYKAMH COXPAHCHHUS HUCIONB3VIOTCA CIACAYIOLIME KO-

MAaHBL:
SAVEPOINT identifier
ROLLBACK TO [SAVEPOINT] identifier

RELEASE SAVEPOINT identifier

Omneparop SAVEPOINT identifier name ycraHaBiuBaeT
MMCHOBAHHYIO TOUKY COXPAHCHUS TPAH3AKIHUA ¢ MMCHEM HACHTHU(UKA-
topa. Ecin TekyImas TpaH3aKI|s UMCCT TOUKY COXPAHCHHS C TCM JKC
HMEHEM, CTapasd TOUKa COXPAaHCHMS yAAIICTCH, a HOBas yCTaHABIUBA-

CTCA.
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Oneparop ROLLBACK TO SAVEPOINT identifier name
OTKAaTBHIBACT TPAH3AKLHMIO 10 YKA3aHHOW TOUKH COXPAHCHHS O3 MpephI-
BaHUA TpaH3aKUWUH. M3MEHEHW:A, KOTOPBIE BBITIOIHAIOTCS B TEKYIICH
TPaH3aKLUUU AL CTPOK MOCIEC YCTAHOBKHU TOUKU COXPAHCHUS, OTMEHS-
FOTCSI IPU OTKATE.

J1g yranesns oXHOM WM HECKOIBKHUX TOYEK COXPAHECHMS UCTIOb-
3yeTcda kKoMaHaa RELEASE SAVEPOINT identifier name.

JU1g IBHOTO M3MEHEHHS YPOBHS M30JLIIHH TPAH3AKIMH MOYKHO BOC-

HOJI30BAThCS ONEPATOPOM

SET TRANSACTION ISOLATION LEVEL

U BIOpaTh OJHMH U3 PACCMOTPSHHBIX VPOBHCH HU30JILHH:

{READ UNCOMMITTED | READ COMMITTED | REPEATABLE
READ | SERIALIZABLE }

10.4.2 lIpumep ynpasnenus Tpanzaxknueii B MySQL

PaccmoTpum npumMep ¢ npoOieMo MOBTOPSIOIIETOCS YTCHHUS, B KO-
TOPOM MPH HOBTOPHOM UTCHHUH B PAMKAX OJHOH TPaH3aKIHH paHee Mpo-
YUTAHHBIC JAHHBIC OKA3BIBAIOTCH MU3MCHEHHBIMH. YaCTHYHEIC 3ampOCHI
npuMepa Ovlav nokasansl B Tabmuue 10.4, B Tabnuue 10.7 mokazas nmos-
HBIH cHHTaKcHC 3anpocos B MySQL.

B mpumepe cozmaroTcs ABa MOAKIIOUCHHS, B KOKIOM ITOJKIIOUC-
HHH SBHO ycraHaBnueactcs ypoeeHb m3omauuun READ COMMITED,
KOTOPBIA JOMyCKAeT MOIYICHUE 3a(pHUKCHUPOBAHHBIX B paMKaxX JPYrou
TpaH3aKUuy 3anucei. Jlanee BHIMONHAIOTCS 3aMpoCkl BRIOOpa U H3MCHE-
HUS AaHHBIX. [Ipy mOBTOPHOM BBIOOPE AaHHBIX BTOPAs TPAH3AKLIHS VBH-

JUT U3MECHCHUS, 3a(DHKCHPOBAHHEIC IEPBOU TPAH3AKLHUCH.
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TaGmura 10.7. [Tpumep yrpapnenus TpaHzakimsiMi B MySQL

SET TRANSACTION ISOLATION
LEVEL READ COMMITTED;
START TRANSACTION;

SET TRANSACTION ISOLATION
LEVEL READ COMMITTED:;
START TRANSACTION;

SELECT balance
FROM accounts
WHERE name = 'Alice';

UPDATE accounts
SET balance = balance + 100
WHERE name = 'Alice';

UPDATE 1

COMMIT;

SELECT balance
FROM accounts
WHERE name = 'Alice';
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11 PACIHIMPEHHBIE THUIIbI JAHHBIX

11.1 IlpocTpaHCTBEeHHBIE AAHHBIE

11.1.1 IloHsiTHE IPOCTPAHCTBEHHBIX JAHHBIX

IIpocTpaHcTBeHHbIE JAHHBIE MPSACTABISIOT CBSACHUS O (pr3muc-
CKOM pacrhojOXKeHUH U (POpPME TCOMETPUUCCKUX OOBCKTOB. JTHMH
00BEKTAMU MOTYT OBITh OOBCKTHI MPOCTHIX THUIIOB, TAKUEC KaK TOYKH,
JUHHU, TIOJIUTOHBI, 4 TAKKE 0O0JICE CIOKHBIC OOBEKTHI, TPEACTABIISICMBIC
KOJUIEKLIUSIMU OOBEKTOB.

IIpocTpaHCTBEHHBIC AAHHBIC COCTABJSIIOT OCHOBY HMH()OPMAIHOH-
HOTO 00eCTeYCHHS TCOMH(OPMALMOHHBIX CUCTEM.

COBOKYITHOCTh MPOCTPAHCTBCHHBIX JAHHBIX, 3AMHUCAHHBIX (COXpa-
HEHHBIX) TEM WM UHBIM 00Pa30M, Ha3bIBACTCS MPOCTPAHCTBEHHOI 0a-
30if naHHbIx (spatial database). CoBpeMeHHBIC MPOCTPAHCTBECHHBIC Oa3bl
JAHHBIX OPraHU30BBIBAIOTCS HA IATHOPME CICLUATHIUPOBAHHOTO
MPOrPAMMHOTO 0OCCIICUCHUS, TIO3BOISMIOIICTO COXPAHITh, HAKAILTHBATH
u obpadaTbiBaTh (BKIIOYAS MPOCTPAHCTBCHHBIH aHATH3) BCE KOMIIO-
HCHTBI MPOCTPAHCTBCHHBIX JAHHBIX B BUJC JIOTHYCCKH CIUHON Oasbl
JAHHBIX.

BoasmmucTBo copemennbix CY B/l moaaepskuBaroT Tak Ha3bIBac-
MBIC MTPOCTPAHCTBCHHBIC PACIIUPCHUS — TCOMETPUICCKHE TUIIBI JAHHBIX
Y POCTPAHCTBCHHBIC HHICKCHI.

[Ipoctpancreennbie pacmmpenns CYBJl mo3somstor cosznaearte,
XPaHUTh U AHATU3UPOBATH CJICAYIOIINEC OOBCKTHI:

— THUIIBl JAHHBIX IS MPSACTABACHUS MPOCTPAHCTBCHHBIX 3HAUC-

HUH,
— (yHKUMH, BBRIMOJHSIONING OMCPALIMKA HAJ MPOCTPAHCTBCHHBIMH
JAHHBIMU;
— MPOCTPAHCTBCHHBIC WHACKCHI ISl YCKOPCHHUS BPEMCHH BBITIOI-
HCHUS MPOCTPAHCTBCHHBIX OTMCPALIUH.
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Bonemuacteo CYBJI paspabaTeiBaroT NpOCTPAHCTBCHHBIC PACIIU-

penmsi, ocHoBbiBasich Ha cnemmpukamun Open Geospatial Consortium

(0GS).

OGC - MexxayHapoaHAss HCKOMMEPUSCKAs OPraHU3aIlus, BEIY-

mas ACATEIbHOCTh MO PaszpaboTKe CTaHIApTOB B cdepe reompoctpas-

CTBCHHBIX JAHHBIX U CCPBUCOB.

Bazossriit Habop cranmaproB OGC coxepxut Gonee 30 craHaapTOB,

B TOM YHUCJIC:

Simple Features Specification For SQL — onpeaencHue cxempl
SQL, koTopas mOJACPKUBACT XPAHCHHUE, MOKCK, 3ampoc U 00-
HOBJICHUC TIPOCTBIX KOHHCKHI/Iﬁ re¢onpoCTPaHCTBCHHBIX O6’I>CK-
TOB;

GML - XML-dopmar gns reorpaduaeckoit HHGOpMALIHH;
SRID - Spatial Reference System Identifier — uaenrudukarop
TOXKIACCTBCHHOCTH MPOCTPAHCTBCHHBIX CUCTCM KOOPAUHAT.

IIpocmpancmeennovie oannvie 6 MySQL

MySQL noazaepuBaet cIeIVIOIHE THIIH JAHHBIX, KOTOPHIE COOT-

BeTcTBYIOT KiaccaM OpenGIS:

GEOMETRY — (aOCTpakTHBIN KJIAcC) MPOCTPAHCTBCHHBIC 3HA-
YCHUS JTIOOBIX THIIOB,

POINT — TOUYKa — NPEACTABIACT COOOM OOBEKT OE3 HBMEPEHHS,
MIPEACTAaBISIOMNN OTACIBHOE MECTOIONOKEHUE, M KPOME KO-
OPAMHAT MOXET cojcpxarh 3HaueHus Z (ypoBeHb) U M
(Mepa);

LINESTRING — JUHHSI — o,uHOMepHLII‘/'I 061,eI<T, peaACTaBIIA-
IOIUH TOCNIEA0BATENBHOCTD TOUEK M COSAWHAIOIMNX HX JIH-
HCHHBIX CCTMCHTOB;

POLYGON — IOJIMTOH — ABYXMCPHASA MOBCPXHOCTh, XpaHUMAas
B BH/JE TTOCJICAOBATEIbHOCTH TOUEK, OTIPEACIAIONINX BHEIITHES
OTPaHUYMBAIOLICE KOJIBIO M BHYTPSCHHHE KOJbLA (IIOCICIHUE
MOTYT OTCYTCTBOBATh).
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Kpome Toro, noanepkHBarOTCs KOMISKIHH OOBEKTOB:

— MULTIPOINT,

— MULTILINESTRING;

— MULTIPOLYGON;

— GEOMETRYCOLLECT ION.

Turbr komrekiuid (MULTIPOINT, MULTILINESTRING u MUL-
TIPOLYGON) mpeaCTaBISFOT MHOKECTBA OOBCKTOB COOTBETCTBYHOIIUX
turoB (POINT, LINESTRING u POLYGON) a GEOMETRYCOLLEC-
TION MO3BOMSCT XPAaHUTh MHOXKECTBO 00BeKTOB mroboro tuma. [Ipu-
MEPBI 00BEKTOB PA3IUYHBIX TUIIOB MPOCTPAHCTBCHHBIX JAHHBIX MPUBE-

JICHBI HA pUCYHKeE 48.

POINT ° MULTIPOINT ° .

LINESTRING \/\\\ MULTILINESTRING

POLYGON MULTIPOLYGON

PucyHok 48 — TUIIBI IPOCTPaHCTBEHHBIX JJAHHBIX

Pacuwupenue PostGlS ons PostgreSQL

B Postgre SQL mo yMOMUaHHUIO HET HOAACPKKH MPOCTPAHCTBCHHBIX
JAHHBIX, sl MX UCTIOIB30BAHMS HEOOXOJHUMO YCTAHOBUTD PACIIHPCHUC
PostGIS.

PostGIS — mporpamyvHOe paciiupeHue ¢ OTKPBITBIM HCXOJHBIM KO-
JIOM, PaCIIHPSIFOLICE MPOCTPAHCTBCHHYIO 0a3y JAHHBIX CHCTCMBI YITPaB-
neHus PostgreSQL.

Hcnonbzosanuem pacmupenust PostGIS B PostgreSQL nozsossier

MPUMCHATB!
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OPOCTPAHCTBCHHBIC MHACKCHI JJI 6bICprIX npOCTPaHCTBCHHBIX
3ampoCoB;

MPOCTPAHCTBCHHBIC OTMICPATOPHI IS TIPOBCACHUS TCOTIPOCTPAH-
CTBCHHBIX BBIYHCICHUH U OMPC ACJICHUA I'COMPOCTPAHCTBCHHOI'O
Habopa omepauuii (0OOBCAMHCHUE, PA3HOCTb, CUMMCTPHYHAS
Pa3HOCTD);

(YHKLMHU CO3JaHUS U YIPABICHUSA MPOCTPAHCTBCHHBIMH JAH-
HBIMH,

HHCTPYMCHTBI JJI ONPEACICHUS MPOCTPAHCTBEHHBIX OTHOIIC-
HHUU U U3MEPEHUN;

({YHKUMHU co3AaHus B 00pabOTKH PaCTPOBBIX AAHHBIX U T.I.

11.1.2 IIpocTpaHcTBeHHBIH aHAJIH3

OyHKIMH paGoOTH ¢ MPOCTPAHCTBCHHBIMU JAHHBIMH MOKHO pasJec-

JJUTh HA HCCKOJIBKO OCHOBHBIX KaTCI‘OpI/Iﬁ B 3aBUCHMOCTH OT THIIA BbI-

HOJIHIEMOU UMH ONICPALMH:

(YHKUMY, CO3JAIOIHEC TICOMETPHIO  IPOCTPAHCTBEHHBIX
o0nexThl B pazmuuHbx popmarax (WKT, WKB, BHyTpeHHHI);
¢$yHKUMY, MpeoOpasyIoKe TCOMETPUIO MPOCTPAHCTBEHHBIX
00BEKTOB MeX Y (hopMaTamu;

(YHKLUHH, KOTOPBIC 00PAINAIOTCS K KAUCCTBCHHBIM HITH KOJIUYC-
CTBCHHBIM  CBOWCTBAM  TCOMETPHH  IMPOCTPAHCTBCHHBIX
0OBEKTOB,

(hYHKLMH, ONMUCHIBAIOIINE OTHOIICHHUI MEKAY ABYMS IMPOCTPAH-
CTBCHHBIMU OOBCKTAMH;

(YHKLHH, KOTOPBIC CO3JAIOT HOBBIC MPOCTPAHCTBCHHBIC 00B-
CKTHI U3 CYIICCTBYIOIIUX.

I[J'IH Cco3gaHud MPOCTPaHCTBCHHBIX 00OBECKTOB U3 TCKCTOBOT'O OIMMCA-

uus ucnonesyercs popmar WKT (Well-Known Text) — Tekctossii dop-

Mat npCaACTaBJICHUA BGKTOpHOﬁ r¢oMCTPUH U OTTUCaAHUA CUCTCM KOOp AU~
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Hat. Jls xpaneHus 370l ke uHpopMaruu B 0azax AAHHBIX UCIOIb3Y-

eTcs ABonuHbIH 3kBUBancHTHHH popmar — WKB (Well-Known Binary).

[Tpumepst reomerpun B WKT dopmarte nokasanst B Tabmume 11.1.

Ta6mvma 11.1. Tpumeps reometpru B WK T-dpopmate

Tumn reomerpun | Ilpumep o6bexTa
Point POINT (15 20)
LineString LINESTRING(O 0, 10 10, 20 25, 50 60)
POLYGON((0 O, 10 0, 10 10, 0 10, 0 0), (5
Polygon
5,75, 77,57, 525))
MultiPoint MULTIPOINT (O 0, 20 20, 60 60)
MultiLin- MULTILINESTRING( (10 10, 20 20), (15 15, 30
eString 15))
, MULTIPOLYGON(((O 0, 10 0, 10 10, 0 10, O
MultiPolygon
0y, (65, 75, 77,57, 55)))
GeometryCol- | GEOMETRYCOLLECTION (POINT (10 10), POINT (30
lection 30), LINESTRING(15 15, 20 20))

Dyuryuu co30aHUA RPOCMPAHCMBEHHbIX 00bEKMO8

UroOBl cO31aTh FCOMETPHIO NPOCTPAHCTBEHHOTO OOBCKTA MO €T0

WKT-onucanuro, MOTYT HCIIOTIb30BATHCS CACAYIOIHE (YHKIMH:

ST GeomFromText (wkt, [, srid [, options]]);
ST PointFromText (wkt, [, srid [, options]]);
ST LineFromText (wkt, [, srid [, options]]);
ST PolygonFromText (wkt, [, srid [, op-

tions]]);

— ST GeomCollFromText (wkt, [, srid [, op-

tions]l]).
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@ynkupa ST GeomFromText BHIIOIHAET MOCTPOCHHE TEOMET-
PHUECKOTO 3HAYCHUS IPOU3BOIBHOTO THIIA C HCTIONB30BAHKIEM €TI0 MPEI-
crapneanss WKT. OcranpHble QyHKUHN CO3Aa0T TEOMETPHH KOHKPET-
HOTO THIA, T.€. HENb3sd BHI3BaTh QyHKIMIO ST PointFromText,
HarnpuMmep, nepegas B kauectse WK'T onmcanms reoMeTpHIo IOJIATOHA.
Takoii BRI30B 3aBEPIIUTC C OMUOKON. TakKe CYIIECTBYIOT MOXOXKHE
(YHKLIUH CO3AAHHUS MYITBTHTOYKH, MYJIbTHIHHAN U MYJIbTHIOTHIOHA.

B PostGIS cymectsyroT ¢ yHKLIIM C TEMH JKe HA3BaHUAMH, B Microsoft
SQL Server HazpaHust (hYHKIHI HEMHOTO OTIMYAKOTCS, HO OOINME ITPUH-
LIMITBI CO3AHMS MPOCTPAHCTBEHHBIX JAHHBIX OCTAIOTCS TEMH XKeE.

O6pruHo momumo WKT onmcanus reomerpun (YHKUUH NPHHH-
MAroT eie oanH Heobsa3arenpHbii napametp SRID. ITapamerp SRID -
3TO WACHTH(UKATOP MPOCTPAHCTBEHHOW CHCTEMbI KoopAauHat (Spatial
Reference System Identifier) — 3ToT mapameTtp onpeaenser, 4To KOOPIU-
HAThl 0OBCKTA 33JaHBl B KOHKPSTHOH CHUCTEME KOoOpauHAT. Pazaemsror
JBA BHIA CUCTEM KOOPAHMHAT:

— chepuueckue (reorpaduucckue), TAC KOOPAHMHATH TOUKH 3312~

FOTCS ¢ IOMOIIBIO MIHPOTHI ¥ AONTOTHI;

— IUIOCKHE (ACKapTOBbI), TAC KOOPAWHATHI TOYCK 3aJAKOTCI KaK

PacCcTOsIHUSL A0 OCEH HA HEKOTOPOH MPOCKLUHU 36MHOU MOBEPXHO-

CTH.

Tax kak B OCHOBE Pa3MTUUYHBIX CHCTEM KOOPAUHAT JICKAT PA3IUIHbIC
MPEATOTIOKEHHS O hopMe 3eMITH, a TAKKE HCIIOIb3YIOTCS PA3HOOOpa3HbIC
JONYIICHHS U YIPOIICHHS, TO (PaKTHICCKH CPABHHUBATH KOOPIAUHATHI ABYX
TOUYCK, 33JAHHBIC B PA3TIMYHBIX CHCTEMAX KOOPAUHAT, HCKOPPEKTHO. JITOT
JKC TPHHLMII PEaTn3yeTcs W Mpu padoTe ¢ NPOCTPAHCTBCHHBIMH
JAHHBIMH — CPABHUMBIMH OVAYT TOJIBKO MPOCTPAHCTBCHHBIC OOBEKTEL, 3a-
JAaHHBIC B OMHOH crcteMe koopamHar. [lo ymomuanuio, ecian mapaMeTp
SRID ne 3axaH, oH TpakTyeTcs paBHbIM (), UTO COOTBETCTBYCT CIYUAI0
oOBIYHON TpsMoyTombHOM cucteMbl koopaunat. CYBJ MySQL nocras-
asiercst ¢ 6omee uem S000 mpeorpe e ICHHBIX CHCTEM KOOPIUHAT.
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B crie ryrormeM mpuMepe Co3Aar0TCa HECKOIbKO MPOCTPAHCTBCHHBIX
OOBEKTOB:

SELECT ST LineFromText ('LINESTRING(O O, 10 5, 20
25, 30 15)") ;_

SELECT ST GeomFromText ('POLYGON( (0 O, 10 0, 10 10,
0 10, 00), 55, 75, 77, 57, 55))");

SELECT 3T GeomCollFromText ('GEOMETRYCOLLECTION (
POLYGON((O O, 5 O, 5 5, 0 5, 0 0)), POINT(-5 5),
POINT (8 8), LINESTRING(-5 10, 10 0))");

[lepebiit 3anpoc BEpHET TUHEHHBIH 0OBEKT, CO3AAHHBIN C UCIONb-
3oBanneM ¢QyHkuna ST LineFromText. Bo Bropowm 3ampoce cosmactes
MOJIUTOH ¢ MCIMOb30BAHUEM OOIICH (DYHKIHMH CO3MAHUS [COMETPHUC-
ckux 00wvekToB ST GeomFromText. B nanHOM cny4yae momuron uMeer
BHEITHEE KOJIBLIO M BHYTPEHHEE KONbIO. B TpeThem nmpuMepe cozpaeTes
OJUH 0OBEKT, COACPIKAIINHN KOJUICKLIUIO TCOMETPUICCKUX OOBEKTOB: MO-
JIUTOH, ABE TOYKH H JHHHIO.

PesyapTars! 3THX 3a1IpOCOB IMOKA3aHbl HA pUCYHKE 49.

Pucynok 49 — I Ipumepsl IpocTpaHCTBEHHBIX OOBEKTOB

CosznanHbIc OOBEKTHI MOTYT OBITh JOOABJICHBI B TAOIULIBI, UCTIO/Ib-
30BaThCS B (PYHKIUSIX MPOCTPAHCTBEHHOTO aHAIN3A U T.J., @ HE TOJIBKO
BO3BpAIIAThCA B MPCITTOKCHIN SELECT.

Jlsa cozmanmst 0OBEKTOB MOKHO UCHONB30BaTh He TOMbK0 WKT ormi-
canne. Hexoropeie CYB/I mogneprkusatot popmater GEOJSON n GML:

— ST GeomFromGeoJSON (str [, options [, srid]]);

— ST GeomFromGML (text geomgml, integer srid).
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[IpocTpancreennsic 0ObekThl, Xpansamuecsd B CYB]I, moxno mpe-
00pa30BarTh B TCKCTOBOE OMHCAHUE Pa3nu4HOro GopMara, B 3aBUCHMO-
ctu ot moaaepxkuBacMbix CYB] Bo3moskHOCTeH. DyHKINMN TOTYUCHUS
ONHCAaHHS MPOCTPAHCTBCHHOTO OOBEKTA B TCKCTOBOM BHJE!

— ST AsText (geometry): B popmare WKT;

— ST AsGeoJSON (geometry): B popmare GeoJSON;

— ST AsGML (geometry): B popmare GML.

MySQL nozsonser BoiBecTH reomerprro B dopmare WKT wim
GeoJSON, PostgreSQL Taxxe mogaep:xkusaet popmar GML.

Onepayuu nao nPocmMpancmMeeHHbiMu 00 beKmamu
B pasmuunrix CYBJ] peannzosano Gonbimoe yncno QyHKIMN IS
padoThl C MPOCTPAHCTBEHHBIMH NAHHBIMH M HX aHamuza. OCHOBHbIC

¢yukumn B MySQL npeacrasnensl B Tabmune 11.2.

TaGmura 11.2. Oneparmu HaJ| IPOCTPAaHCTBEHHBIMU OOBEKTAMH

DyHKIMs Onuncanne

Bosp acT UACHTU(DHUKATOP CHUCTEMBI KOOP-
ST SRID (geom) pat A ¢ P P

JUHAT IMPOCTPaHCTBEHHOI'O 0o0BeKTa geom.

ST_X(point) ,ST_Y(point) | Bo3ppallaeT KOOPAUHATH X U Y TOUKH point.

ST NumPoints(ls) Bospparaer uncino Touek mHUA 1s.
ST_PointN(ls, N) BospparriaeT N-1o ToUKy THHUH 1s.

ST Length(ls) Bosppammaer jmHy JmHAA 1.

ST _Centroid(poly | Bospparraer MaTeMaTHUeCKU IEHTPOUJ| IS
mpoly) IIOJIUTOHA WIH MYJIbTHUIIOUTOHA.

I IpuHHMaeT poCTPaHCTBEHHBI 0OBEKT ge o,
BO3BpamaeT 1 ecim reoMeTpust 0OLeKTa KOp-
ST_IsValid(geom) pexTHa, 0 B IPOTHBHOM ciydae. KoppekTHOCTh
TEOMETPUH IIPOBEPSETCSl B COOTBETCTBUM CO
cnermukarmett OGC.
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Oxonuanue maébn. 11.2

DyHKIMs

Omicanne

ST Validate (geom)

I IpuHHMaET POCTPaHCTBEHHBI 0OBEKT ge o,
BO3BparmaeT o0BEKT, €CIIU OH SBILIETCS KOp-
PEKTHBIM IIPOCTPAHCTBEHHBIM OOBEKTOM, H
NULL B IPOTHUBHOM CIIy4ae.

ST Simplify (geom,

max_distance)

IIpuHMMaeT TIPOCTPaHCTBEHHBIN OOBEKT geom
U mnapaMeTp max distance, Bo3Bpalaer
VIIPOIEHHYIO T€OMETPUIO 110 anroputmy [ly-
riaca-l lexepa.

ST Envelope (geom)

BospparaeT MUHUMATHHBINA OTPAaHIIHABAIOTIINN
TIPSIMOYTOJIBHUK TSI TIPOCTPAHCTBEHHOTO 00h-
eKTa geom.

ST Distance (gl, g2)

Bospaiaer paccrosiHEe MeXITy 0OObeKTaMU
glug2.

ST Buffer(geom, dist)

IIpuHMMaET TIPOCTPaHCTBEHHBIN O0OBEKT geom
U paccrosiHMe dist, Bo3BparmaeT oOBEKT Ireo-
MeTPHH, KOTOPBIH ITpejicTapisieT Oy dep BOKpyr
o0OBbeKTa.

ST Intersection (gl,
g2)

Bospparaer pesynbTar nepeceueHUs IeOMeT-
UM IIPOCTPAHCTBEHHBIX OOBEKTOB gl U g2.

ST Union (gl, g2)

Bozppamaer pesynbrar 00beIMHEHHS T€OMET-
UM IIPOCTPAHCTBEHHBIX OOBEKTOB gl U g2.

ST Difference (gl, g2)

Bosppamaer pesynbTar pasHOCTH I'€OMETPHA
TIPOCTPAHCTBEHHBIX OOBEKTOB g1 U g2.

ST SymDifference (gl,
g2)

Bospparmaer pe3ynsraT CMMMETPHUIECKON pas-
HOCTH T'€OMETPHHU IIPOCTPAHCTBEHHBIX OOBEK-

TOB gl U g2.

PaccmoTpum npumvepst ucnonesosanms Gyakumid. [lepsriii 3ampoc

BBIBOAHT UACHTH(UKATOP, aapec, KOOPIUHATEL OOBEKTA U TCOMETPHIO

oobekTa B popmare WKT ana oObektos u3 tabmuusl address yued-

HOHU 0a3zbl JaHHBIX sakila:

SELECT address_id,
X, ST Y(location)

address, ST X(location) AS
AsS y, ST AsText(location)
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geom text
FROM sakila.address;

B crnenyromem npumepe BRIIOMHACTC 0OBEANHCHNE JBYX MOTHTOHOB:

SET (@gl = 3T GeomFromText ('POLYGON( (10 10,10 60,50
60,50 10,10 10))");

SET Qg2 = 3T GeomFromText ('POLYGON ( (50 30,50 90,110
90,110 30,50 30))");

SELECT ST AsText (ST_UNION(@gl, Qg2));

IIpocmpancmeennvie omHouieHUs 00bEKMO8

B zagauax aHanuza mpoCTPaHCTBEHHBIX JAHHBIX OUCHb YaCTO BO3HH-
KaeT HeOOXOAUMOCTb OMPEACTUTh POCTPAHCTBEHHBIC OTHOLICHHS HEKOTO-
pbIx oObekToB. Hanpumep, «B rpaHHIax Kakoro paioHa HAXOMUTCH 34a-
HHE?Y, «MMCIOT JIM TICPECCUCHHUS 3¢ME/IbHBIC YIacTKU?» U T.4. OCHOBHBIC
(byHKIMH [T aHATH3A TCOJAHHBIX NPECTABICHBI B Ta0mue 11.3.

TaGmura 11.3. OyHKIMH aHaNKM3a IPOCTPAHCTBEHHOTO OTHOIIEHUS OOBEKTOB

DyHKIMs Onuncanne

ST Equals (gl, Bo3spaiaer 3Hauenue 1, ecm o0bekTH g1 U g2 TIpo-

g2) CTPAaHCTBECHHO-DKBUBAJICHTHLI, B IIPOTHBHOM ClIy4dac

BO3BpalacTcsa 3HaUCHHUC 0.

ST Intersects (gl, Bo3spparaer 3HaueHue 1, ecnu 0ObeKTH gl U g2 Tiepe-

2) cekarorcs. OOBEKTHI IIEPECEKAIOTCS, €CIIM UMEIOT Kak
g

MHHHUMYM OJIHY OOIIYIO TOUKY.

ST Disjoint (g1, Bo3sppaaer 3HaueHue 1, ecm 00beKTH gl U g2 HE IIe-

g2) PpeCeKaroTC. OOBEKTH HE IIEpECCKaroTCs, €Clii HE

HMCEIOT 06Il[I/IX TOYCK.

BOSBpaH_[aCT SHa4YCHUEC 1, €CIIM g 1 MOITHOCTHIO coaep-

ST Contains (g1, FKUT g2. OOBEKT g1l MOJTHOCTHIO COJIEPKUT OOBEKT g2,

2) €CJIM HU OJTHA TOUKa g2 HeE JISKHUT BHE g1 M KaK MHHU-
g

MYM OJIHA U3 TOYEK g2 SBISIETCS BHYTPEHHEH TOUKOM
gl.
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Oxonuanue matn. 11.3

DyHKIMs

Omcanne

ST Within(gl, g2)

Bospparmaer 3nauenue 1, ecmu gl HaxXoUTCS B TpaHU-
nax g2. fngercd ananoroM ST _Contains c oGpar-
HBIM TTOPSITKOM apTyMEHTOB.

ST Touches(gl,
g2)

Bosppamaer 3HaueHue 1, ecii OOBEKTHI KacaroTCs.
OOBEKTHI KacaroTesl, €ClId HUKaKHe M3 OOIIMX TOUEK UX
TEOMETPHIA He TIepeceKaloT UX BHYTPEHHUX YacTel.

ST Overlaps(gl,
g2)

Bosppammaer 3HaueHwe 1, ecnM IIPOCTPAHCTBEHHBIE
0OBEKTHI IIEPEKPHIBAIOTCA. [IBa IPOCTPAHCTBEHHBIX 00b-
€KTa IIePEKPhIBAIOTCS, €CIIM OHU HUMEIOT O/JUHAKOBYIO
Pa3MepHOCTh U UX IIEpEecEeUeHHe UMEeT Ty e pa3Mep-
HOCTB, YTO U caMHU OOBEKTHI, ¥ 00JIacTh IIepeceyeHys He
paBHa HU OJTHOMY U3 HUX.

ST Crosses(gl,
g2)

Bosppamaer sHauenuwe 1, ecmu MPOCTPaHCTBEHHBIE
OOBEKTHl TIePEKPEIMBAIOTCs. J[Ba TIPOCTPAHCTBEHHBIX
o0beKTa TIePEKPENMBAIOTCS, €CIM WX IIepeceucHre
HUMeeT Pa3MepPHOCTh MEHBIIYIO, YeM MaKCUMaIbHas pas-
MEPHOCTh UCXOJHBIX OOBEKTOB, W TOUKH IIEPECEUCHUS
SIBJISTIOTCS BHYTPEHHVMH (HE TPAHUTHBIMU ) IT0 OTHOITIS-
HUIO K 000HMM HCXO THBEIM 0OBEKTaM.

B kauecTse npuMepa pacCMOTPHM 33,4249y MOUCKA 0OBEKTOB BHYTPH
3aganHoro. B mpumepe anamus Oyaer seimosiaeH B CY B PostgreSQL ¢

yCcTaHOBICHHEIM pacimuperueM PostGIS wa mannbpix OpenStreetMap

IpuBomxcKoro okpyra.

Co3zmagnm GyHKIHMIO Ha s3BIKE plpgsql, KOTOpas HAXOIUT reoMeT-

PHIO 00BEKTA MO 33JAHHOMY ONUCAHHIO M BO3BPAILACT BCE OOBEKTEL, JIc-

JKaIyie BHYTPH HalaeHHOH reoMeTpun. OVHKINA MPUHUMAET OJHH T1a-

paMeTp — uMs 0OBEKTA THIA TEKCT U BO3BPALNACT TAOJIHIlY, COACPIKA-

myio 4 cronbua: uacHTUPHUKATOP 0OBEKTA, €T0 UM, THUII IPAHUL] U TCO-

METPHIO 00BEKTA:

CREATE OR REPLACE FUNCTION find objects within (ob-

ject name text)

RETURNS TABLE

(osm id bigint, name text, boundary

text, way geometry)
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LANGUAGE 'plpgsqgl'

AS $BODYS

DECLARE
sam region GEOMETRY;

BEGIN
SELECT p.way INTO sam region
FROM planet osm polygon p
WHERE p.name = object name;

RETURN QUERY
SELECT p.osm id, p.name, p.boundary, p.way
FROM planet osm polygon p
WHERE ST Within(p.way, sam region) AND
p.boundary IS NOT NULL;
END
$SBODYS ;

T x. pyaxus Bo3Bpamaet tadauily, To B PostgreSQL MoxkHO BbI-
MOJHUTE 3aIPOC CICAYIOMETO BUAA:

SELECT *
FROM find objects within ('Camapckasa obmacTts');

Pesynprar BeIOHEHNMS 3ampoca MMoKazaH Ha pucyHke 50.

Pucynok 50 — Pesynbrar pocTpaHCTBEHHOTO aHATIU3a
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11.2 CaaGocTpyKTypHPOBAHHBIE JAHHbIE

PaccmoTpum erie oauH BHI JAHHBIX — CIA00CTPYKTYPHPOBAHHBIC
nannble. Kak nzsectHo, B pensaumonsbix CY B/l npuHATO XpaHUTh JaHHbBIC
B HOPMAaJIM30BAaHHOM BHJE: C pa3OHUCHUEM N0 TabIuIaM, CTOIONaM H T.1.
Onuako HOpMaTH3aLKs HE Beeraa umeeT cmbict. K npumvepy, B Oase nan-
HBIX HEOOXOTUMO XPaHUTh HEKOTOPHIC HACTPOHKH MONB30BATCIBCKOTO
npunoxeHus. Kakie KOHKPETHO HACTPOUKH M KaK OHH HCTIONb3YIOTCS
KIIMCHTOM — CEPBEPY HE BaXKHO. B 3TOM cityyae HeT HEOOXOAMMOCTH pas-
OUpaTh HACTPOWKU KIIMCHTA, MPOBOAUTh HOPMATM3ALNIO JAHHBIX, 3aIld-
CHIBATh 3TU HACTPOWKHU B OTACIBHBIC TaOMHULE! U cTOIOLE U T.4. Cepsep
paboTaeT ¢ STUMH JAHHBIMH LCTTHKOM, TSI HETO OHU aTOMapHBI.

Hpyrag cutvanun — XpaHCHHE KaKUX-TO JAHHBIX, CTPYKTYpa KOTO-
PBIX YaCTO MEHSCTCA, J0OABIIOTCS HOBbIE aTpHOYTH U mpouce. Duzu-
YCCKOC U3MCHCHUC Ta6n1/1u, T.C. BRINOJHCHUC KOMAaHA ALTER TABLE
MpU KKIOM MOOABICHUM WM H3MCHCHHH aTpHOyTa OOBEKTa MOXKET
OBITh TPYIOCMKHM IPOLIECCOM.

B sTHx cny4asax HHOrAA OTKA3BIBAIOTCS OT HOPMATH3ALMH JAHHBIX
U JAHHBIC XPaHATCA B ACHOPMATH30BAHHOM BHJC, VCIOBHO, B BHAC
JSON nokymenra. CootBeTcTBEHHO CTPYKTYpa 3THX JSON 10KYMEHTOB
MOJKET OTIIHYAThCA AAKE B PAMKAX OJHOU TaOIHLBI [T PA3HBIX CTPOK.
T.e. MOKHO CcKa3aTh, YTO MPOUCXOAUT TAK HA3BIBACMOC XPAHCHHC JAH-
HBIX Oe3 cxeMbl. [IpoucxoauT oTka3 oT KOHTPOIS 32 LETOCTHOCTBIO U
KOPPEKTHOCTBIO AaHHBIX Ha ypoBHe CYBJl, HO mosBRSeTCS BO3MONK-
HOCTb JIETKO MCHATh CTPYKTYPY AaHHBIX.

B sTOM ciayuae ucmons3yeTcs XpaHeHNUE JAHHBIX B KAKOM-TO Ompe-
aenenHom (hopmare:

— asowuHeIN Gopmar (Hanpumep, Protobuf, MessagePack);

— TEKCTOBHIN (opMmar;

- XML;
— JSON;

— JSONB.
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[IpeumyimecTBo XpaHeHH B ABOUYHOM (popMaTe — 3TO KOMITAKT-
HOCTh. JlaHHBIC 3aHMMAIOT MCHBIIEC MecTa. MUHYCHI — JaHHBIC HE
YUTACMBI MOJIb30BATENICM HANPAMYIO, K HUM HEIb3s CACNATh 3ampOCHl
MOWCKA, OHH MPOCTO XpaHsaTcs B 0aze. B cayuae tekcroBoro dopmara
A1 IOUCKA JAaHHBIX MOYKHO UCHOJIB30BaTh oneparop LIKE UM HOJHO-
TEKCTOBBIN NIOUCK. HO 3TO Bee emme HeCTPYKTYPHPOBAHHEIC TaHHBIC.

Hexoropeie CYB/I, B T.u. MySQL u Postgre SQL, nozsomsttoT xpa-
HUTH AaHHbC B popmare XML, obecneunBaroT BCTPOCHHBIE (PYHKIMH
padoThl ¢ 3TUM (OpPMATOM, HATPUMEP, OUCK 10 TeraM. B ciay4ae, eciu
nmanseie xpaniarcsa B popmarax XML wmu JSON, CYB/I noanepxusact
0a30BYI0 BATUAALUIO JAHHBIX. B CTONOLBI JAHHBIX THIIOB HETIb3S 3aITH-
CaTh CHHTAKCHUYECKH HEKOPPEKTHBIE JOKYMEHTHI ¢ TOUKH 3peHHsI XML
i JSON cOoOTBETCTBEHHO.

B MySQL nons tunia JSON e nnackcupyrotes. PostgreSQL mos-
BosisieT Xpauutb JSON 00bekThl Takxke B cToaduax tuna JSONB. Turst
JAHHBIX jSON | jSONb NPUHHUMAIOT HA BXOJ MOYTH OJHUHAKOBBIC HAOOPEI
3HAYCHUM, & OTJIMIAFOTCS OHHU TJIABHBIM 00Pa30oM C TOUKH 3peHus 3P dek-
TUBHOCTH. THII jSon coXpaHIeT TOUHYIO KOIHIO BBEASHHOTO TEKCTA, KO-
TOpYI0 (PYHKIHH O0PaOOTKH JOJKHBI Pa30UpaTh 3aHOBO MPH KAXKIOM
BBITIOJTHCHUU 3aITPOCA, TOTJA KaK JAHHBIC JSONb COXPAHSIOTCS B Paso-
OpaHHOM ABOWYHOM (POPMATE, YTO HECKOJIBKO 3aMEIISCT BBOJA H3-3a
mpeoOpa3oBaHus, HO 3HAUUTEIBHO VCKOPACT 0OpaboTKy, HE TpeOvs
MHOTOKPATHOTO pa3bopa tekcra. Kpome Toro, jsonb nmoaaepxuBacT uH-
JCKCALIUIO, YTO TOJKE MOXKET OBITh OYCHB MOJIC3HO.

11.2.1 Tun ganubix JSON

JSON (JavaScript Object Notation) — TekcToBBIH hopMaT 0OMEHa
JAHHBIMHU, OCHOBaHHBIA Ha JavaScript. dopmar cuUUTaCTCs HE3ABUCH-
MBIM OT A3bIKa U MOXKCT UCTIOJIb30BATHC MPAKTUUCCKU C .]'IIO6LIM SI3BIKOM
nporpaMMuposanmsl. PopMaT MHUPOKO UCTOTB3YETCA A1 0OMEHA TaH-

HBIMH MCXKAY IMPOTpaMMHBIMU CUCTCMAaMU.
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B kauectse 3naucHuii B JSON MOTYT OBITh UCTIOIB30BAHBI!

Ha

3aMKUCh — HEYMOPSIOUCHHOS MHOXKECTBO Map KJIOU: 3HAUe-—
HYe, 3aKIIUEHHOE B (PUTYPHBIC CKOOKH « { }». Kirou omuce-
BaCTCSl CTPOKOM, MEIKIY HUM M 3HAUCHHUEM CTOUT CHMBOJ «).
IMaps! KIHOY-3HAMCHUE OTACISIOTCS APYT OT APYra 3aISITHIMU,
MacCHB (OJAHOMEPHBIN) — 3TO YIOPIJOUCHHOS MHOXKECTBO 3HA-
ueHU. MacCHB 3aK/IF0YacTCS B KBAaJPATHBIC CKOOKH « [ ]».
3HAUCHUS PA3ACIAIOTCS 3amsIThiMU. MacCUB MOKET OBITH ITy-
CTBIM, T.€. HC COACPIKATH HH OJTHOTO 3HAUCHHUS,

quCI0 (IIEI0¢ UM BEIISCTBEHHOL ),

auTepansl true (MOrMYCCKOS 3HAYCHUE «UCTHHA»), false
(oruUecKkoe 3HAYCHHUS «T0Kb») M null;

CTPOKA — YIOPSAOUYCHHOS MHOXKECTBO U3 HYJISL UK 00JICe CHM-
BOJIOB IOHUKO/A, 3AKIFOYEHHOS B JBOMHBIC KABBIYKH.

pucyake 51 nokazan npumep JSON-qoKyMeHTa, XPaHSIIErO HH-

dopmaruro o punbeme «boloBckuil Ky,

{

"fullplot™: "A ticking-time-bomb insomniac and a slippery soap salesman...",

: "573al139bf29313caabcf4ddo™

"

"imdb": {

"rating™: 8.9,
"votes": 1191784,
"id": 137523

Ly

"year"

"; 1999,

"plot "An insomniac office worker, looking for a way to change his life...",
"genres": [ "Drama" ],
"rated": "R",

"metacrit
"ritlem: v

02 00:16:15.833000000"%
1.

lahniuk (novel)", "Jim Uhls

clay " 1,

"nominations": 22,

"text": "Nominated for 1 Oscar. Ancther 10 wins & 22 nominations.™

I
"countrie

stmy o[ "

"directors"

, "Helena Bonham Carter", "Meat Loaf" 7],
[ "pavid Fincher" ]

Pucynok 51 — Ilpumep JSON-0kyMeHTa
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I[OKYMGHT COACPKUT CTPOKOBBIC ITOJIA, HCTOUUCICHHBIC 3HAYUCHU,

BJIOSKCHHBIE CTPYKTYPBI U MACCHUBBI.

11.2.2 PaGora ¢ JSON B MySQL
Hs pabotst ¢ JSON-nostmu MySQL noaaep:kuBaeT THI JAHHBIX
JSON [13].
HoGasnenue 3ammcu, coaepxainei JSON-MOJC, MOXKET OBITh BbI-
MOJTHECHO HECKOJIBKUMU CTIOCODAMMU:
— st roOaBiieHUs 3armcu, co,uepxcamei/'l noJjie ¢ JSON-IaHHbIMHU,
JOCTaTOYHO JOOABHUTH MPABWIBHO C(HOPMHUPOBAHHYIO JSON-
CTPOKY B 3HAUCHHUE 3TOTO MOJIs B 3arpoce INSERT;
— ucnonp3ys QyHKnuro JSON OBJECT, MOXHO c(OPMHPOBATH
JSON-CTPOKY B MPOLECCE TO0O0ABICHUS JaHHBIX. ITa (ByHKIUS

OpUHUMACT CITUCOK Iap KIHOY-3HAUCHUC BUAA!

JSON_OBJECT (keyl, valuel, .. key n, value n)

U BO3BpammacTt J SON-00BEKT. HpH 3TOM €CJIM 3HAUCHUC SIBIISICTCS
MAaCCHBOM, HCIIOJIb3YCTCSI (byHKuH;{:

JSON_ARRAY (valuel, valuezZ, .., value n),

KOTOpast BO3BparaeT MaccuB JSON-OOBEKTOB.
s BeiOOpa OTACTBHBIX aTpuOyTOB JSON-JOKYMEHTA MOYKHO HC-
MOJIb30BATh!

— (Qyskmro JSON EXTRACT (column, path), kotopas
MPUHUMACT B Ka4ecTBC apryMeHTa moie Tabmumpl ¢ JSON-
JAHHBIMH U IIYTh JUIA IICPESMCIICHUA 110 J SON-061,eI<Ty;

— DKBHUBAJICHTHYIO KOHCTPYKLMIO BHa "column—>path™;

—  (yHkuHO JSON CONTAINS (target, candidate[,
pathl] ), KoTopas NPHHUMAET JOKYMEHT target, B KOTOPOM
BBIMIOJIHSIETCS IOUCK, U JOKYMEHT candidate amas cpasHe-

HUS, BO3BpaIacT |, koraa HalACHO COBMAACHUC.
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Bce onpeaencans nytu B JSON-00BEKTE HAYHHAIOTCS ¢ CHMBOJIA

$, 33 KOTOPBIM CIIEAYIOT APYTHE CEIIEKTOPHI:

TOYKa, 32 KOTOPOH CIIEAYET UM, HanpuMmep, $ . title;

[N], rae N — mO3uIus B MACCUBE C HYJCBBIM HHICKCOM;

. [*] BO3BpaIACT BCE IECMCHTH O0OBEKTA;

[ *] BO3BpaIACT BCE DJIEMEHThHI MACCUBA,

prefix**suffix npuHUMacT 3HAYCHHUE BCEX IMyTEH, KOTO-
pBIC HAYHHAIOTCA ¢ MpeduKca NMCHN M OKaHIUBAIOTCS ¢y Pduk-

COM.

His mogudukaiuu JSON-00BEKTOB HCHOIB3YIOTCS CJICAYIONIHS
(yHKLIHH:

JSON_SET (doc, path, wvall, path, wvall..) -
BCTAB/ISCT WK OOHOBISICT JAHHBIC B JOKYMCHTE,

JSON INSERT (doc, path, wval[, path, wvall..) -
BCTaBJIET JAHHBIE B JOKYMEHT,

JSON_ REPLACE (doc, path, wvall[, path, wvall..)
— 3aMEHAET JAHHBIE B JOKYMEHTE,

JSON MERGE (doc, docl[, docl..) — 00beIMHAET aBa
i 00JICe JOKYMEHTOB;

JSON_ARRAY APPEND(doc, path, wval[, path,
vall..) — 700aBISCT 3HAUCHHUS B KOHEI] MACCHBA,

JSON_ARRAY INSERT (doc, path, wval[, path,
vall]..) — BCTaBIET MAacCUB B JOKYMEHT,
JSON_ REMOVE (doc, path[, path]..) — ymamier nas-

HBIC U3 JOKYMCHTA.

PaccmoTpuM Heckonbko mpumepoB padbotel ¢ JSON B MySQL.

B nepeom npumepe nobaBnm 3anuck B none data Trmna JSON, HCIIONB3YS

¢dyukuun Gopmuposanus JSON-CTPOK:
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INSERT INTO movies (data) VALUES (
JSON_OBJECT (
'imdb', JSON OBJECT('rating', 8.7, 'votes',
973663, 'id', 167261),
'year', 2002,
'genres', JSON_ARRAY ('Adventure', 'Fantasy'),
'title', 'The Lord of the Rings: The Two Tow-

B creayromem mpumepe 100aBIsAeTCS 3aIIHCh, COAEprKamas mpa-
BUJIBHO C(HOPMHUPOBAHHYIO JSON-CTPOKY:

INSERT INTO movies (data) VALUES ('{
"imdb": { "rating": 9.3, "votes": 1521105,
"id": 111161 },
"year": 1994,
"genres": [ "Crime", "Drama" ],
"title": "The Shawshank Redemption™
Pr)i
B caenyromem mpuMepe BBITOIHICTCS 3aMpOC AJIsi BEIOOPKUA BCEX
¢dunpMoB ¢ ycaosueM «pedTudr 6osee 8.7». s moucka B JSON uc-

MONTB3YETCSI CEIICKTOP:

SELECT *
FROM movies
WHERE data->'$.imdb.rating' > 8.7;
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12 HEPEJALIMOHHBIE BA3bI JAHHBIX

B mpexpiaymupx pasgenax pacCMaTPUBAIUCH PEISLIMOHHBIC Oa3bl
JaHHBIX. JIOCTOMHCTBOM PESILIUOHHON MOASTH SIBJSFOTCS !

— MPOCTOTA MPEACTABICHUS CTPYKTYPBI 0a3bl JAHHBIX, OTCYTCTBHE
M30BITOYHOCTH JAHHBIX, MOAACPKKA LICAOCTHOCTH 3a CUCT HOP-
MaTH3aIIiH OTHOMICHHI,

— Hammuwe crangapra SQL; pasneie muanexktel SQL oveHp mo-
XOKH MEXKAY COOOM, pa3iuyust POSIBISIFOTCS B OCHOBHOM B IIPO-
LEAYPHBIX PACIIUPCHUSX SI3bIKA,

— omnogHeHue tpeboBanuii ACID kK TpaH3aKLMOHHOH CHCTEME:
aTOMaPHOCTh, COTJIACOBAHHOCTD, U30IHPOBAHHOCT, JOJTOBCY-
HOCTb. BrinonHeHHE 3THX TPEOOBAHMI MO3BOIICT OOCCICUUTD,
B TOM YHCJIC, AONTOBCYHOCTh JAHHBIX 3 CUCT MPUHIIMIA, JBOM-
HOM 3aIiCH ¢ UCTIOb30BAHNEM JKYPHAJIA TPAH3AKIHH, U napa-
JACIBbHYI 00pabOTKY AaHHBIX Onarofaps MPUHIUIY H30IHPO-
BAHHOCTH, UCIIOIb3yEMOMY B MCXAHH3MAX TPAH3AKI[HA.

Takke MOKHO BBIACIUTH OCHOBHBIC HEJOCTATKH PEIISLIMOHHBIX 0a3

JAHHBIX

— MOTEPsi COOTBETCTBUS, T.C. PATUUNES MCKIY PEISLIHOHHON MO-

JICTBIO U CTPYKTYPAMH JAHHBIX, HAXOASIIUMHUCS B TAMSITH,

— CJIOKHOCTh TOPH30HTATBPHOIO MaCIITAOHPOBAHUS 0A3bl JAHHBIX.

12.1 HepocTaTku peisIiOHHOH MOJEIH
PaccmotprM HezocTaTKH PENSLIIOHHON MOAETH HEMHOTO TIOApOOHEE.

12.1.1 IloTeps cooTBeTCTBHS

PGHHHI/IOHHaH MOACTb AAHHBIX MPCACTABIACT UX B BUAC OTHOILIC-

HUU U KOPTEKEH, MPUUEM 3HAUCHUS B PE/ISILIMOHHOM KOPTEXKE AQJLKHBI
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ObITh IpocThIMA. [lo3TOMY, ecru B 6a3e naHHBIX OYAET XPaHUTHCS B Ma-
MATH U 00pabaThIBAThCS CIIOKHAS CTPYKTYpA, TO HEOOXOAMMO OyaeT
MpeoOpa3oBEIBATh PEJLILMOHHOC MNPEIACTABICHHE B HCOOXOAUMYIO
¢dopmy. B utore Bo3HHKACT MOTEPSI COOTBETCTBUS — ABA PA3HBIX MPEA-
CTaBICHHS, TPCOYIOLINX TPAHCIISLUH.

[Tpumep Takoro HECOOTBETCTBHS MOKA3aH HA pUCYHKE 52. 3akas,
KOTOPBIH B ITOJIb30BATCIECKOM HHTEP(EHCce BRITTILANT KaKk CAUHAS arpe-
THPOBaHHAs CTPYKTYPa, B PEIALMOHHON 6a3ec JaHHBIX paszdciscTcsl Ha

MHOXKCCTBO CTPOK U3 MHOTUX Ta6.]'II/ILI.

orders

3aka3z: 1001

Mokynatens: VisaHos

Toeapek! B 3aKkaze:
customers

032198111 2 4800P | 9600P .
032190112 1 1999P | 1999 1
013278326 1 75002 | 7500E2 | order_records

Oetanu nnarexa:

card: Visa
card number: 1234 5678
expiry: 04/24 credit_cards

Pucynok 52 — TloTeps cOOTBETCTBUS B PEISIITUOHHON MOJIETH

Xors muorue CYB/] cranu 1o0aBisTh MOAACPKKY XPaHCHHS Clla-
OGOCTPYKTYPUPOBAHHBIX AaHHBIX, HAnpuMep, oopadotky JSON, Ho 3710,
0 CYTH, YXOJ OT PEISILIMOHHON MOJCTH JAHHBIX.

12.1.2 CnoxHoCTh MacIITAOHPOBAHHSA

Hpyras mpoGiema — oOpaboTka O0IbIIHX 00BEMOB JaHHBIX. s
TOro 4TOOBI CIIPABUTHCS C BO3PACTAOIINM 00BEMOM JAHHBIX U Tpaduka,
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noTpeOoBaMNCh 00Jee KPYMHBIC BBIYHCIHTCIBHBIC PECYpPChl I
XpaHCHUA U aHAJIN3a JAHHBIX.

CymiecTBoBamd ABE BO3MOXHOCTH MaCIITAOUPOBAHUS. BEPTHKAIb-
HOC U rOpU30HTaIbHOC. BepTHkansHoe MacmrabupoBaHue noapasyme-
BaCT YBCIIUICHUC MPOU3BOAUTC/IPHOCTHU KAXKA0TO KOMIIOHCHTA CUCTCMBI
C LCJIBIO MOBBILICHHUS OOIICH MPOU3BOAMTCIBHOCTH, T.C. YKPYITHCHHE
KOMITBIOTCPOB, VBEJINYCHHE KOTHUCCTBA MPOLIECCOPOB, & TAKKE AHCKO-
BOH U oneparuBHOH mamatu. Ho Gonee KpymHbIC MaIIWHBI CTAHOBSITCS
Bce Oomnee U 6ojee TOPOTHUMH, HE TOBOPS YKE O TOM, UTO CYLICCTBYET
(du3HUCCKUI IPeAeT X YKPYITHEHHUS.

AnbpTepHATHBOMU OBLIIO HCIIOIb30BAHHE FOPH30HTAILHOI0 MACINITA-
OupoBaHus, T.c. pa3OUCHHUE CHCTEMBbI Ha O0JIce MENKHE CTPYKTYPHBIC
KOMITIOHCHTBI U PA3HCCCHUC UX IO OTACIbHBIM (I)I/ISI/I‘{CCKI/IM MalruHaM,
oOveaAnHEHHBIX B KjacTep. Kpome Toro, kiacrep 00j1ee HaaeKEH — OT-
JEeIbHBIE MAIIUHBI MOTYT BBIIUTH U3 CTPOSL, HO BECh KJIACTEP NPOAOKHT
(hYHKLMOHUPOBAHKE, HECMOTPS Ha cOOH, 00CCTICUHBAs BEICOKYIO HACK-
HOCTb.

Korpa npowmsomen casur B CTOPOHY KIACTEPOB, BO3HUKIIA HOBAS
nmpoOieMa — PESILHOHHEIC 0a3bl JAHHBIX HE MPEAHA3HAUCHBI I pa-
Ootel Ha kjacrepax. Knacrepueie pemsiuoHHbIC Ga3sl JaAHHBIX OCHO-
BaHbI HA KOHIEMINK OOIICH AUCKOBOM moacucTeMbl. OHH UCHOIB3YIOT
KIacTepHYI0 (alIoBYI0 CHCTEMY, BBIIOTHSIOMYIO 3alUCh JaHHBIX
B JIETKO JOCTYITHYIO AUCKOBYIO MOJCUCTEMY, HO 3TO 3HAYHUT, UTO AHCKO-
Basd MOACHUCTCMA TO-TIPC)KHCMY ABJEICTCA CAUHCTBCHHBIM HCTOUYHHUKOM
VI3BUMOCTH KacTepa.

PenaunonHsie 6a3b1 JAHHBIX TAKXKE MOTYT Pa0OTaTh HA PA3HBIX CEp-
BEpax ¢ pazHbIMH HaOopamH NaHHBIX, S((EKTHBHO BBIMOIHSAS CETMEH-
tupoBanue (sharding) 6a3pr JaHHBIX. XOTS 3TO MO3BOICT PA3ACIUTh Pa-
001VIO HATPY3KY, BCA MPOLIEAYPa CCTMCHTHPOBAHMS JOJIKHA KOHTPOITH-
POBaThCS MPHIOKCHUEM, KOTOPOES MO/DKHO CICIUTH 32 TEM, K KAKOMY
cepBepy 0a3bl JAHHBIX U 32 KAKOW MOpLHeH AaHHEIX obpamaTbes. Kpome
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TOrO, YTPAYHBACTCS BO3MOXKHOCTD YIIPABICHHS 3aMPOCaMH, LICIOCTHO-
CTPIO JAHHBIX, TPAH3AKLHAMH H COTJACOBAHHOCTBIO MEKAY HaCTAMH
Kiactepa.

JTO HECOOTBETCTBHC MCXKAY PETALMOHHBIMH 0a3aMu JaHHBIX U
KJIacTepaMH BEIHYJUIO HEKOTOPBIC OPTaHU3ALUH PACCMOTPETh abTep-
HATHBHEIC CIIOCOOBI XPAaHCHU JaHHBIX. B uacTHOCTH, G0ONBIIOE BAMSHUC
okazaiu ase komnanuu — Google u Amazon, npeaCTaBUBIIKEC CBOH Pe-
menus BigTable or komnannu Google u Dynamo ot komnannun Amazon

AJId XPAHCHUA OI'POMHBIX 00BEMOB JAHHBIX.

12.2 NoSQL 0a3bI AaHHBIX

B 3aBucuMocTH OT MOJENN JAHHBIX M IOAXOJ0B K pacIpeacIEHHO-
ctv v perttukauny B NoSQL-1BrkeHUM BBIACTSIOTCS YETHIPE OCHOBHBIX
THHa cucteM [ 14]:

1) Mozmeau «KIFOY-3HAMCHUEC),

2) moxymeHtoopueHTHpoBaHHbe CYB/;
3) CHCTEMBI THIA «CEMEHCTBO CTONOLIOB);
4) rpadosrie CYB/I.

Mooens «xaou-3naqenue » SBIIETCA NPOCTCHIIINM BaPHAHTOM, UC-
MOJB3YIOLIMM KITFOU T AOCTYIA K 3HaUeHHIO. Takne 0a3pl JAHHBIX KaK
MPABUIO HUCHONB3VIOT XCHI-TAOMHLY, B KOTOPOH HAXOAMTCS YHHKAIb-
HBIH KIIOY M YKa3aTelb HA KOHKPETHBIH OOBEKT AAHHBIX. XOTs Oasbl
JAHHBIX THMA «KIFOY-3HAUYCHHE» MOTYT MPUTOAUTECS B ONPEACISHHBIX
CUTYaLMAX, OHH HE JIMIICHE HeA0CTaTKOB. [ lepBhIii 3aKIr0uacTCsl B TOM,
YTO MOJEb HE MPEAOCTABIICT CTAHAAPTHEIC BO3MOXKHOCTH 06a3 JAaHHBIX
BPOJE aTOMAPHOCTH TPAH3AKLIMU WIH COTJIACOBAHHOCTU AAHHBIX IPH OJ-
HOBPEMCHHOM BHITTOTHCHUH HECKOIBKHX TPaH3aKUWH. Takue BO3MOXK-
HOCTH JOJDKHBI MPEIOCTABIATHCS CAMUM NpHioxkeHneM. Bropoit Hexo-

CTaTOK B TOM, 4YTO IPH YBCIUUCHUU 00BEMOB JAaHHBIX TTOAACPYKAHUC
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VHHUKAJIBHBIX KITIOUYCH MOXKET cTaTh mpobiemoit. s e€ pereHus HeoO-
XOJMMO KaK-TO YCIOKHATB IIPOLECC FCHEPALUH CTPOK, YTOOBI OHH OCTa-
BaJHCh YHUKANTBHBIMU CPEIH OUCHb Oonbinoro Habopa kiarouci. Riak,
Redis, Amazon DynamoDB — camsie monymsapueie CYBJl nanHbIX Ta-
KOTO THIIA.

Joxymenmoopuenmuposanuvie 6a3vl OAuHBIX CIYXKAT I XpaHe-
HHS UCPapXHUYCCKUX CTPYKTYP AaHHBIX (IOKYMEHTOB). B ocHOBe qoKy-
menToopucHTUpoBaHHbiX CYBJ] mexkar AOKYMCHTHBIC XPaHHUIHIIA,
HMCIOIIHUE CTPYKTYPY AcpeBa. OXHUM H3 KITIOUYCBBIX PA3THIUN MEKIY
0azaMy JAHHBIX THNA «KTIOY-3HAYCHUE» W JOKYMECHTOOPHECHTHPOBAH-
HBIMH 0a3aMHU JAHHBIX SBIACTCS TO, YTO MOCICAHUC BKJIFOYAIOT METa-
JAHHBIC, CBA3AHHBIC C XPAHUMBIM COACPKHUMBIM, YTO JAET BOBMOKHOCTD
aenark 3ampockl Ha ocHOBE cogepxkumoro. CouchDB, Couchbase u
MongoDB - Haubonee nOMyspHBIE XOKYMEHTOOPHCHTHPOBAHHBIC
CVBU.

B cucmemax muna «cemeiicmeo cmonbyoe» NaHHBIC XPAHATCS B
BUJAC Pa3pEKCHHOU MaTPHILIBI, CTPOKH U CTOIOIBI KOTOPOH HCMONbB3Y-
IOTCS KaK KIIo4Ud. B cpaBHEHHH ¢ XpaHCHHEM JAaHHBIX B CTPOKAX, KaK B
OONBIIMHCTBE PEIALUHOHHBIX 0a3 JaHHBIX, MPCUMYIICCTBA XPAHCHHUS B
KOJIOHKAX 3aKTI0YAIOTCS B OBICTPOM MOUCKE/TOCTYIIC U arperaliy JaH-
HBIX. Pensiionnbie 6a3bl JAHHBIX XPaHAT KLKIVIO CTPOKY Kak Hempe-
PBIBHYIO 3aIMCh HA JUCKE. PasHBIC CTPOKH XpaHATCSA B PAa3HBIX MECTax
Ha JUCKE, B TO BPEMs KaK KOIOHOYHBIC Oa3bl JAHHBIX XPAaHAT BCE
SYCHKH, OTHOCAIIUECH K KOJOHKE, KAK HENPEPHIBHYIO 3aIHCh, UTO Je-
JaeT omepanun noucka/mocryma oeictpee. CaMbIMU U3BECTHBIMHU TIPH-
mepamu aeisiroTes Google BigTable, HBase, Apache Cassandra.

I'pagposvie CYE/] npuMeHAIOTCA AN XpaHeHHS TPadoBbIX CTPYK-
Typ. Takue Ga3pl AAHHBIX HCIOIB3YIOT PEOPA U Y3IBI JIS MPEACTABIIC-
HUSI JaHHBIX. Y 31TBI CBA3aHBI MEKAY COOON ONpeaeIEHHBIMH OTHOLICHH -
SIMH, TIPEACTABICHHBIMY pEOpaMu MEKIy HAMH. Y316l B pEOpa XpaHsaT
HexkoTopsie atpudyTel. [lepsas rpadosas CYB]] Neo4j coznana B 2007
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rony. Ilo cocrosumio ma Hagano 2020-X Tom0B CYIIECTBYIOT ACCATKH
apyrux rpadoserx CYBJ.

12.2.1 Teopema CAP

B 2000 roay 3. Bproepom 6b110 chOpMyTUPOBAHO 3BPUCTHUCCKOS
VIBEPXKICHHE O TOM, YTO B THOOOH peamuzali pacnpeacICHHBIX BbI-
YUCJICHUH BO3MOXKHO 00CCICUnTh HE OONICE ABYX M3 TPEX CIACAYIOMINX
cBoticts [13]:

—  COIJIaCOBAHHOCTH JAHHBIX (CONSiStency) — BO BCEX BBIUHC/IH-
TCJIBHBIX V3/IaX B OJHH MOMCHT BPEMCHH JAHHBIC HE MPOTHUBO-
pevar Apyr Apyry:;

—  poctynHOCTh (availability) — mro0oit 3anpoc k pacnpeacaéH-
HOHM CHCTEMC 3aBEPIIACTCS KOPPECKTHBIM OTKIHKOM, OZHAKO
0c3 rapaHTHH, YTO OTBETHI BCEX Y37I0B CUHCTCMEBI COBIAJAIOT;,

—  YCTOHYMBOCTH K pasieicHuto (partition tolerance) — pacuen-
JICHUE PachpeacinEHHON CHCTEMBI HA HECKOIBKO U30IHPOBAH-
HBIX CCKLIUH HE MPUBOAUT K HCKOPPEKTHOCTH OTKIIHKA OT KaXK-
JOM U3 CCKLMH.

JTOT NMpHHIMN cTal u3BecTeH Kak Teopema CAP (kak akpoHuM con-
sistency, availability u partition tolerance) u BIOCICACTBHM MOTYYHIT
LIMPOKYIO MOMYSPHOCTh U MPH3HAHKUE B CPEJC CICHUATHCTOB MO pac-
npeaeaéHabiM BerauciacHnaM. Konmenmmsa NoSQL, B pamkax koTopoi
CO3JAI0TCA PACTIPEACTICHHBIC HETPAH3AKIHOHHBIC CUCTEMBI YIIPABICHHUS
6azaMu JaHHBIX, 3a9aCTYIO HCIIOMB3YET STOT MPHHLMI B Ka4eCTBE 000C-
HOBaHUS HEU30EKHOCTH OTKA3a OT COTJIaCOBAHHOCTH JAHHBIX.

C Touxu 3penns Teopembl CAP, pacripeaeéHHbIC CHCTEMBI B 3aBU-
CHMOCTH OT Tapbl MPAKTUYCCKH MO JACPIKHBACMBIX CBOHCTB U3 TPEX BO3-
MOJKHBIX pacnagarorcsa Ha Tpu knacca — CA, CP, AP.

[epesiit kmace — CA (Availability + Consistency 6e3 mogaep:Kku
Partition Tolerance), koraa JaHHBIC BO BCEX Y37aX KIACTEpa COTIACoO-
BaHbI ¥ JOCTYIIHBI, HO HE YCTOWYHBHI K PA3JCICHHIO. DTO O3HAYACT, UTO
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PEILTHKH OTHOW M TOH K¢ MH(POPMALUH, pacnpeIeiEHHbIC MO Pa3HbIM
cepBepaM APYT APYTY, HE MPOTHBOPEUAT APYT APYTY M TOO0H 3ammpoc K
pachpeacaHHON CUCTEME 3aBCPIIACTCS KOPPCKTHBIM OTKJINKOM. Takue
cucteMbl Bo3MOxHbI npu noanep:kke ACID-tpeGoBanmii k TpaH3ak-
M (ATOMapHOCTh, COTJIACOBAHHOCTH, H30JHPOBAHHOCTB, JONTOBCU-
HOCTh) M a0CONIOTHOM HaaexHOcTH cetH. Knmaccnueckum mpumepom
CA-crcTeMBl HAa3BIBAIOT PacnpeAcICHHYIO cIyk0y kKatamoros LDAP, a
TAKXKC PCIIAITUOHHBIC 6a3bI JAHHBIX.

CP-cuctema (Consistency + Partition Tolerance — Availability) B
KQKAbIH MOMCHT 00CCTICUHBACT LICJIOCTHOCTD JAHHBIX U CIIOCOOHA pado-
TaTh B YCJIOBUAX pacriaja B yI_uep6 AOCTYIIHOCTH, HC BblJaBasA OTKJ/IUK Ha
3ampoc. YCTOHUMBOCTE K Pa3JCICHHIO TPEOYET AyOIHPOBaHHS H3MEHE-
HHUH BO BCEX y371aX CHCTCMBI, YTO PECATH3YCTCS ¢ MOMOINBIO PACIpeac-
JEHHBIX MECCUMHUCTUYCCKUX ONOKHPOBOK IS COXPAHCHHS LEIOCTHO-
ctu. Io cytn, CP — 310 cHCcTEMa ¢ HECKOTBKMMHU CHHXPOHHO 0OHOBIISIC-
MbIMH MacTep-0aszamu. OHa BCErga KOPPEKTHO OTPadATHIBACT TPAH3AK-
LU0 TOJIBKO B TOM CIY4ac, CCIM M3MCHCHHS YAAIOCh PACHPOCTPAHUTD
no BceM cepBepam. CHCTEMa MPOJOIKACT KOPPSKTHO YMTATh JAHHBIC
JaKe MPU 0TKA3e OJHOTO U3 y3710B kinactepa. Ho B aTom ciayuae 3amuchk
Oyzaet oOpbIBATHCS WM CHIIBHO 33JCP’KUBATHCS, TIOKA CUCTEMA HE yoOe-
JUTCS B CBOCH LIEMOCTHOCTH U corjiacoBanHocTH. M3 NoSQL-CYB/]
CP-cuctemam mpuniato otHocutek Apache HBase, MongoDB, Redis u
JpyTHE.

AP-cuctema (Availability + Partition tolerance — Consistency) He
rapanTupycTt LHCIOCTHOCTL AAHHBIX, O6GCHC‘H/IBa}I UX OOCTYIMHOCTh U
VCTOMYHBOCTh K Pa3JCICHUIO, HAIPUMED, KaK B PacpeIciIéHHbIX BeO-
kamax u DNS. Cauraetcs, uto GonpunacTBo NoSQL-CYB/] oTHOCSTCS
K 3TOMY KJIacCy CUCTEM, 00CCIICUHBAs JTHIIb HEKOTOPOH YPOBEHB COTIa-
COBAHHOCTH JAHHBIX B KOHeUHOM cuete (eventually consistent). Takum
obpazom, AP-cuctema MOXeT OBITh MPEACTABACHA KIACTCPOM U3 HE-

CKOJIBKUX Y3JIOB, Kﬁ.)K,Z[beI U3 KOTOPBIX MOXKCT IMPUHUMATL JAHHBIC, HO
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HE 0043yeTCs B TOT XKE MOMCHT PACcTIPOCTPAHATE MX HA APYTHE cepBepa.
Takast cucTema OTJIMYHO CHPABJSICTCS ¢ OTKA3aMU HECKOJIBKUX Y3JIOB,
HO, KOTJa OHH CHOBA HAYMHAIOT PabOTaTh, BO3MOKHA BbIAAYA MOIb30BA-
TemsMm crapbix AaHHbiX. K AP-cuctemam otHocatr CoucheDB, Cassan-
dra, Riak, Amazon DynamoDB.

Ilpu Bce# MOHATHOM HA MEPBBIN B3I KOHLCIIIIUN TPOHCTBCHHOM
orpanuucHHOCTH, CAP-TeopeMy KpUTHKYIOT 3a 4pPEe3MEPHOC YIPOIIC-
HUC BKHBIX TIOHATHH, YTO MPUBOIUT K HCBSPHOMY MOHHUMAHHUIO TICPBO-
HAuYaNbHOrO CMBICTIAa Mozaenu. B pesymprare sToro, Teopema U3 cTpo-
roro, MaTCMaTHUYCCKU JOKA3AHHOTO YTBEPKACHHS MPEBPAINACTCS B Map-
KCTHHTOBBIM TCPMHH ¢ paciuibiBUarThiM cMbicioM. HauGonee siBHO 3TO
BBIPKACTCA B CICAYIOIIUX CIYYadX:

— COIVIACOBAHHOCTH B PC/MIMOHHBIX 0a3ax MAHHBIX KaK 4acTb

tpedoBanuii ACID k TpaH3aKLMOHHOH CHCTEME NOAPA3YMEBACT,
YTO B CUCTEME TPAH3aKUHUs (PUKCUPYET TOJIBKO JOIYCTHUMBIC Pe-
syaptarel. CoriacoBanHocTe B CAP osHaudaeT muHeapusye-
MOCTb, a H¢ (PHKCAIHIO 3aBSPIICHHON TpaH3aKkiuu. B peansHO-
CTH 3TO 3HAYHUT, 4TO UH(POPMALIKS BO BCEX PCILTHKAX, BKIHOUAS
K3LIUPOBAHHBIC JAHHBIC, MO/KHA ObITh OJHA U Ta ke. JlocTuub
3TOTO HE OYECHb MPOCTO;

— ONpEIENCHHE AOCTYHHOCTH HMEET ABE CEPhE3HBIC MPOOICMBI.
IlepBast — HET NOHATHS YACTUYHOHN JOCTYIHOCTH, WA KAKOH-TO
e€ cTerneHHU (MPOLICHTH HAIIPHMEP), & €CTh TOJBKO MOTHAS J0-
CTYMHOCTh. Bropas npodjieMa — HCOrPaHUICHHOE BPEMsI OTBETA
Ha 3ampocCkl, T.€. JAKE €CIIM CUCTEMA OTBEYACT Yac, OHA BCE e1é
JOCTYIIHA,

— yCTOHYHBOCTh K Pa3Ae/ieHHI) O3HAYACT, YTO AJISI CBSI3U HC-
MOJIb3YETCSI ACHHXPOHHAS CETh, KOTOPAs MOXKET TCPSITh MK 3a-
JCP>KUBATh COOOIICHMS, YTO XaPaKTCPHO AJIs JIFOO0H HHTCPHET-
CHCTCMBI.
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12.2.2 Anbrepuatusnbie noaxoasl. BASE. PACELC

IMockonbky maxe cam aprop CAP-TeopeMbl 0OTMEUACT €€ HECOCTOS-
TCIBHOCTD A1 OUCHKU COBPCMCHHBIX PACHPCACIICHHBIX CHUCTCM, 6I>I.]'II/I
IpC UIOKCHBI AIbTCPHATUBHBIC TTIOAXOABI. HaH6onee HU3BCCTHBIM IIOAXO-
nom cuntactcs BASE (Basically Available, Soft-state, Eventually con-
sistent) — 6a30Bast TOCTYITHOCTh, HCYCTOMYHUBOE COCTOSIHUC, COTIACOBAH-
HOCTb B KOHCYHOM CUETE. DTOT MOAXO K MOCTPOCHHIO PACIPEICICHHBIX
cuctem ObL1 chopmynuposan Bo Bropoii nonosuue 2000-x rogos.

BbazoBast 1OoCTYmHOCTh O3HAYACT, YTO COOH HA HEKOTOPHIX Y37Iax
OpUBCACT K OTKa3y B O6CJ'Iy)KI/IBaHI/II/I TOJBKO HC3HAYUTCIBHON YaCTH
CCCCHIA, COXPaHsIsl JOCTYIHOCTE B OONIBIIHHCTBE CIIy4acB.

HeycroitunBoe COCTOSIHUE MOAPA3yMEBACT BO3MOMXKHOCTh KEPTBO-
BaTh JOJITOBPEMCHHBIM XPAHCHHUECM COCTOSHHUS CECCHH (ITPOMEKYTOU-
HBIC PE3yIbTaTHl BHIOOPOK, HHPOPMALMA O HABUTALIMM U KOHTCKCTC) B
MOJb3y (GUKCAMU OOHOBICHHUN TONBKO KPUTHYHBIX OTICPALTH.

CormacoBaHHOCTE B KOHCYHOM CHUETE MPEATIOIAracT BOZMOKHOCTb
OPOTUBOPCUYUBOCTHU AAHHBIX B HCKOTOPBIX CIydadX, HO TapaHTHUPYCT
HUTOTOBYIO LICJIOCTHOCT HH(MOPMALMK B MNPAKTHICCKH 0003PHUMOC
BpEMSL.

Eme oxanM ampTepHATHBHBIM MTOIX0I0M K MTOCTPOCHHUIO Pacupeac-
neHHBIX cucteM cunrtaetcsa TeopemMa PACELC, BnepBric onmucaHHas B
2012 roay. Ona ocHoBana Ha moaeau CAP, HO, TOMHUMO COTTaACOBAHHO-
CTHU, JOCTYIMTHOCTHU U YCTOI\/'I‘H/IBOCTI/I K pasaCICHUIO TaKXKC BKITHOYACT BPC-
MeHHY0 3aaepkky (L, Latency) u norugeckoe HCKITIOUECHHE MEXKIY CO-
YCTAHUAMH 3TUX MOHATHH.

Cornacno PACELC, B cayuae cereBoro pazaencuus (P) B pacmpe-
JCJICHHOH cHCcTEME HEOOX0ANMO BEIOHPATh MEXAY AOCTYITHOCTEIO (A) 1
corsiacoBanHocThIO (C), kak u B CAP- teopeme, HO B octanpHOM (E,
ELSE), nasxe mpu HOpMaibHOMH paboTe CUCTEMBI 0€3 Pa3ACICHHUS, HYKHO
BBIOHMpaTh MEKAY 3aaepkkoi (L) u cornacoBanHocThio (C).
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B noruueckom soipaxkennn PACELC GopmynupyioT cieayomum
obpazom:

IFP —> (Cor A),ELSE (CorL).

Takx PACELC pacwmupsier u yrounsier CAP-reopemy, pernameHTH-
Py HCOOXOAMMOCTb MOUCKA KOMIIPOMHUCCA MEIKAY BPEMCHHOI 3a1epK-
KOH M COrJIAaCOBAHHOCTBIO JAHHBIX B PACIPEACICHHBIX CHCTCMAX.

CoOCTBEHHO, BCE 3TH MOAXOIBI TOBOPAT, UTO HMOCTPOUTH HICATb-
HYIO CHCTEMY HECBO3MOXKHO, YCM-TO PUXOIUTCS JKCPTBOBATE.

248



13 JOKYMEHTOOPHUEHTHUPOBAHHASA CYBI MONGODB

Paccmotpum NoSQL CYB/I Ha npaxTuke Ha npumepe CYBJ] Mon-
goDB [8, 9]. MongoDB — 310 kpoccruathopMeHHas AOKYMECHTOOPHCH-
tupoBanHas 6a3a naHHeix NOSQL ¢ oTkpeiThiM HexoaHbiM KOgO0M. OHa
HE TPEOYET OMUCaHUs CXeMbI Ta0NuIl, Kak B peasiuonneix bJl. Ilanxsie
XPaHATCA B BUAC KOJIICKIMHA U JOKYMEHTOB, JOKYMEHTBI XPaHATCS B OU-
HapaoM JSON-moxo6HOM dopmare.

OcHoBHBIMH BO3MOXHOCTIMH MongoDB gsnsroTes:

— NOAJCPXKKA 3aMpOCOB MO 3HAYCHUAM MOJCH TOKYMEHTA, B T.U.

MOJACPIKKA 3aIPOCOB € HCTIONBb30BAHUEM PETI'YISAPHBIX BBIPAKCHUI,

— NOAJACPXKKA WHACKCALMH JAHHBIX, BKIIOYAs BTOPUYHEIC HH-

JCKChI, YHUKAIBHOE, COCTABHOEC, ICONMPOCTPAHCTBCHHOE M IMOITHO-

TEKCTOBOC MHICKCHPOBAHU;

— NOAJCPIKKA PEILTHKALNH, TO €CTh PadoTa ¢ ABYMS HIIH Honee Ko-

MUSIMH JAHHBIX Ha pa3auyHbixX y3nax. Kaxaprid skzeMmap Habopa

PCILTHK MOKET B TF0O0H MOMEHT BEICTYIIATh B PO OCHOBHOW HITH

BCTIOMOTATEIbHOU peruiuky. Bee omepanuu 3amvick B 9TCHHUS IO

YMOTIAHUIO OCYIICCTBILIIOTCA ¢ OCHOBHOM permmukoil. Becomora-

TENBHBIC PEIIMKH MOAACPKUBAIOT B AKTYAIBHOM COCTOSTHUH KOTTHH

JaHHBIX. B cnywae, kxorja ocHOBHas peruiika gact cOOH, cucreMa

MEPEKIIOYACTC HA BTOPOCTCIICHHYIO. BTOpOocTenIeHHbIE pemuKu

MOTYT JOMOJHHUTEIBHO SIBIATHCH HUCTOYHUKOM ISl OTIEpanyil ure-

HHUS,
— NOAJCPXKKA TOPH3OHTAIBHOTO MacIITabHPOBAHHS, HCIIONB3YS
TEXHUKY CETMCHTHPOBaHHS OOBECKTOB 0a3 JaHHBIX — paclpenace-
HHE UX YacTCH MO pa3inH4HbIM y3laM knactepa. braarogaps tomy,
YTO KKABIH y3€I KJIAcTepa MOXKET NPUHUMATH 3ampockl, o0ecre-
YHBACTCS OanaHCHPOBKA HArpy3ku. CEerMEHTHPOBAHHEM SIBISCTCS
OCHOBHBIM BaXXHBIM AocTonHCTBOM MongoDB nepen pemsmmon-

HBIMU PCHICHUAMMU,
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— mojacprKka arperanus JaHHeIX. MongoDB moanep:kusacT aHa-
aor SQL-eeipaskenust GROUP BY a1t arperaiuy JaHHBIX U MPEAO0-
craBmseT (PPEHMBOPK TS arperaiuu Ha 0a3e KOHIUCTILMKA KOHBEHEC-
poB 00paboTku gaHHBIX. Kpome Toro, moaaep:KuBacTCs napaaurmMa
MapReduce.

K meaocratkam MongoDB M0XHO OTHECTH CIIEAYIOIIHE:

— OTCYTCTBHC CXEMBI, UYTO YCIOXKHICT pa3pabOTKy THIIOBBIX IPH-
aoxeHui. Teneps KOHTPOIUPOBATE CXEMY JOKYMEHTA HEOOX0IUMO
B npunoxennn. Kpome Toro, 310 yBeanuuBacT o0bpEMBbI 0asbl, T K.
KQKABIH JOKYMEHT KPOME CBOUX JAHHBIX, XPAHUT TAKKE UMCHA T10-
TICH,

— orcyrctBre JOIN U Kak PeIICHUE 3TOU MPodIEMBI — JeHOPMA-
auzaims. Kaxxapiii JOKYMEHT XpaHUT BCKO HEOOXOonumyro wH(OP-
Maruio B ce0e, 3a4acTyio ny0aupys AaHHbIC. Bo3MOXHOCTH ACHOD-
MaJH3alUA OPU 3TOM OTPAHHYUBAIOTCSA PA3MEPOM JOKYMCHTA
(16 M6 mo ymonuanuto). CymectByromuii anaaor JOIN — onepa-
TOp $1ookup — He paboTacT Ak CErMEHTUPOBAHHBIX KOJUTCKIIHIA;
— B MongoDB nobasnieHa moaep Kka TPaH3aKLUKH, VI0BICTBOPSI-
romux TpedoBanmusam ACID — atomapHOCTB, COracOBAHHOCTD, H30-
JAUPOBAHHOCTh, HAACKHOCTh. (OJHAKO 3aSMBJCHHAS MOAICPIKKA
TPaH3aKLKH OTPAHUYCHA, U BHITIOTHCHUE TPAH3AKIIHI 3aHUMACT OT-
HOCHTEIbHO MHOT'O BPEMCHH HAa CEIMCHTUPOBAHHBIX KOJUTCKIIASX.

13.1 OcHoBHbBIE IOHATHSH

JlokyMeHT — 3TO yIOPSIOUCHHBIN HAOOP KIKYCH CO CBSI3aHHBIMH

snaucHusIM. JIokyMEHT mpeacrasisier coO00H OCHOBHYIO CAUHHUILY TAH-

HBIX B MongoDB n npHOAM3HTEFHO 3KBUBATICHTCH CTPOKE B PEILALIU-

OHHOM CHCTEME VITPaBICHUS 0a3aMu JaHHBIX.

Kosutekuus — 310 rpymnmna 10KyMEHTOB. AHAJIOTHYHO, KOJUTCKIHIO

MO3KHO PaccMaTpHBaTh Kak TaOIULy ¢ AUHAMHICCKOW CXEMOH.
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Bba3za gaHHBIX — 3TO rpynna KOIEKINH.

Kak u B pemsmpionnsix CYB/, oann sx3emmap MongoDB moxet
COJepKaTh HECKOJIBKO HE3aBUCHMBIX 0a3 JaHHBIX, KAXKAAsS U3 KOTOPBIX
COJEPIKUT CBOU COOCTBCHHBIC KOJUICKIIHH.

V KaKI0ro JOKYMCHTA CCTh CHCHMATBHBIN KITIOY «_1d», KOTOpBIK
SIBIIETCS] YHUKATBHBIM B PAMKaX KOJUTCKIIHH.

CooTBEeTCTBHEC OCHOBHBIX TNOHATHH B pemamuoHHBX CYBJ u

B MongoDB npencrasneso B tabnune 13.1.

TaGmura 13.1. OcHoBHBIe nTOHSATHS MongoDB

Peaxsmmmmonnan CYB/] | MongoDB

basza maHHBIX baza maHHBIX

Tabmmua Konmexmusa

Koprex / crpoka JoxymeHT

Cronben [Mose

[NepBr4HbIi K0T [NepBu4HbBI KIFOY (KIFOY 110 yMOTHaHMO _id)

13.2 Tunbl AAHHBIX

Hoxymentsl B MongoDB moxkHO paccmarpusate kak «JSON-mo-
JOOHBICY B TOM CMBICIC, YTO OHHM KOHIICTITYaJbHO TIOXOKH Ha
JSON-oGwekTor. JSON noaaeps;kuBact null, JOrHUCCKUHN TUI JAHHBIX,
YHCIO, CTPOKa, MaccuB U 00wvekT. MongoDB nobGaenser mopaepkky
pAia JOTIOTHUTEITBHBIX THIIOB JAHHBIX, COXPAHSASA MPH 3TOM HOTAIHIO
Thmna «kad/3HaucHue» B JSON.

HawuGonee pacmpoctpaneHHbie Tvnbl AaHHbeX B MongoDB mpea-
cTaBiIeHsl B Tadaune 13.2.
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TaGmura 13.2. Tursl gaasx MongoDB

Crennpurxanusi Ommcanne

Null Null MOXHO HCIIONB30BaTh JUEI 0003HAUYEHUS KaK HyJIEBOTO
3HAUYEHV, TaK ¥ HECYIECTBYIOMIEro Mo { "x" null}.

Jlormueckuii Tvin | THIT JaHHBIX, KOTOPBIA MOXKHO UCIIONB30BATh LT 3HAUECHUI
trueu false: {"x" true}.

HucnmoBoit THIl ITo ymomiaH!IO HCTIONIB3YIOTCS 64-CUTHBIE YHCTIa C IUIaBako-
el Toukoi: {"x" 3.14}, {"x" : 3}.
JU1s1 XpaHeHWs TIENBIX YHCEN UCIIONb3YIOTCS KIacchl Numbe r—
Int wm NumberLong, KOTOpble 0003Ha4YaroT 4-0aifiToBbIe
WM 8-0alTOBBIE IIENBIE UKCIIA CO 3HAKOM COOTBETCTBEHHO.

CTPOKOBBIN THIT Ctpoxka cuMBOIIOB B KojupoBke UTF-8 mMoskeT ObITh IpejicTaB-
JIEHA ¢ ACTIOb30BAHUEM CTPOKOBOTO THIIA:
{"x" : "foobar"}.

Jata Jlata xpanutcs B Bujie 64-OUTHBIX II€TIBIX YHCET, 0003HAYA0-
TIX MIJDIACEKYHIBI ¢ MOoMeHTa stroxu Unix (1 sBapst 1970
r.). YacoBoii rosic He coxpansiercs: {"x" new
Date () }.

Maccus HaGops! wim crmcku 3Haue€HUA MOTYT OBITh IIPEJICTABICHEI B
BHIE MaccuBoB: {"x" : ["a", "b", "c"]}.

BrnoxeHHe1it JIOKYMEHTEI MOTYT cOJIepKaTh BIOKEHHBIE JJOKYMEHTEBL:

JOKYMEHT {rx" {"foo": "bar"} }.

Wnentuduxarop Wnentudukatop o6nekta — 310 12-6afiTOBBIN UASHTUPHUKATOP

00BeKTa JUIL JOKYMEHTOB: {"x" ObjectId ()}.

JIBonuHbBIC .
JIBOWUHEIE JaHHBIE — 3TO CTPOKA U3 IIPOU3BOJIEHBIX OaliTOB.

JIaHHbIE

Kon MongoDB Taxke 1o3BossieT XpaHUTh [IPOU3BOILHBIN KOJT
JavaScript B 3arpocax U JJOKyMEHTax:
{"x" function() { /* */ }}.

13.3 Co3gaHue J0KYMEHTOB

BcraBka — ocHOBHOUM MeTon AoOaBjicHus maHHBIX B MongoDB.
OCHOBHBIC METO/TbI JOOABICHUE JAHHBIX NEPSUUCICHBI B Tabnuue 13.3.
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TaGmura 13.3. MeTo1p1 cO3/[aHUS TOKYMEHTOB

MeTtoa Omincanne
db.collection.insertOne ( JoGasnenue oHOro I0Ky-
<document> MEHTA B KOJUICKITHAIO
I
( collection.
writeConcern: <document>
}
)
db.collection.insertMany ( JloGaBieHne HECKOJIBKHX

[ <document 1> , <document 2>, HAOKYMEHTOB B KOJIICKIHIO

] collection.
I

writeConcern: <document>,

ordered: <boolean>

UroObl BCTABUTH OUH JOKYMECHT, HCIIOIB3YETC METO, KOJIICKIIMN
insertOne. Metox n100aBHUT B JOKYMEHT K04 « _id» (ecam ero He
VKa3aJId SIBHO) U COXPaHUT JOKYMEHT B MongoDB. Ecin xonnexmus He
CYIIECTBYET, OTICPAITHH BCTABKH CO3AAAYT KOUIEKIIHIO.

IMapamerp writeConcern — ONIHOHAIBHBIH, TO3BOJSIOIIHI
V3HATh, VCIICIIHO T 3aBEPIINIACE ONICPALUI BCTABKH, B T.U. MOATBEP-
JUTach 3aITUCh B HECKOJIBKO PETLIHK.

Ecnn HeoOX01UMO BCTaBUTh HECKOIBKO JOKYMEHTOB B KOJIICKLIHUIO,
MOKHO HCTIONTBb30BaTh METOJ 1 nsertMany. DTOT METO MO3BOJIICT I1c-
peaaBaTh MacCUB JOKYMECHTOB B 0a3y JaHHbIX, 4To 3¢ dekTrBHee 100aB-
JICHUE JOKYMCHTOB IO OJTHOMY.

OnuronaneHeli mapaMeTp ordered MO3BONSCT VKA3BIBATH, HC-
MOJIb30BATh YIIOPAXOUCHHOE MM HEYIOpsA0UcHHOEe qobasneHue. Ecau

YKa3aHO 3HAYCHHE t rue (3HAYCHHE MO YMOTIAHHUIO), TO JOKYMCHTHI OY-
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OyT 100aBIATRCS B yKazaHHOM mopsake. Takke, ecnu jobaBneHue Mac-
CHBA JOKYMCHTOB 3aBCPLIUTCS C OITHOKOW BCTABKU HA KAKOM-TO JOKYV-
MEHTE, HU OUH JOKYMEHT 32 HPEACIaMH 3TOH TOUKH B MAacCHBE HE OV-
JET BcTaBleH. B ciyuae ¢ HeymopsanodeHHBIMHE BeTaBkamMu MongoDB
MOMBITACTCS BCTABUTH BCC JOKYMEHTBI HE3aBUCHMO OT TOTO, IPHUBOST
JI¥ HEKOTOPBIC BCTABKH K OIIHOKAM.

PaccmoTpum npumep nobaBiaeHUS JOKYMEHTA!

use db lectures

db.products.insertOne( { item: "card", gty: 15 } );

B npumepe cHauana cosgaetcs 6aza qanabix db lectures. Bor-
Audaue oT TUHHYHBIX pestuuoHHbix CY B, 1715 3T0T0 HE HCMOIB3yeTCs
crenuaabHeIM oneparop CREATE DATABASE, a IpOCTO YKa3bIBAETCA,
YTO HECOOXOAMMO KCIIOB30BATh 0a3bl JaHHBIX KOMaH0u use. Ecnu ta-
KO 0a3kl HE CYLIECTBYET — OHA OyIeT co3aaHa. Jlanee, ¢ HConb30BaHUE
KOMaHAbl insertOne nqo0aBIsIeTCsS OJUH JOKYMEHT C MOJSIMH 1tem u
gty B Komekmuio products. Ecnu komiekuns He CYIIECTBYCT — OHA
Ovaet cozmana. T.k. uaeHTHdUKATOP OOBEKTA SBHO HE YKA3BIBANICS, OH
ovaet cozaan camoit CYB/I.

13.4 Bei6opka 10KyMeHT OB

13.4.1 Ba3oBbIil CHHTAKCHC

OCHOBHOH METOJ, UCMOJIb3YSMBbIN i BRIOOPKH JAHHBIX H3 KOJI-

JIeKIUU — 310 MeTox £ind:

db.collection.find(query, projection)

MeTo mprHAMAET ABa ONIIHOHANBHBEIX MAapaMeTpa: query, KOTo-
PBIH onpeaesIeT VCIoBHs GHIBTPALHH JOKYMEHTOB € HCIIOIb30BAHUECM

OIEPATOPOB 3a1poca, U projection, onpeacadromuii nos, KOTOPbIE

254



JOJDKHBI BO3BPAIIATHCA B JOKYMEHTAX, COOTBETCTBYIOIHX (QHUIBTPY 3a-
mpoca. MeTon Bo3BpainacT Kypcop (MIu yKa3are/ib) Ha BRIOPaHHbIC J0-
KYMCHTBI.

Hns BeIOOpa BCEX MOKYMEHTOB KOJJICKLMH HCIOIB3YETCS METOX

find ¢ nycTHIM JOKYMEHTOM-(QUIBTPOM:

db.inventory.find( {} )

Takoit Be30B MeTona f£ind sksusajienten SQL-zanpocy cienyro-
IIETO BUAA!

SELECT * FROM inventory;

PaccmoTpum, kak GUIbTpOBATE ZOKYMEHTHI C HCTIOTB30BAHUCM I1C-
peMeHHOU query. s dunbTpanmn JOKYMEHTOM HCIIOTIb3YIOTCS YCII0-
BH3I CJICAYIOLIErO BUAA:

{
<fieldl>: <valuel>,
<field2>: { <operator>: <value> },

B ycnoeuu dunmeTpanyu none JOKYMEHTA THOO SIBHO CPAaBHHBACTCS
CO  3HAUCHHEM,  WCIIONB3YS  CHHTAKCHYECKYID  KOHCTPYKIIHIO
<fieldl>: <valuel>, 1u00 JOMOJHUTEIBHO HUCIOJIB3YIOTCS OTIC-
paTopel  CpaBHEHHs  4Yepe3  KOHCTpykmuro <field2>: {
<operator>: <value> }.

OauH JOKYMCHT, OMUCHIBAOIIUHN 3anpoc HUIbTPALMH, MOXKET CO-
JIepkaTh HECKOJIBKO VCJIOBHM. B kauecTse omepaTtopa B 3ammpoce MOTyT
HCTIOIB30BATHCS ONEPATOPBI CPABHEHHUS, JIOTHUIECKUE OTIEPATOPHI, OTIe-
paropel paGoTH ¢ moxaMu B MaccusaMu. B MongoDB ucnone3ayrorcs
CTaHIAPTHBIC ONEPATOPH! CPABHCHUS, MPEACTABICHHBIE B Tabmnuue 13.4.
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TaGmura 13.4. OniepaTopsl CpaBHEHUS

Omneparop Onucanne

Seq Pasuo (=).

$ne He pasmo ( !=).

Sgt bompure ( >).

Sgte Bospiie wiam pasHo ( >=).

slt Memnbime ( <).

Slte MeHbLe 1 paBHo (<= ).

$in CooteeTcTBHE XOTS OBI OTHOMY 3JIEMEHTY MACCHBA.
$nin HecooTBeTCTBHE HE OTHOMY DJICMEHTY MACCHBA.

Taxoke ONOAACPKUBAKOTCA CTAHAAPTHBIC JIOTUUCCKUC OIICPAaTOpPBhI,

npeacTaBicHHbIC B Tabauie 13.5.

TaGmura 13.5. Jlornyeckue orepaTophl

Omneparop Onucanne

Sand Jlormueckoe H.

Sor Jlormueckoe MJIH.

S$Snot Jloruueckoe OTpULIAHUE.

S$nor Jlormueckoe HE-UJIW. Bo3Bpamaer Bce JOKYMEHTBI, KOTO-
PBIE HE COOTBETCTBYIOT O00MM IPEJIOKEHISIM.

Kpome Toro, moaacp:KuUBarOTCA ONMCPATOPHl MPOBCPKH HA CVINC-

CTBOBAHUC YKA3aHHOTI'O IOJA B JOKYMCHTC, IPOBCPKU TUIIA MOJIA JOKY-

MEHTA, a TaKXKE MOUCKA ¢ HUCIONb30BAHUEM PErY/SPHBIX BBIPAKCHUMU
(rabnuua 13.6).
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Tabmma 13.6. Onepatopsl QUIBTpAIN HIIEMEHTOB

Omneparop Onucanne

Sexists Bo3Bpamaer JOKyMCHTBI, KOTOPBIC COACPKAT YKA3AHHOC

ToJIe.
Stype Bo3sBparmaer JOKYMCHTBIL, €CITH TIOJIC IMCCT YKA3aHHBIH THIL.
Sregex Bo3sBpamaeT JOKYMCHTBL, 3HAUCHHUS TOJICH KOTOPBIX COOT-

BCTCTBYIOT YKA3AaHHOMY PCTYJLIPHOMY BBIPAKCHHIO.

OcHoBHBIC omepaTopsl (PUIBTPALIMH MO VCIOBHAM HA IMOJA-MAC-
CHUBBI IIepeuucicHbl B Tabmune 13.7.

Ta6mmra 13.7. Onepatopsl QUIHTPAI HIIEMEHTOB

Omneparop Onucanne
Sall Bo3spamaeTr JOKyMEHTBI, MACCHBBI KOTOPBIX COACPIKAT

BCC JJICMCHTEL, YKA3aHHBIC B 3aITPOCE.

SelemMatch Bo3pamaeTr JOKyMEHTBI, €CITH 3JIEMEHT MOJISI-MAaCCHBA
COOTBGTCTByeT BCCM YKaSaHHBIM yCJ'IOBI/I}IM.

Ssize Bo3sparmaer ToOKyMEeHTBI, €CTTH IOJIC-MAaCCHB HMECT YKa-

3aHHBIH pa3Mep.

PaccmoTpum npumepst dunsTpanmu JokymeHToB. Haunewm ¢ 6azo-
BOM CHHTaKCHYCCKOH KOHCTPYKIIUH JOKYMEHTa-(QUIbpTpa
{<fieldl>: <wvaluel>}, T.c. IPOBEPKA OCYLICCTBISICTCS MO COB-

MAJCHHUIO 3HAUCHUS OIS U HCKOMOTO 3HAUCHUA .
db.inventory.find( { status: "D" } )
B IPUMEPE OCYINCCTBIACTCS BbI60pKa JOKYMCHTOB YKa3aHHOTI'O

craryca. YKa3aHHbIH 3anpoc 3keuBaicHTeH SQL-3ampocy ciaeayiomero
BHA.

SELECT * FROM inventory WHERE status = 'D';
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Bomnee caoxKHBIC 3aTTPOCH HCHOIB3VIOT OMEPATOPH B KOHCTPYKIIAH
{<fieldl>: { <operatorl>: <valuel> }, ... }:

db.inventory.find( { status: { $in: [ "A", "D" ] }
)

B mpriMepe oCyIECTBICTCS MOUCK JOKYMEHTOB, CTATYCHI KOTOPBIX
pasubl A win D. B SQL 3ampoc BeIrIsiae Obl CIe Ay FOIuM 00pazom:

SELECT * FROM inventory WHERE status IN ('A', 'D');

Ycnosus QunbTpanuy MOryT 0OBEAHHATBCS, HAPHMED:

db.inventory.find( {

status: "A",

Sor: [ { gty: { $1t: 30 } }, { item: /"p/ } 1
P

Uro skBuBanentHo SQL-3anpocy:

SELECT * FROM inventory
WHERE status = 'A' AND (gty < 30 OR item LIKE 'p%'):;

I[J'IH (I)I/IJ'ILTpaLII/II/I JAOKYMCHTOB IIO BJIOKCHHBIM IIOJISIM HCIIOJIb3Y-
CTCSL TOT KC MOAXOA, KOTOPBIN mpumeHsuics mnpu padore ¢ JSON-
JAOKYMCHTaMU B PCIIALTUOHHBIX 6333 JAHHBIX. ECJ'II/I HCO6XO,Z[I/IMO npumce-
HHUTb YCIOBUE HA BIOKCHHOC MOJIC UOM MEPEMEHHON size, To Gunbtp

OVJCT BBITISIACTD CICAYIOIUM 00pa3oM:

db.inventory.find( { "size.uom": "in" } )

ITo ymomuanuro 3anpocst B MongoDB Bosepammaror Bee 1o B co-
OTBETCTBYIOIIUX NOKYMEHTaX. YTOOBI OrpaHHYIUTh 00BEM JAHHBIX, KO-
topeie MongoDB oTnpasnseT mpHIoKEHIIM, MOYKHO UCIIOTb30BATh Ta-
pameTp projection, yToObl YKa3aTh WIN OTPAHUYUTH BO3BPAINACMBIC

TI0JIA.
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IMpockums MOXET SBHO BKJIIOYATH HCCKOJIBKO TOJICH, YCTAHOBHB
JUIS TIOJIST 3HAYUCHUE | B JOKYMCHTC MPOCKIINH.

Creayromas ornepaiys BO3BPALIACT PE3YIbTUPYIOIIUEI HA0OP, KOTO-
PBIH COAEPIKHT TOIBKO oA 1 tem, status u, no ymodanmo, mojge  id:

db.inventory.find( { status: "D" } ,
{ item: 1, status: 1 } )

T.e. ator npumep ananorunucH SQL-3anpocy creayoimero Buaa:

SELECT id, item, status
FROM inventory
WHERE status = 'D';

13.4.2 MeTtoap1 Kypcopa

MeTtopa f£ind Bo3Bpamaet Kypcop — T.€. yKa3areab Ha Habop AOKy-
MCHTOB, KOTOPHIC VIOBJICTBOPSIOT YCIOBHIO MOUCKA. Y PE3VABTHPYIO-
CTro KypcCopa MOXKHO BBI3BATH MCTOABI AJIsI COPTUPOBKU, OI'PAHUUCHUA
qUCIa BO3BPAIIACMBIX 3amuccH M Apyrue. YacTe OCHOBHBIX METOIOB
mpuseacHa B Tabnuue 13.8.

TaGmra 13.8. MeToap! Kypcopa

Omnepatop Onmncanune

cursor.count () W3mMensieT xypeop, 4ToOB OH BO3BpaIall KOJIUIECTBO JI0-
KyMEHTOB B PE3yJILTUPYIOIIEM HaOope, a HE CaMHU JIOKY-
MEHTEL

cursor.limit () OrpaHd4HBacT pa3Mep pe3yibTUPYIOEro Hadopa.

cursor.map () TIprmensieT PyHKITIO K KaXkA0MY JOKYMEHTY B Kypcope U
BO3BpAaIllaeT IIOTyYeHHBIE 3HAUEHN B BAJIE MACCHUBA.

cursor.fo- TTprmenser JavaScript-QyHKIIO K KaxkI0My JOKYMEHTY B

rEach () Kypcope.

cursor.skip () Bospparaer kypcop, KOTOPBIM HAUMHAET BO3BpAIlaTh pe-

3YJILTAThI TOJILKO ITOCIIE IIPOITYCKa Ha6opa JOKYMEHTOB.

cursor.sort () Bospparaer 1oKyMeHTEI, YIIOPSIOUSHHbBIE B COOTBETCTBUN
CO crienpuKaIei COpTUPOBKL
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B crneayiomem npumepe BEHIOGHpPaIOTCS ABA JOKYMCHTA, HAYHHAS C
gersepToro. HaGop A0KyMEHTOB IIpH 3TOM COPTHPYETCS C HCTIOIB30Ba-

HHEM (PYHKIHHA SOrt:

db.inventory.find( {} )
dimit( 2 ) .skip( 3 )
.sort( { item: 1, gty: -1 } )

OyHkua sort nNpuHEMaeT AOKYMEHT — Habop map Tumna
«KITIOY/3HAYCHUEY, TAC KIMIOYH — 3TO UMCHA MOJCH, a 3HAUCHHUS —
HANpaBJICHU COPTUPOBKH. HampasneHue cOpTHPOBKH MOXKET ObITh |
(o Bospacranuio) unu —1 (o yOwsiBanmio). ECiu yKazaHO HECKOIBKO
KIIOYCH, Pe3yibTarl OYAVT OTCOPTHPOBAHBI B YKA3aHHOM IMOPSIKE.
B mpumvepe TOKYMEHTBI COPTHUPYIOTCS MO HA3BaHUIO (Hojie item) mo
BO3PACTAHHUIO U 110 HOMI0 gty Mo yOBIBAHHIO.

Kpome Toro, MOXKHO MPUMEHHUTE K KOKIOMY JOKYMCHTY B HaOOpe
HEKOTOPYIO (YHKLHUIO H BEPHYTh PE3yIbTAT MPCOOPa30BaAHHSI C HCIIOb-

30BaHKMCM (QYHKIHH Map:

db.products.find( ).limit( 5 ).map( function(p) {
return p.item + '/' + p.qgty }

B ngannom cioyuae B pyHkuuio map nepeaactces JavaScript QyHK-
oy, KOTOpad NPUHUMACT JOKYMCHT O U BO3BPAIIACT CTPOKY — HA3BAHUC
TOBapa/KOIM4IecTBO. Pe3ynprar BO3BpaIacTcst B BUAC MACCHBA.

13.4.3 Arperauust JaHHbIX

Onepauuu arperaiiuy JaHHBIX 00padaThiBarOT HAOOP JOKYMCHTOB
¥ BO3BPAINAIOT PE3y/abTaThl OOpPaOOTKH. Arperamus JAHHBIX MOMXKET
OBITh HCIIOIB30BaHA IS

— TPYHNUPOBKH 3HAYECHHU U3 HECKOJIBKUX JOKYMEHTOB;
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— BBIMTOTHCHMS OTICPAITHH HAJ CTPYIIMPOBAHHBIMH JAHHBIMU JUTS
MOJTYYICHHS ¢THHCTBCHHOTO PE3YJIbTaTa;

— aHaM3a U3MCHCHMS JAHHBIX B TCUCHUC OTPEICICHHOTO TIPOME-
JKYTKA BPEMCHH.

Jliis arperaiiii JaHHBIX WCTIOB3YFOTCS:

— KOHBCHCPHI arperaiui, KOTOPBIC ABJSIOTCS MPEATOUTHTSTBHBIM
METOJIOM arperupoBanms naHHbIX. KoHBelep arperaiuu BoIOU-
pacT JaHHBIC M3 KOJICKIIMH W TPOIMYCKACT JOKYMCHTHI dYepe3
OJIMH HITH HECKOJIBKO ITATIOB, KAKIBIH U3 KOTOPHIX BHITIONHACT
CBOIO OTICPAIIHIO;

— METOMBI arperaryu, KOTOPHIC MPOCTHI, HO JTUINCHBI BO3MOMKHO-
CTEU KOHBEMEpa arperaium.

IpocTeic MeTOABI arperarpiv OOBEAUHIIOT TOKYMCHTBI M3 OJHOM

KOJUTeKITHH (Tabmwmia 13.9).

TaGmuira 13.9. MeTo i1 arperaruu JJaHHbBIX

Omneparop Onucanne
db.collection. Bo3spamaer nprOMH3ATEIEHOE KOTHYC-

estimatedDocumentCount () CTBO AOKYMCHTOB B KOJIUJICKIIMH WJIH IPCIa-

CTABJICHHUH.

db.collection.count () B03Bpal.uaeT KOJTHICCTBO JOKYMCHTOB B
KOJUICKIWH UTH MPCACTABJIICHUH.

db.collection.distinct () | BO3Bpamaer MacCHB JOKYMEHTOB, KOTO-
PBIC HMCIOT PA3JIHYHBIC 3HAYCHUS TS
YKA3aHHOTO MO,

Hanpumep, 4ToObl BEIOpaTh BCE CTATYCH JOKYMEHTOB H3 KOILICK-
uuu inventory 0€3 MOBTOPEHUM, MOKHO BOCIIOIB30BATHCS 3APOCOM
CIICAVIOIIETO BHJA:

db.inventory.distinct( "status" )
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Peayaprarom paboTel OyACT MACCHB, COACPKAIINI 3HAYCHUS CTa-
TycoB. DkBuBAICHTHBIH SQL-3ampoc umeer cneayoimui BUA;

SELECT DISTINCT status FROM inventory;

OnxHako mPOCTHIE METOABI arperalyy He MOT'YT 00CCIICUNTh BHITION-
HEHUE CIOXKHBIX 3alPOCOB aHANIN3a JAHHBIX, IO3TOMY OCHOBHBIM CIIO-
co0OM arperanvil JaHHBIX SBIICTCSA HCIONB30BAHUEC KOHBEHepa
arperanuu.

Konsetiep arperariiii COCTOUT M3 OJHOTO WIJIM HECKOIBKUX 3TAaIOB
00pabOTKH TOKYMECHTOB:

— KaKIBIH 3Tal BBHITIOMTHIET ONIEPALIHIO HAJ BXOJHBIMH JOKYMEH-
tamu. Hanpumep, Ha sTane MOKeT NMPOUCXOIUTh (QUIBTpaLusL
JOKYMEHTOB, TPYIIITHPOBKA JOKYMEHTOB 1 BEIIHCICHHE HEKOTO-
PBIX 3HAUYCHHH;

— JOKYMCHTHI, MTOMYICHHBIC KaK Pe3yJabTarT padoTHl 3Tamna, mepe-
JA0TCA Ha CJIEAYIOLUH dTarl;

— KOHBEHEp arperaliy MOXKET BO3BpaaTh PE3yJIbTaThl AJIsI FPYIIL
JOKYMEHTOB, HANPUMEDP, BEPHYTh CPEAHEE, MAKCHMAIbHOE H
MHUHUMAaJIBHOE 3HAUCHUS,

— HaumHag ¢ MongoDB 4.2, xonBeliep arperauu MOJKET UCTIONb-
30BaThCs A OOHOBICHHS JOKYMCHTOB.

Jitg arperanpm JaHHBIX M3 KOJUIEKIHH collection Hemome3y-

eTcs MeToJ aggregate, KOTOPHIH TPHHUMAST JBa IapaMeTpa:
pipeline — mocaeAOBaTENbHOCTh ONEPALIMM WIN 3TANOB arperaiuu

JAHHBIX, U options — IOMOJHUTEIBHBIE TAPaAMETPHI METOA:

db.collection.aggregate (pipeline, options)

B 6azoBoM BapuaHTe UCMONB30BAHUS B METOA aggregate HEoO-

XO0AuMO mepcaarb MacCuB stage — 3TaloB arperanuuu:

db.collection.aggregate( [ { <stage> }, ... 1 )
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Yacte oneparopos arperaiyy JaHHbIX MpeacTasicHa B Tadaue 13.10.

TaGmura 13.10. OnepaTopsl arperaiyy JJaHHBIX

Omnepatop Omnucanne

Scount Bo3spparmaeT koIM4ecTBO JIOKYMEHTOB Ha JIAHHOM 3Talle KOHBEH-
epa arperarym.

Sgroup I'pymmmpyeT BXO/HBIE JOKYMEHTHI 110 YKa3aHHOMY BBIPaKEHUIO-

UAeHTUUKATOPY U IIPUMEHSIET BBIPaKEHUA-aKKY My ISITOPBI, €CIIH
OHM YKa3aHBI, K KaXJJOH IpyIiIie. BRIBOMT 110 OJHOMY JJOKYMEHTY
TV KaKJI0H OT/IENBHOM IPYyINIBL. BBIXOJHBIE JOKYMEHTHI COJEp-
KaT TONBKO IOJIE-UJEHTU(PUKATOD U, €ClM YKa3aHO, IOJI-aKKy-
MYJSITOPBL.

$limit IlepemaeT iepBhIe n JOKYMEHTOB 6e3 M3MEHEHMI B KOHBewe, Tie
n - yKazaHHOoe orpaHuveHwe. JITIs1 KayKIoro BXOIHOTO JOKYMEHTa
BBIBOJUT JUOO OJUMH JOKYMEHT (JUI1 IIEPBBIX N JIOKYMEHTOB),
TO0 HOJIb JJOKYMEHTOB (TIOCIIE MIEPBBIX N IOKYMEHTOB).

S lookup BrmtonmsieT neBoe BHeIHee COCIMHEHUE C JIPYT'OU KOJUICKITUEU B

Toi1 ke Oa3e JaHHBIX, YTOOBI QUIBTPOBATH JOKYMEHTHI U3 «00h-
€/IMHEHHOW» KOJUIEKIMH 711 00paCOTKH.

$match OWIBTPYET MOTOK JIOKYMEHTOB, TI03BOIBISL TOJIBKO JIOKYMEHTaM,
YJOBIIETBOPSIOITAM YCIOBHIO, IlepejaBaThesl O0e3 M3MEHEHUI Ha
CIIEeIYIOIIMI 3Tall KOHBeepa.

Smerge 3armchIBaeT pe3yIbTUPYIOIIHE JOKYMEHTHI KOHBelHepa arperaru

B KOJUICKITHIO. ,Z[OJ'DKCH OBIThH IIOCIICTHHUM 3TalloOM KOI{BCﬁepa.

$project M3MeHseT cTpyKTypy KaKAoro JOKYMeHTa B TIOTOKE, HATIPIMED,
JI00aBIsIsl HOBBIE TIOJISL MWW YAAISL CYIIECTBYIOIMME oS, [
KaXKJIOTO BXOJTHOTO JIOKYMEHTa BBIBOJWT OJUH JOKYMEHT.

$set JloGapsieT HOBBIE IO B IOKyMeHTHL Kak u Sproject, $set
U3MEHSET CTPYKTYPY KaXKJOro JOKYMEHTa, B YaCTHOCTH, ITyTeM
J00aBIIeHUs HOBBIX I10JIEN B BEIXOJHBIE JOKYMEHTEI, KOTOPBIE CO-
JieprKaT Kak CYIIECTBYIOIME TI0JIS U3 BXOJHBIX JOKYMEHTOB, TaK
Y BHOBb JI00aBJICHHBIE OIS

$skip IIpormyckaeT IepBble N JJOKYMEHTOB, IJIe N — YKa3aHHBIH HOMEp
IIPOITyCKa, U IIEpefacT OCTAIbHBIE JIOKYMEHTHI 03 M3MEHEHUH B

KOHBeEHeED.
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Oxonuanue maon. 13.10

OmnepaTop Onucanne

$sort TlepeymopsiiovmBaeT MOTOK JOKYMEHTOB TI0 YKa3aHHOMY KITIOMY
COPTUPOBKU. MeHsIeTcsT TONBKO TOPSJIOK, JOKYMEHTHI OCTAIOTCS
0e3 M3MCHEHMIA.

Sunset VY mansie T/UCKITIoUaeT oSl U3 IOKY MEHTOB.

Sunwind IIpeo6Gpasyer morne MaccHBa 13 BXOIHBIX JOKYMEHTOB TSI BHIBOIA

JOKYMEHTa I KaKAoTo 3meMeHTa. KakIpli BBHIXOIHOU JOKY-
MCHT 3aMcHIET MACCHB 3HAYCHUEM dJIeMeHTa. [ KaskI0Tro BXOI-
HOTO JIOKYMEHTa BBIBOJWIT N JOKYMEHTOB, T/l¢ N — KOJHIYECTBO
3IIEMEHTOB MAacCHBa, KOTOPOe MOXKET ObITh PaBHO HYIIO YIS ITy-
CTOTO MacCHBA.

AKKYMYJISATOPBEL — €IIC OAWH THI BBIPAXCHHUN, UCTOIb3YFOIIUXCS

JUIL BBIMUCJICHH 3HAUCHUA N3 3HAYCHHH HOJ'ICI\/'I, HaXOoJAIMUXCsI B HC-

CKOJIBKUX JOKYMEHTaX. AKKYMVIITOPBI, KOTOPHIC MPEAOCTABIACT

(pPEHMBOPK arperaiiu, mo3BOJISIFOT BBHIMONHATh TAKUE OMCPALUH, KaK

CYMMHPOBAHUC BCCX 3HAYCHHH B OMPCACIICHHOM IIOJIC, BBIYHUCIICHUC

cpeanero 3HaueHHI U T.A. OCHOBHBIC aKKYMYVJISTOPBI MPEICTABICHBI B

Tabmune 13.11.

Kongetiep arperamun nozsomster CYB]] npexocrasnare coGcTBEH-

HBIE BO3MOYKHOCTH arperaiuu, COOTBETCTBYIOIIHUE MHOTUM pacupocTpa-

HCHHBIM OTICPALIUAM arperanuu JaHHbix B SQL.

TaGmura 13.11. AKKYMYJISITOPBI JIaHHBIX

Omnepatop Onmncanne

Saccumu— | PO3BpaIlaeT pesyIbTar NoMb30BATENbCKON (YHKIMI-aKKy MY I TOpA.

lator

$avyg Bosppamaer cpemHee unMcnoBEIX 3HaueHUI. HrHOpHpyeT Heuucio-
BBIE 3HAUCHML.

S$first Bosppaiaer 3HaueHHE W3 IIEPBOTO JOKYMEHTA AJISL KaXK[0i IPYIIIBL
Tlopsiiok olpefienseTcs ToIBKO B TOM clIydae, €CH JOKYMEHTHI OT-
COPTUPOBAHEL

264



Oxonuanue matn. 13.11

Onepatop | Omucanune

slast Bospparaer 3HaveHwe u3 IOCIEAHETO JOKYMEHTa JUIS Kaxkaoi
rpymsl. [lopsiok ompesiensercss TOMBKO B TOM CIyYae, eclli JOKY-
MEHTHI OTCOPTHPOBAHBL

Smax Bo3spparaer HauGombITee 3HaUCHHE BBIPAXKEHUS JUIS KaXK/08 TPYIIIBL.

Smin Bo3sBparaer HaMeHbITIee 3HAUEHUE BBIPaKEHUS /UL KaXK/[08 TPYIIIBL.

$sum Bosparaer cyMMy YHCITOBBIX 3HaueHWil. MITHOPHpYET HEUMCIIOBBIE
3HAYEHUSL.

B tabmune 13.12 npeacrasieH 0630p 00MKX TEPMUHOB, (GYHKIUH

u KoHuenuuii arperaiuu SQL, a Takke COOTBETCTBYIOIIUX OIICPATOPOB

arperaum MongoDB.

TaGmura 13.12. CBs3b oniepaTopoB arperaruu JaHHbIx ¢ SQL-onepaTopamu

SQL-onepaTtopbl 1 pyHKIHHA Onepatopsl arperanuu B MongoDB

WHERE Smatch

GROUP BY Sgroup

HAVING Smatch

SELECT Sproject

ORDER BY Ssort

LIMIT $limit

SUM () $sum

COUNT () Ssum
$sortByCount

JOIN $lookup
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[Tpumepsl BCnOIB30BAaHU KOHBEHEpA arperalyy JaHHBIX OvaeM
paccMaTpHUBaTh Ha KOJUIEKLNHU z1pcode s, KaXIbli JOKYMEHT KOTOPOU
XpaHuT uaeHtudukarop 1id, HaszBaHme ropoja city, momymsIHIO
pop, WTar state U KOOPAUHATEL 1oC.

B nepBoM npuMepe BEITIOTHAETCS MOACUET YHCIIA 3AIMHUCEH C MOy~
ssiuueit 0onpine 1000 murst kaskgoro mrara;

db.zips.aggregate( [ {

Smatch: { pop: { $gt: 1000 } }
boo A
Sgroup: {
_id: '$state’,
cities count: { Scount: {} }

}
1)

Inan BEITTOMHEHMS 3TOTO 3aMPOCa MOKHO MPCACTABUTH B BUIC HC-
ckospkux 3tanoB. Ha mepBoM 3ramne BEINOIHICTCS (PUIBTPALINS BCEX A0-
KyMEHTOB ¢ momyssinuei Ooaeine 1000, Ha BropoMm 3Tane rpymmupy-
OTCs OT(QUIBTPOBAHHBIC HA MECPBOM JTANEC AOKYMCHTHI MO IITaTaM H
TIOACUUTHIBACTCS KOMHYCCTBO 3AITHICCH.

BrmmonaecHMEe MeTOmAa aggregate SKBUBAICHTHO BHITIOJTHCHUIO

SQL-3ampoca crieayomero BUaa;

SELECT state AS id, COUNT(*) AS cities count
FROM zips

WHERE pop > 1000

GROUP BY state;

B crenyromem npuvepe BEIOTHACTCS BEIOOPKA IITATOB C HACEJIC-
HueM Oosiee 10 MUTTHOHOB!
db.zips.aggregate( [
{$group: { id: "Sstate", totalPop: {$sums:
"$pop"}l},
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{$match: { totalPop: { $gte: 10 * 1000 * 1000

FH
1)
B zampoce Ha iepBOM 3TaIe BHIIOIHAETCS IPYIIIHPOBKA JAHHBIX I10

LITATaM C IOACYCTOM CYMMAPHOTO HACCIICHI B KAXKIOM LITATE, 4 3aTEM
BBIIIOJIHSICTCsE (puibTparus rpynn. HecMoTpst Ha TO, YTO BBITIOHACTCS
(dunbpTpaIUs ArperuPOBAHHBIX TOKYMEHTOB, AT TPOBEPKH YCIOBHUS BCS
TaK K¢ UCIMOJIb3YCTCS onepaTop match.

Tort xe 3anpoc Ha s3pike SQL Mor Ob ObITh 3arucaH Kak

SELECT state AS id, SUM(pop) AS totalPop
FROM zips

GROUP BY state

HAVING totalPop >= 10 * 1000 * 1000;

MoskHo eine pa3 otMeTuTh pazuauiyy. B SQL ams puasTpariuu cTpok
U CrPYNIHUPOBAHHBIX JAHHBIX KCIOJb30BAJUCh PA3HBIC OIMCPATOPHI
WHERE u HAVING. B MongoDB mis 31010 HCHOMB3YCTCA OUH OTICpa-
Top match, T.K. HET pas3HULBI, OOPAOATHIBAKOTCS JTH UCXOMHBIC JOKY-
MEHTBI KOJUICKIMH WA JOKYMCHTBI, MPCACTAB/ISIFOIINAC PE3yIbTAThI ar-
PETHUPYIOLINX OTEPALUit.

B creayromem npuMepe pe3ybTaT arperanii JaHHBIX 3aIHChIBa-
€TCS B HOBYIO KOJUIEKIIHIO:

db.zips.aggregate( [

{ Sgroup: { _id: {state: "Sstate”, city:
"$city"},
pop: { $sum: "S$pop" } } 1},
{ $group: { _id: "$ id.state",
avgCityPop: { $avg: "$pop" } } 1},
{ $merge: "state_avg_data" }
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B mpumepe ncmons3yroTcs ABa dTana TPYIIHPOBKH AAHHBIX I
pacdeTra cpeIHEro 3Ha4YCHMS NOIYiuH no mraraM. g coxpaneHms
pe3yabpTaTa arperaluy UCIOAb3YEeTCs 3Tall e rge, KOTOPII COXPAaHsIET
JMOKYMCHTEL B KOJUICKIIMIO state avg data.

B npumepax Ovlna paccMOTpeHa TOMBKO Manas 4acTh ONECPaTOPOB
Y BO3MOXXHOCTEH KOHBeHepa arperanmi. B wactHOCTH, Ipn arperaruun
MOTYT HCIIOJIb30BAaThCs FE€ONPOCTPAHCTBECHHBIE ONEPATOPHI, A PE3Yib-
TaThl arperalyy TAKKE MOTYT HCIOIb30BATHCA ISl OOHOBJICHHS CYILE-
CTBYIOIIUX JOKYMEHTOB.

13.5 O0HOB/IEHHE TOKYMEHTOB

Hns oOHOBICHHS JOKYMCHTOB YaIlle BCETO HUCHONB3VIOTCS (PVHK-
mun updateOne ansd OOHOBICHHS 3HAYCHHHA MHOJCH OJXHOTO JOKY-
MeHTa, UpdateMany And OOHOBICHHS HECKOJIBKHX JOKYMEHTOB U
replaceOne A 3aMCHBI BCETO JOKYMCHTA.

OVHKIMH NPUHEMAIOT B KAQUYECTBE MApaMETPOB JOKYMEHT C YCIIO-
BUEM (UIBTPALMH, JOKYMEHT C MapaMeTpaMu OOHOBICHUS U JOTIOTHU-
TeapHbIC onuH (Tadauima 13.13).

TaGmura 13.13. MeTo 161 0OHOBIIEHUS JOKY MEHTOB

Metoxa Onucanne

db.collection.updateOne ( OOHOBJICHHE OTHOTO JOKY-
<filter>, <update>, <op- MCHTA

tions> )

db.collection.updateMany ( OOHOBIICHHE HECKOJILKUX JI0-
<filter>, <update>, <op- KyMCHTOB

tions> )

db.collection.replaceOne ( 3aMeHa JOKYMEHTA
<filter>, <update>, <op-

tions> )
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Cunrakcuc Metoaa updateOne UMEET CACAYIOLIHMA BUA:

db.collection.updatelOne (

<filter>,

<update>,

{
upsert: <boolean>,
writeConcern: <document>,
collation: <document>,
arrayFilters: [ <filterdocumentl>, ... 1,

hint: <document|string>

)

<update> = {
<update operator>: { <fieldl>: <valuel>, ... },
<update operator>: { <field2>: <value2>, ... },

}

MeTtoa nprHAMACT CICIVIOIHIC NapaMCTPHL

— filter - ycmoBue, o KOTOPOMY OVAST BRIOPAH JOKYMEHT JIst
oOHOBjICHHsT. MOTYT MPUMEHSTHCS T e mapaMeTpbl HUIbTpa-
uwmu, uto 1 B MetoAe £ind. Eciau mo ykazaHHOMY yCIOBHIO OY-
JST HAMJICHO HECKOJIBKO JOKYMEHTOB — OOHOBUTCS TICPBBIM;

— update — IOKYMEHT ¢ omucaHueM moAudukaiuii. B 0azoBom
CAydae OMHUCHIBACT OTICPATOPHI OOHOBICHHUS U MAPAMETPHI;

— Habop onuwmii. B wactHocTH, eciu ykazaHo upsert: true, To
dyHKIHs updateOne cO34aCT HOBBIH JOKYMEHT, €CIH HET J0-
KYMCHTOB, COOTBeTCTBYIOIUX (Gunbtpy. [lo ymoauanuio 3tor
mapaMeTp paseH false.

MongoDB nogaep:xuBacT psi ONCPaTtopoB s MOAUDUKALIUH

CTAHIAPTHBIX MOJICH U MACCHBOB.

269



OcHoBHbIC OnepaTopsl paboTHI ¢ MOIMHU NEPCUUCICHBI B TAOTHLIC

13.14, ¢ maccuBamu — B Tadmure 13.15.

TaGmura 13.14. Onepatopsl paboTHI ¢ MTOISIMA

Omnepatop Onmncanue

$currentDate | YcraHaBiMBaeT 3HaUCHHE I10JI HA TEKYIIYIO JaTy.

$inc YBemurBaeT 3HaUeHHE I10J151 Ha YKA3aHHYIO BEIHYUHHY .

$min OGHOBJISIET T10JI€ TOJIBKO B TOM CIIydae, eclIi yKa3aHHOE 3Ha-
YeHHE MEHBITIE CYIIECTBYIOIEr0 3HAUESHHUS OIS,

$max OGHOBJISIET T10JI€ TOJIBKO B TOM CIIydae, eClI YKa3aHHOE 3Ha-
yeHue GOTIbIIIE, UeM CYITIECTBYIOIIEE 3HAUSHHUE OIS,

S$mul YMHOKaeT 3HaUCHHE OIS Ha YKa3aHHYIO BENIMUMHY.

$rename IlepenmMeHOBBIBAET TI07IE.

$set YcTaHaBMBaeT 3HaUeHUE 0TS B JIOKYMEHTE.

SsetOnInsert

3a/:LaeT SHa4YCHHME IT0TI, €CITN OOHOBJICHUE IIPUBOJUT K
BCTaBKCE.

Sunset

V/:[anﬂeT YKa3aHHOC II0JI€ U3 JIOKYMEHTA.

TaGmura 13.15. OnepaTopsl paboTHL ¢ MACCUBAMU

Omnepatop Onncanune

$ Momdukatop, yKa3bIBAIOIEIA, YTO HEOGXO0 MO OGHOBUTD
TIEPBBIA BIIEMEHT, COOTBETCTBYIONTHUI YCIOBHIO 3aIlpoca.

S[] Momadukatop, yka3bIBArONE, YT0 HEOOXO0 MO OGHOBUTH
BCE 3JIEMEHTHI, COOTBETCTBYIONHE YCIIOBHIO 3aIpoca.

Spop Y nansieT NepBhlii U ITOCIEHAN 37IeMEHT MacCHBa.

Spull Y nansieT Bee 3JIeMEHTHI, COOTBETCTBYIONTUE YKa3aHHOMY 3a-
TIpoCy.

Spush JloGaBisieT »IIeMEHT B MAaCCUB.

Spullall Y nansieT Bce 3I1eMEHTHI MAacCHBAa, COOTBETCTBYIONINE YKa3aH-

HbIM 3HaYCHMAM.

B caeayroiem mpumepe BBITOIHICTCS OOHOBJICHHE JOKYMCHTA

YKa3aHHOTI'O CTaryca:
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db.inventory.updateOne (
{ status: "D" },
{

$inc: { gty : -10 1},

$set: {"size.uom": "cm", item: "paper up-
dated"},

ScurrentDate: { lastModified: true }

Ilepserit mapamerp MeToga updateOne — 3T0 JOKYMEHT, OITHUCHI-
Baromni puastp. BTopoil mapameTp COACPKUT AOKYMEHT, OMUCHIBAIO-
mui MoaAuGHUKALMIO JaHHBIX. B 1aHHOM ciyuae mpUMEHSIOTCS TPH OTie-
patopa moaudukanmu.

13.6 Yaanenue 10KyMeHTOB

Jns ynaneHus JOKYMEHTOB M3 KOJICKIIMH HCTIOIB3VIOTCS MCTOIBI
deleteOne u deleteMany AId yAaIcHUS OJHOTO WIN HECKOJbKUX
JOKYMEHTOB COOTBETCTBCHHO (Tadmuua 13.16).

TaGmura 13.16. MeTo 161 0OHOBIIEHUSI JOKY MEHTOB

MeTtoa Omicanne

db.collection.deleteOne ( Y narneHue 0/HOro J0KyMeHTa

<filter>, <options>

)

db.collection.deleteMany ( Y ianeHue HeCKOBKUX JOKY MeH-
TOB

<filter>, <options>
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B cneayromemM npuMepe BBITIOTHACTCA YAAICHUAC BCCX JOKYMCHTOB
YKa3aHHOTO CTaTyca:

db.inventory.deleteMany (
{ status: "A" },

13.7 lIpeacraBenuns

Kaxk u B pensunonnbix 0asa JaHHBIX, NPeacTaBIeHHE (VIEW) — 00b-
eKT 0a3bl JAHHBIX, COACPKUMOE KOTOPOTO OMPEACISICTCH 3ampoCcoM K
mauHHbM. B ciyaae MongoDB, npeacrasienue onpeaensaeTcs KOHBEHe-
POM arperaiuu JaHHbIX U3 APYTUX KOLICKIUH nnn npeacrasicHuin. O1-
amaue mpeacrasicHud B MongoDB 3akirowgacTes B TOM, UTO 31CCh
MPEACTABICHUS PESAHAZHAYCHBI TOABKO [Tl YTCHUS, T.€. HEIb3s PSAaK-
TUPOBATH JAHHBIC YEPE3 MPEACTABICHHUS, YTO JOMYCTUMO B PESILIHOH-
HBIX 0a3ax JAHHBIX.
Kak u B pesitimonnbIx 0azax JAHHBIX TPSUMYIICCTBA UCITOIb30Ba-
HHSI TIPEICTABICHUH BKITIOYAIOT B Ce0S:
— HCKIOYCHHUE HEKOTOPOU MH(OPMAIIMH U3 BO3BPAIACMBIX MPHIO-
JKCHUIO TOKYMCHTOB, HAMMPUME]P, MEPCOHATBHBIX TAHHBIX
— mo0aBICHUE BBIYUCIICMBIX MOJICH B MPESACTABICHHC,
— CO3JaHHC MPCICTABICHUS ¢ KCIOJb30BAHHEM CJI0XKHOTO KOHTCH-
HECPA arperalyy U CKPhITHE ACTAICH PSATH3AILNH OT MPUIOKCHUS.
Jist co3nanust IpeACTaBACHUS MOKHO BOCIIOIB30BATHCI METOIAMH
createCollection unu createView, ykazaB HCXOJHYIO KOJIJICK-
LU0 WIH NPSACTABICHHE U KOHBSHCP arperamuu, KOTOpbii OyAeT npu-
MCHEH K MCXOIHBIM JaHHBIM (Tabmuma 13.17).
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TaGmurra 13.17. MeTo bl cO3/1aHUs TIPEICTABICHUA

Metox

Onucanue

db.createCollection (
"<viewName>",
{
"viewOn": "<source>",
"pipeline": [<pipe-
line>],
"collation": {<colla-
tion>}
}
)

Co3nanue HOBOM KOJUICKIIHH
WA TIPEACTABJICHHSL.

db.createView (
"<viewName>",
"<source>",
[<pipeline>],
{
"collation": {<colla-
tion>}

}

Co3aanne HOBOTO MPEACTABIIC-
HHL KAK PE3YIbTAaTa MPUMEHE-
HHUSA YKA3aHHOTO KOHBEHeEpa ar-
perauyu K iCXOJHOH KOJUICKLMH
WA TIPEACTABJICHHIO.

Paccmotpum nipuvep co3manms npeacTaBieHusa. byaem ucmomsso-

BaTh 3arpocC noAcHCcTa CPpCAHCrO HACCICHHA B ropolax € anCFaLII/ICI\/'I

JAHHBIX IO IOTATaM:

db.createView
"avgPopulation",
" lesll ,

[

{ Sgroup: { id:
"$eity" }, pop: { S$sum:

state: "$state", city:

"$pop" } } 1},

{ $group: { _id: "$_id.state", avgCityPop:

{ Savg: "$pop" } } 1},



{ $sort: { avgCityPop: -1 } }

B npumepe co3gacTcs HOBOS MPESACTABICHHE C HMMCHEM
avgPopulation, KOTOpoe UCHOIB3YIOT KOUIEKIHUID zZ1ps B Kaue-
CTBE HUCTOYHHKA JAHHBIX U KOHBEHEp arperauuu, COCTOALIUI U3 Tpex
3TanoB, A 00pPa0OTKH JAHHBIX.

JU1s1 yAaIeHUS IPEACTABICHUS HCIIOIB3YETCSE METOA drop, KOTOPBIH
MOXKCT IPUMCHATHCA KaK AJId YAAICHUA KOJUICKIIUN, TaK U IIPCACTaBJIC-

HUA:

db.collection.drop (<options>)

I[J'IH U3MCHCHHA TPCACTABICHHUA MOXKHO HUCHOJIB30BATH OAUH U3
JBYX CIIOCOOOB:
— yJAJIHTh NPEICTABICHHS U CO3JATh €rO 3aHOBO,

— wucnonb3oBaTh koMaHay collMod Ha ypoBHe 6a3bl JaHHBIX.

13.8 UnpexcupoBanue

13.8.1 Tuns! HHAEKCOB

Kak u B penstiuroHHbIx 0a3ax JaHHBIX, HHAEKC — 3TO 00BEKT Oasbl
JAHHBIX CICIUATBHONU CTPYKTYPHI, CO30ABACMBIN C LICIBIO TTOBBIMICHUS
MPOU3BOAUTCILHOCTH TIONCKA JAHHBIX.

MongoDB ompeaeascT HHACKCH Ha YPOBHE KOUICKIUN U TIOAAC-
SKUBACT UHACKCHI IS JTFOOOTO MOl OCHOBHOTO MITH BJIOKEHHOTO JOKY-
MCHTOB B KoJuicKkunu. s uanekcanuu qanaeix 8 MongoDB ncmons3y-
CTCA CTPYKTYpa JAHHBIX THHa B-mepeBa, paccMOTpEHHAas B pasaciic
32.2.

Ha pucyHke 53 mokazaHO HCHOIB30BaHHE WHIAEKCA HAa OCHOBE
B-nepesa, moCTPOCHHOTO IO OJHOMY TONIO Score. B 3ampoce BHITION-
HACTCH (DUIBTPALIMS U COPTUPOBKA IO MO0 SCOTre,
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Collection Query Criteria Sort order

A A
db.users.find( { score: { "$1t": 30 } } ).sort( { score: -1 } )

{ score: 1 } Index

min 18 30 45 75 max

score: 25, | score: 56, score: 45, | score: 75,| score: 5, score: 40, | score: 18, score: 3@

users

Pucynok 53 — Mnjeke Ha ocHOBe B-jiepeBa

Turer moxaep:kuBacMbIX HHACKCOB B MongoDB moxoxku Ha cooT-
BETCTBYIOIIUE HHICKCH B PEIISILIUOHHBIX 0a3aX AAHHBIX:

— HHAEKC 10 OJHOMY IIOJIIO;

— COCTaBHOM HMHJICKC;

— MHOTOK/IIOYCBOH (MYJIbTUKIIOYCBOI) HHICKC,

— TMPOCTPAHCTBCHHBIM UHACKC,

— TCKCTOBHIM HHICKC,

—  XCHI-UHACKC.

IMoxaepsxrBaeTCs CO3AaHNE OTIPEASITIIEMBIX TIOTb30BATEIEM HHACK-
COB MO BO3PACTAHHIO/YOBIBAHHIO AJIE OAHOTO MO mokymeHTa. Ilo
yMmomuanuio, B MongoDB cozgaeTcs YHUKaIbHBIH HHACKC IO IIOJIIO
_id

CocmasHvle uHOexCvl TO3BOJIIOT BBIOIHATh HHACKCHPOBAHUE 110
HECKONMbKUM 10/1siM. Kak 1 B pesiiiuonHbIxX 0a3ax JaHHBIX, MOPSIOK MO0-
JCH, ICPCYNCICHHBIX B COCTABHOM HHICKCE, MMeeT 3HaucHue. Ha pu-
CYHKC 54 mpOMLTIOCTPUPOBAH MPUMCP COCTABHOTO MHICKCA, KOTOPHIH

COCTOHT U3 I/I,Z[CHTI/I(I)I/IKaTOpa HOIB30BaTEId Userid u OLICHKH SCOre,
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HMHIACKC CHAvajIa COPTUPYETCA MO WACHTU(HKATOPY MONb30BaTEeNs, a 3a-
TEM AJIS1 KKAOTO 3HAYCHUS HACHTU(DHUKATOPA MOJIb30BATE/IS COPTHPY-
€TCsI IO OLICHKE.

collection

score: 30,
userid: ...,

}.‘.

min "aal”, "ca2”, “ca2", ‘"ca2", "nb1", "xyz", max
45 75 55 30 30 90

{ userid: 1, score: -1 } Index
Pucynok 54 — CocraBHOi UHIEKC

Muoeoxniouesoii (Myrsmuxiioueeot) uHoexc UCTIONb3YETCs I HH-
JCKCALUU CONCPKUMOro, Xpansaierocs B Maccusax. Ecnu uHaekcupy-
STCS TOJIC, COASprKalnee 3HaucHHe maccuBa, B MongoDB Oyayt co-
30aHBl OTJCIbHBIC 3alUCH UHACKCA U KKIOTO 3JICMEHTA MAacCHBA.
MHOroK04YeBble HHIACKCH TO3BOJIIOT 3ampocaM BbIOHUPATh JOKY-
MEHTBI, COACPKAIMUEC MACCHBHI, MyTEM COMOCTABJICHUS BIEMCHTA WU
3MEMEHTOB MAaCCHBOB. DTOT THI HHACKCA CO3JACTCH aBTOMATHYCCKH,
€CJTH MHIACKCHPOBAHHOE MOJIC COACPIKUT 3HAUCHUE MACCHBA.

IHpocmpancmeennviti undexe ACHONB3YETCA AN MOAICPKKH -
(hEeKTHBHBIX TC€ONMPOCTPAHCTBEHHBIX 3ampocoB. MongoDB mpenocras-
JACT ABAa CHCHUAIBHBIX MHACKCA. ABYMCPHBIC HMHIACKCBI, KOTOPBIC UC-
MOJB3YIOT IIIAHAPHYIO TCOMETPHUIO IPH BO3BPATE PE3yIbTATOB, U JIBY-
MEPHEBIC HHACKCHL, KOTOPBIE UCTIONB3VIOT CHEPHUICCKYEO TECOMETPHIO JIIs
BO3BpATA PE3YIbTATOB.

Texcmogvie uHOekcwH! UCTIONB3YETCSA LU VCTAPEBLICTO MOTHOTEK-
CTOBOTO MOMCKA.

Xeut-unoexcol UCTIONB3YETCS AT OAACPIKKU CCTMCHTHPOBAHUS HA
OCHOBC X3IIa.
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13.8.2 Co3panue unaexca

I[J'IH CO3aaHrd HHACKCA B KOJUICKIHUU HUCHOJIb3YyCTCA MCTOA

createIndex:

db.collection.createIndex(keys, options,

commitQuorum)

MeTtoa nprHUMACT TPH MApaMETpa.

keys — JOKYMEHT, cOAEpXKaIUN Mapsl MOJA U 3HAUCHUS, TAC
MOJIE IBISETCA KIIIOUOM MHACKCA, 4 3HAUCHUE ONMUCHIBAET TUII
WHAEKca 11 3Toro noisd. [ nHaekca monsd ¢ COPTHPOBKOH
ITOJIA IO BO3PACTAHMIO YKA3hIBACTCA 3HAUCHHUE | A mHAeKca
10 yOBIBAHHUIO YKA3BIBACTCH -1

options — onuMOHANBHBIN IapaMeTP — JOKYMEHT, COACpKa-
muii Habop MapaMeTpoB, YIPABILIFOIIUX CO3AAHUCM HHACKCA.
IMogaepxuBaroTC mMapaMeTPEl hame — HA3BAHWC HMHICKCA,
unique — aud co3AaHUI VHUKAIBHOTO MHIEKCA U T. 1.
commitQuorum — ONIMOHAIBHBIM MapaMeTp — YHUCIO pe-
ILTHK, KOTOPBIC AOLKHBI COOOIIUTh 00 YCIICIIHOM CO3JaHUU
HHJEKCA.

13.9 Tpauszakuuu

MongoDB - pacmpeaenennas CYBJ] ¢ ACID-coBmecTUMBIMEU

TPAH3AKIUAMU MCXKAY Ha60paMI/I PCILTUK H/WIN CETMCHTOB.

MongoDB npeaocrasmnsier n8a Tuna API qist ucnoap3oBanus TpaH-

sakimid. [lepssiii — 310 cuHTakcuc, aHanorndHeii pessunoHHbpM CYB]]
(mampumep, START TRANSACTION wu COMMIT_TRANSACTIONL
nMeHyeMbIi 0azoebiM API, a BTopoii — APl o6patHOro BeI30Ba, KOTOPBIH

ABITACTCA PCKOMCHIAYCMBIM IMOAXOAOM K HCIIOJIb30BAHUIO TpaHSaKLII/II\/'I.

CpaBHeHI/Ie OTHX IMOAXO0J0B K BBIITOJTHCHHIO TpaHSaKLII/Iﬁ npcaACTaBIICHO

B Tabmuue 13.18.
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TaGmura 13.18. API 11 BBIIOTHEHUS TpaH3aKIHiA

Bazosbrii API

| API 00paTHOTO BBI30BA

TpeOyer ABHOTO BBI30BA I 3a-

IyCKa TPAH3aKINH U e¢ (pruKcanmm.

3armycKacT TPAH3AKIHUIO, BBIIOTHICT
VKa3aHHBIC OTICPANUH U (PHKCAIIHIO
(mmu mpepeIBacT PadOTy TPH BO3-
HUKHOBCHWH OIMHOKH).

He BrmovacT moruKy 00paboTku
OIHOOK, BMCCTO 3TOr0 00CCIICYH-
Bad THOKOCTb, MO3BOJIFOIIYEO
BKJIFOUATH HACTPAHBACMYIO 00pa-
OOTKY 3THX OIIMOOK.

ABTOMATHYCCKH BKJIFOYACT JIOTHKY
00paboTkn OmmOoK Transi-
entTransactionError
uUnknownTransactionCom-
mitResult.

TpebyeT ABHOTO TOTHUCCKOTO
ceanca ans nepeaayn ero B API
J711 KOHKPETHO! TPAH3AKIHH.

TpebyeT ABHOTO IOTHUCCKOTO
ceanca ama nepeaadn ero B API
J711 KOHKPETHON TPAH3AKIHH.

Bbazoseiii APl HE mpeaocTaBiseT KOAA MOBTOPHOTO BBIMOTHCHUS
onepauuH s OOJIBIIHHCTBA OITHOOK M TPeOyeT OT paspaboTyHKa IH-
caTh KO AJIs Onepaiid, GYHKIUH (PUKCAITUM TPaH3AKLIUH U TI0O0H He-
O0OXOAMMEBIA KOJ MOBTOPHOTO BBIMOJTHCHHS ONCPALUH M TMPOBEPKH
OLHOOK.

API oOpaTHOro BI30Ba NPSAOCTABISCT CAUHCTBCHHYIO (DYHKITHIO,
KOTOpas 000pavuBacT OONBIIVIO CTENICHD (PYHKLHOHATBHOCTH TI0 CPaB-
HCHHIO ¢ OCHOBHBIM API, BKmrowas zanmyck TpaH3akLWH, CBSA3aHHOH C
VKA3aHHBIM JOTHMYCCKUM CEAHCOM, BBIMOJHCHHE (DYHKIHH, HNPEIOCTaB-
JSEMOH B KauecTBe (PYHKLHMM OOPaTHOTO BBI30BA, H 3aTeM (PUKCALIHIO
TpaH3aKUWMK (WIM OPCPHIBAHUE TPH BOZHHUKHOBCHHH OIIHMOKH). JTa
(YHKLHUS TAKXKE BKIIOYACT B CCOs KOJ MOBTOPHOTO BEITIOTHECHHUS Omepa-
LUK, KOTOphIi obpabateiBact ommoOkn ¢ukcanuu. APl o6paTaoro BeI-
30Ba Obu1 AoGaBicH B MongoDB Bepcuu 4.2, uto0sl yIIpoCTUTh paspa-
OOTKY HNPUIOKCHHH C TPAH3AKLUAMH, & TAKKE YIPOCTHTh 10OABICHUC
KOJ2a TIOBTOPHOTO BBITIOHEHHUS OTICPALIH I 00pa0OTKH JTIOOBIX OLIH-
OOK TpaH3aKIHI.
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Obonouyka mongo MNOAACPKUBACT TMOIYUCHHE OOBEKTA CECCHH
session, KOTOPBIM NPEAOCTABISET METOAB startTransaction,
commitTransactionu abortTransaction.

Meton startTransaction 3amycKaeT MyJIbTHAOKYMEHTHYIO
TPaH3aKLHIO, CBA3AHHYIO ¢ ccaHcoM. B 11000 MOMEHT BpeMeHH A1 ce-
aHca MOXET OBITh OTKPBITA TOJIBKO OXHA TPAH3AKIIHSL.

Meton commitTransaction coxpaHseT W3MEHEHH:, BHECECH-
HBIE ONECpALMSIMU B MHOTOJOKYMEHTHOM TpPaH3aKLMW, U 3aBEPIIACT
TPaH3aKLUIO.

Meton abortTransaction 3aBepmaeT TPaH3aKIHIO C HECKOIb-
KHMH JOKYMCHTaMH U OTKATHIBACT JTIOOBIC M3MCHEHHS JaHHBIX, CCIAH-
HBIE ONEpPALMAMH BHYTPH TPaH3aKIMH. 10 €CTh TpPaH3aKIM 3aBepIna-
eTcs 6e3 COXPaHCHMS KaKUX-THOO U3MEHCHUH, CACTIAHHBIX ONEPalHsIMU
B TPAH3aKIUH.

PaccmoTpuM nmpuMep BBITIOTHEHUS TPAH3AKINH!

session = db.getMongo () .startSession( );
zips collection =
session.getDatabase("db_lectures").zips;

inv collection =

session.getDatabase("db_lectures").inventory;
session.startTransaction( );
zips collection.updateOne( { _id: '03101' },

{ $set: { pop: 10000} } ):
inv_collection.insertOne( { item: 'card',

status: 'C', gty: 10 } );

session.commitTransaction() ;

session.endSession() ;
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B mpumepe cHauasa 3amyCcKacTCcss HOBast CECCHS. 3aTeM, UCIOIb3YS
O0OBEKT CECCHH, B TICPEMCHHYIO COXPAHSIOTCS CChUIKH HA KOJUICKIHH, C
KOTOPBIMU Oy AST BBITIOJHATHCS PAbOTa B paMKax TpaH3akiuu. B Hatem
cAydae 3TO KONICKIMH 2z1ips W inventory ©a3sl JaHHBIX
db lectures. Hanee 3amnmycKacTes TpaH3aKIUg METOA0M
startTransaction, BBINOJHAKTCS OMNEPATOPHl PEAAKTHUPOBAHUS
JAHHBIX, U3MCHSCTCS OJUH OOBCKT B KOUICKIMH Z1pS U A00aBIICTCS
HOBBII OOBEKT B KOJLICKLUIO 1 nventory, TpaH3akuus GUKCHpyeTcs U
3aBCPIOACTCS CCCCHSL.

Craenyet oTMETHTB, UTO TpaH3akuui B MongoDB paGoraroT Tonpko
€CIM CCPBEpP 3AMyLICH B PEKUME HAOOPA PEILTHK, AAXKE CCAH PEIUIHKA
Bcero oxHa. B mpoTrBHOM CiIyuac onepanus 3amy cKa TPAH3aKIHH| 3aBep-
LIUTCS C OLTHOKOH.

B szakmoucHHM CACAVET OTMCTUTB, YTO TJIABHOC JOCTOHHCTBO
MongoDB — 310 ¢ciocoGHOCTE 00padaThBaTh TMTAHTCKUE MACCUBBI TAH-
HBIX (M OTPOMHBIN MOTOK 3AMPOCOB) 33 CUCT PCILIMKALIMA U TOPHU30H-
TaJapHOrO Macirabuposanus. | uOKas MOJCb JAHHBIX YIIPOILIACT pas-
PaboOTKy, HO MOKET U CTaTh HPUYMHON MHOTHX MPOOIEM, €CIIU MOJACIH
JAHHBIX YK€ JOCTATOYHO 3peias u AaBHO 3adukcuposana. CTout yuu-
THIBATh 3TH MOMCHTHI TPU BHIOOPE MEKIY PEISIUOHHBIMUA H TOKYMCH-
TOOPHCHTUPOBAHHBIMH Oa3aMu JAHHBIX MPU PCIICHUH 33434, PestiimoH-
uweie CYB/L, B T.4. mogaepxkusaroinue xpaneuue JSON JaHHBIX, BO MHO-

rux ciydadx oCTarTcCd NpCATIOUTUTCIbHBIM BbI60pOM.
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14 3HAKOMCTBO C BOJbIINMHU JAHHBIMU

14.1 ITonsiTHe GONBIIHX JAHHBIX

C pasBuTHEM pacIpeACICHHBIX CHCTEM Pa3pabaThBAINCh U TEXHO-
Joruu oOpadoTKU U XpaHeHHs AaHHBIX. HaumHas oT XpaHEeHus CTPyKTy-
PHPOBaHHBIX JAHHBIX B PELIUOHHBIX 0a3aX, Pa3BUTHE MPOJOIKUIOCH
B Hanpas;icaun NoSQL 6a3, 3aTOYCHHBIX MO/ TOPU3OHTAIBHOS MACIIITA-
OUPOBAHHUE U XPaHCHUE CIabOCTPYKTYPHPOBAHHBIX JaHHBIX. J{71s1 XpaHe-
HUS CTPYKTYPUPOBAHHBIX M HECTPYKTYPHPOBAHHBIX JAHHBIX OTPOMHBIX
00BEMOB — TaK HA3bIBACMBIX OOIBIINX JAHHBIX — Pa3padaThIBAOTCS TO-
PH30OHTATBHO MACIITAOUPYEMBIC MMPOTPAMMHEIC HHCTPYMEHTEHI KaK aib-
TCPHATHBA TPAAULHOHHBIM 0a3aM JaHHBIX.

Ilo pesyapratam uccrneaosanus kommanuu IDC, B 2020 roay B
Mupe ObLI0 co3aano 64,2 sertabaliT JaHHEIX, ogHako k 2021 roay 610
COXpaHCHO MEHee 2% HOBBIX JAHHBIX, TO €CTh OOMbIIAS YACTh U3 HUX
ObL1a BPEMCHHO CO3JaHa WK PEILTHIUPOBAHA I HCIIOIb30BaHUS, a 3a-
TEM YJAJICHA HJIH TICPS3AMNCAHA HOBBIMHU JAHHBIMU (PUCYHOK 535).

[To coobmenuro IDC, 06peM co3maHHBIX, TOTPEOIIEMBIX H IEpeaa-
BacMbIX JaHHBIX B 2020 roay 3HAYUTEIBHO BBIPOC U3-3a PE3KOTO VBCIIH-
YCHHS YUCIIa JTEOACH, KOTOpHIC HA (JOHE OrpaHHUCHHUN H3-32 HaHACMUHN
COVID-19 6pimn BRIHYXKACHB paboTaTh M YUUTHCA AUCTAHLHUOHHO.
B cBsi3u ¢ rnodanpHOM MAHACMHCH TAKKE YBEIUIHICS 00BEM MEPeIaBa-
€MOT'0 MYJIBTUMEIUITHOTO KOHTCHTA.

[lo manHBIM mccnemoBanui, MHTEpHET BeleH FBISACTCS CAMBIM
OBICTPOPACTYIUM CETMCHTOM HA PHIHKE JAHHBIX, HC PUHUMAS BO BHH-
MaHHC JAHHBIC, IOTYYCHHBIC OT CHCTEM BHACOHAOIIOACHHS. 3 HUM Clic-
JAYIOT COLUaTbHBIC ceTU. CIUTACTCS TAKKE, 9TO OONBINHE JAHHBIC MOTY'T
MMPOUCXOAUTh U3 BHYTPECHHESH MHPOPMALIMK MPSAMPHUSITHA U OpraHu3a-
uud, u3 chep meaunmHel U OHOMH(POPMATHKH, U3 ACTPOHOMHUCCKUX

HaOIIOCHUHN.
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Obbem paHHbIX B 3eTTabantax
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PucyHok 55 — O0BeMBI JaHHBIX B MUPE

Hcnonp3oBanue OOIbLUIMX JAHHBIX HAILIO MPUMCHCHHE BO MHOTHX

cepax MUPOBOM IKOHOMHKH U YIIPABICHUS:

— H3YYCHHC M aHAIH3 OOJBLIMX JAHHBIX [MOMOTacT MPABUTC]Ib-
CTBaM NPUHUMATH PELICHHS B TAKHUX OONACTSX, KaK 31paBoOXpa-
HEHHE, 3aHATOCTD HACCICHHS, SKOHOMHUYICCKOE PETVINPOBAHHE,
Ooprda ¢ MPECTYMHOCTRIO U 00SCIICUCHUE OC30MACHOCTH, Pear-
POBAHKC HA YPCIBHIUANHBIC CUTYALINH;

— BHEAPCHUE HHCTPYMCHTOB 00paboTku OONBIINX JAHHBIX B IPO-
MBIIIJICHHOCTH MOMOTacT MOBBICUTh MPO3PAYHOCTH MPOMBILI-
JICHHBIX MPOLICCCOB U BHEAPSTh IPCIUKTHBHOC MPOU3BOJ-
CTBO», MO3BOJAIOIICE OOJIEC TOYHO MPOTHO3HPOBATE CHPOC HA
NPOAYKILHUIO M, COOTBCTCTBCHHO, IUIAHHPOBATH PACXOJIOBAHHC

PECypCoB;
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— B MCOHLMHE OIPOMHOE KOJIHYESCTBO JAHHBIX, COOUPACMBIX MCIH-
LIUHCKAMH VUPSIKACHISIMA M PA3THIHBIMH SICKTPOHHBIMH TIPH-
CHOCODICHUAMH, TAKUMH, KaK (PUTHEC-TPEKEPBI, MO3BOILIECT TOU-
HEE CTABUThL JUATHO3bI, MOAOUPATh S (ECKTHBHOE JICUCHHE U T. 1.

— CETeBas W 3JCKTPOHHAS TOPTOBJ UCTIONB3YET PEIICHUS, OCHO-
BaHHbIC HA aHaTH3c OONBLIMX NAHHBIX, A MEPCOHATH3ALIN
MapKETHHTA H aCCOPTUMCHTA TOBAPOB;

— TMPOMBILUICHHBIC U OBITOBBIC MPUOOPHI, MOAKIIOUCHHBIC K HH-
TCPHETY BELICH, COOMPAIOT OIPOMHOC KOJIHUYCCTBO JAHHBIX, HA
OCHOBC aHATH3a KOTOPBIX BIOCICACTBUH PETVIUpPYETCs padoTa
3TUX PUOOPOB.

Taroke MOKHO YIOMSHYTh aHATIHM3 aCTPOHOMHYCCKUX JAHHBIX, pe-
LICHUE 3224 B OHOMH(OPMATHKE, CTIOPTE, CEIBCKOM XO3IWCTBE U APY-
rux cepax KU3HESACATCTBHOCTH.

O0bryHO Mo moHsITHEM OoNbIHX JaHHBIX (Big Data) o6o3nauaroT
CTPYKTYPUPOBAHHBIC M HECTPYKTYPHPOBAHHBIC JAaHHBIC OTPOMHBIX
00BEMOB M 3HAYUTEIPHOTO MHOTOOOPa3us, 3hPEKTUBHO 0OpadaThiBac-
MBIC TOPHU3OHTATBHO MACIITAOUPYEMBIMH IPOrPAMMHBIMHA HHCTPYMCH-
tamu [16, 17]. T.e. mox TepMuHOM «OOJBIINC JAHHBICY MOHUMAIOT
HaOOPEI JAHHBIX, JOCTATOYHO OONBIIHE U CTOXKHBIC IS TOTO, YTOOBI UX
MO3KHO OBLITIO 00padOoTATh TPAJUIIMOHHBIMU CPEACTBAME PabOTHI ¢ JaH-
HBIMH, HanpumMep, perasunonaeiMua CYB/I.

Hns 0O6paboTky Takux JaHHEIX OblIa HeoOXoauma paspaboTka oT-
JCTBHBIX HHCTPYMCHTOB, Ga30BBIM MMPHUHLIUIIOM KOTOPBIX SIBIISICTCS T'O-
PH3OHTATBHAS MACIITAOHPYEMOCTb, 00CCIICUHNBAIOIIY IO 00PabOTKy AaH-
HBIX, pacCpeIeIEHHBIX HA COTHH U THICSAYN BBIYUCITUTEIBHBIX Y3II0B, 03
JCTpajalyy NPOU3BOAUTENBHOCTH. Ilpexae BCEro STH HHCTPYMEHTHI
BKITFOUAIOT B €O CHCTEMBI VIPABICHHS Oa3aMH JAHHBIX KATCTOPHH
NoSQL, anropurmer MapReduce u peannzyromumu HX IPOrpaMMHBIMA
kapkacamu u oudnuorekamu npoekta Hadoop. Ho pensimonnsie CYB]]
MPOIOJDKAIOT HCIIONB30BATHCS U A7 00pabOTKU OOMBINUX JAHHBIX.
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14.2 XapakTepHCTHKH 00/IbIIHX JAHHBIX

B 2001 roxy GObL10 TPEATI0KEHO OLICHUBATE OOJIBIINE JAHHBIC C UC-
MOJb30BAHUEM TPEX XapakTepucTk (mpasumno 3V) [18]:

— volume — pusnueckuii 00beM JAHHBIX;

— velocity — ckOpoCTE MPUPOCTA JAHHBIX M CKOPOCTh OBICTPOI 00-

pabOTKH JaHHBIX C LETBIO MOMYICHUS PE3YIbTATOB;

— variety — BapHAaTHBHOCTb, HPCAINONIAracT BO3MOXHOCTb OJHO-
BPEMCHHOU 00pabOTKH Pa3THIHBIX THIIOB JAaHHBIX. JlaHHBIC MO-
IVT OBITh CTPYKTYPUPOBAHHBIMHU, HECTPYKTYPHPOBAHHBIMH HIIH
CTPYKTYPUPOBAHHBIMH YaCTHIHO.

B nampHEHImEM MOSBUINCH HHTSPIPETALIMHA C «HIETHIPEMST V» (I0-
OaBsLIack veracity — TOCTOBEPHOCTD Kak caMOro Habopa JAHHBIX, TAK U
pe3yapTaToB ero ananuza). Jagee nadbop V eie paciumpsiics, 100aBsi-
JHMCh TaKUE XapaKTepPHUCTHKH, Kak variability — uamMeHunBOCTD (popMma-
TOB, CTPYKTYPBI HJIH UCTOYHUKOB OOJBIIHNX AAHHBIX, value — HEHHOCTb
nHGPOPMALTIH, KOTOPYIO MOXKHO MOTYYHTh NyTeM 00padOTKH U aHATIH3a
00JIBIINX HAOOPOB JAHHBIX, H T 1.

Bo Bcex cnyuasx B 3TUX NMpHU3HAKAX NOAYEPKHUBACTCA, UTO ONpEe-
JSFOICH XapaKTCPUCTHKOMN [ist OOIBLIMX JAHHBIX SBIBICTCS HE TOJBKO
nx pusriaeckuii 00bEM, HO IPYTHE KATETOPUH, CYIICCTBCHHBIC JUTS IPE-
CTaBIICHHSA O CIIOJKHOCTH 3371a49i 00padOTKU U aHATTN3a JAHHBIX.

Takum 00pazoM, TEXHOIOrHs OONBIINX JAHHBIX HA MPpHU3BaHa odec-
MICYHTh:

1) xpaHeHHE H YIIPAaBICHHUE OrPOMHBIME 00bEMaMH JaHHBIX (cero-
JIHSL UCCIICA0BATEIH TOBOPSIT O HEOOXOAMMOCTH (P PeKTHBHON
paboThI ¢ meTabaiTaMu JAHHBIX ),

2) OpraHu3al{I0 HECTPYKTYPHPOBAHHBIX U CIa0OCTPYKTYPUPO-
BaHHBIX JAHHBIX (TaKWC KaK TEKCTHI, H300PKCHUS, BHICO

HT.JI.);
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3)

MOJYYCHUE 13 OONMBIINX JAHHBIX AaHATHUTHYCCKUX BBIBOJOB, KO-
TOoprle OYAYT MOJC3HBI B MPAKTHYCCKOH ICATECIBHOCTH UEINO-

BCKa.

Beigensror tpu 6a30BeIX mpuHOHNA paboThl ¢ OOIBIIUMH JAH-

HBIMH!

TOPU30HTAIbHAS MACIITA0OHPYEMOCTh, 00ecIeYrBaromas odpa-
OOTKY JAHHBIX, IPEANONAracT, YTO JAHHBIC PACIPEICICHBI MO
y371aM TakuM 00pa3oM, UTo UX 00paboTka HE NPUBOIUT K CHH-
JKCHHIO MPOU3BOAUTEIBHOCTH CHCTEMBI;

OTKa30yCTOWIMBOCTD, KOTOPAs AOJIKHA MO3BOIATH CBECTH K MH-
HUMYMY BIUSHHC Ha paboTy ¢ JAHHBIMH BO3MOXKHBIC OTKAa3bl
000opyAOBaHUS;

JOKaJIbHOCTD JAHHBIX, KOTOpas TpedyeT, 4ToObI M0 BO3MOKHO-
CTH AaHHBIC 00padaThIBAINCH HA TOM K€ KOMIBIOTEPE, HA KOTO-
poM oHH U xpaHsTcs. MHavye BpeMEHHEIC 3aTpaThl HA TIepeaady
JAHHBIX OT MECTA XPAaHCHHS K MecTy 00pabOTKH CTAHYT CIUII-

KOM OOJIBIINMH.

14.3 UucrpymenTapuii JJist 00padoTKH 00/IbILIHX JAHHBIX

B Hacrosiee Bpemst CyInecTByeT OOJBIIOS KOTHUSCTBO PA3HBIX HH-

CTpYMEHTapHeB 11 00paboTky bonbiux naHHbX. Ha pucynke 56 mpen-

CTaBICHA KIacCU(PUKALNA HHCTPYMECHTOB IO THITY PELIACMBIX UMU 3a-
maq [16].
Pacnpeodenennasn aiinosas cucmema noxoxa Ha oObIYHYIO (aiiio-

BYIO CHCTEMY, HO, B OTJIMYHE OT MOCTICAHEH, OHA pabOTacT Ha HECKOIIb-

KUX cepBepax cpady. PacnpeneneHusie daitioBsiec cUCTEMbI 001a1a10T

PSAOM NPEUMYINECTB:

OHH CHOCOOHBI XpaHUTH (aliiabl, pa3Mep KOTOPHIX MPCBBILIACT
pasMep AUCKa OTACIBPHOIO KOMIIBIOTEDA,
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— (ailTel aBTOMATHYECCKH PEILTHIUPYIOTCS. HA HECKOIBKUX CEpPBE-
pax ans co3naHus N30BITOYHOCTH WM BBIMOTHCHUS HapaLICIb-
HBIX ONEPALHI;

— CHCTEMa JETKO MacCIITaOHPyeTCs.

The MangoDe
GraphBuider

Documentstors [ astcsearsn
Mposee r
arapn | 12

HDFS: Hadoo;

Pacpeneneie
L

ome

Foion |-{Trmmponsmve}—

NSl
Goanans
PUMA Berctmarking || Bebapasir —.

Al |

Uesos o e {Baze pawenre NoSGL u New 51 Heots

Graph database:
e | o - !
Apache Flume Ampar ud J Manout e
000 ) d Heatalog

satonHadooe | oy
mpala

New SQL

e

J— L[ Mawmene |
seniry e
Ranger |- o | <

Pucynok 56 — IIporpammHoe obecrieueHue st paboTh ¢ GONBIIUMUA JAHHBIMA

B nacrosimee BpeMst 0HOM K3 HAMOOJICE MOMYISIPHBIX PACIIPEIC-
acunbix (aiiaoseix cuctem seisercst HDFS — 3ro Hadoop File System.
Ho cymecTByIOT ¥ pa3nuiHbIC aTbTCPHATUBHL.

Jns ucnonp30BaHUs JAHHBIX, COXPAHCHHBIX B Paclpelc/iCHHOMN
(haimoBo#l CHCTEME, HCTIONBIYIOTCS UHCHIPYMEeHMbL Olsl pacnpedeieH-
HO20 NPOSPaMMUPOSAHIS, KOTOPBIC, YCIOBHO, MEPEMEINAIOT KOX MPO-
IpamMMBbl K JAaHHBIM, YTOOBI 00CCTICUUTE PUHLIMIT IOKATBHOM 06paboTku
naHHbIX. J{1st 00paboTKH JAHHBIX HIMPOKO UCTIONIB3YIOTCS HHCTPYMCHTHI
MapReduce u Apache Spark.

Jlist 100aBiICHHS M ICPEMELICHUS JAHHBIX H3 OJHUX HCTOYHHKOB B
JPYTOM UCHOMBIYIOTCS UHCHPYMEHMbL UHMeZPAYulL OAHHBIX, TAKUC KaK
Apache Flume.

Jis aHanusa JaHHBIX ¢ HCTOIB30BAHHEM MEMO008 MAUUHHOZO
00yueHUs UCTIOB3YIOTCS Kak OubanoTeku si3pikoB Python mu R, tak u
nmporpaMMHoe obecrieucHue Trna Mahout win Apache Spark.
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Hns xparnenus 0epomHuIx 00beM06 OaHHBLIX TPEATIOYTHTCIEHBIMI
spisitoress NoSQL u NewSQL pewmenus. Tumst NoSQL 6a3 maHHBIX
ObUTH PacCMOTPEHB! B rnaBe 12 — 3T0 TOKYMEHTOOPHCHTHPOBAHHBIC
6asbl gaHHBIX THIIA MongoDB, cucteMbl XpaHEHHS THIA KIHOY-3HAYC-
Hus, Takue kKak Redis, cronOuossie Gasel nanubix, Hanpumep, HBase, u
rpadoBbic 6a3bl JAHHBEIX, HApUMep, Neod;.

Hnempymenmor muna SQIL 8 Hadoop no3BosroT micark MakeTHHIC
sampocsl B Hadoop Ha SQL-moxo6HOM s3p1ke. Cuctemsl Tima NewSQL
ucnoap3y 0T uaTepdeiic SQL u pensiuonHbic 6a3bl JAHHBIX.

Taroke CyIIECTBYIOT HHCTPYMEHTHI TUIAHHUPOBAHUS 11 aBTOMATH-
3alUM TIOBTOPSIOIIMXCS ONCPALUH U 3amycka 3aJaHdi 1O COOBITHSM,
HAIpHMEp, TPH HOSIBICHUH HOBOTO (paiina B mamke, HHCTPYMEHTHI pas-
BCPTBIBAHHUS CHCTEMBI, POrPaAMMHUPOBAHHSA CTYKO 1 obecnieucHus 6e3-

ONMaCHOCTH JAHHBIX.

14.4 ApxutekTypa CHCTEMbI 00Pa0OTKH 00JIbIINX JAHHBIX

14.4.1 KoMnioHeHTBI ApXHTEKTYpPbI

PaccMOTprM OCHOBHBIC YACTH APXUTCKTYPhI CHCTEMBI, OCYIICCTR-
asrore o0padotky Gosbinmx AanHeIX. Ha cxeme Ha pucyHke 57 moka-
3aHBI JIOTMYCCKHUE KOMITOHCHTHI, KOTOPHIC BXOIT B apXUTeKTypy. OT-

ACJIBHBIC PCIICHUA MOT'YT HC COACPXKATH BCC KOMIIOHCHTEHI B 3TOU CXEME.

Batch

Data Storage Fraseg

Lol An::]y‘:lcs
learning data store reporting

Real-time Stream

message ingestion processing

Orchestration

Pucynok 57 — KOMITIOHEHTBI apXHUTEKTYPbI GOIBIINX JaHHBIX
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APXUTEKTYpa COACPIKUT CICAYIOIINE KOMIIOHEHTBI

uctouHukn AgaHHeix (data sources). Bece pemenust mist oGpa-
00TKH OONMBINMKUX JAHHBIX HAYMHAIOTCS C OJHOTO WA HECKOJb-
KHMX MCTOYHUKOB JAHHBIX

xpanuuine gaHHbx (data storage). JlanHbie A5 MakeTHOM 00-
paboTKH OOBIMHO XPaHATCA B PACHPCACICHHOM XPAaHWIIHILC
(daliioB, raI¢ MOTYT COACPIKATHCS 3HAUUTESIPHBIC 00BEMBI OOJTb-
mux (aiyioB B pas3nuyuHbIX hopMarax. ITOT THIT XPAHIIHIA Ya-
CTO HA3BIBAIOT 03CPOM JAHHBIX;

naketHas odopadoTka (batch processing). Tak xak HaOope JaH-
HBIX OYCHb BCJIMKH, YACTO B PCUICHHH OOPa0aThIBAIOTCS [JTH-
TCJBHBIC TMAKCTHBIC 3a7aHus. [ HUX BRITIOTHACTCS (DUIBTPaA-
s, cTaTucTrdeckast oopadotka u apyrue npoueccsl. OOBIYHO
B 3TH 33JaHUs BXOIUT YTCHUEC UCXOIHBIX (haliioB, ux 00paboTka
M 3aITUCh BBIXOTHBIX JAHHBIX B HOBbIC (haitapl. [ makeTHOH
00paboTKu 4acTo 1 ucnonb3yeTcs noaxon MapReduce;

MpHEM cOOOIIECHHI B PEabHOM BpeMeHH (real-time message in-
gestion). Ecnu peineHue CoACPKUT HCTOUHHUKH B PSIKUME PEaTb-
HOTO BPCMCHH, B APXUTCKTYPE MOKCH OBITH MPEAYCMOTPCH
croco0 c¢bopa U COXpaHESHUs COODLICHUH B PEKUME PEATTBHOTO
BPEMCHH TSI IOTOKOBOH 00PabOTKH JAHHBIX;

nmoTokoBas odpadoTka (stream processing). CoxpaHus coodie-
HUSI, TIOCTYIAIOLUINE B PSKUME PCATBHOTO BPEMCHH, CHCTEMA
BBIMOJTHACT 151 HUX (PUIBTPALIUIO, CTATUCTHICCKYIO 00paboTKy
U IPYTHC TPOIECCHI TIOATOTOBKH TAHHBIX K QHAJIH3Y
XPaHWIHIIE aHATUTHYCCKUX AaHHbIX (analytical data store). Bo
MHOTUX PCLICHUIX TS 00paboTKu OONBIINX JAHHBIX TAHHBIC
MOJArOTABIHBAIOTCA K aHATH3Y. 3aTeM 0Opa0OTaHHBIC AAHHBIC
CTPYKTYPUPYIOTCSI B COOTBSTCTBHU € (POPMATOM 3ampOCOB AL

CPCACTB AHAJIUTHUKU,
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— aHamu3 ¥ cozganue otueToB (analytics and reporting). bonpmia-
CTBO PELICHHI 10 00Pa0OTKE OOMBIINX NAHHBIX MTPEAHAZHAYCHBI
JUTSL QHAIN3A M COCTABJCHHSI OTUCTOB, YTO MO3BOJISICT IOIYIHUTh
BRKHYIO UH(OPMALIHIO;

— opkectpaums (orchestration) reoOxoanMa A VIPABICHUS TO-
BTOPSIOIIUMHCA Pa0OYMMH MPOLIECCAMH, BO BPEMS KOTOPBIX
MPOUCXOAUT 00PA0OTKA JAHHBIX.

14.4.2 IlakeTrHas o6padoTka

O0paboTka COBIIMX TAHHBIX MOYKET BBITIOTHATHCS JTUOO B TAKSTHOM,
mbo B otokoBoM pexkumve. [lakerHasi 06pa0doTka — 3TO THNMYHBIH CIie-
Hapuii paboThl ¢ OONBIINMH JaHHEIMH. B 3TOM clTydyae HCXOJHBIC TaHHBIC
3arpy:KaroTCs B XPAHUITHINE JAHHBIX. 3aTeM JAHHBIC MapajicibHO oOpada-
THIBAIOTCA JOKATbHO. B pamkax oOpaboTKH MOMKET BBIIOIHATHCSA HE-
CKOJBKO UTEPATHBHBIX IIAr0B J0 TOTO, KAK MPeoOpPa30BaHHBIC PE3YIbTATHL
OV YT 3arpy>KCHbI B XPAHWIHLIC AHATUTHYCCKHIX JAHHBIX.

INMaketHas 0OpabOTKA MOKET BBIMONHATHCSA NI OUCHb OOJIBIIMX
HaOOPOB JAHHBIX U CIOXKHBIX CLICHAPUCB 00PabOTKH, KOTOPBIC TPEOVIOT
JUTUTEITEHOTO BpeMEHHU BhinonHeHH. [lakeTHas oOpaboTka MOXKET BbI-
MOJHATHCS JOCTATOYHO 3((EKTUBHO €CNH FOBOPUTH O KOTUIECTBE 00-
padaThIBACMBIX 3aIHCCH B ¢IUHULY BPEMEHH OIarogaps COBPEMEHHbBIM
TEXHOJIOTHsIM (hopMaTy XpaHeHUs, crmocody obpadotku u t.4. Ho pe-
3yNbTATHl 00PAOOTKH TOCTABISIOTCS C 3aACPKKOH.

Process Process Process Process Process Process

Data Data Data Data

W -

[
Batch 1 Batch 2 Batch 3 Batch 4 Batch 5

Pucynok 58 — IlakerHas oGpaGoTKa JAHHBIX
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Ha pucynke 58 mpencrtaBieHa cxemaruuHas cxeMa oOpaOOTKH:
JAHHBIC 0OBCAUHAIOTCS B OJIOKH HIH TIAKSTHI, U 3aTEM MPOUCXOIUT 00-
paboTKa BCETO MAKeTA JAHHBIX.

ApPXUTEKTYpa CUCTEMBI MAKETHOW 00OpabOTKH MMEET CICAVIOIINE
JOrHUIeCKre KOMIIOHEHTHI [ 19], mokazanHbe Ha pucyHke 59.

Data Storage Batch
Processing

Blob Storage .

Data Lake Store Analytical

Analytics

SQL Data and

Warehouse reporting
Spark SQL

HBase

Hive

.
SQL Database e Hi data store
-
Data Cosmos DB .

Sources

e Data Factory

D « Oozie (HDInsight)

PucyHok 59 — ApxutekTypa cucTeMbI ITaKEeTHON 00pabOTKHU TAHHBIX

B kauecrse xpanunuina nanHbix (data storage) oObIYHO BBICTYIACT
pacnpeaeneHHoe XpaHuvie (ainos, KOTOPOE MOXKET CIVKHTh Perio-
3UTOPHUEM AJIS 3HAUUTEIBHBIX 00BEMOB OOIBINNX (PAHIOB B Pa3mTHYHBIX
dopmarax. Tak:ke MOKHO HCITOIb30BATEH Pa3IHIHBIC 0a3bl HaHHBIX. [{ist
nakeTHOM oOpaboTku manHbiX (batch processing) MOXKET HCIIONB30-
BaThcd mnardopma Spark, koTopas moaaepKHUBACT NPOrPaMMBbl MAKET-
HOU 00palOTKY, HAMCAHHBIC HA Pa3HBIX S3BIKAX, BKMovas Java, Scala
u Python. Spark ucrons3yeT pacnpeaeneHHYI0 apXUTEKTYPY IS napan-
JeTbHON 00pabOTKU AAHHBIX B HECKOMBKUX padounx y3nax. Tawxke mMo-
JKET uCroib30BaThest SQL-moao0Hsii si3bik Hive, nexmapaTuBHBIN SI3bIK
Pig. B kauecTBe XpaHHIHINA aHATUTHYCCKHX JaHHBIX (analytics data
store) mMoryT ucmonb3oBarecsi NoSQL xpaHumuing Tuma «CeMEHCTBO
cTonbuos» HBase, cucrema ynpasienuns 6azamu ganabix Apache Hive
Ha ocHose mwiardopmer Hadoop u apyrue.
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14.4.3 llorokoBas 06paboTka

IMoTokoBast 00paboTKa BRIMOMHICTCS /ISl TIOTOKOB JAHHBIX, MOJY-
YACMBIX B PCATBHOM BPEMEHH M 00Pa0aThIBACMBIX ¢ MUHUMAIBHOU 3a-
JCPIKKOH JJTs CO3JaHUSI OTYCTOB WJIH ABTOMATH3UPOBAHHOTO PEaruposa-
HUS B PEXKUME PCATPHOrO BPESMCHH (WU MPUOIHKCHHOM K PEATBHOMY
BpeMmeHH). T.€. Kaskaas mOCTYIUBINAS MOPLIS JAHHBIX 00padaThIBACTCS
cpa3y, Kak [oKa3aHo Ha pucyHke 60.

Processing

Wi -

vvvvv Data

Pucynok 60 — IloToxoBas 0GpaboTka JaHHBIX

IMoTokoBas 0OpaboTKa MO3BOJSIET OOCCIICUUTD HEMTPESPHIBHYIO 00-
PpadoOTKy BXOMAIIETO NMOTOKA AAHHBIX IO MEPE MOCTYILICHUS COOBITHH U
BBIJABATh PE3yAbTaT 00pabOTKH ¢ MUHUMAIBHBIM BPEMCHEM 33ICPIKKH
B HecKOIbko MumutucekyHA. Ho Takas o6paboTka HE CMOKET UCTIONB30-
BaThCAd B CIOXKHBIX CLICHAPUAX 0OPaOOTKU AAHHBIX WIH HUCIONB30BATh
JAHHBIC U3 XPaHHIIHIIA, T.C. PE3yIbTaThl 00PabOTKH MOTYT OBITH MECHEES
TOYHBI HIIH MOJTHBI, YEM TPU NAKEeTHOH 0OpadoTke.

ApxutekTypa 00paboTKH B PEIKHUME PEATbHOIO BPEMEHH COCTOMT
U3 CICAYIOINX JTOTHUSCKIX KOMIIOHCHTOB. CPEACTBA cOoOpa U COXpaHe-
HHUS COOOIICHHUN B PEXKHME PEATBHOTO BPEMEHH, CPEIACTBA MOTOKOBOH
00pabOTKH, XPAHUTUIIE AHATHTHICCKUX AAHHBIX H CPSACTBA CO3JAHHUS
u oT4eTOB (pucyHok 61) [20].

s nprema cooOIIeHNH B peaqbHOM BPEMEHH UCTIONB3YIOTCS Opo-
Kkepol coobuieHwui, Takue, kak Apache Kafka niun RabbitMQ, koropsie
MOAJACPKUBAIOT OUYCPEIH COODIICHHI, MOTOKOBYK) 00pabOTKy ¢ BO3-
MOKHOCTBIO MacIITaOHPOBAHUS OO HECKOJBKUX MHJIJIMOHOB COOOIIE-
HHI B CEKYHAY OT MHOXKECTBA OTHPABUTEICH COOOIICHHI, U MEpeHa-
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MPAaBJICHUE UX MHOXECTBY 00OBCKTOB-oMy4areaeh. s notokosoii 06-
PpabOTKH JAaHHBIX MOTYT HCIOJB30BATHCS cUCTeMbl Apache Storm wmu
Spark Streaming.

Data Storage

Analytical
data store

Analytics
S(I)D:rt:es \S,\? . ?ata a"y;
arehouse -
- Spark 5QL Lepaty
Ingestion Stream Processing HBase
Hive
e FEvent Hubs = Stream Analytics
= loT Hub = Storm
» Kafka s Spark Streaming

PucyHok 61 — ApxuTekTypa cucTeMbl IIOTOKOBOM 00pabOTKU JJAHHBIX

14.4.4 JIsmOaa-apxuteKTypa

Yacto HEoOX0AMMO COBMECTUTH 00a moaxoaa Kk oOpaboTke JaH-
HBIX, T.€. 00BCIUHHUTE MOTOKOBYIO 00Pa0OTKY AAHHEIX B PEXKHME Pealb-
HOTO BPEMCHH € Pe3yIbTaTaMU MAaKeTHOU aHamMuTHKH. s sToro Ovlna
MpeaIoKeHa JIIMOJa-apXUTCKTYPa, KOTOpas SBISICTCS OJHHUM U3 Hanbo-
Jee MOMYILIPHBIX apXUTCKTYPHBIX PELICHUH Ans oOpaboTKu OOMbIIHX
JAHHBIX.

JlamGpa-apxuTexTypa [2] cOCTOMT U3 TPEX B3aUMOJOMOTHSIIOLINX
VPOBHEH: YPOBCHb NAKCTHOW 00PaGOTKH, BRIIOTHAIOMIHNN 00paboTKy na-
KETOB JaHHBIX IO PACIUCAHHUIO, YPOBEHb CKOPOCTHOW 0OPabOTKH, BBI-
MOJHSIOIMHA MOTOKOBYIO 00pabOTKY JAHHEIX B PEaNTbHOM BPEMCHH, H
VPOBEHB 00CTYKUBAHUS, KOTOPBIE O0OBECAUHSICT PE3YAbTAThl MAKETHOTO
U MOTOKOBOTO MPEACTABICHUS A MPEIOCTABICHUS arperHpOBAHHBIX
JAHHBIX MMOJIb30BATEIIIO 0 3aPoCy (PUCYHOK 62).

Vpoeenv naxemnoii 06pabomxu npeacTaBmieT cOO0OU XPaHUITUILE
«CBIPBIX» JaHHBIX. Ha 5ToM ypoBHE BRINOIHACTCH 00paboOTKa O PacIiu-
CaHMIO — Yepe3 3apaHee 3aJaHHBIC HHTCPBATEI BPEMCHHU OTIIPABISIOTCS
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3alpoCbl K HOBBIM JAaHHBIM. HOquCHHbIC JAHHBIC ,Z[O6aBJ'IHIOTCH K
HAKOIIJICHHOMY PaHCC apXuBy, HC U3MCHAA CTO NPCABIAYINUC KOITUH.
OObIMHO YPOBEHb MAKETHOH 00padoTKu peamusyercs Ha Oase Apache
Hadoop.

YpoBeHb nakeTHoi o6paboTku
(batch layer)

O6patoraHHeie
npeacTasnesma
(pacnpeaenextan

«Cbipblen faHHbIe

(pacnpenenennan

aHN0BAA CUCTEMA i Gpabi
i ) oKemuan abpabomea obpaboTka MapReduce)

YpeseHs obcnyuBaHua i—
(serving layer) | L J

| Nakervoe npencrasnenme
HoBble b
AaHHble ree T T T T T T T T T T T T il

CrusHue

iphapet A L ____C L
VpoBeHb ckopocTHO 06paboTku
(speed layer)

MHKpeMeHTHoE

MoToxosan o6paboTka
npepcrasnenve

Npupawenus
peansHoeo epemeru

Pucynok 62 — JIaMOma-apxurekTypa

Vposenv nomoxoeoii 06pabomxu ocyuiecTBIsCT 00paboOTKyY MOCTY-
MAIOIIETO B PealbHOM BPEMEHH MOTOKA JaHHBIX. Pabota B peanbHOM
BPEMCHH JOMYCKACT YIPOIICHHYIO 00pabOTKY AaHHBIX H UCTOJIb30Ba-
HHE MPOCTBIX CLEHAPUEB PaOOTHI AN OBICTPOro aHanmu3a JaHHEIX. B
3TOM ClIy4ae, MOXKHO MONTYYHTbh, HAIPHUMEP, HEAOCTATOUHO TOYHBIC HITH
HenonHble JaHHbie. QHAKO 3TH MOTPEITHOCTH ¢ HEOOMBIIUM 3amo31a-
HHEM KOMIICHCHPYIOTCS YPOBHEM MaKETHOH 00paboTKH. YPOBEHB CKO-
POCTHOI 06PabOTKH MOXKET OBITB BBITIOJIHEH C HCIIOIb30BAHHEM HHCTPY-
menToB. Apache Spark, Apache Storm u apyrux.

JlaHHBIC, MONYYCHHBIC OT YPOBHEH MakeTHOW M MOTOKOBOM oOpa-
OOTKH, COXPaHSIOTCS Ha yposHe obcayxcusanus. Ha s3toM cioe BeImon-
HAeTCs 00paboTKa 3ampoCoB OT ONEPATOPOB H BO3BPALICHUC UM 3apaHee
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NOATOTOBJICHHBIX WJIN NMOATOTOBJICHHBIC «HA JICTY» HpC,Z[CTaBJ'ICHI/II\/'I. Ha
CTBIKE CEPBHCHOTO VPOBHS H YPOBHS CKOPOCTHOM 00pabOTKH MOXKET pa-
0oTaTh Kak y)KE PAacCCMOTPCHHAs PaHEE JOKYMCHTOOPHCHTHPOBAHHAS
CYBJ MongoDB, Tak u pag Apyrux cucreM, Takux kak Apache
Cassandra win Apache HBase.

14.5 IlporpammHoe oGecneueHue AJisi padoThl ¢ 00JIbIIHMH

AAaHHBIMH

14.5.1 Apache Hadoop

Jist Toro 4To0BI MOTYYUTh BO3MOKHOCTh XPAHUTh OOJIBINNC MAH-
HBIC B PACTIPCACIICHHBIX CUCTCMAX U IIPHU 3TOM O6CCH€‘H/ITI> yopaBlric-
MOCTb BCETO KIACTEPa C AAHHBIMH, HEOOX0AUMO ObLIO pazpadoTarh Co-
OTBETCTBYIOIIECE nporpammHoe obccreucHue. OXHHM W3 MHOHEPOB
3TOr0 HANpaBICHUS CTATH NPOrPaMMHUCTBI W3 OpraHuzanmu Apache
Software Foundation. Umu B 2005 rogy 6bu1 paspaboTaH NpOEKT MOJ
Haseannem Apache Hadoop, xoropeiii nmepBoHA4Ya bHO 33XyMBIBAJICS
KaK CHCTCMa XpaHCHHs JAHHBIX, CIOCOOHAs 3amycKaTh 3adadd
MapReduce. K ceroansmuaemy nuro Hadoop npespatuncs B mensiii crek
KOMITBIOTCPHBIX TEXHOJIOTHM, CIIOCOOHBIX paboTaTh HA YPOBHE MAKET-
HOWM 00pabOTKH B JIIMOAA-apXUTECKTYPE.

Hadoop meiTactes 1ocTryp cleayrOmux HEIeH:

— HaJCKHOCTb, KOTOPAsl JOCTHracTCs MYTEM CO3JAHUSI HECKOJb-
KHX KOITHIA JAAHHBIX YU MMOBTOPHOI'O MPUMCHCHUA JIOTUKHU o6pa-
0OTKH B ciyuae cOost;

— OTKa30yCTOHYHMBOCTB 32 CUCT OOHApYKCHHS cOOCB M MPUMCHE-
HUSI QBTOMATHICCKOTO BOCCTAHOBIICHUS,

— MacmTabupyeMoCTh, T.K. JAHHBIC U UX 00paboTKa pacnpeac/s-
FOTCS B KJIacTepax (TOPU3OHTATIBHOS MAcInTaOUPOBAHKE ),

— MOPTHPYEMOCTh, T.€. BOBMOYKHOCTh YCTAHOBKH HA Pa3THYHBIX
YCTPOUCTBAX U ONEPALMOHHBIX CUCTEMAX.
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bazoBas uHdppacTpyKTypa COCTOUT U3 PACIPEACICHHON (HalnoBOM
CHCTEMBI, MCHEKEPA PECYPCOB M CHCTEMBI BBHITIOTHCHHUS PACIIPEACIICH-
HbIX nporpamm. Ha npaktuke oHa no3BossieT paboTars ¢ pacripeacicH-
HOW (halIOBOM CUCTEMOM IMOYTH TaK K¢ MPOCTO, KAK U C JIOKATbHOM,
CKPBIBasi PCATBHOC PACIIOIOKCHHUC JAHHBIX HA PA3HBIX CEPBEPax.

B Apache Hadoop ueHTpanpHOE MECTO 3aHUMAKOT TPH KOMIIO-
HCHTA:

— pacnpeaencunas daitmoas cucrema (Hadoop Distributed File

System, HDFS);

— METOJ pacrpeacacHHbIX BeruucaecHuii MapReduce;

— cucteMa ympasieHus pecypcamu knacrepa YARN, koropas
OCVILECTBISCT YIPABICHUE PEeCypcaMy M 3aJavaMH Kjactepa.
JU14 3TOTO CO3AI0TCA KOHTEHHEPHI I NPHIIOKCHUH, BBITIOTHS-
€TCs OLICHKA X MOTPEOHOCTEH B peCypcax U BBIACICHUE AOTIOI-
HHUTCIIBHBIX PECYPCOB MPH HEOOXOTUMOCTH.

Ha »toit 6a3e chopmupoBatack 3KOCHCTEMA NMPUIOKCHHMN, MOKa-
3aHHasd Ha pUcyHKe 63. B skocucreMy BXoaaT, HanmpuMep, O0as3el JAHHBIX
Hive u HBase, nnn mHbpactpykTypa MamuHHOro oOyvueHus Mahout.
Kowneuno, B paMkax 310l HHPACTPYKTYPHI MPU HEOOXOAUMOCTH MOTYT
HUCMOJIb30BaThCd U APYIUC KOMIIOHCHTBI, YIIOMAHYTBIC MPU HU3YUCHUU
APXUTCKTYPBl CUCTEM 00paboTku Ooapinux gaHHbX, B T.4. CYB]]
MongoDB nnu Cassandra.

His peanuzanuu mapamieausma Hadoop uenonp3yeT TeXHOMOTHIO
MapReduce. Cyrp mapaaurmer MapReduce 3axnmrouacTes B TOM, 49TO
OoJpInas 3aJa4a Pa3aC/IICTC HA Psif HOOOIbINHUX 3aJaHHH, KAXKI0C U3
KOTOPBIX MOXET OBITh BBIMIOJIHCHO HA JHOOOM U3 Y3JI0B KiIactepa (Io-
apobHee omucaHo B pasaeae 1.2.7).

Onnaxo agropurm MapReduce mioxo moaxoauT It HHTCPAKTHB-
HOI'O aHaliu3a, IMOTOMY YTO AAaHHBIC 3alHUCBIBAIOTCA HA AUCK MCXKAY
srana BerauciacHui. [Ipu padore ¢ Gonprrmu HAbOpaMu JAHHBIX 3AIMTUCH
00X0UTCS JOCTATOYHO A0POTO.
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Oozie Pig Mahout Hcatalog
Sqool (avcneTyep (MalumHHoe (MeTa-
(ogmepH onepavuiiy obyyeHne) namHbie) (SQL aapo)
OaHHbIMu) HBase
MapReduce (cTon6uosoe
Zookeeper (MHbpacTpyKTYpa pacnpegeneHHbIX BeMACTIEHWIA) XpaHeHKe)
(koopavHaums)

Hive
(ckpunTbI)

YARN
Flume (ynpaBneHue pecypcaMmn KnacTepoB)
(cBop
NOroB) HDFS
(Hadoop File System)

Ambari
(NNaHnpoBaHue, ynpaeneHue 1 MOHUTOPUHI)

Ranger
(besonacHoCTL)

Pucynok 63 — OcaoBHble kKoMItoHeHTH! Apache Hadoop

14.5.2 Apache Spark

UYro0Obl MOBRICHTH MPOU3BOAUTEIBHOCTh 00Pa0OTKH, OBLIT pa3pado-
taH (perimBopk Apache Spark [21].

Apache Spark — ¢peiiMBOPK C OTKPBITBIM HCXOJHBIM KOZAOM AJIS
peanuzanuu pacipeacaEHHOH 00pad0TKH HECTPYKTYPHUPOBAHHBIX U Clla-
OGOCTPYKTYPUPOBAHHEIX JAHHBIX, BXOMSLIHA B 3KOCHCTEMY NPOCKTOB
Hadoop.

B orauune ot knaccuueckoro obpadorurka us sapa Hadoop, pea-
JAU3YIOLICTO ABYXYPOBHEBYHO KoHIenuuio MapReduce ¢ xpancHueM
MPOMEKYTOUHBIX TAHHBIX Ha 0a3e TUCKOBOTO xpanuwiia, Spark pado-
TacT B NapaaurmMe pC3naCHTHBIX BBIYHCIICHUH — O6pa6aTbIBa€T JAHHBIC
B OHepaTHBHOﬁ IaMsITH, 6naro,£[ap$[ UCMy MO3BOJIACT IIOJIyUaTb 3HAYU-
TENBHBIA BBIUTPBILI B CKOPOCTH paboThI [Tl HEKOTOPBIX KJIACCOB 3a4ad,
B TYaCTHOCTH, BOSMOXKHOCTh MHOTOKPATHOTO AOCTYIIA K 3arpy>KCHHBIM B
IaMATh NMOJIb30BATCIBCKUM AAHHBIM ACIACT 6I/I6J'II/IOT6Ky MNPUBJICKATC/Ib-
HOIt AL ANITrOPUTMOB MAITUHHOTO O6yquI/IH.

ITpoekT mpemocTaBIsICT MPOTPAMMHBIC HHTCPOCHUCHI IS SI3BIKOB
Java, Scala, Python, R.

Craenyet otMetuTh, uto Spark He 3aHUMAaeTCs HU XpaHeHueM (aii-
70B B (hafiioBOM CHCTEME, HH YIPABICHHEM pecypcamu. st aToro uc-
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MOJB3YIOTCS CUCTEMBI yripasincHus pecypcamMu Y ARN wmmu Mesos, noa-
JCPKUBACTCS HECKOJIBKO pacnpeacaéHubix cucrem xpanenus — HDFS,
OpenStack Swift, NoSQL-CYB]] Cassandra, Amazon S3. Takum oGpa-
3om, Hadoop u Spark siBastroTcst B3aUMOJOTIOTHSIFOIUMH CHCTSMaMH.,

Apache Spark cocTouT U3 sympa ¥ HECKONBKUX PACIIUPEHUH, TAKUX
kak Spark SQL (mo3BossieT BoimoiHaTs SQL-3ampockl HA TAHHBIMH),
Spark Streaming (HaacTpoiika mas oOpabOTKH MOTOKOBBIX JAHHBIX),
Spark MLIib (rabop 6ubmnorex mammunaHOTrO 00y4eHwms), GraphX (mpex-
HA3HAYCHO JJIS pacnpeACIEHHON 00paboTku rpados).

Crout orMeTuth, uto Spark Streaming, B OTAHYHE OT, HAPUMED,
Apache Storm, Flink uan Samza, He oOpabaTsiBaeT MOTOKH AAHHBIX 11C-
aukoM. BMecTo 3TOro peanusyercss MUKPOMAKCTHBIH MOAX0A (micro-
batch), korga moTok JaHHEIX pa3OUBAcTCs HA HEOONBIIME MAKETH BpE-
MCHHBIX HHTCPBANIOB.

Wndpactpykrypa Spark, ucnone3yemas B coueTaHu ¢ uH(pa-
ctpykrypoit Hadoop, mokazana Ha pucyHke 64.

Sqoop [ Qozie Pig (Mahout H(c:eti\aog Hive Spark Spark MLLib (rsar:)%r;);q
o6MeH (aMeneTyen| | (expunTil)| ((MALIMHHOE - .
qimmmm) onepatu)| | P4 Goymonne) || parmeie) || (SQL AARO) | | streaming | | SQL | [osywere) ||~ By

HBase

Zookeeper
(koopAuHaLMA)

MapReduce
(MHChpacTPyKTypa pacrnpeeneHHbIX Bbl4UCNEHHil)

Flume YARN
(cBop (ynpaBnexune pecypcami knacTepoe)
noroe)

HDFS
(Hadoop File System)

Ambari
(nnaHupoBaHue, yrpaeneHHe U MOHUTOPUHT)

Ranger
(Be3onacHoCTL)

Prcynok 64 — OcHoBHBIE KOMITOHEHTHI Apache Spark

14.5.3 Apache Kafka
Apache Kafka — 310 pacmpeaeacHHas cucteMa oOMEHa COOOIICHU-
SIMH C BBICOKOH MPOMYCKHOU CIOCOOHOCTHEO MEXKAY KOMITOHCHTAMH
MPOTrPaMMHON CHCTEMBI, Pa0OTaIOMas MO NPUHLMIY «IIyOIHKALNI—

moATHuCKay [22].
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MO>HO BBLACTHTE CIECAYIOMHEC 0COOCHHOCTH CHCTEMBI:

— SBJISICTCSl PACMPEACICHHOM, MOPU30HTAIBHO-MACIITAOUPYEMOM
CHUCTEMOM, 00ECIICUHMBAIOIICH HAPAIIUBAHUE MPOMYCKHOW CIHO-
COOHOCTH KaK IPH POCTE YHCIA U HATPY3KH CO CTOPOHEI HCTOY-
HUKOB, TaK U KOJTHYECTBA CUCTEM-TIOAHCYHKOB;

— oOecneyuBacTcs MyOIUKALS U TOANNCKA HA TIOTOKH 3aIHCEH;

— MOAJCPKUBACTCH OTKA30YCTOWYMBBIN CIOCOO XPAHCHUS IMOTO-
KOB 3aIUCEH 3a CUET MPUMEHEHUS TEXHUKH, CXOJHOM C KypHa-
JaMU TPAH3aKLHIM;

— TIOTOK 3amucey 00pabaTbiBacTCs MO MEPe MOSBICHHUS 3aMHCEH C
BO3MOKHOCTBIO BPEMEHHOTO XPAHCHUS JAHHBIX TS MOCICAYIO-
HICH NakeTHOW 00paboTKH.

Hcnonb3oBanue Opokepa coobineHuil ympoinact padory, Koraa B
CHCTEME HECKOIIBKO UCTOYHHKOB JAHHBIX MM CHCTEM-TIOANUCYNKOB. B
3TOM CITy4Yac UCTOYHHK JAAHHBIX OTIPABILIET COOOIICHHUN B OpoKep, KO-
TOPBIC TIEPEAAIOTCS BCEM MOANUCYMKAM, HHAYE OBl MCTOYHHKY TPH-
LIIOCh XPAHUTh WHPOPMALUIO O BCEX MOANMUCYMKAX U OTHPABIATE UM
COOOIICHUS HANIPSIMYIO, pelliasl BCE TC 3a0a91, KOTOPBIC peruacT Opoxep,
HanpHMep, HAIC)KHOCTE JOCTABKH COOOLICHHH.

Hcnonb3oBanne HHCTPYMEHTOB 151 00PabOTKH OOJBIINX JAHHBIX
MO3BOJMSCT HOCTPOHUTh TOPH3OHTAIBHO-MACIITAOUPYEMYIO CHCTEMY,
crocoOHY 0 00pabaTeiBaTh GOBIINE OOBEMBI JAHHBIX KAK B MTAKCTHOM,

TaK U B IIOTOKOBOM PCXKUMC.

298



3AKJIIOYEHHUE

B yueOHOM mocoGuu paccMOTPEHBI OCHOBBI TEXHOJOTHH 0a3 JaH-
HBIX U [PEACTABICHBI KIIFOUCBBIC MOHATHS M KOHLCTILIHN, HCOOXOIUMBIC
JUTsE TOHUMAHUS 1 paboThl ¢ Oazamu AaHHbIX. B wacTHOCTH, OBLIH pac-
CMOTPCHBI PA3IHYHBIC MOACTH JAHHBIX, MOAPOOHO OIMHCAHA PEIISILIAOH-
Hask MOJCITb, KOTOPAs SIBISICTCSI OCHOBOH OOJBLIHHCTBA COBPEMCHHBIX
CHCTEM YIIPaBICHUS 0a3aMHU JAHHBIX.

Hauiee ObLTH PacCMOTPEHBI BOMPOCH MPOSKTUPOBAHUS 0a3 NAHHBIX,
HAYMHAS C aHATN3a TPCOOBAHUH U 3aKAHYUBAS BHIOOPOM TOIXOISIINX
HHCTPYMCHTOB M TeXHOJIOTHH. [10Ap0oOHO OBLT H3YHUCH SI3BIK CTPYKTYPH-
poBaHHBIX 3anpocoB SQL, KOTOPEII SIBISETCS] MOLIHBIM HHCTPYMEHTOM
JUTsL pabOThI C PEIIIMOHHBIME 0a3aMH JAHHBIX.

B crneayromeii yactu mocoOus OBLITH PacCMOTPEHBI MPOJBUHYTHIE
KOHLICTILIUH U TCXHOJIOTHH, HCIIOIb3YIOLIHECS B COBPEMCHHBIX CHCTEMAaX
yIIpaBiIcHUs 0a3aMu JAHHBIX, TAKHC KaK HHACKCUPOBAHHE, TPAH3AKLIHH,
a TaKKe MPOLCAYPHBIC pacuiupeHus si3bika SQL.

3aKIIOYUTENTBHAS YaCcTh MOCOOUS TOCBSIICHA COBPEMECHHBIM IMOJ-
x0JaM K 00padoTke GonpIHUX 00BEMOB JAHHBIX, BKIIIOYAs HCIIOTb30Ba-
HHC HCPCIIHOHHBIX CHCTEM YIIPABICHHS Oa3aMH JAHHBIX H IPOrpaMM-
HBIC CPEeACTBA A1 00pabOTKH «OOIBINHX JAHHBIXY.

BaxxHo 0TMETHTSH, YTO AAHHOE YICOHOE MOCOOHE MOCBSIIECHO OCHO-
BaM TCXHOJIOTHH 0a3 JAHHBIX, TIO3TOMY MHOTHE BOIPOCHI OCTAIHCH 32
paMKaMH PACCMOTPSHHOTO MAaTEepHaa, B YaCTHOCTH, 3TO BOIPOCH aji-
MUHHCTPUPOBAHHS U OC30MacHOCTH 0a3 JaHHBIX.
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