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NpeancnoBsue

Bo BceM Mupe MUJIHMOHBI PaspabOoTUYNKOB IPUIOKEHUH U afMUHUCTPATO-
poB 6a3 JaHHBIX UCIOJNB3YIOT IPOAYKTEI Koprmopanuu Oracle ams cosmganusa
CJIOXKHBIX CUCTEM, YIPABIAOIINX OTPOMHBIMH 00beMaMu AaHHBIX. SHAUM-
TeJIbHAA YACTh 9TUX IIPOJYKTOB ocHOBaHa Ha PL/SQL — sA3bIKe mporpaMMu-
pOBaHUS, IPEACTABIAINIEM cob60l mpomeaypHoe pacmupenne Oracle-Bep-
cun aa3bika SQL (Structured Query Language — cTpYKTYPUPOBAHHBIH SI3BIK
3aIlIpOCOB) U UCTIOJB3YIOIIeMC A ITporpaMMupoBanus B cpefie Oracle De-
veloper.

IlpakTudYecKu BO BceX HOBBIX IPOAYKTAX, BHIOIYCKAeMBIX KopIliopaluei
Oracle, PL/SQL urpaer KJI004eBYI0O Poab. CIenualnucThl UCIOJIB3YIOT STOT
SA3BIK B PA3JIUYHBIX 00JACTAX TPOTPAMMUPOBAHUA, B TOM YHCIE:

e Jlnsa peanrmsalluy OCHOBOIIOJIaTaioNed OusHec-IoruKkn Ha cepBepe Oracle
¢ TOMOMIbI0 XpaHuMBIX PL/SQL-poreayp u TpUIrTepoB 6a3bl JaHHBIX;

e Jlna dopmupoBauua u 06paborku XML-I0KyMeHTOB BHYTpHU 0a3bl AaH-
HBIX;

e Jlns cBA3bIBaHUA BeO-cTpaHUI ¢ 6a30it fanuerx Oracle;

e Jlna BBITIOJHEHHWS W aBTOMATHU3ANUU 3aJad afMUHUCTPUPOBAHUA 0a3bl
MTaHHBIX, HAUMHAA C PeaJu3alud KOHTPOJA JOCTYIIa Ha YPOBHE OTAENb-
HBIX CTPOK U 3aKaHYMBAasdA yIIpaBjeHWeM cerMeHTaMmu oTkaTta B PL/SQL-
mporpaMMax.

PL/SQL paspabaTsiBajsica Ha ocHOBe Adal! — si3pIKa TpOrpaMMUPOBAHUI,
cosgaraHoro Ansa MurucrepcTsa o60porsl CIITA. Ada — 3To A3BIK BEICOKOTO
YPOBH:A, B KOTOPOM 0coboe BHUMAaHNE yAeJeHO a0CTpaKIuM JaHHBIX, CO-
KpBITUIO MHMODMANUU U APYTUM KJIOYEBHIM BJIeMEHTAaM COBDEMEHHBIX
TeXHOJOTHUH paspaboTku. B pesyabTaTe Takoro BeiGopa Koprnopamnuu Orac-
le s3pik PL/SQL moy4mics MOIITHBIM CPEJCTBOM, BOODPABIITUM B cebsI Hau-
60Jiee IepeoBbIe SIeMEeHTH IPOIeAYPHBIX I3BIKOB, TaKMe KaK:

e Ilomuwiit CIIEKTp THIIOB JaHHBIX, KaK 4YHNCJIOBBIX, TaK H CTPOKOBBIX,
BKJIIOUAA TaKHe CJIOXKHBIEC CTPYKTYDBI JaHHBIX, KaK 3aIllCH (OHI/I HO,Z[06'

1 SI3mIK MOJYYHJI CBOE MMA B uecTh Annl JlaBiueiic (Ada Lovelace), :xeHIITUHER-Ma-
TeMaTHKAa, KOTOPYI0 MHOTHE CUMTAIOT IIEPBHIM IPOTPDAMMKCTOM B MCTOPHHU Ue-
aoBedecTBa. I[loapobHyI0 HHDOPMALMIO 0 A3kKIKe Ada MOMHO MOJAYYUTH Ha Be6-
catite http://www.adahome.com.
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HBI CTPOKAM PeNAnuoHHoMN Tabmume ), konmexnuu (Oracle-Bepcust Maccu-
BoB) 1 XMLType (ans pabotel ¢ XML-goxkymernTamu B Oracle u PL/SQL).

e TlomarHaa u yaobounuTaeMasa O6JOUYHAS CTPYKTYpa, Orarogaps KOTOpPO#
COIIPOBOXKIeHNE U BHECEHUE M3MeHeHUH B npuioxkenusa PL/SQL craro-
BUTCS ITPOCTHIM U YIOOHBIM.

¢ (OnepaTopsl YCIOBHOTO, UTEPATUBHOTO U MOCJEA0BATEILHOTO YIIpaBie-
HUA, B TOM gucie onepaTop CASE u Tpu pasinyHBIX BUAA ITUKJIIOB.

e Q0paboTUYNKU UCKIIOUEHUI, TpUMeHAeMble AJs1 coObITuiiHOM 06paboT-
KU OTITHOOK.

e JlomycKaroIine IOBTOPHOE UCIONb30BaHIIEe HMEHOBaHHEIE AIIEMEHTHI KO-
Ia, Takue Kak QYHKIIUHU, OPONeaAypPhl, TPUTTEPHI, 00beKTHBIE TUIIEI (POJ-
CTBEHHUKU O0'BHEKTHO-OPUEHTUPOBAHHBIX KJACCOB) M MaKeThl (HabOPHI
CBsA3aHHBIX MTPOTPAMM U IePEMEHHBIX ).

PL/SQL ramy6oxo maTerpupoBan B Oracle SQL: xomMauasl SQL MOKHO BBI-
TIOJIHATH HEIOCPEACTBEHHO 13 IPOIeAYPHOTO Koja, He Tpuberas K TOMOTITH
Kaxoro-nubo npomeskyrounoro API (Application Programming Interface —
TIporpaMMHBIH uHTepdeiic mpuroxKenunii), mogobuoro Java DataBase Con-
nectivity (JDBC) unu Open DataBase Connectivity (ODBC). Bepuo u 06-
paTHOE: BB MOSKETe BhI3BIBATH ¢cBoU PL/SQL-dbyarIMM 13 onepaTopoB SQL.

HecomEeHHO, OCHOBHYIO YacTh nojsbizoBaTeneii PL/SQL cocraBaaioT mpo-
TPaMMUCTHI, HO MTOJB3YIOTCA UM M MHOTHE afMHUHUCTPATOPH! 0a3 JaHHBIX.
Ha camom gene Bnagerne PL/SQL :Ku3HeHHO HEOOXOAUMO aJMUHUCTPATO-
pam 6as gareBIX Oracle.

PL/SQL AN agMUHUCTPATOPOB 0a3 JaHHbIX

SaueM agMUHHCTPaTOpaM 6a3 JaHHBIX Hy:KeH PL/SQL?

B camom ofmiem Bue OTBET TAKOB: UMEHHO aJMUHUCTPATOPEI 6a3 JaHHBIX
OTBEUYAIOT 3a BCe, YTO HAaXOAUTCA (M HUCHOONHAETCA) B X 0asax JaHHBIX,
BEJIoUad Koh. fI3eik PL/SQL aABIsdgeTCA BaXKHBIM pabouuM HHCTPYMEHTOM,
6e3 IIOMOIIU KOTOPOTO BEI HE CMOXKETe OIeHUTH 6e30IaCHOCTH, YAOOCTBO
SKCOJIyaTaluUd U OPOU3BOLUTENIBHOCTH BAlIUX IporpaMM. Takike BaM He
yIacTcs BOCIOJbL30BATHCA NIPEUMMYIIECTBAMU KOMILJIeKCa JOIOJHUTENb-
HBIX (DYHKIIUH, BCTPOEHHEBIX (0OBIYHO B BU/€ IOCTABIAEMBIX UJINU BCTPOEH-
HBIX IaKeToB) B 6aswl gauHbIX Oracle u foctynaeix vepes PL/SQL.

I[aBafITe IIOTOBOPHUM 060 BCceM 5TOM Ho,z:[p06Hee.

ObGecneyeHue 6esonacHOCcTU 6a3bl AaHHbIX

Obecneuenue 6e30TTaCHOCTH BeeTa OBLIO KIOUEBOH 3aqadeii afAMUHUCTPA-
Topa 06as3bl JaHHBIX, B IOCTeAHNIE 3Ke MoJbl 3HAHUE CII0CO00B 3aMuThl 0a3bl
JaHHBIX W OIPUJIOKEHWH mpuodperaeT Bce OOJbIllee W OOJNbIIee 3HaUYEHUE.
Muorumu sreMeHTaMu 6€30TaCHOCTH MOMKHO VIIPABJIATEH HEIOCPEACTBEHHO
¢ TTOMOIbI0 KoMaHa SQL 1 mapaMeTpoB KoHbUTypaluu 6as3sl JaHHBIX (Ha-
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Mpeoncnosue

TIpUMep, YCTAaHOBUTH MAaPOJU U ONPeAeJUTEh PONU 1 TpUuBUIerun). Jpyrue,
6oJiee CJIOKHBIE METOABI 3alllUThHI, TaKHe KaK MudpoBaHue, KOHTPOJID J0OC-
Tylna Ha YPOBHE CTPOK, A€TAJILHBIN ayAUT U reHepanuA cIydalHbIX 3Hade-
Huii, TpedyioT npuMeHeHud PL/SQL. 9T MeTOAHI JeTalbHO pacCMaTpUBa-
IOTCS B TaHHOM KHUTE, IPU STOM 0c000e BHUMAaHIE yIeIAeTCId HCI0Ib30Ba-
HII0 BCTPOEHHBIX MaKeToB 6esomacuHocTH Oracle.

OonTtnmusauuns npon3BoaANTENbHOCTIA

PasBe me 3amMeuaTeJbHO OBITO OBI, €caU OBl BCe IPOTPAMMUCTEI 4) XOPOIIO
pasbupaanch B ONTHUMU3AIUU omepaTopoB SQL, 6) mcmonbsoBaau 6bI ca-
Mble TTocJIefHNe Pa3paboTK M, TOBBIIIATONTNE TPOU3BOAUTENbHOCTD PL/SQL
(Taxue xak BULK COLLECT u FORALL), u B) He Xajenu OB BDeMeHH Ha HACTPOH-
Ky cBoero koxa?

N peficTBUTENBHO, MHOTHE IPOTPAMMUCTEI YAEJIAIOT 3HAYUTENHHOE BHUMA-
Hue 3GHEeKTUBHOCTH PaboTHI cBOero Koja. [Ipyrue ke CUacTIUBH YiKe OTTO-
T'0, UTO OH IPOCTO «paboraeT». Ho B KOHIe KOHITOB KO/ IepegaeTcsa BaM —
aaIMUHHUCTPATOPY 0asbl JaHHBIX — AJA BBOJAa B SKcmayaTtamnuio. IlosToMy
(B 3aBUCHMOCTH OT IPUHATON UMEHHO B Banieil KOMIaHUU KOHIIEIITNUH) MO-
JKeT CIYYUTHCS, YTO UMEHHO BBl Oy/JeTe oTBeUaTh 3a TO, YTOOHI MmepeaaH-
HBI#T paspaboTYUKOM KO He CO3Aaj HemoJaJoK B peanbHO paboTaromiei
cucreme. Ilo MeHBIIEi Mepe, BBl JOMKHEBI OBITH CITOCOOHBI AATh HEOOXOMM-
Mble PEKOMEHJAIIUM II0 BOIPOCAM IIPOUSBOAUTEIBHOCTU U IMPEIIOKUTH
aJbpTepPHATUBHBIE MOAXOABI K Peaju3anuu. Bel JOJKHBI JOCTATOYHO XOPO-
1o pasbuparbeda B PL/SQL u ero mociefHUX BEPCUAX, YTOOBI CYMETH IPO-
AHAJMBUPOBATH KOJ, BEIABUTH BO3MOXKHBIE «Y3KHUE MECTa» U IPEIIOKUTH
paspaboTyuKaM KaKHhe-TO CIOCOOBI MOBHINEHUS ITPOU3BOAUTEIHLHOCTH.
IIpu pemieEnu AaHHOH 3a7a4u BaM OYIYT 0COOEHHO ITOJNE3HBI IJIaBbl 00 OII-
TUMHUBAIUNA KYPCOPOB U UCIOJH30BAHNU Y TaOMMYHBIX QYHKITHH.

3¢ dekTUBHOE NCNONIb30BaHMe BO3MOXHocTen Oracle

Korga-To agMueMCTpaTOpy 0a3bl JAHHBIX OBIJIO AOCTATOYHO «IPOCTOTO»
SQL 1 xoMaHJ KoHGUTypamuu 0assl TaHHBIX (paboTa Bemach B KOMaHAHOMN
cTtpoke SQL*Plus unm uepes rpadudeckuii maTepdetic, momgobuslit Oracle
Enterprise Manager). Cerogusa agMuHUCTPATODP 64361 JaHHBIX JOKEH, KaK
MUHUMYM, YMeTh co3faBaTh PL/SQL-koa ansa TpUIrTepoB YPOBHA CXEeMBI
u 6a3bl JaHHBIX, aBTOMATU3UPOBATH PA3MUYHbIE aAMUHUCTPATUBHBIE 3414 -
Y Ipu momMoIu guaamMudeckoro SQL (NDS) u Apyrux MexaHU3MOB HUCTIOI-
Herus DDL, u aKTHBHO HUCIIOJb30BaTh PasHOOOpa3Hble HOBEIE BO3MOYKHO-
CTH, IPeJOCTaBJsIeMble BO BCTPOEHHEBIX nakerax Oracle (HauuHasa ¢ moro-
KOB U 3aKaHYUBAA IOCTAHOBKOI B 0OUepeb, TUPAXKUPOBAHUEM U UCIIOIH30-
BaHWEM ONTHMHUBAIUU Ha ocHOBe crouMoctu). U ecau PL/SQL okaxkerca
IL7sT BAaC KaMHEM IPeTKHOBEHMUS, TO BBl HEe CMOKeTe 00eCIeUYnTh JOCTATOUHO
s deKTUBHOE aIMUHUCTPUPOBaHNe 6a35I JTaHHBIX JJI CBOEH OpraHu3aIum.
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BocnutaHue HOBbIX pa3p860T'-II/IKOB
n agMMHUCTPaTOpPOB 6as3 AaHHbIX

Muorue genarorniue cBou nepsBwle maru B Oracle paspaboTynKyu U aAMUHMI-
cTpaTophl 6a3 JAHHBIX He MMEIOT JOCTATOYHOTO OIBITA TPOEKTUPOBAHUSA
0a3 JaHHBIX U ONTUMUB3AIIUN TPOTPAMMHOTO Kojfa. YeM 00JbIlle BEI 3HAETe
o PL/SQL, — o ToM, KaK oH paboTaeT 1 KaK OWCATh XOPOIITHii KO, — TeM 00-
Jnee 3 HeKTUBHO BB CMOKETe CIIOCOOCTBOBATH IPOdPEeCCHOHATIBFHOMY POCTY
cBoux Koser. Ilo Mepe MOBBIMEHUA UX KBAIU(PUKAIUNA YBaskeHUE K BaM
OyeT pacTu, a Bala paboTa 6yaeT cTaHOBUTHCA Bee nerde. CyTh B TOM, 4TO
BBI MOJI’KHBI BocIpuHUMAaTH BiaageHue PL/SQL xax cpeAcTBO IpOABUIKeE-
HUS TT0 KapbepHOH JeCTHHUIe aAMUHUCTPaTOPa 6436l JTaHHBIX BHYTPHU CBOeH
KOMIAHUU U B CBOEH OTPACJH B I[ETIOM.

00 >TON KHUre

IlpennoskeHHEBle B 5TOM KHUIe MaTepUasbl IOMOTYT BaM B IOJHOH Mepe
BOCIIOJIB30BATHCA IPEUMYIIeCTBAMU BasKHeHINMUX AJA aIMUHHUCTPATODPOB
6a3 manubIX BodMoskHOcTell CYB]] Oracle, ocHoBamaBIX Ha PL/SQL.

ITens 5ToOM KHEUTH He B TOM, YTOOBI IPEACTABUTD UCUEPIILIBAOIIlee O CaHUe
asbika Oracle PL/SQL. B riaBe 1 oH 6y1eT paccCMOTPEH JOCTATOYHO TTOAPOO-
HO, B TOCJEAYIONINX Ke IIaBax IPeArnoaraeTcs, 4YTo YHUTATeJb 06JIagaeT
0a30BEIMHY Pa0OUYNMHU 3HAHUSIMIU 00 9TOM A3BIKe TporpaMMupoBanus. Eciu
BBI He 3HAKOMEI ¢ a3bIKoM PL/SQL, To coBeTyeM Ansa Hadasia OPOYUTATH
kHury «M3yuaem Oracle PL/SQL» («Learning Oracle PL/SQL»). B gans-
HeHIeM MOMKHO HCIOJNH30BATh B KaUecTBe COPABOYHUKA W PYKOBOJACTBA
kaury «IlporpammupoBanue Ha QOracle PL/SQL», deTBepToe usgaHie
(«Oracle PL/ SQL Programming» Fourth Edition). 9tor 1200-cTpanuy-
HBI# QOTUAHT ABIAETCSI KIACCHYECKUM Toco0reM TI0 OCHOBAM sIZBIKA U €T0
HOBBIM BO3MOIKHOCTSM.

«Oracle PL/SQL ansa agaMUHHUCTPATOPOB 0a3 HJaHHBIX» COCTOUT U3 BOCHMU
TJIaB U TPUJIOKEHU:

T'maBa 1 «Beegerue B PL/SQL» mpeamaraer 66I1cTpHII 0630 a3bIka PL/SQL,
3aTparuBas Bce HeoOXOAMMBIe AJId aAMUHUCTPaTOpa 6a3 JaHHBIX BOIPOCHI,
Ha4YWHAasA ¢ OCHOB 0JI04HOHN cTPYKTYpPHl PL/SQL, KOHCTPYKIIUYA UACHTUQU-
KAaTOpOB 1 00bABJIeHUHN AaHHBIX B IPOTpaMMax M 3aKaHYUBAasI UCIOIH30Ba-
HHUEeM YO PaBJIAINX 0OIepaTopoB, 06paboTKo# oMuboK, co3TanueM Ipolie-
nyp, GYyHEKIIUI, TakeToB U Tpurrepos B PL/SQL.

T'maBa 2 «Kypcopbsl» onuckiBaeT Kypcopsl PL/SQL 1 ¢moco6bI MOBHITITEH U
TTPOUBBOAUTENHLHOCTH 6a3bI AAHHBIX 34 CUET OBTOPHOTO UCIIONH30BAHUSA
KYPCOPOB, YaCTUUHOTO pasbopa U YaCTUYHOTO (MATKOT0) 3aKPBITUA KYPCO-
Pa, a TaKKe PA3JIUUYHBIX CBOUCTB ABHBIX U HEABHBIX KypcopoB. Kpome To-
ro, paccMaTpUBaeTCA IPUMeHeHWe Tuna fasHbsIX REF CURSOR, MaccoBoii BEI-
6OPKH, TIapaMeTPOB KYPCOPOB B KYPCOPHBIX BBIPAKEHUH.
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TrnaBa 3 «Tabmuunble QYHKIUU» HCCIeAYET QYHKINUU, KOTOPbIe MOTYT HC-
I0Jb30BATHCA KAK UCTOYHUKU JAaHHBIX JJIA 3alIPOCOB U KOTODPHIe JacTo UC-
moabayioTed B omepanuax ETL (Extraction, Transformation and Loading —
HU3BIeYeHUE, IpeodpasoBanme U 3arpyska). Tabnuuabie QYHKIIUNA KPUATH-
YeCcKHW Ba’KHBI, KOrJa HEOOXOJMMO DPealu30BATh CIOKHYIO JOTHUKY HeEIo-
CpelcTBeHHO B omepaTope SELECT, o6BIYHO AJIs1 TpeoOpasoBaHUA JaHHBIX.
B riaBe TaksKe paccKasbIBaeTcd O TOM, KaK KOHBeliepHas o6paboTKa, pac-
mapajieluBaHie U BIOKEHHOE BBITTOJHEHNEe TA0IUYHBIX QYHKITHUH T03BO-
JISIIOT JOCTUYb 3HAYUTEJILHOT'O IOBLINIeHUA IPOU3BOAUTEIHLHOCTH.

TmaBa 4 «IIludpoBanue U XeMUPOBaHWE AAHHBIX» MOSCHIET, KaK MOXKHO
HUCTIOJIb30BaTh HHCTPYMEHTHI Oracle mia cosmanus 6a30Boi CUCTEMBI TTHM-
POBaHUA U YIIPaBJIeHU KIOUAMH AJIS 3alIUTHl YA3BUMBIX JaHHBIX. B rorase
paccMaTpUBAIOTCA Olepanuu MudpoBaHuWs, AeMTUPPOBAHUI, KPUITOTPAa-
dudecKoro XemupoBaHud U ucnoab3oBanus MAC-koaa (Message Authen-
tication Code — xox ayTeHTU(GUKAIIHNYT COOOIIEHU) ¢ TOAPOOHBIM OTTHUCAHU-
€M HCIIONb30BAHUS BCTPOEHHBIX NakeToB DBMS_CRYPTO mms Oracle Databa-
se 10g u DBMS_QOBFUSCATION_TOOLKIT gmst Oracle9i. Takske omuchkIBaeTcst HO-
Bas BO3MOKHOCTH nposdpaunoro mudpoanuda nangeix (TDE — Transparent
Data Encryption), mosasusmascsa B Bepcuu Oracle Database 10g Release 2.

T'naBa 5 «KoHTponb JocTyla Ha YPOBHE CTPOK» PACCKABBIBAET O TOM, KakK
MOJKHO ONpPEeAeNUTh HOMUTHKU 0e30TmacHOCTH AJA Tabaurl 6as JaHHBIX
¢ TeM, 4TOOBI OTPAHUYUTE IOJMHOMKECTBO CTPOK STUX TaOJUI, JOCTYIHBIX
LIS TPOCMOTPA UM U3MEHEeHUA ONPeAeSeHHBIM II0Jb30BaTeaM. Mcmons-
3yqa nakxeT DBMS_RLS, BBEI Tak'Ke CMOXKeTe IPEeLOCTABIATH OJIH30BATENAM
JOCTYH K TabmuIaM U IpeACcTaBIeHUAM TOJIbKO Ha UTeHue (B 3aBUCHUMOCTH
OT IpeACTaBIeHHBIX MTOJb30BATEIIMU MaHIATOB).

T'naBa 6 «J/leTanbHBIH ayquT» IIOKa3bIBaeT, KAK MOYKHO PACHOIUPUTH CTAH-
mapTtHbIi ayauT Oracle s c6opa cBefeHMI 00 M3MeHEHUAX B 0as3e JaHHBIX
u 3anpocax. Acnonassya naxet DBMS_FGA, BBI cMOKeTe He TONIHKO IIOBLICUTH
6e30TaCHOCTD, HO U IPOAHAJINU3UPOBATh OTJAeJbHEIE TPUMePHI UCI0JIb30Ba-
BuAa SQL u nocTyna K fanHBIM. B riaBe Takke onucaHo, kaxk FGA B3aumo-
IeHCTBYET ¢ PeTPOCIEeKTUBHBIMY 3aipocaMu u Tpurrepamu Oracle.

TnaBa 7 «'eHepupoBaHHWe CAYYaHHBIX 3HaUEHUII» paccMaTpPUBaeT CUTya-
UK, B KOTOPBIX MOXKeT IOTpeb0oBaThCA CTeHePUPOBATh CaAydaliHoe sHade-
HUe (HATpUMED, CO3JaHUEe BPEMEHHBIX Napojeld WUJIN UAeHTU(DUKATOPOB
moJb3oBaTeneli Beb-caliTa, GOpPMUPOBaAHHE CTATUCTHUYECKH KOPPEKTHBIX
TEeCTOBBIX JAHHBIX WUJIU CO3/aHNE KJI0Yel IPU IOCTPOeHN U NHPPACTPYKTY -
pel miudpoBaHusa). OQOuUCHIBAeTCS UCIOJIb30BAHNE BCTPOEHHOTO TaKeTa
Oracle DBMS_RANDOM.

T'naBa 8 «Mcnosnb3oBaHMe MJIAHUPOBIUKAS ITOCBAINEHA HUCIIOIHB30BAHUIO
naxerta DBMS_SCHEDULER (ou mosiBuics B Bepcuu Oracle Database 10g u same-
HUJ cTaphiii nakeTr DBMS_JOB) mpu nraHEupoBaHUU 3aJaHUH, KOTOPHIE HOJK-
HBI BRITOJIHATHCA Yepes3 3aJaHHble TPOMeKYTKH BpeMeHH (Takue Kak c60p
CTATHUCTHUKH, c60D HHPOPMATIHH O CBOOOAHOM IPOCTPAHCTBE UJIH OIIOBETIIe-
HUe afMHUHHCTPaTOpa 6a3bI JaHHBIX O BOSHUKIIUX TpodIeMax).
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Ilpunoxxkenue A «KpaTruii cipaBOYHUK» CONEPKUT IEPEUEHD cIeupruKa-
Ouil BCTPOEHHBIX IaKETOB, ONMCAHHBIX B KHUTE, U IPEACTABJIEHUN CJIOBa-
pdA JaHHBIX, CBABAHHBIX C TAKUMU ITAKETaAMU.

Ucnonb3yemble 0603Ha4YeHus

B kHHre ncnogb3y0TCA CIeyIOIHe YCIOBHEIE 0003HAUEHUA:
Kypcue

IIpumensiercss opu Hanucaguu aapecoB URL u a4 BeIgeIeHUA HOBBIX
TePMUHOB.

MOHOWWDUHHBIA WOUOT

IIpumeHsieTca TpM HaOWcaHUU HUMeH (aiinoB, aTpubyToB, QYHKIHI,
THUIOB AaHHBIX, TAKETOB U AP., a TAKKe B IpUMepax Kojaa.

MOHOWMPUHHBIA XUPHBIA WPUOT

0Q6os3HauaeT BBOAMMBIE MTOJb30BaTeeM AJaHHBIE B IPUMepax, UILIIOCT-
pupyomux pabory B guanore. Tak:ke B HEKOTODPBIX IPUMEpPAaX BBIIE-
eT 00cyKIaeMble OIePaTOPhI.

MoHOwnpUHHLIA Kypcus

B meKoTOpBIX MpUMepax Kojga o603HAaYaeT TOJACTAaBIAEMbBIH (GparMeHT
(manpumep, uMd daiina).

BEPXHUU PETUCTP

B npumepax Kojga 0OBIYHO UCIOJB3YETCA AJA 0003HAUEHUA KIIIOUEBBIX
cioB PL/SQL.

HUXXHUU PETUCTP

B IIpuMepax Koaa OOBIYHO HCIIOJIb3yeTCdA OJIA 0603HaYeHHUS TONb30BA-
TEeJIbCKHUX 3JIEMEHTOB, TAKUX KaK II€pPEeMeHHEIE, IapaMeTPhI U T. A.

3HAKU OYHKTYaIluu
Jo:KHBI BBOAUTHCSI HMEHHO TaK, KaK 9TO YKa3aHO B IpUMepax KoJa.
OTCTYII

B npuMepax KoJa CAYRKUT A BU3YATUBAIIUN CTPYKTYPEI, HE IBISIETCA
06s13aTeIbHBIM.

B nmpumepax Koga ABoiiHO# meduc o0ozHauaeT HAYANIO OAHOCTPOUYHOTO
KOMMEHTapuA, KOTOPHIH IPOJOIKAETCA 10 KOHIIA CTPOKH.

[xux/

B npumMepax Kojga 3TU CHMBOJIBI OIPEAELIAIOT IPAHUIIBI MHOTOCTPOYHOTO
KOMMEHTAPU, KOTOPBIH MOXKET IePeXOIUTD C OAHOM CTPOKU Ha APYTYIO.

B npumepax Koja 1 COOTBETCTBYIOMUX (hparMeHTaX TeKCTa TOYKAa 000-
3HAYAEeT CCHIIKY, OTAEN I UM 00beKTa OT UMeHU KoMIIoHeHTa. Hanpu-
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Mep, ToUuedHasi HOTAIlWs UCIOJNb3YeTCs A BEIO0Opa moJiel 3aUcH | AJIs
00bABIeHUH BHYTDHU NaKeTa.

[]

HpI/I OIIMCAHHHU CHHTAKCHCAa B KBaJApPaTHEIE CKOOKH 3aKJII0YAIOTCS He-
o6si3aTeILEBIE DIeMEHTHI.

{}

HpH OIIMCAHHUHU CHHTAKCHCa B (DI/II‘ypHBIe CKOOKH 3aKJI0YAeTCsI MHOMKe-
CTBO 2JIEMEHTOB, U3 KOTOPHEIX cJIeayeT BBIﬁpaTB TOJBKO OOHH.

IIpu onucaEUYU CUHTAKCHUCA BEPTUKAJIbHAA 4ePTa pas3ielaeT SIeMeHTHI,
3aKJIIOUeHHBIEe B QUTypHBIE CKOOKHU, HanpuMep { TRUE | FALSE}.

IIpu ommMcaHWW CHHTAKCHCA MHOTOTOYHE 0003HAET MOBTOPSIOIIHAECS
sJIeMeHTHl. KpoMe ToT0, MHOTOTOUYHE HCIOMB3YEeTCs AJIsI TOT0, YTOOHI TT0-
Ka3aTh, YTO OBIJIM ONYIIEeHbl He OTHOCAIHECS K AeNy ONepaToOpPhl WU
HHCTPYKIIAH.

L O6osHauaeT COBET, IIPeJJIOXKEeHNe UK 3aMeuaHnne. HaanMep, YKasa-
A HH€ Ha TO, UHTO KaKaa-TO KOHCTPYKIIUA IIPHUCYTCTBYET TOJBKO B OII-
penesleHHbIX BEPCUAX.

0O6o3HauaeT npenynpexaenre. Hanpumep, MBI XOTHM 00pPATUTH BHU-

_@ MaHWe Ha TO, UTO KAKasg-TO HACTPOIKA MOXKeT OKAa3aTh HeTaTUBHOE

BO3JeiCTBHE Ha CUCTEeMY.

Bepcun PL/SQL

CymecTByeT MHOKecTBO Bepcuii PL/SQL, u, Bo3M0XHO, BaM KaK aJMUHHU-
cTpaTopy 0asbl OpHUaeTcs paboTaTh ¢ HECKOJIBKHUMH U3 HUX OJHOBPEMEHHO.

Basonoii Bepcueit PL/SQL nia mame# xauru oyaer Oracle Database 10g.
OaHako OpHd HeoOGXOAMMOCTH MBI OVAeM CCBLIATHCS Ha CIelHaJbHBIE BO3-
MOXKHOCTH, BBeJeHHBIE (HJIH IMIPOCTO MOCTYIHBIE) B APDYTHUX, OoJNee PAHHUX
Bepcusax. Ecan Kaxasa-To GYHKIHOHAJILHOCTh HANOPSIMYIO 3aBHUCHT OT BeEp-
CHH, HAIPUMeEDP, eCJIH ee MOXKHO HCII0Ib30BaTh TOABKO B Oracle Database 10g
Release 2, sTo 6yaeT 0co60 OTMEUEHO B TEKCTE.

Kax ot Bepcuu 6aswl fanubix Oracle cooTBeTcTBYeT cobCcTBEHHAS BEPCHUS
PL/SQL. Yem 6omee cBexkyio Bepcuio PL/SQL BBl ucmonbsyere, TeM 60JIb-
MU CIeKTP BOBMOXKHOCTel nepes BaMu oTKPHIT. [lons3oBatensam PL/SQL
cJaeayeT Bcerja ObITh B Kypce MOCJHeAHUX HOBOBBeAeHHUi. Heobxoaumo mo-
CTOSIHHO CAMOCOBEPIIIEHCTBOBATHCSA, H3y4Yada HOBBIE BO3MOKHOCTH KaMA0U
BepCcUHU, 06IYMBIBAsI, KAK MOYKHO Ob1JI0 OB IPDUMEHHUTD UX B BalllUX IIPUJIO-
JKEHUSAX, U ONPefiesias, eCTh JU CPeJAH NpeAaraeMblX HOBBIX IDUEMOB Ha-
CTOJIBKO MTOJIE3HBIE, YTO UMEET CMBICJI UBMEHHUTH YiKe CYIIeCTBYONIUe IpHU-
JIOXKEeHHUS, C TeM YTOOHI BOCIIONIb30BaThCSI HOBHIMHU BO3MOYKHOCTSIMH.
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OcHOBHEBIE 51eMeHTHI BeeX Bepcuit PL/SQL (OIpomiiblX U HacTos e ) npes-
cTaBJeHH B Tabn. 1, KoTopas JaeT camoe o0lliee IIpeJcTaBIeHAe O HOBBIX
BO3MOYKHOCTAX, IPEAJIaraeMbIX B KaKJOH BepCHU.

L]

[ JIlunusa nponykToB Oracle Developer Takke mocTaBiaseTcsa ¢ co6CT-
l:_ BeHHOM Bepcueil PL/SQL, koTopas 00bIYHO OTCTAET OT BEPCHUH, A0C-
W g,

TynHo#l B camoii CYB]I Oracle. B 3T0i1 riaBe (1 B KHUTE B LIEJIOM)

Hac OyZeT MHTePecOBATh cepBepHas peanusanusa PL/SQL.

Tabnuya 1. Bepcuu CYB]] Oracle u coomeemcmeaywwue gepcuu PL/SQL

Bepcusa
CYB]I Oracle

Bepcusa
PL/SQL

Onucanue

6.0

7.0

7.1

7.3

8.0

8.1

1.0

2.0

2.1

2.3

8.0

8.1

910 ucxoxuaa Bepcua PL/SQL, koTopas MCIIOAL30BANIACh
TJIaBHRIM 00pa30oM KaK A3BIK cieHapueB B SQL*Plus (emre
He OBIJIIO BO3MOXKHOCTH CO3JAHHA UMEHOBAHHHIX, JOIYC-
KAIOIUX IOBTOPHOE UCIOJIb30BAHKE U BHISHIBAEMBIX IIPO-
TpaMM) 1 KaK fA3BIK IporpamMMupoBanusa B SQL*Forms 3.

3HaunTeabHOe ycoBepiieHcTBoOBaHKe PL/SQL 1.0. Brina
no0aBJyeHa TMOALEPKKA XPAHUMHIX IPOLenyp, GYHKIIHH,
IIAKeTOB, ONpefeNseMbIX IPOTPAMMUCTOM 3amucei, Tab-
aun, PL/SQL, a Takke MHOTO IAKETOB PACITHPEHUA.

ManHAas BepCcus IO LEPKUBAIA OIPeAessseMble IPOrpam-
MHCTOM IIOATHIEI, paspeliana HCIOIb30OBAHME XPAaHU-
MHX QYHEKIWH BEYTpH KoMaH[ SQL u npejyarana guHa-
mudeckuii SQL B makete DBMS SQL. B Bepcuu PL/SQL
2.1 HaKOHeI| MOSBUIACH BOSMOMXKHOCTD MCIOJTHATH KOMAH-
nr1 SQL DDL us nporpamm PL/SQL.

JlarHasa Bepcus pacmupsana (GyHKIHOHAIbHOCTE PL/
SQL-Tabau1, yaydiiana yOpaBleHHe yIaJeHHBIMH 3aBH-
CHUMOCTAMY, IPEIOCTABIAIA BO3SMOXXHOCTH (DAHI0BOTO
BBOoZa-BeiBoga B PL/SQL ¢ momornbio makera UTL_FILE
U 3aBepIIaja pPeajJus3aliio KYPCOPHHIX IePeMEeHHRIX.

Homep HOBOM BepCHY OTPAMKAJ CTPEMJICHHE KOPIIOPAINY
Oracle K CHMHXPOHM3aIlM HOMEPOB BEPCHIl CBA3AHHKIX
nponykToB. PL/SQL 8.0 — ato Bepcusa PL/SQL, xoropas
noagep:xuBaeT HoBhle BoaMoxxHOcTH CYBIl Oracle8,
BKJIW0OYaA Oonbmre 06beKTH (LOB), 00BeKTHO-OpDHEHTH-
POBAaHHBIE IPOEKTHPOBAHUE UM pPa3paboTKy, KOJNJIEKIWUH
(VARRAY wu BioxKeHHBIe Tabauiel) u onnuio Oracle AQ
(Advanced Queuing).

Bepcusa PL/SQL nnsa nmepBoii us cepuu «i» Bepcuu Orac-
le 8i nmpennoxuaa AeCTBUTENbHO BIEUATASIONTNN HAGOP
IOMOJHUTEABHEIX BO3MOMKHOCTEH, BKJIOUAS HOBYIO Bep-
cuio auHamMudeckoro SQL, mogmep:kky Java B 0ase gaH-
HBIX, MOJeJb IPAB BHISKIBAIOIIETO, ONITMI0 IOJHOMOUYHMI
HA MCIOJHEHWE, aBTOHOMHEIE TPAH3AKIINH M BBICOKOIIPO-
M3BOIUTEJIbHEIE «MACCOBRIE» onepaTopsl DML u 3ampock.
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Bepcusa
CYB/I Oracle

Bepcusa
PL/SQL

Omnucanue

9.1

9.2

10.1

10.2

9.1

9.2

10.1

10.2

Bepcua CYB/I Oracle 9i Release 1 6ykBaJabpHO HacTymajaa
HAa IATKY cBoe# npeaiecTeeHnurie. OHa BKIIOUAIA HACTE-
goBaHVe O0BEKTHRIX TUIIOB, TAGAWYHbBIEe PYHKINH U Kyp-
COPHBIE BHIPAXMKEHUA (UTO MIOSBOJMJIO PACIAPAJISNNBATDH
ucnoaseHre Qyuknuii PL/SQL), mozzepskuBaia MHOTO-
YPOBHEBBIE KOJIIEKIINH, OII€PATOP U BhIparkeHme CASE.

B Bepcuu CYB/I Oracle 9i Release 2 ocHOBHOe BHUMAaHUe
yaeasaoch a3biky XML (Extensible Markup Language),
a TaK’Ke ORLJIM NPETOCTABIEHK MHOTHE IPYTHe JOMOTHU-
TeJILHBEIE BOBMOXKHOCTH, TaKMe KaK acCOIMATHUBHEIE MAcC-
CUBHI, [IJA WHIEKCHUPOBAHUA KOTOPHIX B [JOIOJHEHUE
K IIeJBIM 4YMCIaM MOTIJIM HCIOJbB30BATHCA CTPOKM VAR-
CHAR?2, 3amuceopHeHTHPOBaHERIE oniepaTopsl DML (mmo3Bo-
JAI0INeE, HAIPUMED, BRIIOJHUTH BCTABKY C MCIOJIb30BAa-
HHeM B3amKCcH) B MHOMXKECTBO YCOBEPIIEHCTBOBAHWH
UTL_FILE (mna TMOLOep:KKH UTeHWA/3amucu ¢GaijaoB u3
nporpammu PL/SQL).

Bepcusa Oracle Database 10g Release 1 6nl1a BHIIyIIIeHa
B 2004 rony ¥ mocBAllleHA MOAAEPKKe pacnpegeleHHbIX
BBIUKCJEHUH, IIPH 9TOM 0C000€e BHUMAHYE VIEIAI0Ch yCO-
BEePIIEHCTBOBAHUIO M ABTOMATH3ALUY YIPABIEHUA 0a30H
maHHbIX. OueBHMAHO, uTO AAA paspaborumxkoB PL/SQL
BAXKHEHIIIMMY HOBBIMM BOSMOMKHOCTAMH ObLIM OITHMU-
SMPOBAHHBIM KOMIMJIATOP U IPEyIPe:K JeHUs, BRI jaBae-
MbI€ B IPOLECCe KOMITMIAIUN.

Bepcensa Oracle 10g Release 2, noasusiasca ocennio 2005,
npepaoxuaa pagpadborurnkam PL/SQL HeCKOJIBKO HOBBIX
BOBMOKHOCTeH, Hanbojee 3HAUMMON M3 KOTOPHIX SBJIA-
JIaCh MO JEeP’KKA CHHTAKCHCA IIPENPOIeccopa, Jeaaiolnasn
BO3MOKHOI YCIOBHYI0 KOMIHIAINIO TaCTeH IPOTPAMMEI
B 3aBHCHMOCTH OT IIOJb30BATEIbCKHUX JOTHUECKUX BHIPA-
SKEeHUH.

0630p pecypcos no PL/SQL

IIpexxge ueM mepeiiTu K cBOeli OCHOBHOII 3ajadye — ONHCAHUI0 HeOOXOAHU-
MBIX MMEHHO AJIs1 afMHUHUCTpaTopa 0asbl JaHHBIX BO3MOKHOCTEH A3BIKA
PL/SQL, MBI npegocTaBUM HaIleMy YUTATENI0 onucanue ocHoB PL/SQL.
OpHaKo CymecTByeT MHOMKECTBO IPYTUX KHUT U PECYPCOB, KOTOPhIE IIOMO-
TYT BaM IOJIYYUTH Gosee rrybokue sHarus mo PL/ SQL.

B nmocnenyromux pasgaenax 6yaeT OpuBeeH KpaTKUM 0030p TaKUX PECYPCOB.
Muorue 13 HUX HaXOAATCSA B CBOGOIHOM AOCTYIE MU PACITPOCTPAHIIOTCA 3a
BecbMa HeOONBMIYIO IMJIATy. 3HAKOMCTBO ¢ HUMHU ITOMOXKET BAM YCOBEPIIIEH-
CTBOBATH CBOE 3HAHUE A3LIKA (a cJIeJoBaTeNlbHO, U CO3AaBaeMbIH KO).
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Cepus O'Reilly, noceswernHas PL/SQL

W3naBaeMas Ha TPOTKeHNN MHOTHX JeT cepusd Oracle PL/SQL usgarens-
ctBa O’Reilly BKIIouaeT B ce0s AMTUHHABIN COUCOK KHUT. MBI IpUBeAeM Ie-
pedYeHDb U3JAaHUi, ONYOIUKOBAHHBIX Ha HacToamuil MmomenT. ['opasgo 6o-
Jee TOJHYIO UHGOPMAITHIO BB cMOKeTe HaiiTu B pasaene Oracle Be6-catiTa
O’Reilly (http://oracle.oreilly.com).

«Learning Oracle PL/SQL» (H3yuaem Oracle PL/SQL ), asmopb. Buan
Ilpudwtn (Bill Pribyl ) u Cmueen @eitepuumeiin (Steven Feuerstein )

Heckonpko HedopManbHOe 3HAKOMCTBO C A3BIKOM, UealbHOE KAK [
HOBUYKOB B IPOrPAMMUPOBAHUU, TaK U AJA TeX, KTO 3HAKOM C KAKUM-
TO ApyruM A3sIkoM. Ocoboe BHUMaHUeE yeIeHO pa3padoTKe BeO-Ipuio-
xeruil Ha PL/SQL.

«Oracle PL/SQL Programming» (IIpozpammuposanue na Oracle PL/SQL ),
asmop Cmueen Peilepuumettn (Steven Feuerstein) ¢ ywacmuem Bunaa
Ilpudwtna (Bill Pribyl)
Jra KHUTa, JexKamada Ha cTojJe Y OONBIIMHCTBA OPOQeCCHOHATIBHBIX
PL/SQL-mporpaMMHUCTOB W aAMHUHUCTPATOPOB 0as AamHBIX, Ha 1200
CTPAHUIIAX OXBATBHIBAET BCe BO3BMOXKHOCTU sA3bkIKa PL/SQL. UerBepToe
u3gaHue OMHCHIBaeT GYHKIIMOHAIBHOCTE BIJOTEH A0 Bepcun Oracle Da-
tabase 10g Release 2.

«Oracle PL/SQL for DBAs» (Oracle PL/SQL da admunucmpamopos 6a3
Odannsix ), asmopst Apyn Handa (Arup Nanda) u Cmueen Peilepiumeiin
(Steven Feuerstein )

B xHUre, KOTOPYIO BBl cefiyac 4MTaeTe, OIPUBOAUTCS KPATKUN 0630p
BcexX BoaMoikHOCTeH ssbika PL/SQL, a yrmybJaeHHO paccMaTpUBAIOTCA
TEeMBI, UMeIoIe 0cob0oe 3HAUeHNe AT afMAHUCTPATOPOB 0a3 JaHHBIX,
TaKue KaK KypPCcOpbl, TaOMUUYHBIe QYHKITHUH, MH(GPOBAHNE U XEeITHPOBa-
HUe JAHHBIX, KOHTPOJIb AOCTYIA HAa YDPOBHE CTPOK, JeTaJbHBIN ayAuUT,
reHepanuA CIAYYaWHBIX 3HAYEHUH U HUCOOJHb30BaAHWE NJAHUPOBITHUKA.
Krura Briaodaer u onucanue BoamoskHocTeil Oracle Database 10g Re-
lease 2.

«Oracle PL/SQL Best Practices» (Oracle PL/SQL. Jlyvwue npaxmuue-
cxue memoout ), asmop Cmueen Peilepuimeiin (Steven Feuerstein )

Hebonbpiaa kaUra, onuckiBatomiad 6omee 100 mpuemMoB, KOTOPBIe TOMO-
TyT BaM nucaTh kadecTBeHHBIN PL/SQL-koxa. C uuraTesneMm 1e1UTCA CBO-
uM onbiToM cuenuanucT no PL/SQL. UsrauansHO KHUra co3jgaBajach
ans CYB]I Oracle8i, Ho mpaKTUYeCcKHU Bee JaHHBIE B Hell peKOMeHAaluu
TIPUMEeHUMBI U I 00Jee HOBBIX BEPCUIA.

«Oracle PL/SQL Developer’s Workbook» (3adaunur s paspabomyiura
na Oracle PL/SQL ), aesmopvt Cmueen Peliepurmeiin (Steven Feuerstein )
u Inopro Odesan (Andrew Odewahn )

CO0pHUK BOOPOCOB U OTBETOB JJIA NPOBEPKU IOHUMAaHUA A3LIKA paspa-
6orunmkamu Ha PL/SQL. Axryansuao gia CYB]L Oracle8i.
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«Oracle Built-in Packages» (Bcmpoernuvie naxemwst Oracle), aeémopui
Cmueen Qeitepuumeiin (Steven Feuerstein ), Yapavs Jait (Charles Dye)
u [Iscon Bepecnuesuy (John Beresniewicz )

CopaBodYHHNK 10 BCTPOEHHEBIM IIaKkeTaM, KoTophie Oracle mocrasiasieT BMe-
cTe ¢ cepBepoM 0asbl JaHHBIX. [I[puMeHeHMe 5TUX TaKEeTOB IT03BOJSET VII-
POCTHUTE CIOXKHBIE 3aJa4Yl U PEINTh HeBLINOMHHUMEIE. JTa KHUrA COOT-
BeTcTBYeT Bepcuu Oracle8, Ho o6cyskIeHEe BCTPOEHHBIX IAKETOB BCe eIle
TIpefCcTaBIAEeT WHTEepec. bojee aKTyalbHBIe AaHHBIE O CUHTAKCHCE CIIe-
nuduranuu nakeros Bel HafigeTe B «Oracle in a Nutshell»! Puxa I'pun-
Banbga (Rick Greenwald) u dosuga K. Kpeiiaca (David C. Kreines).

«Oracle PL/SQL Language Pocket Reference» (Kapmarnhblili cnpagoinur
no asvixy Oracle PL/SQL ), asmopst Cmueen @eitepuumeiin (Steven Feuer-
stein ), Buaa ITpudvin (Bill Pribyl) u Yun [Jatiec (Chip Dawes)

He6onbIroii, Ho 0UeHDb MOJE3HBIN KpaTKUH COIPABOYHUK, JeTKO IOMe-
maromuiica B kapmaH. OnucbiBaeT cuHTakcuc A3bika PL/SQL BomoTs
no Bepcuu Oracle Database 10g.

«Oracle PL/SQL Built-ins Pocket Reference» (Kapmarnhbvtii cnpagoinux
no ecmpoennbtm naxemam u Qynryuam Oracle PL/SQL ), asmopst Cmu-
een Pettepuumeiin (Steven Feuerstein ), [Jaucon Bepecnuesuyu (John Beres-
niewicz ) u Qun Isitec (Chip Dawes )

Emre ogHO0 moesHoe U JIAKOHUYHOE PYKOBOJACTBO II0 BCTPOSHHBIM (DYHK-
ouam u naxkeram aaa Oracle8.

Komnarxm-duck «Oracle PL/SQL CD Bookshelf»

IIpegmaraer smMeKTPOHHBIE Bepcuu OOJBOIMHCTBA U3 MEPEUUCIEHHBIX
BhIme KHEUr. AxTyanes aina CYB] Oracle8i.

PL/SQL B UHTepHeTe

Taxske cylecTByeT HECKONIBKO 3aMedYaTeJbHBIX CETEBBIX PECYPCOB, KOTO-
pble TOMOTYT BaM YCOBEPIII€HCTBOBATH CBOU 3HaHUA 1o PL/ SQL.

Oracle Technology Network

IIpucoenunsaiitecs & cetTu Oracle Technology Network (OTN), xotopas
«IpeanaraeT ycJIYTH U PEcypchl, HeoOXOAMMBIe paspaboTdmKaM s
CO3JaHMUsA, TeCTUPOBAHUSA U Pa3BEePTHIBAHUSA TPUIOKEHUI» Ha OCHOBE
TexHOMoruu Oracle. CobpaBIiasa B ¢CBOU PAALI MUNLIHOHEI YJIEHOB, CETH
OTN - 3amMeyaTeJbHOE MECTO, OTKYAa MOKHO CKadaTh IPOTPAMMHOe
obecneuenue Oracle, TOKYMeHTAIIUIO U Maccy IPUMepOB Kofa. http://
otn.oracle.com.

1 Puk I'punBanba u [ssua Kpe#inc «Oracle. CnpaBounuk». — Ilep. ¢ aHra. —
CIIo6.: CumBoa-Ilaroc, 2005.
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Quest Pipelines

Quest Software mpeasaraeT TpUCOeAUHUTHCA K «CBOOOAHOMY HHTED-
HEeT-CO0DIIEeCTBY, CO3AAHHOMY AJA WHOOPMUPOBAHUI, OOYUESHUA U IIO-
omperua npodeccuonanos B obmactu IT Bo Bcem Mupe». Ilopranr Quest
Pipelines (mepBonauansaO HasbiBaBmuiica «PL/SQL Pipeline») mpen-
JaraeT IUCKYCCUOHHBIE (OPYMEI, eKeMecaYHble TOA00PKU COBETOB, pe-
CypCHI AJA cKauYWBaHUS U, caMoe TJIaBHoe, 6eclaTHbIe KOHCYJIbTAalluuU
1151 paspabOTUMKOB W aJMUHUCTPATOPOB 6a3 HJaHHBIX BCETO MUpA JJIs
pasnuuabIXx CYB/, Bratouasa Oracle, DB2, SQL Server u MySQL. http://
www.quest-pipelines.com.

PLNet.org

PLNet.org — 570 XpaHEUIUINE TPOTPAMM C OTKPBLITHIM KOJOM, HATIMCAH-
HeIX Ha PL/SQL u Morymiux OBITH TOJE3HBIMU AJS PaspaboTYNKOB Ha
PL/SQL, xoTopoe moaaep:kuBaerca Bbummom Ilpubsimom. Bl MoskeTe
y3HAaTDH 00JIbITIe U3 ONTUCAHMSA IPOEeKTa UK U3 OTBETOB Ha YacTO 3ajaBae-
mble Bompochl (FAQ). Bam mpeasoskaT paj MONe3HBIX OporpaMM, Ha-
npumep UtPLSQL, ucnons3yeMyo Ay aBTOMATU3UPOBAHHOTO TECTUPO-
BaHua moaynei PL/SQL. http:// plnet.org.

Open Directory Project

Braromapsa npoekTy «dmoz» (Directory Mozilla) sgech HaxoguTesa KoJ-
JEeKIUA CChLJIOK Ha caiiTel, nocBAnleEHble PL/SQL. MMmeeTcsa Takske mof-
karajsor «Tools» (MHCTPYMEHTHI) ¢ GOJBIITUM HA60POM CCBHIIOK HA KOM-
MepUecKiie U HeKOMMepUYeCcKe TPOTpaMMBbl AJIs paspaboTduKoB. http://
dmoz.org/Computers/Programming/Languages/PL-SQL/.

Caiim Cmusena Peiiepuumeiltna Oracle PL/SQL Programming

Ha sTowm catiTe mpeagaratTcs o6ydaroniue Kypehl, IPOTpaMMBbI AJIA CKa-
YUBAHUA U JPYTHUE PECYPCHI A mporpaMMmucToB Ha PL/SQL, paspabo-
TaHHBIE MMIaBHBIM 00pasoMm Ctusernom PeiiepriTeiinoM. Bel MosKeTe cKa-
YaTh MaTepuaJsbl BCeX €r0 CEMUHAPOB C IPUJIOKEeHHBIM KogoM. IIpume-
PBL U3 DTOM KHUTHU TaKiKe HaxogATcd TaMm. hittp://www.oracleplsqlpro-
gramming.com.

utPLSQL

utPLSQL — sTo mporpaMmma ¢ OTKPBITBIM KOJAOM, IpeJHA3HAYEeHHAA JJIA
TecTupoBaEuA Moayieli PL/SQL. Brl MoikeTe HCIOJIB30BATH €€ A
CTaHAAPTU3allUU U aBTOMAaTUBAINU IIpollecca TecTUpoBaHuUA. hitp://
utplsql.sourceforge.net.

Qnxo

Qnxo (Quality In, Excellence Out) — sro paspaboramuniii CTuBeHOM
DefiepmiTefiHOM TPOAYKT AJA aKTUBHOTO YIPAaBJIEHUSA OIPOIIECCOM pas-
paboTku, momoraroluii 6osee 3G GHeKTUBHO CO3JaBaTh, IOBTOPHO HC-
TIOJIB30BATDH U TECTUPOBATDH KOJ. B Hero BXOAUT PEIIO3UTOPHUIL, comepsKa-
MUHA COTHU MMIabJOHOB M IPOTPAMM [AJsI TOBTOPHOTO HCOOJIH30BAHMUI.
http://www.gqnxo.com.
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Mpeoncnosue

O kope

Bce dparmMenTH KOAa, UCIOJIL30BaHHBIE B KHUTE, IPEICTABIeHEl Ha Beb-
calfiTe KHUTH, IOAcTh Ha KOTOPBIHM MoKHO ¢ cafiTa O’Reilly:

http://www.oreilly.com /catalog/oracleplsqldba
U BEIOepuTe cchNIKY « Examples» (IIpumepsr).

Ms1 Takske pexomMeEayeMm moceTuThb «PL/SQL-mopran» CruBena Deiiep-
mTeiiHa IO aApecy:

http://www.oracleplsqlprogramming.com
TJe BBl CMOXKeTe HaliTu ofydaromniue MaTepUasbl, IPUMePhl KoJa JJd cKa-

yuBaHUA U MHOTroe Apyroe. Ha moprane TaksKe JOCTYIHEI BCe IPUMEPHI U3
Hamled KEUTH.

s Toro uToObl HafiTH Ha BeO-caliTe KHUTH KaKoIi-TO KOHKPETHBIH dpar-
MeHT KOoJa, UCIOJb3YVHiTe M daiisa, TpuBeJeHHOe B TeKCcTe. B OOMBIITUH-
CcTBe ciydaeB nMeHa (HaliJioB IPUBOAATCA B HaUaje COOTBETCTBYIOIUX IPHU-
MepOB B BUJIe KOMMeHTapUeB:

/= File on web: fullname.pkg =/

WUcnonb3oBaHue NnpuMmMmepoB Koaa

ITens sTolt KHUTH 3aKJII0YaeTCA B TOM, YTOOBI TOMOYE BaM B Ballie#i padore.
B obrmiemM u mesoM AOMyCcKaeTcsl UCIONb30BaHUE NIPUMEPOB KoAa MaHHOMN
KHHUTH B CBOMX WIporpaMMax M AOKYMeHTaxX. 3ampaniuBaTh paspelieHie
v komnaunuu O’Reilly cneayer nmunis B ToM caydae, KOTAA BBl BOCIPOU3BO-
auTe y cebs 3HaUYUTEeNIbHEI 00heM Koga. To ecTh cosgaHme TporpaMMEl, HC-
TTOJIB3YIONIeH HeCKOMbKO (parMeHTOB KoJla, IPUBeAeHHBIX B JaHHON KHUTE,
He TpebyeT MOJyUYeHUA KaKuX-To paspemenuii. [Ipogaska uiu pacmpocTpa-
HeHIe KOMIAKT-INUCKOB ¢ IpUMepaMu u3 KHUT usgareaberBa O’ Reilly mpe-
6yem MOJYUYeHUsI COOTBETCTBYIOIEro paspermenusa. OTBeT Ha BOIPOC C IO-
MOITIHI0 MTUTATHI U3 Hamiell KHUTH, KAK U MUTUPOBaHWe (pparMeHTa Koja,
He TpebyeT MOJYyUYeHUs paspenieHnsa. BKIoUeHNe 3HAYUTENIBHOTO 00beMa
KOJa U3 JTaHHOHM KHWUTHY B BaNly IPOU3BOACTBEHHYIO JOKYMEHTAIUIO mpely-
em TOJNY4eHUA CIelINaJIbHOTO Pas3pernieHusd.

Mgz 6b1mu 651 TIPUBHATENBHBI (XOTA 1M He TpebyeM 5TOT0) 3a IpUBeIeHUe
CCBHIIKY HA UCTOYHUK MHPopManuu. Taxasa cchblaka 0OBIYHO BKJIOYAET B ce-
0s1 HazBaHHWe, aBTOpPAa, uagaTend u Homep ISBN, manpumep «Oracle PL/SQL
for DBAs» by Arup Nanda and Steven Feuerstein. Copyright 2006 O’Reil-
ly Media, Inc., 0-596-00587-3.

Ecnu Bam KakeTcd, 4TO Ballle UCIIOJIH30BAHNUE HATIIUX IPUMEPOB IIPOrPaMM
BBIXOJUT 38 PAMKH JOMYCTHMOTO AOOPOCOBECTHOTO MCHOJML30BaHWs, 0e3
koseGanuii o6pamaiiTech K HaM o agpecy permissions@oreilly.com.
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Bonpocbl n 3ameyaHus

MEp1 mpoTecTHpOBaNN U IPOBEPUJIHN AAHHEIE B ®TOH KHUTEe W B UCXOAHBIX
TEKCTaX HACTOJIBKO XOPONIO, HACKOJBKO 3TO BO3MOXKHO, HO, YYUTHIBASA
00beM HHMGOPMANNH U OBICTPOE N3MeHEHHE TeXHOJOTHH, HOIYCKAEM, YTO
Kakue-TO (PYHKIIUH MOTJIN HU3MEHHUTHCS, a MBI MOTJH CJeJaTh KaKHe-TO
omnbku. Eciu BBl 00HAPYKUTE HETOUHOCTH, IOXKAJIYyHCTa, COODIUTE HAM
00 9TOM TI0 afipecy:

O’Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (B CIIIA u Kanapge)

707-829-0515 (MecTHBIH UIH MeKIYHAPOTHBIN)

707-829-0104 (daxc)

Br1 Takike MoxeTe OTIIPAaBHUTH COOﬁLT_IEHI/Ie II0 BJIEKTpOHHOﬁ IIo4re. I[JIH TO-
ro 4TOOBI IIONACTD B CIIUCOK PacCBhblJIKH UJIH 3alIPDOCHUTH KaTaJlor, OTIIpaBbTE
DJIEKTPOHHOE IIHCHhMO II0 aapecy:

info@oreilly.com

J1s 0OTBeTOB Ha TeXHUUYECKHUEe BOIPOCH! U 3aMeYaHNAH 110 KHUTe MUNITHUTE II0
aapecy:
bookquestions@oreilly.com

B npeapiayIiieM pasjesie Mbl TOBOPHJIH O TOM, UTO Y KHUTH €CTh CBOH Bel-
caiiT, rjge OpeacTaBieHbl (PparMeHTHl KOJa, OOHOBJIEHHBIE CCHLIKH U mepe-
YeHb HAWJEHHBIX ONEeYaTOK W OIMHOOK, a TaKiKe UX HCIpaBJIeHHH. Axpec
9TOTO calTa:

http://www.oreilly.com/catalog/oracleplsqldba

JonmonrHuTe pbHYI0 HH(pOPMAIHIO 00 5TOH W APYTUX KHUTAX BHI HaljeTe Ha
BeO-catiTe O’Reilly:

http://www.oreilly.com

Safari® Enabled

. Eciu Ha 06710:KKe TeXHUYECKOH KHUTH eCTh IUKTOrpaMMa «Sa-
Sﬂ'ﬂ" fari® Enabled», sTo o3HauaeT, 4To KHHUra gocrynHa B Cetu ue-
e pes O’Reilly Network Safari Bookshelf.

Safari mpeasaraeT HaMHOTO Jyd4Iliee pelieHHe, YeM 3JIeKTPOHHBIe KHUTH.
9To BUPTYaJbHas OMONINOTEeKa, IO3BOJAIOIAS 03 TPY/Aa HaXOAUTD THICAYH
JYYIIAX TeXHWYECKUX KHUT, BHIPE3aTh U BCTABJATH IIPUMEPHI KOJAAa, 3a-
TPYIKaTh IJIaBhl U HAXOAUTH OBICTPHIE OTBETHI, KOT/Aa TpebyeTcs HanboIee
BepHas U cBekasi uHbopManus. OHa ¢cBoOOAHO AOCTYIHA IO agpecy http://
safari.oreilly.com.
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bnaropapHocTu

B mepByio ouepeab MBI xoTeau 661 mobaarogapuTh Hepuna Xepau (Darryl
Hurley), xoTopriii Hanmucasa ABe raaBbl: « Kypcopbl» u «Tabmuunble GyHK-
nuus». OH BCTYOUJI B €S0 B PEIIaoniuil MOMEHT, IPUHSJ Ha cebsda 3HAYU-
TelbHBIE 0013aTENHCTBA U C YECTHIO0 UX BHIMONHUJ. Biarogapsa eMy KHHUTra
cTana sHauuTeabHO aydrie. Bpun Jlesemnur (Bryn Llewellyn), merem:xep
npoaykTa PL/SQL B Oracle, mpemocTaBuUI BasKHeHNTYI0 HHGOPMAITUIO O HO-
BBIX BoaMoskHOCTAX Oracle Database 10g 1 oTBeTUI Ha MHOKECTBO HATHX
BOIIPOCOB 110 pa3in4yHBIM acnexTam PL/SQL.

Hawm ouerb momMornu Hamy TeXHUYECKHUE PEJAKTOPEI: KPOME BCETO IPOYETo
MBI IPOCHUJIU X OPOBEPUTH Bee (PPAarMeHTHl KOJa U IPOrPAMMEI B KHUTE,
YTOOBI CBECTU K MUHUMYMY KOJHUYECTBO ONINOOK B IIe4aTHOHU Bepcuu. M1
uypesBLIYaiiHO 6JarogapHBI BeceM cmeruanucram mo Oracle PL/SQL, koro-
pBle IOTPATUIN YACTEh CBOETO APATOIeHHOTO BpeMeHU Ha TO, YTOOBI KHUTA
«Oracle PL/SQL ana agMUHHUCTPATOPOB 0a3 JaHHBIX» ObIIa KaK MOKHO
ayuamie. I:xedbdpu XanTep (Jeffrey Hunter) B ycmoBuax sKecTKOro meiT-
HOTa TIaTeJbHO OPOBEPUJ BCE UETHIPE I'JIaBhHI, NOCBAIEHHBIe He30IacHO-
cTU, U MBI OeCcKOHeUHO OiarofapHBI eMy 3a 9To. [Isrwusn Borr (Daniel
Wong) TaxkKe 0Kasay HeOIeHUMBIH BKJIAJL B cO3JaHUE IJIaB 00 0e30IacHO-
ctu. Hamm nuckpeHHUe 6J1arofapHOCTH pefaKkTopaM Apyrux riaas: :xomy
Bepecumesuuy (John Beresniewicz), [dysiiny Kurary (Dwayne King), Cru-
By H:xekcory (Steve Jackson), Jlopeiin Iloknurrron (Lorraine Pockling-
ton), Maxpaxx Mapgana (Mahraj Madala), IIlory O’Kudy (Sean O’Keefe)
u FOB-Xo0 Curopa (Yun-Ho Sikora).

Korga rexandeckas 4acTh 6b171a TOTOBA, AEJIO TIEPEIIJI0 B PYKH 3aMeUaTeNlhb-
noit komauasl O’ Reilly Media, BosrimaBnsemMoi Hamum go6peiM apyrom lle-
6opoii Paccen. OEu npeBpaTuIn HabOp I'IaB ¥ IPUMEPOB KoJa B KHUTY, A0-
crofinyio uaganusa B O’Reilly. Orpomuoe cnacubto Hapery Keanu, pyKoBo-
IUBINIEMY BBITYCKOM Hamie#l kHuru, Pody PomaHno, cosgaBiieMy 3ameda-
TeJbHBbIe PUCYHKH, U Beel ocTalbHOM KOMaHIe.

Apyn OmaromapeH KeHe AHUHANTE W CHIHY AHUINY, MOKEPTBOBABIIUM
BpeMeHeM, KOTOpOe ceMbs MOTJa OBl TPOBECTH BMECTE, PAAHW TOTO, UYTOOBI
9Ta KHUTA TModaBuUIach Ha cBeT. OQcoboe cmacubo AHHMIY, KOTOPHBIH OBLI
CIUIITIKOM MAJI JAJIS TOTO, YTOOBI BEIPA3UTH CBOE HEJOBOJIHCTBO CJIOBAMH, XO-
TsI, 0YeBUAHO, OBLI YKACHO PACCTPOEH TeM, UTO Iala He UTPaeT ¢ HUM.

CruBeH 6Jarogapur :keuy BeBy CuibBa u cuiHoBedl Kpuca CunbBa u Oau
CunpBa DeiliepIITeHHOB 3a UX MOAJEPKKY U IOHUMAHWE TOrO, IOYEMY OH
VAEJIUNI 3TOU KHUTE CTOJIBKO CBOET0 BDEMEHU 1 BHUMAHUA.



BeepeHune B PL/SQL

PL/SQL — sTo mpormeaypHoe pacmiupenue sasbika SQL (Structured Query
Language — cTPYKTYpPHUPOBAHHBIH A3BIK 3a1pocoB). SQL cerograsa ABIAeTCA
TIOBCEMECTHO PACIIPOCTPAHEHHBIM SAZBIKOM JIJIA BRIIIOJHEHUS 3alIPOCOB U U3-
MeHeHUH (XOTh B €70 Ha3BaHUM 00 9TOM U He TOBOPHUTCS) B PEJIAIINOHHEBIX 0a-
3ax maHHBIX. Kopmopanus Oracle BBesa B ynorpebiaenue PL/SQL gns Toro,
4yTOOBI M30aBUTHCSA OT HEKOTOPHIX OTPAHWYEHHH, CYIIeCcTBYOMUX B SQL,
a TaKKe AJA TOTO, YTOOBI MMETh BO3MOMKHOCTDH IPEATOKUTDL 00Jiee IOTHOe
TIporpaMMHOE pellieHne paspaboTunKaM KU3HEeHHO BasKHBIX ITPUJIOKEHUH,
paboratomux ¢ 6aszamu gauEbIX Oracle. B sToii riaBe pacckasbIBaeTCsI O TPo-
UCXOKAeHNN A3bIKa PL/SQL u mpuBoAUTCA KpaTKUil 0030D OCHOBHEIX €T0
DIEeMEHTOB.

M=l He HaseeMcda Ha TO, YTO, IPOYUTAB TY IJIaBy, BBl CPA3Y KE€ CMOXKeTe
IHcaTh 0ecTAnue nporpaMMel Ha PL/SQL. MBI IUIMb XOTUM OBITH YBEpe-
HBI B TOM, YTO BAMINX 3HAHUH O ABBIKE OKAMKETCA JOCTATOUHO IJIA MOHUMA-
HUS ¥ paboThHl ¢ IPUMEPAMU 1 OTMHCAHUAMHU (DYHKITMOHAJIHHOCTH, IPUBO-
IUMBIMU Jajiee B KHUTe. ¥ AelAs oco0oe BHUMaHWE TEM OCOGEHHOCTIM
SA3BIKa, KOTOPbIe HanboJee UHTEPECHBI AJA aAMUHUCTpATOpa 6a3 JaHHBIX,
MBI TaKKe XOTeJU [I0OKa3aTh BaM BCIO MUPOTy 1 momib PL/SQL.

Koreuno, B 5Ty ri1aBy HeBO3MOYKHO BMECTUTH Bee cBefernusa o PL/SQL. Eciu
BBI HUKOT/IA PaHee He [IHMcaJd OporpaMMm U cueHapueB Ha PL/SQL, To, Bepo-
SATHO, BaM CTOUT OOpDATHUTHCS 3a JOMOJHUTENbHON mH(pOpManued K ABYM
kuauram usgarensbctBa O’Reilly: «Learning Oracle PL/SQL» (Mayuaem Ora-
cle PL/SQL) u «Oracle PL/SQL Programming» (IIporpamMMupoBanue Ha
Oracle PL/SQL).

Yto Takoe PL/SQL?

Aseix Oracle PL/SQL uMeeT pAJ OMpeaesA0IIX XapaKTepUCTHK:
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lnasa 1. BeegeHune B PL/SQL

PL/SQL — smo 6bicokocmpyxmypuposanubsiil, yoobowumaemstii u docmyn-
HbLIL A3bLK.

PL/SQL oTiu4HO MOAXOAUT AJA HAYUHAKIIUX IPOTPAMMHUCTOB. fIBBIK
HECJIOKEeH B UB3YYEHWHU, HA3BAHUA €r0 MHOTOYMCIIEHHBIX KJIFOUEBBIX
CJIOB U CTPYKTYP ABHO YKAa3BIBAIOT HA TO, YTO AeJaeT JaHHBIH dparMeHT
Koaa. Eciu BB 3HAKOMBI ¢ IPYTUMH A3BIKAMU IPOTPAMMUPOBAHUS, TO
06e3 Tpyla IPUBLIKHETEe K HOBOMY CUHTaKCHUCY.

PL/SQL — smo cmandapmHhblii U nepenocumbviil A3biKk 014 pa3pabomru
npunosxceruil Ha Oracle.

Hanwucas sa cBoeM KoMmnbsoTepe PL/SQL-niponieAypy uau GyHKITUIO JIA
paboTsl ¢ 6asoii JaEHBIX Oracle, BB MOKeTe 3aTeM TIePEHECTH TV IPO-
eaAypy B 6a3y AaHHBIX CBOEH KOPIOPATHUBHOMN CeTH U BHITONHATD ee 0e3
Kakwux 6B TO HU OBLTIO U3MeHEeHU (ecCTeCcTBEHHO, IIPH YCIOBUU COBMeC-
TumocTu Bepcuii Oracle). Ilpunnun « Write once, run everywhere» (aa-
THCcaB OAHAMKABI, 3aTycKaii Besae) 6611 AeBusom PL/SQL 3agonro go mo-
apnerud Java. [lna PL/SQL «Bezne» moHUMaeTcda KaK «Bezje, T/e eCTh
6asza gamabIxX Oracles.

PL/SQL — 3mo 6cmpoeHHbLil A3bLK.

PL/SQL cosmaBajcs He A aBTOHOMHO# paboTHI, a JJId TOTO YTOOHI BEI-
TOJIHATHCA B ONpeJesieHHOU cpefe. Hanpumep, BbI MOXKeTe 3allyCKaTh
nporpaMmmbl Ha PL/SQL B 6ase maHHBIX (cKaskeM, depes mHTepdelic
SQL*Plus). Brl Tax:ke MoxKeTe co3maTh nmporpamMmy Ha PL/SQL u BBI-
3BaTh ee U3 (opmbl unu ordera Oracle Developer (Tak HasbIBaeMBIH
«xnuerTckuii PL/SQL»). OgHako HeBOZMOKHO CO3JATH UCIOMHIEMBI
daiin PL/SQL, KoTOpHIi BHITTOJIHAICA 651 caM 1o cede.

PL/SQL — asmo 6bic0K0npou3800umeNLbHblil U BbICOKOUHMEZPUPOSAHHBLI
A3biK 014 pabomsi ¢ 6a3amu OAHHbBIX.

B mare BpeMs cyIecTBYeT NMIUPOKUN BBEIGOD CPEACTB, KOTOPHIEe MOYKHO
TPUMEHATH OIPU CO3JaHUU TPUIOKeHUI, paboTaroniux ¢ 6azaMu AaH-
gbIX Oracle. Mo:kHo ucnosszoBars Java u JDBC, Visual Basic uw ODBC,
Delphi, C++ u 7. 1. OgHaKO0 BB YBUAUTE, YTO IIPOIIE BCETO HATTUCATD 3(h-
dexTUBHBIA KO A1 AocTyna K 6ase ganabix Oracle mmenmo Ha PL/SQL.
B ugacTtHocTHu, Oracle mpeasaraeT HeKOTOpPHIE CIEIIUATIbHEBIE MOMOJIHI-
TeJbHBIE Bo3dMoxkHOCTH ANA PL/SQL, Takue Kaxk KoHCTpyKIuaA FORALL,
KOTOPBIE MOTYT Ha MOPAJOK TOBBEICUTEH IPOU3BOAUTENbHOCTE 0a3hbl JaH-
HBIX.

OcHOBHble 3neMeHTbl cMHTakcuca PL/SQL

B sToM pasgese BBl TOBHAKOMUTECH C OCHOBAMU OPTAHUBAUYN U CUHTAKCHU-
ca nporpammbl Ha PL/SQL: cTpyKTypoi 6710Ka, HabopoM CUMBOJIOB, a TaK-
JKe IpaBUJIaAMU AJIA UAeHTU(PUKATOPOB, Pa3Ae uTeeil OIepaTopoB U KOM-
MeHTapues.
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CrpykTypa 6noka PL/SQL

Kax 1 B 60NBbIITAHCTBE MPONEIYPHBIX A3BIKOB, B PL/SQL HauMenbIle# 3Ha-
YUMOU eAWHHUOEH IPYNNUPOBKHU KoJa ABJIsdeTcA 0..0K. BJIOK — 3TO KOHCT-
PYKOHUs, 00eclIeddBaIONasl BHIMOJHEeHUE (pparMeHTa KoJa U OIpeAessiio-
mas TPaHUIBl BUAUMOCTHA TIePEMeHHBIX U 00JacTh AeficTBUs oOpadoTyu-
KoB ucknoueruii. PL/SQL nosBoisseT co3fiaBaTh aHOHUMHbLe O0KU (06710-
KN KoJia, He UMeIoIne Ha3BaHUS) U UMEHO0B8AHHble 010KU (3TO MOTYT OBITH
IpoLeAyPHl, GYHKIIUA UJIU TPUTTEPHEI ).

B mocreayoniux pasaenax Mbl PACCMOTPAM CTPYKTYDPY OJI0Ka U TOAPOOHO
OCTAHOBUMCS Ha AHOHUMHBIX OJ0KaxX. PasimuHble BHUALl WMEHOBAHHBIX
O6JI0KOB OyAyT OMTHCAHEI Aajiee B TJIaBe.

Paspenbl bnoka

Brox PL/SQL MoxkeT BKIIOYaTh B cebsa A0 deThIpex pasaenos (puc. 1.1),
JUAIH OAUH U3 KOTOPHIX SBJSIETCS 06513aTeIbHBIM.

3a201080K

HUcnonpayeTcs TOMBKO AJs1 AMEHOBAHHBIX OJIOKOB. 3aT0JIOBOK Ompe/e-
JsieT, KAKUM 00pa3oM OyAeT BHI3bIBATHCSA UMEHOBaHHBIH 6JI0K WX TIPO-
rpamMmMa. HeoGs3aTenbHBIH pasge.

Paszden o6sa6aenuil

Onpe/:[eJmeT IIepeMEeHHEIE€, KYPCOPEI K HO,Z[6JIORI/I, KOTOpPbIEC YIIOMHXHAIOT-
Csd B pasaenax UCIIOJIHEHUA A ncrkaodeHni. Heobs13aTenbHBIH pa3jaeri.

Pasden ucnosnernus

Colep:KUT 0MepaTopbl, KOTOPEIe OyAeT BBHIMOJHATL aapo PL/SQL npu
ucnonHeHUH 0J10Ka. O0sa3aTeNbHBIA pasae.

3aronosok
.

IS

Pasgen o6bABneHui

BEGIN

Pasgen vcnonHeHus
_—

EXCEPTION

Pasgen MCkAO4EHUA

END;

Puc. 1.1. Cmpyxmypa 6norxa PL/SQL
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Paszden uckawuenui

0Q6pabaTbIBaeT HCKJIYUTENbHEIE (10 OTHOIIEHHIO K HOPMAaJbHOH pado-
Te) cuTyanuu (Ipeaynpexaenus u omubru). Heobs13aTenbHBIH pasme.

AHOHVMHbIE 6NoKN

Ecau KT0-TO X04eT cOXpaHUTH aHOHAMHOCTH, OH HE Ha3bIBAE€T CBOETO UMe-
HU. IMeHHO TaK U IOCTymaeT aHOHUMHBIH 610K B PL/SQL (puc. 1.2): B HeM
IIPOCTO OTCYTCTBYET pasfiell 3aroJl0oBKa, TaKol 60K HaumHaeTcs ¢ DECLARE
usi BEGIN. OTo 03HAYaeT, 4TO ero HeJb3s OyAeT BhI3BATh U3 KAKOT0-TO APY-
roro 6JI0Ka, TaK KaK He Ha YTO YCTAHOBUTH CCBHIIKY. AHOHUMHBIE OIOKH
CIYIKAT KOHTeHHepaMu JJis1 onepaTopoB PL/SQL 1 066I1YHO BKJIIOYAIOT B Ce-
051 BBI30BHI IPOIEAYD U DYHKITHH.

B obmieM BHue cHHTaKcuC aHoHEUMHOrO 6J10Ka PL/SQL 6yaeT TakuM:

[ DECLARE
obbasnenus ... |
BEGIN
OAWH UMK HECKONBKO HCMONHAGMMX ONEpaTopos . . .
[ EXCEPTION
onepaTopy 00paboTku MCKMOHeHWA . .. ]
END;

B kBagpaTHBIE CKOOKH 3aKJII0UYEeHEl He00sI3aTelIbHbIe DIEMEHTEl KOHCTPYK-
nun. B 610Ke JoIKHBI OBITH omepaTopsl BEGIN u END, a Takke XOTsI ObI OJHH
HCIIOJNHSIeMBIA omepaTop. PaccMOTpUM HECKOJHKO IPHUMEPOB aHOHHUMHEIX
6JI0KOB:

e Haubosee KOPOTKUII aHOHUMHBIHA OJIOK:

BEGIN
DBMS_QUTPUT. PUT_LINE(SYSDATE);
END;

e DBioK ¢ Takoi e QPYHKIHOHAJIbHOCTBIO, B KOTOPHI J00aBIeH pasgen
00 bSABIICHUI:

DECLARE
1 _right_now VARCHAR2(9);
BEGIN
1 _right_now := SYSDATE;
DBMS_OUTPUT. PUT_LINE(1 right_now);
END;

BEGIN o TonbKo HUCTIONHEHHE
DBMS_OUTPUT. PUT_LINE ('Hello world');
END;

Puc. 1.2. AnonumHubLL 60K, He uMelowUil pa30enos 00BAGLEHUIL U UCKLIOYEHULIL
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e Tor ke 670K ¢ 106aBIeHHBIM 00Pa0OTUNKOM UCKIIOUHUH

DECLARE

1 _right_now VARCHAR2(9);
BEGIN

1_right_now := SYSDATE;

DBMS_OUTPUT. PUT_LINE(1 right_now)
EXCEPTION

WHEN VALUE_ERROR

THEN

DBMS_OUTPUT.PUT_LINE('I bet 1 right now is too small
|| "for the default date format!")

END

Ha6op cumBonos PL/SQL

IIporpamma Ha PL/SQL cocTouT 13 OCIe0BaTEILHOCTHA OIIEPATOPOB, KaXK-
IBIA 13 KOTOPBIX 00pas3oBaH OJHON MK HECKOJIbKMMH CTPOKAMH TEeKCTAa.
Ha6op ciMBOJIOB, U3 KOTOPHIX MOKHO COCTABIATE 5TH CTPOKH TEKCTa, 3aBHU-
CHT OT UCIOJB3YEMOT0 B 0a3e JaHHBIX Habopa cuMBosoB. Hanpumep, B Tab-
nute 1.1 OpuBefieH mepedeHb CUMBOJIOB, JOCTYIHBIX B Habope USTASCII.

Tabauya 1.1. Cumeonvt us nHabopa USTASCII, docmynnvie 6 PL/SQL

Tun CumBoOaBI

Byxksn A-7, a-z

Hudpw 0-9

CHUMBOJIB T1e#dhr () =] <>, /7

IIpo6GenbHnie 3HaK TaOyJaAIMK, 3HAK INpobesia, MepeBOl KapeTKH, KOHeIl
CHMBOJIBI CTDOKH

JIro60e KII0UEeBOE CIIOBO, omiepaTop u JekceMa PL/SQL cocTouT U3 pasaud-
HBIX KOMOMHAMU CHUMBOJIOB JaHHOTO Habopa CHMBOJIOB. BaM HYKHO JIUIITH
TIOHATH, KaK OIPaBUJIBLHO COGUPATH UX BMecTe!

ITomuurte, uro PL/SQL Heuyscmeumenen k pezucmpy, To €CTh He UMeeT 3Ha-
YeHNS, KaK Bbl HabupaeTe KJOUeBLIE CJI0BA U HAEHTH(MUKATOPEHI. 3ariaaB-
Hble OYKBEI BOCOPUHNMAITCS TaK K€, KAK CTPOUYHBIE, eCJIU TOJbKO OHU He
BBIEJIEHBI CIeMUaJbHEIMU Pas3JeIuTeISIMUA, IPeBPaIlaoIIiiMA UX B CTPO-
KOBBIH suTepai. Hna yaobcTBa BOCOPUATHA aBTOPHI 3TOH KHUTH PEITUIN
HCIIONB30BATh BEPXHUHU PETUCTP IJIA BCTPOEHHBIX KJIOUEBELIX CJIOB S3BIKA,
a HUKHUH — AN UIeHTU(PUKATOPOB, OIIpe e sIeMbIX IPOrPAMMICTOM.

Pan cumBoIOB (KaK 00O OTZENBHOCTH, TAK U B COUETAHUAX C APYTUMU CHUM-
BOJIAMU) UMeeT cuenuaabHoe 3Eadenne B PL/SQL (Tadx. 1.2).

Tpynnel cMMBOJIOB 00pasyIOT JleKCeMbl, KOTOPEIE TaKyKe Ha3bIBAIOT amo-
MAPHBIMU e0UHULAMU SI3BIKA, TaK KaK OHU ABJISIOTCSI €70 HAUMEHBIITUMU
HeAeJIUMBIMU cocTaBadmomumu. Jlekcemamu B PL/SQL ABiAoTCAa naeHTH-
dbuUKaTOPHI, IUTEPAJIBI, PABJEIIUTENN U KOMMeHTapuu. AM IOCBAIEHBI 110~
cJIe VIO e Pas3 eIbl.
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Taonuya 1.2. IIpocmuie u cocmaghvie cneyuaivbrbie cumeoavt 6 PL/SQL

CumBoJI

Onucanue

< uan
= uaun
= UIH

Touka ¢ sanaTo# 3aBepliiaeT 00'BABJIICHUS U onnepaTopnl.

3HaK IPOIeHTA ABAAETCS YKazaTeJeM aTpuOyTOB (aTpubyTH Kypcopa,
Takue KakK %ISOPEN m aTpuOYyTHI KOCBEHHOTO O0BABIEHMA, KaK %ROW-
TYPE); TaKiKe MCIIONb3YVeTCs KAK MHOTOOANTHHIN T'DYIIIOBOM CHUMBOJ
B ycaoBuu LIKE.

OZMHOYHKI CUMBOJ MOJUEPKUBAHNA: OLUHOUYHHIH I'PYIIOBOH CHMBOJI
B ycaoBuu LIKE.

3Hak @ YKas3blBaeT Ha yIaJ€HHO€ MEeCTOIIOJIOMKEeHHE.

IIBoeTOUMe ABAAETCA yKasaTeJeM XOCT-IiepeMeHHO¥M, Kak :block.item
B Oracle Forms.

I[BOIL/'IHaﬂ 3BE€340UKAa — 3TO OII€paTOpP BO3BEIE€HNA B CTEIIEHD.

Crocobnl 0603HAUEHUS orepaTtopa OTHOIIIEeHNA «He PABHO» .

I[BOIL/'IHaﬂ BEPTHUKAJBHAA UePTa — 3TO 3HAK OIlepally KOHKaTeHaIllnn.

<< u > |PasgeauTeam METOK.
<= m >= |OnepaTophl OTHOIIIEHUI « MEHbIIIE UK PABHO» M «00JbIIIE HJIXU PABHO» .
= OnepaTop IpUCBAUBAHUA.
= OnepaTop CBASHKIBAHUA AJA CBASKIBAHUSA 110 UMEHH.
IIBe TOUKH — OIlepaTop AHATIa30HAa.
— I BoitHO# gedHc CAYEUAT YKasaTeJeM 0JHOCTPOUHOTO KOMMEHTapHA.
/1 x/ HauanbHbI# 1 KOHEUHBIH OTPAHUYUTEIHN MHOTOCTPOYHOTO KOMMEHTAPUA.
NpeHTndukaTopsbl

UnerTudurarop — 970 uMsa o6bexra PL/SQL (1M mepeMeHHON UJIH IPO-
TpaMMbl, 3ape3epBUPOBaHHOE €J0BO). Ilo yMOMUYaHUIO UAEHTH(PUKATOPEI
JOJKHBI 06MIaaTh CIeAVIONIUMU CBOHCTBAMMU:

e HWwmeTh anuny g0 30 CHMBOJIOB

4 I[OJIHCHBI HAa4YMUHATHCA C 6yRBBI

e MoryT BKJIIOYATE B ce6s 3HAKU Aosapa $, moguepKkuBanusd (_) u guesa (i)

e He MOTYT COOEpPKATh HUKaAKHEe HpOﬁeJIBHBIe CHUMBOJIBI

Ecnu nBa ugeETHOUKATOPA OTIUYAIOTCSA TOJIHKO PETUCTPOM OJHON UM He-
CKOMBbKUX OYKB, To PL/SQL BocIpHUHEWMAaET UX KaK OJUH U TOT K€ UAeHTH-
duxarop. Hanpumep, cieayiomniue uaeatTudpuraTopsl ana PL/SQL ugen-

THYHBI:

lots_of $MONEY$ LOTS_ of $MONEY$ Lots_of_ $Money$
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3HaveHunsa NULL

OrcyTcTBUe 3HadeHHUA oToOpaskaerca B Oracle mpu moMOIH KJIHOYEBOTO
cioBa NULL. B mpensiaymnieM pasfiese OBLIO TMOKAasaHO!l, 4To mepeMeHHBIe
TOYTH BeexX TUTIOB JaHHBIX PL/SQL MoryT HAXOAUTHCA B HEOIIPEAETIEHHOM
COCTOAHUU (UCKJIUYEHUEM ABJIAITCA ACCOIMUATUBHBIE MAaCCUBBI, DK3E€MII-
JSIPHI KOTOPHIX HU IPU KAaKUX YCIOBHUAX HE MOTYT OBITH HeONpeAeNTeHHbI-
mu). O6paborkra sHadenwnii NULL Jr000r0 TUIIa JTaHHBIX MOKET BBIZBIBATE Ol -
pelleeHHbIE CIOXHOCTH Y IPOTPaAMMUCTA, IIPU 9TOM CTPOKOBbIE 3HAUEHUA
3aCIYKUBAIOT 0COBOT0 YITOMUHAHUA.

B Oracle SQL u PL/SQL cTtpokoBoe 3auerue NULL 0061470 HEOTIUIUMO OT
JIUTepasna, COCTOAIIETO U3 HYJIeBOTO KOJUYECTBA CUMBOJIOB (1~ — JBe mocJje-
JoBaTeJbHEIEe OJUHAPHBIE KABBIUKU, MEXKJY KOTOPEIMU HET HUKAKUX CUM-
BosoB). Hampumep, caeayroriee BhIpaskeHnue 0yaeT BIYUCTIeHO KaK TRUE u B
SQL, u B PL/SQL:

IS NULL

3uauenune NULL BegeT cebsI TaK, KaK ecsid 651 THIIOM JaHHBIX II0 YMOJIYAHNIIO
s Hero aBasanacsa VARCHAR2, Ho cepsep Oracle 6yaeT IBITATHCS BBITOMHUTD
ero HesBHOE TpeobpasoBaHue K TUIY AaHHBIX, COOTBETCTBYIONIEMY BHITIOJN-
HAeMOH onepanuu. B HEKOTOPHIX CUTYAIlUAX OT BAC MOXKET I0TpebOBaAThCSA
ABHOE IPUBEJIeHNE TUIIOB (C UCIIOJH30BAHUEM TaKOW CUHTAKCUYECKON KOH-
CcTpYKIIuHU, Kax TO_NUMBER(NULL) mam CAST(NULL AS NUMBER)).

Jintepansol

JII/ITepaJI — 9TO 3HaA4YeHHe, KOTOpPpO€e HEe IIPpeACTaBJIEHO I/I,ZLEHTI/I(I)I/IRaTOPOM,
TO €CTh IPOCTO 3HAYEHHNE, KOTOPOE CYIIIeCTBYyEeT CaMO II0 cebe.
CTpokoBble nuTepanbl

CTpPOKOBHIH JIUTEPAT — 5TO TEKCT, 3aKJIOUYEHHBIH B OJUHADPHBIE KaBBIYKH,
HaIpuUMep:

"What a great language!’

B ornuuue or uaeETUOUKATOPOB, CTPOKOBBIe nuTepaisl B PL/SQL uysct-
BUTEJBHBI K PETUCTPY, TO €CTH CJAeAYIONINe ABa JINTEePaia BOCIPUHUMAOT-
csd KaK pas3JudHbIe:

"Steven’
"steven’

Tak 4To caeAyIOIIee YCIOBIE OYAET BEIYUCIeHO KakK FALSE:

IF "Steven’ = 'steven’

1 K comkameHUI0, 3TO ornbKa aBTOpa. B mpearigyieM pasiesie HHUETo 00 3TOM He
roBopuaock. — Ilpumey. nepes.
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YucnoBble nuTepanbl

YucnoBble JUTEPATIBI MOTYT OBITEH MEJIBIMUA WJIW BEIeCTBeHHBIMH YHUCIAMU
(To ecTh comep:KaTh APobHYIO YacTh). UmeiiTe B BUAY, uTo PL/SQL cuuTaeT
yucyo 154.00 BemrecTBeHHBIM unciaoM Tuna NUMBER, HecMOTps Ha TO, YTO
ero ApobHAas YacTh paBHA HYJIO U HA CAMOM Jejie YUCJO SIBJIIETCS IeIbIM.
Ilenble 1 BeIllecTBeHHBIE YHCJa MMEIOT pa3zHOe BHYTPEHHEE IpejcTaBe-
HUe, U Tpeobpas3oBaHUe U3 OAHUX B IPYTHe BIedeT 3a coO60M HEKOTOPBIE 0-
TOJIHUTEJIbHBIE HAKJIAaJHbIe PACXOABI.

Jna sanucu 4mcIoBOTO MUTEPAJia TaK:Ke MOKHO HCIIOJIb30BATEH SKCIIOHEH-
nuanbHbIi opmar. BykBa «E» (B BepXHEM UJIH HUKHEM PETHCTPE) B 3alU-
CH YHCJIa 03HAYAET ero YMHOXKeHUe HAa 10 B COOTBETCTBYIONIEH CTEIIeHN, Ha-
npumMmep 3. 05E19, 12e-5.

Hauwunas ¢ Bepcuu Oracle Database 10g Release 1 BemecTBeHHOE YHCIIO MO-
sKeT oTHocuThed K Tuny Oracle NUMBER unu k craggapTaomy tuny IEEE 754
C IIaBarIleill TOUKo#. JIuTepassl ¢ niaaBaroIled TOYKONH MOTYT UMETH JABO-
WYHOe IpeJcTaBieHUe ¢ 00BIYHOM (32 OuTa, B KOHIIE cTaBUTCA OyKBa «F»)
UJIU ¢ JBOHHON TOYHOCTHIO (64 O6uTa, B KOHITE cTaBUTCA OYKBa «D»).

B HeKOTOPBIX BEHIPAKEHUAX MOKHO HUCIOJIb30BATH UMEHOBAHHEIE KOHCTAH-
7w (Tabx. 1.3), oupenenennsie B crangapre IEEE (Institute of Electrical
and Electronics Engineers — UHCTUTYT WH:KEHEPOB MO SJIEKTPOTeXHUKE
U 5IeKTPOHUKE).

Tabauya 1.3. Hmenosannvie koncmanmout 04 BINARY FLOAT
u BINARY DOUBLE

Onucanue BINARY_FLOAT BINARY_DOUBLE
(32 6ura) (64 6ura)
Heuucao («Not a number» —| BINARY_FLOAT_NAN BINARY_DOUBLE_NAN

NaN); pesyabTaT gedeHUa
Ha HOJb WJIN HeKOPPEKTHOH
onepamyuu

ITonoxkutenvuaa OGeckomeu-| BINARY FLOAT INFINITY BINARY_DOQUBLE_INFINITY
HOCTb

Hauboabiee komeunoe ume-| BINARY FLOAT MAX_NORMAL | BINARY_DOUBLE_MAX_NORMAL
J0, He IIPEeBBINIAIOIIEE II0-
POT IIePeNOTHEHUA

Hawnmenpniee wHopmanbHOe| BINARY_FLOAT_MIN_NORMAL | BINARY_DOUBLE_MIN_NORMAL
YHCJI0; IIOPOT IOTEPH 3HAUH -
MOCTH

Hauboasiiee moaoxxuTenanb-| BINARY FLOAT MAX_SIIBNOR- | BINARY_DOUBLE_MAX_SIIBNOR-
HOe UHNCJ0, He IIPeBHIIIan-|MAL MAL
1Ilee MOPOT MepenoaHeHuA

HaumenbIiee uwmceao, KOTO-| BINARY_FLOAT_MIN_SUBNOR- [BINARY_DOUBLE_MIN_SUBNOR-
poe MOXKeT OBITH IpeAcTaB-|MAL MAL
JeHO
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JNlornyeckmne nutepanbl

PL/SQL mpeanaraer gBa JuTepasa AJs OpeAcTaBIeHUI JoTudecKux (6ye-
BBIX) sHaueHui: TRUE u FALSE. DTH sHaYeHUS HE ABJIAIOTCS CTPOKOBBIMHU, UX
He cJeAyeT 3aKJI0YATh B KaBRIUKU. McOonb3yiiTe JIOTUYECKUE JIUTEPAJIBI
IS IPUCBAUBAHUSA 3HAUYEHU N JIOTUYECKUM IEPEMEHHBIM, HATTPUMED:

DECLARE

enough_money BOOLEAN; -- 06bsiBNeHue NOTUYECKON NEepeMeHHOoM
BEGIN

enough_money = FALSE; -- [llpwcBauBaHve el 3Ha4eHus
END;

IIpu mpoBepKe 3HAUEHUA JIOTHUYECKOTO BHIPAKEHUS He 00g3aTeNIbHO CCHI-
JaThedA Ha JUTepas. BeipaskeHue 0yIeT «TOBOPUTH caMo 3a cebs», KaK B ye-
JIOBUU CJELYIONIEro onnepaTopa [F:

DECLARE

enough_money BOOLEAN;
BEGIN

IF enough_money

THEN

Jloruueckoe BbIpasKeHUe, IepeMeHHasI NI KOHCTAHTA TaK:Ke MOTYT IIPU-
HuUMAaTh 3Hadenue NULL, 4dTo He ecTh HU TRUE, Hu FALSE.

PaspenuTtenb «Toyka c 3anaTton»

IIporpamma PL/SQL cocTOuT U3 moCIeA0BaTEILHOCTH 00'BABISHUH 1 omlepa-
TOPOB, 'PAHUITEI KOTOPHIX OIIPEAEIATCA He (hU3uUecKH, a Jjorudecku. [[py-
TUMHU CJIOBaMU, OHU HE 3aKaHUYNBAIOTCA BMeCTe ¢ PUBUIECKUM KOHITOM CTPO-
KU KOJa, 4 3aBepIIaloTca CHUMBOJIOM «TOUKa ¢ 3anaToi» (;). OauH omepaTop
IS yA0oOCTBA BOCTIPHUATHSA YACTO 3aMHCHIBAETCS HA HECKONBKUX CTPOKAX.
Hanpumep, ciegyromuii onepatop IF 3aHWMAEeT 4YeTHIPE CTPOKU, IIPUYEM
IL7IsT DoJiee SIBHOTO OTOOPAKeHUS JIOTHKHN B 3alIHMCH UCTIOJIb3YIOTCA OTCTYIIBI:

IF salary < min_salary(2003)
THEN

salary := salary + salary = .25;
END IF;

B sToMm onepaTope IF BBl BuguTE ABe TOUKU ¢ 3anaToii. [lepBaa Touka c 3a-
OATON YKa3bIBaeT Ha KOHEIl OTAEJHHOIO UCIOJHAEMOr0 OIlepaTopa BHYTPHU
KOHCTPYKIIuU IF-END. BTopas Touka ¢ 3anaToii o0o3HaYaeT KOHEI[ caMOoTo
oneparopa IF.

KoMmmeHTapumn

BarkHOII cocTaBnAIONEN XOPOIIEl IPOrpaMMbl ABJISAETCA BCTPOEHHAA AOKY-
MeHTauudA — kommernmapuu. [laxke ecnu BbI ucnosabayere B cBoux PL/SQL-
IporpaMMax yIoOHYIO MOAYJIBHYIO CTPYKTYDPY U «TOBOPAIIHe» HA3BAHUI,
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5TOr0 O0OBLIUHO OBIBAET HeaoCTaTO4YHO AJIA TOTO, 4TO6BI 00ECIeUYNUTE IOJIHOE
OOHHMAaHUE CJI0KHOH IIporpaMMBbI.

PL/SQL nognep:xuBaeT ABa BUJa KOMMEHTAPUEB: OJJHOCTPOYHEIE U MHOTO-
CTPOYHBEIE.

CUHTaKCNC OQHOCTPOYHOr0 KOMMEHTapus

OIHOCTPOUYHBIHT KOMMeHTapuii HauWHaeTCA ABYMs Aeducamu (--), MeXRIY
KOTODPBIMHU He MOKEeT CTOATEH IPobes I KaKoii-1ubo Apyroii cuMBoi. Bech
TEeKCT IOoCJe ABOHHOTO Aeduca 1 A0 GU3UIECKOT0 KOHIA CTPOKU BOCIIPUHU-
MaeTcA KaK KOMMeHTapUH U UTHOPUPYETCA KOMOUIATOpoM. Eciu nBoiHOMI
Jneduc cTouT B HavaJe CTPOKHU, TO BCA CTPOKA ABIAETCA KOMMEHTapUEM.

B cnepyroniem onepaTope IF AJid DOACHEHUSA €r0 JIOTUKU UCIOJIB30BaH OX-
HOCTPOYHBIA KOMMEHTAPHU:

IF salary < min_salary (2003) --OyHKUMS BO3BpaWaAeT MUHUMAN.TO[OBYKD 3apniaTty.
THEN

salary := salary + salary=.?25;
END TF;

CuHTaKonc MHOFoCTpoO4YHOro KOMmMeHTapus

O,Z[HOCTPO‘IHBIE KOMMEHTapumn y,Z[OﬁHBI AJIsI CO3JaHUuA KPAaTKUX OOSICHeHUH
K (I)paI‘MEHTaM Koga MJIHU OJId BPEMEHHOI'O UCKJIIDYEHHUA CTPOKH IIPpOorpam-
MBI M3 UCIIOJIHEHHU A, TOTAa KAK MHOT'OCTPOYHBIE KOMMEHTAPHUU ITO3BOJIAOT
BKJIIOUATH B [IPDOTPAMMY AJHUHHBIE IIOACHAIONINE TEKCTHI.

MuorocTpo4Hble KOMMEHTAPUN HAYUHAIOTCA [IOCJIe CHMBOJIOB «KOCasd 4ep-
Ta-3Be3mouYKa» (/) U 3aKaHUYMBAIOTCA CUMBOJAMH «3Be3J0UKa-Kocas d4ep-
Ta» (+/). Bech TeKeT, HAXOAATIUHCA MEKAY STUMU ABYMS TOCTIEI0BATEN -
HOCTAMHU cuMBOJOB, PL/SQL BocnpuEuUMaeT Kak KOMMEHTAPUI, U KOMIIH-
JIATOP €r0 UTHOPUPYET.

PaCCMOTpI/IM B KadeCTBe IIpHUMe€pa MHOTOCTPDOYHOIO KOMMEHTApHUA 60K
TEKCTa B 3aroJIOBKe IIPOIeaAyPhI. CHUMBOJIBI BepTI/IRaJIBHOf/'I 4YEepPThI B JeBoH
YacTH CTPOK HUCIIOJB30BaHBI AJIA TOTO, ITOOBI 3a0CTPUTH BHUMAHUE YATATE-
JIAd Ha KOMMEHTAapHuH:

PROCEDURE calc_revenue (company_id IN NUMBER)
/*

| MporpaMma: calc_revenue

| ABTOop: CTuBeH DelepuwTeiH

*/

1S

NMporpammHble gaHHble

IIpaxTuyeckn mo60# Hanucauubli Bamu 010K PL/SQL 6yaeT onpeaeasaTs
npozpammuvie 0anHble U UX 00pabareiBaTh. IIporpaMMuble JaHHBIE TIpPEH-
CTaBJIAIOT OO0 CTPYKTYDPHI JaHHBIX, KOTOPHIE CYIIECTBYIOT TOJNHKO B paM-
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Kax BaIlero ceaHca (pU3UYECKU OHU HAXOAATCA B IPOrPaMMHOM riobaib-
Ho#1 o6nactu (Program Global Area — PGA) Bamero ceaHca) 1 He XpaHATCA
B 0a3e TaHHBIX. B sTOM pasfese 6ygeT paccKasaHO, KaK OOBABIATE IPO-
rpaMMHEBIE AaHHBIe U KaKNWe OpaBUJa CJIEeAYET COOMIONATH IIPU BBIOODE
umeH. Kpome Toro, Bam OyAeT OpeAJIoKeH KPATKUHA 0030p Pa3JIUUYHBIX TH-
OB AaHHBIX, DoAaepkuBaeMbix B PL/SQL.

Hpeﬁc/:[e 4YeM BBl CMOXKeTe IIPDUCTYIINUTL K pa60’re C HEPEMEHHOfI HUI1l KOH-
CTaHTOfI, ee HeoﬁXO,Z[I/IMO Oﬁ’bﬂBI/ITB, a mocyie o0bABJIEHNS HAZHAYUTL el
UMA U TUII JaHHBIX.

HpI/I BBIﬁOpe HMEH OJId IIepeMeHHbIX, KOHCTAHT U THUIIOB JAAHHBIX HeobxXo-
AUMO CJIeJO0BaTh ABYM OCHOBHBIM PEKOMEHAAITUAM:

Ob6azamenvHo y6eaumer 68 mMmom, inmo Kaxdoe HazsaHue MOYLHO ompaxixa-
em Ha3naveHue 00seKma u NOHAMHO C nepeozo 83za50a

Bo3Mo0KHO, CTOUT Aarke IOTPATUTH HEKOTOPOE BPEMSA HA TO, YTOOBI ITOIBI-
TaAThCS OCO3HATH (BHE KOMIBIOTEPHOH TEPMUHOJIOTHH), YTO IPEACTABIAET
coboii KoHKpeTHAas mepeMerHasi. Torga BaM Jerko 0yaeT mogodpaTh moj-
xonamniee uMs. Haonpumep, eciau mepeMeHHAasI OyJeT XpaHUTE «0bIIee Ko-
JAYECTBO 3BOHKOB IIO IIOBOAY OCTBIBIIIEro Kode», TO YAAYHBIM BEIOOPOM
uMeHHn Moryo ObI ObITH total calls_on_cold coffee mam tot_cold_calls,
eclid BhI He BLIHOCHTE CIHINKOM JJIWHHBIX HasBammii. IIpumepoMm He-
yAadHOrO BBIOOpA MOrJIM OBl OBITH UMeHa totcoffee m t_#_calls_lwcoff,
KOTOpBIE CIUIIKOM 3aTaJOYHBI AJIS TOTO, YTOOBI YTO-TO IPOSACHUTD.

Bbtpa6omalime pa3ymusie u nocredosamenbuble cozrauenus o6 UMeHOo-
B8AHUU

ITomo6HEBIe cornamenns 06BIYHO KACAIOTCA IPUMEHEHUA IpeduKCcoB u/
unu cydPUKCOB IJA OTPaKeHUA TUIA U HazHadeHUusA. Hanpumep, numeHa
BCEX JIOKAJBHBIX MEPEMEHHBIX AOJIMKHEBI HaUMHATHCA ¢ Ipedurca «l »,
a uMeHa rI00aJbHBIX I€PEeMeHHEBIX, ONpeAessAeMbIX B IIaKeTe, JOJKHEI
uMeTh nIpedurc «g ». IMeHa THUIOB 3anuced JONKHBI BKIOUATH B cebs
cybdurce «_rt» u 1. 1. BBl MoKeTe cKa4aTh IOJMHEIN HaOOp COTJIanIeH Ui
00 nmeHOBaHUU ¢ Beb-cTpanuns! Oracle O’Reilly, pacmonoskennoii mo an-
pecy http://oracle.oreilly.com (Bri6epute «Oracle PL/SQL Best Prac-
tices», zarem «Examples»). Ilocne cxkaumBaHUA BBl CMOXKETE IIONB30-
BaThCA NAaHHBIM CTAHAAPTHBIM ZOKYMeHTOM. (B Hacrosmiee BpeMsdA ero
IPAMEIM apecoM ABIaeTcd http://examples.oreilly.com/orbestprac/.)

Tunbl paHHbIX PL/SQL

IIpu 00BABIEHUY NepeMeHHON NN KOHCTAHTEI BHI JOJMKHLI HA3HAYUTE €
Tun gaHEBX. (PL/SQL 3a oueHL HEGOJIBIIMMU UCKIIOUEHUAMU ABIAETCA
SABBIKOM cO cmpozoii munusayueil.) PL/SQL npexamaraer monHbId Habop
npefonpeleIeHHBIX CKAJNAPHBIX U COCTABHBIX THUIIOB AAHHBIX, BEl TaKiKe
MOXKETe cO3/aBaTh COOCTBEHHEBIE NOJMB30BaTENIbCKUE TUIIEH (KOTOPEIE TAKIKe
Ha3BIBAIOT A0CMPAKMHBIMU MUNAMU OGHHBLX).
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Bce umeroniueca npemolnpefelleHHBIE TUOBI JaHHBIX onpeieiseHsl B PL/
SQL-tmaxkere STANDARD. Hanmpuwmep, TyAa BKJIUYEHBI OIEpaTOPHI, OIIpeje-
JAIOINE JOTUYECKUHA TUII JaHHBIX U ABA YUCJIOBBIX THUIA:

CREATE OR REPLACE PACKAGE STANDARD
1S
type BOOLEAN is (FALSE, TRUE)
type NUMBER is NUMBER_BASE
subtype INTEGER is NUMBER(38,);

PL/SQL nmoamep:KuBaeT Bce MPUBbIYHBIE TUNEI JAHHBIX ¥ MHOXKECTBO APY-
rux. B pasgene 6yaeT mpuBeleH NUIIb KPAaTKHUHA 0030p pazHo0OpasHBIX
OpeaonpeaeeHHBIX THIIOB JaHHBIX.

CuMBONbHbBbIE TUMBI

PL/SQL nognep:xuBaeT CTPOKU KaK (PUKCUPOBAHHOU, TAK U NePEeMeHHOH
AJIUHBI, OIpeACcTaBJIeHHBIe KAK B TPAAUIIUOHHBIX KOJUPOBKAX, TAK U B KO-
aupoBKax Unicode. CHAR m NCHAR — 5TO THTIIBI CTPOK DUKCHUPOBAHHON AJIH-
HBI, a VARCHAR2 u NVARCHAR2 — THIIBI CTPOK IIepeMeHHO# qiuHbl. PaccMoTpuM
00bABIEeHNE CTPOKH TepeMeHHOH AJHWHBI, KOTOPas MOXKET BMeIaTh 10
2000 cumMBOJIOB:

DECLARE
1_accident_description VARCHAR2(2000);

Oracle Tak:ke moAAepKUBaeT OUeHb AJUHHBIE CUMBOJBbHBIE CTPDOKHU — THITHI
LONG 1 LOB. OTu TUOBI JaHHEBIX TO3BOJISAIOT XPAHUTH U 00pabaThIBATH OTPOM-
HBIe 00beMBI AaHHBIX: LOB MosKeT comep:kaTh g0 128 TepabaiiT undopma-
nun B Oracle Database 10g (ucmonbayiiTe Tum LONG TOIBKO AT COBMECTH-
MOCTH C y3Ke CYIIeCTBYIOIINM KoaoM. Byayiiiee 3a Tumamu L0B!). K cum-
BOJILHBIM THUIIAM AaHHBEIX LOB oTHocsaTca CLOB (character large object —
60JBITOH cUMBOJBHEI 00HeKT) 1 NCLOB (National Language Support char-
acter large object — 60onbImI0# CUMBONBHBIH 00HEKT ¢ MOAAEPKKON HAIIHO-
HaJbHBIX A3BIKOB, MEOTOOANTHEI (hopMarT).

YucnoBble TUNbI

PL/SQL moamep:kuBaeT Bce 00Jee MUPOKOE MHOMKECTBO UHUCIOBBIX THUIIOB
JaHHBIX. [loarue roasl pabodeii TOMIaAKON YUCIOBBIX TUIIOB JAHHBIX OBIJ
Tun NUMBER, KOTOPBIH MOKHO HMCIOJB30BATDH AJS AeCATHUYHBIX 3HAUYEHUH
¢ GMKCUPOBAHHON U MJaBaloIell TOYKOHU, a TaKKe IJd [eJbIX 3HAYeHUH.
IIpuBegeM HECKOJIBKO IPUMEPOB 00baBIeHUu Trma NUMBER:

DECLARE
salary NUMBER(9,2); -- ¢OwWKCMpOBaHHasg TO4YKa, CEMb 3HAKOB CNeBa W JBa cnpasa
raise_factor NUMBER; -- pecatudHoe 4uCno ¢ niaBawuwen TOYKOW
weeks_to_pay NUMBER(2); -- uenoe 4ucno

BEGIN

salary := 1234567.89;

raise_factor := 0.05;

weeks_to_pay := 52;
END;
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Hecaruunaa npupoga tuna NUMBER okaswiBaeTcA Ype3BBIYAUWHO MOJIE3HOH
Ipu paboTe ¢ JeHeKHBIMU BeIUYNHaAMU. BaM He OpuaeTcsa 0eCIOKOUTHCA
0 BOBMOKHBIX OIMUOKAaX OKPYIJIEHWs OPU IepeBoJe UYHUCIa B JIBOUYHOE
npencraBiaenne. Hanpumep, sanuceiBas uducao 0.95, He crouT 60aAThed,
YTO OT HETO UYepe3 HeKOTOPOe BpeMsd ocTaHeTcs ToJIbK0 0.949999968.

o Beimycka Bepcun Oracle Database 10g Tun NUMBER OBIJ e TUHCTBEHHBIM
YUCJIOBBIM TUNOM AaHHBIX PL/SQL, TOMHOCTBHIO COOTBETCTBYIOIIUM THUIY
JaHHBIX 0a3bl JaHHBIX. OTO OJHA U3 IPUYUH CTOJb MIUPOKOTO UCIOJIb30BAa-
mua Tuna NUMBER. B Oracle Database 10g nosiBuoch ellie ABa JBOUYHBIX TH-
ma ¢ maaBaroIreil Toukoi: BINARY_FLOAT u BINARY_DOUBLE. Kak m NUMBER, o6a
HOBBIX THIIA ToAAep:KuBaroTcda Kak B PL/SQL, Tak u B 6ase ranabIX. IIpa-
BHUJIBHO TPUMEHSS UX, MOKHO TOOUTHCSA 3HAYUTENIHHOTO TOBHITIIEHUS IPO-
M3BOAUTENHHOCTH 34 CUET TOTO, UTO MaTeMaTUUYECKUe OIlePalluy HAJl HOBBI-
MU THUIIAMHU BBHITIOJHAKTCA allapaTHON 4acThio (KOTAA 5TO IO3BOJAET All-
mapaTHas maaTdopMa).

PL/SQL nognep:xuBaeT pAjA YUCIOBBIX TUIIOB U MOATUIIOB, KOTOPHIE HE CO-
OTBETCTBYIOT THIaM 0asbl JaHHBIX, HO, TeM He MeHee, BeCcbMa ITOJIe3HBI.
Yoomanem ocobo PLS_INTEGER, memounciIeHHBIH THO, OIS KOTOPOTO apud-
MeTHUYeCKHWe ONeparuu BRITONHARTCA annapaTrHo. CueTynku nukjaoB FOR
peanuzoBaHEL TUIIOM PLS_INTEGER.

Adatbl, BpeMeHHblIe MeTKN N nHTepBarbl

Mo moasnenusa Bepcuu Oracle9i Database mup mat Oracle orpanuuyuBacs
TunoM DATE, KOTODBIHA ITO3BOJIAJ XPAaHUTH KAK AATY, TaK U BpeMd (C TOYHO-
cThio 10 cekyHA). B Oracle9i Database mosaBunmcsh qBa Habopa HOBBIX CBS-
3aHHBIX THUIOB HamHBIX: INTERVAL m TIMESTAMP. HoBble THNOBI 3HAYHUTEJIHHO
PacIIupUIN BO3MOKHOCTH paspaboTunkoB PL/SQL 1o co3manuio mporpamMm,
00pabaTHIBAOIUX U XPAHANUX 3HAYEHUA JAT U BPEMEHHU ¢ O4eHb BBICOKOH
TOYHOCTBIO, 4 TAKKe BRIYUCIAINNAX U XPAHAIIUX UHTEPBAJIBI BDEMEHU.

ITpuBeaeM B KadecTBe OpuMepa GYHKIINIO, BEIYUCISIIONIYIO BOZPACT UeJIo-
BeKa:

CREATE OR REPLACE FUNCTION age (dob_in IN DATE)
RETURN INTERVAL YEAR TO MONTH

1S

retval INTERVAL YEAR TO MONTH;
BEGIN

RETURN (SYSDATE - dob_in) YEAR TO MONTH;
END;

Jlornyeckue Tunbl

PL/SQL moaaep:KuBaeT HACTOAIIUH JorudecKui (6yaeB) Tun fanabrx. Ile-
peMeHHAas 5TOTO THUIIA MOXKEeT HMMeTh JHINb OJAHO W3 TpeX sHadeHwumii: TRUE,
FALSE u NULL.

Jloruueckue IIepeMEeHHBI€ IIO3BOJAIOT CAEJIATh KO/ y,[[OﬁO‘II/ITaEMBIM, AaXKe
B TOM cJIy4ae, KOorjJa OH COAEPKUT CIOXKHBIC JIOTUYECKHNE BEIDAXKEHNA. Pac-
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CMOTPHUM TIPUMED 00DLABIEHUS TepeMeHHo Tuma Boolean ¢ mpUcBAUBAHU-
eM eif 3HAYEHUS IO YMOJIUYAHUIO:

DECLARE
1 _eligible_for_discount BOOLEAN :=
customer_in.balance > min_balance AND
customer_in.pref_type = "MOST FAVORED" AND
customer_in.disc_eligibility;

JABOWNYHbIE AaHHble

Oracle mogaep:KUBaeT HECKOJIBKO BUAOB 080UUHbIX OAHHbIX (9TO HECTPYK-
TYpUPOBaHHLIE JaHHBIE, KOTOPHIEe HEe MHATEPIPETUPYIOTCA U He 00pabaTsi-
Batorcda Oracle), B Tom uncite RAW, LONG RAW, BFILE u BLOB. Tun gamHEBIX BFILE
XPpaHUT HECTPYKTYPUPOBaHHBIE ABOUUYHLIE JaHHBIE B (paiijax olepamuoH-
HO# cucTeMbl BHe 0a3bl JaHHBIX. RAW — 5TO TUT JaHHBIX DePeMeHHOMH IJIu-
HBI, TOJOOHBIH CUMBOJIBHOMY THUIY AaHHBIX VARCHAR? U oTimuaromiuiicsa oT
HEero TeM, uTo yTuauTsl Oracle He BHITOMHAIOT IPpeoOpPa3oBaHUA CHMBOJIOB
IpU Iepejade JAHHBIX TUANIA RAW.

ROWID

Oracle mogmep:xuBaeT ABa COOCTBEHHBIX THUMNA AaHHEBIX, ROWID m LROWID,
KOTODBIe UCIOJMB3YIOTCS M NPeACTaBIeHUA agpeca CTPOKU B Tabaure.
ROWID — »To VHMKAJbHBIH agpec CTPOKH B COOTBETCTBYIONIeil Tabiure,
a UROWID — srorudeckas MO3UITUA CTPOKH B UHAEKc-Tabautie (index-organiz-
ed table, IOT). ROWID Tak:ke siBaAAeTcsa SQL-TICeBIOEMMOM, KOTOPHIH MOKET
HUCIIOJIb30BaThCA B KoMaHaax SQL.

REF CURSOR

Tun gasaBIX REF CURSOR mosBoOMsAeT O00BHABIATHL KYPCOPHBIE IepeMeHHbIE,
KOTOpBIe MOTYT UCIONB30BATHCA CO CTATUUYECKUMU U JUHAMUYIECKUMH KO-
MaugaMu SQL AJa peanmsamuy 4pesBLIYaHO MMOKHUX TpeboBaHUH. ITOT
TUNO JaHHBIX UMeeT ABe padHOBHUAHOCTHU: cTporuii REF CURSOR u HecTpormii
REF CURSOR. HecTporumiit REF CURSOR — 9TO 0iUH M3 HEMHOTUX JOCTYIHBLIX BAM
TUIOB JaHHBIX cO caaboil Tunusamueii.

Paccmorpum npumep 00baBIeHUA cTpororo Tuna REF CURSOR (accomumpyem
KYPCOPHYIO TTepeMeHHYI0 ¢ KOHKPETHOHN 3amuCchio IPU IIOMOINMK aTpubyTa
%ROWTYPE):

DECLARE
TYPE book_data_t IS REF CURSOR RETURN book%ROWTYPE;
book_curs_var book_data_t;

Temepb paccMOTpPUM ABa 00'bABIEHUS HecTpororo tuma REF CURSOR, B KoTo-
PBIX HUKAKadA KOHKDETHAdA CTPYKTYPa He acCOI[UUpPYyeTcHd ¢ pPe3yIbTUPYIO-
mieil mepeMeHHOUW. B yeTBepTO# cTpOKe nmpeAcTaByeH SYS_REFCURSOR, mpexa-
onpeeneHHBIN HecTporuil Tumn REF CLURSOR.

DECLARE
TYPE book_data_t IS REF CURSOR;
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book_curs_var book_data_t;
book_curs_var?2 SYS_REFCURSOR

Tunbl paHHbIX ana cetn MHTepHeT

B Bepcun Oracle9i Database nmosiBuacs BCTpoeHHAS IOAAEPKKA PA3IUIHBIX
CBSIBAHHLIX ¢ IHTepHETOM THUIIOB JaHHBIX U TeXHOJOTUii, B yacTHOCTH XML
(Extensible Markup Language — pacmiupsieMblii si3bIK pasMmeTkn) u URI
(Universal Resource Identifiers — yuuBepcanbHble HASHTHGUKATOPHI pe-
cypcoB). Oracle moaaep:KUBaeT TUOB AaHHBIX, UCIONb3yeMble M1 PaboTh
c nagapiMu XML u URI, a Trak:xe conenuansuelii Kaacc DBUri-REF, xoTo-
pBIii IpUMeHAETCS AJS AOCTYIA K JAHHBIM, XPaHANIAMCA BHYTPH caMoii
6assl gapubBIX. Oracle Taxkske peocTaBJIsIeT HOBBIH HAGOp TUIIOB AJId Xpa-
HeHHUs BHemHENX U BHYTpeHHux URI u gocTyna Kk HUM 13 6as3bl JaHHBIX.

Tun XMLType mo3BoasieT XpaHUTH B 0ase HaHHBIX AaHHEbBIe XML u obpa-
mIaThcA K HUM € 3aIIPOCAMHY IIPUA ITOMOIITY TaKUX QYHKITUH, KaK SYS_XMLGEN,
u nakeTra DBMS_XMLGEN. OH Tak’Ke I03BOJIAET UCIIOJIH30BaTh OIIePATODSI A3BI-
kKa SQL A4 BRITTOMHEeHW TOUCKA IPHU TOMOMTH sI3biKa X Path.

Ceasamablie ¢ URI Tunel gagaeix, Takue xak URIType u HttpURIType,
BXOJAT B UePapXuio 06HeKTHBEIX THUIOB. OHU MOTYT HUCIONB30BATHC AJIA
xpatnenua URL-agpecoB BHeITHUX BeG-cTpaHUN u (aiiioB, a TaKKe A
CCBHIJIOK Ha AaHHBIe, XPaHAIlrecsd BHYTPHU 0a3bl JaHHBIX.

Tunbl paHHbIX «Any»

O6BIYHO IIepeg nNporpaMMHUCTOM CTOUT BIIOJIHE KOHKDETHAA 3agada C JKeCT-
KO 3aJaHHBIMHA TpeﬁOBaHI/IHMI/I. Ho cJIy4yaeTrTcd 1 Tak, 4TO HeoﬁXO,Z[I/IMO Ha-
IIuCaTh HEYTO 06Luee, AJIS IMTAPOKOTO IPUMEHEeHM A. B raknx ciay4dyadax y/:[06-
HO MCIIOJIB30BATh TUIIBI AAHHBIX «Any ».

Tunse!l «Any» mosBuanch B Bepcuu Oracle9i Database Release 1. Onu sHauu-
TeIbHO OTJIUYAIOTCA OT JIOOBIX IPYTHUX TUIOB JAaHHEBIX, JOCTYIHBIX B Oracle.
OTH THUIHI TO3BOJAIOT IMNHAMUYECKN HHKAICYJINPOBATH ONUCAHUSA THUIIOB,
SK3eMILISAPHI JaHHBIX ¥ HA0OPHI SK3eMIIJISIPOB JaHHBIX JI000T0 IPYTOTO TH-
na SQL, a Takske o0palaThed K TAKUM 00beKTaM. BBl MOKeTe UCIOJIB30-
BATh 9THU TUOHI (1 METOALI, ONIpeieJIeHHbIe AJA HUX KaK A 06 HeKTHBIX TH-
TIOB), HATIPUMED AJIA OOpPeJeeHusa TUIIa JaHHBIX, XPAHANTAXCA B HEKOTO-
poii BroKeHHOMH Tabmume, 6e3 o0palieHnsa K peaJlbHOMY 00bABIEHUIO THIIA
JTaHHOM TabIUIEI.

T'pynna TUTIOB faHHBIX «Any» BKJI0YaeT B ceda AnyType, AnyData u Any-
DataSet.

O6bsaBneHne nporpamMmmMHbIX AaHHbIX

Kar y:ke roBopmyoch, Ipekjae deM oOpamaThesa K IepeMeHHOH UJIN KOH-
cTaHTe, He0OX0AUMO €€ 00 HABUTE (efUHCTBEHHBIM UCKJIIOUEHUEM U3 STOTO
TIpaBUJa ABJISIOTCS WHAEKCHBIE TepeMeHHBIe TUKJIOB FOR.) Bee o0baBme-
HUS AOJKHBI OBITH CAeJIaHBI B pasfeisie 00bABIeHUH aHOHUMHOTO 6J0Ka,
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IpoIeaypHl, GYHKIUU, TPUTTEPA, TeJa TaKeTa UJIHn TeJa 00HeKTHOTO THIIA.
B PL/SQL BB Mo:KeTe 06HABUTH MHOMKECTBO THIIOB JaHHBIX U CTPYKTYD
JaHHBIX, BKJOUas IepeMeHHBIe, KOHCTAHTHI, IIONb30BATEJIbCKUE THUIIBI
TYPE (RanpumMep, A KOJAIEKITHN NN 3alIUCH) U UCKJII0UeHuA. B 5TOM pas-
neine 6yaeT pacckasaHo 06 06 bABIEHN N TePeMeHHBIX U KOHCTAHT.

O6bsiBNeHne nepeMeHHbIX

IIpu o6masmenun mepemMenHod PL/SQL BeIAeNsAeT IaMATH AJ 3HAUYEHUA
IepeMeHHOH U IpUCBamBaeT 3TOMY XPDAHUIUINY UMA, UCIONB3YA KOTOPOe
BBI CMOJKEeTe U3BIEKATh U U3MEHATH JaHHOe 3HadeHUe. B 00bIBIeHUN TaK-
JKe YKasbIBaeTcs THUI JaHHBIX IepeMeHHOHN, KOTOPHIH OyAeT MCIoJIb30BaH
LIS TPOBEPKU KOPPEKTHOCTH 3HAYEHUH, IPUCBANBAEMBIX IePEMEHHOMH.

s 00bABIEHUS UCIOJIB3YETCA CAeAYIONIas CUHTAKCHUYECKAasa KOHCTPYK-
ouA:

ums Tun_panHsix [NOT NULL] [3Havenmne_no_ymondanuo];

T 4MA — DTO UM O0HABIIEMON TepeMeHHOH U KOHCTAHTEI, a TH/T_JaHHbHX —
BTO THUII WU TOATUI 3HAYEHUH, KOTOPhle MOTYT IPUCBAUBATHCA BTOHU Iepe-
MeHHO#. BKIoUueHue B 00bsaBIeHne BeIpaxkenus NOT NULL osHadaeT, 4To ec-
U B KoJe 6yaeT MpeANPHUHATA MOTMLITKA IPUCBOCHU Balleldl mepeMeHHOHN
saavenusa NULL, To Oracle uEMIUUPYeT UCKIOUeHNe. BrIpamenue [ 3Haqye-
Hue 10 yMos4arup] TTO3BOJAET MHUITNANIU3UPOBATD IePEMEeHHYI0; OHO Heo0s -
3aTeJbHO IJ BeeX 00bABNeHU M, KpoMe 06hsIBIeHUN KOHCTAHT.

PaCCMOTpI/IM IIpuMep 00'BABIEHUS DepeMeHHbIX PA3JINYHbBIX TUIIOB JAHHBIX !

DECLARE
-- MpocToe 0ObABNEHME HYUCNOBOM NEPEMEHHOM
1_total_count NUMBER;

-- 0ObsBNEHWE 4ucna, OKPYrASeMoro Ao coTux (UeHTOB):
1 dollar _amount NUMBER (10,2)

-- 0TAaenbHasgd NepeMeHHas aaTh, CO 3HAYEHMEM NO YMOAHaHMIO
-- «MpAMO ceit4ac», KoTopas He MoxeT ObTb NULL
1_right_now DATE NOT NULL DEFAULT SYSDATE;

-- Mcnons3oBaHWe onepaTopa NMPUCBAUBAaHWS AN yKa3aHus
-- 3Ha4EHUS NO YMOJHAHMD
1_favorite_flavor VARCHAR2(100) := "Anything with chocolate, actually’;

-- [IByxaTanHoe ob6bsaBNeHME acCcoUMaTUBHOIMO MAcCuBa.
-- CHavana Tabnu4HbIA Tun:
TYPE 1ist_of_books_t IS TABLE OF book%ROWTYPE INDEX BY BINARY_INTEGER;

-- 3aTeM TOT KOHKPETHBI CMWCOK, KOTOPHI OyaeT
-- ofbpabaTuBaTbLCA B [JAHHOM DNOKe:
oreilly_oracle_books list_of_books_t;

Hna 3ajanua 3HAUYEHUA 10 YMOJYAHUIO KJII0YeBoe cyoBo DEFAULT u omepa-
TOp MPUCBAWBAHUSA SKBUBAJEHTHI U B3aUMo3aMeHsAeMbl. UTo ke cieayeT
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ucnons3zoBaTh? §I mpegmouMTAd MCOONB30BATH ONEPATODP IPUCBAMBAHUA
(:=) ana yxasaHUA 3HAUEHUH 110 YMOJMYAHUIO ANA KOHCTAHT, a KJIHUYEBOE
cioBo DEFAULT — pnsa mepeMeHHBIX. {1 KOHCTAHT IpucBauBaeMoe 3HaYe-
HUe B AefiCTBUTEILHOCTH ABJIAETCSA He 3HaUEeHUEM II0 YMOJIUYaHUI0, a UCXO/[-
HBIM (M HeU3MeHHBLIM) 3HAUEHHEM, IOSTOMY HUCIoJb3oBaHme DEFAULT ka-
KeTCs MHe HeyMeCTHEIM.

ObObsiIBNeHne KOHCTaHT

Cy1iecTByeT Bcero ABa OTJIUYNS B O0BABIEHUAX II€PEMeHHBIX U KOHCTAHT:
00 bsBIeHe KOHCTAHTBI BKJIIOUaeT B cebs KirroueBoe ¢iioBo CONSTANT, 1 B HeM
00s13aTeIbHO YKAa3bIBaeTCsA 3HaUYeHHWEe MO YMOMYaHUIO (KOTOpoe HAa caMoOM
AeJie ABJAETCS He 3HAYEHNEM 110 yMOIHaHW0, & eJMHCTBEHHO BO3MOXHHM BHAYEHHU-
eM). CuHTaKCcHUC 00'BABIeHUA KOHCTAHTEI OYIeT TAKNM:

ums CONSTANT Tum_panrsix [NOT NULL] := | DEFAULT sHayveHue ro_yMoa4aHmo;

3HaueHWe KOHCTAHTEI 3agaeTcd B MOMEHT O0BABIEHUS U BIIOCJIEACTBHUU HE
MO2KeT OBITH HU3MEeHEeHO.

PaCCMOTpI/IM HEeCKOJBKO IPDUMEPOB 00'bSABIEHUS KOHCTAHT:

DECLARE
-- Tekywun rop; aTO 3Ha4eHUE HEe U3MEHWTCH B Te4YeHWe ceaHca.
1 _curr_year CONSTANT PLS_INTEGER :=
TO_NUMBER (TO_CHAR (SYSDATE, "YYYY'));

-- Wcnonb3oBaHue kawp4eBoro cnosa DEFALLT
1_author CONSTANT VARCHAR2(100) DEFAULT 'Bill Pribyl’

-- 0ObsaBNeHWs OOLEKTHOTO TUNa KAK KOHCTaHTH.
-- KOHCTaHTH He 00s3aHb ObTb CKanspHbiMu!
1_steven CONSTANT person_ot :=
person_ot ('HUMAN', "Steven Feuerstein’, 175, '09-23-1958");

Ecnu me yxasaHo wHoe, To MHGMOPMANUA, OTPUBOAUMAS B IOCIEAYIOMIUX
pasfaesax TJIaBhl A IepeMeHHBIX, COpaBedIuBa 1 A KOHCTaHT.

OObaABNeHNs C NPUBA3KON

IlpuBaska TuOa JaHHBIX O3HAUYAET, YTO BBl YKa3kIBaeTe KoMnuaaropy PL/
SQL Ha He0OXOAMMOCTh Ha3HAUYEHHS THUNA JAHHBIX II€PEeMeHHOH Ha OCHOBE
TUIIA JaHHBIX yyKe OonpelesIeHHON CTPYKTYPHI AAHHBIX: APYrol IepeMeH-
Hoit PL/SQL, mpeaompeaeIeHHOTO THUOA UJIHN TOATUNA, TAOJIUITEI 6a3bI AaH-
HBIX WJIH KAaKOTO-TO cTo0ma Tabaunel. PL/SQL moagep:kuBaeT ABe Pa3HoO-
BUJHOCTH IPUBAZKU:

Cranapras npuésaska

HUcnonbayiiTe aTpubyT %TYPE A onpeneseHus IepeMeHHON Ha OCHOBe
cTonbma TabMUOBl UMW KaKo#-To ApYyro#l ckanapHO# mepemMenno# PL/
SQL.
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Ilpusaska Kk 3anucu

HUcnonbayiiTe aTpudyT %ROWTYPE ans ompefeseHus 3alUCH Ha OCHOBE
TabJIUITE] UJIH IPeAOIpeeIeHHOT0 aBHOr0 Kypcopa PL/SQL.

CuHTakcuc o6'baABIeHNASA TUIA AAaHHBIX C HpHBHSROfI 6y,11e'1‘ TaKHUM:

ums_nepemenHoi aTpubyThTYPE [Heobs3aTensHoe npucBanBaHne
3HAYEHUS 10 YMONHaHUw ],
umMs_nepeMenHoi umMs_Tabnuis| uma_kypcopa%ROWNTYPE [Heobg3aTensHoe npucsansanmne
3HA4eHns N0 yMOnYaHmo],

TIe UMA_NepeMeHHos — aTO UMA oObABIAeMON MepeMeHHoil, a aTpubyT — 9TO
uMs 00bABIeHHOM panee nepeMenHoit PL/SQL unu ke yKasanue cToabIia
TabaUIEl B hopMaTe «TabIUIA.CTOJIOCI» .

IIpuBegeM mpuMep OPUBA3KU IepeMeHHON K cTOJOIYy TabIUIb 6as3kbl AaH-
HBIX:

1_company_id company.company_1id%TYPE;
Teneps paccMOTPUM IPUMEP OIPUBIA3KH 3allUCH K KYPCOPY:

DECLARE
CURSOR book_cur IS
SELECT author, title FROM book;
1_book book_cur%ROWTYPE;

Ccpliika Ha TPUBA3KY BBIUUCAAETCA IPU KOMOUIAIIUYA, YTO HE YBEIUUNUBA-
eT BpeMeHHU BBRIIOJHEeHUA nporpaMmsbl. IIpuBa3Kka ycTaHaBJIUBaeT 3aBUCH-
MOCTH MeKJIy KOAOM U 3JIEMEHTOM, K KOTOPOMY BEIIOJHAETCA IPUBA3KA
(Tabnumeii, KypCOPOM HUJIU MAKETOM, COAEPIKATIINM IIepPeMeHHYI0, Ha KOTO-
PVIO ccbLIaeTcsa 00bABIeHHe THMa). IIpu M3MeHeHHH TaKOoTO dJIeMeHTa
OPpUBA3AHHBINA K HeMY KoJ nomedaeTrcda kKaxk INVALID. IIlpu noBTopHON KOM-
TUIANUYA TPUBA3Ka OyIeT BOCCTAHOBJIEHA, TAK YTO KOJ Bceraa OYAeT cOOT-
BETCTBOBATH TEKYIIEMY COCTOAHUIO 3JIeMeHTA.

Ynpasnsiowme onepatopbl

B PL/SQL cymiecTByeT ABa BUAA YIPABIAIUX OINEePATOPOB: YCIOBHBIE
omepaTophkl W ONepATOPHI Iepexoja. YCIOBHBIE ONePATOPHI, HANPaBIAO-
mIue MOTOK BBITIOJHEHUS B ONPEJeIEHHYIO TOUKY IPOTPaAaMMBI B 3aBUCUMO-
CTH OT HEKOTODPOTO VCJIOBUS, HEOOXOAUMBI MPAKTHUYECKH B KayKA0M (par-
MeHTe cO03/aBaeMoro koja. K Takum omeparopam otHocATcsa IF-THEN-ELSE
u CASE (omepaTopsl CASE mocTynEE B Bepcusax Oracle9i Database u Oracle
Database 10g). Cnexyer oraudaTh omepaTopsl CASE oT BeIpaskenmit CASE.
Bripaskenune CASE B HEKOTODBIX CIyYasiX BIIOJHE MOKET 3aMeHUTH cO00i
omepaTops! IF mau CASE. CyIiecTBeHHO peske MCIOoJIb3yeTcsd omepaTop 6e3-
ycaoBHOTO mepexofa G0T) uiu siBHOe YKasaHUWe Ha HeoOXOAUMOCTh «HHUYe-
ro-He-JeJaTh» ¢ IOMOIIBIO ortepaTopa NULL.
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OneparTtopsl IF

Onepatop IF mo3BONAET UCOONB30BATH B IPOrpaMMaX YCJIOBHYIO JIOTHUKY.
Onepatops! IF 6BIBaiOT Tpex BUAOB (Tabm. 1.4).

Tabruya 1.4. Tuns: onepamoposg IF

Tun oneparopa IF | Onmuncanne

IF ycnosue THEN ITpocreiiman popma onepatopa IF. Yenosue, ykazanHoe Me-
END IF; KAy IF m THEN, ompegenseT, OOJMKHO JH OBITh BBITTOJHEHO
MHO€eCTBO 0IIepaTOpoOB, HaxogAlleeca Mexxay THEN u END TF.
Ecau ycaoBue BRIUMCIeHO KaK FALSE, TO KO He BRITIOTHAETCA.

IF ycnosue THEN JlanHAA KOHCTPYKIUA PeaanusdyeT JIOTUKY «HJIN-UIN». BhI-
ELSE YHCIISAETCA YCI0BHEe, YKasaHHoe Mexk Ay 1F 1 THEN, 1 BRITOJIHA-
END TIF; eTca (parMeHT KOJa, PacloJOKeHHBIH Mexay THEN m ELSE,

uan ¢parMeHT KoJa, pacloJOXeHHBH Mexxay ELSE u END IF.
Beerpa BrinonnaeTca TOABKO OJUH U3 (hpParMeHTOB KOJA.

IF ycnosue? THEN ITocnenuas n Haubosee caoxHaA Gopma onepaTtopa IF. Ieit-
ELSIF ycnosue? THEN| cTBHe BRIGMpAETCs HA OCHOBE OIEHKM DsALA BSAMMHO HCKJIIO-
ELSE HAUIUX YCIOBUIM, M BREIIOJHAETCA COOTBETCTBYIOIlee MHO-
END IF: SKEeCTBO MCIOJIHAEMBIX OIePAaTOpPOB. KEcau BRI muiieTe mogob-
HEIe onepaTophl B Bepcuu Oracle9i Database Release 1 u BHI-
e, TO MogyMaiiTe 0 TOM, UTOOR MCIIOJL30BATH BMECTO HUX
NOUCKOGbLe OIIepaTOPHI BEIGOpa CASE.

OnepaTtopbl 1 BblpaxxeHnsa CASE

OmnepaTop CASE mM0O3BOJIAET BHIOPATH AJIA UCIOJTHEHU OJHY U3 HECKOMbKUX
mocaeAoBaTeNbHOCTEN omepaTopoB. OnepaTopsl CASE moAaBMIWCHL B CTaH-
napre SQL y:xe B 1992 roay, Ho Oracle SQL cranm moamep:xuBaTh CASE Toarb-
ko B Bepcuu Oracle8i Database, a PL/SQL me moaaep:kuBan CASE BIJIOTH A0
Bepcuu Oracle9i Database Release 1. Hauunas ¢ sro#t Bepcuu PL/SQL mof-
JIEePKUBAET CIENYIONINe BUABI 0lepaTopoB CASE:

IIpocmoii onepamop CASE

CTaBUT B COOTBETCTBUE KaxKJ0H mocjaeqoBaTeIbHOCTHA olepaTopoB PL/
SQL HekoTopoe 3HaUeHHTE. BRIOUpaeT IOCIeL0BATEILHOCTEL OIIEPATOPOB
JIJIsT BBIIOJIHEHUS Ha OCHOBE BBIUYMCJIEHUS BhIPasKeHIs, BO3BpaIiammnie-
o OJHO U3 TaKUX 3HAYCHUH.

IToucroswiii onepamop CASE

BribupaeT mocefoBaTeTbHOCTD OTIEPATOPOB AJS BHITIOMHEHU HA OCHO-
Be BBIUUCJIEHUA COUCKA JOTUUYECKUX YCIOBUU. BrImoOJIHAETCA TOCIENO-
BaTeJbHOCTH OIEPaTOPOB, COOTBETCTBYIOIAA II€PBOMY YCJIOBUIO, BEI-
yucjaeEHOMY Kak TRUE.

B nonmonuerue K onepaTopam CASE PL/SQL moanep:kuBaeT TaKsKe BbIpaKe-
sua CASE. Ilo dopme Bripaxkernue CASE oueHB TOX0Ke Ha onepaTop CASE. OHO
TIO3BOJISAET BBHIOpATH M3 MHOXKECTBA BBIPAsKeHUI TO BhIpasKeHHWe, KOTOPOoe
JMOJKHO OBITH BEIYNCIEeHO. Pe3yabpTaToM BEIpasKeHusa CASE aBaseTca HeKOo-
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TOpPOE 3HAa4YeHHUE, B TO BpeMs KaK pe3yJabTaToM omnepartopa CASE aBiaeTrcs
HUCIIOJHEeHUE MocaefoBaTelbHOCTH onepaTopoB PL/SQL.

Mpocton onepatop CASE

IIpocToii onepaTop CASE 03BOJIAET HAa OCHOBE BEIYUCIEHUSA PE3YIbTATOB He-
KOTOPOTO BEIpaKEeHUA BEHIOPATH OAHY U3 HECKOJIBKUX TTOCTIeTOBATEIbHOCTEH
oneparopoB PL/SQL nna ucnonsersusa. IlpuBeseM npuMep OIpoCTOTO Oepa-
Topa CASE, B KOTOPOM JJIsI BEIOOPA HYXKHOTO aJITOPUTMA BEIUHUCIeHUI O0Hyca
HUCTONb3YeTCA aHaTu3 JOMKHOCTH COTPYIHUKOB (IepeMeHHas employee type):

CASE employee_type

WHEN "S" THEN
award_salary_bonus(employee_1id);

WHEN "H" THEN
award_hourly bonus(employee_id);

WHEN "C" THEN
award_commissioned_bonus(employee_id);

ELSE
RATSE invalid_employee_type;

END CASE

PaccmorperusbIii onepaTop CASE coep:KUT siBHOE BbIpaskeHuUe ELSE, ogHAKO
B 06IIEeM cJyydae OHO He sABJAeTCsS 00a3aTelbHBIM. Ecou BBRIpaskeHue ELSE
ABHO He YKasaHo, To PL/SQL HeABHO UCTIONB3YET TAKYIO KOHCTPYKIIUIO:

ELSE
RAISE CASE_NOT_FOUND

MounckoBbin onepatop CASE

ITouckoBsIil onepaTop CASE BBRIYUCIAET COUCOK JIOTUYECKUX BBIPAXKEHUH
U, HalaA BRIpa)keHuWe, paBHoe TRUE, BHITOJHAET COOTBETCTBYIOMIYIO €MY
IOCJIeA0BATENBHOCTD 0IlepaTopoB. PaKTUUYECKU TOUCKOBBIN onepaTop CASE
SKBUBAJIEHTEH onepaTopy CASE TRUE us nmpeasiayiero pasjeina. Ilpuseaem
IpHUMep IIOUCKOBOTO onlepaTopa CASE:

CASE

WHEN salary >= 10000 AND salary <=20000 THEN
give_bonus(employee_id, 1500);

WHEN salary > 20000 AND salary <= 40000 THEN
give_bonus(employee_id, 1000);

WHEN salary > 40000 THEN
give_bonus(employee_id, 500);

ELSE
give_bonus(employee_id, 0);

END CASE

Linknbl B PL/SQL

PL/SQL moagep:kuBaeT TpU BHUAA ITUKJIOB, 0o0ecliedynBas TEM CAMBIM BO3-
MOKHOCTb CO3JaHUs ONTUMAJBHOTO KOMa AJA pellleHus 000 KOHKpeT-
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Ho#f 3amaun. B GOJBIIMHCTBE CAYYaeB, TPeOYIOMINX MCIOJIH30BAHUA MTUK-
Jna, TpUMeHUMAa Jio0asda U3 TUKJINYeCKUX KOHCTpYKIuii. OqHaKo BEIOOD He
caMo# YIAYHOMH AT KOHKPETHOTO CIydYas KOHCTPYKITUM MOXKET TOBJIeYb 3a
coboii Hamucanue MHOMKECTBA JOMOJHUTEIbHBIX CTPOK Koja. B uTOre mouy-
YUBITUACA MOAYIH OYJeT CIOKHEe NS BOCTIPHUATHUA W AajlbHelmniero co-
TIPOBOKIEHUS.

Y7068 IOKAa3aTh, KAK Pas3HbIe BUABI [[UKJIOB II0-PA3HOMY PeIIalT IIOCTAaB-
JEeHHYIO IepeJ HUMU 3aJa4y, PACCMOTPUM JAajiee TPU THIA MUKJIOB. B Kax-
JAOM cJydae Opolleaypa BbeI3bIBaeT display_total_sales ayia xakgoro roja,
HOMEP KOTOPOI'0 HaXOJUTCS B AHAlla30He MeKAY HAa4aJbHBIM U KOHEYHBIM
3HaUYeHUEeM apryMeHTa.

OueBHUAHO, B PACCMOTPEHHBIX IpuMepax MukJ FOR TpebyeT HaNMeHbIIEeTo
o6bema xoza. Ho ncnosb3oBanre HAaHHOO THIA TUKJIA BOZMOXKHO JIHIID
IIOTOMY, UTO 3apaHee U3BECTHO, YTO TEJO IUKJIA OyAeT BEIIOMHATHCS OIIpe-
IeJeHHOe KOJUYEeCTBO pas3. Bo MHOKECTBe APYTHUX CIYYaeB KOJIUUECTBO
IPOXOJ0B IIUKJIA JOJIMKHO OBITH IEePEMEHHLIM, TAK UTO IPUMeHeHNe ITUKIa
FOR 6yaeT HeBO3MOXKHO.

Mpocton umkn

IIpocTo#i MUK HAa3BIBAETCA IPOCTHIM, IIOTOMY YTO OH HAYHUHAETCA IPOCTO
co ciaoBa LOOP u saxkanuymBaeTca oneparopoM END LOOP. ITuky 3aBepIaeTca
IpU BBHIOOJHEHUU BHYTPU OUKJIA olepaTopa EXIT, EXIT WHEN wmyu RETURN
(UM ecIU BEYTPHU MUKJIA UHATTUHAPOBAHO UCKJIIOUEHIIE):

PROCEDURE display_multiple_years (
start_year_in IN PLS_INTEGER
cend_year_in IN PLS_INTEGER
)
1S
1 _current_year PLS_INTEGER := start_year_in;
BEGIN
LOOP
EXIT WHEN 1_current_year > end_year_in;
display_total_sales (1 _current_year);
1 _current_year := 1_current_year + 1;
END LOOP;
END display_multiple_years;

LUwnkn FOR

Oracle mogaep:kuBaeT MUKJIBI FOR CO CUETUYMKOM U ¢ KypcopoM. JIoia mMuKiIa
FOR co cyeTYMKOM BBl YKAa3bIBaeTe HAYaJILHOE U KOHEYHOE Iejible 3Haye-
HUA, a Bce ocTaysbHOe 3a Bac jgenaeT PL/SQL: npoxoauT Bce 3HAUeHUSA
BHYTPH 3aJaHHOTO AUATIa30HA U 3aBePIIAET ITUKJII:

PROCEDURE display_multiple_years (
start_year_in IN PLS_INTEGER
cend_year_in IN PLS_INTEGER
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)
1S
BEGIN
FOR 1_current_year IN start_year_in .. end_year_in
LOOP
display_total_sales (1 _current_year);
END LOOP;

END display_multiple_years;

ITuxa FOR ¢ KypcopoM MMeeT TaKYIo Ke 6a30BYI0 CTPYKTYPY, TOJIbKO B AaH-
HOM cJIy4Yae BMeCTO YKasaHusA BepxXHel 1 HUKHeH IpaHuIl meJoYncIeHHO-
ro AuamasoHa cJaeayeT sSBHO 3aJaTh KYPCOP WM HCIOJIH30BATH OIEepPaTOp
SELECT:

PROCEDURE display_multiple_years (
start_year_in IN PLS_INTEGER
cend_year_in IN PLS_INTEGER

)
18
BEGIN
FOR 1 _current_year IN (
SELECT = FROM sales_data
WHERE year BETWEEN start_year_in AND end_year_in)
LOOP
-- Tenepb 3Ta npoueaypa NpUHUMAET 3anuChb, HESBHO
-- obbsaBneHHYID Kak sales_data%ROWTYPE. ..
display_total_sales (1_current_year);
END LOOP;
END display_multiple_years;
Unkn WHILE

Hurnx WHILE o4eHB TOXO03K Ha OIPOCTOH Muki. Ero KI04eBEIM OTINYUEM SAB-
JgeTcda To, 4To NUKJI WHILE opoBepseT ycioBUe 3aBepIIeHUdA A0 BBINOJHE-
HUu4A TeJa nukia. CirefoBaTeIbHO, TENIO ITUKJIA MOXKET He OBITH BEIIOTHEHO
HU pasy:

PROCEDURE display multiple_years (
start_year_in IN PLS_INTEGER
cend_year_in IN PLS_INTEGER

)

18
1 _current_year PLS_INTEGER := start_year_in;

BEGIN
WHILE (1 _current_year <= end_year_in)
LOOP

display_total_sales (1 _current_year);
1 _current_year := 1_current_year + 1;
END LOOP;
END display_multiple_years;
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OOpaboTka ncknoyeHnn

B aspike PL/SQL omu6ku g000r0 poja TPAKTYIOTCA KAK UCKJLIOYEHUS —
HeIITATHbIE CUTYaluu AJA Baniedl mporpaMMbl. VUCKIIOUEHUS MOTYT OBITH
CJIeIVIOIIUX BUAOB:

4 OLT_II/I6Ra, HHHUOUKUPOBaAHHAA cHUCTEeMOH (HaHpI/IMep, «HeJOCTaTO4YHO IIa-
MATHA» UJIHN «IIOBTOPEHUE 3HAYEeHUH B I/IH,Z[ERCE»).

4 OI_T_II/I6Ra, BhI3BaHHAaA ,Z[efICTBI/IHMI/I II0JIB30BAaTEJ A.
4 HpeaynpeﬁcaeHHe, BhIJaBaeMoOe IIOJIb30BaTEJIO IIDUJIOKEHHUEM.

PL/SQL mepexBaThIBaeT OMUOKHN W pearupyeT Ha HUX, UCIONL3YsS MeXa-
HI3M 06paboTUNKOB UCKIOUeHNH. O6paboTUMKY UCKIIOUeHUH TO3BOJIIIOT
AKKYPaTHO OTAENUTEH KOJ 00paboTKU OMUOOK OT UCIOJMHIEMBIX OIepaTo-
poB. [l 06paboTKU OMIUO0K MCIONIb3YEeTCs COOBITUHHAA MOAETb UCIIOIHE-
HUS KOA4a, a He MuHelHasa. [pyruMu ciroBaMu, BHE 3aBUCHUMOCTH OT TOTO,
Te OBLIO MHUIIUUPOBAHO UCKJIOUeHHNe, OHO OyAeT 00paboTaHo OAHUM U TeM
Ke 00paboTUNKOM UCKIIOUeHUH B pasiene UCKIIOUeHUH.

ITpu BosHUKHOBeHUHU OmubKku B PL/SQL, 6yab To cucTeMHas omubKa UIU
omubKa TPUIOKEeHUI, HHUTUUPYETCSa UcKIodenne. O6paboTKa B UCIOI-
HaeMoM pasfeine Tekymiero PL/SQL-610Kka npekpamniaeTcs, 1 yIpaBIeHUe
mepegaeTcsa B OTAeNbHBIN pasien UCKIIOUeHUHN Tekymiero 6IoKa (ecau Ta-
KO cyIecTByeT) AJA o6paboTKu uckIoueHus. Ilocie saBeprienusa obpa-
OOTKU NCKJIIOUEHUA BEPHYTHCA B BTOT OJIOK HEBOZMOMKHO. Y paBJIeHUe TIe-
pefaeTcs B POJUTENbCKIUI OJIOK (€C/IM OH CYIIIEeCTBYET).

OHPED,EHEH e NCKIIoYeHNN

I[JIH TOr0 4TOOBI UCKJIIOUEHIIE MOTJIO OBITH HHUOHUHWUPOBAHO UJIH 06pa60'ra-
HO, OHO JOJIXKHO OBITH OIIpeaeJIeHo. B Oracle IIpegonpeaeyedbl TEICAYN HC-
RJIIO‘IEHI/II;'I, IIPDH 9TOM 6OJIBI_T_II/IHCTBy 13 HUX COIIOCTaBJEHEI HOMEPpa U €000-
meHnd. He6onb11o# 4acT 5TUX THICAY UCKIOUEHI IIPDUCBOE€HBI UM€HaA —
pedb uAeT O CAMEBIX 4aCTO BCTPEYAIIIUXCA HCKJIIYEHNAX.

HNmena uckIOUYEHUAM IpHUCBauBaioTcA B makeTe STANDARD (oauH M3 ABYX
BCTPOEHHEBIX IO YyMoJUaHno nakeToB PL/SQL), a Tak:ke B IPYTUX BCTPOEH-
HBIX IaKeTax, Takux Kak UTL_FILE u DBMS_SQL. Jla orpeieIeHUA UCKJIIIOUe-
HHU#, Taknux Kax NO_DATA_FOUND, Oracle ncmoab3yeT TOUHO TAKOH Ke KOI,
KOTOPBIH BBI 6yI€Te UCIONb30BaTh A ONPeAeIeHUs UIN 00hABIeHUA CO0-
CTBeHHBIX HCKI0UeHHH. OupeaensaTs coOCTBeHHbIE UCKIIOUYEHUS BB MO-
JKeTe IBYMsA PA3HBIMHU crmocobaMu, KOTOpEIe OYAYT ONUCAHBI B MOCIEAYIO-
IUX pasfeiax.

BbI MosKeTe 00BABUTE COOCTBEHHOE HCKIIOUEHIIe, YKA3aB B pasaeie 00bsB-
JeHUH MM UCKIIOUYeHNsI, KOTOPOe Bhl XOTHTE MHUIIMHAPOBATL B IIPOTPaM-
Me, a 3aTeM KJodeBoe ¢J1oBo EXCEPTION:

DECLARE
umsa_uncknioderHns EXCEPTION;
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HNmMmeHa HCKIIOUYEHHN MMEIOT TAaKOH Ke (I)OpMaT, 4TO B HMME€Ha IIepeMeEH-
HBIX!, HO CCRHIIIATHCA HAa HUX MOKHO TOJIBKO ABYMSA cmocobaMu:

¢ B onepartope RAISE B pasjesie UCIIOJTHEHUA IPOTPaAaMMBI (11 UHUITUUPO-
BaHUA UCKJIIOUYEHN), HAIPUMED:

RAISE invalid_company_id;

e B mpeanoxenuax WHEN B pasmeise mcKJIodyeHU# (A1 00pabOTKU MHU-
IMUUPOBAHHOTO UCKJIIOUEHUS), HAIPUMeED:

WHEN invalid_company_id THEN

VlHI/ILl,I/II/IpOBaHI/Ie NCKJTIOYEHNN

Hcknrodenne B BallieM MPHUI0KEHHN MOMeT ObITh WHUIIUHAPOBAHO TPEMSA
crocofaMu:

¢ Oracle MoKeT HHUTUUPOBATEH COOOIIeHNEe, 00OHAPYKUB OITHUOKY.
¢ Brl MoKeTe UHUIIUUPOBATH UCKIUYEHNE IPU TOMOIITHU oniepaTopa RAISE.

¢ BrI MoXKeTe HHUITUUPOBATH UCKJIIOUEHNE IIPU TOMOIIY BCTPOEHHOMH Ipo-
neaypsl RATSE_APPLICATION_ERROR.

Mpge1 yike 3HaeM, KaKk HEUTUUPYeT ucKiatodenusa Oracle. Temeps paccMoTpuM
pasIudYHbIe MeXaHU3Mbl HHUITUUPOBAHUA UCKJIIOUSHHUH TPOTPAMMUCTOM.

Onepatop RAISE

IMoanep:xkuBaemsulit Oracle omepaTop RAISE mo3BOJsAET TPOrPAMMHUCTY MHU-
OUUPOBATh UMEHOBAHHBIE HUCKJIIYEeHUA. BB MOKeTe MHUIIUUPOBATH KaK
CHCTEMHOE, TaK U COOCTBeHHOe ucKIouenne. OmepaTop RAISE MoKeT UMETH
OJHY U3 Tpex PopM:

RAISE wmsa_ucknio4eHus,
RAISE wums_nakera. uMsa_nCKINHEHNS,
RAISE;

ITepBas ¢opma (6e3 yKa3aHUST UMEHHU TaKeTa) MOKEeT UCI0JIb30BaAThCA AJIA
UHUIAUPOBAHUA UCKIIOYESHU, ONPEAeIEHHOr0 B TEKYIIeM 0J0Ke (MU BO
BHEIIHEM OJIOKe, cofepsKaleM TeKYIIuii), UIU AJA HHUTUUPOBAHUS CHUC-
TeMHOTO UCKJII0UeHUd, onpeAeseHHOro B makeTe STANDARD.

Bropasa dopma TpebyeT yKazaHUI UMeHU MaKeTa. Ecau UCKIOUeHNe ObII0
00bABIEHO BHYTPHU HakeTa (He maxeTa STANDARD), a MHUITUUPYeETe BBl €T0
BHe 9TOr0 IaKeTa, TO CJIeAyeT YKA3aTh CCHIJIKY Ha IIaKeT B oliepaTope RAISE.

Tperbs dopma onepaTopa RAISE He TpebyeT YKa3aHUA UMeHHN UCKJIIOUYEHU I,
HO MOXKeT UCIIOJIb30BaThCd TOJBKO BHYTDU npeasoxeHuda WHEN B pasmese
uckarouyeHui. UcononpsyiiTe aTy HOpMY A4 IOBTOPHOTO MHUIIMUPOBAHUS

1 B opuruHaje — HMeHa JOTHUECKMX IepeMeHHBIX. MHI IIojlaraeM, 4TO MMeHa
GopMUPYIOTCA AHAJIOTHYHO MMEHAM JIO0KIX, He TOIbKO JOTHUECKHUX, II€PeMeH-
HHIX. — IIpumey. nayu. ped.
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UCKII0UeHU 13 00paboTunKa NCKI0UYeHUH (IPYTUMHU CIOBaAMH, I Iepe-
Jadi UCKIIOUeHUS JabIlle, BO BHEITHUHA OJI0K).

Mpouenypa RAISE_APPLICATION_ERROR

B Oracle umeercs npomemaypa RAISE_APPLICATION_ERROR (oHa ompeneieHa
B HCIOJb3YEMOM TI0 YMOJUYaHUIO maKeTe DBMS_STANDARD) AJIST MHUITUHUPOBA-
HHUA OMIUOOK, CTIENUMUUHBIX I KOHKPETHOTO NPUNIOKEeHUA, mHpoOpMa-
U 0 KOTOPBIX JOJKHA IepefaBaThesd B cpely UCIOJHEeHUA TPOrPAMMEL.

3aroJ0BOK IpoIeAyphl B maxeTe DBMS_STANDARD BBRITIISJUT CAEAYIOMIUM 00-
pazomM:

PROCEDURE RATSE_APPLICATION_ERROR (
num binary_integer,
msg varchar?,
keeperrorstack boolean default FALSE);

THe NuMm — 9TO HOMEep OIMMHUOKY B AmanasoHe Mexxay -20999 u -20000 (Toxbko
IpeAcTaBbTE: BCE OCTANbHBIE OTPUITaTeNIbHEIE Meable uncaa Oracle ucmoas-
3yeT AJs cOOCTBEHHBIX HCKJIIOUeHHI!); msg — 5To cooblerne o6 omubKe,
IJIWHA KOTOPOTO He AOJKHA mpeBbImAaTh 2 K6 (1060 TeKeT, BRIXOAAITA N
3a PAMKH 5TOTO OTpaHUYeHU:A, OYAeT IPOUTHOPUPOBAH); a keeperrorstack
YKa3bIBaeT Ha TO, XOTUTE JIU BB JODABUTH OMUOKY K YiKe CoMepsKaiuMes
B cTeke omubrxam (TRUE) mnu :Ke 3aMeHUTH €0 yiKe MMEIONIuecsa Oonrubru
(3HauYeHUE IO yMOTUaHUIO — FALSE).

O6paboTka ncknroyeHnn

Kax TonrbKo HHUOUUPOBAHO UCKIIOUYEHNE, HOPMAaJTbHOE UCIOJHEHNEe TeKY-
mero PL/SQL-610Ka mpeKkpaniaeTcs, U yOpaBJIeHNUe IepeJaeTcs B pasaes
ucKIoueran#. MckarodeHnne o6pabdaTeIBaeTcss 00paboTYMKOM UCKIIOUeHU I
Terymero PL/SQL-60ka unu nepegaeTca A1 00pabOTKH B POAUTENIbCK U
OJIOK.

151 Toro 4T0OBI 00eCIeUnTh mepexBaT u 06paboTKy UCKJI0UeHUIT, Heobxo-
JUMO HATIHMCATh COOTBETCTBYIONTHI 00paboTunk ucKIodeHnii. O6padoTyn-
KU UCKJIIOYeHNH JOIKHBI PAa3sMeNIaThCsA IOCe BCeX UCIONHAeMBIX ollepa-
TOPOB Ballle#i IporpaMMbl, HO A0 omepaTtopa END 6mokxa. Kmrouesoe cioBo
EXCEPTION o6o3HauaeT HaYaJoO pasfiesia UCKJIIOUeHUH U OTAeJIbHBIX 06paboT-
YHUKOB UCKI0UueHNI. CHHTaKCHYeCcKasad KOHCTPYKITUI 06paboTunKa UCKITTO-
YeHUIl BHITJISIUT TaK:

WHEN wmg_ucknioderuns [ OR uma_ucknosenns ... ]
THEN
HCMONHAGMLE 0116paTODk

HUJIN TaK:

WHEN OTHERS
THEN
UCTIONHABMHE 0NePATODN
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IIpennosxenue WHEN OTHERS aBmsieTcs Heoba3aTenbHBIM. Ecau 0HO OTCYTCT-
BYeT, TO Bce HeoOpaboTaHHBIe UCKJIIOUEHNA Cpas3y Ke IepefaioTca B Poau-
TenbcKUuil 070K (ecnu oH umeetrcda). lIpexno:xkenue WHEN OTHERS mgoiekmHO
OBITH IOCTIEJHUM 06PadOTYNKOM UCKIIOUEHNH B pa3fesie UCKIIOUeHUH.

BcTpoeHHble pyHKLUMM 0O6paboTku owmnbok

Oracle moagep:XKuUBaeT pAJ BCTPOSHHBIX GYHKITUIH, KOTOPbIe TPU3BAHbI IO-
MOYb BaM BBISIBUTH, IPOAHANN3UPOBATH U OTPEATHPOBATH HA OIMUOKHU Ba-
mero PL/SQL-npunosxerns.

SQLCODE

Dyurnua SOLCODE BoaBpariaeT Ko OMUOKY AJIA IocJaeAHeTo (TeKYIIero)
HUCKII0UYeHu B 010Ke. IIpu orcyTerBuu omubok SQLCODE Boswparmiaer 0.
Dyrrmnua SQLCODE Tar:ke BozBpataer (0 B ciaydae, eCJid OHA BbI3bIBAETCHA
U3BHE 00paboTUNKA UCKIIOUSHUH.

SQLERRM

Dyurnua SQLERRM BosBpariaeT coobmieHne 00 omudKke mo ee KoAay. Eciau
He mepenaTsb SQLERRM ko omubK M, To 6yAeT BEIAAHO coobIiene 06 ommnd-
Ke ¢ KOJI0M, Bo3BpallneHHBIM GyHEMUel SQLCODE. MakcumManbHaA AJIUHA
CTPOKH, BosBparniaeMoit SQLERRM, cocTaBaser 512 6a#iT (B HEKOTOPHIX 00-
Jnee panHux Bepcuax Oracle — Bcero 255 6a#iT).

DBMS_UTILITY. FORMAT_ERROR_STACK

Ora BcTpoeHHAS MYHKIIUA, Kak U SOLERRM, BosBparmiaeT mosHoe coobrie-
HI€, COOTBETCTBYIOMee TeKyIei omudke (TO eCcTh 3HAUYEHUIO, BO3BpAa-
menHOMY (yHEKIHeit SQLCODE). Kak mpaBuio, cieayeT BBIZBIBATH BTY
GOYHKIHUIO BHYTPH 00paboTynKa oNuO0K AJIS TOTO, YTOOHI TOMYYUTE IO -
Hoe coobIermne 00 ONuoKe.

DBMS_UTILITY. FORMAT_ERROR_BACKTRACE

Ora dyEKIUA, noaBuBIIasica B Bepcuu Oracle Database 10g Release 1,
BO3BpalaeT (OPMATUPOBAHHYIO CTPOKY, KOTOpas OTOoOpaskaeT CTeK
TIporpaMM U HOMeDPAa CTPOK, BeIYIIie K MECTY BOBHUKHOBEHU A ONMTUOKH.

HeoGpaboTaHHble Uckno4YeHns

Ecnm nHUTTMUPOBaHHOE B IPOrpaMMe HCKIIIoUeHne He o6pabdoTano obpabor-
YUKOM UCKJIIOUYEHUH HU B TEKYIIIEM, HH B OJHOM U3 POAUTEIbCKUX OJIOKOB,
TO 3TO Heobpabomannoe ncKIoYernue. PL/SQL BoaBpaliaeT onmubKy, mopo-
IUBIIYIO HeoOpaboTaHHOE UCKI0OUEeHNEe, 00PATHO B Cpey IPUIOKeHUI, OT-
Kyna 011 sanymier PL/SQL. 3aTeM coOTBeTCTBYIONIHE AeHCTBUSA TPEAIPH-
HUMAIOTCS yaKe 9ToH cpenpoii (mporpammoit SQL*Plus, Oracle Forms umnu
Java). B ciyuae ¢ SQL*Plus aBromMmaTuuecku BrIIONHEAETCA 0TKAT (ROLLBACK)
Bcex DML-usMeHeHNH, BEIMTOJTHEHHBIX B 0JI0KEe BEPXHET0 YPOBHA.
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MNepepava HeobOpaboTaHHOroO NCKOYEHUS

IIpaBuna gansa obaacTu JeHCTBUA HCKIUYEHUH OIpeAensiioT 00K, B KOTO-
POM HCKJIIOUEeHHe MOXKeT ObITh HHUITUHPoBaHo. IIpaBuia nepegadyu HCKIIO-
YeHHUI onpeaensoT cnocobd X o6paboTKH mocie HHUITUHPOBAHUA.

Korga nmoposkaaercs uckmnodernue, PL/SQL umer o6paboT4UK HUCKJIIOYE-
HUH B TeKyIeM O0Ke (AHOHUMHOM OJI0Ke, Iporeaype Uian GyHKIun). Ec-
n1u 06paboTUMK He HalijfeH, To PL/SQL nepegaeT ucKIIOUeHNUE B POJUTEND-
cxuii 670K Texymiero 6soka. 3aTeMm PL/SQL nreiTaercs o6paboTaTh HCKITIO-
YyeHHe, MHUOHUPOBAB €ro ellle pa3 B POAUTENLCKOM Osoke. IIpomecce mpo-
JoJKaeTcss M0 TeX Top, MOoKa He 3aKOHYATCSA BeCe IOCIeAoBaTeNbHBIe
POAUTENIbCKHUE OIOKH, B KOTOPBIX MOYKHO Ob1JI0 651 HHUITUUPOBATH UCKJIIIO-
yerue (puc. 1.3).

Koraa Bce 610Ku ncuepmnansl, PL/SQL BosBpamiaer HeoOpaboTaHHOe HC-
KJIOUYeHHWe B cPeAy NPHUJOXKEeHHUs, KOTOPOEe HCIOJNHAJIO CaMbld BHENIHUHU
6mox PL/SQL. HeobpaboTanHoe HCKJIOUYEeHHe OpPEKpaniaeT HUCIOJHEHUe
BBI3BIBAOIIE A IPOrPAMMEI.

PROCEDURE list_my faults IS
BEGIN

DECLARE BnoxeHHbif 6nox 1
too_many_faults EXCEPTION;
BEGIN
. executable statements before new block ...

BEGIN BnoxeHHbif 6ok 2

SELECT SUM (faults) INTO num_faults FROM profile ... ;

IF num_faults > 100

THEN
RAISE too_many_faults;
END IF;
EXCEPTION

WHEN NO_DATA_FOUND THEN ... ;
END;

. executable statements after Nested Block 2 ...

EXCEPTION

WHEN too_many_faults THEN ... ;
END;

END list_my_faults;

Puc. 1.3. Ilepedaua neobpabomannozo UCKIIOUEHUA



50 Mnaea 1. Beegerwue B PL/SQL

3anucm

Raﬁ(ﬁ[aﬂ CTPOKa TaﬁJII/IIIBI COCTOHUT HN3 OOHOI'O MJIHN HECKOJBKHUX CTOJI6LIOB
pPas3iIn4YHBIX THUIIOB. AHaJIOTUYHO 3allUCh COCTOUT U3 OJHOT'O UJINU HECKOJIb-
KUX IOJIeH. CyIlIECTBYET TPpH cmocoba OoIpeaesieHnd 3allucu, HO I10Cjgae TOro
KakK OHa oIpenegeHa, OﬁpaLT_IEHI/Ie K IIOJIAM 3allCH 1 UX U3ME€HEHUEe BCeraa
IIOAYHUHAITCA OJHUM U TEM Me IIPpaBUJIaM.

PaccmoTpuM mpumep 0O0BABJIEHHUS 3allCH HEIOCPEJCTBEHHO HA OCHOBeE
Tabaunel 0assl JaHELIX. IIyeTh y MeHs ecTh TabMIUIA A1 XpaHEeHUS cBejle-
HAHA 0 MOUX JTIOOUMBIX KHUTAX:

CREATE TABLE books (

book_id INTEGER
isbn VARCHAR2(13)

title VARCHAR2(200),
)

b | Mory bes TpyAa co3aaTh 3alliCh Ha OCHOBE TOH TaﬁJII/IIIBI, 3allIOJIHUTE €€
pe3yjJabpTaTaMM 3aipoca K base AAaHHBIX U 3aTeM 06pa1_ua'rbca K OTAE€JIBHBEIM
CTOJI6LIaM KaK K IIOJISIM 3alluCH:

DECLARE
my_book books%ROWTYPE
BEGIN
SELECT =
INTO my_book
FROM books
WHERE title = 'Oracle PL/SQL Programming, 4th Edition’
END;

OObsaBNeHne 3anucen

CyIiecTBYIOT TPH cI10co0a 00bLABIeHU S 3alUCe:
3anucv Ha 0cHOBe MAbAULDbL

HUcnonbayiiTe aTpudyT %ROWTYPE 1 uMA TabAUIEI A1 00BABICHU 34T~
CH, B KOTOPOH KasKAoe IoJie COOTBETCTBYET CTONOIY TaOMuIbl (U TMeeT
Takoe sKe HaszBaHue). O6BHABUM 3alUCh 0ne_book, KoTopasa 6yaeT UMeTh
TAKVIO Ke CTPYKTYDY, KaK U Tabauma Dooks:

DECLARE
one_book books%ROWTYPE;

3anucwv Ha ocHoge Kypcopa

HUcnonbsayiiTe arpubyT %ROWTYPE 1 IBHBIH KYpCOP MJIH KYPCOPHYIO Iepe-
MeHHYIO, B KOTOPBIX KaiyKA0oe II0JIe COOTBETCTBYET CTOJOIY MJIU UMEHO-
BaHHOMY BhIpaskeHuUIo (aliased expression) B omepaTope SELECT Kypcopa.
0Q0BbABUM 3aIUCh, UMEIOIYIO TAKYIO K€ CTPYKTYDY, KaK ABHBIH Kypcop:

DECLARE
CURSOR my_books_cur IS
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SELECT = FROM books
WHERE author LIKE "%FEUERSTEIN%;

one_SF_book my_books_cur%ROWTYPE;

3anucse, onpedensemas npozpammucmom

HcnonbayiiTe onepaTop TYPE .. RECORD ny1s oIpeAeleHUSA 3aIUCH, B KOTO-
poii Kaxaoe 1moJje ABHO onpejesieHO (C YKa3aHUEM MMeHU U THUIIa JaH-
HBIX) B omepaTope TYPE. IIpu sToM mosieM 3amicu, OOpeAesseMoii mpo-
rpaMMUCTOM, MOJKET fABJIATHCA TaK}Ke Jpyrad 3aluchk. B cieaymolneM
mpuMepe A O00BABIAI0 TUMN 3anucu TYPE, comepskaniuii HEKOTOPYIO MH-
dopmManuio 0 MOell IHUCATeILCKON Kaphepe, U «dK3eMILIAP» 3TOTO TUIIA —
3aIUCh:

DECLARE
TYPE book_info_rt IS RECORD (
author books.author%TYPE,
category VARCHARZ2(100),
total_page_count POSITIVE);

steven_as_author book_info_rt;

O6paTuTe BEUMaHNE, UYTO S 00'bABISIO 3allUCh Ha OcHOBe Tuna TYPE, He
UCTIONB3Ys aTpubyT %ROWTYPE. DmemenT book_info_rt ysKe saBJIsIeTCA THU-
IOM.

PaboTa c 3anucamn

BHe 3aBUCHMOCTH OT TOTO, KAKUM cI0oCc000M OBINIa ompeeseHa 3anuch (Ha
OCHOBe TabJIuIbl, Kypcopa UK SIBHOTO UCIIOJIb30BaHuA onepaTopa TYPE aia
3amnucu), pabora co BceMHU 3aTUCAMU BeAeTcs OJUHAKOBO. BB MoiKeTe pa-
60TaTh C JAHHLIMH, XPAHAINUMUCA B 3allUCH, HA YPOBHE 3aluCHU (3alHUCHh
BOCTIPHUHMMAETCS KaK eJUHOE ITeJIoe), 4 TaKKe 00paIiaThCcsa HATPAMYIO K ee
OTAENbHBIM IIOJAM.

Onepauunn Ha ypoBHe 3anunucmn

Korga BeI paboTaeTe Ha YPOBHE 3alIUCU, TO KaKue 6B TO HU OBLIO CCBLIKU
Ha OTJeNbHBIE NTOJA oTcyTcTBYOT. Ha Terymuit momerT PL/SQL noaaep-
SKUBaeT CJAeAYIONIHUe ONePaluu HajJ 3aIUCAMU:

BrI MoKeTe KOIUPOBATEH COAEP:KUMOE OTHOM 3anucu B APYTYIO (B cIy-
Yyae COBMECTUMOCTU UX CTPYKTYP, TO €CTh Y HUX JOJKHO OBITH ONTUHAKO-
BO€ KOJIUYECTBO NOJel U OJUHAKOBBIE NN B3ANMHO IIpeobpasyeMble TH-
TIBI JAaHHBIX).

Brr moxkeTe mpucBamBaTh 3anucu 3HadeHue NULL IpoOCTBIM IpuUcBamBa-
HUEM.

Brl MosKeTe onpefeNaATh U IepelaBaTh 3allUCh KaK apryMeHT B COUCKe
IapaMeTpoB.

Brl MmosxeTe BoaBpamaThk (omepaTopoM RETURN) samuch U3 QYHKITHH.
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OHepaIII/II/I Ha YpPOBHE 3amnuced MOXKHO IIPDUMEHATE K JIOOBIM 3aIUCAM C CO-
BMECTHUMBIMHU CTPYKTYpaMH. I[pyI‘I/IMI/I CJIOBaMH, 3alliCU AOJXKHEI UMETH
OJUHAKOBOE€ KOJIUYECTBO moJel u OIVMHAKOBEIE UJI B3aNUMHO Hpe06pa3ye-
MbI€ THUIIBI HAaHHBIX, HO OHH HE 06s13aHBI OBITH OJHOTI'O THIIA. Hpe,Z[HOJIO'
JKHM, 4YTO MBI CO34aJIA TAKYIO TaﬁJII/IIJ;yI

CREATE TABLE cust_sales_roundup (
customer_id NUMBER (5),
customer_name VARCHAR2 (100),
total_sales NUMBER (15,2)

)

TpI/I 3allucHu, OIpeJaesIeHHBIe HO,Z[OﬁHBIM 06pa30M, HNMEHT COBMECTHUMEIE
CTPYKTYPHEI, 1 A MOT'Y II€pEeMEIIINBATh U COIIOCTABJATH JaHHBI€ B 9THUX 3a4-
OHUCcAX:

DECLARE
cust_sales_roundup_rec cust_sales_roundup%ROWTYPE;

CURSOR cust_sales_cur IS SELECT = FROM cust_sales_roundup;
cust_sales_rec cust_sales_cur%ROWTYPE;

TYPE customer_sales_rectype IS RECORD
(customer_id NUMBER(5),
customer_name customer.name%lYPE,
total sales NIUMBER(15,2)
)
prefererred_cust_rec customer_sales_rectype;
BEGIN
-- [lpuCBOUTbL OOHY 3anuCb [Opyrow.
cust_sales_roundup_rec := cust_sales_rec;
prefererred_cust_rec := cust_sales_rec;
END;

Onepaunun Ha ypoBHe nons

Eciu Bam HeoﬁXO,Z[I/IMO IIOJIYYHUTHE OOCTYII K IIOJIFO 3allUCH (‘ITOﬁBI IIpouyn-
TaTb UJIN USMEHUTH SHa‘IEHI/Ie), HeoﬁXO,Z[I/IMO HCIIOJIB30BATH TOUECYHYIO HO-
TaOWuK, B TOYHOCTHU KAK IIPDH CCBIJIKE Ha CTOJI6€II OHpe,Z[eJIEHHOﬁ TaﬁJII/IIIBI
6a3nl AaHHBIX. CuHTaKCHC CCBIJIKY Ha I0Je 6y,11e'1‘ TaKHUM:

[umsa_cxemp. 1[ums_naxkeTa. Jums_3anucu. uMs_nons

Wmsa makeTa JOJMKHO OBITH YKA3aHO TOMBKO B TOM CJIydae, eCJIU 3alUCh OTI-
pelessaeTcsa B cIeluPUKAUN DaKeTa, OTIUYHOrO OT TOTO, B KOTOPOM BEI
paboraeTe B HacTOAMUi MoMeHT. IMsa cXeMBI ClIeAyeT VKasblBaTh JUIIH
B TOM cJy4ae, ecJId TaKeT IPUHAAIEeKUT He TOl cXxeMe, B KOTOPO# BBl KOM-
THUIUPYETe CBOIH KOJ.

ITocse Toro KaK BRI ONPEAETUANA TOJIE ¢ TOMOIIBIO0 TOYEYHON HOTAIIWUHU, BbI
MOJKeTe CChLIAaThCA HAa 3HAYEHUE BTOTO MOJA U M3MEHATH €0 B COOTBETCT-
BUHU ¢ OOBIYHBIMY TPABUJIAMHU, TPUHATHIMUA B PL/SQL.
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Konnekunn

Koanexuus — 5To CTPYKTYPa JaHHBIX, KOTOPAd IIOX02KA HA CIIMCOK WUJIH O -
HOMepHBIH MaccuB. Kolmeknua — 6auKalinii poACTBeHHNK TPagUI[UOH-
soro maccuBa B PL/SQL. Kosnnekiuu MOKHO UCIIOIB30BATE AJIA yIIpaBie-
HUA MacCUBaAMIUI JaHHBIX.

Tunbl Konnekunn

Oracle IIoOAAEePHUBAET KOJJIEKITUHN TPEX BUAOB. OHU® UMeT MHOTO 06LT_IEI‘O,
HO 06J1a/:[a10'r u CHEIII/I(I)I/I‘IECRI/IMI/I XapaKTepUCTUKaMH.

Accouuamueubte MACCUBBL

9T0 0OfHOMEPHBIE HEOTPDAHUYEHHBIE PA3PerKeHHbIe KOJIEeKITUNA OJHODO/I -
HBIX DJIEMEHTOB, KOTOpbIe JOCTYIHEI ToAbK0 B PL/SQL. OHu HaswIBa-
nauchk PL/SQL-mabauuyamu B Bepcuu PL/SQL 2 u underxc-madbruyamu
B Bepcuax Oracle8 Database u Oracle8i Database (EasBanue o0baCH-
eTcs TeM, UTO NPU OODbABIEHUU TAKOH KOJIEKIHNU HeoOXOAUMO SIBHO
yKasaTh, 4TO OHA WHAEKCUPYETCSI HOMEpPOM cTpoKi). B Bepcuu Oracle9i
Database mosiBusoch Ha3BaHUE ACCOUUAMUBHbIe Maccusbl. U3MeHeHUe
HasBaHUA OBIJIO BHIZBAHO TEM, UTO HAaUYWHAA C STOH BEPCHUU KOHCTDPYK-
musa INDEX BY MOXKeT HUCIOJB30BaThCA AJA «ACCOMUUPOBAHUA» (MHAEK-
CUPOBAHUA) COMEPIKUMOTO 3HaUeHUAME YARCHAR2 mru PLS_INTEGER.

Baoxcennvie mabauubt

OTo TakKe ONHOMEDHBIE HeOTPAHWYEeHHBIE KOJIEKIUU OJHOPOIHBIX
5JIeMeHTOB. M3HauyalbHO OHU ABIAIOTCSI NJIOTHBIMEU (dense), HO B pe-
3yJbTaTe yAaJeHUuH MOTYT CTATh pas3pe:KeHHBIMHU. Bio:KeHHbBIe Tabu-
1Bl MOTYT OBITH onpeaeneHbl Kak B PL/SQL, Tak u B 6ase faHHBIX (Ha-
TIpuMep, B KauecTBe CTOJI0Ia TabIuIel). BroskeHHble TaOMIUIBI ABJISIOT-
cA MYJAbMUMHONCECMEAMU, ITO O3HAUAET, UTO He OIpeJesleH HUKAKOH
BHYTPEHHUH DOPATOK AJIA DJIeMEHTOB BIOKEHHBIX Ta0IHII.

Maccuevt VARRAY

Karx u gpyrue TUObl KOJNJIEKIIUHA, MAaCCUBBI MePEeMEHHOU ANIUHBI (THUII
VARRAY, variable-sized arrays) TakKe SABIAIOTCA OJHOMEPHBEIMU KOJJIEK-
MUSAMEI OJHOPOIHBIX 1eMeHToB. OTIn4ne B TOM, YTO OHU BCer/a OrpaHu-
YeHBI U HUKOT/AA He ObIBAIOT pasperkeHHbIMu. Onpeaensas Tum VARRAY, BEI
00s13aHBI YKa3aTh MAaKCHUMAJIbHOE KOJUYECTBO SJIEMEHTOB, KOTOPOE OH
MOKeT coJiep:kaTh. Kak U BIOMKeHHBIe TAaOMUIBI, MacCUBEI TuUma VARRAY
MOTYT UCIONb30BaThcsd Kak B PL/SQL, Tak u B 6ase nanasix. Ho B oTou-
Yre OT BJIOXKEHHBIX TAOJIUIl, TOPAJOK 5JIeMEHTOB B MaccuBe VARRAY co-
XpaHAeTCA IIPU COXPaHEeHUHU U U3BJIeUEHUH TAKOTO MaccuBa.

PaboTa c Konnekumamm

B pa3jesie pacCMaTpUBATCA AOCTATOYHO IIPOCTHIE€ IPDUMEDPLI AJIAd KaXaA0T0
13 TUIIOB ROJIJIERIII/Iﬁ C pa3'bsCHEHHUEM HUX OCHOBHBIX XapPaKTEPUCTHUEK.
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Ncnonb3oBaHue accouMaTUBHOIO MaccuBa

B creayromieM npuMepe o0bABIEH THUI — acCOMMATHUBHBIA MAacCHUB, 3aTeM
00bsABIeHA KOJIEKIIUS STOT0 THUMNA. 3aNOJHAEM KOJIEKIIUI0 YeTHIPHbMS
CTPOKAMHU JaHHBIX, 3aTeM B ITHKJEe IPOXOJUM II0 Heil, BEIBOAA coaep:Ka-
muecs B Hell CTPOKOBEIE 3HaUeHUA. Bojee mogpobHOoe onucarme OyAeT Ipu-
BeJIeHO cJIeoM 3a parMeHTOM KoJIa.

1 DECLARE
2 TYPE list_of_names_t IS TABLE OF person.first_name%TYPE
3 INDEX BY PLS_INTEGER;
4 happyfamily  list_of_names_t;
5 1_row PLS_INTEGER;
6 BEGIN
7 happyfamily (2020202020) := "Eli’;
8 happyfamily (-15070) := "Steven’;
9 happyfamily (-90900) := "Chris’;
10 happyfamily (88) := "Veva’;
11
12 1_row := happyfamily.FIRST;
13
14 WHILE (1_row IS NOT NULL)
15 LOOP
16 DBMS_OUTPUT. put_line (happyfamily (1_row));
17 1 _row := happyfamily. NEXT (1_row);
18 END LOOP;
19x END;
saL> /
Chris
Steven
Veva
Fli
Crpoxru | Onucanmne
2-3 OO0BABAAEM THUII — ACCOIMATUBHBIM MAaCCHUB, HCIOJb3YSA CIEIHaJbHOE
npeaaoxkenue INDEX BY. Koameknusa, o0bABIAeMAadA Ha OCHOBE 9TOTO THIIA,
COIEPKUT CIIMCOK CTPOKOBRIX 3HAUEHUH, AIMHA KaXKI0T0 U3 KOTOPHIX OII-
pelenseTca pasMepHOCThIO cToa0Ia first_name TaGJAHIIBI person.
4 O6baBaseM KoJIdeKIuo happyfamily Ha ocHoBe Tuma list of names_t.
9-10 3anoaHAeM KOJIeKIHIO YeThpbMA uMeHaMu. M MeiiTe B BUAY, UTO MOMK-
HO OBLI0 OBl MCIIOJIB30BATh MPAKTUYECKH JI000€ 1e10e sHaueHne. Homepa
CTPOK acCOIMATUBHOTO MAacCHBa He 00A3aHBI OBITH MOCIEeI0BATEIbHBIMH
¥ MOTYT OBITH Jase OTPUIATEIbHBIMHU!
12 BrisriBaeMm MeTo (HYHKIIHUIO, KOTOPAA «IPHUBA3AHA» K KOJMJIEKIUK) FIRST
IAS MOJYUEHHUA IePBOT0 WM HAMMEHBIIero HoOMepa CTPOKH B KOJJIEK-
UH.
14-18 |Hcnoapsyem muka WHILE A mIpocMoOTpa COAEP:KUMOro KOJAJIeKIIUH ¢ BhI-
BOZOM KaxK 0¥ cTpoKH. B cTpoke 17 ucnonbsoBaH MeTo NEXT 1A mepexo-
Ia 0T TeKVIIeH CTPOKHU K CAeAYIONIEH ¢ IIPOIYCKOM BOSMOMKHBIX IYCTOT.
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Ncnonb3oBaHmMe BNOXXeHHOW Tabnuu,bl

B cregyromiem mpuMepe cHadajga o6bABUM THI — BJIOKEHHYIO TaOJIHUITYy Ha
ypOBHe cxeMbl JaHHBIX. B PL/SQL-610Ke 00bABUM Ha OCHOBE ATOTO THUIIA
TPU BJIOKEHHBIX Ta0aunbsl. IloMecTM BO BJIOKeHHYIO Tabauiry happyfamily
MMeHa BceX U4JIeHOB ceMbu. IMeHa JeTell TOMECTUM BO BJIOKEHHYIO TaOIUITy
children. 3aTem mcmoanb3yeM mosBubmuiica B Bepcun Oracle Database 10g
omnepaTop Haj MHoecTBaMu MULTISET EXCEPT miyisa maBiaedeHUSI U3 BIOXKEH-
Ho#t TabmunOel happyfamily poamTeseli U TOMECTHM UX UMEHA BO BJIOYKEH-
HYIO Tabaumy parents. BeiBemeM comepskumMoe Tabaumel parents. Bosee mof-
pobHOe onmcanue OyAeT IPHUBEIeHO CIeJOM 3a (hparMeHTOM KoJa.

REM Section A

SQL> CREATE TYPE list_of_names_t IS TABLE OF VARCHAR2 (100);
2/

Type created.

REM Section B
SQL>
1 DECLARE
? happyfamily list_of_names_t := list_of_names_t ();
3 children list_of_names_t := list_of_names_t ();
4 parents list_of_names_t := list_of_names_t ();
5 BEGIN
6
7
8

happyfamily.EXTEND (4);
happyfamily (1) := "Eli";

happyfamily (2) := "Steven’;

9 happyfamily (3) := "Chris’;

10 happyfamily (4) := "Veva';

11

12 children.EXTEND;

13 children (1) := 'Chris’;

14 children.EXTEND;

15 children (2) := "Eli";

16

17 parents := happyfamily MULTISET EXCEPT children;
18

19 FOR 1_row IN parents.FIRST .. parents.LAST
20 LOOP

21 DBMS_OUTPUT. put_line (parents (l_row));
22 END LOOP;

23= END;
saL> /
Steven
Veva

Crpoxru | Onucanmne

Pasgmen | Omepatop CREATE TYPE co3maeT THI — BIAOXMKEHHYIO Ta0INIy HEIOCPEICTBEH-
A HO B 0ase DaHHHIX. BiarogapA co3gaHWIO THUNAa B 6a3e JaHHBIX MHE TeIepb
HMeeM BO3MOMKHOCTD 00'BABIATD BIAOXKEHHEIe TA0AHITH B J106oM PL/SQL-
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Ctporn

Onucanue

7-10
12-15

17

19-22

6JI0Ke, KOTOPHIH 00JafaeT MOJHOMOYMAMM Ha SELECT ansa sToro Tuia.
Takke MOMKHO 00BABAATh HA OCHOBE 3TOTO THUIIA CTOJOIIL PEIAIMOHHBIX
TabanII.

O6BABAAEM TPH PASHBIX BIOMKEHHBIX TaGIUIBI HA OCHOBE OIPEeIeHHOTO
01 cxeMbl TuIa. O6paTuTe BHUMAHYE, UTO KA bl Pas 1A MHULINAIN-
3allU¥ BJIOXKEHHOM TaGIUIbl UCIIOAb3YeTCA QYHKUUSL- KOHCMPYKmop. 9ta
DYHKIMA BCerga MMeeT TAKOe JKe MM, UTO U THUII, ee CO3JaeT AJI Hac
Oracle. 11 TOro 4To66 MOKHO OBIJIO UCIIOJAb30BATH BAOMKEHHYIO TabIM-
ny, ee Heo6X0ANMO NHUINATHSUPOBATh.

BriseiBaem meTog EXTEND AJ151 TOTO, UTOOKI PACIIUPUTD KOJIEKIIUIO M BMe-
CTHUTH BO BJIOMKEHHYIO TaGJINIY WIeHOB MOeH ceMbHt. 37eCh, B OTJIHYHE OT
aCcCOIMATHUBHBIX MACCHBOB, HEOOXOAUMO ABHO 3aIIPAIIINBATH CTPOKY BJIO-
JKEeHHOM TabJaUIIbI, IPeXx e YeM IIOMECTUTh B Hee 3JIEMEHT.

3anoaHAeM KOJIeKIuo happyfanily HAITUMM UMeHAMH.

3anmonHAeM KoJaaeKnuio children. B ranHOM cayuae paciiupsaeM KOJJIeK-
IIHI0 TOCTPOYHO.

s Toro 4ToOB OIPEeNeanuTh, KTO B 9TOM CeMbe ABAAETCA POTUTENEM,
npocTo BeIuuTaeM children ma happyfamily. B Bepcuax, Haumuaa ¢ Oracle
Database 10g, 9T0 oueHb JerKo cAedaTh IPH IIOMOIIHM ONEpaTOopa HAa
MHOX«cecTBaMu MULTISET EXCEPT (oH oueHBb moxox Ha SQL-komargy MINUS).

Ham TounO MB8BECTHO, UTO KOJJIEKIIUA parents ILJIOTHO 3aIlOJHeHA B pe-
3yJbTaTe BHINOJHeHHA onepammuu MULTISET EXCEPT, mosToMy MOMKHO HC-
I0Jb30BaTh NUKJI FOR cO CHEeTUMKOM AJA IPOCMOTPa COAEPIKMUMOT0 KOJI-
JeKnuu. Ecay nonkTaTheA HCIOAB30BATH TAKYIO KOHCTPYKITUIO IJIA Pas-
Pe:KeHHOM KOJJIeKIINH, TO OyAeT BRI3BaHO McKaoueHue NO_DATA_FOUND.

NUcnonb3oBaHne VARRAY

Teneps paccMOTPUM HCHONB30BaHME MaccuBa VARRAY B KadecTBe cToJsOIa
penanuorHo#d Tabaunel. CHadvana o0bSIABUM JBa PasHBIX THma VARRAY Ha
YPOBHE CXEMBI JaHHBIX. 3aTeM CO3JaANM PeNANUOHHYI0 Tadbmumy family,
B KOTOpOii O6yaeT ABa cTonbma Tuna VARRAY. Hakonern, B PL/SQL-porpam-
Me 3aIOJIHUM 3JIeMeHTAaMH JBe JOKAJbHBIX KOJJIEKIIUU U HCIOJIb3YeM UX

B OoIIeparT

ope INSERT mxs Trabmunel family. Boee mogpobHoe onuncanue 0y et

IIpUBEAE€HO CJIEeJ0M 3a (I)paI‘MEHTOM Krojga.

REM Se
SQL> €

2/
Type ¢

SQL> €
2/
Type ¢

REM Se
sQL> ¢

ction A
REATE TYPE first_names_t IS VARRAY (2) OF VARCHAR2 (100);

reated.

REATE TYPE child_names_t IS VARRAY (1) OF VARCHAR2 (100);

reated.

ction B
REATE TABLE family (
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)

O W N

surname VARCHAR2(1000)
parent_names first_names_t
children_names child_names_t

Table created.

REM Section C

sQL>
1 DECLARE
2 parents first_names_t := first_names_t ();
3 children child_names_t := child_names_t ();
4 BEGIN
5 parents. EXTEND (2);
6 parents (1) := "Samuel’;
7 parents (2) := 'Charina’;
8 -
9 children.EXTEND;
10 children (1) := ‘Feather’;
11
12 --
13 INSERT INTO family
14 (surname, parent_names, children_names
15 )
16 VALUES ("Assurty’, parents, children
17 );
18 END;
saL> /

PL/SQL procedure successfully completed.

SQL> SELECT + FROM family

e/
SURNAME

PARENT_NAMES
CHILDREN_NAMES

Assurty

FIRST NAMES T( Samuel’, "Charina’)
CHILD_NAMES T( Feather’)

Crporn

Onucanue

Paszgen A

Pasgen B

Hcnoassyem onepaTopsl CREATE TYPE nis 00BABI€HUA IBYX PA3HBIX TH-
noB VARRAY. O6paTuTe BHHMMaHHe, YTO AJdA THIa YARRAY HeoOGXoIuMOo
YKAa3hIBaTh MAKCUMAJBHYIO IIWHY KOJdaeKnuu. To ecTh, IO CYTH, MOe
00BABIEHNE B HEKOTOPOH (hopMe AUKTYET OUPeSeJIeHHEYIO CONATbHYIO
MOJUTHUKY: V UeJ0BeKa JOJKHO ORITh He 6OJIbIIe IBYX POTUTENEH U He
6oJblIIe OTHOTO pe0eHKa.

CosraeM peaaIHOHHYIO TAOJHILY ¢ TPeM CToab1aMu: ctoabdel YARCHAR?
ans paMHJINHU CeMbH M IBa CTOA0IIA VARRAY: OOMH 15 POAUTENEH, BTO-
po# A geTen.
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Crpoku |Omucanue

Pasgen C,| O6baBageM aBe JOKATbHBIX MEepeMeHHBIX Ha OCHOBe THIIa VARRAY ypoB-
CTPOKH H4 cxeMH. Kak ¥ B c1yuae ¢ BIOKEeHHBIMY Ta0aAUIIaMHu (1 B OTJIHYNE OT
2-3 aCCOLMATHUBHEIX MAaCCHBOB), HEOOXOAMMO HCIOJb30BATDH IJIA MHUIHA-
JUBAIUY CTPYKTYPH GYHKIUIO-KOHCTPYKTOD, UMA KOTOPOil coBIafaeT
¢ UMeHeM THIIA.

5-10 PaciupseM KOAIEKINN 1 HATIOJTHIeM UX UMEHAMY POSUTENeH U eI1H-
cTBeHHOro pefeHka. Ecay HOOBITATHCSA BEIIOJIHUTH PACUIMDPEHHE L0
IBYX CTPOK, TO Oracle mannumpyet nckaouerne: «ORA-06532: Sub-
script outside of limit error».

13-17 Bcerapasem cTpory B Tabaumy family, IpocTO YKashBasd Ha3BAHUA KOJI-
JeKIuy Tuma VARRAY B cmMcKe sHaueHMH Aaa tabaunsl. HecomMHeHHO,
Oracle sHaunTenbHO O6JErYaeT AJA HAC IPOIEAYPY BCTABKHU KOJJIEK-
M B peJAIMOHHEbIe TabanIh!

BcTpoeHHble MeTofabl KONeKuun

PL/SQL npeasaraeT pAaja BCTPOEHHBIX IPOIEAYD U QYHKITUI, HA3IBAEMBIX
Memodamu KoALeKyUill, KOTOPBIe MO3BOJAIOT IOMYUYATh HHGOOPMAIIHIO O CO-
IEPKUMOM KOJJIEKIUH U U3MEHATH BTO coJep:kumMoe. [locTynHEI ciIeayro-
e METOABI KOJIJIeKITUH:

Dynryusa COUNT
Bosspamaer TekyIee KOINIECTBO 5JI€MEHTOB B KOJIJIEKIINH.
ITpoyedypa DELETE

VYnansger U3 KOJNEKIUUA OAUH UJIU HECKOJBKO 3JIeMeHTOB. Kcnu sie-
MeHT paHee He OBIJ yAaleH, TO YMeHbIIaeT 3Hadenue COUNT. JIoma Koi-
Jexnuu tuna VARRAY BOBMOXKHO yaajieHue TOJBKO BCEro COLepKHUMOT0
KOJUIEKITAU cpasy.

Dynryua EXISTS

Bosspamntaer TRUE usu FALSE B 3aBUCUMOCTH OT TOT'0, CYIIECTBYET JIU OII-
pelleIeHHBIA BIeMEHT.

ITpouyedypa EXTEND

VYBennuuBaeT KOJIAYECTBO BIEMEHTOB BO BJIOXKEHHOH TabauIle UIN KOJI-
Jernuu Tuna VARRAY. YBenuuuBaeT 3Hadernne COUNT.

Dynryuu FIRST u LAST

Bosepaniator mHammensmuil (FIRST) u maumbonsmuit (LAST) ucmombsye-
MBIH MHIEKC BIIEMEHTa KOJLJIEKITUU.

Dynryusa LIMIT

Bossparmniaer MmakcuMaJIbHO AONYCTHMOE AJA KOJJIEKIUU Tuma VARRAY
KOJIUYeCTBO DJIEMEHTOB.

Pynryuu PRIOR u NEXT

BoaspaniamoT uHAEKC 3IeMeHTa, HeIOCPEJCTBeHHO IPeAIIeCTBYIOIero
(PRIOR) yrasagHOMY uUiu ciepyiomero 3a HuM (NEXT). 3Tu MeTOZEI Bee-
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rama JOJMHBI MCIIOJb30BaATHCA OJIA 06x0,11a ROJIJIeRIJ;HfI, 0Cco0eHHO eciou
pedb €T O PA3PEKEHHBIX (I/IJII/I MOT'YIIIUX TAKUMHA CTaTB) ROJNJIIEKIINAX.

ITpouyedypa TRIM

Yaanser seMeHTH U3 KOHITA KOJIEKIINU (¢ HauOOJBIINUM UHIASKCOM).
Ywmenbmiaer sHadenue COUNT, ecam 5IeMeHTHI He OBLIN paHee yIaJeHBI
nocpencTBoM DELETE.

9Tu TporpaMMBbI HAa3bIBAIOT Memodamu IO0TOMY, UYTO OIPH o6paIle N K HUM
CHHTAKCHUC OTJINYAETCS OT 0OBIYHOTO CUHETAKCIICA BBIZ0BA IPOIeAyp U PYHK-
nuii. MeToAbl KOMIEKINUH UCIOJIb3YIOT CUHMAKCUC Memod08, KOTOPBIHA 00-
eI PUHAT B 00'beKTHO-OPHEHTUPOBAHHEIX A3BIKAX, TAKUX Kak C++.

B 06m1eM Buie BEI30B BCTPOSHHBIX METOOB JJISI ACCOITMATHBHBIX MacCHUBOB
MOJKET UMETH [Be (POPMBI:

e Qnepanusa 6e3 apryMeHTOB:
uMs_Tabnuib . 0nepanns

e QOnepamnus, apryMeHTOM KOTOPOH ABJSIETCI UHALKC CTPOKH:
umsa_Tabnuius. onepauna(HoMep_uHpexkca [, HoMep uHAexkcal)

Hanpuwmep, creayromuii onepaTop Bo3BparmiaeT TRUE B ciydyae, ecau onpe-
neneHa 15-4 cTpoka accouaTUBHOTO MaccHUBa company_tab:

company_tab. EXISTS(15)

Metoapr KomneKIUi He AocTYOHBI w3 SQL; OHM MOTYT HUCIOJIB30BATHCA
TOJIbKO B mporpammax Ha PL/SQL.

MNMpouepypbl, PYHKLNAU N NaKeTbl

PL/SQL moaaep:KuBaeT cIeAYIOMNINe CTPYKTYDPHI, TO3BOJIAIINE PA3OUTH
BAIIl KOJ Ha MOAYJIH:

ITpoyedypa

IIporpamma, KOTOpasd BHITOMHAET OJAHO U HECKONBKO AeHCTBUN U BBI-
3bIBaeTCA KaK UCIOJHAeMBIH onnepaTop PL/SQL. Ucnonb3ya cIUCOK ma-
PaMeTpOB, BBl MOJKeTe nepeaBaTh HHGOPMAIIUIO B IPOIEAYDY U U3 Hee.

Dynryua

Ilporpamma, KoTopas BO3BpallaeT €JUHCTBEHHOE 3HAYEHUE U HUCIOJb-
3yeTcd Kak BeIpaskeHue PL/SQL. Mcnons3ya cinucoK mapaMeTpoB, BEI
MOJKeTe IepeJaBaTh nHGOpMAaINuio B QYHKIIUIO.

ITarkem

HNmeHoBaHHAaSA KOJIIEKITUS IPONEAYD, QYHKIUI, THIIOB U TEPEeMEHHBIX.
Ha camoMm fene makeT ABIAETCA CKOpee He MOAYJIEM, a METAMOAYJIEM,
HO 0e3 ero YIOMUHAHUS ONHCAHUe MOAYJIbHONH CTPYKTYDPHI OBII0 OB He-
TIOJTHBIM.
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Tpuzzep 6a3bt OanHHbLX

Ha6op KoMaHI, KOTOPHI# 3alycKaeTcs Ha HUCIOJHEHWe IPU HACTYIIJIe-
HUHT OIPeleIeHHOTO COOBITUA B 0a3e TaHHBIX (HaOopuMep, BXOJ B IPUJIO-
JKeHune, U3MeHeHUe CTPOKH TabMuIbl, ucnonaenne DDL-koMaHAbT).

Ob0BexmHubLil MuUn ulu 3K3eMNaAp 006eKMH020 muna

Oracle-Bepcus 00BEeKTHO-OPUEHTHPOBAHHOTO KJacca (TO €CTh IMOMBITKA
ero sMynanun). O0beKTHBIE TUIIBI ONUCHIBAIOT KaK COCTOSIHUE, TaK 1 110-
BeJleHUe, 00HeAUHASI cOOCTBEHHO JaHHbIe (TOJ00HO PeNAMNOHHON Tab-
JUIe) ¢ OTpaBuIaMu (OPOIeAYypPaMU U QYHKIUAMHA, MAHUTYJIUDPYIOITH-
MU C THMHU JaHHBIMH).

B sTOoM pasmesme MBI DOTOBOPHUM O OpoleAypax, GYHKOIUAX W DaKeTax.
Tpurreps! 6yayT onucanbl gajgee. O0beKTHBIE TUIIBI He OYAYT paccMaTpu-
BaThCA B 9TOH rIaBe, TAK KaK MaJjo KTO U3 paspaboTUYUKOB (M TOUYTH HUKTO
U3 aJMUHUCTPATOPOB 643 JaHHBIX) UCIOIB3YET 00HeKTHO-OPUEHTHUPOBAH-
HBIe Bo3MosKkHOCTH Oracle.

Mpouenypsbl

ITpoyedypa — »TO MOAYNb, BHIIONTHAOIIUHA OJHO UJIN HECKOJIBKO qeficTBU.
Brizos mponeayps! B PL/SQL npeacraBiaseT coboii He3aBUCHUMBIH WCIOI-
HAeMBI# ommepaTop, mosToMy PL/SQL-670K MOKeT COCTOATDH TOIBKO M3 BBI-
30Ba mpoueayphl. 1Ipoleaypsl ABIATCA KJIUYEBBIMU COCTABIAKIIUMU
MOAYJIBHOTO KOJa, KOTOPhIe 00ecIeunBaIOT IPYINIUPOBKY M BO3MOKHOCTH
TIOBTOPHOTO HUCIIOJIb30BAHUSA IPOTPAMMHOM JIOTHKH.

CTpykTypa npoueaypbl
PL/SQL-nponenypa numeer cienyoimui ¢gpopmar:

PROCEDURE [cxema. Jums [( napameTp [, napamerp ...]1 ) ]
[AUTHID DEFINER | CURRENT_USER]
18
[onepaTops o0bbsBneHNS]
BEGIN
WCNIONHAEMHE ONepaTops
[ EXCEPTION
onepaTops 06paboTKU HCKINHEHM ]
END [ums];

e KasKAbIH BJIEMEeHT UMeeT COOTBETCTBYIOIEE HA3HAUEHUE!

cxema
WmMsa cxeMbl, KOTOPOH IPUHAAIEKUAT Ipolleaypa (HeoOsa3aTeIbHBIHN Ta-
pamerp). Ilo ymosruanuio mporeaypa OPUHAAJNEKUT cXeMe TEeKYIIero

ToJb30oBaTendA. a4 cosmaHuUs OPONeAYPHl B APYroil cxeMe TeKYIIeMy
TIOJIB30BATEII0 MOTPEOYIOTCS COOTBETCTBYIOIINE IPUBUIETUHN.

nms

Mma oponmeAypsl, KOTOPOe YKa3bIBaeTCsA Ccpasy Mocje KIHYeBOro CIoBa
PROCEDURE.
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napameTpb

Heobsa3aTenbHBIH CIMCOK TapaMeTPOB, KOTOPhIe MOTYT OBITH OTIpeaese-
HEBI AJIs Iepefadyn nHGopMaIii KaK B IPONeAypy, TaK U U3 Hee o6paTHO
B BBI3BIBAIOIIYIO TPOTPAMMY .

AUTHID nped.aroxicenue

OnpepenseT, c KAKUMHI TpaBaMu OyJeT UCIOMHATHCS IPOIeAypa: ¢ Ipa-
BaMHM ee BJafeNnblla (co3maTess) WU Ke ¢ OpaBaMM BBHISHIBAIOIIETO
ToJIb30BaTeNA. [IDUHATO TOBOPUTD O ABYX MOJeJAX UCTIONHEHUA: C nNpa-
samu 81adenvlya U ¢ NPAsaMu 6bl3bl8AOUE20.

0repaTops 00bsaBASHUA

O0DbaABNIeHUA TOKANbHBIX UIeHTH(PUKATOPOB AJA JaHHON TPOMEAYpPHI.
Ecnu BB HUYeTO He 00'bABISIETE, TO OllepaTops! 1S u BEGIN 6yayT ciaemo-
BaTh HEIOCPEACTBEHHO ADPYT 38 APYTOM.

HNCNIOAHAeMble 0nepaTops

OnepaTopebl, KOTOphIEe MIPOIleAypa UCIOJHIET Ipu BeIzoBe. Ilocme Kiio-
4eBOTr0 caoBa BEGIN g0 Ka0u4eBBIX ¢oB END manm EXCEPTION goskeH 6BITH
yKaszaH X0Ts ObI OAWH UCIONTHAEMEBIH OllepaTop.

0r1epaTops 06paboTKy UCKANHEHMI

Heobsa3aTenbHble 00pabOTUYNKY UCKIIOUEHUH 114 TponeAyphl. Ecau BB
He 00pabaTbiBaeTe ABHO HUKaKHUe UCKJIIOUYEHU, TO IPOIYCTUTE KII0Ue-
Boe cnoBo EXCEPTION u 3aBepInuTe pas3fes UCIOIHEHUS KIOUEBBIM CJIO-
BOM END.

BbizoB npouenypbl

IIpormeaypa BeIBBIBaeTCA Kak HUCIoJMHAeMbll onepaTop PL/SQL. [Ipyrumu
CJIOBaMH, BHI30B IPOMEeAYPHl AOJKEH 3aBepIIaThCA TOUKOMH ¢ 3amaToH ()
U UCIOJHATHCS J0 MU TOoc]e IPYTUX (eciIu OHU eCcTh) onepaTopoB SQL muau
PL/SQL B ucnonasgemom pasaene PL/SQL-6moka.

Hna sanycka npomeaypsl apply_discount MCHOJIBIVIOTCA CIEAVIOIUE OTe-
PaTOPHI:

BEGIN
apply_discount( new_company_id, 0.15 ); -- ckugka 15%
END;

Ecnu npomenypa He IpUHUMAaeT IapaMeTpoB, MOKHO BBEI3BIBATH €€, HE UC-
TIOJIB3Y S CKOOKH:

display_store_summary;

B Bepcusax Oracle8i Database u crapriie MOKHO BKJIIOYATEH B BHI30B IpOIe-
IYPHI IyCTHIe CKOOKU, HaOpuMeDp:

display_store_summary( );
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DyHKUMN

PyHKryUuA — 3TO MOJYJb, BO3BpAlaOINi 3HaYeHHe. B oTamyme oT BEI30Ba
IPOILeAYPHl, fABJIAIOINErocs He3aBUCHMBIM HCIIOJHAEMBIM ONepaTopoM,
BBI30B (DYHKIIUH MOXKET CYIIeCTBOBATH TOJBKO KaK YaCTh HCIOJHSEMOTO
omeparopa (TO €CTh OH MOXKeT OBITh, HAaIlPDUMeED, 2JIEMEeHTOM BBIDaKeHH
AW 3HAaYeHHWeM, IIDHCBAaMBae€MbIM [0 YMOJYAHHUIO IPH OO'bABIEHUHN IIepe-
MeHHOH).

DyHKIUA BO3BpaIlaeT 3HaUYeHUe, KOTOPOe, eCTECTBEHHO, OTHOCHATCA K Ka-
KOMY-TO THUIY AaHHBIX. OYHKIINA MOXKET UcIoJb30BaTheda B PL/SQL-ome-
paTope BMeCTO BhIPAKeHUA, UMEIIIEero TOT Ke TUII JaHHBIX, YTO U BO3Bpa-
maeMoe GyHKIIUEH 3HAYEHHE.

DyHKOUYA Ype3BHIYAHHO BAXKHBI IPH CO3JaHHAU MOYJIbHBIX KOHCTPYKITHH.
Hanpumep, ar060e OU3HEC-IpaBUJIO UJIHA (GOpMyJia B BallleM NPUJIOKEHUH
JMOJYKHBI OBITH IOMeINeHb B (GyAEKOuU. Jlro6oii 3ampoc, BoaBpamiaoniui
eIHHCTBEHHYIO CTPOKY, TaAKIKe cIeAyeT ONpeAessiTh B QYHKIIUU, C TeM 4YTO-
Ob1 06eCTIeYUTh ITPOCTON W HaJeKHBIH cI10oco6 ero IOBTOPHOTO UCIOJIb30Ba-

HHSI.
o -
" HexoTophie paspaboTUMKH IPEANOYNTAIOT MOJATAThC He HAa QYHK-
::, J IINH, a8 Ha IIpo1eayphl, BO3Bpalfamlme I/IH(I)OpMaIlI/HO qyepes CIIMCOK
LR B

%, HapameTpos. Eciu BEl OTHOCHTECH K X UHCJHY, TO He 3a0yabTe Ipo-
" BepuTb, UTO BCe BAITH OU3Hec-MPABUJIA, (DOPMYJILl M OMHOCTPOUHEIE
3aIIPOCH] «CIPATAHKI» B IPOIENYPHI.

Eciu B IIPHJIOXKEHHUH OIIPefesIEeHO U UCIIOJNB3yeTCsA MaJio (byHKIIHfI, TO €ero,
CEKOpee Bcero, 6y,1:[e'1‘ CJIOXKHO ITIOAAEPHUBATE U COBEPIIIEHCTBOBATD.

CTpykTypa pyHKLNN

CrpyKTypa OYHKIIHH COBIAJaeT CO CTPYKTYPOH HpoIeaypbl, eAHHCTBEH-
HOE OTJIHYHEe COCTOAT B TOM, UTO (PYHKIIHUS BKIKUYaET B cebs emle mMpeao-
xerme RETURN:

FUNCTION [cxema. Juma [( napameTp [, napameto ...] ) ]
RETURN Twn_Bo3Bpauaerbx_aAaHHbX
[AUTHID DEFINER | CURRENT_USER]

[DETERMINISTIC]
[PARALLEL ENABLE ...]
[PIPELINED]
IS
[onepaTopn 06bsaBREHNS]
BEGIN

UCrnonHsAeMee 0nepaTopsb

[EXCEPTION
0n1epaTops 06paboTKY HCKMOHEHW ]

END [ wms ],
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rge 9JIEMEHTHhI HMEIOT CJIEeAVIOIee Ha3HAYeHUe:
cxema

WmMsa cxeMbl, KOTOPOIi TpUHAANEKUT QYEKIUA (Heoba3aTeNbHBIN mapa-
meTp). Ilo yMoryaEnio QYHKITUA TPUHAAJIEIKUAT CXeMe TeKYIero mob-
3oBaTend. JJ1a co3maHusa Iponeayphl B APYroil cXxeMe TeKYIIEMY [MOJhb-
30BATEJI0 TOTPEOYIOTCA COOTBETCTBYIONIME TPUBUIETHUH.

uma

Nma oyHKROUN, KOTOpPOEe YKas3bIBaeTcA Cpasy Iocjie KJIIYeBOTO CJIOBa
FUNCTION.

napameTpb

Heobsa3aTenbHBIH CIMCOK TapaMeTPOB, KOTOPhIe MOTYT OBITH OTIpeaese-
HBI AJId mepefadyn nHhopManuu KaK B QYHKIINIO, TAK U U3 Hee o0paTHO
B BBI3BIBAIOIIYIO TPOTPAMMY .

TUMN_BO3BpaaeMuX_AaHHbX

Tun gaEHBIX 3HAUYeHUs, BO3BpallaeMoro QyHKIUel, KOTOpbIH 00sa3a-
TeNIbHO AOJKeH OBITh YKAa3aH B 3aTONOBKe QYHKITUH.

AUTHID nped.aroxicenue

OnpepenseT, c KAKUMHI TpaBaMu OyJeT UCIOMHATHCS IPOIeAypa: ¢ Ipa-
BaMHU ee BJafeNnblla (co3maTesss) WU Ke ¢ OpaBaMM BBHISHIBAIOIIETO
ToJIb30BaTeNA. IIDUHATO TOBOPUTD O ABYX MOJeJAX UCTIONHEHUA: C nNpa-
samu 81adenvlya U ¢ NPAsaMu 6bl3bl8AOUE20.

DETERMINISTIC npedrosxcernue

IToackaska ONTHMU3aTOPY, MO3BOJSAIONIAA CUCTEME HCIOIb30BaTh CO-
XpaHeHHYIO0 KOTIHIO BO3BpAaIleHHOTO GYHKITUeH pe3yabTaTa (IpHu eTo Ha-
auuyun). OOTEMHU3aTOP 3aIPOCa ONpeAeNsaeT, caeayeT JU BbBIOPATH CO-
XPpaHeHHYIO KOIIMIO UJIH »Ke BBI3BaTh (DYHKITHIO TOBTOPHO.

PARALLEL_ENABLE nped.zoxcenue

IToackaska OONTUMU3aTOPY, Paspeniarolnasd MapasjeIbHOE BBINOJIHE-
HUe GYHKIIWUHU IIPU BEI30Be U3 onepaTopa SELECT.

PIPELINED nped.noscenue

YrasniBaeT, 4TO pPe3yJNIbTAThl TaOMIUYHON (PYHKIHUN MOJMKHBI BO3BpAa-
O1aThCcA IIOCTPOYHO C IOMONIbI0 KoMaHEAEI PIPE ROW.

0repaTops 00bsaBASHUA

Q0 BaABIeHUA TOKAJIbHBIX UACHTUMUKATOPOB AN faHHON dyHKIuu. Ec-
JIY BBl HUYETO He 06 bABIIAETEe, TO OTlepaTopsl IS u BEGIN 6yAyT caemoBaTh
HeOOCPeCTBEHHO APYT 3a APYTrOM.

HNCNIOAHAeMble 0nepaTops

OnepaTopel, KOoTophble QYHKIINA UCIONIHAET Opu BeIzoBe. Ilocae Kiroue-
Boro cyoBa BEGIN mo KiarueBBIX ¢Ja0B END mam EXCEPTION moi»keH OBITH
yKaszaH X0Ts ObI OAWH UCIONTHAEMEBIH OllepaTop.
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0r1epaTops 06paboTKy UCKANHEHMI

Heobsa3aTenbHble 06pabOTUNKY UCKIIOUEHUH OId QYHKIUKU. Ecau BEHI
He 00pabaTbiBaeTe ABHO HUKAKHUE UCKJIIOUYEHU, TO IPOIYCTUTE KI0Ue-
Boe cnoBo EXCEPTION u 3aBepInuTe pas3fes UCIOTHEHUS KIOUEBEIM CJIO-
BOM END.

BbizoB pyHKLUN

DyHKIIWA BBI3BIBAETCAI KAK YACTh UCIOJMHAEMOTO OlIepaTopa M MOKET HC-
TIOJIB30BATHCA B COCTaBe OIlepaTopa B JIO60OM MecTe, Te pas3perieHo uc-
TTOJIb30BaHIe BHIpaKeHuii. PaccMOoTpuM Ha IpuMepax pasJudHble BapUaH-
THI BEIBOBA QYHKITHH:

e IIpucBamBaHWe TepeMeHHON 3HAYEHUA MO YMONUYAHUIO IPHU TTOMOIIHU
BEIBOBA QYHKITHN:

DECLARE
v_nickname VARCHAR2(100) :=
favorite_nickname( Steven’);

e MHcnoornbzoBaHuWe GYHKIUN-YIEHA AJA 00BEKTHOTO THUIIA pet B YCIOBHOM
BEIDAKEeHUN:

DECLARE
my_parrot pet_t =
pet_t (1001, "Mercury’, "African Grey’,
TO_DATE (°09/23/1996°, "MM/DD/YYYY'));

BEGIN
IF my_parrot.age < INTERVAL "50° YEAR -- Tun INTERVAL B 91
THEN
DBMS_OUTPUT.PUT_LINE ('Still a vyoungster!);
END IF;

e HsBreueHue O,Z[HOfI CTPOKH I/IH(I)OpMaIII/II/I O KHHUTe HEIIOCPeACTBEHHO B 3a-
IHCh:

DECLARE
my_first_book books%ROWTYPE;
BEGIN
my_first_book := book_info.onerow ( 1-56592-335-9");

¢ JlonyyeHue 3HaYeHUA KYPCOPHOU IepeMeHHOH ¢ mHMOPMALUEH O Ipo-
CPOYEHHBIX KHUTAX JIJId ONIPeeIeHHOTO I0Jb30BaTeNA:

DECLARE
my_overdue_info overdue_rct;
BEGIN
my_overdue_info :=
book_info.overdue_info ( STEVEN_FEUERSTEIN');
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MapameTpbl

IIpomeaypsl U GYHKIUYA MOTYT HCIOOJbL30BATH napamemps. A Nepegadu
nHDOPMATTHH MEKIAY MOAYJIEM U BbIsbiBatomuM PL/SQL-6moxoM (B 06oux
HanpaBJIeHUAX).

ITapamMeTpsl MOAYIA UMEIOT He MeHbIIIee 3HaUeHNe, YeM Peau3yIOIH MO-
IYJIb KO (Teso Moayisa). KoreuHo, BB JOMKHBI 00ecIeYnTh paboToCcIocon-
HOCTh MoAyis. Ho Bece ke cyTh CO3JaHNSA MOAYJIS 3aKII0YAETCS B TOM, UTO
OH MOJKET BBI3BIBATHCA (B HAeaje) HECKOMbKUME IPYTUMU MOAYIaMu. Ec-
JU 2Ke CIOUCOK IapaMeTpPOB IIJIOXO0 COCTABJIEH WINA HEeOOHATEH, TO JPYTUM
OporpaMMICTaM 6yAeT CJI0XKHO UCIONbL30BATH TAKOH MOAYJIb, U MAJO KTO
3aX04YeT ¢ HUM BO3UThCA. W 6yaeT yke He BAsKHO, HACKOJIBKO XOPOIIO BhI
HamucaJad CBOM MOJAYJIb, €CJIH HUKTO He 3aX04YeT UM OJb30BATHCA.

PL/SQL npepnaraer pasnudyable cpeicTBa Aad 5hGHEKTUBHOTO cOCTaBe-
HHUA CTIUCKA IapaMeTpoB. B pasgese 6yayT paccMOTPeHEI BCe DJIeMEHTHI OTl -
pelleleHns IapaMeTpPOB.

OnpepeneHve napameTpoB

@opmManbHEBIe IapaMeTPHl ONPeAeNdoTCs B CIUCKe IIapaMeTPOB IIporpaM-
Mel. OnpefesieHEne IapaMeTpa Ype3BEIUafiHO IOX0XKe Ha 00bABIeHNEe epe-
MeHHOH B pasfese o0bapnenui 61oxa PL/SQL. [IBa BaKHBIX OTIUYUA CO-
CTOAT B CIEAYIONIEM: BO-IIEPBRIX, JJIA IapaMeTpa JOJIKeH ObITh YKa3aH pe-
*KHUM HCIIOJIb30BAaHUSA, a BO-BTODHIX, IIPU OIIpeieleHUU IIapaMeTPOB HeJlb3 s
HaKJaAbIBATH HA HUX OTPAHUYEHU.

Ob6Basaenue ¢ 0z2panHuYeHUeM — 5T0 00'bABIeHNe, HAKJIAAbIBaIOIIee OTPaHu-
YeHNe Ha 3HaYeHUe, KOTOPOEe MOXKET IPHCBANBATLCS IepeMeHHON, 00bsB-
JIAeMOU ¢ JaHHBIM TUOOM AaHHBIX. O0sa6seHuUe 0e3 02DAHUYeHUA He Ha-
KJaAbIBAeT TAKUX OTPAHHUYEHUI HAa 3HAUeHUA. B cileyromnieM o0bABIe NN
Ha ImepeMeHHYIO company_name HaKJaAblBaeTcs OTpaHHYeHNe: ee AJInHAa He
JOJIJKHA IIPeBBIMaTh 60 CHMBOJIOB:

DECLARE
company_name VARCHAR2(60);

O,Z[HaRO IIDHU OIIpeaeJICHUH IIapaMeTpa HeOﬁXO,Z[I/IMO HCKJIIYUTD YacTh 00h-
SIBJICHUS C OTPAHHUYEHHUEeM:

PROCEDURE display_company (company_name IN VARCHAR?) IS

dakTnyeckme n popmanbHbie NapamMmeTpbl

Heob6xoaumo pasimuaTh ABe PA3HOBUAHOCTH ITapaMeTpoB: (hopMaibHBIE
u dharkTuuyecKue. PopmuanivHblie napamemps., — STO UMeHa, 00bIBICHHEIE
B CIIMCKE ITapaMeTPOB B 3aT0JIOBKe MoAyasa. Paxmuyeckue napamempovl —
9TO 3HAYEHUS WU BEIPAKEHUs, TOMEIeHHbIe B CIIUCOK IapaMeTpOB IIpU
daKTHUYECKOM BHI30BE MOAY .

HaBaiiTe TOCMOTPUM Ha OTIUYUA MeKAY GOPMATHLHBIMU U PaKTHICCKUMU
mapaMeTpaMu Ha mpuMepe GyHKIUU tot_sales. BoT ee 3aT0I0BOK:
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FUNCTION tot_sales
(company_1id_in IN company.company_id%TYPE,
status_in IN order.status_code%TYPE = NULL)
RETURN std_types.dollar_amount;

DopmMasbEBEIMU HapaMeTpaMu tot_sales ABIAIOTCA:
company_1id_in
ITepBUYHBIH KJII0Y TAOIUITBI COMpany.
status_in
CraTyc 3aKa30B, KOTOPbIE JOJKHEI OBITHh BKJIIOUYEHEI B pACUET MPOAAK.

Otu (opManbHBIE TapaMeTphl He CYIecCTBYIOT BHe PaMOK (GYHKIUH. BBl
MOJKETe BOCIPUHUMATD WX KaK sanonuauTenu (placeholders) ansa dpaxruue-
CKUX 3HaUYeHWI TapaMeTpoB, KOTOpbIe 6YAYT MepefaHsl B QYHKIUIO, KOTAa
OHa 6YIeT UCTIONB30BATHCA B IPOTPAMME.

Kaxum obpasom mpu ucrnoJlHeHnH nporpaMmbl PL/SQL moruMaer, Kaxkoi
dakTHUecKUi MapaMeTp COOTBETCTBYET Kakomy dopmaiabaoMy? PL/SQL
ToAAePIKUBAET ABa CI0c00a YCTAHOBKHY COOTBETCTBU:

Csasvisanue no nosuuuu

HesBHO cBA3BIBaeT QaKTUUeCKUI mapaMeTp ¢ GopMaIbLHBEIM IO UX IIO-
BUINH.

Csasvieanue no umenu

SIBHO cBsA3EIBaeT GaKTUUECKUH TapaMeTp ¢ POPMATLHBEIM 11O UMEHH.

Cesi3blBaHMe NO NO3ULUN

Bo Bcex paccMoTpeHHBIX paHee NIPUMepaX HCIOJIb30BAJIOCHh CBA3LIBAHUE
napaMeTpoB o nozunuu. Ilpu cBassiBanuu o no3unuu PL/SQL ycranas-
JUBAaET COOTBETCTBUE MKy ITapaMeTpPAMU Ha OCHOBAHUU UX OTHOCUTEINb-
HBIX NO3UIUYA B criucke: N-ii pakTUUeCKU TapaMeTp B BEI30BE IIpOrpaM-
MBI comocTaBadeTcd N-My (popMaIbHOMY I[IapaMeTpy B 3aroJioBKe IIpo-
TPaMMBI.

B crepyroniem npumepe ana Gyarnun tot_sales PL/SQL cBasbiBaeT mep-
BBIA (aKTUUeCKUU mapameTp :order.company_id ¢ mepBBIM (hOPMaJIbHBIM
mapaMeTpoM company_id_in. 3arem BTOpO# dakTMUecKuil mapamerp N co-
IoCTaBifAeTCA BTOPOMY (hopMaIbHOMY ITapaMeTpy status_in:

new_sales := tot_sales (:order.company_id, 'N');

FUNCTION tot_sales
(company_1id_in IN company.company_id%TYPE,
status_in IN order.status_code%TYPE = NULL)
RETURN std_types.dollar_amount;

Tenepb BbI 3HAeTe, KaKuUM 06pa30M KOMIIHUJISATOD IIepegaeT 3Ha4YeHUA I1apa-
ME€TPOB B MOAYJIHN. CasaspIiBanue IIo IO, HECOMHEHHO, ABJIAETCA HaAH-
f6oJiee TOHSATHBIM U 4aCTO HUCIIOJIb3YEMBIM METOJOM.
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CBfi3biBaHME NO UMEHH

IIpu cBA3BIBAHUY IO UMeHH BBl ABHO COMOCTaBJsdeTe (hOPMaJIbHOMY Iapa-
MeTpy (UMsaA mapaMeTpa) dhakTHUeCKHH mapaMeTp (3HadeHHe ImapaMmeTpa)
HETOCPeJACTBEHHO B BBI30BE ITPOTPAMMBI, UCIONB3YsI KOMOUHATIUIO CUMBO-
JIOB =>.

CHHTaKCHC CBSI3LIBAHUA 10 UMeHU OYAET TAKUM:
UMS_(QODMANbHOT0_NapamMeTpa =»> 3HAYEHWE_apryMeHTa

HNmsa dopmanbHOro mapamMeTpa IBHO YKasaHOo, Tak 4yTo PL/SQL He momxen
OBITATHCA YCTAHOBUTH COOTBETCTBUE HAaKTHUUYECKOTO ImapaMeTpa dopManb-
HOMY Ha OCHOBe UX NOpPAAKa. Tak UTO ecyiM BBl UCIOJL3yeTe CBA3LIBAHUE
10 UMeHHU, TO MOYKeTe MEePEUNUCIATh IapaMeTPhl B BbI30B€ IPOTPAMMEI He
B TOM IIOPAAKE, B KOTOPOM VKa3aHBI (popMaJIbHBIE TapaMeTpPhl B 3ar0JI0B-
ke. Hanmpumep, BBl MOKeTe BhI3BaTh QYHKIIUIO t0t_sales AIda HOBBIX 3aKa-
30B JIFOOBIM U3 CIEAYIONIUX ABYX CIIOCODOB:

new_sales :=
tot_sales (company_id_in => order_pkg.company_id, status_in =>'N");

new_sales :=
tot_sales (status_in =>'N', company_1id_in => order_pkg.company_id);

Brl Tak:kxe MosKeTe HCOOJIL30BATHh B OJHOM BBI30B€ KAaK CBA3BIBAHHE IIO
HUM€EHH, TaK 1 CBA3bIBaHNE 110 IO3UITHH:

corder.new_sales := tot_sales (order_pkg.company_id, status_in =>'N");

Ecnu BBI Mcmonb3yeTe 00a BUAa CBA3BIBAHUA, TO BCe TMTO3UITHMOHHEIE apa-
MeTDPBI AOJIKHBI IPEAIIecTBOBATh, KAKUM OBl TO HU OBLIO UMEHOBAHHBIM
(xKax »To cAeNaHO B IPEALIAYIIEM IIpUMeDpe).

Pe>knmbl ncnonb3oBaHUs NapameTpoB

Onpefenasa mapaMeTphl, BBl JOJKHBI YKa3aTh, KAKUM 00pasoM UX MOYKHO
HUCTONB30BaTh. CYIIeCTBYIOT TPU Pa3JIHUYHBIX PEKNMAa UCIOJIH30BAHUS TIa-
paMeTpoB.

Pexum | Onucanme Hcnoan3zopaHue mapamMerpa

IN Toabko AJA UTEeHU 3HaueHUe ImapaMeTpa MOMeT UCIIOJb30BaAThCA BHYT-
pPHu MOAYyJaA, HO NSMEHEHN e IIapaMeTpa 3allpeIieHno.

ouT Tonbko paa sanucy| Mogyab MOMKeET IPUCBONUTDL TapaMeTPy 3HaUeHUE, HO
CCBLTIATHCSA HA HETO B MOIYJIE 3alIPElleHo.

INQUT | Hdnsa urenua u 3a-| MoZynb MOMKET CCHIIATHCA Ha IapaMeTp (UHTaATh)
nucu ¥ U3MEHATH €T0 3HaUeHMe (3aINCHBATh).

PeXuM mcOonb30BaHUS ONpeAesdeT, KaKUM o0pas3oM IpoTrpaMMa MOKeT
IPUMEeHATh 3HAaUYeHUe, IPHUCBOEHHOE (HOPMAJIHLHOMY IapaMeTpy. Peskum
HUCTIONB30BaHUS MTapaMeTpa 3aJaeTcsa HemOoCPeACTBEeHHO IOocie YKasaHusd
MMeHU IapaMeTpa mepe] YKasaHueM ero TUIA U 3HAYeHUA 0 YMOTYaHUIO
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(ecnu oHO oTIpeiesieHO). B 3aroI0BKe caeAyionieil IpoleAyphl YKa3aHbl BCe
TPU PE;KUMAa UCIOJIb30BaHUA TapaMeTPOB:

PROCEDURE predict_activity
(last_date_in IN DATE,
task_desc_inout IN OUT VARCHARZ,
next_date_out OUT DATE)

Ilpomeaypa predict_activity npuEuUMaeT qBa pIeMeHTA AAHHBIX: JATY IIO-
cIeAHETo MeHCTBUSA W ONUCAHWE TOr0 AelicTBuUsA. B pesyiabTaTe paboTh
Ipomeaypa Bo3BpaIlaeT TaKsKe JBa BIeMeHTa JaHHbBIX : ONUCAHUE AeHCTBUA
(BOBMOKHO, H3MeHEHHOe) W JaTy cJaeayiolnero peficteusi. IlapameTp
task_desc_inout onpegener kak IN OUT, mosToMy OporpaMMa MOKET YUTATh
apryMeHT U U3MeHATH ero 3HaUeHUe.

MakeTbl

ITaxem — aT0 crpynnupoBaHHEIe BMecTe saemMeHTH PL/SQL-koga. IlakeTs!
TIPeACTaBIAIOT cO00M HGUBUUIECKYIO U TOTUYECKYIO CTPYKTYDPY AJA OPTaHU-
3aIlUH IIPOTpaMM u Apyrux saeMeEToB PL/SQL, Takux KaK KYpPCOPHI, TUIIHI
u nepeMensble. OHU TaKKe IPENOCTABJIAT BasKHBIE (DYHKIIMOHAJILHBIE
CcpelcTBa, TaKWe KaK COKPLITHE JOTHUKM U AaHHBIX, ONpeleieHne r1obain-
HBIX JaHHBIX (CYIIECTBYIONINX Ha IPOTKEHUN ceanca) u paboTy ¢ HUMHU.

NMpaeuna nocrpoeHns NakeToB

ROHCprRIII/IH IIageTa O4YeHb IIPpOCTAa. Ha HN3y4YeHHe OCHOBHEBIX SJIEME€HTOB
CHHTaAKCHCA ITaKeTa U OCHOBHEIX IIPABUJI €I'0 IIOCTPOCHUA HOTp66YETCH CcO-
BCEeM HEMHOI'O BpEME€HU, HO MHOTHE HeAEeJ I (I/IJII/I AaXKe MECHIIBI) MOTYyT y171-
TH Ha TO, ITOOBI OTKEPHBITH AJIA cebs1 Bce HIOAHCHI CTPYKTYDBI IIaKeTa. B sTom
pasjgesie Mbl paCCMOTPDHM IIpaBHJa, KOTOPBIM H606XO,Z[I/IMO cJIeaoBaThb IIpHA
CO3JaHUH IIaKeTa.

15 mocTpoeHU TaKeTa HeoOXOAUMO CO3JaTh ero CHeMu(puKaIno 1, Iod-
TH Bcerja, Teao maxera. HeoOXoAMMO pelinTh, KaKNWe 3JeMeHThl IOIagyT
B cHenUPUKANIO, a KaKkne OYAYT CKPBITHI B TesJe maxKeTa. MoXKHO TaKKe
HamucaTh 6JI0K Koja, KoTopbli Oracle 6yaeT McOoNb30BATD A MHATAAIA-
3aIliH IaKeTa.

Cneuundukaumsa nakera

B cnenmuduranmuu maxkeTa mepedncIeHbl Bce HOCTYIIHBIE M MCIOJIb30Ba-
HHUS B IPUIOKEHUAX DIeMeHTH TaKeTa, a TaKKe IpuBedeHa Bea nHpopMa-
s, KOoTopasi HeoO0XoaAnuMa pas3paboTUnKy A UCTIOJIb30BAHUSA STUX BIe-
MeHTOB (3Ty HH(MOPMAIIUIO YaCTO HA3LIBAIOT IPOTPAMMHBIM HHTepheiicoMm
npunoxkenns (API — application programming interface)). PaspaboTunux
JOJKEeH HWMETh BO3MOYKHOCTH paboTaTh ¢ »JIeMeHTaMH, NTPUBEeIeHHBIMU
B cuenudpuUKanuu, He o0pamiasch 3a PasbACHeHUAMH 10 UX HCIOJH30Ba-
HUIO K KOLY TeJa maKeTa.

HpI/IBe,ZLEM HEeKOTODPHEIC [IpaBUJa CO3aaHuA CHEIII/I(I)I/IRaIII/II/I maKeTa:
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e Brl MokeTe 0O0BABIATH 5JIeMEHTHl MTPAKTHUYECKH BCEX THUIIOB AAHHBIX:
Yucia, HCKJI0UYe A, TUIE U KOJJIeKIINU, Ha YPOBHE maKeTa (To ecTh He
BHYTPHU KOHKDPETHOH IpoIeAypH UIKU QYHKIINYA TaKeTa). Takue fagHbIe
Ha3BIBAIOTCA OaHHbIMU YposHA narxema. Ilpu sToM cienyer usberaThb
00bABIeHUA IePEeMEHHBIX B IaKeTe, TOrJa KaKk o0hABIeHNe KOHCTAHT
BITOJIHE JOITYCTHMO.

B cnemudukanum (Uu Tere) nakeTa HeJIb3A 060HABIATE KYPCOPHEBIE TIe-
peMeHHbIe (IlepeMeHHbIe, OmpeaedeMble Ha ocHoBe Tmuma REF CURSOR).
KypcopHble nepeMeHHBIE HE MOTYT COXPAHANb C60€ 3HAYEHUE HA IPOTH-
JKeHuu ceanca (B pasgene «JaHHBIe makeTa» ganee B 9TOM ryiase OyaeT
npuBegeHa 6osee moApoOHAS HHAOPMAIUA O IJIUTEILHOCTH CYIIIE€CTBO-
BaHUA AAHHBIX).

e Brl MoKeTe 00BABIATE NPAKTHUYECKHN JI00bIe BUABI CTPYKTYP JaHHBIX,
Takue KaK KOJLJIeKIuu, 3anucy uau Tui REF CURSOR.

e Brl MoXKeTe 00BABIATD B cIeUPUKAINN DaKeTa OPOMeAypPhl U PYHK-
AW, HO YKA3bIBATh MOKHO TOJbKO 3aTr0JOBOK ITPOTPaMMEI (Bce, UTO Ha-
XOAUTCSA BEITITE KJIIOUEBOTO CJI0Ba 1S uiu AS).

¢ Brl MOXKeTe BKJIHUYATH B CIEUMDUKAIIAIO TaKeTa ABHbIe Kypcophl. Bos-
MOJKHBI JBe (POpMBI SBHOTO Kypcopa: oObsABIEHHE 3ampoca MOKeT
BKJIIOYATh B ceba SQL-zampoc, UM 3Ke 3aIpoc MOKeT OBITH COpsATaH
B TeJe TMaKeTa, TOrJa B O0BABIEHWM Kypcopa OyJaeT OpHUCYTCTBOBATH
TOJIBKO IIpenoxkenue RETURN.

e Ecim B cmemudpuKanuy maKeTa o6bABIEHB KaKHe-TO TPONEeAYPHl MU
GYHKIINHN, a TaKKe ecJIU KypcopHas mepeMeHHasA o0baBiaeHa 6e3 SQL-
3armpoca, To Heo6x00umo HaUCATh TeJO maKeTa, B KOTOpoM OYAYT pea-
JTU30BAHBI 9TH SIEMEHTHI KOAA.

e B cnemupuramuio nmakKera MOMKHO BKJIIOUNATH Opeaoxkenne AUTHID, xo-
TOpoe OYAeT ompeAeNsTb, B COOTBETCTBUU C KAKWUMU TPUBUIETHUIMU
paspereHsl T00ble CCHIJIKYA Ha 00HeKTHI: Brafenbia naxera (AUTHID DE-
FINER) mu monbzoBaTeNs, BEI3kIBatoiero naxkeT (AUTHID CURRENT_USER).

¢ Jlocne onepatopa END B cnmenudUKamuu NaKeTa MOKHO IIOMECTUTH He-
003aTeJbHYI0O METKY ¢ UMeHeM IaKeTa, HallpuMep:

END my_package;

PaccMoTpuM 5TH IpaBuja Ha IPUMepe 0YeHb IPOCTOH clemuuKaIuy ma-
KeTa:

1 CREATE OR REPLACE PACKAGE favorites_pkg

2 AUTHID CURRENT_USER

3 18

4 -- Jlee koHcTaHTH. (0OBpaTWTe BHWMaHue Ha TO,
5 -— 4TO WM JaHbl «rOBOpHUME» WUMEHA.
6
7
8
9

¢_chocolate CONSTANT PLS_INTEGER := 16;
¢c_strawberry CONSTANT PLS_INTEGER .= 29;
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10 —— 0ObsSBNEHWE TUNA BAOXEHHOW TabAMLbI

11 TYPE codes_nt IS TABLE OF INTEGER

12

13 -- BroxeHHas Tabnauua oObABNSETCS Ha OCHOBE 3TOr0 Tuna.
14 my_Tavorites codes_nt;

15

16 -- Tun REF CURSOR, BosBpaujampumii wHoopMauve 3 Tabnmus favorites.
17 TYPE fav_info_rct IS REF CURSOR RETURN favorites%ROWTYPE
18

19 -- llpouenypa, koTopas Nofy4aeT CNUCOK NONyNgapHHX TOBApPOB
20 -- (MCNONb3ys ONpefeNeHHbIl paHee TuMN) W BHBOANT

21 -— COOTBETCTBYRWYID WHOOPMALMIO.

22 PROCEDURE show_favorites (list_in IN codes_nt);

23

24 -— OyHKUMS, KOTOpas BO3BpaWaeT BCIC MHOOPMALMID

25 -- u3 Tabnuup favorites o Haubonee nNonNynspHOM 31eMeHTe.
26 FUNCTION most_popular RETURN fav_info_rct

27

28 END favorites_pkg; -- MeTka KoHua nns nakeTta

Kaxk Buaure, cuenudukanusa makeTa no CTpYKType OUeHb IT0X03Ka Ha CeK-
nuto o0basrerani PL/SQL-6moxa. OnHaKO BasKHBIM OTJIHYUEM SBISIETCS
TO, YTO cuenuuUKaUAg DaKeTa He MOKeT COJlepKaTh HUKAaKOT0 Kojla pea-
JTUBAIAA.

Teno nakerta

Temno makeTa COAEPIKUT BeCh KOJ, KOTODHIH HEOOXOAUM AJA peajusanuu
cuenuuranuu nakera. Teso makeTa TpebyeTcs He Bcera, HO OHO 00s3aHO
TIPUCYTCTBOBATH IPU HAJUYNUU XOTA OBl OMHOTO U3 MEePEeUYUCJIeHHBIX Aajee
YCJIOBHUM:

Cneyugurayus naxema codepicum 00sA6J€HUE KYPCOPA C NPEONOHCeHUCH
RETURN
Heob6xoaumo onpeieTUTE B Tese maKeTa omepaTop SELECT.
Cneyugurayus naxema colepxicum o0sa81eHUe NPOUeOYPbl UAL QYHKULUUL
Heob6xoaumo npeAcTaBUTh HOJMHYIO PEaTU3aIl U0 MOAYJIS B TeJle TaKeTa.
Bawm mpebyemes ucnonnernue kofa 6 paszdene UHLULUAAUSAULU Mela NaKema

Conenmuduranus NaKeTa He BKJIIOYAET B ce0s UCTIONHAeMBIH pasaer (uc-
TIOJIHSeMbIe OTIePATOPHl BHYTPH KOHCTPYKITUU BEGIN...END); BBI MOsKeTe
UCOOJIHATH KOJ TOJBKO B Tejle IaKeTa.

ITo cBoeit CTPYKTYDPE€ TeJIO IIaKeTa O4YE€Hb ITOX0XKe Ha OIIpeaesIeHue IIponeay-
PbI, HO IM€eT 1 HEKOTOPbIE OTJIUYUTEIbHBIC 0cobeHHOCTHU:

e Texo maxkera MoOXKeT BKJIOUYATEH B ce0sa pasfesa o0bABIeHUH, NCIOMHSIE-
MBI pasfed W pasfen HCKIOUYeHuii. Pasgen oO0bABIeHUN COMEPIKUAT
IOJHYIO pealnus3arnnio BceX KYPCOPOB U IPOrPaAMM, ONpeAe e HHBIX B CcIIe-
TUPUKATNHN, a TaKKe onpeleeHne JIOObIX IPUBATHRIX 2JIEMEHTOB (He
TPUBEAEHHBIX B cnenuukanuu). IIpu Hanuduu pasaena HHUHATNA3A-
Ouu pasges 00bABIEHUN MOXKET OBITH IYCT.
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Hcnonuaemblit pasgeJ IaKeTa IPUHATO Ha3bIBATH pasaeﬂom uHuuuaau-
3auuu. Ou MoxKeT COmepxaThb Koja, ROTOpBIfI HCIIOJHAETCA IIPU co3ga-
HHHU B C€aHCe 9K3€MILJIApa naxera.l

PaS,Z[e.H HUCKIIOYeHUH OﬁpaﬁaTBIBaET T100BIe HCKJJIHYEHUs, ITOPOXKIAECH-
HbBI€ B pa3jiesyie HHUOHuaJHu3anmun. Ou MoxKeT IIPUCYTCTBOBATH B KOHIIE
IIaKeTa TOJBKO B CJIy4yae HAJINYUA pasjgesyia HHUIUaJIusanmmun.

Teso makera MOXKeT OBITH COCTABIEHO CJIeAYIOIINMHA cmocofaMu: OHO
MO2KeT BKJUATL B cels TOIBKO pas3fgent Oﬁ’bﬂBJIeHHfI, TOJNIBKO HCIIOJI-
HsIeMBbIH pas3gen, HCIIOJIHAEMBIH pasfaes u pasaet HCRJIIOHEHHfI, a TaKxe
pasae Oﬁ’bﬂBJIeHHfI, HUCIIOJIH IeMBbIH pa3fies 1 pasgel HCKJIIOYeHUH.

He paspemiaerca ucnoab3oBaTs npeayoskernue AUTHID B Tene makeTa, OHO
JMOJIXKHO COJIeP:KAaThCA B clienuduKanum. B Tese makeTa MOTYT UCIIOJIb30-
BAaThCs NIO0bIE 00HEKTHI, 00bABIeHHEIE B CIENTU(MDUKAIINHT STOTO TTaKeTa.

Bce mpaBuia u orpaHUYEHUA, CYIIECTBYIONINE I 00HABIEHUA CTPYK-
TYp AAHHBIX YPOBHA HaKeTa, OTHOCATCA KaK K cOHemMupUKANUUA, TaK
U K Teny makera. Hanpumep, sampelneHo o6bABIAT, KYPCOPHEIE Iepe-
MeHHBIE.

ITocne onepatopa END B cmenuduKamuu NaxKeTa MOYKHO IIOMECTUTH He-
003aTeJbHYI0O METKY ¢ UMeHeM IaKeTa, HallpuMep:

END my_package;

Paccmorpum peanuzanuio Tena nakera favorites_pkg:

CREATE OR REPLACE PACKAGE BODY favorites_pkg
1S
-- llpuBaTHas nepemeHHas
g_most_popular  PLS_INTEGER := c¢_strawberry;

-- Peanusauua npouenypsl
PROCEDURE show_favorites (list_in IN codes_nt) IS

BEGIN
FOR indx IN list_in.FIRST .. list_in.LAST
LOOP
DBMS_OQUTPUT. put_line (list_in (indx));
END LOOP;

END show_favorites;

-- Peanusauua GyHkumuu
FUNCTION most_popular RETURN fav_info_rct
1S

retval fav_info_rct;

null_cv fav_info_rct;
BEGIN

OPEN retval FOR

SELECT =

FROM favorites

1

IIpu nmepBoM obpaiienny K nakety. — Ilpumey. Hayu. ped.
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WHERE code = g_most_popular;

RETURN retval
EXCEPTION

WHEN NO_DATA_FOUND THEN RETURN null_cv;
END most_popular

END favorites_pkg; -- MeTka OKOH4YaHws nakeTta

npaBMﬂaBbBOBaBHGMeHTOBnaKeTa

Ha camom AeJie COBEPIIIEHHO HEBAMKHO 3HATh, KAK 3allyCKAaeTCA U UCIIOJHA-
€TCd IIaKeT (B KOHII€ KOHITOB, 3TO IIPOCTO ROHTefIHep AJIA 9JIEMEHTOB RO,Z[a).
I[JIH II0JIB30BAaTEJIA Ba¥XHO 3HATH, KAK 3allyCTUTH U UCIIOJIB30BaTh KOHKDET-
HbI€ 2JIEMEHTEI, KOTOPHBIE€ IIOMEIIEHEI B IIaKET.

Ilaxer ssBIsACTCS BJIaneJbIeM CBOUX 00'5EKTOB TOUHO TAK Ke, KaK TaﬁJII/IIIa -
BJIageJbIeM CBOUX CTOJI6LIOB. YT068I OﬁpaTI/ITBCH K 2JIEMEHTY, OIIPpeAeJIeH-
HOMY B CHEIII/I(I)I/IRaIII/II/I IIageTa, U38He 3TOro riagera, HeoﬁXO,Z[I/IMO YKa3aThb
IIOJIHOE UM4A 2JIEME€HTAa, UCIIOJAb3YdA TOUEUYHYIO HOTAITHuI0. I[aBaf/'ITe paccMoT-
PHUM HECKOJIBKO IIDUMEPOB.

B nanHo# cienudUKaNYU NaKeTa 00bABIIIOTC KOHCTAHTA, NCKIIOUeHHeE,
KYPCOD U HECKOJIbKO MOAYIeH:

CREATE OR REPLACE PACKAGE pets_inc

1S
max_pets_in_facility CONSTANT INTEGER := 120;
pet_is_sick EXCEPTION

CURSOR pet_cur (pet_id in IN pet.id%TYPE) RETURN pet%ROWTYPE

FUNCTION next_pet_shots (pet_id_in IN pet.id%TYPE) RETURN DATE;
PROCEDURE set_schedule (pet_id_in IN pet.id%TYPE);

END pets_inc;

I[JIH CCBIIKY Ha JTO00H U3 5TUX 06HLEKTOB HeoﬁXO,Z[I/IMO HCIIOJIB30BATHh UMA
IIaKeTa B Ka4YecTBe Hpe(pmcca IIepeas UMeHeM 06’LERTa, a HMEHHO:

DECLARE
-- 0ObABNAEM KOHCTAHTY Ha OCHOBe cTonbua id Tabnuus pet.
¢c_pet CONSTANT pet.id%TYPE:.= 1099;
v_next_apppointment DATE;

BEGIN
IF pets_inc.max_pets_in_facility > 100
THEN
OPEN pets_inc.pet_cur (c_pet);
ELSE
v_next_appointment:= pets_inc.next_pet_shots (c_pet);
END TF;
EXCEPTION
WHEN pets_inc.pet_is_sick
THEN

pets_inc.set_schedule (c_pet);
END;
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HO,Z[BITOHCI/IBaH, MOXXHO CKa3aTh, 4YTO CYIIIECTBYIOT ABa IIpaBUJIa MUCIIOJIb30-
BaHHU BJIEMEHTOB IIaKeTa:

4 HpI/I CCBIJIK€ H3BHE (BO BHeNIHeH Hpor‘paMMe) Ha 2JIEMEHT, OIIpeaeJIeH-
HBIH B CHEIII/I(I)I/IRaIII/II/I IIagera, HeoﬁXO,Z[I/IMO HCIIOJIB30BATH TOUYEUYHYIO
HOTAITUIO B (popMaTe uma_rnakera. MMsa_oseMeHTa.

e IIpu cchlIKe BHYTPH NaKeTa (B cOemuUKAIIUN UJIU B TeJe) Ha JIeMEHT
TaKeTa YKasbIBaTh UM NakeTa He o0sasaTenabro; PL/SQL aBToMaTuYe-
CKU UHTEPIPETUDPYET CCHLIKY KaK HApPaBJIeHHYIO HAa BHYTDEeHHUH bie-
MeHT IaKeTa.

JlaHHble nakeTa

I[aHHBIe IIaKeTa nNpeacTaBJIAT coboii IIepeMeHHbI€ U KOHCTAHTHEI, KOTODBIE
OIlipefdesieHbl HA YPpOBHEe naxkema (TO €CTb HE€ BHYTDH KaKoii-To (I)yHRIII/II/I
I IIpoOeayphl HaRETa). O6mnacTbio ,Z[efICTBI/IH AAHHBIX ITaKeTa ABJAETCA
He KaKad-TO OJHa IIporpaMMa, a BeChb IIaKe€T. CprRTypBI AAaHHBIX MTaKeTa
CyOniecTBYIOT (coxpal-tﬂiom c8ou SHGUeHuﬂ) Ha ODPOTAXEHHUHN BCEero ceaHca,
da He TOJIBKO BO BpeMdA UCIIOJITHEHUA O,Z[HOfI IIpOrpaMMEI.

Ecan AaHHBIC IIaKeTa OIIpeAeJIeHbl B TeJle IIaKeTa, TO OHU COXPAaHAKT CBOH
3dHAYeHUA Ha IPOTAXXKEHHNH CeaHCa, HO JOCTYII K HUM pPas3peIIeH TOJbBKO A
2JIEMEHTOB 9TOTI'O ITaKeTa (HpI/IBaTHBIe ,Z[aHHBIe).

Ecnu nanable makeTa onpeAeseHbl B COSU(MUKAIIUY IaKeTa, TO OHU coXpa-
HAIOT CBOU 3HAUEHUA HA NPOTAKEHUHU CeaHCa W HANPAMYIO JOCTYIHEI (KaK
Ha YTeHUe, TaK U Ha 3aMHCh) JI000# mporpamMMe, ob6aafatonieii IpuBuIerne
EXECUTE gnia maEHOTO makeTa (oOIue JaHHBIE).

Ecnm mpomenypa makeTa OTKPBIBAeT KYpPCOD, TO OH OCTAE€TCA OTKPBITHIM
U TOCTYIHBIM Ha MPOTKEeHUH BCero ceanca. HeT HeoOXOAMMOCTH B OTIpefe-
JeHUW Kypcopa B Kakaoii mporpamme. OIWH MOAYJIH MOMKET OTKDPHIBATH
KYpCOp, a APYroil — BEITTONHATE BIOOPKY. KpoMe Toro, TepeMeHHEIe TTaKeTa
MOTYT TIepeJaBaTh JaHHbIE U3 OJHOH TPaH3aKIIUU B IPYTYIO, TaK KaK mepe-
MeHHbIe IPUBSI3aHbBI K CeaHCY, a He K KaK0o#-To onpeeleHHON TpaH3aKITHH.

BblOGoOpKa AaHHbIX

IIporpammser Ha PL/SQL 3anpamiuBaioT nHGOPMAITHIO 13 64361 JaHHBIX IPU
nomomu SQL-onepaTopa SELECT. PL/SQL Ttak TecHO mHTEerpupoBaH ¢ SQL,
YTO BBl MOKeTe UCTONHATH SELECT mpamo B PL/SQL-00Ke, HaTpuMep:

DECLARE
1_employee employee%ROWTYPE
BEGIN
SELECT » INTO 1_employee
FROM employee
WHERE employee_id = 7500;
END;

HcnonbzoBanHBIN B npuMepe onepatop SELECT INTO aBiaAeTcA TpUMEPOM
HeA6H020 KYpcopa U TeMOHCTPUPYET OTUH U3 CIIOCODOB 3aIIpoca JaHHBIX U3
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PL/SQL-6moka. ITonb30BaTeNi0 JOCTYIIHBI CIAEAVIONINAE CIOCOOHI BHITTOIHE-
HU 3ampoca K 6ase JaHHBIX:

Heseruie kypcopbt

IIpocroii onmepaTop SELECT. . . INTO m3BIeKaeT OAHY CTPOKY JaHHBIX HEIIO-
CPeICTBEHHO B MepeMeHHbIe JOKAJNBHOH IporpaMMbl. OTO YAOOHBIH
(u gacTo Hanbogee 3hHEKTUBHEBIH) cI10c00 AOCTYIIa K JaHHBIM, UCIOIb-
30BaHNe KOTOPOTO, OAHAKO, MOKET IPUBOAUTH K HEOOXOIMMOCTH IIO-
BTOPHOTO KOAWPOBaHUS onepaTopa SELECT (MM MOX0KHUX OIEepATOPOB)
B HECKOJBKUX MeCTaX IIPOr'PaMMBEI.

HAanuvie kypcopbt

BrI MoskeTe IBHO 00BABUTEH KYPCOD B pasfesie 00baABIeHUH (JIOKAaJIbHOTO
O0oKa WMIMW makKeTa). B 9TOM ciaydae Kypcop MOXKHO 6yAeT OTKPBHIBATH
U U3BJIEKATh JaHHBbIe B OJHON MW HECKOJbKHUX IPOTPAMMAX, IPUUYEM
BO3MOKHOCTHA KOHTPOJSI OYAYT IMIUpe, 4eM IPHU HUCIOJb30BAHUN HEIB-
HBIX KYPCOPOB.

Kypcopnusie nepemennuie

HomoIHEUTENHLEBIN YPOBEHD I'MOKOCTH 00eCIeYNBAIOT KYPCOPHEIE Iepe-
MeHHBIE (00BbABIeHHEBIE Ha ocHOBe Tuna REF CURSOR), KOTOpHIe IIO3BOJIA-
IOT IIepefaBaTh yrxasametb Ha Pe3yJIbTUPYIOIlee MHOXECTBO, IOJNYYeH-
HOe II0 3aIpOCy, U3 OJHOM mporpaMMEl B Apyryio. Jlro6ada mporpamma,
UMeromaa JOCTYI K TAKON IepeMeHHOMNH, CMOXKeT OTKPBIBATEH U 3aKPHI-
BAThb KYPCOD, a TAKIKe BRIOUPATE U3 HETO JaHHEIE.

Kypcophsie evipasxcenus

IToasusmiueca B Bepcuu Oracle9i Database Boipaskenusa CURSOR mpeo6-
pasyioT oneparop SELECT B ykazarensb (Tuna REF CURSOR) Ha pesynbTu-
pyIoIliee MHOMKECTBO U MOTYT HCIOJb30BATHCSA B COUETAHUM € TAOIWU-
HBEIMH QYHKOUAMHU (0 KOTOPHIX MBI IOTOBOPHUM B TJIaBe 3) AJIS MOBBITIIE-
HUA IPOU3BOAUTEIHHOCTH IIPUJIOKEHUN.

IToapo6HO KypCcOpEl OYAYT pacCMOTPEHEI B TIaBe 2.

TnuyHble onepaunn Hapg sanpocamm

Hna ncnonsenus oneparopa SQL BEyTpu nporpamMmmsel PL/SQL BeinonHAET
OJHU U Te YK€ OIeparuu AJdA BceX THUIIOB KypcopoB. B ogrux caydaax PL/
SQL BBITTOJHAET WX aBTOMATHYECKH, 4 B APYTUX (AJA ABHBIX KYPCODPOB)
TTPOTrPaMMUCTY HEOOXOAUMO HATIUCATEH COOTBETCTBYIONIUH KO/I.

Cunmarxcuieckuil anaaus

ITepBbIM 5TamoM 06paboTKu omepaTopa SQL ABIgeTCA eTo CHHTAKCHYe-
CKUU aHANU3, KOTOPHIHA TPOBOAUTCA [ IPOBEPKU KOPPEKTHOCTHU OTIle-
paTopa U onpelesIeHu A IIJaHa ero BEIIOJIHEeHUA.

Cea3visanue

CBA3pIBaHUME — 5TO COIOCTaBJIeHWEe 3HAYEHUN U3 Ballell IPOTrpaMMBI
(XocT-IepeMeHHbBIX) B3AlOJHUTENAM HCIOJIb3yeMoTo omepaTopa SQL.
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s crarudeckoro SQL Takoe cBA3LIBAHWE BBINOJHAET caMo anpo PL/
SQL. Hna suramMmudeckoro SQL mporpaMMucT, €cjii OH ILJIAHUDPYET UC-
OJb30BATh NepeMeHHBle CBA3LIBAHUA, NOJMKEH SBHO 3alIPOCUTH BHI-
IoJHeHUe 5TOH onepanun.

Omxpoimue

Ilpu OTKPBITUU KYypCOpAa ePEeMeHHBIE CBA3BIBAHUA UCIONBIYIOTCA A
onpefeNeHEUA Pe3yJIbTUDPYIONIEr0 MHOXKecTBa KoMmaHAbl SQL. Ykasza-
TeNb aKTUBHOM (TeKyIieil) CTPOKHM YCTaHABIWBAETCS Ha IEPBOIH CTPOKeE.
B HeKOTODBIX caydYasix sIBHOE OTKPBITHE Kypcopa He TpebyeTcs; dAapo
PL/SQL caMo BRIIOJIHAET 3Ty onlepanuio (HaTpuMep, AJd HeABHBIX Ky D-
COPOB UJIW BCTPOEHHOTO AuHaMudeckoro SQL).

Hcenonnenue

Ha sTane ucnosiHeHNU A 0IepaTOp BHIMIOJMHAETCA BHYTPH Aapa SQL.

Buibopra

Ilpu BRImOSITHEHMHU 3anpoca KoMaHAa FETCH u3BieKaeT cieAyIOIIYIO CTPO-
Ky W3 Pe3yJIbTUPYIONEro MHOMKeCTBa Kypcopa. IIpu Kakaoi BHIOODKe
PL/SQL nepeaBuraeT Kypcop BOepeja Ha OJHY CTPOKY I10 PE3YJIBTUPYIO-
meMy MHOKecTBY. IIpu paboTe ¢ ABHBIMU KypcopaMu CJIeAyeT TIOM-
HATH, UTO B cIydYae, KOTAA CTPOK AJs U3BJIedeHUs OOnbIe HeT, FETCH
HUYEeTO He JAesaeT (He HEUTHHUDPYeT UCKII0UEeHUe).

3axpsvimue

Ha sToM sTane Kypcop 3aKphIBaeTcsd, 0CBOOOKIaeTCA UCIONIb3yeMasa UM
naMaTs. [loce 3aKPBITUA KYPCOD Y3KE HE COJAEPIKUT PEe3YIbTUDPYIOIEe
MHOK€eCTBO. B HEKOTOPHIX caIydasax ABHOE 3aKPHITHE Kypcopa He Tpeby-
ercda, agpo PL/SQL camo BBIIOJHAET BTy onepanuio (Hanpumep, A
HEeABHBIX KYPCOPOB UMW BCTPOEHHOTO AUHaAMuUecKoro SQL).

ATpunbGyTbI KypcopoB

PL/SQL noaaep:xuBaeT paj ampubymos KYpcopos, KOTOPble MOXKHO IpU-
MEeHSATH AJA TOJYyYeHHA UHPOPMAIUNA O COCTOIHUMU Kypcopa (Taba. 1.5).
IIpu monBITKE CCBHIIKHM HA OJWH U3 3TUX aTPUOYTOB AJI Kypcopa, KOTODPHI i
emre He OBLT OTKPBIT, Oracle 00BIYHO MHUOIUUPYET HUCKJI0UeHTe INVALID_

CURSOR.

Tabruua 1.5. Ampubymut Kypcopos

Hmsa Onucanne

%FOUND Boasepamiaet TRUE, ec1i aHHBIe OBLIIM BHIODAHBI, B IPOTHBHOM
ciaydae — FALSE.

%NOTFOUND Boseparaer TRUE, ecau He BRIOPAHO HM OTHOH CTPOKHM, B IIPO-
THBHOM cJydae — FALSE.

%ROWCOUNT BosBpaniaeT KOIHMUeCTBO CTPOK, BRIOPAHHEKIX 13 Kypcopa Ha Te-

KYIIHUH MOMEHT BpEMeHH.
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Hma Onucanne

%ISOPEN Boasspamaet TRUE, ec1n Kypcop OTKPHIT, B IPOTUBHOM CJIydae —
FALSE.

%BULK_ROWCOUNT Bosspaimiaer KoOJMYeCTBO CTPOK, HW3MEHEHHHIX KOMAaHIOH

FORALL, A5 KA I0TO 3JIEMEHTAa KOJNJIEKITHH.

%BULK_EXCEPTIONS | BosepaiaeT nHGOpPMALUIO 00 UCKIIOUEHHHN IJI5 CTPOK, H3Me-
HEeHHBIX KOMaHI0M FORALL, IJIA KA JOTO 9JIEMEeHTAa KOJJIeKITHH .

Yro65I cocTaThes Ha aTPpHOYT Kypcopa, YEaKHATe ero mocje UMeHU Kypco-
pa WU KyPCOPHOH mepeMeHHOH, HHGDOPMAITHIO 0 KOTOPHIX HEOOXOJAHUMO II0-
JTYYUTH. PacCMOTPHUM HECKOJHKO IPHUMEPOB.

e OTKDBIT JIH BCe eIle ABHBIH Kypcop?

DECLARE

CURSOR happiness_cur IS SELECT simple_delights FROM ... ;
BEGIN

OPEN happiness_cur;

IF happiness_cur%ISOPEN THEN ...

e CKOJbKO CTPOK OBLIIO M3BJIEYEHO HESIBHBIM HaKETHBIM SaHpOCOM? (06'
paTUTe BHUMAaHHE, YTO «MME€HEM» KypcoOpa B JaHHOM CJIy4dae ABJAETCA
(<SQL)).)

DECLARE
TYPE id_nt IS TABLE OF department.department_id;
deptnums id_nt;
BEGIN
SELECT department_id
BULK COLLEGT INTO deptnums
FROM department;

DBMS_OUTPUT. PUT_LINE (SQL%BULK_ROWCOUNT);
END;

Br1 mokeTe ccrlnaTheA Ha aTpuOyTH Kypcopa B PL/SQL-koze (kak

_@ 39TO MOKA3aHO B IPUMepax), HO He MOXKETe HUCIIOJb30BATh 3TH ATPH-

4 OyTH BHYTpH onepatopa SQL. Hanpumep, ecau 651 BH HONKITATHUCH

HCIIOJBb30BaTh aTpubyT %ROWCOUNT B mpennoxxenuu WHERE omepaTopa
SELECT, To pe3yabTaT OBLI OBl TAKUM:

SELECT caller_id, company_id
FROM caller WHERE company_id = company_cur%ROWCOUNT;

KOMITHJISITOP BBIIACT COODIIeHHe 006 OITnbKe:

PLS-00229. Attribute expression within SQL expression

HesiBHble Kypcopbl

PL/SQL 06baBIseT HEABHBIH Kypcop U padoTaeT ¢ HUM KaKAbIH pas, Koraa
BHI BeImoarHsieTe DML-onepaTop SQL (INSERT, UPDATE muru DELETE) unu omepa-
Top SELECT INTO, KOTOpPBI# Bo3BpaIaeT OAHY CTPOKY U3 0a3bl JaHHBIX U 3a-
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IUCHIBAET €€ HENOCPEACTBEHHO B cTPYKTYDPY AaHHBIX PL/SQL. Takue Kyp-
COPHI HAa3BIBAIOTCS HeA8HblMU, ToTOMY UTo Oracle HessBHO (aBTOMaTUYeCKH)
BBIINOJIHSAET MHOXKECTBO OINepanuil obCcayKWBaHHASA KYPCOPOB, TAKHAX KakK
BHIIeJIeHHEe IaMsITH KYyPCOPY, OTKPHITHE Kypcopa, BEIGOPKA JaHHBIX W T. 1.

HesaBHaBIH Kypcop — oTo omepaTop SELECT, obnamaroniuii caeIyONIAMHA Xa-
pPaKTepUCTUKAMU:

e QOmnepaTop SELECT Hcmosb3yeTcs B HCIOJNHSIEMOM pasfese 0JI0Ka W, B OT-
JTAYHe OT ABHBIX KYPCOPOB, He 00bABJISIETCS B pasjese o0 bsIBIeHUA.

e 3ampoc BKJOYaeT B cebs npeasoxerne INTO (umu BULK COLLECT INTO mirs
nakeTHoi o0paborku). IIpennoskenue INTO sBIsETCS YAcThIO sI3BIKA
PL/SQL (a 5e SQL) U cIy»KUT MEeXaHU3MOM IepeJadu JaHHBIX U3 0a3bl
JMaHHBIX B JOKAJbHBIE CTPYKTYPHI JaEHBIX PL/SQL.

e He Tpebyercsa oTKpEIBaTh onepaTop SELECT, BEIOUpPATh U3 HEero AaHHBIE
U 3aKpPBIBATH €r'0, BCe 9TO OPOUCXOJUT aBTOMATUYECKHU.

HesaBrbI# Kypcop UMeeT TaKkou opmar:

SELECT crvicok cTonbuos
[BULK COLLECT] INTO crivcok nepemerHux PL/SQL
... 0CTaBWasacsa 4acTe onepatopa SELECT. ..

Oracle BHIDOSHSAET OTKPHITHE HESIBHOTO KYPCOPAa, BEIOOPKY U3 HET'O JaHHBIX
7 3aKPBITHE aBTOMATHYECKH; 9TH NeHCTBUA He NOJKOHTDPOJBHEI IIPOrpaM-
mucTy. OJHAKO BBl MOXKeTe ITOJMYYUTh WHPOPMAITHIO O TOoCTeAHe BBITTOIN-
HeHHO# KoMmaHAe SQL, IpoaHanu3WpOBaB 3HAYEHUsST aTPUOYTOB HESIBHOTO
Kypcopa (00 3TOM MBI IOTOBOPHUM HUIKE B pasfene «ATpUOYTH HeSIBHOTO

Kypcopa SQL»).
& N,
o B nocaenyromnux pasnenax ol HeA6HbLM KYpCOpOM MH OyIeM IOHHU-
"‘:, | MAaTh onepaTtop SELECT INTO, msBiaeKaromuil (MK MBITAIONIUHACA U3~
o :, BJIeUb) OOHY CTPOKY ZaHHHIX. [lo3xke OyZeT pacCMOTPEH OIepaTop

SELECT BULK COLLECT INTO, KOTOpPHIH IT03BOJAAET U3BJIEKATH HECKOJb-
KO CTPOK JAHHHKIX IIOCPEACTBOM OJHOT'0O HEABHOTO Kypcopa.

IIpuBeseM npuMep HESIBHOTO Kypcopa, KOTOPHIA WU3BJIEKAaeT CTPOKY U II0-
MeIllaeT ee B 3alIUCh:

DECLARE
1_bock bock%ROWTYPE
BEGIN
SELECT =
INTO 1_book
FROM book
WHERE isbn = "0-596-00121-5"

OOpaboTka owmnoboK ana HeBHbIX KYpPCOPOB

HesaBHBIN KYypCOD, PearnsyeMblii onepaTopom SELECT, — aTo HeKkoe mogobue
«4ePHOTO ANIUKa». Bel nepenaere koMmauay SQL B 6a3y faHHBIX U HOJIyYae-
Te Has3a] OAHY CTPOKY AaHHBIX. O0 OTAEeNbHBIX ONEepaluaxX, TAKUX KaK OT-
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KpBITHE, U3BJIEUEHNE JaHHBIX U 3aKPbITHUE, BBl HUYETrO He 3HaeTe. Bam Tak-
JKe TpUuaeTcsa UMeTh B BUAY, uTo Oracle aBToMaTHYeCcKU MHUIIUUPYET HC-
KJIIOYeHUA A1 HesIBHOTo Kypcopa SELECT B ciieyIOMUX ABYX CAYYAIX:

¢ 3ampoc He HAXOAUT HU OJHOHN CTPOKH, COOTBETCTBVIOIIEHA €r0 YCIOBU-
am. B sTom cyuae Oracle urunmuupyet uckarodenwme NO_DATA_FOUND.

e Kowmanga SELECT Bo3BpamiaeT HeCKOJIbKO CTPoK. B sToMm cayuae Oracle
UHATUUPYyeT UcKkIogerHne T00_MANY_ROWS.

ATpunOyTbI HesiIBHOro kypcopa SQL

Oracle o6ecneunBaeT BO3ZMOKHOCTD MOJTYUYEHNUA HHPOPMATTHHN O TTOCTeAHEM
BBITOJIHEHHOM HESIBHOM KYPCOPE IMOCPEJCTBOM CCHIJIKU Ha CIleUabHbBIE
aTpubyTH HeABHBIX KYPcopoB (Tadsn. 1.6, B KOTOpo# TaK:Ke OMMUCAHBI 3HA-
YeHUs, BO3BpallaeMble JaHHBIMHU aTpUOyTaMu I HesaBHOro SQL-3ampoca
SELECT INTO). Kypcophl IBIAIOTCS HEABHBIMIU, UMeH y HUX HET, IO3TOMY
a1 uX 0003HAYeHHWA HCIOJb3YeTCA KJIUeBoe clI0BOo «SQL». Heasmble
KYPCODHI TaKkske cozaaTcda nida DML-onepaTopos INSERT, UPDATE u DELETE.

Tabruua 1.6. Ampubymbs. HeA8HLLX KYPCOPO8 U UX 3HAYEHU

HMma Onucanue

SQL%FOUND Bosspamaet TRUE, ecau Orljia BRIOpaHA MM M3MEHEHA OTHA CTPOKA
(MM HECKOJBKO CTPOK IpH padoTe ¢ BULK COLLECT INTO), m FALSE —
B IPOTHBHOM cayuae (B 3ToM cayuae Oracle Takke HHUITUUDPYET HUC-
katoueHue NO_DATA_FOUND).

SQL%NOTFOUND [ Bosspaitaer TRUE, ecau omepatopom DML He 6rIO BHIOPAHO MIAH
M3MeHeHO HU OJHOH CTPOKH, U FALSE — B IPDOTUBHOM cJyUae.

SQL%ROWCOUNT [ BosBpaliiaeT KOJIMYECTBO CTPOK, BBIOPAHHEIX MM H3MeHEHHEIX
KypcopoM. s kypcopa SELECT INTO 6yzeT uMeTh 3HaUeHMe 1, ecau
cTpoka HaiimeHa, m 0, ecau Oracle MHMIIMUDYeT HCKIIOUEHNE
NO_DATA_FOUND.

SQL%ISOPEN Bceerga BosBpamiaet FALSE 11 HeABHEIX KYypPCOPOB, Tak Kak Oracle
OTKDBIBAET U 3aKPHIBAeT HEABHEIE KYPCOPH aBTOMATHYIECKH.

Bce aTpubyTh! HeABHBIX KYPCOPOB Bo3BpamniatoT NULL, ecori HesIBHBIE KYpCO-
PBHI B TEKYINIEM ceaHce He BBITOJHSAJNACH. B IPOTHBHOM cJydae 3HAUEHU
aTpubyToB Bcerjga OTHOCATCA K omepaTopy SQL, BEITOJTHEHHOMY MIOCJHE[T-
HUM, BHE 3aBUCHUMOCTH OT TOTO, B KAKOM 6JI0Ke MU IpoTrpaMMe TaKoii ome-
paTop BHITOJNHSAICS.

fiBHble Kypcopbl

SABHEBIN Kypcop — BTo onepaTop SELECT, KOTOPBIH ABHO OIPEIEJIEH B CEKITUU
00BABIeHUHN KOMA; TAKOMY KYPCOPY IpHcBanuBaeTcsa uMsA. SIBHbIEe KypCOPHI
A onepaTopoB INSERT, UPDATE u DELETE He cosmaroTed.

IIpu paboTe ¢ ABHBIMU KYypCOPaMU NPOTPAMMUCT 00JafaeT TOJMHBIM KOH-
TpoJeM HajJ pasiudHbBIMUA AeiicTrBuamMu PL/SQL, BRINOTHAEMBIMU B XO[€
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U3BIeYeHU nHbDoOpMaIuu U3 6a3bl JaHHBIX. [IporpaMMuCT pertaeT, Koraa
cIenyeT OTKPHITH Kypcop (OPEN), Korga BRIOUpATEH U3 Hero 3amucu (U3 Tabd-
JUIEI UIU TaOJIUT, YKa3aHHBIX B KoMaHe SELECT ganHOT0 Kypcopa), CKOJIb-
KO sammcell m3BJIeKaTh U KOT/Aa 3aKpBIBATh Kypcop (CLOSE). MadDopManuio
0 TeKYIIIEM COCTOAHUN KYypcopa MOMKHO MOJYYHUTH 4Yepe3 ero aTpuOyTHI.
Bo3MOKHOCTE CTOJb TOAPOOHOTO IOSTATHOTO KOHTPOJA OeyaeT SABHBIHN
KYDPCOD He3aMeHUMBIM CPeCTBOM IIPDOIPDAMMUPOBAHUS.

MaBaiiTe pacCMOTPHUM B KadecTBe MpuMepa QYHKIUIO, KOTOPAasd OUpeaes-
eT (4 BO3BpAIIaeT) Ty CTeNeHb 3aBUCTH, KOTOPYIO I UCIBITHIBAI0 K CBOUM
IPY3bIM B 3aBUCUMOCTH OT UX MeCTa *KUTEeNIbCTBA:

1 CREATE OR REPLACE FUNCTION jealousy_level (

2 NAME_IN IN  friends.NAME%TYPE) RETURN NUMBER
3 AS

4 CURSOR jealousy_cur

5 18

6 SELECT location FROM friends

7 WHERE NAME = UPPER (NAME_IN);

8

9 jealousy_rec  jealousy_cur%ROWTYPE;

10 retval NUMBER;

11 BEGIN

12 OPEN jealousy_cur;

13

14 FETCH jealousy_cur INTO jealousy_rec;

15

16 IF jealousy_cur%FOUND

17 THEN

18 IF jealousy_rec.location = "PUERTO RICO"
19 THEN retval := 10;

20 ELSTF jealousy_rec.location = "CHICAGO'
21 THEN retval := 1;

22 END TF;

23 END TF;

24

25 CLOSE jealousy_cur;

26

27 RETURN retval;

28 END;

Orot 6ok PL/SQL BEIIOMHAET cAeAYIONIAe AefiCTBUA HAJ KYPCOPOM:

Crporu | Onucanue

4-7 O06BaBIeHNE Kypcopa.

9 O0BaABIEHHE 3aIIUCH Ha OCHOBE 9TOT0 Kypcopa.
12 OTKpBITHE Kypcopa.

14 Bribopka s Kypcopa 0OLHOM CTPOKH JAHHBIX.

16 IIpoBepka aTpubyTa Kypcopa L4 OIpeZesIeHNA TOT0, HalleHa JI1 CTPOKA.
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Crporu | Onucanue

18-22 | AHanus comepsKUMOro BRIOPAHHOM CTPOKHU IJIs OIlpeneJeHusa YPOBH 3a-
BHCTH.

25 3aKpheITHE Kypcopa.

JI MCcIoNb30BaHUA ABHOTO Kypcopa HeoOX0oAUMO cHadana o0bIBUTE €T0
B pasjene o0baBnenuii Bamero PL/SQL-0s0Ka uiu maxeTa:

CURSOR wms_xypcopa [ ( [ napametp [, napameto ...] ) ]
[ RETURN crneuympukauymsa_sosspata ]
1S SELECT onepatop
[FOR UPDATE [OF [cnucok_cTonbuyos]];

THoe uMA_Kypcopa — UMA Kypcopa, creuudukayus_posppata — Heobsa3aTeIbHOE
opennosxkenue RETURN mist Kypcopa, a SELECT onepatop — n000i KOPPEKT-
Be1i SQL-onmepaTop SELECT. BrI TaksKe MOsKeTe IepeJlaBaTh B Kypcop Iapa-
MeTDbBI, UCIONB3YsS Heo0d3aTeNbHBIH COMCOK mapaMeTpoB. KaK TOJIBKO
Kypcop 00'bABMIEH, BEI MOJKeTe OTKPBIBATH €70 1 BEIGUPATh U3 Hero JaHHbIe.

Oracle moggeps:kuBaeT AJA IBHBIX KYPCOPOB TOT 3Ke HaGOp aTpubyTOB, YTO
U I HeABHBIX KYPCOPOB. S3HAUEHUs, KOTOPHIE aTPUOYTHl ABHBIX KYpCO-
POB MOTYT TIpHOGPETaTh A0 W TOCJE BBLIMOJHEHUSA YKAa3aHHBIX olleparuii
Haja KypcopaMu, OpuBeAeHs! B Tabm. 1.7.

Tabauya 1.7. 3navenus ampubymos A6HbLX KYPCOpoé «00 U noc.ie»
8biN0IHeHUA ONepayull Had Kypcopamu

% FOUND % NOTFOUND| % ISOPEN | % ROWCOUNT
ITepen OPEN Wuanmuupyer- | UEunuupyetca | FALSE Nuanmnmuupyerca

css ORA-01001 |ORA-01001 ORA-01001
ITocae OPEN NULL NULL TRUE 0
ITepen mepBoit | NULL NULL TRUE 0
FETCH
ITocne mepBoit | TRUE FALSE TRUE 1
FETCH
ITepen mocne- | TRUE FALSE TRUE 1
ayiommumMu FETCH
ITocae mocae- TRUE FALSE TRUE 3aBHCHUT OT JaHHKIX
gytomux FETCH
ITepen mocmen- | TRUE FALSE TRUE 3aBHCHUT OT JaHHKIX
He# FETCH
ITocne mocaen- |FALSE TRUE TRUE 3aBHCHUT OT JaHHKIX
He# FETCH
ITepen CLOSE FALSE TRUE TRUE 3aBHCHUT OT JaHHKIX
ITocne CLOSE Hckaouenue Hckmiouenue FALSE Hckaouenue
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BULK COLLECT

B Oracle8i Database mosBuJIOCH HOBOE MOIIHOE CPEACTBO, IOBHIIIAIOIIEE
sbhderTuBHOCTH 3anpocoB B PL/SQL: npexamoxernue BULK COLLECT. Ilpu mo-
Moty BULK COLLECT BRI MOXKeTe M3BJIEeKATH B IBHOM UJIU HESIBHOM 3aIIpoce
HeCKOJbKO CTPOK HAaHHBIX 3a OAHO obpalleHue K 0aze JaHHBIX. McIOIB30-
BagwUe BULK COLLECT yMeHBIIIa€T KOJUYIECTBO IIEPEKIIOYEHUN KOHTEKCTA Me-
sxkay PL/SQL u SQL, TeM caMbIM CHUKAA U3AEPKKU HA U3BJIeUYeHUE AAH-
BbIX. IIpeasoxkeHe UMeeT CIEAYIONIUN CUHTAKCHUC:

. BULK COLLECT INTO wms_konnexkumul, uMa_KOAAGKUWM] . ..

THe uMS_KOAAexUMy — TapaMeTp, Ompeaedionuil Komrrekiuoo. IIpu padore
¢ BULK COLLECT Heob6X0oauMO YIYUTHIBATDH HECKOJIbKO IPABUN U OTPaHUYESH U |

e B Bepcuax, onpexamectsyiomux Oracle9i Database, BULK COLLECT mMoskeT
HUCTIONMB30BAThCA TOJBKO co cratmdecKkuM SQL. B Oracle9i Database
u Oracle Database 10g BULK COLLECT Mo2KeT OpUMEHATHLCA KaK JJIA CTa-
THYECKOTO, TAK U AJA JuHaMU4IecKoro SQL.

e KiraroueBsie cioBa BULK COLLECT MoryT OBITH UCIIONB30BaHBI B JIOGOM U3
cIeqyIOMUX npeasokenuii: SELECT INTO, FETCH INTO z RETURNING INTO.

¢ FKonmexknuu, KOTOPble YKa3kIBaloTCA B npeasoxkeruun BULK COLLECT, mo-
TYT XPaHUTH TOJBKO CKaJApHBIe 3HAUeHUA (CTPOKHU, UMCIa W JaThI).
JApyrumu cioBaMu, HEBO3MOK HO U3BJIEUEHUE CTPOKHU JaHHBIX B 3aIIUChH,
ABJIAOIYIOCA BIeMEHTOM APYTOUd KOJIJIEKIIUU.

e Snpo SQL aBTOMaTUYECKU HHUIUAJIUIUDPYET U PACIINPAET KOJJIEKIIUA,
KOTOpHIe 3ajatoTcsA B npeamnoxxkeraun BULK COLLECT. 3anonHerme HAYUHA-
eTcd ¢ uHAeKca 1, 5JIeMeHTHI BCTaBIAIOTCS MMOcJIea0BaTe IbHO (IIIOTHO),
T100BIe OTIpeiesIeHHbIe paHee 3JIeMeHThI Iepe3alnuchIBAtOTCA.

e MHcnoomnszoBaHUe maKeTHOI BEIGopKU SELECT. . . BULK COLLECT B omepaTope
FORALL mejomyCTHUMO.

¢ B cayuae, ecsiu He BO3BPAIleHO HU OAHOU cTpoku, SELECT. . . BULK COLLECT
He HMHUNMUUDPYeT uckIodenus NO_DATA_FOUND. Bam Heo6xogmmo mpoBe-
PUTH COAEPIKUMOE KOJIJIEKITUY HA IPeAMEeT HAJUUUA B Hel JaHHBIX.

¢ QOnepanua BULK COLLECT mepens HMCIIOMTHEHHWEM 3alpoca AejlaeT NyCcTOH
KOJIJIEKITNIO, 3aJaHHYI0 B npeasokenun INTO. Eciu 3anpoc He Bo3Bpa-
IaeT CTPoK, To MeTod COUNT aToii KommeKuu OyaeT Bo3Bpamarh 0.

OrpaHu4yeHune KonnyecTsa CTpok,
nienekaemsbix npn nomowi BULK COLLECT
I[JIH OTrpaHnu4YeHHns KOJINYEeCTBa CTPOK, N3BJIEKA€MBIX IIDEAJIOKECHUEM BULK

COLLECT ma 6assl JaHHBIX, Oracle moggep:kuBaeT npeairoskerne LIMIT, KoTo-
poe UMeeT TaAKOU CHHTAKCHUC:

FETCH «xypcop BULK COLLECT INTO ... [LIMIT crpoku];

TIe TmapaMeTp CTPOKY MOYKEeT OBITH JIOOBIM JHUTePasoM, IepeMeHHOH MIu
BEIDAsKEHWEM, BO3BpAIaIOIUM Iejioe 3HauYeHHe (B OPOTHBHOM ciydae
Oracle ununuupyet uckiarouernue YALUE_ERROR).
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Hcnoanzopamume LIMIT aia BULK COLLECT upe3BBIYAMHO IIOJI€3HO, TAK KaK II0-
3BOJISIET PETYJNIUPOBATH 00beM TaMATH, UCHOJIb3YeMbIli mporpaMMoi A
00paboTKu AaHHBIX. [IpeAmoNoKUM, HaIlpuMep, YTO Heo6X0AUMO BEIOPATH
u obpadorars 10000 cTpok JaHHBIX. BBl Moxceme ucmonbsoBaTh BULK COL-
LECT assa m3BJIeUYeHUST BCeX STUX CTPOK U 3allOJHEHUS OOJBIIOH KOJIIeK-
nun. OJEAKO TaKoH TOAX0A MOTPedyeT UCIONMb30BaHUA OOJIBIIIOT0 00beMa
maMaATH B riobanbHOH obmactu mpomecca (PGA) mamsoro ceanca. Eciu
STOT KOJ UCIOJHSIETCS HeCKONbKUMH PasHBIMHU MoJabzoBaTedsamMu Oracle,
TO TPOU3BOAUTENbHOCTD MIPUIOKEHUT MOKET OBITh BHAUNTENHHO CHIKEeHA
n3-3a ceonupoBanud PGA.

Paccmorpum dparmMesT Koja, B KOTOPOM npeayiokeHue LIMIT ucnonbayer-
ca B omepaTtope FETCH, mcmosHsSeMOM BHYTPHU IpocToro nmukjga. Q0parturte
BHUMAaHUe, YTO MOCJe BEIOOPKHU JAaHHBIX TPOU3BOAUTCS IPOBEPKAa aTpudy-
Ta $NOTFOUND (¢ TeM 4TOOBI OmpeAesuThb, YAAJI0Ch JH B STOT pPas BHIOPATH
CTPOKH).

DECLARE
CURSOR allrows cur IS SELECT = FROM EMPLOYEE;

TYPE employee_aat IS TABLE OF allrows_cur%ROWTYPE
INDEX BY BINARY_INTEGER;

1_employees employee_aat;
1_row PLS_INTEGER;
BEGIN
OPEN allrows_cur;
LOOP
FETCH allrows_cur BULK COLLECT INTO 1_employees
LIMIT 100;
EXIT WHEN allrows_cur%NOTFOUND;?

-- lpocMOTp Konnexkuuu w 0BpaboTKa AaHHHIX.

1 _row := 1_employees.FIRST,
WHILE (1 row IS NOT NULL)
LOOP
upgrade_employee_status (1_employees(l_row).employee_id);
1 row := 1 employees. NEXT (1 _row);
END LOOP;
END LOOP;

CLOSE allrows_cur;
END;

KypcopHble nepemeHHble n Tunbl REF CURSOR

Kypcopnas nepemennas — 9TO IepeMeHHAasI, YKAZLIBAIOIAA UJIU CCHLIAIO-
mascsa Ha Kypcop. B oTandne oT HeABHOTO Kypcopa, KOTOPHIH ompeAessaeT

1 HcnoabnzoBarue ycaoBua EXIT WHEN allrows_cur%NOTFOUND, ckopee Bcero, mpuBe-
IeT K TOMY, UTO IOCAeTHUH «IIaKeT» CTPOK He OyzeT ob6paboTaH. IIpaBUABLHO OBI-
J10 661 BcIIob30BaTh EXIT WHEN 1_employees. COUNT = 0. — ITpumey. Hay. ped.
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uMs paboudeil o6acTH AJA PE3YJIbTUPYIONIET0 MHOMKECTBA, KYypPCOpHAas Ie-
peMeHHAas ABJIIEeTCs CChIIKOM Ha 5Ty pabouyio 06macTh. SIBHBIN 1 HeSIBHBI
KYPCOPHI ABJAIOTCA CTATUUYECKUMU B TOM CMBICJIE, UTO OHH CBSIBAHBI C KOH-
KPeTHBIMHU 3ampocaMu. KypcopHas Ke mepeMeHHas MOXKeT OTKDPBIBATHCA
I1s1 r060ro0 3ampoca U Jaske AJA HeCKOJNbKUX Pa3HBIX 3aIIPOCOB B PaMKax
UCTIONHEHUA OAHON MTPOTrpaMMBbI.

Ob6bsBneHne Tunos REF CURSOR

15 paGoTHI ¢ KypCOpHOiIT mepeMeHHON Heo6X0AuMO 00bABUTE €€, YTO BhI-
TIOJIHAETCS B ABa dTamna:

1. Cmayasna ciegyeT co3naTh TUI Kypcopa onepaTopoM TYPE.

2. 3areM Ha OCHOBe CO3aHHOTO THUIIA 00HABUTH (DaKTUUECKYIO KYPCOPHYIO
IepeMeHHYIO.

CuHTaKcHUC CO3MAaHUA THUIA KYpcopa, HAa OCHOBE KOTOPOTO OOBABISIETCS
KypCcopHAasa mepeMeHHasd, CAeTYIONHH:

TYPE wma_Tuna_xypcopa 1S REF CURSOR [ RETURN Bo3spawaembisi Tum ],

The umMa_Tuna_xkypcopa — UMs TUIla KypPCopa, a Bo3ppaiaemui_tin — coequdu-
Kammud BO3BPAIllaeMbIX KYDCODHBIM THIIOM AAHHBIX. B KauecTBe B03Bpalae -
MOTO_THNa MOKET UCIOJb30BaThCA Ji00asd CTPYKTYPa JaHHBIX, JOTTYCTUMAs
B 00BIYHOM mpeAsoxkernn RETURN asa Kypcopa, KoTopas ompeiesneHa IIPU
momontu arpubyra %ROWTYPE uim TOCpPeACTBOM CCBHLIIKHM Ha paHee oIpene-
JIeHHBIN TUII 3aMIUCH.

O6paTuTe BHMMaHWEe, YTO Opeaioskenue RETURN B oObaABmeHnuu Tuma REF
CURSOR He siBAsIeTCSa 00a3aTeIbHBIM. JlomycTUMEI 00a TPUBEAEHHBIX Aajee
O0'LABIEHUA:

TYPE company_curtype IS REF CURSOR RETURN company%ROWTYPE;
TYPE generic_curtype IS REF CURSOR;

ITepBasa dgopma obbaBreruss REF CURSOR HaswIiBaeTcsa 06 HABIEHUEM CMLPO20
Munu3upo6aHHOZ0 TUIA, TAK KaK OHO CBA3BIBAET TUI KYPCOPHOU IIEpPEMEH-
HO# ¢ TUTIOM 3amucH (UJIH TUIIOM CTPOKH TA6GJIUNBI) B MOMEHT 06 HABIEHUA.
JIro6as 00baABIeHHEAA TAKUM CIIOCODOM KYPCOPHAS IepeMeHHast MOKeT HUc-
OJILROBATHCA TOJBKO ¢ TeMu KoMauHAaMu SQL U cTpyKTypaMu AaHHBIX
FETCH INTO, KOTOpBIE COOTBETCTBYIOT 3aIJaHHOMY TUNY 3anucu. Ilpeumyrie-
CTBO CTPOTO TUTIU3HUPOBAHHOT0 00hsABIeHuA REF CURSOR saKIfodyaeTcs B TOM,
YTO KOMIIUJISATOD MOJKET O PeleuTh, IPaBUJIbHO I Pa3paboTIYNK yCTaHO-
BUJI COOTBETCTBUE MHCTPYKI U FETCH 114 KypCcOpHOI epeMeHHOU CIIUCKY
3ampoca o6beKTa Kypcopa.

Bropasa ¢opma o6baBnaerus REF CURSOR, B KOTOpO# OTCYTCTBYET IpPeAIoKe-
Hue RETURN, HasbIBaeTca 00bABIEHNUEM C1a00 munu3uposaniozo tumna. Ta-
KOMY THUIIY KYPCOPHOH IIepeMeHHOI He COIOCTaBJIATCA HUKAKUE CTPYK-
TYpHI AaHHBIX. KypcopHEBIE TepeMeHHbIe, 00bABIeHHBIE Ha OCHOBE THUIIOB,
CO3aHHBIX 0€3 UCTIONB30BAHUA IPeAT0oKeHu s RETURN, MOTYT IpUMeHATHCA
6osee rubko. X MOXKHO MCIONB30BATDH AJA JIOOBIX 3alIPOCOB, € JTIOOBIMI
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CTPYKTYPaAMHU BO3BpamaeMblX HaHHBIX, KOTODPbIE MOT'YT USMEHATHCA B X0/1€
HCIIOJIHEHU A O,Z[HOfI U TOH Ke IIpOrpaMMBbI.

Hauunmas ¢ Bepcuu Oracle9i Database moameps:KuBaeTcs TpemonpegeseH-
HBIH caabo TunusupoBamHBIil T REF CURSOR - SYS_REFCURSOR. Temeps HeT
He0OXOMUMOCTH ONpeaesaATh COGCTBEHHBIH cIabo TUNTUSUPOBAHHBIH TH,
MOJKHO BOCIIOJI30BATHCA UMEIOIIMCSH

DECLARE
my_cursor SYS_REFCURSOR;

OO6bsiBNeHne KypCcopHbIX NepemMeHHbIX

CunTarcuc o0'baIBIeHUA KYPCOPHOIH mepeMeHHOH TaKOB:
uMSA_Kypcopa uMs_Tuna_Kypeopa,

THAe uMS_Kypcopa — UM KYDPCODHOMH IepeMeHHOM’, a #Mg_Tuia_xkypcopa — UM
OIlpeflesIeHHOT'O PaHee IOCPEACTBOM onepaTopa TYPE Tuna kypcopa.

PaccMoTpuM npuMep co3JaHUI KYPCOPHOH TepeMeHHO:

DECLARE
/» Co3gaeM TUN Kypcopa ANng CNOPTWMBHLIX aBToOMOOWNen. x/
TYPE sports_car_cur_type IS REF CURSOR RETURN car%ROWTYPE,

/» Co3paeM KypCOPHYID NEPEMEHHYID 15 CNOPTUBHLIX aBTOMOOMNER. «/
sports_car_cur sports_car_cur_type;
BEGIN

END;

OTKpbITUE KYPCOPHbIX NepeMeHHbIX

Brl mprucBanBaeTe 3HadeHne (KYPCOPHBIH 00HEKT) KYPCOPY IPU OTKPBITHU
(OPEN) sToro Kypcopa. CuHTaKcHC TpaguIHOHHOTO omepaTtopa OPEN paspe-
miaeT JJs KYPCOPHBIX IlepeMeHHBIX HCIONbB30BaHUe B npeasoskeHuu FOR
omepaTopa SELECT:

OPEN wmsa_xypcopa FOR onepaTtop_ SELECT;

THe “MS_Kypcopa — 9TO UMA KYPCOPHOU epeMeHHOH, a onepatop_SELECT — aTo
SQL-omepaTop SELECT.

Jna KypCcOpHBIX ITepeMEeHHBIX CTPOTO TUNH3UpoBaHHOTO THUIa REF CURSOR
CTPYKTYpa omepaTopa SELECT (KOMTMYECTBO U TUN JaHHBIX CTOJIOIIOB) MOJMK-
Ha COBMAAATH UMU OBITH COBMECTHUMOM CO CTPYKTYPO#, YKasaHHOH B MHCT-
pyknuu RETURN o6baBIeHMA THUIIA. Eciu ke KypcopHasa mepeMeHHas onpe-
JeJeHa HAa OCHOBe ciabo TunuaumpoBanHoro tuma REF CURSOR, To ee MOKHO
oTKpBIBaTh (OPEN) s mroboro 3ampoca ¢ J1000if CTPYKTYPO#H JaHHBIX.

Bbibopka AaHHbIX U3 KYPCOPHbIX NepeMeHHbIX

Kaxk y:xe roBopunocs, cuHTaKCcUC HHCTPYKIUU FETCH a1 KypcopHO# nepe-
MeHHOI COBIIaJaeT C CHHTAKCUCOM JAJIA CTATUYECKUX KYPCOPOB:
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FETCH wums_xypcopros nepemerHod INTO ums_sanucy;,
FETCH wums_xypcopros nepemerHos INTO umMsa_nepemeHHOH, WMS_NEPeMeHHON . . . ;

Ecnu xypcopHasa nepeMeHHas 00bABJIeHa HA OCHOBE CTPOTO TUITHU3UPOBAH-
goro Ttuna REF CURSOR, To komnunarop PL/SQL npoBepsaeT coOBMECTHMOCTD
CTPYKTYD AaHHBIX, IEPEYUCIEHHBIX IIOCJE KJIHUeBOT0 c1oBa INT0 co CTpYK-
TYpOI 3ampoca, CBA3AHHOTO C KYPCOPHOU IepeMeHHOM!.

Ecnu Ke KypcopHasa mepeMeHHAs OTHOCHUTCS K cJIa00 TUOIHU3UPOBAHHOMY
Tuny REF CURSOR, To koMmnumaTop PL/SQL He MOXKeT BHITTOIHUTD TOT00HYIO
npoBepry. lanAble U3 TaKOH KYPCOPHOI ITEPEMEHHONU MOTYT U3BJIEKATHCHA
B JI00YI0 CTPYKTYDPY AAHHBIX, TAK KaK B MOMEHT CBOEro 00hLABIEHUA TU
Kypcopa He OBLT CBA3AH ¢ TUOOM CTPOKU TA0AuNbl. IIpyM KOMOUIATTHN He-
BOBMOKHO ONIPEIeNIUTh, KaKoil 06beKT Kypcopa (M COOTBETCTBEHHO KOMAaH-
na SQL) 6yaeT mpucBoeH JaHHOH MepeMeHHOH.

CremoBaTeslbHO, TPOBEPKY COBMECTUMOCTH IIPUXOAUTCS BHIIONHATH B IIPO-
mecce ucnosHeHusa FETCH. Ecau mpu 5TOM OKas3bIBaeTcHd, YTO CTPYKTYDHI 3a-
npoca u npeanokeaua INTO me comagaror, To McnoaHAwIIee Aapo PL/
SQL nEHDUNpyeT OpemonpeneieHHOe HcKIodeHnme ROWTYPE_MISMATCH. Cie-
IyeT UMeTh B BUIY, UTO IIpU HeobxXxoAuMocTH (M OpU HAJHUYUU TAaKOH BO3-
moxkHocTH) PL/SQL 6yaeT McIoNb30BaTh HesABHEIE TPe0OpPa3oBaHMA TUIIOB.

N3meHeHue faHHbIX

ITogpobuoe onucanme BosMoskHOCTeH DML-omepaTopos a3b1ka Oracle SQL
BBEIXOJUT 3a PaMKU Hamiedl KEUTW. BHUMaHUIO YuTaTeNel OyaeT Opeaso-
JKeH JIUITh KpaTKuil 0630p ocHOB cuHTaKcuca DML-onepaTopoB, 3aTeM 6y-
IYT PACCMOTPEHEI ClieUaIbHble BOIIPOCHl, CBA3aHHBIE C UCIOJIb30BAHUEM
DML 8 PL/SQL, a umeHHO:

¢ IIpumeps! Bcex onepaTopoB DML
e ATpubyTH KYpPCOPOB AJd onepaTopos DML

¢ Cnenuansable cpeacrtBa PL/SQL nna omeparopoB DML, mampumep
npeanoxxkernne RETURNING

JomomHUTeNbHYI0 HHPOPMATIUIO Bbl CMOKETe TOJYYUTH B JOKYMEHTaIuU
o Oracle unu SQL.

B asrsixe SQL nognep:xuBaroTca Tpu oneparopa DML:
INSERT

BceraBasgeT B TaGIUIY OJHY UJIH HECKOJMBKO HOBBIX CTPOK.
UPDATE

O6HOBISIET 3HAYEHHIS B OJHOM NN HECKOJIBKHX CTOIOIAX CYIIECTBYIO-
el CTPOKU TaGIUITEI.

DELETE

y,[[aJIHET us3 TaﬁJII/IIIBI OOIHY UJIN HECKOJBKO CTPDOK.
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OnepaTtop INSERT

PaccmorpumM cuHTaKCHC ABYX OCHOBHBIX THUIIOB onIepaToOpoB INSERT:
¢ BcraBka OJHOU CTPOKU C ABHO 3aJJaHHBIM CIIUCKOM 3HAYEeHUH.

INSERT INTO Tabnuua [(cTonbeuyl, ctonbeul,
VALUES (3HaveHnel, 3Ha4eHne?,

., cTonbeun)]
., 3Ha4eHmen);

e BcraBka B TaOMUIy OAHON MW HECKOJIBKUX CTPOK, MONYydJaeMbIX B pe-
3yJIbTATE BBINOJHEeHUA omneparopa SELECT ana ogHON MIM HECKOJIBKUX
TaGInII.

INSERT INTO Tabnuua [(cTonbeuyl, ctonbeul,
AS
SELECT .. .;

., cTonbeun)]

HaBaiiTe paccMOTPUM HECKOJBKO IPUMEPOB BBITIOJTHEHUA orepaTopoB INSERT
BEYTpU PL/SQL-610Ka. CHaYasa BCTAaBUM HOBYIO CTPOKY B TabJIHUITYy DOOK.
O6paTuTe BHUMAaHUE, YTO €CJIU YKA3aHbl 3HAUEHUS I BCeX CTOJIOITOB Tab-
JUIEI, TO HET HeOOXOAUMOCTH B IePEUNCICHU N UMEH CTONIOIOB:

BEGIN
INSERT INTO book
VALUES (" 1-56592-335-9",

"Oracle PL/SQL Programming’,
"Reference for PL/SQL developers, ||
"including examples and best practice ™ ||
"recommendations. ',
"Feuerstein, Steven, with Bill Pribyl’,
TO_DATE (" 01-SEP-1997", 'DD-MON-YYYY "),
987);

END;

Mok uoO VKasaTb UMeHa CTOJI6LIOB, a B KauecTBe 3HaAYeHUH 3agaThb He JINTe-
paibl, a IepeMeHHbIe!:

DECLARE
1_isbn book.isbn%TYPE := "1-56592-335-9°
other declarations of local variables
BEGIN
TINSERT INTO books (
isbn, title, summary, author,
date_published, page_count)
VALUES (
1 isbn, 1 _title, 1_summary, 1_author,
1 _date_published, 1_page_count);

OnepaTtop UPDATE

IIpu momotmiu omepaTopa UPDATE MOKHO OOHOBUTH 3HAUEHUS OAHOTO WUJIU
HECKONBbKUX CTOJOIIOB B OJHOH UM HeCKOJbKUX CTPOKax Tabaunsl. Baso-
Basd KOHCTPYKIIUA OllepaTopa TakoBa:
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UPDATE Tabnuya
SET cronbeyl = 3HaqeHuel
[, cTonbey? = aHaveHne?, ... cTonbeuN = 3HaqeHueN]
[WHERE npeanoxeHine WHERET];

ITpegnosxenne WHERE saBIsieTcA HeoOs3aTeIbHBIM: €CIW OHO He 3aJaHO, TO
OOHOBJISIIOTCS BCE CTPOKH TA6GIUIBl. PaccMOTPUM HECKOJIBKO IPHUMEpPOB:

e IIpmBecTHu Bce HA3BaHUA KHUT B TaOJIUIle D0OK K BePXHEMY PETHUCTPY .
UPDATE books SET title = UPPER (title)

¢ 3anycTuUTh IPONEAYDPY, KOTOPasd YAANAET COCTABIAMIIYI0 BDeMEHU U3
JaThl TYOJUKAIINNA KHUT ONpeJeeHHBIX aBTOPOB (MM aBTOPA ABJISIETCS
apryMeHTOM MIPOMeAYPHl) U IPUBOAUT HA3BAHUA STUX KHUT K BEPXHEMY
peructpy. Kax Buaute, omepatop UPDATE MOXKeT MCIOJIB30BATHCA KakK
aBTOHOMHO, Tak 1 BEyTpu PL/SQL-610Ka:

CREATE OR REPLACE PROCEDURE remove_time (

author_in IN VARCHAR?2)
18
BEGIN

UPDATE books

SET title = UPPER (title)
date_published =
TRUNC (date_published)

WHERE author LIKE author_in;

END

OnepaTtop DELETE

OnepaTtop DELETE MOXXHO UCIIOJIB30OBATH AJIA YAAJEHUA OJHON, HECKOJIBKUX
UJIU BCEX CTPOK TAOJIUITHI:

DELETE FROM Tabnuya
[WHERE npeanoxeHne WHERE],

IIpennosxenue WHERE B omepaTope DELETE siBasieTcs HeoOA3aTEIbHBIM: €CIIU
OHO He 3aJIaHO0, TO VAAJNAIOTCS BCe CTPOKH TaOMUIIBI. PaccMOTPUM HECKOIb-
KO IIPUMEDPOB:

e VYnpaneHue BceX KHUT U3 TabJaUIIBI DOOKS:
DELETE FROM books

4 y,[[aJIEHI/Ie us3 TaﬁJII/IIIBI books Bcex KHUT, KOTODBIE OBLIN OHy6JII/IROBaHBI
A0 OHpe,ZLEJIEHHOfl AaThl, U BO3BPAT KOJIMYECTBA YAAJE€HHBIX CTPOK!

CREATE OR REPLACE PROCEDURE remove_books (

date_in IN DATE
removal_count_out  OUT PLS_INTEGER)
I
BEGIN

DELETE FROM books WHERE date_published < date_in;
removal _count_out := SQL%ROWCOUNT;
END;
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Konmeuno, npu paboTe ¢ pealbHBIMU 00bEKTaMU Bee 5TH KoMaHAsl DML cTa-
HOBSTCS CYIIIECTBeHHO 6oJee CIoOKHBIMU. HanpuMep, BBl MOKeTe 00HOBUTD
HECKOJbKO CTOJIOIOB JaHHBIMU, MIOJYUEHHBIMHA B PE3YJIbTATe BBITOJTHEHU
noasamnpoca. Hauunasa ¢ Bepcuu Oracle9i Database Mo:kHO 3aMeHUTH UM
TabIUIEl mabauiHol yHKYUeil, BO3BpAIapIledl pesyIbTUPYIONiee MHO-
2KeCTBO, ¢ KOTODPBIM U OyAeT paboraTs omepaTop DML (cM. Tak:ke riaasy 3).

Oracle mogmep:kuBaeT pAA aTpUOYTOB Kypcopa AJs HEABHBIX KYpPCOPOB,
cTOAMUX 3a onepaTopaMu DML, — oHEEM 6YAyT pacCMOTPEHEI B CIAEAYIONIEM
pasjzee.

ATpnGyTbI KypcopoB gns onepauun DML

Oracle mo3BoJAeT MOMYUYUTEH JOCTYI K HHMOPMAIIUHU O TOCHAeAHeH BHITOIN-
HeHHO# BcTpoeHHOHW KoMmaHIe DML uepes aTpubyThl HEABHBIX KYPCODOB
SQL (oHU cOBIAAAIOT C aTpubyTaMu, IepedrcJIeHHBIMY B Taba. 1.6). 3uage-
HHUs, BO3BpalllaeMble JaHHBIMHU aTpubyTamMu AJda omepaTopoB DML, mpen-
cTaBJeHH B Taba. 1.8.

Tabruua 1.8. Ampubymul Hea8HbLX KYypcopo8 SQL daa onepamopog DML

HMma Onucanue

SQL%FOUND Bosspamaetr TRUE, ecan Obiia MogudHIHpoBaHa (co3gaHa, u3Me-
HeHa WM yaajeHa) 00HA WIH HeCKOJbKO CTPOK.

SQL%NOTFOUND Bosspamaet TRUE, ecan komaugoi DML He 66110 MOZHU(HUITPOBA-
HO HHM OJHOM CTPOKH.

SQL%ROWCOUNT | BogBpaiaeT KOJINUYECTBO CTPOK, MOIUGMHUINPOBAHHEIX KOMAaHI0H
DML.

PaccMoTpuUM OIpUMEDHI HCIIONb30BAHUA aTPUOYTOB HEABHBIX KYPCOPOB.

e MHcoomxnasyeMm arpudyT SQL%FOUND mims1 ompenmesmeHus Toro, obpaboTan au
Ham onepaTop DML ckoabKo-HUOYAL cTpok. IlyeTh, HampuMep, HEKO-
TOPBIif ABTOP BpeMsA OT BpeMeHU MeHsIeT CBOe UM 1 X0UeT, YTOOBI HMeH -
HO 3TO HOBOE MUMf HCIIOJH30BAJIOCh BO BceX ero kuurax. CozgaeM ma-
JeHbKYIO MIPOIEeAYypy, KoTopas 0yAeT 00HOBIATH UMs aBTODPa, a 3aTeM
COOOITIaTh O TOM, OBIIU JIU U3MEeHEeHBl KaKHue-TO CTPOKHM, depes JIoTude-
CKVIO IEPEMEHHYIO:

CREATE OR REPLACE PROCEDURE change_author_name (

old_name_in IN books. author%TYPE,
new_name_in IN books. author%TYPE,
changes_made_out  QUT BOOLEAN)

IS

BEGIN

UPDATE books
SET author = new_name_in
WHERE author = old_name_in;

changes_made_out := SQL%FOUND;
END;
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e MHcoomnazyem aTpudyT SALYROWCOUNT B cayuae, Koraa HeOOXOAMMO OIpe-
JeJUTh TOYHOE KOJHUYECTBO CTPOK, 00paboTaHHBIX omepaTopoM DML.
ITepepaboTaeM TpHUBEAEHHYIO BEHIIIE MPOIMEAYPY HM3MEHEHHUSI UMEHH, C
TeM 4TOOBI 0OHA BO3BpAIiaja 4YyTh 00JbIIe HHMDOPMATTU:

CREATE OR REPLACE PROCEDURE change_author_name (

old_name_in IN books. author%TYPE,
new_name_in IN books. author%TYPE,
rename_count_out  OUT PLS_INTEGER)

IS

BEGIN

UPDATE books
SET author = new_name_in
WHERE author = old_name_in;

rename_count_out := SQL%ROWCOUNT;
END;

DML n obpaboTka UcknoyeHUn

IIpu Bo3HEUKHOBeHU N UcKIoueHUsI B PL/SQL-610ke Oracle He TpousBOAUT
oTMeRY (OTKAT) M3MeHeHUI, BHeCeHHBIX KoMaugamu DML sToro 6ioka.
Br16op noBeseENA IPUTOKEHNUA B HOAOOHOHN CUTYaIlUN OCYIIECTBIALT TOT,
KTO yIpaBJsdeT JOTUKOU TpaH3aKUU NPUIOKEHUI, TO €CTh caM IIporpaM-
muct. IIpu 5ToM He06XOqUMO YUUTHIBATD CIEAVIOINE COOOPaAKEeHNA:

e Ecam Bani 6J0K ABIAETCS aBTOHOMHOH TpaHaakmued (MBI TOTOBOPUM
0 HUX YYTHh T03Ke B DTOH JKe IJIaBe), TO TPU BOSHUKHOBEHUU HUCKJIIOUE-
HUSI Heo0XO0AUMO BRITOMHUTH OTKAT UIU (hUKCATTHUIO N3MeHeHUH (005IY-
HO BBITTOJIHSIETCS OTKAT).

4 I[JIH OTrpaHHu4YeHnuA 06JIaCTH OTKATA MOMKHO UCIONb30BATL MOUKU coxpa-
HEeHUA. I[pyI‘I/IMI/I CJIOBaAMH, MOXHO BBIIIOJHHUTHL OTKAT N3MeHeHUH
BIIJIOTH OO HEROTOpOf/'I TOYKH COXPaHEHUA, COXPaHHUB T€M CaAMBIM 4YacCThb
HSMEHEHHﬁ, BBIIIOJIHEHHEBEIX B PaAMEKaX Ce€aHca (HO,Z[pOﬁHO O TOYKax co-
XPaHeHHUs MBI TAKXKE IIOTOBOPDHUM JaJjiee B STOH I‘JIaBe).

e Ecim mcKIOYeHUWEe PacOpocTpaHAeTcA 3a Ipelesbl CcaMOro BHEITHETO
6s0Ka (TO ecTh 0cTaeTcs HeoOpaboTaHHEBIM), TO B OOJIBIIUHCTBE CPe/ BBI-
nonuerns PL/SQL, rakux rak SQL*Plus, aBToMaTuuecKu IPOU3BO-
auTca 6esycaoBHBIH (unqualified) oTkarT, u Bce ciemanHble paHee U3Me-
HEHU I OTMEHAIOTCS.

NakeTHble onepauuun DML n onepatop FORALL

B Bepcuu Oracle8i Database BosmosxxHOcTHU IO ucnonbzoBaruo DML B PL/
SQL 651711 3HAYUTENIHHO YCOBEPIIIEHCTBOBAHEI 3a CUET MOABIEHUS OlepaTo-
pa FORALL. Omeparop FORALL yraswsiBaeT umcnonudammemy aipy PL/SQL Ha
He0OXOAMMOCTb TTAKeTHOTO CBA3LIBAHUA B KoMaHIe SQL Bcex 5IeMeHTOB
OMHOM UM HECKOJBbKUX KOJJIEKIUH mepeJ WX oTnpaBroi aapy SQL. Ka-
Kas OT 5TOTO MOKeT OBITh mobsa? Bee MBI 3HaeM o ToM, uto PL/SQL TecHO



90

lnasa 1. BeepeHue B PL/SQL

c¢Bs3aH ¢ aapoM SQL 6aser garasix Oracle. PL/SQL — aTo Jyyminii 361K
IporpaMMHUpOBaHusa A 6a3 fanabIX Oracle (qake HecMOTps Ha TO, UTO Te-
mepb BBl MOXKETe, [0 KpaillHel Mepe, TEOPETHUYECKH, UCIIOJIH30BaTh B TeX
JKe [eNaxX U sI3BIK Java).

Ho Takas TecHas mHTerpanusi He o6a3aTeIbHO O03HAYaeT OTCYTCTBHEe Ha-
KJaAHBIX pPacxoJoB npu 3anycke SQL uz PL/SQL-nporpammsel. Koraga mc-
noausomee aapo PL/SQL ob6pabaTsiBaeT 610K K04, OHO HCIONHSIET IPO-
IeypHble KOMaH bl BHYTPHA COOCTBEHHOTO AApa, a KoMaHAB SQL mepecsI-
naet aapy SQL, rie OHM UCIONHAIOTCS, A PE3yIbTaT (IPH HeoOXOJUMOCTH)
Bo3Bpariaercda B aapo PL/SQL.

Ilepegaua ynpasienns oT sapa PL/SQL aapy SQL u o6paTHO Ha3bIBaeTCs
nepex.ioyeHuem Konmekcma. Kaxjaoe Takoe nepeKkJOYeHAe 03HAYAET J10-
TIOJIHATEJIbHBIE U3AEPKKUA. B onpe/leIeHHBIX CUTYaluAX TAKUX MEPEKIII0-
YeHUU MOKeT OBITH 0YeHb MHOTO, UTO CYIIeCTBEHHO CHHIKET MPOU3BOAHU-
TenbHOCTh. B Bepcunu Oracle8i Database mosBnsOTCS ABE BO3MOXKHOCTH
00beJUHEeHNUS HeCKONBbKHUX TePeKJII0OUeHU A KOATEKCTa B OJJHO, TAKUM 00pa-
30M TIOBBIITAA OPOU3BOUTENIFHOCTD IPUTIOKEHUA. Peus ueT 0b onepaTope
FORALL u mpeanosxkenun BULK COLLECT (koTopoe OBIJIO pacCCMOTPEHO paHee).

Ilpu nakeTHOM CBSA3LIBAHUU KOMAaHJLl U Iepejade ee AApy SQL romManja
HUCIONHAETCA OJUH pas AJs KaxKAOro UHJAeKca U3 JuanaszoHa. dpyrumu
CJIOBaMU, BHINIOJHAIOTCA Te Ke KoMauAbsl SQL, HO Bce OHU BBIIOJIHAITCS
B paMKaX OJHOro obpameHusd K aapy SQL, To ecTh IPOUCXOIUT BCETO OTHO
mepeKJIIoYeHNe KOHTeKeTa (puc. 1.4).

figpo PL/SQL finpo SQL

CREATE OR REPLACE PROCEDURE order_books (
isbn_in IN name_varray
new_count_in IN number_varray)

IS

EGIN
FORALL indx IN isbn_in, FIRST ..

HcnonHeHue

isbn_1in. LAST

UPDATE books KOMaHA,
SET page_count =

new_count_1in (indx)

WHERE isbn = isbn_in (index);

SQL

Heckonbko KOMaHy, Ha 0GHOBNEHHE
nepepaiotcs sppy SQL 3a oguH pas

Puc. 1.4. O0no neperniouenue konmerwcma 6 onepamope FORALL

CnHTakcnc onepatopa FORALL

HecmoTps #Ha To 9To omepaTop FORALL BKJIIOYaeT B cebs cxeMy HTepaluu
(B COOTBETCTBUH C KOTOPOH OH mepebUpaeT 5JIeMeHTHl KOJJIEeKIIHH), OH He
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ABJasgerca nuxiaoMm FOR. CrnemoBaTelbHO, B HEeM HeT KJIOUEBBIX cJoB LOOP
u END LOOP. CunTakcuc onepaTopa FORALL TakoB:

FORALL wHaexc _cTpoku IN
[ HuxHas_rpanuua ... BepxHAS_rpannua |
INDICES OF wrpexcupywuas xonnexkuus |
VALUES OF uHpekcupyouas_Konnekums
]
[ SAVE EXCEPTIONS ]
sql_xomarjaa,

rae:
UHABKC_CTPOKY

OnpepenseT KOJMIEKITUIO, SIeMeHTH KOTOPoii 6yaeT mepebupaTs onepa-
Top FORALL.

HUXHASA_rpadiya

Hauanbao0€ 3HaueHUE HHAEKCA (CTpORI/I HJIN 2JIEeMEeHTa ROJIJIERIII/II/I) AJLSA
BBIIIOJIHEHHU A OIIepanu.

BEDXHAS_rpaHmnya

Komeunoe sHauenue HHAEKCA (CTpORI/I I 2JI€eMeHTa ROJIJIERIII/II/I) AJLSA
BBIIIOJIHEHHU A OIIepanu.

sql_xomaraa

Komanga SQL, xoTopas Jo:KHa OBITH BBRINOJHEHA AN KaXKJIOT0 dje-
MeHTa KOJNIeKITUH.

VMHABKCUDYUAas_ KONNEeKUMS

Konnexnua PL/SQL, ucmonbayeMas AJA BEIOOpa WHAEKCOB B CBSI3AH-
HOM MaccuBe, 3aJlaHHOM B SGl_komaHAe. BoBMOXKHOCTb HUCIOJH30BaHUS
omepaTopoB INDICES_OF u VALUES_OF mosaBmiach B Bepcuu Oracle Data-
base 10g.

SAVE EXCEPTIONS

Heobsa3aTenbHOE TpeAioKeHne, KOTOpoe coolbliaeT omepatopy FORALL
0 HeoOXOAUMOCTH 00pabOTKM BCeX CTPOK C COXPaHEeHWEeM BCeX BO3HU-
KaMUX UCKJIYEHUH.

IIpu pabore ¢ FORALL Heo6xX0oaUMO COBMIOAATE CAeAVIOINEe TPaBUIa:

e Temom onepaTopa FORALL gJo:KHA IBAATHCA TOJBKO ogHa KoManga DML:
INSERT, UPDATE mam DELETE.

¢ QOnepatop DML gon:xeH ccbliaTheA Ha BJIeMEHTHI KOJIIEKITUU TOCPEACT-
BOM MepeMeHHOU WHAEKC_CTPOkY, KOTOpadA 3ajaHa B omepartope FORALL.
Q6macTh AeficTBUsS TepeMeHHOH 1HAEKC_CTPOKY OTPAHUUYUBAETCS Omepa-
TopoM FORALL; BEI He MOXKeTe CChLIAThCS Ha Hee H3BHE BTOT0 ollepaTopa.
Oneako o0paTHuTe BHMUMaHUe, YTO BePXHAS U HUKHIS IPAHUIBI KOJ-
JeKIUH He 0643aTeIbHO JOKHBI OXBATHIBATH BCE COMEPIKUMOE KOJJIeK-
quiu.
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e He creayeT o60bABIATH MePEeMEHHYIO #HAEKC cTpokk. OHA 00BABIAETC
HeABHO KaK nepeMeHHad Tumna PLS_INTEGER aapom PL/SQL.

e BepxHaAg W HAKHASA MPAHUIB] TOJMMKHBI 3a4aBaTh JOOYCTUMBINA gHama-
30H IIOCJEA0BATEIbHBIX HOMEDOB UHAEKCOB AJA KOJMEKIUU (KOJIeK-
nwuii), 3aJaHHBIX B KoMauge SQL. [ paspeskeHHON KOMIeKIIUHA OyIeT
CreHepHpPOBaHA CIeAYIOMAasa OMniKAa:

ORA-22160: element at index [3] does not exist

IIpumep Takoii curyanmuum npusefeH B (daiine diffcount.sql, KOTOpHIH
MOXKHO HAWTH Ha Beb-cafiTe KHUTHU.

Tem He Menee Oracle Database 10g moagep:kuBaeT omepaTopsl INDICES
OF u VALUES OF ama paspeskeHHBIX KOJJIEKIUH (B KOTOPHIX HPOMYIIEeHBI
KaKHe-TO BIIeMeHTHI).

¢ B onepaTtope DML Henb3s cchllIaThCsA HA OTAENbHLIE IO KOJIIEKITHH
s3anuceii. [laxke B ciydae, Kor/a IoJie KOJJIEKITUY ABIAETCA KOJJIEKITUueHn
CKAJIAPOB UJIH KOJIeKIInel 60/ee CIOXKHBIX 00BLEKTOB, pPasperieHo CChl-
JaThCsd TOJMBKO HA CTPOKY KOJLIeKITNY menrunkoM. Hanpumep, Tako# Koa:

DECLARE
TYPE employee_aat IS TABLE OF employee%ROWTYPE
INDEX BY PLS_INTEGER
1_employees  employee_aat;
BEGIN
FORALL 1_index IN 1_employees.FIRST .. 1_employees.lAST
INSERT INTO employee (employee id, last_name)
VALUES (1_employees (1_index).employee_id
. 1 _employees (1_index).last_name
)
END;

BBI3OBET IIDU KOMIITHUJISAIINN TAKYVIO OI_T_II/I6RyI

PLS-00436: implementation restriction: cannot reference fields of BULK
In-BIND table of records

e MHagexc saeMeHTa KOJJIeKIIUHU, 3adaHHol B onepaTope DML, He Mmoxker
OBITEH BRIpaskeHUeM. Hanpumep, BBINIOJIHEHE CIEAVIONero pparMeHTa

DECLARE
names name_varray := name_varray ();
BEGIN
FORALL indx IN names.FIRST .. names.LAST
DELETE FROM emp WHERE ename = names(indx+10);
END;

BBI3OBET IOABJEHUE TAKOHN OIMINOKN:

PLS-00430. FORALL iteration variable INDX is not allowed in this context

Mpumepbl FORALL

PaccmoTpuM HECKOJIBKO IPUMEPOB HUCIIOJIB30BaHUSA onepaTopa FORALL:
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Ilepenuniem npomeaypy order_books ¢ mcnonb3oBanmeM FORALL:

CREATE OR REPLACE PROCEDURE order_books (
isbn_in IN name_varray,
new_count_in IN number_varray)

1S
BEGIN
FORALL indx IN isbn_in.FIRST .. isbn_in.LAST
UPDATE books
SET page_count = new_count_in (indx)
WHERE isbn = isbn_in (indx);
END;

Bce usmenenusa 3axkaouyaoTca B 3aMmeHe FOR Ha FORALL u yrajeHUM KJIFO-
4yeBBIX cJI0B LOOP m END LOOP. Ilpu aTom FORALL mepenaeT koman e SQL Bce
CTPOKU, OIpPeEJeJSieHHbIe B ABYX Komneknuax. Ha pwuc. 1.4 moxasaso,
KaK OpTaHU30BaHO UCOOJHEeHNe TOJ00HOH TpoIeAyPHI.

B cregyromem mpumepe 0yaeT moKasaHo, Kak omepaTop DML mosxer
CCBLIIATHCA HA HECKOJIBKO KOJJIEKIuil. Bo3bMeM TpHU KOJIIeKIUU: de-
nial, patient_name m illnesses. IIponEAEKCUPOBAHEI BJIEMEHTHI TOJIBKO
JIBYX MEPBBIX KOJJIEKIIUHA, TAK UTO OTJeJbHEIE BIeMEHTHI 3TUX KOJJIEeK-
Ui 6yayT mepegaHbl 0 HHIEKCY B KarKAyo KoMagay INSERT. Tpersum
cTonboM TabmuUIBl health_coverage sIBIAAETCS KONIEKIHsA, Mepeduc-
IA0INAaa HeKoTophle yeioBuda. Tak rak agpo PL/SQL BrinmonHser ma-
KeTHOe CBA3BIBAHUE TOJBKO JJIf IPOUHIEKCUPOBAHHBIX KOJIEKITUHA, TO
KOJIeKIuA illnesses 6yAeT MeTUKOM IIOMeIlleHa B TPeTHil cToaber Ka-
SKJIOHM BCTaBIAEMOM CTPOKHU:

FORALL indx IN denial.FIRST .. denial.LAST
INSERT INTO health_coverage
VALUES (denial(indx), patient_name(indx), illnesses);:

Hcnonbayem npeanoxerue RETURNING B omepaTope FORALL ass usBiaede-
HHUA MHPOPMAIUU O KasKJI0H oTAerbHON KoMaHae DELETE. CiaegyeT moM-
HUTH, 4TO npegio:kenue RETURNING omepaTopa FORALL JOJIKHO UCIIOIB30-
BaTh BJIOXKeHHOe npeayoxkerue BULK COLLECT INTO («makeTHada» omepa-
U AJIs1 3aTTPOCOB):

CREATE OR REPLACE FUNCTION remove_emps_by_dept (deptlist dlist_t)
RETURN enolist_t
18
enclist enolist_t;
BEGIN
FORALL aDept IN deptlist.FIRST..deptlist.LAST
DELETE FROM emp WHERE deptno IN deptlist(aDept)
RETURNING empno BULK COLLECT INTO enolist;
RETURN enolist;
END;

I/ICHOJIBSYEM HHIOEKCHI, OIIPpEEeJI€EHHEBIE B O,Z[HOfI ROJJIeKIIUK, OJIA OIIpe-
A€JI€eHNA TOr0, KaKHe CTPOKH M3 MAacCCHUBa CBA3BIBAHUA (ROJIJIERIII/II/I, 3a-
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JaHHOH BHYTPHU KOMaHAB SQL) AOKHB HCHOMB30BATHCA AUHAMUYE-
ckuM onepaTopoM INSERT.

FORALL indx IN INDICES OF 1_top_employees
EXECUTE IMMEDIATE
"INSERT INTO ° || 1_table || ~ VALUES (:emp_pky, :new_salary)
USING 1_new_salaries(indx).employee_id,
1 _new _salaries(indx).salary;

YnpasneHue TpaH3akumsamu B PL/SQL

Kax u cremoBaiio o:KUAATh, peIdnuonHasn 6asa fanasix Oracle moggepsxu-
BaeT OYeHH MOIIHBIA W HaAEKHBIH MexaHU3M TpaHzakumuii. Kox Bamiero
TIPUJIOKEHU OTIPeessieT, U3 4ero OyAeT COCTOATh MPAH3AKYUSL — JIOTHYe-
cKas eIUHUIIA paboThHI, Pe3yIbTAT KOTOPOH cOXpaHAeTCA IPU TOMOIIH OTle-
paropa COMMIT unu ormeHsaeTca oneparopoM ROLLBACK. Tparsaknusa HeABHO
HaymMHAETCA ¢ IIepBoro onepaTopa SQL, BEIIOJIHEHHOTO IOCJe TOCTIeAHETO
omepaTopa COMMIT marm ROLLBACK (mou ¢ Havyasa ceaHca), UM IPOJOIIKAETC
mocre ROLLBACK TO SAVEPOINT.

PL/SQL comep:kuT paj oepaTOpPOB AJA YIPABJIEHUA TPAHBAKIIUAMHA:
COMMIT

CoxpaHfAeT Bce M3MeHEHUdA, cAeJaHHBIE IOCJE MOCJeAHEHN omepamuu
COMMIT marm ROLLBACK, u ocBo6GoKAaET BCe OJIOKHUPOBKH.

ROLLBACK
OTmMeHseT Bce UBMEHEHUS, cAeIaHHbIe IToCe MocaeqHel onepamun COM-
MIT mam ROLLBACK, 1 ocBODOXK AAeT Bee OIIOKHUPOBKU.

ROLLBACK TO SAVEPOINT

OrmMmeHsIeT Bce HN3ME€HEeHUsA, CAECJIaHHBI€ II0CJIe YCTaHOBKH yRaSaHHOfI
TOYKH COXPaHEeHUusd, 1 OCBOﬁOHC,Z[aET 6JIORI/IPOBRI/I, KOTODEIE OBLIN ycra-
HOBJIEHBI B JAHHOM (I)paI‘MEHTe Kozaa.

SAVEPOINT

YcramaBiuBaer TOYKY COXPaHE€HUA, KOTOpad s3aTeM IIO3BOJIUT BBIIIOJ-
HATH YaCTUYHBIN OTKAT.

SET TRANSACTION

ITosBonsieT HauaTh ceaHc! B peXHuMe «TOJBKO AJIA YTEHHUA» NN «IJd
YTeHHUs 1 3allUCHU», 3a4aThb YPOBE€HDb U30JIAINKMNA UJIX COIIOCTABUTH TEKY-
I_T_Iefl TPpaH3aKIINK OHpe,Z[eJIEHHBIfl CErMEeHT OTKarTa.

LOCK TABLE

ITo3BonsieT 3a0IOKUPOBATH BCIO TaOMUIY 0as3hl JAHHBIX B ONIPeAeIeHHOM
peskuMe. I[103BOJISIET H3MEHUTH OOBIYHO IPUMEHIEMYI0 K TabIUIle ycTa-
HOBKY IO YMOJYaHUIO — OJJOKUPOBKY Ha YPOBHE CTPOK.

1 Ha camoM JeJie He ceaHC, a KOHKPETHYIO TpaH3aKnuw. — [Ipumey. nayu. ped.
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B nmocnegyromux pazgesnax Mbl paccMoTpuM omepaTophl COMMIT u ROLLBACK,
a TaksKe asmonomubie mpanzarxyuu PL/SQL.

OnepaTtop COMMIT

Brinonmnerue oneparopa COMMIT mesaeT MOCTOAHHBIMU N3MeHeHM I, BHECEH-
Hble BAIlIUM CeaHcoM B 6a3y JaHHBIX B PAMKAX TeKyIie# Tpansakmnuu. Ilo-
cie BeImoJHeHusa COMMIT (bukcanuu TpaH3AKIIUN) CAeaHHbIe BAMH U3Me-
HeHHUs CTAHYT BUAMMBIMHU AJs APYTUX ceaHCOB U moabizoBareneir Oracle.
CunTakcuc oneparopa COMMIT:

COMMIT [WORK] [COMMENT TexcT];

KrroueBoe cioBo WIRK ABIsieTca HeobsI3aTeIbLHBIM U MOMKET UCIOJIb30BATh-
CdA AJIA YIAYUINIEeHNA YUTaeMOCTH.

KirroueBoe cioBo COMMENT cory»KHUT AJIA BBOJAa KOMMEHTAPUA, OTHOCAIIETOCA
K TeKyIleil TpaH3aKMuu. TeKCT KOMMeHTapUA AOJIKEH MIPEeJACTABIATE CO-
001 3aKJIIOYEHHBIH B KaBBIYKU JUTePaa AJUHOH He 6oiee 50 CHMBOJIOB.
KomvMeHTapuii 06BIYHO HMCIONb3YyeTCA AJA PacupeesleHHBIX TpPaH3aKIui
U MOXKET OKal3aThCsA IMOJEe3HBIM IIDU UCCIEAOBAHUYN U Pa3pelleHUun COMHU-
TeJbHBIX TPaH3aKIUU npu AByxdassoi durcanum. KomMmeHTapuii xpa-
HUTCA B CJI0Bape JaHHBIX BMECTe C UAeHTU(DUKATOPOM TPaH3aKIIUU.

Cremyer IOMHUTE, 4TO GUKCATUA TPAH3aKIIUU O0CBOOOKJaeT J00bIe 0JI0-
KUPOBKU CTPOK W TabIWUIl, YCTaHOBJIEHHBIE BANIUM CeaHCOM, HaOpHUMeED,
nnsa komasaael SELECT FOR UPDATE. Kpome Toro, yaansamwTca BCe TOYKHU COXPa-
HeHUs:A, yCTAaHOBJIEeHHEIe ocie nociaeaHeii omepamuu COMMIT i ROLLBACK.

IToce Toro Kak usMeHeHHU 3adpuKrcupoBaHsl (COMMIT), UX yiKe HEBO3ZMOMK-
HO OTMeHUTH Ipu noMontu onepaTopa ROLLBACK.

HpI/IBe,Z[EM HEeCKOJIBKO IIPDUMEPOB KOPPEKTHOI'O UCIIOJB30BaAHUA OIIepaTopa
COMMIT:

COMMIT;
COMMIT WORK;
COMMIT COMMENT 'maintaining account balance’.

OnepaTtop ROLLBACK

IIpu BeinoEeHMHU onepaTopa ROLLBACK oTMeHSAIOTCA BCe UJIN HEKOTOPHIE U3~
MeHeHUsA, BHeCEHHBIEe BAllIUM ceancoM B 6a3y JaHHBIX B PAMKaXxX TeKyIieH
TpaHzaknuu. llodueMy MOXKeT BO3HUKHYTH sKeJlaHUE OTMEHUTH N3MeHe-
Hua? Yro xacaerca SQL, omepaTop ROLLBACK obecmeumBaeT BO3MOKHOCTD
HUCTIPaBIeHNUA BOBMOKHBIX OITUO0K, HaIpUMeD:

DELETE FROM orders;

«OQ HeT, I XOTeN YIAJUTh TONHKO T€ 3aKasbl, KOTODPbIe OBLIH CAENAHBI A0
maa 1995 rogallly Her mpobiem — mpocTo BeimomauTe ROLLBACK. C TouKM
3peHUA KOAUPOBAHUS IPUIOMKeHUSI cMblca ROLLBACK B ToM, YTO OH IIO3BO-
JIsieT TPU BOBHUKHOBEHHUH MPOOJIEeMBI BEDHYTHCS B MCXOAHOE COCTOSIHUE —
HA4YaTh BCE «C YUCTOTO JIUCTA» .
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CurTakcuc onepaTopa ROLLBACK:
ROLLBACK [WORK] [TO [SAVEPOINT] wmmsa_TO4Yku_COXDAHEHHS];

MoskHO mcmonbzoBaTh onepaTop ROLLBACK B ogHOM M3 ABYX PEKUMOB: 0e3
YKa3aHUA IapaMeTPOB UJIHU C IpeAsoKeHHeM [0, YKa3hIBAIOIIUM TOUKY CO-
XpaHeHusd, J0 KOTOPOH cieayeT OTKATUTH usMeHeHuA. ROLLBACK 6e3 mapa-
METPOB OTMEHSAET BCe U3MeHeHUs, BHECEHHEIe B paMKaX TPaH3aKITUU.

®opwma ROLLBACK TO mo3BosIsieT OTMEHUTH BCe M3MEHEHHUA U OCBOGOIUTD BCe
OJIOKUPOBKH, CAeJaHHBIE TOCTE TOT0, KaK OblJIa yCTAHOBJIEeHA TOYKA cOXpa-
HeHUS ¢ METKOM umMa_To4ky_coxpareqys (00 yeTaHOBKE TOUEK COXPaHeHUd Oy-
JIeT moaApoOHOo paccKasaHo B CIeAYIONeM pasaesel, ToCBANIeHHOM OIlepaTo-
Py SAVEPOINT).

ITapameTp umMa_TOo4ky_COxpaHeHds — BTO HeOoObABIAEMBIH HIeHTHUDHUKATOD
Oracle, KOTODBII He MOXKeT OBITH HU JIUTEPAJTIOM (3aKJIIOYeHHBEIM B KaBBIU-
KH), HU UMEeHEeM IIepeMeHHOH.

JonycTuMBI Bce HUKeINlePEeUUCIeHHRBIe IPUMePhl UcTorb3oBaHEuA ROLLBACK:

ROLLBACK;
ROLLBACK WORK;
ROLLBACK TO begin_cleanup;

HpI/I BBIIIOJITHEHHUH OTKATa A0 OHpeILEJIEHHOﬁ TOYKH COXPAaHEHHUA BCE TOUKH
COXpPaHeHUusd, YCTAHOBJIEHHBIEC [TOCJTIE TOYKH C MEeTKOH MMA_TOHKM_CcoxpaHeHnsd,
VAAIATCA, HO caMa 2Ta TOYKa OCTaeTcCd. To ecTs BBI CMOKeTe BO30OHO-
BHUTH CBOIO TPAH3aKIIHUIO C ,Z[aHHOI;'I TOYKHX U IIPpHA HeoﬁXO,Z[I/IMOCTI/I CHOBa OT-
KaTUTb U3ME€HEHUA J0 STOU TOUYKU IIPDU BOBHUKHOBEHHUN ,Z[pyI‘OfI OMIuOKN.

PL/SQL HeABHO reHepUpyeT TOUYKY COXPaHEHUS HEIOCPEeACTBEHHO Mepej
BBITOJIHEHHWEeM ollepaTopa INSERT, UPDATE uau DELETE. 1 B caydyae HeyqauHO-
ro ucnoJaHeHEUuda onepaTopa DML oTkaT usMeHeHUl aBTOMaTUYECKH OCYIIe-
CTBJISIETCS A0 TAHHOHN HesIBHOM TOUYKM coxpaHenusd. Takum odbpasom, oTMe-
HAETCA TOJBKO nocyaeauuii oneparop DML.

ABTOHOMHbIe TpaH3aKUuNnN

Onpepensasa PL/SQL-610% (aHOHUMHBIH OJI0K, TIPOIeaypy, OYHKITNIO, TIa-
KeTHYIO IPOIeaypPy, DaKeTHYI0 QYHKITNIO, TPUTTED 0a3hbl JTaHHBIX) KaK a6-
MOHOMHYI0 MPAH3AKYUI0, BB U30JIUPYETE B 5TOM On1oKe KoMagasl DML ot
KOHTeKCTa TpPaH3aKIIUHU BHI3HIBAOIETO NpUIoKeHuA. Takoil 60K cTaHo-
BUTCA HE3aBUCUMOU TpaH3aKIMeH, KOTOpad 3anycKaeTcd ApYyTroi TpaH3aK-
mueii, HasbIBAeMOH 2/1a6H0il IO OTHOIIIEHUIO K JaHHOM.

Bo BpeMsa BHIIOJHEHU GJIOKA aBTOHOMHOMN TpaH3aKIIUU TJIaBHAS TPaH3aK-
IS TPHUOCTaHABIUBaeTcsa. Bl BeITOMHAeTe SQL-onepanuu, GUKCUpyeTe UX
UJIU OTKATHIBAETE, 3aTeM BO30OHOBIAETE TJIABHYIO TpaH3aKkIuo (puc. 1.5).

1 CHoBa omu0OKa B OpUTHHAJEe KHUTH. Takoro pasgena HeT. — Ilpumey. nepes.
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nasxas Tpansaxyms (I'T)

;gocedure add_emp(...) [T HawMHaeTes
BEGIN ABroHoMHas TpaH3axuus (AT)

UPDATE ...;

PDATE ...; i

gAVEPOINT Tl T NPMOCTaHABIMBAETCA ;gOCEDURE write_log(...)

INSERT ...; PRAGMA

COMNIT; A AUTONOMOUS_TRANSACTION
EXCEPTION BEGIN

WHEN OTHERS INSERT INTO log

THEN VALUES ( # AT HauuHaeTcn

ROLLBACK TO start_add; code, text,
write-log ( > USER, SYSDATE
SQLCODE, SQLERRM); );
END; COMMIT:
, END;
_-\\ \I AT saxaHymBaeTcs
|
[T 3aKkaH4uBaeTes
I'T Boso6HoBAstETCH

Puc. 1.5. Ilepedaua ynpagnenus mexdy e1a8HOIL U ABMOHOMHOIL MPAHIAKYUAMU

Onpenenuts PL/SQL-610K KaKk aBTOHOMHYIO TPaH3aKIIWI0 HECJIOMKHO:
B pasaes o6bABIeHUH BKIOYaeTCs AUPEKTUBA:

PRAGMA AUTONOMOUS_TRANSACTION;

JlanHaa AUpeKTHBa yKaselBaeT KoMnuaaTopy PL/SQL, uro ciemgyer ompe-
nenuTh 6710k PL/SQL Kak aBTOHOMHBIH (He3aBUCUMBIH). CleqyIoniue BUABI
PL/SQL-6710K0B MOTYT GBITE OTIpeieIeHb] KAK ABTOHOMHAS TPAH3aKITH:

e AwnonumHble 6;10ku PL/SQL BepxHero ypoBHs (HO He BIOKEHHEIE)

e OYHKNIWAH W OPOIEAYPHI, OIpeleeHHbBIe BHYTPH MaKeTa MJIHU SIBJSIIO-
I Hrecs: CAMOCTOATENILHBIMA TPOrPaMMaMHA

e MeToas! (GYHKITHHA U OPOIEAYPHI) 00beKTHOTO TUTIA
e Tpurrepsl 6a3bl JaHHBIX

JupeKTHBa aBTOHOMHOHN TPaH3aKIIAH MOXKET PasMeIlaThes B 1000 yacTu
pasgena oObaBIeHHH KoHKpeTHOoTo PL/SQL-6mora. Oanaxo, BepoOsATHO,
JIy4ITie BCeTO MOMECTHUTH ee mepel 00bABIeHUSIMH BCEX CTPYKTYD AAaHHBIX.
B sTOoM caydae m060i IPOTPAMMMUCT, YATAIOMAN Ball KO, cpa3y »Ke ompe-
JIeJIUT, YTO IPOTrpaMMa OpeAcTaBiaeT coboii aBTOHOMHYIO TPaH3aKITHIO.

ManHas IUpeKTUBA — eIHHCTBeHHOE A0GaBJeHHe B CUHTAKCHUC sI3bIKa, MO-
TpeGoBaBMIIeecs AJs MOAAEPKKHA aBTOHOMHBIX Tpaua3aknuil B PL/SQL. COM-
MIT, ROLLBACK, xomamasl DML ucooansoBanuch U panee. OgqHaKO OpHA HC-
IOJIHEHUHW BHYTPHU aBTOHOMHOM TPAHB3aKIIHHU 3TU ONEePATOPHI UMEIOT APY-
Iy 006/acTh AeHCTBUS W BUAMUMOCTH; HEOOXOAHUMO SIBHO BKJIIOYHATL COMMIT
uau ROLLBACK B ¢cBOIO IporpaMmy.
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Tpurrepbl 6a3bl AAHHbIX

Tpuzzepsb: 6a3bl TaHHBIX — 9TO UMEHOBaHHBIE DJIEMEHTHI TPOTPAMMEI, KOTO-
pble UCIOJHSIOTCS B OTBET HA HACTYIJIeHNE KaKUX-TO COORITUH B Oase maH-
HbIX. TpUrrepsl MOTYT OBITH CBA3AHBI C YETHIPHMS PA3JIHUYHBIMI BUIAMI
COOBITHIA:

Onepamops. DML

Tpurreps: DML MoryT 3anycKaTbcs TPU BCTABKe, OOHOBJICHUH UJIH YAA-
JeHUU 3amuch TabJIUIbI. OTH TPUTTEPHl MOTYT HCIOMb30BATHCS IS
OTpPOBEPKU MAAHHBIX, YCTAHOBKU 3HAYEHUU MO YMOJYAHUIO, OTCIEKUBA-
HUA UBMeHEeHUU U AaKe 3anpernieHnsa HeKoTopbix DML-onepanuii.

Onepamops. DDL

Tpurreps: DDL zanyckaroTca npu BeinonHEeHuu Komana DDL, manpu-
Mep Opu cosfganuu Tabaunsl. OHU MOTYT 00eclIeYnBaTh OTCIEKUBAHNIE
BBITTOJIHAEMBIX JA€HCTBUH W 3ampernaTh BBITOJHEHWE HEKOTODBIX KO-
magg DDL.

Cobvimus 6a3vt 0AHHbLX

Tpurreps! cobbITH# 0a3bl JAHHBIX 3alyCKAIOTCS OPU 3alycKe M OCTa-
HOBKe 0a3bl JaHHBIX, IPU MOAKJIIOUYEHUH U OTKJIIOYeHUH TOJIH30BATEIA
WU TIpU Bo3HUKHOBeHUHU omubru Oracle. Haumnas ¢ Bepcuu Oracle8i
Database 5Tu TpUTTepHl HO3BOJAIOT OTCHAEKUBATH aKTHUBHOCTH B 6Gase
JaHHBIX.

INSTEAD OF

Tpurrepsl INSTEAD OF (3aMeriatoriye TPUTTEPHI) ABISAIOTCA, IO CYTH, alb-
TepEaTuBoil Tpurrepam DML. OHu zanmyckarmTcd mepej BBIIIOJIHEHUEM
BCTaBKU, OOHOBJIEHUS UJIH VIAJTEHU, IPU STOM UX KOJA YKAas3hIBAaeT, YTO
crenyer nenaTb BMecTo 3Tux DML-onmepamuii. Tpurrepsr INSTEAD OF
YOPaBIAIOT ONEePanuAMU HaJ MTPeACTABICHUIMU, a He HaA TabJauaMu.
OHM MOTYT HUCHOJB30BATHCS AN TOTO, YTOOHI CeIaTh HEOOHOBJISIEMOE
TIpeAcTaBIeHe OOHOBISIEMBIM U JJISI TOTO, YTOOBI U3MEHUTH IOBeAeHUe
00HOBIAEMBIX TIpeAcTaBiaeHuii. [lamee Mbl He OyAeM FOBOPUTH 00 3THUX
TPUTTEPax, TaK KaK 3TO 0cobas TeMa, TpeOyIoIasa cepbe3Hor0 U3YIeH U

Tpurrepsi DML

Tpurreps! A3bIKa MaHUTyaupoBanua AanusIMu (Data Manipulation Lan-
guage — DML) samyckatoTcsd TpPH BCTaBKe, OOHOBIEHUU WU YAaTeHUU
CTPOK B OIIpeleIeHHOHN Tabaue. ITo caMblil pacIPOCTPAHEeHHBIH TUII TPUT-
repoB, 0co0eHHO cpeau pPas3paboTyMKOB (OCTANBHBIMHU THIAMU TPUTTEPOB
B OCHOBHOM TOJIB3YIOTCA afMUHUCTPATOPHI 0a3 AaHHBIX).

CymecTByeT MHOKECTBO BADUAHTOB UCHOJAb30BaHuA Tpurrepos DML. Oru
MOTYT 3alIYCKATHCA M0 UJIU IIOCJe BBINOJHeHUA oneparopa DML, a Takske
M0 WUAU mocye 00paboTKM KasKAOW CTPOKM BHYTPU KoMaHABI. Tpurreps
DML moryT 3anycKaThCcA IIPU BRINOJIHEHUU oiepaTopoB INSERT, UPDATE, DE-
LETE, a TaKke UX KOMOUHAITUI.
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YyacTue B TpaH3aKLUAX

IIo ymosmuanuo Tpurrepsl DML npmHEHMAaoT ydacTHe B TPAH3AKIIHUAX, U3
KOTODBIX OHH 3aNlyCKAIOTCA, TO €CTh:

e Ecmm TPHUITEP HHUHIOHHUDPYET HUCKJIKYEHHE, TO COOTBETCTBYIOIIAsA 4acThb
TPaH3aKIIHHA 6y,11e'1‘ OTME€HEHa.

e FEciu TpUITEp caM BBINOJHAET KaKkue-TO onepaTtopsl DML (manpumep,
BCTaBJISET 3alUCh B JKYPHAJIBHYIO TAOJIHUITY), TO TAKHE onepaTopsl DML
CTaHOBATCA YACTHIO IJIaBHOU TPAH3aKIIUHU.

e Bayrpu tpurrepa DML Henb354 ucnonbs308aTh onepaTopbl COMMIT u ROLL-

BACK.
& N,

s OaHako ecau Bol onpefaenasere Tpurrep DML kak aBTOHOMHYIO TpaH-
LA 3aKIIHIO, TO JI00ble KOMaHIs DML, mucnonHAeMble BHYTPU TPUTTE-
LY

8 :, pa, OYAYT COXPAHEHH WJIH OTMEHEHH IIOCPEICTBOM ABHO HCIOJIb30-

BaHHOTO omnepaTtopa COMMIT mam ROLLBACK, mpu sToM riaBHaA TpaH-
3aKIUA 3aTParuBaThCA He OyIeT.

B nocneayromiux pasgenax 6yaeT ooucaHo cosganne Tpurrepa DML, onmca-
HBI pas3JIUuIHbIE SJIEMEHTHI OIIpeAeIeHAs TPUTrTepa, a TaKKe PacCMOTpPeH IPH-
Mep, UCIOJB3YIONHA MHOTHMe KOMIIOHEHTHI H BO3MOXKHOCTHA Tpurrepos DML.

CoszpaHue Tpurrepa DML

HUcnonpayiiTe AN co3ganusa (AIU mepecosganusi) Tpurrepa DML crenyro-
Y0 KOHCTPYKITHIO:

CREATE [OR REPLACE] TRIGGER wuma_Tpurrepa

{BEFORE | AFTER}

{INSERT | DELETE | UPDATE | UPDATE OF crimcox_cTonbuyos} ON wwmsa_ Tabnuis
[FOR EACH ROW]

[WHEN (.. .)]

[DECLARE ... ]

BEGIN

WCIIONHAGMWE ONEpATORH . . .
[EXCEPTION ... ]
END [ums-Tpurrepal:

O W o~ O AW =

—

Onucanue 5JeMeHTOB 00'bIBICHHAST IIPDABEJECHO B TaﬁJII/IIIe!

Crpoxu | Onucanune

1 CoofmiaeT 0 TOM, UTO CO3IAETCSA TPUTTED ¢ YKa3aHHKIM uMeHeM. IIpenno-
skeHHe OR REPLACE siBnsAeTcs HeobA3aTeIbHRIM. Ecau Tpurrep yixe cyime-
cTByeT, a REPLACE oTcyTcTByeT, TO HONBITKA CO3JaTh TPDUITED 3aHOBO IIPH-
BeleT K BOSHUKHOBeHMIo o6k ORA-4081. CoBnageHye nMeH, HATIPU-
Mep TaOJIUIIK U TPUITEpA (MJIH IPOIEAYPH M TPUITEPA), TEOPETUUECKH
paspelIeHo, HO Mbl pEKOMEHIYeM BO3AePIKAThCA OT TAKUX COBIAIeHUH BO
n30erKaHKe Iy TAHHUIIH.

2 YrasriBaeT, ZOJIKEH JHU TPUITEP 3amycKaTbesa o (BEFORE) mam mocie
(AFTER) TOTO, KakK 00padoTaHa KOMAaHa UK CTPOKA.
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VYkaseIBaeT, K Kakomy omnepatopy DML 6yaeT npuMeHAThCA TpUrTep: IN-
SERT, UPDATE mam DELETE. O6paTuTe BHUMaHue, 4TO UPDATE MOMKET UCIIOIb-
30BAThCA KaK [JA IeJ0il 3alMCH, TaK ¥ IJA Pa3IejeHHOTO 3aNATEIMH
cuucka cToabnoB. CToa0IB MOKHO KOMOMHUPOBATH (IpK momoItu OR) u
YKas3kRIBAaTh B JI000M HopAnKe. B cTpoke 3 Tak:ke ykasaHa TabauIa, ¢ Ko-
TOopo¥ paboTaer Tpurrep. Mmeiite B BUAY, uTO JA1060# Tpurrep DML mo-
JKeT 06pabaThIBATh TOJIBKO OAHY TabaUILy.

Hanuuwe npenmoxxenusa FOR EACH ROW o3HauaeT, UTO TPUITEp OyIET 3amyc-
KaTbheA IId KamI0M CTpOKH, obpabaTeiBaeMo¥ KomaHaok. Ecau nannoe
IpeIaoKeHNe OTCYTCTBYET, TO II0 YMOJUAHUIO TPUITEP 3alycKaeTcda
TOJBKO OAWH pPas AJA TaHHOM KOMAaHIBI (TPUITED YPOBHA KOMaHIbI).

Heo6azaTensHoe npennoxkenne WHEN, KOTOPOe MO3BOJISAET ONPEREIUTE J0-
THUECKOE YCJI0BHUE, IO3BONAIOIIee KM30eKaTh HEHYKHOTO HCIOJTHEHUS
TPHUTTEDA.

Heo6asaTenbHbl#i pasaen o0bABISHUNH aHOHUMHOTO 0JIOKA, COCTABAAIO-
11ero Koj Tpurrepa. Ecau BaM He HYKHO OOBABAATH JOKAJIbHBIE Iepe-
MEeHHBIE, TO B 3TOM KJIOUEBOM CJ0Be HeT HeobxogumocTu. meiiTe B BU-
Iy, UTO HU NMPHU KAKHX YCIOBHAX He ClAeAyeT O0BABAATH IICEBAO3aINCH
NEW 11 OLD: 3TO genaeTcs aBTOMATHUECKH.

HcenonnaeMblit paszgea Tpurrepa. SBastercss 00A3aTEABHBIM M AOJIMKEH
BKJIOYATH B ce0s X0TA ObI OJHUH OoIIepaTop.

Heo06azaTensHR pasien UCKIIOUeHN. 31ech OYAYT IEPEXBATHIBATHCS
¥ 06pabaTHIBAThCA JI00BIEe MCKIIOUEHNA, OPOKIA€MbIe B HCIOIHAEMOM
paszgeie.

O6asaTeabHBIN onepaTop END ausa Tpurrepa. ITocae KaioueBoro caosa END
MOKHO AJA HaTJAZHOCTH YKa3aTh UMA 3aKaHUKWBAIOIIerocsAa TPUITepa.

PaccMmoTpuM HECKOJIBKO IPUMEDPOB UCIIONIB30BaEUA TpuUrrepos DML:

e XoTesoch OB UMETH YBEPEHHOCTH B TOM, UTO IIPU A06aBIeHUHN TAHHBIX
HOBOTO COTPYAHUKA NN U3MeHeHU N NHGOPMAIIHUH O COTPYAHUKE BBITION -
HSIOTCS BCce HeoOXoquMble npoBepku. O6paTuTe BHUMaHWe, YTO B ATOM
TPUTTEPe YPOBHA CTPOK HeoOXOAMMEIe MOJs IceBao3anucu NEW mepeaa-
IOTCS OTAENHHBIM IPOTPAMMAM TTPOBEPKU:

CREATE OR REPLACE TRIGGER validate_employee_changes

AFTER INSERT OR UPDATE
ON employee
FOR EACH ROW

BEGIN

check_age (:NEW.date_of_birth);
check_resume (:NEW.resume);

END;

e Crepyromuii Tpurrep BEFORE INSERT ocyIecTBIAET AYAUT AT TaOIUIIEI
ceo_compensation. asa coxpaHeHHs HOBOH CTPOKH 0e3 H3MeHEHUA
«BHemIHel» (MIaBHOM) TpaH3aKIIUU TPUTTED HoJaraeTcsd Ha QPYHKITHO-
HaJbHOCTH aBTOHOMHBIX TpaHusaknuii Oracle8i Database:
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CREATE OR REPLACE TRIGGER bef_ins_ceoc_comp
AFTER INSERT
ON ceo_compensation
FOR EACH ROW
DECLARE
PRAGMA AUTONOMOUS_TRANSACTION
BEGIN
INSERT INTO cec_comp_history
VALUES (:NEW.name,
:0LD. compensation, :NEW.compensation
"AFTER INSERT ', SYSDATE)
COMMIT;
END

MpepnoxeHne WHEN

HcnonwpayiiTe npennoxxernne WHEN s yTOYHEHUS YCJIOBUU BHINOJHEHHUS
KoJa Tpurrepa. B crejaymolneM nOpumepe npejioxxkernue WHEN mosBoiserT
o0ecIeYuTh UCITOJTHEeHNWE KOJIa TPUTTePa TOJMBKO IPH U3MEHEeHUU BeTHYAHBI
3apaboTHON niaTH (salary):

CREATE OR REPLACE TRIGGER check_raise
AFTER UPDATE OF salary
ON employee
FOR EACH ROwW
WHEN  (OLD.salary != NEW.salary) OR
(OLD.salary IS NULL AND MEW.salary IS NOT NULL) OR
(OLD.salary IS NOT NULL AND NEW.salary IS NULL)
BEGIN

JpyruMu cjaoBaMu, €CJH IIOJIb30BaTesb BBEINONHAET KoMaHAy UPDATE misa
CTPOKH, W IO KAKOHW-TO NPUYMHE 3HAYEHHUE 3aPILJIaTHl OCTAeTCA HEU3MEH-
HBIM, TO TPUTTED AOJKEH 3alyCTUTHCA, U OH 3aIIyCTUTCS, HO Bedb B AeHcCT-
BUTeNbHOCTH HcnonHenue PL/SQL-Koja Tesa TpUrrepa Ipu 3TOM He Tpe-
oyerca. Ecau BB yKaKeTe COOTBETCTBYIOINEE YCJIOBWE B IPENIOKeHHH
WHEN, BaM yaacTcs n306eKaTh pacXoJ0B, CBA3aHHBIX ¢ HEHYKHBIM HCIIOJIHE-
aueMm PL/SQL-6m1oxa Tpurrepa.

v

a8 . ., .,
[ Daitn genwhen.sp Ha Beb-caiiTe 3TOM KHHUTH COAEPIKUT IPOLEAYDY,
l:, KoTopadA hopMupyeT npeaaoxenue WHEN 114 IpoBEPKH OTIANYUA HO-
() 3
w ﬁ_., BOTO 3HAUEHHUA OT CTApOTO.

B 6oapmuHCTBE cydaeB Openokenue WHEN cchliaeTcs Ha DOJIsI IceBA0O3a-
nuceit 0LD u NEW, Kak U B paccMOTpeHHOM npumepe. OHAKO MOXXHO HalHU-
caTh KOJ, KOTOPBIH OyAeT BHI3BIBATH BCTPOEHHEBIE QYHKIIHHU. B caeayonieM
mpuMepe npeanoxkenne WHEN ucmoabayer SYSDATE aus1 Toro, 4ToOBI OTpaHU-
YUTH BpeMs UCIIOJHeHU:A Tpurrepa INSERT nepuogom ¢ 9 gacos yTpa a0 5 ya-
COB Bedepa:

CREATE OR REPLACE TRIGGER valid when clause
BEFORE INSERT ON frame
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FOR EACH ROW
WHEN ( TO_CHAR(SYSDATE, "HH24") BETWEEN 9 AND 17 )

MceBposanncn NEW n OLD

Ilpu 3anycke TpUrrepa ypoBHA CTPOKU ucnoaHALINee aapo PL/SQL cosaa-
€T 1 3aM0JHSET ABe CTPYKTYDHI JaHHBIX, KOTOPBIe padoTaT MoJ00HO 3aTIH-
caM. Ito mceBposanucu NEW u 0LD (TpucTaBKa «IceBA0» 00BICHAETCA TEM,
YTO OHU 00JaJaloT He BCEMHU CBOMCTBaAMH HacToaNux sanuceii PL/SQL).
0LD XxpaHUT HaudaJbHBIe 3HAUEHUS 3alUCH, 00pabaThbIBaeMON TPUTTEPOM,
a NEW — HOBBIE 3HAUEHUA. OTHU 3alIUCU UMEIOT TAKYIO K€ CTPYKTYPY, KaK 3a-
nuch, 00bABIeHHAS TPU ToMOIMU aTpubyra ¥ROWTYPE Ha ocHOBe TabOJIHUIBI,
K KOTOPOU OTHOCUTCS TPUTTED.

ITpu pabore ¢ meceBgosanucsamu NEW i LD Heo6X0AUMO YUUTHIBATH HECKOIb-
KO IpaBUI:

Hmna TpurrepoB, oTHocAIMXCcA K KomMaggam INSERT, crpykTypa OLD He
COJePIKUT HUKAKUX JAaHHBIX, «CTAPOTO» Habopa 3HaUYeHUH He cyujecm-
eyem.

JIs TpUTTEpPOB, OTHOCAINIUXCSA K KoMaHgaM UPDATE, 3amomHAOTCA 06€
cTPpYKTYPHI: 0LD u NEW. 0LD comepsKUT UCXOAHbIe 3HAUYEeHUA (0 OOHOBIE-
HHU), a NEW — Te 3HaUYeHHUs, KOTOPHIE MOJYUYUT CTPOKA MOCJE BBHITIOJIHE-
HUSI O0OHOBIEHUS.

Hma TpurrepoB, oTHOcAIMXCcA K KomMaHgam DELETE, cTrpykTypa NEW He
COIEPsKUT HUKAKUX JaHHBIX, BeJb PeUb UIeT 00 yIaleHUN 3alUCH.

HNzmeneHne 3HaueHU noseil cTpyKTYpH! 0LD 3amperero, MOMNBITKA Ta-
KOT0 HU3MeHEeHUs TPHBeAET K BO3HHKHOBeHHMI0 omubku ORA-04085.
HNs3menenue sHaueHUH noell cTpYKTYPEI NEW donycmunmo.

CrpyrTypa NEW mnu OLD He MOKeT mepefiaBaThcsA KaK ITapaMeTp THUIIa 3a-
Ouch B OpoLeAypy WiIu (PYHKIOUIO, BBI3BIBAEMYI0O BHYTPH TPHUITEepA.
Mo:xkHO mepegaBaTh TOJBKO OTAEJbHBIE IIOJA IIceBaozanuceii. B daiine
gentrigrec.sp Ha BeO-caiiTe 5TOM KHHUIe IPUBeAeHa IporpaMmMma, GopMu-
pymoImias KoJ, KOTOpRIH nepenaeTr 3HadyeHud NEW u 0LD 3aniucaM, KOTOpEIe
yoKe mMozym nepefaBaThCcA KaK IapaMeTpPBhI.

IIpu ccbinke Ha cTpYKTYypy NEW mam OLD BHYTpHM aHOHMMHOTO OJOKA
Tpurrepal! Heo6XoAUMO TIPEIBAPATH COOTBETCTBYIOMINE KIOYEBBIE CJIO-
Ba ABOETOUYUEM, HaIpUMeDp:

IF :NEW.salary > 10000 THEN. ..

BrinonHeHUe onepanuii ypoBHSA 3aUCH AidA cTPYKTYD NEW u OLD He moa-
neps:xkuBaeTrcsa. Hanpumep, T0A00HBI# KO BEIZOBET OMTHUOKY TP KOMITH-
JIAIUY TPULTepa:

BEGIN :new := NULL; END;

O'-IeBI/I,ZLHO, HNMEeeTCs B BUAY CEKIIUS NCIIOJIHEHNA TPpUI'TEPpa. — Hpumeu. Haylt.pea.
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OnpepeneHne DML-pgencreus BHyTpUu Tpurrepa

Oracle npexamaraeTr Habop GYHKIUH (Ha3bIBAEMBIX TAKIKE ONEPAYUOHHBLMU
Jupexmueéamu), KOTOPbIe TTO3BOJAIOT ONpeAeIuTh, Kakoe DML-geiicTBue
BBI3BAJIO 3alyCK TeKYyIIlero rpurrepa. Kaxaas taxas QyHKIIHS Bo3Bpamia-
eT TRUE mom FALSE.

INSERTING
Bosspamntaet TRUE, eciu Tpurrep 6617 3ayIleH B OTBET HA BCTABKY B Tab-
JUIY, ¢ KOTOPO# CBABAH TPUTTeDP, U FALSE — B IDOTUBHOM caydae.
LUPDATING

Bosspamntaet TRUE, ecoru Tpurrep 051 3amyINeH B OTBET Ha 00HOBJIeHUE
TaOJIUIBI, ¢ KOTOPOH CBA3AH TPUTTED, U FALSE — B TPOTHUBHOM CJayYae.

DELETING

Bosspamntaet TRUE, eciu Tpurrep 6B 3aIyINleH B OTBET Ha yAaJleHUE U3
TaOJIUIBI, ¢ KOTOPOH CBA3AH TPUTTED, U FALSE — B TPOTHUBHOM CJayYae.

HUcmonbaysa 5TH TUPEKTUBBI, MOKHO CO3JaTh OAUH OOIUI TPUTTED, KOTO-
pHIf O6yAeT 00bLeAUHATH AeHCTBUS, HeOOXOAUMBIE AJS PA3THUYHBIX BUIOB
onepamnui.

Tpurrepsi DDL

Oracle mo3BosAET OIPEAEIUTE TPUTTEDPHI, KOTOPBIE OYAYT 3aNyCKATHCS B OT-
BeT Ha HMCOoJHeHHUe omepaTopoB s3bika DDL (Data Definition Language —
SA3BIK OMpefiesieHud JaHEBIX). [TompocTy roBops, onepaTop DDL — aTo sto-
60ii ormepaTop SQL, McIoIb3yeMBIH AJA CO3AAHUSA NN U3MEHEeHUT 00heKTa
0as3pl HAHHBIX, TAKOTO KaK Tabiamma uUnu uHAeKc. [IpuBeAeM HECKONbKO
npuMepoB onepaTopoB DDL:

e CREATE TABLE
e ALTER INDEX
e DROP TRIGGER

Kaxk bl 13 5THX 0IIepaTOPOB IPUBOAUT K CO3JAHUI0, U3MEHEeHUIO UIX YAa-
JeHNIo 00 beKkTa 0a3bl JaHHBIX.

CuHTaKCHUC CO3JaHNUA TAKUX TPUITEPOB IPAaKTUYECKN COBIAAAET C CHHTAK-
CHCOM cOo3AanusA Tpurrepos DML, oTnuyne MTUIH B 3a0YCKAIOMTHUX UX CO-
OBITUAX U B TOM, 4TO Tpurrepsl DDL He TpUMeHAIOTCA K OTAENILHBIM Tab-
JTUTaM.

CozpaHue Tpurrepa DDL

Haa cosgmamusa (unum mepecosmanusa) Tpurrepa DDL ucmonb3yiiTe TaKyio

KOHCTPYKITHIO:
1 CREATE [OR REPLACE] TRIGGER ums_Tpurrepa
2 {BEFORE | AFTER } {DDL-cobuTue} ON {DATABASE | SCHEMA}
3 [WHEN (...)]
4 DECLARE
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5
6
7
8

END;
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Coob111aeT 0 TOM, UTO CO3JAeTCA TPUTTED ¢ YKazaHHRIM uMeHeM. [Ipenno-
skeHUe OR REPLACE aBnseTca HeoOa3aTeabHBIM. Ho ecam Tpurrep y:xe cy-
mecTByeT, a REPLACE oTcyTcTByeT, TO MONMBITKA CO34aTh TPUITED 3aHOBO
IpUBeAET K BOSHUKHOBEHUIO cTapoil 106poii omuoku ORA-4081.

9To OUeHB BarkHadA cTpoka. OHa OIperessaeT, JOAKEH JHU TPUITED 3aIyC-
KaThcA JO, IOCJe MJIH BMECTO oupeneneHHOT0 DDL-cobmTHA®, a TaKKe
IOJIKeH JIM OH 3allyCKAThCA AJA BCeX ollepanuii Hax 6a30i TaHHBIX WIH
TOJBKO B paMKaX TeKylieil cxembl. MImeiitTe B BunY, uTo onmusa INSTEAD OF
IocTymHa ToabKo B Bepcuu Oracle9i Release 1 u Brite.

Heo6azaTensHoe npennoxkernne WHEN, KOTOpPOe MO3BOJISAET ONPEREIUTE J0-
THKY, IT03BOJIAIOIYIO H30eKAaTh HEHYKHOTO HCIIOJIHEHU A TPUITEepAa.

B stux ctpokax npuBogutca PL/SQL-comep:xuMoe TpUTTEDA.

INSTEAD OF megomycTumo B Tpurrepax DDL. — ITpumey. nayy. ped.

PaccMoTpuM mpuMep TPUTTEPAa, BHIMOJIHIOIIETO POJb HeOOYUEeHHOTO WH-
dopMaTopa-«raanaTasa» , 00bABIIIONIET0 O CO3TaHUU BCeX 00HEKTOB:

/* Oaiin Ha Beb-caiTe: uninformed_town_crier.sgl «/

sQL>
2
3
4
5
6

CREATE OR REPLACE TRIGGER town_crier
AFTER CREATE ON SCHEMA
BEGIN
DBMS_OUTPUT.PUT_LINE('I believe you have created something! ');
END;
/

Trigger created.

Tpurrepbl

coObITNN B6a3bl JAaHHbIX

Tpurreps! coOBITHH 6a3B1 JAHHBIX 3alyCKAIOTCA IPHU BOBHUKHOBEHHH CO-
OBITHU Ha YpOBHe 0as3bl AaHHBIX. CyIIecTBYeT OsaTh TPUTTEePOB cOoOBITH Oa-
35 JAHHBIX:

STARTUP

3amyckaeTrcs IpH 3amycKe 6a35bl JAHHBIX.
SHUTDOWN

3amyckaeTrcs TPy HOPMAaJIbHOM OCTaHOBKE 6a35bl JAHHBIX.
SERVERERROR

3anyckaeTrcsa Ipu BosHUKHOBeHUU onmuOKu Oracle.

LOGON

3anyckaeTrcs Ipu OTKpEITHY ceanca Oracle.
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LOGOFF
3amyckaeTcs Ipu HOPMAaJIbHOM 3aBepIiieHuu ceanca Oracle.

AgMuHEACTpaTOpPE 6a35I JAHHBIX Cpasdy o0paTAT BHHUMAHKWE HA TO, YTO 5TU
TPUTTEPhl IPEeACTABASIIOT cO00H BeJINKOJEIIHOe CPeJACTBO aBTOMATU3AIIAN
mpoIecca afMUHUCTPHUPOBAHMUS 0as3bl JaHHBIX U obecledeHUs AeTAIBLHOTO
KOHTpOJIs HaJ 6a30# JaHHBIX.

Co3zpaHune Tpurrepa cobbiTua 6asbl AaHHbIX

CuHTaKCHUC, UCIIOJIB3YEMBIH AJIA CO3JaHUA TAKOTO TPUITEPAa, OUYeHb MOX0XK
Ha CHHTaKcuc cozganua rpurrepa DDL:

1 CREATE [OR REPLACE] TRIGGER wms_Tpurrepa

2 {BEFORE | AFTER} {cobuwtue_6ass_nparHeix} ON {DATABASE | SCHEMA}
3 DECLARE

4 06bsaBReHNE NepEeMEHHbIX

5 BEGIN

6 ... Kod. ..

7 END;

CymrecTByeT pAJ OrpaEUYeHNH, HAKJIAAbIBAeMbBIX Ha NCIOJIb30BaHIE aTPH-
6yToB BEFORE u AFTER gis ompefeleHHBIX cobbITUM. HexoTophble cUTyanuu
OIpeaCTaBIAITCS IPOCTO OECCMEBICTIEHHBIMMU:

He 6vt6aem mpuzzepoe BEFORE STARTUP

HMaske ecnu OB TaKOW TPUTTED U MOKHO OBIIO OBI CO37aTh, KOTZa OBl OH
sanyckaicsa? ITombITKa co3aHUsa TPUTTePa TAKOTO BUa IPUBOIUT K TI0-
SABJIEHUIO OYEBUIHOTO COODOIIEH U 06 OTITHnoKe:

ORA-30500: database open triggers and server error triggers
cannot have BEFORE type

He 6vi6aem mpuzzepoe AFTER SHUTDOWN

Onars-Taku, Korjga Obl TAKOHU TpUTTEp MOT 3anyckaTbea? IToneITKY coa-
JaHNs TAKOTO TPUITEepa OTBEPTalOTCS C BbIJadell cJaeAVIONero coodiie-
Husa 00 omudKe:

ORA-30501: instance shutdown triggers cannot have AFTER type

He 6vt6aem mpuzzepoe BEFORE LOGON

14 peamusanuy TaKUX TPUTTEPOB TOTPe6oOBaICsA 6B KAKOH-TO YpEe3BHI-
yaifiHoO MpOHUIIATEeNbHEIH Ko: «Ciaymaii, MEe KasKeTcs, KTO-To codupa-
eTcd TOAKIIOUNTHCA: AaBali-Ka clenaeM 4To-HUOyAb!» . Byayuu peanu-
croM, Oracle He To3BOMAET CO3AaBaTh TaKWe TPUTTEPHI, BhIAaBas c000-
mieHue 00 omuOKe:

ORA-30508: client logon triggers cannot have BEFORE type
He 6vt6aem mpuzzepoe AFTER LOGOFF

«Her, mosxkanyiicta, Bepuuchk! ToabKo He oTKIOUaiics!».. ITonsITKH
CO3JaHUs BTHUX TPUITEPOB 3aBePIIAOTCA HNOABJIEHUEM CJIeIYIONIero co-
oOIIeHn:
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ORA-30509: client logoff triggers cannot have AFTER type
He 6vieaem mpuzzepoe BEFORE SERVERERROR

ITomo6ubIit Tpurrep 6611 661 MeuTON Kaskaoro nporpammucra!l ToJbKo
IpeAcTaBbTe cede, YTo OBITI0 6B BOZMOKHO TAKOE:

CREATE OR REPLACE TRIGGER BEFORE_SERVERERROR

BEFORE SERVERERROR ON DATABASE

BEGIN
diagnose_impending_error;
fix_error_condition;
continue_as_if_nothing_happened;

END

HO, K COXXaJIEHHUI, HAIlIK MEYTEI IIPEePhIBaeT COOﬁLT_IeHI/IeI

ORA-30500: database open triggers and server error triggers
cannot have BEFORE type

AnHamuyeckun SQL n auHammnyeckun PL/SQL

Hunamuuecxuit SQL nogpasymeBaeT moj coboii Te onepaTopsl SQL, xoro-
pble HOPMUDPYIOTCA W HUCHOJHAIOTCA BO BpeMdA HUCIOJHEHUA IPOrPaMMBEI.
TepMur «AUHAMUYECKUI» — AHTOHUM JAJIA TepDMUHA «cTaTUdecKuii». Cma-
muieckuil SQL — sro onepaTtopsl SQL, KoTophle GUKCUPYIOTCA B MOMEHT
KOMIUJIAIMUNA IPOTPaMMEBl U Aajlee He uaMeHsaooTcd. Jurnamuuecrkuit PL/
SQL cooTBeTCTBEeHHO mMOHUMaeTcs Kak meable PL/SQL-610Kku Koga, KOTO-
pble fUHAMUYECK U (OPMUPYIOTCA, 3aTEM KOMIUIUPYIOTCA U UCIIOJTHAIOTCS.

C Beixogom Bepcuu Oracle? Release 1 paspaborunku PL/SQL momyuuau
BO3MOYKHOCTD HCIIONB30BATh AJA HUCIONHEeHUS AuHAMHUYecKkoro SQL BcTpo-
enHbId naker DBMS SQL. B Oracle8i Database nosasunack ZOIOJIHUTEI-
Has BOBMOKHOCTD UCTIOJHEHUA JTUHAMUYeCK U (DOPMUDPYEMBIX KoMaua SQL —
NDS (native dynamic SQL — ecmpoennsiii ounamuuecrkuii SQL). NDS Bxo-
auT B coctaB aA3kiKa PL/SQL; ero ropasmo Jjerde HWCOOJb30BATH, 4eM
DBMS_SQL, ¥ ToMYy ke BO MHOTHUX OPHUJIOKEHUAX OH UCIONHAETCA Hoee
3(hdheKTUBHO.

OnepaTtop EXECUTE IMMEDIATE

HUcnonbayiiTe onepaTop EXECUTE IMMEDIATE pns (HeMeaneHHOTO!) MCIIOJIHE-
HUA YKa3aHHOU KoMaHABI SQL:

EXECUTE IMMEDIATE crpoka_SQL
[INTO {nepemenras[, nepemenHas]... | 3anucb}]
[USING [IN | OUT | IN QUT] aprymenT_cBs3nBaHus
[, [IN | OQUT | IN QUT] aprymeHT_cBs3nBanusa]...];

rie:
cTpoka_SQL

CTpokoBOe BEIpasKeHHe, cofaepkaniee komauay SQL uan PL/SQL-6m0K.
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nepeMenHasn

IlepeMeHHas, KOoTopas OoaydaeT 3HaYeHUe cToabIla, BO3BPAaIlleHHOe 3a-
IIPOCOM.

3an1cob

3anuck, OCHOBaHHAA Ha OIpPeeJeHHOM IOJIb30BaTeeM TUIle UJIU ATPHU-
oyTe %ROWTYPE, KoTOopas momydaeT IeNyI0 CTPOKY, BO3BPamleHHYIO 3a-
IpPOCOM.

apryMeHT_CBA3HBAHMUA

BripaxxeHnue, 3HaYeHHEe KOTOPOTrO nepeAaeTca B komagay SQL uau PL/
SQL-010K, U1 HAeHTHGUKATOD, KOTOPBIH CIYKUT BXOAHOU U /HUJIHU BHI-
XOAHOU NepeMeHHOH MAJA (DYHKIUU HUIJIHA OPOIENYPHI, BHI3BIBAEMOU
B PL/SQL-6m0Ke.

INTO nped.ioxcenue

I/ICHOJIBSYBTCH AJsI OMHOCTPOYHEBIX 3alIpOCOB. I[JIH RaXJ0Tr0o sHAYEeHUuA
CTOJIﬁIIa, BO3Bpall€HHOI'O 3alIpOCOM, CJeAYeT YKa3aTh OTACJIBHYIO IIepe-
MEHHYIO HJIH I10JI€ 3allUCH COBMECTHMOTI'O THIIA.

USING npedrioxcenue

Hcnonpayerca Aja nepejadyd apryMeHTOB CBA3BIBAHUSA B CTPORY SQL.
JTo NpeaoKeHHe HCIONb3yeTcs KaK IJs AuHaMudeckoro SQL, Tak
u asa guaamudeckoro PL/SQL, moaToMy cyIecTByeT BO3MOMKHOCTD YKa-
3aTh PEXKHUM IepeJadd NapaMeTpoB (MMeeT cMBICI TONbKO ausa PL/SQL;
10 YMOJYAHHUIO YCTAaHOBJIeH B 3HaueHHe «IN», COOTBETCTBYIOIIEE €HNH-
CTBeHHOMY BUAY apTyYMeHTOB, JOCTYITHEIX AJI KoMaua SQL).

Onepatop EXECUTE IMMEDIATE MosKeT HCIOJb30BaThCA AJs1 060 SQL-Ko-
Mmauasl uan PL/SQL-060Ka 3a HCKJIIOYEHWEM MHOTOCTPOYHBIX 3alIPOCOB.
Ecnnm ctpoka_SQL sakaHYMBaeTcs TOYKOH C 3alsATOH, TO OHAa BOCIPAHHUMA-
erca Kak PL/SQL-610k. B mpoTUBHOM ciy4ae oHA BOCOPDHHUMAETCS Kak
SELECT, omepaTop DML (INSERT, UPDATE mnu DELETE) mau DDL (manpumep,
CREATE TABLE). B ¢cTpOKe MOTYT IPHUCYTCTBOBATH 3aMOJHUATEIH AJISI apTyMeH-
TOB CBSI3BIBAHHUS, HO ¢ UX IIOMOIIBIO HEJb3d IMepeJaBaTh HMeHa 00 beKTOB
CXeMbl, TaKHWe KaK UMeHa TabJIuI U CTON6ITOB.

o

= Ecau B Bameil mporpamMmmMe BHINOJHseTCA onepaTop DDL, To BmMmecTe

::_ 4 C HUM BBINIOJHUTCA ¥ PUKcAnuA U3MeHeHH#. KEciu BH He XOTHTe,
N

uToORl (hHKCAIlUA M3MEHeHW, BhI3BaHHaA omepatopoM DDL, mo-
BJIHNAJNA HAa PaHee CIeJaHHbIe H3MEHEeHU B OCTAIbHOI UAaCTH IPUI0-
KEeHHUs, TO CJeNyeT IOMeCTUTh JHHAMHUYecKHil omepatop DDL
B IPOLIEAYDPY, PEAJHN30BAHHYI0 KAaK ABTOHOMHAS TPAH3aKIUA (CM.
npumMep B datine auton ddl.sql Ha Beb-caiiTe 3TOM KHUTH).

IIpu BBIMOJTHEHUW KOMAHJHI HUCIOJHAMIIIEE AAPO 3aMeHseT KaKJIbld 3a-
OJIHUTENDb (MAeHTU(PUKATOD, IIepe]] KOTOPBIM CTOUT JBOETOYHUE, HATTPUMED
'salary_value) B cTpoke_SQL COOTBETCTBYIOIIIUAM 401 YMEHTOM_CBA3bBAHKA (B CO-
OTBETCTBHUH C MOo3uIueii). Bel MokeTe mepeaaBaTh YHUCIa, JATHl U CTPOKH.
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Jlornueckme BBEIpasKeHUs IepeaBaTh HeJAb3d, Tak Kak BOOLEAN — sTo THIO
nanabIXx PL/SQL. Tak:ke Helb3sa MepefaBaTh JuTepaatbHoe 3HaueHUe NULL
(BMecTO BTOrO CJIeAyeT IepeJaBaTh IePEeMEHHYIO pa3pelleHHOro THla,
uMeronyio sgauerne NULL).

NDS noagep:xkuBaeT Bce TUOBI JaHHEBIX SQL. /lepemerHbe U aprymeHTs_ GBSk -
BaHus MOTYT OBITH KOJJIEKIUAMI, O0JbIIUMU o0beKTamMu (Tuma L0OB), ok-
3eMIJIsIpaMi 00beKTHOro THNa U Thna REF. Tunsl faHHBIX, CIEIU(PUIHBIE
ans PL/SQL, NDS se noagep:xuBaer: Tun BOOLEAN, accoluaTuBHBIE MAacCH-
BHI U OJNE30BaTeNbCKIE TUTHI 3anuceii. Ilpu sToMm npednoxcenue INTO mo-
sKeT comeprkaTh PL/SQL-3anucs.

HMaBaiiTe pacCMOTPUM HECKOJHKO IPUMEPOB:

e Cosganue UHAEKCA:
EXECUTE IMMEDIATE 'CREATE INDEX emp_u_1 ON employee (last_name)’;

PL/SQL me moamep:KHBaeT BCTpPOeHHBIe KoMaHABI DDL; Heo6xommmo
HUCIIOJIB30BaTh AUHAMUAYECKUH SQL.

e TlomyuyeHmUe KOJIUYECTBA CTPOK HEKOTOPOH TabIUIBI B HEKOTOPOH cxeMe
AJid YKa3aHHOrO npeasoxerud WHERE:

/x ®ain nHa Beb-caiTe:_nds.sf x/

CREATE OR REPLACE FUNCTION tabcount (
tab IN VARCHARZ?, whr IN VARCHAR? := NULL)
RETURN PLS_INTEGER AUTHID CURRENT_USER

18
str VARCHAR? (32767) := "SELECT COUNT(x) FROM ° || tab;
retval  PLS_INTEGER;
BEGIN
TF whr IS NOT NULL
THEN
str = str || ~ WHERE ™ || whr
END IF;
EXECUTE TIMMEDIATE str INTO retval;
RETURN retval
EXCEPTION
WHEN OTHERS
THEN
DBMS_QUTPUT. put_line (
"TABCOUNT ERROR: " || DBMS_UTILITY.FORMAT_ERROR_STACK);
DBMS_OUTPUT. put_line (str);
RETURN NULL;
END;
/

Tenepsb y:ke MokHO 60JabIlle He nucaTb SELECT COUNT(+) mu B SQL*Plus,
BU B nporpamMmme Ha PL/SQL. {14 noacyera KOMUYECTBA CTPOK IOCTYIIA-
eM CJIeIYIOIIUM 00pasoMm:

BEGIN
IF tabCount ('emp’, "deptno = * || v_dept) > 100
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THEN
DBMS_OUTPUT.PUT_LINE ('Growing fast!’);
END IF;

e DYHKIUA, T03BOJIAIIAI 00HOBUTE 3HAUEHHE JI060T0 YHUCIOBOTO CTOI0-
ma B Tabaume employee. PeanmnsoBaHo B Bujie QYHKIINANA, 4YTOOB MOXKHO
OBLIIO JOTOMHNUTEIHLHO BO3BPAIIATH KOJIMYECTBO O0OHOBIEHHBIX CTPOK.

/+ ®ain Ha Beb-cailTe: updnval.sf =/
CREATE OR REPLACE FUNCTION updNval (
col IN VARCHAR?
val IN NUMBER,
start_in IN DATE,
end_in IN DATE)
RETURN PLS_INTEGER

IS
BEGIN
EXECUTE IMMEDIATE
"UPDATE employee SET * || col || = = :the_value
WHERE hire_date BETWEEN :1o AND :hi’
USING val, start_in, end_in;
RETURN SQL%ROWCOUNT;
END;

W pna goctuskeHUA Togo0HOI rubKoCcTH TpedyeTcs coBCeM HeOOMbITOoH
o0beM kKoga! B mpumepe HMCHOONB30BAH apryMeHT CBSA3LIBaHU: MOCTE
CUHTaKCHUYECKOTO aHanu3a KoMagael UPDATE aapo PL/SQL sameHrsaeT 3a-
noJxHUTeAn :the_value, ;10 um :hi 3HaAYeHUAMH U3 Opeloxkernusa USING.
O6paTuTe BHUMaHUE, UYTO, KAK U B ¢Jydae CO CTATUYECKUMHU KOMaHAAa-
mu SQL, MOKHO HCTIONB30BaTh aTpuOYT Kypcopa SQL%ROWCOUNT.

Kaxk Buaure, cuaTaKcuc oneparopa EXECUTE IMMEDIATE o4eHB IPOCT U JOCTY -
nen!

OnepaTtop OPEN FOR

PL/SQL-onepaTop OPEN FOR He cosmaBasicsa cnemuanabHo A1 paboTsr ¢ NDS;
oH mmosBuJCcs B Bepeun Oracle7 u o6ecnednBa DOAAEPKKY KYPCOPHBIX TTepe-
MeHHBIX. Temeps 5TOT omlepaTop UCIOIb3YETC AJI SIeTaHTHON peannsanunn
MHOTOCTPOYHLIX AHWHAMHYECKUX 3ampocoB. WcmonbizoBamme DBMS_SQL mirs
BBITOJIHEHUA MHOTOCTPOUYHBIX 3aIpPOCOB MIPEACTABIANIO CO00H MYyUYUTEND-
HYI0 MHOTOSTAIlHYIO IPOIeAYPY: CHHTAKCHYEeCKUH aHaJIW3, CBA3LIBaHUE,
ompefesieHUe KaXJ0T0 CTON6Ia B OTJeIbHOCTH, BEIGODKA, M3BJIeUeHNe 3HA -
YeHHUH KaskJ0oro cToabIa B oTAebHOCTH. IIpruxXoAnIoch IUCATE 3HAUNTEND-
HbIH 00BbeM Koja!l

Paspaboruuru Oracle HCTIOMB30BANH CYIIECTBYIOMYIO GYHEKITUOHATLHOCTE —
KYDCODHBIE TIePEMeHHBIE — U COXPAaHUJIN CUHTAKCUC, BECbMAa €CTECTBEHHO
PACIINPHUB €ro AJA TOAAePKKU AuHaMudeckoro SQL. laBaiiTe mocMoTpuM
Ha cuHTakKcuc oneparopa OPEN FOR:

OPEN {kypcopHasi_nepemerHas | :BHeuwHs s KypcopHas nepemerHast FOR SQL_cTpoka
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[USING aprymenT _cBaguBanusal, apryMeHT _CBA3wBaHuA]. .. ];
rjge:
KypCOpHAsa_NepemerHasn
Crnabo THIHN3APOBaHHAA KYyPCOpPHAasA IepeMeHHasd.
 BHEWHAS_KypCOPHAA_NepemMeHHas

KypcopHas nepeMeHHas, o6bABIeHHAasI B cpejie, BrI3bIBatomei PL/SQL
(manpumep, B nporpamme Oracle Call Interface — OCI).

SQL_cTpoka

ComepskuT KoMaHAy SELECT, moajeskamiyio AHHAMHAYECKOMY HCIOJIHeE-
HHIO.

USING npednoxcenue
CremyeT TeM »Ke IpaBUJaM, 4TO U AJiA onepaTopa EXECUTE IMMEDIATE.

o
[ Ecnu Bu paboTaeTe ¢ Bepcueit Oracle9i Database Release 2 nau Ora-
"‘; 4 cle Database 10g, To MmoxKeTe Mcnoab30BaTh EXECUTE IMMEDIATE B co-

it J,L"‘. yeTaHUU ¢ BULK COLLECT gyis n3BIeUeHNA HECKOJIBKUX CTPOK B IMHA-

© MuueckoM sampoce. Tako# nmogxon TpebyeT ropasao MeHbIIero 00'b-
eMa KoJa M MOXKeT 3HAYMTEJIbHO YJIYUIIHTH MPOU3BOAUTENbHOCTh

paboTHI BAIIIETO 3aIPOCA.

PaccMoTpuM mpuMep, B KOTOPOM OOBABIsSIETCS €JIa00 THNIU3UPOBAHHBIA
REF CURSOR, kypcopHasda epeMeHHAasI Ha OCHOBEe TOT0 THIIA, a 3aTEM DU IIO-
moru onepaTtopa OPEN FOR oTKpbIBaeTcA AMHAMUYECKHUU 3aIIPOC:

CREATE OR REPLACE PROCEDURE show_parts_inventory (
parts_table IN VARCHARZ,
where_in IN VARCHAR?2)
1S
TYPE query_curtype IS REF CURSOR;
dyncur query_curtype;

BEGIN
OPEN dyncur FOR
"SELECT = FROM || parts_table ||
" WHERE || where_in;

IToce TOTO KaK 3aIIpOC OTKPHIT, HCIOJIB3YEM JJIS U3BJIE€YEeHHUA CTPOK, 3a-
KDBITHS KYPCOPHOHW NepeMeHHOH W NPOBEPKU aTPUOYTOB Kypcopa TaKkoi
JKe CUHTaKCHC, KaK JIJs CTAaTHYECKUX KYPCOPHBIX NePeMeHHBIX U 3KeCTKO
3aKOJAPOBAHHBIX IBHBIX KYPCOPOB.

AvnHamunyeckun PL/SQL

Huramuuyecrkuit PL/SQL mpepocraBiaseT pAJ WHTEPECHEHAIIUX MePCIeK-
THBHBIX BO3MOXKHOCTel o paspaboTke Koaa. TonbKko mogyMaiTe: B TO Bpe-
MsI KaK ITOJIb30BaTeNb paboTaeT ¢ BAlllMM IPHUJIO0KEHHUEM, BbI (C ITOMOIHIO
NDS) Mo2keTe BEITIONHATD CAeAYIONHe AeACTBUS:
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e CosmaBaTh IPOrpaMMYy, B TOM UUCJIE U TaKeT, COAepKamuil rimobarbHbIe
CTPYKTYDHI JAHHBIX.

4 Honyqa'rb (I/I I/ISMEHHTB) 3HaYeHUA TI00aNTbHEBIX IIEpEMEHHBIX 10 UMe-
HaMm.

e BrispiBaTh (I)yHRIII/II/I U nIponeaypbl, YbH MME€HA HE M3BE€CTHEI HA MOMEHT
KOMIOHUJAOHUN.

IIpu pabore ¢ aunamudeckumu 6okamu PL/SQL u NDS cieayer TOMHUTH
cieayroIlee:

e JumaMudecKas CTPOKA MOJKHA ABIATHCSA KOppeKTHBIM PL/SQL-6m0-
koM. OHa JOJMKHA HAYWHATHCS ¢ KJIOYeBOro cjoBa DECLARE miu BEGIN
U 3aKaHYUBATHCA omeparopoM END m ToOukKoii ¢ 3anAToii. B oTcyTcTBUE
3aBepIIaoNieil TOUKY ¢ 3alATON CTpOKa He 6y IeT BOCOIPUHUMATHCA KaK
PL/SQL-rox.

e B punamMmuyeckoM OJIOKe HJOCTYIHBI TOJMBKO II00aIbHBIE 5aeMeHThl PL/
SQL (oTmenbHBIE GPYHKIIUA U OPOLEAYPHI U BIEMEHTHI, ONpeAeIeHHBIe
B cmenuébukanuu naxera). [luaamMmudeckue 61oxku PL/SQL ucmomrHIOT-
cs BHE JIOKAJbHOTO BHENIHEro 0JI0KA.

e Omudru, BOSHUKAKINE B JuHaMudeckoM 01oke PL/SQL, moryT nepe-
XBATHIBATHCS 1 00pabaThIBATHCA JOKAJIBHBIM OJIOKOM, B KOTOPOM OIle-
paTopom EXECUTE IMMEDIATE 6blJia 3amyIiieHa faHHAA CTPOKA.

Paccmorpum npumep ucnonsizoBanud guaamudeckoro PL/SQL. Peub moii-
JIeT 0 peanbHOU mcTopuu. I paboras KOHCYJIBTAHTOM B CTPAXOBOH KoMIIa-
BuU B UuKaro, 1 MeHdA IOMIPOCUIN IOCMOTPETH, MOKHO JIX YTO-TO CAEJATH
¢ oAHOI mporpaMMoii, cosgaromnieil MHOKecTBO mpobiem. OHa OblMa 0YEeHD
6O0JIBITOMH, 1 PasMep ee IPOTOJKAT PACTH — CKOPO MOXKHO OBIIO OKUIATH
TPYAHOCTEH yKe Ha pralne KOMOIUIANuN. K MoeMy VAUBIEHUIO 0Ka3aJoCh,
YTO ATa MIPOrPaMMa BBITJISAUT CAeAYIONINM 06pasoM:

CREATE OR REPLACE PROCEDURE process_line (line IN INTEGER)
18
BEGIN

IF line 1 THEN process_lineTd;

ELSIF line = 2 THEN process_line2;

ELSIF line = 514 THEN process_lineb514;

ELSIF line = 2057 THEN process_1ine2057;
END IF;
END;

Kaxkgomy 3HaUeHUIO0 HOMepa CTpoKHU (1ine) coOOTBeTCTBOBAJA CIIETUAIbHA
mporpaMMa process_line, koTopasa ob6pabaTrsiBasia YKasaHHBIe yeaoBus. o
Mepe A00aBIeHUsT CTPaX0BOH KOMIIaHHWel HOBBIX YCIOBHUH B CBOI JOTOBOD
o0cny:KUBaHWS OIpOTpaMMa Bce pociia U pocia. AGCONIOTHO HeMacniTabu-
pyeMbli mogxon!
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Yro6b! n36€:KaTh TaKOT0 6ecIopAaKa, IPOTPAMMUCT J0JKeH HafiTh TOBTO-
pAOIIHUec 3JeMeHTHl KoAa. BEIABUB TaKoe IIOBTOPEHUE, CIeAYET CO3AATh
OIporpaMMy AJIA MHOTOKPaTHOTO UCIOJB30BAHUA U 3aKJIOUYUTHL B Hee IO-
BTOPAOMUiica Kof (1M1a6J0H) MIU HONBITATHCA 3aIUCATDH €r0 ¢ ITOMOTIHIO
KOHCTPYKOUU quHaMudeckoro SQL.

Mmue VAQJIO0Ch 3aME€HHUTH 9THU TEICAYHN CTPOK KOJa CJIeAYIOIINM (I)paI‘MeHTOMI

CREATE OR REPLACE PROCEDURE process_line (line IN INTEGER)
IS
BEGIN
EXECUTE IMMEDTATE
"BEGIN process_line” || line || "; END;";
END;

TricAYN CTPOK MPEBPATHUINCH B OAWH HCIONHAeMEI#H omepaTop! Komeuno,
JajleKo He BceTza TOUCK MIabyoHa 1 eTo mpeobpasoBaHue B AUHAMUYECKUH
SQL 6yzer TakuM oueBUAHBIM. Ho moTeHIIUAaMbHAA BHITO[a TPOCTO OTPOMHA!

3akJtoyeHue: oT OCHOB K NpumeHeHuto PL/SQL

IIpounuTaB 5Ty rMaBy, BBl MOJYUYUIH JOCTATOYHO cephbe3HbIe 0a30BhEIe 3HA-
Bua no a3uiky PL/SQL. IlosHakoMuBminch ¢ ocHoOBaMu (UM, A HaAEIOCH,
nMes HeKOTOPHIH OMBIT IO CO3AAHUIO peanbHBIX mporpamMm PL/SQL), BBI
Tellepb MOXKeTe IIepeXOAUTh K IJaBaM, B KOTODBIX OIMCcaHa crnenuduye-
cxad GyHKIHoHATbHEOCTS, PL/SQL, HeobxXoamMasi AJIA BREITONHEHUA pado-
THI aAMUHUCTPATOPAa 0a3 JaHHBIX.



Kypcopbl

Kypcop — 310 cpeJicTBO U3BJIeUeHUA JaHHBIX U3 6a3bl fanusIx Oracle. Kyp-
COPBI COAEPIKAT OTpeieJIeHuA CTONOITOB U 00HeKTOB (TabMuI, IpeAcTaBie-
HUl U T. II.), U3 KOTOPBIX OYIYT U3BJIeKaThCA JaHHBIE, a TaKKe Habop Kpu-
TEepHUEB, ONPEAENAIONINX, KaKue HMeHHO CTPOKU MOJKHBI ObITH BHIOPAHEI.
J1a Havama JaguM ABa IpUMepa OUYeHb IPOCTHIX KYPCOPOB:

SELECT name
FROM emp;

CURSOR curs_get_emp IS
SELECT name
FROM emp;

AgmuauctpaTopsl Oracle, KOHeYHO, 3HAKOMBI ¢ OCHOBHBIM CHHTAKCHCOM
KYPCOPOB, HO [JIA ONHCAHUA UX PYHKIHUOHAILHOCTH (0COOEHHO B IEePBOM
IpuMepe) OHU MOTYT HUCIOJb30BaTh TepMHUHEI «omepaTop SELECT», «3a-
Ipoc» WIU «BBIOOPKa». B mesoM, 5TO UMEeHHO TO, UYTO AEJMal0T KYpPCOPBI, —
W3BJEKAIOT AaHHBIE. BOJBIMUHCTBO afMUHUCTPATOPOB 3HAIOT, YTO KYPCOPHI
TIyOOKO WHTErPUPOBAHEI B MEeXaHU3MBI 0a3hl JaHHBIX, HO HE BCEM H3BECT-
HO, YTO NOHUMAaHUe YCTPOHUCTBA KYPCOPOB U YIIPDABJIEHUA MU MOKET pPaju-
KaJbHO VIYYIIUTEH TPOU3BOJUTENbHOCTE Tpuaoskenuit ama CYB]I Oracle.

IIpenHasEadYeHHbIE M3HAYAJIBLHO AJA BEIGOPDKH JaHHBIX, KYPCODPHI CTANIU He-
oThemiemoii gacTrio PL/SQL. B aTo#i rimaBe paccMaTpuBaeTcsa B3aUMOJei-
cTBUe KypcopoB ¢ PL/SQL ¢ TOYKH 3peHUI aAMUHUCTPATOPa 0a3hl AaHHBIX.
B meii pacckaswpiBaeTcsd, KaK IIOBTOPHOE UCIIOJH30BaHUE KYPCOPOB MOKET
TIOBBICUTH TPOUBBOAUTEIEHOCTD, OOCYKIAI0OTCSA PA3IUYUA MEKIY ABHBIMU
U HEeABHBIMHU KYPCODAMHU U TO, KAK Ka'KABIA U3 HUX MOKET BJIUATH Ha Ba-
mry 6a3y AaHHBIX. B Hell TaKiKe UCCIAeAYeTCs BLIUTPHIIIT B TPOU3BOAUTENb-
HOCTH OT ONTHUMH3AMUU MATKO 3aKpbIBaeMbIX KypcopoB B Oracle. Kpome
TOTO, B BTOH I'IaBe 00CYKAAIOTCA KYPCOPHI TUNa REF (TuHaMudeckue), me-
pefadya KYpPCOPOB B KaUecTBe IapaMeTPOB U KYPCOPHEBIE BhIpaskeHUA (BJIO-
JKeHHBIe KYPCODHI).
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Ha mpors:keHUM HECKONBKHUX JEeT IJIa OKUBJIeHHAdA AUCKYCCHUA O IIpa-
BUJILHOM HCITOJBb30BaHUU KypcopoB B Oracle. B wacTHOCTH, afMuUHUCTDA-
TOPHI U Pa3paboTUMKI CIIOPUJIH, KaKOl M3 TUIIOB KYpPCOpOB paboTaeT 6vICT-
pee, MU 3aaBalUCh BOIPOCOM 00 5 PeKTHBHOCTH MOIEJH TOBTOPHOTO HC-
noab3oBanud B Oracle. IIpomnu roasl, 1 B mocaeAHux Bepcuax Oracle Kyp-
COPHI OBITIN BHAYUTEIHHO YCOBEPIITEHCTBOBAHLI. JTa IIaBa He UMeeT IeNbI0
CKJOHHUTDH Bac K OMpelieIeHHOMY CI0co0y peanlusanuy U HacTPOHKU Kypco-
POB B Barmieii cucTeMe. B 3HaAUYUTENbHON Mepe cmocob MCIOIb30BAHUA KYP-
COPOB OmpefiessgeTcd XapaKTepUCTHUKAMHM Balllefl opraHU3amuu, HUCIOJNb-
3YeMBIMU B HeH JaHHBIMU U MPUIOKEHUAMHU. 3AeCh MBI IbITaeMCs 00bsaC-
HUTH OCHOBHBIE BOBMOKHOCTH 1 JaTh HEKOTOPhIE PeKOMeH A, KOTOPbIe
CMOTYT ITOMOYb BAM CAENATh IPaBUIbHBIH BHIOOD.

MoBTOpHOE UCNONb30BaHUE KYPCOPOB

B ocHOBe KOHIENITNH TOBTOPHOTO HUCIONIb30BAHUA KYPCOPOB JIEIKUT 0UeHbD
IpocTas uaes: IMoche HUCIONb30BaHUS KYPCOD MOKeT OBITH HCIONH30BaH
ere pas. ['0BoOpsA TouHee, CKOMIUJIMPOBAaHHAS BEPCUA KYypcopa MOKEeT Hc-
TIOJIB30BATHCA TOBTOPHO BO M36e:KaHMe PacxoJoB Ha pasbop U MOBTOPHYIO
KOMOHUJISAIHIO.

MonHbIN N YacTUYHbIN pa3bop

Hpouecc KOMIIWJIAOHUNW HOBOI'O KypcOpa HasbIBaeTCA NOJHbLM p(1360p0.M
(I/I caM 1o cebe 3acJyXKHuBaetT OT,Z[eJIBHOfI RHI/II‘I/I); B KOHTEKCTe DTOU IJIaBbI
OH MOKeT OBITH VIIPOIIIE€HHO IIPpEeACTaBJJ€H YeThIPbMA dTallaMu:

IIposepra
Kypcop npoBepsieTcs Ha COOTBETCTBHE CHHTAKCHYECKUM IpaBUIaAM

SQL, Takke ITPOBEPAIOTCA 00HEKTHI (TaOMHUIBI U CTONOIIE), Ha KOTOPEIE
OH CCBLITaeTCsd.

Komnunauyusa

Kypcop KoMOummupyeTcsa B UCIOJHIEMBIH BUJ U 3aTPYsKaeTcs B pasje-
JNsieMBIH YN cepBepa 0as3bl JAaHHBIX. A ompeaeleHUsaA MECTOIIONOMKe-
HHUA Kypcopa B pasgessaeMOM IyJe UCIOJIb3YeTCs eTo adpec.

Buviuucaenue niana 6binolHeHUS

OnrumusaTop mo croumMocTH (cost-based optimizer — CBO) Oracle onpe-
JeJsdeT HAWuIYdITnH AJA TaHHOTO Kypcopa NJIaH BEITOMHEHU 1 TPpUcoe-
IUHAET eT0 K Kypcopy.

Bwiuucaernue xewa

ASCII-3raYeHUA BCEX CUMBOJIOB KYypPCOPAa CKJIAABIBAIOTCA U IEPeJarnTCs
B OVHKIUIO XeIMUPOBaHUA. ITa GYHKIUA PACCUUTHIBAET 3HAUYEHUE, 110
KOTOPOMY KYpCOp JIerKo MOKeT ObITh Hali/leH IpU TOBTOPHOM obparie-
Buu. /[laEHOEe 3HaYeHWe HA3BIBAETCHA Xeuw-3HaienHuem Kypcopa. Huxe
B BTOM pasjesie MbI erfe BepHeMcd K ASCII-saauernaM.
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3HauYUTEeNHHAS YACTh AKTUBHOCTH 3amie ok Bl IpuXouTcs Ha TePUO/ BhI-
TIOJIHEeHU STUX omepanuii, Tak kak Oracle He MOKeT TO3BOJUTH U3MEHATH
HUCTIONB3YeMble KYPCOPOM 06BHeKTHl (TabMuIbl U CTOJOIIBI) BO BPEMS €Tr0
TTPOBEPKHU U KOMIUJIANNN. BEITTOMHEHNUE STUX 3aa4 TOYTH TTOJTHOCTHIO JIO-
JKHUTCS Ha TPOIECCOp, TOITOMY BO BPEMs KOMIUJIANHAY HabI0gaeTesa 60Ib-
10 pacxo] IPollecCOPHOTO BpeMeHu cepBepa BIl. 3aech BaskHO TO, YTO OC-
HOBHasA paboTa MO U3BIEUYEHUIO 3alIUCced 1M3-3a TOr0 OTKIaAbIBaeTcsa. Ilo-
cJIefoBaTeNbHOE BHIIOJHEHNE OJHOTO U TOTO Ke Kypcopa (oAHOH UiIu He-
CKONBKUMH OIPOTPAMMAMHE) TO3BOJISIET 3aMEHUTH JOPOTOCTOAIU I TpoIece
TTOJIHOTO pasbopa IpocToi MPOBEPKOH HATUYU AOCTYIIA K UCIOJIb3YEeMBbIM
o0beKTaM (Tabaumam, TpeAcTaBIeHUAM U T. II.) U IePeHTH cpasy K u3Bje-
yeHUIO 3anuceii. Biaarogaps 5ToMy SKOHOMHUTCS 3HAUNUTEIHHOE BPeMs.

006111 KOJIUYECTBO BHITTOMHEHHBIX 62308 TaHHBIX TOJMHBIX Pa300POB MOMK-
HO TOJIYYUTE U3 Ta0aue! VESYSSTAT caeAyIONIUM 3aIPOCOM:

SQL> SELECT name,
2 value
3 FROM v§sysstat
4 WHERE name = ‘'parse count (hard)";

parse count (hard) 676

Eciu xommndyecTBO TOJTHEBIX pa360p03 B HEKOTOPOM IIPDHUJIOXKEHHUH ITIOCTOAHHO
pacTeT, TO 3TO 'OBOPHUT O TOM, UTO OHO HE HUCIIOJIB3YE€T B IOJHOH Mepe IIpe-
HMynOiecTBa MOBTOPHOTO UCITIOJNB30BaAHUA KYPCOPOB.

Haske mocjye ToTo, KaK KypPCcop IOABepres IOMHOMY pas3bopy, IpPU MOBTOD-
HOM HCIIONIB30BAaHUU OH MOXKET MOTPeboBaTh AOTMONHUTENbHOTO pasbopa.
Oneako sTOT mpomecc OyaeT ropasio MeHee 3aTPaTHBIM, OH B OCHOBHOM
CBOJIUTCA K IPOBEepKe 0e30IacHOCTH, YIOCTOBEPAOITeHi, YTO 3aIPOCUBITH i
BHITIOJIHEHME Kypcopa IoJb30BaTe b HMeeT IpaBa Ha AOCTYI K ero 00heK-
TaMm. Takasa HemosHAast 00paboTKa HA3BIBAETCS YACTMULHBLM PA360POM.

OO1ree KOJIMYECTBO BBINOJHEHHBIX 0a3oil HaHHBIX YACTHYHBIX DPasbopoB
MOXKHO PACCYHUTATD, BEIUTS U3 00IIEro 4Yuciaa pazbopoB YUCIO MOJIHBIX Pas-
60pOB:

SQL> SELECT ( SELECT value
2 FROM v§sysstat

3 WHERE name = ‘parse count (total)' )

4 - ( SELECT value

5 FROM v§sysstat

6 WHERE name = ‘parse count (hard)" ) soft_parse
7 FROM dual;

SOFT_PARSE
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Bpewms, saTpauenHOe 0a30i JaHHBIX Ha pa3bop (mpormeccopHoe U dharTHYe-
CKOe), TOKe MOXKHO MTOJIYIYUTh U3 Tabau1rer VESYSSTAT.

SQL> SELECT name,
2 value
3 FROM v§sysstat
4 WHERE name LIKE "parse time%’;

NAME VALUE
parse time cpu 381
parse time elapsed 5933

B upeansHOM cay4ae 5TH 3HAYEHUs He JOJIKHBI 3aMeTHO PAacTH IpH pabore
npunoxkernsi. OTHAKO B AeACTBUTEILHOCTHA HEKOTOPOE YBEIHYeHHEe TOYTH
BCerJla IPOUCXOJHUT, TAK KaK Jake MPOCTEHINHUHA YacTHUYHBIA pasbop Io-
TPebISIeT HeKOMopoe KoLULeCmaE0 TPOIeCCOPHOTO BPEMEHH.

MnaHnpoBaHWe NCNoNb30BaHNA Kypcopa

Xopore#i TPpakKTUKOH sIBJIsIETCS OTpaHUYEHHE KOJHYeCcTBa pa3dopoB Kypco-
pa — onTUMAaJIbHOE 3HAYeHUE PaBHO, KOHEYHO, eAfuHnIe. OMHAM U3 NyTel
B IOCTHXKEHHUH njeasa OyAeT IpeABapUTeIbHBIA pasbop BceX KYPCOPOB, KO-
TOpBIE, BO3MOXKHO, OYAYT BBITIONHATHCS BalllUM MPHJIOKeHHeM. B Taxom
caydae IIPHU CTapTe IPUIIOMKEHUS BCe KYPCOPHI ViKe OYAYT sKJaTh eT0 B pasje-
nsseMoM mmyJe. OQHAKO TOT MOAXO/ CBSA3aH ¢ 6ONMBIIOH TPYAOEMKOCTBIO IIPH
COTIPOBOMKAEHUHU OOJNBINTUX MPHIOKEHUHA W OPU HCOOJIb30BAHWH B HUX He-
permamerTupyeMbIx (ad hoc) sanpocos. ITosToMy sydIliie MTOHECTH 3aTPaATHI
OJWH pas3 IPHA IepBOM BBINOJHEHHH Kypcopa U IPUHATHL MEPEI K TOMY, YTO-
OBl B TaIbHEHIIIEM OH IIPH KaKA0H BO3MOYKHOCTH UCII0JIb30BAJICA TOBTOPHO.

)

Lo B aTo0i1 T71aBe, ecaHu ABHO He OTOBOPEHO 0OpaTHOe, mapameTp CUR-
:s:' ‘ SOR_SHARING BO BceX MpHMepaX YCTAHOBJEH B 3HaUeHUe EXACT. Cpas-

< f,u.*". HEeHHe TOYHOTO ¥ HETOYHOTO COOTBETCTBHI CM. HUIKE B paszese «AJ-

TOPUTMEI COIIOCTABJIEHUA» .

B cregyronux pasgenax Mbl 00bsicHEM, Kak Oracle mpuHMMaeT perieHue
0 TOBTOPHOM HUCIIOJB30BAHAH Kypcopa. OTH 3HAHUS OYAYT HCKIIOYUTEIbHO
IOJIE3HBI IIPW NJIAaHAPOBAHUHW MOBTOPHOI'O HMCIOJH30BaHMUA Kypcopa. K co-
JKaJeHUIo, MEHOTHe nmumymue Ha PL/SQL paspaboTunkn HaxoAsaTcs B 6a-
JKeHHOM HeBeJeHUH JarKe O CYIIeCTBOBAHUHU TaKOU KOHIIENIIUH, IIO3TOMY
aAMAHUCTPATOPAM BABOHiHe HEOOGXOMMMO TOHUMAaHNWe TPUHITAIIOB TOBTOP-
HOT'O HCIOJH30BaHWA KYDPCOPOB U ITOCJEACTBHH 3TOT0 HCIOJIB30BAHUSA.
Crayasa MBI PacCMOTPHUM HEKOTODHIE JETAJIA ajJirOPATMa XeIlIWpPOBaHHUSA
Oracle, a 3aTeM mepelifieM K HI0OAHCAM ITOBTOPHOT'O HUCIIONb30BaHUA KypPCO-
poB. PexoMeHyeM BaM I POYHUTATH BECh pasiell, IPeXKe 4eM BCTPAWBAThH
B CBO€ MPHJIOKEHWe MeXaHWU3Mbl (peanbHble HJIMW IpeamosiaraeMble) II0-
BTOPHOT'O UCIIOJH30BaHUS.
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Kak Oracle npuHumaert pewieHune
O COBMECTHOM MCMOoJib30BaHNN

Yr0o6B! OIPEIeTUTh, MOXKET JIH IIJIaHUPYEMBIH K BBHITTOJHEHUIO KYypCcop Boc-
TIOJIB30BATHCA YoKe CKOMIIUJIUDPOBAHHON Bepcueld W3 pasjesseMoro myJia,
Oracle mpuMeHsIeT CIOMKHBIA aITOPUTM. BOT €ro yIponieHHOe U3I0KeHHe:

1. PaccunraTrs cymmy ASCII-3HaYyeHH# BceX CUMBOJIOB Kypcopa (UCKJIIO-
yasi TIepeMeHHbIe cBaA3bIBaHWs). Hanpumep, cymma ASCII-3sHadeHHH
cJeIyIONero Kypcopa paBHa 2556:

SELECT order_date FROM orders

dro 3HauyeHUe paccunThIBaeTca Kak ASCII(S) + ASCII(E) + ASCII(L)...
nau 83+ 69+ 76 urT. 1.

2. IIpuMeHHUTD aJITOPUTM XEIIUPOBAHHUS K MOJYYeHHONU cCyMMe.

3. IIpoBepuTh HANMUUYHE B pasfelsieMOM OyJe Kypcopa ¢ TAKUM JKe 3Hade-
HHUEeM Xella.

4. Ecau Takoil Kypcop Hal/leH, OH MOXKeT ObITh HCII0JIb30BAH TOBTOPHO.

L)

3
.
[

OfpaTuTe BHUMAHME: MBI TOBOPHM «MOXKET» ObITh MCIIOJb30BAH I10-
LA BTOpPHO. B GoapminHceTBe caydae coBnagenusa ASCII-xemrna pocta-

wy g.
* 4, TOUHO, HO He BCETZa. ITosicHeHN s TPUBOAATCA B 9TOM pasaee gajee.

B nyskTe 1 roBopurcs, uro ncunonsdyiorcsa ASCII-3HaYeHUA 6Ccex CUMBO-
n1oB. IlosToMy npu NJIaHWUPOBAHWUHW IOBTOPHOTO HMCIOJB30BaHHUSA Kypcopa

HaJ0 YYUTHIBATH AAXKe TAKYI0 MeJ0o4Yb, KaK PErucTp CAMBOJOB. PaccMor-
PHM JIBa Kypcopa, BEIIOMHIIOIIAXC HemocpeAcTBeHHO B SQL*Plus.

SQL> SELECT order_date
2 FROM orders
3 WHERE order_number

11;
ORDER_DAT

03-MAY-05

SQL> SELECT order_date
2 FROM orders
3 WHERE order_numbeR

11;
ORDER_DAT

03-MAY-05

QueBUAHO, YTO 004 OHHU AENAIOT B TOUHOCTH OJHO U TO YK€, — U3BJIEKAIOT Aa-
Ty 3aKasa ¢ HoMepoM 11. EAnHCTBeHHOE OTJIHYHE 3aKII0YaeTCsA B TOM, YTO
BO BTOPOM KYpPCODe HCIOJIb30BaHa IponucHada 6yksa R. 9Toro gocraTouno,
yTo0sl Oracle mocunTasn WX PasHBIMH, B Pe3yJbTaTe 4ero B pasiesseMoM
yJie oKaKyTcs oba Kypcopa.

SQL> SELECT sql_text,
2 parse_calls,
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3 executions

4 FROM v$sql

5 WHERE INSTR(UPPER(sql_text), "ORDERS') > 0

6 AND INSTR(UPPER(sql_text), "SQL_TEXT") = 0

7 AND command_type = 3;
SQL_TEXT PARSE_CALLS EXECUTIONS
SELECT order_date  FROM order 1 1

s WHERE order_numbeR = 11

SELECT order_date  FROM order 1 1
s WHERE order_number = 11

Cromberm EXECUTIONS moKasbIBaeT, CKOJMBKO Pa3 BBIMOMHAICS OOpemeseH-
HBI#T Kypcop, a cromberr PARSE_CALLS — cKOJBKO pa3 Kypcop MoABEpTajcsd
pasbopy. Ob6a Kypcopa moTpeboBaIu MOJIHOTO pasbopa, TaAK KaK UX CYyMMBEI
ASCII-3raYyeHUN HE COBIANU.

Taro# TOAX0M MOKET TOKa3aThCs CAUINTKOM CTPOTUM U 0€3)KaJI0CTHRIM, HO
TAKUM OH U TOJKEeH OBITh, TOTOMY UTO 0as3a JaHHBIX HE MOXKET ITO3BOJUTH
cebe TpaTUTDh BpeMs Ha IPeABAPUTENHHBIN aHATN3 UK TepedopMaTHpoBa-
HIe Kypcopa. ¥ Hee eCcTh Jejla IoBaskHee, HATIPUMED BBLIIOJHEeHUEe BAIero
npunokKeHuA. B mociaenaux Bepcuax Oracle mosBuiachk BO3BMOMKHOCTD IIe-
pedopMaTUPOBaHUA JUTEPATOB B KypPCOPax, CIoco6CTBYIOMA UX TOBTOD-
HOMY HCIIOJIB30BAHUIO (CM. pasies «AJNTOPUTMBI COTOCTABIEHUA» HUMKE
B TOH TJyIaBe), HO TO UPEBATO MOTOJHUTEIHHON HATPY3KOH OPU BBITOJHE-
HUU 3aTIPOCOB € JIUTEPATAMU.

Oann 13 HanboJee YAAYHBIX CIOCOD0B BOCIOJIH30BATHCSA IPEUMYIIIECTBAMU
ABTOMATHUYECKOTO IepedopMaTUPOBAHUA KYPCOPOB M CTUMYJIHUPOBATH UX
TIOBTOPHOE HCIIOJNIL30BAHUE 3aKJI04YaeTcda B moMeniennu ux B PL/SQL, rak
TIOKAa3aHOo B CAEAYIONIEM aHOHUMHOM OJIOKe:

DECLARE
CURSOR one 1S
SELECT order_date
FROM orders
WHERE order_number = 11
CURSOR two 1S
SELECT order_date
FROM orders
WHERE order_numbeR = 11
v_date DATE;
BEGIN
-— OTKPHTWE W 3aKpHTWE KOPPEKTHOIro Kypcopa
OPEN one;
FETCH one INTO v_date;
CLOSE one;
-- OTKpbTHE W 3aKpuTHE OoThu4Yamnwerocs kKypcopa
OPEN two;
FETCH two INTO v_date;
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CLOSE two;
END;

Komnunarop PL/SQL nepedopMaTupyeT oTaudaroIiuecd KypCcophl, 1 B pas-
JIeJIsIeMOM ITyJie OHU 6YIYT IpeACcTaBIeHbl OJHUM dK3eMILIsapoM. Ha mepBhIii
B3IJIAM YJIy4UIlleHle He3HAUUTeJIbHO, HO OYAYYM peaju30BaHO B MacIlliTade
BCEro MIPUJIOKEHUA, OHO MOYKET JATh CYIIIeCTBEHHBIN BEIUTPHIII B IPOU3BO-
IUTEJILHOCTH, TAK KAK 3allle/IKaM Pa3AenasaeMoro IIyJa IPUJEeTCA OTCIeXKU-
BATH MEHBIIIEE YUCIIO KYPCOPOB.

SQL_TEXT PARSE_CALLS EXECUTIONS
SELECT ORDER_DATE FROM ORDERS 2 2
WHERE ORDER_NUMBER = 11

MarHAas BO3BMOXKHOCTb AocTynHa HauuHada ¢ Oracle8i Database Busors 10
Oracle Database 10g Release 2 ¢ gocagusim npodenom B Oracle9i Database
Release 2.

Hawm npeacraBigercs, 4To u3 ABYX KoMnuiaaTopoB — PL/SQL u SQL — mep-
BHIIT BefeT cebsa 6oJee cHUCXOAUTeNbHO. TeM He MeHee KasKkJoe BBITIOJHE-
HUe Haliero aBTOHOMHOTO0 O0JI0Ka BJIedeT 3a co00i IPOBEPKY U pastop Kak-
JIoro 1u3 Kypcopos. IlosTomMy, Hake ecnu MBI o60o#iIeMcs OAHUM KYpPCOPOM,
CUETUYUK TOJHBIX pasbopoB GyIeT MOCTOAHHO pacTu. [lecsaTh BHITTOMHEeHHT I
HAaIero aBTOHOMHOTO 610Ka BEI30BYT 20 TOMHBIX PasbopoB:

SQL_TEXT PARSE_CALLS EXECUTIONS
SELECT ORDER_DATE FROM ORDERS 20 20
WHERE ORDER_NUMBER = 11

Xopormiaa HOBOCTH 3arJiodaeTcd B ToM, 4To PL/SQL mosBoiseT HUCKIIO-
YUTHh TPAKTHYECKHN BCE MOJHBIE Pasbophl IPOCTHIM MepeHeceHueM Kypco-
POB B XpaHUMBIE IPOIEAYPHI, KAK B CJIEAYIOIIEM IPUMeDe:

CREATE OR REPLACE PROCEDURE simple_demo AS
CURSOR one 1S
SELECT order_date
FROM orders
WHERE order_number = 11
CURSOR two 1S
SELECT order_date
FROM orders
WHERE order_numbeR = 11

v_date DATE;
BEGIN
-— OTKPHTWE W 3aKpbHTWE KOPPEKTHOIro Kypcopa
OPEN one;
FETCH one INTO v_date;
CLOSE one;

-- OTKpHTKME W 3aKpbTUe OTAMHapWerocd Kypcopa, NO3BONSKWEes
-- PL/SQL ero nepegoopMaTupoBaTh!
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OPEN two;
FETCH two INTO v_date;
CLOSE two;

END;

IToce AecATHKPATHOTO BHITIONHEHUS 5TOW mporeaypsl B SQL*Plus, Ha-
OpuMep, Tak:

SQL> BEGIN
2  simple_demo;
3 END

B SGA OyAyT cIeAVIONIe Pe3yIbTAThI:
SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT ORDER_DATE FROM ORDERS 2 20
WHERE ORDER_NUMBER = 11

Ortu ABa pas3bopa UMeJU MeCTO IPHU NePBOi KOMOIHUJIAIUYN Oporeaypsl. Ilo-
cJIe 5TOT0 IPOIeIypa U BCe ee CoTePKuMoe (BKJI0UAass KYPCOPHI) CUUTAIOTCA
KODPPEeKTHBIMH U He TPeOYIOT MOBTOPHOTO pasbopa.

IIpocToe mepemernieHue ABYX 3TUX KypcopoB B PL/SQL mossonsaeT Boc-
TIOJIB30BATHCA ABYMSA €70 KIIUEeBBIMU BO3MOKHOCTSIMH, OCOOEHHO TOJE3-
HBIMU agMuaucTpaTopam BJI:

e Komnoumnarop PL/SQL cmocob6cTByeT IOBTOPHOMY HCIOJIb30BaHUIO, 6Y-
ayau 6oJjiee CHUCXOIUTENEH K CTPYKTYpe KypcopoB. CTeneHb sTo# cHU-
CXOIUTENHLHOCTH O0CYKIaeTCA B CIeIVIONIeM pasiesie.

e TIlocse Toro Kak Kypcop ObLJI CKOMIUJIUPOBAH B COCTaBe IPOIEeAYPHI, Ta-
KerTa unu Gyarnuu PL/SQL, oH aBTOMaTHYeCKHU CUMTaeTCsA pasodpam-
HBIM U JeHCTBUTEIHLHBIM IO TEX IIOP, IIOKA OCTAIOTCA AEHCTBUTEIbHBIMU
oponeaypa, NakeT Uiu GyHKITHUA.

MepedopmaTtuposaHme kypcopa PL/SQL

Kak yxxe ymommuanocs, komonuiaarop PL/SQL mpusaraer JOTOJTHUTENb-
HBIE YCUJIHUS, CIOCOGCTBYIOIINE MTOBTOPHOMY HCOOJMB30BAHUIO Kypcopa,
OTHICKUBAA MeJKUe OTJIUYHNA TUIA JUITHUX TPo0esioB, N3MeHeHU N perucT-
pa u nepeBoAOB cTpoku. Hanpumep, AJd cienyromnieil npomeaypsl B pasje-
JsieMOM TyJie OYAeT co3AaH eTUHCTBeHHBIH CKOMIUINPOBAHHEIH Kypcop:

CREATE OR REPLACE PROCEDURE forgiveness IS
-- define two poorly structured cursors
CURSOR curs_x IS
SELECT order_date FROM orders;
CURSOR curs_y IS
SELECT order_date
FROM orders;
BEGIN
-- nossonauM PL/SQL ucnonb3oBaTh €ro nap nepehopMaTUpoBaHus
OPEN curs_x;
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CLOSE curs_x;

OPEN curs_y;
CLOSE curs_y;
END;

Taroi npegBapUTENbHBIH pasbop BEITONIHAeTCcA B PL/SQL A Bcex Kypco-
POB, UTO TO3BOJIAET OOHAPYKUTH COBIAAEHU AN BCErO XPAHUMOTO KOJa.
Hanpumep, A1a OIpuBeJeHHOr0 HUMKE Kypcopa OyIeT MCIO0JIb30BaH CKOM-
OTUIUPOBAHHBIN KYPCOP U3 IPOIeAYPHI forgiveness.

CURSOR curs_x IS
SELECT order_date FROM ORDers;

Jinteparibl

Emie ogus ¢GaKTOp, KOTOPHIH HAJAO YYUTHIBATH IPU IJIaHUPOBAHUY IOBTOD-
HOT'O UCIIONb30BAHUA KYyPCOpa, — 3TO UCIOJIb30BaHMEe JUTEPaNIoB. PaccMoT-
PUM TIpoCcTOi hparMeHT KOJa, BEIMOIHAONINI ABa IeMeHTapHBIX 34Ipo-
ca. O6paTuTe BHUMAaHME HA TO, YTO TeKCTHI 3aIPOCOB OTIHUYAIOTCA TOMIHKO
HOMEpaMH 3aKa30B, 3aJJaHHBIMHU JUTEPaATaMH.

CREATE OR REPLACE PROCEDURE two_queries
AS
v_order_date DATE
BEGIN
-- get order 100
SELECT order_date
INTO v_order_date
FROM orders
WHERE order_number = 100;
-- get order 200
SELECT order_date
INTO v_order_date
FROM orders
WHERE order_number = 200;
END;

ITocie II€ePBOT'O BEINIOJIHEHUA B PA3EJIAEeMOM IIYJIe OKAXKYTCA ABa Kypcopa.

SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT ORDER_DATE FROM ORDERS 1 1
WHERE ORDER_NUMBER = 100

SELECT ORDER_DATE FROM ORDERS 1 1
WHERE ORDER_NUMBER = 200

Kak w1t 13 KypcopoB GBI OJHOKPATHO Pa3odpaH U BHITIOJNHEH, TAK KaK UX
ASCII-cymMMBI He coBmanu. Bosee TOro, ImaHc 6BITH TOBTOPHO HCIONB30-
BAHHBIMU MOABUTCA YV HAUX TOJHKO IIDU BHINOJHEHUH 3aIlpoca ¢ ABHO VKa-
3amHBIM HOMepoM 3akasa 100 unu 200. Taxoii mogxon gajleK OT OOTHMAJb-
HOTO: TIpU 00paboOTKe JeCATKOB THICSAY 3aKa30B MOTPeOyeTcs BBHITOMHATH
JEeCSATKU THICAY MOJHBIX Pa3bopoB.
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IIpocreiimuii cmoco6 AOGUTHCS MOBTOPHOTO UCHOJMB30BAHUS STUX KypCO-
poB ¢ nomoIsio PL/SQL 3aknoyaeTca B UX TapaMeTpU3aui, KaK IoKasa-
HO B CJIeAYIOIIeM (hparMeHTe:

CREATE OR REPLACE PROCEDURE two_queries AS
-- onpefensem napaMeTpU30BaHHLI Kypcop
CURSOR get_date ( cp_order NUMBER ) IS
SELECT order_date

FROM orders
WHERE order_number = cp_order
v_order_date DATE

BEGIN
-- get order 100
OPEN get_date(100);
FETCH get_date INTO v_order_date
CLOSE get_date;
-- get order 200
OPEN get_date(200);
FETCH get_date INTO v_order_date
CLOSE get_date;

END;

B pasgensieMoM myJe HOCJE €ro OYNCTKU U BHINOJHEHN HOBOM PYHKITUNA
Oyzer cremyroIiree:

SQL_TEXT PARSE_CALLS EXECUTIONS
SELECT ORDER_DATE FROM ORDERS 1 2
WHERE ORDER_NUMBER = :B1

PaS,ZLEJIHEMBIfl IIVJI COOAEPKUT EI[HHCTBEHHBIfI KYypCcOp CO CHETIYHMKOM BBI-
HOJIHEHI/II;'I, PaBHBEIM 2, qTO 'OBOPHUT O TOM, YTO OH YK€ OBLI IIOBTOPHO HC-
II0JIB30BaH.

Teneps T1000# APYTroii KO, BEIMTOJHAIONIUN TaKOH sKe 3aIpoc I moayde-
HUA AATH 3aKa3a II0 €70 HOMEPY, MOXKEeT BOCIIOJIb30BATHCA ViK€ CKOMITUIIN-
poBaHHO# Bepcueii. Hanpumep, creayiomias mporneaypa 0yaeT UCIONb30-
BATh CKOMIIMJIMPOBAHHYIO BEPCHUIO JaHHOTO Kypcopa:

CREATE OR REPLACE PROCEDURE another_two_queries AS
-- TOT X& Kypcop, 4TO ¥ B NPenuiyweMm npumepe,
-- 0TM4aeTCd TONbKO WM4 NapaMeTpa
CURSOR get_date ( cp_oid NUMBER ) IS
SELECT order_date

FROM orders
WHERE order_number = ¢p_oid;
v_order_date DATE

BEGIN
-- nony4vTb 3akas 300
OPEN get_date(300);

FETCH get_date INTO v_order_date
CLOSE get_date;
-- nony4vTb 3akas 400
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OPEN get_date(400);
FETCH get_date INTO v_order_date;
CLOSE get_date;

END;
ITocse BBIIONMHEHUSI STOW OPOIMEAYPHl B pasfessieMOM OyJe OyAYT Takue
JaHHbIe:

SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT ORDER_DATE FROM ORDERS 2 4

WHERE ORDER_NUMBER = :B1

CKOMIUIUPOBAHHBIN paHee Kypcop OBLT MCIOJIB30BAH BTOPOH mpomeny-
poii. ITorpe6oBaica TOMBKO YACTUUHBIH pasdbop. M3 sToro mpuMepa BUAHO,
YTO XOPOIIel NPaKTUKOU ABJIAETCA OTKA3 OT MCIOJIb30BAHUA JUTEPAJIOB
B Kypcopax Besje, T/ie 5TO BOBMOIKHO.

Ho uTo eciun IIPDHUJIOMKECHHE HE MOXKET OBITH MO,Z[I/I(I)I/IIII/IPOBaHO n3-3a OTCyT-
CTBUA HNCXOJAHBIX TEKCTOB HJIHM H3-3a HeAOCTaTKa BPEME€HH HJIHN ,Z[EHEI‘?
B rakux CUTyanmMruAXx Oracle MoxxeT Koe-ueM IIOMO4Yb, O 9€M " PDacCKasblBa-
€TCdA B CIeAYVIOIIIEM pasjgeie.

An ropuTMbl CcCONnoCTtaB/iIeHUA

ITo ymMomuaHuio TOBTOPHOE HCIOJNb30BaHUEe KYPCOPOB B 0a3e AaHHBIX Tpe-
OyeT UX noanozo cosnadenus. 3a npegeramu PL/SQL sTo npaBuo He Tep-
nuT KomopomuccoB — ASCII-3HauyeHUA JOJKHBI COBIAJaTh B TOYHOCTH.
EcTb ToNBKO UepHOE U 06eiioe, 1 HUKAKUX MOJYTOHOB. KypCcophl MU COBIIA-
nator, unu Het. B PL/SQL romnunarop, nepedopMaTUpyda KypPCOpbI, CTa-
paeTcA NIOMOYb UX TOBTOPHOMY UCIIOJIB30BaHUIO, HO BTO BCE, UTO OH MOXKET
clenaTh. TO OrpaHUYEeHNEe 0COOEHHO AOCAAHO, KOTAA KYPCOPHI OTJIUYAOT-
cd JIUI B TEKCTOM JINTEpasoB. PaccMoTpuM ABa Kypcopa:

SELECT order_date FROM orders WHERE order_number = "17;
SELECT order_date FROM orders WHERE order_number = '47;

06a OoHHN BBIDONHSIOT ONHO U TO Ke JeficTBHe, M3BJEKAdA 3HAUeHIE Of-
der_date mysa sagaHHOTO 3aKasa, a cymMma ux ASCII-saauennii oTudaercs
Bcero Ha 3 equHUNGI. Ho cTapaHUsSME alIropuTMa TOYHOI'O COIOCTABICHU ST
oba ymocTanBamTCs COGCTBEHHOrO IIOJHOrO pasbopa M MecTa B pasjessie-
MoM IIyJe (Zaske ecau HaxogaTcd B Koge PL/SQL).

SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT order_date FROM orders 1 1
WHERE order_number = "4~

SELECT order_date FROM orders 1 1
WHERE order_number = "1°

B KOHII€ KOHIIOB, pas,z:[eJmeMbe/'I IIYyJ MOXKET OBITH 3aII0JHEeH AHAJOTUYHEI-
MU KypcopaMH, AJIsI KOTOPBIX IIOBTOPHOE BBINIOJIHEHKWE TAK OMIU3KO — U BCe
€elfe TaKk naJieKo. Taxoe IIOBEeJ€HNE B OTHONICHUWHN JIUTEPAJIOB B Kypcopax
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CBOHCTBEHHO OT/AEJIbHBIM KOMMEDPYECKUM NIPAJIOKEHNAAM, 2 TAKKe DAHHAM
BepcuaM ODBC. C ydeToMm Takoro mosefenusi B Oracle mob6asieH BTOpo#
AJITOPATM COBMECTHOI'O HCIIOJIB30BAHUSA KYPCOPOB — CONOCMABJLEHUE NO-
0obnwvix (similar matching). «IlomobHBIE» 03HaAYaeT 3[€Ch, YTO OT KYpCO-
poB Tpedyercs coBuagenne ASCII-cyMM, He YIUTHIBAIONTHAX JTATEPAJBI.

ws ITpuMeHsEeMBIH aJTOPUTM COBMECTHOTO MCIOJIb30BAHUA OIPENEA-
.l:, P eTcA napaMmeTpoM MHUNHanu3anuu CURSOR_SHARING:
D I
182 SQL> SELECT name,
2 value

3 FROM v$parameter
4 WHERE name = "cursor_sharing’;

cursor_sharing EXACT

Hapsany ¢ saganuem ganHoro mapamerpa Ai4a Bl B 11eJ10M BbI MOKe-
Te ONPeaeJUTh ero IJsA OTAEJbHOTO CeaHCa IPH MOMOIIYM KOMAH b
ALTER SESSION.

SQL> ALTER SESSION SET cursor_sharing = SIMILAR;
Session altered.

Bor uTo HaXOJHUTCsA B pas3jaesideMOM IIyJie€ IIOCJ€ BBIIIOJHEHHUA OTJIHYAIO-
OIUXCA JJUTEepaJaMid KYPCOPOB B CJiIy4dae IPDUMEHEHHUA aJITOPUTMa COIIOCTaB-
JIEHUS HO,Z[OﬁHBIX!

SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT order_date FRO 2 2
M orders WHERE order_
number = :"SYS_B_0"

SsHO 3aJlaHHble SHAYEHHUSA ObLIH HpeoﬁpasoBaHH B IIepeMeHHbI€ CBsA3bIBA-
HHUS, YTO 3HAYHUTEJIFHO ITIOBBICHUJIO BEPOATHOCTS IIOBTOPHOTI'O UCIIOJIB30BaHUSA.

3uaadenne SIMILAR He o3HaudaeT, uyTo Oracle 6ygeT cieno moJcTaBIsITh Iepe-
MeHHBIEe CBsI3BIBAHHS BMECTO KaKJI0ro HaAeHHOro UM jJuTepaja. Hanpu-
Mep, OH He CTaHeT [AeJaThb 3TOT0, €CJHU B pe3yJbTaTe 3HAUUTEJIbHO U3MEHUT-
CsI IJIaH BBINIOJHEHUsI, BHIOPAHHBIA ONTHMU3ATOPOM IO CTOHMMOCTH — KaK
B IPUBEJIeHHOM HHUKe IPHUMEPE C CYINeCTBEHHO aCUMMETPHAYHBIM pacipe-
JeJleHAeM 3aKa30B II0 peruOHaM.

SQL> SELECT region_id,
2 count (=)
3 FROM orders
4 GROUP BY region_id;

REGION ID  COUNT(*)
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Ecnu onTuMmsaTop pacmoJsaraeT akTyajdbHOH cTaTucTukoi, Oracle yurer
9Ty aCHMMETPHUIO U BEIOEPET pas3Hble IMJIaHbl BHITOJHEHUS AJA TOJTYUYeHUA
3anuceil o KaKIOMY U3 peruoHOB. /na perumoHa 1 oH BbIOEDPET MONHBIH
ITPOCMOTD TabJIHUIIBI, TAK KaK eMY HaJo IPOCMOTPETH BCe 3alIUCU KpOMe Of-
Hoit. JIyia perumoHa 2 oH TPeANOUYTET BEIOOPKY OAHOI CTPOKH C TTOMOTIHIO
uHIeKca o noJio REGION_ID. BRITOJIHUM 5TH 3aNpPOChl ¢ BKJIYEHHBIM pe-
sxuMoM AUTOTRACE, 4ToOBI TPOAeMOHCTPUPOBATE CKa3aHHOE.

SQL> SELECT COUNT(=*)
2 FROM ( SELECT =

3 FROM orders
4 WHERE region_id = 1 );
COUNT ()

9999

0 SELECT STATEMENT Optimizer=ALL _ROWS (Cost=3 Card=1 Bytes=2)
1 0 SORT (AGGREGATE)
2 1 TABLE ACCESS (FULL) OF "ORDERS™ (TABLE) (Cost=3 Card=21 Bytes=42)

SQL> SELECT COUNT(=*)
2 FROM ( SELECT =

3 FROM orders
4 WHERE region_id = 2 );
COUNT ()

0 SELECT STATEMENT Optimizer=ALL ROWS (Cost=1 Card=1 Bytes=2)
1 0 SORT (AGGREGATE)
2 1 INDEX (RANGE SCAN) OF 'ORDER_REGION" (INDEX) (Cost=1 Card=1 Bytes=2)

B ,Z[eflCTBHTeJIBHOCTH HaC UHTEPECYIOT HAaXOoAAIlIueCcA B pasgeyiaeMOoM IIyJie

KYPCODHI.
SQL_TEXT PARSE_CALLS EXECUTIONS
SELECT COUNT(x) FRO 1 1
M ( SELECT =

FROM orders
WHERE region_id =
:"SYS_B_0" )

SELECT COUNT(*) FRO 1 1
M ( SELECT =
FROM orders
WHERE region_id =
:"SYS_B_0" )
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HecmoTpa Ha TO 4TO TEKCTHI KYPCOPOB IIOCJIE TTOACTAHOBKU HUJEHTUYHEI,
OBLT CcO3JaH OTAENbHBIH Kypcop, Tak Kak Oracle o6HADYKUI CIUITKOM
0OJIBITINe M3MEeHEeHH! B IJIaHe BRINOJHeHUA. Biarogaps Tako# cTpaTeruu
I POMBBOAUTEIHHOCTH HE CTPaAaeT Npu ycraHoBKe pesxxuma SIMILAR gna
COBMECTHOTO UCIIOJIL30BAHUSA KypCcopa.

ITapamerp CURSOR_SHARING MoskeT NPUHUMATE €Ile W TPEThe 3HAYeHUe —
FORCE. B cooTBeTCTBUU CO CBOMM HAaMMEHOBAHWEM OHO O3HAYAET IPUHYIU-
TeJIbHOE TOBTOPHOE UCIOJIb30BAHNE KYPCOPOB DU COBIAJEHUY UX TEKCTOB
mocJie 3aMeHEBI JIUTEePAJIOB HA lepeMeHHbBIe cBA3bIBaHUA. IIpu sTOM MeTOo€
BBITTOJIHAETCA IIPAMAasdA IOJCTaHOBKA, HEIIOCPECTBEHHO HA OCHOBAHUU KO-
Topo# omTuMu3aTop mo crouMoctu (CBO — cost-based optimizer) crpour
IJIaH BHINOJHeHUuA. Takoi NyTh He Bcerja oNTUMAaJeH, TAK KaK, 3HaA Jei-
CTBUTENbHOE 3HaUeHUE, onTuMusaTop CBO Mor 651 IPUHATS JyUIlIee pelle-
HHUe — KaK ObIJIo ToKasaHo B mpuMepe ¢ REGION_ID.

ITocie BRITOMHEHNUSA 3aIIpoOca ¢ IOACYeTOM peruoHoB 1 u 2 ¢ HcIoIb30BaHA-
eM sHadenua FORCE B pasgensaeMoM myJie 6yaeT HAXOAUTHCA TOJIBKO OJUH

Kypcop.
SQL_TEXT PARSE_CALLS EXECUTIONS
SELECT COUNT(x) FRO 2 2
M ( SELECT =

FROM orders
WHERE region_id =
:"SYS_B_0" )

3Hauerue FORCE moasunocsk B Oracle8i Database (8.1.6) emie o Toro, Kax
B Oracle9i Database mosaBunocy sHauenme SIMILAR. Pesxmm SIMILAR OmLn
BBeJIeH IOCJE TOTO, KAK MHOTHWE aJMUHUCTPATOPH U paszpaboTUUKU COUTIH
MeTox FORCE crumikoM rpy6bIM B OTHOIIIEHWUY ITPOU3BOSUTEILHOCTH 3aIpPO-
coB (KaK OBIIO MOKA3aHO B IIpUMepe BhIMIe). KCIm BEI PEIuTe BOCIONIB30-
BaThCA OAHUM U3 BTUX PEKUMOB, MBI HACTOATENIHFHO PEKOMEH/IYEeM BaM OCHO-
BATEJIBHO IIPOTECTUPOBATH IPOUZBOJUTENHHOCTE, UTOOB YOEZUTHCA B TOM,
YTO IPEeUMYINeCTBa COBMECTHOT'O MCIOJB30BAHUA KYPCOPOB HE CBOJATCA
Ha HeT CHUKEHUEM IITPOU3BOJUTEILHOCTH 3aIPOCOE.

ITomHUTE: HECMOTDA Ha YA0OCTBO UCIIONH30BaHMA PEIRUMOB SIMILAR u FORCE,
OHU He MOI'YT 3aMeHUTH XOPOIIO IPOAYMAHHOI'O U JIOTUYHOI'0 HUCIIOJIb30Ba-
HUA KYPCOPOB B KOJle BAlIUX IPOrPaMM.

CoBnapgeHns TeKCTOB MOXeT ObITb HenoCcTaTo4yHo

IToMuMoO coOBIaZieHUsST TEKCTOB KYPCOPOB €CTh ellle PAL (PaKTOPOB, BIHUSIIO-
IMHUX Ha IOBTOPHOE MCIOJb30BAHNE KYPCOPOB — HAIIPUMED, HeCOBOAAEHUI,
ompeessieMble CTATUCTUKOM ONITUMU34aTOPA WU HACTPOUKON apXUTEeKTYDHI
Globalization Support (mogaep:xxa riodbanusanun, OIpek e Ha3bIBaBIIAIC
NLS — National Language Support, moagep:;kKxa HaIUOHANLHBIX SI3BIKOB).
B rakux curyanuax npoctoro cosunagerausa ASCII-sHaueHn HeZ0oCTaTOYHO.
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PaccMoTpuM OpuMep YCTAHOBKH PeKuMa paboThl OITHME3aTOPA.
SQL> ALTER SESSION SET optimizer_mode = FIRST_ROWS;
Session altered.

SQL> SELECT COUNT(=*)
2 FROM orders;

SQL> ALTER SESSION SET optimizer_mode = ALL_ROWS;
Session altered.

SQL> SELECT COUNT(=*)
2 FROM orders;

KBanudunupoBanable aAMAHUCTPATOPH 3HAIOT, YTO B 9TOM ciydae 6yayT
CO3JaHbl Ba Kypcopa: TeKCTHl COBNAAAIOT, HO HCIOJb30BaHbl Pa3HbIE pe-
JKAMBI OTITUMHA3an i, nosToMy Oracle ¢cTpoUT AJa KYpCOPOB pasHbIe NJa-
HBI BHITOJIHEHUSI. BOT YTO HAXOAUTCS B pasfesseMOM IyJe:

SQL> SELECT sql_id,

2 sql_text,
3 parse_calls,
4 executions
5 FROM v$sql
6  WHERE INSTR(UPPER(sql_text), "ORDERS") > 0
7 AND INSTR(UPPER(sql_text), "SQL_TEXT') = 0
8 AND command_type = 3;
SQL_ID SQL_TEXT PARSE_CALLS EXECUTIONS
d8kspBaaxa26d SELECT COUNT(«) FRO 1 1
M orders
d8kspBaaxa26d SELECT COUNT(«) FRO 1 1
M orders
A N
I '\t.'.

Hauwunas ¢ Oracle Database 10g Release 1 gist ofHO3HAYHON HASHTH-
fs, dHuKaIIMK Kypecopa B TAKUX MPEeICTaBIeHUAX, Kak VSQL 1 VSOPEN_CUR-
o f." SOR, ucmoansayetcsa cronbern SQL_ID. B Gonee paHHUX BepcHAX NI
9TOH IIeJH NPHUMEHAIACh KOMOMHALIUSA cTOJ6I0B HASH_VALUE m ADD-
RESS.

QueBuano, Oracle o6HAPYK U, YTO KYPCOPHI HAEHTHUYHBI, TAK KaK IPUCBO-
WJ UM OJUHAKOBBHIE HUASHTHMDUKATOPHI, HO ¢cAejaJl BTOPOH Kypcop MOTOM-
KOM IIePBOTO.
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B manHom ciydae MBI 3HaeM, 4TO ABa Kypcopa MoTpeboBaJunch M3-3a pas-
JTUYHBIX PEKUMOB ONTUMHU3AIIUHN, HO YTO €CJIH OBl 3TOl mHGOpPMAIIUN Y HAC
He 6p1m0? Kak MBI MOKEeM MOHATH, 3aUeM MTOHAA00UIICA BTOPOH Kypcop?
O6paTumca K npeacraBiaerno V$SQL_SHARED_CURSOR:

SQL> SELECT sql_id,
2 child_number,
3 optimizer_mismatch
4 FROM v$sql_shared_cursor
5  WHERE sql_id = 'd8ksp6aaxa26d’;

SQL_ID CHILD_NUMBER 0O
d8kspbaaxa26d 0N
d8kspbaaxaz6d 1Y

3Haduenne «Y» BO BTOPOM cTOJ0Ie 03HAYAET: Aa, JOUEPHUHA Kypcop MOHAa-
IOOUJICS M3-3a PA3JIUUYNi B oNTUMHU3aTOpe. MBI HaMepPeHHO OTPAHUYUINCH
B 9TOM sampoce cToadmom OPTIMIZER_MISMATCH, 4TOGBI MOKAa3aTh NIPUUYUHY
HEBO3MOYKHOCTH IIOBTOPHOTO HCIOJIL30BaHUA Kypcopa. Ha camom gere
npexacrasrerne Y$SQL_SHARED_CURSOR comepsKUT MHOMKECTBO moJel (Hampu-
Mep, B Oracle Database 10g Release 1 ux 39), kak10e 13 KOTOPHIX COOTBET-
CTBYET OIIpeAesIeHHOH BOBMOXKHONA MIPUYHNHE 0TKA3a OT IIOBTOPHOTO UCIIOJNb-
30BaHU.

Mensa Bcerga MHTepPECOBAJIO, IIOUYEMY STO IpeACTaBleHNEe He Ha3hIBAeTCS
V$SQL_UNSHARED_SQL_CURSOR, Tak Kak OHO MOKAasbiBaeT UMeHHO 5T0. Tak uiu
WHAade, 5TO IOpeJCTABIeHHE O0UeHb YHOOHO AJS AUATHOCTUKU IIOBTOPHOTO
HUCIIOJIb30BAHNS KYPCOPOB, IIOSTOMY PEKOMEHIYI0 BaM dallle o0paIiaThbes
K HEMY.

CpaBHeHUe ABHbIX N HeSIBHbIX KYpPCOpPOB

IIpo6bmema BBIGOpPA MEKAY SIBHBIMH U HeJABHBIMH KypCOPaMHU ITOPOAUIIA
MHOTOJIETHIOI0 AUCKYCCHUIO — B 00OIIIeM, O BBEIOOpE MEKAY KOHCTPYKIUAMU
«OPEN, FETCH, CLOSE» u «SELECT INTO». B sTom pasfeie MBI He 0y-
JIeEM KacaTbCA BOIPOCOB IIPOU3BOAUTEIBHOCTH, TaK KAK B IOCJIEIHUX BEP-
cuax Oracle mpoaenana 6osbas paboTa AJMA CHATUA OCTPOTHI ATOI Ipo-
6;eMbI BMecTo 5TOTO cocpeloTOYrMCs Ha TOM, UTO ITPOUCXOAUT B Oase AaH-
HBIX, U OOCYAUM DasnIuuus B ONPUMeHEHHWHU STHUX KypcopoB B PL/SQL,
BEKJIOYadA U TOT HaKT, YTO OHU HE BCETAa COBIANAIOT B PA3/eJIIEMOM ITy.Je.

B yem oTnnumne?

B PL/SQL HeasHbie KYpCOPbL — 9TO KYPCODPHI, KOTOPEIE ONIPEJeIA0TCA B MO-
MEeHT BBHIIIOJHEeHUA. BoT mpumMep:

DECLARE

v_date DATE;
BEGIN

SELECT order_date
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INTO v_date
FROM orders
WHERE order_number = 100;
END;

B xo7e BRITOTHEHUA STOTO KOJAAa CO3AaeTCsa KypCcop AJI BEIOOPKU 3HAUYEHUS
order_date mna saxasa ¢ HomepoM 100. Taxum o6pasoM, Kypcop OBLT HeAB-
HO OIIpe/iesieH BO BpeMs BEITOJTHEHUA KOAA.

H6HbLI KYpCcop — 3TO KYyPCOP, KOTOPBIHU onpefiesdeTcs 4O Hadaja BEIIIONHe-
HUuA. BoT npocToil mpuMep:

DECLARE
CURSOR curs_get_od IS
SELECT order_date
FROM orders
WHERE order_number = 100;
v_date DATE;
BEGIN
OPEN curs_get_od;
FETCH curs_get_od INTO v_date;
CLOSE curs_get_od
END;

HeaBHBIN Kypcop BRITJIIAAUT IOpasfo IIPOIle U KOpodYe B 3alIUCHU, TOBTOMY
TIEPBBIM TTOOY KAEHUEM MOKeT OBITH BBIOOD MMEHHO 9TOro BapuaHTa. OmgHa-
KO ABHBIE KYDPCOPBHI UMEIOT PAJA IPEeUMYIecTB, OIPABABIBAIOIUX YAJTUHE-
sue kKoAa PL/SQL; nx pacCMOTPEHUIO TOCBAMIEHEI CIeAVIONINE ABA Pazaesa.

ATpunbyTbI Kypcopa

KiroueBoe IpenMyIecTBO IBHOTO Kypcopa 3aKJI0YaeTcs B HAJIUYUUA Y HETO
aTpubyToB, 06JIeTUAONINX TPUMeHeHNe YCIOBHBIX OmepaTopoB. PacecMoT-
PHUM CIeAVIONINUE TpUMep: MBI XOTUM HaWTH 3aKas U, €CJIU OH HalifieH, BHI-
TIOJHUTEH HeKOTOPEIe AeficTBus. IlepBasa mporeaypa, UCIOJIb3YIONIasa HesaB-
HBI#T KypCcop, BBEIHYKI€HA 3aHUMATHCSA IepPeXBATOM HCKJIIOUEHUI, YTOOBI
ONpeleNuTh, Obla IU HalfileHa 3alUCh.

CREATE OR REPLACE PROCEDURE demo AS
v_date DATE
v_its_there BOOLEAN := TRUE

BEGIN
BEGIN

SELECT order_date
INTO v_date
FROM orders
WHERE order_number = 1
EXCEPTION
WHEN no_data_found THEN
v_its_there := FALSE
WHEN OTHERS THEN
RAISE;
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END;

IF NOT v_its_there THEN
do_something;

END IF;
END;

Bropasa opomeaypa, HanucaHHasA ¢ UCIOJb30BAHUEM ABHOTO Kypcopa, BbI-
TIASAAUT ropasfo MOHATHee, TAK KAK Halmdue y Kypcopa aTtpudyra %NOT-
FOUND memaeT oueBUAHLIM IPoBepsieMoe yeaoBie. OTCYTCTBYET TaKkKe Heo0-
XOAUMOCTD B JOMOJHUTENbHOM O010Ke BEGIN-END, HY»KHOM TOJIBKO AJIS pea-
JUB3anuu JIOTUKHU.

CREATE OR REPLACE PROCEDURE demo AS
CURSOR curs_get_date IS
SELECT order_date
FROM orders
WHERE order_number = 1
v_date DATE

BEGIN

OPEN curs_

get_date;

FETCH curs_get_date INTO v_date;
IF curs_get_date%NOTFOUND THEN
do_something;

END IF;

CLOSE curs_get_date;

END;

Oracle mogaep:KuBaeT caeayoIIiue aTpubyTsl KYPCOPOB:

ATpuodyr

Onucanue

%BULK_ROWCOUNT

%FOUND

%NOTFOUND

%ISOPEN
%ROWCOUNT

ROJII/I'-IQCTBO 3armceﬁ, BO3BpAaIfaeMhIxX onepauneﬁ MAacCOBOM BHI-
Gopku (BULK COLLECT INTO).

TRUE, ecau mocaeguasa onepanusa FETCH 6bi1a yemenmnosi; FALSE —
B IIPOTUBHOM CJyuae.

TRUE, ecau mocaegHAA onepalusa FETCH Oblyia HeycImelnrHo; FALSE —
B IPOTUBHOM cJyUae.

TRUE, eciu Kypcop OTKDHIT; FALSE — B IPOTUBHOM ciaydae.

KommuecTBo 3anucei, BEIOPAHHKIX HA TEKYIINI MOMEHT KYPCOPOM.

BrI, BO3MOXKHO, 3HAETE, YTO HEKOTOPHIE U3 STUX aTPUOYTOB JOCTYIHEI TAK-
JKe IJId HesIBHBIX KypcopoB. OAHAKO MTPOTPaMMHEYIO JIOTUKY ropasao yaob-
Hee pealn30BHIBATH € IMOMOINBIO ABHBIX KYPCOPOB, 0COOEHHO KOTJa B Ba-
el TporpaMMe HECKOJIbKO KYPCOPOB, K4K TOKA34HO B BTOM KOPOTKOM

OpuMepe:

IF curs_get_order%ROWCOUNT = 1 THEN
IF curs_get _details%FOUND THEN
process_order_detail,
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MapameTpbl Kypcopa

Kax yKe roBopuioch B 9ToiH IiaBe, TapaMeTPU3aud KYPCOPOB ITOMOTAET
TIOBBICUTH CTEINeHb WX MOBTOPHOT'O MCIOJb30BaHUA. BoT mpocToil mpumep
IpoIleAYPHI TONMYyUeHUA AATH 3aKa3a ¢ TapaMeTPU30BaHHBIM KYyPCOPOM:

DECLARE
CURSOR curs_get_od ( cp_on NUMBER ) IS
SELECT order_date
FROM orders
WHERE order_number = cp_on;
v_date DATE;
BEGIN
OPEN curs_get _od(100);
FETCH curs_get_od INTO v_date;
CLOSE curs_get_od;
END;

Ecnu ganee B aT0ii MporpaMMe HaM OHAA00ATCSI JaHHBIE 0 3aKas3ax ¢ HOMe-
pamu 200, 300 u 500, mocTaTouHO OYAET e11e pas OTKPHITH 9TOT 3Ke KYpPcop.
Taro# moaxoA cIocOOCTBYET MOBTOPHOMY MCIOMB30BAaHUI0O KYPCOPOB KakK
B camoii PL/SQL-iporpamMmme, Tak U B paz3/ejIaeMOM IIyJI€.

HecoBnapeHune B paspensemMom nyne

SIBHBIE U HesIBHBIE KYPCODEI B pasjeyideMOM IIyJie He COBIIaAaroT. ITosscEUM
Ha IIpuMepe, 4TO UMeeTCA B BUAY.

DECLARE

CURSOR get_region IS

SELECT region_id FROM orders WHERE region_id = 2;

v_region NUMBER;
BEGIN

OPEN get_region;

FETCH get_region INTO v_region;

CLOSE get_region;

SELECT region_id INTO v_region FROM orders WHERE region_id = 2;
END;

CKOMBbKO KYpCOPOB OyaeT B pasaenseMoM myne? OTBeT: ABa.

SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT REGION_ID FROM ORDERS W 1 1
HERE REGION_ID = 2

SELECT REGION_ID FROM ORDERS W 1 1
HERE REGION_ID = 2

HecMoTpst Ha TO 4TO 5TH KYPCOPHI BBITAAAAT OAUHAKOBO 1 002 HAXOAATCA
B pasiessieMoOM IIyie, ¢ TOUKH 3peHud Oracle y HUX JoCTATOYHO OTIAYMI
(Mo eT OBITH, mpeanokenne INTQ?), 4TOOB XPAHUTH UX OTAENbHO. I109TO-
MY He clIeAyeT HaJesaThbCA, UTO SIBHBIH U HeABHBIH KYpPCOPHI COBIIAAYT B pas-
JensieMoM my.Je. JIydiile IpuaepKUBATHCSA KAKOTO-TO OJHOTO cII0oco0a.
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Msrkoe 3akpbiTue Kypcopa

IIpu paspaboTke TPUIOKEHHH s Bcerja cTapaioch HCIOIL30BATDH JIOOBIE
BOBMOKHOCTH, OPUBOAIINE K IMOBBITIIEHUI0 TPOU3BOAUTENbHOCTH. SI Bee-
roa 3ajgato cebe BOIPOCHl — HATPUMED, eClMu QYHKIUA MHOTOKPATHO BBI3HI-
BaeTcs B TedeHUe ogHoOTOo ceaHca Oracle, mouemMy 6B1 MHe He KSIIIUPOBATH
Kakwue-TO 00Ie AJaHHBIe BMECTO TOTO, YTOOBI KaKIbIH pas 3alpalinBaTh
ux? Wau, ecim MHe M3BECTHO, UTO 6a30Bble JaHHBIEe MEHSIOTCS OAUH Das
B 4ac, mouyeMy OBl He COXPAHUTH Pe3yJIbTATHl 3aIIpoca W TEeM CaMBIM u30e-
JKaTh TOBTOPHBIX 3aMTPOCOB B TeUeHUE MOCAeAVIomux 60 MuayT?

Onuo us npegmonoxkennii Oracle 3akIroYyaeTcs B TOM, YTO €CJIH Kypcop OBIT
OJHAMKIB UCIOJb30BAH B ceamce, TO OH KOrjga-HUOYAb OyIeT MCIOJIb30BaH
TIOBTOPHO (JlaKe ecau OBLT SABHO 3aKpHIT). [IpueM, peanusyoniui 5To opes-
TIOJIOKEeHIe, HA3hIBAETCA MAZKUM 3AKPpbimueM, UIN, KaK s 5TO Has3kIBaIlo,
«3aKPpHITHEM 0€3 3aKPBITUA» .

PaccMoTpuM IpOCTO# TpUMeED ¢ HEABHBIM KYPCOPOM.

SQL> SELECT NULL
2 FROM DUAL;

1 row selected

HesasubIii Kypcop 6BLT cO3AaH, OTKPHIT, UCIOJIB30BAH A BRIOODKU U 3a-
KPBIT — Bce B OfHOM omnepaTope SELECT. Temepb oH AOJKeH OBITH OTCOEIU-
HeH OT ceaHca, B KOTOPOM BBIMTOJIHAICA, TpaBuiabao? He ToponuTech. Jma
TOTO YTOOBI BOCIOJNH30BATHCSI IPEUMYIIIECTBAMU BO3MOMKHOTO TOBTOPHOTO
UCOOJIb30BaHUA, BEIDOJIHAETCH JUMIIEL MATCKOE 3aKPEITUE KYyPCopa, KOTOpoe
I03BOJIAET YCKOPUTE €r'0 IOBTOPHOE BBINIOJIHEHNE B 9TOM CeaHCe.

Kypcoprl, cBs3aHHBIE ¢ OOpeAeSeHHBIM CEaHCOM, IIepedYrcIeHbl B Ipen-
crapnerun VY$IPEN_CURSOR. 3aech comepskaTes KAK OTKPBITHIE B JAHHBIHA MO-
MeHT KypCOpBI, TAK U T€, KOTOPbIe OBLIN MSTKO 3aKpPBITBHI. BOT 4TO Haxo-
OUTCSA B 9TOM IpeACTaBJIeHUU AJIA ceaHca, BRITOJHAIOIIEro 3ampoc K DUAL:

SQL> SELECT sql_text
2 FROM v$open_cursor
3  WHERE sid = 43;

SQL_TEXT

SELECT NULL  FROM DUAL

Takoe MATKOE 3aKPhITHE IPOUCXOAUT IIPU ABHOM 3aKPBITHUU Kypcopa ore-
paTopom CLOSE unu npu HeSTBHOM 3aKPBITUM B MOMEHT BBEIX0Ja U3 o0iac-
TH BUAUMOCTH.

15 ToTo YTOOBI BCe KYPCOPHI HE OCTANNUCH HABEYHO B COCTOSTHUU MSATKOTO
3aKPBITHSA, MOKHO YCTAHOBUTH B IapaMeTpe WHHUIIUAIH3aIUN 0a3bl AaH-
BbIX OPEN_CURSORS mpeaesbHOE KOJIUYECTBO KYPCOPOB 1yda ceaHca. Ilpu za-
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TIOJHEeHUH CTIUCKA HanboJee JOJTO He UCIOMb30BaBITUCA 3aKPBITHIH KYP-
cop BeIGpackIBaeTcCsdA, a Ha eT0 MECTO 3amuchiBaeTcda HOBHIM. OgHaKo ecau
CceaHC MOMBITAETCS ABHO OTKPHITH 6OJBIIe KYPCOPOB, YeM YKA34aHO B STOM
mapaMmeTpe, oH noayuduT omudbky ORA-01000: maximum open cursors ex-
ceeded (TpeBBIMIEHO MaKCUMAaNIbHOE YHUCIO OTKPBITHIX KYPCOPOB).

OTKpbITHE ABHbIX U HESIBHbIX KYpPCOPOB

Emre ogaO MecTO, Tle ABHBIE U HeSABHBIE KYPCODPHI TPAKTYIOTCA IO-pPa3HO-
MY, — 3TO CIHCOK OTKDPBITBHIX KypPCcOPOB. PaccMOTPUM 3TO Ha IPUMEDPE, Te
3HadyeHUe napamerpa OPEN_CURSORS paBHo 20. CHauaja BBINIOJHUM HECKOJIb-
KO HesIBHBIX KYPCOPOB:

DECLARE
v_dummy varchar2(10);
BEGIN
SELECT "A" INTO v_dummy FROM orders
SELECT "B" INTOQ v_dummy FROM orders
..¥ Tak janee An9 BCEX MPONUCHHX W CTPOYHLX OyKB andasBuTa. . .
SELECT "x' INTQ v_dummy FROM orders
SELECT "y’ INTOQ v_dummy FROM orders
SELECT "z' INTO v_dummy FROM orders
END;

CoucoK cBs3aHHBIX C CEAHCOM KypCcOpoB 6y,11e'1‘ BBITJIALETD TaK:

SQL> SELECT oc.sql_text
2 FROM v$open_cursor oc,
3 vésql sq
4 WHERE user_name = 'DRH’
5 AND oc.sql_id = sq.sql_id
6 AND command_type = 3;

SQL_TEXT

SELECT 'n’ FROM ORDERS
SELECT "z" FROM ORDERS
SELECT "o' FROM ORDERS
SELECT "g' FROM ORDERS
SELECT "x' FROM ORDERS
SELECT "1° FROM ORDERS
SELECT "v' FROM ORDERS
SELECT "s’ FROM ORDERS
SELECT 'p’ FROM ORDERS
SELECT "w’ FROM ORDERS
SELECT 'm” FROM ORDERS
SELECT "u’ FROM ORDERS
SELECT "k’ FROM ORDERS
SELECT "j° FROM ORDERS
SELECT "1i" FROM ORDERS
SELECT "y' FROM ORDERS
SELECT "r* FROM ORDERS
SELECT "t' FROM ORDERS
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SELECT "h™ FROM ORDERS
19 rows selected.

Tonsko IIoOCJIeJHNE KYPCODPBI OCTAJIMCh B COCTOAHHHM MATKOI'O 3aKPBITHA.
OcranbHble OBLIH yAaJeHsl, ITOOBI OCB060,Z[I/ITB MECTO AJIsI HOBBIX KYPCOPOB.

Tenepb BBIIOJIHUM HECKOJBKO SIBHBIX KYPCOPOB, OTKPHIBAsA M 3aKPBLIBAs
KasKIbIA U3 HUX.

DECLARE

CURSOR curs_65 IS SELECT "A" FROM orders;

CURSOR curs_66 IS SELECT "B’ FROM orders;
..M Tak panee Ans BCEX MPOMUCHHX U CTDOYHHX OyKB anpasuTa. ..
...ASCII-kon ot 65 no 122

CURSOR curs_122 IS SELECT "z FROM orders;
BEGIN

OPEN curs_65;

CLOSE curs_65
..M Taxk panee. ..

OPEN curs_122;

CLOSE curs_ 122
END;

B pesysbTaTe MONMYYUM COIUCOK CBA3aHHBIX C C€AHCOM KYPCOPOB, 0UYeHb II0-
XO0KHH Ha TOT, KOTOPHIi MBI BUAENU B cIydae ¢ HesIBHBIMHU Kypcopamu. Ho
IpeAcTaBbTe, YTO OYAET, €CIM MBI IMOJNEHUMCS W He 3aKpoeM Bce SBHBIE
KYPCODEHI, KaK B CIeIYIONIeM IpuMepe.

DECLARE

CURSOR curs_65 IS SELECT "A" FROM orders;

CURSOR curs_66 IS SELECT "B’ FROM orders;
..M Tak panee Ans BCEX MPOMUCHHX U CTDOYHHX OyKB anpasuTa. ..
...ASCII-kon ot 65 no 122

CURSOR curs_122 IS SELECT 'z FROM orders
BEGIN

OPEN curs_65;

OPEN curs_66;
..M Taxk panee. ..

OPEN curs_122;
END;

Tae-To Ha 20-M Kypcope MBI TOJYYUM OMUOKY, TAK KaK ceaHC MOTBITaeTCAa
BHIHITH 3a OTBeJeHHOE JJI Hero orpanudenne B 20 OTKPBITHIX KYPCOPOB.

ERROR at line 1:

ORA-01000: maximum open cursors exceeded
0RA-06512: at line 21

0RA-06512: at line 80

9To ofHA M3 NPUYNH, IO KOTOPBIM TAaK Ba)KHO BCeTJa 3aKPBLIBATH SBHBIE
KYPCODHI.

Takx KaKUM Ke JOJKHO OBITH pa3yMHOe 3HadUeHue napamerpa OPEN_CURSORS?
OTBeT OpOCT: CTOJBKO, CKOJIBKO HYXKHO, IJII0OC 0quH. Ha mepBBIi B3TIAL OT
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TAKOT'0 OTBETA MAJIO MOJB3EI, HO AJISA YCTAHOBKY BTOTO [IapaMeTpa HET ADPY-
TUX IPaKTUYECKUX peKoMeHAanui. Eciu 3HaYyeHUE CIUIIKOM MAaJjo, IPO-
rpaMMa He BREITONHUTCS us-3a omudku ORA-1000. Eciu sHaueHUe CIUIII-
KOM BeJNIHUKO, KYPCOPHI (ABHBIE U HeABHEIE) MOTYT HABCETAA OCTATHCS B CO-
CTOSTHUU MSATKOTO 3aKPBITHUS. XOPOIIas HOBOCTh B TOM, UTO TIPH 3aJaHUU
TmapaMeTpa IPOCTPAHCTBO He Pe3ePBUPYETC, IOATOMY YCTaHOBKA 6OJBIITO-
ro 3HAYEHUA He IPUBOAUT K IePepacxoay IaMaTH.

IIpuBemeHHBIH Aajlee 3a0pOC BO3BPAIlaeT IOAXO0AdAIee 3HaUeHNe, TOACUM-
THIBasSA MOJHOE KOJIHUUYECTBO KYPCOPOB (OTKPBITHIX W MATKO 3aKPBITHIX ) AJIA
TEeKYIIero ceanca. 1 perynapHo 3alycKaio ero Ha paHHUX dTamaxX paspa-
OOTHKU MPUIOKEeHUA.

SYS> SELECT =
? FROM ( SELECT sid,
COUNT (=)
FROM v$open_cursor
GROUP BY sid
ORDER BY COUNT(+) DESC)
WHERE ROWNUM = 1

~ o O A&~ W

SID  COUNT(»)

3arem g ycraHaBiauBaio mapameTrp OPEN_CURSORS paBHBIM MaKCHUMAaJIbHOMY
TOJIyYeHHOMY 3HadueHUIO ¢ 3anacoM B 10 uiu 20.

AnHamunueckmnm SQL

B punamuueckoMm SQL (NDS — Native Dynamic SQL), Kax IpaBUJO, TOKe
MOTYT OBITH PEATN30BAHEI IPEUMYIIECTBA MATKOTO 3aKPHITUA ¥ TOBTOPHO-
T0 HUCIOJB30BAHUA KYPCODOB, HO HAWJYUYIINE DPE3YJIBTATHI JOCTUTAIOTCSH
IPY UCIIOJIB30BaHUY TePEMEHHBIX CBA3BIBaHUA. PaccMOTpHUM JiBe IPOIENY-
PBI, KOTOPBIE BBITIOJHAOT OUHAKOBBIE JeHCTBUA, HO B OJ{HOHN HUCIIOJIH30BAa-
HBI IEPEMEHHbBIE CBAZBIBAHUSA, a4 B APYTIOA — KOHKaTeHAIUA.

CREATE OR REPLACE PROCEDURE bind ( p_on NUMBER ) AS
v_od DATE;
BEGIN
EXECUTE IMMEDIATE "SELECT order_date ' |
FROM orders ~ |

" WHERE order_number v_on’
INTO v_od
USING p_on;
END;
CREATE OR REPLACE PROCEDURE concatenate ( p_on NUMBER ) AS
v_od DATE;
BEGIN

EXECUTE IMMEDIATE "SELECT order_date " ||
FROM orders ~ |l
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" WHERE order_number = " || p_on
INTO v_od;
END;

CHavaja BEITTOJHUM TPHXObI BEPCHIO C IIEPEMEHHBIMH CBA3BIBAHU AL

SQL> BEGIN
2 FOR counter IN 1..3 LOOP
3 bind(counter);
4 END LOOP;
5 END;
6 /

PL/SQL procedure successfully completed.
B cnncke oTKPBITBEIX BUAUM YaKe 3HAKOMBIN HAM Kypcop:

SELECT order_date FROM orders
WHERE order_number = :v_on

KonuuecTBo pa3bopoB 1 BEITIOJIHEHUH, KAaK 1 03KUAAT0CH, paBHO 1 1 3:

SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT order_date FROM orders 1 3
WHERE order_number = :v_on

Tenepb TPHUXXIABI BEIITOJIHUM BEPCHUIO C ROHRaTeHaIII/IefII

SQL> BEGIN
2 FOR counter IN 1..3 LOOP
3 concatenate(counter)
4 END LOOP;
5 END;
6 /

PL/SQL procedure successfully completed.

Coucox OTKEPBITBEIX KYPCOPOB UMEET TaKko# BUO B CHUJIYy TOrO, 4YTO COXpaHA-
eTcsI TOJIbKO caMbIi HOCJIe,Z[HHfI 13 HUX — B HaJeXK A€ Ha IIOBTOPHOE UCIIOJIb-
30BaHHE.

SQL_TEXT

SELECT order_date FROM orders
WHERE order_number = 3

HWHaTepecHo Ba3MIAHYTH HAa CUETUUKN PasbOPOB U BEITONHeHU. KamapIil us
TpeX KYPCOPOB ORI OJWH pas pas3odpaH u OAUH pas3 BeIinoaHeH. QUueBUAHO,
YTO BTO CAUIIKOM PACTOUUTENHHO.

SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT order_date FROM orders 1 1
WHERE order_number = 3

SELECT order_date FROM orders 1 1

WHERE order_number = 1
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SELECT order_date FROM orders 1 1
WHERE order_number = 2

HuuaamMudeckuit SQL — »To MOMIHEBIH 1 yA00HEIH uHCTpyMeHT. IIpu MuHum-
MaJIbHO NPOAYMAHHOM HUCIONHB30BAHUU OH NIO3BOJAET IIOJYUYUTH BCE IIpe-
UMYIIeCTBa TOBTOPHOTO UCIIOJIb30BAHU KYPCOPOB, JOCTYIHEIE B OOBIYHOM
PL/SQL.

Wcnonb3oBaHWe KypCcOpoB He TONMbKO AJis 3anpocoB

Bwmecre ¢ pasButuem CYB]I Oracle pasBuBatoTca u Kypcopbsl. Hapany ¢ goc-
TUXEHUAMU B NOBBIMIEHNU IPOU3BOJUTEIHHOCTU, ONUCAHHBIMUA B IIPEAbI-
AYIIUX pasfesax, PACIINPUIACE U PYHKIIMOHAIBHOCTh KYPCOPOB, KOTOpasd
00JIBIIIe He OrpaHWUYNBAeTCs BBITTOJHEHUEM 3alPOCOB, — KYPCODPHI TEeleph
UHTETPUPYIOTCA B IPUJIOKEHUSA Ha YPOBHE NPOEKTUPOBAHUSA U KOMIIOHOB-
Ku. B aTOM pasjesie onucaHbl He YIOMUHABIINECA PaHEE AJOIOJIHUTEIbHEBIE
BOBMOKHOCTH PaboTHI ¢ KypCOpPaMmU.

MaccoBasa BeIGODKA, TUI AaHHBIX REF CURSOR, mapaMeTphl Kypcopa W Kyp-
CODHBIE BEIpaXKeHUsd — BCe BTU UHCTPYMEHTHI BECbMAa [IOJE€3Hbl aJMUAHUCT-
paTopy 0asbl JaHHBIX, 3aHUMAOIIEMYCA HUCCIeTOBAHUEM U YIYUIIEHUEM
TTPOUBBOAUTENLHOCTH OpuaokeHUii. OcobeHHO TOJIE3HBI paccMaTpHUBae-
MBbIe 3/Iech CPEJICTBA B TeX CIydasX, KOTJa BhI paboTaere ¢ TAMKeN0 Harpy-
JKeHHoIi 6a301i TaHHBIX U AJII Bac OYeHb Ba’KHO CBECTH K aGCOMIOTHOMY M-
HUMYMY KOJUYECTBO 3aTparuBaeMbIX BaMmu 3amnuceii. Hanpumep, ccrliaod-
HBI# Tun REF CURSOR MOKHO HCHOONB30BATH AJIA KOHTPOJSA JOCTyIa K JaH-
HBIM U3 KJIUEHTCKOI'O IPUJIOMKEHU A, KOTOPOEe MOXKeT JaKke He [10J03PEBAThH
0 cmocobe CTPYKTypupoBaHua Tadbmun. IlapamMeTpsl Kypcopa ITO3BOJAIOT
PacCIIUPUTD AOCTYI K AaHHEBIM. (B riraBe 3 06cy:KAatoTes U IPYTHe CIoCOObI
JOCTHKEHUS STOH menn.) A KypcOpHBIE BBIpasKeHUsdA (BIOKeHHBIE KYpCo-
PBI) aKTHUBHO CIOCOOCTBYIOT TOMY, UYTOOHI BHIMOJHAJINCEH TOMBKO Te omIepa-
OUuu, KOTOPbIe NeHCTBUTEIBHO JONKHBI BEITOJIHATHCA.

MaccoBas BbiIbopka

Ecnu BBI 6yaeTe BHIOUpATDH 3anucH 0o ogHoM B nmukjge PL/SQL, BB CTOMK-
HeTech ¢ TOBBINEHEHBIMY HAKJIAAHBIMU PACcX0aMU HA ePeKJIUYeHne KOH-
Texkcra Mexay SQL u PL/SQL nna kasaoi 3anucu. 9To CYIIeCTBEHHO yBe-
JIUYUT 00TIIee BpeMsI BHITTOJIHeHNUI, 0COOeHHO ITpU O0JIBIIIOM YHCIIe 3anuced.
VYMeHBIIIUTH KOJUYECTBO NEPEKJII0UYEHNH KOHTEKCTAa MOKHO C IIOMOIIBIO
MaccoBoii BeI6opku (BULK COLLECT INTQ), sampamiuBatonieil 3amucH ITOPITUI-
MU UJIU BCe CPasy.

CHavaJia pacCMOTPUM IIPUMED BBIOOPKHU 3amlucei o OqHOH:

CREATE OR REPLACE PROCEDURE cone_at_a_time AS
CURSOR curs_get_ord IS
SELECT order_number
order_date
FROM orders
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ORDER BY order_number;
v_order_number NUMBER;
v_order_date DATE;
BEGIN
FOR v_order_rec IN curs_get_ord LOOP
do_something;
END LOOP;
END;

Ecau tabnuma ORDERS cogep:xuT 100 3anuceii, To 6yaeT Beinonaeno 100 me-
PeKJIIOUeHNH KOHTeKCcTa. BOT BapHaHT 5TOW IPOrPaMMEI ¢ MacCOBOM BBI-
OOPKOIi.

CREATE OR REPLACE PROCEDURE all_at_once AS
CURSOR curs_get_ord IS
SELECT order_number
order_date
FROM orders
ORDER BY order_number

-- foKanbHag KOMNeKuUMs AN XpaHeHwWs peaynbTaTa MaccoBOi BuOOpKM
TYPE v_number_t IS TABLE OF NUMBER

TYPE v_date_t IS TABLE OF DATE

v_order_number v_number_t;

v_order_date v_date_t;

BEGIN
--— NOMy4WTb Cpasy BCE 3akaswbl
OPEN curs_get_ord;
FETCH curs_get_ord BULK COLLECT INTO v_order_number, v_order_date;
CLOSE curs_get_ord;
-- 8CAW HaWgeHs XOTb Kakue-TO 3akaau, obpaboTaTb UX B UMKNE
-— N0 NOKaNbHOW KONnekumu
IF NVL(v_order_number.COUNT,0) > O THEN
FOR counter IN v_order_number.FIRST..v_order_number.LAST LOOP
do_something;
END LOOP;
END IF;
END;

I[JIH GOMBIINUX HaﬁOpOB 3anucen BEIUTPHINI B IIPDOU3BOAUTEIIBHOCTH MOMKET
OBITH OT'POMEH, ITIO3TOMY MBI HACTOATEJIBHO PEKOMEHAYEM BaM IIDH 10001
BO3MOXKHOCTHU HCIOJIb30BATE BTOT CIOCO0.

Y MaccoBo#l BEIGODKU €CTh U APYyroe, MeHee OUeBHUIHOE TPeUMYIIecTBo: 0a-
3a JaHHBIX He JOJKHA 3a00THUTHCA O COTTIACOBAHHOCTH HAHHBIX IO UTEHUIO
Ha BCeM INPOTKeHWN U3BJIeUeHUA U 06paboTKu aEHBIX. O6paTUMCc erle
Pas K ONpeAbIAyIeMy npumMepy. Ecim runoreTudeckasa nporeaypa D0_SOME-
THING TpaTUT OATH CeKYHA Ha 00paboTKy Kaskmo# ms 100 zamucei, momuy-
yeHHBIX U3 Tabaumnsl ORDERS, cepBepy Oracle mpumercsa 6osee BOCBMU M-
HYT IOAAEP>XUBATH COTJIACOBAHHYIO IO UTEHUIO KOTHUIO BTUX AaHHBIX. Eciu
Tabnuia ORDERS yuacTByeT BO MHOMKECTBe ApPYrux omeparuit DML, To cer-
MeHT OTKaTa 6a3bl JaHHBIX JOJI3KEeH 6yAeT 3aHUMAaTHCSA MOAAEPKAHUEM CO-
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IJIACOBAHHOTO TIPEACTABJIEHUS MAaHHBIX HA BCEM IPOTAXKEHWU ITOH IAJIUH-
HOH omeparun.

)
[ B nannOM cayuae ecTh 0lHA NOTeHIIMANBHAA TPYAHOCTD, BOSHHKAIO-
l:, | 1as IpH IepeXole K MaccoBoil BrIGOpKe: mpouenypa DO_SOMETHING
we f'.,." IoykHA OyzeT o0pabaThIBATL CUTYAIIMH, KOTAA 3aIIMCH, ¢ KOTODHI-

"' Mwu oHA cobupaeTcs paboTaTh, yiKe He CYI[eCTBYIOT, TAK KAK OHU Obl-
JIN yIAJeHH 3a BpeMs, IPOLIeAIee ¢ MOMEHTA MACCOBOI BRIGOPK .

ANpTepHaTUBHBIA cocob 3aKJI0YaeTcs B IMOMEIEeHWH BCeX MOJNYYeHHBIX
MaccoBOli BHIGODKOH 3amucedl B MaMATh U UX IOcHeAyIOme#d obpaboTke.
IIpu TakoM mOAX0/ie 3HAUATEIHHO YMEHBIIAI0TCS IMaHChl HOJYYUTh HEIPH-
arayio omudry ORA-01555 — Snapshot Too Old (cermeHT oTKaTa ciUmI-
KOM MaJ).

Tak xax MaccoBasi BRIOOpKa IOMeIlaeT 3aliCH B IaMATH ceaHca, ciaeayeT
VYUTBIBATH OTPAHUYEHHAS HA JOCTYIHBIA ceaHcy 00beM NaMATH. Eeiu Aas
OPUJOKEHUSI KPUTUYHBI 3aTpaThl IaMATH CceaHCa, TO Bbl MOXKeTe UCIIOJb-
30BaTh npelsoxkeHue LIMIT gia orpaHUYeHUsA KOJIHUYeCTBA OJHOBPEMEHHO
3ampaniuBaeMbIX 3anuceii. Hanpumep, Tak:

OPEN curs_get_ord;
LOOP
-- nony4mTb cneaywume 1000 3akasos
FETCH curs_get_ord BULK COLLECT INTO v_order_number, v_corder_date LIMIT 1000;
-- €CAM Kakue-nmbo 3akasw HaWAeHW, TO NPOMTM NO HUM B LMKNE
IF NVL(v_order_number.COUNT,0) > O THEN
FOR counter IN v_order_number.FIRST..v_order_number.LAST LOOP
do_something;
END LOOP;
ELSE
EXIT,
END IF;
END LOOP;
CLOSE curs_get_ord;

S yacTo MOMB3YIOCH MAacCOBOH BRIOOPKOH IPH 3alIpocaxX K TabIuIlaM IPOU3-
BogurensHocTH Oracle (VS$), Tak Kax MeHbIIe BCero s XoTeJ 661, 4To0s1 B
3aHUMAJACh JOIOJHATENbHOH paboTod TONIBKO Pagu TOTO, YTOORI SI MOT I10-
CMOTPETh, HATPUMED, CKOJBKO OMEePANHAHA UTeHUS W 3alIACH BEITOMHA Ka-
KIBIH U3 ceaHCcOB. BOT alropuTM, KOTOPOTO s IPHAEPIKHABAIOCDH:

BEGIN
Maccosas BHOOpKA Tekyumx ceaHcos u3 VSSESSION
ON$ Kaxjoro ceadca
3anpoCUTb CTATUCTKKY CeaHca Nno Y4TEHWI0 W 3anucw
end if
END;

PeROMeH,Z[yIO HCIIOJB30BATh 2Ty BO3MOXXHOCTH KAaK MOXXHO 4Hallie IIPpH 3alpo-
CaXxX K CHJIBHO HAarpyXeHHbBIM IIPDEACTaBJIC€HUAM IITPOU3BOJHUTEJIFHOCTH Oracle.
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Tun paHHbIX REF CURSOR

ITepemennsle Tuma REF CURSOR MOTYT cchIaThCA Ha JI0OBIE peabibie KYP-
copsl. IIporpamMmma, ucnosmbayionias Tu REF CURSOR, MoskeT paboTaTh ¢ Kyp-
copamu Oracle, He 3a60TsCh 0 TOM, KaKie KOHEKPETHO JaHHBIe Oy YT U3BJe-
YeHBI MU BO BpeMsA BBINOJIHEHUA. BOT 04eHb IPOCTOM IpUMeED:

CREATE OR REPLACE PROCEDURE ref_curs AS
v_curs SYS_REFCURSOR;
BEGIN
OPEN v_curs FOR "SELECT order_number * ||
FROM orders’;
CLOSE v_curs;
END;

Bo Bpemsa komnunamnuu Oracle He 3HaeT, KaKUM 6yIeT TeKCT 3ampoca, — OH
BUJUT CTPOKOBYVIO nepeMeHHyI0. Ho Hamuuue Tuna REF CURSOR roBopur emy
0 TOM, YTO HaZo 6yaeT 00ecIedynuTh HEKYIO paboTy ¢ KypCOPOM.

CchlIIKM HA KYPCODHI OY€Hb ITOJEe3HBI IPU CO3JaHUU «UYEePHBIX AIIUKOB»,
OpefoCTaBIAOINUX APYTUM IPUNIOKEHUAM BO3ZMOXKHOCTHU JOCTYyIa K TaH-
HBIM C TOMOIIBI0 (PYHKIIUNA, CO3AAINIUX KYPCOD U BO3BpAIMIaouX TUII REF
CURSOR, xak mokaszaHOo B BTOM IIpUMepe:

CREATE OR REPLACE FUNCTION all_orders ( p_id NUMBER )
RETURN SYS_REFCURSOR IS
v_curs SYS_REFCURSOR;
BEGIN
OPEN v_curs FOR "SELECT » ||
FROM orders ™ ||
" WHERE order_number = * || p_id,;
RETURN v_curs;
END;

BrispiBaromaa mporpamMma IepegaeT 5TOH QYHKIUUM HOMEep 3aKasa or-
der_number u mosiy4aeT OT Hee AOCTYI K COOTBETCTBYIOIIUM AaHHBIM, HUYE-
ro He 3Hafd O HUX 3apaHee. BHeNIHME IPUJIOKEHUA, HAIPUMED, Peaau3o-
BaHHBIe Ha naaTdgopme .NET or Microsoft, Moryr mo mony4ueHHOMH CCHIIKE
REF CURSOR ompenennTh TaKkuWe aTpUOYTHI, KaK WMeHa W THUNOHl AAHHBIX
CTOJOIOB, YTOORI BEIOPATE MOAXOAAIIUHN AIA HUX cI0Cc0o6 0TOOpasKeHnA.

Bor kax pyaRIHg all_orders MoxKeT ObITH BEIdBaHa us PL/SQL:

DECLARE
vV_Ccurs SYS_REFCURSOR;
v_order_rec ORDERS%ROWTYPE;
BEGIN

v_curs := all orders(1);
FETCH v_curs INTO v_order_rec;
IF v_curs%FOUND THEN
DBMS_OUTPUT. PUT_LINE( Found It');
END IF;
CLOSE v_curs;
END;
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Ctpornin n cna6bin koHTponb TUNoB REF CURSOR

EcTh ABa BUJa KOHETPOS Thna AauHEBIX REF CURSOR, cTporuii u ciabeiii. Pas-
HHUIIA B TOM, 4YTO AJs c1a0o TUNTU3UPOBAaHHOHN nepeMenHoi REF CURSOR 3apa-
Hee HEM3BECTHO, HA KaKoi Habop AaHHBIX OHA OY/JET CChLIATHCS; B TO Bpe-
MsI KaK IIPUA CTPOTOH TUIHU3allUU IBHO YKAa3bIBaeTCsd, KAaKUM Oy/IeT BO3Bpa-
IaeMblii HaboOp JaHHBIX.

W

| '-‘.'“ Tun ganEnIx SYS_REFCURSOR, MCIONIB30BAHHKBIN B IBYX HMPEIBIAYIITHX

) npuMepax, nosasuica B Oracle9i Database. Or mosBoasieT GpICTPO
L) .
“w fj,. OIpenenaTh nmepeMeHHERIe REF CURSOR co ci1abhIM KOHTpPOJEM THIIA.
" B npeIRIAYIITUX BePCHAX OHH OIPEIesINCh TAKHUM CIIOCOO0M:

DECLARE
TYPE v_curs_t IS REF_CURSOR;
V_CUurs v_curs_t;

Cnabo TunusupoBaHHBIE mepeMeHHBbIe REF CURSOR MOTryT HMCIOJIB30BATHCS
IpaKTHYECKH JIOOBIMH 3aIIPOCAMH, TAK KaK OHU He MIPUBA3aHbI K KOHKPET-
HBIM CTPYKTYPaM JaHHEIX.

DECLARE
v_curs SYS_REFCURSOR;
BEGIN
OPEN v_curs FOR "SELECT order_number ° ||
FROM orders’;
CLOSE v_curs;
OPEN v_curs FOR "SELECT = = ||
FROM orders’;
CLOSE v_curs;
END;

PdaKTHYeCKHH 3a0poc, COIOCTaBJIeHHBIH ccbliKke REF CURSOR, moaBepraeTcst
OpoBepKe U paszbopy U nmoMeniaercs B 06aacTh SGA TOUHO TaK 2Ke, KaK JII0-
601 Apyro#t Kypcop.

SQL_TEXT PARSE_CALLS EXECUTIONS
SELECT = FROM orders 1 1
SELECT order_number FROM orde 1 1

rs

3aMeTbTe, OAHAKO, 4TO AJs1 REF CURSOR He meHicTBYeT MATKOe 3aKPBITHE, TaK
4YTO OHU HE MOILYT BOCIOJb30BATHCA IIPEUMYIIECTBOM IIOCIEAYIOIIEr0
«cBepxOBIicTpOoro» oTKpPeITHs. To ecTh Kypcopsl Truma REF CURSOR 6yayT pa-
60TaTh MeJJIeHHee, YeM OOBIUHbIe KYPCOPHI.

Kpome Toro, crabo TunusupoBanHble mepeMenHble REF CURSOR cosmatoT mo-
TTOJTHUTENBHYIO HATPY3KY, Koraa Oracle «Ha JeTy» onpeAensieT CTPYKTYDY
BO3BpalaeMoro Habopa JaHHBIX. [osToMy A mydriefi TPOU3BOAUTEINE-
HOCTH cJIe[yeT N0 BO3MOXXHOCTH HMCIIOJb30BaTh CTPOTHUH KOHTPOJDL THUIIOB
nas REF CURSOR. BoT HECKOJBKO IPUMEPOB CTPOTOH TUNIHU3AMUU ITepeMeH-
BBIX REF CURSOR:
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DECLARE
-- TUN Ons 3anucen 0 3akasax
TYPE v_order_curs IS REF CURSOR RETURN orders%ROWTYPE;
v_0C v_order_curs;
-— TUN TONbKO AN$ HOMEPOB 3aKa30B
TYPE v_order_number_t IS RECORD ( order_number orders.order_number%TYPE );
TYPE v_order_number_curs IS REF CURSOR RETURN v_order_number_t;
v_ocn v_order_number_curs;

ITonpiTKa HMCIONIB30BaTh mepeMenHyio REF CURSOR amsa monydenuss Habopa
JTaHHBIX HECOOTBETCTBYIOIIETO THIIA IPUBEAET K MOSBIEHUIO COOOTTEHU 06
omubxe ORA-06550.

OPEN v_ocn FOR SELECT = FROM ORDERS;
ERROR at line 10:

0RA-06550: 1line 10, column 18:
PLS-00382: expression is of wrong type

ATpuOyTbl REF CURSOR

Kypcops! Tuma REF CURSOR mMeIOT TOT iKe HOJMHBIM Habop aTpuOyTOB, UTO
U ABHBIE KYPCOPHI, KAK [IOKAa3aHO B IpAMepe:

DECLARE
v_curs SYS_REFCURSOR;
v_on NUMBER;
BEGIN
OPEN v_curs FOR "SELECT order_number * ||
FROM orders’;
FETCH v_curs INTO v_on;
LOOP
EXIT when v_curs%NOTFOUND
IF v_curs%ROWCOUNT = 1 THEN
NULL;
END IF;
FETCH v_curs INTO v_on;
END LOOP;
CLOSE v_curs;
END;

AnHamMnyecknm gocTyn K faHHbIM

Kypcopsl Tuna REF CURSOR BechbMa IOJIE3HEI B CUTYAITUAX, KOTAA TEKCT 3aIPO-
ca sapaHee He M3BEeCTeH, HO M3BECTHA JIOTHMKa paborwsl. Hampumep, mpuse-
JeHHad HUXKE IPOolleAypa [MOJYUYUT TeKCT 3alpoca U OTKPOeT AJId Hero Kyp-
cop. ITocie sToro oHA mepenacT nepemMenHyio REF CURSOR apyroii npomexnype,
KOTOpAas BHIIOJHUT BEIOOPKY JaHHBIX U3 Kypcopa (M 3aTeM ero 3aKpoeT).

CREATE OR REPLACE PROCEDURE order_cancel ( p_sgl VARCHAR2 ) IS
v_curs SYS_REFCURSOR;

BEGIN
IF v_curs%ISOPEN THEN
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CLOSE v_curs;
END IF;
BEGIN

OPEN v_curs FOR p_saql;
EXCEPTION

WHEN OTHERS THEN

RAISE_APPLICATION_ERROR(-20000, "Unable to open cursor’);
END;
order_cancel details(v_curs);
CLOSE v_curs;
END;

Torga pyurmusa order_cancel MokeT ObITH BBI3BAaHA TaK:

BEGIN
order_cancel( SELECT order_number FROM orders
WHERE due date <= TRUNC(SYSDATE) );
END;

Kypcop B kauecTBe napametpa

IIpumeps! U3 IPeABIAYIIETO Pa3iesia TOKAa3bIBAIOT, YTO KYPCOPHI B KAYECT-
Be IapaMeTPOB MOXKHO IepefiaBaTh B BUjAe TekcTa SQL. 9To MOKHO TaKKe
clenaTh, HCO0JAb3YA NpeasioxkeHue SELECT ¢ kirodeBbIM cmoBoM CURSOR.

SELECT count_valid(CURSOR(SELECT order_number
FROM orders
WHERE processed IS NULL))
FROM dual;

DOyrrmua count_valid MoKeT BBEITJIAAETD TAK:

CREATE OR REPLACE FUNCTION count valid( p_curs SYS_REFCURSOR )
RETURN NUMBER IS

v_on NUMBER;

v_ret_val NUMBER := 0;
BEGIN

FETCH p_curs INTO v_on;

LOOP

EXIT WHEN p_curs%NOTFOUND;
IF extensive_validation(v_on) THEN
v_ret_val .= v_ret_val + 1;

END IF;
FETCH p_curs INTO v_on;

END LOOP;

RETURN(v_ret_val);

END;

Omnepartop SELECT mepemaeTcst cpa3y B GQYHKITNIO, KOTOpas epebupaeT B UK -
Jie BO3BpallaeMble UM 3allCHU, IPOBePAET UX U BO3BpAallaeT KOJIUYECTBO 3a-
nuceii, TPU3HAHHBIX BEPHBIMHU. JTO IPUBOAUT K MOABJIEHUIO IBYX KYpCO-
POB B Pa3leJIgeMOM TIyJie U B CIIUCKEe MATKUX 3aKPBITUH AJIA T0JIB30BaTEA.
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SQL_TEXT
SELECT "A2"."ORDER_NUMBER™ "ORDER_NUMBER
" FROM "ORDERS™ "A2" WHERE "A2". "PROCESSED" IS NULL

SELECT count_valid(CURSOR(SELECT order_number
FROM orders
WHERE processed IS NULL))
FROM dual

KypcopHbie BbipaxkeHUs1

KypcopHble BEIpaskeHUs — BTO, IO CYTH, BIOKEHHbBIe Kypcopsl. Korga Mul
TOBOPHUM O «KYPCOPHBIX BBEIDAMKEHUAX », MBI He UMEeM B BUAY BIIOKeHHBIE
TIOABAMIPOCH], OMPEIesA0INe Pe3yIbTUPYIONee MHOKECTBO. Pedb uaeT
0 BJIOJKEHHBIX 3allpocax, BO3BPAIIAIONIUX BJIOKEHHOE Pe3YJIbTHPYIOIiee
MHOXKecTBO. O6HACHUM 5TO Ha IPUMEDE.

SELECT order_number,
CURSOR ( SELECT order_line_amt
FROM order_lines ol
WHERE ol.order_number = orders.order_number )
FROM orders;

JTOT 3anpoC BO3BPAINAET CHOUCOK 3aKa30B BMECTE C KYPCODPOM, IO3BOJIA0-
OIUM II03Ke 3allPOCUTH JaHHBIE KOHKPETHOTO 3aKasa. BOT KaK 5TO MOKET
OBITH HCcIONb30Bano B PL/SQL-npormeaype:

/= File on web: nested_cursor.sgl =/
CREATE OR REPLACE PROCEDURE nested AS

-— KYpCcop AN8 NoNy4eHus 3aKka30B C BNOXEHHHM KypCOpOM
-- 09 NOACHETa NO3WLWMA B HEM
CURSOR curs_orders IS
SELECT order_number,
CURSOR ( SELECT order_line_amt
FROM order_lines ol
WHERE ol.order_number = orders.order_number )
FROM orders;
lines_curs SYS_REFCURSOR; -- ang noswuuit 3akasa
v_order_id NUMBER;

-- JOKanbHLEe NepeMeHHHs ANg MacCoBOW BHOOPKM NO3uuUMi
TYPE v_number_t IS TABLE OF NUMBER
v_line_amt v_number_t;

BEGIN

OPEN curs_orders;
FETCH curs_orders INTO v_order_id, lines_curs;

-- ONg Kaxjoro 3akasa. . .
LOOP
EXIT WHEN curs_orders%NOTFOUND;
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-- obpabaTuBaTh TONbKO 3aKasdbl C YETHHMU HOMEpaMu
IF MOD(v _order_id,2) = O THEN

~— NOMy4MTb Cpady BCE NO3MUMM 3akasa
FETCH lines_curs BULK COLLECT INTO v_line_amt;

-- NPOWTU NO NO3MLMAM 3akasa
TF NVL(v_line_amt.COUNT,0) > O THEN
FOR counter IN v_line_amt.FIRST..v_line_amt.LAST LOOP
process_lines;
END LOOP;
END IF;

END IF; -- TONbKO 3akadb C Y4eTHLMM HOMepamu

FETCH curs_orders INTO v_order_id, lines_curs;
END LOOP; -- kaxaoi 3akas

CLOSE curs_orders;
END;

Kypcopurble BrIpaskeHUA UMEIOT He BIIOJIHE OYeBUAHBIA CUHTAKCHUC, HO UX
HUCIIOJIB30BaHUE AaeT HEKOTOPhIe IPEeUMYIecTBa. I'TaBHOe W3 HUX BaKJIIO-
4yaeTcd B TOM, YTO KYDPCOPHBIE BEIDAKEHUA HANIPAMYIO CBA3BIBAIOT JIOTUYe-
cKuil U dusudyecKuil ypoBHH 06paboTKU Kak Aasa omTuMmusatropa Oracle,
TAK U AJIA TPOorpaMMHOTO KojAa. QUTUMU3aTOp U3BJIEeKAaeT BRITOAY U3 HANU-
yusd SABHO YKasaHHON cBA3W MeXIy AByMda Tabmumamu (ORDERS m OR-
DER_LINES), 4TO TO3BOJIET €My CAeNaTh JYYMUi BEIOOD B TOT MOMEHT, KO-
TIa Hajao OyAeT U3BJIeKATh COAePKUMoe 3aKasa. IIporpaMMHBIA KO caM 1o
cebe orpaHUYMBaET PUBUUIECKYI0 pabOTy, perias Ha OCHOBE JIOTHUYECKUX yC-
JOBUii, CTOUT MU BOOOIEe M3BJIEKATb JaHHBIE IO ONPEJeIeHHOMY 3aKasy.
ITosTOoMYy He TPUXOAUTCS 3aMPATIIUBATD 3alIUCH JIUIIH 3aTeM, YTOOBI ITPOUT-
HOPWPOBATH UX B AaJbHEUIIEM.

Taxske HHTEPECHO IPOAHAJINZUPOBATE, UTO nonagaeT B SGA mociie BBIIOJN-
HeHUA TaKOU BJIOXKeHHOU nmponenyps! Ansa 1000 3arkazos.

SQL_TEXT PARSE_CALLS EXECUTIONS
SELECT ORDER_NUMBER, CURSOR ( 1 1
SELECT ORDER_LINE_AMT FROM ORD

ER_LINES WHERE ORDER_NUMBER =

ORDERS.ORDER_NUMBER ) FROM ORD

ERS

SELECT "A2"."ORDER_LINE AMT™ ~ 500 500
ORDER_LINE_AMT™ FROM "ORDER_LI

NES™ "A2" WHERE "A2". "ORDER_NU

MBER"=:CV1$

O6paTuTe BHUMAaHUe HA TO, YTO IpaBas 4acThb Opeamosxennsa WHERE BioxkeH-
HOT'0 3alIpoca peBpaTUJACh B IePEMEHHYIO CBA3BIBAHUA Kypcopa. Tak ocy-
OIeCTBJIAETCA CBA3H C IVIABHBIM KYPCOPOM. 3aMeTbTe TAKIKe, UTO CUETUUKU
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Pa36opoB 1 BBITIONMHEHUH IJIsI BTOPOTO Kypcopa MMeIOT 3HaueHusA, paBHBIE
500, mocKOMbKY OH BBIMOJHUICT poBHO 500 pas, Kak 1 ObII0 HEOOXOMUMO.
Emie 6osee BasKHO TO, YTO AOCTYI K JaHHBIM BBITOMHAICA ToJIbKO 500 pas.

ITocye Toro Kak mpomeAypa BBHIIOJNHEHAa, B 9TOM CeaHce OCTAeTCA OTKPHI-
THIM TOJBKO TJIaBHBIH Kypcop. OJHAKO BO BpeMs €€ BBIMTOJHEHUI OTKPBI-
BAJIOCh MHOKECTBO APYTUX KYpPCOPOB. BBl MosKeTe YBUAETH 5TO, A0OaBUB
BKOA 10-ceKyHAHYIO 3aJep:KKy W OOPATHBIINCH K TIPEACTABICHUIO
V$OPEN_CURSORS.

SQL_TEXT

SELECT ORDER_NUMBER, CURSOR (

SELECT ORDER_LINE_AMT FROM ORD
ER_LINES WHERE ORDER_NUMBER =

ORDERS.ORDER_NUMBER ) FROM ORD
ERS

SELECT "A2". "ORDER_LINE_AMT" ~
ORDER_LINE_AMT™ FROM "ORDER_LI
NES™ "A2" WHERE "A2". "ORDER_NU
MBER"=:CV1$

Briacaaercs, uro 3ayernue 500 119 BTOPOro Kypcopa OTHOCUTCA K YUCIY
onepanuil OTKPBITUA A0 TONO MOMEHTA, KAK IPOIEAypa 3aBePIIUTCA U BCe
3aKpoeT (TaK KaK KYPCOPHI BBIXOAAT M3 00JacTu BuguMoctn). Bee 500 Bio-
JKeHHBIX KYPCOPOB OYIYT MCIOJIb30BATh yiKe HAXOoAAMNIyoca B SGA cKoM-
OTUIUPOBAHHYIO BEPCHUIO, UTO BUAHO II0 MOCTOAHHO PACTYIEMY 3HAYEHUIO
CUETYUKOB pPa3b0pOB U BBITTOJIHEHHWH TOCJe IEeCTH BHIMOMHEHUHN BJIOMKEH-
HOMH IpOmeAypHI.

SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT "A2"."ORDER_LINE AMT™ ~ 3000 3000
ORDER_LINE_AMT™ FROM "ORDER_LI
NES™ "A2" WHERE :CV1$=:Cv1$

OpHaxo U3 5TOTO ONUCAHUA caeAyeT, 4To Bce 500 pasz mpeumyIecTBa MAT-
KOT0 BaKPBITUA OCTAJUCh HEpeanu3oBaHHBIMHU. TaksKe moaydaeTcsd, 4TO
MBI OYeHBb OJM3KO MOAXOIUM K paspenieHHOMY MakcuMymy ais OPEN_CUR-
SORS. ITosTOMY B TaKUX CAyYaAX JyUIlle ABHO 3aKPHIBATH BJIOXKEHHBIA KYP-
cop, KoTja pabora ¢ HUM 3aKOHYeHa. (JT0 MOXKeT ObITh HeOUEeBUAHBIM, TaK
KaK BJOKEHHBIH KYPCOD He MCIOJb3yeT IBHOUM Omepanmuu OTKPBITHA.) BoT
M3MEeHEeHHBIH YIaCTOK KOJAA:

-- obpabaTuBaTbh TONbKO 3aKasdbl C YETHHMU HOMEpaMu
IF MOD(v order_id,2) = 0O THEN

-— HEABHOE OTKpHTHE
FETCH lines_curs BULK COLLECT INTO v_line_amt;

IF NVL(v_line_amt.COUNT,0) > O THEN
FOR counter IN v_line_amt.FIRST..v_line_amt.LAST LOOP
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Process_lines;
END LOOP;

END IF; -- TONbKO 3akadb C 4YeTHLMM HOMEpamu

-- 3aKpPHTbL BNOXEHHHIW Kypcop
CLOSE lines_curs;

END IF;

YBepeH, K 5TOMY MOMEHTY BBl ViKe HeloyMeBaeTe, ImoueMy OBl He YJIyd-
IIIATH HAIl IPUMED U He TIepelucaTh ero ¢ UCII0Jb30BaHNEeM e IUHCTBEeHHOTO
Kypcopa, IPUMepHO TaK:

SELECT o.order_number,
order_line_amt
FROM orders 0,
order_lines ol

WHERE ol.order_number = o.order_number;

3aTeM goikeH ciaenoBath PL/SQL-Koq IpOBEpKU JeIMMOCTH HOMepa 3aKa-
3a HaaBoe 0e3 ocTaTKa. Pasimuue B 5THX ABYX MDOAXOAaX 3aKJII0OYaeTCs
B KOJIMYECTBE CTPOK, 06paboTaHHBIX IPU BHIMOJHEHUHN 3ampoca. B Bapuan-
Te C BJIOXKEHHBIM KYyPCOPOM IOJYYaeM CIAeAYIONIue 3HAUEHUA:

SQL_TEXT ROWS_PROCESSED

SELECT ORDER_NUMBER, CURSOR ( 1000
SELECT ORDER_LINE_AMT FROM ORD

ER_LINES OL WHERE OL.ORDER_NUM

BER = ORDERS.ORDER_NUMBER ) FR

OM ORDERS

SELECT "A2"."ORDER_LINE AMT™ ~ 5000
ORDER_LINE_AMT™ FROM "ORDER_LI

NES™ "A2" WHERE "A2". "ORDER_NU

MBER"=:CV1$

Jpyroit moaxom, ¢ OTHUM KYyPCOPOM, JacT TaKoe 3HaUYeHHe:

SQL_TEXT ROWS_PROCESSED

SELECT O.ORDER_NUMBER, ORDER_L 10000
INE_AMT FROM ORDERS 0, ORDER_L

INES OL WHERE OL.ORDER_NUMBER

= 0.0RDER_NUMBER

J1a mocTpoeHUA PesyabTUpPYIoNero MHoxkecTBa Oracle momken ob6pabo-
TATH HA YETHIPE THICAYU CTPOK MeHbIIe. MoKeT MoKas3aThCA, UTO 3TO HEMHO-
T'0, HO HAaJ0 VYUTHIBATE, UTO B 3arpys:KeHHOHN cucTeme Oracle momxken 6yaeT
COXPAaHATH COTJIACOBAHHYIO IO YTEHHUIO KOO0 00padaThiBaeMbIX s3amucei
Ha BceM MPOTSIKeHWH 3a1poca, U 5TuX sanuceit oyaer sa 4000 menbIIE.

Eme ogEuM BapHaHTOM MOXKeT OBITH A00aBieHMe BbIpakenuss MOD(or-
der_number,2) = 0 HeIoCpeACTBEHHO B TEKCT 3aIIpoca, UTO CHHTAKCUUECKH
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BHoJHE gonycrumo. OaHako ontuMusaTop Oracle MoskeT BHIOPATH IJIaH BBI-
TTOJIHEHHUsI, TPeIyCMaTPUBAIONUi BEIGOPKY BceX MO3UITHI 3aKa30B, a yaa-
JeHrWe HeYeTHHIX BBITIOJHUTH B ONepaTHBHON maMaTh. KoHedHO, BTy mpo-
0IeMy MOJKHO DPeITUTb HCIOOJb30BAaHWEM HHAEKCA M0 KJIUy-QYHKIHH
(function-based index), Ho 3TOT yTH ToXKe TPeOYeT HAKMIATHBIX PACXOOB.

Hepexo,z:[ K OJHOMY 3aIIpoCy TaKXe€ CBOAWUT HA HET BbITOAY OT HCIIOJb30Ba-
HHS MaccoBOH BBIﬁOpKH HOSHIII/Iﬁ 3aKas3a B ,Z[aJIBHeﬁLT_'[eM.

L)
[ Oracle He 00ecTieYNBAET A BIOXKEHHBIX KYPCOPOB YPOBEHD U305~
.“; p 1y READ COMMITTED. PeayabpTupyIOIiNe MHOMXKECTBA NOANEPIKHUBAIOT-

- tt-")' CfA TOJBKO OT MOMEHTa HEIBHOTO OTKPBITHUA M [0 MOCIAeAYIOLIETO 3a-

' KPHITUA BIOXKEHHOTO Kypcopa. OTHAKO A1 IIaBHOTO Kypcopa obec-

nedeH ypoBeHb u3oaAnuu READ COMMITTED.

Emie ommoii »Ku3HecnocobHOH aJbTepHATHBOH OBIJIO Obl MCIOJb30BAHHE
IBYX KYPCOPOB, OJHOTO AJs BEIDOPKH 3aKa30B, APYroro — AJsI BEIOOPKH II0-
3UNH# 3axasza. Ho Torga oOTHMHU3aTOP BBIHYKJeH OyIeT paccMaTPHBATH
UX KaK ABa OTJAeJIbHBIX KypCopa, TAK KaKk eMy HeHU3BECTHO 00 UX CBS3H.

3akno4vyeHue

B aT01i r1aBe ¢ ABYX Pa3HBIX TOYEK 3PEHUS PACCMOTPEHO B3aUMOJAENCTBUE
KypcopoB U PL/SQL. IlepBas cBsizaHa ¢ e;XeJHeBHON paboTOH Mo aAMUAHH-
cTpUpoBaHMI0 6a3 JaHHBIX: TAKHE MEXaHU3Mbl, KAK IOBTOPHOE HCIOIBH30-
BaHHe KYPCOPOB, WX Pas3bop W YacTo He 3aMedyaeMBI HeHoJMHBIH pasbop
JOJYKHBI 6BITH U3BECTHRI KaKJIOMY aAMHAHUCTPATODPY, TAK KaK BJIUAIOT Ha
paboTy mpaKTHYecKH KaKaoro npuioxxkenms Oracle. Bropasa B Goabnieit
CTeIleHH OPHEHTHPOBaHA Ha PaspaboOTKy NPHUJIOMKEHHUI; TaKWe BOIPOCHI,
KaK MaccoBas BEIGODKA W HcOoJb3oBaHue Thna REF CURSOR, XOTsI U He BO3-
HHKAIOT B paboTe afMUHHUCTPaTOPa 0a3bl JaHHBIX €/KeJHEBHO, HO TOXKe Tpe-
OyIoT moHWMaHusI. Bamia pabora TpebyeT He TONIBKO OTCIEIKUBAHUASI U AAA-
THOCTHKHU TpobaeM ¢ 6a30i manHbiXx. He MeHee BaKHO AaTh NPABHUJIbHBIE
PEeKOMeHAaTuu paspaboTduKaM, 4TOOBI Bamia 0asa JaHHBIX He IOTEepsIa
CBOEH TPOUBBOAUTEIHHOCTH.



TabGnun4Hble PpyHKLUNN

Tabauunoil pyHKyueil Ha3bIBaeTCA PYHKINA, KOTOPas MOXKeT OBITH Huc-
IOJIL30OBAHA B 3alIpOce B Ka4eCTBE UCTOUYHUKA JaHHBIX. Hanpumep, BB MO-
JKeTe TOMECTHUTh TabIUYHYI0 OYHKITHIO B TpeAsoKeHne FROM omepaTopa SE-
LECT B mporpamme Ha PL/SQL. Emte 6omee BaxKHO, 4TO TabIuuHAT QYHK-
ouA MOKeT BosBpamaTh 3anucu. (PakTUYecKU OHA BO3BpaIlaeT KOJIJIEK-
U0 00HEKTOB.) YsKe 9TH ABe BO3MOMKHOCTH JAeJatfoT Ta0IudHbIe QYHKIUNA
0YeHbD TOJe3HBIMU B CUTYalUAX, TPEOYIONTNX COKPBITHA CIOKHOCTeIH 06pa-
OOTKU 3a OMHUM omepaTopoM SELECT, HampuMep B oTUeTaX M KOMIIOHEHTaX
API. TobaBbTe ciofla BO3BMOXKHOCTH KOHBeHepHOHW m mapanienbHOH obpa-
OOTKU, 1 BBl MOJYUUTE MOITHEAINHA HHCTPYMEHT Ay paborsl ¢ ETL-mpo-
neccamu (Extraction, Transformation, Loading — ussnedenue, npeobpa-
30BaHUe U 3aTPY3Ka JaHHBIX) B XPAHUJIUIIAX JTaHHBIX.

ITorsATHO, 4TO TabMUUYHBIe GYHKIIUY TOJE3HEBI A TeX, KTO paspadaThiBaeT
OTUETHl U UMEET [JeJI0 ¢ XPAaHWJIUIIaMU JAaHHEBIX, HO ¥ BAC MOXKET BO3HUK-
HYTH BOIIPOC, 3aUY€eM OHM HYKHBI afMUHHCTPaTOpaM 0a3 AaHHBIX. B IBYX
CJIOBax OTBET TAKOB: BaM HaJO 3HATH O HUAX IIOTOMY, UTO OCTaJbHEIE CO-
TPYAHUKH Bamieil opranus3anny MOTYT ObITH He B Kypce. MHoTHe paspaboT-
YUK Jaske He CIABINIANHN O CYIeCTBOBAHUY TaOMIUUYHBIX (DYHKIIU, He TOBO-
P YiKE 0 TOM, YTOOBI UCIIOJIB30BATH WX AJS TMOBBINIEHUS TPOU3BOUTEND-
HOCTH TIPUJIOKEHUH — BOT TYT-TO U HYXKE€H aAMUHUCTPaTOp 6a3bI JaHHBIX.
IIpencraBbTe cebe OTUET, B KOTOPOM 3alpoC BCJed 34 MU3MEHSIIOITHUMUCST
TpebGOBAHUAMU CTAJ HACTOJbKO CJIOKHBIM, YTO TPOU3BOAUTEILHOCTD CTAa
HempueMJeMO HU3KOoH. Pa3paboTuynk MoKeT mepenpoboBaTh Bce KOMOMHA-
UK TOA3aIIPOCOB W BHEIMTHUX COoeAUHEHUi — U Bce GeapesymbraTHO. Que-
BHUAHO, 9YTO 06paboTKa cTaja HAMHOTO CJI0XKHEee TOTO, UTO MOKHO OKUAATH
oT ogHOTO omepaTopa SELECT, Ho uuTepdeiic oTuera TpebyeT, YTOOL OHA OBI-
Jia cOCpPeA0TOYeHa B eIMHCTBEHHOM OoIlepaTope. B TAKUX cUTyanuAax aJgMHU-
HUCTPATOPHI 643 AaHHBIX YacTO OpocaioTces B 060 U CTPEMATCA TOMOYb Pas-
paboTUUKY, CTPOS TIJIaHBI BEITIOMHEHNS U PABTUYHBEIM 06pa3oM CeKITHOHMU-
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Py TabMUIBl B HaZesK e JOCTUYD YCKOPeHUus. Huuero He moay4aeTcs, BB
B TYIHUKEe ¥ MeUYTaeTe 0 BOBMOKHOCTH CBIMUTHPOBATH MEXaHU3MBI 3amIpoca
Oracle, 4TOGBI CAMOCTOATENBHO CHOPMUPOBATH PE3YIBTUPYIOIIEE MHOMKE-
cTBo. Tabmuunble GYHKITUYU TO3BOJSIIOT 5TO CeIaTh!

B sToii rimaBe pacckasslBaeTcd, Kak paboTamT TabnuYHBIe QYHKIIUN, 1 Ka-
KHM 00pazoM BbI MOXKeTe BOCIOJNb3OBATHLCA UX MIPEHMYIlecTBAMU B pado-
yell cpefe. B Heil Taxkike OOHCHIBAIOTCSA MeXaHW3M B3auMojelicTBUA Tad-
JIUYHBIX QYHKIIUHA ¢ KypcopaMu U cOoco0bl KOHBeliepU3alii, BIOMKEHUA
U pacuapaniefuBaHEua dTUX (QYHKIUHA OIS JOCTHUMKeHHUs elle OGonblueii
OIpPOU3BOAUTEILHOCTH. B 3aBeplienue o6CyKIaeTcs HCIOJIb30BaHue Tad-
JUYHBIX QYHKIHUHA B pAle pealbHbIX IPUTOKEHUH.

3auyeM Hy>XXHbl TAaGNU4YHble PYHKUNN?

Haunem ¢ IIPOCTOrO IIpUMeEpa, IIOKA3bIBAIONIEro, KaK BBITJIAAAT TabIHud-
HEbIE (I)yHRIII/II/I 1 9TO OHMU MOT'YT OeJaTh.

MpocTton npumep

Brimie yike BEICKA3bIBANIACh MBICID O TOM, YTOOBI 00paIiaThed K TabIUYHOH
dbyHKIHUU ¢ TOoMOII b0 onneparopa SELECT. IIpuBeagem npumep.

SELECT =
FROM TABLE(company_balance_sheet);

Ha mepBuIii B3TIAA 5TO BBITIAAUT KAK OOBIYHEIN 3aIpoc, HO IMOCMOTPHUTE
BHUMATEJBHO: company_balance_sheet — »To pyEKIuA. IIpemcraBum cebe,
4TO 5Ta PYHKIOHS MOMKeT aHAJH3WPOBATH MUJIJIUOHBI IIPOCTPAHHBIX OYX-
ralTepcKHUX 3aluceil 0 IOTeHIHUANbLHLIX IPHOOPETeHNUAX HAa IPeIMET TOTO,
KAK OHU IIOBJIHUSIT HA UTOTOBYI NPUOBIILHOCTH POAUTENBCKON KOMIIA-
Euu. OrpoMHEBIH 06b€M JaHHBIX U CTPOTHE OIPABUIa OYXTaITepcKoTo yueTa
TpeOYIOT UCI0JIb30BAHMUS OTAEJIbHOMN IPOrpaMMbl, HO UTO AEJATH, €CIH pe-
3yJIBTAT AOMMKEH ObITH HOCTYIEH OPH IIOMOIIM IPOCTOTO 3alpoca, BEIAAH-
HoOro ¢ BeO-ctpanuns? Ha moMoIIs OpUXOAAT TAOIHYHBIE QPYHKITAN.

BoT npumep ucnonb3oBanusa TabnuuHoi GyHKINE B IporpaMmMe Ha PL/SQL.
3aMeThTe, 3iech OHA UCIOJb3yeTcd, KaK 1 Jibo# apyroi Kypcop. OgHaro
9Ta (GYHKOUA MOKET IIPOCMATPUBATH MHOXKECTBO AETAJNBHBIX 3amucei
0 TPAH3aKIOUAX, BEIYUCIAA B PeaJbHOM BPeMeHU! UTOTHU IO PerMoHaM, YTO
laeT BO3MOKHOCTh MeHeKepaM NPDUHUMATH DeIlleHnusa, CBA3aHHbIe C IJa-
HUPOBaHHEM 00HEMOB IIPOAasK.

DECLARE
CURSOR curs_get_western_sales IS
SELECT =

FROM TABLE(total_sales_by_region)

WHERE region = "Western’;
v_western_sales NUMBER;

BEGIN
OPEN curs_get_western_sales;
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FETCH curs_western_sales INTO v_western_sales;
CLOSE curs_get_western_sales;
END;

Crenyiomuii TpuMep IOKa3bIBAET, 4TO TabMuuYHaA QYHKITHI CIIOCOOHA ITPU-
HUMAaTh TapaMeTphl, KOTOPbIe MOTYT UCIOJIb30BATHC AJIA YIIPABIEHUS I PO-
meccoM 00paboTKH JaHHBIX. 3Aech QYHKITUA TPOCMATPUBAET MHOTOUUCIICH-
HBI€ PEe3YJbTATHl CJIOKHBIX aHAJNN30B B IMOMCKAX aHOMANUi, Tpexae 4eM
TIpeACTaBUTh PE3YIbTATHI, KOTOPBIE MOJKHBI OBITH JOCTATOYHO TOUYHBIMU
It ohOPMJIIEHUS B peabHOM BPeMeHH 3asdBOK Ha I'PaHTHI, HalpaBIsaeMble
Ha GUHaHCUPOBaHIE BAXKHBIX MCCIeAOBAHMI B 001acTH 60PHOLI ¢ paKOM:

SELECT =
FROM TABLE(cancer_research_results( sdate => SYSDATE, edate => SYSDATE + 1 );

B uyTh MeHee TpaHAMO3HBLIX (HO He MeHee BasKHBIX IJIS Bamiero coOCTBeH-
HoTO 6m3Heca) MaciiTabax BBl MOKeTe HCIOJb30BATh TaOMHUUHYI0 (DYHK-
A0 B 3alIpoce, UCIONB3YVIONIEM CIOKHYI0 JOTUKY A TTONCcKa B TeUeHUe
TpeX CeKYHJ BCeX 3asBOK HA BHEMJIAHOBYIO paboTy, 4YTOOHI B BHI3HIBAOIIEM
TPUIOKEHUHN He IPOU3oIIeN TaiiM-ayT. MU BBl MOMKeTe HMCIOOJb30BATH
TAOMUYIHYIO QYHKIIUIO C MeNbI0 HCKIIYNTD MOSBJIeHIe TPOCTOT0 SKpaHa ¢
sampocoM B cpefe .NET — Toro, Ha KOTOPOM BBEIBOAATCS JaHHBIE O HAJTUIUU
3allacHBIX YacTed AJs1 HeMCIPaBHOTO BOAOIPOBOJA, — TaK KaK CBeAeHUA
HEeJNb3s CYUTATE HaJeKHBIMHU B CHUJIY TOTO, UTO PACUYET IO POPMYJIaM AJIA UX
MIOMCKA BEIOOJIHSJICS CIUIIKOM JOJITO.

B o6macTu npeobpasoBaHUs JAHHBIX TaOAUUYHBIE QYHKIIUN TTO3BOJISIIOT TIe-
peIaBaTh Pe3yJIbTAT IPOMEIKYTOUHOTO MTPeobpa3oBaHUS MOCIeA0BaTEIbHO
oT oAHON QYHKOUHU K Apyroii. HacTo 6orbnine 3agaun I0 TPeodpasoBaHUIo
JaHHBIX BRIHYKAEHBI :KJaTh caMu ce0s 13-3a TOTO, UTO MOCJAeAVIONINe mpe-
00pasoBaHuA He MOTYT HAYATHCA MO OKOHUYAHUSA (POPMUPOBAHUS TOTHOTO
PEe3yIbTUPYIOIIETO MHOMKECTBA HAaYaIbHOTO Ipeobpa3oBaHusI — XOTs JIOTH-
Ka TporpaMMBI TO3BOJISAET UM HadyaTh paboTy, KaK TOJIbKO CTaHeT JOCTYIIHA
mepBas 3anuch. B TaKoH CUTyalluu BHI MOKeTe NPHUMEHUTH TAOJIWYHBIE
OYHKOIUU B peXUMe, Ha3zblBaeMOM KOHEellepu3ayueil, TakKe BBl MOXKeTe
HUCIONB30BATh PACNAPALLEAUBAHUE MADIULHBIX QYHKUUL AJIA TOCTUMKE-
Hudg e1e 6orbmiero sdhderTa.

BrI enie He yBepeHbI, CAEMAIOT JU Ta0IUYHBIe DYHKITHHN IPOIe JKUSHD al-
MUHUCTpaTopa 0assl Janubix? Torga odpaTuTe BHUMaHUe Ha TOT GaKT, UTO
TabMUYHBIe PYHKIINYA TTO3BOJSIOT BCTPAWBATEL OM3HEC-JIOTUKY B 3aIPOCHI,
TapaHTHUPYS TeM CaMBIM, YTO STH 3aIPOCHI BHITTOJHAT B TOYHOCTH Te AeiicT-
BHs, IJs1 KOTOPBIX OHU TpegHasHadeHbl. Hanpumep, BMECTO TOTO, YTOOBI
0ECIIOKOUTHCA O pa3Mepe CerMeHTa OTKATa AJA YACTO BBHIMONHSAOIIMXCS
IJIUHHBIX 3aIPOCOB, BHI, 3HAas, YTO HYKHBIEe AaHHBIE OOHOBJIAIOTCS C IIe-
PHOAWYHOCTEIO Pa3 B Yac, MOKETe 3aKAIIIUPOBATH UX B maMaATu. KpoMe To-
T'0, B TAOMUYHBIX QYHKIIUAX BBl MOXKETe HCIONb30BATh TaKNe MeXaHU3MbI
TIOBBIMIEHUA TPOU3BOAUTENILHOCTH, KaK MaccoBas BEIGOPKA U ACCOTUATUB-
HBIe MacCUBHI (paHee HA3BIBaBINUeCSI WHAeKC-TA0IUIAMU), YMEHBITadA 06-
IyI0 Harpy3Ky Ha 6asy JaHHBIX.
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PaCCMOTpeHI/IIO 9THUX U APYTIUX NIPDHUMEPOB IIOCBAIIICHA AaHHAA I'JiaBa. I[JIH
Hadaa OﬁpaTI/IMCH K OCHOBaM.

Bbi3oB TabnnuHom pyHKLNN

BoaxsmuncTBY agmunuctpatopos Bl usBecTHo, uro Oracle mosBojsieT BbI-
3BIBATHh QYHKIIUY B 3aIpOCax, KaK B CIAEAYIONIEM IPUMEDE:

SELECT SYSDATE
FROM DUAL;

Oracle pasperiaeT 3ampocsl TAKOr0O THIIA, TAK KaK CTPYKTypa BoaBpaljae-
MOT0 MHOMKECTBA OIpeJesieHa: B efUHCTBeHHON 3anucu OyAeT BO3BpallleH
eqNHCTBeHHEIH cToben Tuna DATE.

BorsMmuHCTBY aIMUHUCTPATOPOB 043 JaHHBIX TaKsKe U3BECTHO, YTO CTPYK-
Typa pe3yJIbTHUPYIONero MHOKECTBA JoJKHAa ObITH onpeAeNeHa A Jbo-
ro Bxoasamiero B onepaTop SELECT o6mexTa (T. €. TaGMUIIBI, TpeACTaBIE-
HUS W Op.). B TpOTHBHOM ciaydae 6asa JaHHBIX HE CMOXKET ONPEAeNTUTH
dopmaT Bo3BpaIaeMbIX AJaHHBIX. TeM He MeHee HEIPUBBIYHO, YTO HYHK-
Ouu, UCTOPUYECKHW BO3BpAIlaBIIINE €JUHCTBEHHOE CKAaNADHOE 3HAUYEHUE,
MOTYT BO3BpAIaTh Pe3YIbTUPYIOININE MHOKECTBA, COCTOAIINE U3 HECKOJIb-
KUX 3anuceli 1 HECKOJIbKUX CTONOIIOB, HATPpUMED TaAKHe:

SQL> SELECT order_number,
2 creation_date,

3 assigned_date,

4 closed_date

5 FROM TABLE(order_history_function(region_id => 22))
6 WHERE region = 11;

ORDER_NUMBER CREATION DATE ASSIGNED DATE CLOSED_DATE

10987 10-JAN-05 11-JAN-05  22-JAN-05
10989 12-JAN-05 15-JAN-05  20-JAN-05
10993 20-JAN-05 21-JAN-05  28-JAN-05

OnpepeneHne CTPyKTypbl pe3ynbTUPYIOLLLEro MHOXeCTBa

Komnunarop PL/SQL mocTaTodyHO HHTENIEKTyajsleH, YTO6BHI ONPEeNeNTUTH
TUI PE3YIbTUPYIONIET0 MHOMKECTBA AJA TaOMUIbl UK OpeacTaBiaenud. Ou
TTO3BOJISIET HAM He 0eCITOKOUTHCA O TUNAX JaHHBIX Giarogaps UCIOIb30Ba-
HI0 aTpudyToB %TYPE u $ROWTYPE, KaK moKa3aHO HUMKeE.

DECLARE

v_order_row orders%ROWTYPE;
BEGIN

SELECT order_id,

region_id
INTO v_order_row
FROM orders;
END;
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Opuaxo PL/SQL cTonkHETCA ¢ TPYAHOCTAMHU, PACIIN(PPOBLIBAA CTPYKTYDPY
BOBBpAalllaeMbIX TaOnuuHON QYHKIHUEH TaHHBIX, TAK KAK Y HErO HET OCHO-
BBHI, Ha KOTOPYIO OH MOT OBl olepeTbcs. BBl JOJKHEI AaTh €My 3TY TOUKY
OMIOPHI ABHO, COCTIABINMNCEH HAa 00HeKTH unu kosneknuu Oracle. CkazamHoe
TTPOUJIIIOCTPUPOBAHO B CIEAVIOIEM IIPUMeEpe, Ie o6 bABIeH 06heKT, a 3a-
TeM KOJIeKITUsI TaKuX 00 HeKTOB.

CREATE TYPE rowset o AS OBJECT ( coll NUMBER
€012 VARCHAR2(30));

/
CREATE TYPE rowset_t AS TABLE OF rowset_o;

/

HNmennO cBOMCTBO KOJIJIEKITA UMETH B cebe MHOTO 3amuceil I03BOJISET HC-
II0OJIB30BATh €€ B KaUeCTBe PE3YJIbTHUDYIOIIEIr0O MHOMXECTBA (I)yHRIJ;I/II/I.

CREATE OR REPLACE FUNCTION simple RETURN rowset_t AS
v_rowset rowset t := rowset t();

BEGIN
v_rowset. EXTEND(3);
v_rowset(1) := rowset_o(1, 'Value 1);
v_rowset(2) = rowset _o(2, 'Value 2');
v_rowset(3) = rowset _0(3, 'Value 3');
RETURN(v_rowset)

END;

Bce, uTo memaeT sTa QYHKIIUA, — cOOMPAET TPU 34aMHUCH B KOJIEKIHUIO U BO3-
BpamaeTr ux. Temepb QYHKIIUA MOXKeT OBITH BEI3BaHa U3 omepaTopa SELECT
TIpHU TTIOMOTITH KJII0UYeBOTo cioBa TABLE, coobmiatomiero Oracle, uTo BosBpa-
MaeMyo KOJIeKITUIO cIeAyeT HHTePIPETHPOBATh KaK Habop 3amucei.

SQL> SELECT =
2 FROM TABLE(simple);

coL1 coL2

1 Value 1
2 Value 2
3 Value 3

3 rows selected.

K BosBpaniaemomy Tabnmunoii dynrumed PL/SQL pes3yiIbTHPYIONEMY
MHOKeCTBY MOKeT ObITh IpuJIoKeHa Bcsa momib Oracle SQL, Kax ecau OBI
3aIIpoC BHITONHANCSA K TaOJIUIe UK OPeACTaBIeHUIO.

SQL> SELECT =
2 FROM TABLE(simple)
3 WHERE coll = 2;

coL1 coL2

2 Value 2
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SQL> SELECT col2
2 FROM TABLE(SIMPLE)
3 GROUP BY col2;

Value 1
Value 2
Value 3

TabmuuHas GYHKIHUA MOKET BBITOJHATH JOOBIEe MeficTBUA, AOCTYIHBIE
00BIYHOM QYHKI WY, BKJIIOYAS 340 POCH] U JIOTHUYECK e BEIPAKEHN.

Tema TabIUYHBIX GYHKIIUHA JOBOJHHO OOIIUPHA, IOSTOMY B BTOH I'JIaBE MBI
He CMOXKeM 00CYAUTH B HOAPOOHOCTAX BCe BO3MOKHEIE BADUAHTHI UX IIPU-
Menenusa. OZHAKO Bce YIIOMUHaeMbIe 3/leCh IPUIOKEHUA NOAIUHAIOTCA O]
HOMY 0011eMy Tpe0OBaHMUIO: B HUX UCIOJIb3YETCA BpeMeHHOe XpaHeHUe AaH-
HBIX B ONIEPATUBHOU NaMATH (B KONLIeKIIUM). PaccMoTpuM, HanpuMep, yoKe
yOOMUHAaBIIeecs IPUNOXKeHUe, NPUMeHAONIeecsd B HCCIEJOBAHUU DakKa.
Kaxxaa skcuepuMeHTaNIbHO HOJyUYeHHAS 3alIUCh MOXKET PACCMaTpUBaTHCS
Ha IpeiMeT BKJIIOUEHUS B OKOHUATENbHBIN Pe3yJabTAT TOJBKO IOCJEe IIPO-
BEPKU Ha DOJHOTY; TaKKe He00OX0AUMO IIPOBEPUTEH HA ITOJHOTY KaKBIH OT-
JeJbHBIN DKCIEPUMEHT, IPeK/e YeM IIePEXOIUTH K CIeJVIONINM I1aramM 06-
paborru. Ecnu Hamo mpoBepuTsh 1000 sKcIepuMeHTOB, 5TO 3aiiMeT Oosee
nonydaca (2000 cexyHA), U TOJIBKO 3aTeM CTAHET BOBMOXKHOU AalbHeHIIaA
00paboTKa. JTO IPUIOKEHNUE CTAJIO OBl 3HAUUTEIHHO 3(MPeKTUBHEE, €CIN
OBl JaHHBIE KaXKAOTO DKCIEePUMEHTa IepelaBajiuch A1 Nocaeqyiomneil 06-
paboTKU; IO Mepe IPOXOXKJeHUsA NpoBepku. Tabnuunsle PyHEKIUN, KaK 1I0-
Ka3aHo B CJeAyI0IeM pasjeiie, IpefoCcTaBIAI0T TAKYI0 BOSMOXKHOCTE.

Kypcopbl, KOHBenepusauus, BnoxxeHue

K sToMy MOMEHTY Yy Bac, HaBepHOe, CIOKUIOCH BIeYyaTIeHnue, YTO TabInd-
Hble QYHKIIUN — 5TO YHUBEPCAJIbHOE CPECTBO MOBBITIIEH U TPOU3BOTIUTEN -
HOCTH, TTO3BOJIAIONIEE PEIIUTH J00yi0 npobiremy. OgHaKO paccMaTpuBae-
MBbIe Jajiee BOBMOKHOCTH: TPpUMeHeHNe KYyPCOpOB, KOHBeHepus3amus U BJIO-
JKeHre TaOMIUYHBIX QYHKIIUHE — HacTOJIbKO 3 @EeKTUBHEI, YTO MOTYT IT06Y-
IUTDH Bac Jaske MepemnucaTh KoM, JUIIb Ob UX UCIONIb30BATh.

Kypcoput
Besgecymiuii Kypcop DOABIAeTCA B TaOMUYHON QYHKIINHA B IBYX POJAX:
KaK TUO JaHHBIX DapaMeTpa U Kak SQL-byHKDHUA, m03BOIAA mepea-
BaTh omepaTop SELECT A7 BBITOJIHEHU HeOCPEACTBeHHO B TAOJIUIHYIO
GOYHKOUIO.

Konseilepuszayua
HManaasa ocoO0eHHOCThL MTO3BOJAET TaOIUYHON (YHKIIMM BO3BPAMNIATH
CTPOKH PE3YJIBTUDPYIOIIEr0 MHOXKECTBA 110 OAHOH, He HaKaIlJIuBad ero Ie-

nukoM. Brarogapsa sToMy mocaeayomniaa o0paboTra MoKeT HadaTbCs I'o-
paszao paHbIlie. BosBpaniasich K yiKe YIOMUHABIIEMYCA IPUMeEPY ¢ paKo-
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BBEIMH HCCJIEeAOBAHUAMH, TTOCMOTPHUM, UTO IPOU3OHAELT, ecau PYHKIUU
Hago BeITOJMHEUTE 100 TpoBEepOK, KaXKAasa U3 KOTOPHIX 3aHUMAET 3 CEeKYH-
IBI. OTO 03HAYAET, YTO CAeAVIONIUH sTan 06paboTKU CMOKET HAYaThCsd
TOJIBbKO Uepes b MuuyT. IIpu KoHBeiiepHOiT 06paboTKe OH HAUHETCA Yepes
3 CeKyHIbI.

Baosxcenue

JIa BHIDOMHEHUS HECKONbKUX Omepamuil Haj AAaHHBIMU MOMKHO HC-
TIOJIB30BATh BJOKEHNWE TaOMHWUYHBIX (PYHKIIHH. JTOT cmocod ocobeHHO
noJeseH npu pabore ¢ ETL-npomeccaMu XpaHUIAI JaHHBIX.

BeposarHo, ny4muii cmocob ITpoAeMOHECTPUPOBATH epeUCIeHHBIE BO3ZMOMK-
HOCTH — 5TO npuBecTtu npumep ETL-npormecca B XpaHUINUINE JaHHBIX, U3~
BJIeKAatomiero nEGOPMAaINIo 0 Hapaaax Ha paboTy. PaccMoTpuM GYHKITHIO,
M3BJIEKAIYIO CBeIEHUA O AaTe CO3AaHUA, BRIJa4YUd 1 3aKPLITUA HAPALOB.
3aTeM 5TH KOMIOHEHTHI IepeaaioTcs A AaJbHeHei o0paboTku mpoIec-
cy ETL.

Kypcopbli

Mps1 ysKe paccMaTpuBalIu MOAPOOHO KYPCOPHI B IJIaBe 2, W BOT ONSATH OHU
anech! Kak B3auMOIeHiCTBYIOT KYPCOPHI U Tabauunble GyHKITun? Iaa Ha-
Yyaja pacCMOTPUM TA6IUUIHYI0O QYHKITHUIO 0e3 KOHBeliepu3aun.

/» Oain Ha Beb-caiTe: date_parser.sgl =/
CREATE OR REPLACE FUNCTION date_parse ( p_curs SYS_REFCURSOR )
RETURN order_date_t AS

v_order_rec orders%ROWTYPE;
v_ret_val order_date_t := order_date t();

BEGIN

-- ONg KaxAoro 3akasa B Kypcope. . .
LOOP
FETCH p_curs INTO v_order_rec;
EXIT WHEN p_curs%NOTFOQUND;

-- pobaBuTb B MAaccuB 3 aneMeHTa M 3anucaTb Tyda faTw
-- CO30aHug, BHAAYM W 3akpHTUa Hapsapa
v_ret_val. EXTEND(3)
v_ret_val(v_ret_val.LAST - 2) := order_date_o(v_order_rec.order_number,
0
TO_CHAR(v_order_rec.create_date, "YYYY'),
TO_CHAR(v_order_rec.create_date, 'Q"),
TO_CHAR(v_order_rec.create_date, 'MM™));
v_ret_val(v_ret_val.LAST - 1) := order_date_o(v_order_rec.order_number,
A
TO_CHAR(v_order_rec.assign_date, "YYYY'),
TO_CHAR(v_order_rec.assign_date, 'Q’),
TO_CHAR(v_order_rec.assign_date, 'MM™));
v_ret_val(v_ret_val.LAST) := order_date_o(v_order_rec.order_number,
o
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TO_CHAR(v_order_rec.close_date, "YYYY '),

TO_CHAR(v_order_rec.close_date, 'Q"),

TO_CHAR(v_order_rec.close_date, 'MM"));
END LOOP; -- ang kaxgoro 3akasa B Kypcope

RETURN(v_ret val);
END;

BorT pesysnbTaT 3ampoca AJA TpeX HAPAIOB.

ORDER_NUMBER D YEAR QUARTER MONTH
10 2005 3 8
1A 2005 3 8
10 2005 3 8
20 2005 4 10
2 A 2005 4 10
2 G 2005 4 10
30 2005 4 12
3 A 2005 4 12
3C 2005 4 12

3aMeThTe, s CKasaj, YTO B 3alpoce OBIIO TPU HApPSAAA, HO IPEAyCMOTPH-
TeJbHO He COOONINI, OTKYAA BHITONHANACH BEIGODKA. [[€70 B TOM, UTO BHI-
60pKAa OCYIIEeCTBISIETCS U3 MepeJanHoro GYHKINU Kypcopa, UMeIoIero Ta-
KOH BUJI:

SELECT =
FROM TABLE(date_parse(CURSOR(SELECT =
FROM orders)));

KimnroueBoe cmoBo TABLE o3HayaeT, 4YTO BBINOJHAETCA BBI30B (DYHKIUU
date_parse. KmroueBoe ciaoBo CURSOR ozHauaeT, 4TO CIeAYIOMIUN 3a HUM
TeKeT (B CKOOKAaxX) AOJKEH HMCOOJMb30BATHCA KaK KYpcop B TaOJIWUYHON
dbysrnuu. OH HEABHO OTKPBIBAeTCA, U GYHKIIUA U3BIEeKAET U3 HETO 3allu-
cu. Korga rabnuuynas GYHKINUA BEIXOAUT U3 00JIaCTH BUAUMOCTH, OH HESIB-
HO 3aKpbIBaeTcsa. ComocoOHOCTH TIepefaBaTh B GYHKIUIO TEKCT Kypcopa —
OYeHDb MOIIHBIH MHCTPYMEHT, TAK KaK TpedyeT BCEro JUIIb KOPPEKTHOTO
SQL. OyEKIUA MOXKeT OBITH BhI3BaHa (u, cIeI0BaTENbHO, TOBTOPHO HC-
TIOoJIB30BaHAa) B PasHEIX MecTax. Hanpumep, ecau Hago o6padoTaTh TOMBKO
CETOTHSATIITHIE 3aIUCH, TO BHI30B JOJKEH OBITh TAKUM:

SELECT =
FROM TABLE(date_parse(CURSOR(SELECT =
FROM orders
WHERE create > TRUNC(SYSDATE))));

Hanee, eciu HAJO OTPAHUYHUTDH BBIOOPKY ONpeAeeHHBIMU PeTHOHAMH, AO-
6aBUM CIeAyIOIee oTpaHuYeHne B omepaTop SELECT:

SELECT =
FROM TABLE(date_parse(CURSOR(SELECT =
FROM orders
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WHERE create > TRUNC(SYSDATE)
AND region_id = 33)));

EnunacTBeHHOE TpeboBaHME K ATOMY onepaTopy SELECT 3akodyaeTcs B TOM,
YTO JOJKHBI BEIOHPATHCS Bee ¢TONOIEI Tabaumsl ORDERS, Tak Kak B Tabaud-
HOU QYHKIIUU IepeMeHHad TUIla 3alIUCh, B KOTOPYIO IIOMEIaeTcA Pe3yiIb-
TaT, o6bABIeHA Kak 0rder sYROWTYPE. OgHako ganHoe TpeboBaHIe He BCcerjga
00s3aTeNbHO, €CTh MHOTO CIOCO00B YCTAHOBUTH COOTBETCTBUE MEKAY OTe-
paropamu SELECT, TunamMmum napaMeTpoB-KYPCODOB U JIOKAJbHBIMU Ilepe-
MeHHBIMHU. MBI pACCMOTPUM UX Jajiee B 3TOH raase.

KoHBenepusoBaHHble TabnuyHble pyHKLNU

KonseifiepusoBanHas TabauuHas QYHKIHUA — 9TO QYHKIINA, KOTOpas BO3-
BpaniaeT pes3yJIbTUPYIOIlee MHOKECTBO B BUJE KOJUJIEKIIUU, HO AENAaeT 3TO
urepaTusHO. Ipyrumu ciosamu, Oracle He K JeT, KOTJa BEITONHEeHNE QYHK-
OuYU 3aKOHYUTCA, HAKANJINBAA BCe MMOJYUYeHHBIe CTPOKYU B Koneknuu PL/
SQL, mpexae ueM BEPHYTH UX. BMecTo 5TOr0 3alIUCU IO MePe UX F'OTOBHO-
CTH K BKJIIOUEHHUIO B KOJNJIEKIIHUIO « BHIKAUMBAIOTCA» U3 GyEKnuu. laBaiiTe
TIOCMOTPHUM Ha KOHBeHepH30BaHHYIO TAOIUYHYI0 QYHKITHUIO B AefiCTBUHA.

/» Oain Ha Beb-caiTe: date_parser_pipelined.sqgl =/

CREATE OR REPLACE FUNCTION date_parse ( p_curs SYS_REFCURSOR )
RETURN order_date_t
PIPELINED AS

v_order_rec orders%ROWTYPE;
BEGIN

-- ONg KaxAoro 3aka3a B Kypcope. . .
LOOP
FETCH p_curs INTO v_order_rec;
EXIT WHEN p_curs%NOTFOQUND;

-- nepeaaTb COCTaBnspUME AaTo CO3[aHMA Hapsaia
PIPE ROW(order_date_o(v_order_rec.order_number,
0
TO_CHAR(v_order_rec.create_date, "YYYY'),
TO_CHAR(v_order_rec.create_date, 'Q’),
TO_CHAR(v_order_rec.create_date, '"MM")));

-- nepenaTtb COCTaBASAUWME AaTH Bbha4u Hapsia

PIPE ROW(order_date_o(v_order_rec.order_number,
A
TO_CHAR(v_order_rec.assign_date, "YYYY'),
TO_CHAR(v_order_rec.assign_date, "Q’),
TO_CHAR(v_order_rec.assign_date, 'MM')));

-- NepejaTtb COoCTaBadpWwMe AaTb 3aKpuTUa Hapdda
PIPE ROW(order_date_o(v_order_rec.order_number,
o
TO_CHAR(v_order_rec.close_date, "YYYY'),
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TO_CHAR(v_order_rec.close_date, 'Q"),
TO_CHAR(v_order_rec.close_date, "MM")));

END LOOP; -- ang kaxgoro 3akasa B Kypcope
RETURN;
END;

Me:x 1y HeKOHBellepU3OBAaHHON U KOHBEHE€PU30OBAHHON BEPCUAMU UMEIOTCA
YeThIpe CUHTAKCUYECKUX PABIUYNA:

e KarouesBoe cmoBo PIPELINED mobaBisieTcsl B 3ar0IOBOK (PYHKITUU C I[EIBIO
coobmuTh Oracle o He0O6X0UMOCTH BO3BPAIATE Pe3yIbTaT HeMeIJIeHHO,
a He HAKAaIJIUBATh IIpeJBapUTEIbHO BCE PE3YIBTUPYIOIIee MHOKECTBO.

e Komamjga PIPE ROW ofo3HAYaeT MeCTO, B KOTOPOM (PYHKITUA BO3BpAIIAET
OTJeJIbHYIO 3aIUCh.

e (OpuHoKoe KJIoueBoe caoBo RETURN ocTasoch, HO He AejlaeT HUYEro, OCy-
IIeCTBJISAS IUIIb BBIXO U3 QYVHKIIUN. Bece pe3yabTaThl ViKe OBLIN IIepe-
JIaHbl 10 KOEBelepy KoMaH 0 PIPE ROW.

e BoaspamaeMslii T AaHHEBIX (order_date_0) oTIMYaeTcsa OT TUNA, YKa-
3aHHOTO B 00baBmeHuu Gyurnuu (order_date_t). HecMoTps Ha Takoe
CHHTaKCUYeCKOe HeCOOTBETCTBUE, 5TU TUIEI JOJIMKHEI OBITH CBSIZAHBI Me-
KOy coDoii, Kak 00BACHSIETCS B CIeAYIOIIeM ab3ale.

Oracle He MO3BOJIUT BEPHYTH U3 IPOU3BOJIbHON TAOMUUHON HYHKITUHU JIIO-
00if 113 OOBIYHBIX THUIIOB JaHHBIX. ¥ KazaHHas B KauecTBe BO3BPaANIaeMOTO
Tuma GYHKOUN KOJJIEeKINA AOJKHA MMETh B KauecTBe dJIeMeHTa O0heKT-
HBI# TuO. B HanieM mpuMepe Bo3BpaniaeMble THIIB JaHHBIX OBLIN 00bABIE-
HBI TaK:

CREATE OR REPLACE TYPE order_date_o AS OBJECT ( order_number NUMBER,
date_type VARCHAR2(1),

year NUMBER,
quarter NUMBER,
month NUMBER );

/

CREATE TYPE order_date_t AS TABLE OF order_date_o;

/

Yrob6Bl TOKAa3aTh, KaK MHOTO JaeT KOHBelepusanus B TaKOH CUTyamuu,
yBenIUdYuM KoJaudecTBO HapAAoB o 10000 u BRIDOJIHUM CIeAYIOIMIUH 3a-
IpoC ¢ UCTIONMH30BaHMEM 00enX Bepcuii (¢ KoHBeliepusanueit u O6es) HamieH
(PYHKIIUHA.

SELECT =
FROM TABLE(date_parse(CURSOR(SELECT =
FROM orders)))
WHERE ROWNUM <= 10;

Taxoi 3alIpoC OTJINUYHO IIOAXOAHUT OJIA Hamie# oegn, TaKk KaK TOYHO IIOKa-
3bIBAeT, CKOJBKO BPEMEHHN HeoﬁXO,Z[I/IMO (I)yHRIII/II/I AJsa TOro, ITOOBI BEepD-
HYTH AE€CATYIO II10 CUEeTy 3allUCh. HOﬁe,Z[I/ITEJIEM CTaHOBHUTCA...
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e Bropoe MecTo ¢ ZOCTOHHBIM PE3yJIbTATOM B 2,73 CEeKYHALI 3aHUMAaeET
Bepcus 0e3 KoHBelepu3aum.

e IlepBoe MecTO ¢ HEBEPOATHHIM peayabTaToM B 0,07 ceKYHABI AOCTaeTCsA
KOHBellepn30BaHHOU BepCUU.

B xoHBelieprn30BaHHOM BapHUaHTe 3alIPOC BHIMOJHsIETCA ObIcTpee Ha 2,66 ce-
KyHAb uan Ha 93% . Boiee cyIiecTBeHHBIM C TOUKHY 3PEHUA aMUHUCTPATO-
pa B]I aBasaercsa To, 4To 6a3a JaHHBIX TPATHUT IIPU BHITTOJHEHUN 3aIpoca Ha
93% MeHbITIe BpeMeHH Ha MoAAepP:KaHNUe COTJIacOBAHHOI IT0 UYTeHUIO KOTUU
Tabauisl ORDERS, a sTo Ha 93% YMeHBIIAeT BEePOSITHOCTL BOSHUKHOBEHUS
U30BITOYHBIX oOlepanmuii (GU3UIeCKOTO UTEHWs, BBIZBAHHBIX TPOIOJIKUI-
TeJBHOCTHIO 3an1poca. MOXKHO IPOAOJIIKATE eI1le U eIlle.

Emie 6osee IpUATHO I aAMUHUCTPATOPA TO, YTO IPHU BBLINOJHEHWUHW KOH-
BelfiepH30BAHHOMN BEPCHUM PACXOAYeTCs MeHbIIIe OMepPATHBHON MaMATH, BBI-
nensiemoit Oracle ceancy. 3aech, A TPOCTOTHI, MBI OTPAHUYUM KOHITETIITHATIO
namarTu cearca nosaruamu obaacteit UGA (User Global Area — rnobansrasa
o6macThb monb3oBaTesneit) u PGA (Program Global Area — mporpaMmMmHasi riio-
6anpHada o6macTh). B Taba. 3.1 npusegeno cpaBsaenne 06emMoB UGA u PGA,
PacxoayeMbIX IPHU BRITTOMHEHUHN 00eUX Bepcuilt QYHKIHUN. OTH JaHHBIE TI0-
JY4YeHBI IOCNe BX0/a B CUCTEMY U OJHOKPATHOTO BHITIONHEHNUA KOHBelepu-
30BaHHOU U HEKOHBeHepMU30BAHHOU QYHKITUH.

Tabauya 3.1. 3ampamui namamu cearca Oracle na 6binoanenue
KOH8€UepU308ARHOU U HEKOHEEILepUI08ARHOU PYHKYULL

Hexounseitepusopannas | Kouseiiepusosannasa | PasHocts
Maxcumanasuo 8 UGA| 7105168 90284 7014884
Maxcumaasuao B PGA| 12815736 242708 12573028

B o6eux obnacrax (UGA u PGA) cokpaniernue cocraBudeT 98% — a0 co-
KpalaeT HATPY3Ky Ha 0a3y JaHHBIX U II03BOJIAET il paboTaTs 6BICTDEE.

BnoxxeHHble TabsinyHble PyHKLNN

Baoscenuem TaOMUIHBIX QYHKITUIH Ha3bIBA€TCSA TaKOH cI0co0 UX BHITTOTIHE-
HHUS, TPU KOTOPOM DEe3YJIbTAT PabOTHl IepBOH M3 HUX IepemaeTcd A
JanbHelniel 00paboTKU B CAeAVIONIVIO, 3aTE€M ee Pes3yJbTaT — B CIeAYIo-
myio GyHKIuio u T. A. Takoi cmocod nHOrAa Ha3HIBAIOT « TUPIAHIAOH » , MU
«memnoukoii» (daisy-chaining). B coueTanmuu ¢ KoHBeiiepusalimeil BJIIOKe-
HHe TaOMMYHBIX QYHKINUH 00pasyeT UCKIIOYUTEIHHO MOIHBIH MeXaHU3M
aist ucnonbszoBaraua B ETL-opormeccax.

ITorkasxkeM 9T0 Ha mpuMepe QYHKIIUN, TPUHUMAIONIEH Pe3yIbTaThI BRIIIOJ-
HeHUd Harmel TabauuHoi GYEKTNUY date_parse MOcpeACcTBOM Kypcopa U BHI-
TTOJHAIONTeH AeficTBUA Hag HUMH. UTOOB He 3a0yTHIBATDH A€JI0 CIOKHBIMU
ETL-npeo6pa3oBaHUAME, OTPAHUYUMCSA OPOCTHIM CIOKeHWeM MTOJydeH-
HBIX 3Ha4YeHUU order_number, year, quarter mw month. Bor ata dyrKOHA.



160 Mnaga 3. TabnuyHble dyHKLNN

/= ®ain Ha Beb-carTe: next_in_line.sqgl =/

CREATE OR REPLACE FUNCTION next_in_line ( p_curs SYS_REFCURSOR )
RETURN next_t
PIPELINED IS

v_ret_val next_t = next_t();

-- JloKanbHHE NEepeMeHHue 419 Nonen Kypcopa
v_on NUMBER

v_dt VARCHAR2(1);

v_yr NUMBER;

v_qt NUMBER

v_mt NUMBER,;

BEGIN

-- ONgd BCEX KOMNOHEHTOB [JaThl, NONYYHEHHLIX KypCOpPOM. . .
LOOP

FETCH p_curs INTO v_on, v_dt, v_yr, v_qgt, v_mt;
EXIT WHEN p_curs%NOTFOUND;

-- nepejaTb CyMMy KOMNOHEHTOB

PIPE ROW(next_o{v_on + v_yr + v_gt + v_mt));

END LOOP; -- Aang kaxgoro KOMNOHeHTa aaThl
RETURN;
END;

BoMbNINHCTBO CUHTAKCUUYECKUX KOHCTPYKIIHI 5TOTO IpHUMepa MBI YiKe
paccMaTpuBaau. HoBBIM ABIAETCA TOMBKO CHHTAKCHUC, UCITOJIb3YEeMBIH AT
BIIOKeHUA QYHKITAH:

SELECT =
FROM TABLE(next_in_line
(CURSOR
(SELECT =
FROM TABLE(date_parse
(CURSOR
(SELECT =

FROM orders))))));

Bnaropapa ymausomy opMaTUpPOBAHUIO OHU AaKe BBITJIAAAT BIOKEHHBI-
MU, 3TO BUAHO II0 PACIIOJOKEHUIO KJIUeBbIX ¢JoB TABLE u CURSOR. B aByx
CJIOBaX STOT IpUMeD JAejlaeT cileAyIOolllee: BEI3bIBAeT (PYHKIUIO date_parse,
KoTopad mepefaeT pe3yJabTaThl QYHKIUU next_in_line, KkoTopada mepexaeT
WX BO BHEIITHUYA MUP.

PacnapannenuBaHue TabnnyHbIX PyHKLUN

Brrrouerue dyHEOUI B napagurmy oneparopa SELECT m0o3BONAET BOCIONb-
30BAThCA IPEUMYITIeCTBAMU eIle ofHo#M ocoberHOCTHU Oracle — mapaniens-
HOT'O BEIIIOJIHEHUA 3a1POCOB.
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B Oracle y:xe maBHO ofecliedeH mapajeIn3M KaK cpeAcTBO pPaboOTHI ¢ OOMIb-
UM H 3aIIPOCAMU, TO3BOJISIIONTee PACTIPEALTIUTD 00paboTKY MeKIY HECKOIb-
xkumMu PQ-cepBepamu (Parallel Query — mapasnenbHBIe 3alTPOCHT), KasKABIH
13 KOTOPBIX PACCUUTHIBAET CBOIO YACTh PE3YJIbTATa; 3aTeM JaHHBIe cobupa-
I0OTCA B eIWHOE Pe3yJIbTHUPYIOIlee MHOKECTBO. BHYTpeHHUE MeXaHU3MEBI
Oracle onpenensaioT, KaK pacupele]uTh paboTy MeKIY uMeomuMuca PQ-
cepBepaMu, YTOOBI TONMYYUTh HAUMAYIIIHUH pe3yabpTaT. AAMUHUCTPATOD Oa-
35l JTaHHBIX MOJKET BIUATH Ha IPOIECcC IPUHATHAA PEIIeHns, YCTaHABIUBAA
CTeIleHHW TapajliennsMa A TAOJIUIl UIU cO3AaBas COeNUaTbHBIE CXEeMBI
CEeKITMOHUPOBaHUSA, HO, B KOHEUHOM cUeTe, HAUJIYUIIU cI1ocod BEHITTOTIHE-
HHU 3ampoca BeIOupaeT cepBep Oracle.

I'Ipew MyLUlecTBa napajiesibHbIX 3anpocoB

PacnapannenuBaHue TOJe3HO I JIOOBIX TUTIOB 3aTIPOCOB, HE3aBUCHUMO OT
TOTO, UCIIOJB3YIOT JIU OHU TaOMHMUYHEBIe QYHKIIUN. 3aTPOCH 0€3 TaOIUIHBIX
GYHRIUA TOMyYaoT OIPeUMYIIEeCcTBO OT YCKOPEHHOTO BRIMOTHEHU Iapa-
JeNbHBIX 3aMPOCOB, IO3BOJAIONIETO OBICTpee cOOPATh DPEe3YJIbTHDYIOIiee
MHOK€eCTBO. 3aIPOChHl, UCTIOJIL3YIONINe TabMIuYHbIe GYHKIIUYA, BEIUTPHIBA-
IOT B ONIEPATHUBHOCTH He TOJbKO OT MCIOJb30BaHUA PQ-cepBepoB, HO U OT-
TOTO, YTO POPMUPYIOT KOHEUHBIH Pe3YIBTAT IO XOAY PabOTHI.

HaBaiiTe TPOUINIIOCTPUPYEM 5TO Ha IpHUMepe TabJIUIBl, coAep:Kamieil mo
OJHOH 3amHCH Ha KAKAVIO TPAH3AKIIUIO, BBIMOJIHSIONIYIOCA B OOJILIIOM
OaHKe:

SQL> DESC acct_transactions

Name Null? Type

AREA VARCHAR2(10)
TRX_DATE DATE

TRX_AMT NUMBER

IIpeamomo:kuM, HaM HaA0 paspadoTaTh PYHKITHIO, CYMMUPYIOIIYIO TpaH-
3aknuu o pernoHaMm. CHayajsa HaJO CO3JATh 3alPOC C IPYIIUPOBKOMU IO
pernoHaM. OTO OCJOMKHAETCS HEOOXOAMMOCTHIO BHIIONHEHUA PAdA CIOMK-
HBIX ITPOBEPOK; AN HATJAAHOCTH B IPUBOAUMEIX TIpHMepax cobepeM 5THU
IPOBEPKU B QYHKIIUIO super_complex_validation.

BoT mckoMBIf pesyabTaT, TMOJYUYEHHBIH Ha JeMOHCTPAIHUOHHOM Habope
JaHHBIX B MPEAIIOJOKEeHNUMN, YTO BCe TPAHB3AKIIUHU IIPOILIN 5TY CJIOMKHYIO
TTPOBEPKY.

SQL> SELECT area,
2 SUM(trx_amt)
3 FROM acct_transactions
4 GROUP BY area;

AREA SUM(TRX_AMT)
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REF-kypcop
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IIpuMeHUM DapajielbHYI0O 00paboTKY, YTOGHI MOJTYYUTH STOT PE3YIbTAT
OpICcTpee TIPHU GONBITIOM KONMHWYeCcTBe 3anuceii. B ciydyae HMCIoOJIb30BaHUSA
TabMUYHBIX HYHKIHUA 5T0 o3HadaeT, uTo Oracle 3amycTUT OJHOBPEMEHHO
HECKOJNBKO 9K3eMIIAPOB TAOIUIHON QYHKITUYA U PaCIPEeIeSIUT MEXKIAY HU-
MU Pe3yJabTaThl, HONydeHHbIe OT nepegansoro REF-kypcopa, kak nmokasa-
HO Ha puc. 3.1.

PacnpepeneHue 3anucen

OnHa U3 3aMedaTeJbHBIX 0COOEHHOCTEH mapaselbHbIX TA0IUIHBIX DYHK-
IU#A 3aKII0YaeTCs B TOM, YTO BB MOXKeTe AaTh YKasanus Oracle, Kax cie-
IyeT pacupelessiTh 3allUCH MeXKy MapajllelbHbIMA 9K3eMILIIpaMi OYHK-
nuu. MOXKHO yKasaTh JBe Pas3NIWYHble XapaKTePUCTUKHU, BIUAOIIHE Ha
pacupejenerne. JTo, BO-NIEePBHIX, CeKyUuoOHUposanue (partitioning), Ha oc-
HoBaHWHU KoToporo Oracle periaer, KaKWe 3alIUCH KAaKOMY SK3eMILISIDY
GYHKIUYA HanpaBUTh. M, BO-BTOPHIX, Opzanu3ayus nomoka (streaming),
ONpeAeNsaionas MOPSA0K BBIBOJAA BBIAENEHHBIX 3JK3eMIIAPY (DYHKIIHH
cTpok. Huke ns KakI0H U3 XapaKTEPUCTHUK MePEeYHUCcIeHbl BO3MOMKHBIE
BapHUAHTHI.
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Ceicuuouupoeauue

Sanucu MOTYT OBITH PasAesieHbl 1o AMAaNasoHaM 3HaYeHWIl OJHOTO WU
HECKOJBbKUX CTOJOIIOB, IO PACCYNUTAHHBIM AJIS OAHOTO WU HECKOJIBKUX
CTOJIOIIOB XeNI-3HAYeHUAM UJIU OpocTo o yemorperuio Oracle. Ilpemto-
skernue PARTITION BY yKa3sIBaeT onpeAesIeHHbIH cT0co0 CeKITMOHNPOBAHUS
I TaOIUYHON QYHKIINY, KaK IOKa3aHo B MOCIeAVIONTUX IPpUMepax.

Opeauusauuﬂ nomorxka

3anucu MOTYT OBITH YIOPALOUEHEl NI CIPYIINAPOBAHEI 10 3HAYEHUAM
ompeeseHHBIX CTONOMOB. B HIKecIeAVIOMINX IpuMepax 6yaeT moxkasa-
HO HCOOJIb30BaHHE KJIOUYeBBIX ¢JoB ORDER u CLUSTER msma oprarumsanmuu
BBIXOJHOIO MOTOKA TAOMHUYHON QYHKITUN.

HasmauyeHnue m B3auMOAeHCTBHUE BCeX STHX KOMIIOHEHTOB MBI PACCMOTDPUM
Ha IpUMepe paspaboTKu GYHKIHUN TOoACYEeTa TPAaH3aKIUHA MO0 YUETHBIM 3a-
TTUCAM.

MpousesonbHoe cekunoHnpoeaHue (PARTITION BY ANY)

g mauana cosgaauM GYHKIUIO U 3acTaBuM cepsep Oracle pacnapamnie-
JUTH €ee, OCTABUB CEKIIMOHUPOBaHUe 3aIucell Ha ero ycMoTpeHue. Ilpemio-
sKeHme PARALLEL_ENABLE B sarosoBke dyHKIHU coobimaer Oracle, uTo xKof
9TOM YHKIIUYU HaANWCAH B pacueTe Ha apajjiejibHOe BBIOJIHEHWE, W HUC-
IOJIL30BAHUE ATOU BOSMOXKHOCTH BechbMa KejaTeabHO. IlapameTrp PARTITION
BY ANY B 3TOM OIpuMepe yKa3bIBaeT, YTO 3alllICU, BO3BpallaeMble KyPCOPOM
Tuna REF CURSOR, MOMKHBI OBITH CEKIHMOHWPOBAHBI CAy4aiiHBIM o6pasom
B TOM TIOpsAKe, Kakoi Oracle couter Hambosee MOAXOMAITNAM AJSI MMEIO-
muxca PQ-cepepos. [IpyrumMmu coBamMu, B faHHOM IpuMepe PQ-cepBephl
HUCIONB3YIOTCS TONBKO JJI5I IOBBIMIEHNUA IPOU3BOAUTEIHHOCTH.

/= ®ain Ha Beb-caliTe: pipelined.sql =/

CREATE OR REPLACE FUNCTION area_summary ( p_cursor SYS_REFCURSOR )
RETURN area_summary_t
PIPELINED
PARALLEL_ENABLE ( PARTITION p_cursor BY ANY ) AS

v_row acct_transactions%ROWTYPE;
v_total NUMBER := NULL;
v_area acct_transactions.area%lYPE;

BEGIN

-— [O19 KaXaon TpaH3akuuu
FETCH p_cursor INTO v_row,
LOOP

EXIT WHEN p_cursor%NOTFOUND;

-- €CAM Npownu NoapobHYI NPOBEPKY KOPPEKTHOCTM
IF super_complex_validation(v_row.trx_date,v_row.trx_amt) THEN

-- WHWUMANM3UpoBaTb WTOT MAU YBENWYWTb UTOr TEKYWEro perucHa
-~ WAW BEPHYTb UTOI NO PErUOHY
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IF v_total IS NULL THEN
v_total := v_row. trx_amt;
v_area := v_row.area,;
ELSIF v_row.area = v_area THEN
v_total := v_total + v_row.trx_amt;
ELSE
PIPE ROW(area_summary o(v_area,v_total));
v_total := v_row. trx_amt;
v_area := v_row.area,;
END IF;

END IF; -- nogpofHad npoBepka
FETCH p_cursor INTO v_row,
END LOOP; -- nns kaxaow TpaH3akumu
PIPE ROW(area_summary_o(v_area,v_total));
END;

Ilpu BBIOJMHEHUU BTOH MPYHKIIUU HCIOJB3yeTcAa omepartop SELECT, moiy-
YawIMUui B KadyecTBe napamerpa oneparop SELECT. He mory He moBTOpDUTH
ermie paa!

SELECT =
FROM TABLE(area_summary(CURSOR(SELECT =
FROM acct_transactions)));

PesyabraT 0yAeT caydafiHBIM U HeIPeACKAa3yeMbBIM, TaK KaKk YHKIIUI pac-
CYUTHIBAET HA IOJyUYeHUE 3aIUCEH, OTCOPTUPOBAHHBIX IO PETUOHY, HO (haK-
TUYEeCKHU paclpefesieHue 3anuceil ocTaBiaeHo Ha yemoTrpenne Oracle. ITosro-
My nmapameTp PARTITION BY ANY He momo:keT sToit dyEKIUU. (X0TA I03BOIA-
€T MOJIYYUTH HEeBEePHBIH pe3yabTaT oueHb 66I1CTPO!)

CekunoHunposaHue no gnanasoHy (PARTITION BY RANGE)

JIJ151 TOMHOTO UCITOJB30BAHUS MTPEUMYIIECTB apajIenbHoi 06paboTKu Ha-
o 3acTaBuTh Oracle oTOpaBIATH BCe 3aIMCH OJJHOTO PeTUOHA OAHOMY U TO-
MY Ke 3K3eMnnapy @yarnuu. Hanpumep, eciu mapajiaelbHO BHIIOJHAIOT-
cs TPU SK3eMIIApa GYHKINU, TO BCe 3allCH PETHOHA 7 HOJYKHBI IOMACTh
B oxaeMnnap 1, 2 unu 3. Taxoi cmocod ykassiBaeTCA ¢ TOMOIMIBI0 TPEAJIO-
keHUda RANGE, KaK TOKa3aHO B HOBOM 3aroj0BKe QYHKIIUHU:

CREATE OR REPLACE FUNCTION area_summary ( p_cursor ref_cursors.acct_trx_curs )
RETURN area_summary_t
PIPELINED
PARALLEL_ENABLE ( PARTITION p_cursor BY RANGE(area) ) AS

OQ6paTuTe BHUMAaHUE, YTO 3/ech AJa mapamerpa REF CURSOR mcmosnbsoBaHa
crporada Tunusanua. To ects Oracle A71a KOPPeKTHOTO pasieeHUs 3aIlH-
cell JonXKeH 3apaHee 3HATH UX CTPYKTYPy. Ham maker ref_cursors coaep-
KUT eJUHCTBEHHYIO CTPOKY:
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PACKAGE ref_cursors 1S
TYPE acct_trx_curs IS REF CURSOR RETURN acct_transactions%ROWTYPE;
END;

Tenepdb pesyIbTAT AOJKEH CTATH JYUIIIE.

SQL> SELECT =
2 FROM TABLE(area_summary(CURSOR(SELECT =
3 FROM acct_transactions)));

414
423
432
441
369
450
378
387
396
405
91
92
93
94
95
0 100

= Ol B~ W N 2O WO 2O O WO D
(e

20 rows selected.

YnopspovyeHue notoka (ORDER)

ITomryuunoch MOKa He COBCEM TO, UTO HY:KHO. [IpobremMa B ToM, 4TO XOT 3a-
IUCHU PACHPeAeNATCA MeXXIY SK3eMIJIAPDAMUA COOTBETCTBEHHO PeruoHy,
OHU He COPTUPYIOTCA B IIpefiesiaX KasKA0ro skzeMiadapa Gyaknuu. Haopu-
Mep, Bce 3alucu 6-ro permoHa OTIPABIAIOTCA OJHOMY BK3EMIIAPY OYHK-
ouu, HO TyJa Ke [oIafarlT 3aluCu APYIrUX DPEruoHOB, 4TO OPUBOLUT
K omubKaM B pacdyeTe UTOTOB 1o peruony 6. Hamo coobmurs Oracle, uto
3allUCHU AOJKHBI COPTUPOBATHCA II0 PETUOHY €lle U B KaXKJAO0M U3 DK3eMII-
IApoB GYHKIUHU. ITO JesiaeTcd ¢ IOMOIIbI0 npeasoxkerusa ORDER, Kak moka-
3aHO HUKe.

CREATE OR REPLACE FUNCTION area_summary ( p_cursor ref_cursors.acct_trx_curs )
RETURN area_summary_t
PIPELINED
PARALLEL_ENABLE ( PARTITION p_cursor BY RANGE(area) )
ORDER p_cursor BY (area) AS
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HOCMOTpI/IM, 9TO IIOJIYYHJIIOCE.

SQL> SELECT =
2 FROM TABLE(area_summary(CURSOR(SELECT
3 FROM acct_transactions)));

W o~ O O W) = 2
w
()
(o)

10 rows selected.

Ectp yenex! Temeps UTOrOBBIE 3HAYEHUS BEPHBI, TAK KaK MOJYYeHHEIE KYD-
COPOM 3amnucH OBIJIH pasfesieHbl MeXXy NapajlieJbHBIMHA 5K3eMIISIPaMU
(GYHKIIUHA B COOTBETCTBHUU C PETHUOHOM U OTCOPTHUPOBAHEI B KAXKIOM U3 HUX
10 PETUOHY, KaK IIOKa3aHo Ha puc. 3.2.

REF-kypcop
CexumMoHMpPOBAHWE MO PErMoHy
PervoH 1 Pervion 4
Pervon 2 Pervon 3
PervioH 2 Pervion 5
Perwon 1 Pervon 4
PeruoH 2 PervioH 3
CopTHpOBIA N0 PErMoHy CopTHpOBKA N0 PErMoHy
Pervon 1 Perwon 3
Sxaemmagp  Pervio 1 PermoH 3 Jsemmnsip
kymi  Perwon2 PerwoH 4 KLy 2
o PervioH 2 PeruoH 4 oy
Perwon 2 | Peruon 5

Puc.3.2. Pacnapannenennas mabiuinas QYHKYUL, CCKYUOHUDOGAHNH A
UL 0MCOPMUPOBAHHAA 110 PE2UOHY
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Xew-cekuynoHupoBaHue (PARTITION BY HASH)

B npeapiaymiux mpuMepax IMOKasaHO IPouaBoJbHOe (ANY) ceKIMMoHupoBa-
HIe U CeKINOHUPpOBaHue o Auanasony (RANGE). BosMoskeH erre OfUH BApU-
AHT, HAa3BIBAEMBIH XelI-CEeKIIMOHUPOBAHUEM, IPU KOTOPOM IJA 3aJaHHBIX
CTONOIIOB PacCYUTHIBAeTCsA XeNi-3HadyeHNWe, W Ha OCHOBAHUHW STOTO 3HaUe-
HHUSA BEIOWPAETCA SK3eMILIAD GYHKIUYA, KOTOPOMY OVAeT mepefana JaHHAA
3anuch. CoBnagaromnue 3HaYeHUA AAAYT OAUHAKOBEIE 3HAUYEHUA XeIla, Io-
9TOMY TaKoe pacupejesieHue sanucel OyaeT MpaBUIbHO PaboTaTh B caydae
Hamrel GYHKIUYU DOACYETA TPAHBAKIIUYA IO YUeTHRIM 3anucaMm. Ha camom
JleJie BApUAHT ¢ mapaMeTpoM PARTITICN BY HASH o6s1uHO paboTaeT 4yTh OBICT-
pee, uem ¢ PARTITION BY RANGE.

Bor ero cunrakcuc:

CREATE OR REPLACE FUNCTION area_summary ( p_cursor ref_cursors.acct_trx_curs )
RETURN area_summary_t
PIPELINED
PARALLEL_ENABLE ( PARTITION p_cursor BY HASH(area) )
ORDER p_cursor BY (area) AS

Fpynnupoeka notoka (CLUSTER)

B npeapiaymieit Bepcum Halledl cyMMUPYIONed GYHKITUN MBI UCIIOJIH30Ba-
nu npepsoxkerne ORDER, Tak Kak B 5TOH QYHKITUU IIPEAIIOIATaeTCA, YTO 3a-
OUCH AJA KAaXKIOTO U3 €e DK3eMILIAPOB YIOPAJOUYEHBI 110 peruony. Emie
oxuH napameTp, CLUSTER, rapaETHUpyeT, 9TO 3alIlCH C OJUHAKOBLIMU 3HAUE-
HUSIMU B YKa3aHHBIX CTOJOIMAaX 6yAYT CTPYIIHUPOBAHEI B IpeesiaX SK3eMII-
nqapa pyarnuu. OgfHAKO IOMHEUTE, YTO 9TOT IIapaMeTp He BBI3hIBAET COPTHU-
POBKU 3HAYEHUH.

B cuny Toro, uTo B Hamiedl GYHKIUN PacCMaTPUBaeTCA TOMBKO OJUH CTOJ-
6elr, MOJKHO JIETKO TepeiiTh K IpynnupoBKe. [ 9TOro ucnoms3yeTcs cie-
AVIOTITHH CHHTaKCHUC:

CREATE OR REPLACE FUNCTION area_summary ( p_cursor ref_cursors.acct_trx_curs )
RETURN area_summary_t
PIPELINED
PARALLEL_ENABLE ( PARTITION p_cursor BY HASH(area) )
CLUSTER p_cursor BY (area) AS

IlpoBepKa mOKa3BIBaeT, 4TO BapWaHT ¢ mapamerpom CLUSTER asa omHOTO
cronbma paboTaer GbICTpee BapuaHTa ¢ mapamMeTpom ORDER.

Kakon BapunaHT BbiOpaTth?
Kaxoii us Bcex 5TuX BApUAHTOB CEKIITMOHUPOBAHUA 1 OPraHU3aMuU IOTOKA
JydYIlle IOAXONUT B BaIlleM KOHKPETHOM caydae?
PARTITION BY ANY (npou360.bHoe CeKUUOHUPOBAHUE )

HCHOJIBSyfITe 9TOT BapHaHT, €CJIH BaM HYXXHA MaKCHUMaJIbHaA CKOPDOCTH
U IIOpAAOK CJIeJOBaHHUA 3amucen BOO6LT_Ie He BaXK€H. HaHpHMep, ecJin
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BAM HaJO BBINOJHUTH HE3aBUCUMbIe BRIUUCIECHUA NJIA KasKA0HU 3anucu
Kypcopa REF CURSOR, BEIOepUTe maHHBIHM crmocod, Tak Kak Oracle pacmpe-
JeJIUT 3aIuCcH, He 3a00Tsch 00 UX TOpAIKe.

MHe emie He BCTpedyaslnch CUTyalluu, Korjga TpeboBasoch 661 coueTaHue
I POU3BOJLHOTO CeKIUOHUPOBaHUA ¢ apaMmeTpamu ORDER mmum CLUSTER,
HO Takasd KOMOMHATUA CHHTAKCUYECKH JOTYCTHUMA.

PARTITION BY RANGE (cerxyuonuposarue no 0uana3ony)

YraswiBalfiTe 5TOT mapaMeTp, €CJIU Ballia QYHKIHS OpeAycMaTpPUBAaET
COBMECTHYIO 06paboTKy OompeesleHHbIX 3anuceil u STH 3aluCH PaBHO-
MePHO pacupeieIe bl IO 3HAUEHUAM CeKITMOHUPOBaHuA. B 5TOM caydae
BCe BK3eMILIAPSI TapaaIelbHoH QYHKIIUY 6YAYT BEITTOMHATH TPUMEPHO
paBHBIE 00HEMEI PA0OTHI.

ITOT TUN CEeKIIMOHUPOBAHUA MOXKHO codueTaTh ¢ napamerpamu ORDER
BY uaum CLUSTER BY. UmeiiTe B Buay, 4TO BapUAHT C IPYNIUPOBKOH
6ymeT paboTaTh HEMHOTO OBICTpEE.

PARTITION BY HASH (xew-ceKxyuoHuposanue)

HcmonbayiiTe 5TOT mapaMeTp, €CJiu Baria QYHKITUA TpedyeT, YTOOI O1I-
peleneHHBIe 3amucu o6pabaThHIBAINCHL COBMECTHO, U pacOpefieseHUe
UMeeT HEKOTODHIH MOepeKoc. ANTOPUTM XeNINPOBAHUS YBEeJIUYUBAET
MIAHCHI TOTO, YTO BCE PK3eMIJIAPH TapaliaenlbHol MYHKIINN 6YAYT BHI-
TIOJIHATH TPUMEPHO PaBHBIE 00HEMBI PAGOTHI.

HonycTuMo KoMOMHUPOBaHUe AaHHOTO mapameTpa ¢ ORDER BY umu CLUSTER
BY. ITpu sToM BapuaHT ¢ mapamMmeTpoM CLUSTER paboTaeT 4yTh OBICTDEE.

Yro penaet Oracle?

Y Bac, HaBepHOEe, yiKe BO3HUK BOIIPOC, KaK 0a3a JaHHBIX BBITIOJHSIET CeK-
MUOHUPOBaHUE Pe3YIbTATOB 3ampoca. Beimomuser nu Oracle mo ogHOMY 3a-
TIPOCY B KasKIOM DK3eMILIAPe NapallelbHoll QYHKIIUYA UJIU OH BBHITOJTHIET
eIWHCTBEeHHBIH 3a0POC U CEeKITMOHUPYET ero peayabTaT? JlaBafiTe BHISCHUM
9T0, 00PATUBIINCEH K Pa3feNlsaeMoMy IYIy.

SQL> SELECT sql_text,

2 parse_calls,

3 executions

4 FROM v§sql

5  WHERE INSTR(UPPER(sql_text), "ACCT_TRANSACTIONS') > 0
6 AND INSTR(UPPER(sql_text), "SQL_TEXT") = 0

7 AND command_type = 3;
SQL_TEXT PARSE_CALLS EXECUTIONS

SELECT = FROM TABLE(are 1 1
a_summary(CURSOR(SELECT =
FROM acct_transactions)))

SELECT "A3". AREA™ "AREA” 1 1
, "A3". "TRX_DATE™ "TRX_DAT
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E", "A3" . "TRX_AMT™ "TRX_AM
T" FROM "ACCT_TRANSACTION
S" "A3" ORDER BY "A3"."AR
EA”

31ech MPUCYTCTBYIOT TOJMHKO ABa Kypcopa: OJWH, BBHINOJHEHHBIH HaMH,
U OAWH, BEITOMHEHHBIH B TAOMUYHON QYHKIINHN; Y 000MUX CUETUUKU Paszbdo-
POB U BBIMTOJHEHUH comepskaT 1. 9To 03HAYAET, UYTO UCIOJIB3YETCA eAUHCT-
BeHHBIH Kypcop, a Oracle mo Heo6XOAMMOCTH BBITTOJHAET CEKITMOHUPOBA-
HIe MTOJTYYeHHBIX CTPOK.

CkonbKo Hy>XHo PQ-cepBepoB?

[ 6oMBIINECTBA OMepanuil ¢ mapasjeIbHBIMU 3aIpocaMi MOKHO Orpa-
HUYUTH KOMUYECTBO (MU XOTsd 6B MOBIUATEH HAa HEro) 3aAeHCTBOBAHHBIX
B HUX PQ-cepBepoB. Hampumep, MOKHO 3aAaTh CTeNeHDb MapajjerusMa
nas rabaunsl, u Oracle 6ygeT cTpeMUThCs 06ecIednTs TpebyeMoe Kolude-
cTBO PQ-cepBepoB AJA 3ampocoB K 5Toi Tabaume. Taxike MOMKHO 3aJaTh
CcTeleHb mapajienusMa (a, cIefoBaTeJIbHO, U KOJIUYECTBO UCIOIB3YEMBIX
PQ-cepBepoB) Asa a1000T0 KOHKPETHOTO 3alpoca, VKa3aB COOTBETCTBYIO-
Iue ToACKAa3KU ONTUMU3aTODY.

K coskameHnuro, Takue BO3ZMOMKHOCTH OTCYTCTBYIOT AJIA MTapalelbHbIX Tab-
JUYHBIX QYHKITHH.

XoTenoch 66 UMETH BO3ZMOXKHOCTE NCIOMb30BATh CHHTAKCUC TAKOr'O THUIIA:

CREATE OR REPLACE FUNCTION area_summary ( p_cursor ref_cursors.acct_trx_curs )
RETURN area_summary_t
PIPELINED
PARALLEL_ENABLE ( PARTITION p_cursor BY HASH(area) )
DEGREE 3 - invalid - DRH dream syntax
ORDER p_cursor BY (area) AS...

Takx MoOKHO OBLTO OB 3aJaTh MaKCHMAaJNbHOE KOJIUUYECTBO PQ-cepBepos, uc-
TTOJIB3YEMBIX TIPU OJHOM obparieHun K TabnuuHo# pyaxnunu. HecMoTps Ha
9Ty JIETKYI0O KPUTHKY, HAA0 OpHU3HATH, 4To Oracle mocTaTOYHO XOPOIIIO
CIIpaBIIAeTCA ¢ 3a7jaueii onpeaeeHns TpebyeMoro KonrmndecTsa PQ-cepBepoB.

NUcnonb3oBaHne TabnnyuHbIX pyHKLUN

B sToM pasgesie MBI Ha pealbHOM IPUMepe 13 MPAKTUKU OONIbIN0l Kadennb-
HOW KOMIIaHWH, OBITAIOIIeiics OTCIeKHBATL IIOBTOPHBIE HApPAILI, HOKAa-
JKeM, KaK HCIOONL3VIOTcA Tabnudueable QYHKOHIK. ['oBOpS OOOPOCTY, IIO-
BTOPHBIN HapsJ — 9TO HalpaBJeHUe TeXHUKA I0 OJHOMY 1 TOMY Ke aapecy
JL7s1 TOBTOPHOTO BHITTOJMHEHUA (MW UCIPABJIEHUA) VoKe cAelaHHoH paboThl
B Teuerue 30 gueii. IloBTOPHEBIA BU3UT He Becerja CBA3aH ¢ HAJIUYMUEM Ipe-
TeH3UH — OH MOXKeT OLITh Pe3yJIbTATOM YCTAHOBKH o0opymoBanus B 30-
OHEeBHBIHA IepuoJ IIocje IpeJBapuTeIbHOTO 3aKasa.

Agnpeca ompefesAOTCA TpeNoNpefeNleHHBIMU uAeHTHGUKaTopamu. OHHU
MOTYT COOTBETCTBOBATDH Y€MY YTrOAHO, OT KOHKPeTHOH KabelbHOINH PO3ETKU
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IO OTAENIBHOrO JOMa MIH 0OJBIITOr0 TOPrOBOro ImeHTpa. Buj paboTsl ompe-
gensieTcd HAeHTUPUKATOPOM TUIA HapAna. Hanpumep, Tun 1 MoskeT o3Ha-
yaTs «IIporaagka Kabeaa», a Tud 2 — «3aMeHa Kabers».

KoMnaHus mMeeT oTAeIeHU B HECKOJbKNX PErUOHAX, B KaXKIOM U3 KOTO-
PBIX UCIOJb3YeTCA COOCTBeHHBIH Ha0op UACHTUMUKATOPOB aAPEeCcoB, TUIIOB
HapsA0B U KPUTePHUEB TOBTOPHOTO Hapsala. OTH KPUTEPUH ONPEAesIII0OT Ta-
PBHI THIIOB HApPSAMOB, KOTOPHIE MOJKHBI OBITH BBIJAHBI IO OJHOMY aapecy
B TeueHne 30-AHEBHOTO IepUOaa, YTOOHI HapA ObLT IPHU3HAH TOBTOPHBIM.
Tunsl HapAAOB B TaKoii Tape MOTYT COBIAAaTh UMK He COBIaAaTh, HAIPHU-
Mep «PeMoHT Kabeins», mpousomie ini nocre «IIpokIagxu Kabemsa», MO-
JKeT CUUTAThCS TAKUM Ke TTIOBTOPHBIM HAPAAOM, KaK U ABa IOCJIeA0BaTeNb-
HBIX Hapaga Ha «IIpokTaary Kabeis».

OTH KPUTEPUU XPAHATCA B TaOIUIIE:

SQL> DESC repeat_order_criteria

Name Null? Type
REGTION_ID NUMBER
START_DATE DATE
FIRST_TYPE_ID NUMBER
REPEAT_TYPE_ID NUMBER

ITa TaﬁJII/IIJ;a COIEPHUT OIIPpeAesIeHNUs ITOBTOPHEBEIX HAPAAOB AJIA KaXXA0T'O
peruoHa, BKJIKOYad JaTy UX BBOJA B ,Z[ef/'ICTBI/Ie. Bor IIPUMED 3allUCH.

SQL> SELECT =
2 FROM repeat_order_criteria;

REGION_ID START_DAT FIRST_TYPE_ID REPEAT_TYPE_ID

1 19-APR-05 44 102

B sTo0i1 3anucu rosopurcda, 4ro B peruose 1 Hapajg ¢ tunom 102, crengyro-
muit B 30-AHEeBHBIN epuo/ 3a HapAAoOM 44 u 110 TOMY Ke aJpecy, CAUTaeT-
Cs TTOBTOPHBIM.

Ta6auma ORDERS comepsKUT IIOJsI, HeoOXOAUMBIe AN ONpeJeleHUs «IIOo-
BTODPHOCTH» HapAaAa.

SQL> DESC orders

Name Null? Type
ORDER_NUMBER NOT NULL NUMBER
ORDER_DATE NOT NULL DATE
REGTION_ID NOT NULL NUMBER
TYPE_ID NOT NULL NUMBER
LOCATION_ID NOT NULL NUMBER

I[OHOJIHI/ITEJIBHYIO CJIOMKHOCTD 9THUM YCJIOBHAM IIPpUAAET TO, YTO KOMIIaHUA
OﬁpaﬁaTbIBaET €XEeTHEBHO HECATEHN THICAY 3aABOK, a TAKMKE TO, YTO KPpHUTe-
PHUH ITIOBTOPHOTI'O HApAAAa MOTYT U3MEHHUTHCA B 10001 MOMEHT, [IOSTOMY HO-
BBIH Ha60p AAHHBIX OOJIXKEH OBITH IIOJIy4YEeH 6BICTpO. Boabnioe KonumuecTBO
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3amuceil B cCOUYETAHUU C HeoﬁXO,Z[HMOCTBIO (<HOIlITy‘IHOﬁ » OﬁpaﬁOTRI/I 3anu-
ceit AJIS IIOJIYIEeHHUA PEe3YJIbTUDYVIOIIEro MHOXKECTBA JeslaeT 93TO IIPUJIOXKe-
HHUe UaeaJIbHbIM KaHAUAAaTOM HAa IPDUMEHEHUE TaOIUYIHBIX (I)yHRIIHfI.

3aronoBoK pyHKLUN

Jnsa mavana pazbepeMcs, 13 YeTO COCTOUT 3aTOJIOBOK Hammeil QYHKITUN.

1 CREATE FUNCTION repeat_order_finder ( p_curs cursors.repeat_orders_curs )
2 RETURN repeat_region_location_t

3 PIPELINED

4 PARALLEL_ENABLE ( PARTITION p_curs BY RANGE(region_id) )
5 ORDER p_curs BY (location_id, order_date) IS

Kax »To cBoicTBEHHO 3aToNOBKaM QYHKIUH, 34ech MOKHO MHOTO O 4eM
paccKasaTh, MOYTOMY pasbepeM ero CTPoKa 3a CTPOKOM.

Cmpora 1

Ounpenensier umMA QYHKIIUA U ee TapamMeTp — Kypcop Tuna REF CURSOR co
CTPOTHUM KOHTPOJIEM THUIA, 00HABIEHHLIH B IPYTOM TaKeTe, HATPpUMeED,
TaK:

CREATE OR REPLACE PACKAGE cursors AS
TYPE repeat_orders_rec IS RECORD (order_number NUMBER,
order_date  DATE,
region_id NUMBER,
type_id NUMBER,
location_id NUMBER );

TYPE repeat_orders_curs IS REF CURSOR RETURN repeat_orders_rec;
END;

IIpu obpamienuu K GyHEOUU OyaeM mepemaBaTh eii omepaTop SELECT,
BO3BpAMIAIOIIUIN Bce HAPAALI 3a nocaenuue 30 gHe.

Cmpoka 2

Ounpenenser cTPYKTYPY BO3BpamniaemMblxX GyHKNUeH zanuceii. JlaHHBIH
TUO OBLT CO3JaH C MOMOINBIO caeAyionux SQL-onpeaemenuii o0beKTa
U KOJLJIEeKIIUU:

CREATE TYPE repeat_region_location_o AS OBJECT ( region_id NUMBER,
location_id NUMBER,
first_type_id NUMBER,
repeat_type_id NUMBER );

/

CREATE TYPE repeat_region_location_t AS TABLE OF

repeat_region_location_o;

/
Cmpora 3

YraswsIBaeT Ha TO, UTO PYHKITUS KOHBeHepU3UPYET BO3BPAIIlaeMble CTPO-
KU 10 Mepe UX TOIBIeHUA.



172 Mnaga 3. TabnuyHble dyHKLNN

Cmpora 4

Onpegensier, KaKUM CII0CO00M OYAYT pacOpemensiThcs I0 HeCKOMIbKIM
napaJjiesbHBIM dK3eMILIApaM (PYHKIOWUU CTPOKU, IIOJYyYeHHBIE Iepe-
OaHHBIM el KypcopoMm. CTPOKH mONKHBI PasAeaThCs IO 3HAYEHUIO
ctoabma REGION_ID. 9To 3HAYUT, YTO BCE 3aIlMCU OIpeJeeHHOTO Peruo-
Ha 0yayT o6paboTaHbl OJHUM SK3eMIIApOoM QyHEKI UK. I3 3TOTO He C.e-
OJyem, 4TO 6yJeT CO3JaHO 10 OTZHOMY 5K3eMILIAPY AJA KaKAOTO PETHUO-
Ha. Oracle mo cBoeMy YCMOTPEHHIIO pacupeneuT uMeioniuecsa PQ-cepse-
PBI IJIs BHIMOJHEHUS SK3eMINIAPOB dyHKMuu. IlosTOMYy OAUH 5K3eMII-
JIAp MOXKeT 06padaThiBaTh HECKOJIBKO PEeTHOHOB.

Cmpora 5

VYrassiBaeT, YTO B KaK/JOM N3 SK3eMILISIPOB 3alHUCU JOJKHEI OBITH OT-
copTupoBaHkI Mo cToxbmam LOCATION_ID u ORDER_DATE.

IIpocTo#i pasbop B3aroloBKa IMOKasaj OOJBIIHUHCTBO BO3MOMKHOCTEI,
CKDBITBHIX B TaOMUUYHON QYHKIUU. ITa QYHKIIUA ITO3BOJISIET UCIOIH30-
BaTh MOIID NapaselbHBIX BEIUHUCIEHUN AJI mocaeloBaTelbHON obpa-
OOTKU MecsITKOB ThICAY 3amuceii. bosee Toro, oma mo3BoOJsAeT YKa3aTh,
KaKwue 3a0ucHU OYAYT mepedaHbl KaskJIoMy U3 SK3eMIJISIPOB Mapajieb-
HO#l GyHKIUU, Orarogapsd 4eMy OPU KOAWPOBAHUHN MOKHO HCIOJNB30-
BaTh HEKOTODPHIE AonyIeHudA. [[o6aBUM K 5TOMY OTCYTCTBHE HEOOXOMM-
MOCTH JOKHUIATHCA OKOHUYAHUS 06paboTKM BeexX samuceii, 4ToOBl Bep-
HYTBH PE3YJIBTAT, U — BOT OHa, HUpBaHa!

Ho xBaTuT nponosefeii! BepaeMca K Hame#l QyHKITHHA.

OCHOBHOW LUK
OcHOBHOII aJTOpuUTM HaIlled GYHKIIUUA 3aKJIOYAETCA B IMUKINUYECKON BBI-
6opke sanuceii u3 REF CURSOR, Kak MOKAa3aHO B 5TOM ICEBIOKOJE.
BEGIN

-- ONg Kaxgoro Hapsga. . .
LOOP

FETCH p_curs INTO v_order;
EXIT WHEN p_curs%NOTFOQUND;

IF nosTopHu_Hapsaa THEN
PIPE ROW();
END IF;

END LOOP; -- ang kaxnoro Hapsga
RETURN;
END;

31ech Bce TpoCcTO. Beero IUMIL U3BJIeKAaeM 3alUCH 13 TePEJaHHOTO B DYHK-
MU0 Kypcopa W MPOBEpsAeM MX Ha COOTBETCTBUE KPUTEPUAM IOBTOPHOTO
Hapsaga. Ecniu ycrnoBue BHITONHEHO, OTIPAaBJsIeM 3amuch B KoHBelep. Te-
mepb J00aBUM 3arPY3KY KPUTEPHUEB I JaHHOTO PerHoHa.
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MaccoBas Bbibopka KputepuneB

Brarogapsa ToMy, 4To Harra TabaudHAasaA GQYHKITAA TapaHTUPYET, YTO 3aTUCH
OyIyT CTPYIIHUPOBAHEI ITO PETHOHAM, MOKHO OBITH YBEePEHHBIM, UTO IIPH Ka-
SKJIOM M3MEeHEeHUHN UAeHTUPUKATOPa PeTUOHA B M3BJEKAEMOMN 3alucu Ipo-
UCXOJUT IIEePeX0] K CIeAYIONeEMY DeTHOHY. A IepBoe, YTO HAJ0 CAeJIaTh JIA
HOBOT'O PETHOHA, — 3TO 3aTPY3UTH €I'0 KPUTEPUU TOBTOPHBIX 3aKAa30B B aCCO-
nuaTtuBHBIN MaccuB PL/SQL. CaenaeM 5To mpu MOMOIIM TAKOTO Kypcopa:

CURSOR curs_get criteria ( cp_region NUMBER ) IS
SELECT =
FROM repeat_order_criteria
WHERE region_id = cp_region;

Teneph BHINOIHUM B Telle DYHKIIUK ITPOCTYIO TPOBEPKY «mocaenrero 1D
PeruoHa», ONpeAeAoNIyi0, U3MeHUJIOCH I 3HAUEHUEe, U €CJIU Aa, TO BHI-
TIOJIHUM MAacCOBYIO 3aTPY3KY KPUTEPUEB:

-- €C/AM 3TO HOBHM PEruoH. ..
IF NVL(v_last_region,0) <> v_order.region_id THEN

-— YCTaHOBUTL NokansHuW ID pervona v 3arpy3uTb €ro KpuTepuu
v_last_region := v_order.region_id;

OPEN curs_get_criteria(v_order.region_id);

FETCH curs_get_criteria BULK COLLECT INTO v_criteria;

CLOSE curs_get_criteria;

END IF; -- HOBbHW peruoH

31ech TPOABIAETCA €Ile 0JHO IPEeUMYIIeCTBO TAOMUYHBIX QYHKIIUH — BO3-
MOKHOCTH PasfeJbHOTO JOCTYIA K AaHHBIM BHYTPHU caMoil QYHKIIHUH. ITO
03HaYaeT, YTO AOCTYI K 0ase MAHHBIX [IJd MOJYUYEHUS HAPATOB MOKET
OBITH CKOHIIEHTPUPOBAH B OJAHOM 3a4Ipoce, a AJA MOJYUeHUA KPUTEePUEB —
B APDYTOM.

BepraeMcs x Hamrell QYHKIINU, IICeBAOKOJ KOTOPOH mociye Jo0aBIeHUA 3a-
Ipoca KPUTEPUEB BBITIAIUT TAK:
BEGIN

-- ONg Kaxgoro Hapsga. . .
LOOP

FETCH p_curs INTO v_order;
EXIT WHEN p_curs%NOTFOQUND;

IF nepsas_3anucb OR HOBHIA_peruoH THEN
3arpy3uTb KpUTEpUM ANS perwoHa
END IF;

IF nosTopHu_Hapsaa THEN
PIPE ROW();
END IF;

END LOOP; -- ang kaxnoro Hapsga
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RETURN;

END;

OHPED,EHEHVIE noTeHUMNaNnbHbIX MOBTOPOB

Teneps zalimeMcsI HEMHOrO 0ojiee CIOKHON 3ajadeidl — MOMCKOM IIOBTOP-
HBIX HapagoB. McmonbayeM AJsI 3TOTO ABe OTAeNbHEBIe omeparnuu. Ilepsas
omepalus Ha OCHOBAaHHM CPABHEHUS THUNA U AATHI HAPAAA ¢ I€PBBIM TUIOM
Hapsaga B KPUTEPUU ONIPEIeJUT, MOKET JIU HapsJ TOTeHIINANbHO UMETh I0-
BTOp. Bropas omepanusa IpocCMOTPHUT OCTANbHBIE HAaPSAEI II0 TOMY 2Ke ajape-
cy U BbIbepeT AeHCTBUTENbHO MOBTOPHBIE, CPABHUB UX THI C TUIOM IIO-
BTOPHOTO Hapsajla B KPUTEPUH.

0Q06bsacEUM TToApPOOHEee Ha KOHKPETHOM mpuMepe. PaccMOTpUM TaKyio 3a-
THCh B TaONUIE KPUTEPUEB:

START_DAT FIRST_TYPE_ID REPEAT_TYPE_ID

19-APR-05 801 87

Jra 3anuch TOBOPHUT O TOM, YTO eciu HauuHadA ¢ 19 anpena 2005 roxa B Te-
gyerue 30 queil 3a Hapagom Tuna 801 mocieayeT o TOMY JKe agpecy HaPAM
Tuna 87, To 3T0 6yAET TOBTOPHBIH HaDI.

Teneps pacCMOTPUM CIEAVIONNE TPHU HapsAaa.

ORDER_NUMBER ORDER_DAT  TYPE_ID LOCATION_ID

1016 19-APR-05 801 343
1863 20-APR-05 87 343
2228 21-APR-05 87 343

IIpu obpaboTke Hamieil Gyarmueii Hapaxg Homep 1016 mo aapecy 343,
nmeromuit Tun 801, cEauana 0yJeT oTMeUYeH, KAK KaHAHUAAT Ha HaJIH4Ne
moBTOpa. Bee mocyeayoomiue Hapagbl Tuoa 87 mo aapecy 343 B TedeHue
30 pHeii OyAYT cUUTaThCA PAKTUIECKUMU IOBTOPHBIMU HapagaMu. To ecTh
B KaYecTBe AefCcTBUTEIbHBIX MOBTOPHBIX HAPAMOB HaIa GYHKIIUI BEIOepeT
HapAasl ¢ HoMmepamu 1863 u 2228.

Hna saxoxaeHnsa paKTUYeCKUX TOBTOPHBIX HApAAOB HAJO CHAadYana OTO-
OpaTh KaHAUAATOB Ha MOBTOP. asa OonbIieii cTPORHOCTH KOAa BBHIJEIUM
JOTUKY IIOMCKa «IIOTeHIHANBHEIX IIOBTOPOB» B OTAEJNBbHYID (QYHKIIHIO
c umeHeM load_potential repeat. CHauama mpuBeJeM KoOJ, a 3aTeM pasbe-
peMmcs, Kak OH padoTaer.

PROCEDURE load_potential_repeat ( p_location_id NUMBER,
p_type_id NUMBER,
p_date DATE ) IS

v_hash NUMBER;
BEGIN
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-— QN8 KaXaoro Kputepusa. . .
FOR counter IN 1..v_criteria.LAST LOOP

-- eCAM TUN Hapsja NpUCYTCTBYET B CNUCKE KPWUTEpUeB
IF v_criteria(counter).first_type_id = p_type_id THEN

-- @CNv JaTta COOTBETCTBYET gaTe KpUTepud
IF v_criteria(counter).start_date <= p_date THEN

-- BHYMCIWMTL XEW ANd afpeca W napo HapsaoB KpUTepus

v_hash := DBMS_UTILITY.GET_HASH_VALUE(p_location_id || ":" |
v_criteria(counter). first_type_id || "~ ||
v_criteria(counter). repeat_type_1id,
-32767,65533)

-- ECNU 3TOrC KpPUTEPWS elle HET B CNWCKE NOTEHLMANbHHX NOBTOPOB
-- TO 3aHecTu ero Tyaa
IF NOT v_potential_ repeat.EXISTS(v_hash) THEN
v_potential_ repeat(v_hash).location_id := p_location_id;
v_potential_repeat(v_hash).first_type_id :=
v_criteria(counter).first_type_id;
v_potential_repeat(v_hash).repeat_type_id :=
v_criteria(counter). repeat_type id;

END TIF;
END IF; -- paTa COOTBETCTBYET
END IF; -- Tun nHapsga NpuCyTCTBYET B CNUCKE
END LOOP; -- ang kaxnoro Kputepus

END load_potential_repeat;

ITO MOKET I0Ka3aThCs HeMHOT0 3allyTaHHBIM, HO Ha CaMOM J€JI€ 9TO OU€Hb
HpOCTOfI aJITOPUTM. I[JIH RaXa0ro KpuTeprud B JaHHOM DETUOHE HaJd0 3a-
OJaTb TAKHE BOIIPOCHI:

CoBnamaer mu NepBBHIH TUN HapAda B KPUTEPHUU ¢ TUIIOM oO0pabaThiBae-
moro Hapsaga? Ecmu g1a, To TpogoIKUTh.

IIpenmecTByeT 1 gaTa BBOJAA KPUTEPHUA AaTe odpadaTbiBaeMOTo Haps-
na? Ecnu ga, To TPOJOISKUTD.

Paccuurars xem-3HadeHne Ha OCHOBE afpeca HapAJa U Iaphl TUIIOB Ha-
PATOB, BXOAAININAX B KPUTEPUH.

IIpucyTcTBYET JIU B ACCOITMATUBHOM MAaCCHUBE SIeMEHT ¢ PACCUNTAHHBIM
xemni-sHauenueM? Eciu HET, TO IPOJOIKUTD.

I[OﬁaBI/ITB B aCCOIJ;HaTHBHBIfI MacCHUB 2JIEMEHT, coaep;{cammﬁ aapec u 1a-
Py THIIOB HApAAOB KPDUTEPUA, UCIIOJHE30BAB B Ka4Ye€CTBE€ UHIACKCA II0JIY-
YeHHO€ XeIlll-3HaYEeHHe.

ECJII/I, Hanpumep, HaﬁI[EHBI TPpHU OTAEJIBHBIX MOTEHIOUAJBbHEBEIX IIOBTODPA, TO
Hamr aCCOIIHaTHBHBIfI MAacCCHUB MOXKET BBITJIALETD TaK:

INDEX LOCATION_ID FIRST_TYPE_ID REPEAT_TYPE_ID
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-3421 874 1876 202
-99 1098 2 18
88862 18 100 88

B sToMm carydae Jro0ble Tocaeayooniue Hapaae! ¢ TunomM 202 u agpecom 874
OyAyT IpU3HAHBI TOBTOPHLIMH, PABHO KaK M HapAAbl TunoB 18 u 88 mo ax-
pecam 1098 u 18 cooTBeTCTBEHHO.

Hy a Temepb IPHUCTYIUM K TOUCKY (PaKTHUYECKHX TOBTOPOB.

OnpepeneHue pakTU4ECKMX MOBTOPOB

Haiit dharTudecKkue IMOBTOPHI HECJIOKHO. Eciam TUN HapAaga coBIagaeT
C THIIOM ITOBTOPA B KaKOH-T1u60 3aTNCH KPUTEPHUA U €CJIH TMEETCsI COOTBET-
CTBYIOIIUH BJIEMEHT B aCCOMUATHUBHOM MAacCUBe MOTEeHIIUAJBHBIX IIOBTO-
POB, TO BHAYUT, HalifileH GaKTUUYECKUI TOBTOPHBIA HApAA. JTY 4acThb TaK-
JK€e BBIJEJIUM B OTJEeJIbHYI0 QVHKITAO.

FUNCTION order_is_a_repeat ( p_location_id NUMBER,
p_type_id NUMBER
p_date DATE )

RETURN NUMBER IS

v_hash NUMBER;
BEGIN

-— QN8 KaXaoro Kputepusa. . .
FOR counter IN 1..v_criteria.LAST LOOP

-- eCAM TUN Hapsja COBNajaeT C MOBTOPHHM TUMNOM B 3aNWCK KpPUTEpus
IF v_criteria(counter). repeat_type id = p_type_id THEN

-- BHMMCIWTL Xew Ans afpeca v napu HapsaoB KpUTepusd

v_hash := DBMS_UTILITY.GET_HASH_VALUE(p_location_id || ": ||
v_criteria(counter). first_type_id || " ||
v_criteria(counter). repeat_type_id,
-32767,65533);

-- 8CAM BCTb 3aNWUCb O NOTEHLMANLHOM MOBTOPE, CHMTAEM,

-- 4TO NOBTOP WMEBT MEeCTO

IF v_potential repeat. EXISTS(v_hash) THEN
RETURN(v_hash)

END IF;
END IF; -- Tune HapagoB coBnagawT
END LOOP; -- ang kaxnoro Kputepus
RETURN(NULL)

END order_is_a_repeat;

HpI/IBe,ZLEM OIIMCaHue aJropurma. I[JIH RaHC,Z[Oﬁ 3alIucu TaﬁJII/IIIBI KpuTepu-
€B JaHHOI'O PernuoHa:



Mcnonb3oBaHue TabnndHbIX hyHKLNRA 177

e CoBmagaer Ju TUI 00pabaTEIBaeMOTO Hapsga ¢ TUIOM ITOBTOPHOTO Ha-
pana kputepua? Ecnu 1a, TpogoKUTh.

¢ PaccumTaTh Xell-3HauyeHUe HA OCHOBE aJipeca HapAja U Iaphl TUIIOB Ha-
PAAOB, BXOAANINX B KPUTEPU .

¢ FEciu B acCOmMaTUBHOM MacCCHUBe IIOTEHIUAJIBbHBIX [MOBTOPOB IPUCYTCT-
BYeT BJIEMEHT C UHAEKCOM, PABHBIM PACCYUTAHHOMY XeII-3HAYEHUIO, TO
HalgeH GaKTUYECKUNA MOBTOPHBINA HADALX.

e BepHYTH DONyYeHHOE XeI-3HAUEeHIE, YTOOBI COOTBETCTBYIONIASA CTPOKA
MorJa OBITh HalifleHa 1 cpasy OTOpaBJyieHa B KOHBefiep.

OkoHuyaTtenbHasa pyHKUUA

Temnepb, KOrjga BCe COCTABIAIONINE YACTH UMEIOTCA, B3TJISIHEM eIlle pas Ha
IICeBJOKOJ Halllell QYHKITUN.

BEGIN

-- ONg Kaxgoro Hapsga. . .
LOOP

FETCH p_curs INTO v_order;
EXIT WHEN p_curs%NOTFOQUND;

IF nepsas_3anucb OR HOBHIA_peruoH THEN
3arpysuTb KpUTepuu ON8 pervoHa
END IF;

IF aTo noTeHuManbHLi NOBTOP, [400aBWTL €70 B AaCCOUMATMBHLI MACCHB.
IF nosTopHui_Hapsn then

PIPE ROW();
END IF;

END LOOP; -- ang kaxnoro Hapsga

RETURN;
END;

ITonrOCTRIO KOA (DYHKIIMU JOCTYIEH HA caiiTe »TOU KHUTU B daiine re-
peat_orders.sqgl.

BbinonHeHne pyHKLNN

Dyrrnua BeinonageTcd B SQL-onmepaTope SELECT, KOoTOpHIH IepefaeT eit
apyro# omepaTop SELECT. S moEMMAI0, YTO 3TO MOKeT TOTpe6oBaTh onpeae-
JIEeHHOTO HaBBIKa, HO IIOBEPHTE — OHO TOTO cTOUT. BoT Kox SQL, BrIZBIBaO-
Uit 5Ty GYHKITAO:

/» Oain Ha Beb-caliTe: repeat_orders.sgl =/
SQL> SELECT =
2 FROM TABLE(repeat_order_finder(CURSOR(
3 SELECT order_number,
4 order_date,
5 region_id,
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type_id
location_id
FROM orders
WHERE order_date >= SYSDATE - 30

)]

_ O W W ~ D

1
1/
REGION_ID LOCATION_ID FIRST_TYPE_ID REPEAT_TYPE_ID

O W o N OO WD) =
O W o N OO WD) =
O W o N OO WD) =
= O W oo~ OO AW

—
-

—
—

11 rows selected.

PesynbpTupyIoliee MEHOKECTBO 06pabaThIBAETCS TaK sKe, KaK ecyiu OBl 6BLIO
ToJIy4eHo U3 TabJaume! uian npeacrasrenus Oracle. Omo MoskeT 6BITEH Orpa-
HUYeHO ycroBuaMmu, HanpuMmep « WHERE first type id = 3». Emre 6oiee
IeHHO 3/leCh TO, YTO Pe3YJIbTATHI HEK0eT0 3aMBICIOBATOTO OM3HEC-TIpoIlecca
MOJKHO MOJYYUTDH IPOCTHIM SQL-3aTpocoM, MO3BOJSIONTUM JIETKO CTPOUTH
oTuyeTHl. Bes GM3HeC-JTOTHKA, OCYIIECTBIAIONIAaA OT00D 3amuceli, peaansy-
eTcsd B 0ase JaHHBIX.

Komseiiepusanusa GYEKINN T03BOJsIeT 00pabaThIBATH 3allUCH B IIpoIlecce
UX TOCTYIIJIeHU, cOeperas emie 60JbIe AparoeHEHOT0 BpeMeHH.

DyHKLNA CyMMUpPOBaHNSA

Teneps HATIUTIIEM €IIle OAHY TAOMIUYHYI0 QYHKITHIO AJA CYMMHAPOBAHUSA TI0-
BTOPHBIX HaPSAJOB II0 PETHOHAM, a 3aTeM BCTPOUM ee B SQL-Koa 13 mpeanI-
ayiiero pasaena. HoBas GQyHEKIIUA BRITIAIUT TaK:

/* Oaitn Ha Bef-caiTe: repeat_orders_summary.sgl =/
CREATE OR REPLACE FUNCTION summarize_repeat_orders ( p_curs
cursors. repeat_summary_curs )
RETURN repeat_summary_t
PIPELINED
PARALLEL_ENABLE ( PARTITION p_curs BY RANGE(region_id) ) AS

v_summary_rec cursors.repeat_summary_rec;
v_last_region NUMBER
v_count NUMBER = O;

BEGIN

-—- ONg Kaxgoro noBTOPHOro Hapdna
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LOOP

-- U3BNE4b NOBTOPHUM Hapsal
FETCH p_curs INTO v_summary_rec;
EXIT WHEN p_curs%NOTFOUND

-- EC/nv 3TO nepeas 3anucCb, TO YCTaHOBUTL NnokansHul ID peruona
TF p_curs%ROWCOUNT = 1 THEN

v_last_region := v_summary_rec.region_id;
END TF

-- @CAM 3TO HOBHW DErUOH, NepeaaTh B KOHBEMEp CHeTHMK DErMOHOB
-- W NEepeyCcTaHOBWUTL NIOKaNbHLE NEpeMeHHbIe
IF v_summary_rec.region_id <> v_last_region THEN
PIPE ROW(repeat_summary_o(v_last region,v_count))
v_last_region := v_summary_rec.region_id;
v_count := O;
END IF

v_count := v_count + 1
END LOOP; -- ang kaxgoro noBTOPHOIrO Hapsapja

-~ He 3abbTb NPo NOC/HEAHIn 3anuchb
IF v_count > O THEN

PIPE ROW(repeat_summary_o(v_last_region,v_count))
END IF;

RETURN;
END;

AJNTOPUTM COCTOUT M3 IPOCTOTO ITUKJA IO BEIOPAHHBIM MTOBTOPHBIM Haps-
JaM, B KOTOPDOM OHHU CYMMUDPYIOTCA 10 pernoHEaM. Kak TOIbKO B HApA/e Me-
HAeTcA 3HAYeHWEe HAEHTU(PUKATOpPA PErmoHa, Pe3yJbTAaT OTIPAaBIIAETCH
B KOHBelep.

DyHEKIUA CYMMUDOBAHUSA BBI3BIBaeTCA U3 oneparopa SELECT, Kak mokasa-
HO HUKE.

SQL> SELECT =
2 FROM TABLE(summarize_repeat_orders(CURSOR(

3 SELECT =

4 FROM TABLE(repeat_order_finder(CURSOR(
5 SELECT order_number

6 order_date,

7 region_id

8 type_id,

9 location_id

10 FROM orders

11 WHERE order_date >= SYSDATE - 30
12 ”)

13 M

REGION_ID REPEAT_COUNT
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O W o~ O U W) =
4 4 4 2 a4 A N) 4

—

10 rows selected.

IIpeacraBieHHBIH 34ech cIOCO0 (MCOOMb30BaHNEe HECKOJIBKUX TAOJIUYHBIX
GOYHERIIUHA) UATIOCTPUPYET YIIOMUHABINYOCS BBITIIE TeXHOJOTHIO BIOMKEH U
(unu opraHm3aIUK MeTMoYKM) TabaMuuYHbIX QyHKIMUii. Pabora pacupenesns-
eTcsd MeXKJy HeCKONbKUMU (OYHKIIUAMHN, IepeJaloluMU Pe3yJabTaThl IO
nmemoYKe, 3a0KUCh 34 3alUCHI0, TTOKA He OyAeT coOpaHO OKOHUYATENIbHOE pe-
3yJIBTUPYIOIIee MHOMKecTBo. C yUeTOM MapasyelbHOTO PeKuMa pabOThI
9TUX PYHKOUHA BHITOAA OT MCHOJH30BAHUA TAOIUYHBIX QYHKIIUH CTaHO-
BUTCS OUEeBUTHOM.

Mpumepbl TAGNNYHbIX PYHKLUN

B sToM pazgese nmpuBeAeH pAA AONOJHUTEIBHBIX IPUMEPOB, NEMOHCTDPHU-
PVIOIINUX YAOOCTBO MCIONb30BAaHUA TaOJIUUYHBIX (DYHKIHH B TaKHUX 3ajAa-
4ax, KaK JOIOJHUTeJIbHAS TPACCUPOBKA, YCTAHOBKA BPeMeHHBIX OTpaHU-
YeHUI U IepuogudecKoe 0OHOBIeHNE JAaHHBIX. BO BCeX MpUMepax UCIoNb-
3yeTcs TaKkoe IoJIe3Hoe CBOHCTBO TAOMUUYHBIX QYHKINI, KAK BO3MOKHOCTD
Pa3MecTUTh KoJ B onepaTope SELECT.

TpaccupoBska

BoabmuaeTBO cpeacTB TpaccupoBku PL/SQL (SQL Trace, DBMS_TRACE u 1. 1.)
VCTPOEHBI TaK, YTO IIOCJE BBINIOJHEHUA ONepanud BaM HaJ0 I'Je-TO UCKATh
pe3yabTaThl TpaccupoBku. Haske maxeT Oracle DBMS_OUTPUT (mpocTeiimuit
OTJIaJOYHBIH UHCTPYMEHT) TpebyeT OTAeJIbHOTO MEeCTa AJs BEIBOAA IPHU HUC-
TIOJB30BaHUY cpeAcTB paspaboTku tuna Toad unu PL/SQL Developer.

Tabauunble PYHKIIUA MO3BOMSIOT BKJIYATH OTIAJOYHYI0 HHPOPMAIIHIO
B pe3yJIbTaThl 3a0poca. B coueTaHUHW ¢ aBTOHOMHBIMU TPAH3aKIIUAMEI OHHI
IOMOTAaIOT TpacCHUpPOBaTh Jake omnepanuu DML. PaccMoTpuM clIeaAyIONIyio

GOYHKIIUIO:

/» Oain Ha Beb-caiTe: tracer.sqgl =/
CREATE OR REPLACE FUNCTION tracer
RETURN debug_t AS
PRAGMA AUTONOMOUS TRANSACTION;
v_debug debug_t := debug_t();
BEGIN
v_trace. EXTEND;
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v_trace(v_debug.LAST) := "Started Insert At ° ||
TO_CHAR(SYSDATE, "HH24:MI.SS");

INSERT INTO a_table VALUES(1)

COMMIT;

v_trace. EXTEND;

v_trace(v_debug. LAST) := "Completed Insert At = ||
TO_CHAR(SYSDATE, "HH24:MI.SS");

RETURN(v_trace);

END;

Bes npeanoskenusa AUTONOMOUS TRANSACTION MBI mOJMYUYUIIN OB IPU BHITTOTIHE-
Huu 3anpoca omubKky «ORA-14551: cannot perform a DML operation in-
side a query» (HeBO3MOXKHO BEITIONHUTDL onepamnuio DML BHYTpu 3ampoca).
Ecnu sT0o mpeanokeHne IPUCYTCTBYET, DYHKITUIO MOYKHO BBIIIOJHUTH U3
omepaTopa SELECT.

SQL> SELECT =
2 FROM a_table;

no rows selected

SQL> SELECT =
? FROM TABLE(tracer);

COLUMN_VALUE
Started Insert At 22:04:28
Completed Insert At 22:04:28

SQL> SELECT =
2 FROM a_table;

YcTaHoBKa BpeMEHHbIX OrpaHVI'-IEHI/Iﬁ

Tabruunble QYHKITUHT MOTYT OBITH OUeHb MTOJe3HEI TPU YCTAHOBKE OTPAHU-
YeHUS Ha BpeMs BRIGODKU 3amucei 3ampocoM. ITo yA06HO, €CJIU BBl XOTHUTE
TTPOTECTUPOBATH CBOE IPUJIOKEHIIe Ha HEKOTOPOM IOAMHOKECTBe 3amuce i
U He XOTHUTe KAaTh, MoKa OyAeT BHIOpaH TONHBIN cmumcok. Creayromnias
GYHEKIUA TepefaeT DOJYUYeHHEBIE 3aIPOCOM JaHHBIEe B KOHBeliep B TeueHUe
3aaHHOTO ITapaMeTPOM KOJIUUYecTBa ceKyHJ. Kak TOMBKO 3aJaHHOE BpeMs
HUCTEKAaeT, Bo3BpaIiaeTcd sHadeHne —1 U GQYHKIIUA 3aBepIIaeTcs.

/= ®ain Ha Beb-canTe: time_limit.sgl =/
CREATE OR REPLACE FUNCTION get_a_table
( p_limit NUMBER )

RETURN rowset_t

PIPELINED AS
CURSOR curs_get_a IS
SELECT =
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FROM a_table;
v_start DATE;
BEGIN
v_start = SYSDATE;
FOR v_a_rec IN curs_get_a LOOP
PIPE ROW(rowset o(v_a_rec.coll));
IF SYSDATE - v_start >= ( p_limit = 0.000011574 ) THEN
PIPE ROW(rowset_o(-1));
EXIT;
END IF;
END LOOP;
END;

BoT npumep BeIOOPKHU U3 Tabmuel, cogep:karieir 1000 sanuceii:

SQL> SELECT =
2 FROM TABLE(get_a_table(1));

5 rows selected.

Ecnu 3anpoc TpebyeT Asa BHIDOJIHeHUA GONMBIIe BpeMeHU, 4eM p_limit ce-
KYHI, To QYHEKIIUA BEIHAET 3a IpeAesbl TUMHUTA BDeMeHH.

Ncnornb3oBaHne BNOXEHHbIX KypcopoB

C moMoTIIbI0 TAOMUYHBIX GYHKIUN, KpOMe BCeTo IPOYero, MOKHO, UCIONE-
3ysd 3HAHUA O IPUJIOKEHUU, TOMOYD BBITTOJIHEHUIO 3alpocoB. Kiaccuye-
CKUU IpUMeDp 3ampoca ¢ HeCKoJIbKuMHU yesoBuamu OR EXISTS mokasaH B cie-
AyIoNieM IpUMepe.

SELECT =
FROM main_table mt
WHERE col1 = 1
AND ( EXISTS ( SELECT 1

FROM or_table_one
WHERE col11 = mt.coll )
OR EXISTS ( SELECT 1
FROM or_table_two
WHERE c0121 = mt.coll )
OR EXISTS ( SELECT 1
FROM or_table_three
WHERE c0131 = mt.coll ) );

3ampoc BepHET 3aluch, €CJU COOTBETCTBYIOMIAS 3aluch OymeT HaligeHa
B 1000 13 Tpex Apyrux Tadaurn. [lonyuernsiil B peskume AUTOTRACE miaan
BHITIOJIHEHUS MOKAas3kIBaeT, 4To onTuMusaTop Oracle ucmoabp3yeT IpocMoTp
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BCeX HCIIOJIB30BAHHBIX B 3ampoce TaOJMUIl AJS MONYIeHUA eTUHCTBeHHOII
Pe3yIbTUDPVIONIel 3alInCH.

Execution Plan

0 SELECT STATEMENT Optimizer=ALL_ROWS (Cost=1 Card=1 Bytes=4)

1 0 FILTER

? 1 TABLE ACCESS (BY INDEX ROWID) OF 'MAIN_TABLE™ (TABLE) (Cost=1
Card=1 Bytes=4)

3 ? INDEX (UNIQUE SCAN) OF "SYS_C003477° (INDEX (UNIQUE)) (Cost=0

Card=1)

4 1 INDEX (UNIQUE SCAN) OF "SYS_(003479° (INDEX (UNIQUE)) (Cost=0
Card=1 Bytes=2)

5 1 INDEX (UNIQUE SCAN) OF "SYS_(C003481" (INDEX (UNIQUE)) (Cost=1
Card=1 Bytes=3)

6 1 INDEX (UNIQUE SCAN) OF "SYS_(C003483° (INDEX (UNIQUE)) (Cost=1

Card=1 Bytes=3)

0 recursive calls
0 db block gets
13 consistent gets
0 physical reads
0 redo size
446  bytes sent via SQLxNet to client
511 bytes received via SQLxNet from client
2 SQL«Net roundtrips to/from client
0 sorts (memory)
0 sorts (disk)
1 rows processed

CeKIusA CTATUCTUKY TOKAa3bIBaeT 00beM paboThl, poaenanuoi Oracle gia
TOJYUYeHUs Pe3yIbTUPYIONIeTo MHOKECTBa, BKJIoYasa 13 omepanuii corya-
COBAHHOTO UTEHUS.

Ho xax 0vITh, €ecI HaM U3BECTHO, 4TO AJa Tadmuiisl OR_TABLE_ONE yciaoBue
BBITTOJIHSETCS ¢ BepoAaTHOCTHIO 90%, a AN ocTanbHBIX TaOIUIl BEepOAT-
HOCTH cocTaBasieT 10% ? Hajgo BEIDOMHUTL DOUCK B Tabanme OR_TABLE_ONE
U, TOJBKO €CJIM TaM 3aluch He HalijleHa, IPUCTYNATh K IOUCKY B APYTHUX
Tabnunax. OQHO U3 pellleHnii 3aKI0YAETCA B UCIOJIb30BAHNHN B TabIUUHOI
$YHKI WY BIOKEHHBIX KYPCOPOB, C TeM YTOOBI BCS ONePAlUA I0o-IpeKHeMy
BBIMIOJIHAJIACH B BUJe 3a0poca.

CREATE OR REPLACE FUNCTION nested
RETURN number_t AS

-- NOAY4WTL 3anucb M3 rnasBHoM Tabauupl
CURSOR curs_get_mt IS
SELECT mt.col1
CURSOR ( SELECT 1
FROM or_table_one
WHERE col11 = mt.coll ),
CURSOR ( SELECT 1
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FROM or_table_two
WHERE co0l21 = mt.coll ),
CURSOR ( SELECT 1
FROM or_table_three
WHERE c0131 = mt.coll )
FROM main_table mt
WHERE col1 = 1

v_col1 NUMBER

cursor_one  SYS_REFCURSOR
cursor_two  SYS_REFCURSOR
cursor_three SYS_REFCIRSOR

v_dummy NUMBER;
v_ret_val number_t := number_t()
BEGIN

OPEN curs_get_mt;

FETCH curs_get_mt INTO v_col1
cursor_one,
cursor_two,
cursor_three;

IF curs_get_mt%FOUND THEN
-- nouck B nepsoi Tabnuue OR
FETCH cursor_one INTO v_dummy;
IF cursor_one%FOUND THEN
v_ret_val. EXTEND
v_ret_val(v_ret_val.LAST) := v_col1
ELSE

-- nouck BO BTopoi Tabnuue OR

FETCH cursor_two INTO v_dummy;

IF cursor two%FOUND THEN
v_ret_val.EXTEND
v_ret_val(v_ret_val.LAST) := v_col1

ELSE
- nouck B TpeTwel Tabnuue OR
FETCH cursor_three INTO v_dummy;
IF cursor_ two%FOUND THEN

v_ret_val. EXTEND;
v_ret_val(v_ret_val.LAST) := v_col1
END IF
END IF;
END IF
END IF;
IF cursor_one%ISOPEN THEN
CLOSE cursor_one;
END IF;
IF cursor_two%ISOPEN THEN
CLOSE cursor_two;
END IF;
IF cursor_three%ISOPEN THEN
CLOSE cursor_thres;
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END TF;

CLOSE curs_get_mt;

RETURN(v_ret_val);
END;

Ilnan BeIDOJHEHUSA NPHU BKIIOYeHHOM AUTOTRACE auia 5To# GYHKIIUU BBITJISA-
JUT TaK:

SQL> SELECT =
2 FROM TABLE(nested)

COLUMN_VALUE

0 SELECT STATEMENT Optimizer=ALL ROWS (Cost=25 Card=8168 Bytes=16338)
1 0 COLLECTION ITERATOR (PICKLER FETCH) OF 'NESTED"

Statistics
13 recursive calls
0 db block gets
3 consistent gets
0 physical reads
0 redo size
397 bytes sent via SQL«Net to client
511 bytes received via SQL«Net from client
2 SQL«Net roundtrips to/from client
0 sorts (memory)
0 sorts (disk)
1 rows processed

PaccunramHas oNTHMH3aTOPOM CTOMMOCTD BEIITONHEHUS TAaKOH (GDYHKIIHH
HaAMHOTO BBINIE, YeM Yy 3ampoca, — B 25 pas. Ho 6ase JaHHBIX IPUXOJUTCS
BBIIIOJIHSTL rOpasgo MeHbIIe paboThl, BCEro 3 olepalui COrJIacOBAHHOTO
yTeHHUs BMecTo 13.

HeGonb1110e npenocTepekeHye: HCIOIb3YITE TAKOH CIIOCOD, TOIBKO

,@ ecJ¥ Bhl O0HADYKUIM Y3KOEe MEeCTO M TOJBKO IOCJE TIIATEIBHOTO

d TeCTUPOBAHUA. BRIUTPHII B IPOU3BOIHUTENBHOCTH MOXKET HE CTOUTD
HATHNCAHUSA, OTIAAJKH U COIPOBOKICHUA JOTIOTHUTEIBHOTO KOJA.

CoBeTbl No paboTe ¢ TaONNYHBIMU PYHKLUAMN

B 3aBepmieAne JaJuM HECKOJIHKO COBETOB, KOTOPHIE ITIOMOTYT BaM ITOJIHEE
HCTIOJB30BATh MIPEUMYINECTBa TAOMAYHBIX QYHKITHH.

Kputuka SYS_REFCURSOR

Dyurxnous Oracle SYS_REFCURSOR mosBonsieT ObICTPO 00BABUTE ¢Ia00 THIIH-
3UpoBaHHBIU napaMmeTp REF CURSOR, KOTOPOMY MOYKHO COIIOCTABUTH IPAKTH-
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yecKHu Ji000i Kypcop. Mcmonbays SYS_REFCURSOR masa oObABIeHHWS THUIA
JaHHBIX TapaMeTpa, B GYHKIUIO MOKHO mepeaaBaTh Jio0oii omepaTop SE-
LECT opu ycnoBuH, 4TO HaJ KYPCOPOM B Tejle PYHKIIUU He BBHINOJHAETCH
HUKaKuX geticrBuii. Hanpumep, sTa QYHKIINUA MOKET IPUHATE JI000I ome-
paTtop SELECT.

CREATE OR REPLACE FUNCTION wide_open ( p_curs SYS_REFCURSOR )
RETURN number_t IS
v_ret_val number_t := number_t();
BEGIN
v ret val. EXTEND;
v_ret_val(v_ret_val.LAST) := 99;
RETURN v_ret_val
END;

C 11066IM KOPPEKTHEIM oTlepaTopoM SELECT ona 6yaeT paboTaTs.

SQL> SELECT =
2 FROM TABLE(wide_open(CURSOR(SELECT NULL
3 FROM DUAL)));

COLUMN_VALUE

SQL> SELECT =
? FROM TABLE(wide_open(CURSOR(SELECT =
3 FROM orders)));

COLUMN_VALUE

OI‘paHI/I‘IEHI/IH IIOABJATCA, KOrJJa BHYTPH (I)yHRIII/II/I, 4qTO Be€CbMa BEpPOAT-
HO, HAZO U3BJIEKATH 3aIllCH. I[JIH COXpPaHeHusd 3amucen HOTpeﬁyIOTCH JIO-
KaJIbHBIEC [IEPDEMEHHEBIE.

CREATE OR REPLACE FUNCTION wide_open ( p_curs SYS_REFCURSOR )
RETURN number_t IS

v_ret_val number_t = number_t();
v_order_rec orders*¥ROWTYPE;
BEGIN

FETCH p_curs INTO v_order_rec;
v_ret val.EXTEND
v_ret_val(v_ret_val.LAST) := 99;
RETURN v_ret_val

END;

Teneps B GYHKITUIO MOTYT OBITH NIepeJaHbl TOMBKO Te omepaTophl SELECT,
KOTOPBIE BEIOMPAIOT Bee cTOoMOIE! Tabauns! ORDERS. JIro6bIe ApYyTHe BHI3ZOBYT
omubry ORA-01007.

SQL> SELECT =
2 FROM TABLE(wide_open(CURSOR(SELECT NULL
3 FROM DUAL)));
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FROM TABLE(wide_open(CURSOR({SELECT NULL

ERROR at line 2:
0RA-01007: variable not in select list
0RA-06512: at "SCOTT.WIDE_OPEN", line 6

SQL> SELECT =
? FROM TABLE(wide_open(CURSOR(SELECT =
3 FROM orders)));

COLUMN_VALUE

Taxum 06pasom, B QYHKITHIO MOKHO IepeaaTh Ji00oi onepaTop SELECT, HO
ecJqii B HeM 3ampamiuBaeTcs Tabiauma, oramdHaad or (RDERS, dyHKIUA 3a-
BepIIuTCA ¢ omubkoii. [mbrocTs SYS_REFCURSOR u cma®o TUIU3UPOBAHHBIX
KypcopoB REF CURSOR B ob1ieM crydae OKasbIBaeTCsA COMHUTEIBHOM.

B cuny ckasaEHOT0, MBI PEKOMEHAYeM IOJHOCTHI0 U30aBUTHCA OT MJILIIO-
3UU TEOKOCTH U UCIIOJB30BATh Kypcopsl REF CURSOR co cTporuM KOHTPOJIEM
THUIa, 00'bABJIEHHBIE B IEHTPATN30BaHHOM MTaKeTe, KAK TOKa3aHo HUMKE:

CREATE OR REPLACE PACKAGE cursors AS
TYPE order_curs IS REF CURSOR RETURN orders%ROWTYPE;
END;

UB rZ[aJIbHef/'II_T_IEM HWCIIOJIb30BATh UX B TAOMUYHBIX (I)yHRIJ;I/IHX.

CREATE OR REPLACE FUNCTION wide_open ( p_curs cursors.order_curs )
RETURN number_t IS

v_ret_val number_t = number_t();
v_order_rec p_curs¥ROWTYPE;
BEGIN

FETCH p_curs INTO v_order_rec;
v_ret_val.EXTEND;
v_ret_val(v_ret_val.LAST) := 99;
RETURN v_ret_val;

END;

JonmomHUTEeNbHOE MPEUMYINECTBO TAKOMY MHOAXOAY MaeT NPUBA3KA THIIA
JaHHBIX JOKANbHOM IepeMeHHOH, B KOTOPYIO M3BJIEKAIOTCS 3aluCH, HEelo-
CPEeICTBEHHO K THUIY CTPOTO THIU3WPOBAHHOTO Kypcopa. Biaromaps sToMy
SKOHOMUTCSA BpeMsI BEITONHEHUA, TaK Kak Oracle He mpuaeTca 3aHUMATHCA
BHISICHEHUEM CTPYKTYPHI BO3BPAIAeMBIX AAHHBIX. [loMUMO 5TOTO, MOAB-
JsieTcs BO3MOYKHOCTH KOODAWHHPOBATHL omepaTophl SELECT u mapameTpsl
KYPCOPOB ¢ MOMOIIHIO ITEeHTPAJIN30BAHHOTO IaKeTa — B TOM cJydae, eclu
BOBHUKHET KeJlaHWe 4TO-T1u60 M3MeHUTh. He TpuaeTcs MeHATh KaKIYIO
GOYHKITHIO A5 COXPaHeHUA COTIaCOBAHHOCTH.

REF CURSOR v BnoxeHune

Tabnuuable MYHKIIAN BO3BPAIIAIOT KOJIEKIHN, TOSTOMY HET IIPOCTOTO
cocoba 06BABUTEH CTPOTO TUOU3UPOBaHHEIN REF CURSOR, 4TOOBI MCIOMIB30-
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BATh €ro MPU BJIOKEeHUU. I[05TOMY OPUXOAUTCSA O0BABIATE THO RECORD
C TOU Ke CTPYKTYDPOI, YTO U Y KOJJIEeKIIUU, a 3aTeM CBA3BIBATH ¢ Hell REF
CURS(UR TaxuM cmocobom:

CREATE OR REPLACE PACKAGE cursors

TYPE v_number_rec IS RECORD ( number_col NUMBER );
TYPE number_curs IS REF CURSOR RETURN v_number_rec;
END;

Teneps REF CURSOR co cTpOoruM KOHTPOJEM THUIA MOXXKHO HCIOJIH30BATH BO
BJIOKEHHOMH TabmuuHOH GYHKITHUH.

CREATE OR REPLACE FUNCTION nested_number ( p_curs cursors.number_curs )...

Wcnonb3oBaHue ycioBun

He 3a6n1BaiiTe 0 TPOU3BOAUTEIHLHOCTH, KOTJa TPUMeHAeTe YCIOBUI K PYHK-
muAM, oco0eHHO KOorJa pelllaeTe, HepelaTh JU 3HAUYeHUsS TapaMeTpaMu
B OYHKIIUIO, YTOOBI OHU TAM MCIOJIH30BATUChH AJA (GOPMUPOBAHUS PE3YJIb-
TUPYIOIIEr0 MHOKECTBA, UJIU IPUMEHUTH UX K BO3BPAIllaeMOMY DE3YJIbTU-
PYIOIIEMY MHOXKecTBY. BoT 1Ba mpuMepa, NOACHAIINE 3Ty MbBICJIb. B mep-
BOM M3 HUX ycioBue (coll = ‘A’) IpuMeHseTCA K BO3BPAIlAeMOMY MHOMKE-
CTBY 3amnucei mocie ToTo, KaK OHO 651710 chopMUPOBAHO QYHKITHEH.

SELECT =
FROM TABLE(a_function)
WHERE col1 = "A";

Bo BTOpOM mpuMepe 3HAUEeHHE MepefaeTcs MpaMo B QYHKIIHUIO W TaM HC-
TIOJIB3YeTCA A GOPMUPOBAHUS PE3YIETUPYIONIETO0 MHOMKECTBA.

SELECT ~
FROM TABLE(a_function( A" );

OIIEHI/ITe CJIOXKXHOCTSH aJropurTMa u 00eM AAaHHBIX, ITOOBI peninTs, KaKoH
U3 IIOAXOM0B IIPEAIIOYTHUTEJIbHEE B BAIlleM CJIydae.

CraHpapTU3aumsa NMeH oO6beKkToB M KOJeKL N

PaspaboTaB HECKOJIBKO TPUIOKEHHUH ¢ UCITONb30BaHUEM TaOMIUYHBIX PYHK-
Ui, I ¢ TPEBOTOH 3aMeTHJ, KaK PacTeT KOJIUUYECTBO MOBTOPSIOIIUXCS TH-
TOB 00bEKTOB 1 KosneKIuii. Hampumep, s cos3man qBa TaKuX 06heKTa:

SQL> DESC experiment_results_o

Name Null? Type

SAMPLE_AMT NUMBER
SQL> DESC research_tallies_o

Name Null? Type

TALLY_TOTAL NUMBER

3aTeM co3/Jaj Ha UX OCHOBE KOJJIEKIIUU C COOTBETCTBYIONIMMU UMEeHaMU,
3aMeHUB cyQPPUKC « _0» Ha «_t». ITo caMblil mpocTo# mpuMep ToH Hepasde-
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PUXH, KOTOPYIO s CO3JaN, COCPEJOTOUNBININCH, HA YACTHOCTAX, a He Oase
IaHHBIX B mejoM. IToToM s BepHYJICS K 5TOMY MeCTY W 3aMEHH!J STH ABa
00'beKTa OHIM:

SQL> DESC number_o
Name Null? Type

COoL1 NUMBER

Y MeHd eCTh aHAJOTUYHBIE 0a30BbIe 00 HeKTH U AJIA APYTUX TUIIOB TaHHBIX,
BKJI0Yad 1049 VARCHAR? HeCKONBKUX CTaHAAPTHBIX PA3MepOB.

Eme ogun cTaEgapT, KOTOPOTO A NPUAEPKUBAIOCH, — BTO UCIOJIH30BaAHUE
cybdurca « o» B uMeHax 06 beKTOB U cydhduKca « t» B mMeHAX KOJIJIEK-
nu# (uau TabanuI). OTO TO3BONIET MHE OBICTPO PABTUYATE UX TUIIHI.

Octeperantecb HeobpaboTaHHbIX UCKITIOYEHUN

0Q6paboTka UCKIIOUYeHUN B QYHKIIUAX, TOMEIIeHHBIX B omepaTop SELECT,
TpebyeT 0coboT0 BHUMAHUA. 3€Ch 5T0 HECKOJBKO CIIOKHee, 4eM ITpocTas
mepegada OMIUOKU B BBRI3BIBAIOMNIYIO IporpaMmy. Hampumep, 4TO AeJaTh
B CUTyalluU, KOTZa B IPUBeJeHHOM OIpUMepe QYHKIIUA IOPOXKAAET UCKIIO-
yenue NO DATA FOUND?

CREATE OR REPLACE FUNCTION unhandled
RETURN number_t AS

v_ret_val number_t := number_t();
v_dummy NUMBER;
BEGIN
SELECT 1
INTO v_dummy
FROM DUAL
WHERE 1 = 2;

v_ret_val. EXTEND
v_ret_val(v_ret_val.LAST) := 1;
RETURN(v_ret_val)

END;

Homnsxen nu onepaTop SELECT BepHYTH HCKJIIOUEHIIE B TAKOM Buae?

SQL> SELECT =
2  FROM TABLE(unhandled);

COLUMN_VALUE

0RA-01403: no data found

B sTom crydae Oracle mpugeTcsa MoAAePKUBATE ABE CTPYKTYPHI BHIXOTHBIX
JaHHBIX: OAHY AJIA YCOEITHOTO BEITIOJIHEHNU, a4 BTOPYIO, COCTOSIIYIO U3 OJ-
Horo cronbma VARCHAR?, mJisi BO3ZMOMKHOTO coobiieHusa o6 omubre. Taxroii
TTOAXOJ BO3MOXKEH, HO OH CTaJ 65 HCTOYHUKOM IPOOJIEM [ BIOKEHHBIX
TaOMUYHBIX QYHKOUIN, TAK KaK UM TOXKe IPUIILIoCch 06 00padaThIBaTh BhI-
XOAHBIe MaHHbIE, UMEIOIIUe IBe PAa3NTHUYHBIE CTPYKTYDHI. OTO OBIIO 6BI
CIHUOIKOM CJIOXKHO.
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MooxeT 65ITBH, SELECT mpocTo 3aBepIINUTCSA ¢ OTTHUOK O ?

SQL> SELECT =
2 FROM TABLE(unhandled);

0RA-01403: no data found

OTo mydmnie, 4YeM BO3BpAIaTh coobiieHme 00 onmiubKe, HO HHOTAA MOKET
cOUBATH C TONKY.

Pentenne, npumensiemoe Oracle, 3axa04aeTcsa B TOM, 4TO QYHKITHA, B KO-
TOPOH BO3HUKJIIA OTIINUOKA, IIPOCTO HE BO3BPAIIAeT CTPOK.

SQL> SELECT =
2 FROM TABLE(unhandled);

no rows selected

Hago oueHB TIaTenbHEO 00padaThIBaTh BCe BO3MOIKHBIE UCKIIOUYEHU, MHA-
Yye Bamia TabMuuYHaA QYHKITHSI MOKET He COOOIIUTE O BOBHUKIIEH OMubKe.

Mepepaya 06LEKTOB BMECTO KypCOpPOB

He Bce sHafoT, 4TO TabiuuYHBIe PYHKIIMH MOTYT B KaueCcTBe IapaMeTpPOB
IPUHUMATH He TOJIHKO KYPCOPHI, HO 1 KOJIeKITUN. BOT IpocTo# mpuMep:

CREATE OR REPLACE FUNCTION give_me_a_collection ( p_col number_t )
RETURN number_t IS
v_ret_val number_t := number_t();
BEGIN
v_ret_val. EXTEND(p_col. COUNT);
FOR counter IN v_ret_val.FIRST..v_ret_val.LAST LOOP
v_ret_val(counter) := p_col(counter);
END LOOP;
RETURN(v_ret_val)
END;

N BOT Kak OH BEITIOJIHAETCA B olepaTope SELECT:

SQL> SELECT =
2 FROM TABLE(give_me_a_collection(number_t(1,2,3)));

COLUMN_VALUE

OTcyTtcTBMe pexxuma Read Committed

HecmoTpsa Ha To uTo TabmuuHble QYHKIUYU BBITTONHAIOTCA BEYTPU OIIepaTo-
pa SELECT, oHU B X0/le BRIIOJHEHUA He MOTYT BOCIIOJIB30BATHCA IPEUMY-
mecTBaMu ucmonb3yemoii B Oracle apxurexTypsl «read-committed» (ure-
HUe TONbKO 3a(pUKCUPOBAHHBIX MAHHBIX). JIIOOBIM 3ampocaM, BBITIONHsIE-
MBIM BHYTDH TaOJIWUYHONH QYHKINU, peKuM «read-committed» mocrymemn,
HO caMU TabauuYHble QYHKIIUYA B 9TOM OTHONIEHUHN pabOTAOT TaK JKe, KakK
U T100BIe ApyTie QYHKIINN. PACCMOTPUM TaKyIO TAOIUIHYIO QYHKITUIO:
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CREATE OR REPLACE FUNCTION not_committed
RETURN number_t IS
v_ret_val NUMBER_T := NUMBER_T();
v_count  NUMBER;
BEGIN
SELECT COUNT(=)
INTO v_count
FROM orders;
v_ret_val. EXTEND
v_ret_val(v_ret_val.LAST) := v_count;
DBMS_LOCK. SLEEP(10);
SELECT COUNT(=)
INTO v_count
FROM orders;
v_ret_val.EXTEND;
v_ret_val(v_ret_val.LAST) := v_count;
RETURN(v_ret_val)
END;

OHa sampaniuBaeT KOJIUYECTBO CTPOK B Tabaume ORDERS, skmeT 10 ceKyHT
U IIOBTOPAET 3allpOC, BO3Bpalllas Pe3yJbTUDYIOIee MHOMKECTBO U3 BTUX
IBYX 3HadYeHUI. Ecau BBl BHIDOMHUTE 3TY GYHKIIUIO B OJHOM ceaHce, 3aTeM
yranuTe (1 3adUKCUDPYeTe yaaleHUe) H 3aKa30B B APYTroM ceaHce (IpeAmo-
JOXKUM, BTO TPOUCXOAUT B paccMaTpuBaeMoM 10-ceKyHAHOM MHTepBaje),
TO HOJIYUUTe CileLYIONiue pe3yJIbTaThl:

SQL> SELECT =
? FROM TABLE(not_committed);

COLUMN_VALUE

HWwmeiiTe B BUAY 5Ty 0COOEHHOCTD, KOTja OyAeTe BHIOUPATH MEeXAY TabaIud-
HBEIMH QYHKIHUAME 1 3a0pocaMu. EcIu BBl cYUTaeTe, 4YTO JOCTYII B PEKUME
«read-committed» npuHIUOINATLHEO BaXKeH, TO, BO3MOMKHO, OT TAOJIUYHBIX
GOYHKIIUHA TyUYIITe OTKA3aThCA.

3akno4vyeHue

Korzga BB Henonb3yeTe TAOMUUHYIO0 GYHKINUIO, TPOTPaAMMa CTaHOBUTCSA Tab-
nuneii. YTo g X0Uy 5TUM cKasaTh? @aKTUUecKU IporpaMMa (Barmia TabaImd-
Has QYHKITNA) BBICTYIIAeT B POJIW UCTOUHUKA JAHHBIX, K KOTOPOMY agpecy-
FOTCS 3aIIPOCHI, — B TOYHOCTH, KaK K Tabaure. Tabnuduabie GYHKIUYA OTINY-
HO MOAXOAAT AJf CIy4aeB, KOT/Ja CJAOXKHAA JIOTUKA MOJKHA BBITIOJIHATHCA
HeToCcpeICTBeHHO B omepaTope SELECT, uTo yacTo 66IBaeT IpU B3aUMOAeHCT-
Buu Oracle co cTopoHHUME OpuIoKeHUAMEU. Q0beJuHeHIIe STOH BO3MOKHO-
CTH ¢ MOTIIHIO TapaJeIbHOTO BEIMOJMHEHUA Ta0IUIHBIX QYHEKITHH T03BOJI-
€T TIOJNYYUTH IPEKPACHBIH WHCTPYMEHT I aTMUHUCTPATOPOB 0a3 JaHHBIX.



LLinppoBaHue n xeuwimposaHue gaHHbIX

T'oBOpA AOCTYIHBIM A3BIKOM, WUPPOBAHUE — BTO COKPBITHE COEPKUMOTO,
n3MeHeHNe JaHHBIX TAKUM CI0OCO00M, UYTO 3HaHUE O TOM, KaK BEPHYTDH AaH-
Hble B IepPBOHAYAJBHBIA BU/J], JOCTYIIHO TOJBKO UX CO3AaTenr0. B aToi ria-
Be MBI 06CY UM TOAAEPIKKY MiudpoBanusd B Oracle, ocTaHaBIUBAasICh TPEIK-
Jie BCero Ha KOHIeNIUIX M BOBMOXKHOCTX, HanboJIee MHTePECHBIX aJMUHH-
crpaTopaM 6a3 gamubIx. OCHOBHOEe BHUMAaHHe OyIeT yAeleHO NCI0JIb30Ba-
HUIO BCTpOeHHBIX naKkeToB Oracle: DBMS_CRYPTO (mocTyIieH HAUMHAS C BEPCUU
Oracle 10g Release 1) u DBMS_OBFUSCATION_TOOLKIT (McmoNB3yeTCA IPEUMY-
IIIeCTBEHHO ¢ 0oJlee paHEUME BepcuaMu). OcTaHOBUMCS TaKyKe Ha 3aIuTe
MTaHHBIX Ha AUCKE, HE PACCMATPHUBAA 3al[UTY JaHHBIX B IIPOIecCe IepeJadu
MeKAY KJINeHTOM U CePBEepPOM U 3aIllUTy AAHHBIX B IpOIlecce ayTeHTUMU-
Kanuu (IBe mocaemHHe 3agadm TpebyioT Hammuusa onnuu Advanced Secu-
rity Option (ASQ), mocraBisieMoii 3a OTAENBHYIO IIATy). MCKIOUeHUEM
ABJIAETCA TONBKO Iepejada napoJeil, KOTOphkle MUMPYIOTCA BCceraa, Hesa-
BucuMo oT Hamuuusa ASO.

B sT0ii r1aBe BB HayYHUTECHh CO3AaBaTh 0a30BYIO CUCTEMY NIN(POBaHUs, 3a-
OIUIIAoNyo KoHGUAEHTUAIbEBIE JaHHBIE OT HEaBTOPU30BAHHBIX IOJIB30-
BaTesieli. Bel y3HaeTe, KaK IOCTPOUTH CUCTEMY YIPaBJIeHUA KIOYaAMU ITUD-
poBaHUsA, 00eCIIeUnBAIOIYI0 OJHOBPEMEeHHO COXPAHHOCTb KJIIOYeH U mpo-
3PAYHOCTH JOCTYIa K AaHHBIM AJIA [IOJIH30BATEIeH IPUIOKeHU. BBl TakKe
O3HAKOMUTECH C KPUOTOTPA(GUUECKUM XeIUDOBAHUEM U HAYUYUTECH HC-
TIOJIB30BATh KOJ ayTeHTHdUKamuu coobrmernns MAC (Message Authentica-
tion Code). ByaeT onucaH pe;kuM Opo3padyHoro Mmudpoanud fanabeix TDE
(Transparent Data Encryption), moasusmuiica B Oracle 10g Release 2
U MTO3BOJNAIIUNA ¢ HAUMEHBIITUMHU YCUIUAMHA IMTAPPOBATH BaKHbBIE JaHHBIE
U YAOBJETBODSOININIH Tpe6GOBAHUAM MHOTOUYMCIEHHBIX HOPMATHUBHBIX JO-
KYMEHTOB.

B cooTBeTcTBUU ¢ pekoMerganuamu Oracle, ecau Bl ncooabayere Orac-
le 10g, BaMm creayeT mepeiiTu K UCIOIL30BAHUIO maKeTa DBMS_CRYPTO, oTka-
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3aBHIuch oT DBMS_OBFUSCATION_TOOLKIT. OmHaro, mockonsKy Bepcus Oracle9i
Database Bce emnie NIUPOKO HCHONMB3YeTCsA, MBI CHAadajla HU3YYUM ITaKeT
DBMS_OBFUSCATICN_TOCLKIT, a 3aTeM paccMOTPUM BO3MOXKHOCTHU Bepcumu Ora-
cle 10g. Masxke ecau BB UCTIOJIb3YyeTe HOBYIO BEPCUIO, BAM UMeET CMBIC IIPO-
YUTATH STOT pasfaes, 4To6bl YOeAUTHCA B TOM, YTO BBl XOPOIIIO OPHUEeHTHUPYE-
Tech B KOHIENIIUAX MU POBAHUA.

ITaxeT DBMS_CRYPTO umeeT paj npeumyIecTs nepe DBMS_OBFUSCATION_TOOLKIT:

e DBoapmuii BEIGOP AIrOPUTMOB IMIA(MPOBAHUS, B YaCTHOCTH, IOAAEePKKA
nocaeanero crangapra AES (Advanced Encryption Standard).

e Bo03MO0XXHOCTH TOTOYHOTO I_T_II/I(I)pOBaHI/IH, TO €CTh OPraHu3any IIOTOKAa
IIpeJHasHa4Ye€HHbIX IJIA I_T_II/I(I)pOBaHI/IH AaHHBIX.

e TIloamep:xra anropurma SHA-1 (Secure Hash Algorithm 1).
e CoocobHoCTh cosmanusa Koga MAC.
e TIMMudposanue Soapmux 00HeKkToB (LOB) B ux cob6ecmeennom dopmare.

Bce 5TH BO3MOXKHOCTH OYIYT PaCCMOTPEHBI B JaHHOI riaBe. B mpumoke-
HUU A BH HalifileTe KpaTKU# cCOPaBOYHHUK 10 IPOMeAYypaM U OYHKITUAM TIa-
keToB DBMS_CRYPTO 1 DBMS_OBFUSCATION_TOOLKIT.

B sT0# KHUTE HEe PACCMATPUBAIOTCS TOAPOOHOCTH KPUNTOTpadUIecKUx aj-
TOPUTMOB, T€OPHUA KOMIOBIOTEPHOTO MU POBAHUA U UCKYCCTBO €T0 MIpUMe-
HeHU — 3Ta 00JacTb TpedyeT ropasao 6oee TIy60KOT0 U3YIEHUA, €M MBI
MOXKEM 37ech cebe TO3BONMUTH. MBI CTPEMUMCS JUITH K TOMY, YTOOBI YHUTA-
TeTW MOTJHN TPUCTYIUTH K CO3JaHHUIO 3AIMUNIeHHON cHCTeMbl Ha OCHOBE
BCTPOEHHBIX HHCTpYMeHTOB Oracle, a He m3o06peTanu BeJOCUIIE], 3aHMUMA-
JACh peasmusamnuel yiKe CyIIecTBYIONINX aaropuTMoB. CyIiecTByeT MHOMKe-
CTBO TPEKPAaCcHBIX KHUT, U3 KOTOPBIX BBl MOKeTe TTOUYePIHYTH MOMOJHI-
TelbHBIE CBeIEHHUS N0 KPUOTOAHANN3Y, MATEMAaTHYECKUM OCHOBAM IIu(-
POBaHUS U CMEKHBIM BOIIPOCAM.

BeepeHue B wWndppoBaHue

HMaBaiiTe IpeacTaBUM, UTO BBl KaK bl IeHb VHOCUTE ¢ paboThI JOMOIi CBO#
HOYTOVK, a Ha cJIeAyiolllee YTPO IPUHOCUTE €T0 06PaTHO B ouc U IpUCTe-
THUBAaeTe K CBOEMY CTOJIY KabesleM ¢ KOIOBHIM 3aMKOM. BEI Bejb MOHUMAETE,
KaK Ba)KHO TOMHUTE KOJOBYIO KomOmHanuoo? Ecau BAPYT B ee 3abymgere,
BAIll HOYTOVK OyAeT IPUKOBaH K CTONY, TOKA BBl He IepepekeTe Kabels.
MoskeT OBITH, BBI JIETKO 3aIIOMHUHAETe MUMPHI, HO 4 TUYHO — HeT. 51 ¢ Tpy-
JOM 3aTIOMHHAI0 JasKke cBOii TenedOHHBIH HOMED, He TOBOPA YiKe 00 OKpY-
JKATOIUX MeHsI MHOTOUHNCIEHHBIX CEKPETHRIX HOMEPax: HOMEpe COIHab-
HOTO cTpaxoBaHus, PIN-Koge 6aHKOBCKOTO cUeTa, IapoJje IroJIoCoBOi mod-
THI 1 (YBBI!) rogoBIIUHAX. YTOOGH CIPABUTHCA € 9TOH IpobIeMoi, s1 Hamiea
TeHUAaNbHBIA cT0cOo0 3aTOMUHAHUA KOAOBOH KOMOUMHATHM: A HAKJIEWJ STH-
KeTKY C KOJOM IIPAMO Ha 3aMOK!

Teneps v Bac, HaBepHOE, BO3HUK BOIPOC, PUCKHETE JU BBl JOBEPUTH MHE
KaKoU-HUOYAbL ceKpeT!
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Moit M03T, KaK 1 Y BCEro oCTAJIbLHOTO YeI0BeYeCcTBa, BKIOUYAET B ce0sd J0I-
TOBPEeMEHHYI0 IaMATh (AMCK) U OIepaTUBHOE 3aTOMHUHAIOIEe YCTPOHCTBO
(03Y), u, moxoxke, ducya oObIuHO 3anucbiBaioTesa B O3Y. Hekoropoe Bpe-
Ms YHCJa UCIOJb3VIOTCS, a 3aTeM, YTOOHI 0CBOOOAUTH MECTO AJS HOBBIX,
TToMedYarTcesa Kak ycrapeBmue (coBceM Kak B obmacTu SGA sK3eMIasapa
Oracle) u 3a6bIBatoTcsi. B KOMObIOTEPax TaKoe MOBeAeHIe SIBJIAETCS IITAT-
HBIM UM 3aKJajAblBaeTcA Nnpu npoextupoBanuu. CYBJl nmpegrasnadaroTcs
I XpaHeHUA MHMOPMAIIUU U IPEeJOCTaBJIeHUA €€ I0Jb30BaTeJIAM II0 3a-
npocy. McTopruuecKu CUUTAETCS, YTO TPEeOYIOIINe MOCTYIAa TOJb30BaTeIun
yiKe OPOILIXM NpPomeAypy ayTeHTUDUKATUU, TOATBEPAMUBIIYIO, YTO OHU
IeHCTBUTENBbHO Te, 34 KOT0 cebs BeIAaioT. IIpu 5TOM IpeAmosaraeTcs, 94To
caMmo 1o cefe XpaHUIUIEe KOHEGUAeHIUATbHOH NHQOPMATTUN He SBJSIETC
OpeIIbio B cCTEeMe Oe30TTacHOCTH.

BosmoikHO, KOrAa-HuOyAb TaK 1 OyIeT, HO TONBKO He cefiyac, KoTAa B3JIOM-
MUKA, KasKeTcsd, yYiKe TOBCIOAY: BO3ZMOMKHO, OHU ITPOCTO JIIOOOTBITHEI, a4 MO-
JKeT OBITH, HaMepeBaloTes IPOJATEH CBeIEHUT O COCTOSHUU BATIIHUX CUETOB
KOHKYDEHTaM HUJIU OTOMCTHTDH BaM 3a YTO-TO, PA3pYIIUB CUCTEMY. ATakKa
MOJKET ITPOUBOHTH CHapY:Ku, yepe3 VHTepHET, UM U3HYTPU Bamieil opra-
nusanuu. (MccreqoBaHusa U B caMOM Jiejie TOKas3bIBAIOT, YTO OOJBITHHCTBO
B3JIOMOB TIPOUCXOAAT U3HYTpHU.) OUeBUIHO, IPU CTONHb MHOTOUUCIEHHBIX
yrpo3ax 6e30macHOCTH YYBCTBUTENbHBIE JAaHHEBIE MOJKHBI OBITH 3aluUIle-
HBI OT HEaBTOPU30BAHHOTO A0CTyma. Kakue Ke BO3MOXKHOCTH IPeAOCTaB-
nstet Oracle g Takoii saniuTe1?

BepHeMca K MoeMy KOJOBOMY 3aMKY — ero kxombunamnua 3451. He oyayuu
3aKOHYEHHBIM UJUOTOM, { HE CTAJ 3allMCHIBATH HA CBOEM 3aMKe 3TO YHUCJIO.
BwmecTo 3TOr0 51 BOCTIONb30BAIC KOMOUHAIIUEH, KOTOPYIO TIOMHIO 8cezda —
6754, 1 c ee TOMONIHIO U3MEHHUJ KOMOUHAITUIO, CJIOKHUB COOTBETCTBYIOMNIIE

ou@pkI:

3+86
4+ 7 =11
5+ 5 10
1+ 4 5

B pesynpraTe monyuunuck yucaa 9, 11, 10 u 5. B cBoeili cxeme g UCIIOTB3VIO
TOJIBKO OJHO3HAYHEIE YHUCJA, OJII 3TOT0 g c6pachkliBalo B JBY3HAYHBIX YUC-
n1ax nudpy aecaTroB, Toraa 10 npespamaerca B 0, 11 npeBpamiaerca B 1
uT. 1. IIpu TOMOIIH CBOETO CeKPETHOTO KJIo4Ua 6754 s mpeBpaTHUI YUCIO
3451 B 9105. U menno smo ducio g Hanoucal Ha KOJOBOM 3aMKe, a BOBce He
HUCXOMHYI0 KoMOuHanuio. Ecru g 3a0yay ee, ToO IPOYUTAIO0 HATTMCAHHOE Ha
3aMKe YHCJ0, C TOMOIIHIO CBOETO MaTrudecKoTo uncia 6754 BEITOIHIO AeiicT-
BUA, IPOTUBOIIOJIOKHBIE CAeJaHHBIM paHee, U moydy uucio 3451, koTopoe
oTKpoeT 3aMoK. Hucso 9105 oTKPEBITO A5 BCeobITero o603peHnsI, HO TOXU-
TUTEJb He CMOKeT OTKDBITh 3aMOK, TT0OKAa He Y3HAaeT eIlle 1 K4, 6754.

Taxum o6pasoM, A 3 UGPO8a YUCTI0, IPEACTABIIIONIEEe MO0 KOJOBYIO
rKoMmOmHaUo0. Yucmo 6754 mcmonb3oBaHO B Ipollecce MU(GPOBAHNUA B Ka-
YecTBe KAKYA. ITOT TUN NIN(PPOBAHUA U3BECTEH KAK CUMMEMPULHOE LULUQ-
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posarue, TAK KaK AJA 3amAGPOBBIBAHAA U PACIITIAMPOBHIBAHUA UCIIONb3Y-
eTcs OJIUH W TOT Ke KoY. (B IpoTHBONONIOXKHOCTS 3TOMY IIPU aCHMMET-
PHUYHOM IMHA(POBAaHUYU, OIACAHHOM HUXKe B 3TOU I'JIaBe, IPUMEHAIOTCA ABA
KJII0Ya: OTKPHITHIHA U CeKPpeTHBIH.) OnucaHHBIH MHOH criocob mudpoBanusa
KOJ0BOY KOMOUHAIIAHU TIPEeACTaBIsIeT cO00H MPOCTEHIIYIO PeaInu3aIHuio a.l-
zopumma Wupposanus.

KoMnoHeHTb! WwwngpoBaHusa

JlaBafiTe NOABITOKHUM, YTO HAM Ha NAHHBIH MOMeHT Hu3BecTHO. CucTeMa
mudpPOBaHAs, KaK I0OKa3aHo Ha puc. 4.1, BKIOYaeT B ceOsI HECKOJIbKO 0a-
30BBIX KOMIIOHEHTOB:

e AJropuTt™m
e Koy

e Tun mudpoBaHusa (B JTaHHOM clIydae CHMMETPHAYHOE, T. K. JIJIs 3a1ud-
POBBIBAHUS U PacITAMDPOBLIBAHUAS UCIOIB3YETCS OJUH U TOT 2Ke KJII0U)

IIpeAnos0K UM, YTO 3JIOYMBINTIJIEHHUK, PEITUBIIANA YEPacTh MOH HOYTOVK,
TIBITAETCS OTKPBITH 3aMOK. UTO eMy HY»KHO JJIsI YCTIeIHOH Kpaku? Bo-mep-
BBIX, €My HaJ0 3HATDh aJTOPUTM; AOIYCTHM, OH €ro 3HaeT O6Jarogaps ToMY,
YTO 51 XBACTAJICSA KOJLIeTaM CBoell coo0pasuTeNbHOCTHIO, UJIA OH YUTAJ 5Ty
KHATY, UJIHA 5TOT aJTOPUTM IIIUPOKO U3BecTeH. Bo-BTOPHIX, €My HaJ0 3HATH
KJI0Y. A 9TO TO, YTO 1 MOTY 3alUTHATH. [lake ecan Bopy HU3BECTEH aJro-
PUTM, S MOTY Hafle:KHO COPATATH Ka04. Ho B cHIy TOTO, 4TO KJIF0Y COCTOUT
BCero JuIib u3 4 nudp, Bopy norpebyercsa He 6osee 104 (10000) monsITOK
LIS er0 yraablBaHuA. M MOCKONIbKY BEPOATHOCTH YTraAbIBaHUS B KAXKI0U U3
TIOTIBITOK PaBHBI, TO TEOPETHYECKH BOPY B cpeqHeM Haao mepebpats 5000
romOuHanuii. BoamorxHO 1 5T70? B HammeMm ciaydae BOPY IPUAETCA 8PYLHYIO
moBopayuBaTh KosecukHu 3aMka 5000 paz. 9To HEIPOCTO, HO TEOPETUUYECKHU
BO3MOKHO. Temeps s yiKe He YYBCTBYIO ceOs B O6€30IaCHOCTH.

B
McxopHbie AaHHbie > E m
o | Anropumm e~
hal e
‘l Y
3awmdposaHHbie | [
*. ..... JlaHHbIE
Knioy

Puc. 4.1. Komnonenmopl CuMMempuUiHo20 WUPPOSAHUS
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Kaxumu cmoco6aMu s Mor OBl 3aIllUTUTH KOJOBYIO KOMOHMHAIIWMIO CBOETO
3aMKa?

e §1 Mory 3aceKpeTHUTH AJITOPUTM.
e §1 Mory ciemaTh KJIIOU TPYAHO YraJblBA€MbIM.
e 1 Mory mpuMeHHUTH 004 STUX MeTOMAA.

ITepBHIfT BAPDUAHT He TMOAXOAUT, €CJH S UCIOJIb3VIO O0MeU3BEeCTHEIIH ajiro-
putMm. I Mory paspabGoTaTh cBO# COGCTBEHHBIM, HO MOTpadYeHHBIE BPEMSI
U CHUJIBI MOTYT HE OKYIOUTHCA. AJITOPUTM IT033Ke MOYKET OBITh PACKDEIT, 4 eT0
3aMeHa — OYeHb CJIOXKHAaA 3ajJada. OTH JOBOAL TPUMEHUMBI U K TPETHEMY
BapHUaHTy, TAK UTO MTPAKTHYECKYIO TeHHOCTD IPEACTABIAET TOJIHKO BTOPOH.

BnnsHune anunHbl Kno4ya

Mos xomoBast KOMOUHAIIUS — 5TO IPEeACTABIEHHEIE B YHCJIOBOM BUE CEKPeT-
Hble AaHHBIe. ECJIM 3JOYMBINIIEHHUK PEIIUT B3JIOMATH 3alln(poBaHHBIH
Kogx, To BeinoaHenue 10000 urepamuii A5 ero yragblBaHUsS — TPUBUAJD-
Hag 3aja4da; Koj O0y/aeT B3JIOMAaH MeHee 4eM 3a CeKYHAY. UTo ecau s UCIONb-
3yI0 BMeCTO IMu(POBOTO KJIOYa aadaBUTHO-MuGPOBOH? JTo mAacT 36 BO3-
MOKHBIX 3HAYEHHUI AJA KaKIOT0 CUMBOJA KJHYA, TAK UTO B3JOMIIHKY
npugeTca mepebpars He 6onee 364 unu 1679616 KoMOUHATIUI; HTO CIOMK-
Hee, ueM 10000, HO Bce eme Bo3MOXKHO. K04 J0MKeH OBITH YCUJIEH WU
caenaH 6olee «CTOHKWM» 3a CUEeT YBeIHUYEeHUs ero Aauusl. B Tada. 4.1 mo-
KasaHOo, KAK BO3PacTaeT KOJHUYECTBO IOMNBITOK, HEOOXOAMMOe A yraibl-
BaHUS, C yBeJIUUYeHHUEM AJUHBI KJIfoda. Tak 4To ceKpeT mOBBIMIEHUI CTOH-
KOCTH KJII0Ya 3aKJII0YAaeTCs B YBeJIUUYeHUU €T0 JIUHEI.

Tabruua 4.1. Inuna angagumHuo-uuppogozo Ki10%a U MAKCUMAAbHOE LUCAO
ONbLLMOK, He00x00UuMbLX 015 20 Y2advl8aAHUA

Jauna kmoua | MakcHMaJdbHOE YHCIO HONBITOK AJIA yraAbIBaHHA
1679616

60466176

2176 782336

78 364 164 096

2821109907456

101559956 668416

0 3656158440062976

= © 0 1 & Ot B

He 3a6rp1BatiTe, YTO KOMIBIOTEPHI ONEPUPYIOT OuTaMu U 6afiTamu (T. €. ABO-
UYHBIMU YHUCIAMI), a He aldaBUTHO-IMTU(MPOBLIMHU CUMBOJIaMU. B oTaeNb-
HOM paspdje KJoua MoskeT HaxoauTtheda O uam 1, mosromy 10-paspaasbiit
KJIIOY MOXKeT O5ITh HafifeH 3a 219 unn 1024 MOOBITKH, YTO He IPeACTABIIET
HUKaKUuX TpyaHocTeii. Ha mpakTuKe 5T0o 03HAYAET, UYTO KJIOY JOJIKEH OBITH
HaMHOTO AMuHHee. [[MTuHa KJI0Ya BEIpaskaeTcsa B OMTax, TaK 4TO KJIOY U3
64 nmudp HasviBaeTcd 64-6uToBEIM. B Tabs. 4.2 MoKasaHa 3aBUCHMOCTD MEXK-
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ay ,Z[JIHHOfI ABOMYHOI'O KJHOYa U MaKCHUMAaJbHBIM KOJHUYECTBOM IIONBITOK,
HeoﬁXO,Z[I/IMBIM AJIA ero yraablBaHUA.

Tabruya 4.2. Inuna 080ULH020 KAI0UA U MAKCUMATLbHOE LUCAO NONbLMOK,
Heobx00umbLx 014 e20 Y2adbl6aAHUA

Janna knoda | MakcHMaJdbHOe 9YHCIO MONBITOK AJISA yragbIBaHUA
56 72057594 037 927 936

57 144115188075 855872
58 288230376151 711 744
59 576460752303 423 488
60 1152921504 606 846 976
61 2305843009213 693 952
62 4611686018427 387904
63 9223372036854 775808
64 18446744073 709551616
65 36 893488147419103 232

YeMm mAIUHHEE KJIOY, T€M TpyAHee B3jaoMaTh mudp. Ho ITUHHEBIE KJIOYHU
TpebyIoT 60JbIlle BpeMeHHU AJA MU(PPoOBaHUA, TaK KaK OIPOIIeCccopy IPUXo-
JUTCA BBITOMHATDH 00JbITe paboTsl. IIpu npoeKkTUPOBaAaHUY HHPPACTPYKTY -
PBHI MU@POBaHUS BaM, BO3MOKHO, IPUAETCA UCKATH KOMIPOMHUCC MEXIY
IIUHOHN KJIT0Ya U CTeNeHbI0 6€30IacHOCTH.

CpaBHeHNe CMMMeTPUYHOro 1 aCUMMeTPUYHOro
wundgpoBaHUa

B npuBemeHHOM BBIIIE IPUMeEpe AJI 3aMIu(POBEIBAHNS U PacIIupoOBLIBA-
HHS UCIOJIB30BAJICA OAWH U TOT JKe KJIo4. Kax y:Ke roBopHuIoch, mudposa-
HUe TAKOTO TUIIA Ha3bIBAETCA CUMMempuiHbiM wupposaruem. Ilpu Takom
mudpPOBAHNYA BO3HUKAET OfHA Hemsbe)KHas TPYAHOCTDL: M3-3a TOrO, UTO
JaHHBIe PACIIN@POBLIBAIOTCS TEM K€ KJIUYOM, STOT KUY JOJKeH OBITH
u3BecTeH moaydarento. Taxo#l K04, OOBIYHO HABBIBAEMEBIH CexpemHblMm
KANYOM, TTONyIaTeNb AOMMKEeH Mubo y3HATH A0 HOJYYeHHUs samudpoBaH-
HBIX JAHHBIX (TO €CTh AOJIKHO UMETh MeCTO «COoTJallieHune 00 oOMeHe 3Ha-
HUAMU» ), 1160 KJIIOYU JOJKeH IepechblIaThCcAa BMecTe ¢ JaHHbIMU. [[J1a Xpa-
HUMBIX JaHHBIX (Ha JUCKE) TAKOH KJI0Y JOMMKEeH XPaHUTHCA KaK 4acThb Oa-
35l JAHHBIX, YTOOBI IPUJIOKEHNASI UMEJIU BO3ZMOMKHOCTE PACIIH(POBATEL UX.
Pucku, BosHHKamOIINe B TaKOH cHUTyanmuu, odeBuAHBI. IlepechlimaeMbli
KJIF0OY MOJKET OBITH IIepexXBadeH B3JIOMIIIUKOM, a KU, XpaHaniuiics B 6ase
JaHHBIX, MOMKET OBITH YKPAaeH.

J1a penteHus JaHHON TpoOJIEeMBl YaCTO UCIOJIB3YeTCs MudpoBaHue Apy-
TOT'0 THUTA, IPU KOTOPOM KJI0Y, TPUMeHAe MBIH AJIs MU POBaHUI, OTIUYA-
eTcsd OT KJ04a, UCTI0JIb3YyeMOT0 IPH pacmudpoBeiBanun. M3-3a pasaudus
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3aum¢poeaHbie
i DaHHbie

Puc. 4.2. Ba3o6as cxema acumMmMempuiHozo WUGPOSAHUS

KJoued Takoe IMUGPOBaHWe HA3BIBAETCS ACUMMemMpPUYHbLM. BealeacTue
HUCTIOJB30BAHUS IBYX KJIIOUEH — CeKPETHOTO U OTKPBITOTO — OHO TaKJKe Ha-
3BIBAETCS WUPPOBAHUEM OMKPbLMbIM KJAOYOM. ITOT OMKPbLMbLI KA,
HeOoOXOMUMBIA MPU MUMPOBAHUU, U3BECTEH OTIPABUTENI0 W (PaKTHUECKUA
MOJKET CBOOOJHO pacHpocTpaHsaTheA. Ipyro#t, cexpemusiiit kawu, HYKeH
TOJBKO [Js1 PAcIIN(MPOBBIBAHUS MAaHHBIX, 3aITHMPOBAHHBIX OTKPBITHIM
KJIIOYOM, U JOJKeH XPaHUTHCS B TalHe.

ITocMoTpuM, Kak MHUQPPOBAHNAE OTKPBITHIM KJIOYOM MOXKeT padoTaTh B pe-
anpHOHI usHu. Ha puc. 4.2 noxkasano, 4To [2K0H 03KHAAeT COOOIIEHHE OT
Hxetn. IIpomecc mudpoBaHUS COCTOUT U3 HECKOJIbKHX ITIaroB:

1. JI>K0H co3aeT ABa KJI0Ya: OTKPHITHIH U CEKPETHBIHN.
2. OH oTnpaBafAeT OTKPBITHIN KJI0Y J2KeiH.

3. [M:xelH 3amu(pOBBIBAET HMCXOJHOe cO0OMIeHUe (HA3LIBAEMOE OMKpbi-
MblM MeKCcmom) ¢ IOMOIIBI0 OTKPEITOTO KII0Ya U IOCHIIAET 3alIupo-
BaHHOE coobmenue J[KoHY.

4. JI»xoH pacmiudpPOBLIBAET €70 IPHU IOMOII A CTeHEPUPOBAaHHOTO UM PaHee
CEeKPeTHOTO KJ0Ya.

OﬁpaTI/ITe BHHUMAaHHE, 4YTO 3€Ch CTOPOHEI HE 0o6OMeHHBAaTCA paCLT_II/I(prBbI'
BAaIOIIIHUM KJHYOM. OTKprTbeI KJIY IIOChlJIaeTcd OTIpaBHTEJIO, HO IIO-
CKOJIBKY KaK 2TOT KJIIOY He T'OJUTCA OJIA paCLT_IH(prBbIBaHHH AAaHHBIX, €TI0
BO3MOXKHBIHA IIepexBaT He co3gaeT HAKaKOH VTI'POSEI.

CrenyeT, 0JHAKO, OIlacaThCs IMOIBITOK cOy(UATa U GPUOIMATA, CIOCOOHBIX
HapyIIUTh 0e30IacHOCTL AAaHHOTO cmocoba miudppoBanus. CrneHapuii Mo-
JKeT OBITh TAKUM:
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1. H:xo0H co3maeT napy U3 OTKPBLITOI'O U CEKPETHOr0 KIIfouell 1 lepelaeT OT-
KPBITEIH KiItou oxeiin.

2. BSJIOMLT_II/IR IIPOCAYIINBAET KAaHAaJ CBASH U IIepeXBaThIBaeT OTRpBITBIfI
KJI0Y I[HCOHa. I/IHOI‘,Z[a AdXKe 3TOro He Tp66YETCH, TaK KakxK I[HCOH MOXKET
HaMepeHHO caeyaThb OTRpBITBIfI KJI0Y Oﬁme,Z[OCTyHHBIM.

3. BaJIOMIUK ¢ IOMONIBI0 CBOUX IPOTPAMM CO3AaeT Opyzyio Iapy W3 OT-
KPBITOTO U CEKPETHOTO KIt0Uell (Mcmoab3ysa uMsa J:koHa, YTOOB] HMUTH-
poBaTh IPUHAANEKHOCTH OTKPBITOTO KI0Ua €MY).

4. B3noOMIIUEK OTHPaBAAET CreHePUPOBAHHBIA UM HOBBIA OTKPBITHIH KJHOY
BMECTO UCXOAHOT0, cozaanHoro [[:xornom. [I:keliH HUUero He 3HAET O IO/~
MeHe U CUUTaeT, 4YTO BTO NOAJUHHBIN K04 [[:KoHa.

5. M:xeliH mudpyeT 5TUM OTKPHITHIM KJIIOYOM COOOIIEHE U OTIPABIAET
ero [xony.

6. OgHaKo B3JIOMINUK TO-TIPEKHEMY IPOCAYITUBAET KaHal U IepeXBaThl-
BAeT 9TO cool0IIeHne. ¥ HETO €CTh CeKPETHBIH KJI0U, COOTBETCTBYIOIT !
OTKDBITOMY, ITOSTOMY OH MOMKET pacIiudpoBaTh coobmienue. Hepes
MTHOBeHUE TPeUMYIIecTBa CeKPETHOCTH CBeIeHEI Ha HeT.

7. IIpaBma, ocTaercsa HeGombiaa mpobiaemMa. Korga [[:x0oH B KOHIlEe KOHITOB
moJydaeT saniudpoBaHHOe COOOIeHNe U THITAETCs ero pacmudpoBaTh,
eTo0 JKJeT pPaszoyapoBaHUe: UMEIOUiCcA Y HeTo CeKPeTHRIH KJII0Y OKasbl-
BaeTcs HeTOAXOAAIINM. OTO BHI30BET MoA03peHne. Bo usbexkaHie 5TOro
B3JIOMIITUKY HAaJA0 JHUIIL TOBTOPHO 3amMu@poBaTh COOOIIeHIe HaCTO-
UM OTKPBITEIM KJIfouoM J[3KoHA 1 mepecaaTh eMy. [IKOH BpAJ Ju AoTa-
JaeTcs O TOM, YTO Ha CAMOM JieJie TTPOU30IILIO.

3Byuut nyratomie? Ente 661. Hy 1 KaxkoBo ke pemienue? Pelrerne 3aKJIi0-
YyaeTcsda B TOM, 4TOOBI KAaK-TO TPOBEPUTH HOANTUHHOCTH OTKPBITOTO KJIOYA
U1 y6eIuTHCS, YTO OH CO3[aH HACTOSAINUM OTIpaBuUTeNeM. [[JIs 5TOT0 MOMKHO
BOCIIOJIL30BaThCA IPOBEPKOH OMneiamros naiviyes. ITa TeEMa BRIXOAUT 34
Ipemesbl JTaHHOW KHUTH, HO, B ABYX CJ0Bax, Korga J:kelin mudpyeT coob-
IeHNe OTKPBITHIM KJIIOYOM, OHA ITPOBEPAET «OTIEYATOK IaJbIla» — CUTHA-
TYpy KJI0Ya, yOeKIasch B TOM, UTO OH AeHCTBUTENHHO NPUHAMJIEIKUT
M:xxony. (O9TO 06Cy:KIeHe MOKA3bIBaeT TaKKe HeoOX0IUMOCTD 3aIlUThI Ka-
HaJa CBA3U MeKY OTIPaBUTENEM 1 IOJIyUaTeIeM.)

Maurable 3amu@pPOBLEIBAIOTCA U PACIIH(POBBIBAIOTCA PABHBIMU KJIIOUAMH,
TaK Kak Ke pacmu(pOBLIBAIONIUE IPOIEce Y3HAET, KaKoH KJI0Y UCI0JIb30-
BaJyica mpu mudpoBanuu? BemoMHEMTE, 4TO 06a KJIf04a OBIINM CTeHEepUpOBa-
HBI TTOJIy4aTe eM OJHOBPeMeHHO, BCIeACTBHIE YeT0 MeKIY HUMHU CYIIeCTBYET
ompeJeseHHas MaTeMaTHUecKasd 3aBUCUMOCTb. OIWH U3 HUX — IPOCTO MIPO-
TUBOMIOJOKHOCTD APYTOTO: CASNIAHHOE C TOMOIIHIO OMHOTO KJIF0Ya MOYKHO OT-
MeHUTH OPHU IOMOINH Apyroro. IlosToMy pacmiudpoBBIBAOIIHEA TpoIecc
MOJKET BOCCTAHOBUTD JaHHBIE 6€3 UCIONb30BaHU KI0Ua MU(MPOBaHU.

BCJIe,Z[CTBI/Ie TOI'0, 4TO MEXAY OTKDBITEIM U CEKPETHBIM KJIOYaMHK CYIIIECT-
ByeT MarTeMaTH4dYeCKad 3aBHUCHUMOCTH, TE€OPETHUYECKHN MOMHO BBIYMHUCIHUTH
CERPETHBIfI KJIY Ha OCHOBE€ OTKPBITOI'O KJIK4Ya, X0TA 3TO B€CbMa TPyJA0oeM-
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KHA# mportecc, TPeOYVIOMANA PasloKeHUsT Ha MHOMKHUTENIHW OYeHb GONBITTHX
ynces. [losToMy 1151 YMEHBITIEH!AS BEPOSITHOCTH B3JIoMa MeTOJ0M «TPyOoi
CHUJIBI» OOBIYHO UCHONMB3YIOTCA KJI0YH AnuHoi 1024 6uT, B TO BpeMs Kak
IIPA CAMMETPHAYHOM IMAGPOBAaHUYA OIPUMEHSIIOTCA 56-, 64-, 128- u 256-6u-
TOBBIe Katfoun. [Iarea B 1024 6uTa ABIsI€TCS THIIOBOM, HO HE CTAHJAAPTHOM.
Boiee KOpOTKHe KIIOUX TaKKe MOTYT OBITH UCIIOJIH30BAHEI.

Oracle Do3BoJsIeT UCIONIB30BATDH ACHMMETPHYHOE I_T_II/I(prBaHI/Ie B IBYX CH-
Tyanuax:

e [IIpu nepenadye JaHHBIX MEKAY KJIUEHTOM U CEPBEPOM.
e IIpu ayTeHTHMHUKATUA DOJH30BaTeNIeH.

B o6oux cnydasax Tpebyercsa Hamuuue komnoHedTa Oracle Advanced Secu-
rity Option (ASQO), orcyreTByioniero B 6a30B0i KOHGUIYPAIIUHA U IOCTaB-
JsIeMOTO 34 OTAeJbHYIO IJIATy. ITOT KOMIOHEHT aKTUBUPYET MU POBaHUAe
4CUMMETPHUYHBIM KJIOYOM TOJHKO B YKa3aHHBIX CIy4asX; OH He HMeeT
IIPOCTOTO, TOTOBOTO K HCOOJB30BaHUIO HHTepdeiica, KOTOPHIA IO3BOJIUI
OBl OPTaHU30BaTh MU(DPOBAHNE BCEX XPAHUMBIX JaHHBIX.

EQWHCTBEHHBIH OpHUEHTUPOBAHHBIA Ha pPa3spabOTUYMKOB HHCTPYMEHT, CBO-
6oaHO mocTynHEIH B Oracle, obecmeunBaeT cuMMeTpHUYHOE NMIudpoOBaHUe.
ITosTOMY B JaHHOH Ir1aBe MBI COCPEJOTOYUM BHUMAHWE Ha 5TOM BHJE ITUD-
pOBaHHUS.

¥ a

[ Tak Kak IpH ACHMMETPUYHOM ITH(POBAHNH UCIONb3YIOTCA PAZHEIE
l ":, KJII0YH JJIA 3aITHOPOBRIBAHHUSA U PACIIH(POBHIBAHUSA, OTIIPABUTEIIO
O

He HAJO 3HATH CEeKPETHHIH KJII0Y, KOTOPHIH OYAeT UCIOJAb30BaH IO-
ayuateneM. IIpy cMMMeTPHUYHOM MNP POBAHNY, HATPOTUB, UCIOJb-
3yeTcs OOWH U TOT K€ KJIU, IIO3TOMY B TAKHMX CHCTEMAaX 3aIluTa
KJI104ell OUeHb BAXKHA.

(IS8

Anropuntmbl wWngpoBaHna

CymrecTByeT MHOT'O PacIpoCTPAHEHHBIX U KOMMEePUYeCKH JOCTYIHEIX aJro-
PHUTMOB MIAU(PPOBAHHUS, HO MBI OTPAHHYMMCS 3J€Ch PACCMOTPEHHEeM ajil'o-
PHATMOB IIH(PPOBAHAS CAMMETPHYHELIM KJIOYOM, OOoAAepKABaeMbIx Oracle
B PL/SQL-nporpammax. AnroputMmbl DES u Triple DES moaaep:kuBatoTCcsa
obonMu BeTpoeHHBIMHU naxeTamm Oracle: DBMS_CRYPTO u DBMS_OBFUSCATION_
TOOLKIT; Ho Tonpko B DBMS_CRYPTO, mosisuBIneMcs B Bepcuu Oracle 10g Re-
lease 1, mogaepxuBaercs anroputMm AES.

Data Encryption Standard (DES )

HcToprudecKHd rocooCTBYIOIIUM CTAHAAaPTOM IMTAMPOBAHUS CTAJ aJro-
putMm DES. On 611 paspa6oran 6osee 20 jeT Haszan ans HamuonanapHO-
ro 6ropo craggmaptoB CIIIA (National Bureau of Standards), mosgnee
npeBpaTHUBIIerocs B HamMoHanbHBIH HHCTATYT CTAHAAPTOB U TEXHOJO-
ruu (National Institute of Standards and Technology, NIST). Beneger-
Bue sToro DES cran crangaproM AMepHUKAaHCKOIO HAITMOHAJBLHOIO UH-
cruryTa craggapros (American National Standards Institute, ANSI).
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06 anropurme DES u ero ucTopuu MOMKHO PACCKA3BIBATH OYEHDb JOJTO,
HO 3/lech MBI He CTAHEM er0 OIUCHIBATh, 4 PACCMOTPUM JIHUITH €70 TPUMe-
merue B BJl Oracle. 3toT anropuT™ padoTaeT ¢ 64-paspAAHEIMHA KJI0OYA-
MU, HO oTOpachkiBaeT 8 paspAnoB, GaKTHUYECKH HCIONB3Y TOJBKO 56.
Banommiuky Hamo mepebpars 72 057 594 037 927 936 kombuHauii,
4TOOBI YraAaTh KJI0Y.

Hexoropoe Bpems DES BmoJsiHe cOOTBETCTBOBAJ TPeOOBAHUAM, HO, B KOH-
e KOHIIOB, HaYaJs ycrapeBaTh. |1 cCOBpEMEeHHBIX MOIIHBIX KOMIIBIOTE-
POB €r0o B3JIOM He OPeACTaBIAET TPYAHOCTH, HECMOTPS Ha HeoOXomu-
MOCTB Iepebopa 60MBITOr0 KOMUYecTBa KOMOMHATINE IPU MOMCKe KJI0YA.

Triple DES (DES3)

Hacruryt NIST npeamo:xkun paspaboTaTh Ha OCHOBE HMCXOIHOTO aJTo-
putma DES HOBYIO cXeMy, B KOTOPO# mudpoBaHue JaHHBIX BBIIOJIHA-
Joch OBl ABAKABI UJIH TPUMKALI, B 3aBUCUMOCTHA OT HCIOJH3YyEeMOT0 pe-
JKHUMa. 3JIOYMBITJIeHHUK, IBITAIONIUICA B3IOMATh KJII0UY, TOJKEH 6y-
IeT mepedbpaTs 2112 g 2168 xgoMOUHATINH B IBYX- U TPEXIPOXOJHOM PEIKI-
Me mudpoBaHUA cooTBeTcTBeHHO. B DES3 ncnons3yeTcsa KI0Y IJINHON
128 uau 192 6uT, B 3aBUCUMOCTH OT MCIOOJb30BAHUA ABYX- UJIU TPEX-
OTPOXOJHOUN CXEeMBI.

Anroputm Triple DES Toxe y:Ke HauMHaeT ycTapeBaTh u, Kak u DES,
CTaHOBUTCA HEHAIEXKHBIM IIDU OIIPeIeIeHHOM BU/IE aTaK.

Advanced Encryption Standard (AES)

B Hosa6pe 2001 1. B 197-M BrInycke FIPS (Federal Information Process-
ing Standards — ®egepanbHBIE CTAHAAPTHI 00PabOTKMN WHMOPMAITHAHM)
6561710 00BABIEHO 00 YTBep:KAeHNNU HOBOTO cTanmapra AES (Advanced
Encryption Standard — yayuniensb1ii cTaggapT mudpoBaHus), BCTYIA-
romrero B cuny ¢ Mad 2002 roga. IlonHBIH TEKCT cTaEAapTa HAXOAUTCA HA
catite NIST mo agpecy hitp://csrc.nist.gov/CryptoToolkit/aes/round2/
r2report.pdf (3Ta ccELIIKA UMeeTcs Ha caliTe Hanlell KHUTH).

Hu:xe B 5TOM riraBe Mul IIOKaXeM, KaK HCIIOJIE30BaTh II€pPedYuCcJI€eHHbIC a-
T'OPUTMEBI, YEa3blBad COOTBETCTBYIOIIHNE IIapaMeTPbl HMJIHW KOHCTAHTBI BO
BCTPOECHHEIX IIaKeTax Oracle.

JononHeHune n cuenneHne

B mporecce mudpoBanua (pparMeHT JaHHBIX He 06pabaThIBAETCS ITEJIH-
koM. OOBIUHO OH pasbuBaeTcd Ha 6soKU mo 8 6aliT, KaXKAbIH M3 KOTOPHIX
obpabaTriBaeTca HesaBuUCUMO. KoHeUHO, AJHMHA Takoro 6joka He 00sa3a-
TeTbHO KPaTHA BOCBMH; B TAKOM CJydae aJTOPUTM A00aBIAET HEJOCTAIO-
Ire CHUMBOJIBI B TOCTEAHIO TTIOPITUIO, YAJMNHAA ee poBHO A0 8 baiir. Taroit
TIpoliecc HasbIBaeTcd donosneHuem. JlomonaeENe OMKHEO TPOU3BOIUTHCA
TaK, 4TOOBI B3JIOMIIIUK He MOT ONPEeAeUTh, YTO UMEeHHO OBLI0 100aBIeHO,
U UCIIOJb30BATH 9TH 3HAHUS [IJI B3IoMa KJoda MmudpoBanusa. YToOwI BBe-
JIeHIe 3aMOJHUTENA He BIAUIIO0 Ha 6e30MacHOCTh, MOXKHO BOCIIOIB30BATHCA
moctynHbeIM B Oracle roroBesiM MeTogoM gonmonHeHuA Public Key Crypto-
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graphy System #5 (PKCS#5). EcTp elie HeCKOIBKO PEKUMOB, ITO3BOJISIIO-
MU X BBITOJHATH JOTOJHEHNE HOJSMHU UJIA HEe UCIOJIb30BATDH 3ATTOJHUTEA
BoBce. Ilo3)ke B 9TOH rilaBe MBI IOKaXeM, KAK UCIOJIb30BATh 3AIIOJIHATE-
Jn, YKas3bIBas apaMeTpPhl UJIH BEIOWPAs KOHCTAHTH! BCTPOEHHBIX MAKETOB
Oracle.

Tax xkak gaHHbIe AeASATCS Ha OJ0KH, HeoOXOAHUM CI0Cc00 COeJUHEHHS STHX
6J10KO0B 00paTHO. DTOT MpOIleCcC HasbIiBaeTcs cuenJgeHuem. HaaexHOCTb
CHCTEeMBEI IU(PPOBAHUS B I[€JOM 3aBHCHT OT TOr0, KAK COEIUHSIOTCS H 3a-
MA@ POBLIBAIOTCA OJOKH — II0 OTAEeJIbHOCTH HJIW COBMECTHO € COCEeIHUMU
6noxamu. Oracle mogaepKuBaeT caeAyOIIHe METOALI CIIEILIeHH:

CBC

Cipher Block Chaining — crmensnenue 610K0B miudpoTeKcTa, Hauboree
pacupocTpaHeHHbBIH METO/]| CIIeJIeHUsI.

ECB

Electronic Code Book — sieKkTpoHHast KOJOBast KHUTA.
CFB

Cipher Feedback — o6paTHas ¢BA3b 10 TIXDPPOTEKCTY.
OFB

Output Feedback — o6paTHast ¢BA3b IO BEIBOY.

Huxe Mul paccMOTpHM, KAaK HCIIOJH30BaTb 5TH ME€TOIEI, BBIﬁI/IpaH Imapa-
ME€TDPBI H KOHCTAHTHhI BO BCTPOE€HHLBIX ITaKeTax Oracle.

LUndpoBaHue B Oracle9i

HaBaifiTe HauHeM noApobHOe ob6cykaenue mudpoBanusa B Oracle ¢ o63opa
naxeTta DBMS_OBFUSCATION_TOOLKIT. HecmoTpsa Ha To uTo cefiuac Oracle pexo-
MeHAYeT I0Jb30BaThes 00Jee HOBBIM makeToM DBMS_CRYPTO, BOJIBITHHCTBO
OpraHu3aIui erle He NePeBeJId Ha HEr0 CBOW NPUJIOXKEHUA, TO3TOMY €CTh
CMBICJ HauaThb ¢ 60Jiee cTaporo maKeTa.

N a
% Ecau Bo1 paboTtaete ¢ Oracle 10g 1 HaunHaeTe HOBBIM IPOEKT, TO, Be-
A POATHO, 3aX0TUTE HUCIIOJb30BATH BOSMOXXHOCTH, OIIMCAHHBIE B Pas-
nene «IIugposanue B Oracle 10g». OnHako 4TOOK YBEePEHHO OpHEH-
THUPOBATBHCS B OCHOBHBIX ITOHATHUIAX H_H/I(I)pOBaHI/Iﬂ, BaM, BO3SMOXHO,
6y,ue*r IIOJI€E3HO IIPOYHNTATDh CHAYajaa 3TOT pasfel.

WndposaHne gaHHbIX

ITopa mocMmoTpers Ha mudpoanue B Oracle B gaefictuu. IIpuseaem mpo-
CTOH IPUMED, a 3aTeM PacCMOTPHUM ero moapob6ro. IIpeAmnomoxum, BB XO-
THTe NOJYYHUTH 3a0IH(hPOBAHHOE IpeAcTaBieHHe CTPOKU «SHHH..TOP SEC-
RET». 9To mejaeTcd creayrIuM parMeHTOM KOJa, B KOTOPOM BEI3BIBAET-
csa nponeaypa DES3ENCRYPT nmaxeta DBMS_OBSFUSCATION_TOOLKIT:
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1 DECLARE

2 1 _enc_val  VARCHARZ2 (200);

3 BEGIN

4 DBMS_OBFUSCATION_TOOLKIT. des3encrypt

5 (input_string => "SHHH..TOP SECRET",

6 key_string => "ABCDEFGHIJKLMNOP",

7 encrypted_string => 1_enc_val

8 );

9 DBMS_OUTPUT.put_line ( Encrypted Value = ' || 1l_enc_val);
10 END;

PesynpraTr BRITIAIUT TaK:
Encrypted Value = ¢jVea-F. (g) ?«?20

B cTpoke 6 yKasaH KJII0Y, UCIOJIB3YeMBIH AJA IMUMDPOBAHUA HUCXOJHOTO
3HaYeHUA, JJIUHA BTOTO KJodya paBHa 16 cuMmBosaM. 3amudpoBaHHOe 3HA-
yeHue uMeeT TUun VARCHAR2, HO cOnep:KUT yIpPABJIAOIIAE CUMBOJBI. B Ta-
KOM BH/e Pe3yJbTaT MaJo MoJie3eH B PEabHBIX MPUIOKeHUIX, 0CODEHHO
ecJu BBl co0mMpaeTech ero XpaHUTh, PacledaThIBaTh UJIU COODIIATh KOMY-
HUOYADH; BEPOATHO, UMeeT CMBICH cAesaTh ero 6oee YAIOOHBIM, MTpeodpaso-
BaB K IeYaTHOMY BUAY. 3aMeThbTe, OAHAKO, YTO IPHUBeJAEHNE JAHHBIX K TH-
Ty RAW 1 06paTHO He Becer/a sKeaTeNlbHOo; HUMKe 5TO 06CYKAaeTCs BO BpesKe
«Korga ciregyeT MCIONMB30BATH IuppoBanue B dpopmare RAW?». Hamia
mepBas 3aJada 3aKJI0YAETCS B IPeoOpasoBaHUU K TUNY JaHHBIX RAW mpu
IIOMOIIIY BCTPOeHHOro nmaketra UTL_RAW.

1 enc_val := utl_raw.cast_to_raw(l_enc_val);

3aTeM mpeobpazyeM MOOJyYeHHOe 3HaYeHHe (GyHEKEOHeH RAWTOHEX, 4TOOBI
¢ HuM OBLIIO Jerde paboTaTh:

1 _enc_val := rawtohex(utl_raw.cast_to_raw(1l_enc_val));

Teneps Hamt PL/SQL-6J0K BRITISAAUT TaK:

DECLARE
1 _enc_val  VARCHARZ2 (200);
BEGIN
DBMS_OBFUSCATION_TOOLKIT. des3encrypt (input_string => "SHHH. .TOP SECRET’,

key_string => "ABCDEFGHIJKLMNOP',
encrypted_string => 1_enc_val
)
1 _enc_val := RAWTOHEX (UTL_RAW.cast to_raw (1_enc_val));
DBMS_OUTPUT.put_line ( Encrypted Value = " || 1_enc_val);
END;

ITonyyum Taxkoii pesyabTar:
Encrypted Value = ABGAS6A6EES2462E28652903ECAEC730

PesyabTaT mpefacTaBieH B BHUIe IIeCTHAAIATEPUYHONH CTPOKHU, KOTOPYIO
ymo6HO XpaHUTH U 00pabaTHIBATE B TToJIe TAOMUIIEI ¢ THIOM VARCHAR?2. Mok-
HO IpeobpPas3oBaTh Pe3yIbTaT K AeCATUUYHOMY BUAY, YTO YAOOHO AJIA YUCIO-
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BOH 06p360TKI/I, HO, KaK IIPpaBHAJIO, JIYYIlIl€ OCTABHUTH €I'0 B BUJl€ CTPOKH IIIE€CT-
HagomaTepU4YIHbIX CHMBOJOB — 6y,1:[eT IIOHATHO, YTO 2TO SaLT_I]?I(prBaHHBIe
AAaHHBIE.

1 _enc_val := to_number( AB6A56A6EF32462E28652903ECAECT30 ",
DIV 9990900.90909090909 09009088

223862444271805716712258987042708309808

OcHoBRIBasich Ha nporpamMmax mudpoBaHWA M3 maxera DBMS_OBFUSCATI-
ON_TOOLKIT, HamMIIeM HECKOJBbKO DYHKIHUI-00epPTOK, YTOOHI cAeaTh Ipo-
mecc MudPOBaHUsI 60JIee TPOCTHIM U THOKHUM.

”

- B sTomM nmpumepe BrI3HIBaeTcAa npouenypa DES3ENCRYPT, BRIIOJHAIO-
.‘:, P masa mudpoBanue no aaroputmy Triple DES. CemeiictBo ENCRYPT
> 4.

3|+, BEJIIOUAeT B ce0sa pAX IPYTUX NPOLERYD U GYHKLHUH, IOJTHBIE CIIELNH-
"' (pUKaIM¥ KOTOPHX MPHUBEIEHH B IPHJIOMKEHHH A.

/* Oaitn Ha Beb-caiTe: get_enc_val_1.sql =/
CREATE OR REPLACE FUNCTION get_enc_val (p_in_val IN VARCHARZ,
p_key IN VARCHAR2)
RETURN VARCHAR?

1S
1 _enc_val  VARCHAR2 (200);
BEGIN
1 enc_val :=
DBMS_OBFUSCATION_TOOLKIT.des3encrypt (input_string => p_in_val,

key_string => p_key
)
1 _enc_val := RAWTOHEX (UTL_RAW.cast to_raw (1_enc_val));
RETURN 1_enc_val;
END;

HWcnonp30BaB 3Ty GYHKIIWIO B IPEeALIAYINIEM IPAMEpe, MOJYYAM UCKOMBIH
pesyJsbTart.

SQL> SET SERVEROUTPUT ON

SQL> DECLARE
2> v_enc  VARCHAR2 (200);

3>  BEGIN

4> v_enc := get_enc_val ("SHHH..TOP SECRET', "ABCDEFGHIJKLMNOP');
5> DBMS_OUTPUT. put_line ( Encrypted value = " || v_enc);

6> END;

>/

Encrypted value = ABBASB6AGEES2462E28652903ECAECT30
PL/SQL procedure successfully completed.

Koneuno, peajibHOe 3HaUYeHUE, TOJYUYEHHOE B Ballleil cucTeMe, MOXKeT OBITh
JIPYTHM BCJeACTBUE UCIOJIB30BAHUS APYroro Habopa CUMBOJIOB; 5TO 0YeHb
Baj’KHBIA MOMEHT, K KOTODPOMY MBI emfe BepHeMcs. JlaHHYI0 GYHKIIHIO
Mu(POBAHUS BBl MOYKETE HCIIOJIb30BAaTh PA3HBIMH CIOCO0aMH — JAJISI BCTAB-
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KU JaHHBIX B 3amudpoBaHHBIE CTOJOIIEI, IepeAadl 3arin(pPoOBaHHBIX JaH-
HBIX B IPYTHe OPOIeAYPH 1 QYHKIIHUY U T. TI.

Ilpexkae yeM ABUTATHCA AAJBINE, IPOTECTUPYEM HAMy (PYHKIIUIO HA pas-
HBIX BXOJHBIX 3HAUYEHUAX. B I€epBOM IIPUMEPE MBI 3aIu(POBBIBAINA CTPO-
KY «SHHH. . TOP SECRET» . Teneps 3amudpyeM Apyroe 3HAYeHUE:

DECLARE
v_enc  VARCHAR2 (200)

BEGIN
v_enc = get_enc_val (A DIFFERENT VALUE", "ABCDEFGHIJKLMNOP');
DBMS_OUTPUT.put_line ( Encrypted value = * || v_enc)

END;

/

Yro-To He Tak. Ha sToT pa3 BOSHHUEKAET omubKa.

DECLARE

*

FRROR at line 1

ORA-28232: invalid input length for obfuscation toolkit
ORA-06512: at "SYS.DBMS_OBFUSCATION_TOOLKIT_FFI™, 1line O
ORA-06512: at "SYS.DBMS_OBFUSCATION_TOOLKIT", line 216
ORA-06512: at "SCOTT.GET_ENC_VAL", 1line 10

ORA-06512: at line 4

Yro s3gech HempaBuJAbHO? EMUHCTBEHHOE, YTO U3MEHUIOCH, — ATO BXOJHAA
CTPOKA: B IIEPBBIH pa3 oHA uMeJa AJMUHEY 16 cuMBOJIOB, a Telepb MBI IIepeia-
eMm 17. OxaspiBaeTcs, AJMHA BXOAHOH CTPOKHW B mpoleaype DES3ENCRYPT
JMOJKHA OBITH B TOUHOCTH KpPaTHA BOCHMU; €CJIU 3TO He TaK, BOSHUKAET UC-
KJIfodeHue ¢ KogoM omubku ORA-28232. IIpu fanHOM THUIe MuMPOBAHUI,
U3BECTHOM KaK 0J0YHOe Wu(pposaHue, IporpaMMa o0pabaTeIBaeT AaHHEIE
nob6mouHo (a 6JI0K COCTOWT M3 BOCBMH CHMBOJIOB). Ecau AJMHHA BXOAHOTO
3HAYeHUs He KPaTHA BOCHMU, CTPOKA AOJKHA OBITH JOMOJHEHA A0 STOH
IJIUHBI, KaK YV3Ke TOBOPUJIOCH B pasjeine «lomonHeHUe U cuensienue» . BEyT-
PU QYHKITHUU MOKHO JIETKO IPUBECTH BXOAHYIO CTPOKY K TpebyeMoii JruHe:

/= ®ain na Beb-caliTe: get_enc_val_2.sgl «/
CREATE OR REPLACE FUNCTION get_enc_val (p_in_val IN VARCHAR?2
p_key IN VARCHAR2)
RETURN VARCHAR?
18
1 _enc_val  VARCHARZ2 (200)
1 _in_val VARCHAR2 (200)

BEGIN
1 in_val := RPAD (p_in_val, (8 » ROUND (LENGTH (p_in_val) / 8, 0) + 8))
1_enc_val :=
DBMS_OBFUSCATION_TOOLKIT.des3encrypt (input_string => 1 in val

key_string => p_key
)
1 _enc_val := RAWTOHEX (UTL_RAW.cast to_raw (1_enc_val))
RETURN 1_enc_val
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END;
/

EfuHCTBeHHOE OTIHYUE STOTO BapwaHTa (DYHKIIMA B TOM, UYTO BXOJHAS
CTPOKA JOMOJHSIETCS cIpaBa npodesaMu A0 JIUHBI, KpaTHOH BochbMu. C 1mo-
MOITIBIO 3TOH QYHKITHHU BBl MOYKETe 3alTH(MPOBBIBATH CTPOKHU JTI060H AJIUHEI.

74

[ Ecau Br ucnionbayete maket DBMS_CRYPTO B Oracle 10g, BaM He HAIo
s CcaMUM BHIDABHHMBATHL BXOJHOE 3HAUEHHE; JOMOJHEHHE OCYIIECTBIIA-
LT Y ‘ "

ercs B nmaxkere. Kak Vi¥Ke TOBOPHUJIOCH, B 9TOM IIaKeTe paClINpeH BhI-

i,
: 60p aJropuTmMoB I.HPI(I)pOBaHPIH N MEeTOA0B JOIIOJIHEHHNA U CLLEIVICHHU A.

3apaHue BEKTOpa "HNMUmnannsaumnm

OyHKMUA mMuPoBaHUsI, ONTACAHHAA B OPEALIAYIIEM pasfeie, OTJIHYHO Pa-
6oTaeT B GONBIINHCTBEe cuTyanmuii. Ho 370yMBINIIEHEHUKA BCe eIlle Ha Imar
Broepegu. OQuH U3 UCIOIB3YEMBIX UMH UHCTPYMEHTOB AJIA B3joMa (HA3bI-
BaeMOI0 TaKiKe KPUnmoaHanrul) NpegHasHadYeH NI U3YJeHUs 3arojIoBKa
3anmTA(PPOBaHHBIX JAaHHBIX W UAHTADHUKAIIHHA 3aIOJHUTENs. Bbl MoxKeTe
OPOTHBOAEHCTBOBATL TOMY, BCTABHB Iepel], HAYaJOM AAaHHEBIX HEKOE CJIY-
yaHOe YHCIIO, He HMeollee K HUM OTHOIIIeHHsI. JTO YTO-TO BPOJE BaIllero
cobeTBeHHOr0 IpocToro mudpa. Hanpumep, ecian pealbHbIe JaHHBIE OIPel-
CTaBJIEHB] ITOCJeAOBATENbHOCTRI0 12345678, BRI MOKeTe HpeABapuTh HX
cIy4aHBIM 3HaYeHHeM, cKakeM 6675, monydus sHadeHue 667512345678,
KoTopoe 3aTeM 6yaeT samudpoBano. B peayabTaTe 3aroJI0BOK Oy IeT coaep-
2KAThb JaHHBIE, OTHOCAOINECS K 4yucay 6675, a He K e ACTBUTEeNbHBIM JaH-
geiM. IIpu pacoiudpoBBIBAHUYA BaM HaA0 He 3a0bITh VAAJHUTH 9TY CAydaii-
HYIO BeJIHYHUHY.

Jra ciaydaiiHas IMOCJeNOBaTeJlbHOCTH, BCTABJIseMas Iiepe]] HA4YaJOM JaH-
HBIX, Ha3bIBaeTcda gexmopom urnuyuarusayuu (Initialization Vector — IV).
B maxere DBMS_OBFUSCATION_TOOLKIT BeKTOp HHHIIHAJIH3AIHH IIepeAaeTCs
nporeaype DES3ENCRYPT B gonosHATENLHOM ITapaMeTpe iv_string. T. K. Bek-
TODP HHUITUAJIN3AIUH IPACOEAUHAECTCSA K AeHCTBUTENbHBIM JaHHBIM, JJIUHY,
KPaTHYIO BOCbMH, JOJKHA AMeTh Pe3yJIbTUPYIONIAsa CTPOKA, 8 He ©CXOQHAsA.
HaBafiTe u3MeHNM HaIy GYHKIIUIO MADPOBAHAS TAK, YTOOBI OHA IPAHUMA-
Jia 9TOT IapaMeTp U YBeJINYNBaja AJTUHY 0 3HaUYEeHUs, KPATHOT'O BOCHMHU.

/+ O®ain Ha Beb-caiTe get_enc_val 3.sql =/
CREATE OR REPLACE FUNCTION get_enc_val (
p_in_val IN VARCHAR?,
p_key IN  VARCHAR2,
p_iv IN VARCHAR2 = NULL

RETURN VARCHAR?2
1S
1 enc_val  VARCHAR2 (200);
1_in_val VARCHAR? (200);
1 iv VARCHAR? (200);
BEGIN
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1 in_val := RPAD (p_in_val, (8 » ROUND (LENGTH (p_in_val) / 8, 0) + 8));
1 iv := RPAD (p_iv, (8 » ROUND (LENGTH (p_iv) / 8, 0) + 8));

1_enc_val :=
DBMS_OBFUSCATION_TOOLKIT. des3encrypt (input_string => 1 in val
key_string => p_key,
iv_string => 1 iv
) .

1 _enc_val := RAWTOHEX (UTL_RAW.cast to_raw (1_enc_val));
RETURN 1_enc_val;
END;

PacuumdposbiBaHMe gaHHbIX

o cux mop MBI TOJIBKO 3alIUMPOBRIBANA AJAHHEIE, TEEPh AaBaNTEe IOCMOT-
pUM, KaK pacmudpoBaTh UX Ipoleaypoi DES3DECRYPT um mOMydUTH UCXOA-
Hoe 3HaueHUe. B mpusegenHoM 6ioke PL/SQL 3amiudpoBLIBaeTCI OMKDbL-
mutil mexcm, a 3aTeM pacIIn@POBBIBAeTCA ITOJYUYEeHHOE 3HAUEHHUE.

DECLARE

1 _enc_val  VARCHAR2 (2000);
1 _dec_val  VARCHARZ2 (2000)

"Clear Text Data’;

1_key VARCHAR? (2000) := "ABCDEFGHIJKLMNOP"
BEGIN
1 enc_val := get_enc_val (1 _dec_val, 1_key, '12345678");
1_dec_val :=
DBMS_OBFUSCATION_TOOLKIT. des3decrypt
(input_string => UTL_RAW.cast_to_varchar?
(HEXTORAW (1_enc_val)
).
key_string => 1_key
)
DBMS_OUTPUT.put_line ( Decrypted Value = "~ || 1_dec_val)
END;

/

PesynbTaT BRITIAIUT TAK:
Decrypted Value = s}?2+ -xt Data
PL/SQL procedure successfully completed.

Ho mocroiiTe! PacmudpoBanHoe sHaYeHUE OMAUYAENLCA OT TOTO, KOTOPOe
6b1J10 3amudpoBano. I'ae ke omudra?

ITocmoTpuTe Ha mapameTps! Tporeaypsbl DES3DECRYPT. Bel mepenanu el BeK-
Top nEUNUanuzanuu? Tak Kak BeKTOp MHUIHATHU3aIUU ObLT VKA34aH NPU
3amnpPOBLIBAHUM, OH JOJIKeH OBITH TaKKe YKasaH U IPHU pacIiindpoBbIBa-
Huu. [lepenurieM 5ToT 6JI0K, HCIONB3Ys BEKTOD HHATTHAIU3aTUN 12345678

DECLARE
1 _enc_val  VARCHAR2 (2000);
1 dec_val  VARCHAR2 (2000) := 'Clear Text Data’;
1_key VARCHAR? (2000) := "ABCDEFGHIJKLMNOP"

BEGIN
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1 enc_val := get_enc_val (1 _dec_val, 1 _key, "12345678);

1_dec_val :=
DBMS_OBFUSCATION_TOOLKIT. des3decrypt
(input_string => UTL_RAW.cast_tc_varchar?
(HEXTORAW (1_enc_val)
),

key_string => 1 _key,
iv_string => "12345678"
)i

DBMS_OUTPUT.put_line ( Decrypted Value = ° || 1_dec_val)

END;

/

Tlonyunm oKHUAaeMBIH PE3yIbTAT:
Decrypted Value = Clear Text Data
PL/SQL procedure successfully completed.

o .

oo Ecnu npu 3ammpoBRIBAEUY BH UCIOJIb3yETe BEKTOP MHUITHATH3A-
l{_ |, ILWH, TO BBl ZOJIKHE YKA3aTh MOM M e CaMbiili BEKTOD IIPHU pacirucd-
LU B

'."?' POBHIBAHHNH.

B HEKOTOPOM CMBICJIE BEKTOP HHUITHUAJIU3AIIAA BEICTYIIaeT B Ka4eCTBe KJII0-
Ya UJIU er0 YaCTH, HO OH He MOJKeT 3aMeHUTH cob60# KoY Kak TaKkoBoii. ITo-
yeMy? PaccMOTpHUM cieAyIONui IpuMep.

DECLARE
1 enc_val  VARCHAR2 (2000);
1 dec_val  VARCHAR2 (2000) := 'Clear Text Data’
1_key VARCHAR? (2000) := "ABCDEFGHIJKLMNOP"
BEGIN
1 enc_val := get_enc_val (1 _dec_val, 1 _key, "12345678);
1_dec_val :=
DBMS_OBFUSCATION_TOOLKIT. des3decrypt
(input_string => UTL_RAW.cast_tc_varchar?
(HEXTORAW (1_enc_val)
)
key_string => 1 _key,
iv_string => "1234567X"
)i
DBMS_OUTPUT.put_line ( Decrypted Value = ° || 1_dec_val)
END;
/

B pesyabpTaTe BEIDOJHEHHUS IOJYIHAM:
Decrypted Value = Clear T?xt Data
PL/SQL procedure successfully completed.

Hannable 661U 3a1MTAGMPOBAHBI ¢ BEKTOPOM MHUTAaIn3annn 12345678, a pac-
IIA(PPOBAHEL ¢ BEKTOPOM 1234567X, OTIUYAIOIUMCA TOJIBKO BOCBMBIM CHAM-
BosioM. W3-3a 3TOr0 pacninu(ppoBaHHOE 3HAYEHHE OTJIUYAETCA OT UCXOMHO-
T'0: B BOCHbMOM MO3UITUUA BMECTO OYKBEI € TOSBUJICS HeIledaTaeMbIH CUMBOJI.
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HecMoTpsa Ha oTnudYue NOJIYYEHHOTO TEKCTa OT OPUTHWHAJA, €ro yrajbiBa-
HHue obyerdaeTrcs 3a c4YeT nepebopa 3HAYEHUH BEKTOPA WHUIIHAJIW3AITUH;
JaHHas OpolleAypa Ha3bIBaeTCA amarxa memodom zpyooil cuavl. B cuiy To-
r'0, YTO BEKTOPHl HHUITHANTHA3AIIANA OOBIYHO KOPOUe, YeM KJIF0UU, TAKOe yra-
JLIBaHUE 3aliMET HAMHOT'O MEHbITIe BpeMeHH. Il03TOMY He CTOHUT NOJIAraTh-
Cd Ha UCOOJIb30BaHHe 5TOI'0 BEKTOPa B Ka4eCcTBe KJI0Ya.
y -,

[ BekTop MHUTIMANH3AIINK BCETO JHIML HM3MeHAET IHUDPYEMEIH OT-
| f;:. 4 KDBITHIH TEKCT BO M30eKaHHe IOBTOPOB; OH HE MOXKET CAYKUTh 3a-
l 3 MeHOII KIuy IHGPOBAHNA.

WndpoesaHne paHHbIX TMNa RAW

Mpz1 yoKe Kacaluch TeMbl HCIONB30BaHUS AaHHBIX TANa RAW. Temephb paste-
peMcsi, Kak IIA(HPOBAThH AAHHBIE TAKOTO THIA, BOCIOJIB30BABIIUCH TeM
tdakToM, 4To nmporeaypsl DES3ENCRYPT u DES3DECRYPT nmaxeTa DBMS_OBFUSCATI-
ON_TOOLKIT neperpyskeHbl. JTO 03HAYAET, YTO OHU CYIIECTBYIOT B HECKOJb-
KHX BapuaHTax. KaIbI{l BapUAHT COAEPIKUT IIPOIEYPHI ¢ OJUHAKOBBIM
HabopoOM BXOJHBIX IIapaMeTPOB W BO3BpAlllaeMbIM 3HAYEHHEM encryp-
ted_string mmu decrypted_string (B 3aBHCHMOCTH OT TOT0, 3aITUMPOBLIBae-
Te BBl WM pachiudpoBbiBaeTe). CyIIecTBYIOT TaK)Ke BEPCHHM STHUX (DYHK-
IU# U OpoLeayp, KOTOphle MOTYT pafoTaTh ¢ AaHHBIMHU THUIA RAW. OTH Bep-
CHHU MOYKHO HCIIOJb30BaTh JJsI 06pa0OTKMU «CHIPBHIX» AAHHBIX, TAKUX KaK
6onbmue 00beKTH (LOB).

Pasymeercsa, nagHble npu MU POBAHUYA MOXKHO IPUBECTH K TUIY RAW, Kak
IIOKAa3aHo B 3TOM [IpHAMeDpe:

/+ O®ain Ha Beb-caiTe: enc_raw.sql »/
CREATE OR REPLACE FUNCTION enc_raw (
p_in_val IN VARCHAR?2
p_key IN  VARCHAR?,
p_iv IN VARCHAR?2
)
RETURN VARCHAR?2
1S
1 enc_val RAW (200)
1 _in_val RAW (200)
1 iv RAW (200)
BEGIN
1 in_val :=
UTL_RAW.cast to_raw (RPAD (p_in_val
(8 » ROUND (LENGTH (p_in val) /8, 0) + 8
)
)
)
1 iv :=
UTL_RAW.cast_to_raw (RPAD (p_iv, (8 = ROUND (LENGTH (p_iv) / 8, 0) +
+8)));
1_enc_val :=
DBMS_OBFUSCATION_TOOLKIT. des3encrypt (input => 1 in val
KEY => p key,
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iv => 1 iv
)
RETURN RAWTOHEX (UTL_RAW.cast_to_raw (1_enc_val));
END;
/

Onunakxo npeobpasoBanue u3 TUma VARCHAR2 B Tun RAW TpeOyeT TOMOJTHUTEND-
HBIX 3aTpaT, KOTOpble MOTYT B3aMeTHO CHU3UMb IPOU3BOAUTEIHHOCTH.
B npoBemeHHBIX TecTax DIOKasaHHAaA 3[eCh Bepcus A THIoB YARCHARZ m NUM-
BER okasanach mpumepHo Ha 50% MeaIeHHee Bepcuu, paboTarormieii ¢ mpo-
cTeIMU cTpokaMu. T. K. mpomecce MudpoBaHNUA aKTUBHO UCIOIB3YET IPOIIEC-
COp, B IPYTHUX CHCTEeMaX Pe3yJabTaT MOKEeT 3aMeTHO oTaudaThea. OgHaKo 00-
Iee TPaBUJIO 3aKJII0YAeTCs B TOM, YTOOBI IO BO3MOKHOCTH U36eraTh MaHM’-
Oyranmui ¢ TunoMm RAW, eciim M3HAYAJIFHO W3BECTHO, YTO Ballld AAaHHBIE
UMEIOT CUMBOJILHBIH THT, U BBl HCIOIb3YyeTe TOMbKO OJUH HabOp CHMBOJIOB.

MHoronpoxogHoe ungposaHue

B sT0# rnase (B pasaene « AJTOPUTMEI MU POBAHUI» ) g VoKe YIOMUHAT 06
ycoBepIlleHCTBOBaHUHU cTangapra DES sa cueT 080iiH020 UIU MPOiUHO20
muMPOBAHUS COAEPKUMOTr0, B pe3ynbTaTe Uero W NOSIBUJIOCH HAa3BaHUeE
Triple DES unu DES3. B Oracle DES3 peanusyercsa B dyErOuu DES3EN-
CRYPT, xoTOopad o YMOJYAHUIO UCIONbE3YeT JBYXIPOXOJHOE MIU(PPOBaAHUE.
Opuaxo, UCIOJB3Ys HOBBIHM mapaMeTp which, BBl MOXKeTe YKa3aTh GYHKIUU
Ha He0OXOJUMOCTh BHITTIOJIHEHHUA TPeX MPOX0A0B. SHaUeHNE IO YMOTYaHUTIO
(0) cooTBeTCTBYET ABYM IPOXOJAaM, a 3HadeHue 1 — Tpem. EcTecTBeHHO, TpU
ITpoxofia 00ecIednBaoT 60MBNIVIO HALEKHOCTD.

JIa Mcmnonb30BaHUS TPEXIPOXOAHOTO ajJTOPUTMa HeOOXOAUM KJIII0YU JJIH-
HOIO He MeHbIle 24 6a#iT (BMecTo 16 6aiiT, KOTOPHIMU MBI JOBOJbCTBOBA-
JUCH A0 cUX mop). U3MeHUM UCXOAHYIO GPYHKITHIO, C TEM YTOOBI TO3BOMIUTH
IOJIB30BATENI0 BEIOPATH KOMIMYECTBO IPOXOJA0B: 2 unu 3.

Korpa cneayet ucnonb3oBaTb
wiundppoBaHue B popmate RAW?

Bo-nepBrIX, Kak yKe rOBOPUJIOCH, MudpoBaHue B hopmaTe RAW UCTIONB-
3yeTcd AJa faEHBIX Tuoa BLOB.

Bo-BTOpERIX, mMUudpoBarue B hopmaTe RAW mcroab3yeTcsd B caydae, eciu
B 0ase MJaHHBIX UCOOJML3YIOTCA OYKBEBI He aHTauiickoro andasuTa. Ecau
BBl TOJIb3yeTech (pyHKIUoHambHOCTBI0O Oracle Globalization Support
(xoTopas paHbINe HazblBasachk National Language Support — NLS), To
mudpoBanme B hopMaTe RAW obeceduT o6paboTKY TAKUX CUMBOJIOB 0€3
BHITIOMTHEHUA KaKUX-JIU00 AOTONHUTEJIBHBIX ONepanuil (B 4acTHOCTH,
TIPHU SKCIOPTEe M UMIIOPTE MJaHHBIX). 3amiudpoBaHHBIE AaHHBIE MOYKHO
OyIeT mepeMemaTh U3 OAHOIN 0ashl JaHHBIX B APYTYIO, HE omacasach UX
TIOBPEXKICHUA.
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/= ®ain na Beb-caliTe: get_enc_val_4.sgl «/
CREATE OR REPLACE FUNCTION get_enc_val (
p_in_val IN  VARCHAR?
p_key IN  YARCHAR?
p_iv IN  VARCHAR?
p_which IN  NUMBER := 0

RETURN VARCHAR?
18
1 _enc_val  VARCHARZ2 (200)
1 _in_val VARCHAR? (200)
1 iv VARCHAR? (200)
BEGIN
1 in_val := RPAD (p_in_val, (8 » ROUND (LENGTH (p_in_val) / 8, 0) + 8))
1 iv := RPAD (p_iv, (8 » ROUND (LENGTH (p_iv) / 8, 0) + 8));

1_enc_val :=
DBMS_OBFUSCATION_TOOLKIT. des3encrypt (input_string => 1_in_val
key_string => p_key,
iv_string => 1 iv,
which => p_which
)

1 _enc_val := RAWTOHEX (UTL_RAW.cast to_raw (1_enc_val))
RETURN 1_enc_val

END;

/

HNzMereHME KOJIUYECTBA IPOXOAOB IIPpU 3amnPOBEIBAHUY O3HAYAET TAKIKE,
YTO U pacmiupoBHIBAHUE AOJKHO OBITH TPEXIPOXoAHBIM. IIpu pacmiudpo-
BBHIBAHWM HEOOXOAUMO sIBHO YCTAHOBUTH ITIapaMeTp which B 3HadYeHwMe 1.

DECLARE
1 _enc_val  VARCHAR2 (2000);
1 dec_val  VARCHAR2 (2000) := 'Clear Text Data’
1_key VARCHAR? (2000) := "ABCDEFGHIJKLMNOPQRSTUVWXY
BEGIN
1 enc_val := get_enc_val (1 _dec_val, 1_key, "12345678", 1);
1_dec_val :=
DBMS_OBFUSCATION_TOOLKIT. des3decrypt
(input_string => UTL_RAW.cast_to_varchar?
(HEXTORAW (1_enc_val)
).
key_string => 1_key,
iv_string => "12345678"
which => 1
)
DBMS_OUTPUT.put_line ( Decrypted Value = " || 1_dec_val)
END;
/

JnuHa KJI04Ya Temephb cocTaBiseT 24 6afiTa — MUHUMYM, HeOOXOAUMBIH
LIS BBITOJIHEHU S TPEXIIPOXOJHOTO MU POBAHUA.
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CeBoanm BoegHoO

MpbI MBYYUIN COCTABJAIOIINE TIpolecca MudpoBaHuWs, a Temepb AaBaiiTe
monpobyeM COeIWHUTH UX BCe BMeCTe M CO3JaTh HAIl COOCTBEHHBIH KOM-
TIJIeKCHBIH MHCTPYMeHT mudpoBanus. M3MeHUM HAIIY CTapyo T00pyIio
dyEERIUIO get_enc_val cIeAyIOIIUM 00pasoM:

/= ®ain na Beb-caliTe: get_enc_val_5.sgl «/
CREATE OR REPLACE FUNCTION get_enc_val (
p_in_val IN  VARCHAR?

p_key IN  VARCHAR?
p_iv IN  VARCHAR? := NULL
p_which IN  NUMBER := 0
)
RETURN VARCHAR?2
1S
1 _enc_val  VARCHARZ2 (200)
1_in_val VARCHAR? (200)
1 iv VARCHAR? (200)
BEGIN
IF p_which =0
THEN
IF LENGTH (p_key) < 18
THEN
raise_application_error
(-20001,
"Key length less than 16 for two-pass scheme’
)
END TF;
ELSTF p_which = 1
THEN
IF LENGTH (p_key) < 24
THEN
raise_application_error
(-20002,
"Key length less than 24 for three-pass scheme’
)
END TF;
ELSE

raise_application_error (-20003,

"Incorrect value of which ~
|| p_which
|l *; must be O or 1’
)
END IF

1 in_val := RPAD (p_in_val, (8 » ROUND (LENGTH (p_in_val) / 8, 0) + 8))
1 iv := RPAD (p_1iv, (8 = ROUND (LENGTH (p_iv) / 8, 0) + 8));

1_enc_val :=
DBMS_OBFUSCATION_TOOLKIT. des3encrypt (input_string => 1 in val
key_string => p_key,
iv_string => 1 iv,

which => p_which
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)
1 _enc_val := RAWTOHEX (UTL_RAW.cast to_raw (1_enc_val))
RETURN 1_enc_val
END;
/

AHasornuayo QYHKINIO CO3AaluM IAJ pacIindpoBEIBAHNI U HA30BEM €€
get_dec_val.

/* Oain Ha Beb-caliTe: get_dec_val 1.sgl =/
CREATE OR REPLACE FUNCTION get_dec_val (
p_in_val VARCHAR?2

p_key VARCHAR2
p_iv VARCHAR2 := NULL
p_which NUMBER := 0
)
RETURN VARCHAR?2
1S
1_dec_val  VARCHAR2 (2000);
1 iv VARCHAR? (2000);
BEGIN
IF p_which =0
THEN
IF LENGTH (p_key) < 18
THEN
raise_application_error
(-20001,
"Key length less than 16 for two-pass scheme’
)
END TF;
ELSTF p_which = 1
THEN
IF LENGTH (p_key) < 24
THEN
raise_application_error
(-20002,
"Key length less than 24 for three-pass scheme’
)
END TF;
ELSE

raise_application_error (-20003,

"Incorrect value of which ~
|| p_which
|l *; must be O or 1’
)
END IF

1 iv := RPAD (p_iv, (8 » ROUND (LENGTH (p_iv) / 8, 0) + 8));
1_dec_val :=
DBMS_OBFUSCATION_TOOLKIT. des3decrypt
(input_string => UTL_RAW.cast_to_varchar?
(HEXTORAW (p_1in_val)
).
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key_string => p_key,
iv_string => 1_1iv,
which => p_which
)
RETURN RTRIM (1_dec_val);
END;
/

Ob6paTuTe BHUMAaHHWe, YTO IPHU 3aITU(POBLIBAHUAMA s JOIOJHUAJ IIapaMeTp,
COIEePIKAITU BeKTOP MHUITNATN3aIlUA, IPobeaMi Tak, YToObI ero AITAHA
OblJ1a KpaTHa BocbMH. Ilocie pacmiu@pOBBIBAHUSA HeOoOXOAUMO YIATUTH
5Tu A06aBJIeHHBIE IYCTHIe CHMBOJIBI, KAK MBI CIeJIaIA 9TO B CTPOKE BO3Bpa-
Ta IPpUBeAEHHOH BBITIE QYHKITHA.

? HeBo3mMoxkHO 3a11u(poBaATh JaHHBIE, YKe 3aITH(POBAHHBIE CPEACT-
:: ‘ BaMHu naxketa DBMS_OBFUSCATION_TOOLKIT. ITpu mogo6HO¥M MONKITKE Ia-
5‘5 .-

KeT reHepupyeT omnboky ORA-28233 B CBA3H ¢ HEBO3ZMOXXHOCTHIO

15
*  OBOMHOTrO WM POBAHUA.

FeHepupoBaHuMe Kito4yen

W3 npuBeeHHBIX BHIIIE PACCYIKACHUN JOKHO OBITh OYEBUAHO, YTO CAMBIM
c1abbIM MecTOM IMTHGMPOBAHUS SIBIAETCS ero KJrd. I[1a ycmemrHoi pac-
MUAPPOBKU 3amA(pPOBAHHBIX MaHHBIX HEOOXOAUM KJII0Y (OH B IPSIMOM
CMEICTIEe ABJIAETCA KAIOLOM K yCOexXy), IO3TOMY A5 obeclieueHUs Oesomac-
HOCTH MIU(PPOBaHUSI HeOOXOIUMO CAeNIaTh YraAblBaHUe KJII0Ya Ype3BhIdaii-

OcHoBbI WngpoBaHus B Oracle9i

¢ IlMudpoBaHUe MOXKET BHINOJHATHCA Mo anropurmy DES miu DES3
(Triple DES), npuuem DES3 aBIsieTCsI IPEATIOYTHTENIHHBIM.

e TIMMudposarnue DES3 mMoxeT OBITH ABYX- UJIH TPEXIOPOXOAHBIM. Ilo
YMOJYaHUIO UCIIONB3YIOTCA Ba IPOX0/a.

e JlnuHa mMudpyeMoil CTPOKH AOJKHA OBITh KPaTHA BOCHMH.

e Kooy, ncnonb3yeMblid AJsT 3anmTU()POBLIBAHUS, AOJIKEH HCIONb30-
BAThCs U OPHA PACIIU(DPOBLIBAHUA.

e JlnuHa KJII0Ya AOJKHA OBITH He MeHbIe 16 a1 DES u aByxmpoxof-
"Horo DES3, n He MmeHbIIe 24 115 Tpexnpoxognoro DES3.

e Jlns yCUJIEHUS 3aNIATH JaHHBIX BO3MOXKHO HCIIOJIb30BaHUE BEKTOPA
WHUNMHaIu3anuu EcId BeKTOD HHHUITHMAJTHU3AIIHH HCIONb30BaH NPH
3amu(ppPOBEIBAHUH, €70 TaKKe Heo6X0MUMO YKAa3aTh IPH pacIiudpo-
BBEIBAHUHU.

e Tak Kak BEKTOD MHHUIIHAJTHU3AIIHH IIPHCOCJHHSAECTCA B HA4YaJ0O BXOA-
HOI'O sHa4Ye€HHUsdA, AJIUHA HOJIy‘IeHHOfI Oﬁ’be,[[HHeHHOfI CTPOKH AOJXKHA
OBITH KpaTHa BOCbMH.
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HO CJIOKHBIM. B paccMOTpeHHBIX paHee IPAMepPax UCIoJb30Bascsa 16-6aiiT-
HBI# KJII0Y JJIs ABYXTPoXoAHOTO mudpoanua DES3 u 24-6afiTHRIA K04
IS TpeXIpoxoaHoro mudpoBanna DESS.

IIpu BEIOODE KiIt0Ya MU POBAHUS IOMHHUTE O IBYX Ba’KHBIX MOMEHTaX:

e Uewm ajuHHee KJIOY, TeM CJI0XKHee ero yragaTs. JIByXIpOXOoJHBINA MeTO]
JOTyCcKaeT MCIOJb30BaHUe Ka04a U3 128 6UT, a TPeXIPOXOAHBIA — U3
192 6ur. CreayeT BHIOMpATh Hanbosiee JIUHHBIA U3 BO3MOMKHBIX KJIIO-
qei.

e Kuarou gomkeH OBITH He TOJbKO AJUHHBIM, OH He JONMKEH COOTBETCTBO-
BaTh HUKAKOMY M1abJIOHY, KOTOPBIH OBLI0 OBI JIeTKO yragaTs. Hanpumep,
paHee B IPUMeEPe A UCIOJb30BaJl B Ka4eCTBe KJII0Ya II0CJIeJ0BaTeIbHOCTD
nu@p BO BIOJIHE IIPEACKa3yeMoM nopAaKe — 1234567890123456. 3To Heq0-
nycTuMo. 3Hauerne a2H8s7X40Ys8346yp2 ropasao 6osee yaadHo.

Ucnonb3oBaHne DES3GETKEY

B maxer DBMS_OBFUSCATION_TOOLKIT BrroueHa (hyrHKITHsa DES3GETKEY (a Takxke
mpoleaypa, npadeM o6a dopMaTa meperpykKeHbl ¢ HECKOMbKUMH THIaMUA
JMaHHBIX), KOTOpAasl MO3BOJSIET CTeHEePUPOBATh KPUNTOTrPa@UUIECKH JOMIyC-
TUMBIA KJIf04. DYHKITUA IJ1d TeHePUPOBAHUSA CJAYYaWHOTO 3HAYEHUSA, KOTO-
poe MOJKeT OBITh UCIIOJIB30BAHO B Ka4ecTBe KJII0Ya, Heo6X0AUMO TepeaaTh
3Ha4YeHUe AJ HHUOUAAJIUIAHUA.

"
- ITaxeT DBMS_CRYPTO, moctymEriii B Oracle 10g, comepRUT GYHKIIUIO
XS GETRANDOMBYTES, KoTopaA MOXKeT HCIOJb30BaThCA AJA (hopMHpOBa-

[N .. .,
M pua KPHUNTOTrpaUIecKH CAyUYalHbIX KII0Ueil.

(158
DyHEKNUA BEI3EIBAETCA CAeAYIOMUM 06pasom:

1 ret := DBMS_OBFUSCATION_TOOLKIT.des3getkey (
seed_string => 1_seed
)

3HaueHHWe IepeMeHHOHA 1_seed — caydaiiHas cTpoka anuHOH 80 cHMBOJIOB
(6osee uHHOE 3HAYEeHHUE OyIeT IPUHSATO, HO UCIOJIb30BaHBI 6YIYT TOMIBKO
80 cumBooB). BosBpariaemoe 3sHadYeHne uMeeT TUI VARCHAR? 1 3aniichIBaeT-
cs B mepeMeHHY0 1_ret. J[IuHa HayaabHOTO 3HAYEHHUA J0JIKHA 6BITH paBHA
80 cumBoJaM, ITORTOMY [JJis1 TeHEPUPOBAHUS 3HAYEHUS HUCIOJB3YEeM IIPO-
croit anropurM. (IlomHEUTE, YTO ceifiuac MbI TeHEPUPYEM He KJII0Y, 4 TOJIBKO
3HaYeHUe AJIS UHUITHATU3aIuu TeHepaTopa cJIydalHbIX yuces. bojee moa-
pobHO 9TO 06CyIKIAaeTCs B IIaBe 7.)

1 _seed varchar2(2000) =
11234567890 | |
"12345678907 | |
"12345678907 | |
11234567890 | |
11234567890 | |
"12345678907 | |
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1234567890 | |
"1234567890°

Dyrrnua DES3GETKEY BosBpamiaeT 3HaUYeHWEe B ABOUYHOM (opmarTe, KOTO-
poe, BEPOATHO, TOJIKHO OBITH IPeodpasoBaHo K MPUTOJAHOMY AJIs YIIOTPe6-
JeHUA TUNY JaHHBIX (HampuMmep, VARCHAR?), Tak 4To s MOTY U3MEHHUTDH BO3-
BpalllaeMblii KJII0Y CIeAVIONIUM 06pasom:

1 _ret := rawtohex{utl_ raw.cast_to_raw(l_ret));

Koy npeobpasyeTcsa B 3HaUeHUe TUIIa RAW, a 3aTeM B ITIeCTHAAIIATePUYHOE
3Havenue. EIle ofWH mapaMeTp — which — MCIIONb3yeTes AN YKa3aHUsI TO-
T0, IBA UJIX TPU TIPOX0JAa 6yAeT UCTIONB30BaAThCA IPH MU POBAHUH.

Cob6paB Bce BOeAUHO, TOMYUYUM TAKYI0 GYHKIINIO TeHEPUPOBaHU KJI0YA.

/» Oain Ha Beb-caiTe: get key 1.sql =/
1 CREATE OR REPLAGE FUNCTION get_key (
2 p_seed VARCHAR2 := "1234567890°
3 || ~1234567890°
4 [| 1234567890
5 [| 1234567890
6 || ~1234567890°
7 [| 1234567890
8 || ~1234567890°
9 || "1234567890",
10 p_which NUMBER := 0

1)

12 RETURN VARCHAR?

13 IS

14 1_seed VARCHAR2 (80);

15 1_ret VARCHAR? (2000);

16 BEGIN

17 1 _seed := RPAD (p_seed, 80);

18 1 ret :=

19 DBMS_OBFUSCATION_TOOLKIT. des3getkey (seed_string => 1_seed,
20 which => p which
21 );

22 1 _ret := RAWTOHEX (UTL_RAW.cast_to_raw (1_ret));

23 RETURN 1_ret;

24% END;

Ba:xmnie e MeHTBI ronma (I)yHRIII/II/I IIOAACHEHBI B TaﬁJII/IIJ;eI

Crpoxu |Onucanme

2-9 UpesBrIuaHO BaiKHBIM IIADAMETPOM ABJIAETCA 3HAUEHNE, HMHUIIMATN3H-
pyIolllee MOCIAETO0BATEABHOCTh CAYUAMHEIX UMCe]I, KOTOpoe I0 yMOoada-
HUIO PABHO BOCBMHUKPATHO ITOBTOPEeHHOH (1A o6pasoBanusa 80-6aiTHOMN
CTPOKH) cTpoKe 1234567890. EcTecTBeHHO, 3TO HeHAJEeKHO, TAK UTO HC-
TOJB3YIITe BMECTO 3TOTO 3HAUEHHS IPOM3BOIbEYI0 80-0aHTHYIO CTPOKO-
BYIO KOHCTAHTY. Boslee JIMHHBIE CTPOKY HE YAYUIIAT «CIAYIAHHOCTH»,
TaK KaK MCI0Jb30BAHK OYIYT TOABKO ITepBhIe 80 CHMBOJIOB.
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Ctporn

Onucanue

10

17

18
22

ITo ymonuaruio mpexmoaaraeTca, ITO OyaeT cTeHepupoBaH Kiawodu DES3
IJIA ABYXIPOXOTHOTO IIN(POBAHUA, T. €. ImapaMeTp which ycTaHOBIEH
B 0. [Ina TPeXNPOXOLHOTO IMIHN(POBAHUA HEOOXOINMO YCTAHOBUTHL IAH-
HHIH IapaMeTp B 3HaUeHUe 1.

HauanpHoe sHaueHMe AOKHO MMeTh Anuny 80 Gait. Ecam moabsosa-
Tenb IpefocTaBiasgeT 6oJee KOPOTKOe 3HAUEeHKe, TO QYHKLIM IPUMET ero
¥ gomoauut a0 80 6ailT, BMECTO TOTO YTOOLI TeHepHUPOBAaTh OLTHOKY.

Dyuxnua DES3GETKEY BogBpaniaeT sHaueHue TuIa YARCHAR2.

Bosepanaemoe sHauenne umeetr tun VARCHAR?, HO COEePIKUT MHOMKECTBO
VIIPABAAIOIINX CHUMBOJOB. IIpeobpasyeM ero cHauajia K THIY JAHHBIX
RAW, a 3aTeM — K IIeCTHAIIIATEPUUHOMY 3HAUEHUIO.

Ora GyHKOUSI OPU Ka’KIOM BEI30Be OYAeT BO3BPAIaTh KPUNTOTrpadudecKu
cayuaiinoe 3Hadenue. [laBaiiTe mocMOTpUM, KaK 5TO paboTaeT:

BEGIN

DBMS_OUTPUT.put_line ( 'Key=" || get_key);
DBMS_OUTPUT.put_line ( 'Key=" || get_key);
DBMS_OUTPUT.put_line ( 'Key=" || get_key);
DBMS_OUTPUT.put_line ( 'Key=" || get_key);
DBMS_OUTPUT.put_line ( 'Key=" || get_key);

END;

PesyapTaT 0yaeT TAKUM:

Key=4992D7CCC6B9428F11D7EC612E728C02
Key=4DB67B0610E3EB2EB6B7B6B39DC4DB13
Key=4DC1FB0A3FEAFC266A667CE2AT11E25C9
Key=111768ECC7E6FOC5DFADGBIBOCT146CA
Key=75FE17395B88209FC578C41B26E22CBC7

O6paTuTe BHUMaHUE, YTO TeHEPUPYEMBIH KJIOUY KasKABIH pas OyAeT pas-
HBIM, HECMOTDSA Ha TO, YTO HayaJbHOE 3HAYEHUE II0CIe0BATEeILHOCTH CIIY-
YaWHBIX YHCceJ He udMeHuTcA. IlosTOMYy KOrjga BbI 3alyCTUTE (PYHKIIUIO,
peasbHOEe BO3BpAllleHHOEe 3HaUYeHUe MOKeT ObITh APYTHUM; MOMKHO CUUTATH
ero CIy4aiHbBIM.

Ncnonb3oBaHue knto4va B windpposaHnun

Hcmonbaysa TOMBKO YTO CO3AAHAYI0O QYHKITUIO, MOYKHO JOCTATOYHO XOPOIITO
3amudpoBaTh CeKPETHRIE JaHHbIe. PACCMOTPHUM IPOCTOIH IpUMeDp:

DECLARE

1_key VARCHAR? (80);
1 _enc  VARCHAR2 (2000);

BEGIN

1_key := get_key;
1 _enc := get_enc_val ( Input Value', 1_key);
DBMS_QUTPUT.put_line ('Key = ° || 1_key || ' Encrypted Value = " || 1_enc);

END;
/
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dopmMmupoBaHue Knioyen
B Gonee paHHMX Bepcmsix Oracle

K coskamenuio, QyHKIIUA DESIGETKEY HegocTynHa B Bepeuu Oracle8i. Bam
TIPUIETC CO3AaTh COOCTBEHHBIH reHepaTop CAYIaHHBIX CTPOK AJIA IOy -
YeHUA MOAXONAIIEr0 KJI04Ya. 3AeCh IPUTOAATC HAIllA 3HAHUA O TeHepa-
AU CAYYaHHBIX CTPOK (cM. raBy 7). UTak, B paAHHUX BEPCUAX MOXKHO
CO3/aTh CBOIO COGCTBeHHYIO DYHKITHIO get_key CIEAYIONTHUM 06pasoM:

CREATE OR REPLACE FUNCTION get key
RETURN VARCHAR?2

;
2

3

4 1_ret VARCHAR? (200)

5 BEGIN

6 1 _ret := DBMS_RANDOM.STRING ('x', 24)

7 1 _ret := RAWTOHEX (UTL_RAW.cast_to_raw (1_ret));
8 RETURN 1_ret;

9

B cTpoke 6 remepupyerca caydaiHasa CTPOKA MMeYATHBIX CUMBOJIOB JJIV-
Hoit 24 6afiTa. B ¢cTpoKe 7 0OHAa IPUBOAUTCS K 3HAYEHUIO TUIIA RAW, a 3a-
TeM mpeobpasyeTcsd B IIeCTHAANATEPUUYHOE 3HAUeHHEe, KAK 5TO OBLIO
caenamo B mpuMepe Aaa Oracle9i. HakoHer, cTpoka Bo3BpaIiaeTcs I
HUCIIOJIB30BaHUA B Ka4eCTBE KJ0YA.

DyaKIUa paboTaeT, HO CTeHEPUPOBAHHAS CTPOKA HeJOCTATOYHO IPOU3-
BOJIbHA € KpUNOTOTrpadudecKoi ToUKHU 3peHUda. OJHAKO ¢ Yy4€TOM TOTO,
yTo paEHUe Bepcuu Oracle He TpegoCTaBIAIOT CpeAcTBa (GOPMUPOBAHUA
KJII0UYel, e AMHCTBEHHOU aNbTePHATUBOUN Hamlell GYHKIIUU ABIAETCA 3a-
JaHue KJI4Ya BPYYHYIO, YTO HEBOBMOXKHO B PeaJIbHON Kusuu. Tax 4To
OpeaJIOXKEeHHBIN OAXO0M ABJIAETCA €JUHCTBEHHO BO3MOKHBIM, HO TOJh-
30BaThCA UM CJIEAYET C OCTOPOKHOCTHIO.

PesynbsTaT paboTH QYHKITUN:

Key = 3DA5335923D784F21B0C27B61496D1AD Encrypted Value =
076A5703A745D03934B56F7500C1DCB4

Teneps pacmiudpyeM samniudpoBaHHOe 3HAUEeHWE MPHU IOMOIIU TOTO Ke
KJII04a.

DECLARE
1 key  VARCHAR2 (80) "3DA5335923D784F21B0C27B61496D1AD”
1 enc  VARCHARZ (2000) := '076A5703A745D03934B56F7500C01DCB4"
1 dec  VARCHAR2 (2000)

BEGIN
1 dec := get_dec_val (1 _enc, 1 _key);
DBMS_OUTPUT.put_line ( Decrypted Value = * || 1_dec);
END;

/
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ITonyyum Taxkoii pesyabTar:
Decrypted Value = Input Value

Hcnonbaya dyernunm get_key, get_enc_val u get_dec_val MBI MOKeM CO3-
IaTh MOJHYIO CUCTEMY IMu@PoOBaHUsd, 0 4YeM OyJeT paccKasaHoO B CIeAYIo-
meM pasjedie.

WndposaHne Ha npakTuke

Kax HaMm mcnosbp30BaTh TOJBKO UTO MOJYUYEHHBIE 3HAHUA O NIN(PPOBAHUU
B peanbHOM :ku3HU? JaBafiTe paccMoTpum Tadbaumy ACCOUNTS.

SQL> DESC accounts

Name Null? Type
ACCOUNT_NO NOT NULL NUMBER
BALANCE NUMBER
ACCOUNT_NAME VARCHAR?2 (200)

S xouy 3amiUTUTD JaHHBIE, 3aMU@POBaB cToM6IBI BALANCE 11 ACCOUNT_NAME.
Kaxr g y:ke He pas mOBTOPAJ, HauboJee Ba*KHBIM 3JIeMEHTOM IMHU(pPOBAHUA
SABJIAETCA KU, U K €70 BEIOODY CJIeVeT MOAX0IUTE cepbesHo. I Mory cre-
HEePUPOBaATh KU, UCIOJIb30BATH €r0 AJA MuPPOBAHUA 3HAUCHUST CTOJO-
1Ia, 3aTeM COXPAHUTH Ie-HUOYAb KJ0Y U 3amMudpoBaHHOe 3HAYEHUE AJIA
TIOCJIeAVIOIeTo M3BJIeUeHUsI. KaKk MMeHHO s1 AOJKeH AelicTBoBaTh? EcTb
HeCKOJbKO BAPHUAHTOB.

Mok uoO OIIPEAEeJINTE IIDeACTaBJIeHNuEe 1A TaﬁJII/IIIBI CIeaAYVIOIIINM 06pa30M:

1. Ho6aBuTh B Tabaumy cToJorsl ENC_BALANCE m ENC_ACCOUNT_NAME amsa xpa-
HeHHUs 3alin(pPOBAHHBIX 3HAYEHHUIT COOTBETCTBYIOIUX CTONOIIOB.

2. Tob6aBuUTH erte oguH cToaber — ENC_KEY, A XpaHeHu KJI04a, UCIONb-
30BaHHOTO JIJId MUPPOBaHUA.

3. Coagmarhb npeacrasienue VW_ACCOUNTS:
CREATE OR REPLACE VIEW vw_accounts

AS
SELECT account_no
, enc_balance AS balance
, enc_account_name AS account_name
FROM accounts
/

4. Cosgats Tpurreps! INSTEAD OF amst o6paboTKu (IPH HEOOXOJUMOCTH) Olle-
panuii 06HOBJIEHU U BCTABKHU JaHHBIX B Ta6JIUITY.

5. Cosgarh nybanuusIil cunoruM ACCOUNTS mus npeacTaBimenuss VW_ACCOUNTS.

6. BrigaTs Bce npuBunerun Ha VW_ACCOUNTS u 0TO3BaTh BCE IPUBUJIETHHN HA
ACCOUNTS.

B pesynpTaTe MOg0OHBIX MAaHUNYJIANUN BIaAeNel CXeMbI, 4 TaKXKe JT06bIe
TIOJIB30BATENN, UMEIONNe IPAMble ITPUBUIeruu Ha Tabmumy ACCOUNTS, Oy-
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AYT BUAETH HESaLT_II/I(I)pOBaHHBIe 3HaYeHUus. BceM JKe 0CTANIBHBIM IIOJL30BA-
TeJAM 6y,11y'1‘ AOCTYIIHBI TOJIBKO SaIlII/I(I)pOBaHHBIe 3HAYEeHU A.

MosxHO 3amiudpoBaTh CAMU CTOJOIBI ¥ UCIOJIH30BATEH IPEACTABIeHUE I
oTobpakeHuA pacindpPoBaHHBIX JAHHBIX, TO €CTh TOCTYIUTD CAEAYIOIAM
obpasom:

1. Ho6aBuTh cToaber ENC_KEY aysa xpaHeHUs KJI0Ya AJI TaHHOH CTPOKH.

2. CoxparuTb B cTonbmax BALANCE m ACCOUNT_NAME cooTBeTCTBYIOIIHE 34-
mudpoBaHHLIe 3HAYEHUA.

3. Coagmarhb npeacrasienue VW_ACCOUNTS:

CREATE OR REPLACE VIEW vw_accounts
AS
SELECT account_no,
get_dec_val (balance, enc_key) AS balance,
get_dec_val (enc_account_name, enc_key) AS account_name
FROM accounts

/

4. Temepb Tabnuma 6yaeT cofep:KaTh 3amupPoBaHHLIe 3HAYCHNU, a TPe-
cTaBJIeHNe — Hesanu(poBaHHEIe, IPUBUIETHHA HA KOTOPhIe MOYKHO BHI-
JaTh COOTBETCTBYIOIUM OJb30BATEIIAM.

5. CosgaTh TpUTTEPHl HA TAGMUITY A TpeodpasoBaHUs OTKPHITHIX 3HAaUYe-
Huil B 3amMndpoBaHHbIe Tepe] UX BCTABKOMH UM 0OOHOBIEHUEM.

ITpeuMyIIiecTBOM 5TOT0 TOAX0/A SIBIISETCS OTCYTCTBIE HEOOXOJUMOCTHU B H3-
MeHeHHUU caMo#l TabIUIEI.

MoKHO XpaHUTD KJIIOYH OTAeJIbHO OT Ta6aunbl. 06a OMMCAHHBIX BBIIIIE MTO-
X0/la UMEIOT CePhe3HBIN HeJOCTATOK — KJIOU XpaHUTCA B Tabnuie. U mro-
60ii, KTO UMeeT AOCTYII Ha BBIOOPKY AAHHBIX U3 TAGJIUITBI, CMOKET YBUAELTH
KJIF0Y U pacmudpoBaTh 3HaUeHUA. PasyMHee XPAHUTH KJIOYN BHE UCXO[-
HO TabJIUTHI, TOCTYIaA CAeAVIONIUM 00pasoM:

1. Cosgats Tabaumy ACCOUNT_KEYS, cogep kamiyio BCero ABa cToa0Ia:

ACCOUNT_NO, mxoTopslii coorBeTcTByeT ACCOUNT_NO sammcum Tabaumel AC-
COUNTS.

ENC_KEY — KJI10Y, UCIIOJIB3YEMBIH AsiA MU pPOBAHUA 3HAYESHUS.

2. CpenaTts Tak, 4ToOHI B peanbHo# Tabaume ACCOUNTS comepskaluch He OT-
KPBITHIE, a 3aMu(POBaHHBIE 3HAUEHU .

3. CosgaTs Tpurreps! Ansa Tabaunsl ACCOUNTS. Tpurrep AFTER INSERT reme-
PUDPYET KJI0Y, UCIOJIb3YET ero AJd MudpoBaHUA PeasbHOTO 3HAYEHUS,
IpeJoCTaBJIEHHOTO MOJIB30BATEIEM, 3aMEeHAEeT pealbHOE 3HAaYeHUEe Ha
3amundpoBaHHOe Iepe] COXPaHeHWeM M 3aTeM COXPaHseT KJI0Y B Tab-
aume ACCOUNT _KEYS.

4. CosgaTs IpeAcTaBIeHHe AJA OTOOPAXKEeHUA PACTIN(PPOBAHHBIX JaHHBIX,
COEIUHUB IBe TAGIUITHI.
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XpaHeHune Knoyen

XpaHEHI/Ie KJI0UYell — 5To HauboJsiee OTBETCTBEHHASA YaCTh I_T_II/I(I)pOBaHI/IH.
H ecnu me OPranmu30BaTh €ro JOJHHBIM 06pa30M, TO BE€Cb CMBICJI I_T_II/I(I)pOBa'
HHUA KaK 3alllUThl JaHHBIX MOXKET OBITH VTepdaH. CyLT_IECTBYET MHOMEeCTBO
BapHaHTOB XpaHECHUA:

Tabruust 6a3vl OAHHBbLX

OTOT TOAX0M, NCOONHb30BaHHELIH B TOJMBKO UTO PACCMOTPEHHOM IPUMeEpe,
Haubomee yaobeH A1 paboThl ¢ Kiafouamu. OQHAKO YV HEro eCcTh cepbes-
HBIHl HEJOCTAaTOK: He CYIeCTBYeT crmocofa 3aliuThl OT aAMUHUCTPATODPA
0as3bl JaHHBIX, KOTOPHIH HMeeT TpaBa JocTyIa K Joboii Tabaure.

Dailn onepayuoHHOLU cucmembl

Daiim MoKeT co3aBaThCA KINEHTCKUM IPOIECCOM BO BPeMsA HCIOHE-
HUS C TTOMOINBI0 BCTpoeHHOTO makeTa UTL_FILE miam BHeMIHUX TaOJIUII,
asaTeM — HCIONb30BATHbCA MO pacniudpoBKu. Ilocie CUUTHIBAHUA
daiin MoKeT 6BITH YHUUTOMKEH. JTOT cnocol obecmeunBaeT 6osee moO-
HYIO 3aIIUTY OT BCeX MOJb30oBaTenell, BKJIOYAT U afMUHUCTpaTOpa Oa-
35l JAHHBIX.

ITonvzosamenvckuil 6600

ITonbsoBaTe b IPeAOCTABIAAST QYHKIIUN KJIOY AJIA AeMIUPPOBAHUI BO
BpeMs HUCIOOJHeHHA. ITo Haubosiee HaAeKHBIH, HO U HanuMeHee TIpPaK-
TUYHBIH cIIocob U3 BceX Tpex. Ero HeloCTaTOK B TOM, YTO IONIH30BaTENb
MOJKET 3a0BITh KJI0Y, B PE3yJbTaTe Yero s3amudpoBaHHLIe HAaHHBIE He
ymacTcs pacminudpoBaTh HUKOTAA.

LUndgposaHume B Oracle 10g

Hauwunas ¢ sepcuu Oracle 10g Release 1 Oracle npeanaraer Ais moagepsk-
KU mudpoanusa maxet DBMS_CRYPTO. B sToM pasaene 6yaeT paccKasaHo o re-
HepUPOBAHUY KII0Uell  MupoBaHUU JaHHBIX CPpeJCTBAMU HOBOTO TaKeTa.
Oguako cHadvaja OoroBopuM o6 oTaudnax DBMS_CRYPTO u DBMS_OBFUSCATION_
TOOLKIT.

ITaxer DBMS_OBFUSCATION_TOOLKIT Taxsxe moctyneHr B Oracle 10g, 5o Kopmo-
pamnus Oracle pekoMeHyeT MONB30BATHCSA HOBLIM IIaKETOM, TaK KaK BO3-
MOJKHOCTH CTaporo Ha ero )oHe 0Kas3bIBaIOTCA OTPAHUYECHHBIMIH.

Paznnuua mexgy DBMS_CRYPTO
n DBMS_OBFUSCATION_TOOLKIT

CymrecTByeT psj Ba:KHBIX oTomdmii DBMS_CRYPTO or DBMS_OBFUSCATION_TOOLKIT:
Cmandapm AES

Anropurmel DES u DESS3 y:xe ycrapeBaroT, U MHOTHE OPTaHUBAIIUHU ViKe
Tepernu Ha 60Jee HaJeKHBIH aJITOPUTM CUMMETPUYHOTO MU(pPOBaHUA —
Advanced Encryption Standard (AES). ITaxer DBMS_OBFUSCATION_TOOLKIT
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He IoJJepKHBaeT HIU(PPOBAaHHEe OO STOMY HOBOMY CTaHIapTy, a
DBMS_CRYPTO moamep»KHBaeT.

ITomokosoe wugposanue (Stream cyphering)

ITudpoBanue MOMXKET IPUMEHSTHCA K JaHHBIM I00J0YHO, H TaKOH Ipo-
mecc Ha3bIBaeTCA OJ0YHbIM WU@posaHuem. ITO MIUPOKO pacrupocTpa-
HEeHHBIA U IPOCTOA B HUCHONB30BAaHUU MeTOoA. OMHAKO He BCE CUCTEMBEI
HUMeIT BO3MOJXKHOCTH Ilepe/laBaTh JaHHbIe PABHOMEPHBIMHU MOPITUSAMU.
B kayecTBe mpuMepa MOXKHO NPUBECTH 3amuPOBAHHLINA KOHTEHT, IIe-
pellaBaeMbId B INIMPOKOBENIaTeIbHBIX U APYTUX CETAX. B TaKUX ciydaax
COIEPIKUMOE JOJIIKHO MU(POBATHCA [0 MEPE TOCTYIJIEHUA. ITO TaK Ha-
3bIBaeMoe nomokosoe wugposanue. Illaker DBMS_0BFUSCATION_TOOLKIT me
noAJepKUBaeT IOTOKOBOe IMudpoBanue, a DBMS_CRYPTO moagep:KuBaeT.

Anzopumm 3auuiiennoz0 xewuposanusa (Secure Hash Algorithm )

B nmaxere DBMS_OBFUSCATION_TOOLKIT kpumTorpadpudecKoe XerIupoBaHHAe
obecnmeunBaeTrcsa TonbKo GyaKIueii Message Digest (MD5), a He coBpe-
MEeHHBIMH U HaJe)XHBIMU alTOPUTMaMH, TaKUMHA Kak Secure Hash Al-
gorithm 1 (SHA-1), mogaep:xuBaeMblii makeTom DBMS_CRYPTO.

Ko0 aymenmugurayuu coobuwenua (Message Authentication Code)

HUcnonp3oBanue Kojia ayTeHTH(OUKanuu coodbmienuii (Message Authen-
tication Code — MAC) no3BoisieT co3J4aTh XeITAPOBAHHOE 3HAYCHUE IS
OTIPaBIAEMOTO cO00IeHHsI. BOocaeAcTBUHT 9TO 3HAUEHHE MOXKHO CpaB-
HHATH CO 3HAYEHHEM, BHIYUCJICHHBIM JJsI COOOMIeHUsI IPH ero IoJyde-
HHH, YTOOBI YOEAUTHCS B IIETOCTHOCTHA COOBIIeHUsI. ITO IPOIECC BO MHO-
T'OM HDOXO02K Ha XeIIWPOBaHHE U OTJIMYaeTCs OT Hero JHUIIb TeM, 4TO JJIsI
CO3JaHUs XeN-3HAYeHHUs HeoOXOAUM KJII0Y (KaKk Opu NMIUAGPOBAHUHU).
ITaxer DBMS_OBFUSCATION_TOOLKIT He mommep:kuBaeT coszganme MAC,
a DBMS_CRYPTO moamep:xrABaeT.

Boaviwwue o6sexmut

ITaxer DBMS_OBFUSCATION_TOOLKIT He moafep KHBaeT GONbINIHE O0HEKTHI
(LOB) B ux podrom topmare, a DBMS_CRYPTO moxaepskuBaer. s mud-
poBanusi LOB npu pabore co cTapblM MaKeTOM HeOOXOJWMO cHadaja
peoO6pa3oBaTh OONbINIHE O0BEKTHl K TUMY RAW, HCIOJMB3Ys BCTPOEHHBIH
nakeT UTL_RAW. Taxo# moaxo[ YCIIOMKHSIET co3aHue IPUIOKeHHH.

o .
g B HeKOTOpHIX cayuaax BaM IPHUAETCA UCIOJb30BATh nakeT DBMS_OB-
l:‘_ | FUSCATION_TOOLKIT maske mpu padote ¢ Oracle 10g. Hanpumep, ecau
w f‘p IPUIOKEeHHe IIJaHUpyeTesa uenoab3oBaTh U B Oracle9i, u B Orac-
" le 10g, To HYy3#HO OYAET IIOJb30BATHCA CTAPHIM ITAKETOM, TAK KaK ero
IOAIEPIKUBAIOT 00e BepCcUH. AHAJIOTUYHO, €CJIH BH 3aIIN()POBHIBAE-

Te B Oracle 10g maHHBIe, KOTOpBIe NMPEIIOJaraeTcs pacurupoBhI-

BaTh B Oracle9i, mpuaercs moabsoBaTbes DBMS_0BFUSCATION_TOOLKIT.

FeHepupoBaHuMe Kito4yen

A y:xe rosopus o Tom, uro hyrrousa DES3GETKEY makera DBMS_OBFUSCATION_
TOOLKIT, ucnonbayemas AJdA TeHEPUPOBAHUS KJ0Ya MIH(pPOBAHUSA, He J0C-
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TynHa B naxkeTre DBMS_CRYPTO. BMmecTo Hee nosaBnsgeTca GyHKIAsa RANDOMBYTES.
Tax 4To ecyiu BBI 3aX0THTE NCHOJL30BaTh HamTy QyHKIHIO get_key B Orac-
le 10g, BaM mpugeTca H3MEeHHATH €€ Tak, 4ToOkI 0Ha paboTana ¢ RANDOMBYTES.

IIpu mepexoje OT OAHOTO METO/a TeHEPUPOBAHUS KJI0UYel K APYTOMY IIOM-
HUTE O CAeJYIONTHX MOMEHTAaX:

Bxogsamast B maxeTr DBMS_OBFUSCATION_TOOLKIT dymrmus DES3GETKEY mo-
JKeT CreHEePUPOBATh KJIY, OTHOCAIUNACA K TUNY AaHHBIX VARCHAR? miu
RAW. B maxere DBMS_CRYPTO Bce mudpoBaHHe, oTHOCANIeecs K VARCHAR2,
peannsyeTcsa depes RAW, mosToMmMy KUY THOa VARCHAR? Oecmoiesen;
dyarmua RANDOMBYTES BoaBpalmaeT TOIBKO KJII0UH THIA RAW.

IIpu pa6ore ¢ makeroMm DBMS_CRYPTQ HeT HeOOXOAHMOCTH B 3aJaHHH Ha-
YaJIbHOTO 3HAYEHUS I10CJIE0OBATEIbHOCTH CIAYYaHHBIX YUCEJ, KAK MBI
nenanu 3To B DBMS_OBFUSCATION_TOOLKIT. ddYHKIHA MOJydaeT TaKoe Ha-
yajJibHOe Ha3HadyeHHWe w3 mapamerpa SQLNET.CRYPTO_SEED daiima SQL-
NET.ORA. CooTBeTCTBEHHO, 9TOT IapaMeTp JOJKeH HMeTh AeHCTBH-
TelbHOE 3HaYeHHe, SABJIAI0NIeecsd KOMOUHAIHed CHMBOJIOB JIWHOHA OT
10 g0 70 6aiiT, HampumMep:

SQLNET. CRYPTO_SEED =

welipcTweOcuOwe98cOwedcpoweqdufd2d2dfodk2d2d23v43098 TpiweT02uc2ecw1x9827d23d908d

JaBaiiTe IOCMOTPHUM, KaK cJIeAyeT H3MeHUTH GYHKIUIO get_key Tak, YTOOHI
OHa COOTBETCTBOBAJIA HOBBIM YCJIOBHUSM.

/+ ®ann Ha Beb-caWTe: get _key 2.sql «/
CREATE OR REPLACE FUNCTION get key (p_length IN PLS_INTEGER)

RETURN RAW
1S

1 ret  RAW (4000);
BEGIN

1 ret := dbms_crypto.randombytes (p_length);
RETURN 1_ret;

END;

/

O6paTuTe BHUMAaHUE Ha OTCYTCTBUE NapaMmeTpa which. Kpome Toro, g yxa-
3aJI JJIMHY TeHEPUPYEMOT0O KJII04Ya, YTO BAXKHO JJI5 NIU(HPOBAHUS.

A
[

MoskeT okasaThCA, UTO IO YMOJYAHUIO HA makeT DBMS_CRYPTO He BBI-

as naenl npaBa PUBLIC uiau a1 Hero He CYIIECTBYET NYOJIUYHOTO CH-

s I‘l..".: HoHNMA. KEciH BH XOTHUTe, YTOOB BCE PA3paGOTUNKH MOTJIH IOJIb30-

"*  BaTbea maketoM DBMS_CRYPTO, mpoBepbTe Haawuuue NYOJMYHOTO CH-
HOHUMA M COOTBETCTBYIOIIUX puBuUiIeruii. Hanpumep, BRIOTHUTE
OT UMeHH SYS TaKkHe oNepaTopH:

GRANT EXECUTE ON dbms_crypto TO PUBLIC;
CREATE PUBLIC SYNONYM dbms_crypto FOR sys.dbms_crypto;

HmeiiTe B BUAY, UTO €CJIM CMHOHHM YyXKe€ CYIINeCTBYyeT, TO UCIIOJTHEe-
HHe oIlepaTtopa 3aBepIINTCA C OH_'[PIGKOIL;I, HO HUKAKHX HpOGJIeM AJaA
6ashl AAHHBIX 3TO HEe CO31AacCT.
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Dyrrmua RANDOMBYTES upesBBIYaiiHO mpOCTa, TaK YTO BBl MOXKETE IIOCUHU-

TaTh, YTO HET HEOOXOAMMOCTH B eIlle GOJbIIeM ee VIPOIIeHUN 3a CUET CO3-

JTanusa GyEROuu-o60mouku. OIHAKO CYIIEeCTBYeT PAM IPHUUYUH, IO KOTO-

PBIM BRI BCE K€ MOXKETEe 3aX0TeTh nmoMecTuTh RANDOMBYTES BHYTDH Haleit

byEEIUYT get_key:

e Ecam cymiecTBYIOMUHA KOJ yiKe UCIONb3YeT QYHKITUIO get_key, To Heob-
XOAUMO 00eCTIeYUTH 0O6PaTHYIO COBMECTHUMOCTD.

e Jlna Toro uToOBI HamedaTaTh HazBaHUe «get key», HeOOXOAUMO MEHB-
I1le CUMBOJIOB, UTO IIOBHIINAET YNTA6eIHHOCTE KO/a.

e Eaunoobpasue 06BIYHO CIIOCOOCTBYET IOBRIMNIEHUIO KadecTBa KOJAa, OJ-
HOIi »TOH NPUYMUHBI JOCTATOYHO JJSI TOTO, YTOOBI MUCIOJIB30BATh PYHEK-
OU0-000I0UKY.

B momonneHMe K reHepupoOBaHUIO KIHOUeld B dopmaTe RAW (mmocpeicTBOM
dyarmum RANDOMBYTES) mawxer DBMS_CRYPTO ofecmeumBaeT (opMHpOBaHUE
YHUCJIOBBIX 3HAYEHUH, a TaKKe IBOUMYHBIX IMesbiX. Pyrrmusa RANDOMINTEGER
TeHepUPYET ABOUUYHBIHN MeJIBIH KUY, HATTPUMED:

1_ret := DBMS_CRYPTO. randominteger;

Dyrrmua RANDOMNUMBER reEepupyeT KJIOY IIEJIOYUCIEHHOTO THUIA AJUHOMN
2128:

1_ret := DBMS_CRYPTO. randomnumber;

¥ Bac MOTYT BO3BHUKHYTH COMHEHUS B HEOOXOAMUMOCTH IIeJIOTO U JBOUYHOTO
1eJoro KJIMYell ¢ y4eTOM TOTO, UTO MudpoBaHUe 0a3UPyeTca UCKJIIOUN-
TeJILHO Ha Tulle AaHEBIX RAW. OHM nelicTBUTEIBHO He HYXKHBI AJA mMudpo-
BAHUSA, HO MOTYT OKAa3aThCA MOJIE3HBI AJIA FeHEPUPOBAHUA IICEBAOCTyUa-
HBIX YHCEJ B paMKaXx JPYTuX Oolleparnuii.

3awmmndposbiBaHNe AaHHbIX

ITocye Toro Kax KJIOY rOTOB, IPUCTYIIaeM COOCTBEHHO K MMM POBAHUIO JaH-
HBIX. Bocmonssyemcsa a4 sToro nporpammoii ENCRYPT makeTa DBMS_CRYPTO.
Kax u ee poacrBenHumna us maxera DBMS_OBFUSCATION_TOOLKIT, ENCRYPT mepe-
TpysKeHa U CYIIeCTBYET KaK B BUAe GYHKINUU, TAK U OPOIeAyphl. B oTnu-
yuie o DBMS_OBFUSCATION_TOOLKIT, Takas meperpysxa obocHOBaHAa: QYHKITUA
OpUHUMAET B KadecTBe BXOJHOIO 3HAUEHUSA TOJHKO THUI JaHHBIX RAW, B TO
BpeMd KaK IpoleAypa IPUHWMAET HA BXOJ TONbKO 3HAaUYeHUA TUOOB CLOB
u BLOB.

JaBaiiTe paccCMOTPUM IPOCTEHAMUN TpuMep MudPOBAHUA 3HAYEHUSA TUTA
RAW mpu momormiu pyrrmuu ENCRYPT:

DBMS_CRYPTO. encrypt(

sr¢c IN RAW,

typ IN PLS_INTEGER,

key IN RAW,

iv  IN RAW DEFAULT NULL)
RETURN RAW;
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BoasminacTBO mapaMeTpoOB HaM YK€ 3BHAKOMO!

Sre

Bxongroe 3HaYeHME, KOTOPOE TOAJIEKUT IMUGPOBAHUIO.
key

Kooy mudpoBanus.
iv

BexTop nHUIIUAaTU3aT U

Bropoii mapameTp, typ, ABIAETCI HOBBIM 1 TpebyeT 6oJee ToApoOHOTO pac-
CMOTDEHUA.

YKa3aHue Tuna wndpoBaHusa

ITaxersr DBMS_OBFUSCATION_TOOLKIT m DBMS_CRYPTQ oTamuarmTcsa coocobaMiu
TOAAEPKKU Pa3JIUYHBIX THUNOB ImudpoBanuda. Ilaxker DBMS_OBFUSCATION_
TOOLKIT mpeaiiaraer cruernuaabHble GYHKOUYU (U COOTBETCTBYIOIIHE IIPOIIENY-
PBI) AJI KaKIOT0 alropuTMa, Hanpumep DESENCRYPT g DES u DES3ENCRYPT
nns Triple DES. ITaker DBMS_CRYPTO mpegocTaBisieT BceTo OAHY QYHKITHIO,
a Tun mudpoBaHUA yYKasblBaeTcd B nmapameTpe. Ilogaep:kuBaeMbie ajro-
PUTMBI MUMPOBAHUA U COOTBETCTBYIOIWE UM KOHCTAHTHI IIPUBEJEHBI
BTabn. 4.3. Heobxogmmas KOHCTaHTa 3amaeTcsl B (opMaTe umsi_nawe-
ma.uma_rxoncmaumsi. Hanpumep, uToOsI BEIGpaTh anropurm Triple DES,
cJIenyeT UCIOJIb30BaTh KOHCTaHTy DBMS_CRYPTO.ENCRYPT_3DES. O6paTuTe BHU-
MaHUe, YTO CTaphlil TaKeT He noaaep:KuBaeT BapuauTsl AES u RC4.

Tab6auya 4.3. Tunvt wugpposarnusa 6 naxeme DBMS_CRYPTO

Koncranra Onucanue Peansuas
IJIHHA KI04a
ENCRYPT_DES Data Encryption Standard (DES) 56

ENCRYPT_3DES_2KEY |Modified Triple Data Encryption Standard|112
(3DES); o6pabaTeiBaeT KaKABIH OJOK TPHIK-
IBI, NCIIOJB3YA 2 KII0Ua

ENCRYPT_3DES Triple Data Encryption Standard (3DES); 06-| 156
pabaTeIBaeT KadKIbIH 00K TPHHIBI

ENCRYPT_AES128 Advanced Encryption Standard 128

ENCRYPT_AES192 Advanced Encryption Standard 192

ENCRYPT_AES256 Advanced Encryption Standard 256

ENCRYPT_RC4 IToTokoBoe mmdpoBaHMe (€ TMHCTBEHHOE)

Bribepure HY:KHBIH THUI MU@POBAHUI, YKA3aB COOTBETCTBYIOIEe 3HAaUe-
HUe napaMmeTpa typ. AMeiliTe B BUAY, YTO HA CAMOM JieJIe 3TO TONBKO ¥acmsb
3HAYEeHUs TapaMeTpa, KOTODBIH mepegaeT TaKk:Ke U APYryo nHMOPMAaIHUIo,
0 yeM OyZeT paccKasaHo B CJIeIYIONIeM pasaese.
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Tvinbl cuenneHns

IIpu muhpoBaHEUU AAHHBIX KasKIBIH Mu@pyeMbrii 010K MOKeT OBITH 3a-
MudPOBAH HE3aBUCUMO OT OCTANBHBIX UJIU MOYKET OBITH CIEIJIeH ¢ APYTH-
MU JJId cO3AaHusa 0oJee HaAeKHOH (¢ KpuOTorpad@uIecKod TOUYKY 3PeHUA)
cucTeMbl. B mociegHeM ciydae 3amin@pPOBAHHOE 3HAYeHUE JIYUIlle 3alllu-
meHo. YTo65I BHIOpATh WHTEPECYIONINIl Bac METOA CIeNJIeHUs, YKaKuTe
COOTBETCTBYIONIYIO KOHCTAHTY U3 Tabs. 4.4 B 3HaueHUM IapaMeTpa typ, Ha-
opumep DBMS_CRYPTO. CHAIN_OFB.

Tabruya 4.4. Tunet cuennenuas DBMS CRYPTO

Koncranra | Onucanue

CHAIN_CBC Cuennenne 610x0B mudporekcra — Cipher Block Chaining.
CHAIN_ECB AaeKTpoHHaA KHUra KoaoB — Electronic Code Book.
CHATIN_CFB ITudpoBanrme ¢ 06paTHOH cBA3BIO OT HInppoTekcTa — Cipher Feedback.

CHATN_OFB ITudpoBarme ¢ 06paTHOI cBA3BIO 0 BEIX0AY — Output Feedback.

Tvinbl QOoNonHeHus

Kax BbI moMHUTe, OpHU 6J0YHOM IMINPPOBAHUY JaHHbIE OIHQPYIOTCSa OJI0KA-
mu. Kax 65ITb, eciiu AIMHA BXOJHBIX NAHHEBIX He KpaTHA pasMepy O0Joka?
ITpu ncooassoBarmu naxera DBMS_OBFUSCATION_TOOLKIT Heo6X0AMMO SIBHO JO-
IOJMHUTL AaHHBIE TaK, 4TOOBI UX JAJIKMHA OblIa KpaTHa pasMepy 6moxa. OgHa-
KO BTOT NOAXOJ He ABJIAeTCA KpHUITorpadpudeckyd Hage:KHBIM. DBMS_CRYPTO
IO3BOJAET YKA3aTh HeOOXOAUMBIH TUN AOMOJMHEHHUSA. BOMBIIUHCTBO KOM-
naHu# ucnonbayetr metog PKCS#5.

Y1061 BEIOPATH MHTEPECYIONTHI Bac METO/[ CIeNJIeHnA, VKasKUTe COOTBET-
CTBYIOIYIO KOHCTAHTY 13 Tabix. 4.5 B 3HaYeHUHW napaMeTpa typ, DBMS_CRYP-
TO. PAD_PKCS5.

Tabruya 4.5. Tunet donoanenuas DBMS CRYPTO

Koncranra | Onucanue

PAD_PKCS5 MomonHeHNe CpPeICTBAMM KPHUITOTPAdUUECKOH CHCTEMH C OOIITHNM
katouoM (Public Key Cryptography System #5).

PAD_ZERO HomonHenue HyIAMU.

PAD_NONE OrcyTcTBHe JonoaHeENA. U cnonb3yeTesa IPpKH YBEPEHHOCTH B TOM, UTO
IJVHA JaHHBIX YVi3Ke KpaTHa pasMepy mudpyemoro 6J10Ka (KpaTHo 8).

O6beguHeHne onunn B napametpe typ

Tenepb AaBaiiTe TOCMOTPUM, KaK CBECTH BCe 3T PasHOOOPAa3HbIe O BO-
enuno. I[IpemosoKuM, YTO BBl BEIOPAJIH CIEAVIONINE ONITUN MU(PPOBaHU:

Memod dononnenus
Hononaerue Bynsamu (PAD_ZER0).
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Anzopumm wupposarHus

128-6urHBIN KJI0Y, anropuTM Advanced Encryption Standard (EN-
CRYPT_AES128).

Memo0 cuennenus

Brounoe mudpoBanme ¢ 06paTHOH ¢Basbio oT mudporercra Cipher Fe-
edback (CHAIN_CFB).

OQ0benuHAEM 5TH OIINYU B 3HAYEHUU IapaMeTpa typ caeayioniuM ob6pasoM
(mosy4aeTcsa JOCTaTOYHO AJMUHHAS CTPOKA):

typ => DBMS_CRYPTO.pad_zero + DBMS_CRYPTO.encrypt_aes128
+ DBMS_CRYPTO. chain_cfb

AHaJOTMYHO MOXKHO 3aaBaThb JIOOYI0 KOMOUHATIHNIO ONMUH GYEKITUNT EN-
CRYPT. PaccMoTpuM IpUMeP MOJHOTO BEI30Ba DYHKITUU:

DECLARE
1 _enc  RAW(2000);
1 in RAW(2000)
1 _key  RAW(2000);

BEGIN
1 enc :=
DBMS_CRYPTO.encrypt (src => 1 in,
KEY => 1 key,
typ =>  DBMS_CRYPTO. pad_zero
+ DBMS_CRYPTO.encrypt_aes128
+ DBMS_CRYPTO.chain_cfb
)
END;

Hna ypobersa paboTH aKeT IpegIaraeT qBe KOHCTAHTHL C IPefoIpelesieH-
HBIMU KOMOMHATIMAMU 3HAYEHUHN AJMA OONMUH MUPPOBAHUA, CIEIIEHUA
u fonosnHeHU (Tadba. 4.6).

Tab6auya 4.6. Koncmanumvs DBMS_CRYPTO ¢ npedonpedenenHbimu
Habopamu 3HaveHuil 0ia napamempa typ

Koncranra IMudpoanue Homonxnenune Cuennenne 610K0B
DES_CBGC_PKGS5 ENCRYPT_DES PAD_PKGCS5 CHATN_CBC
DES3_CBC_PKCS5 ENCRYPT_3DES PAD_PKGCS5 CHATN_CBC

Ecnu mago mcnonbizoBarh anroputrm mudpoBasusa DES, gonosHeHmE Mo
cucreme PKCS#5 u cuenmenue 6i1okoB mudporekcra (CBC), To cregyer
3a7aTh KOHCTAaHTHI CIEAYVIONHAM 00pasoM:

DECLARE

1 _enc  RAW(2000);
1 in RAW(2000);
1 _key  RAW(2000);
BEGIN

1 _enc :=
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DBMS_CRYPTO. encrypt (src => 1 1in,
KEY => 1 key,
typ => DBMS_CRYPTO. des_cbc_pkcsbh
)
END;
/

ITepenurmieM ucXoAHYI0 GYHKIUIO MG POBAHUA 3HAUESHUS.

CREATE OR REPLACE FUNCTION get_enc_val (
p_in_val IN RAW,

p_key IN RAW,
p_iv IN RAW = NULL
)
RETURN RAW
18
1 _enc_val  RAW (4000);
BEGIN
1_enc_val :=
DBMS_CRYPTO. encrypt (src => p_in_val,
KEY => p_key,
iv => p_1iv,
typ =>  DBMS_CRYPTO.encrypt_aes128

+ DBMS_CRYPTO. chain_cbc
+ DBMS_CRYPTO. pad_pkcsh

RETURN 1_enc_val;
END;
/

O6paboTka n npeobpasoBaHue gaHHbIX TNa RAW

IlpuBeerHaa BhINle QYHKIUA TPUHUMAET BXOAHBIE 3HAUeHUA TUIa RAW
U OpeAnoiaraeT, 4TO BBl XOTHUTEe HCIOJIL30BATH ANTOPUTM MIUPPOBAHUA
AES co 128-6uTHBIM KIOUYOM, MeToh mononuenus PKCS#5 u cunemnnenue
0JI0KOB MIH(POTEeKCTa. B peajbHBIX NPUJIOKEHUAX TaKue OTpaHUYeHU
MOTYT OKas3aThbCs He O0UYeHb yAOOHBIMHU. Hampumep, BXOAHBIe 3HAUEHU
00BIUHO UMeIoT opMaT VARCHAR? mim Kakoii-To dmcioBoi ¢gopwmar, a co-
BceM He RAW. JlaBaiiTe ciemaeM pyHKDHUIO O0Jee 00IIeii, o6ecednB IpHUeM
BXOAHBIX 3Ha4YeHUH B hopmaTe VARCHAR2 BmecTo RAW. Dyurmua ENCRYPT mpu-
HUMaeT BXOJHBIe 3HAUeHUdA B (popMaTe RAW, Tak 4TO UCXOLHEBIe AaHHEIE
TIpHUeTcs ITpeodpasoBEIBaTh K THOY RAW. Crenaem creayiorniee:

1 in := UTL_I18N.string_to_raw (p_in_val, "AL32UTF8');

MosxeTr 6BITH, BBl TIOMHUTE, YTO PaHee B I'JIaBe S UCI0NIb30BaJ BCTPOSHHBIH
makeT UTL_RAW mast mpeobGpasoBanusa sHadenunit Tuma VARCHAR B RAW. B mam-
HOM cJIydae 51 HCIOJMb3YI0 IJIs1 TaKOTo IpeobpasoBanuAa GyuKmuio UTL_T18N,
STRING_TO_RAW, a me UTL_RAW. CAST_TO_RAW. ITouemy?

Dyrrnua ENCRYPT npuEUMaeT Ha BXOJ 3HaUYeHUA Tuia RAW 1, KpoMme TOTrO,
TpebyeT MCIOoNb30BaHUA CIennaabHoro Hadopa cumaosros AL32UTFS, ko-
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TOpBIfI He 06513aTelbHO SIBJSETCS HaﬁOpOM CHMBOJIOB 0a3bl AaHHBIX. Tar
qTo (baKTI/I‘IeCKH HeOﬁXO,Z[HMO BBIIIOJIHHUTH ABA HpeOﬁpaSOBaHHﬂ!

e I3 rerymero nHabopa CHMBOJOB 0a3bl JaHHBIX B Halop CHMBOJOB
AL32UTFS8

e T3 YARCHAR2 B RAW

Dynarmusa CAST_TO_RAW He yMeeT BBINOJHATH NpeobpasoBaHue Habopa CUM-
BOJIOB, a yHKOUA STRING_TO_RAW BcTpoeHHOro nakera UTL_i18n MOXKeT BEI-
TIOJIHUTH 00a TpeoOpa3oBaHUS.

0
[ ITaxet UTL_i18n mocTaBasieTcs B coctaBe Oracle Globalization Sup-
ay port 1 Hcnonb3yeTca A1a o0ecedyeHUA TI100aau3anuy (111 HHTeD-
. l‘i.: HaIlMOHAJIM3allMy — internationalization, 3To aHIJ. CJI0BO OOBIYHO

o COKPAIIAIoT KaK «il8n»: mepBas 6yKBa «i», mocaelHasa OYKBA «n»
u 18 6ykB Mexny HUMH). [loapobuo o PL/SQL 1 nETepHATTMOHAIH-
3aIIK PacCKa3aHo B riaBe 24 yeTBeproro uaganusa «Oracle PL/SQL
Programming» (IlporpammupoBanue Ha Oracle PL/SQL).

Dynarmus ENCRYPT BosBpallaeT 3Ha4eHHWe THIIA RAW, KOTOpoe Heyao6HO Xpa-
HUTH B 0ase JaHHBIX U 00pabaTeiBaTh. [Ipeobpasyem ero us RAW B VARCHAR2:

1 enc_val := rawtohex(l enc_val);

Bbibop anroputma wngpoBaHus

Kax BBl mOMHHUTe, BBIOOD aJrOpUTMa IMUMDPOBAHUS ONPEAENSICTCSI PAAOM
daxTopoB, HanpuMep nepexogom oT Oracle9i k Oracle 10g. Ecan ncTounu-
KOM MJIM MECTOM Ha3HadYeHHUsA 3armu(pPOBaHHBIX AaHHBIX ABJIdeTca Orac-
1e9i, y Bac He 6yAeT mocTyna K naxety DBMS_CRYPTO. IIpugeTcsa ncoonrb30BaTh
nakeT DBMS_OBFUSCATION_TOOLKIT, KOTOPBIH He OOAAePKHBAET aJIlOPUTMEI
AES. Tak 4To, HecMOTPSA Ha BCIO HAJAEXKHOCTH U 5OHEKTUBHOCTD AJITOPUT-
moB AES, BaM npujercsa BOCIOJbB30BATHCA YE€M-TO ADPYTHUM, HAIPUMED
DES. [1ns obecriedeHNs AONOJTHUTEIFHOH 6€30aCHOCTH MOXKHO HCIOJIb30-
BaTb 3DES (HO uMmeliTe B BUAy, 4To oH MeaneHHee DES). Bo MEOrUX ciayda-
sAX BaM OpHUJeTCs AJA YAOBJIETBOPEHUS Pa3HBIM TpeGOBaHHUAM BBIOUPATH
Pas3Hble aJIrOPUTMEI MUGMPOBAHUA, IPA TOM YTO ABE APYTHUE ONIIUUA: JOIOJ-
HeHWe U CIelJeHHWe, OYAYT OCTaBAThCA HEHW3MEHHBIMH. K coKaleHHIO,
dyarnua ENCRYPT He mo3BoJIsIeT OIpeleIUTE TUI UM POBAHUS HATPAMYIO;
OH JOJIJKEH IepelaBaThCs B IapaMeTpe HapAaAy ¢ APYTUMHU ONITUAMU (TUTIa-
MU JOTIOJHEHUS 1 COEeNJIeHnA).

Ho mbI MOXeEM cienaTh 3TO €CaMOCTOSTEJIbHO, BBeAA HOBBIH IlapaMeTp
(p_algorithm) W BKJIIOYHB €r0 B IOJH30BATENHCKUYA HNaKeT MIHU(DPPOBAHUS.
9roT mapaMeTp OyAeT IPUHAMATH 3HAYEHUST TOJBKO M3 CIEAVIONIEro CIu-
CKa, B KOTOPOM IIeDEYUCJEHBl aJTOPUTME! INU(pPOBaHUA, NOALePKUABAE-
mble DBMS_CRYPTO:

DES
3DES_2KEY
3DES
AES128
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AES192
AES256
RC4

Ilepemannoe 3HaUeHUe OyAeT Jonmcano B KoHell cia1oBa « ENCRYPT» u me-
penano @yarnuu ENCRYPT:

1_enc_algo :=
CASE p_algorithm
WHEN "DES’
THEN DBMS_CRYPTO.encrypt_des
WHEN "3DES_2KEY"
THEN DBMS_CRYPTO.encrypt_3des_2key
WHEN "3DES’
THEN DBMS_CRYPTO.encrypt_3des
WHEN "AES128°
THEN DBMS_CRYPTO.encrypt_aes128
WHEN "AES192°
THEN DBMS_CRYPTO.encrypt_aes192
WHEN "AES256°
THEN DBMS_CRYPTO.encrypt_aes?256
WHEN "RC4°
THEN DBMS_CRYPTO.encrypt_rc4
END;

Csoanm BoegunHoO

O0beIUHUM Bece cAeJlaHHOe paHee: Tenepb MYHKIUA get_enc_val 6yaeT BbI-
TJIALETH CAeAYIONTUM 06pasoM:

/» Oain Ha Beb-caliTe: get_enc_val 6.sgl =/
CREATE OR REPLACE FUNCTION get_enc_val (

p_in val IN  VARCHAR?,

p_key IN  VARCHAR?,

p algorithm IN  VARCHAR? := "AES128",
piv IN  VARCHAR? := NULL

)
RETURN VARCHAR?

18
1_enc_val RAW (4000);
1_enc_algo PLS_INTEGER

1_in RAW (4000)

1 iv RAW (4000)
1_key RAW (4000)

1 ret VARCHARZ (4000)

BEGIN
1 _enc_algo :=
CASE p_algorithm
WHEN "DES’

THEN DBMS_CRYPTO.encrypt_des
WHEN "3DES_2KEY"

THEN DBMS_CRYPTO.encrypt_3des_2key
WHEN "3DES’
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THEN DBMS_CRYPTO.encrypt_3des
WHEN "AES128°

THEN DBMS_CRYPTO.encrypt_aes128
WHEN "AES192°

THEN DBMS_CRYPTO.encrypt_aes192
WHEN "AES256°

THEN dbms_crypto.encrypt_aes?256
WHEN "RC4~

THEN DBMS_CRYPTO.encrypt_rc4

END;
1 in := utl_i18n.string_to_raw (p_in_val, "AL32UTF8');
1 iv := utl i18n.string_to_raw (p_iv, "AL32UTF8");
1_key := utl_1i18n.string_to_raw (p_key, "AL32UTF8");
1_enc_val :=
DBMS_CRYPTO. encrypt (src => 1 1in
KEY => 1 key,
iv => 1 1iv,
typ => 1 _enc_algo

+ DBMS_CRYPTO. chain_cbc
+ DBMS_CRYPTO. pad_pkcsh
)
1 _ret := RAWTOHEX (1_enc_val)
RETURN 1_ret
END;

IIpoTecTupyeM co3qaHEYI0 QYHKITUIO.

SQL> SELECT get_enc_val ('Test', '1234567890123456")
2> FROM dual
3>/

GET_ENC_VAL( TEST", "1234567890123456")

2137F30B29BE026DFE7DE1A194BC340D

Mgz cosganm obniyio GYHKIHUIO MudPOBaHUA, KOTOpasd MoKeT (Heobs3a-
TeNIbHO) MPUHUMATDH Ha BXOJ alITOPUTM NIUMPOBAHNUS W BEKTOP MHUITHAJI -
garuu. OHa npeAliosaraeT WUCIONHB30BAHWE AONOJHEHUA II0 CUCTEME
PKCS#5 u crenieHusa o0 3JIeKTPOHHON KHUTE KOJIOB, UTO ABJsAeTCA 00IeH
npakTUKO#. Eciu BaM TOAXOAAT TaKWe XapaKTePUCTUKY MU POBaHUA, TO
9Ta IporpaMMa MOMKeT CTATH Baleii 060JI0UYKOHM M BBITOJHEHUST PYTUH-
HBIX omepanuii mudpoBaHUA.

PacuumdposbiBaHne gaHHbIX

O6parHas 3agada — OIpomecc paciudpoBEIBaHU, IPHU KOTOPOM 3aMIu@po-
BAHHAA CTPOKA PacUIU(PPOBHIBAETCA C IIOMOINBIO TOTO K€ KJI4a, KOTOPBIH
OBl MCTOJMB30BaH AJA MudpoBanud. JlaBaliTe HaOUIIeM AJsa pacmiudpo-
BBIBAHUSA HOBYIO QYHKITUIO, Jet_dec_val, ucmoasays naxketT DBMS_CRYPTO.

/* Oaitn Ha Beb-caiTe: get _dec_val 2.sql «/

CREATE OR REPLACE FUNCTION get dec_val (
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p_in val IN  VARCHAR?,
p_key IN  VARCHAR?,
p algorithm IN  VARCHAR? := "AES128",
piv IN  VARCHAR? := NULL
)
RETURN VARCHAR?
18

1 dec val RAW (4000)
1_enc_algo PLS_INTEGER

1_in RAW (4000)

1 iv RAW (4000)
1_key RAW (4000)

1 ret VARCHARZ (4000)

BEGIN
1 _enc_algo :=
CASE p_algorithm
WHEN "DES’

THEN DBMS_CRYPTO.encrypt_des
WHEN "3DES_2KEY’

THEN DBMS_CRYPTO.encrypt_3des_2key
WHEN "3DES’

THEN DBMS_CRYPTO.encrypt_3des
WHEN "AES128°

THEN DBMS_CRYPTO.encrypt_aes128
WHEN "AES192°

THEN DBMS_CRYPTO.encrypt_aes192
WHEN "AES256°

THEN DBMS_CRYPTO.encrypt_aes?256
WHEN "RC4°

THEN DBMS_CRYPTO.encrypt_rc4

END;
1 in := hextoraw(p_in_val)
1 iv := utl i18n.string_to_raw (p_iv, "AL32UTF8");
1_key := utl_1i18n.string_to_raw (p_key, "AL32UTF8");
1_dec_val :=
DBMS_CRYPTO. decrypt (src => 1 in
KEY => 1 key,
iv => 1 1iv,
typ => 1 _enc_algo
+ DBMS_CRYPTO. chain_cbe
+ DBMS_CRYPTO. pad_pkcsh
)
1 ret := utl i18n.raw to_char (1_dec_val, "AL32UTF8")
RETURN 1_ret
END;

IIpoTecTupyeM OYHKIINIO, MTOOBITABIINCEH PaciudpoBaTh paHee 3amudpo-
BaHHOE 3HAYEHUE:

SQL> SELECT get_dec_val ("2137F30B29BEO26DFE7D61A194BC34DD"
"1234567890123456 ")
2> FROM DUAL
3>/
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GET_DEC_VAL(’ 2137F30B29BEO26DFE7D61A194BC34DD ", "1234567890123456" )

Bce oramuHO, TOJIYUYEHO UCXOHOE 3HaUeHWe. OOpaTuTe BHUMAaHNWE, UYTO UC-
TIOJB30BAaH TOT JKe KJIOY, YTO W TIpHU 3amudpoBbiBaEuu. IIpu pacmudpo-
BBEIBaHUU 3aIMU(PPOBAHHOTO 3HAUYEHUS HEOOXOAUWMO HCIONb30BATH TE Ke
KJI0Y, aJTOPUTM M POBAHUA, TUO JOTOMHEHUA 1 CIIeNJIeHNU, YTO U IPU
3aMmupPOBLEIBAHUH.

Brr mokere mcmonbzoBaTh get_dec_val Kak OOMIYI0 IPOTpPaMMy AJsA pac-
mudPOBLEIBAHUA 3amMU(PPOBAHHLIX 3HadYeHUi. (1A OPOCTOTHI, yAOOGCTBa
yopaBJeHUdA U obecneueHUA O€30IIACHOCTH A PEKOMEHAYIO IOMECTHUTE 3TOT
Habop QYHKIUH MUPpPOBaHUA B COENUANBLHBIH (COBCTBEHHOPYYHO CO3AaH-
HBIH) IaKerT.

IIpesxae ueM 3aBepIliaTh JaHHBIH pasies, s X0Tes 651 00paTUThH Ballle BHU-
MaHWe Ha BAXKHBIA MOMEHT. B IBYX NpPeABIAVIIUX TPUMEPAX A HUCIOJIb30-
BaJI BXOJAHBIE U BEIXOJHBIe 3HaUeHusa Tuna VARCHAR2. OaHako He 3abrnIBaiiTe
0 TOM, 4YTO BHYTpH 6a3bl JaHHBIX MU(POBAHNE BHITOJHAETCA HajA 3HaUe-
HUSAMU TUNA RAW, Tak 94To HaM cleAyeT mpeoOdpas3oBaTh JaHHBIE U KJIOY U3
RAW B VARCHAR2, a 3aTem ob6paTHO B RAW. OTcyTcTBUe TaKUX npeobpas3oBaHMii
YIOPOCTUJIO HAIITA IPUMEDPEI, HO B HEKOTOPHIX CIydasaX OHO MOXKeT OKa3aTh-
csd HeJonycTUMBIM (cM. mpumedanue «Korga cienyer ucnoab3oBaTh mud-
poBaHuUe B hopMaTe RAW» paHee B IIaBe).

YnpaBneHue knto4vamm B Oracle 10g

MbI M3yYUIU OCHOBHI 3amiu()POBLIBAHUA M PACTIN(PPOBBIBAHUA, 4 TaKKe
cocoObl TeHEePpUPOBaHU KIfodeii. 9To OblJa mpocTasa 4acTh 3aJadu, Bedb
mo OGombmiell YacTH MBI HCIIONB30BaJM HUMeoIuecsa nporpamMmbl Oracle
U CO3JaBaJu I HUX 060m0ouKu. Temeps IPUILIO BPEMS CaMOTO CePhe3HO-
To 3Tamna MmMudpoBaHusd — YIpaBJIeHUSI KIodaMu. HamiuMm OpuIoKeHUAM
HeoO0X0AMMO 00paIiaThesd K KUY AJA paciiudpPOoBLIBAHNAA 3aMIupPOBaH-
HOTO 3HAYeHUs, U HAIlla 3ajJada B TOM, YTOOBI cAeIaTh MeXaHU3M JOCTyIIa
KaK MOXKHO Gosiee mpocThIM. C Apyroii CTOPOHBI, KJIOY He AOJKEH OBITH
TTPOCTHIM HACTOJBKO, YTOOBI OBITH JIETKO Pas3TaflaHHBIM XaKepaMu. B xopo-
e cucTeMe yIIpaBIeHUA KJI0YAMU IPOCTOTA AOCTYIIA K KUY YpaBHOBE-
IIeHa MepaMu IPeJOTBPAIleHU HeaBTOPHU30BaHHOTO JOCTYIIA K HEMY.

CyU_IECTBYET TPH OCHOBHBIX ITIOAXO0M4a K YIIPABJIE€HHUIO KIIOYaMM:
e MHcnonbsoBaHUe OJHOT'O M TOT'O K€ KJIIYa AJA Beeii 6a3nl AAaHHBIX

e MHcnonbsoBaHUe pPa3InU4YHBIX KJIO4Yen AJIsI PasHBIX CTPOK TaﬁJII/III C 3a-
I_T_II/I(I)pOBaHHBIMI/I AAaHHBIMHX

e KoMOMHUDPOBAHHLIN TOAXON

B mocregyroniux pasgenax 0yIyT pacCMOTPEHBI 3TH TPHU cocoba ymopasJe-
HUS KIIOYaMHU.
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aa
[ B sT0if raBe paccMaTpHUBaOTCa BO3MOXKHOCTH Bepcuu Oracle 10g,
l:_ ‘ HO 001I1asA Haesa TaKiKe MpUMeHHUMA U K 6ase manHbIX Oracle9i, Tak
W . .

> M gro uH(popManusa o6 YIpaBIeHWH KJIKYAMH OKAaMXKeTcsd II0Je3HOI

(150
' M IJ4 TeX, KTO MOJb3yeTCsA CTApOil Bepcueil.

Ncnonb3oBaHne ogHOro Kjo4a

B sTOoM caydae AJia ZOCTYIIa KO BCeM JAaHHBIM 0a3bl JAHHBIX UCIOJb3YeTCs
OMUH U TOT 2Ke KJI04Y. [IporpamMmma miudpoBaHUA CUUTHIBAET BCETO OJHUH
KJro4 (OTTYAa, Iie OH XPAaHUTCA) U MUADPYET ¢ ero IOMOIbI0 Bee AaHHBIE,
KOTOPBIE CIeAyeT 3aluTUTh (puc. 4.3). CymiecTByeT HECKOJIbKO BO3MOMK-
HBIX MECT XPaHeHHUA KJYa:

B 6ase 0anHbLX

9To caMbI# mpocToii cnoco6. Kirou XpaHUTCes B PeIsITHOHHON Tabaure,
BO3MOXKHO, B CIIeITHANIbHO CO3AaHHON NJIs1 ATUX ITeseii cxeMe. Biarogapsa
TOMY, YTO KJIIOY HaXOJAUTCS BHYTPH 6235l JaHHBIX, aBTOMATAYECKH CO3-
JllaeTcs eTo pes3epBHAas KOIMHUs, TAK YTO CTapble 3HAYEHHUS KJI0Ya MOYKHO
TIOJIYYHATH PETPOCIeKTUBHEIM 3anpocoM (flashback query); xpome Toro,
KJII0Y He MOXKeT OBITh YEpaJeH U3 onepanuonHo#i cucreMbl. Ho nmpocTo-
Ta MOAXO0/1a SABJISETCS U ero cIabbIM MeCTOM: KJII0Y — TO IIPOCTO JaHHBIe
B Tabrume, TaK 4TO KaKJbIH, KTO HMeeT IIpaBa Ha peJaKTHPOBaHUe Co-

HexopHbie 3awmppoaHHbie | |
naHHble 1 [IiaHHble 1 i

WexoaHbie Jawmdposantbe |
DaHHbie 2 [DaHHbie 2 ’

Puc. 4.3. Henoavsosanue 001020 kaiowa das eeil 6a3vl 0QHHbLX
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OTBETCTBYIONIeH TabMUIEl (HATPUMED, aAMUHUCTPATOD 0a3hbl JaHHBIX),
MOXKEeT UBMEHUTD KJI0U, PA3PYIITUB TEM CAMBIM CHCTEMY IMTU(MPOBAHU.

B ¢aiinosoil cucmeme

Kirou coxpansercsa B (atise, KOTOPBIH 3aTeM MOKET OBITH IPOYUTAH IPO-
meaypodl mmmdpoBanua npu nomomim BerpoesHoro naxkera UTL FILE.
3a/aB COOTBETCTBYIONINE NPUBUJIETUN AJA JaHHOTO (hafima, BB rapaH-
THUPYEeTe OTCYTCTBUE BO3MOXKHOCTHU €T0 M3MEHEHUS NJIA II0Jb30BaTeel
6435l JaHHBIX.

Ha xarxom-mo csemHoMm HocumeJe, TLO@EOHmpOJLbHOM KOHEeYHOMY NOAb30-
seameJilo

910 Hauboee HaAeKHBIH cmocod. HUKTO KpoMe KOHEUHOTO MOJIb30Ba-
TeJd He MOXKeT pacmudpoBaTh 3HAUYEHUA UJIU U3MEHUTH KJI0Y (9TO OT-
HOCUTCSA W K aMUHUCTPATODPY 0a35l TaHHBIX, U K CHCTEeMHOMY aAMUHM-
cTpaTopy). B KauecTBe mpuMepa CHEMHOTO HOCUTENSI MOKHO IPUBECTH
USB-kapry, DVD-aguck unu cbeMHBIN sKecTRU auck. OCHOBHBIM He-
JTOCTATKOM CBHEMHOTO HOCUTENS ABIAETCA BO3MOXKHOCTb IIOTEDU WUJIU
Kpasku Kamoda. OTBETCTBEHHOCTD 34 COXPAHHOCTDH KJIOUYA METUKOM JIO-
SKUTCA Ha KOHEYHOTO II0JIb30BaTeld. Eciiu K04 NOTePAH, TO IOTePAHBI
(6e3BO3BpPaTHO) U 3aMTudpPoBaHHLIE AaHHBIE.

T'maBHOE mIpeuMMyIllecTBO HCOOJIb30BAHUA €JUHCTBEHHOTO KJI0Ya 3aKII0Ua-
eTcs B TOM, YTO IporpaMMaM MuGpOBaHUSA He OPUXOAUTCA BBHIOUPATH
KJII0YN U3 TabJUI UM COXPAHATH UX KaKABIH pas npu o0paboTKe 3anucu
Tabaunsl. O0mas IPOU3BOAUTENFHOCTh YBEIUUNBAETCA 38 CUET YMEHBIIe-
HUA KOJIHWYECTBa IIUKJOB IPOIleccopa M olepanuii BBOZA-BBHIBOJA. I'maB-
HBEIM HEJOCTATKOM 3TOTO IOJXOJa SBJSAETCA €r0 IOJMHAA 3aBUCHUMOCTH OT
oaHoro dyeMeHTa. Ecnu B 6a3y AaHHBIX OPOHUKAET 3JIOYMBIIIIEHHUK U OI-
pefendeT 3HaueHWe KJI0YA, TO BcA 0asza AAHHBIX CTAHOBUTCHA YA3BUMOI.
Kpowme Toro, ecou BB 3aX0THUTE CMEHUTH KJIIOU, TO IPUAETCA N3MEHUTE BCE
CTPOKH BCeX TabGIHUI[, YTO MOXKEeT OBITH JOCTATOUHO TPYAOEMKOH 3amauei
Ona fonbpminx 6as3 faBEHEIX (puc. 4.3).

HasBanHble HeJZOCTAaTKU, OCOOEHHO TOCIEACTBHUS MOTEPHU KJII0Ya, AEJTA0T
HUCTIONMB30BaHIE STOT0 MOAX0a Ype3BbIYaiino peaxuM. OH MOKeT OBIThH II0-
Je3eH JUIIb B OTAEJIbHBIX CUTYanuAX. Haopumep, B cucTeMe Ty6IuKamuu
JaHHBIX, TJAe KJI0Y HUCIOJb3YeTcsd TONBKO NIPU mepelade MJaHHBIX, 3aTeM
VHUUYTOXKAETCA, W I CAeAYIONedl mepegadwl HCIONb3yeTcA VKe HOBHIH
kafou. Taxkas cucTeMa MOKET UCIONb30BaAThCA areHTCTBAMU (PUHAHCOBOH
nHGOPMATTHUHY TTPU OTHPABKEe aHATUTUYECKUX MAHHBIX KJIUEHTAM WUJIU, Ha-
IpuMep, B caydae, ecJau OJHO IoaApasieeHre KOMIAHNUHN OTIPABJIAET KOH-
dumeHmMaIbHBIe KOPIOPATUBHLIE AaHHBIE APYTOMY MOAPA3IeIeHUI0 MU
TOJIOBHOMY OQICY.

Mcnonb3oBaHue KioYa gis KaXkaon CTPOKMN

Bropoit nogxoa 3aka0YaeTCA B UCIIOJIH30BaHUYN PA3HBIX KIOUEH IJI9 BCeX
CTPOK Tabmunbl (puc. 4.4). Taxko#l moaxond cylliecTBeHHO 0ojiee HageKeH,
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WcxonHble SawmpposanHbe
DaHHbie 1 DaHHbe 1

WexopHble 3awndpoBaHHbie
DaHHbe 2 Easa DaHHbe 2

Puc. 4.4. Henoavzosanue H06020 KLioua 0as kaxnc0oli cmporKu

YeM PACCMOTPEHHBIA B IPeABIAYINeM pasfgeie. [ake ecru 3J0yMBINLIEH-
HUKY U yAacTcs MOXUATHUTH KJI0Y, paccekpedeHa OyJeT TONBKO OAHA CTPO-
Ka, a He IMeJas Tabauna unu 6asza qanabIX. OJHAKO €CTh U HeJOCTATKHU: OBI-
CTpOE YBeJHWYeHUWe KONWYecTBa KJIIOYeHd JesnaeT yopaBleHHWe UMH BecbMa
cJI0oXKHON 3amaueii. KpoMe Toro, cTpajaeT IpOU3BOAUTEIbHOCTh, BeIb OIe-
panusaM 3amupPOBEIBAHUS U PacIIiPOBHIBAHUS NPUXOIUTCS TeHEePUPO-
BATh WJIA U3BJIEKATh HOBHIH KJIIOY AJI Ka Aol cTpokn. Tem He MeHee MHO-
THe CHCTEeMBI IMTA()PPOBAHU S BEIOUPAIOT MMEHHO 5TOT ITOAXO0[, TOCKOJIbKY OH
obecneunBaeT 60Jee BLICOKHH YPOBeHb 6€30IaCHOCTH.

Kom6GuHMpoBaHHbIN nogxop,

B HEKOTODPBIX CJIydYadX MOXXET He HO,Z[OfITH HHU OJHUH U3 OITMCAHHBIX paHee
cIocoBoB. I[aBafITe BBIJAE€JIHUM IIOJIOXKHUTEJIFHEIE H OTPHUIIAaTEeJbHEBEIE CTOPOHBI
RaxXXao0ro us Hux.

e MHcnonb3oBaHHe OOHOT'O KJII04Ya:

a. UpesBrluaiiHo IpoCTOe yIOpaBJeHHe KJIHYaMH. ECTh BCEro OIHH
KJII0Y, KOTOPBIH HYXKHO CO3JaTh, IPOYNATATE U CAeaTh AJIsI Hero pe-
3€PBHYIO KOIIAIO.

b. Knou MoxHO COXPaHHUTh BO MHOT'HX Me€CTaX, K KOTOPEIM y,[[OﬁHO 06-
pamiaThbCsda IIPHIOXKEHHUAM.
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c. C apyroii cTopoHBI, KaK TOJbKO KJIOU YKpajeH, Bcsa 6asa JaHHBIX
CTAHOBHUTCSA YI3BAMOMH.

e MHcoonb3oBaHHe OTAEJIBHOT'O KJII04Ya AJA Kaﬁ(,[[ofl CTPOKH:

a. KomudecTBO KJIIOYeH DPaABHO KOJUYECTBY CTPOK, UTO YCIOMKHSIET
yOpaBJeHHWe KJIIOYaMH: OONbIIHH 00beM AaHHBIX HYXKHO XPaHHUThH,
pe3epBUPOBATH U T. 1.

b. C apyroii cTopoHbI, Kpaka OJHOTO KJ0Ya OIPUBOJUT K PacCeKpedn-
BaHHUIO TOJHKO OJHOH CTPOKH, HO He Bced 06as3bl mJanHHBIX. QOmasn
6€300aCHOCTH CHCTEMBI TOBBINIIAETCS.

OueBHUAHO, 4TO 00a IOAX0/A HecoBepIleHHbI. Ilob30BaTeN0 HYKHO HAUTH
KaKoe-TO KOMIPOMHKCCHOE pellleHHe, TO €CTh UCI0JIb30BaTh HEKHI NOAXO0,
coueTalIHii B cebe KauecTBa YiKe PACCMOTPEeHHBIX. MOKHO HCIOIb30BATh
HOBBIA KJII0Y AJSA Ka)KJOT0 CToJOIa (OIPpH 5TOM K KayAod CTpoke OyaeT
IPUMEHEH OJUH U TOT Ke KJI0U), HJINA HOBBIA KJ0Y AN KaXI0H TabIUIBI
HEe3aBHCHMO OT KOJHUYECTBA CTOJOIOB, HJIH HOBBIA KJIOY AJ KaXI0H cxe-
MBI, WJIH 4YTO-TO elle. KoJaudecTBO KIHOUeH, MCOONbL3YEMBIX JIOOBIM H3
OpelI0XeHHBIX IIOAX0A0B, 3HAUHUTEeIbHO YMEHBIINUTCS, YIIPOCTHB yIpaB-
JeHHe KJIYaMHA, HO BO3PACTET YI3BAMOCTh JAHHBIX.

HaBaiiTe paccMOTPHUM eIlle OAUH DOAXOA. ByneM HcIoinb30BaTh KOMOMHA-
nuio Kiaoodei (puc. 4.5):

e OQauH KJII0Y IJII KaKI0H CTPOKH ILJIIOC
e MacTep-Ka0Y s Bcel 6a3bl JAHHBIX.

Peur He ujeT o MmudpoBaHUU 3aMTUMDPOBAHHOTO 3HaUYeHUS (haKTHUECKH
9TO HeBO3MOKHO). HecMoTps Ha To 4To ompejenseTcs KIOY A KaKI0H

=

v Mactep-moy .

3awndpopaHHbie
DaHHbie 1

WexopHuie JawndpoBaHHbie
[DaHHbie 2 [DaHHbie 2

Puc. 4.5. Hcnoavzosanue macmep-Kaoia
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CTPOKH, IPH MIA(DPOBAHUU UCIOIB3YETCA He MOoMm K04, KOTOPBIH OBLI cO-
XpaHeH IS OAHHOH CTPOKH, a pe3ynabTaT mobmroBoil omepanuu XOR (mc-
rmovatomee UJIW) ansa 0gyx 3HAYEeHUH: COXPAHEHHOIO KJIOYa U Macmep-
Kawya. MacTep-KiI0d MOXKET XPaHUTHCH OTJeJILHO OT APDYTAX KJI0Uel, KaK
nokasano Ha puc. 4.6. [lna ycnemHoro pacuindpoBEIBAHUA 3anIn(poOBaH-
HOTO 3HaYeHUS 3JI0YMBIIIIJIEHHUKY OPUAeTCSa HaliTu 06a Kioda.

Berpoernniii nakeT UTL_RAW copepskuT dyHEIUIO BIT_XOR, KOTOPYIO MOXKHO
HUCIIOJb30BATh AJSI BBINOJHEHWUST IMOOUTOBOH ONEepaIuy «HCKII0YAIoNiee
NJIA». BeinomHUM DOOUTOBYIO olepariuio X0R AJs IBYX 3HaYeHHUH: 12345678
u 87654321.

/* Oaitn Ha Beb-canTe: bit_xor.sql =/

DECLARE
1 _bitxor_val  RAW (2000)
1 _val_1 VARCHAR? (2000) := "12345678°
1 val ? VARCHAR2 (2000) := '87654321";

1_bitxor_val :=
UTL_RAW.bit xor (utl_i18n.string to raw (1_val 1, "AL32UTF8")

1
2
3
4
5 BEGIN
6
7
8 utl_i18n.string to_raw (1_val 2, "AL32UTF8")

9 ),

10 DBMS_OUTPUT. put_line ( "Raw Val_1:

11 || RAWTOHEX (utl_i18n.string_to_raw (1_val_1,
12 "AL32UTF8”

13 )

14 )

15 )

16 DBMS_OUTPUT. put_line ( "Raw Val_2:

17 || RAWTOHEX (utl_118n.string to_raw (1_val 2,
18 "AL32UTF8"

&, Koy 1
2 Koy 2 Xpauvnuue
KITIOYeR
i Kniou3 S
JaHnbie 3

Puc. 4.6. Xpanenue macmep-xnioia
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19 )

20 )

21 )

22 DBMS_OQUTPUT.put_line ( After bit XOR: ° || RAWTOHEX (1_bitxor_val));
23 END;

J1s1 BHIIOJTHEHHUS MOOUTOBOH OIepanndy cHadajla mpeodpasyeM 3HadYeHHUs
K THNY JaHHBIX RAW (KaKk 2TO clesaHO B CTPOKe 8: BBI30B (DYHKIHUU
UTL_T18N.STRING_TO_RAW mpeobpasyeT 3HaueHHWe K TUOY RAW). B cTpoke 7 BBI-
3bIBa€M IOOHUTOBYIO QYHKIIHIO «HUcKItouatomniee UJIM », a B KOHITe BHIBOAUM
JIBa BXOJHBIX 3HAYEHHUs, I1Pe0oOpa3oBaHHbIe K TUNY RAW, a TaKIKe pes3yIbTaT
onepanuu XOR.

PesynapTaT 0yaeT TAKUM:

Raw Val 1: 3132333435363738
Raw Val 2: 3837363534333231
After bit XOR: 0905050101050509

O6paTuTe BHUMaHHe, YTO Pe3yJbTAT NOOMTOBOU omepanuu XOR coBceM He
TIOXO0K HHU Ha OAHO M3 BXOAHBIX 3HaueHW#. Taxkum oOpasoM, Ha OCHOBE
JBYX 3HAYEHHUU — COXPAHEHHOTO KJI0Ya JJIS CTPOKU U MACTeP-KJI0Ya — MBI
MOJKEM CTeHePHUPOBATh HOBBIH (OTJIUYHBINA OT HUX) KJII0Y, KOTOPBIH U OyaeT
HUCTIOJB30BaH AJs MuAMpPoBaHUA. s Toro 4ToOs DOJYYUTDH STOT HACTOS-
mui ka4 (pesynbrar onepanun X0R), BaM HYKHBI 00a 3Ha4YeHHus. IloaTo-
MY YeJIOBEK, Y3HABIIIUHA OJHO W3 3HAUYEHU U, HEe CMOXKeT paciindpoBaTs 3Ha-
4YeHHe, NOJIy4eHHOe ¢ ToMOoIbio XOR, H COOTBETCTBEHHO MOJYUYHUTH pPeajyb-
HBIU KJIFOY.

N a
[ MaHHBIY cr1OoCO0 He ABJIAETCS MOBTOPHKIM IIH(POBAHKEM 3alIN(PO-
:‘:‘ 4 BAHHEIX JAHHBIX HOCPEACTBOM HOBOTO KJatoua. [Taker DBMS_CRYPTO He

* Qi+, TOSBOJNAET NMOBTOPHO 3alIN(POBATH YiKe 3AlIN(pPOBAHHOE 3HAte-
"*  nwe. Ecau 6b1 BRI IONBITAINCH BHIIOJHHUTD TOJ00HYIO OIEPAITHIO, TO
noayuuau 6n1 coobiienne o6 omubke ORA-2823, undopmupyoiiee

0 TOM, 4TO JAHHBIE YKe 3alIU(POBAHBL.

W3MeHUM HaNly IporpaMMy NIH(MPOBAHUS TaK, YTOOH B HEH HUCIOJIH30BAT-
ca MacTep-kaio4. [lobaBisieM (B cTpoke 6) HOBYIO HepeMeHHYIO 1_mas-
ter_key, KoTopas NPUHHUMAeT 3HAYeHHUE OT NOJb30BaTens (IepeMeHHas
moAcTaHOBKH &master_key). B cTpokax 15—17 BrImosHsieM omeparnmuio XOR
UL KJII0Ya W MacTep-KJHYa U UCIOJb3yeM Pe3yJbTaT B KadecTBe KJI0UYa
mu(pPOBAHUA BMECTO IEPEMEHHOHU 1_key B cTpoKe 22.

/+ O®ain Ha Beb-caWTe: enc_dec_master.sql =/

1 _master_key  VARCHAR2 (2000) :
1_in_val VARCHAR2 (2000) :

“&master_key’;
"Confidential Data’;

1 REM

2 REM Onpepengaed nepeMeHHyrl 009 XPaHEHUS 3aWndPOBAHHCIC 3HAYEHMS
3 VARIABLE enc_val varchar2(2000);

4  DECLARE

5 1_key VARCHAR2 (2000) := "1234567890123456 " ;

6

7
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8 1_mod NUMBER
9 ;= DBMS_CRYPTO.encrypt_aes128
10 + DBMS_CRYPTO. chain_cbhc
11 + DBMS_CRYPTO. pad_pkcsb
12 1_enc RAW (2000);
13 1_enc_key RAW (2000)
14  BEGIN
15 1 enc_key :=
16 UTL_RAW.bit xor (utl_i18n.string_to_raw (1_key, "AL32UTF8'),
17 utl_i18n.string_to_raw (1_master_key, "AL32UTF8")
18 )
19 1 enc :=
20 DBMS_CRYPTO.encrypt (utl_i18n.string_to_raw (1_in_val, "AL32UTF8"),
21 1_mod,
22 1_enc_key
23 )
24 DBMS_OUTPUT.put_line ( Encrypted=" || 1_enc)
25 renc_val := RAWTOHEX (1_enc)
26  END;
27/
28 DECLARE
29 1_key VARCHAR? (2000) = "1234567890123456"
30 1 _master_key  VARCHAR2 (2000) := "&master_key’
31 1 in_val RAW (2000) = HEXTORAW (:enc_val)
32 1_mod NUMBER
33 ;= DBMS_CRYPTO.encrypt_aes128
34 + DBMS_CRYPTO. chain_cbhc
35 + DBMS_CRYPTO. pad_pkcsb
36 1_dec RAW (2000);
37 1_enc_key RAW (2000)
38 BEGIN
39 1 enc_key :=
40 UTL_RAW.bit _xor (utl_i18n.string_to_raw (1_key, "AL32UTF8'),
41 utl_i18n.string_to_raw (1_master_key, "AL32UTF8")
42 )
43 1 _dec := DBMS_CRYPTO.decrypt (1_in_val, 1 _mod, 1 _enc_key)
44 DBMS_QUTPUT. put_line ( Decrypted=" || utl_i18n.raw_to_char (1_dec))
45 END;

PesynbTaToM BHITONHEHHUS NPUBEJeHHOrO (pparMeHTa Kojga OyAyT TaKue
BEIXOAHBIE AamHble. O6paTUTe BHUMAaHUe, YTO CHAYaJa s 3aAai0 MAacTep-
KJII0OY AJA MUPOBAHUS 3HAUEHUA, 4 3aTEM TOT K€ CaMbIH MacTep-KJI0d
I paciiudpOBLIBAHUA.

Enter value for master_key: MasterKey0123456

old  3: 1 _master_key varchar2(2000) := "&master_key’

new 3. 1 _master_key varchar2(2000) := "MasterKey(0123456°
Encrypted=C2CABD4FD4952BC3ABB23BD50849D0CI37D3EE6659D58A32ACE9EFFDAEB3F79D

PL/SQL procedure successfully completed.

Enter value for master_key: MasterKey0123456
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old 3: 1_master_key varchar2(2000) := '&master_key’;
new 3. 1 _master_key varchar2(2000) := 'MasterKey0123456°;
Decrypted=ConfidentialData

PL/SQL procedure successfully completed.

IIporpamMmma 3ampamnimBaeT MacTep-KJIU, f IPEJOCTaBIAI el KOPPeKTHOE
3HAUYeHUe U MOJYyYaio KOPPEeKTHOe 3HaueHWe. Ho 4To OyaeT, eciu I YRaKy
HeleHCTBUTENbHBI M MacTep-KI0u?

Enter value for master_key: MasterKey0123456

old  3: 1 _master_key varchar2(2000) := "&master_key';

new 3. 1 _master_key varchar2(2000) := 'MasterKey’;
Encrypted=C2CABD4FD4952BC3ABB23BD50849D0CI37D3EE6659D58A32ACE9EFFDAEB3F79D

PL/SQL procedure successfully completed.

Enter value for master_key: MasterKey0123455

old 3: 1_master_key varchar2(2000) := '&master_key’
new 3. 1 _master_key varchar2(2000) := "WrongMasterKey’
declare

FRROR at line 1:

ORA-28817: PL/SQL function returned an error.
0RA-06512: at "SYS.DBMS_CRYPTO_FFI", line 67
0RA-06512: at "SYS.DBMS_CRYPTO™, 1line 41
0RA-06512: at line 15

Ms1 BUAUM cooblieHne 00 OINOKe: MCIOOJb30BaHHE HEeBEPHOTO MAacTep-
KJII0Ya MTPUBOAUT K TOMY, UTO 3allIn(ppoBaHHBIE JaHHBIE He PACIIH(QPOBEI-
BatoTcsa. Hamt ycoBepIlieHCTBOBAHHBIN MeXaHuaM 6a3upyeTcs Ha ABYX pas-
HBIX KJII0YaX, U 00a KJI0o4a HeoOXOJUMBI AJs YCOEeNIHON paciudpoBKH.
Ecnu BBI cpsiyeTe MacTep-KJI0OY, TO STOTO OYAeT HJOCTATOYHO AJISA IPEeAOT-
BpalleHusa HeaBTOPU30BAHHOTO PACTIN(DPOBBIBAHUA.

T. k. MAaACTED-KJIY XPpaHUTCA Ha KJIHUEeHTCKOM KOMIIBIOTEDE U IIepeChljIaeT-
cd IO ceTu, TO HOTEHIIHaJIBHBIﬁ 3JIOYMBIMMIJIEHHEUK MOXKET HCIOJB30BaTh
ClieqyuaJIbHOE CPEeaACTBO (CHI/I(I)ep) AJIsA IIepexXxBaTa 3HaYeHUsda B MOMEHT €ro
IIepegadu. BaI_T_II/ITI/ITBCH OT 9TOI'O MOXKHO CIeAVIOIITNMA cmocobaMu:

MoskHO co31aTh BUPTYaAJbHYIO JOKAJIbHYIO ceTh (virtual local area net-
work — VLAN) MekAy cepBepoM IPUJIOKEHUI u cepBepoM 06asbl AaH-
BbIX. VLAN B 3HaUWTeJIbHOU Mepe 3allUIllaeT ceTeBoil TpahuK MeXIY
cepBepaMu.

Brl MoxkeTe HU3MEHUTD MACTEP-KJHY KaKHM-TO IIpeaOonIpeAeI€eHHBIM
CHOCO6OM, Hanopumep, USMEHUB IIOPAJOK CUMBOJIOB Ha OﬁpaTHBIfI; TOrga
3JIOYMBIMIJIEHHUEK, IIOJIYYUB KJOY, Hepe,[[aHHbeI II0 CeTHu, He IIoJay4daeT
peaJIbHO HCHOJIBSyeMBIfI MacTep-KJIY.

Haxkomner, qeficTBUTeNbHO HaAeKHBIM DEIIeHUEM SBJSETCA UCIONB30-
BaHWe ONIIUHU pacmupenuoi 6ezonacuHoctu ASO — Oracle Advanced Se-
curity Option (mpemocTaBrseMo#i 3a JOTONMHUTEIbHYIO TLIATY), 00ecIe-
yuBaromnieii 6e300aCcHOCTD TpaduKa MeRKIAY KJINeHTOM U CEPBEPOM.
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3awumTa oT agMUHUCTpaTopa 6a3bl faHHbIX?

Crenyer JMu 3alllUmIiaTh 3amudpoBaHHbIe JaHHBIE OT COGCTBEHHOTO af-
MUHHCTpaTopa 6as3sl JaHEBIX? Taxoil BOIpoc BOBHUKAET IIPU IPOEKTH-
POBaHUU CUCTEMBI, U BbI AOJIKHBI KaK-TO HAa HET'O OTBETHUTH.

Kiarou xpanuTca B 6ase JaHHBIX UJIH B (aiinoBoii cucreme. Ecnu Kifou
XpaHuTcsa B O6ase AaHHBIX, TO aAMUHUCTPATODP MMEET BO3MOXKHOCTH pac-
mudpoBaTh Ji06bIe 3anndpoBanHble faHHEIE (TaK KaK Y HErO eCTh IpaBa
Ha BBIOOPKY U3 J1060{ TAOMUIBI, B TOM YHUCJe W U3 TaOJIUIIBI, B KOTOPOH
XpaHaTca Kiaroun). Ecam KJarod XpaHuTes B daiimoBoil cucreMe, OH TOJ-
JKeH OBITH JOCTYIIeH BJIadesbIly IporpaMMHOro obecnedenus Oracle, Tax
YTOGBI €70 MOYKHO OBIIIO TPOYUTATE ¢ TOMOIITLI0 makera UTL_FILE, K KoTo-
POMY MOXKET UMETb MTOCTYI aAMHHUCTPATOD 6a3hl AaHHBIX. TakuMm obpa-
30M, TAe Obl HH XPaHWICA KJIOY, MOOBITKA BaIUTHI 3aInu(poBaHHBIX
JaHHBIX OT afMHUHHCTpaTopa 0asbl JaHHBIX OPEACTABISIETCA Oe3ycCIer-
Hoit. OmpaBaaH 1 TOoAOOHBIH pUCK B Barmieil koMmmaruu? OTBET 3aBUCUT
OT TIPOBOAMMOI TTOMUTUKUN 6€30MacHOCTH U PYKOBOIAIINUX TOKYMEHTOB.
B 6onbImuHCTBE CIy4YaeB aAMHHHCTPATOPAM [TOBEPSIOT, HO 5TO MOKET
OBITH IPEAMETOM 00CYKACHM . B HEKOTOPHIX CIyYasax HeoOXO0AMUMO 3aTii-
MAaTh 3amudpPoBaHHLIe JaHHbIE JajKe OT afMUHUCTPATOPOB 643 TaHHBIX.

B TakoM caydae IpuAeTCs XPAaHUTD KJIOYH TaM, KyJa V afMAHUCTPATO-
pa 6a3bl JaHHBIX HET JOCTYIa, HAIPUMED Ha cepBepe npuiokenuii. Ho
TAKUMU KJI0YaMu 6yIeT CI0KHO YyOpaBaaTh. Heobxoaumo 6yaeT obec-
TIeYNTh UX Pe3ePBHOE KOMUPOBAHNE U 34IUTY OT KPAXKH.

MosKHO HCTIONMb30BaTh 00Jee CIOKHYIO CUCTEMY YIDPaBIeHUS, UCIOIb-
3ys MacTep-Kaod. MacTep-KJI0Y MOXeT 6BIThH moMeNieH B Mu@pPoBoit
«dymMaxkuHuK» (wallet), a mpunoKeHne OYAET 3a0paIIuBaATh KJIOU KakK-
OB pas Ipu MInPPOBAHUY AAHHBIX. KoY 6yAeT HeAOCTYIIeH aAMUHI-
cTpaTopy 0a3bl JaHHBIX, HO BCS CUCTEMA CTaHeT 6oJiee CIOMKHOMH, U Bpe-
Ms1 00paboTKU BO3PACTET.

Ecau Bartiia mesb COCTOUT B TOM, YTOOBI BOCIIPEISATCTBOBATE a IMUHUCTPA-
TOpy 0a3hl JAaHHBIX M3MEHHUTH KJI0Y, He 3ampenias OPOCMOTP KJi0Ya,
MOJKHO TaKKe WCIONb30BATh MEXaHH3M ¢ MacTep-KiaiodoM. Macrep-
KJII0Y MOXKET OBITH TToMeIleH B (PaHIOBYIO CHCTEMY, KOTOpasa AOCTYIHA
BIaAeNbIly TporpaMMHOTO obecmeduenusa Oracle TONMBKO AJIA YTEHU.
BoaTom caydae 6asa JaHHBIX (M aAMHHHCTPATOP) CMOMKET HCIOJIH30BATH
KJIFOY IJII MTUQPOBaHUs, HO U3BMEHUTD KJI0Y aAMUHUCTPATOD HE CMOKET.

I[JIH TOrO 4TOOBI 00ECIeUnTh yaopaBJIA€eMOCTb CHUCTEMBI (OCOﬁeHHO ecinn
BBI XOTHTE OBITH VBEPEHEBI B TOM, YTO BJIUAHHNE Ha BalllX IIPDUJIOXKEHUA
MI/IHI/IMaJIBHO), cieayeT XpaHUuThb KJIIYHU UJIA B (I)anIOBOfI CHUCTEME, NI
BHYTPH TaﬁJII/IIIBI 6a3nl AaHHBIX. B sTom cJIy4yae CKDPBITh UX OT aAMHAHHM-
cTpaTopa 6a3sl AAHHBIX HE yAacTCA.
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He cyniecTByeT cOBEpPIIEHHOTO MeXaHM3MA YIIPABJIeHUA KI0YAMU MTHQPO-
BaHUA. IIpu BEIGOpE TAKOTO MeXaHU3Ma CJIeyeT PYKOBOACTBOBATHLCA CIIe-
TUPUKON KOHKPETHOTO IPUIOMKEHUA U TBITATHCA HANTH KOMIPOMUCC MEK-
Iy TPOCTOTOH JOCTyMa K KJI04YaM 1 6e300aCHOCTHIO faHHBIX. Tpu paceMoT-
PEHHBIX HAMU TTOAX0/a OTUCHIBAIOT TPU OCHOBHBIX MeXaHU3Ma YIIpaBJIeHUsI
KJIF0OYaMM, Ha OCHOBE KOTOPHIX BBl CMOKeTe pPaspabdoTaTh COOCTBeHHBIH MO -
XO0J K YIpaBJIeHUIO KJI0YaMu mudpoBanns. Bo3Mo:KHO, Y Bac MoABATCA 60-
Jee yaadyHble UAEU, JYUIIe TOAXOAAIINE K Bamiell KOEKPETHON CUTYAIlHUH.
Hanpumep, BO3MOXKHO IpUMeHeHNe T'HOPUIHOTO TTOAX0/a, C UCI0JIb30Ba-
HUEeM Pa3IUYHBIX KJI0UYeli 11 Haubosee BasKHBIX TAOMIUII.

Mpo3payHoe wundposaHue aaHHbIX
B Oracle 10g Release 2

Ecnu BB XpaHUTe K04 MU POBaHUI W 3aMInpPOBAHHBIEe JaHHLIE B 0ase
JaHHBIX, TO BO3HUKAET eIlle OJHAa MOTeHIUANbHAsS yrposa 0e30macHOCTH.
IIpu kpake AUCKOB, Ha KOTOPBIX XPaHUTCS BcA 6a3a JaHHBIX, BCe AaHHBIE
cpasy ke paccekpeunBaroTcd. Jya Toro 4ToOBI 060HTH ATY TpodIeMy, cie-
IVeT XpaHUTh KJOY OTAeNbHO, BHE NUCKA, Ha KOTOPOM XpaHATCA 3amiud-
pOBaHHEBIE 9TUM KJIOUOM AaHHBIE.

Ecnu Bana 6asa faHHBIX TOJMHOCTHIO U30IMPOBaHa, BB, BO3MOKHO, He BHU-
JUTe CMBICNA B MU POBAaHUY faHAEBIX. OAHAKO BBl MOKeTe 3aX0TeTh 06e30-
TMacuTh cebsd OT KparkKu AuCKa. B KadecTBe OJHOTO M3 DPEIIeHUN MOXKHO
IPeAJOKUTh co3MaHNe NPeACTaBIeHUA AJA OTOOpaXKeHUs pacriundpoBaH-
HOTO 3HaUYeHUsA. B 5TOM ciydae, eclau KJIOY XPaHUTCS OTAENbHO, (hU3ude-
cKas Kpaska JUCKa He TIPHUBEIeT K PACCeKPEYWBAHUIO MJaHHBIX. JlaHHBIH
TTOAXO0]] BOBMOXKEH, HO TpebyeT TIaTeJbHON, TPYJ0eMKOH HaCTPOHKH.

Hna paspemnierusa noao6ueIX cuTyanuii B Oracle 10g Release 2 BBegena Ho-
BadA BO3MOMKHOCTH Ipo3pauHoro mudpoBarua gasebix (Transparent Data
Encryption — TDE). TDE ucmonbayeT coueTaHHe ABYX KJIOUYeli: MacTep-
KJIIOY XPAHUTCS BHe 0a3bl JAHHBIX B «OyMaskKHUKE» , KPOME TOTO, €CTh eIlle
KJI0Y AJA KaAol Tadbmunbl. JJa BceX CTPOK TAOJIHUIBI HMCIIOJIB3YETC
OJUH U TOT 2Ke KJI0Y, KJII0Y KaKI0H Tabaumne! yEukamdes (puc. 4.7).

TDE noapazyMeBaeT, 4TO BhI 3a/jaeTe IIOAMHOMKECTBO CTOIOIIOB A4 MIudpo-
Bagusga. Hanpumep, ecau B Tabaume 4 cToadroa, KAk OIoKasaHo Ha puc. 4.7,
u mudpyorea croadnsl 2 u 3, To Oracle creEepupyeT KJI0OY U UCIONb3YET
ero A4 NIndpoBaHUA AaHHBIX cTon0moB. Ha aucke cronboel 1 u4 6yayr
COXpaHeHBI B OTKPLITOM BHU/JE, a [BA APYTUX CTON0IA — B 3amIu()POBAHHOM.

IIpu BEIOOPE TTONB30BaTENEM 3aMuMPOBaHHBIX cTOJI0IIOB Oracle HezaMmeTHO
U3BIEKAaeT KU U3 «0yMasKHUKA», PACTIN(POBLEIBAET CTOMOITHI U TTOKA3HI-
BaeT UX TOJb30BaTeNo. Ec/iu AUCK ¢ JaHHBIMU DOXUIEeH, UX HEBO3MOXKHO
U3BIeYb 0e3 KIouel, KOTOphle XPAaHATCA B «OyMasKHUKe», 3amudpoBaH-
HOM MacTep-KJI0YOM, KOTODBIH U caM coXpaHeH He B BUJe OTKPBITOTO TeK-
cTa. B pesynbpTaTe BOp He CMOKeT paciiudpoBaTh AJaHHBIe, AaKe eCJIU VK-
pajieT IUCKU UJIH CKOTTUPYeT haiiabl.
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CnoBapb AaHHbIX
3awmgpoBaHHbIH \
K104 AHHbIX . —l
. ) <—— I Macrep-
W Koy
PacluMpoBaHHbi [l ¥
K104 TABAML Pacwwépoesisaie «ByMaXHHI®
l (BHe 6ashl AaHHbIX)
Cronbey, 1 CronGe, 2 Cron6ey 3 Cron6eu 4
<Orxpuitoifi | <3awmdposannbii  <3aiumppoBaHibii  <OTKDLITHIA
TExcT> TexcT> TEXCT> TexcT>
<Orxpoitoifi | <3awmpposannbii  <3atumppoBaHhbii  <OTKDLITHIA
TExCcT> TexcT> TEXCT> TexCT>
Tabnmua
Basa aaHHbIX

Puc. 4.7. Modenv npo3paunozo wu@posanus 0aHHbLX

]

N -
b 3aznaua Transparent Data Encryption (TDE) coctout B obecmeue-
| ::, ,  HUWM 3alTUTH JAHHHIX, XPAHANINXCSA HA TAKUX HOCUTENAX, KAK JHC-
N B

KW ¥ MATHHUTHHIE JEHTH, KOTOpas HeoOX0ANMAa B COOTBETCTBHHU CO
MHOTHMH HAIIMOHANBHBIMH WX MEXKIYHADOJHEIMY HOPMATUBHBIMH
IOKYMEHTaMH ¥ IPaBUJIAMHU, TAKUMHU Kak Sarbanes-Oxley, HIPAA,
Visa Cardholder Information Security Program ur. zx.

(158

b4

TDE He ABAAETCA NOJHOMACIITAOHOH CHCTEMOII IMTHUGPOBAHUA U He
IOJI’KHA HCHOJb30BATBHCA B TAKOM KauecTBe. Hampuwmep, obpature
BHUMAaHWE HA TO, YTO 3aIMN(MPOBAHHEIE CTOJOIB PACHIH(POBHIBA-
I0TCA B J1000M ciayuae, BHE 3aBUCHMOCTH OT TOTO, KTO BEIOMpAET
IAaHHEIE, UTO BPAL JU YIOBJIETBOPAET BAIIM TPeOOBaHUAM Oe3omac-
HOCTU. [ MONYUeHUA KOMILJIEKCHOTO DELIeHUs cIeIyeT CO3IAThb
COOCTBEHHHI i1 MHCTPYMEHT, HCIIOJIb3Y A ONMICAHHEIE B IJIABE IPHUEMHI.

s Toro 4To66I BOCHONb30BaThea npeumyniecTsamn TDE, nofasbTe npesa-
nosxenne ENCRYPT (mocTynHoe TonbKo B Oracle 10g Release 2) aya kakaoro
muppyeMoro cToadIia B OIepaTop CO3AaHusI Ballel TabIUuIIb :

/*

Oann Ha Beb-caiTe: cr_accounts.sql =/

CREATE TABLE accounts

(

acc_no NUMBER NOT NULL,
first_name  VARCHAR2(30) NOT NULL,
last_name VARCHAR2(30) NOT NULL,
SSN VARCHAR2(9) ENCRYPT USING 'AES128°,
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acc_type VARCHAR2(1) NOT NULL,

folio_id NUMBER ENCRYPT USING 'AES128°,
sub_acc_type VARCHAR2(30),
acc_open_dt DATE NOT NULL,

acc_mod_dt DATE,
acc_mgr_id  NUMBER
)

B nanaoM caydae cTonbmsl SSN u FOLIO_ID mimdpyiorcsa npu nomoniu AES-
amropuTMa co 128-6urHBIM Ka09oM. IIpeamoxenne ENCRYPT USING B onpene-
JIeHWH CTOJOITa YKa3bIBaeT Ha HeOOXOAUMOCTE IepexBaTa 3HaUYeHUuHA B BUe
OTKPBITOTO TEKCTA, UX MHU(MPOBAHUA U COXPAHEHHUA B 3arIn()POBAHHOM BHU-
ne. Korga moab3oBaTenb BRIOUpAET AaHHEBIE U3 TaOMUILI, 3HaYeHUEe HeSIBHO
(mpo3padHo) paciiupPOBEIBAETCS.

C R

% Henbssa nenoab3oBaTh Npo3pauHoe MIindpoBaHye B Ta0AUIAX, IPHU-
LAY HaIJEeKAIUX IT0aAb30BaTENI0 SYS.
I [N I
o,
Hactpownka TDE

IIpexxkae deM HauaThb Hcnoab3oBaTh TDE, Heo6XoguMO co3gaTh «OyMask-
HHAK», B KOTOPOM 6yJeT XPaHATHCSA MaCTepP-KJI0Y, U 00ecIeduTh ero 6e30-
macHOCTh. PacecMOTPHM Opollece YOpaBiIeHUs «OyMaKHAKAMUA» IOMIAroBO.

1. BribpaTh MecTOTIONOKeHHe «OYMarKHUAKA» .

IIepen nepBeiM npumenenuneM TDE Heo6XoAMMO c034aTh «OYMaKHHUK»,
B KOTOPOM OYAEeT XpaHUTHCS MacTep-Kar0d. ITo yMor4aanio «0yMasKHHUK »
cozgaercs B xatanore $ORACLE_BASE/admin/$0RACLE_SID/wallet. Brl mMoxke-
Te BBIOpAaTh APYTro#l KaTanor, yKasas ero B dhaiine SQLNET.ORA. Hanpu-
Mep, €CJIM BBl XOTUTE, YTOOHI «OYyMarKHUK» XPaHHUJCS B KaTanore /orac-
le_wallet, mo6aBbTe IpUBeAEHHBIE HAXKe CTPOKH B haiian SQLNET.ORA.
B mamiem caydae s1 6yAy C4UTaTh, 4YTO BRIGPAH KaTAJIOT IO YMOJIYAHHUIO.

ENCRYPTION_WALLET_LOCATION =
(SOURCE=
(METHOD=f1ile)
(METHOD DATA=
(DIRECTORY=/0oracle_wallet)))

Y6e,Z[I/ITeCB B TOM, 4TO (<6yMaH€HI/IK>> BKJIIOUEH B [IPOIIECC PE€3€PBHOTO KO-
IITHPOBAaHHUI.

2. YcTaHOBUTH MAapoJb A5 «OyMaskHHAKA» .

Temeps BaM HYKHO CO3JaTh «OYMaKHUK» U YKa3aTh Mapojb AJs JOCTY-
la K HeMy. Bce 9To MOYKHO c/iesiaTh, BBIMTOJHUB OJUH OII€PATOD:

ALTER SYSTEM SET ENCRYPTION KEY IDENTIFIED BY "pooh™;

JlaHHBIN OlepaTOD BHINOJIHSAET TPHU JeUCTBAA:

a. Cosgaer «OyMasXKHHAK» B KaTaJjore, oopeaeleHHOM B miare 1.
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b. YcraEaBnuBaeT A1a «O0yMaKHUKA» IapoJb — «poohy».

c. OTKpBIBaeT «OYMasKHUK» JJIs COXPAHEHWUS U WU3BJICUEHUS KIoUel
cpeactBamu TDE.

Haponb SIBJIAETCA PETUNCTPO3ABUCUMBIM U JOJIMKEH 3aKJII0YAaThCA B ,Z[BOfI'
HbI€ KaBBIYKH.

3. OTKPBITL «OYMaKHUK».

Ha npeapigyiieM niare 6yMasKHUK OBLI OTKPBIT A4 padoTsl ¢ EuM. On-
HAKO MOCJIe TOro Kak OYMasKHHUK cO3[JaH, BaM He IPUAETCS mepecos3aa-
BaTh ero. Ilocyie 3amycka 6a3hl AaHHBIX BaM HYKHO OyAeT TOJBKO OT-
KDBITh «OYMaKHUK» , HCIOJNb3Y s YCTAHOBJIEHHBIH IapOJh:

ALTER SYSTEM SET ENCRYPTION WALLET OPEN IDENTIFIED BY “pooh”
BrI MosKeTe 3aKPBITh «OYMaKHUK» CAeAYIONTe KoMaHmoH:
ALTER SYSTEM SET ENCRYPTION WALLET CLOSE

OTKpBITHE «OYMaKHUKA» Heobxoaumo Ay paborsl cpeacts TDE. Ecnu
«OyMa)KHUK» HE OTKDBHIT, TO Bce HeazamudpoBaHHBIE CTOJNOIBI OYIYT
JOCTYIHEI, a 3aMu(POBaHABIE CTOJNOIB — HeJOCTYIHEI.

Ucnonb3soBaHue TDE pns yXe cywiecTByOWMNX Tadbnny,

B npeasiaymiem pazgese MBI BUAeNN, KaK MOXKHO ucnoiab3oBats TDE npu
co3aHuu| HOBO# Tabaunsl. Tak e MOKHO 3aNTudpPOBATh CTOJIOEI CYITecT-
Bytomie# Tabaunsl. Jma mudpoanua cromdma SSN Tadaumer ACCOUNTS mc-
IOJILYEM TaKOU ollepaTop:

ALTER TABLE accounts MODIFY (ssn ENCRYPT);

JlaHHBIN OlepaTOp BHIMIOJHAET JBa JeHCTBUA:
e CosgaeT KI0OY a4 cTombma SSN.
e TIpeobGpasyeT Bce 3HaUYeHHUS CTONOIA B 3alIn(pPOBAHHBIH (hopMaT.

ITudpoBaHme BHITOJHAETCA BHYTPH 6a3bl ZaHHBIX. Ilo yMoIYaHHIO HC-
noab3yercd anroputM AES co 192-6uTHBIM KiatouoM. BBl MoKeTe BEIODPATH
ApyTroi anropuTM mudpoBaHEUA, YKAa3aB ero Ha3dBaHWe B omepaTope. Ha-
IpuMep, 4ToOHI BEIOPATE anropuTM AES co 128-6UTHBIM KJII0UYOM, UCIONE-
3yHTe TaKOU omepaTop:

ALTER TABLE accounts MODIFY (ssn ENCRYPT USING "AES128");

B kauecTBe mapaMeTpoB TaKiKe MOKHO ObLIO OBl yKasaThb AES128, AES256
unu 3DES168 (ana Tpexmpoxoaroro MexanusMma DES co 168-6UTHBEIM KJIO-
yom). [TocMoTpuM Ha TAOJIUITY TTOCTe MUMPOBAHUS CTOJIOIA:

SQL> DESC accounts
Name Null? Type

ACC_NO NUMBER
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ACC_NAME VARCHAR2(30)
SSN VARCHAR2(9) ENCRYPT

ObpaTnTe BHUMaHUe Ha KI0YeBoe ¢IoBo ENCRYPT mocye Tuna gagHBIX. [na
IIOWCKa 3amn(POBAHHBIX CTOJOIIOB 0as3bl AAHHBIX HCIOJIL3YATE HOBOE
npejicTaBleHHe caoBapa JaHHBIX DBA_ENCRYPTED_COLUMNS.

A Kak 00CTOHUT JeJI0 ¢ TPOU3BOAUTENHLHOCTHIO IPU padoTe ¢ TDE? ITpu 06-
palieHdHd K He3alu(pPOBAaHHBIM CTOJNOIIAM HUKAKHUX AOTONHUATEIbHBIX Ha-
KJaJHBIX PacxXoJ0B He Bo3HWKaeT. IIpu obpalleHUn K 3aMIAU(DPOBAHHBIM
cTON6IIaM MOYKHO OKHAATh HeOOJBIIOr0 YBEIHYeHHUs HaKJaAHBIX Pacxo-
noB. Ecau moTpebHOCTS B MTUGPOBAHAY TPONAAAET, €T0 MOYKHO OTKJIIOUUATH
CIeIVIONIUM 00pasoM:

ALTER TABLE accounts MODIFY (ssn DECRYPT);

YnpasneHue kniodyamu n naponsamu ana TDE

Yro 6yaer, ecaIu KTO-TO KaKUM-TO ob6pasoMm ysHaeT Bamu TDE-karouun?
MosxHO mepeco3naTs 3amudpoBaHHBIE 3HAYEHUS, BBIITOJHUB BCETO OJWUH
omepaTop. B aToM omepaTope MOKHO TaKKe BBHIODPATh APYro#l aJropuUTM
mudpoBanusda, HanpuMmep AES256:

ALTER TABLE accounts REKEY USING 'aes?256°;

Ecnu KTo-TO y3HaeT mapoib «6yMaKHUKA» , BBl MOXKETe H3MEHUTH ero, uc-
noab3ysa nporpammy Oracle Wallet Manager. Begure own B KOMaHIHOH
CTPOKe, U JUCIIeTUeD «OyMaKHUKOB» 6yaeT 3anymieH (puc. 4.8). Brebepure
B rmaBHOM MeHI0 Wallet—>Open u yka)kuTe MecTo XpaHeHHUsT «OyMaKHU-
Ka» # ero maponab. Ins u3MeHeHUs mapoisa Boioepure Wallet—Change
Password. UmeliTe B BUAY, YTO H3MeHeHUeE TTapoJsd He IPUBOJAUT K U3MeHe-
HUIO KJIIOYeH.

e TR ACL
= wigiet Ferret Tore Enries

o T candcare [Fequesten] ) 5= ORACLE SECURITY DB ENCRYFTIIN.ANS +h0M T 20T TAIGLEMALLLAA, .

<5 r == OR.ACLE. SECURITY. DB. ENCRYFT M. KASTERKEY

i

?

Puc. 4.8. Oracle Wallet Manager
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Job6aBum «conu»

ITudpoBanue npefHasHAYEHO JJsI COKPHITUAS JaHHBIX, HO 6BIBAET TAK, YTO
3amudpoBaHHbIe AAaHHBIE JIETKO yraJiaTh W3-3a MOBTOPEHUH B HCXOIAHBIX
nanHbIX. HampuMep, Tabauia ¢ nEgopManuei o 3apniaTax BeCcbMa BeposT-
HO COAEPKUT IMOBTOPSAIONTIAECS 3HAYEeHUs. B 9TOM ciaydae 3amu@poBaHHbIe
3HAYeHHUA TaKiKe OYAYT ogMHAKOBEIMHU. [lajke eCJIHM 3JIOYMBINIJIEHHUK He
CMOJKET pacu@pPoBaTh peajJbHble 3HAYEHHUS, OH CMOYKET ONIpeIeJIUTh, B Ka-
KHAX 3alHCIX OPUCYTCTBYIOT OJWHAKOBBIE 3apIIJIaThl, 4 5Ta HHDOPMAITHA
MO2KET OBITH 3HAYUMOH. [[J151 IpefoTBpaIe U TAKUX CUTYalluHA K JaHHBIM
nobaBisieTcs coab (salt), 6iraromapsa KOTOpo#d 3amiu()pPOBaHHBIE 3HAYEHUS
OyAyT pasnAYaThCA Aake AJA OJUHAKOBBIX UCXOAHBIX AaHHBIX. TDE uc-
TIOJIb3YET COLb IO YMOJIYaHUIO.

B HeKOTOpPBIX CAYyYasaX CTPYKTYPHI JAHHBIX MOTYT CIIOCOGCTBOBATDH IIOBHI-
IIeHHA0 IPOU3BOJUTEILHOCTHA 6a35l JAHHBIX, a JO0OABICHHE «CONHA» MOXKET
ee yXYAMuTsE. Hanpumep, HEAEKCH b-tree yCKOpPSIOT OOUCK IO YCIOBHIO
LIKE, Kak B cieayIoIleM 3aIpoce:

SELECT ... FROM accounts WHERE ssn LIKE "123%;

B namHOM ciydae mHAeKcaM b-tree Assa moJydeHHsT MaHHBIX OPHIETCS
OPOUTH TOJMHKO IO OJHOH BETBH JepeBa, TaK KaK BCce HOMepAa CYETOB HAUH-
HaioTcda ¢ mudp 123. Ecnu «conb» 1obaBieHa, To peajbHbIe 3HAYCHUS OYAYT
pacupefieJIeHbl 10 Bcef CTPYKTYpe b-tree, 4To caesmaeT mpocMoTp HHAEKCA
6oJiee TPYJOEMKHUM, U BeCbMa BEPOSTHO, YTO ONTHMHU3aTOD BBIOEPET HOJI-
HBI# IpocMOTp TabauInbl. B aToM caydae mpuaeTcsa yo6paTh «COJMb» U3 UH-
JEeKCUPOBAHHBIX CTOJIOITOB, HAIPUMED, TaK:

ALTER TABLE accounts MODIFY (ssn ENCRYPT NO SALT);

Y,Z[aJIeHHe «COJIU» HE3HAUYHUTEJIbHO BJIHUAECT Ha 6630HaCHOCTB, II09TOMY, CKO-
pee BCero, BO3MOXHadA YA3BHMOCTL HeE II€epeBE€IIHMBaeT TOI'O INOBBIIMNIEHHUSA
IIPOHU3BOAUTEIBHOCTHA, KOTOPOE obecrieuynBaeTCs HHACKCUPOBAHNEM.

N a
[ HUcnoabsoBanue cpencts TDE HeBO3MOMXKHO A CTOJOIOB, 00181410~
::_ IIIUX OJHUM K3 IPUBEIEHHBIX HUXKE CBOHCTB!:

Ny M

t, o Twun gamuabix BLOB mawm CLOB.
e lcnoab3oBaHME B MHIAECKCAX, OTJIHUYHLIX OT OOBIYHBIX HHIEKCOB
b-tree, Takux kak bitmap-uHaexcnl, HHIEKCH HA OCHOBE (PYHK-
MM U T. O.
® Hcnonb30BaHUE B KIHYAX CEKITMOHUPOBAHHUA.

OTCyTCTBHE BO3SMOMKHOCTH HCIIOAb30BaHUA cpeicTB TDE B mono6-
HBEIX CAYyYaaX ABJSETCA eIe OJHOH NPHUUYMNHOH, 1o KoTopoi TDE ne
MO2KeT UCI0Jb30BATHCA AJ1A BCEX BUIOB IITHMDPOBAHUA.

Kpuntorpagpuyeckoe xeuimposaHue

IHI/I(prBaHI/Ie obecrieynBaeT JOCTYII K BalllUM AaHHBIM TOJBEKO aBTOPH30-
BAaHHBIM IIOJIB30BATEJSIM. OTO JOCTHUTraeTcd 3a CYUEeT MAaCKHPOBKH CEKDET-
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HBIX JaHHBIX. OMHAKO B HEKOTOPHIX CIYyYasX B MAaCKUPOBKE HET HEOOXOU-
MOCTH, X0UeTCs JIUMb 3aMlUTUTh JaHHbIE OT U3MeHeHusdA. I[IpeamonoKum,
BBl COXPaHUINA HHMOPMAIIUIO O TIIaTeKaX BallluM mocTaBiukamM. CaMu mo
cebe maHHBIEe He HACTOJBKO CEKPETHHI, YTOOBI UX MIUMPPOBATH, HO X0UETCHA
UMeTb YBEPEeHHOCTh B TOM, YTO HUKTO He M3MEHUT TUMPHI, C TeM UTOOBI
YBEeJIUYUTH pasMep IaTeska. Kak sTo caerarsb? OTBETOM SBJISETCS KPUT-
mozpaguveckoe xewupoganue. [laBaiiTe HauHeM 3HAKOMCTBO C HUM C IIPU-
Mepa U3 peaNbHOH JKUSHU.

HOenoo nogospuTtesibHOM CHABN4Ye

IIpeanoso:kuM, 9TO BBl OCTABUIN CBOU COHABUY HA CTOJE, KOT/a MOIIIN 3a-
6paTh u3 (paKCHUMUJILHOTO ammapaTa BasKHBIH JOKYMEeHT. BepHYBIIUCH, BEI
3aMevaeTe, 4TO COHABUY HECKOJBKO CABUHYT BJeB0o. KTO-TO TpoTaJs BaIl CoH-
IBUY, BOBMOXKHO, IOJIOKUB B HEro 6apbuTypaToB, YTOOLI BEIBECTH Bac U3
UTPHI U 3aBJIaJeTh Balel HOBOH UyaecHOH 6eCTTPOBOJHOMN MBITIIHIO? A MOMKET
OBITH, OH OXOTUJICSA Ha KHHUry mo PL/SQL, copATaHHYIO B AMIHKe cTosna?
A MosxeT 6BITh, B COHABUYE €CTIU He HAPDKOTHUK U, TaK ecoK? B Moary mpoxpy-
YUBaeTCA MHOXKECTBO BADUAHTOB ITPOUBOIIIEIIETO, U CTh V3Ke He X0UeTCH.

Yr0o6bI pasBeATh CBOU COMHEHHS, BBl peIiaeTe IPOBEPUTH IEJOCTHOCTD COH-
IBUYa. BBl HACTOJBKO OCTOPOMKHBI W OPEIYCMOTPHUTENBHBI, UTO 3apaHee
B3BECHUJIN CBOMH COHABUY U 34TUCATIH €70 BEC C TOYHOCTHIO 0 JecsATOTo 3HaKa
mocye 3amaroi. Omacasch BO3MOKHOTO M3MeHEHWS CHOHABWYA, BBl CHOBA
B3BeIIUBaeTe eT0o U CPaBHUBaeTe Pe3yabTaThl. IlonHOe coBIaZeHNe, BILIOTH
mo 10 saaxa mocye s3anaroii. Kakoe obixerdenue! Ecnu 651 KTo-TO AelicTBU-
TeIHHO YTO-TO CAeJaN ¢ COHABUUYEM (Hampumep, J00aBUJI B HETO TTecKa WU
6apOUTYpAaTOB), €r0 Bec 00:13aTeIbHO ObI U3BMEHUJICA, CBUALTEILCTBYS O BMe-
IaTersLCTBe.

BygeMm akKypaTHBI ¢ TepMUHONIOTHE . BBl He «IpATaIn» CO3HABUY (TO €CTH
He 3aWUpposviéaiu eTo); BbI IPOCTO IPUAYMATIHN COOCTBEHHBIH CI0CO0 BBI-
YUCJIeHUA ONPeAeeHHOTO 3HAYeHHNs, COTIOCTABIEHHOrO TaHHOMY COHIBU-
uy. A cpaBEUIN HadyaJbHOE U KOHEeUHOE 3HaueHus. MceaeayemMoe sHAUeHUIE
MOTJIO 6BITH TOJYYEeHO C IMOMOIIBIO JI0OO0TO alrOpuTMa; B JaHHOM cydae
BBI BBIODAJIU B3BeIIUBAHUE COHABUYA.

Ecnu 651 pedub 1171a 0 AaHHBIX, 4 He 0 6yTepbpo/ie ¢ MsICOM, BEI TaKKe MOTJIHU
ObI MOJMYYUTEH HEKOTOPOE 3HAUeHUEe IO ONpeleleHHOMY anroputmy. Takoi
TIpoliecc Ha3bIBaeTcsd xewupodanuem. QTaudne XeITuPoOBaHUA OT MUPPO-
BaHUA B TOM, UTO XENIUPOBAHWE — STO OJHOHATPABJEHHEIH mpomecc. Bel
MOXKeTe pacHiudpoBaTh 3amupoBaHHbIe JaHHBIE, HO «PacXeITupoBaTh»
Xelni-3HayeHne HeBO3MOKHO. Eciu BB HECKONBKO Pas XemupyeTe OJUH
U TOT K€ DIIeMeHT JaHHbIX, Pe3yJIbTaT OyeT HeU3MEHHBIM IPHU JI00M KO-
JTUYeCTBe BbIMOJHeHU. Eciu TaHHBIe KaKUM-TO 00pasoM MeHSIOTC, MeHe-
pUPYEMOe Xell-3HaYeHUe UBMEeHUTCHA, CBUAETEIBCTBYA O «IIOPUYE» JAHHBIX.

TEOPETI/I‘IECRI/I BCerga €CTb pUCK TOr'o, 4TO ¥ ABYX PDA3HBIX 9JIEME€HTOB OaH-
HBIX OKAXKYTCA OJMHAKOBLIE X€llI-3HAYEeH A, HO TAKYIO BEPOATHOCTS MOXHO
MUHUMHU3UPOBATH, UCIIOJNE3YA JOCTATOYHO U30MIPEHHLBIC AJITOPUTMBI XE€IIIn-
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poBanuda. OgEUM U3 Takux ajaroputrmoB aBagerca MD (Message Digest —
mafimkect coobmienuit). OaHa W3 pasHOBUAHOCTEH STOrO aJTrOpPUTMa —
MDS5, HekoTopoe BpeM: 6bIIa CTAHAAPTOM, HO 0Ka3aJI0Ch, YTO OHA He obec-
TmeYynBaeT AOCTATOUYHOMH 3alUNIeHHOCTH AaHHBIX. Ceiivac Oosee pacmpo-
CTPaHeHHBIM fABJIAeTCA HOBHIH cranaapT SHA-1 (axroputm 6e30macHOTO
XemupoBaHua — Bepcuda 1, Secure Hash Algorithm Version 1), KoTopsiit
moctyneH B Oracle 10g.

XewmnpoBaHue MDS5 B Oracle9i

HaBaiiTe TOCMOTPUM, KaK MOYKHO HMCIIOJIb30BATh XeMIUPOBaHNUEe IPH aAMU-
HUCTPUPOBAHUM PeaJbHBIX 6a3 AamHbIX. OTOpaBIdAd KyAa-TO KOHQUIAEH-
MUATBHYI0 UHPOPMAIIHIO, Bbl MOKETe BHEIUUCIUTH Xell-3HadeHU’e A0 OT-
TIPaBKHM U BHICJATH €70 TOMY 3Ke aJpecaTy B ApYroM oTaopaBaenuu. IToxyda-
TeNlb MOKET BHIUUCIUTH Xell-3HaueHue AJd MOMYUeHHBIX AaHHBIX U CPaB-
HHUTBH €70 ¢ OTIPABJIeHHBIM BaMH XeII-3HaYeHUeM.

B Oracle9i maxer DBMS_0BFUSCATION_TOOLKIT comep:KUT PYHKIHUIO XeITHUPO-
Bagua MDS5, peanusyromyo nporokosn Message Digest. Ima xemuposa-
HUSA CTPOKH AejlaeM CJeYIoIiee:

DECLARE
1_hash VARCHAR2 (2000);
1 in_val  VARCHARZ2 (2000);

BEGIN
1 _in_val := "Account Balance is 12345.67";
1 _hash := DBMS_OBFUSCATION_TOOLKIT.md5 (input_string => 1_in_val);
1_hash := RAWTOHEX (UTL_RAW.cast_to_raw (1_hash));
DBMS_OUTPUT.put_line ( Hashed Value = ° || 1_hash);

END;

/

S mepenan GYHKIIUN TPOCTYIO CTPOKY «Account Balance is 12345.67» u mo-
ay4us ee xemni-sHadernue. Oyurmua MD5 BosBpaniaeT 3Hauenme Tuna VAR-
CHAR?2, mo (KaK U ITpHU PacCMOTPEHHOM paHee MU(PPOBaHNI) 5TO 3HAUYEHIIE CO-
JEePIKUT YIIPaBJSIONINEe CUMBOJIGLI. IlosTOMY He0OX0AUMO IpeobpasoBaTh €To
K Ty RAW, a 3aTeM K MIecTHAAATePUUYHOMY GopMaTy AJA yAo6CcTBa XpaHe-
suda. IIpuBenerHBIN BhIIe pAarMeHT KO/la BOZBPAIIAET TAKOE 3HAUYEHUE:

Hashed Value = A09308E539C35C97CD612E918BA58B4C

BI/I,Z[HBI ABa Ba*XHBIX OTJIMUUA XeIIIUPOBAHUA OT I_T_II/I(I)pOBaHI/IHI

e IIpwm XeMmUpPOBAHUU BXOAHYIO CTPOKY He HYIKHO AOTONHATDH IO OOpee-
JeHHOM IMUHBI, KaK 5TO JejlaeTcs IPU MUQPOBAHNHA.

¢ Ilpu xemupoBaHUU He HUCIONB3YETCA KJIHOY. Pasz KiImodYa HET, ero He
HY*KHO XPAaHUTH UJIU BBOAUTH, YTO AENAET CUCTEMY XEIITUDOBAHUA YPE3-
BBIYAWHO IPOCTOH.

Hrak, 1 MOTY 3aX0TeTh IOJYUYUTH XeITUPOBaHHOE 3HAUeHNE U OTIPABUTD €T0
HEeKOTOpOMY agpecaTy. MoKHO CO3[JaTh M COXPAaHUTH (PYHKIIUIO, KOTOpasd
OyaeT 9To AesaTh. McIoab3yeM TOT ke IPUMeD Koja U co3AanuM PYHKITHUIO:
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/= ®aiin Ha Beb-calTe: get_hash_val_9i.sgl =/
CREATE OR REPLACE FUNCTION get_hash_val (p_in VARCHAR2)
RETURN VARCHAR?
18
1_hash VARCHAR2 (2000)
BEGIN
1_hash :=
RAWTOHEX
(UTL_RAW. cast_to_raw
(DBMS_OBFUSCATION_TOOLKIT.md5 (input_string => p_in)
)
)
RETURN 1_hash
END;

HaBaiiTe TOMyYUM OT PYHKIIUN KaKUe-HUOYAb TUTUUYHEIE TaHHBIE.

BEGIN

DBMS_OUTPUT.put_line ( "Hashed =
|| get_hash_val ( Account Balance is 12345.67")
)
DBMS_OUTPUT.put_line ( "Hashed =
|| get_hash_val ( Account Balance is 12345.67")

)i
END;

PesyapTaT 0yaeT TAKUM:

Hashed = A09308E539C35C97CD612E918BA58B4C
Hashed = A09308E539C35C97CD612E918BA58B4C

Kak Buaure, 07151 OZHOHN U TOH Ke CTPOKU BBoAa QYHKITHS KaKIbIH pas BO3-
BpamiaeT udeHmuyHble 3HAYEHU: 5TOT (PAKT MOMKHO HCIOJIb30BATE AJIS IPO-
BepKH IIeJIOCTHOCTH dJeMeHTa AaHHBIX. O6paTuTe BEHUMAHNIE, YTO S TOBOPIO
0 IeJIOCTHOCTU OaHHbiX, a He 0a3bl AaHHBIX. 1leJOoCTHOCTH 0a3bl HAHHBIX
obecreunBaeTcsI MeXaHH3MOM oO0eclledeHHA OrPaAaHHYEHHUHN IIeJTOCTHOCTU
u tpamzaknuii Oracle. 3aKOHHBIH T0Jb30BATENbL MOXKET U3MEHHUTh 3HAaUe-
HUe TaKuM 00pas3oM, UYTO UMEIOIIHecs OTPAHNYeH A [[eJIOCTHOCTH He 6yaAyT
HapynieHbl, HO AaHHble (He 6a3a JaHHBIX) IPU 5TOM MOTYT OBITEH TOBPEMK AL -
Hbl. HanpuMep, eclIu KTO-TO COeMHUATBLHBIM omepaTopoM SQL uameHuT 6a-
nanc cueTa ¢ 12345,67 gonmapos Ha 21345,67 goanapos, TO 5TOT GaKT MoO-
2KeT ocTaThcA HezaMedeHHBIM J0 TeX IIOp, IoKa He OyIeT IpOBeAeHO pac-
cyemoBaHUIe.

Ecnu xem-saauenne AJLSA CTOJI6LIa, XPaHdIlero HoMmep CooruaJbHOTO CTPaxo-
BaHUA, BBIYUCJIUTH 3apaHee U COXPAaHHUTh, a IIOCJI€ U3BJIE€UYEHNUA JAHHBIX U3
CTOJIﬁIIa IIOBTOPHO BBEIYMCJIUTE X€NI-3HAYEHNUE U CPDABHUTH C COXPaHE€HHBIM,
TO HECOBIIaAA€HUE 3HaYeHUH 6y,11e'1‘ CBHUOETEJIBbCTBOBATH O BOSMOMHBIX 3JI0HA-
MEPEHHEBIX OoIIepanudaXx ¢ IaHHBIMH. I[aBafITe IIOCMOTDPHUM, KaK 9TO paﬁoTaeT.

DECLARE
1 data  VARCHARZ (200)
BEGIN
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1 _data := "Social Security Number = 123-45-6789";
DBMS_OUTPUT.put_line ( Hashed = ° || get_hash_val (1 _data));

-- KTO-TO M3MEHWN [JaHHHe

1 _data := "Social Security Number = 023-45-6789";
DBMS_OUTPUT.put_line ( Hashed = ° || get_hash_val (1 _data));
END;

BriBog OyaeT TaKUM:

Hashed = 098D833A81B279E54992BFB1ECAGE428
Hashed = 6682A974924B5611FA9DB09357ADESCS

Kaxk BUOAHUTE, XeII-3HAYEHHUA OTJIHYAIOTCA. PesyanI/IpyIOLuee Xeni-3gade-
HHU€e U3MEHHUTCs IIPH T1000M H3MeHeHHN AAHHBIX, Ja)Xe eCJIH co6CTBEHHO
3HaYeHHe He H3MeHHUTCs. Xelll-3HadeHHe H3MeHHUTCS IIPH UBMEHEHHH IIPO-
6eJIa, 3HaKa NIPeIIHHAaHUuA I n100ro0 APYTroro aJJeMeHTa.

Teope'rnqecxn BO3BMOXKHO IIOJIYyU€HHE OJHOI'0 M TOI'O K€ Xelll-gHaue-

_@ HUSA 1A ABYX PA3HBIX BXOAHKIX 3HaueHMH. OQHAKO, MCIIOJb3YA Ta-

KHe 0o0LIepacupocTpaHeHHEle aJropuTMel, kak MD5 u SHA-1, Bu
o0ecIeunBaeTe UPEe3BHIYANHO MATYIO BEPOATHOCTh XEII-KOHDIHMKTA —
nopsagka 1 u3 1028 (B 3aBUCHUMOCTH OT BHIOPAHHOTO aaropurMa). Ec-
JIV BBl HE MOJKeTe JONYCTUTh HAJMMYHUA Ja¥Ke CTOJNb MAaJIOH BePOSTHO-
CTH, TO BAM HIPHUAETCS PEATH30BATD JOTHKY Pa3pelIeHusa KOHDINK-
TOB 151 XelI-(DYyHKIIHI1.

XewwupoBaHune SHA-1B Oracle 10g

S yxxe yomoMuHAaNM 0 TOM, 4TO nporokoa MD5 cuuTaercsa HegoCTaTOYHO Ha-
JeKHBIM JJIS1 COBPDEMEHHOH 3aIIUTH] JaHHBIX U BMECTO HETO YacTO UCIOJb-
syercsa SHA-1. Anropurm SHA-1 He mogmep:kuBaeTcss B maxere DBMS_OB-
FUSCATION_TOOLKIT. B Bepcuu Oracle 10g BB MOJKeTe HUCIOJIb30BaTh (DYHK-
nuio HASH makeTa DBMS_CRYPTO niis1 BEIMOMHEHUS XEIIIUPOBAHUS 110 aJITOPHUT-
my SHA-1. PaccMoTpuUM 00'bsIBIeHUE DYHKITAA:

DBMS_CRYPTO. hash (
Src in raw,
typ in pls_integer)
return raw,

Dyrrnusa HASH nprEUMAaeT Ha BXO/J| TOJbKO 3HAYEHHUA THANA RAW, mosTOMY
Heo0X0AUMO IpeodpasoBaTh BXOAHYIO CHMBOJIBHYIO CTPOKY K THIY RAW, 4TO
MEI 4 JleJlaeM TakK e, KaK paHee AJd MUAPPOBAHUSA.

1 in := utl_i18n.string to_raw (p_in_val, "AL32UTF8");
Teneps npeobpa3oBaHHYIO CTPOKY MOMKHO IepeJaTh B Xem-(PYHKIHIO.

Bo BTOpOM mapamerpe typ (KOTODBIA J0JKeH OBITh OOBLABIEH C THIOM
PLS_INTEGER) BBl yKasbIBaeTe ajJlOPUTM XENIUPOBAHUs. BRIOPATH MOKHO
OJUH U3 aJITOPUTMOB, YIOMSHYTHIX B Tada. 4.7.
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Tabruya 4.7. Anzopummul xewuposarusa g naxkeme DBMS CRYPTO

Koncranra Onucanne

DBMS_CRYPTO. HASH_MD5 Message Digest 5
DBMS_CRYPTO. HASH_MD4 Message Digest 4
DBMS_CRYPTO. HASH_SH1 Secure Hashing Algorithm 1

Hanpumep, 4TOOH TOJIYUYUTH XeIT-3HaYeHNe AJI IepeMeHHoM Tuna RAW, 3a-
IUIeM QYHKITHAIO CIeVIONTAM 06pasoM:

/» Oain Ha Beb-caiTe: get_shal_hash_val.sgl =/
CREATE OR REPLACE FUNCTION get_shal_hash_val (p_in RAW)

RETURN RAW
1S

1 hash  RAW (4000)
BEGIN

1_hash := DBMS_CRYPTO.HASH (src => p_in, typ => DBMS_CRYPTO.hash_sh1)
RETURN 1_hash

END;

/

Hna ucnonszoBanusa anroputma MD5S crieayerT maMeHUTH 3HAUEHUE Iapa-
MeTpa typ ¢ DBMS_CRYPTO. HASH_SH?1 ma DBMS_CRYPTO.HASH_MD5. CBo10 QYHKITHIO
TONYYEHUA Xelll-3HAYEHHUS s MOT'Y IOCTPOUTE TaK, YTOOBI OHA MOTJIa IPHU-
HUMATD J000iH aJITOPUTM XeIIuPOBAHNS.

Haxoner, BoaBpariaemMoe 3HadeHue TUma RAW HeobxoquMo mpeobpasoBaTh
k Tuny VARCHAR2.

1 _enc_val := rawtohex (1_enc_val, "AL32UTF8');
CoenuHsaeM parMeHThI K04 U IOJydaeM TaKyio QYHKITHIO:

/= ®ain na Beb-caliTe: get_hash_val_10g.sgl =/
CREATE OR REPLACE FUNCTION get_hash_val (
p_in_val IN VARCHAR2
p_algorithm IN VARCHAR? := ’"SH1
)
RETURN VARCHAR?
18
1_hash_val RAW (4000)
1_hash_algo PLS_INTEGER;
1_in RAW (4000);
1_ret VARCHAR2 (4000)
BEGIN
1_hash_algo :=
CASE p_algorithm
WHEN "SH1"
THEN DBMS_CRYPTO.hash_sh1
WHEN "MD4~
THEN DBMS_CRYPTO.hash_md4
WHEN "MD5"
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THEN DBMS_CRYPTO.hash_mdb
END;
1 in := utl_i18n.string_to_raw (p_in_val, "AL32UTF8');
1_hash_val := DBMS_CRYPTO.HASH (src => 1_in, typ => 1_hash_algo);
1 _ret := rawtohex(1l_hash_val);
RETURN 1_ret
END;

PaCCMOTpI/IM OpHUMeED €€ UCIIOJb30BAHUA:

SQL> SELECT get_hash_val ('Test")
2 FROM DUAL
3/

GET_HASH_VAL( TEST")

640AB2BAEQ7BEDCACI63F679A746F7AB7FBEDTFA

DyHEKIUA IPUMeHAETCA 19 XellIUpoBaHus 3HaueHUA Tuna VARCHAR? u Bog-
BpamaetT 3HadeHUe Tuna YARCHAR2, KoTopoe MOXKHO COXPaHUTE U IepeaTh.
ITo ymosmuanuro GYHKIUA UcHoIb3yeT anroputm SHA-1, HO MOXKeT IpUHU-
MAaTh 1 J060# 13 OCTANBHBIX IBYX AJITOPUTMOB.

.El,pyme o6nacTn ucnonb3oBaHusA XewunpoeaHnga

XemupoBaHUe UCIONb3YETCA HEe TOMbKO B KPUITOrpaduu, HO ¥ BO MHOTHUX
IPYrux o0JacTax, HaOpuUMep B BeO-TPOrpaMMHUPOBAHUN U aHTUBUPYCHBIX
cpeJicTBax.

Beﬁ'HpI/IJIOHCEHI/IH He 3alIOMHHAaIT COCTOAHNE: OHU HEe COXPaHAKT COeJ1UHEe-
HHEe C CEPBEPOM 6a3sl AAHHBIX OTKEPBITBIM Ha IIPOTAMXEHHNMN TPaH3aKIHNH.
I[pyI‘I/IMI/I CJIOBaAMH, OJIsd HUX HE CYIIEeCTBYET INIOHATHUA «C€aHC», U II03TOMY
HEeT BOSMOXXHOCTH 6JIORI/IpOBaHI/I$I AAHHBIX B TOM BH/J€, B KAKOM OHa CyIie-
CTBYE€T B TPAAUIINOHHBIX IIPUJJIOXKEHUAX. Tax aro IIPOCTOTO coocoba OIIpe-
A€JI€eHnu A TOro, 4TO JaHHBIEC Ha Beﬁ'CTpaHI/IIJ;e HU3MEHUJINCH, HE CYII[ECTBYET.
Ho ecnn COXPaHHUTh BMeCTe C JTaHHBIMHU Xe€Ill-SHAY€HHWe, TO IIOTOM MOMHO
BBIUYHUCJIIUTE €0 3aHOBO 1 CPABHUTL C COXPAaHEHHBIM 3HAYEHUEM. Ecan ABa
3Ha4YeHud He COBIaayT, 3aTO 6y,11e'1‘ 03HaA4YaThb, 4YTO JaHHEIE OBLIU M3MeHEeHEbl.

XEIlII/IpOBaHI/Ie TaKXe II0JIESHO IIPDHU OIpeAeJIeHNHW HaJAeXHOCTHU AAaHHBIX.
Hpe,Z[CTaBI/IM cebe BHUDYC, ROTOpBIfI HU3MEHAET BAXXKHBIE TOKYMEHTBI, XpaHA-
muecda B base AaHHBIX. TpI/II‘I‘epy 9TO HEe OTJIOBUTH. O,Z[HaRO €CJI IOKYMEHT
COOEPHUT Xell-3HadYeHnue, TO, CPpaBHUB BBIYUCI€HHOE 3HA4YeHHNe C coXpa-
HEeHHEBIM, BbI CMOXKETE OIIPEeJEeINUTD, OBLIIO TN UCKAMKEHO COJepXaHue JOKY-
ME€HTa 1 MOXXHO JIN eMy TellePb AOBEPATE.

Kop ayteHTUdUKaumm coobweHmnsa (MAC) B Oracle 10g

PaCCMOTPEHHBIf/'I paHee MeTOoJa XeINIMPOBaHUA BeCbMa IIOJI€E3€H, HO HMeeT
HEKOTOPhbI€ HEJOCTATKH:

4 HpOBepI/ITB IIOAJIMHHOCTD IIePEeJaHHbIX JAHHBIX C IIOMOIITBEO XEI_T_I'(I)yHR'
O MOXKET KTO YIrOogHO. I9TO MOXKeT 0KaszaThbes HeOJOIIYCTUMBIM AJIsI HE-
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KOTODPBIX CHCTEM TIOBBIINIEHHOHA 6630HaCHOCTH, IIpeanoJgararnux, 494To
AYTEeHTHYHOCTH COOﬁLT_IeHHH HJIHA JaHHBIX IIPDOBEPAET TOJBKO OIIPEeAEeJICH
HBIHA IIoJIydaTenb.

e VY3HaB aJITOPHUTM XE€IIIHUPOBaHHUSA, 3JIOYMBIINIJICEHHHUK MOX€T BBIYHCIHUTDH
IIPAaBUJIbHOE X€Ill-3HaYeHHe U IIOAMEHHUTh UM peaJIbHO€, CKPBIB TEM Ca-
MbBIM H3ME€HE€HHUE JaHHBIX.

e Ilo mpuuyuHe, YKa3aHHOH B OpeALIAYIEM INYHKTE, XpaHeHHe XeIlll-3Ha-
YeHUS BMECTe ¢ JaHHBIMH He IpeJcTaBisaeTcs OeszonacHbIM. Ka)KabIid,
KTO HMeeT NPUBUJIETHIO HAa W3MeHeHHe TabMUITBI, CMOXKEeT H3MEHUTDH
U XeIlll-3HaueHWe. AHAJOTHYHO HEKTO MOYKeT CTeHepHUPOBaTh XeIlll-3Ha-
YeHUe U U3MEHUTD JaHHbIe «B OYTH». [[0o9TOMY Xeli-3HayeHUe He JOIHK-
HO COTPOBOXKAATEH JaHHBIE, a 00s3aTeNIbHO JAOJIKHO IepeAaBaThCs OT-
JIeJIbHO, YTO YCIOMKHSIET CUCTEMY .

CopaBUTHCA ¢ 9THMHA HEJOCTATKAMH IIOMOTaeT YCOBEPIIeHCTBOBAHHAS pea-
JU3aMUA XeIMUPOBaHU, B KOTOPOHA SKCKJIIO3UBHOCTh MEXaHHU3Ma XeIHuPOo-
BaHHUS Ha CTOPOHE IOJydaTess YAOCTOBePsIeT A IapojieM Uid KiaodoM. Ta-
KOe cIlellHaIbHOe XeNI-3HaYeHNe Ha3bIBAeTCA K0OOM aymeHmuuKayul co-
obuwenus (MAC — Message Authentication Code). OTupaBUTENb BEIYUCTIAET
MAC gna maHHBIX, HCIIOJIB3Ys Ipedonpee e HHBIA KJII0Y, KOTOPBIH TaKKe
H3BEeCTEH IIOJIydaTell0, HO He OTIPAaBJsIeTCs BMecTe ¢ JaHHBIMHA. OTIpaBu-
TeJIb OTchlIaeT noaydarenao MAC BMecTe ¢ JaHHBIMH, He pasaesss ux. Ilo-
cJie IOTyYeHU JaHHBIX [T0JIy4YaTe b TaKXKe BeIuucasaeT 3Hadyeaue MAC (uc-
TTOJIB3YS TOT 2Ke KJI0Y) U CPABHUBAET €r0 CO 3HAaYeHUEeM, OPHUIIeIITHM BMe-
cTe ¢ fanHEBIMH. CXxeMaTHYeCKH JAaHHBIA MexXaHU3M H3o0pakeHd Ha puc. 4.9.

Kark u xemupoBanue, MAC creayer crasAapTHBIM ajgropurmam MD5
u SHA-1. Ilpu sToM, Kak 1 B @yHKOUHU HASH, HCTIONIE3YEeMBIH aJITOPUTM YKa-

N lanibe JlanHbie &
L Mepenpa  Kiiou
(coxpaHeH noxkanbHo)
[ .
: ['eHepMpoBaHHe | ['eHepupoBaHHe 4
OmpasuTens MAC ' MAC hl Mosy4aTens
o MAC L- TNepepaia > CreHepuponaHHuw
Kmow ™
(coxpaHeH NokanbHo)

\—v CpanHeHwe <—|

Puc. 4.9. Hcenoavzosanue koda aymenmuurayus coodu,eHus
(Message Authentication Code)
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3pIBaeTcAa B mapamerpe typ. Tpebyercss BeIOpaTh sHauenme DBMS_CRYP-
TO.HMAC_MD5 mmm DBMS_CRYPTO.HMAC_SH1. B crmeamyiomieM mpuMepe 3HadYeHIE
MAC gs BXOJHOUW CTPOKHY BRIYUCIAETCA IIpU moMomu anropurma SHA-1.

/» Oain Ha Beb-calTe: get_shal_mac_val.sgl =/
CREATE OR REPLACE FUNCTION get_shal_mac_val (p_in RAW, p_key RAW)

RETURN RAW
18
1 _mac  RAW (4000);
BEGIN
1_mac :=
DBMS_CRYPTO.mac (src => p_in,
typ => DBMS_CRYPTO. hmac_sh1,
key => p_key);
RETURN 1_mac
END;
/

MoKHO TaKsKe HOCTPOUTEH cobcTBeHHbIe BhIuncaeHnsa MAC Ha ocHOBe Ha-
medl QYHKOIUU XeITUPOBAHMI.

/= ®aiin Ha Beb-caihTe: get_mac_val.sgl x/
CREATE OR REPLACE FUNCTION get_mac_val (
p_in_val IN  VARCHAR?
p_key IN  VARCHAR?,
p_algorithm IN  VARCHAR2 .= "SH1

RETURN VARCHAR?
18
1_mac_val RAW (4000);
1_key RAW (4000)
1_mac_algo PLS_INTEGER
1_in RAW (4000)
1_ret VARCHARZ (4000)
BEGIN
1 _mac_algo :=
CASE p_algorithm
WHEN "SH1"
THEN DBMS_CRYPTO.hmac_sh1
WHEN "MD5"
THEN DBMS_CRYPTO.hmac_mdb
END;
1 in := utl_i18n.string_to_raw (p_in_val, "AL32UTF8");
1_key := utl_1i18n.string_to_raw (p_key, "AL32UTF8");
1_mac_val := DBMS_CRYPTO.mac (src => 1_in, typ => 1 _mac_algo, key=>1 key);
1 _ret := RAWTOHEX (1_mac_val)
RETURN 1_ret
END;

IIpoTecTupyeM 5Ty HYHKITHIO, TOOpoO0oBaB MONYyYuTh sHadenue MAC mana
nauabIX «Test Data» u kmroua «Key».

SQL> SELECT get_mac_val ('Test Data’, ‘Key')
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2 FROM DUAL
3/

GET_MAC_VAL( TESTDATA", "KEY")

8C36C24C767E305CD954150852E9692F53927761

JI BEIYUCIEHUS KOHTPOJBHOM CYMMBI TpebyeTcest KI0Y, YTO AeNaeT AaH-
HBI#T MeTon 6ojee HageKHBIM, UYeM MOPOCTO XelIupoBaHume. Hampumep,
B 6aHKOBCKUX IPUJIOKEHUAX BaKHA IEJIOCTHOCTD TAKUX MJaHHBIX, KAK HO-
Mep COIlMaJbHOTO cTpaxoBaHuda (Social Security number — SSN) knuenra,
BIajgeromiero cueroMm. Ilpeamomsokum, dTo Tabauia cueToB ACCOUNTS BBITIS-
IUT CIEAVIONIUM 00pas3om:

ACCOUNT _NO NUMBER(10)
SSN CHAR(9)
SSN_MAC VARCHAR2(200)

IIpu cosmanun cuera Beruucasgercsa sgEadernne MAC g moisa SSN: ucmoib-
3yeTcs OpefonpeAesleHHBIN Kifod, HanpuMmep «A Jolly Good Rancher».
Cronber SSN_MAC 0OHOBJISAETCS CIAEAVIONTAM 00pasoM:

UPDATE accounts
SET ssn_mac = get_mac_val (ssn, "A Jolly Good Rancher’)
WHERE account_no = account_no;

IIpegmono:KuUM Temepb, YTO KOTAA-HUOYADL BIIOCIEACTBUU KaKOH-TO 3J0-
VMBIMIIeHEHEUK u3MeHUT noxe SSN. Ecau 651 mome SSN_MAC comepskaso Xeri-
3HaYeHUe cTOJ0ma SSN, TO 3IMIOYMBINIIEHHUK MOT 6Bl CAMOCTOSITEIHEHO BBI-
YUCJIUTDH XeNI-3HaueHNe U 3alcaTh HOBOe 3HaUeHIe B 3TOT cTonbern. Torma
IpHU TOCHEAVIONIeM BHIUHUCIEHUN XeNI-3HAaYeHWsa AJA cToxdma SSN u ero
CPaBHEHWU C COXPAHEHHBIM 3HaueHueM SSN_MAC sHaueHWs OBl COBHIAJH,
U U3MeHeHUe JaHHBIX BEIIBUTH OBl He yaamoch! Eciu cTonben comep:KuT He
xemni-sHavenne, a MAC-zHaueHue AJA CTOJOIA, TO BHEIYHCIEHIHE HOBOTO
3HaYeHUA moTpedyeT sHaHua Kaoda («A Jolly Good Rancher»). He srasa
ero, 3JJOYMBIIIIJIEHHUK He CMOXKeT CTeHepUpOBaTh 3HadYeHue, paBuoe MAC-
3HAYEHUIO, I U3MeHeHUe JaHHBIX OyeT OUeBUAHBIM.

Co3paHue pearibHOW cUCTeMbI LN poBaHUS

IToaseaem uror. [IpuMeHUM MOJIYyUYeHHBIE 3HAHUA O MUGPOBAHUN U XeIIIH-
POBaHUU, IOCTPOUB PEANHLHYIO AeHCTBYIONIVIO CUCTEMY T POBAHUA.

B HeKOTOpBIX crydasax TpebyeTcsd cpaBHEHHUE 3aMU@POBAHHBIX AaHHBIX
¢ BxogAamumu aaaasiMu. Hanpumep, moorue CRM-npunoxxkerua (Custo-
mer Relationship Management — ynpaBieHue B3anMOOTHOIIIEHUAMEY C KJIH-
eHTAMM) UCOONb3YIOT A YHUKANbHOH MASHTUGUKATNN KIUNEHTOB TaKue
aTpubyThl, KaK HOMepa KPeAWUTHBIX KapT, HOMepa MaclopTOB M APYTHE.
MeaunmuHCKUM TPUIOKEHUIM MOKET TOTpeboBaThCA IPOCMOTD UCTOPUU
00JIe3HN AJIA OpeAIoKeHUA Naana JedeHus. CTpaxoBBIM KOMIOIAHUAM MO-
JKeT TOHaZOOUTHCSI TPOCMOTD AMATHO30B MANHEHTa AJA IOATBEPKIACHUI
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CIIpaBedJINBOCTH 2kano6. Bee st AAHHBIE€ XPAaHATCA B SaLT_II/I(I)pOBaHHOM BHU-
A€, II0OTOMY IIPDOCTOE CPaABHEHNE BXOAANINX JAHHBIX C COXPDaHEeHHBIMHU JaH-
HBIMHA HEBO3SMOMKHO.

CyIecTBYIOT ABa crocofa 060paboTKU TOA00HBIX CUTYAI[UH:

3awugposams nocmynusiue OaHHbIe UL CPDABHUMb UX C COXPAHEHHbIMU
3aWUPPOBAHHBIMU OAHHBIMU

PeanusyeTrcs TOIBKO B cydae, eClIH U3BeCTeH KU MndpoBanusa. Eciu
Opu MUPPOBaHUU OB UCIOIH30BaH MOAXO0A «OAUH KU A1 0a3bl JaH-
HBIX» (TabIUIBI MU CXEMBI), TO BBl TOUHO 3HAeTe, KAKOH KJIIOU CIeayeT
OPHUMEHUTH AJs Mu@PoBaHuA 3HAUYeHU. Ecau 6511 MCIONIb30BAH IIOJ-
XOJ «HOBBIA KJIOUY JJIS KAKIO0W CTPOKMH», TO BAM HYKHO 3HATH, KaKoii
KJOU cleAyeT OIPUMeHHUTDb AJsS IMU(PPOBAHNA 3HAYEHHUA B KaKI0H KOH-
KpeTHOo# cTpoke. Tak 4To BRI He CMOXKeTe NCI0Ib30BATE JaHHBIN CII0CO0.

Emie ofHUM Tpo6IeMHBIM MECTOM DU HMCIIOJIb30BAHUHN AAHHOTO CIIOCO-
0a ABJAIOTCA UHAEKCH. Eciu ANA gaHHOro 3amudpPOBaHHOTO CTOJOIIA
CcO3JaH UHAEKC, TO 9TOT UHAEKC OYAeT moJe3eH IPU HAJUYNY TpeIuKaTa
paBeHCTBa (HampuMep, Ssn = encrypt (' 123-45-6789")). 3ampoc HaiigeT
B HHIeKCe 3amudpoBaHHOe 3HaUYeHUe CTPOKU «123-45-6789», a zaTem
TIOJIYYUT OCTAJbHBIE 3HAUEHUS NJAHHOHN cTpoKu Tabmunsl. Ecau s3agano
yCcJIOBUE PABEHCTBA, TO B UHJEKCE IPOU3BOAUTCA ITIOUCK TOYHOTO 3HAYE-
Hug. OgHaxo, ecau 3aJaTh UpeJuKaT mogodusa (Hampumep, ssn like
"123-%), mHAeKC OKaxkeTcsa OecmoyesHEBIM. CTpyKTYypa «b-tree» uHIEK-
ca ycTpoeHa TaK, YTO PAJAOM OKa3bIBAIOTCA 3HAUEHUA, Y KOTOPBIX COBIIA-
JaioT HadyalbHBIe CUMBOJBI. MHAEKC TTOJe3eH AJs oleparuu moaobus,
eclIu 3HAYEHUA 3alaHbl OTKPBITHIM TEKCTOM. B 5TOM ciydae 3allUCHU UH-
merca aas1 «123-45-6789» u «123-67-8945» orasanuch 651 HeJaleKo
apyr oT apyra. Ho mocie mudpoBaHuA TaKUe 3HAYEHUA MOTYT IIpeBpa-
TUTHCA B HEUTO MOA06HOE:

076A5703A745D03334B56F7500C1DCB4
178F45A983D5D03934B56F7500C1DCB4

Kax BUAWUTE, HAYAJBbHbBIEC CHUMBOJIBI SaIlII/I(I)pOBaHHBIX 3HAYEHUU CUIHLHO
OTJIMYAITCA APYT OT Apyra, ImoaToOMy OHH IIOIIaAYT B PasHbI€ YaCTHU UH-
A€KCca. B pesyapTaTe IOUCK IO UHAECKCY AJIA OIIpeAesIeHUuA MeCTOIIOJO-
KEeHHUA B TaﬁJII/IIJ;e OKaxXeTcd MeJJIEeHHee ITIOJTHOI'O IPpOCMOTPa TaﬁJII/IIJ;BI.

Pacuwugpposamse 3awupposantsie 0annble 8 Kax00il cmMpoKe U CPABHUMDb
UX C COOMEememayUUMUL OMKPbIMbLMU OAHHbLMU

J1a TexX, KTO UCTIONMB3YEeT OTAENbHBIH KU AJIA KaKA0H CTPOKH, STOT
c1ocob sIBJIAeTCS eJUHCTBeHHO BO3MOKHBIM. Ho Kamaada omepanmus Je-
mudpoBaHUsa TOTPeOIIET HECKOMBKO AparoleHHbIX mukIoB I[ITY u mo-
JKeT TOBJIUATDH Ha 0OIIYI0 TPOU3BOAUTEIbHOCTE 6a35l JAHHBIX.

Kaxk ke cOpoeKTHPOBATEH CUCTEMY TaK, 4YTOOBI cpaBHEHUE ¢ 3amudpoBaH-
HBIMH cTOJNOmaMu OblI0 Hambogee sdheKTUBHBEIM? POKYC B TOM, UTOOBI
BHITIOJNIHATEH CPaBHeHUE He ¢ 3alTu(POBAHHBIM 3HAUEHUEM, a C Xell-3Haue-
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HreM. Co3/laHne Xelll-3HAYeHUA 3aHUMAeT 3HAYUTEJILHO MEeHbIIIE BpEMEeHH,
gyeM MuU@poBaHue, U ToTpediseT Menblie TUKJI0B IIITY. ITockonbKy B pe-
3yJbTaTe XeITUPOBaHUs HEKOTOPHIX JaHHBIX Bcerja 0yaeT IMONydeHO OMHO
W TO JKe Xelll-3HaueHHne, MOYKHO COXPAaHUTD Xelll-3HaUYeHue A1 KOHDUIeH-
IHUAaNbHBIX AAHHBIX, CO3/]aTh XeIl-3HAYeHHE JJIA IPOBEPSIEMbIX Ha COBIIA-
JleHre JaHHBIX U CPDaBHUTH €T0 C COXPAHEHHBIM X€eIll-3HaYeHHUEM.

IIpepnaraercsa ciaeaymoniasa CTPYKTypa cucTeMbl. Il penoroxum, 4To y Hac
ecTh Tabmuma CUSTOMERS, B KOTOPO#H XpaHATCS HOMepa KPeAUTHHIX KaprT,
Tpebyionue mMudpoBanus. BMecTo Toro 4Tobsl COXpaHAThH B Tabaume CUS-
TOMERS HOMEp KpeJUTHOH KapThl, MBI CO3JaJUM ABe AOMOMHUTEIbHBIX Tab-
nAUunE (TabIUIIBI M CBA3H MEeXY HUMH OpeAcTaBJIeHH Ha puc. 4.10).

Tab6auya CUSTOMERS

CUST_ID (mepBUYHBIH KJIOY)

CC (xem-3HaYeHWe KPEAUTHOH KapTHI, HO He CaM peasIbHBIH HOMEep KapPTHI)
Tab6auya CC_MASTER

CC_HASH (mnepBUYHBIHA KJIOY)

ENC_CCH (samucpoBaHHOE 3HAYEHHE HOMePpa KPeJUTHOH KapTH)
Tabruya CC_KEYS

CC_HASH (mnepBUYHBIHA KJIOY)

ENC_KEY (ry1f04 MU pPOBaHUSA, UCIOJb3YEMBIA AJs1 MUGPOBAHUA JaHHO-
T0 HOMEePa KPEeJUTHOH KapThl)

HeszamudpoBarHbIH HOMED KPEJUTHON KapThl HUT/e He XpaHuTcAa. MoyKHO
HamucaTb TPUTTED, 3a0ycKaeMbIil mepe BcTaBKoH (INSERT) UIu u3MeHeHH-
eM (UPDATE) cTpoKH, KOTOPHIH 6yIeT peaJu30BbIBATh TAKOH IICEBAOKO].

1 BbYMCIMTbL XeWw-3Ha4vyeHune
3 WckaTb aTo xew-3HadeHwe B Tadnuue CC_MASTER
4 1F HawpeHo THEN

5 Hw4ero He penatb

6 FELSE

7 CreHepupoBaTb KoM

8 MCnonb30oBaTh 3TOT KAKKY ANS NONYyYEHUsS 3aWwnOPOBAHHOTO 3HAYeHKS

CC master
CC hash (pk
EncCC# |

Customers
Cust id (pk)
cC

Puc. 4.10. Xpanernue 3auiu@posannoil UHGOpMayUU 0 KPeJUMHbBLX KAPMAX
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9
10

1N

OTKPHTOrO HOMEPa KPEeAMTHOW KapTsl

BetasuThb B Tabnuuy CC_KEYS 3anuch ¢ JaHHHM XElW-3Ha4eHUEeM U KIHOM
BeTaBuThb B Tabnuuy CC_MASTER 3anuch ¢ JaHHHM Xel-3HAa4eHUeM

M 3aWMPpOBAHHBIM 3HAYEHNEM

END IF

Tem caMBIM MBI 00€CTIeUMM OTCYTCTBUE He3aImu(ppoBaHHOTO 3HAYEHU T HO-
Mepa KpeJuTHOHN KapThl B 0ase AaHHBIX. [IpuIoKeHns OYAYT TPOAOTIKATE
BCTABJATH 3HAYEHUST OTKPBHITHIM TEKCTOM, HO TPUTTeD O6yAeT 3aMeHATh UX
Xelni-sHaveHnsaMu. [laree TpUBOAUTCS BOBMOMKHBIH KO/ TaKOTO TPUTTEPAa:

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

CREATE OR REPLACE TRIGGER tr_aiu_customers
BEFORE INSERT OR UPDATE
ON customers
FOR EACH ROW
DECLARE
1_hash VARCHAR? (64);
1_enc RAW (2000);
1_key RAW (2000)
BEGIN
1 _hash := get_hash_val (:NEW.cc)

BEGIN
SELECT c¢cc_enc
INTO 1_enc
FROM cc_master
WHERE cc_hash = 1_hash
EXCEPTION
WHEN NO_DATA_FOUND
THEN
BEGIN
1 _key := get_key;
1 enc := get_enc_val (:NEW.cc, 1_key)

INSERT INTO cc_master
(cc_hash, cc_enc

)
VALUES (1_hash, 1_enc

)

INSERT INTO cc_keys
(cc_hash, cc_key

)
VALUES (1_hash, 1_key
)
END;
WHEN OTHERS
THEN
RAISE;

END;
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41 NEW.cc := 1_hash;
42 END;

ITosicHUM KJI0YeBBIE MOMEHTEI

Crpoxku |Omnucanue

10 CHauaja BRIYMCJAAIO XeIll-3HaueHne AJIS IIOJIYUEHHOTO OTKPBITBIM TEK-
CTOM OT IIOJIb30BaTEJA HOMEDpa er,ZLI/ITHOIL/'I KapTHI.

13-16 IIpoBepsio, cyIIecTBYET JU TaKOe 3HAUeHMe B Tabaure CC_MASTER.

21 Ecnu coBnagalolee xel-sHatueHNe He HAWAEHO, 3T0 03HAUAET, UTO PeUb
HIEeT 0 HOBOHM KpeIUTHOMH KapTe. [ ee mmndpoBaHNA He0OX0IUMO CHA-
uajia CTeHePUPOBATH KJIIOMU.

22 Hcnonapsyio 3TOT KAI0Y A4 UG POBAHKA OTKPRITOTO 3HAUSHUA HOMepa
KapTHI.

24-28 BeraBasio sammdpoBaHHBEIE HOMED KPEIUTHOH KapThl B TabaHIly
CC_MASTER.

30-34 Coxpansdmwo Kaiou B Tabauie CC_KEYS.

41 3aMeHAI0 OTKPHITHIM HOMED KPEeIWUTHOH KAapThH COOTBETCTBYIOIITUM
XeI-sHaueHHeM B COXPaHAI0 eTo.

Tpurrep saMeHsIeT OTKPBITOE 3HAUEHHE Xell-3HaueHUeM, IOSTOMY H3MeHe-
HUe TPUIOKEeHUa He Tpedyercda. [IporpaMMbl, cpaBHUBAIOIIHEe HOMepa Kpe-
JUTHBIX KapT, OYAYT UCKATh COBIaJeHNUe ¢ XeNi-3HAYeHNEeM, a He ¢ OTKPHI-
THIM HUJIU 34T POBAHHBIM 3HaUeHUAMU. MCIOMb3YA TaKO#H TPUTTED U TIpeS-
CTaBJeHHBIE B TJlaBe QYHKIIUU, BBl CMOKETE CO3JATh COGCTBEHHYIO sdpdhek-
TUBHYIO CUCTEMY UM POBaAHU.

3akno4vyeHue

B »To0i riraBe MBI TO3HAKOMUJINUCH C MTU(POBaHWEM, YIIPaBIeHUEeM KJ04a-
MU, XeIMIUPOBaHWEM U HEeKOTODPBIMHU CMeKHBIMU Bompocamu. laBafiTe mos-
BeJeM HeKoTopble urorn. [IludpoBanue faHABIX — 9TO MACKUPOBKA JaHHBIX,
BBITIOJIHsIEMAs JJIsI TOTO, YTOOBI CKPHITh UX peasbHoe 3HaueHue. s mud-
poBaHUA TpeOYIOTCA BXOAHBIE MaHHBIE, KJIOU ITH(MPOBAHUA W AJTOPUTM
mudppoBanuda. CyniecTBYIOT ABa 6a30BBIX MeTO[Aa IMIUMPOBAHUA: ACHUMMET-
puuHOe IMudpoBanme (MuPpPOBaHUe C OTKPBLITHIM KJIIOYOM) — JJI Mu(poBa-
HUA U JeNTU(pPOBAHUS UCIOJIb3YIOTCA PasHble KJIIOYU, U CUMMETPUYHOE
mudpoBanue — AJNA MIHGPOBAHUA W AEMIHPPOBAHUA HUCHOJIL3YETCS OJUH
U TOT ke KJiod. IlepBbIii MeToA OOBIYHO HCHOJB3YeTCA TIPHU Iepefade TaH-
HBIX U TpeOyeT TIaTelbHO HacTPOWKHM, B TO BpeMdA KaK BTOPO# cmocob goc-
TATOYHO IPOCT B IPUMEHEHUH.

Hau6onee BasKHBIM M CIOKHBIM acOeKTOM CO3JaHUA HHPPACTPYKTYDPHI
mMudpPoOBaHUA SBIAETCSI cO3daHWe HaAeKHoH u 06e3omacHOH CHCTEMBI
yIpaBJeHUA KJIYaMU, 4 He UCI0Jb30BaHUE CAMUX IIPOTPAMMHBIX UHTED-
deiicoB npunmoxkeHuii. J{na XxpaHeHUA KJIOYed MOMKHO UCIOJIH30BaTh pas-



262

[naga 4. UlndpoBaHue 1 xelWpoBaHWe AaHHbIX

HooOpas3Hble BOBMOKHOCTH: MOXKHO XPaHUTh UX B 6ase JaHHBIX, B (haiigo-
BOI cucTeMe MW KOMOMHUPOBATH STH THUMNHI XPAHUMUII. BB MOMKeTe uc-
TIOJIB30BATH OJAWH KJIOY AJI Beel 0as3hl JaHHBIX, OTAENbHBIN KU IJId Ka-
JKIOH CTPOKH TaOMUIBl MU KaKOH-TO TPOMEIKYTOUHBIH BapuadaT. MoXHO
HUCTIONMB30BATD ABA PA3HBIX KJIT0Ya: OOBIYHBIH KJII0Y, COXPaHEeHHBIH B OAHOM
MecTe, U MacTep-KJY, COXpPaHEeHHBIN B ApyromMm mecre. [lna mudpoBanusa
JaHHBIX OyIeT UCIOJb30BAH HE COXPaHeHHBIH KJIOY, a Pe3yJIbTaT HOOUTO-
Bo# omeparnuu XOR nna macTep-KJ0Ya U coOXpaHeHHOro Kiaoda. [laxke ec-
JIU OAUH U3 STUX KJIouel 6yaeT pacceKkpedeH, AelndpoBaTh JaHHEIE VAACT-
€ TOJIBKO TOCJe TONYIeHU A BTOPOTO KJIF0Ya.

B HEeKOTOPHIX cIydYasax HeT He0oOXOAMMOCTH B COKPHITUU AAHHBIX, TpebyeT-
cs JIUMIb YBEPEHHOCTH B TOM, UTO OHHW He OBLIU U3MeHeHBI. /s sToTo cy-
OIeCTBYET KpUNTOrpaduUecKoe XeNIUpoBaHUe. Xell-PYHKITUA BCeraa BO3-
BpaIaeT OJHO W TO Ke 3HAUeHWe AJIA 3aJaHHOTO BXOAHOTrO 3HaueHHUA. TO
€CTh UBMeHEeHUEe BRIYUCIEHHOTO Xelll-3HaUYeHUA 10 OTHOIIIEHUI0 K UCXOAHO-
MYy XeNI-3HaYeHUWI0 O3HAYaeT U3MeHeHUe UCXOAHBIX naHHbIX. OqHA U3 pas-
HoBUAHOCTell xemupoBanusa, MAC (Ko ayTeHTHDUKAIHUN COOONIEHUS),
TAKYK€ UCIIONb3YeT KJII0Y.

Oracle 10g Release 2 BBOAUT HOBYIO BO3BMOKHOCTH IIPO3PAYHOTO IMIH(pPOBa-
aua — Transparent Database Encryption (TDE), o6ecmednBaoIyi0 Ipo-
3payHoOe MU@MPOBaHUE U AeIMUdpPOBaHUE JAaHHBIX [ePe] UX COXpaHeHUeM
B moJAXxX AaHHBIX. IIpu ucnoas3oBanuu cpeAcTB TDE xordUaeHTMATBHEBIE
naHHBIE B hallaax JAaHHBIX, ADXUBHBIX JKYPHAJBHBIX (haliax U pe3sepBHBIX
KomuAX 0a3 HJAaHHBIX XPaHATCA B 3amu@pPOBaHHOM BIAE, CJIeI0BATENHHO,
Kpaska Takux (paiijioB He MIPUBOAUT K pacCeKpedymBaHUIO AaHHBIX. OMHAKO
umeiitTe B BUay, uro TDE He ABNAeTCA NOJTHONEHHOHN cucTemMoil mudpoBa-
HHU, TTOCKOJbKY TPeOyeT KOHTPOJISI HAJ MOJIb30BaTeIIMu. ECIIu BBl XOTHUTE
YOPaBJIATH JOCTYIIOM K AeMn(pPOBAHHLIM 3HAYEHUAM, TO BaM HEOOXOIHUMO
OyIeT co3maTh cOGCTBEHHYIO HHPPACTPYKTYDPY.
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Texuromorus RLS (row-level security, 6esomacHoCTE Ha YPOBHE CTPOK) ITO3BO-
JsIeT 3aJaBaTh IpaBuia (TOTUTHK M) 6e30TacHOCTH AJs Tabaum 6236l JaHHEBIX
(4 OTHENBbHBIX THUIIOB ONepamuii Hajg TabIHUIaMu), OTpaHUYUBAIONIAE I
IOJB30BATEISA BO3ZMOXKHOCTD UTEHUA WUIU UBMEHEHUS ONPeAEeSIeHHBIX CTPOK
B oTuX Tabnumnax. IToasusmiuck B Oracle8i, sTa TeXHOJIOTHA cTANIa OUEHD I10-
Je3HBIM HHCTPYMEHTOM AJIA aAMUHUCTpaTOpa 0a3 JaHHBIX, Mo3ToMYy B Orac-
le9i u Oracle 10g ee Bo3MOKHOCTHA OBLIN pacHiuperbl. @YHKITMOHATIBHOCTD
RLS peanmzoBaHa B OCHOBHOM € ITIOMOIIbI0 BCTPOEHHOr0 ITakeTa DBMS_RLS.

B sT0ii ritaBe MBI 06CY UM, KAK HCIOJIB30BATE MaKkeT DBMS_RLS aia cosgaHus
U TpUMeHeHU ToauTuK RLS B 6ase TaHHBIX, ¥ CPABHUM BO3MOXKHOCTH STOH
TexHosMoruu B Bepcuax Oracle9i u Oracle 10g. Paccmorpum Takske padoTy
KOHTEKCTa OIpUJIoKeHuA B cBA3Ke ¢ RLS u Bzaumogeiictsue RLS ¢ pagom
apyrux BoamoskHOcTeil Oracle. IIocKOMBKY, BEPOSTHO, MHOTHE aIMUHUCT-
paTopHI Bee elnie ucnoabayoT Oracle9i, cuadama paccMoTpuM cpeacTBa RLS
B 9TOI Bepcuu, TeM Oosee 4To Gombmias uX dacTh mepentia B Oracle 10g.
Pacmiupenue Bosmo:kHOcTeil RLS B Oracle 10g onucano B pasgene «RLS
B Oracle 10g». Ilpexxae ueM yrayoasaThbes B moapobHocTH paboTsl RLS, MBI
PEKOMEeH/IYEM BEPHYTHCA HAa IIar Ha3ajJ U OCBEeKUTH CBOUW IPeACTaBIeHUA
0 TOM, KaK OCYIIeCTBJSIOTCS aBTOPU3AUA U JOCTY K 0ase JaHHBIX.

BBepeHue B RLS

Ve muoro ger Oracle obecmeunBaeT 6e30MacHOCTh Ha YPOBHE TAOMUIl U
B HEKOTODPOM CTemeHW Ha ypoBHe cToJ0moB. Ilorb3oBaTensaM MOTYT OBITH
BBIIAHGI (MM OTO3BAHBI Y HUX) MIPUBUJIETHU HA JOCTYI K OTAENLHBIM Tab-
aunaM uam croxbiuam. OnpeleseHHBIM TOJH30BATENAM MOYKHO BBIAATH
TIpaBa Ha BCTaBKY B ouH Ha6op TabmuIl 1 Ha BEIGOPKY HaHHBIX U3 IPYTOTO
Habopa Tabnun. Hanpumep, morb3oBaTenb John MOMeT MOJYUYUTH TPUBU-
JeTHWI0 Ha omepamuio SELECT gas Tabauns! EMP, oprHaAIexKaniel MoaIb30B84a-
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Temto Scott, KoTopas mosBonseT John’y MoIy4YuTh JI00YI0 CTPOKY 5TOH Tab-
JUIEI, HO He M03BOJAET BHITOMHUTL U3MEeHeHUe, YAaleHUe UJIN BCTaBKY.
IIpuBuIernu Ha ypoBHe 00BEKTOB OTBEYAIOT MHOTUM TpeOGOBAHUAM, HO
MHOTAA OHUW OKA3BIBAIOTCS HEJOCTATOUYHO AETAJbHBIMH AJIS BHITOJTHEHU
pasHoo0pas3HbIX TpaBUJ 6e30MacHOCTH, KOTOPEIE YacTO HAlaramoTes Ha pa-
00Ty ¢ KOPIOPATUBHBIMU JaHHBIMHU. THTUYHBIM TPUMEPOM ABIAIOTCA Je-
MOHCTpamuonusle Tadbaunel Oracle, TpaAWIIHOHHO COAepIKAaINe AaHHBIE
0 COTPYAHUKaX. B Tabnume EMP XpaHATca HaHHBIE 000 BCeX COTPYAHUKAX
KOMIOaHUU, HO PYKOBOAUTEIAM OTAEIOB JOJKHA OBITH JOCTYITHA HHMOPMA-
IS TOJBKO 0 pA0OTHUKAX CBOETO MOoApas e e Hmnsd.

Panee AIMHUHHUCTPATOPLI 6as AAHHBIX MTOJarajJuch Ha cOo3JaBaeMBbIl€ IIOBEPX
6a30BBIX TaﬁJII/IIJ; IIpeacraBJIeHUA, OﬁeCHe‘II/IBaIOU_II/Ie 6e30IIaCHOCTh Ha
YPOBHE CTPOK. K COXAJEHUI0, IPDUMEHEHHNE 9TOI'0 MEeTOJa MOXKET IIPDUBECTH
K IIOABJE€HHWIO OI'DOMHOI'0O KOJHUYECTBa Hpe,Z[CTaBJIEHHﬁ, KOTODBIE CJOMHO
OIITUMHU3SHUPOBATH 1 KOHTPOJIUPOBATEH, 0co0eHHO y4uThiBad TOT (I)aRT, qTo
IIpaBuja JOCTYyIIa K CTPOKAM MOI'YT CO BpeME€HEM MEHATHCA.

Tyt B geno Bcrynaer TexHonorud RLS. C ee moMomIbi0 BBl MOKETE OUEHb
TOYHO ONPEAeNUTh JOCTYIHEIIH MOJb30BATENI0 HA0OD CTPOK TabMUIbl, TPU
5TOM KOHTPOJD OYAEeT ocyIiecTBAAThCA PL/SQL-OYHKIUAMET, PeaTu3yio-
OIUMH CJOXKHYIO JIOTUKY NPAaBUJI. YIIPABAATH TAKUMHU HYHKIIUAMU IOpas-
JIO TIPOIIle, YeM IIPeACTABIeHUAMU.

Texnomorus RLS BrIOUYaeT B ceOs TPU OCHOBHBIX 2JIEMEHTA.
ITonumura (policy )

JexnmapaTuBHadA KOMaH/Ja, KOTOpad ONpeAedeT, KAK U KOTJa CIedyeT
IPUMEHATH OUPAHUYEHUS II0JIb30BATEJIBCKOr0 JOCTYyIAa AJIA 3allPOCOB,
BCTAaBOK, yJajleHWUi, W3MeHeHUH NN KOMOMHAIHIN TepedncIeHHBIX
onepanuii. Hanpumep, MoxkeT moTpebOBATHCA 3alPETUTDH M TONIH30-
BaTesda onepamnuu UPDATE, He oTpaHUYMUBAS BO3ZMOKHOCTH BEIGOPKU, MU
OTPaHUYUTH JOCTYI K BBIOOPY JaHHBIX M3 OIpeaeeHHoro cronba (Ha-
IpuMep, cBeJeHUsI O 3apiyaTte, SALARY), He orpaHWUYMBasA BBHIOOPKY U3
OCTAJBHBIX CTOJIOIIOB.

Dynryua norumuru desonacrocmu (policy function )

XpaHI/IMaH (I)yHRIII/IH, KOTOpasd BBI3BIBAE€TCA B ClIy4yae, KOrJa BbBIITOJHA-
IOTCHA YCIOBUA, 3aJaHHbBIE B I[IOJIUTHUKE 6e30I1acHOCTHU.

IIpedurxam (predicate)

Crpoka, KoTopasa TeHepHUpyeTcsd QOYHKIHed TOMUTHKHN 0e30macHOCTH,
u Koropyio Oracle mpo3padyHo aBTOMATHYECKH IPUCOEIUHAET B KOHEIT
npeaynoxxkeHud WHERE BRITOJIIHAEMBIX IOJIb30BaTeIeM oepaTopoB SQL.

RLS aBToMaTHYecKu TPUMEHSIET TPEJUKAT K TOJIH30BATEIHCKOMY OTIePaTO-
py SQL, BHE 3aBUCUMOCTH OT TOT0, KAK BTOT 0TlepaTop OBLT BEIToHeH. IIpe-
IUKAT QUIBTPYET CTPOKM HA OCHOBAHUHU YCJIOBUS, ONpPeAeleHHOTO PYHK-
nuell TOMUTUKN 0e30macHOCTH. KECiu yeIoBle NCKII0YaeT BCe CTPOKHU, KO-
TOPBIE He JOJKHBI 6BITH BUAHEI TOJIb30BATENIO, TO TEM CAMBIM (haKTUUECKU
obecrneunBaeTcsa 0e30MacHOCTb HAa YPOBHE CTPOK. KII0UYEBHIM MOMEHTOM,
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o0ecmeuynBAIOIIUM BBEICOKYIO HAAeKHOCTD U MOJHOTY TeXHogoruu RLS, aB-
asieTca To, uro Oracle aBToMaTUYecKU IPUMEHAET IPEAUKAT K MOJIb30Ba-
TeabcKoMy SQL-onmepaTopy.

3ayem Bam 3HaTb 00 RLS?

Hcxopsa us ckazaHHOTO, ¥ Bac MOTJIO CJOKHUTHCS BIedaTaeHue, dTo RLS —
9TO Y3KOCIeNHuaIN3UpOBaHHAA PYHKINUA 6€30IIaCHOCTH, KOTOPAS BPAI JIU
IOHAZOOUTCA B KaKIOAHEeBHOIT paboTe agMuHENCTpaTopa 6asbl JaHHBIX. Ha
caMoM Jiesie, I0Jb3a OT NpuMeHeHnA RLS BEIXOAHUT 3a paMKU o0ecIedeHUA
6eszomnacHocTu. [IpuBegeM KpaTKHUH 0630p IPUUNH, 10 KOTOPBIM aAMUAHNACT-
paTopbl 6a3 TaHHBIX HAXOAAT npuMeHeHue RLS momesHsIM (TOgpoOHO 9TH
TIPUYUHBI OYIYT PACCMOTPEHBI Aajiee B IJIaBe).

ITosviuernue 6e3onacnocmu

HecomHeHHO, OCHOBHOIH 1enbio RLS sIBasieTcsa MOBRIMIeHNe YPOBHA 6e3-
OIacHOCTU BHYTPHU KoMmmOaHuu. [[na MmHOoTuxX KoMmmanuit RLS obecmeun-
BaeT COOTBETCTBUE HOBBIM IPaBUJIAM U WHCTPYKITHUAM II0 00eCcTIedeHUT0
0e30MacHOCTH W KOHMHUIeHIHATLHOCTH (HampuMmep, Sarbanes-Oxley,
HIPAA, Visa Cardholder Information Security Program), xoTopsie oHu
00s3aHBI BRITOJIHATEH. B HalllU AHN 6€30TaCHOCTE — 5TO HE BTOPOCTEIEH-
HBI#l BOTPOC, UHTEPECYIONIUH JTUITH 3aTePAHHBIX Te-TO B IIyOHHE KOp-
TIOPATUBHBIX MKYHIJIEH ayaAuTopoB. Temeps 5To BaKHAA COCTABIAIONTAA
00ImIero mpormecca IPOEKTHUPOBaHUSA U pas3paboTku cucTeMbl. CeromHs
KasKIBIH, HauMHAsA C CAMOTO MJAAIIEro paspaboTynka W 3aKaHUYMUBAA
CaMBIM MaCTUTHIM aIMUHUCTPATOPOM 6a3bl JaHHBIX, HOJKEH OBITH XO-
POIIO 3HAKOM C WHCTPYMEHTAMH U TEeXHOJOTHUAMU obecredeHusa 6eso-
nacHoctu. Oracle mpegocTaBIAeT MHOMKECTBO AOTONHUTENbHEBIX Iepe-
JOBBIX BOBMOKHOCTeH M oniuii obecmedeHusa 6e300acHOCTH, HO T€XHO-
morus RLS BeTpoeHa B cepBep 6aswl fanHBIX Oracle 1 ABIsgeTCA TIePBHIM
CPEeICTBOM, KOTOpPOE CIeAyeT MCIIOJIb30BATh AJA Pealus3anuu TOJUTHK
6esomacHocTi. M HOBUYOK aJMUHUCTPUPOBaHUA 6a3 JaHHBIX, U BeTe-
paH, 3a IJIe4aMH’ KOTOPOTro ToAbl paspabdoTknu Ha PL/SQL, 661cTpo moii-
MYT, 94TO OJIHU3K0e 3HaKOMCTBO ¢ RLS moMo:KeT aKKypaTHO UHTEeTPUPO-
BaTh QYHKIINHU 00ecIedyeHUs 0€30IacHOCTH B UX 0a3y JaHHBIX.

Ynpowenue paspadbomru u nodfepimru

RLS mosBossieT cobpaTh BCIO TOTUKY MOMUTUKN 6e30TIacHOCTH B Habop
IaKeTOB, COJep:KallUX XOPOIIO CTPYKTypupoBaHHBIe GyHKEIuUU PL/
SQL. Hake ecau 651 BB CMO2U PEATN30BATH UMEOIHUEC TpeOoBaHUS
6e30TIaCHOCTH Ha YPOBHE CTPOK IIPU IMOMOIIH MpeACTaBIeHUl, xomeau
OBl BBl TaK MOCTYOHUTH? UTOOBI YAOBIETBOPUTDH CJIOKHEIE OHU3HEC-YCIO0-
BHUS, TPeOYIOTCSA BecbMa BUTHeBaThle SQL-KoHCTpYyKIUHU. Ilo Mepe BBe-
JeHUA Ballledl KoMIaHWell HOBBIX HNOJUTHK 0€30MacHOCTH WJH yCOBEp-
MIeHCTBOBAHUSA CTAPHIX, 4 TaKKe IPU BCTYIJIEHUU B CUJIY HOBBIX ITOCTA-
HOBJIEeHUHN MpaBUTEJIbCTBA BaM HYKHO OYAeT KaK-TO IepeBOAUTH UX Ha
A3BIK SQL I COOTBETCTBYIOIIEr0 N3MEeHEeHUA BAIIIUX IPEACTaBIeHUN.
Topasgo mponie BHecTu usMmeneHusa B PL/SQL-dyHKIIUM, coOpaHHBIE
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B HEOOJIBIIIOM KONUUYECTBE NIAKETOB, U TeM caMbIM no3Bonuts Oracle aB-
TOMAaTUYEeCKHN IPUMEHATH BAIlld IIPaBUJia K OOpeAeJeHHBIM Tabiumam
(BHe 3aBUCUMOCTH OT cIIocoba JocTyma).

Ynpowenue «xopobounbix» NPULOHEHUTL

IIpocToTa paspaboTKH BiaedeT 3a coO0H IPOCTOTY afanTaluu «KopoboU-
HBIX» NPUJIOMKEHUIT, pa3paboTaHHBIX TpeThbuUMHU pupmamu. Haxke ecau
OBl 3ajava M3MEHEHUs KaKJOT0 3ampoca B OIPUIOKEHUU TTPeACTaBIsI-
Jach OCYIECTBUMOM, BaM BCce PaBHO He YAAJOCH OBl MPOAENATH 9TO IJIs
«KOPOBOYHBIX » TPUTOIKEHUH B CBABH C OTCYTCTBUEM UX UCXOTHBIX TEK-
ctoB. IToTpeboBamachk OB MTOMOIIE TOCTABIHEKA IPOTPAMMHOTO obecre-
YyeHUs. ITa OpobireMa oco0eHHO KacaeTcs YHACTIeJOBAHHBIX CHUCTEM:
GOJIBITUHCTBO 