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ITpegucioBue

NpeauncnoBune

HemaBHo Briiesr Release Candidate CYB/[ Firebird 5.0, a aTo o603HavaeT, UTO IIPUIILJIO BPeMs
03HAaKOMHUTBCI C HOBBIMH BO3MOYKHOCTSIMH IIPE[ICTOSINET0 pesir3a. ITO BOCbMOM OCHOBHOH
BhINTycK CYB/] Firebird, paspaboTka KOTOporo Hadasack B Mae 2021 roga.

B Firebird 5.0 kKoMmaHia pa3pabOTYUKOB COCpPeJOTOYMJIA CBOM YCWIHA Ha I[IOBBIIIEHUE
npousBoauTeIbHOCTU CYB/l B pa3IMUHEBIX aclleKTaX, TaKUX KakK:

* IapaJUleJIbHOE BBIIIOJIHEHHeE /IS paclipocTpaHEHHBIX 3a7a4: backup, restore, sweep, co3iaHue
U IIepecTpoeHUe HH/eKCa;

* yJIy4IlleHHe MacIlITa6UpoBaHUSI B MHOTOII0JIb30BaTEILCKOM cpefie;

* yCKOpeHHe II0BTOPHOM IOATOTOBKHU 3aIIpOCOB (KeIl KOMIIMJIMPOBAHHBIX 3aIIpPOCOB);

* yJIydIlleHHe OIITUMH3aTOopa;

s yJIyYIIeHHe aJTOPUTMa CKaTHs 3aITHCe;

* IIOMCK Y3KHX MeCT C IIOMOIIbI0 IJIaTMHA IIPOQUINPOBaHUS.

Kpome TOro, ITOIBUINCHL Y HOBBIE BO3MO>KHOCTH B g3bIKe SQL 1 PSQL, HO B 3TOM BepCUU UX He TakK
MHOTO.

OgHOM U3 [IOJITOKJAHHBIX BO3MO>KHOCTEH CTaI0 IIOSBJIEHHE BCTPOEHHOTO HHCTPYMEHTa IS
npodrmmpoBaHust SQL u PSQL, uTo [JaéT BO3MOXKHOCTH aJMHHUCTpaTopaM 6a3 [aHHBIX U
pa3paboTyrKaM IIPHUKJIAHBIX IIPOrPaMM HCKATh Y3KHeE MecTa.

Bassl jaHHbIX co3maHHble B Firebird 5.0 umeroT Bepcuro ODS (On-Disk Structure) 13.1. Firebird 5.0
1103BoJIgeT paboTaThk M ¢ 6asaMu AaHHBIX ¢ ODS 13.0 (co3maHHBle B Firebird 4.0), HO IIpA 3TOM
HEeKOTOpble BO3MOKHOCTH Oy/IyT HEeJJOCTYIIHBL.

st Toro utobbl mepexon Ha Firebird 5.0 61 mpollle B YTHUJIMTY KOMaHIHOM CTPOKH gfix ObLI
nobaBJieH HOBBIU IepeKJIrodaTesb -upgrade, KOTOPBIM II03BOJIIET 0OHOBJIATH MHUHOPHYI0 BEPCHIO
ODS, 6e3 giuTesbHBIX onepariui backup u restore.

Jlajiee s IIepevYUCIII0 KJIIOUeBhIe YIyUIlleHUs, ciejaHHble B Firebird 5.0, 1 UX KpaTKoe OIIUCaHUe.
[Togpo6HOe oIricaHUe BCceX U3MEeHEeHUN M0>KHO IIpoyuTaTh B "Firebird 5.0 Release Notes".


https://firebirdsql.org/en/firebird-5-0-0-rc1/

Chapter 1. O6HOBIEHUE ODS

Chapter 1. O6HoBn1eHUe ODS

TpagurioHHBIM cIioco60M 06HOBJIeHUA ODS (On-Disk Structure) sBiseTcs BbllosHeHHe backup
Ha cTapod Bepcuu Firebird u restore Ha HOBOH. 3TO [JOBOJIBHO JIMTEJIbHBIN IIPOIlecc, 0CO6EHHO
Ha 60JIbIITUX 6a3ax JaHHBIX.

OpHako B ciaydyae OOHOBJIEHHMS MHHOPHOM Bepcuu ODS (HoMep mocse Touku) backup/restore
SABJIZeTCAd U30BITOYHBIM (HeOO6XOAMMO JIMIIL N00aBUTH HeLOCTAaloIHe CHUCTeMHble TaOJIUIBI U
I10JIs, & TaK)Ke HEKOTOpPBIe ITaKeThl). [IpEMepoM TaKoro 0OHOBJIEHUS ABJIgeTcd 00HOBIeHHe ODS
13.0 (Firebird 4.0) o ODS 13.1 (Firebird 5.0), mockoJbKy Ma>kopHas Bepcust ODS 13 ocrasioch TOHU
Ke.

Hauunas c Firebird 5.0 mogBuiack BO3MO>KHOCTH OOHOBJIEHHMS MHHOPHOM Bepcuu ODS 6es
IJIATeJIbHBIN oIlepaniisa backup ® restore. /IiT 3TOro HMCIOJIb3yeTcs yTHaATa gfix ¢
IepeKsrvaTesieM -upgrade.

KirrtoueBbIe MOMEHTHIL:

* O6HOBJIEHHE He0OX0AMMO IIPOU3BOAUTE BPYYHYIO C IIOMOIIBI0 KOMaH/bI gfix -upgrade
* TpebyeTcsa MOHOIIOJIBHBINA JOCTYII K 6a3e JaHHBIX, B IPOTUBHOM C/Iy4ae BbIJaeTCs OLIMOKA.
* TpebyeTca cuctemHas nnpuBuierus USE_GFIX_UTILITY.

* OOHOBJIEHHE SIBJISIETCS TPaH3aKITUOHHBIM, BCe€ HM3MEHEHHSd OTMEHAI0TCA B CjIydade
BO3HHUKHOBEHHS OIITHOKH.

* ITocse o6HOBIeHU Firebird 4.0 60s1b11Ie He MOKET OTKPHIBAaTh 6a3y JaHHBIX.

HcIiosib30BaHUeE:

gfix -upgrade <dbname> -user <username> -pass <password>

* ITO OJHOCTOPOHHSA MOAUQHUKAIIMS, BO3BpaT Ha3ajJ HeBO3MOXKeH. IloaTomy
repen 0OHOBJIEHUEM CZeJlaliTe KON 6a3bl TaHHBIX (C IOMOIIbI0 nbackup b -
0), 4TOOBI UMETh TOUKY BOCCTaHOBJIEHUS, €C/IU UTO-TO IIOM/IET He TaK BO BpeMs

mporiecca.
NOTE
* O6HOBJIeHHe ODS c momoInkio gfix -upgrade He U3MeHsSeT CTPAHHUIILI JaHHBIX

I10/Ib30BaTeJIbCKUX TabJIUI], TAKUM 06pasoM 3allicU He OyAyT IlepelaKoBaHbI C
IIOMOIIILI0 HOBOTO ajropurMa ckatuss RLE. Ho BHOBL BCTaBJIsieMbIe 3aIIHCH
OYyZyT CoKaThI C IIOMOILIBI0 YCOBEPIIeHCTBOBAHHOIO RLE.
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Chapter 2. YnyuwieHune anropmtma cxatus
AAHHbIX

Kak usBecTHO B Firebird sammcu Tabsuiy pacrosiararoTcd Ha cTpaHUIaxX faHHBIX (DP) B coxkaToM
BUZle. ITO CHEJNIAaHO Il TOTO, 4TOOBI Ha OJHOM CTpPaHUIlE IIOMECTUJIOCh KaK MOYKHO 6O0JIbIlle
3ammcei, a 3TO B CBOK Oudepeab 3KOHOMMT JUCKOBBIM BBOA-BBIBOA. /lo Firebird 5.0 maa coxatusa
3armcen UCI0JIb30BaJICI KiIacCuuecKUd ajroput™ Run Length Encoding (RLE).

Kiaccuueckui asnroputM RLE  pa6oraer ciemyromuM — o6pasom. IlociaemoBaTeIbHOCTh
IIOBTOPAIOIIAXCA CHMBOJIOB COKpalllaeTcsd [0 YIIpaBJAIIero 6aiiTa, KOTOPBIM OIIpejesiseT
KOJIMYEeCTBO IIOBTOPEHUH, 3a KOTOPBIM CJIefyeT GpaKTHUUEeCKHUU ITI0BTOPsIeMbIN 6aiiT. Ec/IU JaHHBIe
He MOIYT OBITH CKaThl, YIIPaBJAKIUN 6aUT yKasblBaeT, UTO "CjleAyrollue n 6auT TOJDKHBI
BBIBOIUTHCS 603 U3MeHeHU .

VIIpaBagronui 6auT UCII0Ib3yeT s CIeAYI0IM 06pa3oM:

*n > 0[1.127]- ciemyroiye n 6aUT COXPaHITCA KaK eCTh;
*n < 0[-3. -128] - ciegyronui 6aUT IIOBTOPSETCS N pa3, HO COXPaHIEeTCS TOJIbLKO OJHH pas;

* n = 0- KoHeI JaHHBIX. OOBIYHO 3aITOJTHSIONTHHN OaMUT.

B ocHoBHOM RLE 3¢ deKTUBeH I CKaTHs XBOCTOBBIX HyJsied B mosax Tyiia VARCHAR(N), koTopsie
3alo/IHeHBI He I1eJIMKOM M paBHBI NULL. OH J0CTaTOYHO OBICTPHIM M He CHUJIBHO HarpykaeT
IPOIeCCop B OTJIMUUE OT aJITOPUTMOB Ha OCHOBE CJIOBape, Takux Kak LHZ, ZIP, GZ.

Ho y xiaccuueckoro aiaropurtma RLE ecTh HejoCTaTKH:

* MaKCMMaJIbHasl CTelleHb C)KaTHUd COCTaBJsleT 64 pasa: yOpaBIdOIUU OalT MOXKeT
3aKOMPOBaTh 128 ITOBTOPAIOINMXCA 6AaMTOB IIpeBpalas UX B 2 6airta. Takum obpasom 32000
OIMHAKOBBIX OaWT OyayT 3aHuMMaTh 500 6GaWT. 3Ta IpobsemMa OCOOEHHO yCyryouiach B
IocjIefHee BpeMs C IpUxoqoM KogupoBKU UTFS, rae Ha KaXKIbIil CHMBOJI OTBOAUTCSA 4 6auTa.

* B HEKOTOPRBIX Ciay4dadaX CXKaTas II0CIea0BaTeJIbHOCTH 0aMiT MO’KeT CTaTh JJINHHEe, YeM He
C’KaTasd, €C/JIM JaHHbI€ HE CCKHIMa€eMBbIE.

* yacToe uYepeloBaHHE KOPOTKHUX COKHMAeMBIX U He C)KUMAaeMbIX II0C/IeIoBaTeIbHOCTEH
IOTIOJTHUTEJIHLHO Harpy’kaeT IIPOIeCCOp, HUBEJHPYI0 TEM CaMbIM BBIUTPHIINI OT 3KOHOMHH
IHICKOBOT'O BBO/IA-BBIBOJIA.

[TosTtomy B Firebird 5.0 6pL1 paspaboTaH ycOBepIIEHCTBOBAHHBIM alroputM cxartus RLE (co
CUYETUHMKOM ITepeMeHHOM [UIMHBI). ITOT aJITOPUTM JOCTYIIEH TOJIBKO B 6a3ax AaHHbBIX ¢ ODS 13.1 u
BBIIIIE.

O6HoBseHMe ODS c moMmomplo gfix -upgrade He HU3MeHseT CTPAHHUIILI JTAaHHBIX
I10JIb30BaTeJIbCKUX TabJIMI], TAKUM 00pa3oM 3alKCU He OyAyT IleperakoBaHbI C
IIOMOIIIbI0 HOBOTO ajropurMa ckaTus RLE. Ho BHOBE BCTaBisseMble 3aIllMCHU OYAYT
CKaThI C IIOMOIIBI0 YCOBEPIIEHCTBOBAHHOTO RLE.

NOTE

VcoBepIlleHCTBOBAaHHBIN airopuTM RLE pab6oTaeT ciaemyroiuMm o6pasoMm. /lBe paHee He
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HCIIOJIb3yeMBbIE TJIMHBI -1 u -2 HCITIOJIB3YETCAd KaK CIIelHaJIbHbIE€ MAapKephl OJId boJstee JJIMHHBIX
C’KUMdEeMBIX l'IOCJIe,I[OBaTeJILHOCTef/’Il

* {-1, nByx-6aiiTHbIi cuéTumk, 3HaueHue 6aiiTa} - HOBTOPSIIOIIHECS IIOCTIEN0BATEIbHOCTHU JJIMHHOMN
oT 128 6aiiT g0 64 KbaiiT;

o {-2, uétblipex-baiiTHbIi CcuéTumk, 3HadyeHne 0aiiTa} - IIOBTOPSIOIIMECS II0CJIEI0BATEJIbHOCTH
JUTMHHOM 60Jiee 64 KbalT.

CKuMaeMble I10C/IeloBaTeIbHOCTH [IMHHON 3 6aiiTa He MMEIOT CMBIC/IA €CJIM PaCIIOJIOKeHBI
MeXXy ABYMsI HeCoKMMaeMbIMHU IIPOroHaMHU. CKUMaeMble I10C/Iel0BaTeIbHOCTH AJIMHHOM 0T 4 10
8 OalT ABJAITCA IIOTPAaHUYHBIM Ciy4yaeM, IIOCKOJBKY OHHM He CHJIBbHO CXKHUMAalTCd, HO
YBEeJIMYUBAIOT 00Il[ee KOJUYECTBO IIPOIOHOB, UTO HETaTHBHO BJIMAET Ha CKOPOCTH PACIIaKOBKH.
Hauwnasd c Firebird 5.0 pparMeHTEI Kopoye 8 6alT He COKUMAaIOTCS.

Kpome Ttoro B Firebird 5.0 (ODS 13.1) ecTb eIjé 0HO yJIydllleHYe: eCJIU B pe3yJbTaTe IpUMeHeHUs
ajroputMa c©xatugd RLE K 3ammcH, IIOCIe[oBaTeJbHOCTb 0OaMT 0Kas3ajJoCh [IMHHee
(HeckMMaeMble JaHHBIE), TO 3aIllMCh OyJeT 3alKcaHa Ha CTpPaHUIly KaK eCTb M IIOMedeHa
CIleIlMa/IbHBIM (JIaroM Kak HecKaTas.

Teneph ITOKa)Ky Ha IIpHUMepax KaK HOBBIM anropuTM RLE yBesnMuyuBaeT IPOU3BOAUTEIHLHOCTH
3aIIpOCOB.

11 HavajZa OTMedy, UTO CoKaTHe 3allMCel coBceM He OecIUiaTHas oIllepaliusa. B 3ToM Jierko
yOeaUTCA BBIIIOJIHUB JIBa 3aIIpOCa:

SELECT COUNT(*) FROM BIG_TABLE;

SELECT COUNT(SOME_FIELD) FROM BIG_TABLE;

[IepBRIM 3aIlpoC He HCIIOJIBL3yeT PAaCIaKOBKy 3allMced, IIOCKOJIbKYy Hac He HHTepecyeT HX
CoJlep>KHMOe (JOCTaTOYHO IIPOCTO IIOCUMTATHL KOJIMYECTBO). BTOpoM 3aIpoc BBEIHYK/EH [eJaTh
pacIakoBKy Ka’KIOM 3amucy, 4Tobbl ybemurca uro B Itosle SOME_FIELD me NULL. CHauaia
IIOCMOTPUM KaK 3TO BbIITosIHgeTcd B Firebird 4.0.

SELECT COUNT(*)
FROM WORD_DICTIONARY;
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4079052

Current memory = 2610594912
Delta memory = @

Max memory = 2610680272
Elapsed time = 0.966 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 4318077

SELECT COUNT(CODE_DICTIONARY)
FROM WORD_DICTIONARY;

4079052

Current memory = 2610596096
Delta memory = 1184

Max memory = 2610685616
Elapsed time = 1.770 sec
Buffers = 153600

Reads = 0

Writes = @

Fetches = 4318083

1.770 - 0.966 = 0.804 - GoJsibIIas 4acThb 9TOTO0 BpeMEHHU 9TO KaK pa3 3aTpaThl Ha PacCIIaKOBKY
3arucen.

Teneps mocMoTpuUM TOKe caMoe Ha Firebird 5.0.

SELECT COUNT(*)
FROM WORD_DICTIONARY;
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4079052

Current memory = 2577478608
Delta memory = 176

Max memory = 2577562528
Elapsed time = 0.877 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 4342385

SELECT COUNT(CODE_DICTIONARY)
FROM WORD_DICTIONARY;

4079052

Current memory = 2577491280
Delta memory = 12672

Max memory = 2577577520
Elapsed time = 1.267 sec
Buffers = 153600

Reads = 0

Writes = @

Fetches = 4342393

1.267 - 0.877 = 0.390 - aTto B fBOe MeHbIIle ueM B Firebird 4.0. /[aBaliTe IJITHEM Ha CTaTUCTUKY
aTou Tabsunpel B Firebird 4.0 u Firebird 5.0.



Chapter 2. VirydinieHre aJropuTMa CoKaTHUs JaHHbIX

Cmamucmuxka 8 Firebird 4.0

WORD_DICTIONARY (265)
Primary pointer page: 855, Index root page: 856
Total formats: 1, used formats: 1
Average record length: 191.83, total records: 4079052
Average version length: 0.00, total versions: @, max versions: 0
Average fragment length: 0.00, total fragments: @, max fragments: 0
Average unpacked length: 670.00, compression ratio: 3.49
Pointer pages: 19, data page slots: 59752
Data pages: 59752, average fill: 87%
Primary pages: 59752, secondary pages: @, swept pages: 0
Empty pages: 1, full pages: 59750
Fill distribution:

0 - 19% =1
20 - 39% =0
40 - 59% = 0
60 - 79% = 1

80 - 99% = 59750

Cmamucmuka 8 Firebird 5.0

WORD_DICTIONARY (265)
Primary pointer page: 849, Index root page: 850
Total formats: 1, used formats: 1
Average record length: 215.83, total records: 4079052
Average version length: 0.00, total versions: @, max versions: 0
Average fragment length: 0.00, total fragments: @, max fragments: 0
Average unpacked length: 670.00, compression ratio: 3.10
Pointer pages: 21, data page slots: 65832
Data pages: 65832, average fill: 88%
Primary pages: 65832, secondary pages: @, swept pages: @
Empty pages: 4, full pages: 65824
Fill distribution:

0 -19% =5
20 - 39% = 2
40 - 59% = 0
60 - 79% = 1

80 - 99% = 65824

V3 nipuBeIEHHON CTaTUCTUKU BUHO UTO KO3QPUITMEHT CKaTHA Jjake MeHbIlle yeM B Firebird 4.0.
Tak 3a CY€T Uero >ke TaKOM KOJIOCCAJIBHBIN BEIUIPHIII? /IJIT 3TOr0 HAZ0 IIOCMOTPETEL Ha CTPYKTYPY
9TOM TaOJIUIIBI:
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CREATE TABLE WORD_DICTIONARY (
CODE_DICTIONARY BIGINT NOT NULL,
CODE_PART_OF _SPEECH INTEGER NOT NULL,
CODE_WORD_GENDER INTEGER NOT NULL,
CODE_WORD_AFFIXE INTEGER NOT NULL,

CODE_WORD_TENSE INTEGER DEFAULT -1 NOT NULL,

NAME VARCHAR(5@) NOT NULL COLLATE UNICODE_CI,

PARAMS VARCHAR(80),

ANIMATE D_BOOL DEFAULT 'Het' NOT NULL /* D_BOOL = VARCHAR(3) CHECK
(VALUE IN('[la', 'Het')) */,

PLURAL D_BOOL DEFAULT 'Het' NOT NULL /* D_BOOL = VARCHAR(3) CHECK
(VALUE IN(C'[ila', 'Het')) */,

INVARIABLE D_BOOL DEFAULT 'Het' NOT NULL /* D_BOOL = VARCHAR(3) CHECK
(VALUE IN(C'[la', 'Het')) */,

TRANSITIVE D_BOOL DEFAULT 'Het' NOT NULL /* D_BOOL = VARCHAR(3) CHECK
(VALUE IN(C'[ila', 'Het')) */,

IMPERATIVE D_BOOL DEFAULT 'Hetr' NOT NULL /* D_BOOL = VARCHAR(3) CHECK
(VALUE IN('[ila', 'Het')) */,

PERFECT D_BOOL DEFAULT 'Het' NOT NULL /* D_BOOL = VARCHAR(3) CHECK
(VALUE IN('[la', 'Het')) */,

CONJUGATION SMALLINT,

REFLEXIVE D_BOOL DEFAULT 'Het' NOT NULL /* D_BOOL = VARCHAR(3) CHECK
(VALUE IN(C'[la', 'Het')) */,

PROHIBITION D_BOOL DEFAULT 'Het' NOT NULL /* D_BOOL = VARCHAR(3) CHECK
(VALUE IN('[la', 'Het')) */

)

B aT0i1 TabJIMIle XOPOIIIO MOIYT OBITH CKaThl TOJBKO 11071 NAME 1 PARAMS. ITOCKOJIBKY Y IT0JIeH THIIa
INTEGER ectb MoguduxkaTop NOT NULL, u 11osie 3aHUMaeT 4 6aitta, To B Firebird 5.0 Takue 1moss
He ckumMaTthbed. [Tosg ¢ gomeHoM D_BOOL B kogupoBKe UTF8 MOryT OBITH COKATHI AJI1 3HAUEHUS
'1a' (12 - 4 = 8 6aT) U He OyAYT Ui 3HadeHUd 'HeT' (12 - 6 = 6 6aT).

ITocKo/IbKY B TabuHIle MHOTO KOPOTKHUX IIOCJIe0BaTeJbHOCTelM, KOTOpble MOIJIM OBITH CoKaTbl
Firebird 4.0 u He cxumarTcd B Firebird 5.0, To B Firebird 5.0 xosmm4yecTBO o6pabaTblBaeMBIX
IIPOTOHOB /I pacllaKOBKU MeHBbIIIe, 38 CUET Yero U I10Jy4aeM BBIUIPHIII B IIPOU3BOAUTEILHOCTH.

Tereph 51 ITOKa)Ky IIPUMep, I7lie HOBBIM aaropuT™M RLE CHJIBHO BBIUTPBIBAeT B CXKaTUH. [lJIS 3TOTO
BBITIOJTHUM CJIEYIOIITUM CKPHUIIT:
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CREATE TABLE GOOD_ZIP
(
ID BIGINT NOT NULL,
NAME VARCHAR(100),
DESCRIPTION VARCHAR(1000),
CONSTRAINT PK_GOOD_ZIP PRIMARY KEY(ID)

);
SET TERM A;

EXECUTE BLOCK
AS
DECLARE I BIGINT = 0;
BEGIN
WHILE (I < 100000) DO
BEGIN
I=1+1;
INSERT INTO GOOD_ZIP (
1D,
NAME,
DESCRIPTION
)
VALUES (
I,
"OBJECT_" || :I,
"OBJECT_' || :I
)i
END
ENDA

SET TERM ;A

COMMIT;

A Terepb MOCMOTPUM CTaTUCTUKY Tabuiibl GOOD_ZIP B Firebird 4.0 u Firebird 5.0.

10
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Cmamucmuxka 8 Firebird 4.0

GOOD_ZIP (128)
Primary pointer page: 222, Index root page: 223
Total formats: 1, used formats: 1
Average record length: 111.09, total records: 100000
Average version length: 0.00, total versions: @, max versions: 0
Average fragment length: 0.00, total fragments: @, max fragments: 0
Average unpacked length: 4420.00, compression ratio: 39.79
Pointer pages: 2, data page slots: 1936
Data pages: 1936, average fill: 81%
Primary pages: 1936, secondary pages: @, swept pages: 0
Empty pages: @, full pages: 1935
Fill distribution:

0 -19% =20
20 - 39% =0
40 - 59% = 1
60 - 79% = 5

80 - 99% = 1930

Cmamucmuka 8 Firebird 5.0

GOOD_ZIP (128)
Primary pointer page: 225, Index root page: 226
Total formats: 1, used formats: 1
Average record length: 53.76, total records: 100000
Average version length: 0.00, total versions: @, max versions: 0
Average fragment length: 0.00, total fragments: @, max fragments: 0
Average unpacked length: 4420.00, compression ratio: 82.22
Pointer pages: 1, data page slots: 1232
Data pages: 1232, average fill: 70%
Primary pages: 1232, secondary pages: @, swept pages: 0
Empty pages: 2, full pages: 1229
Fill distribution:

0 -19% =3
20 - 39% =0
40 - 59% = 0
60 - 79% = 1229
80 - 99% = 0

Kak BuguTe B TaHHOM cilydae KoadduiimeHT cokaTus B Firebird 5.0 B ;Ba pasa BHIIIIE.

1 HaKOHeI] paCCMOTPUM IPUMeEP C HeC)KUMAaeMbIMHU JaHHBIMH. /IJI1 3TOT0 BBIIIOJIHUM CKPHIIT:

11
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CREATE TABLE NON_ZIP

(

UID BINARY(16) NOT NULL,
REF_UID_1 BINARY(16) NOT NULL,
REF_UID 2 BINARY(16) NOT NULL
);

SET TERM A;

EXECUTE BLOCK
AS
DECLARE I BIGINT = 0;
BEGIN
WHILE (I < 100000) DO
BEGIN

I1=1+1;

INSERT INTO NON_ZIP (
uiD,

REF_UID_T,
REF_UID_2

)

VALUES (
GEN_UUID(),
GEN_UUID(),
GEN_UUID()

)i

END
ENDA

SET TERM ;A

COMMIT,;

A TeIllepb IIOCMOTPUM CTAaTUCTUKY TabIuIibl NON_ZIP.

12



Chapter 2. VirydinieHre aJropuTMa CoKaTHUs JaHHbIX

Cmamucmuxka 8 Firebird 4.0

NON_ZIP (129)
Primary pointer page: 2231, Index root page: 2312
Total formats: 1, used formats: 1
Average record length: 53.00, total records: 100000
Average version length: 0.00, total versions: @, max versions: 0
Average fragment length: 0.00, total fragments: @, max fragments: 0
Average unpacked length: 52.00, compression ratio: 0.98
Pointer pages: 1, data page slots: 1240
Data pages: 1240, average fill: 69%
Primary pages: 1240, secondary pages: @, swept pages: 0
Empty pages: 5, full pages: 1234
Fill distribution:

0 -19% =5
20 - 39% =1
40 - 59% = 0
60 - 79% = 1234
80 - 99% = 0

Cmamucmuka 8 Firebird 5.0

NON_ZIP (129)
Primary pointer page: 1587, Index root page: 1588
Total formats: 1, used formats: 1
Average record length: 52.00, total records: 100000
Average version length: 0.00, total versions: @, max versions: 0
Average fragment length: 0.00, total fragments: @, max fragments: 0
Average unpacked length: 52.00, compression ratio: 1.00
Pointer pages: 1, data page slots: 1240
Data pages: 1240, average fill: 68%
Primary pages: 1240, secondary pages: 0, swept pages: 0
Empty pages: 5, full pages: 1234
Fill distribution:

0 -19% =5
20 - 39% =1
40 - 59% = 0
60 - 79% = 1234
80 - 99% = 0

B Firebird 4.0 B pesysibTaTe KOMIIPECCHUU JIJIMHA 3aIIUCH yBeJIUYUIach, Firebird 5.0 yBuzes, 4To B
pesyJIbTaTe CKaTHs 3alIMCH II0JIyYaloTCs JIMHHEEe U COXPaHWII 3alIHCh KaK eCTh.
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Chapter 3. MapannenbHoe BbiNOJIHEHUE
3apad

Hauwnnasa ¢ Bepcuu 5.0 Firebird Mo’keT BBIIOJHATH HEKOTOPHIE 3aa4yd, HCIIOJIb3Ysl HECKOJBKO
IIOTOKOB I1apaJulejbHO. YacTh 3THUX 3afiad MUCIIOJIb3yeT IlapaUleIM3M Ha ypoBHe sxpa Firebird,
Ipyrue peaju30BaHbl HEIIOCPeJCTBEHHO B YTHJIMTAaX. B HacToslllee BpeMs Ha ypOBHE s/pa
peayi30BaHO IIapaJlIeJIbHOe BBINIOJIHEHHE 3afad OYHCTKHU (Sweep) M CO3JaHHMS MHJEKCca.
[TapasieIbHOEe BBIIIOJTHEHHE IIOAJePKUBAETCs KaK [JI1 aBTOMaTH4YeCKOM, TaK MU I Py4YHOH
OUYUCTKU (Sweep).

B ciieiyroIux BepCHsIX IVIaHUPYyeTCs 4,00aBUTh I1apaJiie/Ii3M IIpU BbIIIOJIHeHUH SQL 3arpoca.

3.1. NapannenbHoe BbiNnonHeHWe 3aaau B agpe Firebird

Jly1s1 06pabOTKHU 3a/1auM C HECKOJIPKUMU MMOTOKaMH JIBIDKOK Firebird 3arryckaeT JOIIOJTHUTEIbHbBIE
pabourie MMOTOKH M CO37laeT BHYTPeHHHE paboure coequHeHUs. [I0 YMOYaHHIO0 ITapauiebHoe
BBITIOJTHEHHE  OTK/IOUeHo. CylllecTByeT [Ba CIocob6a BKJIKYUTHL IlapaUleIusM B
I10JIb30BaTEIECKOM COeTHHEHMH:

* VCTaHOBUTh KOJIMUECTBO IlapasUlejIbHBIX pabouyux 1mporeccoB B DPB, HCIIONb3yd Ter
isc_dpb_parallel_workers;

* VCTaHOBUTHL KOJIMUECTBO Ilapasiyle/IbHBIX Pab04YMX IIPOIIeCCOB II0 YMOJYAHUIO C IIOMOIBIO
napametpa ParallelWorkers B firebird.conf.

Hexkortopsele yTuauThl (gfix, gbak) mocraBisemble ¢ Firebird MMerT K/IHOY KOMaHIHOM CTPOKHU
-parallel a1 yCTaHOBKHM KOJIMYeCTBa IlapasUIeJIbHBIX pPabOyHUX IIPOIleCcCOB. 3a4acTyr 3TOT
IepeKaYaTe/] b  IIPOCTO  IlepefaéT  KOJHMYeCTBO  pabOYMX  IIPOIeCCOB  4Yepe3  Ter
isc_dpb_parallel_workers IIpu coefiHeHUH C 62301 JaHHBIX.

Hosriii mapametp ParallelWorkers B firebird.conf ycTaHaB/iMBaeT KOJIMYeCTBO IlapajlyIeIbHBIX
paboynMx  IpoIecCOB  II0  YMOJYaHUIO, KOTOpPBle MOIYT  MCIIOJb30BaTbCd  JIFOOBIM
I10JIb30BaTeJbCKUM COeJWHEeHHEeM, BBIIIOJIHAIIINM IapalleIM3yeMyl0 3ajady. 3HadueHHe II0
YMOJIYaHHUIO paBHO 1 ¥ 03Ha4yaeT OTCYTCTBHUE HMCII0JIb30BAaHU JOIIOJHUTEIBHBIX ITapaUIeIbHBIX
pabounx mporeccoB. 3HadeHue B DPB mmeeT 6ojiee BBICOKHM IIPUOPHUTET, YeM 3HaueHUe B
firebird.conf.

JIJI1 KOHTPOJISL KOJIMUECTBA [IOIOJHUTEBLHBIX Pabodyux IIpPoIleccoB (Workers), KOTOpble MOJKET
CO3M1aTh IBUKOK, B firebird.conf ecTh 1Be HOBble HACTPOUKU:

ParallelWorkers

VcraHaB/iIMBaeT KOJIWYECTBO Ilapa/UleJIbHBIX paboyMxX IIPOIIECCOB II0  YMOJIYAaHUIO,
UCIIOJIb3YEMBIX I10JIb30BaTEJIbCKUMU COeJUHEHUSIMU. Mo>KeT OBITH IIepeolpejlesIeHO IS
CoeTHEeHUSs ITyTeM UCII0JIb30BaHUeM Tera isc_dpb_parallel_workers B DPB.

MaxParallelWorkers

OrpaHUYHBaeT MaKCUMaJbHOe KOJIMUYECTBO OJHOBPEMEHHO MCIIOJIb3yeMBIX pabouyux
IIPOLIeCCOB /IS JaHHOM 6a3bl JaHHBIX U IIpoliecca Firebird.
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BHyTpeHHUe pabouue coeHEeHUs CO3/LAI0TCS U YIIPaBJIIOTCSA CAMUM JIBIDKKOM Firebird. /[BOKOK
IIO/ilep>KUBaeT I1yJIbl Pab0UUX COeJUHEeHUU /I KaKAoU 6a3bl JaHHBIX. KoJMuecTBO IIOTOKOB B
Ka’KI0M IIyJie OrpaHUYeHo 3HaueHreM napaMetpa MaxParallelWorkers. ITysbl cO3mar0TCA KaXKAbIM
mponeccoM Firebird HesaBucuMoO.

B apxuTekType SuperServer pa6ourie coeflMHEHUs peaM30BaHBI KaK 06JIeTYeHHbIE CHCTEMHbIE
coequHeHusi, a B Classic u SuperClassic OHM BBIIJIIIAT KaK OOBIUHBIE I10JIb30BaTesIhCKUe
coeiHeHMsI. Bce paboure coeMHEHUs BCTPOEHBI B IIPOIIECC CO3/IaHUs cepBepa. TakuM 06pa3om,
B KJIACCHUYECKHUX apXUTEKTypaxX HeT MIOIOJHUTEJbHBIX CEPBEPHBIX IIporieccoB. CoeqUHEHUS
paboumx IPUCYTCTBYIOT B TabJHIlaX MOHHUTOPUHTA. HepaGoTraroliue pab6ouyre CoeTUHEHUS
YHUYTOXKal0Tca uepe3 60 cekyHp GesmeiicTBhg. KpoMme TOTo, B KJIACCHUECKUX apXUTEKTypax
pabourie COeMHEHUSI YHHYTOXKAIOTCSI Cpa3y IIOCJAe TOro, KaK IIOCIefHee IT0Ib30BaTeIbCKOe
coeIMHEeHUeE OTK/II0YaeTCsI OT 6a3bl JAaHHBIX.

A1 apXUTEeKTYypHEl SuperServer s PeKOMEHAYIO CTaBUTh 3HAUeHHs IIapaMeTrpa
MaxParallelWorkers paBHBIM KOJIHMYeCTBY QUM3WUECKHUX s[ep Balllero IIpolieccopa
(1 Bcex IIporieccopoB). /I KaacCHYecKon apXUTeKTyphl MaxParallelWorkers
HaJ0 CTaBUTb MEHBIIMM pPAaBHBIM KOJHYECTBY OQU3UUYECKHUX sflep Balllero
nponeccopa. B Classic craBuTh MaxParallelWorkers MeHbIlle yeM KOJIUYECTBY
$HU3UYeCKUX sfep HMeeT CMBICJA IIOCKOJIBKY, orpaHuudeHue MaxParallelWorkers
yCTaHaBJIMBaeT Ha KaKIbIH IIPOIecC.

NOTE 3HaueHue mapaMmerpa ParallelWorkers MO/DKHO OBITH MEHBIIIUM WJIH PaBHBIM
3HayeHUI0 MaxParallelWorkers. V Bac MoOKeT BO3HUKHYTH C006Jia3H YCTaHOBUTH
ParallelWorkers = MaxParallelWorkers, HO B 3TOM Cily4ae HaJ0 YYUTHIBATh, YTO BbI
paboraete ¢ 6as3od MAaHHBIX He OAMH. KpoMe TOro, ecad y BaC BKJIKYEH
aBTOMaTUYeCKUX Sweep, TO IIPU CTapTe OH 3a6epéT II0UTHU BCe Pecypchl Y APYIUX
paboTarmnUx KIWNEHTCKUU coefuHeHUM. Jlydllle ycTaHOBUTHL ParallelWorkers
paBHBIM II0JIOBUHe MM TpeTu OT MaxParallelWorkers, a IIpu Heo6XOZUMOCTH
IepeoIpeeaTb YUCJI0 pabo4yuX IIOTOKOB 4yepe3 isc_dpb_parallel_workers mim
IepeKJrJaTesb -parallel B yTuauTax.

Jlamee g TOKaKy KaK IIapajUleJii3M BJUgeT Ha BpeMs BBIIIOJHEHUS IIOCTPOEHUS WA
IepecTpoeHUs UHJeKca. BirsgHUe ITapasiesindMa Ha aBTOMaTUYeCKUM sweep [I0Ka3aHo He Oy/IeT,
IIOCKOJIBKY OHa CTapTyeT aBTOMAaTHUYeCKH 0e3 HAIllero y4acTUsl. BiausiHMe IapaJuiejrsMa Ha
PY4YHOU sweep OyAeT IIPOJAEMOHCTPUPOBAHO IIPU PaCCMOTPEHUU BBINIOJIHEHUSA 3a/ia4 YTUINTaMU
Firebird.

3.1.1. Napannenusm npm co3gaHUn Nan nepecTporike NHAeEKca

CpaBHUM CKOPOCTH IIPU CO3JaHUU HMHAeKca 1y Tabauiisl WORD_DICTIONARY, comepskanieit 4079052
3amnucent. /11 4UCTOTHI 9KCIIEPUMEHTA Ilepe]l HOBBIM TECTOM Iiepesarpykaem ciayko0y Firebird.
Kpome Toro, aj1 Toro 4ToObI TabJsinila 6pl1a B CTPAHUYHOM Kellle BBIIIOJTHIeM

SELECT COUNT(*) FROM WORD_DICTIONARY;

3amnpoc 1 co3iaHUs UH/eKCa BBIIVISIUT CIeAYIINUM 00pa3oM:

15



Chapter 3. I[lapaJiesibHOE BBITIOJIHEHHE 3a7ja4
CREATE INDEX IDX_WORD_DICTIONARY_NAME ON WORD_DICTIONARY (NAME);
CTaTUCTHKA BBIIIOJITHEHUS 9TOTO0 3arpoca ¢ ParallelWorkers = 1 BBIVIIAUT CJIeyOIIUM 0O6pa3oMm:

Current memory = 2577810256
Delta memory = 310720

Max memory = 3930465024
Elapsed time = 6.798 sec
Buffers = 153600

Reads = 11

Writes = 2273

Fetches = 4347093

Temneps ygasiuM 3TOT UHIEKC, yCTaHOBUM B KOHuUre ParallelWorkers = 4 u MaxParallelWorkers = 4
U IIepe3arycTuM cepBep. CTaTUCTUKA [JI BBIIIOJTHEHMS TOTO JKe 3aIIpoca BBIIVIAIUT TaK:

Current memory = 2580355968
Delta memory = 2856432

Max memory = 4157427072
Elapsed time = 3.175 sec
Buffers = 153600

Reads = 11

Writes = 2277

Fetches = 4142838

Kak BuiTe BpeMs CO37jaHUsI UH/IeKCa YMEHbBIIIMJIOCH B 2 ¢ HeOOJIbIIINM pasa.

Toxxe camoe IIPOUCXOOAHUT IIPH IIEPECTPOEHKUH MH/IEKCA 3aIIpOCOM:

ALTER INDEX IDX_WORD_DICTIONARY_NAME ACTIVE;

3.2. MapannenbHoe BbiMoJIHEHUeE 3a4a4 YTUNNTAMM
Firebird

HexkoTtopsle yTuiauThl (gfix, gbak) mmocrasisieMmsble ¢ Firebird Toke mopamepsKuBaeT IapasiieslbHOe
BBIIIOJIHEHUe 3a7adyd. OHU HCHOJIb3YHT KOJHMYECTBO IlapasUlesIbHBIX pabouyux IIPOIecCoB
yCcTaHOBJIeHHOe B ItapaMmerpe ParallelWorkers B firebird.conf. KosnuecTBO mapaJiiesbHBIX
paboyux IIpOIeCCOB MOYKHO II€PeOIpe/le/IUTh UCII0Ib3Ys KU KOMaH/IHOM CTPOKHU -parallel.

Sl peKOMeHIyI0 BCerfa YCTaHABJIMBATL KOJHMYECTBO IIapasljIeIbHBIX IIPOIIeCCOB SIBHO UYepes
IepeKJrJaTesb -parallel vau -par.

[Tapastesi3M B yTuauTax Firebird moamepskuBaeTcst AJIs CIEYIONTUX 3a7au:

» Co3pmaHue pe3epBHOM KOIIUH C IIOMOIIBI0 YTHUIUTHI gbak
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» BoccTaHOBJIEHHE U3 Pe3ePBHOM KOIIUH C IIOMOIITbI0 YTHIUTHI gbak
* Py4HOI sweep C IIOMOIIbI0 YTHJIUTHI gfix

* OOHOBJIEHUE iCU C ITIOMOIIBI0 YTUIUTHI gfix

3.2.1. MNapannennsm npv BbINOJIHEHNWN pe3epBHOIro KONMpoBaHUA ¢
NOMOLLbIO YTUNUTBI gbak

JlaBaiiTe IIOCMOTPUM KaK IapasUlejIM3M BJIMgeT Ha pe3epBHOe KOIIMPOBaHHWEe YTHUJIMTOM gbak.
EcTecTBeHHO s OyAy HCIIOJIB30BaTh CaMblil OBICTPHIM BapHaHT pe3epBHOr0 KOIIMPOBAHUSA depes
MeHe/PKep CepPBUCOB U C OTK/II0UYEeHHOU cO0pKOoM Mycopa. /I TOro YTO6BI MOKHO OBIIO OTCJIEAUTH
BpeMs Ka)K[0! oIlepaljii BO BpeMs pe3epBHOI0 KOIIMPOBaHHUs J00aBUM IlepeK/IrdaTesb -stat
td.

CHauaJia 3aIlyCTHM pe3epBHOe KOIIMPOBaHUs 6e3 ITapasijie nsMa:

gbak -b -g -par 1 "c:\fbdata\db.fdb" "d:\fbdata\db.fbk" -se localhost/3055:service_mgr
-user SYSDBA
-pas masterkey -stat td -v -Y "d:\fbdata\5.0\backup.log"

PesepBHOe KOITHPOBaHKE 3aBePIIMIOCE 3a 35.810 ceKyH,

A Teliepb 1'[01'Ip06YEM 3aIlyCTUTh Pe3ePpBHOE KOIIMPOBaHHKE C HCIIOJIb3OBAHHUEM 4 TIOTOKOB.

gbak -b -g -par 4 "c:\fbdata\db.fdb" "d:\fbdata\db.fbk" -se localhost/3055:service_mgr
-user SYSDBA
-pas masterkey -stat td -v -Y "d:\fbdata\5.0\backup-4.1log"

Pe3epBHOE KOIIMPOBaHME 3aBePIINIOCH 3a 18.267 ceKyHZ,.

Kak BuAuTe IpU yBeJUUYEHHUU KOJIMYeCTBa MapasIeJbHBIX 00pab0TUMKOB CKOPOCTh pe3epBHOI0
KOIIMPOBAHUS PACTET, XOTS U He JIMHENHO.

Ha camom Jgejie BJIMAHNE IIapaJ/IJIEJIbBHBIX IIOTOKOB Ha CKOPOCTH PE3€ePBHOTO
KOITMPOBAaHHUA 3aBHCHT OT BaIllero ’KeJsie3a. OnrTuMasibHOE YHCJI0 IIapaJsuieJbHBIX
IIOTOKOB CiieqfyeT l'[O/I6I/IpaTB IKCIIEpHMMEHTAaJ/JIbHO.

JIroOble [OIIOJIHUTEJIbHBIE IIepeKIrYaTe/]d TOXKe MOTYT U3MeHUTh KapTUHY. Tak
HallpyMep IepeKarvaTesb -ZIP, COKUMAIOIUA pe3epBHYI0 KOIIMI0 MOYKeT CBEeCTH
rapauleJiMi3M Ha HeT, a MOXKeT BCE eIl¢é [aBaTh YCKOPeHHe KOIIMPOBAHUA. ITO
3aBUCHUT OT CKOPOCTH JAMCKOBOI0 HAKOIIMTEJISA, IIPOU3BOJAUTCS JIM KOIIHS Ha TOT JKe
OUCK TIfAe JIeKUT 6asa [AaHHBIX M JPYrUX ¢QaxkTopoB. II0aToMy HeoOX0AyMO
IIPOBOJUTH 3KCIIEPUMEHTEI MMEHHO Ha BallleM JKeJlese.

NOTE
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3.2.2. Napannennsm npm BbiNOJIHEHNN BOCCTAHOB/IEHUA U3 pe3epBHON
KONMMPOBaHMU C NOMOLLLLIO YTUANTbI gbak

Terepb maBalTe IMOCMOTPHUM KaK ITapasUIeJTU3M BJIMSET Ha CKOPOCTh BOCCTAHOBJIEHUS U3
Pe3epBHOM KOTUH. BoccTaHOBJIEHHE U3 PE3ePBHOM KOITUH COCTOUT U3 CJIEIYIOITHUX 3TAIIOB:

* CO3aHUH 6a3bl TAHHBIX C COOTBETCTBYIOIEH ODS;

* BOCCTAHOBJIEHHE MeTaJJaHHBIX U3 Pe3ePBHOU KOITHUH;

* BOCCTAHOBJIEHUH JJAHHBIX I10JIb30BaTE/IhCKUX TAOJIHIT;

¢ IIOCTPOEHHE UH/IEKCOB.
HapaJIJIeJII/ISM 6y,ZI;ET SaEEﬁCTBOBaH TOJIBKO Ha ABYX IIOC/TIEAHKUX 3TallaX.

/1711 TOTO YTOOBI MOKHO OBIJIO OTCIEUTHL BpeMsl Ka’K/[0M oIlepalivii BO BpeMsi BOCCTaHOBJIEHUS U3
pe3epBHOM KOIIUHU 100aBUM IlepeKJrouaTesb -stat td.

CHavasia 3aIlyCTUM BOCCTAHOBJIEHHE M3 pPe3epBHOM KOIIUHU 6e3 ImapaJsuiearu3ma:

gbak -c -par 1 "d:\fbdata\db.fbk" "c:\fbdata\db.fdb" -se localhost/3055:service_mgr
-user SYSDBA
-pas masterkey -v -stat td -Y "d:\fbdata\restore.log"

BoccTaHOBJIEHME U3 pe3epBHOM KONHUU 3aBepIIuioch 3a 201.590 cexyHa. M3 Hux 70.73 CeKYHIbI
YIIUIO Ha BOCCTAHOBJIEHUE JaHHBIX Ta0IHUIT U 121.142 ceKyH/IbI Ha IIOCTPOEHUEe UH/EKCOB.

A Temeppb IIOIIPOO6yeM 3aIlyCTHUTH BOCCTAaHOBJIEHHE K3 Pe3epBHOM KOIIMM C HCIIOJIb30BaHHEM 4
IIOTOKOB.

gbak -c -par 4 "d:\fbdata\db.fbk" "c:\fbdata\db.fdb" -se localhost/3055:service_mgr
-user SYSDBA
-pas masterkey -v -stat td -Y "d:\fbdata\restore-4.1log"

BoccTaHOBJIEHME U3 pe3epBHOU KOIIUU 3aBepIIUIOCh 3a 116.718 cekyHz. V3 HUX 26.748 CeKYH/IbI
YIIUIO Ha BOCCTAHOBJIEHUE JaHHbBIX Ta0bJIUIT U 86.075 CeKyHbI Ha IIOCTPOEHNE UHEKCOB.

C moMoIpl0 4 TapasuiebHBIX pabouyrx HaM YAaJI0Ch YBEJIHYHUTH CKOPOCTh BOCCTAHOBJIEHHS
IIOYTH B /IBA pas3a. [[pM 3TOM CKOPOCTh BOCCTAHOBJIEHHUS MAHHBIX BHIPOCTA IIOYTH B 3 pasa, a
IIOCTPOeHHe UHIEKCOB YCKOPMJIOCH B 1.5 pasa.

JT0 00BACHAETCS MOOBOJBLHO IIPOCTO, HMHMAEKCHI He BOCCTAaHABJIWBAIOTCI IIapasulesbHO,
rapasuleJIM3M HCIOJIb3yeTCd TOJBKO IIPU IIOCTPOEHHU OOJIBIITUX HHIEKCOB. CIIpaBOYHBIE
TabJIMITEI 0OBIYHO HeOOoJIbIIINe, MHEKCHl Ha HUX MaJIeHbKHe, 8 KOJTMYeCTBO TaKUX TaOJIUI] MOXKET
OBITH 60JIbIITUM. II03TOMY Ha Balllel 6a3e JaHHBIX ITUPPHI MOTYT ObITH APYTUMHU.
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3.2.3. NapannenbHbIA PyYHOU sweep C MOMOLLbIO YTUANTbI gfix

sweep (4UCTKa) - 3TO CKAHUPOBaHHe BCeX CTPaHHUIl JaHHBIX (DP) Bcex TabJIMIl, U eC/IM Ha 3THUX
CTpaHUIaX IIPUCYTCTBYIOT "MYCOpHBIe" 3allMCH yopaTh UX. OCHOBHAL Iiesb 3allycKa sweep - 3TO
HOABUHYTH "BBepX" HOoMep Oldest Interesting Transaction (Oldest transaction B gstat -h).

Jlo Firebird 3.0 sweep Bcerma CKaHHpPOBaJl BCe CTPAaHUIBI MAHHBIX. OIHAKO
HauuHaia ¢ Firebird 3.0 (ODS 12.0) Ha cTpaHuIax AaHHBIX (DP) 1 Ha cTpaHUIIaX
yKasaTesel Ha CTpaHUIBl faHHBIX (PP) ecTh crienuasbHBIN swept flag, KoTOpbIi
yCTaHaBJIMUBAeTCsI B 1, ecJd sweep yrKe MOPOCMOTPesS CTPAaHUIly JAaHHBIX U
BBIUUCTWII C Heé€ Mycop. I[Ipu mepBoi MoAMPUKaIIMU 3allrcell Ha 9TOT TabJIvile
¢irar cHoBa copacsiBaeTcd B 0. HaumHad c Firebird 3.0 aBTOMaTH4YeCKHUHU U PYYHOHU

NOTE sweep IIPOIIyCKaeT CTPAHUIIBI y KOTOPBIX swept ¢uar paseH 1. IlosTomy
IIOBTOPHBIN sweep O0yleT IPOXOAUTh HAMHOI0 OBICTpee, eCJIM KOHEUHO C MOMeHTa
IIpebIAYIIEro SWeep Bbl He YCIIeJ I IIOMEHATH 3alIUCU Ha BCeX CTPAaHUIIAaX JaHHbIX
06as3bl JaHHBIX.

HoBble cTpaHHMIBI [JaHHBIX Bcerga co3garorceas ¢ swept flag = 0. Ilpu
BOCCTaHOBJIEHUU 0asbl JaHHBIX U Pe3epBHOM KOIIMU Bce cTpaHUILI DP u PP 6yayT
¢ swept flag = 0.

Kak IpaBHJIBHO TeCTUPOBATh? X0JIOCTOH sweep II0C/Ie BOCCTAHOBJIEHUS U3 6a3bl JAaHHBIX He Jajl
pPasHUIILI B OJHOIOTOYHOM M MHOTOIIOTOUHOM pe)kume. I[03TOMy sI CHayvajsa IIPOBEN Ha
BOCCTaHOBJIEHHOM BJ| sweep /11 TOTO UTOOHI CJIeYIOIUY sweep He IIPOBepsiI He3aMyCOpeHHbIe
CTPaHUITEL, a IIOTOM C/IeJIaJl 3aIIPOC BPO/ie TAaKOTO:

update bigtable set field=field;
rollback;
exit;

[Tes1p¥0 3TOTO 3alrpoca OBLIO CO3oTaHHUsA MyCOpa B base JaHHBIX. Tenepb MOKHO 3aIlyCKaTb Sweep
JId TECTUPOBAaHUA CKOPOCTH €TI0 BBITIOJTHEHU .

CHayaJia 3aIlyCTUM sweep Ge3 IapasijieTu3Ma:

gfix -user SYSDBA -password masterkey -sweep -par 1 inet://localhost:3055/mydb
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DESKTOP-E3INAFT Sun Oct 22 16:24:21 2023
Sweep is started by SYSDBA
Database "mydb"
OIT 694, OAT 695, OST 695, Next 696

DESKTOP-E3INAFT Sun Oct 22 16:24:42 2023
Sweep is finished
Database "mydb"
1 workers, time 20.642 sec
OIT 696, OAT 695, OST 695, Next 697

Terepp cHOBa fesaeM OOHOBJIeHHe OOJIbIIONM Ta6iUILI U rollback, m samyctum sweep c 4
IapaJuleJIbHbIM pab0UYuMHU.

gfix -user SYSDBA -password masterkey -sweep -par 4 inet://localhost:3055/mydb

DESKTOP-E3INAFT Sun Oct 22 16:26:56 2023
Sweep is started by SYSDBA
Database "mydb"
OIT 697, OAT 698, OST 698, Next 699

DESKTOP-E3INAFT Sun Oct 22 16:27:06 2023
Sweep is finished
Database "mydb"
4 workers, time 9.406 sec
0IT 699, OAT 702, OST 701, Next 703

Kak BUIUTE CKOPOCTE BBIIIOJIHEHHUS SWeEep BbIPOCJiId B 2 C JIUIITHUM pasa.

3.2.4. MapannenoHoe o6HOB/IEHUE iCU C NOMOLLLIO YTUAUTDI gfix

[lepekiIroyaTesb -icu II0O3BOJISIET IIEPECTPOUTH UHAEKCH B 0ase MAaHHBIX C UCII0JIb30BAaHUEM
HoBoro ICU.

Jlesio B ToM, uTo 6ubauoreka ICU wucnosbsyerca Firebird mas moppmepkku COLLATION st
MHOT00aUTHBIX KOTUpoBOK Bpoge UTF8. B Windows ICU Bcerma mocTaBiseTcs B KOMILIEKTE C
Firebird. B Linux >xe ICU 06bI4YHO ABJIIE€TCSI CUCTEMHOMN O6MOMOoTeKON. IIpu 1iepeHoce ¢arisa 6a3bl
JAHHBIX C OJHOro JUCTpUbOyTHUBa Linux Ha apyroy, ICU ycTaHOBJIEHHas B CUCTEMe MO>KET UMeTh
PasHYI BepCUI. ITO MOKET IIPUBECTU K TOMY, UTO 6asa JaHHBIX B OC, I7le ycTaHOBJIEHA JApyras
Bepcusd ICU, okaykeTcs 6MHAaPHO HECOBMECTHUMOM /I UHIEKCOB CUMBOJIbHBIX TUIIOB JJAHHBIX.

[I0CKOJIBKY IIepecTpOMKa UHEKCOB MOKET OBITh BBIIIOJIHEHA C UCII0JIb30BAaHUEM Ilapaslyiesin3Ma,
TO U 11 gfix -icu 3TO TOXKe IIO/IIePyKUBaeTCs.
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Chapter 4. Kawi nogrotoBneHHbIX 3aNpocoB

JIro60#t SQL 3ampoc IIPOXOAUT [ABe 00s13aTeJIbHbIE CTaJUH: TOJATOTOBKY (KOMITHJISITUIO) U
COOGCTBEHHO BHITIOJTHEHUE.

Bo BpeMs IOATOTOBKHU 3allpoca IIPOUCXOAUT er0 CUMHTaKCU4YeCKUM pasbop, BbleseHre O0ydepoB
I10/], BXOJTHbIE U BBIXOJJHBIE COOOIIIeHUs, IIOCTPOeHMe IIJIaHa 3aIIpoca U JiepeBa ero BhIIIOJTHEeHUSL.

Eciiu B IIPHUJIOKEHHU U Tpe6yeTCH MHOTOKpPAaTHO€ BBIIIOJIHEHHE OTHOTO M TOI'0 7K€ 3aIIpocCa C pa3sHbIM
Ha60pOM BXOOHBIX IIdapaMeTpoOB, TO 00BIYHO OTHEJIbHO BBI3BIBAETCA prepare, XeHJI
IIOATOTOBJIEHHOTO 3aIIpoCa COXPAaHAETCA B IIPUJIOKEHHH, a 3aTEM [IJIsI 3TOI0 X€H/IyIa BBI3BIBAETCA
execute. 3TO II03BOJIIETCH COKPATUTH 3aTPaThl Ha IIEPEIIOATOTOBKY OJHOTO M TOT'O 7Ke 3aIIpocCa IIpu
Ka’K/10M BBIIIOJTHEHHWH.

HaunHasa c Firebird 5.0 moagepsxuBaeTcss KIIII KOMITMJIMPOBAHHBIX (IIOATOTOBJIEHHBIX) 3aIIPOCOB
11 Ka>KIOI'0 COeIMHEeHUs. ITO I103BOJIZeT COKPAaTUTh 3aTPaThI [IJI IIOBTOPHOM IIOATOTOBKH OJHUX
U TeX JKe 3aIIPOCOB, eC/IM B BallleM IIPUJIOKEeHHUH He UCII0JIb3yeTCs sIBHOe KIIIMPOBaHUe XeH/JIOB
IIOATrOTOBJIEHHBIX 3allpOCOB (Ha IZI0OaJILHOM YpOBHE 3TO He BCerga IIpocTo). IIo ymMoJI4aHHIO
K3IIIMPOBaHHUe BK/IIOYEHO, II0POT KIIIIMPOBAaHUA OIIpesiessieTcd mapaMeTpoM MaxStatementCacheSize
B firebird.conf. ETO MOKHO OTKJ/IIOUUTH, YCTAaHOBUB [Id MaxStatementCacheSize sHaueHHe HOJIB.
Ksm  moppmep)kyvBaeTca  aBTOMAaTHYeCKU: K3IIIUPOBaHHEBIE olepaTopsl  CTaHOBATCH
HefleMCTBUTE/JbHBIMHY, KOIZla 3TO Heo0XogWMO (00BIYHO IIPHM BBIIIOJHEHHUH KaKOIo-TH60
omepatopa DDL).

3arpoc cunTaeTcss OJJUHAKOBBIM, €CJTH OH COBIAZAaeT C TOYHOCTBIO 10 CUMBOJIA, TO
NOTE eCThb eCJIM Y BaC CeMaHTHYeCKHe OJMHaKOBbIe 3alpoChl, HO OHU OTIUYAIOTCS
KOMMEHTApPHEM, TO JIJIS K3IIIa IIOITOTOBJIEHHBIX 3aIIPOCOB 3TO pa3HbIe 3aITPOCHL.

[ToMHMO 3alpoOCOB BepXHEro ypOBHSA B K3II IIOATOTOBJIEHHBIX 3allpOCOB IIONAJAKT TaKXKe
XpaHUMBIe IIPOLeyPhl, GYHKITUH U TPUITephl. ColepKUMOoe Kallla KOMIIM/JIMPOBaHHbBIX 3aIIpOCOB
MO>KHO IIOCMOTPETH C IIOMOIITHI0 HOBOM Ta6IuITbl MOHUTOpUHTA MONSCOMPILED_STATEMENTS.

Table 1. Onucaxue cmoa6uo8 madauvibt MONSCOMPILED_STATEMENTS

HanMmeHOBaHHe CTOJIOIIA Tun faHHBIX Onucanue
MON$COMPILED_STATEMENT_ID BIGINT HNpeHTUOUKATOP CKOMITMIIMPOBAHHOTO
3arrpoca.
MON$SQL_TEXT BLOB TEXT TeKCT omepaTopa Ha si3bIKe SQL.

BuyTpu PSQL 06beKTOB TeKCT SQL
OIIepaTOpPOB He 0TOOpakaeTcs.

MONSEXPLAINED_PLAN BLOB TEXT IlnaH onrepaTopa B explain popme.

MON$OBJIECT _NAME CHAR(63) Nwms PSQL 06beKTa, B KOTOPOM GBLIT
KoMItiipoBaH SQL omepartop.

MON$OBJIECT_TYPE SMALLINT Tun o6bexTa. 2 — TpUITep;

5 —XpaHuMad Iporenypa;
15 —xpaHuMasa QyHKITUA.
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HauMeHOBaHHe CTOJIOIA THI JaHHBIX Onucanue
MON$PACKAGE_NAME CHAR(63) Hwmst PSQL makeTa.
MON$STAT_ID INTEGER UeHTUGHUKATOP CTATUCTUKH.

B Ta6surtax MONSSTATEMENTS w1 MON$CALL_STACK trostBuuIcst HOBBIE cTost6ery MONSCOMPILED_STATEMENT_ID,
KOTOPBIH CCHLIAETCS Ha COOTBETCTBYIOITUH ITOATOTOBIEHHEIN ortepaTop B MONSCOMPILED_STATEMENTS.

Ta6smmiia MoHUTOpHUHTa MON$COMPILED_STATEMENTS 103BOJISIET JIETKO IIOIYUUTDH IUIAHBI BHYTPEHHUX
3aIIpoCoOB B XpaHUMOM IIpoLieype, HalIlpuMep BOT TaK:

SELECT CS.MON$EXPLAINED_PLAN

FROM MON$COMPILED_STATEMENTS CS

WHERE CS.MON$OBJECT_NAME = 'SP_PEDIGREE'
AND CS.MON$OBJECT_TYPE = 5

ORDER BY CS.MON$COMPILED_STATEMENT_ID DESC

FETCH FIRST ROW ONLY

O6paTtuTe BHHMAaHMHe, UYTO OJHa U Ta JKe XpaHHWMasg IIpollefiypa MOXKeT
BcTpeuaThbest B MONSCOMPILED_STATEMENTS MHOTOKpaTHO. 9TO CBSI3aHHO C T€M, UTO B
HacToslllee BpeMs K3II IIOATOTOBJIEHHBIX 3alpOCOB CHAeJaH [JId Ka’KAoro
coequHeHUsd. B cefyrIIUX — BepcUsaX — IUIAHUPYeTCd  CAesiaTh KOl
CKOMITWJIMPOBAHHBIX 3aIIPOCOB U KIIII MeTaJaHHBIX 00IIUM JIJIS BCEX COeJUHEeHUN
B apXUTEKType Super Server.

NOTE
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Chapter 5. Noaaep>kka gByHanpaB/eHHbIX
KypcopoB B ceTeBOM NpPoOToKoJie

Kypcop B SQL - 3TO 00BeKT, KOTOPHIM II03BOJIIET IlepeMellaThbCid II0 3allucAM JIH60ro
pesyJbTUpyrolero Habopa. C ero IIOMOIIBH MO>KHO 00pab0oTaTh OTHEJbHYH 3aIlllichb 0asbl
OaHHBIX, BO3BpalllaeMyl0 3alpocoM. Pa3inyarT OJHOHAIIpaBJIeHHblE U [IByHAllpaBJIEHHbIE
(TIpokpy4YrBaeMsble) KypCOPHL.

OmHOHAIIpaBJIEHHBIM Kypcop He IIOAJep>KHUBaeT IIPOKPYTKY, TO eCTh IIOJy4YeHHe 3allucerl Hus3
TAaKOI0 Kypcopa BO3MO>KHO TOJIBKO IIOCJIe/loBaTe/JbHO, OT Hadasa A0 KOHIJa Kypcopa. 3TOT BUJ,
KypcopoB poctyneH B Firebird ¢ caMpiXx paHHUX Bepcuii, KaKk B PSQL (IBHO 00BsBIIEHHBIE U
HesIBHBIE KYPCOPHI), TaK U yepes APL

IIpokpyuyrBaeMbIli WJIM [ABYHAIIpaBJIEHHBIE KypCcOp, IO3BOJIAET IlepeMelnaThCs II0 Kypcopy B
JII0O0M HalpaB/IeHWUH, [BUIaThCd CKauyKaMU M Jake IlepeMelnaTbCsd Ha 3aJaHHYI0 ITO3UIIHIO.
[Topmeprkka BYHAIIpaBJIEHHBIX (IIPOKPYYHUBaeMBbIX) KYPCOPOB BIIepBEIe IosiBUIachk B Firebird 3.0.
OHM TakK ke focTynHbI B PSQL 1 uepe3 API uHTepderic.

Opuako o Firebird 5.0 mpokpy4duBaeMble KypCOphbl He IIO/lep KUBaIUCh Ha YPOBHE CETEBOIO
IIPOTOKOJIA. ITO 0603HaYaeT, UTO BbI MOIVIM KMCII0JIb30BAaTh MCII0Ib30BaTh API AByHamnpaBIeHHBIX
KyYPCOPOB B CBOEM IIPHUJIOKEHHUH, TOJIBKO €C/IH Ballle IIOAK/IIYeHHe IIPOUCXOAUT B embedded
pe>xuMe. HaumHas ¢ Firebird 5.0 BBI Mo>KeTe UCII0Ib30BaTh API ITpOKpydYrBaeMbIX KYPCOPOB Jarke
ecJIv coefHseTeCch ¢ 6a30i JaHHBIX 110 CeTeBOMY IIPOTOKOJIY, IIPHA 3TOM KJIMEeHTCKas 61bIroTeKa
fbclient moypKHa O6BITH He HUKe Bepcud 5.0.

Eciu Bame npuiio)keHue He ucnosb3yeT fbclient, HaripuMep HamumcaHo Ha Java wiau NET, To
COOTBETCTBYIOIIUU AparBep AOJDKEH IO[ep>KUBATh ceTeBOM HMpoTokoJ Firebird 5.0. Hampumep,
Jaybird 5 mmogiep>kuBaeT AByHaIpaBIeHHbIe KypCOpPHI B CeTeBOM IIPOTOKOJIE.
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Chapter 6. TpaccupoBka co6biTia COMPILE

B Firebird 5.0 mosBwjach BO3MO>KHO OTCJI€KHMBATh HOBOE€ COOBITHE TPACCHPOBKHU: ITAPCHUHT
XpaHUMBIX MopyJiel. OHO II03BOJIIeT OTC/IEKMBATh MOMEHTHI IIapCHUHIa XPaHUMBIX MOAYJIEH,
COOTBETCTBYIOIIlee 3aTpayeHHOe BpeMs K CaMoOe IJIaBHOe — IUIAHBI 3alIpOCOB BHYTPH 3THX
mopysiert PSQL. OTcie)kxrBaHUe IIaHa TaKyKe BO3MOYKHO, eC/Id MOAy/Ib PSQL y>Ke OBLI 3arpy’keH
[0 Havajla CeaHCa TPacCUPOBKHU; B 3TOM CJydae O ILIaHe Oy[eT COOOIIeHO BO BpeMs IIepBOIO
BBITIOJTHEHUS], 3aMe4YeHHOI0 CeaHCOM TPaCCUPOBKH.

[T OTC/IeKMBAHUS COOBITHS IIapCHHIa MOAYJIS B KOHQUIYpalMyd TPAacCUPOBKU IIOSIBHJIMCH
CJIeflyIoIIe ITapaMeTpPhL:

* log_procedure_compile - BKJIFOUAeT TPaCCUPOBKY COOBITHH ITapCHUHTA IIPOIIELYD;
* log_function_compile - BKJIFOUaeT TPACCUPOBKY COOBITUM ITIapCUHTa QYHKITUH;

* log_trigger_compile - BKJIIOUaeT TPaCCUPOBKY COOBITHUM ITaPCHUHTa TPUITEPOB.

JlOITyCTUM Y Hac eCcThb CJIeAYIOITHUH 3aIpoc:
SELECT * FROM SP_PEDIGREE(7435, 8, 1);

JlJIs1 TOTO UTOOBI B CeaHCe TPAaCCUPOBKHU OTCJIEXKHUBATH IIJIaH XPaHUMOMU IIPOIleyphl, HEO6XOUMO
yCTAaHOBUTHL ItapaMeTp log_procedure_compile = true. B 3TOM ciyyae IIpU IIOATOTOBKE 3TOTO
3aIlpoca WJIM eT0 BBIIIOJHEHHUU B JIOT€ TPACCUPOBKHU IIOSIBUTCSI COOBITHE IApCHUHTA IIPOIleNypHI,
KOTOPO€ BBIIVISITUT TaK:
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2023-10-18720:40:51.7620 (3920:00000000073A17C0) COMPILE_PROCEDURE
horses (ATT_30, SYSDBA:NONE, UTF8, TCPvb:::1/54464)
C:\Firebird\5.0\isql.exe:10960

Procedure SP_PEDIGREE:
NANNANNNANNNANNNNNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNANNNNNNNNNNNNANNNNNN
Cursor "V" (scrollable) (line 19, column 3)
-> Record Buffer (record length: 132)
-> Nested Loop Join (inner)
-> Window
-> Window Partition
-> Record Buffer (record length: 82)
-> Sort (record length: 84, key length: 12)
-> Window Partition
-> Window Buffer
-> Record Buffer (record length: 41)
-> Procedure "SP_HORSE INBRIDS" as "V H_INB
SP_HORSE_INBRIDS" Scan
-> Filter
-> Table "HUE" as "V HUE" Access By ID
-> Bitmap
-> Index "HUE_IDX_ORDER" Range Scan (full match)
Select Expression (line 44, column 3)
-> Recursion

-> Filter
-> Table "HORSE" as "PEDIGREE HORSE" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan
-> Union
-> Filter (preliminary)
-> Filter
-> Table "HORSE" as "PEDIGREE HORSE" Access By ID
-> Bitmap

-> Index "PK_HORSE" Unique Scan
-> Filter (preliminary)
-> Filter
-> Table "HORSE" as "PEDIGREE HORSE" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan
28 ms
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Chapter 7. No-TtabnunyHasa ctatucTtuka B isql

[To-rabsyHas CTaTUCTHKA II0KAa3bIBaeTCd CKOJIBKO 3alucedl i1 KaKAoW TabJMIpl IIpA
BBIIIOJIHEHUH 3aIIpoca OBLI0 IIPOYUTAHO IOJHBIM CKaHHUPOBAaHUEM, CKOJIBKO C HCIIOJIb30BaHHUEM
HHJIeKCa, CKOJIBKO BCTaBJIEHO, OOHOBJIEHO WMJIM Yy/AaJIeHO U Apyrue CYETUMKU. 3Ha4eHUsd 3TUX
CUETUYMKOB C JaBHUX II0P JOCTYIIHO yepe3 API ¢pyHkImro isc_database_info, 4TO UCII01b30BaIOCH
MHOIMMH IpaduUeCKUMH UHCTPYMEHTaMH, HO He KOHCOJIbHBIM MHCTPYMEHTOM isql. 3HaueHUsd
9THX K€ CUETUYMKOB MO’KHO IIOJIYYUTh Uyepe3 COBMECTHOe HMCII0/JIb30BaHMe TabJIMI] MOHUTOPHUHIA
MON$RECORD_STATS m MON$TABLE_STATS, mum B TpaccupoBKe. HaumHas ¢ Firebird 5.0 sTa mosie3Has
GYHKITMA II09BUJIach U B isql.

ITo YMOJ/JIYaHHUIO BBIBO/] 0-TaOJIMYHOM CTaTUCTHUKU BHIK/IIOUEH.

/1711 e€ BKJIIOUeHUs He06X04rMO HabpaTh KOMaHy:
SET PER_TAB ON;

A 111 OTKJIIOUEeHUS:
SET PER_TAB OFF;

Komanpa SET PER_TAB 6e3 ctoB ON mtu OFF mmepex/rogaeT COCTOSHUE BBIBOZa CTAaTUCTUKHU.
[ToJTHBIA CUHTAKCHUC 3TOM KOMaH/Ibl MO>KHO ITOJIYUYUTD UCII0JIb3YysI KoMaHay HELP SET.

HpHMep BEBIBO/JIa 0-TabJIUYHOM CTaTUCTHUKU:

SQL> SET PER_TAB ON;

SQL> SELECT COUNT(*)

CON> FROM HORSE

CON> JOIN COLOR ON COLOR.CODE_COLOR
CON> JOIN BREED ON BREED.CODE_BREED

HORSE. CODE_COLOR
HORSE . CODE_BREED;

519623

Per table statistics:

-------------- o B e b e e B e o e e R e e e e e B e e b e e et
Table name | Natural | Index | Insert | Update | Delete | Backout | Purge | Expunge |
—————————————— e e B i et T B A s
BREED | 282| | | | | | | |
COLOR | 239] | | | | | | |
HORSE | | 519623 | | | | | |
—————————————— e T B e nnhnert TR N ST
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Chapter 8. YnyuyweHune ontummsatopa

B Firebird 5.0 omrTUMH3aTOp 3aIIPOCOB II0/IBEPICSI CAMbIM 3HAUUTEIbHBIM U3MEHEHUSIM CO BpeMEH
Firebird 2.0. [lajee s omuily, YTO MMEHHO H3MEHWJIOCh U INPHUBEAY IIPUMepHl C 3aMepaMH
IIPOU3BOUTETHLHOCTH.

8.1. CtrommocTHaa oyeHka HASH vs NESTED LOOP JOIN

CoemyHeHMe II0OTOKOB C IIoMOIIbI0 anroputMa HASH JOIN nogBuiiocs B Firebird 3.0.

[Tpu coeprHeHre MeTo0M HASH JOIN BXOHBIe TIOTOKU BCer/a JesATCI Ha BeYIIUU U BeJOMBIiA,
IIPH 3TOM BeJOMBIM OOBIYHO BBIOMpaeTCs IIOTOK C HaMMeHbIIeH KapAWHaJIbHOCTHI0. CHayasa
MeHBbIIINHY (BeJOMBII) II0TOK I1eJIMKOM BBIUUTHIBAETCA BO BHYTPeHHUU 6ydep. B mmpoiecce yTeHUsa
K KaXK[OMy KJ/IOUy CBSI3M IIPpHMeHseTCsa Xell-QyHKIIUA M IIapa {XeIl, ykasaTeJb B Oydepe}
3allMChIBaeTCs B Xelll-Tabuuily. Ilocse yero uuraeTcsd BeAyIHM IIOTOK M er0 KXY CBSISHU
ompobyeTcss B Xell-Tabymie. ECIM COOTBeTCTBHMe HaHWeHO, TO 3allMCH OOOMX IIOTOKOB
COeIMHAIOTCI U BBIJAIOTCA Ha BBIXOA. B cilydae HeCKOJIBKHUX IyOJIHMKATOB [AaHHOIO KJIIOYa B
BeJJOMOM TabsinIle Ha BBIXOJ OYAyT BBIAHBI HECKOJIBLKO 3allrceil. ECIM BXOJKIeHUs KII04a B Xelll-
TabJIMITY HeT, IIepeX0yuM K CIe[yIoIeH 3alliCcH Belyll[ero II0TOKa U Tak JaJlee.

JTOT AJITOPUTM COETUHEHUSA pa60TaeT TOJIBKO IIpH CPaBHEHUH I10 CTPOTOMY PaBE€HCTBY KJII04uel, u
AOOITyCKaeT BbIPaKeHUA Ha/l KIIFDYaMH.

Jlo Firebird 5.0 meTox coeguHeHuss HASH JOIN IIpruMeHSICS TOJIBKO IIPH OTCYTCTBUU UHEKCOB I10
YCJIOBUIO CBSA3U WM HUX HENPUMEHUMOCTH, B IIPOTUBHOM CJy4ae OIITUMH3aTOpP BbIOHpaJI
asroputM NESTED LOOP JOIN c ucrnoab3oBaHWeM UHJEKCOB. Ha caMoMm [fesie 3TO He Bcerga
OIITUMaJIbHO. EC/IH 60JIBIII0M IIOTOK COeUHAeTC C MaJIeHbKOM TabJIMIeH 110 IIepBUYHOMY KJIHOUY,
TO KaKfas 3alKChb TaKoW TabyMIpl OyfeT YUTaTbCAd MHOTOKPAaTHO, KPOMe TOI'O0 MHOIOKPaTHO
OyZyT IIpOUTEHBl U CTPAHUIBI HUHJEKCOB, eCJId OHU HCIOJb3YITCA. IIpu HCII0JIb30BaHUU
coequHeHusd HASH JOIN mMeHbIag TabJuuiia O6ygeT IIpouydTaHa POBHO OAWH pas. EcTecTBeHHO
CTOMMOCTB XeIlIMPOBaHUS U IIPOOMPOBaHMUA He OeCIJIaTHBI, II03TOMY BBIOOP KaKOM aJrOpUTM
IIPUMEHATH IIPOUCXOLUT Ha OCHOBE CTOUMOCTH.

Jlajlee IIOCMOTPHUM KaK OJUH U TOT >Ke 3arpoc OyzeT BeirtosiHeH B Firebird 4.0 u Firebird 5.0.
UT06b!I OBLIIO IIOHATHO YTO IIPOMCXOAUT s IIpUBeAy explain maH, 06bIYHYH CTaTUCTUKY U II0
TabJIMYHYI0 CTATUCTUKY.

JloIlycTHUM y Bac ecThb OfHa 6oJibllasl TabyuIa ¥ K HeH 110 IIepBUYHOMY KJII0UY IIPHUCOEeUHSIETCS
MHOTO0 HeOOJIbIIINX CIIPaBOYHBIX Ta6JIHII.
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SELECT
COUNT(*)

FROM
HORSE
JOIN SEX ON SEX.CODE_SEX = HORSE.CODE_SEX
JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR
JOIN BREED ON BREED.CODE_BREED = HORSE.CODE_BREED
JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM

B manHOM ciry4ae s ucosb3yto COUNT(*) uToOBI MCKIIOUMUTE BpeMs peTda 3aluceit Ha KJIHEHTa, a
TaK ’Ke rapaHTUPOBATH UTO OYAyT M3BJIeUeHbl UMEHHO BCe 3allUCHU.

PesysibTat B Firebird 4.0.
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Select Expression
-> Aggregate
-> Nested Loop Join (inner)
-> Table "COLOR" Full Scan

-> Index "FK_HORSE_COLOR" Range Scan (full match)

-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Filter
-> Table "SEX" Access By ID
-> Bitmap
-> Index "PK_SEX" Unique Scan
-> Filter
-> Table "BREED" Access By ID
-> Bitmap
-> Index "PK_BREED" Unique Scan
-> Filter
-> Table "FARM" Access By ID
-> Bitmap
-> Index "PK_FARM" Unique Scan
COUNT
519623

Current memory = 2614108752
Delta memory = 438016

Max memory = 2614392048
Elapsed time = 2.642 sec
Buffers = 153600

Reads = 0

Writes = @

Fetches = 5857109

Per table statistics:

———————————————————————————————— et ST TR SR
Table name | Natural | Index
———————————————————————————————— et TEEET TR SR
BREED | | 519623

COLOR | 239 |

FARM | | 519623

HORSE | | 519623

SEX | | 519623
-------------------------------- Lt ST TR SR

Terephb BBIIIOJTHUM TOT ke caMbIi 3aripoc B Firebird 5.0.
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Select Expression
-> Aggregate
-> Filter
-> Hash Join (inner)
-> Hash Join (inner)
-> Hash Join (inner)
-> Nested Loop Join (inner)
-> Table "COLOR" Full Scan
-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Index "FK_HORSE_COLOR" Range Scan (full match)
-> Record Buffer (record length: 25)
-> Table "SEX" Full Scan
-> Record Buffer (record length: 25)
-> Table "BREED" Full Scan
-> Record Buffer (record length: 33)
-> Table "FARM" Full Scan

519623

Current memory = 2579749376
Delta memory = 352

Max memory = 2582802608
Elapsed time = 0.702 sec
Buffers = 153600

Reads = @

Writes = 0

Fetches = 645256

Per table statistics:

———————————————————————————————— T T e LT TTEEEE
Table name | Natural | Index | Insert | Update | Delete |
-------------------------------- T T T T
BREED | 282 | | | |

COLOR | 239 | | | |
FARM | 36805 | | | |

HORSE | | 519623| | | |
SEX | 4 | | | |
———————————————————————————————— T T e e SLTTEEEE

Kak BuuTe pasHUIla BpeMeHU BBIIIOJIHeHUd B 3,5 pasal

8.2. CtommocTHaa oyeHka HASH vs MERGE JOIN

Anroputm coeguHeHud causgsHreM MERGE JOIN 6511 BpeMeHHO 0TKJIr04eH B Firebird 3.0 B 110163y
coemuHeHusa anroputMoM HASH JOIN. OOBIYHO OH IIPUMEHSJICE B TeX Ciay4dasdX KoIja
ucriosnb3zoBaHue anropurMa NESTED LOOP JOIN 6bLI0 HeONTUMAaJAbHBIM, TO €CTh B IIEPBYIO
ouepeb IIPU OTCYTCTBHH MHJIEKCOB II0 YCJIOBHIO CBSISH MJIHM KX HEIIPHMMEHHMMOCTH, a TakKKe IIpH
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OTCYTCTBHH 3aBUCHMMOCTH MeEXY BXOAHBIMHU IIOTOKaMH.

B GosbIIMHCTBe ciay4daeB coepuHeHHe MeTonoM HASH JOIN 6osiee 3adpPeKTHUBHO, IIOCKOJILKY He
TpeOyeTCs BBIIIOJIHATE IIpeBapUTeIbHYI0 COPTHUPOBKY IIOTOKOB I10 K/IF0YaM COeJUHEeHUs, HO eCTh
cayyau korga MERGE JOIN 6oJtee apdeKkTUBeH:

° COeIUHsIEMble TIOTOKHU VyKe OTCOPTUPOBAHBI II0 KJIKYAM COeIUHEHUs, HaIOpuMep
IIPOU3BOIUTCA COeIMHEHMe Pe3yJIbTaTOB ABYX II0/I3alIPOCOB II0 KJI0UaM yKasaHHBIM B GROUP
BY:

select count(*)

from

(
select code_father+@ as code_father, count(*) as cnt
from horse group by 1

) h

join (
select code_father+@ as code_father, count(*) as cnt
from cover group by 1

) ¢ on h.code _father = c.code_father

B mraHHOM ciiyuyae coelMHsAeMble II0TOKU y>Ke 0TCOPTUPOBAHBEI 110 KyItouy code_father, moatomy
UX IIOBTOPHAs COPTUPOBKA He TpebyeTcs, a 3HaYUT ajroputMm coepgrHeHuss MERGE JOIN 6ypeTr
Haubosee 30 PeKTUBHBIM.

K corxasienuro onntuMusaTop Firebird 5.0 He yMeeT pacriosHaBaTh TaKHe CIydau.

* CoelUHsIeMble IIOTOKU OYeHb BeJIUKU. B 3TOM ciryyae Xell-TabJjInIla CTAHOBUTCS OUeHb BeJIUKa
U yXe He IIOMeIalTCd IeJUKOM B namMaTb. Onrumusartop Firebird 5.0 1poBepser
KapAUHaJIbHOCTHU COeUHSAEMBIX IIOTOKOB, U €CJIM MeHbIIas U3 HUX 60Jiee MUJIJIMOHA 3allucei
(6osree TouHasa muppa 1009 ciaoroB * 1000 xosmmsuu = 1009000 sammceit), TO BhIGUpaeTcs
anroputM coepmHeHHs1 MERGE JOIN. B explain 1u1aHe OH BBIIVISITUT CJIEAYIOIITAM 00pa3oM:

SELECT
*
FROM
BIG_1
JOIN BIG_2 ON BIG_2.F_2 = BIG_1.F_1

Select Expression
-> Filter
-> Merge Join (inner)
-> Sort (record length: 44, key length: 12)
-> Table "BIG_2" Full Scan
-> Sort (record length: 44, key length: 12)
-> Table "BIG_1" Full Scan
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8.3. TpaHcpopmaumsa OUTER JOIN B INNER JOIN

TpaguniriornHo OUTER JOIN 0BOJIBHO IJIOX0 OIITUMU3UPOBAHEL B Firebird.

Bo-tepBrIX, B HacTosllee BpeMsd OUTER JOIN M0>KeT OBITH BBIIIOJIHEH TOJIBKO OJHUM aJITOPUTMOM
coequHeHusd NESTED LOOP JOIN, yTo MOXKeT OBITH M3MEHEHO B CJIeAYyHINUX Bepcusx. Eciu
BO3MOKHO, TO Oy/IeT UCII0/Ib30BaH UHJEKC 110 KUY IIPUCOeAUHIAeMOM TabIUIIbl, HO KaK MBI yoKe
BU/IeJIU BBIIIIE - 3TO He eCTh TapaHTHs HanuboJiee 6BICTPOro BHIIIOJTHEHUS.

BO-BTOpBIX, IIPpHX COeMHEHHWH IIOTOKOB BHEIITHHMMH COEJHMHEHHAMU IIOPANOK COeJUHEHUA CTPOro
(1)I/IKCI/Ip0BaH, TO €CTh OIITUMH3AaTOp He MOXeT HM3MEHHUTHL €ro, YTOOBI pe3yabTaT OCTaBaJICAd
IIPaBHUJIBHBIM.

OpHaxo, eciim B yesoBur WHERE cyiriecTByeT IpefuKatT AJIs 1101 "TIpaBoOM” (IIpHCOeUHSIEeMOM)
TabJIUIIbl, KOTOPHIM SIBHO He obpabaThkiBaeT 3HaueHUe NULL, ToO BO BHeIlIHEM COeJUHEHUU HeT
cMbIciIa. B aToM ciyyae HauwmHag ¢ Firebird 5.0 Takoe coenyHeHue OyzeT IIpeoOpa3oBaHO BO
BHYTpeHHee, YTO II03BOJIAET OITHMMH3ATOPY IIPHMEHATH BeCh CIIEKTP AOCTYIIHBIX aJrOPHUTMOB
coeHEeHUsI.

JIOIIyCTHM Y Bac eCTh CJIeYIOIIUY 3a1Ipoc:

SELECT

COUNT(*)
FROM

HORSE

LEFT JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM
WHERE FARM.CODE_COUNTRY = 1

PesysnbTaT BhIIloSIHEHU B Firebird 4.0:
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Select Expression
-> Aggregate
-> Filter
-> Nested Loop Join (outer)
-> Table "HORSE" Full Scan

-> Filter
-> Table "FARM" Access By ID
-> Bitmap
-> Index "PK_FARM" Unique Scan
COUNT
345525

Current memory = 2612613792
Delta memory = @

Max memory = 2614392048
Elapsed time = 1.524 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 2671475

Per table statistics:

-------------------------------- e
Table name | Natural | Index | Insert
-------------------------------- e e e e b e e

FARM | | 519623
HORSE | 519623] |
-------------------------------- T

PesysabTaT BeIIloSHeHU B Firebird 5.0:
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Select Expression
-> Aggregate
-> Nested Loop Join (inner)

-> Filter
-> Table "FARM" Access By ID
-> Bitmap
-> Index "FK_FARM_COUNTRY" Range Scan (full match)
-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Index "FK_HORSE_FARMBORN" Range Scan (full match)
COUNT
345525

Current memory = 2580089760
Delta memory = 240

Max memory = 2582802608
Elapsed time = 0.294 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 563801

Per table statistics:

-------------------------------- e T e e s LT T
Table name | Natural | Index | Insert | Update | Delete |
———————————————————————————————— e T e e R
FARM | | 32787| | | |
HORSE | | 345525 | | |
-------------------------------- e T e e LR

BLII/II‘pLIH_I B4 pa3a! JTO IIPOM301IJIO IIOTOMY, UTO THUII COEMTHEHUA OBLTT UI3MEHEH Ha BHYTpPEHHEE,
d 3TO 3HAYUT IIOTOKHU MOKHO ITepeCTaBJ/IATbL MECTaMU.

HekoTopsle U3 BaC MOI'YT BO3PasUTh, a 3aUeM MHe ITHcaTh U3HaYaJIbHO He 3QpPeKTUBHBIN 3a11poc?
JleJ10 B TOM, UYTO MHOTHeE 3aIIpPOChI MUIITYTCAI AUHaMUuecKu. Hampumep, yciaoBue FARM. CODE_COUNTRY
= 1 MOKeT OBITh JUHaMHUYEeCKU 100aBJIeHO IIPUJIOKEHUEM K yrKe CYIeCTBYIOIeMY 3aIpocy, UiIn
3aIpoc MoKeT OBITH IeJIMKOM HallkcaH C IIOMOIbH0 ORM.

HexoToprle paspaboTuuku wucroab3ytoT LEFT JOIN Bmecro INNER JOIN kak ©OACKasKy
OIITMMM3AaTOPY: B KAKOM IIOps/iKe IIPOU3BOJUTH coeriHeHUe Tabuull. /11 HUX ocTajicsa 00XOJHOM
BapuaHT: ecid B WHERE ects ycimoBue IS NOT NULL 1o 1osiro "mpaBOM" TaGJIHIIBI, TO BHEIIHUE

coeIMHeHME He TPaHCPOPMHUPYeTCsI BO BHYTPEeHHEE.
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SELECT

COUNT(*)
FROM

HORSE

LEFT JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM
WHERE FARM.CODE_FARM IS NOT NULL

Select Expression
-> Aggregate
-> Filter
-> Nested Loop Join (outer)
-> Table "HORSE" Full Scan

-> Filter
-> Table "FARM" Access By ID
-> Bitmap
-> Index "PK_FARM" Unique Scan
COUNT
519623

Current memory = 2580315664
Delta memory = 240

Max memory = 2582802608
Elapsed time = 1.151 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 2676533

Per table statistics:

-------------------------------- e e e e s b e e e e e
Table name | Natural | Index | Insert | Update | Delete |
-------------------------------- R L
FARM | | 519623 | | |
HORSE | 519623] | | | |
-------------------------------- T o b e e s b e e e e e e e

8.4. PaHHee BblUMC/IeHNE NHBaPMaHTHbIX NMpeAnKaToB

Hauwunas c Firebird 5.0, ecsit QUIBTPYIONUU IIpefrKaT MHBapUaHTEH, U ero 3HaueHUe PaBHO
FALSE, To uM3BJleueHUe 3amucell M3 BXOQHOIO IIOTOKAa HeMeJJIeHHO IIpeKpalraercd. IIpegukart
SIBJISETCSI UHBaPHUaHTHBIM, €CJIH er0 3HayeHUe He 3aBUCHUT OT I10JIe¥ QUIbTPYeMbIX IIOTOKOB.

[IpocTedIIUM CjydyaeM HWHBapUaHTHOIO IIpefuKaTa SBJIsIeTCd ¢QeNKoBOe JIOKHOe VCI0BUe
¢unbpTpanuu 1=0. [IocMOTPUM Kak 3allpoCc C TaKUM ycaoBHeM BeInosHdAeTcs B Firebird 4.0 u
Firebird 5.0.
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SELECT COUNT(*) FROM HORSE
WHERE 1-0;

Pesysabrart B Firebird 4.0

Select Expression
-> Aggregate
-> Filter

-> Table "HORSE" Full Scan

Current memory = 2612572768
Delta memory = @

Max memory = 2614392048
Elapsed time = 0.137 sec
Buffers = 153600

Reads = 0

Writes = @

Fetches = 552573

Per table statistics:

________________________________ +_________+_________
Table name | Natural | Index
________________________________ +_________+_________
HORSE | 519623
________________________________ +_________+_________

PesysibTat B Firebird 5.0
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Select Expression
-> Aggregate
-> Filter (preliminary)
-> Table "HORSE" Full Scan

Current memory = 2580339248
Delta memory = 176

Max memory = 2582802608
Elapsed time = 0.005 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 0

Kaxk BUIHO 13 IPUBEIEHHOM BhIIIe CTaTUCTUKHU Firebird 4.0 B XosocTyro MmostoTiit 500000 3amuceit
Tabsmmiisl HORSE, B To BpeMs Kak Firebird 5.0 He o6paiasica K Hell BOBCe. 3TO IIPOU30IILIO II0TOMY,
4o Firebird 5.0 BEIUMC/INII 3HaUeHHe HHBAPUAHTHOIO IIpeJuKaTa 1epey ureHrueM Tabuisl HORSE
U VCKJIFOYUMJI 9TO UTEeHHUE.

[IpegBapUTeIbHOE BbIUKC/IEHHE HHBAPUAHTHBIX IIPeIUKATOB B explain IyiaHe oTo6pakaeTcs Kak
Filter (preliminary).

Ka3asoch 0bI, @ KaKas HaM I10JIb3a OT TOTO, YTO 3aIIPOC C JIOXKHBIM YCJIOBHEM CTaJl BBITIOTHSATHCS
6pIcTpo? KTO GyfeT mucaThb TakKue 3ampochl? He 3abGbIBaliTe 3ampochl MOTYT (OPMHPOBATHCS
OUHAMHWUYeCKU U TOT/A I10Ib3a CTAHOBUTCS OUEBUTHOM.

[IpuBey ITpuMep 60see IPaKTUYHOI0 IPUMeHeHUs JaHHOM ONITUMU3aIUy. /l0IyCTUM Y Hac ecThb
3aIIpocC C ITapaMeTPOM:

SELECT * FROM HORSE
WHERE :A=1;

3mech mapaMeTp A He 3aBUCHUT OT I10JIed QUIBLTPYeMOIO II0TOKA, II03TOMY IIpefuKaT :A=1 MOXKHO
BBIUMCJIUTEL IIpeiBapUTe/JbHO. TakUM o00pasoM, MbI IIojgy4aeM 39(eKTHUBHOe BKJ/IIOUEHHE U
BBIK/IIOUEeHMe IT0JTHOM BHIOOPKU 3HaYeHUM U3 HEKOTOPOIO 3aIIpoca C IIOMOIILI0 [TapaMeTpa.

[IpuBeny emé ogUH IIpHMep, B KOTOPOM HCIIOJIb3YeTCs paHee BBIUMCJIeHHe HHBAapPUaHTHBIX
npeaukaToB. /JlomycTUM y Hac ecThb Tabsmna Jomazed HORSE, u Heo6XOgWMO IIOJYYUTH
POZOCIIOBHYIO JIOIIAAU Ha IWIYOMHY 5 pAgoB. /IjId 3TOTO HAIUINEM CJIeAYIOIIUN PeKypCHUBHBIA
3armpoc:
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WITH RECURSIVE
RAS (
SELECT
CODE_HORSE,
CODE_FATHER,
CODE_MOTHER,
0 AS DEPTH
FROM HORSE
WHERE CODE_HORSE = ?
UNION ALL
SELECT
HORSE . CODE_HORSE,
HORSE.CODE_MOTHER,
HORSE.CODE_FATHER,
R.DEPTH + 1
FROM R
JOIN HORSE ON HORSE.CODE_HORSE = R.CODE_FATHER
WHERE R.DEPTH < 5
UNION ALL
SELECT
HORSE . CODE_HORSE,
HORSE.CODE_MOTHER,
HORSE . CODE_FATHER,
R.DEPTH + 1
FROM R
JOIN HORSE ON HORSE.CODE_HORSE = R.CODE_MOTHER
WHERE R.DEPTH < 5
)
SELECT *
FROM R

CraTtucTuKa BhIToIHeHUA B Firebird 4.0 BRIIVIIAUT TaK (IIAH OIIYILEH):

Current memory = 2612639872
Delta memory = 0

Max memory = 2614392048
Elapsed time = 0.027 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 610

Per table statistics:

-------------------------------- e
Table name | Natural | Index | Insert | Update
-------------------------------- S e e e e d b e o b e

HORSE | | 127] |
———————————————————————————————— e e e e e b e e e e
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CpaBHuM c Firebird 5.0

Select Expression
-> Recursion

-> Filter
-> Table "HORSE" as "R HORSE" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan
-> Union
-> Filter (preliminary)
-> Filter
-> Table "HORSE" as "R HORSE" Access By ID
-> Bitmap

-> Index "PK_HORSE" Unique Scan
-> Filter (preliminary)
-> Filter
-> Table "HORSE" as "R HORSE" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan

Current memory = 2580444832
Delta memory = 768

Max memory = 2582802608
Elapsed time = 0.024 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 252

Per table statistics:

———————————————————————————————— T T B . DT
Table name | Natural | Index | Insert | Update | Delete |
-------------------------------- S
HORSE | | 63| | | |
-------------------------------- e S r T ST RSP

Firebird 5.0 moTpe6oBajsiock BABOe MeHbIlle uTeHUN Tabiuibl HORSE. Bcé mmoTomMy, 4TO ycCiIoBUe
R.DEPTH < 5 To)Ke gBJIgeTCA HHBAPHUAaHTOM Ha Ka)KI0M Il1are peKypCUBHOIO0 3aIIpoca.

8.5. 9ppekTnBHOE BbiNnosHeHUE IN co cnuckom
KOHCTaHT

Jlo Firebird 5.0 mpegukat IN co CIMCKOM KOHCTAHT OBLI orpaHuYeH 1500 3jieMeHTaMu, II0CKOJIbKY
obpabaThIBaJICs PeKyPCUBHO IIpe0bpasysi UCXOJHOe BhIpa’keHHe B 9KBUBAJIEHTHYIO GOpMYy.

To ecTs,

FIN (V1, V2, ... UN)
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rpeobpasyeTcs B

F=VIORF=V2O0R .... F=VUN

Hauwunag c Firebird 5.0 o6pa6oTka mpegukatoB IN <list> gBisgercsa suHeWHOHN. JIuMmut B 1500
3JIEMEHTOB YBeJIMYeH 10 65535 3/IeMeHTOB.

Cricky KOHCTaHT B IN, IIpeiBapUTeJIbHO OLIEHMBAKTCS KaK MHBAapPHUAaHTHI U KIIIUPYIOTCI KakK
IBOMYHOE JIepeBO IIOMCKA, YTO YCKOpsieT CpaBHEHHe, eCIU YCI0BHe He0OX0UMO IIPOBEPUTE LI
MHOTHX 3aIIMCeH WX eC/IU CIIUCOK 3HaYeHUH JUIMHHBIM.

IIpOo/IeMOHCTPHUPYEM 3TO CJIEZYIOIINM 3aIIPOCOM:

SELECT
COUNT(*)
FROM COVER
WHERE CODE_COVERRESULT+@ IN (151, 152, 156, 158, 159, 168, 170, 200, 202)

B manHoM ciyyae CODE_COVERRESULT+0 HamucaH yMBIILIEHHO, YTOObI OTKJIIOUUTH KUCIIOJIb30BaHUE
HHJIEKCa.

Pesysabrart B Firebird 4.0

Select Expression
-> Aggregate
-> Filter

-> Table "COVER" Full Scan

Current memory = 2612795072
Delta memory = -288

Max memory = 2614392048
Elapsed time = 0.877 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 738452

Per table statistics:

-------------------------------- e T e e s LT T
Table name | Natural | Index | Insert | Update | Delete |
———————————————————————————————— e T e e R
COVER | 713407| | | | |
———————————————————————————————— e e e e  BEEnEEEEE
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PesysabTart B Firebird 5.0

Select Expression
-> Aggregate
-> Filter

-> Table "COVER" Full Scan

Current memory = 2580573216
Delta memory = 224

Max memory = 2582802608
Elapsed time = 0.332 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 743126

Per table statistics:

———————————————————————————————— e T B S G nn T
Table name | Natural | Index | Insert | Update | Delete |
———————————————————————————————— et T B A LT T TR
COVER | 713407| | | | |
-------------------------------- SIS IR YRR N S

HecMmoTps Ha TO, YTO KOJIMYeCTBO uTeHUI Tabiuisl COVER He M3MeHMIIOCh, 3aIIPOC BBIIIOJIHSETCS B
2,5 pasa ObICTpee.

Ec/iM CIIMCOK OYeHb JIMHHBIM MM eciau npefukaT IN He sBjsieTcd M30MpaTeJIbHBIM, TO
CKaHUPOBaHHe WHJIeKCa IOJjIep>KUBaeT IIOMCK TPYIII C KCIOJb30BaHUEM YKasaTessl OJHOTO
YPOBHA (T. €. II0 TOPU3OHTAJIN), & He ITOMCK KaXKIOU TPYIIIBI OT KOPHS (T. €. II0 BepTHUKaJIH), TAKUM
06pa3oM, UCII0Ib3Ys OJJHO CKaHUPOBaHUe MH/IeKca /111 Bcero cucka IN.

IIpo/IeMOHCTPUPYEM 3TO CJIEZYIOIINM 3aIIPOCOM:

SELECT
COUNT(*)
FROM LAB_LINE
WHERE CODE_LABTYPE IN (4, 5)

PesysibTat B Firebird 4.0:
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Select Expression
-> Aggregate

-> Filter
-> Table "LAB_LINE" Access By ID
-> Bitmap Or
-> Bitmap
-> Index "FK_LAB_LINE_LABTYPE" Range Scan (full match)
-> Bitmap
-> Index "FK_LAB_LINE_LABTYPE" Range Scan (full match)
COUNT
985594

Current memory = 2614023968
Delta memory = @

Max memory = 2614392048
Elapsed time = 0.3617 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 992519

Per table statistics:

-------------------------------- e
Table name | Natural | Index | Insert
-------------------------------- e e e e b e e

LAB_LINE | | 985594|
———————————————————————————————— e e e e e b e e

Pesysabrart B Firebird 5.0:
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Select Expression
-> Aggregate

-> Filter
-> Table "LAB_LINE" Access By ID
-> Bitmap
-> Index "FK_LAB_LINE_LABTYPE" List Scan (full match)
COUNT
985594

Current memory = 2582983152
Delta memory = 176

Max memory = 2583119072
Elapsed time = 0.306 sec
Buffers = 153600

Reads = 0

Writes = 0

Fetches = 993103

Per table statistics:

———————————————————————————————— e T e s S
Table name | Natural | Index | Insert | Update | Delete |
———————————————————————————————— e ST e B i R
LAB_LINE | | 985594| | | |
———————————————————————————————— e e e e BEEnEEEEE

Bpemsi BBITIOJTHEHUS 3alIpoca MOUYTH He M3MEeHWJIOCh, HO IJIaH CTaJI APyruM. BMecTo oByX Range
Scan 1 o6befMHEHNS MacoK 4epe3 Or, HCIIOJIb3yeTCd HOBBIM MeTo/a JOCTyIla - OJ{HOKpAaTHOE
CKaHUpPOBaHUe UHJEKCa I10 CIIMCKY (B ItaHe o603HavaeTcs Kak List Scan).

8.6. CTpaTervsa ontumMmunsaTtopa ALL ROWS vs FIRST
ROWS

CYH_IGCTBYET AB€ CTpaTerny OIITUMH3aIllH1 3aIIPOCOB:

* FIRST ROWS - onTUMH3aTOp CTPOMUT ILJIaH 3allpoca TakK, YTOOBI Haubosiee OBICTPO U3BJIEYb
TOJILKO IIepBbIe CTPOKH 3aIIpoca;

* ALL ROWS - onITUMH3aTOpP CTPOUT IUIAH 3alpoca TakK, YTOObI HarboJiee OBICTPO U3BJIeYb BCE
CTPOKH 3aIpoca.

Jlo Firebird 5.0 3TH cTpaTeruu TO>Ke CYIeCTBOBa/IM, HO MMHU HeJb3s ObLIO YyIpaBATh. IIo
YMOJIYaHUK MCII0Jb30Bajsack crparerusa ALL ROWS, omHako eciu B 3ampoce IIPUCYTCTBOBAJIO
OrpaHUYEeHUe KOJIMUeCTBa 3allMCeN BBIXOJHOIO IIOTOKA C IIOMOIbI0 IIpeuioKeHUu FIRST -+, ROWS
- mad FETCH FIRST n ROWS, To cTpaTerus omTuMusaTopa MeHsiach Ha FIRST ROWS. Kpome Toro, fjis
noxasanpocos B IN 1 EXISTS Toxke Hciioyb3yeTcs crpaTerus FIRST ROWS.

Haumnas c Firebird 5.0 mo yMoJ4aHUI0O HCIOJIB3YeTCS CTpaTerus ONTUMH3aIlUM yKazaHHas B
napametpe OptimizeForFirstRows xKoHQuryparponHoro ¢aiia firebird.conf mam database.conf.
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OptimizeForFirstRows = false cooTBeTcTByeT cTpaTerum ALL ROWS, OptimizeForFirstRows = true
COOTBeTCTBYeT cTpaTeruu FIRST ROWS.

Bbl MOKeTe WM3MEHHUTH CTPaTeTHI0 OITHMMU3aTopa Ha YPOBHE TEKYIIeH CecCHU C IIOMOIIBI0
orepaTopa:

SET OPTIMIZE FOR {FIRST | ALL} ROWS

KpoMe ToTO, CTpaTervus oITUMU3aIlui MOXKET OBITH IIepeolipe/iesieHa Ha ypoBHe SQL omepaTopa
noMoInbl mperioxeHusa OPTIMIZE FOR. SELECT sampoc ¢ mpepsmoxeHueMm OPTIMIZE FOR mmeet
CJIeqyIOIINYM CHHTaKCUC:

SELECT ...

FROM [...]

[WHERE ...]

[...]

[OPTIMIZE FOR {FIRST | ALL} ROWS]

[Tpennoxkenue OPTIMIZE FOR Bcerma ykaseiBaeT caMbIM ItocsegHuM B SELECT 3arpoce. B PSQL ero
He00X0/IMMO yKa3bIBaTh Iepe] IpeiokenueM INTO.

VICTOYHUKU [aHHBIX MOIYT OBITH KOHBeHepHBIMHU U OydepusUpoBaHHBIMHU. KoHBeliepHBIN
HCTOYHHUK JaHHBIX BBIaeT 3allHCH B IIPOIlecce YTeHUS CBOMX BXOAHLIX IIOTOKOB, B TO BpeMs KaK
6ydepr3supOBaHHBIM HCTOYHUK CHavasa [JOJ/DKEH IIPOYUTATh BCe 3aIllMCH M3 CBOUX BXOJHBIX
IIOTOKOB U TOJIBKO IIOTOM CMO’KeT BBIIATh IIEPBYIO 3alIMCh Ha CBOM BBIXOA. EC/IM MCIIOIB3yeTCA
crpareruss omnrumusaropa FIRST ROWS, To IpM IIOCTpOeHHH ILIaHA 3alpoca, ONTHMH3ATOP
cTapaeTcs U36e’KaTh HCII0JIB30BaHUA 0y(PepU3HUPYIOIIUX METO0B J0CTYIIa, TAKHUX KaK BHEIITHIA
coptupoBKa SORT wiu coegrHeHue metogoM HASH JOIN.

Jlasiee s IOKa)Ky KaK CTpaTerys JOCTyIIa BJIMSeT Ha IIOCTpPOeHHe ILIaHa 3arrpoca. /11 aToro g
YKaXKy CTpaTeruio OIITUMK3aTopa IIPSMO B 3aIIpoce C IIOMOIIBI0 Ipe/ioKeHus OPTIMIZE FOR.

[IprMep 3arrpoca U ero IUIaHa Co CTpaTerrer onTuMusaTopa ALL ROWS:

SELECT
HORSE.NAME AS HORSENAME,
SEX.NAME AS SEXNAME,
COLOR.NAME AS COLORNAME
FROM
HORSE
JOIN SEX ON SEX.CODE_SEX = HORSE.CODE_SEX
JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR
ORDER BY HORSE.NAME
OPTIMIZE FOR ALL ROWS
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Select Expression
-> Sort (record length: 876, key length: 304)
-> Filter
-> Hash Join (inner)
-> Nested Loop Join (inner)
-> Table "COLOR" Full Scan
-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Index "FK_HORSE_COLOR" Range Scan (full match)
-> Record Buffer (record length: 113)
-> Table "SEX" Full Scan

[IprMep 3ampoca U ero IUIaHa Co cTpaTerveit onrumMusaropa FIRST ROWS:

SELECT
HORSE.NAME AS HORSENAME,
SEX.NAME AS SEXNAME,
COLOR.NAME AS COLORNAME
FROM
HORSE
JOIN SEX ON SEX.CODE_SEX = HORSE.CODE_SEX
JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR
ORDER BY HORSE.NAME
OPTIMIZE FOR FIRST ROWS

Select Expression
-> Nested Loop Join (inner)
-> Table "HORSE" Access By ID
-> Index "HORSE_IDX_NAME" Full Scan
-> Filter
-> Table "SEX" Access By ID
-> Bitmap
-> Index "PK_SEX" Unique Scan
-> Filter
-> Table "COLOR" Access By ID
-> Bitmap
-> Index "PK_COLOR" Unique Scan

B 1iepBOM cily4dae IUIaHUPOBIIUK 3aIIpOCOB BhIOpaJl BHEIIIHIOI0 COPTUPOBKY U HASH coenyHeHUs
1711 HauboJsiee OBICTPOTO BO3BpaTa BCeX 3allMceil. Bo-BTOpoM ciydyae BbIOpaHa HaBUTallys II0
uHzekcy (ORDER index) u coeguHeHMe ¢ ToMOIb0 NESTED LOOP, ITI0CKOJIBKY 9TO II03BOJISIET KaK
MO’KHO OBICTpee BEPHYTH IIepBbIe 3aIIUCH.
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8.7. Yny4uweHHbI BbIBOA NJ1aHOB

B BBIBOjle TIO/IPOOGHOTO ILIaHA Telleph Pa3IUYalOTCs OIIpejiesiseMble II0JIb30BaTeIeM OIlepaTOPhI
SELECT (coob1taemble Kak select expression), 06 bsBieHHBIe PSQL Kypcopbl ¥ I0A3arpock! (sub-
query). Kak legacy, Tak u explain IIaHBI Telleph Tak)Ke BK/IIOYAIOT HHGOPMAIIHIO O IIOJIO’KEHUH
Kypcopa (cTpoka/cTosibery) BHyTpH MoayJist PSQL.

CpaBHUM BBIBO/J IJIAHOB [JI1 HEKOTOPBIX 3a11pocoB a1 Firebird 4.0 1 Firebird 5.0.

HauyHéM c 3allpocCa B KOTOPOM HaXOJHUTCs II0A3aIIpocC:

SELECT *
FROM HORSE
WHERE EXISTS(SELECT * FROM COVER
WHERE COVER.CODE_FATHER = HORSE.CODE_HORSE)

[Toxpo6HbIi 11aH B Firebird 4.0 6yeT BBIIJISAETH CAeLyIONUM 06pa3oM:

Select Expression
-> Filter
-> Table "COVER" Access By ID
-> Bitmap
-> Index "FK_COVER_FATHER" Range Scan (full match)
Select Expression
-> Filter
-> Table "HORSE" Full Scan

A B Firebird 5.0 1taH BBITJISAUT TaK:

Sub-query
-> Filter
-> Table "COVER" Access By ID
-> Bitmap
-> Index "FK_COVER_FATHER" Range Scan (full match)
Select Expression
-> Filter
-> Table "HORSE" Full Scan

Teleph B IJIaHE YETKO BU/THO I7[e OCHOBHOI 3aIIpoc, a I7ie II0/3aIpoc.

Tereps cpaBHHUM KaK ILJIaH BEIBOAUTCA 11 PSQL, HarrpuMep aya orrepaTtopa EXECUTE BLOCK:

46



Chapter 8. ViyuiiieHue oIITUMHU3aTOPa

EXECUTE BLOCK
RETURNS (
CODE_COLOR INT,
CODE_BREED INT
)
AS
BEGIN
FOR
SELECT CODE_COLOR
FROM COLOR
INTO CODE_COLOR
DO
SUSPEND;

FOR
SELECT CODE_BREED
FROM BREED
INTO CODE_BREED
DO
SUSPEND;
END

B Firebird 4.0 legacy u explain 11aH 6yAyT BbIBeJieHbI I KaKA0r0 Kypcopa BHYTpHU 6JI0Ka, 6e3
IOIIOJTHUTEIbHBIX II0POOHOCTEH, IIPOCTO OUH 3a APYTHUM.

PLAN (COLOR NATURAL)
PLAN (BREED NATURAL)

Select Expression

-> Table "COLOR" Full Scan
Select Expression

-> Table "BREED" Full Scan

B Firebird 5.0 mepep Ka>XIbIM IJIAHOM Kypcopa 0y/ieT BbIBeZleH HOMEP CTOJI0I1a U CTPOKH, T/ie ITOT
KypCop 00bSIBJIIEH.

-- line 8, column 3
PLAN (COLOR NATURAL)
-- line 15, column 3
PLAN (BREED NATURAL)

47



Chapter 8. ViyuiiieHue oIITUMHU3aTOPa

Select Expression (line 8, column 3)
-> Table "COLOR" Full Scan

Select Expression (line 15, column 3)
-> Table "BREED" Full Scan

Temephb CpaBHUM BBIBOJ explain mIaHOB, eC/IH Kypcop 06bsIBJIEH SIBHO.

EXECUTE BLOCK
RETURNS (

CODE_COLOR INT
)
AS

DECLARE C1 CURSOR FOR (
SELECT CODE_COLOR
FROM COLOR

)I

DECLARE C2 SCROLL CURSOR FOR (
SELECT CODE_COLOR
FROM COLOR
)
BEGIN
SUSPEND;
END

Jutg Firebird 4.0 mutad 6yzeT TaKuM:

Select Expression
-> Table "COLOR" as "C1 COLOR" Full Scan
Select Expression
-> Record Buffer (record length: 25)
-> Table "COLOR" as "(C2 COLOR" Full Scan

V3 11aHa CKyIaibIBaeTcsd BlieuaTiieHue, 4To y Tabuibl COLOR riceBgoHuUM (1, XOTS 9TO He Tak.

B Firebird 5.0 rtaH, HaMHOTO IIOHITHEE:

Cursor "C1" (line 6, column 3)
-> Table "COLOR" as "C1 COLOR" Full Scan
Cursor "C2" (scrollable) (line 11, column 3)
-> Record Buffer (record length: 25)
-> Table "COLOR" as "C2 COLOR" Full Scan

Bo-11epBBIX, Cpasy CHO UTO y Hac B 0JI0OKe 00bsABJIeHBI Kypcophl C1 u C2. /I AByHAIIpaBJIeHHOIO
Kypcopa BbIBe/IeH JOII0JTHUTEJIbHBIN aTpUOyT "scrollable”.
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8.8. Kak nonyyaTtb nNjiaHbl XpaHUMbIX nipoueayp

MO’KHO JIH I10JIy4YaTh IUIaHBI XPaHUMBIX IIPOIleAyp 110 aHAJIOTHH C TeM KaK MBI II0JIy4YaeM ILIaHbI
nyrsa EXECUTE BLOCK?

OTBeT U Ja U HeT.

Eciii MBI IIOHIET HPOCTBIM IIYTEM, TO €CThb IIOIBITaeMCS IIOCMOTPEeTh ILIaH IIPOLIeAYPBI [JIA
CJIeyI0Illero 3alpoca, To oTBeT byzeT "Het".

SELECT *
FROM SP_PEDIGREE(?, 5, 1)

Select Expression
-> Procedure "SP_PEDIGREE" Scan

Kak 1 oxyjanoch 0TOOpakéH ILIaH 3allpoca BepXHero ypoBHA 0e3 feTajlell IUIaHOB KypCOPOB
BHYTPHU XpaHUMOH 1porenypsl. [o Firebird 3.0 Takue geTasnu orobpakaluch B IIaHE, HO OHU
OBLIM IIepeMelllaHbl B Ky4dy U pa3obpaTh TaM UTO JIMO0 OBIJIO OUeHb 3aTPYAHUTEIbHO.

Ho He paccTtpauBaiiTech. B Firebird 5.0 mosgBuJICs Kelll IIOATOTOBJIEHHBIX 3alIpOCOB, U TabJMIla
MoHUTOpPHHTa MON$COMPILED_STATEMENTS oToGpaskaeT ero cojepkumoe. Kak TOJTBKO MBI
IIOATOTOBUJIM 3allpoC COZepsKallliii Hallly XpaHUMYI0 IIpoIefypy, TO 3Ta IIpolefypa Takke
IoIIaZiaeT B Kelll KOMIIMJIMPOBAHHBIX 3alIPOCOB U /I He€ MOXKHO IIOCMOTPEeTh IJIaH C IIOMOIIBI0
CJIeyIolllero 3arpoca:

SELECT CS.MON$EXPLAINED_PLAN

FROM MON$COMPILED_STATEMENTS CS

WHERE CS.MON$OBJECT_NAME = 'SP_PEDIGREE'
AND CS.MON$OBJIECT_TYPE = 5

ORDER BY CS.MON$COMPILED_STATEMENT_ID DESC

FETCH FIRST ROW ONLY
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Cursor "V" (scrollable) (line 19, column 3)
-> Record Buffer (record length: 132)
-> Nested Loop Join (inner)
-> Window
-> Window Partition
-> Record Buffer (record length: 82)
-> Sort (record length: 84, key length: 12)
-> Window Partition
-> Window Buffer
-> Record Buffer (record length: 41)
-> Procedure "SP_HORSE_INBRIDS" as "V H_INB SP_HORSE_INBRIDS" Scan
-> Filter
-> Table "HUE" as "V HUE" Access By ID
-> Bitmap
-> Index "HUE_IDX_ORDER" Range Scan (full match)
Select Expression (line 44, column 3)
-> Recursion

-> Filter
-> Table "HORSE" as "PEDIGREE HORSE" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan
-> Union
-> Filter (preliminary)
-> Filter
-> Table "HORSE" as "PEDIGREE HORSE" Access By ID
-> Bitmap

-> Index "PK_HORSE" Unique Scan
-> Filter (preliminary)
-> Filter
-> Table "HORSE" as "PEDIGREE HORSE" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan

KpoMe TOro, IviaHbl XpaHHUMBIX IIponefyp OyAyT O0TOoO6pa’kaTbCid B TPacCUpPOBKe, €CIU B
KOHQUTYpaIiiy TPaCCUPOBKU 3a7jaHO0 log_procedure_compile = true.
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Chapter 9. HoBble BO3MO>XHOCTU B Ai3bIKe
SQL

9.1. Noaaep>xka npeano>keHua WHEN NOT MATCHED BY
SOURCE B onepaTope MERGE

Onepatop MERGE mpoumsBoAWT CiaHsIHHE 3allMCeldd MCTOYHHUKA M IleJIeBOM TaOJUIbl (MK
00HOBJIIEMBIM IIpeficTaBjieHHeM). B mpoliecce BhIlloJIHeHUs ollepaTopa MERGE uuTaroTcd 3amucu
UCTOYHUKA U BBINOAHAOTCA INSERT, UPDATE mutm DELETE pjia 1jesieBOM TabJ/IUIIBI B 3aBUCUMOCTU OT
YCJIOBUH.

CuHTakcuc orepaTopa MERGE BBIIVIAAUT CyIeyIOITUM 00pa3oM:

MERGE
INTO target [[AS] target_alias]
USING <source> [[AS] source alias]
ON <join condition>
<merge when> [<merge when> ...]
[<plan clause>]
[<order by clause>]
[<returning clause>]

<source> ::= tablename | (<select_stmt>)

<merge when> ::=
<merge when matched>
| <merge when not matched by target>
| <merge when not matched by source>

<merge when matched> ::=
WHEN MATCHED [ AND <condition> ]
THEN { UPDATE SET <assignment_list> | DELETE }

<merge when not matched by target> ::=
WHEN NOT MATCHED [ BY TARGET ] [ AND <condition> ]
THEN INSERT [ <left paren> <column_list> <right paren> ]
VALUES <left paren> <value_list> <right paren>

<merge when not matched by source> ::=
WHEN NOT MATCHED BY SOURCE [ AND <condition> ] THEN
{ UPDATE SET <assignment list> | DELETE }

B Firebird 5.0 mosBuiMCH yCIOBHBIe BeTKH <merge when not matched by source>, KoTopwle
II03BOJIIIOT OOHOBUTH WJIM YJaJIUTh 3allUCU U3 IleJIeBOM TabJ/IUIlbl, eC/ld OHU OTCYTCTBYHT B
UCTOYHUKE IaHHBIX.
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Terrepb omepaTop MERGE siBsieTcs IO HACTOSIIEMY YHUBEPCAJIbHBIM KOMOAWHOM /IS JIFOOBIX
MoAMUKAIIUH I1eJIeBOM Ta6JINITHI 10 HEKOTOPOMY Hab0py JaHHBIX.

VICTOUHMKOM [JaHHBIX MOJXKeT OBIThb TabsuIla, IIpeficTaBeHMe, XpaHUMas IIpollefiypa WIH
IpousBoAHasA Tabusmiia. [Ipu BeilosiHeHUU omepatopa MERGE IIpomsBOLUTCS coefuHEHUEe MeXXKIy
ucroyHukoM (USING) um 1eseBodi Tabumiled. TUI COeMHEHUS 3aBHUCUT OT IIPHUCYTCTBUS
npepyioyxeHui WHEN NOT MATCHED:

* <merge when not matched by target>u <merge when not matched by source>—FULL JOIN
* <merge when not matched by source>—RIGHT JOIN
* <merge when not matched by target>—LEFT JOIN

* TOJILKO <merge when matched>—INNER JOIN

JleticTBre HaJ IleJleBOM TabiuIleldl, a TakyKe YCJIOBHE IIPU KOTOPOM OHO BBIIIOJHAETCH,
ommchIBaeTcs B peayioskeHUu WHEN. JlommyckaeTcss HecKOJIbKO ITpeuioskeHuit WHEN MATCHED, WHEN NOT
MATCHED [BY TARGET] m WHEN NOT MATCHED BY SOURCE.

Ecsn yciioBue B 1ipefiockeHUU WHEN He BeItostHsIeTcs, TO Firebird mpomyckaeT ero v nmepexoimum K
CJIeIyI0IlleMy IIpe/yIo)KeHUI0. Tak Oy/leT IPOUCXOAUTH 10 TeX IIOp, II0Ka yCJI0BUE I OJHOI0 U3
npeiokeHuit WHEN He OyzeT BBIIIOJIHEHO. B 3TOM cilyyae BBIIIOJIHSAETCS [eMICTBUE, CBI3aHHOE C
npepmoyxeHreM WHEN, 1 ocyIiiecTBIIsIeTCS ITepeX0/] Ha CAeIYIOINYI0 3allUCh pe3yIbTaTa CoeJUHeHUs
Mexay uctouHuKoM (USING) u 11esteBoM Tabutuiie. [ KaXK0M 3alluCU pe3yJibTaTa COeqUHEHUS
BBIIIOJTHAETCS TOJILKO OTHO JIeHICTBUE.

9.1.1. WHEN MATCHED

VKasplBaeT, UTO BCe CTPOKH target, KOTOpble COOTBETCTBYKT CTPOKaM, BO3BpallleHHbIM
BhIpakeHHeM <source> ON <join condition>, M yJOBJIETBOPAIOT [AOIIOJHUTEIbHBIM YCIOBHUAM
II0MCKa, OOHOBIANTCA (mpensokeHue UPDATE) wmiam ypasarorca (pemyioxkeHue DELETE) B
COOTBETCTBUH C IIpe/ijIoKeHreM <merge when matched>.

JloIlycKaeTcsl yKasblBaTh HECKOJIbKO IipeyiokeHHi WHEN MATCHED. Ecoim ykasaHo 6oJiee OJHOTO
npengoyxeHuss WHEN MATCHED, To Bce HMX ciefyeT [MOIOJHATH TOIIOJIHUTEJbHBIMU YCIOBUIMHU
IIOMCKA, 3a UCKIFDUEeHHUeM II0CJIeJHeTO.

HNHcTpykiust MERGE He MOkeT OOHOBUTBH OIHY CTPOKY 0oJjiee OJHOrO pasa WU OJHOBPEMEHHO
O0OHOBHUTH U YAAJIUTh OJHY U Ty )Ke CTPOKY.

9.1.2. WHEN NOT MATCHED [BY TARGET]

VKasbpIBaeT, UTO BCe CTPOKHU target, KOTOpble He COOTBETCTBYHT CTPOKaM, BO3BpallleHHBbIM
BbIpakeHueM <source> ON <join condition>, W yJOBJIETBOPSAIOT [OIIOJTHUTEJIbHBIM YCIOBUAM
IIOMCKa, BCTaBJIOTCA B IejleByl0 Tabuuily (mpemyosxeHre INSERT) B COOTBeTCTBHU C
npenjioykeHueM <merge when not matched by target>.

JloIryckaeTcsl yKas3blBaTh HECKOJIBKO IIpezyioskeHuit WHEN NOT MATCHED [BY TARGET]. Ecim ykasaHO
6osiee ogHoro mpezyokeHus WHEN NOT MATCHED [BY TARGET], To Bce uUX cjefyeT [AOIOJIHSATH
IOIIOJTHUTEJIbHBIMHU YCJIOBUSIMU ITOUCKA, 38 UCKIIOUEHUEM I10CJIeTHETO.
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9.1.3. WHEN NOT MATCHED BY SOURCE

VKasblBaeT, YTO BCe CTPOKHU target, KOTOpPble He COOTBETCTBYIOT CTPOKAaM, BO3BpallleHHBIM
BhIpasKeHHeM <source> ON <join condition>, ¥ yZOBJIETBOPSIOT AOIIOJIHUTEJBLHBIM YCIOBUIM
rnoucka, (mpemioxkeHuve UPDATE) miau ypassarorca (tpepyioskeHue DELETE) B COOTBETCTBHM C
npepjioykeHreM <merge when not matched by source>.

[Ipemuioxxernure WHEN NOT MATCHED BY SOURCE moctymHo HaumHasd ¢ Firebird 5.0.

JloIlycKaeTca yKasbIBaTh HECKOJIBKO ItpezyoskeHHUM WHEN NOT MATCHED BY SOURCE. Eciam ykasaHO
6osiee omHoro mnpemaoxkeHus WHEN NOT MATCHED BY SOURCE, To Bce HUX ciefyeT [IOIIOJIHATH
IOIIOJTHUTE/JILHBIMHU YCIOBHUSMH IIOMCKA, 38 UCKIIOYEeHHEeM I10CIeJHEerO.

O6patute BHMMaHHe! B crmcke SET mpemiokeHus UPDATE He mMeeT cMbIciaa
NOTE HCII0JIb30BaTh BEIPAKEHHUSI CO CCHLIKOHM Ha <source>, IIOCKOJIbKY HH OJHa 3aIIKCh
M3 <source> He COOTBETCTBYeT 3aIlHCIM target.

9.1.4. NMNpumep ncnonb3osaHue MERGE c npegno>xeHrem WHEN NOT MATCHED BY
SOURCE

JIOIlyCTUM y Bac eCTh HEKOTOPHIM IIpailic BO BpeMeHHOM Ta6uuIle tmp_price ¥ Heo6XOJHUMO
0GHOBUTH TEKYIIUM ITpaiic TaK YTOOHI:

* eCJIM TOBapa B TEKYILeM IIpaice HeT, TO J0OaBUTH €ro;
* eCJIM TOBAp B TEKYIIEM IIpalice eCTb, TO 0OHOBUTH JJIs1 HETO LIeHY;

* eCJIM TOBAp IIPUCYTCTBYET B TeKyllleM IIpalice. HO ero HeT B HOBOM, TO YAAJIUTh 3Ty CTPOKY
mmpaiica.

Bce 3TH JIeMCTBUS MO>KHO C/IeJIaTh OTHUM 3aIIPOCOM:

MERGE INTO price
USING tmp_price
ON price.good_id = tmp_price.good_id
WHEN NOT MATCHED
-- nobaBnAem ecnn He 6bino
THEN INSERT(good_id, name, cost)
VALUES(tmp_price.good_id, tmp_price.name, tmp_price.cost)
WHEN MATCHED AND price.cost <> tmp_price.cost THEN
-- 0obHOBMAEM LeHy, ecnu TOBap eCcTb B HOBOM Mpaiice 1 LieHa oTnnyaeTca
UPDATE SET cost = tmp_price.cost
WHEN NOT MATCHED BY SOURCE
-- ecnu B HOBOM rpaiice ToBapa HeT, TO yHanAeMm ero U3 Tekyuwero npaica
DELETE;
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B sToM mpuMepe BMeCTO BpeMeHHOMN TaOJMIBI tmp_price MOXKeT OBITH CKOJIb
yrogHo Ca0KHBIM SELECT sampoc myim XpaHMMas Iporeaypa. Ho ydrure, 4TO
II0CKOJIBKY IIPUCYTCTBYIOT 06a mpezyoxkeHus WHEN NOT MATCHED [BY TARGET] m WHEN

NOTE NOT MATCHED BY SOURCE, To coemuHeHHe ITeJIeBOM TabJIUITBI M MCTOUYHHKA JaHHBIX
oyzeT rpoucxoauTh ¢ moMoibio FULL JOIN. B Tekyireit Bepcuu Firebird FULL JOIN
IIpA HEeBO3MOJKHOCTH HCIIOJIL30BaTh HMHMEKCHl KaK CIIpaBa, TaK U cjaeBa OyneT
BBIIIOJIHATHCS OYeHb MeJ[JIEHHO.

9.2. Npepno>xeHue SKIP LOCKED

B Firebird 5.0 mossuioch IpezriiokeHue SKIP LOCKED, koTopoe MO>KeT HCII0JIb30BaThbC B
omepatopax SELECT .. WITH LOCK, UPDATE m DELETE. HMcmosib3oBaHKe 3TOTO IIpPeJIOKEHUS
3acTaBiisieT JBHDKOK IIPOITYCKaTh 3aIlMCH, 3a0JI0KUPOBAaHHbIE APYITMMH TPaH3aKIIUSIMHU, BMeCTO
TOT0, YTOOBI KJaTh UX, UJIU BBI3BIBATh OIIIUOKU KOHQJIMKTAa 0OHOBIEHUS.

Hcniosib3oBanue SKIP LOCKED 1oJsie3HO 1 peasik3aliii pabouux odyepeziei, B KOTOPBIX OQUH WIN
HEeCKOJIbKO IIPOIIeCCOB OTIIPABJISAIOT paboTy B TabJUIy W BBIJAIOT COOBITHE, B TO BpeMs KakK
pabounre IIOTOKH IIPOCJAYIIMBAIOT COOBITHS W YWUTAKOT/yAAJAI0T 3JIeMEHThl U3 TaOJIUIIbL.
Hcmob3ysg SKIP LOCKED, HecKoJbKO pab0THHUKOB MOTYT IIOJIy4aTh 3KCK/IIO3UBHBIE 3aZlaHUS M3
TabJIMITbI 6€3 KOHPJIUKTOB.

SELECT
[FIRST ...]
[SKIP ...]
FROM <sometable>
[WHERE ...]
[PLAN ...]
[ORDER BY ...]
[{ ROWS ... } | {OFFSET ...} | {FETCH ...}]
[FOR UPDATE [OF ...]1]
[WITH LOCK [SKIP LOCKED]]

UPDATE <sometable>

SET ...
[WHERE ...]
[PLAN ...]
[ORDER BY ...]
[ROWS ...]

[SKIP LOCKED]
[RETURNING ...]
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DELETE FROM <sometable>

[WHERE ...]
[PLAN ...]
[ORDER BY ...]
[ROWS ...]

[SKIP LOCKED]
[RETURNING ...]

B ciayuae wucrosnb3oBaHus IHpeiokeHus SKIP LOCKED cHavasa IIpOITyCKaroTCSA
NOTE 3a6/JIOKMpOBaHHbIe  3aIllMCH, a  3aTeM  I[IPUMEHAITCId  OIpaHUYMUTesH
FIRST/SKIP/ROWS/OFFSET/FETCH K 0CTaBIIMMCS 3aIIUCIM.

HpHMep HCIIOJIb30BaHUMA:

° HOﬂI‘OTOBKa MeTaJaHHBIX

create table emails_queue (
subject varchar(60) not null,
text blob sub_type text not null
)i
set term !;
create trigger emails_queue_ins after insert on emails_queue
as
begin
post_event('EMAILS_QUEUE');

end!

set term ;!

 OTIpaBKa IPUIOKeHHEM I IOAIIPOrpaMMOi

insert into emails_queue (subject, text)
values ('E-mail subject', "E-mail text...');

commit;

* KiIMeHTCKOe IIPUIosKeHHe
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-- KnuenTckoe npunoxeHue moweT npocnywusaTtb coboitme EMAILS_QUEUE,
-- yTobbl OTNPaBNATH SMEKTPOHHLIE MUCbM3, WCMONb3YA STOT 3anMpoc:

delete from emails_queue
rows 10
skip locked
returning subject, text;

Mo>keT GBITH 3aIlyI[eHO 60Jiee OJHOTO 9K3eMILIIpa IIPHUJIOKEHMs, HalIpuMeD, I 6aTaHCHPOBKU
HaTPy3KH.

IIo ucnionp3oBaHuto SKIP LOCKED mig opraHusaiiiu ouepefiei, eCTb OTAeJIbHas

NOTE o
craTbda Hcriosb3oBanueM KoHCTpyKuu SKIP LOCKED B Firebird 5.0

9.3. MNoaAaep>kKka BO3BpaTa MHOXKeCTBA 3anuvcen
onepatopamum c RETURNING

Hauwmnasg c Firebird 5.0 ximeHTCKHe Mopgu¢uiupyromme omnepatopbl INSERT .. SELECT, UPDATE,
DELETE, UPDATE OR INSERT m MERGE, comep>kaiiue mpeniaokeHrie RETURNING BosBpalawT Kypcop, TO
e€CThb OHM CIIOCOOHBI BEPHYTh MHOYKECTBO 3allMCeld BMECTO BbIauM OIIMOKU "multiple rows in
singleton select"”, Kak 3TO IIPOUCXOAMIIO PaHee.

Terepp 3THU 3aIIpoChl BO BpeMs IIOATOTOBKM OIIMCHIBAIOTCA KakK isc_info_sql_stmt_select, Torma
KaK B IIPeAbIAYIITUX BEPCUU OHU OBLJIM OIIMCAHbI Kak isc_info_sql_stmt_exec_procedure.

CunrestoH-oniepaTopsl INSERT .. VALUES, a Takyke IO3UITMOHHpPOBaHHBIe orepaTopsl UPDATE u
DELETE (To ecTh, KOTOpHIe comep>Kat IipenyrokeHue WHERE CURRENT OF) coxpaHSIOT CyIeCTBYIOILlee
TIOBeJIeHHe U OIIUChIBAOTCA Kak isc_info_sql_stmt_exec_procedure.

OmHako Bce 3TH 3alpoChl, €CJIM OHM MCIIOJb3YITCI B PSQL M IIprMeHseTCS IIpeljioKeHue
RETURNING, 11o-ipe;xHeMy paccMaTpPUBAIOTCSI KaK CUHTeJITOHBI.

[Ipumeps! Mo GUITUPYIOIIHe ollepaTopoB cozepskaiux RETURNING 1 Bo3BpalllaroliuX Kypcop:
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INSERT INTO dest(name, val)
SELECT desc, num + 1 FROM src WHERE id_parent =5
RETURNING id, name, val;

UPDATE dest
SET a = a + 1
RETURNING 1id, a;

DELETE FROM dest
WHERE price < 0.52
RETURNING id;

MERGE INTO PRODUCT_INVENTORY AS TARGET
USING (
SELECT
SL.ID_PRODUCT,
SUM(SL.QUANTITY)
FROM
SALES_ORDER_LINE SL
JOIN SALES_ORDER S ON S.ID = SL.ID_SALES_ORDER
WHERE S.BYDATE = CURRENT_DATE
AND SL.ID_PRODUCT = :ID_PRODUCT
GROUP BY 1
) AS SRC(ID_PRODUCT, QUANTITY)
ON TARGET.ID_PRODUCT = SRC.ID_PRODUCT
WHEN MATCHED AND TARGET.QUANTITY - SRC.QUANTITY <= @ THEN
DELETE
WHEN MATCHED THEN
UPDATE SET
TARGET.QUANTITY = TARGET.QUANTITY - SRC.QUANTITY,
TARGET.BYDATE = CURRENT_DATE
RETURNING OLD.QUANTITY, NEW.QUANTITY, SRC.QUANTITY;

9.4. HacTUYHbIe NHAEKCHI

B Firebird 5.0 mmpu co3faHUM HHjeKca IIOSIBUJIaCh BO3MOXKHOCTH YKa3aTb Heo0si3aTeJbHOe
npemsiookeHre WHERE, koTopoe ompejesisieT yCjIOBHe IIOKMCKa, OTpaHUYUBAIOIlee II0AMHOKECTBO
3amuced TabIUITBI 111 UHIeKCUPOBaHU. TaKye HHEKChl Ha3bIBAIOTCS YaCTUUYHBIMU HHIEKCAaMH.
VcIoBHe TOKCKA JIOJDKHO CO/IePrKaTh OFH MJIU HECKOJIBKO CTOJIOIIOB TaGIHITHL.

OmpeniesieHre 4YaCTUYHOIO HMHJEKCa MOXKeT BKJIOUaTh creruéuxkaruoo UNIQUE. B aToMm ciayuae
Ka>KIbIA KJII0U B UHJIEKCe N0/DKEH ObITh YHUKAJIbHBIM. ITO II03BOJISIET 00€CIIeUUTh YHUKAIbHOCTD
IJI1 HEKOTOPOT'0 IIOAMHOKeCTBa CTPOK TaOJIUIIBI.

O1mpenesieHre YaCTUYHOIO HHIEKCA TaK)Ke MOXKeT BKJIIOUATh IipeqsioskeHure COMPUTED BY, Takum
00pa3oM YaCTUYHBIN UHJ[EKC MOKET OBbITh BHIYUC/ISIEMbBIM.

Takum 06pa30M, IIOJTHBIY CHHTAKCHC CO3IaHUs MHIEKCA BBITVIAHUT CI€YIOIITHM o6pa30M:
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CREATE [UNIQUE] [ASC[ENDING] | DESC[ENDING]]

INDEX indexname ON tablename

{(<column_1ist>) | COMPUTED [BY] (<value_expression>)}
[WHERE <search_condition>]

<column_list> ::= col [, col ...]

OHTI/IMI/ISHTOP MO’KET MCII0JIb30BaTh YaCTUYHBIN HHOEKC MO>XHO HCIIOJIB30BaTh TOJIBKO B
CIIeAYIONIUX Cy4dasax:

¢ ycsioBue WHERE BKJIFOUaeT TOUHO TaKoe >Ke JIOTUYecKoe BhIpajkeHHe, KaK U OoIlpefieIleHHOe /LIt
UHIEKCA;

* yCJIOBHE IIOMCKa, OIIpefieJieHHOe [JId HWHJEKCa, COJEep>KUT JIOTMYeCKHe BhIpakKeHUsd,
o6bequHeHHBIe OR, 1 OHO U3 HUX IBHO BKJIIOUEHO B ycaoBue WHERE;

* YCJIOBUE IIOMCKA, OIIpefesieHHOe A4 HHAeKca, ykasbiBaeT IS NOT NULL, a yciaoBue WHERE
BKJIIOYaeT BhIpaskeHHe JJI TOT0 JKe I10JI1, KOTOPoe, KaK U3BeCTHO, urTHopupyeT NULL.

Ecia 19 0JHOTO U TOTO >Ke Habopa I10JIed CYIeCTBYeT OOBIUHBINM HMHIEKC U YaCTUYHBIN UHJEKC,
TO OIITUMHU3ATOP BbIOEpeT OOBIYHBIN HHIEKC, JAake ecau yciaoBHe WHERE BK/IroUaeT To)Ke camoe
BbIpakeHUe, UTO OIIpe/ieJIeHO B YaCTUYHOM HH/eKce. [[purHa TaKoro IoBeJJeHUS COCTOUT B TOM,
4TO y OOBIYHOTO UHJEKCa CeJIeKTUBHOCTH JIydllle, YeM Yy YacTHU4YHOro. HO CyIlecTBYIOT
HUCKJIIOYEHUsI U3 3TOr0 IIpaBWJA: HCIOJAb30BaHUE M1 WHAEKCUPYeMBbIX II0JIed IIpeUKaTOB C
IUTOXOM MU30HUpaTeJbHOCThI0, TAKMUX Kak <>, IS DISTINCT FROM mrm IS NOT NULL, IIpu yCJIOBHM UTO
MaHHBIN [IpeIUKaT UCII0JIb3yeTCs B YaCTUYHOM HH/JIEKCe.

YacTuuHble UWHAEKCHI He MOTyT OBITH MCIIOJIB30BaHBl [JIsI OrpaHUYeHUs
NOTE IepBUYHOTO U BHEIIHEr0 KJII04Ya, TO eCThb B BhIpakeHUU USING INDEX Hemb3s

YKa3aThb OIIpeie/IeHrue YaCTUYHOT 0 MH/IEKCa.

[LaBaI‘/JITe IIOCMOTPHM B KaKHe CiIydasiX YaCTHUYHbI€ MH/IEKCEI II0JIE3HBI.
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Example 1. O6ecneueHue uacmuyuHol yHUKAAbHOCMU

[IpeAIIoI0)KUM Y Hac eCTh TabJIuIla XpaHsas email agpeca yesoBeka.

CREATE TABLE MAN_EMAILS (

CODE_MAN_EMAIL BIGINT GENERATED BY DEFAULT AS IDENTITY,

CODE_MAN BIGINT NOT NULL,

EMAIL VARCHAR(50) NOT NULL,

DEFAULT_FLAG BOOLEAN DEFAULT FALSE NOT NULL,

CONSTRAINT PK_MAN_EMAILS PRIMARY KEY(CODE_MAN_EMAIL),

CONSTRAINT FK_EMAILS_REF_MAN FOREIGN KEY(CODE_MAN) REFERENCES MAN(CODE_MAN)
)

YV opgHOro yesjgoBeKa MOXKeT OBITH MHOIO email azpecoB, HO TOJBKO OZUH MOXKET OBITh
ajgpecoM II0 yMOJI4YaHHIO. OOBIYHBIM YHUKaJIbHBIM HMHJEKC WJIH OrpaHH4YeHHe B JaHHOM
cy4yae He IIOJOMIET, IIOCKOJBKY B 3TOM Cjy4ae Mbl OyfieM OIpaHU4YeHBl BCEro [ABYyMs
ajpecamu.

3mech HaM Ha IIOMOIIb MPU/ET YaCTUYHBIN YHUKAJIbHBIN HHIEKC:

CREATE UNIQUE INDEX IDX_UNIQUE_DEFAULT_MAN_EMAIL
ON MAN_EMAILS(CODE_MAN) WHERE DEFAULT_FLAG IS TRUE;

Takum o6pas3oM [I1 OJHOTO YeJIOBeKa MBI II03BOJIsIEM CKOJIBKO YIOZHO aJipecoB C
DEFAULT_FLAG=FALSE u TosibKO oiviH agpec ¢ DEFAULT_FLAG=TRUE.

YacTUUuHbIE HHIEKCBI MOKHO HCIIOJIB30BAaTh IIPOCTO MJId TOTO YTOOBI HHIEKC ObLI OoJiee
KOMIIaKTHBIM.
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Example 2. YmeHblweHue pazmepa uHoekca

[IpenmosnokuM y Bac B 6ase JaHHBIX ecTh Tabsmia Jjomaged HORSE M B Hell ecTh IIoJie
IS_ANCESTOR, KOTOpO€e UCIOJIB3YeTCd AJId OTMEeTKHU SBJISIETCS JIU JIOIIaAb POJ0HAaYaIbHUKOM
JIMHUM WJIN ceMercTBa. OUeBUIHO, UTO POJLOHAYAJIBLHUKOB B COTHU pa3 MeHbIIle, YeM APYTUX
JIoIIaien.

K miprMepy ecyIi MBI BBIIIOJTHUM CJIEAYIOITUY 3aIIpoC 3aIIpoc, TO ITOTYIHM:

SELECT
COUNT(*) FILTER(WHERE IS_ANCESTOR IS TRUE) AS CNT_ANCESTOR,
COUNT(*) FILTER(WHERE IS_ANCESTOR IS FALSE) AS CNT_OTHER
FROM HORSE

CNT_ANCESTOR CNT_OTHER

1426 518197

3ajjaua COCTOMT B TOM, 4TOOBI OBICTPO IIOJy4aTh CIKCOK pPOJOHAYaJIbHUKOB. U3
OPUBENEHHONM CTAaTHUCTUKU TaK)Ke OUeBUIHO, 4YTO [Ad BapuaHTa IS_ANCESTOR IS FALSE
UCII0JIb30BaHUe UH/EKCOB IIPaKTUUYEeCKU 6eCII0/1e3HO0.

B IIpUHITHIIE MBI MOKEM CO3/1aTh 0OBIKHOBEHHBIN UHJEKC

CREATE INDEX IDX_HORSE_ANCESTOR ON HORSE(IS_ANCESTOR);

Ho B [maHHOM ciiy4yae TakKOM HHJeKC OymeT HW30BITOUHBIM. /laBaliTe IIOCMOTPUM €ro
CTaTUCTHUKY:

Index IDX_HORSE_ANCESTOR (26)
Root page: 163419, depth: 2, leaf buckets: 159, nodes: 519623
Average node length: 4.94, total dup: 519621, max dup: 518196
Average key length: 2.00, compression ratio: 0.50
Average prefix length: 1.00, average data length: 0.00
Clustering factor: 9809, ratio: 0.02
Fill distribution:

0 -19% =0
20 - 39% =1
40 - 59% = 0
60 - 79% = 0

80 - 99% = 158

BMmecTo OOBIYHOIO HMHJEKCa MBI MOYKeM CO3aTh YaCTHUYHBIM HHAEKC (IpebIAyIUM HaZIo
YIOaJIUTh):
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CREATE INDEX IDX_HORSE_ANCESTOR ON HORSE(IS_ANCESTOR) WHERE IS_ANCESTOR IS TRUE;

CpaBHHLICTaTHCTHKYZ

Index IDX_HORSE_ANCESTOR (26)
Root page: 163417, depth: 1, leaf buckets: 1, nodes: 1426
Average node length: 4.75, total dup: 1425, max dup: 1425
Average key length: 2.00, compression ratio: 0.50
Average prefix length: 1.00, average data length: 0.00
Clustering factor: 764, ratio: 0.54
Fill distribution:

0 -19% =0
20 - 39% =0
40 - 59% =1
60 - 79% = 0
80 - 99% = 0

Kak BUiTe YaCTUYHBIM UH/IEKC HAMHOTO 60Jiee KOMITAKTHBIMH.

HpOBepI/IM YTO OH MOKET OBITh HCII0JIb30BaH [JIA IIOJIYyYEeHUS POAJOHaAYaJIbHHUKOB!

SELECT COUNT(*)
FROM HORSE
WHERE IS_ANCESTOR IS TRUE;

Select Expression
-> Aggregate
-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Index "IDX_HORSE_ANCESTOR" Full Scan

COUNT

1426

Current memory = 556868928
Delta memory = 176

Max memory = 575376064
Elapsed time = 0.007 sec
Buffers = 32768

Reads = @

Writes = 0

Fetches = 2192

Per table statistics:

-------------------------------- T ST i ST T TR S PR SRR
Table name | Natural | Index | Insert | Update | Delete | Backout | Purge | Expunge |
———————————————————————————————— e S R S B e SR TS
HORSE | | 1426 | | | | | |
-------------------------------- e e e A A R S R XD

OO6paTuTe BHUMaHUe, ecyId B 3aripoce BbI yKakeTe WHERE IS_ANCESTOR wmrmt WHERE IS_ANCESTOR =
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TRUE, To mHIeKC He 6y[eT HCIOJIb30BaH. Heo6XouMo, UTOOBI BhIpakeHHe yKasaHHOe [JId
¢uIbTpany UHAEKCa II0JIHOCTHI0 COBIIAZaI0 C BhIpakeHrueM B WHERE Bariero sarpoca.

[LPYI‘I/IM ClIydaeM, KOrjla 4aCTHU4YHbI€ MHIEKCBI MOIYT OBITH II0JIE3HBI 3TO HCIIOJIb30BAHHE HX C
HeCeJIEKTUBHBIMU ITPeIUKAaTaMHU.
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Example 3. Hcnoab308aHUe HaCMUUHbLX UHOEKCO8 C Hece AeKMUBHbLMU npeauKama_Mu

[IpeAIIosI0KUM HaM HeoOXO0AMMO IIOJIYYUThH BCeX MEPTBBIX JIOIIAaZledl y KOTOPHIX M3BeCTHA
maTa cMepTH. Jlomagb TOYHO SIBJIeTCS MEPTBOM, eC/IM y Heé BhICTaBJIeHA /laTa CMePTH, HO
4JacTo ObIBAeT TakK, YTO €€ He BHICTABJISTIOT WJIM IIPOCTO OHA HEeM3BeCTHA. IIpuuéM KoJIM4eCcTBO
HEU3BeCTHHIX [JaT CMepPTH HaMHOTO G6OJIbIlle, YeM H3BECTHHIX. /[JI1 3TOr0 HAaIIUIIIeM
CJIeYIOIITHH 3aIIpoc:

SELECT COUNT(*)
FROM HORSE
WHERE DEATHDATE IS NOT NULL;

Ham xoueTcs, IT0JIy4aTh 3TOT CIIMCOK MaKCHUMaJIbHO OGBICTPO, II03TOMY IIOIIBITAEMCS CO3aTh
HHIeKC Ha 11oste DEATHDATE.

CREATE INDEX IDX_HORSE_DEATHDATE
ON HORSE(DEATHDATE);

Tenepb IIOIIBITaeMCs BBIIIOJTHUTE 3aIIPOC BBIIIE XM IIOCMOTPETH Ha €ro IVIaH ¥ CTaTUCTUKY:

Select Expression
-> Aggregate
-> Filter

-> Table "HORSE" Full Scan

COUNT

16234

Current memory = 2579550800
Delta memory = 176

Max memory = 2596993840
Elapsed time = 0.196 sec
Buffers = 153600
Reads = @

Writes = 0

Fetches = 555810

Per table statistics:

-------------------------------- R B e e e e b TP PP
Table name | Natural | Index | Insert | Update | Delete | Backout | Purge | Expunge |
———————————————————————————————— R e TR B B s e T e
HORSE | 519623| | | | | | | |
———————————————————————————————— R R S s e B e Tt TR

Kak BUIUTe UHJEKC 3a/IeICTBOBATh He MOJYUYMIOCh. [IpHUMHA B TOM, UTO ITpeAuKaThl IS NOT
NULL, <>, IS DISTINCT FROM sgBJISIOTCS MaJsIoCeJIeKTUBHBIMU. B HacTos1ee Bpems B Firebird HeT
TUCTOTPAaMM C pacIpefieileHHeM 3HAaUeHHU KIIHUYer HHJEeKCa, a II0OTOMY paclipefiesleHue
CYUTaeTCd PaBHOMEPHBIM. [Ipy paBHOMEpPHOM paclipefiesIeHUH 11 TaKUX IIpeJUKaToOB HET
CMHBICJIA UCII0JIL30BATh HHIEKC, UYTO U JIeJIaeTCs.

A Telleph ITOIIPO6YEM YAATUTE paHee CO3/JaHHbIN MH/IEKC U CO3/IaTh BMeCTO Hero YaCTUYHBIN
WHIEKC:
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DROP INDEX IDX_HORSE_DEATHDATE;

CREATE INDEX IDX_HORSE_DEATHDATE
ON HORSE(DEATHDATE) WHERE DEATHDATE IS NOT NULL;

U1 norrpo6yeM IIOBTOPUTH 3aIIPOC BHIIIIE:

Select Expression
-> Aggregate

-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Index "IDX_HORSE_DEATHDATE" Full Scan
COUNT
16234

Current memory = 2579766848
Delta memory = 176

Max memory = 2596993840
Elapsed time = 0.017 sec
Buffers = 153600

Reads = @

Writes = @

Fetches = 21525

Per table statistics:

-------------------------------- T T e e T T T
Table name | Natural | Index | Insert | Update | Delete | Backout | Purge | Expunge |
-------------------------------- T ST e ST T T ST SRR
HORSE | | 16234| | | | | | |
-------------------------------- S Y

Kak BuUgUTe ONTHMH3ATOPY Yy[AaoCh 3aZleMiCTBOBATh Halll MHAeKC. Ho camoe MHTepecHOe.

Hall UHeKC OyAeT MPoAo/LKaTh paboTaTh U C APYTHMHU IIpeJuKaTaMU CpaBHEHUS C AaTOM
(st IS NULL He 6yzmeT).

SELECT COUNT(*)
FROM HORSE
WHERE DEATHDATE = DATE'01.01.2005";
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Select Expression
-> Aggregate

-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Index "IDX_HORSE_DEATHDATE" Range Scan (full match)
COUNT
190

Current memory = 2579872992
Delta memory = 192

Max memory = 2596993840
Elapsed time = 0.004 sec
Buffers = 153600

Reads = @

Writes = 0

Fetches = 376

Per table statistics:

-------------------------------- T ST i ST TP TR TR SRR
Table name | Natural | Index | Insert | Update | Delete | Backout | Purge | Expunge |
-------------------------------- B T B s T e e EE bt CEEE T
HORSE | | 199] | | | | | |
-------------------------------- S0

Bcé moToMy, 4YTO OIITUMHU3ATOP B 3TOM CJIy4ae JOorajajicsd, 4yTo ycaoBHhe ¢uiabTparu IS NOT
NULL B 4aCTUYHOM HHJIeKCe IIOKPhIBAET JIF0ObIe JpyTHe peAuKaThl He cpaBHUBaroIMe ¢ NULL.

Ba)XHO OTMEeTUTH, YTO €CJIM Bhl B UaCTUUHOM HHJIEKCe yKa)keTe yciaoBue FIELD > 2, a B 3ampoce
OyxeT yciaoBue movicka FIELD > 1, To HecMOTps Ha TO, UTO JIF060e YHUCJIO 60JIbIIle 2, TAK)Ke O0JIbIe
1, 4aCTUYHBIA HHJEKC 3aJeHCTBOBaH He OymeT. ONTUMM3aTOpP He HACTOJILKO YMEH, YTOOBI
BBIBECTH JJaHHOE yCJI0BHEe 9KBUBaJIEHTHOCTH.

9.5. dyHKuUuun UNICODE_CHAR v UNICODE_VAL

B Firebird 2.1 mosiBuiack mapa ¢yHkimii ASCII_CHAR - Bo3Bpaijaroijasi CUMBOJI II0 €ro KOAy B
tabsmmite ASCII, u ASCII_VAL - Bo3Bpalnarias kop B Tabsaune ASCII mo cumBoOiy. ITU QYHKITUU
IIPUMEHUMBI TOJIBKO K OJHOOAUTHBIM KOAUPOBKaM, A1 UTF-8 Huuero 11of06H0T0 He ObLI0.

B Firebird 5.0 ro6aBuiH elié nse GyHKIINHM, KOTOpPbIe pab0TaloT C MHOTOOAUTHBIMU KOAUPOBKaMU:

UNICODE _CHAR (number)

UNICODE_VAL (string)

dyukirg UNICODE_CHAR BosBparitaeT UNICODE cuMBOJI 1714 3aJaHHOM KOZLOBOU TOUKH.

dyukimg UNICODE_VAL BosspairtaeT UTF-32 KOIOBYI TOUKY [JI IIEPBOTO CUMBOJIA B CTpoOKe. /ljid
IIyCTOM CTPOKH Bo3Bpalraercd 0.
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SELECT
UNICODE_VAL(UNICODE_CHAR(@x1F601)) AS CP_VAL,
UNICODE_CHAR(@x1F601) AS CH

FROM RDB$DATABASE

9.6. Bbipa>keHWUs 3anpocoB B CKO6GKax

CuHTtakcuc DML ObL1 paclivpeH, 4TOOBI paspelluTh HCII0JIb30BaHMe BBIpa’kKeHWs 3alpoca B
KpYIJIBIX CKOOKax (select, Bkyrouas IpejuiokeHus order by, offset u fetch, Ho 6e3 npepoxeHNs
with), rme paHee ObLIa paspellleHa TOJIbKO CIleITUPUKAIlMg 3ampoca (select 6e3 IpeniosKeHUNU
with', order by, offset u fetch).

JTo obecmeunBaeT 6o0Jsiee BBIpasUTeJIbHBIE 3allpoChl, 0cob6eHHO B omeparopax UNION, u
obecrieyrBaeT 6OJIBIIIYI0 COBMECTHMOCTH C OIlepaTOpaMH, FeHepHpyeMBIMH OIIpefeleHHbIMU
ORM.

Hcriosib30BaHHWe BBIpaKeHHU 3alpoca B CKOOKaxX 06XOQUTCSA LOPOTr0, IIOCKOJIBKY
OHU TpPeOYIOT [IOIIOJHUTEJIbHOT0 KOHTEKCTa 3alpoca II0 CPpaBHEHUI C IIPOCTOM
crieriuuKalel s3amnpoca. MakcUMaJbHOe KOJIMUYECTBO KOHTEKCTOB 3allpoca B
orepartope — 255.

NOTE

ITpumep:

select emp_no, salary, 'lowest' as type
from employee

order by salary asc

fetch first row only

)

union all

(
select emp_no, salary, 'highest' as type
from employee
order by salary desc
fetch first row only

);

9.7. YnyuyuieHue nutepanos

9.7.1. MONHbBINA CMHTaKCUNC CTPOKOBbLIX JINTEPAsIOB

CHHTAKCHUC JIATEPAJIOB CUMBOJIBHBIX CTPOK OBLI M3MeHEeH [JIs IIOJeP>KKHU II0JTHOT0 CTaHAAPTHOTO
cuHTakcuca SQL. 3To o03HayaeT, UTO JIUTepa]l MOXKeT OBITH «IIpepBaH» IIpobeslaMu WIH
KOMMEHTapUaMHU. ITO MOXKHO HCII0JIb30BaTh, HAIIpUMep, [JId pasbueHus JIMHHOTIO JUuTepasia Ha
HEeCKOJIbKO CTPOK MJIH I IIPe0CTaBIeHUs BCTPOEHHBIX KOMMEHTAapUEB.
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CuHmakcuc cmpokoeo2o aumepana coeaacHo ISO/IEC 9075-2:2016 SQL - Part 2: Foundation

<character string literal> ::=
[ <introducer> <character set specification> ]
<quote> [ <character representation>... ] <quote>
[ { <separator> <quote> [ <character representation>... ] <quote> }... ]

<separator> ::=
{ <comment> | <white space> }...

[Tpumep:

-- npobenbl Mexay NMUTepanamu
select 'ab'
red!
from RDB$DATABASE;
-- output: 'abed'

-- KOMMEHTapwii n npobenbl Mexay NMTepanamu
select 'ab' /* comment */ 'cd'

from RDB$DATABASE;

-- output: 'abed'

9.7.2. MONHbIN CUMHTAKCUNC ABONYHbBIX TNTEPANIOB

CHHTaKCHUC [BOWYHBIX CTPOKOBBIX JIUTEpajoB ObLI H3MeHeH [UI IIOfJepKKH IIOJTHOTO
CTaH/apTHOTO CHHTakKcuca SQL. OTO O3HadaeT, UTO JIATepasl MOKeT COfeprKaThb IIPOOeJbl [JIs
pasfesieHUs] IeCTHAAIIATEPUYHBIX CHUMBOJIOB U MOXKeT OBITH «IIpepBaH» IIpo6eslaMu WU
KOMMEHTapUsMHA. IJTO MOXKHO MCIIOJIb30BaTh, HAIIpUMep, IJII TOrO, 4YTOOBI CHeJsaTh
IIIeCTHAAIIaTEPUYHYI0 CTPOKY 0oJiee YUTabeJbHOM 3a C4YeT TPYIIIMPOBKU CHMBOJIOB, WJIH IS
pasbueHUs [IMHHOIO JINTepajla Ha HEeCKOJIbKO CTPOK, WM I IIpeJoCTaBJIeHHs BCTPOEHHBIX
KOMMeEHTapHeB.

Cunmakcuc 08ouHHo20 aumepana coaaacHo ISO/IEC 9075-2:2016 SQL - Part 2: Foundation

<binary string literal> ::=
{X|x} <quote> [ <space>... ] [ { <hexit> [ <space>... ] <hexit> [ <space>... ] }...
] <quote>
[ { <separator> <quote> [ <space>... ] [ { <hexit> [ <space>... ]
<hexit> [ <space>... ] }... ] <quote> }... ]

ITpuMepsr:

67



Chapter 9. HoBble BOSMO>KHOCTH B g3bIKe SQL

-- I'pynnupoBka no 6aiitam (npobemnbl BHYTpW NuTepana)
select win1252 x'42 49 4e 41 52 59'

from RDB$DATABASE;

-- output: BINARY

-- npobenbl Mexay NUTepanamu

select win1252 x'42494e'
'415259'

from RDB$DATABASE;

-- output: BINARY

9.8. YnyuuieHue npeagukaTta IN

Jlo Firebird 5.0 mpegukaT IN co CHUCKOM KOHCTaHT OBLI orpaHrdeH 1500 sajseMeHTaMH, II0OCKOJIbKY
obpabaTrIBaJICd peKypPCUBHO IIpeobpasys UCXOIHOE BhIpakeHHe B 9KBUBAJIEHTHYI0 popMmy.

To ecTn,
FIN (V1, V2, ... UN)
peoOpasyeTcs B
F=VIORF=V2O0R .... F=VN

Hauwmnas c Firebird 5.0 o6paboTka mpenukatoB IN <list> siBysgercs JuHeWHOU. Jlumut B 1500
3JIEMEHTOB yBeJIM4YeH 0 65535 asteMeHTOB. KpoMe TOro, 3alIpoChl UCII0JIL3YIoIHe rpeaukart IN co
CIIMCKOM KOHCTAaHT o00pabaThIBAalOTCd 3HA4YUTeNbHO ObIcTpee. Ilofpo6bHO 006 9TOM OBLIO
pacckasaHo B IJIaBe IIPO YJIy4llleHre OIITUMHU3aTopa.

9.9. NMNakeT RDB$BLOB UTIL

TpapurmonHo pa6ora ¢ BLOB BHyTpu PSQL kofma 06XoguIack LOPOTrO, IIOCKOJBKY IIPH JIFOO0M
mopuoukaniuun BLOB Bcerma cospmaérca HOBBIM BpeMeHHBIM BLOB, 3T0 IIpUBOAUT K
IOIIOJTHUTEJIbHOMY IIOTPeOJIEHUI0 ITaMSTH, a B psifie Cjly4dae W K paspacTaHuio ¢aiia 6assl
OaHHBIX I XpaHeHUs BpeMeHHEIX BLOB.

B Firebird 4.0.2 g pemeHus mnpob6sieM KoHKaTeHanuu BLOB 6nliia mobGaBjieHa BCTpOeHHAas
¢yukius BLOB_APPEND. B Firebird 5.0 6bu1 /o6aBjieH BCTpoeHHBIM makeT RDB$BLOB_UTIL c
npoueaypaMu U QyHKIUIMU U1 60J1ee 3G PeKTUBHOM MaHUITy Iy Hajg BLOB.

3mech g He OyZly OIIMCHIBATH 3TOT ITaKeT I[eJIMKOM, IIOCKOJIbKY 3TO BBl MO’KeTe HaWTHU B Release
Notes u B "PykoBoacTBe 110 #3bIKy SQL Firebird 5.0", a JHIIb IMOKa)Ky IIPUMEPBI I
IIPAKTUY€eCKOTO UCII0Ib30BaHHUSI.
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9.9.1. Ucnonb3oBaHne ¢pyHKUmm RDBSBLOB_UTIL.NEW_BLOB

®yukrus RDBSBLOB_UTIL.NEW_BLOB cosmaeT HoBBIF BLOB SUB_TYPE BINARY. OHa Bo3BparaeT BLOB,
TIOAXOIAITAM I 106aBJIeHUS JaHHbBIX, aHaJIoTHYHO BLOB_APPEND.

[IpeumyinectBo 1epep BLOB_APPEND 3aksirouaeTcss B TOM, YTO MOXKHO YCTaHOBUTBL COOCTBEHHBIE
napamMeTpsl SEGMENTED m TEMP_STORAGE.

dyuxkiyg BLOB_APPEND Bcerma co3gaeT BLOB-060beKThl BO BpeMEHHOM XpaHWIMIIE, UTO He BCerga
MOKET OBITh JIYUIIIUM IIOAX0J0M, eCJIU Co3aHHbIN BLOB-00beKT OyZieT XpaHUTHCSA B IIOCTOTHHOU
TabJInIle, II0CKOJILKY /I 9TOTO II0TpebyeTcs olepanysa KOIIMPOBaHUS.

BLOB, Bo3BpalifaeMblil 9TON QyHKITHUeH, fake ecau TEMP_STORAGE = FALSE, MO’KeT HUCIIOJIb30BaThCA
¢ BLOB_APPEND mj1st mo6aBIeHHS JaHHBIX.

Table 2. BxodHble napamemput yHkyuu RDB$BLOB_UTIL.NEW_BLOB

ITapameTp Tun OnucaHue
SEGMENTED BOOLEAN NOT NULL Tun BLOB. Ecoiu TRUE - 6yzeT co3gaH
cerMeHTHUpOBaHHEIM BLOB, FALSE -
IIOTOKOBBIM.
TEMP_STORAGE BOOLEAN NOT NULL B KaKoM XpaHHTHIIE co3maéTcs BLOB.

TRUE - Bo BpemeHHOM, FALSE - B
IIOCTOSTHHOM (JIJIS1 3aITMCHU B OOBIYHYI0
TabJINILY).

Tun go3epawiaemozo pesyibmama
BLOB SUB_TYPE BINARY

[Tpumep:

execute block

declare b blob sub_type text;

as

begin
-- CO0343ém noToKOBLIi He BpemeHHbld BLOB, mockonmbky fanee oH bynet pgobasned B Tabmuuy
b = rdb$blob_util.new blob(false, false);

b = blob_append(b, 'abcde');
b = blob_append(b, 'fghikj"');
update t

set some_field = :b
where id = 1;
end

9.9.2. YTeHne BLOB nopumamun

Korma Hazo 6pwI0 IpouynTaTh 4yacTh BLOB BhI mosb3oBasivch ¢yHKIper SUBSTRING, HO y aTou
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(1)YHKI_II/II/I eCTh OOHH CymeCTBeHHBIﬁ HeI0CTAaTOK, OHa BCerga BO3BpalliaeT HOBBIH BPEMQHHBIﬁ
BLOB.

Haunnasg ¢ Firebird 5.0 Bbel MOXKeTe HUCIIOJb30BATh [UII J9TOM Ieau  QYHKITHIO
RDB$BLOB_UTIL.READ_DATA.

Table 3. BxodHble napamempwl yHkyuu RDB$BLOB_UTIL.READ_DATA

ITapameTp Tun Onucanue
HANDLE INTEGER NOT NULL JleCKpUIITOP OTKpBITOTO BLOB.
LENGTH INTEGER KosiruecTBO GalT, KOTOpOE

HGOGXOHI/IMO IIpOYUTAaTh.

Tun eo3gpawiaemozo pesyabmama
VARBINARY(32765)

®yukrus  RDB$BLOB_UTIL.READ_DATA wmcmoJib3yeTcsl Il UTeHUs (GParMeHTOB [IaHHBIX U3
neckpunTopa BLOB, oTKphITOro ¢ ImmoMoIrbio RDB$BLOB_UTIL.OPEN_BLOB. Korma BLOB MOJTHOCTBIO
IIPOYMUTAaH U JaHHBIX O60JIbIIIe HeT, OHa Bo3BpalaeT NULL.

Eciiz B LENGTH mmepegaeTrcss I0I0KUTE/JIbHOE YHUCJIO, TO Bo3Bpalraerca VARBINARY makcHMMaIbHOM
IUTHBI LENGTH.

Ecsu B LENGTH mepemaeTcs NULL, To Bo3dBpalijaeTcsa TOJIbLKO cerMeHT BLOB ¢ MakcUMaIbHOM IIMHOMU
32765.

Korma pa6ora c peckpunrtopoM BLOB oOKOHYeHa, ero HeOOXOAMMO 3aKpbITh C IIOMOIIBIO
rporietypsl RDB$BLOB_UTIL.CLOSE_HANDLE.
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Example 4. Omkpwumue BLOB u e2o gozgpam no yacmam 8 EXECUTE BLOCK

execute block returns (s varchar(10))

as
declare b blob = '1234567"';
declare bhandle integer;
begin
-- oTkpbiBaeT BLOB ana uTteHna n BO3BpawaeT ero XeHan.
bhandle = rdb$blob_util.open_blob(b);
-- lonyyaem blob yacTammn
s = rdb$blob_util.read _data(bhandle, 3);
suspend;
s = rdb$blob _util.read _data(bhandle, 3);
suspend;
s = rdb$blob_util.read_data(bhandle, 3);
suspend;
-- Korpa paHHbix bonbwe HeT Bo3pawaetca NULL.
s = rdb$blob_util.read_data(bhandle, 3);
suspend;
-- 3akpoiaem BLOB xeHan.
execute procedure rdb$blob_util.close_handle(bhandle);
end

IlepenaB B kauecTBe IapaMerpa LENGTH sHaueHue NULL MOJKHO cZiesiaTh IIOCETMEHTHOe UTeHHe
BLOB, ecyii ceTMeHTHI He IIPeBBIIIA0T 32765 GaUT.

Hamnuniem mporiefypy A/ mocerMeHTHOro Bo3spara BLOB
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CREATE OR ALTER PROCEDURE SP_GET_BLOB_SEGEMENTS (
TXT BLOB SUB_TYPE TEXT CHARACTER SET NONE
)
RETURNS (
SEG VARCHAR(32765) CHARACTER SET NONE
)
AS
DECLARE H INTEGER;
BEGIN
H = RDB$BLOB_UTIL.OPEN_BLOB(TXT);
SEG = RDB$BLOB_UTIL.READ_DATA(H, NULL);
WHILE (SEG IS NOT NULL) DO

BEGIN

SUSPEND;

SEG = RDB$BLOB_UTIL.READ_DATA(H, NULL);
END

EXECUTE PROCEDURE RDB$BLOB_UTIL.CLOSE_HANDLE(H);
END

E€ MO>KHO IPUMEHUTh, HalIpuMep BOT TaK:

WITH
T AS (
SELECT LIST(CODE_HORSE) AS B
FROM HORSE
)
SELECT
S.SEG
FROM T
LEFT JOIN SP_GET_BLOB_SEGEMENTS(T.B) S ON TRUE
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Chapter 10. MpakTnyecknm npnmep
ncnosib3oBaHUs KOHCTpyKuum SKIP LOCKED

[Ipu pa3paboTke 6U3HEC JIOTUKU YaCTO BOSHUKAET 3ajjlayua II0 OpraHu3aIluy ouepezeit 06paboTKu
HEKOTOPBIX 3aJJaHUi. B 3TOM cilydae OIHMH WM HECKOJIBKO IIOCTAHOBIIIHKOB CTaBSIT 3aJlaHUS B
ouepe/b, a UCIIOJHUTETN GepyT CBOGOTHOE HEBBITIOTHEHHOE 33/JaHKe U3 OUepPeTU M BBITIOTHSIOT
€ro, I0CJIe Yero OOHOBJIAIOT CTATyC 3aJaHUs. EC/IM HCIIOJTHUTEJh BCEro OJUH, TO IIPobJieM He
BO3HHMKaeT. C yBeJM4YeHHEM KOJIMYecTBa UCIOJHHUTeJeld BO3HUKaeT KOHKYPeHIIUs 3a 3aZjauy U
KOHQJIUKTHI MEKTy UCIIOJTHUTEISIMH.

10.1. MoaroTtoBKa 6a3bl AAHHbIX

[TorrpobyeM peann3oBaTh ovepenb 06pabOTKM 3afaHUM. /lIA 3TOr0 CO3JaLUM TeCTOBYIO 06asy
OAaHHBIX U co3manuM B Hel Tabsuity QUEUE_TASK. B aTy TabiuIly II0CTaHOBIIUKY OYAYT 400aBISATH
3ajlauM, a UCIOJHUTEJNN OpaTh CBOOOMHBIE 3aaYU U BBIIIOJHATH UX. CKPUNT CO3MaHUS 6asbl
TaHHBIX C KOMMeHTapUsIMU IIPUBEEH HIKe:

CREATE DATABASE 'inet://localhost:3055/c:\fbdata\5.0\queue.fdb’
USER SYSDBA password 'masterkey'
DEFAULT CHARACTER SET UTF8;

CREATE DOMAIN D_QUEUE_TASK_STATUS
AS SMALLINT CHECK(VALUE IN (@, 1));

COMMENT ON DOMAIN D_QUEUE_TASK_STATUS IS 'CtaTyc 3aBepuweHus 3apauu’;

CREATE TABLE QUEUE_TASK (
ID BIGINT GENERATED BY DEFAULT AS IDENTITY NOT NULL,
NAME VARCHAR(50) NOT NULL,
STARTED BOOLEAN DEFAULT FALSE NOT NULL,
WORKER_ID BIGINT,
START_TIME TIMESTAMP,
FINISH_TIME TIMESTAMP,
FINISH_STATUS D_QUEUE_TASK_STATUS,
STATUS_TEXT VARCHAR(100),
CONSTRAINT PK_QUEUE_TASK PRIMARY KEY(ID)
)i

COMMENT ON TABLE QUEUE_TASK IS 'Ouepepb 3apmau’;

COMMENT ON COLUMN QUEUE_TASK.ID IS 'UpeHTudukaTtop 3amauu';

COMMENT ON COLUMN QUEUE_TASK.NAME IS 'Wma 3apaun';

COMMENT ON COLUMN QUEUE_TASK.STARTED IS 'Mpu3Hak Toro 4yTo 33aaya B3ATa B 06paboTky';

COMMENT ON COLUMN QUEUE_TASK.WORKER_ID IS 'WneHTudukaTtop ucnonHuTens 3amaun’;

COMMENT ON COLUMN QUEUE_TASK.START_TIME IS 'Bpema Hauana BbinonHeHus 3amaun';

COMMENT ON COLUMN QUEUE_TASK.FINISH_TIME IS 'Bpems 3aBepuweHnsi BbINONHEHWS 33aaauu’;

COMMENT ON COLUMN QUEUE_TASK.FINISH_STATUS IS 'CTaTyc c KOTOpbiM 33BEpWMnoch BbinomlHeHue 3aaaunm @ - ycnewHo, 1 - ¢
ounbkoii' ;

COMMENT ON COLUMN QUEUE_TASK.STATUS_TEXT IS 'TekcT cTaTyca. Ecnn 3apaua BuinonHeHa 6e3 ownbok, To "OK", nHaue TekcT
ounbkn ' ;

Jl1st mo6GaBJIEHUST HOBOM 3aJJauM OCTaTOUHO BBIIIOJTHUTD OTIEPATOP

INSERT INTO QUEUE_TASK(NAME) VALUES (?7)
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B JaHHOM cJjIydyae MBI IlepeflaéM TOJIbKO MM 3aJlauM, Ha MpaKTUKe IIapaMeTPOB MOXKET OBITh
OoJIBIIIE.

KaXIpIli KMCIIOJTHUTEJb OJDKEH BBIOpaTh OJHY CBOOOJHYIO 3a/auy U YCTAHOBUTHL €€ IIPU3HAaK
"B3siTa B 06paboTKy".

HOJIYT{I/ITB CBOGO,I[HYI-O 3agady MO>KHO C IIOMOIIIBIO CJIEAYIOIIIETO 3alIpoca:

SELECT ID, NAME

FROM QUEUE_TASK

WHERE STARTED IS FALSE
ORDER BY ID

FETCH FIRST ROW ONLY

Jlajiee UCIIOJIHUTEJIb IIOMedaeT 3a/iauy Kak "Bsgra B 06paboTKy", ycTaHaBJIMBaeT BpeMs cTapTa
3aJjlayy U UJeHTUPUKATOP UCIIOTHUTEJIA. ITO JeslaeTcs 3alIpOoCoOM:

UPDATE QUEUE_TASK

SET

STARTED = TRUE,

WORKER_ID = ?,

START_TIME = CURRENT_TIMESTAMP
WHERE ID = ?

[Tocsie TOTO Kak 3ajjadya B3siTa B 06pab0TKy, HAUMHAEeTCsI CO6CTBEHHO CaMO BBIIIOJTHEHUE 3aJjaull.
Korga 3amava BBIIIOJTHEHA HEOOXOJMMO YCTaHOBUTH BpeMs 3aBeplIeHHs 3afaud U e€ CTaTyc.
BEITIOJIHEHHE 3a/auyd MOYKeT 3aBepIINUTHCI C OIMMOKOM, B 3TOM CJIydae YyCTaHABJIWBAETCS
COOTBETCTBYIOIIIUMI CTaTyC U COXPaHAETCS TEKCT OIITUOKH.

UPDATE QUEUE_TASK
SET

FINISH_STATUS = 7,

STATUS_TEXT = ?,

FINISH_TIME = CURRENT_TIMESTAMP
WHERE ID = ?

10.2. CKpUNT MoAennpyrLnMm ouepeab 3agaHNN

[TompobyeM IPOBEPUTH HAIITy H/el0. /IJI9 3TOr0 HallUIlleM IIPOCTOM CKPUIT Ha s13bIKe Python.

JlJ11 HallMCaHUA CKPUIITAa HaM II0TpeOyeTcs yCTaHOBUTH [IBe OMOJIMOTEeKHU:

pip install firebird-driver
pip install prettytable
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Termepb MOKHO IIPUCTYIIUTh K HaIlUCAHUIO CKpUIITa. CKpUIT HAIIMCaH JJId 3amycka o Windows,
OITHAKO ero MOJKHO 3amyckKaThb M II0J Linux HM3MeHUB HEKOTOpble KOHCTAaHTHI U IIYyTh K
6ubsoreke fbelient. CoxpaHUM HallMCaHHBIN CKPUIIT ero B GaliI queue_exec.py:

#!/usr/bin/python3

import concurrent.futures as pool
import logging

import random

import time

from firebird.driver import connect, DatabaseError

from firebird.driver import driver_config

from firebird.driver import tpb, Isolation, TraAccessMode
from firebird.driver.core import TransactionManager

from prettytable import PrettyTable

driver_config.fb_client_library.value = "c:\\firebird\\5.0\\fbclient.d11"

DB_URI = "inet://localhost:3055/d:\\fbdata\\5.0\\queuve.fdb'
DB_USER = 'SYSDBA'

DB_PASSWORD = 'masterkey'

DB_CHARSET = 'UTF8'

WORKERS_COUNT = 4 # KommuecTBO ucnomHuTenei
WORKS_COUNT = 40  # KomuuecTBo 3apau

# set up logging to console
stream_handler = logging.StreamHandler ()
stream_handler.setLevel(logging.INFO)

logging.basicConfig(level=1ogging.DEBUG,
handlers=[stream_handler])

class Worker:

"""Knacc Worker npepcTaBmsaeT coboil ucnonHuTens 3apaun”""
def __init__(self, worker_id: int):

self.worker_id = worker_id

@staticmethod
def __next_task(tnx: TransactionManager):
"""|I3gnekaeT crepnylollylo 3afady U3 ouepemu.

Arguments:
tnx: TpaH3akuua B KOTOPOW BHIMNONHAETCA 3arnpoc

nun

cur = tnx.cursor()

cur.execute("""
SELECT ID, NAME
FROM QUEUE_TASK
WHERE STARTED IS FALSE
ORDER BY ID
FETCH FIRST ROW ONLY
")

row = cur.fetchone()
cur.close()

return row

def __on_start_task(self, tnx: TransactionManager, task_id: int) -> None:
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"""CpabaTbiBaeT Npu CTapTe BbIMOJIHEHMA 33[auN.
YcTaHaBNMBaeT 3adadye MPU3HAK TOrO, YTO OHA 3aMyWeHa U Bpems CTapTa.

Arguments:
tnx: TpaH3akuua B KOTOPOW BHINONHAETCA 3anpoc
task_id: WneHTudukaTtop 3apaum
cur = tnx.cursor()
cur.execute(
UPDATE QUEUE_TASK
SET
STARTED = TRUE,
WORKER_ID = ?,
START_TIME = CURRENT_TIMESTAMP
WHERE ID = ?

nun
’

(self.worker_id, task_id,)

@staticmethod
def __on_finish_task(tnx: TransactionManager, task_id: int, status: int, status_text: str) -> None:
"""CpabaTbiBaeT Mpu 3aBEpWEHUM BbIMOTIHEHNA 33aul.

YcTaHaBnMBaeT 3apaue BpemMA 3aBepuweHnAa U CTaTyCc C KOTOPbIM 3aBepwunacb 3afaya.

Arguments:
tnx: TpaH3akuus B KOTOPOI BbINOTHAETCA 3ampoc
task_id: WneHTudukaTtop 3apaum
status: Kop cTtatyca 3aBepuweHus. @ - ycnewHo, 1 - 3aBepweHo c¢ ownbkoit
status_text: TekcT cTaTyca 3aBepuweHus. Mpu ycneuwHom 33BepuweHun 3amucbizaem "0K",
B MPOTWUBHOM CTlyuyae TeKCT OWWOKM.
cur = tnx.cursor()
cur.execute(
UPDATE QUEUE_TASK
SET
FINISH_STATUS = ?,
STATUS_TEXT ,
FINISH_TIME = CURRENT_TIMESTAMP
WHERE ID = ?

nun
’

(status, status_text, task_id,)

def on_task_execute(self, task_id: int, name: str) -> None:
"""JT0T MeTOA MPUBEAEH K3K NpuMep QYHKUWM BbIMOTIHEHWA HEKOTOPOW 33mauu.

B peanbHbix 3apayax oH bymeTt gpyrum u ¢ Apyrum Habopom napameTpos.

Arguments:
task_id: WneHTudukaTtop 3agaum
name: Wma 3apaun
Wi
# Bbibop cnyuaiiHoii 33aaepKky
t = random.randint(1, 4)
time.sleep(t * 0.01)
# nnAa pemoHCTpauMu TOro, 4TO 33[aya MOXET BHIMONHATLCA C ownbkamu,
# renepupyem uckmioueHne AnNA ABYX W3 CIYYalHbIX YuCen.
if t == 3:
raise Exception("Some error")
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def run(self) -> int:
"""BhinonHeHue 3apaun
conflict_counter = @

nnn

# [Ina napannenbHOro BLIMOTIHEHUA KawAbiii MOTOK AOTKEH MMeTb CBOE coefuHeHue ¢ b[l.
with connect(DB_URI, user=DB_USER, password=DB_PASSWORD, charset=DB_CHARSET) as con:
tnx = con.transaction_manager(tpb(Isolation.SNAPSHOT, lock_timeout=0, access_mode=TraAccessMode.WRITE))
while True:
#f W3Bnekaem ouepepHyl 334auy M CTaBWM ell MPU3HAK TOr0 UYTO OH3 BLIMOTHAETCA.
# MockonbKy 33faua MOXeT BHIMONHUTLCSA € OWMOKON, TO MPU3HAK CTapTa 3afaun
# BbicTaBMsAeM B OTHENbHOW TPaH3aKLMN.
tnx.begin()
try:
task_row = self.__next_task(tnx)
# Ecnv 33a3uM 33KOHUMTIUCHL 33BEpWaem noToK
if task_row is None:
tnx.commit()
break
(task_id, name,) = task_row
self.__on_start_task(tnx, task_id)
tnx.commit()
except DatabaseError as err:
if err.sqlstate == "40001":
conflict_counter = conflict_counter + 1
logging.error(f"Worker: {self.worker_id}, Task: {self.worker_id}, Error: {err}")
else:
logging.exception('")
tnx.rollback()
continue

#f BuinonHaem 3apauy

status = 0
status_text = "OK"
try:

self.on_task_execute(task_id, name)
except Exception as err:
# Ecnn npw BHINOTIHEHUM BO3HMKTIA OWMOKa,
# To cTaBuM COOTBETCTBYIWWIA KOA CTATyca W COXPaHAeM TeKCT ownbku.
status =1
status_text = f"{err}"
# logging.error(status_text)

# CoxpaHsiem BpeMs 3aBeplieHMs 333yl W 33NNUCbIBAeM CTATyC €€ 33BepueHus.
tnx.begin()
try:
self.__on_finish_task(tnx, task_id, status, status_text)
tnx.commit()
except DatabaseError:
if err.sqlstate == "40001":
conflict_counter = conflict_counter + 1
logging.error(f"Worker: {self.worker_id}, Task: {self.worker_id}, Error: {err}")
else:
logging.exception('")
tnx.rollback()

return conflict_counter

def main():
print(f"Start execute script. Works: {WORKS_COUNT}, workers: {WORKERS_COUNT}\n")

with connect(DB_URI, user=DB_USER, password=DB_PASSWORD, charset=DB_CHARSET) as con:
# YncTum npepbinywne 3apaum
con.begin()
with con.cursor() as cur:
cur.execute("DELETE FROM QUEUE_TASK")
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con.commit()
# MocTaHoBuMk cTaBuT 40 3apauy
con.begin()
with con.cursor() as cur:
cur.execute(
EXECUTE BLOCK (CNT INTEGER = ?)
AS
DECLARE I INTEGER;
BEGIN
I1=20;
WHILE (I < CNT) DO
BEGIN
I=1+1;
INSERT INTO QUEUE_TASK(NAME)
VALUES ('Task ' || :I);
END
END
(WORKS_COUNT, )
)

con.commit()

#f co3paém ncnonHuTenei

workers = map(lambda worker_id: Worker(worker_id), range(WORKERS_COUNT))

with pool.ProcessPoolExecutor(max_workers=WORKERS_COUNT) as executer:
features = map(lambda worker: executer.submit(worker.run), workers)
conflicts = map(lambda feature: feature.result(), pool.as_completed(features))
conflict_count = sum(conflicts)

# cuntaem crTatucTuky
with connect(DB_URI, user=DB_USER, password=DB_PASSWORD, charset=DB_CHARSET) as con:
cur = con.cursor()
cur.execute("""
SELECT
COUNT(*) AS CNT_TASK,
COUNT(*) FILTER(WHERE STARTED IS TRUE AND FINISH_TIME IS NULL) AS CNT_ACTIVE_TASK,
COUNT(*) FILTER(WHERE FINISH_TIME IS NOT NULL) AS CNT_FINISHED_TASK,
COUNT(*) FILTER(WHERE FINISH_STATUS = @) AS CNT_SUCCESS,
COUNT(*) FILTER(WHERE FINISH_STATUS = 1) AS CNT_ERROR,
AVG(DATEDIFF(MILLISECOND FROM START_TIME TO FINISH_TIME)) AS AVG_ELAPSED_TIME,
DATEDIFF(MILLISECOND FROM MIN(START_TIME) TO MAX(FINISH_TIME)) AS SUM_ELAPSED_TIME,
CAST(? AS BIGINT) AS CONFLICTS
FROM QUEUE_TASK
""" (conflict_count,))
row = cur.fetchone()
cur.close()

stat_columns = ["TASKS", "ACTIVE_TASKS", "FINISHED_TASKS", "SUCCESS", "ERROR", "AVG_ELAPSED_TIME",
"SUM_ELAPSED_TIME", "CONFLICTS"]

stat_table = PrettyTable(stat_columns)
stat_table.add_row(row)
print("\nStatistics:")
print(stat_table)

cur = con.cursor()
cur.execute("""
SELECT
1D,
NAME,
STARTED,
WORKER_ID,
START_TIME,
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FINISH_TIME,
FINISH_STATUS,
STATUS_TEXT
FROM QUEUE_TASK
"
rows = cur.fetchall()
cur.close()

columns = ["ID", "NAME", "STARTED", "WORKER", "START_TIME", "FINISH_TIME",
"STATUS", "STATUS_TEXT"]

table = PrettyTable(columns)
table.add_rows(rows)
print("\nTasks:")

print(table)
if __name__ == "__main__":
main()

B 3TOM CKPHIITe ITIOCTAHOBIIUK CTAaBUT 40 3a7jay, KOTOPBIE JOJDKHBI BHITIOJTHUTE 4 UCIIOJTHUTEJIS.
Ka)KIpIit UCIOJHUTeNb paboTaeT B COOGCTBEHHOM IIOTOKe. IIo pe3ysabTaTaM pa6oThl CKPHUIITA
BBIBO/IUTCSI CTATUCTUKA BBHIIIOJIHEHUS 33/1a4, a TaK)Ke KOJTMUeCcTBO KOHQIMKTOB U CaMU 3a/IavH.

[Torrpo6yeM 3aIlyCTUT Halll CKPUIIT:

python ./queue_exec.py
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Start execute script. Works: 40, workers: 4

ERROR:root:Worker: 2, Task: 2, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95695

ERROR: root:Worker: 2, Task: 2, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95697
ERROR:root:Worker: 2, Task: 2, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95703
ERROR:root:Worker: 2, Task: 2, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95706
ERROR:root:Worker: @, Task: @, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95713

ERROR: root:Worker: 2, Task: 2, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95722
ERROR:root:Worker: 3, Task: 3, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95722
ERROR:root:Worker: 1, Task: 1, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95722
ERROR:root:Worker: 1, Task: 1, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95728
ERROR:root:Worker: @, Task: @, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95734
ERROR:root:Worker: @, Task: @, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95736

ERROR: root:Worker: 1, Task: 1, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95741

ERROR: root:Worker: 1, Task: 1, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95744
ERROR:root:Worker: @, Task: @, Error: deadlock
-update conflicts with concurrent update
-concurrent transaction number is 95749

Statistics:

e Fommmmm oo B T fommmmmme- Fommmm o oo oo et +

| TASKS | ACTIVE_TASKS | FINISHED_TASKS | SUCCESS | ERROR | AVG_ELAPSED_TIME | SUM_ELAPSED_TIME | CONFLICTS |

e ommmmm oo ommm oo R el - et et L T L et +

| 40 | 0 | 40 | 28 | 12 | 43.1 | 1353 | 14 |
R e ommm e R ommmmm- it L it L et +
Tasks

Hommm - oo oo Hommm o o B Homm oo oo +
| ID | NAME | STARTED | WORKER | START_TIME | FINISH_TIME | STATUS | STATUS_TEXT |
R fommmmm oo fommmmm o fommmmmo- e e TP oo R R +
| 1341 | Task 1| True | 0 | 2023-07-06 15:35:29.9800 | 2023-07-06 15:35:30.0320 | 1 | Some error

| 1342 | Task 2| True | 0 | 2023-07-06 15:35:30.0420 | 2023-07-06 15:35:30.0800 | 1 | Some error

| 1343 | Task 3| True | 0 | 2023-07-06 15:35:30.0900 | 2023-07-06 15:35:30.1130 | 0 | 0K |
| 1344 | Task 4 | True | 0 | 2023-07-06 15:35:30.1220 | 2023-07-06 15:35:30.1450 | 0 | 0K |
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Us PEe3y/JIbTaTOB BBIIIOJIHEHHA CKPHUIITA BHIHO, YTO 4 UCIIOJITHUTEJIS II0CTOTHHO KOH(]?JII/IKTYIOT 3a
3agayqy. Yem GBICTpee BBITIOJIHAETCA 3alada U YEM 00JIbIIIE 6y/1eT UCIIOJIHUTEJIEH, TEM BBIIIIE GY,ZLGT
BEPOATHOCTH KOHCl)JII/IKTOB.

10.3. dpa3a SKIP LOCKED

Kaxk ’xe UI3MeHUTH Hallle pellleHre, YTOObI 0HO paboTaso s¢pPeKTUBHO U 6e3 omr60K? TyT HaM Ha
IIOMOIIb IIPUXOAUT HOoBasg KOHCTPYKIM SKIP LOCKED m3 Firebird 5.0.

®pasa SKIP LOCKED mmosBoJisieT IIpONyCKaTh yoKe 3a0JIOKUPOBAaHHbBIE 3alIUCH, II03BOJIIS TEM CaMbIM
paboraTh 6e3 KOHGIUKTOB. OHa MOKET IIPUMEHITHCA B 3alIpocax, B KOTOPBIX €CTh BEPOATHOCTH
BO3HUKHOBEHUSI KOHQJIMKTa OOHOBJIEHUS, TO eCThb B 3ampocax SELECT - WITH LOCK, UPDATE u
DELETE. [TocMOTpHUM Ha eé CHHTAKCHC:

SELECT
[FIRST ...]
[SKIP ...]
FROM <sometable>
[WHERE ...]
[PLAN ...]
[ORDER BY ...]
[{ ROWS ... } | {OFFSET ...} | {FETCH ...}]
[FOR UPDATE [OF ...T1]
[WITH LOCK [SKIP LOCKED]]

UPDATE <sometable>

SET ...
[WHERE ...]
[PLAN ...]
[ORDER BY ...]
[ROWS ...]

[SKIP LOCKED]
[RETURNING ...]

DELETE FROM <sometable>

[WHERE ...]
[PLAN ...]
[ORDER BY ...]
[ROWS ...]

[SKIP LOCKED]
[RETURNING ...]

10.4. Ouepeab 3agaHN 6€3 KOHPNINKTOB

ITorrpo6yeM HCIIpaBUTH Halll CKPUIIT, TAK YTOOBI UCIIOJTHUTEIU He KOHQIMKTOBAIH 3a 3aja4H.
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JIJ1s1 3TOTO HaM HEe06X0 MO HEMHOTO ITepeIlrcaTh 3aIIpoc B MeToje __next_task kacca Worker.

@staticmethod
def __next_task(tnx: TransactionManager):
"""N3BnekaeT cnepylowylo 3anavy M3 odepenn.

Arguments:
tnx: TpaH3akumsa B KOTOPOI BLIMOMIHAETCA 3anpoc

cur = tnx.cursor()
cur.execute("""

SELECT ID, NAME

FROM QUEUE_TASK

WHERE STARTED IS FALSE

ORDER BY ID

FETCH FIRST ROW ONLY

FOR UPDATE WITH LOCK SKIP LOCKED

nn ")

row = cur.fetchone()
cur.close()
return row

[Tomrpo6yeM 3amyCTUT UCITPaBJA€HHBIN CKPHIIT:

python ./queue_exec.py

Start execute script. Works: 40, workers: 4

Statistics:

Hmmmmmem tommm e Hmmmm e Hmmmm e mem tommmm Hmmmm e Hmm e Hmm e +

| TASKS | ACTIVE_TASKS | FINISHED_TASKS | SUCCESS | ERROR | AVG_ELAPSED_TIME | SUM_ELAPSED_TIME | CONFLICTS |
Hmmmmmem Fommm e Hmmmm e Hmmmm e tommmme Hmm e Hmmmm oo Hmm e +

| 40 | 0 | 49 | 32 | 8 | 39.1 | 1048 | 0 |
Hmmmm e tommm e Hmmm e Hmmmmme e tommm e Hmmm e Hmmm e Hmm e +
Tasks

Hmm e Hmmmm e Hmmmmmmmem tmmmm - dmmm e Hmm e tommmmne Hmm e +
| ID | NAME | STARTED | WORKER | START_TIME | FINISH_TIME | STATUS | STATUS_TEXT |
e Hmmmmmm e Hmmmm e m tmmmmmmne tmmm e e e e eee +
| 1381 | Task 1| True | © | 2023-87-06 15:57:22.0360 | 2023-07-06 15:57:22.0740 | © | 0K |
| 1382 | Task 2 | True | @ | 2023-87-06 15:57:22.0840 | 2023-07-06 15:57:22.1130 | 0 | oK |
| 1383 | Task 3| True | © | 2023-67-06 15:57:22.1220 | 2023-07-06 15:57:22.1630 | 0 | 0K |
| 1384 | Task 4 | True | © | 2023-67-86 15:57:22.1720 | 2023-07-06 15:57:22.1970 | 0 | 0K |
| 1385 | Task 5| True | © | 2023-67-06 15:57:22.2020 | 2023-07-06 15:57:22.2540 | 0 | 0K |
| 1386 | Task 6 | True | © | 2023-67-06 15:57:22.2620 | 2023-07-06 15:57:22.3220 | 0 | 0K |
| 1387 | Task 7 | True | 0 | 2023-07-06 15:57:22.3300 | 2023-07-06 15:57:22.3790 | 1 | Some error |

Ha 3TOT pa3 HUKaKuX KOHQJIUKTOB HeT. TakuMm o6pasom, B Firebird 5.0 BbI M0>KeTe HCII0JIb30BAaTh
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¢pasy SKIP LOCKED g1 Toro, 4TOOBI N30€eKaTh HEHY>KHBIX KOHQIUKTOB 0OHOBJIEHUH.

Hamry ouepefb 3afjaHUM MOYKHO eIllé HEMHOTO YJIyYIINTh. /laBaiiTe IIOCMOTPHM Ha ILIaH
BBITIOJTHEHUS 3aIIpoca

SELECT
ID, NAME
FROM QUEUE_TASK
WHERE STARTED IS FALSE
ORDER BY ID
FETCH FIRST ROW ONLY
FOR UPDATE WITH LOCK SKIP LOCKED

Select Expression
-> First N Records
-> Write Lock
-> Filter
-> Table "QUEUE_TASK" Access By ID
-> Index "PK_QUEUE_TASK" Full Scan

JTOT IUIAH BBINIOJIHEHUS He O4YeHb Xopolnuil. 3anuch u3 Tabsuibl QUEUE_TASK m3BiekaeTcsd C
IIOMOIIJPI0 HaBUTAIIUU II0 HHJAEKCY, OAHAKO CKaHUpPOBaHWE HHJeKca IIoJHoe. Eciu Tabiauiy
QUEUE_TASK He oumIaTh KaK Mbl 3TO [ejlaJid B HallleM CKpPUIITE, TO CO BpeMeHeM BhIOOpKa
Heob6paboTaHHBIX 3a/ja4 Oy/leT CTAHOBUTHCS BCE Me/lJIeHHEU U Me/lJIeHHEN.

MoyKkHO co3faTh HHJeKC ajasd mojit STARTED. Eciv ITOCTaHOBIIIMK IIOCTOSHHO J06aBJIsIeT HOBBIE
3a/layy, a UCIIOJIHUTEJU BBIIOJHAKT WX, TO KOJUUECTBO HE HAyaThIX 3a7au BCerga MeHBIIle,
KOJIMYeCTBa 3aBEPIIEHHBIX, TaKUM 00pa3oM, 3TOT HHJEKC OyzeT 3QPeKTUBHO QUIBTPOBATH
3amauu. IIpoBeprM 3TO yTBEP KA eHUE:

CREATE INDEX IDX_QUEUE_TASK_INACTIVE ON QUEUE_TASK(STARTED);

SELECT
ID, NAME
FROM QUEUE_TASK
WHERE STARTED IS FALSE
ORDER BY ID
FETCH FIRST ROW ONLY
FOR UPDATE WITH LOCK SKIP LOCKED;
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Select Expression
-> First N Records
-> Write Lock
-> Filter
-> Table "QUEUE_TASK" Access By ID
-> Index "PK_QUEUE_TASK" Full Scan
-> Bitmap
-> Index "IDX_QUEUE_TASK_INACTIVE" Range Scan (full match)

ITO IeHUCTBUTEBHO TaK, HO TeIephb HCII0Jb3yeTCs IBa MHEKCA, OMUH /I GHIbTPAITHH, 8 BTOPOH
711 HAaBUTAITHH.

MO>KHO IIOUTH JIajIbIlle U CO3aTh KOMIIO3UTHBIN UHIEKC:

DROP INDEX IDX_QUEUE_TASK_INACTIVE;

CREATE INDEX IDX_QUEUE_TASK_INACTIVE ON QUEUE_TASK(STARTED, ID);

Select Expression
-> First N Records
-> Write Lock
-> Filter
-> Table "QUEUE_TASK" Access By ID
-> Index "IDX_QUEUE_TASK_INACTIVE" Range Scan (partial match: 1/2)

10 O6yzeT 3¢pdeKTHUBHee II0CKOJILKY HCIIOJIb3yeTCd TOJIBKO OLUH WHIEKC i1 HaBUTallUU, U OH
CKaHUpPYyeTCcsI 4aCTUYHO. OTHAKO Y TAKOTO MH/IeKCa eCTh CYII[eCTBEHHBINM HeJJOCTAaTOK, OH He OyzeT
KOMITaKTHBIM.

JI7151 pelieHus 3TOM IIpo6JieMbl MOYKHO 3aJ[eHiCTBOBATH eIllé OAHY HOBYI0 BO3MOKHOCTE U3 Firebird
5.0, Tak Ha3bIBaeMble YaCTUUHbIE UHIEKCHI.

YacTUYHBIN UH/IEKC — 3TO UHJEKC, KOTOPBIM CTPOUTCS II0 IIOJIMHOKECTBY
CTPOK TAaOGJIUITBI, OIIpefieIIeMOMY YCJIOBHBIM BBIpakeHHeM (0OHO
Ha3bIBaeTCs MPeAUKATOM YaCTUUYHOIO MHjeKca). TakoM MHAEKC COLEeP KUT
3aIIMCH TOJIBKO JIJISI CTPOK, YOBJIETBOPSIIOIIUX IPeUKaTy.

JlaBayiTe IIOIpo6yeM IIOCTPOUTE TaKOM MHJEKC:
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DROP INDEX IDX_QUEUE_TASK_INACTIVE;
CREATE INDEX IDX_QUEUE_TASK_INACTIVE ON QUEUE_TASK (STARTED, ID) WHERE (STARTED IS FALSE);

SELECT
ID, NAME
FROM QUEUE_TASK
WHERE STARTED IS FALSE
ORDER BY STARTED, ID
FETCH FIRST ROW ONLY
FOR UPDATE WITH LOCK SKIP LOCKED

Select Expression
-> First N Records
-> Write Lock
-> Filter
-> Table "QUEUE_TASK" Access By ID
-> Index "IDX_QUEUE_TASK_INACTIVE" Full Scan

3anmuce u3 Tabaunpl  QUEUE_TASK wm3BilekaeTcss C IIOMOINBI0 HaBUTAllUM 110 HHJIEKCY
IDX_QUEUE_TASK_INACTIVE. HecMoTpss Ha TO, YTO CKaHHUpOBaHHe HHJeKca IIOJIHOe, caM IIo cebe
UHJIEKC 0UeHb KOMIIAKTHBIM, IIOCKOJIBbKY COAEeP’KUT TOJILKO KJIKUU /I KOTOPBIX BBIIIOJIHAETCS
ycoBHe STARTED IS FALSE. Takux 3amuceid B HOpMaJIbHOM ouepeu 3a/iau BCeInia CUJIbHO MEeHBIIIE,
yeM 3allKCel C BBIIIOJTHEHHBIMHU 3a/jadyaMUy.

B 3TOM cTaThbe MBI II0Ka3aJld KaK IIPUMEHATH HOBYI0 QYHKIIMOHaAbHOCTH SKIP LOCKED, koTopas
nosiBuiiack B Firebird 5.0. KpoMe Toro, HeMHOIO pacCcKas3aHO O "JaCTHUYHBIX MHJeKcaX", KOTOPhIe
Toke mosBuiaack B Firebird 5.0. YacTuuHble HHAEKCHI MOIYT TakK)Ke HCIIOJIb30BAThCA IS

CJIO’KHBIX "OrpaHU4YeHU" YHUKaJIbHOCTU. HO 06 3TOM B CJIeAyIOIUI pas.

DDL CKpHUINT JJIsI CO3aHusI 6a3bl JaHHBIX, a TakKe Python CKpHUIIT ¢ aMyJsiruedt ouepenu 3amad
MO>KHO CKa4aTh 110 CJIEAYIOITHUM CChLTKAM:

* ddLsql

* queue_exec.py
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Chapter 11. NpodpunmposaHme SQL n PSQL

OpHOM W3 3ajauy paspaboTuMKa WIW agMUHHCTpaTopa 6asbl JaHHBIX SIBJISETCS BBIICHEHUE
IIPUYMH "TOPMO30B" HTHOOPMAIIMOHHOU CUCTEMBI.

Haumnasa c Firebird 2.5 B HX apceHase IIOABHJICA MOIIHBIM HHCTPYMEHT TPaCCUPOBKH.
TpaccupoBKa sBJIsIeTCS He3aMeHUMBIM CPe/iCTBOM IIPU IIOMCKe Y3KHUX MeCT IIPUJIOKeHUs, OIleHKe
pecypcoB, 3aTpayMBaeMbIX IIPH BBIIIOJHEHWHM 3alpoCOB, BBIICHEHHWHM YacTOThl KaKUX-THO0
nercTBUU. TpacCcHpoBKa II0Ka3bIlBaeT CTaTHCTHUKY B MaKCHMMaJbHO [eTaJlU3UPOBAaHHOM BH[e (B
OT/IMYHe OT CTaTUCTHKE AOCTYIIHOM HampuMep B ISQL). B cTaTUCTHKe He YYUTHIBAXOTCA 3aTPaThl
Ha IIOATOTOBKY 3alpoca M Ilepefady JaHHBIX II0 CeTH, YTO JesaeT eé "dulle"”, yeM JaHHBIe,
KOTOpBbIe ITokasbiBaeT ISQL. IIpy aTOM TpacCUpOBKa OKas3bIBaeT OUeHb HesHaUUTeJIbHOe BIUIHHUE
Ha IIPOM3BOAUTEIBbHOCTh. Jlake IIPM MHTEHCHUBHOM 3allMCH B JKypHaJs, pedyb OOBIYHO HET He
6oJiee yeM 0 2-3% IaieHus CKOPOCTH BBITIOJIHSEMBIX 3aIIPOCOB.

[Tocsre TOro, KaKk MeJJjIeHHBIE 3aIIPOChl "OTJIOBJIEHBI" TPACCHPOBKOM, MOJXKHO IIPHCTYIIATh K HUX
onTUMH3anuu. OfHAKO TaKHe 3aIlpoCchl MOIYT OBITH [OBOJIBHO CJIOJKHBI, a HHOIZAa M BOBCe
BBISBIBATh XpPaHUMBIE IIPOIeYPHI, II03TOMY HEOOX0AUM MHCTPYMEHT IIPOGUIHNPOBAHU, KOTOPBIA
IIOMOJKeT BBIIBUTEL y3KHe MeCTa B CaMOM 3alpoce MM BbIsbIBaeMOM PSQL Mmopxysre. HaumHag ¢
Firebird 5.0 Takoi1 HHCTPYMEHT II0IBUJICA.

[IpOGUIUPOBIIMK II03BOJIIET II0JIb30BATEIM U3MEPATh 3aTPaThl HAa IIPOU3BOAUTEIHHOCTh KOZa
SQL u PSQL. 3T0 peasr30BaHO C IIOMOIIBI0 CUCTEMHOI0 ITaKeTa B IBYDKKe, IIepeIaroiero JaHHbIe
B IUIaTMH IIPOQUIUPOBIIHAKA.

B 3TOM [JOKyMeHTe [BIDKOK M IUIaTMH pacCMaTpPUBAIOTC KakK OJHO Ifesioe. Kpome Toro,
IoJ[pa3yMeBaeTcsd, YTO  HCHOJb3yeTcd IUIaTUH  OPOQMIMPOBIIHMKA II0  YMOJTYAHHIO
(Default_Profiler).

[TaxeT RDB$PROFILER Mo>keT ITpodMIIMPOBATE BBIIOJIHEHMe Koja PSQL, cobupasi CTAaTUCTUKY O TOM,
CKOJIBKO pas ObLjIa BBIIIOJIHEHA Kajkfas CTPOKa, a TakKe ee MHUHUMa/IbHOE, MaKCHMaJbHOe U
CyMMapHOe BpeMs BBIIIOJHEHHS (C TOYHOCTBI [0 HAHOCEKYH[), a TakKXe CTaTUCTHUKY 006
OTKPBITUH M HM3BJIEYEHHH 3alMCel M3 HeIBHBIX M ABHBIX SQL KypcopoB. KpoMe TOro, MO>KHO
IoJyd4aTb CTAaTUCTHUKY SQL KypcopoB B pas3pe3e HUCTOYHHUKOB [JaHHBIX (METOLOB [0OCTYyIIa)
pacIIrpeHHOoro IIaHa 3alpoca.

HecMoTpss Ha TO, UTO BpeMs BBIIIOJHEHUS H3MepseTce C TOYHOCTBH [0
HAHOCeKyHJl, He CcJlefyeT [OBepATH 3TOMYy pesyabrary. IIportecc musmMepeHUsa
BpeMeHU BBIIIOJIHEHUS HMeeT OIllpefieIEHHble HaKJ/IaJHble PacXo/bl, KOTOpPHIE

NOTE OPOUIUPOBIIUK IIBITAETCI KOMIIEHCUPOBATh. COOTBETCTBEHHO H3MeEpPEeHHOe
BpeMs He MO>KeT OBITh TOUHBIM, OJ{HAKO 3TO II03BOJISAET IIPOBECTU CPaBHUTEIbHBIN
aHaJIM3 3aTpaT Ha BBINIOJIHEHUE OTAeILHBIX yUacTKOB PSQL Koza Mexay co6oi, U
BBIIBUTH Y3KUe MecCTa.

UTo6bI cobpaTh JaHHBle NIPOOUINPOBAHUS, II0JIb30BaTe] b [0JDKeH CHadasa 3allyCTUTh CeaHC
poHIMPOBAHUS € ITOMOIIbI0 GyHKIMK RDBSPROFILER.START_SESSION. 9Ta QyHKIMS BO3BpaIaeT
uaeHTUGUKATOP ceaHca NPOPUIMPOBAHUS, KOTOPBIM I103Ke COXpaHseTCs B Tab/IHIlaX CHUMKOB
IpoQUIMpOBINMKA. [103)Ke BBl MOJKeTe BBIIIOJIHUTBH 3aIIpOChl K 3THUM TabJjMIlaM [JId aHaJIu3a
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rosb3oBaTesieM. CeaHC MPOQMIMPOBIIIUKA MOXKET OBITH JIOKAJIBLHBIM (TO >Ke COeJUHEHUEe) WU
ylaJIeHHBIM (IpyTOe COeJUHEeHUe).

VrasmeHHOe IIpoQUIMpOBaHHE IIPOCTO IlepeHaIpaBisieT KOMaH/bl VIIpaBJIEHHS CeaHCOM Ha
yaJleHHOe ITofK/ItoueHre. TakuM 06pa3oM, BO3MO>KHO, UTO KJIMEeHT OJHOBPeMeHHO IIPoGUIUpyeT
HECKOJIbKO CoefMHeHHH. TakyKe BO3MOJKHO, UTO JIOKQJILHO WM YAAJeHHO 3alyI[eHHBIN ceaHC
NpOoQHUIMPOBAHUS COJIEPIKUT KOMaHbI, BblJJaBaeMble JPYTUM COeJUHEHUEM.

VaJIeHHO BBIIIOJIHIeMble KOMaH/bI YIIPaBJIEHHUSI CEAaHCOM TPe6YIOT, YTOOBI I[eJIeBOe COeJUHEHHE
HAaXOJMJIOCh B COCTOSHUM OKHJIQHUS, T. €. He BBIIOJHSJIO ApPyrue 3ampockl. Korjga IiesieBoe
coelMHEeHUEe He HaXO[UTCI B peXUMe OXKHUJAaHUS, BBI30B GJIOKHPYeTCS B OXKHIAHHUHU 3TOTO
COCTOSTHUSI.

Eciu ymasieHHOe coefUWHEHMe UCXOAUT OT APYIoro II0JIb30BaTesisd, BHISHIBAIOIINUI I10JIb30BaTeIb
IOJDKeH UMeTh CUCTeMHYI0 ITpuBuIeryro PROFILE_ANY_ATTACHMENT.

[Tocse 3amycka ceaHca craTucTUKa PSQL u SQL omepaTtopoB cobupaeTcd B IlaMsATH. CeaHC
IpoQUIMpoOBaHug CcoOUpaeT AaHHBIe TOJIBKO 00 ollepaTopax, BBIIIOJIHEHHBIX B COeQUHEHUH,
CBSI3aHHOM C CeaHCOM. /laHHBIEe arperupyroTcsd M COXPaHAITCA AJId KaykKgoro sarpoca (T. e.
BBIIIOJIHSIEMOT0 oIiepaTtopa). [Ipu 3ampoce K TabullaM MOMEHTaJIbHBIX CHUMKOB I10J1b30BaTeJIb
MO>KeT BBIIIOJIHATH [OIIOJHUTEJBHYI arperanuioo I Ka)kIoro olepaTropa WA HCII0JIb30BaTh
BCIIOMOTaTeJIbHEIe IIpe/ICTaBIeHUs, KOTOPBIE IeIal0T 3TO aBTOMAaTHYECKH.

CeaHC MOYKHO ITPHOCTAHOBUTbH, UTOOBI BPeMEHHO OTK/IIYHUTH COOpP CTAaTHUCTHUKHU. II03Ke ero
MO>XHO BO30GHOBUTBH, UTOGBI BEPHYTH CO0P CTATUCTUKU B TOM JKe CeaHCce.

UTo6bl IIpOaHAJIU3UPOBATh COOpaHHBIe [aHHBIE, I10JIb30BaTeslb [OJ/DKeH COPOCUTH JaHHBIe B
TabJIUIIBl MOMEHTAJIBLHBIX CHUMKOB, YTO MO>KHO CZieJIaTh, 3aBePIIHUB UIH IIPUOCTAaHOBUB ceaHC (C
mapametrpoM FLUSH, yctaHoBseHHbIM B TRUE), muu BbI3BaB RDB$PROFILER.FLUSH. JaHHEBIE
cOpacrIBarOTCs C IIOMOIIIBI0 aBTOHOMHOM TpaH3aKIIMK (TpaH3aKIMsa HAUUHAEeTCsI U 3aBeplilaeTcs C
KOHKPETHOU I1eJIbI0 00HOBJIEHUS JaHHbIX IIPOQUINPOBIIUKA).

Bce mporenypsl U ¢yHKIUM Iaketa RDB$PROFILER comepskaT mapameTp ATTACHMENT_ID, KOoTOpBIH
caefyeT yKasblBaTh €CJIM Bbl yIpaBJjsieTe XOTUTe VIIPABIATH YAAJEHHBIM CeaHCOM
IpoQUINPOBaHUS, eC/IU 3TOT napaMeTp paBeH NULL mim He ykasaH, TO IpOIeAyphl U QYHKITUHU
YIIPaBJISIOT CEaHCOM JIOKAJIbHOI0 IIPOQUINPOBAHUS.

11.1. CTapT ceaHca npopuninposBaHuA

[ Havaja  ceaHca  IIPOQMJIMPOBAHUA BaM  HeOOXOAMMO  BBISBIBAaTH  (QYHKIHUIO
RDB$PROFILER.START_SESSION, koTopasi Bo3BpallaeT HAeHTUPUKATOP ceaHca IIPOPUINPOBAHUSL.

JdTa QYHKIM UMeeT C/Ie/lyIolie IlapaMeTphl:

* DESCRIPTION Tmrra VARCHAR(255) CHARACTER SET UTF8 1mo ymosruyanuto paBeH NULL;

o FLUSH_INTERVAL Tmrma INTEGER mo ymosuaumio paBeH NULL;

o ATTACHMENT_ID Tmra BIGINT 1o ymosruanuto paBeH NULL (uTo o603HauaeT CURRENT_CONNECTION);
* PLUGIN_NAME Tmra VARCHAR(255) CHARACTER SET UTF8 mmo ymosruaHuro paBeH NULL;
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* PLUGIN_OPTIONS Tumra VARCHAR(255) CHARACTER SET UTF8 1o ymosryaHuto paBeH NULL.
B mapameTp DESCRIPTION BRI MOJKeTe IepeaTh IIPOMU3BOJIbHOE TEKCTOBOE OIIMCAHME CeaHca.

Eciim mapamerp FLUSH_INTERVAL omimuyeH ot NULL, TO IIpOM3BOAMUTCSI YCTaHOBKA HMHTepBaJa
aBTOMaTUYeCKOT0 cOpoca CTaTUCTUKU B TaO/IUIILI CHUMKOB, KaK IIPU BBI30BE PYYHOM IIPOLeYPHI
RDB$PROFILER.SET_FLUSH_INTERVAL. Ecstr FLUSH_INTERVAL GosIbIlle HyJIsI, TO aBTOMaTHYECKHH cOpocC
CTaTUCTHUKU BKJIIOUEH, B IIPOTUBHOM CJIyyae - BLRIK/IHOUeH. [TapameTp FLUSH_INTERVAL 3sMepsieTcd B
CeKyHJax.

Ecomm ATTACHMENT_ID oriimueHr ot NULL, To ceaHC IIpoHIMpOBaHUA 3aIllyCKaeTcd A YAAJIEHHOIO
COeIMHEHHU., B IPOTUBHOM CJIydae CeaHC CTapTyeT [JIA TeKYIero CoeJuHeHMUs.

[TapameTrp PLUGIN_NAME mpegHasHaueH [UId YyKa3aHUd KaKOM IUIaTMH HOPOQUIMPOBAHUSA
UCII0JIb3yeTcd A ceaHca npodrimpoBaHusa. Eci oH paBeH NULL, TO HCIIO/IB3yeTCs ILIarUH
IpoQMIMPOBaHUY, YKa3aHHLIN B IIapaMeTpe KoH¢uUryparuu DefaultProfilerPlugin.

V KaK/0ro IularvHa HpoGUIMPOBAHUs, MOTYT OBITH CBOU OIIIMM, KOTOpPble MOXKHO IlepefjaTb B
napameTp PLUGIN_OPTIONS. /[ murarmHa npo¢umpoBaHuss Default_Profiler, BXopsiero B
cTaHAapTHYI T1ocTaBKy Firebird 5.0, pmomyctumbel —cienyromue 3HaveHus NULL  wum
'DETAILED_REQUESTS'.

Korma wmcronb3yercss DETAILED_REQUESTS, To B TaGusure PLG$PROF_REQUESTS 6ymeT XpaHHUTBLCS
oipoOHbIe TaHHBIE 3aIlPOCOB, TO €CTh OJHA 3aIKCh 1T KaXKI0ro BhI3oBa SQL omepartopa. ITO
MOYKET IIPUBECTH K CO3[aHUI0 OOJIBIIIOr0 KOJIMYeCTBa 3aIlMCeM, YTO IPUBeLeT K MeJIeHHOU
pa6oTte RDBSPROFILER. FLUSH.

Korma DETAILED_REQUESTS He wucmoJib3yeTcs (0 yMOJIYaHHIO), TO B Tabsure PLGSPROF_REQUESTS
COXpaHseTcs arperupoBaHHYI0 3alIUCh A4 KaKaoro SQL omepaTopa, ucroab3ysa REQUEST_ID = 0.

3meck 1on SQL orlepaTopoM IIogpasyMeBaeTcd IIOATOTOBJIEHHBIM SQL 3ampoc,
KOTOPBIM XPaHUTCSI B Kellle IIOATOTOBJIEHHBIX 3aIIPOCOB. 3aIlpOChl CUHUTAIOTCH
OTMHAKOBBLIMH, €CJIH OHU COBIAAI0T C TOYUHOCTHIO 10 CHMBOJIA, TO €CTh €CJIH Y Bac

NOTE CeMaHTHUYeCKHe OJWHAKOBEIE 3aITPOCHI, HO OHU OTIMYAIOTCI KOMMEHTapHueM, TO
JJUIg Kallla IIOATOTOBJIEHHBIX 3aIIPOCOB 3TO pasHble 3ampochl. IIoAroToOBJ/IEHHEIE
3aIIpOChl, MOI'YT BBIIIOJIHATCA MHOTOKPaTHO C pas/IMYHBIMU HabopaMH BXOJHBIX
IIapaMeTpOB.

11.2. NMpuocTtaHoBKa ceaHca npopunmpoBaHus

[Iporiemypa RDBSPROFILER.PAUSE_SESSION mmprocTaHaBIMBAET TEKYIIUH ceaHC MPOPHIHPOBIIUKA (C
3aaHHbIM  ATTACHMENT_ID). /lida OPHOCTAaHOBJIEHHOIO CeaHCA CTATHUCTHUKA BBIIOJHEHUS
nocseyrImx SQL onmepaTopoB He cOOHUpaeTcs.

Ecin mapamMetp FLUSH mmeet sHaueHue TRUE, nj TabIMIIbl MOMEHTaIbHBIX CHUMKOB OOHOBJIAIOTCS
OAHHBIMU IIPOQUIMPOBAHUA [0 TEKYI[er0 MOMEHTa, B IIPOTUBHOM CJydae JaHHBIE OCTAKTCA
TOJIBKO B IIaMSITH JIJIA I10CJIe[yIOIero 00HOBJIEHUS.

Br13oB  RDB$PROFILER.PAUSE_SESSION(TRUE) mMeeT TOT JKe 3QQeKT, YTO ¢  BBI3OB
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RDB$PROFILER.PAUSE_SESSION(FALSE), 3a koTopbIM cieayeT BbI3oB  RDB$PROFILER.FLUSH (c
HCIIOJIb30BaHUeM Toro ke ATTACHMENT _ID).

BxogHbIe TapaMeTpPEhI:

e FLUSH Tra BOOLEAN NOT NULL 1mo ymosryaHuro paseH FALSE;
o ATTACHMENT_ID Tuma BIGINT mo ymosruanmto paBeH NULL (uTo o3HauaeT CURRENT_CONNECTION).

11.3. Bo3o6HOBNEeHMe ceaHca NpoduninpoBaHuA

[Iporexypa RDBSPROFILER.RESUME_SESSION B030GHOBJISIET TeKYIUH ceaHC IPOPUIMPOBIIMKA (C
3ajaHHbIM ATTACHMENT_ID), ecotm OH ObLI IIpUOCTaHOBJIEH. Ilociie BO30OHOBJIEHUS CeaHCa
CTaTHUCTUKA BBIIIOJTHEHUS II0C/IeAYIOMUX SQL orepaTopoB co6MpaeTcs CHOBA.

BXo/IHbIE TTapaMeTphI:

o ATTACHMENT_ID Tuma BIGINT mo ymosruanmto NULL (uTro o3HauaeT CURRENT_CONNECTION).

11.4. 3aBepLueHMe ceaHca NpodpUInposBaHusA

Iporexypa RDB$PROFILER.FINISH_SESSION 3aBepliraeT TeKyIIMM ceaHC HTpoQMIMpPOBIIHNKA (C
3agaHHbIM ATTACHMENT_ID).

Ecimu nmapamMeTtp FLUSH nmeeT sHaueHue TRUE, To TabGIUIlbl MOMEHTAIbHBIX CHUMKOB OOHOBJISIOTCS
DAaHHBIMU 3aBePIIKBIIErocs ceaHca (M CTapbIX 3aBepIIeHHBIX CEaHCOB, ellle He IMPUCYTCTBYIOIUX
B CHHMKe), B IIPOTHBHOM CJy4yae JaHHBIe OCTAIOTCI TOJBKO B IaMATH [JI IIOC/IEAYIOIIEro
0OHOBJIEHHS.

Bb13oB  RDB$PROFILER.FINISH_SESSION(TRUE) wmmeer TOT JKe 3QPeKT, UYTO U BBI3OB
RDB$PROFILER.FINISH_SESSION(FALSE), 3a koTopbIM cjexyeT BbI30B  RDB$PROFILER.FLUSH (c
HCIT0JIb30BaHMeM TOro >ke ATTACHMENT _ID).

BxomHble mapaMeTpsl:

e FLUSH Trrmma BOOLEAN NOT NULL 1o ymoJsrgaHuro paBeH TRUE;
o ATTACHMENT_ID Tuma BIGINT mo ymosruanuto paBeH NULL (uTo o3HauaeT CURRENT_CONNECTION).

11.5. OT™mMeHa ceaHca npodunnposaHus

[Iporemypa RDBSPROFILER. CANCEL_SESSION ITpoM3BOAUT OTMeHY TEKYIIero ceaHca IIpOoPUIUPOBaHUS
(c 3ama"gHbIM ATTACHMENT _ID).

Bce maHHbIe ceaHca, IIPHUCYTCTBYIOIIIKE B IIaMATHU IIJIAaTHA HpO(l)I/IJII/IpOBH_II/IKa, YHHUYTOXXKAKTCA U
He C6paCLIBaI-OTCH B Ta6JII/II_[LI CHHMKOB.

Voxe C6p0H.I€HHBIe OJaHHBIE HE YIaJ/JIAI0TCAd aBTOMAaTHYECKH.

Bxo/iHbIe TapaMeTpHhI:

89



Chapter 11. ITpo¢unupoBanue SQL 1 PSQL

o ATTACHMENT_ID Tumra BIGINT mo ymosruanuto NULL (uTto osHauaeT CURRENT_CONNECTION).

11.6. YaaneHve ceaHCOB npopuinposaHusa

[Iportemypa RDBSPROFILER.DISCARD ymassieT Bce ceaHChI (¢ 3agaHHBIM ATTACHMENT_ID) u3 ImaMsTH, He
copaceiBas UX B TaOJIUITBI CHUMKOB.

Ecyz ecTh aKTUBHAas CceccUsi TpoQUIMPOBAHUS, OHA OTMEHSIeTCsL.
BxopHbIe TapaMeTphl:

o ATTACHMENT_ID Tuma BIGINT mo ymosruanuto NULL (uTto o3HauaeT CURRENT _CONNECTION).

11.7. C6poC CTaTUCTUKU ceaHca npoduinposaHuna B
Tabnumubl CHUMKOB

[Iportemypa RDB$PROFILER.FLUSH oGHOBJISIET TaGJHMIILI MOMEHTAJbHBIX CHUMKOB JTaHHBIMH H3
ceaHCOB npoduirpoBaHus (¢ 3agaHHbIM ATTACHMENT_ID).

Ilocie cb6poca CTAaTHUCTUKH, [JaHHBIE COXpaHSIIOTCI B Tabsumax — PLGSPROF_SESSIONS,
PLGSPROF_STATEMENTS,  PLG$PROF_RECORD_SOURCES,  PLG$PROF_REQUESTS,  PLG$PROF_PSQL_STATS wu
PLGSPROF_RECORD_SOURCE_STATS & MOTYT GBITH IIPOYUTAHBI U IIPOaHATU3UPOBAHBI IT0JIE30BaTEJIEM.

JlaHHBIe 0OHOBJIAIOTCS C MCII0JIb30BaHKEM aBTOHOMHOM TPaH3aKI[UH, II03TOMY, €CIH IIpoIefypa
BBI3bIBaeTcqd B shapshot TpaHsakIuu, TO JaHHBIe He OYAYT JOCTYIIHBI JJI1 HEIIOCPeACTBEHHOIO
YTEeHH B TOM K€ TPAaH3aKIIHH.

[Tocste c6poca CTAaTUCTUKH 3aBepIlleHHbIe CeaHCHl TPOQUIMPOBAHUS YAAISIOTCS U3 TTaMSITH.
BxoHbIe TapaMeTphI:

o ATTACHMENT _ID Tma BIGINT mo ymosruanuto NULL (uTo osHagaeT CURRENT_CONNECTION).

11.8. YcTaHOBKa nHTepBana cépoca CTaTUCTUKU

IIporeypa RDB$PROFILER.SET_FLUSH_INTERVAL BKJIFOUaeT IT€pHOAMYECKUI aBTOMaTHUYECKHI cOpoc
ctaTUCTUKU (Korzma FLUSH_INTERVAL 6osbItte 0) vy BeIKIrO4YaeT ero (korga FLUSH_INTERVAL paBeH 0).

ITapameTp FLUSH_INTERVAL MHTepIpeTUpPyeTCsa KaK KOJTUYECTBO CEKYH]I.
BxomHbIe ITapaMeTpshl:

e FLUSH_INTERVAL Tmmza INTEGER NOT NULL;
o ATTACHMENT_ID Tumrra BIGINT o ymosrgaumto NULL (uTo o3HauaeT CURRENT_CONNECTION).

11.9. Tabnunuybl CHUMKOB

Ta6JII/ILU:I CHMMKOB (a Takke IIpeacraB/JIeHUd 1 HOCJIe,ILOBaTe]IBHOCTI/I) CO3Ja0TCA aBTOMAaTH4YECKH
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IIpY I1ePBOM HCII0JIb30BaHUU IIPOGUINpPOBIINKa. OHU IIpUHAa/AIeKaT BIaZesbIly 6a3bl JaHHBIX C
paspelnreHUIMHU Ha yTeHue/3armch 1y PUBLIC.

Korma ceaHc IpoHUIMpOBaHUA yAalsdeTcs, CBA3aHHbIe NaHHble B NPYTUX TabJIHUIlaX CHHUMKOB
IPOOUIUPOBIUKA aBTOMaTHUYECKU YIaIAI0TCA, UCII0JIb3ysd BHEIIHWe KJII0YM ¢ omruei DELETE
CASCADE.

Hirxke IIpHUBEIEH CIIMCOK TaﬁJII/ILL B KOTOPBIX XPaHATCA HaHHbIE HpO(l)I/IJII/IpOBaHI/IH.

11.9.1. Ta6bnuua PLGSPROF_SESSIONS

Ta6sturta PLGSPROF_SESSIONS comep>KUT HHGOPMAITHIO O CECCHSIX MTPOGUIHPOBAHUS.

Table 4. OnucaHue cmo.16408 madauybt PLGSPROF_SESSIONS

HaunmMeHOBaHMe CTOJIOIA THI JaHHBIX Onucanue
PROFILE_ID BIGINT HpeHTHGUKATOP CECCUU
OpOoPUINUPOBaAHUS.
ATTACHMENT_ID BIGINT WeHTUOUKATOP COeTHUHEHUS, IS
KOTOPOTO OBLJI 3aIlyIl[eH CeaHC
IIPOQUIMPOBAHUS.
USER_NAME CHAR(63) VM1 10JTb30BaTe Ist, KOTOPBIH 3aITyCTHI

ceaHC ITPOPUIUPOBAHUSL.

DESCRIPTION VARCHAR(255) OmmcaHue IlepelaHHoe B IapaMeTpe
DESCRIPTION 11pu BBI3OBeE
RDB$PROFILER.START_SESSION.

START_TIMESTAMP TIMESTAMP WITH TIME MoMeHT HavaJia CeCCUH
ZONE IPOQHMIMPOBAHHUS.

FINISH_TIMESTAMP TIMESTAMP WITH TIME MOMEHT OKOHUYAHUSI CECCHH
ZONE

npodunupoBaHusd (NULL ecou ceccust
He 3aBepIlleHa).

ITepBuuHBIN Ki1to4u: PROFILE_ID.

11.9.2. Ta6nuua PLGSPROF_STATEMENTS

Ta6surta PLGSPROF_STATEMENTS coiep>KUT HHPOPMAITHIO 06 oIlepaTopax.

Table 5. Onucarue cmo.16uo08 mabauust PLGEPROF_STATEMENTS

HanMmeHoOBaHHe CTOJIOIIA THun faHHBIX Onucanue
PROFILE_ID BIGINT HpeHTUPHUKATOP CECCHU
IIPOQUIHMPOBAHUS.
STATEMENT_ID BIGINT HpeHTHHUKATOP OIlepaTopa.
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HanMmeHOBaHHe CTOJIOIIA

PARENT_STATEMENT_ID

STATEMENT _TYPE

PACKAGE _NAME
ROUTINE_NAME

SQL_TEXT

[TepBuuHbIN Kar04: PROFILE_ID,
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THI JaHHBIX

BIGINT

VARCHAR(20)

CHAR(63)
CHAR(63)

BLOB SUB_TYPE TEXT

STATEMENT_ID.

11.9.3. Tabnuua PLGSPROF_REQUESTS

Onucanue

HpeHTHGUKATOP POSUTETIHCKOIO
oneparopa. OTHOCUTCA K
IOAIIpOrpaMMaM.

Tuma omeparopa: BLOCK, FUNCTION,
PROCEDURE wmiu TRIGGER.

M4 rakera.

WMs QyHKITUH, TIPOTeAYPhl WIH
TPHUITEpA.

SQL TeKcCT /i/11 0IIepaToOpOB THIIA
BLOCK.

Ta6smmra PLGSPROF_REQUESTS cofiep>KUT CTaTUCTUKY BHITIOTHeHUsT SQL 3aIIpoCoB.

Ecmu mpodmIMpOBIIMK 3amylieH c omrrmeit DETAILED_REQUESTS, To Ta6iurita PLG$PROF_REQUESTS
OyIeT XpaHUTH IIOAPOOHBIE JaHHBIE 3aIIPOCOB, TO eCTh OJHY 3alUCh [JI1 Ka’K[O0T0 BBI30Ba
oriepaTopa. 3TO MOYKeT IIPUBECTU K CO3[MaHUI0 OOJIBIIIOr0 KOJMYeCTBA 3alIKUCeM, YTO IPUBEIET K
Me/lJIeHHOM pa6oTe RDBSPROFILER. FLUSH.

Korma DETAILED_REQUESTS He ucriosib3yeTcs (110 yMosrdyaHuio), Tabuiia PLGSPROF_REQUESTS coxpaHsieT
arperupoBaHHYIO 3aIIKCh I KaXKA0T0 ollepaTopa, UCcIioab3ys REQUEST_ID = 0.

Table 6. OnucaHue cmo16408 madauybt PLGSPROF_REQUESTS

HanMmeHOBaHHe CTOJIOIIA

PROFILE_ID

STATEMENT_ID
REQUEST_ID
CALLER_STATEMENT_ID

CALLER_REQUEST_ID

START_TIMESTAMP

FINISH_TIMESTAMP

TOTAL_ELAPSED_TIME

[TepBuuHbIN Kitou: PROFILE_ID, STATEMENT_ID, REQUEST_ID.

THU JaHHBIX

BIGINT

BIGINT
BIGINT
BIGINT

BIGINT

TIMESTAMP WITH TIME
ZONE

TIMESTAMP WITH TIME
ZONE

BIGINT
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OnucaHnue

HpeHTHUKATOP CECCUU
POUIUPOBAHUS.

HpneHTUPUKATOP OIlepaTopa.
HneHnTUdUKaTOp 3ampoca.

HeHTUPUKATOP BHI3BIBAIOIIIETO
oreparopa.

HeHTUPUKATOP BHI3BIBAIOIIIETO
3arpoca.

MoMmeHT cTapTa 3aImpoca.

MoMeHT 3aBepIIIeHMs 3a1Ipoca.

HaxorieHHOe BpeMs BBIIIOJTHEHUS
3arpoca (B HaHOCEKYH/IaX).
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11.9.4. Ta6nuua PLGSPROF_CURSORS
Ta6smmrta PLGSPROF_CURSORS cofieprKUT HHPOPMAITHIO 0 Kypcopax.

Table 7. Onucaxue cmoa6uo8 madauuwst PLGSPROF_CURSORS

HanMeHOBaHUeE CTOJIOIA THUI JaHHBIX OmucaHmne
PROFILE_ID BIGINT NaeHTHQHUKATOD CeCCHH
IPOQHINPOBAHUSL.
STATEMENT_ID BIGINT H/IeHTHUKATOp OILIepPaTOpPa.
CURSOR_ID BIGINT HpeHTuduKaTOp Kypcopa.
NAME CHAR(63) WMst IBHO 00'bSIBJIEHHOTO Kypcopa.
LINE_NUM INTEGER Homep cTpoku PSQL, B KOTOPOH

OIIpe/iesIEH Kypcop.

COLUMN_NUM INTEGER Homep crosi6ita PSQL, B KOTOpOM
OIIpeieIEH Kypcop.

IlepBuunbIi Kirrod PROFILE_ID, STATEMENT_ID, CURSOR_ID.

11.9.5. Ta6nuua PLGSPROF_RECORD_SOURCES

Ta6turta PLGSPROF_RECORD_SOURCES comep>kuT MHGOPMAITHI0 06 MCTOUYHHUKAX JaHHBIX.

Table 8. Onucaxue cmoa6uo08 madauuwbt PLGSPROF_RECORD_SOURCES

HanMmeHOBaHMe CT0JIONA Tun faHHBIX OnucaHue
PROFILE_ID BIGINT UpeHTHOUKATOP CECCUU
IIPOQUIMPOBAHUS.
STATEMENT_ID BIGINT HIeHTHHKATOP OIIepaTopa.
CURSOR_ID BIGINT HpentudukaTop Kypcopa.
RECORD_SOURCE_ID BIGINT UeHTUOUKATOP UCTOUHUKA TAHHBIX.
PARENT_RECORD_SOURCE_ID BIGINT HpeHTHQUKATODP POJUTEILCKOTO

HMCTOYHHKA JaHHBbIX.

LEVEL INTEGER YpOBeHB OTCTYIIA JIjIsI HCTOYHUKA
ITaHHBIX. He06X0AMM IIpH
KOHCTPYHPOBaHUU II0POOHOrO IJIaHa.

ACCESS_PATH BLOB SUB_TYPE TEXT OmucaHue MeTo/ja AOCTyIIa JJIs
HMCTOYHHKA JaHHBIX.

[TepBuuHbIy Karo4: PROFILE_ID, STATEMENT_ID, CURSOR_ID, RECORD_SOURCE_ID.

11.9.6. Ta6nuua PLGSPROF_RECORD_SOURCE _STATS

Ta6srurta PLGSPROF_RECORD_SOURCES coiep>kKHT CTaTHUCTHKY I10 UCTOUYHUKAM JaHHBIX.
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Table 9. OnucaHue cmo16y08 madauybt PLGSPROF_RECORD_SOURCE_STATS

HanMmeHOBaHHe CTOJIOIIA THUn faHHBIX Onucanue

PROFILE_ID BIGINT HpeHTHUKATOP CECCUU
IIPOGUIHUPOBaAHUS.

STATEMENT_ID BIGINT HUpeHTuduKaToOp oreparopa.

REQUEST_ID BIGINT HpentudukaTop 3arpoca.

CURSOR_ID BIGINT HUpentudukaTop Kypcopa.

RECORD_SOURCE_ID BIGINT HeHTHOUKATOP UCTOUHHKA TaHHBIX.

OPEN_COUNTER BIGINT KosrruecTBO OTKPBITHM UCTOUHUKA
IAHHBIX.

OPEN_MIN_ELAPSED_TIME BIGINT MwuHHUMaJIbHOE BpeMs OTKPBITHS

HCTOYHHKA JaHHBIX (B HaHOCeKYH,E[aX).

OPEN_MAX_ELAPSED_TIME BIGINT MakcuMaIbHOe BpeMs OTKPBITHS
HWCTOYHMKA JAHHBIX (B HAHOCEKYH/AX).

OPEN_TOTAL_ELAPSED_TIME BIGINT HaxkorieHHOe BpeMsI OTKPBITHS
HMCTOYHHKA JaHHBIX (B HaHOCEKYH,E[aX).

FETCH_COUNTER BIGINT KoJmmuecTBO U3BJIEUEHUN U3
MCTOYHHKA JAHHEIX.

FETCH_MIN_ELAPSED_TIME BIGINT MuHHUMaJIbHOE BpeMsI U3BJIeUeHUSs
3aIlMCH M3 UCTOYHHKA JaHHBIX (B
HaHOCEKYH/Iax).

FETCH_MAX_ELAPSED_TIME BIGINT MaKcHUMaJIbHOE BpeMsI H3BJIEUeHUS
3aIIMCH U3 UCTOYHHKA JAaHHBIX (B
HaHOCEeKYyH/1aX).

FETCH TOTAL_ELAPSED_TIME BIGINT HaxkorieHHOe BpeMsI U3BJIeUeHUS
3arucer U3 UCTOYHUKA TaHHBIX (B
HaHOCEKYH/1aX).

[TepBuuHbIN Kirtod: PROFILE_ID, STATEMENT_ID, REQUEST_ID, CURSOR_ID, RECORD_SOURCE_ID.
11.9.7. Taénuua PLGFPROF_PSQL_STATS

Tabuuria PLGSPROF_PSQL_STATS comepskuT PSQL CTaTHUCTHUKY.

Table 10. Onucarue cmoa6y08 mabauyst PLGSPROF_PSQL_STATS

HaunMeHOBaHMe CTOJIOIA THI JaHHBIX Onucanue
PROFILE_ID BIGINT HpeHTHUKATOP CECCUU
IIPOQUINUPOBAHUS.
STATEMENT_ID BIGINT HUpeHTrduKaToOp oreparopa.
REQUEST_ID BIGINT HpenTudukaTop 3arpoca.
LINE_NUM INTEGER Howmep cTpoku B PSQL /11 omiepaTopa.

94



Chapter 11. ITpo¢unupoBanue SQL 1 PSQL

HauMeHOBaHHe CTOJIOIA THI JaHHBIX Onucanue
COLUMN_NUM INTEGER Homep cTosi6ita B PSQL /i1 omrepatopa.
COUNTER BIGINT KoJiuecTBO BBITIOJTHEHUH /1T HOMepa
CTPOKH/CTOJIOIIA.
MIN_ELAPSED_TIME BIGINT MuHUMaIbHOE BpeMsI BHIIIOJTHEHUS (B

HaHOCeKYyH/1aX) [JIg CTPOKH/CTOJI011a

MAX_ELAPSED_TIME BIGINT MakcuMaJIbHOe BpeMsi BHITIOJTHeHUS (B
HaHOCEeKYH/Iax) IJIs CTPOKH/CTOI6ITA

TOTAL_ELAPSED_TIME BIGINT HaxorteHHOe BpeMsi BHIIOJTHEHUS (B
HaHOCeKYyH/1aX) I CTPOKH/CTOJI011a

ITepBuuHbIi Karod: PROFILE_ID, STATEMENT_ID, REQUEST_ID, LINE_NUM, COLUMN_NUM.

11.10. BcnomMoraTesnibHble npeacTtaB/ieHUsA

IJoMuMO  TabJIWUI] CHUMKOB, IUIaTMH TPOQUIMPOBAHHUS  CO3[aéT  BCIIOMOraTeJbHbIe
IIpe/iCTaBJeHusl. OJTH IIpeJiCTaBJeHMWsI IIOMOTalT U3BJIeKaTh [aHHbBle HIPOQUIMPOBAHUS,
arperpoBaHHEIE HA YPOBHE OIIepaTOPOB.

BcrioMmoraTtesibHbIe IIpefCTaBIeHUs SBIAITCA IIPeAIIOYTUTEIbHBIM CIIOCOO0M aHaIu3a JaHHBIX
IPOQMIMPOBAHUA I OBICTPOr0 HAXOXKAEeHU "TOPAYUX TodeK". X TakyKe MOKHO HCII0JIB30BaTh
COBMECTHO C TabyMIIaMHd MOMeHTa/IbHBIX CHUMKOB. [Iociie TOro, KaK "ropsuue TOUKU" HaW/leHBbl,
MOJKHO JleTa/IM3UPOBaTh JaHHble Ha YPOBHE 3aIIPOCOB K TabIHIlaM.

HuoKe IIpyBefieH CIIMCOK IIpecTaBIeHUN npoduinpoBiuka Default_Profiler.

PLG$PROF_PSQL_STATS_VIEW

arperupoBaHHas PSQL cTaTUCTHKa B ceaHCe IIPOPUIUPOBAHUS.

PLG$PROF_RECORD_SOURCE_STATS_VIEW

darperupoBaHHasi CTaTHUCTHUKA 110 HCTOYHHUKAM OaHHBIX B CeaHCe HpO(l)I/IJII/IpOBaHI/IH.

PLGSPROF_STATEMENT_STATS_VIEW

arperdpoBaHHas CTaTUCTHUKa SQL omepaTopoB B ceaHce IPOQUIUPOBAHUS.

B TaHHOM JOKyMeHTe 51 He OyAy IIPUBOAUT CXOAHBIM KOJ| 3THUX IIPEeACTaBJIE€HUIN U OIIHCAaHHUE UX
CTOJIOIIOB, BBl BCEIZa CMOJKeTe IIOCMOTpPeTb TEeKCT 3THUX IIpe/iCTaBJIeHUI CaMOCTOSTEeIbHO.
OnucaHue CTOJIOIOB ecTh B "PykoBozcTBe 110 s13bIKYy SQL Firebird 5.0".

11.11. PeXknmbl 3anycka npopuanpoBLLmKa

[Ieper TeM Kak MBI IIepeiifiéM K peaJbHBIM IIpUMepaM HCII0JIb30BaHUSA NPOQUIUPOBIIMKAE, I
IIPOJIeMOHCTPUPYIO0  PasHUIy MeXAy  pPasJMYyHBIMM  peXKMMaMM  3allycka  IIardHa
IPOQUIMPOBAHUS.

95



Chapter 11. ITpo¢unupoBanue SQL 1 PSQL

11.11.1. Onuwna DETAILED_REQUESTS

B craTUCTUKy IpoQUIMpPOBaHUA IIONIajlaeT B TOM 4YMcCiIe M 3ampoc SELECT
RDB$PROFILER.START _SESSION() o u CTaTHCTHKA 3amycka OYyHKIIUHU

NOTE RDB$PROFILER.START_SESSION. /ljit TOTO UTOGHI OTrPAaHUYHUTEL BBIBOJ] CTATHCTUKH S
no6aBJisit0 QUIBTP IO TEKCTY 3alpoca, B JAHHOM CJydae BbIBOKY CTaTUCTHUKY
TOJIBKO JJI T€X 3aIIPOCOB B KOTOPBIX BecTpeuaeTcd 'FROM HORSE'.

SELECT RDB$PROFILER.START_SESSION('Profile without "DETAILED_REQUESTS"')
FROM RDBSDATABASE;
SELECT COUNT(*) FROM HORSE;
SELECT COUNT(*) FROM HORSE;
SELECT RDB$PROFILER.START_SESSION('Profile with "DETAILED_REQUESTS"',
NULL, NULL, NULL, 'DETAILED_REQUESTS")
FROM RDB$DATABASE;
SELECT COUNT(*) FROM HORSE;
SELECT COUNT(*) FROM HORSE;
EXECUTE PROCEDURE RDB$PROFILER.FINISH_SESSION;
COMMIT;
SELECT
S.DESCRIPTION,
V.*
FROM PLG$PROF_STATEMENT_STATS_VIEW V

JOIN PLG$PROF_SESSIONS S ON S.PROFILE_ID = V.PROFILE_ID
WHERE V.SQL_TEXT CONTAINING 'FROM HORSE';

96



Chapter 11. ITpo¢unupoBanue SQL 1 PSQL

DESCRIPTION Profile without "DETAILED_REQUESTS"
PROFILE_ID 12
STATEMENT_ID 2149
STATEMENT_TYPE BLOCK
PACKAGE _NAME <null>
ROUTINE_NAME <null>
PARENT_STATEMENT_ID <null>
PARENT _STATEMENT _TYPE <null>
PARENT_ROUTINE_NAME <null>
SQL_TEXT 13e:9
SELECT COUNT(*) FROM HORSE

COUNTER 1
MIN_ELAPSED_TIME <null>
MAX_ELAPSED_TIME <null>
TOTAL_ELAPSED_TIME <null>
AVG_ELAPSED_TIME <null>
DESCRIPTION Profile with "DETAILED_REQUESTS"
PROFILE_ID 13
STATEMENT_ID 2149
STATEMENT_TYPE BLOCK
PACKAGE _NAME <null>
ROUTINE_NAME <null>
PARENT_STATEMENT_ID <null>
PARENT _STATEMENT _TYPE <null>
PARENT_ROUTINE_NAME <null>
SQL_TEXT 13e:b
SELECT COUNT(*) FROM HORSE

COUNTER 2
MIN_ELAPSED_TIME 165498198
MAX_ELAPSED_TIME 235246029
TOTAL_ELAPSED_TIME 400744227
AVG_ELAPSED_TIME 200372113

Kak BUauTe eciH, 3allyckaTb ceaHC Ipo¢unupoBiiuka 6e3 ommuu 'DETAILED_REQUESTS', To
IpeficTaBJeHUe NAaéT HaM MeHblIlle II0Apo6HOCTeH. Kak MHMHHMYM OTCYTCTBYeT CTaTHCTHUKA
BBIIIOJIHEHUs 3alpoca, W II0KasaHO OyATO 3ampoc ObLI BBINNOJHEH OAMH pas. IlompobyeMm
AeTaJIU3UPOBaTh 3TH JaHHBIEe C IIOMOIIBIO 3aIIpoca K TabIUIiaM MOMeHTaIbHBIX CHUMKOB.

CHauaJsia TocMOTpUM fieTaau ceccuu 6e3 oy 'DETAILED_REQUESTS'.
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SELECT

S.PROFILE_ID,

S.DESCRIPTION,

R.REQUEST_ID,

STMT.STATEMENT_ID,

STMT.STATEMENT_TYPE,

STMT. PACKAGE_NAME,

STMT.ROUTINE_NAME,

STMT.SQL_TEXT,

R.CALLER_STATEMENT_ID,

R.CALLER_REQUEST_ID,

R.START_TIMESTAMP,

R.FINISH_TIMESTAMP,

R.TOTAL_ELAPSED_TIME
FROM PLG$PROF_SESSIONS S
JOIN PLGSPROF_STATEMENTS STMT ON STMT.PROFILE_ID = S.PROFILE_ID
JOIN PLG$PROF_REQUESTS R ON R.PROFILE_ID = S.PROFILE_ID AND R.STATEMENT_ID =
STMT.STATEMENT_ID
WHERE S.PROFILE_ID = 12

AND STMT.SQL_TEXT CONTAINING 'FROM HORSE';

PROFILE_ID 12

DESCRIPTION Profile without "DETAILED_REQUESTS"
REQUEST_ID 0

STATEMENT_ID 2149

STATEMENT_TYPE BLOCK

PACKAGE _NAME <null>

ROUTINE_NAME <null>

SQL_TEXT 13e:9

SELECT COUNT(*) FROM HORSE

CALLER_STATEMENT_ID <null>

CALLER_REQUEST_ID <null>

START_TIMESTAMP 2023-11-09 15:48:59.2250
FINISH_TIMESTAMP <null>
TOTAL_ELAPSED_TIME <null>

A Teriepb cpaBHUM c ceccHeit ¢ onueit 'DETAILED_REQUESTS'.
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SELECT

S.PROFILE_ID,

S.DESCRIPTION,

R.REQUEST_ID,

STMT.STATEMENT_ID,

STMT.STATEMENT_TYPE,

STMT. PACKAGE_NAME,

STMT.ROUTINE_NAME,

STMT.SQL_TEXT,

R.CALLER_STATEMENT_ID,

R.CALLER_REQUEST_ID,

R.START_TIMESTAMP,

R.FINISH_TIMESTAMP,

R.TOTAL_ELAPSED_TIME
FROM PLG$PROF_SESSIONS S
JOIN PLGSPROF_STATEMENTS STMT ON STMT.PROFILE_ID = S.PROFILE_ID
JOIN PLG$PROF_REQUESTS R ON R.PROFILE_ID = S.PROFILE_ID AND R.STATEMENT_ID =
STMT.STATEMENT_ID
WHERE S.PROFILE_ID = 13

AND STMT.SQL_TEXT CONTAINING 'FROM HORSE';
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PROFILE_ID
DESCRIPTION
REQUEST_ID
STATEMENT_ID
STATEMENT_TYPE
PACKAGE _NAME
ROUTINE_NAME
SQL_TEXT

SELECT COUNT(*) FROM HORSE
CALLER_STATEMENT_ID
CALLER_REQUEST_ID
START_TIMESTAMP
FINISH_TIMESTAMP
TOTAL_ELAPSED_TIME

PROFILE_ID
DESCRIPTION
REQUEST_ID
STATEMENT_ID
STATEMENT_TYPE
PACKAGE _NAME
ROUTINE_NAME
SQL_TEXT

SELECT COUNT(*) FROM HORSE
CALLER_STATEMENT_ID
CALLER_REQUEST_ID
START_TIMESTAMP
FINISH_TIMESTAMP
TOTAL_ELAPSED_TIME
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13

Profile with "DETAILED_REQUESTS"
2474

2149

BLOCK

<null>

<null>

13e:b

<null>

<null>

2023-11-09 15:49:01.6540
2023-11-09 15:49:02.8360
165498198

13

Profile with "DETAILED_REQUESTS"
2475

2149

BLOCK

<null>

<null>

13e:b

<null>

<null>

2023-11-09 15:49:02.8470
2023-11-09 15:49:04.0980
235246029

TakuMm o06pasoM, eciad IPOPUIUPOBINUK 3amyckaeTcd 6e3 ommuu 'DETAILED_REQUESTS' Bce
3allyCKM OJHOIO M TOro >ke SQL orlepaTtopa, OyAyT BBIVISAETH KaK OAWH 3allyCK, B KOTOPOM
HaKaIUTMBaeTCs CTaTUCTUKA. HermocpencTBeHHO B Tabsuite PLGSPROF_REQUESTS, cTaTHCTHKA BOOOGIITE
He yunThiBaeTcs 6e3 onruu 'DETAILED_REQUESTS', HO oHa arperupyeTcsl B IPyrux TabJnIiax.
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SELECT
R.PROFILE_ID,
R.STATEMENT_ID,
RS.CURSOR_ID,
RS.RECORD_SOURCE_ID,
RS.PARENT_RECORD_SOURCE_ID,
RS."LEVEL",
RS.ACCESS_PATH,
RSS.OPEN_COUNTER,
RSS.OPEN_MIN_ELAPSED_TIME,
RSS.OPEN_MAX_ELAPSED_TIME,
RSS.OPEN_TOTAL_ELAPSED_TIME,
RSS.FETCH_COUNTER,
RSS.FETCH_MIN_ELAPSED_TIME,
RSS.FETCH_MAX_ELAPSED_TIME,
RSS.FETCH_TOTAL_ELAPSED_TIME
FROM
PLG$PROF_REQUESTS R
JOIN PLG$PROF_RECORD_SOURCES RS
ON RS.PROFILE_ID = R.PROFILE_ID AND
RS.STATEMENT_ID = R.STATEMENT_ID
JOIN PLG$PROF_RECORD_SOURCE_STATS RSS
ON RSS.PROFILE_ID = R.PROFILE_ID AND
RSS.STATEMENT_ID = R.STATEMENT_ID AND
RSS.REQUEST_ID = R.REQUEST_ID AND
RSS.CURSOR_ID = RS.CURSOR_ID AND
RSS.RECORD_SOURCE_ID = RS.RECORD_SOURCE_ID
WHERE R.PROFILE_ID = 12
AND R.STATEMENT_ID = 2149
ORDER BY RSS.REQUEST_ID, RSS.RECORD_SOURCE_ID
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PROFILE_ID

STATEMENT_ID

CURSOR_ID
RECORD_SOURCE_ID

PARENT _RECORD_SOURCE_ID
LEVEL

ACCESS_PATH

Select Expression
OPEN_COUNTER
OPEN_MIN_ELAPSED_TIME
OPEN_MAX_ELAPSED_TIME
OPEN_TOTAL_ELAPSED_TIME
FETCH_COUNTER
FETCH_MIN_ELAPSED_TIME
FETCH_MAX_ELAPSED_TIME
FETCH_TOTAL_ELAPSED_TIME

PROFILE_ID

STATEMENT_ID

CURSOR_ID
RECORD_SOURCE_ID

PARENT _RECORD_SOURCE_ID
LEVEL

ACCESS_PATH

-> Aggregate
OPEN_COUNTER
OPEN_MIN_ELAPSED_TIME
OPEN_MAX_ELAPSED_TIME
OPEN_TOTAL_ELAPSED_TIME
FETCH_COUNTER
FETCH_MIN_ELAPSED_TIME
FETCH_MAX_ELAPSED_TIME
FETCH_TOTAL_ELAPSED_TIME

PROFILE_ID

STATEMENT_ID

CURSOR_ID
RECORD_SOURCE_ID

PARENT _RECORD_SOURCE_ID
LEVEL

ACCESS_PATH

-> Table "HORSE" Full Scan

OPEN_COUNTER
OPEN_MIN_ELAPSED_TIME
OPEN_MAX_ELAPSED_TIME
OPEN_TOTAL_ELAPSED_TIME
FETCH_COUNTER
FETCH_MIN_ELAPSED_TIME
FETCH_MAX_ELAPSED_TIME
FETCH_TOTAL_ELAPSED_TIME
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12
2149

1

1
<null>
0
140:f

10266
10755
21022

4

0
191538868
356557956

12
2149

191538379
356556489

12
2149

2444

391

6355
1039248

0

905422
330562264
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TyT BUIHO, UTO BCA CTATHUCTHUKA "yIBOEHA", IIOCKOJILKY 3aIIpoC 3aIlyCKaJsICAd [Ba pasa. A Telepb
nocMoTpuM Ha craTucTUuky ¢ 'DETAILED_REQUESTS'.

SELECT
R.PROFILE_ID,
R.STATEMENT_ID,
RS.CURSOR_ID,
RS.RECORD_SOURCE_ID,
RS.PARENT_RECORD_SOURCE_ID,
RS."LEVEL",
RS.ACCESS_PATH,
RSS.OPEN_COUNTER,
RSS.OPEN_MIN_ELAPSED_TIME,
RSS.OPEN_MAX_ELAPSED_TIME,
RSS.OPEN_TOTAL_ELAPSED_TIME,
RSS.FETCH_COUNTER,
RSS.FETCH_MIN_ELAPSED_TIME,
RSS.FETCH_MAX_ELAPSED_TIME,
RSS.FETCH_TOTAL_ELAPSED_TIME
FROM
PLG$PROF_REQUESTS R
JOIN PLGSPROF_RECORD_SOURCES RS
ON RS.PROFILE_ID = R.PROFILE_ID AND
RS.STATEMENT_ID = R.STATEMENT_ID
JOIN PLG$PROF_RECORD_SOURCE_STATS RSS
ON RSS.PROFILE_ID = R.PROFILE_ID AND
RSS.STATEMENT_ID = R.STATEMENT_ID AND
RSS.REQUEST_ID = R.REQUEST_ID AND
RSS.CURSOR_ID = RS.CURSOR_ID AND
RSS.RECORD_SOURCE_ID = RS.RECORD_SOURCE_ID
WHERE R.PROFILE_ID = 13
AND R.STATEMENT_ID = 2149
ORDER BY RSS.REQUEST_ID, RSS.RECORD_SOURCE_ID

PROFILE_ID 13
STATEMENT_ID 2149
CURSOR_ID 1
RECORD_SOURCE_ID 1
PARENT_RECORD_SOURCE_ID <null>
LEVEL 0
ACCESS_PATH 140:14
Select Expression

OPEN_COUNTER 1
OPEN_MIN_ELAPSED_TIME 20044
OPEN_MAX_ELAPSED_TIME 20044
OPEN_TOTAL_ELAPSED_TIME 20044
FETCH_COUNTER 2
FETCH_MIN_ELAPSED_TIME 0
FETCH_MAX_ELAPSED_TIME 165438065
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FETCH_TOTAL_ELAPSED_TIME

PROFILE_ID

STATEMENT_ID

CURSOR_ID
RECORD_SOURCE_ID

PARENT _RECORD_SOURCE_ID
LEVEL

ACCESS_PATH

-> Aggregate
OPEN_COUNTER
OPEN_MIN_ELAPSED_TIME
OPEN_MAX_ELAPSED_TIME
OPEN_TOTAL_ELAPSED_TIME
FETCH_COUNTER
FETCH_MIN_ELAPSED_TIME
FETCH_MAX_ELAPSED_TIME
FETCH_TOTAL_ELAPSED_TIME

PROFILE_ID

STATEMENT_ID

CURSOR_ID
RECORD_SOURCE_ID

PARENT _RECORD_SOURCE_ID
LEVEL

ACCESS_PATH

-> Table "HORSE" Full Scan

OPEN_COUNTER
OPEN_MIN_ELAPSED_TIME
OPEN_MAX_ELAPSED_TIME
OPEN_TOTAL_ELAPSED_TIME
FETCH_COUNTER
FETCH_MIN_ELAPSED_TIME
FETCH_MAX_ELAPSED_TIME
FETCH_TOTAL_ELAPSED_TIME

PROFILE_ID

STATEMENT_ID

CURSOR_ID
RECORD_SOURCE_ID
PARENT_RECORD_SOURCE_ID
LEVEL

ACCESS_PATH

Select Expression
OPEN_COUNTER
OPEN_MIN_ELAPSED_TIME
OPEN_MAX_ELAPSED_TIME
OPEN_TOTAL_ELAPSED_TIME
FETCH_COUNTER
FETCH_MIN_ELAPSED_TIME
FETCH_MAX_ELAPSED_TIME
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165438065

13
2149

165437576
165437576

13
2149

2444

2444

2444
519624

0

892222
161990420

13
2149

1

1
<null>

140:14

1

12711
12711
12711

2

488
235217674
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FETCH_TOTAL_ELAPSED_TIME 235218163
PROFILE_ID 13
STATEMENT_ID 2149
CURSOR_ID 1
RECORD_SOURCE_ID 2

PARENT _RECORD_SOURCE_ID 1

LEVEL 1
ACCESS_PATH 140:15

-> Aggregate

OPEN_COUNTER 1
OPEN_MIN_ELAPSED_TIME 11244
OPEN_MAX_ELAPSED_TIME 11244
OPEN_TOTAL_ELAPSED_TIME 11244
FETCH_COUNTER 2
FETCH_MIN_ELAPSED_TIME 0
FETCH_MAX_ELAPSED_TIME 235217674
FETCH_TOTAL_ELAPSED_TIME 235217674
PROFILE_ID 13
STATEMENT_ID 2149
CURSOR_ID 1
RECORD_SOURCE_ID 3

PARENT _RECORD_SOURCE_ID 2

LEVEL 2
ACCESS_PATH 140:16

-> Table "HORSE" Full Scan

OPEN_COUNTER 1
OPEN_MIN_ELAPSED_TIME 2444
OPEN_MAX_ELAPSED_TIME 2444
OPEN_TOTAL_ELAPSED_TIME 2444
FETCH_COUNTER 519624
FETCH_MIN_ELAPSED_TIME 0
FETCH_MAX_ELAPSED_TIME 675155
FETCH_TOTAL_ELAPSED_TIME 196082602

Jia ceccuu ¢ onnyed 'DETAILED_REQUESTS' Mbl BUZUM UTO CTaTUCTUKA COOpaHa OTAENIbHO IS
Kakzoro samycka SQL omepaTopa.

Onnus  'DETAILED_REQUESTS' co3maér 110 OJHOM 3amucld B Tabsuie
PLGSPROF_REQUESTS He ToJIbKO /I Kadkaoro SQL 3ampoca BepxXHero ypoBHS, HO U
I Ka>K/I0T0 BBI30Ba XPaHUMOM IIpoLieyphl MM QYHKIIUU. TaKuM 06pa3oM, ecIu
y Bac BbeI3bIBaeTcd PSQL GyHKITHA 11 KAKOT0-TO I10JI B IpeioskeHuu SELECT, To B
PLGSPROF_REQUESTS 6ymeT CTONMBKO 3aIlMCced C BBI30BOM 3TO (QYHKITUH, CKOJBKO
3amuceil 6bLIO OTQeTUYeHO. ITO MOXKET CHUJIbHO 3aMeJIUTh COpPOC CTaTUCTUKU
IpoUINPOBAHUS. IToaTomy He CTOUT HCII0JIL30BaTh OIIIIHIO
'DETAILED_REQUESTS' my1g jir060ro ceaHca IpopuInpoBaHud. /Ijid ITOUCKa "y3KUX
MecCT" B HEKOTOPOM 3allpoce, JOCTaTOYHO OyZeT OCTaB/IAThH 3HaUeHUe IlapaMeTpa
PLUGIN_OPTIONS yMo/ruaTe/IbHBIM 3HaYE€HHEM.

NOTE
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11.11.2. 3anycK npopunnposBLLMKa Ha YAaNNEHHOM COeANHEHUN

JlJIs 3allycKa ceaHca Ha IIPOQMIMPOBAHUA Ha yAaJIéHHOM COeJJUHEeHUH BaM He0OXOJUMO Y3HATh
UAeHTUGUKATOP ITOT0 COeqUHEeHMUs. OTOM MOXKHO CZeJaTh C IIOMOIIBLI0 TaOIHUIbI MOHUTOPHUHTA
MON$ATTACHMENTS mUTH BBIIIOJTHUTBH 3aIlpoc C KOHTeKCTHOM mepemeHHOM CURRENT_CONNECTION B
YAAJIEHHOM CeaHCe, U YCTAaHOBHUTHL 3TOT HJAEeHTHQHUKATOP B KauvecTBe 3HaueHUs IllapaMeTpa
ATTACHMENT _ID ¢yHxIrm RDB$PROFILER. START _SESSION.

3anpoc udeHmugukamopa coeouHeHus 8 ceccuu 1

select current_connection from rdb$database;

CURRENT_CONNECTION

3anyck ceaHca npoduauposaHus Ha yOaNéHHOM KOMNblomepe & ceccuu 2

SELECT RDB$PROFILER.START_SESSION('Profile with "DETAILED_REQUESTS"',
NULL, 29, NULL, 'DETAILED_REQUESTS')
FROM RDB$DATABASE;

3anpoc uau 3anpocsl Komopble npoguaupyem e ceccuu 1

select current_connection from rdb$database;

Ocmanagaueaem yoa1éHHoe npoduauposarue 8 ceccuu 2
EXECUTE PROCEDURE RDB$PROFILER.FINISH_SESSION(TRUE, 29);

COMMIT;

Terrepb MBI MOKeM IIOCMOTPETH pe3yJIbTaT MPOGUINPOBAHUS B JIFO60H COeIMHEHUH.
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SELECT
S.PROFILE_ID,
S.ATTACHMENT_ID,
S.START_TIMESTAMP AS SESSION_START,
S.FINISH_TIMESTAMP AS SESSION_FINISH,
R.REQUEST_ID,
STMT.STATEMENT_ID,
STMT.STATEMENT_TYPE,
STMT. PACKAGE_NAME,
STMT.ROUTINE_NAME,
STMT.SQL_TEXT,
R.CALLER_STATEMENT_ID,
R.CALLER_REQUEST_ID,
R.START_TIMESTAMP,
R.FINISH_TIMESTAMP,
R.TOTAL_ELAPSED_TIME
FROM PLG$PROF_SESSIONS S
JOIN PLGSPROF_STATEMENTS STMT ON STMT.PROFILE_ID = S.PROFILE_ID
JOIN PLG$PROF_REQUESTS R ON R.PROFILE_ID = S.PROFILE_ID AND R.STATEMENT_ID =
STMT.STATEMENT_ID
WHERE S.ATTACHMENT_ID = 29
AND STMT.SQL_TEXT CONTAINING 'FROM HORSE';

PROFILE_ID 14

ATTACHMENT_ID 29

SESSION_START 2023-11-09 16:56:39.1640
SESSION_FINISH 2023-11-09 16:57:41.0010
REQUEST_ID 3506

STATEMENT_ID 3506

STATEMENT_TYPE BLOCK

PACKAGE _NAME <null>

ROUTINE_NAME <null>

SQL_TEXT 13e:1

SELECT COUNT(*) FROM HORSE

CALLER_STATEMENT_ID <null>

CALLER_REQUEST_ID <null>

START_TIMESTAMP 2023-11-09 16:57:29.1010
FINISH_TIMESTAMP 2023-11-09 16:57:30.4800
TOTAL_ELAPSED_TIME 82622

11.12. NMpumepbl NCNOJIb30BaHUA NPOPUNNPOBLLNKA
AN novcka "y3kmx mect”

Terneppb Korma BB IO3HAKOMMJIMCH C PA3/IMYHBIMU pesKMMaMHU 3allyCcKa ceaHca IIPOGUINPOBAHUS,
HacTaJIo BpeMs I10Ka3aTh KaK IIPOQUIMPOBIIHNK IIOMO>KeT HAUTH BaM "y3KHe MecTa" B Baltux SQL
3ampocax u PSQL monmyax.
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,Z[OHYCTI/IM C IIOMOIIBIO TPAaCCUPOBKHU BbI HAIILJIA TaKoM Me,ZLJIeHHBIfI 3alrpoc:

SELECT

CODE_HORSE,

BYDATE,

HORSENAME,

FRISK,

OWNERNAME

FROM SP_SOME_STAT(58, '2.00,0', 2020, 2023)

Ham Heo6XoAHMMO pasobpaTbCd B IIPUYHHE "TOPMO30B" U HCIPaBUTL HX. [lepBoe UTO CTOMUT
ClleslaTh - MCKJIKYUTH BpeMs QeTya 3alumced Ha KIHMeHTa. /I 3TOI0 MO>KHO IIPOCTO 06epHYTH
3TOT 3aIIpOC B JIPYTOM 3aIIpoC, KOTOPBIA IIPOCTO Oy/eT BBIYUCJIATH KOJIUYECTBO 3aIuceil. TakuMm
00pa3oM, MBI rapaHTHUPOBAHO IIPOYHUTAaEM BCe 3aIlMCH, HO IIPH 3TOM HaM He06XOAMMO IlepecjaTh
Ha KJIMeHTa BCero 1 3aluce.

SELECT COUNT(*)
FROM (
SELECT
CODE_HORSE,
BYDATE,
HORSENAME,
FRISK,
OWNERNAME
FROM SP_SOME_STAT(58, '2.00,0', 2020, 2023)
)

CTaTHUCTUKA BBHIIIOJITHEHUSA OAaHHOTO 3alIpocCa BBITVIAAUT TaK:

Current memory = 554444768
Delta memory = 17584

Max memory = 554469104
Elapsed time = 2.424 sec
Buffers = 32768

Reads = 0

Writes = 0

Fetches = 124985

B maHHOM CjIy4yae CIIHCOK II0JIEM MOYKHO ObLIO OBI IIPOCTO 3aMeHUTh Ha COUNT(*)
6e3 3aBOpayMBaHU 3aIIpoca B IIPOM3BOJHYI0 TabJ/IUIY, OHAKO B 00II[eM caydae B
npepokeHun SELECT MoryTr OBITH pas/jMYHBIE BBIPa)KEHHUS B TOM YHCIE U
I10/13aIIPOCHI, II03TOMY JIyUIlle /ieJIaTh TaK Kak g [ToKasaJl.

NOTE
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Terrepb MO’KHO 3aITyCKaTh 3aIIPOC B IIPOGUIUPOBIITHKE:

SELECT RDB$PROFILER.START_SESSION('Profile procedure SP_SOME_STAT')
FROM RDB$DATABASE;

SELECT COUNT(*)
FROM (
SELECT
CODE_HORSE,
BYDATE,
HORSENAME,
FRISK,
OWNERNAME
FROM SP_SOME_STAT(58, '2.00,0", 2020, 2023)

)I

EXECUTE PROCEDURE RDB$PROFILER.FINISH_SESSION;

COMMIT,
U1 Havasia II0CMOTPHUM CTaTUCTUKY PSQL:

SELECT
ROUTINE_NAME,
LINE_NUM,
COLUMN_NUM,
COUNTER,
TOTAL_ELAPSED_TIME,
AVG_ELAPSED_TIME
FROM PLG$PROF_PSQL_STATS_VIEW STAT
WHERE STAT.PROFILE_ID = 5;
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LINE_NUM

COLUMN_NUM

COUNTER

TOTAL_ELAPSED_TIME

AVG_ELAPSED_TIME

SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SP_SOME_STAT

SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SP_SOME_STAT

SF_SEC_TO_RACETIME
SF_SEC_TO_RACETIME
SF_SEC_TO_RACETIME
SF_SEC_TO_RACETIME
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC

ROUTINE_NAME

_ =W W W W ool = WO oo,

COLUMN_NUM

67801
67801

COUNTER

1582095600
90068700
53903300
49835400
43414600
42623200
37339200
35822000
34874400
24093200
23832900
15985600
15625500

3454800
549900
304100
294200
293900
202400
186100

TOTAL_ELAPSED_TIME

43414600
628
550
528
514
355
351
235
230

14395
2291
1267
1225
1224

AVG_ELAPSED_TIME

SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_RACETIME_TO_SEC
SF_SEC_TO_RACETIME
SF_RACETIME_TO_SEC
SF_SEC_TO_RACETIME
SF_SEC_TO_RACETIME
SF_RACETIME_TO_SEC
SF_SEC_TO_RACETIME
SF_RACETIME_TO_SEC
SF_SEC_TO_RACETIME
SF_SEC_TO_RACETIME
SF_SEC_TO_RACETIME
SP_SOME_STAT

SF_SEC_TO_RACETIME
SF_SEC_TO_RACETIME

S WU 2 s W W W W s W

CREATE OR ALTER PROCEDURE SP_SOME_STAT (

A_CODE_BREED INTEGER,

1
2
3 A_MIN_FRISK VARCHAR(9),
4

A_YEAR_BEGIN SMALLINT,
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168400
156700
153900
153300
148600
127100
92100
89200
69500
16600
7800
2000
1800
1200
500
500
400

JlaBaiiTe IIOCMOTPUM COZIep;KHUMOe Halllel mmporienypsl SP_SOME_STAT.

M3 3TOM CTaTUCTHKH BHUIHO, YTO II0 CyMMapHOMY BpPeMEHH BBIIIOJIHEHHS JIMAUPYET OIepaTop,
KOTOPBIX HaXO4UTCA B cTpoKe 22 ¢yHKIMU SF_RACETIME_TO_SEC. CpegHee BpeMs BBHIIIOJTHEHUS 3TOTO
oIrepaTopa HeBeJIMKO, HO OH BhI3bIBaeTcda 67801 pas. TyT fBa BapuaHTa A1 OIITUMU3AIIUU: JTUO0
OIITUMU3UPOBaATh camy OyHKIMI0 SF_RACETIME_TO_SEC (ormepaTop B CTpoKe 22), MO0 COKPaTUTh
KOJIMYeCTBO BbI3OBOB 3TOU QYHKITAH.
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A_YEAR_END  SMALLINT
)
RETURNS (
CODE_HORSE BIGINT,
BYDATE DATE,
HORSENAME ~ VARCHAR(50),
FRISK VARCHAR(9),
OWNERNAME ~ VARCHAR(120)
)
AS
BEGIN
FOR
SELECT
TL.CODE_HORSE,
TRIAL.BYDATE,
H.NAME,
SF_SEC_TO_RACETIME(TL.TIME_PASSED_SEC) AS FRISK
FROM
TRIAL_LINE TL
JOIN TRIAL ON TRIAL.CODE_TRIAL = TL.CODE_TRIAL
JOIN HORSE H ON H.CODE_HORSE = TL.CODE_HORSE
WHERE TL.TIME_PASSED_SEC <= SF_RACETIME_TO_SEC(:A_MIN_FRISK)
AND TRIAL.CODE_TRIALTYPE = 2
AND H.CODE_BREED = :A_CODE_BREED
AND EXTRACT(YEAR FROM TRIAL.BYDATE) BETWEEN :A_YEAR_BEGIN AND :A_YEAR_END
INTO
CODE_HORSE,
BYDATE,
HORSENAME,
FRISK
DO
BEGIN
OWNERNAME = NULL;
SELECT
FARM. NAME
FROM
(
SELECT
R.CODE_FARM
FROM REGISTRATION R
WHERE R.CODE_HORSE = :CODE_HORSE
AND R.CODE_REGTYPE = 6
AND R.BYDATE <= :BYDATE
ORDER BY R.BYDATE DESC
FETCH FIRST ROW ONLY
) OWN
JOIN FARM ON FARM.CODE_FARM = OWN.CODE_FARM
INTO OWNERNAME;

SUSPEND;
END
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56 END
dyukiyg SF_RACETIME_TO_SEC BBISBIBaeT B CTPOKe ¢ HOMepoM 21:
WHERE TL.TIME_PASSED_SEC <= SF_RACETIME_TO_SEC(:A_MIN_FRISK)

OYeBHUHO 3TO YCJOBHE IIPOBEPSTCI MHOTOKPATHO [ Ka)KHOM 3amucH. MHOTOKpaTHOe
BBITIOJTHEHUH 3TOM QYHKITMM BHOCHUT CYII[eCTBEHHBIH BKJIaJl B 00Illee BpeMs BHIIIOJMHeHUs. Ecau
II0OCMOTPETh, Ha CaM BBI30B QYHKIIMH, TO MOYKHO 3aMeTUTh, UTO apIryMeHThI QYHKITUU He 3aBUCSAT
OT HUCTOYHHKA JAHHBLIX, TO €CTh 3HaueHWe (QYHKIIMM WHBAPHUAHTHO. ITO 0603HAUAET, UTO MBI
MO’KeM BBIHECTH €€ BBIUHCJIEHHWE 3a IIpejlesibl 3ampoca. TakuM 06pa3oM, MOXKHO IIeperrcaThb

HAIITy IIPOIeypy TaK:

1 CREATE OR ALTER PROCEDURE SP_SOME_STAT (
2 A_CODE_BREED INTEGER,
3 A_MIN_FRISK VARCHAR(9),
4 A_YEAR_BEGIN SMALLINT,
5 A_YEAR_END  SMALLINT
6)

7 RETURNS (

8 CODE_HORSE BIGINT,

9 BYDATE DATE,

10 HORSENAME ~ VARCHAR(50),

1 FRISK VARCHAR(9),

12 OWNERNAME ~ VARCHAR(120)

13)

14 AS

15 DECLARE TIME_PASSED NUMERIC(18, 3);

16 BEGIN

17 TIME_PASSED = SF_RACETIME_TO_SEC(:A_MIN_FRISK);

18 FOR

19 SELECT

20 TL.CODE_HORSE,

21 TRIAL.BYDATE,

22 H.NAME,

23 SF_SEC_TO_RACETIME(TL.TIME_PASSED_SEC) AS FRISK
24 FROM

25 TRIAL_LINE TL

26 JOIN TRIAL ON TRIAL.CODE_TRIAL = TL.CODE_TRIAL
27 JOIN HORSE H ON H.CODE_HORSE = TL.CODE_HORSE
28 WHERE TL.TIME_PASSED_SEC <= :TIME_PASSED

29 AND TRIAL.CODE_TRIALTYPE = 2

30 AND H.CODE_BREED = :A_CODE_BREED

31 AND EXTRACT(YEAR FROM TRIAL.BYDATE) BETWEEN :A_YEAR_BEGIN AND :A_YEAR_END
32 INTO

33 CODE_HORSE,

34 BYDATE,

35 HORSENAME,
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36 FRISK

37 DO

38  BEGIN

39 OWNERNAME = NULL;

40 SELECT

41 FARM. NAME

42 FROM

43 (

44 SELECT

45 R.CODE_FARM

46 FROM REGISTRATION R

47 WHERE R.CODE_HORSE = :CODE_HORSE
48 AND R.CODE_REGTYPE = 6
49 AND R.BYDATE <= :BYDATE
50 ORDER BY R.BYDATE DESC

51 FETCH FIRST ROW ONLY

52 ) OWN

53 JOIN FARM ON FARM.CODE_FARM = OWN.CODE_FARM
54 INTO OWNERNAME;

55

56 SUSPEND;

57 END

58 END

ITorrpoOyeM BBIIIOJTHUTH HAIIl 3aIIpOC C YUETOM U3MeHeHU M IIporeyphl SP_SOME_STAT:

SELECT COUNT(*)
FROM (
SELECT
CODE_HORSE,
BYDATE,
HORSENAME,
FRISK,
OWNERNAME
FROM SP_SOME_STAT(58, '2.00,0', 2020, 2023)
)i
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Current memory = 555293472
Delta memory = 288

Max memory = 555359872
Elapsed time = 0.134 sec
Buffers = 32768

Reads = 0

Writes = 0

Fetches = 124992

2.424 sec vs 0.134 sec - yCKOpeHHe CyI[eCTBeHHO. MOXXKHO JIU cIesaTh JIydlle. /laBaiiTe eIlé pas
3aIlyCTHUM CeaHC IIpoduarpoBaHusd. HOBBIN UeHTUPUKATOP ceaHca paBeH 6.

ITocMOTPUM CcTAaTUCTUKY PSQL:

SELECT
ROUTINE_NAME,
LINE_NUM,
COLUMN_NUM,
COUNTER,
TOTAL_ELAPSED_TIME,
AVG_ELAPSED_TIME
FROM PLG$PROF_PSQL_STATS_VIEW STAT
WHERE STAT.PROFILE_ID = 6;
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ROUTINE_NAME LINE_NUM  COLUMN_NUM COUNTER TOTAL_ELAPSED_TIME AVG_ELAPSED_TIME
SP_SOME_STAT 18 3 1 10955200 10955200
SP_SOME_STAT 40 5 240 3985800 16607
SF_SEC_TO_RACETIME 20 3 240 508100 2117
SF_SEC_TO_RACETIME 31 3 240 352700 1469
SF_SEC_TO_RACETIME 21 3 240 262200 1092
SF_SEC_TO_RACETIME 16 3 240 257300 1072
SF_SEC_TO_RACETIME 18 3 240 156400 651
SP_SOME_STAT 17 3 1 141500 141500
SF_SEC_TO_RACETIME 8 1 240 125700 523
SF_SEC_TO_RACETIME 17 3 240 94100 392
SF_RACETIME_TO_SEC 22 5 1 83400 83400
SF_SEC_TO_RACETIME 28 3 240 38700 161
SF_SEC_TO_RACETIME 10 1 240 20800 86
SF_SEC_TO_RACETIME 1" 1 240 20200 84
SF_SEC_TO_RACETIME 9 1 240 16200 67
SF_RACETIME_TO_SEC 6 1 1 7100 7100
SF_SEC_TO_RACETIME 7 1 240 6600 27
SF_RACETIME_TO_SEC 27 5 1 5800 5800
SF_RACETIME_TO_SEC 18 3 1 5700 5700
SF_SEC_TO_RACETIME 13 3 240 5700 23
ROUTINE_NAME LINE_NUM  COLUMN_NUM COUNTER TOTAL_ELAPSED_TIME AVG_ELAPSED_TIME
SF_RACETIME_TO_SEC 32 5 1 4600 4600
SP_SOME_STAT 39 5 240 4400 18
SF_RACETIME_TO_SEC 14 3 1 4300 4300
SF_RACETIME_TO_SEC 34 5 1 3500 3500
SF_RACETIME_TO_SEC 25 5 1 3300 3300
SF_RACETIME_TO_SEC 31 5 1 2900 2900
SF_RACETIME_TO_SEC 29 5 1 2800 2800
SF_RACETIME_TO_SEC 15 3 1 1600 1600
SF_RACETIME_TO_SEC 26 5 1 1000 1000
SF_RACETIME_TO_SEC 7 1 1 800 800
SF_RACETIME_TO_SEC 20 3 1 800 800
SF_RACETIME_TO_SEC 5 1 1 400 400
SF_RACETIME_TO_SEC 8 1 1 400 400
SF_RACETIME_TO_SEC 10 1 1 400 400
SF_RACETIME_TO_SEC " 1 1 400 400
SF_RACETIME_TO_SEC 12 1 1 400 400
SF_RACETIME_TO_SEC 16 3 1 400 400
SP_SOME_STAT 15 3 1 300 300
SF_RACETIME_TO_SEC 9 1 1 300 300

HauboJsibltee BpeMsi BHOCUT CcTpoka 18 B mpouenype SP_SOME_STAT - 3To cO6CTBEHHO Kypcop
BEpPXHero YpOBHS, HO 3TOT KypCOp OTKpPhIBAeTCd OJUH pas. 3eCh Ba)KHO OTMETUTh, YTO Ha 0011iee
BpeMsl H3BJIEUYeHUs BCeX 3alKced M3 Kypcopa BJIMAIT OIepaTOphbl BBIIIOJIHSEeMble BHYTPU
OIlepaTOPHOro 6JI0Ka 110 06pab0oTKU KaKA oM 3aIlCy Kypcopa, TO eCThb
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FOR
SELECT
DO
BEGIN
-- BCE 4TO BHINONHAETCA 3[eCb BIMAET HA BPeMA M3BJEYEHUA BCeX 3anuceil U3 Kypcopa

END

JlaBaliTe IIOCMOTPHUM, UTO BHYTPH 3TOro 6GJIOKa BHOCUT HauboJiee CYIleCTBEHHBIN BKJIaZ,. ITO
cTpouka HoMmep 40 mportemypbl SP_SOME_STAT, xoTopas BwI3bIBaeTcsa 240 pas. BoT comepKumoe
ollepaTopa KOTOPBIA BHI3BIBAETCH:

SELECT
FARM. NAME
FROM
(
SELECT
R.CODE_FARM
FROM REGISTRATION R
WHERE R.CODE_HORSE = :CODE_HORSE
AND R.CODE_REGTYPE = 6
AND R.BYDATE <= :BYDATE
ORDER BY R.BYDATE DESC
FETCH FIRST ROW ONLY
) OWN
JOIN FARM ON FARM.CODE_FARM = OWN.CODE_FARM
INTO OWNERNAME;

A Tellephb gaBayTe IJITHEM Ha ILIaH IporeRypsl SP_SOME_STAT:

SELECT CS.MON$EXPLAINED_PLAN
FROM MON$COMPILED_STATEMENTS CS
JOIN PLG$PROF_STATEMENTS S ON S.STATEMENT_ID = CS.MON$COMPILED_STATEMENT_ID
WHERE CS.MON$OBJECT_NAME = 'SP_SOME_STAT'
AND S.PROFILE_ID = 6;
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MONSEXPLAINED_PLAN:

Select Expression (line 40, column 5)
-> Sinqularity Check
-> Nested Loop Join (inner)
-> First N Records
-> Refetch
-> Sort (record length: 28, key length: 8)
-> Filter
-> Table "REGISTRATION" as "OWN R" Access By ID
-> Bitmap
-> Index "REGISTRATION_IDX_HORSE_REGTYPE" Range Scan (full match)
-> Filter
-> Table "FARM" Access By ID
-> Bitmap
-> Index "PK_FARM" Unique Scan
Select Expression (line 18, column 3)
-> Nested Loop Join (inner)
-> Filter
-> Table "TRIAL" Access By ID
-> Bitmap And
-> Bitmap
-> Index "IDX_TRIAL_BYYEAR" Range Scan (lower bound: 1/1, upper bound: 1/1)
-> Bitmap
-> Index "FK_TRIAL_TRIALTYPE" Range Scan (full match)
-> Filter
-> Table "TRIAL_LINE" as "TL" Access By ID
-> Bitmap
-> Index "FK_TRIAL_LINE_TRIAL" Range Scan (full match)
-> Filter
-> Table "HORSE" as "H" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan

Taxum o6pa30M IUIaH Hallero 3arrpoca:

Select Expression (line 4@, column 5)
-> Sinqularity Check
-> Nested Loop Join (inner)
-> First N Records
-> Refetch
-> Sort (record length: 28, key length: 8)
-> Filter
-> Table "REGISTRATION" as "OWN R" Access By ID
-> Bitmap
-> Index "REGISTRATION_IDX_HORSE_REGTYPE" Range Scan (full match)
-> Filter
-> Table "FARM" Access By ID
-> Bitmap
-> Index "PK_FARM" Unique Scan

Kak BUIUM ILIaH He caMbIi 3pPeKTUBHBIN. MCIIOIb3yeTess MHAEKC U1 QUIbTPAIlMU TaHHBIX, a
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IIOTOM COPTUPOBKAa IIOJy4eHHBIX Kiroyer u  Refetch. IlocmMoTpuM Ha  HHJEKC
REGISTRATION_IDX_HORSE_REGTYPE

SQL>SHOW INDEX REGISTRATION_IDX_HORSE_REGTYPE;
REGISTRATION_IDX_HORSE_REGTYPE INDEX ON REGISTRATION(CODE_HORSE, CODE_REGTYPE)

B wuHIeKkc BK/IHOYeHBI TOJBKO 10sig CODE_HORSE m CODE_REGTYPE, mosToMy He MOXKET OBITh
UCII0/Ib30BaHa HaBUTAIlW 110 MHEKCY [JI OIIpefiesIeHUs II0CIefHEN 3alluCH Ha 1aTy. [lonmpobyeM
C03JaTh JPYro¥ KOMIIOSUTHBIA MH/IEKC:

CREATE DESCENDING INDEX IDX_REG_HORSE_OWNER ON REGISTRATION(CODE_HORSE, CODE_REGTYPE,
BYDATE);

CHOBa BBIIIOJITHUM HaIlll 3alrpoc:

SELECT COUNT(*)
FROM (
SELECT
CODE_HORSE,
BYDATE,
HORSENAME,
FRISK,
OWNERNAME
FROM SP_SOME_STAT(58, '2.00,0', 2020, 2023)
)

Current memory = 554429808
Delta memory = 288

Max memory = 554462400
Elapsed time = 0.125 sec
Buffers = 32768

Reads = 0

Writes = @

Fetches = 124165

Ha BCSIKHUM corydalt IIPOBEePUM, UTO IIJIaH IPOIlelyphl U3MEeHUJICS.
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SELECT CS.MON$EXPLAINED_PLAN

FROM MON$COMPILED_STATEMENTS CS

WHERE CS.MON$OBJECT_NAME = 'SP_SOME_STAT'
ORDER BY CS.MON$COMPILED_STATEMENT_ID DESC
FETCH FIRST ROW ONLY;

MONSEXPLAINED_PLAN:

Select Expression (line 38, column 5)
-> Singularity Check
-> Nested Loop Join (inner)
-> First N Records
-> Filter
-> Table "REGISTRATION" as "OWN R" Access By ID
-> Index "IDX_REG_HORSE_OWNER" Range Scan (lower bound: 3/3, upper bound: 2/3)
-> Filter
-> Table "FARM" Access By ID
-> Bitmap
-> Index "PK_FARM" Unique Scan
Select Expression (line 16, column 3)
-> Nested Loop Join (inner)
-> Filter
-> Table "TRIAL" Access By ID
-> Bitmap And
-> Bitmap
-> Index "IDX_TRIAL_BYYEAR" Range Scan (lower bound: 1/1, upper bound: 1/1)
-> Bitmap
-> Index "FK_TRIAL_TRIALTYPE" Range Scan (full match)
-> Filter
-> Table "TRIAL_LINE" as "TL" Access By ID
-> Bitmap
-> Index "FK_TRIAL_LINE_TRIAL" Range Scan (full match)
-> Filter
-> Table "HORSE" as "H" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan

[Ja, 1aH cTtast sgydilie. Terrepb UCIIOJIbL3yeTCsd HaBUranud o uHaekcy IDX_REG_HORSE_OWNER ¢ Range
Scan. Ecii cpaBHUBAaTh BpeMs1 BEIIIOJIHEHHs, TO moayuum 0.134 cexkyHyz vs 0.125 cexyHz u 124992
vs 124165 d¢eryeir. ViydilleHHUS OYeHb He3HaydTeJbHOE. B MOpPHUHIUIIE OTHOCHUTEJIHHO
M3Ha4aJIbHOTO BapHaHTa Hallla IIpolie/iypa yKe cTajia 6picTpee B 19 pas, 103TOMYy OIITUMH3AIIHIO
MO>KHO 3aKOHYUTE.
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Chapter 12. 3akntoueHune

Ha sTtoMm 0630p HOBHHOK Firebird 5.0 okoHueH. Pazpa6oTunku Firebird mpopesiaju orpoMHYI0

paboTy, 3a UTO UM OTPOMHaAsI 6J1ar0JapHOCTb.

Tectupyiite Release Candidate 1 roToBbTeCh K MUrpaniuu Ha Firebird 5.0.
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