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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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Tembl Posigres

[TocnegoBarenbHOe CKaHWpOBaHUe (Seq Scan)
CkaHupoBaHue HHjiekca (Index Scan)
CkaHupoBaHHe 110 6uToBoii Kapte (Bitmap Scan)
CkaHrpoBaHue To/ibKo nHAekca (Index-Only Scan)

CpaBHeHue 3((eKTUBHOCTA METOZIOB /I0CTyTIa
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Seq Scan Pos{gres

[TocnenoBare/ibHOe UTeHHE BCEX CTPaHUI]

CTpPaHULIbI YUTAIOTCS B Kelll
TIPOBEPSIeTCS BUAUMOCTD BEPCHI CTPOK

JlAaHHBIe BO3BPAILlAIOTCsl B TIPOM3BOJIHOM TOPsiKe

BpeMsi CKAHUPOBaHMSI 3aBUCHUT OT (hr3ruecKoro pamepa (aiina

HeakTyasibHast
Bepcus
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B pacnopsxeHun ontumMmsaTopa MMeeTcsa HeCcKkosibko CnocoboB focTyna
K AaHHbIM. CaMblii MPOCTON U3 HUX — nocnefoBaTesibHOE CKaHNPOBaHNe
Tabnuubl. ®aiin (Mnn dpaiinbl) OCHOBHOIO €108 TabNuLbl YUTaeTCs
MOCTPaHMYHO OT Havasia Ao KoHua. HanoMHUM, YTO YTEHME NPOUCXOANT
yepes dyepHsbIn Kew (A1 BPEMEHHbIX TabnuL, — Yepes fIoKasibHbIN Kell
ceaHca).

MNocnegoBaTenbHOE YTeHue haitna no3BosISIET UCMONb30BaTL TOT (PaKT, UTO
onepauyuoHHas cucTema 06bIMHO YATAET AaHHbIe NOPLUSMU GOMLLUUMA, YEM
pasmep CcTpaHuLbl — ¢ 60MbLUIOI BEPOSITHOCTLIO HECKO/TLKO CNEeayoLLnX
CTpaHuL, yxxe okaxyTcs B Kelle OC.

NocnepoBarenbHOe ckaHMpoBaHe adPekTUBHO paboTaeT, korga Hazo
npoynTaTb BCHO TabmLy UM 3HaUNTENbHYIO ee YacTb (eC/iv CeNeKTUBHOCTb
YCNOBUSA HU3KA).

Mpu nocnegoBare/ibHOM CKaHUPOBaHUN Ha KaXXA0M CTpaHuue
paccMaTpuBaloTCA BCe BEPCUN CTPOK — B TOM YUC/IE N HeaKTyaslbHble
(MepTBbI€) BEPCUN, KOTOPbIE eLle He yaareHbl Npoueaypor OUNCTKN
(npoueccom aBToounCTKK). Ecnun B doaiinax Tabnumupbl OCTaeTcst MHOMO
MePTBbIX, HO He BblYMLLLEHHbIX BEPCUIA CTPOK, 3TO ByAeT NPUBOAUTL

K 3aMe[/1IeHNI0 CKOPOCTMN paboThbl NOCNef0BaTeNlbHOr0 CKaHNPOBaHMS.
B 4acTHOCTK NOSTOMY CBOEBPEMEHHOE BbINO/IHEHMNE OUNCTKA MOXET
CYLECTBEHHO YCKOPUTb BbIMO/THEHNE HEKOTOPbLIX 3arpoCoB.

MoapobHee Npo BePCUN CTPOK, CHUMKN AaHHbIX N OUNCTKY HEHY)XXHbIX
BEpCUii CTPOK paccka3aHo B kypce DBAZ2.

https://postgrespro.ru/docs/postgresqgl/16/mvcc
https://postgrespro.ru/docs/postgresqgl/16/sgl-vacuum




ITocniegoBarTenbHOE CKaHHpPpOBaHHe

B nnaHe BHITONIHEHUS 3allpoca MI0CJieoBaTeIbHOe CKaHUPOBaHUE IIPEACTaBIEHO y37IoM Seq Scan:

=> EXPLAIN (buffers) SELECT * FROM flights;

QUERY PLAN
Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
Planning:
Buffers: shared hit=109 read=2
(3 rows)

B ckoGKax IIpUBENEHBI BaXXHbI€ 3HAYEHUA:

e COSt — OIlleHKa CTOMMOCTH;
e rows — OIleHKa 4HCJla CTPOK, BO3BpalllaeMHIX ollepaluei;
e width — omeHKa cpefiHero pasMepa OJHOM CTPOKH B GaiTax.

CTOUMOCTh YKa3bIBaeTCA B HEKOTOPHIX YCIIOBHBIX €JUHUIIaX U COCTOUT U3 IBYX KOMIIOHEHT.

HepBoe YHCJIO IIOKA3bIBA€T HAa4YaJIbHYI0 CTOMMOCTE BBEIYHUCJIEHUA y3Jia. Il mocefgoBaTeIbHOT O CKaHHMPOBaHUA 3TO HOJIb —
4yTOOBI HAa4YaTh BO3BpalllaTh JaHHEBIE, HUKaAKOM IMOATOTOBKYU He TpeﬁyeTc;{.

BTopoe YHUCJIO IMTOKa3bIBAET IMOJIHYIO CTOMMOCTE IIOJIy4YEHHS BCeX NJaHHBIX.

Kaxk cuuTaeTcs mojHasi CTOUMOCTh?

OHTI/IMI/I3aT0p PostgreSQL Y4YHUTEIBA€T BBOA-BEIBOO U PECYPCEHI IIpOoLieccopa. CocraBsiolasi BBOJa-BEIBOIa PaCCUUTEIBAETCA
KakK IIpou3BeNeHNe YucCjia CTPaHUull B Ta6nnue u yCHOBHOfI CTOUMOCTHU YTEHUS OOHOM CTPaHHULIBI:

=> SELECT relpages, current_setting('seq_page_cost'),
relpages * current_setting('seq_page_cost')::real AS total
FROM pg_class WHERE relname = 'flights';

relpages | current setting | total

2624 | 1 | 2624
(1 row)

CocTaBsIoIIas pecypcoB IPOIeccopa CKIAagEIBAETCS U3 CTOMMOCTH 06paGOTKY KaXKIOH CTPOKHU:

=> SELECT reltuples, current_setting('cpu_tuple_cost'),
reltuples * current_setting('cpu_tuple_cost')::real AS total
FROM pg_class WHERE relname = 'flights"';

reltuples | current setting | total
___________ e T T ey,

214867 | 0.01 | 2148.67
(1 row)

ITocnemoBaTe/IbHOE CKAHUPOBaHUE H MEPTBHIE BEPCHH CTPOK

COBHa]II/IM KOITUIO Ta6J'II/I].II:I ﬂightS, OTKJIIOYUB OJId HE€ aBTOOYHUCTKY, YTOOBI MepTBBIE€ BEPCHUU CTPOK HE YOAJIAIUCH
AaBTOMATHU4YECKH:

=> CREATE TABLE flights_copy
WITH (autovacuum_enabled = false)
AS SELECT * FROM flights;

SELECT 214867
U npoBepuM pa3Mep MOIyUEeHHOU TabJIUITEL:
=> SELECT pg_size pretty(pg_total_relation_size('flights_copy'));

pg size pretty

Y@manum Bce CTPOKY U3 9TOM TaOIUIIEL:

=> DELETE FROM flights_copy;



DELETE 214867

MepTBEIe BEPCUU CTPOK OCTAHYTCS B (aiine Tabmuibl no 6iukaiie 04uCTKY, II03TOMY pa3Mep TabJIUIlbl OCTaHETCS
TIPEKHUM:

=> SELECT pg_size_pretty(pg_total_relation_size('flights_copy'));

pg size pretty

ITony4yuM m1aH 3anpoca c napaMerpaMmu analyze u buffers — o6paTuTte BHUMaHNe Ha KonudecTBO cTpanull B Buffers u
CTOUMOCTE:

=> EXPLAIN (analyze, buffers, timing off)
SELECT count(*) FROM flights_copy;

QUERY PLAN

Aggregate (cost=3968.80..3968.81 rows=1 width=8) (actual rows=1 loops=1)

Buffers: shared hit=2624

-> Seq Scan on flights copy (cost=0.00..3699.84 rows=107584 width=0) (actual rows=0
loops=1)

Buffers: shared hit=2624

Planning:

Buffers: shared hit=4 read=2
Planning Time: 2.146 ms
Execution Time: 13.085 ms
(8 rows)

IIpouuTaHo 60Jlee ABYX THICSIY CTPAHMUII.

OuncTuM TabNUIly BPYYHYIO U CHOBA IIPOBEPUM pa3Mep TaONIUIIEL:

=> VACUUM flights_copy;

VACUUM

=> SELECT pg_size_pretty(pg_total_relation_size('flights_copy'));

pg _size pretty

MepTBEIe BEPCUU CTPOK yOaJleHEl, pa3Mep TabnuIsl yMeHbInuics. CHOBa IIOJIyYUM IIJIaH 3aIlrpoca:

=> EXPLAIN (analyze, buffers, timing off)
SELECT count(*) FROM flights_copy;

QUERY PLAN

Aggregate (cost=0.00..0.01 rows=1 width=8) (actual rows=1 loops=1)

-> Seq Scan on flights copy (cost=0.00..0.00 rows=1 width=0) (actual rows=0 loops=1)
Planning:

Buffers: shared hit=2
Planning Time: 0.087 ms
Execution Time: 0.028 ms
(6 rows)

Tabmuia IIyCTa — He IIPOYUTAaHO HU omHOU BEPCHUU CTPOKH, CTOUMOCTS IIJIaHa MHHHUMaAaJIbHAa.

Bpewmsi, 3aTpaueHHOe Ha 00paboTKy HeaKTyaIbHEIX BEPCUM CTPOK, MOXKET OBITh CYIIECTBEHHEIM I TabIull 60IbIIero
pas3mepa.

=> DROP TABLE flights_copy;

DROP TABLE
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MaccoBoe BbITECHEHUE Posigres

shared_buffers
A

6ychepHoe konbLo (32 cTpaHuLbl)

| [ | | | L 1 L] L]
npouecc npouecc
npucoeauHucs cKaHupyeT
K KOnbLy Tabnmuy

[Mpu nocnegoBareslbHOM CKaHMPOBaHUM Yepe3 bydiepHbIin kel NpoxXoanT
60/1bLLIOE KOMMYECTBO CTPaHuL, C «0AHOPAa30BbIMU» AAaHHbLIMU, KOTOPbIE
MOTYT BbITECHATbL MOJIE3HbIE CTPaHULbI U3 BydoepoB. UTo6bI 3TOro He
MPOUNCXOANIIO0, NCMOJb3YIOTCA Tak Ha3biBaemble OydhepHble KosbLia.

[na nocneposaTenibHOro YteHust 60MbLLION Tabnuubl (pasMmep KOTOPOW
NpeBbIWaeT YeTBepTb Oy(hepHOro Kella) U3 BCEero Kella 1crnosb3yTcs
TOMbKO 32 CTpaHuUbl, B Npeaenax KoTopbiX AeACTBYET BbiTecHeHue. Mpn
9TOM OCTa/lbHble faHHble B Bythepe He cTpajator.

Ecnn B npouecce YTEHNA MEHAKTCA GUTbI-NOACKA3KN UM camMu OaHHbIe,
NosABNAETCA rpsA3Hblin Bydpep. Takoil bydoep oTuennseTcsa oT Konbua 1 byaer
BbITECHEH Ha O6LLMX OCHOBaHUAX, a B KOMbLO A06aBnsieTcst HoBbI bydep.
Takasi cTpaTerusi paccumTaHa Ha TO, YTO B OCHOBHOM [ @aHHbl€ YMTaloTCS,

a He MeHsTCS.

Ecnu B npouecce YTeHus Tabnvupbl ApyroMy npoLeccy noTpedytoTcs Ta xe
Tabnuua, OH He HauYMHAET unTaTb €€ C Ha4Yasla, a NoAK/IYaETCA K
nMeroLLiemycs 6ydoepHOMY KonbLly. Mocne OKoHYaHWs CKaHUPOBaHUS
NpoLecc A0YMTbIBAET «MNPonyLeHHOEe» Havasio Tabmupbl.

Mpn paboTe ¢ BpeMeHHbIMU Tabmuamm Yepes /1okasibHblii Kell MexaHu3am
6ydepHbIX KONeL, He NCMosb3yeTcs.



MaccoBoe BbITECHEHHEe

C6pocuM TeKylire 3HaYEeHUsI CTaTUCTUKYU BBOAA-BEIBOAA:
=> SELECT pg_stat_reset_shared('io');

pg stat reset shared

IIpouuTaeM Bce CTPOKM U3 TAOIUILI, pa3Mep KOTOpoi Gomnbine yetBepTu shared buffers:

=> EXPLAIN (buffers, analyze, costs off)
SELECT * FROM tickets;

QUERY PLAN
Seq Scan on tickets (actual time=0.020..310.464 rows=2949857 loops=1)
Buffers: shared hit=32 read=49383
Planning:
Buffers: shared hit=59 read=1
Planning Time: 0.259 ms
Execution Time: 418.110 ms
(6 rows)

IIpountano 49415 crpanHut.
HaxkonneHHy10 CTaTUCTUKY IOKa3bIBaeT IIpefcTaBjieHue pg stat io:

=> SELECT reads, hits, reuses

FROM pg_stat_io

WHERE context = 'bulkread' -- ckaHupoBaHue Gonbumx Tabnuy
AND object = 'relation’

AND backend_type = 'client backend';

reads | hits | reuses
_______ e
49383 | 32 | 49351
(1 row)

Bcero 6nu10 mpouuTano (reads) 49415 crpanut, u3 HuX (reuses) 49351 cTpaHuIl OBIIM 3aTrPy?KEHEBI B KEIII C BHITECHEHUEM.
TakuMm 06pa30oM, [AJisi CKAHUPOBAHUS KCIIOJIH30BaJIOCh OydepHoe Kobilo padMmepoMm 49415 — 49351 = 64 cTpaHULHL.

CHoBa cOpPOCUM CTAaTUCTUKY ¥ IIOBTOPHO 00PaTUMCS K TOH ke Tabnuie:
=> SELECT pg_stat_reset_shared('io');

pg stat reset shared

=> EXPLAIN (buffers, analyze, costs off)
SELECT * FROM tickets;

QUERY PLAN
Seq Scan on tickets (actual time=0.019..307.131 rows=2949857 loops=1)
Buffers: shared hit=64 read=49351
Planning Time: 0.050 ms
Execution Time: 406.655 ms
(4 rows)

=> SELECT reads, hits, reuses

FROM pg_stat_io

WHERE context = 'bulkread' -- ckaHupoBaHue 6Gonbwmux Tabnuy
AND object = 'relation’

AND backend_type = 'client backend';



reads | hits | reuses

Teneps BUANM, 9TO 32 CTPaHUIIL YK€ HAXOAMINCH B Kellle Iocye npountoro ureHus (hits), Tak 94To cepBepy IpHUIIIOCH
npouuTaTh ocTaBinuecs 49351 crpanull (reads), u IpU 3TOM U3 Kellla BEITeCHUIOCH 49319 cTpanuil (reuses). CHoBa pa3Mep
Konbla coctapnsieT 49351 — 49319 = 32 6ydepoB, HO B HUX y2Ke HAaXOOUIIUCH APyTHEe CTPAHUIIE], a He Te, UYTO

KCIIOIb30BAJIUCE B [TIEPBLIM pPas.
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B-pnepeBo Pos{gres

NHpekc

BCIIOMOrarTe/ibHasl CTPYKTypa BO BHeIlIHel namsTy
COTIOCTaB/ISIeT K/IFOUU U UeHTU(PHUKATOPBI CTPOK TabULIBI

YCTpOMCTBO: /IepeBo ToUCKa

c6aaHCUpOBaHHOE

CWIbHO BETBHCTOE

TOILKO COPTHPYeMbIe TUIIbI JAHHBIX (OTeparluu «0o/bliie», «MeHbIIIe»)
pe3y/bTaThl MOKMCKa aBTOMATHUeCKH OTCOPTUPOBAHbI

Ncnonb3oBanue

yCKOpeHuUe I0CTyTa
TIOZ/IepyKKa OrPaHUUeHU 1[e/I0CTHOCTH

B aToi1 Teme Mbl Byaem paccmMaTpuBaTb TO/IbKO OANH U3 AOCTYMHbIX

B PostgreSQL T1noB nHaekcos: B-gepeso (B-tree). 310 Hanbosnee yacto
NPUMEHSIIOLWLMNIACA Ha NPaKTUKe TUN UHAEeKca. HekoTopble aApyrue Turbl
NHOEKCOB pacCMOTPEHbI fasiee B 3TOM Kypce B TemMe «TuMbl NHAEKCOB».

Kak n Bce nHgekcol B PostgreSQL, B-aAepeBo ABNSETCHA BTOPUYHOM
CTPYKTYPOI — MHOEKC HE COAEePXMUT B cebe HMKakon nHdhopmaunm, KoTopyto
Henb3s 6b110 6bl NOYYNTb U3 camoi Tabnnupl, ogHaKo 3aHUMaeT
[OMONHUTENBLHOE MECTO Ha AUCKe. HAEeKC MOXHO yAasiTh U nepeco3faTh.
NHAEKCHI HYXXHbI AN1S YCKOPEeHUsA onepaunii, 3aTparmsaroumx Heb6obLuyto
4acTb TabNuLbl: BbIOOPKM MasIoro KosimyecTsa CTPOK, a Takke NoAnepyKKu
orpaHMyeHuni LeNnoCcTHOCTU (NEPBUYHBIX U YHUKASIbHBIX K/THOUeit).

NHAekcbl conocTaBnAT 3HAaYeHNs NMPOMHAEKCUPOBaHHbIX Mosen (Koum
noncka) n naeHTUguKaTopbl CTPOK Tabnuuybl. [na atoro B HAekce B-tree
CTpOUTCS YNopsifA0HeHHOEe AepeBo KNYel, B KOTOPOM MOXHO ObICTPO HaNTK
HY>XHbI/ K04, @ BMECTe C HUM — U CCbIJIKM Ha BEPCUN CTPOK.

Ho npouHaekcnpoBaTb MOXHO TOSIbKO AaHHbIe, AonycKarowme COpTUPOBKY
(AomkHbI 6bITb ONPeAeneHsbl onepaumn «6onbLue», «MeHbLLE»). Hanpumep,
ynucna, CTPOKM M Aatbl MOTYT ObITb MPOMHAEKCUPOBAHbI, & TOYKN Ha
MNNIOCKOCTM — HET (ANA HUX CYLLLECTBYIOT Apyrve Tunbl MHAEKCOB). Mpun
NHOEKcaunmn TEKCTOBbIX CTPOK HYXXHO YUYMTbIiBaTb OCOOGEHHOCTY NpaBun
copTupoBkM (nogpobHee cMm. kypc DBA2, Tema «Jlokanmsauus»).

OcobeHHOCTAMN B-aepeBa sBMseTcAa ero cbaiaHCMpPOBaHHOCTb
(nocTosAHHaA rnybuHa) n cunbHaa BETBMCTOCTb. XOTS pasmep Aepesa
3aBUCUT OT NPOUHAEKCUPOBAHHbIX CTO/IOL0B, HA NPaKTuKe AepeBbsA 0ObIYHO
NMET rNyOuHY He 6onblue 4-5.
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B-pnepeBo Pos{gres

TabnuyHble
! CTpaHuLbl

NULL

B BepxHeii yactu cnaliga npvueeaeH npumep B-aepesa. Ero ctpaHulpbi
COCTOSAT N3 UHAEKCHbIX 3anuceit, kaxaast U3 KOTOPbIX COAEPXUT:

* K/I04 — 3HAa4YeHUs1 CTONBOLOB, N0 KOTOPbIM NOCTPOEH NMHAEKC (Takme
CTONOLbI HA3bIBAKOTCA K/1HOYEBLIMU);
* CCbI/IKY Ha ApPYrylo CTpaHULy MHAeKca Un CCbINIKM Ha BEPCUN CTPOK.

BHYTpK CTpaHuLbl KouM BCerga ynopsioyeHsi.

Jlucmosble cmpaHuyb! CCbINATCA HENOCPEACTBEHHO Ha Tab/inyHble
BEPCUN CTPOK, CoAepXalime Kum MHAEKCUPOBaHUS. DTN CTpaHuLbl
CBs3aHbl AByHanpaB/IeHHbIM CMUCKOM, YTOObI 6bI/10 YA0OHO nepebupartb
KNHo4UM B NopsgKe Bo3pacTaHUsa Unmv yobiBaHUS.

BHympeHHue cmpaHuybl CCbINTAKTCS Ha HKeNexaltlme cTpaHuubl MHAEKCA,
a 3Ha4YeHUs K/IKYel onpeaensioT AnanasoH 3Ha4YeHui, KOTOpble MOXHO
06HAPYXWUTb, CMYCTUBLUUCH MO CChIJIKE.

BepxHsisi cTpaHuUa AepeBa, Ha KOTOPYIO HET CCbINOK, HA3bIBAETCS KOPHEM.

NHAEeKCcHasn cTpaHmua MOXET ObITb 3anosiHeHa YactuyHo. CBobogHoe
MECTO MCNosb3yeTcs A1 BCTaBKU B MHAEKC HOBbIX 3anuceil. Ecnu xe Ha
CTpaHuLEe He XBaTaeT MecTa — OHa Pas3feNsieTcs Ha ABE HOBbIX CTPaHWLbI.
PazfenuBLUNECS CTPaHULIbI HUKOTAA He 06bEAVHSIOTCS, U 3TO B HEKOTOPbIX
C/lydasix MOXeT NPMBOAMTL K paspacTaHuio UHAEKCA.

Mo ymMOn4YaHuIo cumMTaeTcs, 4To HeonpeneneHHble 3Ha4YeHUs «60onbLLe»
00ObIYHbIX, N OHN XPAHATCA B AepeBe cnpasa. ITOT NOPAL0K MOXHO
N3MEHUTb NMPU Co34aHnnN NHAEKca ¢ nomoubio npeanoxeHnin NULLS LAST
n NULLS FIRST.
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Index Scan: 0HO 3HAaYeHne Pos{gres
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PaccMoTpuM, Kak NPoMcxXoamuT NOUCK OHOr0 3HAYEHWS C MOMOLLbIO
MHAaeKca. Hanprmep, Ham HY)XHO HaliTK B TabnuLe CTPOKY, B KOTOPOI
3HauYeHMe NPOUHAEKCMPOBAHHOIO CTOM6LIA PABHO YETHIPEM.

HaunHaem c KopHS aepeBa. MHAEKCHbIE 3ancn B KOPHEBOW CTpaHuLe
onpeaenstoT AnanasoHbl 3HAYEHWIA KITOYEN B HMKenexawmx cTpaHmuyax:
«0T 1 10 9» 1 «9 1 6onblue». Ham noaxoanT avanasoH «oT 1 A0 9», UuTo
COOTBETCTBYET CTPOKE C K/1lo4oM 1. 3aMeTuM, UYTO K/1KUUM XpaHATCA
ynopsa404eHHo, cnegoBaTesibHO, MOUCK BHYTPU CTPaHULUbl BbINOSTHAETCS
O4YeHb 3(PPEKTMBHO.

Ccbl/ika N3 HalgeHHo 3annucy NPUBOANT HaC K CTpaHuLLEe BTOPOro YPOBHS.
B Heil Mbl Haxo4MM AuanasoH «oT 3 0o 6» (kiy 3) U nepexoanm
K CTpaHuLe TPETbEro YPOBHA.

JT1a cTpaHuua ABNSAETCA NIMCTOBON. B HEM Mbl HAXOAUM K04, paBHbIn 4,
N NEePexXoAnM Ha CTpaHuLy Tabnmupl.

3ameTbTe, YTO K/1HUM MOTyT NOBTOPSATLCS, MPUYEM [laxe B YHUKaSIbHOM
MHAeKce: n3-3a paboTbl MexaHN3Ma MHOTOBEPCMOHHOCTM MOTYT BO3HMKATb
pa3Hble BEPCUM OFHOW 1 TOI Xe CTPOKM. [/151 3KOHOMUM MecTa Koun
XPaHATCA B MHAEKCHOW CTpaHuLLe B OIHOM 3K3eMnssipe.

[Mpexae yem BEepHYTb HaVI,D'eHHbIe BepPCuMUn CTPOK, HeO6XO,Cl,I/IMO NPOBEPUTDL
nxX BMAMMOCTb.

Ha nnnoctpaumsax LBeTOM BblAes1IeHbl 3anncu 1 CTpaHuLbl, KOTopble
noTpeboBasioCb NpovnTaTsb.



CkaHHpoOBaHHE HHIEKCa
PaccmotpuM Tabnuily 6pOHUPOBaHUMN:
=> \d bookings

Table "bookings.bookings"

Column | Type | Collation | Nullable | Default
-------------- e e i e L
book ref | character(6) | | not null |
book_date | timestamp with time zone | | not null |
total amount | numeric(10,2) | | not null |
Indexes:

"bookings pkey" PRIMARY KEY, btree (book ref)
Referenced by:

TABLE "tickets" CONSTRAINT "tickets book ref fkey" FOREIGN KEY (book ref) REFERENCES
bookings (book ref)

Cromnben book ref siBnsieTcst IepBUYHEIM KITIOUOM U [JIsT HET'O aBTOMAaTHYECKHU OBLI cO3[aH uHOeKC bookings pkey.
TIpoBepuM IIJIaH 3aIIpPoca C ITOMCKOM OQHOT'0 3HAUEHUS:
=> EXPLAIN SELECT * FROM bookings WHERE book_ref = 'CDE08B';

QUERY PLAN

Index Scan using bookings pkey on bookings (cost=0.43..8.45 rows=1 width=21)
Index Cond: (book ref = 'CDEO8B'::bpchar)
(2 rows)

BriGpan meton goctyma Index Scan, yKa3aHo HMs UCIIOJIb30BAHHOT'0 HHAEKCA. 3Hech obpalieHre K UHAEKCY, U K TaGiIuie
MIPEeOCTaBIeHO OOHUM y3JI0M IjlaHa. CTPOKOM HMXKe YKa3aHO yCIIOBUE JOCTyIIa.

HauanpHas CTOMMOCTH UHIEKCHOTO JOCTYyIIa — OLIEHKAa PECYPCOB [JIS CIIyCKa K JINCTOBOMY y3/1y. OHA 3aBUCHUT OT BBICOTEI
nepesa. [Ipy OIleHKE CUUTAETCS, YTO HEOOXOOUMEIE CTPAHUIIEI OKAXKYTCS B KEIlle, ¥ OLIEHUBAIOTCS TOJIBKO PECYPCHI
mpoueccopa: nudpa nonydaeTcs HeGOIbIIOH.

TTonmHast CTOMMOCTh noﬁaan{eT OLIEHKY YTeHUusd HeO6XOHI/IMI)IX JIMCTOBBIX CTPAHUI] UHOEKCa U TaOITUYHBIX CTPaHHUII.

B maHHOM cily4dae, ITOCKOJIBKY WHAEKC YHUKAJIbHBIM, MOEIb PACCYUTHIBAET HA TO, YTO OyAEeT IPOYNTaHa OOHA HHAEKCHAsS
cTpaHuIa u ogHa TabnuyHas. CTOMMOCTh KaXXKA0T0 U3 YTEHUM OIeHUBAETCS IapaMeTpoM random page cost:

=> SELECT current_setting('random_page_cost');

current_setting

Ero 3HaueHue oObIYHO 0OJIBINE, YEM S page cost, MTOCKOJIbKY IPOU3BOIBHEIN NOCTYI CTOUT JOPOXKe (XOTs gt SSD-
IKMCKOB 9TOT IIapaMeTp CJIeAyeT CYLIeCTBEHHO YMEHbIIUTE).

Hroro nonyyaeMm 8, u elre HEMHOI0 f00aBJIsieT OIleHKa IIPOIIECCOPHOI0 BpeMeHH Ha 00paboTKy CTPOK.

B CTPOKe Index Cond mmaHa YKa3bIBalOTCs TOJIBKO T€ YCJIOBHA, II0 KOTOPEIM IIPOUCXOOUT o6pameHHe K UHOEKCY Uin
KOTOpPEBIE MOT'YT OBITD IIPOBEPEHEI Ha YPOBHE MHEKCA.

[lomomHUTEILHEIE YCIIOBUS, KOTOPEIE MOXKHO IIPOBEPUTH TOJIBLKO II0 Tabuie, 0ToOpakamTcs B OTOeIbHOU cTpoke Filter:

=> EXPLAIN
SELECT * FROM bookings
WHERE book_ref = 'CDEO8B' AND total_amount > 1000;

QUERY PLAN
Index Scan using bookings pkey on bookings (cost=0.43..8.45 rows=1 width=21)
Index Cond: (book ref = 'CDEO8B'::bpchar)
Filter: (total amount > '1000'::numeric)
(3 rows)
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Index Scan: gnanasoH Posigres
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B-AepeBo no3BonsAeT appekTMBHO UCKaTb HE TOMLKO OTAENbHbIE 3HAYEHNUS,
HO 1 AnanasoHbl 3Ha4YeHWI (MO YCNOBUAM «MEHbLLE, «B0/bLUE», KMEHbLLE
NN paBHO», «BOMbLUE UM PaBHO», a TaKke «between»).

BoT kak aTto npoucxoamt. CHavana Mbl ULLEM KPaNHWA KoY YC0BUS.
Hanpumep, ansa ycnosusi «oT 4 0 9» Mbl MOXEM BblOpaThb 3Ha4YeHne 4
nnn 9, a onsa ycnosusa «MeHbLle 9» Haao B34Tb 9. 3aTtem cnyckaemcs o
NINCTOBOW CTpaHuULbl MHAEKCA Tak, Kak Mbl pacCcMaTpuBain B NpeabiayLem
npumepe, N Noayyaem nepeoe 3HavyeHne 13 Tabnmubl.

[lanblie ocTaeTcst ABUraTbCs MO IMCTOBLIM CTpaHMLAaM UHAeKca BNpaBo
(wnun BNEeBO, B 3aBUCUMOCTY OT YC/I0BUST), Nepebupast 3annucu aTnux cTpaHul,
[10 TEX MOp, NoKa Mbl He BCTPETUM K/1Ho4, BbiNagatoLmii U3 ananasoHa.

Ha cnaiie nokasaH npumep rnomcka sHadyeHuin no ycnosuo «x BETWEEN
4 AND 9» nnu, 4yto Toxe camoe, «x >= 4 AND x <= 9». CnyCTMBLUUCH

K 3Ha4YeHuto 4, Mbl 3aTeM nepebdupaem kwoum 5, 6, n Tak ganee go 9.
BcTpeTuB ko4 10, npekpallaem Nouck.

Hawm nomoraloT gBa CBOWCTBA: ynopAg04eHHOCTb K/1touen Ha Bcex
CTpaHnuax n CBA3aHHOCTb JINCTOBbIX CTPpaHUL, AByHalrpaB/1€HHbIM CMNCKOM.
Pe3ynbTar noncka aBTomMmaTuyecku nonyyaeTcs OTCOPTUPOBaHHbIM.

O6paTuTe BHUMaHWe, YTO K OAHO 1 TOW Xe Tab/INYHON CTpaHuLUe HaMm
NpuLWNoCh obpalartbCa HECKOMbKO pa3. Mbl npoynTanu NepByto CTpaHuLy
Tabnnuybl (3HaYeHne 4), 3atem nocnefHioro (Toxe 4), 3atemM onATb NepByto
(5), 3arem onATb NocneaHow (6) 1 Tak gasnee.



ITouck mo puana3ony

Mt mosydaeM JaHHBIe U3 MHEKCa, CIIyCKasiCh OT KOPHS [iepeBa K JIEBOMY JINCTOBOMY y3JIy U IIPOXOAs IO CIIUCKY JIMCTOBBIX
crpaHull. IToaToMy HHIEKCHOe CKaHUpOBaHUe BCerfa Bo3BpalllaeT JaHHBEIE B TOM IIOPSAMKE, B KOTOPOM OHU XPaHSATCS B
IlepeBe MHAEKCA U KOTOPHIM ObUT YKa3aH NIPU eT0 CO3[aHUHU:

=> EXPLAIN (costs off)

SELECT * FROM bookings

WHERE book_ref > '000900' AND book_ref < '000939'
ORDER BY book_ref;

QUERY PLAN
Index Scan using bookings pkey on bookings
Index Cond: ((book ref > '000900'::bpchar) AND (book ref < '000939'::bpchar))
(2 rows)

ToT xKe caMbli HUHOEKC MOZKEeT UCIIOJIb30BAaThCA U OJIA IIOJIyYEeHHA CTPOK B 06paTHOM IIopsigKe:

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)
SELECT * FROM bookings

WHERE book_ref > '000900' AND book_ref < '000939'

ORDER BY book_ref DESC;

QUERY PLAN
Index Scan Backward using bookings pkey on bookings (actual rows=5 loops=1)
Index Cond: ((book ref > '000900'::bpchar) AND (book ref < '000939'::bpchar))
Buffers: shared hit=4 read=1
Planning:
Buffers: shared hit=12
(5 rows)

B stom CJIy4dae MEI CIIyCKaeMCs OT KOPHS JepeBa K IIPAaBOMY JIMCTOBOMY Y3JIy U IIPOXOOUM IIO CIIMCKY JIMCTOBBIX CTPAHUIT B
o6paTHyIo cTopoHy. O6paTuTe BHUMaHUe Ha KojnudecTBO cTpanull (Buffers), koTopoe moTpe6oBaiochk IPOYUTATE.

CpaBHUM IIOKCK II0 fHaNa30Hy C IOBTOPSAIOIIMMCS ITIOMCKOM OTHENbHEIX 3HaUueHuH. [1oJIyduM TOT Ke pe3yNbTaT C IIOMOIIBI0
KOHCTPyKIuu IN, ¥ MOCMOTPHUM, CKOJIBKO CTPAHHUI] IOTPeOOBAJIOCh IPOYUTATh B 3TOM CIIydae:

=> EXPLAIN (analyze, buffers, costs off)

SELECT * FROM bookings

WHERE book_ref IN ('000906','000909','000917','000930','000938")
ORDER BY book_ref DESC;

QUERY PLAN

Index Scan Backward using bookings pkey on bookings (actual time=0.038..0.053 rows=5
loops=1)
Index Cond: (book ref = ANY ('{000906,000909,000917,000930,000938}'::bpchar[]))
Buffers: shared hit=24
Planning Time: 0.075 ms
Execution Time: 0.064 ms
(5 rows)

KonuuecTtBo CTPAHUI] YBEJIMUUJIOCEH, IIOCKOJIBKY B 3TOM CJIy4dae IIPUXOJUTCA CIIyCKAaTbCsI OT KOPHS K KaXKJAOMY 3HAYEHHUIO. B
Bepcuu 17 sTot 3allpoC BEINIOJIHAETCS TaK XKe S(b(beKTI/IBHO, KaK Y IIOHUCK II0 JUalla30HY.
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Bitmap Index Scan Posigres
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MHOrokpartHblii NPOCMOTP OAHUX U TeX Xe TabNUYHbIX CTpaHuL, KpaiiHe
Head)dpekTnBeH. [laxke B Nnyyllem cnyyae, ec/m Hy)xxHas cTpaHuiua
HaxoanTcsa B 6ydpepHOM Kelle, ee Hy>XXHO HalTu 1 3ab/10kMpoBaTthb (CM. Kypc
DBA2: Tema «byepHbIii KeL» moayns «XKypHasimpoBaHue»), a B XyALem
NPUXOANTCA UMETL AE/0 CO CIyYaiHbIMU YTEHUAMU C ANUCKA.

UTo6bI HE TPATUTb PECYPChI Ha NOBTOPHbIN NPOCMOTP Tab/IMUYHbIX CTPaHUL,
NPUMEHSIETCS ellle 0AuH cnocob A0CcTyna — CKaHWpoBaHWE Mo GUTOBO
kapTe. OH NOX0X Ha 06bIYHbIA MHAEKCHbIV AOCTYN, HO NPOUCXOAMT B ABa
aTana.

CHauana ckaHupyetcsa nHaekc (Bitmap Index Scan) v B nokasnibHOI namsTu
npouecca cTpouTcsa butoBada kapta. butosas kapta coCTOUT U3
JoparmeHTOB. PparMeHTbl COOTBETCTBYIOT Tab/IMYHbIM CTpaHuuam,

a Kaxabl 6UT (pparmeHTa COOTBETCTBYET BEPCUN CTPOKM B 3TON CTpaHULE.
Mpy NOCTPOEHNN BUTOBOW KapTbl B HE OTMEYaloTCsl Te BEPCUKN CTPOK,
KOTOpbIe YA0B/IETBOPSAIOT YC/TOBUKO U AO/MHKHbI ObITb NPOYNTAHbI.

3a cuet pasgeneHns GUToOBOM KapTbl HA pparMeHTbl KapTa, B KOTOPOW
OTMEYEeHO HEMHOro Bepcuid, byaeT 3aHMMaTb Masio MecTa.
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Bitmap Heap Scan Posigres
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Korga nHaekc npockaHnMpoBaH 1 6UToBasi kKapta rotosa, HaunHaeTcs
ckaHupoBaHue Tabnuubl (Bitmap Heap Scan). MNpu atom:

MNCNOMb3YEeTCs COOCTBEHHbIN MeXaHU3M NnpesBbIOOPKU, MPY KOTOPOM
aCMHXPOHHO YnTatoTca effective_io_concurrency ctpaHul (Mo ymMonyaHuio
3HayeHne paBHO eAnHNLE);

Ha OAHOI CTPaHMLE MOXET NPOBEPSATLCS HECKO/IbKO BEPCUIA CTPOK,
HO KaxkAas cTpaHuLUa NpocMaTpuBaeTcsl POBHO OAUH Pas.



CkaHHMpOBaHHE 10 OUTOBOM KapTe

Bynem paccmaTtpuBaTh Tabnuiy 6poHupoBaHul bookings. Co3magum Ha Hell [Ba IOMOHUTENIBHEIX HHAEKCA:
=> CREATE INDEX ON bookings(book_date);

CREATE INDEX

=> CREATE INDEX ON bookings(total_amount);

CREATE INDEX

ITocMoTpHM, KaKoil MeTof HocTyna OymeT BEIOpaH AJIs TOMCKA AXana3oHa.

=> EXPLAIN
SELECT * FROM bookings WHERE total_amount < 5000;

QUERY PLAN

Bitmap Heap Scan on bookings (cost=80.64..8944.51 rows=4156 width=21)
Recheck Cond: (total amount < '5000'::numeric)
-> Bitmap Index Scan on bookings total amount idx (cost=0.00..79.60 rows=4156
width=0)
Index Cond: (total amount < '5000'::numeric)
(4 rows)

YToOBI YIOOPpAOOYUTE CKAaHUPOBaHUE OOJIBIITOTO YHCIa CTpaHHull, MITaHUPOBIIUK BI:IﬁpaJ'I CKaHHpOBaHUeEe 110 OHUTOBOM KapTe.
OTOT METOJI COCTOUT U3 AOBYX y3JI0B:

e Bitmap Index Scan yuTaeT UHAEKC U CTPOUT OUTOBYIO KapTy;
e Bitmap Heap Scan unTaeTr TaGNuYHbIE CTPAHUIIEI, UCIIOIb3YsI IOCTPOEHHYIO KapTy.

OﬁpaTI/ITe BHUMaHNE Ha CTOUMOCTH: KapTa OOJIXKHa OBITD IIOCTPOEHAa IIOJIHOCTERIO, IIpeXae 4eM €€ MOXKHO 6yneT
HCIIOJIB30BaTh.

O0BbeguHeHHe OUTOBBIX KapT

Kpome Toro, uTO 6GUTOBAs KapTa II03BOJIsIeT N30eXKaTh IOBTOPHEIX YTEHUH TabGIMYHBIX CTPAHULI, C €€ IIOMOIIILI0 MOKHO
00BEeINHSITH HECKOJIBKO YCITIOBUH:

=> EXPLAIN (costs off)
SELECT * FROM bookings
WHERE total_amount < 5000 OR total_amount > 500000;

QUERY PLAN
Bitmap Heap Scan on bookings
Recheck Cond: ((total amount < '5000'::numeric) OR (total _amount > '500000'::numeric))
-> BitmapOr
-> Bitmap Index Scan on bookings total amount idx
Index Cond: (total amount < '5000'::numeric)
-> Bitmap Index Scan on bookings total amount idx
Index Cond: (total_amount > '500000'::numeric)
(7 rows)

3mech cHavana OBLIM IOCTPOEHE! IBe OUTOBBIE KAapPTH — II0 OGHOM HA KaXKAoe YCJIOBHUE, a 3aTeM 00beINHEeHEl TOOUTOBOM
onepamuen <ujau».

TakuMm ke 06pa3oM MOTYT OLITH KCIIOJIb30BAHLL M Pa3HEIE UHIEKCHL:

=> EXPLAIN (costs off)
SELECT * FROM bookings
WHERE total_amount < 5000
OR book_date = bookings.now() - INTERVAL 'l day';



QUERY PLAN

Bitmap Heap Scan on bookings
Recheck Cond: ((total amount < '5000'::numeric) OR (book date = ('2017-08-15

18:00:00+03"'::timestamp with time zone - 'l day'::interval)))
-> BitmapOr
-> Bitmap Index Scan on bookings total amount idx
Index Cond: (total amount < '5000'::numeric)
-> Bitmap Index Scan on bookings book date idx
Index Cond: (book date = ('2017-08-15 18:00:00+03"'::timestamp with time
zone - 'l day'::interval))
(7 rows)
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HeTouHble oparMeHThI Posigres

buToBast KapTa 6e3 oTepu TOUHOCTH

IMOKd pd3Mep KapThbI He IPEBLIIIAET work_mem,
I/IH(I)OPMaL[I/IH XPaHUTCA C TOYHOCTBIO 1O BEDCHUKU CTPOKHU

buroBast KapTa C 1oTepeii TOUHOCTH
€CJTH TIaMSITh 3aKOHUMJIaCh, POMCXOAUT Orpy0bsieHue
YaCTH yrKe IOCTPOEHHOM KapThl [J0 OT/e/TbHbIX CTPaHUL]

TpebyeTcs mpumepHo 1 Mb namsiti Ha 64 I'b JaHHBIX;
orpaHuueHre work_mem MO)KeT ObITh MPeBbILLIeHO

16

BuToBasi kKapTa XPaHUTCA B NTOKaNbHOV NamMsATh 06CTyXUBAIOLLLETO
npouecca, 1 nof ee XxpaHeHue Bblaensietcs work_mem 6aiiT. BpemeHHble
thaiinbl HMKOTAA HEe UCMOSb3YHOTCS.

Ecnun kapta nepectaet noMewaTtbCa B Work_mem, 4yacTb ee (pparmeHToB
«OrpyonsaeTca» — Kaxaplil OUT HauMHaeT COOTBETCTBOBATL LIEN0M
CTpaHuue, a He otaenbHon Bepcuun cTpoku (lossy bitmap). CtonmocTb
06paboTkn Taknx doparmMeHToB yBennuneaetca. OcBoboamBLLIEeCcs MeCcTo
NCMob3yeTcs A/ TOro, YTo6bI MPOAO/IHKUTL CTPOUTL KapTy.

B npuHuune, npu cUibHO OrpaHNYeHHOM WOork_mem 1 60/bLLIOWN BbIOOPKE
6uToBas KapTa MOXET He NMOMECTUTLCS B NaMATU, AaxXe ec/in B Heil COBCEM
He ocTaHeTcAa MHJpopMauun Ha YpoBHe BepCuUii CTPOK. B Takom criyvae
orpaHu4eHve work_mem HapyliaeTca — nof kapty 6yaeT AONONHUTENIbHO
BblE/IEHO CTO/IbKO NamsATN, CKOIbKO HEOBX0AMMO.
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HeTouHble oparMeHThI Posigres
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Ha pucyHke nokasaHa 6utoBas KapTa, cocToswasn U3 AByx hparMeHTOoB.
MepBblii yparMeHT — TOUHbIN, KaX bl ero 6UT COOTBETCTBYET OAHOW
BEpCcUM CTPOKKN. BTopoii oparMeHT — HETOUHbIN, B HEM KaxKAblii 6UT
COOTBETCTBYET L1011 CTpaHuLE.

HeTouHble thparmeHTbl TPEBYHOT NepenpoBepKM YCI0BUIA A1 BCEX BEPCUI
CTPOK B Tab/IMYHOM CTpaHuLe, a 3TO CKa3blBaeTCs Ha NPon3BOANTENIbHOCTMN.
Ecnn aBe 6MTOBbIE KapTbl 06bEANHAKOTCA, NpUYeM doparMeHT XOoTS Obl
O[HOW M3 KapT HETOYEH, TO U PE3YNLTUPYIOLLNIA ddparMeHT Toxe
BbIHY)XXAEHHO OyeT HETOUHbIM. [103TOMY pa3mep work_mem wurpaet
60/1bLWY0 Posb 47159 3IPAEKTUBHOCTN CKAHNPOBAHNA N0 BUTOBOI KapTe.



HeTouHbIe (pparMeHTHI

V3en Bitmap Heap Scan nokasreiBaeT ycioBue nepenpoBepku (Recheck Cond). Cama ke nepenpoBepKa BHIIOTHSIETCS He
BCErfa, a TOJIbKO IIPHU IIOTEPE TOYHOCTHU, KOTra OUTOBAs KapTa He IOMEIAeTCsI B IaMsTh.

[ToBTOPUM 3aIIpOC, U3MEHUB YCJIOBHE: OyIeM UCKaTh OPOHUPOBAHHUS C CYMMOH [0 5 THICSY P, coeslaHHbe 3a IOC/IeIHUM
MecsIl.

=> SELECT bookings.now() - INTERVAL 'l months';

?column?
2017-07-15 18:00:00+03
(1 row)

=> \bind '2017-07-15 18:00:00+03"

=> EXPLAIN (analyze, costs off, timing off)
SELECT count(*) FROM bookings
WHERE total_amount < 5000 AND book_date > $1;

QUERY PLAN

Aggregate (actual rows=1 loops=1)
-> Bitmap Heap Scan on bookings (actual rows=129 loops=1)
Recheck Cond: ((total amount < '5000'::numeric) AND (book date > '2017-07-15
18:00:00+03"'::timestamp with time zone))
Heap Blocks: exact=129
-> BitmapAnd (actual rows=0 loops=1)
-> Bitmap Index Scan on bookings_total_amount_idx (actual rows=1471

loops=1)
Index Cond: (total amount < '5000'::numeric)
-> Bitmap Index Scan on bookings book date idx (actual rows=178142
loops=1)
Index Cond: (book date > '2017-07-15 18:00:00+03'::timestamp with
time zone)

Planning Time: 0.138 ms
Execution Time: 14.804 ms
(11 rows)

Crpoka «Heap Blocks: exact» roBoput o ToM, 4TO BCe (pparmMeHTH GUTOBOM KapTHI IIOCTPOEHHI C TOYHOCTHIO A0 CTPOK —
IepenpoBepKa He BHIITOJIHSIETCS.

YMEHBIIUM pa3Mep BHOEIITEMOH IaMATH.
=> SET work_mem = '64kB';

SET

=> \bind '2017-07-15 18:00:00+03"'

=> EXPLAIN (analyze, costs off, timing off)
SELECT count(*) FROM bookings
WHERE total_amount < 5000 AND book_date > $1;



QUERY PLAN

Aggregate (actual rows=1 loops=1)
-> Bitmap Heap Scan on bookings (actual rows=129 loops=1)
Recheck Cond: ((total amount < '5000'::numeric) AND (book date > '2017-07-15
18:00:004+03"'::timestamp with time zone))
Rows Removed by Index Recheck: 89895
Heap Blocks: exact=811 lossy=568
-> BitmapAnd (actual rows=0 loops=1)
-> Bitmap Index Scan on bookings total amount idx (actual rows=1471
loops=1)
Index Cond: (total_amount < '5000'::numeric)
-> Bitmap Index Scan on bookings book date idx (actual rows=178142
loops=1)
Index Cond: (book date > '2017-07-15 18:00:00+03'::timestamp with
time zone)
Planning Time: 0.136 ms
Execution Time: 26.039 ms
(12 rows)

3meck NOSIBUNIHCH lossy-bparMeHTsl GMTOBOM KapTEl — C TOYHOCTHIO OO CTpaHull. TaKkKe yKa3aHO, CKOJIBKO CTPOK He
npouuio nepenposepKy ycnosus (Rows Removed by Index Recheck).

BoccTaHoBUM 3HAYEHUE ITapaMeTpa.
=> RESET work_mem;

RESET
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Index Scan / Bitmap Scan Pos{gres
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Ecnn paHHble B Tabnvue guandeckn ynopsagodeHnsl, 06bIYHOE MHAEKCHOE
CKaHupoBaHune He ByaeT untaTb TabMIMUYHY0 CTPpaHULy NOBTOPHO. B Takom
(HeyacToM Ha npakTuKe) cayyae MeTof CKaHMpOoBaHUA No GUTOBOW KapTe
TepSAEeT CMbIC/1, NPOUrpbIBasd 06bIYHOMY MHAEKCHOMY CKaHUPOBaHUIO.

PasymeeTcsl, N/TaHNPOBLLMK 3TO TOXE YYMTbIBAET (Kak MMEHHO —
paccmaTtpuBaeTcsa B TeMe «ba3oBasi CTaTUCTUKa»).



Kinacrepu3anus

Ecnu cTpoKu TabIUIE YIIOPSITOYEHEl TakK Xe, KaK U WHAEKC, OUTOBast KapTa CTAaHOBUTCS U3NHIIHEN. [IpogeMoHCTpUpyeM
3TO0 ¢ moMoInbio Komauagsl CLUSTER.

Ceiiuyac CTpOKY TaGIUIEl HGU3UYECKH YIOPSIHOYEHEI II0 HOMEPY GPOHUPOBAHMUS:

=> SELECT * FROM bookings LIMIT 10;

book ref | book date | total amount

__________ et T
000004 | 2016-08-13 15:40:00+03 | 55800.00
00000F | 2017-07-05 03:12:00+03 | 265700.00
000010 | 2017-01-08 19:45:00+03 | 50900.00
000012 | 2017-07-14 09:02:00+03 | 37900.00
000026 | 2016-08-30 11:08:00+03 | 95600.00
00002D | 2017-05-20 18:45:00+03 | 114700.00
000034 | 2016-08-08 05:46:00+03 | 49100.00
00003F | 2016-12-12 15:02:00+03 | 109800.00
000048 | 2016-09-17 01:57:00+03 | 92400.00
00004A | 2016-10-13 21:57:00+03 | 29000.00
(10 rows)

[TepeymopsiqouYuM CTPOKH B COOTBETCTBUH C HHAEKCOM I10 CTOJIOINY total amount.

Tloka ueT mpolecc, o6paTUTe BHUMAaHKUE:

e Komanpa CLUSTER ycraHaBnuBaeT UCKIIOYUTENILHYIO OJIOKUPOBKY, IIOCKOIBKY IIOTHOCTRIO IIepecTparuBaeT TabIully
(xak VACUUM FULL);

e CTpOKH yIOpSIAOYHBAIOTCS, HO He MOANePKUBAIOTCS B YIIOPSIAOYEHHOM BUAE — B IIpoliecce paboTHl KJIaCTepu3aIus
OymeT yXyQIIaThCs.

=> CLUSTER bookings USING bookings_total_amount_idx;
CLUSTER

=> VACUUM ANALYZE bookings;

VACUUM

Y68HHMCH,qTOCTpOKHyHOpHﬂOqGHbIHOCTOHMOCTH:

=> SELECT * FROM bookings LIMIT 10;

book ref | book date | total amount

__________ o
00F39E | 2017-02-12 04:11:00+03 | 3400.00
0103E1l | 2017-04-03 09:32:00+03 | 3400.00
013695 | 2016-11-01 09:30:00+03 | 3400.00
0158C0 | 2017-04-24 07:47:00+03 | 3400.00
01AD57 | 2017-03-15 16:11:00+03 | 3400.00
020E97 | 2017-01-02 12:25:00+03 | 3400.00
021FD3 | 2017-05-27 10:20:00+03 | 3400.00
0278C7 | 2017-02-04 17:42:00+03 | 3400.00
029452 | 2016-12-10 13:51:00+03 | 3400.00
0355DD | 2016-09-19 13:22:00+03 | 3400.00
(10 rows)

=> EXPLAIN (costs off)
SELECT * FROM bookings
WHERE total_amount < 5000;

QUERY PLAN
Index Scan using bookings total amount idx on bookings
Index Cond: (total_amount < '5000'::numeric)
(2 rows)

ITo KyTacTepu3aliy UCIOJIb30BAIOCH CKaHUPOBAaHUeE 110 OGUTOBOM KapTe, HO TeIeph IPOIe U BHTONHEH CHenaTh 00bIYHOe
WHIOEKCHOE CKaHUPOBAHUE.
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Index-Only Scan Posigres
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Ecnu B 3anpoce TPebyloTcsl TONIbKO NPOUHAEKCUPOBAHHbIE JaHHbIe, OHU YXe
eCTb B CAaMOM UHJEKCE 1 K Tab/uLe obpaliatbcs He Haao. Takoi nHaekc
Ha3bIBAETCS M1OKPbIBAOWUM ANS 3anpoca.

3T0 xopoLllasi oNTUMU3aLNs, UCKoYaoLLLas obpalleHns K TabIMUYHbIM
cTpaHuuaMm. Ho, K coxaneHuto, MHAEKCHbIE CTPaHULbl He coaepXar
MHPOPMALIMIO O BUAMMOCTU CTPOK — YTOObI NPOBEPUTL, HAA0 N
NokKa3bliBaTb HANAEHHYI0 B UHAEKCE CTPOKY, Mbl BbIHYX/AEHbI 3arfsHYThb
1 B TaGNNYHYIO CTPAHWLLY, YTO CBOAUT ONTUMM3ALMIO HA HET.

[MO3TOMY KPUTUYECKYHO PO/ib B 30GIEKTUBHOCTU CKAHMPOBAHUS TO/bKO
NHOeKca urpaeT KapTa BuaAMMocTu. Ecnu TabnmyHas ctpaHuua CoaepXxuT
rapaHTUPOBAHHO BUAMMbIE AaHHbIE N 3TO OTPAXEHO B KapTe BUAMMOCTMU,
K Takou TabnnyHoi cTpaHuue obpallarbca He Haao. Ho cTpaHuubl, He
OTMEYEHHbIE B KapTe BUAMMOCTU, NOCETUTb BCE-Takn NPUAETCS.

370 ofiHA M3 NPUYMH, MO KOTOPbLIM CTOUT BbIMOSHATL OUMCTKY JOCTAaTOYHO
4aCTO — MMEHHO 3TOT NPOLECC 0GHOBNAET KapTy BUAMMOCTM.

MNaHMPOBLLMK HE 3HAET TOYHO, CKOJIbKO TaG/IMUYHbIX CTPaHUL, NOTPeodytoT
NPOBEPKU, HO YUMTbIBAET OLEHKY 3TOro uncna. Mpu N1oxom NporHose
NTAHNPOBLLIMK MOXET 0TKa3aTbCA OT UCMO/b30BaHMSA CKAHUPOBAHUS TO/bKO
MHAeKca.

Mpu 06paboTKe Kaxkaon NHOEKCHO 3annucy B IMCTOBOM Y3/1e cHavasa
NpoBepsieTcs Hanmumne TabfiMyHOo CTpaHuLbl B KapTe BUANMOCTH, a Nnpu ee
OTCYTCTBMM YMTAETCHA caMa TabnmyHasa cTpaHuua.

https://postgrespro.ru/docs/postgresal/16/indexes-index-only-scans




CKaHKPOBaHKe TOJIBKO HHIEKCa

Ecnu Bcs HeobxoguMasi HHGOPMAIMs CONEPKUTCS B CAMOM MHIEKCE, TO HET He0O6X0quMOCTH oOpaIaThCs K Tabuile — 3a
HMCKITI0YEeHWEeM IIPOBEPKU BUIUMOCTH:

=> EXPLAIN (costs off)
SELECT total_amount FROM bookings
WHERE total_amount > 200000;

QUERY PLAN
Index Only Scan using bookings total amount idx on bookings
Index Cond: (total amount > '200000'::numeric)
(2 rows)

TTocmoTpuM my1aH 3TOrO 3anpoca ¢ noMmoisio EXPLAIN ANALYZE:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT total_amount FROM bookings
WHERE total_amount > 200000;

QUERY PLAN

Index Only Scan using bookings total amount idx on bookings (actual rows=141535 loops=1)
Index Cond: (total amount > '200000'::numeric)
Heap Fetches: 0

(3 rows)

Crpoka Heap Fetches noka3riBaeT, CKOJIBKO BePCU CTPOK GBLIO IPOBEPEHO C IIOMOLIBI0 TAaONULEL. B maHHOM ciydae KapTa
BUAMMOCTH COIOEPKHUT aKTyallbHYI0 HHGOpManuio, oopamaTscs K Tabnuile He moTpe6oBaNoCh.

OGHOBHUM IIEPBYIO CTPOKY TabJIMITEL:

=> UPDATE bookings
SET total_amount = total_amount
WHERE book_ref = '00F39E’;

UPDATE 1

CKOJIbKO BePCHH CTPOK IIPHUAETCS IIPOBEPUTH Telephb?

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT total_amount FROM bookings
WHERE total_amount > 200000;

QUERY PLAN
Index Only Scan using bookings total amount idx on bookings (actual rows=141535 loops=1)
Index Cond: (total amount > '200000'::numeric)
Heap Fetches: 88
(3 rows)

IIpoBepsATH NPUNIIOCH BCE BEPCUY, ITOIABIINE Ha HU3MEHEHHYIO CTPaHHUIy.
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IHAEKC MOXHO co3AaTb N0 HECKO/IbKMM cTon6uam. B aTom cnyyae nveet
3HaAYeHWe NopsiaoK c/iefoBaHuUsi CTONGLIOB 1 NOPSA0K COPTUPOBKN.

Ha pucyHke npvBegeH npMMep MHOrOKO/IOHOYHOro MHAEKCA, MOCTPOEHHOTIO
no Asym ctonéuam (o6a — rno Bo3pacTaHUKo 3Ha4eHu). Tako MHAEKC
YCKOpPSiET MOUCK, eC/I1 B 3anpoce eCTb YCM0BME Ha OLUH UM HECKOJIbKO
nepsbIX KAYEN, MOCKObKY B MHAEKCHbIX 3anUCAX K14 OTCOPTUPOBaHbI
CHadasia no nepsomMy CTO/O6Lly, 3aTeM Mo BTOPOMY U Tak gasee.

B npumepe, nokazaHHOM Ha cnaige, NoUcK NPOUCXoAUT MO NePBOMY U
BTOPOMY CTOM16UaM; MHAeKC nogoLlen 6bl 1 A9 YCoBUA TOMbKO Ha NepBblil
cTtonb6eu,.
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OfHako ecnu 3anpoc CoAePXMUT YC/1I0BUE TObKO Ha BTOPOiA cTon6ed,
MHAEKC OKa3blBaeTcs 6ecnonesHbiM. Ha cnalife BuaHO, YTO SIMCTOBbIE
3anuncu, B KOTOPbIX BTOPOI CTONGEL, paBeH «A», MOTyT OKa3aTbCs B /1I060M
MecCTe MHAEKCA — Y HaC HET cnocoba CnyCTUTLCA K HUM OT KOPHSA Aepesa.

NHorga B Takmx ciyyasx nnaHWpoBLUUK BCe-Taku npuberaeT K TobKO
MHAEKCHOMY CKaHWPOBaHWIO, HO NPW 3TOM NpocMaTpuBaeTCsl BECb UHAEKC
LLEe/TMKOM.

AHaNOrM4YHo, MHAEKC HE MOXET BblAaBaTb 3an1cy B NOPSAKE, OT/IMYHOM

OT yKa3aHHOro nNpu co3aaHumn nHaekca. Hanprumep, nokasaHHbIil Ha craiae
NHAEKC He MOXET BblAaBaTb 3anvcu, OTCOPTUPOBAHHbLIE MO NEPBOMY
cTon6bLy B Nnopsake BO3pacTaHusi, a No BTOPOMY — B Nopsiake yobIBaHUS.



MHOrO0KO/JIOHOYHBbIE HHIEKChI

Ha tabnune nepenetos ticket flights co3man ungekc o cron6nam ticket no, flight id. 3anpoc o o6oum cronbuam
HCIIOIB3YeT UHIEKC:

=> EXPLAIN SELECT *
FROM ticket_flights
WHERE ticket_no = '0005432000284' AND flight_id = 187662;

QUERY PLAN

Index Scan using ticket flights pkey on ticket flights (cost=0.56..8.58 rows=1 width=32)
Index Cond: ((ticket no = '0005432000284'::bpchar) AND (flight id = 187662))
(2 rows)

3anpoc TOJIBKO [0 HoMepy Gumera — TOXKe:

=> EXPLAIN SELECT *
FROM ticket_flights
WHERE ticket_no = '0005432000284";

QUERY PLAN

Index Scan using ticket flights pkey on ticket flights (cost=0.56..16.58 rows=3
width=32)

Index Cond: (ticket no = '0005432000284'::bpchar)
(2 rows)

Ho pns 3ampoca 1o HoMepy pelica TaKOW WHIOEKC He TOOUTC:

=> EXPLAIN SELECT *
FROM ticket_flights
WHERE flight_id = 187662;

QUERY PLAN
Gather (cost=1000.00..114682.28 rows=104 width=32)
Workers Planned: 2
-> Parallel Seq Scan on ticket flights (cost=0.00..113671.88 rows=43 width=32)
Filter: (flight id = 187662)
(4 rows)
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Include-nHaekceol Posjgres

VHzeKc ¢ JOTIOTHUTETbHBIMI HEK/TIOUeBBIMH CTOJIOI[aMHU
CREATE INDEX ... INCLUDE (...)

Hexk/roueBbie CTO/IOLIBI

He UCIIOJ/JIb3YROTCA IPU MOUCKeE 10 UHAEKCY
He€ YUMTBIBAIOTCA OrPAHUYE€HHEM YHHUKa/IbHOCTH

3HAUEHUsI XPAHSATCS B UH/IEKCHOMW 3aMich
Y BO3BpAIIatOTCs Oe3 oOpairieHys K Tabuiie
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MokpbIBaKOLWMIA MHOEKC, KakK NpaBuio, yBennuneaeTt agdqpeKTUBHOCTb
BbI6OpKK. UTOObLI caenaTb MHAEKC NOKPbIBAKOLWMM, B HEFO MOXET
NnoHagobuTbca A06aBUTL CTOMOLbI, HO 3TO HE BCeraa BO3MOXHO:

« [o6aBneHne cTonbua B yHUKasIbHbIA UHAEKC HapyLUMT rapaHTuto
YHVKaNIbHOCTU UCXOAHbIX CTONOLIOB;

* TWN AAaHHbIX 406ABNSIEMOrO CTOM6LA MOXET HE NoAAEPXKMBATLCS
NHEKCOM.

B Takmx cnyydasix MOXHO f06aBUTb K MHAEKCY HEK/II0HYEBbIE CMO/16UbI,
ykasaB ux B npegnoxeHnn INCLUDE.

https://postgrespro.ru/docs/postgresql/16/sql-createindex

3HauYeHNsa Takmx CToN6LOB He POPMUPYIOT AepPEBO MHAEKCA, a NPOCTO
XPaHATCSA KakK A0Mos/IHUTEeNIbHbIe CBeAEHUS B UHAEKCHBIX 3anncsax JIMCTOBbIX
CcTpaHuy, NMounck No HeksIlYeBbIM CTONOLAM He paboTaeT, HO UX 3HAYEeHWS
MOryT 6bITb NOTyYeHbl 6e3 obpalleHns K Tabnuue.

B HacTosiLee Bpems include-nHaekcbl noanepXuBaroTca TOMbKO AJ15
NHAEKCOB Ha ocHoBe B-aepeBbeB, GiST n SP-GIST-nHAeKkcoB.

Include-nHgekcbl co3gatoTcs, YTOObl MHAEKC CTasl NMOKPbIBAKOLWMM, HO He
CTOUT NyTaTb 3TW ABa TepMuHa. IHAEeKC BMNosIHE MOXET ObITb NOKPbIBAIOLLUM
[1A HEKOTOPOro 3anpoca, Ho He ncnonb3oBatb npepsioxeHne INCLUDE.

A include-nHaeKkc MoXeT He ObITb NOKPbIBAOLWMM A/151 KAKUX-TO 3amnpocoB.



Include-uHOexchbl

Wnpekc tickets pkey He sIBIsIeTCSI MOKPHIBAIOLIUM [JIsI IPUBEIEHHOTO 3aIIPOCA, IIOCKOJIBKY TPEOYETCsI BEPHYThH HE TOJIBKO
cromnbern ticket no, KOTOPEINA eCTh B UHAEKCE, HO U book ref, KoToporo B MHOEKCE HET:

=> EXPLAIN (analyze, buffers, costs off, summary off)
SELECT ticket_no, book_ref FROM tickets
WHERE ticket_no > '0005435990286";

QUERY PLAN
Index Scan using tickets pkey on tickets (actual time=0.564..13.070 rows=7146 loops=1)
Index Cond: (ticket no > '0005435990286'::bpchar)
Buffers: shared hit=74 read=153
Planning:
Buffers: shared read=4
(5 rows)

Buffers mokasriBaeT KOJIMYECTBO MPOYUTAHHBIX cTpaHull (hit+read).

CozpanuMm include-unpekc, mo6aBUB B HETO HEKII0YeBOi cTonbel] book ref, Tak kak oH TpebyeTcs 3ampocy:
=> CREATE UNIQUE INDEX ON tickets (ticket_no) INCLUDE (book_ref);

CREATE INDEX

TToBTOPHM 3aIpoc:

=> EXPLAIN (analyze, buffers, costs off, summary off)
SELECT ticket_no, book_ref FROM tickets
WHERE ticket_no > '0005435990286";

QUERY PLAN

Index Only Scan using tickets ticket no book ref idx on tickets (actual
time=0.064..4.190 rows=7146 loops=1)
Index Cond: (ticket no > '0005435990286': :bpchar)
Heap Fetches: 0
Buffers: shared hit=4 read=35
Planning:
Buffers: shared hit=20 read=4
(6 rows)

Teneps ontuMu3aTop BeOupaeT MeTor Index Only Scan u UCIIONB3yeT TOIBKO YTO CO3TaHHBIM MHOEKC. KomnuecTBo
IIPOYNTAHHEIX CTPAHUII COKPATUIOCh. II0OCKOIBKY KapTa BUAUMOCTH aKTyallbHa, 06paIiaThCs K TabIuIle He IPUIIIOChH
(Heap Fetches: 0).

B include—HHneKc MO2KHO BKJIIO4UAaThb CTOJ'I6].II:I C TUIIaMU OAHHBIX, KOTOPBEIE HE MMOOAOEPXKUBAIOTCSA B-J:[epeBOM (HaanMep,
reomMeTpu4YeCckKue TUIIbI U Xml)
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HOeKCHOe cKaHMpoBaHMe fydlle BCEro paboTaeT Npu 04eHb BbICOKOM
CENEeKTUBHOCTM, Koraa no MHAEKCY BblOMPaeTCA 0A4HO UM HECKO/bKO
3HaYeHun.

Mpwn cpeaHeit cenekTMBHOCTN 0ObIYHO /yYllie BCEro NokasbiBaeT cebs
CKaHupoBaHue rno 6uToBoKM KapTe. XOTH 3TOT CNOCO6 TpebyeT
npeaBapuTeNlbHOro NOCTPOEHMS GUTOBOW KapTbl, OH BbIUTPbIBAET

Y WHAEKCHOIO CKaAHMPOBaHWS, NOCKO/IbKY 06XoANTCst 6€3 NOBTOPHbIX YTEHWUIA
OOHUX U TEX Xe CTpaHuL, (eC/n TONbKO AaHHble B Tab/MLIE HE PACNONOXEHbI
don3nyeckn B HYXKHOM Nopsiake, YTo 6bIBaeT HeyacTo). B xyawem cnyyae
NPON3BOANTENBHOCTb MHAEKCHOIO AOCTYyNa NPonopuMoHasibHa Yncny
BblGMpPaEMbIX CTPOK, a CKaHMPOBaHUS NO BUTOBOI KapTe — YnUC/y CTpaHul,

Mpy HWU3KOI CENEKTUBHOCTYM lydllie BCEro paboTaeT nocneaoBaresibHoe
CKaHMpOBaHMe: ecN HaZl0 BbiGpaTb BCE W/IM NOYTU BCE TabNNYHbIE CTPOKMU,
obpalleHne K MHAEKCHbIM CTPaHUL,aM TOMbKO YBE/TMUMBAET HaKMaHble
pacxofbl. TOT 3PEKT yCUIMBAETCS B C/lyvae BpaLLaLLMXCS ANCKOB, rae
CKOPOCTb MPOU3BO/ILHOIO UTEHUS CYLLLECTBEHHO HXKE CKOPOCTU YTEHUS
nocnenoBaTe/lbHO PACMONOXEHHbIX CTPaHWLL,.

3HayeHne cenekTUBHOCTU, NPU KOTOPOM CTaHOBUTCS BbIrOAHO
NepeKNUNTLCA Ha APYroil MeTod [0CTyna, CU/IbHO 3aBUCUT OT KOHKPETHOM
TabnmuUbl 1 KOHKPETHOTrO MHAeKca. MNnaHnpoBLUMK YUNTbIBAET MHOXECTBO
napamMeTpoB, YTOObI BbiOpaTb Hanbosee NOAXOAALMIA CNOCO6.

Elle o4HO 3aMeyaHue: Npu UHAEKCHOM [0CTyne pe3y/bTaT BO3BpallaeTcs
OTCOPTMPOBAHHbLIM, UTO B psifie C/lyyaeB yBenMuMBaeT NpuBekaTeslbHoCTb
TaKOro A0CTyna flaxe Npu HU3KOI CeNeKTUBHOCTH,
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3 heKTMBHOCTb CKaHMPOBaHWSA TOMbKO MHAEKCA CUTbHO 3aBUCUT
OT aKTya/IbHOCTV KapTbl BUAMMOCTU W OT TOTO, CKOIbKO CTPaHULY
[leCTBUTENbHO CoflepXaT TONbKO akTyasibHble BEPCUM CTPOK.

B nydwem cnyyae aToT MeToq, A0CTyrna MOXET ObITb 3addpeKTUBHEE
nocsiefoBare/ibHOro CKaHMPOBaHUA fAaxe NPU HU3KOW CenekTUBHOCTU (ecnn
NHAEKC MeHbLlle, Yem Tabnuuya, n ocobeHHo Ha SSD-anckax).

B xyaLieM cnyyae, korga Tpebyetcs NpoBepsiTb BUAMMOCTb KadkA0l CTPOKH,
METO/1 BbIPOXAAETCA B 0ObIYHOE MHAEKCHOE CKaHMPOBaHNE.

[Mo3ToOMy NNAHMPOBLLMKY NPUXOAMUTCS YUUTbIBATb COCTOSIHME KapThbl
BMAWUMOCTU: NpU HeGNaronpPUsSTHOM MPOrHO3e NCKIUYNTENIbHO NHAEKCHOE
cKaHMpoBaHMe He NPUMEHSIETCA 13-3a OMACHOCTW NOMYUYUTb 3aMeasieHmne
BMECTO YCKOPEHMUSI.



ITormn Pogga’?é%

OHTI/IMI/I3aT0p PacCIio/jdrae€T HeCKOJIbLKHUMHU METOAdMH AOCTYIld

TI0C/Ie/I0BaTeIbHOe CKAaHUPOBAHUE
CKaHUPOBaHKe UH/IeKCa
CKaHUPOBaHUE TOJILKO UHJEKCa
CKaHUPOBaHMeE 110 OUTOBOM KapTe

Mogenb CTOMMOCTH YUUTBHIBA€T MHOXKEeCTBO MapaMeTPOB

30
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[1pakTnKa Pos{gres

1. Ybeautech, uTO TIpU TMTIOBTOPHOM BBITTOTHEHHH 3aTTpOC,
BbIOMparoIvii Bce cTpoku u3 Tabmuiiel flights, untaeT jaHHbIE
u3 Keta CYB/I.

2. B memoHcTpaiuu 0611 co3aaH include-uHaekc st TaOMULIBI
ouseToB tickets. 3aMeHUTe UM UHJEKC, TTO/1eP>KUBAOLIUH
MePBUYHBIN KJTFOU.

3. Co3pgaiiTe HHZEKC 10 cTOMOLY amount Tab/IMLbI TIepeieToB
ticket_flights. Halizure nepesieTsl CTOMMOCTBIO Hosiee
120000 py6. (mpumepHo 1% cTpok). Kakoii meToz goctyma
ObL1 BBIOpaH?

4. Tlosropute 1. 3 Ayt croumocty MeHee 42 000 py6. (oKomo
90 % cTpoK).
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1. icnonbayiite komaHay EXPLAIN ¢ napametpamu analyze v buffers.

4. MonpobyiTe Takxe 3anpeTuTb BblopaHHbIA MeToa AocTyna (napameTp
enable_seqgscan) n cpaBHUTb CKOPOCTW BbIMO/IHEHUSA.



1. 3anpoc Bcex cTpok Tadnunsl flights

=> EXPLAIN (analyze, buffers)
SELECT * FROM flights;

QUERY PLAN

Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63) (actual

time=0.014..34.898 rows=214867 loops=1)
Buffers: shared hit=32 read=2592

Planning:
Buffers: shared hit=109 read=2

Planning Time: 0.347 ms

Execution Time: 42.607 ms

(6 rows)

Bce cTpaHuUIE IPOYHUTAHEL C AUCKa B 00myio mamsTh (Buffers: shared read=2624). Bo3M0kHO0, YacTh CTPaAHUIL OBITIA
ToIy4yeHa U3 Kellla OlepalruoHHOM cucTeMbl, Ho PostgreSQL 06 3ToM HUYero He 3HaeT.

IToBTOPHM 3ampoc:

=> EXPLAIN (analyze, buffers)
SELECT * FROM flights;

QUERY PLAN

Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63) (actual
time=0.007..16.649 rows=214867 loops=1)
Buffers: shared hit=2624
Planning Time: 0.053 ms
Execution Time: 23.777 ms
(4 rows)

Tak Kak MBI TOJIBKO YTO oOpalanuch K Tabnuile, B 0ydepHOM Kellle COXPaHUIIUCEH ee CTPaHUIlLl. [103TOMy cepBep YuTaeT
nmauHbIEe u3 OydepHoro kema obme namsatu (Buffers: shared hit=2624).

2. Include-uHOEeKC O/Isi MEPBHYHOIO K/II0Ya

B memoHcTpanuu 6bl1 co3maH Tako# include-uHpexc:

=> CREATE UNIQUE INDEX tickets_ticket_no_book_ref_idx
ON tickets (ticket_no) INCLUDE (book_ref);

CREATE INDEX

Teneps uHnekc tickets pkey siBnsieTcst M30BITOYHBIM M MOXKET OBITH 3aMEeHEH Ha HOBBIH. [IJIs1 9TOr0 B TPAH3AKIIUY YOATUM
CcTapoe orpaHUYeHUe IeJIOCTHOCTH (IIPX 3TOM YAAIUTCS U CTaphlil MHAEKC) U fo6aBUM HOBOe OrpaHHYeHHe, yKa3aB UMs
y2Ke CO3MaHHOT0 HOBOT'0 MHAeKca. [Ipu 9TOM Hafo y4ecTh Hajn4ue BHEIIHero Kio4da Ha tabnure ticket flights, kotopoe
TOXKe€ NMPUIETCS CO3[ATh 3aHOBO:

=> BEGIN;
BEGIN
=> ALTER TABLE tickets DROP CONSTRAINT tickets_pkey CASCADE;

NOTICE: drop cascades to constraint ticket_ flights_ticket_no_fkey on table ticket_ flights
ALTER TABLE

=> ALTER TABLE tickets ADD CONSTRAINT tickets_pkey PRIMARY KEY USING INDEX tickets_ticket_no_book_ref_idx;

NOTICE: ALTER TABLE / ADD CONSTRAINT USING INDEX will rename index
"tickets ticket no book ref idx" to "tickets pkey"
ALTER TABLE

=> ALTER TABLE ticket_flights
ADD FOREIGN KEY (ticket_no) REFERENCES tickets(ticket_no);

ALTER TABLE
=> COMMIT;

COMMIT



=> \d tickets

Table "bookings.tickets"

Column | Type | Collation | Nullable | Default
---------------- B e e R S
ticket_no | character(13) | | not null |
book ref | character(6) | | not null |
passenger id | character varying(20) | | not null |
passenger name | text | | not null |
contact data | jsonb | | |

Indexes:

"tickets pkey" PRIMARY KEY, btree (ticket no) INCLUDE (book ref)
Foreign-key constraints:

"tickets book ref fkey" FOREIGN KEY (book ref) REFERENCES bookings(book ref)
Referenced by:

TABLE "ticket flights" CONSTRAINT "ticket flights_ticket_no_fkey" FOREIGN KEY
(ticket no) REFERENCES tickets(ticket no)

3. Beioopka 1% cTpok

=> CREATE INDEX ON ticket_flights(amount);
CREATE INDEX

=> EXPLAIN (analyze)
SELECT * FROM ticket_flights WHERE amount > 120000;

QUERY PLAN

Bitmap Heap Scan on ticket flights (cost=1725.86..76578.15 rows=92055 width=32) (actual
time=10.233..44.405 rows=83988 loops=1)
Recheck Cond: (amount > '120000'::numeric)
Heap Blocks: exact=3394
-> Bitmap Index Scan on ticket flights amount idx (cost=0.00..1702.85 rows=92055
width=0) (actual time=9.759..9.760 rows=83988 loops=1)
Index Cond: (amount > '120000'::numeric)
Planning Time: 0.269 ms
Execution Time: 46.978 ms
(7 rows)

Bm6paHo CKaHHpOBaHHeE I10 OUTOBOI KapTe, OHa YMEeCTHUJIaCh B OII€PATUBHYIO IIaMSATH oe3 IIOTEPU TOYHOCTH.

I7s1 HeGOMBIIION BEIOOPKK CKAaHUPOBaHUE 0 OMTOBOM KapTe 3dhdheKTUBHEEe, YeM IIOCTIeNOBaTEIFHOE.

4. Beioopka 90% cTpok

=> EXPLAIN (analyze)
SELECT * FROM ticket_flights WHERE amount < 42000;

QUERY PLAN

Seq Scan on ticket flights (cost=0.00..174858.15 rows=7540337 width=32) (actual
time=10.977..1331.839 rows=7540479 loops=1)
Filter: (amount < '42000'::numeric)
Rows Removed by Filter: 851373
Planning Time: 0.087 ms
Execution Time: 1592.163 ms
(5 rows)

3anpeTuM IoCJeloBaTeIbHOEe CKaHNPOBaHUe.
=> SET enable_seqscan = off;
SET

=> EXPLAIN (analyze)
SELECT * FROM ticket_flights WHERE amount < 42000;



QUERY PLAN

Bitmap Heap Scan on ticket flights (cost=141262.05..311134.77 rows=7540337 width=32)
(actual time=662.336..1891.772 rows=7540479 loops=1)
Recheck Cond: (amount < '42000'::numeric)
Rows Removed by Index Recheck: 298921
Heap Blocks: exact=36281 lossy=33034
-> Bitmap Index Scan on ticket flights amount idx (cost=0.00..139376.96 rows=7540337
width=0) (actual time=655.052..655.053 rows=7540479 loops=1)
Index Cond: (amount < '42000'::numeric)
Planning Time: 0.108 ms
Execution Time: 2130.587 ms
(8 rows)

TouHas GUTOBas KapTa He yMellaeTCsl B OIIePaTUBHYIO IaMsATh, BO MHOTUX CTPaHUIIAX IPUIIOCH IPOBEPSATH BCe BEPCUU
CTPOK.

s GOJTbIION BI:I60pKI/I II0JIHOE€ CKaHHWPOBaHUWE BRITOOHEE.

YTOGH YMEHBIINUTD BIUSIHUE CIy4JaiHEIX (aKTOPOB, 3aIIPOCH BCETNIa CIIEAyeT [IOBTOPSITH HECKOJIBKO Pa3, YCPenHss
Pe3yJIbTaThL.



