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Tembl Posigres

CkaHMpOBaHHe 110 OMTOBOI KapTe

CpaBHeHue 3((eKTUBHOCTU pa3HbIX METO/IOB 0CTYyIIa



butoBas kapta

[TocTpoenue 6uToBoii KapThl (Bitmap Index Scan)
CkaHupoBaHHe 110 buToBoii Kapte (Bitmap Heap Scan)
TouHbIe ¥ HETOUHbIE (PparMeHTbI

[TapannensHoe ckanupoBaHue (Parallel Bitmap Heap Scan)

O6nenvHeHre OUTOBBIX KapT
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Bitmap Index Scan Posigres

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 NOCTPOEHNNN BUTOBOW KapTbl B HE OTMEYalTCs Te BEPCUM 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

Korga nHaekc npockaHnMpoBaH 1 6UToBasi kKapta rotosa, HaunHaeTcs
ckaHupoBaHue Tabnuubl (Bitmap Heap Scan). MNpu atom:

- UCNOJIb3YETCS COOCTBEHHbIN MeXaHU3M MpefBbIOOPKN, MPY KOTOPOM
aCUHXPOHHO unTatoTca effective_io_concurrency ctpaHul (Mo yMosiyaHuio
3HayeHne paBHO eanHULE);

- Ha OA]HOV CTPAHMLLE MOXET NPOBEPSATLCSH HECKO/ILKO BEPCUlA CTPOK, HO
Kaxjas cTpaHuua NpocMaTpuBaeTCs POBHO OAMH pas.



CKaHHUpPOBaHHE IO OUTOBOM KapTe

BynmeM paccMmaTpuBaTh Tabnuly 6poHEpoBaHui bookings.

Co3panuM Ha Hell [iBa JOIOJIHUTENIbHBIX UHIEKCa:

=> CREATE INDEX ON bookings(book_date);

CREATE INDEX

=> CREATE INDEX ON bookings(total_amount);

CREATE INDEX

TIocMOTpHUM, KaKO# METO HOCTyIa OymeT BEIOpaH [jIs IIOMCKa AHUanasoHa.
=> EXPLAIN SELECT * FROM bookings WHERE total_amount < 10000;

QUERY PLAN
Bitmap Heap Scan on bookings (cost=1145.71..15356.08 rows=61069 width=21)
Recheck Cond: (total_ amount < '10000'::numeric)
-> Bitmap Index Scan on bookings_total_amount_idx (cost=0.00..1130.45 rows=61069 width=0)
Index Cond: (total_amount < '10000'::numeric)
(4 rows)

BriGpaH MeTop moctyma Bitmap Scan. OH COCTOHUT U3 ABYX Y3JI0B:

e Bitmap Index Scan yuTaeT HHOEKC ¥ CTPOUT GUTOBYIO KapTy;
e Bitmap Heap Scan unTaeT TaGIMYHEIE CTPAHUIIE], UCIOJIL3Ys IIOCTPOCHHYIO KapTy.

O6paTHTe BHUMaHHE, YTO KapTa OOJIZKHa OBITH IIOCTPOEHa MOJIHOCTHIO, IIpeXe 4YeM ee MOXKHO 6y):[eT HUCIIOJIb30BaTh.

O0BbegHHEeHHEe OUTOBBIX KapT

KpOMe TOTO, 4TO OuTOBas KapTa II03BOJIAeT un36exkaTh IIOBTOPHBEIX 4YTeHUH TaGIUYHBIX CTpaHHUL], C ee IIOMOIIBI0 MOXKHO 06'I:eJIHHﬁTL HECKOJIbKUX yCHOBHﬁ.

=> EXPLAIN (costs off)
SELECT * FROM bookings
WHERE total_amount < 10000 OR total_amount > 100000;

QUERY PLAN
Bitmap Heap Scan on bookings
Recheck Cond: ((total amount < '10000'::numeric) OR (total_amount > '100000'::numeric))
-> BitmapOr
-> Bitmap Index Scan on bookings total amount_idx
Index Cond: (total_amount < '10000'::numeric)
-> Bitmap Index Scan on bookings total amount idx
Index Cond: (total_amount > '100000'::numeric)
(7 rows)

3)1er CHavasa OB IIOCTPOEHE! IBE OUTOBLIE KapThl — 110 OHHOﬁ Ha KazxKpaoe yCJIOBHE, a 3aTeM Oﬁ'be)IHHeHbI TIOGUTOBOM onepauneﬁ «HIIA».

Takum xe 06p630M MOTYyT OBITH UCIIOIIL30BAHHI U Pa3HbIe UHOEKCEI.

=> EXPLAIN (costs off)
SELECT * FROM bookings
WHERE total_amount < 10000
OR book_date = bookings.now() - INTERVAL 'l day';

QUERY PLAN
Bitmap Heap Scan on bookings
Recheck Cond: ((total amount < '10000'::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 < '10000'::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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Parallel Bitmap Heap Scan  Posggres

CKaHI/IpOBaHI/Ie no 6utoBou KapTe MOXET BbIMNOJ/IHATLCA Napa/1l/1€/1bHO.

MepBbIii 3Tan — CKaHMpOBaHMe UHAEKCA — BCeraa BbINO/IHSAETCS
nocneaoBaTenibHO BeAyLUM NPOLECCOM.

A BTOpOi1 aTan — cKkaHMpoBaHue Tabmupbl — BbINO/THAETCA pabounmm
npoueccamu napasnefnibHo. 3TO NPOUCXOANT aHaIOrMYHO NapasifieNlbHOMY
nocnenoBare/ibHOMY CKaHMPOBaHMIO.



INapa/ute1bHOE CKAHHMPOBaHHE 110 OMTOBOM KapTe

CkaHUpOBaHUE 10 OGUTOBOM KapTe MOXKET paboTaTh B ITapajuieIbHOM pexume. CKOIbKO OPOHUPOBAHUM CHEIAHO 3a
ocyieqHUN Mecsl Ha cyMMy o 20 Teicsad P?

=> SELECT bookings.now() - INTERVAL 'l months' AS d \gset

=> EXPLAIN (costs off)
SELECT count(*) FROM bookings
WHERE total_amount < 20000 AND book_date > :'d';

QUERY PLAN
Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Parallel Bitmap Heap Scan on bookings
Recheck Cond: (book date > '2017-07-15 18:00:00+03'::timestamp with time zone)
Filter: (total amount < '20000'::numeric)
-> Bitmap Index Scan on bookings book date idx
Index Cond: (book date > '2017-07-15 18:00:00+03'::timestamp with time zone)
(9 rows)

V3en Bitmap Index Scan BHIIONIHSIETCS BeOyILIUM IIPOIIECCOM, KOTOPHIN CTPOUT OUTOBYIO KapTy. [lapanenbHo BRIIIOIHSIETCS
TOJIBKO CKAHUPOBaHUE TabIUIIEI IO y2Ke TOTOBOM 6uTOBOM KapTe — y3en Parallel Bitmap Heap Scan.
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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;
orpaHvueHue TaMsATH MOXKeT OBbITh MPeBbIIIeHO

BrToBas kapTa XpaHUTCS B NTOKasSIbHON NamMATN 06CAYXMBAIOLLErO npoLecca
N Nog ee XxpaHeHue Bblaensietcs work_mem 6aiT. BpeMeHHble doaisbl
HMKOrA4a He UCNO/b3YHTCS.

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 BbIOGOPKE,
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 dparMeHTHI

V3en Bitmap Heap Scan moka3siBaet ycnosue nepenposepku (Recheck Cond). Cama ke nepernpoBepKa BHIIIOJIHSIETCS He BCETAa, a TOIbKO IPU
oTepe TOYHOCTH, Korga OMTOBast KapTa He IIOMeIaeTCs B IaMsTh.

TIoBTOPUM 3aIpoC, U3MEHUB YCIOBUE AJISI ITOJIy4YeHUsT OPOHUPOBaHMM 10 10 Thicsd P:
=> SELECT bookings.now() - INTERVAL 'l months' AS d \gset

=> EXPLAIN (analyze, costs off, timing off)
SELECT count(*) FROM bookings
WHERE total_amount < 10000.00 AND book_date > :'d’';

QUERY PLAN
Aggregate (actual rows=1 loops=1)
-> Bitmap Heap Scan on bookings (actual rows=5386 loops=1)
Recheck Cond: ((total_amount < 10000.00) AND (book date > '2017-07-15 18:00:00+03'::timestamp with time zone))
Heap Blocks: exact=4413
-> BitmapAnd (actual rows=0 loops=1)
-> Bitmap Index Scan on bookings total amount idx (actual rows=63944 loops=1)
Index Cond: (total amount < 10000.00)
-> 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: 0.078 ms
Execution Time: 22.026 ms
(11 rows)

Ctpoka «Heap Blocks: exact» roBOpHUT 0 TOM, 4TO Bce ¢hparMeHThl GUTOBOM KapTH IIOCTPOEHEI C TOYHOCTHIO 10 CTPOK — IIE€PEIIPOBEPKA HE
BBITIOJTHSIETCSI

VMeHbIIUM pa3Mep BhIAEIIsIeMO TaMsITH.
=> SET work_mem = '64kB';
SET

=> EXPLAIN (analyze, costs off, timing off)
SELECT count(*) FROM bookings
WHERE total_amount < 10000.00 AND book_date > :'d';

QUERY PLAN
Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (actual rows=1 loops=3)
-> Parallel Bitmap Heap Scan on bookings (actual rows=1795 loops=3)
Recheck Cond: ((total amount < 10000.00) AND (book date > '2017-07-15 18:00:00+03'::timestamp with time zone))
Rows Removed by Index Recheck: 648741
Heap Blocks: exact=291 lossy=4009
-> BitmapAnd (actual rows=0 loops=1)
-> Bitmap Index Scan on bookings_ total amount_idx (actual rows=63944 loops=1)
Index Cond: (total amount < 10000.00)
-> 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: 0.087 ms
Execution Time: 338.574 ms
(16 rows)

3mech mOSIBUIIKCH l0SSy-pparMeHThl GUTOBOM KapThl — C TOYHOCTBIO IO CTPAHUI]. TakiKe yKa3aHO, CKOJIBKO CTPOK He MPOIUIO IEPEIPOBEPKY
ycmoBust (Rows Removed by Index Recheck).

TInaHUPOBIIUK IEPEKIIIOYUIICS Ha MapasllelIbHbIH I1JIaH, IIOCKOJIbKY CTOMMOCTb CKAHUPOBaHUS 110 OUTOBOM KapTe (Telepb HETOYHOM) yBEIUYUIIach.

BoccTaHOBUM 3HAa4YEHHE IIapaMeTpa.
=> RESET work_mem;

RESET



CpaBHeHne a(pEKTUBHOCTY S5rss

CpaBHeHMe pa3/IMUHbIX MeTO/IOB AOCTyTIa

Knacrepusanus
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CpaBHeHne apPEeKTUBHOCTN Posigres
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HOeKCHOe cKaHMpoBaHMe fydlle BCEro paboTaeT Npu 04eHb BbICOKOM
CENEeKTUBHOCTM, Koraa no MHAEKCY BblOMPaeTCA 0A4HO UM HECKO/bKO
3HaYeHun.

Mpwv cpeaHei cenekTMBHOCTU fydllie BCEro NoKasblBaeT cebsl CkaHNpoBaHue
no 6utoBoii kapTe. OHO paboTaeT Nyylle MHAEKCHOro CKaHUpoBaHUs,
MOCKO/IbKY 06X0ANTCSI 6E3 NMOBTOPHbIX YTEHWI OAHUX U TEX XXE CTPaHMULI,
O[HaKo Npu CKaHNPOBAHMKN N0 GMTOBOW KapTe BO3HUKAOT HaKMaHble
pacxofbl Ha NOCTPOEHME KapTbl, MO3TOMY MPU BbICOKOI CENEKTUBHOCTN OHO
MPOUrPbIBAET.

[py HU3KOW CENEeKTUBHOCTU Nydllie BCEro paboTaeT noc/ieoBaTe/lbHoe
CKaHMpOBaHMWe: ecnun Hafo BbiGpaTb BCE WM NMOYTK BCE TabGNMNYHbIE CTPOKMY,
obpallleHne K MHAEKCHbIM CTPaHULLaM TO/TbKO YBENUYMBAET HakNaAHble
pacxofbl. TOT aPEKT yCUIMBAETCS B C/lyYae BpaLlatoLLIMXCS ANCKOB, rae
CTOMMOCTb NPON3BOJIbHOTO YTEHUSI CYLLECTBEHHO BbILLE CTOMMOCTU UTEHUSA
NocnefoBaTe/lbHO PACMOMIOXEHHbIX CTPAHMUL,

3HayeHne cenekTUBHOCTK, NPU KOTOPOM CTaHOBUTCS BbIrOAHO
NepPeKNYMTLCA Ha APYro MeToa A0CTyNa, CU/IbHO 3aBUCUT OT KOHKPETHOM
TabvLbl N KOHKPETHOro nHaekca. MNaHnpoBLLMK YY4UTbIBAET MHOXECTBO
napamMeTpoB, YTOObI BbiOpaTb Hanbosee NOAXOAALMIA CNOCO6.

Elle 0AHO 3aMeyaHune: Npu UHAEKCHOM [0CTyne pe3y/bTaT BO3BpallaeTcs
OTCOPTMPOBAHHbLIM, UTO B psifie C/lyyaeB yBeNMUMBaeT NpuBAeKaTeslbHoCTb
TAKoro A0CTyna Aaxe Nnpu HU3KOWN CeNeKTUBHOCTW.
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Index Scan / Bitmap Scan Pos{gres

CTpaHuLbl
YNOopsi0YeHsbI

9|il10/11 12]13]  |a4]]

14

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/TaHNPOBLLVMK 3TO TOXE YYMTbIBAET (Kak MMEHHO —
paccMmaTpuBaeTcs B TeMe «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

=> ANALYZE bookings;

ANALYZE
yﬁeﬂHMCH,qTOCTpOKHyHOpHﬂOqubIHOCTOHMOCTH:

=> 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 SELECT * FROM bookings WHERE total_amount < 10000;

QUERY PLAN
Index Scan using bookings total amount idx on bookings (cost=0.43..2215.86 rows=63339 width=21)
Index Cond: (total amount < '10000'::numeric)
(2 rows)

Io KymacTepu3alyu UCIIOIb30BaIoCh CKAHNPOBAHME 110 OMTOBOM KapTe, HO TEMEeph MPOIIE U BEITOMHEH CHeIaTh OObIYHOe
WHAEKCHOEe CKaHMPOBAHUE.
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CpaBHeHne apPEeKTUBHOCTN Posigres
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S heKTMBHOCTb CKaHMPOBaHMS TOMIbKO MHAEKCA CUMIbHO 3aBUCUT OT
aKTyanbHOCTW KapTbl BUAMMOCTU (M OT TOTO, CKO/IbKO CTpaHuL,
[leCTBUTENbHO CoflepXaT TONbKO akTyasibHble BEPCUM CTPOK).

B nyywem cnyyae aToT MeTo A0CTyna MOXET ObITb 3dddIEKTUBHEA
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.
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Toru Posigres

CkaHUpOBaHHe 110 OUTOBOM KapTe

WCKJTIOUaeT TIOBTOPHOE UTeHHe TaOIMUHbIX CTPAHHL]
T103BOJIsIeT O0BeJUHATH HECKOJTbKO NH/IEKCOB
3¢ QeKTHBHO NpU CpefiHel CeeKTHBHOCTH

Heckosibko MeTOI0B JOCTYyIIa MO3BOJISIIOT [JIAHUPOBLLKKY
BbIOpATh NMyUlllni, YUUTbIBasi pa3/inuHbie (PaKTOPbI:

CeJIEKTUBHOCTh YCJIOBHS
Heo0X0JUMOCTh ObpalreHus K Taburie

TMOJIHOTY KapThl BUAUMOCTHU

COOTBETCTBHE TIOPSA/IKA JJaHHBIX B Tab/MHIIEe U B UH/EKCE
HEeoOX0IMMOCTh TOTyUYHUTh OTCOPTUPOBAHHYIO BBIOOPKY
MOTPeOHOCThL OBICTPOTO MOTYUEHHsT TIEPBBIX Pe3y/IbTaTOB

U ipyrue
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Co3paiiTe UHAEKC 10 CTO/IOIY amount Tab/HI[bLI TTePeIeTOB
(ticket_flights).

2. Hanuiuire 3anpoc, Haxosiyi UHGOpMal[vIo O fepesieTax
croumocTbio 6omee 180 000 py6. (MeHee 1% CTpOK).
Kakoti metop focTyra 6611 BeIOpaH? CKOTBKO BpeMeH!
BBITIOJIHSETCS 3arpoc?

3anpeTuTe BLIOPAHHBIM METO/ AOCTYTIa, CHOBA BHITIO/THUATE
3ampoC ¥ CPaBHUTE BpeMsi BbINO/HeHuUs1. [1paB i Obut
ONTUMU3aTOp?

3. TloBropute MyHKT 2 Ajisi ctouMocTu MeHee 44000 py06. (4yThb
6omnee 90 % CTpOK).
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2. lns 3anpeta MeTofda AocTyna ycTaHOBUTE OAUH U3 NapameTpoB
B 3HaueHue off;

- enable_seqscan,

- enable_indexscan,

- enable_bitmapscan.
Hanpumep:

SET enable_segscan = off;

3. He 3abyabTe BOCCTAHOBUTL 3HAYEHWE N3MEHEHHOro napameTpa,
Hanpumep:

RESET enable_seqgscan;



1. Aagekc

=> CREATE INDEX ON ticket_flights(amount);

CREATE INDEX

2. BeiOGopka < 1%

=> EXPLAIN ANALYZE SELECT * FROM ticket_flights WHERE amount > 180000;

QUERY PLAN

Bitmap Heap Scan on ticket flights (cost=975.27..69519.65 rows=51979 width=32) (actual time=4.625..19.628 rows=55640 loops=1)
Recheck Cond: (amount > '180000'::numeric)
Heap Blocks: exact=1747
-> Bitmap Index Scan on ticket flights_amount_idx (cost=0.00..962.28 rows=51979 width=0) (actual time=4.471..4.471 rows=55640 loops=1)
Index Cond: (amount > '180000'::numeric)
Planning Time: 3.662 ms
Execution Time: 20.959 ms
(7 rows)

3ampeTHM CKaHHPOBaHUE 10 GUTOBOM KapTe.

=> SET enable_bitmapscan = off;

SET

=> EXPLAIN ANALYZE SELECT * FROM ticket_flights WHERE amount > 180000;

QUERY PLAN

Gather (cost=1000.00..119838.46 rows=51979 width=32) (actual time=0.127..979.102 rows=55640 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Parallel Seq Scan on ticket flights (cost=0.00..113640.56 rows=21658 width=32) (actual time=145.205..934.561 rows=18547 loops=3)
Filter: (amount > '180000'::numeric)
Rows Removed by Filter: 2778737
Planning Time: 0.071 ms
Execution Time: 980.440 ms
(8 rows)

s HeOOMBIION BEIOOPKY CKAaHUPOBAHHE IT0 GUTOBOM KapTe OKa3kBaeTcs addeKTuBHEE.
=> RESET enable_bitmapscan;

RESET

3. Beioopka > 90%

=> EXPLAIN ANALYZE SELECT * FROM ticket_flights WHERE amount < 44000;

QUERY PLAN
Seq Scan on ticket flights (cost=0.00..174831.15 rows=7581639 width=32) (actual time=7.463..1095.171 rows=7583228 loops=1)
Filter: (amount < '44000'::numeric)
Rows Removed by Filter: 808624
Planning Time: 0.195 ms
Execution Time: 1266.765 ms
(5 rows)

3anpeTHM IIOCIIe[oBaTeIbHOE CKaHUPOBaHKe.

=> SET enable_seqscan = off;

SET

=> EXPLAIN ANALYZE SELECT * FROM ticket_flights WHERE amount < 44000;

QUERY PLAN
Bitmap Heap Scan on ticket flights (cost=142038.14..312123.84 rows=7581639 width=32) (actual time=553.875..1512.979 rows=7583228 loops=1
Recheck Cond: (amount < '44000'::numeric)
Rows Removed by Index Recheck: 296939
Heap Blocks: exact=36281 lossy=33034
-> Bitmap Index Scan on ticket flights_ amount_idx (cost=0.00..140142.73 rows=7581639 width=0) (actual time=548.376..548.377 rows=7583228 loops=1)
Index Cond: (amount < '44000'::numeric)
Planning Time: 0.075 ms
Execution Time: 1684.882 ms
(8 rows)

st 607bIION BEIGOPKHU IOJTHOE CKAHUPOBAHUE BHIMOJHEE.

CrnenyeT TakKe y4eCTb, YTO IIOBTOPHO 3alpOC OOBIYHO BHINIOJIHSETCS ObICTPEE U3-3a KEIIMPOBAHUS.



