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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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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/bTaThbl aBTOMAaTUUeCKH OTCOPTUPOBAHbI

Ncnonb3oBanue

yCKOpeHuUe I0CTyTa
TIOZ/IepyKKa OrPaHUUeHU 1[e/I0CTHOCTH

B atom mogyne mbl 6yaem paccmaTpuBaTth TO/IbKO OA4MH N3 AOCTYMHbIX
B PostgreSQL Tunos nHAeKCOB: B-aepeBo (B-tree). 3T0 camblil 4acTo

NPUMEHSIIOLWLMNIACA Ha NPaKTUKe TUN UHAEeKca. HekoTopble aApyrue Turbl
NHOEKCOB pacCcMOTpeHbI B Kypce DEV2.

Kak n Bce nHgekcol B PostgreSQL, B-aAepeBo ABNSETCHA BTOPUYHOM
CTPYKTYPOI — MHOEKC HE COAEePXMUT B cebe HMKakon nHdhopmaunm, KoTopyto
Henb3s 66110 6bl NOYUYUTb U3 caMor Tabnnubl. MHAEKC MOXHO yAa iUTb U
nepecosgarb. IHAEKCHI HY)XHbI OJ/151 YCKOPEHUS onepauuii, 3aTparmBatoLLmnx
He60/bLUYIO YacTb Tabnuubl: BIGOPKM Masioro KosinyecTtsa CTPOK, a Takke
NOALEPXKKM OrPaHNYEHNA LLesTOCTHOCTU (MEePBUYHBIX U YHUKAJTBHBIX KHOYER).

JTio6oin HAEeKC conocTaBseT 3HaYeHUs NPOMHAEKCUPOBaHHbIX None
(kno4un noncka) n ngeHTndnkaTopbl CTPOK Tabnumubl. 18 3T0ro B UHAEKCE
B-tree cTpouTCcA ynopsagoyeHHoe AepeBo K/loUei, B KOTOPOM MOXHO ObICTPO
HaTW HYXHbIA K/1H04, @ BMECTE C HUM — W CCbI/IKY Ha Tab/IMYHYH0 CTPOKY.
Ho nponHaekcnpoBaTb MOXHO TO/IbKO AaHHble, AonycKatolne CoOpTUPOBKY
(AoMmXkHbI 6bITb ONPeAeneHbl onepaunn «6onblue», «MeHbLLEe»). Hanpumep,
yncna, CTPOKM U Aatbl MOTYT ObITb NPOVMHAEKCMPOBAHbI, & TOYKN Ha
MI0CKOCTU — HET (419 HUX CYLLEeCTBYIOT Apyrne TUnbl MHOEKCOB).

OcobeHHoCcTAMU B-fepeBa sBAseTca ero cbéasiaHcMpoBaHHOCTb
(nocTosiHHaA rnyéuHa) n cunbHast BETBUCTOCTb. XOTS pa3mMep Aepesa
3aBUCUT OT NPOUHAEKCUPOBAHHbIX CTOMOL0B, Ha NpakTuKe AepeBbs 0ObIYHO
NMeEOT rNyouHy He 6onblue 4-5.
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B-pnepeBo Pos{gres

TabnuyHble
! CTpaHuLbl

Ha cnaige npeactaeneH npuvep B-aepeBa (BEPXHSAS YaCTb PUCYHKA).
Y fepeBa ecTb KOpHeBasi, BHyTPEHHME U NINCTOBbIE CTPaHWULbI.

CTpaHuLbl COCTOSIT U3 UHAEKCHbIX 3aMUCeit, Kaxaas 13 KOTOPbIX COAEPXMUT:

- 3Ha4YeHus1 cToN6LOB, NO KOTOPbLIM NMOCTPOEH UHAEKC (Takue CToN6LbI
Ha3bIBAKTCS K/OYEBbLIMU);

- CCbI/IKY Ha APYryo CTpaHuLy MHAEeKCa U BePCUo CTPOKM.
BHYTpu CTpaHuLbl KoUK Beerga ynopsioyeHsi.

JInctoBble CTpaHuLbl CCbiNnakTca HenocpeacTBEHHO Ha Tab/NYHbIE BeEpCcunn
CTPOK, cogepxalime Kan4n nHaekKCnpoBaHus.

BHYTpPEHHME CTPaHWLIbl CChINTAOTCS HA HUKENexXallue cTpaHuLbl MHAEeKca,
a 3HauYeHus K/toueli onpeaensaoT AnanasoH 3HaueHui, KOTopble MOXHO
06HAPYXWUTb, CMYCTUBLUUCH MO CChIIKE.

Camas BepxHsisi CTpaHuLa JepeBa, Ha KOTOPYH HET CChI/IOK, HAa3biBAETCS
KOPHEM.

NHAEKCHasn cTpaHuLa MOXET GbITb 3ano/IHEHA He NOMHOCTLH. CBO6OAHOE
MECTO MCNo/b3yeTcs A/1S1 BCTABKU B MHAEKC HOBbIX 3HAYeHWUiA. Ecnn xe Ha
CTpaHuLe He XBaTaeT MecTa — OHa pa3fessieTcs Ha ABe HOBbIX CTPaHWLbI.
PazfenuBLUNECS] CTPaHULIbI HUKOTAA He 06bEAMHSAIOTCS, U 3TO B HEKOTOPbIX
C/lydasix MOXeT NPMBOAMTL K paspacTaHuio UHAEKCA.
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Index scan: 0IHO 3HAaUYeHne  Pos{gres

PaccMOTpuM MOMCK OAHOr0 3Ha4YeHUs C NOMOLLbI0 nHAekca. Hanpumep,
HaM HY>XHO HaWTK B TabnvLe CTPOKY, rae 3HayeHre NPonHLEeKCUPOBAHHOTO
cTonbua paBHO YETLIPEM.

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.

Ccblsika N3 HalneHHON CTPOKM 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.

B nenctBuTensHOCTH nNpouecc 60/1ee C0XeH: Mbl He TOBOPUAN NPO
HeyHMKasibHble KUK, NPo NpobsiemMbl O4HOBPEMEHHOIO AOCTyNa 1 Tak
fanee. Ho He 6yaem yrnybnatbCca B Aetasniv peannsaumn.,

O6paTtuTe BHUMAHWE: Ha 3TOI 1 cneayLmx WIMKCTpaLusax LIBETOM
Bbl€NEHbI T€ CTPOKM U Te CTPaHULbl, KOTOPbIe NOTPE6oBasIOCh NPoOYNTaTh.



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)

Ctonben book ref siBnsieTCsl IepBUYHEIM KJIIOYOM U [JIs1 HEr'0 aBTOMaTUu4YecKu OB co3maH uHpueKc bookings pkey.
[IpoBepuM IjIaH 3aIpPoca C ITOMCKOM OQHOI'0 3HAYEHMS:
=> 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)

Bri6pan Metop goctymna Index Scan, yka3aHo MM MCIIOIb30BaHHOIO HHIEKCA. 30ech obOpallleHue U K UHIOEKCY, U K Tabulle
IPEeOCTaBIIeHO OOHUM y3JI0M IfTaHa. CTPOKOM HUKe yKa3aHO yCIOBUE JOCTyIa.

HauanbHas CTOMMOCTEH HHAEKCHOTO JOCTyIIa — OLIEHKAa PECYPCOB AJIs CIIyCKa K JIUCTOBOMY y3/1y. OHA 3aBHUCUT OT
norapudMa KOJIUYeCTBa JINCTOBLIX Y3JI0B (KOJIMYECTBO OIepaluii CPaBHEHMSI, KOTOPHIE HAIO BBHIIIOJTHUTE) U OT BEICOTEL
nepesa. [Ipy OIleHKE CUUTAETCS, YTO HEOOXOOUMEIE CTPAHUIIEI OKAXKYTCS B KEIlle, ¥ OLIEHUBAIOTCS TOJIBKO PECYPCHI
mpoueccopa: nudpa nonydaeTcs HeGOIbIIOH.

TTonmHast CTOMMOCTh noﬁaan{eT OLIEHKY YTeHUusd HeO6XO)II/IMI)IX JIMCTOBBIX CTPAHUI] UHOEKCa U TaOITUYHBIX CTPaHHUII.

B AaHHOM Cjiy4ae, IIOCKOJIbKY UHIIEKC yHHKaJ‘II:HLIfI, GyneT IIPOYUTAHA OOHA MHOEKCHAas CTPaHUIla U OOHa TabIuyHas.
CTOMMOCTB KaXX[0oro U3 YTEHU! OLIEHUBAeTCs napamMmeTpoM 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 = 'CDE08B' 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

CTpaHULbl
uuTatoTcs
XaoTU4HO

J1al3] |5 2] [1]0]/|12]8] [7]i13[n lalo] |6

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 BblOpaTb 3Ha4YeHne 4 nnu
9, a anda ycnoBusa «MmeHbLUe 9» Hado B3ATb 9. 3arem cnyckaemcs [0
NINCTOBOW CTpaHuULbl MHAEKCA Tak, Kak Mbl pacCcMaTpuBain B NpeabiayLem
npumepe, N Noayyaem nepeoe 3HavyeHne 13 Tabnmubl.

[lanbliue octaeTcs ABUraTbCsi NO SINCTOBLIM CTPAHULLAM UHEKCA BPaBo
(wnun BNEeBO, B 3aBUCUMOCTY OT YC/I0BUST), Nepebrpas CTPOKN 3TUX CTPaHML,
[10 TEX MOp, NoKa Mbl He BCTPETUM K/1Ho4, BbiNagatoLmii U3 ananasoHa.

Ha cnaigie nokasaH npumep noucka sHadyeHuin no ycnosuto «<x BETWEEN 4
AND 9» unu, uto ToXe camoe, «x >= 4 AND x <= 9». CnyCTUBLLNCb K
3HauyeHuto 4, Mbl 3aTeM nepebupaem knwun 5, 6, 1 Tak ganee o 9.
BcTpeTuB ko4 10, npekpallaem Nouck.

Hawm nomoraloT gBa CBOWCTBa: ynopAg04eHHOCTb K/1touen Ha Bcex
CTpaHnuax n CBA3aHHOCTb JINCTOBbIX CTPpaHUL, AByHalrpaB/1€HHbIM CMNCKOM.

O6partnte BHUMaHWE, YTO K OAHOWN N TOW Xe TabNNYHON CTpaHuLe Ham
NpULLIOChL 0bpawaTbCa HECKOIbKO pa3. Mbl NpoynTasiv Noc/ief4HIoH0
CTpaHuuy Tabnuubl (3Ha4yeHne 4), 3atem nepsyto (5), 3aTtem onATb
nocniegHtoto (6) n Tak aanee.



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 Ke caMbI¥i UHOEKC MOXKET HCIIOJIb30BaThCS U OJIS IIOJIy4YeHUusA CTPOK B 06paTHOM IIopsigkKe:

=> EXPLAIN (costs 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
Index Cond: ((book ref > '000900'::bpchar) AND (book ref < '000939'::bpchar))
(2 rows)

B aTom CJIy4dae MBI CIIyCKaeMCs OT KOPHs JepeBa K IIPAaBOMY JIMCTOBOMY Y3J1y, U IIPOXOOUM IIO CIIUCKY JIMCTOBBIX CTPAHUIT B
06paTHYI CTOPOHY.

OGpaTuTe BHUMaHHE Ha KOIU4ecTBo cTpaHull (Buffers), KoTopoe moTpe6oBasock IPOYUTaTh:

=> 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=8
(5 rows)

CpaBHUM IIOKCK II0 fHala30Hy C IOBTOPSAIOIIMMCS ITIOMCKOM OTHENbHBIX 3HaueHuH. [1oJIyduM TOT Ke pe3yNbTaT C IIOMOIIBI0
KOHCTPyKIuu IN, ¥ MOCMOTPHUM, CKOJIBKO CTPAHHUI] IOTPeOOBAIOCh IPOYUTATh B 9TOM 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=0.026..0.039 rows=5 loops=1)
Index Cond: (book ref = ANY ('{000906,000909,000917,000930,000938}'::bpchar[]))
Buffers: shared hit=24
Planning Time: 0.082 ms
Execution Time: 0.047 ms
(5 rows)

KonuuecTtBo CTPaHHUILl YBEJINYHUJIOCH, IIOCKOJIBKY B 3TOM CJIydae IIPUXOOUTCA CIIYCKAThCsA OT KOPHA K KaXKJOMY 3HAYEHHUIO.
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Parallel Index Scan Posigres

NHAOEKCHBIA AOCTYN MOXET BbINOHATLCA B NapasnsiesisHoM pexume. 310
npovcxoauT B ABa 3tana. CHayana BefyLuii NpoLecc CnyckaeTcsl OT KOPHS
[lepeBa K INCTOBOV CcTpaHuLe. 3aTtem paboume NpoLecchl BbINOHSAOT
napasnnesnibHoe YTeHne NUCTOBbIX CTPAHWUL, HAEKca, ABUrasicb no
yKasaTensm.

Mpouecc, npoYnTaBLUNA NHOEKCHYIO CTPaHULY, BbINOMHAET U YTEHUE
Heo6XoAMMbIX Tab/INYHbIX CTPaHuL,. Npy 3TOM MOXET NOYYUTLCA Tak, YTo
OHY M Ty e TabMNYHYI0 CTPaHuLYy NPoYnTaloT HECKO/IbKO NPoLeccoB (3TOT
npuMep nokasaH Ha uincTpayumn: nocneaHas TabnnyHas ctpaHmua
COLEPXMUT CTPOKU, CCbIJIKA Ha KOTOPble BeAYT OT HECKONbKNX MHOEKCHbIX
CTpaHuL,, NPOYUTaHHbIX pasHbIMK npoueccamun). KoHeyHo, cama cTpaHuya
OyaeT HaxoauTbCA B BydhepHOM Kelle B OAHOM 3K3eMMispe.



Hapannenbﬂoe CKaHHPOBaHHEe HHIEKCa

CKaHMpOBaHUeE WHAEKCa MOXKEeT BBHIITOIHSATLCS B IIapajUIeIbHOM pekuMe. B kauecTBe mpuMepa HalgeM oOIIy0 CyMMy BCEX
OpoHUpoBaHuUi ¢ HoMepamu, MeHbIEMY 400000 (MX TPUMEPHO OOHA YETBEPTH OT OBIIEro YucIa):

=> EXPLAIN SELECT sum(total_amount)
FROM bookings WHERE book_ref < '400000';

QUERY PLAN

Finalize Aggregate (cost=16864.79..16864.80 rows=1 width=32)
-> Gather (cost=16864.57..16864.78 rows=2 width=32)
Workers Planned: 2
-> Partial Aggregate (cost=15864.57..15864.58 rows=1 width=32)
-> Parallel Index Scan using bookings pkey on bookings (cost=0.43..15314.81 rows=219906 width=6)
Index Cond: (book ref < '400000'::bpchar)
(6 rows)

AHaJOTWYHHIH IIJTaH MBI y2Ke BU[IENH MIPU IapajlyieJIbHOM II0C/Ieq0BaTeIbHOM CKaHUPOBAaHWH, HO B HAHHOM CJly4Yae JaHHBIe
YHUTAIOTCS C IIOMOIIbIO HHIeKca — y3en Parallel Index Scan.

TTonHas CTOMMOCTD CKJIaAbIBAETCSI U3 CTOMMOCTEM AOCTYyIa K Tabnule u K uHAeKCy. CTOMMOCTD JOoCTyna K 1/4 TaGmuuHbIX
cTpaHuI] (IIoJeIeHHbIX MEeXIY IIpolleccaMy) OIeHUBAeTCs aHAIOTUYHO II0CIeI0BaTeIbHOMY CKaHUPOBAHUIO:

=> SELECT round(
(relpages / 4.0) * current_setting('seq_page_cost')::real +
(reltuples / 4.0) / 2.4 * current_setting('cpu_tuple_cost')::real
) FROM pg_class WHERE relname = 'bookings';

O1eHKa CTOMMOCTHY WHIEKCHOTO JOCTYIIa He JeJIUTCS MEeX/y IPOLIeCCAMM, TaK KaK HHAEKC YUTAETCS MPOIeCCaMu
MOCJIeIOBATEIbHO, CTPAHUIIA 32 CTPAHUIIEH:

=> SELECT round(
(relpages / 4.0) * current_setting('random_page cost')::real +
(reltuples / 4.0) * current_setting('cpu_index_tuple_cost')::real +
(reltuples / 4.0) * current_setting('cpu_operator_cost')::real

) FROM pg_class WHERE relname = 'bookings_pkey"';

3HaueHWEeM IlapaMeTpa cpu_operator cost OIleHMBAETCS OLEpAIUsi CPAaBHEHUS 3HAYEHUH («MEHBIIe»).
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Yucno paboumx NnpoueccoB  Posgares

PaBHO Hy/Tt0 (Mapasuie/ibHbIN MJ1aH He CTPOUTCS)

ecim pasmep eblbopku < min_parallel_index_scan_size = 512kB

DUKCUPOBAHO

ecm A1 TabnULIbI yKa3aH TlapaMeTp XpaHeHus parallel_workers

BoruncnsieTcs 1o dopmyre

1 + | logz(paamep eblbopku / min_parallel_index_scan_size) |

Ho He Gosibitie, uem max_parallel_workers_per_gather

11

Uncno paboumx npoLeccoB BbiOMpaeTcsa NPUMEPHO Tak Xe, Kak 1 B criyvae
nocsiefoBaresibHOro CkaHnposaHusa. CpaBHMBaeTCA 06bEM AaHHbIX,
KOTOpPbIV nNpeanonaraeTca npounTtaTb U3 nHaekca (onpeaensieMblii YAC/IOM
MHOEKCHBIX CTPaHWUL) CO 3Ha4YeHneM napameTpa
min_parallel_index_scan_size (no ymonyaHuio 512kB).

Ecnun B cnyyae nocriegoBatefnibHOro CKaHMpoBaHUA Tabnunubl 06beM gaHHbIX
onpeaenssica pasMepom Bceil Tabnuubl, TO NPU NHAEKCHOM AOCTyne
NJIaHMPOBLLVIK AO/HKEH CNPOrHO3NpOoBaTh, CKOMTIbKO MHAEKCHbBIX CTPaHuL,
OyaeTt npountaHo. Kak MMeHHO 3TO NMPOUCXOANT, pacCMaTpPMBaETCA NO3XKE

B Teme «CTtaTucTtmka».

Ecnn pa3mep BbI6OPKN MeHbLLIE, NapasieNbHblii NaH He paccMaTpuBaeTcs
onTMMM3aTopoM. Hanpumep, HUKOraa He 6YAeT BbINOMHATLCS napaniesibHo
[O0CTYMN K OIHOMY 3HAYE€HU0 — B 3TOM C/ly4yae NPOCTO HeYero
pacnapasnenmsaThb.

Ecnu pasmep BbIGOPKN AOCTATOYHO BENK, YACN0 paboumnx npoLeccos
onpegensercs no dpopmysne, ecnm T0/IbKO OHO He yKa3aHO SIBHO
B napameTtpe xpaHeHus parallel_workers Tabnuubl (He nHaekcal).

Uuncno npoueccos B N11060M cnyyae He OyAeT npesbilarb 3HaYeH s
napametpa max_parallel_workers_per_gather.



Yuci0 padouyux mpoimeccoB

YcTaHOBUM MakCHUMabHOE YMCIIO NTapajjiebHo paGOTaIOH.II/IX IIPOIIECCOB, KOTOPEIE MOT'YT 3allyCKaThCAd OOHUM y3JIOM Gather,
B 3HA4YEHHE YeThIpe:

=> SET max_parallel_workers_per_gather = 4;

SET

ITocMoTpuM 3HaueHVe KOHGUTYpallMOHHOro napaMeTpa min parallel index scan size:
=> SHOW min_parallel_index_scan_size;

min_parallel index scan size

W BHIIOJIHUM CJIEQYIOIIUM 3aIIpoc:

=> EXPLAIN SELECT sum(total_amount)
FROM bookings WHERE book_ref < '400000';

QUERY PLAN

Finalize Aggregate (cost=16244.20..16244.21 rows=1 width=32)
-> Gather (cost=16243.87..16244.18 rows=3 width=32)
Workers Planned: 3
-> Partial Aggregate (cost=15243.87..15243.88 rows=1 width=32)
-> Parallel Index Scan using bookings pkey on bookings (cost=0.43..14818.24 rows=170250 width=6)
Index Cond: (book ref < '400000'::bpchar)
(6 rows)

BBIIO 3alylaHUPOBaHO TPU NapajliebHEIX Npolecca. Ecnu yBenuuuTh 3HadeHue min_parallel index scan size go 10
MerabaiT, IJIaHUPOBIIKK 3allJIaHUPYeT JIUIIL ONUH IIPOLecc:

=> SET min_parallel_index_scan_size = '10MB’;
SET
Y moBTOpHM 3ampoc:

=> EXPLAIN SELECT sum(total_amount)
FROM bookings WHERE book_ref < '400000';

QUERY PLAN

Finalize Aggregate (cost=17996.56..17996.57 rows=1 width=32)
-> Gather (cost=17996.44..17996.55 rows=1 width=32)
Workers Planned: 1
-> Partial Aggregate (cost=16996.44..16996.45 rows=1 width=32)
-> Parallel Index Scan using bookings pkey on bookings (cost=0.43..16220.30 rows=310456 width=6)
Index Cond: (book ref < '400000'::bpchar)
(6 rows)

=> RESET min_parallel_index_scan_size;
RESET

=> RESET max_parallel_workers_per_gather;

RESET
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cTpaHuua ectb
B KapTe BUAMMOCTH,
NpoBepKa He HyXHa

CTpaHuLbl HET
B KapTe BUAMMOCTHU,
npoBepka no Taénuue
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Ecnu B 3anpoce TpebytTcs TO/IbKO NMPOUHAEKCUPOBAHHbIE AaHHbIE, TO OHU
yXe ecTb B CaMOM MHAeKce — K Tab/mLe B 3TOM C/lydae 06pallatbCsi He
Hafo0. Takoli MHAEKC Ha3bIBAETCS MOKPLIBAOUWUM A1s 3anpoca.

3T0 xopoLllasi oNTUMU3aLNs, UCKoYaoLLLas obpalleHns K TabIMUYHbIM
cTpaHuuaMm. Ho, K coxaneHuto, MHAEKCHbIE CTPaHULbl He coaepXar
MHPOPMALIMIO O BUAMMOCTU CTPOK — YTOObI NPOBEPUTL, HAA0 N
NokKasbliBaTb HANAEHHYI0 B MHAEKCE CTPOKY, Mbl BbIHYX/EHbI 3ar1siHYTb U
B TAB/IMYHYIO CTPAHULLY, 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 BUAMMOCTMN,
K Takou TabnnyHoi cTpaHuue obpallarbca He Haao. Ho cTpaHuubl, He
OTMEYEHHbIE B KapTe BUAMMOCTU, NOCETUTb BCE-Takn NPUAETCS.

3T0 oAHa M3 NPUYKUH, NO KOTOPOI CTOUT BbIMOMHSATL OYMCTKY (vacuum)
[I0CTATOYHO YaCTO — MMEHHO 3TOT NPOLEeCcC 0GHOBNSET KApPTy BUANMOCTW.

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.

Mpy 06paboTke KaxkaoM NHOEKCHOW 3annucy cHavasia NpoBepseTcs Hanune
TabNNYHON CTPaHULbI B KApTe BUAMMOCTU, a NpN ee OTCYTCTBMM YNTAETCS
cama TabnmyHada cTpaHuua.



CKaHKPOBaHKe TOJIBKO HHIEKCa

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

=> EXPLAIN SELECT book_ref FROM bookings WHERE book_ref <= '100000';

QUERY PLAN

Index Only Scan using bookings pkey on bookings (cost=0.43..4199.48 rows=147374 width=7)
Index Cond: (book ref <= '100000'::bpchar)
(2 rows)

ITocmoTpuM mnnaH aToro 3anpoca ¢ nomoinsio EXPLAIN ANALYZE:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT book_ref FROM bookings WHERE book_ref <= '100000';

QUERY PLAN

Index Only Scan using bookings pkey on bookings (actual rows=132109 loops=1)
Index Cond: (book ref <= '100000'::bpchar)
Heap Fetches: 0

(3 rows)

Crtpoka Heap Fetches nmoka3sbsiBaeT, CKOJIBKO BEPCUI CTPOK OBUIO IPOBEPEHO C IIOMOIILI0 TaGIUIEL. B JaHHOM ciTydae KapTa
BUOUMOCTH COOEPKUT aKTyaIbHYI0 HH(popMaIuo, obpamaTtscs K Tabiune He ToTpeboBaiocs.

OOGHOBUM IIEPBYIO CTPOKY TabIIMIIEL:

=> UPDATE bookings
SET total_amount = total_amount
WHERE book_ref = '000004";

UPDATE 1

CKOJIPKO BEPCHUM CTPOK IPUAETCS IIPOBEPUTH TETIEPDH?

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT book_ref FROM bookings WHERE book_ref <= '100000';

QUERY PLAN
Index Only Scan using bookings pkey on bookings (actual rows=132109 loops=1)
Index Cond: (book ref <= '100000'::bpchar)
Heap Fetches: 158
(3 rows)

HpOBepHTB IIPUXOOUTCS BCe BEPCHUH, IIOIIaJalIlie Ha USMEHEHHYIO CTPAaHHUITy.
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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 YUHUTBIBAOTCA OTPAHUYEHHUEM YHUKA/IbBHOCTHU

3HAUEeHHS XPaHATCA B HHAEKCHOﬁ 3dIMnuCu
Y BO3BpaIlaroTcst 6e3 obpalrieHust K Tabmwiie
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[MoKpbIBaAOLWMIA NHAEKC Kak NpaBuio yBennunsaeT apdhekTMBHOCTb
BbI6OpKK. UTOObLI caenaTb MHAEKC NOKPbIBAKOLWMM, B HETO MOXET
NoHaaobuTbca A06aBUTL CTOMOLbI, HO 3TO HE BCeraa BO3MOXHO:

- lo6aBneHne cTonbua B yHUKasIbHbIA NHAEKC HapyLLIWT rapaHTuo
YHVKaNIbHOCTU UCXOAHbIX CTONOLIOB;

- TUN JaHHbIX A06ABISIEMOr0O CTO/16LA MOXET He NoAAepPXMUBaTbCS
NHIEKCOM.

B Takux cnyyasax HaumHasa ¢ Bepcun PostgreSQL 11 moxHO n06aBuTb
K MIHAEKCY HeK/1ro4eBsble cmosibybl, yKkasas nx B npegsioxeHnn INCLUDE.

https://postgrespro.ru/docs/postgresql/13/sql-createindex

3HayeHns Takmx CToN6L0B He POPMUPYIOT AepPeBO MHAEKCA, a NPOCTO
XPaHATCA KakK A0MNONHUTENbHbIE CBEAEHNS B MHAEKCHbIX 3anncax JIMCTOBbIX
cTpaHul. MNMouCcK Mo HeK/YeBbIM CTONOLaM He paboTaeT, HO UX 3HaYeHUs
MOryT BO3BpallaTbcs 6e3 obpalleHus K Tabnuue.

B HacTosiLee Bpems include-nHaekcobl noanepXuBaroTca TOMbKO AJ15
NHAEKCOB Ha OCHoBe B-aepeBbeB 1 ANna GiST-MHOEKCOB.

Include-nHgekcbl co3garoTcs, YTOObl MHAEKC CTas1 NMOKPbIBAKOLWMM, HO He
CTOUT NyTaTb 3TN ABa TepMuHa. IHOEeKC BMNosiHe MOXET ObITb NOKPbIBAIOLLUM
[1A HEKOTOPOro 3anpoca, Ho He ncnonb3oBatb npepsioxeHne INCLUDE.

A Include-nHgekc MOXeT He ObITb NMOKPbIBAKLLNM AN1S KAKUX-TO 3arnpoCcoB.



Include-uHOexchbl

Wnnekc tickets pkey He sIBIsIeTCSI MOKPHIBAIOMIUM [IJIsI IPUBEIEHHOTO 3aIlIPOCA, IIOCKOJIBKY B HEM TPEOYETCS HE TOIIBKO
cromnbern ticket no (ects B uHAEKCe), HO U book ref:

=> 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=1.037..7.135 rows=7146 loops=1)
Index Cond: (ticket no > '0005435990286'::bpchar)
Buffers: shared hit=72 read=150
Planning:
Buffers: shared hit=19 read=7
(5 rows)

B manHOM cny4dae 6v1710 pouuTaHo 222 crpaHutisl (Buffers).

Co3pamuMm include-uHpekc, no6aBUB B HETO HEKITIoUeBoU cTomnbel book ref, Tak kak oH TpebyeTcs 3anpocy:
=> CREATE UNIQUE INDEX ON tickets (ticket_no) INCLUDE (book_ref);

CREATE INDEX

TToBTOPUM 3ampoc:

=> 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=0.054..2.078 rows=7146 loops=1)
Index Cond: (ticket no > '0005435990286': :bpchar)
Heap Fetches: 0
Buffers: shared hit=4 read=35
Planning:
Buffers: shared hit=19 read=4
(6 rows)

Teneps ontuMu3aTop BeOupaeT MeTor Index Only Scan u uCIIONB3yeT TOJIBKO YTO CO3TaHHBIM MHOEKC. KomnuecTBo
IIPOYNTAHHEIX CTPAHUII COKPATHIOCh. II0OCKOIBKY KapTa BUAUMOCTH aKTyallbHa, 06paIiaThcs K TabIuIe He IPUIIIOCh
(Heap Fetches: 0).

B include—HHneKc MOZKHO BKJIIOHUaThb CTOJ'I6].II:I C TUIIaMU OJAHHBIX, KOTOPBEIE€ HE MMOOAOEPXKUBAIOTCSA B-J:[epeBOM (HaanMep,
reoMeTpu4YeCckKue TUIIbI U Xml)



o)) PROFESSIONAL

Parallel Index Only Scan Pos{gres
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CKaHMpOBaHMe TOMbKO UHAEKCA MOXET BbINOHATLCS NapaniesibHo. JT0
MPOVCXOAMNT TOYHO TaK Xe, Kak U Npu 06bIYHOM MHAEKCHOM CKaHMpPOBaHWK:
BeyLLMIA NpoLecc CnyckaeTcsl OT KOPHSA K IMCTOBOV CTpaHuUUE, a 3aTeM
paboune Npouecchl NapasnieflbHo CKaHNPYHOT IMCTOBbIE CTPAHMLbI
nHaekca, obpallasicb NPy He06X0ANUMOCTY K COOTBETCTBYOLLIMM CTPaHULLAM
TabMUpbl AN NPOBEPKM BUAMMOCTMW.



HapaﬂﬂeﬂbﬂoeCKaHHDOBaHHeTOHLKOHHHGKC&

CKaHI/IPOBaHI/Ie TOJIBKO HHOEKCa TaKzKe MOZKeT BEIIIOJIIHATHCS IIapalljiIeJIbHO:

=> EXPLAIN SELECT count(book_ref)
FROM bookings WHERE book_ref <= '400000';

QUERY PLAN
Finalize Aggregate (cost=13499.80..13499.81 rows=1 width=8)
-> Gather (cost=13499.58..13499.79 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=12499.58..12499.59 rows=1 width=8)
-> Parallel Index Only Scan using bookings pkey on bookings (cost=0.43..11949.82 rows=219907 width=7)
Index Cond: (book ref <= '400000'::bpchar)

(6 rows)

CTouMoCTh JAOCTyIla K TabnuIe 3mech Y4YUTEIBA€T TOJIBKO 06p360TKy CTpPOK, 6e3 BBOZIa-BEIBOZA:

=> SELECT round(
(reltuples / 4.0) / 2.4 * current_setting('cpu_tuple_cost')::real
) FROM pg_class WHERE relname = 'bookings’;

BkJtai MHOEKCHOTO [OCTYIIA OCTAETCS MPEXKHUM.

Ianbure Mel He GymeM MOAPOOHO OCTAaHABIMBATHCS Ha PACYETEe CTOMMOCTH. [JI 3TOTO UCIIOJIb3YETCS TOCTAaTOYHO CIIOXKHAS
MaTeMaTH4YecKasi MOMIesIb; B HAIIY 3aa4dy BXOOUT TOJIBKO II0OKA3aTh OO IPUHITUIL.
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[lyénukaTbl B UHAEKCE Pos{gres
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[y6nvkatbl B UHAEKCe — 3TO 3anncu ¢ OANHAKOBLIMU 3HAYEHUSAMI K/THOYeid,
yKasblBaloLLMe Ha pa3Hble BepCUn CTPOK Tabnuubl.

[y6nmkaTbl BO3HUKAKOT MO [BYM NpUYMHaM. Bo-nepBbiX, pasHble CMpPOKU
MOTYT UMETb OAMHAKOBbIE 3HAYEHUS NPOUHAEKCUPOBAHHbIX CTONOL0B —

B 3TOM C/lyyae Mbl UMEEM AeN0 C HeYHMKa/IbHbIM MHAEKCOM. Bo-BTOpbIX,
13-3a paboTbl MEXaHN3Ma MHOrOBEPCUOHHOCTM MOTYT BO3HUKATb pasHble
BepcuU OHOI N TOl Xe CTPOKN — Takme Ay6nunkaTbl NOCTOSIHHO BO3HMKAKOT
(v 3aTeM yaansitoTcst OUUCTKOM) U B YHUKa/IbHbIX UHAEKCaX TOXeE.

[Mpegnonoxum, 4To B Tabnuuy 6bina gobasneHa ewe ogHa CTpoka co
3HayeHnewm 3.

HoBY0 MHAEKCHYIO 3anncb HEBO3MOXHO A006aBUTL B YXXe 3arno/IHEHHYIO
NINCTOBYIO cTpaHuyy (c knyamu 3, 4, 5) 1 NPOUCXOAUT pacLlensieHne:
B MHOEKCE MNOAB/IAETCA elle o4Ha IMCToBas CTpaHuua 1 3anmncu
pacnpenensTca Mexay HUMN.

B BblLLECTOSALLEN BHYTPEHHEN cTpaHuue (C kKdamu 1, 3, 6) Ao/mKHaA
NOABUTLCS MHAEKCHAsA 3anuchb, CCbl/latolasicsl Ha HOBYHO JIMCTOBYIO
cTpaHuuy. Ho ons aToi 3anucmn HET MecTa; NO3TOMY BHYTPEHHSS CTpaHuua
Takxe pacliennsercs. (na KoppekTHOM paboTbl MHAEKCA BO BpeMS
pacuenneHns BHyTPEHHNE CTPaHULbl O4HOr0 YPOBHA HA caMOM Aerie TOXe
CBsi3aHbl IByHanpaB/1€HHbIM CMNCKOM.)

B KOpHEBOWA CTpaHuLEe AepeBa HaW/0Cb MECTO 4718 HOBOI 3anuncu, NoaTomy
pacLlenneHms KOpPHA 1 yBeNMYeHUs TNyouHbl AepeBa B JaHHOM C/lyyae He
NPOoM30LLO.

Ha pucyHke HOBble CTpaHuLbl NOKa3aHbl PO30BbIM LIBETOM.
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ickntoueHne ayonukartos Posigres
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[ybnukatbl NPUBOAAT K pa3pacTtaHunio MHAEKCA, a paclensieHHble CTpaHuubI
HUKOrga He 06beanHATeA. HaunHas ¢ 13- Bepcun ans n3dexaHus
NNLLHNX pacLensieHnin NCrnonb3yeTca MexaHU3M UCK/IoHeHUS Oy 6/1uKkamos:
NHOEKCHbIE 3anncu ¢ OANHAKOBbLIMU K/to4aMuy FpynnmupyroTCca B O4HY 06LLyHo
3anncb CO CMNCKOM CCbIJIOK HA BEPCUMN CTPOK.

[lna 3KOHOMKK pecypcoB rpynnupoBKa 3annuceit NPoONCXoamMT TO/IbKO B TOM
cnyyae, ec/iv nHaye CTpaHuLy npuwioch bl pacwennTb. MocKonbKy
Ay6nuKaTbl BO3HMKAKT B TOM YuC/ie U3-3a NOSAB/IEHUSA BEPCUI OOHUX U TeX
Xe CTPOK, MeXaHM3M UCKIIOYEHNA oyONnMKaTOB MOXET NpeaoTBpaTuTb
paspacTtaHune gaxe YHUKaslbHbIX MHOEKCOB. Ho ecnn n3BecTHO, YTO
Ay6nukartbl He 06pasylTCs, MeXaHU3M MOXHO OTK/IHUNTL NapaMeTpoMm
XpaHeHua deduplicate items.

B Hallem npumepe Ay6nvpyroLLmMecs TPOVKN CrpynnmMpoBaHbl B OfiHY
MHAEKCHYIO 3anucb. 3a CUYET 3TOr0 yAanoch n3bexarb pacluenieHuii;
pa3mep nHAeKca He N3MeHU/CS.

NcknioueHve aybnumkaToB NPUMEHSETCA TOMbKO C TUMamMu AaHHbIX,
3HAYEHMA KOTOPbIX MOXHO CpaBHMBATbL NOOUTHO (He NoAXo4AT TUMbI
numeric, float4, float8, jsonb; ona HekoTOpbIX NpaBKa COPTUPOBKN HE
noaxoaaT TeKCToBble TuMbl). MexaHn3m He paboTtaet ¢ Include-nHaekcamn,
He peann3oBaHa nogAepxka TUMNOB-KOHTEHePOoB.

https://postgrespro.ru/docs/postgresql/13/btree-implementation#BTREE-DE
DUPLICATION

[Mpy 06HOBNEHMM BEPCUN CepBepa C NMOMOLLbI0 pg_upgrade HeEO6X0A4MMO
BbINONHUTE REINDEX gna cyuwecTByowWmnX NHAEKCOB, YTOObI
3aZleicTBoBaTh AJ/1 HUX BO3MOXHOCTb YCTpaHeHus ay6mkaTos.




HUckaoueHue qyO0/IHKaTOB

CpaBHUM pa3Mep UHIeKca 0e3 UCKITIoYeHUsI OyOIUKaTOB U C UCKIIodyeHueM. [IpuMep nopobpaH TakuM o6pa3oMm, 4To B
WHEKCE [OJIKHO OBITH MHOT'O IIOBTOPSIIOMINXCS 3HAYEHUH.

CHayasa CoO3[afiM MHAEKC, OTKI/IIOYKUB MCKITI0YEHNe AyOIMKATOB C ITOMOIIbI0 MapaMeTpa xpanenus deduplicate items:

=> CREATE INDEX dedup_test ON ticket_flights (fare_conditions)
WITH (deduplicate_items = off);

CREATE INDEX
TTocMOTpPUM pa3Mep CO3MaHHOTO MHOEKCA:
=> SELECT pg_size_pretty(pg_total_relation_size('dedup_test'));

pg size pretty

BEIITOJTHUM 3aIIpoC C IIOMOIIBI0 UHAEKCA, OTKIIIOYUB AJIs1 9TOT0 II0C/IefoBaTeIbHOe CKaHUPOBaHuUe.
O6paTuTe BHUMaHue Ha 3HaueHHe Buffers u BpeMs BEIITOJHEHUS 3ampoca.

=> SET enable_seqscan = off;

SET

=> EXPLAIN (analyze, buffers, costs off)
SELECT fare_conditions FROM ticket_flights;

QUERY PLAN

Index Only Scan using dedup test on ticket flights (actual time=0.034..730.144 rows=8391852 loops=1)
Heap Fetches: 0
Buffers: shared hit=4 read=23877

Planning:
Buffers: shared hit=21 read=2

Planning Time: 1.093 ms

Execution Time: 979.735 ms

(7 rows)

YmanuMm HHOEKC U CO3JafuM ero 3aHoBo. [lapamerp xpanenus deduplicate items He yka3beiBaeM, Tak Kak II0 YMOJTYAHUIO OH
BKJIIOYEH:

=> DROP INDEX dedup_test;

DROP INDEX

=> CREATE INDEX dedup_test ON ticket_flights (fare_conditions);
CREATE INDEX

OmnsiTh IOCMOTPHUM pasMep HHAEKCa:

=> SELECT pg_size pretty(pg_total_relation_size('dedup_test'));

pg _size pretty

PaaMep COKpaTuicda 6oyee 4eM B TpH pa3a.
HOBTOpHO BEBEITIOJTHUM 3alIpocC:

=> EXPLAIN (analyze, buffers, costs off)
SELECT fare_conditions FROM ticket_flights;



QUERY PLAN

Index Only Scan using dedup test on ticket flights (actual time=0.022..490.932 rows=8391852 loops=1)
Heap Fetches: 0
Buffers: shared hit=5 read=7077

Planning:
Buffers: shared hit=5 read=1

Planning Time: 0.083 ms

Execution Time: 724.389 ms

(7 rows)

KomunuectBo Buffers Toxke coKpaTuIoCh MPUMEPHO B TPU pa3a. W 3ampoc cTajl BHIIOIHITLECS ObICTpEe.
=> RESET enable_seqscan;

RESET



ITormn Pogga’?é%

NHpekcsl

YCKOPAKOT AOCTYIT IIPpH BBICOKOM CeJIeKTUBHOCTH
rnoaaep>XrMBarOT OrpaHUYueHUA Le/IOCTHOCTHU
IMMO3BOJIAIOT IIOJIYUUTb OTCOPTHPOBAHHLBIE [dHHbBIE

[TokpbiBatoILIie UH/IEKChI

TI03BOJISIFOT SKOHOMUTE Ha oOpalieHuu K Tabiurie

Bo3Mo)xeH napasuiesibHbIM UHIEKCHBIN JOCTYTI

22



o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. HarmmTe 3ampoc, BeIOMparoIyii MaKCUMa/IbHYIO0 CYMMY
OpOHHPOBAHMS.
[TpoBepsTe 11aH BbiTloHeHUs1. Kakolt MeToz fiocTyma BeiOpat
MIaHUPOBIIUK? D deKTUBEH /U TaKOW AOCTYIT?

2. CospgaiiTe uHAeKC o cTonbiyy bookings.total_amount.
CHoBa NpoBepbTe IJ1aH BBITNOTHEeHUs 3arpoca. Kakoit meTof
ZIOCTYyTIa BBIOpAJI IMJIAHUPOBIUK Tereph?

3. Ilpu co3maHuMu UHAEKCa MOXKHO yKa3aThb IOPSA0K COPTUPOBKU
crosibiia. 3aueM, ec/iM UHZEKC MOYKHO TIPOCMAaTpUBATh B Jit0O0OM
HarpaB/IeHUN?

4. B memoHcTtpaiuu 661 co3maH include-uHaeKC A1 TaOMUIBI
OuseToB. 3aMeHUTe UM MH/IEKC, TTO//I€P>KUBAIOIINI TIepBUYHBINA
KJTFOU TaOJTHIIBI.
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1. DTOT 3anNpoc MOXHO HanMcaTb Kak MUHUMYM ABYMS pa3HbiMU cnoco6amu.
Bo-nepBbiX, MOXHO BOCNO/b30BaTLCA npegnoxeHnamm ORDER BY u LIMIT
1. Bo-BTOPbIX, MOXXHO BbIBECTU MaKCUMasIbHOE YMC/10 C NOMOLLbIO
arperarHon oyHKUMM max.

[MonpobyinTe oba BapnaHTa.

3. lNoackaska: aTo BaXXHO A/19 UHOEKCOB, NOCTPOEHHbIX N0 HECKO/IbKUM
ctonéuam.

4. Ncnonb3yinTte komaHay ALTER TABLE ... DROP CONSTRAINT gns
yaaneHnsa ctaporo orpaHU4YeHunsa LesiocCTHOCTU BMECTe C COOTBETCTBYHOLW MM
nHaekcom, n komaHgy ALTER TABLE ... ADD CONSTRAINT ... USING
INDEX ans co3gaHns HOBOro OrpaHnUYeHunst, MCNosb3ys CYLLECTBYIOLLNIA
NHOEKC.



1. MakcuMajIbHasi CyMMa OPOHHPOBaHHUSI

=> EXPLAIN SELECT total_amount FROM bookings ORDER BY total_amount DESC LIMIT 1;

QUERY PLAN

Limit (cost=27641.46..27641.58 rows=1 width=6)
-> Gather Merge (cost=27641.46..232902.56 rows=1759258 width=6)
Workers Planned: 2
-> Sort (cost=26641.44..28840.51 rows=879629 width=6)
Sort Key: total amount DESC
-> Parallel Seq Scan on bookings (cost=0.00..22243.29 rows=879629 width=6)
(6 rows)

TI1aHUPOBIIUK IIOCIEI0BATEIFHO CKAHUPYET BCIO TAaO/INILy, @ 3aTEM COPTUPYET HaHHBE. ITO HeI()DEKTUBHEIN HOCTYII, IOCKOJIbKY HaM
TpebyeTcsl TOJIBKO OOHO 3HadeHue. Ho, MoKa HeT MHIEeKCa, 9TO eqUHCTBEHHO BO3MOXKHEIN CII0CO0.

2. Hapexc

Co3pmaeM HHEKC.

=> CREATE INDEX ON bookings(total_amount);

CREATE INDEX

IToBTOpSIEM 3aIpoC:

=> EXPLAIN SELECT total_amount FROM bookings ORDER BY total_amount DESC LIMIT 1;

QUERY PLAN

Limit (cost=0.43..0.46 rows=1 width=6)
-> Index Only Scan Backward using bookings total amount idx on bookings (cost=0.43..54867.08 rows=2111110 width=6)
(2 rows)

Teneps NMJIAHUPOBIIUK BEIOPaJ TOJIPKO MHAEKCHOE CKaHUPOBAHNUeE.
CdopmynupyeM 3anpoc Mo-gpyromy:
=> EXPLAIN SELECT max(total_amount) FROM bookings;

QUERY PLAN

Result (cost=0.46..0.47 rows=1 width=32)
InitPlan 1 (returns $0)
-> Limit (cost=0.43..0.46 rows=1 width=6)
-> Index Only Scan Backward using bookings total amount idx on bookings (cost=0.43..60144.86 rows=2111110 width=6)
Index Cond: (total amount IS NOT NULL)
(5 rows)

BupHO, YTO ¥ B 9TOM CIIydae IIJIaHUPOBIIMK BEIOpas HHAEKCHOe cKaHupoBaHue (gobasus yciosue NOT NULL, mockonbKy GYHKIMS max He
[OJKHA yYUTHIBATh HEONpefleJIeHHEIe 3HAUYeHH).

HoBElit y3en n1aHa, KOTOPHIH 31ech HosiBisieTcss — InitPlan. OH COOTBETCTBYET IOA3AMIPOCY, KOTOPHIN BEHIIONIHSIETCS OGUH pa3. To ecTs,
(hakTUYECKH, IIAHUPOBILIVK epedOopMyIHPOBal 3aIPOC CIEAYIOLIM 00pa3oM:

=> EXPLAIN SELECT (
SELECT total_amount FROM bookings
WHERE total_amount IS NOT NULL
ORDER BY total_amount DESC LIMIT 1

QUERY PLAN

Result (cost=0.46..0.47 rows=1 width=16)
InitPlan 1 (returns $0)
-> Limit (cost=0.43..0.46 rows=1 width=6)
-> Index Only Scan Backward using bookings total amount idx on bookings (cost=0.43..60144.86 rows=2111110 width=6)
Index Cond: (total amount IS NOT NULL)
(5 rows)

Ecyu 651 mOg3anpoc BHIIOIHSJICS HECKOJIBKO pas, BMecTo InitPlan B nmaHe mosBuiics 6vl y3en SubPlan.
3. I[IopsADOK COPTHPOBKHU NPHU CO3TaHUU UHIAEKCA

TTopsimoK BazKeH [jIsi MHOTOKOJIOHOYHBIX HHIEKCOB. CO30afiuM MHAEKC Ha TabJIuIle PEHCOB 110 aspoopTaM BhIIeTa U IpUieTa:
=> CREATE INDEX dep_arr on flights(departure_airport, arrival_airport);

CREATE INDEX

VHIEeKC MOXKET HCIIONIb30BaThCS [JISI TAKOTO 3aIIpoca:

=> EXPLAIN SELECT * FROM flights ORDER BY departure_airport, arrival_airport;



QUERY PLAN

Index Scan using dep arr on flights (cost=0.29..14423.73 rows=214867 width=63)
(1 row)

W pns Takoro:
=> EXPLAIN SELECT * FROM flights ORDER BY departure_airport DESC, arrival_airport DESC;

QUERY PLAN

Index Scan Backward using dep arr on flights (cost=0.29..14423.73 rows=214867 width=63)
(1 row)

Ho He 0151 Takoro (COPTUPOBKA B Pa3HBEIX HAIIPaBJIEHUSX):
=> EXPLAIN SELECT * FROM flights ORDER BY departure_airport, arrival_airport DESC;

QUERY PLAN

Sort (cost=31883.96..32421.12 rows=214867 width=63)

Sort Key: departure airport, arrival airport DESC

-> Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
(3 rows)

37ech IPUXOAUTCS OTHEINIBHO BHITIOIHSATE COPTUPOBKY Pe3yIbTaToB. B 9TOM ciyuae IIOMOKET APYroi HHAEKC:
=> CREATE INDEX dep_asc_arr_desc ON flights(departure_airport, arrival_airport DESC);
CREATE INDEX

=> EXPLAIN SELECT * FROM flights ORDER BY departure_airport, arrival_airport DESC;

QUERY PLAN

Index Scan using dep asc arr desc on flights (cost=0.29..14423.73 rows=214867 width=63)
(1 row)

A TakxXe {714 3ampoca ¢ 00paTHBIM IOPSIAKOM COPTHUPOBKU:
=> EXPLAIN SELECT * FROM flights ORDER BY departure_airport DESC, arrival_airport;

QUERY PLAN

Index Scan Backward using dep_asc_arr_desc on flights (cost=0.29..14423.73 rows=214867 width=63)
(1 row)

4. Include-uHOEeKC OIS MIEPBUYHOI0 KII04Ya

B memoHCTpauuu GBI CO3MaH Takou include-uHOEKC:

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

CREATE INDEX

Teneps unpekc tickets pkey siBnsieTcst H3GBITOYHBIM U MOKeT GBITh 3aMEHEH Ha HOBBIH. [IJIsT 9TOr0 B TPAH3aKIUHU YAAIUM CTapoe
OrpaHUYEHHE [EJIOCTHOCTH (MIPU 9TOM yOAJUTCS U CTaphlil MHAEKC) U [O0OaBUM HOBOE OTPAaHUYEHME, YKa3aB UMsI YKe CO3LaHHOTO HOBOT'O
uHpAekca. [Ipu 3ToM Hamo y4ecTb HaJM4ue BHEIIHero Kitoda Ha Tabmuie ticket flights, koTopoe Toxke mpunercst co3maTh 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
---------------- L R it ST
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)



