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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

Marepuanusanus B 3arpocax
BpemeHHbIe TaO/IULIBI
YrpaBnenuve NopsiAKOM COeUHEHUH

MaTepI/IaJ'[I/IBOBaHHbIe IrpeacTraB/JIeHUA
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Y3en Materialize Posigres

Marepuanusanus —
Nested Loop
COXpaHeHUe MPOMeKYTOYHOI'O
Habopa CTpoK
[I/IA1 TIOCJIe [V IOLLero

MHOTOKPaTHOT'O m Materialize
<—
UCII0/Tb30BaHus 5@ 5
A

Join

[ Scan ] ‘ Scan ’

Mamepuasiuzayueli Ha3blBaeTCSA COXpaHeHne NPOMEXYTOUYHOro Habopa
CTPOK C Lie/1bl0 MOBTOPHOIO MCNO/Ib30BaHNS, Kak nMpaBuio, MHOTOKPATHOTrO.
CoxpaHsiTb Habop MOXHO Ha pa3HbIX YPOBHSIX: A1 KOHKPETHOrO 3anpoca,
Ha YpPOBHE CceaHca Wn Ha YpoBHe 6a3sbl AaHHbIX.

O6bIYHO Yy3/1bl 3anpoca nepegaroT Apyr ApYry AaHHble MO NPUHLMNY
KOHBeWepa: Korga asiroputmy, BbINOHALLEMYCA B y3/e nnaHa, Tpebyercs
oyepefHasn CTpoka Habopa, y3esn obpallaeTca K 0O4HOMY N3 AOYEPHUX Y3/10B
3a cnepgytouweri nopymeit. OgHaKo B HEKOTOPbIX C/yYasxX UCMOSTHUTENHO
3anpoca MMeeT CMbIC/ (a nHorga 1 Heobxo4MMOo) cpasy MosyunTb BCe
CTPOKM, COXPaHUTb UX N UMETb BO3MOXHOCTb 06pallarbCsa K COXpaHeHHOMY
pe3ynbTary NoBTOPHO. Takoe coxpaHeHue BbINOSHAET y3en Materialize.

CTpOKM COXpaHATCA B OrnepaTuBHON NamATn, Noka nx oobem
yKnagblBaeTcs B orpaHuveHne work_mem. INpun npesbIWEHNN 3TOro
orpaHn4eHnsi BCe CTPOKM copachkIiBalOTCA BO BpEMEHHbIN thaiin 1 npu
HeobxoAMMocTn ynTaroTca ottyga. O6bemM BCex BpeEMEHHbIX (halinios
O[HOrO ceaHca orpaHuyeH 3HayeHnem napametpa temp_file_limit.

Hanpumep, Ha cnange sepxHuii y3en Nested Loop BbINOSHSET coegnHeHne
B/TOXXEHHbIM LMKIOM, HO K BHYTPEHHEMY Habopy AaHHbIX HET
3hheKTUBHOIO AOCTYNa: OH BbIYNC/ISETCA C MOMOLLLI APYroro CoeanHEHNS.
UT06bI HE MOBTOPSAITb MHOTOKPATHO B/IOXEHHOE COEAUHEHNE, IO pe3ynbTaT
MOXHO Matepuasn3oBartb.
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Y3en Materialize Posigres

Marepuanusanus —
COXpaHeHue TIPOMEXKYTOUHOI O
Habopa CTpoK

JJ1sE TIOC/IEIYFOILEr0
MHOTOKPATHOTO Scan Materialize
<—
UCII0/Tb30BaHus 5@ 5
Join

‘ Scan ‘ ‘ Scan

Nested Loop

hi

[Mocne Toro Kak pe3ynsrar B/IOXKEHHOro COeANHEHNS MaTeprasin3oBaH, y3er
Nested Loop 6yaeTt o6pallarbcs K y>xe rotoBomMy Habopy CTPOK.



¥Y3ea Materialize

Ecnu oneparust TpebyeT CyIleCTBEHHEIX PECYPCOB, a K ee pe3ynbTaTy 006pamaloTcss MHOTOKPATHO, IIJIAHUPOBIIUK MOXKET
BEIOpATH IIaH C y3710M Materialize, B KOTOpOM IONTy4eHHBIE CTPOKY HAKAIJIMBAIOTCS AJISL IOBTOPHOTO MCIIOJIb30BAHUS:

=> EXPLAIN (costs off)
SELECT al.city, a2.city
FROM airports al, airports a2
WHERE al.timezone = 'Europe/Moscow’
AND abs(a2.coordinates[1]) > 66.652; -- 3a nonsApHLIM KpPYyrom

QUERY PLAN

Nested Loop
-> Seq Scan on airports_data ml
Filter: (timezone = 'Europe/Moscow'::text)
-> Materialize
-> Seq Scan on airports data ml 1

Filter: (abs(coordinates[1l]) > '66.652'::double precision)
(6 rows)

3pmecs [ IpefuKaTa BHYTPEHHEro Habopa CTPOK HEeT MOAXOASIIET0 HHAEKCA, II09TOMY IIJIaH C MaTepuanu3annei
OKa3BIBAETCSI BBITOIHBIM.

B HEKOTOPHIX ClIyYasaX IIJIAaHUPOBIIUK HCIIOJIE3YET MaTepuarlnu3aliio BHYyTPEHHEro Ha6opa OAaHHBIX U IIPDU COEIUHEHUN
ClIusAHUEM, YTOOBE UMETH BO3MOXKHOCTh IIepeduTaTb 4aCTh CTPOK IIPU IIOBTOPAIOMINXCA 3HAYEHNUAX BO BHEIIITHEM Ha60pe:

=> EXPLAIN (costs off)
SELECT * FROM
(SELECT * FROM tickets ORDER BY ticket_no) AS t
JOIN
(SELECT * FROM ticket_flights ORDER BY ticket_no) AS tf
ON tf.ticket_no = t.ticket_no;

QUERY PLAN

Merge Join
Merge Cond: (tickets.ticket no = ticket flights.ticket no)
-> 1Index Scan using tickets pkey on tickets
-> Materialize

-> Index Scan using ticket flights pkey on ticket flights
(5 rows)
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Matepuannsauna CTE Posigres

BapuaHT 6e3
marepuanuzaumm
.
Scan 3 CTE Scan
==
Ve

of

marepuanmsaums
Ha yCMOTpeHWe NaHupoBLLMKa
UM paspadoTunka

O6ume TabnuyHble BbipaxkeHus (common table expression, CTE), oHu Xe
noasanpockl WITH, — npekpacHblii cnocob CTpyKTyprupoBaTh 3anpoc

n caenatb ero 6osiee NOHATHbIM. B oT/iMumMe oT 06blYHbIX NOA3anpocos,
ncronb3oBaHne CTE He NpMBOANT K B60/bLLION B/TOXEHHOCTM.

[0 BO3MOXHOCTU MIaHMPOBLLMK pacKkpbiBaeT (He matepuasiniyer)
noasanpockl CTE. 3T0 No3BOMSIET €My BblOMpPaTh ONTUMasIbHbIN NOPSA0K
coefivHeHui. o ymon4yaHuio NoA3anpoc MatepuasiniyeTcs B CnenyoLwmx
cuTyauunax:

« OCHOBHOI1 3anpoc 06paLlaeTcs K NoA3anpocy HECKO/TbKO pa3 —
YTOGbl HE NOBTOPATL BbIUNC/IEHNSI.

B aTtom cnydae marepunanusaymio MOXHO OTMEHUTb, YKa3aB
npegnoxeHne AS NOT MATERIALIZED.

* [log3anpoc umeet NoboyHble apekTbl (M3MEHSET AaHHbIe) —
4YTOObI MU3MEHEHKE MPON30LLI0 POBHO 0AuVH pas. (K No60oYHbIM
aphbekTam oTHOCUTCA TaKxKe obpalleHne K U3MeHUNBLIM (OYHKLINAM,
CM. TeMY «DYHKLNN.)

B 3TOM cniyyae matepuanim3anlnio OTMEHUTb HEBO3MOXHO.

MaTtepuannsauymio Bcerga MOXXHO NPUHYAUTENLHO BKIKOYNTL, YKa3aB
npepnoxeHne AS MATERIALIZED.

https://postgrespro.ru/docs/postgresql/16/queries-with#QUERIES-WITH-CT
E-MATERIALIZATION




Martepuanu3sanusa CTE

OnTUMHU3aTOP CTapaeTcs He MaTepuaniu3oBaTh moa3amnpockl B WITH 6e3 HamoOHOCTH:

=> EXPLAIN (costs off)
WITH q AS (

SELECT f.flight_id, a.aircraft_code

FROM flights f

JOIN aircrafts a ON a.aircraft_code = f.aircraft_code

)
SELECT *
FROM q

JOIN seats s ON s.aircraft_code = g.aircraft_code
WHERE s.seat_no = '1lA‘;

QUERY PLAN
Hash Join
Hash Cond: (f.aircraft code = ml.aircraft code)
-> Hash Join
Hash Cond: (f.aircraft code = s.aircraft code)
-> Seq Scan on flights f
-> Hash
-> Seq Scan on seats s
Filter: ((seat_no)::text = 'lA'::text)
-> Hash
-> Seq Scan on aircrafts data ml
(10 rows)

Ho sisHOE YKa3aHHu€e 3aCTaBJII€T OIITUMU3ATOP IMJIaHUPOBATH MMOA3aIlIPOC OTAEJIBHO OT OCHOBHOT'O 3aIlpoca:

=> EXPLAIN (costs off)
WITH q AS MATERIALIZED (

SELECT f.flight_id, a.aircraft_code

FROM flights f

JOIN aircrafts a ON a.aircraft_code = f.aircraft_code

)
SELECT *
FROM q

JOIN seats s ON s.aircraft_code = g.aircraft_code
WHERE s.seat_no = '1A‘;

QUERY PLAN
Hash Join
Hash Cond: (qg.aircraft code = s.aircraft code)
CTE q

-> Hash Join
Hash Cond: (f.aircraft code = ml.aircraft code)
-> Seq Scan on flights f
-> Hash
-> Seq Scan on aircrafts data ml
-> CTE Scan on q
-> Hash
-> Seq Scan on seats s
Filter: ((seat _no)::text = '1lA'::text)
(12 rows)

Ecnmu II03aIlIpPOC UCIIOJIB3YEeTCs B 3allpOoCe HEeCKOJIBKO pa3, IIJIaHUPOBIITUK BI:IﬁI/IpaeT MaTepuaJln3alnuio, 4TOOHI HE
BBIIIOJIHSITH OOHU U TE K€ NeNCTBUSI MHOTOKpPaTHO:

=> EXPLAIN (analyze, costs off, buffers)
WITH b AS (

SELECT * FROM bookings
)
SELECT *
FROM b AS bl

JOIN b AS b2 ON bl.book_ref = b2.book_ref
WHERE b2.book_ref = '000112"';



QUERY PLAN
Nested Loop (actual time=0.043..803.144 rows=1 loops=1)
Buffers: shared hit=32 read=13415, temp read=8483 written=8483
CTE b
-> Seq Scan on bookings (actual time=0.024..179.721 rows=2111110 loops=1)
Buffers: shared hit=32 read=13415
-> CTE Scan on b bl (actual time=0.037..219.983 rows=1 loops=1)
Filter: (book ref = '000112'::bpchar)
Rows Removed by Filter: 2111109
Buffers: shared read=1, temp read=8483 written=1
-> CTE Scan on b b2 (actual time=0.003..583.155 rows=1 loops=1)
Filter: (book ref = '000112'::bpchar)
Rows Removed by Filter: 2111109
Buffers: shared hit=32 read=13414, temp written=8482
Planning:
Buffers: shared hit=28 read=1
Planning Time: 0.210 ms
Execution Time: 811.602 ms
(17 rows)

OOGBIYHO 3TO OIIpaBaHO, OCOOEHHO eCJIX B IIOAi3aIllpoce IIPOUCXOMST 3aTpaTHbIe BEIYKCIeHNus. Ho B HEKOTOPHIX clydasx (Kak
B 9TOM IIpHMepe) IyIaH 6e3 MaTepruanu3aluy MoXeT oKa3aTbcs 3ddekTuBHEE, U TOTa €e MOXKHO OTMeHUTh. CpaBHUTE
3"HayeHue buffers c npegbAymINM BapuaHTOM:

=> EXPLAIN (analyze, costs off, buffers)
WITH b AS NOT MATERIALIZED (

SELECT * FROM bookings
)
SELECT *
FROM b AS bl

JOIN b AS b2 ON bl.book_ref = b2.book_ref
WHERE b2.book_ref = '000112';

QUERY PLAN

Nested Loop (actual time=0.067..0.069 rows=1 loops=1)
Buffers: shared hit=4 read=4
-> Index Scan using bookings pkey on bookings (actual time=0.058..0.058 rows=1
loops=1)
Index Cond: (book ref = '000112'::bpchar)
Buffers: shared read=4
-> Index Scan using bookings pkey on bookings bookings 1 (actual time=0.005..0.006
rows=1 loops=1)
Index Cond: (book ref = '000112'::bpchar)
Buffers: shared hit=4
Planning:
Buffers: shared hit=2
Planning Time: 0.143 ms
Execution Time: 0.086 ms
(12 rows)

OpHaKO eciu IIOf3alIpoC U3MEeHsIeT NaHHble, MaTepuanu3alus OymeT BEIIONIHEHa B JII0OOM ClIydae: U3MeHeHre 00513aHo
TIPOU30UTHU TOJIBKO OOUH Pas.
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PeKypCuBHbIE 3amnpoch! Posigres

CTE Scan

Scan
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| / paGouas
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|
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PeKypcuBHbIE 3amnpochkl CTPOSATCA Ha 6a3e 06LLUNX Tab/IMUHbIX BbIPabKEHWIA.

¥Y3en Recursive Union ncnonb3yeT pabouyyto 1 NPpOMeXyTOUYHYH Tabnunubi:
paboyasa Tabnuua XpaHUT CTPOKK, NoTyvYaemble Ha TEKYLLEN uTepauumu,

a NPoMeXyToyHasi — Hakannueaet pesynbrar. Coaepxmmoe padoyeit
Tabnunubl CYNTBLIBAETCS B PEKYPCUMBHOM YacTu 3anpoca y3nom Worktable
Scan.

Kaxxpasi 3 aTux AByx TabnvL, MaTepuaninayetcsi No TeM Xe npasuiam: noka
coepXumoe TabnuLibl NOMELLLAeTCs B WOrk_mem, oHa XpPaHUTCs B NamsTy,
a 3aTeM BCe CTPOKM cOPACLIBAKOTCA HA AMCK.

[Mocrie BbINOSTHEHUS PEKYPCUBHOIO 3anpoca HakonjieHHoe CoAepXXnmoe
NpomMeXyTouHoi Tabnuubl nepegaetcs y3ny CTE Scan, a paboyas tabnuuya
oTbpacbiBaeTcH.

https://postgrespro.ru/docs/postgresal/16/queries-with#QUERIES-WITH-RE
CURSIVE




PexypcuBHBIE 3alpPOCHI

V6enumMcs B TOM, 4YTO PEKYPCUBHBIM 3aIIpOC MaTepUalnu3yeT IPOMEeXyTOUHble JaHHbe. [I71s 9TOro HaMepeHHO HaluIleM ero
Tak, YTOOHI paboydasi ¥ MPOMEKYyTOYHast TaGIuLbl He IIOMECTUINCDH B IaMSTh:

=> EXPLAIN (analyze, buffers, costs off, timing off)
WITH RECURSIVE r(n, airport_code) AS (
SELECT 1, a.airport_code
FROM airports a
UNION ALL
SELECT r.n+1, f.arrival_airport
FROM r
JOIN flights f ON f.departure_airport = r.airport_code
WHERE r.n < 2
)
SELECT * FROM r;

QUERY PLAN
CTE Scan on r (actual rows=214971 loops=1)
Buffers: shared hit=35 read=2592, temp read=473 written=945
CTE r
-> Recursive Union (actual rows=214971 loops=1)
Buffers: shared hit=35 read=2592, temp read=473 written=473
-> Seq Scan on airports data ml (actual rows=104 loops=1)
Buffers: shared hit=3
-> Hash Join (actual rows=107434 loops=2)
Hash Cond: (f.departure airport = r l.airport code)
Buffers: shared hit=32 read=2592, temp read=473 written=1
-> Seq Scan on flights f (actual rows=214867 loops=1)
Buffers: shared hit=32 read=2592
-> Hash (actual rows=52 loops=2)
Buckets: 1024 Batches: 1 Memory Usage: 13kB
Buffers: temp read=473 written=1
-> WorkTable Scan on r r_1 (actual rows=52 loops=2)
Filter: (n < 2)
Rows Removed by Filter: 107434
Buffers: temp read=473 written=1
Planning:
Buffers: shared hit=13
Planning Time: 0.185 ms
Execution Time: 179.059 ms
(23 rows)

O6paTuTe BHUMaHKe Ha CTPOKHU temp read/written B y3max WorkTable Scan u Recursive Union, crieniubuIHBIX 015
PEKYPCUBHBIX 3aIlIPOCOB.
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OKOHHble (PyHKLUUNK Posggres

CTPOKK
TekyLiero
pasgena

WindowAgg

==

Sort

=i
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[Mpy BbIYNCNEHUM OKOHHbIX OYHKUMIA B y3ne WindowAgg (cMm. Temy
«CopTupoBKa») ToXe NpUMeHAETCA Marepuann3anmns: CTPOKM TeKYLLEro
pasgena (PARTITION BY) moryT HeogHOKpaTHO nonagartb B Pamky,

N NO3TOMY MaTepuasimsyroTcs.

B aTom cnyyae mareprasin3oBaHHbIMU CTPOKaMU NoJsib3yeTcs TO/IbKO cam
y3en WindowAgg: poanTenbCkomy y3ny nepegaercsa pesynsrar
BbIYNCIEHWNI, @ HE 3TU MPOMEXYTOUYHbIE AaHHbIE.

https://postgrespro.ru/docs/postgresql/16/tutorial-window




o)) PROFESSIONAL

BpemeHHble Tabnnubl Pos{gres

Tabnwmiia, JOCTyIIHAS B TIpe/iesiaXx OHOTO ceaHca

PErucTpUpyeTCs B CHCTEMHOM KaTajiore

He >KypHa/IMpyeTcst

co3zatoTcs haiiabl Ha AUCKe

KelllMpOBaHUe B JIOKaJbHOM NaMsTu ceaHca (temp_buffers)

OuucTKa U aHa/Inu3

TOBKO BPYUHYHO

11

[Nna nonyvyeHnsa NpoMeXyTOUHbIX AaHHbIX MOXET UCMO/1b30BaTbCS CTOXHbIN
asIropuTM, HanpumMep, HanucaHHbI Ha NpoLeaypHOM A3blke. B Takom
c/flyyae pgaHHble He nonydmntcsa nocuntatb B CTE, HO X MOXHO NOMECTUTb
BO BPEMEHHYI0 Tab/mLy 1 NCNOMb30BaTb B HECKO/IbKMX 3arpocax.

BpeMeHHble Tabnu1ubl yaobHee AnA NPOMEXYTOUHbIX AaHHbIX, YEM
06bIYHblE, NOCKO/IbKY OHM CYLLLECTBYHOT TO/IbKO B Npefesniax ceaHca nn
TpaH3akumn (B 3aBUCUMOCTU OT YKa3aHHOro Npu Co3daHuun pexmuma) u
aBTOMaTUYECKM YAasSlOTCA BMECTE C laHHbIMU 1 3aBUCUMbIMU 06 beKTaMu
(npeactaBneHUs MU U NHAEKCaMK). K TOMy e BpeMeHHbIe TabnuLbl He
XYPHa/IMPYIOTCA U KELLMPYIOTCA B JIOKa/IbHOW NamaTy npouecca,
o6cnyxuBarLwero ceaHc — 3To genaet paboTy ¢ HUMK 6osiee BbICTPON.

JlokanbHasa namMsiTb nNpolecca HegoCcTynHa npoueccamM aBTOOUNCTKMY,
MO3TOMY OUYUCTKY WU aHaNn3 cnepyeT NpoBOAUTL BPYUHYHO. NamATb 418 Kkewa
BblAeNAeTCA N0 HEO6XOAMMOCTI U OrpaHnYeHa a/isi ceaHca napaMmeTpom
temp_buffers (nocne nepBoro obpalleHnsi K BpEMEHHOW Tabnuue N3MeHUTb
orpaHuyeHune yxe Hesnb3s).

https://postgrespro.ru/docs/postgresgl/16/sql-createtable

OpfHako O/ BpeMeHHbIX Tabnuy, co3garkoTcs 3anncy B CUCTEMHOM Kartasiore
N painbl Ha gucke. NMNoaTomMy Npu MaccoBoii paboTe C BpEMEHHbIMM
Tabnvuamm — Hanpumep, B cucteme 1C — 6yaeTt paspactarbCs CUCTEMHbII
Katasnor 1 yBeIM4nTCAa Harpyska Ha doaiinosyto cuctemy. Moatomy ansa 1C
MCNOL3YIOT CreuyasibHblie NaTyu, HUBEINPYIOLLNE 3TU HeXenaresibHble

apdoexThl.



BpemMmeHHbIE TaOIHIBI

Co3pmaguM BpeMeHHYIO TaOIuiy:

=> CREATE TEMP TABLE airports_msk

ON COMMIT PRESERVE ROWS -- no ymonuyaHuio
AS SELECT *

FROM airports

WHERE timezone = 'Europe/Moscow’;

SELECT 44
Bpemennas tabiuila co3maeTcsi BO BDEMEHHOU cxeMe pg temp.

TTo ymosuaHuio TabIuIa CyIIeCcTBYeT N0 KOHIIA CEeaHCa; MOXKHO yKa3aTh, YTOOH! IIPY 3aBEPIIeHUH TPAH3aKIUH YAaIsINCh
ctpoku (ON COMMIT DELETE ROWS) unu cama tabnuia (ON COMMIT DROP).

3a4acTyo eCTb CMBICTI IPOAHAIM3UPOBATh TOJILKO YTO 3allOJIHEHHYIO BDeMEHHYI0 TabIully, Ipexke YeM HCIOIb30BaTh ee B
3ampocax. CpaBHUTE OLIEHKN KapAWHAIbHOCTY IIPY BEIOOPE M3 OOBIYHOM TAOIHIEI U U3 BPEeMEHHOH:

=> EXPLAIN

SELECT *

FROM airports

WHERE timezone = 'Europe/Moscow';

QUERY PLAN

Seq Scan on airports data ml (cost=0.00..26.52 rows=44 width=99)
Filter: (timezone = 'Europe/Moscow'::text)
(2 rows)

=> EXPLAIN
SELECT *
FROM airports_msk;

QUERY PLAN

Seq Scan on airports msk (cost=0.00..15.20 rows=520 width=128)
(1 row)

B mocnenHeM ciiydae ONTHMHU3aTOD, HE UMesI CTaTUCTUKY, IIPeAIoiaraet, 4to tTabnuia 3anuMaeT 10 cTpaHull, Ha KOTOPBIX
yMemtaeTcs: 520 CTPOK, ¥ CTOUMOCTD IIOJTydaeTCs 3aBHIILIEHHOM:

=> SELECT relpages, reltuples,
10 * current_setting('seq_page_cost')::float +
520 * current_setting('cpu_tuple_cost')::float AS cost
FROM pg_class
WHERE relname = 'airports_msk'
AND relpersistence = 't'; -- BpemeHHas

relpages | reltuples | cost

Ecnu nmpoaHanu3upoBaTh TabNHUIly, OlleHKa CTaHeT TOYHOM:
=> ANALYZE airports_msk;
ANALYZE

=> EXPLAIN
SELECT *
FROM airports_msk;

QUERY PLAN

Seq Scan on airports msk (cost=0.00..1.44 rows=44 width=67)
(1 row)
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[Topsaa0K coeaAnHEHNN Posigres

KomnmnuectBo BAdpHWdHTOB COE,E[I/IHEHI/Iﬁ pacTeT 3KCIIOHEHIIMd/IbHO
C POCTOM KOJ/IMUECTBd Ta6J'[I/IL[ B 3dIIpoce

Coenunenue JOIN

TIOJTHBIY TIepebop MPH Urc/ie cCoeiMHeHUI He Oosnee join_collapse_limit = 8
Jasibliie — TPyIaMu 1o join_collapse_limit Tabmur

CoefiHeHVe yepes 3alsaTyro

TI0JTHBIY TIepebop MpH UKuc/ie coeiMHeHui He Oonee geqo_threshold = 12
Jia/blile — reHeTU4eCKUM alrOpUTM

Matepuanu3zanysi — mo/jCKa3Ka IJIaHUPOBIUKY
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C pocToM KonmuyecTBa Tabnui, B 3anpoce Y1c/io BapnaHToB COeANHEHWIA
W, KaK C/ieiCTBUE, 3aTpaThl Ha BbIGOP MN/1aHa PacTyT SKCMOHEHLMabHO.

Ecnn uncno coeanHenunin (3anucarHbix B Buae JOIN) npeBbilaeT 3HauYeHne
join_collapse_limit (no ymon4yaHuio 8), NN1aHNPOBLUVK paccMarpmusaet
BO3MOXHble CoefiMHEHUS B rpynnax no join_collapse_limit Tabnuu, a 3atem
COeAIHSAET 3TU rPynnbl MexXay CO60iA.

(Ana nog3anpocos B NpeasioxeHnn FROM ecTb NOXOXWiA napameTp —
from_collapse_limit.)

Ecnn Tabnuubl coegnHeHsl 3anston (6e3 knwyesoro cnosa JOIN),
NNaHNPOBLUVK paccMmaTpmuBaeT BCe BapmaHTbl COeAUHEHUI, HO
NnepekyaeTca Ha reHeTUYEeCKNin anropuTmM onTumMm3aumm, Kkorga
KOIMYeCTBO coeauHeHu npeBbiwaeT geqo_threshold (12 no ymonyaHuio).

Bce 310 MOXET NpuBOAMTL K HEONTUMa/IbHbIM M1aHam. MogpobHocTH
MOXHO npoyunTatb B cTaTtbe Nasna Tonmadesa.
https://habr.com/ru/company/postgrespro/blog/662021/

BpyuHyto ynpasnss marepuanumlaumnein — nmb6o ¢ nomowbio CTE, nnbo
pasbuBas 3anpoc Ha 4YacTu 1 3a4eiNCTBYS BpeMeHHble Tabnnupl, —
pa3paboTunK MOXET pasfenTb Tabnuubl Ha rpynnbl, KaKAY N3 KOTOPbIX
onTummu3atop byaet nnaHnpoBaTb oTAe/NbHO. O6blyHO CTE — 60nee
NpocTon 1 3dddPEKTUBHBIN CNOCO6, HO BTOPOIA BapuaHT No3BoNseT
npoaHasiM3npoBaTb BpeMeEHHY0 Tabnnuy 1 coobLuUTL Taknm 06pa3om
NNaHNPOBLUVKY 60/bLUe NHGOpMaUumn O AaHHbIX.

https://postgrespro.ru/docs/postgresal/16/explicit-joins




ViupasjieHue MOpPsiTIKOM COeTHHEHHH

3HaueHUe II0 YMOI4YaHUIO ITapaMeTrpa join collapse limit BEIOpaHo Tak, YTOOH IIJTaHUPOBAHUE COENUHEHUSI TAKOT0O
KOIu4YecTBa Tabnuil He TpeOOBaIo Ype3MEPHEIX PECYPCOB:

=> SHOW join_collapse_limit;

join collapse limit

BEIIOJTHUM 3aIIpoc, B KOTOPOM UCIIOJIL3YETCS sIBHOE COeIUHeHUe TabJIUI] ¢ IIOMOIIBIO KITIoueBoro cjoBa JOIN:

=> EXPLAIN (costs on)

SELECT *

FROM tickets t

JOIN ticket_flights tf ON (tf.ticket_no = t.ticket_no)
JOIN flights f ON (f.flight_id = tf.flight_id);

QUERY PLAN
Hash Join (cost=171637.09..778511.77 rows=8391030 width=199)
Hash Cond: (tf.ticket no = t.ticket no)
-> Hash Join (cost=9767.51..302695.70 rows=8391030 width=95)
Hash Cond: (tf.flight id = f.flight id)
-> Seq Scan on ticket flights tf (cost=0.00..153870.30 rows=8391030 width=32)
-> Hash (cost=4772.67..4772.67 rows=214867 width=63)
-> Seq Scan on flights f (cost=0.00..4772.67 rows=214867 width=63)
-> Hash (cost=78911.26..78911.26 rows=2949626 width=104)
-> Seq Scan on tickets t (cost=0.00..78911.26 rows=2949626 width=104)
(9 rows)

B BEIOpaHHOM IIJIaHe CHa4aa CoemuHsIOTCs Tabnuiel peticoB (flights) u mepenetos (ticket flights), a 3aTem pesynbrar
coemquHsieTcs ¢ ouneramu (tickets).

YVcranoBuB nmapametp join collapse limit B emuauIy, MOKHO 3adUKCHPOBATH IOPSITOK COEOUHEHMN:
=> SET join_collapse_limit = 1;
SET

=> EXPLAIN (costs on)

SELECT *

FROM tickets t

JOIN ticket_flights tf ON (tf.ticket_no = t.ticket_no)
JOIN flights f ON (f.flight_id = tf.flight_id);

QUERY PLAN
Hash Join (cost=171637.09..860455.77 rows=8391030 width=199)
Hash Cond: (tf.flight id = f.flight id)
-> Hash Join (cost=161869.59..498576.37 rows=8391030 width=136)
Hash Cond: (tf.ticket no = t.ticket_no)
-> Seq Scan on ticket flights tf (cost=0.00..153870.30 rows=8391030 width=32)
-> Hash (cost=78911.26..78911.26 rows=2949626 width=104)
-> Seq Scan on tickets t (cost=0.00..78911.26 rows=2949626 width=104)
-> Hash (cost=4772.67..4772.67 rows=214867 width=63)
-> Seq Scan on flights f (cost=0.00..4772.67 rows=214867 width=63)
(9 rows)

Teneps TabGIULIEL COEOUHSIIOTCS OPYT C OPYTOM B TOM IIOPSIIKE, B KOTOPOM OHU II€PEeYNCIIeHEl B 3aIIpOCe, HECMOTPSI Ha TO,
YTO UTOTOBasi CTOMMOCTh 3allpoca BBIIIIE.

OpHakKo TakoM crocob IIepeKnaagbiBaeT Ha aBTOpPa 3allpocCa CIIUIIKOM MHOI'O OTBETCTBEHHOCTH. HJ’IaHHpOBH.[I/IK CMOXKeT
BI:IﬁI/IpaTI: TOJIBKO TO, KaKO# u3 Ha6op03 CTPOK IIOCTaBUTh B COEAVUHEHUHU BHEIIHUM, a Kako#l — BHYTPEHHHM.

=> RESET join_collapse_limit;
RESET

C noxoxuM napameTpoM from collapse limit npepmaraercs M03HaKOMUTHCS B IIPaKTUKE.



o)) PROFESSIONAL

MarT. npeacrtasneHus Posigres

Marepuasnu3aliys pe3y/ibTara 3arnpoca

TOJIBKO OJId YTeHUS
BO3MO>XHO CO31dHHEe MHEeKCOB

OOHOB/IeHHE TAHHBIX

py4YHasi CHHXPOHU3aLsI
MHKpeMeHTa/lbHoe 00HOB/IeHHe — pacIIMpeHue pg_ivm

OuucTKa U aHa/Inu3

BPYUYHYIO M1 aBTOMATHUUECKH
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MaTepuannioBaHHOE NpeacTaB/iEHNe — 3TO MMEHOBAHHbIN pe3ynbTaT
3anpoca, coxpaHeHHbI Ha ypoBHe 6a3bl AaHHbIX. K MarteprnanindoBaHHOMY
npeacTaBeHn0 MOXHO o6paulaTbCsi Kak K 06bl4HOM Tabnuue, A0CTYNHON
TOMbKO ANS YTEHUS.

Mo maTtepuaninoBaHHOMY NnpeacTaBNeHN0 MOXXHO NOCTPOUTbL UHAEKChHI
(HO Henb3a A06aBUTb OrpaHMyeHne LeToCTHOCTU — OrpaHNyYeHns LO/HKHbI
NPOBEPATLCA B 6a30BbIX Tabnuuax). 4na marepmasinzoBaHHOIo
npeacraBneHns cobnpaeTcs Takas XKe CTaTUCTUKa, Kak U as1si 06bIUYHbIX
Tabnuu.

B oT/inune oT 06bIYHbIX NPeACTaB/IEHWUIA, CTPOKN MaTepuasim3o0BaHHOIO
npeacTaBNeHNs He U3MEHSIIOTCS MPU N3MeHeHUn 6a30BbIX TabNL.
CUHXPOHU3aUMS BbINOMHSAETCS BPYUHY!IO.

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

MonHasa cMHXPOHU3aUUa MaTepnasin30BaHHOro NPeacTaBeHN MOXET ObITb
CNMLWIKOM 3aTtparHoi. LUtatHoe nHKpemMeHTaslIbHOe 06HOB/IEHNE (OTAE/bHbIX
CTPOK MO Mepe n3meHeHns 6a30BbIX TabnunL) He AOCTYMNHO, HO Takyto
BO3MOXHOCTb [aeT paclumpeHue pg_ivm (aBtop — HOro Harara,
https://github.com/sraoss/pg_ivm).




Marepuaiu3oBaHHbIE IPEICTaBIEHHUST

Co3gaguM MaTepualIu30BaHHOE MPENCTaBIEHUE:

=> CREATE MATERIALIZED VIEW airports_msk AS
SELECT *

FROM airports

WHERE timezone = 'Europe/Moscow';

SELECT 44
=> \dt airports_msk

List of relations

Schema | Name | Type | Owner
----------- B e e
pg temp 4 | airports msk | table | postgres

(1 row)

CxeMa pg temp IpH IOKWCKe NIPOBEPSIETCS [IEPBOH, Teeph IPUAETCS 00paIlaThCs K MaTEPUAIN30BAHHOMY NIPEICTaBIEHUIO
110 IIOJIHOMY MMEeHH. DTO HeyHNOoOHO, JIydIlle YOalIuTh BpeMEeHHY0 TabIuIy:

=> DROP TABLE pg_temp.airports_msk;

DROP TABLE

MarTepranu3oBaHHEE IPEICTABIEHUSI MOKHO UHIEKCUPOBATh:
=> CREATE UNIQUE INDEX ON airports_msk (airport_code);
CREATE INDEX

=> EXPLAIN (costs off) SELECT *
FROM airports_msk
ORDER BY airport_code

LIMIT 3;
QUERY PLAN
Limit
-> Index Scan using airports msk airport code idx on airports msk
(2 rows)

HpH aHaJIu3€ U aBTOAHa/Iu3e OJIsdi MaTePUa/In30BaHHBIX HpeHCTaBHeHI/Iﬁ coﬁnpaeTcs{ Ta K€ CTaTUCTHKA, YTO U OJIsd Ta6J'II/IL(.
HpI/I HU3MEHEHHUU COOEePXKUMOTI0o 6a30BBIX TaGHI/IL[ CTPOKHU MaTepPHUaIN30BaHHOT'O IIPEOCTAaBJIEHUsI HE U3MEHAITCA:

=> INSERT INTO airports_data (airport_code, airport_name, city, coordinates, timezone)
VALUES ('ZIA', '{"ru": "XykoBckui"}', '{}', point(38.1517, 55.5533), 'Europe/Moscow');

INSERT 0 1

=> SELECT count(*)
FROM airports_msk
WHERE airport_code = 'ZIA';

CHUHXPOHU3AUUIO HYKHO TPoBOoauTh iBHO. Komanma REFRESH monHOCTEIO 6JIOKUPYET MaTepUaIn30BaHHOE IIPEeNCTaBIeHNe
Ha BpeMsd IMepeCcTPOeHusd, YTO MOXKET OBITH HeXeJlaTeJIbHEIM. B HAaHHOM CJIy4ae 3TOr0 MOXHO I/I36e}KaTB, YKa3aB
CONCURRENTLY, nockonbKy Ha MaTepHalu30BaHHOM IIpe[CTaBlIeHNU CO30aH YHUKANbHBIN HHOEKC:

=> REFRESH MATERIALIZED VIEW CONCURRENTLY airports_msk;
REFRESH MATERIALIZED VIEW

=> SELECT count(*)
FROM airports_msk
WHERE airport_code = 'ZIA';






o)) PROFESSIONAL

Toru Posigres

OnTUMMU3aTOp MOKET MaTepuaanu30BaTh CTPOKH, MOTyUeHHbIe
y3/71aMHU T1/1aHa, /1J1s1 TOBTOPHOTO MCI0/1Ib30BaHUS

MoykHO yripaB/igTh MaTepuanu3sauuent ¢ momoiso CTE,
BpeMEHHBIX TaOJIHI] ¥ MaTepHaTM30BaHHBIX TTPe/ICTaB/IeHHIH

Marepuanu3sanys o3BOJIIeT YIIPaB/IsATh MMOPSAAKOM COeLVHEeHUN
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[1pakTnKa POQSFEE

1. B Hauasne geMOHCTpaLMM NPUBOAWINCH IPUMEPHI IBYX 3alpOCOB
c y310m Materialize. BbiziaiiTe niaHUpPOBIIUKY YKa3aHHe He
MCII0/Ib30BaTh 3TOT y3e/1 U IIPOBEpPLTe, B KAKOM CJTydae OH
CMOKeT 000UTHCH 063 MaTepuaIi3aIiy, a B KAKOM — HeT.

2. TlpoBepsbTe MyiaH BBINOHEHKS 3aIpoCca MPH 3HAUeHUSIX
napametpa from_collapse_limit 8 (mo ymonuanuto) u 1:

SELECT *
FROM
(
SELECT *
FROM ticket_flights tf, tickets t
WHERE tf.ticket_no = t.ticket_no
) ttf,
flights f
WHERE f.flight_id = ttf.flight_id;
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1. Bocnonb3yinTecb napameTpom enable_material.
https://postgrespro.ru/docs/postgresql/16/runtime-config-query#GUC-ENAB

LE-MATERIAL

2. MNpounTtainTe Npo napameTp B AOKYMEHTaLUK:
https://postgrespro.ru/docs/postgresqgl/16/explicit-joins




1. OTkiaoueHnue y3j1a Materialize

TIpoBepHUM IIJIaH MEePBOro 3aIpoca U3 JeMOHCTPALIMH:

=> EXPLAIN SELECT al.city, a2.city

FROM airports al, airports a2

WHERE al.timezone = 'Europe/Moscow’
AND abs(a2.coordinates[1]) > 66.652;

QUERY PLAN
Nested Loop (cost=0.00..805.90 rows=1540 width=64)
-> Seq Scan on airports data ml (cost=0.00..4.30 rows=44 width=49)
Filter: (timezone = 'Europe/Moscow'::text)
-> Materialize (cost=0.00..4.74 rows=35 width=49)
-> Seq Scan on airports data ml 1 (cost=0.00..4.56 rows=35 width=49)
Filter: (abs(coordinates[1]) > '66.652'::double precision)
(6 rows)

HOHPOCI/IM IIJIAaHUPOBIIUK HE MCIIOJIb30BAaTh MaTepHUaIu3alinuio:
=> SET enable_material = off;
SET

=> EXPLAIN SELECT al.city, a2.city

FROM airports al, airports a2

WHERE al.timezone = 'Europe/Moscow’
AND abs(a2.coordinates[1]) > 66.652;

QUERY PLAN
Nested Loop (cost=0.00..948.16 rows=1540 width=64)
-> Seq Scan on airports data ml 1 (cost=0.00..4.56 rows=35 width=49)
Filter: (abs(coordinates[1l]) > '66.652'::double precision)
-> Seq Scan on airports data ml (cost=0.00..4.30 rows=44 width=49)
Filter: (timezone = 'Europe/Moscow'::text)
(5 rows)

HJ'IaHI/IpOBH.II/IK oboresics 6e3 MaTepuanu3alii, HO CTOUMOCTED IIJIaHa YBEJIM4YuJlacChb.

IIpoBepuM BTOPOM 3ampoc:
=> RESET enable_material;
RESET

=> EXPLAIN (costs off)
SELECT * FROM
(SELECT * FROM tickets ORDER BY ticket_no) AS t
JOIN
(SELECT * FROM ticket_flights ORDER BY ticket_no) AS tf
ON tf.ticket_no = t.ticket_no;

QUERY PLAN
Merge Join
Merge Cond: (tickets.ticket_no = ticket flights.ticket_no)
-> Index Scan using tickets pkey on tickets
-> Materialize
-> Index Scan using ticket flights pkey on ticket flights
(5 rows)

=> SET enable_material = off;
SET

=> EXPLAIN (costs off)
SELECT * FROM
(SELECT * FROM tickets ORDER BY ticket_no) AS t
JOIN
(SELECT * FROM ticket_flights ORDER BY ticket_no) AS tf
ON tf.ticket_no = t.ticket_no;



QUERY PLAN
Merge Join
Merge Cond: (tickets.ticket_no = ticket flights.ticket_no)
-> Index Scan using tickets pkey on tickets
-> Materialize
-> Index Scan using ticket flights pkey on ticket flights
(5 rows)

B maHHOM Ciiydyae IJIaHHPOBIIMK HE MOXKET He WCIIO0JIb30BaTh MaTePHUaIM3aLINIO, IIOCKOJIbKY [JIsI COENUHEHUS CIIUSIHUEeM
TpebyeTcst He TOJIbKO ITepeMeIaThcsi 10 Habopy OAaHHBIX BIEepPeN, HO ¥ BO3BpAIIAThHCS Ha3an,.

=> RESET enable_material;

RESET

2. ITapameTp from_collapse_limit

CHauana MocMOTPHM, Kak paboTaeT 3amnpoc co 3HaueHueM from collapse limit o ymonuanuro:
=> SHOW from_collapse_limit;

from collapse limit

=> EXPLAIN (costs off, summary off, settings)
SELECT *
FROM
(
SELECT *
FROM ticket_flights tf, tickets t
WHERE tf.ticket_no = t.ticket_no
) ttf,
flights f
WHERE f.flight_id = ttf.flight_id;

QUERY PLAN
Hash Join
Hash Cond: (tf.ticket no = t.ticket_no)
-> Hash Join
Hash Cond: (tf.flight id = f.flight id)
-> Seq Scan on ticket flights tf
-> Hash
-> Seq Scan on flights f
-> Hash
-> Seq Scan on tickets t
Settings: search path = 'bookings, public', jit = 'off'
(10 rows)

B Imog3amnpoce CoOeguHAITCSA OBe Taﬁ]’II/IHBI, HO OIITHUMH3ATOP PAaCKpPHEIBAET I10O3allpoC U BI:IﬁI/IpaeT IIOPANOOK COeOUHEeHUSA OJid
Bcex Tpex Tabmnun. [IepBrIMu 30eck coequHsoTcs Tabnunsl nepenetos (ticket flights) u peicos (flights).

Teneps ymenbpmmM 3HadeHue from collapse limit mo emUHUIEI 1 TOCMOTPUM Ha HOBBIM IIJIaH TOTO XK€ 3alpoca:
=> SET from_collapse_limit = 1;
SET

=> EXPLAIN (costs off, summary off, settings)
SELECT *
FROM
(
SELECT *
FROM ticket_flights tf, tickets t
WHERE tf.ticket_no = t.ticket_no
) ttf,
flights f
WHERE f.flight_id = ttf.flight_id;



QUERY PLAN

Hash Join
Hash Cond: (tf.flight id = f.flight id)
-> Hash Join
Hash Cond: (tf.ticket no = t.ticket no)
-> Seq Scan on ticket flights tf
-> Hash
-> Seq Scan on tickets t

-> Hash
-> Seq Scan on flights f
Settings: search path = 'bookings, public', jit = 'off', from collapse limit = '1'

(10 rows)

Tlnaun 3alpocCa IIOMeHAJICA — CHa4daJla COeOUHAITCSA OBEe Ta6J'II/IL[I)I U3 IIoa3arpoca, KOTOpBIfI Tennepb He PAaCKpPhIBAE€TCHA.

Ecmu Bo FROM BMecTO crimcka TabiuI] MCI0Ib30BaTh KOHCTPYKUHio JOIN, onTuMH3aTOp CHaYana mpeobpa3yeT KaXkayio
TaKy0 KOHCTPYKIIUIO B CIIMCOK Tabmul (mpu 3ToM obpabaTeiBas Tabnuile! rpynnamMu He 6osee geMm 1o join_collapse limit), a
IIOTOM y3Ke pPacKphIBaeT IIOA3AaIpoCH (Ha riaybuny He Oonee ueM from collapse limit). [TosToMy uMeeT CMBICTT
yCTaHaBIUBaTh 000MM ITapaMeTpaM pPaBHble 3HAYEHUS.



