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Tembl Posigres

Kareropuu n3meHUMBOCTU

[ToxcTaHoBKa Ko/ia (DyHKLMM B TEKCT 3anpoca
Bb130B TaOMMuHbIX QYyHKIUH

Hactpouiku COST u ROWS
BcnoMorare/ibHble (DyHKIMM MJIaHUPOBILAKA

KoHdurypaloHHbie rapaMeTpbl
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KaTteropmm nameH4YnBOCTH Posigres

Volatile

BO3BpdllldeMO€ 3HdUE€HHE MOXXET IMMPON3BO/IbHO MEHATHCA
IIPpHU OJWHAKOBBIX 3HAY€HHAX BXOAHBIX IIdPpaMeTPOB

HCII0J/Ib3yeTCd 10 YMO/TUaHUIO

Stable

3HaueHHe He MeHsIeTCs B Tipefiesiax ofHoro orneparopa SQL
(YHKI[USI HE MOXKET MEHSITb COCTOsTHUE 6a3bl JAHHBIX

Immutable

3HaueHHe He MeHseTCsl, QYHKLMS JeTepMUHUPOBaHa
(YHKIUSI He MOXKET MEHSITb COCTOsTHUE 6a3bl JAHHBIX

Kaxxaoi goyHKLMKM conocTaB/eHa KaTeropusi \ameH4MBOCTH, KoTopas
onpefensieT CBo/iCTBa BO3BpaLLLaeMOro 3Ha4eHus Npu ogMHAKOBbIX
3HAYEeHMSAX BXOAHbIX NapameTpoB.

KaTeropus Volatile rosopuT 0 TOM, 4TO BO3BpaLlaemMoe 3Ha4YeHne MOXeT
NMPOM3BOJIbHO MEHATLCA. Takne (PyHKUUN ByayT BbINONHATLCA KaxXkapblil pas
NPy KaXkaoM BbI30Be. Ecnv npu co3gaHun (PyHKLMK KaTeropms He ykasaHa,
Ha3HayaeTcsa MMEHHO 3Ta KaTeropus.

Kareropusa Stable ncnonb3syetca ansa yHkUMiA, BO3BpaLlaemMmoe 3HavyeHne
KOTOPbLIX HE MeHAEeTCcA B npegenax ogHoro SQL-onepartopa. B yacTHOCTH,
Takme PyHKUNM He MOTyT MeHATb cocTosHne B/l. Takaa oyHKUua mMoxem
ObITb BbINO/IHEHA OAVH pa3 BO BPeMS BbIMO/IHEHUA 3anpoca, a 3atem byaet
MCNOJIb30BaTbLCA BblYNCNEHHOE 3HaYeHne.

KaTteropus Immutable ewwe 6onee ctporas: Bo3BpawaemMoe 3Ha4YeHne
He MeHsieTCA HuMKoraa. Takyto QOYHKLUMI0 MOXHO BbINOMHUTL Ha 3Tane
naaHMpoBaHMsa 3anpoca, a He BO BPEMS BbIMO/THEHMS.

MOXXHO — He O3Ha4aeT, YTo Bcerga npomcxogmT UMEeHHO Tak,
HO NNaHNPOBLLUMK BrpaBe BbIMO/IHUTbL TakKne ontnMm3ayni.

https://postgrespro.ru/docs/postgresgl/16/xfunc-volatility




KaTeropnn H3MEHYHBOCTH H OIITHMH3aAIIHUsA

Braropapst OIOIHUTENBHON UH(OpMAIUY 0 HoBefeHur GyHKINYN, KOTOPYIO aeT yKa3aHue KaTerOpUu U3MEHUYUBOCTH,
OIITMMU3aTOP MOXKET COKOHOMUTH Ha BHI30BaxX QYHKIINU.

[I71st 9KCIIEpUMEHTOB CO3MaAuM (GYHKI[HIO, BO3BPAILAIOIIYIO CITyd4adHOEe YHUCIIO:

=> CREATE FUNCTION rnd() RETURNS float
LANGUAGE sql VOLATILE
RETURN random();

CREATE FUNCTION
[TpoBepuM N1aH BHIIOJIHEHMS CIIEQYyIOLIEro 3ampoca:

=> EXPLAIN (costs off)
SELECT * FROM generate_series(1,10) WHERE rnd() > 0.5;

QUERY PLAN

Function Scan on generate series
Filter: (random() > '0.5'::double precision)
(2 rows)

B miane MbI BUmuM obparieHue K TabnuuHou QyHKIMEu generate series B y3ne Function Scan. Kaxpgas cTpoka pesyibraTa
CpaBHUBAETCS CO CIy4alHBEIM YUCJIOM U IIPU HEOOXOOUMOCTU OTOpachBaeTcss GuIbTpoM, B KOTOPOM BEIYUCTISIETCS
ckansgpHas GyHKIua random.

B 9TOM MOKHO yOEOUTHCS ¥ BOOUUIO:
=> SELECT * FROM generate_series(1,10) WHERE rnd() > 0.5;

generate series

(6 rows)

= \g

generate series

(4 rows)

=> \g

generate series

(6 rows)

= \g

generate series

(5 rows)



= \g

generate series

(6 rows)

3mech C Pa3HOU BEPOSITHOCTHIO rmorydaeM oT 0 mo 10 cTpoxk.

q)yHKHI/IiI C KaTeropHeﬁ u3MeH4YUBOCTU Stable 6yneT BbI3BaHa BCEro OOUH pPa3 — IIOCKOJIbKY MEI (baKTI/I‘IeCKI/I YKa3ay, 4To
€€ 3Ha4YeHHUEe He MOXKEeT USMEHUTLCA B IIpefejiaxX omnepaTropa:

=> ALTER FUNCTION rnd() STABLE;
ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT * FROM generate_series(1,10) WHERE rnd() > 0.5;

QUERY PLAN

Result
One-Time Filter: (rnd() > '0.5'::double precision)
-> Function Scan on generate series

(3 rows)

V3en Result popmupyet cTpoky BEIOOPKH, a BeipaxkeHnue One-Time Filter BEr4ucisieTcst OnUH pas, Tak YTO Pe3yIbTaTOM
3amnpoca 6ygeT nu6o 0, mu6o 10 cTpok.

=> SELECT * FROM generate_series(1,10) WHERE rnd() > 0.5;

generate series

1
2
3
4
5
6
7
8
9
10

(10 rows)

= \g

generate series

1
2
3
4
5
6
7
8
9
10
(10 rows)
= \g

generate series

=> \g

generate series

(0 rows)



Haxkorern, kateropus Immutable mo3BonsieT BEIYUCINTL 3HaUYeHNe GYHKITNY ellle Ha 3Talle IJIaHWPOBAHUS, I03TOMY BO
BPEMsI BEIITOJIHEHUS BEIYUCIIEHNE YCIIOBUS GUIbTpa yKe He Tpebyercs:

=> ALTER FUNCTION rnd() IMMUTABLE;
ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT * FROM generate_series(1,10) WHERE rnd() > 0.5;

QUERY PLAN

Result
One-Time Filter: false
(2 rows)

= \g
QUERY PLAN

Result
One-Time Filter: false
(2 rows)

= \g
QUERY PLAN

Function Scan on generate series
(1 row)

=> \g
QUERY PLAN

Result
One-Time Filter: false
(2 rows)

s Immutable mony4yaem cinygyadHBIN ITaH!

OTBETCTBEHHOCTD «3a Aa4dy 3aBegoMO JIOZKHBIX TOKa3aHUM» JIEXKUT Ha paSpaﬁOT‘{I/IKe.
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[NoacTtaHoBKa Koga (PyHKUNK  Posgares

CkansipHbie yHKIMK Ha SQL
oauH oniepatop SELECT 6e3 npeanoxenust FROM,
BO3BpalllaeT O/IHO 3HaYeHHe
BbI3bIBaeMble (YHKLIMU He [JO/DKHBI ObITh M3MeHUMBee BbI3bIBaIOIIei

Tabnmunbie dhyHKIMH Ha SQL

onuH omneparop SELECT
Kareropusi Immutable nnu Stable
¢dynkuus He STRICT

U p.

Ontnmmnsartop PostgreSQL ymeeTt nogctasnath (inline) Teno cyHkumn
B SQL-3anpoc. 310 paboTaeT Kak CO CKaNApHbIMU, Tak U C TabNIMYHbIMU

doyHKUMAMN.

B 060u1x cnyyasx eCTb MHOIO OrpaHnyeHunit: OyHKUUA A0/HKHA ObIThb
HanucaHa Ha fA3blke SQL, ncnonb3oBaTb €4MHCTBEHHbIN onepaTtop SELECT
n 1. . CkandpHaa yHKUMSA, K TOMY Xe, He Jo/HKHa 06paLlaTbCs K
Tabnnyam 6asbl JaHHbIX U BbI3blBaTbh (OYHKLMN, UMEKOLLNE MeHee CTPOryto
Kateroputo, a TabnmyHas — ObITb CTAOU/ILHOW NN NOCTOSAHHOW.

BaXkHbIM NPEenMyLLLECTBOM NOACTAHOBKM Tena (yHKL MU B 3anpoc siBNSETCS
TO, UTO (PYHKLMA CTAHOBUTCSI NPO3paYHoii AN1si NnaHupoBLmMKa. Hanpumep,
[I0NONTHUTE/bHbIE YC/TI0BUSI B TeNle OCHOBHOIO 3anpoca MoryT 6biTb
NPUMEHEHbI K 3anpocy 13 Tena gyHKLUK, YTO NO3BO/IUT Kak MOXHO paHblle
OTIUNLTPOBATb JIULLIHME CTPOKMU.

https://wiki.postgresql.org/wiki/Inlining_of SQL_functions




IMoacranoBKa koma pyukuun B SQL-3ampoc

Teo o4yeHb IPOCTHIX CKAISIPHEIX GYHKIUY Ha s13bIKe SQL MoxkeT OBITH ITOACTABIEHO IPSIMO B OCHOBHOU SQL-omepaTtop Ha
sTame pa3bopa 3ampoca. B aToM ciaydae BpeMs Ha BEI30B GYHKI[UY HE TPATUTCH.

IIpuMep MBI y2Ke Bupenu: Halma GyHKIus rnd().

IIpoBepuM, Kakoi Oy[eT IjIaH 3ampoca B cllydae, KoTrfa KaTeropus udMenuunBocTtu ¢yukiuu rnd (Stable) He cooTBeTCTBYET
KaTeropuu usMeHuYnBoCcTH pyHKIMU random (Volatile):

=> ALTER FUNCTION rnd() STABLE;
ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT * FROM generate_series(1,10) WHERE rnd() > 0.5;

QUERY PLAN

Result
One-Time Filter: (rnd() > '0.5'::double precision)
-> Function Scan on generate series

(3 rows)

B ¢unpTpe ynomunaetcsa dysknus rnd().

TTomeHsieM KaTeropuio u3MeHYnBOCTH GyHKIuU Ha Volatile:
=> ALTER FUNCTION rnd() VOLATILE;

ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT * FROM generate_series(1,10) WHERE rnd() > 0.5;

QUERY PLAN
Function Scan on generate series
Filter: (random() > '0.5'::double precision)
(2 rows)

Teneps B punsvTpe ynomunaetcs Gynkius random(), Ho He rnd(). OHa OymeT BBI3BIBATLCS HAIPSIMYI0, MUHYSI «00EPTKY» B
Bune GpyHruuu rnd().

B03MOXKHOCTEI /151 MOACTAHOBKY TaONMMYHEIX QYHKIUN ropasno Gonbuie. Hanpumep, B TaKUX QYHKUHUSIX AOMYCKAIOTCS
oOpailieHus K TabIuIam.

=> CREATE FUNCTION flights_from(airport_name text)
RETURNS SETOF flights
AS $%
SELECT f.*
FROM flights f
JOIN airports a ON f.departure_airport = a.airport_code
WHERE a.airport_name = flights_from.airport_name;
$$
LANGUAGE sql STABLE;

CREATE FUNCTION

IIpu nopcraHoOBKe TabnuyHble GYHKIMHN paboTaT Hanogobue nMpencTaBlIeHul ¢ mapaMeTpaMu. I1TaHUPOBIIUK
ONITUMU3UPYET BECh 3apoc, GYHKIUS Ipo3payvHa OJIsi Hero:

=> EXPLAIN (costs off)
SELECT *

FROM flights_from('Openbypr')
WHERE status = 'Arrived’;



QUERY PLAN
Hash Join
Hash Cond: (f.departure airport = ml.airport code)
-> Seq Scan on flights f
Filter: ((status)::text = 'Arrived'::text)
-> Hash
-> Seq Scan on airports_data ml
Filter: ((airport name ->> lang()) = 'Openbypr'::text)
(7 rows)
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Bbi30B TaO/INMYHbIX PYHKUMIN  Posggres

SELECT * FROM fun() SELECT fun()

Function Scan
ProjectSet

no TpeboBaHuio:
SQL, C, utepatopsl
Python

Korga tabnunyHas oyHKUMA Bbl3biBaeTcA B npensioxeHnn FROM, 3a ee
BblYMC/IEHNe oTBeYvaeT y3en Function Scan. Npun 3ToOM CHavyaa BCce CTPOKK,
BO3Bpallaemble PyHKUMEN, MaTEPUASINIYIOTCA, U TONLKO 3aTeM nepeaaroTcs
poAnTENLCKOMY Y371y NMnaHa. TakoBOo Tekyllee orpaHnyeHne peannsaumu.

Ecnn xe doyHKUmA Bbi3biBaeTcA B npegnoxeHun SELECT, B niaHe oHa
BbINONHAETCA B y3/1e ProjectSet. B atom cnyyae hyHKUNA MOXeET
BOCMNO/1b30BaTbCA MHTEP(ENCOM BO3BPALLEHUA CTPOK «MN0 TPeb6oBaHMIO»
(value-per-call), 6e3 maTepuanmsayunm.

Tak paboTtatoT pyHKuMM Ha A3blke SQL, 60/bLUNMHCTBO BCTPOEHHbIX
doyHKUMI (HanncaHHbIX Ha C) n pyHkumn Ha PL/Python, Bo3BpaluatoLmne
ntepartop. PyHKUMM Ha APYrUxX A3blkax NPorpamMmMmnMpoBaHns TOXe MOryT
MCNONb30BaTh 3TOT UHTEPEC, ecnn Takasd BO3MOXHOCTb B HUX
peasiM3oBaHa.



TadauuHbIe PYHKIITHHA

BrizoBeM ¢yHKIINIO generate series B npemnoxeHuu FROM c orpaHnyeHneM Ha KOIU4YeCTBO CTPOK (LIMIT):
=> \set timing on

=> EXPLAIN (analyze, costs off)
SELECT * FROM generate_series(1,10_000_000)
LIMIT 10;

QUERY PLAN
Limit (actual time=898.605..898.610 rows=10 loops=1)
-> Function Scan on generate series (actual time=898.604..898.606 rows=10 loops=1)
Planning Time: 0.037 ms
Execution Time: 919.274 ms
(4 rows)

B nmane 3anpoca BuguM y3en Function Scan — crayasna ObUIH IIOJIy4YeHH BCe CTPOKM U3 QYHKIIUU, U TOJIBKO IIOTOM
HaJIoXKeHOo orpanuyenue LIMIT.

A Temeph IMOBTOPUM 3allpOC, TOJILKO BEI30BeM GyHKIINIO U3 npennoxenus SELECT:

=> EXPLAIN (analyze, costs off)
SELECT generate_series(1,10_000_000)
LIMIT 10;

QUERY PLAN
Limit (actual time=0.004..0.006 rows=10 loops=1)
-> ProjectSet (actual time=0.003..0.004 rows=10 loops=1)
-> Result (actual time=0.000..0.001 rows=1 loops=1)
Planning Time: 0.030 ms
Execution Time: 0.017 ms
(5 rows)

Teneps B naHe mossBUiICS y3en ProjectSet, KoTopeiil GopMupyeT 0ecsaTh CTPOK BEIOOPKY — B TaHHOM ClIydae
ONTUMHU3ATOPY YOAJIOCh IIOJIy4aTh CTPOKH 10 TPeGOBaHUIO. BpeMs BRIIOJIHEHUS 3aIIpOCa COKPATUIIOCh Ha IOPSOKU.

Y3en Result 3mech npeacTasiseT onylleHHoe B 3ampoce mpennoxenne FROM — oH nepefaeT pOgUTENIbCKOMY Y37y POBHO
OMHY CTPOKY.

=> \set timing off

Opnako He Bce GYHKIIMY MOT'YT BO3BpaIllaTh CTPOKH 110 ofHoM. Hanpumep, obparieHue K 1100601 QYHKINHT Ha S3BIKE
PL/pgSQL BOo3BpalaeT BCe CTPOKHU pe3yibTaTa:

=> CREATE FUNCTION plpgsql_rows() RETURNS SETOF integer
AS $%
BEGIN
RETURN QUERY
SELECT * FROM generate_series(1,10_000_000);
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

BrizoBeM dynKINIO0 U3 npennoxeHus SELECT:
=> \timing on

Timing is on.

=> EXPLAIN (analyze, costs off)
SELECT plpgsql_rows() LIMIT 10;

QUERY PLAN
Limit (actual time=2122.989..2122.993 rows=10 loops=1)
-> ProjectSet (actual time=2122.987..2122.990 rows=10 loops=1)
-> Result (actual time=0.000..0.001 rows=1 loops=1)
Planning Time: 0.030 ms
Execution Time: 2143.208 ms
(5 rows)

Time: 2143,521 ms (00:02,144)



=> \timing off
Timing is off.

B nnnane — y3en ProjectSet, Ho Tereps cepBepy IPUXOOUTCS IOMYYUTH Pe3yIbTaT QYHKIIUY IOJTHOCTHIO, @ 3aTEM HaJIOXKUTh
orparndyenne LIMIT. BpeMs BEIIIOJIHEHUS 3TO XOPOIIIO ITIOKa3kIBa€eT.

B npennoxenun SELECT MoxkeT ObITh HECKOJIBKO BEI30BOB TaOIUYHBIX (DYHKIINIH, @ caMu GYyHKIUHM MOTYT BKJIaABIBATHCS
IOpyT B Apyra:

=> SELECT generate_series(l, generate_series(1,3)), unnest(ARRAY['A',6'B','C']);

generate series | unnest

(6 rows)

=> EXPLAIN (verbose, costs off)
SELECT generate_series(1l, generate_series(1,3)), unnest(ARRAY['A','B','C']);

QUERY PLAN
ProjectSet
Output: generate series(1l, (generate series(1l, 3))), (unnest('{A,B,C}'::text[]))
-> ProjectSet
Output: generate series(l, 3), unnest('{A,B,C}'::text[])
-> Result
(5 rows)

Huxunii y3en ProjectSet popMupyet BEIGOPKY U3 Pe3yIbTaTOB BHITIOTHEHUS ABYX TaOMUYHBIX HYHKIIUH:
generate series(1,3) u unnest. B 3T0# BEIOOPKE OKA3bIBAIOTCS TPU CTPOKH.

Bepxuuii y3en ProjectSet popmupyeT uToroByio BHIOOPKY, BEIUUCIISISI BHEIIHUY BEI30B generate series.

Be3 ydyeTa MaTepruanu3aluy TaKO¥ 3aPOC 9KBUBAJIEHTEH CJIEQYIOIIEMY 3alpoCcy, B KOTOPOM (DYHKIIUY BBI3EIBAIOTCS B
npenoxenuu FROM:

=> SELECT g2.i, u.c
FROM generate_series(1,3) WITH ORDINALITY AS g1(i)
FULL JOIN LATERAL unnest(ARRAY['A','B','C']) WITH ORDINALITY AS u(c)
ON gl.ordinality = u.ordinality
CROSS JOIN LATERAL generate_series(l, gl.i) AS g2(i);

i]c
T
1A
1]8B
2| B
1]CcC
2| C
3] C
(6 rows)



HacTpoiikn COST 1 ROWS  Potigies

CREATE FUNCTION fun()
SELECT * FROM fun()

[Function Scan ( rows=1000 cost=100 )
OLEHKMN
no ymosn4yaHuwo

CREATE FUNCTION fun( ) ROWS 12 COST 123
SELECT * FROM fun()

[Function Scan ( rows=12 cost=123) ‘

ROWS COST

O6bIYHO (ecnu He yaasocb NOACTaBUTb Teso OYHKLUMN B 3anpoc)
ONTUMU3ATOP HE NMEET BO3MOXHOCTU aHa/IM3MpoBaTh Kog, OyHKL MM
N BOCNPUHUMAET €€ KaK «YepHbIil ALMK».

OOHaKo MOXHO AaTb ONTUMU3ATOPY NPUBIN3UTENbHYO MHhopMaLWIo
O CTOMMOCTM BbI30Ba (PYHKLUW 1 YMC/ie BO3BpaLLaeMbIX CTPOK.

MapameTp COST 3agaeT CTOMMOCTb M0/1b30BaTEe/1bCKON dOYHKLNN
B eAnHULAx cpu_operator_cost. o ymonyaHuio oyHkuumn Ha C nosy4darot
oLeHkKy 1, a Ha apyrux asbikax — 100.

MapameTp ROWS yka3biBaeT NpuMepHoe YnC/io BO3BpaLlaeMbIX CTPOK.

COST n ROWS MOXHO yKa3biBaTb Kak Mnpu co3gaHum oyHKUuKM, Tak n ans
yXe CyLLEeCTBYHLLMX GOYHKLINIA.
https://postgrespro.ru/docs/enterprise/16/sql-createfunction




Hactpouku COST u ROWS

Hanwumem tabnuunyio QyHKINIO Ha a3biKe PL/pgSQL, BEIBOOAIYIO OHU HeOen:

=> CREATE FUNCTION days_of_week() RETURNS SETOF text
AS $$
BEGIN
FOR i IN 7 .. 13 LOOP
RETURN NEXT to_char(to_date(i::text,'J'),'TMDy"');
END LOOP;
END;
$$ LANGUAGE plpgsql;

CREATE FUNCTION
=> SELECT * FROM days_of_week();

days of week

(7 rows)

IInan 3amnpoca:

=> EXPLAIN
SELECT * FROM days_of_ week();

QUERY PLAN

Function Scan on days of week (cost=0.25..10.25 rows=1000 width=32)
(1 row)

CTOMMOCTS BBITIOJTHEHHUST QYHKIIMM CUUTAETCS IOCTOSIHHOH, [JIsI OJTh30BaTEIbCKUX (QYHKIIUH 10 YMOJTYaHUIO OHA paBHA
croumocTtu 100 onepaTopos:

=> SELECT 100 * current_setting('cpu_operator_cost')::float;

?column?

Ho sT0 3HaueHre MOKHO U3MEHUTD:
=> ALTER FUNCTION days_of_week COST 1000;
ALTER FUNCTION

=> EXPLAIN
SELECT * FROM days_of week();

QUERY PLAN

Function Scan on days of week (cost=2.50..12.50 rows=1000 width=32)
(1 row)

B nnane nu3aMeHunach HadyajabHasi CTOUMOCTD.

CepBep OLleHUBAaET KapAUHAJIBHOCTE pe3yJibTaTa 9To¥ dyHKmmu Kak 1000, xoTa pakTHueckoe 3HaUYEHNE PABHO CEMU.

C nomorbio yKasdauusi ROWS M0kHO mofcKa3aTh CepBepy OPUEHTUPOBOYHOE KOJIMYECTBO CTPOK, KOTOPOE BEPHET
byukIM:

=> ALTER FUNCTION days_of_week ROWS 10;
ALTER FUNCTION

TToBTOPUM 3ampoc:



=> EXPLAIN
SELECT * FROM days_of_week();

QUERY PLAN
Function Scan on days of week (cost=2.50..2.60 rows=10 width=32)
(1 row)

Temneps cepBep cuutaeT, YT0 GYHKIUSA BepHET 10 CTPOK, I03TOMY YMEHBIINIIACH IIOJIHAS CTOMMOCTD y3JIa:

=> SELECT 1000 * current_setting('cpu_operator_cost')::float
+ 10 * current_setting('cpu_tuple_cost')::float;

?column?
2.6
(1 row)

H3MeHeHHBIE 3Ha4YeHUsI MOXKHO YBUAETh B CUCTEMHOM KaTajore:
=> SELECT procost, prorows FROM pg_proc WHERE proname='days_of_week';

procost | prorows

Wnm ¢ moMOIIsi0 METAKOMAaHAH PSql:
=> \sf days_of_week

CREATE OR REPLACE FUNCTION bookings.days of week()
RETURNS SETOF text
LANGUAGE plpgsql
COST 1000 ROWS 10
AS $function$
BEGIN
FOR i IN 7 .. 13 LOOP
RETURN NEXT to char(to date(i::text,'J'),'TMDy");
END LOOP;
END;
$function$
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BcnomorartenbHble OYHKUMN  Posggres

CREATE FUNCTION fun(x) ROWS 18
SELECT * FROM fun(1) SELECT * FROM fun(2)

[Function Scan ( rows=18) ‘ Function Scan ( rows=18 )
ROWS

CREATE FUNCTION fun(x) SUPPORT fun_support
SELECT * FROM fun(1) SELECT * FROM fun(2)

[Function Scan ( rows=12) ‘ ‘ Function Scan ( rows=24) ‘

fun_support( 1) fun_support( 2 )

11

MapameTpbl COST n ROWS no3eonAoT 3agarb CTOMMOCTb U KOJIMYECTBO
CTPOK, BO3BpaLwaeMbIX PyHKUNER, Kak MOCTOSAHHbIE BENTNYMHBI.
Ho KOHCTaHTbI He Bcerga [aloT Xenaemblii pesynbrar.

B PostgreSQL eCcTb BO3MOXHOCTb 4/19 (PYHKUUKM Hanncartb
BcrioMoz2ame/ibHy0 (OyHKYUro, KOTopas npefocTasnseT niaaHUpOoBLLMKY
NH)OpMaLNIo, 3aBUCSLLYIO OT 3HAYEHWNIN apryMeHTOB OCHOBHOW (yes1esol)

doyHKUMMN.

BcnomMorartenbHast OyHKLMS MOXET M0 3HAYEHMAIM aprymMeHTOB Lie/1eBoiA
thbyHKUMM BblAABATL:

* OLEHKY ee CTOUMOCTH;
* OLEHKY Yncna Bo3BpallaeMbIX CTPOK,;

* BblpaXeHne, 3KBUBASIEHTHOE BbI30BY (PYHKLMW.
[ononHntensHo Ans yHKUMiA, BO3BpaLlarouwmx boolean:

* OLEHKY CENEKTUBHOCTMU;

* SKBMBAJ/IEHTHbIN NpeanKaT ¢ UHAEKCUPYEMbIM ONEPaTOPOM.
BcnomorartenbHas oyHKUUSA A0/MKHA ObITh HanMcaHa Ha si3bike C.
https://postgrespro.ru/docs/postgresqgl/16/xfunc-optimization




Bcnomorarenbabie QYHKIIHH IUIAaHHPOBUIHKA

TTocMoTpUM ITaH 3alpoca ¢ BEI30BOM QYHKIMM generate series:

=> EXPLAIN
SELECT n FROM generate_series(1,5) n;

QUERY PLAN

Function Scan on generate series n (cost=0.00..0.05 rows=5 width=4)
(1 row)

B otnuyum ot pyukiuu days of week, onTuMusaTop cpasly IpaBUIIBHO OIleHUBAET KOJIMYECTBO BO3BpalllaeMbIX CTPOK.
Bornee Toro, olleHKa 3aBUCUT OT ITapaMeTPOB QYHKIINH:

=> EXPLAIN
SELECT n FROM generate_series(1,15) n;

QUERY PLAN

Function Scan on generate series n (cost=0.00..0.15 rows=15 width=4)
(1 row)

Brnaropgaps BcriomoraTenbHOR GyHKIMM (OHa MOXKeT OHITh HalKMCcaHa TOJBKO Ha si3biKe C) IIIaHUPOBIIKK IIOJTyYaeT
IOIIOTHUTEIbHYI0 HH(MOPMAIHIo, KOTOPYIO UCIOJIb3YeT AJIS BEIYUCIIEHUS CEJIEKTUBHOCTH YCJIOBUH, KapOUHAIBHOCTH
¢byHKIIMY WIH ee CTOMMOCTH.

ITocMOTpeTs, UMEEeTCs IU BCIIOMoraTeNibHast (pyHKINsI, MOXKHO B Tabiuie pg proc:

=> SELECT left(pg_get_function_arguments(p.oid), 57) proargtypes, prosupport
FROM pg_proc p
WHERE p.proname = 'generate_series';

proargtypes | prosupport

integer, integer, integer
integer, integer

| generate series int4 support
| generate series int4 support
bigint, bigint, bigint | generate series int8 support
bigint, bigint | generate series int8 support
numeric, numeric, numeric | -
numeric, numeric |
timestamp without time zone, timestamp without time zone, |
timestamp with time zone, timestamp with time zone, inter |
timestamp with time zone, timestamp with time zone, inter |
(9 rows)

Kaxk BufHO, BCIIOMOraTe NbHbIe GYHKINY CYIIeCTBYIOT He [JIs BCeX ITeperpyKeHHEIX BapuaHToB GYHKIUU generate series.
ITocMOTpUM Ha IJIaH 3apoca, FTeHePUPYIOIIero Psif AaT:

=> EXPLAIN SELECT *
FROM generate_series(now(), now() + interval '5 day','l day');

QUERY PLAN

Function Scan on generate series (cost=0.01..10.01 rows=1000 width=8)
(1 row)

Be3 BcriomorartesnbHOM GyHKINY U yKa3aHuss ROWS ontumMusaTop He UMeeT HHGOPMaUUK O YKUCJIe CTPOK B Pe3y/IbTaTe U
TI03TOMY KUCIIOJIb3yeT 3HaueHue 1o ymondanuio (1000).

C kaxpmou Bepcuelt B PostgreSQL MOsSIBASIOTCS HOBBIE BCIIOMOTaTeIbHbIE QYHKIIUH.



[TOMEeTKM napas/ie/IbHOCTH

CREATE FUNCTION fun( ) PARALLEL ...

UNSAFE

RESTRICTED

SAFE

Hebe3oracHbIe [jisl pacriapasuieTMBaHus
(Mo ymo/uaHuio)

OIrpaHHMY€HHO pacliapa/ijie/iiBaeMbie

6e3or1acHble AJId pacCIiapa/uie/IMBaHUA

o)) PROFESSIONAL

Posygres
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B Teme «[MapannensHas obpabdoTka» Obl/10 pacckasaHo npo 1o,

YTO He Kax/bl 3anpoC MOXET BbINOMHATLCSA B Napaiie/ibHOM pexume.
[MOCKONbKY ONTMMMU3ATOP HE MOXET NpoaHa/IN3NpPoBaTh Tes10 PYHKLUMN,
OH paccunTblBaeT Ha NOMETKU NapasnesibHoCTK, onpeaesnsisi No HAM
BO3MOXHOCTb NapasifiesibHO 06paboTKu.

Mpn co3gaHnn yHKUUK (UK NO3XKe) MOXXHO yKasaTb OAHY 13 TPEX NOMETOK:
* UNSAFE — 3anpeuwatoTca napasinesbHbie nnaHbl, eC/iv B 3anpoce ecTb

BbI30B (YHKLNN;

e RESTRICTED — paspewarTca napasiesibHble niaaHbl, HO 3anpeLweHo
BbI3blBaTb (PYHKUMIO B Napasisie/ibHOM YacTu naHa;

 SAFE — 6e3onacHa a5 napasnnesibHom o6paboTKu.

Mo ymonyaHuio ncnonb3yetcs nometka UNSAFE.

[MoMeTKM napanesibHOCTM YKa3blBalOTCA Takke 415 N0/Ib30BaTe/IbCKNX

arperarHbIX OyHKUMNIA.

https://postgrespro.ru/docs/postgresql/16/parallel-safety#PARALLEL-LABEL

ING



IToMmeTKH napajjieIbHOCTH

TToMeTKY mapa’siebHOCTU MOXKHO YBUIETH B cTonO1e proparallel Tabnunsl pg proc (r=restricted, s=safe, u=unsafe):

=> SELECT proparallel, count(*)
FROM pg_proc
GROUP BY proparallel;

proparallel | count

_____________ [ S
r | 185
s | 3027
u | 91
(3 rows)

Bce ocHOBHBIE CTaHOAPTHBIE (l)yHKLII/II/I 0e30MacHHI.

ITomeTKu TakxKe ITOKa3bBaeT MeTakoMaHzna \df+ yrunuts! psql (momne Parallel):
=> \X

Expanded display is on.

=> \df+ random

List of functions

-[ RECORD 1 J------- AR
Schema | pg catalog

Name | random

Result data type | double precision
Argument data types |

Type | func

Volatility | volatile
Parallel | restricted
Owner | postgres
Security | invoker

Access privileges |

Language | internal
Internal name | drandom
Description | random value

=> \X

Expanded display is off.

[IpoBepuM, KaK IOMeTKa IIapalyIeIbHOCTH BIUSET Ha IJIaH BBITOJIHEHUS 3alpoca.
Hanwumem GyHKIHIO, BEIYUCIISIONIYI0O CTOUMOCTE 6uiteta. OHa moMedeHa Kak 0e30TacHast sl TapasljlefIbHOTO BEIIIOTHEHHUS:

=> CREATE FUNCTION ticket_amount(ticket_no char(13)) RETURNS numeric
LANGUAGE plpgsql STABLE PARALLEL SAFE
AS $$
BEGIN
RETURN (SELECT sum(amount)
FROM ticket_flights tf
WHERE tf.ticket_no = ticket_amount.ticket_no
)i
END;
$$;

CREATE FUNCTION
3amnpoc IpoBepsieT, YTO 00IIas CTOMMOCT: OPOHUPOBAHUM COBIAfAET C 00IeH CTOUMOCTHIO OUIIETOB:

=> EXPLAIN (costs off)
SELECT (SELECT sum(ticket_amount(ticket_no)) FROM tickets) =
(SELECT sum(total_amount) FROM bookings);



QUERY PLAN
Result
InitPlan 1 (returns $1)
-> Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Parallel Seq Scan on tickets
InitPlan 2 (returns $3)
-> Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Parallel Seq Scan on bookings
(13 rows)

[InaH 3ampoca COCTOUT U3 [ABYX 4YacTel: B y3ie InitPlan 1 BEImONHsIETCS MOA3aNpoc C arperamuei no tickets, a mopsanpoc B
y3ne InitPlan 2 BeImonHsIeT arperaiuio 1o bookings.

Cetiyac ob6a IIo43arpoca BBEIMIOJIHAIOTCA IIapalJIeJIbHO.

ITomensieM nmoMeTKy napanienbHocTy Ha UNSAFE:
=> ALTER FUNCTION ticket_amount PARALLEL UNSAFE;
ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT (SELECT sum(ticket_amount(ticket_no)) FROM tickets) =
(SELECT sum(total_amount) FROM bookings);

QUERY PLAN
Result
InitPlan 1 (returns $0)
-> Aggregate
-> Seq Scan on tickets
InitPlan 2 (returns $1)
-> Aggregate
-> Seq Scan on bookings
(7 rows)

Tenepb ob6a IIOA3allpocCa BREIMIOJIHAKTCA IIOCTIeJOBATE/IbHO — IIOMETKA 3allpeIllaeT I1apaJjljieJIbHbIe IIJIaHbI.

A Temeps nomeTuM GQYHKIUIO KaK OrpaHUYeHHO pacnapasienuBaemyio (RESTRICTED):
=> ALTER FUNCTION ticket_amount PARALLEL RESTRICTED;
ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT (SELECT sum(ticket_amount(ticket_no)) FROM tickets) =
(SELECT sum(total_amount) FROM bookings);

QUERY PLAN
Result
InitPlan 1 (returns $0)
-> Aggregate
-> Seq Scan on tickets
InitPlan 2 (returns $2)
-> Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Parallel Seq Scan on bookings
(10 rows)

TTop3amnpoc ¢ yHKIHEN BHIIOIHSIETCS II0CTIef0BaTeIbHO BEIYIIIUM IIPOIIeCCOM, OJis BTOPOTOo IIof3anpoca BeIOpaH
TapaJuUIeIbHBIM IIJIaH.

KondurypanuoHHbie mapaMeTphbl

B psne CiiydaeB MOXKeET OKa3aTbCAa yJ:[O6HI:IM OCbOpMI/ITI: 3alIPOCHL B BUOE XPAaHUMBIX IIOAIIPOIrPaMM (HaanMep, C IIeJIbI0
IIpeaoCTaBUTh K HUM OOCTYII HpI/IJ'IO)KeHI/IIO). B saTom CJIy4dae OOIIOJIHUTEJIbHBIM IIPEUMYIIECTBOM MOXKeET OBITH BO3MOXKHOCThH
YCTaHOBKH IIapaMeTPOB /i KOHKPETHEBIX IIOAIIPOrpaMM.



PaccMOTpuM B Ka4eCTBe IpUMepa 3ampoc:

=> EXPLAIN (analyze, costs off, timing off)
SELECT count(*) FROM bookings;

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 Seq Scan on bookings (actual rows=703703 loops=3)

Planning Time: 0.124 ms
Execution Time: 183.713 ms
(8 rows)

ITomycTuM, MBI XOTUM KCIIOJIH30BaTh lTapasuleibHEIE IJIaHB, HO KMEHHO 3TOT 3aIIpoC COOUPaeMCsi BHIIOIHATH
nocnenoBaTenbHO. Tora MBI MOXKeM YCTAHOBUTE ITapaMeTp Ha ypoBHE GyHKINH:

=> CREATE FUNCTION count_bookings() RETURNS bigint

AS $$
SELECT count(*) FROM bookings;
$$ LANGUAGE sql STABLE;

CREATE FUNCTION
=> ALTER FUNCTION count_bookings SET max_parallel_workers_per_gather = 0;
ALTER FUNCTION

O TOM, KaK IIPOBEPUTH IIJIaH 3aIlp0Ca, BHIIOIHSIIOUET0CsT BHYTPU GYHKI[UH, MBI TOBOPUIHN B TeMe «[IpodunupoBanue».
Bocnone3ayemcst pacmupenueM auto explain:

=> LOAD 'auto_explain';

LOAD

=> SET auto_explain.log_min_duration = 0;

SET

=> SET auto_explain.log_nested_statements = on;
SET

BrimonHuM 3amnpoc:

=> SELECT count_bookings();

count_bookings
2111110
(1 row)

BrIBeZeM IOCTIEHUE CTPOKHU XKypHAasa COOOIIEeHNH:
student$ tail -n 10 /var/log/postgresql/postgresql-16-main.log

2024-12-27 14:08:32.361 MSK [76150] postgres@demo LOG: duration: 138.127 ms plan:
Query Text:
SELECT count(*) FROM bookings;

Aggregate (cost=39835.88..39835.89 rows=1 width=8)
-> Seq Scan on bookings (cost=0.00..34558.10 rows=2111110 width=0)
2024-12-27 14:08:32.361 MSK [76150] postgres@demo CONTEXT: SQL function "count bookings"
statement 1
2024-12-27 14:08:32.362 MSK [76150] postgres@demo LOG: duration: 139.556 ms plan:
Query Text: SELECT count bookings();
Result (cost=0.00..0.26 rows=1 width=8)



o)) PROFESSIONAL

Toru Posigres

DYHKLMS — YepHBIN SLLIKK /151 TVIaHUPOBIIUKA,
ec/I1 ee TeJI0 He TIOACTaB/IsIeTCs B 3arpocC

Bbi130B Tab/inuHbIX YHKI[MH 0OBIUHO MaTepraIu3yeTCs

[1/1aHUPOBIIMKY MOXKHO aTh JAOMOJHUTEIbHYI0 UH(OPMAaLIUIO

KaTerop1ur M3MeHUMBOCTU Q)YHKL[I/II/I
KapAWHAJ/IbHOCTb 1 CTOMMOCTb
MOMETKY Mapa/lyIeJIbHOCTH

BcnoMorare/ibHbie (DyHKIIMM TOMOTat0T ONTUMU3UPOBATh
BbI30BbI BCTPOEHHBIX (DYHKLIWI
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[1pakTnKa POQSFEE

1. OTKIIOUNTEe MaTepUaIr3allrio 001ero TabIMUHOTO BEIPAYKEHUS,
B KOTOPOM BbI3biBaeTcsi pyHKIMs random. OObsiCHUTE pe3ysibTar.

2. Hammmmre dbyHkmMi0-00epTKy Ha SQL a5 3ampoca
SELECT * FROM generate_series (1, 10_000_000).

PaccmoTtpute Tpu BapuaHTa: CaM MCXOAHBIN 3aripoC U BbI30BbI
dyskiuu B ripeayioxkeHusx FROM u SELECT. CpaBHUTe I/1aHBI
BBITIOJIHEHHSI 3alIPOCOB Y UCI0J/Ib30BaHUE BPeMEeHHbIX (hal/ioB.

YTo MeHsieTCs TIPU yCTaHOBKe KaTeropuu W3MeHYMBOCTH Stable?

3. Kakyto KaTeroputo W3MeHUHBOCTH UMeeT hYHKIHS
days_of_week u3 gemoHcTpaiun? KakoBa ee ”3MeHUHBOCTb
Ha caMOM Jiejie?

16

3. OnpegeneHne PyHKUNK:

CREATE FUNCTION days_of_week() RETURNS SETOF text
AS $$
BEGIN
FOR 1 IN 7 .. 13 LOOP
RETURN NEXT to_char(to_date(i::text,'J"), 'TMDy'");
END LOOP;
END;
$$ LANGUAGE plpgsql;



1. MaTepuaiu3anus u3MeHYUBbIX ¢pyuknuu B CTE

Obmiee TaGIUYHOE BhIpaXkeHUe C U3MeHYNBOU GyHKIINEH Bcerna MaTepuanu3yeTcs:

=> EXPLAIN (costs off)
WITH c AS (
SELECT random()
)
SELECT * FROM c;

QUERY PLAN
CTE Scan on ¢
CTE c
-> Result
(3 rows)

B atom cnydae ykaszanue NOT MATERIALIZED He gelicTByeT:

=> EXPLAIN (costs off)

WITH c¢ AS NOT MATERIALIZED (
SELECT random()

)

SELECT * FROM c;

QUERY PLAN
CTE Scan on ¢
CTE c
-> Result
(3 rows)

2. OyHKIUsI-00epTKa

=> CREATE FUNCTION sql_rows_lab() RETURNS SETOF integer
AS $$

SELECT * FROM generate_series(1,10_000_000);
$$ LANGUAGE sql;

CREATE FUNCTION
ITo ymonuaHuio GYHKINS UMeeT KaTeroOpuio n3MeH4YuBocTH Volatile.
BasoBeIit 3ampoc:

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT * FROM generate_series(1,10_000_000);

QUERY PLAN
Function Scan on generate series (actual rows=10000000 loops=1)
Buffers: temp read=17090 written=17090
Planning Time: 0.036 ms
Execution Time: 1764.058 ms
(4 rows)

TTockonbKy QyHKIINS BEI3BIBAETCS B npemioxeHnu FROM, nmpoucxogut MmaTtepuanu3anus. [lamsatu work mem He XBaTaer,
BCe CTPOKHU COpaCHIBAIOTCS Ha AMCK (temp written) u 3aTeM cuuTeiBaroTcs (temp read).

Br130B pyHKINY B ipeanoxeHuu SELECT:

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT sql_rows_lab();

QUERY PLAN
ProjectSet (actual rows=10000000 loops=1)
Buffers: temp read=17090 written=17090
-> Result (actual rows=1 loops=1)
Planning Time: 0.035 ms
Execution Time: 4023.142 ms
(5 rows)



B y3ne ProjectSet HeT MaTepuanusanuy, noaToMy nudps temp written/read ocranucey 6e3 uaMeHenul. OMHaAKO BpeMs
BBIIIOJIHEHUSI CUJIBHO YBEIMYHUIIOCh: OHO TPATUTCS Ha Iepefavdy AeCsITU MUJIIMOHOB CTPOK OT y3Jjia K y3JIy II0 OIHOM CTPOKe.

Br130B pyHKIME B pemyioxkeHnn FROM:

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

QUERY PLAN

Function Scan on sql rows lab (actual rows=10000000 loops=1)
Buffers: temp read=34180 written=34180

Planning Time: 0.031 ms

Execution Time: 3651.173 ms

(4 rows)

3pmecs Kk y3ny Function Scan BHyTpu GyHKUHK H00ABIISIETCS €lle ONUH B OCHOBHOM 3alIpoce, I03TOMY KOJIUYECTBO
KCIIOIb30BAHHLIX BPEMEHHEBIX CTPAHUI] YBaUBaAETCS.

CMeHHUM KaTeroOpHui0 U3MEHYHUBOCTH QYHKIINU:

=> ALTER FUNCTION sql_rows_lab STABLE;

ALTER FUNCTION

IIpu BrI30Be yHKIMU U3 npennoxeHus SELECT Huuero He MeHsIeTCS:

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT sql_rows_lab();

QUERY PLAN

ProjectSet (actual rows=10000000 loops=1)
Buffers: shared hit=8, temp read=17090 written=17090
-> Result (actual rows=1 loops=1)

Planning Time: 0.025 ms

Execution Time: 3876.693 ms

(5 rows)

BrizoBeM ¢yHKINIO U3 IpeanoxeHus FROM:

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

QUERY PLAN

Function Scan on generate series (actual rows=10000000 loops=1)
Buffers: temp read=17090 written=17090

Planning Time: 0.053 ms

Execution Time: 1696.576 ms

(4 rows)

Teneps Teno GYHKIUY IONCTaBIISIETCS B OCHOBHOM 3amIpoc.

3. I HemeIu

QyHKUIMA OBIJIa CO3aHa CIeAyIolel KOMaHmoM:

=> CREATE FUNCTION days_of_week() RETURNS SETOF text
AS $$
BEGIN
FOR i IN 7 .. 13 LOOP
RETURN NEXT to_char(to_date(i::text,'J'),'TMDy');
END LOOP;
END;
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Karteropus u3aMeHYUBOCTH He yKa3aHa, I03TOMYy Iompa3lyMeBaeTcs Volatile.

MoxeT mokKasaThbCs, YTO 3TO HOCTOSTHHAS d)yHKLII/IH (Immutable), IIOCKOJIBKY Yy He€ HEeT IlapaMeTPOB U CIIMCOK JIHeﬁ Henmemnn
HEe MEeHAEeTCd.

=> SELECT * FROM days_of_week();



days of week

Bc
(7 rows)

OnHako Ha3BaHUS OHEU Helesld 3aBUCAT OT HAaCTPOUKHU JIoKanusauuu. Tekylllee 3Ha4YeHUE:
=> \dconfig lc_time

List of configuration parameters

Parameter | Value
___________ -
lc_time | ru_RU.UTF-8

(1 row)

HM3MeHUM HaCTPOUKY:

=> SET lc_time = 'en_US.UTF8';
SET

=> SELECT * FROM days_of_week();

days of week
Mon

Tue

Wed

Thu

Fri

Sat

Sun
(7 rows)

Temneps GyHKIMS BO3BpAIllaeT Ha3BaHUS OHEHW HEMe/IU Ha aHTJIMMCKOM SI3BIKE, II09TOMY IIPaBUJIbHEIM OyIeT 3amaTh
kaTeropuio Stable:

=> ALTER FUNCTION days_of_ week() STABLE;

ALTER FUNCTION



