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OOOOOOOOOOOO

Pos}gres JIT kKoMNUNALMA

 Compile time 1 (--with-llvm)
- WHERE

* Target list

* Aggregates

* Projection

* Tuple deforming

 Compile time 2

* Pluggable

e Extensions



ol PROFESSIONAL

Pos{gres JIT komnnnauyus

# select name, setting, category from pg settings where name like '%jit%'

name | setting | category
_________________________ o o m e m e e e e e e e e e e e e
jit | on | Query Tuning / Other Planner Options
jit above cost | 100000 | Query Tuning / Planner Cost Constants
jit debugging support | off | Developer Options
jit dump bitcode | off | Developer Options
jit expressions | on | Developer Options
jit inline above cost | 500000 | Query Tuning / Planner Cost Constants
jit optimize above cost | 500000 | Query Tuning / Planner Cost Constants
jit profiling support | off | Developer Options
jit provider | Llvmjit | File Locations
jit tuple deforming | on | Developer Options



Po&é?sseog Cchepuueckuii npumep

as
dS
dS
dS
as
as
dS
dS

X2,
X3,
x4,
X5,
X0,
X7,
X8,
X9

select 1 as x1,
case when 1 % 2 = 0 then 1 else null end
case when 1 % 3 = 0 then 1 else null end
case when 1 % 4 = 0 then 1 else null end
case when 1 % 5 = 0 then 1 else null end
case when 1 % 6 = 0 then 1 else null end
case when 1 % 7 = 0 then 1 else null end
case when 1 % 8 = 0 then 1 else null end
case when 1 % 9 = 0 then 1 else null end
into t

from generate series(0, 10000000) 1;

vacuum t;
analyze t;



Po&é?sseo% Cchepuueckuii npumep

set max parallel workers=0;

set max parallel workers per gather=0;
set jit above cost=0;

set jit inline above cost=0;

set jit optimize above cost=0;




OOOOOOOOOOOO

Pos}gres Cchepuuecknii npumep

set jit=off;
explain analyze
select count(*) from t where
sqgrt(pow(x9, 2) + pow(x8,2)) < 10000;

set jit=on;
explain analyze
select count(*) from t where
sgrt(pow(x9, 2) + pow(x8,2)) < 10000;



ol PROFESSIONAL

Pos{gres Cdepuueckum npumep

Planning Time: 0.71 ms
Execution Time: 1986.323 ms
VS
Planning Time: 0.060 ms
JIT:
Functions: 4
Generation Time: 0.911 ms
Inlining: true
Inlining Time: 23.876 ms
Optimization: true
Optimization Time: 41.399 ms
Emission Time: 21.856 ms
Execution Time: 949.112 ms



ol PROFESSIONAL

Pos{gres CeKunoHupoBaHue

[TepBUYHbIN KNHOY!

* [1o/mKeH BXOANTb K04 CEKLMOHMPOBaHUA
* K coxaneHuto, TOJIbKO YHUKa/IbHOCTb

* Tpurrepsl

* [10 xewy

* [lepeMelleHne CTPOK MeXay CEKUUSIMU NPy OOHOBIEHMM KNtova
CEKLMOHNPOBAHNS

« CeKumsi No yMO/TYaHUo — BCe, YTO He nonasio Kyaa-To, nonaaaet
Tyaa

e ONTUMM3aLMsS COeINHEHUST CEKLMOHNPOBAHHbIX TabnuL, ecnu
OHWN CEKLMOHMPOBAaHbI OANHAKOBO

* Arperaumsi oTaesibHO AN KaXXOoh CEKUNN U CITIUSSHNE pe3y/ibTaToB

e Co3aaHue NoKasibHbIX MHAEKCOB Ha CeKUUAX Mpu co3gaHnn
MHOEeKCca Ha BCHO Tabnuuy



Pogza)?seog CeKLUMOHUpPOBaHue

Partition Pruning at Execution Time
Pgbench: prepared vs non-prepared
Partitioned vs Non-partitioned tables in PG10 and PG11 (TPS)

15000 B Non-Partitioned (TPS)
@ Partitioned PG10 (TPS)
B Partitioned PG11 (TPS)
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ol PROFESSIONAL

Pos{gres CeKunoHupoBaHue

* Allow partition elimination during query execution
(David Rowley, Beena Emerson)

* create type sexnocc as (sex char(l), occ text);
create table usr(id bigserial, so sexnocc);

* insert into usr(so) select ('M', 'driver')::sexnocc
from generate series(1,1000000);
insert into usr(so) select ('F', 'nurse')::sexnocc
from generate series(1,1000000);
insert into usr(so)
values(('F','driver')::sexnocc);

- create table usrl(
id bigint,
sex char(1l),
occ text
) partition by list(occ);

- alter table usrl add primary key(id,occ)



Po&é?sseo% CeKLUMOHUPOBaHue

 CREATE TABLE usrl nurse PARTITION OF usrl
FOR VALUES 1n ('nurse');
CREATE TABLE usr2 driver PARTITION OF usrl
FOR VALUES 1n ('driver');

« alter table usrl add primary key(id,occ);

e insert into usrl select id, (ul.so).sex,
(ul.so).occ from usr ul:

« Kak 3710 paboTaeT?



Pos{gres Korga oTceueHune cekuuii paotaer

* Jlutepasbl
* explain analyze select * from usrl where 1id
between 1 and 1000001 and occ='nurse'

* Append (cost=0.42..8.45 rows=1 width=16)
(actual time=0.006..0.007 rows=1 loops=1)

-> Index Scan using usrl nurse pkey on
usrl nurse (cost=0.42..8.45 rows=1 width=16)
(actual time=0.006..0.000 rows=1 loops=1)

Index Cond: ((id >= 1) AND (1d <=
1000001) AND (occ = 'nurse'::text))
Planning Time: 0.141 ms
Execution Time: 0.019 ms



Po&é?sseo% NapameTpbl

« prepare sthl(int,int,text) as select * from usrl
where i1d between $1 and $2 and occ=%$3
explain analyze execute sthl(1l,10000001, 'nurse')

« Append (cost=0.00..27906.00 rows=1000000 width=16) (actual
time=0.008..154.041 rows=1000000 loops=1)
-> Seq Scan on usrl nurse (cost=0.00..22906.00 rows=1000000 width=16)
(actual time=0.007..111.349 rows=1000000 loops=1)
Filter: ((id >= 1) AND (id <= 10000001) AND (occ = 'nurse'::text))
Planning Time: 0.178 ms
Execution Time: 177.993 ms



Po%é?sseog InitPlan

« prepare sth(int,int,text) as select * from usrl
where 1d between $1 and $2 and occ=(select $3
from usr limit 1) limit 10
explain analyze execute sth(1l,10000001, 'nurse')

e Limit (cost=0.02..0.30 rows=10 width=17) (actual time=0.036..0.042
rows=10 loops=1)
InitPlan 1 (returns $0)
-> Limit (cost=0.00..0.02 rows=1 width=32) (actual time=0.013..0.013
rows=1 loops=1)
-> Seq Scan on usr (cost=0.00..36667.01 rows=2000001 width=32)
(actual time=0.012..0.012 rows=1 loops=1)
-> Append (cost=0.00..56776.02 rows=2000001 width=17) (actual
time=0.035..0.039 rows=10 loops=1)
-> Seq Scan on usr2 driver (cost=0.00..23870.02 rows=1000001
width=17) (never executed)
Filter: ((id >= 1) AND (id <= 10000001) AND (occ = $0))
-> Seq Scan on usrl nurse (cost=0.00..22906.00 rows=1000000
width=16) (actual time=0.013..0.016 rows=10 loops=1)
Filter: ((id >= 1) AND (id <= 10000001) AND (occ = $0))
Planning Time: 0.495 ms
Execution Time: 0.086 ms



ol PROFESSIONAL

Posf{gres CeKunoHupoBaHue — He paboTaeT

« explain(analyze,verbose,buffers)
select ul.* from usr u join usrl ul on ul.id=u.1id
where u.id between 1 and 10000 and (u.id%2)=0 and ul.occ=case when
u.id%2=1 then 'nurse' else 'driver' end

. -> Append (cost=0.43..16.91 rows=2 width=17) (actual
time=0.001..0.003 rows=1 loops=5000)
Buffers: shared hit=35038
-> Index Scan using usr2 driver pkey on public.usr2 driver ul
(cost=0.43..8.45 rows=1 width=17) (actual time=0.001..0.001 rows=1
Lloops=5000)
OQutput: ul.id, ul.sex, ul.occ
Index Cond: ((ul.id = u.id) AND (ul.occ = CASE WHEN
((u.id % '2'::bigint) = 1) THEN 'fireman'::text ELSE 'driver'::text
END) )
Buffers: shared hit=20038
-> Index Scan using usrl nurse pkey on public.usrl nurse ul 1
(cost=0.43..8.45 rows=1 width=16) (actual time=0.001..0.001 rows=0
Loops=5000)
OQutput: ul 1.id, ul 1l.sex, ul 1.occ
Index Cond: ((ul 1.id = u.id) AND (ul_1l.occ = CASE WHEN
((u.id % '2'::bigint) = 1) THEN 'fireman'::text ELSE 'driver'::text
END) )
Buffers: shared hit=15000



Po%é?sseog CeKLUMOHUPOBaHue

e 3aMeTHbIN LWar Bnepen

* YTO eulle Hano:
* OTceuveHne cekuum BO BPEMS BbIMNOSTHEHUS
e OTO0 Y)XeE HE I'IEpBbII7I rog ymeert pg_pathman
* |_|O]'IHOLI,eHHbIe NnepBUYHbLIE KJTHOYU
* B PostgresPro Enterpise B moayne pg_pathman

paboTaloT Kak nuTepasnsbl, napameTpsbl 1 InitPlan,
Tak u join



OOOOOOOOOOOO

Pos}gres NHpeKchbl

* OnTMMmn3aumns BCTaBkm B MOHOTOHHOM NopsAake
* CKaHumpoBaHue cTtpaHunubl HASH nHaekca

* Predicate locking HASH, GIST and GIN
(SERIALIZIBLE)

* HOT ana doyHKUMOHaIbHbIX MHOEKCOB



OOOOOOOOOOOO

Pos}gres MokpbiBalowne nHaekKcobl (B-Tree)

CREATE UNIQUE INDEX 1idx ON TBL
(a, b) INCLUDE (c, d)

VS

CREATE UNIQUE INDEX idx1 ON tbl
(a, b)

CREATE UNIQUE INDEX idx1l ON tbl
(a, b, c, d)

. PRIMARY KEY (a, b) INCLUDE (c, d)



OOOOOOOOOOOO

Pos{gres SP-GIiST

* KomMmnipeccusa nnm tpaHcgopmauusa

* [10TNTOHBI

* N@ - npedonKCHbIN NOUCK, NHAEKCHAA NoaaepxKa
SELECT * FROM table WHERE ¢ *@ "abc"



OOOOOOOOOOOO

Pos}gres MponssoAUTENbLHOCTb

* Bitmap index only scan
 O6HoBNeHne FSM BO BpemMA Bakyyma

* BO3MOXHOCTb Nponycka CKaHNPOBAHUST MHAEKCOB
BO BpeMS Bakyyma

 OAHOBPEMEHHbIN KOMMUT KOHKYPEHTHbIX
TpaH3aKU M

e postgres fdw - «nponnxmBaHue» coeanHeHnn a4
UPDATE/DELETE

* toast_tuple target



PongFssé% WAL

* Pasmep WAL cermeHTa B Initdb

 XpaHne WAL cermeHTOoB TOJ/IbKO C NOocC/iegHero
checkpoint



OOOOOOOOOOOO

Pos}gres Bakan n pennukauus

« TRUNCATE B fiornyeckou pennmkawmnm
 PREPARE B fiornyeckoun pennukawmnm

* ickntoveHne BpemeHHbIX 1 UNLOGGED Tabnuu,
n3 base backup

e KOHTPO/1b YEKCYMM B NOTOKOBOW pensinkauumn
(ona Tadnuu)

* [IpomoTKa no3uuunn replication slot



OOOOOOOOOOOO

Pos}gres Ons DBA

* ALTER TABLE .. ADD COLUMN ..
NOT NULL DEFAULT X

* VACUUM/ANALYZE cpa3sy HecKo/ibkux Tabnuuy!



OOOOOOOOOOOO

Pos}gres Mapannennsm

 [MapannenbHoe NOCTPOeHNe btree-MHAEKCOB
- MoTpebyeTcsa xopoLluas AnckoBasi nogcucTema

e [TapannenbHoe coegmHeHNe no xewly
MCNosib30BaHMeM 00LLEeN Xell-Tadbnuubl AN
NCNONTHUTESEN

* [Napannennsauunsa HekoTopbiX UNION, CREATE
TABLE AS, CREATE MATERIALIZED VIEW

* [lepegaya LIMIT B napannenbHbie UCNO/HUTENN



Pogza?sseo% MapannenbHoe co3aaHue NHAEKCOB

alter table usr reset (parallel workers)
create index on usr(lower((so).occ)) — 2 cek
alter table usr set (parallel workers=2)
create index on usr(upper((so).occ)) — 1.8 cek



ol PROFESSIONAL

Pos{gres 3anpoc

« explain analyze
select ul.* from usr u, usrl ul where
u.id=ul.id+0



Po%%?sseo% Hash join/Append
9 NMocnepgoBaTesibHbIN BapuaHT

Hash Join (cost=61667.02..138443.05 rows=2000001 width=17) (actual
time=510.891..1373.250 rows=2000001 loops=1)
OQutput: ul.id, ul.sex, ul.occ
Hash Cond: ((ul.id + 0) = u.id)
-> Append (cost=0.00..41776.01 rows=2000001 width=17) (actual
time=0.006..196.783 rows=2000001 loops=1)
-> Seq Scan on public.usr2 driver ul (cost=0.00..16370.01
rows=1000001 width=17) (actual time=0.006..59.224 rows=1000001 loops=1)
OQutput: ul.id, ul.sex, ul.occ
-> Seq Scan on public.usrl nurse ul 1 (cost=0.00..15406.00
rows=1000000 width=16) (actual time=0.007..53.778 rows=1000000 loops=1)
Qutput: ul 1.id, ul 1l.sex, ul 1.occ
-> Hash (cost=36667.01..36667.01 rows=2000001 width=8) (actual
time=506.897..506.897 rows=2000001 loops=1)
Output: u.id
Buckets: 2097152 Batches: 1 Memory Usage: 94510kB
-> Seq Scan on public.usr u (cost=0.00..36667.01 rows=2000001
width=8) (actual time=0.022..181.269 rows=2000001 loops=1)
OQutput: u.id
Planning Time: 0.121 ms
Execution Time: 1425.336 ms



ol PROFESSIONAL

Pos{gres Parallel hash join/parallel append

Gather (cost=36417.01..88331.93 rows=2000001 width=17) (actual time=211.514..702.699
rows=2000001 loops=1)
Qutput: ul.id, ul.sex, ul.occ
Workers Planned: 2
Workers Launched: 2
-> Parallel Hash Join (cost=35417.01..67331.92 rows=833334 width=17) (actual
time=198.436..531.482 rows=666667 loops=3)
Qutput: ul.id, ul.sex, ul.occ
Hash Cond: ((ul.id + 0) = u.id)
Worker 0: actual time=191.990..581.212 rows=776591 loops=1
Worker 1: actual time=191.995..580.015 rows=774769 loops=1
-> Parallel Append (cost=0.00..24276.01 rows=833334 width=17) (actual
time=0.016..72.361 rows=666667 loops=3)
Worker 0: actual time=0.020..84.256 rows=776591 loops=1
Worker 1: actual time=0.021..83.558 rows=774769 loops=1
-> Parallel Seq Scan on public.usr2 driver ul (cost=0.00..10536.67 rows=416667
width=17) (actual time=0.010..21.786 rows=333334 loops=3)
Qutput: ul.id, ul.sex, ul.occ
Worker 0: actual time=0.019..50.035 rows=776591 loops=1
Worker 1: actual time=0.008..10.019 rows=140514 loops=1
-> Parallel Seq Scan on public.usrl nurse ul 1 (cost=0.00..9572.67 rows=416667
width=16) (actual time=0.014..31.811 rows=500000 loops=2)
Qutput: ul 1.id, ul 1.sex, ul 1.occ
Worker 1: actual time=0.020..39.448 rows=634255 loops=1
-> Parallel Hash (cost=25000.34..25000.34 rows=833334 width=8) (actual
time=196.108..196.108 rows=666667 loops=3)
Output: u.id
Buckets: 2097152 Batches: 1 Memory Usage: 94656kB
Worker 0: actual time=191.877..191.877 rows=647361 loops=1
Worker 1: actual time=191.877..191.877 rows=649440 loops=1
-> Parallel Seq Scan on public.usr u (cost=0.00..25000.34 rows=833334 width=8)
(actual time=0.025..64.161 rows=666667 loops=3)
Output: u.id
Worker 0: actual time=0.018..63.181 rows=647361 loops=1
Worker 1: actual time=0.017..63.209 rows=649440 loops=1
Planning Time: 0.125 ms
Execution Time: 763.410 ms



PogESFFSé“é OnTUMM3aToOp

* Yry4lleH c6op CTaTUCTUKN ANt CUbHO
HepaBHOMEPHbIX pacnpeneneHunii

* YnydyuleHa ctaTUCTuka gna <=, =>



Pogzé?séﬁ Window function

* CootBeTcTBME cTaHaapTty SOQL 2011

 SELECT n,
sum(n)over(partition BY n/3 rows between unbounded preceding and
unbounded following),
first value(n)over(ORDER BY n/3 groups 2 preceding)
FROM generate series(1,12) AS gs(n)

ORDER BY n
* n | sum | first value
e F o e e e e oo
1 | 3 | 1
2 | 3 | 1
3| 12 | 1
4 | 12 | 1
5| 12 | 1
6 | 21 | 1
7 | 21 | 1
8 | 21 | 1
9 | 30 | 3
10 | 30 | 3
11 | 30 | 3
12 | 12 | 6



Po&é?sseo% MonHoTeKcT

# select websearch to tsquery('dog or cat');

'dog' & !'cat’

# select websearch _to tsquery(‘or cat’);



OOOOOOOOOOOO

Pos}gres Json(b) & nonHoTeKcT

# select jsonb _to_tsvector
(I{Ilall:lltextsll, Ilbll:lz}l’ IIIStringlll);

# select jsonb_to tsvector
(I{Ilall:lltextsll’ Ilbll:lz}l’ l["String", Ilnumericll]l);

'12":3 'text":1



Pogza?%eo% PL/* npoueaypbl

CREATE PROCEDURE transaction testl()
LANGUAGE plpgsql
AS $$
BEGIN
FOR 1 IN 0..9 LOOP
INSERT INTO testl (a) VALUES (1);
IF 1 % 2 = 0 THEN

COMMIT;
ELSE
ROLLBACK;
END IF;
END LOOP;
END
$$;

CALL transaction testl();



OOOOOOOOOOOO

Pos}gres pgbench

* Functions and operators

* \If \case

* --Init-steps

 Random-seed, Zipfian, hashing



Pogzaii%eo% psql

[1Ba HOBbIX cnocoba BbINTK K3 psql:
exit nnu quit



PongFssé% COPY

Tenepb MOXHO BCTaBUTb 00/blLUe 232 CTPOK 3a pas
(>kamTe BO Bcex noaaepXxmBaeMbiX BEpPCUAX)



OOOOOOOOOOOO

Pos}gres POSIX

* NaN*0=1
* 1"NaN =1



ol PROFESSIONAL

Pos{gres References

1. https://www.postgresgl.org/ - community site
2. https://wiki.postgresql.org/ - wiki
https://wiki.postgresqgl.org/wiki/Main_Page/ru - wiki Ha pycckom, TOHHa nHdopmMaLnm !
https://wiki.postgresqgl.org/wiki/FAQ - PostgreSQL FAQ
3. https://www.postgresqgl.org/list/ - mailing lists archive,  https://postgrespro.com/list/
4. https://planet.postgresqgl.org/ - Planet PostgreSQL (blogs)

5. https://www.postgresgl.org/about/events/ - Events ( PGConf.eu, PGConf.ru, PGConf.asia, PGCon.org,
PGConf.org )

6. https://postgrespro.ru/education - Postgres Professional education materials
7. https:/Ipgxn.org/ - PostgreSQL Extension Network

8. https://postgres-slack.herokuapp.com/ - Slack channel

9. https://stackoverflow.com/questions/tagged/postgresql - StackOverflow

10. https://www.facebook.com/groups/postgres/ - FB (en)

11. https://lwww.facebook.com/groups/postgresqgl - FB (ru)

12. https://telegram.me/pgsqgl - Telegram (ru)

13. https://postgis.net/ - PostGIS

14. https://www.depesz.com/tag/pgll/ - Waiting for PG 11 by Depesz

15. https://paquier.xyz/tag/11/ - Postgres 11 highlight by Michael Paquier

16. https://habr.com/company/postgrespro/ - bnor Postgres Professional Ha Habr
17. https://lwww.youtube.com/watch?v=16Acsoghl1LM - HoBble Bo3amoxHocTn PG11 (CuraeB, PponkoB)


https://www.postgresql.org/
https://wiki.postgresql.org/
https://wiki.postgresql.org/wiki/Main_Page/ru
https://wiki.postgresql.org/wiki/FAQ
https://www.postgresql.org/list/
https://postgrespro.com/list/
https://planet.postgresql.org/
https://www.postgresql.org/about/events/
https://postgrespro.ru/education
https://pgxn.org/
https://postgres-slack.herokuapp.com/
https://stackoverflow.com/questions/tagged/postgresql
https://www.facebook.com/groups/postgres/
https://www.facebook.com/groups/postgresql
https://telegram.me/pgsql
https://postgis.net/
https://www.depesz.com/tag/pg11/
https://paquier.xyz/tag/11/
https://habr.com/company/postgrespro/
https://www.youtube.com/watch?v=16Acsogh1LM

CIIACUBLO 3A BHMMAHMNE !
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