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PostgreSQL 1=
PostgreSQL DFER

—1974% Ingres 7OKZAT
— HPE NonStop SQL, SAP Sybase ASE, Microsoft SQL Server D Jtll7ii5

— 19894 Postgres 1.0~

— 19974 PostgreSQL 6.0~

— 20004 PostgreSQL 7.0~

— 20054 PostgreSQL 8.0~

— 20104 PostgreSQL 9.0~
—2017%10A PostgreSQL 10
—2018%10A PostgreSQL 11
— 20194 10H PostgreSQL 12 — SBHFELT HEHE
— 2020498 PostgreSQL 13 FRIRD &)
—2021FF®DFE PostgreSQL 14
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— Bt ZE R BA
—BE—0Q SQL XZEHD/\YHI I R -TOLXTili 5| IZALEA 1T HERE
—NNSUIIL VYT ILDZERITORAMEIZTKY BEIRIITRE
— PostgreSQL 9.6 ~

~T7—FTIF~
— /NS JLALER (L Dynamic Background Worker (9.3~) Z{#5
— 7O+ X[EEEIZIX Dynamic Shared Memory (9.4~) Z{#5
— INSLJLALIE API (9.5~) &85
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V Al

—SQL XZ#EHOTOERTHHIZMIBEEITS

Backend postgres: {user} {dbname} ...
process

Application postgres: parallel worker for PID {pid}

Worker Worker Worker < BMIZEEI SN D

pProcess process Process

Big Table



INTLJL-HT)—
E{TEHE

- E1TETE

postgres=> EXPLAIN ANALYZE SELECT COUNT (*) FROM datai;
QUERY PLAN

Finalize Aggregate (cost=11614.55..11614.56 rows=1 width=8) (actual time=1106.746..1106---)
—> Gather (cost=11614.33..11614.54 rows=2 width=8) (actual time=1105.972..1106.766 ---)
Workers Planned: 2
Workers Launched: 2
—> Partial Aggregate (cost=10614.33..10614.34 rows=1 width=8) (actual time=1087.:--)
—> Parallel Seq Scan on datal (cost=0.00..9572.67 rows=416667 width=0)
(actual time=0.018..591.216 rows=333333 loops=3)

Planning Time: 0.030 ms

Execution Time: 1106.803 ms

(8 rows)

— ;
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E{TEHE

- RITETEEREF
FRL—4%

Parallel Seq Scan

E7:
T—IILEHRE

E]

Gather / Gather Merge

£, v—nE

i 51| AL EER D #E /R

Parallel Index Only Scan / Parallel Index Scan A>T YIRAEE
Finalize Aggregate / Partial Aggregate ILER ., B &L
Partial GroupAggregate JIL—T&EE
Parallel Hash Join / Parallel Hash NV ARER
Parallel Append TARURLIE

-J—h—- 0¥
— Workers Planned = ETEBISN =7 —h—#K
— Workers Launched = {7 =T —hH—#

—
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EITETIE
- HEDEE
ST IO TYIRDY AR (BEERZ BE IS L HIEE E5)

- min_parallel table scan_size (8MB)
- min_parallel_index_scan_size (512kB)

- T—TJ LD E % (parallel workers)
- T—ILDYAXKYEFLEEIND
- WS ED&KIE
- /NS A—%— max_parallel_workers_per_gather (2)
- INTA—4— max_parallel_workers (8)
- INTA—A— max_worker_processes (8) % &
- BEHRIZ/ASLIL O T —FET

- force_parallel _mode (off)



INGLIL-D T —
EITHE
- SQL XITEFENHEZD PARALLEL E %
- UNSAFE: /ASL LY T —TIXETTELEL
- RESTRICTED: /AZL LY I —TEITAIBEZH., ) —F —-TOERAIZRELNS
- SAFE: /\SL LY T —TEITHEE
- (X R BY7ZL Parallel Unsafe BE%X
— currval / nextval / setval
- lo_open / lo_get / lo_...
- (X R HY7% Parallel Restricted BE %K

— random
— setseed

— pg_proc BAO%YT O proparallel F (s, v, 'u’) CTHEER

10
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— Parallel Safe BE%1 ) E 175

postgres=> EXPLAIN SELECT * FROM datal WHERE c1=CAST ("2’ AS INTEGER) ;
QUERY PLAN

Gather (cost=1000.00..11614.43 rows=1 width=12)
Workers Planned: 2
—> Parallel Seq Scan on datal (cost=0.00..10614.33 rows=1 width=12)
Filter: (c1 = "2 ::numeric)

— Parallel Unsafe BE25 D E 174l

postgres=> EXPLAIN SELECT * FROM datal WHERE c1=NEXTVAL (" seql’) ;
QUERY PLAN

Seqg Scan on datal (cost=0.00..22906.00 rows=1 width=12)
Filter: (c1 = (nextval (" seql’ ::regclass))::numeric)

—
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E{TEHE

— CREATE FUNCTION X T{ERk L= UDF T 74 LK Parallel Unsafe
— 0@ #l|A4Y(Z Parallel Safe [ZTERET AL TES
- IEE(ZEET HANITZB 2 EE (nextval BEIIB S FvIINTLNS)

postgres=> CREATE OR REPLACE FUNCTION getseq() RETURNS INTEGER AS $$
postgres$>  BEGIN

postgres$> RETURN nextval (' seq01’) ;

postgres$> END;

postgres$> $$ LANGUAGE plpgsql PARALLEL SAFE;

CREATE FUNCTION

postgres=>

postgres=> SELECT * FROM datal WHERE cl=getseq();

ERROR: cannot execute nextval () during a parallel operation

CONTEXT: PL/pgSQL function getseq() line 3 at RETURN

—



INGLIL-D T —
pg_hint_plan

- EFEHEOE FEIETE TEAH0SS (https://ja.osdn.net/projects/pghintplan/)
- IN\SLIIL- T DIEE
- &3 Parallel(T—7 )L & 5 E [BEE])

- B E (L soft (default) F£7=[& hard
- soft Z¥§E 9 % & max_parallel_workers _per _gather ZE#

— AWS/RDS, Aurora CH{E Ao gE
- 47451

postgres=> /*+ Parallel (datal 4 hard) */ EXPLAIN ANALYZE SELECT COUNT () FROM datal;
QUERY PLAN

—> Gather (cost=15705.68..15706.09 rows=4 width=8) (actual time=338.148..338.562 ---)
Workers Planned: 4
Workers Launched: 4

Finalize Aggregate (cost=15706.10..15706.11 rows=1 width=8) (actual time=338. 465..338.567---)

—
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INSLIIL-HT)—
BT B/ VT A—4—

- &9 5/\TA—4—(PostgreSQL 13)

INGA—B—2 BA TI4IME (&5
max_parallel_workers NFUILT—Ih—D &R 8
max_parallel_maintenance_workers 1—T 4T DRERAKT—H—# 2
max_parallel workers_per_gather  Gather /—FRNDT—h—&ZK#H 2
min_parallel_table_scan_size &INT—TILH AKX 8MB
min_parallel_index_scan_size BRARAVTYIRYAX 512kB
enable parallel_append ifi 51| Append EITAIE on
enable_parallel_hash ifi 51| Hash E{TR] & on
force_parallel_mode sBE/NNSLIL-E—F off
parallel_setup_cost A F L I EAa R+ 1000
parallel_tuple_cost AR T ILa R 0.1
ﬂlel_leader_participation ) —A—TOEZANF2TI)LELE  on

12
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max_parallel_maintenance_workers

- BZh7E SQL X
- CREATE INDEX X (B-Tree M)
- VACUUM X (FULL £ .~ PostgreSQL 13 LL&)

- —EFT—7 L TIEERASNGL

- il 51| £ D E+E (CREATE INDEX)
- T—J LB parallel_workers EELEEL TINEWFESHRKIE
- t&EfEmaintenance_work_mem / (7—A—#{ + 1)1h% 32 MB LLEIZ/E5FETINSKHES

15
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IN—U3VRIDER

BX/RIE
£ #13 (Seq Scan) E££3 (Aggregate)

10

11 12 {&#&

AT v9 A F (Index Scan)

#&4& (Nest Loop / Merge Join)

Evbk<v7 - ¥+ (Bitmap Heap Scan)

PREPARE / EXECUTE X

+2J 49 T1)—(Sub Plan)

COPY X

#£4& (Hash Join)

UNION 3Z (Append)

CREATE X (TABLE AS SELECT / MATERIALIZED VIEW / INDEX)

SELECT INTO X

INSGUIL-AVTFURT—hH—

—

16




INTLJL-HT)—
IN—U3VRIDER

SERIALIZABLE +SoH 93302 BLAN)L
Parallel Vacuum

COPY / VACUUM / INSERT XIZxt9 2 fth L2
COPY FROM X A Review
DISTINCT 4] A Review

— ;
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IN—T423=2)
S

— BIZ R EA
— KRG T—T LRI H &9 HHRE
- BEFIHEZFE->TEEMICHEILTRE
—IN—T423a v T—TILELTT IR RE
— PostgreSQL 10 ~

order_detail (Partitioned Table)

H order date order id cust id

Application

order_date order_id cust_id
2019/11 order_detail 201911 (Partition)

order_date order_id cust_id
2019/12 order_detail_201912 (Partition)

order_date order_id cust_id order_detail_202001 (Partition)
2020/01

— | 19



IN—T423=2)
DENGE

—LIST Partition

- BEDET/N\—T1>3aik

— FHEIZ—ET H/\—TrarhEIRESND
— RANGE Partition

—[EQ&EHHET/N\—T133iE

— I'FRRIE <= FIHE < EREJNIZEYIN—TaarhERENSD
—HASH Partition

—ED/ Ny ET/N—T4c>31E

- DEIREEET S
— PostgreSQL 11 ~

20



IN—T423=2)
IN—T 4232~ T—T JLAE R

- LIST /N\—T 123> D {ER

postgres=> GREATE TABLE plistl (c1 NUMERIC, c2 VARCHAR(10)) PARTITION BY LIST (c1);
CREATE TABLE

postgres=> GREATE TABLE plist1_p1 PARTITION OF plistl FOR VALUES IN (100);

CREATE TABLE

postgres=> CREATE TABLE plist1_p2 PARTITION OF plistl FOR VALUES IN (200, 300) ;
CREATE TABLE

postgres=> ¥d plistl

Table “public.plistl”

Column | Type | Collation | Nullable | Default
c1 | numeric | | |
c2 | character varying(10) | | |

Partition key: LIST (c1)
[IEEEEE] of partitions: 2 (Use ¥d+ to list them.)

) 8]
H=




IN—T423=2)
IN—T 4232~ T—T JLAE R

— RANGE /N\—T 433> D {ER

postgres=> CREATE TABLE prangel (c1 NUMERIC, c¢2 VARCHAR(10)) PARTITION BY RANGE (c1):
CREATE TABLE

postgres=> CREATE TABLE prangel_p1 PARTITION OF prangel FOR VALUES FROM (100) TO (200) ;
CREATE TABLE

—HASH /N\—T 433> D 1ERHI

postgres=> CREATE TABLE phashl (c1 NUMERIC, c2 VARCHAR(10)) PARTITION BY HASH (el1);
CREATE TABLE

postgres=> CREATE TABLE phash1_p1 PARTITION OF phash1 FOR VALUES WITH (MODULUS 4, REMAINDER 0);
CREATE TABLE




IN—Tqa=2Y
IN—T 123> DB, Bk

—IN—T AV DT RAIF /T 2FH

postgres=> ALTER TABLE plistl ATTACH PARTITION plist1_p3 FOR VALUES IN (300);
ALTER TABLE

postgres=> ALTER TABLE plist1 DETACH PARTITION plist1_p3;

ALTER TABLE

—IN—T42a> DT 2YF D ENE EHIEY
— ATTACH PARTITION A G s E T AT—ILIE. thD/S\—FT 1 a3 bR —EE (5% . T—5F) N—FL TLY
BHENHB,
— ATTACH PARTITION BIE{TRIZEHF D T—42(E FOR VALUES FlIZEBL TSI Fvoishnsd,

—IN—T 423> DEIRIELZ DROP TABLE XZF=ET9 5
—HREBBN—T423 - T—DIILEZHIBRT HE. &/ \—T1aVDEHIBREN S

— 23



IN—T423=2%
IN—T 43 -TIL—=25
—BEMNIZEED/N—T42a DRZT V1R T SHHEEE

— WHERE AJRNIZ/N—T 423 F i ETESBEMMAHIGELE

order_detail (Partitioned Table)
order date order_id cust_ id

SELECT * FROM order_detall
WHERE
order_date = ‘2019/12/15’

Application order_date order _id

order_detail 201911

order_date order_id cust_id
2019/12 order_detail 201912

order_date order_id LEEEE order detail 202001




IN—T423=2)

IN—T42ar-TN—=Y

postgres=> CREATE TABLE measurement (city_id int not null, logdate date not null,
unitsales int) PARTITION BY RANGE (logdate) ;

CREATE TABLE

postgres=> CREATE TABLE measurement_y2019m02 PARTITION OF measurement
FOR VALUES FROM (' 2019-02-01") TO (' 2019-03-01");

CREATE TABLE

postgres=> CREATE TABLE measurement_y2020m12 PARTITION OF measurement
FOR VALUES FROM (' 2020-12-01") TO (' 2021-01-01");

CREATE TABLE

postgres=> EXPLAIN SELECT * FROM measurement WHERE l|ogdate = "2020-12-02" ;
QUERY PLAN

Seq Scan on measurement y2020m12 (cost=0.00..33.12 rows=9 width=16)
Filter: (logdate = "2020-12-02" : :date)

CZ1oks) | 25




IN—T423=29
BEE G B/ N oA —F—

— B EY 5/ \TA—3—(PostgreSQL 13)

INGA—B—2 E7L) TI+IME {#E
constraint_exclusion T—JILEIFIH T BEEF Ty partition
enable_partition_pruning IN—T4aA - TI)L—=2TEN on
enable_partitionwise_aggregate /N\—T 4 avITARXEHNDEE off
enable_partitionwise_join IN—T 423V TAXEEDERR off

26




IN—T423=2)
N—DaVEDER

BXIRE 10 11 12 13 {E#&E
ZFIZ XD/ N\—T123> (RANGE PARTITION) ®

EIZ&D/N\—T 123> (LIST PARTITION) o

INYDABEIZEB/IN—T 133> (HASH PARTITION)

Z D DEIEIHNESN B/ \—T 133> (DEFAULT PARTITION)

IN—T 4237 B9 5 UPDATE XDEST

BIN—T4230 T—I IR T BATIIRAEREEE

BN—T12av[Ix9 5 —EFFDIER

/€_7__4:/3>' '7’(2.\%1%

IN—T 423 -4 XEET

INSERT ON CONFLICT X 0% his

STRIEICKD/N—T123aY ®

NEBF—ELTN—Ta2ar - T—JILDSHE o

—



IN—T423=2)
N—DaVEDER

10 11 12 13 14 B=

BEFORE INSERT A —xti ®

TEXT ARRAY Fl[C&kD/N\yPa-/I"—FT423a> ®

BH&j LIST/HASH /A\—F1iaEr/k A Ready
ALTER TABLE DETACH PARTITION CONCURRENTRY A Review

— 28
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O oAJL-LTYr— 3y
B

— BEZ R
— T—J VB DL T H{E Bk RE
—LIr—2avkDT—TILE EEFATEE
— SQL X D#EERMNRE—THAH EFREE (=Logical)
— PostgreSQL 10 ~

—AN) =227 -LT) 7 —a  EDHE

Streaming Replication Logical Replication F&E
LI R T—RAIR—RITRA T—JILEE
L7V hDEH Read Only Read Write
JAvIDERD EL HY (XFI—FK, JIEER)
M FARIAE/N—2 3> PostgreSQL 9.0 ~ PostgreSQL 10 ~
SR DT Oracle Data Guard Slony-|
SQL Server AlwaysOn MySQL RBR

— “



O2hIL-LT) r—oay
T—XTIF¥

Publisher Instance Subscriber Instance

Subscriber Database

Logical Replication Slot logical

pgoutput plugin replication
launcher

Publisher Database

logical
wal J

WAL @ decode replication
sender worker

I]



O oAJL-LTYr— 3y
ATk

—PUBLICATION 7>z 5k
— T—ARBEE T —EIR—RI[Z{ERL
— — {1 —HY —HER THERATEE (T —2X—XIZx{ 95 CREATE ¥ERNNKE)
— LI r—23 R T—TIVERE
— CREATE PUBLICATION X C{ERK

—SUBSCRIPTION A7 x4k
— T—AZEQT—EIRN—X([Z{ERK
— SUPERUSER RN HE
— EREF IR A R 2 A DR RHRE PUBLICATION £ %155
— CREATE SUBSCRIPTION X TERK

—

32



O oAJL-LTYr— 3y
& BBl (T —2 1= o)

—LIN)g—a R T—TIILDVERK

pubdb=> CREATE TABLE datal (c1 INT PRIMARY KEY, c¢2 VARCHAR(5));
CREATE TABLE

— LI r—2a R T—7 IV DOSBEERE L — —IZ5FA

pubdb=> GRANT SELECT ON datal TO repusri;
GRANT

—PUBLICATION A7z D 1ER

pubdb=> CREATE PUBLICATION pub1 FOR TABLE datal;
CREATE PUBLICATION

33



O oAJL-LTYr— 3y
{E BBl (T —RZ{E L)

—LIN)g—a R T—TIILDVERK

subdb=> CREATE TABLE datal (c1 INT PRIMARY KEY, ¢2 VARCHAR(5)) ;
CREATE TABLE

— SUBSCRIPTION A7 x4 ,D4ER (SUPERUSER)

subdb=#f CREATE SUBSCRIPTION sub1l CONNECTION
" host=pubhost1 dbname=pubdb user=repusr1 password=*k*x** PUBLICATION publ;
CREATE SUBSCRIPTION

- TIA4JLFTIE SUBSCRIPTION ERICABIOADAHIL-LTYr— 3> - ROV EEIMIZIERISND
- B —Y OFREEIZ(Z pg_hba.conf 774 LMD DATABASE = replication I B (XS B LALY
- HAT—R2DRBITHNEITINS

34



O oAJL-LTYr— 3y
159

—~RICTHOIDENHDHZE

S

—T—JIL%

— 5| £

— 5T 2B (BRAOREETHMATENITE>TLNTHA)

— AT IWE—EITRET B51E$R (Replica Identity = @EI(XFEF—)
—E->TLWTRL\WCE

- T—HEN—R4%

- XFIoa—T42% (UTF-8, HAEE EUC &)

- SDEEIEF

— ATV ADIENM

— HFIDIEN

- SmEM(LIT ) r—iar )

—

35



O oAJL-LTYr— 3y
159

—T—JIILDEEEHAA

—~BCT— IR LTRARLIT)r—a0 A

— WAL WJIL—TF B1=8
— AV RRIVRALT)r— 3y

—LF)r— 3> -ZA0ykE SUBSCRIPTION 28I R IZ{ERR T 2 ELH S
— (BRI TIREOA T oIk

— TRUNCATE X L4+ @ DDL

— UNLOGGED TABLE / TEMPORARY TABLE

— SEQUENCE / MATERIALIZED VIEW / INDEX

——r R FEIZIEE L1155 (GENERATED ALWAYS 31|Z)

— = RBETITEL ENMEET S
— SERIAL 5|t EH D ENE

—

36



O AhIL-LI)r—i 3y
BEsE T B/ N TA—R—

- &9 5/\TA—4—(PostgreSQL 13)

INGA—B—2 BA TI4ILME (&%
wal_level WALH AL AJL (Z |ogical ERTE) replica
max_logical_replication_workers L) r—232 - —h—Dm KR 4
max_sync_workers_per_subscription HJRIYTLa v BEAORIEIT—H—E 2
max_worker_processes J—h—-JO0tXDHEKIE 8
logical_decoding_work_mem LIV —Sa  BEEAT)—= 64MB
max_replication_slots L) r—230 - 20vhD R KRE 10
max_wal_senders wal sender7 At XD FR K% 10

- AWS/RDS TIZ. l'rds.logical_replication = on|Z#§E 3 A_ET, ATHIL LT T—2 3 [T BEIFINT A—
REEH

—

37



O oAJL-LTYr— 3y
BEd HE 1—

- B8:&E 9 BE 21— (PostgreSQL 13)

INTA—E—2 s A

pg_publication PUBLICATION # 7V MEHR

pg_replication_tables PUBLICATION IZ&EN5T—T ILIEHR

pg_subscription SUBSCRIPTION # 7Yz ME#HR

pg_subscription_rel SUBSCRIPTION IZ&FEN5T—TILIEHR

pg_replication_slots L) r—i 30 ROy MEHR

pg_replication_origin L) r—Salig miaik

pg_stat_replication L) r—ar DIREERESR

pg_stat_replication_slots L7714 —3> - AOYLDIKEEREER PostgreSQL 14 ~

—

38




O oAJL-LTYr— 3y

IN—U3VBINER

PUBLISHER / SUBSCRIBER [2&4L 74— 3>

T— LB DIGE

2T—TILDIGE

XFaA—+Ei#

TRUNCATE X D{&E

ASAIL-LTYSr— 3> - ZAAykOaE—

IN—T 4232 -T—TIILDIGHE

—ELJ)r—i30 - XAvk

TA—NAAE)—HKE

INDA—HR—

INAF)ERE

® Committed

AN)—SU 5 ER%E

® Committed

—

39



O oAJL-LTYr— 3y

a2V IODFESE

—aAVITVIDRET HERBE LRIV NS AV RRIV ZADIREE
ABUINA AV RBVADKE LIT)r—av ki o
FXr—ER LJ)r—a Ll logical replication worker &1k
Fl AV L) r—3 =ik logical replication worker {&1E
HDOT—EREMTS— LIJr—iavEik logical replication worker {&1E
BHITILH L L) r—a ki
HIBRRA T ILHVEELS L) r—Sa ik
T—)LhAYIENTLNS L) r—iar—REL
AT ILHAAYIENTLNS L) r—Sar—REL
Replica Identity AVEELY UPDATE / DELETE ZE{T41]

- TFANEBRTIS—

— 74— yhI& bytea_output (hex) /NSA—FTRESND (TIFILLTIE 2 FEDAE)—HRE)
— AR —REFIS—REDAFEEELHDS

—



O oAJL-LTYr— 3y

a7V RDERR
— A7) OMDERR A E

— RABUINA AV RZABTAV ) IR IT )L EfRE
—BEMNERT HE, HERIICL T r— 3 B
— VIO RERNS YOV ERT YT

subdb=# SELECT pg_replication_origin_advance (' pg 16425’ , '0/7200B4F0’) ;

pg_replication_origin_advance

(1 row)

41
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JIT
=

—SQL X MDETT(Executer) A 747 A/ JLLF-O—FTEST
—LLVM Z# & (https://llvm.org/)
——EIaX(jit_above cost) LLE®D SQL XIZXK L TEITINSD

postgres=> EXPLAIN ANALYZE SELECT COUNT (*) FROM datai;
QUERY PLAN

Aggregate (cost=17906.00..17906.01 rows=1 width=8) (actual time=90.410..90.-- loops=1)
—> Seq Scan on datal (cost=0.00..15406.00 rows=1000000 width=0) (actual--- loops=1)
Planning Time: 0.026 ms
JIT:
Functions: 2
Options: Inlining false, Optimization false, Expressions true, Deforming true
Timing: Generation 1.633 ms, Inlining 0.000 ms, Optimization 1.669 ms, Emission 22.193
ms, Total 25.495 ms
Execution Time: 187.440 ms



https://llvm.org/

JIT

axX AE

—BET H/NTA—F—

INTGA—H—2 L) TIO+ILME FE

jit JIT BEREMH A on
jit_above cost JIT AVNAIEEENT 5HZiROHDHIRL 100000
jit_debugging_support  ARKL1I=BEEZET/\VHIZE % off
jit_dump_bitcode AL LLVM IR ZH A3 5 h off
jit_expressions K& JT A/ \(ILT BH on
jit_inline_above_cost BHEEREFDASAOMTTINERHDIAXE 500000
jit_optimize_above_cost &£YUSELGHREILZITONERHDHIXE 500000
jit_profiling_support perf IZkDTAT7A YT - T—2DH T off
jit_provider JT F7anNAS5L2nSRE llvmijit
jit_tuple_deforming T I4+—IT %175 on

— 44



JIT
INT VD9 5Ik

—INTVY T IZIRIZE T DX I

RDS RDS Azure Azure
Aurora Hyperscale
jit off off ZHRAT off on
jit_provider llvmjit llvmijit SR llvmijit llvmijit

- RIRTEIETFEI S BMEAHESE TS S DI RDS (£Aurora) D&



THANK YOU

Mail:  noriyoshi.shinoda@hpe.com
Twitter: @nori_shinoda
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