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o FEREREBRHO-IL

o R—IFEIEDRE

o VACUUM U>F)\w I 7I8%E
o Meson EJLR

CNBICHAT. IFEROEERICDVNTCEHEHRULET,
CODMICE. HEEBIINCEENLHHDET . ETCOEEMAD—E(C DU TIE PostgreSQL 16 RF1 A>
FARADUU—-X_/—b (BIFURL) (CEE#H=NTULET,

https://www.postgresgl.org/docs/16/release-16.html

3. BEfDfzshntty 7w

3.1. YVIMIITT7AF

PostgreSQL 16 (R—HRZEZD) (FUTF URL DR—HSH > O— RAKETT., V—XI—RK |
Windows D/ \AFUD1> X b=, RPMyum URS NUBBHEBSINTWLEY,

https://www.postgresqgl.org/download

3.2. HEBRIE
MEBRIE S U T, RAB(EERE D RHEL 8.x (x86_64) BIIRIEDIRIEYS = FERALE L.
AIREESEFRNIFET S > L OHREDIRR O AFIES — /) UCH 1T D HEREDIREEERI U TWERA.
BEEAREE I DA, |IB/\—=3 DAFEE R FEDIRVMES S DB ZITVET,

3.3. 1A=

gcc. zlib-devel. readline-devel . libicu-devel. openssl-devel. libzstd-devel. I1z4-devel D&/ \w o —hH 5
NUDA A R=ILENTVWDIRET, UTDATS 3> ICTY—RO—ROEILRZETVE UTE. FAIIC
postgres 1—H THAHEZ0IHE/R /usr/locallpgsql/16 T« L RUZEBERULIZS X T. postgres 1—HI(CTE
fTUEUL,
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(LLF., postgres 1—HTHET)
$ wget https://ftp.postgresgl.org/pub/source/vlébeta2/postgresqgl-
lébetaz.tar.bz2

(EREL 147D

$ tar jxf postgresgl-lébeta2.tar.bz2
$ cd postgresgl-lebeta?
$ ./configure --prefix=/usr/local/pgsql/16 —--enable-debug \

--with-openssl --with-zstd --with-1z4
$ make world

S make install-world

RIBEHRRTEIT D I7AILZESTHLU T, BAULET, postgres 1—H THRAEZEIHE/R /var/lib/pgsql
FTA LU RNIUNMERBEDEUET,

$ cat > ~/pgl6.env <<'EOF'

VER=16

PGHOME=/usr/local/pgsqgl/${VER}

export PATH=${PGHOME}/bin:${PATH}

export LD LIBRARY PATH=${PGHOME}/lib:${LD_LIBRARY PATH}
export PGDATA=/var/lib/pgsqgl/data${VER}

EOF

$ . ~/pgl6.env

T—INR—RITSA=ERHRLET. OT—JLEL (COV—IL) . UTF8ZFT IAILbELFET,

$ initdb --no-locale --encoding=UTF8

BET7AIVCRINBROBREZSZAFET, CNCLDOTAVE-H T 7AILICERENET,

$ cat >> S$PGDATA/postgresgl.conf << EOF
logging collector = on

EOF

PostgreSQL Z{cE# LFE T,

$ pg _ctl start
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REEARDT —INR—RZERRLET .

$ createdb -U postgres dbl

BB DEIREE(E db1 T — S R—X (T postgres 1—H TR L TITLET,

$ psgl -U postgres -d dbl
psgl (lébeta2)

Type "help" for help.

dbl=#

4. FIFHEREENN
FEENIMES. TR LSOV TEERRE L TOSET, F/o. M CHEEDRIBRHIL UET,

ZIBNNBEBEDEMRSRBA IR SN BN Z 2 PILICRE N TWVWET . K12 M—ILFIEZITOZHBE.
LITFOZAr (>R h—=)LFED share/doc/html) (C HTML DY =1 7)LHVERKSNE T,

/usr/local/pgsql/1l6/share/doc/html/

F/fz. BT URL (CT PostgreSQL 16 D RF1 A MRS NTNET . WINERELRDEFT,

https://www.postgresqgl.org/docs/16/

4.1. $6EFALE

4.1.1. J\SLILOITUEENN

PostgreSQL 16 T3/ S L) ALIEN ] EE/R: SQL =TS S > DEZREH VLK DHEMENE L.

¢ Hash Full Join .~ Hash Right Join ~®D />

INFET/ISLILD/\Y S afEE (Hash Join) (& INNER JOIN & LEFT JOIN [CUNDHIE LU TWEEA
TUEN, R)IX—==3>2H5 RIGHT JOIN & FULL JOIN (CDWTEHR— hanE Uz,

LTRSS CEMFz#ERLELIZ, bDBESHHDIBESZIBI LVWSBFRZERIT—JILABLT. /(5
LILBEIWEDEMNBIREND KD (/IS A—FZ5X DX T LEFT. RIGHT. FULL D 3fE DA ETHS
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BELT. TORGTIS2ZBANTVET,

(BREBRETRT t_arrow T—TNIZ s BHEBOT—HEA)
dbl=# CREATE TABLE t arrow (origin int, point to int);
dbl=# INSERT INTO t arrow SELECT g, (random() * 50000)::int

FROM generate series (1, 50000) g WHERE g % 19 != 0;

(RS LLEFTISVEBRSEIRE. 75 U HEHEREREME)

dbl=# SET debug parallel gquery TO on; «— PostgreSQL 16 DJFE
dbl=# SET force parallel mode TO on; «— PostgreSQL 15 DFE
dbl=# SET min parallel table scan size TO '1l0kB';

dbl=# VACUUM ANALYZE;

(PostgreSQL 15 T LEFT OUTER JOIN DRL\&HE TSV HA)
dbl=# EXPLAIN SELECT count (*) FROM t arrow o
LEFT OUTER JOIN t arrow p ON (o.origin = p.point to);
QUERY PLAN
Finalize Aggregate (cost=2341.28..2341.29 rows=1 width=8)
-> Gather (cost=2341.06..2341.27 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=1341.06..1341.07 rows=1 width=8)
-> Parallel Hash Left Join
(cost=654.08..1291.72 rows=19737 width=0)
Hash Cond: (o.origin = p.point to)
-> Parallel Seq Scan on t _arrow o
(cost=0.00..407.37 rows=19737 width=4)
-> Parallel Hash
(cost=407.37..407.37 rows=19737 width=4)
-> Parallel Seq Scan on t _arrow p
(cost=0.00..407.37 rows=19737 width=4)

(9 rows)

(PostgreSQL 15 T RIGHT OUTER JOIN DRL\&hET5UHA)

dbl=# EXPLAIN SELECT count (*) FROM t arrow o

RIGHT OUTER JOIN t arrow p ON (o.origin = p.point to);
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QUERY PLAN
Finalize Aggregate (cost=2267.27..2267.28 rows=1 width=8)
-> Gather (cost=2267.05..2267.26 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=1267.05..1267.06 rows=1 width=8)
-> Parallel Hash Left Join
(cost=654.08..1217.71 rows=19737 width=0)
Hash Cond: (p.point to = o.origin)
-> Parallel Seq Scan on t_arrow p
(cost=0.00..407.37 rows=19737 width=4)
-> Parallel Hash
(cost=407.37..407.37 rows=19737 width=4)
-> Parallel Seq Scan on t_arrow o
(cost=0.00..407.37 rows=19737 width=4)

(9 rows)

(PostgreSQL 15 T FULL OUTER JOIN DL \&bhE TS HA)
dbl=# EXPLAIN SELECT count(*) FROM t arrow o
FULL OUTER JOIN t arrow p ON (o.origin = p.point to);
QUERY PLAN
Gather (cost=3729.24..3729.35 rows=1 width=8)
Workers Planned: 1
Single Copy: true
-> Aggregate (cost=2729.24..2729.25 rows=1 width=8)
-> Hash Full Join (cost=1275.80..2610.82 rows=47369 width=0)
Hash Cond: (p.point to = o.origin)
-> Seg Scan on t_arrow p
(cost=0.00..683.69 rows=47369 width=4)
-> Hash (cost=683.69..683.69 rows=47369 width=4)
-> Seg Scan on t_arrow O
(cost=0.00..683.69 rows=47369 width=4)

(9 rows)
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(PostgreSQL 16 T LEFT OUTER JOIN DRL\&bhE TS5 UHA)

dbl=# EXPLAIN SELECT count(*) FROM t arrow o

LEFT OUTER JOIN t arrow p ON = p.point to);

(o.origin =

QUERY PLAN

Finalize Aggregate (cost=2267.27..2267.28 rows=1 width=8)
-> Gather (cost=2267.05..2267.26 rows=2 width=8)

Workers Planned: 2
(cost=1267.05..1267.06 rows=1 width=8)

-> Partial Aggregate
-> Parallel Hash Right Join
(cost=654.08..1217.71 rows=19737 width=0)

Hash Cond: (p.point to = o.origin)
-> Parallel Seq Scan on t_arrow p
(cost=0.00..407.37 rows=19737 width=4)

-> Parallel Hash
(cost=407.37..407.37 rows=19737 width=4)

-> Parallel Seq Scan on t_arrow o

(cost=0.00..407.37 rows=19737 width=4)

(9 rows)

(PostgreSQL 16 T RIGHT OUTER JOIN MDRL\&htFS5UHA)

dbl=# EXPLAIN SELECT count(*) FROM t arrow o

RIGHT OUTER JOIN t arrow p ON = p.point to);

(o.origin =
QUERY PLAN

Finalize Aggregate (cost=2267.27..2267.28 rows=1 width=8)
-> Gather (cost=2267.05..2267.26 rows=2 width=8)

Workers Planned: 2

-> Partial Aggregate
Parallel Hash Left Join
(cost=654.08..1217.71 rows=19737 width=0)

(cost=1267.05..1267.06 rows=1 width=8)
->

Hash Cond: (p.point to = o.origin)

-> Parallel Seq Scan on t_arrow p

(cost=0.00..407.37 rows=19737 width=4)

-> Parallel Hash
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(cost=407.37..407.37 rows=19737 width=4)
-> Parallel Seq Scan on t_arrow o

(cost=0.00..407.37 rows=19737 width=4)

(9 rows)

(PostgreSQL 16 T FULL OUTER JOIN DL \&bhE TSV HA)
dbl=# EXPLAIN SELECT count(*) FROM t arrow o
FULL OUTER JOIN t arrow p ON (o.origin = p.point to);
QUERY PLAN
Finalize Aggregate (cost=2267.27..2267.28 rows=1 width=8)
-> Gather (cost=2267.05..2267.26 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=1267.05..1267.06 rows=1 width=8)
-> Parallel Hash Full Join
(cost=654.08..1217.71 rows=19737 width=0)
Hash Cond: (p.point to = o.origin)
-> Parallel Seq Scan on t_arrow p
(cost=0.00..407.37 rows=19737 width=4)
-> Parallel Hash
(cost=407.37..407.37 rows=19737 width=4)
-> Parallel Seq Scan on t_arrow o

(cost=0.00..407.37 rows=19737 width=4)

(9 rows)

PostgreSQL 15 T(& RIGHT OUTER JOIN # LEFT OUTER JOIN 32177 5> & L TI(Z Parallel Hash
Left Join (/XD . FULL OUTER JOIN (& /XS L)L TR Hash Full Join Z{E > 125 > ETICIRDE LI,

—75. PostgreSQL 16 Tld LEFT OUTER JOIN (CX LT (BMULEDhE & IFEVWE I RBE{LETNTHE
£) Parallel Hash Right Join AMEIRENTUL\E T, ZF/z. FULL OUTER JOIN (CXF L C (& Parallel Hash Full

Join MH&IRENZE U=,

¢ string_agg & array_agg D/ VSLJL S
PostgreSQL 16 M SE&EKIBIEL string_agg. array_agg H &R BI/REFIUIR Partial Aggregate (CXF&L T,

NSUILRITIBZEMNTEDLSCIRADF L.
UF@EDB>TINFT—TIVEEo T RITTS>=MRLE L.

10
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(Yo TNT—TIEER ~ special flgdilld 1000 IZ 1 ¥/E1FTF5 U H L7 1 XFEHD)
dbl=# CREATE TABLE t agg test(id int PRIMARY KEY, special flg text);
dbl=# INSERT INTO t agg test SELECT g, CASE
WHEN random() < 0.001 THEN chr((random()*100)::int) ELSE null END
FROM generate series(1l, 100000) g;
(TS HHBREEH LT, RS LILNEEZRRTEI&SICREES5ZD)
dbl=# VACUUM ANALYZE t agg test;
dbl=# SET debug parallel gquery TO on; — PostgreSQL 16 MDIFH
dbl=# SET force parallel mode TO on; — PostgreSQL 15 DFE
dbl=# SET min parallel table scan size TO '1l0kB';
dbl=# SET parallel setup cost TO 0;
dbl=# SET parallel tuple cost TO 0;
(PostgresQL 15 THMEAM array agg / string agg DRTTT U #HR)
dbl=# explain SELECT array agg(special flg), string agg(special flg, ',"')
FROM t agg test WHERE special flg IS NOT NULL;
QUERY PLAN
Aggregate (cost=859.91..859.92 rows=1 width=32)
-> Gather (cost=0.00..859.67 rows=97 width=2)
Workers Planned: 2
-> Parallel Seq Scan on t agg test
(cost=0.00..859.67 rows=40 width=2)
Filter: (special flg IS NOT NULL)
(5 rows)
(PostgresQL 16 THMEAM array agg / string agg DRTTT U #HR)
dbl=# explain SELECT array agg(special flg), string agg(special flg, ',"')
FROM t agg test WHERE special flg IS NOT NULL;
QUERY PLAN
Finalize Aggregate (cost=859.80..859.81 rows=1 width=32)
-> Gather (cost=859.78..859.79 rows=2 width=32)
11
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Workers Planned: 2
-> Partial Aggregate (cost=859.78..859.79 rows=1 width=32)
-> Parallel Seq Scan on t _agg test
(cost=0.00..859.67 rows=43 width=2)

Filter: (special flg IS NOT NULL)

(6 rows)

EBE5M/\—23>THE t agg_test T—TILDAF+ 2 (/IS LILEITICIRD E T, PostgreSQL 15 Tl
TDE. I\SUILETESNERAF v U 4ER% Gather THIDFE EHTHMS. Aggregate ZE—TOT X TEIT
LUTUWLET, —7. PostgreSQL 16 Tl&. /NS LILDOFEEEPDHIRELILIE Partial Aggregate Z17> T, =&
(CINS LUILEITHRZ Gather THID E &8Tzd & Finalize Aggregate 217> CTULET, A KUTZ2 DDE
HIBIER(C DV, SRR Z/)(SLILICEITI DTS2 (CR> TV T ENERTEE Uk

4.1.2. SELECT DISTINCT THA>DOUX>A)Y—

AU AA)LY — & PostgreSQL 13 WSEIZ UEHEET T, 1 >FT W IORICKDBECY — NEH
THDZEZFENUTEDED LI EY — I DRITTSUMMERTEE I, TNFET SELECT DISTINCT
"BEITITDEHDY — MMCDWTIE A>T A ALY — SHMEZ FEE A TUTZH PostgreSQL 16 T
LERU.

BIFDELSI(C PostgerSQL 15 & 16 DEMEZ LB L CHEERLE LTE,

(Y= FTFBT—TNET—2%HERE ~ numl, num2 JZ(EAS VT v I REER)
dbl=# CREATE TABLE t sort (numl int, num2 int, num3 int, v text);

dbl=# CREATE INDEX ON t sort (numl, num2);

o

dbl=# INSERT INTO t sort SELECT g / 1000, (g / 10) % 100, g % 10, 'v'
FROM generate series(l, 100000) g;

dbl=# VACUUM ANALYZE t sort;

dbl=# SELECT * FROM t sort LIMIT 11;

numl | num?2 | num3 | Vv
———— R R +-—-
0 | 0 | 11 v
0 | 0 | 2 | v
0 | 0 | 31 v
(rhig)
0 | 0 | 9 | v

12

Copyright © 2023 SRA 0SS LLC All rights reserved.


http://www.sraoss.co.jp/

PostgreSQL 16 #REELKR— k

0 | 1 | 0| v
0 | 1 ] 1| v
(11 rows)

(PostgreSQL 15: ORDER BY TY—F2ET 5[ \EaHE)
dbl=# explain SELECT * FROM t sort ORDER BY numl, num2, num3;
QUERY PLAN
Incremental Sort (cost=0.91..7726.21 rows=100000 width=14)
Sort Key: numl, num2, num3
Presorted Key: numl, num2
-> 1Index Scan using t sort numl num2 idx on t_ sort
(cost=0.29..3221.04 rows=100000 width=14)

(4 rows)

(PostgreSQL 15: SELECT DISTINCT TY— FZ2ET5RHL\ahE)
dbl=# explain SELECT DISTINCT ON (numl, num2, num3) * FROM t sort;
QUERY PLAN
Unique (cost=9845.82..10845.82 rows=10000 width=14)
-> Sort (cost=9845.82..10095.82 rows=100000 width=14)
Sort Key: numl, num2, num3
-> Seqg Scan on t _sort (cost=0.00..1541.00 rows=100000 width=14)

(4 rows)

PostgreSQL 15 T(& ORDER BY AIC kD> TV — MR EERBBNWEDEDEIT TS > (E Incremental

Sort ZESEDICRADE LN DISTINCTAICLDTY— FMEEIBIHMUVEDEDOERIT IS > TlE, &5
DFEFBEATULUE,

BUF (XEHRDFIE%Z PostgreSQL 16 TEITUTZFER T . &=EAD SELECT DISTINCT M7 X MERZIF

EEHLET,

(PostgreSQL 16: SELECT DISTINCT TY—FZEJT3HLEahHE)
dbl=# explain SELECT DISTINCT ON (numl, num2, num3) * FROM t sort;

QUERY PLAN

13
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Unique (cost=0.78..7082.01 rows=10000 width=14)
-> Incremental Sort (cost=0.78..6332.01 rows=100000 width=14)
Sort Key: numl, num2, num3
Presorted Key: numl, num?2
-> 1Index Scan using t sort numl num2 idx on t sort

(cost=0.29..3221.04 rows=100000 width=14)

(5 rows)

PostgreSQL 16 Tld. SELECT DISTINCT MREIWLVEHETHY — MUE(C Incremental Sort Z D /2E1T
TSM&EENDCEMNERTEE LR,

4.1.3. D+ > ROREEDSEELL

AIN==23>TO1 > ROBSBZES VWSO EICHIT DTS Fm@Ebht 2 Db E L.
B2 IIINFT—9 &L TGRERBOERFDRBRIEDT —JTILZER L T, BMEDEVWZEIERLE Uz, LUTFICF
lBzmRUET,

(&4€ 1D, HER D, ABOT—TILZER)

dbl=# CREATE TABLE t score (sid int, examid int, score int);

(100 A x 3EHABRPDEMT—FBANELZHAST-HEH T — FHIBE)

dbl=# SELECT setseed (1.0);

dbl=# INSERT INTO t score
SELECT g, 101, ( (random() + random() + random() ) * 10 + 60)::int
FROM generate series (1, 100) g;

dbl=# INSERT INTO t score
SELECT g, 102, ( (random() + random() + random() ) * 10 + 60)::int
FROM generate series (1, 100) g;

dbl=# INSERT INTO t score
SELECT g, 201, ( (random() + random() + random() ) * 10 + 60)::int

FROM generate series (1, 100) g;

* RANGE £— RZzHER(C ROWS T— RICEHBIER
PostgreSQL16 T(& RANGE E— R&fED 2D > ROUBEBVWEDE(C DT, ROWS E— R(CEHRT

ETDEDEANETEHEBMICROWS E— REUVTIBETED LS (CIRDFE L.

14
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BlEUT AR U —FZERE (sid) & CRRBRDOREE 3TEDIRMIZ NI DENEDEZEL)
FI., EELHBRT EC m (BERIBECHEARTZESDITES) « mk (B BaH oo IERIBAIIERE) .
drnk (IBAL/ BERDRIBAIERECLRV) ZEHLET. INSIC(EF OVERADIL—MEAT 3>
TNENERDEFEZSZTVET ., EEEZEHEE L TLYSD row_number() (& RANGE UNBOUNDED
PRECEDING AND CURRENT ROW & UTHIRIONE T, CNSIFXEDIEETERIVLWEDEERIIEHE—HE(C
RDFET,

(EfE (sid) CEICBRRBORYLE 3SBEOIEMLZHAT S)
dbl=# SELECT sid, examid, score,
row number () OVER (PARTITION BY examid ORDER BY score DESC) rn,
rank () OVER (PARTITION BY examid ORDER BY score DESC
ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED FOLLOWING) rnk,
dense rank() OVER (PARTITION BY examid ORDER BY score DESC
RANGE BETWEEN CURRENT ROW AND CURRENT ROW) drnk

FROM t score ORDER BY sid, examid;

sid | examid | score | rn | rnk | drnk

————— Rt e T
1 | 101 | 75 | 54 | 50 | 11
1 | 102 | 73 1 70 | 65 | 14
1 | 201 | 79 | 17 | 17 | 8
2 101 | 75 | 52 | 50 | 11
2 | 102 | 77 1 43 | 39 | 10
2 201 | 86 | 2 1| 1

(LLTRE)

COEWEDE(E TL—MEAT S I3 ABENNZTNTNERD TL\D /28, PostgreSQL15 TEITIT D &
BIFDLSIC WindowAgg TS5 >/ — RN 3 DR IEEIT TS ICIRDF U,

(PostgresSQL 15.x TODERITTS5 V)
dbl=# explain (ANALYZE, COSTS OFF) SELECT sid, examid, score,
row number () OVER (PARTITION BY examid ORDER BY score DESC) rn,
rank () OVER (PARTITION BY examid ORDER BY score DESC
ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED FOLLOWING) rnk,
dense rank() OVER (PARTITION BY examid ORDER BY score DESC
RANGE BETWEEN CURRENT ROW AND CURRENT ROW) drnk

FROM t score ORDER BY sid, examid;

15
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QUERY PLAN

Sort (actual time=1.214..1.232 rows=300 loops=1)
Sort Key: sid, examid
Sort Method: quicksort Memory: 48kB
-> WindowAgg (actual time=0.238..1.027 rows=300 loops=1)
-> WindowAgg (actual time=0.227..0.643 rows=300 loops=1)
-> WindowAgg (actual time=0.224..0.426 rows=300 loops=1)
-> Sort (actual time=0.215..0.239 rows=300 loops=1)
Sort Key: examid, score DESC
Sort Method: quicksort Memory: 41kB
-> Seg Scan on t_score

(actual time=0.008..0.107 rows=300 loops=1)
Planning Time: 0.281 ms
Execution Time: 1.500 ms

(12 rows)

CNH PostgreSQL16 TEITIT D EUTDEISIC—DD WindowAgg 5>/ — RICEEHBNET, X

TEHBERE<RYTVET., CNEBUVEDLTE LI RANGE E— R&ERDTLYSD row_number() &
dense_rank() "' ROWS E— R Td> THEERMNDO SRRV, REHIIC ROWS E— ROEI—DTI L —A
AT 3> ICESBEITWRIEHTT,

(PostgreSQL 16.x TDERITTI V)
dbl=# explain (ANALYZE, COSTS OFF) SELECT sid, examid, score,
row number () OVER (PARTITION BY examid ORDER BY score DESC) rn,
rank () OVER (PARTITION BY examid ORDER BY score DESC
ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED FOLLOWING) rnk,
dense rank() OVER (PARTITION BY examid ORDER BY score DESC
RANGE BETWEEN CURRENT ROW AND CURRENT ROW) drnk
FROM t score ORDER BY sid, examid;
QUERY PLAN
Sort (actual time=0.588..0.607 rows=300 loops=1)
Sort Key: sid, examid

Sort Method: quicksort Memory: 43kB
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-> WindowAgg (actual time=0.179..0.483 rows=300 loops=1)
-> Sort (actual time=0.164..0.182 rows=300 loops=1l)
Sort Key: examid, score DESC
Sort Method: quicksort Memory: 36kB
-> Seqg Scan on t_score
(actual time=0.021..0.066 rows=300 loops=1)
Planning Time: 0.255 ms
Execution Time: 0.704 ms

(10 rows)

RIECORBILDIREIRD TULBDEE(L row_number(). rank(). dense_rank(). percent_rank().
cume_dist(). ntile() TY,

o BEIIEMOr2 RO B REIEDEM

PostgreSQL16 H'\5. BERAIENND D+ > RIBIEL ntile(). cume_dist(). percent_rank() (CX LT, 4TS
CTB=$T 52 TS > RB(EM BRSNS LD (ICRDFE U,

B2 TILELT UMTFOX S [CHRERTERZRI1DT . & (score) D' EAI3%(CEFNDHBRERZED M
TEVWEDEEEITUET,

(score Ef1100 3D 3 DFFEREZMYHL)
dbl=# SELECT * FROM
(SELECT *, ntile(100) OVER (ORDER BY score DESC) nt FROM t score) sl
WHERE nt <= 3;
sid | examid | score | nt
- f——— +——— +———
96 | 102 | 87 | 1
19 | 102 | 87 | 1
32 | 201 | 86 | 1
53 | 201 | 86 | 2
2 201 | 86 | 2
50 | 101 | 85 | 2
100 | 102 | 85 | 3
14 | 101 | 85 | 3
62 | 201 | 85 | 3
(9 rows)
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COBWEDEDOERIT IS > HERITDIEUTOLSCRDET,

(PostgresQL 15.x TORTI5V)
dbl=# explain (ANALYZE, COSTS OFF) SELECT * FROM
(SELECT *, ntile(100) OVER (ORDER BY score DESC) nt FROM t score) sl
WHERE nt <= 3;
QUERY PLAN
Subquery Scan on sl (actual time=0.171..0.295 rows=9 loops=1l)
Filter: (sl.nt <= 3)
Rows Removed by Filter: 291
-> WindowAgg (actual time=0.170..0.278 rows=300 loops=1)
-> Sort (actual time=0.089..0.106 rows=300 loops=1)
Sort Key: t score.score DESC
Sort Method: quicksort Memory: 41kB
-> Seg Scan on t score
(actual time=0.011..0.041 rows=300 loops=1)
Planning Time: 0.087 ms
Execution Time: 0.329 ms

(10 rows)

(PostgresQL 16.x TORTI5V)
dbl=# explain (ANALYZE, COSTS OFF) SELECT * FROM
(SELECT *, ntile(100) OVER (ORDER BY score DESC) nt FROM t score) sl
WHERE nt <= 3;
QUERY PLAN
WindowAgg (actual time=0.162..0.165 rows=9 loops=1l)
Run Condition: (ntile(100) OVER (?) <= 3)
-> Sort (actual time=0.116..0.132 rows=300 loops=1)
Sort Key: t score.score DESC
Sort Method: quicksort Memory: 36kB
-> Seq Scan on t score (actual time=0.025..0.063 rows=300 loops=1)
Planning Time: 0.105 ms

Execution Time: 0.198 ms
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(8 rows)

PostgreSQL 15.x TIEE&MH45—4 (C WindowAgg T2 TeFERIC U T Int <= 31D (ICEDITERODE L
TWBDIZX LT, PostgreSQL 16.x Tld Run Condition Zf#> TEF(ICEDITOHZAIEL TWNDZ EHD
MDFET ., HFREINTH D2, ntile(100)DIERN—E 3 KDERE B> 1R5. UFZR2MEFHDFE
BADT., BRORVUIENTETVET ., IBEFEEERODTLET,

PostgreSQL15.x TE row_number() . rank(). count() BE(C DV TIE. CHORBLICHTIELTWLEUTZ,

4.1.4. [@F copy HEEM L

PostgreSQL MIEED E—THEMA RN T(E. T—TILWA>FT VI RER—-2 (T TA)L b 8KB) BT
SEFHIBREINET ., [T —INBMEIND ERBIECTR—800 (UL—> 3 AR EMENET)
HMTHONZE T, PostgreSQL 16 TIFETT—FBIIC EBROINR—ZBIICDWTERESINE U, —EICEL<
DT —H=HATDIHEE. ARR—EBIIMTONEDS EULTVIBE(IC. BER—ZFEHTEMNT S
KOCRDFEUZ. BEINSERR—2FEHTENT D I— RIEHDFEULNERAEINIBEMNESN
TWELTEZ.

ABECEKD. A—F—TIADIITUIZARIET —FIHADHREAENIF CEET. UTOLS(CHE
BRI R ITVE LTS,

(WAL HH hBR £ 5 B9 % 1= 8 UNLOGGED TT— JJLIERR)
dbl=# CREATE UNLOGGED TABLE t copyl (n int, cl text, c2 text, c3 text);

(F—H T 7A)IE cCOPY XD SQL T 7 A LEER. Y4 X 1MB 5)

dbl=# INSERT INTO t copyl SELECT g, md5(g::text), md5(g::text), md5(g::text)
FROM generate series(l, 10000) g;

dbl=# COPY t copyl TO '/tmp/t copyl.dat';

dbl=# \q

$ 1s -1h /tmp/t copyl.dat

-rw-r--r-- 1 postgres postgres 1015K 6H 14 12:05 /tmp/t copyl.dat
$ cat > copy.sgl <<EOS

COPY t copyl FROM '/tmp/t copyl.dat';

EOS
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(pgbench %@ L T copYy # i 53R4T - PostgresQL 15 & 16 THEYIRLET)
$ psgl dbl -c "TRUNCATE t_ copyl"
$ pgbench -n -f copy.sql -c 32 -t 64 -j 32 dbl
pgbench (l6beta?2)
transaction type: copy.sql
scaling factor: 1
query mode: simple
number of clients: 32
number of threads: 32
maximum number of tries: 1
number of transactions per client: 64

(rhRg)

initial connection time = 63.800 ms

tps = 150.224097 (without initial connection time)

R WM TELEYS 3 >N 64[E COPY Z2EITIDIHEE L. 645 TELZYS 3> MN32E (t32) COPY
"ETIDHEZTAUE U, EE55BE5TT 2,623MB DF —F %77 —J)UICERAHAHET . WAL HHME
BEX® WAL B &&EENUTeF T v OMRA > hOFZEZIRIN I D728 UNLOGGED — )L &R LFE Uz, K
sHB& C (& shared_buffers =1GB & LZE U1z,

UTFoOSIICERZERUET,

B—7F7—7)L~DOiLF] COPY (TPS)
200
180
160
140
120
100
80
60 -
40
20

1 PG15
mPG16

ESEH DFR (IR RE)

—~
=1}
Mo

R
&

3217 64 3%
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PostgreSQL 16 DM 5~10%EEERICRADFE LM, NSDEEAREL., (TSSO UERBREEFEX
F A AFILS T, MFIER® COPY X 1 BITIRAT DT —FE. TOMDRMGFICID>TE. FEAEENT
IR D/zD. PostgreSQL15 MR RBDC EBHDE LI,

¢ TPANIRTLS SR TLAI—NFEDEE

AAREET PostgreSQL 16 MDIEAEM_EMBAME(IC (F3p SHOMNIRN D TZDI(d. PostgreSQL 16beta2 D COPY (C
BIDMREESL T DEENSFN Tz EE T7AMILE R FT LRFEICIRRN G D & Uiz, PostgreSQL 16 T
(FEHNR—TZEBIMTDEEIC, BMTAIR—HICUTERIT IS RTAODA-IZEZDLDICEES
NTVBDOTIN, KRR THEAULRIED XFS I 7 AL AF ATEERD AT ATD—IVERESET
BROIBUED EMEESIENECDLDTY, 2D SRF A=)V DEZ IEREHIE T DEDR—
BN REE T DT A NEHEEERNBLIRDF UL, RERDHTCDODEFEL TIE. PostgreSQL AFRET
A=V Y —DOFHEERNSERRMVCIEEE UL, UU—XFETIC COPY [CDWTHAEESREDE 513D
BIENEASNDIRAHTI,

UFIEEXTA D7 AILS AT AICT—TILE COPY I 7 )L EFRE L T beta2 THER U ITHEDIER
T, Z55MFH PostgreSQL 16 DMEREME LN (EDE D EHSHONTVNET  ZE(L +13% &£+16% T, /N
SDOEENENTY,

B—F—7)L~ADOiLF] COPY (TPS)
EXT4 7 —7 )L A_—XR{EMH

I -
200 - .

150 PG15

PG16
100
50
0

3215 64 17

(FRESHE DR IFERE)
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4.1.5. SIMD CPU 7Ot L —AxtIG

PostgreSQL16 75 x86_64 7 —F+F7 2 F v+ & ARM 7 —FF T F v CPU (Cx TS SIMD (Single
Instruction Multiple Data) MH7R— hHNBIIENE LTz,

x86 64 7V —F T OFvICHUTIEFREFENODNTWVNWRIEEAED CPUTHR—KLTWDS
SSE2 (Streaming SIMD Extensions 2) @R(CELTWET ., —EDT —FZ—E(AUET IIHE. HDL)
(FCNETIACYIBEL TV EEDZE—EICAUR T BRD(CEZDIET., MREA EMNEFTETET,

SSE2 tn R (EA I IEBMAEZFE D KD ICEBEINTDFUTOER T,

«  ASCII XF5Z B I DUIE

+  JSON DX FHZRE I DUIE

. RFvITS3v MUBDT O RERS| OYIRR EDRIERHIEILIE

BINARY H'D ASCIl D COPY ... FROM Y > RT ASCI XFFIMRBEDMREZ LB L THET . ASCIX
FDFH 1600 FDFIA 1D x 10 FITDT =TI ZE)\AFUERTHAUT. TNEZGZHAOEREZLLEUF
9, 1600 FIRDI(E TOAST 18RI IRSIRWVEEFIDR VLW FH EVWVDRKR T I, £z, WAL B HREDLEE (7R
5720\ & D(C UNLOGGED F—JILELTWLET,

(TR MAT—2 Z24H)
dbl=# CREATE UNLOGGED TABLE t5 (t text);
CREATE TABLE
dbl=# INSERT INTO t5 SELECT repeat (md5(g::text), 50)
FROM generate series(l, 100000) g;
INSERT 0 100000
dbl=# COPY t5 TO '/tmp/t5.bin' WITH (FORMAT binary, ENCODING 'sqgl ascii');

COPY 100000

(copY HiHAHMERMERTAl - PostgresQL 15 & 16 T# VYR LET)

dbl=# \timing on

dbl=# TRUNCATE t5;

TRUNCATE TABLE

Time: 244.458 ms

dbl=# COPY t5 FROM '/tmp/t5.bin' WITH (FORMAT binary, ENCODING 'sqgl ascii');
COPY 100000

Time: 244.458 ms

UFOSTDEDIC COPY ... FROM FREBFED/\—> 3 D (CKDEBVWNDER TEE U,
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PostgreSQL 15 &LEB LT, PostgreSQL 16 (FPAZERFEN 20%i BN TLNET,

/XA F 1 JASCIl @ COPY .. FROM
FTE A (ms)

300

250 I

200 =
150

100

50

PG15 PG16

RIC JSON FedrA A EREZ LB U T HEF T ITFDKDIC. TESHIRHNBD 200 XFD JSON X752
jsonb i TFHRAAFE D SQL ZAHE L T, pgbench TENDRUEITULET,

(TR FAsQL ZHE)

$ cat <<EOS > g5.sqgl

SELECT
'"1234567890-""asdghjkl; : zxcvbnm, . /QWERTYUIOPPASDFGHJKLZXCVBNBM<; @ejeakd52hg
0snkdkbnor09g309ae09jv0a9sdn0af9j0ad9nglsllagsdfasdf59gaj09j0jioib908 () sdlkg57
hJKeuh!#sdalllSgf  igjoiwdyaohfd-=eijgul[] []sxxQQ"'::jsonb;

EOS

(pgbench T VIR LT L THREEAZE TS - PostgresQL 15 & 16(Z# YR LEST)
$ pgbench -f g5.sgl -c 1 -t 100000 -n -p 5432 dbl (FEEER D (AT )
pgbench (l6beta?2)
transaction type: g5.sqgl
scaling factor: 1
query mode: simple
number of clients: 1

number of threads: 1
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maximum number of tries: 1

number of transactions per client: 100000

number of transactions actually processed: 100000/100000
number of failed transactions: 0 (0.000%)

latency average = 0.051 ms

initial connection time = 2.392 ms

tps = 19662.609287 (without initial connection time)

UFISTDRSICI/IN—a R EMER TEE LR,
HEEIC/INSDE(IHDDEDD. PostgreSQL15 &R T PostgreSQL16 1Y 40%=iREL TWLWE T,

JSON X F 55 A A LI (TPS)

45000
40000
35000
30000

25000

20000

15000

10000

5000

PG15 PG16 (FEAEEHFE G A2 R E)

4.2. SQL Hnre

4.2.1. SQL/ISON It

AIN—=3>TlE. SQL/IJSONZE(CEDK JSONTFT—AHZERT DI A NS IIEEH NS DHD
JSON —4 (39 DibsENEBIENE LTz,
BMENEO> A S OFEEZEUTRICRUE T RDIEELL RETURNING AT json. jsonb. bytea, &
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KUOBETF AT —HEZIBETETEI, F/Z. WITHUNIQUE KEYS TRUF—Z8BER O &7 ZIE
TEET,

apse BTz
JSON_OBJECT FFENEHIMNS JSON AT T U MNEEEUETD.

JSON_OBJECTAGG |#EteN/z—45%Z JSSONATZT U MNMIENLET,

JSON_ARRAY RSNz SQL F/2(F JSON =S M5 JSON Beh ZHER LU FT .

JSON_ARRAYAGG RBfitensz SQL F7z(d JSON - —4 % JSON Behll (CEHILFE T,

T CINSEEBDERfIZRUET .

(JSON_OBJECT TRASEMN AT ) FEHM)
dbl=# SELECT JSON_OBJECT ('num' VALUE 123, 'dt' : CURRENT DATE
RETURNING jsonb) ;
json_object

{"dt": "2023-05-31", "num": 123}

(RIC{E% bytea THA)
dbl=# SELECT JSON_OBJECT('num' VALUE 123, 'dt' : CURRENT_DATE

RETURNING bytea) ;
Json_object

\x7b226e756d22203a203132332c2022647422203a2022323032332d30352d3331227d

(WITH UNIQUE KEYS Z*IBETHELERMUF—ZEHIFD Json FERTEALY)
dbl=# SELECT JSON OBJECT ('id' VALUE 1, 'id' VALUE 2);

json object

dbl=# SELECT JSON_OBJECT ('id' VALUE 1, 'id' VALUE 2 WITH UNIQUE KEYS);

ERROR: duplicate JSON key "id"
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(JSON_OBJECTAGG [IEMITT—2 M5 1 2DA Tz U F 1AL
dbl=# SELECT g AS n, g”3 AS cube FROM generate series(l, 3) g;

n | cube
e
1 | 1
2 | 8
3 27

dbl=# SELECT JSON OBJECTAGG (n:cube RETURNING json) FROM (
SELECT g AS n, g”3 AS cube FROM generate series(l, 3) g) v;
Json_objectagg

(JSON_ARRAY [ H S{E* json/jsonb T—A2 DAUUH 5 JsoN EHI EHERK)
dbl=# SELECT JSONiARRAY(l, true, JSON '{"a":null}');

json_array

(JSON_ARRAYAGG [XfE¥i1TH 5 JsoN BeHl . H VIRDIEE + T THE)

json_arrayagg

dbl=# SELECT JSON ARRAYAGG (v ORDER BY v DESC) FROM generate series(1l, 3)

BISNZRERBS AT (CRUE T,

=374 G

IS JSON [VALUE] XFFIMNISON EU TR TEDRSEZRT .

IS JSON ARRAY XFHIN JSON Behll & U THRIRTE D15 BZIR T,

IS JSON OBJECT XFHNISONATZT IR (WDHhDF—EfB) EUTHIRTES
RBE®IRT,

IS JSON SCALAR XF5NMNISON DABDSEE UTHRIRTEDRSEZIRT,

Copyright © 2023 SRA 0SS LLC All rights reserved.
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T CERITHZRUET

dbl=# SELECT x, x IS JSON VALUE "JSON VALUE", x IS JSON ARRAY "JSON ARRAY",
x IS JSON OBJECT "JSON OBJECT", x IS JSON SCALAR "JSON SCALAR"
FROM (VALUES ('1'), (""A""), ("A"), (""), ("["A","B"]1"), ("{"a":1,"b":2}"))
x(x) ;
X | JSON VALUE | JSON ARRAY | JSON OBJECT | JSON SCALAR
——————————————— e e et it T T PP e
1 | t | £ | £ | t
"A" | t | £ | £ | t
A | f | £ | £ | £
| f | f | £ | £
["A","B"] | t | t I £ | £
{"a":1,"b":2} | t | f | t | £

ST A — R TEONTULWRWFEFD TAI RS EODOXFS (L. JSON VALUE TFRWENWSEER
[CIRDTWVWET, CNESDIMEE(FIXFHIFT—FEH JSON £zl JSONB F— D BD A= HH+E T,

4.2.2. ANY_VALUE EEXIBA%R

=253 any_value WYBIIESNZE Uz, any value [F5I3TIEE LI (C DLW TEHIMTRDITDE
NHDEZRUET, UTORKDIRARICHENET,

(YRTFTLT—TI pg_class, pg_namespace [T S \EHH)
dbl=# SELECT c.relnamespace AS scm oid, any value(n.nspname) AS scm name,
count (1) FROM pg class c
JOIN pg namespace n ON c.relnamespace = n.oid
WHERE c.relkind = 'r' GROUP BY c.relnamespace;
scm_oid | scm_name | count
_________ T
2200 | public | 24
14130 | information schema | 4
16791 | appscml | 3
11 | pg catalog | 64
(4 rows)
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CNEFIRET —IR—AP(CHDAF—ID OID ERXF—T%. TIILBIZDT—TILOEELEHITS
BUOWEDETY., T—JIILEEEBIEITBZIXTLAT—T)L pg_class & RF—TEERIBZIIXTLT—T
JL pg_namespace ZfESLT. XF—<DOID (c.relnamespace ) THIL—E>TULTWET,

CDEE, AF—YXDOID (CH U TRAF—VAFEBIRBEN (CRFD 2. any_value(nspname) & LT
JIL—THOERDEZ E D ENE. BROHINMESNET, SELECT UX MNIB(C nspname EEL &
ITS5—([CIRDFT,

2B, BIEID PostgreSQL /\—=3 > TE. T—JILEBENSEABMBHENBESH THIHBEICE |
any_value B ENIR< &6, ERDOBIWVWENDED SELECT UX MIHIL—FIEUTWRWIIZEIETE T D
CENTIRET Uz, BB TDRDICETIDIENTEET,

dbl=# SELECT n.oid AS scm_oid, n.nspname AS scm_name, count (1)
FROM pg class ¢ JOIN pg namespace n ON c.relnamespace = n.oid
WHERE relkind = 'r' GROUP BY n.oid;
scm_oid | scm_name | count
_________ T
2200 | public | 24
14130 | information schema | 4
16791 | appscml | 3
11 | pg catalog | 64
(4 rows)

RIVWEDEDEKIZE O TIH. J)L—FE(C pg_namespace DEF—TdH D oid FIEIBEL TLNBDT.
pg_namespace MEF—UIDFITEHD nspname NEEEIEE TH D E(FBETHD EHtiEaNE L.

4.2.3. EVFTSILERE

PostgreSQL 16 TIFEYED ' 7S ILERIRIC DT 2 DR IINDD E Uz,

* 10 EKLISLDEH T/

BHBUTIILELT, 1612, 8EH. 2:EHRZE T ENFRECRDR LU,

HUTFDELS(C, 0 (BO) DEIC x. o, b Z#HElI T, TDRIC 16 EEL. 8, 2 EHRDEZELBRLFET. ¥
A FRGFHAFIETS
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dbl=# SELECT 0x42F, 00273, -0b100101;
?column? | ?column? | ?column?
__________ o
1071 | 187 | =37
(1 row)
* HIRYKAC

HEISTSIVIC_ (77> —XO7) TREYDZEL ZENTIRECIRDF UL,
EDFRE UCIIHEICERSNE T, SHIRYIDTERRI D DEDMROTAHRYIDELTULERO>TE
IS5—(CFEDFERA. FECEXE, BRIV TAHRYID(CTRHENSETETDIENDZETT,

dbl=# SELECT 1 000 000 000.000;

?column?

1000000000.000

(1 row)

GHIREYY TRMLERIC T 2ETH, AERISKRBRILD)
dbl=# SELECT 1 0000;

?column?

10000

(1 row)

4.2.4. IcUBSEIEROILE

PostgreSQL 16 (FICU 51 TS UICKDREIEFZEMCITDIEIL RS, EILRIEDFT T A)L MMIIRDFE
Ufce CNETICU ZfESI(TIE configure T --with-icu ZIBE T DIMENSHDFE UM, CNHSIEFRNT D
&EZ(T —-without-icu DIBEMNEICIRDET . Fz. ICU ZESTZEREIERF(CDULT. W DO DBEEREILED
WRESNTLET,

* L ERBEABEIRSF
PostgreSQL 15 E£TI(X ICUNBREIL RTH D> TH. ICU &S ZEBEIERF (collation) (FRE(CIGU

T CREATE COLLATION OX> RTHER L2 NUEIRS T libe (CRDBREIRFDOHNRIINSERFH T
L7z, PostgreSQL 16 Tl&, OS TEZRMNTUL\DOT —)LICHIGUTZ ICU (CKBDEREIERFEH S UsHIERK
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SNTVET,
(PostgreSQL 16 TE1T)
dbl=# SELECT collname, collprovider FROM pg collation;
collname | collprovider
________________________ e
default | d
C | c
POSIX | c
(hig)
zh-Hant-TW-x-icu | i
zu-xX-icu | i
zu-ZA-x-icu | i
(1732 rows)

HIeRFT—AINR=RHUTLEREDLDICEITIT B E. collprovider B4 i (ICU EVWVDEDBKR) DOBEIEFRN
D ENHERTEEY . PostgreSQL 15.x 7=2& ICU DBEIEF (IS ENT . 4586 10004 (FETT,
F/z. PostgreSQL 16 TI& ICU DIFICATRICRT 2 DOFFRIIRBSIEFEHARSNTLET,

EREIER Bl

ucs_basic A=—ROO—RRA> MEICY— TS, libc® COT—)LIEEZ
UlzEEERIUIRBEVNCRD, UTF8 XFI>O—F+« >J8H,

unicode EEMENRKERDEETOEEZSRIEFTY — T3,
ICU @ [und-x-icul O —)LIBTEIMENON D, UTF8 LIS DEE/RNK D
MOXFEI>I—5 >4 (latin1l. EUC_JP 72&) THIEED#E,

DU (CRGBEIMERAIZRLE T,

(cAB%—JL, UTF8 TV A—T 4 VI DT—ER—XCHEYLEXFHT—2DT—TILEER)
dbl=# CREATE TABLE t coll (id int, v text);
dbl=# INSERT INTO t coll VALUES

(1, '"2AA"), (2, 'bbb'), (3, 'ccc'y,

(101, 'm™E'), (102, 'Yy, (103, 'a'y),

(104, '%'y, (105, 'L9"), (106, 'EBE");

(A=Z=a—FDa—FKIETtY—k)
dol=# SELECT * FROM t coll ORDER BY v COLLATE ucs_basic;
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id | v
_____ b __
1 | AAA
3 | ccc
2 | bbb
101 | HE
105 | L9
106 | &%
102 | 947
103 | 1
104 | %
(9 rows)

(FBAIEFF(Z unicode ##EEL T, REEFSLBIETY—H)

dbl=# SELECT * FROM t coll ORDER BY v COLLATE unicode;

id | v
_____ b __

1 | AAA

2 | bbb

3 | ccc
101 | HE
102 | 947
103 | 1
104 | %
105 | L9
106 | &%
(9 rows)

* ICU D/L—/LBEE YR —F

ICU S+ TS UIILIL—ILEMSINU TREIEFR 2N XTI X I DHEENHDET . PostgreSQL 16 115,
CREATE COLLATION THRAIEFZIEM T D ESICICUDIL—ILZIBETETDLDCRADFELZ. ATFICH

ZRUET,

(FSVTOBEHHTT—5 EER)

dbl=# CREATE TABLE t card (v text);
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dbl=# INSERT INTO t card VALUES ('A'), ('J"), ('Q'), ('K"),
("2'), ("3"), ('4r), ("5"), ('e"), ('"7"), ('8"), ('9"), ('10");

W—ILFEDRBEIEFZER. locale M und [(FEEFMERERZEKRT S)
dbl=# CREATE COLLATION col card rule (provider = icu, locale = 'und',

rules = 's 1 <A & 9<10 & 10<J & J<Q &Q<ZK");

NS> TDA-1-52-5..58-59-510-J->Q—K EWDY—NERICIRDKED(TIL—ILEIERK
LTWET & NMBIRD & DFHIETH—DDIL—ILT. [&1<AlIEZTADY—MIBEZ 1 DRICTD]EWN
SEKTY, [&9<10] (& [10] EWSXFHZOEMRELT [9] DIRTHDIEDEIRELTLET,

UFDXRS IR UTEREIEFZERLET.

(P2 TDOBDI-HDRBREIEFTY—F)
dbl=# SELECT * FROM t card ORDER BY v COLLATE col card rule;

|
O o J o s w N <
(=} |
|

S R C

3 rows)

(XFHHETH->TH 9 &Y 10 AKELLESD)
dbl=# SELECT '9'::text < 'l0'::text COLLATE col card rule;

?column?
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(1 row)

BRBAXFEEUXEELBRMITEVWDENEEIL—)L TIBECEEI ., CDiFE. CREATE COLLATION (C
[ deterministic = false] BIETEULE I,

(w1 & TH (FLIW) | ZRACLRBINL—ILEERT D)
dbl=# CREATE COLLATION col my ident rule (provider = icu, locale = 'und',
deterministic = false, rules = 's @ = &');
dbl=# SELECT '&' = 'B' COLLATE col my ident rule;
?column?
t
(1 row)

rule (CIEETEBXOFM(E. ICUSATSUDRFIAS MCRHENTLET,

4.3. O2HIL TV —>3>
RNN—=3>TEOSHILLTUS —2 a3 > (THERLIBHEEE BN ThNE Uz, BENSDOSE5EXEERED
[CDWTHEEZERLEUTE.

4.3.1. R )\A4HhsD)\TUbg—>3>

AN==3>7TlE ANI==Z20LTVT—23>0ORI2)\(=2)\TUs—>3>&0TcOZhLL
TUT—2 3> IBETEDLOCRDFELUZ, UTFICREARZRUET.

IS5V AT A HI RS54/ —
/) Oy v —
N7u7—>a>} [Nju7—>a>} HIZHIUTS >
OSHIL
4+ LFUr—33>
ZRU—=>2

LU —23>

1 hitps://unicode-org.github.io/icu/userguide/collation/customization/#collation-rule
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RI)A®)I\TUT—23> D58, AT/I\AFEBRUNZTHGIIY. BB/ TUST—>3>%
e TERWZD, TSAXIUTIN TV —23>% kL AN =Z2TLT U -2 32 TRI2)NA
(CERRITDBEBNHDET . UT(CHEEAZRLUET,

(FS34RYTASHALLT) 57— a v OBRE)
$ vi S$PGDATA/postgresgl.conf
wal level = logical

$ pg _ctl restart

(RITVr—2avApB 2ERL, T—TLNEERL, T—228K&L. "TUTr—2 a3 vEER)
$ createdb -p 5432 pubdb
$ psgl -p 5432 pubdb
pubdb=# CREATE TABLE tl (id int PRIMARY KEY, val text);
pubdb=# INSERT INTO tl VALUES (1, 'foo');
pubdb=# CREATE PUBLICATION pub FOR ALL TABLES;
pubdb=# \g

(RB NS ZHEEL, 5433 7R— | TiHE)
$ pg basebackup -p 5432 -D S${PGDATA} rep -R -c fast

$ pg _ctl start -D ${PGDATA} rep -o '-c port=5433"

(TR SA1\EHEL, 5434 K— F TEE)
$ initdb --no-locale --encoding=UTF8 -D S${PGDATA} sub
$ cp $PGDATA/postgresqgl.conf ${PGDATA} sub

$ pg _ctl start -D ${PGDATA} sub -o '-c port=5434"

(TR )T avApB L. RF—TZEER)

$ createdb -p 5434 subdb

$ pg dump -p 5432 -s pubdb | psgl -p 5434 subdb
$ psgl -p 5434 subdb

subdb=# SELECT * FROM tl;

id | wval
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(HTRIUTVavEEHL. T80 ERSh D L EHR)
subdb=# CREATE SUBSCRIPTION sub
CONNECTION 'port=5433 dbname=pubdb' PUBLICATION pub;
(CCTHREMNLZERIZT S5 4T TSELECT pg_log_standby snapshot () #54T)
NOTICE: created replication slot "sub" on publisher
CREATE SUBSCRIPTION
subdb=# SELECT * FROM t1l;

id | val

1 | foo
(1 row)

(T—4ahRAEh B FETLOLEHMLELDL D E LA
(RERBDT=-OIZH TR S48, RA NS #EBIE LTHIBR. /XTV 45— 3 U HHEIR)
pg ctl stop -D ${PGDATA} sub

rm -rf ${PGDATA} sub

$
$
$ pg ctl stop -D ${PGDATA} rep
$ rm -rf S{PGDATA} rep

$

psql -p 5432 -d pubdb -c "DROP PUBLICATION pub"

HIRXOUTS 3 AR\ TUYS v TRELTUST—>3 >0y MMERRESNEITHN, N\TUvS
YIRS INADBECFRAFY TS 3y NEIEUIZ WAL L I— ROBRANMBEERDET, COKDRR
WAL L J— RFEEEFF TV IORA > NMUED® N\ O059>2 RSASF—DRZB L TCHNENET, X
BINADINT VY S (LT DB ITROVTS 3 AERKICBR U CCNEFERITRITNERDEEA.

ZTNZLEt g 3728, &/\—=3 > T pg_log_standby_snapshot()EZNNEINIENE LTz, COMBE=ETS
ARYUTETITDE. I<ICRFTYTSay bEEISLTWALEZTAHFNTON. BIRXOSA/NCHITSD
CREATE SUBSCRIPTON ZFR T 93 ENTEFET,

4.3.2. b>Yo0> 3> oliER

AIN—==3>TlE. O TUS -2 3> TT—FZA NI =S T0FKELRES(THI RIS\
([CAFNTBERTEDLDICRDFELRE. CNEFHYIROUTS 3> D streaming AT 3> TEELET.
NFETE RSP IZIORTRIOGKET D off . TTEMCT (CNERIXET D on DHTURN, TTEFE
IEF(CIRME U DA THHISEAETITD parallel BMBIENEUZ. T IAIMIoff TS, RSP O2 3
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SHREWVERICT —YREBOBEERICRIIEFT . LHREAR/—23>TEMESNZ/(SA—4

max_parallel_apply_workers_per_subscription TIEELE T, T IAILNI2TT,
PUF DX D (CHERREEZITUVE LT,

(TR SA1\EHBEL, 5434 K— F TEE)
$ initdb --no-locale --encoding=UTF8 -D S${PGDATA} sub
$ cp $PGDATA/postgresqgl.conf ${PGDATA} sub

$ pg _ctl start -D ${PGDATA} sub -o '-c port=5434"

(TR )T avApB L. RF—TZEER)
$ createdb -p 5434 subdb
$ pg dump -p 5432 -s pubdb | psgl -p 5434 subdb

(BITRISANTT—2RAME 10 BRI LITOTICRERT S ) HEER)
$ psgl -p 5434 subdb
subdb=# CREATE FUNCTION log rows () RETURNS trigger AS $$
BEGIN
IF new.id % 100000 = 0 THEN
RAISE WARNING '% rows processed', new.id;
END IF;
RETURN new;
END;
$$ LANGUAGE plpgsql;
subdb=# CREATE TRIGGER tl log trg AFTER INSERT ON tl
FOR EACH ROW EXECUTE FUNCTION log rows();
subdb=# ALTER TABLE tl ENABLE REPLICA TRIGGER tl log trg;
subdb=# \q

(RTYr—2ay -YTRHY YT a v EE/R)
$ psgl -p 5432 -d pubdb -c "CREATE PUBLICATION pub FOR ALL TABLES"
$ psgl -p 5434 -d subdb -c "CREATE SUBSCRIPTION sub CONNECTION 'port=5432

dbname=pubdb' PUBLICATION pub;"

(RERIE 147
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(IRTYy ¥ TT—2 %50 HHER)
$ psgl -p 5432 pubdb
pubdb=# TRUNCATE t1;
pubdb=# SET log min duration statement TO O0;
pubdb=# INSERT INTO t1l
SELECT g, md5(g::text) FROM generate series(l, 500000) AS g;

pubdb=# \g

(aTh i,
T—2 BHREEM, UTHITIE2913.911 S YR,
F—45 AR, LITH TIL21:42:24.938 - 21:42:17.636 = 7302.000 = U H &)
$ cat S$PGDATA/log/postgresgl*.log | tail -100
2023-07-17 21:42:17.636 JST [5266] LOG: duration: 2913.911 ms statement:
INSERT INTO tl SELECT g, md5(g::text) from generate series(l, 500000) as g;
(ERL1TDHIRE)
$ cat ${PGDATA} sub/log/postgresqgl*.log | tail -100
2023-07-17 21:42:24.938 JST [5259] WARNING: 500000 rows processed

(BRLUTTDAHHRE)

(TR ) T3 >Dstreaming+ 7T 3 % on [ZERSE)
$ psgl -p 5434 subdb
subdb=# ALTER SUBSCRIPTION sub SET (streaming = on);
subdb=# \g
(REEMAEBERRIC/NNTY v v TT—F2 %50 FHEE L. 0T h o B4R - R ZHE)

(TR Y T3> M streamingF T 3 % parallel [TERTE)
$ psgl -p 5434 subdb
subdb=# ALTER SUBSCRIPTION sub SET (streaming = parallel);
subdb=# \g
(REHMER/ RARIC/NTIV Y9 TT—2 250 FHEHR L, OTH 5 &R - AHRMEZRER)

MEDFMECLD., OZHILLTUT—2 3> MERENTNDT—JILIC 50 At ZISA LT EED
INSERT XDFREIRE (T —4ERIERH) & TIHSPIRISA/) LT —FIRASNDIETORER
M (—~EHRE) ZEHlLEUE.

UFISTDRSICHIROUTS 3> 0 streaming AT 3> (CKBHMREENERTCEE L. T—4
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EREBEEACEBN D DFEAN. T— S ERARER (L on HY 22%. parallel H' 36%5E< 12> TWLWET, =
TD parallel (FF T A)L bDiFIER 2 DIBFEDFER T,

50 DT — X E$% - FEARHE

8000

7000 }

6000
= 5000 L
® — B
— 4000 I T RER
Z 7 — X [EHA
- 3000 5 0 1
% 2000

1000

0

off on parallel

streaming # 7> 3 >~
(FREFFE DR (IIEHERZE)

» M EHDEER

streaming = parallel TOZH)ILLTUS—2 3 > &2 M5ERAUEBEDERRELUTIE. /\TUyvS v &
HIROSAINTT—IEBFIEFA LR\ ENHDE/D L& WHLER(CHIz> TOY Imahtd
BdEVNWDTETT,

UTFOLSICT—FRAZITOTHELU.

(.2 T7—TILE¥ER LT, streaming = parallel OBAPAHILFTYH5— 3 0 EHER)
$ psgl -p 5432 pubdb
pubdb=# CREATE TABLE public.t2 (id serial PRIMARY KEY, ts timestamp);
pubdb=# CREATE PUBLICATION pub2 FOR TABLE public.t2;
pubdb=# \g

$ psgl -p 5434 subdb

subdb=# CREATE TABLE t2 (id serial PRIMARY KEY, ts timestamp);
subdb=# CREATE SUBSCRIPTION sub2 CONNECTION 'port=5432 dbname=pubdb'

PUBLICATION pub2 WITH (streaming = parallel);
subdb=# \g
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(t2 F—7J LI pgbench T 10 HiFI[ZF—4EA)
$ echo "INSERT INTO t2 (ts) VALUES (now())" > insert t2.sql

$ pgbench -n -c 10 -t 10000 -f insert t2.sgl pubdb

ZTDSZ T pubdb, subdb T—HIR—XTR2FT—TILEYV— T (CHENTDE T—IIEFHNERDT
B0, YIBIEHIERENER D TOWBCENHERTEF UL, BEBEBA. dFI & ts SIDIBEDOHEAFENDE (EZ—E L
TWET U KK, T—TIUIIARMICY — FURVEDIEF(FMRELIRWVWEDTIDT. CNIFEEEETIE
SO FEH A

(MT—2R—RAT 2 T—TILDITT—4 MR
$ psgl -p 5432 pubdb -c "SELECT * FROM t2 LIMIT 5 OFFSET 0"
id | ts
e
| 2023-07-20 09:56:12.34631
| 2023-07-20 09:56:12.346477

1
3
4 | 2023-07-20 09:56:12.346299
5 | 2023-07-20 09:56:12.346327
1

1 | 2023-07-20 09:56:12.358304
(5 rows)

$ psqgl -p 5434 subdb -c "SELECT * FROM t2 LIMIT 5 OFFSET 0"

id | ts
e
1 | 2023-07-20 09:56:12.34631
4 | 2023-07-20 09:56:12.346299
5 | 2023-07-20 09:56:12.346327
3 | 2023-07-20 09:56:12.346477
2 | 2023-07-20 09:56:12.346475

(5 rows)

ZDEFH WHCT—FEHZBERAITDHICEWVCOY TFHEAETINEULINRWC ECEFENRET
I PIR(E A>TV IRDEFRRRICKD TEA > TV IXEH(CHITDOY TFRE TLIHEDHNRARE
HICRBDBENEZISNET.
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4.3.3. FF-P1 > 5T vOROFIA

OZHILLTUT—23>TlE. Fi - HIBROMFITERES D2, LITUADTAT 274 T4 HIE
T T IAIBTEEF—DENCHIZDFET . BHRF—H7R0\V5E(E REPLICA IDENTITY FULL T25I%Z
F—(CTBREETEFEIN, TOHE, INFTRITERF VI DIRENGDELUZ, A)N—-232 TR
Btree 1 > W IORZFBTEZRLDICRAD., HEENSREENE L,

BUF DR D (CHEREEZRITULE LTz,

RTYyovTEXF—BLT—TNEERL, LTIVHT7ATUoT4 T4 ELRFHREL.
AVTYIREERBL, R"TVr—2a v EER)

$ psgl -p 5432 pubdb

pubdb=# CREATE TABLE t3 (id int, val text);

pubdb=# ALTER TABLE t3 REPLICA IDENTITY FULL;

pubdb=# CREATE INDEX ON t3 (id);

pubdb=# CREATE PUBLICATION pub3 FOR TABLE t3;

pubdb=# \g

(BTRISANRTT—TLEHFEL. T—2REMAZ 10 AREIEICOTICRRT D I HEEEL.
HITRY ) T a vEER)

$ pg dump -p 5432 -s -t t3 pubdb | psgl -p 5434 subdb
subdb=# CREATE TRIGGER t3_log_rows AFTER UPDATE ON t3

FOR EACH ROW EXECUTE FUNCTION log rows();

(T CORA%IX 4.3.2. HITHRLIE=HDERL)

subdb=# ALTER TABLE t3 ENABLE REPLICA TRIGGER t3_log_rows;
subdb=# CREATE SUBSCRIPTION sub3

CONNECTION 'port=5432 dbname=pubdb' PUBLICATION pub3;
subdb=# \qg

(RTYyovTT—E%50 FHBRL. 2HLTERH)
$ psgl -p 5432 pubdb
pubdb=# INSERT INTO t3
SELECT g, md5(g::text) FROM generate series(l, 500000) AS g;
pubdb=# SET log min duration statement TO 0;
pubdb=# UPDATE t3 SET val = md5(val);
pubdb=# \g
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(AT,
T—2 EHEM. LTHTIX 6274.850 S Y&,
T4 AR, UTH TIE13:25:29.105 - 13:25:13.553 = 15552.000 = ! Fh £ FR)
$ cat S$PGDATA/log/postgresgl*.log | tail -100
2023-07-20 13:25:13.553 JST [3859] LOG: duration: 6274.850 ms statement:
UPDATE t3 SET wval = md5(val);
(B 1TDHIRE)
$ cat ${PGDATA} sub/log/postgresqgl*.log | tail -100
2023-07-20 13:25:29.105 JST [3849] WARNING: 500000 rows processed
(B 1TDHIRE)

Bl EDFIEICKD. PostgreSQL 16 & PostgreSQL 15 TOZHILL TULS—2 3 VA B SN TWND T —
TILD 50 H{F = EF LTz & =D UPDATE XDOPRERE (—~E#HKME) & T2 IRIS1 )
(LT —AFBHENDETORRERME (T—YREARME) ZitRLEL.

50 AtED T — X EH - FHBEFR

25000
20000 I

& 15000
= I T — REH
1/ — —
~ 10000 — X [EEA
o
He I -

5000

0
15.3 16beta2
W= 5>

(FRESFE DR IFERE)

TR, LTS TDELSIC PostgreSQL 16 TDOEF—LUHDA > 5w I XDOFIBIC KB HEREEN TR
TEXURR. T—9FFEBREFEEAEEENGDEXFEBAN. -5 EHARKRE (L PostgreSQL 16 H
PostgreSQL 15 (CEEART 35%3E < /2D TUL\E T,
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4.3.4. MEAOE—T/\AFUER

OZHAILTUEG -2 3207 —FEEICETFI MR E/N\AFUERNSD D, cnExT/\0FUER
(FEA I E DT —YRHEAFICUNMEX FLBATUREN., AN > TRPB\IOE-FICHBEXDLD
[CIRDFE LTz, timestamp BUY° bytea BU/ &, —EBDT —FBIT(F/ A FUERDIFEFS AR (CUIBTE,
PRERFMMNE TEHE T /A FUEREHTI RO VT> 3 > D binary AT 3> TREL. T IA)L MME
off TTFRX MEKICIRDFET,

BUFDFINET PostgreSQL 16 TDOFTF X hMER &/ F UKD I E—DOMEREZE LE U,

(100 BH®D bytea B, timestamp BDT—2ZEHDt4 T—TNEL TV —320F3)

$ psgl pubdb

pubdb=# CREATE TABLE t4 (id int primary key, b bytea, ts timestamp) ;

pubdb=# INSERT INTO t4 SELECT g, repeat (md5(g::text), 10)::bytea, now()
FROM generate series(l, 100000) g;

pubdb=# CREATE PUBLICATION pub4 FOR TABLE public.t4;

pubdb=# \g

$ psgl -p 5434 subdb

subdb=# CREATE TABLE t4 (id int primary key, b bytea, ts timestamp);

subdb=# CREATE SUBSCRIPTION sub4 CONNECTION 'port=5432 dbname=pubdb'
PUBLICATION pub4 WITH (binary = on);

subdb=# \g (114 FUBREDS on BE., THFRAMRLDL off 18E)

(TR S4BT o480 E—FERRM 05.530 - 02.652 = 2.878 P &)

$ cat ${PGDATA} sub/log/* | tail -10

2023-07-21 09:57:02.642 JST [2370] LOG: 1logical replication apply worker
for subscription "sub4" has started

2023-07-21 09:57:02.652 JST [2372] LOG: 1logical replication table
synchronization worker for subscription "sub4", table "t4" has started
2023-07-21 09:57:05.530 JST [2372] LOG: 1logical replication table

synchronization worker for subscription "sub4", table "t4" has finished

(ZAfTOHR¥E)

ZOFER. UTISTDXSC)I\AFVE- RTERICRDIENERTETFH U, RERBNS L TF
BCIEDTVET,
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OYANLL T Yr—3 a3 »#E 0 —FTERR (sec)

Ay
o

O B N W b~ 00O N 0 ©

binary=off binary=on (FREFFE DR IIRERE)

4.3.5. MpmOZHILLTIUT—23>

CMNZET PostgreSQL DO HILL T U —2 3 > TERABE. HDNE. JILFIXIDLTUT—S
I2NCEFELTOWELRATURZ. EDOLD(CHEEITDE /N1 TOZEEZT—/(2 (CRIRULZE. €D
ZENY—)VU1 ([GESNTET. UPDATE AMER(CIRDIRENZD. INSERT EF—FBEDITS—(C1RADT
LTV —> 3> IEE>7EDUTUEWVET,

PostgreSQL 16 h"5H5 T XU UTF> 3> (C origin AT 3 >hvBIlIENE Uz, T 4L MBI any T.
ZNI3 PostgreSQL 15 LART ER UHIRDEEWLCIRDZFE I, origin=none LIEEITDE. AU ZFHTTIRNE
B, IROE BFET— /) W TEUCEHmBICLDIEREDDHZEZITIDEECIRADET ., ZNUTKD.
BWAEBL TV -3 > WERTEET,

T oFIRCEMEERZERmUE LT,

(MgETOASALLT) r—2 a3 vERE)
$ pg _ctl stop -D ${PGDATA} sub
$ rm -rf S{PGDATA} sub

$ dropdb -p 5432 pubdb

BRAERMASHNLLTYr— 3 VREERICENS YR E X% 2 DER)
$ initdb --no-locale --encoding=UTF8 ${PGDATA} n33

$ initdb --no-locale --encoding=UTF8 ${PGDATA} n34

$ cp SPGDATA/postgresqgl.conf ${PGDATA} n33/

43

Copyright © 2023 SRA 0SS LLC All rights reserved.


http://www.sraoss.co.jp/

PostgreSQL 16 #REFLKR— bk

$ cp $PGDATA/postgresgl.conf ${PGDATA} n34/
$ pg ctl start -D ${PGDATA} n33 -o '-c port=5433"
$ pg ctl start -D ${PGDATA} n34 -o '-c port=5434"

(% PostgreSQLA YRR VAR[ZTF—HAA_R—R db32, db33, db34 &ETFR MF—T /L t5 E#ERK)
createdb db32

createdb -p 5433 db33

createdb -p 5434 db34

psgl -c "CREATE TABLE t5 (id int PRIMARY KEY, v text, ts timestamp)" db32
pg dump -p 5432 -s db32 | psgl -p 5433 db33

v v »r U Ur A

pg dump -p 5432 -s db32 | psqgl -p 5434 db34

BO2DF—ER—ZAOMTRARAASHLL T r—2a VEER)

$ psgl -c "CREATE PUBLICATION pub32 FOR TABLE public.t5" db32

$ psgl -c "CREATE PUBLICATION pub33 FOR TABLE public.t5" -p 5433 db33

$ psgl -c "CREATE PUBLICATION pub34 FOR TABLE public.t5" -p 5434 db34

$ psgl db32

db32=# CREATE SUBSCRIPTION sub32 33 CONNECTION 'dbname=db33 port=5433'
PUBLICATION pub33 WITH (origin = none);

db32=# CREATE SUBSCRIPTION sub32 34 CONNECTION 'dbname=db34 port=5434'
PUBLICATION pub34 WITH (origin = none);

db32=# \q

$ psgl -p 5433 db33

db33=# CREATE SUBSCRIPTION sub33 32 CONNECTION 'dbname=db32 port=5432"
PUBLICATION pub32 WITH (origin = none);

WARNING: subscription "sub33 32" requested copy data with origin = NONE but

might copy data that had a different origin

DETAIL: Subscribed publication "pub32" is subscribing to other

publications.

HINT: Verify that initial data copied from the publisher tables did not

come from other origins.

NOTICE: created replication slot "sub33 32" on publisher

CREATE SUBSCRIPTION

(#1810 E—I=P8J % WARNING ® HINT A & h B)
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db33=# CREATE SUBSCRIPTION sub33 34 CONNECTION 'dbname=db34 port=5434'
PUBLICATION pub34 WITH (origin = none);

db33=# \q

$ psgl -p 5434 db34

db34=# CREATE SUBSCRIPTION sub34 32 CONNECTION 'dbname=db32 port=5432"
PUBLICATION pub32 WITH (origin = none);

db34=# CREATE SUBSCRIPTION sub34 33 CONNECTION 'dbname=db33 port=5433'
PUBLICATION pub33 WITH (origin = none);

(REMZEM L TL %A db33 & FHROD WARNING ¥ HINT IS h %)

CCETTIT—AR=AMORBEOZHILL T Uo—S 3> RERTCEE L. BUT—TILICRHU
T2DDLTUT—23>xahedlzsd. FIHOE—TT—INEKONTUESEREENSD D, THEDES
PMHEHENET . AFIEE 0 TOIRENSIAD TLEITH, BIFT—INGDHEICIE PHHIE—Z29 4%
ERBUNDT T RO TS 3 >(2(3 copy_data =false AT a>Z5ZNIEEBVTLL D,

LT UTOFIETERRCITT—YDEA, BfiziT\EL,

(INSERT D L TV 75— 3 VEIHERER)

$ psgl db32
db32=# INSERT INTO t5 VALUES (1, 'AAA', now()); (— db32 TF—HEA)
db32=# SELECT * FROM t5;

1 | AAA | 2023-07-25 16:08:16.938802

$ psgl -p 5433 -d db33 -c 'SELECT * FROM t5;'

id | v | ts

1 | AAA | 2023-07-25 16:08:16.938802

$ psgl -p 5434 -d db34 -c 'SELECT * FROM t5;'
id | v | ts

1 | AAA | 2023-07-25 16:08:16.938802

$ psgl -p 5433 -d db33
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db33=# INSERT INTO t5 VALUES

db33=# SELECT * FROM t5;

(2, 'BBB', now()); (— db33 TT—4&/A)

id | v | ts
e e
1 | AAA | 2023-07-25 16:08:16.938802
2 | BBB | 2023-07-25 16:09:53.411778
(2 rows)
db33=# \g
$ psqgl -p 5432 -d db32 -c 'SELECT * FROM t5'
id | v | ts
e e
1 | AAA | 2023-07-25 16:08:16.938802
2 | BBB | 2023-07-25 16:09:53.411778
(2 rows)
$ psql -p 5434 -d db34 -c 'SELECT * FROM t5'
id | v ts
e e
1 | AAA | 2023-07-25 16:08:16.938802
2 | BBB | 2023-07-25 16:09:53.411778
(2 rows) (1 32DFT—3R—ZAMNRALT—2ICHE-oTLVS)

(UPDATE, DELETE DL 7)) #—< 3 VEIMERERR)

$ psql -p 5434 -d db34
db34=# UPDATE t5 SET v = 'BBBBB', ts = now() WHERE id = 2;
db34=# DELETE FROM t5 WHERE id = 1; {(— db34 TT—2EH LHIR)
db34=# SELECT * FROM t5;
id v | ts
e e
2 BBBBB | 2023-07-25 16:11:38.261006
(1 row)
db34=# \q

$ psql -p 5432 -d db32 -c

'SELECT * FROM t5'

v | ts

____+ _______ + ____________________________

BBBBB | 2023-07-25 16:11:38.261006
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(1 row)
$ psqgl -p 5433 -d db33 -c 'SELECT * FROM t5'
id | v | ts
S o
2 | BBBBB | 2023-07-25 16:11:38.261006
(1 row) (1 320FT—2R—ZANALTF—2IZE->TLVB)

BEDKSIC. WINH—DDFT—HFR—ZAD INSERT. UPDATE. DELETE i'&F —HINR—X (CRIRE

NTWBTENERTEH U

o WERASHINL T r—3 0 HBEELL LV T—X
WAEOSHILL T UL —> 3> CRENRHE BT —2AEHDET .,
UFDLS CRALEF—EEE DITEET —IR—ACABICIEBAT IS ANREZITLLSH,

(db32, db33, db34 ICAKFICRAILEX—DTEHEATS)

$ psqgl -p 5432 -d db32 -c "INSERT INTO t5 VALUES (5, '5432', now())" & \
psgl -p 5433 -d db33 -c "INSERT INTO t5 VALUES (5, '5433', now())" & \
psql -p 5434 -d db34 -c "INSERT INTO t5 VALUES (5, '5434', now())" &
(db32, db33, db34 TITHNREZEHEER)

$ psql -p 5432 -d db32 -c 'SELECT * FROM t5 WHERE id = 5

id | v | ts

il _____ e ____
5 | 5432 | 2023-07-25 16:17:13.182098

(1 row)

$ psqgl -p 5433 -d db33 -c 'SELECT * FROM t5 WHERE id = 5'

id | v | ts

il _____ e ____
5 | 5433 | 2023-07-25 16:17:13.182142

(1 row)

$ psql -p 5434 -d db34 -c 'SELECT * FROM t5 WHERE id = 5'

id | v | ts

il _____ e ____
5 | 5434 | 2023-07-25 16:17:13.182127

(1 row) (1 F—B ThThBET—2R—XTRITL/- INSERTERDEZHF > TL'S)
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(BAVRBVADY—N\OTEHRBTHEL TV T—2a oI F3—RELTIVD)

$ cat S${PGDATA}/log/* | tail -20

2023-07-25 16:19:03.325 JST [2902] LOG: 1logical replication apply worker
for subscription "sub32 33" has started

2023-07-25 16:19:03.332 JST [2902] ERROR: duplicate key value violates
unique constraint "t5 pkey"

2023-07-25 16:19:03.332 JST [2902] DETAIL: Key (id)=(5) already exists.
2023-07-25 16:19:03.332 JST [2902] CONTEXT: processing remote data for
replication origin "pg 16979" during message type "INSERT" for replication
target relation "public.t5" in transaction 770, finished at 0/19E1880
(ZRUBROIFEE /1 20O —/13D 1 D2DY TR ) T 3 D DHFIT)

(=B Hh 5 LsNERHELTIS—FHLTLWEEHFERF YY)
$ psgl -p 5432 -d db32
db33=# ALTER SUBSCRIPTION sub32 33 SKIP (LSN = '0/19E1880") ;
ALTER SUBSCRIPTION
(RIRIZIZ 6 2DY TR Y FL 3 VETIZZORENRBE)

LERDEEFITIE BT —IR—IATITABTHERDIEDERD, B’REND. 2TOBITROUTS a3 >N
IS5—(CE>TULFRWEU,

FEETRABICOSHILL TV -2 3> %7328 9= JICL>TEFHFEELT. LTUT—
AIS—(CHO>TUEDITENHBDEBET, £le. ITS—(CR5RLEE. T—TILDITT—INFT—4IN
—ABTERBRODTEABICRODTUERICEEHDEFT,

PostgreSQL 16 DFTZIRAB T ROV TS3>DATS 3> origin =none T. WABELTUT—>3>%
BEITDEEFTEIINEE., EOY—/NTEEBDIAZ I TRERCEFNTEIVILFIRATIS
AP EVNDIDIFITIEHDFERA. BERANICAUT - DEREHETLZLETEHDFERA. BT —FEHICH
LT LTUT—23>IS5—MREDT AP, & —IR-IFTOT—IN—B U< 12T —X(CD
WTE. FIREAI (7TUT—>3> ) TERIDNENSGDET,
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4.4. D547 > MHEE

4.4.1. LibpgO— KIS X

PostgreSQL MU S 7> hSA TS U TH D libpq (CO— RIS > RtgEEMNBIENZE UTe. AEE = F
932 &T. BHOEHREZIBE ULT —INR—AY—) \N\OEGZHEZRN (CIEF (CHREEE D 2 &N'T]
BE(CIRD . S AT LARERD/IN T A - >R EMAEDE LA RIADHET

libpg MO — RIS > XBEEE (L. 3EHXFHID load_balance_hosts A>3 > (C ko> THIHIENET .
load_balance_hosts (C(&. disable & random DWITNHDIEZEIRTE T D ENTEE T TNENDEDE
KRIEUTFERDESDTT,

HIEME stEA
disable (ZTJAJLK) |O— RIS X(HTONT | EHFEODIRI MIEESNZIEFTHRAS5N. 77 RL
AIEDNS YRR I 7 AL SE/ESNBIEF THRASNET .

random BRSEDRA NET RLRARS DA LRIBFRTREENET. CNICKD. BHOD
PostgreSQL Y —/\—fTHEHENADEISN. O— RIS IANERR=NET,

R, IRIEZEL PGLOADBALANCEHOSTS TERIUIEEMNTEE Y, pgbench Ix & ERDIFEHTA T3
SMEETERWISA 7 RIOXY RTIHRIBEHRZFALTIZE,

CNZFETE PostgreSQL 10 UFTHN(L libpg TIFEEHDIEHGFLZIBEI D ENARETLIZ. LML .
PostgreSQL 15 BUAIT (&, #EE SNIZNEF TR hbADIEGZ A S (THEFARRIN UTE/RA MMEX L TD
HOTUMREETNTNELUZ (disable EEIL) » DFED. EBHROEGEEIEERRE THD TEO— RIS
SO ERENTOERATURR, NS LT, PostgreSQL 16 TI(IMERENLERSN., 1B ZEEDIR
R NEITTHRMN (TI9F(COSED N FIRRCIRD FE Uz, 8. EEUEitiEEZzaiRE LITBEETE.
B A L7770 NFRZESTE I B connect_timeout MIBTE (KA E U THEEINE T,

o BfEH

libpg DO— RIS XZER(CEHUFE U,

FIH—EXR(E. O—HJLITR— 5432 D DB B —EX & /R— hHV 5433 D DB B —E XD 2 DHENE
LTWBDEDELFET,

RICDSAT > ME. libpg (CRDIFHNATEER psql NS FHABULERDFERAEEZEBEL. BLY
load_balance_hosts=random Z1IETELFEJ . CDEE. EHITDEEIETE(L -h (host). -p (port) (CH> VXL
DTRREHLET (S[El(E-h localhost,localhost -p 5432,5433) . R MOR— MBI DIBETH. EHitik
DIRRA ~ER— M ENENHIE T DL D CRE T DRENGDDOTFEL TS,
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psql THEITIT DT ITIC(L "SHOW port" ZIBE L. FEFRIFLDR— NERRT D & TEBDIESTDHE
REITVET,
B EDKS(TIEE LTz psql DEITZE 10 EITLE LT,

(EmkZz 2 OFEL., Bz 10 @EAD)

$ for i in $(seqg 1 10); do psgl -h localhost,localhost -p 5432,5433
'load balance hosts=random' -c "SHOW port" -tA; done
5433

5432

5433

5433

5433

5433

5432

5433

5432

5433

SEF/R— b 5432 (C(E 3O, 5433 (C(& 7 BHERISNBIER LRV F LTS, libpg DO— RIS (E5>
Y LTEGFTZRE LTV DDTY T UERIEFEDEGRNE UREITON S DI TRV ENMDOND R
EE

o IR YR RE A

SEDBIT(FEERDMI UTeT —INR—RZ ik (CIBE LR U, —MpICO— RIS X TESEN
BT FHEHELICMKSITROT—INEUS TET I ENKRDHENE T,

PostgreSQL (CHBWVT. BICAUT—FZRMEITIERDT — IR T —EX(FIRY R > )1 ke
([CRDBERRETYT, CNETIE. TSATIVERIUINAICHUTISA T > M BE—DIERTZEREL T
O— RINS>RZEITDON. Pgpool-ll IR EDY —)LIC KD BEIR (CIEFEZIRD DT 20— RINS 2 XA A]6EE
TURA, SENSHZIClibpg (CXBDO— RIS RENWDBIREMEX F U,

22U, 7Ry BRI )NA (T U T libpg DO— RIS >R ZFFAITB(CEAUHEIKINSDET, 2Nzl
TWVWEFEULED, FI(E RIINAZER L. /"OT—FEERUET,

(RB21\L DR & T— 5 DEEK)

$ pg basebackup -p 5432 -D data standby -c fast -R -Pv
$ pg _ctl start -D data standby -o '-p 6432

$ psgl -p 5432

=# CREATE TABLE tl (i int);
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=# INSERT INTO tl1 VALUES (1);

RIS TSARIERI )\ A ZHEHEE UTIEEL,. 10 EliEfiziRA F 9.

(E#EZ 2 DFEEL. #ERZ 10 EFEAD)

$ for i in $(seq 1 10); do psgl -h /tmp,/tmp -p 5432,6432
'load balance hosts=random' -c "SHOW PORT" -tA; done
6432

5432

6432

6432

5432

5432

5432

6432

5432

6432

Ry hRE ) \A Z IR (TEE UTZIHZETEH. libpg DO— RIS IAMEEL TLWS T EMNMDOMNDFT,
TEFEHITIZRANZROFEESTLL D,

(EHEZ2OFEEL, EBEHITVDORTZE 10 AEAAD)

$ for i in $(seq 1 10); do psgl -h /tmp,/tmp -p 5432,6432
'load balance hosts=random' -c "UPDATE tl SET i = 1"; done
UPDATE 1

ERROR: cannot execute UPDATE in a read-only transaction
UPDATE 1

ERROR: cannot execute UPDATE in a read-only transaction
ERROR: cannot execute UPDATE in a read-only transaction
UPDATE 1

ERROR: cannot execute UPDATE in a read-only transaction
UPDATE 1

UPDATE 1

UPDATE 1

EROTUZREITUZIESDOAITIE. IS5—MRELTVBIEDEZESITRNEDNHDFT ., N
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TEZBRIIANRSBOTY UNZIFTFIFSNIRVNDT, AN\ AICEHRITVZRITUZEDIET

S—ME>TLEWVFETY.
EROITIUZRITIDCEIRINSERELCTISARUDHFZIBEIT DN, BEHRXXF

target_session_attrs (C primary S8 T DENHDET . U TFICBREDHZRUET.

(FE#e % 2 DIEE L target_session_attrs=primary #¥EEL.EH;I T DORT# 10 ERAHA
3)

$ for i in $(seq 1 10); do psgl -h /tmp,/tmp -p 5432,6432

'load balance hosts=random target session attrs=primary' -c "UPDATE tl SET i
= 1"; done

UPDATE 1

UPDATE 1

UPDATE
UPDATE
UPDATE
UPDATE
UPDATE

UPDATE

I o S = = S S S S S

UPDATE

EMOIVEE2THKRIL. IS—MNREELTCLWRVWZENRDMDFITI ., CNE
target_session_attrs=primary DIETE(CLD. ETOEHFHITIUNTSATURTRITSNTWVDIEHTT,

72d. target_session_attrs (C standby ZIEET D ET. TSAVYVUICEBROTURO—- RIS RS
IRV EERIEETY,

(BE#iseZ 2 DIEE L. target session_attrs=standby #$EEL. R— FE2RTTHEEI TV
DFATZE 10 BEREA4S)
$ for i in $(seq 1 10); do psgl -h /tmp,/tmp -p 5432,6432
'load balance hosts=random target session attrs=standby' -c "SHOW port" -tA;
done
6432
6432
6432
6432
6432
6432
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6432
6432
6432
6432

SE (d target_session_attrs=primary DIEE(CL D, ETDITUNRS > )1 fl(port=6432) THEITEN
TWBZENRTENZE T, BB XY/ AHEHFEIT DBE(CERT/I\AETO— RIS IHTH
nxd9.

U EFTOBIDED ., FRRICHKEITIDITUDRE(CL D TISA 7> MIFEHRXFINERAE LR T
(FVFRVDT, Ry hRE I AZRAWzO— RIS RET547 > MUISEREDZEBMMRAE LT
WMETT, 517> MINEROEGREPRITIDIIVUZZERI D LR<O- RIS AZERR UL
WNEWSZETHNZE. Pgpool-ll DRIFAZRET LT ZE N,

FIo FRINETHE UT libpg DIEFIEHTSTIEE T (3. RYIOIERGNT(CKEI U 2 SBI DT\ DR
ZRAEITN. ZOR(CH—/) RIS DUIIRETOTURTNRE U TERIDERTANDIERN HAD
ElEFEHBDFEA.

4.4.2. psql THRBRREIWESOETO M)LE

psql ONX> RT. #BEREIVVEDE IO ML ZHED T SQL XD/ NS A—F (CEZET \bind X5 IY> R
MHR—bhENFE L. TNZET. psql LD SQL ETIFEBEVVEDE UM TETEFATUR. ZDIESH. i
ERWEDE TEITURL EETDREZITD EE(C(d. REE(C pgbench AMEDONTULE LT,

LA (E \bind XY Y RTEREE UIZEIC, $1. $2 712 E D)1 > RESZE > 12 SQL XERITUE
9. psql N> RIF/INA > REE(C\bind XYV RTEREUBERRE LT UMGBRIITU O N
W ES> TN OTY RIOCRITESUMEENET . TDE(E \bind X5 IV RTERBEEREL T,
\g AFIN RTRERIU SQLXZEITI D ENAIEETT,

BUF (CERfIZRUET,

(\bind *# T FT/L ¥ FEH $1. $2 [CEERTE)
dbl=# \bind 'foo' 'bar'

(SM 2 FEH $1. $2 % >7- SQL XERT)
dbl=# SELECT $1, $2;

?column? | ?column?
__________ e
foo | bar

(1 row)
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(NA Y FERICRGIEEZRELLEBLT, \g 4237 FTRAL soL XEHFETT)
dbl=# \bind 'abc' 'xyz'

dbl=# \g

?column? | ?2column?
__________ o
abc | xyz

(1 row)

postgresgl.conf T log_min_duration_statement = 0 ZE&E LU THDIRRET. psql L TLEEDIOVY> REE
TUIEEE D PostgreSQL B —/\OJ A& ITFDLS(CIRDFET,

2023-07-12 10:04:23.445 JST [6250] LOG: duration: 0.205 ms parse
<unnamed>: SELECT $1, $2;
2023-07-12 10:04:23.445 JST [6250] LOG: duration: 0.086 ms bind <unnamed>:

SELECT $1, $2;

2023-07-12 10:04:23.445 JST [6250] DETAIL: parameters: $1 = 'foo', $2
'bar’

2023-07-12 10:04:23.446 JST [6250] LOG: duration: 0.006 ms execute
<unnamed>: SELECT $1, $2;

2023-07-12 10:04:23.446 JST [6250] DETAIL: parameters: $1 = 'foo', $2

'bar’

2023-07-12 10:04:29.942 JST [6250] LOG: duration: 0.052 ms parse
<unnamed>: SELECT $1, $2;

2023-07-12 10:04:29.942 JST [6250] LOG: duration: 0.039 ms bind <unnamed>:

SELECT $1, $2;

2023-07-12 10:04:29.942 JST [6250] DETAIL: parameters: $1 = 'abc', $2

A} A}

XYZ
2023-07-12 10:04:29.942 JST [6250] LOG: duration: 0.007 ms execute

<unnamed>: SELECT S$1, $2;

2023-07-12 10:04:29.942 JST [6250] DETAIL: parameters: $1 = 'abc', $2

A} A}

XyZ

£ZA1720L (<unnamed>) TUNRT RRX5F— X > MVIEIC parse. bind. execute =11 TULVT. IREBVE
HEZORJLAMEREIN TR S ERDMNDET,
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4.4.3. pg_dump EfeATZ 3>

pg_dump DHENT 7 A IV EREMT DAT> 3> -Z/ --compress DEMART. MERFATEEETH O
gzip BAMCEFTUWEMAR E LT Iz4 & zstd BMBIlIENE U, AT a5 TIBEI DEMARE .
gzip. 1z4. zstd. /=& noneFEEHR) T BMATS 3> & UTEMLNILDEFA? long HNBIHEETEE T,
[EEARIREIRE DR (EFIN—>a > EA UL ar BRI T L1 > FF A~ BRASLER. T LT
UK TY .. RREETIE HAOERNDNTL 1> FTF A RDBEIC. EEMBARTLANILZIBE URWNGE ER
RLANIIVZEIBE UEHBEDHN T 7 1)L Y+ X & pg_dump OETRREIZEERLUE U/,

FEMEA N CTIEERIRERAEM L N LDEF DEH (. gzip AY 1~9. 1z4 M 1~12, zstd ¥ -131072~22 &7R
DTCLFET,

(pg_dump THAT Y ITNT—E2R—XEHERK)
$ pgbench -i dbl
dropping old tables...
NOTICE: table "pgbench accounts" does not exist, skipping
: (BE)
creating primary keys...
done in 0.29 s (drop tables 0.00 s, create tables 0.01 s, client-side

generate 0.15 s, vacuum 0.04 s, primary keys 0.08 s).

(E#MEAH X none. gzip, 1z4, zstd [TDWT, T A U TFFR MK D pg_dump TEHLRILEIBTE
HFICRIT[TREE 124 D/E]D)
$ time pg dump dbl -f dbl.dmp.lz4 -Z 1z4

real Om0.218s
user Om0.077s
SYyS Om0.007s

(E#MEAH X none. gzip, 1z4, zstd [TDWT, T A U TFFR MK D pg_dump THRADEHRL AL
#HBE L TERIT[TRX zstd DIFES])
$ time pg dump dbl -f dbl.dmp.zstd:22 -Z zstd:22

real Om15.496s
user Om11.730s
SYyS Om0.448s

EBEMARTLANILEBE URWBED I 7 1)L P X ERTRBRIETRDLS(CRDFE U,
TJ7AIHA XDEMHBEEEVNEDHS zstd, gzip. 1z4. none DIET. ETEMBEXEVWEDHS
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Iz4. zstd. none. gzip DIEETRDFE LI,

EMEL NLERELARVWEED 7 74 ILT A X
10000000
9000000
8000000
7000000
0000099 7 A LY A X (byte)
5000000
4000000
3000000
2000000
1000000
0 — [
none gzip 1z4 zstd
JE#E L NILZEIETE L WiGHE O E{TRH
0.2
0.18
0.16
0.14
o1z W EATERR (7))
0.1
0.08
0.06
0.04
0.02
0
none gzip zstd

Fe. LNIVEEE URVSEDERL NIV, gzip LAV 67 ER—TF X, 124 & zstd (FLAJLO &
B—HAXERDELUR.

BEMARNTRALNILVZEE UEBED T 7 NIIVYA X EXRITREZ. LARIVEEE URWNEE ST
JEAERIETFEEDLDICIRD XU,
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FEARL ~LEFETE L B WRE & BAFEMRL L AHE L
FBADT 7 A LY A X

600000

500000
400000 .
B 7 74)LY 14X (byte)
300000
200000
100000
. H B

gzip  gzip:9 1z4 [z4:12  zstd  zstd:22

FEfEL NILEEELAWGEEERAEML NIV EEEL
735 E D EITRE
18
16
14
12 _
mETRE (W)

10

8

6

4

2

0 [

gzip gzip:9 1z4 1z4:12 zstd zstd:22

~

T7AIINBAXENTNELNILZIRE URWEELDNE D ELEN ILNLVZEBELRWNEE S
DI 7 AINTAXDER(FHFEDENT & (CHRTETRB EABCBNT DEMEAREHDZENS. L

NIVEENEL TEEANRMEVBFOT 7 LA X ERTHER THDEERFT.
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4.5, EHEH

4.5.1. FricREZSY > JIEH

KIN—23>TlE, T—HIR—XAY—)DREZEE T DeHDOE 12—, Ea1—hHH T B1EHRD
WSDMBIIENTWET, UITFTOERRICRUET,

PostgreSQL 16 #REELKR— k

R Ea1—

A

E1— pg_stat_io

/0 [CBI 9 BfftatBika .

E1— pg_stat_* tables/indexes M

5l last_seq_scan. last_idx_scan

BREICS—T2IVILAFv . A>TV IRXXFv 2N

EiTenrzHLZzE .

5l n_tup_newpage_upd

E1— pg_stat_* tables @

FUWR—DADIT/) =23 AR Z > TEH SN
TR,

S5

pg_stat_get backend_subxact(backendid)

NV IOT> ROYT RS2 H023>F vy 1ROY

Th32H5023>28 20Fvvaha—/\—-J0O—

LTWLWBhv e, 518(% pid TE72 < backendids

E1— pg_stat_io (CDWT. EfTHIERUET, /\WOTITD RIER. WRAT> 0 MERI. F70>5F
A RDHEAFENDEZ EICRA ML —21/10 DEREFEHEEBSDZENTEET,

(i)

backend type
object

context

reads

read time
writes

write time
writebacks
writeback time
extends

extend time

dbl=# SELECT * FROM pg stat io;

client backend
relation
normal

13443

o o o o

613

- RECORD 8 ]——#———————mmmmmmm o
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op bytes | 8192
hits | 1466159
evictions | 1077
reuses |
fsyncs | O
(#Rg)
B9%% pg_stat_get _backend_subxact (CDWCTHERBIZERUET,
(BINLES ZEBOBRFVHLTYH T S0 a3 0% EHT % pgbench F ) A E4ERL)
$ psgl dbl
dbl=# CREATE TABLE t subtx log (id int, cnt int, ts timestamp);
dbl=# INSERT INTO t subtx log SELECT g, 0, null
FROM generate series(l, 10000) g;
dbl=# CREATE FUNCTION f subtx(i int, ¢ int) RETURNS boolean
LANGUAGE plpgsgl AS $S
BEGIN
UPDATE t subtx log SET cnt = ¢, ts = now() WHERE id = 1i;
IF ¢ > 0 THEN RETURN f subtx(i, ¢ - 1); ELSE RETURN true END IF;
EXCEPTION WHEN others THEN RETURN false;
END; $$;
dbl=# \g
$ cat > f subtx.sgl <<EOS
\set id random (1, 10000)
SELECT f subtx( :id , 100);
EOS
$ pgbench -f f subtx.sgl -n -c 5 -t 100 dbl
(BD psql v a»THifTLTET)
dbl=# SELECT v2.pid, wait event type, wait event, s.* FROM (
SELECT a.*, v.backendid FROM pg stat activity a JOIN (
SELECT backendid, pg stat get backend pid(backendid) AS pid
FROM pg stat get backend idset () backendid) v ON v.pid = a.pid) v2,
LATERAL pg stat get backend subxact (v2Z.backendid) s
WHERE backend type = 'client backend';
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pid | wait event type | wait event | subxact count | subxact overflowed
—————— R e e it e et ettt T e
3958 | *null* | *null* | o | £

4196 | LWLock | SubtransSLRU | ol | £

4197 | LWLock | SubtransSLRU | 64 | t

4198 | *null* | *null* | 31 | £

4199 | *null* | *null* | a7 | f

4200 | LWLock | SubtransSLRU | 1| £

(6 rows)

pg_stat_get_backend_subxact B(dtzw > 3> EDEHREL - RETRUE T . 518 pid TERR
<NwOIZRIDZEFEARALET. /\NwIIT>RID &/\yOT> RIOEAD PID ZxIifT1T D1z ABIT
(Z. pg_stat_get backend_pid Bi#% & pg_stat_get_backend _idset Bz {F> TL\E T, £z, L I— REIDE
UEZIR DTz, LATERAL BEEZFED>TLERT . EDEL O— RICEFNSDI(CIZ. subxact_count] (F+7wv
231 tOYT RS HOS 3248 & subxact_overflowed 5l (v w S ahSanizhESH) iEFENTLY
Fz9,

SHORABETIOCATHI NSO aazBHEINdcET B NS PO a3 v
AMNBNTI 7 AILTZOCIAMNECTZD., Oy IRFENEL TIENELSIRD T — AN D FT . KB ZE
DT EBRICEYZa>DBIT hS2H IS 3>V, Fr v 10A—/\—TJO-HRETNDIDHh=E
RIdEmNTEFRLUR,

4.5.2. TEREEBZHO—)L

AIN—=3>Tld. UATDO3IDOEEFHI AT AO-)LMNEINENELEZ. WINELSHUSHIERHRS
NTNBDHRS5T, $FRlIEEEIF > TLET,

O—-J)v4 L

pg_maintain E2TCDT—TILDAFTF 2RI

(VACUUM . ANALYZE . CLUSTER. REFRESH MATERIALIZED
VIEW. REINDEX. LOCK TABLE) ZFE{TCE&d0— /L. KBIEA>FTF>
ABREET—TILOPBEEEEER—/\—1—H UNETTETEEATL
Iz
— AO—)LDENIE beta3 THDHENFUE
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O—I)v4& BTt
pg_create_subscription F—ANR—RD CREATE #ERZIFDI—INS T X OUT> 3 > = /ERk
TE30-)b. MY IROVTS 3> ER—/I\—1—H UNERTZE

FRBATUR,

pg_use_reserved_connections | /{5 X—7%4 reserved_connections T¥#) UTciEHizE> Tigfi =50
—)L. reserved_connections (&AX/\—=3 > TEBIMENE/\SA—-FT. X
—)\—1—YF® superuser_reserved_connections & (B (CF#)9 DiEkc
BaEEL. TIAILNMEIOTY,

LT o#eiEsR 2 T\E LT,

(pg_maintain X »/3—¢& L Tmaintainer Z{Ef L. VACUUM 2T TE SN ZHER)
dbl=# CREATE ROLE maintainer LOGIN IN ROLE pg maintain;
CREATE ROLE
dbl=# \c - maintainer
You are now connected to database "dbl" as user "maintainer".
dbl=> VACUUM pgbench accounts;
VACUUM

(B¥1—Y., pg_use_reserved connections * V/\—, R—/\—I1—HMN
ThThERBEEVT > -BEOEEZFER)
(B¥1—" alice & pg use_reserved connections * >/\—¢& LT bob Z4ERL)
dbl=# CREATE ROLE alice LOGIN;
CREATE ROLE
dbl=# CREATE ROLE bob LOGIN IN ROLE pg use reserved connections;
CREATE ROLE
dbl=# \qgq

(BKIEHBM max_connections # 10 [T 5 L. reserved connections % 3 [TEXSE)
$ vi $PGDATA/postgresgl.conf

max_ connections = 10
reserved connections = 3
superuser reserved connections = 3

$ pg ctl restart
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(BlmR Gl 1—H alice & L THE#HH)
$ psgl -U alice dbl
$ psgl -U alice dbl
$ psgl -U alice dbl
$ psgl -U alice dbl

(—1—YI1%
max_connections - (superuser_ reserved connections + reserved_connections)
M A ZBASERITS—ITEB)
$ psgl -U alice dbl
psgl: error: connection to server on socket "/tmp/.s.PGSQL.5432" failed:
FATAL: remaining connection slots are reserved for roles with privileges of

the "pg use reserved connections" role

(Bl¥m>K T pg_use_reserved connections * >/\—bob & L TH#iE)
$ psgl -U bob dbl
$ psgl -U bob dbl
$ psgl -U bob dbl

{pg_use_reserved connections # »/\—[& reserved connections = 3 D#HHEHIL
FHEATLEL, —RA1—YLEDET
max_connections - superuser reserved connections = 7 Z# X 5#EHIT
T3—I2%%)

$ psgl -U bob dbl

psgl: error: connection to server on socket "/tmp/.s.PGSQL.5432" failed:

FATAL: remaining connection slots are reserved for roles with SUPERUSER

(Rlimk TR —/3—1—H postgres & L THEHE)
$ psgl -U postgres dbl
$ psgl -U postgres dbl
$ psgl -U postgres dbl

(R—/3—21—Hd superuser_reserved connections = 3 DEHEMIIFHIA TS,
A—=NR—1—HFPN L EHTmax_connections = 10 TR HERITTS—I274 D)
$ psgl -U postgres dbl
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psgl: error: connection to server on socket "/tmp/.s.PGSQL.5432" failed:

FATAL: sorry, too many clients already

U ED@ED., FIERERBEHO—ILOBST R CTEH L.

4.5.3. R—ZHEATOYT)LEE

AI\—==3>H5 VACUUM B (CHIFDR—TEA TCHOFTILERE (JU—X. FREEZE) JUENITH
nNaksErbxELE.

PostgreSQL M —J )L DYPIBIIRIT (FTIL) F. ZDATILEE>REETD RSO O3>
ID (XID)EASFT—FEUTRIFULTWVWET , CNIEAFEITSINDITOEA. BH#. HIBR. SRICHULT. b
SO 3> BBLANILCEUE—BEDH 2T —IRAMD ZRIR T DzH(fEhNET. —A T, XID
(FESDET B 320t BB TH D IeHBESDORIEINFEELEIDT, HLIXID, UL XID DREGRHENRK
SIS, FHCHWXID ZFDYTIVZEFRET D (=FREHVXID TESNIZYTILEENTITT D) REN
»HH. INIEVACUUMAIREDHRTITHNZE T,

CNFETD VACUUM YURT (. BILCIDRFEUIEN S D XID HEDEITEZ B2 (C [FEIRY /2 VACUUM ] Z
175 EHIENIZIHZE (LT —JILEERICDVWTRBUEZITD CVWSEMEE L CULE LT (R—HBAI TR
TEBEPH CHLDNZELFRU THNWTUIRZEIR T D EETEFRLR) »

A== 3 >h5 (& [FEBIIR VACUUM] I ENRVWEETE. WALADININR—SESTAHZET D
EECFNR—DEATORBUIBE—HE(CITDORDICIRDF Uz, T, FEWR(CRAT D WAL HEZEE
BEELICETNESLKITIREGERENTLET,

» N—ZHfuD.Fig

LUFDFIETR—BEAOREEMEZ R UE Uz,

contrib Bt DILIE pageinspect ZEAL T, T—JILDEZITILNEESNTVBIHEHR T D ENT
TFE9,

t_xmin N5 )LIERBED XIDET T . FTILANERESNTULSIHE SN infomask 75T Ew NTENMS
lTENZFET, [(i.t_infomask & 768) = 768 frozen] DRIFENZRARDEDTT,

(pageinspect iR ZEBA L., TAMTF—TIL - TR FT—E ZER)

dbl=# CREATE EXTENSION pageinspect;

dbl=# CREATE TABLE t freeze (id int, v text);

dbl=# INSERT INTO t freeze SELECT g, substr (md5(g::text),1,10)

FROM generate series(l, 10) g;
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(T—T I t_freezeMOR—THICET BB F TIVOERRELEMT—24288T D)
dbl=# SELECT i.lp, i.t xmin, i.t infomask,
(i.t infomask & 768) = 768 frozen, t.*

FROM heap page items(get raw page('public.t freeze', 0)) 1

LEFT JOIN public.t freeze t ON ('(0,' || i.1p || ")')::tid = t.ctid;
Ip | £t xmin | t infomask | frozen | id | v
——— Fem— Fe—————— Fom
1 | 50976 | 2050 | £ | 1 | c4ca4d238a0
2 | 50976 | 2050 | £ | 2 | c8le728d9d
3 ] 50976 | 2050 | £ | 3 | eccbc87e4b
(hRg)
8 | 50976 | 2050 | £ | 8 | c9f0£895fDb
9 | 50976 | 2050 | £ | 9 | 45c48ccele
10 | 50976 | 2050 | £ | 10 | d3d9446802
(10 rows)

TEZEHT S LEFFF XID 277 t_xmin OEARLEDE2 TILHEZ )
dbl=# UPDATE t freeze SET v = upper(v);
dbl=# SELECT i.lp, i.t xmin, i.t infomask,
(i.t infomask & 768) = 768 frozen, t.*

FROM heap page items(get raw page('public.t freeze', 0)) 1

LEFT JOIN public.t freeze t ON ('(0,' || i.1p || ")')::tid = t.ctid;
Ilp | t xmin | t infomask | frozen | id | v
——— e Fom - Fom = Fom = Fom -
1 | 50976 | 258 | £ | *null* | *null*
2 50976 | 258 | £ | *null* | *null*
(hRg)
9 | 50976 | 258 | £ | *null* | *null*
10 | 50976 | 258 | £ | *null* | *null*
11 | 50977 | 10242 | £ | 1 | C4CA4238A0
12 | 50977 | 10242 | £ | 2 | C81E728D9D
(hRg)
19 | 50977 | 10242 | £ | 9 | 45C48CCEZ2E
20 | 50977 | 10242 | £ | 10 | D3D9446802
(20 rows)
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CHECKPOINT 2L D7 (C VACUUM Z1T5 & WAL AT IINR—ZEBEAHNELET T COEE(TH
HREED R — ZBAIDFASLIEN @ < (LTI,

dbl=# CHECKPOINT;
dbl=# VACUUM VERBOSE public.t freeze;
INFO: vacuuming "dbl.public.t freeze" «— lTaggressively| TIX7ELY
INFO: finished vacuuming "dbl.public.t freeze": index scans: 0
pages: 0 removed, 1 remain, 1 scanned (100.00% of total)
tuples: 10 removed, 10 remain, 0 are dead but not yet removable
removable cutoff: 50978, which was 0 XIDs old when operation ended
new relfrozenxid: 50978, which is 3 XIDs ahead of previous wvalue
frozen: 1 pages from table (100.00% of total) had 10 tuples frozen

I R—CEE TVERORE
index scan not needed: 0 pages from table (0.00% of total) had 0 dead item

identifiers removed

(L8 vacuuM VERBOSE H % 4RE)

VACUUM VERBOSE Mt /3h 5, Taggressively vacuuming| (F8#BHJ7% VACUUM) & U TEIMEL TULVR
W—7. [frozen:] EWSIEBTHTILEIEUEC ENMRESN TR ENHERTETH UL, 51 UATD
KDCHTIVIREEER T DE. T5TEY MIEEEH TSIty hanTuLEd,

dbl=# SELECT i.lp, i.t xmin, i.t infomask,
(i.t infomask & 768) = 768 frozen, t.*
FROM heap page items(get raw page('public.t freeze', 0)) i
LEFT JOIN public.t freeze t ON ('(O0,"' || i.1lp || ")')::tid = t.ctid;
lp | t xmin | t infomask | frozen | id | v
——— Fom Fo— Fo— Fom
1 | *null* | *null* | *null* | *null* | *null*
2 | *null* | *null* | *null* | *null* | *null*
(hEg)
9 | *null* | *null* | *null* | *null* | *null*
10 | *null* | *null* | *null* | *null* | *null*
11 | 50977 | 11010 | t | 1 | C4CA4238A0
12 | 50977 | 11010 | t | 2 | C81lE728D9D
13 | 50977 | 11010 | t | 3 | ECCBC87E4B
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(i)
18 | 50977 | 11010 | t | 8 | CO9FOF895FB
19 | 50977 | 11010 | t | 9 | 45C48CCEZ2E
20 | 50977 | 11010 | t | 10 | D3D9446802
(20 rows) 12T EREShTNS

F—TILDO—EETHNERIESND EWVWSEE/I\Y -2 BERLE UTE. 10 BITDOT—4(C3x LT 500 1712
EOEFHZEMNITT. FTVIRA> MEICVACUUM ZEITUE T,

dbl=# TRUNCATE t freeze;
dbl=# INSERT INTO t freeze SELECT g, substr(md5(g::text),1,10)

FROM generate series(l, 100000) g;
dbl=# UPDATE t freeze SET v = upper(v) WHERE id < 500;
dbl=# CHECKPOINT;
dbl=# VACUUM VERBOSE t freeze;
INFO: vacuuming "dbl.public.t freeze"
INFO: finished vacuuming "dbl.public.t freeze": index scans: 0
pages: 0 removed, 544 remain, 544 scanned (100.00% of total)
tuples: 499 removed, 100000 remain, 0 are dead but not yet removable
removable cutoff: 50971, which was 0 XIDs old when operation ended
new relfrozenxid: 50969, which is 1 XIDs ahead of previous wvalue
frozen: 1 pages from table (0.18% of total) had 56 tuples frozen

T —BEFLAEESATLS

index scan not needed: 3 pages from table (0.55% of total) had 499 dead item

identifiers removed

(LL2® vACUUM VERBOSE H 5% 4E8)

COFIETT & t_freeze DAREPD DR—Z(FHIBRE AR ZFF/Z/R0\ 28D (C VACUUM MBI R Fw T
NFIDT, ENSR—Z([CFRBLIBEITONIRWER D F U,

* RIGUETD WAL BN EDHI
WAL ENEDHIFEU T DOFIRTHRLE UTT,
10 31707 —TJ)LIC VACUUM FREEZE Z41T DRI CIRIED WAL (iIBZHE L T, EITEZRARET,

(10 AfFTT—ILEARE)
$ psqgl dbl
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dbl=# TRUNCATE t freeze;

dbl=# CHECKPOINT;

dbl=# INSERT INTO t freeze SELECT g, md5(g::text)
FROM generate series(l, 100000) g;

dbl=# \q

(pgbench T txid_current() ZEITLTrSOY O avIDEIRFISUY I aVEDB)
$ echo "SELECT txid current();" > txid current.sql

$ pgbench -n -f txid current.sqgl -c 1 -t 10000 dbl

(i h&mE)
$ psgl dbl
dbl=# SELECT pg current wal lsn();

pg_current wal 1lsn

0/5F0E5E78

(T—TLEEITOVTERLEERTSE D)
dbl=# VACUUM FREEZE t freeze;
dbl=# SELECT pg current wal lsn();

pg_current wal 1lsn

0/5F136658

(VACUUM i WAL (i EA 5. WAL H OB ZRHED)
dbl=# SELECT 'O/5F136658'::pg lsn - 'O/5F0ES5E78'::pg lsn;

?column?

329696

Z N7 PostgreSQL15 & PostgreSQL16 TLEE T D ELU T DFER RO F LTz, PostgreSQL16 Tld WAL
HHEN PostgreSQL15 D 4 DD 1 FE TEATVNE T, AMREITIEIERD/N\SDEFEEFEAEELEEA
T\‘ LJj—CO
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10 54T VACUUM FREEZE o WAL H % (kB)
1400

1200
1000
800
600
400

200

PG15 PG16

4.5.4. VAcUUM Y >2J)\w J 75+ XI85E

PostgreSQL TET—JIA>A 2T VI RDT —FZmHEST I D EE(CT—FaHB/N\v I 7 LICEHE
TUIBEITVNE T, CDEE VACUUM IR EFT—T )17 —IEIE I DFOUR(IC DN T, #HE/\w I 7AD
BRESNZHX (VACUUM THNIE 256kB) DIEHDAHZED LD (CIRD>TVWET ., ZomlgzE >IN
v I 7 EFUET ., CNICEKD . —DOYREDTZHICHB/\Y T 7 DZEFEDT—TILDFT - TEBHTUE
S EZBIELTVWETD,

PostgreSQL16 H'5(d. VACUUM & ANALYZE ([CHI1FTB U TN\ T 7 DU A XA BRE/INSA—F &
VACUUM B LT ANALYZE X > RDA TS 3> BUFFER_USAGE_LIMIT TIEETE3LS(CHDHELE.
$ETE (X ANALYZE QB (CHEBERAESNE T,

REINS A= DHRAFATDEDTT,

HE/NSA—5% B

vacuum_buffer_usage_limit VACUUM 2 ANALYZE (CBIFD I >T)\w T 7 DY+ X=IETE.
T I AL MK 256kB. 128kB H'S 16GB HhYETEAIAE.
ExME & U T (3 shared_buffers D 8 3 1 5 XH LR,

BUFFER_USAGE_LIMIT A>3 > A{#AFAIERUET .

(VACUUM O < > FTOfEEM)
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dbl=# VACUUM (BUFFER USAGE LIMIT '1MB');

VACUUM

KOKREZERUINY IT7HAXEIEBEITDCET. HE/N\Y I7Z2EEZLTCULED—AT. KDER
(C VACUUM 2 ANALYZE #ER1TI B ENTEFE Y, PostgreSQL H— E X{LHIEZD VACUUM ANALYZE
TEREB/N\Y IFZEETIDT, KERUINY I7 A XZIBEITDDIFRVNVEXEEXFT,

BFoFIETKRERII)I\Y T 7 OMEEMRERNRE U,

(T—SBALHRTT—ILICFEEHEEL T2 %45)

dbl=# CREATE TABLE t ringbuffer (id int, wval text);

dbl=# INSERT INTO t ringbuffer SELECT g, md5(g::text)
FROM generate series(l, 750000) g;

INSERT 0 750000

dbl=# DELETE FROM t ringbuffer WHERE id % 5 = 0;

DELETE 150000

dbl=# \g

(PostgreSQL BiZENE #I= VACUUM %#%E177 5)

$ pg _ctl restart

$ psgl dbl

dbl=# \timiming on (— PrERFRIEHAD

dbl=# VACUUM (BUFFER USAGE LIMIT '64MB') t ringbuffer;
VACUUM (T AT a vERDBEETNTNER)
Time: 176.855 ms

IRDZI S T (&, shared_buffers = 1GB M & =(C. PostgreSQL EENBE(C 75 B1T (WY X 49MB) D
F—2 )% 15 BiTHIBR U1z (C VACUUM 33 & M. T JA4J)L h& BUFFER_USAGE_LIMIT '64MB' &35
EUBEDOFERITY ., PostgreSQL BIEENRTICIA T DL ST 75 F1TD INSERT & 15 FH{40 DELETE
ZITDOTCVLWET,

(GRELHEI DR IRERZE)
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BUFFER_USAGE_LIMIT & VACUUM B (ms)
350

300 }
250
200 I
150
100
50
0
256kB 64MB

BUFFER_USAGE_LIMIT 64MB Z38E L2 A. T I A b (256kB) DIBED 60% DIRIT
VACUUM DT TEE U,

4.5.5. Meson EJLR

PostgreSQL M E)L R(EES < Linux Tld Autoconf, Windows Tl Perl XU KB MSVC EJL RS
AFLAPFIAENTEHXUEN. ESTERVWINEELKRDHERECHITDIASTF AN LWEDERD
TEFHU, TIT. PostgreSQL 16 'S I(FEFL < FEAENDI LD (TR TL > RU—7% Meson
EILRSRFLZYIR—FFBRDICIRADELZ UTF TR [3. REEDebDY b7y T | DE TR L T
L\B Linux @ Autoconf ([CRBDEJL Rz THRERDOEILR] EUTHBALET,

* HFEDENFEDLLEE

Meson EJLRDEILR - 1> AR =I)LFIBEHEDOEIL RELBTNET, EERDEILRTIE/
configure — make — make install EW\D 72X > RZMECEITUTLE UM, Meson E)L RT(d meson
setup — ninja — ninja install DIETEITUE T,

ERDEILRTIFY—RT 4 LU NI ETEILRENTWEUA Meson EJLRTEFY—XF7 0 LT &
UDNEBICH N T DIZHDEIL RF 4 LI KNUZIBEIT DL D(CRDFELLZ. NICEXD. BALY—-XF+r L
I RUICHUTEILREEES EICEILREDTFDZENTIRECIRDE U,

FERDE)L RTEAFIEIL REEITT B/2H(C make (T AT 3 > THHEZBEIBEE T DHENSGD
F9 ., Meson EJLRTEFFTIAILMTCPUZBEEITIRE L. TNAEIL ROMFIE EIEESNET .

ERDE)L ROFFEFEZOBYR— hEnFEIN. FFRNC(E Meson EJL ROHCESHZ D ZEN
BEESNTLET,
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IR, ERDEIL RE Meson EJL RDLEEERICEESHEEDTT,

NEI IS Meson E)L K
EILR - 4> X —)LFIR Jconfigure meson setup
make ninja
make install ninja install
EIL REEES LD EIL RAYalEEN REJHE EILREEREZ L(CEIL RaTaE
WHEIL R A AT 3> THRMICE T JA)L NTEHEITHERE Uz CPU
NI ZEHET DRENDD | BZlHNHETD
TRt HHDOMYIR— b~ TR (C—A1E

TERDEIL RFIEZFITUTZ [3. REEDTzsdD Y b7y T | EHHE L DD BAHI73 Meson EJL ROF
NEZ AT (ERUET

* YIRIIFAF

Meson EJL R(E31.TRBNALTVWDT 4 AKNUE1—>3 2> tarball N5 TFRL, Git FT Vo7 A
SEILRTBIBEICDOHEELET .

Git F 1T w277 b PostgreSQL 16 (T URL DR—M545 D> O— REJEETT,

https://github.com/postgres/postgres/releases/tag/REL 16 BETA2

* FRATIRLT
Meson EJL ROIREERIE (L 3.2. TRESN TV DIRIBERBRR(C, RIE(EESE FD RHEL 8.x (x86_64) AR

RZEFERLET,

s (R

gce. zlib-devel. readline-devel. libicu-devel. openssi-devel. libzstd-devel. Iz4-devel D&/ \w o —HY
BESMUBHA A R—=ILENTWDIRET, BIMTEIL RCHEBIR/ VT —2FA4 A M=)LUET,

CDEZEPython DIN—==32(E 37U ETHIRENSDFITMN. ZDHITIE Python3. 11 A1 > X b—
ILENBKSICLTVET,

perl. flex. bison MLETHDDIZ. git RS KUDY—-XI—REE)LRTB/H T, tarball B2
DIBEICE. CNBY—ILICK D TERSNIZT 7 AILMBDMNSSFENTVERIT DT, INSY —)UISHEAE
TlEHOFEATUR,

71

Copyright © 2023 SRA 0SS LLC All rights reserved.


http://www.sraoss.co.jp/

PostgreSQL 16 #REFLKR— bk

# dnf install python3.ll-pip
# pip3.11 install meson ninja

# dnf install perl flex bison

ZTD#. 33 HEARODATEIDEELRDIEIDCY-RO-ROEILRZEITVWE L, FHIIC
postgres 1—H TiAHE ZTJEERR /usr/local/pgsql/meson16 T« L2 RUZAEBELIZS X T, postgres 1—H
[CCEITLUEU

(LI F. postgres 1—H THIT)
$ wget --no-check-certificate
https://github.com/postgres/postgres/archive/refs/tags/REL 16 BETA2.tar.gz
(EFRIE 147)
$ tar xf REL 16 BETA2.tar.gz
$ cd postgres—-REL 16 BETA2
$ meson setup build --prefix=/usr/local/pgsql/mesonl6 —--debug \
-Dssl=openssl -Dzstd=enabled -Dlz4=enabled
(build FEILFTs LI R))
The Meson build system
Version: 1.1.1
Source dir: /home/postgres/install/postgres—-REL 16 BETA2
Build dir: /home/postgres/install/postgres-REL 16 BETA2/build
Build type: native build
Project name: postgresqgl
Project version: l6beta?2
C compiler for the host machine: cc (gcc 8.5.0 "cc (GCC) 8.5.0 20210514 (Red
Hat 8.5.0-16)")
C linker for the host machine: cc 1ld.bfd 2.30-113
Host machine cpu family: x86 64
Host machine cpu: x86 64
Run-time dependency threads found: YES
Program perl found: YES (/usr/bin/perl)
Program python3 found: YES (/usr/bin/python3)
(H 1 hEg) | configure FAHROREDHE., EIL FREFHE—XMNHHEHD
Data layout
data block size : 8 kB

WAL block size : 8 kB
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segment size : 1 GB
System

host system : linux x86 64

build system : linux x86 64
Compiler

linker : 1d.bfd

C compiler : gcc 8.5.0
(i A Rg)

plperl : YES

plpython : YES 3.8

pltcl : NO

readline : YES

selinux : NO

systemd : YES 239

uuid : NO

z1lib : YES 1.2.11

zstd : YES 1.4.4

User defined options

debug : True

prefix : /usr/local/pgsgl/mesonl6
1z4 : enabled

ssl : openssl

zstd : enabled

Found ninja-1.11.1.git.kitware.jobserver-1 at /usr/local/bin/ninja

$ cd build
$ ninja
[2316/2316] Linking target src/interfaces/ecpg/test/thread/alloc
1TV TR1TELEET SR TRAENHASHAD
ninja -v &THEFIAVY—LIZEELFITY FERFHAShD
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$ ninja install
[0/1] Installing files.
Installing subdir
/data/pgsqgl/install/postgres-REL 16 BETA2/src/include/access to
/usr/local/pgsgl/mesonl6/include/server/access
Installing
/data/pgsql/install/postgres-REL 16 BETA2/src/include/access/amapi.h to
/usr/local/pgsgl/mesonl6/include/server/access

(H 1 hEg) 111274V EBIZA VR = LBERHIETHhD
Installing symlink pointing to libecpg compat.so.3.16 to
/usr/local/pgsqgl/mesonl6/1ib64/libecpg compat.so.3
Installing symlink pointing to libecpg compat.so.3 to

/usr/local/pgsqgl/mesonl6/1ib64/libecpg compat.so

$ 1ls /usr/local/pgsgl/mesonl6/

bin include 1ib64 share

B ET. Meson [CEBEILRBLUVA A R=IUITETTY,, MRDBETA A M=)LUTEEE EEH
(C PostgreSQL /\-f U MNFIBBIgE(ICIAD E LTz,
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5. IEEIRAZEE

PostgreSQL 16 ([C(FWWK DO FFEHDEERNHDET T, AR TIEZEDSIEEELREDZHALE T,

* PL/pgSQL DA—YV/LHHEE
PL/pgSQL FHiESEBTIEIH—VILEFIFAITDICENTEET, PLpgSQAL TH—YILZFEDS EE(CED
R—% L% (PostgreSQL MF—YVILE) (. CNETIE PLpgSQL (CHBITBDH—VILEHZEZZTDFEFED
TWEURE, ZDes. BROA—VIVERZRFICA-—T > URDIETREIS—HMRELTLEUR,
BUF (& PostgreSQL15 TOIS —FHEHITY,

(E27 SELECT XIS/ > FEh=h—YILEH ¢l & OPEN T S8 f_curl, f_cur2 ZE#H)
dbl=# CREATE FUNCTION f curl () RETURNS refcursor LANGUAGE plpgsqgl AS
$S DECLARE cl CURSOR FOR SELECT tablename FROM pg tables;
BEGIN OPEN cl; RETURN cl; END; S$S;
dbl=# CREATE FUNCTION f cur2() RETURNS refcursor LANGUAGE plpgsqgl AS
$S DECLARE cl CURSOR FOR SELECT usename FROM pg user;

BEGIN OPEN cl; RETURN cl; END; $$;

(ENB 2 ODBEKEFUHL T, TOROH—YVIILIRBEZETESK f_curd ZEH)
dbl=# CREATE FUNCTION f cur3() RETURNS SETOF pg cursors LANGUAGE plpgsgl AS
$$ DECLARE cl101 REFCURSOR; cl102 REFCURSOR;
BEGIN ¢101 := f curl(); <¢l02 := £ cur2();

RETURN QUERY EXECUTE 'SELECT * FROM pg cursors'; END; S$$;

(PostgreSQL 15 TRITTHELERBA—YVILDT=HIZKKT %)
dbl=# SELECT name, statement FROM f cur3();
ERROR: cursor "cl" already in use

CONTEXT: PL/pgSQL function f cur2() line 1 at OPEN

PL/pgSQL function f cur3() line 2 at assignment

RO - TO>—Z v HUH UEOZRBEEBNTENDN TVS H—VILEZZIEE LU TULVRL E&RT
DEEZBITEBADT., COEFHIEZXLIHDELA.

B C4LI2%Z PostgreSQL16 TERITIDEMINUET ., CDEE. RDIED name 5l (F73210%5 pg_cursors
Ea—®dnamedll) TRENDDNH—VILE R—F)ILE) TI. lcll EWDH—VILEEE &SRR
(CEEMCHmEEINTVDRIENDNDET,
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(PostgreSOL 16 TREI#kIZ f_curl, f cur2, f_cur3 BA¥EE&HEL T. f_curd ¥ ZEET
dbl=# SELECT name, statement FROM f cur3();

name | statement
____________________ o
<unnamed portal 3> | SELECT tablename FROM pg tables
<unnamed portal 4> | SELECT usename FROM pg user

(2 rows)

PostgreSQL15 T f_cur3 B D __DEHOEHFOH LZ IXA RO MU TEITUTHET,

(PostgreSQL 15 T f_cur3 FA¥iE|E#MZ L TRT)
dbl=# CREATE OR REPLACE FUNCTION f cur3() RETURNS SETOF pg cursors
LANGUAGE plpgsgl AS
$$ DECLARE c101 REFCURSOR; cl02 REFCURSOR;
BEGIN ¢101 := £ curl(); /*cl02 := £ cur2();*/

RETURN QUERY EXECUTE 'SELECT * FROM pg cursors'; END; $$;

dbl=# SELECT name, statement FROM f cur3();

name | statement

______ o
cl | SELECT tablename FROM pg tables
(1 row)

name SITREND H—YVILDOR—FILENEHZERBU [c1] (LR TLWBDTENERTEE L.

IR—BIADMEHRAUNEND Z E(FFFEMDEEELEZXFT, PLpgSAL (CHIFDH—VILEHE EN
—FIIENRALUTHDZEZAHRICLTVWBR T U —23>0— RICIHEENKRETT,

PostgreSQL 16 TIEUATDLDICERR T D E. H—VILDR—FILEEBAFRNICIEETETET ., FBXF
BINMEETCEFEIN, BEHRAERIUBAICINIE, PostgreSQL 15 AT ER UEEHEKIRTETET,

(PostgreSQL 16 TH—YILDR—Z IILZ ZRTHIZEET 55HS)
dbl=# CREATE OR REPLACE FUNCTION f curl() RETURNS refcursor
LANGUAGE plpgsgl AS
$S$ DECLARE cl CURSOR FOR SELECT tablename FROM pg tables;

BEGIN cl := 'portal-cl'; OPEN cl; RETURN cl; END; $$;

dbl=# SELECT name, statement FROM f cur3();
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name | statement
____________________ o
<unnamed portal 1> | SELECT usename FROM pg user
portal-cl | SELECT tablename FROM pg tables

(2 rows)

¢ FF—T NULLS NOT DISTINCT 1> F w4 EIF
F—OIDFEF—EUVUTBRFOI=Z—TA 2TV IRZEDIRDICIBETETEIN. CDEE. INET
(& TNULLS NOT DISTINCT] EEDI=— T4 > 7 v I XA THMEARIRET LIz, FF—"TIENOT NULL Flf)
BTRESNEIDT, ENNULL DIHEICHATIIEEFEEKRTY ., CORDIRFEF—EF>TITDE.
DR RNFPARBEIRER D A T I 71 I hEanNTE LUz,
PostgreSQL 16 TIEZDLDRA 2T v IR EEF—(EDSENEIEETNF U,

¢ REINDEX DATABASE 1{%Z &

REINDEX DATABASE X > R (B LU reindexdb N> R) DEMENZENDD ., SRFALFT—TILD1>
TV O AIBIERR SNIR<IRD FE Uz, PostgreSQL 16 T. AT AT —TILDA > FT v IR ZBIER T BI(C
(Z. REINDEX SYSTEM 1Y > R (reindexdb --system <X > R) XTI INENHDET,

EHETEND/I\YFROUT NTBUENVNE ERDAJEEMEN S DET,

o BERT—TN - 1N—FT123>T7—TNIETERERXDUHRERE

PostgreSQL 16 Tl&. #MET—JILF(F/ N \—F 0 >a>FT—TILICHBNT. |7—TILEFT—TILT
BUCHICDWTERITH DM T —E L TUVRIITNERSIR<IRDE Uz, A—BOF7—J)L&EN
LEDETDE ITS5—(Tdh BENICHT—JILICHIZSNET,

(PostgreSOL 16 M/S—F 1 3 v T—TILOHI /| ERIINRBEFTREF—HILEETS—)
dbl=# CREATE TABLE t pl (id int, cl int, c2 int) PARTITION BY HASH (id);
dbl=# CREATE TABLE t cO (id int, cl int, c2 int);
dbl=# CREATE TABLE t ¢l (id int, cl int,
c2 int GENERATED ALWAYS AS (cl + 1) STORED);
dbl=# ALTER TABLE t pl ATTACH PARTITION t cO
FOR VALUES WITH (MODULUS 2, REMAINDER O0);
dbl=# ALTER TABLE t pl ATTACH PARTITION t cl

FOR VALUES WITH (MODULUS 2, REMAINDER 1);

ERROR: column "c2" in child table must not be a generated column
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72d5. PostgreSQL 16 TEFHTFDT—TILTERIIDANERD Z E(FRDHSNTVET,

(PostgreSQL 16 DERT—TILDH / BFTERIOKXEIFT—HTELERLY)
dbl=# CREATE TABLE t inh p (id int, v text,

g text GENERATED ALWAYS AS (v || 'X') STORED);
dbl=# CREATE TABLE t inh cl (id int, v text,

g text GENERATED ALWAYS AS (v || 'YZ') STORED) INHERITS (t inh p);
dbl=# INSERT INTO t inh p (id, v) VALUES (1, 'A');
dbl=# INSERT INTO t inh cl (id, v) VALUES (101, 'B');
dbl=# SELECT * FROM t_ inh p;
id | v I g
_____ e

1 | A | AX

101 | B | BYZ

(2 rows)

* pg_walinspect TEI$5E 1L

contrib #53RE= 1 —)L pg_walinspect T. AT DOREBMNEILEESNFE Uz, CNS(Eend Isn 518z H2T .

FEID WAL D7 MILOREF CTZLEHRE LK T,

* pg_get wal_records_info_till_end_of wal

* pg_get wal stats_till_end_of wal

REFEE LTI pg_get wal_records_info B8£8Y° pg_get wal_stats B 5128 (end_Isn) (CATF

DX SIC LSN DEAME FFFFFFFF/FFFFFFFF Z5 X MUd. EROERM|MESNE T,

dbl=# SELECT * FROM
Pg _get wal records info('0/03000000', 'FFFFFEFFE/FEFFFEFEE'");

1285, EEEHIDSE—5IE (start_Isn) (F. pg_wal T« LI MJICHIRENSVWESDIT 7 1)L &&HFD

7= WAL 7 7 -1 )LA* [000000010000000000000003] TH D /=D T. TDO WAL T 7 1ILOREZEN]RT DLD
(. IMTEHS 16 HTBETHE (0] RS WS a1 DFHFIC, KE2HD 03] BRS WS 1DEIC. ©TDEIC

[000000] ZEL\T. LSN X5 [0/03000000] Z/E> THEELIZEWDEETT,
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¢ CREATE RULE [Zk£BE1—fERE DB
CREATE RULE OYX > REFE->TCTE 1 —%{E3FENFEIEESNFE U,
PostgreSQL 15 £ TIEUTDLS(ICLTEZ—FEENAIEET LT,

(PostgreSQL 15.x LIRTTHAIRETdH o7= CREATE RULE [Tk 3 E 1 —FH)
dbl=# CREATE TABLE t ruletest (id int PRIMARY KEY, cl int, c2 int);
dbl=# CREATE TABLE v _ruletest AS SELECT * FROM t ruletest;
dbl=# CREATE RULE " RETURN" AS ON SELECT TO v ruletest
DO INSTEAD SELECT * FROM t ruletest; — CCTI—ILAIEAT “_RETURN®
dbl=# \dv

List of relations

Schema | Name | Type | Owner

———————— e B

public | v _ruletest | view | postgres — v_ruletest FE2—IZEH B
(1 row)

COBXXH IR ETLDER(FENEZEZIBNET .

* RE/NGA—SEE
PostgreSQL 16 TUTRICRIBIFEDRE/(SA—FIRNEEETNE L.

NSA—5% Bl

force_parallel_mode debug_parallel_query (C/\SA—FZHEEENE LU,

vacuum_defer_cleanup_age |FElEENFEU.

TS5ARVICHIF S VACUUM BN L T U —> 3> NS T ETRY
2INARIDSEEIVEDE EEENE U DDZER T D(C(E. RE(C
hot_standby_feedback Z X% > /\AfIT on (CLTZD. LU —23>
AOY bZEEDTZDNTDIZENERBNET,

promote_trigger file BElEEnEFz U,

NUHT7AIEBENTRI )\ AT —)(ZFIET DB AN EIEEN
F U, RE(C pg_ctl promote 1> B2 pg_promote B E S mHEH
HDNFETI,
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NSA—5% BTt
Ic_collate WS A=FEE, BlEEnFz U,
Ic_ctype CNSEFSBERAD/(SA—FT,. TNTNIREEREL VDT —FINN—

AD Collate & Ctype ZIRITEDT Uz,
BUIEREATDSQL TS TEET,

SELECT datcollate collate, datctype ctype FROM

pg_database WHERE datname = current database();

+ postmaster 1< > REELL

postmaster 1~ > RAEIEENE U,

PostgreSQL 8.2.x MEFsM 5. postgres DRIZTHDFEIEFECTHDIENNY 1 7ILICEHE ETNTLEL
oo EREUVTEERDSRUYOUZOITUIR,

postgres T(E/x< . postmaster & U TEEN L CLEIBEDHE—DIEWNE 0S DT O —E(ICIAND IY
> RS+ > XFHI(C postmaster NRNBZETY ., CNET postmaster 1> R&EFE > TULVT, 0SDTO
TR—EBDOOV> RSA 2 XFHZE> TERLUTWZIHAIC(E. AIShFESRETT,

s O0—)LD CREATEUSER BN X E
O—JLIC CREATEUSER B &E[S5UEBE(IC. TDO—)L T TEIIRENERLDERESNDLSI(C
EEINFUR, BLWELUTRISRUET,

JN\—=3>15ZFT IN—=3> 16 5
BHEOHE, BE BYPASSRLS. REPLICATION . BENZOREZFE > TWTCT. ZEEID
(CREATE ROLE. SUPERUSER (#X—/\—1—YR7E. O—J)L@ ADMIN OPTION 42X > )\
ALTER ROLE) ZFNLMIMER(CE]RE —THhRI5AICHEE

O—JLA>/)\—=wF | SUPERUSEREBMO—)LUAMIMERIC BEHIAN—vITIH5930—-)L
DINEEYS k- A )\—2w TR 5/REN ] EE @ ADMIN OPTION f1& X>/)\—T%
(GRANT,/REVOKE) Di5Ea (08

Z/z. psql T ADMIN OPTION fAZETO—ILAI\—2 v IG5 ENZC E2HRTE D drg IV R
MEMENE LR, UATFICOYY RETFRKOEHHIZRUET,
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dbl=> \drg

List of role grants
Role name | Member of | Options | Grantor
——————————— R s A T e
bar | rolel | ADMIN, INHERIT, SET | postgres
foo | rolel | INHERIT, SET | bar
foo | role2 | ADMIN, INHERIT, SET | postgres
(3 rows)

6. BEFEIF

ARFI A MMESRAOSS LLC (CEK DR ENIE Uz, UM UL SRAOSS LLC (IR RF2 A I
TIEREM BRAM. ZOMONRDRIEZ T DEDTEHDFRA.ARFIAS MEFIAT DHE. FIFED
BELCENWTTROTIESEDERDFET,
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