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1. (FUSIC

AXE(E PostgreSQL 14 (CEFENDEBEIFHEEEFAL. ERCEMEFSEIIREIERERET DED
TY, PostgreSQL 14 [CDWTHEEL KIS ELTWBI—HDIIFICIRBD CEZBRNELTVET,
2021 €5 8 20 HICU U — X 17z PostgreSQL 14 beta1 2 U TIREEZITL). ©DH. 202146 524 H
([CUU—XENJZ 14 beta2 TOEBERBTERILL T, AXEZERLTLET,

2. B=E

PostgreSQL 14 DFE/RFHEEEIUTDBED TI ., RRFIAAD M TIEINSDIEBZEWD EITFET,
4HEm L
o Btree 1 >7 v XAEXRLHNILE
o ROYLEFETEHR
o LZ4(CKBDT—HEHE
o postgres_fdw DILEE
o OZAILTUT—>3 > %hEeekE
SQL #H&se :
o WILFEBEEL
AMFATZ 1T U MORZIFIEX
SEARCH )/ CYCLE A)
GROUP BY &)@ DISTINCT
date_bin Bd2%
o AR RIOZ—=+ D OUT 5%
EREHE
o A RIS a> otk SRR

[e]

[e]

[e]

[e]

[e]

S A7 AA0—)L pg_read_all_data,/pg_write_all_data
EITHRHRETE 1 — DB & sk

pg_amcheck

pg_rewind #gEENN

[e]

[e]

[e]

CODMICE. HEEBIINCEENZSHHDET . ETCOEEAD—EIC DU TIE PostgreSQL 14 RF1 A>
RARDUU—-X_J—K (BIFURL) (CEEHENTULET,

https://www.postgresgl.org/docs/14/release-14.html
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3. BREFEDfzsHDty K7V S

3.1. YVIMIIFPAF

PostgreSQL 14 (R—Hr%=EEZD) (FUT URLDR—HB545 0> 0O— REJETT., V—XI—R |
Windows D/ A FUDA > A =5, RPM yum URS RUBBHEESNTLET,

https://www.postgresgl.org/download

3.2. WREHRIR

REERITE LT IRIBYEERE F D CentOS 7.5 (x86_64) DAV > Z(ERLE L.

AAREE(FEANRIFEN S > EOMREDIRR PO ARRUEY —/)N(CH T DHREDRELEFER LU TWEEA. T
BEZIRFL I D556, B/ \—=3 DO ZEDRVEE SO ZTU. BNHENE RS ZEZBH
EUFUIE

3.3. 12AM=)b

gcc. zlib-devel. readline-devel. Iz4-devel DF/\W T —HH 5N US> A M—)LENTUVBIRRET. UL
TOATZa>ICTY—-RXRO—-ROEILRZITVWE U, FBHIC postgres 1—H THRAEZTAIHER
lusr/local/pgsql/14 >« L NUZBAEUZS X T. postgres 1—H(ICTEITULFE U,

(LLF. postgres 1—H THRIT)

$ wget https://ftp.postgresgl.org/pub/source/vldbeta2/postgresqgl-
l4beta2.tar.bz?2 XERRIX 11T

$ tar jxf postgresgl-l4beta2.tar.bz2

$ cd postgresgl-l4beta?

$ ./configure --prefix=/usr/local/pgsgl/14 --enable-debug --with-1z4
$ make world

$ make install-world

RIBEWZRES DI 7 I)IL2ESH LT, @ALET,

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

VER=14

PGHOME=/usr/local/pgsgl/${VER}
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export PATH=${PGHOME}/bin:${PATH}

export LDiLIBRARYiPATH=${PGHOME}/lib:${LD7LIBRARY7PATH}
export PGDATA=/var/lib/pgsqgl/data/14

EOF

$ . ~/pgld.env

F—HAIR—RISAIT 4 L2 NU% |varlliblpgsql/data 5« L2 RUBTFICERR LET. L. DT+
Lo RUMNEIFNUE, root T—H TYERR LT, postgres I—HFIEEELTHEET,

# mkdir -p /var/lib/pgsqgl/data

# chown postgres.postgres /var/lib/pgsqgl/data

T—INR—RISAI&FRHRLET. OT—JUEL (COT—IL) . UTF8ZFT IAILbELFET,

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

BEIT7ANIVCRNBROBREZSRAFET, CNCLDOTAVE-IHIT7AILICEEENET,

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

EOF

PostgreSQL Z#eE# LFE T,

$ pg _ctl start

REEARDT —FIN—RZERRLUET .

$ createdb -U postgres dbl

BB DEAEEE(E db1 5 — 4 /R— X (T postgres 1—H THE#Ht L TITWLE T,

$ psgl -U postgres -d dbl
psgl (l4dbeta?2)

Type "help" for help.

dbl=4#
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4. EBIHENMHERE

FTERENEEE. MEEM LE(CDWTEMFERZ L CWLWEET, £le, HE THEEDRERHBAEULET,
ZIENHEEEDFEMRSHBR IR EN DY Z 21 FVILICEH;EETNTUVE T, K1 X M—)LFIEZITOIEHS.
BUFogrr (- > X =)D share/doc/html) (CHTML DN =1 7L ERSNE T,

/usr/local/pgsql/14/share/doc/html/

F/z. BT URL (CT PostgreSQL 14 D RF1 A MHIRHESNTNET . WINEREBLRDEFT.

http://www.postgresqgl.org/docs/14/static/

4.1. TEREM EDTZSHDFREERE

4.1.1. Btree - >7 v/ XDREXIGINLE

SEIDMETIE. UPDATE TEFISNEA > 7 v O XIC, BIlfEIfeZ R £ hES X I8R(CIRD. ZDE
> MBS TV O =T DHEIBRMNEIRECIRDE LTz 12TV IRAARTARE(CRD U —-TJIEHRZ
HIFR 9 22 ETR—ZHENDORBEERBSU. 12TV IXDIEKRIEZEBITDZENTEET,

MVCC Dft#EA Tl34T% UPDATE 95 &, REBNIC/\—=3 > DERDEHDITHERSNE . HOT
(heap only tuple) DIEHEANBERTENEA > 5T v I INDEFHFIIITHONEEAN. HOT HBERETERIIN
FATYVORCAUA TV IREZFDITERMNBINENET . CORDIRA TV IRICITIERZIE
MBS, HMT/NN=3> (WL TES MERZMS5ITDIRDCRDF L.

o REF

UFDOXRSICT—TIVERET —FEFEZITL\, pgbench ZF> TF—IFHZEITVNET,

B9 D5 (abalance) &. TET & (FEEHZRDF (filler) (CX T DA >FTWVIRXEVER LT, BH & IIHE
BERDFIDA > FT w2 (idx_a filler) [CDWT, ZDI7AILHAXDEb=HRLUE LI,

(BREEADT—TIVEBRZER)

dbl=# CREATE TABLE pgbench accounts (
aid bigint, bid bigint, abalance bigint,
filler text DEFAULT md5 (random() ::text));

dbl=# CREATE UNIQUE INDEX idx a aid ON pgbench accounts (aid);

dbl=# CREATE INDEX idx a abalance ON pgbench accounts (abalance);
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dbl=# CREATE INDEX idx a filler ON pgbench accounts(filler);

(10 F¥DT—2 EH/A)
dbl=# INSERT INTO pgbench accounts

SELECT id, 0, O FROM generate series(1l, 100000) as id;

BIFDSQL T >5 w2 X pgb_a_filer DY X=MERELE L.

dbl=# SELECT pg size pretty(pg relation size('idx a filler')) AS size;

BUF®D pgbench FADER SQL ROUT hz=HRLU T,

$ cat > update.sgl <<EOS
\set aid random(l, 100000 * :scale)

\set delta random(-5000, 5000)
UPDATE pgbench accounts SET abalance = abalance + :delta WHERE aid = :aid;

EOS

BLFDEKDIC pgbench T 10 A5 x 10 BE DE{TZLF U,

$ pgbench -n -c 10 -t 100000 -f update.sgl dbl

NRFY—IDET(C autovacuum NEITSN TAREBREIBOEIINAREINEL, 12T VIIR—-ZEH
MBI TONDB IS, BXIEUEEOS 1 X (NS <D FET, D&, autovacuum = off DREES X =
IREETHEEMUE U WITNDBEES. pgbench EITHIC 1>FT VIR idx_a_filler 7 REINDEX INDEX 1

N2 RTHEMEL TWE T,
N==23>13 &E/N\—-232 14 TRVBZIT O LD > TV IXB A XU TERDED T,

R PG13 PG14
REINDEX B 5.6 MB 5.6 MB
pgbench £174& ( autovacuum=on ) 11 MB 11 MB
pgbench £174#& ( autovacuum=off ) 22 MB 11 MB

autovacuum=on (CUTEHEE. /N—=3>2 13 £ 14 TERSSONFERATUR., TR BERIHE
AU MB B[ CTEREHLUTVWEIN, ERICIFHER(C/I\SDENBDFELURLE. CNIFES VACUUM DE
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THEECEO>TA T YVIRDIEKRILT DEENENDIEHTI,
autovacuum=off ([CUTEiH&E. /\—>3a> 14 DE#EN S SHhNFE LR, /\—23> 14 TlE VACUUM %=
LUV THEIRXEOIFELEE . autovacuum=on (CLUTULVEEERIUREDO Y1 XFEARICEEF > TULET,

* TE
125y I ZADBEICHEESZRNEHT@E HOT DHEAZDBRATENL, 1 >F v IRICEEENF

HUFBA. UNDUIIDEDZEILT. 127 Y IREHZELT DHEFHOT iMEZX EE A
ZDBE(F. BEUIIICEE LRV > v ORE, BUMREA > T v OREIC. BEOTIBERM ENEN
x9,

F—=JIVTEBERDA 2TV IRNRNERSNTNT., TDIEDWVITNHDA T I EICRET DN
BHEINDE. TOMDA TV IXEEIFOMRERD . CORRRRNREELPT<RDET,

UPDATE BASMC INSERT, DELETE BillifT U TATONEIZETIR E . EEROIRRICK DFEFENDDFE I
BEROA>TYVIREERZUTCVWIRIETE. RNSDEEZSNET,

4.1.2. {LEFETZIN(CER

CREATE STATISTICS (& PostgreSQL 10 TEASNIZfH#EH T T . EHEIIDEOBEFRIEZED T, 178D
REDZXIDIEHICITVWET, CNETEEMRIDBEUMEETCETEFFATUR.

PostgreSQL 14 T(3HLsR#FETHEIRZEER T DRIC. XMEXDKLD(CRDF L.

BIFoED. eMFERzEmUE LI,

(READT—T N &T—42 Z/ERL. ANALYZE $5R1T)
dbl=# CREATE TABLE t exstat (a int);
dbl=# INSERT INTO t exstat SELECT generate series(l, 1000);

dbl=# ANALYZE t exstat;

(PRERAEEHIEER AN VMRS - wHERE ]IS £ 5Cb)
dbl=# EXPLAIN (ANALYZE, TIMING OFF)
SELECT * FROM t exstat WHERE mod(a, 10) = 0 AND mod(a, 20) = 0;
QUERY PLAN
Seq Scan on t exstat
(cost=0.00..25.00 rows=1 width=4) (actual rows=50 loops=1)
Filter: ((mod(a, 10) = 0) AND (mod(a, 20) = 0))

Rows Removed by Filter: 950
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gL

(MEsR#EEHESRA L LMES - GrOUP BY TR ZERDR)
=# EXPLAIN (ANALYZE, TIMING OFF)
SELECT 1 FROM t exstat GROUP BY mod(a,10), mod(a,20);
QUERY PLAN
HashAggregate (cost=25.00..40.00 rows=1000 width=12) (actual rows=20 loops=1)

Group Key: mod(a, 10), mod(a, 20)

gL

AT IEILRFRETHIBIRND R WVBES. TANTENDEROM4E SN TEN TLVE 9. WHERE %2> GROUP BY D
ZAFICEZYE I BDREIGRFTBERICEDS & LDIEERMTHREBEDNITONET.

(KIcHT HHREHFHEREERT B)
dbl=# CREATE STATISTICS s ON mod(a,10), mod(a,20) FROM t exstat;

dbl=# ANALYZE t exstat;

(FreELoTY)
dbl=# EXPLAIN (ANALYZE, TIMING OFF)
SELECT * FROM t exstat WHERE mod(a,10) = 0 AND mod(a,20) = 0;
QUERY PLAN
Seq Scan on t exstat
(cost=0.00..25.00 rows=50 width=4) (actual rows=50 loops=1l)
Filter: ((mod(a, 10) = 0) AND (mod(a, 20) = 0))
Rows Removed by Filter: 950

R

dbl=# EXPLAIN (ANALYZE, TIMING OFF)
SELECT 1 FROM t exstat GROUP BY mod(a,10), mod(a,20);
QUERY PLAN
HashAggregate (cost=25.00..25.30 rows=20 width=12) (actual rows=20
loops=1)
Group Key: mod(a, 10), mod(a, 20)
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. ERRR

H&E o IR TIBEIR(L pg_stats_ext_exprs E1—TESBTEET,
7z, psql D\AX THEEFET AR R TEDRLDICRDFE L. UTDLD(CERRESNET,

dbl=4# \dX
List of extended statistics

Schema | Name | Definition | Ndistinct |
Dependencies | MCV

———————— R e et e
______________ I,

public | s | mod(a, 10), mod(a, 20) FROM t exstat | defined |

defined | defined
(1 row)

4.1.3. LZ4 ([CKBFID TOAST |

TOAST > —~ DIEAEIC LZ4 EMET7IL TV X LMMEX D XS (LD FE U,

EEAREFNC & (CERETEEYI . CREATE TABLEY? ALTER TABLE T. pglz (MERDEHEAT) H 124
ZRETETEI., CREATETABLE CEMBARZIBE UM DEHBEEE. FTULY GUC /IS A -4
default_toast_compression DFEEMNMENONET . T I AL MMEIRERSRD pglz TY .

LZ4 =FIFE T B1z8(C(% PostgreSQL ZEJL RITBRR(C 1z4 ST SUERAELT. configure A>3 >
(C --—with-1z4 ZEIBEIDIRVENHDET, --with-1z4 HNETIRD TUWRWEIT/\AFUTE, 77—
AINR—ROTSAIERSERENH DD TREITETEIN, 124 EESNIITT —9Z2 7 IR ITDIEE(CT
S—(CIRDFET,

PUF(C1z4 ZER T DIEEDHIZRUET,

(T4 MEBERDERAR)
dbl=# SHOW default toast compression;

default toast compression

pglz
(1 17)

(1z4 EREHRELISIZEET—TILEERE L, \a+ THR)
dbl=# CREATE TABLE t compress_test (
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id int PRIMARY KEY, filename TEXT, content TEXT COMPRESSION 1z4);

dbl=# \d+ t compress test
Table “public.t_compress_test”
Column | Type | Collation | Nullable | Default | Storage | Compression

Stats target | Description

id | integer | | not null | | plain [ [
|
filename | text [ | | | extended | [
|
content | text [ | | | extended | 1z4 [
|
Indexes:

“t_compress_test _pkey” PRIMARY KEY, btree (id)

Access method: heap

UTFDELS/RALTER TABLE CHIOEMAREZE L TH. BFOT—SEEBREINEREA. FIDEHNE
Frennid, FILLWERAR TRESNE T,

ALTER TABLE (F—7JJLA) ALTER COLUMN {%I%&) SET COMPRESSION l1lz4;

BEHRMEDRA T FRELAENEE, EET —YDFFIE-—MTONDT—XEHDFT. TDEk
IMEEBEMANEIELULEEA. UATIC. ZTOXSBBEEDEZRLET.

(pglz EMEDT—TIVE 1z4 EMOT—TLVEEEL T, T—28A)
dbl=# CREATE TABLE t src (id INT, content TEXT COMPRESSION pglz);

dbl=# CREATE TABLE t dest (id INT, content TEXT COMPRESSION 1z4);

dbl=# INSERT INTO t src VALUES (1, 'text 1' || repeat(' long', 1000));
dbl=# INSERT INTO t dest VALUES (2, 'text 2' || repeat(' long', 1000));
dbl=# INSERT INTO t dest VALUES (3, 'text 3' || repeat(' long', 1000));

(B1TD content JIDEMA R %= HERR)

dbl=# SELECT id, pg column compression(content) FROM t src;

id | pg_column compression

10
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dbl=# SELECT id, pg column compression(content) FROM t dest;
id | pg_column_ compression
e
2 | 1z4
3 | 1z4
(2 17)

(HTH V) %(FE>1- UPDATE X CHIEZEEH T 3)
dbl=# UPDATE t dest SET content = (
SELECT content FROM t src WHERE id = 1) WHERE id = 3;

=# SELECT id, pg column compression (content) FROM t dest;
id | pg_column_ compression
e
2 | 1z4
3 | pglz — t srcDpglzDFEFIAE—ThD

(2 97)

psql D \d+ CTEMBARIERTETET . UTD psql i&ET. KB DHNERICTDZEEAEETT &
psql DIEHFET — )W —3 2 13U TFDBEERICENICIRADET,

dbl=# \set HIDE TOAST COMPRESSION on

BEE L T, pg_dump <X > R(C --no-toast-compression AT 3 >MBIIENE Uz, AATZ 3
SEIBETDE. FUTERICEMBARZE I UEE A,

* pglz & 1z4 DIEBELL B
KR(CHINESNTWVND T —HDEMEAT (L pg_column_compression() B2 CHEER TEET &

pg_column_size() BEE[ED EEMEINIZT —F A AN R TEE T,
pglz & 1z4 ZHHE UTEHE. 7ILTUX LD SN TWDFEHEN S, T —FDEMERL pglz DAENEL . E
TERROAIBEE (4 124 MR\ EFEEINET,

11
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EERELUTHEXDTFART—4 (SGML RFI1 XA K) ZIELALT, kLB XZERUE LU,

(TR FRAT—TIVER)
dbl=# CREATE TABLE t rate test (
id int primary key,

c pglz text COMPRESSION pglz, c 1z4 text COMPRESSION 1z4);

(c_pglz, c_1z4 ISALTHRRA T2 EHBA :
PostgreSQL{IBR FF a1 AU MDD sgml F7AMILD 17740 & 1 T—2&ELT1601THRA
BAFIEIZER)

(pglz & 1z4 OEMEELLE)
dbl=# SELECT
(s_pglz::double precision / s _plain)::numeric(5,2) AS rate pglz,
(s_1z4::double precision / s _plain)::numeric(5,2) AS rate 1z4
FROM (SELECT sum(length(c pglz)) AS s plain,
sum(pg_column size(c_pglz)) AS s pglz,
sum(pg_column size(c_1lz4)) AS s 1z4 FROM t rate test
) AS t sum;

rate pglz | rate 1z4

AV FILOXFE (=)\A MM "X THDH) (CHLTWLWINE 3EREDOY A X(CEMBSNTUL
BD. pglz DIERED/NSEESNTVDHRERERDHUE.

[T —5 DESRIRE DL E & U T, pgbench ZFIA UL T D SELECT VT UZE#EDIR UELT UTZBEDFR
BRFEESHAUE U,

SELECT sum(length(content)) FROM t decompress;

FRFT—TIVICIE, FEFERBIRIC PostgreSQL RF1 A b sgml T 71 ILDFT—FZIEHLTNET ,
shared_buffers DY+ XRCIRE DT A XTHo>T. N\ IT7 EICH B THSFTA METLELE, F/ZSAL
DRIEGER(FRESZET T BT TT —FHmEUUEDHEEVRWEFE LE LR,

DT T V-3 > SHATIBEF. T —IRBOETIEIIIUARBICL O TERDDT.

12

Copyright © 2022 SRA 0SS, Inc. Japan All rights reserved.


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

PostgreSQL14 #&REELAR—k

HLETESEBRETIN, 14 DHMNETFRVERCIRDFU.

$ time pgbench -n -c¢ 1 -t 100 -f select sum pglz.sqgl

real Oml2.664s

$ time pgbench -n -c¢ 1 -t 100 -f select sum 1lz4.sql

real Oml11.199s

NETFIAN—ATERUCHER, TNEEASREEREHSONEBATUIEN, YA X EUIBEE
([CDWT., EmEUTIHETBDDEEMNMESNELE.

4.1.4. postgres_fdw DILFE

postgres_fdw MLsR SN TA T DEMEN BIGEL /R D FE LTz,
44885 — )LD TRUNCATE
88— T ILDIERIEAR 47 >
EBT—TILAD—FERA

WEBFT—4Sw )\ (Foreign data wrapper. FDW) MDi#kgEE LT nsMeiasn. 48— JILS v/ D
BREED—DTd S postgres_fdw THEXMG=NE L.

TRUNCATE (35 T 4 )L b THIARIREICIRD F T, AEPH —/N\FEZENEBT—TILDAT> 3> 0T .
truncatable A>3 > ANEBIMENTWVWT., T I A KE true (BR) TI. HEBF7—TILICHUT
TRUNCATE X > RAYERITTET. UE— hETHE TRUNCATE HEITENET,

FEEFARF v > ZFA T D (C(FEBE —/IE 2 (FZEBT—T)LDIEE T async_capable A>3 > D15
ENREICIADET . T IA)L M false (HZ) TI . IFEPAF V2 Z2BMCIDIET RITTISUICH
|72 Append AUED TFAI TDRF+ > ZWMF(CEITIT D EMNAIREICRADET ., INEFNEPT—TILICEKD
IN—=F4>3>F7=ILICHITBIENEDE TRSIANDIEIT TS HIRTT,

—IEEBAZFA T BIC (L HEPS—)NETZ (39T —TILDTEE T batch_size AT 3> &IBELET .
T IA) ME(F 1 TEUBZITDIRANC EZBIRUE T, INSERT INTO ... SELECT X8 & TEEITZ
A Y — I BRIHEE ERE 11T DAY — EXESNTUVZIZeh, KEDITZIRAT D EYURNIEE(C
ELRO>TWELUEZ, COEBMEZSRETDCENTEET,

UFEInNoHEZERRCEF=EdhlarmUET.

13

Copyright © 2022 SRA 0SS, Inc. Japan All rights reserved.


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

PostgreSQL14 #&REELAR—k

(postgres_fdw DBMERERAICT—2 R—X dbr &£ T—T)L t_fdwtest ZERK)
$ createdb dbr

$ psgl dbr

dbr=# CREATE TABLE t fdwtest (id int, val text);

dbr=# \qg

(B#< postgres_fdw EIRZHA)
$ psgl dbl
dbl=# CREATE EXTENSION postgres fdw;

GERMR F v o E2EHNICT H5F T 3 VEETHEY—/ MERR)
dbl=# CREATE SERVER fs test FOREIGN DATA WRAPPER postgres fdw

OPTIONS (host 'localhost', dbname 'dbr', async capable 'true');

NBTF—TILFRAICEFI—FTYEL T EBRDE)
dbl=# CREATE USER MAPPING FOR postgres SERVER fsitest

OPTIONS (user 'postgres');

(—EEADF T a U &EE LN T—TILER)

dbl=# CREATE FOREIGN TABLE ft fdwtest a (id int, val text)
SERVER fs test OPTIONS (schema name 'public',
table name 't fdwtest', batch size '1");

dbl=# CREATE FOREIGN TABLE ft fdwtest b (id int, val text)
SERVER fs test OPTIONS (schema name 'public',

table name 't fdwtest', batch size '10'");

(ERAR v o ER/HIC LR EHR)
dbl=# EXPLAIN (COSTS off)
SELECT * FROM ft fdwtest a UNION ALL SELECT * FROM ft fdwtest b;
QUERY PLAN

Append

-> Async Foreign Scan on ft fdwtest a

-> Async Foreign Scan on ft fdwtest b
(3 rows) ¥ 2 DM Async Foreign Scan [IRIRFMITICEITINET

Copyright © 2022 SRA 0SS, Inc. Japan All rights reserved.
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(TRUNCATE 4 21T 8E)
dbl=# TRUNCATE ft fdwtest a, ft fdwtest b;
¥ PEFEIE T... is not a table] &LV5 ERRORIZH Y EL

—IEEABEDEE. UE— b —/VRIT postgresqgl.conf (C log_statement="mod' Z:&EL T. JE—
MUTEITESNZEH SQL ZOJ LRI DL THR TEF Y. OJRHREMD KIS CHRELEDZITUT
DFIEZEEITLEL.

(BEBITT— 2 A D soL E1T)
dbl=# INSERT INTO ft fdwtest a

SELECT g, md5(g::text) FROM generate series(l, 100) g;
dbl=# INSERT INTO ft fdwtest b

SELECT g, md5(g::text) FROM generate series(l, 100) g;

OJEHh=ziE2 UE 9, batch_size=1 DIHFE. INSERT XHHEDIRESNTULET,

(AJHAN: fEKFT[Ebatch size=1 DFE / A LRETEEIRLI=Rk¥)

LOG: execute pgsgl fdw prep 1: INSERT INTO public.t fdwtest(id, val) VALUES
(81, $2)

DETAIL: parameters: $1 = '1', $2 = ...

LOG: execute pgsgl fdw prep 1: INSERT INTO public.t fdwtest(id, val) VALUES
(81, $2)

DETAIL: parameters: $1 = '2', $2 = ...

LOG: execute pgsgl fdw prep 1: INSERT INTO public.t fdwtest(id, val) VALUES
(81, $2)

DETAIL: parameters: $1 = '3', $2 = ...

batch_size=10 & UTZIHE . —fEEACK DA 2P — MX(TEEBD/ (SA—FHNESNTESNET . 1
B — MXOFRTEENRD .. BN EERIESNE T,

(Dﬁ&ﬂ:1mmq;n@ﬂowﬁé//94Az§>7§%%btﬁ%)

LOG: execute pgsgl fdw prep 1: INSERT INTO public.t fdwtest(id, val) VALUES
(81, $2), (83, $4), (85, $6), (87, $8), (89, $10), (811, $12), (813, $14),
($15, $16), (s$17, $18), (s$19, $20)

DETAIL: parameters: $1 = '1', $2 = ..., 83 = "'"2', 84 = ..., $5 = '3',%6

= ..., $7 ="4", 88 = ..., $9 = '5', 510 ..., S11 'e', $12 = ...,

15
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LOG: execute pgsqgl fdw prep 1: INSERT INTO public.t fdwtest (id, wval)
VALUES ($1, $2), ($3, $4), (85, $6), (87, $8), ($9, $10), ($11, s$12), (813,
$14), ($15, $1le), (s$17, $18), ($19, $20)

DETAIL: parameters: $1 = '11', $2 = ..., $3 = '12', $4 = ..., $5 = '13',%6
= ..., $7 ="'14', $8 = ..., $9 = '15', $§10 = ..., $11 = 'l6', $12 = ...,

f(CE postgres_fdw (CRI T DEENITHONTNET,

HERH — )N E DIBFIUENSEEIN TS D, T —/NEDIEFENMTINTUWESBEINICBIERZITDO L
DITIRDFUL,

BUFIH S, SMEBY— ) (& DB ST SN BRHM CI> TULER Uz, Lh L, S8R —) VIR BEEE U /=
BEREBEHEMINDIHZEN DD F T MK S8 — /) N EDIBGENINITIREE T SN — T )L 2SR
DUOTVERFEITIDETSAT O MNIIS—MNRO>TEFE U, 507> MITEBE sQL ZE{T9 NI,
AN — ) CEDBIEGEMNTON T, YRB(FITONEITH. ZDIEHDILTS—MICHBEERDODTLELE. 5
BIDHRICKD . BT —/NEDIBEFENTINTWTEIS — (TS5 BEINICHEIER U TUIENTHONE D,

BEIE L CIERUIREEZHIF T D EMBY —/)\DA TS 3> keep_connections (I AJL I on) TIRE
TEBLDICIRDFE LT, keep_connections Z off (CT UL, ST O3 R T UIEBR T, Y —
INEDEFERZEIDE T, CNICKDHEIT—/VIDIRTS 3 > BDBEZ RS T ZENTEET,

postgres_fdw (CEH T DIEHIREEZ EIR T DU T DREEGEMETNTULET,

BaEX

ﬂ

B3

postgres_fdw_get_connections()

REDERGIAEZ R T D

postgres_fdw_disconnect('4+2H—/ (&)

HERY — /)N EDIERZE ] D

ST —/)\EDIERZEY) D

postgres_fdw_disconnect_all()

postgres_fdw_disconnect. postgres_fdw_disconnect_all (&, keep_connections ' on T & (. LR
DIciERZE RHECARR U WEICBRATY,

4.1.5. OZHILLTUG—2 3> 0DehE

PostgreSQL 14 TEXOZHILL TUT—2 3 2 (CDVWTHRARBENSERASNTVE T, AETE. TB
RERICDWVWTORREEZIRELET .

WREEDTzDIC, BIF DK S (C PostgreSQL - > A5 > Xz REIRRA bDR— 5433 (YL TT. T—HINR—X
db2 ZED. cnNEOSHILLTUS -3 >0k eE UTREBR LE U,
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(postgresql.conf ZIEL T wal level % logical 29 %)
$ vi $PGDATA/postgresgl.conf
wal level = logical

$ pg ctl restart

(5433 /R— MBI PostgreSQL ZITT., T—AR—X db2 #1ERL)
$ pg basebackup -D "${PGDATA} sub"

$ pg ctl start -D "${PGDATA} sub" -o '-c port=5433"

$ createdb -p 5433 db2

(TRMAT—IIVERT—2 RA—RIER)

$ psqgl dbl

dbl=# CREATE TABLE t log (id bigint primary key, ts timestamp, mes text);
dbl=# \q

$ psgl -p 5433 db2

db2=# CREATE TABLE t log (id bigint primary key, ts timestamp, mes text);
db2=# \q

* XR—LEAE

CNFETOSHILL TV -3 >OEBEOXEFIZIY MERZEICITONTWELUZ, TDIZH. KE
REBRABEMHD NS>H 023 >TlE UTOLSCNTUS—a>flloLTUs—23>20v ~D
T Lo KU spill 7 AILAEEHENE U,

(ACHLLT)r— 3 U eER)
dbl=# CREATE PUBLICATION publ FOR TABLE tilog;

db2=# CREATE SUBSCRIPTION subl CONNECTION

'port=5432 user=postgres dbname=dbl' PUBLICATION publ;

(—2D S 3 VATRET—F8A)

dbl=# BEGIN;

dbl=*# INSERT INTO t log SELECT g, now(), md5(g::text)
FROM generate series(l, 500000) as g;

dbl=*# "7

[11+ &1k psgl -p 5432 dbl

17
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(spill 77 A IDEMEThTING)

$ 1s -1 data/13.3/pg replslot/subl/

&t 57632

—rw--————--— . 1 postgres postgres 184 7H 15 14:14 state

—rW--—————-— . 1 postgres postgres 14588545 7 H 15 14:15 xid-496-1sn-0-10000000.spill
—rW--—————-— . 1 postgres postgres 8090790 78 15 14:14 xid-496-1sn-0-D000000.spill
—rW--—————-— . 1 postgres postgres 18100400 7 H 15 14:14 xid-496-1sn-0-E000000.spill
—rW--—————-— . 1 postgres postgres 16098330 78 15 14:14 xid-496-1sn-0-F000000.spill
$ fg %1

dbl=# ROLLBACK;

TDSXT. ST 3> ATy RESNERBEATYSH T, BIROUTS a3 Al EnE L.
spill 7 7 1 ILZEESEMEL UL UISEBIDEEDRER & 7> TWhWE LTz,

A== o5, HIROUTS3>DOATS32(C streaming=on ZIEEITDCET. I3 haiF
TS (CBRICT—FZEDHET . ANU—LXKEEEIRIDCENTEET,

(HFTRH ) T a>r% streaming = on TEEM)
db2=# DROP SUBSCRIPTION subl;
db2=# CREATE SUBSCRIPTION subl CONNECTION
'port=5432 user=postgres dbname=dbl' PUBLICATION publ

WITH (streaming = on);

(MIEIRHRIZ 1 b5 Y9 L 3 UHITKE INSERT)

dbl=# BEGIN;

dbl=*# INSERT INTO t log SELECT g, now (), md5(g::text)
FROM generate series(l, 500000) as g;

dbl=*# "Z

[2]1+ =i psql -p 5432 dbl

(spill Z7ANIEHAShLGL, YTRH 1) TS 3 VflIC changes 77 A ILHTED)
$ 1s -1 SPGDATA/pg replslot/subl/
a5t 4

—rw-——————-— . 1 postgres postgres 200 7 H 15 14:52 state

18
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$ 1s -1 "${PGDATA} sub"/base/pgsql tmp/*/
&t 33216
—rwWw--———---- . 1 postgres postgres 34012187 7 H 15 18:35 24627-2689.changes.0

$ fg %2

dbl=# ROLLBACK;

LEROLSICAFEDT —FIBRADL TUT 23> (CHBNT, NNTUT—>3 A1 spill T71ILAVE
BRENRWBIENER CE XU, O3 MIDEEST —F(IHITX0UT2 3 > AID pgsql_tmp >+ L2
NUTDODYISF 4 L2 NURNICHS changes 77 1ILELTEESHESNTULET,

» DHIEIRIBF D EFERB S>3

PostgreSQL14 'S5, O HILL T UG —= 3 > OYEARBDIR D ELAEDDFE U,

CNFETE. T=TILT—FDOAIE— & FIHIIE— U TWBRICAE UIeEHoERAN. B—D 3>
Ho2 3> EUTIRDNTWE U, COfesd, MO —R(CE U EEFOBRANMASHMNER TR T S &,
FEAIE—IB(CDWTEPDBEUNMREBEERDFE U, £, IO —(CHMZEE UER. TORIICE
TESNEEHFWEEL BFE O T & VHIEAENE(ICRVWE— NS H oS 3> &R0 REANS >
YOS 3 ([ SBAREEZSIEZRIUET.,

CNHSIE. YO E—DEO S EERTHIRoUTS a3 o NS> 023> T T U SRR
TT—HINSIRAJREICIRADET, TDE(IC. PHIE—FoEFHNIBEEREINET,

PUF DX D (CEaEERZITULE LI,

(t_log T—IIIZKEBITHHHIREBICLETY)
dbl=# TRUNCATE t log;
dbl=# INSERT INTO t log SELECT g, now(), md5(g::text)

FROM generate series(l, 500000) as g;

(BTRIYTVavEEYVELEY)
db2=# DROP SUBSCRIPTION subl;
db2=# CREATE SUBSCRIPTION subl CONNECTION

'port=5432 user=postgres dbname=dbl' PUBLICATION publ;

(INFTVr—=2 3 ITEDHT I pgbench Z{# > T4TE 3 {T% 100 EEHD)
$ cat > update.sgl <<EOS

UPDATE t log SET mes = 'updated ' || now() WHERE id <= 3;

19
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EOS
$ pgbench -p 5432 -f update.sgl -n -c 1 -t 100 dbl

(HIFTROY T avEITRYERLT—TILESH)
db2=# SELECT * FROM tilog WHERE id <= 3;

id | ts | mes

o
(0 rows)

db2=# \watch 1 — \watch [FEAMAT Y FEEEWHERYELETLET
{FhRg}

id | ts | mes
e~ o~

1 | 2021-07-15 16:29:42.031395 | c4cad4238a0b923820dcc509a6£75849b
2 ] 2021-07-15 16:29:42.031395 | ¢81e728d9d4c2f636£067£89ccl4862c
3 | 2021-07-15 16:29:42.031395 | eccbc87e4b5ce2fe28308fd9f2a7baf3
(3 rows)
(shB&)
id | ts | mes
e o
1 | 2021-07-15 16:29:42.031395 | updated 2021-07-15 16:30:36.807872+09
2 ] 2021-07-15 16:29:42.031395 | updated 2021-07-15 16:30:36.807872+09
3 ] 2021-07-15 16:29:42.031395 | updated 2021-07-15 16:30:36.807872+09

(3 rows)

VEAREAN'T T Ul a5 — IR X DEEN (TR > TLD T ENHER TEE LTz, PostgreSQL13 T
(&, #MEAREADR (C{TIHONIZ UPDATE E— DD S>> H 023> & LTI ROUTS afllcEAEINE
IOT. HIRDOUT> 3 > IT UPDATE BIDFIEAT —INSHBEND Z L (FH D FHA. COERFIEE.
BAZDMIFUEITDT, DELPRT —FZSBTERUINELNEEA.
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* IWNAFYEXE—F

OZHILL TV —23>D57—FEEXTN\AFVEXZBIRTEDILS(C/ADELZ. CREATE
PUBLICATION (DA< 3> T binary=on ZI8E I D E/N\AFUELXE— R(CRADEFT, N\AFUERIXTH
DEDKM(CIBTEDT—FBE LTI, timestamp BUX0 bytea N D E T,

UFDLSC. TRMEDFT—TILIC bytea B (CEX TS X T, EnXOMERZ D IR OUT S 3 Al
D UHZEFED TRRiRT DR ZITLVE L,

(LT r—2a ViR, T—IIEZRICLT, SZEbytea BIZEH,
S HICFRERMRIAIC timestamp D5 ts2 ZEBMLFET)
db2=# DROP SUBSCRIPTION subl;
db2=# TRUNCATE t log;
db2=# ALTER TABLE t log ALTER mes TYPE bytea USING mes::bytea;

db2=# ALTER TABLE t log ADD ts2 timestamp;

dbl=# DROP PUBLICATION publ;
dbl=# TRUNCATE t log;

dbl=# ALTER TABLE t log ALTER mes TYPE bytea USING mes::bytea;

dbl=# ALTER TABLE t log ADD ts2 timestamp;

BICUTOXRSCHIROUTZ I > AD t_logT—TILICNUBHZRBLEY ., OZHILLTUS—S
I TEFEA NUATHIG L TRV Es, [TRA NI HZERLET. UKL RITICYA LRI T =
iR T D LIBERENRVZH. CITIE1000047(C 11TDEISTERFREI DEDLELET . CRNIZREE
WIA LRI T#E>TLTVT—23 >R % T LEBZIOREELET,

GEBM U7z ts2 BIICRERAERAT S L) HEABEERLET)
db2=# CREATE FUNCTION trgf t log() RETURNS trigger LANGUAGE plpgsgl AS

$$ BEGIN NEW.ts2 := clock timestamp(); RETURN NEW; END; $$;

(id A% 10000 TEIV UM B L EFTRETALSICFHERELET)
db2=# CREATE TRIGGER trg_t_log BEFORE INSERT ON t_log FOR EACH ROW

WHEN (NEW.id % 10000 = 0) EXECUTE FUNCTION trgf t log();

(LIUr—2 3R T2T—TLTR)HEZBESEDICEUTIRHETY)
db2=# ALTER TABLE t_log ENABLE REPLICA TRIGGER trg t log;

ZDSXT UTFOORY RTH0 (70O HILLT U —23>%47> T, FRERBZSTAILE LTz,
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(LFVHr—>a Btk L%, 50 B{T%®A. binary = on DBEAR)
$ psgl -p 5432 dbl -c "CREATE PUBLICATION publ FOR TABLE t log"
psgl -p 5433 db2 <<EOS
CREATE SUBSCRIPTION subl CONNECTION 'port=5432 user=postgres dbname=dbl'
PUBLICATION publ WITH (binary = on, streaming = on);
EOS
psgl -p 5432 dbl <<EOS
INSERT INTO t log SELECT g, CURRENT TIMESTAMP, md5 (g::text)::bytea
FROM generate series(l, 500000) as g;

EOS

(BARRA LR TEN)BIZEB M LRE Y TOESH b ERMZHAD
$ psgl -p 5433 db2 <<EOS
SELECT max (ts), max(ts2), max(ts2) - max(ts) AS duration FROM t log
WHERE id % 10000 = 0;
EOS

max | max | duration

2021-07-20 16:36:43.258337 | 2021-07-20 16:38:26.140801 | 00:01:42.882464

(1 row)

(BEOHAZTHICELTVr—a v E#BRLT, T2 %2HIKRTS)
$ psql -p 5433 db2 -c 'DROP SUBSCRIPTION subl;'

psgl -p 5433 db2 -c 'TRUNCATE t log;'
psgl -p 5432 dbl -c 'DROP PUBLICATION publ;'
psgl -p 5432 dbl -c 'TRUNCATE t log;'

binary=on & binary=off (7 AJLE) EDBETERBUIERRZUT IS IIRUET .. PIERREIICIE
SEDEEBRBNSSHONFE UIZ, | FRIOHUMR(FIEERZE TS . binary=on I8EICK DREN 3 EFEEM L L
FUT

RH. T—HYDPIEAIE —. 9732405, CREATE PUBLICATION, CREATE SUBSCRIPTION #1772 Jzkf s
THONSHFELTWEATT—IDLTUT—2 32 (CHNTIE. N\ FUIBE CAERRE (SEUVSERIT
SFBATUL,
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BOANL Ty —La s indk ki
NAFVE—RIZ&DER

140
120

100
80 I
60
40

FrEmrR (sec.)

20

binary=off binary=on

4.1.6. J\SLILOITYMISOHLR

PostgreSQL 14 T/ S LILIITUCDWVT, W DMERESNTWET, KEITEINSICDWTEME
MR ZITVWET,
¢ INSLN =2 LR F 2 DK E

INSULILS =22 v )L AF v oRMESINE Uz, INET/N\SULILD—HM JOv o EICQUEL
TWeEDOZBEHEUEERTI OV ORIIBET DS LD ICEBINFTUR. TNEFEA N —ZTOIDREL

ZBHEUTWET,
UTFDKS(C100 HITDT—H (CAHHNNBZRFI T DHEZTSIEDRTA 2T VI ADMHIRMEZR

ZRITUFELUE.

(TRAFADT—T VR ET—2HEA)
dbl=# CREATE TABLE t message (id int PRIMARY KEY, mes text);

dbl=# INSERT INTO t message
SELECT g, md5(g::text) FROM generate series(l, 1000000) g;

(Gaf TAINEZEHLE HEEE)

dbl=# SET force parallel mode TO true;
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(EXPLAIN ANALYZE Tifi5ISh{FZ 88 L DD, FRERFlZHRE)
dbl=# EXPLAIN (ANALYZE) SELECT * FROM t message WHERE mes ~ 'abcde';
QUERY PLAN
Gather (cost=1000.00..14770.18 rows=104 width=37)
(actual time=72.185..4423.834 rows=29 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Parallel Seq Scan on t message
(cost=0.00..13759.78 rows=43 width=37)
(actual time=89.611..2953.304 rows=10 loops=3)
Filter: (mes ~ 'abcde'::text)
Rows Removed by Filter: 333324
Planning Time: 49.900 ms
Execution Time: 4440.519 ms

(8 rows)

(Zh# 10 EET)
dbl=# EXPLAIN (ANALYZE) SELECT * FROM t message WHERE mes ~ 'abcde';

. ERRR

[EHR(C PostgreSQL 13.3 TEEMU TRHRRZLR UEREUTIS IITRUEF T, 0OV MMIRIEE.
FNER(FEEFITERLTLET,

F—FAIRYID 1 EIZFT. D%, B SELECT XDEITH 10 [@HENIELET, EENED &/ (Y
J7I(ICbEw N B EMNMEX TRRERFEIMNE D TLEEIM. 14/)\—3>DAN—E U CAERFEMNELS .
SN\ T7 ey MIBORYIDKRRT 2B EEDHEREICIAD TVWET . ARL—Z 110 POTERBEL D
BRICBRIETDEND, AREDOBRBEDDIERICRODTVDESZFT.
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100 BEERZ LILSY — v v I)LAFX v v

13.3 & 1l4beta2

m 133

BBTY
¢ 14beta?

— BT

FrERHE (ms)

* PL/pgSQL & RETURN QUERY J#1i&
FHE=5E PlpgSQL (CHFD TRETURN QUERY {(BlLwEhHhtEX) | 8KU TRETURN QUERY

EXECUTE (BWVWVEHEXDXFH) | (CT. WHRBAMEDOND XS (CIRDELE. CNFETERIH—YIL

ZfED TEITESNTLEIZ8, WHIR(C(FIRDFEFATUR.
LUFDFNET. BIIEDIREE CHERA U t_message T—J)LZ&RZRT B PL/pgSQL FE={E > TEF= ik

ULEUI,

(auto_explain TAT Ay tE—UDoRITTISIVEZHRBTESLII1CT D)

$ vi S$PGDATA/postgresgl.conf

AT zERE)
shared preload libraries = 'auto explain'
auto_explain.log min duration = 0
auto_explain.log nested statements = on
(BE L TRB)

$ pg _ctl restart

(PL/pgsQL BAMZEM L. HHRTT 5 L 2RRNS L HEEEME)

$ psqgl dbl
dbl=# CREATE FUNCTION f message pat (pat text) RETURNS SETOF text

LANGUAGE plpgsgl AS $S
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BEGIN RETURN QUERY SELECT mes FROM t message WHERE mes ~ pat;
END; $S;

dbl=# ALTER FUNCTION f message pat (text) SET force parallel mode TO on;

(RfTL T, auto_explainlZ&dOJH 5 W FIETEMHER)
dbl=# SELECT * FROM f message pat('abcde');

f message pat
bldbbee8abbccccb7e72c7951labecded 6
aa37c29c8617abcde038d5e0ec298828
-1

dbl=# \g
$ cat S$PGDATA/log/* | tail -100
. BB
2021-07-25 13:50:13.147 JST [17896] LOG: duration: 2666.636 ms plan:
Query Text: SELECT mes FROM t message WHERE mes ~ pat
Gather (cost=1000.00..14552.33 rows=100 width=33)
Workers Planned: 2
-> Parallel Seqg Scan on t message (cost=0.00..13542.33 rows=42
width=33)
Filter: (mes ~ 'abcde'::text)
2021-07-25 13:50:13.147 JST [17896] CONTEXT: SQL statement "SELECT mes FROM
t message WHERE mes ~ pat"

PL/pgSQL function f message pat(text) line 1 at RETURN QUERY

PL/pgSQL KM RETURN QUERY DE{T CHIFLIBANTON TWD Z ENERTEEUZ. BUFIEZE
PostgreSQL 13 TEITId &, WIHIDET TS UICIFRDER A,

¢ REFRESH MATERIALIZED VIEW 3{i&

REFRESH MATERIALIZED VIEW X > RT. WHBEVWVEDEERTICHIEULE U,

BUIFDOXSI(C. BITEOWREE TR LT & auto_explain DR EEE>T. YT UTFSAXRE21—DF
EEiER LE LIS,
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(AFIRTTF VERRSEIRELEAFLRBREE>TITY 7 T4 X FE2L—%4ERD)
dbl=# CREATE MATERIALIZED VIEW mv_f message AS

SELECT * FROM f message pat ('abcde');

(J7Ly2alT auto_explain b > TDHDRITTS > #5ER)
dbl=# REFRESH MATERIALIZED VIEW mv_f message;
dbl=# \g
$ cat S$PGDATA/log/* | tail -100
. . HTRE
2021-07-25 14:44:37.039 JST [18099] LOG: duration: 2617.210 ms plan:
Query Text: SELECT mes FROM t message WHERE mes ~ pat
Gather (cost=1000.00..14552.33 rows=100 width=33)
Workers Planned: 2
-> Parallel Seqg Scan on t message (cost=0.00..13542.33 rows=42
width=33)
Filter: (mes ~ 'abcde'::text)
2021-07-25 14:44:37.039 JST [18099] CONTEXT: SQL statement "SELECT mes FROM
t message WHERE mes ~ pat"
PL/pgSQL function f message pat(text) line 1 at RETURN QUERY
2021-07-25 14:44:37.040 JST [18099] LOG: duration: 2652.755 ms plan:

Query Text: REFRESH MATERIALIZED VIEW mv_f message;

Function Scan on f message pat (cost=0.25..10.25 rows=1000 width=32)

FERDELS(CTauto explain (CLBDOTAVE—Z(CHRESNDIEITTSTS >N S, REFRESH
MATERIALIZED VIEW <Y > RS SNDIBONEDOENTIIETEINTVWD T ENERTEH U,

4.1.7. v 3> BITDA—)\—~\v RO

PostgreSQL14 (&, $F(C CPUBNE <Y S 3> H8NL VS X FAICHWNT MVCC aIRIERFv TS 3
v hOFTBRENHESNTVE T, MVCCRIRIERXF v TS 3y hDFtEEFT—IILDT—59E2SRTD
P2TOIBICRANDD TEXIDT. CPUNRMNLRY D ERDTVND ESTDMRERENEIFCTEET,

AREETIE PG14.1 EPG13.5%E> T, Z2vS 3 I TS DEDMERER LB T DB EITRNEL
Jz. FEAREETIE. HENMDEEHEGEL . [BINT 5000 FHHED MS>H 023 >FTHhDT7+ RLEyS 3
>& 1. NBANT 5000 D b5 >H 0> a3 > RBIRD 771 RILEZYS3>HD | DENENDHEIC DL
T pgbench (CIREMBODSIBNRFI—T%ZFD>T. PG14.1 & PG13.5 S THEELEERUE T,
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UFEOY> rFIEZRUET,
(pgbench DET—TINERT—ILIT 79 42— 10 THHME)
$ pgbench -i -s 10 dbl
(HH&EH)
(bt v 3 % LD pgbench £1T)
$ /usr/pgsgl-13/bin/pgbench -n -c 10 -S -T 30 dbl
transaction type: <builtin: select only>
scaling factor: 10
(chBR)
number of transactions actually processed: 738404
latency average = 0.406 ms
tps = 25418.871458 (including connections establishing)
tps = 25420.709976 (excluding connections establishing)
(bSO avh7A FLRBEESRI VT ERV I TS50 FTELETRITT B)
$ cat ~/bench/pgb sleep.sql
BEGIN;
SELECT * FROM pgbench accounts LIMIT 1;
\sleep 300s
END;
$ /usr/pgsql-13/bin/pgbench -n -c 5000 -f ~/bench/pgb sleep.sql dbl \
&> sleep.log < /dev/null &
[1] 9237
$ /usr/pgsgl-13/bin/pgbench -n -c 10 -S -T 30 dbl
(HH&EH)
(74 FLREDEY L 3 VEEDIRIVVTRENY I TS0 FTELETRITT D)
$ cat ~/bench/pgb sleep NOTRN.sql
SELECT * FROM pgbench accounts LIMIT 1;
\sleep 300s
$ /usr/pgsql-13/bin/pgbench -n -c 5000 -f ~/bench/pgb sleep NOTRN.sgl dbl \
&> sleep.log < /dev/null &
[1] 14630
$ /usr/pgsgl-13/bin/pgbench -n -c 10 -S -T 30 dbl
28
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(A&

LEEDFIEZ PostgreSQL14.1 B —/ V& PostgreSQL13.5 B —/ VT LT, FEMATEMOETUE U,
UFISTCERERUET . BISTDLICHIRIIBEREZRLUTNET,

B fb R RN $H535%E D pgbench fE R

(tps)
30000
25000
I
20000
mEEEL
15000 B TRN &Y 5000 7-1H)L
TRN #L 5000 7+ )L
10000
5000
0

PG14.1 PG13.5

BAIDRHEREL (J5TTE TBEEU] ER8H,) (S LT, 5000 BT+ K VIREOEEHERH
BIHA. 5000 ElD bS5 >H 02 3 VRITR T A R)VIRREDEEHERN S %S DL I NE. PostgreSQL14
DHENEREETAV NS WERNMESR TEE U,

BB AMBORFEENSERFI—TRRMRESNTNT, 1000 A LDty >3 > EFET BT
A=)y RERICK DN LN E>EDHSONTNET . FHlIFUTR—2Z2SBR U T IZS 0,

https://www.citusdata.com/blog/2020/10/25/improving-postgres-connection-scalability-snapshots/
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4.2. T—HBE soL DFIHEEE

4.2.1. X)LFEEHB

KIN=23 M BVILFEHEEEDOT —FENYR— hENFE Uiz, NS EREROEEEE (UL FEITH
BEURWVEROHEEZEDCENTEF T UTFRISRIT T —YEMBAHT —FBE LU THREENE T,
INEDOT—FEDEZEHR T DIcHDT —FEEL EFROIC A NS OIRBERIEINET.

F—4E E7LL]
int4multirange integer B4DY) L FEGHIEL
int8multirange bigint B2D )L F & FH B
nummultirange numeric 24D~ )L FEBHEIEL
tsmultirange timestamp B4~ )L FEBFHEL
tstzmultirange timestamp with time zone D~ )L FEEFEEL
datemultirange date B2 D)L FEEFEIEY

UFDLS (CERITaMBLUE U,

(RILFEEB OB EHER)

dbl=# SELECT datemultirange (
daterange ('2021-07-01"', '2021-07-02', '[1'),
daterange ('2021-07-05"', '2021-07-09', '[1"),
daterange ('2021-07-12"', '2021-07-16', '[1'),
daterange ('2021-07-19', '2021-07-21', '[1'),
daterange ('2021-07-26"', '2021-07-30', '[1')):

datemultirange

{[2021-07-01,2021-07-03),[2021-07-05,2021-07-10), [2021-07-12,2021-07-17),
[2021-07-19,2021-07-22),[2021-07-26,2021-07-31) }

(1 row)

FEEDHIF 2021 F7 BOERZ—DOVILFEHHEST —STRIBELTWET, WILFEHBEEOI> X M
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SUIBEG B DEE B Z S EUTH D TEMELE T . F/o. WILFEHEELDRITF (S, SBHEELDRIRN
FHZ {} THEOT. APXEREYDTORFTLEDERDET,
HUFEvIILFEEE ZE> TRVWEaEDEfeRrUET.

FBELHE I7/16 B 7/17] BEEBOATEREATWNSIHZHE)
dbl=# SELECT datemultirange (

daterange ('2021-07-01"', '2021-07-02', '[1'),
daterange ('2021-07-05"', '2021-07-09', '[1'),
daterange ('2021-07-12"', '2021-07-16', '[1'),
daterange ('2021-07-19', '2021-07-21', '[1'),

daterange ('2021-07-26"', '2021-07-30', '[1') )
@> daterange('2021-07-16"', '2021-07-17"', '[1");
?column?

£ X A THRE L-HEO—REAKBI<EHM > TS

NIVFEFEBIOF(E, FEEEOH EERKIC GIST A>TV IRZMMIDZENTEFET,

(MREEAIC tsmultirange B@DAEEELT—TILEER)
dbl=# CREATE TABLE t schedule

(id int primary key, dmr tsmultirange, description text);

(FE—T—42%8A. 1BLBARLCEAD 1 ANSRE 21 LRV TDTILFREEERR)
dbl=# INSERT INTO t schedule SELECT g, tsmultirange (
tsrange (rd, rd + 'lday', '[)"),
tsrange (rd + '7day', rd + '8day','[)")), 'schedule ' || g
FROM (SELECT g, '2021-04-01"::timestamp +
(floor (random() *365) || 'day')::interval rd

FROM generate series(1l, 10000) g) v;

dbl=# SELECT * FROM t schedule LIMIT 5;
id | dmr

| description
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1] {["2022-03-23 00:00:00","2022-03-24 00:00:00"), ["2022-03-30
00:00:00","2022-03-31 00:00:00™)} | schedule 1

2 | {["2021-04-20 00:00:00","2021-04-21 00:00:00"),["2021-04-27
00:00:00™,"2021-04-28 00:00:00")} | schedule 2

3 | {["2021-04-17 00:00:00","2021-04-18 00:00:00"),["2021-04-24
00:00:00","2021-04-25 00:00:00")} | schedule 3

4 |1 {["2022-01-24 00:00:00","2022-01-25 00:00:00"),["2022-01-31
00:00:00","2022-02-01 00:00:00™)} | schedule 4

5 ] {["2021-05-27 00:00:00","2021-05-28 00:00:00"),["2021-06-03
00:00:00","2021-06-04 00:00:00™)} | schedule 5

(5 rows)

(GisST A VT v R%&EER)
dbl=# CREATE INDEX ON t schedule USING gist (dmr);

A UTYIREFELRITTFTUNEREN D)
dbl=# explain SELECT * FROM t schedule
WHERE dmr && tsrange('2021-07-01', '2021-07-03', '[1");
QUERY PLAN
Bitmap Heap Scan on t schedule (cost=10.16..137.41 rows=260 width=70)
Recheck Cond:
(dmr && '["2021-07-01 00:00:00","2021-07-03 00:00:00"]"'::tsrange)
-> Bitmap Index Scan on t schedule dmr idx
(cost=0.00..10.10 rows=260 width=0)
Index Cond:
(dmr && '["2021-07-01 00:00:00","2021-07-03 00:00:00"]"'::tsrange)

(4 rows)

10000 {TDFT—F%=F DT —TILOTILFEHHEE DY (CH U T, &&QEEF CIEEDEHHBN TR D ZEIFD
TERDEBEIBUVEDE T, EXRKUIEGIST A>TV IIMMENDNDC ENER TEERLR,

4.2.2. \NFATZ1T0 MOBKRZIFIEX

RAFRENMERES 1 —)ILEUTHIZICEMU ST —FRICSWTEHATREICIRDE U, #HiAH
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(BRUEREMBILR) OF—F8EUTIE jsonb T—HBY, hstore T —FBRNRIFICHIELELZ. N
FTIIRZAFEME D LR AEFET T —FR(CRESNTULE U
jsonb B4, hstore B(CDWTATDED . EMFziERLELIT.

(jsonb B D EN{EFEER)
dbl=# SELECT J FROM
(VALUES ('{"1":{"A":100, "B":200}, "2":{"C":300}}'::jsonb)) AS v (j);

{"1": {"A": 100, "B": 200}, "2": {ncn: 300}}

(1 row)

dbl=# SELECT j['l']['A'] FROM
(VALUES ('"{"1":{"A":100, "B":200}, "2":{"C":300}}'::jsonb)) AS v(j);

100

(1 row)

(hstore B DEN{EFERR)
dbl=# CREATE EXTENSION hstore;

dbl=# SELECT * FROM (VALUES ('A=>100, B=>200'::hstore)) AS v(h);

IIAII=>"100II, IIBII=>II200II

(1 row)

dbl=# SELECT h['B'] FROM (VALUES ('A=>100, B=>200'::hstore)) AS v(h);

200

(1 row)

NAFZEDTZT OTRAN TR THD R TEE L.
128, json BICDWTIERAFOMIGEHD D EFEBA. UTDOLSICITS—EREDEUE.
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dbl=# SELECT j['A'] FROM (VALUES ('{"A":100, "B":200}'::json)) AS v (3);

ERROR: cannot subscript type json because it does not support subscripting

IMAF(CHIS U — 8% ED 128bD APl & L TIE. CREATE TYPE <> RI(C [SUBSCRIPT = (KX
FUIBREEL) | WD ATI 3> hEIMESNTLWET,

4.2.3. SEARCHA)/CYCLE ]

AKI)I\—==3>h5 SQLFEED SEARCH A, CYCLE AINYH/R— henFE LT,

PostgreSQL TI3EEH'S CTE (Common Table Expressions. i@ —J)LR) BXICHIELTWT, B
IREY/RRIVVEDE N E]EET LTz, SEARCH A). CYCLE A(d. BIRMRRBVEHEICH U T ERIBFDISE &
EIRSRBROREOKEZIRHUET,

UTFDY>TILF—TILTEMEERZITL\E LI, AISH SNSH—EXT, LN EDI—T%

[JA0—] LCTWahEeERI T —JILEBELLEDTY .

(sSNSDA—HEHoHTT—TIL - ELUTORIEFIRTEERALEEA)

dbl=# CREATE TABLE t sns user(id int primary key, name text);

(A=Y 11— 2%T7+0—-LTVWDHEEZRTT—TI)
dbl=# CREATE TABLE t_sns_follow(idl int, id2 int, PRIMARY KEY (idl, id2));

(L0 BETHL—HYMIZOVT, SUXAALIZZ+O—BROT—2 28K 30 428H)
dbl=# INSERT INTO t sns follow SELECT ceil (random()*10), ceil (random()*10)

FROM generate series(l, 30) g ON CONFLICT DO NOTHING;

(B2 74 RA—IFB<)
dbl=# DELETE FROM t_ sns_follow WHERE idl = id2;

FY. RN SHAERBREVEDEZHRELET,

(id=1 o7+ O—FERZLULIMLEDHHE)

dbl=# WITH RECURSIVE search tree (id2, chain) AS (
SELECT id2, ARRAY[idl,id2] FROM t sns follow f WHERE f.idl =1
UNION ALL
SELECT f.id2, st.chain || ARRAY[f.id2] FROM t sns follow f

JOIN search tree st ON (f.idl = st.id2)
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) SELECT chain AS follow chain FROM search tree LIMIT 20;

follow _chain

{1,10,1} < 1ICE»>TWL\%
{1,10,2}

{1,10,3} L2 )

{1,10,4} BEE: IAO—-BEHEIST (—EDH)
{1,10,9}

{1,10,1,3} ~ EREREVELTND

{1,10,1,6}

{1,10,1,8}

{1,10,1,10}

{1,10,2,5}

(20 rows)

COBWEDEIZ. id=1 DI1—TZERAIC, TAO-L TV I1—H, 201N TJA0-UTLD1—
Y. EWSELSICHFENICANTI A O—OEHEZRIITIRUE T ABVEHE T BRERSEC TN
Bz LIMITAZAMURBWEERICHANELD D Z L ICRDBEVEDEMRDDFEE A,

BORKRZIEET DHIFE LT, LESEZERTHRIVWEDERERICIRNTVDEID (C DL T I A O—BFRD
D57 R"UET,

¢ SEARCH 51D &R

ABEWEDE(C SEARCHAZERLUTHET .

SEARCHAZERT 3 & BIREIVEDERRZRSBIRERRDIE. 530\ BELRRDIETERD T
FTENTEXY . BEEDINRTY — MRICFIRATEERT —FZ2FHF o IZFEMEN3DT. TNZEY — hE
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SHAIDBEINEDE TEELE Y.
UFDLD [CRBAERRERBIAERRZRITLUER U,

(20 rows)

(IEEREFRTHERZMYHIHVEDE)
dbl=# SELECT chain follow chain, search seq FROM (

WITH RECURSIVE search tree (id2, chain) AS (

SELECT chain, search seq FROM search tree LIMIT 5000) v

ORDER BY search seq LIMIT 20;

follow chain | search seq — search_seq [Efiflichi=v— FRADFI
______________ e
{1,3} | (0,3)
{1,061} | (0,6)
{1,8} | (0,8)
{1,10} | (0,10)
{1,10,1} [ (1,1)
{1,10,2} [ (1,2)
{1,10,3} [ (1,3)
{1,3,4} | (1,4)
{1,10,4} | (1,4)
{1,8,4} | (1,4)
{1,6,5} I (1,5)
{1,6,8} | (1,8)
{1,3,8} | (1,8)
{1,10,9} [ (1,9)
{1,8,9} [ (1,9)
{1,8,9,3} I (2,3)
{1,10,1,3} [ (2,3)
{1,10,9,3} I (2,3)
{1,6,5,4} | (2,4)
{1,10,3,4} | (2,4)

SELECT id2, ARRAY[idl,id2] FROM t sns follow f WHERE f.idl =1

UNION ALL

SELECT f.id2, st.chain || ARRAY[f.id2] FROM t sns follow f
JOIN search tree st ON (f.idl = st.id2)

) SEARCH BREADTH FIRST BY id2 SET search seq
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IRBEZIBE UER. ERENDRVEDONEICHIRT IIETHERMNE> TLDZENDODMNDET, 18
EURY — MASID search_seq (IEEHEREDEZERICHFDOL I— RE(CRO>TWLWBRZEM MDD FE
9. BIFREVWEODEED(E LIMIT AZMITTIRWEBRITHRDEDTHDIcH. I TIELIMIT 5000 (GEH
IRARELVTE) ZANUTREIVWEDEEL T, ZOIMIITY — MEITOTLET,

)

{1,3}
{1,3,4}
{1,3,4,9}
{1,3,4,9,3}

(REBERRTREZNVHIHLSHE)
dbl=# SELECT chain follow chain, search seq FROM (
WITH RECURSIVE search tree (id2, chain) AS (
SELECT id2, ARRAY[idl,id2] FROM t sns follow f WHERE f.idl =1
UNION ALL
SELECT f.id2, st.chain || ARRAY[f.id2] FROM t sns follow f

JOIN search tree st ON (f.idl = st.id2)

SELECT chain, search seq FROM search tree LIMIT 5000) v
ORDER BY search seq LIMIT 20;

follow_chain | search seq

{1,3,4,9,3,4} [ {(3),(4),(9),(3),(4)}

{1,3,4,9,3,4,9} [ {(3),(4),(9),(3),(4),(9)}
{1,3,4,9,3,4,9,3} [ {(3), (4), (9),(3),(4),(9),(3)}
{1,3,4,9,3,4,9,3,4} I {(3), (4), (9),(3),(4),(9),(3),(4)}
{1,3,4,9,3,4,9,3,4,9} [ {(3), (4), (9), (3),(4),(9),(3),(4),(9)}
{1,3,4,9,3,4,9,3,4,9,3} I {(3), (4), (9), (3), (4),(9),(3),(4),(9),(3)}

{1,3,4,9,3,4,9,3,4,9,3,4} | {(3),(4),(9),(3),(4),(9),(3),(4),(9),(3),(4)}
{1,3,4,9,3,4,9,3,4,9,3,8} | {(3),(4),(9),(3),(4),(9),(3),(4),(9),(3),(8)}

{1,3,4,9,3,4,9,3,8} I {(3), (4), (9),(3),(4),(9),(3),(8)}
{1,3,4,9,3,4,9,3,8,4} I {(3), (4), (9), (3),(4),(9),(3),(8),(4)}
{1,3,4,9,3,4,9,3,8,4,9} I {(3), (4), (9),(3),(4),(9),(3),(8),(4),(9)}

{1,3,4,9,3,4,9,3,8,4,9,3} | {(3),(4),(9),(3),(4),(9),(3),(8),(4),(9),(3)}
{1,3,4,9,3,4,9,3,8,9} I {(3), (4), (9), (3),(4),(9),(3),(8),(9)}

SEARCH DEPTH FIRST BY id2 SET search seq

______________ +_______________________________________________

[ {(3)}
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{113141913141913181913}
{11314191314191318191314}
{11314191314191318191318}

(20 rows)

{(3),(4),(9),(3),(4),(9),(3),(8),(9),(3)}
{(3),(4),(9),(3),(4),(9),(3),(8),(9),(3), (4)}
{(3),(4),(9),(3),(4),(9),(3),(8),(9),(3),(8)}

REBERRDGE(C(E. BRERDRDIBRLZESD. TAO—DEHZHFEFXTRHARNDIOMBEEND
JETHIR T DFERICIRD TVWBD T ENDMDFETIBEE LY — MAFID search_seq (FIFERZFHDBZERI(C
DL O— REDEHIIC/ED TVET . NAIOBRBVEDEEZ(C LIMIT AZM T TERITHROERIC/R
BEICLTNDDIE, TREFLEERDHIEERTT,

R IBERERDGE. BIRBVESHDETAER UTZ follow_chain FDEE Y — NEFI (search_seq) DIEH
FFEEUCTIDT. BREEAICEY — MRZFENTZVWERSINELNEEA. UNULEBHS, L— RE
DEFEIEWBEFABVNREE R I DNENDDE T, LEILDETHERD search_seq DIENS. FcIEDEME
IZWMOET(CIE. UTORNBECIRDFET,

(row_to json(search seq[l])->>'id2")::int

* CYCLE GJDEFRH

SEARCH A)Z{ER I 26IT(E. BIREVWEDEZ T D LS (CBRERN DD LEROBRITHEL D &
(CIXD BWEHEZELIR I D IR TRV KIZD F U, CYCLE AIZER LT, ERZRE U TRRZS]

SUISEEICTDIENTEXT,

UTFoEWEOE TEFafEB LR LTz,

(RESBEEBRETCYCLEAZHERA)
dbl=# SELECT chain follow chain, cyclemark, cyclepath FROM (
WITH RECURSIVE search tree (id2, chain) AS (

SELECT id2, ARRAY[idl,id2] FROM t sns follow f WHERE f.idl =

UNION ALL

SELECT f.id2, st.chain || ARRAY[f.id2] FROM t sns follow f

JOIN search tree st ON (f.idl = st.id2)

) SEARCH DEPTH FIRST BY id2 SET search seq
CYCLE id2 SET cyclemark USING cyclepath
SELECT chain, search seq, cyclemark, cyclepath FROM search tree)
ORDER BY search seq;
follow_chain |

cyclemark | cyclepath

1

v
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{1,3,4} |
{1,3,4,9} |
(1,3,4,9,3} I
{1,3,8} |
{1,3,8,4} |
{(1,3,8,4,9} I
{(1,3,8,4,9,3} I
{1,3,8,9} |
{1,3,8,9,3} I
{1,6} |
{1,6,5} |
{1,6,5,4} |
(1,6,5,4,9} I
{(1,6,5,4,9,3} I
{1,6,5,4,9,3,4} |
{1,6,5,4,9,3,8} |
{1,6,5,4,9,3,8,4}

{116151419131819}

o (s o Hh Hh Hh Hh o o Hh Hh o Hh Hh
(&)}

{1,6,5,10} |
XUTOHHEERE
(175 rows)

LEOBVWEDETIELMITEZED> TOWEHA. CYCLEAICKD THRRERMNTSISND D |
LIMIT AIAY72 < EEEBROENRER(CFIRDFELRA. BUVEDERBRETE BHOBS(CEBLIZEZSET
FHo5ONFIN, ENUEEEHDENECA ERFIZSHIFET & {1,3,4,9,3,4,9,34,9,..} ELVDERDIRL
(& {1,3,8,4,9,3} FTTHBUSNTULET,

CYCLE A C(HEEDFIE T, BRNHDNZRT TS5 (LEMUVEDE TlEcyclemark) &. fER%ZE
ANRD EE(ESEDREZ RIS (LEEBUVEDE TS cyclepath) HMIIMIEMNET . cyclemark (FFERZ
R U7 2SR (CEHDND WHERE AIDEREF(CHIFATEET.

IBESIFERTE CYCLE O = BATRET T .

(IEESEIRHR T cYCLE A1 &)
dbl=# SELECT chain follow chain, search seq, cyclemark, cyclepath FROM (
WITH RECURSIVE search tree (id2, chain) AS (

SELECT id2, ARRAY[idl,id2] FROM t sns follow £ WHERE f.idl =1

UNION ALL

39

Copyright © 2022 SRA 0SS, Inc. Japan All rights reserved.


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

PostgreSQL14 #&REELAR—k

SELECT f£.id2, st.chain || ARRAY[f.id2] FROM t sns follow f
JOIN search tree st ON (f.idl = st.id2)
) SEARCH BREADTH FIRST BY id2 SET search seq
CYCLE id2 SET cyclemark TO true DEFAULT false USING cyclepath
SELECT chain, search seq, cyclemark, cyclepath FROM search tree) v

ORDER BY search seq;

follow _chain | search seq | cyclemark | cyclepath

———————————————————————— Fm
{1,3} [ (0,3) | £ [ {(3)}

{1,6} I (0,6) | £ [ {(6)}

{1,8} [ (0,8) | £ [ {(8)}

{1,10} [ (0,10) | £ [ {(10)}

{1,10,1} I (1,1) | £ [ {(10), (1)}

{1,10,2} I (1,2) | £ [ {(10), (2)}

XUTOHHh=HIE
(175 rows)

TBBEEROBVWENETHE. CYCLEAZEDS ZETLIMITAZNT ZENTEE U, T, RELRE
Z Tl search_seq & cyclepath ([CIZERBDEMENETNTLDZENDOMNDET,

4.2.4. GROUP BYHA®D DISTINCT F+—TJ— R

A/)\—=3>hH5 ORDER BY AJIC DISTINCT F—D— RHAEERRECRDE LTz,

BRI —TFbtty bE—HEICIBE T D & JIL—TFbtty hORIENRU A MNIEBNSENTLUE
SZENHDET ., —ARMI(C(E. ROLLUP AY°> CUBE A EBEIEE LIz & &, EEULIEIIL-TOEH#ED
BAER SN TULELET ., ORDERBY AJ(C DISTINCT F—J— R&EFZIRI D LT, EET 37w haHl
BRI DENTEET,

UFoXS CoanfeatalLE Uiz,

(DISTINCT ¥—T— F2FEALLELI - 1-BE)
dbl=# WITH goods (id, product, color, size, stock) AS (
VALUES (1, 'ZYU—X', '#', 'L', 150),
(2, 'Y=, *F', 's', 120),
(3, 'ZYy—x', 'g', 'L', 200),
(4, "IN—HhH—', 'BE', 'M', 300),
(5, "/N\N—AhH—', 'EA', 'L', 250),
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(6, "/N—FH—', "K', 'S', 100))
SELECT product, color, size, sum(stock) AS stock sum FROM goods
GROUP BY ROLLUP (1, 2), ROLLUP(1, 3) ORDER BY product, color, size;
product | color | size | stock sum
—————————— e s Attt e e ¥XDISTINCT #HEELZLMES
N—h— | A | L | 250 GROUP BY ALL ¢fERESNTETHA
N—h— | H | M | 300
N—h— | B8 | | 550
N—h— | B8 | | 550
N—h— | & | S | 100
N—h— | & | | 100
N—h— | & | | 100
IN—H— | | L | 250
IN—H— | | L | 250
IN—H— | | M | 300
IN—H— | | M | 300
IN—H— | | S | 100
IN—H— | | S | 100
IN—H— | | | 650
N—H— | I | 650 % ROLLUP AIZHEBUEEL-C LT,
IN—FH— | | | 650 EHELETRZBHATh TS,
=X | B | L | 200
=X | B | | 200
=X | B | | 200
=X | & | L | 150
=X | & | | 150
=X | & | | 150
JU—X | F | s | 120
20— 1 F | | 120
20— 1 F | | 120
=R | | L | 350
=R | | L | 350
=R | | S | 120
=R | | S | 120
=R | | | 470
41
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1)—R | | | 470
1)—R | | | 470
| | | 1120

(33 rows)

(GROUP BY [ZDISTINCT %iEFELT-1EE)

dbl=# WITH goods (id, product, color, size, stock) AS (

VALUES (1, 'ZY—R"', '#K', 'L',
(2, 'Y=k, 'F', 's',
(3, 'ZY—R', 'aA', 'L,
(4, '"/N\—H—', 'B', 'M',
(5, S—h—r, "B, L,
(6, "IN—=Hh—r, "FK', 's',

150),
120),
200),
300),
250),
100))

SELECT product, color, size, sum(stock) AS stock sum

FROM goods GROUP BY DISTINCT ROLLUP(1, 2), ROLLUP(1l, 3)

ORDER BY product, color, size;

product | color | size | stock sum
—————————— o -
N—h— | B8 | | 250
N—h— | B8 | M | 300
N—Hh— | B | | 550
N—h— | & | S | 100
N—h— | & | | 100
IN—Hh— | | | 250
N—H— | | M | 300
IN—Hh— | | | 100
N—H— | | | 650
2)—X | B | L | 200
JY—X | B | | 200
JU=R | F L | 150
JY—=R | & | | 150
JY—R | F | S | 120
V=R 1 F | | 120
)= | | L | 350
)= | | S | 120
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1)—R | | | 470
| | | 1120

(19 rows)

DISTINCT F—D— RZENMR DT ETEEL CVWVEATRED SR RIBEN R TS H LT,

4.2.5. date bin %%

¥7z(C data_bin BSEMNBIMENE LTz, CNMERDI A LARXEY > TZIBE SNIZRIRDREIESTERD
IFRICHIR BT2ODIRFT LABETY . HIX(E EBESNZYALRIZTH1ER-EDS 5 20 pBOXEID
DECICEFNDINEZHEIT D ELCHATEEY,

BEOENELUTDOEDTY,

date bin(stride, source, origin) RUY{E timestamp &

51%% =k

stride IETE I DMEIRE (interval BY)

source |IBEI DY LRXT>T (timestamp F/=(d timestamp with time zone )

origin R ERDBYA LRI (timestamp F/z(3 timestamp with time zone )

UFDLS (CERITaMERBLUE U,

(date_bin BB D RITH)
dbl=# SELECT date bin('20 minutes', '2021-06-04 17:35:27"',
'2001-01-01 00:00:00");

date bin
2021-06-04 17:20:00
(1 row)

¥ 2001-01-01 00:00 #EAE LI=20 0RIYDEBEF A LRZVTHiES,

BHEV 20BN Y R A LRE VT (KHILED 17:40:00) TRAEWVWI EITER.

dbl=# SELECT TIMESTAMP '2021-06-24 19:35' -
date bin('29.53 days', '2021-06-24 19:35', '2021-01-13 14:00");

?2column?
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14 days 13:59:27
(1 row)
X ADBR (2021 1A 1308 14F) ZERIC, HHRK (2021456 A 24 H19:35)
DARZFARZEAR, 14.5 HAIZEBOTHABITEW S ENbM S,

$BIDBIEL date_trunc MBI SFEL TWEULIZAY B B, B 2 IR ERF OB TDY A LR
S TEDYIDIETUMNTEFRATLUR,

4.2.6. A7 RTJO>—>v0 ouT)I\SA—4

AIN=3>MEX NFPRIOS -2+ T OUT NS A—FHMETERIRECIRAD E LTz, PostgreSQL 13.x
FTD/I\—==3 2T IN/ASA=FE INOUT NS A=FLZIFHBR— SN TLE U

JO>—2v® OUT \SX—FE@FTO0>—2v D3 I%Fv (BFOEUER) [CEFNTHSD. MUH
UBFC (IR S A =S ZBE LU TERLE T,

UFDOXS(CE TR LUE LU,

(IN, INOUT, OUT NTA—42%FEHD TOL—C v EEET D)
dbl=# CREATE PROCEDURE plus (IN int, INOUT f1 int, OUT f2 text) LANGUAGE SQL

AS $$ SELECT $1 + $2, 'result: ' || CAST($S1 + $2 AS text) $$;
(psql THETT)
dbl=# CALL plus (10, 20, null); XouT BIBICIIfEZEL THMRSAFET
f1 | £2

____+ ____________
30 | result: 30

(1 row)

RIC JDBC [CHBIFB IR —T A IUBXICH I BENAEHERLUE U, UTFTOFAMI—-RZAEL
TETUEUE.

// TR F3I—F TestOutParam.java
import java.util.Properties;

import java.sqgl.*;

public class TestOutParam {
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public static void main(String[] args) throws SQLException {

String url = "jdbc:postgresql://localhost:5432/dbl";

// escapeSyntaxCallMode [T callIfNoReturn F7-=[X call ZHEELTEKLET,
Properties props = new Properties|();
props.setProperty ("escapeSyntaxCallMode", "callIfNoReturn");

Connection con = DriverManager.getConnection (url, props);

// psql LDOETERMRICoUTSILEH-Z5IWTRAELFET .

CallableStatement proc = con.prepareCall("{call plus(?, 2, 2)}");

14

// INB|¥& INOUTBIMIC/ASA—A2ZHELET,
proc.setInt (1, 10);

proc.setInt (2, 20);

// BB, BESIRISOVTOUT /NS A—FTHHLEHELET,
proc.registerOutParameter (2, Types.INTEGER) ;

proc.registerOutParameter (3, Types.VARCHAR) ;

proc.execute();

int fl1 = proc.getInt(2);

String f2 = proc.getString(3);
proc.close();
System.out.printf ("fl: %d\n", f1);

System.out.printf ("f2: \"%s\"\n", £2);

(RITHRR)

$ javac TestOutParam.java

$ java -classpath .:postgresqgl-42.2.22.jar TestOutParam
f1: 30

f2: "result: 30"

FET>TILO—RDOEESTINOUT, OUT /(SA—FH([TEMNRAN NS ENHERTEH UL,
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4.3. EEBODIZHDIEEE

4.3.1. idle_session_timeout/client_connection_check interval

DS5A7> hEDTCPIP 5T (PR MNMERE) DOHHZITOHITIRRTE/ (S A —4 idle_session_timeout
P KU client_connection_check_interval HEINIENE LTz,

* idle_session_timeout

idle_session_timeout (. 517> hOREWEDEZGFHL CLWDIRRE(CH DY S 3 > Z@fli& T
SEBTA LTI NEFEZRELUE T, 22U ST T2 3> ACHDI Y S I > EFHRINTT . Bfiiz
EELURWBESEFZUBEVLTRRENET, 0 (T IA)LME) ZIBELRBES. 1 L7770 MIE(ICR
NZFET,

LLFDFNET idle_session_timeout ZERE LT EET DI A L7770 hEMEEERLE U,

(v avBA4A L7 &5 BIZERE)
dbl=# SET idle session_ timeout = 5000;

SET

(5 UL E#EBER)

dbl=# SELECT current user;
FATAL: terminating connection due to idle-session timeout
server closed the connection unexpectedly
This probably means the server terminated abnormally
before or while processing the request.

The connection to the server was lost. Attempting reset: Succeeded.

¢ client_connection_check_interval

BWEHEERITRICTSA T hOBEARAZITOMBERELE T, ERIRBEFV I Y hER—-U> D
9D ELCL>TITON, 547> M LU TULVZiHEE. REBETESNTOIZRIVEDEZEER N CH
IEESERTENTEFT ., BUZEBELRVBESEIURELTRRENET, 0 (T ITAILNME) ZIEEL
ITiHE. BERaEEMTONEE A.

psql CRHEZEIIBULEDEZEITLUT. BOWEHOEEITIMRDBFIC psql ETTO TR ZREIFR
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T9BDZET. client connection check interval MEDEBZHIRLELUL. CDEE, H—/)\O0J

NEEHZHR T D28, postgresqgl.conf U TFDEREZSZITLET,

log connections = on
log disconnections = on
log statement = 'all’

UFCFIEZRUET,
FI. KRENEBH THDIHEETI.

(client_connection_check_interval = 0 DIFE)
$ psgl -h localhost -U postgres -d dbl XRR FMERZELET
dbl=# SHOW client connection check interval;

client connection_ check interval

dbl=# SELECT pg sleep(300);
(LEEVWEHLEOMIBET CICH2—SFId b kill -9 (PID) #ETLT.
psql RIT O REHFHET)

(agHAh)

port=52786

2021-06-02 11:32:22.283 JST [4379] LOG: connection authorized:

user=postgres database=dbl application name=psqgl

2021-06-02 11:32:25.865 JST [4379] LOG: statement: SHOW

client connection check interval;

2021-06-02 11:32:51.209 JST [4379] LOG: statement: SELECT pg sleep (300);
XSELECT RITE#IC kill -9 #RITLTY 54 7> MK

2021-06-02 11:37:51.218 JST [4379] LOG: could not send data to client:

Broken pipe

2021-06-02 11:37:51.218 JST [4379] FATAL: connection to client lost
XY FA4AT7 Y bOUIRZERET 5DICHSEN> TS,

2021-06-02 11:37:51.218 JST [4379] LOG: disconnection: session time:

2021-06-02 11:32:22.283 JST [4379] LOG: connection received: host=127.0.0.1
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0:05:28.935 user=postgres database=dbl host=127.0.0.1 port=52786

BT, REREZEOTTHEETY,

(client_connection_check_interval = 5000 DiFHE)
$ psgl -h localhost -U postgres -d dbl XRR FMEHRELET
dbl=# SHOW client connection check interval;

client connection check interval

5s

(1 row)

dbl=# SELECT pg_sleep(300);
(LREEWEHLEORBET CICAF—SFILM G kill -9 (pID) #=E{TLT.
psql BT O R ERHET)

(A JHAH)

2021-06-02 11:41:52.169 JST [4548] LOG: connection received: host=127.0.0.1
port=52788
2021-06-02 11:41:52.169 JST [4548] LOG: connection authorized:
user=postgres database=dbl application name=psqgl
2021-06-02 11:42:05.004 JST [4548] LOG: statement: SHOW
client connection check interval;
2021-06-02 11:42:39.408 JST [4548] LOG: statement: SELECT pg sleep(300);
XSELECT RITHE#&IC kill -9 #RITLTI 547> MK,
2021-06-02 11:43:04.411 JST [4548] FATAL: connection to client lost
X7 S47 0 FOUERABBDS bITRHEhTWS,
2021-06-02 11:43:04.411 JST [4548] STATEMENT: SELECT pg sleep(300);
2021-06-02 11:43:04.411 JST [4548] LOG: disconnection: session time:
0:01:12.242 user=postgres database=dbl host=127.0.0.1 port=52788

client connection check interval HEICKD. BWEDERITHRDIS 177> MIREERH

(SHRETDZEENTEF U,
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4.3.2. i X A0-)L

pg_database owner. pg read all data. pg write all data

PostgreSQL 14 Tl UTFD 3 DDERBH AT LO—ILNENENEUZ. LWINEHSH UHIERK

TNTVNBDHR5T, 1FRlIEEEEIF > TLET,

%II

O—JL& B3

pg_database_owner |BBRR(CIREDT —IR—RFIBEEZA> /(=& LTWBO-)L.

RAF—YDUSAGE &R AT 12 b SELECT H#EBR(CHEZ,

pg_read_all_data PAF—YDETOT—II)L. Ea—. =52 A=ESBTE30-)L.

pg_write_all_data 2AF—TIDETHT—IIL. Ea—. >—F > R=EHTE30-)L.
AF—TDUSAGE &R &EA T 147 hD INSERT. UPDATE. DELETE #&[R(CAHX,

LT ogfrrgEsea it E UIT,

¢ pg_database_owner DEIEEZ

(BA TPz FiEE% pg_database owner & LT, E# soL Ziik)
$ cat > app _ddl.sgl <<EOS
CREATE SCHEMA app AUTHORIZATION pg database owner;
CREATE TABLE app.tl (id int PRIMARY KEY, txt text, ts timestamp);
ALTER TABLE app.tl OWNER TO pg database owner;
CREATE SEQUENCE app.seql;
ALTER SEQUENCE app.seql OWNER TO pg database owner;

EOS

$ psgl -U postgres

postgres=# CREATE USER appuserl;

postgres=# ALTER USER appuserl SET search path TO 'app';
postgres=# CREATE DATABASE appdbl OWNER appuserl;
postgres=# \c appdbl

appdbl=# \i app ddl.sqgl

FBA—YEETDL—YERAELTEHIT —FR—RXEZHFRLT, EHosQLEA—F)
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(F—ER—ZAAEEL—YNREF TS ) FORBEERKRICT V) LA THEICES)
appdbl=# \c appdbl appuserl
You are now connected to database "appdbl" as user "appuserl".
appdbl=> \d

List of relations

Schema | Name | Type | Owner
———————— ot
app | seql | sequence | pg database owner
app | tl | table | pg_database owner
(2 rows)

appdbl=> INSERT INTO tl VALUES (nextval('seql'), 'TXT', CURRENT TIMESTAMP) ;
INSERT 0 1
appdbl=> SELECT * FROM tl1;
id | txt | ts
e o e
1 | TXT | 2021-06-11 11:22:02.823711

(1 row)

FERDFENAICED, EBATZ T SEE%. pg_database owner 932 ET, RAIUEESQL %, Fh
BEDERDIN DHWDT —AHIR—(THEA T B(CHIED. S TIVRERIRNAIEEICRADEUIE, COEZH
THNERAUEE SQL B EDT —INR—X (AL TE., T—IR—AMBENZIATZ U hOFBEE(C
RDFET,

¢ pg_read_all_data & pg_write_all_data DBjfErEZ

25T —HN5E D pg_read_all_data O0—)LDA>/)\—T&HBI1—H readerl. pg_write_all_data O0—)L®D
A )\—=THDI1— writer1 ZERL LT, CNSO—ILOEEEHR L FE LTz, BIBICER LT, T — 5 —
AEBZBAT T SCOFBEZEN appuser! T3HD appdb1 T—INR—X(C T IR ZRHAHET .

(RERAO1L—FE1ERL)
$ psgl -d dbl -U postgres
dbl=# CREATE USER readerl;

dbl=# GRANT pg read all data TO readerl;

dbl=# CREATE USER writerl;
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dbl=# GRANT pg write all data TO writerl;

(appdbl [T readerl THE#HE L TRIEREER)
dbl=# \c appdbl readerl
You are now connected to database "appdbl" as user "readerl".
appdbl=> SELECT * FROM app.tl;
id | txt | ts
S o
1 | TXT | 2021-06-11 11:22:02.823711
(1 row)
appdbl=> INSERT INTO app.tl VALUES (nextval('app.seql'), 'TXT2', now());
ERROR: permission denied for table tl — BEAH (BRLUS) FTEHL

(appdbl [T writerl TiEH L TRIERER)
appdbl=> \c appdbl writerl
You are now connected to database "appdbl" as user "writerl".
appdbl=> INSERT INTO app.tl VALUES (nextval('app.seql'), 'TXT2', now());
INSERT 0 1

appdbl=> SELECT * FROM app.tl;

ERROR: permission denied for table tl — H(ZBRBIITELL

pg_read_all_data (0—)LA2 pg_write_all_data O0—JLDA>/)\—THNIZE. AISERMGSLTLRWATS
IO RIDNWT, BNENEBEEZTIAANTRE LR D TUVREMENER TEE U, A ESTHICAIEEET
BEHICIEFHEO—ILDAI)I\—THIUNENSGDET,

==Y

4.3.3. EITRERETE 1 —DHL3R (pg_stat_progress_copy,

pg_stat wal, pg stat replication slots)
PostgreSQL 14 Tl MU TFR(ITRT 3 DOEITRFRETE 1 — DB EHEENENFE U,
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ﬁll

STt E1—4& g

pg_stat_progress_copy COPY MR RLUET, \wOTIT>2 RTE1ITHEANET,

pg_stat_wal WAL DR EEFIAHCRAT DMETN 1177 —FTERRUET,

pg_stat_replication_slots |OZHILL UL —23>XX 0O bOFBRARRICET Mt ZzRRUET .
0v T ED 1ITHIRNE T,

+ pg_stat_progress_copy E2—
IBANEMNJZ pg_stat_progress_copy E1—DEZEZUTICRUET,

Lk F—48 shEA

pid integer JI\wOTIT>ROZOLEXRID

datid oid EHET —59N—XD 0ID

datname name B\ T —AINR—%

relid oid HHRT—TILDOID. JTUNSDIE-TIEO

command text Ef7HPIY> R (COPY FROM Z/z(& COPY TO)

type text A8 : FILE. PROGRAM. PIPE. CALLBACK GRIZEL UL —=
3> OPRT—TIVER) ondnm

bytes_processed |bigint IFENTZ)\A BEL

bytes_total bigint V—XIT7AILDOBAX (ARBFRRS 0)

tuples_processed | bigint BE(CAUEENTZ1TE

tuples_excluded | bigint WHERE &) TR ENTZITER

INB5DE 1 — DR ZS 1N FE LT,
COPY EITRIDEMEZIER I DTz MEIADT —IN—XEFT—TIVEERKR L. tmp T« LI KUICT
—SDESHUESLUGHFMD TE UTRERAT T 9T 7 MILEER LE LTz, AT ICFIEZRUET.

(READT—E R—RZEEE L. t_copy T—TIL&ET—F EER)

$ createdb copydb

$ psqgl copydb

copydb=# CREATE TABLE t copy (id int primary key, ts timestamp, mes text);

INSERT INTO t log SELECT g, now(), md5(g::text)
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FROM generate series(l, 1500000) as g;

(Bl2—=F)LTpg_stat progress copy Ea—% 1T ELICRTE YBT & 5 #(#)
$ psqgl copydb

copydb=# SELECT * FROM pg stat progress_copy;

pid | datid | datname | relid | command | type | bytes processed |

bytes total | tuples processed | tuples excluded

(0 rows)

copydb=# \x

copydb=# \watch 1
RBR

(BDE—ZFNVTT—TILH BT 7AILADCOPY TO E3IT)
copydb=# COPY t log TO '/tmp/t copy.dat';

(\watch 17O 2—=FJLTlEcory To DETRRAMABREINB)
202148078278 1015933 % (every 1s)

=[ RECORD 1 J---=#--------- — RTHOAE—RHEIBEDATHRREND
pid | 3987

datid | 16406

datname | copydb

relid | 16407

command | COPY TO

type | FILE

bytes processed | 37164345

bytes total | 0 < copY TODWIL 0 &4 D (YA XHTHLE=H)
tuples processed | 556350

tuples excluded | O

(0 rows) <« EFHOAFP—IKTIBE0TIZHES

(TDBE—=ZFILTIF7AIDST—TILAD COPY FROM % HR{T)
copydb=# TRUNCATE TABLE t copy;
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pid
datid
datname
relid

command

type

. B

pid
datid
datname
relid

command

type

(0 rows)

-[ RECORD 1

bytes processed |
bytes total |
tuples processed |

tuples excluded |

bytes processed |
bytes total |
tuples processed |

tuples excluded |

A RREEEEEE

3987
16406
copydb
16407
COPY FROM
FILE
4194304
100888896
62999

0

] m—m oo

3987
16406
copydb
16407
COPY FROM
FILE
90243072
100888896
1342646

0

copydb=# COPY t copy FROM '/tmp/t copy.dat';

(corY il pg_stat progress_copy Ea—ITEBRANERTEIN D)
2021 % 07RA 278 108249 128 (every 1s)

— RTHOIAE—-RHIBEDHTARTEIND

«— COPY FROM TlI&#H 41 XNTTEHhD

20215 07RA 278 108249 168 (every 1s)
-[ RECORD 1

— ETPOAE—BRTIHETHRIED

U EDKSIC pg_stat_progress_copy £1—T COPY DEE N HER TEE U,
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¢ pg_stat_wal E2—
BIlENTE pg_stat wal E2—DEEZUTRICTRUE T,

Lk F—HE E1L:]
wal_records bigint ER SN WAL L J— RD#E
wal_fpi bigint ERRENTZ WAL TILR—=ZA XA =D E
wal_bytes numeric AR SNz WAL D)\ R COEFT=E
wal_buffers_full | bigint WAL /\w T 702 (EWTIRD TT « RV ICEETIAFENZEIER
wal_write bigint XLogWrite 3K T WAL J\w J 7 7« AD([CEZH EN/ZEEL
wal_sync bigint issue_xlog_fsync 3K T WAL J 7 1L« AT (CABAENZEER
wal_write_time double precision | XLogWrite 3K KB F 1 ATEZTIAHDEFEHET (ZTUR)
wal_sync_time double precision |issue_xlog_fsync BK(C KDF + XA TDKRIRET (ZU)
stats_reset timestamp with | fisHBIwRMNREZICU Y bENizks

time zone

REEDTZ(C. FHRIC PostgreSQL -1 > A5 > A= ER U TIREENER D pg_stat wal E1—ZFRUEL
Jzo FIRRIREE(S. £2THMEN 0 ERD>TVET,

(RELAA D PostgreSQL A Y R A U A E{ERK., &H)
$ initdb --no-locale —-encoding=UTF8 -D /var/lib/pgsgl/data/statwaldb
$ pg ctl start -D /var/lib/pgsqgl/data/statwaldb -o '-c port=5434"
$ psgl -p 5434
postgres=# \x
postgres=# SELECT * FROM pg stat wal;
[ RECORD 1 J—=——dmmmmmm oo < DB{ERIE#R T WAL 4RI L
wal records |
wal fpi
wal bytes |

wal write |

0
0
0
wal buffers full | O
0
wal sync | 0

0

wal write time |
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~

wal sync time

stats reset

0
2021-07-26 22:17:30.282104+09

FEWTHIDS—Z=F)LM 5. pgbench ZEITLU CEZTAHMUEERESTE T, BE pg_stat_wal E1—%
FRIDE. WALEZFHUICAT dfeHENHER TS FE LI,

wal records
wal fpi

wal bytes

wal write

wal sync

wal sync time

stats_reset

wal buffers full |

wal write time |

(Bl A —=FJLT pgbench DA T—4 {ERL % ET)
$ pgbench -i -p 5434

(BE pg_stat wal Ea—%&RTT 5 L KFDOHKEAENM)
postgres=# SELECT * FROM pg stat wal;
=] RECORD 1 J=———#m—mmmm oo «— pgbench ##A{LD wAL &£ E

4006

322

13075616

800

820

18

0

0

2021-07-26 22:17:30.282104+09

+ pg_stat_replication_slots E2—
pg_stat_replication_slots E 1 —DEHEZUTFICTRUE T,

Lk F—HE ErL
slot_name text LTJUo—23>20v b
spill_txns bigint OSHINT -T2 0 TTa AVESHLZELIE NSO 3248
spill_count bigint OZHIT DT 2O TT A ROEEH Lz UIZEIE

spill_bytes bigint

OZHIILT =T« 2T TT 4 ATESHUZ U/ hK

stream_txns bigint

OZAINFOA-FT4 I TARNI—Z2 TSN hS 2T 0232,

stream_count | bigint

OSHLFA—F 1 > I TR N —Z > I ENTE
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Lk F—48 ETL
stream_bytes | bigint OZHILF7 =54 I TRARNI=Z>2TENE) A ~R
total_txns bigint OZHIILTA—F 1 2O TERESNE M52 Y02 3 4%
total_bytes bigint O HIL7 =7« I TEHEEINEHR) 1 MR
stats_reset timestamp with | fisHEIRMNRE(ICU Y bk
time zone

(4415 O HILL TV —2 3> 0O%E | DIRGEZEEMLU T, €DEFD pg_stat_replication_slots 1 —

DIEwF R LFE U,

INDUT—23> It hS2PI23>ARICKET —IIRAZITDOE. LTDLDIC, ESHENe
spill 7 7 1 )L HESEDIEERM pg_stat_replication_slots £ 1 — spill_txn. spill_counts. spill_bytes 7} (Cdp 5

mnxEurc.

(/8T 45— 3 UfIT pg_stat_replication_slots Ea—% 1 T ELITKTR)
dbl=# SELECT * FROM pg stat replication slots;
dbl=# \watch 1

(pg_stat_replication slots Ea—: spill 774 JLHIFDEHR)
2021 % 07H 278 15849923 07# (every 1s)
~[ RECORD 1 ]+4--——————-

slot name | subl

spill txns | 1 «

spill count | 1 «—

spill bytes | 67109019 — ThibniEAEMm
stream txns | O

stream count |
stream bytes |

total txns |

o o o O

total bytes |

stats reset |

(1 row)

BOWTRA M) —Z2ONMBRCUIEBEZERUEUIZ, streaming =on DERECHIROUTS 3> %
EDBELT. BE/N\ DU -3 87—JILIC 1 bS5 023> TRET —FIK/ATDE LTOREH
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L I N N

streaming=on CTRKET—A2®RATOEHA)

Ch i DIEAE N

gllenE L.
(pg_stat_replication slots Ea—:
202107 A 27H 16821 %950 (every 1s)
-[ RECORD 1 J+--—-—-———-
slot name | subl
spill txns | 0
spill count | 0
spill bytes | 0
stream txns | 1
stream count |
stream bytes | 67109019
total txns | 1
total bytes | 67109019
stats reset |

HUEm@bh, OZHILLTUT—2 3 > OUBARBICIE U HEHERNIR RSN MR TEF U,

4.3.4. pg _amch

eck N>R

PostgreSQL 14 NS5%i/z(C pg_amcheck X > RANBIIENE Uz, CNUE. T—TIA>A >FT W IRD
BEDRIBNR—EMZRE LUFE I . pg_amcheck MHEEE (S contrib & U TR END amcheck YE3RMDEAER(C
KD TERESNTUVET, LA DT, pg_amcheck Z{E S (C(d amcheck DEANKET, pg_amcheck (&
amcheck ILRZEVT < U CHIERZRHIEEDEERFT,

amcheck & PostgreSQL 14 THEEEBNESNTHE D, B-Tree 1 > T VI ADHIRST | {ZEN(TENOND
heapam ZRBW\cT—TJILDIRBE TE DL DITIRD TULE T, pg_amcheck THT—JILOBRENTEET,

BUF (CERABIZRUET,

$

$ psgl amcheckdb -c

$ pgbench -i amcheckdb

(amcheckdb T—4# RXR—R ZEM. amcheck HiskZ®EA#®. pgbench TT—JILIERL)
$ createdb amcheckdb

'CREATE EXTENSION amcheck;'

GBIBIZT—FR—RZHEEL T, T—IR—XLEZERE)
$ pg amcheck amcheckdb

— IS—MEITIhIEMETEL
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(--progress ¥ 73 3 U CHEBHRIRAERR)
$ pg amcheck --progress amcheckdb
266/266 relations (100%) 2855/2855 pages (100%)

(--all 723V TET—ER—IAHR)
$ pg amcheck --all
pg_amcheck: warning: skipping database "postgres": amcheck is not installed

pg_amcheck: warning: skipping database "templatel": amcheck is not installed

¥ amcheck RBANTF—ER—X[ZDOWTIFELEEZH L TRFYILET

(-d TF—ER—REE, -t TT—ITNVEE. -v TARHNIEE)
$ pg amcheck -d amcheckdb -s public -t pgbench accounts -v
pg_amcheck: including database "amcheckdb"
pg_amcheck: in database "amcheckdb": using amcheck version "1.3" in schema "public"
pg_amcheck: checking heap table "amcheckdb"."public"."pgbench accounts"

pg_amcheck: checking btree index "amcheckdb"."public"."pgbench accounts pkey"

4.3.5. pg_rewind TR )\A%ZY—AH—){& U THA

pg_rewind DY —XEUTRI )\ A=)\ ZFAHUEESRUNAIREERDFE L. UEIFY -5 —
INETSARUTRIFNERDFRATUE,. CNEY—XY—/NIC—BF—JILEER T DEEND D 2
2T, INZEARE LT DEMNTONFE U,

RAAINAH =) 'Y - EUT pg_rewind ZESRKRELTIE. 3EDAHRT—RLTIUS—23>

(54U = ZAFINA 15 RIINA2) TISAIYUNI I U TCREIINA 1TSSV

FRUEE. BUIEDART—RLTUST =232 (CURWMEENRNEZSNET . FiRDRITRUET.

A2 UEIBTISA<TUYS—)NET, #iRI>)\A 1 (IBRI>)\A 2) &Y —EUTE pg_rewind MDE
TICEKD. 3BOART—RLTUT—2 a3 AN BUEBR TEEY,

59

Copyright © 2022 SRA 0SS, Inc. Japan All rights reserved.


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

PostgreSQL14 #&REELAR—k

75143 RB N1 AR INA2

AN) =25 LT r— 3y

AR INA2 HTS514<Y) HAZIN(1
. A \ : j

0\
R
m

~

[}
:
:
:
:
:
L

AM)—22 LT r—ay

ERDIEBDHART— RLT VT —2 3 A8 ZEBE Utkilz, B—Y—/\INT/R— MESZZEXE3
DD PostgreSQL 1 > XA AZEE=E T, UTD@EDEMUFE U,

(754 =VY—\Z2ER)
$ initdb --no-locale --encoding=UTF8 -D /var/lib/pgsqgl/data/svl
$ cat >> /var/lib/pgsgl/data/svl/postgresgl.conf <<EOF
logging collector = on
port = 5432
wal log hints = on
archive mode = always
archive command = 'cp %p /var/lib/pgsqgl/data/arc/%f'
EOF
$ mkdir /var/lib/pgsgl/data/arcl
$ pg ctl start -D /var/lib/pgsqgl/data/svl

(RE 1A 15— Z4ER/L)
$ pg basebackup -D /var/lib/pgsqgl/data/sv2 -R -p 5432 -h localhost
$ cat >> /var/lib/pgsgl/data/sv2/postgresgl.conf <<EOF
port = 5433
archive command = 'cp %p /var/lib/pgsqgl/data/arc2/%f'
restore command = 'cp /var/lib/pgsgl/data/arcl/$f Sp'
EOF
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$ mkdir -p /var/lib/pgsql/data/arc?2
$ pg ctl start -D /var/lib/pgsgl/data/sv2

(RE A 29— \Z4ER/)
$ pg basebackup -D /var/lib/pgsqgl/data/sv3 -R -p 5433 -h localhost
$ cat >> /var/lib/pgsgl/data/sv3/postgresgl.conf <<EOF
port = 5434
archive command = 'cp %p /var/lib/pgsqgl/data/arc3/%f'
restore command = 'cp /var/lib/pgsgl/data/arc2/%$f Sp'
EOF
$ mkdir -p /var/lib/pgsqgl/data/arc3
$ pg ctl start -D /var/lib/pgsqgl/data/sv3

(754 T Y[ pgbench TF—H £/, T—HEHETS)
$ createdb pgbench

$ pgbench -i pgbench

$ pgbench -T 30 pgbench

(T4 EEEEBL, XFUNS 12574 - BEEROI A ILA—/EFR LR
$ kill -9 $(head -1 /var/lib/pgsgl/data/svl/postmaster.pid)

$ pg ctl promote -D /var/lib/pgsgl/data/sv2

FTFA4 <) LT, 5IEHmETHNEEET)
$ pgbench -p 5433 -T 30 pgbench

(BFS54TYTHRAEVINA 1% Y—RIZ pg_rewind FEIT)
$ pg rewind -P -R --source-server='host=localhost, port=5434' \
--target-pgdata=/var/lib/pgsgl/data/svl
pg rewind: connected to server
pg rewind: executing "/usr/local/pgsql/l4/bin/postgres" for target server to
complete crash recovery
2021-07-30 21:00:43.879 JST [31675] LOG: database system was interrupted;
last known up at 2021-07-30 20:46:40 JST
2021-07-30 21:00:43.937 JST [31675] LOG: database system was not properly

shut down; automatic recovery in progress
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2021-07-30 21:00:43.949 JST [31675] LOG: redo starts at 0/30008D0O
2021-07-30 21:00:44.407 JST [31675] LOG: invalid record length at
0/3D57918: wanted 24, got 0
2021-07-30 21:00:44.407 JST [31675] LOG: redo done at 0/3D578E0 system
usage: CPU: user: 0.07 s, system: 0.06 s, elapsed: 0.45 s

X FEEBLTH 1=, CCETTERI Sy )ANYHEI:
PostgreSQL stand-alone backend 1l4beta2
backend> pg rewind: servers diverged at WAL location 0/3D57918 on timeline 1
pg rewind: rewinding from last common checkpoint at 0/3000908 on timeline 1
pg rewind: reading source file list
pg rewind: reading target file list
pg rewind: reading WAL in target
pg _rewind: need to copy 68 MB (total source directory size is 96 MB)
70466/70466 kB (100%) copied
pg rewind: creating backup label and updating control file
pg rewind: syncing target data directory

pg_rewind: Done!

X REUNA4%Y—RELT pg_rewind NMBEIZEETILTILVS

(FRE VR4 =2 =REEE L TESR)

$ cat >> /var/lib/pgsgl/data/svl/postgresgl.conf <<EOF
port = 5432

archive command = 'cp %p /var/lib/pgsqgl/data/arcl/%f'
restore command = 'cp /var/lib/pgsgl/data/arc3/%$f Sp'
EOF

$ pg ctl start -D /var/lib/pgsqgl/data/svl

U EDFIETIEDHRT—RLTUST—23 > HMEIHLE UTZ. pg_rewind ZfE> T BT S UDF

—FF7 4 LI RNIUNS RGN AB—)"5 =5y bEUT, RIGDFZRRAI 2 I\A B —) =BT D
EMTEFELE

5. BERIGIFERAE

ARETI(d PostgreSQL 14 D PostgreSQL 13.x ([CXW T DEMWEDEWVEEADD S, EEEBDOHNDIED

ZRD EIFFET,
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5.1. 935347~ MIBASRADEE

pg_hba.conf MFREEA TS 3 > T clientcert=1 EW\SEZ (B clientcert=verify-ca K@) HBEELE
ENZFE U, clientcert ZIBTE I DIHS(CIE. verify-ca FE/z(& verify-full ZIETE LRIFNIERD EH A

e, CNIEEEEEBNNTH > TIEEBRTIEH D EFE AN, pg_hbaconf DEBIEATS3>EULT
clientname A>3 >MBIMENFE LI, CNEZ(EDNZEIBEI D ENTEET, hostssl iEH To T
clientcert=verify-ca &9 DIBE. HDU\E. cert iRl AR ZEDIHZE(C. ER 1 - & SIAERND EDIER &
TR T INZEIBEUE T #ERFEwT CN (Common Name) MMEHDNTULVELZM, clientname=DN %15
EJIDZET. DN (Distinguished Name) ZESZENTEDRSICRADFEUT,

5.2. v22’0OBM3JLEELE

PostgreSQL (& 7.4 /\—=>3> (2003FJU—X) 570 JLI=23> 3.0 MEODNB LS (CRAD
FUA ENBEIOT ORIV 2.0 BIISHEEZIFFIFTULE U, PostgreSQL 14 5700 ~JL 2.0 A
HiR— hENR<RRDET,

openjdk 1.8.0 & JDBC RS /NICKD#EHE TUTDKDIC protocolVersion=2 ZIEE LTZIBE(CDWLT
FRARULEUEZ,

// TAFI2A—F jdbctestl.java
import Jjava.sqgl.*;
public class jdbctestl {
public static void main(String[] args) {
String url = "jdbc:postgresqgl://127.0.0.1:5432/dbl?protocolVersion=2";
Connection connj;
try {
conn = DriverManager.getConnection (url, "postgres", "pass");
System.out.println ("Connection OK");
conn.close () ;
} catch (Exception e) {

System.err.println ("jdbctestl: ERROR: " + e);

ZOfRER. UToEGTIS—MECDEBENMER TER U,
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$ javac -classpath ./postgresqgl-42.2.20.jar jdbctestl.java
$ java -Djdbc.drivers=org.postgresqgl.Driver \
-classpath .:./postgresqgl-42.2.20.jar jdbctestl
jdbctestl: ERROR: org.postgresgl.util.PSQLException: A connection could not

be made using the requested protocol 2.

protocolVersion=3 Z3§TE 3 DN\, protocolVersion ZIEE LIXFNIE, /\—==3> 3.0 7O IILERD T,
AIS—(FRELFEA.

SH. ORIV 2.0 UMERRWT —IR=RTSA 7> M ABD THOWEDZRE, FEAEENE
EZSNFIN O—/)BITURT7 RIF— A2 hOFIAZER T D2 (CERX TTO ~T)L 2.0 Z&R U
TLBHBENDINELNEEA.

5.3. BEHIEHEHFODEELE

AN—-23 > THREBHIBEEFNEIELENFE LIz, PostgreSQL 13.x [CHBWTIEETHFE I DREHIEE
BFE BRZEKRIDNIZITT. COBEEFERIEENFTELUL, 0B, BEOEEF(CIAIERD 1] &fF
FEUERLEEN, CESE—HEICRILEESNTVET, REI(C factorial B ZEFERAIT DI ENTEET,

1Y EEDREBEIEREETHNGIBE. /(—23> 4BFCEHEELEE T INENLDET,

(PostgresQL 14 THREHIEREFOETRICKET 54)

dbl=# CREATE FUNCTION plusplus (int) RETURNS int LANGUAGE sgl AS
$$ SELECT $S1 + 1 $S;

dbl=# CREATE OPERATOR ~++ (FUNCTION = plusplus, LEFTARG = int);

ERROR: operator right argument type must be specified

DETAIL: Postfix operators are not supported.

5.4. EXTRACT DEMEZE

EXTRACT BAZDR DEDFIEDT —FBINH, LUITFICRI L SI(C double precision B2HVS numeric BL(CZ
BENFUlE, 77U -3 >AORBIVWENDE T EXTRACT ZEDRN SR I5E (CHEEENNELER
5NE9,

dbl=# SELECT pg typeof (EXTRACT (DAY FROM now()));

pg_typeof
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numeric

(1 row)

Ffo. date BICH LT, BRICEEFNRWIE] (9] I QREZMDHEES LITDES(C 0MNRDZDOT
(F2< UMFDOKSICIS—ZHTKIICEDDHU,

dbl=# SELECT EXTRACT (MINUTE FROM now () ::date);

ERROR: date units "minute" not supported

5.5. pg_standby AN > RMDBELE

contrib & UTIRMAAEMNTULVZ pg_standby I > RABEIEENFE Uiz, SHUE. restore_command 5%7E/
SA—HRNCAIN> RE[MBDOTWAL I 7 MILEMDOL TV -3 >%2FERITB3EDTY ., PostgreSQL
MRARNY—=Z2TLTUT—2 32 (CHIELTOVRMN D TZHRNS, RO RICEKD>TRY /) NAH—)(
DIERRAFIEE T LTz (BWEDEERITETERVDTIA — LRI )\A EFEINFELE) .

9.0 U/ \—=3 > ThnId. pg_standby ZER LR EB. WAL T 71 JLEMDLTUS—2 32 (3FH]
HEC9 ., PostgreSQL 14 TIFUTDFIETHEMRTETET .

WAL 7—hA TAHAT4 LI M), REAVNNLBT—E2 T4 LI M) #ER)
$ mkdir "S{PGDATA} arc"
$ mkdir "S{PGDATA} standby"

$ chmod 700 "${PGDATA} standby

(R=ZANY YT I TTCRENL ONPT—2 EER)
$ pg basebackup -D "S${PGDATA} standby" -R -c fast

WAL 274 LAE—ICEBRAMEREL T, X5 /31 ZiEEh)
$ cat > ${PGDATA} standby/postgresqgl.auto.conf <<EOS
restore command = 'cp ${PGDATA} arc/%f %p'
port = 5433
EOS
$ pg _ctl start -D "S$S{PGDATA} standby"

(24 VBITWAL 7—hA TEH IS ES)
$ psgl -U postgres << EOS

ALTER SYSTEM SET archive mode TO on;
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ALTER SYSTEM SET archive command TO 'cp $p ${PGDATA} arc/%f';
EOS

$ pg ctl restart

(pgbench TEZAA% LT, pg_switch wal TWALF7—HA TEERLET)
$ pgbench -i dbl &> /dev/null
$ psql -c 'SELECT pg switch wal()'

Pg_switch wal

0/5C7E958

(1 row)

(psAXY RTCREUNAPINROWAL 77 AL EF > TLWEIRENEETZET)

$ ps xw

PID TTY STAT TIME COMMAND
32462 ? Ss 0:00 /usr/local/pgsgl/l4/bin/postgres
32475 ? Ss 0:00 /usr/local/pgsgl/l4/bin/postgres -D

/var/lib/pgsql/data/14 standby
32477 2 Ss 0:00 postgres: startup waiting for
000000010000000000000006
32640 2 Ss 0:00 postgres: archiver last was
000000010000000000000005

XEDHDOH % EM

FEEERAMNTOERITTIN, cp IV R%ZE scp IV RICESH]XTZD. NFSYI> MUET o
LOKNUMNSOE—SHEEDTBRET. UE—M—/BDOLTUT—23(CTBRENTEET,

¢ pg_standby DF#EE—F

pg_standby TI(EX4S > )\ PostgreSQL ZFEIEFDD(C smart E— R (GREFD WAL 7—Hh( T =2
TEALUTERE) | fastE— R (I<ICER) Z@RTEFHLU

52D restore_command RE/NSA—FZFESTEAETIE. RAIVIINAZFIEIBRRIEEITDE
pg_standby (C&H1FD smart E— RICHHE T IIECIRDFET . fast E— R(CHEITDIIRDEBL\EZ DTS,
AA > )\A(C recovery_target = 'immediate' NFEESN TVWDIRETHFIE T DILENHDET,

BUF (& fast E— RABHDOFEFIEDIREE T I,
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(RB UL | recovery target REZIEM, =72 L RBRIZEEER)
$ psgl -p 5433 -U postgres << EOS
ALTER SYSTEM SET recovery target TO 'immediate';

EOS

(R#A 21\A{ PostgreSQL Z&iIL)
$ pg ctl stop -D "${PGDATA} standby"

(REVNABLRIZTSFARYIZKEBOBEAHETL., BRICT—ITILERZETI)
$ pgbench -i dbl &> /dev/null
$ pgbench -i dbl &> /dev/null
$ pgbench -i dbl &> /dev/null

$ psql -c 'CREATE TABLE t new(id int)' dbl

(standby.signal 7 7 JLZHIBRL T, X2 UM ZRBEHT SH)
$ rm "${PGDATA} standby/standby.signal"

$ pg ctl start -D "${PGDATA} standby"

(7542 TRRIZT>I=T—IIERIERBMEh TULVELY)
$ psgl -p 5433 -c '\d t new' dbl

Did not find any relation named "t new".

WAL 77 1ILEUTIFFELU TVDIINEGREADZEE(CDWLWT, TNESZRME S (CEIEICHEESE
dTENTEFLUR,

12$. R > )\ATrestore_command Z# 3 KBTI DIV> R (FIZ(F Linux (CH TS false I R)
(CESHMI THRELUTCEES B CEMRERDER(CIRADE T, COHZEICE WAL 7—H+ T (FEREINE
IHASA WAL« LD NUICHBIDEBREEINET ., BECWIIESTESDAN pg_standby D fast
E—RIGEVWEEXFET . £/2U. FERF (I restore_command (CWAL I 7 1)LZ1E—9 307> RIWE
TIDT. 5N false FICHEL THDIFICENEFEHEA.

6. BEFEIH

ARRF 1A ME SRAOSS, Inc. HARZ#H (CEDERENELIE. LM L. SRAOSS, Inc. HARSZ#HEA
RIFT A MTHWTIEREYE, BRM. 2OMUONDRBFRIEEITDIEDTIIHEDFEFA. KRFI1IAD hEF]
AT35E. FIABOEEICSBVLWTITRODTIELEDERDZET,
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