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1. (FUSIC

AXE (L PostgreSQL 13 (CEFNDEE/RFHEEEZHRIAL. ERICEMESBIAREIERZREIT DBD
TY, PostgreSQL 13 (CDWTIREEL KD ELUTWBRI—HDIFICIRB T EEZBNELTVET,
2020 f£5 H 21 HICUYU —X&NJz PostgreSQL 13 betal & U THREEZITL). €MD& 2020F 6 H 25 H
(YU —RXEMNTz PostgreSQL 13 beta2 TOZEERNFT L. 2020 F 9 A 24 HICIER VU YU —XREanic
PostgreSQL 13 TOEERNEZRIRL T, AXEZ/EK L TNET,

PostgreSQL 13 beta 2 TOZEE (L. enable_hashagg_disk :%E/ (S X —4h' hashagg_avoid_disk_plan
ERDFT I A )L MES off (CEEEINI=C & &L enable_groupingsets_hash_disk (%7E/ VS X —F W FELE E7Q
DIECEDZATY, FIERICU U —XENTE PostgreSQL 13 THZEE (. enable_incrementalsort :%3E
NS A =5 enable_incremental_sort (CEE /= & &, hashagg_avoid_disk_plan W ELEESNZZ D
ZRTY,

2. HIE

PostgreSQL 13 DEBIIFHEAEFUTDBED TY . KRF 1A MTREHINSDIEEZRD LITFT,
B-Tree 1 > 5w O XDM4kEEM Lk
FULWRITTS>
IN—=F 1 >3 >7—T) LDk
J\ZLJL VACUUM
W LR— NE 1 —DIRE
pgbench DILE
pg_rewind DR
SQL #EEDIENN

COOMBICE., HEEBIYCEENSESDET . ECOEERAD—E(C DUV TIF PostgreSQL 13 RFEa2 A>
rRDUYU—X_J— K (LITFURL) ([CEEEHSsNTULET,

https://www.postgresqgl.org/docs/13/release-13.html
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3. BREFEDfzsHDty K7V S

3.1. YVIMIIFPAF

PostgreSQL 13 (R—HZEEZD) (FUTF URLDR—SHB545 0> 0O— REJETT., V—XIO—R |
Windows D/ A FUDA > A =5, RPM yum URS RUBRBHEESNTLET,

https://www.postgresgl.org/download

3.2. WREIRIE
WRIESEE LT, {RIB{LEM FD CentOS 7.3 (x86_64) DIRIETS > & BHALE L.
AIREE(FEARIETE TS > DM O ARIEY — ) U BT B M DREEIER L T ER AL &
BeAEIREE T BIEATE. |A/\—S 3 S O E EDRES E DHEEEITOET .

3.3. 12X

gce. zlib-devel. readline-devel D&/ \w o —H 5N Usb1 > A R—=ILENTVDIRET. UTOAT
>3 >(CTY—XRO—RDOEIL REITULE U, lusrllocallpgsql T« L2 MU ZFARULIZS X T, postgres 1
—HI(CTEITUE LU,

(LLIF. postgres 1—H THRIT)
$ wget https://ftp.postgresgl.org/pub/source/vl13betal/postgresqgl-
13betal.tar.bz?2

(EREE 147D
tar jxf postgresgl-13betal.tar.bz2
cd postgresqgl-13betal
./configure --prefix=/usr/local/pgsgl/13 --enable-debug

make world

v U U U W»

su -c¢ "make install-world"

RIBEAWZRES DI 7I)IL2ESH LT, @ALET,

$ cat > ~/pgl3.env <<'EOF'

VER=13

PGHOME=/usr/local/pgsgl/${VER}
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export PATH=${PGHOME}/bin:${PATH}
export LDiLIBRARYiPATH=$ {PGHOME }/1ib:${ LDfLIBRARYiPATH}
export PGDATA=/var/lib/pgsqgl/data

EOF

$ . ~/pgl3.env

T—INR—RISRAI&ERLET. OT—JLEL (COT—IL) . UTF8ZFT IAILhELFET,

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

BEIT7AMIVCRNROBREZSRFET, CNCLDOTAVE-—IHIT7AILICEBEENET,

$ cat >> $SPGDATA/postgresgl.conf << EOF

logging collector = on

EOF

PostgreSQL Zi#cEI LUE T,

$ pg _ctl start

REEADT —INR—RXZERRUET .

$ createdb -U postgres dbl

PIBEDEREEE db1 5 — 45 R—X (T postgres 1—H TR L TITLVET,

$ psgl -U postgres -d dbl
psgl (13betal)

Type "help" for help.

dbl=#

4. EBEIHENMHERE

FELIENEEE. HREE EICDWTEMEHERE L CULEET, Fio. HE CTHEEDELRSIBHBEULET.
ZIENHEREDFEMIRSRBB IR IND Y Z 2 PILICEH NTVE T, K1 X M—)LFIEZITOIEEE.
UTDBF (>R =L D share/doc/html) (CHTML D=1 7Z)LAERRSNET,
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/usr/local/pgsql/13/share/doc/html/

F/fz. LT URL (CT PostgreSQL 13 D RFA A MRS NTNET . WINEREELRDFT.

http://www.postgresqgl.org/docs/13/static/

4.1. B-Tree - >F v ADEHER E

PostgreSQL MIE#EA1 > 5w I X TH D B-Tree 1 > 7 v I X (CE#EHEBR (deduplication) DikgEN BN =
nxELE.

4.1.1. EEHERR (deduplication) & (&

T—=IILCHEBDIITEUELRDITMMERFIET DIHENHDFET. TDIEA 2TV IRDF—&
Liz&E 4125y IRICEBEUF—METT—TILEDRIZDITOHBPATID ZIELRT A>TV IRTITIL
MERERFEIDCECRDET . CNEA 2T Y IXBRGZBRE S B DIFNRZRIAT UL EERIHR
MEBNEK ZECKDBEUZA 2T YIRITINEI - UIROBWRRICEHR U, A>TV IRXY
A XN UET

PR (CEEHRUBOR SRR ZRUET . TORTEF—EN data_2 TEELTWLDITHN—
SENTNET,

PostgreSQL 12L&l PostgreSQL 13
F—E TID F—E TID
data_1 fid_1 data_1 fid_1
data_2 tid_2 data_2 tid_2, tid_3, tid_4
data_2 tid_3 data_3 tid_5
data_2 tid_4
data_3 tid_5

ECTBT, BEIBA T YVIRITILERERICRR DT —Y(CRDFEA. TIDHREULITT—FTE
BEHFRIED (=3 2EBUD) 12TV IRITIVNERETDOTHF—EN—HINEENEEEIT DA
STYVORITIVEIRDFET, WRIC, AZ—TA>FTVIRXTEEEIREABALRDFET.

E5(CNULLMER L (F—AM(CR UE & U T>IRIONE B AL EEHHRORHEAH TFEEME L U THIR
ETNDDT, EEHROMRELZDFTT.
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4.1.2. AUy k:-FAJwy K~

BEHROAV Y bMEA 2TV IXBA XN ENDZ ECKD, BICT—IBREHIRIZIT TR, &
TYUDIT A= A@ L)\ F 21— LADA =)= REIN RIAFNE T,

BEHRDT AU v NMIBEHBRUBRLE(CK DA /-y RPIELDTETY, £i2L. EEPRAN
BHEBEE 7 TO—-FHMEASNTED . T —FRARCBRIETEIND L@ 127V IXDEHF
DY—TIR=Z(ZNED ESRVBEICDHERITSNET .

4.1.3. )\DJA—> A3

A>TV IORDEEIROFECKID ATV IRYGA X NNITA X ZIANEDLDICENT DN %
BREELE LTz,

KT—XTlE. A1>FYVIREWITNEE-—DSLAZHTRELTED, T—TILICIFA—DEZFA Uit
PEGAE SN

text DD SLh—DEF T —JILEEELET,
CCTIREEBGRSDFEAN. BICRIEBEDIERENBSZMEA U text BUIEEHBREFIET
=/R2L\DT collate “C”" ELTULET,

dbl=# CREATE TABLE btree text (fl text collate "C")

WITH (autovacuum enabled=false);

A2TYVIRZERLFT.
(T A = AEBRDIZHEA 2T v I X (FEEFCHFELEFEA)

(ERHRERADET DI UTYIADEE)
dbl=# CREATE INDEX dedup idx ON btree text (f1)

WITH (deduplicate items=on);

(ERHREEDET DA TV I ADEE)

dbl=# CREATE INDEX dedup idx ON btree text (fl)

WITH (deduplicate items=off);

AT IZRITLUET,

dbl=# INSERT INTO btree text SELECT 'foo' FROM generate series(1,100000);

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.


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

PostgreSQL13 #&REELAR—k

R, A>T VIRATAXEUTORNRITED . EEHIREENC UL >T YV IINERNC U1 >
FWOIRTLEAR1BUTICRDEURE.

A>T XY A X [kB]

2500

2072

2000
1500

1000
648

- IIIIIIIIII
0

on

deduplicate_items

WUT. T—FHBAOITYDETHB DI NCEERZBMCLIEANRLRDE L.

EATRFE [ms]

600

500
400
300
200

100

on

deduplicate_items

SEEFF—TILCKECA—DEZEBEATDENDS, EEIIROAUY hEFTAUY MNE2EDTITBT
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B3 —RZEGELE U, BRELVT, 12Ty IRBAXFERN(T/NE IR0 T—FBAD/ T A
—X D RISEEHBRDA —) =AY REDITMNTFET D ENRSNF U

4.1.4. BEBROBNEINZRAE I DENTE

D1 >TVIOITEEFENMERAININEDIMNEIR ML —)5 A —4 deduplicate_items TRE
SNEYI . T IAJ)LMTlE deduplicate_items = on T. EEHBR(EIBER(CT/IRD TLET,
125w ARG (CEEBER T BN (C 9 DIC(E CREATE INDEX TUUFDOLSICIEBELEY .

CREATE INDEX title idx ON films (title) WITH (deduplicate items = off);

A>T W ANERRE (CEEPIR T B (C I BICIE ALTER INDEX TUTDELSITIBELET . TDER. 1T
ROEEHREEDLESNDIBOD., 1 >FTvIIANEBORIR (SEEHBRMNERINZA>FT VIR T)L
DIREENEKFZUET ., (BEHREEIMELTEA TV IRPAZXMMEZ D EEHDERA. )

ALTER INDEX title idx ON films (title) SET (deduplicate items = off);

ATV IRICEEUZRA L —2)(S X —4(F pg_class D reloptions 5 CHEEREIEET Y.

SELECT reloptions FROM pg class WHERE relname = 'title idx';
reloptions
{deduplicate items=off}

(1 row)

4.1.5. EEHHRMNFIATERVES

B-Tree ¥ > w2 X T deduplicate_items = on &L THE. EEEHFMNFIBETERVESENHDET,
EEHIRNFIATERVWF DRI TO®DTY,

IERFEMNIBEZ{EH UTE text, varchar, char

numeric

jsonb

float4, float8

>S5 B (Beh. B85, FHEEY)

Ffz. INCLUDEBXZRWTERLUZA > TV IR TEEEIBFRANFIRATEEEA.
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4.1.6. BED PostgresQL )\—=3 > HS5DHT

~

PostgreSQL12 BURID- > 7w 2 X (& pg_upgrade (C KD PostgreSQL13 BT EFHBARIITIEETT

N EEBROMEEZFIA T D72 (C(E REINDEX DEITHIBE(CIRDFET,

4.2. ILLWRFTIOS>

4.2.1. A4>20OUX>2A)ILY— b

AOIUAA)Y — NMIEF—DY — MUBTEZ DR TS OBRTYI, BECY—bhaNTWS
EDFEREE D T KDBDZEBIMTY — I BEEE UET . EXPLANX CEIT TS RERIBDE. 1>
IIAG)IY — MMEDNTEISBEICIE TSort] DO D (C TNncremental Sort] M IENE T, COTS BRI,

S%7E enable_incremental_sort /¥ on (I AJILK) THDEE. BIRSNDELSICRADFET,
ERR(CEONBEZEZHRLU THET,

LFDLSCOTAYE—2BMITDT—TILEERUE T, BAIEEZIS (dt) . FERIET
(severity) . Xwtz—=Fl|(message)ZFE5E T, BHQAT—FZBMHRZINECIHA LT, dt(C1>FTvIX
ZEDET, Fle. TS FHENBEREEHFLU DD, T—TILABZ/N\Y I 7 (CEHEB/=HIC. VACUUM

ANALYZE X EEITUTHEFT,

(T—TILIERR)
dbl=# CREATE TABLE t log (dt timestamp(0), severity text, message text);

(FE—T—2 %1 B5HEA)
dbl=# INSERT INTO t log SELECT
now() + ((g / 2) || 's")::interval,
CASE g $ 3 WHEN O THEN 'LOG' WHEN 1 THEN 'ERROR' ELSE 'FATAL' END,
mdb5 (g: :text)
FROM generate series(l, 10000) g;

(F—TILHA)
dbl=# SELECT * FROM t_log;

dt | severity | message
_____________________ T
2020-05-25 14:09:51 | ERROR | c4ca4238a0b923820dcc509a6£75849b
2020-05-25 14:09:52 | FATAL | ¢81e728d9d4c2f636£067£89ccl4862¢c

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.
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2020-05-25 14:09:52 | LOG | eccbc87e4b5ce2fe28308fd9f2a7baf3

2020-05-25 14:09:53 | ERROR | a87ff679%9a2f3e71d9181a67b7542122¢c

2020-05-25 14:09:53 | FATAL | e4da3b7fbbce2345d7772b0674a318d5
RS

(€ >FTv9 XA{ERL. VACUUM ANALYZE)
dbl=# CREATE INDEX ON t log (dt);

dbl=# VACUUM (ANALYZE) t log;

CCT.t_log7—)L%Z dt. severity. message M 3HTY— ~UT. H2EFLEDIEE 1000 £42HLD
HIUTORWEDEZERITIDZEICLET,

SELECT * FROM t log WHERE dt > ' 2020-05-25 14:10'

ORDER BY dt, severity, message LIMIT 1000;

dt5(E B-Tree 1 >F WV IZINH DD, BTV — RSN TLWRIRELEWRFE T, COLDSRIBEETHERR
(FIBEUIHDEAFEDEICDVWTHSOH TEREY — NI BUTDEISIRETTS > ICR>TLELUE.

(A2D)ADBNY— bEEDEMES)
dbl=# SET enable incremental sort TO off;
dbl=# EXPLAIN (ANALYZE)
SELECT * FROM t log WHERE dt > ' 2020-05-25 14:10'
ORDER BY dt, severity, message LIMIT 1000;

QUERY PLAN

Limit (cost=765.86..768.36 rows=1000 width=46)
(actual time=3.021..3.197 rows=1000 loops=1)
-> Sort (cost=765.86..790.80 rows=9974 width=46)
(actual time=3.019..3.085 rows=1000 loops=1)
Sort Key: dt, severity, message
Sort Method: top-N heapsort Memory: 127kB
-> Seq Scan on t log (cost=0.00..219.00 rows=9974 width=406)
(actual time=0.013..1.470 rows=9981 loops=1)
Filter: (dt > '2020-05-25 14:10:00'::timestamp without time zone)
Rows Removed by Filter: 19

Planning Time: 0.148 ms

11
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Execution Time: 3.309 ms

(9 rows)

A TUAZGIY — KD Y= MEEDDSSE dtFINELCY — MNEH THDZ EZFVH L TERID
UTFDESREITTSUCIRDFET, RITRHOFRERBERTIATVENM NS Bo>TVDZENDH
NFEI,

(A VAVENY— EES-HE)
dbl=# SET enable incremental sort TO on;
dbl=# EXPLAIN (ANALYZE)
SELECT * FROM t log WHERE dt > ' 2020-05-25 14:10'
ORDER BY dt, severity, message LIMIT 1000;
QUERY PLAN
Limit (cost=0.38..74.06 rows=1000 width=46)
(actual time=0.031..0.599 rows=1000 loops=1)
-> Incremental Sort (cost=0.38..735.25 rows=9974 width=406)
(actual time=0.030..0.534 rows=1000 loops=1)
Sort Key: dt, severity, message
Presorted Key: dt
Full-sort Groups: 32 Sort Method: quicksort Average
Memory: 27kB Peak Memory: 27kB
-> 1Index Scan using t log dt idx on t log
(cost=0.29..379.83 rows=9974 width=406)
(actual time=0.011..0.333 rows=1001 loops=1)
Index Cond:
(dt > '2020-05-25 14:10:00"'::timestamp without time zone)
Planning Time: 0.107 ms

Execution Time: 0.649 ms

(9 rows)

lIncremental Sort] TS EBFREDOIAMZRFIT L. 2HZ2IRIFTOIX L (cost D 2 BB DAE)
(& BEOY— hEFESTZIHED [Sort] TS2BREEDSIBRVELDIICRZFT. ULHh U, AEVWEDE(E
LIMIT BZ#WEITDT, 2RI ETOUEEFIARETY, [Sort]l DIBFE(CEFRMD14ERITFETOIR
b - FRERFE (cost X° actual time D 1 BB DfE) HNAELVe&H, SQL 2ARDTIR b - REREEAE</3>
TWBZERDOMDET,

12
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4.2.2. AL—>ED)\wW 1 &R

AL —2ZANVE/\WS 2158 (HashAggregate) HYEIEEICIRADE U,

J\w =1 %3 GROUP BY ZfE> IZEMDBWVEDE TENDND TS ER T, INETIHLIRERER
TERAT2/\vS17—JIL 2L TAEYLICERETES. 9H5. JIL—E> I EDIEEET LT
TR AETUEN work_mem THRESN TVWDIHEICOMHMEATETE L. work mem A REBID K100
([CT)IL—TEEH) (GroupAggregate) DTS HMENONE TN, CHNIFHBRICY — MUBHRE S1R2BTz8.
UL (EHEREN' S D E LT,

BERELA(C - o001 >&ER I DT —TI tlogin 2EXFEY. FF—5 (id) &1—FIDF!

(uid) . BATEREIBN (dt) ZFS5FET .10 H1—HA10EFTDOT1> LIz &(CLT 100 HiTDFT—5%
KALTHEFET,

(T— T IAERR)

dbl=# CREATE TABLE t login (id bigint primary key, uid int, dt timestamp);

(#3—FT—4%{ER & VACUUM ANALYZE)
dbl=# INSERT INTO t login SELECT g, g % 100000,
now() + (g || 'sec')::interval FROM generate series(l, 1000000) g;

dbl=# VACUUM ANALYZE t login;

COTF—T)LTO04 2= RARBZBNENDEEEITLU. AML—2)\WIaENEENC LIRSS LE
MMCUIEBEDERIT TS O ZHERLUE T,

xR
hashagg_avoid_disk_plan 5%/ {S A —4($ 13 ERIR CIELSNTNEIDT, FiED
BIHERE 13 ERIRE FRRDET,

(AT 4 Y BERARBBEVEDYE)

dbl=# SELECT uid, count(l) FROM t login GROUP BY uid;
uid | count

_______ e

11233 | 10

26264 | 10

29007 | 10

13

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.


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

PostgreSQL13 #&REELAR—k

5468 | 10
4

(R ML=y D2 RRDENT work_mem AVPELVER)

dbl=# SET hashagg avoid disk plan TO on;

dbl=# SET work mem TO '4MB';

dbl=# EXPLAIN (ANALYZE) SELECT uid, count(l) FROM t login GROUP BY uid;
QUERY PLAN

Finalize GroupAggregate (cost=56127.50..85622.84 rows=101094 width=12)

(actual time=225.932..487.340 rows=100000 loops=1)
Group Key: uid
-> Gather Merge (cost=56127.50..83600.96 rows=202188 width=12)
(actual time=225.927..459.767 rows=300000 loops=1)

Workers Planned: 2
Workers Launched: 2

-> Partial GroupAggregate
(cost=55127.48..59263.42 rows=101094 width=12)

(actual time=201.999..260.557 rows=100000 loops=3)
Group Key: uid
-> Sort (cost=55127.48..56169.15 rows=416667 width=4)
(actual time=201.989..228.997 rows=333333 loops=3)
Sort Key: uid
Sort Method: external merge Disk: 5624kB
Worker 0: Sort Method: external merge Disk: 4072kB
Worker 1: Sort Method: external merge Disk: 4128kB
-> Parallel Seq Scan on t login
(cost=0.00..10536.67 rows=416667 width=4)
(actual time=0.011..77.704 rows=333333 loops=3)

Planning Time: 0.092 ms
Execution Time: 491.311 ms

(15 rows)

(R L=y D1 BEENENT work_mem HKELES)

dbl=# SET hashagg avoid disk plan TO on;

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.
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dbl=# SET work mem TO '64MB';
dbl=# EXPLAIN (ANALYZE) SELECT uid, count(l) FROM t login GROUP BY uid;
QUERY PLAN
HashAggregate (cost=21370.00..22380.94 rows=101094 width=12)
(actual time=251.453..269.335

rows=100000 loops=1)

Group Key: uid

Peak Memory Usage: 14353 kB

-> Seqg Scan on t login (cost=0.00..16370.00 rows=1000000 width=4)

(actual time=0.017..50.057 rows=1000000 loops=1)

Planning Time: 0.091 ms
Execution Time: 272.738 ms

(6 rows)

(R ML=y D aRHDENT work_mem A/PELVER)
dbl=# SET hashagg avoid disk plan TO off;
dbl=# SET work mem TO '4MB';
dbl=# EXPLAIN (ANALYZE) SELECT uid, count(l) FROM t login GROUP BY uid;
QUERY PLAN
HashAggregate (cost=36995.00..41912.19 rows=101094 width=12)
(actual time=198.841..295.113 rows=100000 loops=1)
Group Key: uid
Planned Partitions: 4
Peak Memory Usage: 4145 kB
Disk Usage: 30376 kB
HashAgg Batches: 4
-> Seq Scan on t login (cost=0.00..16370.00 rows=1000000 width=4)
(actual time=0.013..47.859 rows=1000000 loops=1)
Planning Time: 0.092 ms
Execution Time: 301.152 ms

(9 rows)

AL —2)\W S 2 EHILERTE enable_hashagg disk TEXE - EMEEHIEICEE T, T IAILBE

15
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on (B®) T9Y.

REEZEITERIT IS OZANIAER. work_mem H'32 < T enable_hashagg_disk WWBERNXMBE(IC X
L —2)\w 2 aEMAMEONTVWS ZEMDHDEFT, EITIRX MBS KUMERRE.

DI—TEH > AL—)\W2 2 &EH > J\wa 2 &EHN

DIETY . ABIDTIL—TENZS LIABRMEDNTLE I ENTERBEVVERTUZ.

A=)\ aENDTSONMEEICHDZET. BED work_mem TERALTWDEE(CT—H
DEENCKD/ Y aERHMEONIRL< IR TEE U TE. WiR/RHEESBIENERECDD%ZE < Z EN A
TEFET,

4.3. I\—=F1>3>F5—J )L¥EEDILE

4.3.1. I\—F«>3a>>7—J)oO>)LL IV —3>

N=F1>3>F=I)LICRLTOZHILL TV - a3 > BRI DI ENTEDILDICRDELUR,
N3 PostgreSQL12 TETEH LN, N—F423a>7—JIILICBIDE/N\—FT1>3>T&CLTY
T—23>%BEITDIUNENSDE U, PostgreSQL13 WS, > FILIC/IN—F > a3>F—TILEEE
LTIV =23k, BIROUTS 3 AN TERLDICRDET,

UFDIN—F1>3>F7—T)L=E D> TEEERZ UL TULEE T, pt_member (FAISHNDEE U MNEE
B937—JILTEF—DidFIDBOEHET/\—F 1 >3 =>TMTHONTNT. 3DD/\—F1>3>n
FIBLUTWLETY,

(B TLONR—T4arT—TLEER)

dbl=# CREATE TABLE pt member (id int primary key, email text, passwd text,
status int) PARTITION BY RANGE (id);

dbl=# CREATE TABLE p member 1 PARTITION OF pt member
FOR VALUES FROM (1) TO (10001);

dbl=# CREATE TABLE p member 10001 PARTITION OF pt member
FOR VALUES FROM (10001) TO (20001);

dbl=# CREATE TABLE p member 20001 PARTITION OF pt member

FOR VALUES FROM (20001) TO (30001);

(FE—T—5%8A)
dbl=# INSERT INTO pt member
SELECT g, 'u' || g || '@example.com', 'pass', 0

FROM generate series(1l, 30000) g;

16
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OZHILL TV —2 3> %175 e8. postgresqgl.conf MEETE wal_level % logical (CEEULE Y,

(REZEH)

$ vi S$PGDATA/postgresgl.conf
wal level = logical;

(RBRIZIZH—ERXBESNNBE)
$ pg ctl restart

OZHIWNLTUT—2 3> DB TROSA)ERDT —INR=XA 2RI RZER LT, BI/R— kT
BEBLEY. Foo YIRISA/NERDT—IR-X db2 B LET.

(T—AR=RYV S RFER)
$ initdb -D /var/lib/pgsgl/13/data2 --no-locale -E UTFS8
{H H &R}

(Y—E RicHh)
$ pg ctl start -D /var/lib/pgsql/13/data2 -o '-c port=5433"
{H H &R}

(T—H R—2R db2 Z1ERL)
$ createdb -p 5433 -U postgres db2

INT U4 —= 3>l PostgreSQL (54327 R— ) (CIEHEL T, /\—F0>3a>>—JILICGLT/\ TS
—>3>%{E UE I, pg_publication_tables E1—%&&B335 &, /\—F0>3>F—TJILEIBELT/I\T
Vg —2 3>z ERURRR. BI3&/\—F0>a>/I\ T UG- 3> {RICBDTVWB ENHERT
SEER

(RTYr—2 3 VRIT—2 R—X (2 #E#HR)
$ psgl -p 5432 -U postgres -d dbl

(IRTYr—2 3 VER)
dbl=# CREATE PUBLICATION publ FOR TABLE pt member;

(RTNr—=2 30 ENTNST—T L &R
dbl=# SELECT * FROM pg publication tables;
pubname | schemaname | tablename

_________ +____________+________________________

17
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publ | public | p_member 1
publ | public | p_member 10001
publ | public | p_member 20001
(6 rows)

HITROUTS 3 48] PostgreSQL (5433 7/R— ) D db2 5T —AR—X(CEHREL T, AEZD/\—F 1>

A>T ZEER LT, BIROUTS 3> #= R LET.

(BTRV YTV a VEIT—8 R—RIZE#R)
$ psgl -p 5433 -U postgres -d db2

(RIEBD/IA—T 1 arT—TIVEER)

db2=# CREATE TABLE pt member (id int primary key, email text,

status int) PARTITION BY RANGE (id);

db2=# CREATE TABLE p member 1 PARTITION OF pt member
FOR VALUES FROM (1) TO (10001);

db2=# CREATE TABLE p member 10001 PARTITION OF pt member
FOR VALUES FROM (10001) TO (20001);

db2=# CREATE TABLE p member 20001 PARTITION OF pt member
FOR VALUES FROM (20001)

TO (30001);

(BITRY ) ToavzEm)
db2=# CREATE SUBSCRIPTION subl CONNECTION
'host=localhost port=5432 user=postgres dbname=dbl'
PUBLICATION publ;
NOTICE: created replication slot "subl" on publisher
(TR YT a vRRT—T IV EHER)
db2=# SELECT * FROM pg subscription rel;

srsubid | srrelid | srsubstate | srsublsn
————————— e e
16444 | 16419 | r | 0/2617D6ES8
16444 | 16427 | r | 0/2617D6ES8
16444 | 16395 | r | 0/2617D720
(3 rows)

passwd text,

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.
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(T2 RAMSTHOI TS C & £HEE2)
db2=# SELECT * FROM pt member;

id | email | passwd | status
————t f——— f———
1 | ul@example.com | pass | 0
2 | u2@example.com | pass | 0
3 | u3@example.com | pass | 0
4 | ud@example.com | pass | 0

{#&E8}

BIROUTZ 3 AERICENTE, N\—F+4 23> ZEEIDLIT TR I DR/~ >3
SEYIROUT> 3> (CEaHdIENTEEHLR,

* publish_via_partition_root }§7&

IOV —23 > flo)—F12a>F=TIILCHLT. BIROUTS 3> AITII N —F1> 3>k
H—DDT—IILELUTHRILDICOSHILL TV -3 > BEBRITDCEETEEXT. UTDLSIC
CREATE PUBLICATION A< 3> T publish_via_partition_root = true ZIEEI D&, /\TUT—2 3>
F=JILELTEFEENDDE. HDON—F1>3>F—TIL—DERDET, publish_via_partition_root (&
PostgreSQL13 MBS DFAfC/RAATS 3> TT I A)L b false TY,

(RTYr—2 3 VRIT—2 R—X (2 E#H)
$ psgl -p 5432 -U postgres -d dbl

(T r—2 a3 VEIR)
dbl=# DROP PUBLICATION publ;

(B—F—TNELT/IRT) r—2 3 UERD)
dbl=# CREATE PUBLICATION pub2 FOR TABLE pt member

WITH (publish via partition root = true);

(RTVr—>a3oT—TLEHER)
dbl=# SELECT * FROM pg publication tables;

pubname | schemaname | tablename
_________ o
pub2 | public | pt member
(1 row)
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HIROUTS 3 ATHRIEFEERUEH I RO UTS 3> subl E/X\—F« =3 >F—T)L pt_member
ZHIBRLU T, BAT—TJILELT pt_member ZED, YT RXOUTS 3> ERUET, UTFDLDIC
pg_subscription_rel E1 -SRI EHT ATV TS 3 /RN sub1 DEE(CE 3HFTHOIEEDH 1

H(CIED TNB T ENERTEF T,

(HITRY ) T a VlT—8 R—RIZEH)
$ psgl -p 5433 -U postgres -d db2

(HITRIV T aveEn—T42ar7—TILEHIR
db2=# DROP SUBSCRIPTION subl;
NOTICE: dropped replication slot "subl" on publisher

db2=# DROP TABLE pt member;

(BFxT—T I & LT pt_member T—TILEHIERL)

passwd text, status int);

(TR YT a UAER)

db2=# CREATE SUBSCRIPTION sub2 CONNECTION

PUBLICATION pub2;

NOTICE: created replication slot "sub2" on publisher

(BTRIVToavT—TILERER)
db2=# SELECT * FROM pg subscription rel;

srsubid | srrelid | srsubstate | srsublsn

————————— ———
16448 | 16385 | d

(1 row)

db2=# CREATE TABLE pt member (id int primary key, email text,

'host=localhost port=5432 user=postgres dbname=dbl'

N—=F42a>F—JILhSBEKF—T)ILCOZHILLTUT—23> L TVWd EE(C, /\TUs—23

ATEBID/\—F 4 >3 > ZIBELTHTOEHRZITOEESRDTLL DN,
> 3 D ACRIER CEHMMEIRLE T . UTFICEMF#ESR ZRLE T,

o
o ofd

LT BITROUT
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(RTY =23 VRIT—R R—XTHORT)
$ psgl -p 5432 -U postgres -d dbl

(R—TF12arT—TILEELETT—2EH
dbl=# UPDATE pt member SET passwd = 'NEW PASS' WHERE id = 123;

(BHN—T 1 a v EBLETT—2EH)
dbl=# UPDATE p member 1 SET passwd = 'NEW PASS' WHERE id = 456;

(HITRY ) Toa Vil 7—8 R—RTDET)
$ psgl -p 5433 -U postgres -d db2

(HTRI7V T aVAITREL LOITHLEHARBREATIND)
db2=# SELECT * FROM pt member WHERE id IN (123,456);

id | email | passwd | status
————— e
123 | ul23@example.com | NEW PASS | 0
456 | u4dS6@example.com | NEW PASS | 0

(2 rows)

4.3.2. )\—=F4>3>F—J)LAITDOZEEDNE

PostgreSQL11 N5, /\—F 1 > 3>F—JILALTDOEEZRE UEHZIEHN T 2/\—F+ >3 >B(CHES
IR ETHEIRIDIETARNABEICIR D TOE L. UNUIBHS, CnE=ZD0/\—F>3>F—=JIL
DEIN—F« I DIERNEE(C—EHU TULRITNIERD FHFA T UTE, PostgreSQL13 TIEZ DHIRME
Menzx U,

PUF (CEMEZESR L CWLWEE T,

4318 TR UTZ/\—F 0 >3 >F—T)L pt_member (CHIX T, TNEMEESEBI/IN—F123>5—
)L pg_special_member ZF/Z(CERRLET. REDDE—EF (AHIT(L 30000 A3 LT 6000 A1)
MBS E T, FRISEDRE(ICRE LIRDEBNDEHR (T)LR—AVEEES. ) Zi&MT 37—
EWDHIBDIFTY .
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~

(IN—T 14> 3>T—T ) pt_special member &F/\—T 4 >3 U EERL)

dbl=# CREATE TABLE pt special member (id int primary key, fullname text,
phone text, addr text) PARTITION BY RANGE (id);

dbl=# CREATE TABLE p special member 1 PARTITION OF pt special member
FOR VALUES FROM (1) TO (10001);

dbl=# CREATE TABLE p special member 10001 PARTITION OF pt special member
FOR VALUES FROM (10001) TO (20001);

dbl=# CREATE TABLE p special member 20001 PARTITION OF pt special member

FOR VALUES FROM (20001) TO (30001);

(93-7-5% 6000 & A)

dbl=# INSERT INTO pt special member SELECT
g, '"fullname' || g, '0123-456-789', md5(g::text)
FROM generate series(1l, 30000, 5) gy

INSERT 0 6000

FIEE N=Fo >3 BRNTE—HUTVWBRET, -T2 3> EOR-REFEHERLET.

(T4 TR\ /=T« 23 VEOBEAERMIE)
dbl=# SET enable partitionwise join TO on;

(R=T 423 BOREEICES>TVSC L EHR)
dbl=# EXPLAIN (COSTS off)
SELECT * FROM pt member m LEFT JOIN pt special member s USING (id);
QUERY PLAN
Append
-> Hash Join
Hash Cond: (m 1.id = s _1.id)
-> Seq Scan on p member 1 m 1
-> Hash
-> Seq Scan on p special member 1 s 1
-> Hash Join
Hash Cond: (m 2.id = s _2.1id)
-> Seq Scan on p member 10001 m 2

-> Hash

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.
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-> Seqg Scan on p_special member 10001 s 2
-> Hash Join
Hash Cond: (m_3.id = s_3.id)
-> Seqg Scan on p member 20001 m 3
-> Hash
-> Seqg Scan on p_special member 20001 s 3

(16 rows)

CCT. pt_member/\—5 4 =3 >F—TJILICTFHFIERFI\—FT0>a>mEBIMULET. BREBICRD/E
EEFCFIN—F a2 a>mEMITBDENIEREZLUTWTC., BEREDHFNENSNEBEZEZEXDE. N

(FHODSBIRRTY .

(pt_member [S/3—T 4 L3V &T—4 ZiBM)

dbl=# CREATE TABLE p member 30001 PARTITION OF pt member
FOR VALUES FROM (30001) TO (40001);

dbl=# INSERT INTO pt member

VALUES (30001, 'new member@example.com', 'pass', 0);

ZCTHBW —-Fr2a>r-JIlEtToEazR#d L. AEMEETIHMRAEL T/ -T2 3a>80D
BEZIDIIECIRDFET. U U, =T >3 BNMUflz&InsiEasTI/I—FTr23>57-JI

ZHRELTHNS. TNSZ/ET DIMECEDDHUT.

(ABEATIIN—T 1 L3 BOBEEICED)
dbl=# EXPLAIN (COSTS off)
SELECT * FROM pt member m JOIN pt special member s USING
QUERY PLAN
Append
-> Hash Join
Hash Cond: (m _1.id = s _1.id)
-> Seq Scan on p member 1 m 1
-> Hash
-> Seq Scan on p_ special member 1 s 1
-> Hash Join

Hash Cond: (m 2.id = s_2.id)

(id);

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.
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-> Seqg Scan on p member 10001 m 2
-> Hash
-> Seqg Scan on p_special member 10001 s 2
-> Hash Join
Hash Cond: (m_3.id = s_3.id)
-> Seqg Scan on p member 20001 m 3
-> Hash
-> Seqg Scan on p_special member 20001 s 3

(16 rows)

(S ERES Tld append LTHDOEETE TS VICED)
dbl=# EXPLAIN (COSTS off)
SELECT * FROM pt member m LEFT JOIN pt special member s USING (id);
QUERY PLAN
Merge Right Join
Merge Cond: (s.id = m.id)
-> Append
-> 1Index Scan using p special member 1 pkey
on p special member 1 s 1
-> 1Index Scan using p special member 10001 pkey
on p special member 10001 s 2
-> 1Index Scan using p special member 20001 pkey
on p_special member 20001 s 3
-> Materialize
-> Append
-> 1Index Scan using p member 1 pkey on p member 1 m 1
-> 1Index Scan using p member 10001 pkey on p member 10001 m 2
-> 1Index Scan using p member 20001 pkey on p member 20001 m 3
-> 1Index Scan using p member 30001 pkey on p member 30001 m 4

(12 rows)

REMES (BXTC. BI—F« >3 >HEVMIRIKTHMERES) TEFHZSEMULIZ/\—Fr>3> (&
AR (CHNR DHENZVD T, SENREMESNZE T . PostgreSQL12 LRI CTRBRDMMERZITDO L. A
EMEATH D THE/ =T« >3 > BOEENITODNRWVEMECIRD R U,
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Ffz. A& RANGE /)\—F 423> TURH. LIST/\—F«4 > a3 =>J THERRICEMELE T, 12
B, REEEHASH/\—F >3 =>J (TS TVEE A,

4.3.3. {THNI BEFORE NS

PostgreSQL 13 Tld/\—=F« =3 >5—JJLICITEAION BEFORE RUAMER TE DL D(CRDE LT,
AEITIE4.3.181 4328 THE>Z/\—F1>3>F—T )L pt_member (C NUSZVER L T EMEZIERR
UCTWEFET, A—IL7 RLABINXZF(CHIRAD NUAHZFREIT D ECUET,

QL ¢ &21359)

dbl=# CREATE FUNCTION tf regularize() RETURNS TRIGGER LANGUAGE plpgsqgl

AS $$ BEGIN NEW.email := lower (NEW.email); RETURN NEW; END; $$;

(bYHZEER)

dbl=# CREATE TRIGGER trg regularize pt member BEFORE INSERT OR UPDATE

ON pt member FOR ROW EXECUTE FUNCTION tf regularize();

(A—LT7 FLRZZEELT MY HEMEERER)
dbl=# UPDATE pt member SET email = 'Ul100 CHANGEfexample.COM' WHERE id = 100;

dbl=# SELECT * FROM pt member WHERE id = 100;

id | email | passwd | status
————— R et e ettt St e T e
100 | ul00 _change@example.com | xxxx | 0

(1 row)

RUADBMEINT A =)L R AN F(CEBRENTVWDC EMHERTETH U, JNES <—#ia b
DB DERAED—DTI M PostgreSQL12 £ T /\—F 1> 3>F7—T)UICITEAID BEFORE U A%
EETET. LTOLIRBIS—ICRDFEUR,

(PostgresQL12 TOENE)

dbl=# CREATE TRIGGER trg regularize pt member BEFORE INSERT OR UPDATE
ON pt member FOR ROW EXECUTE FUNCTION tf regularize ();

ERROR: "pt member" is a partitioned table

DETAIL: Partitioned tables cannot have BEFORE / FOR EACH ROW triggers.

25
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123, PostgreSQL13 (CHWTE. /\—F« >3 >F7—T)LDITEN BEFORE M THRITT —

S D&

TN\ —FT+A 23> ERDIEEZMADEEFTEFEA. CNEUATOXSCRIHDORITRECTS —

ELET,

(FUHBEZE idZXEETHARICEET H)
dbl=# CREATE OR REPLACE FUNCTION tf regularize () RETURNS TRIGGER
LANGUAGE plpgsgl AS $$

BEGIN NEW.id = NEW.id + 30000; RETURN NEW; END; $$;

dbl=# UPDATE pt member SET email = 'U500C@example.COM' WHERE id = 500;
ERROR: moving row to another partition during a BEFORE trigger is not

supported

be in partition "public.p member 1".

DETAIL: Before executing trigger "trg regularize pt member", the row was to

4.4. I\S L)L vacuum

4.4.1. =&

PostgreSQL13 (C Vacuum Z 5 (CEIT I DHEEENBIENFE LUz, CNITEKD Vacuum YUBRFEDIE

MENHIFCTEET,

CC TCOUWHNETE(FERDA TV IRANFETDZ—DODFT—TILICH LT, EA>FTVIRTEIT

Vacuum BAEITENBDCEEBULET,
4.4.2. A5IEESTE

Vacuum D5l £ (parallel_degree)Z3E8E 3 DO DIEX (FUA T DED TT,

(SQL TRITY H8B/S)
VACUUM (PARALLEL parallel degree) table

(VT TRITTHEE)

vacuumdb --parallel=parallel degree —--table table

FIAILRTE. WHERET—TILADA > 5w XEE max_parallel_maintenance_workers TIEE S

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.
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Nz LU TNEWANRRAESNE T,

5 AR = 1L U Tz LW\ IB & (& parallel_degree & 0 (CIEEITDIMENSDDEIT., CDHEE
max_parallel_maintenance_workers % 0 [CFXTE U CERWTI M, MdD/S L JL Vacuum KT/ S LIL
CREATE INDEX DQEMEICHERENTET,

ZOMOFEBR(ILATDED T,

parallel_degree (CT— )LD > 7 v IR LD ZIBE LU TEEMELE TN, ERICA> TV D
AZELCEBETZD—H—TJOEXRE1 DI DT,

WHATS I NEFULL AT 3 > EFRICERTEE A

A>T WOIRDYA XH min_parallel_index_scan_size KD ERXEVIBE(CDOHFEITOXTRA &
RDFET,

4.4.3. PostgreSQL9.5 WMSERFKENIZ/\NS LI vacuum EDIELN

LU, PostgreSQLY9.5 M S EERIC/NS LJL Vacuum EMFF(ENDHEEN BN TWLWE LD |
PostgreSQL13 TEBMENcHEE S (FRIRDET,

PostgreSQL13 TEIMEN/Z/NS L JL Vacuum (d—DDF—TILADEE DA > 5 v I X & ISR (TS
QUIBZITDDI(THK L. PostgreSQLY.5 TiBMEN/Z/ S L)L Vacuum (FEEDFT—T) L& R (CAFILIE%E
TWET,

PostgreSQL9.5 TiElEN/Z/VS L)L Vacuum ZFA T B (C(d vacuumdb X > RD --jobs AT 3
S THFIEEBELE T,

$ vacuumdb --jobs njobs
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4.5. EBHELC 1 —0DILE

PostgreSQL9.6 N5 &FT —HINR—XEEIV> ROEBREL 1 —HNERSNDKS(CRDFELE. n
FCICEBNERTETDLD(C OOV REE1 —DEAEDEFUTOED T,

ESRENRIY> R EHREE 1 —

VACUUM (VACUUM FULL (FEZFEH/RLY) | pg_stat _progress_vacuum

CLUSTER, VACUUM FULL pg_stat_progress_cluster

CREATE INDEX, REINDEX pg_stat_progress_create_index

PostgreSQL13 Tld pg_basebackup & ANALYZE DEW QR TS D LDICRDE LI
4.5.1. pg stat _progress_basebackup
pg_basebackup N> RDEBZHER TCETDRDCIRADFE U,

1212 U, pg_stat_backup() ~ pg_stop_backup() ZEZEFIAUE/\Y O7v TOE (SHERTETEE A

pg_stat_progress_basebackup £ 1 —D&EFIDEKIIUTDED T,

5% Bk

pid walsender OO0 X ID

phase I\ 7w TOIREE, FFHFBIRICRUET,
backup_total I\ OV TET—FHEET X
backup_streamed BEN\vorvIanizs—98404X
tablespaces_total I\ o7V TENDEETT—T)LZERER
tablespaces_streamed WE/\v o7y ITEenics—) L2/

pg_stat_progress_basebackup £ 1 —® phase 5l [LRENDIREDEIKR(IU T DED T,

phase =R

initializing HEA bR

waiting for checkpoint to finish | FIT W OMRA > NETHS

estimating backup size I\ 77y TH A XHEET

28
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phase =R

streaming database files I\ OT7YvIF—HI KNI —Z> T

waiting for wal archiving to finish | WAL 77— J#&5

transferring wal files WAL IX{E (pg_basebackup -X f A< 3 > TIEER)

PAFI(C. pg_basebackup N> RZEFETU CHEE ZHER T DHERLET,
(pg_stat_progress_basebackup Eai—nSEEEHRT)
$ psqgl dbl
dbl=# \x
dbl=# SELECT * FROM pg stat progress basebackup;
(0 rows)
dbl=# \watch
(BISRKRM 5 pg_basebackup IV FE{T)
$ pg _basebackup -D /tmp/bak -Pv
Pg_basebackup: initiating base backup, waiting for checkpoint to complete
Pg_basebackup: checkpoint completed
pg basebackup: write-ahead log start point: 0/75000028 on timeline 1
Pg_basebackup: starting background WAL receiver
Pg_basebackup: created temporary replication slot "pg basebackup 8782"
1572815/1572815 kB (100%), 1/1 tablespace
pg basebackup: write-ahead log end point: 0/75000138
pPg_basebackup: waiting for background process to finish streaming
Pg_basebackup: syncing data to disk
Pg_basebackup: renaming backup manifest.tmp to backup manifest
pg_basebackup: base backup completed
(TTDIREN S HEH TR )
(\watch ZEfTH)
29
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pid |
phase |
backup total |
backup streamed |
tablespaces_ total |

tablespaces streamed |

pid |
phase |
backup total |
backup streamed |
tablespaces_ total |

tablespaces streamed |

(0 rows)

-[ RECORD 1 ]-------- +-

-[ RECORD 1 ]-------- +-

20208 05 H 268 178149339 (every 2s)

8781

streaming database files
1610553344

32807936

1

0

20208 05 H 268 178149345 (every 2s)

8781

streaming database files
1610553344

1490317312

1

0

(0 rows) BT LEDOTANBREINLELLS Lo

backup_streamed MEX #tlT CTREICIITHRRESNRLLBRDIONERTEZE I, BPRTFr>oILEN
TUVVRWRD, CORFRTIONY RRITR T ERDFE T, T TIREZRIITHED DI TERVDTERN W
BTY, lc&X (& backup_total = backup_streamed E/RD /25T TRE EHIBTUTIEWWFER A,

INV Oy TDEBZRENCEEXRE U THERULZVWEEE. BLFDKLSI(C backup_streamed /
backup_total Z5TEINIERNTT, 22U, S TOEHE(Ids < F T phase /' streaming database files

FDFT—FRITEUICEL TDFH THD phase DEW (IR L TLET,
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=# SELECT phase, backup streamed / backup total::float * 100 as

"progress ratio(%)" FROM pg stat progress basebackup;
=# \watch

20204 05 A 268 178259 04 (every 2s)

-[ RECORD 1 ]----- oo

phase | streaming database files

progress ratio(%) | 32.19553708609419

2020 05 A 26 H 1782597 06 % (every 2s)

-[ RECORD 1 ]----- oo
phase | streaming database files
progress ratio(%) | 72.74181534727889

2020 05 A 26 H 1782557 08 % (every 2s)

-[ RECORD 1 ]----- e it L T T
phase | waiting for wal archiving to finish
progress _ratio(%) | 100

2020 05 A 26 H 1782597 10% (every 2s)

-[ RECORD 1 ]----- e it L T T
phase | waiting for wal archiving to finish
progress ratio(%) | 100

4.5.2. pg stat progress analyze
ANALYZE OV > ROEHWZHZR TE D LS (CIRDEL,

pg_stat_progress_analyze £ 1 —D&FIDEKIUTDED T,

LlIE= SR
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pid ANALYZE ZETUTWBD/\w oI > RTOLEXID
datid ANALYZE MHRDF—45/X—X OID

datname ANALYZE SRODF —HFR—R%&

relid ANALYZE 35RD5—)L OID

phase I\ D77 TDIRRE, BIRREDFFM(FBIR(CRUET,

sample_blks_total

B> T)LTJ 0Oy DR

sample_blks_scanned

AFvINET US> TILIOY O

ext_stats_total

HLSRIRET DR

ext_stats_computed

STENTE T UTSHISRAEE TR

child_tables_total

F—TILE

child_tables_done

AFv NPT T UIeFT—TILE

current_child_table_relid

BIEXF > L TWVWBF>T—TILOID

pg_stat_progress_analyze £ 1 —® phase 7| (CRENDIREDBEKRERUET .

phase =k
initializing HHEMEE
acquiring sample rows YT IATDRAF+ >

acquiring inherited sample rows

F—IIDY 2T IUTDRF v > H

computing statistics

A > UIZIBiRh SHtstEiRe st B

computing extended statistics

AFv 2 UTZIBIRN SILEGE TRz st H

finalizing analyze

pg_class DEFH

BUF(C. ANALYZE OV > REEITUCER =R I d6lER~UET,

$ psqgl dbl
dbl=# \x

dbl=# \watch

(pg_stat progress_analyze Ea1—NDSB % EHRIT)

dbl=# SELECT * FROM pg_stat progress analyze;
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(BIMDIHEK T ANALYZE a7 > FE1T)
$ psgl dbl
dbl=# ANALYZE;

ANALYZE

(FTEDIFKICRE Y EHFER)
(\watch E{TH)

20208 05 A 268 198§ 084 38% (every 2s)

-[ RECORD 1 J---—-—————-—- +-

pid |
datid |
datname |
relid |
phase |
sample blks total |
sample blks scanned |
ext stats total |
ext stats computed |
child tables total |
child tables done |

current child table relid |

10714

16385

dbl

16544

acquiring sample rows
30000

1765

0

o O O

20208 05 A 268 198§ 085 48 % (every 2s)

-[ RECORD 1 J---—-—————-—- +-

pid |
datid |
datname |
relid |
phase |
sample blks total |

dbl
16544
acquiring sample rows

30000

Copyright © 2020 SRA 0SS, Inc. Japan All rights reserved.

33


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

PostgresQL13 #REELR— k

sample blks scanned | 22669
ext stats total | O
ext stats computed | 0
child tables total | 0
child tables done | 0
current child table relid | O

(0 rows)

(0 rows)

sample_blks_scanned MMEX T CRE(CFITHRRSNRLKRBIZENMERTEET ., g TFvr otz
JLENTUVVRWRD, CORRTION Y REFTRT ERDFET ., R TREZRIITHNEDINDITTE@RVDTHE
BHOIMETY, le& X (4, sample_blks_total = sample_blks_scanned &7 /e 558 T/AAE &L HIRTL TIEULF
FtA.

EZ AT, ANALYZE DY > ) LIT2R(E default_statistics_target(= 7 )L I 100) * 300 THRELZEIH .
sample_blks_total(=30000) W EZNE—HIT D ENERTETET . T—JILOMITENCNE TEIDIHE.
B> FIATEET =TI TERIC—E L E T,

FRELUTIE. ANALYZE DRRNMERT —TILIE ELAERDEENIND (C<VWTERBDET .
ANALYZE {HRT—TJ)LD#EE & ANALYZE B T UIeT— IV R I TR EFFEELUE B A,

4.6. pgbench DLE

PostgreSQL DIEER > FI—2WY— )L ThD pgbench DIEENMLESNE U, RETEZENSDSS
BEREDZWVWDMED EIFFET,

4.6.1. BEZFYUADTRA T —5Z/)\—F+423>57—T)UE

pgbench DFEFHAFH S F U ATRWNDT—TILOWEMEES (- AT > 3 AFRAR)(C --partition AT
ACTIULOEZIBEIDEEBELIROF—IIINERFDON—FT1>3a>F7—TILZERITDIENT
ERDLDICIRDFELE,

FJz. --partition-method AT 3> T I\—F0>3>DhFEF%EL>)\—F04>3> (RANGE)

34
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MN\w>a/){—=F1>3> (HASH) WEIEERIETY ., T IAINIL>Z/I\—F4>3>2TY,
BUFIC. pgbench BDF—TILZ)\—F 4> 3>5F—JILEUTHRMEUTZBZRUE T,

(RYFI—VRT—F R—RER)

$ createdb pgbench

(RyF2—7 BT—TL9H#1L)

$ pgbench -i -s 50 --partitions 5 pgbench

dropping old tables...

creating tables...

creating 5 partitions...

generating data (client-side)...

5000000 of 5000000 tuples (100%) done (elapsed 19.86 s, remaining 0.00 s)
vacuuming. . .

creating primary keys...

done in 36.53 s (drop tables 0.19 s, create tables 0.03 s, client-side

generate 20.21 s, vacuum 4.33 s, primary keys 11.76 s).

$ psgl pgbench
(RUFI—IVRT—ITIRNR—FT 43 0T—TIELESTVEZ LERR)
pgbench=# \dt+ pgbench accounts

List of relations

Schema | Name Type | Owner | Persistence |
Size | Description

———————— e e e it T L e e
o o

public | pgbench accounts | partitioned table | postgres | permanent |
bytes |

(1 row)

GCEOFT—ITINERH LY DNR—T142a VRTINS LERR)
pgbench=# \d+ pgbench accounts

Partitioned table "public.pgbench accounts"

Column | Type | Collation | Nullable | Default | Storage |
Stats target | Description
—————————— -
o o
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aid | integer | not null | | plain

|

bid | integer | plain

|

abalance | integer | plain

|

filler | character(84) | | extended |

|

Partition key: RANGE (aid)

Indexes:

"pgbench accounts pkey" PRIMARY KEY, btree (aid)

Partitions: pgbench accounts 1 FOR VALUES FROM (MINVALUE) TO (1000001),
pgbench accounts 2 FOR VALUES FROM (1000001) TO (2000001),
pgbench accounts 3 FOR VALUES FROM (2000001) TO (3000001),
pgbench accounts 4 FOR VALUES FROM (3000001) TO (4000001),
pgbench accounts 5 FOR VALUES FROM (4000001) TO (MAXVALUE)

IN=F«423>F—TIULDNRNC ODHEEECLDEEICT A M TER LS (CRDELE,
BIZ(E I\—F4>3>F—TILDOMWRERDIZHICA TV IRDRNT—=TILICH LT, BEDFT—
TNEN=F423>FT—TILTEDEE/TA X ANRIZDDNZU T THRUTHET,

(RVFI—YRT—TILER)
$ pgbench -i -I dtgv -s 120 pgbench

List of relations
Schema | Name | Type | Owner | Persistence | Size
Description
———————— e e e et e
R
public | pgbench accounts | table | postgres | permanent | 1537 MB |
public | pgbench branches | table | postgres | permanent | 40 kB |
public | pgbench history | table | postgres | permanent | 0 bytes |
public | pgbench tellers | table | postgres | permanent | 88 kB |
(4 rows)
pgbench=# \d+ pgbench accounts

Table "public.pgbench accounts”

36
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Column | Type | Collation | Nullable | Default | Storage |
Stats target | Description
—————————— - =
- -
aid | integer | not null | | plain
|
bid | integer | plain
|
abalance | integer | plain
|
filler | character(84) | | extended |

|
Access method: heap

Options: fillfactor=100

(T—ITNT—EEAEYICEESHT-8 pg_prewarm E{T)
pgbench=# CREATE EXTENSION pg prewarm; 7—pg_prewarm%§§ﬁj]l]
pgbench=# SELECT pg prewarm('pgbench accounts');

Py _prewarm

196722

(1 row)

(pgbench B L7 1) F3217)
$ pgbench -T 300 -S -n pgbench
transaction type: <builtin: select only>
scaling factor: 120

(g

number of transactions actually processed: 162

(RVFI—=VRAN—TFT12a3>T—TIER)
$ pgbench -i -I dtgv -s 120 --partitions 10 pgbench
$ psgl pgbench

pgbench=# \d+ pgbench accounts
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Column | Type | Collation | Nullable | Default | Storage |

Stats target | Description

—————————— Rt e T

o fom

aid | integer | not null | | plain

|

bid | integer | plain

|

abalance | integer | plain

|

filler | character(84) | | extended |

|

Partition key: RANGE (aid)

Partitions: pgbench accounts 1 FOR VALUES FROM (MINVALUE) TO (1200001),
pgbench accounts 10 FOR VALUES FROM (10800001) TO (MAXVALUE),
pgbench accounts 2 FOR VALUES FROM (1200001) TO (2400001),
pgbench accounts 3 FOR VALUES FROM (2400001) TO (3600001),
pgbench accounts 4 FOR VALUES FROM (3600001) TO (4800001),
pgbench accounts 5 FOR VALUES FROM (4800001) TO (6000001),
pgbench accounts 6 FOR VALUES FROM (6000001) TO (7200001),
pgbench accounts 7 FOR VALUES FROM (7200001) TO (8400001),
pgbench accounts 8 FOR VALUES FROM (8400001) TO (9600001),
pgbench accounts 9 FOR VALUES FROM (9600001) TO (10800001)

pgbench=# \dt+

Schema | Name Type | Owner | Persistence

Size | Description

———————— —

fo——— fom

public | pgbench accounts | partitioned table | postgres | permanent

0 bytes |

public | pgbench accounts 1 | table | postgres | permanent

154 MB |

public | pgbench accounts 10 | table | postgres | permanent

Partitioned table "public.pgbench accounts"
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154 MB |
public | pgbench accounts 3 | table
154 MB |
public | pgbench accounts 4 | table
154 MB |
public | pgbench accounts 5 | table
154 MB |
public | pgbench accounts 6 | table
154 MB |
public | pgbench accounts 7 | table
154 MB |
public | pgbench accounts 9 | table
154 MB |
public | pgbench branches | table
40 kB |
public | pgbench history | table
0 bytes |
public | pgbench tellers | table
88 kB |
(14 rows)

(BNN—T 14> 30 T—T IR LT pg_prewarm E{T)
$ psgl pgbench

pgbench=# SELECT pg prewarm('pgbench accounts 1');

(Gl

pgbench=# SELECT pg prewarm('pgbench accounts 10');

(pgbench B8 2+ 1) A 581T7)

$ pgbench -T 300 -S -n pgbench
transaction type: <builtin: select only>
scaling factor: 120

partition method: range

partitions: 10

number of transactions actually processed: 1353

postgres

postgres

postgres

postgres

postgres

postgres

postgres

postgres

postgres

permanent

permanent

permanent

permanent

permanent

permanent

permanent

permanent

permanent
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FEOBITIE. pgbench DEBSFUAICBNT. /{—F« S 3>F—TILOABEET—TILIH UK
BIED NS H IS 3 BMMMETE TVET.

4.6.2. U—)\AITEES FUADT A N —SFZ 4R

PEIEOSA 7> MITEES FUADT A N —FZEKR U TH—/NTXETDIHEUNDDEFHA
TUT=MA. PostgreSQL13 TldH—/VITEERT —FZEK TETDLD(CRDFEL,

BHRMREEHTHRI D E. INFTISAT7> MITIER LIz —4% COPY TH—/VAIICXELT
WeARICH U, 54772 MIIDS INSERT VLU ZFKITUH—/VRITETI AR EINENE Uz,

H—JVITCHOFT —FERARIEH —/\ - 547> MEIOBEFEMEVNEE LB ESNTUVET,

EEBHAITT - %4 T DMNIWEMEEFCHIRERTY T RIBE T D -|,—-init-steps AT 3> TOUS
47> MITOERTHNIL g, T—/VAITOER THNIE G ZIBELE T . T I AL SBEEUEINSD
D54 > MIITTDERKRETRDET,

BUFT. 0935147 > MiIlEY—)VBITTOERDILE Ul zrUED .

40
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(V31472 FMUITT—245R)

$ pgbench -i -I dtgvp -s 100 pgbench

dropping old tables...

creating tables...

generating data (client-side)...

10000000 of 10000000 tuples (100%) done (elapsed 21.61 s, remaining 0.00 s)
vacuuming. . .

creating primary keys...

done in 47.98 s (drop tables 0.05 s, create tables 0.01 s, client-side

generate 22.00 s, vacuum 5.10 s, primary keys 20.82 s).

(Y—EITT—2&ER)

$ pgbench -i -I dtGvp -s 100 pgbench

dropping old tables...

creating tables...

generating data (server-side)...

vacuuming. ..

creating primary keys...

done in 114.01 s (drop tables 0.21 s, create tables 0.01 s, server-side

generate 79.51 s, vacuum 2.45 s, primary keys 31.84 s).

COBITIFOSAT > MITT—FERUEAPRBNEVWSTERICIRDE UL, CNEARHRIETEY
—INETSAT > M E—RA R THD, BEFEN+DTH S8 INSERT KDE COPY [CXDT—HF4E
BoREN > ZEDEBONFET.

e, 95472 MITDOFT —FER T3 10 HITER T 22 & (CEBBERNIFRSNE Lh' B —) W
TOT —FERMFEREBRNRRENEE A
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4.6.3. BEZFTUADT AN —FERFOERRRO—EIEE

D547 > MIDEES FUADT R M —FERTDOEBOFRRIUTOAS TEEINFE U,
o DIENEES ERIITHMERITICE D TRRSNTULE UM, PostgreSQL13 TE 11T TREINDK
SR FLIE,
o BEIET—FERKICHD D TeiB DA N FRRENTUWLE UEHY, PostgreSQL13 TlEFT—F 4R T
DIRRE (drop tables, vacuum 72 &) CE(CHD D TEBERIEERRIDLSCRDELE.

BUF(C. PostgreSQL12,13 DLELEEITHIZRUET

(PostgresSQLl12 T=E{T)

$ pgbench -i -s 300 pgbench

dropping old tables...

creating tables...

generating data...

100000 of 30000000 tuples (0%) done (elapsed 0.41 s, remaining 123.41 s)
200000 of 30000000 tuples (0%) done (elapsed 0.71 s, remaining 105.07 s)

30000000 of 30000000 tuples (100%) done (elapsed 189.45 s, remaining 0.00 s)
vacuuming. . .
creating primary keys...

done.

(PostgresQL13 T=E{T)

$ pgbench -i -s 300 pgbench

dropping old tables...

creating tables...

generating data...

30000000 of 30000000 tuples (100%) done (elapsed 104.95 s, remaining 0.00 s)
—100000 of 30000000 tuples MoMFEY. ELITTRRNAELELTILNS

vacuuming. . .

creating primary keys...

done in 270.98 s (drop tables 0.74 s, create tables 0.02 s, client-side

generate 105.20 s, vacuum 89.84 s, primary keys 75.19 s).

42
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4.7. pg_rewind DYLE

pg_rewind INX> Rid. ANJ—==>0L U -2 3> TBRELIZEWT S PostgreSQL ([CEHTE
TT—454 LT NUZBIET BEDTY,, PostgreSQL13 T pg_rewind DIEEEN L\ DOMERESNE LTz,

4.7.1. B#oO>wv>a21UH)(

pg_rewind Z{ESEDFERE. WRDT—F7 1 LU MU(KIERI(C PostgreSQL Z(Z1E U2 ED TS
NERSRBNENDZETY, UMD T FFERBICET U TULEIHEE(CE—E PostgreSQL B —E X %Zid
g - FILELUT, 5y aUR/NUBZERSETNS. pg_rewind ZESHENBDHE LI,

CNICHEE T IUIBNBEN (CITHOND LD ICIRDFEUIZ, ——-no-ensure-shutdown AT 3>%5X%
DEHERBD DIRDEEWNICIRDET,

BUF(CBMEZERERLUE T . A /I\AH—/)(ZEF> T, TNZ 1EFK LT, FHZINX T, FEEELE
UieBdD%Z. pg_rewind TEERI CEEHAET .

(pg_rewind #f5 = wal log hints ZHMICLFET)
$ vi S$PGDATA/postgresgl.conf
wal log hints = on

$ pg _ctl restart

(REINAY—NEEY, PELEDLT1EFRFz v IRS Y FEBERBICLETD)
$ pg basebackup -D stdby data --write-recovery-conf --checkpoint=fast
$ pg _ctl start -D stdby data -o '-c port=5434"'

$ psgl -c "CHECKPOINT"

(REAVILP—NEFHEL T, BHF LT, immediate E— FTELLFT)
$ pg _ctl promote -D stdby data
$ psql -p 5434 -d dbl -c "CREATE TABLE t new (id int)"

$ pg _ctl stop -m immediate -D stdby data

(AT a3 EHBBLTHED pg_rewind DIRSFE =T HEIF—HEY FT)
$ pg_rewind -D stdby data --source-server="host=localhost port=5432" \
--no-ensure-shutdown

pg_rewind: fatal: target server must be shut down cleanly
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(FIHIRBETEI S22 ) AN RBABHTRAICKTSAET)
$ pg rewind -D stdby data \
--source-server="host=localhost port=5432"

pg rewind: executing "/usr/local/pgsqgl/13/bin/postgres" for target server to
complete crash recovery

2020-06-03 18:06:45.083 JST [3907] LOG: database system was interrupted; last
known up at 2020-06-03 18:06:27 JST

2020-06-03 18:06:45.084 JST [3907] LOG: database system was not properly shut
down; automatic recovery in progress

2020-06-03 18:06:45.084 JST [3907] LOG: redo starts at 0/36000178

2020-06-03 18:06:45.084 JST [3907] LOG: invalid record length at 0/36012060:
wanted 24, got O

2020-06-03 18:06:45.084 JST [3907] LOG: redo done at 0/36011EBO

PostgreSQL stand-alone backend 13betal
backend> pg rewind: servers diverged at WAL location 0/36000148 on timeline 1

pg rewind: rewinding from last common checkpoint at 0/36000098 on timeline 1

Pg_rewind: Done!

4.7.2. YRINUEEEKRATZ 3>

pg_rewind (CATS 3> --write-recovery-conf MBIIENFE U/,

pg_rewind TEBZERUET—F 7+« LT MJIERHF>)\A PostgreSQL & U TEONE T, LIehA > T R
(CAITDCEFRIUINAEUVUTEMET DL DICHRETDETT . CNZBEEMICITTO TINET . EARMIC
(Z. standby.signal 7 7-1JLNEIEN. VXS —/NEELIEY—/N\ZTS54ITU EUTER I DREN
postgresgl.auto.conf (LIBFEEESNE T,

BPFETHRIFEECAUFIETED CEMFZHERLUET .

(REVINAY—NREFRLT, EHFTHELHETHE, FHOFIERLCFIET,
BLETEHLCAHT, SER fast E—FTHELELFET)

$ pg _ctl promote -D stdby data

$ psqgl -p 5434 -d dbl -c "CREATE TABLE t new (id int)"

$ pg ctl stop -m fast -D stdby data
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(--write-recovery-conf ZIRETHEREZ VN1 HAORENBBTHMIATWET)

$ pg rewind -D stdby data --source-server="host=localhost port=5432" \
--write-recovery-conf

pg rewind: servers diverged at WAL location 0/3A000148 on timeline 1

pg rewind: rewinding from last common checkpoint at 0/3A000098 on timeline 1

pg_rewind: Done!

$ 1ls stdby data/standby.signal
stdby data/standby.signal

$ cat stdby data/postgresqgl.auto.conf

# Do not edit this file manually!

# It will be overwritten by the ALTER SYSTEM command.

primary conninfo = 'user=postgres passfile=''/var/lib/pgsqgl/.pgpass"'"'
channel binding=prefer host=localhost port=5432 sslmode=prefer

sslcompression=0 gssencmode=disable krbsrvname=postgres

target session attrs=any'

4.7.3. WAL 77—+ T DEHR

BERINSZTEFOENLVFES(CIE pg_rewind (FEKRMUE T, ZOLIRIBEICIEFEETRLUEVNST—4
v I PostgreSQL M WAL 77—H-1 M5 WAL 71 )L%Z pg_wal 7« Lo NJ(CFEIE—-LUTHRT S
CELRDYTVWEUE. INZEBEBNICITDOZENTEDRLDCIRDFE LR,

BUF (CaMERRERLET

(WAL 7—h4 TE2HHBICLET)
$ mkdir /var/lib/pgsql/arc 13 /var/lib/pgsqgl/arc_ 13r
$ vi S$PGDATA/postgresgl.conf

archive mode = on

archive command = 'cp %p /var/lib/pgsqgl/arc 13/%f'

$ pg _ctl restart

(RENRLY—REHY, REVNLBB WAL T— AL TEARDICLTEEFY)

$ pg basebackup -D stdby data --write-recovery-conf --checkpoint=fast

$ vi stdby data/postgresql.conf
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archive command = 'cp %p /var/lib/pgsqgl/arc 13r/%f’
$ pg ctl start -D stdby data -o '-c port=5434"

$ psgl -c "CHECKPOINT"

(REAVNALY—N\ZFRE LT, pgbench TRKEE#HL T, fast E—FTEILLFET)
$ pg ctl promote -D stdby data

$ pgbench -i -p 5434 dbl

$ pgbench -t 1000 -p 5434 dbl

$ pg ctl stop -m fast -D stdby data

(pg_rewind [FIDHEL WAL 77 1 LBV EHICTIS—ICHYFET)
$ pg rewind -D stdby data --source-server="host=localhost port=5432"
pg rewind: servers diverged at WAL location 0/44000148 on timeline 1
pg rewind: error: could not open file
"stdby data/pg wal/000000020000000000000044": ZDKIBIT7AINLOT ALY FUIEH

YFEEA
pg rewind: fatal: could not find previous WAL record at 0/44000148

(restore command #&&FE L T. --restore-target-walFA 7L 3 VaEXHEHYLET)
$ vi stdby data/postgresqgl.conf
restore command = 'cp /var/lib/pgsqgl/arc 13r/%f S$p'

$ pg rewind -D stdby data --source-server="host=localhost port=5432" \
--restore-target-wal
pg rewind: servers diverged at WAL location 0/44000148 on timeline 1

pg rewind: rewinding from last common checkpoint at 0/44000098 on timeline 1

pg_rewind: Done!

BEIRULDIZSHD WAL 77—+ T DIE—(CZ(Z restore_command DIETEMENDNE T,

CDEE restore_command TEFE T DDIE. FIELIERXS >/ PostgreSQL BEMH /1 LTz WAL 77—
DATZAZSAWALT 4 LI KU (pg_wal) CESRIINCRTY.,. TSATUA (V—-X
) PostgreSQL M WAL 77—H-1 IS TFRNZ E(TEBL TS ZS0N.

CDE. RAIINAELTREH T D EZE(C restore_command EREITDHECIEITTSA<UA
PostgreSQL D WAL 77—H4(JF « LU RUMNSTIE-93IV> RZEELRINERDEEA.
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4.8. SQL B4BEMDIEHN

BIWEDE (CHTZ MR Z IR I D8 SQLBSTPOEEMN WV < DMENMESNTVE T, KREITEFIN
S5DS5EBREDZMD LIFFET.

4.8.1. FETCH FIRST WITH TIES

BIOVWEDEERE —ZDITIZIHRY SELECT XDA TS 3> & U T, PostgreSQL (& LIMIT ... OFFSET
... & OFFSET ... FETCH ... D_f8ADEX = H7R— MU TULET . BIEN PostgreSQL EBDIEX T, %%
N SQLAZHEE(CHEM U XTI . ZDD5 OFFSET ... FETCH ... #XICDUWT. Fi/z(C WITH TIES AT
I>HYR— hEnzxE LR,

LFCEHEEROTNEE T, BITICROATEDY (score) ZIFDODT—TILEXATIEICY—KULT
by 73 ZEUSLET,

(BREADT—ITNET—22EVED)

dbl=# CREATE TABLE t rank (id int, score int);

dbl=# INSERT INTO t rank VALUES (1, 100), (2, 90), (3, 90), (4, 90), (5,
85), (6, 85), (7, 80), (8, 80), (9, 75), (10, 60);

dbl=# SELECT * FROM t rank;

id | score
S,
1 | 100
2 | 90
3 90
4 | 90
5 | 85
6 | 85
7 80
8 | 80
9 | 75
10 | 60

(10 rows)

(Bt D HR—bETh TS oNLY REDHEE. HELITEEYINRY FT)
dbl=# SELECT * FROM t rank ORDER BY score DESC
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OFFSET 0 ROWS FETCH FIRST 3 ROWS ONLY;

id | score
S,
1 | 100
3 90
2 | 90

(3 rows)

(WITH TIESIREDNBS. BHETHZEA THRAIFOLITESALERIMNEY £9)
dbl=# SELECT * FROM t rank ORDER BY score DESC
OFFSET 0O ROWS FETCH FIRST 3 ROWS WITH TIES;

id | score

WITH TIES Z8TE LTi5E. BIBUOIZE(CEFIRIEETHEZBR THE. TNSZETCSALERNMED
CTEENERTEF Uz, ONLY EEEDIZEI(CE. BU score fBO EDITHEEINDMNIARET L.

4.8.2. JSON Path T datetime() AW RICHIE

JSON Path MDA T datetime() AV RICHGUFR Uz, CNEBEA. B, Fz(E. BRI (1 4LX
> TF) =HBNTXFS % JSON Path ODF TF—SF R Z G5 L TA/NNERZTRECT D EDTI,
UTDOEDSICERIBICENTEET,

(BFIDFM D 12 Bk Y KELEZIDEZRR)

dbl=# SELECT jsonb path query('(["12:30:54", "9:10:00", "13:20:10"]",
'$S[*].datetime() ? (@ > "12:00:00".datetime())");

jsonb path query

"12:30:54"

"13:20:10"

(2 rows)
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datetime XV v RICEST> T L — hESIHTEX T, FEOBMABARBRICHIESEIZEETEET,
IBECETDIEAEZRT SQL B to_timestamp EFUTI,

(BRTYTL—FEBET L)
dbl=# SELECT jsonb path query(
'"{"timestamp": "2020-06-06 05:05:05 PM +09:00"}"'::jsonb,
'S.timestamp.datetime ("YYYY-MM-DD HH:MI:SS AM TZH:TzZM")');
jsonb path query
"2020-06-06T17:05:05+09:00"

(1 row)

&7z, JSON Path BlLVEHOEZYIRT D% SQL BT [_tz] CWVSEEEFHMSIMSNIZEDHNNND TLY
F9. NS datetime AV Y RZEFEDTZYURT, H14 LYV -2 HEBESNTNDT —H (S LT, FATRIR
DIRFETA LY —>2FT TAILNELTHESLET,

(+8 B4 LV—20 12 & Y FRIOFZIZR4R,
JSON EEFI DL CIXRITREN S AED+9 2 4 LY —UNERASH B)
dbl=# SELECT jsonb path query tz(
'["12:30:54", "9:10:00", "13:20:10"1",
'S[*].datetime () ? (@ < "12:00:00 +08".datetime())");
jsonb path query tz
"12:30:54"
"09:10:00"

(2 rows)

5. TEXRSFTIMIREE

PostgreSQL13 TIEUAID/\— 3 > & (FIEEMOABREENH D E T, KB TIEENSDIOIEEERD
DWW DNED EIFET,

5.1. SIMILAR TO ... ESCAPE NULL D NULL BRI KSEE

SIMILAR TO ... ESCAPE NULL M4 3" NULL ZiR S LS (CIRDF LTz, CDFUWVENWEIZ, R4 SQL Dft
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BRE—BUTWLWET, SNl SQL B3%Y substring(text FROM pattern ESCAPE text)[CHERASINE T

BRIDEMETIE. TR —=THFTITAIL DI\ IRSY 2 AXF(ICRESNTNE LU, TREELT

WeEZ—TRTOBBEEER T (CHIFI D2 LT, LRIOBENMRITSNE T,

(PostgresQL12 TRIT)
dbl=# SELECT 'hello\nworld' similar to 'hello\\nworld' escape null;

?column?

dbl=# SELECT 'hello\nworld' similar to 'hello\\nworld' escape '\';

?column?

(PostgresQLl3 T=RIT)
dbl=# SELECT 'hello\nworld' similar to 'hello\\nworld' escape null;

?column?

{null AR 3B)

(1 row)

dbl=# SELECT 'hello\nworld' similar to 'hello\\nworld' escape '\';

?column?

5.2. effective_io_concurrency EDOEKNZEE

/0 AiFBHEICRZE T B effective_io_concurrency {E(E. LRTET « XU RS T =RHRICIEE I D&
T. RAD RE> RILEHRICAITIERCEDVWVERZBLTCEY NRYITE—TXF v+ >TTUITITVF
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FTRIR—ZHEMTIETRE U TRESNTLE LI,
LM L. PostgreSQL13 5 (& effective_io_concurrency fECEIEE Y hw TE—TRXFvw>TTUD
IVFIRINR—DEEHFEEITDLDCIEDFLU,

LRI DERTEMEN 53 UL MEANDZEHRILU T DED TY .

OLD

3o

i=1 1

NEW = round

Fle. UTFOOITYUTEHEIRETT,

SELECT

round (sum( (LARIODEY / n::float) FROM generate series(l, (LIBID{E) ) s(n);

BIZ(E, LABIDMEN 1 THIUIFTULMER 1, LBIOMED 10 THUSFHULMEIL 29 &30 FE T,

6. REFEIE

ARFI A NI SRAOSS, Inc. HARSALICKDERENEUIZ. LM L. SRAOSS, Inc. BARSZHL(ER
RFI A MMTHWTIEREMSE. BRM. ZTOMODRBRIEZIDEDTIFEHDFEFEA. KRFI A MaF|
RI35E. FREOERECENTITE O TIRKEDERDFT,
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