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1. (FUSIC

AXE (L PostgreSQL 10 (CEFNDEE/RFHEEEZHRIAL. ERICEMFSBIARIIERZREIT DED
T, PostgreSQL 10 (CDWTHREEL KD & LTCTWBI1—HYDFICIRBCEEZBENELTUVET,
2017 FF10 A5 HY ) —X &Nz PostgreSQL 10.0 Z{EA L TH&REEZ1TD T, AXEZ/ERR LU TULET,

2. HIE

PostgreSQL 10 DEZERFHEEEIU T DEDTI . ARFAAD hTIESNSDIEEBZERD EIFET,
s OZHILTUT—23>

. BEWN—-Fa>23=>y

. I\SUILOTUDEL

o J\wSaA 7YV IRD WAL SIS

« BAHLTULS—> 3> OREEB DR
+  pg_stat_activity DILR

« {L5EHEET (CREATE STATISTICS)

* Transition Table

+ postgres fdw DiE

«  libpg DILR

COOMBICEHDVMEEEBIICEEN LSS D ET ., D TOEERD—E(C DLV TIE PostgreSQL 10 RF-1
A MAOUYU—-X_J)—Fk (LIFURL) [CEBEHSNTWLET,

https://www.postgresgl.org/docs/devel /static/release—-10.html

3. MEEDi=HDtzy 7w S

3.1. YVIMNITT7AF

PostgreSQL 10 DARX—SIRIFLLTF URL DR—NS5AH T2 O— RAJGEETT . Y—XTI— R, Windows &
FI\AF DA > X =S, RPMyum URS NUREESNTWLETD,

https://www.postgresgl.org/download/snapshots
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3.2. WREERIR

IREERE & LT HP ProLient MicroServer @ CentOS 6.9/ x86_64 ZHHAULELIc, ZNINEH—)(
N2 2T MR EFRNIIFENS > EOMBEDIRRVOARIRD —/\(CHITDEREDIRIEFER L T
WEEB A,

3.3. 12AM=)b

zlib. zlib-devel. readline. readline-devel D&/ \wo—HHES5H US> X R—ILESNTULBDIRET.
UFOATZ 3> TV—-XO—-ROEJLRZITVWE U,

$ cd postgresqgl-10
$ ./configure --prefix=/usr/local/pgsql/10.0 --enable-debug
$ make world

# su -c 'make install-world'

RIEZEHZREI DI 7L ZESH LT BALET.

$ cat > 10.0.env <<'EOF'

PGHOME=/usr/local/pgsql/10.0

export PATH=$PGHOME/bin:S$PATH

export LD_LIBRARY_PATH:$PGHOME/lib : $LD_LIBRARY_PATH
export PGDATA=/usr/local/pgsql/datal0.0

export PGPORT=15432

EOF

$ . 10.0.env

T—INR—RISAI&FRLET, OT—JUEL (COT—IL) « UTF8ZFTIAILBhELEFT,

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

HEIT7 A IVCBRNROFEZSZAEY

$ cat >> S$PGDATA/postgresgl.conf << EOF

logging collector = on

EOF

PostgreSQL ZEE& LE T,

$ pg ctl -w start
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TSI OZHILLTUS—2 3> OREEAR(C, IRIBEZEE (PGDATA, PGPORT) DIEZZE X A T DI&TE
TTF—HOIR—RISAIHERUE U, T—HIR—RITS I DVER. SRTE T 7 A )LDZEE(C DT _EiRdD
EDOEERTY,

$ cat > 10.0 2.env <<'EOF'

PGHOME=/usr/local/pgsgl/10.bl

export PATH=$PGHOME/bin:S$SPATH

export LDfLIBRARYiPATH=$PGHOME/lib : $LD7LIBRARY7PATH
export PGDATA=/usr/local/pgsqgl/datal0.0 2

export PGPORT=15433

EOF

$ . 10.0 2.env

¢ —-with-icu 27723 TDEJLF
PostgreSQL 10 1'5 ICU S+ TS UZED IZEREIEF (COLLATE) DUUIENDR—bhanxz Lz, 77
AL TEDND OS[BS 1T S (Linux 785 glibc) DRODIC, ICUSATISUZEFIEITSICEEILR
BF configure A= 3 > T--with-icu ZIEELE T, CDEE. WS DNEFENMRETT,
FI.ICUSAISUDINYT—ZDA > A =)L ET Y. RHEL/CentOS 6.x, 7.x (CHULTIE, icu.
libicu. libicu-devel -1 > A h—JLUTHEFFET, MIXT. ICU_LIBS. ICU_CFLAGS BRIEZH(CAT>a>%
REUET. UTDKS(Cicu-config AN RZFEDO TCHEINRSEZEZDICENTEET,

$ export ICU LIBS=$(icu-config --ldflags-libsonly)
$ export ICU CFLAGS=$ (icu-config --cppflags)
$ ./configure (ZFDHDA T 3>2) --with-icu

$ make world

BRE. ICUSATSUzESLIZIF T BAREOREIEF (FFRE - F{IREORIE(CHEUIciFEIRIC
ROTNELBA. [[FI=>T\U=TO=>TEI= A>T EVORIECERST. [(F]I=>TOl=>T5]—
[J\I=TEl=>TJ]DIEICRDET, BEIERF (COLLATE) (C ja-x-icu' REDIBENKRE T . FIHATEER
BESIEFDO—E(E psql ATO\dOS ONX > RTEBTEEY,
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4. EBIBENNHEEE
EEBENMAE, MR DL TEMERRE L TLEET, F/e. ADE THADRSLHEE LET,

BB DFERILSRBR (IR —FIRICER ESNDI Y =2 7ILICEHE NTULET ., K1 X M—=)LFIE%E
To1EBE. UTOBAT (>R =)D share/doc/html) (CHTML DY =1 FILHVERKRSNE T,

/usr/local/pgsqgl/10.0/share/doc/html/

Ffe. UFURL ICTHER/N—2a>DOR 1 VIS NTUVET ., WINERELRDFT.

http://www.postgresgl.org/docs/10/static/

4.1. O2HIL DV —23>

PostgreSQL 10 50O HILL T UG —2 3 > RHR— h&nExE Uiz, PostgreSQL (C(FEE(C 9.0 5 H
M—BRENTVWBIRKNI==Z2TLTUT—23>RHDEIN. COBETET—IRN—IX%ZIEKRIT DT
7AILWEY NEAITERENDI ZENS PBNRIL T U —2 3> EfFENET. —A. O H)LLTY
T—>23>TlE T—IDEEREN [ EDF—TILDEDITREDIEEENIEH] LWV HIBMI(CEEIREN
R TEXEND NS, [HmEBNR (OTHILR) | LTUST—2 3> EMENET,

4.1.1. O>H)ILL TV —2 3> OE

PostgreSQL MO AJLL- U4 —= 3 > (4 publisher / subscriber (HEARE / BE5cE) EF /LA ERASIN
THED., LTV —=>3>5ld publisher, L U4 —= 3 > 5% (3 subscriber EFE(ENE T, subscriber (&
publisher L (CTEF&E Sz publication EWDSAT ST O hZ2BERI D ECKD. T=TILICH I DIEEARS
ZEEL. T —YDEEZITVET,
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&5t (publisher) #BEI5E (subscriber)
T—=7) T—70L
publication 1 >‘ subscription ‘
) | wiBOJEnx

1: AL TV -2 3 2R

OZHILLT U =232 EF—TILBAITITONE T . 1 DD publication (C(FHEEDT—TIL&EHRT
DT ENTRET T, E£/z. 1 DD publication Z##ID subscriber NSEEFELIZD . 1 DD subscriber K820
publication Z iR I D EMNTEET ., E5(C. subscriber DH(C publication Z/ERK L. &N ZBID
subscriber NSRRI D EVND e, ART—FT 420 TUS—2 3> %752 E6BREETT,

4.1.2. NEBIRNTE

Publisher ] @ PostgreSQL T (&. wal_level Z logical (CZEE LU TH < BENSDFI ., F1c
max_replication_slots. max_wal_senders MiXE(E% subscriber D L ICUTHIEBERGDFEIN. &
55(FFT TAILRT10 ERRD TVBDTSEIDIREE CIFEEDHE(EH D FE A,

wal level = logical
max_replication slots = 10 # subscriber D¥LL
max _wal senders = 10 # subscriber D#LIL

7z, subscriber T (3 max_replication_slots. max_logical_replication_workers. max_worker_processes
DERKTEMEN. YERX T D subscription AT 1T & (Bik) OB LETHIHRENGDFET. CNSICDNTE.
SEIDIREETIEFT T A4)L METRIES D EE A,

max replication slots = 10
max_ logical replication workers = 4
max worker processes = 8
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4.1.3. T—IR=XABXUVFT—T)LDVERK

REEA D> — )L % publisher. subscriber DD PostgreSQL TR LE T . SEIET—FX—X test
(ET=TILtbl ZATF DX ST LELIZ. TSN JF—(E. TT4)L MT UPDATE, DELETE DfER%Z
LU — I BEHICRETY FELULIFEIR, FBY) . subscriber fllDT—TILTET A UF—=/F
BUTCTHEHENGDET,

(M5 D PostgresSQL [Z{ERR)

test=# CREATE TABLE tbl(id int primary key, data text);
CREATE TABLE

publisher fIDF—J)LICHIEAT —F EUTUTEIBALTHEET,
(publisher I T)

test=# INSERT INTO tbl VALUES (1,'one'), (2,'two'),
INSERT 0 3

(3, 'three');

4.1.4. publication DVERK

publisher fll(C publication AT 10 hZ2ERR UET . COATZT O NI TEDT—TILDEDEEZELR
XKIDIMN EW e LT UG —23>AEZTAINFU T BIzhDEREERELFET. ZZTlE pub &
WS &HID publication Z/ERL L. T—JILthl ZEFRUFE T . CORFCERX T DEERNS (INSERT, UPDATE,
DELETE Ofi#EDHE) BIEEITDZIENTEEIN. UTFTEIFICEEL TULRWLDT. INSERT,
UPDATE, DELETE D& TOEENERIXENE T,

(LI'F. publisher I TG)

test=# CREATE PUBLICATION pub FOR TABLE tbl;

CREATE PUBLICATION

YERE D publication AT 14 M3 psql D\dRp IX > R, BKRU = RXF L5 —T )L pg_publication T
R TEET,

test=# \dRp

List of publications

Name | Owner | Inserts | Updates | Deletes
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—————— B i e bt Tl St
pub | postgres | t |t |t

(1 row)

test=# SELECT * FROM pg publication;

pubname | pubowner | puballtables | pubinsert | pubupdate | pubdelete

publication ([CEERENTULV\BF—T )&, pg_publication_tables E/=(d pg_publication_rel SR TS
9. pg_publication_rel TIFATZT O M IDDESTHHAETNET,

test=# SELECT * FROM pg publication tables ;

pubname | schemaname | tablename
_________ o
pub | public | tbl

(1 row)

test=# SELECT * FROM pg publication rel ;
prpubid | prrelid
_________ +_________

16406 | 16398

(1 row)

4.1.5. subscription OVER%

subscriber I T subscription A7 10 MEIERRULE T . CNUEED publication T DN EEEKT D
BEDTY, CZTld publication pub ZE&EFE I D sub &LV DSHEREID subscription Z/FR% LK 9. CONNECTION
A)(C(F publisher B— ) \\DIEHXFHZIBELF T, #EHi_L—H (3 publisher BI[CFTET B replication 1R
ZRF DY THIUNENSDET, UTFTIEA—/\—1—HD postgres ZIETEL TLET,

(LLF. subscriber il )

test=# CREATE SUBSCRIPTION sub

Copyright © 2017 SRA OSS, Inc. Japan All rights reserved.
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CONNECTION 'host=localhost port=15432 user=postgres dbname=test'
PUBLICATION pub;

NOTICE: created replication slot "sub" on publisher

CREATE SUBSCRIPTION

NOTICE XwT—THASTNTLNVBED, CREATE SUBSCRIPTION XMETEFC, publisher flldDH —
INTLTUS—>3>0v M ESNICERESNE T, COXANOZY hand & 7—T)LOFEAIE—
MToN. LT U —2 3 >haeNE 9. FIBAIOE —(CK D, FH(C publisher IDF—TILICEALTEH
WEATHY. subscriber (COE—aNcC ENHERTEET,

test=# SELECT * FROM tbl ;
id | data

YERE D subscription (& psql M\dRs <> RH\. pg_subscription B0 THZRTEET,

test=# \dRs

List of subscriptions

Name | Owner | Enabled | Publication
—————— Fom e e
sub | postgres | t | {pub}

(1 row)

test=# \x on

test=# SELECT * FROM pg subscription;

-[ RECORD 1 J-—=+—-===————— - - o e
subdbid | 16395

subname | sub

subowner | 10

subenabled |t

subconninfo | host=localhost port=15432 user=postgres dbname=test

10
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subslotname | sub
subsynccommit | off

subpublications | {pub}

subscription [CEEREN T3 —TJLIE. pg_subscription_rel NSHERTEET,

test=# SELECT * FROM pg subscription rel;
-[ RECORD 1 J--—————--

srsubid | 16420

srrelid | 16396

srsubstate | r

srsublsn | 0/16A1520

4.1.6. LTI —2 3> DS

LU —> 3> %29 Dz, publisher llDF—T)LICITZIBALTHET .
(publisher )
test=# INSERT INTO tbl VALUES (4, 'four');

INSERT 0 1

LUIES < T B E subscriber fICZDITHASIBTE B LD (CRADET,

(subscriber fl|T)
test=# SELECT * FROM tbl;
id | data
S,
1 | one
2 | two
3 | three
4 | four
(4 rows)

INSERT X/ZIFTIF/2<. COPY X &EFESTZHEAEBL T — 3 KR ERDET,
FHITIHMEEDTOTS A (CZTlEecho) NSDE 1% COPY (L AFE DB ZE> TLETD,
(publisher fIT)

11
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test=# COPY tbl FROM PROGRAM 'echo 5,five' WITH CSV;

COoPY 1

subscriber {8 T COPY X DfER &R LE T

(subscriber fllT)
test=# SELECT * FROM tbl;
id | data
e
1 | one
2 | two
3 | three
4 | four
5 | five
(5 rows)

RI(C publisher fITITOEFZITLNET
(publisher )

test=# UPDATE tbl SET data = 'xxx' WHERE id >= 4;

UPDATE 2

BFIHANEN subscriber QI ([CRIRENTWB S ENERTEEY,

(subscriber fll C)
test=# SELECT * FROM tbl;
id | data
S,
1 | one
2 | two
3 | three
4 | XXX
5 | xxxX
(5 rows)

Ex#&(C publisher I TITDHIBRZITLNE T,
(publisher I T)

12
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test=# DELETE FROM tbl WHERE data = 'xxx';

DELETE 2

subscriber | CHIBFDAI RSN TWNB C ENER TEET,
(subscriber fIT)

test=# SELECT * FROM tbl;
id | data

1 | one
2 | two
3 | three

(3 rows)

4.1.7. BZEOHHE

O HILL UG —2 3> TRIRANI—Z20L U5 —>2g> EE0W, LTUS—23>%THhD
subscriber I CEFEEITI B ENTETET, TDES. T5AYUF—D—EHHINGDT—TIL T,
LTV —2 3 BICHINOBENRETDIHEEaNHDET,

KR(CEHEERESEDZH. £ subscriber I TUTDITEBALED .
(subscriber i T)

test=# INSERT INTO tbl VALUES (10, 'Ten');
INSERT 0 1

test=# SELECT * FROM tbl;

id | data
e
1 | one
2 | two
3 | three
10 | Ten
(4 rows)

IRIC publisher ITIA T D 217Z2BALE T,
(publisher flI )

13
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test=# INSERT INTO tbl VALUES (10, 'ten'), (11, 'eleven');
INSERT 0 2
test=# SELECT * FROM tbl;
id | data
S
1 | one
2 | two
3 | three
10 | ten
11 | eleven
(5 rows)

NS5 D publisher BITIEAESNIZATIEIWWDETHEF D TH subscriber Al (C(FIRNEH A, subscriber fID
PostgreSQL DOJZRD & UTFOAYE—HMEAENTED. id BSALCSNTHHIDHRENFEE LT
WBRZTEMDODMDET ., MENKETDIE. ENAREESNDIETLIVS -2 3> (FFIELTUERL |
publisher THFAE UIZZE (4 subscriber [CRIRENASIRADET,

LOG: starting logical replication worker for subscription "sub"
LOG: logical replication apply for subscription sub started
ERROR: duplicate key value violates unique constraint "tbl pkey"
DETAIL: Key (id)=(10) already exists.

LOG: worker process: logical replication worker for subscription 16420 (PID

14527) exited with exit code 1

RPN

BAEREIRAEE2DHNET . 1 D(Fsubscriber BITEHEANFEE L TLWBITEFHTHIRD DL\
BHIBETI, STl (10, Ten')DIT% subscriber DT —TILHSHIBRUE T,
(subscriber flIT)

test=# DELETE FROM tbl WHERE id = 10;
DELETE 1

TDEUIESTDE. publisher BITIEA UTE1TH  subscriber Il ([CIRND C ENFER TEE T
(subscriber fl| G)

test=# SELECT * FROM tbl;
id | data

____+ ________

14
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1 | one

2 | two

3 | three
10 | ten

11 | eleven
(5 rows)

B> 1 DDA5EE. publisher N SERXENT=EE D@ % subscriber I TAFYV L TULEDTETTY,
FWREEDT=HLUT DiT% subscriber A (CHEALUE T,

(subscriber il ©)

test=# INSERT INTO tbl VALUES (100, 'Hundred');
INSERT 0 1

CNICHEE T D1T7% publisher DT —TILICEAULE T,
(publisher )

test=# INSERT INTO tbl VALUES (100, 'hundred');
INSERT 0 1

F(FEERBRIC. subscriber DO SHFHEENRELUEC ENERTETELE,

ERROR: duplicate key value violates unique constraint "tbl pkey"

DETAIL: Key (id)=(100) already exists.

COBFEEE T B8, publisher BN SERX XH117=(100,'hundred')DITIIE A% subscriber BITH+ >
wILUET, BERMIC(E. pg_replication_origin_advance B#&ERALTL T UT—> 3 > OESIEEREH
HICEDHFE T, IREFRT subscriber (CRMENTWBREED cS>H 023> O00DME (LSN)E. TDE
B publisher (C3H T3 LSN DxdISEER(E. pg_replication_origin_status MSHERTEE I, subscriber | T
UTFZEITLUET,

(subscriber fl| )

test=# SELECT * FROM pg replication origin status;
local id | external id | remote 1lsn | local 1lsn
—————————— o

1 | pg 16420 | 0/16DFBB8 | 0/209D3F8

CDRERMNS. RIEDZEED publisher I LSN (remote_Isn) (& 0/16DFBB8. subscriber D

15
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LSN (local_lsn) (£ 0/209D3F8 T ENHOMDET, 12d. external_id 735 LDED pg_16420 (ZL-TU
—3 3 ESEIBIN T DIz DEBIF T, subscription A< 14 R OID(16420)% T (CERZ TN TULVE
9,

—75C publisher fJDIRTED LSN (& pg_current_wal_Isn B2 THEER TEE 9, publisher T TFZEITIT D
&. LSN (& 0/16E0948 THDZENHOMNDET,
(publisher I T)

test=# SELECT pg current wal lsn();

pg_current wal 1lsn

0/16E0948

(1 row)

B EDS. subscriber IOLTUS—2 3 >A1E% 0/16E0948 F THEHNII, FHEDRERREEIZD> TS b
S0 3> BAFYVITERZEMMNDET, subscriber lITIATDRS(C. LTV —2 3> EHIE
FRaDBIF & . publisher BlldD LSN Z387E L T pg_replication_origin_advance B =317 UE 9,
(subscriber ]| )

test=# SELECT pg replication origin advance('pg 16420', '0/16E0948");
pPg_replication origin advance

(1 row)

CDITBTEICKD, subscriberfllDL TUS —> 3 > AIBEHEHEINICEESN., RahfEHINEd.

test=# select * from pg replication origin status ;
local id | external id | remote 1lsn | local 1lsn
—————————— et e e

1 | pg 16420 | 0/16E0948 | 0/20D2D60

(1 row)

CNEEIL TV —2 3> B EN publisher IDZE N subscriber ([CRREND LS (CIRDFITH,
subscriber fl(C(£(100,'Hundred")DiTH' 5% D T £ F THD—7A. (100,'hundred)DITIEL- TU L — hENTLY
VDT, MEDT—TILICA—BNIEUIRRETH DS EITERELUTTF S0,

4.1.8. REPLICA IDENTITY

LU —23>2cN357—7J)L T UPDATE &£/2(3 DELETE 2179 D/ (C(E. 1TEHAITDIzdD

16
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¥R (REPLICA IDENTITY) WMREEIRDFET, TIAIMTEISATYIF—PMERSNEY. publisher
"¢ REPLICA IDENTITY Z#2> TULVRWT—T)LICX U UPDATE E/=(EDELETE #ET9DEUTDLDS
RIS—&RRDFET,

(LIF. publisher fil )

test=# ALTER TABLE tbl DROP CONSTRAINT tbl pkey; -- EF—HFl#EHT

ALTER TABLE

test=# DELETE FROM tbl;

ERROR: cannot delete from table "tbl" because it does not have a replica
identity and publishes deletes

HINT: To enable deleting from the table, set REPLICA IDENTITY using ALTER

TABLE

REPLICA IDENTITY (CIETSA<UF—LFMIINOT NULL THDI—B1>T v IR ] . FrFiTo2R
Z(FULL)] Z={EFTJEETY . REPLICAIDENTITY 254 <Y U+ —LISNIZEE T B(C(E ALTER TABLE X%
ERLUET.

(fTOERNEZHEAT HESR)
test=# ALTER TABLE tbl REPLICA IDENTITY FULL ;

ALTER TABLE

ATy IREERT HEE)
test=# CREATE UNIQUE INDEX idx tbl ON tbl (id);
CREATE INDEX
test=# ALTER TABLE tbl ALTER COLUMN id SET NOT NULL;
ALTER TABLE
test=# ALTER TABLE tbl REPLICA IDENTITY USING INDEX idx tbl ;

ALTER TABLE

4.1.9. HIPREIE
OSHILLTUS—2 3 U T OLSREIREEN SO ET,

o LI gr—32 3 BNE
publisher H'5 subscriber (CERX TE B ZEAZE (L INSERT(COPY TO #=3),DELETE,UPDATE DU\
N TI, TRUNCATEX®DDL (ZLTUH— hENEE A
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o LA r—32 %%

LTV —2 3> DFRERBDIET—IILDH TS, =T ABIUVS—SAT>T O MNILTUS
— bhENFEEA-

Fe. LTV -2 3> 0FRERDIDEBEDT—TILDHTY, Ea— IFUFTSAXRE1—. I
—F4 a2 PI0RFT-TJIL. BT —JILEL TV — hanNFER A \—Fa>a = danres—J
IWDFF—TILCEALTIEL T US — RNEJHET Y,

4.2, SENN—F1>3=>9

PostgreSQL10 MS5/\—F 1 >3 >0 DHEENER (CHR— hEnNFE Uz, KD PostgreSQL TE/N
—T >3 JERIEETURN. DI (CIFERDEIFHEEZHAENTE DR EN D DIBE(ICFRAH
MO TWEULZ. ST L. PostgreSQL 10 T/ \—F« =3 >/ CREATE TABLE ¥ %&# D TIEE
TEBRLDCRDFELUZ. COMEEIFESH/(—F >3 =>4 (Declarative Partitioning) &EMHINTLVE
ER

BI\—Fa 3= TJilE

[l
[

4.2.1.

N—=F+4 23> PJRFEXRRRT—TILOL I— RE2EBOFT—TILICHEI L TIHEIN T DEAT I, 5l
ZE BEDETDFT LT —FZIEINT DT — T )L & FEADFT LOHZIENT DFT—TILICHEITD
ZENTEFT HT—TILERZITOTZBRICIE BEBRFFT—IILDIHEIRET D & THRERMREZ S D
BDTENTEET, Tz, LI— ROBAKCEEENCEYRFT—JILICLO—- RBMMRDDIFSNZET,

ERD PostgreSQL Tl /N\—F 1 >3 =>J(FF—T)LE. CHECK #lf9. NUH—REEE W 12188
DEIFHEEZHAENE TER U TVWE U, COFESBRICFEANMNDLEIFT TR, NUH—FH%E
BRI HFBEANEBNEVWSHEEESDELU.

PostgreSQL 10 T3/ \—F« >3 Z2IHEENER (CH/IR— b, RECHMAFNF Lz, TNICK
D CREATE TABLE XICKD/\—F« 23 =2 I DIBENBIEEICIRD . \—F 1 >3 Z>J(CET 3 ERNS
RAFLABNFOTCELDEBENDKLDCRDFUR. Fizo NUH—BEZERLVRWZS, HmADMERENR <
RO TWET, . EEN/—F« >3 =T>J(F. REIC(FER ERRR(ICT—T)UikED A ZFIAE U
TEREINTLET,

EEN/NN—F023=>0TE. DEIESNDHRT—TI)LIZ partitioned table. FENEDFFT—TILIE
partition EME(ENFE T, partitioned table ([CIEA SNT=S—T)LIE. WLWITNHD partition (CIRD DT SNET,
R D533 (3 partition key DBE(CEDWTITONE T . REDEZS, IRODBIFOHFEGL > Z/)I\—F0 >3
SOEVRN=F 4232002 BENYR— FESNTWET,
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4.2.2. )I\—F4>a3=>2057—T)LO{ER%
UTFTIIIN—F0>a =0 %=iE8E I 355506 EBIRUET,

o LS/IN—FaS3=20
Partitioned table Z{ER% 3 3 (C(. BEDT—T)LEEZITD CREATE TABLE XI(C PARTITION BY @)% {
50, N\=F«x>3z=>JDAZ%E (RANGE £(ELIST)E/N\—F0 >3 >F—ZIBELET,
LUFTlEdate BEDH S Alogdata &)\ —F 14 >3>F—-&EULTLOZN=F04>a3Z>0%1TD
partitioned table & L C measurement Z4/ER% L CTLV\E T,

test=# CREATE TABLE measurement (
logdate date NOT NULL, peaktemp int, unitsales int)
PARTITION BY RANGE (logdate);

CREATE TABLE

Lo\ —F423=>0TE. N—F123>F—([(EBROHNSLENRRYDTIEET B 6T
BETY, FIo. \—FT 0 > 3>F—(EATDHSLICNOT NULL HIFINADNWTWBIRE>FH D FEBAMN, E
BUCHIN—Fa>a>F—THNULLDL O—REL S —F 4 >3 > I TIEHEMNT DT EETER
CEISEFRULTLIEEL,

JR(C partition ZIBNLZE 9. CREATE TABLE X @ PARTITION OF G T partitioned table 238 ELZE Y, /\
—T423a>F—-—DMEDEEHA (F FOR VALUES A) THEE U E 3. LU T T (& measurement (C
measurement_y2016m07 & U\DERID partition ZBAI L. logdate DEH' 2016-07-01 H'5 2016-08-01 (DFE
DL O— RAMEMEND L DERLTVET . COXD(CIEEULERTIE 2016-07-01 (FEFENHFIH |
2016-08-01 FEFNIBVNC LITFELTTFE W, Fe. ER/N - BRAZRIF-—T—REULT
MINVALUE - MAXVALUE DMERTIEET Y,

test=# CREATE TABLE measurement y2016m07
PARTITION OF measurement
FOR VALUES FROM ('2016-07-01") TO ('2016-08-01");

CREATE TABLE

[E#k(C partition =L\ < DHOMERRK LU E T

test=# CREATE TABLE measurement y2016m06

PARTITION OF measurement

FOR VALUES FROM ('2016-06-01') TO ('2016-07-01");

CREATE TABLE
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test=# CREATE TABLE measurement y2016m08

PARTITION OF measurement
FOR VALUES FROM ('2016-08-01'") TO ('2016-09-01");

CREATE TABLE

IN—F 1> a=_>JniEEE/I\—FT >3 >F—. partition D—E (L psql D\d+ X > RTHERTEEI,

test=# \d+ measurement

Table "public.measurement"

Column | Type | Collation | Nullable | Default | Storage | Stats target |
Description
——————————— o
e

logdate | date | | not null | | plain |

peaktemp | integer | | | | plain |

unitsales | integer | | | | plain |

Partition key: RANGE (logdate)
Partitions: measurement y2016m06 FOR VALUES FROM ('2016-06-01') TO ('2016-07-01"),
measurement y2016m07 FOR VALUES FROM ('2016-07-01') TO ('2016-08-01"),

measurement y2016m08 FOR VALUES FROM ('2016-08-01"') TO ('2016-09-01")

EBEINERD partition (KT D ENTEFEA. FRLEDSETDEUTDOLIBIS—LRDFT,

test=# CREATE TABLE measurement y2016m07 08

PARTITION OF measurement
FOR VALUES FROM ('2016-07-15") TO ('2016-08-15");
ERROR: partition "measurement y2016m07 08" would overlap partition

"measurement y2016mO07"

WL DH\DIT% measurement — JJ)LICHEA L CTHET,

test=# INSERT INTO measurement VALUES ('2016-06-01"',24,50),

('2016-07-15',32,100), ('2016-08-25',30,70);

INSERT 0 3

SN —J )& EH(C measurement T— JILORBE R RUTCHET, FITOT—TILE&=ESHE

I BICIESRFT LT tableoid Z{FE\E T, FEFEIED (T logdate DABEIC K> T partition ([CHEI SN THEIASNT
WBCERERTEE U

20

Copyright © 2017 SRA OSS, Inc. Japan All rights reserved.


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

PostgreSQL 10 #REE L 7/RK— bk

@ SRA0SS,INC,

test=# SELECT tableoid::regclass, * FROM measurement;

tableoid | logdate | peaktemp | unitsales
—————————————————————— o
measurement y2016m07 | 2016-07-15 | 32 | 100
measurement y20lem06 | 2016-06-01 | 24 | 50
measurement y2016m08 | 2016-08-25 | 30 | 70
(3 rows)

128, 18I AE partition IMFELRNK D2 O— RZBAUBE(CIE. UMTFTOLDIBRIS—&0D
ia_c

test=# INSERT INTO measurement VALUES ('2016-12-25',13,5);
ERROR: no partition of relation "measurement" found for row

DETAIL: Partition key of the failing row contains (logdate) = (2016-12-25).

¢ YRf/N—F 3=

RICUR NN —=F 123> IDBEICDNTHIZRUET . LT TIE text B name 715 LADRIID—
XF (II\XF) ZI)I\—F4>3>F—&EURYUYR N —F9423->2%4TS partitioned table % cities &\
SHRICIERR L TLE T,

test=# CREATE TABLE cities (

city id bigserial not null, name text not null, population bigint)
PARTITION BY LIST (left (lower (name), 1));

CREATE TABLE

COESIC.IN—Fo>a>F—(CE@FASLZBAVWEREZIBEIDCEBTCEEzI  Fe. YR N5+
S ITE>IN—FT 1> a>F—DENNULL TH DL O— ROBIDFSNTWET, 22U, /-5
> 3>F—HNULL E7RB L O— RERSHNTE B partition (X1 DIZIFTY .

MR(Z partition ZBNNLZE 9. CREATE TABLE X® PARTITION OF &) T partitioned table Z38E L. /\—F
423A>F—DEDJ A %Z FOR VALUES A TIEELF I . LUTF T cities (C cities_ab &L\ D ARBID
partition ZBI L. name DRVIDXFENa'E£/z(d' b THDL I— RHIMEMENDILSIERLTWLETD,

test=# CREATE TABLE cities ab
PARTITION OF cities FOR VALUES IN ('a', 'b'");

CREATE TABLE
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C D)X I NULL ZED partition Z/ERR T D EBTETEIN. ZDL SR partition (E1 DUNFIET
EFEHA.

test=# CREATE TABLE cities null

PARTITION OF cities FOR VALUES IN (NULL);

CREATE TABLE

EHR(CULN < D partition Z/ERX LU E T

test=# CREATE TABLE cities cd

PARTITION OF cities FOR VALUES IN ('c', 'd'):;
CREATE TABLE
test=# CREATE TABLE cities ef

PARTITION OF cities FOR VALUES IN ('e', 'f');

CREATE TABLE

s B/ N—T123>

BEEMNC/N\—F >3 > Z BRI DEETETET.

UFOBITE. URRTED TSN cities_gh DFI(C, BICAO (populationFl]) DL > =T partition Z&
EDTWET,

test=# CREATE TABLE cities gh

PARTITION OF cities FOR VALUES IN ('g', 'h'")

PARTITION BY RANGE (population);
CREATE TABLE
test=# CREATE TABLE cities gh 10000 to 100000

PARTITION OF cities gh FOR VALUES FROM (10000) TO (100000);
CREATE TABLE
test=# CREATE TABLE cities gh 100000 to 1000000

PARTITION OF cities gh FOR VALUES FROM (100000) TO (1000000):;
CREATE TABLE
test=# CREATE TABLE cities gh 1000000 to

PARTITION OF cities gh FOR VALUES FROM (1000000) TO (MAXVALUE) ;

CREATE TABLE

F—4A%%A LT, SELECT THERT D&, BERIBED D partition (CIRD DTSN TVWB S ENHERTEE
L/tc
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test =# INSERT INTO cities VALUES (123, 'Budapest', 1740000),

(124, 'Helsinki', 1177000), (125, 'Hakodate', 256000),
(126, 'Chiba', 975000);
INSERT 0 4

test=# SELECT tableoid::regclass, * FROM cities;

tableoid | city id | name | population
————————————————————————————— ot
cities ab | 123 | Budapest | 1740000
cities cd | 126 | Chiba | 975000
cities gh 100000 to 1000000 | 125 | Hakodate | 256000
cities gh 1000000 to | 124 | Helsinki | 1177000

(4 rows)

4.2.3. )I\—=F4>3>DFHIVF - PHVF

IN=F423a>F—TJIILEHIRITDCERL. N—F0>a>zYDBTENTEET,
BUFBIT I cities 75 cities_cd ZHI D@L TLVET,

test=# ALTER TABLE cities DETACH PARTITION cities cd;

ALTER TABLE

test=# SELECT tableoid::regclass, * FROM cities;

tableoid | city id | name | population
————————————————————————————— Rt et i
cities ab | 123 | Budapest | 1740000
cities gh 100000 to 1000000 | 125 | Hakodate | 256000
cities gh 1000000 to | 124 | Helsinki | 1177000

(3 rows)

tIDBEESNTE cities_cd (FEAEDT—TILEULTEDET,

test=# SELECT * FROM cities cd ;

city id | name | population

_________ o
126 | Chiba | 975000

(1 row)

UFDOLS LTI -T2 a> BB LN TEFT.
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test=# ALTER TABLE cities ATTACH PARTITION cities cd

FOR VALUES IN ('c', 'd'):;
ALTER TABLE

test=# SELECT * FROM cities;

city id | name | population
_________ T
123 | Budapest | 1740000
126 | Chiba | 975000
125 | Hakodate | 256000
124 | Helsinki | 1177000
(4 rows)

4.2.4. )\—F 4> 3> \DF—SIHAREDME L

BEN/N—F1> 3= > MT57—IDEAICHI=D T, PostgreSQL AAKDHRA T« J 01— RHEIMEL
FIDT. MRDPLPgSAL TEME MU AERFESTEARELDET > EERTT .
BAREZERED/\—F 1> 3> F> THRUTHET.
(PERBN—T 123 V%%ED)

test=# CREATE TABLE measurement2 (

logdate date NOT NULL, peaktemp int, unitsales int);
CREATE TABLE
test=# CREATE TABLE measurement2 y2016m06
(CHECK (logdate >= '2016-06-01" AND logdate < '2016-07-01"))
INHERITS (measurement2?);
CREATE TABLE
test=# CREATE TABLE measurement2 y2016m07
(CHECK (logdate >= '2016-07-01" AND logdate < '2016-08-01"))
INHERITS (measurement2?);
CREATE TABLE
test=# CREATE TABLE measurement2 y2016m08
(CHECK (logdate >= '2016-08-01" AND logdate < '2016-09-01"))
INHERITS (measurement2);
CREATE TABLE
test=# CREATE OR REPLACE FUNCTION tf ins measurement2 () RETURNS TRIGGER

LANGUAGE plpgsgl AS $S

24

Copyright © 2017 SRA OSS, Inc. Japan All rights reserved.


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

PostgreSQL 10 #REE L 7/RK— bk

@ SRA0SS,INC,

BEGIN EXECUTE 'INSERT INTO measurement2 y' ||
to char (NEW.logdate, 'YYYY"m"MM') || ' VALUES ((S1) .*)"!
USING NEW ; RETURN NULL; END; $$;
CREATE FUNCTION
test=# CREATE TRIGGER trg ins measurement2 BEFORE INSERT ON measurement?2
FOR EACH ROW EXECUTE PROCEDURE tf ins measurement2();

CREATE TRIGGER

(10 FT-5B ADMEEREETT)

test=# \timing on

Timing is on.

test=# INSERT INTO measurement SELECT
'2016-06-01"::date + ('l day'::interval * (g % 90)), 10, 10
FROM generate series(l, 100000) as g;

INSERT 0 100000

Time: 519.300 ms

test=# INSERT INTO measurement2 SELECT
'2016-06-01"::date + ('l day'::interval * (g % 90)), 10, 10
FROM generate series(l, 100000) as g;

INSERT 0 O

Time: 9170.039 ms (00:09.170)

AERTE10BULDENSETNET . KRB/ (=5« =3 > DBHAITEICIERIEVNS SN TRDR
IHDFEIN ENTEESE/—FT 23T KIDERLIRDZEFRNTLEL D,

4.2.5. HI¥EIE
B=M)—F 1 >3 =2 IR T OSREENHDET .

* 1TYIR

Partitioned table (-1 > 7w O RXZHBR— U TVWEE A, 127 W I XIHME 2 D partition (CIERR T DINE
NN FET, AER(C. partitioned table (CBIL TIET S <X UF—. —RHIHI. FMESE2H1#I. ON CONFLICT 4
BHR—bhEnTuLEtA.

o N—TaSqF—DEE
J8—F« >3 > F—DEERIED partition DEAFCEDRNE D ICEE T B LS UPDATE (FHI#0iER
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ERDEKMUET, BEIMICL O— RHMBD partition (CBEIT D &(EHDEE A

* NEBT—TIN~DIRY 5T
partitioned table (CHEA SNzl J— R(FFMEBT— T )LD partition (CIFHR D73 IFSNFEE A

* fTLAJLRH—
TLANJL R FH—(Z partitioned table (CIF/ER CTEZFEHA. & partition (C/ER T DRENHDET,

4.3. \SULIVOIT VDML

PostgreSQLY.6 NS5/ LILOTUNRBASTNT, —DOBWEDTE(CERTOLR, 91051851 CPU
A7 Z=WHCHERITDCENTEDLD(CIRDFE UTZ, PostgreSQL10 Tl MFLIEN T = DEFENANE(C
HEKESNTWLET,

PUFERIC PostgreSQL9.6 & 10 D/ S LILATIE U TV BRABRETZRUE T,

INS L)Lt G ES 9.6 10
=TIV ) LAFv > O O
A>TV IRRAFv > N o

(Index Only Scan &%)
Ev by ITE-TXFv> X O
Ev bRV TA2FTYVIRXRXFv > X X
V—hk O O
ANFIL—T (NestedLoop) #&& O O
N—HEa X O
I\ afEE X O
HIJoOTU X O

KEITEUAT CTRBROBMFERTVWEXT,

4.3.1. Bilenez=>>

IS LIVEMEDRESRAIC)\—F« = I AREE CED 12— TILIC 100 HtFEDT—SFZEBIML. 1>Fv D
RAEMIILFET,
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test=# INSERT INTO measurement SELECT '2016-06-01'::date +

('l day'::interval * (g % 90)), ceil (random()*1000) , 10
FROM generate series(l, 1000000) as g;

INSERT 0 1000000

test=# CREATE INDEX ON measurement y2016m06 (peaktemp);

CREATE INDEX

test=# CREATE INDEX ON measurement y2016m07 (peaktemp);

CREATE INDEX

test=# CREATE INDEX ON measurement y2016m08 (peaktemp):;

CREATE INDEX

AEIDFHITIE. IS LILETRDOHIZ R Tz8D. SET force_parallel_mode TO on 5 XEZIMX TLVET, E
BRICIET S A IFINIR LW S EEENGEEHDET .

¢ Parallel Bitmap Heap Scan / Parallel Index Scan / Parallel Index Only Scan

Ev Ny ITe—TRFv>. A2FTVIRAFv2. A>T YVIRXA ) —RFv > HUMHIIE (S
LEUR. UMTFIETS N IEN26Z2RUET,

EDETBARY L T)ILFT—STI & [Parallel Seq Scan] WMEONE T, CCTIFS—T>SvILAFv >
ZHES KS(C29F B [enable_seqgscan TO off| Z{F> T, CNSDHTS > ZHIRSIETVET N EICE
Moz, &E/ S A—4 random_page_cost t° cpu_index_tuple_cost &/N& < SHZE L CHERIBRDFER (TR
NFET,

dbl=# SET enable segscan TO off;

% Parallel Index Only Scan
dbl=# explain SELECT count (peaktemp) FROM measurement WHERE peaktemp < 1234;
QUERY PLAN
Finalize Aggregate (cost=23541.84..23541.85 rows=1 width=8)
-> Gather (cost=23541.53..23541.84 rows=3 width=8)
Workers Planned: 3
-> Partial Aggregate (cost=22541.53..22541.54 rows=1 width=8)
-> Append (cost=0.42..21735.07 rows=322581 width=4)

-> Parallel Index Only Scan using
measurement y2016m07 peaktemp idx on
measurement y2016m07
(cost=0.42..7486.83 rows=111110 width=4)

Index Cond: (peaktemp < 1234)
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-> Parallel Index Only Scan using

measurement y2016m06 peaktemp idx on
measurement y2016m06

(cost=0.42..7243.76 rows=107529 width=4)
Index Cond: (peaktemp < 1234)

-> Parallel Index Only Scan using
measurement y2016m08 peaktemp idx on
measurement y2016m08
(cost=0.42..7004.48 rows=103942 width=4)
Index Cond: (peaktemp < 1234)

(11 rows)

dbl=# SET enable indexonlyscan TO off;
% Parallel Bitmap Heap Scan
dbl=# explain SELECT count (peaktemp) FROM measurement WHERE peaktemp < 1234;
QUERY PLAN
Finalize Aggregate (cost=33988.91..33988.92 rows=1 width=8)
-> Gather (cost=33988.80..33988.91 rows=1 width=8)
Workers Planned: 1
-> Partial Aggregate (cost=32988.80..32988.81 rows=1 width=8)
-> Append (cost=6461.84..31518.21 rows=588235 width=4)
-> Parallel Bitmap Heap Scan on measurement y2016m07
(cost=6461.84..10856.49 rows=202612 width=4)

Recheck Cond: (peaktemp < 1234)

-> Bitmap Index Scan on
measurement y2016m07 peaktemp idx
(cost=0.00..6375.73 rows=344441 width=0)
Index Cond: (peaktemp < 1234)

-> Parallel Bitmap Heap Scan on measurement y2016m06

(cost=6251.81..10504.84 rows=196082 width=4)

Recheck Cond: (peaktemp < 1234)

-> Bitmap Index Scan on
measurement y2016m06 peaktemp idx

(cost=0.00..6168.47 rows=333340 width=0)
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Index Cond: (peaktemp < 1234)

-> Parallel Bitmap Heap Scan on measurement y2016m08
(cost=6045.62..10156.88 rows=189541 width=4)
Recheck Cond: (peaktemp < 1234)

-> Bitmap Index Scan on
measurement y2016m08 peaktemp idx
(cost=0.00..5965.06 rows=322219 width=0)
Index Cond: (peaktemp < 1234)

(17 rows)

dbl=# SET enable bitmapscan TO off;

% Parallel Index Scan
dbl=# explain SELECT count (peaktemp) FROM measurement WHERE peaktemp < 1234;
QUERY PLAN
Finalize Aggregate (cost=48485.90..48485.91 rows=1 width=8)
-> Gather (cost=48485.79..48485.90 rows=1 width=8)
Workers Planned: 1
-> Partial Aggregate (cost=47485.79..47485.80 rows=1 width=8)
-> Append (cost=0.42..46015.20 rows=588235 width=4)

-> Parallel Index Scan using
measurement y2016m07 peaktemp idx on
measurement y2016m07
(cost=0.42..15849.66 rows=2026012 width=4)

Index Cond: (peaktemp < 1234)

-> Parallel Index Scan using
measurement y2016m06 peaktemp idx on
measurement y2016m06
(cost=0.42..15337.060 rows=196082 width=4)

Index Cond: (peaktemp < 1234)

-> Parallel Index Scan using

measurement y2016m08 peaktemp idx on

measurement y2016m08
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(cost=0.42..14828.47 rows=189541 width=4)

Index Cond: (peaktemp < 1234)

(11 rows)

* Parallel Merge Join
INSUINMBEZEA RN —SHEENTEDLD(CIRDFE L.
HUF(EHzERUET.

*v—IRENRENOT VT2 EEYET
dbl=# CREATE TABLE t info (id int primary key, cl text, c2 text);
dbl=# CREATE TABLE t info detail (id int primary key, c3 text, cd text);
dbl=# INSERT INTO t info SELECT g, md5(g::text), md5(g::text)
FROM generate series(l, 100000) as g;
dbl=# INSERT INTO t info detail SELECT g, md5(g::text), md5(g::text)

FROM generate series(l, 100000) as g;

% lParallel Merge Join] EWS TS5 UNRBAIDITTIEHY FHA,
UTOETINS VIVIAEBRTE S Z & % Merge Join D/NT LILHIGERATLET,
dbl=# explain SELECT count (*) FROM t info JOIN t info detail USING (id);
QUERY PLAN
Finalize Aggregate (cost=6500.39..6500.40 rows=1 width=8)
-> Gather (cost=6500.17..6500.38 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=5500.17..5500.18 rows=1 width=8)
-> Merge Join (cost=0.69..5396.00 rows=41667 width=0)
Merge Cond: (t_info detail.id = t info.id)
-> Parallel Index Only Scan using t_info detail pkey on
t info detail (cost=0.29..2020.96 rows=41667 width=4)
-> 1Index Only Scan using t_info pkey on
t info (cost=0.29..2604.29 rows=100000 width=4)

(8 rows)

30

Copyright © 2017 SRA OSS, Inc. Japan All rights reserved.


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

@ SRA0SS,INC PostgreSQL 10 #E L H— k

+ Gather Merge
Gather Merge & Partial GroupAggregate (& Group Aggregate Zili5IR{TI D3TS5 1T TI . LUTHI
DK D (C GroupAggregate HMENND K SBREWEOE (CERAEINET,

dbl=# SET enable hashagg TO off;
SET
dbl=# explain SELECT peaktemp, count(*) FROM measurement
GROUP BY peaktemp ORDER BY peaktemp ;
QUERY PLAN
Finalize GroupAggregate (cost=73164.22..76993.28 rows=1000 width=12)
Group Key: measurement y2016mO7.peaktemp
-> Gather Merge (cost=73164.22..76973.28 rows=2000 width=12)
Workers Planned: 2
-> Partial GroupAggregate
(cost=72164.19..75742.41 rows=1000 width=12)
Group Key: measurement y2016mO7.peaktemp
-> Sort (cost=72164.19..73353.60 rows=475762 width=4)
Sort Key: measurement y2016m07.peaktemp
-> Append (cost=0.00..20793.62 rows=475762 width=4)
-> Parallel Seq Scan on measurement y2016mQ07
(cost=0.00..3888.12 rows=202612 width=4)
-> Parallel Seq Scan on measurement y2016m06
(cost=0.00..8595.92 rows=138892 width=4)
-> Parallel Seq Scan on measurement y2016m0O8
(cost=0.00..8309.58 rows=134258 width=4)

(12 rows)

o YITOTYDINSL JLEFT
WUFHIDLSIC TS >4+ SubPlan & UTEFENBI YT T UNUMEIETaIRECRDE U,

dbl=# explain SELECT count (*) FROM measurement y2016m07
WHERE peaktemp > ALL (SELECT peaktemp FROM measurement y2016m06);

QUERY PLAN
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Finalize Aggregate (cost=617581863.74..617581863.75 rows=1 width=8)

-> Gather (cost=617581863.32..617581863.73 rows=4 width=8)
Workers Planned: 4
-> Partial Aggregate
(cost=617580863.32..617580863.33 rows=1 width=8)

-> Parallel Index Only Scan using
measurement y2016m07 peaktemp idx on measurement y2016m07
(cost=0.42..617580755.69 rows=43055 width=0)

Filter: (SubPlan 1)
SubPlan 1
-> Materialize
(cost=0.00..13510.10 rows=333340 width=4)
-> Seqg Scan on measurement y2016m06
(cost=0.00..10540.40 rows=333340 width=4)

(9 rows)

4.3.2. )I\SUILOTVUDODE=ZS I

pg_stat_activity E2—T/\SLILITUDT—HTOCANRZI D LSCRDELE.
[Parallel Seq Scan| HMEHONDLLTD SQL Z3E4TULZFE T . Worker Launched: 2 EHADENTWNT. 2 DD
D—A7OtXNReE LS EMMNDET,

dbl=# explain analyze SELECT avg(peaktemp + unitsales) FROM measurement;
QUERY PLAN
Finalize Aggregate (cost=24172.65..24172.66 rows=1 width=32) (actual
time=523.761..523.761 rows=1 loops=l)
-> Gather (cost=24172.43..24172.64 rows=2 width=32) (actual
time=523.274..523.720 rows=3 loops=1l)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (cost=23172.43..23172.44 rows=1 width=32) (ac
LIT R

Z D SQL EITDER(CRIDIFESNS pg_stat_activity E1—%2SBI3E. —DOBVWEDEICH L THE
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BOTOCADMBNTVWBIHRFEHRAIDICENTEEFT,. N\SLILITUZERTIDFIOLRE
backend_type /' background worker T3EMDE U TERREINET,

dbl=# SELECT pid, query start, query, backend type FROM pg stat activity
WHERE query ~ '“explain';

—[ RECORD 1 J=—t————-—————mmmmm oo oo
datid | 16544
query start | 2017-11-14 16:00:45.627334+09
query | explain analyze SELECT avg (peaktemp + unitsales) FROM measu
backend type | client backend
—[ RECORD 2 J=—t————-———— o mmm oo e
pid | 31214
query start | 2017-11-14 16:00:45.63595+09
query | explain analyze SELECT avg (peaktemp + unitsales) FROM measu
backend type | background worker
—[ RECORD 3 J==t————————— o mmm oo oo
pid | 31215
query start | 2017-11-14 16:00:45.63965+09
query | explain analyze SELECT avg (peaktemp + unitsales) FROM measu
backend type | background worker

i A 35 8k % H

CDOHTI(E. PID=31214. PID=31215 @Ot X H'. PID=16544 hSEE=NEEDTIH .
pg_stats_activity (C(ZT O R DR FEMRZBEIERIFEHDEHA. £/, query_start MRTO TR & (FR
12D, D—HINEBUERRIICRD> TOWBRICEFENMNETT.

4.4. EOMBDFHEEE

PostgreSQL 10 T(E_ERDEDLUIHCES < DFEEEN D DE T, LU TFTEZED—EPZBMTLET,

4.4.1. Hash - >7 w2 XDHi5R

ES<BWIBESNRBWEEXETHIZ/\WS 2114 >FTVIRICAUND [CKRERIGRA DD E U,

33

Copyright © 2017 SRA OSS, Inc. Japan All rights reserved.


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

PostgreSQL 10 #REE L 7/RK— bk

@ SRA0SS,INC,

* WALEEHLIZH it

CNZFETHash1>F7VIRFWALEEH UICHIGEUTVWELBATUZ, ZDizsh. PostgreSQL HFFIE
BICERTUREECHENTULINELNT, RICEEUIZEE REINDEX ZITD CEMNMERENE L. £
oo ANU=Z=20 LTV -2 3> TEENRY D )I\A = /NIEBUERA. TDIZsD. STILDTTIC
IRBDTTEBEIHEDIRVDNRE. EVWDERMRRTURZ,

=310 WALESHULZTDIRDICIRDF U, LEEDHIRFBIEN /R /R0 f4%(C Hash -1 >
TV IXDFBICEDVWTERITINE DN T D EMNTEE T, Hash 1 > 7w IR E—EEMHFTHED
N ROWXFINRED 1T —FRNREVIICEL TLET.

* MRENE

J\—==3> 10 Tld Hash 1 >F W I X(CW K DO\ DHERERENBERSNTVET . AREIT T — BN
MITONIEIHEOHHEGRENERESNE Uiz, oo XYBROF v v 12/ D L TORRZERIL. T
— FHIFRLEDNEE A BRESN TLE T,

(BRRICERATZO— 1) LORBRIE & (FFI0D) 36 CPU/SSD X L —DAREBN S > THE—B KUILS
DT —FIEADEREHAZITLE L.
(TR FFIE)

$ psgl dbl <<'EOS'

CREATE TABLE t hashtest (code text);

CREATE INDEX ON t hashtest (code);

EOS

$ cat hashtest.sgl <<'EOS'

\set r random(l, 100000)

INSERT INTO t_hashtest VALUES ('ABC-123-def-GHI-456-000-' || :r );

EOS

$ pgbench -f hashtest.sql -c¢ 36 -j 36 -n -t 1000 dbl # {#&YiRLZET)

H—D3A4T7> MSOEATEF9.6/\-3 > 10%FESHRTURZ. CNEFWALZESD UMD
EONHENITDIRDCIROTZRERTH D ABDRNECETY LVWRFT BB /WS aA>Fyv I
RIFTDDE/N\Y S 1METHDIH. WHRODT—IRIF WAL BEHDEROR/NIEELURNWEEZERSNET .

WHHEATIEEREDHE LD F UZ. WAL BAOHDMBR N1 FR%&, WHIETUIRDOLEL D 72k
REEZISNFT . DFDH. LD CPUBDZNWH—/TTLDLFIRITENZNWTHNIE, LS WALEE T
LZUI2W 9.6 LIRID/ -3 > KD E/ERICAD Z ENFERENET,
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hash 12Ty XA FIH A hash 1> Ty RE—H A
24000 1000
900
22000 500
. 20000 = 700
S 5 600
§ 18000 5 oo
8 16000 2 200
e $ 300
o 14000 e
" = 200
12000 100
10000 0
pgsql-9.6 pgsql-10 pgsql-9.6 pgsql-10

4.4.2. BHIL U —2 3> Ok

BHIR NV —Z20L TV —2 3 > % BT DBEIC [1ERHDIRI)I\AH—)IDOA. WITNHANE
(CAGIEUTZIRSEEAE T EMHRT ] EVVDREMNAIREICIRD FE U,
TSV postgresgl.conf @ synchronous_standby names ([CATFDKS(CI/ELE T

FLWMEEAE)
synchronous standby names = 'ANY 2 (sl s2 s3)' ## WIFhb 2 DAREARZ /N A

96 /\—=3>hSMIGEUTVWEATOEE S LEDENVERTVWEFT,

(9.6 TERBLI-TBEHE)
synchronous_standby names = '2 (sl s2 s3)' #H 3DMO5 2 DHREARZ /A

LUTFOEBRTRAI>INA%Z I DIENDET ., PostgreSQL10 TIEF T A4 JL NT postgresqgl.conf A kL —=>
TJLTVT—23>DTS5ARYEVTEXDRENBEBHREINTNET,
(REILH—IRADR—RINY T v TEER)
$ pg basebackup -D ${PGDATA} sl -Xs -R

$ pg basebackup -D ${PGDATA} s2 -Xs -R

$ pg basebackup -D ${PGDATA} s3 -Xs -R

(BXEZ#MEL T primary conninfo [T application name=sl {EEZEMLET)

$ vi ${PGDATA} s*/recovery.conf
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(R—FZRTFTREVIMY—REEBLET)
$ pg ctl start -D ${PGDATA} sl -o '-p 5401
$ pg ctl start -D ${PGDATA} s2 -o '-p 5402

$ pg ctl start -D ${PGDATA} s3 -o '-p 5403

CDOEDCEREIUTED E s1 DRI IAH—)\D startup O X% STOP )L TLESHTHET,
CNICEKD R INAH—)Us1 (FEE WAL T —AZZHURWEFIICRDZET,

$ ps —ef | grep $(head -1 ${PGDATA} sl/postmaster.pid) | grep receiver
postgres 12655 12289 0 15:01 2 00:00:00 postgres: wal receiver

process streaming 0/1F045B28

$ kill -STOP 12655

CDEEZTSA D synchronous_standby names ' 2 (s1s2 s3) THDHBEICIE. TSAXUTERH
SQAL ZFEITI D EILENRLKIRDFRT, FKREICHDRI /A s1 DIGEZFEHRITTUEOINSTI,

CNICH L TT S < JD synchronous_standby _names /' 'SNY 2 (s1 s2 s3)' Tdd. X5 > /A s2
ESINIEETDDT, TSAVIUTEHRSAL ZEXITI D EIENRDET,

4.4.3. pg_stat_activity LR

PostgreSQL10 Tld pg_stat_activity E1 —TCESBTETI3RNEMEX FE U,
BIFDLSIC pgbench &)\ 057> RTETUET,

(pgbench BT - IV Y—ILHARFEHBLTLEY)
$ pgbench -i test

$ pgbench -c 4 -T 120 -n test &> /dev/null &

TDIREET pg_stat_activity E1—&SBUE T,

test=# \x on

Expanded display is on.

test=# SELECT pid, xact start, state change, wait event type, wait event,
query, backend type FROM pg stat activity ;

-[ RECORD 1 J-—=+—-—==————— - - - oo
pid | 14854

xact start |
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state change |

walit event type | Activity

walit event | AutoVacuumMain

query |

backend type | autovacuum launcher

=[ RECORD 2 J=——m—— oo m oo oo o
pid | 14856

xact start |
state change |

walit event type | Activity

walit event | LogicalLauncherMain

query |

backend type | background worker

=[ RECORD 3 J=——fmm— oo oo oo oo -
pid | 14978

xact start |

state change | 2017-10-31 17:59:52.589072+09

walit event type | Client

walit event | ClientRead

query | END;

backend type | client backend

—[ RECORD 4 J-——t———-————— - m oo m oo
pid | 14979

xact start | 2017-10-31 17:59:52.581243+09

state change | 2017-10-31 17:59:52.584589+09

walit event type | Lock

walit event | transactionid

query | UPDATE pgbench tellers SET tbalance = tbalance + -1429

WHERE tid = 10;

backend type | client backend

-[ RECORD 5 J-==t4———————————— -
pid | 14980

xact start | 2017-10-31 17:59:52.564402+09

state change | 2017-10-31 17:59:52.566337+09

walit event type | LWLock
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walit event | buffer content
query | UPDATE pgbench branches SET bbalance = bbalance + -1082
WHERE bid = 1;

backend type | client backend

—=[ RECORD 6 J=-——t4————————— -
pid | 14981

xact start | 2017-10-31 17:59:52.548762+09

state change | 2017-10-31 17:59:52.5502+09

walit event type |
wait event |
query | UPDATE pgbench branches SET bbalance = bbalance + 2738
WHERE bid = 1;
backend type | client backend
(R RE)

* (FHA N DIEM
CNETOVIZE D TULBINEDIHEIFTERT waiting FINH D FE LA, KO D(C wait_event_type &
wait_event AR ENEUE. CNSHZEH (NULL) 725D TUVRUVMRREETRD E T,
CNETHATEN DIz WWLock (S hDxT bOvYD) W, U537 > bMOFGHAHFEZSIRTE
BEDICIRADET,

* XRINBTOCIDEM
DS54 T > NMER SRS U2 Ot AL autovacuum launcher DK 573 PostgreSQL B — E X DFRE
DAEEEIT B ITOTCRERREINDELDCRDFE U, TOTRDIESE(L backend_type 7 THiBISNE T

4.4.4. YLRESEETIEHR (CREATE STATISTICS)

PostgreSQL 10 T (FLARFETBRIR & MENDIICIRBRDT —IR—-IAAT o MBilEnxELE .
CREATE STATISTICS. DROP STATISTICS X T/ERk. HIBR UE I . NS T—TILRDEE DI (CET=HD
TS FOIHEERERELUE T,

RAYR—BPENTVDIILERABROBERE., EDELHEI (ndistinct) CHBRBEM

(dependencies) T3, ZNBSDISE. EOEBIIBXNBETIDT. CZTIHEEERBMECDLT
KROEBFEHER L CTLEEXT,

B INT—TNET—2ERABLEY)
test=# CREATE TABLE product (id int, subid int, p number int,
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p_code text, p name text);

CREATE TABLE
test=# INSERT INTO product SELECT g, i, 100000 + g + 10,

"P' || ( 100000 + g + 10 ) || 'zz', '..... '

FROM generate series(l, 1000) as g, generate series(l, 100) as 1i;
INSERT 0 100000

test=# SELECT * FROM product ;

id | subid | p number | p code | p_name
——— e Fom Fom Fomm
1 1 100010 | P100010ZZ | .....
1 2 | 100010 | P100010ZZ | .....
1 3 100010 | P100010ZZ | .....
1 4 | 100010 | P100010ZZ | .....
1 5 | 100010 | P100010ZZ | .....

(8%)

LD product 7—TJLD p_number FDfEIE (id 5l x 10 + 100000) KDFERICHELWTI L. p_code
B (& p_number BIDEEEIC [Pl ZREIIC [2Z] ZFFEXFIICITETFEzRA. dIlEZRONE |
p_number . p_code BIDMEIF—ERICEZTENDFEI . COXIREFRZREIBEEENDD. EVWWET,

COXIBT—HICHUTUTOEIBENEDEZT D E. TS FHIIDMENEE L TS &=
SIRNESH(C, BEREEFAN UL UEREIENET.

test=# EXPLAIN ANALYZE SELECT * FROM product
WHERE id = 1 AND p number = 100010 AND p code = 'P100010ZZ";

QUERY PLAN

Seq Scan on product (cost=0.00..2486.00 rows=1 width=28) (actual
time=0.028..37.638 rows=100 loops=1)

Filter: ((id = 1) AND (p_number = 100010) AND (p_code =
'P100010ZZ": :text))

Rows Removed by Filter: 99900
Planning time: 0.207 ms

Execution time: 37.793 ms

(5 rows) *FDENRII L TWIBEET 5=, HBFRASKIEIZRLS
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T ZCHRRIRETIBIRZF > THINLE Y.

test=# CREATE STATISTICS s product ON id, p number, p code FROM product;
CREATE STATISTICS  product T—J/LD 3FICHEHHEZEY ET

test=# ANALYZE ;

ANALYZE *HLRAEEHER Y ANALYZE B TEHFT SN ET

test=# EXPLAIN ANALYZE SELECT * FROM product
WHERE id = 1 AND p number = 100010 AND p code = 'P100010zZ"';

QUERY PLAN

Seq Scan on product (cost=0.00..2486.00 rows=98 width=28) (actual
time=0.021..26.339 rows=100 loops=1l)

Filter: ((id = 1) AND (p_number = 100010) AND (p_code =
'P100010Z2Z": :text))

Rows Removed by Filter: 99900
Planning time: 0.494 ms

Execution time: 26.413 ms

IREFSTIBIRZSRTE T D & ANALYZE THIDR ICBEBIER NS DN ESHERE U TRIFLET . N
([CKD. BAHRBEEDS DI ZFE D IZBOEDE TEHEN IEHRAFRFRNEIR TCETVET . ILEFRTE
ROAEFS RFT LT —T )L pg_statistic_ext (CIEFNSNE T,

test=# SELECT * FROM pg statistic ext WHERE stxname = 's product';

-[ RECORD 1 ]---
.
stxrelid | 16976

stxname | s _product

stxnamespace | 2200

stxowner | 10

stxkeys | 1 3 4

40

Copyright © 2017 SRA OSS, Inc. Japan All rights reserved.


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

@ SRA0SS,INC PostgreSQL 10 #E L H— k

stxkind | {d,f}
stxndistinct | {1, 3": 1000, "1, 4":.: 1000, "3, 4": 1000, "1, 3, 4":
1000}

stxdependencies | {"1 => 3": 1.000000, "1 => 4": 1.000000, "3 => 1":
1.000000, "3 => 4": 1.000000, "4 => 1": 1.000000, "4 => 3": 1.000000, "1, 3
=> 4": 1.000000, "1, 4 => 3": 1.000000, "3, 4 => 1": 1.000000}

4.4.5. NUHDOBERER

AFTER RUZJ(CT. UPDATE. INSERT, DELETE FDEH IV > ROFIE CHRT—TILDFT—FIHNED
KD (CEDD>EhE MU LBEEATSRTEDLD(CRDFE L.
R ICERAIZRUET,

test=# CREATE TABLE score (test text, score real);
CREATE TABLE
test=# CREATE OR REPLACE FUNCTION Showitransition()
RETURNS trigger LANGUAGE plpgsgl AS $$
DECLARE
newdata json;
olddata json;
BEGIN
SELECT json_agg (newtab.*) INTO newdata FROM newtab;
SELECT json_agg(oldtab.*) INTO olddata FROM oldtab;

RAISE NOTICE 'old: %', olddata;

o\

RAISE NOTICE 'new: ', newdata;
RETURN NEW;
END; $S;

CREATE FUNCTION *newtab, oldtab ZF—TILDESICTBRLTLET

test=# CREATE TRIGGER trg score update AFTER UPDATE ON score
REFERENCING NEW TABLE AS newtab OLD TABLE AS oldtab
FOR EACH ROW EXECUTE PROCEDURE show transition();

CREATE TRIGGER * LEEDOFFHRAIDEFEITY

test=# INSERT INTO score VALUES

('testl', 0.92), ('test2', 0.85), ('test3d', 0.77);
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INSERT 0 3

test=# UPDATE score SET score = 1.0 WHERE score > 0.80;

NOTICE: old: [{"test":"testl","score":0.92},
{"test":"test2","score":0.85}]

NOTICE: new: [{"test":"testl","score":1},
{"test":"test2", "score":1}] K EEDED - 1= test="testd DITIFEENLLY

NOTICE: old: [{"test":"testl","score":0.92},
{"test":"test2","score":0.85}]

NOTICE: new: [{"test":"testl","score":1},
{"test":"test2","score":1}]

UPDATE 2 *HBYEBRL2EHATSAhTWADIXTEE ) AEMD

b U i B#D T UPDATE 1781 - RITEROFT —TJIL2AROABTHSRBTE TV T ENDOMNDET,
1385, EHIBER json_agg ZfED TL\DDIEHINEEITDT —5% 1 DDOERITFEDIAAT. G2 TILKY
HEASZER BRI LHLEITORRTY.

C DN (I3ZE AL (FOR EACH STATEMENT) D MUAICEBEATEET,

INET. XEA MNP TREEEFERDT—ITILDT—FCTFICAFTRIIENTET, TEAKNIAT
HDO TCEXZHETUHADITICONWTIBRZ/DCENTEFTEATULEN, A TINSZRIRT DFHN
Rtenx LI,

4.4.6. Libpg¥EEUEHTTIEE

PostgreSQL D751 77> bS5 libpq THERGICEBODIRA MIBETERLDICRDE U,
[4.42REAL U —2 3> DR ] DEICTYED e R )INAH—)\ERE UTEIREET. UTDLS (TR
ARZER—MESEHIOIEYDDUVTIBEL T, psql TERLTHET,

$ export PGHOST=localhost,localhost,localhost,localhost
$ export PGPORT=5401,5402,5403,15432

*CCTREBRERTHERELTWANF T a o THIEETRE
$ psql -d test -c 'SELECT inet server port()'

inet server port

(1 row) *FIATREARSEBE U —/\ICHEE S B
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$ pg ctl stop -D ${PGDATA} sl

waiting for server to shut down.... done
server stopped

$ psql -d test -c 'SELECT inet server port()'

inet server port

(1 row) *SEENT IV LTWARDT2EBY—/NCEHESN]-

$ psgl 'dbname=test target session attrs=read-write' \
-c 'SELECT inet server port()'

inet server port

(1 row) *BEAAFRES—NICBET S Tay

B DT —/)TEEN SIECEGRZRA T, JERAI/AY —/VUTEHR U COIBEN R TEET ., £
fo. Fz(CE A SNJE target_session_attrs=read-write A>3 > & IBTE I D EESTIAH B EEIR Y —/\(CIER
FEBRECTETET ., CDBE. Ry MRIUINAH—/)NEAF Vv ITENET,

ARFI1 A ME SRAOSS, Inc. HARZf (CKDERRENELIE. LML, SRAOSS, Inc. HARSZfTHEA
RET A MTHWTIEREYE, B, ZOMODRBFRIEEITDEDTIISEDFEFA. KRFI1I XD hEF]
AITIEE. FIABOEEICBSVWTITRODTIELEDERDET,
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