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1. t&UeiIC
A EIL PostgreSQL 10 ICEZFNZE BRI ZHRAL . RERICEMEFS B REEREWEIT2EDTY .
PostgreSQL 10 ICDWTHREELLHE LTV B I—H DENFICARB I EZBHELTWET,
2017 £ 10 A 5 BICYY—2R 3N/ PostgreSQL 10.0 AL TR AT > T AXELER L TVET,

2. GE

PostgreSQL 10 D F Z4F RIS LA T DBEY TT . ARF AV TR INSDIEEZIY EIFFT,
s AYANLTYT—ay

s BEEWN—Taaz=vy

o NRSLLITYDREIE

* N\YTaAUTYIAD WAL H i

o ALV —av DR EEXDIRE
*  pg_stat_activity DHLFR

+  LBR#MEH (CREATE STATISTICS)

* Transition Table

« postgres_fdw DLE

*  libpg DHLAR

ZOMICEMAN RIMBE BN EEN S HHYFT 2 TOEEAD—EICDWTIL PostgreSQL 10 RFa x>k
ADY)—Z/—k (LT URL) ICEREHINTWET,

https://www.postgresql.org/docs/10/static/

3. BIAED/=DDEYNTY T
3.1. YZr,OT 7 AFE

PostgreSQL 10 (ZLAF URL DR—IH54 7 O—RaETY, VY —RAO—NK, Windows &3/ YD1V R b
—Z.RPM yum YRV N HAABINTWET,
https://www.postgresql.org/download/

3.2 RELEEIE

MEFBIEE LT, HP ProLiant MicroServer £® CentOS 6.9/ x86_64 AL E L7z, Zhid/NBIH—nRTo Y
THY, AR EFMNRFEYY Y EOMREDIRTPAFEY —/NICH T2 HREDKRILIIERLTWEE A

3.3. 1> X~/
zlib, zlib-devel, readline, readline-devel D Z /v —IHBHHMN DAV AR—ILINTWBIRRET,
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UTFDAT2aviiT/—Z2O—ROEIRETWELE,

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

$ su -c 'make install-world'

RIEERARETZ 771V EEZHLTCERALET,

$ cat > 10.0.env <<'EOF'
PGHOME=/usr/local/pgsql/10.0

export PATH=$PGHOME/bin:$PATH

export LD_LIBRARY_PATH=$PGHOME/1lib:$LD_LIBRARY_PATH

export PGDATA=/usr/local/pgsql/datal0.o
export PGPORT=15432

EOF

$ . 10.0.env

T—AR—RVSRI &M LEFT . O7—ILEL(COT—I) UTF8 2T 7L hELET,
H5H L lusr/locallpgsql T4L 2 k)% postgres T—H TEZAAARELTALIMNJELTHELTHDED
ELEY,

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

BREI7TNIVICR/NROBREEZSAET,
$ cat >> $PGDATA/postgresql.conf << EOF

logging_collector = on
EOF

PostgreSQL %i&Z&I L7,
$ pg_ctl -w start

IS5 AVHILL Ty —2ay OWREEAIC, IBIEZE M (PGDATA, PGPORT) DEAZEZ <UL TDRETT—4
R=2VZAIEEBRLELI2e T—IR—RISRAIYDIER RET7IINDERIIDVWT ERDEDERBHFTT,
$ cat > 10.0_2.env <<'EOF'

PGHOME=/usr/local/pgsql/10.0

export PATH=$PGHOME/bin:$PATH
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export LD_LIBRARY_PATH=$PGHOME/1lib:$LD_LIBRARY_PATH
export PGDATA=/usr/local/pgsql/datale.o_2

export PGPORT=15433

EOF

$ . 10.0_2.env

$ pg_ctl -w start -o '-p 15433'

& --with-icu 27> 3> TDENRF

PostgreSQL 10 75 ICU 5475 %{§> 7B A B (COLLATE) DALY R—hINF LIz, T 74/ N THE
Hhd OSHHESA7SY (Linux 225 glibc) DR H YIS, ICU SA TS5 AFI BT 3ICIEEIL REF configure 473
Y C--with-icu ZIEELE T, 2O EE, WOMERDIRETT,

FTICUZATI) DN T—2 DAV A=V DB ETT, RHEL/CentOS 6.x, 7.x ICHW T, icu,  libicu,
libicu-devel 4 ZAh—JLLTHEFT, MAT.ICU_LIBS,ICU_CFLAGS BIEZHICA T avAaRELFT UL
TD&LDITicu-config AV RAEFESTEREITREELEGZDIENTEET,

$ export ICU_LIBS=$(icu-config --ldflags-libsonly)
$ export ICU_CFLAGS=$(icu-config --cppflags)

$ ./configure (ZFomfhd#+ S 3v) --with-icu

$ make world

ZDFIEIF, 3£ 1T configure 241) FRAT icu-config AV Y RAEL THEITRETALIICHEINDZNEL
nFEtA.

12B.ICUSAT S5V AEFE>TRELTE glibc AkkIC. BABOREIERF I TRE - A RE&DRBIECKH B UE
EIFICH>TNERA I TN=TO = TE] TSR] =TT 1 WS EIRICIRAS S T > T =T ] -
[N =>Te]=>TZ7]DIRICRYET,
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4. FELENEEE

FERBINBEEE. MREMA LIS DWW TEMERERZ L TWEE T Fo. b B THEEDE R ARFRAAELET,

ZIB IR DFFMRHRBIIEEINS Y Z a7 VICREINTOE T AV A= FIRZT o7 %mE LT D
15 (1~ =)L FED share/doc/html) I HTML DX =27 L ASERINE T,
/usr/local/pgsql/10.0/share/doc/html/

F7-.SRA 0SS, Inc. A& #t1Z LT URL ICT PostgreSQL10 M) — 2 5 & AL TWET,
https://www.sraoss.co.jp/technology/postgresql/10/

4.1. OZHNLTYo—3>

PostgreSQL 10 5OV AL Y —o a3y Y R—NIhF L7z, PostgreSQL ICIZBEIC 9.0 5B R—kESh
TWBRN) =V TLTVr—2av By ETH. O HETIET —IR—R%EBRT 2771V HEY MBI THEE
INBIEDS B RILTYr—2avEBENET, —A. QY AL T r—2ar Tl 79 DEEARRH
[EDOTF—TIDEDITMNEIEREININIEWIREBMICERIN KA TEHREINLIENS, IRENA(OY
AL ILTV r—av EENET,

4.1.1. OZHINL TV r—23 > DEFE

PostgreSQL @O AL L 7)) —< 3> publisher / subscriber (HHiRZE / l55E) TN EBAINTSY,
L 74— 3> tid publisher, L 74— 3> %13 subscriber EMEIE N FF, subscriber (3 publisher LICE &S
N7z publication EWS AT VTV MNEBRTHIEILY. T—T NIRRT EIEFERNBEREL. T —YDEE ATV
7,

HEHLTT (publisher) BB (subscriber)
F—7I F—T W
publication 1 >‘ subscription ‘
\ || N

E1: OZHIL TN r—a R
AVANL TV —=2avidT—T LB TIThbNET, 120 publication (IZISEHDT—T IV = EHFTHIEN
AIBE T, £/, 12D publication Z# 2D subscriber M SEEFEL 724, 1D D subscriber A2 MD publication % &
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Y BHIEATEFY, IBIC, subscriber DFIC publication ZAFALL. ZN&FID subscriber M SIBEFTY &V -T2,
AR —=F 4T LT —2arE T EETRETT,

4.1.2. BEBBRERE

Publisher {8 @ PostgreSQL T (& . wal _level % logical ICZ B L THK DB E’ DY ET T, T .
max_replication_slots, max_wal_senders D&% E{&% subscriber DL EICL THEBELIHYETH. TELIE
T 74 AT 10 £ TWBD TS EIDKRFE TR EEDREIIHYTEA,

wal_level = logical
max_replication_slots = 10 # subscriber M#FLL L
max_wal_senders = 10 # subscriber O#LlE

Z 7= subscriber {8 T3 max_replication_slots, max_logical replication_workers, max_worker_processes
DEREAED, ERR T % subscription 772 I b (#458) DL L THEZVELNHYET, INSICDOWVWTEH, SE DK
SETIRT 74 METRIEDHYFE A,

max_replication_slots = 10

max_logical replication_workers = 4

max_worker_processes = 8

4.1.3. 7—INX—RBELPT—TINDIEHK

MREEA DT —7 L% publisher, subscriber D75 D PostgreSQL TEKLE T, SEIET—HN—R test IZF
=TI thl ZLLTFDEIIERLE LTz, 517 F—Id,. T 74V T UPDATE, DELETE DfER%ZL 7Y —hg
B1-DITHETY ,subscriber fIOF—T IV TETSAT) F—%ER L THKBELHYET,

(mA D PostgreSQL (C/ERR)
test=# CREATE TABLE tbl(id int primary key, data text);
CREATE TABLE

publisher IDFT—TIVICHIERT—9ELTUATEZRALTHEET,

(publisher i)
test=# INSERT INTO tbl VALUES (1, 'one'), (2,'two'), (3,'three');
INSERT 0 3
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4.1.4. publication D1EMRE

publisher {fiC publication 7 7Y TV M ELE T DA TPz IOMITEDT—T IV DEDER ZERE T ZH ]
EWS T LT —oa v ARETAINI) TSR0 EREEZRLE T, ZITIE, pub &WLWHEZFIOD publication
L. T—7 IV thl B8R LF T, CORFICERE T H2EENA (INSERT, UPDATE, DELETE OfiA&ht) %15
ETRHIENTEFTH AT TIHFITIEELTWARWD T, INSERT, UPDATE, DELETE D2 THDEEMEREIN
¥,

(BLF. publisher {i]T)
test=# CREATE PUBLICATION pub FOR TABLE tbl;
CREATE PUBLICATION

YER%F A D publication 7Y 4 MM psgl D\dRp A<V R, 8LV, Y AT ALAF—T )L pg_publication THEERT
E R

test=# \dRp

List of publications
Name | Owner | Inserts | Updates | Deletes
------ ey Sy
pub | postgres | t | t | t
(1 row)

test=# SELECT * FROM pg_publication;

List of publications

Name | Owner | All tables | Inserts | Updates | Deletes
------ L
pub | postgres | f | t | t | t

(1 row)

publication I & Xh TLW5F7—7 LI, pg_publication_tables 7= pg_publication_rel SR TEE T,
pg_publication_rel TlEA 7Y/ M ID DB STHAINET,

test=# SELECT * FROM pg_publication_tables ;

pubname | schemaname | tablename
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test=# SELECT * FROM pg_publication_rel ;
prpubid | prrelid
_________ R

16406 | 16398

(1 row)

4.1.5. subscription DER

subscriber {fIC subscription 77 7 M ER L E T, Zhid ED publication ZEF T 2D A2 EHRITHEDTT,
ZZ Tl publication pub %8559 % sub &LV ETD subscription Z{/ER L3, CONNECTION Al publisher
H—INADEBE L FHNAEIEELE T, FiE1— L publisher IICfF1E T 2 replication R & D 1—F TH B
ErHYET LU T TIERA—/3—2—% D postgres #IEELTWET,

(LLT, subscriber {f])

test=# CREATE SUBSCRIPTION sub
CONNECTION 'host=localhost port=15432 user=postgres dbname=test'
PUBLICATION pub;

NOTICE: created replication slot "sub" on publisher

CREATE SUBSCRIPTION

NOTICE Ay tE—Y THAINTWSEY, CREATE SUBSCRIPTION XM ETEFIZ, publisher Bl H—/3T
LAV —23y 20y MY BEIMICERINE T, COXAIIVIEINZE. 77 OMEEIE—D1Thh. LY
T—oavhBERINE T, MEAOE—ICL Y, FERTIC publisher fIDF— 7 ILICHE A L TH L4 1Y, subscriber
OAE—INZEHL R TEET,

test=# SELECT * FROM tbl ;
id | data
I

1 | one

2 | two

3 | three
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(3 rows)

YERE A D subscription (E psgl M\dRs <> KA, pg_subscription 1404 THEATEET,

test=# \dRs

List of subscriptions

Name | Owner | Enabled | Publication
------ g
sub | postgres | t | {pub}

(1 row)

test=# \x on
test=# SELECT * FROM pg_subscription;
=[ RECORD 1 J---ommmmmmmmmm oo oo oo oo oo

subdbid | 16395

subname | sub

subowner | 10

subenabled | t

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

subsynccommit | off

subpublications | {pub}

subscription IZE$RIN TLWST—7 LI, pg_subscription_rel NSHERTEET,

test=# SELECT * FROM pg_subscription_rel;
-[ RECORD 1 ]---------

srsubid | 16420

srrelid | 16396

srsubstate | r

srsublsn | 6/16A1520
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4.1.6. L7V or—>3> DR
L) r—oay &R T 578, publisher IO FT—TILICITABALTHET,
(publisher i)
test=# INSERT INTO tbl VALUES (4, 'four');
INSERT 0 1

LIES<F % & subscriber ITZEDITIHSEBTEBLIICARVET,

(subscriber il @)
test=# SELECT * FROM tbl;
id | data
e eeee -
1 | one
2 | two
3 | three
4 | four
(4 rows)

INSERT X723 TldAi<, COPY XA FE o/ AEL ) r—rav /i REBYET,
LFHITCIRERDTOIS L (ZITIE echo) oD H 1% COPY ICFHRMAFE I A FE>TVET,
(publisher {ij @)

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

COPY 1

subscriber {1l ¢ COPY X D#ER%=HEEELE T,
(subscriber fil )

test=# SELECT * FROM tbl;

id | data

10
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RIC publisher I TITDEHETWET

(publisher i)
test=# UPDATE tbl SET data = 'xxx' WHERE id >= 4,
UPDATE 2

BEHFTRAD subscriber llICRBEIN TWSZED R TEET,
(subscriber il ©)

test=# SELECT * FROM tbl;

id | data

one
two
three

XXX

a A W N B

XXX

(5 rows)

141 publisher @I TITOHIBRAITWET,

(publisher i)

test=# DELETE FROM tbl WHERE data = 'xxx';
DELETE 2

subscriber I CHIRD RELEIN TWBZED R TEET,

(subscriber fil )
test=# SELECT * FROM tbl;
id | data
e
1 | one
2 | two
3 | three
(3 rows)

11
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4.1.7. EZEDHEE

OYANLT)r—2avTIERAN) =3IV T LT ) r—23 v EEW LY r—2 320 % TéH3 subscriber I THE
MERITITDIENTERT . ZDLD, M7 F—P—BHNL'HDT—TIL TR LTV r—2avBICHIND
BRAaNFRETIIEEIHYET,

ERRICERAREIE B0, £ subscriber I T TDTABEALET,
(subscriber fil )

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

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

JRIC publisher flICLAT D 2 173 ALE T,

(publisher i)

test=# INSERT INTO tbl VALUES (10, 'ten'), (11, 'eleven');
INSERT 0 2

test=# SELECT * FROM tbl;

id | data

1 | one

2 | two

3 | three
10 | ten

11 | eleven

(5 rows)

I 50 publisher Bl THEAIN/ZITIEWDE TR > TH subscriber ] ICIEIB N F & A, subscriber 8] D
PostgreSQL DOV AR 2E UTDAYE—I DN HAINTEY. d ASAICBVWTHIMNDOHRAEDNRELTWSIE

12
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NN FET AN RETEE. TNHIEEINBETL TV —2avidEIELTLEL, publisher THRAELE
B (Z subscriber ICRIEI N AR ARYUFE T,

LOG: 1logical replication apply worker for subscription "sub" has 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

BaEfEET A EIF2DHYET, 1D1d subscriber lITHREDREL TWBITEF I THIRH D WIEHTS
ZETYT,ZITIE, (10, Ten)D1T% subscriber fIOFT—T LD SHEIBRLET,

(subscriber il @)
test=# DELETE FROM tbl WHERE id = 10;
DELETE 1

ZDHLIEST B, publisher I THEA L71T7H" subscriber lICIR NI &N R TEET,

(subscriber fi¢)
test=# SELECT * FROM tbl;
id | data
oo
1 | one
2 | two
3 | three
10 | ten

11 | eleven

(5 rows)

£21 DDA EIE. publisher HSExRE SN Z B D@ A% subscriber flICAF YL TLEITE T RIED T
SHLLTFD17% subscriber BIICEALE T,

(subscriber fil )

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

ZhICEEA T 51T7% publisher lOF—TILICHEALET,

13
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(publisher i)

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

HIFE ERBRIC, subscriber DO D SREDRE LI &I R TEFHL,
ERROR:

duplicate key value violates unique constraint "tbl_ pkey"
DETAIL: Key (id)=(100) already exists.

CDBFEEEET B7-0. publisher ] H S 853% X 7 (100,'hundred’) D17 D& A % subscriber I T+ + > &)L
LEF 9, EKMICIE, pg_replication_origin_advance B# AL TL ) r—>av O EBIEEERHEINICED F
9 IRBF R T subscriber ICRMINTWBERD NSV H O3>0 OALE (LSN)E, FDZEED publisher (2317
% LSN Ot B % 3. pg_replication_origin_status SR TEE 3, subscriber T T EETLET,
(subscriber fi¢)

test=# SELECT * FROM pg_replication_origin_status;
local_id | external_id | remote_lsn | local_lsn

---------- e

1 | py_16420 | ©/16DFBB8 | 0/209D3F8

COERMS, RBRFEDZEE D publisher ] @ LSN (remote_Isn ) (& 0/16DFBB8 . subscriber {8l ®
LSN (local_lsn) (& 0/209D3F8 T#H 2 &N AU E T, 7, external_id HS LDED pg_16420 (&L 7)) r—=3
VB EIBIN T 270 DB F T, subscription 7Y/ kD OID(16420) & TICHEINTWET,

—75 T publisher IDIRTED LSN & pg_current_wal_Isn B TSR TEX 9, publisher TUL T AETT5E,
LSN (& 0/16E0948 THBZEDHLHMVET,

(publisher i)
test=# SELECT pg_current_wal_1lsn();
pg_current_wal_lsn

0/16E0948
(1 row)

BL_EANS, subscriber iDL T r—> 3 fiiB% 0/16E0948 FTHEHNIL BROREER>TWBIS VY
2avEIAFYTTERIEN MY ET, subscriber FITUATOLIIC. LTYr—>av EBBIFOHEBF&.
publisher {8]d LSN %387 LT pg_replication_origin_advance B#&21T7L %Y,
(subscriber filI )

14
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test=# SELECT pg_replication_origin_advance('pg_16420', 'G/16E0948');

pg_replication_origin_advance

(1 row)

ZHTBZEITLY, subscriber DL Y r— a3V AIiBH REIMNICEREIN, BAI’EEINET,

test=# select * from pg_replication_origin_status ;

local_id | external_id | remote_lsn | local_1lsn

---------- g e

1 | pg_16420 | 0/16E0948 | 0/20D2D60

(1 row)

IhUBIEL T r—ar BRI N publisher 8] D Z & A¥ subscriber ICRBMINBEDICHRYFET A,
subscriber {81(Z(%(100,'Hundred") DT A& > /e £ £ TdH 23— 4. (100,'hundred’) D1TIEL T — b I TLRLD
T HEOT—TINIA—BNECTRETHBIEITERELTTRIWL,

4.1.8. REPLICA IDENTITY
L7 —hEN3T—7J)LTUPDATE £7/|d DELETE #1793 5OICIX. 72BN T2 DDIFR

(REPLICAIDENTITY) " BERVYET, T 74NN TR T4 ) F—HERINFE T, publisher {81 ¢ REPLICA

IDENTITY > TWARWTF—TILICH L UPDATE Z72id DELETE #2179 5E U T O LIBRIS—ERYET,

(LLF, publisher i)

test=# ALTER TABLE tbl DROP CONSTRAINT tbl_pkey; -- FH—&I#%4d

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 (CIE 754 F—LIAICTNOT NULL THE—BA VT VIR FLIITTTOLREAE
(FULL) | % FHRTBE T, REPLICA IDENTITY 2 /547 F—UMNICEE §5I2I1E ALTER TABLE X &R LE
ED

15
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(fTOLRR%ZEMRYT 5BS)
test=# ALTER TABLE tbl REPLICA IDENTITY FULL ;

ALTER TABLE

YTy I RA%ERTZEE)

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. #FIREIE
AYVANL TV r—2aV LT O LS RFHIREIELAHYET,

@ LTV r—rIhBEAE
publisher H*5 subscriber (CERIXETEX B E B ARIL INSERT(COPY TO %#&1),DELETE,UPDATE W §'hh

T9,TRUNCATE ¥ DDL iEL TV —hIhZEt A,

& LY r—>a> SR

L) —2av O/ REBRBIDIET—TINDHTY =TV ABLUVS—IFA TV MIL YT — SN EE
Ao

Fr LTVT—2avORRERZDIETBREDT—TINDHTT  E21— ITYT7 54 ARE2— /R—F4>3=
YIDBT—TIN AR T—TIVRELTIT—hEINERB A N—T12a =V T INT—TILDFT—TIICELT
EL 7 —haRETY,

4.2. EEH/IN—T1>3=>0

PostgreSQL10 B5/N\—F 4> 3=V T OREEN ERICHR—MINFE L7z, EFED PostgreSQL TEH/X\—F 1
A=V JIEAIBET LD TDDICIFBH OB EREE A AR O E IR ENHYBRICFEAI I >TUVELL,
ZHICHT L. PostgreSQL 10 TlE/S—F 4 a=> 4 h' CREATE TABLE XA f> THEBETESLIIIAYE L,
CDHEEIIE EM/ \—FT 1> 3= % (Declarative Partitioning) &FHENTWE T,

4.2.1. EERI/N—T1>3 =20 DBE
R=F49a=V JBERBRT—T N OLA—REEROF T~ TV EIL THRIBT BRATTT. AR B
EDLTOH LT~ EHMMT2RT— TN % SEADKLOHERMT ZFT—TINHBTBIEHNTEET
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BT —T I ARBETOLBICIE MERFT—TINDHERRTDIIETRRMEAEEBHDIIEHN TEET, .
LI—ROEARICIEBEBNICHEYAFT—7IICLA—RDBNRY 2 ITONET,

EED PostgreSQL Tld, /IX—FT 4> 3a=>J1ET—7)Lilk&, CHECK #lI#9, M) AR E W > 7B D BE 71
BEAEAEHDETRELTVWELL. COAEFEBRICFEI MBI TIERL N ABAREER TS HEA
EVWEWOEBLHYE LT,

PostgreSQL 10 TIE/NR—F 1 aZ Vv FH#ENERICYR— I, REICHAATFhFELZ. ZhICLY
CREATE TABLE XUl &2/ X—T 423V T OBEMNATREICRY  N—T 123 =V JICBT2BRA VAT LAY
AJICKYBEERINDIDICARYFEL . Fe NI ABRRZAVWRW D EADHEEN R >TWET . AB. 58
BNR—F4> 3=k REMICIE R SR EARICT —T VRO A EFI AL TREIN TWET,

BEMNR—F12a=V I T DEIINBHET—TIVIF/R—F 123> 5—T )L (partitioned table) . D EI#& DF
FT—=TINIBIT/R—=FT 42 avERENE T /N—T 12 avT—TJIIICEAIN TR WTFhd D /X—F12avic
RYDTONETARY D IFREIN—T 123V F—DEICEDVWTITONET  REDEIL RYDTOHFERFL VY
IR=F 42 a= VT E) AN =T 423V T D2REEN Y R— N INTWET,

422 /N—F4>3>07—T I DIERL
UTRTIRN—=—FT 123z 5 BRI FEFEEEITTRLET,

& LIIN—F123=20
N—T42avT—TIVEERTZICIE BEDT—TILEE%ITO CREATE TABLE XIZ PARTITION BY A%
FEL N—=F14>a=r T DAHE(RANGE £7E LIST)E/NR—F1oavF—%EELET,
LAFCld date B2 D A5 A logdate 2/ 8—F 43> F—E LTV NR—FT423 =200 %&THIIN—FT1>3a>vT7—
7)LELT measurement ZER L TWET,
test=# CREATE TABLE measurement (

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

Ly ONR—F 423y TR NN—=FT 1423 F—ICEBH DS LEAV XYY TIEE TSI EERBETT F i,
N—F42avF—|FHTDEASLICNOT NULL HIHADWTWBREEHYEHA D ERICIT/N—F1avs
—ANULL DL OA—RIELY I NR—F 423 =V I TIRIBINT B &I TERWIEITSER L TEIL,

RISIR—=F 123V EBILET, CREATE TABLE XXM PARTITION OF A1 C/A—F 433y 5F—7ILAIEELE
T NRN—F42avyxF—DEDOEHEIE FOR VALUES A T EL £7, LL T TI& measurement (Z
measurement_y2016mO07 &W D &ARID/A—F 423> %BHIL. logdate D{EA 2016-07-01 A5 2016-08-01 DfE
DOLIA—RARBIMINDLOIERLTVET, COLDICHEELEHETIE 2016-07-01 [F&Fh F 9 1Y, 2016-08-01
REFNRVWIEITERELTRIW, Fo BRI - ERKEFRTF—7—RFELTMINVALUE - MAXVALUE %M# A
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test=# CREATE TABLE measurement_y2016m07

PARTITION OF measurement

FOR VALUES FROM ('2016-07-01') TO ('2016-08-01');
CREATE TABLE

B#RIC/NA—T 123V EWODMERLET,
test=# CREATE TABLE measurement_y2016m06

PARTITION OF measurement

FOR VALUES FROM ('2016-06-01') TO ('2016-07-01');
CREATE TABLE
test=# CREATE TABLE measurement_y2016m08

PARTITION OF measurement

FOR VALUES FROM ('2016-08-01') TO ('2016-09-01");
CREATE TABLE

IN=T42a=VJDOEREN—T142avF— N—FT12avD—&lL psql D\d+OAYV N THERTEET,

test=# \d+ measurement

Table "public.measurement"

Column | Type | Collation | Nullable | Default | Storage | Stats target |
Description
----------- T T T T T Spupup U Uy
o

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')

HEDERD/N—T AV aV I ERTEITAMRLEIETDEUTDLIRII—ERYETS,
test=# CREATE TABLE measurement_y2016m07_08

PARTITION OF measurement

FOR VALUES FROM ('2016-07-15"') TO ('2016-08-15");

18
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ERROR: partition "measurement_y2016m07_08" would overlap partition

"measurement_y2016mo7"

WA DITAH measurement T— 7 ILICHEALTHET,

test=# INSERT INTO measurement VALUES ('2016-06-01',24,50),
('2016-07-15',32,100), ('2016-08-25',30,70);

INSERT 0 3

BIISNh/=T—7IILZEHIC measurement T— T IV DR B ERRLTCHET . HITDT—T IV EEBBTBIC

I3 25 A5 tableoid ZfFWNF T, 2B EBYIC logdate DIEICE 2T/ —F 42 avICREIN TRIMISNhTWAZE

A5

R TEE L,
test=# SELECT tableoid::regclass, * FROM measurement;
tableoid | logdate | peaktemp | unitsales

---------------------- S
measurement_y2016m07 | 2016-07-15 | 32 | 100
measurement_y2016me6 | 2016-06-01 | 24 | 50
measurement_y2016me8 | 2016-08-25 | 30 | 70
(3 rows)

BE BRI RENRN=T42aV B EELLVLI—RFERALLB IR A TOIS—ERYET,

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).

® YRMN—F123=20
RICDARIN=FT 42320 T DIFEICDOVWTHIZRLET LT T, text 82D name A5 ADTRAID—3LF (I
XF) EN—FT42avF—E LY RN =T 423 =V T %TIIN—FT 123V T—T L% cities EWIZRTTIER L
TWET,
test=# CREATE TABLE cities (
city_id bigserial not null,
PARTITION BY LIST (left(lower(name), 1));

name text not null, population bigint)

CREATE TABLE

DN N—=FT12avF =3I hSLEBAVAEREIET S EETEET  E YV AM—FT423 =0T

19

Copyright © 2017 SRA 0SS, Inc. Japan All rights reserved.



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

PostgreSQL 10 #REFLR—b

@ SRA0SS,INC,

[/ —F1avF—DED NULL THBLOA—ROEHDEFINTWE T, 72 L /A —F12arF—5 NULL &%
3L O—REBRMNTEZ/N—FT12avIF1DEIFTY,

RIZN—F4>av%EBILEY, CREATE TABLE XX PARTITION OF A C/A—F4>avF—TIILAEIEEL.
NR—=FT1423vF—DED') A% FOR VALUES A TIEE L F T, LL T Tl cities I cities_ab EWD ZREID/SA—F«
2av%EML.name DRADXFEN a'F/zId' b THBL I—RKHIIEMINE LB RLTWET,
test=# CREATE TABLE cities_ab

PARTITION OF cities FOR VALUES IN ('a', 'b');
CREATE TABLE

ZDYAMINULL B /NN—FT42avaERTBIEETEETN. ZOEI /=T 12aV 1 DU EFEETSE
FtA,
test=# CREATE TABLE cities_null

PARTITION OF cities FOR VALUES IN (NULL);
CREATE TABLE

BRICWODN—F 12 aV EERLET,
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

® EBF/N—T1>3>

BRI/ =T av BRI HIEETEET,

LTFOHTIE YANTR A FE N cities_gh D HIC, BICA O (population 5) DLV I TIR—F 4> av o
TWEY,
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);
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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

T—H%1% AL T, SELECT THRY 2L BREBY D/ A—FT 12 avIRY DIFINTWBIEN R TEEHL,
test =# INSERT INTO cities VALUES (123, 'Budapest', 1740000),
(124, 'Helsinki', 1177000), (125, 'Hakodate', 256000),
(126, 'Chiba', 975000);
INSERT 0O 4
test=# SELECT tableoid::regclass, * FROM cities;

tableoid | city_id | name | population
----------------------------- o e e e e e e e e oo
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. IN—F1>23>DFEYF - FIvF
N=T42avT—TIVEHIRTBIERL N—T12av YRS IENTEET,
LUF Tl cities A5 cities_cd ZtJUBELTWET,

test=# ALTER TABLE cities DETACH PARTITION cities_cd;

ALTER TABLE

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

tableoid | city_id | name | population
----------------------------- S
cities_ab [ 123 | Budapest | 1740000
cities_gh_100000_to_1000000 | 125 | Hakodate | 256000
cities_gh_1000000_to | 124 | Helsinki | 1177000

(3 rows)

21
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PIYUBEIN TH cities_cd I(FBEDT—T I ELTRYVET,

SELR—b

test=# SELECT * FROM cities_cd ;

city_id | name | population

_________ oo e e e
126 | Chiba | 975000

(1 row)

UTFDEICLTHPNN—T12aVIINBIEHIENTEET,

test=# ALTER TABLE cities ATTACH PARTITION cities_cd
FOR VALUES IN ('c', 'd');

ALTER TABLE

test=# SELECT * FROM cities;

city_id | name | population

_________ e e o e e -
123 | Budapest | 1740000
126 | Chiba | 975000
125 | Hakodate | 256000
124 | Helsinki | 1177000

(4 rows)

4.2.4. IN—F 43 ANDT—IIRAZEE DA _E

FENN—FT42azZV T 377 -9 DX AICH > T, PostgreSQL KADRA T4 T A—KRHBEELE T DT,

EED PLIpgSQL TEINN HEF I AREYET >EEETT,
BAFEEAREREDNR—FT1ava > THRLTHET,

(PERBN—T 12 a3V %ED)

test=# CREATE TABLE measurement2 (
logdate date NOT NULL, peaktemp 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_y2016m0O7
(CHECK(logdate >= '2016-07-01' AND logdate < '2016-08-01'))
INHERITS (measurement2);

unitsales int);

Copyright © 2017 SRA 0SS, Inc. Japan All rights reserved.
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CREATE
test=#

CREATE
test=#

CREATE
test=#

CREATE

test=#
Timing

test=#

INSERT
Time:

test=#

INSERT

Time:

(10 BT — 9 BRADMREAEZITD)

TABLE

CREATE TABLE measurement2_y2016m08
(CHECK(logdate >= '2016-08-01' AND logdate < '2016-09-01'))
INHERITS (measurement2);

TABLE

CREATE OR REPLACE FUNCTION tf_ins_measurement2() RETURNS TRIGGER
LANGUAGE plpgsgl AS $$
BEGIN EXECUTE 'INSERT INTO measurement2_y' ||

to_char (NEW.logdate, 'YYYY"m"MM') || ' VALUES (($1).*)'
USING NEW ; RETURN NULL; END; $$;
FUNCTION

CREATE TRIGGER trg_ins_measurement2 BEFORE INSERT ON measurement2
FOR EACH ROW EXECUTE PROCEDURE tf_ins_measurement2();
TRIGGER

\timing on
is on.
INSERT INTO measurement SELECT

'2016-06-01"'::date + ('1 day'::interval * (g % 90)), 10, 10
FROM generate_series(1, 100000) as g;
0 100000
519.300 ms
INSERT INTO measurement2 SELECT
'2016-06-01"'::date + ('1 day'::interval * (g % 90)), 10, 10
FROM generate_series(1, 100000) as g;
00
9170.039 ms (00:09.170)

AERTIE 10 FULEDEVNAETWE T AERE /=T 123V DB A EICIIREWVON T RORMIZH
DEFTNENTEESTE/N—T42a=0 T LYBELRBIEFRWTLED,

4.2.5. HI#EIE

[l

ERNN—T42az=VJIIRU T ORIREFENHYET,

23
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® 1>7YIR

N=T42aVT—=TINEA VTP A& HR—MLTWERHA AV TV RSMERD/IR—FT 1423V ITEHR T B0
EAHYET RARKIC, S—T123vT—TIICEALTUI TSI F— —EHIH. A S EHI%. ON CONFLICT
BFEHR—FINTVEHA,

® /N—F1530F—DEE
NR—=F 42 aVF—DEERED/N—FT12aVDEBICEDRVWEIIIEET5LH7%4 UPDATE IZHIFER E
BYKBLET . BBIMICLO— RO/ —F 42 avIilBE T EHYEE A,

& NET—TNADIRY T
R=F42ayF—TIUBEASNFLA—REMBT—T IV D/A—F 12 aV LRI DI hEE A,

® FLARIANIY
FLARIN HIERR—F 123V F—TINCIERTEE R Ao &/ 8— T4V aVIERT IR ELHYET,

4.3. /NSLILOIT Dl
PostgreSQL9.6 B5/XSLIILITYNEBAINT, —2DRWVWEDLHICEH I OER, TabbEH CPUIT %

WHNERTEIENTEDLIICAYFH LT, PostgreSQL10 Tl I FINBA TEZEENKBICHEAINTWE
ED
LUFRIC PostgreSQL9.6 & 10 D/XSLIILFIG L TWBMEBARABTERLET,

NS LU IGEEE 9.6 10
=TIV AFYY O O
AVTIYRARAFYY
(Index Only Scan &) 8 ©
EvhvyTe—T ¥ vy X O
EyrNyTAVTYIRRAF VY X X
Y—h O O
ANFIL—F (NestedLoop) fEE O O
v—UEA X O
Ny atES X O
BT X O

AETIHUT CEEROEE B TWEET,
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4.3.1. BMINI=TZ>
NSUIVBIEDERRIC/N—T 42 aVviREETE> 77 —7IVIC 100 HHDTFT—4%B8MU. A>T v I 261
LET,
test=# INSERT INTO measurement SELECT '2016-06-01'::date +
('1 day'::interval * (g % 90)), ceil(random()*1000) , 10
FROM generate_series(1, 1000000) as g;
INSERT 0 1000000
test=# CREATE INDEX ON measurement_y2016m@6 (peaktemp);

CREATE INDEX
test=# CREATE INDEX ON measurement_y2016m@7 (peaktemp);
CREATE INDEX
test=# CREATE INDEX ON measurement_y2016m@8 (peaktemp);
CREATE INDEX

AEDFITIE, /85 LILETEEDFIETRT =8, SET force_parallel_mode TO on 33 E&MNATWE T, EEEIC
XSV FDWFHNNEB LAV EERIGEEHYET,

@ Parallel Bitmap Heap Scan / Parallel Index Scan / Parallel Index Only Scan

EYN Y TE—TRFV U AVTYIRRF YV AVTYIRA V)= Z2F v DU FNRIBITHIELEFE L7 LATIC
TN BENBHERLET,

ROEZBEY YT IVT—4HTF & MParallel Seq Scanl BMEHLNE T, I TIRI—T Vv AF v EESLD
IC9 % Tenable_seqscan TO off | &> T. CNLDH TSV HIRIETVWET  HHHIBICE oW RENS
X—% random_page_cost ¥ cpu_index_tuple_cost /NI L TERBOBRICARVET,
db1=# SET enable_seqscan TO off;

% Parallel Index Only Scan
db1=# 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

25
Copyright © 2017 SRA 0SS, Inc. Japan All rights reserved.



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

@ SRA 055.IAC PostgreSQL 10 #REELR—b

measurement_y2016m07_peaktemp_idx on
measurement_y2016m07
(cost=0.42..7486.83 rows=111110 width=4)
Index Cond: (peaktemp < 1234)

-> 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)

db1=# 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_y2016m0O7
(cost=6461.84..10856.49 rows=202612 width=4)
Recheck Cond: (peaktemp < 1234)
-> Bitmap Index Scan on
measurement_y2016m@7_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)
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Recheck Cond: (peaktemp < 1234)

-> Bitmap Index Scan on
measurement_y2016m06_peaktemp_idx

(cost=0.00..6168.47 rows=333340 width=0)
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)

db1=# 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_y2016mo7
(cost=0.42..15849.66 rows=202612 width=4)

Index Cond: (peaktemp < 1234)

-> Parallel Index Scan using

measurement_y2016mo6_peaktemp_idx on

measurement_y2016mO6

(cost=0.42..15337.06 rows=196082 width=4)
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Index Cond: (peaktemp < 1234)

-> Parallel Index Scan using
measurement_y2016m08_peaktemp_idx on
measurement_y2016m@8
(cost=0.42..14828.47 rows=189541 width=4)

Index Cond: (peaktemp < 1234)
(11 rows)

@ Parallel Merge Join
RSB EEARY—IRBEDNTERLIIITRYFEL,
UTFICHZERLET,

KV —IVREADPBENRPTVWT— I EEYET
db1=# CREATE TABLE t_info (id int primary key, cl1l text, c2 text);
db1=# CREATE TABLE t_info_detail (id int primary key, c3 text, c4 text);
db1=# INSERT INTO t_info SELECT g, md5(g::text), md5(g::text)
FROM generate_series(1, 100000) as g;
db1=# INSERT INTO t_info_detail SELECT g, md5(g::text), md5(g::text)
FROM generate_series(1, 100000) as g;

% [Parallel Merge Join] WS SV hHBbIFTRHY £ A,
UTOETHRS LIRENTES % Merge Join /X5 LILRIGERATWET,
db1=# 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)
-> Index Only Scan using t_info_pkey on

t_info (cost=0.29..2604.29 rows=100000 width=4)

28
Copyright © 2017 SRA 0SS, Inc. Japan All rights reserved.



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

@ SRA0SS.IC PostgreSQL 10 #REFLR—b

(8 rows)

€ Gather Merge

Gather Merge & Partial GroupAggregate (& Group Aggregate %t 511732750917 TT UL TFHID LS
IC GroupAggregate M fFEhbNzLHREVEHLEICERINET,

db1=# SET enable_hashagg TO off;

SET

db1=# 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_y2016m07.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_y2016m07.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_y2016mQ7
(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_y2016m08

(cost=0.00..8309.58 rows=134258 width=4)
(12 rows)

® Y TOTYD/NSLILEFT
UFBDELICTS Y47 SubPlan ELTERITINS Y TR EFIERITAREICAYFE LT,

db1=# explain SELECT count(*) FROM measurement_y2016m07
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WHERE peaktemp > ALL (SELECT peaktemp FROM measurement_y2016m06);
QUERY PLAN
Finalize Aggregate (cost=617581863.74..617581863.75 rows=1 width=8)

-> Gather (cost=617581863.32..617581863.73 rows=4 width=8)
wWorkers Planned: 4

-> Partial Aggregate
(cost=617580863.32..617580863.33 rows=1 width=8)
-> Parallel Index Only Scan using
measurement_y2016m@7_peaktemp_idx on measurement_y2016mO7
(cost=0.42..617580755.69 rows=43055 width=0)
Filter: (SubPlan 1)
SubPlan 1

-> Materialize
(cost=0.00..13510.10 rows=333340 width=4)
-> Seq Scan on measurement_y2016m0O6

(cost=0.00..10540.40 rows=333340 width=4)

(9 rows)

4.32. INZLINOTYDE=5) >0
pg_stat_activity Ea—T/RSLIIT)DT7—HTOEANRABEIICAYFE L,

lParallel Seq Scan | AMEH B LU TD SQL #32fTL 9, Worker Launched: 2 S AIMTWT.2 DDT—
A0 AN EEILIEZED M ET,

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=1)

-> Gather (cost=24172.43..24172.64 rows=2 width=32) (actual
time=523.274..523.720 rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2

-> Partial Aggregate (cost=23172.43..23172.44 rows=1 width=32) (ac
LUTFBE
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ZD SQL 217D & HICRIDEEREAD pg_stat_activity F1—AS8BT2&, —DDORVWELEICHLTERD
TOEZRNBVTWEHRFEBRRUTEIENTEET . /ASLILIT)A2ETT S F 7O RIE backend_type A
background worker TH2EDELTERIRIINET,

datid
query_start
query
backend_type

-[ RECORD 2 ]--
pid

query_start
query
backend_type

-[ RECORD 3 ]--
pid

query_start
query
backend_type

db1=# SELECT pid, query_start, query, backend_type FROM pg_stat_activity
WHERE query ~ 'Aexplain';
- RECORD 1 J--d-mmmmm s o mm o e o e o e e e e e e e e e e e e mecmee e

16544

2017-11-14 16:00:45.627334+09

explain analyze SELECT avg(peaktemp + unitsales) FROM measu
client backend

31214

2017-11-14 16:00:45.63595+09

explain analyze SELECT avg(peaktemp + unitsales) FROM measu
background worker

31215

2017-11-14 16:00:45.63965+09

explain analyze SELECT avg(peaktemp + unitsales) FROM measu

background worker

* i id Atn % EhE

ZOHITI, PID=31214, PID=31215 O 7O+ 2 A\, PID=16544 A SEE SN /=5 D TS A%, pg_stats_activity
IR 7O ROBEFEFREEERTINIEIHYEEA T/, query_start MR TOEREIFERY, D—ANEEIL
BRI > TWARICEETENVETY,

4.4. TDMDHTHEE

PostgreSQL 10 TiZ LB DEDLUSMNCE L DFHEEEL HYE T L FTIEZD—F BN LET,

4.4.1. Hash 1>7wv 2 XDk
EOKBEBEINBWEZTH o=/ \y a1V Ty I RUICA LRI KERILEEA TN Y E LT,
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& WALEZH LICH IS

INFEFTHash 1Ty AL WALEZHUICHIELTWERATLZ. TD 7=, PostgreSQL N FEIEFE IR T
L7zEZIBEBNTWEHAE LT ORICES LA E REINDEX 21T ZEM R INF L, T AN -3V L
TVG—2aV TEEDN RV NAY—NIUEELER A ZDEH NS TIVDTICAZDTTEREIFELAVD
N]RE EVOERIWRRTL,

N—=T3V 10 M5 WAL ZBEHLETZEIICRYFE L, LEDHIRFBEI ALY, MHIC Hash 1Ty R
DFEFUICEDWTHERTIHNEIN YIS B ENTEE T, Hash 1V Ty RE—BEHTHEDN. RLVXXFF7%
EDMFET—IDREVWFNTELTWET,

& MEENE
N—23> 10 Tld Hash 1Ty AW OO D HRERENBRAIN TWET, AIFETTT — 4B TH
N EDBHEBREE N ERINK L, T AFBROF vy 1R OIETORRZEEL, T —FHIFRLIED
WEEDABERAINTVET,
(BREICIRARZO0—DILDIRIEEREEIEFID) 36 CPU/ SSD AL —Y DRV TE—BLUAFTIDT—
S ADREEHAZTWE L,
(T X MFIEY
$ psql dbl <<'EOS'
CREATE TABLE t_hashtest (code text);
CREATE INDEX ON t_hashtest (code);
EOS
$ cat hashtest.sql <<'EOS'
\set r random(1, 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 db1l # (&Y LETY

B—OZ4T7 VM ODFEATIZ 9.6 X—2arv N 10%IFEFTETLIZ NG WAL ZH O LARD 725D
NTBEIITROTMERTHY L FDRNEIATT BB N\ aM Y TYIRANMRFT DI/ 1ETH BT
D HRODT—IRIFWAL BEHDERDK/NMIFELBVWEEZLNET,

WHIBATIEIAREDMREERYE L. WAL B OB oA R %, W RTUBORELNFHo/EREE
AbNFET, DFY, &Y CPUBD L WY —/NT, LYIFTIRTEN L WRS LB WALEZH LALARW 9.6 LLFT
D=3V EYEFEICRDZIEDNFEINET,
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hash 1> 7y X5 A hash ¥ Fws 28 —1& A
24000 1000
900
22000 500
= 20000 ~ 700
S S 600
§ 18000 E oo
2 16000 2 00
0 ¢ 300

& 14000 &

- F 200
12000 100
10000 0

pgsql-9.6 pgsql-10 pgsql-9.6 pgsql-10

4.4.2. [FEIL 7V o—>3> DR

BHRAN) IV T LT r—2ava BT 258 I BRBBH IRV N —ROR WThHINEIEELE
ROEHASE T AT I EVWIERENATREICAY FH L7,

7S54<1) D postgresgl.conf Tl synchronous_standby _names #LL FDLIICFIEELE T,

G L WBEAE)
synchronous_standby_names = 'ANY 2 (s1 s2 s3)' ## WIhnH 2 DOHEFERY v /N1

9.6 N\—avhbLWIELTWLLTDEEAEDEVEZRTWERT,

(9.6 TEIBLIEBRESE)
synchronous_standby_names = '2 (s1 s2 s3)' ## 3DDHOBE2DOHEEARY /N1

LUTDEETRYV/IN % 3 D/EYE T, PostgreSQL10 Tl T 74 JL M T postgresgl.conf (ICRAK)—IF LT
Vr—2avDT A7) ELTEASRENERAINTVET,
(R VIRAY—RADOR—ZIY I T TEER)
$ pg_basebackup -D ${PGDATA}_s1 -Xs -R
$ pg_basebackup -D ${PGDATA}_s2 -Xs -R
$ pg_basebackup -D ${PGDATA}_s3 -Xs -R

(B8E%#E L T primary_conninfo |C application_name=sl1l {EE%EBMLFTT)
$ vi ${PGDATA}_s*/recovery.conf
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(R—bEZFTRIVNRAY—R%EELET)

$ pg_ctl start -D ${PGDATA}_s1 -0 '-p 5401'
$ pg_ctl start -D ${PGDATA}_s2 -0 '-p 5402'
$ pg_ctl start -D ${PGDATA}_s3 -0 '-p 5403'

ZDEIEENL /=B E SL DRIV /INAH—/3D startup TOER%E STOP V7 F I TIEHTHET  ZhIckY
ARGV INAH—/NSLIFEE WAL T—9%ZHELBRVWEFRICRYET,
$ ps -ef | grep $(head -1 ${PGDATA}_sl/postmaster.pid) | grep receiver
postgres 12655 12289 0 15:01 ? 00:00:00 postgres: wal receiver

process streaming 0/1F045B28
$ kill -STOP 12655

ZDEETS54<D synchronous_standby _names H''2 (s1 s2 s3)' THBBAICIE. TS51<)TEFH SQL %
T THEMBEDRLBRYET EBEICHDRIV /N sL DB EFLmMTTLEINS T,

ZhICRLTFS 1<) D synchronous_standby_names A 'ANY 2 (s1 s2 s3)' THIL. RY /(1 s2 & 53
DISETDDT. MY TEH SQLEZERITITEENEDNRYET,

4.4.3. pg_stat_activity DHLK
PostgreSQL10 Tl pg_stat_activity E1— TSR TEZ2RBHIEZF L1,
BLFD&SIC pgbench /w9750 RTEITLETS,
(pgbench =47 - IV Y —ILHAREELTWET)
$ pgbench -i test
$ pgbench -c 4 -T 120 -n test &> /dev/null &

ZODIREET pg_stat_activity Ea—%SRBLET,

test=# \x on

Expanded display is on.

test=# SELECT pid, xact_start, state_change, wait_event_type, wait_event,
gquery, backend_type FROM pg_stat_activity ;

<[ RECORD 1 ] === mmmmmmmm oo oo oo e oo e oo oo oo oo
pid | 14854

xact_start [

state_change [

wait_event_type | Activity
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wait_event | AutoVacuumMain
query [
backend_type | autovacuum launcher

<[ RECORD 2 J---t-=--cccoccececamceccccecccccccceaccccccscascccccnceamacaaannx
pid
xact_start
state_change

wait_event LogicallLauncherMain

query

I

I

I
wait_event_type | Activity

I

I
backend_type |

background worker

=] RECORD 3 J-- - -mmmmmmm s m o m oo o e oo e e e
pid
xact_start
state_change 2017-10-31 17:59:52.589072+09
wait_event ClientRead
query END;

I

I

I
wait_event_type | Client

|

I
backend_type [

client backend
-[ RECORD 4 J-----mmmmm e s o e e e e e e e e e e e e e me e e

pid | 14979
xact_start | 2017-10-31 17:59:52.581243+09
state_change | 2017-10-31 17:59:52.584589+09
wait_event_type | Lock
wait_event | transactionid

I

query UPDATE pgbench_tellers SET tbalance = tbalance + -1429

WHERE tid = 10;

wait_event buffer_content

backend_type | client backend
(oo T [T e T TTTTFTMTT™T
pid | 14980
xact_start | 2017-10-31 17:59:52.564402+09
state_change | 2017-10-31 17:59:52.566337+09
wait_event_type | LWLock
|
I

query UPDATE pgbench_branches SET bbalance = bbalance + -1082
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WHERE bid = 1;

backend_type | client backend

(oo < T [T e T TTT™T-
14981

2017-10-31 17:59:52.548762+09

2017-10-31 17:59:52.5502+09

pid

xact_start
state_change
wait_event_type
wait_event
query

WHERE bid = 1;

UPDATE pgbench_branches SET bbalance = bbalance + 2738

backend_type | client backend
(1&8%)

& FA~> P DEM

INETAYIEEFO>TWVWEINEIDNLEIFERT waiting FI A H Y FE L 7= 5. 1 b YIC wait_event_type &
wait_event NFBEINE L7z, INSH M (NULL) RS RF > TWARLREEE AW E T,

INETERTEAD o7 LWLock (ZAMI A MOV )R VSTV MDA AAFFEESRTEDLIICRYE
ED

& XFINBZTOEIDEN
547 MERICH G L2 7 Ot A LLA @ autovacuum launcher M & 574 PostgreSQL 4 —E R D E D 1L
EATHTOERERTINDLIICAYFE L, 7O RADFELEIL backend_type I THEBIINFE T,

4.4.4. #5Rk#%EHE#HR (CREATE STATISTICS)

PostgreSQL10 TIFLEMETIBRE M IT NI F AL RBEHOT —IR—RAT I MNEBIMINELE,
CREATE STATISTICS, DROP STATISTICS X CHER. HIFRLE T Chid. T—TILRDER DI E /=D BT
VT OIREHERERFLES,

WAV R—PINTWBHRERFETH RO ELEIL, EDEHEE (ndistinct) &BIEAEE M (dependencies )
TY, INEDHI5 MEDOTEFEIIEEI AR TT DT, CCTIEBAHMRBEE IOV TEROBFARIREL TV EE
E

By TINTF—TNETF—9ERBLET)
test=# CREATE TABLE product (id int, subid int, p_number int,

p_code text, p_name text);
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CREATE TABLE
test=# INSERT INTO product SELECT g, i, (100000 + g) * 10,
'"P' || (( 100000 + g) * 10) || 'zz', '..... '
FROM generate_series(1, 1000) as g, generate_series(1, 100) as i;
INSERT O 100000
test=# SELECT * FROM product ;

id | subid | p_number | p_code | p_name
R L Fommm e m e Fommmm e S ——
1] 1| 100010 | P160010ZZ | .....
1] 2 | 100010 | P160010ZZ | .....
1 3| 100010 | P100010ZZ | .....
1] 4 | 100010 | P100010ZZ | .....
1 5] 100010 | P100010ZZ | .....

(12 B%)

LEE2® product F—7 )LD p_number FID{E I (id 51 x 10 + 100000) K D#ERICZHF LTI L. p_code 5l
p_number FIDFTEICTP1 = REICIZZ | % T XFRFNTEEH AL id FlARDHNIL, p_number, p_code 7D
BRE—RICEIVEY . COIORERERABREBELHD. EVWET,

ZDEIRT—HICHLTUTOLIBBWEDLEETEE, TSV FATIDELEE L TWBIEEHSHRN =8
ICEREBTF AL UL LIEREIEVET,

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) *FIDEHII L TWBBELET B, HEFALFKIBICRLES
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FTHRHEHE R A > TRBRLES .

test=# CREATE STATISTICS s_product ON id, p_number, p_code FROM product;
CREATE STATISTICS  kproduct F—7)Ld 3 FICHEEHEt 2 EY T
test=# ANALYZE ,;

ANALYZE KHLARMERTIER S ANALYZE QLB CEF I E T

test=# EXPLAIN ANALYZE SELECT * FROM product
WHERE id = 1 AND p_number = 100010 AND p_code = 'P100010zZZ';
QUERY PLAN

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

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

Rows Removed by Filter: 99900
Planning time: 0.494 ms

Execution time: 26.413 ms

ARG ET B R % E T B, ANALYZE THIDRBICEAHMREBIEL HEDOEIDERH L TRFLE T . INITLY .

BAHEBEDH D aFE /B VWEHLE TERRMERLHERF RN ER TETVWET IRBEHEROARIZ
L AF AT —7T )L pg_statistic_ext |ICHMINET,

test=# SELECT * FROM pg_statistic_ext WHERE stxname = 's_product';

-[ RECORD 1 ]---

o o o o e eeeeeeee o
stxrelid | 16976

stxname | s_product

stxnamespace | 2200

stxowner | 10

stxkeys | 1 3 4

stxkind | {d,f}
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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,
=> 4": 1.000000, "1, 4 => 3": 1.000000, "3, 4 => 1": 1.000000}

"1, 3

4.4.5. N DERZEK

AFTER MNJAIZT, UPDATE, INSERT,DELETE O EFHFH AV ROFIETRHRET —TILDT—IHBEDLIIC

B2l e N) AR TSRTESLIICAYEL,
DFICERMZRLEYS,

test=# CREATE TABLE score (test text, score real);
CREATE TABLE
test=# CREATE OR REPLACE FUNCTION show_transition()
RETURNS trigger LANGUAGE plpgsql AS $3$
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;
RAISE NOTICE 'new: %', newdata;
RETURN NEW;
END; $%;
CREATE FUNCTION *newtab, oldtab%FT—TIDLIICBRLTVET
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 K LEEDFRFEI LB TY
test=# INSERT INTO score VALUES
('test1', 0.92), ('test2', 0.85), ('test3d', 0.77);
INSERT 0 3
test=# UPDATE score SET score = 1.0 WHERE score > 0.80;

Copyright © 2017 SRA 0SS, Inc. Japan All rights reserved.
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NOTICE: old: [{"test":"testl",6 "score":0.92}%,
{"test":"test2","score":0.85}]

NOTICE: new: [{"test":"testl",6 "score":1},
{"test":"test2",6 "score":1}] KLEHDED o /= test= testd DITFRET L

NOTICE: old: [{"test":"testl",6 "score":0.92}%,
{"test":"test2","score":0.85}]

NOTICE: new: [{"test":"testl",6 "score":1},
{"test":"test2","score":1}]

UPDATE 2 *#RYRL 2EH NI NTWDDIIITEA MY HAEDLS

N) AR D H T UPDATE £1TRT- RITERDT—T L2 EORBHNBBTETCWRIENMNbNYET LB &
#IEA# json_agg ZF>TW B DIFEHEINXERITOT -9 %1 DDERIFEDIAAT. YV TN ARMERCE
FTHLTOERTT,

T DXL E AL (FOR EACH STATEMENT) DM HICHBEATEEY,

INET. XHEMMNATRERREBEOT—TIVDOT—HIITIERTEIENTES TRAN) ATHoTER
LITUADITICOVWTIEREABLIIEN TEEHATLID . RTINS ARIBI2F RN RBEINELL,

4.4.6. libpq K FE#cTT1EE

PostgreSQL MV ZA47 > 247 3Y) libpg TERITICEBDRANEIEETESLIITRYE LT,

[4.42 AHAL TV —> 3> ORI DRI TIE o T R9 Y INA Y — % RE LR EE T LT D LDITHR RN Z &R
— ESEHVIRYPYDIE O TIREL T, psql THEBLTHET,

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

* I CREEEBCHELTWS YA T a Y THIBEERTHE
$ psql -d test -c 'SELECT inet_server_port()'

inet_server_port

(1 row) *FIATAEAEBEY —/NICERI NS

$ pg_ctl stop -D ${PGDATA}_si
waiting for server to shut down.... done

server stopped

$ psql -d test -c 'SELECT inet_server_port()'
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inet_server_port

(1 row) *EFENAF I LTWBDOT2EH/Y—NICERINE

$ psql 'dbname=test target session_attrs=read-write' \
-Cc 'SELECT inet_server_port()'

inet_server_port

(1 row) *EXAHBAREY —/ICRET 24 TV ay

BHHDY—NICEEISIRICEREZHA T BRI R Y —/NICERL TV IBIEL R TEEH T F ik
ICE A XNz target_session_attrs=read-write & />3 AIEE T HEEXAHARER Y —/N\ICERALERETE
FI.ZDGERYNRIY NP —NERFyTINET,

5 BEERE

ARFa2AVME SRAOSS, Inc. HARZHICEWERNRINZE L/, LA L. SRAOSS, Inc. BAXZ AL IEARF X
YMIBWTERMYE. BRE. TOMHWHARBRIEETIEDTIEHYEFA ARFIXAVNEFIATZIEE. FEE
DEFICBWTITA>TIEKEDERYET,
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