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1. (FUSIC

AXE(L PostgreSQL 9.6 (CEFENDEELFEEZTRAL. RERCIMFSEBILIRIBRZHREIT DED
TY. PostgreSQL 9.6 [CDWTHREEL LD ELTVWRI—T OIS (CIRD T EZBNELTVET,
2016 £ 7 H 21 BYY —X=1JZ PostgreSQL 9.6 beta3 Z{EA U TIREEZ1TD T, AXEBZEHR L CLE T,

2. HIE

PostgreSQL 9.6 DFE/RFHEREFIUTDEOTI, KARFIAS FTRERINSOEBZRD EIFFET,
o JSUILEWED IR
*  VACUUM [CHI|F D XID HiEFUIREDNE
s ARNU==0LTFUo—23a>oiisk
s EXRRICHBITDIL—XEXR
« ZCPUB—/NCHITDMEEM L
« postgres_fdw (DefE

C DM BN RSB EEN LSS D FE T, 2 TOEFERD—EIC DU\ TIE PostgreSQL 9.6 R¥1
A PADUU—-X -k (BI'FURL) (CESBEENTWVET, £z, INSId beta3 /\—=3 2B TODHERE
KRETI, =232 96 DAY —-XETICOK DONEHIBRPEEENDAEEMEN B DX,

https://www. postgresql. org/docs/devel/static/release—9-6. html

3. MEEDlzHDtzy N7V S

3.1. YIMNIITT7AF

PostgreSQL 9.6 DRX—FMR(FLUTFUR LDR—=H55 > 0O— RAJETY, Y—AXTI— R, Windows
DIF)I\AFUDA A =S, RPMyum URZ FMURMERENTWLET,

http://www. postgresql. org/download

3.2. WREERIR

IREBRIT & UT. HP ProLient MicroServer £ CentOS 6.8/ x86_64 HFZ=FERALELIE. LWINEB/NEY
—)\X>THD ., AREE. ERNIMIFEY S > L OMEEDIRR AR D — )/ N(CH T DMHEREDIREIE (R
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LCTWLEEA,

3.3. 1>2AM=)b

BLFDATZa>(CTVY—-RO—-RDOEILRZEITVE L,
$ cd postgresql-9. 6beta3

$ . /configure ——prefix=/usr/local/pgsql/9.6.b3 ——enable-debug

$ make install-world

RIBZHZREI DI 7L ZESHUT, BALET,

$ cat > 9.6.b3.env << EOF

PGHOME=/usr/local /pgsql/9. 6. b3

export PATH=$PGHOME/bin:$PATH

export LD_LIBRARY_PATH=$PGHOME/|ib:$LD_L IBRARY_PATH
export PGDATA=/usr/local/pgsql/data9. 6. b3

EOF

$ . 9.6.b3.env

F—AIR=—RADS A=/ UET, OT—)VELU (COF—JL) . UTF8ZF JAILhEULFET,
$ initdb ——no-locale —encoding=UTF8

REIT7MILICHIBDEEZS X F Y,
$ cat >> $PGDATA/postgresql. conf << EOF

logging_col lector = on

log_line_prefix = "%t %p
EOF

PostgreSQL ZieE# L FEI>
$ pg ctl -w start
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4. EFELENN#EE
EERENNBEEE. MHEEM L (CDWTEMEIESRE L CUL\EE T, £io. Sh B THEEDRFERSIAELEY,
ZIBNHEEEDFEMTRERIR (IR —FIRICEREND Y Z2 FILICEEH NTWVWET, A1 X b—JLFEZE
To1E%Ea. UTDBA (142X h=JLFED share/doc/html) (CHTML DX =1 7)LAVERKRESNE T,
/usr/local /pgsql/9. 6beta3/share/doc/html/

Fleo UTFURL ICTHER/ =23 >OR_a VIS NTUVERT, WINEREBELRDFT,

http://www. postgresqgl. org/docs/9. 6/static

4.1. \SLIOITV

9.6 MS/\SULILTTUDHIR— MMREDFE U REDE S SRBOFDITUTT TV &S —4
S )LAF v IR )\ S afEEP AN TFIL— TGS (Hash Join, Nested Loop) Y254 (Aggregate) Tilli
5k D ENAIEET T,

4.1.1. I\ UI)NALIBOEETE

IS UIIAR (DT —HTOERZE D TEIRESNTLEY, AEPUIEE LT PostgreSQLY.4 N'5iE
AN\ o050 > RO—HTOCRDEHEHZFE > TLET,

BHOD—NTOLREFE> T, BIERELRSIZUL—2 3 > ZRRRIHIC 71T RT DT & TUIER)
KxmELEItEFET, D\ OI> RITOCREIIL-TU-FERD, FDO—-HTOCRZEEHL. LiBZ=
RODF. EROESHIE(Gather)Z1T/ALET, (K1)

D247k \ JNHTUR Worker 0
~_ - = Gather
Worker 1
h,
o0, Worker ..
,

1: )5 LI VALIEETEE
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INSUIBZITROMNIT S F K> TRESNE T, TSFHMEBRT D GUC /S A—F(TfF0)
TIFREZSE(CLUTRELN,

Seq Scan BET. WHREMRDUL—3>DH X E min_parallel_relation_size Z7tlcD—H7OEX
DEEERDTNET, JWEA—F —DstENESNTHD. T TAJL D min_parallel_relation_size = 8M 72
5. 348D 3000 X—=(24M )\ MU EDU L —= 3 > XRR5AFIE 2 TDT S AREMNMTRONE T,
IRIE(FEETE THEILAEE LT IMEDNTULEDS. 8M=1000 R—LU E7RS 111651, 3000 R—BLERR
52, 9000 T 3. 27000 T 4. 81000 (& 5. ... EMHIEZEIE> L TCWLW FFECIRD TLET, (K2)

JL—iavH AR —h7O0tRH

1000R— > | Worker 0 10 .
ﬁ/ orker 1000 —=3 ‘
1000R—
oS
1000 “ Worker 0
%f\} Worker 0
x3 Worker 1 : Worker 1
Worker 2
1000~ —> Worker 3
Worker 0 x 27
% Worker 1
Worker 2
x9

2: L —23>BAXET-HTOCRHDOER

UL—23>HAXETICUETEZSET (L. D—HEEREI DS EETEET, ALTER TABLE Z{#E
STIETDE, UL—2 3> YA X AR D—HTOCRBEIEETCETET.
ALTER TABLE tbl SET (parallel _worker = 8);

ZrEU. OEDDOTUTHER DT — 18D LR max_parallel_workers_per_gather X 5 &(ddp D
FA. Fle. TSNS UIILOTURFEREITINEDMNE. CNSIBELITTIETRESRVRICEBRLU
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TLESL,

4.1.2. ®TEI\SGA—4

FIERGUC NS A—IHIEZ TWLWET, I\SLILOIVICEET S GUC ZUTFICHIFET,

2FR FIAIS | HE

max_paral lel_workers_per_gather 2 V&2 Gather [T HT—HTOERDTRKE
force_parallel_mode of f BERIZANT UL ) ZiTHhbHbES (TRAMRA)
parallel_setup_cost 1000 J—AJOvRDEEICHANDTR F

parallel _tuple cost 0.1 1TOHEREZT—HTOE AN LEEET HaX F
min_parallel_relation_size M NI UILREYT SZRND)L— 34X
max_worker_processes 8 O ADB)NY I TSI RI—hT O RDRRE

INSW|ER. NSUILIOTUDTSUERE, D—ATOCRBRICHEZSZZEFT.

L INSLAOTY DTS EIR

D—HT7OCR%ZEEN T DIEHDIR S (parallel_setup_cost) 2. FT—HMNETEUEREZESTITD
X b (parallel_tuple_cost) ZIMX T. TS >E2EDIARX MSRESNE T, TDEHT—HZIELEITDHN
BN IED. FAENBITHENE<ET—HHMoDEF IR MEL</ESD (parallel_tuple_cost * FRITTES
DIARXMNRETD) LHEND & SLIAUENBIRESNRNSBICRDET,

0 7—A7O0+X

SRFLREDI\Y DTS5 RO —D#EE max_woker_processes (CIADFE T, ERFETINTL
DRty 3> TED—ATOCAMEDNDRE., NSULILIITUTHREETDT—HHHARET DHE
(& D—HATOCRDEERS UTETEINET, BFICEZHOLYSa>a2ETI3dE. /\SLIULEEN
el & SR ERET. ISEMREICIES DE N D AIREMN B D FE T,

EFI—HTOCR(E BECHUCTEEAEY (work_mem) ZHENET, TOTCIREPAETUFEHRED
REDDKR(C(E max_worker_processes 5EE I DUNENHDE T,

4.1.3. BNFAREL

pgbench TERK U —45%E> T, \SLILOTUDOMERHERLET,

0 EE
pgbench -i -s 20 TF—4%Z 49 D & pgbench_accounts DH -1 XH'H 256M /N1 MTRD. &K 4 ED
D— TR T IEREDT —HFE(CIRADET (min_parallel_relation_size=8M 725 27000 /~X—==216MB X
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J:T'j_jjﬁyb“ 4) o
$ pgbench -i -s 20

$ psal
db=# ¥d+
List of relations
Schema | Name | Type | Owner | Size | Description

public | pgbench_accounts | table | postgres | 256 MB

|
public | pgbench_branches | table | postgres | 40 kB |
public | pgbench_history | table | postgres | 0 bytes |

|

public | pgbench_tellers | table | postgres | 48 kB

(4 rows)

GUCREIFZT IAI PDFEFELEUFET,

max_worker_processes = 8

max_paral lel_workers_per_gather = 2
min_parallel_relation_size = 8M
paral lel_setup_cost = 1000

0.1

force_paral lel_mode = off

paral lel_tuple_cost

"1 EXPLAIN (kBT
EXPLAIN (ANALYZE, VERBOSE)%{E5 ZET. BDO—HOROETEMARRESNET,
Gather E&AHFBNIET SO T TI—HTOCRNEES DETFEHR T DI ENTEET,

© Parallel Seq Scan

ISUIILOTYUDERERDYIETY, BED Seq Scan LIENT/RON DB DN ZESHRR F T,

Parallel Seq Scan [FR—ZSADFT —FZE&T—HITOCRCEH DU THRURESEFET, 1 R—ZHOUE
DD TZBRDR—=Z(THEH. T—FZ2T—NICEID S TR ZEDRLFET,

Gather (FTUD/ S LIAUBNS DIERZEET T D/ — RICIADE T,

db=#t EXPLAIN (ANALYZE, VERBOSE) SELECT * FROM pgbench_accounts WHERE abalance >= 10000;
QUERY PLAN
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Gather (cost=1000. 00..44203. 77 rows=1 width=97) (actual time=102.834..102.834 rows=0
loops=1)
Qutput: aid, bid, abalance, filler
Workers Planned: 2
Workers Launched: 2
-> Parallel Seq Scan on public. pgbench_accounts (cost=0.00..43203. 67 rows=1 width=97)
(actual time=97.912..97.912 rows=0 loops=3)
Output: aid, bid, abalance, filler
Filter: (pgbench_accounts. abalance >= 10000)
Rows Removed by Filter: 666667
Worker 0: actual time=98.090..98.090 rows=0 loops=1
Worker 1: actual time=93.319..93.319 rows=0 loops=1
Planning time: 0.086 ms
Execution time: 103.757 ms
(12 rows)

o ££#Y

Parallel Seq Scan 585N —FZ WS (CENT D ENTEET, UTFICHERULET,

£ BEDB(CITRONDUIE (Partial Aggregate) &. ERDIERZ F EH DR (Finalize
Aggregate) TIT/AONZFET, EHIEIEIL PARALELL SAFE & U T/ VS LILAVE(CHIGE U TWDWENSH D F
Jo TNUCDONTIEIERNZUETS

db=#t EXPLAIN (ANALYZE, VERBOSE) SELECT avg(abalance) FROM pgbench_accounts;
QUERY PLAN

Finalize Aggregate (cost=44203.88..44203.89 rows=1 width=32) (actual
time=274.627..274.627 rows=1 loops=1)
Output: avg(abalance)
—-> Gather (cost=44203.67..44203.88 rows=2 width=32) (actual time=274.377..274.564
rows=3 |oops=1)
Output: (PARTIAL avg(abalance))
Workers Planned: 2

Workers Launched: 2
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-> Partial Aggregate (cost=43203.67..43203.68 rows=1 width=32) (actual
time=267.440..267. 440 rows=1 loops=3)
Output: PARTIAL avg(abalance)
Worker 0: actual time=259.645..259. 645 rows=1 |oops=1
Worker 1: actual time=268.961..268.961 rows=1 |oops=1
-> Parallel Seq Scan on public. pgbench_accounts (cost=0.00..41120. 33
rows=833333 width=4) (actual time=0.090..193.384 rows=666667 |oops=3)

Output: abalance
Worker 0: actual time=0.053..196.047 rows=516670 |oops=1
Worker 1: actual time=0.023..193.935 rows=973560 |oops=1
Planning time: 0.530 ms
Execution time: 275.931 ms
(16 rows)

o JOIN
Parallel Seq Scan M./ — R(&. ffidd_/ — R & nested loop 12 hash join THAUFALF (CHESIRZE RN

BTENTEFY. UTF(ChHIERUET.

db=#t EXPLAIN (ANALYZE, VERBOSE) SELECT * FROM pgbench_accounts AS a
JOIN pgbench_branches AS b ON a.bid = b.bid WHERE b. bbalance >= 1000;
QUERY PLAN

Gather (cost=1001.26..55663.26 rows=100000 width=461) (actual time=9.723..9.723 rows=0
loops=1)
Output: a.aid, a.bid, a.abalance, a.filler, b.bid, b.bbalance, b.filler
Workers Planned: 2
Workers Launched: 2
—> Hash Join (cost=1.26..44663. 26 rows=100000 width=461) (actual time=0.510..0.510
rows=0 |oops=3)
Output: a.aid, a.bid, a.abalance, a.filler, b.bid, b.bbalance, b.filler
Hash Cond: (a.bid = b.bid)
Worker 0: actual time=0.732..0.732 rows=0 |oops=1
Worker 1: actual time=0.674..0.674 rows=0 |oops=1
-> Parallel Seq Scan on public. pgbench_accounts a (cost=0.00..41120. 33 rows=833333
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width=97) (actual time=0.072..0.072 rows=1 loops=3)
Output: a.aid, a.bid, a.abalance, a.filler
Worker 0: actual time=0.059..0.059 rows=1 loops=1
Worker 1: actual time=0.059..0.059 rows=1 loops=1
—-> Hash (cost=1.25..1.25 rows=1 width=364) (actual time=0.073..0.073 rows=0
loops=3)

Qutput: b.bid, b.bbalance, b.filler
Buckets: 1024 Batches: 1 Memory Usage: 8kB
Worker 0: actual time=0.156..0.156 rows=0 |oops=1
Worker 1: actual time=0.047..0.047 rows=0 |oops=1
-> Seq Scan on public. pgbench_branches b (cost=0.00..1.25 rows=1 width=364)
(actual time=0.072..0.072 rows=0 l|oops=3)
Output: b.bid, b.bbalance, b.filler
Filter: (b.bbalance >= 1000)
Rows Removed by Filter: 20
Worker 0: actual time=0.155..0.155 rows=0 |oops=1
Worker 1: actual time=0.047..0.047 rows=0 |oops=1
Planning time: 0.351 ms
Execution time: 11.206 ms
(26 rows)

L BETOIDEERTIDREZ

IRTE DR TIFEHRRIBERN SR ENF B A

ps AN RT, D—ATOCRDEERRZRTE. VT U ERD/\WOI>Y RTZOERDPIDIEHRL
MR EBA.

pg_stat_activity [CED—ATOTXICHIET DIEHRNADEIN. J—HTOTXEEOERNRIERL
N DFEEA.

$ ps axf

(4%
5293 ? Rs 0:00 ¥ postgres: postgres db 192.168.210.1(33643) SELECT
5299 ? Ss 0:00 ¥_ postgres: bgworker: parallel worker for PID 5293
5300 ? Ss 0:00 ¥_ postgres: bgworker: parallel worker for PID 5293

=# SELECT * FROM pg_stat_activity;
—[ RECORD 1 1]

10
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datid 16578
datname db

pid 5778
usesysid 16557
usename postgres
application_name | pgbench

client_addr
client_hostname
client_port
2016-07-28 20:51:17. 450156+09
2016-07-28 20:51:17. 405282+09

backend_start
xact_start
query_start
state_change
wait_event_type
wait_event
state
backend_xid

backend_xmin 1849

query

4.1.4. I\SLILOIY - Z0Ath

INSUIILOTVARCEEL T, BBOBEMMERF U,
CREATE FUNCTION name (---) --- PARALLEL { UNSAFE | RESTRICTED | SAFE }

psql D \df+ THERITDZENTEET,

UNSAFE ($/ (S LILEITTERVBEICIEE LE I, RESTRICTED (FJ)L—TFVU—4 (LAID Gather ./
—R) IRSERITTEIEHRCRDET, BIEADH DR E T UNSAFEREZ T DIMNENHDFT &
PARALLEL UNSAFE /2B MEDN TLVES, /IS LILOTUMEDNE R A

Fre. NS2HY U 3 kEEEL~NL SERIALIZABLE TIIN S LILOTUMEZ EE A

11
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4.2. ANV==20L 22U —33 >0k
PostgreSQLY.0 M5 A MU —=Z=2TLTULG—= 3 2 BEEENBINEMN. PostgreSQL AARZIF T RS>
223>007—% (WALT—%) DEXR(CEDKYRY - AL—TBOLTUT—23 QA ERATHE &7

NDFEURE, 9.6/\—=3>Tld. ANU—Z=20LTU5—2 32DV TWK DO EERIGENERINT
WET,

4.2.1. 1ERDORIEARS > ) A (TG

95 FTIEFANIY—Z20L TV =23 >DRBASIIINA(E1DIEIFTURE. RE/ISA-F
synchronous_standby names [CEEIEELIEEULTE. ZDIOIED—D(EEHAR S > )1 (sync) ([CIADE
IH. EDEREEBART > )\A DXRRIEH THD [BENREEARSY> /)N (potential) 1 LIRDFET,

synchronous_standby_names\
= '2 (sl1l,s82,s83)"

AR)—3H E-|"=; J fp?ii?ation_names \
LIVr—ay T

\

A2 181(s1 [sync]
T54<)

J application names
By = '32" o

AA2 718152 [sync]

application names
= 's3" N

A3 7\A1s3 [potential]
3: B DRIHIR S > )\ A ZIETE

9.6 CTIERI3 DK D (CEEDY —/)\ZEHAT A ETDIZENTEDLDICRDFELI,
EBEDEHAR S > )1 ZI8E I D=8, synchronous_standby names (CEFT/Z/RERMNINNODE L, TiL
DEDIC [ (FEARIZINADEN) (RFINA4, ...)] EUT. BRI II\ADEEEELET,

(RS DIBTESZE - 9.6 THREBEDDEZTHEHUEETY)
synchronous_standby_names = ’s1,s2, s3’ t 3DDS55 1 DAEEIR ST > INA ED

12
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FRUWMEESIE)

synchronous_standby_names

"1 (s1,s2,83)’ # 3DDS51 DZEFERRYINAETD
"2 (s1,s2,s3)’ # 3DDS5 2 DZEFERIINAETD

synchronous_standby_names

3DDS5 1 DDEPRI AT I UTEIBE(IC (. BENRER RS> /1 (potential) Tk
H—) W REEAR S > )1 (CEEUE T,

BHORARI )\ AZREITDEICLD., T—FREEZLDBVLANILTRIES D8R ZHED &
NTEET, £ EET —YHEAZERIISEIRNE ([422 EET—YEAZFRIMIDIE—RIZSR) =25
ZIZEBDOREARS )\ A B —)\ZFDZ LT, SREEDEZEIHD ITBRERDD(CE/RIIBEET.

4.2.2. BES—ASHEATRIIIDE—R

R ANU—=2JLTUS—2 3> TRBE-RERELTCE. TNE BEEDBEREFDOWALS
— MR INA Y =) \ADERx, BEUL (G IMERDA ML —ZEBSTAHZRIAT DDHTURE. T—HR
EEVWSEBERTEBRATIN TSAYUTOIZY METHTHE. AY 2/ A DEVWEDEERICEEN KR
BRENTWND E(FRDFEE A

ROESTT T N @ BREREE 1:
| BEGIN; | FFyt—x | SELECT-+- FROM=++
| INSERT INTO=++; | | J
| COMMIT; - R i

s — e — e —— —

BiLDEFHN
H T ERE

AN)—225
L) r—3y
4: BBEFIRD DT TORIES

754<) RBINA

6 DLDR. BFBVWEDEZTSATUIC, SREVEDEZRS /A (CIRDFITDSRT LGS
EUZE BEBER(CRI )\ AH—)NCTERBWEDEZITD & BERIOERMNR D TUHRSRIEN
BDFEUZ. ANTA—ABEE CERRT > ZIBUILE. [ERABOHR] NRREIND. EVVDTEBEEDT
TV -2 3> THECHSHNET,

9.6 Tl&. F&E/ S X —4 synchronous_commit (CF%TE AIRETREIRES(C remote_apply A0 DHE Uz, E
BE—RTANI—=Z2JLTUT—23>%Z Bk UTWLDIBE(C remote_apply ZIBEIT D E. I=w ML

13
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BEIDICHIED. WALT—FZEIELT. ATV ANET—IR—X(CATZRIRSEZLEVWDSHREZT
RITTHS, ISEZRTKISCRADFT (M2) .

Q@ EEAH

@ ARL—CRIAR
D RL—C R
(a—AJL)

AN =227 ‘
. o
I yy—say, REM

5: AL TV —2 3> (CH1FD WAL I LiEA
synchronous_commit MFEE EBMEFUTEROBOTY, B, BHAL TV -3 F— RTRVNES

(synchronous_standby _names (CEETENELMES) (C(E. off BAND ENZRELTCEO—NILA KL —ZF
SIAHZFFDOBIELIRDF T, RADHFER 5 (CHIGLTULET,

synchronous_commit %7€ BHIL U —2 3 >0 v NFOEE
o WAL 7= DO—HILA L —TEEFIAHE. BEIRSY > ) A A\DERXE,
o
S A AN
local WAL T —~DO—-HIILA ML —2EESAHZF D, [D]

WAL T—4ADO—-HILA ML —2EFAHE. BHIRS )\ A NERXEF
D, [@@O3]

remote_write

WALSF—ADO—ILA ML —EFAHE, REARSY > ) ANDEHED
FUVRER I II\ATOEAZEFD. [O @ 3 G

remote_apply

WAL =S DO—DILA ML —TFEAH & BHIRY 2/ A A\DEES
SURMIZ S > A TOR FL—SBERBEED. [0 @ 6 @]

on

4.2.3. pg_basebackup @D --slot A T3>

pg_basebackup [C --slot A>3 >hElaNnE U/,
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AR —=>0%BUCWAL J7MIILEEDETEYS T D [-X stream] AT 3 > EH(IHEALET. N
— 2N\ o7vTHOLTUI—23>0y hEEREHFOY—/NUCHUT, TDAOY h&% [--slot (X
Ow R&) | TATS 3> ABFE UT pg_basebackup E{TI D ET. UTFDKDIRNEIR WAL 7 71 JUHEE
(CHIBRENTUE D I2fzh(INR—R)\w O 7w TR (TR T D0 — R &ZHEE T,

$ pg basebackup -D /data/pg/basebackupdir -X stream
pg_basebackup: unexpected termination of replication stream: ERROR: requested WAL segment
000000010000000000000016 has already been removed

K (L [-X stream | ZIETE T D &MY TERROR: requested WAL segment ... has already been removed ]
ZHSREBOFET UM, KDEERGEMEHENFE LTz, COMEEZEIR I DT2HICARBIN (CER KLU
—=>JLT7U—23>270MJULICHBIFD IR ROIBEMNMTHONE Uz,

4.3. VACUUMICHITD xIp FRiENEBDNE

PostgreSQL &R (C (& VACUUM YUBNHETF, VACUUM (C(E. T—Z&H -« XDIERIEZER < [
EMEIROEE ]| XID (FS>HP0> 3> 1D) EOREZE XD #E] « 75> FMESHEtEREER I
BI7—JILEHIBIRDER | WD 3 DDEEINHD D FET, ZDDEXID &g DLIR(CDVWT. R/ —-=3
THESNF U,

4.3.1. XIDEIE - 1EREMEORIRER

% < DY —/)\TES#) VACUUM #AE% 18 LT VACUUM JUBZ 4T L CTLVE T, BEI VACUUM (F. RE(T/N
—23> (—DODITTEEBN—a>HERICFET DDOT [(1T/=23> ] EFUET) D - Slehig
A D= LT T DIZEE. T—F LDREHVXID EIRTED XID EDENLN D TWVNDZ & &2
BREN I DIZENH D EF T, BEDIBS(C(E XID HFED VACUUM BN THhNE T,
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F—7UNTF—2 T—TNT—=
o ] ._II E_l'ﬁﬁ [ i_': E.I-J"I:.E- [
" DrR— AR
Xv¥7 — T v 7
e I'.
b~ VACUUM (FEEm “~{ VACUUM
JOEA EEG 1 7OEA
Ay S
“XIDE#E KIDEE TR, TESSE0EETH.
EETD 1 EN—TEALE AR YT RERELT.
e ‘tﬁ_ —

6: fiEHD VACUUM N

BEO VACUUMAME T (&, AJf i~ YT (EEUS 4w\ Visibility Map) Z&f#> T, UE%& U<
TENEDMDOTVBR—ZZFHEITHENT, INS5ZXFYvTUEFEY., ETBH XID HEHED VACUUM
ST (E. WRT—TIDETOR—ZZEBUET, CDEHARETRT—IILTIHUIBCEMZELE U

(E6) »

B&I VACUUM (Cd51FD XID BFED VACUUM YUE T (X, BMiE &7 DERE autovacuum_freeze_max_age (&
FTIAIK MN2EB RSP U3 EXETN—FA, DA XEREINESFERTILIENDRNENDT
—JILERRERD DBz, [ENIZCBICERMRICEBFOEVIENED | EVWDSEEFHNEC T S RT
LERBEZMFETOELUL,

723, vacuum_freeze table age (IJAIN15EBNS>HOS3>) (d. BE)VACUUM TEDFT—T
LIRS DHDER(CIEONFEE AN, VACUUMZ T DEREDTZHE. EHOE T XID HiEiEZ TS
MESHDHIE (CENNE T, BFEEE VACUUM DL KITHOHNTNSDT—TILT. D ESEIT XID R
ZHESBEUVMUBNEITEINZEVWDSEEEOSECIBMBESRDET,

4.3.2. XIDEKE - TEREDOMLHEH

PostgreSQL 9.6 Tld. VACUUM M XID FHEILIE(CHNTE, Al Y T&E > T, L% U< TELL)
EDNDTNBIR—ZHIAFY T ITBLDCRDFE U CNIFEE VACUUM. O<X > RMD VACUUM &E3
BOEMETY, CNEXRIRIDLHICAREITY T (E. NSO IR-ZABHLTAEN ? (=FiIE
VACUUM BIEDZEERY) 1 EVWDZEICIA T, IR=ZSABNIARTXIDRIEEHN ? | EVDIEIREH
DEIICRDELE.

TNUTKD. BHTAEBD DR—(E XID BFEHEH £ D> TWBFT—TILICH TS, VACUUM THD XID i
SIEHY, FBREITIRTIDLDICIRDFET,
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I DISABLE _PAGE_SKIPPING

<> R VACUUM T (& DISABLE_PAGE_SKIPPING A>3 >hhDE L. COEEEITDE .
VACUUM B (CHBNWTUTFOR—ZZAF Y T UIR<IRD E T,

s AEEFHOEREBHNRERDTAFY S

«  XIDEENAREBROTRFYS

. fBOTOTANYZR—ZHEERARLBROTRFY S

RKATL I UIEEIIMERAUEE A TN HDNE BN TLIHE ULNRWIIREY Y T2 BYER L
fEWEE(TERUET,

4.3.3. XIDBEFETDHOAF Y TEVEDIREE

BUF(C. KEBS3 (FEHWEENDIRNT — IS SNz — T )L T, XID BFEDEE) VACUUM HEMETS 24
% . PostgreSQL9.5 & 9.6 TEITULERZRULET,

— [EL<TENZWVWT—4 ] Z{FB. VACUUM FREEZE T XID FREHRMHRREICT S,

db1=f#f CREATE TABLE t_great_history (id int primary key, memo text, ts timestamp(0));

CREATE TABLE

db1=f# INSERT INTO t_great_history SELECT g, 'The old historical data, ' || g,
"1970-04-01" ::timestamp(0) + (g || 'min’)::interval
FROM generate_series (1, 5000000) as g;

db1=# VACUUM FREEZE t_great_history;

VACUUM

— 14EFFT—78h,
db1=# INSERT INTO t_great_history VALUES (5000001, 'recent one’, now());
INSERT 0 1

db1=# SELECT * FROM t_great_history WHERE id >= 5000000;

id | memo | ts

5000000 | old historical data 5000000 | 1979-10-03 05:20:00
5000001 | recent one | 2016-07-08 10:59:43
(2 rows)
db1=# ¥q
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—— pgbench dY > RICKBMFT—TIVDEFHT XID &iEsHD. BREFET DI,
autovacuum_freeze_max_age = 2000000 . |log_autovacuum min_duration = 0 &EREULTH <,

$ pgbench -i dbl

$ pgbench -¢ 4 —t 500000 -n db1 -N </dev/null &>pgbench. out &

PostgreSQL 9.5 TIZAT DX DIC t_great_history [CERXF+ > DEEI VACUUM H'END F T, pages: 2
tuples: (C3 SHONDAEBERDEIR(L 0TI DT, TNIEXID FIEDIZSHDEITTH D ENDOMNDET,
Flz. AFVTFHTONT . 2RI F v ENTVET,

LOG: automatic vacuum of table “dbl.public.t _great_history”: index scans: 0
pages: 0 removed, 41667 remain, 0 skipped due to pins
tuples: O removed, 5000001 remain, 0 are dead but not yet removable
buffer usage: 41667 hits, 56116 misses, 5 dirtied
avg read rate: 4.222 MB/s, avg write rate: 0.000 MB/s
system usage: CPU 1.52s/1.57u sec elapsed 111.88 sec

PostgreSQL 9.6 TIZUTDLS(C BHEH VACUUM TD XID HIE(CAF v THRINTWNET,

LOG: automatic vacuum of table “dbl.public.t_great_history”: index scans: 0
pages: 0 removed, 41667 remain, O skipped due to pins, 41666 skipped frozen
tuples: O removed, 4999912 remain, 0 are dead but not yet removable
buffer usage: 55 hits, 13712 misses, 0 dirtied
avg read rate: 7.620 MB/s, avg write rate: 0.000 MB/s
system usage: CPU 0.16s/0.09u sec elapsed 14.05 sec

4.4. EYXRRICBITBIITL—XRHE

EXIEERET I L —XERMMEsRENFE LTz,

JL—XBFRE(F. BEEEOWMNCH UTRET DD TT, NS BULEDET—4 (tsquery B25—
) OFRTUTDXRSICOA— FTL L > EBHEHEBOM VU ZFTIR I D L(FalgET LIz, L L. ZNEE
Rioirs (CLDPESHMRZBNEDICEBEATIN, HEBCHTEESRVGAIC(E. EEEEHREFED AND
SRR EBRDODTVEUL.

— UTFOLSREVWEDEZELUEELTE. 94— FTEDEEADEE(CRITNE.
db1=# SELECT id, doc FROM t_doc
WHERE tsv @@ to_tsquery( english’, E ¥ design of the database¥ ') ;
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— to_tsquery BBRI T DL S (CFHEETN., 2 HEEDOHRD AND FEFRFEICIRADET,
db1=f SELECT to_tsquery( english’, E' ¥ design of the database¥ ');
to_tsquery

"design’ & 'databas

(1 row)

9.6 M5 tsquery T —FBIDERIT <> NBIIENFUIE. TNICKDBIDEENSHES IL—XTHD
EVWDIBENTEET, LTDOERITHIT, <3> ERDTUVBDIE, <> M3 DLMATWVNBEWVWSEIKTY, £X
RFR(CHBVTHREET(E of 12 the (FBRENDA YT T— RICRDTNEITDT, BIC2EBROENDIEMS
RIFREFENTVET, <N> EWDFRIR(S to_tsquery (CHEX DX FICERIRT DI EETEFKT,

Frz. JL—XDtsquery T —HF =4 T D phraseto_tsquery BEEGBIIESNE LTz, =5IC. tsquery T
—ABIETZDIRFTIT L —XZHE I D PostgreSQL DEEFELTD <-> BEIMENTULET,

— <> Z&{#EDT design Db & 25BIKA T database MRS EVWSEHMIBETEZET,
db1=# SELECT to_tsquery (' english’, 'design <-> of <-> the <-> database’);
to_tsquery

"design’ <3> 'databas
(1 row)

— JL—XD tsquery 7 —H &L T B phraseto_tsquery BIEIEAEENTVET,
db1=# SELECT phraseto_tsquery (' full text searching’);

phraseto_tsquery

"full” <> "text’ <> 'search’

(1 row)

— HWEF <> TIL—RXZBHITBICEETEET,
db1=f# SELECT to_tsquery( full’) <-> to_tsquery( text');

?2column?

“full” <> 7 text’

(1 row)
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4.5. % crURIRRITICH T D EEECE

9.6 TIF% CPU X > TORKFEITEMEICH T DMHREREZH D IztlEN L\ < DI D> TLET,

KLR— B TE BRARY IIS 2 TOERMIREFIERUCVE R A AEITIE EOLSRHHEHNAD
ez B9 2MDHELET,

BUF DR 7 (3. PostgreSQL MHEBEIE &, 9.6 TIIX 5Nz CPU X > TORIKFEITEMNECH 1T DiE
mERUIZBED T, PostgreSQL DB ES R E LT, JOTRE (RDOAR]) . W< DHIDIEEOHBAEY

(HDERALE) « WSKDDPDRAML—2EDT7A)LEE (RDOAT) ZERNCEHE L TULET,

MPDITX BB EE RSP0 3 > BEBDZ ETY, pg_clog 12 pg_subtrans IRED T 7 1 JLEFEZN

S5(Cxd D)\ IJ7RAXEVURGZHS5HODUTNETD,

INYTFR—TD
Pin/Unpin(Z
avoELARK

T—RAEED D E
(LWLockE2 5| &
HEF /YD)

HEAE

(R=CDHEF/N\YT7)

HHF AT

[ postmaster7’ 0t A ]
(HI{ENEER)

ProcLockArray

SwhH clog/\w 7 . .
—Ei- ) ﬁ%g—f_ﬁgﬁ HHhK wal writer7 Ot A
#BH#HIOVHID W
T7A ISR HEAEY | | HEAE 1
(WAL (Tx &= .
INVTF) INVTT) w
wal senderZ’ M+ 2
gFﬂﬁiﬁFUﬁﬂMIETﬁ
PUFyyralc
L TXE I B LS -
TJ7AILEE T7AILEE J7A LB |

Ny oIYRk7OER

7: PostgreSQL NEMBIE(CH 1T D% CPU RIRFEITDNE R

Z#D CPU HBDWICPU O7#HEIF DOV > T, ZHOEHERZZ I HMIIT RS YOS 3 > RITT
DI5E. A RER - EBETOOY IRENHRELES IS TIFR3BRERNDET, 9.6 TlE. CNSDFHEES %[Ok
FREEHNN DMNERAENZE U,

U RET—SHEEDSE
SRBETTOCRPHEUTSRL. T3 S CEIPHMBENBAERD. AT LOHIE
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IRC. T—IEBEDDEINITHONTUVE T, CNICKD. HHMUFEIFIOBEAHINNS K DEISNT, HmENRD &
MEIASDHFE T, LWLock (S bDx bOvo, RASEOw D) BOESI & KfEST—SHEONDZIHE/\WwE 1
[CHITBD—EFT—IEEC DT, DEI=NELE.

L RE/INYITFAN—ZD Pin/Unpin EEDEE

HBH)\W I 7DOR—=ZDT7ILR(CHIED>TE E2 D E>&ST (Unpin) &L DHDTEDHEAHIE
MEDNTWET, CNEHE/\Y I 7DR—ANB R DIZHDHEI TR DTzsd. BROFHFD 7 ITZATE
REUET, COBPPDOERN. RE>OVY (ES—01 T4 MCKBDHHBHIE) ZFEDRVARICERDS
nxEuL<,

I ProcLockArray ~Da3vFEFBRED—IFE

EZAH ST O3> TOAZIY M ITDIEWAL (CETAHFNRELUET, COEE HEXAETU LD
HI1EMEER ProcLockArray (CX 2B ZIAH V7T TZANREELUF T, AMEIET(EEFERTODELH =Y b
B —ERITIDRDCUT. BHBREFEZERMUE I, 185 WAL BEEIAH (CBHMEN DD DTEITIE WAL
J\w I WAL J 7 )LBFDIEL (CEE# L CLIET,

O —EICEKTOYoDITFAILIEK

PostgreSQL Tld 1 DDFT—TILDFT —IAMAEN 1 DDIT 7 A ILICHE SN, T —FENEZXZETOY
2 (R—>, 85 8KB) BAITHREINE T, J 7 ) LILROER(C (I8 EHEO Y I RET ZDT. KED
EZTAHTITCING DT RRCT7AIUBENRETND EE, OV IHAN R TOBERELDEL
o MEE(F—E(CEBIOY IRIBETBZET, TNEERLET,

ZDIFN\ clog/\w T7 A ZXHMEXESNTZD . BHEFIEIIR(C DUV T CPURDF v w2 ([TIRFD LD
(ST DEFEOEENINDDOTLNET,

4.6. postgres_fdw D=

postgres_fdw (&, #M3B PostgreSQL B —/ D7 —FZARIEN (CO—HIL7—TILDK D ([C/RZ D, SMDF
—~4>w /X (Foreign Data Wrapper) T3, PostgrSQL 9.3 WS I DL D(C/RDFE LI,

PostgreSQL 9.6 Tld. KDZDUEZJE— MUl (MEBT—/ ) TEITIDLD(CHE=NF LU
Fiz, ZDEFEN. WSO BRENFECESNTVET,

4.6.1. #&E&/NV— b UE— MF—)VEITULIE
BT — T IADSBOTUERITT BRI, BN E Y — NMUE%E & 5 h U sHIEss — ) Ul TR
HR3TENTEDIESITRDFE U,
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9.5 £ 9.6 THEBAREELTZREREU T (SRULE T,

[ FREFENE
UE— MDA > RG> AZERKR L. HEEUD postgres T —HINR—XICT X MED t0 7—TILEVERK
LCHEFET.
$ initdb —no-locale ——encoding=UTF8 -D “§ {[PGDATA} remote” — B> RAHF>X&{ERRLUT.
$ pg_ctl start -D “${PGDATA} remote” —o '—p 5433 — 5433 ;R— N TEMFESEET
$ psal -p 5433 -d postgres
postgres=f#f CREATE TABLE t0 (i int);
postgres=# INSERT INTO tO VALUES (generate_series(1, 1000)) ;

postgres_fdw £ 1 —JLZEFIHAEE(C L. 80—/ -V E IR ERLUET, e 485 —7
JVADRF—T%=ER L. Y —/)\DF—TILEREFRHAHET,
—BTOEEEL2T. O—hILEIDERETT

$ psal dbi
db1=f CREATE EXTENSION postgres_fdw; — HSRES21—I)IVEA
db1=# CREATE SERVER server1 FOREIGN DATA WRAPPER postgres_fdw

OPTIONS (dbname 'postgres’, port '5433’); — SEpb—)UES

db1=f CREATE USER MAPPING FOR public SERVER serverl OPTIONS (USER 'postgres’):
— 1—-YIVEIIER

db1=# CREATE SCHEMA remotel; — NEBT—TIRARAF—IEVER
db1=# IMPORT FOREIGN SCHEMA public FROM SERVER server1 INTO remotel;
— AF—TAICHET—TIVERZFRR

L BB MBDIREE
9.5 & 9.6 DEITETEIDEWNEUTOOIY THEELE Y,

SELECT * FROM remote.t0 a JOIN remote.tO b ON a.i = b. i AND a.i = 500;

BAF @ EXPLAIN (ANALYZE, VERBOSE) DfERM 5. 9.5 TIEFYE—MF—/NCXH LT SELECT Z 2 [H
TOTVWTHRERO-DILS =TT O TVBS T EMDINDFET. CNICHLT 9.6 TIFHEST D SQL £K
ZUE— M—/)ITEITUTCVET,

-— 9.5 DIRS
db1=# EXPLAIN (ANALYZE, VERBOSE)
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SELECT * FROM remote. t0 a JOIN remote.t0 b ON a.i = b.i AND a.i = 500;
QUERY PLAN

Nested Loop (cost=200.00..296.58 rows=225 width=8) (actual time=2.785..2.790 rows=1
loops=1)
Output: a.i, b.i
—> Foreign Scan on remote.t0 a (cost=100.00..146.86 rows=15 width=4) (actual
time=1.537..1.538 rows=1 loops=1)
Output: a. i
Remote SQL: SELECT i FROM public.tO WHERE ((i = 500))
—-> Materialize (cost=100.00..146.94 rows=15 width=4) (actual time=1.236..1.238 rows=1
loops=1)
Output: b. i
—-> Foreign Scan on remote.t0 b (cost=100.00..146.86 rows=15 width=4) (actual
time=1.223..1.225 rows=1 loops=1)
Output: b. i
Remote SQL: SELECT i FROM public.t0 WHERE ((i = 500))
Planning time: 0.449 ms
Execution time: 3.597 ms

(12 rows)

-— 9.6 DIFH
db1=# EXPLAIN (ANALYZE, VERBOSE)
SELECT * FROM remote.t0 a JOIN remote. tO b ON a. i = b.i AND a. i = 500;
QUERY PLAN

Foreign Scan (cost=100.00..198.75 rows=225 width=8) (actual time=1.677..1.678 rows=1
loops=1)

Output: a.i, b.i

Relations: (remote.t0 a) INNER JOIN (remote.t0 b)

Remote SQL: SELECT r1.i, r2.i FROM (public.t0 r1 INNER JOIN public.t0 r2 ON (((r2.i =
500)) AND ((r1.i = 500))))
Planning time: 0.361 ms
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Execution time: 2.217 ms

(6 rows)
1 Y—FRBBDIREF
9.5 &£ 9.6 DEITETEIDEWNVEUTDITY THRIELE Y,

SELECT * FROM remote. tO ORDER BY i DESC;

BAUF @D EXPLAIN (ANALYZE, VERBOSE) O#&ERM 5. 9.5 T@FO—H)ILY—)TTY—- KL TWT, 9.6 TE

UE—RF—NITY—-ELTWDZERDHDET,
-— 9.5 DIRS
db1=# EXPLAIN (ANALYZE, VERBOSE) SELECT * FROM remote.tO ORDER BY i DESC;
QUERY PLAN

(cost=366. 15..373. 46 rows=2925 width=4) (actual time=6.383..6.694 rows=1000

Sort
loops=1)
Output: i
Sort Key: t0.i DESC
Sort Method: quicksort Memory: 71kB
(cost=100.00..197. 75 rows=2925 width=4) (actual

-> Foreign Scan on remote. t0
time=0. 958. . 5. 341 rows=1000 |oops=1)

Output: i
Remote SQL: SELEGT i FROM public. t0

Planning time: 0.171 ms
Execution time: 7.646 ms

(9 rows)

-— 9.6 DIRS
db1=# EXPLAIN (ANALYZE, VERBOSE) SELECT * FROM tO ORDER BY i DESC;

QUERY PLAN

Foreign Scan on remote. t0 (cost=100.00..205.60 rows=2925 width=4) (actual

time=2. 404. .6. 852 rows=1000 |oops=1)
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Output: i

Remote SQL: SELECT i FROM public. tO ORDER BY i DESC NULLS FIRST
Planning time: 0.219 ms
Execution time: 7.697 ms

(5 rows)

4.6.2. DELETE/UPDATE 7z JE— MAIFZITTELT

9.5 UAEIDEPF—T)LICx$ 9B DELETE. UPDATE (%, T|#(C'JE— MAIT SELECT ... FOR
UPDATE ZE1TUC. TORBRZEUED DX, treb T 1179 DAUBEZ L CWLWFE Uz, cnFO—H)LIICH D
FT=IJIDFT =5 EEZETEDETUTBIRT IS (CIEIMBERFIBENZFET,

9.6 Tl EAFJE— MIZITTRET DIBEIC(E. VE— MIITTUERITD KD (CRDE U,
CNUC K DRETRUIENRE D THEEM EARIRTE TLE T,

WEINENBFT—TILICEE T D DELETE QUR(CDULVT, 9.5 &£ 9.6 CTHEMRIIUEREMUT(TRUE
T AMREESRIEDRIER TR UIZR U —JILERVE T,

| DELETE fi2E TDIF
9.5 & 9.6 DEITEHEIOEWEZUTOOIOIL THRIELET,
DELETE FROM remote. tO;

BAF D EXPLAIN (ANALYZE, VERBOSE) Mi&ERZ R 25 &, 9.6 TIEXSELECT ... FOR UPDATE W'ZEiT&Mn
TWFEHA. £z, 9.5 EHEEUTEITHRE(Execution Time)BRE<IRD>TWLET,
— 9.5DInE
db1=# EXPLAIN (ANALYZE, VERBOSE) DELETE FROM remote. t0;

QUERY PLAN

Delete on remote.t0 (cost=100.00..191.90 rows=2730 width=6) (actual
time=169.518..169.518 rows=0 loops=1)
Remote SQL: DELETE FROM public.tO WHERE ctid = $1
-> Foreign Scan on remote.t0 (cost=100.00..191.90 rows=2730 width=6) (actual
time=2.292..12.185 rows=1000 |oops=1)
Output: ctid
Remote SQL: SELECT ctid FROM public. t0 FOR UPDATE
Planning time: 11.733 ms
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Execution time: 203.697 ms

(7 rows)

-— 9.6 DIRS
db1=# EXPLAIN (ANALYZE, VERBOSE) DELETE FROM remote. tO;
QUERY PLAN

Delete on remote.t0 (cost=100.00..191.90 rows=2730 width=6) (actual time=3.371..3.371
rows=0 |oops=1)
-> Foreign Delete on remote. t0 (cost=100.00..191.90 rows=2730 width=6) (actual
time=3. 367..3.367 rows=1000 |oops=1)
Remote SQL: DELETE FROM public. t0
Planning time: 0.141 ms
Execution time: 3.675 ms

(5 rows)

4.6.3. B - HEFDOUE— MLE

postgres_fdw T(&. WHERE A (CENMNITHHAAAFHDREEEEF(CDWVWTIEUE— M TRIELEKLS &L
FJ, UNU. HENSENMULREEDERF(EUE— MUEBDOWRICIRDFF AL 9.6 T. DL\ TZEE®
HEEFICOWTCEYE— hEITSEIRENMHEREINE L,

CREATE SERVER 1Y > R OPTIONS T extensions /\S X —& (CHLRES 1 —)L&ZEH XD
TEEIDIET, TOIRES 1 —ILICE I IEHEEFZUE— MERITSEDIZENTEFET,

db1=# CREATE EXTENSION pgcrypto;
db1=# CREATE EXTENSION hstore; — HRED A —ILEFEM
db1=# ALTER SERVER serverl

OPTIONS (ADD extensions ' pgcrypto, hstore’) ; — BINEEGDT ADD THE

E53A. O—DNICEIE—- MUICEINSILEES 1 —ILBFHA X b=l TRFNUELWT
FA. TERNE SQLETRICTS—HEUFTS
— UE—MICIGEES 1 —I)LHh RSSO S —HI
ERROR: function public.digest (text, text) does not exist

HINT: No function matches the given name and argument types. You might need to add

explicit type casts
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CONTEXT: Remote SQL command: SELECT id, v FROM public.t1 WHERE ((public.digest (v,
"shal’ ::text) = E ¥¥x666f6f ::bytea))

4.6.4. postgres fdw - TDBDEE

UE— =) N\DiEHRZ. BUUE— RN I—HICXyTENTVIEROO—-HIL1—Y ID ICTHE
FBLDCRDFEUR, 2L, cNEO—HIILS—/NCBIFBE—DTYSI 3 >RTORETY, B8ty
23> THEIDIDIITELDFEA. Y2 a>ATI—HZIDBITSQALETIDEEC. UE—H
H— ) \N\DEGS TR ENTEET,

Fre BUOEDEDOF v Lz UIEEEC TNV E—- M —/NCBERIT D LD (CRDFELE. N
FTlE UE—BMIEFEBOWEDREETDERFREDDIETEITSNTLE LU,

4.7. FEE=-HFV>PVE1—DILE

4.7.1. pg stat activity

EITHDtY S 3 > DEHRZEIR T pg_stat_activity E1—HY OvIEF5CDWTHRFRESNE L. Ov Y
FHEZEUCTWBHERT waiting DS AICRZI T, UTFZDOASLMENENE L. OvIFS5LTULR
WEEICE. E55E NULL [CIRDFET,

hoLA =N/
wait_event_type |BLTF®D 4 2WLZIFhh., £=E oLy (ZREYET,
'Lock'

SOL LR ILDBYY (EERYY) #{F>TLVD,
wait event [CAYYRA4F (pg locks @ locktype NTLERL)EERT,

'LWLockNamed'
ZEFTEOEEO Y EF->TULVS,
wait_event [CEE0 vV R T ET,

'LWLockTranche'
BEOVINTIL—TD—2%F->TL5,
wait event [CEEAVIHRZTRT.

'BufferPin'
N7 Pin(HENYI7R=DDANEBEZD=-H QO HEhHIE) FF->TLNVD
wait_event wait_event_type [T U=1FA N> FEBIDEMZ H O HTXFEF

B=E0wvU%I(C(d TWALWriteLock] [CheckpointLock] 72 &, SUBEFIZRIZBINDIFSNTUNET,
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4.7.2. pg _stat_progress_vacuum

PostgreSQL 9.6 M5, E{TH SQL DEWZ /R I Tz DEBRNIRMHHEANBEAETNE U,

BEOSQLIONY> R (SELECT %) DEHFRRIFKRIEEREINTLEEAN. VACUUM IX > R(CDLY
TIFHEH N pg_stat_progress_vacuum E1—([CRRESND LD ICRDFE U, KERFT—T)LD VACUUM
WIBNNDIED DD E TR T DDCRIIEE T,

EITHD VACUUM Bt Y = 3 > DOEIZIFU T DL D RIEHRMNRDFEY, [MURET 1T —X] ([CDWTIF.
N2 7I)VICEFHEN RS SN TULET,

db1=f# SELECT * FROM pg_stat_progress_vacuum ;

—-[ REGORD 1 ]

pid | 6106

datid | 16384

datname | db1 — F—=HINR—%

relid | 16603 — IBhdF—T' )LD 01D

phase | scanning heap — WEIT—X (7EDIT—XAD1D)
heap_blks_total | 8334 — WBhF—T) (E—=TFE) OOV I
heap_blks_scanned | 2775 — NBGF—TIOBRBRTAF v UBEHITOY I
heap_blks_vacuumed | 0 — NBhF—TI)VORRTEEEH I OY I
index_vacuum_count | 0 — RIS TUIREHDA 27TV O R B
max_dead_tuples | 291 — ATV IORXATOEETEERT Y RITIVEL
num_dead_tuples | 1 — ATV IRXATORBRATIERHT Y RITIVE

4.8. WA F YT S 3y bOMEFIFESE

VACUUM ZMFTWBIETRDICT —FIMBXRIE T Do —IAMNHDEI. VACUUM VERBOSE I¥ > R
D FINOFETE log_autovacuum_min_duration (CKDOTHEITUTFDELSI(C [cannot be removed yet] &H
T, AEIAEIRENFEFA. CNE HZIT/\—>2a3> 2S8R IBDRXFv IS a3y MIKREFELTDED
(CHUENMREBEN TL\DHERTT,

INFO: "tl1l": found 0 removable, 12345 nonremovable row versions in 100 out of

1000 pages

DETAIL: 12345 dead row versions cannot be removed yet.

PostgreSQL 9.6 5. BTN F WIS 3y hEBFIEETE DXL DICRADE L. MUT DFE THFRHE
("day' THDEN "M0min') ZIEELFT, EEFENEETD L. BERBZEOMRELDFT,
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old snapshot threshold = -1 t BEZIRE / T IA) MIEHOREKT -1

old_snapshot_threshold = 1min &. iR (C3E < FRE L2 DX T PostgreSQL Bic#izw U C. L FTDLD(C 2
DOIEHNS NS PO 3 >R TUTCHET,
— ERED1
db1=# START TRANSACTION ISOLATION LEVEL
REPEATABLE READ;
db1=# SELECT * FROM t1;

id | v

——
11]A

(1 row)

— EHETED2
db1=# DELETE FROM t1;
db1=f#f SELECT pg sleep(60); — 60 &

db1=# SELECT * FROM t1;
ERROR: snapshot too old -—— IS—hREEULE

REPEATABLE READ b5 >80 3>ThoTH. BELULKBZZRB LD CHIBREHT -9 2SR
ULKDETDREIS—ICRDIENHERTSTH UL,

5. REFIA

ARRF2 A ME SRAOSS, Inc. BARSZfHICKDERRENELE, LML, SRAOSS, Inc. BARSZ#TH (IR
RIEZAS MMTHBWTIEHESE. BRAM. TOMUWHARBFEZTDEDTIEHDERA. ARFIAS hEF]
B9 3548, MRBOEECEVTITR> TIELEDERDET,
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