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Anuradha Chintha, Rajesh Madiwale, Srinivas Potlachervoo. Amazon Web Services (AWS )

2023 £ 12 B (RF¥ 1 X2 NEF)

Amazon Aurora PostgreSQL E#t T 7 1 = 3 > # & T' Amazon Relational Database Service
(Amazon RDS) for PostgreSQL (&, PostgreSQL F*—ZX—AHAD 7 I XZX—J RUL—23F)
T—ER—=AY—ERATT, ChSONFR—I RF—ERAICKY, F—EIXR—AEBELFZ<D
XTFUVABRUVEBRAIVNSHBRENE T, L., BEO—BOXTFUARAIT
[EVACUUM, F—EXR—ADFEARRICESIVTRBEEZR UV ERENVETT, cOHA R
Tl&. Amazon RDS & & U Aurora T® PostgreSQL X T+ AT VT4 ETAICODVWTEHBALE
EP

=Y NER>EEDSZAKR

T—ER—=ADNT =XV A, EDSFAOKNOEREBDEELIER T, Aurora
PostgreSQL B#t7— X X —A & Amazon RDS for PostgreSQL F*—ZX—ATXVTF VATV
TAETARRETITDE, ROFINHYET,

s BEZRIVIUNT XD AZERRITDIDICKRIUERT

FMRONZH OV TEFNAIZEOICRAILL EEEZBHRLET
- NZIUHUIaTOERERL

AT TARA S BUBHBEEZERTEIDOICRIEERT

c ATV VAOBENBERZHRERLET

NILFN—2 3 ERRTHIE (MVCC)
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>V RIRETHE (MVCC) ZEBEITBIMENHBYVET, T—EIR—ATEBORNZT O HF o> a3y
ERICAEENDE, MVCCRTRIV O, BEM, 28, MAM (ACID) NZ2H¥ o> 3>

D2DODHFMETHBITRIVIMEDHIMBEINDIRSICLET, MVCC TR, EZRAAZANR

B—=TY RNERO2EEDRAKR 1



AWS REH A XA N7 A= AORBEZE# TS /=% D Amazon RDS & &K T
Amazon Aurora @ PostgreSQL F—ZX—A M X ‘/7_—7“/7(7’27_' 1
27

L—>a>ZellHmLWAN=23a > nF—3rEmEh, RBION—23a UM REERET, U—
A—ESAR—RGREWVC7OYILERA, NSUH I asHAF—RE2HIMBDE, AT A
BRSO H O a vz TREHICVWVTNRADON—23 0 ZBIRLET, PostgreSQL & —EB
DIL—23FINF—ER—-RARF, AFv 723y a8 S) EHENS MVCC OERZFERL
£9, HIRWEF, Oracle FO—INY IV EIX N EZFERALTSIZEREELET, EEIAKARL—
23>, Oracle BEWN—23207F—220—-INY VT XNIEEAKL, T—X2HEE
EHLWN—23 2 TEEELET, PostgreSQL F—RAR—AF, AIBMEF IV II—ILZFER
LTN—=23a vz ET2 TSI ZRELET, HILLWF—ENT—TIIR=DICEEE NS
&, PostgreSQL FChsDIL—I)ILZEAL T, AU ARL—>3 VB L EN—23 2 OTF—
2ZEBIRLET,

T—7IINITNOTF—2%LETS L, PostgreSQL l& MVCC ZFEAL TITOERO/N—> 3> il
LET. T—7ILICXT D UPDATES KU DELETEARL —> 3>, F—ER—AE, F—2ND—
ELEE1I—ZXBLIRUEEOHIDMBORTHORNS O HF O a>otWNN—2a 2 0T2RE
LEF, chsoFsWN—23 2Ty RIT(ETIN) EBENRET, Y RZT)oILI> 3>
FRAILLET, FT—EIR—AICKEORKEFHEDE, VIVTSOOERFR, VIUNT #—
NOAQERT, eaWN—2 3> a2 REITIEHOTAAVREFAENENEE., ZLORBENRE
THUREMEN B ET,

ER{ALZHIBRL, TF—ER—AZEEICRDICIE. EHENBXTFANYVETT, cnlliE, KL
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s T=7IIOBEB/NFI1—LNEBE D
s T=7LONFI-—LRBEFBHOM
* pg_repack (= & AL D il B

s AIVTYVIVADERE

NWFN—2 32 ERERTHIE (MVCC) 2



AWS REH A XA N7 A= AOREEZE# TS /=% O Amazon RDS & & U
Amazon Aurora @ PostgreSQL F—ZX—A M X ‘/7_—7“/7(7’27_' 1
27

T—7IILOBREBNF 1 —LAEBE S

Autovacuum &, 7Y REAFILZBEBNICNF1—LDOV—"TFY )L, ANL—22BRA
L. REFZPRETDT—F NNV IITTVRTREITENTT) TT, T—ER—ARDREKILL
ET—7LEFIVvIL, BRILEVVTFULTAR—RAZBAALET, F—ER—AT—T)LL
AVFVIREEZZVTL, BEODEHFELFHIBRARL—3 0L EVEICEL ERICN
Fi1—LTaJIZEMLET,

Autovacuum I&PostgreSQL VACUUMB KT ANALYZE N> RZHEMLT D & TNF1—L0E
ZEEBLET, FT—7IHSIEAVACUUMILZHIBRL TAR—AZBRAALETHN. EFTT4
NAYDNDENBFTEHZERTED RS ICTHMFTANALYZEZEFHMLUET, VACUUM IE, NF¥1—
LAT7V)—AEBENDEEBRAVERITLT, F—EXR—AROKRZH U232 ID OBROM
BEBREERT, T—ER—ATEHENEITNTOMTIE, PostgreSQL hZ>H9>a> > NO—
IXAZAXLDLSRNZH O3> IDEZTRYEST, chsO IDslk, HORFKNZ > H O 3
JICRITBRTOAEMEEFBLEST, NSZoHFUTaIDER3R2EY NESTT, 20 fEIDs &,
BICBICRAZBECREENET, BYD (W 22&)IDs &, SRITPhANZ 02 aiC
MLUTREEh, BEORS YO IUHASEIERTRICAYET, PostgreSQL Tlk, FHL W K~
SOOI AaVOERBICNT YO a Ty E e, BEOHWTNERTRICES KV
EDITBEHIC, FWTOO 2T ET)—ANBBILBDENHBYET, FHHICOVT
(&, PostgreSQL RFIAXUKND TRS BV a2 ID@EROXBZEH<S ) ZSBLTLEEL,

Autovacuum A#EREh, F7 AR TEYCB>TVET, TONTX—RIZEUTHIEELE
ER

NTX—=2 E7: Amazon RDS O F Aurora D77 # )L
VA
autovacuu autovacuum A"F—7 50 ARL—> 3> 50 ARL—> 3>
m_vacuum_ ILeNF1—LWET
threshold BHEICT—7 I TR
TRIRENHDRTI

DEFMERIZFHIBRA R
L—=>3>osh e

autovacuu autovacuum "F—7 50 ARL—< 3> 50 ARL—> 3>
m_analyze N EDHITBENCT—
_threshold TILTRETIHEN



https://www.postgresql.org/docs/current/routine-vacuuming.html#VACUUM-FOR-WRAPAROUND
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H32TILOEA, B
. FLEEHIBROF N

.
autovacuu autovacuum A°/\ 0.2% 0.1%
m_vacuum_ F1—-LNETBH]
scale_factor CTF—7ILTEETS

PBENFHZDE2TIOE

So
autovacuu autovacuum A"Z#H 9 0.05% 0.05%
m_analyze BT —7ITEE
_scale_factor TRIUENHDRTI

DEIE,
autovacuu NZ>%¥9> 3> IDs 200,000,000 M = 200,000,000 5D N>
m_freeze_ DRERROBEZ<S Yo ay Yo ay
max_age =, T=7IHN

Fi1—-LNEBENDH]
D7)—XIDDFEK
BXEA,

Autovacuum &, XDOESIZ, BEOLZEVWERICEOIVTLETST—TIOUARNEERL F
9,

« 7—7)LVACUUMNT 22T NDLE LVE :

vacuum threshold = autovacuum_vacuum_threshold + (autovacuum_vacuum_scale_factor *
Total row count of table)

« T—7)LANALYZET 21792 =HDL ELE :

analyze threshold = autovacuum_analyze_threshold + (autovacuum_analyze_scale_factor *
Total row count of table)

FNEEDT—TILDOBE, T7AINNMETTOTHIBENBYET, L, BEICTF—2%2%
BET2REBRT—TILTR. FYRETINOBNELLBYET, CDIFE. autovacuum E X FF
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DADESHIZT—TINERBEICRBL, KEBT—TINMRTIB2ETHOT—TILOXTF>
ANENLEVERENLY) TR ENHDYET, ChZEERBITDICE,. XOEI> 3> THRATS
autovacuum N X —X & TEE T,

Autovacuum XTEUBEED/NTZ X —4

autovacuum_max_workers

BB (CR1TTE B autovacuum 7’01 A (autovacuum 0 F ¥ —ZBR<) ORABEEELE T,
DNTA—ZRE@F, T—N—ZRBETDEEICOAIFETEXT.,. BFNFI1-—ATOELAN KELE
T—7LTES—REDEE, CONTX—2BMHOT—TIOI)—2T Y TEZERTITRDOICKL
5%9,

maintenance_work_mem

VACUUM, . CREATE INDEXBEDAXDTFHUAFARL—23a > THEH
ENBAXAEUORAREZEEL £FTALTER, Amazon RDS & Aurora T

F. X EFERALTA VARV AVTSAICEDTVTXEUNEYHTSNE

9 GREATEST({DBInstanceClassMemory/63963136*1024},65536), autovacuum Z32179 %
E. TOFEEZHAK autovacuum_max_workersEE|V) ¥ TR ENTEZ D, EZ2ES<EE
LIERBRVRSITEFELTLKEETY, ChzafHITd I, Zautovacuum_work_memfE Bl IC 5%
ETEZET,

autovacuum_woxrk_mem

% autovacuum D—AH—7 O ATHEAETNZIXFTIDBAEZEELET, CcONTAX—Z2DTF
7HAIKE-1TF, Thlk. maintenance_work_memXH W IC DEZFERATIHNEN HD L%
~LET,

autovacuum XEU/NT XA —ZOFEMIC DOV TIE, Amazon RDS RF 1 X M® Tautovacuum M X
FUDEI) YT, 2S5BLTLSEETL,

autovacuum N X—2OF1—2_27

I—H—R&., EFSRTHEHBRARL—>32ICI5U T autovacuum NS X—R ZRETHIHEN BB
BENFBYET, RONTA—BOFER, T—7IN. 41 VRAZVA, FERIFAZ—LARIILTH
ETEERT,

Autovacuum XEUBEED/NZ X—4& 5


https://docs.aws.amazon.com/AmazonRDS/latest/UserGuide/Appendix.PostgreSQL.CommonDBATasks.Autovacuum.html#Appendix.PostgreSQL.CommonDBATasks.Autovacuum.WorkMemory
https://docs.aws.amazon.com/AmazonRDS/latest/UserGuide/Appendix.PostgreSQL.CommonDBATasks.Autovacuum.html#Appendix.PostgreSQL.CommonDBATasks.Autovacuum.WorkMemory

AWS REH A A2 A N7 #—=IVAOBEBEZEET S /= O Amazon RDS &
Amazon Aurora @ PostgreSQL T*—ZRX—ADX Y TF 2 AT Y

o
4
ET 4

SINES

DOAR—FLEBGAVAZVALARI

A, MENT—RBRESE DML ARL —2 3 N FREhBDRITTF—EIR—AZRTHE

L&D, F—ER—ANDREZMIFTDIZE, Aurora DI TAZ—LARJLE AmazonRDS DA 2 A
R ALAXIT autovacuum NS X—RZR/BL, V—F—ICERAUNFX—RTI—T%2EBHTS
PBENFHYVET, 7I4INAFA—N—0FE. BUNFX—FZHFLVSAZ—ICBERATIHLEN HVY)
-

T—7 LRI

FEAE., EVWS1O20F7—7I)LTHRENE DML ARL =23 U FRE 2 EREEHAOT—
AR —ATlForders, ROONX > RZFEAL T autovacuum_analyze_threshold/ N X—& %
T—7ILARILTHAETD L EZRTIDIHLEN HYET,

ALTER TABLE <table_name> SET (autovacuum_analyze_threshold = <threshold rows>)

T—7ILLRITEBNEEBNF 1 —LBREEZFEATS

MENBEHRS LVEIRARL -3 288 Y>> 7 )ordersT—7 &, F7 2L hOBEN
FLI-LREDLEOIINFI—LABOERBICIBZYVET., chiZkY), FTEOERNIEBELZY,
TUNBKBYET, BXILZI VT L THFAZEFITZICE. T—7ILLRILOBEEHNZBE/N
FI1-LRENBETT,

BREERETDICE, COTF—TILTEITERTVWAIOIVOHBEZEHL, STEOEEICODANS
DML ARL—> 3> 0EEE2BELET, pg_stat_all_table 21—k, EA, EFH. HIBRANX
L—>3>aEBHITRNDICKRIEET,

F7T A A HordersT—7 I D 5% HFEEE D ECICFRERFBEZERTIERELET,
CDFE. ROLSICLEWMEZ 5% ICEETIHENHYET,

ALTER TABLE orders SET (autovacuum_analyze_threshold = ©0.05 and
autovacuum_vacuum_threshold = 0.05)

® Tip
JY—ADKREHEZRITD -, BEBNEEBH/NF1—LAREEZEEICERLET,

VZ2AR—FRLBAVAZALRI 6
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AHMCOVTRRZESRL TS IEE L,

« Amazon RDS for PostgreSQL (R T ® autovacuum DWW T (AWS 7 OJRE )
- BE/NF1—L0EE (PostgreSQL RF I X KN)

« Amazon RDS & & U Amazon Aurora T® PostgreSQL NS X—RODF1—_>7 (AWS REEH A
AR )

HE/NFI1—LANNRNICHEETDESICTRICR. TYRIT, FA1RVEHE. BLTREICH
BN 1—LA%ZRTUEEBBANALYZEZ EHMICE_X VYU LET, pg_stat_all_tables
Eai—IZEk, &F7—7) (relname) ICBET2BEHRE, T—7NLICHDTY REZTILOEK
(n_dead_tup) AFRRENET,

ET—7). BLHEBLEFREINDT—TILOTY REATILOBEEZRIITHET, B
NFI-L7OCANTY RETILEZEHHICHBRLTLWRIAESHZHL, T1RAIBREZEF
RAULTNT7A—XRVAZMEEERZENTEERT, ROVIVZFEALT, FY RERTILOBKE,
T—7 I THREOEBBNF1I—LNFERTENLBERERRETEXRT,

SELECT

relname AS TableName,n_live_tup AS LiveTuples,n_dead_tup AS DeadTuples,
last_autovacuum AS Autovacuum,last_autoanalyze AS AutoanalyzeFROM
pg_all_user_tables;

MR FHPREE
Autovacuum [CFRDFI S A H V) T,
c ChIZKY, T—TIASIEREABBNICHIBRENET,

e ChlckY, RSO I> IDORBREBABILEENAET,
s F—AR—ARAEZRFTOREICREET,

I PR :

s VIV NI EZERATIHE, 7—H—7O0CAOKEEHNF I AL TS TREEVATEE
FHYNET,

s BBNFI-AFE-—IRICRTEhDE, VY -AERARNMENTHARENA BN ET, CDOE
BEREIZICE. NFX-—RZHBEITILENHYNET,

FREFIREIR 7


https://aws.amazon.com/blogs/database/understanding-autovacuum-in-amazon-rds-for-postgresql-environments/
https://www.postgresql.org/docs/current/runtime-config-autovacuum.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/tuning-postgresql-parameters/
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e

s T=TIR=HABOEYSIDTHEENTVWSIES, autovacuum EEFZNSsOR—EAFY
TIBDENBYNET,

» Autovacuum FE—BT—7IICTIVEATE XA,

MR EFIRER 8
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T—7ILONF1—LRBEFEDHN

F—ZNR—AN autovacuum ZOF ALK 2 TNF 1 —LBRBENTVRHEEEF., F—EIR—A2K
TFENFI1—LAZBEEIIRITLEVCLEZSHOLET, FHNF1—-—LTR. TEX I/0 BFEX
CPUANA UHBEL, TY RRTILDOHIRIZKBRTD e BYVET, FENFI1—LER., T4
TERTINETY RETILOEENMBEVBEX. BENFI1—-LABOF Y Y THFRVEESERE., EBIC
MEBIZIZE D dhtable-by-tableRITLET, &5, I—H—TIOT1ETAHFRPROBEE. F
BNFI1—LZRITIDHXENfHYVET,

F . Autovacuum ET—7 I DR ZEBHOREICRSEET, ANALYZE ON > REFEHTRITT
DL, CNSOFEFTREHFENDOTRE<SBEESINET, HETHPEE® autovacuum 7O A
KO2TCERICEFENTVRBEICBBETDIE, SATLAVY—ANERENDAEMEI B ET,

LT+ AT, VACUUM Y RE ANALYZE AN REZFETERITITAEEHFOHLE
9,

c BYLLET—T7ITE—V0RVEETR. BBNF1-—ATRERT2BBEFHVET,

c B=TYRT—TNCTF—2E—FEO—RLEE®, CDBE. ANALYZEZFETEITID LM
AR LICBEESINET, Chik, autovacuum DRBEF OLKYEBNEATS 32T,

« —BTF—7IIENF1—-LTFBICF (autovacuum ECNSICT IV EATEEEA )

BETF—2ZR—ATIT1ET 14T VACUUMB KT ANALYZE X RERITITHEEIZ IO NDE
7S TICIE, vacuum_cost_delay/ NTX—ZRZFERTEEF T, ZLNHF S, VACUUMR x &
DAVTFAOANY REISIZHETANALYZES DX ERHVERB A, EZEL, ChsOOXUR
F, BOF—EIXR—AARL =23V Z2RTIDVATLADEIZHFEINETEHYEFEA, Ch
ZH<ICE., vacuum_cost_delay/NZX—ZZFEAL TIAM—AONF 1 —LEBZEZEMIC
TEFET, CONTAXA—RE, FETRITENLEVACUUMON Y RTREF7FIILNTEMCE>TYL
£9, BMICTBICE, EOUADEICEKRELET,

NFLI-—LBEEIDV-2TYTHEZAITLULTERITITS

VACUUM X R PARALLEL #7232, AV FYIANFI—LEAVTYIADT )=
Y77 -XCHHTV—H—ZFERAL, FT7AIILNTRENCE>TLERY, AT —H—0K
(AFRBOEEV) G, T—TLHOA U TY VADBRICL > TREEh, I-—H—FEETER
T BEHEIHEL TAIVACUUMEE ZRITLTWARHE, YIERT—TILADGSA 2 TY TADOHK
CEJVTEHEEINET,

NF1-—LBEETV—2T Y THREEZLITUTRITTS 9


https://www.postgresql.org/docs/current/sql-vacuum.html
https://www.postgresql.org/docs/current/sql-analyze.html
https://www.postgresql.org/docs/current/sql-vacuum.html
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UTOINT X—2&, Amazon RDS for PostgreSQL & & T Aurora PostgreSQL Bt T %|/V+F 1 —
LZRETDIDICKRIEET,

-« max_worker_processes &, BT —A—7OCLAORAKRZEREELET,

« min_parallel_index_scan_size &, ¥HAF v Z2ERBITDLOICAF YU TEIUEN BB
TYIOAT—RORNPEZBRELET,

« max_parallel_maintenance_workers l&, 1 2O 1—7T 4 U7 4 I RTHIRTED AT —H—
NDERABZERELET,

(® Note

PARALLEL #7723 @ NF1—LMNEBOBWNTOXRMEAETNET, ANALYZE X RIC
EELFEHA.

ROBIE, F—EZAX—AANALYZETFE) VACUUME ZERHTREENDT—IR—ANEEETRLT
WEd,

autovacuum AEMICHE > TWBRH D FINT—TIINEZRICRLET (RBAOAZBMNELTVE
¥, autovacuum ZEMIC TR ERFHEHLELA ),

create table t1 ( a int, b int, c int );
alter table tl1l set (autovacuum_enabled=false);

apgl=> \d+ tl
Table "public.t1l"
Column | Type | Collation | Nullable | Default | Storage | Stats target | Description

———————— e e e e e
o =

a | integer | | | | plain | |

b | integer | | | | plain | |

c | integer | | | | plain | |

Access method: heap
Options: autovacuum_enabled=false

F—7I 112100 F{TZEMLET,

apgl=> select count(*) from t1;

NF1-—LBEETV—2T Y THREEZLITUTRITTS 10


https://www.postgresql.org/docs/current/runtime-config-resource.html
https://www.postgresql.org/docs/current/runtime-config-query.html
https://www.postgresql.org/docs/current/runtime-config-resource.html
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count
1000000
(1 row)

F—7 I t1 OFE -

select * from pg_stat_all_tables where relname='tl"';

-[ RECORD 1 J------- e
relid | 914744
schemaname | public
relname | t1
seqg_scan | @
seq_tup_read | 0
idx_scan |
idx_tup_fetch |
n_tup_ins | 1000000
n_tup_upd | ©
n_tup_del |
n_tup_hot_upd | 0
n_live_tup | 1000000

n_dead_tup | 0

n_mod_since_analyze | 1000000
last_vacuum |
last_autovacuum |
last_analyze |
last_autoanalyze |
vacuum_count | 0
autovacuum_count | 0
analyze_count | ©
autoanalyze_count | 0

12TV VRAZEMLET,

create index i2 on t1 (b,a);

EXPLAIN ON > RZRITLET (FF > 1):

Bitmap Heap Scan on tl1 (cost=10521.17..14072.67 rows=5000 width=4)
Recheck Cond: (a = 5)

# Bitmap Index Scan on i2 (cost=0.00..10519.92 rows=5000 width=0)
Index Cond: (a = 5)

NF1-—LBEETV—2T Y THREEZLITUTRITTS 1
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(4 rows)

EXPLAIN ANALYZE AN RZEFTLET (FF> 2)

explain (analyze,buffers,costs off) select a from tl where b = 5;
QUERY PLAN

Bitmap Heap Scan on tl (actual time=0.023..0.024 rows=1 loops=1)
Recheck Cond: (b = 5)

Heap Blocks: exact=1

Buffers: shared hit=4

# Bitmap Index Scan on i2 (actual time=0.016..0.016 rows=1 loops=1)
Index Cond: (b = 5)

Buffers: shared hit=3

Planning Time: 0.054 ms

Execution Time: 0.076 ms

(9 rows)

V> REXPLAIN & EXPLAIN ANALYZE X > RTlk., 5—7 )L T autovacuum A" EIZ 4 >
THY, ANALYZEOXR Y RAFETEITENBA 2L, BRI TSN RTENET, KIZ,
F—7I)IDOEZEFHF L. EXPLAIN ANALYZEZ' S #B4ARLET,

update tl set a=8 where b=5;
explain (analyze,buffers,costs off) select a from tl where b = 5;

EXPLAIN ANALYZE XV R (TS 3) ICUATHFRRENDKSICHY)EL

apgl=> explain (analyze,buffers,costs off) select a from tl where b = 5;
QUERY PLAN

Bitmap Heap Scan on tl (actual time=0.075..0.076 rows=1 loops=1)
Recheck Cond: (b = 5)

Heap Blocks: exact=1

Buffers: shared hit=5

# Bitmap Index Scan on i2 (actual time=0.017..0.017 rows=2 loops=1)
Index Cond: (b = 5)

Buffers: shared hit=3

Planning Time: 0.053 ms

Execution Time: @.125 ms

FTE 2 EFHE 3 NDIANZLERTDE, HAZRERELTVWEVEY, FTEKEERITRBOE

WAL AW XY,

NF1-—LBEETV—2T Y THREEZLITUTRITTS
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BRI, T—7)LANALYZETF B2 R1TL., M ZRIELTT IV 2BERLET,
apgl=> analyze tl
apgl# ;
ANALYZE
Time: 212.223 ms
apgl=> select * from pg_stat_all_tables where relname='tl"';
-[ RECORD 1 J]------- A e e e e e e
relid | 914744
schemaname | public
relname | t1
seqg_scan | 3
seq_tup_read | 1000000
idx_scan | 3
idx_tup_fetch | 3
n_tup_ins | 1000000
n_tup_upd | 1
n_tup_del |
n_tup_hot_upd | 0
n_live_tup | 1000000
n_dead_tup | 1
n_mod_since_analyze | 0
last_vacuum |
last_autovacuum |
last_analyze | 2023-04-15 11:39:02.075089+00
last_autoanalyze |
vacuum_count | 0
autovacuum_count | 0
analyze_count | 1
autoanalyze_count | 0
Time: 148.347 ms
EXPLAIN ANALYZE N> R&ZZEITLET (7°3> 4):
apgl=> explain (analyze,buffers,costs off) select a from tl where b = 5;
QUERY PLAN
Index Only Scan using i2 on tl1 (actual time=0.022..0.023 rows=1 loops=1)
Index Cond: (b = 5)
Heap Fetches: 1
Buffers: shared hit=4
Planning Time: 0.056 ms
NFI—LBEEVV—2DT Y TREZATLULTEITITS 13
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Execution Time: 0.068 ms
(6 rows)

Time: 138.462 ms

F—TILEFHTONL THTZNEL ERBICIRNTOTERREERB TR E, AT A A Y DE
B4 FMBOTSOREBNTEY, JIVOERTHEEEEHRENET, COFITE., F—ER—
ATCA VT TV AT ITAETARBETTDENENREEETHHHIERLET,

VACUUMFULL Z AL TTF—7 I &haEEZHZ 3

N> R%Z FULL/NZ X—ZVACUUM TREITTDE, T—7IILORBLENFFLVWFARIT774)
ICEEMA SN, ROBLAR—ANBLBY), READAR—ANARL =T A VT AT LIRS
NEFT, COARL—232EIBYIEL, §F7—7)LICACCESS EXCLUSIVEOQY I MUETT,
Fh,. T—7L0HFLVIE—%2EEAA, BENRETIBHETCHVIE—ZMHALEVED, RSP
BFARTVBRENDBEILREYYET,

VACUUM FULL &, RDOBEICERTT,

« T—TILHSKREOAR—RAZEBIATZEE,
c BTZARVF—TFT—TIIORXILESZEFNATEEE.

F—BRAR—AVACUUM FULLAE D BA LEBEFBTEDRE. 754X VF—LHNOTF—TILHD
25B8F., 2EATRHZIEEEZHEBHLET,

FRDOARL =232 &)EZ<NOOY JVACUUM FULLZRHXEBET DS, EERT—XIR—AT
KITTEAENFIAAMELBYNET, COXVYY REBEBRADIZE, XOEIZ 3 THEATS
pg_repack LREEEEFEATEER T, cOAT> a2 ICETVWEIVACUUM FULLY, &/IBRD
Oy 2 %ET, Amazon RDS for PostgreSQL & Aurora PostgreSQL EiOE A THR—KEhT
WET,

VACUUMFULL 2FRALTTF—7 I e2hxsEEEZ 3 14
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pg_repack (= & 2 BB K1k o H &

pg_repack ILRMEEEFA TR L, BRIBROTF—ER—AOAYVITT—TILEAVTYIAD
JERILZHIBRTEE T, CDILRBEEERF., T—EIXR—AAS 2V AZ 2 ATHER L. Amazon Elastic
Compute Cloud (Amazon EC2) £ F— AR —AICEHRTESD A E1—XH Spg_repackP S
ATNOZAT NN=2 3 FIREEN—2 32 —HT D) 2RTTEXRT,

EWFEBZVVACUUM FULL, pg_repackiEB IV BALRX Y TFIARAIA D RIEZRBERT,
oty ara/OvYILELA,

pg_repack (&, VACUUM FULL, ., CLUSTERF fzld A" BEBEREINDEXL KA VRN TRIABE T, LK
LET—7ILOTF—2ZETHLVWT—TILEERL, TOT—TIHASOEEZEHFL T, TO
T—=7ILEHFLWT—TIIICBEMRAET, HILLWT—TIILOBEFE, TOT—TIILZHEAEYE
FREZAAARL—23a2RCOYILERA.

lEpg_repack, REBT—TILFELRAVFYIAILEATEET, FRAVDVANEERTSIC
(&, pg_repack RFIX R ZZRLTSEEL,

I PR :

« BRITIBIEpg_repack, T—TINITZAIVF—FLEE—ZBEDAVTYIANMBETT,
« pg_repack BF—RT—7ITREELEEA,
« pg_repack &, JA—NNA>FYIOREZE DT —TILTREELEEA,

« pg_repack A"ETHNBE, T—7IINICKHLTDDL ARL —2 3 #RTTRERRTEERY
Ao

RDOFXIZ, pg_repackE& MiEVERLFXFIVACUUM FULL,

VACUUM FULL pg_repack

MHAIAKZIAY R Amazon EC2 £k O—AJ)LE21—32h~5
1T 9 B HLREERE

F—7 I TOEZXFICACCESS EXCLUSIVE HIERE O KACCESS EXCLUSIVE OY 9N MBE

Ay I BE



https://reorg.github.io/pg_repack/

AWS BEHA A A N7 =XV AOEEEEE# T S /=% O Amazon RDS S KT
Amazon Aurora @ PostgreSQL F—ZX—A M X ‘/7_'7“/173‘_7:';
ES
IRTOT—7ILTEIE T7ARVF—E—BOF—OHEFEOT—7
ILTEHELET

T—TNEAVTYDALL > THBEEND A T—TLEAVTFY VAL > THEETND A
NL—=202BHFRETT NL—202BHFRETT

T—7 )lpg_repackT XTI BICKk, IV RZEFERALET,
pg_repack -h <host> -d <dbname> --table <tablename> -k

A2FY U Apg_repackT Z2RTIBICE. AN RZFEALET,
pg_repack -h <host> -d <dbname> --index <index name>

FHMICOVTIE, AWS JOJ5E "pg_repack & L T Amazon Aurora & RDS for PostgreSQL
HNESRARILTD ZSRLTLSEE L,



https://aws.amazon.com/blogs/database/remove-bloat-from-amazon-aurora-and-rds-for-postgresql-with-pg_repack/
https://aws.amazon.com/blogs/database/remove-bloat-from-amazon-aurora-and-rds-for-postgresql-with-pg_repack/

AWS HREHA AR N7 7= ANOREE%Z O $ 3 - 0O Amazon RDS &

S BRY
Amazon Aurora M PostgreSQL T*—XX—ADX Y TF AT I T4
ET 4

ATV IOADBEBE

PostgreSQL REINDEX X Rid, 1V FY IV ADT—7IIICRBEEATVRTF—REFERALT
AVTFYIREBREL, AVFYIAOTVWIE-ZBEMRAETT, LT D> F ) AREINDEXT
&, ZFEATRELZHHOLET,

s ATV IVANBIBL, BWETF—ENEENBLLB 21256, Chik, VIMIITEREF/N-
RVITOEECHERELTREITZARMEAHYET,

s LBICAVTFYIORZFEALEOIUNERZELEL EEE,
s AVTYVIOANRKRILL, ZHOZOR—DFLEFEEZOR—DHFHBZEE,
(bloat_pct) A" 20 & V) K& VREINDEXE EZ ZRTITHIHEN HVYET,

RELZDAVTY VAR—DRIBIACEHICBRAEINET, LEL. R=DZOA/VFVYIRA
F—HNHBRENTEAR—ANE)HTSNTWRIEEE. BEENICA>TFYIORZBERTRI L
ZHEBOHLET,

LTy I REBERTDE. ITUDONT4—I VAN HLELET, RORCRTESIC, 3250
FRETAVFY I AEBERTERT,

PP

CREATE INDEX CONCURREN
TLY # 7' 3> DROP
INDEXfHFE D S KV

REINDEX CONCURRENTLY =
ToavaFERLE

S

FLWADTY ORZRBE
L. WA 27y U X ZHIBR
LET, 77T 1XAHE,
AWM TFYTAORDYIC
WMLERENEATTYD
AZFEALTT S 24U
9, E—VRORETE.
FVWATY DAZHIRTE
x9,

BREEIOCARICEERLAHK
FRL—232z0OvILFE
9, PostgreSQL /N\—>3 >
12 ABON—2 3> TR,
chsoOy o %EEY3

Ve S

CONCURRENTLY #7°'3a>
ZEATRE, BETHIAN
THEEZEHRTHIHLEND
B, 12FYIOADER
BRI YET, BE
FELEITDE, 7O0LARETE
TELTN—DUENFET,

CONCURRENTLY #%fERHT3
ELAVTYIOAOBRBEIC
RN DDV ET,



https://www.postgresql.org/docs/current/sql-reindex.html

AWS REH A XA N7 =V AOBBEEET S /- O Amazon RDS & £ T
Amazon Aurora @ PostgreSQL 7F*—ZX—ADX > TF 2 A 7@;;
CONCURRENTLY #7723~
FAEEAhTVET,
pg_repack ILIRMERE T—7IHhSIERILED ) — C DILRBEEFE, EC2 1A
DTYTU, ATV IORE BUAFERTF—EXR—AL
HEBELET, EfehTcWwad0O—HJ)d>
E1—XAS5RITITHIHEN

HVET,

HLWA Ty O ADOERK

H KU CREATE INDEX ON > RZE—4#&(ICEFTSDROP INDEXE, A VT Y VAN BEEEILE
9,

DROP INDEX <index_name>
CREATE INDEX <index_name> ON TABLE <table_name> (<columnl>[,<column2>])

COT7O0—FOREARE, COTITAETAHONTF—IVALEETZT—TILICTT Dt
MDJOT?OWMNm%x:?/huH@MDJOEm L. 7T—7 IR 25mAEmIRIEE
EXAKBEOHEAZ7OY YU LET, CREATE INDEX ANV RiF, T—7INICRTREEZAKS
RL—23a>u7OYI9LFET, CRICKYRBIMY ARL =23 N AEICEYETHN. 1207V
DADERBFICIARNNADYET,

12TV OADBEE

REINDEX OX > Rk, —BLEF—ER—ANT A =XV A%Z#HBFIBDOICRIEET, 7—7 )
ICXLTEHO DML ARL —>3> %2792, T—TINEAVFYIOAORANFBRILL

To AVTYIARRK, 92 IVONTF—XAZRALEEZEHDICT—TIINOBREESRILTD D
ICERAENhET, 1TV IVRAORKILEF., WY ITYTETITVONT#—XAICEELET,
LENF2T, JTVONT3#—XROAO—EMHZHIFTITSZLHIC, DML ARL—2 3 0OENZ
T—7ILCR/UTA U TY IVARABERERTIDCEEBEOLET,

REINDEX N> RiF, BILBBIT—TILOEERAKARL -3V EOYIITRETAIOTYY
AEEONSEBELETY. T—TILORGMYARL—Y 3 VRFHFALET, £EL, A12FY
IADHZHBMYARL—Y 3R TOYIENET, ABTDAVFYIREERATHIIURT
Oy 2EchEITH, OO ITVRTOY VEhFELA.

LWL TY O ADHERR 18



AWS REH A XA N7 A= AORBEZE# TS /=% D Amazon RDS & &K T
Amazon Aurora @ PostgreSQL F—ZX—A M X ‘/7_—7“/7(7’27_' 1
27

PostgreSQL N\—2 32 12 Tk, #ILLWAT 23 2ONTXA—R FEAEhELLE, ZhlZkY),
AFYOANEON S BEEE NETHCONCURRENTLY, T—7 N EERAVFY I RAEERT
29TVICHTRIEZTAAFELRRAEY) ARL =3OV IEhEtA, EEL, COFT
avaEfERATRE, JOEAN T T IR ETICEENIDAYET,

Bl

A7y I ADER EHIBR

CONCURRENTLY A#7'>a >z EHALTHLVWAFY IORZERLET,
create index CONCURRENTLY on table(columns) ;
CONCURRENTLY A7 a > #EELTHWSA U FY IARAZHIKRLE T,

drop index CONCURRENTLY <index name> ;

ATV OAODBEE
BE—DAVTYIORCBEETDICE

reindex index <index name> ;
T—7ILHAOITRTODA VTV IV RAZBEETSICE :

reindex table <table name> ;

AF—XAOIXNTDATFYIAZEBRETDICE :

reindex schema <schema name> ;

ATV VR ZRFICEBETS
B—DAVTFYIORZBRBETDICE

reindex CONCURRENTLY index <indexname> ;

T—7ILHADIRNTDAVTFY IVRAEBERBETSICE .

451 19
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reindex CONCURRENTLY table <tablename> ;

AF—XADINTODATFYIARAZEBRETDICE :

reindex CONCURRENTLY schema <schemaname> ;

7’

ATV IADHOBRBETRLIBRE

B-—DAVTYIAZBRBETDICE .

pg_repack -h <hostname> -d <dbname> -i <indexname> -k

IRXTDATYIOARZBRETDICE .

pg_repack -h <hostname> -d <dbname> -x <indexname> -t <tablename> -k

B

20
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f51: autovacuum & VACUUM FULL Z AL EAR—ANH
A

5z (£, 500,000 17D empT—7 I ZEKL., FHLWMETITEEHFLEL &>, Autovacuum HFED
ICHE2TWVWBESD, ZOFT—7 )L T VACUUME ANALYZE X ROMAZRTL T, BXIL%Z#EHE
L., AR—RAZBFRALET, BRATAEAR—AGBAHATERIN, AIRL—TF 12T AT
LICEFBREhEEA,

ROVITVR, T—7ILORKRIEERELET,

-- WARNING: When run with a non-superuser role, the query inspects only indexes on
tables you are granted to read.
-- WARNING: Rows with is_na = 't' are known to have bad statistics ("name" type is not
supported).
-- This query is compatible with PostgreSQL 8.2 and later.
SELECT current_database(), nspname AS schemaname, tblname, idxname,
bs*(relpages)::bigint AS real_size,
bs*(relpages-est_pages)::bigint AS extra_size,
100 * (relpages-est_pages)::float / relpages AS extra_pct,
fillfactor,
CASE WHEN relpages > est_pages_ff
THEN bs*(relpages-est_pages_ff)
ELSE 0
END AS bloat_size,
100 * (relpages-est_pages_ff)::float / relpages AS bloat_pct,
is_na
-- , 100-(pst).avg_leaf_density AS pst_avg_bloat, est_pages, index_tuple_hdr_bm,
maxalign, pagehdr, nulldatawidth, nulldatahdrwidth, reltuples, relpages -- (DEBUG
INFO)
FROM (
SELECT coalesce(l +
ceil(reltuples/floor((bs-pageopqdata-pagehdr)/(4+nulldatahdrwidth)::float)), 0
-- ItemIdData size + computed avg size of a tuple (nulldatahdrwidth)
) AS est_pages,
coalesce(l +
ceil(reltuples/floor((bs-pageopqdata-pagehdr)*fillfactor/
(100*(4+nulldatahdrwidth)::float))), 0
) AS est_pages_ff,
bs, nspname, tblname, idxname, relpages, fillfactor, is_na

21
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-- , pgstatindex(idxoid) AS pst, index_tuple_hdr_bm, maxalign, pagehdr,
nulldatawidth, nulldatahdrwidth, reltuples -- (DEBUG INFO)
FROM (
SELECT maxalign, bs, nspname, tblname, idxname, reltuples, relpages, idxoid,
fillfactor,
( index_tuple_hdr_bm +
maxalign - CASE -- Add padding to the index tuple header to align on

MAXALIGN
WHEN index_tuple_hdr_bm%maxalign = @ THEN maxalign
ELSE index_tuple_hdr_bm%maxalign
END
+ nulldatawidth + maxalign - CASE -- Add padding to the data to align on
MAXALIGN
WHEN nulldatawidth = @ THEN 0
WHEN nulldatawidth::integer%maxalign = @ THEN maxalign
ELSE nulldatawidth::integer%maxalign
END
)::numeric AS nulldatahdrwidth, pagehdr, pageopqdata, is_na
-- , index_tuple_hdr_bm, nulldatawidth -- (DEBUG INFO)
FROM (

SELECT n.nspname, i.tblname, i.idxname, i.reltuples, i.relpages,
i.idxoid, i.fillfactor, current_setting('block_size')::numeric AS bs,
CASE -- MAXALIGN: 4 on 32bits, 8 on 64bits (and mingw32 ?)
WHEN version() ~ 'mingw32' OR version() ~ '64-bit|x86_64|ppcb4|iabs|
amd64' THEN 8
ELSE 4

END AS maxalign,

/* per page header, fixed size: 20 for 7.X, 24 for others */

24 AS pagehdr,

/* per page btree opaque data */

16 AS pageopqdata,

/* per tuple header: add IndexAttributeBitMapData if some cols are null-

able */
CASE WHEN max(coalesce(s.null_frac,0)) = 0
THEN 8 -- IndexTupleData size
ELSE 8 + (( 32 + 8 - 1 ) / 8) -- IndexTupleData size +

IndexAttributeBitMapData size ( max num filed per index + 8 - 1 /8)

END AS index_tuple_hdr_bm,

/* data len: we remove null values save space using it fractionnal part
from stats */

sum( (1-coalesce(s.null_frac, @)) * coalesce(s.avg_width, 1024)) AS
nulldatawidth,

22
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max( CASE WHEN i.atttypid = 'pg_catalog.name'::regtype THEN 1 ELSE 0

END ) > @ AS is_na
FROM (

SELECT ct.relname AS tblname, ct.relnamespace, ic.idxname, ic.attpos,
ic.indkey, ic.indkey[ic.attpos], ic.reltuples, ic.relpages, ic.tbloid, ic.idxoid,
ic.fillfactor,

coalesce(al.attnum, a2.attnum) AS attnum, coalesce(al.attname,
a2.attname) AS attname, coalesce(al.atttypid, a2.atttypid) AS atttypid,

CASE WHEN al.attnum IS NULL

THEN ic.idxname

ELSE ct.relname

END AS attrelname

FROM (

SELECT idxname, reltuples, relpages, tbloid, idxoid, fillfactor,
indkey,
pg_catalog.generate_series(1l,indnatts) AS attpos
FROM (
SELECT ci.relname AS idxname, ci.reltuples, ci.relpages,
i.indrelid AS tbloid,
i.indexrelid AS idxoid,
coalesce(substring(
array_to_string(ci.reloptions, ' ')
from 'fillfactor=([0-9]+)')::smallint, 90) AS fillfactor,
i.indnatts,
pg_catalog.string_to_array(pg_catalog.textin(
pg_catalog.int2vectorout(i.indkey)),' ')::int[] AS indkey
FROM pg_catalog.pg_index i
JOIN pg_catalog.pg_class ci ON ci.oid = i.indexrelid
WHERE ci.relam=(SELECT oid FROM pg_am WHERE amname = 'btree')
AND ci.relpages > 0
) AS idx_data

) AS ic

JOIN pg_catalog.pg_class ct ON ct.oid = ic.tbloid

LEFT JOIN pg_catalog.pg_attribute al ON

ic.indkey[ic.attpos] <> 0
AND al.attrelid = ic.tbloid
AND al.attnum = ic.indkey[ic.attpos]
LEFT JOIN pg_catalog.pg_attribute a2 ON
ic.indkey[ic.attpos] = 0
AND a2.attrelid = ic.idxoid
AND a2.attnum = ic.attpos
) i

JOIN pg_catalog.pg_namespace n ON n.oid = i.relnamespace
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JOIN pg_catalog.pg_stats s ON s.schemaname =
AND s.tablename =

AND s.attname

GROUP BY 1,2,3,4,5,6,7,8,9,10,11

) AS rows_data_stats
) AS rows_hdr_pdg_stats
) AS relation_stats

ORDER BY nspname,

tblname, idxname;

n.nspname
i.attrelname
= i.attname

VIVOHKRE., T—7LORKRENFHNE51% THBDEZRLTVET,

current_database | schemaname | tblname | real_size | extra_size | extra_pct |
fillfactor | bloat_size | bloat_pct | is_na

apgl | public | emp | 60383232 | 30744576 | 50.91575091575091 | 100 | 30744576 |
50.91575091575091 | f

pg_stat_all_tables E1—0OFEFFXDEBY TT,

relid
schemaname
relname
seq_scan
seq_tup_read
idx_scan
idx_tup_fetch
n_tup_ins
n_tup_upd
n_tup_del
n_tup_hot_upd
n_live_tup
n_dead_tup |

n_mod_since_analyze

last_vacuum
last_autovacuum
last_analyze
last_autoanalyze
vacuum_count
autovacuum_count
analyze_count
autoanalyze_count

914748
public
emp

5
1500000
0

0
600000
500000

2023-04-15 11:59:54.957449+00

I
I
I
I
| 2023-04-15 11:59:55.016352+00
| ©

I

I

I

2
0
3
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autovacuum lx£17#&(Z ¥llast_autovacuum& last_autoanalyzedlZEH LA EIEELT

<EZEL,

RS, T—7NICTEEALT 2BRBLET, ZALEKILLLTVWREREE L
bextra_size(bloat_size)=®TT,

apgl=> select count(*) from emp;
count | 900000

current_database | schemaname | tblname | real_size | extra_size | extra_pct |
fillfactor | bloat_size | bloat_pct | is_na

apgl | public | emp | 61349888 | 327680 | ©.5341167044999332 | 100 | 327680 |
0.5341167044999332 | f
(1 row)

HAOD bloat_pctdlld, 2—2TF Y TEhEAR—ANFFHLVWEAILE > THEEhTWS L
BRLET, 2ETLEL &£ S5VACUUM FULL,

apgl=> vacuum full emp ;
VACUUM

current_database | schemaname | tblname | real_size | extra_size | extra_pct |

fillfactor | bloat_size | bloat_pct | is_na

apgl | public | emp | 60792832 | -229376 | @ | 100 | @ | @ | f
(1 row)

CcOHANS, ZOAR—AERKILAHIBREN, AR—ANARL —FT 1T ATAILRE N
CENFDAYET,

(® Note
DDV ICVACUUM FULL, pg_repackZR{ITLTRILERZBD_ENTEET,
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s RZUH U3 ID OEREEDR L (PostgreSQL RF I XK )

+ pg_repack % {#H L T Amazon Aurora & RDS for PostgreSQL A S BE XL ZHIBRT 2 (AWS 7O
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https://www.postgresql.org/docs/current/runtime-config-autovacuum.html
https://docs.aws.amazon.com/AmazonRDS/latest/UserGuide/Appendix.PostgreSQL.CommonDBATasks.Autovacuum.html#Appendix.PostgreSQL.CommonDBATasks.Autovacuum.WorkMemory
https://www.postgresql.org/docs/current/routine-vacuuming.html#VACUUM-FOR-WRAPAROUND
https://aws.amazon.com/blogs/database/remove-bloat-from-amazon-aurora-and-rds-for-postgresql-with-pg_repack/
https://docs.aws.amazon.com/prescriptive-guidance/latest/tuning-postgresql-parameters/introduction.html
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