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Amazon RDS # Amazon Aurora & PostgreSQL & ¥} E /Y #f
=ae , U % NEERRE

Anuradha Chintha, Rajesh Madiwale #1 Srinivas Potlachervoo , Amazon Web Services (AWS)

2025 fF 8 B (XHE LK)

B AR PostgreSQL B9 Amazon Aurora PostgreSQL #8 &4~ F1 Amazon Relational Database
Service (Amazon RDS) 2E AR PostgreSQL EREN £ ZERB XN ERERE. PostgreSQL 54
TERBEVRENEEEHEERNBTHSHBNEREIE., T8 , FEHERTHE , fl0 VACUUM , FE
RIBENENEREETHEYERNERE, RIErERA Amazon RDS M Aurora FH) PostgreSQL #
EEE,

BHEEHERR

BREXRERCERINNER, £ Aurora PostgreSQL A& £ EH Amazon RDS for PostgreSQL
ERELHTHBTDTRETIIES

- BEIRERREEMNEE

- BRERZEUHERRRZEEFEH
- BLERFER

- BBRENMTEEE RIFAIFHE

- BEREENRSIAE

LA 1T (MVCC)

PostgreSQL BRI EMHEBEEE T MBS MRALITIEHE (MVCC) , iER PostgreSQL K%, EEREFE
REEZERXZEF , MVCC TRARH#IFRE FHNESH K ERFEFMH. —3it. B, MAH (ACID) X
ZHMESME. EMVCC H , BEZSARETFSELEFTNERRAE , L ERERNNWRE, BRENE
ABTERLEHE, EXZENERE , RESBREEP —EREARERRZHESE. PostgreSQL F—
LREABXNERNEFARAREREE (SI) B MVCC R, i, Oracle FAEREERREE SI. £E
AREH™ , Oracle B EMANERBEAERER , WHERAHKREABEEERES., PostgreSQL EX
EfEA T RMRERRRFFERA , LBE SI, SHERBAERREER , PostgreSQL EfFAEL
A RZREUE & BEURER E RS,

EREBAR 7
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B EBUERRFITH R | PostgreSQL BEA MVCC MBI S EIRE, EERE L1
UPDATEFI DELETEMR/ESIR , EHERREHAHITHRSNERERG]  MELT S TLEE—H
BERRI, ELERABAENENS (). —AENTEREEWE. ERETABWETES
BHHSHE , SESHHEEETE. SHNEER  UREHSERENHEEEERELM,

BRERIFRSEREEEFEFZTECHHE AP B U TSHFAWNELESD

- BEBEZENOMERE

- FEEENIMERE

« £/ pg_repack BERERR
- EEZRS
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LA S A me R RE

BENEZEMT T ERIKR

BEBEER—EHHEN (AEERSTHIT) , TEEBE (AR ) EXtE. DRRFRIWER
ATER. CtEREERETREARRNERR  WERFRAEEEAZE, caERENEEREK
M&EEl , UEEDEFHMEBRRENEEREREENESFTZER.

HEEZSER BBt PostgreSQL VACUUMFIANALYZE® © R E B ZE,
BREZARIC BN ZEE |, ™ ANALYZEEFIMETER  BERECIEEHEETRNERNFTE., VACUUMtE

EHTEAEERENIERR , LHLEERETNRS ID SHRHE,

SREBRVACUUNHE

ERERERNSEER 5

21 PostgreSQL X Z 1= H M ENEIR F ID, EL IDsiE#HERFEEMTTRENTRM, X5 ID
= 32 TS, 20 fBIDs —B#REETRMNIBE, FERH (22 ) IDs ERBBEARARBERE

W% , YREBEBNNRXSF. PostgreSQL FEEBHBFENREEERD , U LERZERIFR
ZRHOENBHENRGERNN, MEFHMAENR ,

gJo

BRIFFHR  ERIRABEEE. H2BEETIIEE,

Parameter (2#)

autovacuu
m_vacuum_
threshold

autovacuu
m_analyze
_threshold

autovacuu
m_vacuum_
scale_factor

autovacuu
m_analyze
_scale_factor

Description
EEBEZ=ZH , &
BREMEBRERNTE
EHSEMEBRREHE T
FRo
ERERZEDTER K

28, XAEERRLE
AN TAEBA, ERH
HMBERBE TR,

EEBEZEZH , BA
EERRTPIERATE
[

EEBEZEDZE ,
HATEERRF IR
THE DL,

Amazon RDS HYFEE%
]

50 {E#ER1E

50 {E#ER1E

0.1

0.05

B2 B PostgreSQL XA "% 5 ID 2E X

Aurora B8R

50 {@igfE

50 {@igfE

0.1

0.05



https://www.postgresql.org/docs/current/routine-vacuuming.html#VACUUM-FOR-WRAPAROUND
https://www.postgresql.org/docs/current/routine-vacuuming.html#VACUUM-FOR-WRAPAROUND
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autovacuu BEERR AR 200, 000, 000 #3Z 200, 000, 000 &3
m_freeze_ IDs WEHREFBH , = %
max_age DB IERR 5 ID BEM™

=,

HEEESRBEEREAREBYERENERREE | MWTT.
« EERRVACUUMEHITHIRRE :

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

« EERRANALYZE L HITHRE :

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

HRPDEERKR , FAREARDSEAN. 718 , EEERERNAEERRSERZNENTHE, HFit
BRT , BBEEAREREREERRUETHER K MAGCENRNEZRTRSEEIRZK , B
REERRTRAL, EEBEERBIFR , EUUBART —HAMRNEBEZESE,

BEEZIREEEESE
autovacuum_max_workers

EETRRATHEDEZEFHE LR ( BBBEZREBREN ) . AREERBAMRF[E , F8ER
EWSH. NIREBBEEEFITHERARERRK , WBHTHEAITHAERRNBR,

maintenance_work_mem

EE#HEREECANGCIERBEE LRCREATE INDEX , flf0 VACUUM, H

ALTER., 7£ Amazon RDS M Aurora F , FALAR , R TERBERERERE
B8GREATEST({DBInstanceClassMemory/63963136*1024},65536), EBEBEEHITE A &Z
AL B EFtE B autovacuum_max_workersfE® , AFB N A ERERESAS. BEZEFL
BHE , &aLlautovacuum_work_mem% BIERE o

autovacuum_work_mem

BEERREEAESE 4
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S 2 3K R R
EESEEBEEIREEFECANCREBHE LR, WBHBRA 1, ERTEE

Zmaintenance_work_memdt A W{E.

NEBHEELRERSENFMEN , 528 Amazon RDS XHFH A BB EZERELERE.

AR EEEESH

ERETERTRELENANBRERBEADELZSY, LTUERRER, HTERRBERRR
=TS HHRE.

RENPTERER
BHIRR , RMAREEEPERMERERES OML) RENBTERNE, 5T #ELHEDEER

HE | IEERZTE Aurora NEEERM Amazon RDS WHETHEEERFARBEETESE , WASHENS
HERBERAZTENSN, CAERENERLT , HEANSHEERZTTINEAS.

ERRER

plmn , ERERXTWERESR , €85 NWE—ERKR L TARSFEST DML BiForders , BEZXE
BEATIGS , FERKRERFAR autovacuum_analyze_threshold Z# :

\

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

EERREBERERAERNBBBEERE

HRERNEBEERTE , EAFEENRNMIREENESlordersERREXN[/FTENIRREEE, 8
SEIFEEETENEHRE. FRERVNEFRRTENFTEENRBEREENBBEERE.

EEYERE  FEMELERNREBTHERSFERRE YRS EEEN DML BEES
tk. pg_stat_user_tables MR AT B BIEEHTE A . EH M BRERAE,

i

BERSELTESY 5% Morders AR RBERBEEEBNHE, ERERT | LEZSHLER
MESEA 2% , WTAHR

ALTER TABLE orders SET (autovacuum_vacuum_scale_factor = 0.02)

RAREBEE=SH 5


https://docs.aws.amazon.com/AmazonRDS/latest/UserGuide/Appendix.PostgreSQL.CommonDBATasks.Autovacuum.html#Appendix.PostgreSQL.CommonDBATasks.Autovacuum.WorkMemory
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® Tip
BRI ERNBHEERE , MBS EAER.

MEFHMER  F2ETIAR

7 f# Amazon RDS for PostgreSQL IREF K BHENEZ (AWS ZBEEE )
- BENEZ (PostgreSQL X+ )
« 1£ Amazon RDS #] Amazon Aurora FF##& PostgreSQL 28 (AWS FRIE5| )

ATHRARBBEZENEE , FERENERY. MKRAE , URBEER—XBEBEZRE
HANALYZE#1T. pg_stat_all_tables MARHEBEER K (relname) WEM , URERKRDE
W (n_dead_tup).

ERsAERRTPHENTENE  LHEHREEEFNERR , THEEHEEDEEEFREEHE
BREEMTIE  UEEEEAHEURTZEBUEEEFINME. SUUEATIEHRREESTHENR
B, Uk EXREBEEHEERR LHITHRRE

SELECT

relname AS TableName,n_live_tup AS LiveTuples,n_dead_tup AS DeadTuples,
last_autovacuum AS Autovacuum,last_autoanalyze AS Autoanalyze_FROM
pg_stat_user_tables;

12 36 FR

Autovacuum BET5I{E S :

- TEABRENRTBREAR.
CAIERS ID 2%,
- EARERERTERRIFRIRE,

PR i

- MREHEATTRE , THEEEFNHETRTRUEEEE,
- MRBBBFEERERENT , EREARTESHN. CRZARSBREELBE.

BEARH 6


https://aws.amazon.com/blogs/database/understanding-autovacuum-in-amazon-rds-for-postgresql-environments/
https://www.postgresql.org/docs/17/runtime-config-autovacuum.html
https://docs.aws.amazon.com//prescriptive-guidance/latest/tuning-postgresql-parameters/
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BEEEEEFNEFERRK,

BRFRE 7
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FEBFENMTMERK

NMRENENERHEBBEZREFEE  REERREGAAEHERBEENELHTFEHEE. FB
FEAREEHRTLEN /O AHH CPU IEE , B EIBREMNENTH. AAEEELENE
ST, GINENE TR RN OTAER ELHIRIE , NEBBEEEFERERE , = f8iZtable-by-table®l
TTFBRZE, A, ERREERETHRPDHATFBEE,

BBEZHERERRNRTAERNRSERTRE, EETFBDHUTANALYZEG TR , cEERELR
FTER, MAREMEM. E-—REDEEZREFCEENRTENS  EERTENTRSERRRE
RERR,

BERLETIERTFEHT VACUUM F1 ANALYZE 75 :

- EICHRERKRNERIERE , BEFETRTA.

- EERVHEERAREBHABRERRZE, ERBERT , ANALYZEFBHITE T ERKFTER
S REEFFAEBFEMREFRIRIE,

ZEFERKX (ABBZEEFW )

(i

i

*

il

EEELTEREZTEH EH1T VACUUMH ANALYZEG BRI 110 & |, B FER
vacuum_cost_delay 28, EHFZBERT , #ES S VACUUMA] ANALYZEFR EERIET

Bo Tl , EXGTSTETERRATHMERNERIENED, EEBREREEN , BUUFER
vacuum_cost_delay S8RMANKREFEZEE, RIFEE , FHEHNVACUUNGTEERA LS
8. EERAT , FEEREAIEEE.

FATHITBEMBRIRME

VACUUM i PARALLEL BEEE T IEERARRKREIBEEMRSIFEREER , YHERAER, ¥1TT
EENHE (FTREENEE ) BUARERRPHNRSIBE , YETHEAEIEE. MREBEERE
B S| HNBERTHITFEITVACUUMEE , IISEBERRIPNRSIBERFTEFTEENEE,

T 52 E A 17 Bi 84 Amazon RDS for PostgreSQL 1 Aurora PostgreSQL HHA PR ETFTEZ :

« max_worker_processes B EX T ITFERFNEE LR,
« min_parallel_index_scan_size B EX EARBE T ZEB L ITRENRERSIERE,

« max_parallel_maintenance_workers @i EE— ARG T UTRBN LT IEEBE LR,

TR BEAB BRI 5


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
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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® Note

PARALLEL ZIEERANEZEN. ETXEFE ANALYZER T,

THIEHIFRAEEERE L FEHFE VACUUM F1 ANALYZE B ERETA.

LTREFHAEBEZNHMEREK (ERANRARN ; TEREFABHER)

create table t1 ( a int,

b int, c int );

alter table tl1 set (autovacuum_enabled=false);

apgl=> \d+ t1
Table "public.t1l"
Column | Type | Collation

________ o
e

a | integer | | | | plain
b | integer | | | | plain
c | integer | | | | plain

Access method: heap

| Nullable | Default | Storage | Stats target | Description

Options: autovacuum_enabled=false

#% 100 BYIFEEERI K t1

apgl=> select count(*) from t1;

count
1000000
(1 row)

BERER 1 RETER

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

-[ RECORD 1 J------- P
relid 914744
schemaname public
relname t1

seq_tup_read 0
idx_scan

I

I

I
seq_scan | ©

I

I
idx_tup_fetch |

FATRATE = BRI
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n_tup_ins | 1000000
n_tup_upd | @
n_tup_del | 0
n_tup_hot_upd | 0
n_live_tup | 1000000
n_dead_tup | @
n_mod_since_analyze | 1000000
last_vacuum |
last_autovacuum |
last_analyze |
last_autoanalyze |
vacuum_count | ©
autovacuum_count | 0
analyze_count | ©
autoanalyze_count | @
g%z s -
create index i2 on tl1 (b,a);
#1T EXPLAINGR T (5T&11):
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)
(4 rows)
#1T EXPLAIN ANALYZE®® ( 51812):
explain (analyze,buffers,costs off) select a from tl where b = 5;
QUERY PLAN
Bitmap Heap Scan on tl1 (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)
FATRATE = NERRIRE 10
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EXPLAIN F1 EXPLAIN ANALYZE P ERERTEMNGTE K RAERXLICEAEEREE,
HANALYZER B RFB#IT. BE A FRMAEMERRPHE , YEHMELEXPLAIN ANALYZERT

gl -

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

EXPLAIN ANALYZE iy (#1813) RESETR !

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: 0.125 ms

MRELLBETE 2 MFTE 3 2BHEAE , CFEFINRENPTHENER , RARMAEREERTE
#o

BE  BRMNEERRANALYZEL#TFH , ARBERAER AL EREEFTS

apgl=> analyze tl1
apgl# ;
ANALYZE
Time: 212.223 ms

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

-[ RECORD 1 ]------- e e T
relid | 914744

schemaname | public

relname | t1

seq_scan | 3

seq_tup_read | 1000000

idx_scan | 3

idx_tup_fetch | 3

n_tup_ins | 1000000

n_tup_upd | 1

FAYMTRENERRAE "
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n_tup_del | 0
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 |
autovacuum_count |
analyze_count |

I

autoanalyze_count

Time: 148.347 ms

#1T EXPLAIN ANALYZE®@+ ( 518l 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

Execution Time: 0.068 ms

(6 rows)

Time: 138.462 ms

NMREEFDINERRLRERTERREBAAHERR , CEERIHEILITENFELER
HMETE WS EHNTRE, hEfBEREENENTHERETBNEEM,

£/ VACUUM FULL EEZFEER R

£/ FULL 28317 VACUUM S TERERRNEEAATENSANNEERER  mAE288
ANZER , WEREANZEBREERRR, LWRERZEBE K BSEERKRIFEEACCESS
EXCLUSIVESHE., TERERANHKREZE , RATERAEHNRNHELS  MAERETHZHT
ERBLESER.

VACUUM FULL ETF3ERT , BREH :

£ VACUUM FULL EEZ@EERI X 12
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- BERRERERNRERAEZ[E,
- BERREANFERCIBENKRPERMREZRE.

MREHERETURTEMERS  RMAEEEEEIETRSIBERRVACUUM FULLEERA .

MM VACUUM FULLEELEM REFSHEE Rt EBRENELHTEERE, EEIRLT
&, BEBMER pg_repack M, AT —EFTR, HBBEUR VACUUM FULL , EZEERERE
#ISH7E , Amazon RDS for PostgreSQL #1 Aurora PostgreSQL A E X &,

£ VACUUM FULL EEZ@EERI X
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LU 58 3 BE RS RE
£ pg_repack B EREZAR

A LAERA pg_repackiERINEE , MR EREHERBRERRNMERSIWIR, S lEERER
TEEHRER M EHIELE | WH Amazon Elastic Compute Cloud (Amazon EC2) St AliE iR E & ¥l &
M E B Tpg_repack AP ( EhAFIHMATESEMEHERE ) o

B2 REVACUUM FULL , pg_repack TEECHMIFEINERERER T ZHEHAE M TERER.

pg_repack £ VACUUM FULL, CLUSTERZX REINDEXHREEELIBEMBE R TREER ., ESBIH
MWERR  HHIsFEERKRNER. EMFEHRERNRNEE K ABRKERRENRERAFHER
R, EEIUHERRKRK , T 2HERRERKRUETENSE ARE,

u

BRI LAE R pg_repackEAZEER KD EAKRS. EEEFEHKEE |, 52/ pg_repack X,

PR i

- BEHIT pg_repack , FRNERKRSBEETERS|#RM—KRE,
« pg_repack EEFEATFERRK,

« pg_repack TEAREG£EHESINER K.

« & pg_repack EEETR , BEEZHERRHT DDL BE,

TR pg_repackF 2B EEVACUUM FULL,

VACUUM FULL pg_repack
NESS &4 Amazon EC2 A E TR EMHIEHE

EREEBEERRKFEEACCESS EXCLUSIVE $HE REEHEHACCESS EXCLUSIVE $HE

HRARFIEERE EEAREETREIBTH —RSIBNERRK
EEEHRRNRSIFFEANGEEMS EEEHNRNRSIFFEANGEEME
EEHRERRpg_repack LT , BERA &5

pg_repack -h <host> -d <dbname> --table <tablename> -k



https://reorg.github.io/pg_repack/
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EEHAERB|lpg_repack L#iT , BEA S

pg_repack -h <host> -d <dbname> --index <index name>

WMEFEES , F2E AWS ZFE KX E Remove bloat from Amazon Aurora and RDS for
PostgreSQL with pg_repacko

iR

G BE
Fferror-on-invalid-index#E8ipg_repack BE R RER KR LA —RZ BRI BKIR
BW, pg_repackT\EEZLRERSIBUNERR , RACEENHEEFHBKERSI
WER— B,

THMER T E L LLEEER -

« RE|ERAEN (#l0 , BABCREATE INDEX CONCURRENTLYBRARR KB ) .
- Z5|EBK (TERRAAEREEDR AN ) .

ER T EHRBBBERNRS] , WHEKRIIREIFEERRE

SELECT indexrelid::regclass, indisvalid FROM pg_index WHERE indrelid =
'orders'::regclass AND NOT indisvalid; Drop the invalid index: DROP INDEX
index_name;



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/
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BEERS

PostgreSQL REINDEX i P& AREFEERSIERXRPINERRERRS| , YHRKRSINEER, &
MR ZEREINDEXE T HRFIFFER

- ERSIBEFETHESARERE., EVRENRENEEREMRE,
- EXRIMEARSINERFELERR,

- BRSIUAREZAREFEANEEMERS. ERRB 2L (bloat_pct) KR 20 REINDEXKF , &
FERZENAT -

THEBIUHBIESEK bloat_pct :

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
-- , pgstatindex(idxoid) AS pst, index_tuple_hdr_bm, maxalign, pagehdr,
nulldatawidth, nulldatahdrwidth, reltuples -- (DEBUG INFO)
FROM (



https://www.postgresql.org/docs/current/sql-reindex.html
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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|ppc64|iab4|
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,

max( CASE WHEN i.atttypid = 'pg_catalog.name'::regtype THEN 1 ELSE 0
END ) > @ AS is_na

FROM (
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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
JOIN pg_catalog.pg_stats s ON s.schemaname = n.nspname
AND s.tablename = i.attrelname
AND s.attname = i.attname
GROUP BY 1,2,3,4,5,6,7,8,9,10,11
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) AS rows_data_stats
) AS rows_hdr_pdg_stats

) AS relation_stats

ORDER BY nspname, tblname, idxname;

HOREEZANRSI EEARESEER, T8 , MREALHRSIZEMER , ENEEZE , B&E
EHEMRE.
ENRVRSIEORARAEFNERANE. EUUBEBB=BLFXEMBULRS , WTFRAR,

Bk

CREATE INDEX 1 DROP
INDEX #&H CONCURREN
TLY 818

REINDEX £ CONCURREN
TLY 818

pg_repack ZE{RELH

f< RV OEAE]

DROP INDEX 1 CREATE INDEX#n{—EERAE |

DROP INDEX <index_name>

CREATE INDEX <index_name> ON TABLE

LA AR ZHAERRNEBETE |

HIE |

DU

Eﬁ%ﬁﬂﬁ%%liﬁﬁ?’%ﬂﬁ%
5l L TESERAMEL
HREIMIEENREIRELF
Bl, FEIRRIERE , WAL
REXRSG.

EEEEFUEHEHEEAR
fE., PostgreSQL % 12 X #
B TR A2t CONCURREN
TLY E1E , AIBRELHETE,

RERKRBFRFIRIERR
5lo

RERRG

BOURE , BERSIBEVHBELRIEFRERE.

EEFE N THPEMMEL, DROP INDEX it e
DEHER R FNENMNE AE/E, CREATE INDEX S EH#iERR FNEAERE,

BR 51

E & FF CONCURRENTLY &
B, REIBUFEFELH

B, RATHEEHRMMEEA
WEE, REE8ER  EBFg

f£/ CONCURRENTLY FE®
ROBEREERRS,

AR EFIE R ER EC2
PITERRAEERATIR
FMEE.

<table_name> (<columnl>[,<column2>])

WMEEE

=Pty

BIHHR
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EERG

REINDEX & % Al B G #ERs — BV E B EMRE. ERUENRYITAE DML RER  ESEHEHR
RVNFLIFAR. REIARMEERERR , LABEHNEE, RIWESRXEEHNEHMEE, RAit,
EBLHEAAE DML RIENERRIITEMRS| , LESERMEEN —B.

REINDEX s PEZBHEERER KR LB ARE  RERKEERS , EAFENR LNVREIUR
B, T8 , EEHHEHRE| LNFEIURFE. EANERINEHSERHE  BHAEHFTSEIHE,

PostgreSQL £ 12 ke H#TRYIZ A S8 CONCURRENTLY , 2B ERERKERRE| , BFSHESE
BEBEARSINED LNEARBIRE, T8 , FALEER  TREFEERRNER.

]

By MERERG

£/ CONCURRENTLY:EIEZE HMES :

create index CONCURRENTLY on table(columns) ;

5/ CONCURRENTLY:ZIEREE XS :

drop index CONCURRENTLY <index name> ;

ERR5
FEEEE-R5|:

reindex index <index name> ;

ERERENKRPHIAMERSG

reindex table <table name> ;

ERERERERTNIERSE

reindex schema <schema name> ;

EEXRs 20
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FEEEE-R5|:

reindex index CONCURRENTLY <indexname> ;

EEEEERKRPHAARS :

reindex table CONCURRENTLY <tablename> ;

ERERERERTNIERSE

reindex schema CONCURRENTLY <schemaname> ;

EERNENHRERSI
FEEEE-R5|:

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

HEEEMARS

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

I >
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4 - FAEEEFEZM VACUUM FULL [E]1 4 ZE /S

Hlan | FRMEBILEER 500, 000 EERFNempERIER , REFERAFEEFERS, BEEEZEM
A EtteerERk F#4T VACUUMA] ANALYZE®S S , UBKRIEARME WZRE, B ZRT
E@Eﬁ y 1&$§%@§«E¥%\l Lo

THEFREER R LA :

-- 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
-- , 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,

22
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( 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|ppc64|iab4|
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,

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,

23
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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
JOIN pg_catalog.pg_stats s ON s.schemaname = n.nspname
AND s.tablename = i.attrelname
AND s.attname = i.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

24
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ORDER BY nspname, tblname, idxname;

EHBERETERNRNFRENS 51% ¢

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

AR R pg_stat_all_tables BBRMWHKITER :

relid | 914748
schemaname | public
relname | emp
seq_scan | 5
seq_tup_read | 1500000
idx_scan | ©
idx_tup_fetch | 0
n_tup_ins | 600000
n_tup_upd | 500000
n_tup_del | ©
n_tup_hot_upd | 0
n_live_tup | 500000

n_dead_tup | 0
n_mod_since_analyze | 0
last_vacuum
last_autovacuum 2023-04-15 11:59:54.957449+00
last_analyze

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

vacuum_count (1}
autovacuum_count 2
analyze_count 0
autoanalyze_count 3

IR BEEETESEHITRER last_autovacuumfl last_autoanalyzeERH#,

BE, ZERME-LEERIFEBAERREIME extra_size(bloat_size) , AATEHZER KR
AR,

apgl=> select count(*) from emp;

25
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count | 900000
current_database | schemaname | tblname | real_size | extra_size | extra_pct |

fillfactor | bloat_size | bloat_pct | is_na

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

EHAFH bloat_pctXRRBERNZTEEHMFTHBAMA, ZFRMEIT VACUUM FULL :

apgl=> vacuum full emp ;
VACUUM

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

Rttt  BULEINZAZEANEREBE , BB EEREFERMK.

(@ Note
BRI LARAT pg_repack REVSHREIRIE RVACUUM FULL , AR o

26
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+ T # Amazon RDS for PostgreSQL IREF I B EFZE (AWS SPEERIE )
- BEEZ (PostgreSQL X )
fi B ER LUET B E)EZ (Amazon RDS X4 )
PrIE3 5 ID ‘B2 KB ; (PostgreSQL X4 )
£/ pg_repack £t Amazon Aurora 1 RDS for PostgreSQL #ERFEZAR (AWS ZEELE )
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https://aws.amazon.com/blogs/database/understanding-autovacuum-in-amazon-rds-for-postgresql-environments/
https://www.postgresql.org/docs/17/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/
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LB 3% BE R
XA B 40 8%

TRERTAIEENEREE, MBELEWBEEARERNEL , JLETE RSS fHE,
gy iR H HA
B FIFGHR , WKEREEHIE 202548 22 H

o EEENSHENE , B
pg_repack & BREEZAR [EEY,

EiFreindexg& ERAREREERRSIHN BER 2025 % 6 A 30 H
i, BIE Treindex&Hl,

R bR — 2023 12 A 22 H
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https://docs.aws.amazon.com/prescriptive-guidance/latest/postgresql-maintenance-rds-aurora/postgresql-maintenance-rds-aurora.rss
https://docs.aws.amazon.com/prescriptive-guidance/latest/postgresql-maintenance-rds-aurora/autovacuum.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/postgresql-maintenance-rds-aurora/pg-repack.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/postgresql-maintenance-rds-aurora/reindex.html#reindex-examples
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AWS R g IR EIFRARR

LA 2 AWS Prescriptive Guidance RtHIKr, ERMEXNHEANNEE., BEEHRER , FEAA
RERRAEBHRHEE R ESEER,

¥
7R

KERAEABEERNtEERELRE, ELEXL Gartner £ 2011 EFREMN SR AER 8
BEUTREA :

- ER/ENRE-ZOANAERREIERBEBEAREN LS HHEE , SURSHBEEME. KN
AEREY. ERESRBEEERKNERE, €6 : BEWHRISIE Oracle ERE BBE
Amazon Aurora PostgreSQL &R Ao

- TEER (FBES)- KEARXBEER , Y5 A —EBRENEILUAFAERINEE. &6l 4§
NERERE Oracle EXIE BB E HHY Amazon Relational Database Service (Amazon RDS) for
Oracle AWS Eif,

- ENBE (REBBE) - VURETANER , BERERRHERLE SaaS #E, 66l : FENE
FEARERE (CRM) RAEBEEZE Salesforce.com,

- FHER (BHEE) - SEAEABEER , MTETEMNEEURNAERINEE, &6 : B0
IS ERE Oracle ERE BB E § EC2 #1T{EE LAY Oracle AWS Ei,

- EHE (ERMBEGASSHBEER) - S ERREREER  BREREVER. EXEA
BASBHRERE, BAUKARBEADFEFEEBIEEFENERER, &6 4§
Microsoft Hyper-VIEERREX BB ZE AWS,

- RE (EFRR) - SEARARBERRRED, HYRoETEEZERNERAESX , BR
FERBZTHEILEEINR , URECRERENEREAER , RARBEXRBEARETERS,

- K- BREAIBRRFREFTEFENERAER.

A

ABAC

ESHE R,
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RS XERK.

ACID

ABRETE. —BE, Bt WA,
FB-THAER

—BEREBRLE , AFRENERENEAKES (EZBEALNERITEAREERARE) ,
EmEENESHEERHEEERBEERARIANRS, hFEXENE, ZRHANES
MAFTE-RMEYHR, eEBE , BRELEZH-HHEBESHNITRF,

—BEREBRL L, AFRENERENESERERS , EARARRENESHENEREER
BEREREERBEREAERANXSZ. EREREEERHETEZENARS,

E—#ERY LEER SQL HE , S EHENE -—BOE., REREMNEHEIE SUMH MAX.

Al
w2EAIEE,
AlOps
w2BEAIEERE
E&1t
EEREFKARMBREAEANERF. ERLEIRREBEAABLE, EZERNTEHEAABAER
RER

REANKEELAENERTR , EhBRAREAREEN. EXNFILBRBRERETH.
FERRER S

—BZE2NE , EAHEARENERER  UiHBIRERREZIBZEHRIE,
FEREXES

RREBEANSEEAEXNFEEANES  SFREENEERRAE IR AREHEEE.
BEARERESRRNSMEFNERE , FBRBRIEER. RALCNELHEAEXNLI ER
B EIEFF.



https://docs.aws.amazon.com/prescriptive-guidance/latest/application-portfolio-assessment-guide/introduction.html
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AIEE Al

ERNERE , IR EREERMRATES EAFHEBENEAGE , SINEE, FREENE
BIER, ME/HMES  F2RAERATIER?

AT EE21E (AlOps)

ERAMRBIRMARREBE, BOBREEHNMAITEUARRESRBRENERF. MFEHEN
A7 AWS BB REEHEMA AlOps WFMEN , F2REEESEE,

EHBNE
—EMEEEL , CEA—HER . —ERARNEN AR —EARBENIAE SR, &l
HANEELHR K RATTAREE  BHLEEBFIEZISERS,

R, —BE, RatE, WX% (ACID)
—EEREY  FEEHRER, ERMEIHMUAENERT , teeRRERNENER B RN
BRIEATEM,

B R FEUES (ABAC)
BRIFEFERAEBMY (G, THEBENEKER) BUBHINER., UFEFHER
¢ AWS Identity and Access Management (IAM) 3X4) 8 ABAC for AWS,

3
¢
&n

BEREERFTERNVLE , FRARAENEANRER, EUUSREERRRTFHNERNERIH
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