aws

S

447 Amazon RDS H1 Amazon Aurora R #Y PostgreSQL $iEESES) , LU &%

BE @]

AWS HSEtIES



AWS #SEHES 4k3 Amazon RDS #1 Amazon Aurora 1 #Y PostgreSQL $iBEES |

LU 58 M4 BE R) B
AWS HISEMIES: 43 Amazon RDS 1 Amazon Aurora F 89
PostgreSQL ¥R E &3 , LUR & M BER) &




AWS #SEHES 4k3 Amazon RDS #1 Amazon Aurora 1 #Y PostgreSQL $iBEES |
LU 5 1 B 6] RE

Table of Contents

BBT T ettt ettt e ettt ettt e et e e et et e e et e e e et et e e e e e, 1
B RN B B R .o et e e 1
e I Y AV X O TR 1

B B B B ] 0 T R A oo ettt ettt 3
AUtOVACUUM S IR R R B B oo et 4
THEE QUIOVACUUM BB ..o e 5

B B I S I B oottt 5
R B B ettt et 5
ERERBERBHE autovacuum IRE ... 5
B R A PR A e ettt ettt 6

B B Nl 0 AT R A ettt et 8
HATIETT vacuum R B R R e, 8
fEF] VACUUM FULL BB N R oottt e et e e e et e e e e e e e 12

FEF pg_repack BEERIEAK .....ooo oottt enn e 14

B B TRl ottt 16
B B T BR B ettt ettt 19
B B TR | oottt 20
B e e et e e e e e e e e e e et e e e 20

A~ : £ autovacuum F VACUUM FULL ZHEESREIMZEIE] ....ooocveeeee e 22

B R e e e e —e e e e e e ———ee e e e e e ———eeeeeee i —eeeeeaer———eeeeaar———————— 27

R TT TR T ettt ettt ettt ettt e e 28

TR B oottt ettt ettt ettt e et e e e et e et e et n e e e, 29
B e e eeeeeeeeeetaeeeeeaeeeeetaeeeeetaeeeesetateeeetaseeeetaaeetttteteteteerrteteratarerraareaees 29
A et eeaeeeaeeeeaeeeaeeeaaeeraeeeaaeeeaaeeeeneeeaneeeetaeeeaaeeerera e eranns 29
= 32
K e e ee et eeeeeteeeeetaeeeeeeaeeeeeteeeeetaeeeeeaeeeeeaeeretreera e eerans 33
3 N 36
o e e eeeaeeeaeeeaeeeaeeeaeeeaaeeeaaeeraeeeaaeeeeeeraaeera e e eranns 39
e e e e ee e e et eeeaeeeaeeeaeeeaaeeeaaeeteneeeeneeetateeanaeeeaaeeraaeeraaeerteeraeeraaars 41
R 42
N 43
BB et e e et e e e e e e e e e ae e 44
L oottt et eeeeaeeeeaeeeaaeeeeaeeeeaeeeaeeaaeeeteeesaeeeanteeaaeeeaaeeeaeeraneeraeerreeranaeraaeraanns 46
1 47




AWS FSEHIES 4% Amazon RDS #l Amazon Aurora H# PostgreSQL $iEEES) |
LUkt 6o M B (] BR

O e e et — . eeeeeeeeeeeeeeeeeeeeeetetee—————————————————— e aaaaaaaaaaaeaeeeeeens 51
P e e e e e e e e e e e e e————————————————eeeeeeeeeaaeeeeeeeeteeeat——————————————————— 53
Qi oo e et eeeee——a———————eeeeeeeeeeeeeeeeeeeeteteeteea————————————————— e aaaeaaaaaaaeeeeeeeens 55
R e ettt ettt et et oo oo oo oo et eeeeetea——————————eaeeeeeeeeeeeeeeeeeeeettteee———————————————————— e aaaaaaaaaaaes 56
S e oo e eeeeeeeeeeeeeeeeeeee——e——————aeeeeeeeeeeeeeeeeteeeettteteee—————————————————aaaaaaaaaaaees 58
e et ettt ettt e oo eeeeeeeeeeeeeeeeeeeeeetttteetettt———————————aaaeeeeeeeeeeaeeeeeeeeeererrrrrrrrrn——. 61
U oo ettt e oo e e e e e e oo ettt eeeeeeee——————————aeaeeeeeeeeeeeeeeeeeeeetttetee———————————————————— e aaaaaaaaaaees 62
N e ettt oo oot eeeeeeeeeea—————..eeeeeeeeeeeeeeeeeeeteetteeetteettt—————————__aaaeaeeeeeeaeaeeeeeeererrrrrrrrrntes 63
N ettt ettt eeeeeeeeeeeeeeeeeeeeeeteeetee—————————————aaaeaeeeeeeaeaeeeeeeerererrrrrnrnta, 63
Z e eeeeeeeeeeeeeeeeeeeeeeeeeteeee————————————————aaaeeeeeeeeeeeaaeeeeeeeeeeerrrrrrrrr———_ 64
............................................................................................................................................................ Ixv




AWS #SEHES 4k3 Amazon RDS #1 Amazon Aurora 1 #Y PostgreSQL $iBEES |
LU 5 1 B 6] RE

447 Amazon RDS F1 Amazon Aurora H #J PostgreSQL #
RS , LAR G4 e R

Anuradha Chintha, Rajesh Madiwale ] Srinivas Potlachervoo , Amazon Web Services ( AWS )
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Autovacuum 2—MNEESFHFERF (ERRR , EEEREIT) , 283 vacuum (FE ) B4 ,
ERFEZEHBRERITEE. CEAREBEEPREEWKNEK , HEREKUERF AxLz
B, EQRBEREHREEFERNZS , AEXLERIRSINERIB RRIERBBERER , FEiRME
vacuum fEil
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Autovacuum J&3id B 351017 PostgreSQL VACUUM H1 ANALYZE @ 53R B vacuum #24E. VACUUM M
ROBEBRIZMKH B ZE |, B8 ANALYZE EFEIHER , B LEFESFIERTRNITRI. VACUUM
BEHAT—IE N vacuum RENEEFES , U LEBTFEEDEHINES ID BHRRE, BEEFE M
BEHNITEH 2 M PostgreSQL BF R FIHIRE—1NES ID. €1 IDs BHZITHNEMHLSEFH
A, BSID 22— 32 UHWHE, 2012 IDs AERRBETANEE, BRIDs i (H2212) AF
FRFEHTHRS , FARBENITRFZ 2. PostgreSQL EEEBRBEBIALIRTT , UPHILEES
ESAECEMNESHFEIENABTTAAN, BXEZER |, S PostgreSQL XHEFMPHIEES
ID EIHFE,

BWEA Autovacuum BEERIAMBER T T ERRS. ESHEBFELATE :

S iR Amazon RDS BYZRiA  Aurora FWERIAIRE
BB

autovacuu £ autovacuum X —4 50 XIRE 50 IRIgE
m_vacuum_ RFTEEBIEEZE
threshold ZER EXAMEEN RN

HY 7T 4 58 ok Ml BRI 4E

R
autovacuu £ autovacuum 24T 50 IRIRE 50 RIgE
m_analyze —ANRZH, ZFx LS
_threshold MEENR P TTATE

A, BT ERERAER

o
autovacuu 1£ autovacuum Xt RH#t 0.1 0.1
m_vacuum_ TBBZA , ZRAPN

scale_factor

USRI AN E
pan



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 £ autovacuum Xy &X#t 0.05 0.05
m_analyze ToZel , Z&RPH
_scale_factor TS A TTAFT SR e

o
autovacuu BER IDs ZHIN R 2 {ZIRESH 2 {LIRESH
m_freeze_ KFRLEHIR , LABFIEE
max_age % 1D BR&E[R1E,

Autovacuum 2RFHENRELRNEXFTEZLENRNIIER , EFNT,

« EXRIKR EIZIT VACUUM B IRE :

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

« ERIKLIEIT ANALYZE WIRE :

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

XNTHpEK RMAMETEREBAT. ER , EERHTHECUANARERTIFEESNIETE, &
XMER T , autovacuum A RERSME AT b R T B UH T4 IR, MEMRNLES TIETTRE
Rt AR 2R, EFXNMARBERNEF THETRN L. ABRXMER , EALNBERET -2 FR

Ry autovacuum S,

Autovacuum SN EMXHN S

autovacuum_max_workers

1 E AT LAE BHE TR autovacuum #F2 ( NE3E autovacuum BEHEF ) NEAKE. REEEIRS
2R, FEERBH S, WR autovacuum HBRENLFAEAREEX  NESHED TN EMRH#ITEER
B4E,

maintenance_work_mem

FEE4EH R 4E (10 VACUUM, CREATE INDEX 1 ALTER ) EFAMNHKRANEE. £ Amazon RDS
H Aurora # , EA 3 GREATEST({DBInstanceClassMemory/63963136*1024},65536)

Autovacuum SRFHEXHSH 4
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BRIEXHIZK D BN TE, autovacuum Z1TE , FTIPENAFEETRESERZITEEN RS
autovacuum_max_workers & , At EFEFRELRZEEST S, EXSUb##TES |, AT RIMIRE
autovacuum_work_mem,

autovacuum_work_mem

EBEEMBSEA autovacuum Worker HEZEEAN R ANEFE. WSHERIAN -1, XRTENHA

maintenance_work_mem W&,

£ % autovacuum AESHMNEZELR |, 5 Amazon RDS X5 autovacuum 2B R 17

AR autovacuum S

AP EERIEEEHHANMIEREMAEFRFE autovacuum S8, U TSHNIREBETUERSR . SSHH
ISR EB R B FHITIRE

SR SAIR B

E2ANOF , ERINKE —MRATEEENSRS , EXNEEED  MBSHTRENBERIES

( DML )? Bo ATREBFEENZTRON , BFBHX Aurora BIEEHEERLFHE autovacuum
S, 3 Amazon RDS %&ﬁﬁ&a—@ﬂﬂ%ﬂﬂ%ﬁ %, ARNMEENSHANA TIREEE, XX
®BBELT  RNERNSHENATHNEARER.

KA

Flan  E— A TEREENRIEES , IRFEXNE N orders WEANKRFIITIFEN DML #24E , I
MiZBIFERAUTHSERESEE autovacuum_analyze_threshold S :

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

£ RER B 6 A3 autovacuum R E

EET?JW\E’J autovacuum %8 , EEEFEFHMMIBRIREN RO orders RN 7T HITEBIRIENIR
BENR, XLSBUTNERTHEBURBERARETE., FREKHAEFSITEEZTEIRE R A B

=, autovaccum &,

ERERE  BFREELURLETHWERNFLENE , HEESHITKEEN DML BEMENE 2
tk. pg_stat_user_tables B AHBIRIRERIEA . FEH FMMIBRIRIE,

A& autovacuum Sk 5


https://docs.aws.amazon.com/AmazonRDS/latest/UserGuide/Appendix.PostgreSQL.CommonDBATasks.Autovacuum.html#Appendix.PostgreSQL.CommonDBATasks.Autovacuum.WorkMemory
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RIRFE 5% W orders RREZE , MWILBRFRSERB RN, EXHERT , NFT EBE
FHREERN 2% , E4AMT :

ALTER TABLE orders SET (autovacuum_vacuum_scale_factor = 0.02)

® Tip
HIEEIEEEB# L autovacuum RiE , LR ER T RN AKEEFRE,

BREZER , FEHATIAE !

« 7% Amazon RDS for PostgreSQL AWS B EFEZ (BEXE)
- HIEE ( PostgreSQL 3#Y )
- FAEWS¥ RDS I S# Aurora FH PostgreSQL 23 ( FSEHEIERAWS )

A THR autovacuum BERUE1T , B EHEEIEIT. BEFERAERLK autovacuum = ANALYZE £—
REHIZITHIARTEl, pg_stat_all_tables IERMEXRENK (relname ) URKRFAEZD T
A (n_dead_tup ) HEE.

BESI AR (AEHRRLMEEHNER ) PFHETARE | BBITEHE autovacuum #HEREEHE
BRIXLEIETTAE  EEFFNAELSANHEEZE , NTTRSREHRE, BUFERAUTERRREITT
HBE LK £ — X3 FRIZ1T autovacuum BYET[E] :

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;

LR PR

Autovacuum E& TiR{E A :

- ELBAIBRREDIEK.
- BALFFIEES ID B

LR AR 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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BRI -

MEEWXAHTLEAR , W autovacuum FIrEH Worker #EBEATRES T,

WR autovacuum EFIERREZEIT , WRFFNARAELREES. BN ZEABSHRLEIXNFEE,
MEREAEARES —MNRIESH , autovacuum A EES BT IX LT,

- Autovacuum FE G RIIEAT R,

LR AR 7
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FoFEM DT RS

MREHBIEFEEY autovacuum BEFITFEN , WHREXKREEEY THE BN BNREELITF
HEERE, FHEEARSSBILEN /0 AR CPU IEE , WA se R EMREMIETH. RBE
EEESBERFETFIRELSR , SINZETESHETANEARERN , RESBHRLB[ZAFEK
BEESRY, table-by-tablettsh , HFRAFEHMPBBRT , BN HHRITFIFRRE,

Autovacuum L EEBRREN R ITEEBRARERIRES. HEBF3HE1T ANALYZE i oht , BLER
XEZITHERE K MAREHFEMN]. EEHH autovacuum TR EEFSIHEENBERT , BAERESIT
EETRESSHREETRE A,

RANBWEELTERTF3E1T VACUUM M ANALYZE 555 :

. EEICREHIKILETER , autovacuum B 4E T REIE 45 BY BHR o

- ENHBEHENRBIENRETZE. EXTERT , F3E1T ANALYZE A2 EESKIHER , Xkt
£ 1% autovacuum BRIEF B E ¥,

- EEBIRRE (autovacuum FTEGRIX LR )

ERAETVACUUMFMANALYZES 8 1/0 3 H A BUREES &0 | AT UG
Fvacuum_cost_delayZ#, EIFZERT , 0 VACUUM Fl ANALYZE ZEM4EF v S T ARIR
TR B2 , XEGTTRNEMAGHITEMBIBERIENGED, ABHLEHIXMER , B UEH
vacuum_cost_delay SH/EBAEFTRAN vacuum B, XN FFH A HH VACUUM @i+, LS EER
NG TFERARS. ERAT , BNHRENESE.

HITI=4T vacuum F;EERE

VACUUM %5 5 PARALLEL i£IE 5| vacuum MZESEEM ERER H 1T Worker , EERIANBER T4 TF
BHRED. H1T Worker WE ( BIHTE ) HRPHERSIWERE , HEWLHAFEE. MREE
IE1THT VACUUM IBRIEFRDEBEHBSH , A TERERFPHRSIKEITE,

LN S B # B2 4E Amazon RDS for PostgreSQL 1 Aurora PostgreSQL x4 Bt & H 1T vacuum
B4E

« max_worker_processes A Ti&E& KH1T Worker K,

 min_parallel_index_scan_size A FREEZERBHTHITHAEN , XTRABHR/DRSIBEE.

- max_parallel_maintenance_workers Fi FiRERENERAEF T EEB B3I H1T Worker Y& K%K

=
==N

HATIET vacuum B EERE 8


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 &II{X A F vacuum EE M. EFEM ANALYZE 5.

AT RBIEBE 7 XS IEEE A F 3 VACUUM 1 ANALYZE BRI BIBEIT R .

AR —RE A autovacuum HRBIR (XATHRBEER ; TENEA autovacuum )

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

R t1 AN 100 71T ¢

apgl=> select count(*) from t1;

count
1000000
(1 row)

® 1 WEITER -

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 |

HATIET vacuum B EERE
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n_tup_ins |
n_tup_upd | @
n_tup_del | 0
n_tup_hot_upd | 0
n_live_tup |
n_dead_tup | @
n_mod_since_analyze | 1000000
last_vacuum |
last_autovacuum
last_analyze
last_autoanalyze
vacuum_count
autovacuum_count
analyze_count
autoanalyze_count | @

YT

create index i2 on tl1 (b,a);
IZ1T EXPLAIN a5 5 (it 1)

Bitmap Heap Scan on tl (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)

iZ1T EXPLAIN ANALYZE @5 (it%l2)

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)

HATIET vacuum FMEEERE
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EXPLAIN #1 EXPLAIN ANALYZE @S ERTEMNITR , BRI KREE autovacuum RERZR |
H B ANALYZE TR FHHITH., RMELERNEFRFN—NMEHEFHFER EXPLAIN ANALYZE
& -

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

EXPLAIN ANALYZE @i%s ( it%l3) MEER :

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

WMREFIUTR 2 Mtk 3 WRARITHR , ERERAMBEEITYMATRE LHNER , BHEANE
RBEESIHER

RMAEURMNNRKZITFS ANALYZE BR4F , AEREZITERHEMERITY

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

HATIET vacuum B EERE 11
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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
last_autoanalyze

I

| 2023-04-15 11:39:02.075089+00

I
vacuum_count |

I

I

I

autovacuum_count
analyze_count
autoanalyze_count

Time: 148.347 ms
IZ1T EXPLAIN ANALYZE @i (it 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

MREEFHINEREAVERITEEENABIUNEREITLER , EREKRIAMN BRI IR 4L
HttitXEsF A AERBEERNITHE. XNROIRE  NBEFERITEPEIRSLEER.

A VACUUM FULL EBEEAN XK

£/ FULL 38217 VACUUM iR 2RFREBENEBANIEEDT —MBEXHF , BEFa A
AzmE , ANESERERANZEAEABRERS, LREEESEZ , FEXRNESINRHIT ACCESS
EXCLUSIVE $iE., A , EXRFETNNHEZRE , EHNEHLSUERENFEILR , HEEREERZ
A SBRIEEIZAR,

VACUUM FULL EUTERTEREAR :

A VACUUM FULL EEEAMNEK 12
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o HEBMNREP O KEZRET,
« HEBEOWIFFERRPIFKZREA,

BB, YEEEFTRRBECHBUREREY AZEYIATEA |, F#EH VACUUM FULL,

BT VACUUM FULL FRENBERRILEMREES , AIUEXBREE LE1TZRENRE2
FE, EBRNEE , BULUEA pg_repack ¥FEREF , T—H2FNUHHETNE. HEmE
VACUUM FULL MEUEEEMNBIERD , B Amazon RDS for PostgreSQL #1 Aurora PostgreSQL ki
PN =

A VACUUM FULL EEEAMNEK 13
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{8 pg_repack ¥ KRk

A LA pg_repack FEBREFUAKGLDWHBEEHERBRERMRSIBAK. &7 T KIEESF+ )
Bty BRERF , R/EM Amazon Elastic Compute Cloud ( Amazon EC2 ) =5 ] LA #2 B IR M B IE FE 1Y
TTEA EIZE1T pg_repack B s ( BEFmRAST RRAHETENVE ) .

5 VACUUM FULL FREINRZ , pg_repack TEREFNNEREFED , S F2ELEHMBRXE,

pg_repack £ VACUUM FULL, CLUSTER, =X REINDEX WlgEF2{EAMNIER FTREFEEER. 4
BIE—NIEWMRBBEBIFT R , RERRARTHER , AGAHKRBRERK. EWEHRN , EF
LSBT R IB TR LIRS E AR E,

B LUK pg_repack AT REXRHFES|, BEEFESYIEK , 55 pg_repack X1,

PRI

- EjE1T pg_repack , BHRMSMEEERGE —FKS,

* pg_repack TEM T IEet &,

» pg_repack T EATEELRERSINE,

« ¥ pg_repack EEFEHITH , BMTEEXS FRIN1T DDL BRI,

TRNET pg_repack 5 VACUUM FULL ZEIHIXH,

VACUUM FULL pg_repack
NEW®T M Amazon EC2 AT EHLHZITHT B
EF

N RAEPITRERFEE ACCESS EXCLUSIVE IEE B RNEE ACCESS EXCLUSIVE #i
1

EBRATARAER ERATRERTRME-RHX
PREBEFM =R 2R MR LI AR ZRB M S PREBEFM R 2R NMRLI AR ZRB M

BAERXRLEIETT pg_repack , BERAUTSGS



https://reorg.github.io/pg_repack/
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pg_repack -h <host> -d <dbname> --table <tablename> -k

EAERE| LE{T pg_repack , BEAUTHS :

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

BXEZEER , HSH AWS BEXE[FHA pg_repack BBk Amazon Aurora Al RDS for PostgreSQL
A Y 2K o

@ EEEM
pg_repack MY error-on-invalid-index fHiRBEEKRERPHN —INHZNRE| SHRA
LMo pg_repack TELZLMINEFLHERSINKHAITRIE , BN EEEFRITIIES 4K
W& 5| kRIS BUE — B,
EEREEEUTHERT :

o RE|IWHRIEHTEM (I , HF CREATE INDEX CONCURRENTLY EAAM ) o
o TS| (TRERHTEGRIBHRARAME ) .

ERLLTERRIRBNTRNRS] , FERDITHZR S| BT EMER.

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 s B FEAEEERSI RPN BBEBHERRSINIBREIARRERERS|, RIE
WBRELLTER T A REINDEX :

- HREIHIMMAATBESHENYSEN . XUREHTRENEGHES N,
- HZBERAZRSINERTEEATER,

- URE|MERFBEREZANEAR/LFAENREN, BRNZEMKBE S (bloat_pct ) XF 20
BZ4T REINDEX,

LT ERTRBEER 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)), @
-- ItemIdData size + computed avg size of a tuple (nulldatahdrwidth)
) AS est_pages,
coalesce(1l +
ceil(reltuples/floor((bs-pageopqdata-pagehdr)*fillfactor/
(100*(4+nulldatahdrwidth)::float))), ©
) 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;

T2 ZANRSI NESKEKRHEENFNA. BZ,

MNENEHREHRRS

EMUERSI BT TRESEANUE, &

P

#H CONCURRENTLY &I
#J CREATE INDEX # DROP
INDEX

B 7 CONCURRENTLY i&ZIIHY
REINDEX

pg_repack ¥ EEF

BIEH R 5

PO

WEMREIFBRIARE, i€
{LRREFESEANEENR
BIRERITRI , MEEA IR
5lo HARIEETER , AT BAAF
EAIB%RE.

EEESRPHEBARE

{E. PostgreSQL fr7< 12 RE
ERAREM T B R XEEN
CONCURRENTLY 1%&Im,

BRERPHEK A ERRSE,

DROP INDEX H] CREATE INDEX sph—iEE2fERN , SEEXS| :

DROP INDEX <index_name>

MRTHE LRSI BEHMEREDEZE

ALBEE LT =M A REMHRCIERSI

SR , &

, AXEBAR T &R

PR 51

WEREA CONCURRENTLY i
I, ARSI FENNEAKE
 , AR EXRREMEE A
WER,. ERHFERE , 38
FFRIE A TR o

f£A CONCURRENTLY EE®E
KHatERERES|,

S5 T NE SE BB ) EC2
SE s A AL RGBT e

RERF.

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

XA ENREETEXNRNBIE
REUE 549 , MR LEXS REVIEEAME ARIE, CREATE INDEX @i
IREURENRARS.

REURME , BEREQIEREIHE

RIREH

XEEXMRELREHEMERE, DROP INDEX o
2 IENREB ARE,

e R

felk=$E]
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EEXR

REINDEX 5% A #S B SR IF — BV BB 1 8B, X RIMITRE DML BERt , 2 BHRMZR5IAK.
FEIATHIRNROERREE , NMREEARR, RolEKSFRERMNERMERE. Rit , RINEW
BN ML ITRE DML BENRHITERRS| , NAREAIERE B,

REINDEX f T BIBMERERNEARENLTRERRS| , BEE AN RATRIURME, XX
SN REIVIREURE. ERENRSINERNSWEL , BREABERNTX.

PostgreSQL MRS 12 5| A T —MNETAYAIE S 2K CONCURRENTLY , ZSBMNKTTHEE RS , BEF 28
ERNEARRIRE , T2 EEAZREINERNRE, B2 , WREAXMNED , TRENIE
IR RS ER,

5
I FMIEr 2= 5]
{8/ CONCURRENTLY &I al@#H & 5| -

create index CONCURRENTLY on table(columns) ;

85/ CONCURRENTLY &TMIBRIEZE ] :

drop index CONCURRENTLY <index name> ;

EEXRS
BEERENRE, HHITUTERE

reindex index <index name> ;

BEEERRTNAMBRE , FHITUTRE

reindex table <table name> ;

ESRRMPNAARS , BIITUATERE

reindex schema <schema name> ;

EEXRs 20
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EIAtEE 3R 5|

EERENRE, BHITUTHRE
reindex index CONCURRENTLY <indexname> ;
EERRPHAMBRE , ERITUTRE
reindex table CONCURRENTLY <tablename> ;
ESRRMPNARS , BIITUATERE
reindex schema CONCURRENTLY <schemaname> ;

REBREFHEMRKS
EERENRE, FHITUTERE

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

EEEMARS , HRITUTERE

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

5l 21



AWS #SEHES 4k3 Amazon RDS #1 Amazon Aurora 1 #Y PostgreSQL $iBEES |
LU 5 1 B 6] RE

R~ A autovacuum 1 VACUUM FULL IZhEESk B W ZE 8]

Flan | iEFEAIEIE—NEE 500000 TH emp RIE , RAEAFMEEFHMX LT, Autovacuum EEH
Atk e F 7E k3% £ [BRTiZ 4T VACUUM 1 ANALYZE iR BEREAK H B ZE R, BUY A ZE 8 7] LB IR E
A, BEFR&BRTLBRERS,

UTEHATHEERTHEKIERN :

-- 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



AWS #SEHES 4k3 Amazon RDS #1 Amazon Aurora 1 #Y PostgreSQL $iBEES |
LU 5 1 B 6] RE

ORDER BY nspname, tblname, idxname;
BHERER , ZRHEKEAN 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

LAF R pg_stat_all_tables IEAF S ITHIE :

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

EEE , autovacuum EEITEEH 7 last_autovacuum # last_autoanalyze i,

WE , UEBRINEREBRIFEBA—LITHRE extra_size(bloat_size) , E7 %= [ %= &t #1107 i
F o

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)

WHAPH bloat_pct JIRTBEEENZREHFBAANITEAH. EFKIIKIE1T VACUUM FULL :

apgl=> vacuum full emp ;
VACUUM

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

MxAmHS , ERILERZAZREMEKE D SH8ER , ZREHELRERS.

(@ Note
BRI LAIE1T pg_repack BURENEIHMNE R , MA =2 VACUUM FULL,
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343 Y
TR

+ 7% Amazon RDS for PostgreSQL AWS SFEFIEZIEZRE (BEXE )
« BFEE ( PostgreSQL X#% )

+ 7 autovacuum ZELHTF ( Amazon RDS X145 )

« BHIE3RRZ ID Gk ; (P ostgreSQL X 1% )
» £/ pg_repack BBk Amazon Aurora #1 RDS for PostgreSQL F R ( AWS BEXE )
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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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P RMEER pg_repack B
BBk EB 0 R8N T B R
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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/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/pg-repack.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/postgresql-maintenance-rds-aurora/reindex.html#reindex-examples
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AWS Fe g SRR

LT 2 AWS SSE i SRHENER, FRNEXPNERARNE, ®2EERRK , BEARERRE
RV R R IR B

7R

FRARFEIBIZTM 7 ELTIBERE, XLEREKL Gartner T 2011 £HERN 5 R HEAL |
SEUATAR :

- BEN/EMRN  ROMARREDRERESHELE, HENAY BYE , AEBNARFHEHR
HEN, XBESRIBERERENBIERE. 76 : FAH#h Oracle BIEETH E Amazon
Aurora PostgreSQL # & .

- BT E BNARFRIBIES , HHT-EBRENRL , UFATRIIEE. T~F : A
Oracle BIEEIT B E AWS =H K Amazon Relational Database Service ( Amazon RDS ) for
Oracle,

- EFWRE  BHIEMTR  BERMNERF UM SaaS B, bl FHEFLRREE
( CRM ) R %% Salesforce.com,

- ENRE (BEETR) . GNARRFRIBRI=PR , TEHTEMNEXREARAIIEE. =6 F
Z#h Oracle ZHIBEIT B E AWS = EC2 324 EH Oracle,

- EFHE (BN ERSAEETE )  FEMREIBISY , TEUWEFESF, EENA
BEFEIMEXMERE. BERFSENEBFEETBIR—FENTRSH. =6 : HMicrosoft
Hyper-VRI AR F 1B E AWS,

- RE (EV ) - FUNAEFREBERIES, HF AR RRTERTEAREMNNARRF , #8
BHRENTHEHERIINGE , UREHFERENEZENAERF , ARNEBENRAEIL EHNER,

- FH FRAERBRRARFTEFTENNAERF.

A

ABAC

BFSRAETEMEA LIRS,
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MRS

BESREERS.

ACID

WSRETE, it BEE. SR,
3B
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