fo] 22 Z=

=IRE X RBEIEEPolarDB 05|

/gzﬁz
MEREIR L IE R

SRS PRAN : 20220525

CIHET



TREXREHIREPolarDB 05| % MERER MR- =S 1

e

Pl 2 ZIR BB PR B EAAEZ AP AL, RAERREEFPRIFRORNS,
MBREFVEHERAARNE, BHIZRERTHRRAANAEBEEASTLIAT,

1. BNHESRERMNEHAERRHNEMRNBE TR, KIAXE, BINEE
TEHENGZEEANLSEY, AXENAERAMEZNREES, BN
BFRENS, REANEZFATERR, EASOETE=ZSREAFRASTH
RELETE=HER.

2. REMERFEBEIF, FOREMN. ATHPTARFEEHD. BF. EFHAX
HABZHNEIHEE, AEUMEALTAHERETERENER.

3. BTFF@RAAFE. BEIEMER, AXEHATEURRE., NEZREBERSE
FEMHERT TR ENASTHITERANF, HAEREZRREE DA
KO EHRNRPXE, SNHENXTAPXENRAZEEHEI R RNE
ETH. R AP,

4. AXEREABFPERRNERFRmERSNSEMLES, WERUTaRERS

B PR . "ERET A UHEriiEe” ARSIREAXE ., WEZERARARN
it EREXRSHRMENONEREEES, EMNESEIBHSBHNAER
SHOERME. EE. ERAM. UEESFAMEETRREERNRIE, EER4.
AR MARNTH . EAREHMAXEMAEEAEERLEFREN, MERR
AEEEAERERE. £EUERT, RERHANEGEEE. FRME. ERKE.
BARM. BHREIFIENIRE, SERPERANGEHRAEMEZNFBRE,
ABERE (AMENEZERSMZFRENTTEL)

5. MEZWM LRAERE, B8FEERRTEF. mm. BRF. SR Bifl. Z8. MW
IRZRA . MEAEEOREE. MR, HARERZN/HEXKATREMEEMIR
R, SEERRTEMRN. TN, ZFER. BIRES, FEMEZM/HEX
KasPERR, EFUARGEBER. B, £, 2FEE. KT, 8/h. X
THAAFAREMEZMY ., FREFIAS, I, REWEZSFLPTEEAR, £
WARBATEDTEH. &, BHEHIEMENER. AHHAEFTEZNRIR
(BEEARTRBARUASKAEGES "WER" . "Alyun” | "ARW" FH[
BERM/FEXBEA S ME, LARBONERSRERIEMTEBATZR. B
5. BtR. F@mIERSER. 58 BRAR. RS ARRNETSERRES=
HREBIRAI R =M/ HEXEKAT)

6. MERAAXEFEEMAER, BERNEZREBEEKR.

> MAYRRZA: 20220525



mREXRBHIEAEPolarDB 05| %

BRAZNE

MRERMIER- ER Y E

L=

08
A R

H)
A fRE

PAERERRSHAREA TR TN

B, RESHASHESER,

I
R

EERMFBERAPERERE.

Dig

H
[=]

ZERETERURSSERAREALEHR
EE, AESBABHESER.

ERRERSEUS D, REWS
B B £9 45380

p EX

) HEX
TrEE. HEHBE, ERPAA L
RIERER. HARNE, RAPBA  ospmn0, ARSERABESH
THRERE, -

B,
@ 8

@ e
BT, SESE. =%, f2
BPUWRTRENES,

BB O LUE SRR Cri+ Al h 2 8332
(8
ZRFBBH,
HiE FRER. KB

BHIEE> ME>REMKLER,
. TEZHRFUTE,

HEERBIATIE, BEHRE.
Courier=z4{& e

47 cd /d C:/window %<, #HA
Windows &4 X 43,
AL

bae log list --instanceid
Instance_ID
(=& [alb] FRABER, ESEE—,

ipconfig [-all]-t]
{} & {alb}

RRWIER, EBEE—,

switch {active|stand}

> MAYRRZA: 20220525




TREXREHIREPolarDB 05| % MRER MR- B3

H3%

LTRsRE — 06
T2 ————————ee--—, 06
PR T R —,—,—,—,—e—e—- 07
1.3 BEHEREER —omemmsmmmommemm s 08
R 13
- R —,—————- 15
1.6 BEHU 16
L G 18

2 Efutepeng —————————— 20
2. EMERE 20
P ] L 20

220, BHREE 20
2.2.2. SQL e =
2.2.3. BB oo a8
2.3, EFAWR —rr e 52
2.4, fEFIMEBEIRER —— oo 52

3. fif sl — ——— 57
30, BEPET e 57
3.2 BEBH 61

B ARALS QLI —nrmmmmmrmmmm e 63
R | R R — 63

41, B-TREEZRS| —rmrmmmmrmmm e 63
4.2, HASHERS| e 67
4.3, GINFRS| ~mmmmmmmmm e 69
4.4, GISTERG| —mmrmmmmm e 73
41.5. BRINERS| oo 75

> MA4RRA: 20220525 [



MR- B3 TREXREHUEEPolarDB 05| %

4.2. RFRTIHY et ma sanaa 77
4.21. EXPLAINIESE e 77
4.2.2. EXPLAINBIH e 78
4.2.3. RERTIH s vdmeaaminnc s ccanins 84

4.3. YEHA S srtasinne s i s s L irn s 88
4.31. KMBEXER e e e s 89
4.3.2. fMiritH EEtarss s s i e n s s fanlnE 92

SHMBERNBRESR e e 94

50. BXRMRERN s e e 94

5.2. EFIMEST sttt e 94
5.2.1. BENHAEIL st 94
5.2.2. BREEM %
5.2.3. CPUMRH ——-—mmmmmmmrm e %4
5.24. /Ol = rsnr s s m s arins it m s e 95
5.25. i st s e v s s mc L s 96
5.2.6. SLRU —mrmmmmmm e e %
527 AFigl == vtm st s 96
5.2.8. HBZEZH e e e 97
5.29. HEMURE s em s e e s el 97

5.3. SQLMRER T e m s e s e e 100

5.4. CPUERRES =2 m s e —ea 102

5.5. BI/0 s e e e e s e ey 104

5.6. MM = s e s e e 105

5.7. SQLIAL R s=usass s wmaanni s tamlna 106

v > MHRA: 20220525



TREXREHIREPolarDB 05| % MREBMIERE- 7 RRIA RN

1. 7RI REM
1.1. EEHH

AR AENBPolarDB O3 | EHWEEAH,

[ o]
[ o]
i Read/Write Splitter

“_ With Load Balancing

f

DB Server

Scale User Space [ Bl UserSpace [ B  UserSpace |[HEGL:C
Up/Down ! File System i File System i } File System . Out/ln

Data Router & Data Router & l Data Router &

L
Data Chunl w Data Chun
l erye I l Erves I | arye I

Parallel-Raft Protocol & Storage Serverless

DB Server

BENHUREHTE (Polar Database, {&¥RPolarDB) . PolarDBHUIREAX XA SLfiAE, EfEE=1fA

&, Primary, Standby#lReplica, PrimaryBl BB IESRIEHIESE, ReplicaBl RiEsLfl, NAHIE
BHUENNIRE (EE&RtAEEKEIE) , PrimaryflReplicask AShared EverythingZe#d, BIEEHZRE
— IR EIR AR BRI, StandBy T miE — IR BEEEF B E XS, StandBy T mEEARHE LK
HERURCIEBTHXNRIESLE ., BFRIELHNT BATEENHE, CIEHNIELHIRMEEE

e, MEREER, BREEXMENTET REMABNT, [E=FRStandByFReplicats mASlaveTs

=, Primary® B o] #RAMasters &,

User Space File System

BIAPAXHRSR (PolarFile Sytem, fEj#kPolarFS) . AT Z N ENNEEESLAFE N DRFE LHNE—
DEIE, ERNEAEXHRAAZIFL RES, PolarDBHIEERNBTHAR T EANAFRSXHRS,
REBLOXHEEESREN, FEMODRECTHIFEFANEEHIE, BFMERRFE, 10L%R
FMENENE, N EEHBEENSHERMTEINRE. RANIXERE, ATRAERFEREARD,
BRAGNHEEHRFHRTBREBARELS, THEBEREMAPE, EMBEET. PolarFSLIRHER R
#RiFfEPolarDBY, FILEEZETEMRPS, NMELS TRIERFETROFHE.

Data Router & Cache

> XHERRAS: 20220525 6



MERER ISR AR TREXREHUEEPolarDB 05| %

BN EMZESGZ i (Polar Store Client, B4 PolarSwitch) . PolarFSIENESERE, S@ETHEREN
FRICEIR AixLSPolarSwitch, PolarSwith@—MET R ENHEENEETIPHE, BKEN LG
PR TERFRNIESREMEEIER, Polarswithi{BENRE, KitENKABNNEET S ERTPH

iz,
Data Chunk Server

ENRFE R4 BR S22 (Polar Store Server, 88 ChunkSever) ., ER=/MNESBEESETETES S L, X
BENETEFET AL, FEARENIEIBEHRAER, SEENA/NBRIAT10GB, ENHIBHRAE =18l
K (UF=ZEFRNFHETRL) , BPEIASRI, 7AEFIRREMA., ZISHERLEENSTR, B
ME—NMHFEREEARTA, tJUELELTRMNERTHRIKE., LI, PolarStorefEA T 24U Copy On
writelz R, ZIEMRIRE, BINHIEERR, FEREHEEES X, HELETHNEEHESEP, Al
PolarDB3 #5 = X 100T BB ZHE . T ET R fFMET R 288256 ROMANE EE, RIEHBEERRAS
HELHRZR

1.2. NERZER

AP NI ERPolarDB 03| B R EPEME,
Read and Write Read Only

\ master replica /

£/ -

shared buffer pool b shared buffer pool

WAL buffer WAL buffer

CLOG buffer

CLOG buffer

Storage Access Layer

R LR 14 5288
shared_buffer_pool HEZWX, BFEIHE, MESEGCENERE,

BEEZTX, SAWALHAEN, SEASAIBLEEDNX, RIE\EAFFENANG
wal buffer

& commit iR & FHT ) HE R BIRIE .

EERFEMCogE®. BFERBSNRTRS, EIclogfTES TR

log buff
clog buffer .

local storage AR TFE

7 > MHRA: 20220525



TREXREHIREPolarDB 05| % MREBMIERE- 7 RRIA RN

1.3. EhXETE

AXNET AR XEE,
BERER
—SEREAT, R AN EEHETRERRMIER:

o K¥Em

HIERTEERETREREMBNEE. f0, FiEFHREMLSNA200IWALRE, BHIERTES
B ELSNA300IWALA BT R BIELED ., LR EIRRWEIRARER,

i

i

EHR : iR
update 500->600->700
: 1. [EIRALELSN=200
P1 LSN=200 LsNooo Pt [ 2 BufferRikERK P1
pdate {3 BEEBRENG00, SR PRAMR KT
+ |LSN=200| + lLsn_soo|—> : #iFMasterFIB &)
: THERA700
HIER A% A% H4ET i HHER

P
P1 LSN=200 LSN=300 : P1
m ‘LSN-ZOO‘ + ‘Lsu—aoo‘—>a ;

T2 K& H %200 i
él l P1 S
H A
3 : *zoo Pdate
H o
T4 FIUBSEEERETPRIBIE AR b Epmaufferpoom:m i
’ o X ’
5 | ERMSEEREIP | 1 ERPURANRR T
E ‘N ._f‘
e ¥EXI

> MAYRRZA: 20220525



MERERNIE R R R TREXREHUEEPolarDB 05| %

HIERDPRESAERRMRZATHEF. FN, RiET/RBEIEREREILSNA200WALEE, B
HIERAEMBuUffer PoolBIAZ G, BRNAZEEMEPIZBALHIER PREE S LSNA 2000 WALR EHI K
o, WERBRETEHRATER,

ENT , R
update 500->600 1. [EIALRLSN=200
P1 LSN=200 P1 P2 BufferikRik P1
Update Kef | O MEEEBSe, BERPIRAT %"
+ ——> : ENZAERLT
TEHE LSN=200
T ZES FHERI BER
P1 ;
Shared-Storage -
P1 P1 P1
Update :
T2 Ri%H 200 '
& P1 s
Update
18 §I&§J#HIEKEIE200 . M .
T4 P1 M BufferPool ¥k

N

¢
.
T5 gﬁm;sssﬁwmm ; b ERPIRALE I
H . 4
o . F3

NFREFAMS, REEHOSERBMA /BT MNEEER, B RiER3_EREIRRTAEER

B, STRURBUATSELE:

o WFEER, REFRABELMEIRR LA LEE AR \ZﬁuﬁJESEE’]WALEIM, EERHEKAHEENR
EPAREAECHERARTH, BFRETAEMINEE, AERE

o WFERKR, REFRLEERFENHIERERAFTBHHIER, lJttwaET_EE%“,.ﬁJv%HE%)\ t=%F
EEEERAERIET ANEKER, AMmEe ET AERB KRR, XthEBufferE BB EMRNE
Eia ;R

BRIEZSh, BufferEIBRFEEAEP—HMAUR, FTFEMER, RETR/ANEER—FEMRMHE00
AL R Z B BIWALE BN T], MR ERERE,

Kig
£13 B8
Buffer Pool Zihih, —MARFHREEHEANSIENNEFEN, BEURARUREFH
#&. PolarDBhE/NT5 mEH B S K9Buffer Pool,
LoN ;’;)g Sequence Number, HERSS, BWALHENE—IRIR, LSNEEBR2EE
Apply LSN BN, FRAETREREENME, —MRALSNXEIRIE,

Oldest Apply LSN&Z [

a REERAR, FRERIET RALSN&/NE B

el REE 322 7

9 > MAYRRZA: 20220525



=EREXRBHIEEPolarDB 05| %

MREBMIERE- 7 RRIA RN

PolarDB3| )\F‘UHF?:%JIJJ , MEETRBEEREA

AT E R RIED RIEEIREKR,
= VESIE’JX)‘FE’]WALE,UO

FERET RRE P EMKREZHERRE—

HEFMEE, FIBT

Flushable ' Unflushable
EET A T1 T2 T3 T4 |'| T5
RN R T1 T2 T3 T4
A
E1)i¢ive=1
i*ﬁ,f'Buffer Pooldh HI#iETL, BERTEERFHIE (MRETRNEMNARZEH=ENEEE) , T
DAL JUBANFENBIERMAESAFEENEIER . ZHBMKBATHE MR
o BufferfiE—RIEH ¥R BILSN, BPBuffer Latest LSN,
o RELMAN, FIERETRPR/IIEMIL, BlOldest Apply LSN,
Jrll A4 1 1 BT AR U 40 7
if buffer latest 1lsn <= oldest apply lsn
flush buffer
else
do not flush buffer
— B =
> XH4kRAN: 20220525 10



MERER ISR AR TIREXREHIREPolarDB 05| %

AT RBEIEREIMEIEENONG R, REPRSEFHIERSZT EAONEBE X R, XIS X RRF
F#Logindexd ., Logindext] LAEEMEA R —R ol LIS AW EfEEIHashTable, ThRI#RRET, SMIZBEX
RPRBHERFTEZRMRBAMELSN, KREIRXYNHWALEE, RLERFEEFERNLIER,

REH R

( P1 }—{LogRecord=200-{LogRecord=400 | -**{LogRecord=800 | =
( P2 }—{LogRecord=200 =

DataFile WAL File

HER ENEEHEZ, ENNHNSNEHEEZ, ERAERENEEEK, A7 RERDEHIERFE R MAILSNE
£, PolarDB3| N7 —BUMAL S HUEER
—BMMREBERZASAZANAEWALEEEBRNBIERYELFAKEER, FETRZE, EPREE
TREAZHFIWALHENBEANISH—BHAUR, ETRABETRAXEFEMNVSR. BF—BHURZ
HIMWALBKEERBARZEM, T ALEBLBZMNAZEINWALER, Eit, TR Logindexd B
BNTF—BMHUANSNERE, BEMREKEER, REEEER D Logindexh A= E,

e FlushlList

AT HP—BMHAM A, PolarDBAENBufferSIN T —1PMABERE, BIE—REKZBuffersd MEILSN, R
ZA0ldest LSN, FrEBufferfiz/NgJ0ldest LSNEN A—EUMERI =,

— MR —BEN A G R 2B HBuffer Pooldh frEBuffer, HEIR/INME, EBEHRKNIEKX, CPUFFHET
FENEHRK, ISR —BUEALE, PolarDB3| AFlushList#l%l, ¥Buffer Pooldh g BETIiZ BB Oldest
LSNM/NB K HERR . f&BIFlushList, 3REX—EUM 8B ERE ] LUXE 0(1).

END «—— 10 [€—>| 30 [«—> 45 [«—> 98 [«—> 130 —> END
A
—EEALR

E— X EMBufferd G EHARIC HE BT, $i%Bufferi AE|FlushListth, 3Hi&E HOldest LSN, Bufferf
SANFHEN, BiZAEPHIRCHER.

AEBHEH—FMEANI A, PolarDBEIE S RIBE#ERE (bgwriter) X SEHIE MK EIBUfferse S & 9RIAE B,
Blbgwriter& MBI EEEHFlushLlist, ZEFNRIE, —BBERRIBEAGEM, —BUMEA S AEaiiE#R,
FEMR, fEO0ldest LSNA108Bufferss#t, —BUMEAL A o] LAE# FI30,

o 1Tl

11 > MHRA: 20220525



TREXREHIREPolarDB 05| % MREBMIERE- 7 RRIA RN

AH—FRFA AR EHRE, PolarDBEI T HTHIAE. 81 /E 6 RIiE#ES MFlushList p3RER
—HE R DT RI AR

END «—— 10 «—>» 30 [€«—>» 45 <«—> 098

bgwriter1 @ bgwriterzg
F Shared Storage ﬁ

SINRIBEEESIZ G, B ERIEZEMBUfferd BEE AT . MMEENBuUfferBIEENE, TTHESH
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global
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pg_dynshmem
pg_snapshots
pg_replslot
pg_stat_tmp

pg_stat

pg_serial

pg_xact

pg_commit_ts

pg_multixact

pg_version

Local Clog } Local Clog

Replica

N

/

data and wal

Replica

[

PolarStore

88 EHEUE
BMENFER.
ERCBENER.

H=7E4E
E=0d,
WALHFEBER.
BFHSEZRENE,

EHEYRE (snapshot) ,

replication slot 3,

KT FREBIRE X,

Bt FRAEMFFAUM

B K SerializableR B =SS

R

ESBEXMH,

ERXESHEE,

FESHER.

RARER

FrET RIFEMHE—5H
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postgresgl.auto.conf

postmaster.opts

postmaster.pid

postgresql.conf
pg_hba.conf

pg_ident.conf

1.5. RLEH

A FHEME

SHBMEXMH, MERKT

postgresql.conf,

ERRS[BRE—IR

” FETRSEEE—®

— NI, iBRpostmasterifiz
ID. #EEBRK®E. postmaster
HIZFEETE .

HOSEER.
SHEEXH,
B P IHIAEE S X,

KA BRSNS,

Page header

. m pd_checksum | pd_flags pd upper pd_special

pd_pagesize_version | pd_prune_xid

— free space

s

A {

J_ heap tuples

N R O ey [y e e

Tuple header

WA

XM, B—PHASIMHEXMER, XHHESIHERNEGX, B GBHREE
BE— DT BIERE S

RS, BESPEIRRAMN.

AR AR ERPolarDB O3| MR EHME,
table files
page O

BLCKSZ(bytes)

file 1 — page 1
BLCKSZ(bytes)
page RELSEG_SIZE
BLCKSZ(bytes)

file 2

file n

&

table files

file

page

page header

HIRHR, RS PEUBRTEAMN.

IR, FAGERBSRAERLESR,
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tuple

tuple header

pd_pagesize_version

i8R

HIEIT.

HIRTk, HAGERBSRAETLER,

HIBRLER
218 ki)
pd_lsn REBEIX M ERAWALBAL S,
pd_checksum TEREHE,
pd_flags PRARAL,
pd_lower =R EFLNREE,
pd_upper HZRATRERNREE.
pd_special KT EALNREE,

RHEA/NNIBBRASER.

pd_prune_xid RE L RERMREIxmax, MERENAO,
HRITLER

5K Wi BA

t_xmin #EAEEID (XID) .

t_xmax MBRESID (XID) .

t_cid FAEMERCID,

t_ctid HAMRANRE RS SR BB R ERRA,

t_infomask RS,

t_infomask2 ESMREAL,

t_hoff HAFPHENREE.

tuple data SERREVEAE .

1.6. EiFHLH
AFNEPolarDB O3 | EME B HLE

SELECT
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Select * from th| where id=1;

shared buffer pool Block
CLOG buffer
WAL buffer
storage Block
data file

EASELECTERHIRN, FEMNBRPEN—TMHERIATFS, REESIAFPHERRBUROER.
INSERT

BEGIN; bgwriter
INSERT INTO tbl VALUES(1); COMMIT;
Block Block
Shard buffer pool B |:>
CLOG buffer
LSND LSN1
¥

storage Block

data file WAL segment data file CLOG segment

HIRFEBINSERTIA—REIREN, BERIRETNT:
1. NBURXEER—PMIERBIAED, HEXTHIESEANZINEIER, RFEEM—%KINSERTHIWALR

==
Vo

2. HMITOOMMTHLE, RASTE—ZCOMMITHIWALBE,

3. INSERT WALAFEFACOMMIT WALAEFERSW I B AL, CLOGEFIERXNEBEIERMINNGE
l%\o

4. BURHRPHEERES bgwriterB AR B4, BB EFHCLOG 44,
UPDATE
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txid = 101

:réE—é[,\i;“_""""""“"""“"1: t_xmin t_xmax t_cid t_tcid data
'INSERT INTO tbl VALUES(0); ; 101 0 0 (0,1) 0
,COMMIT; :

‘tf(lq,:_l_qz, _________________________ t_ xmin t xmax t_cid t_tcid data
|BEGIN; T BT T
{UPDATE tbl SET id = 1; 7]

! S+ 102 0 0 (0,2)

t_ xmin t_xmax t_cid t_tcid data
1..101_-|--102-4--0--1-10,2)

“»__102----102-+---0--1-10,3)

-

UPDATE tbl SET id = 2;

Z1

“» 102 0 1 (0,3)
COMMIT;
txid = 103 t_xmin t_xmax t_cid t_tcid data
101 _1-102-1--0---}-(0,2
BEGIN; : L £0.2)
'DELETE FROM tbl; ! °»_102_4-102-4--0---t-(0,3)
commi; | “s 102 | 103 | 1 | (03)

EFED, tXdRRESS, tXMNEXRBANESS, txmaxk ™ HRESS, t_dRRESAGTISHE
S, t_tadRRBERANKEE, dataR RLIREEFHENE.

e E5%101

AEMSQLEREbIRPIEAN—ITEANONEE, GNEXTRIMNHEREERNE. BELSAH101; BFEE
WRES, FFUBRES SN0, BEESHAHLNESAH0; BBEEN (0, 1) FREERNE—NMRBMA
=

e E%102
EXL102FEH Ttblk, REDETF1, AEHEFHRREDETF2HIER.,

o NAM EXKETLIEL, WREFSMOZEM 7102, ZRXITHERICESHRT,; FEETMT
(0, 2) , RNEBTOSHERNE_NMRBMNE, NE_MRBUETUEIEESNH102, XK
EF102BANT XITHIE, BEEFHEER.

o NAMTKETEL, £5SKIER102, BBEEBET (0, 3) , RRFHEIFNEEN2; S
FSABLHFSHIRTESANE _FHTHTTEH, 55 UPDATEX M,

e £55103
MNEMSQUEAIFRRNIT T MERtbIRNENIE, MIRESSEFH 103,

1.7. LI [O] AL

PolarDB O35 | #37#@ 13 vacuumss & X SR E R H T E IR, EIRNHIRAERRNZAHASRELEMER
%, ERFBARERNEEIUERZZE.
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tuple2 | tuplel

HEEED, tuplel T tuplez MRBBEIBIT, unused KFREVEETT, BIUIREIRE, THE
BOTOBNZEFEIRK, TUMERFA,

PolarDB O5|Z&53 £ fRASKEHIMVCCHLE, Z314TUPDAT EMIDELET ERVE B S 7= £ — MBI BURITAR A,
EHNHBTIRASTHEERA, RETYIRABRESAYBERNTE, FERNHTEE, BURS
HIROEK., SXMEETHRBETHN—EHEN (BRULUREBERRBEXREXTREIETHS

tt) , PolarDB O5| 2% B et & BIREIEAIEIULENIE, &EIIVACUUMEIZ S SRR TR, SRl LAF
f}]#l,'f? vacuum table name i&ﬁiﬁﬂ%ﬂ&ﬂ’\]lﬁlﬂio
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2. EAM M g o) B
2.1. BEERHE

BERIHERNEXERET LT BEEERANERBR, FIWSQUEG. &, RIUKEEHENEX

EI%\%% o

TEREAKERE, #EdEUiSE, ESPolaDBRHENEEMNEBESREEUE,

pg_stat_activity pg_stat_user_function pg_stat_statements

pg_blocking_pid pg_stat_all_tables pg_buffercache

pg_stat_statement ey

Pg_locks

pg_stat_all_indexes

\ SRAEERIEE —
pg_stat_database Indexes 10

pg_statio_all_indexes
il
pg_statio_all_tables — Buffers 10

pg_stat_procegress
vacuum

pg_stat_activity
pg_stat_user_tables

pg_current_wal_Isn

___ A

pg_relication_slots —— Logical Replication WAL Sender Process Archiver Process Background Writer Checkpointer Process pa_stat_database
pg stat replication ——— _stat_¢

WAL Receiver Process \ N
py_stat_wal_receiver ——— pg_stat_bgwriter
Tables/Indexes Data Files
Recovery Process

/ \\\Mmmm ‘ Pg_stat_bgwriter

pg_stat_database_confilcts Pg_stat_archiver

2.2. B50H
2.2.1. BUEE

AEBEENEPolarDB O3 EhHNARNEFARGR, TEIEOAANERBEXIAER, #HMAE
TN REME

HIEEREAER

e pg_stat_database

pg_database_size pgstattuple

pg_stat_databaseMl B ERERPEF— M EEINE—THREECENSIHEE., BXSHER
MR

2 HR R
datid oid HIEEOID,

datname name HIREZR,
HRERIHEENRRYE. XREVEPE—
numbackends integer RERESFPRSENG, FIEEMIIREIN EREE
PURIRRBE.,

xact commit bigint HIEEDEERRRINESHNE,
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S ESit) R
xact_rollback bigint HEEPELEERNESHNHE.
blks read bigint HIRED R ERNOHE.

WERBEEAMELEE P KPR, XERAFTE—R
blks hit bigint EER (XREEPolarDB O5|ZE P X P, mA
BEARERANGRAETIRPHGED) .

e — bigint BR PRSI T,
T — bigint $HR B h i SR AT
R — bigint BB EDREMIEN T,
T —— bigint BIREDRE N ERTH.
), Gozad bigint BIREDREAMIRTH.
ol bigint T SR RS SRS NS E .

EHFEEPHEEACENIGN XENEE. AR
temp files bigint HESE ST, REAIEXEIRE XS (FlunHEFRHE
#) NER, HEREE log temp files HNRE.

HEHREPREES T IRN XHPNHIREE. FrElh
temp_bytes bigint NXHBERIT, RRIZXLEIRNXGNERRE,
BRB log temp files HNRE.,

deadlocks bigint EHURE E D4R BIZE 812
blk read time double precision EHIR E P B iR 1 BRI B SR X BV B 18], B

=

=

EHEETERERESHEXHRNEE, B4 =2

blk write_ time double precision b
o
timestamp with time N = \ N
stats_reset P FIHERRE—REEENE,

Zone

e pg_stat_bgwriter
pg_stat_bgwriterifl NG RE RN —1T, BEEHEN2FBHIE.

S ESic) R
checkpoints timed o . b =2
- bigint EEFENTHRE SHNHE,
checkpoints_reg bigint EBERHITHBEREERNHE.
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2 Eid) R
checkpoint write t . EXHEEANBBENOEALETSEENSNE, 8
) double precision .
ime fi: =28,
checkpoint_sync_ti . EXHERFIHETHNNE RGBS 65 0S8
double precision N A
me B, B =W,
f heckpoi "
Puffers_checkpoint | pigint ERESBERSNETREE,
buffers clean bigint KEAEHEENETXHE.
. - EAEHEHTEAETASEPXMELEFREN
maxwritten clean bigint v
REL
buffers backend bigint BREREESNETRHYE,
buffers_backend fs bigint HATfsync AR E (BEERGESEIETER
yne i fr, FASHRHAMERE)
buffers alloc bigint WAENEDKHE,

timestamp with time
zone

stats reset

XEFHER LRKEENE.

e polar_stat_activity

HIRFTEHRENYIRA, polar_stat_activityMlEZRIHHNERiHE,

2 Bt R
datid oid #IEEOID,
datname name HIBESR,
pid integer HiZID,
usesysid oid BFID,
usename name HP&.
application name text EEER,
client addr inet EPixP,
client hostname text BRFIHNSRE,
client port integer EPiHRO,
backend start timestamp BEFimEEtI2NE,
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5t

W

# ESit) T3
xact_start timestamp ESFIRNE,

query start timestamp HHISQLFF I ITE IE,
state change timestamp HEPRSRERNE,

ER/HEMEE, RIREESHNSEHEE, NEREFE

MR NULL, TJRERNER:

°©  ILWLock : FEiREEZEGFREERD. 8—DIXE
HSRIPERZNFPN—MSHREIBEE,  wait
_event KEERRZBEERPBENHBR (—L&
PEERENER, HME—HEFXEUBNNS T
H—&a) .

° Lock : RIFEESHEERI. EERY, B
AP SERPAEFH R, FTEHFP SQL T WEIRY
&, flnEk., A, EMEERTHRESERSHRE
WER, INXRET B, wait event ¥HRRE
FER DAY SR,

© BufferPin : REB[HBEESSHIHEED
X, MEEEEMBEEEREZENK, RS
—MHEFE - IRENE[ NS D X hiZEEE
BT R, S0 X pin SETRSKIEE,

°© Activity : RES[EBLTFRENRS. XEA
FEEIQNERADESEFNNRFHE., wait
event KRR ENERFR.

© Extension : RE[HBEREYT RERGESE
. XM EEATERIREENSFRAEL,

°© Client REBHEFEEEZLEEXBERAF
MANEMED, FRZRSHFMHEMSERNEL
BEXNEBBELRE, wait event RIRIRFFEMR
EHFR.

o  IPC RE[DHEBEESHSRERSHPE—NiH
BNEMEY. wait event KIRRABENER
=1

o Timeout MREBHBEESSHFBNEAE, wait
_event BINRBENEFR.

I0 REB[HBEESFHFIORM. wait event
BinREENERER.

wait event type text

o

MRBEWAMEESS, WERSHFEHNER, WA

wait event text
- NULL,

state text HERES,
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MERER ISR = AR

24 £
backend xid xid
backend xmin xid
query text
backend type text
queryid bigint
wait object text
wait type text
wait time ms double
cpu_user bigint
Cpu_sys bigint
rss bigint
pfs_read ps bigint
pfs _write ps bigint

pfs read throughpu

bigint
N g
pfs write throughp L
- - bigint
ut
pfs read latency m
- - - double
s
pfs write latency
- - = double
ms
local read ps bigint
local write ps bigint
local read through L
- - bigint
put
local write throug .
- - bigint
hput
local read latency
- - double

ms

Py
HETE P imxid,

HEE P imxmin,

SQLiEMl,

YEibackend#

SQLE—HRIR

MRBEFEH, RREFHNKR,
MRBEFSHN, RrRSHENRIEE,
MRBSHFEH, RrCEEFNE,
Ypibackend BFPACPU,
Ypibackend R4 CPU,
HelbackendWF A,
pfSIIORHIRE

pfsSI0RiTRE.

pfsIZEIORIFLE,

pfsEIORITELE.

pfSIRIOFERES A,

pfsEI0FEIRBY (8],

AR RFEEZIORTIRE

AL HERFESIORTTIRE,

A RRZIORTTEULE,

AMNHERASI0RUTELE,

RIS RS IOFE R BT 18],
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W

!

&

#

local write latenc

ms

FESHAEHR

GEESid

e
double
ERBHEW

ShmemindexLock

OidGenLock

XidGenLock

ProcArrayLock

SinvalReadLock

SinvalwWriteLock

WALBufMappingLock

WALWT iteLock

ControlFileLock

CheckpointLock

CLogControlLock

SubtransControlLock

MultiXactGenLock

MultiXactOffsetControl

Lock

MultiXactMemberContr

olLock
RelCachelnitLock

CheckpointerCommLoc
k

TwoPhaseStateLock

TablespaceCreateLock

BtreeVacuumLock

AddinShmeminitLock

i
=

A X4 R A S I0FERETE ,

R
EEFERZERNERERGENERE,
EEFARFIERFOD,

EFHFARHEMTFES D,

ESHHEESERFIRRBRAESFRES D,
ESHAAZTRHER NI PRI EBRER.

ESFHELZTRER NG FEBMER
ESH1E WAL Zh Kh B TTE .

ESR WAL EPREENFIHAE,

ESAF IR E BRR 64 B2 WAL 31,
EEHITRER,

ESHERHEEMESRS,
EEFERREEHFESER,

ESHFERHETHHAZSEENRS,

ESHERHEENSESRBER.

ESHERHEENSEZMAMRS.

ESHERHEBANXRE P KR H,

EEFEE fsync B3R,

EEFHENHEBHMES SR,
EEFoIEgEMBREZE.,
EERFREIEE EMHMB-HM RSB vacuum EXHEER.

ESRHEBASAFRN=ENE.

25
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MERER ISR = AR

e

LWLock

ERHBHER

AutovacuumLock

AutovacuumScheduleL
ock

SyncScanlLock

RelationMappingLock

AsyncCtlLock
AsyncQueuelock

SerializableXactHashLo
ck

SerializableFinishedList
Lock

SerializablePredicateLo
ckListLock

OldSerXidLock

SyncRepLock

BackgroundWorkerLock

DynamicSharedMemory
ControlLock

AutoFileLock

ReplicationSlotAllocati
onLock

ReplicationSlotControlL
ock

CommitTsControlLock

CommitTsLock

ReplicationOriginLock

MultiXactT runcationLoc
k

OldSnapshotTimeMapL
ock

13

[

BFEIFERERNRESHERNEZNANE

B ITEENZHIPRTS,

EEFHIANEDHTEENRNTREFE,

ESHFARSFAMGIR LABNFBRME.

IESRSEHARGFMEREMAT RIS R X RIS

#,
ESFFHEREEBRAZENRES.

EFFIEMEEEMENER,

ESHRRNEFEEXUFINUESNER.

EEFHHEESRUFIIUESHNIIE,

ESHHERURIMCESHTENMIIER ERTEE,

EEFERFEFLERPROTFIMUES,
ESHFERHETHAEXRSEFRNER.

ESHERHEENREATEENRS.

ESHERHEBNNSHERERS,

E&#FE#Hpostgresql.auto.conf 324,

ESHHRENERKEFIE,

ESFHEREEBMEFIERES,

ESHERHEENESRRMEH.
ESHERHEENESHERNRNREE.

ESFHRE. MRAEERERRL.

ESEHERHENRSESZER.

ESFHEREEBEMBNRRBIZEFER,
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SR

SRHBHER
BackendRandomLock

LogicalRepWorkerLock

CLogTruncationLock

clog

commit_timestamp

subtrans

multixact_offset

multixact_member

async

oldserxid

wal_insert

buffer_content

buffer_io

replication_origin

replication_slot_io

proc

buffer_mapping

lock_manager

predicate_lock_manage
r

parallel_query _dsa

tbm

parallel_append

parallel_hash_join

relation

T3

52

EESRFF LRI
ESHEEERTHEE LOHMFETM.

EFHFHENMEX A EHESHNER ASEMIRER
%o

EfESiticlog (FHRT) EPXERI/O,
EEFRRENBEEZPX LR I/0,
ESR/HFESEPREN /O,
EEREZESREBEIX LR /0,
EEFZESMAEPKER /0,

IE%fF async (IBH) &4 X L8 1/0,
EZ% oldserxid )9 X £ 1/0,
ES/HE WAL BABNFETKX,
ESHERHESAREFEPHEER,
ESF—PMEIERE LN 1/0,
EEFEMEEEREFHE,
ESRHEHE LN /O,
FESEEIE & B fast-path $15 8.,
ESRHHEHIBRS Ehi P& id XXEX,

ESFEMAERLEATEHROS, HEESHMAR
ZRUHER (FTEBRER) .

ESHENHELTBRAHER.

ESHHTENNSHZAF B
EEFTBMAZIA R,

fEParallel AppenditXIHITH B S FIEET— N Fit
b8

#Parallel Hashit M HATH B SN BRI —RAE
HE BRI

ESRHREXR LB,

27

> MAYRRZA: 20220525



mREXRBHIEAEPolarDB 05| %

MERER ISR = AR

SR

Lock

BufferPin

Activity

EREMBR
extend

page

tuple

transactionid

virtualxid

speculative token

object

userlock

advisory

BufferPin

ArchiverMain

AutoVacuumMain

BgWriterHibernate

BgWriterMain

CheckpointerMain

LogicalApplyMain

LogicalLauncherMain

PgStatMain

RecoveryWalAll

RecoverywalStream
SysLoggerMain
WalReceiverMain
WalSenderMain
WalwriterMain
ClientRead

ClientWrite

T3

52

EEFTRXER,
ESRFRBRXRENTENS.
EEFIRG A LR,

EEHFESER,

EEFIRGEN xid 8,

EE &3k speculative insertion lock,
EEFREEXRBEETR LB,
ESRHREGAPH

EEFREGENAE P,
EERFEZTX LM pin,
EEPMERNERR PSS,
IEfEautovacuum/a s RN E B/ P S,
FEREASARHEREPES, KED.
FEEAESARHENEE TEENER/A PSS,
EERERHENEBERPES,
EHEEBENA#ENEERPES,
FEZBERNBERNERAPERF,

FERTRERHERNERAPES,

HERENSHRETESLERR (Kb, FHEEHR)

BWAL,

EIRERERHEE FROWAL,

EERGHEHERNEB/R PSS,

EEWALRINES HEZN EBRPERS,

EEWALRESHEN /IR PSS,

EEWALE NS HENEBERPERS,

ESHNE P IRIEEREIE.

ESEFREFRSANEE.
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SR

Client

Extension

ER/HBHER

LibPQWalReceiverConne
ct

LibPQWalReceiverReceiv
e

SSLOpenServer

WalReceiverWaitStart

WalSenderwaitForwAL

WalSenderwriteData

Extension

BgWorkerShutdown

BgWorkerStartup

BtreePage

ClogGroupUpdate

ExecuteGather

Hash/Batch/Allocating

Hash/Batch/Electing

Hash/Batch/Loading

Hash/Build/Allocating

Hash/Build/Electing

Hash/Build/Hashinginne
r

Hash/Build/HashingOut
er

Hash/GrowBatches/All
ocating

Hash/GrowBatches/Dec
iding

Hash/GrowBatches/Ele
cting

i
=

EAEWALZWESR TS FET SRR RSH/NEE,

EEWALZIRER D S5 MIEE RS SRIBINEUR .

EESNEZEREEEFSSL,
EEFstartupE AR RE FINBEIE.
EEWALKESSHEDERFWALERIS .,

AEWALRESRHEZPLERBWALEKRNESHER
ERED.

EEY BPER.

EERFEAIEEXE,
ESHEATIEER.
ESHREHTB- MM RENRSERTA,
EEHAMMEESERNERSSRE.
FEHFTGather s Iy S5k B FHZHED,
ESfFiEHiParallel Hash2 5 &5 N ERAFHE.
& Parallel Hash2 5 &R AEIRFE.
EEFHMParallel Hash8 5 & TR EHIRF %,
&k tiParallel Hash8 5& N BRIAKRAEE.
IEfEi& i Parallel Hash&2 5B S BEYIRIRF &,

IEEf5HAtParallel Hash2 5 & TR AXRIIEFHE
E.

EEfFHMParallel Hash& 5 & R M XM X R F R
E.

&Y Parallel Hash8 5 A B ELHR .

IEfEkH Parallel Hash&2 5& RERKHHIRIE K,

FEk W Parallel Hash2 5 & S BRESHIR,

29
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MERER ISR = AR

SR

IPC

Timeout

ER/HBHER

Hash/GrowBatches/Fini
shing

Hash/GrowBatches/Rep
artitioning

Hash/GrowBuckets/Allo
cating

Hash/GrowBuckets/Elec
ting

Hash/GrowBuckets/Rei
nserting

LogicalSyncData

LogicalSyncStateChang
e

MessageQueuelnternal

MessageQueuePutMess
age

MessageQueueReceive
MessageQueueSend
ParallelBitmapScan
ParallelCreatelndexScan
ParallelFinish
ProcArrayGroupUpdate
ReplicationOriginDrop
ReplicationSlotDrop
SafeSnapshot

SyncRep
BaseBackupThrottle
PgSleep

RecoveryApplyDelay

T3

[

FEESFEHEParallel Hash& 5 & R E R KB LRI
£,

E&FHEAMParallel Hash2 5 EZ =R EH N K.,

F&FEH fParallel Hash2 5 =M EZS @A .

EfEik i Parallel Hash2 5 &N R ELSHE.

EEFHEAMParallel Hash2 5& RIS T AIH N E H4H
BIIRIE,

ESRH2ESFNERRSB[RZATIRRRASHE
& .

EEFEEEHNTRRSH[ESRS,

ESHHMBRBRERIIHZHRNI,

EFFEMCERBHHZHEENT.

EESFAEZHEB AT EKFT,
EERFAHEERNIPRETT,
ESER/FHTUERRBRDREL.

F& & F{TCREATE INDEX T{E& S A A H#
EEFHTIEERRITE,
ESHEATMESSERNBERESD,
ESHEHIELT/RERUERMER,
EER/FERBEERERUERMIR,
IE%15F TREAD ONLY DEFERRABLEZE & HYIRER
FERSEHBMESHRATRRSHBNRIA.
HERMENNEEREHRESER,
EEAApPg_sleepiftizh &4,

ERENSHFRAWAL, BABHILERT .
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ERFEHER ER/FBHER i
BufFileRead EE/FMNEFI X PIEE,
BufFileWrite ESRFEEFNIXHEREAN,
ControlFileRead EEER N EFIS IR,
ControlFileSync EEFRFINGERREFME.

ControlFileSyncUpdate EEFEN RGN EFHE X EFE.
ControlFilewrite ES/FNEFXEHS A,

ControlFilewWriteUpdate EEHSREENEFIUE,

CopyFileRead IETE N4 TUREBR B SRR IRME,
CopyFilewrite EEXHE IRERRSHFERIE.
Dat aFileExtend EERXREEXHHY 7,

DataFileFlush EEFXRMIEHRAREFME,

DataFilelmmediateSync EEFXRHEXUNMANEL AR EEFME,

DataFilePrefetch EEFMNXREBEBXHRN—RES T,
Dat aFileRead IEEAFX X REE B ERAE .
DataFileSync EEFNXRFBE XN ELE AR EFME.
DataFileTruncate IEE /5K REURE ST BT

DataFileWrite EEHFYXRABEXHNSRE.
DSMFillZerowrite EROHSHERAEFEN G PERFT,

LockFileAddT oDataDirR

cad FEEHE B ROV PIB I — TS RIEERE,

LockFileAddT oDataDirS EEHIEB RGP IEN— TR ESSHIEIRRER
ync %,

LockFilleAddTODALADIW 4 i ugim & gt ph b AN — T SRS S B4,

rite

LockFileCreateRead FEIEHE B RIS HE SR,
LockFileCreateSync TERIEHUIE B RGBS 5 EUBEIIAREFE.
LockFileCreatewrite HEBHIEE R NHRESEERIE,
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SR

I0

ER/HBHER

LockFileReCheckDat aDir
Read

LogicalRewriteCheckpoi
ntSync

LogicalRewriteMapping
Sync

LogicalRewriteMapping
Write

LogicalRewriteSync

LogicalRewriteWrite

RelationMapRead

RelationMapSync

RelationMapWrite

ReorderBufferRead

ReorderBufferwrite

ReorderLogicalMapping
Read

ReplicationSlotRead

ReplicationSlotRestore
Sync

ReplicationSlotSync

ReplicationSlotWrite

SLRUFlushSync

SLRURead

SLRUSync

SLRUWTrite

SnapbuildRead

SnapbuildSync

Snapbuildwrite

T3

[

EEHOEHIEB RICHNET R PERFIEERE,
ENERPESFEEESRPFIARETME.
AEREESHESFRTEUIRIIARESME,

FIEBESHESHYRSENSEE.,

ESHEEESRHNEXRERME.
ESRHNBEEERITNSEE,
ESREX KRG S BIER(E
ESHXRRIFMEXREFME.
ESHNXRBGFXHNSEE,
ESHRFED X SR RSHFIERE,

EEHFETXEEPESHFERE.
EEHFED XEERHBSHIISERNITEF,

ESEHX—NEHBIEH S BIERE,

EREFEEHIXHRETREFNIRTSFEEIRXR
EfFRE.

ESHE BRI EIRREFME.
EERNEFIERGHXHENSRRIE.

ARERNELEEXAHPESHSIRUSIERARER
it

EEE 3T SLRUTT E BIIEIRIE .
EEFRHSIRUMIBERE S 2GR RERME.
EEAFSLRURE LR S #1E,
ESHFIINDE B RRBHITRE,
ESER/FFIMAEBERRBEXREFME,

ESHFIMHE B RRRBNERRE.
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e i ER/HBHER

TimelineHistoryFileSync

TimelineHistoryFilewWrit
e

TimelineHistoryRead
TimelineHistorySync
TimelineHistoryWrite
TwophaseFileRead
TwophaseFileSync
TwophaseFilewrite
WALBootstrapSync

WALBootstrapWrite

WALCopyRead

WALCopySync

WALCopyWrite
WALInitSync
WALInitWrite
WALRead

WALSenderTimelineHist
oryRead

WALSyncMethodAssign

WALWTrite

@ 88

T3

[

EEFBIREMNREE NN BLEHEXHRARER
it

EEFBTIRE SR IS 898 184 [ 52 S BOIEHR1E

IESFFE R4 /0 23X EBIRIRIE,

ESHHORNE B LN XM AR EFHE.

ESHHEIRNE B4 H L3 MH LS EE,

ESHRM BRI IR,

ESHMNBRS XM EXREFME.

ESHRMBRSXHNSERE,

EBHHESHFWALEAR B,

EBERHESHFWALITE N SRIE,

EEIENEAWALRBIZMIIWALR I S — iR
E.

FEFBIENEAWALREIZNHMWALREIXIREF
it

BT ENEBWALR I ZFIWALRI SHFERIE,

EESMAALEWALS AR B,

ENREIREWAL B ERF SR,

FEEWALSHEBIEIRE .

TfEwalsenderd Y 8] 4 &5 < H 18] & 43 X9 B 18] 46 [ 52 345
BISEIRIE

FEIRIRWALR 75 A B SR HIREIAREFMH.

EER/FIWALHH S HE,

polar_stat_activityfEK#iF polar monitor I, EHohiZiE1EL % PolarDB O3]

ZHIEEREBBRIAEE, [BEFH{Tcreate extension polar_monitorss S{EE £,

e polar_stat_activity_rt

HIRFIEHENYINRA, polar_stat_activity nt#lEZ 02 LREEE,

33
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TREXREHIREPolarDB 05| % MREB MR- E 1t REIRI L

2 Eid) R
pid integer HZID,
backend type text HETbackendE
cpu_user bigint HHTbackend P ACPU,
cpu_sys bigint Haibackend R4 ACPU,
rss bigint YaTbackendWTE S A,
local read ps bigint A4 RRIEIOR T IREL
local write ps bigint AU HRAESI0RITHIRE.
local read through L N N =
- - - bigint AN HRGZIORUTELE,
local write throug o . -
- - bigint A HRASIORITELE,
hput
local read latency N . N
—— double A4 R AIEIOFE R BT 8
local write latenc . N
- - double AR S I0FEREE,

y ms

@ %89 polar stat_activity tMEUKIITF polar monitor IEM, HthiZiE#EER%EPolarDB O
SIZHIEEREBINETE, BFEHIT create extension polar monitor ERREHERL,

e polar_delta

D FEE  polar delta 2—PEH, BFREMENEEME, KRBT polar nonitor Wi, H
hiZiGE M E LR % PolarDB O3 | IR ER EBINFIE, EFEMIT create extension

polar monitor W EELEN.

RN T
. EAFLEESMESNNE,
n HEHZIRDALADFF L,
n BIIBFRBALAVL,
i. ERAATERELE :

"select * from polar delta (NULL::view name)"

"\watch 1 select * from polar delta (NULL::view name)"

iR

ik
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MERERNIE R = (L1 EE(n TREXREHUEEPolarDB 05| %

e CPU
SIERBIEICPUISIRE & polar_stat_activity#l E kI,
e HZERNFE

PolarDBbuffer poolfllatchEFHELBHELEN, BNBETHERED, CERHNNIFSHIER
BEEEMTHRETREEXESR.

o polar_stat_shmem

HRABRHEE=NEFNERER. BXSHRBNTRAR:

2 b E:p%
shmname text HERNEREE,
shmsize bigint HEREXRN (ZTH) .
shmtype text HERFLER,

@ 83  polar stat_shmemBERILTF polar monitor 1mM, HoZIEAEREPolarDB 03]
”’”ﬁHEEFEEkl)\T?T 'fEl #l,'f‘_l' create extension polar monitor upv'fﬁﬂ:ﬂi 5(0

o polar_stat_shmem_total_size

HRHZRFNRELAER . BXSHIRBN TRAR:

28 x8 R
shmsize bigint HEREFEXN (FTH) .
shmtype text HERFHRE,

@ 88 polar_stat_shmem total_sizefEUK#TF polar monitor IEMF, EPZIBEMHESR
#=PolarDB O5 | Z2HIEER EEBIAEE, BEHIT create extension polar monitor EEAER,

SEREART

PolartDBHIAE R FEHEBTERPHSAERHRR, HHSERIINAFERES

#Epolar_stat_activity{s3l, Ei#—%, PolaDBh&ERARNEFE L TXEANSHNESENEREN,
A LAEEEE AT R R EIREL,
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TREXREHIREPolarDB 05| % MREB MR- E 1t REIRI L

o polar_get_mcxt ()&%

e Eid] R
pid integer KEHEHREpId,
name text memory contextZ R,
level int B,
nblocks bigint S Ablock#=E.
freechunks bigint ZRblock# =,
totalspace bigint B (FHH) .
freespace bigint ZRZE (FHH) .

o polar_backends_ mcxt

&Hbackend_type MKIE, RIUtREFELTXER . HXSHHBUTRAR:

S Eid] R
pid integer #HiZID,
name text memory contextZ R,
nblocks bigint G Ablock#E.
freechunks bigint ZRblock# =,
totalspace bigint S=EE (FHH) .
freespace bigint TRZE (FHH) .

@ 88 polar_backends mcxtWEKIRTF polar monitor M, HoiZiEHEREPolarDB
O%I%%ﬁﬁrﬁ}éeiﬁ)\ﬁﬁ, 'fﬂ%ﬁa#l,ﬁ_' create extension polar monitor 'E%/ﬁ\'fﬁ,g\:/:t;&o

e |I/O

SIFRRFIBN/ O¥EFRE L Epolar_stat_activity PRI, AR FI 91/ 0FE 2 RI/OER A o] LUEIT &EE
AT R EZRER

> SAYPRAN: 20220525 36



MRERMIE R = RE A

=REXRBHIEEPolarDB 05|%

o polar_stat_io_info

BREXHRBEAEE, HR/OEEZEER, BXSHRBIMTRAR:

24

filetype

fileloc

open_count

open_ latency us

close count

read count

write count

read throughput

write throughput

read latency us

write latency us

seek count

seek latency us

creat count

creat latency us

fsync_count

fsync latency us

falloc count

falloc latency us

@ 83  polar stat_io_infoflEKIT polar monitor IEME, EiZiEMIER%PolarDB 03]

text

numeric

double

numeric

numeric

numeric

numeric

numeric

double

numeric

numeric

double

numeric

double

numeric

double

numeric

double

f#i

[

XEE,

XHREXHRSE (BERBRE XA RENILZH

RAEPFSHAER) .
XA FHEIRE.
AT FSFER .

XHEX IR

EXMHEEL,
EXHSIER o B MR,
EXHRIER, B M,
seekiZRE

seekDFEIR

B EIREL

IR SER
fsynciEoxR ¥,

fsyncB iR,

falloc2x %,

falloc RFER,

ZHREREMIANERE, EFMIT create extension polar monitor TEHER,

37
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mREXRBHIEAEPolarDB 05| %

MERER ISR = AR

o polar_stat_io_latency

RBI/ORBANMEE, RIH/OLER. HXSHRBPUTRAR:

24

iokind

num lessthan200us

num lessthan400us

num lessthan600us

num lessthan800us

num lessthanlms

num_lessthanlOms

num lessthanl00ms

num morethanl00ms

Bt

text

numeric

numeric

numeric

numeric

numeric

numeric

numeric

numeric

f#i

=4

X ERIERE
u fsync :

L creat : BIEE M,

u seek :
" open : ITHAXHE.
L read : B

" yrite : BX{#,

L] falloc :

INTF 2005 SRS

KT 200547 /NF 400547 2R 2L

KF 400N F 600 B IREL,

KT 60077 /N FB00MA B IREL .

RF 800 NTF1ZRRIREL,

AFIEWNTF 102 EIRE,

RFI10ZR/NF1002REIREL

RF100ERRIREL

@ g polar_stat_io_latencyf@lE{K#F polar monitor ¥4, EdiZiEMHEZR%PolarDB
OS|ZBHIEEREEINEE, BEHIT create extension polar monitor nSEEERL,

o ML

RTT LIRS I8 AN S AR 8940 B SRR BR ) 2% 5 4

> MAYRRZA: 20220525
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MREB ISR = REIEI L TREXREHUEEPolarDB 05| %

o polar_proc_stat_network()&%{

2% KR R
pid bigint Higpid,
send bytes bigint RITREFTH,
send_count bigint RITRERH,
recv bytes bigint ZiHBERETH.
recv_count bigint RIHEWRE,
sendq bigint socket KIXPATIKEE,
recvq bigint socketFEI AT E
cwnd bigint socketi B E O KR/,
rtt bigint TCPEERIMLErttifia, 8461 M,
retrans bigint R EERH,

TCP socketiB X IR ERNREEHITE, ZRAM

tcpinfo update ti biai REtEE, FEULESMWEH—K, ER sendg ,
me igint recvg , cwnd , rtt , retrans SRS

EHIEST, EMEIEA tcpinfo update time

o polar_stat_network
}ﬁ %%?ﬁ{;ﬂ.ﬂl[lb\&;&o ﬁ*%gﬂ%%\u[ﬂ::

B et R
send_count bigint RIERIRE
send bytes bigint REBFTHH.
recv_count bigint BISIRE
recv_bytes bigint BREFTH,
retrans bigint BERRHE,

@ %83 polar stat_networkflEKIRTF polar monitor HEHE, HPiZIEMIERPolarDB O
SIEMIEERCEBIAEE, [EEHiTcreate extension polar_monitorss $EE £,

o i
RO IR A SR B E SRIRERAB X BUE R .
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TREXREHIREPoOlarDB 03| % MREB MR- E 1t REIRI L

o LWLock
polar_stat_lwlock
latchis 2 ER 4. HXSHERUT:

B et} R
tranche smallint lwlock ID
name text BER,
sh acquire count bigint HEREEUREL,
ex acquire count bigint HEERETIREL
block count bigint IRENPEZEEIRE
lock nums bigint lwlock M4,
wait time bigint REFE,

@ 88  polar_stat_IWlockiEHKITF polar monitor preload &M, HPZHEHER
4<PolarDB OS5 | Z2HUEEREBIAFE, {EFEH Tcreate extension polar_monitor_preload &
SEHEN.

o Lock
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MREB ISR = REIEI L TREXREHUEEPolarDB 05| %

m pg locks

W

# Bt R
THTREIEE: relation, extend, page,

locktype text tuple, transactionid, virtualxid, object,
userlockzfadvisory,

EMEFENSIEENOD, MRBREE=IRN

database oid
70, MEBREESDUAZE,
eion . (ERBEHRNERMOD, MREHRFRXRDER
oid
BEXREN—®, WEAZ,
- nteger ERHEFRNAEXRTNAS, MBEFFRXR
mETa, WERE,
tuple <rmallint R ERNTEERTNTAS., MREFART
A, MERZ,
it ieia {ERSEIRNES BID. WREFFRENES
text
D, M{EARZ,
. . ) ERHBERNESID, MREMRAZESEID, WERA
ransactionid xid =D
. ) BEYEFRNAEZERN0D, NMEBIRABLIEL
classid oid
BENR, WEAZ,
. . HEMEENRFZERTH0D, NREFAZEE
objid oid

HEENR, WA,

PBBRIIS (classidflobjidieRAS) ., RE
objsubid smallint MEEhEMETEHEENR, NEN0, MREMR

FREBHEENR, NWEAZ,

virtualtransactio

B text REHEE EESSFHNESHNEND,
. . REYEHE EESHUNRSSRHEZNPID, MR
pid integer

PWMEESFHFE, WENS.

mode text HEEHFAEREF BRI,

granted boolean WRHBERTFUAE., WRBHFFUAR.

MRPEIRBERREUAE, B EHERREN

fastpath boolean BB

a1 > MHRA: 20220525



TREXREHIREPolarDB 05| % MREB MR- E 1t REIRI L

m polar_stat_lock

FUBPUER . BXSHERUWT:

2 B3] R
id integer T,
lock type text PRB,
invalid numeric TEX.
accesssharelock numeric access share lockB1x £,
rowsharelock numeric row share lock${x %,
rowexclusivelock . ’
numeric row exclusive lock&ix %8,
shareupdateexclus . N
P numeric share update exclusive lock&1R 8,
ivelock
sharelock numeric share lock#1R L,
sharerowexclusive . RN
numeric share row exclusive lock§)x%4,
lock
exclusivelock numeric exclusive lockgix %],
accessexclusivelo i . .
. numeric access exclusive lockB1HxR#1,
(@
block count numeric BIHZEIRE
fastpath count numeric R BRR BOREL
wait time numeric PERFITE,

@ WHY polar stat_lockiREKEIF polar monitor preload I, HPZHEHER
ZEPolarDB O3 | ZEHIEER EBINFE, BENIT create extension
polar monitor preload ﬁ%{igiwo

e Slru
oI EIE &) polar_stat_slru() M1 E SRIRENE X slruls 1= E R,
polar_stat_slru()
FitslrulfiZER . BXSHERNT:

2H K= ]

5

slru type text F5E

> MRRRA: 20220525 42



MRERMIE R = RE A

=REXRBHIEEPolarDB 05|%

W

%

slots number

valid pages

empty pages

reading pages

writing pages

wait readings

wait writings

read count

read only count

read upgrade count

victim count

victim write count

write count

zero_count

flush count

truncate count

storage read count

storage write coun

%

integer

integer

integer

integer

integer

integer

integer

bigint

bigint

bigint

bigint

bigint

bigint

bigint

bigint

bigint

bigint

bigint

2
B

page# £,
fERpage#.
Zpage#f.
EEENpage#l.
EESMpagesl,
EHFEHE,
read;R#.,

read only;X#4,

FHRIZIREL

EEEKRE,

TEATE R,

dr
>3

BEREY.

aiff
4

flush)x%g,

truncate %4,

R,

SEHERE

@ 8 polar stat tUMEHKITF polar monitor IEHF. EZIEMIEREPOlADB 03|54
ﬂEﬁEﬁ%Eﬂ%ﬁi&%?%E, ﬂ@%%iﬂ?? create extension polar monitor ﬁﬁé?ﬁﬁ;iéE?ﬁo

e cgroup

R TT LUB Y B8 AN S R 59400 B SR AR BUAE X 3R

BRER.

43
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TREXREHIREPolarDB 05| % MREB MR- E 1t REIRI L

o polar_stat_cgroup
RUBLERARIR. cgroupfER. BXSHRBIM TRMR:

e ESid] iR
subtype text cgroupz® (10, Memory, CPU) ,
infotype text cgroup%',%'\o
count bigint T

@ 15485 polar_stat_cgroupmﬁ‘{iﬁ? polar monitor preload #l polar monitor &,
Hdl polar monitor preload F polar monitor FHATEZR3PolarDB O5|ZHIEEREBRINE
£, BFE N5l Tcreate extension polar_monitor_preload#lcreate extension
polar_monitorss &EE AR,

o polar_cgroup_quota
RITBLERRAER. cgroupBefER . HXSHILBMNM TERAR:

B Eic) ik
subtype text cgroupz# (10, Memory, CPU) ,
infotype text cgroupfs 8.,
count bigint PREAT T,

@ 8 polar_cgroup_quotaMEURIAT polar monitor FEME, HhiZiEHER%EPolarDB O
%I%é’ﬁEEEEEﬁAﬁE, 'fg?%?ﬂ,‘?? create extension polar monitor ﬁ/é\'fi,ﬁ\:ﬂig&o

2.2.2. 5QL

KETBEENEPolaDB O3 ZEHHNARBMEFARER, TEXENAREMNERBEXSQUER, #MATEE
frtEREIERR,

SQL
RTT LUE I B8 A SR B L B SR AR BV X SQUIE R

e pg_stat_statements

@ #89 pg_stat_statementstEHRIITF pg stat statements $EME, BEH{Tcreate
extension pg_stat_statements#& <& iZiE .

HXSEIRBIN T RR:

> MRRRA: 20220525 44



MREB ISR = REIEI L TREXREHUEEPolarDB 05| %

s xm o
userid oid WATIZEG A F,E 0D,
dbid oid EHPHTIZIES IR AN 0D,
Jueryid bigint WERIAER, MIBQMMBIRItEERX,
query text BONXARI,
calls bigint WHATHRE
total time double precision EZECPEENSIE, B E0,
min_time double precision HEZIEQPRENR/NTE, B Z2/,
max_time double precision EZEQPRENEANE, 2 =,
mean_time double precision EZEQPRENTHNG, 2 =2,
stddev time double precision FEZEQPRENBNSEIRERE. B 20,
rows bigint ZiBARREFIMEITEEL
h d blks h . w
its GEEEETET pigint ZEDERNESRED DR,
h d blk
easd EEEEEE T pigint BRI RS,
h d blks d
SArEeEEES pigint HEQ RN ZR AL,
irtied
h d blk . w
SRArEE TSI pigint ZIEQB AL SRR,
ritten
1 1 blks hi
) OER P pigint ZIEE R AR E T 2,
1 1 blk
o OEATETEIE  pigint ZEEE AR A,
1 1 blks di
CCRETES pigint ZEQERN AR R,
rtied
1 1 blk
ORI pigint ZIEA B ANAMRIEE,
itten
t blk
’ SIPOHETEE pigint BRI ST R R
t blk 1
SIPETEIEE pigint ZIEQ S NG R RE,

tten
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mREXRBHIEAEPolarDB 05| %

MERER ISR = AR

W

# xE

blk read time .
- - double precision

blk write tim .
- - double precision
S

e polar_stat_sql

@ 8

bizipu

ZEOREER® NG, B ER, (W8
track_io_timing#/E A, BUAZE) .

ZIBOEAES AR ENENE, 86 2R, (R
track_io_timing#/Z A, BUAZE) .

polar_stat_sqlmf&iﬁ%: polar stat sql 1, FEHNiTcreate extension

polar_stat_sqlin @ BI@iz#EM4, tHolfEA pg stat statements B B,

HEXSHIEBINTRAR:

2H Bt
queryid bigint
datname name
rolname name

user time double
system time double
minflts bigint
majflts bigint
nswaps bigint
reads bigint
reads blks bigint
writes bigint
writes blks bigint
msgsnds bigint
msgrcvs bigint
nsignals bigint
nvcsws bigint
nivcsws bigint
scan_rows double

ik

EifID
BURERR,
BF4&.
BPASHE,
RAESHE,

THERH (RAEHER) .
FRITEIRE (BRITER)
R¥TAEE (swaps) .
HEIEERFTH (bytes) o
WA IR EUREL (blocks)
WREREANFTE (bytes) .
WEENRE (blocks) .
IPCERRIERE,

IPCERESZ IR,

i

ESEEIIRH,

BR LT XINIRE,

FEBR LT XNIREL,

P RIERITH.

> MAYRRZA: 20220525
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MRERMIE R = RE A

=REXRBHIEEPolarDB 05|%

W

#

scan_time

scan_count

join rows

join time

join count

sort rows

sort time

sort count

group rows

group time

group_count

hash rows

hash memory

hash count

parse_time

analyze time

rewrite time

plan time

execute time

lwlock wait

rel lock wait

xact lock wait

page lock wait

tuple lock wait

shared_read_ps

shared_write_ps

B

double

bigint

double

double

bigint

double

double

bigint

double

double

bigint

double

bigint

bigint

double

double

double

double

double

double

double

double

double

double

bigint

bigint

i
=

BT AT E .
HiTs s HATIREL.
joinTs RIEEITHL,
joinTs RHATET A,
joinTs FRUREREY 8,
HFT RIRERITHL.
HF T A iTEE
HFT R HATIREL
groupTs RIZEVITE,
groupT S ITEE,
groupTs ST IREL,

hashs /IEEVTEL,

hashTT REAKE (bytes) .

hash¥s RIRITIREL
parseftia,
analyzeltig,
rewriteBy g,
AT R E R BT 18
HATHSIE)
wlock& 50718,
FERFIE,
ESHSEE,
pagefiE#FatiE,
TSR,
3EEIOPS,

5I0PS,

47
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=EREXRBHIEEPolarDB 05| %

MREB MR- E 1t REIRI L

shared_read_throughp bigint
ut

ZI:ared_write_throug hp bigint
shared_read_latency double
shared_write_latency double
io_open_num bigint
io_seek _count bigint
io_open_time double
io_seek_time double

e polar_stat_query_count

@ 388 polar_stat_query countEKIRT polar stat sql JEf, EE#H{Tcreate
extension polar_stat_sql&& £

BXSEIBIN T RR:

2H P
sqltype text
cmdtype text
count bigint

2.2.3. W%

AETEENEPolarDB O5|ZEhNARMEFAFES, TBEIEHARNERBEXNRER, #HifHE

ENIMEREN)RE

*

e pg_stat_all tables

i
=

ERML, 21U bytes,

E&L, B bytes,

R, B R,

SR, B M,
openXHR1EIRE .
seekSLHHRIEIRE
openX 2 ERER, BAL: ME,

seekXXHRIFRERY, B4 fMF.

Py

SQLZE: DQL DMLDDL DCL

SQLEn&2EE: SELECTINSERT UPDATE ...

pg_stat_all_tablesflE¥ A RIHEETNE—IRERSZRNAEXNAIES . BXSEHHA

MTRFAR:
2H s
relid oid
schemaname name

13

[

%*0ID,

FAEHSchemali&#R,

> MAYRRZA: 20220525
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MERER ISR =1t RE AL

=REXRBHIEEPolarDB 05|%

W

#
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 analyz

last vacuum

last autovacuum

last analyze

last autoanalyze

vacuum count
autovacuum count
analyze count

autoanalyze count

e pg statio_all tables

name

bigint

bigint

bigint

bigint

bigint

bigint

bigint

bigint

bigint

bigint

bigint

timestamp with time
zone

timestamp with time
zone

timestamp with time
zone

timestamp with time
zone

bigint

bigint

bigint

bigint

13

[

e =17

AR ERENIRFEEIRE,

BIRFREBRGIEENTHNHNE.

AR ERENRSIFHEIRE,

WESIPEBBIEENTHHE.

BHEABITE

WEIITH (84F HOT EHHHT) .

BMBREIFTEL

WEHE HOT 178 (BIARZERMI RS EHNITE
) .

EENTHMITHE.

RTTHMETTHE.

MERIE— R ERIELNITHMETHHE.

BRIE—XEHFHNFENNE (REiHVACUUM
FULL) .

RE—REREHBFETIFHEFENNE,

RIE—RERFHAHEEE,

RIE—RERENEETFIFEEATIEE,

FWHFILBERE (KRG HVACUUM FULL)

W EDBETIFHERBEIRY.

FRFIAHIRE.

EWEMBETIPHEROTIIRE.

pg_statio_all_tableslERAZBAEETNEIRIEEEX /O NAIHER . BXSHHBUTE

7R

49
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TREXREHIREPolarDB 05| % MREB MR- E 1t REIRI L

2H el ik
relid oid %M oD,
schemaname name EFRTEMSchematI &R,
relname name EHER,
heap blks read bigint NERIZBP#HERYE,
heap blks hit bigint ERPHNETRTPHE,
idx_blks read bigint M& LB RS PRI R IR,
idx blks hit bigint ERENAERSITNEFRGPHE,
toast blks read bigint ML TOAST FRIZENBIB AR,
toast blks hit bigint ERH TOAST RN EPRGFPHE,
tidx blks read bigint MZRHEY TOAST FRZ 5| hiRE B9 R IREL,
tidx blks hit bigint ERH TOAST RRS|IPHENRFHHE,

]

e pg stat_all indexes
‘i Eifpg_stat_all_indexestlE o] AR RHAIEIEETHENRSHEINAUTER.
RETTLAMEERAE . VEARUREBEIMAERFE., E—RMUBA#ET, S0RSI00H L TLET
AND 5 ORMINAE, HER—RNUERHENAREERENMESFENRSIXEGEXR, B, —XUE
RS MeERNES|fpg_stat_all_indexes.idx_tup_read#{&, HBE ALY

Mpg_stat_all_tables.idx_tup_fetch#(E, {EREARFpg_stat_all_indexes.idx_tup_fetch,
MEFRUNESEERAERCBAHERIERNTBEZA, MLBESHRERESIRESE,

24 el 1P
relid oid FR3|EXOD,
indexrelid oid Z5/|0ID,
schemaname name R3|FRTEMSchemal &R,
relname name R BEERMNER,
indexrelname name K5I B,
idx_scan bigint ERS| EREHRSI R,
idx tup read bigint FERs| EHAMRENRSITHE.
idx_tup fetch bigint WERARSINERRSIARBMBIEENRITHE,
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MERER ISR =1t RE AL

=REX R B HIEEPolarDB 052

e pg_statio_all indexes

ERIAMBEEPENRSINHRREMDHNE D X B, UREERSI LS /0 BXNRIHE

B HXSHIRBMT:

BH XE
relid oid
indexrelid oid
schemaname name
relname name
indexrelname name
idx blks read bigint
idx blks hit bigint

537

pg_statio_all_sequences

- 3.

i

=1

FK5|EEH 0D,

#5|0ID,

Z 5| FESchemaliyZ#R.,

REIBERWBR,

R5IBR,

MR SIEEB TR AL

HERSIPHEPKGPHE,

ERIRNBEEEXFIER, UREERI LS /0 BXNAIHER. HXSHIRBUT:

1 ESidl
relid oid
schemaname name
relname name
blks read bigint
blks hit bigint

pg_stat_user_functions

ETRHRIRRRHEXNRIHER.

i

F3loID,

FBIETTERSchematy &R,

E27IE=4 78

PNEZII LR b A =R S

ERIPHNEPKHPHE,

B8 el iR
funcid oid B #0ID,
schemaname name R PR TEBISchemaZ iR,
funcname name REER,
calls bigint bR £ 18 FR AV IR 2K
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TREXREHIREPolarDB 05| % MREB MR- E 1t REIRI L

W

# e i

ERYUURCERNEMR PN, B

total time double precision =
==X/

ERYASHEERNLNE, FEERCEANEMBRL,

self time double precision L
- P B ER,

2.3. EHAWR

BH#ABEREAWR (Automatic Workload Repository) 2—pHEREIEMATAI TR, BEAWRTIR,
BT LANEIREN S SMESRIHERPERE NN ERNA TR EURBIBELERS.

PolarDBIR T 12tz 2 E P TN M EFM R EHSL, FREANXESHMERESREFENHRHE, BiixXLE
HARTT A A2 W OracleBIAWRIR &, X FHSEHUIERAWRIR S BIFMIRIFIES WAWREFH A,

2.4. {E FMEREREE

MEERER—IMEETHREEMRERN. ARBEMXESTNFERE, EREMNERNS TR E T
HIRERE, RIMAEDFNRLMIMMSQUES, MULLRESEEMN. @4, XEERTIHHTHIR
MEREMIL

BESR

1. BRPolarDBiZ4 A,

aEEHEeELA, EEEHMEME,

. EEBIEXRR, BEBEREED,

. EEMSHED, ESFZHERK > —RBiZH.

. BEMRBREERE,

. BEREMRERE,

SRR rdttRE ZEHHT

EEEREER (Performance Insight) , S EFRDSIERI, & KB, AR, LISRENNARABMERE

TPESUEERE, WINTAERERR, DULSKREEVESEEMT, fsh. REUAMTE), EAEEEIREIaE Je—

formance_schemaEIEIE,

7. EBRHONEER, BEHRE.
8. BUEMERERAEEENERNTER:

o AMREEPEXE, BUMEERENRNMEELERR. EEFTEEEENAMIMERE (WCPUER
%), TMREEZHESRAaNNFBERE#TES.
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MREBMLIERE- = (AR R TIREXREHIREPolarDB 05| %

| thesss @ RAMERERR
BRI RS 309% 1 202045818 22:08:49 - 202045A7H 22:13:49 0 n
W /CPURRR ey o REFLKS) = 10PS o
80 700 450K 400
600 400K
2 0 350K 360
60 300K
50 400 250K 320
300 200K 280
40 150K
200 100K 240
30 100 50K
20 [ 0 200
22:07 22:09 21 22:07 22:09 2m 22:07 22:09 21 22:07 22:09 21

@ e TEEENNEEEREBETE.,

o AEHFERSEXE, BUMEEREER (MSQL) FENBUEBENEXSLEARBRINE,
HEMREEEIRL,

| TiEHKRIE(Avarage Active Session)

TERRE
- e | B S ] - =
35 CpuCore: 32
30
25
20
15
10
5
0
22:08 22:09 22:10 22:10 22:1 22:12 22:12 22:13
SQL Waits Users Hosts Databases Status
D TERRERR saL_Ip SQLIERR saQLiER B
1 N 047 sqlld_fff... — R
2 I 02 sqlid 8. select ummm M ww s sowem_n;wess mesmes .. SELECT o _sem sses_o m sssow._ = swse_sees_ms i
3 013  sqlid 3. SELECT WO IS e Sy Smm———— select ligh = m g cwmm - cew—— . — e
4 013  sqlidfd... SELECT [ s = P oam ¢ SELECT i T - u e
5  E— 013 sqiid_7... SELECT im-im Susiie sileeste sumes S - SELECT 'w ‘b semem mmlmmrs musins b mc o' and e
6 == 007 sqiid_a.. SELECTHMMMMEGARGN Sslem S SESEOMMERSw .  SELECT MM SESStstste Sm—m it i

BRIER
MBERE Py _stat_activity MEIENKIRIE, KA/ TURRENTER:
P, S5
SQL. HOST
o MR, EERS
AT E A FIRIERR T PolaDBI AL AR ME MR BA SHHUNE.
MR ERE TG —
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{ERESER LastSm | 30m | 1h | 2h | Bh | 24h | 2d | 1w | Al  BEEE: | 2019-05-2221:00 — 2019-05-22 21:05 ‘ = @ MR

CPU Usage(%) 10PS Memory Usage(%) Session

100 4,000 0.3+ 80+

80 3,000 /N o 60 o

) 2,000 0.15 40+

407 01

204 1,000 ot 204

: : 0 : 0 : 0 : :
2219 22:21 22:23 22:19 2201 22:23 22:19 2221 22:23 2219 22:21 22:23

Average Active Sessions(AAS)

@ Client:ClientRead @ CPU @ Lock i [ W @ Lwlock ock @ LWL - content 4 1/:

Lock:transactionid: 0
Lock:tuple: 1
LWLock:ProcArrayLock: 1
LWLock:buffer_content: 0
IPC:ProcArrayGroupUpdate: 0

Active Sessions

221950 22:20:10 22:20:30 222100 22:2120 22:21:40 22:22:00 22:22:20 22:20kad 3:20  22:23:40  22:24:00

saL Waits Users Hosts Databases Status

SQL Hash mET EHAASH:

# Load By SQL
+ 1
+ 2 e
+ 5 ] o

saL
B810e45571662433c8ch4210B8cc358a UPDATE pgbench_branches SET bbalance = bbalance + $1 WHERE bid = $2;

96e2b86 Oa%eabaf

UPDATE pgbench_accounts SET abalance = abalance + $1 WHERE aid = §2;

9d2e458e990ecb324e8897b0181cd 104 UPDATE pgbench_tellers SET tbalance = thalance + $1 WHERE tid = $2;

+ + N s 409¢f59 SELECT abalance FROM pgbench_accounts WHERE aid = $1;
+ s [ 50 d7ci402885(06e46398342486904142b END;
+ 8 -| 482 5922d07 INSERT INTO pgbench_history (tid, bid, aid, delta, mtime) VALUES ($1, $2, $3, $4...
+ 7 - 3.96 51b1b0c3e98b1211a4bf44a668731efb BEGIN;
N= S— =] —
MHRERRTERAIEZ
CPU Usage(%) 10PS Memory Usage(%) Session
100 1,000 02— 50
80 3,000 /\ 0.15 0 —
£ 2,000 01 20
40 20
20 1,000 0.05 10

T T T T T 1 0 T T T T 1 T T T T T 1 T T T T T 1
16:35 16:36 16:37 16:38 16:39 16:35 16:36 16:37 16:38 16:39 16:35 16:36 16:37 16:38 16:39 16:35 16:36 16:37 16:38 16:39

Average Active Sessions(AAS) AASHHE: | Waits + EEhRIET:

@® cru <2y haBed Lk

2019-05-22 16:37:00
Total: 30
CPU: 29

2019-05-22 16:37:00

0
16:36:00

16:36:20 16:37:30  16:37:50  16:38:10  16:38:30  16:38:50  16:39:10  16:39:30  16:39:50  16:40:10  16:40:30

saL Waits Users Hosts Databases Status

# Load By SQL

+ 1 I s
+ 2 N
+ 3 |

+ +« I s

+ 5 I 30

SQL Hash mEiERAASHTE

810e45571662433c8cb421bf8Bccd58a

96e2b867bc4c9B88d2cdereladeabaf

9d2e458e990ecb924e8897b0181cd104

409¢f5918e98d6301916d793934366¢

5922d07092b58a4dci04babdb57ebedd

saL

UPDATE pgbench_branches SET bbalance = bbalance + $1 WHERE bid = $2;
UPDATE pgbench_accounts SET abalance = abalance + $1 WHERE aid = $2;
UPDATE pgbench_tellers SET tbalance = tbalance + $1 WHERE tid = $2;
SELECT abalance FROM pgbench_accounts WHERE aid = $1;

INSERT INTO pgbench_history (tid, bid, aid, deita, mtime) VALUES ($1, $2, $3, $4...

24

AS: active session

HiEA

HANERNSE N
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Fs 24 WEA

®) AAS: average active session —ENER, ASHFIIE,

o HEISLHIHICPUNEL,
° CPUSEHBHZETLUANEEMEERI.

® Max Vcores: 8

i SES
MAERARRERL T =N AR
o XRMMAHETTWLBEE (S6)

CPU Usage(%) IOPS Memory Usage(%) Session
25 600 04 50

2 500 0.08 40

15 400 0.06 30

300

1 200 0.04 20
05 100 0.02 10

0 T T T T 0 T T T T 0 T T T T 0 T T T T

17:45 17:46 17:47 17:48 17:49 17:45 17:46 17:47 17:48 17:49 17:45 17:46 17:47 17:48 17:49 17:45 17:46 17:47 17:48 17:49

. SLEFAASTSLE B

Average Active Sessions(AAS] o
9 ) 2019-05-22 22:23:00
Total: 22
@ ClientClientRead @ CPU @ Locktransactionid @ Lockituple @ LWLockProcArraylock @ LWlock:buffer_content 4 1/ZBNeEylellulTEn Y

CPU: 16
Lock:transactionid: 0
Lock:tuple: 1
LWLock:ProcArraylLock: 1
LWLock:buffer_content: 0

@ IPC:ProcArrayGroupUpdate: 0

0 I s -
2219:30 229950 222010 22:20:30  22:21:00 222120  22:21:40 222200 22:22:20 222 RMAAARGIE 320  22:23.40  22:24:00

FEAEEELHPERERMES.
J SHELFIATESR (AAS)

saL Waits Users Hosts Databases Status

#  LoadBySQL SQL Hash AGHEHAASHBE saL
+ 1 I 042 810e45571662433c8cb421bf88cc358a UPDATE pgbench_branches SET bbalance = bbalance + $1 WHERE bid = $2;
+ 2 1 s 96e2b867bcdc9BBfBd2cde7e0a9eabal UPDATE pgbench_accounts SET abalance = abalance + $1 WHERE aid = $2;
+ 3 I ss: 9d2e458e990ecb924e8897b0181cd 104 UPDATE pgbench_tellers SET tbalance = tbalance + $1 WHERE tid = $2;
+ « 1N ;" 409c15918e98d6301916d7939343166¢ SELECT abalance FROM pgbench_accounts WHERE aid = $1;

TEAREGI0RNREER.,
HRERARSEMHAEIENXLL
B BAHENR ERLERREE

o IR LI EEE
EEA N ARANEREUPDATE ~ ° HFEMERELEE o WERARLGERMBENREM
SQLET g HEItHET R AE o HEIESQLARE 5]
UPDATE, o HEWEHHAE o EAIEHSQL
o REAISQURZS
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18] 2 EMHELR EREREREAE

o IR |E) R H BT IE)5E
o FTEMRhostHE
o RESHEFEREMIE

ASQUERRBMEPIHNFIEZE  © HEMaE
fEﬁH%Fﬁ%EK@m%O () W%Tﬂ\@,ﬁﬁ
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3. EBEH BE
3.1. 2% B

HEBESHEERIHMER. BSOFERTHRUEESNIPRASURFENEEE, TN ARNBE,
HITEHEMMAK. PolarDB O3 ZRINNSHERER TASHBANMEEG R, N T—EESRNHERE
HR, RARIRTELEHEHR K, BoUBSREAXNBIEESH, IEHERHETRK,

BRHEESH
2% B

HIREFERNEZATER)N, BEXNEFXTUUEFNEIEESL, PolarDBFiZESM

shared_buffers
- X,

EEESIIRN#EE X ZaEASHEFRENEERERANATEE. IRNF—1E
#EW, TRESHTETFNINMHIERERFRE, SMRESSBERFERXISH
EBENREEZ, REFTSFREHIFEIIRNX S, B, NNEEETHRIETEFL
HITIXAERIRIE., RREERNSREFETEZEwork_ memERNFLE, FEEFXMEN
—EZEIZFEX—4 ., ORDER BY, DISTINCTAIJAHIEZMEREHFRE., BHEEE.
ETR&HENREURETRENINTFEZHLHEBEFHERERTE.

work_mem

S AP MRIE (HIMVACUUM, CREATE INDEXFIALTER TABLE ADD FOREIGN

KEY) HERNRANATE. BAE—MEESED, — I HZIE—DIXENE

EOT AT, HFE— M HUIREREBEARASBASXHENREHLNT, BXNHE
maintenance work me iﬁﬁ?%ttwork_memk?ﬁg%?céﬂ"]o EXE'\]W‘&EEIU\Eﬁli&%ﬂ*ﬂ’ﬂﬁgﬁﬁﬁﬁﬁﬂ"]’ﬁ
m N N e,

FERYEMBFEETN, TgEsARERESAX M AENautovacuum_max_workers

&, AEEB/NODAEZRZEABRESAS., BIMIMIEE

autovacuum_work_mem7u] gE S MR FIX BN G,

autovacuum_work_me EESTENFEIFEHERERNRANGFE., HRAER -1, RRER
m maintenace_work_mem#y{&,

BE—MERERTIRN XM (MHFMER RN X, & TRISFIRNEEX

temp_file_limit #) MRAEEZEE, —MIEBEXNRHNESBHEGE, XMEUTESH, -
1RKREZERST.

max_worker_processes REZRZGRBIIENEEEENRANE. XTSHRAEERSHSINNRE.

BERAAFTREMZFNIEENRANE, ELXTREXMERESKT
max_worder_processesiRASFEMR ., FRHTEETHELEHTEONESH
BER, BAS— N ILEEHEN — M R2RYHE, EXREFFENFIARIN—
BN P S1EEE .

max_parallel_workers

max_parallel_workers_p  i&E#PMGathers& Gather MergeTs et HARN I EENRZAHE, HITIEESEM
er_gather max_worker_processesf2 iz fiH T2 IREY, #=EHmax_parallel_workerspRl,

max_parallel_maintenan

1 B CREATE INDEX3H17 TIF B AHE.
ce_workers
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autovacuumi XS
B8 88

autovacuum_max_work EERERNZTHNENBZEERE (RTBNBEEBRMBZIN) HRAHE., RIANMER3.
ers ZEHREERSHRBHNRE.,

EEEMBEERERRAEHRELETHNR/NER, EE—RDERHEREHIEEH
autovacuum_naptime RIEZEENHIEED R A BEVACUUMAANALY ZES S, IR, BEBIAER1H
 (Tmin) .

autovacuum_vacuum_th  IEEREE—PER LA VACUUMBIEIEAN . WMEFHBEM IR THANR/NEE, RINER
reshold 50T, BT BRERFRSECRESZIRE.

autovacuum_analyze_th  1BEREE—NELAAANALY ZERIHEIEAN . HERIEM R THNRNSEE, RINMER
reshold 50T, TTLABEENERGFRSHRERZZRE.

BE—TMERRINSE, EREREMAVACUUMETEENZ
autovacuum_vacuum_threshold £, ZIAE#0.05 (RRTHI5%) . aTLLUETEHRE
GHRESHRBEIZIRE.

autovacuum_vacuum_sc
ale_factor

BE—TMERRINAH, ERERSEMAANALY ZER K EME
autovacuum_analyze_threshold £, BKIAME#0.1 (RRTHEI0%) . STLAUBSERE
GHRSHRBEIZIRE.

autovacuum_analyze_sc
ale_factor

autovacuum_vacuum_c EERTFEMVACUUMREDR RN IERE, NRIEE-1 (FKINE) , NER
ost_delay vacuum_code_delayf&, TJRUBN BN EGFHESEH KBS ZIRE.

IEERATFEHVACUUMRESRNRMIRFIE. NMREE-1 (FKINE) , WER
autovacuum_vacuum_c vacuum_cost_limit{#, FEZEFIZRLAMAEZETINEMNBZEIEEL (MR
ost_limit B£21) , BEE— 1N IESHNRIEZNASBEXIZETNE, TTBEREBHRE

GHRSHRBEIZIRE.

=R A2 5
UTSHARNEREYN, YEENRSENTEN, ELMNSEPER.

2% SR

enable_bitmapscan R E T O ML B E R E TR E,
enable_hashagg ARFHEAT ML B ERARERETRIEE,
enable_hashjoin SOV ER IE B A 2860 P IR A FEE U R S8 B
enable_indexscan ARFHZEIEE @K FER RS RIEE,

enable_indexonlyscan AFREIE WAL RERRARSI IR RE,

enable sedscan AFRELEGAYZERFEHETEE ., ERTRTEEELEFAME, BRXHE
->€d RN RERESNYFRITREMEEREMSTE,
AFRZELEINNRERELHFT R, EAURT2ELERNAF, EEXEARXD

enable_sort BRI EEN R T .
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=REXRBHIEEPolarDB 05|%

24

enable_mergejoin
enable_nestloop
enable_parallel_append

enable_parallel_hash

ME =K S8
2

seq_page_cost
random_page_cost
cpu_tuple_cost
cpu_index_tuple_cost
cpu_operator_cost

parallel_setup_cost

parallel_tuple_cost

min_parallel_table_scan
_size

min_parallel_index_scan
_size

PolarDBIAE S
pg_settingi¥f#

p2IE=
name
setting

unit

category

SHR

AVRE I E WML AR IR FEE TR RE,

ab =
BeJT

AFREILENAYRERRE/AER L. EFT
KRN EERESNYZ R OTRMEEREMST X,

2R IRERREER, ER

AR LT WML R ERFTEMITRIEE,

AVRE L EWASESHTIRFERRFER T HE,
B, RTSHRERR.

MREFERHIERER

SHRB

REMY B E—RIRFH B TTEMEBAFFHE., BAERT.0,

REMZBFXN— R FRBE R TEN NG, BINER 4.0,

REMYBEN—REGPLEBE—THALMET. BFIMER 0.01,

REMYBEN —RRS AW PLEFS— MRS T ALNET, BIAER 0.005,

REMYSEN T —RENPLESMREFHRMNORNMIT. BINMER 0.0025

REMY BB HTTESHEORMNMEIT. BIAR 1000,

REMYEN T AN— T IEEHRERE— ML S —DHRNANET. BAR
0.1,

ARFRBENREERE— I R/IME, AENRYEEBIX—MEFSERERH
TR, NTHTIFAE, HARNEMEELRSFTRNORY, EREFEARSI
B, HAMNERMEEEESEN, RIAMERSMB,

AVAARNRSIHIEERE—NR/NME, AFENZSISREEEIX— MENFSER
FRAFTAE. TEHTRIFEEEHARSMREENRS|, EE2MXBAAZEAHES
IIRAZNBEXTENNE., RIAMER512KB,

& R
vacuum_cost_delay SHEM
10 SHHFIE
ms SHH RN
Resource Usage / Cost-Based N

9 BHEF

Vacuum Delay
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MREB ISR i S B IRl

gl& el

short_desc Vécyum cost delay in
milliseconds.

extra_desc x

context user

vartype integer

source database

min_val 0

max_val 100

enumvals x

boot_val 0

reset_val 10

sourcefile x

sourceline x

pending_restart f

PolarDB&IEEHESH

247 S

[UpiREErpa
RESHENLETX

SHER (bool, enum, integer, real,
string)

SHERR
SHARVFR/IME
BHATRAE
KESHNRITE
REREN, BaENREE
Sifdreset g EHE
HEMERBENERE X
HENRENEEXHNTS

BRZSHEEZER Atrue, BN Afalse

HEEFERNHEZERERN, BRNEER, EFNEHIEES, PolarDBHIZESH

shared_buffers
-t 1.

EEESE IRN#EE X4 2R RRANHEFRENLEFEREANREEEIES T —IER

&, TURSHTES

FNNHFRERFERE, STREHIWPATERRNSHIE

ENAEFE, REFTSHRSHEIRIIR XY, B, LN EESTHNSIEREFAHE

work_mem

TXERNERE, AREERNSRNFTEEwWork memERNF/LE, EEEXMEN—

EEIRfFEX—#s., ORDERBY, DISTINCTHIAH EZMBERIHFRIE, BHEEE. B
FRENBREURETRENINFEHLEBELHERIBREE,

IS EEHEIPERIE (FIAVACUUM, CREATE INDEXFIALTER TABLE ADD FOREIGN

KEY) P ERNEANRNEFEEZE. BAE—MRESIEY, — P MHZIRE—DXENE

ERILAEHAT, HE— 1 HIREREBEASBTASXENREHLNIT, EBXPHE
ma]ntenance_work_me iﬁﬁ%ttwork_memk?ﬁg%fﬁﬂ'\]o EXE'\]W&EEIUﬂﬁliﬁiﬁﬁ*ﬂ’ﬂﬁgﬁﬁﬁﬁﬁﬂ"]’ﬁ

m g.

ERIAMBEESN, o

B RZAX M RZERautovacuum_max_workers

&, ARBNOABRZBAERESAS. BLEIEE
autovacuum_work_memo] RES IR EIIX IS R B R,
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S8 A SR
autovacuum_work_me EETENBFEIEEERREERNRANGFE, HEANERN -1, ZREHR
m malntenace_work_memE'HEo

BE—MEREERTIRN G (MHFMEHIRN X, &R T REFRNFEEX
temp_file_limit #) BRAHE=EE, —MEEBERXDMRENEZHWRIVE., IMEUTFFTI, -
1RRERBRE,

3.2. RESS

A RIEN BIFAFEPOlADBS Y, B LIEPOlarDBIRHI S EMEH, BANBIEF HENSH,
EHagNESH

1. BRPolarDBiZR#IA&,

2. EERNEE LA, EREEREE,

3. KB EIRERE, BEEED,

4. EENSHETERREESEE > 2HEE.
5. BR—PHESNSHHYFIE, REFRIEXK.

BEA Q
&8 Ecl == HiME 15ECER
[ON[OFF]
h [1-65535]
s nerement o BATE: [SYSTEM12001-110011000 000 800} o
back log @ B | Booo [0-65535]

. ERENARFRE INEED, RERE.

(o)}

7 X

BUENEEEESN, BETSERIIEIET

£ #aiE E G- BAE
nnnnnnnnn

fer_pool|

oad_at.

tup

BE LBSHEHE LETHEAE

Egﬁl§\i§§ 1XE.7KE¥5S&
EFPIRENSH
BEPFmXFUTLMERAR:
we 88

eer daeabaee TMERHEERANES, TIMET FBIEEE TR
SHEE, BERFBES LN,
TMERAPRANSH, TUEFARPRHETRS

alter role #, APEHSEESBERASH,. BEREELES K
£,
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5% 188
ot o PMBRSFRINSH, AXNHPFENR, WRESIFHT
T, BRSHEM.
REIINT:

[ ] alter database

testl=> alter database testl set vacuum cost delay =10;

ALTER DATABASE

L] alter role

testl=> alter role testl pg db role setting;

setdatabase | setrole | setcofig
____________ o
41891 | 0 | {vacuum cost delay=10}
0 | 41284 | {random page cost=10}
(2 rows)
° set

testl=> set random page cost=100;
SET
testl=> show random page cost;

random page cost

100

(1 row)
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4. KH4SQLIE 1G]
4.1. EHERS|
4.1.1. B-TREEZ 5|

B-TREERSIEZE AR, EASETH. AL, RIF. SHRH. FHAIRKREEHE,
BAERF

BRIERF il
< select * from test where id <1
<= select * from test where id <=1

= select * from test where id =1

>= select * from test where id >=1

> select * from test where id >1

between and select * from test where id between 1 and 10
in select * from test where id in (1,2,3)

like select * from test where id like ‘abc%’

2T EL]
£HRIIATENERNS NG LNERS|, BSTLUEEI2MI,
o REH

create table test (id int,name varchar (10));

o EHifiEf)

select * from test where id=1 and name='al’;

o BIEZIIZSG

create index ON test (id, name) ;

o EERITITH

postgres=# explain select * from test where id=1 and name='al';
QUERY PLAN
Index Only Scan using a id name idx on test (cost=0.42..8.44 rows=1l width=10)
Index Cond: ((id = 1) AND (name = 'al'::text))

(2 rows)
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UERBIPERERBEBIDNBERTASERS, =EWMT.

postgres=# explain select * from test where name='al';
QUERY PLAN

Seq Scan on test (cost=0.00..1791.00 rows=1 width=10)
Filter: ((name)::text = 'al'::text)

(2 rows)

FIXA RS
RARRIAFRIIWFIARYERN—I, BEHERN—NFIRESIMTHHENRYRERER,
o BEH
create table test(id int,name varchar (10));
o BEY

select * from test where lower (name)='al’;

o BIEERIAARSI

create index ON test (lower (name)) ;
o BEFEHITIXI

postgres=# explain select * from test where lower (name)='al';
QUERY PLAN

Bitmap Heap Scan on test (cost=12.17..571.91 rows=500 width=10)
Recheck Cond: (lower ((name)::text) = 'al'::text)
-> Bitmap Index Scan on test lower idx (cost=0.00..12.04 rows=500 width=0)
Index Cond: (lower ((name)::text) = 'al'::text)

(4 rows)
RIRXEANEFANRABR, EE—THREAREHNNBB/HECEEMITERNHORIEL,

s &5l

H—MEARSIBRBIUARN—INFEL, MZFEA—TRARERAEN, RITRAESHEBINERT
BIR, WETRAERES RS,

o R
create table test (id int,name varchar (10));
o HifiEQ

select * from test where name='al';

select * from test where name='a2';

o SIRERIES

create index ON test (name) where name='al';

o BT

> MRRRA: 20220525 64



MERERMIER- LILSOLES TREXREHUEEPolarDB 05| %

postgres=# explain select * from test where name='al';
QUERY PLAN

Index Scan using test name idx on test (cost=0.12..8.14 rows=1 width=10)

(1 row)
postgres=# explain select * from test where name='a2';
QUERY PLAN

Seq Scan on test (cost=0.00..1791.00 rows=1 width=10)
Filter: ((name)::text = 'a2'::text)

(2 rows)

R3|HF
FIRTHRERRET 25, BUMRBIEEINFRERBERINHFSRE,
o KEH

create table test (id int,name varchar (10));

o EifIEA

select * from test order by name desc;

o SIRZRSIAIHE

postgres=# explain select * from test order by name desc;
QUERY PLAN

Sort (cost=9845.82..10095.82 rows=100000 width=10)
Sort Key: name DESC
-> Seq Scan on test (cost=0.00..1541.00 rows=100000 width=10)

(3 rows)

o SIRES]

create index ON test (name desc);

o EERITITH

postgres=# explain select * from test order by name desc;
QUERY PLAN

Index Scan using test name idx on test (cost=0.29..3666.46 rows=100000 width=10)

(1 row)

FONBIR T, B-TREERSIGENBRLAAFHAFME, FRZERERS. AoIUECIZB-TREERS|I BN
ASC, DESC. NULLS FIRSTRINULLS LASTEBUR &L 25|89

REARSIAHENEZRS
ATHRAXTR, TUBLRIERRENIE, £BHEEKNMES.

o Rfl—
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o KL

create table test (id int,name varchar (10));

o EifEG

select name from test where name=‘al’;

o RBRSIFHHITIHE

postgres=# explain select name from test where name='al';
QUERY PLAN

Seq Scan on test (cost=0.00..1791.00 rows=1 width=6)
Filter: ((name)::text = 'al'::text)

(3 rows)

o gIE%RS|

create index ON test (name);

o BRSINIHNITIHE

postgres=# explain select name from test where name='al';
QUERY PLAN

Index Only Scan using test name idx on test (cost=0.29..8.31 rows=1l width=6)

Index Cond: (name = 'al'::text)

(2 rows)

o RfIZ
o REM (5REI—#ERE)

create table test(id int,name varchar (10));

o EWIEG

select * from test where name='al’;

o RARSINHHITIHE

postgres=# explain select * from test where name='al';
QUERY PLAN

Seq Scan on test (cost=0.00..1791.00 rows=1] width=10)
Filter: ((name)::text = 'al'::text)

(2 rows)

o BIEBERSI

create index ON test (name) include (id);
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o BESINBIAITIHE

postgres=# explain select * from test where name='al';

QUERY PLAN

Index Only Scan using test name id idx on test (cost=0.42..8.44 rows=1 width=10)
Index Cond: (name = 'al'::text)

(2 rows)

ENEQLAR I AEREZRSIPNT, FEEAESRRS, MRARTEARRS|, AREZARERPHE
AT LA RN R,

Ro|mmER

R NEKBEENBRSIRELEY, LRNRS|INEBEETREEMII, PolarDBAIB-TREER 5| H
IR

e meta page

e root page

e branch page

o leaf page

Hohmeta pageZ & flroot pageX B2 WAEH, meta pageZmE—TRFMH, F/RiE@root paged’

page id, FEEICREHVIEM, —root paget] BEFEA FAEMheap item, MaF Eleaf pagek |
branch pageZ &= £ Efbranch pageZ &,

B-Tree INDEX ( )
/ meta page <

v

( N \
24k #=3[, SIF1 root page, root page \
154 % >branch page, Z° point upto 285 leaf page items \
leaf page. /| ~ / [

BE 528503 R DT . [
branch page 2" [ #F" . \ ‘

branch page 1 branch page 2

branch page 2

point upto 285
heap items

point upto 285
heap items

point upto 285 |
heap items

leaf page 1 leaf page 2 |leaf page n

point upto 285 point upto 285 AR point upto 285 '
heap items heap items heap items /

TABLE
heap page(s)

4.1.2. HASHZ 5|
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MREEMIE R 1L SOLIES)

HASHZE S| A% E &, BFHASHES|REMHASHE, FAEE#IRNES|IRE, UESFZBREE

BEK, BFREBEENSETHSE,
R348

meta
page

bucket1 bucket2

primary overflow
page page(s)
bitmap
page

primary overflow
page page(s)

bitmap
page

o HASHIE#%#%, HASHIEMEIZIE Mbucket,

o bucket#H=ER28INRF .

e metapageB B HR5|INEHEXER.

o M bucket RE D —primary page,

e pageh FMBIRHASHE.

e overflow pageR E—"pagelt{EHbucket{F M.
e bitmap page FiRERZ A1 F &M overflow page,

BIER
HASHZE S| AT 5= IERF, BEREHASHES|IRAEETSETANES,
o EIEIEG
select * from test where id=1;
o BIIFEHASHZES|
create index ON test using hash (id);
o BEFHITIHN

postgres=# explain select * from test where id=1;
QUERY PLAN

Index Scan using test id idx on test (cost=0.00..8.02 rows=1 width=10)

Index Cond: (id = 1)

(2 rows)

Bl
o R
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create table a(id int,name text);

o BAHIE

insert into test select id,md5 (id::text) | |md5 (id::text) | |[md5 (id::text) | |[md5 (id::text) fro
m generate series(1,3000000) t(id);

o BQIEHASHZS|

create index idx test hash ON test using hash (name);

o GIEBTREERS]
create index idx test btree on test (name);
o TEG

select * from test where name='c4ca4238a0b923820dcc509a6£75849bc4cad238a0b923820dcc509a6f
75849bc4ca4d238a0b923820dcc509a6£75849bc4cad238a0b923820dcc509a6£75849b" ;

L] P PN =Yg
HASHZ 5| 224 MB 0.029 ms
BTREEZ3| 491 MB 0.103 ms

4.1.3. GINZ 3|

AN EPolarDBiE A EIHEZS|GIN (Generalized Inverted Index) .

GINR— 71X (key. posting list) E&5MERS|IEM, Hbkey@—1M#{E, posting list2 —HH i key
BB, f0 ‘hello', '14:2 23:4' o, FixhellofE14:2F123: 4 XA MIB HIMT, XEMELRLEHME
JTAMtd (175, SFEHIERID, K/N\A32bit; KRitempoint, K/N\A16 bit) , BT XFRS| LTI
RENERIOIEEXRFHTA, AHGNZESBERTFSELXENTERESR,

Rz FA 4% ==
o BRREZEXRT, HIMNMA. EXER
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postgres=# create table t_ginl (id int, arr int[]l);

postgres=# do language plpgsql $$

postgres$# declare

postgres$# begin

postgres$# for i in 1..10000 loop

postgress$# insert into t_ginl select i, array(select random()*1000 from generate_series(1,10));
postgres$# end loop;

postgres$# end;

postgres$# $$;

postgres=# select x from t_ginl limit 3;

.
1 | {128,700,814,592,414,838,615,827,274,210
2 | {284,452,824,556,132,121,21,705,537,865}
3 | {e65,185,586,872,627,330,574,227,827,64}

postgres=# create index idx_t_ginl_1 on t_ginl using gin (arr);
CREATE INDEX

postgres=# explain (analyze,verbose,timing,costs,buffers) select x from t_ginl where arr & arrayl1,2];
QUERY PLAN

Bitmap Heap Scan on publi
Output: id, arr
Recheck Cond: (t_ginl.arr & '{1,2}'::integer[])
Heap Blocks: exact=98
Buffers: shared hit=103
—> Bitmap Index Scan on idx_t_ginl_1 (cost=0.00..8.89 rows=185 width=0) (actual time=0.042..0.042 rows=186 loops=1)
Index Cond: (t_ginl.arr && '{1,2}'::integer([])
Buffers: shared hit=5
Planning time: 0.208 ms
Execution time: 0.245 ms
(10 rows)

postgres=# explain (analyze,verbose,timing,costs,buffers) select * from t_ginl where arr @ arrayl[1,2];
QUERY PLAN

Bitmap Heap Scan on publi. 5 5) (actual time=0.022..0.022 row. loops=1)
Output: id, arr
Recheck Cond: (t_ginl.arr @ '{1,2}'::integer[])
Buffers: shared hit=5
—> Bitmap Index Scan on idx_t_ginl_1 (cost=0.00..7.51 rows=1 width=0) (actual time=0.020..0.020 rows=0 loops=1)
Index Cond: (t_ginl.arr @ '{1,2}'::integer[])
Buffers: shared hit=5
Planning time: 0.116 ms
Execution time: 0.044 ms
9

o RBETIIHITER
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postgres=# create extension btree_gin;

CREATE EXTENSION

postgres=# create table t_gin? (id int, cl int);

(REATE TABLE

postgres=# insert into t_gin2 select qenerate_series(1,100000), random()%10 ;

INSERT 0 100000

postgres=# create index idx_t_gin2_1 on t_gin2 using gin (c1);

CREATE INDEX

postgres=# explain (analyze,verbose, tining, costs,buffers) select x from t_gin where cl=1;
QUERY PLAN

Bitmap Heap Scan on public,t_gin2 (cost=84.10.,650.63 rows=0863 width=8) (actual time=0,925,.3.685 rows=10878 loops=1)
Output: id, cl
Recheck Cond: (t_gin2.c1=1)
Heap Blocks: exact=443
Buffers: shared hit=448
-> Bitnap Index Scan on idx_t_gin2 1 (cost=0.00..81,62 rows=0883 width=0) (actual tine=0.867..0,867 rows=10078 loops=1)
Index Cond: (t_gin2.cl = 1)
Buffers: shared hit=h
Planning time: 0,252 ms
Execution tine: 4,234 ms
(10 rows) |

o ERHHIELRHER
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postgres=# create table t_gin3 (id int, c1 int, c2 int, c¢3 int, c4 int, c5 int, c6 int, c7 int, c8 int, c9 int);

CREATE TABLE

postgres=# insert into t_gin3 select generate_series(1,100000), random()x1@, random()*2@, random()x30, om()*40, random()*5@, random()x60,
random()%70, random()*8@, random()%90;

INSERT @ 100000

postgres=# create index idx_t_gin3_1 on t_gin3 using gin (c1,c2,c3,c4,c5,c6,c7,c8,c9);

CREATE INDEX

postgres=# explain (analyze,verbose,timing,costs,buffers) select * from t_gin3 where c1=1 or c2=1 and c3=1 or c4=1 and (c6=1 or c7=2) or c8=9 or
c9=10;
QUERY PLAN

Bitmap Heap Scan on public.t_gin3 (cost=154.03..1364.89 rows=12286 width=40) (actual time=1.931..5.634 rows=12397 loops=1)
Output: id, c1, c2, c3, c4, c5, c6, c7, c8, c9
Recheck Cond: ((t_gin3.c1 = 1) OR ((t_gin3.c2 = 1) AND (t_gin3.c3 = 1)) OR (((t_gin3.c4 = 1) AND (t_gin3.c6 = 1)) OR ((t_gin3.c4 = 1) AND (
t_gin3.c7 = 2))) OR (t_gin3.c8 = 9) OR (t_gin3.c9 = 10))
Heap Blocks: exact=834
Buffers: shared hit=867
-> BitmapOr (cost=154.03..154.03 rows=12562 width=0) (actual time=1.825..1.825 rows=0 loops=1)
Buffers: shared hit=33
-> Bitmap Index Scan on idx_t_gin3_1 (cost=0.00..83.85 rows=9980 width=0) (actual time=0.904..0.904 rows=10082 loops=1)
Index Cond: (t_gin3.cl = 1)
Buffers: shared hit=6
Bitmap Index Scan on idx_t_gin3_1 (cost=0.00..9.22 rows=172 width=0) (actual time=@.355..0.355 rows=164 loops=1)
Index Cond: ((t_gin3. 1) AND (t_gin3.c3 = 1)
Buffers: shared hit=8
BitmapOr (cost=21.98..21.98 rows=83 width=0) (actual time=0.334..0.334 rows=0 loops=1)
Buffers: shared hit=13
-> Bitmap Index Scan on idx_t_gin3_1 (cost=0.00..7.92 rows=42 width=0) (actual time=0.172..0.172 rows=36 loops=1)
Index Cond: ((t_gin3.c4 = 1) AND (t_gin3.c6 = 1)
Buffers: shared hit=6
-> Bitmap Index Scan on idx_t_gin3_1 (cost=0.00..7.91 rows=41 width=0) (actual time=0.162..0.162 rows=27 loops=1)
Index Cond: ((t_gin3.c4 = 1) AND (t_gin3.c7 = 2))
Buffers: shared hit=7
Bitmap Index Scan on idx_t_gin3_1 (cost=0.00..14.38 rows=1317 width=0) (actual time=0.124..0.124 rows=1296 loops=1)
Index Cond: (t_gin3.c8 = 9)
Buffers: shared hit=3
Bitmap Index Scan on idx_t_gin3_1 (cost=0.00..12.07 rows=1010 width=0) (actual time=0.102..0.102 rows=1061 loops=1)
Index Cond: (t_gin3.c9 = 10)
Buffers: shared hit=3
Planning time: 0.272 ms
Execution time: 6.349 ms

(29 rows)
B
BRIER Bl
<@ select * from test where id <@ array[1,2];
@> select * from test where id @> array[1,2];
= select * from test where id = array[1,2];
&& select * from test where id && array[1,2];

B o] LUEd btree_gintift, ZiFbtreefd XBIRIERTE,
Ro|EH
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Posting tree

Entry tree

»> -

i

Posting tree

Posting tree

N0
—

Fast update list

entry : GINERS|hH—P XK,

entry tree : Eentry E ¥ BIBH,

posting list : entry¥I BRI BHEEE .

posting tree : posting list ¥ §9B#Y ,

pending list : &3 TTAMIRNFMEEER, B FfastupdateddiA,

4.1.4. GISTZ 5|

GSTERREREZEN, ER—MTEHENINELNFRAE, SEA—MERTARIIEIEZRSIERX, B
tree. RtreefIRZHZESIE X B o] ATEGIST H5LH,

Rz A3 4% =
o JUTHE: XHUBRR (B8, X, HLTELS) , REBHRE.
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> MAYRRZA: 20220525



=4 X REIMIR EPolarDB 035 MEREVBORIET- 01 0 SQLIEE)

postgres=# create table t_gist (id int, pos point);

postgres=# insert into t_gist select generate_series(1,100000), point(round((random()*1000)::numeric, 2),
round( (random()*1000) : : numeric, 2));

postgres=# select x from t_gist Tlimit 3;
id
R
1 | (325.43,477.07)
2 | (257.65,710.94)
3 | (502.42,582.25)
(3 rows)

postgres=# create index idx_t_gist_1 on t_gist using gist (pos);

postgres=# explain (analyze,verbose,timing,costs,buffers) select * from t_gist where circle '((100,100) 10)'

@ pos;
QUERY PLAN

Bitmap Heap Scan on public.t_gist
Output: id, pos
Recheck Cond: ('<(100,100),10>'::circle @ t_gist.pos)
Heap Blocks: exact=41
Buffers: shared hit=47

—> Bitmap Index Scan on idx_t_gist_1 (cost=0.00..2.53 rows=100 width=0) (actual time=0.061..0.061 rows=46

(cost=2.55..125.54 rows=100 width=20) (actual time=0.072..0.132 rows=46 loops=1)

loops=1)
Index Cond: ('<(100,100),10>'::circle @ t_gist.pos)
Buffers: shared hit=6
Planning time: 0.147 ms
Execution time: 0.167 ms

postgres=# explain (analyze,verbose,timing,costs,buffers) select * from t_gist where circle '((100,100) 1)' @ pos
order by pos <—> '(100,100)' limit 10;

QUERY PLAN

Limit (cost=0.28..14.60 rows=10 width=28) (actual time=0.045..0.048 rows=2 loops=1)
Output: id, pos, ((pos <—> '(100,100)'::point))
Buffers: shared hit=5
—> Index Scan using idx_t_gist_1 on public.t_gist
rows=2 loops=1)

Output: id, pos, (pos <—> '(100,100)'::point)
Index Cond: ('<(100,100),1>'::circle @ t_gist.pos)
Order By: (t_gist.pos <—> '(100,100)'::point)
Buffers: shared hit=5

Planning time: 0.092 ms

Execution time: 0.076 ms

o TEXE: XHNUERR (B8, AX. BLETF) .
o PEE: TRHMUERR (B, BXR. BEELTF) .

o

o TEEE (PostGlS) : XPFNEHR (B3, @R, ELTEERSE) , REBHRF.

(cost=0.28..143.53 rows=100 width=28) (actual time=0.044..0.046

postgres=# create extension btree_gist;
CREATE EXTENSION

postgres=# create index idx_t_btree_2 on t_btree using gist(id);
CREATE INDEX

postgres=# explain (analyze,verbose,timing, costs,buffers) select % from t_btree order by id <-> 100 limit 1;
QUERY PLAN

Limit (cost=0.15..0.19 rows=1 width=41) (actual time=0.046..0.046 rows=1 loops=1)
Output: id, info, ((id <-> 100))
Buffers: shared hit=3
-> Index Scan using idx_t_btree_2 on public.t_btree (cost=0.15..408.65 rows=10000 width=41) (actual
time=0.045..0.045 rows=1 loops=1)
Output: id, info, (id <-> 100)
Order By: (t_btree.id <-> 100)
Buffers: shared hit=3
Planning time: 0.085 ms
Execution time: 0.076 ms
(9 rows)

o IREXRE: XIHRBBHR.,
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4.1.5. BRINZZ 5|

BRIN ZR3| 2K ZES5|, AR FB-TREEEZES|, BRNIZRHAZRUITESRBEMICRESIBEA, MELRED
HIERHESRESNIIBERNAITER ., EWBRINZES| =8 RS/, SEIBEAN. B, MBRHNY
It RN,

B

Rz F 4% ==
RN ATHIE, REBDRFEARNIRFEAN, R3IGEZE/N, HEERS,
o BIBRRURBALBIEFERIE
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postgres=# create table t_brin (id int, info text, crt_time timestamp);
postgres=# insert into t_brin select generate_series(1,1000000), md5(random()::text), clock_timestamp();

postgres=# select ctid,x from t_brin limit 3;

ctid | id | info | crt_time

1 | e48a6cd688b6ccBe8bee8581ad93b31b | 2017-06-27 22:50:19.172224
2 | e79¢335c679b0bf544e8ba501569df7 | 2017-06-27 22:50:19.172319
3 |

(0,1) |
(0,2) |
(0,3) |
(3 rows)

b75ec6db320891a620097164b751e682 | 2017-06-27 22:50:19.172323

postgres=# create index idx_t_brin_1 on t_brin using brin (id) with (pages_per_range=1);
postgres=# create index idx_t_brin_2 on t_brin using brin (crt_time) with (pages_per_range=1);
postgres=# create index idx_t_brin_3 on t_brin(id);

postgres=# create index idx_t_brin_4 on t_brin(crt_time);

postgres=# \di+
List of relations

Schema | Name | Type | Owner | Table | Size | Description

|
wangj ian | idx_t_brin_1 | index | wangjian | t_brin | 272 kB |
wangjian | idx_t_brin_2 | index | wangjian | t_brin | 352 kB |
B |
B |

wangjian | idx_t_brin_3 | index | wangjian | t_brin | 21 M
wangjian | idx_t_brin_4 | index | wangjian | t_brin | 21 M

o ERARSIFMMIRRSIHI XA REGI—

postgres=# explain (analyze,verbose,timing,costs,buffers) select x from t_brin where id between 100 and 200;
QUERY PLAN

Index Scan using idx_t_brin_3 on wangjian.t_brin (cost=0.42..10.45 rows=101 width=45) (actual time=0.008..0.031
rows=101 loops=1)
Output: id, info, crt_time
Index Cond: ((t_brin.id >= 100) AND (t_brin.id <= 200))
Buffers: shared hit=5
Planning Time: 1.530 ms
Execution Time: 0.052 ms
(6 rows)

postgres=# drop index idx_t_brin_3;

DROP INDEX

postgres=# explain (analyze,verbose,timing,costs,buffers) select x from t_brin where id between 100 and 200;
QUERY PLAN

Bitmap Heap Scan on wangjian.t_brin (cost=106.02..501.28 rows=95 width=45) (actual time=2.413..2.436 rows=101
loops=1)
Output: id, info, crt_time
Recheck Cond: ((t_brin.id >= 100) AND (t_brin.id <= 200))
Rows Removed by Index Recheck: 113
Heap Blocks: lossy=2
Buffers: shared hit=45
-> Bitmap Index Scan on idx_t_brin_1 (cost=0.00..106.00 rows=107 width=0) (actual time=2.394..2.394 rows=20
loops=1)
Index Cond: ((t_brin.id >= 100) AND (t_brin.id <= 200))
Buffers: shared hit=43
Planning Time: 0.317 ms
Execution Time: 2.733 ms
(11 rows)
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o EFAZRSIFMMIRRSIHIXA ARG —

postgres=# explain (analyze,verbose,timing,costs,buffers) select % from t_brin where crt_time between '2017-06-27
22:50:19.172224" and '2017-06-27 22:50:19.182224"';
QUERY PLAN

Index Scan using idx_t_brin_4 on wangjian.t_brin (cost=0.42..8.45 rows=1 width=45) (actual time=0.007..0.007 rows=0
loops=1)
Output: id, info, crt_time
Index Cond: ((t_brin.crt_time >= '2017-06-27 22:50:19.172224'::timestamp without time zone) AND (t_brin.crt_time
<= '2017-06-27 22:50:19.182224'::timestamp without time zone))
Buffers: shared hit=3
Planning Time: 0.136 ms
Execution Time: 0.020 ms
(6 rows)

postgres=# drop index idx_t_brin_4;
DROP INDEX
postgres=# explain (analyze,verbose,timing,costs,buffers) select % from t_brin where crt_time between '2017-06-27

22:50:19.172224"' and '2017-06-27 22:50:19.182224';
QUERY PLAN

Bitmap Heap Scan on wangj t_brin (cost=146.00..541.26 rows=1 width=45) (actual time=2.200..2.200 rows=0 loops=1)
Output: id, info, crt_time
Recheck Cond: ((t_brin.crt_time >= '2017-06-27 22:50:19.172224'::timestamp without time zone) AND (t_brin.crt_time
<= '2017-06-27 22:50:19.182224'::timestamp without time zone))
Buffers: shared hit=58
-> Bitmap Index Scan on idx_t_brin_2 (cost=0.00..146.00 rows=107 width=0) (actual time=2.198..2.198 rows=0
loops=1)
Index Cond: ((t_brin.crt_time >= '2017-06-27 22:50:19.172224'::timestamp without time zone) AND (
t_brin.crt_time <= '2017-06-27 22:50:19.182224'::timestamp without time zone))
Buffers: shared hit=58
Planning Time: 0.318 ms
Execution Time: 2.223 ms
(9 rows)

4.2. pHriRsTIHR

4.2.1. EXPLAINE X

EERAHEEN, tJESEMENNFZRELZSZET RS, ERSQUEIHITENER. &l UER
EXPLANGSEE T NHEB R, Mol UREEAMIESQL,

TEAERRAAEAFHIRRT R RLRNTHERE,

ERRET EMOH HifE IR
Planner ‘ Executor

IEER =i
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Bk
EXPLAIN &S B LU SQLIEAIM B, BAESNT:

EXPLAIN [ ( option [, ...] ) ] statement
EXPLAIN [ ANALYZE ] [ VERBOSE ] statement
where option can be one of:

ANALYZE [ boolean ]

VERBOSE [ boolean ]

COSTS [ boolean ]

BUFFERS [ boolean ]

TIMING [ boolean ]

SUMMARY [ boolean ]

FORMAT { TEXT | XML | JSON | YAML }

o BUFFERSEMATRUERERAXTFEENERELE, EIANNFALSE, ZSH REESANALYZE S8 —iEE(FEH.
EZNXESEELER (EHRAERSIR) | Ak (IRNRFERSIR) NIGER (HESERES
PRENGEHEENSUIER) NS hHRE, TR, FHRH,

o COSTSEMATRUEZ BREBMHITRANFEEAN (HBFEF—IHFEEENERNKMN) SR
0y, UBRMGHTHMNESTRE, BIAANTRUE,

e VERBOSEMEIRATRUES B R-EMITHHIMMINGES, BRIANFALSE, HMINMEESEEAHFENTRELH
8% (Output) , FHSCHEMAEE, REMISCHEMA 58, EXRPIFMBENG, HAKNM AR
BIRE,

o ANALYZERIUATRUESSEFRINITSQL, HEBHEMNNEE R, ZIANFALSE, MBMRUL—LEEKEIRN
SQLEEEIHNHTERAEFZNMENEIE, dJURE—NEED, PFRETUEZRR,

e FORMATISEMHEIL, BUARTEXT, SMEIAHLENABEHME2HEEH, EPXML|JSON | YAMLEFFF
BN FEASQUEGINZE IR,

e SUMMARYEIRATRUESEZTEHIIEEA L SEEE, FAUNESIHHERNEBME LT LIHRTHN
i, HANALYZE ETUTHE, BEIAATRUE,

o TIMINGERATRUER EREMNMHIT RNLFRE N BFASHNHITEE, BIANTRUE, ZBH RS
ANALYZE 2 —EFEH, BEANTF—ERHEFRKR, KREKHBDZFELLRANALHN, MRIAZEHEH
REITH, MAZEEHRNEE, TTUUEZSEXA.

4.2.2. EXPLAIN%i

AXNBEXPLAINEIE 4548 . EIHATER . BT R, Index Only Scan. Bitmap Index Scan5 Bitmap
Heap ScanZ{5 8.,

EXPLAIN H &4
EXPLAING £~ BIA0F -
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EXPLAIN ANALYZE SELECT * FROM tenkl tl, tenk2 t2 WHERE tl.uniquel < 100 AND tl.unique2 = t2
.unique2 ORDER BY tl.fivethous;
QUERY PLAN

Sort (cost=717.34..717.59 rows=101 width=488) (actual time=7.761..7.774 rows=100 loops=1)
Sort Key: tl.fivethous
Sort Method: quicksort Memory: 77kB
-> Hash Join (cost=230.47..713.98 rows=101 width=488) (actual time=0.711..7.427 rows=100
loops=1)
Hash Cond: (t2.unique2 = tl.unique2)
-> Seq Scan on tenk2 t2 (cost=0.00..445.00 rows=10000 width=244) (actual time=0.007.
.2.583 rows=10000 loops=1)
-> Hash (cost=229.20..229.20 rows=101 width=244) (actual time=0.659..0.659 rows=100
loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 28kB
-> Bitmap Heap Scan on tenkl tl (cost=5.07..229.20 rows=101 width=244) (actual
time=0.080..0.526 rows=100 loops=1)
Recheck Cond: (uniquel < 100)
-> Bitmap Index Scan on tenkl uniquel (cost=0.00..5.04 rows=101 width=0) (
actual time=0.049..0.049 rows=100 loops=1)
Index Cond: (uniquel < 100)
Planning time: 0.194 ms

Execution time: 8.008 ms

EXPLAING LU T UE MR — MRS, TTWBERZ AT ELIN, MNES I M TREENNAT R
XA, ERANSUREMEMAIIIcost, rows, width%, MMREREBRT R, J:EE’WU?_IU\“NK#JIID
T&H:

Sort
L Hash Join

F—— Seqg Scan
L Hash

L Bitmap Heap Scan
L— Bitmap Index Scan

PolarDBESQLIL{TRY—Le4E = -

o BRREWMITMIMMIEELRT.

o EFXNIERNFT, BTERERAS N RIITRE—TIERAKXT A (Bitmap Index Scan R
) .

LLL)\J:%?IE—IL)\TMEUEXPLAINEHJtl:'.E’]zE—/\ﬁHF—HMJGE’] iR, JUERRERTTHET R
(1) , #EB TR (BF) (LN MM,

BEXATER

SEXPLAINGE L HANALYZEEBUATRUER, SERMMEIHEEZEREESAITER, 81F:

e actualtime: HITHTE, XA xxx..xxx , & .. ZBNEZPSLFENEHEE, BRIFESZ
PTRRENE—NERIFEENRE, € .. ZENEZT ALFENHTRE,

e rows: IEMRIZT RELFRINREIITH.

e loops: EHRZTALHFHNER X, MBE—NMHETRESETERET, ENEXSHE (NHE
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B) RETZU, MERERETRMHITR.

KM EIHER—REMNESHTER RS, BIFEANFISCHREY 8 MK IE b BiR E 4 RENITEHIRIE,

EHFRIHEENNEE, SUEKINTHERANRNNEENRE, XMBEEFLRZTRESHIEENNGT
vacuum analyzef €3 2N A IHERHTREEH, RIEPostgreSQLAHITIM AR BEB K BB RMHE

AR,

BhT R

o AN

FEEXPLANGSHMEERP Ui 2SR ERNHTT R, TURESRILKE:
o Z#IT5 & (Control Node)

AT R (ScanNode)

¥ T5 = (Materialization Node)

EET R (Join Node)

o

o

o

o HETR
FRTRAEATABEERNTTSE, SKE—57tE (Bitmap Index Scanfiédh) EALETRBIBEA.
RETRAARTUREER, RoJPABRSNERE. HREH. FEHNERESE.
BRIfEPolarDBd 37 3% :

o SeqScan: RFHAHE

o Index Scan: EFZR5|13#, ERRRREIRSIZINE

o IndexOnly Scan: EFZR5|H3#, HFAERRERSIFINE, BRABEERS]
o Bitmapindex Scan: FJFBitmap£HaE

o BitmapHeap Scan: 3EBitmapindex Scanik [El#4Bit map 45 #4542 9 T A 4544
o Tid Scan: BAFH#— 1 uAHTIDEA

o Subquery Scan: HiE—1NFEH

o Function Scan: &EEE RN

o TableFunc Scan: &Itablefuncig kB335

o Values Scan: FF#3#iValuesiE R A

o CteScan: AFHRABWTHFEONERE

o NamedTuplestore Scan: BFRLEHBZNERENTH

o WorkTable Scan: F-F#3#iRecursive Unionfy o &) £

o Foreign Scan: FAF4MERE

o CustomScan: AFAFBEXNAME

THEANBERBN/LMAET A SeqScan, Index Scan, IndexOnly Scan, Bitmapindex Scan.
BitmapHeap Scan,

e Seq Scan
SeqScangexkINFHME, —REAEGERSINEFTELXRINFEME, FIINTEAEXPLAING L :
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postgres=> explain (ANALYZE, VERBOSE, BUFFERS) select * from class where st no=2;
QUERY PLAN

Seq Scan on public.class (cost=0.00..26.00 rows=1 width=35) (actual time=0.136..0.141 row
s=1 loops=1)

Output: st no, name

Filter: (class.st no = 2)

Rows Removed by Filter: 1199

Buffers: shared hit=11
Planning time: 0.066 ms

Execution time: 0.160 ms
Hrp:
B WEA
Seq Scan on public.class RPETRENMTRANXENEANS, RlfEclassk LT 7 2%AHM,

(cost=0.00..26.00 rows=1

width=35) RPT RN RECN

(actual time=0.136..0.141 FRTENTRIOESIHTER, HEXPLAING S P HANALY ZEETA
rows=1 loops=1) TRUER, St IZIMAS,

FHRETSOLMHEHERENZ N, HEXPLAING S HIETVERBOSES

Output: st no, name _
- TRUEB A 2 &R

Filter: (class.st no = 2) R8T Seq ScanT mZ LBFilteri®fE, BI2FRAMNNESTICREITIIR
BAE, TIREMHHN class.st no = 2

Rows Removed by Filter: 1 FHRETIERBESIER T ZDITIER, BTFSeq ScanT SHIVERBOSEE R,
199 HBEXPLAINE S 89VERBOSEE T A TRUER A £ B 7R,

ERETMHZEFIHPT11PBLOCK, EFSeq ScanTs mEIBUFFERS(E
B, OBEXPLAING S $§9BUFFERSIETATRUER 4 & &R,

Buffers: shared hit=11

Planning time: 0.066 ms RPTERB LI AETE,

Execution time: 0.160 ms FPT LRBSQLAITE ), HEPAEETE LB ERNE,
e Index Scan

Index Scan2 5|13, FERARAEWHERERAHDFERSIFINNFAE, W EHESeq ScandhWERINRE
st_no EBIFEZRS|, MEXPLAINEHINT:
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postgres=> explain (ANALYZE, VERBOSE, BUFFERS) select * from class where st no=2;
QUERY PLAN

Index Scan using no index on public.class (cost=0.28..8.29 rows=1 width=35) (actual time=
0.022..0.023 rows=1 loops=1)

Output: st no, name

Index Cond: (class.st no = 2)

Buffers: shared hit=3
Planning time: 0.119 ms

Execution time: 0.060 ms (6 rows)

Hh:

W

# WiEA

Index Scan using no_index

FHEFEAMpublic.class®EHINo_indexZR 3|3 R FTRSIHH,

on public.class

Index Cond: (class.st no

-2 FRPRS|AMBEMRclass.st_no = 2,

B RAITTUESR, FATERSIZE, SHEBERNEARSENARERETRT, XRERANEERETAR
K313, EdBuffers: shared hit=3TJLABHER, FSERAEMTAH (BLOCK) T, FABEEHNAMNH
ST, AEEERSTHR,

Index Only Scan

IndexOnly Scan2BE X5, FrEMREIEREHFIHMINERS|I MBS, Windex ScantHYSQL
B select * fBKA select st no , HEXPLAIN ZRHHBINT:

postgres=> explain (ANALYZE, VERBOSE, BUFFERS) select st no from class where st no=2;
QUERY PLAN

Index Only Scan using no_index on public.class (cost=0.28..4.29 rows=1 width=4) (actual tim
e=0.015..0.016 rows=1 loops=1l)
Output: st no Index Cond: (class.st no = 2)
Heap Fetches: 0
Buffers: shared hit=3
Planning time: 0.058 ms
Execution time: 0.036 ms

(7 rows)

W

# $LEA

Index Only Scan using

FBEEApublic.class®Mno_indexZ& 3|3 & TE =R,

no index on public.class

Heap Fetches REFEREHIERB ML,
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AfAIndex Only Scant] AN RS BiRBHE LR, [EREIPostgreSQL MVCCHLHIBISEM, FEXNHEHITA
WATOI EHIBY, BB visibility MAPX M, HBIFERZE, MREFAHTIEvacuumflautovacuumifE,
XENRZBVMX S, MESIFEEFRFERNRAER, Elindex Only ScanZ2 EERHEIER (Heap
FetchesK R FEERXRNEIBHENH) KKRBURAFEE, XN IRTTEESEINdex Scanlg,

Bitmap Index Scan5Bitmap Heap Scan

BitmapIindex Scan5index ScanfRAEHl, #REF R8I, {BBitmapindex ScanT KRB XRMTIRE R 2
—MIBMAR—Nd, NESPESMART —MEERNEEER, MBitmapHeap Scan—RS1ER

Bit mapindex ScanfIR T /=, ¥EBitmapindex ScaniR Bl B &R AN MAITE ., XEMRANFLEHEE
Index ScanBFEHLIE A 7 R BEURRNYIBINFER, EHIREELRRNNE, XSsAKEARENM

BE.
T LAiE{Tset enable_indexscan =off; g EX MIndex Scan , X ®index ScandiSQL BIEXPLAINS H &5
RMZER:

postgres=> explain (ANALYZE, VERBOSE, BUFFERS) select * from class where st no=2;
QUERY PLAN

Bitmap Heap Scan on public.class (cost=4.29..8.30 rows=1 width=35) (actual time=0.025..0.02
5 rows=1 loops=1) Output: st no, name

Recheck Cond: (class.st no = 2)

Heap Blocks: exact=l1

Buffers: shared hit=3

-> Bitmap Index Scan on no_index (cost=0.00..4.29 rows=1 width=0) (actual time=0.019..0.019
rows=1 loops=1) Index Cond: (class.st no = 2)

Buffers: shared hit=2

Planning time: 0.088 ms

Execution time: 0.063 ms

(10 rows)

G

2 WA

Bitmap Index Scan on

FBPFEANo_indexZ& 5T E R334,

no_ index

Index Cond: (class.st no = o N
2) - RPN ERSIHSEMAclass.st_no = 2,

Bitmap Heap Scan on

FEAXTpublic.classFE#H1TBitmap Heap#A#,

public.class

% BABitmap Heap Scan#RecheckigfEfI 42 class.st_no = 2, XE2ENA

Recheck Cond: (class.st no Bitmap Index Scan® RIREIMZEME, MEPESMRAET —PMEERNEUE

= 2) o, BEMETUEME —ERFEERENEIER (XER3, Buffers: shared
hit=3) , MBitmap Heap Scanll BE I T NEIEREY T AM TRecheck,

Heap Blocks: exact=1 P EHRABISUERNDHE,

o RZBHIERT, Index ScanZEtbSeq Scantk, ERUMRKBMNERESMBHENHLERKE, Xt
Index ScanE A ELAMAR S| BIRRMERMAMER SRR,
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o MBFREMWEREN LR/, BRTALHESH, TaEBitmap Index ScaniIitEEE tkIndex Scani?,

o WNERENMNLE RERBHRSIES, Mindex Only ScanBARAXRIEHIE, REMWRS|, Ho—RERF.
BRMRBVMXHRER, TJaEttaEmMSttindex ScanE =,

D EEICHEETFEICHNTBINE R, HLPostgreSQLAYEXPLAING & i HBcost, rows, widthZt
MMEHEETELRR T XEHBTRAFEMT ANBMEKN, BINMERNILE, TRUERH&E/N
KRNE SRR,

Ay ™ N\ b
4.2.3. BERITIHHR
PolarDB 035|232t T OutlineTn g, FATFIMEN. EEMMREENHITIHE .

WRENA

RATHRIEHESPM (SQL Plan Management ) —FhFBr NS, TTRMER KRB HNEERITIR, BRI
REENREREMIELTWIEN T,

Outline2SPMIIF&, NEFHEEHTHE, RIIFEHMNITiTE. BATPolarDBAIOUt lineZh BEN 15 ElE
PREPAREZ ELE A 1T IHEN

PolarDBHJOut lineIp gER B polar_outlinefEHSLIMET, MFBFEABEL T ERRRAFIHTHE.

eI
BRI T :

CREATE EXTENSION polar outline;

EESH
TFOutlineE BT IHRITIEE, FBBEQMT:

SET polar outline.use stored plan TO ON;

HFoutlineE XBIEEFXZE (Relation) #BfEpolar outlineiXNschema™™, ATAHEFEA, BoLUES
MTEDRERRE,

SET search path To "Suser",public,polar outline;

AEE I B
gk, HERPENLE. BOMT:

CREATE TABLE t(a INT,b INT);
INSERT INTO t SELECT i, i FROM generate series (1, 1000)i;

ERMIEURRAASRERNRITE R IESR,

ANALYZE t;

H1T— 1 PREPAREZ B! iE4] ,

PREPARE test AS SELECT * FROM t WHERE a=$1;
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QOFY:
o MRBURUERFAXDHRE, STRERDISRIEERLN SRS ST EE,

o &t BT LAfE A hint T RE kI I8 E 4 out linedMERAY AT ITRI, AMEEMEHERhint 695G
=K outlineE E R EBER I,

HER A B 2 A 17 i %1
BHIPolarDBIR M T AP 7 ARIMEME B AT IR, SHIMT:
o fffpolar_outline_create®FHAMENITIHRI (EFEER) , BQOWT:
SELECT polar outline create ('EXECUTE test (100)');
REERMT:

polar outline create

o ERAMITIHRIIMERINGE, ZTEEESHEMBUATIR, BIESXWT:
D #F&E  ARITHIMEEESSBIHHIER (plancache)

i FFEIMERRATIHRIINGE, {EEMT:

SET polar outline.capture plan TO ON;
i. MMERHRATIR, BOWT:

EXECUTE test (100);

REGEEWNT:

_____ +_____
100 | 100

(1 row)
iil. XEAMBAITIHRITNEE, BEWT:

SET polar outline.capture plan TO OFF;

e i8R
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MREEMIE R 1L SOLIES)

24

use_stored_plan

capture_plan

log_usage

WEA

XA OutlineE EHRATITE,
° ITHGLMT:

SET polar outline.use stored plan
* XAWMLUWT:

SET polar outline.use stored plan

FTF X FOut line it RIHMERFF £,
e ITFHLUT:

SET polar outline.capture plan TO
o XHWmIMT:

SET polar outline.capture plan TO

Ehloutline &8 B S8 KR A

set polar outline.log usage To none;

TO ON;

TO OFF;

ON;

OFF;

set polar outline.log usage To debug;

set polar outline.log usage To debugl;

set polar outline.log usage To debug2;

set polar outline.log usage To debug3;

set polar outline.log usage To debug4;

set polar outline.log usage To debug5;

set polar outline.log usage To log;

set polar outline.log usage To info;

set polar outline.log usage To notice;

set polar outline.log usage To warning;

BEidoutlineXLEB KNS
fEPolarDBE RN E RFE TN, HalLiERoutlinesk LHSQLT K E .

@ 08

NEST

WA, SQLIFISQREFME.

BIRHEA T RES SEPolarDBRE L EIRIVATIHE, REBIRNERE, BHANE L
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SQL1:
select t.a, t2.avg b
from t join (select avg(b) as avg b, a
from t2
group by a) t2
on t2.a = t.a and t.c < $1
order by t.a;
SQL2:
select t.a, t2.avg b
from t join lateral (select avg(b) as avg b
from t2
where t2.a = t.a) as t2
on t.c < $1
order by t.a;

BEUTSBRERNE outline$SQLTE B 5 A SQL2HY,
1. FATAT S, EEHIE.

CREATE TABLE t(a int, b int, c int);

insert into t select i % 100000, i, i from generate series(l, 1000000) i;
create table t2 as select * from t;

create index on t(c);

create index on t2(a);

ANALYZE t,t2;

2. fITUT <€, BESHNENRSOLA XS FHSQUMEU#outlined

prepare sl as select t.a, t2.avg b from t join (select avg(b) as avg b, a from t2 group
by a) t2

on t2.a = t.a and t.c < $1 order by t.a;

prepare s2 as select t.a, t2.avg b from t join lateral (select avg(b) as avg b from t2
where t2.a = t.a) as t2

on t.c < $1 order by t.a;

SELECT polar outline.polar outline create ('EXECUTE s1(5)"');

polar outline create

(1 row)
SELECT polar outline.polar outline create ('EXECUTE s2(5)');
polar outline create

3. HiIIFLAT <, EMApolar outline_switchI8ER# N SQLAY I,

@ e WANSHEATHE LI outlinedh §9ID, ESQLEYHHEIBIHEAS h &S /5 BSQLATH
.
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SELECT polar outline.polar outline switch(l,2);

polar outline switch

4. FATLAT S, MBRoutlinetp XS FHISQL,

@ e HUKSEAE, BEERoutlinethSQLEIE A,

SELECT polar outline.polar outline delete(2);

5. BidoutlineXME WK ENERMTFAR:

THREHI: s1ZRERIBYITRI
EXPLAIN (COSTS FALSE) EXECUTE sl (5);
QUERY PLAN
Sort
Sort Key: t.a
-> Hash Join
Hash Cond: (t.a = t2.a)
-> 1Index Scan using t ¢ idx on t
Index Cond: (c < $1)
-> Hash
-> HashAggregate
Group Key: t2.a
-> Seqg Scan on t2
(10 rows)
SELECT polar outline switch(1,2);

polar outline switch

(1 row)
EHNERE: s1BHRE Es289itkl
EXPLAIN (COSTS FALSE) EXECUTE sl (5);
QUERY PLAN
Sort
Sort Key: t.a
-> Nested Loop
-> 1Index Scan using t c idx on t
Index Cond: (c < $1)
-> Aggregate
-> Bitmap Heap Scan on t2
Recheck Cond: (a = t.a)
-> Bitmap Index Scan on t2 a idx

Index Cond: (a = t.a)

(10 rows)

4.3. PEBHI
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4.3.1. KRN BIHEXEE =

KT AENBHARCN UARAN BB

i
MERCRETRNNERMA, RTENBHORNFCPURHARL .
o IORMEIHELRIEEL

o CPURMENITEL R ESR

it 5 R

o SHE

FRENE, flIERNOD, aFRA/NE1~100, H1~1089ES3ET95%, 1-108EMIRASME.
BHEATHFEEN, #TIHmERYE,

6

- W 3

e HHHE

FREEENSHER, fINERIID, aRZBRA/NRE1~100, TS R4ANE, 1~2589EF 301, 26~50
BNEF201, 51~758{E8 251, 76~10089EG257,
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30

25
20
15

5 II.
. IR =

10
[1,5] (5,9] (9,13] (13,17] (17,21] (21,25]

o HXERH
FRREINOMERIRFMZERFOEXNE, XS, ERSIAMBBRAFMCNER.

. .

o HMRFIHER
o HE—EM
o NulfELb=
o FRHFTH
o FREITEEL

prige S
o EEHEH
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EXPLAIN SELECT * FROM tenkl;
QUERY PLAN
Seq Scan on tenkl (cost=0.00..458.00 rows=10000 width=244)
SELECT relpages, reltuples FROM pg class WHERE relname = 'tenkl';
relpages | reltuples

o SEEEN

EXPLAIN SELECT * FROM tenkl WHERE uniquel < 1000;
QUERY PLAN

Bitmap Heap Scan on tenkl (cost=24.06..394.64 rows=1007 width=244)
Recheck Cond: (uniquel < 1000)
-> Bitmap Index Scan on tenkl uniquel (cost=0.00..23.80 rows=1007 width=0)
Index Cond: (uniquel < 1000)

o TEEWIHEAN

SELECT histogram bounds FROM pg stats
WHERE tablename='tenkl' AND attname='uniquel';
histogram bounds

{0,993,1997,3050,4040,5036,5957,7057,8029, 9016, 9995}

selectivity = (1 + (1000 - bucket[2].min)/ (bucket[2].max - bucket[2].min))/num buckets
= (1 + (1000 - 993) /(1997 - 993))/10
= 0.100697

rows = rel cardinality * selectivity
10000 * 0.100697
1007 (rounding off)

o HEEN

EXPLAIN SELECT * FROM tenkl WHERE stringul = 'CRAAAA';
QUERY PLAN
Seqg Scan on tenkl (cost=0.00..483.00 rows=30 width=244)
Filter: (stringul = 'CRAAAA'::name)

o FEBHITEARN

SELECT null frac, n distinct, most common vals, most common fregs FROM pg stats

WHERE tablename='tenkl' AND attname='stringul';

null frac | 0

n distinct | 676

most common vals|{EJAAAA, BBAAAA, CRAAAA, FCAAAA, FEAAAA, GSAAAA, JOAAAA, MCAAAA, NAAAAA, WGAAAA}
most common fregs | {0.00333333,0.003,0.003,0.003,0.003,0.003,0.003,0.003,0.003,0.003}
selectivity = mcf[3] = 0.003

rows = 10000 * 0.003 = 30

#H FiE: yﬂ%fﬁ;ﬁﬁmost_common_valsiﬁ, HE AR Aselectivity = (1 - sum(mvf) )/ (num_distinct

- num mcv)
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4.3.2. KMit&E

AENEROMHEAEETEAR,
Kot HERE

BAERAR 2NE 88

seq_page_cost 1.0 IR — R EA A,
random_page_cost 4.0 BARE— PN RERAAE,
cpu_tuple_cost 0.01 CPUREE—FTRIAN A,
cpu_index_tuple_cost 0.005 CPURLIEE—NZRSI BRI AL AR
cpu_operator_cost 0.0025 CPUR BB R E SR IERFRIA A

ERAM

postgres=# explain select * from test where id <1000;
QUERY PLAN
Seq Scan on test (cost=0.00..1693.00 rows=5680 width=4)
Filter: (id < 1000)
(2 rows)
postgres=# select relpages,reltuples from pg class where relname='test';
relpages | reltuples
____________ o
443 | 100000
(1 row)

HEAXWMT:
e TOTAL_COST = CPURLH + IO/

o CPUMH = cpu_tuple_cost * reltuples + cpu_operator_cost * reltuples
e CPUMH) = 0.01 * 100000 + 0.0025 * 100000 = 1250.0

o |OfSH = seq_page_cost * relpages

o O = 1.0 * 443 = 443

e TOTAL_COST = 1250 + 443 = 1693

E E=E i

postgres=# explain select * from test where id =1414;
QUERY PLAN

Index Only Scan using test id idx on test (cost=0.29..72.66 rows=30 width=4)

Index Cond: (id = 1414)

(2 rows)
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HEARWT:

e RUN_COST = CPUK A + I0FEY

o CPUKH = ]3| CPURHY + & CPURN

o ZRS|CPURH = 1EIEER * ZE3|17#0 * (cpu_index_tuple_cost + cpu_operator _cost )
o & CPURH = 1B X * #URITE * cpu_tuple_cost

R5ICPURHIITE

postgres=# select most common fregs[array position ((most common vals::text)::real[],1414::r
eal)] from pg stats where tablename ='test';

most common fregs

0.0003
## EEFE = 0.0003
postgres=# select relpages,reltuples from pg class where relname='test id idx';
relpages | reltuples
__________ e
276 | 100000
## 5178 = 100000 , WEITWEH = 276
postgres=# select relpages,reltuples from pg class where relname='test';
relpages | reltuples
__________ o
443 | 100000
## FRITE = 100000 , RIEW = 443

B LA L ERAIEH CPURHMANT

e Z5|CPUAHY = 0.0003 * 100000 * (0.0025 + 0.005) = 0.22500000
e ZRCPUM = 0.0003 * 100000 * 0.01 = 0.300000

e CPUH = 0.300000 + 0.22500000 = 0.52500000

K50 HIHE

RS TofAHh = ceil (EIEE » FR5ITIEH) * random page cost

RIOAM = max _io cost + HEXRE ~ HXREH * (min io cost - max _io cost)

max_io cost = EEFE » HIEITE * random page cost = 120

min io cost = 1 * random page cost + (ceil (E#EFE ~ RIMEH) - 1) * seq page cost = 4
postgres=# select correlation from pg stats where tablename ='test';

correlation

0.670535

HHRERE = 0.670535
101Xt = 4 + 67.844406397900 = 71.844406397900

BB ERASHIORNINT:

e RUN_COST = 71.844406397900 + 0.52500000 = 72.369406397900

e START_COST = 0.29

e TOTAL _COST = 72.369406397900 + 0.29 = 72.659406397900 = 72.66
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5. RN & ESL
5.1. XMEERN

AEDPRERNAENE, HoEINEDRINNAST., EHTEAQDRIZEHZE, THE
polar_ monitor, polar monitor_preload. pg_stat_statements. polar stat_sqliHEEELRE,

5.2. SLa) @4
5.2.1. M@ A xS

SHEBSFNERT EZCEIHMERT, IPPRENEERS, tARASEZMRREERS, #

e R B AR IR,
XJFPolarDB O3 | #404EE, ERNEREREGATHR:

o ZHEIR: HECPU, /0. MK, REMHEZRIE,
o HIRBERIR: 8 (lwlockfllock) fEF (buffer poolflslru) FiR.

BANBRRE, MEIHEENSFSFEM, HHWRRER, BRERGCTRH—SHMREENM.

5.2.2. E&FEH

EHEM—RERSQUTERPEHFRINERFIR,
oJi@idpolar_stat_activityMEEEMRESFTEMHRES:

SELECT
CASE WHEN wait event type IS NULL THEN 'CPU' ELSE wait event type END,
CASE WHEN wait event IS NULL THEN 'CPU' ELSE wait event END,
COUNT (*) AS wait count
FROM
polar stat activity
WHERE
state='active' AND backend type='client backend'
GROUP BY wait event type, wait event ORDER BY wait count DESC; \watch 1

o MRCPUSFHBMIFERE, BIFERTETCPUKEBIB0%, NTTIAACPUTFTERRIT.

o MRI/OBEHIFEEMARE, WIAA/OFEMRB.

o MR wlockEHFEHMER S, MIAAIwlockEIBTE, (wlockiRIFH 2R ERBHIEIREM .,
o WRlockEHIFEEMARE, MiAAlock&IBT=E, lockEHIEEN R T ETH.

5.2.3. CPURT

CPUSSEMFERE, BICPURF, EHTEBRETEIN,
o[ Epolar_stat_activity_rt PHZEHECPULLIR S, HEBMIECPUERR,
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MRERMIER- (AL RSt TREXREHUEEPolarDB 05| %

SELECT
backend type,SUM(cpu_sys cpu user) AS cpu rate
FROM polar stat activity rt
GROUP BY backend type
ORDER BY cpu rate desc; \watch 1

MRCPUSRHBHNHMERF LN T CPUKE, HEBBHAHETS.
o[i@dpolar_stat_activityEE 2 HLSQUEMCPUE S .

SELECT
query, COUNT (*) AS wait count
FROM polar stat activity
WHERE state='active' AND backend type='client backend' AND wait event type IS NULL
GROUP BY query
ORDER BY wait count DESC; \watch 1

tha@idpg_stat_databased ) xact_commit xact_rollback i E¥| M EFTPSBL L, & 2@
polar_stat_query_count 1 £ ¥ i 2 5 QPSHE I il ,

HEMLSQUEM CPUS/E, TJLLUEIEMEpg_stat_statementsFlpolar_stat_sqlil ERIKEXSQLAY St
%I%\O

5.2.4. 1/O#Esn

I/OBEMFEEMARE, HI/OMM, FHITEARETHIN.
BE/OfEIMEY, RN T=fARETIINE:
e WM polar_stat_activity_rt X HEI/OLLKS .,

SELECT
backend type,
SUM (local read iops local write iops) iops,
SUM (local read iothroughput local write iothroughput) throughput,
SUM (local read latency local write latency) latency
FROM polar stat activity rt
GROUP BY
backend type
ORDER BY
iops
DESC; \watch 1

o IR Zclient backendi#iEl/05, N oJi#—FiEidpolar stat_activityEF EWLESQLIIEFHHiE
mI/05.,

SELECT
query, COUNT (*) AS wait count
FROM polar stat activity
WHERE state='active' AND backend type='client backend' AND wait event type = 'IO'
GROUP BY query
ORDER BY wait count DESC;\watch 1

o R Zcheckpointi#iZl/0F, RBEABBEAK,
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o MR Ebgwriter#i2l/05E, RBPEFEMFEBAKIZ,
o WRFEvacuumi#iE, TTRUH—FEIMEpg_stat_progress_ vacUumMEBEFFERIHE,

SELECT * FROM pg stat progress vacuum;

o TJLLEIEMERpolar_stat_io_infotlE, HREBEXHXBALE, ERI/OKEZEER, BEARBES
MW polar_stat _io_info,

o TJLUEEMZEpolar_stat_io_latencyMERAFIOM, ZMERBHRELEBALE, CRELENG
I/OBRENIERER ., EEAFIES A polar stat_io_latency,

5.2.5. §i

i Alwlockfllock, HEMPIFLTEN, TRIBERBE R,

o lwlock: FRFEM4DH wait_event R T BEEB wlock, XFRMFEMERIFS A Iwlock,
e lock

o polar_stat_activity® g wait_object ZERRRE2BMERERFTI.
o thal#Epg_locksME T A,

5.2.6. SLRU

SLRUT] LASREVE X I 1RE R
o EE @I EApolar_stat_slruBR#RIFEVE X MiBE R,

select * from polar stat slru();

5.2.7. REZH

NEZHEEENFZHMEZRNFEHRH AR, REARTFEHARREZTRME.
EBENF
oI IB M Epolar_stat_activity rt#lE, W TR:

SELECT pid, rss

FROM polar stat activity rt
ORDER BY rss

DESC; \watch 1

#Hmo@idpolar_backends_mcxt EEZEETHIMAFELTXSARS.

@ 38 BFYETRGXETFPolarDB 03| LMK 7F _E FXMIEMANE, X451 R AEET WA B I SQLS
TEHR—FHI,

XE=EARF

HEREFTHEEEIpolar_stat_shmemZEEHHIE R,
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PolarDB O3 | ZHUiE EF A= R T EH AP SUEMWALAE A,

BEHHEZE
BHHRZDREUTHRE:
. HiRE

BEPGEFIHHIT\L, SIUEEENUEENZISABRIEZRETERDBERN, S8RSHCPU
FIOF$H,

° X
SNFHAZERANEHIEE, TLUENEFHEEIZEUEE, HiT\d EEZHEES I TERNZ=ELH
1E5.

HFFWALA &

HATATSQLEIEE HAIWALEE SRZE:

SELECT pg size pretty(SUM(size)) FROM pg ls waldir();

—RWALE A= BRABUTLMER:
o B3 wal keep_segments iR BT K, B# wal keep_segments B Rm/MREHWAL 4 S,

fRRBEE: oli@id SHOW wal_keep_segmentsi@ESHIRE ., LI oJi@IISHOW
wal_segment_sizefRH ENWALXH X/, BHTEWALRO SRSV Z0E,

e £ archive_mode=on BIIERT, WAL A RITIFH,
fRRBE: TMEEER archive_command 2EFEEBIEE.

e pg_replication_slots FH IR K FEERIKS A false HIEHIFE,
BABE: BH—SHREEFEEEETESR.

e checkpoint #2442 R KRBT,
RRBR: FRIEE,

5.2.9. :L,\LL,'f—:_'\JIJV:I;.

AXNBT ASURNEREEMERER, URERNLESE,
PolarDBHFZE AT LN REEHNIWALEEL R

o TP AYFIAFESASR, TJLUBENE pg current wal insert lsn() REEA,
FEETRPR/NNBERBMSR, tTRUBT polar oldest apply lsn() REEA,
EPAN—BMAA, TUBIE polar consistent lsn() REEM,

@ BB EF—HMMSNESSNE, BS0—BAA,

CheCkDOInt'fﬁ,‘f—i, ED%&TEEEJ&?E’VR’EE‘IEIWEI,UE@&JI“{_L,#\ oI PAE pg_control checkpoint () R
Bredo_IsnFERIKEL,
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WA
R UBE LA T 6 S AR R AR U RAER SR

select *,
pg_size pretty(pg wal lsn diff (WP, AP)) as "WP-AP",
pg wal 1lsn diff (AP, CP)) as "AP-CP",
pg wal lsn diff (WP, CP)) as "WP-CP",
pg_size pretty(pg wal 1lsn diff (WP, redo lsn)) as "WP-REDO"

pg_size pretty

(
(
pg_size pretty(
(

from
(select pg current wal insert lsn() as WP,
polar oldest apply lsn() as AP,
polar consistent 1lsn() as CP,
redo lsn
from pg control checkpoint ()

) as lsn_info;

@ 1% B8 PA L& polar * RHMFERE polar monitor YRR A T AR,

P RERER
REMESERER, MR wear BA, RASHADMEREA, BERNXE,
&1 REBIER S SBI TIEM:

o IVRALEEAWALAE, SHWALHEKREHR, YREEHLIANEFEHEZE LK, ZFEUETS
EHEEEENEFHTERWALE EER=EAR.
s HTEVRAENFERANER, SHEDRITEZERIET RREEMIIEIE.

o MREMTIEENBAM (Proxy) , Proxytl BB EREHEIET AHTLIE, TERELENS
HER.

o SE—HMHAI AR checkpointfI AFEIR, FIERLITIRM,

BENLESENT:

1. FITUAT @S, BHEFIE, BINEERSRE DU,
select * from polar replication slots;

EEREBTFHE active A £ WEHE, NREFE, WRBZEDTRASETRNEASLKET P, T
EHR—FHETERS DHNERERE,

@ 8  PolarDBIRIERRMEEHA, HEHETES AL, Breplicaflistandby, S HIHE%
B 5PolarDBEEE P B REXI N, replicaT REETAEE—DHIE, ETTHRS5replicat =
HRLSNEFF, NEPTRPFMRK, TERNLGE, standbyTREETREMUESR
PostgreSQLIVER, SEEMIMNEIE. SHEXRTLIBTEHEZR (LREGSD

A9 slot_name FE) #ITXA,

2. MREFFRLIEE, RTUTHS, EEFEXFLRBER.
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select pid, usename, application name, client addr, state,
pg wal lsn diff (pg current wal insert lsn(), sent lsn) as sent delay,

pg wal lsn diff(pg current wal insert lsn write lsn) as write delay,

O
pg wal 1lsn diff (pg current wal insert 1lsn(), flush 1lsn) as flush delay,
O

pg wal lsn diff(pg current wal insert lsn replay lsn) as replay delay

from pg stat replication;
B E RO REFELA T NEAER
o sent delay ! E%,ﬁﬁﬁﬁlﬁﬂ’\]ﬂﬂo
°o write delay @ FTRARKEWINBEEEAEFHNTR,
© flush delay : &1 RREWEINEEflushBIFMHEBER,

O replay delay : BT REIMBEENER.,

@ %P WMESTANEKIEE (replay delay) BA, BEEEERET AFMELN, 55
EWAEM startwp HEEETIRE, MEAERE—SHE,

REFEULHS, ENERRANET R, #MHAEMNET RERRANERE.

—EBMMRER

MR we-cr BX, RP—HUEMURTERRA, FERFXE. —HEURERSSEEERBERMRAT
checkpoint, M SHEBEEEHFHRRENEHER, FWEHNTAM.

BENLESENT:

1. MRANFEEDRERANER, BRALEEDREREDM, AAETRERSSEN —BM AT
iE\.O

2. EEFEMESATEMECREBIENG S, SBENBRFEXSREIE, HREIBESEETTRELTE
REPGHIESR, SH—BMURIER, KEXBRETESNUSERER —BMURERET X, LR
IERRPZSEL N EZE RIS FIRE BB /NIKAL,

3. EETGHEEENEMshared_bufferiR KBIEIR., shared_bufferif X, #iEEMNbuffer poolit X, Hak
ZFHbufferis, TTREFENRETRE#MEZ, PolarDBRIRIEAEN 28 LIRH (BURTFHEZI0REH KR
TRIENMER) , —BiXE LR, ¥buffer poolh BIETHEZHERRBHIXE 7 LR, WEWMRWSE
KREFEERTAERAFRIFNESR, NoJaeSHbuffer poolbh HIRTTHRME , HMESE—BUEA ST
RELSZMAK,

LBy, TTLAEHRAEEEREEXNSE, LURARENE, S8FNTSE

o polar parallel bgwriter workers . #"fi’ﬁ”ﬂ&i&&ﬂ"]ﬂ%, %kiA%S/\,
@ B ESHERBENEZRABHNHTRIALHRMMIE, PolaDBRREEEERIER,
NSBE—LEHTRIREHRRE, TeeFENHITRIEHEAmMIN
(2*polar_parallel bgwriter_workers, 16),

O polar parallel bgwriter delay : F{TRIFLEESRREZBHNKENNE, BHAR10ms,

I LAEH 0 polar parallel bgwriter workers , &EHE/N polar parallel bgwriter delay ,

AR FHRIAEREE
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@ e BEREHEES, ANEREAFLHE—EYN. RESBOELR, THSHEME
KEAWALHEBIERTEE, #if & nERFRITSQLAIRE,

checkpoint{i g1 ZE R

W8 we-repO0 KK, FEiRcheckpointfil SFERIA, checkpointfi s B &= &R Crash Recoveylt [E] i

NEE=E, BRNAEENES, BT, NEHNTEMEZ M-,

AT JLAR IS 5 8] 86 S B checkpoint i = FEIR :

o —HMMRIEIRSSE checkpointfii MFEIR, EEMIAHET B MM AERNEE,

o SH MM AFERHRE YT EES B checkpoint i S FEIR, HliNN S hE M EEIRB A B RIFER R
B,

[ J checkpoint#tﬁﬁ,ﬁﬁﬁféﬁ, Eﬁﬂﬂﬂfﬂ?\]ﬁiﬁ‘é%ﬂ’\]%ﬁ&{%ﬂﬁlo 1&3{1«‘)\)\3%‘%% checkpoint timeout EE%
max wal size ?E%m?-_;checkpointﬂ’\]ﬁ_%o

T THS, BEBUFfer PoolPIERHE,
select size from polar flushlist;

polar flushlist iGRFlushlistf—YEGHESR, ERETEEREPHFlushlisthBbufferfI8i=, {XiE
RASMAFlushlistdr, ELtt, size * S9TMAN (BiAAs x8)  BlAbuffer poold ETAI K/,

e Copy Buffer Pool
HITU TS, &&Copy Buffer PooldhBbufferfiE

select copy-release as cbuf size from polar cbuf;

polar cbuf iBxCopy Buffer Poolli—LAIHER, Hh copy F/RFE M Copy Buffer PooldI#k
2, release FNEMEbufferfI%(E, MEMRRBEN A ZHFI{ECopy Buffer Poolh BI# =,

5.3. SQLERENS#r

HITSQUED BT, MRHIMIESQLESOLEBRARFNER, THITEABEBAN,

EMEsQL
EWIBSQUET N AL TFRARER:
o EFEHEIESQUED:
Wit MEpg_stat_statementsE, HITHERKHSQLES.,

SELECT total time / calls AS avg, query
FROM pg stat statements ORDER BY avg DESC LIMIT 10;

o EFHFIESQUESG.
EWHTEEEE 1#E9SQL:

> MAYRRZA: 20220525 100



MRERMIER- (AL RSt

=REX R B HIEEPolarDB 052

select * from pg stat activity where state<>'idle' and now()-query start > interval 'l s'

order by query start ;

{EFEXPLAINZE#HSQLITHXI
BT EREXPLAINEHSQLIHEI, T4 SQLATIRIE 3 5B &5 IS5 .
EFHEXPLAINSTIATIES, SIRESOLIIERHR. EEEERHIMT:

EXPLAIN [ ( option [, ...] ) 1]

EXPLAIN [ ANALYZE ] [ VERBOSE
where option can be one of:
ANALYZE [ boolean ]
VERBOSE [ boolean ]
COSTS [ boolean ]
BUFFERS [ boolean ]

statement

] statement

FORMAT { TEXT | XML | JSON | YAML }

EARRBIXS M Y6 @ SHEIE AT

2H

ANALYZE

VERBOSE

COSTS

BUFFERS

FORMAT

W& 73

i8R

SXFRNATSOL, HIRGHENNEW IR, BIAAFALSE, MRMA—LER
HIEWSOL FEAINPTERTREZMIMBNEE, TURE—IESP,
AMERETUEEER.

SEREEURIBMMNES, BIAAFALSE, HIMERSEEE TSN
AEHAG (Output) , ERHISCHEMAER, REMSCHEMA (58, EXXt
FIFERNASE, WEBRNMERERE,

SERE M ITRNRGEEMNAN (KRBE-IHSRUENSERNLMN) A
BN, URMGTHNSTRE, BIANTRUE,

SERXTEFNERER, FIANFALSE, ZBHRBESANALYZE S4—
EERA. BIXEREFEHAZR (EMERIERSIR) | KR (IGRNE
R3IHR) MIGHR (HFAERFSERINERFENIIER) PR
H, BHRY, FHRE.

BEHEEL, BOAATEXT, SMEXHHOABEHE2ERL, EPXML|
JSON | YAMLE B A FERE L2 R R SQLIEa M E\ it k.

B MEMEpPg_stat_statementsflpolar_stat_sqUEHTHRSQLIITE SBNEEREER, XHEN

AEFLIZEXEYE, FTHAAFX.

101
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CREATE EXTENSION pg stat statements;
CREATE EXTENSION polar stat sqgl;

postgres=# alter system set polar stat sgl.enable stat=on;
ALTER SYSTEM

postgres=# alter system set polar stat sgl.enable gps monitor=on;
ALTER SYSTEM

postgres=# select pg reload conf ();

pg_reload conf

e pg_stat_statementsflEHBAIES M pg stat statements,
e polar_stat_sq{LE A,
QR EIEMNEERE 4N BARE:

o MATHIITBRAER (HHEHHT R, joinitIHR, BEFITHR. HFHLITH R, hashit &I+
IIE\\) o

o WiEEsqERAIRICPUIETTEE (AARKSTHMAFLS) . 10 (REFZTHE) . memory (IFRIH, XKk

T#) . ipc (ipc messageEREMBERE) . CPULTXIHR (HABRIIBRMIFER)

o SQLMBMITMRENSAIT, SEifparseltid. analyzebyial. rewriteByial. HITiHXIEMESE. 1T

Ej‘l\ﬂj o
o lat Ch*ﬂ %Ji%l%\%.ﬁ- o

polar_stat_sql B 2IERNRIHEIE, EiTsqlZRIZHTER.

postgres=# select polar stat sqgl reset();

polar stat sgl reset

5.4. CPUERERS

AN BCPUE A RMEESIURE N CPUERXRSHRE.,
CPUME XM=

= L8R
CPUBAXENZCPURITTENHN LS, BT HRAENSRENENNESE
CPUfEF=E B, kEHEFIOMSBRSNERE, CPUBRAXRRSNARNEMAFN
i,
F B8] MITHPSERNN BRI AP E,
Az B[] PTRZSKBEENAZEE, 88RERA, IRERMPHNEE.
LT AR FIRCPULLEE AR 8tk = 8 FIR(E,
oh i HYERERELAZNES, EERIBERI/ORS.
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ERCPUERARSNERER

o RHHETHRALE, RPINEFERASENSOL. RORSIFEFRERITLSQUERTT. ZHBERTE
B EE-BSQL, EFHATRTIHE, MEXSQUETHA, EFAMTHIBES N EELE,

HETH

240000
2020-03-0123:20:00 >
180000 -
o SORIRITE 0
120000 o BIRMETE 141,64
DENTE 16666.73
60000 ﬁbﬁ)\ﬁ;&
o BEETE 212380.2 |

; o SHEHT 035 =
17:25:00 18:25:00 19:25:00 20:25:00

— BUMRTH — SUBREGH — SUEATH — SHERTH — BRERTH
o HERSHMMBXIIFMERIEMSQUER, BS NI

P

o

SQL Waits Users Hosts Databases Status
ID FERRIENE WAIT/EVENT

1 8 Lock:relation

2 I 5.39 | Lock:transactionid
3 [ 2.98 CPU

4 | 0.8  lO:VFSFileLseek

5 [ 0.37  Lock:extend

6 0.31  Client:ClientRead
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TREXREHIREPolarDB 05| % MREB MR- (L REA R EL

5.5.&1/0

AXNEBI/ONBXMEURERSI/ONEREEA,

I/OBY4E X 8=
B 188
I/0 N TIES HEME,
I/ OFE B —N/ORERATET 18],
Z18I/0 HNAEFAREXHERSEHI/O,
#I21/0 HAXHRGFLLAHENI/O,
IBPz1/0 R B B B TR S 4R .
KE#HLI/ O BEAL B [0 22 A TIE SR 1E
EEZ5] BESHIRERES NHES HITIRE,
855 R SRS  NEERTIRE, BRCPURR,
ELSI/ONER

o HITT REAMITHZHSQL, SEshared_bufferBZEFAEHIE, FEXENYEI/0, FEREN
BRASQL, FHX$EBMSQUHAITMM, EFBMREASQUES RN ILAEEZ,

PHETH i
240000
2020-03-01 23:20:00 >
180000 " e
o SORRTH 0
120000 o BIRETH 141.64
DENTE 16666.73
—_— BHEATH
o BINERYTE 212380.2
o _
’ o BUBERIH 0.35 [
18:15:00 19:15:00 20:15:00 3$15:00  00:15:01
— SHRRTH - SRETH BOBATH = BIERGH — SHERTE

o vacuumsm{ERA NI/ 05, TEREARvacumBXSHIREAESE, FELRPEvacuumiBExs#, 6
fMvacuum_cost_delay. vacuum cost_limitZ, RESHISSNEESH,
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5.6. PZ% 0] g
INITA B N £ 8] R XS #E AR RE N =2 I,
Bi i X

o BEENH: —NMURTHAHPEHAIKAZE—EQueryHRARIRHITVBKAR., XEEEEE—1H
XAFZFBERASQLGFS (FE —LHT) . EHEESIGSENANBTRAE—EAEESRIOAERLS
B, HESFEE—%ReadyForQuerylilfiiE 2 .

o I'EBEH: Y BIMYE, BliEELRE—ParselE, EEE—INAEHZRFE, WRKINCIET
— P HENMBFEONR, BACTKBFEILEIIEER, " BE— I AFEQFE, RILMRERABINHE
BEZHANTIRE, BndHESEBEXSH, NRZEIHRENT RSB UIESFEFECIZFITL
HEBENE—IPMMEBONBNERTER. ZEUMA— M ExecutelBEHNITE. RESRHEFTR
SQLE £ &R B CommandCompleteiE & .

MEFERA B SIENEREER

e PINgFER1ZF, 10005%7HEANFER 400027,

Time=v.voy
ime=0.951

time=0.951
[time=0.953
[time=0.948
[time=0.960
[time=0.957
[time=0.953
[time=0.961
time=0.961

stics ——
pss, time 26824ms
5

- PointManager save points size=182, cost = 519

— PointManager savelpoints size=1001, cost = 3630
- PointManager save points size=1001, cost = 3297
- PointManager save points size=1001, cost = 3488
- PointManager save points size=1001, cost = 2843

e PingfER0.1ZF), 1000&K#ENFER 50027,

t
] save points size=1001, cost F 562
] save points size=1001, cost F 539
0] - save points size=1001, cost] = 569
1 save points size=919, cost = 547
1 save points size=1001, cost F 584
free —m

shared buff/cache available

0 1622 1486

ping rdspglocation.pg.rds.aliyuncs.com
.'!: 2291)\ E28/(04) kl+ £ do4
p_seq=1 tt1=102 time=0.080 ms
p_seq=2 tt1=102 time=0.071 ms
p_seq=3 tt1=102 time=0.087 ms
seq=4 tt1=102 time=0.088 ms

ERAGRIHITMENE, WELRGMT.

1. EMEZEDPEZR tcpdump -1 eth0 port 3433 -s 0 -w t.cap o

105 > MHRA: 20220525



TREXREHIREPolarDB 05| % MREB MR- (L REA R EL

Wo. Tiae ] Source Destination Frotocel Tength Info
96874 2019-03-21 17:18:10.483756 ©.000200s 172.16.34.22 172 3 PGSQL 108 >P/B/D/E/S
96876 2019-03-21 17 10.485492 ©0.001736s 172.16.67.56 172 2 TP 56 3433 + 43560 [ACK] Seq=642993 Ack=334222 Win=5247 Len=0
97217 2019-03-21 17 .@70551 0.585059s 172.16.67.56 1i2m 2 PGSQL 132 <1/2/T/0/C/Z
| 097221 2019-03-21 .075424 6.0848735 172.16.34.22 172 = » PESQL 108 >P/B/D/E/S
| 97223 2019-03-21 .077158 6, A017TIR 173 14 £T & 172 2 Tcp 56 3433 » 43560 [ACK] Seq=643069 Ack=334274 Win=5247 Len=0
07334 2019-03-21 \3379575 ffs e  PC/AUANRS SHEM) 172\ m 2 PGSQL 132 <1/2/7/0/¢/2 1
97335 2019-03-21 .338059 o TR/MUSTEHE(Q 1720w 5 PGSQL 6155
97336 2019-83-21 .339866 o  ERASGEsEEY 172 2 TP 56 3433 » 43560 [ACK] Seq=643145 Ack=334279 Win=5247 Len=0
97341 2019-03-21 11.369750 ° 172 2 PGSQL 62 <z
97342 2019-03-21 11.369802 0 1720w B PGSQL 192 >8/E/5
| e7aan2me-a3.91 17:1m:11 371831 a e 1o 563433 & 43560 [acK) SensRAIIS1 Brla3lMAS WinsS247 1ansa -
> Frame 97223: 56 bytes on wire (448 bits), bits)

Linux cooked capture
Internet Protocol Version 4, Src: 172.16.(
> Transmission Contrel Protocel, Src Port:

2
Seq: 643069, Ack: 334274, Len: @

2. Bft&Ebind (43£) ; DItEDescribe (k) ; EftFEexecute (H47)

| 38800 5.114633 171-.-.1..55 1L E 231 PesaL 7254 >B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E |
38801 5.114643 17: w85 178 Bi- . 231 PGSQL 1016 >B>D/E/B/D/E
38802 5.114699 172 .a % 185 178 i i 231 PGSQL 5814 >B>D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E
38809 5.115865 172, B 231 170 . k.85 TP 60 3433 - 26008 [ACK] Seq=184984 Ack=56102 Win=24576 Len=0
38810 5.115874 174, FE.231 17 85 Tcp 60 3433 - 26008 [ACK] Seq=184984 Ack=6@422 Win=24576 Len=0
38812 5.115877 172 e B 231 178 185 TCcP 60 3433 - 26008 [ACK] Seq=184984 Ack=61384 Win=24576 Len=0
38815 5.115905 172 Bt 185 17k AL 231 PGSQL 10134 >B>D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/L
38826 5.117374 1722 Ml 231 170, . .85 TP 60 3433 - 26008 [ACK] Seq=184984 Ack=77224 Win=24555 Len=0
38827 5.117393 174, FUL I85 17 231 PGSQL 20214 >B>D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/L
38837 5.118604 172 BB 231 17 185 Tcp 60 3433 - 26008 [ACK] Seq=184984 Ack=80104 Win=24569 Len=0
38844 5.119786 172 Ml 231 17k . L85 TP 60 3433 - 26008 [ACK] Seq=184984 Ack=97384 Win=24546 Len=0
38847 5.119804 172, Bk 185 170 B I 231 PGSQL 23094 >B>D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/L
38855 5.121153 174, ik 231 178§ 85 Tce 60 3433 - 26008 [ACK] Seq=184984 Ack=120424 Win=24501 Len=0
38856 5.121172 172 B, 185 17 PGSQL 11574 >B>D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/L
38857 5.121183 172 W75 185 178 i . 231 PGSQL 13014 >B>D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/L
38864 5.122462 1722 Ml 231 17 85 TP 60 3433 - 26008 [ACK] Seq=184984 Ack=144904 Win=24497 Len=0
38865 5.122480 AR iss 178 B i 231 PGSQL 25974 >B>D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/D/E/B/L
38875 5.123852 B 231 174, B8 1185 TCcP 60 3433 - 26008 [ACK] Seq=184984 Ack=170824 Win=24451 Len=0

» Frame 38800: 7254 bytes on wire (58032 bits), 7254 bytes captured (58032 bits)
» Ethernet II, Src: Xensourc_0a:bc:89 (00p iy = s = 89), Dst: ee:ff:ff:ff:ff:ff (ee:ff:ff:ff:ff:ff)
» Internet Protocol Version 4, Src: 172. 185, Dst: 172.08 4.231
» Transmission Control Protocol, Src Port: 26008, Dst Port: 3433, Seq: 53222, Ack: 184984, Len: 7200 ]
v PostgreSQL
Type: Bind
Length: 656

3. (fXZFcommand complete (&< 5ER)

Soeet samen 172 5 B =S
9605 522307 172, n 1 us posaC

12401210201 1210 /A2

30607 5.220611 17wt Tmemegits
5 £ 2 4576 Len=.
4576 Lenso

Acks 710988, Len: 1216

e o)
THSERT 0 1 f

B LA LA T AB I T 451
o ZHip:

BTN EMEEFENBFILE 22, 1000KINSERTIEE], HFEEMEN MGG (RT) KR 28,
o K

fF insert into values(), (), ) HIAXMEHRTRIE, BENZNSZRKRE,

5.7. SQLIA B
AXNBEMSQURRNEE.

fH&’z“?ﬁl
REIRE, BERTHIAIMSQUEBEARS|, EOHRRR, LIRRSIFHRERA. RmEMT:
o ANNZRSIAT
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postgres=# create table a(id int);
CREATE TABLE
postgres=# insert into a select generate_series(1,1000000);
INSERT 0 1000000
postgres=# explain analyze select * from a where id =10;
QUERY PLAN

ther (cost=0.00..10301.95 rows=5642 width=4) (actual time=0.491..41.268 rows=1 loop

Workers Planned: 2
Workers Launched: 2
-> Parallel Seq Scan on a (cost=0.00..10301.95 rows=2351 width=4) (actual time=19.613..32.577 rows=0 loops=3)
Filter: (id = 10)
Rows Removed by Filter: 333333
Planning Time: 1.089 ms
Execution Time: 41.741 ms
(8 rows)

LAY

postgres=# create index ON a (id);

CREATE INDEX

postgres=# explain analyze select * from a where id =10;
QUERY PLAN

Index Only Scan using a_id_idx on a (cost=0.42..8.44 rows=1 width=4) (actual time=0.097..0.098 rows=1 loops=1)
Index Cond: (id = 10)
Heap Fetches: 1
Planning Time: ©0.986 ms
Execution Time: 0.130 ms
(5 rows)

RIMAITIHEI
PITHRIFERMIATIY, SQUAGTHIBRABIMBRE, BEHRTHIRASOBBREE, IREE
EE TN

o EARMHNITITLIE

postgres=# create table test(id int,name int);
CREATE TABLE
postgres=# insert into test select random()*(id/100),random()*(id/100) from generate_series(1l,100000) t(id)
postgres-# ;
INSERT 0 100000
postgres=# create index ON test (id);
CREATE INDEX
postgres=# explain analyze select * from test where id =1 and name=10;
QUERY PLAN

Bitmap Heap Scan on test (cost=13.64..485.12 rows=4 width=8) (actual time=1.168..1.436 rows=6 loops
Recheck Cond: (id = 1)
Filter: (name = 10)
Rows Removed by Filter: 718
Heap Blocks: exact=203
-> Bitmap Index Scan on test_id_idx (cost=0.00..13.64 rows=713 wi =0) (actual time=1.080..1.080 rows=724 loops=1)
Index Cond: (id = 1)
Planning Time: 0.381 ms
Execution Time: 2.496 ms
(9 rows)

o FERBRMATIHRIE

postgres=# create index ON test (id,name);

CREATE INDEX

postgres=# explain analyze select * from test where id =1 and name=10;
QUERY PLAN

Index Only Scan using test_id_name_idx on test (cost=0.29..17.42 rows=4 width=8) (actual time=0.080..0.085 rows=6 loops
Index Cond: ((id = 1) AND (name = 10))
Heap Fetches: 6

Planning Time: 1.797 ms

Execution Time: 0.102 ms

(5 rows)

SQLMS
SQUATTETIENE, (S BIE%R3

RERATE, BEXSSQUEXMERMA, REAMT:
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® SQLASH]

SELECT row_.*, rownum AS rownum_
FROM (
SELECT DISTINCT device@_.id AS idl 1_, device@_.app_id AS app_id2_1_, device@_.app_version AS app_version3_1_,
device@_.created_time AS created_time4_1_, device@_.fcm_token AS fcm_token5_1_
, device@_.member_id AS member_id12_1 , device@_.name AS name6_1_, device@_.notification AS notification7_1_,
device@_.sys_version AS sys_version8_1_, device@_.token AS token9_1_
, device@_.type AS typel@d_1_, device®_.updated_time AS updated_timell_1_
FROM dm_device device@_
WHERE device@_.notification = 1
AND device@_.token IS NOT NULL
ORDER BY device@_.id ASC
) row_
WHERE rownum <= 1000
)
WHERE rownum_ > 10

Subquery Scan on __unnamed_subquery @ (cost=417184.72..473136.18 rows=133218 width=723) (actual time=2000.039..2888.102 rows=990
loops=1)
Filter: (__unnamed_subquery_0.rownum_ > 10)

Rows Removed by Filter: 10
Buffers: shared hit=52736, temp read=33458 written=33473

-> Subquery Scan on row_ (cost=417184.72..468140.52 rows=399653 width=723) (actual time=2000.022..2887.974 rows=1000 loops=1)

Filter: (rownum <= 1000)
Rows Removed by Filter: 1190532
Buffers: shared hit=52736, temp read=33458 written=33473

—> Unique (cost=417184.72..453153.52 rows=1198960 width=715) (actual time=2000.016..2804.040 rows=1191532 loops=1)

Buffers: shared hit=52736, temp read=33458 written=33473

—> Sort (cost=417184.72..420182.12 rows=1198960 width=715) (actual time=2000.014..2416.502 rows=1191532 loops=1)

Sort Key: device@_.id, device@_.app_id, device@_.app_version, device@_.created_time, device@_.fcm_token,

device@_.member_id, device@_.name, device@_.sys_vers
ion, device@_.token, device@_.type, device@_.updated_time

Sort Method: external merge Disk: 267664kB

Buffers: shared hit=52736, temp read=33458 written=33473

-> Seq Scan on dm_device deviced_ (cost=0.00..72905.11 rows=1198960 width=715) (actual time=0.100..608.593

rows=1191532 loops=1)
Filter: ((token IS NOT NULL) AND (notification = '1'::numeric))
Rows Removed by Filter: 421997
Buffers: shared hit=52736
Planning Time: 22.127 ms
Execution Time: 2954.789 ms
(20 rows)

* SQLXEfE

SELECT row_.*, rownum AS rownum_
FROM (

SELECT device@_.id AS id1_1_, device@_.app_id AS app_id2_1_, device@_.app_version AS app_version3_1_, device@_.created_time

AS created_time4_1_, device@_.fcm_token AS fem_token5_1_
, device@_.member_id AS member_id12_1_ , device@_.name AS name6_1_, device@_.notification AS notification7_1_,
device@_.sys_version AS sys_version8 device@_.token AS token9_1_
, device@_.type AS typel@_1_, device@_.updated_time AS updated_timell_1_
FROM dm_device device@_
WHERE device@_.notification = 1
AND device@_.token IS NOT NULL
ORDER BY device@_.id ASC limit 1000
) row_
WHERE rownum <= 1000
)
WHERE rownum_ > 10;
QUERY PLAN

Subquery Scan on __unnamed_subquery_@ (cost=0.43..93.61 rows=111 width=723) (actual time=0.032..1.071 rows=990 loops=1)
Filter: (__unnamed_subquery_0.rownum_ > 10)
Rows Removed by Filter: 10
Buffers: shared hit=59
—> Subquery Scan on row_ (cost=0.43..89.45 rows=333 width=723) (actual time=0.020..0.942 rows=1000 loops=1)
Filter: (rownum <= 1000)
Buffers: shared hit=59
—> Limit (cost=0.43..76.95 rows=1000 width=715) (actual time=0.019..0.771 rows=1000 loops=1)
Buffers: shared hit=59
—> Index Scan using dm_device_pkey on dm_device device®d_ (cost=0.43..91742.47 rows=1198960 width=715) (actual
time=0.018..0.675 rows=1000 loops=1)
Filter: ((token IS NOT NULL) AND (notification = '1'::numeric))
Rows Removed by Filter: 431
Buffers: shared hit=59
Planning Time: 1.459 ms
Execution Time: 1.147 ms
(15 rows)

Time: 2.977 ms

> MAYRRZA: 20220525

108



	1.了解体系架构
	1.1. 重要组件
	1.2. 内部架构
	1.3. 缓冲区管理
	1.4. 文件存储
	1.5. 堆表结构
	1.6. 查询机制
	1.7. 垃圾回收机制

	2.定位性能问题
	2.1. 监控信息概览
	2.2. 查看视图
	2.2.1. 数据库
	2.2.2. SQL
	2.2.3. 对象

	2.3. 使用AWR
	2.4. 使用性能洞察

	3.优化集群性能
	3.1. 参数说明
	3.2. 设置参数

	4.优化SQL语句
	4.1. 使用索引
	4.1.1. B-TREE索引
	4.1.2. HASH索引
	4.1.3. GIN索引
	4.1.4. GiST索引
	4.1.5. BRIN索引

	4.2. 分析执行计划
	4.2.1. EXPLAIN语法
	4.2.2. EXPLAIN输出
	4.2.3. 调整执行计划

	4.3. 物理优化
	4.3.1. 代价的相关概念
	4.3.2. 代价计算


	5.性能调优最佳实践
	5.1. 有关性能调优
	5.2. 实例问题分析
	5.2.1. 问题分析方法论
	5.2.2. 等待事件
	5.2.3. CPU瓶颈
	5.2.4. I/O瓶颈
	5.2.5. 锁
	5.2.6. SLRU
	5.2.7. 内存诊断
	5.2.8. 磁盘空间诊断
	5.2.9. 日志位点监控

	5.3. SQL性能分析
	5.4. CPU使用率高
	5.5. 高I/O
	5.6. 网络问题
	5.7. SQL调优思路


