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=, NARBRMEERX, (HUXIERERSCIR CERERAISQUETRES, *
REFIRBLIR LIRS . MIRESLIR LR ESQUIAMTIEGRIER, REIEFRIN
LS

ERiUstoreS |EARSTHFOIE . (ERYIHMRE.

1.1 =2EYHRE

1.1.1 #hiR

SEYHNEIFY ECIZNMIEBRITEEEH, MASITHITIEESEMH. €l
ELSYMYIEIEZFICREATE TABLE ASIE{RZE(L,

1.1.2 {s5FH

3 =62
o SUESEYINE

CREATE MATERIALIZED VIEW [ view_name ] AS { query_block };

o RIEESMHRE

REFRESH MATERIALIZED VIEW [ view_name J;

o BRMLALE

DROP MATERIALIZED VIEW [ view_name ];

o HRYMHUIE

SELECT * FROM [ view_name J];

ANl

- ESEUE,

gaussdb=# CREATE TABLE t1(c1 int, c2 int);
gaussdb=# INSERT INTO t1 VALUES(1, 1);
gaussdb=# INSERT INTO t1 VALUES(2, 2);

Bl SYIIE
gaussdb=# CREATE MATERIALIZED VIEW mv AS select count(*) from t1;
CREATE MATERIALIZED VIEW
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-EEHERELSER
gaussdb=# SELECT * FROM mv;
count

AR E T ER AR .
gaussdb=# INSERT INTO t1 VALUES(3, 3);
INSERT 0 1

-~HEENUREME SR
gaussdb=# REFRESH MATERIALIZED VIEW my;
REFRESH MATERIALIZED VIEW

-EEHRELSER .
gaussdb=# SELECT * FROM mv;
count

-
gaussdb=# DROP MATERIALIZED VIEW mv;
DROP MATERIALIZED VIEW

1.1.3 SZHFFIZIR

B2 5375~
o EREEYUIEZIFEIRDEE SCREATE TABLE ASIEG—F,
o ZEEYHME LZIFCIEEKS],
e riFanalyze. explain,
AZas
YR E A STIFIEMSURIE, RFEIEa.
95k

EEMHNERREFE . MIRETEPSEERINSRI, EMURENEXERSK
x, FEIesEiPE, BRILHTE,

1.2 IE2EYHIRE

1.2.1 itk
SEMCAERLIREIZEREN, SBRPTHATED, RIFFMAIEE—

RITEAEEHE. SEECERMURENFTRET BaEEMHRERFins
B/, BEICRECIZIECHFRERTIMETHZEUNION ALLIES .

1.2.2 {5/

X3 =62
o CURIEEBYINE
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1 Y HRE

ANl

CREATE INCREMENTAL MATERIALIZED VIEW [ view_name ] AS { query_block };

o =ERIFYHRE

REFRESH MATERIALIZED VIEW [ view_name ];

o IBERIFFMIHAE

REFRESH INCREMENTAL MATERIALIZED VIEW [ view_name J;

o MIBRYIHALE

DROP MATERIALIZED VIEW [ view_name J;

o HEYMHUIE

SELECT * FROM [ view_name ];

- EEHE.

gaussdb=# CREATE TABLE t1(c1 int, c2 int);
gaussdb=# INSERT INTO t1 VALUES(1, 1);
gaussdb=# INSERT INTO t1 VALUES(2, 2);

--BIEREMAE .
gaussdb=# CREATE INCREMENTAL MATERIALIZED VIEW mv AS SELECT * FROM t1;
CREATE MATERIALIZED VIEW

-FENEUE,
gaussdb=# INSERT INTO t1 VALUES(3, 3);
INSERT O 1

--IEERIFTIHARE .
gaussdb=# REFRESH INCREMENTAL MATERIALIZED VIEW mv;
REFRESH MATERIALIZED VIEW

- EIUIREILSER .
gaussdb=# SELECT * FROM my;
cl|c2

—HRNEHE .
gaussdb=# INSERT INTO t1 VALUES(4, 4);
INSERT 0 1

--EEBRIFTIHARE .
gaussdb=# REFRESH MATERIALIZED VIEW my;
REFRESH MATERIALIZED VIEW

-EiCIRESESR
gaussdb=# select * from mv;
cl|c2

~-IRRAEARE
gaussdb=# DROP MATERIALIZED VIEW mv;
DROP MATERIALIZED VIEW
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1.2.3 STFFILER
Yisne

o HXREFIEG.,

o ZBNERERBEIFAIUNION ALL,
o MMELIIE EZIFCIEERS],

o WMUHIESZIFAnalyzetRIE .

T FEHr=
o WM MERRZIEZER oiniEiEitRILAKsubqueryitXl
o [RDIPDALTERIBIEIN, ASTHFXIMIUMEHERNITHERZSEHDDURE,
o  YMNMIEIARSTIFHEMBURIE, IIFEMED,
o AL iEHMAIEAYZE/hashbucket/unlog/4> X EBIZRYILANE
o AFXIFMUMERERZE (A RE LRIZMICIE ) .
o  AZIFUNLOGGEDZEEFIMIHME], AZIFWITHIEE.
29K

o MIMLIEIEXINRIIUNION ALL, NEFENFERFERFRIESE.

o IREVMHIEIRIEIE. 2ERFT. BMIFESREPFSEERINSRAIN, SYWHERE
RIEXJIUNION ALL, FEFRSFZB4E, BRI~ E.
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RO
EX
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4

BEESEHETE

IREE S EEIA

2.1 ZESFEEIHE

BEEWHEE LR, MENZERIMRIPEIREEMT BN, ZSHREEREERR
R L FHAPRIRRFARIPIORE, IREMEER . FERFEUAREEISTINE;
BH—F, BEHIEERUSSNA WSS FROSIRRAMIRS S, EISCEIRREE
%éﬂ%Bﬁ%ﬁ%”’éﬁ%ﬂ’\]?ﬁ&iﬁﬂﬂ%ﬁtﬁ%o ESHFEERRBMARRAE L HIENFESE
EigER.

DR

EESHIEEERSRINERE, FRNINEHRPEBRIIGENT:

o HiE: ESHEEXMSQUETTETINEIIRIEIRHITING, MEIEERS KR
ERBTINETINERERHTHEE

o FIETH: HUEMIIEAHEITING, MIBRBEERNE . JIERE X FHEEE
TEEERRSS I o

o EEIA: MINPEASIEEMFFM, MEERNSEMNHIINPZREE, L
SEIRSFIZ AR TINRRE o

ShEPERE IR
F=4A
i
f]l]’fﬁ_’
JE5A
[
INSERT ... (plain’) INSERT ... ("plain’) INSERT ... (‘cipher’)
57 SR B AR SR RS R
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.T_Eﬁsll 1 L*EE

AEERAEESHEENTES, T2REERNTRTMER, ADNABRERRE, &
FAgsqUR(FEEEIRRE . (ER)DBCR(FESEIREE L M AT AERRE.
HEMER: 8%, BRFERERRSTERTER.

2. ECEMER: ENAY, BIET s HURERNSEISEHIIINIZHEEEN
B8, EREREY, FIRERMNBFERAMEBRNEEEEIHDIIMIZHAERE,

3. $fTDDLMER: EAMER, BPEAFERESEIEENZHEEEN TR
250, ARENRFHEERPEYIAMES,

4. PITDMLBRNER: EEIENNZRRE, ARTEENTESEARRTFINSERT.
SELECT. UPDATE. DELETEFIEX, HUREIRsN=BEoRERE_ E—MERINNZEENX
BaiX3INZ5 haOFIEHITINREE

5. BIEMER: fOXMRINZER. FIZHEFERA,

—_

mR B £ 6= ) S EpEHER PR EFIRS i

—. BEREB | L ERIEH _

— mEnm 2 EERENSEENSY

3. W AseLET, alETER

T 32 BETWARS
3-3 T EEHAIES,

4. FEFSOLiBE), QIEESIEA

. HFTODLRRER | 42 £oimizEsR
4 3 T?FHE&%H)‘]D&’?’J&%H

4 -4 FHIEREE, 75Jeﬁ%ﬂeﬁ3‘t

5. fEFIsALIER), alEnER

6. £ AsQLiED, I"J)'Jueﬁf%:’m‘a)\;ﬁliﬂ %\HE
o2 ERETRES, JIEARS, MEREY

M. #ITOMLEFR 63 ﬁﬁﬁf&%ﬁﬁéﬁﬂéﬁ%ﬁéﬁ}'{
64 & %HEHB‘UJDE&& soLEhEiRERE D E’]H}E
E. BEpG 7. R FsaLIEE), MRINER . FlEA. TN
v B )

i 27| FIREE1REh S EpEEIAET HuI = RRSS

TR
BEXERESHIEFERENTESMERIE, BEdixbREIA
ESHIERHERAERIMNMIZAREEEER, RIBGRIEFEEFP—MENE,
o WARGH
a. FARPBESEIIAEAZEN, IMKS, ERKS.

b. FEEAZTER “GF—BMIANERS” , HENZRS, WEREERE “H
F7” 1hag, FHelgE—NMAMAR, %IAM%PiﬁElAMaﬁ% #jjrﬁEl’JlAMﬁﬁ
PIgEFER “HIEINZRS” AOR .
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EEBREFIEER 2 REESEHEEN
osohEEs e onee |
-o IAMPEAREREER N /auth huaweicloud com/authuiiogin?id= a
- alle
o °.

susEn

¢ ETXR, FEHRFERNE, BERHNEEFN “IAMAR” , (ERFEtlE
IAMBERHTE R, SEREEZIAMBR A .

d. AFEARPER “HENERS , HANZRS, NTER, &F ‘%8
=B TiRE, FHES COUETHA” BEoIEE, TRURME, A
B EPEE/11ERID, BISEZZRID, EREHITODLMRFPEIZEE
BRIEAN, HERZERID,

BEEMER RAZR TEEAE
REEREE v | | FAEERE v Q|| m=mE v | C @
2AZD = wE BASEREE BEHRRE = B
et P AES 256 — .
oa: 209 = ENCRYPT_DECRYPT == - o

e. ZlSi-LEEJZEI’JE%HED&U%Z}EF RERANERE, 1ZBRBHEITFRE
£FE. LIERITSINEEZEXSQLERRT, #iERE BEEbAﬁT“ﬁbz
E’Jrestful}gEIEz:}JW»ElEmZ&%Ho

FCE/M R
RREIAID5M R H S

o WARM=

BEIWETERENTES
[terminal] # export HUAWEI_KMS_INFO:‘iamUrl:https://iam.{IﬁE}.myhuaweicloud.com/v3/auth/
tokens, iamUser={IAMB%3}, iamPassword={IAMAFZ$A}, iamDomain={lkS5%3}, kmsProject={IRE}'

FEAnERNER, REALAARE, FHEAN ‘BRINELE" , IR TEMRR
W, ZAETEREAFRSE: TE. AMARS. KSS. B85, HieE
ARENREID, HEEHITODLMRFEIRERBELN, FEMZKAID,

2-1 LIRS HFRENE
APIZIE @

@ =xenTRS, WFRAINENERES, EREEE

IR Q

HED = E = HERS =

b R

Nl
[terminal] # export HUAWEI_KMS_INFO='iamUrl=https://iam.cn-north-4.myhuaweicloud.com/v3/auth/
tokens, iamUser=test_user, iamPassword=********** ‘iamDomain=test_account, kmsProject=cn-north-4'
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2.2 A gsql BRFZSEHRRE

AT SQLiEA
FERTATHISQUERIZAT, BIHRESMARMER: HEMR. BEMER.

AT UURZBRIRITRIZAAE, NMRINAERESEIEESL, SIE=1TME: FA
DDLMER. {FEADMLIMER. SEIEMER,

# 1 ERIEE, HEE-CBHAREESTX
[terminal] # gsql -p PORT gaussdb -h HOST -U USER -W PASSWORD -r -C

-- 2 SUEEFZH

-- KEY_PATHIER 1522 : (FAEIEBE )+ “SQLE%E > SQLiE% > CREATE CLIENT MASTER KEY” &3,

- LARHRET, KEY_PATHHREFERMEBIDSEEID, EESMEBRENBIMTRINELID, BEEMERENEN
{aIEREVIRE 1D

gaussdb=# CREATE CLIENT MASTER KEY cmk1 WITH ( KEY_STORE = huawei_kms , KEY_PATH =
'https://kms.cn-north-4.myhuaweicloud.com/v1.0/0b59929e8100268a2f22c01429802728/kms/
00000000-0000-0000-0000-00000000000', ALGORITHM = AES_256);

-- 3 BEESESA, FIEAR F—EAIEMNERRINE . FMEESE: (FREEE) P “SQLeE > SQLUEE
> CREATE COLUMN ENCRYPTION KEY” &Z15

gaussdb=# CREATE COLUMN ENCRYPTION KEY cek1 WITH VALUES (CLIENT_MASTER_KEY = cmk1,
ALGORITHM = AES_256_GCM);

- 4 GUEINERR, FBISIEEEER S nameRlcredit_cardANIZES!
gaussdb=# CREATE TABLE creditcard_info (
id_number int,
name text encrypted with (column_encryption_key = cek1, encryption_type = DETERMINISTIC),
credit_card varchar(19) encrypted with (column_encryption_key = cek1, encryption_type =
DETERMINISTIC));
NOTICE: The 'DISTRIBUTE BY' clause is not specified. Using 'id_number' as the distribution column by
default.
HINT: Please use 'DISTRIBUTE BY' clause to specify suitable data distribution column.
CREATE TABLE

-- 5 EINERS N

gaussdb=# INSERT INTO creditcard_info VALUES (1,'joe','6217986500001288393');
INSERT 0 1

gaussdb=# INSERT INTO creditcard_info VALUES (2, 'joy','6219985678349800033');
INSERT 0 1

-- 6 NINZFRPEITEIE
gaussdb=# select * from creditcard_info where name = 'joe';
id_number | name | credit_card

+ +

1| joe | 6217986500001288393

-- 7 EHINERDEE
gaussdb=# update creditcard_info set credit_card = '80000000011111111' where name = 'joy';
UPDATE 1

-- 8 EhiR(E: [mRPimE—5n=s)

gaussdb=# ALTER TABLE creditcard_info ADD COLUMN age int ENCRYPTED WITH
(COLUMN_ENCRYPTION_KEY = cek1, ENCRYPTION_TYPE = DETERMINISTIC);
ALTER TABLE

- 9 EiftiR(E: MRS
gaussdb=# ALTER TABLE creditcard_info DROP COLUMN age;
ALTER TABLE

- 10 EftR(E: NEBRFRHPEEEEHER

gaussdb=# SELECT * FROM gs_client_global_keys;

global_key_name | key_namespace | key_owner | key_acl | create_date
+ + + +

cmkl [ 2200 | 10 | | 2021-04-21 11:04:00.656617

SASERRAS 01 (2024-05-07) WRINFTE © AR ERABIRAE 8
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i

C
4

BEESEETE

ki
2

(1 rows)

- 11 HR(E: NESFRHETETIERER
gaussdb=# SELECT column_key_name,column_key_distributed_id ,global_key_id,key_owner FROM
gs_column_keys;
column_key_name | column_key_distributed_id | global_key_id | key_owner
+ + +
cek1 | 760411027 | 16392 | 10
(1 rows)

- 12 HfHR(E: BEEXRFIINTER
gaussdb=# \d creditcard_info
Table "public.creditcard_info"
Column | Type | Modifiers
+ +

id_number | integer |
name | text | encrypted
credit_card | character varying | encrypted

-- 13 MERINZEZR
gaussdb=# DROP TABLE creditcard_info;
DROP TABLE

-- 14 HIpRFIESH
gaussdb=# DROP COLUMN ENCRYPTION KEY cek1;
DROP COLUMN ENCRYPTION KEY

-- 15 MR EZSH
gaussdb=# DROP CLIENT MASTER KEY cmki1;
DROP CLIENT MASTER KEY

2.3 {3 IDBC I {EZAEIREE

$KHY JDBC IRzHED
1. ¥REUDBCER=DE), JDBCEREDIRENMR(EFTISE ( FFAEEmR ) B “NAREFFA

#iz > EFIDBCHE” BT,

B H IR EZ1589)DBCIRENE Aagsjdbed.jar . opengaussjdbc.jar. gscejdbc.jar,

- gsjdbc4.jar: £2£ZH “org.postgresql.Driver” , HIREIEZEAUrBIZN
“jdbc:postgresgl” .

- opengaussjdbcjar: F£3HFH “com.huawei.opengauss.jdbc.Driver” , i
EEiEiERurlgigE s “jdbcopengauss” .

- gscejdbc.jar ( BEUNSZIFEulerOSIER S ) « £EEH
“com.huawei.gaussdb.jdbc.Driver” , #IEZEEZAIUrBIZ S
“jdbc:gaussdb” , BEIGRIEFFEALIREIE .

2. FECELD_LIBRARY_PATH
ESIn=(ERIDBCIREIERS, FETIREMTEZELD_LIBRARY_PATH,

- {#FgscejdbcjarikznAt, gscejdbe.jarlRahE P ESEIEETEZNRTIES
HiENEIZIEET, HEABRESIIEEEZEIRERIRNZINE

- {$Bopengaussjdbc.jargkgsjdbcd.jarlt, EEERIREEZIGaussDB-
Kernel HUREIRAS _IBIERFIRAS_64bit_libpq.tar.gzRIE4EEEIEZIE
EBR, FEIbXEHEREEREER, HIZELD_LIBRARY_PATHIMEZ S
F,
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FERIFEIER

2 REESEHEEN

1T SQL EF

A EE

2B IFSEA)IDBCIRFIBATEE G System.loadLibraryi R, LARIFEDS
= LD_LIBRARY_PATHHRSE—{L5CERASHES IR, BIUERMZBFRE
NEESKRENFRIER . EERTHRRIEE]ava library.path, FTES
LD_LIBRARY_PATHHIZE—L A8 R IRIF— o

A gscejdbc.jarfit, jvminEiclassSXXHFHREERHRRE FAIibstdc++E, HEHBES
Ngscejdbc.jara BaiiE NESEIBERIAIZISE ( ©iFlibstdc++FE ) ZIRFR
TERILD_LIBRARY_PATHEEIZ T . MRIKIMESMERAEMRAEAILE, WEIRIZ
TREREAEE, BXEBRRRIEREER.

ERTABHSQLIERZEI, BRFRCEREIMRME: HEEMER. BEMEKR.
KB UURZBRIRITRIZAAE, NMRINAERESEIEESL, SIE=1TMEER: FA
DDLPMER . {FHADMLIMNER . SSIBMER .

IDBCH AR SIEESIASIRE—HAIEDIBESE ( FFAESR ) B “‘NAREFFAH
2> EFIDBCHE” &1,

BEHIBREEESH
enable_ce: StringZ&8!, Hrhenable_ce=0FRAHBEESFX, enable_ce=1
ERFESEEEREREN.

/1 LA FB#ILAgscejdbe jar3Ra7affl, WNSR{EFRELMIRENEL, (NFRIEIRENEZFIEIREEIERAIur RIS o
// gsjdbc4.jar: 2529 “org.postgresql.Driver” , HiEEEZENIurlEiZEs “jdbc:postgresgl” .

// opengaussjdbc.jar: EZEZH “com.huawei.opengauss.jdbc.Driver” , HiREIEZENUrlEIZH
“jdbc:opengauss”

// gscejdbcjar: E2EZ7 “com.huawei.gaussdb.jdbc.Driver” , HiEEEZEZEAIurlFiZEs “jdbc:gaussdb”

public static void main(String[] args) {
/] IKEhE
String driver = "com.huawei.gaussdb.jdbc.Driver";
/] BIREEZBATT . enable_ce=1FR R IFESEFETDEREE,
String sourceURL = "jdbc:gaussdb://127.0.0.1:8000/postgres?enable_ce=1";
/] TEIFEZSEUSER, PASSWORDS RIFEBRFEZ %8,
String username = System.getenv("USER");
String passwd = System.getenv("PASSWORD");
Connection conn = null;
try {
/1 NE3RZN
Class.forName(driver);
/] CUEERE
conn = DriverManager.getConnection(sourceURL, username, passwd);
System.out.println("Connection succeed!");
/] BIEERNR

Statement stmt = conn.createStatement();
/] KEXEFinE %A

/] KEY_PATHIERiE2%E: (FAEHEIERE ) F “SQLES%E > SQLIEiL > CREATE CLIENT MASTER
KEY” &%

/| BRATIGET, KEY_PATHHREFERIBIDSZESEID, TESMEBENBUNEBREESID, BEM
EBENBNEREIREID

int rc = stmt.executeUpdate("CREATE CLIENT MASTER KEY ImgCMK1 WITH ( KEY_STORE =
huawei_kms , KEY_PATH = 'https://kms.cn-north-4.myhuaweicloud.com/
v1.0/00000000000000000000000000000000/kms/00000000-0000-0000-0000-00000000000",
ALGORITHM = AES_256);");
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C;

N TON

/] BEEFINNZESA

int rc2 = stmt.executeUpdate("CREATE COLUMN ENCRYPTION KEY ImgCEK1 WITH VALUES
(CLIENT_MASTER_KEY = ImgCMK1, ALGORITHM = AES_256_GCM);");

/] BIEENNEER

int rc3 = stmt.executeUpdate("CREATE TABLE creditcard_info (id_number int, name varchar(50)
encrypted with (column_encryption_key = ImgCEK1, encryption_type = DETERMINISTIC),credit_card
varchar(19) encrypted with (column_encryption_key = ImgCEK1, encryption_type =
DETERMINISTIC));");

RN ¢

int rc4 = stmt.executeUpdate("INSERT INTO creditcard_info VALUES
(1,'joe','6217986500001288393');");

/| EENNEE

ResultSet rs = null;

rs = stmt.executeQuery("select * from creditcard_info where name = 'joe';");

/1 WERANEEZ=

int rc5 = stmt.executeUpdate("DROP TABLE IF EXISTS creditcard_info;");

/1 BIERZ NN A

int rc6 = stmt.executeUpdate("DROP COLUMN ENCRYPTION KEY IF EXISTS ImgCEK1;");
I MpRZE FiREZER

int rc7 = stmt.executeUpdate("DROP CLIENT MASTER KEY IF EXISTS ImgCMK1;");

/] RIAREEXR

stmt.close();
/] RiAiERE
conn.close();

} catch (Exception e) {
e.printStackTrace();
return;

}
}

MR

o [N ] [FARIDBURMEZRSEIEEN, — N UIREEENEEN—NEE, B, FE%E
TEAAESHINEE,

o [#EiX ] {EFIDBUREBSHURRER, RAREconnectionXZEARELHIEELTE, AEPIHE
Hisvalid /& FiEconnectiongEiSiF B T HEIESEEEIE, LINEEFRIESH

refreshClientEncryptiona1 (BRIAMEN1T), EREEFIRRIEESEEAST,
refreshClientEncryptionS#a] LUZE H0,

A isvalid FiZRIFREFRG

// BlEEEEEconn1

Connection conn1 = DriverManager.getConnection("url","user","password");
/] B —NEREconn2h BlIE = iR R4

// connli@dARisValidRIFEE
try {
if (!conn1.isValid(60)) {
System.out.println("isValid Failed for connection 1");

}

} catch (SQLException e) {

e.printStackTrace();
return null;

}

PTESHFEEXRE

HEEEEZIEOIPgConnectionZEBFMRRRHEN, AILIEESHIREFENESHER
SOHTREE . MREEIREIEBAN{E, Bidschema.table.columnikEIZ XS R ATINEES
FIREIHRREIESEE
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EEBREFIEER 2 REESEHEEN
K 2-1 #t® org.postgresql.jdbc.PgConnection EEE
HiE#& IR[EHESEE Z#FIDBC 4
decryptData(String ClientLogicDecryptResul | Yes

ciphertext, Integer len, String | t
schema, String table, String

column)
SENHBE:
e ciphertext
EEREIIE .
e len
BNKE, SBE/NTFEREXRER, BERM,
e schema
INZ5ErEschemaZ iR
e table
Nzl prfEtable B iR
e column
INZEFIR/EcolumniZFR.
(1] %88

TIBRALIBERID, (BRHEE:
o ENKEANSLLELIRENK,

e schema.table.columnigEEMINZET . EHEIREIMIBEAIINZZSIRIRIAEIESSEY

K 2-2 #18 org.postgresql.jdbc.clientlogic.ClientLogicDecryptResult ERE{1E

BiE#& REIESE | R 3Z{5)DBC4
i

isFailed() Boolean BEIRELM, HELEM | Yes
&Z[ETrue, BNR[E
False,

getErrMsg() String FREEIR(ER Yes

getPlaintext() String SRENARZE S HIRASL o Yes

getPlaintextSize() | Integer SRENFR R R ARSI Yes
E.

getOriginalType() | String SRENINZFURIRIGEURE | Yes
SN

/| BERAEESEE . BERNSHMSIREENE, IERZEONEOATHS

import org.postgresql.jdbc.PgConnection;
import org.postgresql.jdbc.clientlogic.ClientLogicDecryptResult;
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FERIFEIER 2 REESEEEN
/] connAEEZIER:
// FERZEZSPgConnectionfidecryptDataf5 AR B HITHER:, BILFIBFREMENZZXHIEREINZES, FiRE
HFERHEER

ClientLogicDecryptResult decrypt_res = null;
decrypt_res = ((PgConnection)conn).decryptData(ciphertext, ciphertext.length(), schemaname_str,
tablename_str, colname_str);
/| MBEIREIEREBERINEGSE, KWARBUREESR, MINRESHAN R KEMFEIAEIEZEE
if (decrypt_res.isFailed()) {
System.out.println(String.format("%s\n", decrypt_res.getErrMsg()));
}else {
System.out.println(String.format("decrypted plaintext: %s size: %d type: %s\n", decrypt_res.getPlaintext(),
decrypt_res.getPlaintextSize(), decrypt_res.getOriginalType()));
}

HATINZERATFGRIE SQL I5A

// A ConnectionfidprepareStatement 5% I FRIFBTITR

PreparedStatement pstmt = con.prepareStatement("INSERT INTO creditcard_info VALUES (2, ?, ?);");
// V@FBPreparedStatementAdsetShortiR B S .

pstmt.setint(1, 2);

pstmt.setString(2, "joy");

pstmt.setString(3, "6219985678349800033");

// VAFBPreparedStatementiJexecuteUpdate /5 &M TFRERIZESQLIEE .

int rowcount = pstmt.executeUpdate();

// VAFBPreparedStatementiiclose 5 &R AFRFIBEINNR

pstmt.close();

HATINE AR IR F

// R ConnectionAdprepareStatement /5 £ LI FRIFIBEDITR o
Connection conn = DriverManager.getConnection("url","user","password");
PreparedStatement pstmt = conn.prepareStatement("INSERT INTO creditcard_info (id_number, name,
credit_card) VALUES (?2,2,2)");
// %ﬂﬂ‘ﬂm?ﬁ%ﬁﬂ%ﬂFﬁsetShortﬁ%ﬁ%& LAK B addBatchffAIZSRIR B 5eEE
int loopCount = 20;
for (inti=1;i < loopCount + 1; ++i) {

pstmt.setint(1, i);

pstmt.setString(2, "Name " + i);

pstmt.setString(3, "CreditCard " + i);

// Add row to the batch.

pstmt.addBatch();

}

// AF3PreparedStatementfiexecuteBatch 73 EH I THEALTE ,
int[] rowcount = pstmt.executeBatch();

// AR PreparedStatementficlose /5L K ATERIFZIBDITR o
pstmt.close();

2.4 (£ Go IXEIRIFESEIERE

AEHITATRISQUERIZRT, BIHRESSHREIFMER: EEMER. REMR.

AT LSBT RIZESG, NMBRINEERESEEESL, 8E=1TME: FH
DDLMEZ. {EFADMLINER . iBIEMER o

EETSERRE

R uéﬂlﬁf— =B (GO ENEopenGauss-connector-go-pq, IRENE Y RIARTIF
FELEN, SEEREHEENGORMREEREA TR, INEERENEES.
E%GOHEEJJ}T-E*I@%% (FrREERE ) b “‘MBAEFFAHIE > EFGolRmFLR” &
. B, BRIENE FEZRET. 3L,U:H)§ZKE’chc o

GOIRENSZIFHSHIBEEXIRE, TEREESIF S Henable_ce, FENTERIFATHR
DN#=ZE-tags=enable_ce, #ﬁzrli@%?ﬂGaussDB Kernel HUBEMAS RERFIRA
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=_64bit_libpg.tar.gzfFEEEEZIEEE R, FHBIbXERFEBRER, HINE
LD_LIBRARY_PATHIMBEZ S, IR EREIZOT:

/] LABip:portyaffl, ARBILIRRBMEBREFEREEENHE), ETARGRBEEEAMRERREREE
EMRTESNEREESERHITRE) .
func main() {

hostip := 0s.Getenv("GOHOSTIP") //GOHOSTIP IS \IFEZT2HIPHit

port := os.Getenv("GOPORT") //GOPORTAB AIEZTERport

usrname := os.Getenv("GOUSRNAME") //GOUSRNAMEAB NIMEZEHIHFE

passwd := 0s.Getenv("GOPASSWD") //GOPASSWDW: RS NI BT 2RI E5RY

str:= "host=" + hostip + " port="+ port + " user=" + usrname + " password=" + passwd + "
dbname=postgres enable_ce=1" // DSNiEZH

// str == "opengauss://" + usrname + ":" + passwd + "@" + hostip + ":" + port + "/postgres?
enable_ce=1" // URLiEiEZE

[/ IREXEIR R AR
db, err:= sql.Open("opengauss", str)
if err !=nil {

log.Fatal(err)

}
defer db.Close()

/] OpenEEUNZIGIESH, PingH A EHIBRESS;
err = db.Ping()

if err == nil {
fmt.Printf("Connection succeed!\n")
} else {

log.Fatal(err)

)
PITESHETEIEXNCIZERED
I/ SREP R

/] KEY_PATHIERiES%: (FAEIEE ) P “SQLEE > SQLiEj% > CREATE CLIENT MASTER KEY” &15

/] RARIHET, KEY_PATHHRFEFERREIDSZEBID, TEEBMBRENBUESREERID, BEEMEREN BN
{I3RENIRE 1D

_, err = db.Exec("CREATE CLIENT MASTER KEY ImgCMK1 WITH ( KEY_STORE = huawei_kms , KEY_PATH =
'https://kms.cn-north-4.myhuaweicloud.com/v1.0/00000000000000000000000000000000/kms/
00000000-0000-0000-0000-00000000000', ALGORITHM = AES_256);");

/] BIEEFINNZSA

_, err = db.Exec("CREATE COLUMN ENCRYPTION KEY ImgCEK1 WITH VALUES (CLIENT_MASTER_KEY =
ImgCMK1, ALGORITHM = AEAD_AES_256_CBC_HMAC_SHA256);")

PITESFEERNERBXINES

/] BIEINZEZR
_, err = db.Exec("CREATE TABLE creditcard_info (id_number int, name varchar(50) encrypted with
(column_encryption_key = ImgCEK1, encryption_type = DETERMINISTIC), credit_card varchar(19) encrypted
with (column_encryption_key = ImgCEK1, encryption_type = DETERMINISTIC));")
/] BNEYE
_, err = db.Exec("INSERT INTO creditcard_info VALUES (1,'joe','6217986500001288393"),
(2,'mike','6217986500001722485'), (3,'joe','6315892300001244581");");
var var1l int
var var2 string
var var3 string
/] EEIE
rows, err := db.Query("select * from creditcard_info where name = 'joe';")
defer rows.Close()
/] ZATFTED
for rows.Next() {

err = rows.Scan(&var1, &var2, &var3)

if err !=nil {

log.Fatal(err)
} else {
fmt.Printf("var1:%yv, var2:%yv, var3:%v\n", var1, var2, var3)
}

}

STRERA 01 (2024-05-07) IR © ERRBRABRAT 12



Z=HIEZE GaussDB
FERIFEIER 2

HATINZERAITYRE SQL (56

// AP DBELIRYPrepare /5 iR B TRIRIFXTR

delete_stmt, err := db.Prepare("delete from creditcard_info where name = $1;")
defer delete_stmt.Close()

[/ EFTRRIERTRAYEXecH iZGBESEFHNITSQLIER

_, err = delete_stmt.Exec("mike")

PATINEEZRAY Copy In #{E

// VEIFADBSEfIfIBegin. Preparef5iAGUEEEEITR. FERIETR
tx, err := db.Begin()
copy_stmt, err := tx.Prepare("Copy creditcard_info from stdin")
/] FEERRBF RIS SNEIE
var records = []struct {

field1 int

field2 string

field3 string

K
{4, "james", "6217986500001234567"},

{
field1: 5,
field2: "john",
field3: "6217986500007654321",

%
}
[ ERFERmESRAIEXeCTT EHESHFMITSQLED

for _, record := range records {
_, err = copy_stmt.Exec(record.field1, record.field2, record.field3)
if err !=nil {
log.Fatal(err)
}

}
/] FRES IR Commit5 AT EFIRE

err = copy_stmt.Close()
err = tx.Commit()

(1 i8R
HAIGoIKEICopy INBEAFERAR, (NEEEFSHEBIMRFSHIT.

2.5 BLEMIRR=Z 1

ZeSENRETE
BT EHUAWEI_KMS_INFORBEEBURMEE, BN EFERNTRES:

1. REINNERE: ERESHIEREN, BidexportipiRBNEEE; R
5%, BlEdunsetan SiBIEMRETE . 2 ZFIRMERFHTAIERICREURE
B, ENFERR RIS Eak(#FHIDBCEOR connectioniEES i TIRE

2. WEHBRENETE: ENAEFNEF, BEREZEORENEEE, TRR
BIESIRETAIIT:

a. C/C++: setenv(name, value),

551

B
o
4

oo et
Hifex

ki

b. Go: os.Setenv(name, value),
c. javaBAIFREHERNETE, (HERIDBCZOIRE connectioniE
B3,

MHRAS 01 (2024-05-07) WA © EARTERABIRAE 15
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SR RARSSHISHAIRIE

HHIEEIRINBOE N ZEREERSA, MBREKNEERRANZRRS, EEEE
Xzh 5% AR 2N httpsiEizaid iz, TLQCALIE%L&E&.%HHE%E%H’J E. B
It, FREIEECAIEH, NRKEE, BASRIEEHRSZNED . BERENT:
HLHRHTIFGET, FEENETEFIEINN TS

export HUAWEI_KMS_INFO="Efth &%, iamCaCert=F&{=/IAMAICAIEFE 4, kmsCaCert=&#/KMSHICAIEH
(s

REBO NS IS B oI TEMuLXTAICAIER, FHEMITBSEINEE. =R, B
https://www.ssleye.com/ssltool/certs_down.htmIFHRZ ikttt B T CAIE
PBHIINEE, (BRI MEFRFERIESMK, SHCAEBLEEZFER. LA,
BRI SR FHCAIED . THALWT:

551

)?:
Ek}
et
48

A EE

T A MERrestfuliZ NI RIRSS , SBAEN S| MANZONAIurlEs, A2
Hl%giiiﬁ%ﬂﬂﬁ’ﬂg&mﬂﬁﬁ, %ED@T KWHIER T, NSz REIEsB TCA
B,

1 AR TSR, EEA=msT, PIEANAMBRSAYEESZ: iam.cn-
north-4.myhuaweicloud.com/v3/auth/tokens5KMSHIJ1EZ : kms.cn-
north-4.myhuaweicloud.com/v1.0,

£E2 BRI ERBMEAEEE, HEISSUEEEXER, REERAIILES, HEHE

JEHIEBARS,
&« & Elam.cn-north-rﬂr.myh uaweicloud.com/v3/auth/tokens

["error_msg”: "Incorrect IAM authentication information: xz—auth—token not found”, "error_code”
= c #@ iam.cn-north-4.myhuaweicloud.com/v3/auth/tokens

{"error_mag”: "] iam.cn-north-4.myhuaweicIoud.com % th-token not found”, "error_code”

8 E=EEEel >
& Cookie FIRREERE 3
0 FEgE 4
« & #@ iam.cn-north-4.myhuaweicloud.com/v3/auth/tokens
{"error_meg”: "l & L %  th-token not found”, "error_code”

iam.cn-north-4.myhuaweicloud.com

§EERmen
SRS IEE (SRR
2) Fashit, THHE

B IHEY Z

STRERRA 01 (2024-05-07) RS © ERmI BRABRAT 16
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2 REFTSHEEN

3 SHIER: HIEPEERHE, ARSEIIEBDARSEK, FNNFEHZNL—H
IEREIA], ERZIEPHREESE, EUEREMIERXHE, BIFIFZEAERX
o

x
WEHEFE: *.cn-north-4.myhuaweicloud.com

EEIG) | HEEED)

o
uII[

Hi

Hil
o

£

£

GlokalSign

GlobalSign RSA OV 551 CA 2018

*cn-north-4.myhuaweicloud.com
IFR=FER
GlobalSign RSA OV S5L CA 2018

i
Bz
FFIS
IFHEEERE
mEE

EER

SSIA ST SSHAGES HEEMAN, HEES HASHrha,
-

2.6 BESTRIRE/FhEdiE

BSSIFRE/FESRE, BRIRARSZHFsqlfIplpgsqmMIES . BT ESSHSFE
TR eIEZAIHRITRE/ FESIE AP RN, ELEEMIFEESTXE].

R /FEIRIEESE (FTREIER) F "AFEEXH

P BRI ‘EiEdiR B
T o
S EEEEITREFEIIEIRIS R Stk gs_encrypted_proc, BFFESHIREIRY
[RIGEIESEEY

MAERRAS 01 (2024-05-07)
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FEBIRFES

5

2 REFTSHEEN

BEHHITIS
1R

g

g

+1R4

RRFERFRENASE (FFREER ) T “RRFNEFNE > BRE >
GS_ENCRYPTED_PROC” &5,

RINZFIRE/ FhESE

BIEER, ML RESEEAgsqUMFESEIRR
BN

gaussdb=# CREATE TABLE creditcard_info (
id_number int,
name text,
credit_card varchar(19) encrypted with (column_encryption_key = cek1, encryption_type =
DETERMINISTIC)
) with (orientation=row);
CREATE TABLE

BWARUE.

gaussdb=# insert into creditcard_info values(1, 'Avi', '1234567890123456');
INSERT 0 1

gaussdb=# insert into creditcard_info values(2, 'Eli', '2345678901234567');
INSERT 0 1

BIRRE T SEETA,

gaussdb=# CREATE FUNCTION f_encrypt_in_sql(vall text, val2 varchar(19)) RETURNS text AS 'SELECT
name from creditcard_info where name=$1 or credit_card=$2 LIMIT 1' LANGUAGE SQL;

CREATE FUNCTION

gaussdb=# CREATE FUNCTION f_encrypt_in_plpgsql (vall text, val2 varchar(19), OUT c text) AS $$

BEGIN

SELECT into c name from creditcard_info where name=%$1 or credit_card =$2 LIMIT 1;

END; $$

LANGUAGE plpgsql;

CREATE FUNCTION

HATEREL
gaussdb=# SELECT f_encrypt_in_sql('Avi','1234567890123456');
f_encrypt_in_sql

gaussdb=# SELECT f_encrypt_in_plpgsql(‘Avi', val2=>'1234567890123456');
f_encrypt_in_plpgsql

STRERA 01 (2024-05-07) IR © ERRBRABRAT 18
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i

B
&t
4

5518

2 IRETES

(AR

R/ EEIIETR “PITESEITDER” PERRENTIZRESRE, EIERE/FiES
BEPERS . JBTRECIEMERI, MASHARERTES. ST IS NERE.
g?ﬂ/ﬁﬁ%ﬁ&%ﬂ “WATEIAETEER " RIFEXECUTE 'query' A EEMNZA0EHE
FERETURNS. INFIOUTHIZ#IF, AIFESERMBINIEMZRLESH , RRSHER
ERRIBHIEED, (BLFREBARE,

E=gaEOY, Wdbe_output.print_line() F 7RSS IRFTENGAH AV E O SMBEZRIE,
FhnZ g2 B R s Y AR M R A SR L BT S TEN iz R 22 B BN E -
:‘_—:'liﬁfjh‘ﬁzﬁlz&*ﬁl/f?ﬁ%ﬁﬁﬁ’ﬂLANGUAGER‘ﬁ%SQL*Dplpgsql, A IECHAVAZE {5218
AR/ FHEE RPN TEMEIGNZSINRE/ FiEdiE.

HBIMRAT X Fdefault. DECLAREFFAZEMFIIAME, BARSIFXIDECLAREFAYRENE
WITHEZ, BROTUENTRENBESASE. BEsEckABER.
ASztEgs_dumpdiE R ANES R function T &1 o

AAFERHFE IR EIERH .

ZhR A SRS BT IR ST A 22

S ETRRE IR TIF T plpgsqiE SXNERHTEN, FEEXEHRFESIS
AYIERCREATE FUNCTION AS  “i&i£=E{A', TILIFCREATE FUNCTION AS $$iELF1K$
$1KE.

R EESEEEIRY/FHEEIEPHTEXNZTIENBEE, SEXCIEINER, &
monzsl, BFHTREERERSR, BERimREFIMEEEERIFER, SHERGE
A RIF P in & SUEF A mT LAXHZ SN ZHRAE

ESRE/FEIENZISRFNE ., QIRESHRERT, 1885 behavior_compat_optionsig
& J9'allow_procedure_compile_check',

A EHEAZSEIEZET ( byteawithoutorderwithequalcol. byteawithoutordercol.
_byteawithoutorderwithequalcol. _byteawithoutordercol ) B2 EREFNFiEITIE
FSRHFEREBEGMERE, FXIFREIAFHEAIITRELER, WRETURN [SETOF]
RECORD, BJLAEFHIREIIHERTTRBILEREN, WIRETURN TABLE(columnname
typenamel,...])

BSSSR A LI INE R BT R AR R R gs_encrypted_procHiR IS EHAIMATINZESIAY
oid, EItMBFEREERRZRIESMEESRIKLY, FEEMCIEZETHE.

MAERRAS 01 (2024-05-07)
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vs)

X

R

AEBESD KREAMIEEHR MMTMRENEIESRT “E0mn” 11 =48
2" HR, 9731 ETLUS S XRER DEITRSAEIRE, 828X RE, L4UR
PR&EIZFTSHE .

3.1 KEEHUERE

3.1.1 XE=E8lREES=ENE

EEGMERIEENH SR IKAIERZ RSN, MEFEMRESHENETEKR.

BEZSHEAGnS . EIEZHEFIRLRERI20SFHEE, HESENRIIAIMB. GB

TFHRRERIARITBS, EALEREANE. HESHUNENERT, BEEE

R4 (DBMS ) EHIETN. MESESHIEH TESHER, EN LEREIERFRE
PSS B RIS ERzHS

RISk, ATEEEASEE (Divide and Conquer ) BRIFE
AR AREE, EE AR SIE— N SRS R st B S HFERIAE
HFIEER, BIEFEES S O FORE ST R B EERR, =i
SRR ERFRRESH . NTASEMIEGS, MIEERMRIEIRHGT 9
SagbiR” B EISK, BHBIERIR RS AR TR S N R BRI, 1
S XUEHMBIE EEEREIUBIOSIE, SR AR AT T4, R
FHIRIOSIE. SHALR,

3.1.2 ROEFEA

FPXIEAK (Table-Partitioning ) IBITEIEE KR E RS INEBIE LIHD AEN.
EZEEZEST (HX) , ERINEPXNERESD. TESEOREEEEID
SAMEE, AeigitFPEITSXEE (Partition Key ) HURRIEFISUBIENS X,
NmBRERIRERITARNESEE, EBEARNS X EFHA#H{TDDL. DMLIZ
. NEFEBRNAERE, EOXEARFEGUTR=ANSHEEES:

1. REAXBEHEDSEINE: ATRAMERROXEHTEESX, EiR%
RAILUBIS A5 XA FEMARBNRRLI . iXFD KB AT LR HE
SRAIMEREET

2. BEEHESEENHARRERIN: BEDMLIES . DDLESHAL=AIEESS
M, EX—EXEESLUREEERITO KNS TRBESZ. flal, #EE
?‘%ﬂﬁ)@i I RERE, ERRESXETHIREL. PXEHFEHER

SRR 01 (2024-05-07) WRINERE © ARITERARBIRAE 20
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3. REXBFEFSTIENHBRZESELR: BTFHXENDE LNARS XN
R T REEERNRS, S oXULESRRYIERENE, WSHEEER
[E4 . MIEFEREMERTE. BNCESHIEEIERRE, WEENE. K518
EMERE, URSXERNSHIRE, MARMBNRETIRIE, NMEDT

ERERYIE)

3.1.3 #RD XELW

PRENHIEER S EINSBEEERNEN S XiEH TS EEans, flin—kKUB
IMonthfEAS XEEHIE, WE3-1FR, MRUEERNAXNEEHRESSHIE
#& (Full Table Scan) , WMRLABEAS XBEEINZITZE, PARGHNEEFRES
WA A X1, BERANEIESEARBEERIKHEERRRT, BT
BTSRRI SR IFEREAIME, WE3-2FR.

3-1 PXFTRBIE

202101
202102
202103
20210
202102
202103
202101

202102

=T - -] =1 (=1 (L] R (2] %] -
= X @@ M m Qo 9 m I

202103

3-2 P XFREFRAIE

43 XX Partition Pruning

select * from T
where month = 202101"

EFEE

H L R - . O
H - I @ mm o o m F

3.1.4 HiEo XizHETE

///?

~__ .

202101

202102

202103

202101

202102

202103

202101

202102

202103

202101
202101

202101

202102
202102

202102

202103
202103

202103

select * from
where month

202101
202101

202101

202102
202102
202102

202102
202103

202103

parti

part2

part3

T
= 202107

\ FXEE

PEERXARIEIEEGEIREE (DM ) BT RIFMATSZE:, HREGRPEIERS
—ARTAESIENE NMERSH P EIERMIERIZRENRE . Hh— " EEHEME D=
RSN BEHRE

REELIELE AU E SR EIEN SRS &

MAERRAS 01 (2024-05-07)
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PERNRIMIEFHEERR. TREERSHEEEL, MAEEHENR BEET
REFMETERARIR .. ERIRRIFER . RIBRVEIRETREERAIERRIE, RLLRE
HIEEREAFEANRZEEGE XA

P XFASLHEDLMBER S RIS TEENKE, BIRESXERFEERZE, &K
PRETIHIRZ BIERIERT, SEI T AMBIEBIREEREBRIMALN . XEBORNRER
R A RERS IMREIR TN, LRAPAARIX—EmILLRE, X
RARMS21E ENARR—KERANEIRRE. WHINFRD XIS BISE’ESED . &
. Ro|EBEFIZHMRRRIF, RBNBENRERRFEHITHIBRE, HER
PSS 17mRRIESER .

3.2 P XENA

X3 ( Partitioned Table ) IEERET R ANREIENTIZRELXEE . LINRESS X
o XREXNFFTZET D . NEIBSXNBERERE—FMKFELKX ( horizontal
partition ) D XKIEHS X . P XEIGET HIEENBZEFAIMRE. ISR B

t, HERTFRIEFEERSHIENSARERAER. PXAFEER. R5|IF01ES|HERH
EMPNENIED, FIXEHIEEII RIS EERBAAIR ER S L TEES
i3], GaussDB Kerneli2t T FEN P XEHEIAY B, LIHERRSIH=NER. H
Fo XKL 2 BEIEENELH, MHAPRXEERN, Bt/ lFALUE
SLhES XEFMAKRBIUGHET R TR, THEEEEBEAIYOPNEBEEFER . A5
El5eGaussDB Kernel XKERMEAEEMNUA TN EERANE:

1. SRXREFES: NRDSRERESHER, NMEDSXERIcatalogfFiEH AR

PREBXS AL EREE o
2. DRXEREE: NDXRITHFHIEAREBEER, NMESHOXENTIRASFELL
N BEBBIABIRIAAT R IR -

3.2.1 EXRMHE

3.21.1 9% (8%F)

SCRRXSAEFAIIIER, APMHZRFTEMDMUEERIE. M. &. SU2E. BEE
FA7Ei2£DDLEA X AYEBPARTITION BYiIE@HITEN, CIEEINLAGTEpg_class
g —entry, HBparttypedIIEZA P (—FKHKX ) E's' (ZEHPKX) , &
?Hiientry?ﬂﬁ@i@ﬁ’ﬂ%éo PXBREBEES—MBERS, WNIRSIEGHAEZRE
E o

1 t1_hashI—P—RKpXE, 9X3EEghash:
gaussdb=# CREATE TABLE t1_hash (c1 INT, c2 INT, c3 INT)
PARTITION BY HASH(c1)
(

PARTITION pO,

PARTITION p1,

PARTITION p2,

PARTITION p3,

PARTITION p4,

PARTITION p5,

PARTITION p6,

PARTITION p7,

PARTITION p8,

PARTITION p9

)i
gaussdb=# \d+ t1_hash
Table "public.t1_hash"
Column | Type | Modifiers | Storage | Stats target | Description

SRR 01 (2024-05-07) WRINERE © ARITERARBIRAE 22
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3 HIXE
+ + + + +
cl |integer | | plain | |
c2 |integer | | plain | |
c3 |integer | | plain | |

Partition By HASH(c1)

Number of partitions: 10 (View pg_partition to check each partition range.)
Has OIDs: no

Options: orientation=row, compression=no, storage_type=USTORE, segment=off

--Eift1_hashy XE

gaussdb=# SELECT relname, parttype FROM pg_class WHERE relname = 't1_hash’;
relname | parttype

_________ |

t1_hash | p

(1 row)

BRI
gaussdb=# DROP TABLE t1_hash;

B2 t1_sub_rrA—1 "o XE, oXZEEgrange-list:
gaussdb=# CREATE TABLE t1_sub_rr (

c1 INT,

c2 INT,

c3 INT

)
PARTITION BY RANGE (c1)
SUBPARTITION BY LIST (c2)

PARTITION p_2021 VALUES LESS THAN (2022) (
SUBPARTITION p_2021_1 VALUES (1),
SUBPARTITION p_2021_2 VALUES (2),
SUBPARTITION p_2021_3 VALUES (3)

)

PARTITION p_2022 VALUES LESS THAN (2023) (
SUBPARTITION p_2022_1 VALUES (1),
SUBPARTITION p_2022_2 VALUES (2),
SUBPARTITION p_2022_3 VALUES (3)

)

PARTITION p_2023 VALUES LESS THAN (2024) (
SUBPARTITION p_2023_1 VALUES (1),
SUBPARTITION p_2023_2 VALUES (2),
SUBPARTITION p_2023_3 VALUES (3)

)

PARTITION p_2024 VALUES LESS THAN (2025) (
SUBPARTITION p_2024_1 VALUES (1),
SUBPARTITION p_2024_2 VALUES (2),
SUBPARTITION p_2024_3 VALUES (3)

)

PARTITION p_2025 VALUES LESS THAN (2026) (
SUBPARTITION p_2025_1 VALUES (1),
SUBPARTITION p_2025_2 VALUES (2),
SUBPARTITION p_2025_3 VALUES (3)

)

PARTITION p_2026 VALUES LESS THAN (2027) (
SUBPARTITION p_2026_1 VALUES (1),
SUBPARTITION p_2026_2 VALUES (2),
SUBPARTITION p_2026_3 VALUES (3)

)
)

gaussdb=# \d+ t1_sub_rr
Table "public.t1_sub_rr"
Column | Type | Modifiers | Storage | Stats target | Description
+

+ + + +
cl |integer | | plain | |
c2 |integer | | plain | |
c3 |integer | | plain |

Partition By RANGE(c1) Subpartition By LIST(c2)
Number of partitions: 6 (View pg_partition to check each partition range.)
Number of subpartitions: 18 (View pg_partition to check each subpartition range.)
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Has OIDs: no
Options: orientation=row, compression=no, storage_type=USTORE, segment=off

--EifAt1_sub_rry X3EEY

gaussdb=# SELECT relname, parttype FROM pg_class WHERE relname = 't1_sub_rr’;
relname | parttype

___________ |

t1_sub_rr|s

(1 row)

BRI
gaussdb=# DROP TABLE t1_sub_rr;

3.2.1.2 9 (PRFER. FoX)

3.2.1.3 P X

P XERPLFMREFEIERIER, MRMentrylBER{FEpg_partitiond, FNFH XY
parentid/ERIMBEXEFE S X BEREPg_classFEHHIo0idF! .

=~ t1_hashA—P—RKnXE:

gaussdb=# CREATE TABLE t1_hash (c1 INT, c2 INT, c3 INT)

PARTITION BY HASH(c1)

(
PARTITION pO,
PARTITION p1,
PARTITION p2,
PARTITION p3,
PARTITION p4,
PARTITION p5,
PARTITION p6,
PARTITION p7,
PARTITION p8,
PARTITION p9

)

--Eift1_hashf XY
gaussdb=# SELECT oid, relname, parttype FROM pg_class WHERE relname = 't1_hash";
oid | relname | parttype

+

16685 | t1_hash | p
(1 row)

--Eift1_hashfIH XES
gaussdb=# SELECT oid, relname, parttype, parentid FROM pg_partition WHERE parentid = 16685;
oid | relname | parttype | parentid

16688 | t1_hash|r | 16685

h|

16689 | p0 | p | 16685
16690 | p1 | p | 16685
16691 | p2 | p | 16685
16692 | p3 | p | 16685
16693 | p4 | p | 16685
16694 | p5 | p | 16685
16695 | p6 | p | 16685
16696 | p7 | p | 16685
16697 | p8 | p | 16685
16698 | p9 | p | 16685
(11 rows)

--fiBRt1_hash, EIERHI
gaussdb=# DROP TABLE t1_hash;

DXEH—IHZSNFER, P XBESESND XL —HER—tHE
NP X, BEAEEMEIIPARTITION BYiIEGIEE:
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CREATE TABLE table_name (---) PARTITION BY part_strategy (partition_key) (:-)

ikl
SEED XERMINRDEXEZIFES 1650 XHE; Bt RKERRF1IIDEE.

3.2.2 9 XRHE

P XERE(EADDLEAEEEGATEITPARTITION BYIEGHNIELIERE, DXEIRY
AT ES XEPEIEND XSRS N, ERASXEREEFEEORangen X/
Interval9 X . EFMIBELSIREMIHashD X . EFEUEKEHILIstTIEDX :

CREATE TABLE table_name (---) PARTITION BY partition_strategy (partition_key) (---)

3.2.2.1 SEEISO X

SEElS3X (Range Partition ) 1RIEAEN 5 REZAIS XEAYECEISEHIEMRETEIS
X, SEERKEEFRAPEERNAIDKEE, BEELIREHE (Date, Time
Stamp ) #EREIEZSEPER . SEES XERMEESL, REMT:

1. VALUES LESS THANB9IE &=

XIFMEZVALUE LESS THANRYIEZIEE, SEES XREEIIS XEERSZH516
s

- BAnXERAIANT:
gaussdb=# CREATE TABLE range_sales_single_key
(
product_id INT4 NOT NULL,
customer_id  INT4 NOT NULL,

time DATE,
channel_id CHAR(1),
type_id INT4,

quantity_sold NUMERIC(3),
amount_sold NUMERIC(10,2)

)

PARTITION BY RANGE (time)

(
PARTITION date_202001 VALUES LESS THAN ('2020-02-01"),
PARTITION date_202002 VALUES LESS THAN ('2020-03-01"),
PARTITION date_202003 VALUES LESS THAN ('2020-04-01"),
PARTITION date_202004 VALUES LESS THAN ('2020-05-01')

)

-- BRIl

gaussdb=# DROP TABLE range_sales_single_key;

Hrhdate_ 2020025720202 BRID X, BEESXEEM2020F281H
Z202052 829 HAYEUE

B D XEBE—VALUES LESSFA, AT EENXAVIFEE LR, KTk
EFzo XKENEOEREFNE T —M oK. BRE— DX, EDEX
#HEBEHFI— 1 XAIVALUES LESSTFEIEERRRA TR, JAREDX
EMMAXVALUERES, MAXVALUERT— M EINERE, BEHiFETAX
BIHUEMATREE, BESE

- BISXERAIINT:
gaussdb=# CREATE TABLE range_sales

(
¢l INT4 NOT NULL,
2 INT4 NOT NULL,
3 CHAR(1)

)
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PARTITION BY RANGE (c1,c2)
(

PARTITION p1 VALUES LESS THAN (10,10),

PARTITION p2 VALUES LESS THAN (10,20),

PARTITION p3 VALUES LESS THAN (20,10)
)
gaussdb=# INSERT INTO range_sales VALUES(9,5,'a");
gaussdb=# INSERT INTO range_sales VALUES(9,20,'a");
gaussdb=# INSERT INTO range_sales VALUES(9,21,'a");
gaussdb=# INSERT INTO range_sales VALUES(10,5,'a");
gaussdb=# INSERT INTO range_sales VALUES(10,15,'a');
gaussdb=# INSERT INTO range_sales VALUES(10,20,'a');
gaussdb=# INSERT INTO range_sales VALUES(10,21,'a');
gaussdb=# INSERT INTO range_sales VALUES(11,5,'a");
gaussdb=# INSERT INTO range_sales VALUES(11,20,'a');
gaussdb=# INSERT INTO range_sales VALUES(11,21,'a");

gaussdb=# SELECT * FROM range_sales PARTITION (p1);
cl|c2|c3
|V | SR

(4 rows)

gaussdb=# SELECT * FROM range_sales PARTITION (p2);
cl|c2|c3

|V | SR

10|15] a

(1 row)

gaussdb=# SELECT * FROM range_sales PARTITION (p3);
cl|c2|c3

|V | SR

1020 a

10[21]a

11| 5]a

11]20]a

11121 a

(5 rows)

=B
gaussdb=# DROP TABLE range_sales;

AR
2553 XAIS KMNLNT:

1. ME—FIFFEEER
2. MEENRIEZRIFVNT O X ERIFIIAFE, WEEEN.

3. MRBEANRSEPIFTHRETIRNAFRE, NEEBENMER TSS9 X T—

SIHAFERIRN
4. MRBANZIFIKRT O XLERIFIFHEFRE, WRT—PDREITHR.

2. START ENDiEERE
STFMEIESTART ENDIEEIER, SEED XKD XERZZHF151,

0T
-- gliEER=E
gaussdb=# CREATE TABLESPACE startend_tbs1 LOCATION '/home/omm/startend_tbs1';
gaussdb=# CREATE TABLESPACE startend_tbs2 LOCATION '/home/omm/startend_tbs2';
gaussdb=# CREATE TABLESPACE startend_tbs3 LOCATION '/home/omm/startend_tbs3';
gaussdb=# CREATE TABLESPACE startend_tbs4 LOCATION '/home/omm/startend_tbs4';

-- Bl ERtschema
gaussdb=# CREATE SCHEMA tpcds;
gaussdb=# SET CURRENT_SCHEMA TO tpcds;
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- RS XE, PXERintegersEY

gaussdb=# CREATE TABLE tpcds.startend_pt (c1 INT, c2 INT)
TABLESPACE startend_tbs1

PARTITION BY RANGE (c2) (

PARTITION p1 START(1) END(1000) EVERY(200) TABLESPACE startend_tbs2,

PARTITION p2 END(2000),

PARTITION p3 START(2000) END(2500) TABLESPACE startend_tbs3,

PARTITION p4 START(2500),

PARTITION p5 START(3000) END(5000) EVERY(1000) TABLESPACE startend_tbs4

)
ENABLE ROW MOVEMENT;

- BEENRFER

gaussdb=# SELECT relname, boundaries, spcname FROM pg_partition p JOIN pg_tablespace t ON

p.reltablespace=t.oid and p.parentid="tpcds.startend_pt":regclass ORDER BY 1;

relname | boundaries | spcname
+ +

p1_0|{1} | startend_tbs2
p1_1| {201} | startend_tbs2
p1_2 | {401} | startend_tbs2
p1_3| {601} | startend_tbs2
p1_4| {801} | startend_tbs2
p1_5|{1000} | startend_tbs2

p2 | {2000} | startend_tbs1

p3 | {2500} | startend_tbs3

p4 | {3000} | startend_tbs1
p5_1 | {4000} | startend_tbs4
p5_2 | {5000} | startend_tbs4
startend_pt | | startend_tbs1

(12 rows)

--BIER
gaussdb=# DROP TABLE tpcds.startend_pt;

3.2.2.2 [gfRo X

@fg4 X (Interval Partition ) TLAEKE
Bl XEX D XA EE j]?ﬁimﬁﬂﬁ/\ﬁj\l:? IFEJ:BEW"FBE{E, REEHRE

2 XAI—FPIRRFY RS, AL T

/\/\E

HKE, ;&BTE)\E’JQ&EPAEE)JL""EH’J@J@HIF R 18R XERIRYIGEAT
MEMEE—NEESKX, SBES E&@ﬁmﬂ

(BB iz R R RIEE B sIeZER S X

SRS LBR, REWNT:

gaussdb=# CREATE TABLE interval_sales

(

prod_id NUMBER(6),
cust_id NUMBER,

time_id DATE,

channel_id CHAR(1),
promo_id NUMBER(6),
quantity_sold NUMBER(3),
amount_sold NUMBER(10, 2)

)
PARTITION BY RANGE (time_id) INTERVAL (‘1 month")

(

)

PARTITION date_2015 VALUES LESS THAN ('2016-01-01'),
PARTITION date_2016 VALUES LESS THAN ('2017-01-01'),
PARTITION date_2017 VALUES LESS THAN ('2018-01-01'),
1)
1)

PARTITION date_2018 VALUES LESS THAN ('2019-01-0
PARTITION date_2019 VALUES LESS THAN ('2020-01-0

’

ANl
gaussdb=# DROP TABLE interval_sales;

DXIBERNERS, HEES
/\EIEMJ\EE'_“JT AR ESEREEEXE
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FiRGIF, WME0IEES X EA201 58201 9FEUE R BRI X, HEURIFEAE
2020-01-01LAFRYEERY, RFEBEATREE X Range XA LILR, «Bmn8liE—

X,

A EE

[B)fR D X{XZFHHAFOAT @28, WDate. Time. Timestamp,

3.2.23 BENPKX

5% 92X (Hash Partition ) EF319 XBFERREELSEIERSRISX . FROE
HEiEXHGaussDB KernelIEREEL, S XEBEUETEEARE ( no data skew )
mET, REEEIESRZEESIDH1T, EPRKNKEER,. ELRESXEL
o XEaSHEIENIEES L. IBHE L XEECE S XH—FS FERERT
%, TERAESXIHIER 2R RHIRESEIBEND X, REIanT:

CREATE TABLE bmsql_order_line (

ol_w_id INTEGER NOT NULL,
ol d_id INTEGER NOT NULL,
ol_o_id INTEGER NOT NULL,
ol_number INTEGER NOT NULL,
ol i_id INTEGER NOT NULL,

ol_delivery_.d TIMESTAMP,
ol_amount DECIMAL(6,2),
ol_supply_w_id INTEGER,
ol_quantity  INTEGER,
ol_dist_info CHAR(24)

)
-FRSEEN 1000 X
PARTITION BY HASH(ol_d_id)

PARTITION pO,
PARTITION pf1,
PARTITION p2,

PARTITION p99
)

EiRfIF, bmsqgl_order_lineRAJol_d_idi#{T 79X, ol d_idgIE— identifiertd
FEREMNS, AEBHAHENESERE—MIEHE LX D . FRIGH D XRIEER
STHFH THRIEN 22— MR AIEERNEE, BtEMoXER, RTGREDX
EEHEISHIREGR (E—. BENMEEEES ) , REBIEES XD XEENT
SN KX, ETREBHEENDXEIREYS, AT XENZ A,

3.2.24 FIRHS KX

FIZR5X ( List Partition ) BESET SN2 KAMEAPAD XBIEEBRIEIIRKE
ESITAMIRGIRI S X . FUZRD KAMABET ILALME S X(ES I EEHITS
X, AILAEFFIAERAIEIREHTHEMER . X FREXEFIRFRID X
{8, BTLMEARGADX ( DEFAULT ) SEEHITEIRIRT, XA RIS ENTDE D
DERATEHASEMERIR. THINT:

gaussdb=# CREATE TABLE bmsql_order_line (

ol_w_id INTEGER NOT NULL,
ol _d_id INTEGER NOT NULL,
ol_o_id INTEGER NOT NULL,
ol_number INTEGER NOT NULL,
ol i_id INTEGER NOT NULL,

ol_delivery_.d TIMESTAMP,
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ol_amount DECIMAL(6,2),
ol_supply_w_id INTEGER,
ol_quantity INTEGER,
ol_dist_info CHAR(24)

)

PARTITION BY LIST(ol_d_id)

(
PARTITION pO VALUES (1,4,7),
PARTITION p1 VALUES (2,5,8),
PARTITION p2 VALUES (3,6,9),
PARTITION p3 VALUES (DEFAULT)

)

BRI
gaussdb=# DROP TABLE bmsql_order _line;

ERFIFAZEE HAIEHR D XA FEM, EFETol d_iddiiToX, BR%AList
DXPEZEI ol _d_idRIRTEEEESEEHITIRE, AMEFIRPIIEESHApIDX

( DEFAULT ) . #ELEIGED X, List7)RD XX KERIII=MEYF, TGRS HERT
BEFERREEIERID XS, BERNRIIFRERSIED XEXIZERMMR, Z

BN NEFERHashIGH DX List. HashD XEFERMELF . FEXRHIEIRSE

BT EFIBLS

A EE

RS XS XIBRSZH165 . MRDEXEENN1F, FHXENEIListFIZRFAY
?ﬁt‘ﬁigzzﬁifgwuuﬁ; MRS KBENNZY, FORXENIIListTIZRPAKEE
FEBNULLE,

3.2.2.5 "X

— 53X (Sub Partition, tIEEHX ) EEAHKIES XERRVES, BRET—
MRS HEERITOX, AEERE_MEESHHIEE N XE—SHD T
DX, BESKAAEFHRETIENZEFE. BN RS XESINTAR:

Range-Range

—_

Range-List
Range-Hash
List-Range
List-List
List-Hash
Hash-Range
Hash-List
Hash-Hash

NI

--Range-Range

gaussdb=# CREATE TABLE t_range_range (
c1 INT,
c2 INT,
c3 INT

© © N Uk~ WN

)
PARTITION BY RANGE (c1)
SUBPARTITION BY RANGE (c2)

(
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PARTITION p1 VALUES LESS THAN (10) (
SUBPARTITION p1sp1 VALUES LESS THAN (5),
SUBPARTITION p1sp2 VALUES LESS THAN (10)

PARTITION p2 VALUES LESS THAN (20) (
SUBPARTITION p2sp1 VALUES LESS THAN (15),
SUBPARTITION p2sp2 VALUES LESS THAN (20)

)

)
gaussdb=# DROP TABLE t_range_range;

--Range-List
gaussdb=# CREATE TABLE t_range_list (

c1 INT,

c2 INT,

c3 INT

)

PARTITION BY RANGE (c1)
SUBPARTITION BY LIST (c2)
(

PARTITION p1 VALUES LESS THAN (10) (
SUBPARTITION p1sp1 VALUES (1, 2),
SUBPARTITION p1sp2 VALUES (3, 4)

)

PARTITION p2 VALUES LESS THAN (20) (
SUBPARTITION p2sp1 VALUES (1, 2),
SUBPARTITION p2sp2 VALUES (3, 4)

)

)
gaussdb=# DROP TABLE t_range_list;

--Range-Hash

gaussdb=# CREATE TABLE t_range_hash (
c1 INT,
c2 INT,
c3 INT

)
PARTITION BY RANGE (c1)
SUBPARTITION BY HASH (c2)
SUBPARTITIONS 2
(
PARTITION p1 VALUES LESS THAN (10),
PARTITION p2 VALUES LESS THAN (20)
)
gaussdb=# DROP TABLE t_range_hash;

--List-Range

gaussdb=# CREATE TABLE t_list_range (
c1 INT,
c2 INT,
c3 INT

)
PARTITION BY LIST (c1)
SUBPARTITION BY RANGE (c2)
(
PARTITION p1 VALUES (1, 2) (
SUBPARTITION p1sp1 VALUES LESS THAN (5),
SUBPARTITION p1sp2 VALUES LESS THAN (10)
)
PARTITION p2 VALUES (3, 4) (
SUBPARTITION p2sp1 VALUES LESS THAN (5),
SUBPARTITION p2sp2 VALUES LESS THAN (10)
)
)
gaussdb=# DROP TABLE t_list_range;

--List-List
gaussdb=# CREATE TABLE t_list_list (
c1 INT,
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c2 INT,
c3 INT
)
PARTITION BY LIST (c1)
SUBPARTITION BY LIST (c2)
(
PARTITION p1 VALUES (1, 2) (
SUBPARTITION p1sp1 VALUES (1, 2),
SUBPARTITION p1sp2 VALUES (3, 4)

PARTITION p2 VALUES (3, 4) (
SUBPARTITION p2sp1 VALUES (1, 2),
SUBPARTITION p2sp2 VALUES (3, 4)

)

)
gaussdb=# DROP TABLE t_list_list;

--List-Hash
gaussdb=# CREATE TABLE t_list_hash (
c1 INT,
c2 INT,
c3 INT
)
PARTITION BY LIST (c1)
SUBPARTITION BY HASH (c2)
SUBPARTITIONS 2
(
PARTITION p1 VALUES (1, 2),
PARTITION p2 VALUES (3, 4)
)
gaussdb=# DROP TABLE t_list_hash;

--Hash-Range
gaussdb=# CREATE TABLE t_hash_range (
c1 INT,
c2 INT,
c3 INT
)
PARTITION BY HASH (c1)
PARTITIONS 2
SUBPARTITION BY RANGE (c2)
(
PARTITION p1 (
SUBPARTITION p1sp1 VALUES LESS THAN (5),
SUBPARTITION p1sp2 VALUES LESS THAN (10)

PARTITION p2 (
SUBPARTITION p2sp1 VALUES LESS THAN (5),
SUBPARTITION p2sp2 VALUES LESS THAN (10)
)
)
gaussdb=# DROP TABLE t_hash_range;

--Hash-List
gaussdb=# CREATE TABLE t_hash_list (
c1 INT,
c2 INT,
c3 INT
)
PARTITION BY HASH (c1)
PARTITIONS 2
SUBPARTITION BY LIST (c2)
(
PARTITION p1 (
SUBPARTITION p1sp1 VALUES (1, 2),
SUBPARTITION p1sp2 VALUES (3, 4)

PARTITION p2 (
SUBPARTITION p2sp1 VALUES (1, 2),
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FEREFIEER

SUBPARTITION p2sp2 VALUES (3, 4)
)
)
gaussdb=# DROP TABLE t_hash_list;

--Hash-Hash
gaussdb=# CREATE TABLE t_hash_hash (
c1 INT,
c2 INT,
c3 INT
)
PARTITION BY HASH (c1)
PARTITIONS 2
SUBPARTITION BY HASH (c2)
SUBPARTITIONS 2

PARTITION p1,
PARTITION p2

)
gaussdb=# DROP TABLE t_hash_hash;

A EE

Intervalp XEREEES XKA—M4FHE, BRIASIF— R XissHENX
Interval$3 X,

KD XRAI—RD I — RS X5 XRS5,

3.2.2.6 D XFRXIENEERTEEER D

f£GaussDB Kernel W#ZLEIA, 5 XEHUIEAGENAIMIEDIZELLIES XEEIISD X
BEREPOHIFFE, ENEE LS XFIFSEIEENFTEEESM: (1) heap-insert
HRFRHA. (2) partition-routing? XIEEHF &R, WNE3-3FR, HiheapEE
AR tuple NEIT R heapR MO HF HiZZf o Z @RS XERLEA, Mo XEHEE
DERRS XIREBMtupleTTBIB A RN M partRel {91888, FHHEHS XIRHEEEARSER—
—ijj “ o XHEA, FRZAEF S, XL —Rk s XZS—ERHIRE, WIKHRE
SENFRER

B 3-3 ZEXR&DXERHIEEN

______________________________

_____________________________________________________

EH XS ERIEN AR E ST :
1. HXFEFERHeapFiEA:

a. BFEIRMNL

b. heapHUEIEAN
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2. DREFSXEH:

c. E5[@EAbuildifitt (F&R5!)

a. BHEHREXRZEMNMK

b. IRHEREMNL, BIFHXEpartRelDRHRE. FHISHIRENERZIEFTH

(11 588

SRR EBE AHIESENRRINSERTIETAIL, UPDATERSHEE TEHK

o

RIS XEBRRHEAZIENERS- 17!

£ 3-1 IRHREX24E

ijﬁi%@%ﬁﬂ’ﬂﬁ:éﬂi&ﬁDELETE?;‘Tsi’E%EﬁiEﬁlNSERT, FE LA AN EZINSERTIEQIZSE

List )

XA BHREEERE SCHEIAEA

BEISX (Range O(logN) HF "4 binary-search3LI
Partition )

[BfFDX (Interval O(logN) HF 4% binary-searchsZI}
Partition )

A9 X (Hash- O(1) HTF key-partOidI5 7L
Partition )

FIFRDX (List- O(1) HTF key-partOidia 7 &L
Partition )

“H4 X (List/List) o(1) + O(1) EE+HIEHE

Z K53 ( List/ O(1) +0(1) =0(1) | BHE+ZHEK

Range )

TR (List/ 0(1) + 0(1) = 0(1) | BRFE+IRE

Hash )

Z#4X (Range/ O(1) +0(1) =0(1) | ZHEHK+EH

— X ( Range/
Range )

O(1) +0O(1) =0O(1)

—HBHRHBH

List )

—#%45X (Range/ 0(1) +0(1) =0(1) | ZH&EK+IEHE
Hash )
455X (Hash/ O(1) + 0(1) =0(1) | BBFHE+IEFH

R4 [X (Hash/
Range )

O(1) +0O(1) =0(1)

R4 X (Hash/
Hash )

O(1) + O(1) = O(1)
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A ER
7 X RN ERMEZIERESASIETAN S XBITEEMRES XAZE, 8tIF
I XRIXEBD DEIMENRIFHE, XD FHEERZIIES N LAY EEEIRATAR
SERCPULIERES) . REE . WE/NFRILIREEREX, BEALIEEIAN:
o x86IRFHEIR F—ROXRBLULEBRNSNMEESIREI0%LIA, —HKDXE
FEEEaRIE{R20%LAR .
e ARMBRSSERIZZR F/920%. 30%, i&Rx86FIARMISEIMRERIMESRAIEEERE

=D XBHAAIn-memoryitEBins, ERx86/KRCPUERIZIESIEREN
B Farm,

3.2.3 S XEXREH

3.2.3.1 SIEnXFE

SEEESKR (BIB—RHKR)

HFSQLESINASGR AR ESHIE, SQUEENBELLES, SXERHEML, 9X
FHRIZE LB EREIES XERNEM IR XEYE, EitbS XERNEXE
O E R EXEEIES XFECREATE TABLEEEG@#1TH EPARTITION BYiEGIERSY,
RS ES XHBEXH="MxJTx:!

1. X3R! (partType ) : A XFRAIS XHREE, 5BIHRANGE/INTERVAL/
LIST/HASH,

2. 9X#E (partkey) : #HASXEMNSXF, HEIRANGE/LISTAXZIFEY (R
8121651 ) DX, INTERVAL/HASHY X R i5e545 X

3. ﬁglzieﬁit(partEXpr) RS RERMEFRDXESI, AIES S XAIRIN
BREFRER

X=EpHBEBTTEEERIEDNIPartition By ClauseFE AN, PARTITION BY

partType (partKey) ( partExprl,partExpr]--+) o EIENT:
CREATE TABLE [ IF NOT EXISTS ] partition_table_name

(
[ /* iz g R T EiERCreate Table */
{ column_name data_type [ COLLATE collation ] [ column_constraint [ ... ] ]
| table_constraint
| LIKE source_table [ like_option [..] ] }[, ... ]

]

[ WITH ( {storage_parameter = value} [, ...]1) ]

[ COMPRESS | NOCOMPRESS ]

[ TABLESPACE tablespace_name ]

[* BESRGR, HEBAAINTERVALTONRERS KifS */

PARTITION BY RANGE (partKey) [ INTERVAL (‘interval_expr') [ STORE IN (tablespace_name [, ..1) 11 (
partition_start_end_item [, ... ]
partition_less_then_item [, ... ]

)
[* SIRSRIF= */
PARTITION BY LIST (partKey)

PARTITION partition_name VALUES (list_values_clause) [ TABLESPACE tablespace_name [, ... ] ]
)
[ BESRFR Y/

PARTITION BY HASH (partKey) (
PARTITION partition_name [ TABLESPACE tablespace_name [, ... ] ]
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)
[* FHR/ XA XRITIERS */
[ { ENABLE | DISABLE } ROW MOVEMENT J;

S LOER :

1. Range/Listp X AZIF161 2 XH#E, Interval/Hashn XK RIZIF1 o XEE, —
RHXIAIFINDXEE,

2. Intervaly X{XSZiEATE)/ HEBEIEZEEY, Interval o RASHFE _ R P XEHE
FEN

3. BREBHELXN, PREFEBATE, SUDMLUEISHTIRIEWLIE, H—F)
4h: Ranges? XFEENXBMAXVALUES X/Listf XEREN BDEFAULTS X o

4. DXEEAEN1048575%, ALUBEABD W SIHRANFRK. (EOXEIRINS
%ﬁ&?éfﬁﬂlﬂiﬂ’—#ﬁiﬁéﬂﬂ, TINRFRIERE, —MRITENRMS RIS KEGE
13200,

I _ R XE

“H{ZpXE, JLUERRN—RDRERNT R, B XEFE—ESXE—KE
ERF AL ERE, MEXrEFME_ R XSt NIH EMS, Z4%K
P EENDXARZHRN—RS XWBREMRL, — KPR RARFLED
CREATE TABLE PARTITION, B ”HKHXFEETEE: Range-Rangesy X
Range-Lists>[X . Range-Hash73[X. List-Ranges[X. List-List/>[X . List-Hash7>
[X. Hash-Range%'[X. Hash-List$3X. Hash-Hash$y X%, BRI —RhHD RIGHFHT
7R, Ry XEIERIRAIENT:

CREATE TABLE [ IF NOT EXISTS ] subpartition_table_name

[ /* ZEP o g R T ZiERAICreate Table */
{ column_name data_type [ COLLATE collation ] [ column_constraint [ ... ] ]
| table_constraint
| LIKE source_table [ like_option [..]]1} [, ... ]
]
)
[ WITH ( {storage_parameter = value} [, ... 1) ]
[ COMPRESS | NOCOMPRESS ]
[ TABLESPACE tablespace_name ]
[* “HBPRENXRIEBS */
PARTITION BY {RANGE | LIST | HASH} SUBPARTITOIN BY {RANGE | LIST | HASH}
(
PARTITION partition_name partExpr--- /* £—EH X */
(
SUBPARTITION partition_name partExpr ---
SUBPARTITION partition_name partExpr ---

)I
PARTITION partition_name partExpr--- /* £—EH X */

SUBPARTITION partition_name partExpr ---
SUBPARTITION partition_name partExpr ---
)I

)
[ { ENABLE | DISABLE } ROW MOVEMENT J;

MRgL0R

TR X TIELIST/HASH/RANGES KAV EEFRARAS -
TRDRIGEPNZIFR X,

TR X PRI Interval 2B XRIES .
“RpXinsEsd, DX ERA1048575,

A w N =

SRR 01 (2024-05-07) WRINERE © ARITERARBIRAE 35



Z=HIEZE GaussDB
FERIFEIER 3PXE

B XEE
7 X Z=eAy XARXAIER D BIE T LUERZUIED XRAJALTER-TABLEG ST O X/E
g2, ERNS XBHESEDEE:
1. BINHEX
BRI
kR / B X ¥R
EISK
EHOX
BEnX
KX
8. EMESKX
U EEBID XBEHEEEEOETEERALTER TABLEEGHITY &, AfEAHH
/J:;Eﬁ@%ﬁgité;éw , PREBUTENENERERGIAT:

ALTER TABLE [ IF EXISTS ] { table_name [*] | ONLY table_name | ONLY ( table_name )}
action [, ... 1;

DXERALTER TABLEEERIERSZESEHRREEEE. (FREEH) P “SQLE
% > SQLiBi% > ALTER TABLE PARTITIONFALTER TABLE SUBPARTITION” E75,

N o v s wDN

3.2.3.2 X% DML &=ifiEQ
HFS XIS AIERIEERZS, AR RESE. S RESHEEE
R TIEES RNEWIRIELINSEXS,

HFPXENSBIEERE, GaussDB KernelSTIFEED XIIEITIRIE, IEEDXALL
JBIZPARTITION (partname)dZPARTITION FOR (partvalue)3ki#iT, IFF-HRHX
RIATLAEITSUBPARTITION (subpartname)a}ZSUBPARTITION FOR
(subpartvalue)iBEEFN RO K . IBESXDMLIFLAT/LEE:

256 ( SELECT)

#HN (INSERT)

&5 (UPDATE)

f#ips ( DELETE)

NS EF ( UPSERT)

&3 ( MERGE INTO)

THSE THEES XMDMLAYRE!:

/* Bl TR R R list_Llist_02 */
gaussdb=# CREATE TABLE IF NOT EXISTS list_list_02

o Uk wWwhN =

id INT,
role VARCHAR(100),
data VARCHAR(100)

)
PARTITION BY LIST (id) SUBPARTITION BY LIST (role)

PARTITION p_list_2 VALUES(0,1,2,3,4,5,6,7,8,9)
SUBPARTITION p_list_2_1 VALUES ( 0,1,2,3,4,5,6,7,8,9 ),

SUBPARTITION p_list_2_2 VALUES ( DEFAULT ),
SUBPARTITION p_list_2_3 VALUES ( 10,11,12,13,14,15,16,17,18,19),
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SUBPARTITION p_list_2_4 VALUES ( 20,21,22,23,24,25,26,27,28,29 ),
SUBPARTITION p_list_2_5 VALUES ( 30,31,32,33,34,35,36,37,38,39 )
Do
PARTITION p_list_3 VALUES(10,11,12,13,14,15,16,17,18,19)
(
SUBPARTITION p_list_3_2 VALUES ( DEFAULT )
Do
PARTITION p_list_4 VALUES( DEFAULT ),
PARTITION p_list_5 VALUES(20,21,22,23,24,25,26,27,28,29)
(
SUBPARTITION p_list_5_1 VALUES ( 0,1,2,3,4,5,6,7,8,9 ),
SUBPARTITION p_list_5_2 VALUES ( DEFAULT ),
SUBPARTITION p_list_5_3 VALUES ( 10,11,12,13,14,15,16,17,18,19),
SUBPARTITION p_list_5_4 VALUES ( 20,21,22,23,24,25,26,27,28,29 ),
SUBPARTITION p_list_5_5 VALUES ( 30,31,32,33,34,35,36,37,38,39 )
Do
PARTITION p_list_6 VALUES(30,31,32,33,34,35,36,37,38,39),
PARTITION p_list_7 VALUES(40,41,42,43,44,45,46,47,48,49)

SUBPARTITION p_list_7_1 VALUES ( DEFAULT )
)
) ENABLE ROW MOVEMENT,
[* BNEIE */
INSERT INTO list_list_02 VALUES(null, 'alice', 'alice data');
INSERT INTO list_list_02 VALUES(2, null, 'bob data');
INSERT INTO list_list_02 VALUES(null, null, 'peter data');

[* THEE S KiH1TES */
-- BiAnXERSEPEIE
gaussdb=# SELECT * FROM list_list_ 02 ORDER BY data;
id | role | data
| |
| alice | alice data
2 | | bob data
| | peter data
(3 rows)
-- B Xp_list_4%iE
gaussdb=# SELECT * FROM list_list_02 PARTITION (p_list_4) ORDER BY data;
id | role | data
| |
| alice | alice data
| | peter data
(2 rows)
-- Eif(100, 100) XTI RO — o XAVEHE, BI”4Rks Xp_Llist_4_subpartdefault1
gaussdb=# SELECT * FROM list_list_02 SUBPARTITION FOR(100, 100) ORDER BY data;
id | role | data
| |
| alice | alice data
| | peter data
(2 rows)
- TS Xp_Llist_2 #HiE
gaussdb=# SELECT * FROM list_list_02 PARTITION (p_list_2) ORDER BY data;
id | role | data
S |
2| | bob data
(1 row)
-- E1§(0, 100) TS RIAY — R XAIEIE, BI"HKHXp_list_2_2
gaussdb=# SELECT * FROM list_list_02 SUBPARTITION FOR (0, 100) ORDER BY data;
id | role | data
S |
2| | bob data
(1 row)

[* IHEE S XMIUD */

-- MRS Xp_Llist_SHRIEEREE

gaussdb=# DELETE FROM list_list_02 PARTITION (p_list_5);

- EESRKp_list_7_EANHE, BTFHIEAFSZoXAR, BARE

gaussdb=# INSERT INTO list_list_02 SUBPARTITION (p_list_7_1) VALUES(null, 'cherry', 'cherry data');
ERROR: inserted subpartition key does not map to the table subpartition

SASERRAS 01 (2024-05-07) WRINFTE © AR ERABIRAE

37



Z=HIEZE GaussDB
FERIFEIER

- B—RHX(E100FED XEEMIRETEH
gaussdb=# UPDATE list_list_02 PARTITION FOR (100) SET id = 1;

--upsert

gaussdb=# INSERT INTO list_list_02 (id, role, data) VALUES (1, 'test’, 'testdata') ON DUPLICATE KEY UPDATE

role = VALUES(role), data = VALUES(data);

--merge into

gaussdb=# CREATE TABLE IF NOT EXISTS list_tmp

(
id INT,
role VARCHAR(100),
data VARCHAR(100)

)

PARTITION BY LIST (id)

(
PARTITION p_list_2 VALUES(0,1,2,3,4,5,6,7,8,9),
PARTITION p_list_3 VALUES(10,11,12,13,14,15,16,17,18,19),
PARTITION p_list_4 VALUES( DEFAULT ),
PARTITION p_list_5 VALUES(20,21,22,23,24,25,26,27,28,29),
PARTITION p_list_6 VALUES(30,31,32,33,34,35,36,37,38,39),
PARTITION p_list_7 VALUES(40,41,42,43,44,45,46,47,48,49)) ENABLE ROW MOVEMENT;

gaussdb=# MERGE INTO list_tmp target
USING list_list_02 source
ON (target.id = source.id)
WHEN MATCHED THEN
UPDATE SET target.data = source.data,
target.role = source.role
WHEN NOT MATCHED THEN
INSERT (id, role, data)
VALUES (source.id, source.role, source.data);

-l
gaussdb=# DROP TABLE list_tmp;
gaussdb=# DROP TABLE list_list_02;

3.3 S XFREENM

AR

RINTSREIFTRZexplain_perf_modeZ#&EInormal,

3.3.1 o XEIR

3.3.1.1 P XFEHSEIR

MFRRFMPEEFEEENS KERETIERD, NSRBI indexscan.

bitmap indexscan. indexonlyscanE&FHEBANCRZMHENTRLERM, THOK
MiEik. EFEESINRFHPEEELEE— I PREFE, NTFRES T IXE

NpKEk, BaFEsXEFER,
FHSEIR SZ FRE B AR :

1. XFPREH: —FHK. ZHKDKX.
2. XIFHXEE: BESX. @RIK. BEHEX. JIRSX.

3. MIFRAIER: LWRERR (<, <=, =, >=, >) | BERAX. HERL

o
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A ER
o BRIFFSENAITFEIRIAN.
. XT;I; "R RFBE—RDXIEDET, AR KBRITIREGH—T

. ﬁ?i?—; XREIR, EITRIEMITERED X ERIT RS adEiRI s IZ%E":
J, MieslEBNINGEEES, JSERERMES X LIRS, kD
IX%EJ:?E?E%

HSEIR S IF R BB S B REIAN T :

a. teFIL{

-BlIESXE

gaussdb=# CREATE TABLE t1 (c1 int, c2 int)

PARTITION BY RANGE (c1)

(
PARTITION p1 VALUES LESS THAN(10),
PARTITION p2 VALUES LESS THAN(20),
PARTITION p3 VALUES LESS THAN(MAXVALUE)

)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 = 1;
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 1
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 =1)
Selected Partitions: 1
(7 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 < 1;
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 1
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 < 1)
Selected Partitions: 1
(7 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 > 11;
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 2
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 > 11)
Selected Partitions: 2..3
(7 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 is NULL;
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 1
-> Partitioned Seq Scan on public.t1
Output: c1, c2
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Filter: (t1.c1 IS NULL)
Selected Partitions: 3
(7 rows)
b. BIEFREAT
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 =1 AND c2 = 2;
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 1
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: ((t1.c1 =1) AND (t1.c2 = 2))
Selected Partitions: 1
(7 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE ¢1 =1 OR c1 = 2;
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 1
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: ((t1.c1 =1) OR (t1.c1 = 2))
Selected Partitions: 1
(7 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE NOT c1 = 1;
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 3
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 <> 1)
Selected Partitions: 1..3
(7 rows)

c. HEEBERAH
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 IN (1, 2, 3);
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 1
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ANY ('{1,2,3}:integer[]))
Selected Partitions: 1
(7 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 = ALL(ARRAY[1,
2, 3]);
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: 0
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ALL ('{1,2,3}:integer[]))
Selected Partitions: NONE
(7 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 = ANY(ARRAY[1,
2, 3]);
QUERY PLAN
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Partition Iterator
Output: c1, c2
Iterations: 1
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ANY ('{1,2,3}":integer[]))
Selected Partitions: 1
(7 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 =
SOME(ARRAY[1, 2, 3]);
QUERY PLAN

Partition Iterator
Output: c1, c2
Iterations: 1
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ANY ('{1,2,3}":integer[]))
Selected Partitions: 1
(7 rows)

o FSEIRAIFRHAIZSBENREIINT:
a. FEEFRER

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 WHERE c1 = ALL(SELECT c2
FROM t1 WHERE c1 > 10);
QUERY PLAN

Partition Iterator
Output: public.t1.c1, public.t1.c2
Iterations: 3
-> Partitioned Seq Scan on public.t1
Output: public.t1.c1, public.t1.c2
Filter: (SubPlan 1)
Selected Partitions: 1..3
(7 rows)

--i5TERpl
gaussdb=# DROP TABLE t1;

3.3.1.2 S XEREIEEIR;

MFRRFHPEFETET=ND XEETETD, BTSSRI ZRENEFRI48

ESH, FELUEMER{NEESSRindexscan. bitmapindexscan. |ndexonlyscan='=’§
FRRFMIEN, BESTERITSEMEBREHESHE, TP XFE. EFEa

FIREZHPFEEVEE TP XEFE, WTFEESIPXEND I:?E B8a1F

EoXEFERA ., BRin XRNSERINZIFPBEG=MSHHLERn=.

3.3.1.2.1 PBE ZhZ 80k,

PBEE)J,UE%Efii??B“ZZDTﬁEa? :

1. ZHEFPEEH: T ZHKHX

2. X ,E,l X ERSX. [l’a\ PX. ERS

3. SERIAIER: WRFREAR (<, <=, =, >=, >) . JEEHEEEEU HEFRIA

Lo
4. TEFERORRTUEELEIRANREL: T RE A LMEEEIRAIHS=AimmutableRE]
A LAz 45 PBERNZSEIY,
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A EE

o PBEZIESEIRTIFRIAT. FRUiEiE. immutablefRZ], stable®#, FAXIFFEIG
FixFvolatileFB# . XFstablef®E], ¥0to_timestampSESERUEIRREL, ATRES
TCUCSHZM, HINEIRER ., AT RIFEEENM, B ReILUEdanalyzez
B4 Rkgplanfi#iR,

o HTPBEEIESEIR EE Fgeneric planf8Itt, FRLAFIMME R R &REPBERNIZASEIR,

B, TEERESE plan_cache_mode = 'force_generic_plan', HEffRcustom planfd

Fifto
o WTFRKHDXFEE—RDXNEEED, FHFH RS XERISREFMEFH—F
B,

e  PBEGISEIRISHYHENG S BRI T :

a. HUREFRIAR
RIS XE
gaussdb=# CREATE TABLE t1 (c1 int, c2 int)
PARTITION BY RANGE (c1)

PARTITION p1 VALUES LESS THAN(10),
PARTITION p2 VALUES LESS THAN(20),
PARTITION p3 VALUES LESS THAN(MAXVALUE)
)
-RESH
gaussdb=# set plan_cache_mode = 'force_generic_plan’;

gaussdb=# PREPARE p1(int) AS SELECT * FROM t1 WHERE c1 = $1;

PREPARE

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p1(1);
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = $1)
Selected Partitions: 1 (pbe-pruning)
(7 rows)

gaussdb=# PREPARE p2(int) AS SELECT * FROM t1 WHERE c1 < $1;

PREPARE

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p2(1);
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 < $1)
Selected Partitions: 1 (pbe-pruning)
(7 rows)

gaussdb=# PREPARE p3(int) AS SELECT * FROM t1 WHERE c1 > $1;

PREPARE

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p3(1);
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
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Filter: (t1.c1 > $1)
Selected Partitions: 1..3 (pbe-pruning)
(7 rows)
b. BEFIAR
gaussdb=# PREPARE p5(INT, INT) AS SELECT * FROM t1 WHERE c1 = $1 AND c2 = $2;

PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p5(1, 2);

QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: ((t1.c1 = $1) AND (t1.c2 = $2))
Selected Partitions: 1 (pbe-pruning)
(7 rows)

gaussdb=# PREPARE p6(INT, INT) AS SELECT * FROM t1 WHERE c1 = $1 OR c2 = $2;

PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p6(1, 2);

QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: ((t1.c1 = $1) OR (t1.c2 = $2))
Selected Partitions: 1..3 (pbe-pruning)
(7 rows)
gaussdb=# PREPARE p7(INT) AS SELECT * FROM t1 WHERE NOT c1 = $1;
PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) execute p7(1);
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 <> $1)
Selected Partitions: 1..3 (pbe-pruning)
(7 rows)

c. HHEFEH
gaussdb=# PREPARE p8(INT, INT, INT) AS SELECT * FROM t1 WHERE c1 IN ($1, $2, $3);

PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p8(1, 2, 3);

QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ANY (ARRAY[$1, $2, $3]))
Selected Partitions: 1 (pbe-pruning)
(7 rows)
gaussdb=# PREPARE p9(INT, INT, INT) AS SELECT * FROM t1 WHERE c1 NOT IN ($1, $2, $3);
PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p9(1, 2, 3);
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
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Filter: (t1.c1 <> ALL (ARRAY[$1, $2, $31))
Selected Partitions: 1..3 (pbe-pruning)
(7 rows)
gaussdb=# PREPARE p10(INT, INT, INT) AS SELECT * FROM t1 WHERE c1 = ALL(ARRAY[$1, $2,
$31);
PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p10(1, 2, 3);
QUERY PLAN
Partition Iterator
Output: c1, c2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ALL (ARRAY[$1, $2, $31))
Selected Partitions: NONE (pbe-pruning)
(7 rows)
gaussdb=# PREPARE p11(INT, INT, INT) AS SELECT * FROM t1 WHERE c1 = ANY(ARRAY[$1, $2,
$31);
PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p11(1, 2, 3);
QUERY PLAN
Partition Iterator
Output: c1, c2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ANY (ARRAY[$1, $2, $31))
Selected Partitions: 1 (pbe-pruning)
(7 rows)
gaussdb=# PREPARE p12(INT, INT, INT) AS SELECT * FROM t1 WHERE c1 = SOME(ARRAY[$1,
$2, $31);
PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p12(1, 2, 3);

QUERY PLAN

Partition Iterator
Output: c1, c2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ANY (ARRAY[$1, $2, $31))
Selected Partitions: 1 (pbe-pruning)
(7 rows)

d. REERNAIRT(EEIR
gaussdb=# set plan_cache_mode = 'force_generic_plan’;
gaussdb=# PREPARE p13(TEXT) AS SELECT * FROM t1 WHERE c1 = $1;
PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p13('12');
QUERY PLAN

Partition Iterator
Output: c1, 2
Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = ($1):bigint)
Selected Partitions: 2 (pbe-pruning)
(7 rows)

e. immutablepRZg
gaussdb=# PREPARE p14(TEXT) AS SELECT * FROM t1 WHERE c1 = LENGTHB($1);

PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p14('hello');

QUERY PLAN

Partition Iterator
Output: c1, 2
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Iterations: PART
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: (t1.c1 = lengthb($1))
Selected Partitions: 1 (pbe-pruning)
(7 rows)

o  PBEGIESEIRASTIFAYHEAUA R BAREIN T :
a. FEHARER

gaussdb=# PREPARE p15(INT) AS SELECT * FROM t1 WHERE c1 = ALL(SELECT c2 FROM t1
WHERE c1 > $1);
PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p15(1);
QUERY PLAN

Partition Iterator
Output: public.t1.c1, public.t1.c2
Iterations: 3
-> Partitioned Seq Scan on public.t1
Output: public.t1.c1, public.t1.c2
Filter: (SubPlan 1)
Selected Partitions: 1..3
(7 rows)

b. REEELIGTAEREMARTI(ER
gaussdb=# PREPARE p16(name) AS SELECT * FROM t1 WHERE c1 = $1;

PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p16('12");
QUERY PLAN

Partition Iterator
Output: c1, c2
Iterations: 3
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: ((t1.c1):text = ($1)::text)
Selected Partitions: 1..3
(7 rows)

c. stable/volatilepR%g
gaussdb=# create sequence seq;
gaussdb=# PREPARE p17(TEXT) AS SELECT * FROM t1 WHERE c1 = currval($1);--volatileFREA3Z
KBRS
PREPARE
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) EXECUTE p17('seq');
QUERY PLAN

Partition Iterator
Output: c1, c2
Iterations: 3
-> Partitioned Seq Scan on public.t1
Output: c1, c2
Filter: ((t1.c1):numeric = currval(($1):regclass))
Selected Partitions: 1..3
(7 rows)

-l
gaussdb=# DROP TABLE t1;

3.3.1.2.2 SEULIBRREISEIR
BRI ST B BN N R
XEFPRER: —FHX. ZHZHKX,
2. ZIEFPXED: EESK. BERSK. BHELIX. JIRSKX.
3. XEFEFHEEY: indexscan. indexonlyscan. bitmapscan,

W

—_—
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4. THFREARER: WREFER (<, <=, =, >=, >) | BERKH.

A EE

SHUEENSERAIFFERFRIAN, FXZHFstableflvolatilelRE], FZHFEE
QueryBlockZ2# L8R, AZ#FBitmapOr, BitmapAnd&E+,

o SHUREMNSERSHFRHEIZS BAREINT:

a.

e SN
--BlEH XFEMZES|
gaussdb=# CREATE TABLE t1 (c1 INT, c2 INT)
PARTITION BY RANGE (c1)
(
PARTITION p1 VALUES LESS THAN(10),
PARTITION p2 VALUES LESS THAN(20),
PARTITION p3 VALUES LESS THAN (MAXVALUE)
)
gaussdb=# CREATE TABLE t2 (c1 INT, c2 INT)
PARTITION BY RANGE (c1)

PARTITION p1 VALUES LESS THAN(10),
PARTITION p2 VALUES LESS THAN(20),
PARTITION p3 VALUES LESS THAN(MAXVALUE)

)

gaussdb=# CREATE INDEX t1_c1 ON t1(c1) LOCAL;

gaussdb=# CREATE INDEX t2_c1 ON t2(c1) LOCAL;
gaussdb=# CREATE INDEX t1_c2 ON t1(c2) LOCAL;
gaussdb=# CREATE INDEX t2_c2 ON t2(c2) LOCAL;

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t2 JOIN t1 ON t1.c1 = t2.c2;
QUERY PLAN

Hash Join
Output: t2.c1, t2.c2, t1.c1, t1.c2
Hash Cond: (t2.c2 = t1.c1)
-> Partition Iterator
Output: t2.c1, t2.c2
Iterations: 3
-> Partitioned Seq Scan on public.t2
Output: t2.c1, t2.c2
Selected Partitions: 1..3
-> Hash
Output: t1.c1, t1.c2
-> Partition Iterator
Output: t1.c1, t1.c2
Iterations: 3
-> Partitioned Seq Scan on public.t1
Output: t1.c1, t1.c2
Selected Partitions: 1..3
(17 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t2 JOIN t1 ON t1.c1 < t2.c2;
QUERY PLAN

Nested Loop
Output: t2.c1, t2.c2, t1.c1, t1.c2
-> Partition Iterator
Output: t2.c1, t2.c2
Iterations: 3
-> Partitioned Seq Scan on public.t2
Output: t2.c1, t2.c2
Selected Partitions: 1..3
-> Partition Iterator
Output: t1.c1, t1.c2
Iterations: PART
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-> Partitioned Index Scan using t2_c1 on public.t1
Output: t1.c1, t1.c2

Index Cond: (t1.c1 < t2.c2)

Selected Partitions: 1..3 (ppi-pruning)
(15 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t2 JOIN t1 ON t1.c1 > t2.c2;
QUERY PLAN

Nested Loop
Output: t2.c1, t2.c2, t1.c1, t1.c2
-> Partition Iterator
Output: t2.c1, t2.c2
Iterations: 3
-> Partitioned Seq Scan on public.t2
Output: t2.c1, t2.c2
Selected Partitions: 1..3
-> Partition Iterator
Output: t1.c1, t1.c2
Iterations: PART
-> Partitioned Index Scan using t2_c1 on public.t1
Output: t1.c1, t1.c2
Index Cond: (t1.c1 > t2.c2)

Selected Partitions: 1..3 (ppi-pruning)
(15 rows)

b. BHEFRXR
gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t2 JOIN t1 ON t1.c1 = t2.c2
AND t1.c2 = 2;
QUERY PLAN

Hash Join
Output: t2.c1, t2.c2, t1.c1, t1.c2
Hash Cond: (t2.c2 = t1.c1)
-> Partition Iterator
Output: t2.c1, t2.c2
Iterations: 3
-> Partitioned Seq Scan on public.t2
Output: t2.c1, t2.c2
Selected Partitions: 1..3
-> Hash
Output: t1.c1, t1.c2
-> Partition Iterator
Output: t1.c1, t1.c2
Iterations: 3
-> Partitioned Bitmap Heap Scan on public.t1
Output: t1.c1, t1.c2
Recheck Cond: (t1.c2 = 2)
Selected Partitions: 1..3
-> Partitioned Bitmap Index Scan on t1_c2

Index Cond: (t1.c2 = 2)
(20 rows)

o SHNWRENSEIRASZIFAIERIZ S BARAIINT:

a. BitmapOr/BitmapAnd&—F
gaussdb=# SET enable_seqgscan=off;

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t2 JOIN t1 ON t1.c1 = t2.c2 OR
tl.c1 =2;
QUERY PLAN

Nested Loop
Output: t2.c1, t2.c2, t1.c1, t1.c2
-> Partition Iterator
Output: t2.c1, t2.c2
Iterations: 3
-> Partitioned Seq Scan on public.t2
Output: t2.c1, t2.c2
Selected Partitions: 1..3
-> Partition Iterator
Output: t1.c1, t1.c2
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Iterations: 3
-> Partitioned Bitmap Heap Scan on public.t1
Output: t1.c1, t1.c2
Recheck Cond: ((t1.c1 = t2.c2) OR (t1.c1 = 2))
Selected Partitions: 1..3
-> BitmapOr
-> Partitioned Bitmap Index Scan on t1_c1
Index Cond: (t1.c1 = t2.c2)
-> Partitioned Bitmap Index Scan on t1_c1

Index Cond: (t1.c1 = 2)
(20 rows)

b. [RzliEiR
gaussdb=# CREATE TABLE t3(c1 TEXT, c2 INT);
CREATE TABLE

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 JOIN t3 ON t1.c1 = t3.c1;
QUERY PLAN

Nested Loop
Output: t1.c1, t1.c2, t3.c1, t3.c2
-> Seq Scan on public.t3
Output: t3.c1, t3.c2
-> Partition Iterator
Output: t1.c1, t1.c2
Iterations: 3
-> Partitioned Index Scan using t1_c1 on public.t1
Output: t1.c1, t1.c2
Index Cond: (t1.c1 = (t3.c1)::bigint)
Selected Partitions: 1..3
(11 rows)

gaussdb=# EXPLAIN (VERBOSE ON, COSTS OFF) SELECT * FROM t1 JOIN t3 ON t1.c1 =
LENGTHB(t3.c1);

QUERY PLAN

Nested Loop
Output: t1.c1, t1.c2, t3.c1, t3.c2
-> Seq Scan on public.t3
Output: t3.c1, t3.c2
-> Partition Iterator
Output: t1.c1, t1.c2
Iterations: 3
-> Partitioned Index Scan using t1_c1 on public.t1
Output: t1.c1, t1.c2
Index Cond: (t1.c1 = lengthb(t3.c1))
Selected Partitions: 1..3
(11 rows)

A ]

gaussdb=# DROP TABLE t1;
gaussdb=# DROP TABLE t2;
gaussdb=# DROP TABLE t3;

3.3.2 P RXEFHRITHMN

3.3.2.1 PI ;&g

/15— U
348 uﬁ:‘[«% ok, H4TEEi@Id Partition Iterator&FEERIBTDE—PPK ., HH
XERERRIBE— 12 XAS, Partition Iterator&EFERLETIEMREHER, FELLBE
)RT%E’B%Partltlon Iterator&F, AILABGEHITI—LEARVENTE. BTFHRITE
PIPELINEZE#S, Partition IteratorBEFEEEHIT, EHIESRANIGS TER
Partition Iterator&FHIKZE BT -
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ANl

iHBfPartition IteratorE FEGUCSHpartition_iterator_eliminationFFEE7 8E4%
2, BT

gaussdb=# CREATE TABLE test_range_pt (a INT, b INT, c INT)
PARTITION BY RANGE (a)

PARTITION p1 VALUES LESS THAN (2000),

PARTITION p2 VALUES LESS THAN (3000),

PARTITION p3 VALUES LESS THAN (4000),

PARTITION p4 VALUES LESS THAN (5000),

PARTITION p5 VALUES LESS THAN (MAXVALUE)
)ENABLE ROW MOVEMENT;

gaussdb=# EXPLAIN SELECT * FROM test_range_pt WHERE a = 3000;
QUERY PLAN

Partition Iterator (cost=0.00..25.31 rows=10 width=12)
Iterations: 1
-> Partitioned Seq Scan on test_range_pt (cost=0.00..25.31 rows=10 width=12)
Filter: (a = 3000)
Selected Partitions: 3
(5 rows)

gaussdb=# SET partition_iterator_elimination = on;

SET

gaussdb=# EXPLAIN SELECT * FROM test_range_pt WHERE a = 3000;
QUERY PLAN

Partitioned Seq Scan on test_range_pt (cost=0.00..25.31 rows=10 width=12)
Filter: (a = 3000)
Selected Partitions: 3

(3 rows)

- BB
gaussdb=# DROP TABLE test_range_pt;

EREIMLIREN
1. GUCZHpartition_iterator_elimination i35, BMHRERERIE—IHKX
B, BtaaSMA7eeER.
2. HB&Partition IteratorBF AT —RHXE.

X¥#scplan, ZiFERogplanizas, o X##a = $1 ( EMELERMERRTLABIRL EI—
MXHS)

4. 37#5SeqScan. Indexscan. Indexonlyscan. Bitmapscan. RowToVec. Tidscan

BF.
5. Xi#%177F, astore/ustorefFfiE31%, Z#EFSQLBypass.
Partition Iterator&F FEBEFEIFHScanBEFRY, FXZHER.

3.3.2.2 Merge Append

ImRTEiR

L pXFHITEBHEFRY, BESQLSIZASLM S 25 c@id Partition Iterator +
PartmonScanSd Y XEMEEFAWAEHITSortHEFRIE, XEELUABEIES XS

ApE L BEAER T BHEE, BUIORDER BYHIFSG S ASHEFRNZRE|, A58
ﬁ%ﬂ’ﬂﬁu&e, JfFJ”\UEEiHUﬁH HIhXEE, BEioXEZF T o XAFHHEFERITER
B, FFEMergeAppendfIHATHLEIZH S XFRAIHEFLE o
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2 XZEMergeAppendBIHATHLHIRBIGIT :

gaussdb=# CREATE TABLE test_range_pt (a INT, b INT, c INT)
PARTITION BY RANGE(a)
(

PARTITION p1 VALUES LESS THAN (2000),

PARTITION p2 VALUES LESS THAN (3000),

PARTITION p3 VALUES LESS THAN (4000),

PARTITION p4 VALUES LESS THAN (5000),

PARTITION p5 VALUES LESS THAN (MAXVALUE)
)JENABLE ROW MOVEMENT;
gaussdb=# INSERT INTO test_range_pt VALUES
(generate_series(1,10000),generate_series(1,10000),generate_series(1,10000));
gaussdb=# CREATE INDEX idx_range_b ON test_range_pt(b) LOCAL;
gaussdb=# ANALYZE test_range_pt;

gaussdb=# EXPLAIN ANALYZE SELECT * FROM test_range_pt WHERE b >10 AND b < 5000 ORDER BY b

LIMIT 10;
QUERY PLAN

Limit (cost=0.06..1.02 rows=10 width=12) (actual time=0.990..1.041 rows=10 loops=1)
-> Result (cost=0.06..480.32 rows=10 width=12) (actual time=0.988..1.036 rows=10 loops=1)

-> Merge Append (cost=0.06..480.32 rows=10 width=12) (actual time=0.985..1.026 rows=10 loops=1)

Sort Key: b

-> Partitioned Index Scan using idx_range_b on test_range_pt (cost=0.00..44.61 rows=998

width=12) (actual time=0.256..0.284 rows=10 loops=1)
Index Cond: ((b > 10) AND (b < 5000))
Selected Partitions: 1

-> Partitioned Index Scan using idx_range_b on test_range_pt (cost=0.00..44.61 rows=998

width=12) (actual time=0.208..0.208 rows=1 loops=1)
Index Cond: ((b > 10) AND (b < 5000))
Selected Partitions: 2

-> Partitioned Index Scan using idx_range_b on test_range_pt (cost=0.00..44.61 rows=998

width=12) (actual time=0.205..0.205 rows=1 loops=1)
Index Cond: ((b > 10) AND (b < 5000))
Selected Partitions: 3

-> Partitioned Index Scan using idx_range_b on test_range_pt (cost=0.00..44.61 rows=998

width=12) (actual time=0.212..0.212 rows=1 loops=1)
Index Cond: ((b > 10) AND (b < 5000))
Selected Partitions: 4

-> Partitioned Index Scan using idx_range_b on test_range_pt (cost=0.00..44.61 rows=998

width=12) (actual time=0.092..0.092 rows=0 loops=1)
Index Cond: ((b > 10) AND (b < 5000))
Selected Partitions: 5

Total runtime: 1.656 ms

(20 rows)

%A XFEMergeAppendEF
gaussdb=# SET sql_beta_feature = 'disable_merge_append_partition’;
SET

gaussdb=# EXPLAIN ANALYZE SELECT * FROM test_range_pt WHERE b >10 AND b < 5000 ORDER BY b

LIMIT 10;
QUERY PLAN

Limit (cost=296.85..296.88 rows=10 width=12) (actual time=33.559..33.565 rows=10 loops=1)

-> Sort (cost=296.85..309.33 rows=10 width=12) (actual time=33.555..33.557 rows=10 loops=1)

Sort Key: b
Sort Method: top-N heapsort Memory: 26kB

-> Partition Iterator (cost=0.00..189.00 rows=4991 width=12) (actual time=0.352..27.176 rows=4989

loops=1)
Iterations: 5

-> Partitioned Seq Scan on test_range_pt (cost=0.00..189.00 rows=4991 width=12) (actual

time=16.874..25.637 rows=4989 loops=5)
Filter: ((b > 10) AND (b < 5000))
Rows Removed by Filter: 5011
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Selected Partitions: 1..5
Total runtime: 33.877 ms
(11 rows)

At
gaussdb=# DROP TABLE test_range_pt;

MergeAppendHiT 5 Ui N TFEBHIITHI

ERRIRAREM

BHOXFARERZR AIndex/Index OnlylT, Zz#FMergeAppendiiTHlEl .
PEERERKTFIRT, A ZiEMergeAppendiTHlEl .

YO XES|IBBEME HbtreeZES 8T, AxiFEMergeAppendHiTHlHE o
HSQLEBLImitFERY, 7 3Z#FMergeAppenditfiTHlEl o

B XIAWATINREEFilter, F3Z3FMergeAppendiTHlEl .

BGUCE#Esql_beta_feature = 'disable_merge_append_partition'ld, FEBER
MergeAppendi&iZ .

o Uk wN =

3.3.2.3 Max/Min

7S

LI XFFEBmMin/maxiREAT, BHESQLS RIS 25 Eig Partition Iterator
+ PartitionScand9y XEMESIWMATHITSort + LimitI(E, MRS XE2EK5H
i, ATLASERENS KETLMItRIE, kKEmin/max(E, REESXER_ LMHSort +
Limitig{E, XHFEDXE EMSortht, RFENDXELEKEmin/max{E, FrlASortdy
HIRSROXEHEE, XARARIRED T SortAFFiE

Nl

2K ZFEMax/Minffifb=EIanT:
gaussdb=# CREATE TABLE test_range_pt (a INT, b INT, c INT)
PARTITION BY RANGE(a)
(

PARTITION p1 VALUES LESS THAN (2000),

PARTITION p2 VALUES LESS THAN (3000),

PARTITION p3 VALUES LESS THAN (4000),

PARTITION p4 VALUES LESS THAN (5000),

PARTITION p5 VALUES LESS THAN (MAXVALUE)
)JENABLE ROW MOVEMENT;
gaussdb=# CREATE INDEX idx_range_b ON test_range_pt(b) LOCAL;
gaussdb=# INSERT INTO test_range_pt VALUES(generate_series(1,10000), generate_series(1,10000),
generate_series(1,10000));

(EETE

gaussdb=# explain analyze select min(b) from test_range_pt;
QUERY PLAN

Aggregate (cost=164.00..164.01 rows=1 width=8) (actual time=6.779..6.780 rows=1 loops=1)
-> Partition Iterator (cost=0.00..139.00 rows=10000 width=4) (actual time=0.099..4.588 rows=10000

loops=1)

Iterations: 5

-> Partitioned Seq Scan on test_range_pt (cost=0.00..139.00 rows=10000 width=4) (actual
time=0.326..3.516 rows=10000 loops=5)

Selected Partitions: 1..5

Total runtime: 6.942 ms
(6 rows)
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gaussdb=# explain analyze select min(b) from test_range_pt;
QUERY PLAN

Result (cost=441.25..441.26 rows=1 width=0) (actual time=0.554..0.555 rows=1 loops=1)

InitPlan 1 (returns $2)

-> Limit (cost=441.25..441.25 rows=1 width=4) (actual time=0.547..0.547 rows=1 loops=1)
-> Sort (cost=441.25..466.25 rows=1 width=4) (actual time=0.544..0.544 rows=1 loops=1)

Sort Key: public.test_range_pt.b
Sort Method: top-N heapsort Memory: 25kB

-> Partition Iterator (cost=0.00..391.25 rows=10000 width=4) (actual time=0.135..0.502 rows=5

loops=1)
Iterations: 5

-> Limit (cost=0.00..0.04 rows=1 width=4) (actual time=0.322..0.322 rows=5 loops=5)
-> Partitioned Index Only Scan using idx_range_b on test_range_pt (cost=0.00..391.25

rows=1 width=4) (actual time=0.319..0.319 rows=5 loops=5)
Index Cond: (b IS NOT NULL)
Heap Fetches: 5
Selected Partitions: 1..5

Total runtime: 0.838 ms

(14 rows)
A IERT BRI/ NIRRT
B

gaussdb=# DROP TABLE test_range_pt;

FEREINRARE G
1. HHXIFEERIndex, Index OnlyRF, FAziFmin/maxifift.
2. YPRXRES|SIEME SHbtreeEB AT, AZiEmin/max{fift .

3.3.2.4 o XENEIEIERESL
HEmmt

SESXRPBABIEINE, NRBENEENEE/SH/FREAFHHEE,

=Baf

XFINSERTEFHITHITMAL ( FastPath ) . BILABITHATITRISRHIMZ EitA 7T

7L, RS InserttRlgISHAFastPathXiEF,

]l
gaussdb=# CREATE TABLE fastpath_t1
(
coll int,
col2 text

)
PARTITION BY RANGE(col1)

PARTITION p1 VALUES LESS THAN(10),
PARTITION p2 VALUES LESS THAN(MAXVALUE)

)i

--INSERTEE, HifTFastPathffift
gaussdb=# EXPLAIN INSERT into fastpath_t1 values (0, 'test_insert');
QUERY PLAN

FastPath Insert on fastpath_t1 (cost=0.00..0.01 rows=1 width=0)
-> Result (cost=0.00..0.01 rows=1 width=0)
(2 rows)

--INSERTE&#/EERFIAT, HiTFastPath{fifl
gaussdb=# prepare insert_t1 as insert into fastpath_t1 values($1 + 1 + $2, $2);
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PREPARE
gaussdb=# explain execute insert_t1(10, '0');
QUERY PLAN

FastPath Insert on fastpath_t1 (cost=0.00..0.02 rows=1 width=0)
-> Result (cost=0.00..0.02 rows=1 width=0)
(2 rows)

--INSERTAFEE, TixHifTFastPathfift, EFRERITEEER

gaussdb=# create table test_1(coll int, col3 text);

gaussdb=# explain insert into fastpath_t1 select * from test_1;
QUERY PLAN

Insert on fastpath_t1 (cost=0.00..22.38 rows=1238 width=36)
-> Seq Scan on test_1 (cost=0.00..22.38 rows=1238 width=36)
(2 rows)

BRI
gaussdb=# DROP TABLE fastpath_t1;
gaussdb=# DROP TABLE test_1;

E_E YN ENES St

1. R3ZHEFINSERT VALUESIEA FRIMITIL, BEVALUESFRERIEIREANEE/SE
FRAXERE,

QAXFTERAINITHN .

AZIFAES

AZFFUPSERTIBEAAMATII

ECPUNZFARIRATRSASEIFAIEF, EMetaERPHEIS N\ EIRIZS (161
256GBfE ) ZEFim6MEHEFHEASAG37FINIER, HERTHAZIZ0%LA L

ok N

3.3.3 9 XZE5|

DXFRERRS I HAE=MEE

1. Global Non-Partitioned Index
2. Global Partitioned Index

3. Local Partitioned Index

HaiiGaussDB Kernel3z#%Global Non-Partitioned IndexfLocal Partitioned IndexZ&
B3|,

3-4 Global Non-Partitioned Index

IRRRRNEEEEEEOO00000000

Index

Partitoned | (RO IRBAN OEOOE0E
ables
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3-5 Global Partitioned Index

] EEEEEERE | | 000000000

Partitioned
Indexes

vy l L vy vyvvvy
;’afﬁtiﬂned ] ] o] ] ] [ (][] ] 0] ] ) ]
ables

3-6 Local Partitioned Index

IPaLrtitioned
nexes OnOmmmeEEmE| |[ooEEm Oo0OmEm

R

:_'artitioned OREODONEEN 09 )] ]
ables

#y3R

o HXEZES|HHLOCALEE|SGLOBALZES|: LOCALES | SENMNEKRS XLPE,
MGLOBALZ S |NXI R EEN XK o

o MH—RINFRIRMNAREESE D XBIENLIREIFZELOCALES|, BNE!
Z2GLOBALZS],

(MR

SEREOEERMES RSN BRSO X, BIERGLOBALERS|, RZEBIN(EMLOCALER
5|, (BFEEEEGLOBALRS |[TESD KYHFIE R FERIMIFHE,

aNl]
o %

gaussdb=# CREATE TABLE web_returns_p2
(

ca_address_sk INTEGER NOT NULL ,
ca_address_id CHARACTER(16) NOT NULL ,
ca_street_number CHARACTER(10) ,
ca_street_name CHARACTER VARYING(60) ,
ca_street_type CHARACTER(15) ,
ca_suite_number CHARACTER(10) ,
ca_city CHARACTER VARYING(60) ,
ca_county CHARACTER VARYING(30) ,
ca_state CHARACTER(2) ,
ca_zip CHARACTER(10) ,
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ca_country CHARACTER VARYING(20) ,
ca_gmt_offset NUMERIC(5,2) ,
ca_location_type CHARACTER(20)

)
PARTITION BY RANGE (ca_address_sk)

(

PARTITION P1 VALUES LESS THAN(5000),
PARTITION P2 VALUES LESS THAN(10000),
PARTITION P3 VALUES LESS THAN(15000),
PARTITION P4 VALUES LESS THAN(20000),
PARTITION P5 VALUES LESS THAN(25000),
PARTITION P6 VALUES LESS THAN(30000),
PARTITION P7 VALUES LESS THAN(40000),
PARTITION P8 VALUES LESS THAN(MAXVALUE)

)

ENABLE ROW MOVEMENT;

o BIERSI

B35 X ELOCALZE S |tpcds_web_returns_p2_index1, FIEEZRI|IHKAISZ
FRo

gaussdb=# CREATE INDEX tpcds_web_returns_p2_index1 ON web_returns_p2 (ca_address_id)
LOCAL;

SERBTHUTER, WRREIZERKI.

CREATE INDEX

B2 XFELOCALZES |tpcds_web_returns_p2_index2, FHEERS|IHXISZ
Ro

gaussdb=# CREATE TABLESPACE example2 LOCATION '/home/omm/example2';
gaussdb=# CREATE TABLESPACE example3 LOCATION '/home/omm/example3';
gaussdb=# CREATE TABLESPACE example4 LOCATION '/home/omm/example4’;

gaussdb=# CREATE INDEX tpcds_web_returns_p2_index2 ON web_returns_p2 (ca_address_sk)
LOCAL
(
PARTITION web_returns_p2_P1_index,
PARTITION web_returns_p2_P2_index TABLESPACE example3,
PARTITION web_returns_p2_P3_index TABLESPACE example4,
PARTITION web_returns_p2_P4_index,
PARTITION web_returns_p2_P5_index,
PARTITION web_returns_p2_P6_index,
PARTITION web_returns_p2_P7_index,
PARTITION web_returns_p2_P8_index
) TABLESPACE example2;

SERETHUTER, WRREIEMI.

CREATE INDEX

874 XEGLOBALZ S |tpcds_web_returns_p2_global_index.,
gaussdb=# CREATE INDEX tpcds_web_returns_p2_global_index ON web_returns_p2
(ca_street_number) GLOBAL;

SERBTHUTER, WRREIERI.

CREATE INDEX

o (BMRSINDEKAIERTE

1825 |93 Xweb_returns_p2_P2_indexH9Z =S8 iexample1,
gaussdb=# ALTER INDEX tpcds_web_returns_p2_index2 MOVE PARTITION
web_returns_p2_P2_index TABLESPACE example1;

SERBTHUTER, WRRERKI .

ALTER INDEX

&M ZE5 |9 Xweb_returns_p2_P3_indexfd& =S8 sexample2.,
gaussdb=# ALTER INDEX tpcds_web_returns_p2_index2 MOVE PARTITION
web_returns_p2_P3_index TABLESPACE example2;

SERBTHUTER, WRRIELKI .

ALTER INDEX
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BERBRIIDKX

- PFITUTHERIERS|9S Kweb_returns_p2_P8_indexE#p+3
web_returns_p2_P8_index_new,

gaussdb=# ALTER INDEX tpcds_web_returns_p2_index2 RENAME PARTITION
web_returns_p2_P8_index TO web_returns_p2_P8_index_new;

ééi%J.LTjjyuT'f; 15N J\J%TE %EZIJJQ

ALTER INDEX
HifgZE5|
- BTN T HSERRSEHAREXFIE RS,

gaussdb=# SELECT RELNAME FROM PG_CLASS WHERE RELKIND="i' or RELKIND="';

- HITUTaRLERREERSIIER.

gaussdb=# \di+ tpcds_web_returns_p2_index2

il RENE]

gaussdb=# DROP INDEX tpcds_web_returns_p2_index1;
SERBTAHMTER, WRTMBRAIN
DROP INDEX

B R

ANl
gaussdb=# DROP TABLE web_returns_p2;

3.4 P XFIZHETE

SXFRIZHEECESXEE ., PXREE. PKRS|BENS KRS HEZF
F

PXEE: BFRH I:J}DDL BEHIE (Add) « #BR (Drop) . 3Zik
( Exchange ) . &= (Truncate ) . 9 (Split) . &F (Merge ) . #xh
(Move ) . &E@& (Rename ) 1874,

A\ ER
o WFEHEDKX, TR, XENTESSEHEEre-shuffling, #ZFI1GaussDB

Kernel Rz3E S5 Hash 9 X #1325 EE!U?;R{’E BIEHFE (Add) . #IB& (Drop) « %
Z (Split) . &F (Merge ) X4,

o R XEIETEHIRIES([HEGlobalZ=E |53, ALUEITUPDATE GLOBAL

INDEXFaIREILE#HGlobalZ&5|, SIEMIER (Drop) . i ( Exchange) « =
(Truncate ) . 92 (Split) . &3 (Merge ) X584,

AR

o KE 9 XDDLxz#Epartition/subpartitionfpartition/subpartition forfgEn XMiE;x,
BIEREEENXE, BEREEESXENEENME—2XE. tilEigsXpart1HSE
ElEX[100, 200 ) , BRApartition part1FIpartition for(150)iXFFH S x2S,

o AESZXDDLAITRINEAERE, BFERITHXDDLIREFERS XSFIME, AF®H
EIHEERM ARSI, —&m=, 298 (Split) « 53 (Merge ) AIHUTRINIT
AFHEWSXDDL, SEDXAIANEMER; 34 ( Exchange ) BN EEFET GlobalZ5|
E@%E*Dvalidation’f’ﬂﬁ; ¥z (Move ) RORMNIRFITFHEERI/O; ER5H XDDLATHATHANER
R

DXFREE: [RTHWRESERIINEEN, EHFHR/XAD KERTEBHITIRE.
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o PXERSIEE: FAPRERS/RIISXAAA, HEFEFTHANRSI/RSI
2X, HINBRT 5 XEERESHAIGlobalR5 I KA= .

o PRFRWSHERT: ZPXKDDLS7ZXDQL/DMUERFARS KBS, XiF—
EPITEEIH K

3.4.1 FES KX

BRAUEEEN D XERIIESSX, REPFIISHHT, SIS oXESIF
A9 X EBR31048575, WNRIAREIT LIRUABESRLEERINS X, RANEEEESX S
BRENFE, PXEEARFERESN (DXE *3/1024) MB, X SBEREARR
FAFlocal_syscache_thresholdi(E, ERNAEEIRBERS T EIAMBEMINEEER

A EE
o FMENXABEERATFHASHDKX L,

3.4.1.1 @RS XEMESX

{SFFBALTER TABLE ADD PARTITIONRILUE 2 XiFINEIIME L XEN&EE, FigoX
N EREVAKRTFEHIRE— DX ERE,

N, XHEES XFErange_salesFiiE— 1 oK,
ALTER TABLE range_sales ADD PARTITION date_202005 VALUES LESS THAN ('2020-06-01') TABLESPACE tb1;

A

H RS XEEMAXVALUED XAY, ToEFEHS X, ATLAERIALTER TABLE SPLIT
PARTITIONS SR EIN X, REIDXEHEHEFEEENE S XENRIE/FERIND
XpEH, SEEESXELEIDEX.

3.4.1.2 MERS XFHIES X
AZ1FBITALTER TABLE ADD PARTITION# S MIERA XEFIESX . LFAFIEAK
EBEMEERSXEFEEN, iEESBmREERS XAIINTERVALERIE—N
X

BN, XdiEpEa XRinterval_salesEENUITEIER, HiEESEIEZ— DX, oKX
SGEE79['2020-07-01', '2020-08-01"), [Elfms XAYFIES D Xane2 Msys_p1FFIRiELE .

INSERT INTO interval_sales VALUES (263722,42819872,'2020-07-09','E',432072,213,17);

3.4.1.3 MRS XFFIEH X

{SEFHALTER TABLE ADD PARTITIONHLATEFIZER D XERAFIE S X, FiEo XKz E
FEESEEMTET— 1P XIIMEEEE,

fFan, XFFES XElist_salesHiE— N KX,

ALTER TABLE list_sales ADD PARTITION channel5 VALUES ('X') TABLESPACE tb1;
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ikl

HIED I:?,%ﬁDEFAULTﬁg\I:ET T EFED X . aJLAERJALTER TABLE SPLIT
PARTITIONSSHEISX

3.4.1.4 @RS XEFHE—RHKX

{SEFHALTER TABLE ADD PARTITIONHJLATE— KD XEFFIE— P —RK DK, XMTH
TLMEBRE—RH XFEEHIRANGESZELISTRIIE R . 2051 YA?E#—J%:‘ETEEHHT
7 EEM MEIEESARIEE M BT — R X; tzu%z ME—ROXT
RERIPZRSXEN, NERESEmtIE—NRANZRD

Ban, -k XFKrange_list_salesiiE—P—RKH X, HE FEOIENN

X,
ALTER TABLE range_list_sales ADD PARTITION date_202005 VALUES LESS THAN ('2020-06-01")
TABLESPACE tb1
(
SUBPARTITION date_202005_channel1 VALUES ('0', '1', '2'),
SUBPARTITION date_202005_channel2 VALUES ('3', '4', '5') TABLESPACE tb2,
SUBPARTITION date_202005_channel3 VALUES ('6', '7"),
SUBPARTITION date_202005_channel4 VALUES ('8', '9")
).

R EXT Ry XZErange_list_sales I THIE —R 5 XIRIE
ALTER TABLE range_list_sales ADD PARTITION date_202005 VALUES LESS THAN ('2020-06-01")
TABLESPACE tbT1;

FEX#T A5 TFSQUERIZE M .
ALTER TABLE range_list_sales ADD PARTITION date_202005 VALUES LESS THAN (2020-06-01")
TABLESPACE tb1
(
SUBPARTITION date_202005_channel1 VALUES (DEFAULT)

)

ikl

HORpXEN— J%:‘I: SRR AHASHAT, ASz35BIFALTER TABLE ADD PARTITION
OIS —R S X

3.4.1.5 @R XFEHIE_RZDEX

{sEFALTER TABLE MODIFY PARTITION ADD SUBPARTITIONATLATE RS K FEAHT
B—N"RoX TAYLMERE KD XEMHIRANGESELISTRIE R .

BN, =k XFKrange_list_salesidate 20200431 —N K H X
ALTER TABLE range_list_sales MODIFY PARTITION date_202004 ADD SUBPARTITION date_202004_channel5
VALUES ('X') TABLESPACE tb2;

ikl

BT R O XEN RS XFEEAHASHAT, &< ihLﬁALTERTABLE MODIFY
PARTITION ADD SUBPARTITION# <1 — R4S X o
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3.4.2 ffifRroD X

P LAERBRRD KRa S KRR EN S X . Bics XAABEEIEED K&sk
B KERHT.

A R

o kD XABIERAFHASHD X L,

o HITHIFR D Xap S FESGlobalZz5 |53, RILLUEIZUPDATE GLOBAL INDEXFH
XKEEEHFHGlobalZEs|, sEAFBITEZGlobalZEs5],

3.4.2.1 W—H XFEMERS X

{EFHALTER TABLE DROP PARTITIONALAMIFRIEE S KFRAVEAT— PO X, XNMTH
JLUWEREEESXE. BRSXE. JIEXRSXEL.

a0, @BiTEEs XKZMESEE S XZErange_saleshsy X date 202005, FEH

GlobalZs|,
ALTER TABLE range_sales DROP PARTITION date_202005 UPDATE GLOBAL INDEX;

FE, BIIiSED XEFRRBISTE D XZFErange_salesH1'2020-05-08' X MY X o

HF A UPDATE GLOBAL INDEXFA, H{T1%Z#</EGlobalE5 &%k,
ALTER TABLE range_sales DROP PARTITION FOR ('2020-05-08');

ikl

o YUPXERBE—NHOXAT, A~ZIFHBITALTER TABLE DROP PARTITION# SRS
X,

o YUPXENBHEDXER, AZIFHBTALTER TABLE DROP PARTITION# SRS
X,

3.4.2.2 W — Ko XEMFE—R DX

{EEFHALTER TABLE DROP PARTITIONALAMIFR — Rk KFRAI— P —R DX, XNMTH
HLUWERE—R D XERIRANGETHELISTIE R . HIEESEXNM—RPX, UKk
— RS X THIERE Z Ko XERMIFR

Ban, @EIEED XEMRc Ko XEKrange_list_salesfi—E s Xdate_202005, F
E#GlobalZ3],

ALTER TABLE range_list_sales DROP PARTITION date_202005 UPDATE GLOBAL INDEX;

FE, BEED KESRMR = %K XZErange_list_sales?1('2020-05-08") Frxd RzAg—
X . BFAEUPDATE GLOBAL INDEXFA], 1T <EGlobalZ&E3|1&%%.
ALTER TABLE range_list_sales DROP PARTITION FOR ('2020-05-08');
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ikl

o HTRPRERE—N—RKDXAS, FZFFEIIALTER TABLE DROP PARTITIONdS
SHBR—R DX

o YUTRHREA—RD XFERRIHASHAT, RZIH@TALTER TABLE DROP
PARTITION#SHIBR—RHD X,

3.4.2.3 W KD XFMR—HKOX

{SEFHALTER TABLE DROP SUBPARTITIONTILAMIBR — RS XFEM— P RS X, XN
FARTLMERE_ RS XK FIRANGESELISTRER

flgn, BFEED XEMR— Ko XZFErange_list_salesfI — DX
date 202005 _channell, FE#HGlobalZE5|,
ALTER TABLE range_list_sales DROP SUBPARTITION date_202005_channell UPDATE GLOBAL INDEX;

oE, BiIiEED X{ERMIR %D XFErange_list_saless('2020-05-08', '0') FXd iz
MR HX ., BFAEUPDATE GLOBAL INDEXFH], HiTiZinSGGlobal&s|&5%k
o

ALTER TABLE range_list_sales DROP SUBPARTITION FOR ('2020-05-08', '0");

ikl
o H_H{HXEMMBEHBIFDXIAE— N RO XS, FZIFEITALTER TABLE
DROP SUBPARTITION# IR — R DX o

o YR HPHREMN_FHPXFEIHASHAT, AZIHEITALTER TABLE DROP
SUBPARTITION# S HIBR — RS X o

3.4.3 THHX

FRFBEILAERR RS KAa <RG0 X SEBRINBIEHI TR . 3R KA LIRE
BHIRSN/SHL KR, LHHESIINEHAIBRY. FUSTRn=R, ERKIHES
XELEMRSASRREZ . Ko KAILIBIEES XBZ5E D KEFRHT.

A E&

o HITXMD XapSe(FEGlobalZE5 |3, RILLUEIZUPDATE GLOBAL INDEXFH
KEEEHGlobalZE5|, SEAFPBITEZEGlobalES|,

ikl

o TS XAT, BJLAEREBWITH/WITHOUT VALIDATION, EIEERIGEEE
HIBHEBRD XA XEARMN ( BHAKRE ) . SUBKRKEEIFHERA, R
ggﬁﬁx{%&?ﬁm%ﬁ&%?aﬁﬁlz , BJLAERRBWITHOUT VALIDATIONSRIZ S 35 a
BEo

e TJLAEEEAWITH VALIDATION VERBOSE, IAIEIEEASRIE BENE—T, BFR
HEBIRD XD XBLIRMUAIERE, BmASXENEMS X, REBHRHT
EBxRSBirn XA,
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N, LHINTHXENXI NE BEXRexchange_salesfIEEDH, HEDKX
DATE_202001f0&@Zexchange_salesff{zzi%, MRIEHEBBFINARRE, FHEUT=
1T

e EHEAWITHOUT VALIDATION, #iE2Ef3ciE 5 XDATE 2020015, HF
'2020-02-03', '2020-04-08' i B X DATE_ 2020018558 EIAR, FLellEalse
SHMEE.

e EHEBWITH VALIDATION, H3F'2020-02-03', '2020-04-08' R~ E D X
DATE_20200185SBEIAR, HIEELS LHENAYRES

° FHEEWITH VALIDATION VERBOSE, HUEZESY5'2020-02-03%FEASX

DATE_202002, %5'2020-04-08'#EAN %X DATE_202004, FBEHRITRIZIRIIRE]
4 XDATE_202001,

—-DXENX

PARTITION DATE_202001 VALUES LESS THAN ('2020-02-01
PARTITION DATE_202002 VALUES LESS THAN ('2020-03-01
PARTITION DATE_202003 VALUES LESS THAN ('2020-04-01
PARTITION DATE_202004 VALUES LESS THAN ('2020-05-01
-- exchange_salesf9¥ES o

('2020-01-15', '2020-01-17', '2020-01-23', '2020-02-03', '2020-04-08")

MRZHRIHTEATEBT BRSO X, I5AEHBEWITHOUT VALIDATIONIZRS X,
BNSBIRS XARMN, SHHKRELEDMLISESERRE,

),
),
),
)

TR IRAIE B RS X OB TR

BHERMOXAFIEERER, MNIIRSETE—H.

BEFRMND XAERERERE—H.
BERRS IS XLocal R IMEHER, BXNRSIRIEEFE—.

o EERMDXAIRNURINEER, BXNFRLIRAEETHE—H.
HiE
1z

KAALIZIRRTR
BFRMD XFREATLABISEIERS, TinaEslLR.

3.4.3.1 W—F D XFTXHEDX
{SEFALTER TABLE EXCHANGE PARTITIONB LT —R P R ERMEHK .

BN, WBTfEES XZEeE D XErange_salesfysy Xdate_202001F1EEZ

exchange_salesi## 173z, AHTo XERLE, FHEHGlobalxRs|,
ALTER TABLE range_sales EXCHANGE PARTITION (date_202001) WITH TABLE exchange_sales WITHOUT
VALIDATION UPDATE GLOBAL INDEX;

FE, BdiEEs KEEEE S XErange_salesF1'2020-01-08' it A XFNE B
ZFexchange_salesi#H{Txi4%, #1170 XRRFFFBAHEBins XLUROEIBEAEID
XENEMOXF ., BFAtHUPDATE GLOBAL INDEXFA), HfTiZiSEGlobalZz
I S

ALT?Q TABLE range_sales EXCHANGE PARTITION FOR ('2020-01-08') WITH TABLE exchange_sales WITH
VALIDATION VERBOSE;

3.4.3.2 W RO XFZM_FHEX
{EFJALTER TABLE EXCHANGE SUBPARTITIONTI LAY — /P XK EZIE —H/HPK o
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N, BFEED XBZE — Ky XFErange_list_salesfI— x5 X
date_202001_channel1f1&Z&@&exchange_salesift{T3%ie, FiHITHXERIE, HE
#1GlobalZ3|,

ALTER TABLE range_list_sales EXCHANGE SUBPARTITION (date_202001_channel1) WITH TABLE
exchange_sales WITHOUT VALIDATION UPDATE GLOBAL INDEX;
FE, BdEEs KEE %S XErange_list_sales®1('2020-01-08", '0") FFXRZAI—
K XFNEBFRexchange_salesit {7348, H1THXREFFIEARHEBIRD XLHRAY
HIEBAR D XFNEM S X P, HFAHUPDATE GLOBAL INDEXFA, HfTi%as
£ fEGlobalZE3 &L
ALTER TABLE range._list_sales EXCHANGE SUBPARTITION FOR ('2020-01-08', '0") WITH TABLE
exchange_sales WITH VALIDATION VERBOSE;
ik ||
AEFT TR XEN—R D XD X,
EcS
344 580K

ARALERBE N KAaG < RIRE BT XAVEHE . SHIFRDXINEEEM, KT
FBEDXRASMRS XPRIEE, 5 KAIEXIMIEXHESFRE . B XALL
BIfEES XBTE D XEFRHT.

A EE

o HITBEEDXGSE(#FEGlobalR5 1L, FJLAEITUPDATE GLOBAL INDEXFH]
KEEEHGlobalZ=5|, HEAFBITEZEGlobalES|,

3.4.4.1 W—RZ P XFBTZHEX

{SEFBALTER TABLE TRUNCATE PARTITIONTLUESISES XEMMEAT— MNP X

BN, BT EN XZETSeE S XZErange_salesf93 Xdate_202005, FHEH
GlobalZ5],
ALTER TABLE range_sales TRUNCATE PARTITION date 202005 UPDATE GLOBAL INDEX;

&, BIgiEEN XEFXSETeED XZErange_salesH1'2020-05-08' X M AI DX o

HFAFUPDATE GLOBAL INDEXFA, H1TiZas<$EGlobalZ&35 &%k,
ALTER TABLE range_sales TRUNCATE PARTITION FOR ('2020-05-08');

3.44.2 JW_ Ko RXFBEZ—RK DX

{EFBALTER TABLE TRUNCATE PARTITIONTLUEZER Z R A XEBHN— P —RHP X, EiE
ESEX N — R X THFME — Ko XEHITEE

a0, BSEEs K5 K XErange_list_salesfi—Z 5> Xdate_202005, F
E#GlobalZ3|,

ALTER TABLE range_list_sales TRUNCATE PARTITION date_202005 UPDATE GLOBAL INDEX;
FE, BYEES KEREE - HKHXFErange_list_salesH('2020-05-08") FrXt Mz H9—

FX . HFAuUPDATE GLOBAL INDEXFH], #iTi%an</5GlobalEs &%,
ALTER TABLE range_list_sales TRUNCATE PARTITION FOR ('2020-05-08');
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3.443 W KD XFEZ_RKPKX

{EFJALTER TABLE TRUNCATE SUBPARTITIONAILUEE — RO XEN— N _HP K o

flan, BdiEEN X&ET ko XErange_list_salesfI "k X
date_202005_channell, FHE#FHGlobalZE5|,
ALTER TABLE range_list_sales TRUNCATE SUBPARTITION date_202005_channel1l UPDATE GLOBAL INDEX;

g, BIEES XERBEZ _HKmXZEKrange_list_salesd('2020-05-08', '0') I RL
NZHKH XK., BFFAHUPDATE GLOBAL INDEXF4], mﬁmvaGlobal?ﬁalA%
o

ALTER TABLE range_list_sales TRUNCATE SUBPARTITION FOR ('2020-05-08', '0');

3.4.5 DE|ISX

BRPELUERRSEID XSmSKE— NP EDEIABR NI K . HoXEIEX
K, HEBEEEITEMAXVALUERSSEEIS X /DEFAULTRYFIZES I:afﬁiﬂf'/\liaj ALERE
PUTZIRE. DEIDXAILUE 53\ J5>|—r—/\/\|:53\ IABE N X, BeJLARIEE
PEEE— NP XD EIAZSNMHPX . PEISXeILUBITIEED X&ZaE D XERH
45’0

A ER
o DEIDXABEMFRATRESIX L,
o NI —RHDXRAI—RHDKiHITHE

o HITHEIDXGmSE(FEGlobalR5|1%LM, FLAEIZUPDATE GLOBAL INDEXFH]
kBELE#HGlobalR5|, SEAFPBITEREGlobalES|,

ikl

PERIHOX, _JL,L'S,J%\E%#EH EbaE S Xp143Elp1,p2,. EBEIEEFS
B ERIEHEESHNS XUAR— MK, XaxianElfhEatREs Xp1EiE, BiF
£#DQL/DML-DDL3{E .

3.4.5.1 IEED XFDEISX

{EFHALTER TABLE SPLIT PARTITIONH LAXHEE S XEDEIS

BIan, BRIZEE S XFrange_salesiy53 X date_202001E X BEA(['2020-01-01",
'2020-02-01') , ATLUEESEI17'2020-01-164545 Kdate_202001 SESHFASK, 3
E%ﬁGlobal?ﬂh

ALTER TABLE range_sales SPLIT PARTITION date_202001 AT ('2020-01-16') INTO
(

PARTITION date_202001_p1, --£— X ERE'2020-01-16'

PARTITION date_202001_p2 --85=4 95X _E52'2020-02-01'
) UPDATE GLOBAL INDEX;

B, TMEENES, BHXdate 202001 D EHENDK, HEHFHGlobalE3|,
ALTER TABLE range_sales SPLIT PARTITION date_202001 INTO
(
PARTITION date_202001_p1 VALUES LESS THAN (2020-01-117),
PARTITION date_202001_p2 VALUES LESS THAN (2020-01-211),
PARTITION date_202001_p3 --£5=/43 K L522020-02-01"
)UPDATE GLOBAL INDEX;
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NaE, BIiEES XKEMAEEES XEZXRDED

ALTER TABLE range_sales SPLIT PARTITION FOR ('2020-01-15') AT (2020-01-16‘) INTO

PARTITION date_202001_p1, --55— X _E5H2'2020-01-16'
PARTITION date_202001_p2 --85_1M9 X ERE'2020-02-01'
) UPDATE GLOBAL INDEX;

ikl

EXMAXVALUER Xi#IToEl, BiE/ LMD XAEEEHEMAXVALUESEBE, &E—1%
XE&4HEMAXVALUES XBE .

3.4.5.2 WaRo XFELEISX
SHEES RES D KNGS SEESREER.

ik
glEﬂBnﬁj\EiﬂﬁlEﬂﬁn’ PREADEIDKIEFZE, B XZBIRNERS XS3EATEE
EO

fan, elMTERSXER, FHEAEIEE=19KXsys_p1. sys_p2. sys_p3,
CREATE TABLE interval_sales
(
prod_id NUMBER(6),
cust_id NUMBER,
time_id DATE,
channel_id CHAR(1),
promo_id NUMBER(6),
quantity_sold NUMBER(3),
amount_sold NUMBER(10, 2)
)
PARTITION BY RANGE (TIME_ID) INTERVAL (‘1 MONTH'")
(
PARTITION date_2015 VALUES LESS THAN ('2016-01-01")
PARTITION date_2016 VALUES LESS THAN ('2017-01-01"),
PARTITION date_2017 VALUES LESS THAN ('2018-01-01"),
PARTITION date_2018 VALUES LESS THAN ('2019-01-01")
PARTITION date_2019 VALUES LESS THAN ('2020-01-01")
)
INSERT INTO interval_sales VALUES (263722,42819872,'2020-07-09','E',432072,213,17); --t&4> Xsys_p1
INSERT INTO interval_sales VALUES (345724,72651233,'2021-03-05''A',352451,146,9); --#ii&4Xsys_p2
INSERT INTO interval_sales VALUES (153241,65143129,'2021-05-07','H',864134,89,34); --#it&4Xsys_p3

WNENXFD Xsys_p2it 7o El, MESEHS Ksys_p1Z RS XSEE TREMNK
fiafRn XEZTA KB — 12 XA EFRE, Hz?}uE"\E,BIM[zozo 07-01",
'2020-08-01')Zf%['2020-01-01', '2020-08-01"); 3 Xsys_ p3ﬂ‘€§'kjleﬂ|3='/\|:, Hy
XSBEIAH['2021-05-01", '2021-06-01")

3.4.5.3 JFIRDXFLDEIDX

{EFBALTER TABLE SPLIT PARTITIONE L RIFIZE S X ESEIHD X

B, fRig%IzRs X#*list_salesiI3 Xchannel2iESCEEI('6', 7', '8', '9") o AJLAERE

PEIS('6,'7") BHXchanneRDERIFANS X, FHEHGlobalZEs|,
ALTER TABLE list_sales SPLIT PARTITION channel2 VALUES (‘6', '7') INTO
(
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PARTITION channel2_1, --5— 193 X5EERZ(6, '7")
PARTITION channel2 2 -E=-ASXBER(S','9')
) UPDATE GLOBAL INDEX;

FE, FEEPEE, BHXchanneRHEAZBIMHX, HEHHGlobalZEs|,
ALTER TABLE list_sales SPLIT PARTITION channel2 INTO

PARTITION channel2_1 VALUES ('6"),

PARTITION channel2_2 VALUES ('8"),

PARTITION channel2_3 --B5=/MN9SX5BEEZ('7, '9")
YUPDATE GLOBAL INDEX;

XeiE, BdiEEs XEMAREES XEXRDEIDX,
ALTER TABLE list_sales SPLIT PARTITION FOR ('6') VALUES ('6','7") INTO
(

PARTITION channel2_1, --$£— 1M 9SXEEZ(6, '7')

PARTITION channel2_2 - KEEZ('8','9')
) UPDATE GLOBAL INDEX;

A EE

EXIDEFAULTD X THEl, BIEJ UMD XAEEERADEFAULTEE, &E— 190 XE
PFERDEFAULTD XSEE o

3.4.5.4 33*-RANGE —R S REHSEI " RKH X
{SEFHALTER TABLE SPLIT SUBPARTITIONB]LAXF*-RANGE Z R XED EN—HHX .

a0, Rig*-RANGEZ 5 X *list_range_salesf—£%4> X channel1_customerdfIzE
MEBEA[1000, MAXVALUE) . ATLMBTESD Elm 120048 2% X channel1_customer4
DEIAENDX, HEFHGlobalRs|,

ALTER TABLE list_range_sales SPLIT SUBPARTITION channel1_customer4 AT (1200) INTO
(

SUBPARTITION channel1_customer4_p1, --5— M9 X ERE1200

SUBPARTITION channell1_customer4_p2 --55_-9 X EREMAXVALUE
) UPDATE GLOBAL INDEX;

&, MEENEISR, B Xchannell_customerdDEIAZNSX, HEHFHGlobalZE
5o

ALTER TABLE list_range_sales SPLIT SUBPARTITION channel1_customer4 INTO
(
SUBPARTITION channel1_customer4_p1 VALUES LESS THAN (1200),
SUBPARTITION channel1_customer4_p2 VALUES LESS THAN (1400),
SUBPARTITION channell1_customer4_p3 -5 =19 X_ERZEMAXVALUE
JUPDATE GLOBAL INDEX;

XaE, BdiEEs XEMARIEES KEXRDEDEK,
ALTER TABLE range_sales SPLIT SUBPARTITION FOR ('1', 1200) AT (1200) INTO
PARTITION channell1_customer4_p1,

PARTITION channell1_customer4_p2
) UPDATE GLOBAL INDEX;

A

EXIMAXVALUED X703, i/ Lo XABEHBMAXVALUEEE, &E—1%
XE&44EMAXVALUES XSEE .
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3.4.5.5 3J*-LIST —H{ P XFHDEI_HKDX
{EFBALTER TABLE SPLIT SUBPARTITIONTTLART*-LIST RS XEDEI"RHX .

Blan, fRig*-LIST— 5y X5Rhash_list_salesB—2% 53 Xproduct2_channel2B9%E 5B

ElIJIDEFAULT, BILUEER BIFSHSEIARMIN P X, FEHGlobalEs],
ALTER TABLE hash_list_sales SPLIT SUBPARTITION product2_channel2 VALUES ('6', '7', '8','9") INTO
(

SUBPARTITION product2_channel2_p1, --55— M9 KEEIZ (6, '7','8', '9")

SUBPARTITION product2_channel2_p2 --558 -3 XSBERZDEFAULT
) UPDATE GLOBAL INDEX;

E, FMEEREIR, ¥ Xproduct2_channeRHEIAZBNHX, FEHFHGlobalE
5,
ALTER TABLE hash_list_sales SPLIT SUBPARTITION product2_channel2 INTO
(
SUBPARTITION product2_channel2_p1 VALUES ('6', '7', '8"),
SUBPARTITION product2_channel2_p2 VALUES ('9', '10'),
SUBPARTITION product2_channel2_p3 --55=19 XEEIZDEFAULT
) UPDATE GLOBAL INDEX;

Ne#E, BEfEES XEMAREERXEXDEST X,
ALTER TABLE hash_list_sales SPLIT SUBPARTITION FOR (1200, '6') VALUES ('6','7','8','9") INTO
SUBPARTITION product2_channel2_p1, --55— 2 XSEERZ(6, '7', '8, '9")

SUBPARTITION product2_channel2_p2 --55 -3 XSEEZDEFAULT
) UPDATE GLOBAL INDEX;

A R

AXIDEFAULTS X THE], BIE/ L2 XAREHBADEFAULTBE, &RE—10EKS
4 RDEFAULT S XSBHE

3.46 HSKX

RAPALUEREHDENGSKESI D REHA—ITDX . GHPKREETIEE
PEBFRHET, FHEED KENTE.

A EE

o EHOPXABHERTFRESIX L,
o HMITEHDXirSE(FEEGlobalZE5|%k%, FILLUEIZUPDATE GLOBAL INDEXFH
XEEEHFHGlobalZKs|, sEHAFBITEZEGlobalZxEs5],

ikl

BHENFPX, MFeE/ERFEAIX, JUSHRE—ESXEFEE, thilg
p1,p2&5Hp2; JWFIERLKX, AUSE—BELXEFERE, tbilpl,p2&+Hs
pl.

MRHPXERESXEZFHEE, HEESKHDXUATESXPHE, XSRS
FHHAEN RS XEGRY1TH, BFE&EDQL/DML-DDLHA
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3.4.6.1 JW—RZPXFESHPKX
{EFJALTER TABLE MERGE PARTITIONSEILUSZNM P REHI— P K

a0, EBED XZFErange_salesfisr Xdate_202001F1date_202002&FH I— kY
P, HEHGlobalz5]|,

ALTER TABLE range_sales MERGE PARTITIONS date_202001, date_202002 INTO
PARTITION date_2020_old UPDATE GLOBAL INDEX;

S5
SRS RENERS KERaHARIBEZE, EYRZHNaRs XaEaEE
K,

3.4.6.2 W _RDXFEH _FHEX
{SEFALTER TABLE MERGE SUBPARTITIONSHLUEZ N — RO XEHI—PMHPK,

a0, B Ko XZFEhash_list_salesg943 Xproduct1_channell.

product1_channel2. productl_channeB&HA— IS X, HEFHGlobalZEs5],
ALTER TABLE hash_list_sales MERGE SUBPARTITIONS product1_channel1, product1_channel2,
product1_channel3 INTO

SUBPARTITION product1_channell UPDATE GLOBAL INDEX;

3.4.7 Boip X
FBRALAER# S XAIaG S RIE— 1N 9 XEshRIFrIER=E+ . #Bahio XeLUE S
BESXBHE S XEXRHT,

3.4.7.1 JW—Rx P XFBDHX
{SEFALTER TABLE MOVE PARTITIONA AR —RD XFEENDX o

Bign, BEiEES X &R EE D Xkrange_saleshJsr Xdate_202001F5a0FIF =S E]tb 1
Fo

ALTER TABLE range_sales MOVE PARTITION date_202001 TABLESPACE tb1;
oE, BIHHEES XEBIIES X ELlst_salest'0'FrXd A XK zhFEIZEZSEtb 148,
ALTER TABLE list_sales MOVE PARTITION FOR ('0') TABLESPACE tb1;
3.4.7.2 W _RH XFBEN_FHEX
{EFJALTER TABLE MOVE SUBPARTITIONT AR — R D XEBH—HK DX

Fan, BSEEN KZE %o XEkrange_list_saleshsy X date_202001_channel17&
HEIFR=Etb 17,

ALTER TABLE range_list_sales MOVE SUBPARTITION date_202001_channel1 TABLESPACE tb1;

FE, BIEES XEE RS XErange_list_sales#1('2020-01-08', '0") FFXI M AY9>

X#BapFIFR=T(Eb 19,
ALTER TABLE range_list_sales MOVE SUBPARTITION FOR ('2020-01-08', '0') TABLESPACE tb1;

3.4.8 EGANKX

RRPYLMEREZEGED XKIGSEE— T D XBR2AHNETR. EMIoXTLIIET
EESKENES XEFRHT.
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3.4.8.1 W—RK D XEFXEGIDTKX

{8EFBALTER TABLE RENAME PARTITIONAI LA —R DX EFEFHZP X,

fign, EEiEED KZEEED X FRrange_salesfysrXdate_202001FE6p
ALTER TABLE range_sales RENAME PARTITION date_202001 TO date_202001_new;

E, BIEED XEBFIFRD XEist_salesH'0'FFXIMAID X ERE o

ALTER TABLE list_sales RENAME PARTITION FOR ('0') TO channel_new;

3.4.8.2 W - FHXEFFEHIZI—HEHX

{EFHALTER TABLE RENAME PARTITIONAILART — R XEFREDZ—R P X . BiRSiE
5o XEFEHEE.

3.4.8.3 W __KHPXEFEFHRI _KHKX

{8EFBALTER TABLE RENAME SUBPARTITIONBILAX —RP X EZZ _HRHX .

a0, BTEEN KZE %o XErange_list_salesfsyXdate_202001_channel1E&
e

ALTER TABLE range_list_sales RENAME SUBPARTITION date_202001_channel1 TO date_202001_channelnew;
§E, BEEED XEB ZHRKDXFKrange_list_sales#1('2020-01-08', '0') ErXIRZAY S

XEdrSEo
ALTER TABLE range_list_sales RENAME SUBPARTITION FOR ('2020-01-08', '0') TO date_202001_channelnew;

3.4.8.4 ¥ Local Z5|EMRZESIHX

{EFBALTER INDEX RENAME PARTITIONB]LAXfLocalZE B |EAp BR3P X . BRAi%
5o XEFEERIHXERE,

3.4.9 o XFRTEE

FEFRILASEFIALTER TABLE ENABLE/DISABLE ROW MOVEMENTRFF/XH5 X &
TiES .

FRTERE, AFETEFMEE— 2 XKPHNBREEREZ— o XP; XFT
RS, MREIXMEFTH, WSS

A
SNSRIV SSERFEAR FOIFRS D XEEERESIHITEIIRME, ENKADXFTIERS

fian, eliEIIFRDXE, HARSXFTER, WAIALIES XEHD XEMRES;
IAPRFTEEE, WO XBAEIHITESXEHMSW SRS .
CREATE TABLE list_sales
(

product_id  INT4 NOT NULL,

customer_id INT4 PRIMARY KEY,

time_id DATE,

channel_id CHAR(1),

type_id INT4,

quantity_sold NUMERIC(3),

amount_sold NUMERIC(10,2)

)
PARTITION BY LIST (channel_id)
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PARTITION channel1 VALUES ('0', '1', '2'),

PARTITION channel2 VALUES ('3', '4', '5'),

PARTITION channel3 VALUES ('6', '7"),

PARTITION channel4 VALUES ('8, '9")
) ENABLE ROW MOVEMENT,
INSERT INTO list_sales VALUES (153241,65143129,'2021-05-07','0',864134,89,34);
-EHXEHFHI, FIEMNSDKchannelliF8E4 Xchannel2
UPDATE list_sales SET channel_id = '3' WHERE channel_id = '0';
- KADXFTERE
ALTER TABLE list_sales DISABLE ROW MOVEMENT;
--ESXEFHELEM, RiEfail to update partitioned table "list_sales"
UPDATE list_sales SET channel_id = '0' WHERE channel_id = '3';
-5 X EFRIKIARLID
UPDATE list_sales SET channel_id = '4' WHERE channel_id = '3';

3.4.10 9 XEXES|EZE/FTH

BPALIBE &GS ES— MO XERS I NE— RSP XATA, WIZRSI/R5S
XABLER; ERAERRSIGISTUERSXERERS], IKERSIWEEINEE.

Itt4h, 2B XHKEDDUREtE&fESGlobalZRs5 |53, BiEMIbRdrop. 35
exchange. ;&=Struncate. 7 &lsplit. §FFmerge, WREDDUE{EHTSUPDATE
GLOBAL INDEXFA, N&REZEEHGlobalZEs|, BUNEERFBITEREZES.

3.4.10.1 ZE5|E#Z/FJH

{EFJALTER INDEXAILLR B RS | 2B A,

g, g XFErange_ sales EFEZRS|range_sales_idx, BJLUBITWI T apSiREH
Rl

ALTER INDEX range_sales_idx UNUSABLE;

BJLMERIN TS &R RS range_sales_idx.

ALTER INDEX range_sales_idx REBUILD;

3.4.10.2 Local E5 | XEZE/FATH

e (HEFJALTER INDEX PARTITION®LIiZELocalZE5 |9 X 2B A,

e (HFALTER TABLE MODIFY PARTlTlON_JLA&%ﬁE%JjEEﬁEEGﬁﬁﬁ?%Iﬁ:\
XEEUH. XIMEFNREBTF R XEN—RDP X, BIEESBXN—R
ﬁE'FE’JﬁEﬁ_JiﬁEi’JJ_ﬁuEO

e {EHAALTER TABLE MODIFY SUBPARTITIONTILURE — R XE HEE—RHK
HEFE RIS XEETH.

fBIa0, g XZFKrange_sales EfFEMskLocalZz5|range_sales_idx 15[
range_sales_idx2, {RiIZEES Kdate_202001 _EXFRAIZRS S X ZH BT
range_sales_idx1_part1#range_sales_idx2_part1,

THSEE THPSXESXFRSIRNEE:
o HLUBZIITaGSIRES Xdate_202001 LRIFFERS |9 XIIARTA,

ALTER TABLE range_sales MODIFY PARTITION date_202001 UNUSABLE LOCAL INDEXES;
o HEBIUTHSEMIZET Xdate_202001 EAIZRS|IHEX

range_sales_idx1_part1A~a]H,

ALTER INDEX range_sales_idx1 MODIFY PARTITION range_sales_idx1 part1 UNUSABLE;

o TILUBTIN FardERE S Xdate_202001 LHIFFEZES|H

ALTER TABLE range_sales MODIFY PARTITION date_202001 REBUILD UNUSABLE LOCAL INDEXES;
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o HEBIUTHSEEMERESXdate_202001 EAIZE5(5H

range_sales_idx1_part1,
ALTER INDEX range_sales_idx1 REBUILD PARTITION range_sales_idx1_part1;

B — 4 XKlist_range_sales EFEMsKLocalZ5|list_range_sales_idx 15[
list_range_sales_idx2, X TFE—% D Xchannell, EFE_RDEXE
channel1_product1. channell_product2. channell_product3, —Z%
channel1_product1 EXFMAYZRS |53 XE 55l channel1_product_idx 17
channell1_product1_idx2,

THAL TR Ry RE RS KRS IANEE:

e AILUEII FapSiIRES Xchanne N FEZ RS XAIFE RS 9 XIIARIA, 8
fE” % Xchannell_productl1. channell_product2. channell_product3,
ALTER TABLE list_range_sales MODIFY PARTITION channell UNUSABLE LOCAL INDEXES;

o TUBINTHSERSXchannell FEZRS XWIFFEES|H

ALTER TABLE list_range_sales MODIFY PARTITION channell REBUILD UNUSABLE LOCAL INDEXES;
THEEL THPF R RE_RDXRS|RIEE:

o TILUBITUI Fap$BIRISE —F9 Kchannell_product1 ERIFFEZRS | XIIARAT
H.

ALTER TABLE list_range_sales MODIFY SUBPARTITION channel1_productl? UNUSABLE LOCAL INDEXES;

o TILUBIIN eSS ER K Xchannell_product1 FHIFFEZRS|H
ALTER TABLE list_range_sales MODIFY SUBPARTITION channel1_product1 REBUILD UNUSABLE LOCAL
INDEXES;

o HEFBIWMTHSEMISE — KRS Xchannell_product1 EAIZES |5

channell1_product1_idx14BJFH.
ALTER INDEX list_range_sales_idx1 MODIFY PARTITION channel1_product1_idx1T UNUSABLE;

o EITUI TS EMERE K Xchannell_product1 FRIZES|HX

channell1_product1_idx1.,
ALTER INDEX list_range_sales_idx1 REBUILD PARTITION channell1_product1_idx1;

3.5 S XFAEH

DRALEREE THXEDQL, DML, DOLALIIRRREITHMUSIRG . FFER
l‘|'53\|:§94'-El|_&H‘J REHRERITH X4EPREN, ALUSERELES.

gt
DXFBERP+DEXURBRIT, ERNDX ESBIEINS N RRKBIRIEND, K

{;miEDQL DML. DDLHAIREFRIGIETHIES]. TRED T AR ERFT
73, tRCAVIIRMERMEAREZE, TLFH T,

3.5.1 E#$

& 3-2 BT

- ACCESS_ | ROW_S | ROW_EX | SHARE_ | SHARE SHARE_ | EXCLUSI | ACCESS_
SHARE HARE CLUSIVE | UPDATE ROW_EX | VE EXCLUSI
_EXCLUS CLUSIVE VE
IVE
ACCESS_ | ¥ v v y v v v x
SHARE
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ROW_S
HARE

ROW_EX
CLUSIVE

SHARE_

UPDATE
_EXCLUS
IVE

SHARE

SHARE_
ROW_EX
CLUSIVE

EXCLUSI
VE

ACCESS_
EXCLUSI
VE

DEREROFREWSRELBAERTERS R L, MEERSS XFMERD XEINA
EIRBIRIRM+D XU, KiZFIFHEITH. FREE T RREMSRISHRIERES] . HHE
F1~8AFR EREHAISHERIER L o

& 3-3 pXRISESHHE

PARTITION

N Bzt — RS XEFVRBIEEH | —ho XTI (R
+ X §4) +— R X+ RS X
1)
SELECT 1-1 1-1-1
SELECT FOR UPDATE 2-2 2-2-2
DMLIVS%, BFEINSERT, 3-3 3-3-3
UPDATE. DELETE,
UPSERT. MERGE INTO,
COPY
4 XDDL, 8#EADD. 4-8 4-8-8 ({EA—HRHXE
DROP. EXCHANGE. —KPX)
TRUNCATE. SPLIT — i
. . 4-4-8 (EB”HpKX
MERGE. MOVE. RENAME ﬁg(:%j\lz)’j
CREATE INDEX. REBUILD 5-5 5-5-5
INDEX
REBUILD INDEX 1-5 1-1-5
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FEMRISEIEE 3 PRE
V| By i) — RS XFBRBIEER | —Ro XTI (FEH
+93 X 8l) +— Ry X+ —HKp X
1)
Hith9XZFEDDL 8-8 8-8-8

3.5.2 DQL/DML-DQL/DML %

DQL/DMUEFELEZRMSD XHEIN1~3RaIRIFEMEL, DQL/DMLIEEESEARIEE,
> #5DQL/DML-DQL/DMLFH% .

A E=

IEPfE 5> X FEMFINSERT/UPDATE/UPSERT/MERGE INTO/COPYE\I S EXMAFIE S X
TRRA—1 9 XDDURE,

3.5.3 DQL/DML-DDL #%&

RPDODLEGE D XRMENMSK D, HESERIDQL/DMLUEIE.

PX{DDLELA D XFEMEINARE, HEBEIRD XEM8%KHi. HDQL/DMLSDDLER
T[EZ\%EB‘, ZIEF_EWITERENFA; HDQL/DMLSDDLERERS XA, itk
W SBESHEE,

ikl

WNEHAZBIDDLSDQL/DMUERBirD XBESE, HFHTHE, DQL/DMLEEATEE
FDDLARA, tBalaef5FDDLEYE, R ROZARfHBXNRE o sERITRHERLE R . thin
TruncateSinsertfEBE—H XA, N8R TruncatescFInsertfitg, NS =S BR
PXRFEEE, R TruncatefgFInsertfitk, MIVSTEBRD XAFESIE.

A3 T X DDLAEFRIFRY, MR A aEk S EAEIRIAIXY B iR Xit1TDQL/DMLIE
Fo

DQL/DML-DDL 45 XA

GaussDB Kernel37#F5E 9 XAIDQL/DML-DDLFH % o
flan, EXA T XEKrange_sales, FEILGSH T —&7F5HAZB61F

CREATE TABLE range_sales

(
product_id  INT4 NOT NULL,
customer_id INT4 NOT NULL,
time_id DATE,
channel_id CHAR(1),
type_id INT4,
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quantity_sold NUMERIC(3),
amount_sold NUMERIC(10,2)
)
PARTITION BY RANGE (time_id)
(
PARTITION time_2008 VALUES LESS THAN ('2009-01
PARTITION time_2009 VALUES LESS THAN ('2010-01
PARTITION time_2010 VALUES LESS THAN ('2011-01
PARTITION time_2011 VALUES LESS THAN ('2012-01
)

P XEZFH RSN TS

--FH&casel, HADXtime_ 2011555259 Ktime_2008EAfHZE

\parallel on

INSERT INTO range_sales VALUES (455124, 92121433, '2011-09-17', 'X', 4513, 7, 17);
ALTER TABLE range_sales TRUNCATE PARTITION time_2008 UPDATE GLOBAL INDEX;
\parallel off

-01")
-01Y),
-01Y),
-01")

--H&case2, IBESXtime_2010&EiH53#5 Xtime_20095 R [HZE

\parallel on

SELECT COUNT(*) FROM range_sales PARTITION (time_2010);

ALTER TABLE range_sales EXCHANGE PARTITION (time_2009) WITH TABLE temp UPDATE GLOBAL INDEX;
\parallel off

--H&case3, X XFErange_ salestfEFHSHIIRHD Xtime_2008ERHE, XEEAFHSQLERMAEIREISK
time_2010F0time_2011_L

\parallel on

UPDATE range_sales SET channel_id = 'T' WHERE channel_id = 'X' AND time_id > '2010-06-01";

ALTER TABLE range_sales DROP PARTITION time_2008 UPDATE GLOBAL INDEX;

\parallel off

--F&cased, Xd3XFErange_ saleshIHADQL/DMURESHIE D Xtime_2012EARHE, XE2REIFIEHD XIS
B=loee iy N =2 N S

\parallel on

DELETE FROM range_sales WHERE channel_id = 'T";

ALTER TABLE range_sales ADD PARTITION time_2012 VALUES LESS THAN ('2013-01-01");

\parallel off

DQL/DML-DDL E35XH%

GaussDB KernelA~37#5[E 73 XAIDQL/DML-DDLI %, Eft& I S=ishiAls35E
=,

FEN E, REWARPEHRITHXDDLEY, ERXiZS Xi#{TDQL/DMURIE, E B4R
PDEREE—NMATHIRTIEE, TSI SHEeERATETE.

MRBTFIWSEREAEE. TEEKFHRSHAIDQL/DMLFMDDLFES XEES
B, ZRmMiEsR:

mE—: &f&DQL/DML, BfitA&DDL, DDLE#EZE, EDQL/DMUEREHEH
7o
m=T: 5ftA&DDL, BfitA&DQL/DML, DQL/DML=FEZEE, EDDURREHEH
7, BFpXTEERETEE, JeeSHiAEE. I T7HRIESIE—EME, THA
ERIZIBATTRINFIRE
e ADDHEX
ADDHDREFE— M HHIND KX, XD XITHAEft A AIDQL/DMLIEEII 2 AT
A9, FFEZERA,
e DROPHEX

DROPHX SR EBHNXEITHIFR, HAEMARIBIR: XDQL/DMUEFSHKIE
2=, EESAENIXZS KARE,
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e TRUNCATESX
TRUNCATERL XSS EELXIETHIE, HaftArB RS XDQL/DMURIESH
FHZE, PEERRGHEEIT LS X TAMNE,
TR AN B, XEEEREAZIEIEN, EAITRUNCATHRERREBR
PERPAREEEATEIR.

e EXCHANGESX
EXCHANGELD X &5 — 1 B8 X 5T EXR TR, BHaMaiBiRnX
DQL/DMUR{EESIIHZEE, [EERKEHEINZS XIHTAME, 1% XAISLFREEE
SR REER

B4k : ANERHXFLEFEGLOBALZES|, EXCHANGEAFSH3RUPDATE GLOBAL
INDEXFa), BRfEfMARD XEEIGFERTGLOBALRS|, HFLiEZEIGZRIZKE
EPXEREIE, ARESMEEIWSERE.

ERROR: partition xxxxxx does not exist on relation "xxxxxx"

DETAIL: this partition may have already been dropped by cocurrent DDL
operations EXCHANGE PARTITION

e SPLITSKX
SPLITD XEE— MNP XD ERAZANDX, BMEEF— MNP XE|IRD XEFE
=, E’rﬂ?*lﬁlﬁ’\]ﬁlzo HAalft A BB RS X DQL/DMURIESHEIEZE, PSSR
EASBIREE .

ERROR: partition xxxxxx does not exist on relation "xxxxxx"

DETAIL: this partition may have already been dropped by cocurrent DDL
operations SPLIT PARTITION

e MERGESDX

MERGED RSB ZENDEEHN—I DX, NREHEHNSXSEF—MASDEK
AZZFHER, ZiELUNERS K. HiafaiyEins XDQL/DMUR{FEHIE
£, [BExfE, RIEEGDKERAN, NRBFSXEIESXA, MWIERTH
PX; WRBIRSXAEMBSX, MWIkSHKiE.

ERROR: partition xxxxxx does not exist on relation "xxxxxx"

DETAIL: this partition may have already been dropped by cocurrent DDL
operations MERGE PARTITION

e RENAMELDX

RENAMED RASZEDXEMEE, HiEft&RIDQL/DMUREASHIUT TR
%, (BEWEZE, BEFIRENAMER(ERZS

e MOVELDX
MOVED XASZEDXEMES, Hia&IDQL/DMUREA= IR
%, (BSAZE, EEIMOVEERERR.
3.5.4 DDL-DDL H# 4

GaussDB Kernel R3Z#DDURMFEBRIF &R, EiAISERTMAWSSIEE.

3.6 P XERZE&DFX
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3.6.1 T XFBEXREFRE

D XERRFNERBENIRS 93, BEFFRIEREE

REME > ZZENE =T,
1. B XUE:

ADM_PART_TABLES: FRFEARXFER,
ADM_TAB_PARTITIONS: FiE—RHXIEE.
ADM_TAB_SUBPARTITIONS: FrEZHZHXEE..
ADM_PART_INDEXES: FiBLocalZ&3|1EE,
ADM_IND_PARTITIONS: FiE—RpRERSIDXER.
ADM_IND_SUBPARTITIONS: FrE_RHXEZRSIDXEE,

2. SEIAPELERRE:

DB_PART_TABLES: HgiHEFAAEIANS I:%am o
DB_TAB_PARTITIONS: ZHBIFFANAER—RDKER.
DB_TAB_SUBPARTITIONS: é’uauﬁHPTmﬁ|@59_ﬁﬁE1§,u\o
DB_PART_INDEXES: ZHgiBFanaiLocalE5ER.
DB_IND_PARTITIONS: HeiAFABEN—&Kk D KEFRSIDKER.
DB_IND_SUBPARTITIONS: ZHgiFFaliAaIN— RS RERSIHDXER

3. SRIAFEEIMNE:

MY_PART_TABLES: HaiAFPHENSXEEE.
MY_TAB_PARTITIONS: HaiAFHEEN—EKSXES.
MY_TAB_SUBPARTITIONS: HeiBEFHEHN LS XEE.
MY_PART_INDEXES: HaiAFiHEELocalREIER.
MY_IND_PARTITIONS: HeiFPHEEN—AkD XERSIDKER.
MY_IND_SUBPARTITIONS: HiAFHBHN "R XKERSIDXER.

3.6.2 D XFBEXARETERE

HIEERIBXER

o HIEEZX:
CREATE TABLE test_range_pt (a INT, b INT, c INT)
PARTITION BY RANGE (a)

(

PARTITION p1 VALUES LESS THAN (2000),

PARTITION p2 VALUES LESS THAN (3000),

PARTITION p3 VALUES LESS THAN (4000),

PARTITION p4 VALUES LESS THAN (5000),

PARTITION p5 VALUES LESS THAN (MAXVALUE)
)ENABLE ROW MOVEMENT;

° E E;EOId

SELECT oid FROM pg_class WHERE relname = 'test_range_pt’;

oid

o BFENKXER

SELECT oid,relname,parttype,parentid,boundaries FROM pg_partition WHERE parentid = 49290;

oid

| relname | parttype | parentid | boundaries

N O

2% (FxEER) F “REx
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T HERERG

3 X%
+ + + +
49293 | test_range_pt | r | 49290 |
49294 | p1 | p | 49290 | {2000}
49295 | p2 | p | 49290 | {3000}
49296 | p3 | p | 49290 | {4000}
49297 | p4 | p | 49290 | {5000}
49298 | p5 | p | 49290 | {NULL}
(6 rows)
BIEZ=s|

CREATE INDEX idx_range_a ON test_range_pt(a) LOCAL;

CREATE INDEX

-BEEFHEXZERS|oid

SELECT oid FROM pg_class WHERE relname = 'idx_range_a’;
oid

BERSIDKXER
SELECT oid,relname,parttype,parentid,boundaries,indextblid FROM pg_partition WHERE parentid =
90250;

oid | relname | parttype | parentid | boundaries | indextblid

90255 | p5_a_idx | x | 90250 | | 49298
90254 | p4_a_idx | x | 90250 | | 49297
90253 | p3_a_idx | x | 90250 | | 49296
90252 | p2_a_idx | x | 90250 | | 49295
90251 | p1_a_idx | x | 90250 | | 49294

(5 rows)

pg_get_tabledef3REX XZERAIENX , ASHLAAEKANoidEERERS
SELECT pg_get_tabledef('test_range_pt');
pg_get_tabledef

SET search_path = public; +
CREATE TABLE test_range_pt ( +

a integer, +

b integer, +

c integer +
) +
WITH (orientation=row, compression=no) +
PARTITION BY RANGE (a) +
( +

PARTITION p1 VALUES LESS THAN (2000) TABLESPACE pg_default,
PARTITION p2 VALUES LESS THAN (3000) TABLESPACE pg_default,
PARTITION p3 VALUES LESS THAN (4000) TABLESPACE pg_default,
PARTITION p4 VALUES LESS THAN (5000) TABLESPACE pg_default, +
PARTITION p5 VALUES LESS THAN (MAXVALUE) TABLESPACE pg_default+
+

+ + +

)
ENABLE ROW MOVEMENT;
(1 row)

pg_stat_get_partition_tuples_hot_updatediR[EI£47E S XidAI9 X AR oLE%]
%t
EDXp T HEN10ZEUIEHER, RitoXp1AIREHRTEY.

INSERT INTO test_range_pt VALUES(generate_series(1,10),1,1);
INSERT 0 10

SELECT pg_stat_get_partition_tuples_hot_updated(49294);
pg_stat_get_partition_tuples_hot_updated

0

(1 row)

UPDATE test_range_pt SET b = 2;

UPDATE 10

SELECT pg_stat_get_partition_tuples_hot_updated(49294);

STRERA 01 (2024-05-07) IR © ERRBRABRAT 76



Z=HIEZE GaussDB
FERIFEIER

pg_stat_get_partition_tuples_hot_updated

10
(1 row)

pg_partition_size (oid,0id) S E0IDIZEAS K (EFMIBL ARSI, Heh, E—1oid
HEHIOID, B oidHSRAIOD,
BESXp| RS,

SELECT pg_partition_size(49290, 49294);
pg_partition_size

pg_partition_size(text, text) {EERTRAVD KERI#HE=TE, Hf, $—text
NRZ, BIANtextIDKEZ,
BESXpIAY#HE=E.

SELECT pg_partition_size('test_range_pt', 'p1');
pg_partition_size

pg_partition_indexes_size(oid,0id)1I§EOIDIXFEHIS XA |{FERRIHEZE .
Hh, &—oidIEMOID, - oid A XRIOID,
BESXpIHIERS | XEE=E,

SELECT pg_partition_indexes_size(49290, 49294);
pg_partition_indexes_size

204800

(1 row)

pg_partition_indexes_size(text,text) I8 RFRAYZ XAVES [ER#ESTE . H
F, E—PtextIEREB, FMtext I XA,

BESXpIHIRS | XEE=TE,

SELECT pg_partition_indexes_size('test_range_pt', 'p1');
pg_partition_indexes_size

204800

(1 row)

pg_partition_filenode(partition_oid) 3REXEHEE > XFEAYoidFrXIRAYfilenode,
BEHSXpl1ifilenode,

SELECT pg_partition_filenode(49294);
pg_partition_filenode

pg_partition_filepath(partition_oid) f§EH KAISHIRIZE .
BEDXpIHIHER

SELECT pg_partition_filepath(49294);
pg_partition_filepath

base/16521/49294
(1 row)
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4 FEsIZE

4.1 FhES 1B ARG
4.1.1 FES 1B RIEHNIR

4.1.1.1 EESImRERE

MENIEEIRSAVAEMIIZERE, FiE5I12 0 EXIESQLE |88, ASQLS | R ftakiE
KR RIBIRIS N (T =R ) ; FHE5IZaTIHEFENE, REFED

HUBBLRAR, LATE. E488 5T ( Compress Unit ) sREMtbZ I 0N, BISTEEN
FRIRMENEFEREO, MWFRENRPAIEIETMIE. S5I1%/E. GaussDB KerneliBidE#E
RRFERIEET WA RTLUNEENI N AR EREFEANEES 2, AT RS

AT 1Z80F, 1BETEATEOETableAM, FkFEiIERITED | EaskiE

8, FEARRITEFSIETLSMIER . INTEFR.

r
I BARS(%E IiEE]E
1
I |4 - s
- mEl I506g!
I s il !
1 TR BEED ; — X __
’I : (Table Access Method) ‘ EEbEER | *i SN |.
Vastore 727 Qs ustore _cstore
| Vismmo. - ~LpEED D
‘ | | Astore i3IS | I Ustore FHEI% |
. . (append update) (in-place update) (1777)
libpa/jdbe] | , - -
I = A

--------- --4 BN -
| A SO~ R
o Lem]h e
| ey
|
)

ﬁ!ﬁ/ﬂsﬁiﬂi} ,i H

1

1

63 1
— f4/0BS/HDFSHE !
RIS mtore weEa !
2 !
y f 1 7 1
wsl | | H H
X 1

Yo
wEERs | ! 5 |
B,
\\ . EEa P,
1
1 Exry
\ [ s wveo) mssmmsmmmntaey ||| T
\i
S U
\‘: | R p‘lff,uﬁﬂ@& w_ |
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FIMEMZ b, &5 |88 BERFIRHEUBIISA I ELEEN . BigHEE
# (B3 ) RFFTERFHRTH. SMNMISREZENERFE. —HEiERtE, @
RS | RGHRAHSERIENINERSUAE DL, BT EREFHRFIRHENE
ERSHIS A BEE .

1712312 EEmMEOLTP ( OnLine Transaction Processing ) R/ ENEIFE, E&5
HA. NSIREMNE S/ EEEIEZSIRE. 1777580 L 8SQLE |E =M TEaAs
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RANESEO, O TFUARREARGEIS Y BN REESNFEN RS TSR
£, HEIRENENEZE DX RKMESIRIEINER ., WNFEEHARE, XA
ZhRAFAEE (MVCC, Multi-Version Concurrency Control ) ; MFEEH &R
E, REETFMIMESiY (2PL, Two-Phase Locking ) BIFEMIFF &z ( PCC,
Pessimistic Concurrency Control ) . 2481, 17175 Z AN EETESERAMEH
EEEN, BET BXIFRREEEMEENFMENR. GaussDB KernelfT7F5(Z
AT LAEIEREFAppend update AYAstoreaEFIn-place updatefiyUstore,,

4.1.1.2 BARYIEERSE

MEARBEXRE, FHESIEFE—LEMEOANG, T28HE:

FHE: TEFHES IZERERRISET IR D THE, NIiRS R IERE. IIMRHZIR
RFFA=HIEL “RER” IZENEINEE

55 WEREACIDRIER, RHEZNSERFINEE.

REFEF: FEFMESIZENERE ISR —RESNERITEF . EFHAITERE
MREFHMBELEEFERREE, AMINRTMEERE, .

BES: FEEES|IZE—RERIFE S checkpoint/double writegi £ &checkpoint/
full page writet®z{, NARTLMBIEREREFHTIEFEENELE, X MNEFHESIE
2i&EBERY.

H&&: GaussDB KernelSRAREWIERE, HEEN/(EH/ IS FES 255

4.1.2 \ZEFMES|E

FHES I ZE2XNEIREERANRAMEEEE AR, BIRELREREFELRIFE
5|% ., AFAE{ERWITH ( [ORIENTATION | STORAGE_TYPE] [= value] [, .. ] ) oZak
RS |IBE—AERFES . SHRIFREAIN TR

ORIENTATION STORAGE_TYPE

?_C{)‘W (FREME ) @ RAVEIRBLUTIL | [USTORE(GRE(E)|ASTORE|=]
FiE o

YNEEORIENTATIONISEEIROW, HSTORAGE TYPEARZHIIE R O AEZLEIEY

RFGUCES#enable_default_ustore_table ( BYEAon/off, EAERon, SEFE
B2 ( BEREE ) P ‘EEEET2H > GUCSEIRIA” E7) : NRSHEEN

on, BIEHAIFNUstorezzEY; ANRHoff, BIELHAIER HAstorezzE,

BIRRpInT:

gaussdb=# CREATE TABLE TEST(a int);
gaussdb=# \d+ test
Table "public.test"
Column | Type | Modifiers | Storage | Stats target | Description

+ + + + +
a | integer | | plain | |
Has OIDs: no

Options: orientation=row, compression=no, storage_type=USTORE

gaussdb=# CREATE TABLE TEST1(a int) with(orientation=row, storage_type=ustore);
gaussdb=# \d+ test1

Table "public.test1"

Column | Type | Modifiers | Storage | Stats target | Description
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+ + + + +
a | integer | | plain | |
Has OIDs: no

Options: orientation=row, storage_type=ustore, compression=no

gaussdb=# CREATE TABLE TEST2(a int) with(orientation=row, storage_type=astore);
gaussdb=# \d+ test2

Table "public.test2"

Column | Type | Modifiers | Storage | Stats target | Description

+ + + + +
a | integer | | plain | |
Has OIDs: no

Options: orientation=row, storage_type=astore, compression=no

gaussdb=# create table test4(a int) with(orientation=row);
gaussdb=# \d+
List of relations
Schema | Name | Type | Owner | Size | Storage | Description
+ + + + + +
public | test4 | table | 130048445 | 0 bytes | {orientation=row,compression=no,storage_type=USTORE} |
(1 row)

gaussdb=# show enable_default_ustore_table;
enable_default_ustore_table

on
(1 row)

4.1.3 7hE5 | EHTRA

4.1.3.1 GaussDB Kernel 503 kg7

- Ustorel@fic D7 zt/H1TE18/Global Temp Table/Vacuum full/%12958 DEFERRABLE
LAXINITIALLY DEFERRED,

- UstoretBINTE&ER RS .

- UstoretBINIGBIRAB-treeSRNEME , IRFAMRRNEEERE,
- UstoretBIN7F1i#s [ nT 14 I0IEHESS, Dignose Page/Page Verify,

- UstoretBia {75 | A8 XRIERIT /AN NEEME

- UstoretZszEFWALBEREMIEES, #ii&gs_redo_upageRFNE, ZIFXTERE
AARBTERL, REVGFHHTENZIRmEANE A —NASRARA, IIERRERAEDMAIEN

- Ustorel BESETOMIER, NESATBEBMIFHEE,
- Ustorel@IfELL 62 ZERS]
- Ustorei&FeiNEIINEE ( for Ustore ) /ARERTO,

4.1.3.2 GaussDB Kernel R2 jrA

- UstoretZ NNV E F R BV TFIES B2 Ustore, BENASCINHT. |IBARABICERA D
BEFE.

- UstoretEZNNEIRERIEIR .
- UstoretZhNEliRiZ iz, iFEL/SE/AWER .
- UstoretE NSz 13RS BIRAB-tree
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- AstorelZININEITNEE, ZHFNEIZ/INEIEE/iINEIDrop/iAE|Truncate,

- Ustore ANSZ#5AUFIERIE: F17E18/Table Sampling/Global Temp Table/7EZ:E17E/
BEERS|/MRERTO/Vacuum Full/%£95RDEFERRABLELARZINITIALLY DEFERRED,

4.2 Astore g5 | g

4.2.1 Astore &%}

Astore5UstorefIZ M ARLIMRRBIX BIETF =R AFIA LR AEE D BIFE
Astore NIHITHEFME, MUstoreHEIBREDBE TEHIE, R3|IXBZELH,

{sEA Astore B9

1. Astore;RB[EIRER, MUstoreBEIRER ., X3 FUstoreskiii, EIRER2RIFEEE
19, EREMRIN, SESREIREFEEHIEEL ZBHA™EG; HUstorelk
SitEEEERedoflUndo, HFAstore;RBOIRER, |HEIEERICEERIHIN
heh, FRLANEIRES Ecrashig, RER, FE&UstorediEERREHITAAE
ZHHIRE .

2. HTFIEHIEREECEERE XSS, MARERERYS, FIUFASEER
Snapshot Too Old$&i% .

3. [ERALUR®RTEA, FAERHFHARREE, EBERREZ, TFSEARNY
EIRZES N TAENR, BANICRERFR, FHINCREEHEIK, [T
ERE RSB KEMIRedoHE,

4. WALHEEHHRE—L, (NFEICREIEXEHNTN, FEEICRERERAIEWR

4.3 Ustore {#figo | B

4.3.1 Ustore &1}

Ustore ( Unified Storage ) 2GaussDB KernellEHAI—sN R EHHIFES 1€, HS
IRABISCH B Astore iR KI X B F 3R AT A SRR AN EIE R D BEFERY, M=
S| YEINEENE . UstoreBRIBARENGaussDB Kernel EEP R FZASRIBIAITES|

&
=Fo

{s5F3 Ustore BYLEE

1. RHMRAFIGSERAD BFME, 1EEbAstoretIHEBE . EffAstorelJHOT
chain, JEZ&5|51/&5I51EH, Heaptynl[E{i&E#r, ROWIDE{RIFAZE . HEIR
ARaTtEEW, WRIFIRATBRKRLF .

2. AHEEFHE—1THS, UstorelIEEFVIEIFRIE T 7T5HROWIDISE, E!
%18, EFRATIERRIIRE.

3. FKEIVacuumiEHfTIEARASE . IndexSHeapfi#i®, alIhisEE, I0FEER
y}o

4. ZHFAEINEE .

A, Ustore DMLBRMEXEUERE, REIBFEZEXUndo, BEFIRIEFHEHK—
L, SRR Tuplef I IHRTHESS (Astoreix[E#ET ) thaX—LL,
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4.3.1.1 Ustore $5ES58

4.3.1.1.1 4R

K5 it AT
= Serializable x
FESFZRPITHXFHNITDDLIRIE X
ol Bt | Hashbucket x
sQL Table sampling/4{XARE]/sR{E X
4.3.1.1.2 FERE

. BUBRERRKIIBABEEIZT1600%,

2. Ustorez ( A&toasttEll ) RATupleikEARREREIT (8192 - MAXALIGN(56 +
init_td * 26 + 4) ) , HHAMAXALIGNERSEH %, HIFEAHIBKERITRE
ga“, BREKEITEARESKITEENIRE . Einit_tdxdFTupleikERIZZ 0T
F:

- Finit_td¥EAHF/IME2RT, TuplelKEABEBIT8192 -
MAXALIGN (56+2*26+4) = 8080B,

- Xinit_td¥EABAEART, TuplelKEABEBIZ8192 -
MAXALIGN (56+4*26+4) = 8024B,

- FKinit_td¥EREAE1280T, TuplelKERAERRIE8192 -
MAXALIGN (56+128*26+4) = 48008,

3. init_tdBUESEE[2, 128], EAE4. BERESIFOEAHAAREIZ1281,

4. ES|IRKIEAREBRL32Y], 2BH XESIFZRKIIEALEBII3I15,

5. ZH3|TCEKEAELEIZ (8192 - MAXALIGN(28 + 3*4 + 3 *10) -
MAXALIGN(42))/3, EFFMAXALIGNZERSERIIF ., HiFEAKIBKERTHRE

B, APSBEIRSITAKESKEEEANNIRE, HPR5I00L/9288, 1Ti8Et
794B, FTACTID+INFOFRICHZ/910B, TEH428,

6. [EIRRB=mRASZIFI6TB,

4.3.1.2 {#F8 Ustore i#17iz;
fl#Ustore3:
{EFHCREATE TABLEiE A& Ustore3k,

gaussdb=# CREATE TABLE ustore_table(a INT PRIMARY KEY, b CHAR (20)) WITH (STORAGE_TYPE=USTORE);
NOTICE: CREATE TABLE / PRIMARY KEY will create implicit index "ustore_table_pkey" for table
"ustore_table"

CREATE TABLE

gaussdb=# \d+ ustore_table

Table "public.ustore_table"

Column| Type | Modifiers | Storage | Stats target | Description

+ + + + +
a | integer | not null | plain | |
b | character(20) | | extended | |
Indexes:

"ustore_table_pkey" PRIMARY KEY, ubtree (a) WITH (storage_type=USTORE) TABLESPACE pg_default
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Has OIDs: no
Options: orientation=row, storage_type=ustore, compression=no

JaUstoreZEIEZES|

Ustore KRNz 35B-treeXBIBIRARS|, T—EIHEH, I T X5IFAstorefIB-
treeZ5|, FE{IHEIE Ustore RAIBhRAB-treeZZ5 |F#RIUB-tree ( Ustore B-tree,
UB-treeNBi1FNIndexET ) . FAFALAS R T A {FEHCREATE INDEXIEE@ /S
UstoreRHY “a” BiEeIEE—1UB-tree&35|,

Ustore R EECIEZRS SR, EIALIZEAIZUB-treeZR5|:

gaussdb=# CREATE INDEX UB-tree_index ON ustore_table(a);
CREATE INDEX

gaussdb=# \d+ ustore_table

Table "public.ustore_table"

Column | Type | Modifiers | Storage | Stats target | Description

+.
1

a | integer | not null | plain | |
b | character(20) | | extended | |
Indexes:

"ustore_table_pkey" PRIMARY KEY, ubtree (a) WITH (storage_type=USTORE) TABLESPACE pg_default
"ubtree_index" ubtree (a) WITH (storage_type=USTORE) TABLESPACE pg_default

Has OIDs: no

Options: orientation=row, storage_type=ustore, compression=no

4.3.1.3 Ustore BUER{ESCEE

4.3.1.3.1 BAHE init_td X/

TD ( Transaction Directory, BEHEHF ) 2Ustore RN ENAFFHERESSZEEN
4548, TDRIMEREIZRESIFRIRAFAE ., EEIEERNES INTLASENIIRAITD
Kihinit_td, BGNMENS, BIESHFANFASSELRZRAE, &AEN128,

BREEESISHEES T RAREF i Einit_td, BIMEATLILESISEITIE
2/ “wait available td” FEFHHLIMAVRERRSITEREHTETE, —H& “wait
available td” 30, #18& “wait available td” —BEAN0, #MEFESFSTDHISE M,
LA ENIE Kinit_tdB#H TR, REJUR, NIRATFONBEREFEL, FEINA
B, ZROTDENSHAEZHITE), HEFMERE AT LUZRESuA TN, 2
WETMNEIREIAS. 160 32, 48, ... 128, H WM NHNESFEEHEEEBEER
>, RERNFFEHROHinit_dMER/EEARMEUTEZTE, init_tdiEE
HERTTES R ( FAEER ) B9 “SQLES%E > SQLIEL > CREATE TABLE” &5,

4.3.1.3.2 BABCE fillfactor X/

fillfactor2 AT HHATNEIERRNISH, ZSHETEASFEMTANE . K/NAKR
FHOYIBEZT B EEIEX . UstoreRAIIBHATUEIEFRZR92%, FABHIS% =BT EH
Ui R, LA BFTDIIELY B, fillfactorfIEeBINEM S LS M ( FREE
7 ) B9 “SQL&%E > SQLiEi% > CREATE TABLE” &1,

RARE2EEEUSHiTEEEEFicEfllfactor, MRFLHIBESNEREEANE
KEFRE, TEREERETRAEN100%, IRHIESNEFEAEEKETIRE,
ii;)‘ﬁﬂZiiJa%ﬁﬁiﬁ?ﬁ%ﬁ%ﬁﬁﬁiﬁ?ﬁ%ﬁ%ﬂgﬁd\, LAURD B T s SRAYMERE
J'E|\ %O

4.3.1.3.3 FiHsEWEE

UstorefY TR BB FRITEER0ERE, XKiASEtrack_countsLAMK
track_activitiessIETBEAK, BMAFE, BFRFHE. HaeaskRt.
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FIF:

gs_guc reload -Z datanode -N all -I all -c "track_counts=on;"
gs_guc reload -Z datanode -N all -I all -c "track_activities=on;"

XA

gs_guc reload -Z datanode -N all -I all -c "track_counts=off;"
gs_guc reload -Z datanode -N all -1 all -c "track_activities=off;"

4.3.1.3.4 TEERIETHAE

L2050 2 Ustore X BlIRIZI T A2 R Al LAE Snbh T F w32 AE 15 1R SRV B IR
R, BOAFE, WSIMIBSHRISHES. HaEm=IRh.

ESEIR
gs_guc reload -Z datanode -N all -I all -c "ustore_attr=";"

17

gs_guc reload -Z datanode -N all -1 all -c
"ustore_attr="ustore_verify_level=fast;ustore_verify_module=upage:ubtree:undo"

4.3.1.3.5 BAREERE X/

—RIER FEIRERA/NRISEERROMERIR . ATKEIRENRE, MBoms TR
BRIRRA/NIBXSH, BERES5RETENT.

1. (RELEERIEINAYD ERAEIE

HERNRISEIZENSEMET, BEAERBEZHEMRAIIE, WIIFEE
Mundo_retention_time, undo_retention_timeZXABEZ0, EBUESEEN 0~3K,
ARAYETF([EN900s, FTEFEAZ, undo_retention_timefIEEM K, XSS
AR T Undo=S (8l (S FBIEE , SIS EIRT B, H—CSnEiEEE
Fritee . BRAERRNREISESERLDHEIBRANEETESHN, SE5
undo_retention_timeld/\ KA B REHEE . TLUBTIN T EHEFEEESEC
SIREAIEVE,

&Eiflguca#Hundo_space_limit_size, EiF#lEgs_stat_undo, FKEUEHEAundoZ
[ FItE<EE avg_space_increse_speed5Xigiundo s FAZS(E]
curr_used_undo_size, it+&undo_retention_timef9%&i¥{Enew val = 0.5 *
(undo_space_limit_size * 0.8 - curr_used_undo_size) /
avg_space_increse_speed

2. RBAETEXNNHERAEE,
MR SHEFERESHAESZ IS UndoTaIfEkAY, &S
undo_space_limit_sizeik, undo_space_limit_sizeZRIA{EH256GB, BUESEE
J9800MB~16TB,

EHEERTFNEMET, #EFundo_space_limit_sizeiR BE(Z, FEAT
undo_space_limit_sizeAYBUEM AN S B ESEMA, nIEefEEMEsE. IRE
iBlgs_stat_undo()AYcurr_used_undo_size R AR FLEUNndo=a)fEzhk, ATLARE S
RE.

J@%undo_space_limit_size[FAI AR SR E S FI 5 Hundo= g
undo_limit_size_per_transactionf9BY&, undo_limit_size_per_transactionEl{E
SEE/92MB~16TB, BKIAEN32GB, ZEATFEIN
undo_limit_size_per_transactionf#8iTundo_space_limit_size, BJEEZE5ZUndo
PETEFERKFUndo 2T EHE .

AT EERREZSERATIRELRE, BNEABNTERAHTIHE.
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4.3.2 FhERST

4.3.2.1 Relation

undo_limit_size_per_transaction |-

undo_space_limit_size: EiF#Elgs_stat_undo, IREVAHRundoZS(8SEIgHE
{<iEEavg_space_increse_speedficurr_used_undo_size, i+8&
undo_space_limit_sizeA9#2iX{Enew_val = 86400 * 30 *
avg_space_increse_speed + curr_used_undo_size,
undo_limit_size_per_transaction: Zifjgs_stat_undo(), JKENEESHFEKRSG
Flundo=S[8max_xact_space ( 503.2hkRAHY %% ) , BIZSHEER

AN Fnew_val = 10 * max_xact_space,

[hSEMRABIREE S EBIEAEM IR
fEundo_retention_time. undo_space_limit_size.
undo_limit_size_per_transaction/, Fcit&AI=ESESTCHITIRES

i

undo_space_limit_size

space

situation 1
Reaching undo space limit_size

situation 2

Reaching undo_retention_time

0

— time
undo_retention time

fBI40: Undos@EIEES#undo_space_limit_sizei@ & 1GB, Undo|BRAF
BBRY{Eundo_retention_timeJg900s, WNSR900sF=4HIA SEARALERER B
1GB*0.8, M#%ERO00sHH1TEIWPR; SNIHLER1GB*0.8i TEIMIRSI, BEXIE
AT, WMR#EESHTERE, W LAundo_space_limit_size, MREEBTHZT
iEZ5e, M TFiEundo_retention_time,

4.3.2.1.1 PbRCR(Page base Row Consistency Read) Heap ShRAETE

undo page

tuple

tuple

tuple

xid

td id

flag

flag2

xid

cid

fse
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. HeapIZIRABEEEEF TupleBITRBRAEIE,
2. FEBEMCHEET, SEHRHIEICHEEIUndo Row,

3. fETupledadtd_id_HieRF=4A9UNndo Rowittiit (zone_id, block no, page
offset) ,

4. BHHIEIEEEE N\HeapiiH-,
5. BN EIERIMENEISFTEUndo, BE—ICcFEAundoi@idblock preveREx,

4.3.2.1.2 PbPCR Heap A L4

PCR Heap MVCC

td(committed. csn

100) undo row(_)

td(committed. csn
5

Undo row1(update) Undo td(csn 400) Undo row?2(delete) Undo td(csn 200)

Reader{CSN 300)

td{in-progress) Undo row3(update) Undo row4(update) Undo td(csn 0)

1. YEHMNHHT—HINE, BESFCRUEmMEUERE—MIEE, AEH
seqscanfIRE

2. HUEMIASESIRRRBIAIEA=E, THEEFoldestxminhYihidt, =EFIAXRE
=, BHREBAEIZUNdoiCFRIRENA R .

4.3.2.1.3 Heap T=AEE

4.3.2.2 Index

Ustoref#Free Space Map ( FSM ) MHHER T8N EUETRIZRZ=E, FHELWH
ARk, BHEPEENENTRITIENRESE RIFRAFIREN, e
MIZZEZX RAIFSMApEITIRIEE, EFHFIFSM_ EIERNEATHT BEEALIH
EBEAFENTEEXR, NEHENREXTRAIblocknumBFHATIENRIE, BUH
THREEZEE.

B—\FRHE D X MAIFSMERFE—MRIZAIFSMI4H, 1ZFSMIH53ERE
BEREERNBERT. Fli0, BigFXINAIEIESH 932181, NEITRAIFSMIZH
7932181_fsm, FSMAIEREHEFRIUEIERIIENEFME, XEBEFRIFSM block, FSM
blockZ [BIANZIEEMIAR T —IRE=ET =98, RITaEEiE L2 KX E,
BIREFSM EEHRIMNRT RiffT, — HEEHIINFo R, AREHFHaRERE
— A BIREFIREIE S B TFHRITREERE . 2 EEAMRIEFEIE R R B
IEMFRIFLAT—E, SEDMLASHITIEIEPHITHIN . UstoreTEAuto Vacuumfdyidiz
PRI ZFSMH TS EEE,

UB-treeE1Zia0T~:

1. EINTMVCCEES,
2. BEINTHZZTREUWEES .
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4.3.2.2.1 RCR(Row Consistency Read) UB-tree BiRAEIE

b-tree key

U B-tJr:eeE’:‘JgﬂﬁzF‘séﬁéTéﬁﬁE?Keyﬂ’ﬂgﬂﬁl(EE , EXAThRASFAD SEhRASTI7EUB-

tree L,

ATHEZE, xmin/xmax3ZHxid-base + deltafyFFER, 641A9xid-basefi
FaERmELE, JuhE#EF32(7AYdelta, TEExid-basetb EEBIEIMNISIEH
THEP,

3.  UB-treelE N\ EMIFskeyRTiZBBkey + TIDRUIREHES, 3 |5ERERITTEIRIEXT
NoTARITIDIEASE X T HTHEF . S¥8xmin. xmaxiENNZlkeyRI/SHE o

4. RIIDRES, BIRPMEEFEEKeylITBMITRE .

—_—

N

4.3.2.2.2 RCR UB-tree B {4414l

Key (xmin == committed && csn==100 && xmax == invalid)

— Key (xmin == committed && csn
>
Key (xmin == committed && csn==100 && xmax == committed && csn == 500)

in-visable

Key (xmin == committed && csn==100 && xmax == committed && csn == 200)

m Key (xmin == inprogress && xmax == invalid )

Key (xmin == committed && csn==100 && xmax == inprogress

1. TEHERSIBUENSIRASIER Y WHRE, fe98ETE5IBRATTEF T
W, EZESIEMNTHEEFESERS|ME (Index Scan ) R{XE5 |13
( IndexOnly Scan ) RIEERAKIZEH .

2. TERSIENREZIN, BINTRSIMERENE, BTXIHMREZLAITTART AT
R5|TTEHITIRC

4.3.2.2.3 UB-tree 1&fM42s

o Inserti{E: UB-treefUENBEEART, RFEIEINES HENNEEREESE
BIESxminFE,
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Deletef{E: UB-treeZR/MENN T RS IMERRIE, R IMBREZLESIENEML,
REVESZERIEExmaxFE ( B-treeR5 | REIFIRAMER, FHEMIIRIRIE) B
BYEEFh IR E _EAYactive_tuple_count, Factive_tuple_count#& A0, M=K IAE
Bl

Updatei{E: X3FUstoreis, HUBREFXIUB-treeZR5|FIANRIEE SAStore 5
FriARE, BIREHEESmMIER: E5IFIF1ERSIFIEH, TELH T UB-treelE
HUR R EFHATHIRIE

ubtree ubtree
=] =3

Key = "A' Key = ‘A’ Key = 'B' Key = 'C*
nD=(51) Mo =6 NF—|mo=60—|TD=6,1)
k& 1, ] EEN, 2 K (2, 3) R (3, 0]
—
Header I 1 ] Header ‘ 1 |

ustore 3EE5 FIE5

FERERUB-treefEZR5 1FIFIIFRS IFIEFHRIER:

a. HEIERSPBIEFHFHBERT, FIRREFTEZM, index tuplefBiBE@E—IX
HARIdata tuple, UheapF&iEAFHYdata tuple, MEEX 2 Ndata
tupleFiGHEHIBF A UndoH,

b. TEZRSIFIEHAIBERT, UB-treethSiHEAFTHIndex tuple, {ERSIEMEE—
“data linepointerfiE—{*data tuple, FAMIBRABIEIENIFTEZENUndoh
15EY,

Scani®{F: BFEIZEEUERS, nI@EEFERERS [FEINE, UB-treeXZiHER5 (4R

NZIRABERTUHEE, R5|IENTRMCEFSES|F3HE (Index Scan )

RAXZR5#34# (IndexOnly Scan ) tBEBFTIRH o

FFZRE 13-

a. BRs|FIEERERES (IndexOnly Scan ) , M@ HEERS| i
TnEK, KEIGEEMETTAEIRNREIEE.

b. EES|IFIAELEHEES (Index Scan) , MEIT IR MERS| HET
B, HRIAIFESEMTTHENTID, BB TIDRIEER BT MAYEE
TtiH . WTFEfR.

Index AM

I

| B | |

% %&‘?\ N—
EEOEA N

it 512

H
Ind;:z{a?]n by IndexScan
( B-tree. ;iwﬁﬂﬁ ) ( Heap, iillﬂl%’!-zii ) ( EINULL )
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4.3.2.2.4 UB-tree Z5|a)&18

LBiTAstorefIZ= 5 |k EfiAutoVacuumiFree Space Map ( FSM ) H{T=8a1&1E, FE

EIARRATRYERE, UstorefYZR5 [EEFEEAFERIURQ ( UB-tree Recycle Queue, —
FETFEIASIEIEEN, BIEIRRATY ) , WREITRHTEAHITEE . JERBA

T RIEBERNMEINNG, —NEBETTNG, S— 1 aIB=IMYI, EDMLEEFSE

RS INTEEE, seaSMERDMLTREFIERITESRIAKER ., ZR5|EIKBA
5| IR fETFTEB-treeZR 5 | IR AYFSM {4

9N EEFfR, ZR5|IREENIEABASIEREN T :

1. ZKS5IZTX > BENTI
R5|NEFERPICR 7 Im LIEKTEN L (activeTupleCount ) , ZEDMLIZFE
i, ME=—NENFETTE, BlactiveTupleCountABRIESISEEHS |ITRMABTE
FAZleR,

2. B7ERAZI > ATFRASI
BTERNTIZI AT FEBAT YA (L E B RIA R — NEEFINST & LA R AT FBRASIE R
NNERATZMERN, BIENTANIZE— MRS IZRERE, RIFAEBNE
RN ELD— RS ITUEEI TGS, UIRESBENTIFIIIA—IES]
TUEAY, BEMBTEBANGIFIBE LD —NESITUEANT BT, AZBENSIRY
Wz, LIRATBSIERAANER.

3. TIHEBA% > &5|FR
K| EDHEHKN— RS | TAERN, £5NaTRENIFHITERESETUE
BERS|IR, NRKFINEEHITER, RETEHRENHTYIET ),

4.3.2.3 Undo

SR A HUREREMIESGAUSS HOME/undoB £, BiZREAETE5R/\N\5EES
KEXFrEREHETNES . i Fpermanent/unlogged/temp=fhz3L8!,
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4.3.2.3.1 CiREREHE

o . o .

1. S undo zoneff 7T EIBEF txn pagedb, EEEundo page,

2.  UndolREAHEfEundo row, IEHEAVENSIEHEIRAICREIUndoH,

3. UndoicEtEE2HUE, FELXFUndoRREBNMEKEIESIZFERedo,
4.3.2.3.2 {4RMLEE

txn pageTESAEHLRLERT:

$GAUSS_HOME/undo/{permanent|unlogged|temp}/$undo_zone_id.meta.$segno

undo rowFR7ES{FHLRLEFT

$GAUSS_HOME/undo/{permanent|unlogged|temp}/$undo_zone_id.$segno

undo space
thread 1 thread 2 thread ...

undo row undo row : :

| |

| |

| |

undo row undo row undo row | |
| |

| |

| |

undo row undo row undo row : :
| |

| |

| |

| |

| |

| |

| |

4.3.2.3.3 Undo Z[a)&5TE

UndoFEZ S ikfifE S EIK&iEH TR EEM, REFN _EUndotEiRAIZE][]
K, ENEIIEKXlogi# TEI ., ELEIEEHBFERFAYundo zone, XFiZzoned Ay
txn pagefdi, KIEXIAMNNEIXRBIIRFHTIERG . BRI E ERlRTHEIE
2, BizE=5SA0RAATEMEBETF$ (current_time-undo_retention_time) . XF&HIE
BHPEELRNES, BEaEEESNZESTINESEIRIES

HHIEEPFEETIER . EXEEEARES, B HFNEIREREAIRR,
BJREHMundo AL BKAYIE R . Hundo g A= aEEFundo_space_limit_sizefT,
MepaEHIEI ., REES SRR E CRIRS, BFEZIRAT BT
(current_time-undo_retention_time), 7EIXF{E R oG4t Ol .

4.3.3 Ustore EEEERY

GaussDB KernelZ=253EAH::

1. EBRBINASBENDEXID, ZFS5HHFE—5DML/DDLETEITIIASEIE
FNZEFHBEXID,

2. EHBEERE, SFEREFSIERIASHICLOG (Commit Log ) , CLOGHEIIH
K& BEiETH. BHIER.. FERLEMOER. FESIEX. B1ESM CLOG
IRZEALF92 bits, CLOGRE LEBNFEHAIURTRANEZARITIRES

3. EBERLEREN, AEFERRSBSFSEXINFRICSN ( Commit sequence
number ) , CSNALHIRTE, FIXIDEEHEHCSXIMAIME—CSN, CSNATLAR
ICESHNUTRES: BRETH. BFSEXR. BEERLEER. FSEERR. &
EEZNFES. ESOEFE,

STRERA 01 (2024-05-07) IR © ERRBRABRAT 50



Z=HIEZE GaussDB
FERIFEIER

4 FiE5|E

4.3.3.1 BHIRAR

1.

4.3.3.2 5502

faztEs5 ., BLDML/DDLIEAIEMMARSNES, XMMEFZSEEXNESHRE
47 E4) ( START TRANSACTION/BEGIN/COMMIT/END ) , DMLUEGILEEBREN
ERXEE . EXESHERAISTART TRANSACTION/BEGINIEGEFIEZHIFF
4, HCOMMIT/ENDIEAIEFIEERIRRS .

FESVWREFETEXSESTEFEIES, HSAVEPOINTIETIEHIFEETIA,
FHRELEASE SAVEPOINTIEAIEHIFEHBER . NR— N BEERRITEFERE
BEFES, ZEFRERSEWTFESHIRR, EFESRERTEEAS
HITRESZANER

UstoreSZ#nE iR RE R A . BEEHITHIART, SRENEBIRFAICSNIEAZH
BEEMEIECN,, B METNTRERBETTFRI—ZIRE, FAZEEEM
E3EMENM ., Ustoredread committedZRIARIFIF—EUEIEAY . Ustorethsri
FRERI2PCES .

EREESZIETHEETRETHESEEBE T, SSTERENT, RRTE
BESPETHIESUIRIEHITRE . Astore. UB-tree;@B[OIRER, BRIBXNE
AIEIREIME. Ustore s THREER, BRIMIRMEES TRE . R 5RENRE
R

1.

4.3.4 NEIRE

BLER.
B=MERSMASSHIELER:
ESRAPIIROLLBACK X BFSMARLEIR

BRI TIEPINRAEERROREBIHREE, HATRICOMMITXIERS
ROLLBACKIfEEHERE, hafARLEEIR,

. EBREMITEPNEELEFATAL/PANICKEIREE, EEEEHIIEEIREZ
HIEHENESHITREEER,

SLOR. BEERENSLEERASIEBEXERR, SHUndoElIRZ&IE AR

ERZHRINESREREERITS, MEIRIIMEMRIRS . RREEIRESARE

f2undo launchR F=HEE RE LR TEZEundo worker, BRRLLIRTELIE

SCRRATERRESS » undo launch&f2ExZ B LARIRTHEES N undo workerfkiz .

WEKELIR. ZEFSFELRELKRLIZZAREAT, NREMESEFTEERZ
EEFAEANTD, MEEEREINZESEARNEMMEESINITREREIR,
NEKEIZRAZEIZRESEARAREANEN, FEREMITE-,

Ustore FEHEZAIEIEMROLLBACK TO SAVEPOINTEEGRS, FEEZORERSE
EZrILAREETT, FESHEIEAZMRXEBSHNESRKES . MR FEEZERZR
A FERBRFES, ZESERSENTFESHNEIR, IrEFE550
RREEASHITRESZEIR,

INEIWRSINRERERFEIRE AR —IF, AJLIBIEEEIRE— 1 ERRESZI

Iy,
g.

BEHRBMAASRERYURERHITIRE . ERARERAZR, RetBidEmk
PITREFERIXOICRAIBIFEFEN, REMKFZHDHEZE\ . KAN

EARE, BiENEIDropFliAETruncatetkE EIRRAIFIREZEDrop/TruncateAYEE,
REFEEWER, MBAKERBFEIEEXNTX.
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(AR
o Astore5|EEARZFHARGIINEE
o FEHASHFFNEERE
o AFALURIEFEFENEINGE, FRESHR—EIERES K.

4.3.4.1 (N[O|&if

BRER
WES A LASET L A E =R M snapshotdfilE, X—4FIERIATEEE
IEEEEIMIBREENAIZIRENE . (NEIFEEFMVCCZIRANF, BiEERE
IRA, SREVEEZMRAEIE .

BUfRSR(Y
undo_retention_timeZ# T8 &Eundo| AR AAIR BBRTE

\Fop
{[ ONLY ] table_name [ * ] [ partition_clause ] [ [ AS ] alias [ ( column_alias [, ...] ) 1]
[ TABLESAMPLE sampling_method ( argument [, ...] ) [ REPEATABLE ( seed ) ] ]
[TIMECAPSULE { TIMESTAMP | CSN } expression ]
|('select ) [ AS ] alias [ ( column_alias [, ...] ) ]
|with_query_name [ [ AS ] alias [ ( column_alias [, ..] ) 1]
|function_name ( [ argument [, ...] 1) [ AS] alias [ ( column_alias [, ...] | column_definition [, ...] ) ]
|function_name ( [ argument [, ...] ] ) AS ( column_definition [, ...] )
|from_item [ NATURAL ] join_type from_item [ ON join_condition | USING ( join_column [, ..]1) 1}
EERS “TIMECAPSULE {TIMESTAMP | CSN} expression” J9iR[BIIHAEHTIGZRIA T
&, EARTIMECAPSULERMERAINEITNAE, TIMESTAMPLAR CSNZERINEITHAL EA
B{ARta =528k ERACSN ( commit sequence number ) 8.,

S5

e TIMESTAMP

-  IEEEEEANRETIMESTAMPIX Y= EAYEUE, TIMESTAMPEE— 1R
A9 EATE] o

e (SN

-  EEESERNEERZERIF FTREINCNRRIEE, CSNIE— P EfZiE
RERAER, BIEEPRICSNAS—HIER, BPCNERENEIREN—
g;ﬁ‘ri,'ﬁ, EEFENCN TRIHIEARSQLEIASIREE Z—HIE SAIEX
=z

A EE

(EFARfE = TINERY, ATREaR3siiRE ., BENEEIEHIRER, T2ER
CSNi#{TIAE],

{ERzAI

o Al
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gaussdb=# drop TABLE IF EXISTS "public".flashtest;
NOTICE: table "flashtest" does not exist, skipping
DROP TABLE
--gliEZFEflashtest
gaussdb=# CREATE TABLE "public".flashtest (col1 INT,col2 TEXT) with(storage_type=ustore);
CREATE TABLE
--Eifjcsn
gaussdb=# select int8in(xidout(next_csn)) from gs_get_next_xid_csn();
int8in
79351682
(1 rows)
- B RIRTEE
gaussdb=# select now();
now

2023-09-13 19:35:26.011986+08
(1 row)
-EAHE
gaussdb=# INSERT INTO flashtest VALUES(1,'INSERT1'),(2,'INSERT2"),(3,'INSERT3'),(4,'INSERT4"),
(5,'INSERT5'),(6,'INSERT6');
INSERT 0 6
gaussdb=# SELECT * FROM flashtest;
col1l | col2
______ |

3| INSERT3

1| INSERT1

2 | INSERT2

4 | INSERT4

5 | INSERT5

6 | INSERT6
(6 rows)
- AEETE A csnibrIE
gaussdb=# SELECT * FROM flashtest TIMECAPSULE CSN 79351682;
col1 | col2
______ |
(0 rows)
gaussdb=# SELECT * FROM flashtest;
col1l | col2
______ |

1| INSERT1

2 | INSERT2

4 | INSERT4

5 | INSERT5

3 | INSERT3

6 | INSERT6
(6 rows)
--INEEEEEERE AR
gaussdb=# SELECT * FROM flashtest TIMECAPSULE TIMESTAMP '2023-09-13 19:35:26.011986";
col1 | col2
______ |
(0 rows)
gaussdb=# SELECT * FROM flashtest;
col1l | col2
______ |

1| INSERT1

2 | INSERT2

4 | INSERT4

5 | INSERT5

3| INSERT3

6 | INSERT6
(6 rows)
--INEEEEEERE IR
gaussdb=# SELECT * FROM flashtest TIMECAPSULE TIMESTAMP to_timestamp ('2023-09-13
19:35:26.011986', 'YYYY-MM-DD HH24:MI:SS.FF');
col1 | col2
______ |
(0 rows)

-WEIEIE N esndbiIZ, HXIFR#TERS
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gaussdb=# SELECT * FROM flashtest AS ft TIMECAPSULE CSN 79351682;
col1 | col2
______ |
(0 rows)
gaussdb=# drop TABLE IF EXISTS "public".flashtest;
DROP TABLE

4.3.4.2 (JE)3=

TS

=N =13y
NEFRATLERIKEEIFEMER, HEERIMURTF—1P—EE, MARENH
BEERT, LAFERTLARIEIRERAVEE ., NEIFRETMVCCEIRAYIG, EIibrisE
At mFliZAY Bl 2 EES SR, FikEIEE 8=t a =pRaOEEE, L
MRIREIELIR

BUIRSRE
undo_retention_timeZ2# B Fi& B undol|BIRAAIREBHTE] .

(Foy

TIMECAPSULE TABLE table_name TO { TIMESTAMP | CSN } expression

{ERHI

gaussdb=# drop TABLE IF EXISTS "public".flashtest;
NOTICE: table "flashtest" does not exist, skipping
DROP TABLE
--BlEEZFEflashtest
gaussdb=# CREATE TABLE "public".flashtest (col1 INT,col2 TEXT) with(storage_type=ustore);
CREATE TABLE
--Bifjcsn
gaussdb=# select int8in(xidout(next_csn)) from gs_get_next_xid_csn();
int8in
79352065
(1 rows)
-EifpiaaE
gaussdb=# select now();
now

2023-09-13 19:46:34.102863+08
(1 row)
gaussdb=# SELECT * FROM flashtest;
col1 | col2
______ .
(0 rows)
Nt
gaussdb=# INSERT INTO flashtest VALUES(1,'INSERT1'),(2,'INSERT2'),(3,'INSERT3'),(4,'INSERT4'),
(5,'INSERT5"),(6,'INSERTE');
INSERT 0 6
gaussdb=# SELECT * FROM flashtest;
col1 | col2
______ s
3 | INSERT3
6 | INSERT6
1| INSERT1
2 | INSERT2
4 | INSERT4
5 | INSERT5
(6 rows)
--NEIRERERIAT B
gaussdb=# TIMECAPSULE TABLE flashtest TO TIMESTAMP to_timestamp ('2023-09-13 19:52:21.551028",

STRERA 01 (2024-05-07) IR © ERRBRABRAT 54



Z=HIEZE GaussDB
FERIFEIER 4 ;55|12

'YYYY-MM-DD HH24:MI:SS.FF");
TimeCapsule Table
gaussdb=# SELECT * FROM flashtest;
col1 | col2
______ e ———
(0 rows)
gaussdb=# select now();
now

2023-09-13 19:54:00.641506+08
(1 row)
RN
gaussdb=# INSERT INTO flashtest VALUES(1,'INSERT1'),(2,'INSERT2"),(3,'INSERT3'),(4,'INSERT4"),
(5,'INSERT5'),(6,'INSERT6');
INSERT 0 6
gaussdb=# SELECT * FROM flashtest;
col1 | col2
______ Theroomoses
3| INSERT3
6 | INSERT6
1| INSERT1
2 | INSERT2
4 | INSERT4
5 | INSERT5
(6 rows)
- INEIRERERR
gaussdb=# TIMECAPSULE TABLE flashtest TO TIMESTAMP '2023-09-13 19:54:00.641506";
TimeCapsule Table
gaussdb=# SELECT * FROM flashtest;
col1 | col2
______ e ———
(0 rows)
gaussdb=# drop TABLE IF EXISTS "public".flashtest;
DROP TABLE

4.3.4.3 [J[E] DROP/TRUNCATE

HdeEe (==
B=1ac
e [NEIDROP: mILMREEIMABRAIZR, MEIKLL (recyclebin ) AR EHMIBRAYZE
REMEERNES|. TLORSE, (NEldropEETFEIEsHE, Eidic/R e L
FISRIIRAVIIEN Y, TWEdropRAIIKE .
e [NEITRUNCATE: aJLAREIRIE(FHEIMEHITtruncatefIZ%, MEIMELHIRE
#truncatefIE= R =5 |HIYIEHERE . (NEltruncateETFEIBEHNE, BiTiRE B
U RAVFRAIES 4, SLHEtruncateRAIKRE -
BIIRSRY

e  FFiBenable_recyclebin2# ( GUCE##Epostgresql.confS &L ) , BREIIL
i, BRRREERIEN.

e recyclebin_retention_timeS# B FiZ ERIIAXIRIRERTE, BiTLiZATERYE
NSRS EEE, BRREERIEN.

EESEER
o HiiRE

DROP TABLE table_name [PURGE]

o FIELIELETR
PURGE { TABLE { table_name }
| INDEX { index_name }
| RECYCLEBIN
}
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SR

=& pl

INEIEMIBRAYZR

TIMECAPSULE TABLE { table_name } TO BEFORE DROP [RENAME TO new_tablename]
TRUNCATE TABLE { table_name } [ PURGE ]

INElERTRIZR

TIMECAPSULE TABLE { table_name } TO BEFORE TRUNCATE

DROP/TRUNCATE TABLE table_name PURGE
- AAERIIEMA LKL F, PURGEEEBE.

PURGE RECYCLEBIN

- FNEEREMEETR

TO BEFORE DROP

EAXFARRERLATEMRRIRREF IR
HLMEERIGAFIEENRNBIR, SXIRBIPRITEURRESBRIRREMRZTR.

- EKIEFRFERIINRERERE—M . ELit, NRIEERFERSZIR, 3
KBRS RISENINR . (FR “select * from gs_recyclebin;” BEEEEIL
KuE RIS o

- WREETRAFEENER, BIMREMUEFESS MABMIINR, A5
?;Zﬁﬁ%ﬁ%@ﬂﬁﬁqﬂ%&%ﬁ]miﬂ%o NRIBEORBE AR, (FALL
X .

" IEEEERRINENRFEMSZIR.
=" HfTTIMECAPSULE TABLE ... TO BEFORE DROPiEf), BHEUREWEZEH

o

- kKSDROPRES, RIKEEKRE, EbFIRBHRFOMUEIRE . BFH
WRIEFEE, HITDDLaFSF LA FURE.

- %Igﬁ)ﬁxﬁ%xi%wu DCL. DDLEBIRE, AZIFDQLEITIRF (B4
b )

- NESMNSEFISRZE, BT EEREN S IIIREERNIES, A%k
W, HITIIDDLAYRHEITINEIE(EIREE: “ERROR: The table definition of
%s has been changed. ” . ¥ Knamespace. XEZNTFIZERIDDLIAITIN
CliR{EIREE: ERROR: recycle object %s desired does not exis;

- FFZenable_recyclebin2#, BRAREIMILRT, NRF _EBtruncate trigger,
TRUNCATEZRHAY, FoiEftAtrigger,

RENAME TO
HMEIBEEPIERIIFRIEE— N BTR.
TO BEFORE TRUNCATE
INEIZITRUNCATEZ i .

-- PURGE TABLE table_name; --

-EEEIKIL

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace

| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64
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+ + + + +
-+ + + + +
(0 rows)

gaussdb=# drop table if EXISTS flashtest;
NOTICE: table "flashtest" does not exist, skipping
DROP TABLE
gaussdb=# select * from gs_recyclebin;
rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace
| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64
+ + + + + + + +
+ + + + +
-+ + + + +
(0 rows)
-Gl flashtest
gaussdb=# create table if not EXISTS flashtest(id int, name text) with (storage_type = ustore);
CREATE TABLE
N
gaussdb=# insert into flashtest values(1, 'A');
INSERT 0 1
gaussdb=# select * from flashtest;
id | name

--DROPZ&flashtest

gaussdb=# drop table if EXISTS flashtest;

DROP TABLE

-EEREL, MFRAIFRMEN BB

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype |
rcyrecyclecsn | rcyrecycletime | rcycreatecsn | rcychangecs

n | rcynamespace | rcyowner | rcytablespace | rcyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid |
rcyfrozenxid64

+ + + + + +

+ + + +
-+ + + + + + +
VI

18591 | 12737 | 18585 | BIN$31C14EB4899%$9737$0==%$0 | flashtest | d | 0|
79352606 | 2023-09-13 20:01:28.640664+08 | 79352595 | 7935259
5] 2200 | 10| 0| 18585 | t | t | 225492 | 225492

18591 | 12737 | 18590 | BIN$31C14EB489E$12D1B978==$0 | pg_toast_18585_index | d | 3
| 79352606 | 2023-09-13 20:01:28.64093+08 | 79352595 | 7935259
5] 99 | 10 | 0| 18590 | f | f |0 | 0

18591 | 12737 | 18588 | BIN$31C14EB489C$12D1BF60==%0 | pg_toast_18585 | d | 2
| 79352606 | 2023-09-13 20:01:28.641018+08 | 0]
0] 99 | 10 | 0| 18588 | f | f | 225492 | 225492
(3 rows)

--EEXflashtest, XAEFE
gaussdb=# select * from flashtest;
ERROR: relation "flashtest" does not exist
LINE 1: select * from flashtest;
A

--PURGERR, & EiaRIRMIPR
gaussdb=# PURGE TABLE flashtest;
PURGE TABLE
-EEREL, ERuEARRIRERIR
gaussdb=# select * from gs_recyclebin;
rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace
| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64

+ + + + + + + +
+ + + + +
-+ + + + +
(0 rows)
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-- PURGE INDEX index_name; --

gaussdb=# drop table if EXISTS flashtest;

NOTICE: table "flashtest" does not exist, skipping

DROP TABLE

--glEFEflashtest

gaussdb=# create table if not EXISTS flashtest(id int, name text) with (storage_type = ustore);
CREATE TABLE

--JyEflashtestplliEZ 5 |flashtest_index

gaussdb=# create index flashtest_index on flashtest(id);

CREATE INDEX

--DROPZ

gaussdb=# drop table if EXISTS flashtest;

DROP TABLE

-BEEEh

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype |
rcyrecyclecsn | rcyrecycletime | rcycreatecsn | rcychangecs

n | rcynamespace | rcyowner | rcytablespace | rcyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid |
rcyfrozenxid64

+ + + + + +

+ + + +
-+ + + + + + +
VI

18648 | 12737 | 18641 | BIN$31C14EB48D1$9A85$0==$0 | flashtest | d | 0|
79354509 | 2023-09-13 20:40:11.360638+08 | 79354506 | 7935450
8| 2200 | 10 | 0| 18641 | t | t | 226642 | 226642

18648 | 12737 | 18646 | BIN$31C14EB48D6$12E230B8==%0 | pg_toast_18641_index | d | 3
| 79354509 | 2023-09-13 20:40:11.361034+08 | 79354506 | 7935450
6 | 99 | 10 | 0| 18646 | f | f |0 | 0

18648 | 12737 | 18644 | BIN$31C14EB48D4$12E236A0==%0 | pg_toast_18641 | d | 2
| 79354509 | 2023-09-13 20:40:11.36112+08 | 0]
0| 99 | 10 | 0| 18644 | f | f | 226642 | 226642

18648 | 12737 | 18647 | BIN$31C14EB48D7$9A85$0==%0 | flashtest_index |d | 1]
79354509 | 2023-09-13 20:40:11.361246+08 | 79354508 | 7935450
8| 2200 | 10 | 0| 18647 | f | t |0 | 0
(4 rows)
--PURGEZ 5 |flashtest_index
gaussdb=# PURGE index flashtest_index;
PURGE INDEX
-BEEMWL, EBuARIZESflashtest_index#ZiflFk
gaussdb=# select * from gs_recyclebin;
rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype |

rcyrecyclecsn | rcyrecycletime | rcycreatecsn | rcychangecs
n | rcynamespace | rcyowner | rcytablespace | rcyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid |
rcyfrozenxid64

+ + + + + +

+ + + +
-+ + + + + + +
VI

18648 | 12737 | 18641 | BIN$31C14EB48D1$9A85$0==%$0 | flashtest | d | 0|
79354509 | 2023-09-13 20:40:11.360638+08 | 79354506 | 7935450
8| 2200 | 10| 0| 18641 | t | t | 226642 | 226642

18648 | 12737 | 18646 | BIN$31C14EB48D6$12E230B8==$0 | pg_toast_18641_index | d | 3
| 79354509 | 2023-09-13 20:40:11.361034+08 | 79354506 | 7935450
6| 99 | 10 | 0| 18646 | f | f |0 | 0

18648 | 12737 | 18644 | BIN$31C14EB48D4$12E236A0==%0 | pg_toast_18641 | d | 2
| 79354509 | 2023-09-13 20:40:11.36112+08 | 0]
0| 99 | 10 | 0| 18644 | f | f | 226642 | 226642
(3 rows)

-- PURGE RECYCLEBIN --

--PURGE[Ezik

gaussdb=# PURGE RECYCLEBIN;

PURGE RECYCLEBIN

-EELOML, EIREHREES

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
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rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace
| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64
+ + + + + + + +
+ + + + +
-+ + + + +
(0 rows)

-- TIMECAPSULE TABLE { table_name } TO BEFORE DROP [RENAME TO new_tablename] --
gaussdb=# drop table if EXISTS flashtest;

NOTICE: table "flashtest" does not exist, skipping

DROP TABLE

--glEFEflashtest

gaussdb=# create table if not EXISTS flashtest(id int, name text) with (storage_type = ustore);
CREATE TABLE

- FENFUE

gaussdb=# insert into flashtest values(1, 'A');

INSERT 0 1

gaussdb=# select * from flashtest;

id | name

--DROPZ

gaussdb=# drop table if EXISTS flashtest;

DROP TABLE

-EELOME, FENEIRSL

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype |
rcyrecyclecsn | rcyrecycletime | rcycreatecsn | rcychangecs

n | rcynamespace | rcyowner | rcytablespace | rcyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid |
rcyfrozenxid64

+ + + + + +
+ + + +
-—+ + + + + + +
e e
18658 | 12737| 18652 | BIN$31C14EB48DC$9B2B$0==$0 | flashtest |d | 0]
79354760 | 2023-09-13 20:47:57.075907+08 | 79354753 | 7935475
3] 2200 10| 0] 18652 | t [t | 226824 | 226824

18658 | 12737 | 18657 | BIN$31C14EB48E1$12E45E00==$0 | pg_toast_18652_index | d |
| 79354760 | 2023-09-13 20:47:57.076129+08 | 79354753 | 7935475

3| 99 | 10 | 0| 18657 | f | f |0 | 0
18658 | 12737 | 18655 | BIN$31C14EB48DF$12E46400==%0 | pg_toast_18652 | d |
| 79354760 | 2023-09-13 20:47:57.07621+08 | 0]
0| 99 | 10 | 0| 18655 | f | f | 226824 | 226824
(3 rows)

-BER, RAGHE
gaussdb=# select * from flashtest;
ERROR: relation "flashtest" does not exist
LINE 1: select * from flashtest;
A
--iA[Eldropzk
gaussdb=# timecapsule table flashtest to before drop;
TimeCapsule Table
-BERXR, ®EKRERdropZEi
gaussdb=# select * from flashtest;
id | name

-EELOMEG, B RRIFRERIR
gaussdb=# select * from gs_recyclebin;
rcybaseid | rcydbid | rcyrelid | rcyname | reyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace
| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64
+ + + + + + + +
+ + + + +

SASERRAS 01 (2024-05-07) WRINFTE © AR ERABIRAE

99



=HUEZE GaussDB

EEBREFIEER 4 F#E5|1E
-+ + + + +
(0 rows)
--DROPZ
gaussdb=# drop table if EXISTS flashtest;
DROP TABLE

gaussdb=# select * from flashtest;
ERROR: relation "flashtest" does not exist
LINE 1: select * from flashtest;

A
--BEEWL, RIFBNEBL

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype |
rcyrecyclecsn | rcyrecycletime | rcycreatecsn | rcy

changecsn | rcynamespace | rcyowner | rcytablespace | rcyrelfilenode | rcycanrestore | rcycanpurge |
rcyfrozenxid | rcyfrozenxid64

+ + + + + +
+ + + +--m-
+ + + + + + +
NV
18664 | 12737 | 18652 | BIN$31C14EB48DC$9B4E$0==$0 | flashtest | d | 0
| 79354845 | 2023-09-13 20:49:17.762977+08 | 79354753 |
79354753 | 2200 | 10 | 0] 18652 | t | t | 226824 | 226824
18664 | 12737 | 18657 | BIN$31C14EB48E1$12E680A8==$0 | BIN$31C14EB48E1$12E45E00==%0 |
d | 3| 79354845 | 2023-09-13 20:49:17.763271+08 | 79354753 |
79354753 | 99 | 10| 0| 18657 | f | f |0 | 0
18664 | 12737 | 18655 | BIN$31C14EB48DF$12E68698==%$0 | BIN$31C14EB48DF$12E46400==%0 |
d | 2| 79354845 | 2023-09-13 20:49:17.763343+08 | 0]
0] 99 | 10 | 0| 18655 | f | f | 226824 | 226824
(3 rows)

--[AEldropsk, *ZBEIKISEFHIrcyname
gaussdb=# timecapsule table "BIN$31C14EB48DC$9B4E$0==$0" to before drop;
TimeCapsule Table
-EELOMEG, EIRSRRIFRERIR
gaussdb=# select * from gs_recyclebin;
rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace
| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64
+ + + + + + + +
+ + + + +
-+ + + + +
(0 rows)

gaussdb=# select * from flashtest;
id | name

--DROPZ

gaussdb=# drop table if EXISTS flashtest;

DROP TABLE

-EELOME, FENEIRSL

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype |
rcyrecyclecsn | rcyrecycletime | rcycreatecsn | rcy

changecsn | rcynamespace | rcyowner | rcytablespace | rcyrelfilenode | rcycanrestore | rcycanpurge |
rcyfrozenxid | rcyfrozenxid64

+ + + + + +
+ + + +-—-
+ + + + + + +
N
18667 | 12737| 18652 | BIN$31C14EB48DC$OB8D$0==$0 | flashtest |d | 0
| 79354943 | 2023-09-13 20:52:14.525946+08 | 79354753 |
79354753 | 2200 10| 0] 18652 | t [t |226824 | 226824
18667 | 12737| 18657 | BIN$31C14EB48E1$1320B4F0==$0 | BIN$31C14EB48E1$12E680A8==90 |
d | 3| 79354943 | 2023-09-13 20:52:14.526319+08 | 79354753 |
79354753 | 99| 10| 0] 18657 | f | f |0 | 0
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18667 | 12737 | 18655 | BIN$31C14EB48DF$1320BAE0==%0 | BIN$31C14EB48DF$12E68698==%0 |
d | 2| 79354943 | 2023-09-13 20:52:14.526423+08 | 0]
0] 99 | 10 | 0| 18655 | f | f | 226824 | 226824
(3 rows)

-BEXR, RAFE
gaussdb=# select * from flashtest;
ERROR: relation "flashtest" does not exist
LINE 1: select * from flashtest;

A
--[NEldropsk, HEdHZE
gaussdb=# timecapsule table flashtest to before drop rename to flashtest_rename;
TimeCapsule Table
-BEER, BAEFE
gaussdb=# select * from flashtest;
ERROR: relation "flashtest" does not exist
LINE 1: select * from flashtest;

A
-BEEGGENE, B
gaussdb=# select * from flashtest_rename;
id | name

-EELOMEG, EIRSRRIFRERIR

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace

| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64

+ + + + + + + +
+ + + + +
-+ + + + +
(0 rows)
--drop%
gaussdb=# drop table if EXISTS flashtest_rename;
DROP TABLE
- B=ElML

gaussdb=# PURGE RECYCLEBIN;
PURGE RECYCLEBIN
-EELOML, ERSEHREES
gaussdb=# select * from gs_recyclebin;
rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace
| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64
+ + + + + + + +
+ + + + +
-+ + + + +
(0 rows)

-- TIMECAPSULE TABLE { table_name } TO BEFORE TRUNCATE --
gaussdb=# drop table if EXISTS flashtest;

NOTICE: table "flashtest" does not exist, skipping

DROP TABLE

--glEFEflashtest

gaussdb=# create table if not EXISTS flashtest(id int, name text) with (storage_type = ustore);
CREATE TABLE

--FRANFUE

gaussdb=# insert into flashtest values(1, 'A');

INSERT 0 1

gaussdb=# select * from flashtest;

id | name

--truncatez
gaussdb=# truncate table flashtest;
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TRUNCATE TABLE

-EEREL, FRREIEHRN BB

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype |
rcyrecyclecsn | rcyrecycletime | rcycreatecsn | rcychangecs

n | rcynamespace | rcyowner | rcytablespace | rcyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid |
rcyfrozenxid64

+ + + + + +

+ + + +
-+ + + + + + +
VI

18703 | 12737 | 18697 | BIN$31C14EB4909$9E4C$0==$0 | flashtest | t | 0|
79356608 | 2023-09-13 21:24:42.819863+08 | 79356606 | 7935660
6 | 2200 | 10| 0| 18697 | t | t | 227927 | 227927

18703 | 12737 | 18700 | BIN$31C14EB490C$132FE3F0==$0 | pg_toast_18697 | t | 2
| 79356608 | 2023-09-13 21:24:42.820358+08 | 0]
0| 99 | 10 | 0| 18700 | f | f | 227927 | 227927

18703 | 12737 | 18702 | BIN$31C14EB490E$132FEA40==%0 | pg_toast_18697_index | t | 3
| 79356608 | 2023-09-13 21:24:42.821012+08 | 79356606 | 7935660
6 | 99 | 10 | 0| 18702 | f | f |0 | 0
(3 rows)

-BEXR, RPNEIERT
gaussdb=# select * from flashtest;
id | name

S

(0 rows)

--[A[E]truncatez®

gaussdb=# timecapsule table flashtest to before truncate;
TimeCapsule Table

-BEF, RPNBIERRE

gaussdb=# select * from flashtest;

id | name

-BEEEL

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype |
rcyrecyclecsn | rcyrecycletime | rcycreatecsn | rcychangecs

n | rcynamespace | rcyowner | rcytablespace | rcyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid |
rcyfrozenxid64

+ + + + + +

+ + + +
-+ + + + + + +
VI

18703 | 12737 | 18702 | BIN$31C14EB490E$132FFC38==$0 | pg_toast_18697_index | t | 3
| 79356610 | 2023-09-13 21:24:42.872654+08 | 79356606 | 7935660
6 | 99 | 10 | 0| 18708 | f | f |0 | 0

18703 | 12737 | 18700 | BIN$31C14EB490C$13300228==%0 | pg_toast_18697 | t | 2
| 79356610 | 2023-09-13 21:24:42.872732+08 | 0|
0| 99 | 10 | 0| 18706 | f | f |0 | 227928

18703 | 12737 | 18697 | BIN$31C14EB4909$9E4D$0==%$0 | flashtest | t | 0|
79356610 | 2023-09-13 21:24:42.872792+08 | 79356606 | 7935660
6 | 2200 | 10 | 0| 18704 | t | t |0 | 227928
(3 rows)
--drop%
gaussdb=# drop table if EXISTS flashtest;
DROP TABLE
- BEML

gaussdb=# PURGE RECYCLEBIN;

PURGE RECYCLEBIN

-EELOML, EIREHREES

gaussdb=# select * from gs_recyclebin;

rcybaseid | rcydbid | rcyrelid | rcyname | rcyoriginname | rcyoperation | rcytype | rcyrecyclecsn |
rcyrecycletime | rcycreatecsn | rcychangecsn | rcynamespace | rcyowner | rcytablespace
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| reyrelfilenode | rcycanrestore | rcycanpurge | rcyfrozenxid | rcyfrozenxid64
+ + + + + + +

+ + + + +
-+ + + + +
(0 rows)

4.3.5 ERYUETR
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WE | R | InEEEk ERA= BREZFR
it
BiE | AFEMTIEEUNndo RecordI e undo=z | gs_undo_dum
(ﬁ B, TEEIBMRATTHAVEIE 131)::4 p_record
u ‘.
do) | EFRIEEES RS B gs_undo_dum
Undo Record, B &|ARATTAH | ® ungolil p_xid
ISR . W=
Mo
FBTF#EtrigEUndoZone G o EizE | 95-undo_transl
Transaction SlotiE &, %‘.' T | ot _du mp_slot
FF s eSS e HE | gs_undo_transl
Transaction Slot{S 8., BIFE5S o ot_dump_xid
XIDFMZZESSERMAIUNdO Record | | popares
FIF#ErIEEUNndo ZonelUTTE | o Tt | 9s_undo_meta
B, ERUndo Record#l e | _dump_zone
Transaction Slot}g5HERER . =
BT EHiEEUndo ZoneXdhz o 1'?351% gs_undo_meta
Undo Spacefd7tisE, ER~Undo . _dump_spaces
Record M {HHERIEIR
BFEHTIEEUndo ZoneXthiSlot gs_undo_meta
SpacelI7TEE, E/RTransaction _dump_slot
Slot34HFERER
BT EURIANEUER L EWERY gs_undo_dum
FrERERA, FREFFBEETR p_parsepage_
BHBER, mv
ME | BF@thEELSNSEEZ AR e WALH | gs_xlogdump_l
& | XLOGHZE, FHREIEFMEINE i sn
( WA AORRR . ATLAEE =,
L) pg_current_xlog_location () ¥kKEVZ o HEME
BIXLOGHIE . 7551.‘;'
TR ISEXIDIXLOGER, 3| o gs_xlogdump_
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Jtxid_current ) REVHEIESS 7
ID,
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FREFRETABEIERRR ablepath
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FF e E RN EFNZRITEXT L gs_xlogdump_
NEE, FHREFRETASHEE parsepage_tab
2. ILAEM—XT lepath
gs_parse_page_bypath#[]
gs_xlogdump_tablepath, %L
HATRIRIERMRRHFE. W
RIEEECHPRIIFRNIEBEXES,
BEZEER
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FEARE ISR 4 FhiE5 1%
B | ¥R | IheEEA FEEHE | REEBR
258
BFEENENREESENLIB gs_repair_page
FRIAME o _bypath

EBZ | BFE#EUndotEE, MERKRE | UndostfE | gs_repair_und
24 KYUndoTtEEIRBIURNAE | ERFEIE | o_byzone

(Un | &, IR,
do)
=5 | BFEREUB-treeZR5|[EIKBATY 5| [EUBA | gs_repair_urqg
[E4 Y SEE
FAZI RIR,
(UR
Q)

4.3.6 BN EMTFER

4.3.6.1 snapshot too old

FESQLIYTHEIE KFERE—LRE, UndoX&REFAARLSEEIEM T 8EE S
?EEH&ZIS?&E%UEIW?E%O —RIER TERT BEIRKR=E, EEATRFRERS
o

4.3.6.1.1 <EE53HZE Undo =jaE][E]I

IR
1. pg_logsR+TENENTEEIR:

snapshot too old! the undo record has been forcibly discarded
xid xxx, the undo size xxx of the transaction exceeds the threshold xxx. trans_undo_threshold_size
xxx,undo_space_limit_size xxx.

FEELRBEED, XX IsLPREIE.
2. global_recycle_xid ( UndoFRSARIZBEINESXID ) KAFEREEZ

gaussdb=# select * from gs_undo_meta_dump_slot(1,-1);
zone_id | allocate | recycle | frozen_xid | global_frozen_xid | recycle_xid | global_recycle xid
--------- L T s TR R LR R R e

1] 280 | 248 | 17028 | 17028 | 17025 | 17028

3. pg_running_xacts5pg_stat_activityfl Bl EiGFERKESS, PEZEoldestxminfl
global_recycle_xidiE# . 215 pg_running_xactsAH&EEEEKEZAIxmMinF]
gs_txid_oldestxmintBZ:, Hi@iIpid&iflpg_stat_activityEIALZIEHITIEDATIE]
ik, NFRBEKSESTETEU.
select * from pg_running_xacts where xmin::text::bigint<>0 and vacuum <> 't' order by
xmin:text::bigint asc  limit 5;
select * from gs_txid_oldextxmin();
select * from pg_stat_activity where pid = KZEEHHEAFEPD;
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QBT
®idpg_terminate_session(pid, sessionid) RIHKEBSFRENSIE (1288 KESLE

EREREFE, BHIGRSQLEDAEF—MERIRE, BTSEERE, FITHE
8, HITRIRESWSRENTATEA, BRI SEMERE ) o

4.3.6.1.2 XE[MRESZHEE Undo FE)EIIL

G
{#/gs_async_rollback xact_statustiEIEERAERIGFOIRESS, BEFLIARNES
ST EFEES.
select * from gs_async_rollback_xact_status();

IR E

BEARLEIRERENE, BELELATREM:
B=1: fEpostgresqgl.confihficEmax_undo_workers, ARERTR.
F=2: gs_guc reload -Z NODE-TYPE [-N NODE-NAME] [-I INSTANCE-NAME | -D
DATADIR] -c max_undo_workers=100 BB,
4.3.6.2 storage test error
WESHimdied, FER. R3lEFUNdoRAEAELEG, ZREAMMZBISENH

TZERIMEN, AINERIANEESEEES “storage test error” XEFHIH
FEEIEIEEFEITHE (pg_logi) , HITESMOR, RESKREFNEXEIANIK

18N O

1SS

pg_logeh#JEN “storage test error” XHEF,
LIRS X

BB R RFARTIFRR
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4.3.6.3 &V ZHREE:"UBTreeSearch::read_page has conflict with recovery,
please try again later"

[BRIISR

WS EFERSTIER, LIRS (5126843244 ) , HIEEHESE
“UBTreeSearch:read_page has conflict with recovery, please try again later” #2

*o

(R SHT

ERFEFHTEREETEIRIER T ( EEGUCSHrecovery_parse_workersil
recovery_max_workersig219817[El5L; recovery _parse_workers21,
recovery_max_workers K F19HTEIR ) , SHNEGEEEMERSIFTEN, =
RS ITWEIMES, 32— wERSEFeIIE, NRZTANNESLT
committinglkzx, FEFFZEJIREHEFIM. ME LHNSESRIEERBBEE
ERREHEHR, XPNEREPESXERSINEHITEN, BELFEEM . E0EEEET
TREPESERERS I TENS, SUSENEDSESFRIREERTESIER, mE
MRS EIARIEEME .

ZA X EMEERSENEERLAR— RS I NERZR T, ERSEERNH
HESESERIED, HINREDIRIENNER.

AR

FNEBEEcommittingAFSRITTAR, BEFGESRIRFRNFSRXNINFS %
BENIRFTERELFRY, HIINE Etx_1A95855Etx 258183, Mt Etx_1A9commitH
G 289commit BT Z FEIN, RIBESRERINFRE X 1%ttx 2R=H2I WA, FLAFE
BEFEFZIER.

SHERAEIIHRS INEN, KMNETTARE (B5%xE ) RETHEFTER, EF
HESEIARENIERSR A, MEFIRRREARES RE—ED TTEBNEIARE,
EREPEIER FEMEEIX REm Az, TEBMIEERNERE, FEATEE
PPREDHBERTAN, PRLUFRTER,
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4-1 IESH

UBtree
Page

item

1234567

EiaEiE T Hubtreeft3iE, £ SubtreeSEINE HHL, &
L3 itemBTSEHFIIME, MBEEitemAIESHESR
csn committing, BEEEESSRIESEE, MEILLSE
EirRFmhaEEin, SEiETEasEems
ubtreeTIEIRIE, B HIERSENERESEFHTS.

L

UBtree UBtree
Page Page
item item
12345 || 67 12345
SRR, ERREN T SREspitixog, & e e
ubtreeTTE HiitemE— BB T 2 FE L. ' ' = E*‘" SRR = *

ET5E

HIRERT, ENENER., BINENEFIFBREBRAIRS|1FR. RBRRFRRITS
= (MERPRMREELSESENT ) , FLEEHINZIRERIHTR,
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5 Foreign Data Wrapper

Foreign Data Wrapper

GaussDBHIFDW ( Foreign Data Wrapper ) AaJLASEIIE N GaussDBEYEE N IFZIRSS
2= (BELUERE. XHRR ) ZIGREERIE. BRisFaIIMNREURIT R RTI0E
file_fdw,

5.1 file_fdw

file_fdwiBHIR M T HMNEREUIRE TS file_fdw, BILARRIEIRSSBR3HISIE RS RIHEIEL
. SRS RZCOPY FROMENZAMET, BIAEEN ( FAEER ) F

“SQLE&%E > SQLIEIX > COPY” &5, {EMfile_fdwinlali9%HE 42 S RIRIIZRT,
ATHFS BRI RIBNRIF o

LEIGaussDBEEIARIFSile_fdw, initdbAIEHESTEpg_catalog schemahBlIfEiZiH
%,

g heéfdwia‘ﬁ_\iﬂ’ﬂserver%ﬂé’l\i@%fﬁﬁF%ﬁEfE"E%ﬂﬂé‘ﬁﬁPﬁﬂ%ﬁé&*ﬁﬁﬁiﬂ’ﬂi@é&%ﬂﬁ
&,

S FBfile_fdweliZRIFMBFRATLAB TFIEIR:
e filename

EEEZERIYE, VERNSH, BV RE— 1MENEES.
e format

imimserverflSERE, SziFtext/csv/binary=f#1&=, FICOPYiE@HIFORMAT
B

e header

BENNEEEEIrET, 5COPYIiEGRIHEADERIELERE -
e delimiter

IEENHIDIRS, SCOPYAYDELIMITEREIRERE .

e quote

IBENHHIS|IB=E®, S5COPYHIQUOTERIER
e escape

IBENHHIE N FF, 5COPYRIESCAPERIRIER] .
e null

BEMHFRINulEFERE, SCOPYRINULLIEIRIERE o
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e encoding
IBEM4RIRES, SCOPYRYENCODINGIEIRHERE] .

e force_not_null
XE—MORIER. MRAIE, WEBFERIERRZLRTFAE (HBHE,
SHERKBINulEIR ) . SCOPYARY FORCE_NOT_NULLIEIREERI=FERHEE

() %88

o file_fdwAIZ#HFCOPYRJOIDSH] FORCE_QUOTEIEIR

o IXLEINRAEAIMNBRIINBRAIFRA, FEfile_fdwRIEIR, thAZ(EAfile_fdwAIRR
5525 F P BRETATETN o

J }I;%Eﬂiéﬁ%ﬂES&I&%%%Z?E%IEEWBEo EreeRE, RERGEERAEREIZINAIN

o XIF—/MEHfile_fdwaishERZE, EXPLAING] B REiSEIS B FISEA/ (BRI F
) . IBETCOSTS OFF(EFZE, AERMXEKRN,

{5 file_fdw
o BIEIRSSEEXIHR: CREATE SERVER
o BIFEFIFMST: CREATE USER MAPPING
o MIB&FAFMET: DROP USER MAPPING
o THFRARSSEEXISR: DROP SERVER

pES=E A0

o {EMfile_fdWREEEBEZIMAING, BAESFZNY, FHEFEIREENZXH
AYIENAR -

e A 1EDROP EXTENSION file fdwig{E.
o ¥ EINBENMEMERINEE, FENAFER.
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6 ZIEEH

6.1 IZ4E/ED
6.1.1 :ZiE/EDHLA

Iheelthid
GaussDBXIHIRE FIRENAISHFBR -

SRS R TS TEERFOER (400racled ) HTHIERIY, FESLR
HIEEHIRES] . FRIUSHES SRR M TSR EIRRIZEAIF R

GaussDBIZ{it 7iZ4E/ER3INEE, BIERExlogI A NEMIBIERE . BintUBERNT
BERTLTHITHIESH . BAEe-1FR. BESHIEE T X BinsiRErIRs
SRS, IFROEIERE. EMSTEIRENSIENEY, XFERERHTHIERS
HAERIEERIZS, SURRISAIRER.

6-1 ZiEEH!

Gauss DB H FrE e
125 2 sQL -
Xlogs |:|'> | £ & |:|f> ey |:lr> R
AR AR B

ZIEERIRMELoER: BEEBMBIESH . ZERIERELIASSHRMARR
BiEEE. WSaEEEREHEENEE BSHTRT ARSI EIESS .
GaussDBRIRIZHLZIEMEIEINEE, RIAET RS NI EMRIEANRA .

BRI 2 EE FIR MRS DAV EMBEN), GaussDB{ERSQLEREZEIHITEE
BBD. WHHBARLE, AHERTIR, WENITREZOWILREH, ~HEHI
&Hc o
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HFZERERUES RN, AESIEXEAsEREL, BiZEM#E 2l AP IR
19; REATREIESESTHARTAIXlogiR R, SFrEHIES{EEHKVACUUMIE]
W, GaussDBFIE T ZiEEHI#E, FTFEZEXxloghIEI

—MZESHERT—IELR, XEELAIEECHREERIACIEREERE £
FERIIFAREERE . ZIEEFIE, A ZEATREREEHER—1, NRATRNL
RRISPRNZEERIEEEREFES, WiZzERESKERE MR B S E R

itto EHRINSHILSNFZ e S IR RIRE S5 RER B S R LURIE A0 B SRY
LSNHEHREHIE; TBRRIRSHICSN 28 E B EAMERIEIIE S BT a LURIE= I
HERICSNHEH S HIRE .

BIRRSR
o ZEAEBRMNENTSPHE, MNRHITEEST, FEHRIEGUCSHssIRE
Hon,
MARY:
PBRERENE, BIRIEBRASSLER.
e IREGUCE#wal levelAlogical,

o IZEGUCE#max_replication_slots>=E N SFRER (MIERSHIEH+ED
B ZIEEFIEL ) .

YIER S FIERRM T —Fh BRI S E R BRE D S EFE & T alEIxlogz
81, xlogAEHElR, UMERERSEFERTIEEEHA, HURBEREEN
YIEREFIELN: ST R5ETEZERILLEl. fia0, BRREIBEENST RS
ZN1E3%F, NFFEYIEREHIEE3,

XTZESHIELH, BRIMTRNERE.,

- —MNBiEE4E R EEMRID— M DatabasefEX, WMNREEMITB
Database, NFEECIEZS MEZEEFIE,

- URFESREESHRITESNBREERE, EREEEEFZLZES
ZESHIE, BN EEEFENN—FZEEHIEE,

- [E—SflE, EEXEENFR20MZIESFIBEH TR

o (NPR#IIAFBFFIAEREPLICATIONSRAIABFEATIRIE . =IO I KIS SRR
E%EEJJ‘&GEE’E%U};T%VE, =ROUFBRARITFEEEEER I TIEES T

o AZIFDDLIEGIAEMD, EHITIFERIDDLES (NEERtruncatezi X3k
exchange ) B, TIEEIERAEIBEURESL.

o AISHIETEHRIAEL .
o ZHYTDDLIEA (fNalter table ) f5, %DDLIEARIEARBBAVMIERTAIESE

Ko
o BETAXNFEBIIIGE, EERFBERUBEATHEATE, RItENPRETH
K/NAEBIZ500MB,

e  GaussDBZIZAERDMIKUEZEEY S INTEGER. BIGINT. SMALLINT. TINYINT.
SERIAL. SMALLSERIAL. BIGSERIAL. FLOAT. DOUBLE PRECISION.
BOOLEAN. BIT(n). BIT VARYING(n). DATE. TIME[WITHOUT TIME ZONE].
TIMESTAMP[WITHOUT TIME ZONE]. CHAR(n). VARCHAR(n). TEXT. CLOB
( BREDRRTEXTIERY)
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MRFEssIEEFTERIENEFRHGUCSHssI=on,
ZIESHEIMBUNTANFR, BEREE/NEFE. HFaE TUEFRI—
IR

é}%ﬁﬁgrﬂ%ﬁﬁﬁiﬁﬁfﬁ?&ﬂﬂﬂﬂ%)ﬁ, XESHIETNATRRE, FERFPFH
ﬂﬂl BI\O

X ZERIENRED AIEERCIZREFEF TR, B ERRIEHEESR
JRP—EAE.

AiFatl), R EEMEESHIE.

ZHERRBAT, switchoverflfailoverldRJREHINARBEURTZ, ERPFITIE.
QuorumtfM¥, switchoverflfailoveriBiZFHFERIEN, EESYFIFHVAERE
+,

ARFER, SNSVERERE—EFE#ED, SUESFEEIERA—0E
o

QA EEN GRS HIE,

%JEFE‘E&BEEEEEEEEE%UJ‘&EEEE, BEIETTREFEESE, AFPEBCY

HENMAZAIES, BERREFEELS, FFEBTIE.

ISHFREIRZIESEHEIREPIRES KRG, BIKFESSMAEZESHIEN
B, MREBEHEIIENIKSESEE, AIEETHITSQLEREL
pg_terminate_backend (I ZE#/iE%FEid ) KFNEILEIE .

AZiFinterval partitionkEH .
A2EFE2BIniER.
EESHH1TDDL/DCLIERIfS, 1ZDDL/DCLIEAS ZERNEAASIRARS .

2 EFERZEEFENEEMD SXhZEFEHTIRE, MREFIEIRES
EiZEHEEIEEBERIT.

FBETENastoreRAYUPDATEFIDELETEIE G, T HUMLFREIEREPLICA IDENTITY
B, EERLTENEEEENFULL, SUUPDATEFIDELETEIEGRIMRIDLER
BASIRMRMENERIT. BEAERELFNESE (FFAEIER ) & “SQLe® >
SQLiE;j% > ALTER TABLE” 571 “REPLICA IDENTITY { DEFAULT | USING
INDEX index_name | FULL | NOTHING }” ZE&,

ETERENRFRERENRARTEEER, BEBRBXENTIEEN
'pg_catalog'#l'pg_toast FOID/INF 16384 R AERAIBERE . BEEITEFRE
SHEMBEXERZNAS, BEASERIEFEENEXERRHITIZIE.

EABZEEFZSET, UECIEEERARYINERZRS], vIE%ERN
REPLICA IDENTITYE4iR ENFULLEZEFERUSING INDEXSIEEAB AR 53
9. E—RY. IEBERAY. AATEEIRAY. {NEEFFCHANOT NULLAYFIRIZRS],

HENESHNFESIZSEERENHEL, BHBEBAEHRITSQLEREL
pg_terminate_backend (ZZ45#£5HIwalsenderé5FEiad) REMZ LR, MAIBE
ATREIEINL0 91 D8P /30 5N FES . FALEHESERE, &—1ESNTFH
SHEXRES AR, SITEI—%WARNINGHE,

LZESFIELTIEERIRE, HIREGUCEHenable_xlog_prune=on.
enable_logicalrepl_xlog_prune=on. max_size_for_xlog_retention)53E=E, BH
BPESIZESHIESHREHERMEBIIGUCE Hwal_keep_segments[aElHT
HithSHIEHARSHEZHFRBEHEEREET, MR max_size_for_xlog_retention
ATFOEHHFIZIEEFESEIRE AT (BREEX/NA16MB) &
max_size_for_xlog_retention, BE{Z&max_size_for_xlog_retention/NFOBR#EE{E
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=1L R (-max_size_for_xlog_retention)/100, HENZiEEFIESEFILY, H
restart_lsni§#5i18 B A FFFFFFFF/FFFFFFFF, IZIASHZESFIEAS 5RERE
Bl R SR D BIRARIE, ENRESBEEHENIRFIHE, FEFMER.

o FNEBEINE, BEVNAXEFIEEHESESGBEEN EXNNANSIESHIE
( EMRRAFERRTE ) - 21N EXROZEEFIENIETHRRE, WIS
TUNRiHEZES FIEEHIRUR N SRR AR ( Blrestart_lsniSHigEH
FFFFFFFF/FFFFFFFF) , SAVERAEHENEFIE, BSVLIKCEREFIELX
MBAE RS EFIENSYEE RS T EEE.

o FEHAVZESHIESHEEWALHERIKIRZSRTTHDERAEE, SE#E
HEMRINEAR MR TR, BUABFERNZESHEERITEE,

o EIIIMNEZDNOIEZIEEFIRESZIFLINFEFIE,

o [RFSERISONIENIME N ASISHIEI B 255 FR (W\0O=FRF ) , MEiBH
HIABE H IS .

o HE—EBZTEXREFEEEMNTESN, AT EGORTRESIER, &
BGUCSEImax_files_per_processEt B AT FEHSH=E LIRAIRE .

e sql_decodingi§UPDATEIE A3 SIDELETE+INSERTIZIE o

BT
f£Benchmarksql-5.089100warehouseip=T, FHFpg_logical_slot_get_changesh:
o  HRMRSHUES4KIT (WMLA5MB~10MBEE ) , f#F5MAL0.3MB/s~0.5
MB/s,
o EHURBRRBHUESE32KIT ( JM£940MB ~80MBAT ) , #EFIMEREIMB/s ~
5MB/s.
o HURMEFBHUIES256KIT ( XJIMZI320MB ~640MBHTE ) , FASMHEARE3MB/s ~
5MB/s.
o HXMRIBHUIBEHEIEX, ISR REH.
AR Fpg_logical_slot_peek_changes + pg_replication_slot_advance5=,, f#igtE
BEFREL R Apg_logical_slot_get_changesRTZ R[£30% ~50%
6.1.2 IZEMEIDIEIN
o EFIEIN:
- include-xids:

fRIE A datad I RE B EXIdER..

BESSE: 08k1, BAIAEAT.

" 0: i®AO0RY, FEASLLRYdatadIABEXIdER .

" 1R, BBHAYdatadlB ExidER.
- skip-empty-xacts:

RIS RERIETESES.

BYESEHE: 03k1, EIAMERO.

" 0! IRAORY, BRBEAREE=ESER
"1 IRAIE, BIERESRETEESER.
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include-timestamp:
RISEEEEEacommithdiEE,

BYESEE: 0851, BRIAMEAO.
" 0: iRA0RY, MRIDEEAEE commithfEEL,

= 1 IRART, BRB(EEEEcommitidaEk.

only-local:
ER{NEEAREEE,

BB 08k1, BUMENT.
" 0: 90T, MRRSIEAHATAAES.
"1 iREY, (NEBRATAE.

force-binary:

EEUTHESIU L AERER

BYESEE: 0, FIMEHO,

" 0: IRAORY, AMAEmHER ISR .
white-table-list:

ARESH, SaFEHITHBAIschemafl®RE .

BEEE: 8ARRhRINFHH, FRNERIL, ADRFEITRES;
FA™ SRASRPICECATE 18R, schemaBZfIRZELL. ' DE, TRFFEIER

BfF. fian:

select * from pg_logical_slot_peek_changes('slot1', NULL, 4096, 'white-table-list',
'public.t1,public.t2,*.t3,my_schema.*');

max-txn-in-memory:
RFEESHY, BALAMB, B4MESHARGFEATZERIRTER
EMESEEE: 0~100R9FEY, ENAMENO, BDAFBLFER,

max-reorderbuffer-in-memory

{&&

=
zs
i

REFERSY, BAAGB, HHE-REEAREFIEAHENESSAT (B8E

7 ) KT ZENXSSREEESHTER .
BYESSHE: 0~100RY2EY, BUAMENO, BIRFRBILHMER.

include-user:

EERIBEGINZIEATERMEESIIARE . SSNAPBHERNAR
—HITESHNKENERAR, SEFSHNETRITIEPFASREE

X,

EMESEE: 08k1, BNMEFO.

" 0: i®AO0RY, FHYRIYBEGINZEHSAREESAIAFE,
"1 iRARY, FYRIBEGINZEHTHHESHARE.

exclude-userids:

ELZEHEPRI0IDESH,

BEEE: FAHEE, IBERREMAFM0ID, S 0IDEE 9, 7R

Eﬁﬁﬁf—"o IDEH ?E o
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exclude-users:

EEZBEAFPNEIRIIE.

HEEE: FHHEXE, EEERZ2RAFRE, B9k, MREAFEEE

EZEN

dynamic-resolution:

RS EEEHEPE,

EESBE: 03k1, ENAERT.

" 0: IR/Y0RY, BERAEWNZIESLexclude-usersP AR AFEINEEIR
EFHRTIZIERD

=1 IgREY, HEBIINEIE S Bexclude-usersH P AN TFERTAREL R
ﬁgo

standby-connection:

XRREiRE, EEMXRBISEED.

EUESEME: bool®!, EIAMESfalse,

" true: iR9truelld, (XARVREESTED, EEEVFBISIRERL
" false: igJ9falseld, AMEPRE, FUFEREVSSVESG,

sender-timeout:

NRANBEDIEE, IZSEFIROBGEIEE. HZERAREKEIE

)?ﬁﬁ”%ﬁ;ﬁiﬁ%l, BIEREEEmELE, HEFIEFIRENER . BUAER
ms) o

BYESBHE: 0~214748364789intE!, BUMEEUATGUCSEH
logical_sender_timeoutdYEcEE,

change-log-max-len:
ZEAEEKE LIRS,
EYESBE: 1~65535, ZKIAEH4096,

B LIRSEREHDEATFRT. SRSENRELA, TESMEMRL
NFERIBFIRAYIRIE o

max-decode-to-sender-cache-num:

RIXEEESHNEFSEERN.

EVESEE: 1~65535, ERIAMES94096,

TREEX N EEERARE, BERARE. BRERIXIRIE,
enable-heartbeat:

rgEgE, 2a8hdOREE.

EUESBE: boolB, BIANMESfalse,

" true: igHtrueld, HHOPKBEE.

" false: i&Afalsefd, Rt OBKBEE.
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(AR

EFROHATIER, HAEBROHRTM AR —HEIEXEERFHFhERE
HEZOHAT, ZEROMBSABTRE, DAIR8FHunt64f{RLSN, RRAIE
OPNEEHSENEEAIWALAEERME; 8FTuint64fURLSN, RRRIEOHHE
EHSHZIBEERNWALREUE,; 8FHinte4RAJEE (M1970F181H
FHE) , RARNFEIINESHSHOERHSHFEREE, XTFHERERY:
MREBTHEMSNAZFREF, INRER DtextalEjson AR ERENEERTFHO0,
BURBERRT . BA@ETILTE:

_. . - ) ) - uint64 Lint64 ints4 B
SEHARRMBRR SRR uint32 len ‘ uint64 lsn ‘ n latest decode Isn | latest flush lsn | latest decode time F
. . - : . .
toxtyjson+HEERIE int32 len Jint6a chart *HeartBeat; latest_decode_lsn: XX.latest flush lsn: XX, o
latest_decoded_wal_time: XX
char* "HeartBeat: latest_decode. lsn: XX, latest_flush_Isn: XX,
text/json+3EikE latest_decoded_wal_time: XX"

parallel-decode-num:

NRAELBIREAY, FTHEIBADecoder Xz E,; RARFARASET
IEIRINERY, (NBEEEUESEE .

BEEE: BIFRRZRESNSETEEHITHRE, NERERNATFEHITH
B, BNMEST.

A

Lparallel-decode-numAEeE ( B AZKIAET ) SKERXEENI1ET, Tk “F
1TRRES” PRYEIRAOIECE .

output-order:

NRREREEY, 2RFERCNIRFmLEBER; RARIEARTS
TR, (I EESEE .

EVESEE: 0zk189intEY, ERMEFO0,

" 0: iZJ908Y, FRIOLESRIRIRESAICOMMIT LSNHEE, HENHRIBE
#lf&RYconfirmed_csnFIEH0 (BIFER ) BIRMERIZAT, Sk

.
Ho

=1 IgRRY, RRDERIRIRESAICONAR, HB{NHEREEHIERN
confirmed_csn{ERIFEERTEIERIZER, SRS

auto-advance:

NRABEREEN, eaniFaEESiESHIE,

BYESEEl: boolean®!, EXIAESfalse,

= true: ®Atruely, EEAEXBEEMRIAERBISBEAIXESET, #E
HIZEEHIERHEIREEUE.

= false: & Hfalseld, TEXAEH S ARBEWAZOEHSIESH
rE,

skip-generated-columns:

ZIERRRDIEHISE, BTFULEERSIAYaM L . XTUPDATEFNDELETERYIHTTAE
T, MRl RRSmE AR

BYESEEl: boolean®!, EXIAESfalse/off,
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" true/on: FREAFHILEMIIAIFEBER

" false/off: FMIHAERTIRIRRIEER .
o FHTREAD:
TSR IR VEDIRE
- decode-style:
IEERRIIEC.
EESEE: charB2=F#F)'. 't'3'b', 2BHLKRsontE=, texti&TUR !
1&=0. FNME' BN T HIASURRRS .

X Fjsont&{Ftexti&NARED, FHBItERIXEINATAVRDE R, BEEARD
BENRAFETARAUIN2RBZFIETEFTEH ( FEEZUINt32388 5
BiI4A=TS, ORERAHUXREIDEESR ) , 8FHuint64{LFRERlsn ( beginXI iz
first_lsn, commitXthzend_lsn, EHgaEXIMNiZSETHIsN)
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AR

T HFIE TR0 PR :

1. BAFHARETRIEDRANDIRHEFEP (78 ) HHEZMWRERMF (75 ) A9
BERNSFTH, ZENRADORRFHOREEDER

2. ETFR8FETUINt6AXFTMEMIsn ( beginkdRzfirst_lsn, commit¥fiiend_lsn, Eftiip=
IIRAZEEAIIsn ) o

3. EBTRRIFETHN=EE5MB/C/I/U/D, 23iZEbegin/commit/insert/update/delete,

4. &
1.

1.

v N

6.

3LFEBE,

ETRAI8FTHuint64tFECSN,

2. ETRAI8=ZFET5uint64{tZEfirst_lsn,
3. [ZEoAAER | FTFRMNEDEEBUNRAT, WAEREEIFETDUINS2ERZ
EZcommitlaEKE, BEEFRTFZKENZ=F I EE=RE,
4. [1ZEZHRAER | BRI EZPEEUMEAN, WREREEIFETUIN32FRRIZ
EZRAPENKE, BEEEFRTZKENF=HSFAESHRAREE,
5 FAZEINAEEHEBED, ETITREB 1 FOFEBPHMENEDENSRST, P
EARHOR D EREBINER, HMUERAHURTR .
5. FcEFEACHT:
1. [ZER RS | B TRIFZHEFURIX, WREREEAISET uint64RxR
xid o
2. [ZEo AR | FTFRMNEDEEUNRAT, WKEREEIFEDUIN32FRAT
BEIKE, BEEERTFZKENZ=SAEHERE,
3. ERitEREEER, —MNCOMMITHEER Z EaseiEEMESHMINEER,
BRI FZHFENRAPNRFZIRADERELD, INRAFNRZIR RS
x.
6. FEcEFEHNI/U/DRY:

B TRA2FTuint16({ZFRschemaZ K E
%88 FiA K EiEE schema& .
ETRI2FBuint16(FKtableZHHEE .
%288 FiAMK EiEEtables
[ ZE2 ARNER | TR FZHFEBUMRANKRAFTTE, NRAOKEAIHT
H, XBARIEHTTA.
1. FETRBR2EDBuint16AFRIZITAZTERERBIIFIZL, i hattrnum,
2. AFmigEEattrnumiR,
1. EFR2FPHUnt16RFRTNEHEKE.
2. 1REE FIRKEEESISE,
3. ETFRAFDuInt2AFLFIFIZEERI0Id,
4

. ETRAFEDUIN2RFZHEIFIANE ( LAFERFEEEFE ) IRE, IRR
OXFFFFFFFFRIZRRANULL, 2NSRBONZERRFKENOPERFE,

5. R ERKEIZEGE.

AZERIREARISES, ETRMNFHFEURAPNRTZAMRIITERELS,
ANRAFNRTIZHRAFDLER o

sending-batch:
EEEAERE,
EVESEE: 03k1A%IntEY, BRIAMEHO0,

0: IRH0B, RERBEFRIZFEER.

1 AR, RREBERERIXIMBURERIXFDER
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FERIFEIER

6 ZEEH

FEMERERNG=RT, SEREIUNTECR, ERERIESEEBIEDZR
SMIII—uint322KE, RRAFRFEBERKE (KEAEEHRAUINt32
KE ), LIR—uinte42£8, RRURIBRIBERII AN,

ikl

AEEACSNINFEEERERNmR T, #ERENRTREANESA (B
RNEFESER/INEDSRKBRERE ) , TRERREREIIREE
E—#RERIEZNES.

parallel-queue-size:

EEFTIEERIBEZRIHITRERIIKE.

BUESEE: 2~1024RYintEY, BWU92R0EER, BUAMEN128,

PATI EFNR IS IER MR EREIEEX

logical-reader-bind-cpu:

reader ZFE40ECPUIZSIISEL

BUESEEE: -1~65535, AMERZSHNATREMZ,

BN, AREZ. -AAFNRE, ZSNBFREVSESZEZEIN,
AARIREERSE . SPEEPEE— RSB RENE, NmSEE
AN

logical-decoder-bind-cpu-index:

ZIERRID RS E cp U SHS .

EUESBE: -1~65535, NMERZSEHNAAREM.

BN -1, Rz, VAAUFNRE, ZSNIBRENRTDEEZSAREN
F [cputz#l - FHTIZIEMREDE], FASREIRE .

NEERIRZSSHITR, FhRNERESROXSEEN—.
SNEEHER— MRS SHZZRIBNE, NSEIEETRE.
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FERIFEIER

6 ZiEEH

(AR

GaussDBEHTIZEERBIIHEREKAY, SHBXEMCPUREIR, HX&REN
Walwriter. WalSender. WALreceiver. pageredosfifbFItE8ERRZA, MNRELEIX L
EETHEERIENCPULIETT, ALURLEIRERSTRERIZNZYRCPU, S
EF RGP RIMEETTE, NTESEtIBERE, MAFPZSEEEER, iR
BLAT RS IR TR B

o SEUEH:

walwriter_cpu_bind=1
walwriteraux_bind_cpu=2
wal_receiver_bind_cpu=4
wal_rec_writer_bind_cpu=5
wal_sender_bind_cpu_attr="cpuorderbind:7-14'
redo_bind_cpu_attr="cpuorderbind:16-19'
logical-reader-bind-cpu=20

© N ok~ wN =

logical-decoder-bind-cpu-index=21

o HHIh1.23456BIGUCTRIRE, FRIESW
gs_guc set -Z datanode -N all -l all -c “walwriter_cpu_bind=1" ,
IR 7 81812 DBCE Fim AR RRFS B R ATIRN

o 1EfFHaNwalwriter_cpu_bind=12REiZL&IZE1S5CPU_LIET,

cpuorderbind:7- 14 NAGEAIBNMFZMORIETSE14SCPU, MNRBEERRY
CPURSE, NIFFHERIZRETS 5SS,

logical-decoder-bind-cpu-index & HHERIERZ M 21 SCPURRATHALIE, 5tE
RIFCHILEIE D BILRTE21. 22, 23, R,

o HEZMNEREMNE—NEESA—1CPU, HHIFRGUCSHIRIARISEEIERIE
o

o FEHAIGMR, PGS NEEPEE— 1 CPULREITRETRMRES K
o TJLUEEIscpuiFLEE “CPU(s):” SHIE CIMERICPURBEER DL

gﬁtslzi%ﬁ’f)zlt\%lﬂﬁ:%mﬂKE&EFHJH:E??B*Z%H%, IERTRIERBIARE ( F#HT
SHRE )

6.1.3 {#/ SQL REIZOHITIZIE/E

GaussDBRJLABITIEFAESQLEREL, #HiTRIE. MR, HHSIESHE, REERIEERY

FEEE.

BRIFE R

1 LAEBREPLICATIONSRAIA P ZERGaussDBEIREE T =,
T2 (FRNTHSBITIEESIERE.

gsql -U user1 -d gaussdb -p 76000 -r
Hrh, userl AP, gaussdb HFEEEZAVEUEEZIR, 1600005 EFIROS,
FAF AR IESCPR B IR &R

HI3 IERZTRAslot 1 IBESFIE.

gaussdb=# SELECT * FROM pg_create_logical_replication_slot('slot7', 'mppdb_decoding);
slotname | xlog_position

+

slot1 | 0/601C150

(1 row)
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FEMRIFEIERE 6 ZiEEH|
TBA TEHIRESCIERL, FRRtPEASE.
gaussdb=# CREATE TABLE t(a int PRIMARY KEY, b int);
gaussdb=# INSERT INTO t VALUES(3,3);
TES IZIEHIEsot 1 fEREBER, #RIDREN4096,
AR
B IERRIDIEIN A & B BARIDIEL .
gaussdb=# SELECT * FROM pg_logical_slot_peek_changes('slot7', NULL, 4096);
location | xid | data
___________ S S
0/601C188 | 1010023 | BEGIN 1010023
0/601ED60 | 1010023 | COMMIT 1010023 CSN 1010022
0/601ED60 | 1010024 | BEGIN 1010024
0/601ED60 | 1010024 | {"table_name":"public.t","op_type":"INSERT","columns_name":
["a","b"],"columns_type":["integer","integer"],"columns_val":["3","3"],"old_keys_name":[],"old_keys_type":
[1,"old_keys_val™:[]}
0/601EED8 | 1010024 | COMMIT 1010024 CSN 1010023
(5 rows)
$IR6 MFZIESHEslot,

gaussdb=# SELECT * FROM pg_drop_replication_slot('slotT');
pg_drop_replication_slot

(1 row)

R

6.1.4 (ERARIUFIDSCIISEZIEE

E=HEHTEBTRIBIEMIDM GaussDBHENZIE H S E2IXinHiRERM . Xt
FREFIDBCERMEENSHTE, BARBIESE (FLERE) + ‘LARFT
K12 > BFIDBCHA > bl BEEHRIBRO &5,
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