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1.AliPG {135

AXNBAIPGHE REEMME.

HRiER

PostgreSQL ({E#iPG) R—HRELWRMITHELEFREIERE, 2017, 2018 ELMF I EXDB-EngineF &
BUBEE, 20194 %3£0SCON (The O'Reilly Open Source Convention) FFiE#HLSMME.

B RTIF—RGIFEBPostgreSQLIN = HURERS ™, BRIEIERDS PostgreSQLM L /& &£ B MyBase

for PostgreSQL, XE=HIBERSEBALE—NEIEERNZ (@FRALPG) , AlIPGIEZBPostgreSQLIFREL
BEE, F2015FERXEA, BEiZiF9.4. 10, 11, 12FPostgreSQLAIRAE, EREEZITSE, XETKX
SEMECEEARSURE LHEP IS,

RHAALPGHI B = HIBEF
e RDS PostgreSQL
o LE&E Bt MyBase for PostgreSQL

XFHI R

e 12
e 11
e 10
e 94

&
AlIPGHTARES: RETARTIVYER, BHNEFPHERISZLIR,
L FERAPostgreSQL, ALIPGREBM TR

o FREE

o BRI, MEAMERTR, ALEARRTRER LHEEE. FHESREGRA . AKRA.
HOSERR. HUAREE,

o XINEH. AFPER, HILERARRAREA LTEMEE. #BESRLHEESH (ANEEE) .
o GIS MODMEA R LIE, 1BELFFIEPOStGIS, THAEIRFAS0ME, FBES M =EEEE .

o EIREMRE

HAMRUTEAEMRS (PaaS) MBS (schema) 7R, HEERREIMMNE ELicenseF|&EEiT
FRFHER, ZR/ASTHE, NeEE. ACERRE, 8/ fioxF LRER.
s EEREM
o ERPE. ERRESFEANE, MHEWRAERE. LHMERNNEREES.
o REME:
n WEHISUE., HZREF. dblink, FEH<S. FiItATESESEBNERERETNE,
B4t X AR A &R & o) =
B EMBE=HIEE.
FiELESER, IRETRERAFRF. REUTH. REMESIARPRI,

XFFZEIT#@[EE (FailoverSlot) , EERAESESHINEN, EENRAZMEBEHTE
.
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o ERETL (LFEEEMyBase for PostgresqL)
o FHOSINIR, AFPXEHBETE,

o BEXEE, MTHE. WX, MAFEUMEASEEREL, flMeaxENTTLIBEER128%,
EEFRRDERRERR, MMERBERE,
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2.AliPG /©iRZA Release Nostes

XN EALPGHIR IR A E LA .

PostgreSQL 12
20200830
o FiFM
o ganostlEHFAREIZ.0MRA,
o XRSOLFMIEEM, BFHILBRSQLEA.,
o X#FbigmiEt, ATFEMES.
o XFTimescaleDBiEY, ATHFHIBLIE.,

e Bugigg
o BE— rds_ BIBEAESHARRFNER.
o {88 pg_croniEEEEFESIRERNER.
o #TE TRDKit#EHHIE FIKi, BERMRKBEEZEANEIR.

20200421

o FisiE

REFARIFRELR12.28EK,
ganosilEHHRFI2. 7k A,

Mg hIEH2.040R A,

i plproxyiftE2.9.05R 7,
Fritsm_system_rowsiBE{E1.0kR A,
Fritsm_system_timelH{1.05R A,
i smlarkGE1.0kR A .

o ¥ifttds fdwiEfE1.0MRA.,

e Bugfg&
EEZEITRAENSHNIHEROMN,
20200221

o HIFME
o X¥FArds_superuser@EBBEEERY, IWEERSAENTLLUERIFIHERE.
o X#Frwal2jsoniEfk,
o AfkganosiEBEI2.65RA.

e Bugigg
BE B NREE.

20191230

R

o ¥ #Fpg _roaringbitmap, rdkit, mysql fdw, ganostE¥.
o XIHAFPBNRKS—XEHAERMIZITH,

o

[e]

[e]

[e]

[e]

[e]

[e]
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https://www.alibabacloud.com/help/doc-detail/154079.htm#task-2418503
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PostgreSQL 11
20200830

o FTiFM
o ganosiREHFREI3.0MRA
o XRFSOLMIEEY, BTFMHLEBRESQLEA.
o X#FbigmiEH, AFEMES.
o X¥FZomboDBiEM, AFXAERMNAH.

e Bugfgg
o BE— rds_ BIBEESHARRFNER.
o {&S8Failover SlotF &R EHIESHEERRNEIR
o {ESpg_cronfE A ERE I ERNER.
o BEPASEFEMH— I 2BTESIENERMEREIR.

20200610
s

o FiFtimescaledbiFH1.7.10RA,
o T #rds_superuserfERiH{Epageinspect,
o T #rds_superuserlEFE M A FreplicationiX R,

20200511
o HAFME

ganos R FHREI2.8IR K,
e Bugigg

PASEfE R IRHNSWZR 3| HifTinsert IR {EIEHYIEIRE,
20200421

R

o TIHBIBITHWET (FailoverSlot) Ik,
o HtEplproxy#Etk2.9.0iR A,

o Fitsm_system_rowsifiF 1.0,

o Hi¥tsm_system_timeif#F1.0kR A,

o FigsmlarkEH1.0MRA,

20200402

o HiSiE
o XFhlFEM (2.14MRAF) , BhUHIREEE, EREHIMA, EUHTESHFILSS, FIMSEEPY. UVE
i, AEREREcontainHE, BAKR, BHEX, WREVSFEIEE,
o X#Foss_fdwilF (1.16RA) , TRAFEIBEOSSY BEM, BRolGE IS P NAEHBEFHRE
0SS, REEFMAA, FAEFEERANEDTK.

o XfFtds fdwiEh (2.0.1}8K) , FFEEetlig/F, BITJ7EPostgreSQLEHEFE P LT B Sybase.,
SQLServer#{{E, HESHIBEMXEBEEES. TBRHBOFT K.

o IHHFR
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https://www.alibabacloud.com/help/doc-detail/164555.htm#task-2489417
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o ganosHRE2.7kRA,

o wal2jsonFAK2.2kR A,
o MEREML

shutdown -mfast @<,
20191218

i

o SIIFPASEZS|IEM, REEKIAGIRSI,
o XFAFPBERRKS—REMABERMIZITIA.

PostgreSQL 10

20200830

o S
o ganosiEMF R E3.0RA
o XFFSOLFMIEHEM, ATFHILEERESQLEA.
o X¥FbigmiEtk, ATFEMES.

e Bugfg&
BEpg_cronfEHTEERENBRERNER.

20200212

o FHFME
o X¥FArds_superuser@EFBEEEEY, UEEEHRAEBHTULLUEEIHHERE.
o AKoanosHEHEI2.6MRA,

e Bugfg&
BERSH P EFHFKOEE,

20190703

o FAFME

o [RAEHA10.9,
o IREBNMNERALSENENARESH.

e Bugfgs
o {&Emake pg_hint_planiRolfE,
o EESMEBrumK Koz,
PostgreSQL 9.4
20200623

o FiFM
o wal2jsonFHK2.258 7,
o ZFEFxml2EH1.0RA .,

e Bugfg&
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BEERAwal2jsonfEHSBRFERNEE.
20200210
X5 Ards_superuser@ BB IE EEEY, U EEERERARRTLUEEIHHEHRE.
20190601
IRAEH79.4.19,
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3.AlIPG IfJgEtE R

AXNBAUPGRENMAEELR, SEBNRKS. BEURE. ESHMIME. FRENS.
N RERR 4B

5l

TS ARR

=R

RS EE R

FEREH

BIETRREREE

I EINET R

e

rds_superuser

GanosBf= 5| &

oss_fdw

pg_concurrency_
control

Failover Slot

varbitx

PASEE M mERE

log_fdw

REME

fiik

AliPGIR#Mrds_superuser@ N FEEAFMsuperuserZigf—
AP, MEHNKSHRABNREERKS . AFz LRENRSR

&, APGAREIERMsuperuser, {EE4#trds_superuser (¥E
BETHRZEMIR) . rds_superuserf P oI LACIZ M BRIEH.
BIEMMBRZERFURSNRKS. BEMLOREGSERFHN
xR, BILERSE,

FE =z EHGanos =S| ERM—RFINBERE, HHMEFHES
B, ATHHEaNsagEiTsRE®E. Rl EaNaihitE.

AliPGIR#tEY0ss_fdwiBF oI LUG OSSP EEME B BEED, b
LG HIEEDRNHESA0SSH, ARRUHIETE. RABES
BIlRE.

AliPGiR#tHpg_concurrency_controliE4 oI LU ESHIT.
SQLZEif]. FREIEMNDMLEMENHEK, BUEBEXKE

#l, pg_concurrency_controli2tx AE MM H LR EITIEE, ik
BHATHRITHE, EESHRLSHEEES.

#tKhiRPostgreSQLEILogical SlotE F &V)IEN R S BUB TR
FF, ALPGRTLIL# TR, TTLAEEREMLogical Slot A ESLHIEH
BIFLH, BRIZBEITREF.

1t XhRPostgreSQLA B Hvarbit 4T 1M bit 2 BIZE R S LL B 8
B, AIPGHEBITTT R, IRESNDbIRE, TNBEESHMA
BiFE, FININBFREREEZRR. NEMER25%. WERLS,

PASE (PostgreSQL ANN search extension) 22— AAlIPGE
BEMANSHERNSORZRSIEY, ERLRDRAREESHE
ANN (Approximate nearest neighbor) & &%, f145IVFFlat
FMHNSWE X, EIXAREE, TLAEALPGEEED THIRSE
MEE, PASEENAZRBRBIERNSNMBS Y, BFEBT
RELAKWFEME, PASERZHNITERRESTHNEERINNM
SRHTHEUEDENRE,

AlirGifitlog_fdwiElf, TTRIEZBESIHIBRENIATAR.

AIPGREZ2MEER, TEEEXNE, HWERHRE, HIER
=Mk, NBEHXRERE.

X3 HE

XFFEHTIE
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4.3 FHEHIIR

35 HRDS PostgreSQLZ 5 HiE M R EHIRA .

@ #B8 MBEEHEEEBRJBIY, HRXIE,

PostgreSQL 12

TEERR fEFRRA
btree_gin 1.3
btree_gist 1.5
citext 1.6
cube 1.4
dblink 1.2
dict_int 1
earthdistance 1.1
fuzzystrmatch 1.1
hstore 1.6
intagg 1.1
intarray 1.2
isn 1.2
ltree 1.1
pg_buffercache 1.3
pg_prewarm 1.2
pg_stat_statements 1.7
pg_trgm 1.4
pgcrypto 1.3
pgrowlocks 1.2
pgstattuple 1.5
postgres_fdw 1

12 > MH4hRA: 20201010


https://workorder-intl.console.aliyun.com/#/ticket/createIndex
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AR fEFRRA
sslinfo 1.2
tablefunc 1
unaccent 1.1
plpgsql 1
plperl 1
pg_roaringbitmap 0.5.0
rdkit 3.8
mysql_fdw 1.1
ganos_geometry_sfcgal 3.0
ganos_geometry_topology 3.0
ganos_geometry 3.0
ganos_networking 3.0
ganos_pointcloud_geometry 3.0
ganos_pointcloud 3.0
ganos_raster 3.0
ganos_spatialref 3.0
ganos_trajectory 3.0
ganos_tiger_geocoder 3.0
ganos_address_standardizer 3.0
ganos_address_standardizer_data_us 3.0
wal2json 2.0
hil 2.14
plproxy 2.9.0
tsm_system_rows 1.0
tsm_system_time 1.0
smlar 1.0

> X#hRZA: 20201010 13
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AR fEFRRA
tds_fdw 1.0
bigm 1.2
timescaledb 1.7.1

PostgreSQL 11

EHER FERR A
plpgsql 1
pg_stat_statements 1.6
btree_gin 1.3
btree_gist 1.5
citext 1.5
cube 1.4
rum 1.3
dblink 1.2
dict_int 1
earthdistance 1.1
hstore 1.5
intagg 1.1
intarray 1.2
isn 1.2
ltree 1.1
pgcrypto 1.3
pgrowlocks 1.2
pg_prewarm 1.2
pg_trgm 1.4
postgres_fdw 1
sslinfo 1.2

14 > MH4hRA: 20201010
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AR fEFRRA
tablefunc 1
timescaledb 1.7.1
unaccent 1.1
fuzzystrmatch 1.1
pgstattuple 1.5
pg_buffercache 1.3
zhparser 1
pg_pathman 1.5
plperl 1
orafce 3.8
pg_concurrency_control 1
varbitx 1
postgis 2.5.1
pgrouting 2.6.2
postgis_sfcgal 2.5.1
postgis_topology 2.5.1
address_standardizer 2.5.1
address_standardizer_data_us 2.5.1
ogr_fdw 1
ganos_pointcloud 3.0
ganos_spatialref 3.0
log_fdw 1.0
wal2json 2.2
PL/v8 2.3.13
pg_cron 1.1
pase 0.0.1

> M#4hRA: 20201010 15
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AR fEFRRA
hil 2.14
oss_fdw 1.1
tds_fdw 2.0.1
plproxy 2.9.0
tsm_system_rows 1.0
tsm_system_time 1.0
smlar 1.0
zombodb 4.0
bigm 1.2

PostgreSQL 10

fEERR fEF IR
pg_stat_statements 1.6
btree_gin 1.2
btree_gist 1.5
chkpass 1
citext 1.4
cube 1.2
dblink 1.2
dict_int 1
earthdistance 1.1
hstore 1.4
intagg 1.1
intarray 1.2
isn 1.1
ltree 1.1
pgcrypto 1.3

16 > MH4hRA: 20201010
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TEERR fEFRRA
pgrowlocks 1.2
pg_prewarm 1.1
pg_trgm 1.3
postgres_fdw 1
sslinfo 1.2
tablefunc 1
unaccent 1.1
postgis_sfcgal 2.5.1
postgis_topology 2.5.1
fuzzystrmatch 1.1
postgis_tiger_geocoder 2.5.1
address_standardizer 2.5.1
address_standardizer_data_us 2.5.1
ogr_fdw 1
plperl 1
plv8 1.4.2
plls 1.4.2
plcoffee 1.4.2
uuid-ossp 1.1
zhparser 1
pgrouting 2.6.2
pg_hint_plan 1.3.0
pgstattuple 1.5
oss_fdw 1.1
ali_decoding 0.0.1
varbitx 1

> M#4hRA: 20201010 17
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AR fEFRRA
pg_buffercache 1.3
q3c 1.5.0
pg_sphere 1
smlar 1
rum 1.3
pg_pathman 1.5
aggs_for_arrays 1.3.1
mysql_fdw 1
orafce 3.6
plproxy 2.8.0
pg_concurrency_control 1
postgis 2.5.1
ganos_geometry_sfcgal 3.0
ganos_geometry_topology 3.0
ganos_geometry 3.0
ganos_networking 3.0
ganos_pointcloud_geometry 3.0
ganos_pointcloud 3.0
ganos_raster 3.0
ganos_spatialref 3.0
ganos_trajectory 3.0
ganos_tiger_geocoder 3.0
ganos_address_standardizer 3.0
ganos_address_standardizer_data_us 3.0
bigm 1.2
PostgreSQL 9.4

18 > MH4hRA: 20201010
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TEERR fEFRRA
plpgsql 1
pg_stat_statements 1.2
btree_gin 1
btree_gist 1
chkpass 1
citext 1
cube 1
dblink 1.1
dict_int 1
earthdistance 1
hstore 1.3
intagg 1
intarray 1

isn 1
ltree 1
pgcrypto 1.1
pgrowlocks 1.1
pg_prewarm 1
pg_trgm 1.1
postgres_fdw 1
sslinfo 1
tablefunc 1
tsearch2 1
unaccent 1
postgis 2.2.8
postgis_topology 2.2.8
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TEERR fEFRRA
fuzzystrmatch 1
postgis_tiger_geocoder 2.2.8
plperl 1
pltcl 1
plvs 1.4.2
plls 1.4.2
plcoffee 1.4.2
uuid-ossp 1
zhparser 1
pgrouting 2.0.0
rdkit 3.4
pg_hint_plan 1.1.3
pgstattuple 1.2
oss_fdw 1.1
jsonbx 1
ali_decoding 0.0.1
varbitx 1
pg_buffercache 1
smlar 1
pg_sphere 1
q3c 1.5.0
pg_awr 1
imgsmlr 1
orafce 3.6
pg_concurrency_control 1
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5. BT
5.2. BF&BE (TimescaleDB)

RDS PostgreSQLELf#iETimescaleDBIGHEIRA, ZIFHFHIENEHORE. BHEBA. BE, HIHER
s,

B HIRDS PostgreSQLXY MR A2 0pen Source g A TimescaleDB, HFLicense& s, TJREE AR
H-UEEREYE, #FESRTimescaleDB,

AR RN
SEHIRRA A PostgresSQL 11,

@ HE WHEEEPTEEEMRIETimescaleDBIEM, MEFRRBIMEARE, HIM TR

N

ERROR: could not access file "$libdir/timescaledb-1.3.0": No such file or directory

TRTEXS R SR B 1T 0 T SQLEE T 4 -

alter extension timescaledb update;

#MTimescaleDBi&E {4
ERApgAdmMInE FifmiEEscfl, HMMTimescaleDB, w&MWT:

CREATE EXTENSION IF NOT EXISTS timescaledb CASCADE;

SlE N FR
1. glE4xEX conditions, REIMT:
CREATE TABLE conditions (
time TIMESTAMPTZ NOT NULL,
location TEXT NOT NULL,

temperature DOUBLE PRECISION NULL,
humidity DOUBLE PRECISION NULL

);
2. QI EXR, "OIMT:

SELECT create_hypertable('conditions’, 'time');

@ HE #EBLWRBIES N Create a Hypertable,
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BEEA
EE A ERIESQLE OB HMIEEABRE (Hypertables) , REHIMT:

INSERT INTO conditions(time, location, temperature, humidity)

VALUES (NOW(), 'office’, 70.0, 50.0);

BETU— RS THREBAREBRD, THMT:

INSERT INTO conditions
VALUES
(NOw(), 'office’, 70.0, 50.0),
(NOw(), 'basement’, 66.5, 60.0),
(NOw(), 'garage’, 77.0, 65.2);

LS
EUNERBRSQLENRRLIE, FHMT:

- EINNA, BI5OHRE—REE, REBNERESHF.
SELECT time_bucket('15 minutes', time) AS fifteen_min,
location, COUNT(*),
MAX(temperature) AS max_temp,
MAX(humidity) AS max_hum
FROM conditions
WHERE time > NOW() - interval '3 hours'
GROUP BY fifteen_min, location
ORDER BY fifteen_min DESC, max_temp DESC;

SELECT time_bucket('l5 minutes', time) AS fifteen_min,

location, COUNT(=),
MAX (temperature) AS max_temp,
MAX (humidity) AS max_hum

FROM conditicns

WHERE time > NOW() - interwval '3 hours'

GROUP BY fifteen_min, location

ORDER BY fifteen_min DESC, max_temp DESC;

fhgmid BF HE  Query History

fifteen_min location count max_temp max_hum
4 timestamp with time zone text bigint double precision double precision
1 | 2019-05-15 14:45:00+08 garage 2 77 65.2
2 | 2019-05-15 14:45:00+08 office 6 70.1 50.1
3 | 2019-05-15 14:45:00+08 basement 2 66.5 60

22 > X#4kRA: 20201010
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BT MERERNREHTARER, RAMT:
--#3{E&i (Median)
SELECT percentile_cont(0.5)
WITHIN GROUP (ORDER BY temperature)
FROM conditions;
SELECT percentile_cont(@.5)
WITHIN GROUP (ORDER BY temperature)
FROM conditions;
figEmH B2 HE Query History
percentile_cont
4 double precision
1 70.05
--BEHTFEIH (Moving Average)
SELECT time, AVG(temperature) OVER(ORDER BY time
ROWS BETWEEN 9 PRECEDING AND CURRENT ROW)
AS smooth_temp
FROM conditions
WHERE location = 'garage' and time > NOW() - interval '1 day'
ORDER BY time DESC;
SELECT time, AVG(temperature) OVER({ORDER BY time
ROWS BETWEEN 9 PRECEDING AND CURRENT ROW)
AS smooth_temp
FROM conditions
WHERE location = 'garage' and time = NOW() - interwval 'l day'
ORDER BY time DESC;
HiEm BF JHE  Query History
time smooth_temp
4 timestamp with time zone double precision
1 | 2019-05-15 14:52:30.203791+08 77
2 | 2019-05-15 14:52:27.426082+08 77
\) A3
5.3. SAHEMESE (smlar)
smlarfE 4T LAR R ER/MERE SR EAREE .
e 45y
AR R
SEHIRRA T :
23
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e PostgreSQL 12 ( R#%/\iRA20200421% A L)
e PostgreSQL 11 ( R#%/\iR4A<20200402% A L)

@ g HANEBEAERRANREESERAESESEEARNRMESRE. MEEKRE, BT
B ERAEELRRA; MRRERE, FTELRRNIR. #BHESRARAKNRE.

PostgreSQL 12.0 1=

2800 200

BERER
smlarffH R S MR ER MARXREHANANE, RRHREUSERENEUETENE, BRXi
FrERENEIERE,

BAREHNE

o float4 smlar(anyarray, anyarray)
HERNMEE SRS R AEREUE,

e float4 smlar(anyarray, anyarray, bool useintersect)
HERNMEEXEAXE (TR, RE) HANEUE, SEXBNT:

CREATE TYPE type_name AS (element_name anytype, weight_name FLOAT4);

useintersectAtruel}, HEEIRRALIEETRENINS; HfalseHiItEIEGSRERTE.
o float4 smlar( anyarray a, anyarray b, text formula )
HERANMERSEXEEEANEMUE, HHEESformulaiEE.
formulafFiEX B ERBFM T :
o Ni: BMHANHBTENTE.
o Na: HHaPAESTENTM.
o Nb: HHEbPARESTENM.
o floatd set_smlar_limit(float4)
RES#smlar.thresholdi¥fa.
o float4 show_smlar_limit()
BESHsmlarthresholdiyiE.
e anyarray % anyarray
MEHNEABMUE X TF S smlarthresholdfdfE, BEtrue, BNEEfalse,
o text[] tsvector2textarray(tsvector)
H{ktsvector# B Htext,
e anyarray array_unique(anyarray)
NYAPHTRERF, FFERFESESTE.

o float4 inarray(anyarray, anyelement)

24 > MHRRA: 20201010
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tNRanyelementZ&EFanyarrayth, g[E1, FMWIREO,
e float4 inarray(anyarray, anyelement, float4, float4)

R anyelementFE Fanyarrayd, REE3INSH, SMNEREFINSH.
BEXSHRBPMGHHELRESR o

{EAiEY
o EESLPIFBEsmlariEl:, HSUT:

testdb=> create extension smlar;

o WIEREMHEAINGE, ROMT:

testdb=> SELECT smlar('{1,4,6}"::int[], '{5,4,6} );
smlar

0.666667

(1 row)

testdb=> SELECT smlar('{1,4,6}"::int[], '{5,4,6}, 'N.i / sqrt(N.a * N.b)");
smlar

0.666667

(1 row)

o HIEM, BLUWT:

testdb=> drop extension smlar;

5.4. B MEEHE (PASE)

A A ERDS PostgreSQLUN{T @i PASESEH (B FIVFFlatSHNSWEE) XUSHOERE.
IR RH

S£f) ARDS PostgreSQL 11,
FRER

BER, REFIQHAPRTEIER, FAAIERPIARERK, RS TRKEMHE, EIVWARDE
BWRENMA, M SRR, ARZMT, BGRR . EERISHR. SERRAESEERNE, RRFE
HRERREAREZEXNEE.

PASE (PostgreSQL ANN search extension) —3k/IPostgreSQLEIEEH AN S MO SR ERS|H
#, ERVADPHEAEEHSHEANN (Approximate nearest neighbor) €& &%, G1FIVFFlatil
HNSWE %, BEXmMEE, TUEPGHEEDPINIRSEMEEA, PASEE I A SZIF4$E m = A9HER
5, SEEACREIFANIBERNE, PASERA RN ITHERRECTHNSERNEEFTHEURE
MR,

BniEd
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RTFEE, AXASWUNB[ZIGHOEXZEMFARE, FURZAXTECENRES . BREFHE
KENREGH.

PASEE X% {giR

e IVFFlat&k
IVFFlat 2 IVFADCHEHIRA, EETHRERBREEXRS, EXNEAENERA™RE (100msEKHl) MiF
=, HHEMEE, VFRlatEZXAEGUTRA:

o MREFHAMERIFESIREDN—5F, IAIVFFlatTIRUXZEI100% N BE =R,

o HiAER, FEMKSIMEER, FHRTEEN.
o BXOR[ULHREAEEE, EEFHRENSEETHIUEHEEORE.

o BASYUMENE, BPRaBREtEHEXERY.
IVFFlat N X RIS I THE.

' centr_oidi ' top1
& 2 5 query | -7 /"7 "~0  clustert
o @ ™ [ I ® ;s ® /0 [ ] \\
e @ e @ ! e @
® ® ® ® [ %% A ",
L L [] ] N ] [
.l .. \\ 'll fj
'. .. \\\3_:'. ’JI
°o e <86 . cluster2
e ; °° ° é° o
::.t ' :'.'t :‘..o
centroid2
HEREHER:
. SHTEAPHNRETRENBEEMYE, BRkmeansEREEENOEHTRELRE, FHESNERE
1ML,
i. ERAENEAXERITERGEENPLOR, KISEREDEREMNNEEPL,
iii. EBRHENMERPOREREPHRERR, E32BHIFBIEERIENKIEE.
@ 68

o EEHEBPIORN, SEHMHREENXRE, MEEFAITRE, BRELEFRIRKENTKI D
ELBEXnNPEED, ANSERERKL., BoILUEE 2EHENENE R HIVFFlat 8% 19
%, nEl X, BEEBEES, BHEESEKX.

o IVFFlatflIVFADCHE—MEBRT2—#, TEXFI2E_MERITE., IVFADCEIIR S/ KiE
BIEHITE, ERLSHEERY, MIVFFatEEHiHE, BeEERs, HETSE0

£,

o HNSWE%
HNSW (Hierarchical Navigable Small World) EiZESEBAMENDEHEE (FARAIUL) , F
BEXEAERE™EER (10msEkF) BiHx.
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HNSWE FESENEE, ESEASEREFEAERSITENEER, EABRBEENERT, €4
HNSWEZNMEERFAHEEMEEEMBEE, EVERNEFRSSA—BLF#=E, INBLEBEER
B—EKFEELED ERNSHIEHREF .

HNSWHEZRES I THE.

7N

Decreasing characteristic radius

<

BIERERE:
i. MELEE, SEANRTEEN—/FEE, FNARTEENNE, XUTEARE.
ii. NERHED—TRFBES.

ii. F—XEREPER, LENZEEERNEERFFREERNHSIERD, UES—XREHK, &K
RBEHSIRPHR, BREPER, BIEXEFRRNBER/BANSIR, BRIBEADNSHIE
REENHF, REAKDY. NRNRETCNESEEE, FHEREZABRE, RBEUNTIIE
FHE—NTREAT—ENAOR, EAT—E.

iv. BRRITEIS, HEHAREE.

@ %8 HNSWEEZENSWEAN S EMENEN FRESEE, EEHTRIEMER, T
SHLEREEEZESHEAMEL,

AHEZHERENERYSHR, SINIVFFatESSRHEGLLIASR, HNSWESEREFNEOGHR,
BESMEEM YR ASLNEETRNEIPASESD,

{SEFPASE
1. BUPASEREH. HSWMT:

CREATE EXTENSION pase;

2. tEEEECE, BULESUTRMAES X tERSHECE:
o RFAPASEMEXRBMERRXITE
R
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SELECT ARRAY[2, 1, 1]::float4[] <?> pase(ARRAY[3, 1, 1]::float4[]) AS distance;
SELECT ARRAY[2, 1, 1]::float4[] <?> pase(ARRAY[3, 1, 1]::float4[], 0) AS distance;
SELECT ARRAY[2, 1, 1]::float4[] <?> pase(ARRAY|[3, 1, 1]::float4][], 0, 1) AS distance;

@ iueg
n <>EPASEXERAERN, ERHEAGRNASNALE. SHABRELRNAN
floatd[], GHMERIELR MM Apase.,
n paseXBHEHNENNMELE, BESAESMIERN. LRAE=RM floatd]],
0,1 WMAMBTHE: B—NBHNfloatd]], REGHBRERR,; B-NSHEMLE

BRKER, TTRUAAO; E=ENSHERTHAMENELSNX, 0RTREER, 1RTRARN
(RR) .

» FTERENEELTES, BUTHESRE.

o RAFHBHMBERRIE
R

SELECT ARRAY[2, 1, 1]::float4[] <?> '3,1,1"::pase AS distance;
SELECT ARRAY][2, 1, 1]::float4[] <?> '3,1,1:0'::pase AS distance;
SELECT ARRAY[2, 1, 1]::float4[] <?> '3,1,1:0:1"::pase AS distance;

@ #E RAPFEMESRMRAPASEMRBLRMSS XML HER I ESEMNE, XKFI2
FHEMELFRNBELTEXES (1) HK. URFAIS=ZFRE 31,1:001 BHETREA: F—138
RRAAE; FENSHERLREBEHRER, TRHEAN0; EENMSHERTEMUETESR, 0
ERREER, 12T7RAR (RARA) .

3. BIE®RS|. BOUERRMEEERS:

@ #t88 MNFEFEAPASEMERIINAF, MEXARKESEAQSAUETEAR, RIEH
EFFEMEQLE, BEMRXRARRARZEADEEUEHELAR, FEN@EHTH—HL
B, MREEER WEERE:

x? +x% + 22 + e xF =

LB RRMRZEERE.

o IVFFlatE%EBIZ %S|
AN

CREATE INDEX ivfflat_idx ON vectors_table
USING
pase_ivfflat(vector)
WITH
(clustering_type = 1, distance_type = 0, dimension = 256, base64_encoded = 0, clustering_para

ms = "10,100");

28
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SERBAMT.
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clustering_type

distance_type

dimension

base64_encoded

clustering_params

o HNSWEESIZESI
=l

15 B4

IVFFlat SN mSHEH TR SELER, WET, BE:

= 0: SMEREREE, MEFLIMPRMEMPORXE, HSHcclustering_paramsiz
#l.

= 1 WERRZ, MBRSISEELEIERNIHTRERE, RBkmeansH
3%, HZ#clustering_paramsizi,

NTFHRAF, BUERRABRESGN,

BMETERX. BKIMEA0, BUE:
= 0: KRAIEE.

= 1 AR (RR) . FREBAXTEHTAST—4, BERRA (KR) ENF
MREREBNFRERFXER.

HAZFERAER, /AR (FR) FEQEP—KE, XANIPRENSZ
HE.

MELE. VEE,

HIER B X Hbase6dsmia, Eikk0, BUE:
m 0: XHfloat4[|RTRESLEE,
® 1: XHfloat[]llbase64mBFHERTMBSLEE,

TR, ZSHEEAPORXEER; STRBRE, ZSHEEAR
#2¥, =X A: clustering_sample_ratiok , &I,

® clustering_sample_ratio: LA1000A9BREEFELLG ., BUEBEA
(0,7000] NEVEEH, BIINERT, RENRDIHHBREBTHZ—HLAREES
#iTkmeansB%, BUATHNEREZES, ERERSINNEMEK, BiE
HNBESEAEBZ10AEK,

Bk REDOY, BEXEGEREES, EERIINEBERK, BNREER
/1[100,1000],

CREATE INDEX hnsw_idx ON vectors_table

USING

pase_hnsw(vector)

WITH

(dim = 256, base_nb_num = 16, ef_build = 40, ef_search = 200, base64_encoded = 0);

SERBAMT.

> M#4hRA: 20201010

29



AliPG R#% - EE T = HEERDS

B 15 B4
dim MEEE. BE,

B HREOBER. pER. BEATOERIES, EERSINEHEE, BRI

base_nb_num R BSTEMA, BUREBE6-128].

tIZRSISREPAERE. VEI, BERERBY, BEER5EE, ZiEE

f il
ef_build 5E[40,400],

HFEEEPNERE, VER, BSRNEMF, BEOEEEE, JEEHNE
E, Z&ABINE: 200,

ef_search

iR EXMbase644mta, BKiAEO. BUE:
base64_encoded = 0: RAfloat4[|RTEEXRE,
= 1: RHfloat[]ibaseb4mBEHRRRES LR,

4. i), BULMERRPRSIENR:

o {EFIVFFlatZ&s| &1
=P

SELECT id, vector <#> '1,1,1"::pase as distance
FROM vectors_ivfflat

ORDER BY

vector <#>'1,1,1:10:0'"::pase

ASC LIMIT 10;

@ i

m <#>HIVFFlat&EZE S| NBIER.

m [ME%E5|EZORDER BYIEA LM, THASCHFHERE.

m paseHFELEBA=ERX, BEIEXES (:) 9. ARG 1,1,1:10:0 #17i588: F—
BAEARE; FEBAIVFFatNEANESE, BETEE(0,1000], EEKXEL KR
RPs, EEOMEEE, ZMURBEIRSERTELHEE;, EZRATHNEUETSE
B, ORFRXEER, 1XFSR (RR) . EFASR (RR) FXFEHTEET—
#®, ENRR (AR) ENFIRKREENFERFXEA.

o {EFHNSWZ3| &
AN

SELECT id, vector <?> '1,1,1"::pase as distance
FROM vectors_ivfflat

ORDER BY

vector <?>'1,1,1:100:0"::pase

ASC LIMIT 10;

30
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@ i

m <?>HHNSWEH LS| HIRIER.

m [m=Z5|1EITORDER BYiBAI4EM, ZIFASCHEHR.

m paseHFEEBA=RRX, EIEXES (1) #K. LLRFIE 1,1,1:10:0 #H1TIHE: £—
BATARE; E_EBRAHNSWHEANESE, BETBEN(0,), BEAEDEHR
HE, BEaMtEdE, BNREIGREERTRIREE, MRERNMNIOFIE,;, =8
HEANAUEHESR, OXRTRAES, 1£FF-28 (KR) . FAAR (RR) AR
SEHTOEA—%, KERE (RR) ENFIRREENFERFEXR.

B R

R (RR) ARXHERG
THIRAHNSWE EZRS], eEfunctionRBlgT:

CREATE OR REPLACE FUNCTION inner_product_search(query_vector text, ef integer, k integer, table_
name text) RETURNS TABLE (id integer, uid text, distance float4) AS $$
BEGIN
RETURN QUERY EXECUTE format('
select a.id, a.vector <?> pase(ARRAY[%s], %s, 1) AS distance from
(SELECT id, vector FROM %s ORDER BY vector <?> pase(ARRAY[%s], %s, 0) ASC LIMIT %s) a
ORDER BY distance DESC;', query_vector, ef, table_name, query_vector, ef, k);
END
$3$
LANGUAGE plpgsql;

@ g WFHE—HNEE, NR=RZ, RUKRZEOTUELRFRIE.,

IVFFlat & 5| B E X iR XX

BHHEEASRNE, FEERSBLEETBZ LEPORIYE, HEARSISHEERS. ¥#BASKES

WIVFFlatZ= 5|28 A , XHRINT:
RE4E|D ORI PORREES
Pl

312/1,1,1,2,2,2

X3 HE

Product Quantization for Nearest Neighbor Search

Herv'e Jegou, Matthijs Douze, Cordelia Schmid. Product quantization for nearest neighbor
search.

Efficient and robust approximate nearest neighbor search using Hierarchical Navigable Small
World graphs

> X#4kRA: 20201010
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Yu.A.Malkov, D.A.Yashunin. Efficient and robust approximate nearest neighbor search using
Hierarchical Navigable Small World graphs.

5.5. iiEitH (roaringbitmap)

RDS PostgreSQLiZfitroaringbitmapif¥, TTLAERMETENRE, RESEAMEE.
AR R4

SL4I IRDS PostgreSQL 12,

BERER

Roaring Bitmap % 2143261 MINT H R KB 5 210N EIBR (Chunk) , S— MR NEBEHNS
164, FHEMA—1S8 (Container) REM—MEIEMNIE16/I. Roaring BitmapiiX ERB[REE—
NEHAD, EA—RES., SBREAWHPABNEE: HEASH (Array Container) MUESE
(Bitmap Container) ., SRR EHBHENEE, VESBEHAZNEE. NR—1SBEENEH
HE/NTF409, MABASHREFMRE. HEXT4096, HAMERHIKEME.

RAZXMEFMHLEM, Roaring Bitmapt IRERRFR— M ENE. EMAETE (AND, OR, XOR)
B}, Roaring BitmapiRfit THENEERS M INERMERZENIEE, ESRoaring BitmapEit#E
FRMtEME LHBRIMMRS.

BIESHE
1. SI@EML. "EIWT:
CREATE EXTENSION roaringbitmap;
2. BIZ# BERoaringBitmapHiELBENE, RAMT:
CREATE TABLE t1 (id integer, bitmap roaringbitmap);
3. {EMrb_buildE#E A roaringbitmaptV#iE, =EIWMT:

- A EX MEIBITENAT

INSERT INTO t1 SELECT 1,RB_BUILD(ARRAY][1,2,3,4,5,6,7,8,9,200]);
-BEANSRIERNENEMENBITEIREA1, REBSA—roaringbitmap
INSERT INTO t1 SELECT 2,RB_BUILD_AGG(e) FROM GENERATE_SERIES(1,100) e;

4. #17Bitmapit® (OR, AND, XOR, ANDNOT) , R#IIT:

SELECT RB_OR(a.bitmap,b.bitmap) FROM (SELECT bitmap FROM t1 WHERE id = 1) AS a,(SELECT bitma
p FROM t1 WHERE id = 2) AS b;

5. #17BitmapRE&itE (OR. AND, XOR, BUILD) , H4mM#troaringbitmap2®, REMT:

SELECT RB_OR_AGG(bitmap) FROM t1;

SELECT RB_AND_AGG(bitmap) FROM t1;

SELECT RB_XOR_AGG(bitmap) FROM t1;

SELECT RB_BUILD_AGG(e) FROM GENERATE_SERIES(1,100) e;

6. ZitEH (Cardinality) , Bl%titroaringbitmaph B8 &Z D MIBA1MBITA, REIMT:

32 XHEERA: 20201010



Z R ERDS

AliPG R#% - =E

T

SELECT RB_CARDINALITY (bitmap) FROM t1;

7. MroaringbitmapdiRE{E A 1HBIT T4x (BMIEE) . RmAIMT:

SELECT RB_ITERATE(bitmap) FROM t1 WHERE id = 1;

BitmapR & FI&

REE

rb_build

rb_and

rb_or

rb_xor

rb_andnot

rb_cardinality

‘WA

integer(]

roaringbitmap,
oaringbitmap

roaringbitmap,
oaringbitmap

roaringbitmap,
oaringbitmap

roaringbitmap,
oaringbitmap

roaringbitmap

i

roaringbitmap

roaringbitmap

roaringbitmap

roaringbitmap

roaringbitmap

integer

biz:pa

EEHANE—D

Bitmap,

AnditE,

orit#,

Xorit&,

AndNotit&,

SKiItEH,

=

rb_build('{1,2,
3,4,5})

rb_and(rb_bui
ld('{1,2,3}),rb_
build('{3,4,5}"))

rb_or(rb_build
('{1,2,3}),rb_b
uild('{3,4,5}))

rb_xor(rb_buil
d('{1,2,3}),rb_
build('{3,4,5}))

rb_andnot(rb
_build('{1,2,3}'
),rb_build('{3,
4,5}))

rb_cardinality
(rb_build('{1,2
l3l4l5}|))

> M#4hRA: 20201010
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R A BWA ot fiix Rl
rb_and_cardin
ality(rb_build(

rb_and_cardinalit roaringbitmap, r . AnditEHIEEE

. ) integer 5 '{1,2,3}),rb_bu

y oaringbitmap .
ild('{3,4,5}))
rb_or_cardina
lity(rb_build('{

L roaringbitmap, r . oritEHREE , .
rb_or_cardinality oaringbitmap integer 5 1,2,3}),rb_buil
d('{3,4,5}))
rb_xor_cardin
ality(rb_build(
rb_xor_cardinalit roaringbitmap, r . XoritEHREE
) . integer 5 '{1,2,3}),rb_bu

y oaringbitmap .
ild('{3,4,5}"))
rb_andnot_ca
rdinality(rb_b

rb_andnot_cardin  roaringbitmap, r . AndNotitE iR [E uild('(1,2,3}).r

ality oaringbitmap g B, b_build('(3,4,5
)}

rb_is_empty(r

. L FIRE A=W b_build('{1,2,3

rb_is_empty roaringbitmap boolean .

Bltmapo 14'5}|))
rb_equals(rb_
build('{1,2,3}),

roaringbitmap, r HIEFF A Bitmap2 S
rb_equals oaringbitmap boolean =g, rb_build('{3,4,
5}))
34 > NH4HRA: 20201010
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R A BWA ot fiix Rl
rb_intersect(r
b_build('{1,2,3
. . 9 AR; =
rb_intersect roaringbitmap, r boolean HER BitmapR }),rb_build('{3,

rb_remove

rb_flip

rb_minimum

rb_maximum

oaringbitmap

roaringbitmap,int
eger

roaringbitmap,int
eger,integer

roaringbitmap

roaringbitmap

roaringbitmap,int

rb_rank
eger
rb_iterate roaringbitmap
BitmapR SRR

roaringbitmap

roaringbitmap

integer

integer

integer

setof integer

BHER.

MBitmap# RIS E
Boffset,

BiEBitmaphiEE
Hoffsetkg,

1R [EIBitmap® &/
Boffset, IR
Bitmap Az iR
E-1,

IREBitmaph R A
moffset, MR
BitmapA = NI5&[E]
0.

iR [EBitmap/\F
EFiEEOffsett
2.

B [E]Offset List,

4,5}))

rb_remove(rb
_build('{1,2,3}'
).3)

rb_flip(rb_buil
d('{1,2,3}),2,3)

rb_minimum(r
b_build('{1,2,3
1)

rb_maximum(r
b_build('{1,2,3
1)

rb_rank(rb_bu
ild('{1,2,3}),3)

rb_iterate(rb_

build('{1,2,3}))
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Z#EERDS

ARYZ

rb_build_agg

rb_or_agg

rb_and_agg

rb_xor_agg

rb_or_cardinality
_agg

rb_and_cardinalit
y_agg

rb_xor_cardinalit
y_agg

BA

integer

roaringbitmap

roaringbitmap

roaringbitmap

roaringbitmap

roaringbitmap

roaringbitmap

i

roaringbitmap

roaringbitmap

roaringbitmap

roaringbitmap

integer

integer

integer

fiik

EoffsetBERK
bitmap,

or REHHE.

And B&itE.

Xor BREItHE.

or BEHEHER
HEH,

And B&HEHIE
EHEH,

Xor BEHEHIR
EHEH.

5.6. LFHFitHEHR (RDKit)

=l

rb_build_agg(
1)

rb_or_agg(rb_
build('{1,2,3}))

rb_and_agg(r
b_build('{1,2,3
1)

rb_xor_agg(rb
_build('{1,2,3}
)

rb_or_cardina
lity_agg(rb_b
uild('{1,2,3}))

rb_and_cardin
ality_agg(rb_
build('{1,2,3}))

rb_xor_cardin
ality_agg(rb_
build('{1,2,3}))
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RDS PostgreSQLIZERDKit#f{, SZIFUEDFUHE. HEFFHRRENE,
AR R

SCH iR A< JIRDS PostgreSQL 12,
ERiER

RDKit {4 ZiFmol IEXRE (RS FHE) MpHIBEAR (WARDFER) , EHEM ETFHRIE
. #HUEE (Tanimoto, Dice) FGISTZESI,

B SRDKitiFHSQUIREIES
ERER

e MOlMEXRENBWA, BHRMEREUS FEEBWAME (SMILES) .
o fPEURLEMMA, WHINAEEEbytea (FHEIHHBEBENFTERER) KX,

SIS

postgres=# create extension rdkit ;

CREATE EXTENSION

RINSYEE

postgres=# show rdkit.tanimoto_threshold ;

rdkit.tanimoto_threshold

0.5

(1 row)

postgres=# show rdkit.dice_threshold;
rdkit.dice_threshold

0.5

(1 row)

eI
o molfIfply LRI HIRIEZ F5Btree 3|, HashZ3|, HIn:

CREATE INDEX molidx ON pgmol (mol);
CREATE INDEX molidx ON pgmol (fp);

emoll % . # . @ . <@ BEMPEME % . # EMEZISGIstES|, FHln:

CREATE INDEX molidx ON pgmol USING gist (mol);

SA4RRA: 20201010
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bR &R )
e tanimoto_smlF# it HtanimotofBUE,
postgres=# \df tanimoto_sml

List of functions

Schema| Name |Result datatype | Argument data types | Type

-------- s +
public | tanimoto_sml | double precision | bfp, bfp | func
public | tanimoto_sml | double precision | sfp, sfp | func
(2 rows)

o dice_smlE# it EdicetgIlE,

postgres=# \df dice_sml
List of functions

Schema| Name | Result data type | Argument data types | Type

+ ---—+ + +

public | dice_sml | double precision | bfp, bfp | func
public | dice_sml | double precision | sfp, sfp | func
(2 rows)

o substructi®¥, HEHBHNE_IMSHRE—NTSHENTFEEE, REEEERATRUE,

postgres=# \df substruct
List of functions

Schema| Name | Result datatype | Argument data types | Type

R + + fmmmmmm
public | substruct | boolean | mol, mol | func
public | substruct | boolean | mol, gmol | func
public | substruct | boolean | reaction, reaction | func
(3 rows)

= LY
ELfik 5% 4F 5 BA

® mol%mol . fp%fp

YHTanimotoigIUE i 4 R/N\FGUCE & 2 #rdkit.tanimoto_thresholdBY, ZZ{EREER A
TRUE,

e mol#mol , fp#fp
YDicefAIE I E 4 R/NTFGUCE B 2 #rdkit.dice_thresholdBt, ZiE{EIREIL R ATRUE,
e mol @> mol

MREEF e> ZANREITHINER, ZFEMFEROERATRUE,

® mol<@ mol
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MREEF <@ AUNREBTEINR, ZEMEREERATRUE,
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6. FAEEE LI
6.1. IES I EPEIIBE XA XY (oss_fdw)

fI B =@ doss_fdwiE1§0SSh R EEME FIPostgreSQLFIPPASEUIEED, th3xiEi§PostgreSQL
HMPPASEIEEDRIEIESAOSST,

AR SR
SEHIRRA T :

e PostgreSQL9.4
e PostgreSQL 10

oss_fdw
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# PostgreSQLBIZHEH
create extension oss_fdw; ---¥FPPAS, M fTselect rds_manage_extension('create’,'oss_fdw');
# fll&#server
CREATE SERVER ossserver FOREIGN DATA WRAPPER oss_fdw OPTIONS
(host 'oss-cn-hangzhou.aliyuncs.com', id 'xxx', key 'xxx', bucket 'mybucket');
# B OSSHMERE
CREATE FOREIGN TABLE ossexample
(date text, time text, open float,
high float, low float, volume int)
SERVER ossserver
OPTIONS ( filepath 'osstest/example.csv', delimiter"', ',
format 'csv', encoding 'utf8’, PARSE_ERRORS '100');
# IR, BEHMRFIXKERDP.,
create table example
(date text, time text, open float,
high float, low float, volume int);
# i Mossexample & Flexampled,

insert into example select * from ossexample;

# oss_fdwaEBIEH {1+ 0SS LRI R/, ERBIMIIZ TR,
explain insert into example select * from ossexample;

QUERY PLAN

Insert on example (cost=0.00..1.60 rows=6 width=92)
-> Foreign Scan on ossexample (cost=0.00..1.60 rows=6 width=92)

Foreign OssFile: osstest/example.csv.0
Foreign OssFile Size: 728

(4 rows)

# Fexample P MEES HEIOSSt.

insert into ossexample select * from example;

explain insert into ossexample select * from example;

QUERY PLAN

Insert on ossexample (cost=0.00..16.60 rows=660 width=92)
-> Seq Scan on example (cost=0.00..16.60 rows=660 width=92)

(2 rows)

HXSHHBPIES DT,
oss_fdw&#]

SA4RRA: 20201010
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oss_fdwEfhfdwik O—4, SMEREIROSSPRNIEE#HTHE, APTUKERRER—HED
oss_fdwiZEROSSHhZIBIEIE . oss_fdwiRt IR B RIS H A T EEMBTOSS L4 EIE.

@ eg
o Bfjoss_fdwZHHEBMAMEANOSShXHHIEX A : textflcsv, FEBgzipEHX Mtext, csvX
®.

o oss_fdwSHSHNERERANSIS (") 31EXR, BFSTHERE.

CREATE SERVERZ#{
B8 i B3
ossendpoint ERMIGEIOSS AL, thFRAhost,
id oss KSID,
key oss KSKey,
bucket FiE=iE, SELMNBOSSKSHIREZSH.

HYSARAMSHER, RUTIHNREEXSH. MEFEREN, TJLUARUTSYH, URESANS
HAL.

8% e
oss_connect_timeout RERERER, BuP, KIAR108,

oss_dns_cache_timeou

t REDNSER, B, EHIAZ60%.

oss_speed_limit RERSPHRINER, BKIAZ1024, BIK,
oss_speed_time RERSPR/NMNEZNRKEIE, BIAR158,

@ B E{EREToss_speed_limitfloss_speed_timeMIBiAME, B RMBEL1SHIERIER
INFIK, MER,

CREATE FOREIGN TABLEZ#{
o A

OSSHHBENXMHE.

° XHEBEXHIER, EFXERbucket,

° ZSHMEOSSHMERE LNSIMNE, IFES N XEMBBEIEE.

o @& Afilepathflfilepath.x ZIFWENBIEIEE, xBERM1FE, HEL.

Fitn, filepath, filepath.1. filepath.2, filepath.3. filepath.5, B4 X#HS
WEEMEAN, EE filepath.58TEEAN.,

filepath
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S RER
OSSHIEMXERR.
g o dirgEEL (/) &R,
ir
o dirfEENEMXEERPHREXH (FESFXHRMFXHELTHXG) BEE
EMNSAZSIEE.
refix BESEXH EERENHR, FZBENRFRXNX, BS filepath, dir BEF, =&
P QEEREHD—,
format BEXHMENX, BaIRZEoyY,
encoding X4pHBENEBER, ZHELNpo4HE, Wutfs,
parse_errors BEEXEN, THRM, PERXHSTEERRENER.
delimiter BRI BT,
quote BEXHHNSIAER.
escape FEENXHRNBRIRER.
null EECERXMFFENF Anull, Filnull ‘test’, BEIFIEA test'lIFRHFEAnull,

EEEEFNERANUl, HEN, force_not_null'id’ FRR: WMRIDFIKERZ, W

force_not_null
ZEAZFHE, MAZnull,

BB IEIAMEA0SS X :
compressiontype ® none: #%E‘JI#F%EE, EﬂiﬁﬁEéﬁE‘]KK*ﬁiﬁa
* gzip: ERXHHEX AgzipEHEEN.

compressionlevel RESAOSSHEERIANERESR, BE1F9, ZHKilAe,

@ e
o filepathfldirE ZEOPTIONSSH HI5E.
o filepathfdirk AIBER N ESHPHEI—1, BERERNIEE.
o SHEXBIIRZFEMXHENEERERENX, BRTHdir, RZ#HEfilepath,

CREATE FOREIGN TABLEfIS HIEX S5
e oss_flush_block_size: #)%RIHZEI0SSHbufferK/\, EKiA32MB, oJikSBE12]128MB,

e oss_file_max_size: EAOSSHIRAXMHA/N, BHZESTRIBS — N XHES. BiA1024MB, TJik

SEEI8%FI4000 MB,
e num_parallel_worker: SOSSEEBHEHEXPHTERLEZNNE, BE1FI8, BIAFHRE3.

HENRE

FUNCTION oss_fdw_list_file (relname text, schema text DEFAULT ‘public’)

> M#4hRA: 20201010
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o ATFHBENIINREFTITE 0SS EB S HZ B AN,
o WHRNMNIBMNRZET.

select * fromoss_fdw_list_file('t_oss');
name | size
________________________________ e
oss_test/test.gz.1 | 739698350
oss_test/test.gz.2 | 739413041
oss_test/test.gz.3 | 739562048

(3 rows)

Lk
oss_fdw.rds_read_one_file: HiZERXT, EEEMIREENXH. RER, ZIMBREHEEADLR
UC g5 M IR B B934,

14N, set oss_fdw.rds_read_one_file = ‘oss_test/example16.csv.1’;

set oss_fdw.rds_read_one_file = 'oss_test/test.gz.2';
select * fromoss_fdw_list_file('t_oss');
name | size
................................ S
oss_test/test.gz.2 | 739413041

(1 rows)

oss_fdwiF EEIi

e 0ss_fdwE7#PostgreSQL FOREIGN TABLEIEZE FH & B9 SR &R IE 4,

o HIESANMEEMPostgreSQLERH IR (CPU, 10. MEM) #8X, tBF10SSHEX.

o ARIEHIBESANMARE, BHESHIEEPOstgreSQLE0SSEi#ERegiontlE, H¥XERESN

o

o HRIEENIMRAISQLETALA ERROR: oss endpoint userendpoint not in aliyun white list , Zi%{# B

ZEIARAtendpoint, #iEESR . MREENBEERR, HETTERE.
iR E

SEABEHEER, ASPREATIERRRER:

e code: HfEIFKHEIHTTPIRA,

e error_code: OSSHIEIRE,

e error_msg: OSSHIEIRER.

e req_id: #RIRZIRIFEKRBIVUID, HBREEMRRDEE, LA req idRiEROSSH R TEITAIFE.
BEERUTHEDHETRNGESHER, BENEXNERTUERss_extiBXSHLE,

.
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IDF0IKeyRS &k

CREATE SERVERSPIDFIKeyS B R AHUE @&, AP TTLUER select * from pg_foreign_server &

FAXER, SREMAFPHNIDAKey, EAEITXIDFKeyi# 733 FRINZ LIS IDAKey IR (R EEITH)

EAARNER, RXREFRIFAFER) , EXXERXRUGP—HENGE, BM— I HREXE, 288
EFIRER.

REMBENERUT:

postgres=# select * from pg_foreign_server ;

srvname | srvowner | srvfdw | srvtype | srvversion | srvacl |

srvoptions

ossserver | 10| 16390 | | | | {host=0ss-cn-hangzhou-zmf.aliyuncs.com, id=MD5xxxxxx

xx, key=MD5xxxxxxxx, bucket=067862}

MBEHEEEESUMDSHL (REE N len, len%8==3) , XHEHZEBESARSERINE, EEH
PABEEIZMD5F L i9KeyHIID,

6.2. IEEMySQLEE (mysql_fdw)
RDS PostgreSQLiZtmysql_fdwifi#F, TILAEESRDS MySQLILf s B EMySQLEUE E R RNEIE.
AR RM

e S5 ARDS PostgreSQL 10 (=#&) =12 (=) .

e PostgreSQLAIMySQLEUEE RS EE. B . RERBIXESRIEMASEER
BERER

PostgreSQLMN9.6F AR ZHHTIHE, BNNRERHTIHERESIEXRREH, 10{Z8EEMNjoinZ AT
USSP RTHE. RARZERAFP&ERPostgreSQLIEA/NIEBIBECEER, AN XERMSHRFE., X
KL BIPostgreSQL 13 R IFHNEMBIZE, HIFENERBEXRNEH.

EAmysql_fdwiRfgEB I PostgreSQLAIMySQLIEHE, ESHMySQLEUR#ITHEIES T,

RIESE
1. Emysql_fdwiEt,

postgres=> create extension mysql_fdw;
CREATE EXTENSION

2. SIEMYSQLIRSB/EN .
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postgres=> CREATE SERVER <server&fi>

postgres-> FOREIGN DATA WRAPPER mysql_fdw
postgres->  OPTIONS (host '<iEiEiiit>', port '<iE#FixO>");
CREATE SERVER

BN

postgres=> CREATE SERVER mysql_server

postgres-> FOREIGN DATA WRAPPER mysql_fdw

postgres->  OPTIONS (host 'rm-xxx.mysqgl.rds.aliyuncs.com', port '3306');
CREATE SERVER

3. BIZR P, $$MySQLARSS 8 E XM EIZEIPostgreSQLINEANAF L, 4R ERXANHFIAIEIMYSQL
R,
postgres=> CREATE USER MAPPING FOR <PostgreSQLEAFP &>
SERVER <server&#R>
OPTIONS (username '<MySQLEF 4>, password '<MySQLF 3} i Z15>");
CREATE USER MAPPING

Rl

postgres=> CREATE USER MAPPING FOR pgtest

SERVER mysqgl_server

OPTIONS (username 'mysqltest’, password 'Test1234!");
CREATE USER MAPPING

4. EH t—$BHPostgreSQLA P EIZEMySQLEISM B .

@ #B SHPENFERESESMYSQLEIEETENZREER, ARTURBREESEANE
. FMySQLEUREDRNEEG3MNFEID. NAME, AGE, oA BIZE G 2/MNZ2ERID,
NAME,

postgres=> CREATE FOREIGN TABLE <& &> (<FERE> <HUBHE> <F B> <HIBHE>..) server <ser
verZ#i> options (dbname '<MySQL##EES>', table_name '<MySQLEZ>");
CREATE FOREIGN TABLE

=

postgres=> CREATE FOREIGN TABLE ft_test (id1 int, name1 text) server mysql_server options (dbn
ame 'test123', table_name 'test’);

CREATE FOREIGN TABLE

Wi iRS
AT LB S DRI S MySQLER R .
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@ B MySQLYRMMESAEERATUSAKIE, BNSRNTEIE:

ERROR: first column of remote table must be unique for INSERT/UPDATE/DELETE operation.

postgres=> select * from ft_test ;

postgres=> insert into ft_test values (2,'abc');

INSERT 0 1

postgres=> insert into ft_test select generate_series(3,100),'abc';
INSERT 0 98
postgres=> select count(*) from ft_test ;
count
99

(1 row)

WiTF8)  BfTEE  HUTHRIFT)  ERALF9)

create extension mysgl_fdw;

FOREIGN DATA WRAPPER mysgl_fdw

2
Zj CREATE SERVER mysgl_server
5 OPTIONS (host "rm-b s.mysql.rds.aliyuncs.com', port '3386');

CREATE USER MAPPING FOR
SERVER mysgl_server

_ QPTIONS {(username ' ', password ' H

': CREATE FOREIGN TABLE - (i t) server mysgl_server options (dbname ' ', table_name ' BN
éf select * from 2

;._~ insert into © _ values | '

explain verbose select count(®) from -

HE syl
D1 v | NAME1 | ¥
10
= 1
3 2

RERITIHE], BIPostgreSQLEFMySQLERERYIEREMYSQLP ZIAHITH.
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postgres=> explain verbose select count(*) from ft_test ;

QUERY PLAN

Aggregate (cost=1027.50..1027.51 rows=1 width=8)

Output: count(*)
-> Foreign Scan on public.ft_test (cost=25.00..1025.00 rows=1000 width=0)

Output: id, info
Remote server startup cost: 25

Remote query: SELECT NULL FROM “test123". test”

(6 rows)

postgres=> explain verbose select id from ft_test where id=2;

QUERY PLAN

Foreign Scan on public.ft_test (cost=25.00..1025.00 rows=1000 width=4)

Output: id
Remote server startup cost: 25

Remote query: SELECT “id" FROM "test123". test” WHERE ((‘id" = 2))

(4 rows)

6.4. EiflH& (log_fdw)

RDS PostgreSQLiZfitlog fdwiEft, TTIAZTEEIEERE.

B R M

SCf5 AARDS PostgreSQL 11,

HEREER

log_fdwifiH-i2 I THR N RS, EMEEHOHEERDS.
e list_postgres_log_files() : AT HEIcsviog3it.,

e create_foreign_table_for_log_file(IN table_name text, IN log_server text, IN log_file text) : SIE—

5% EcsvlogX 1B RSB .

BRESRE
1. BlZlog_fdwiE,

postgres=> create extension log_fdw;

CREATE EXTENSION

2. t2loglRFB|/EX.

postgres=> create server <serverZ#i> foreign data wrapper log_fdw;
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N

postgres=> create server log_server foreign data wrapper log_fdw;

CREATE SERVER
3. M list_postgres_log_files() BRE, FIHFrERCcsviogd ik,

postgres=> select * from list_postgres_log_files() order by 1;

file_name | file_size_bytes
__________________________________ o
postgresql-2020-01-10_095546.csv | 3794
postgresql-2020-01-10_100336.csvV | 318318
postgresql-2020-01-11_000000.csv | 198437
postgresql-2020-01-11_083546.csv | 4775
postgresql-2020-01-13_030618.csv | 3347

4. R create_foreign_table for_log_file(IN table_name text, IN log_server text, IN log_file text) BR%{,
BlEE— N5 Ecsvlog XX RIS ERE .

postgres=> select create_foreign_table_for_log_file('<4MEFERZFR>', '<loglRZB/RFR>", '<csvlog X3
#R>");

Rl

postgres=> select create_foreign_table_for_log_file('ft1', 'log_server', 'postgresql-2020-01-13_0306
18.csVv');

create_foreign_table_for_log_file

(1 row)
5. ERSMBRENTTEBE AEANS.
postgres=> select log_time, message from <4}MEEZ#R> order by log_time desc limit 2;
R

postgres=> select log_time, message from ft1 order by log_time desc limit 2;

log_time | message

____________________________ +______________-_-_-_-_-_-__-_-_-_-_-
2020-01-13 03:35:00.003+00 | cron job 1 completed: INSERT 0 1 1
2020-01-13 03:35:00+00 | cron job 1 starting: INSERT INTO cron_test VALUES ('Hello World')

(2 rows)

SrERREH
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postgres=> \d+ ft1
Foreign table "public.ft1"

Z#EERDS

Column | Type | Collation | Nullable | Default | FDW options | Storage | Stats targ

et | Description

------------------------ + == e + == t oo
log_time | timestamp(3) with time zone | | | | | plain |
user_name | text | | | | | extended | |
database_name | text | | | | | extended | |
process_id | integer | | | | | plain | |
connection_from | text | | | | | extended | |
session_id | text | | | | | extended | |
session_line_num | bigint | | | | | plain | |
command_tag | text | | | | | extended | |
session_start_time |timestamp with time zone | | | | | plain |
virtual_transaction_id | text | | | | | extended | |
transaction_id | bigint | | | | | plain | |
error_severity | text | | | | | extended | |
sgl_state_code | text | | | | | extended | |
message | text | | | | | extended | |
detail | text | | | | | extended | |

hint | text | | | | | extended |

internal_query | text | | | | | extended | |
internal_query_pos | integer | | | | | plain | |
context | text | | | | | extended | |
query | text | | | | | extended | |
query_pos | integer | | | | | plain | |
location | text | | | | | extended | |
application_name | text | | | | | extended | |

Server: log_server

FDW options: (filename 'postgresql-2020-01-13_030618.csV')

6.5. B HMBSBEIREE (tds_fdw)

WO LAEAtds_fdwii B H th X B BURERNEIE.

AR R

SCHRRAI T :
e PostgreSQL 12 ( R#%/\iRA<20200421% A L)
e PostgreSQL 11 ( R#Z /iR 420200402 A L)

50
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@ #e GINEEXERAANRESRREEELSEEFARAKMIREA. NEERA, &
MR ERAEESRRAE; MRRERE, RTCERRNIR. #HESRARAKNRE.

PostgreSQL 12.0 18

2800 200

HRER

tds_fdwEPostgreSQLSMBEIRE 3RS, TILLEEEI{FEHATabular Data Stream (TDS) WY EIEIREE,
ffltNSybase##& EEfMicrosoft SQL server,

HFHIRBAIES Wpostgres_fdw,

Bl
EELPISOIRs_fdwiEl, HOMT:

create extension tds_fdw;

{2 P 1 4
1. BIRRSHE, FONT:

CREATE SERVER mssql_svr
FOREIGN DATA WRAPPER tds_fdw
OPTIONS (servername '127.0.0.1', port '1433', database 'tds_fdw_test', tds_version '7.1");

2. BI@IMERER. WU LLER SM AR BIZEIINRE:
o {Eftable_nameE X BI&48RE, REIMIT:

CREATE FOREIGN TABLE mssql_table (
id integer,

data varchar)

SERVER mssql_svr

OPTIONS (table_name 'dbo.mytable’, row_estimate_method 'showplan_all');

o {#Mschema_namefltable_nameE X BIZ4 K, REMT:

CREATE FOREIGN TABLE mssql_table (
id integer,

data varchar)

SERVER mssql_svr

OPTIONS (schema_name 'dbo’, table_name 'mytable’, row_estimate_method 'showplan_all');

o fEMqueryEXBIEIERR, TEIMT:
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CREATE FOREIGN TABLE mssql_table (

id integer,

data varchar)

SERVER mssql_svr

OPTIONS (query 'SELECT * FROM dbo.mytable', row_estimate_method 'showplan_all');

o ERIZESIZBIEIEER, TOIWT:

CREATE FOREIGN TABLE mssql_table (

id integer,

col2 varchar OPTIONS (column_name 'data’))
SERVER mssql_svr

OPTIONS (schema_name 'dbo’, table_name 'mytable’, row_estimate_method 'showplan_all');

3. SIZAPBRE, REIWT:

CREATE USER MAPPING FOR postgres
SERVER mssql_svr
OPTIONS (username 'sa', password '123456');

4. SRR, TEIWT:

IMPORT FOREIGN SCHEMA dbo
EXCEPT (mssql_table)
FROM SERVER mssql_svr
INTO public
OPTIONS (import_default 'true’);

6.6. B EHOraclefEE (oracle_fdw)

RDS PostgreSQLiR{itoracle_fdwiE#h, TTLLEETOracle#iEmE, EidiEEPostgreSQLERS E#
OracleHiBED IR,

AR RH
e SCHIHRDS PostgreSQL 12 (#kR4.20200421% A L)

@ Al ERTJLAH1T show rds_supported_extensions; BER A X fForacle fdw, AZEFHIE
BHERNZIRAE.

e Oracle Clientfg&RA11.2R L,
e Oracle ServerfR AEXKEURFOracle Clienthg A, FEESR .

BRER
oracle_fdwZPostgreSQLIMEBR T, TTLAEEIOracleiIB SR, thiEE A EMSLIPostgreSQLS
Oracle#iEE#.

52 XHEERA: 20201010


https://oraclefact.wordpress.com/2018/04/05/client-server-interoperability-support-matrix-for-different-oracle-versions-doc-id-207303-1/

= IEFERDS AliPG % -

EZEAERESD o

EEER
o WMRFEMNITUPDATEFIDELETERR(E, BEACRZINDIRINERSIIREKeySH, FEESRL

o YMEBRENMFEEE B KA R oracle_fdwoI LURBIFTT AR EY, oracle_fdwii 3 FHIEX BN E
BANiES0 o
e WHEREFf]#1ORDER BY FH) X #FitE T#, Bloracle_fdw&EFa kXL 0raclei#TiHE.,
o JOINEREXIFITET#, EREUTERSM:
o WANRMAHEXEERNMEP,
o EANARMLEJOINBIERTH TH#E,
o JOINBR{EXAE ZESELECTIRIED,
o &AJOINSEHICROSS JOINIRMERTIF T,
o WMRJOINFH# TH#, ORDER BYFH AW T,

o oracle_fdw3fFpostgisififf, RixpostgisiitrEZIFTRMERE, AF:
o POINT
o LINE
o POLYGON
o MULTIPOINT
o MULTILINE
o MULTIPOLYGON

REPER
1. FiZoracle_fdwiE#, HESUWT:

CREATE EXTENSION oracle_fdw;

2. Sl OracleiEEME, BN THMGES:

CREATE SERVER <SERVERZ#{>
FOREIGN DATA WRAPPER oracle_fdw
OPTIONS (dbserver '//<iE##ilt>  <E#Kix O>/<BBES>');

Pl

CREATE SERVER <SERVERZ#R>
FOREIGN DATA WRAPPER oracle_fdw
OPTIONS (dbserver '//127.0.0.1:5432/oradbname’);

CREATE SERVER oradb
FOREIGN DATA WRAPPER oracle_fdw
OPTIONS (host '<iEf#Eilit>", port '<i&iZ#% 0>', dbname '<#iBESZ>");

h
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3. tIEZAPBRE. BmT:

CREATE SERVER oradb

FOREIGN DATA WRAPPER oracle_fdw

OPTIONS (host '127.0.0.1', port '5432', dbname 'oradbname’);

CREATE USER MAPPING
FOR <PostgreSQLH 4> SERVER <5t Z>
OPTIONS (user '<Oracle#iEERF&>", password '<Oracle 5B ER P ZL>");

@ B MNEREPostgreSQLEIEEDEfEOracle BPEIE, TR Buserh 2R E, A

RIS ER AN

BN

CREATE USER MAPPING

FOR pguser SERVER oradb

OPTIONS (user 'orauser’, password 'orapwd’);

4. Bl Oraclefy4hEpE. REIWMT:

id

text

CREATE FOREIGN TABLE oratab (
integer OPTIONS (key 'true') NOT NULL,

character varying(30),

floating double precision NOT NULL
) SERVER oradb OPTIONS (table 'ORATAB',

schema 'ORAUSER',
max_long '32767',
readonly 'false',
sample_percent, '100',

prefetch, '200');

@ I SMEPEESMEENOracle ] MBS = EMRIZ K.

OPTIONSHEISEIRBAIT .
S HEA
ke ER/EENNNGAEEE, BUEAtruesifalse, BiNEAfalse, MRERIT
4 UPDATERIDELETERfE, SAEHEERIIRENtrue,

FE, —BREKS, wESH., TJMEROraclelISQLREE X tableZEEMNE,

table f: OPTIONS (table '(SELECT col FROM tab WHERE val = "string")") , Ut
HAEHEAschemas ¥,

schema —&EOracle P&, REFAE, BRFRAAETHIEERFPHE.

54
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£ HER

max lon fR#%IOracleLONG, LONG RAW, XMLTYPEXEZNRAKE, BEEER
-ong 1~1073741823, BiAES32767.

readonly fRElOracle®AREE, RAFINSERT. UPDATE, DELETE#R{E.

RERAEREOracle REHENLE, FFPostgreSQLRAIMER, METER

sample_percent
ple_p 0.000001~100, ERIAEE100,

YpFAEES, PostgreSQLAOracleHEERZE— R EERMNTE, ETER

prefetch 0~1024, BRIAER200, 0RXEEEprefetchI&E,

SR LS BENTE TR ES R RIS Oracle RIVIEIE, ZIFDELETE, INSERT, UPDATE, SELECTEE
KIBME, XBFSAMBERENNRE, HSUT:

IMPORT FOREIGN SCHEMA <ora_schema_name>
FROM SERVER <server_name>
INTO <schema_name>

OPTIONS (case 'lower');

@ $B caseBUEMT:
o keep: RRFHEOracle LN RE, EERKTE,
o lower: RREBRABHNNREBANE,
e smart: RRRABHNRETHMEAEZEBNHIRANE,

EN iR
HRBEHHOUT:

DROP EXTENSION oracle_fdw;
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7.5 124 (dblink. postgres fdw)

{EAPostgreSQLA SR H9Y BifE, HliNdblinkfpostgres_fdw, TTLABEIRER.

BERER

MEZ Fridblinkfpostgres_fdwifif, Z#FERVPCALA (BFEEE
PostgreSQL¥EE) BIREERIE. MREFEVPCHMERRIESIA, o LUET M EVPCRECSH iR OBk
I,

EBREN
PostgreSQL 11= &R dblink#lpostgres_fdwififfi# T ERERNEREHMT:

e HHEVPCHHKIECS/RDS PostgreSQLHITI LAE B EIR1E

e RDS PostgreSQLSEfI o] LAEE ARVPCRBIECSSEfili# 17im O Bk ¥, STHBEERIE.

e BH#EPostgreSQLEHITILLiEiToracle_fdwaimysql fdwiZiEVPCHMEBEIOracle SLHI 5 MySQLSE I ,
o EEBBEKFIEEN, hostidiESlocalhost, portigiEE show port S<REIRAMERO .,

{E Adblink
1. FEdblinkig 4,

create extension dblink;

2. gl#dblinkiE#.

postgres=> select dblink_connect('<iE#E&#>", 'host=<E—VPC 85 —RDSHINMIFZ> port=<E—V
PCTHIS —RDSHIAM M IFIK O> user=<izfZ#IBER PS> password=<Z1B> dbname=<E&Z>");

postgres=> SELECT * FROM dblink('<iE#&&R>', '<SQL@RS>") as <RE>(<HE> <FHHEE>);

Rl

postgres=> select dblink_connect('a’, 'host=pgm-bpxxxxx.pg.rds.aliyuncs.com port=3433 user=test

user2 password=passwd1234 dbname=postgres');

postgres=> select * from dblink('a’,'select * from products') as T(id int,name text,price numeric); /

IERIERER
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12
13 select = from dblink('a','select * from products') as T(id int,name text,price numeric);

#FigmH #E JHB  Notifications

id name price
A integer text numeric
1 1 Cheese 999
EEZFEEFESRdblink,

{Apostgres_fdw
1. E—NEBIEE.

postgres=> create database <¥iBESZ>; //CIBREIREE

postgres=> \c <HUBESZ> //EHIRE
B

postgres=> create database db1;

CREATE DATABASE

postgres=> \c db1

2. F#Epostgres_fdwidfs,

db1=> create extension postgres_fdw;

3. MBEREHEERSSE.

db1=> CREATE SERVER <serverZ#i>

FOREIGN DATA WRAPPER postgres_fdw

OPTIONS (host '<[E—VPCTF 5 —RDSHIR M1 Z>,port '<E—VPC TS —RDS KA M & IFix E>', db
name '<E—VPCTH S —RDSHIEZ>");

db1=> CREATE USER MAPPING FOR <At #HiEERFZ>
SERVER <serverZ >
OPTIONS (user '<iIZEHIWERFZ>', password '<IERREIEEZBE>);

R
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db1=> CREATE SERVER foreign_server1

FOREIGN DATA WRAPPER postgres_fdw

OPTIONS (host 'pgm-bpxxxxx.pg.rds.aliyuncs.com', port '3433', dbname 'postgres’);
CREATE SERVER

db1=> CREATE USER MAPPING FOR testuser

SERVER foreign_server1

OPTIONS (user 'testuser2', password 'passwd1234');
CREATE USER MAPPING

4. BANHMEBE.

db1=> import foreign schema public from server foreign_server1 into <SCHEMARR>; //SAIMERE

db1=> select * from <SCHEMAR#>.<k &> //BfliiEE

=

db1=> import foreign schema public from server foreign_server1 into ft;

IMPORT FOREIGN SCHEMA

db1=> select * from ft.products;

17 select = from ft.products;
18
19

#Ewm BERE BB Notifications

product_no name price
4 integer text numeric
1 1 Cheese 9.99

BZi¥EiES M postgres_fdw,
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8.B& %t (hll)

hlE #4325 B9 818 2 B HyperLogLog O] AR B R REFUH PV, UVE LS54T,

RiiR R

SEHRRAI T :
e PostgreSQL 12 (A#/MiRA202004215% A L)
e PostgreSQL 11 (R#Z/MiR4520200402% LA F)

@ #g HANEEXEERANREERREEESEGARNBMESRE. NWREKRE, B
B ERAEEIRRA, NREERE, RTELRRNR. FHESRARAKLNEE.

EERE FrERAZIMES A

PostgreSQL 12.0

2800 200

HRES
hIUEH S — R TR, XAESHHEXEHyperLloglog (hll) , BATEEEHEE TREEME
distinct{&, #Ia01280F HHIhUKERRTTUSHEE G T HIEF{ZNdistinctE. hlESEEKR 554
FRMBEOFRGES T ERTROTL, TUREFEPV. UVELSER.

EZhlUGEHERSGEIES R postoresqgl-hll,

HMEERIRBPIFES DL X HyperLoglog: the analysis of a near-optimalcardinality estimation
algorithm,

tIZhlUE4
EEIFERNIESE, HSUT:

CREATE EXTENSION hll;

BliRF
o YBR—PSFhZRNE, HOWT:

create table agg (id int primary key,userids hll);

o MGintFIE A B IR Ahll_hashval, ST

select 1::hll_hashval;

BXRER
o hlEZ I TRIER:

> X#4kRA: 20201010
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ol

o #
AEIIT:

select hll_add_agg(1::hll_hashval) = hll_add_agg(2::hll_hashval);
select hll_add_agg(1::hll_hashval) || hll_add_agg(2::hll_hashval);
select #hll_add_agg(1::hll_hashval);

o hll_hashvalZ BTN TRIER:

REIIT:

select 1::hll_hashval = 2::hll_hashval;
select 1::hll_hashval <> 2::hll_hashval;

EARRE
o T #hll_hash_boolean, hll_hash_smallintflhll_hash_bigint&hashi®#, REIWMT:

select hll_hash_boolean(true);

select hll_hash_integer(1);

Z#Fhll_add_aggi#f, oJLiEint#EgEAhlg, REWMT:

select hll_add_agg(1::hll_hashval);

Z#Fhll_union@#, TTLAEhUHE, REIMT:

select hll_union(hll_add_agg(1::hll_hashval),hll_add_agg(2::hll_hashval));

X#5hll_set_defaults®#, TTLURERE, REWMT:

select hll_set_defaults(15,5,-1,1);

X¥Fhll_printi®#, FAFiTEldebuglER, =EIWMT:

select hll_print(hll_add_agg(1::hll_hashval));

R
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D

create table access_date (acc_date date unique, userids hll);
insert into access_date select current_date, hll_add_agg(hll_hash_integer(user_id)) from generate_ser
ies(1,10000) t(user_id);
insert into access_date select current_date-1, hll_add_agg(hll_hash_integer(user_id)) from generate_s
eries(5000,20000) t(user_id);
insert into access_date select current_date-2, hll_add_agg(hll_hash_integer(user_id)) from generate_s
eries(9000,40000) t(user_id);
postgres=# select #userids from access_date where acc_date=current_date;
?column?
9725.85273370708
(1 row)
postgres=# select #userids from access_date where acc_date=current_date-1;
?column?
14968.6596883279
(1 row)
postgres=# select #userids from access_date where acc_date=current_date-2;
?column?
29361.5209149911

(1 row)

> M#4kRA: 20201010
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9.EHMESS (pg_cron)

RDS PostgreSQLiZtpg_cronif#f, TILAEEEMES.
B4

SE45) ARDS PostgreSQL 11,

@ B NEWSLAIZE, CEIAEETTEFE.

BERER
pg_cron@E FcronfELFERENH, SEMcaonRISHEHBNIEE, EEUUEENSEERH
PostgreSQL#&H% .
BN ERESSAR/ES:
o EBYitXI
METAFPERBE4NITR, fNER17HHRT—RZES.

o ERES
BAFPEARNESAHS, FII select * from some_table ,
Bk

pg_cronfEAirER cronigiE, EP*RREERBRIET, BFEHZEZRNVEXMIFERIET,

74P (0 - 59)

INBS (O - 23)

BE (1-31)

B# (1-12)

—RBA$iE—X (0-6) (0X=AR)

37
o GIEIEH

CREATE EXTENSION pg_cron;

o EMESH
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-- A753:30am (GMT) MiFRiS HAEIR .
SELECT cron.schedule('30 3 * * 6', $$DELETE FROM events WHERE event_time < now() - interval 'l wee
k'$$);

-- §XK10:00am (GMT) HITHER S
SELECT cron.schedule('0 10 * * *', 'VACUUM');

- BAHHTEERA.

SELECT cron.schedule(™ ** **, 'select 1;');

-- SNNRNN239HITEERA.
SELECT cron.schedule('23 ** * *' 'select 1;');

- SN AMNASHITIEEMA.
SELECT cron.schedule(™ *4 **, 'select 1;');

o BEEYHIMES

SELECT * FROM cron.job;

jobid | schedule | command | nodename | nodeport | database | username | active

+ -+ + + -+ + + --

43| 010***| VACUUM; | localhost| 5433]| postgres |test |t

o MIBRESI

SELECT cron.unschedule(43);

@ B 43%jobid,
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10. 9 4XIE (PL/Proxy)

PL/Proxyif{t 1 & CLUSTERE X FICONNECT X, TTUABHEB AR A X FaEIEE.

RiiR R

SEHRRAI T :
e PostgreSQL 12 (A#/MiRA202004215% A L)
e PostgreSQL 11 (R#Z/MiR4520200402% LA F)

@ B HANEEXEERANREERRAEESEGARNBMESRE. NWREKRE, B
B ERAEEIRRA, NREERE, RTELRRNR. FHESRARAKLNEE.

PostgraSQL 12.0 1

2800 200

BRER

PL/ProxyfE{ B 2N TRMET :

e CLUSTERIEZ
ZRBEEKFERSMSQLEH .

e CONNECT#I
XIIESQLIE RIS R B8 E BB EE .

ESPL/ProxyiE - ERAIEEFESMPL/Proxy,

ARSI

o {#HRIVPCHAIPostgreSQLIEHITILAE IR IS FEIR1E .

e RAEIVPCHHBIPostgreSQLHITI LAEIE AVPCRIBMECSSEHi#1Ti% O Bk4E, SCIMESEEIRME,
o REFRERNEET REMAR2HNKS .

i F IR

ER—PMREELAEARES R, BHBNSBEIFEASEDTR. FAERUT.

IP TRER BiEES BAF&

100.xx.xx.136 RETR postgres postgres

100.XX.XX.72 HIET A pl_dbo postgres

11.XX.XX.9 HETHR pldb1 postgres
Bl PL/ProxyiE {4

BUZEPL/ProxyiEEsn ST :
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create extension plproxy

BIZPL/ProxysE &
@ B CONNECTERAFREEHTAERME.

1. BJ#PL/Proxy&E, FEERNFHRANEEES. PHUMEO, TAWT:

postgres=# CREATE SERVER cluster_srv1 FOREIGN DATA WRAPPER plproxy
postgres-# OPTIONS (

postgres(# connection_lifetime '1800',

postgres(# disable_binary '1',

postgres(# p0 'dbname=pl_db0 host=100.xxx.xxx.72 port=5678',
postgres(# p1 'dbname=pl_db1 host=11.xxx.xxx.9 port=5678'
postgres(# );

CREATE SERVER

2. ApostgresAFPRFRIR, =EIIMT:

postgres=# grant usage on FOREIGN server cluster_srv1 to postgres;

GRANT

3. AP BRE, AT

postgres=> create user mapping for postgres server cluster_srv1 options (user 'postgres’');

CREATE USER MAPPING
el FERUNE RS
ESMgETRUEZNRER (RETRATELRE) , =HAWMT:

create table users(userid int, name text);

CLUSTER#&E = i3z
IRKFHRSMA SR :
1. EBMRETRUBBEARR, TOAWT:
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pl_db0=> CREATE OR REPLACE FUNCTION insert_user(i_id int, i_name text)
pl_db0-> RETURNS integer AS $$

pl_db0$> INSERT INTO users (userid, name) VALUES ($1,$2);
pl_db0$> SELECT 1;

pl_dbo$> $$ LANGUAGE SQL;

CREATE FUNCTION

pl_db1=> CREATE OR REPLACE FUNCTION insert_user(i_id int, i_name text)
pl_db1-> RETURNS integer AS $$

plLdb1$> INSERT INTO users (userid, name) VALUES ($1,$2);
pl.db1$> SELECT 1;

pl_.db1$> $$ LANGUAGE SQL;

CREATE FUNCTION

2. ERETREZEBNBE AR, =OMT:

postgres=> CREATE OR REPLACE FUNCTION insert_user(i_id int, i_name text)
postgres-> RETURNS integer AS $$

postgres$> CLUSTER 'cluster_srv1’;

postgres$> RUN ON ANY;

postgres$> $$ LANGUAGE plproxy;

CREATE FUNCTION

3. ERETNRASIZZMRY, ~ENT:

postgres=> CREATE OR REPLACE FUNCTION get_user_name()
postgres-> RETURNS TABLE(userid int, name text) AS $$
postgres$> CLUSTER 'cluster_srv1’;

postgres$> RUNON ALL ;

postgres$> SELECT userid,name FROM users;

postgres$> $$ LANGUAGE plproxy;

CREATE FUNCTION

4. ERETRBAT10FMNRICR, ~OIWMT:

66
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SELECT insert_user(1001, 'Sven');
SELECT insert_user(1002, 'Marko');
SELECT insert_user(1003, 'Steve');
SELECT insert_user(1004, 'lottu');
SELECT insert_user(1005, 'rax');
SELECT insert_user(1006, 'ak');
SELECT insert_user(1007, 'jack’);
SELECT insert_user(1008, 'molica‘);
SELECT insert_user(1009, 'pg');
SELECT insert_user(1010, 'oracle’);

5. HFBEAREHNITHZRUN ON ANY, BIEASIBREYERBET S, EES M EETRNEUED
T

pl_db0=> select * fromusers;

userid | name

________ fommmmmem
1001 | Sven
1003 | Steve
1004 | lottu
1005 | rax
1006 | ak
1007 | jack
1008 | molica
1009 | pg

(8 rows)

pldb1=> select * fromusers;
userid | name
________ Fommmmmm

1002 | Marko

1010 | oracle

(2 rows)

@ #B BEIEATURRORKESBERRRBEL R, BF10RKELD, SBAHHRY
.

6. EREFEHTIENEE, BFHITHERUNONALL, BIREFREEMEHBETAEHER, =6
mTF:
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postgres=> SELECT USERID,NAME FROM GET_USER_NAME();

userid | name

........ oo
1001 | Sven
1003 | Steve
1004 | lottu
1005 | rax
1006 | ak
1007 | jack
1008 | molica
1009 | pg
1002 | Marko
1010 | oracle

(10 rows)

SQLEFIAX LSBT :

1. BT REBZBFERYA T ERERusers#iE, TAIWMT:

pl_db0=> CREATE OR REPLACE FUNCTION trunc_user()
pl_db0-> RETURNS integer AS $$

pl_db0$> truncate table users;

pl_db0$> SELECT 1;

pl.db0%$> $$ LANGUAGE SQL;

CREATE FUNCTION

pl_db1=> CREATE OR REPLACE FUNCTION trunc_user()
pl_db1-> RETURNS integer AS $$

pl.db1$> truncate table users;

pl.db1$> SELECT 1;

pl db1$> $$ LANGUAGE SQL;

CREATE FUNCTION

postgres=> CREATE OR REPLACE FUNCTION trunc_user()
postgres-> RETURNS SETOF integer AS $$

postgres$> CLUSTER 'cluster_srv1';

postgres$> RUN ON ALL;

postgres$> $$ LANGUAGE plproxy;

CREATE FUNCTION

2. EREVR/RATRERY, =HWT:

68
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postgres=> SELECT TRUNC_USER();

trunc_user

(2 rows)

3. ERENRABIZBARY, ~OWT:

postgres=> CREATE OR REPLACE FUNCTION insert_user_2(i_id int, i_name text)
postgres-> RETURNS SETOF integer AS $$

postgres$> CLUSTER 'cluster_srv1’;

postgres$> RUN ON ALL;

postgres$> TARGET insert_user;

postgres$> $$ LANGUAGE plproxy;

CREATE FUNCTION

4. ERETRBAMFRMNLICR, R"OMT:

SELECT insert_user_2(1004, 'lottu');
SELECT insert_user_2(1005, 'rax');
SELECT insert_user_2(1006, 'ak');
SELECT insert_user_2(1007, 'jack’);

5. EES M HETRNEE, REANT:

pl_db0=> select * fromusers;
userid | name
________ PR

1004 | lottu

1005 | rax

1006 | ak

1007 | jack

(4 rows)

pldb1=> select * fromusers;
userid | name
........ P

1004 | lottu

1005 | rax

1006 | ak

1007 | jack

(4 rows)
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@ #B SR RNKIEH—H, HARBEHRY.

6. ERET AEHN, REEHITRUNONANY, ENEES—NEET SEIEURET, REMT:

postgres=> CREATE OR REPLACE FUNCTION get_user_name_2()
postgres-> RETURNS TABLE(userid int, name text) AS $$
postgres$> CLUSTER 'cluster_srv1’;

postgres$> RUN ON ANY ;

postgres$> SELECT userid,name FROM users;

postgres$> $$ LANGUAGE plproxy;

CREATE FUNCTION

postgres=> SELECT USERID,NAME FROM GET_USER_NAME_2();
userid | name
________ P

1004 | lottu

1005 | rax

1006 | ak

1007 | jack

(4 rows)

CONNECT#& =1
EFICONNECTAEREY, REBH STUABEBSIASE, RHAMT:

postgres=> CREATE OR REPLACE FUNCTION get_user_name_3()
postgres-> RETURNS TABLE(userid int, name text) AS $$

postgres$> CONNECT 'dbname=pl_db0 host=100.81.137.72 port=56789';
postgres$> SELECT userid,name FROM users;

postgres$> $$ LANGUAGE plproxy;

CREATE FUNCTION

postgres=> SELECT USERID,NAME FROM GET_USER_NAME_3();
userid | name
________ P

1004 | lottu

1005 | rax

1006 | ak

1007 | jack

(4 rows)
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11.458Fi8 (pg_bigm)

pg_bigmZ I E == mRDS Postgresql—RiEM:, ZEHRHU T ENAEREN, RFEIR—IZTE
& (2-gram) BIGINZESIRINEL RIRE,

RS

RDS PostgreSQLERIF ALATHRAZ—:
e PostgreSQL 12

e PostgreSQL 11

e PostgreSQL 10

5pg_trgmE[E

pg_trgmZRDS Postgresqliy B —=iEM, FHA3-gramERRIMS N AEE, pg_bigmiFHEE
po_trgmEdl EHZEA LR, BENXAWT.

INEERYSHE pg_trgm pg_bigm

ENEZRNEBERES* 3-gram 2-gram

SIS RB GINFIGIST GIN

ZRNEXAEZRIERS LIKE ., ILIKE , ~ , ~* LIKE

FFBESNEXFER REHE b2

§ﬁ1~2’|\$ﬁﬂq*%$ﬂqéi$?§i 8 "

LEIDUES 2 XHF XH

RATLAZRSIEFIK 238,609,291 75 (4228 MB) 107,374,180 (£1102 MB)
ERER

o EIVGINZEIINFNKEATLBILE107,374,180FF (£9102MB) .
o MBEHBEEPHEMENBIESEIEASCI, MEICEHIBENRBS XK AUTFS,

@ HE THYFBEENEBALESH select pg_encoding to_char(encoding) from pg_datab

ase where datname = current_database(); .

BERRE
o BIEIEH

postgres=> create extension pg_bigm;

CREATE EXTENSION

o BIRES
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postgres=> CREATE TABLE pg_tools (tool text, description text);

CREATE TABLE

postgres=> INSERT INTO pg_tools VALUES ('pg_hint_plan', 'Tool that allows a user to specify an opti
mizer HINT to PostgreSQL');

INSERT 0 1

postgres=> INSERT INTO pg_tools VALUES ('pg_dbms_stats', 'Tool that allows a user to stabilize plan
ner statistics in PostgreSQL');

INSERT 0 1

postgres=> INSERT INTO pg_tools VALUES ('pg_bigm', 'Tool that provides 2-gram full text search cap
ability in PostgreSQL');

INSERT 0 1

postgres=> INSERT INTO pg_tools VALUES ('pg_trgm', 'Tool that provides 3-gram full text search capa
bility in PostgreSQL');

INSERT 0 1

postgres=> CREATE INDEX pg_tools_idx ON pg_tools USING gin (description gin_bigm_ops);

CREATE INDEX

postgres=> CREATE INDEX pg_tools_multi_idx ON pg_tools USING gin (tool gin_bigm_ops, description
gin_bigm_ops) WITH (FASTUPDATE = off);

CREATE INDEX

* MITEXNFER

postgres=> SELECT * FROM pg_tools WHERE description LIKE '%search%';
tool | description

_________ e ————

pg_bigm| Tool that provides 2-gram full text search capability in PostgreSQL
pg_trgm| Tool that provides 3-gram full text search capability in PostgreSQL

(2 rows)

o EF =% BEMFRTHAMERR

postgres=> SET pg_bigm.similarity_limit TO 0.2;

SET

postgres=> SELECT tool FROM pg_tools WHERE tool =% 'bigm'’;
tool

pg_bigm

pg_trgm

(2 rows)

o HEHIEM
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postgres=> drop extension pg_bigm;

DROP EXTENSION

144 R &L

o likequeryE&#
o YEM: EMOTMELIKEXBFIRBNZRHE,
o B 1MNMEKRBY, XBAFHE,
o REME: TAMELIKEXBRFIARINERZRSH,
o XIHRE:
n EXBIEREHRM % FS,

n FH \ REBDNENHFS % .
REIINT:

o

postgres=> SELECT likequery('pg_bigm has improved the full text search performance by 200%");

likequery

%pg\_bigm has improved the full text search performance by 200\%%

(1 row)

postgres=> SELECT * FROM pg_tools WHERE description LIKE likequery('search’);

tool | description

pg_bigm| Tool that provides 2-gram full text search capability in PostgreSQL
pg_trgm| Tool that provides 3-gram full text search capability in PostgreSQL

(2 rows)

e show_bigmiR &
o {EH: BRESLEFHFENMB2-gramanENES.
o B¥: 1MAKRBY, XBANFFE,
o REME: A, Sa8MEN2-gramtk.
o SHIJRIE:
 EEFEANERNSEER.
s HEMAEN2-gramFE,

BT

o

postgres=> SELECT show_bigm('full text search’);

show_bigm

{"f","s"," t",ar,ch,ea,exfu,"h ","L"llrc,se,"t ",te,ul,xt}

’

(1 row)
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e bigm_similarityg

EA: HERNFHBEEMNE.

B¥: 2NMEKREBY, LXBANFRFE,

BEME: FRE, TREUE.

SCHRE:

" BUHBNEFBEHEN2-gramTR.

» HUETERI0, 1], MKFXR I ZHBEREFR—#, 1RXWINFRE—H#.

o

o

o

[e]

@ 388
n BFitE2-gramiy, SEFFREBREHRMZNE, T2 Asc fl B HHEMENO0, ABC fl
A B9HEMLER0.25,
= bigm_similarity @& 2 X/NES 8L, i ABC 1 abc BIHEME RO,

o BT

postgres=> SELECT bigm_similarity('full text search’, 'text similarity search');

bigm_similarity

0.5714286

(1 row)

postgres=> SELECT bigm_similarity('ABC', 'A");
bigm_similarity

0.25

(1 row)

postgres=> SELECT bigm_similarity('ABC', 'B');

bigm_similarity

(1 row)

postgres=> SELECT bigm_similarity('ABC', 'abc');
bigm_similarity

(1 row)

e pg_gin_pending_statsi&
o {EM: iREGINZE3|fpending list P REMTTAN N .
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o B#: 11, GINE3IHEZFHEEOID,
o iREME: 24, pending listh TENKSMTANEE.,

@ #B MEGINZIIGEN, 1SESMFASTUPDATE AFalse, MIi%GINE 3| R pending
list, BliREIZR A0,

o I

postgres=> SELECT * FROM pg_gin_pending_stats('pg_tools_idx');
pages | tuples
_______ P

o] o

(1 row)

HEH1T A

e pg_bigm.last_update
ZRGNREEHBY, RiESH, BEBH.
BT

SHOW pg_bigm.last_update;

e pg_bigm.enable_recheck

REZFiHTrecheck,
@ $BE BIVEEEIAME (ON) MRESRERMY.

AEIIT:
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postgres=> CREATE TABLE tbl (doc text);

CREATE TABLE

postgres=> INSERT INTO tbl VALUES('He is awaiting trial');

INSERT 0 1

postgres=> INSERT INTO tbl VALUES('Ilt was a trivial mistake');

INSERT 0 1

postgres=> CREATE INDEX tbl_idx ON tbl USING gin (doc gin_bigm_ops);

CREATE INDEX

postgres=> SET enable_seqscan TO off;

SET

postgres=> EXPLAIN ANALYZE SELECT * FROM tbl WHERE doc LIKE likequery('trial');
QUERY PLAN

Bitmap Heap Scan on tbl (cost=20.00..24.01 rows=1 width=32) (actual time=0.020..0.021 rows=1 loop
s=1)

Recheck Cond: (doc ~~ '%trial%'::text)

Rows Removed by Index Recheck: 1

Heap Blocks: exact=1

-> Bitmap Index Scan on tbl_idx (cost=0.00..20.00 rows=1 width=0) (actual time=0.013..0.013 rows=
2 loops=1)

Index Cond: (doc ~~ '%trial%'::text)

Planning Time: 0.117 ms
Execution Time: 0.043 ms

(8 rows)

postgres=>
postgres=> SELECT * FROM tbl WHERE doc LIKE likequery('trial’);

doc

He is awaiting trial

(1 row)

postgres=> SET pg_bigm.enable_recheck = off;
SET
postgres=> SELECT * FROM tbl WHERE doc LIKE likequery('trial');

doc

He is awaiting trial
It was a trivial mistake

(2 rows)
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e pg_bigm.gin_key_limit
REATFEXAERB2-gramtRPRAN, KiAK0, ORERERFBR2-gramtER,

@ e MERAEAFEN2-gramTESHMAE TR, TUABZSKE, RHI2-gramTE
MERIBE ML,

e pg_bigm.similarity_limit
REAUERE, BUEEIZXNEHENTASMABUEERNER.
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12.;248/R83 (wal2json)

RDS PostgreSQLiEfitwal2jsonififf, TILAGIZIE BEXHEHA)SONERBRES.

BIiRRH

e SLC{IARDS PostgreSQL 11, 12,

o BiREXfISHwal_level = logical, FEESR o
HREER

wal2json2BEMRIBEM, FEHZIEMTT LA IEHINSERTHIUPDATEE RN TTA, MITWALDBRE.
wal2jsoniEHESEBNPESPEMR—SONY R, JSONM R ohiR2Mt TEREH/IATAH, FIMETHETAE

FESNEN. REEY. KEXE =ZDZEMY, #BEs0 \
B3 SQLIKEYSON X &
1 o

2. YT T RLBRRIABUEML .

CREATE TABLE table2_with_pk (a SERIAL, b VARCHAR(30), c TIMESTAMP NOT NULL, PRIMARY KEY(a,

0);
CREATE TABLE table2_without_pk (a SERIAL, b NUMERIC(5,2), ¢ TEXT);

SELECT 'init' FROM pg_create_logical_replication_slot('test_slot', 'wal2json’);

3. TN T RSREHIR.

BEGIN;

INSERT INTO table2_with_pk (b, c) VALUES('Backup and Restore', now());
INSERT INTO table2_with_pk (b, c) VALUES('Tuning', now());

INSERT INTO table2_with_pk (b, c) VALUES('Replication’, now());

DELETE FROM table2_with_pk WHERE a < 3;

INSERT INTO table2_without_pk (b, c) VALUES(2.34, 'Tapir');

UPDATE table2_without_pk SET c = 'Anta' WHERE c = 'Tapir';

COMMIT;

4. PITUITHSHH)SONBXHBAEFER.

SELECT data FROM pg_logical_slot_get_changes('test_slot', NULL, NULL, 'pretty-print', '1");

HE ey

m e qw w »
Lind”: “insert’,

» uw Cw

schema™: “public’,

» T 0 »
table™: “table? with_pk™,

» » ¥ ma owow
columnnames": [“a¥, “BY, “2”],

»

-
N I e i 1 M T [ WIS [ T P
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@ #E WRBEELAHFBRAE, ERTNTHS:

SELECT 'stop' FROM pg_drop_replication_slot('test_slot');
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13.8EpElasticsearch (ZomboDB)

ZomboDBR—*PostgreSQLY BiFEM, ZIFFEEMNFESG X, APostgreSQLEIRERH R T RANNAR
SIMSHINEE.

CIE s
RDS PostgreSQLL iR & A PostgresQL 11,
BERER

ZomboDBRRM T—E2ANNENIES, JMEZEHREAXRZBEE. s, ZomboDBAIFEEIE
ZomboDB# B %3], ItitZomboDBR e iEE iZMElasticsearch, HA RN A ERNESEH M.

ZomboDBRIL R EF A iF BB E(E FElasticsearchia KTEEM AL BRES . EE%mE.

i 89 U2 SRR
o SIRIEH

CREATE EXTENSION zombodb;

o HBRIEH

DROP EXTENSION zombodb;

)
1. tlE—k,

CREATE TABLE products (
id SERIAL8 NOT NULL PRIMARY KEY,
name text NOT NULL,
keywords varchar(64)[],
short_summary text,
long_description zdb.fulltext,
price bigint,
inventory_count integer,
discontinued boolean default false,

availability_date date
);

2. AEHIMZomboDBEX A EI|,

CREATE INDEX idxproducts
ON products
USING zombodb ((products.*))
WITH (url="localhost:9200/");
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@ #E WITHES SR TElasticsearchigitellt, Zuhtigm 7 — N EERSMELlasticsearch
s,

3. £ ZomboDBIE X N &EfEG)#HITEE .,

SELECT *

FROM products

WHERE products ==> '(keywords:(sports OR box) OR long_description:"wooden away"~5) AND pric
e:[1000 TO 20000]';

@ B8 ZomboDBiE R K HiE A IEMMNIES M ZomboDBE /5344,
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14.SQLEFXIE (sql_firewall)

SQLFE XIS R HIREEE M K EThEE, TTRABSLEERESQLIEA ., TTLARRES—HE XFHSQLAN, ¥
BREANBEFERREDENBER, 2IRHE, TLARBIAFPHITXERE AN Z MR EERE.
iR R4

RDS PostgreSQLEFIFZ ALATRRAZ —:

e PostgreSQL 12

e PostgreSQL 11
e PostgreSQL 10

FIEX . MERASHAKBER

| FIEK ! R 1| BAXIEETR
| I
disable i learning i permissive i enforcing
O 0 0
| 1 I
| | |
D sz ps s | ﬁ HRERE | THE, ERE
el : BEEmne | R
: - : : ERROR
1 i /im | — | : = e ——
| ks gl i ‘n_:a%__ Q
! Bh KIS TS
1 1 1 =l
CEONTE R R i |
I | I
1 e o— | 1
[ BEE (T35 | | ma e | THE, SAM 1 o o)
! b ™ s BE, #RAP| 1 Vg
: i TEE | Tiwanmng| | HEE
1 5= 1
| SAMIEE i i
¥ ! ¥ : v! :

Mg Ej
SQLEF Y S T SR :

o BN KBS RAFPHITHSQL, HARMEFEASQLARE,

o WMERN: PXKEXAFPBHTHSQLETHE, MRSQLAEBRED, NBASHITZSQL, BRESSE
ERPZSQLAERR RSP,

o FiXIEEN: FXIEXAPRHITISQLETHIET, MRSQLAERRED, FKIESELERNITIZSQLH
REEIRET .

SQLRAKISHIER S 1R

1. STABXERNZESIER, IEHXBIERAPHTHSQL, HFMABRE, XTMEREZWUEFE—REEN
BfiE, REILRKIEZESI B RATRERTHISQL,

2. HEHKIBAMERER, XTEEHANESHHPN—EREAZENSQLETHE, APESECH
WSHBESZARKSQL, MRXLSQLEIREAFFTENWSES, MWIERXESQL, ZFITHES
B HITZIRES,
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3. 2UAIRYE, AFRHASQLEEWICR T, TAMKERN, KRAEARBNSQLYSHIELHR

,—

1?0

BRIERE
o SIRIEH

create extension sql_firewall;

o BRI

drop extension sql_firewall;

o IR
EEFIEHRIsql_firewall.firewallZ %, BRSEEHESIH, #HESRL .
sql_firewall.firewallBU{EN T :
o disable: XMSQLRAXIE
o learning: E3JEI
o permissive: FRZEI
o enforcing: BiXISER
o INAERREL
o sql_firewall_reset()
BEERE, ZRBRAEEMXEXAKERXT, rds_superuseri RV P aJHITIZRE .
o sqgl_firewall_stat_reset()
BERIHER . ZREREBEMXEXAKERXT, rds_superuseriX[REIA P OJHITIZRE .
o MERH
o sqgl_firewall.sql_firewall_statements

RTEMESEEPRENES 8 REKEHNRE.

postgres=# select * fromsql_firewall.sql_firewall_statements;

userid | queryid | query | calls

+ L Lo
+ t t

10| 3294787656 | select * from k1 where uid=?;| 4

(1 row)

o sqgl_firewall.sql firewall_stat

BRTAPEEATHESEE (sql_warning) MEPFXIEERR THEREE (sql_error) ,

postgres=# select * from sql_firewall.sql_firewall_stat;

sgl_warning | sql_error

-+
2| 1

(1 row)
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-MERER

postgres=# select * fromsql_firewall.sql_firewall_statements;
WARNING: Prohibited SQL statement

userid | queryid | query | calls

+ e, e
+ t t

10| 3294787656 | select * from k1 where uid=1; | 1

(1 row)

postgres=# select * from k1 where uid = 1;
uid| uname
_____ S

1| Park Gyu-ri

(1 row)

postgres=# select * from k1 where uid = 3;
uid| uname
_____ S

3| Goo Ha-ra

(1 row)

postgres=# select * from k1 where uid=3or1=1;
WARNING: Prohibited SQL statement

uid| wuname

1| Park Gyu-ri

2| Nicole Jung

3| Goo Ha-ra

4| Han Seung-yeon
5| Kang Ji-young

(5 rows)

SINS

postgres=# select * from k1 where uid = 3;
uid| uname
_____ S

3| Goo Ha-ra

(1 row)
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postgres=# select * from k1 where uid=3o0r1=1;
ERROR: Prohibited SQL statement
postgres=#
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15.12881T iR fE3%% (Failover Slot)

Failover SlotIh g€ o] LU ER B Mlogical slot AELFIEHRELH, ML logical slotiELES .,
HRER

EAZEITHRANMR AT EFailover SlotTheE, HXAIREEETR, ERITHANSEHHF, BAslotF20E
EXEVREBINEEL, REFHEHEslot, BNZBBITHEEENER. Failover SlotIhEETTEA
¥ FAMlogical slot A\ESLHIR LS EIFLH, BRIEZEITHEF.

@ HE  HEIRH#Hlogical sloty#ERER, physical slotE R,

i3 i E S #rds_failover_slot_mode (BNBF&3, TFEEZE/FLH) tILifERMFailover SlotIhgE, BUE
T:

e sync: FAHFER
e async: RFEN
e off: XH

MMARESEIES R s LhSH,

XTFRMERNNIEMRBES T,

RHER

BAHEXTURERIEIEETREZEITAAETLEE, EEREERSEEZEITANSEBEEL,

MREBFXLHKH BT EER, RESIHEE, WSSEZXRHEANESTERRA, NRXMELEESE
%, FRFRIESBEITRAFAEREE. LREXNEE, RTESVREGERNERBELXI, BUERSEX
FEVREHESLH LB SHIE.

BE RS XIREER, TTIgEESHrds_priority_replication_force_waition (ZKiAJHoff) , EXi%
SHANNEN, TFEFXH., RER, EFXLAKMEHAER, XESIIHAEBSFHERN, EXLfs—
BEEGFRLHIEMERAEETETHE, EHZAARASREHRRBLEEITRAEFR, ERXHSEEEZEITH
BT AtE, RETFXHERE.

SFHER

SFEXTURIELFAEFVIRE, EBITAAELARIE, ERUHSKEEBITAZFPHAXESHIE.
RIEFUUEZESEXANTREENSEA DT, SNHEEFERRSER,
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16. H &&=l

(pg_concurrency _control)

RDS PostgreSQLIEMtpg _concurrency controlifife, AFXISQL#THEIEH,

miiR R

RDS PostgreSQLSLHI iR A~ A PostgreSQL 10,
S

@ e BRZBELHAEXUATEY, BTERTHEEEY.

2%

pg_concurrency_control.query_
concurrency

pg_concurrency_control.bigque
ry_concurrency

pg_concurrency_control.transa
ction_concurrency

pg_concurrency_control.autoco
mmit_concurrency

pg_concurrency_control.control
_timeout

pg_concurrency_control.bigsql_
control_timeout

pg_concurrency_control.timeou
t_action

BINME

1%

1%

TCC br
eak

15t B

RESelectXBSQLHAKIZHIBIHEAN SRS, BEEEN
0~1024, EIAMERNO, RRXASelectHEBSQLHAKIH.
REEEEXRBSQLF KR HA NSRS . BEEEN
0~1024, EIAMENO, REXHEEBRBESQLHAKIEH,

RTATLMERA hint "/*+bigsql*/" WAXKIEE—MERAIEE
. fign:

/*+bigsql*/select * fromtest;

B select * fromtest; #IAAE—NIEEH.,

RESZFRIHLEHBHAMNRIRE . BETEEN0~1024, K
IMENO, RRXAESRHLES .

IREDMLAERSQLI R ZHIBIHEANRIR S . BUETCE A
0~1024, EUIAMENO, RRXHADMLERSQLALIEH,

g ESelect2£RSQL, DMLERSQLMESHBF R IZHIHER
LHE, RIMEA30ZR (ms) , RKEA3D (s) .

REEEAHLEHHNSFRE., RIMEA30ZR (ms) ,
RAEHD (s) .

RESelect2£BSQL, DMLEBSQLMESZRNH R IEFHIEFHF
BRENTH. BE:

® TCC_break: BRFEFFHEHT,
® TCC_rollback: ®BEERE, HHEER.
e TCC_wait: BNEFEENBHKSEESS.
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2¥ BINME 15t A

BEREAHAENSSHSENENTA., BE:
pg_concurrency controlbigsql ~ TCC_wa ©® TCC_break: BEESRFELHNT,
timeout_action it e TCC_rollback: BEERE, ESEIR.

e TCC_wait: BNFEENEEHKEES.

ER7AZE
1. ERMTROOIRES:

create extension pg_concurrency_control;

2. REFREHHANRRFIKTFO0, ENFSHEHHBAIIGE.

5l 40i& B pg_concurrency_control.query_concurrency=10, BNFF/SSelect£BISQLIH RIZSIThAEE,
HARMEEFZHREN,

@ #w FAZBESHSERSY, CTLMERTLBEEX,
R

X B EXSQLERE#HTHAEH.
1. ERNTHSESHNLE:

select * from pg_concurrency_control_status();

AEWHAEMMTER:

autocommit_count | bigquery_count | query_count | transaction_count

-+ + e
0] 0| 0] 0

(1 row)

2. i&Bpg_concurrency_control.query_concurrency XF0, %10,
3. fTIEEEIED:

/*+ bigsgl */ select pg_sleep(10);
4. BREEHNNE:
select * from pg_concurrency_control_status();
Ao mHEMMTER:

autocommit_count | bigquery_count | query_count | transaction_count

-+ t bommmmmm e
0] 1] 0] 0

(1 row)
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