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Ha3HaueHue 00epTOK CTOPOHHHUX JJaHHBIX

HacTpotlika oCTyTa K BHEIIHUM JaHHbIM
[Tpumepsr: postgres_fdw u file_fdw

Ipyrue goCTyrHbIe 06epTKU
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Ha3HauyeHune Posigres

[TpeacraBieHre BHEIITHUX JaHHBIX KaK OOBIUHBIX TAaOJIHI]

crauzapt ISO/IEC 9075-9 (SQL/MED)

MO/1€P’KUBAIOTCS
SELECT, INSERT, UPDATE, DELETE, TRUNCATE, COPY

TPUITEPbI
00bruHOe pasrpanuuenue gocryna (GRANT, REVOKE)

Crioco6 Murpanuu JaHHbIX U3 1pyrux CYB/]

MexaHu3M /14 1LIapAUHTa

BMecTe C ceK[uoHupoBaHueM: Postgres Pro Shardman

B ctrangapte ISO/IEC 9075-9 (SQL/MED) onpegensieTcs, Kak 6a3bl AaHHbIX
SQL go/mkHbl paboTtaTb C BHELUHMMW UCTOYHUKAMM C YHETOM A0CTYyna Kak
Ha YTeHue, Tak 1 Ha 3anunck.

BHewHne gaHHble npeacTtasrieHbl B PostgreSQL kak Tabnumupl, KOTopble
Ha3bIBAKOTCA BHEWHUMU NNV CMOPOHHUMU. C HUMWN MOXHO paboTaTb npu
nomouim o6blvHbIX KomaHg DML: INSERT, UPDATE, DELETE, SELECT,
TRUNCATE, a Takke COPY. Ha BHellH1e Tabnuubl MOXHO co3faBartb
Tpurrepsbl, a gNa pasrpaHnyeHns npas Ucnonb3yrtcsa komaHabl GRANT
n REVOKE.

OCHOBHOE 0T/IMYMe BHELWHMX Tabnny, OT 0ObIYHbIX B TOM, YTO aHHble He
XpaHATca B camon BJ], PostgreSQL, a 3arpy»atTcsa U3 BHELUHEe CUCTEMbI
(OTNPaBNAKTCA BO BHELUHIO CUCTEMY) MPW BbIMO/IHEHUN 3ANPOCOB.

O6epTKM CTOPOHHMX AaHHbIX MOTYT ObITb BECbMa NOJIE3HbI KaK npu
O[HOBpPEMeHHOI paboTe C AaHHbIMU N3 pa3HbIX UICTOYHUKOB, Tak 1 Npu
MuUrpauunm gaHHbix B PostgreSQL n3 gpyrux CYB/.

Moaaep)kka BHELUHUX AaHHbIX aKTUBHO Pa3BUBAETCS, MOCKOMbLKY (BMecTe
C CEKLMOHMPOBaHNEM) SIBMSIETCS OHUM U3 KOMMOHEHTOB A/151 peanu3auum
LUApANHIa: CEKLMN OCHOBHOM TabnuLbl NPeACcTaBIATCSA BHELLUHUMUN
Tabmuamm, pruanyeckn HaxoasaLMMNUCS Ha OTAE/bHbIX CepBepax.

https://postgrespro.ru/docs/postgresqal/16/ddI-foreign-data

[laHHble N3 CTOPOHHUX TabNL, MOXHO COXPaHATb MPU NTIOrMYECKOM
pe3epBupoBaHnn (MCNonb3ys kntod --include-foreign-data ytunnTol
pg_dump), ogHakKo npy BOCCTAHOB/IEHNN U3 TaKOMW KOMUU HYXXHO YUUTbIBaTb
[OCTYMHOCTb BHELUHUX CEPBEPOB U MX BO3MOXHOCTU MO 3anmcu AaHHbIX.

https://postgrespro.ru/docs/postgresqgl/16/app-pgdump




of] PROFESSIONAL

KOMMOHEHTHI Posigres

1. O6epTKa CTOPOHHUX JaHHBIX

KaKOB THIT BHEIIHero UCTOUHUKA JJaHHBIX ?
postgres_fdw: BHemHuii cepeep PostgreSQL

UTOObI HACTPOUTL AOCTYM K BHELUHUM A@aHHbIM, HY>XKHO CO31aTb HECKOJIbKO
06beKTOB 6a3bl AaHHbIX.

Bce HaunHaeTcs ¢ o6epmku cmopoHHUX 0aHHbIx (foreign data wrapper,
FDW). O6epTka onpenenseT TMMN BHELWHEro NCTOYHMKA AaHHbIX. Hanpumep,
postgres _fdw peanuayet gocTyn K 6a3am gaHHbIx PostgreSQL, a file_fdw —
[OCTyn K paiiam onepaumoHHON CUCTEMBI.

https://postgrespro.ru/docs/postgresqgl/16/postgres-fdw
https://postgrespro.ru/docs/postgresql/16/sql-createforeigndatawrapper




O0epTKa CTOPOHHHUX TaHHBIX

=> CREATE DATABASE fdw_overview;

CREATE DATABASE

=> \c fdw_overview

You are now connected to database "fdw overview" as user "student".
OGepTKa co37aeTCs IPKU CO3MaHUN PaCIINPEHNUs:

=> CREATE EXTENSION postgres_fdw;

CREATE EXTENSION

=> \dew

List of foreign-data wrappers
Owner | Handler | Validator

postgres fdw
(1 row)

student | postgres fdw handler | postgres fdw validator
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KOMMOHEHTHI Posigres

1. O6epTKa CTOPOHHUX JaHHBIX

KdKOB THII BHeIIIHeIro MCTOYHHKA ,Z[aHHI)IX?

2. BHemHuM cepBep

Kak TO/IK/TFOUMTHCS K BHELITHEMY MCTOUHUKY?
postgres_fdw: y3e, ropt, 6a3a JaHHBIX

CnepnywoLmii 06beKT — BHewH Ul cepsep. CepBep onpeaenseT, Kak
NOJK/IHYATLCS K BHELUHEMY UCTOYHUKY [aHHbIX.

Hanpumep, ecnu nctouHnkom asnsetca CYB/, To Hago 3HaTthb y3es, nopr,
nms 6a3bl gaHHbIX. (HO He nmsa nonb3oBarens 1 naposib. IT1a nHhopmayms
MOSABUTCA YyTb MO3XeE.)

Ecnu TpebyeTca nogknoveHne K HECKO/TIbKUM BHELUHUM UCTOYHUKaM (O4HOro
TUNa, KOTOPbI onpeaeneH 06epTKoi), TO A/ KaKA0ro N3 HUX HY>KHO
co3faTb OTAe/bHbIN cepBep.

https://postgrespro.ru/docs/postgresql/16/sql-createserver




BHelunu cepBep

B KauyecTBe BHeIIHEro cepBepa BriGepeM 0a3y HaHHBIX KHUKHOI'0 Mara3mHa Ha HallleM e JIOKaJIbHOM CepBepe.

=> CREATE SERVER remote_server
FOREIGN DATA WRAPPER postgres_fdw

OPTIONS (
host 'localhost’,
port '5432',

dbname 'bookstore2’
)i

CREATE SERVER
O6paTuTe BHUMaHUe, YTO B TapaMeTpaxX CepBepa He YKa3bIBaeTCsI POJIb.
=> \x \des+ \x

Expanded display is on.
List of foreign servers

-[ RECORD 1 J-------- o iilllo.
Name | remote server
Owner | student

Foreign-data wrapper | postgres fdw
Access privileges |
Type |
Version |
FDW options |
Description

(host 'localhost', port '5432', dbname 'bookstore2')

Expanded display is off.
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KOMMOHEHTHI Posigres

1. O6epTKa CTOPOHHUX JaHHBIX

KdKOB THII BHeIIIHeIro MCTOYHHKA ,Z[aHHI)IX?

2. BHemHuM cepBep

KaK MOAK/IHOUUTBCA K BHEIIITHEMY I/ICTOlIHI/IKY?

3. ComnocTraByieHre poJien

KdK JIOKd/IbHBIE€ POJIM CBSAA3daHbI C pa3rpdHUYe€HHEM JO0CTYTId, UCI10/Ib3YEMbBIM
BHEIIIHUM UCTOUYHUKOM?

postgres_fdw: u Tam, u TaMm — 00bIuHBIe posii PostgreSQL

[lanee cnepyet conocmassieHue posied.

BHELLHWIA UICTOUYHMK MOXET BbIMNO/HATb ayTEHTUMKALNIO NPU NOAKNHOUYEHUN.
B Takux cryyasx Heo6xoaMmo onpeaennTb, Kakue foKasbHble Posiv MoryT
MNOAK/YATLCA K KakKMM YYETHbIM 3an1caM Ha BHELLIHEM CepBeEpe.

Ecnu ucnonb3yeTcs ayTeHTMdmKaLMa No naposto, To 3[ecCh Xe yKka3biBaeTcs
1 Naporsib.

Cynepnosib3oBartesib MOXET pa3peLllnTb 00bIYHbIM MO/1b30BaTEeNSAM
MCNonb30BaThb NOAK/IOYEHNE 6e3 Naposis, yCTaHOBMB NapamMeTp
password_required B 3Ha4yeHue false.

https://postgrespro.ru/docs/postgresql/16/sqgl-createusermapping




ComocraBiieHHe pojieu

HacTtpouMm cooTBeTCTBUE: IIyCTH JIOKaNTbHas poib student mogkitodyaeTcs K BHEITHEMY cepBepy Kak postgres.

=> CREATE USER MAPPING FOR student
SERVER remote_server
OPTIONS (

user 'postgres’,

password 'postgres’

)i
CREATE USER MAPPING

=> \deu+
List of user mappings
Server | User name | FDW options
_______________ T e
remote server | student | ("user" 'postgres', password 'postgres')
(1 row)

Pa3yMeeTcs, MOXKHO HacTpauBaTh HECKOJIBKO COOTBETCTBUY [JI1 Pa3HBIX POJIEN.
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KOMMOHEHTHI Posigres

1. O6epTKa CTOPOHHUX JaHHBIX

KdKOB THII BHeIIIHeIro MCTOYHHKA ,Z[aHHI)IX?

2. BHemHuM cepBep

KaK MOAK/IHOUUTBCA K BHEIIITHEMY I/ICTOIIHI/IKY?

3. ComnocTraByieHre poJien

KdK JIOKd/IbHbIE€ POJIM CBAA3daHBI C POJIAMUA BHELIHEro MCTOYHMKA"?

4. BHerliiHre TaOMUIbI

KaKOBa CTPYKTypa BHEIIIHUX JIaHHBIX?
postgres_fdw: maHHbIe B 0OBIUHBIX TabmuIjax
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N, HaKOHeL,, MOXHO MPUCTYNUTb K CO3[aHUI0 BHEWHUX mab/iuy. BHelwHASA
Tabnuua onpegenseT, Kak NpeAcTaBUTb AaHHbIe U3 BHELUHErO UCTOYHUKA
B BMAE 0ObIYHOW pensiuMOHHON Tabnmubl.

[ns BHELWHNX Tabnmy, MOXHO 006aBNATb OrpaHNYeHns LLeNNoCTHOCTH
NOT NULL n CHECK. 3Tu orpaHnyeHuns He ByayT NPUMEHATLCS Npu
BbIMNO/IHEHUN KOMaHA, BeAb B /1l060M criydyae PostgreSQL He cmoxeT
obecneunTb Co6/M0AEHNE OrPaHNYEHNIA HA BHELLHEM UCTOUYHUKE.

Ho nnaHMpoBLMK MOXET UCMO/b30BaTbh MHJpOpMaLmio 06 orpaHn4yeHnax
MpwY NOCTPOEHWUN N1aHa BbINO/IHEHMSA 3anpoca.

O6epTka postgres_fdw ansa BbIGOPKM AaHHbIX UCMOMb3YET NaKETHbIA PEXUM,
3anucu nepeparoTcs naketamm, pasMmep KOTopbix 3a4aetcsa napaMmeTpom
cepsepa fetch_size (no ymonyaHnio 100 cTpok). BcTaBka (C NOMOLLbHO
komaHz INSERT n COPY FROM) Takxe MCMosib3yeT NakeTHbIN PeXuM,

3a KONIMYecTBO CTPOK 3[1eCb OTBeYaeT napameTp cepeepa batch_size.

[NA n3MeHeHusa 1 yaasieHNsa CTPOK NakeTHbIN PeXnm noka He peasim3oBaH.

https://postgrespro.ru/docs/postgresqgl/16/sql-createforeigntable
https://postgrespro.ru/docs/postgresql/16/sqgl-importforeignschema




BHelHue TaO/IHIILI

BHemHIO0 TaGIUIly MOXKHO CO3[ATh SIBHEIM 00pa3oM, Ipu He0OXOOUMOCTHU yKa3kbIBasi Ha3BaHUsS 00BEKTOB, €CNIU OHU
OTJINYAIOTCS:

=> CREATE FOREIGN TABLE remote_users (
id integer OPTIONS (column_name 'user_id') NOT NULL,
username text NOT NULL,
email text NOT NULL
)
SERVER remote_server
OPTIONS (
schema_name ‘'public’,
table_name ‘'users’

)i
CREATE FOREIGN TABLE

MoxHo YKa3aTh TOJIbBKO HEKOTOPHIE OTPaHUYEHUs [IEeJIOCTHOCTH, HO B nobom CJIy4a€e OHHU He IIPOBEPSAITCA JIOKAJIbHO U
IIPOCTO OTPaxXalT OTPaHUYEHHUs, HaKllaJbIBaeMbIe BHEIIIHEN CUCTEMOH.

=> \det

List of foreign tables
Schema | Table | Server
________ g
public | remote users | remote server
(1 row)

=> SELECT * FROM remote_users WHERE id = 1;

id | username | email
R L e -
1 | alice | alice@localhost
(1 row)

Kak BBIIOJIHSIETCS TaKoi 3anpoc? MHEIMU CII0BaMH, IIePENAeTCs iU IPEeNUKAT BHEIITHEMY CepBepy, YTOOH OH caM BhIGpast
3¢ deKTUBHELIM CITI0CO6 BHIMIOTHEHUS, UK GUIbTPAlliel 3aHUMaeTCs JIOKAIbHEIN cepBep?

=> EXPLAIN (verbose, costs off)
SELECT * FROM remote_users WHERE id = 1;

QUERY PLAN
Foreign Scan on public.remote users
OQutput: id, username, email
Remote SQL: SELECT user id, username, email FROM public.users WHERE ((user id = 1))
(3 rows)

[11aHMPOBIIUK yMeEET pacupenensiTs paboTy MeXay cepBepaMu. Tak:Ke HUYTO He MelllaeT UCIIO0JIb30BaTh B OGHOM 3aIpoce
KaK BHEIIHHE, TaK U JIOKAJIbHBIE laHHbIE.

=> EXPLAIN (costs off)
SELECT username FROM remote_users
UNION ALL
SELECT rolname FROM pg_roles;

QUERY PLAN

Append
-> Subquery Scan on "*SELECT* 1"
-> Foreign Scan on remote users
-> Subquery Scan on "*SELECT* 2"
-> Seq Scan on pg_authid
(5 rows)

Ipyro# crocob — He co3maBaTh BHEIIHKE TAGIUILI 10 OOHOM, @ UMIIOPTUPOBAThL BHEIIHIOKI CXeMy (BCIO UIIM BEIGOPOYHO
HECKOJIBKO TabuIl), eciiu 0o6epTKa 3TO O3BOJISIET.

=> CREATE SCHEMA bookstore2;

CREATE SCHEMA



=> IMPORT FOREIGN SCHEMA public
LIMIT TO (users, sessions)
FROM SERVER remote_server
INTO bookstore2;

IMPORT FOREIGN SCHEMA

=> SELECT * FROM bookstore2.users;

user_id | username | email

_________ g
1 | alice | alice@localhost
2 | bob | bob@localhost

(2 rows)

O6epTKa postgres fdw mo3BomnsieT U U3MEHSTH JaHHEIE:

=> EXPLAIN (analyze, verbose, costs off)
UPDATE remote_users
SET email = 'alice@gmail.com’
WHERE id = 1;

QUERY PLAN

Update on public.remote users (actual time=0.402..0.403 rows=0 loops=1)
-> Foreign Update on public.remote users (actual time=0.401..0.401 rows=1 loops=1)
Remote SQL: UPDATE public.users SET email = 'alice@gmail.com'::text WHERE
((user_id = 1))
Planning Time: 0.115 ms
Execution Time: 0.628 ms
(5 rows)
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CoelHEHNA N TPaH3aKUMKM  Posfgres

YnaneHHoe coeiuHeHUe

OTKPBIBAETCA IIPU I1IEPBOM 06paH_[6HI/II/I K BHEIIIHHUM [JdHHbIM
10 YMOJ/TYaHHIO OCTAa€TCA OTKPBITHIM /10 KOHIla C€aHCa
dBTOMATHUYECKH BOCCTdHAB/IMBAETCA TIPH PA3PbIBE

YnaneHHast TpaH3aKI[s
(buKcupyeTcs UM NpepbiBaeTCsl aBTOMaTHueCckH, Korya (GpuKCcUpyeTcs
WY TIpepPbIBAaeTCs JIOKaIbHas TPaH3aKLUs

Repeatable Read a5t mokanbHbIX TpaH3akiuid ypoBHeid Read Committed
1 Repeatable Read

Serializable a5 1okanbHBIX TpaH3akMii Serializable
COIJIaCOBaHHOCTh He rapaHTupyeTcs (HeT AByxda3Hol (huKcalyn)

12

Mpu paboTe ¢ Apyroi 6a3oii JaHHbIX Yepe3 postgres_fdw BaxHO NoHUMaThb,
KaK NPOVCXOAUT yNpaBfieHne COeANHEHUSIMM U TPaH3aKLMSMU.

Mo ymonuaHuto obepTtka postgres fdw aBTomMaTMyeCKn OTKPbIBAET
coefiHeHVe Nnpu NepBoM obpaLleHnn K BHeLLHeMY cepBepy (O4HO Ha
KaxK4yto pO/ib) U OCTaBMSAET €ro OTKPbITLIM [0 KOHLLA JTOK&/IbHOIO CeaHca.
Ecnn 06epTka 06HapyXuT, YTO COeANHEHNE pa30pBaHO, OHA aBTOMAaTUYECKM
nonbITaeTcs yCTaHOBUTbL HOBOE NOAK/IIOYEHNE.

Y,qaneHHble TpaH3akKynn «npmnBAa3aHbI» K JIOKaJ/1IbHbIM:

* paclUMpeHne aBTOMATUYECKN HAUMHAET yaasIeHHYI TpaH3akLUmio, Koraa
NnoKanbHas obpallaeTcsl K BHELHUM AaHHbIM;

* yaaneHHasi TpaH3akumsa aBTOMaTUYeCKM 3aBEPLLAETCS C 3aBEPLUEHNEM
nokasbHou (domkcaumen nnm obpbIBOM).

TeM He MeHee, fIoKaslbHas 1 yaanieHHasa TpaH3akumm — 3T0 pasHbie
TpaH3akumn, a He ogHa rnobanbHas. PaclumpeHue postgres_fdw noka

He MO3BOMIAET UCMNO/b30BaTh AByX(hasHy dmkcaLmio, No3ToMy
COriacoBaHHOCTb He rapaHTupyeTcs. Hanpumep, nokasibHas TpaH3akums
MOXeT ObITb 3addUKCMPOBaHa, a yaasieHHasd — HeT 13-3a CeTeBoro coos.

Mpu dmkcauuy TpaH3akUuun, B KOTOPOW Y4aCTBYHT HECKOIbKO BHELLHUX
cepBepoB, NOAK/HUYEHHbIX Yepe3 postgres_fdw, yananeHHble TpaH3akuum
MOryT 3aBepLUaTbCs aCMHXPOHHO, a He Noc/eaoBaTe/lbHO OAHA 3a APYroi.

https://postgrespro.ru/docs/postgresql/16/postgres-fdw#POSTGRES-FDW-
CONNECTION-MANAGEMENT




CoeauHEeHHSI U TPAaH3aAKIHH

Korpa BEITIONHSIICS 3allPOC K BHeITHed Tabnulle remote users, 06epTka OTKPEHLIIa COefUuHEeHNe U [10 YMOJTYaHUIo He
3aKpBIBAET €r0:

=> SELECT datname, pid FROM pg_stat_activity
WHERE application_name = 'postgres_fdw';

datname | pid
____________ [ S
bookstore2 | 108086
(1 row)

3aBepuInM 00CITyKHUBAIOUIUN TPOLIECC. ..
=> SELECT pg_terminate_backend(108086);

pg_terminate backend

...} e1le pa3 obpaTUMCs K BHEIIHE! Tabmuie:

=> SELECT * FROM remote_users;

id | username | email
T I, i
2 | bob | bob@localhost
1 | alice | alice@gmail.com

(2 rows)

Hawm ynmanocsk nonyuuts gansble! O6epTKa aBTOMaTHYeCKHU BOCCTAHOBUIIA IIOAK/IIOUYEHNEe, COeIUHEeHNe Teleph
06CIIyKMBaETCSI AIPYTUM IIPOIIECCOM:

=> SELECT datname, pid FROM pg_stat_activity
WHERE application_name = 'postgres_fdw';

datname | pid
____________ [ S
bookstore2 | 108471
(1 row)

TToBeneHre MOXKHO U3MEHHUTH, 3alaB aTpUOyT BHEIIHET0 CepBepa
keep_connections 'off’

Torpma o6epTka OymeT OTKPHIBAaTh COeIMHEeHHe MIPY KaXKaIoM o0pallleHuH K BHELIHeH TaGulle ¥ 3aKphIBaTh €ro Iocye
oOpaIleHus.
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CpaBHeHue c¢ dblink Posigres

postgres_fdw dblink

JocTyrHble KoMaHabl SQL SELECT, INSERT, JIFO0OBIe
UPDATE, DELETE,
TRUNCATE, COPY

COBMelleHKe B 3arpoce Aa CJIOXKHO
JIOKa/IbHBIX ¥ BHEIIHHX TdHHBIX

yIripaB/ieHHMEe COeJHEHHNEeM dBTOMaTH4YeCKoe Py4dHO€
yrpdB/jeHHW€e TPaH3aKIJUAMU dBTOMaTHU4yeCKoe py4dyHOe
106a1bHbIe TPAH3adKIUH HeT HeT
CTaH,Z[apTI/BOBaHHI:II‘/Jl criocob Aa HeT

14

B Teme «®0OHOBbIE NpoUecChI» paccmaTpmBasiochb pacwmpenue dblink,
KOTOpOe npefHa3HavyeHo A/1 BbINO/IHEHUA 3anpoCcoB Ha yaaIeHHOM
cepsepe PostgreSQL n npegoctaBnsaeTr BO3MOXHOCTU, CXOXNe

C BO3MOXHOCTAMM postgres_fdw.

O6epTka postgres_fdw no3sonseT BbIMNO/IHATL OrpaHNYeHHbI Habop
komaHg SQL, HO B 60/1bLUMHCTBE crlydaeB 6onee ygobHa: oHa cama
ynpasnseT cCoeAMHEHNAMU N TPaH3aKUMAMN («NPUBA3bIBaS» UX

K JTOKa/IbHOMY COeANHEHUIO 1 TpaH3akuum). ObepTka no3sonsder
MCNO/Ib30BaTh B OAHOM 3arpoce Kak /IoKasibHble, Tak U BHELUHWE [aHHbIE;
Npy 3TOM aBTOMaTU4eCcKn OPMUPYETCSH pacnpeneneHHbI nnax
BbINO/IHEHNA 3anpoca. CMHTaKCKUC AOCTyna K AaHHbIM onpeaensercs
cTaHgapTom SQL.

3arto pacwumpeHune dblink no3BoNAeT BbINONHATL N0Oble KOMaHAbl SQL.
B HEKOTOPbIX Cyvasix MOXET ObITb HY)XXHbIM YNPaBNATb COeANHEHNAMM
N TpaH3aKUMsIMN BPYUHYHO.

OpHako oba cnocoba He NpefocTaBNAT robasbHbIX (pacnpeseneHHbIX)
TpaH3aKLNiA.

Takum o6pasom, A9 [ocTyna K BHELWHUM gaHHbIM PostgreSQL B
60/bLUIMHCTBE C/lyyYaeB crieayeT BblonpaTb postgres fdw. PaclumnpeHue
dblink cTouT ncnonb3oBartb, €C/N HY>XHbl BO3MOXHOCTU, KOTOPbIe He
npefocTas/iseT 06epTka CTOPOHHUX AaHHbIX.



of] PROFESSIONAL

PaclwinpeHue file_fdw Posigres

1. O6epTKa CTOPOHHUX JaHHBIX

TUI1 BHEITHETO0 UCTOYHUKA — TEKCTOBBIM (baf/'m C pa3femTe/sIMu
2. BHelHu1 cepBep

Kak MOJK/TIOUNTHCSI — He TpeOyeTcs AOTOTHNUTeTbHON HH(OPMAariiu

3. Comocrasnenue ponei

He MMeeT CMbIC/Id, T. K. BO BHeIIIHeM MCTOUYHHUKE HeT pOﬂEﬁ

4. BHerliiHre TaOMUIbI

CTPYKTypa JAaHHBIX — OIHCaHKe 11osied ¢aiiia B Bufie CTOIOLIOB TabIMLIbI

15

Eule ogHy 06epTKy CTOPOHHMX AaHHbIX NPeAoCTaBNSAET pacluMpeHme
file_fdw, npegHaszHayeHHOe Ana gocTtyna K ainiam B dpainioBon cucteme
cepBepa PostgreSQL.

[0CTyn BO3MOXEH TO/IbKO Ha UTEHME U BbINOSIHAETCA C NMOMOLLbIO TOro Xe
MexaHu3ma, 4to n SQL-komaHga COPY.

https://postgrespro.ru/docs/postgresql/16/file-fdw




Pacminpenue file_fdw

Pacmmpenue file fdw nmo3BomnsieT o6pamartscs K 1:060My TeKCTOBOMY (daiiny u 3agedcTByeT TOT Ke MeXaHUu3M, 4TO U
komaHga COPY. IToaToMy mIst EMOHCTPALKUK MBI BEII'PY3UM CTPOKHU U3 uMemwolleics Tabaulel B $haiii, a 3aTeM IpoYuTaeM
IaHHBIE U3 daina.

=> COPY (SELECT * FROM remote_users)
TO '/var/lib/postgresql/16/users.txt"'
WITH (

format 'text',

delimiter '/’
)i

COPY 2
student$ cat /var/lib/postgresql/16/users.txt

2/bob/bob@localhost
1/alice/alice@gmail.com

=> CREATE EXTENSION file_fdw;
CREATE EXTENSION

=> CREATE SERVER file_server
FOREIGN DATA WRAPPER file_fdw;

CREATE SERVER

=> CREATE FOREIGN TABLE file_users (
id integer,
username text,
email text

)

SERVER file_server

OPTIONS (
filename '/var/lib/postgresql/16/users.txt’,
format 'text’,
delimiter '/'

)i

CREATE FOREIGN TABLE

=> SELECT * FROM file_users;

id | username | email

ceeed - I
2 | bob | bob@localhost
1 | alice | alice@gmail.com

(2 rows)



of] PROFESSIONAL

[pyrne AOCTYMNHbIE 0OEPTKN  Posggres

ba3bl 1aHHBIX

ODBC, JDBC

pasnuuHekle pessiiuoHHble 1 NoSQL CYB
@aiinibl pa3IMUHbIX (POpMaTOB
FEOAaHHbIe N HAy4YHbI€ JdHHbBIE

Beb6-pecypchi
cra”zapTHele ipoTokobl (RSS, IMAP, WWW...)
JJ1s1 pa3/InYHbIX CAUTOB

MoykHO HarrcaTh COOCTBEHHYHO 00epTKy

Ha C umm Python (c momoriipto paciimpenus Multicorn)
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PaccMOTpeHHble 06epTKM CTOPOHHUX AaHHbIX, file_fdw n postgres_fdw,
nocTtasnsawTCcs BMecTe ¢ PostgreSQL B Buge contrib-moaynen.

MoOMMMO 3TOrO CYLLIECTBYET MHOXECTBO Apyrnx 06epToK, KoTopble
NpPeaocTaBNSAT AOCTYN KO MHOTMM NOMy/sipHbIM 6a3aM JaHHbIX U He
TONbKO. VIHChopMaLMio 0 HUX MOXHO MONYYUTb:

* Ha cTpaHunuke wiki: https://wiki.postgresal.org/wiki/Fdw
* Ha caite PGXN: http://pgxn.org/tag/fdw/

Ecnn HyXXKHY0 06epTKy He yaasiocb HaTh, TO ee MOXHO HanucaTb
camocToATesnibHO. 15 3Toro notpebyercs A3blk C:
https://postgrespro.ru/docs/postgresqgl/16/fdwhandler

[pyroii BapMaHT — BOCNO/Mb30BaTbLCA paclmpeHem Multicorn
(https://multicorn.org/), KOTOpoe NO3BOMAET HanMcaTb 06epTKy Ha A3blke
Python.




of] PROFESSIONAL

Toru Posigres

OO6epTKY CTOPOHHMX J@HHBIX — CTaHAAPTHBIM CIT0CO0 pabOTHI
C JAHHBIMU TFOOBIX BHELITHUX UCTOYHUKOB

noctyt K PostgreSQL u daiinam «13 KOpoOKM»
ecTb peanu3aluu 006epToK AJ1s1 OrPOMHOIO YKUC/Ia CUCTEM

AnbTepHaTviBa — paciiupenue dblink zi/is BeIoHeHUs
TPOU3BOJIbHBIX 3aIIPOCOB Ha yJasieHHOM cepBepe PostgreSQL

18



of] PROFESSIONAL

Mpaktuka L Posigras

1. TlocraBuuk nHGOOPMUPYET Mara3vH O HOBUHKAX KHIDKHOTO
pbIHKa, TipefocTabisis CSV-daiin onpeseneHHoro ¢popmMara.
3arpy3ute uHpopMaLuio u3 ¢aiisa new_books.csv,
pacrio/iI0OKeHHOT0 B IOMAllTHeM KaTaJsiore mojib30oBaress student,
B Tab/u1Ibl 6a3bl JaHHBIX. PopMar datiisa omvcaH
B KOMMEHTapUsX K C/Iaiy.

Yutute, yTO aBTOPHI, yKa3aHHbIe B (haiisie, MOTYT yxKe
CyIIleCcTBOBaTh B 6a3e JAHHBIX, HO B (aiisie MOTYT OBITh
JOMYLLeHbI ONeYaTKH.

2. TlpoBepbTe B MPUIOKEHWH, UTO HOBbIE KHUTH YCITEIIHO
riepe/iaHbl Ha JIOTUUECKYIO PEIUIHKY, U /I/IT HUX paboTaet
TTOJTHOTEeKCTOBBIM MOUCK.

19

1. CSV-ghann cogepxuT cnenyowme nons:

* (pamunna aBTopa,;

* 1MSA aBTOpa,;

* OTYeCTBO aBTOpa,;

* HasBaHue KHUTW;

e chbopmar nsgaHus;

* KOJIMYECTBO CTpaHuL,;
* ISBN;

* aHHoTauus;

*  N3gaTesbCTBO;

* [0p BbINyCKa,;

* rapHuTypa;

* HOMep M3[aHus;

* cepus;

* uMA gaina ¢ 0610XKKoN (tharn HaxoauTCa B Katasiore covers).

ECnun y KHUIM HECKO/TbKO aBTOPOB, TO OHW CeaytoT B dhaiisie B TOM NOPSIAKE,
B KOTOPOM YKa3aHbl B BbIXOHbIX CBeAeHMUsIX. [Mpn 3TOM A1 BTOPOro
1 cnepfyroLLmMX aBTOPOB BCE MO/S, OTHOCSLUMECS K KHUTEe — MyCThbIe.

Bocnonbayintechb pacwumpeHunem file_fdw, ykaszas gna cainna goopmar CSV.

[nst 60pbObI C oneyaTkaMy BCMOMHMTE NPO paclumpeHne pg_trgm,
C KOTOPbIM Bbl MO3HAKOMUINCH B NPaKTUKe K TeMe «Knaccbl onepaTtopoB».

2. Jlornyeckas pensivka ¢ noAnuckoi Ha M3AMEeHeHUs! KHUI HacTpanBasiach
B 3a/jaHnM K TeMe «Jlormyeckas pensmkaus».



1. 3arpy3Ka HOBBIX MOCTYII/IGHHH

=> CREATE EXTENSION file_fdw;
CREATE EXTENSION

=> CREATE SERVER file_server
FOREIGN DATA WRAPPER file_fdw;

CREATE SERVER

=> CREATE FOREIGN TABLE new_books (
last_name text,
first_name text,
middle_name text,
title text,
format text,
pages integer,
isbn text,
abstract text,
publisher text,
year text,
typeface text,
edition integer,
series text,
cover_filename text
)
SERVER file_server
OPTIONS (
filename '/home/student/new_books.csv',
format 'csv'

)i
CREATE FOREIGN TABLE

3mech IpenmoaraeTcs, YTO HECKOJIPKO IPOIeAyp 3arpy3Ku KHUT He OyOyT 3allyCKaThCs IapasiesibHo. Eciu Takoi
rapaHTUU HET, B KOZe HaZlo OTOEJIFHO IPEAYCMOTPETH 3Ty BO3MOXKHOCTD, YCTAHABIMBAS HEOOXOOUMEIE GIIOKHUPOBKH.

[51st comocTaBIeHUsI aBTOPOB UCIIOIL3YETCsI HEYETKUM MTOMCK C IIOMOIIBI0 TPUrpaMM. OnepaTop % OTCeKaeT COBCEM
HEIIOX0XKHUX (IIpefiesl TOX0XKEeCTH 10 yMoIdaHuio 0.3 CIUIIKOM HU30K IS HAIero CIydasi, TI03TOMY yBeJIM4uBaeM ero). M3
OCTaBIINXCS BEIOMPaeM JIydlliee COBIafeHNe, YIOPSIAOYNBast KaHAUAATOB C TOMOIIbI0 GyHKINY similarity.

=> CREATE EXTENSION pg_trgm;
CREATE EXTENSION
=> SELECT set_limit(0.7); -- npegen noxoxecTu Ans onepaTtopa %

set limit



=> DO $$
DECLARE
i new_books;
book_id bigint;
author_id bigint;
author_cause text;
seq_num integer;
BEGIN
FOR i IN SELECT * FROM new_books
LOOP
IF i.title IS NOT NULL THEN
INSERT INTO books AS b(
title, format, pages, additional, cover
) VALUES (
i.title,
i.format::text::book_format,
i.pages,
jsonb_build_object(
'ISBN',
'AHHOTauusa',
'U3paTtenbcTBO’,
'Top BbINYCKA',
'Tapuutypa',
‘U3paHue’,
'Cepusa’,

.isbn,
.abstract,
.publisher,
.year,
.typeface,
.edition,
.series

e e e e e e e

)’
pg_read_binary_file(
' /home/student/covers/'||i.cover_filename
)
)
RETURNING b.book_id INTO book_id;
seq_num := 1;
RAISE NOTICE 'Kuura: % (%)', i.title, book_id;
END IF;

-- eCcTb N TOYHOE COBMafeHUe C UMenWUMCs aBTOPOM?
SELECT a.author_id, 'To4Hoe coBnageHue'
INTO author_id, author_cause
FROM authors a
WHERE a.last_name = i.last_name
AND a.first_name = i.first_name
AND a.middle_name = i.middle_name;
-- eC/In HeT, TO MOXeT HaWpeTCs OYeHb MOXOoXuin?
IF author_id IS NULL THEN
SELECT a.author_id, 'HETo4Hoe coBnapeHue'
INTO author_id, author_cause
FROM authors a
WHERE (a.last_name || a.first_name || a.middle_name) %
(i.last_name || i.first_name || i.middle_name)
ORDER BY similarity(
(a.last_name || a.first_name || a.middle_name),
(i.last_name || i.first_name || i.middle_name)
) DESC
LIMIT 1;
END IF;
-- eCc/M 1 NOXOXEero HeT, TO CYMTAEM aBTopa HOBbIM
IF author_id IS NULL THEN
INSERT INTO authors AS a(first_name,last_name,middle_name)
VALUES (i.first_name, i.last_name, i.middle_name)
RETURNING a.author_id, 'HoBwiit'
INTO author_id, author_cause;
END IF;
RAISE NOTICE ' ABTOp: %, % (%)',
i.last_name, author_cause, author_id;

INSERT INTO authorships(book_id, author_id, seq_num)
VALUES (book_id, author_id, seq_num);
seq_num := seq_num + 1;
END LOOP;
END;
$$;



NOTICE: KHura: PostgreSQL 16 u3HyTpu (101)

NOTICE: ABTop: PoroB, HoBbM (162)

NOTICE: KHura: PostgreSQL 15 u3HyTpu (102)
NOTICE: ABTOp: PoroB, To4yHOe coBnapgeHue (162)
NOTICE: Knura: MNyTtesogutenb no 6a3am paHHbix (103)
NOTICE: ABTop: KoMapoB, HoBbiM (163)

NOTICE: Knura: PostGIS B peictBumu (104)

NOTICE: ABTop: 06e, HoBbiM (164)

NOTICE: ABTOp: Xcy, HoBbiM (165)

NOTICE: Knura: XemuyxuHbl pa3paboTku. Yemy ™Mbl Hayumnucb 3a 50 net cospanus N0 (105)
NOTICE: ABTOp: Burepc, HoBbit (166)

NOTICE: Kuura: MoHuTopuHr PostgreSQL (106)

NOTICE: ABTOp: JlecoBckui, HOBbI (167)

NOTICE: Knura: flyMaih o cmbicne. bypgHu nepesopumka IT-TekcTtoB (107)
NOTICE: ABTOp: YanneiruH, HoBbii (168)

NOTICE: Kuura: WUpeun, onpepenuBuwune obnuk mHpopMaTtmkm (108)

NOTICE: ABTop: Jlbiouc, HoBbiM (169)

DO

=> DROP FOREIGN TABLE new_books;

DROP FOREIGN TABLE



of] PROFESSIONAL

[1pakTuka+ Pos{gres

1. B zaByX pa3HbIx 0a3aX JaHHBIX HaXOAATCS JiBe TaOIUIIbI
C OZIMHAKOBBIM HabOpoM CTO/O1I0B. BbIBejuTe CTPOKH, KOTOPKBIE
MPUCYTCTBYIOT B TIePBOM Tabvile, HO OTCYTCTBYIOT BO BTOPOM.
PemuTe 3a7jauy c nomoiibto postgres_fdw u c momoiipsto dblink
Y CpaBHUTe /iBa crioco0a.

2. Kak MOKHO NpOBepuUThb, KAKOU YPOBEHb U30JISILIUY UCIIOIb3YeT
obepTKa postgres_fdw 1 kKak oHa yTipaB/isieT coeTUHEHUSIMA
Y TPaH3aKLUSIMU?
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1. PacwwupeHune dblink geMoHCTpupoBasniochb B TeMe «POHOBbIE MPOLECChI».

2. HacTpoiiTe Ha BTOpOM CepBepe XypHas COOBLLEHMI TaKUM 06pas3omM,
4TOGbl B HEMO 3aNMCbIBA/IaCh MHGOPMALIUS:

* 0 noaknoveHusx (log_connections);
* oTkoveHusx (log_disconnections);
* BbINOSIHAEMbIX KOMaHAgax (log_statement).

O6paTnTech k Tabnmue Ha BTOPOM cepBepe ¢ NoMoLlblo postgres_fdw
1 NPOBEpPLTE, YTO NOMAaso B XXYPHa/ COOBLLEHNIA.



1. CpaBHeHHe TaO/JIHI B pa3HbIX 0a3ax

Tabnuiia B mepBoit 6a3e HaHHBIX:

=> CREATE DATABASE fdw_overview;

CREATE DATABASE

=> \c fdw_overview

You are now connected to database "fdw overview" as user "student".

=> CREATE TABLE test (
s text
);

CREATE TABLE

=> INSERT INTO test VALUES ('foo'),('bar'),('baz');
INSERT 0 3

U Bo BTOpO# (pacnonoXuM ee Ha BTOpoM cepBepe B B postgres):
student$ psql -p 5433 -U postgres -d postgres

=> CREATE TABLE test (
s text
);

| CREATE TABLE

| => INSERT INTO test VALUES ('foo'),('bar');

| INSERT 0 2

Co3maeM CTOPOHHIOIO TaOIUITy OJIsT HJOCTyHa K Tabiuile BO BTOPO# 6a3e JaHHEBIX:
=> CREATE EXTENSION postgres_fdw;

CREATE EXTENSION

=> CREATE SERVER remote_server
FOREIGN DATA WRAPPER postgres_fdw
OPTIONS (

host ‘localhost’,

port '5433',

dbname 'postgres’

)i
CREATE SERVER
Ha BTOpPOM CcepBepe UCIIONL3yeM POJIb postgres:

=> CREATE USER MAPPING FOR student
SERVER remote_server
OPTIONS (
user 'postgres' -- naposic He HyxeH, ayTeHTudukauusa trust

)i
CREATE USER MAPPING

=> CREATE FOREIGN TABLE test2 (
s text

)

SERVER remote_server

OPTIONS (
schema_name 'public’,
table_name 'test’

)i

CREATE FOREIGN TABLE
CpaBHUBaeM:

=> SELECT * FROM test
EXCEPT
SELECT * FROM test2;



C nomorneio pacmupernus dblink 3agauy MOKHO peIIUTh CIIEAYIOINM 06pa3oM:
=> CREATE EXTENSION dblink;
CREATE EXTENSION

=> SELECT * FROM test

EXCEPT

SELECT * FROM dblink(
'host=1localhost port=5433 dbname=postgres user=postgres’,
'SELECT * FROM test'

) AS (s text);

2. ITpoBepka padoTsI postgres_fdw

Ha BTOPOM CepBepe HaCTPOUM XKypHall COO6H.IeHPIﬁ Tak, 4TOOBI B HETO IIomnajgara I/IH(l)OpMaLII/IH O IIOOKIIIYEeHUAX U
OTKJIIOYEHHAX, a TaK2Ke O BBEIIIOJIHSAEMBIX KOMaHOaX.

| => ALTER SYSTEM SET log_connections = on;

| ALTER SYSTEM

| => ALTER SYSTEM SET log_disconnections = on;
| ALTER SYSTEM

| => ALTER SYSTEM SET log_statement = ‘all’;

| ALTER SYSTEM

| => SELECT pg_reload_conf();

pg_reload conf

HauHeM HOBOe cOoelMHEeHHE U JIOKa/IbHYIO TpaH3aknuio Read Committed.
= \q

student$ psql fdw_overview

=> BEGIN;

BEGIN

OOpaiilaeMcs K CTOPOHHEeH Tabmutie:

=> SELECT * FROM test2;

foo
bar
(2 rows)

B XKypHaJjie BTOPOro cepBepa BUOUM:

® YCTAHOBJIEHO HOBOE COENUHEHHUE;
e B HEM BHICTaBJIEHBl HEKOTOPEHIE ITapaMeTph;

e HaydaTa TpaH3aKIWs c ypoBHeM usonsuuu Repeatable Read;
e C IIOMOIIBIO KypCcopa IIPOYUTaHE! 3alluCcH U3 Tabnuusl test.

student$ sudo tail -n 12 /var/log/postgresql/postgresql-16-replica.log

2025-02-06 00:20:40.062 MSK [166515] [unknown]@[unknown] LOG: connection received:



host=127.0.0.1 port=37036
2025-02-06 00:20:40.072 MSK [166515] postgres@postgres LOG: connection authorized:
user=postgres database=postgres application name=postgres fdw SSL enabled
(protocol=TLSv1.3, cipher=TLS_AES 256 GCM_SHA384, bits=256)
2025-02-06 00:20:40.074 MSK [166515] postgres@postgres LOG: statement: SET search path =
pg_catalog
2025-02-06 00:20:40.074 MSK [166515] postgres@postgres LOG: statement: SET timezone =
'GMT'
2025-02-06 00:20:40.074 MSK [166515] postgres@postgres LOG: statement: SET datestyle =
IS0
2025-02-06 00:20:40.074 MSK [166515] postgres@postgres LOG: statement: SET intervalstyle
= postgres
2025-02-06 00:20:40.074 MSK [166515] postgres@postgres LOG: statement: SET
extra_float_digits = 3
2025-02-06 00:20:40.074 MSK [166515] postgres@postgres LOG: statement: START TRANSACTION
ISOLATION LEVEL REPEATABLE READ
2025-02-06 00:20:40.074 MSK [166515] postgres@postgres LOG: execute <unnamed>: DECLARE
cl CURSOR FOR

SELECT s FROM public.test
2025-02-06 00:20:40.075 MSK [166515] postgres@postgres LOG: statement: FETCH 100 FROM cl
2025-02-06 00:20:40.075 MSK [166515] postgres@postgres LOG: statement: CLOSE cl

3aBepIllaeM JI0KalIbHYO TPaH3aKLIUIo.

=> COMMIT;

COMMIT

B XxypHarsne BUOUM, UTO yAajleHHas TpaH3aKIKUs TakKXkKe 3aBeplleHa:

student$ sudo tail -n 1 /var/log/postgresql/postgresql-16-replica.log

2025-02-06 00:20:40.339 MSK [166515] postgres@postgres LOG: statement: COMMIT TRANSACTION
3aBepIraeM ceaHcC.

= \q

B aToT MOMeHT 3aBeplIaeTCss U CoOequHeHNne C yOaJeHHBIM Y3JIOM:

student$ sudo tail -n 2 /var/log/postgresql/postgresql-16-replica.log

2025-02-06 00:20:40.449 MSK [166515] postgres@postgres LOG: could not receive data from
client: Connection reset by peer

2025-02-06 00:20:40.449 MSK [166515] postgres@postgres LOG: disconnection: session time:
0:00:00.387 user=postgres database=postgres host=127.0.0.1 port=37036

Kypran coobuieHn MOKHO HCIIOIb30BaTh, YTOOH Pa300paThCs, KaK paboTa BHEIIHUX CPECTB BHITIIAOUT C TOYKHU 3PEHUST
CYB[I.



