2019 PostgreSQL Conference China

@ #JUmPostgreSQLHEH R A2

HRRE) HEBR

+7: @) PostgresQLbHK ® 2019118298308
LT © LR EERAES



@ B /LPostgreSQLHTEEI R K& FFIE K

2019 PostgreSQL Conference China

FOWIRIB 5 W FE

EEZE

IR#R PostgreSQL DBA

© 20195115298-30H © et EERAEE *h - (.‘a PostgreSQLFXH K i



@ B /LPostgreSQLHTEEI R K& FFIE K

2019 PostgreSQL Conference China
RN

« FDW B X
« FDW RIESH
« FDW ESXTE
« FDW 3l : file fdw
« FDW 3| : postgres fdw
- FDW T {E/RIE

« FDW AR5

© 20195115298-30H © et EERAEE *h - (.‘a PostgreSQLFXH K i : Moyg



@ B JLEPostgreSQLPHEEL AR A2

2019 PostgreSQL Conference China

FOW HIE X

SHBRANEIBEEEHASS

N AERASHERRZE Nz T
RNy ES A=l

iR -L i)

Application

Business Logic

1ibmongo-c o

Libpg £
libmysqglclient o
hiredis o
[ ]
JDBC )
[ ]
FS API o
[ ]
Web API o

K-

Mysal

N
=

© 20195£118298-308 © W RERACHERS

F: B PostgresaLepsiit®



) 5/uiipostaresquinAit Ak 2 TS

2019 PostgreSQL Conference China

ATFREEEARZN TREIFAZSMREES, BRHRD—TE2HEHE: SUnix
shell SHRBY R ES AN IRIE.

BI—ir=83700Y, B8, RFARSEASNGRES, BUBFERNERE

postgresql | elasticsearch

INSERT INTO redis.daily_summary
SELECT * FROM pgsql .metadata mt
JOIN mysql.realtime_counters USING(id)
JOIN mongo.history_counters USING(id)

PostgreSQL FDWIRMHt SAZKXEIIBRANEMICIE, B—INREBEEA

© 20195118298-308 © et EERACES % (-"3 PostgreSQLEFXAK i : Mpyg



@ HBJLmPostgreSQLPEEL R K=

2019 PostgreSQL Conference China

FDW E &

Application

Business Logic

libpg k)

® 2019E118298-308 Q)

@ tB

==

Federation Database (Postgres)
mongo_fdw

postgres_fdw

mysql_fdw

redis_fdw

JDBC

file_fdw

http_fdw

ERESERRAEE

F IR

1ibmongo-c

0
libpg 0.

libmysqglclient R

MysaoL

S

hiredis o

JDBC

Web API

~SHIVE
]

http://

FS API °

F: ('? PostgreSQLAX X

7 . Mpyg



@ B /LPostgreSQLTEEIR K& FFEIR 2

2019 PostgreSQL Conference China

FOW ESRE

ONE DATABASE RULE THEM ALL!

mongoDB

0 ® O

neoyj

<
c
m)

FDW

%
®

redis lastic

m

influxdb

N

POSTE SQ} ' Spoik’ .

Federation Database / Polystore

® 201951158298-308 © Lt EERCHEE E7: W PostgresaLezit i : Mpyg



HILPostgreSQLHEEI R K2

2019 PostgreSQL Conference China orir racessr s .

Regexp_extract (message, '.xorderId=(\d+) .*', 1) AS orderId,

Regexp_extract(message, '(.¥):.%, 1) AS log_level
FROM

“lambda: cloudwatch"."/var/ecommerce-engine/order-processor.all_log_streams
WHERE Regexp_extract(message, '(.¥):.%', 1) != 'WARN'),

active_orders
AS (SELECT *
FROM  redis. redis_db. redis_customer_orders),
order_processors
AS (SELECT instanceid,

publicipaddress,
state.NAME
FROM  awscmdb.ec2.ec2_instances),
customer
AS (SELECT id,
email
FROM  docdb. customers. customer_info),
addresses

AS (SELECT id,
is_residential,
address.street AS street
FROM  docdb. customers.customer_addresses),
shipments
AS ( SELECT order_id,

shipment_id,
resto from unixtine(cast (shipped_date as double)) as shipment_tine,

carrier
FROM lambda_ddb.default.order_shipments),

payments

AS ( SELECT “summary:order_id",

“summary: status",
A W At h “summary:cc_id",
FROM "hbase".hbase_payments. transactions)

SELECT _key_ AS redis_order_id,
customer_id,
customer.email ~AS cust_email,
“summary:cc_id" AS credit_card,
"details:network” AS CC_type,
“summary:status" AS payment_status,
status AS redis_status,
addresses.street AS street_address,
shipments.shipment_time as shipment_time,
shipments.carrier as shipment_carrier,
publicipaddress AS ec2_order_processor,
NAVE AS ec2_state,
log_level,
order_processor_log

FROM  active_orders
LEFT JOIN logs

N logs.orderid = active_orders._key_

LEFT JOIN order_processors

logs. log_stream = order_processors. instanceid

LEFT JOIN customer

customer.id = customer_id

LEFT JOIN addresses
ON addresses.id = address_id

LEFT JOIN shipments

shipments.order_id = active_orders._key_

LEFT JOIN payments

N payments."summary:order_id"

2

2
2

o
=

2
2
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active_orders._key_
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SQL/MED : Management of External Data

This is a preview - click here to buy the full publication
LAY L LJANAINLAL ANJANAIANL ISO/IEC

SQL Standard ISO/IEC 9075-9:2008 STANDARD 9075-9
ra— o e
LI EFHEE
NEZZE L] PostgresQl
I B M D B 2 Information technology — Database
languages — SQL —
. Part 9:
M arla D B Management of External Data (SQL/
MED)

Technologies de I'information — Langages de base de données —
Si

...... Partie 9: Gestion des données externes (SQL/MED)
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CREATE FOREIGN DATA WRAPPER name
[ HANDLER handler_function | NO HANDLER ]
[ VALIDATOR validator_ function | NO VALIDATOR ]
[ OPTIONS ( option 'value' [, ... ] ) 1]

— 1 FDWALIB[E)— 2404, aMySQL, MongoDB Foreign Data Wrapper

1
i Lin
v CREATE SERVER [ IF NOT EXISTS ]| server name [ TYPE 'server type' ] [ VERSION

N £ phsn» » 'server_version' |
—TServerNii—ai G MRk FOREIGN DATA WRAPPER fdw_name

[ OPTIONS ( option 'value' [, ... ] ) 1

User MappingigBazithi P 55ni2 A F s R % ¥ N

CREATE USER MAPPING [ IF NOT EXISTS ] FOR { user_name | USER | CURRENT_USER | PUBLIC }

SERVER server_name
[ OPTIONS ( option 'value' [ , ... ] ) 1
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e 2008-10-27 PostgreSQL 8.4 FHA1RMHXISQL/MEDAT 1T X FF RV 125
e 2011-09-12 PostgreSQL 9.1 1@t THMIBRANFI, ZEEZENIMBEIE, RMEFT R file_fdw
e 2013-09-09 PostgreSQL 9.3 X#FDWE XN (XIMEBRMUIEMER) , RIEEFHY & postgres_fdw

e 2014-12-18 PostgreSQL 9.4 T#F1EIMBR _F B2 fh & 22

e 2016-01-07 PostgreSQL 9.5 N7 IMPORT FOREIGN SCHEMA INBE, RIFIMIBER_EAY cuECK AR, RIFIMER
KSE545%, RITEIOINTIH#

e 2016-09-29 PostgreSQL 9.6 postgres_fdw SZIFISIEMIZ/)OINIRIE T H#E,

e 2017-10-05 PostgreSQL 10 file fdw XIFNEFREFHMEIENMAFIR, postgres fdw XIFREEET
.

e 2018-10-18 PostgreSQL 11 postgres_fdw S0 XERHITHF, H ARG TIOINALTIZIGMI A T,
e 2019-10-03 PostgreSQL 12 postgres_fdw X5 i ORDER BY/LIMIT 4,
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=3 CREATE FOREIGN DATA WRAPPER file fdw;
F DW == % i}ln.y 1& CREATE SERVER IF NOT EXISTS pg log FOREIGN DATA WRAPPER file fdw;
Lt - CREATE USER MAPPING FOR postgres SERVER pg_log;
CREATE FOREIGN TABLE pg_log_monday
(
log_time timestamptz,
user_name text,
CREATE FORIEIGN DATA WRAPPER database_name text.
process_id integer,
CREATE SERVER JRT
location text,
application_name text
CREATE USER MAPPING ) SERVER pg_log OPTIONS (filename '/pg/data/log/postgresql-Mon.csv', format 'csv');

SELECT * FROM pg log monday;

CREATE FOREIGN TABLE

log_time : e . : connect... * session_id *

. + session_start_time s 2 s : . message +
2019-11-18 12:09:54.279000 postgres test 30916 10.10.10.

:54.000000 7/1560

1:60825 5dd28al2.78c4 1 SET 2019-11-18 @ LOG 00000 execute <unnamed>: SET extra_float_digits = 3
2019-11-18 12:09:54.279000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 2 SET 2019-11-18 :54.000000 7/1561 © LOG 00000 execute <unnamed>: SET application_name = 'PostgreSQL JDBC Driver'
2019-11-18 12:09:54.281000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 3 SELECT 2019-11-18 :54.000000 7/1562 @ LOG 00000 execute <unnamed>: select version()
2019-11-18 12:09:54.294000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 4 SELECT 2019-11-18 :54.000000 7/1564 @ LOG 00000 execute <unnamed>: select current_database() as a, current_schemas(false) as b
2019-11-18 12:09:54.301000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 5 SELECT 2019-11-18 :54.000000 7/1565 © LOG 00000 execute <unnamed>: SELECT e.typdelim FROM pg_catalog.pg_type t, pg_catalog.pg_type e WHE..
2019-11-18 12:09:54.332000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 6 SELECT 2019-11-18 :54.000000 7/1566 O LOG 00000 execute <unnamed>: select current_database(), current_schema(), current_user
2019-11-18 12:09:54.375000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 7 SELECT 2019-11-18 :54.000000 7/1567 © LOG 00000 execute <unnamed>: select N.oid::bigint as id,« datname as name,« D.descript..
2019-11-18 12:09:54.395000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 8 SELECT 2019-11-18 :54.000000 7/1568 0@ LOG 00000 execute <unnamed>: select N.oid::bigint as id,« N.xmin as state_number,« nsp..
2019-11-18 12:09:54.400000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 9 SELECT 2019-11-18 9:54,000000 7/1569 © LOG 00000 execute <unnamed>: SELECT n.nspname = ANY(current_schemas(true)), n.nspname, t.typname F..
2019-11-18 12:09:54.402000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 10 SELECT 2019-11-18 :54.000000 7/1570 © LOG 00000 execute <unnamed>: SELECT typinput='array_in'::regproc, typtype FROM pg_catalog.pg_typ..
2019-11-18 12:09:54.411000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 11 SELECT 2019-11-18 :54.000000 7/1571 © LOG 00000 execute <unnamed>: select R.oid igint as role_id, rolname as role_name,« rolsuper is_.
2019-11-18 12:09:54.416000 postgres test 30916 10.10.10.1:60825 5dd28a12.78c4 12 SELECT 2019-11-18 :54.000000 7/1572 @ LOG 00000 execute <unnamed>: SELECT e.typdelim FROM pg_catalog.pg_type t, pg_catalog.pg_type e WHE..
2019-11-18 12:09:54.422000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 13 SELECT 2019-11-18 :54.000000 7/1573 @ LOG 00000 execute <unnamed>: select N.oid::bigint as id,« datname as name,« D.descript..
2019-11-18 12:09:54.428000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 14 SELECT 2019-11-18 :54.000000 7/1574 @ LOG 00000 execute <unnamed>: select N.oid::bigint as id,« N.xmin as state_number,< nsp...
2019-11-18 12:09:54.436000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 15 SELECT 2019-11-18 :54.000000 7/1575 © LOG 00000 execute <unnamed>: select N.oid::bigint as id,« N.xmin as state_number,< nsp...
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Generic SQL Database Wrappers

Data Source Type License Code | Install Doc Notes
ODBC Native github & CartoDB took over active development of the ODBC FDW for PG 9.5+
JDBC Native github & Not maintained ?
JDBC2 Native github &
SQL_Alchemy £ [Multicorn £} [PostgreSQL GitHub £ |PGXN £} |documentation £ [Can be used to access data stored in any database supported by the sglalchemy python toolkit.
VirtDB Native GPL GitHub & A generic FDW to access VirtDB data sources (SAP ERP, Oracle RDBMS)

Specific SQL Database Wrappers

Data Source Type | License Code Install Doc Notes
PostgreSQL & Native [PostgreSQL (git.postgresql.org £ documentation £}
Oracle 8 Native [PostgreSQL github & PGXN 5 website &
MySQL & Native github & PGXN&S example & FDW for MySQL
Informix Native [PostgreSQL github & S L Eq
Firebird & Native [PostgreSQL github & PGXNZ | READMEZ version 1.1 released (2019-05) Q S
SQLite Native github & An FDW for SQLite3 (read-only)
SQLite & Native [PostgreSQL github & PGXNS | READMEZS, |An FDW for SQLite3 (write support and several pushdown optimization)
Sybase / MS SQL Server|Native github & PGXN 5 An FDW for Sybase and Microsoft SQL server
MonetDB & Native github &
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NoSQL Database Wrappers

Data Source Type License Code Install Doc Notes
BigTable or HBase &} [Native Rust Binding (RPGFFI) & MIT Github &

Cassandra 7 Multicorn & MIT Github & |Rankactive &)

Cassandra2 Native MIT Github &

Cassandra & Multicorn & PostgreSQL | Github £}

ClickHouse & Multicorn & BSD Github & README & N O S Q L \
ClickHouse & Native Apache |Github &) README &
CouchDB & Native PostgreSQL|Github & | PGXN £ Original version
CouchDB & Native PostgreSQL | Github &} golgauth version (9.1 - 9.2+ compatible)
GridDB & Native PostgreSQL | Github &} README &
InfluxDB Native PostgreSQL | Github £} README &
Kafka S} Native PostgreSQL |GitHub & README &
Kyoto Tycoon &} Native MIT Github &

MongoDB & Native GPL3+ |Githubd [ PGXNS [README S EDB version

MongoDB & Multicorn & MIT Github &

MongoDB & Multicorn & Github & Yet Another Postgres FDW for MongoDB
Neo4j 5} Multicorn & GPLv3 |Github £} README £} [FWD for Neo4j and also add a Cypher function to Pg
Neo4j 5} Native ? Github &

Quasar &7 Native Apache |Github &)
Redis & Native PostgreSQL | Github £}
Redis 5 Native BSD Github &)
RethinkDB & Multicorn & MIT Github & blog 9
Riak & Multicorn 8§ PostgreSQL | Github £}
WhiteDB & Native MIT Github 8
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Big Data Wrappers

Data Source Type License Code (Install Doc Notes
Elasticsearch Multicorn &) MIT GitHub & Supports up to PG 11, ES 7.
Google BigQuery |Multicorn £ MIT GitHub & Documentation £ bigquery_fdw is a BigQuery FDW compatible with PostgreSQL >= 9.5
file_fdw-gds (Hadoop)| Native GitHub & Hadoop file_fdw is a slightly modified version of PostgreSQL 9.3's file_fdw module.
Hadoop Native |PostgreSQL [Bitbucket & Allows read and write access to HBase as well as to HDFS via Hive.
HDFS Native Apache | GitHub &)
Hive Multicorn £ GitHub & Used to access Apache Hive tables.
Hive / ORC File Native GitHub &
Impala & Native BSD GitHub &
Apache Arrow £ Native GPLv2 GitHub & A part of PG-Strom feature; as a columnar data source with support of SSD-to-GPU Direct SQL
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File Wrappers

Data Source Type License Code Install Doc Notes
Csv Native [PostgreSQL |git.postgresql.org & documentation & Delivered as an official extension of PostgreSQL 9.1 / example £ / Another example &
Ccsv Multicorn £} |PostgreSQL GitHub & PGXN & |documentation & Each column defined in the table will be mapped, in order, against columns in the CSV file.
CSV / Text
Native GitHub & How to &7 Another CSV wrapper
Array
CSV / Fixed-
xe Native GitHub &
length
CSV / gzipped |Multicorn £ GitHub & PostgreSQL Foreign Data Wrapper for gzipped cvs file
Compressed
P Native GitHub 3
File
Document ) . ” o E
. Native [PostgreSQL GitHub & wiki &)
Collection
JSON Native GPL3 GitHub & Example &

Access data stored in various files in a filesystem. The files are looked up based on a pattern, and parts of the file's path are

Multi-File Multicorn &} [PostgreSQL GitHub & PGXN S doc 8} R } i
mapped to various columns, as well as the file's content itself.

Multi CDR Native [PostgreSQL GitHub &) PGXN S

Parquet Native [PostgreSQL GitHub & Foreign data wrapper for reading Parquet files using libarrow/libparquet
pg_dump Native New BSD GitHub & Allows querying of data directly against Postgres custom format files created by pg_dump
TAR Files Native GitHub &

XML Multicorn £} |PostgreSQL GitHub & PGXNZS

ZIP Files Native GitHub &
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Specific Web Wrappers
Data Source Type License Code | Install Doc Notes
Database.com Multicorn & BSD GitHub &
Dun & Badstreet Multicorn & PostgreSQL |GitHub £} Access to the Data Universal Numbering System £} (DUNS)
DynamoDB Multicorn & GPL GitHub &
Facebook Multicorn & GitHub &
Fixer.io based on www_fdw GitHub &
Google Multicorn & PostgreSQL |GitHub &) [PGXN £
Heroku dataclips Native PostgreSQL (GitHub
Keycloak Multicorn & MIT GitHub &} [PGXN £} [README £ | Direct database integration with the Keycloak &) open-source Identity/Access Management solution.
Mailchimp Multicorn & PostgreSQL |GitHub £} Beta
Parse & Multicorn & MIT GitHub &
S3 Native PostgreSQL |GitHub & [PGXN £
S3CSsV Multicorn & GPL3 |GitHub 4} This is meant to replace s3_fdw that does is not supported on PostgreSQL version 9.2+
Telegram Multicorn & PostgreSQL |GitHub telegram_fdw is a Telegram BOT implemented using the PostgreSQL foreign data wrapper interface.
Twitter Native PostgreSQL |GitHub &} [PGXN £ A wrapper fetching text messages from Twitter over the Internet and returning a table
Treasure Data 8 Native Apache |GitHub &) |PGXN 5} A FDW for Treasure Data internally using a Rust library
Treasure Data & Multicorn 8 Apache |GitHub &
Google Spreadsheets Multicorn & MIT GitHub &)
Open Weather Map Multicorn & MIT GitHub &) A FDW for Open Weather Map (single city)
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Geo Wrappers

Data Source Type License Code Notes

A wrapper for data sources with a GDAL/OGR £} driver, including databases like Oracle, Informix, SQLite, SQL Server, ODBC as well as file formats like
(GDAL/OGR | Native MIT GitHub & Shape, FGDB, Maplnfo, CSV, Excel, OpenOffice, OpenStreetMap PBF and XML, OGC WebServices, and more £} Spatial columns are linked in as
PostGIS geometry if PostGIS is installed.

Geocode / - - - -
Geosson [Muticomd | GPL  GitHub 3 a collection of PostGIS-related foreign data wrappers t

Open Street

“

Native |PostgreSQL |GitHub &

Map PBF 3
LDAP Wrappers
Data Source| Type License Code | Install Doc Notes
LDAP Native GitHub 2 [PGXN 3 |Allows to query an LDAP server and retrieve data from some pre-configured Organizational Unit
LDAP  [Multicorn 2} [PostgreSQL |GitHub & |PGXN 4 [documentation £
Generic Web Wrappers
Data Source| e License Code | Install Doc Notes .
Ve - - - Operating System Wrappers
Git Multicorn 2} [PostgreSQL (GitHub £ [PGXN £
Git Native MIT  |GitHub 5 Data Source Type License | Code Notes
ICAL  |Multicorn 3} |PostgreSQL (GitHub 2 pdf B Docker Multicom @ |  Expat  |GitHub &)
IMAP  [Multicorn 3 |PostgreSQL GitHub 5 [PGXN 4 |documentation & Log files [Multicorn 2 [PostgreSQL [GitHub 2
RSS  |Multicorn 2 |PostgreSQL|GitHub 3 |PGXN 4 |documentation 2 [This fdw can be used to access items from an rss feed. Openstack / v om@ QL|GitHub 3
www Native [PostgreSQLGitHub & [PGXN S| wikid) Allows to query different web services 0S Query Mullicorn & [PostgreSQL|GItHub 1 Like Facebook's OSQuery, but for Postgres
Passwd Native  |PostgreSQL|GitHub & reads linux/unix password and group files.
Process Multicorn 2 |PostgreSQL |GitHub 5 Aforeign datawrapper for querying system stats based on statgrab 2
i a8 MIT GitHub & lenvFDW is a forign data wrapper for processing environment variables.

Exotic Wrappers

Data Source Type License Code Install Doc Notes
faker_fdw Multicorn 2 [PostgreSQL| GitHub & faker_fdw is a foreign data wrapper for PostgreSQL that generates fake data.
fdw_fdw Multicorn 5 |PostgreSQL | GitHub & the Meta FDW ! reads this page and returns the list of all the FDW
PPG Native GitHub & distributed parallel query engine, based on fdw and hooks of PG

Open Civic Data Mulicom® | Expat | GitHub 3}
Phillips Hue Lighting Systems & [Mutticoma [ MIT GitHub 3

Random Number Multicorn &) [PostgreSQL| GitHub £ A random number generator foreign data wrapper for postgres

Rotfang Multicom &} | Native  |BitBucket 2} |PostgreSQL [slides & Advanced random number generator
Template Tables Native BSD GitHub & PostgreSQL data wrapper for template tables - any DML and SELECT operations are disallowed|
VMware vSphere Mulicoma [ MIT GitHub 3 A PostgreSQL FDW to query your VMware vSphere service

Example Wrappers

Data Source| Type |License| Code Notes
Dummy  [Native| BSD | GitHub 5} Readable null FDW for testing
Hello World GitHub &
Black Hole bitbucket & a skeleton FDW pre-populated with relevant excerpts from the documentation
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FDW 3L 5
file_fdw postgres_fdw

[RE=GR, EBPostgreSALEIKFF LB
IRRBT, PostgreSQLRRIABHTXM T B

© 2019411829830 © ARERERAES = W rostgresauiitx 9D : Mpup



@ B JLmPostgreSQLETEL AR K2

A iR L
2019 PostgreSQL Conference China

File FDW

DEINSRR (S0, 20CSV)
ERERREFNRL I RERRNEIER

35
sz
Version Date Feature
9.1 2011-09 file fdw I, 71F CREATE FOREIGN TABLE, Ri¥,
10 2017-10 file fdw AJLAfEA program ZEIITIERIZRFIREVEA
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create foreign table pg_log

C
sE ‘nj C SV *g ﬁ E’] i log_time timestamp(3) with time zone,
\ P G user_name text,
1 I I l&‘ database_name text,

process_id integer,
connection_from text,
session_id text not null,
session_line_num bigint not null,
command_tag text,
session_start_time timestamp with time zone,
virtual_transaction_id text,
transaction_id bigint,
_\-:Z E I H error_severity text,
— [m] Xce $ sql_state_code text,
’ 7N message text,
N detail text,
hint text,
5&@%&?& internal_query text,
internal_query_pos integer,
context text,
query text,
query_pos integer,
location text,
application_name text

) server pg_log
options ( filename '/pg/data/log/postgresql-Mon.csv', format 'csv' );;

log_time + coa .t connect... * session_id *+ ¢ .t session_start_time : A : . * message :
2019-11-18 12:09:54.279000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 1 SET 2019-11-18 12:09:54.000000 7/1560 @ LOG 00000 execute <unnamed>: SET extra_float_digits = 3
2019-11-18 12:09:54.279000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 2 SET 2019-11-18 12:09:54.000000 7/1561 © LOG 00000 execute <unnamed>: SET application_name = 'PostgreSQL JDBC Driver'
2019-11-18 12:09:54.281000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 3 SELECT 2019-11-18 12:09:54.000000 7/1562 @ LOG 00000 execute <unnamed>: select version()
2019-11-18 12:09:54.294000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 4 SELECT 2019-11-18 12:09:54.000000 7/1564 © LOG 00000 execute <unnamed>: select current_database() as a, current_schemas(false) as b
2019-11-18 12:09:54.301000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 5 SELECT 2019-11-18 12:09:54.000000 7/1565 @ LOG 00000 execute <unnamed>: SELECT e.typdelim FROM pg_catalog.pg_type t, pg_catalog.pg_type e WHE..
2019-11-18 12:09:54.332000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 6 SELECT 2019-11-18 12:09:54.000000 7/1566 © LOG 00000 execute <unnamed>: select current_database(), current_schema(), current_user
2019-11-18 12:09:54.375000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 7 SELECT 2019-11-18 12:09:54.000000 7/1567 @ LOG 00000 execute <unnamed>: select N.oid::bigint as id,« datname as name,« D.descript..
2019-11-18 12:09:54.395000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 8 SELECT 2019-11-18 12:09:54.000000 7/1568 @ LOG 00000 execute <unnamed>: select N.oid::bigint as id,« N.xmin as state_number,« nSp..
9 o
o
o
o
o
0
o

2019-11-18 12:09:54.400000 postgres test 30916 10.10.10.1:60825 5dd28al2.78c4 SELECT 2019-11-18 12:09:54.000000 7/1569 LOG 00000 execute <unnamed>: SELECT n.nspname = ANY(current_schemas(true)), n.nspname, t.typname F..
60825 5dd28a12.78c4 10 SELECT 2019-11-18 12:09:54.000000 7/1570 LOG 00000 execute <unnamed>: SELECT typinput='array_in'::regproc, typtype FROM pg_catalog.pg_typ..
60825 5dd28al2.78c4 11 SELECT 2019-11-18 12:09:54.000000 7/1571 LOG 00000 execute <unnamed>: select R.oid::bigint as role_id, rolname as role_name, rolsuper is
60825 5dd28a12.78c4 12 SELECT 2019-11-18 12:09:54.000000 7/1572 LOG 00000 execute <unnamed>: SELECT
60825 5dd28a12.78c4 13 SELECT 2019-11-18 12:09:54.000000 7/1573
60825 5dd28a12.78c4 14 SELECT 2019-11-18 12:09:54.000000 7/1574
60825 5dd28a12.78c4 15 SELECT 2019-11-18 12:09:54.000000 7/1575

2019-11-18 12:09:54.402000 postgres test 30916 10.10.10
2019-11-18 12:09:54.411000 postgres test 30916 10.10.10.
2019-11-18 12:09:54.416000 postgres test 30916 10.10.10
2019-11-18 12:09:54.422000 postgres test 30916 10.10.10.
2019-11-18 12:09:54.428000 postgres test 30916 10.10.10.
2019-11-18 12:09:54.436000 postgres test 30916 10.10.10

.typdelim FROM pg_catalog.pg_type t, pg_catalog.pg_type e WHE..
.o0id::bigint as id,« datname as name,« D.descript..

e

LOG 00000 execute <unnamed>: select N

LOG 00000 execute <unnamed>: select N.oid::bigint as id,« N.xmin as state_number,« nsp...
N

PR BPBRERRERRERRRERRP R

LOG 00000 execute <unnamed>: select N.oid::bigint as id,« N.xmin as state_number,« nsp...
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Bf T csviF, {E{aI%dcsvRIFZFEBRT LATE R EIA

username TEXT, Y Al = — AANADAYEK e
password TEXT, *ﬂ{j{f,ﬁﬂgShe” 0= Zj(HREBU |':I:||
user_id  INTEGER,
group_id INTEGER, IZEZZUEFIEDH:'. /etC/pCJSSWd
user_info TEXT,
home_dir TEXT,
shell TEXT

) SERVER fs OPTIONS (
PROGRAM $$awk -F: 'NF && !/A[:space:]*#/ {print $1,%$2,%$3,%$4,%$5,%6,%$7}"' OFS="\037' /etc/passwd$$,
FORMAT 'csv', DELIMITER E’\@37'

J;

username = password * user_id * group_id =+ user_info = home_dir = shell s
root X 0 0 root /root /bin/bash
bin X 1 1 bin /bin /sbin/nologin
daemon X 2 2 daemon /sbin /sbin/nologin
adm X 3 4 adm /var/adm /sbin/nologin
1p X 4 7 1p /var/spool/lpd /sbin/nologin
sync X 5 0@ sync /sbin /bin/sync
shutdown X 6 @ shutdown /sbin /sbin/shutdown
halt X 7 0 halt /sbin /sbin/halt
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CREATE EXTENSION file_fdw;
CREATE SERVER fs FOREIGN DATA WRAPPER file_fdw;

CREATE FOREIGN TABLE adcode
(

code BIGINT,
o mgmi"ei EZ BT ssh/curl/wget MR IREREIE
adcode INTEGER,

post_code VARCHAR(8) ,
area_code VARCHAR(4),

ur_code VARCHAR(4),
municipality BOOLEAN,
virtual BOOLEAN,
dummy BOOLEAN,
longitude FLOAT,
latitude FLOAT,
center GEOMETRY,
province VARCHAR(64) ,
city VARCHAR(64) ,
county VARCHAR(64),
town VARCHAR(64),
village VARCHAR(64)

) SERVER fs OPTIONS (PROGRAM $$curl -s https://raw.githubusercontent.com/Vonng/adcode/master/data/adcode/110101.csv$$,
FORMAT ‘csv', DELIMITER ',');
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postgres_fdw ETL / Sharding / CMDB

Version Date Feature
9.3 2003-09 Bt postgres fdw, SIFITIMIBRMIT INSERT, UPDATE, DELETE
9.5 2016-01 postgres_fdw x§5 N JoIN, ¥ IMPORT FOREIGN SCHEMA
9.6 2016-09 postgres_fdw 2 3F N JoIN AY UPDATE | INSERT | DELETE
10 2017-10 postgres_fdw 215 NMERSHEL
11 2018-10 IMERFRIR I T —RIINFE RN 9 XA
12 2019-10 postgres_fdw X3 N ORDER BY/LIMIT
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postgres fdw Quick Start

-- node 2
CREATE TABLE users
(
id SERIAL PRIMARY KEY,
name TEXT UNIQUE
);
INSERT INTO users (name) SELECT 'user #' |l 1 FROM generate_series(1,100000) i,

-- node 1
CREATE EXTENSION postgres_fdw;
CREATE SERVER n2 FOREIGN DATA WRAPPER postgres_fdw OPTIONS Chost 'n2', port '5432', dbname 'test');
CREATE USER MAPPING FOR postgres SERVER n2 OPTIONS(user 'postgres', password 'postgres');
CREATE FOREIGN TABLE users(
id integer,
name text
) SERVER n2Z;
IMPORT FOREIGN SCHEMA public LIMIT TO (users) FROM SERVER n2 INTO public; -- alternate approach
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-- execute on node 1
SELECT * FROM users LIMIT 200;

test=# EXPLAIN VERBOSE SELECT * FROM users LIMIT 200;
QUERY PLAN

Foreign Scan on public.users (cost=100.00..107.15 rows=200 width=36)
Output: id, name
Remote SQL: SELECT id, name FROM public.users LIMIT 200::bigint

15,"idle",2019-11-20 06:08:14 UTC,11/70,0,L0G,00000, "statement: START TRANSACTION ISOLATION LEVEL REPEATABLE READ",,,,,,,,, "postgres_fdw"

16, "DECLARE CURSOR",2019-11-20 06:08:14 UTC,11/70,0,L0G,00000,"execute <unnamed>: DECLARE c1 CURSOR FOR SELECT id, name FROM public.users LIMIT 200::bigint",,,,,,,,, postgre
17,"idle in transaction",2019-11-20 06:08:14 UTC,11/70,0,L0G,00000, "statement: FETCH 100 FROM c1",,,,,,,,, " "postgres_fdw"

18,"idle in transaction",2019-11-20 06:08:14 UTC,11/70,0,L0G,00000, "statement: FETCH 100 FROM c1",,,,,,,,, " "postgres_fdw"

19,"idle in transaction",2019-11-20 06:08:14 UTC,11/70,0,L0G,00000, "statement: FETCH 100 FROM c1",,,,,,,,, " "postgres_fdw"

20,"idle in transaction",2019-11-20 06:08:14 UTC,11/70,0,L0G,00000, "statement: CLOSE c1",,,,,,,,, "postgres_fdw"

21,"idle in transaction",2019-11-20 06:08:14 UTC,11/70,0,L0G,00000,"statement: COMMIT TRANSACTION",,,,,,,,,"postgres_fdw"
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postgres fdw pushdown

T HEEFOWMERERYREMERR

Return o Fetch
e All
result <—‘ Predict — <:|
Filter . .
e e -
result result 'L%'La (Where%{q:) s

RBERE (avg, max)
EE=S19 (JOIN)
TopN (ORDER x LIMIT x)

| — AN RO A B E
o == - THEDENT, RRERDERBNER
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postgres_fdw pushdown PostgresFDWSZRHRE T

EXPLAIN VERBOSE SELECT *FROM users;
-- Remote SQL: SELECT id, username, password FROM public.users

EXPLAIN VERBOSE SELECT *FROM users WHERE id = 1234;
-- Remote SQL: SELECT id, username, password FROM public.users WHERE ((id = 1234))

EXPLAIN VERBOSE SELECT avg(id) FROM users;
-- Remote SQL: SELECT avg(id) FROM public.users

EXPLAIN VERBOSE SELECT *FROM users u JOIN pwd p USING(id) WHERE id = 1234;
-- Remote SQL: SELECT r1.id, r1.name, r2.pwd FROM (public.users r1 INNER JOIN public.pwd r2 ON (((r2.id = 1234)) AND ((r1.id = 1234)

EXPLAIN VERBOSE SELECT *FROM users u JOIN pwd p USING(id) ORDER BY id DESC LIMIT 1;
-- Remote SQL: SELECT r1.id, ri.name, r2.pwd FROM (public.users r1 INNER JOIN public.owd r2 ON (((r1.id = r2.id))))
— ORDER BY r1.id DESC NULLS FIRST LIMIT 1::bigint
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postgres fdw based sharding

FIRIMNRRANG S M, HHESEID A

BB LB Ko XR, EF—IINTD XARLEFMEEUBNAIER.
Hith o XAHMER, BREIEIS N BSLRATERIServer

users users users users
u_0 u_o u_o u_o
u_l u_l u_l u_l
u_2 u_2 u_2 u_2
u_3 u_3 u_3 u_3

© 2019411829830 © ARERERAES = W rostgresauiitx 9D : Mpup



B /LPostgreSQLHEIHIAR R = FFIEIK S

2019 PostgreSQL Conference China
7 Rl s n
D J_I users users

users_0 users_1 users_0 users_1
A A
REATE EXTENSION fdw;

¢ SION postgres_fdu; server n2 server nl
CREATE SERVER n2 FOREIGN DATA WRAPPER postgres_fdw

OPTIONS (host 'n2', port '5432', dbname 'test');

postgres_fdw postgres_fdw

CREATE USER MAPPING FOR public SERVER n2 7y 7y

OPTIONS (user 'postgres', password 'postgres');
CREATE TABLE users
C

id INTEGER,

name TEXT,

password text
) PARTITION BY HASH ( id );

CREATE TABLE users_0@ PARTITION OF users(id PRIMARY KEY )
FOR VALUES WITH (MODULUS 2, REMAINDER 0);

CREATE FOREIGN TABLE users_1 PARTITION OF users
FOR VALUES WITH (MODULUS 2, REMAINDER 1) SERVER n2;
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-- BAL100005 M EIEHEF D
INSERT INTO users (id,username) SELECT 1, 'user #' |l 1 FROM generate_series(l, 10000) 1i;
SELECT tableoid::RegClass, array_agg(id) FROM users GROUP BY tableoid;

A
v

tableoid *+ array_agg
{1,2,12,13,14,16,17,18,23,25,26,27,28,30,32,34,39,42,43, ..

1 users_©0
{3,4,5,6,7,8,9,10,11,15,19,20,21,22,24,29,31,33,35,36,37..

2 users_1
-- SEIEEREINGED R EROEUER, SBshEXEIENESR

test=# EXPLAIN VERBOSE SELECT * FROM users WHERE id = 3;
QUERY PLAN

Foreign Scan on public.users_1 (cost=100.00..121.21 rows=4 width=68)

Output: users_1.id, users_1l.username, users_1.password
Remote SQL: SELECT id, username, password FROM public.users_1 WHERE ((id = 3))

Fh: "‘l PostgreSQLFIG TR W
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-- HPEWETSXRE, EWSEMRAZERD XITES X

test=# EXPLAIN VERBOSE SELECT * FROM users LIMIT 200;
QUERY PLAN
Limit (cost=0.00..18.84 rows=200 width=68)
Output: users_0.id, users_0.name, users_0.password
-> Append (cost=0.00..163.90 rows=1740 width=68)
-> Seq Scan on public.users_0 (cost=0.00..18.50 rows=850 width=68)
Output: users_0.id, users_0.name, users_0.password
-> Foreign Scan on public.users_1 (cost=100.00..136.70 rows=890 width=68)
Output: users_1.id, users_1.name, users_1.password
Remote SQL: SELECT id, name, password FROM public.users_1
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FDW sharding FAQ

HMEBRAVLI SR o)
HMNERZRAIFE BN (0] 7R
SMNERRAO T IES 4 BEa) =R
JhERZRS EMFailover
FOWHERER
FDWAYsearch_path

iRt
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postgres fdw for CMDB
postgres_fdw FILAIEENIZFEPoSstgreSQLEYEE, BAM A BUEEURTZAUREESSHIRTEEE (catalog)
Flu: BMEE—TERTETENBEEZ=—"EELZFENRTRK, FHORTHK, SHRITRE

pg_catalog DB @

node2 @ nodel
nodes
node2 N

node3
pg_catalog

A] BMEFt M—T O R EREWAE % L ERENTERERS

pg_catalog
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CREATE SCHEMA IF NOT EXISTS "${node_id}";

CREATE SERVER IF NOT EXISTS "${node_id}"
FOREIGN DATA WRAPPER postgres_fdw
OPTIONS Chost '${host}', port '${port}', dbname '${dbname}');

CREATE USER MAPPING IF NOT EXISTS FOR postgres
SERVER "${node_id}" OPTIONS (user '${user}', password '${pass}');

IMPORT FOREIGN SCHEMA pg_catalog

EXCEPT (pg_attribute, pg_replication_slots, pg_statistic, pg_stats)
FROM SERVER "${node_id}" INTO "${node_id}";

H{EMpostgres_fdwS Ninfe R, MR ImiHEREFERFERT

CRATE RO T 5 7 8T S 4 repcation sl AGRBFERA, BREMNEESNZTFEN, REFICIRER
ek e s ZFERNMBREX, FAHEZHENAR
#lalpg_catalog.pg_replication_slotshyxmin=zEg

restart_lsn pg_lsn,
confirmed_flush_lsn pg_lsn
) SERVER "${node_id}" OPTIONS (schema_name 'pg_catalog', table_name 'pg_replication_slots');
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mysq I fd W https://github.com/EnterpriseDB/mysql_fdw
CREATE EXTENSION mysql_fdw; mysql_fdwSmongo_fdwiFHEDBIR {7 #5

CREATE SERVER mysql_server
FOREIGN DATA WRAPPER mysql_fdw

OPTIONS Chost '127.0.0.1', port '3306'); E?gmysqlﬁj’ mysql_fdwgﬁﬂ_‘/ﬁ—\{iﬁﬁ
CREATE USER MAPPING FOR postgres mysqlBICESIRENlibmysqglclient

SERVER mysql_server
OPTIONS (username 'foo', password 'bar');

CREATE FOREIGN TABLE warehouse(
warehouse_id int,
warehouse_name text,
warehouse_created datetime)
SERVER mysql_server
OPTIONS (dbname 'db', table_name 'warehouse');
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M on gO F D W https://github.com/EnterpriseDB/mongo_fdw

db.warehouse.find({"warehouse_id" : 1}).pretty()

{
"_id" : ObjectId("53720b1904864dc1f5a571a0"),
"warehouse_id" : 1,
"warehouse_name" : "UPS",

"warehouse_created" : ISODate("2014-12-12T07:12:10Z")

CREATE FOREIGN TABLE warehouse(
_id NAME,
warehouse_id int,
warehouse_name text,
warehouse_created timestamptz
)
SERVER mongo_server OPTIONS (database 'db', collection 'warehouse');

SELECT * FROM warehouse WHERE warehouse_id = 1;

_id | warehouse_id | warehouse_name | warehouse_created

53720b1904864dc1f5a571a0 | 1 | UPS | 12-DEC-14 12:12:10 +05:00
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MONEOFDW  MongoFDW&isWhere 54811 M SONE E 75

B &= 0

SQL Qual SON Operator
SQL SON SQL SON
= $eq < $lt
> $gt In $in
>= $gte Not in $nin
- $1trer - rAr—regrexpr - r$regre>i
<> $ne
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Ogm

BAMEMAT, MAIISEHT

OX-T. 3 1] @erw
OF 73 @Derex
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FDW [RIE

. DHTEEREMARISQLEIE—FE IR,
TRIER (FTES) EREITIZARSS S,
. SIRE A T use_remote_estimatelt Il (EAIAKH]) , MIITRIZFHIT EXPLAIN 83 2 DME T B KITRIBEZ RN,
TRISHRBRIT N A2 B A X ASQLIES), EREIIZIENEHENT (deparesing) .

5. FATSRB A AR SQLIE G RIXFIRZRS /RN R

A ON =

Local server Remote server

SELECT * FROM tbl_a AS a WHERE a.id { 10;

pg_catalog.pg_class

pg_catalog.pg_foreign_table “y
PlannedStmt

g /2l S
List  *plantree »| ForeignScan - targetlist - TargetEntry VarExpr I

y query tree
> TargetEntry VarExpr

datapase C Ser
fdw_private “SELECT id, data FROM public.tbl_a WHERE((id ¢ 10))” v (2)

I . S
List  *rtable > RangeTableEntry eref rtbl 1 » (id, data) pg_catalog.pg_ orelgn_serve? = @)

pg_catalog.pg_user_mapping 4)

relid=16433 ) v‘ plan tree

®)

time
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- ' SIS s (LR 4 1T
‘BEEFDW file_fdwsSEIImEF, SAEA10001T
2?::dew_handler(PG_FUNCTION_ARGS)

202 3L — R [B]1fE R 21 ¢

FdwRoutine xfdwroutine = makeNode(FdwRoutine);

fdwroutine->GetForeignRelSize = fileGetForeignRelSize;
fdwroutine->GetForeignPaths = fileGetForeignPaths;
fdwroutine->GetForeignPlan = fileGetForeignPlan;
fdwroutine—>ExplainForeignScan = fileExplainForeignScan;
fdwroutine->BeginForeignScan = fileBeginForeignScan;
fdwroutine->IterateForeignScan = fileIterateForeignScan;
fdwroutine—->ReScanForeignScan = fileReScanForeignScan;
fdwroutine->EndForeignScan = fileEndForeignScan;
fdwroutine->AnalyzeForeignTable = fileAnalyzeForeignTable;
fdwroutine—>IsForeignScanParallelSafe = fileIsForeignScanParallelSafe;

PG_RETURN_POINTER(fdwroutine);
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/* Functions for scanning foreign tables x/
routine—>GetForeignRelSize = postgresGetForeignRelSize;
routine->GetForeignPaths = postgresGetForeignPaths;
routine->GetForeignPlan = postgresGetForeignPlan;
routine—>BeginForeignScan = postgresBeginForeignScan;
routine—>IterateForeignScan = postgresIterateForeignScan;
routine->ReScanForeignScan = postgresReScanForeignScan;
routine->EndForeignScan = postgresEndForeignScan;

/* Functions for updating foreign tables x/
routine—>AddForeignUpdateTargets = postgresAddForeignUpdateTargets;
routine—>PlanForeignModify = postgresPlanForeignModify;
routine->BeginForeignModify = postgresBeginForeignModify;
routine->ExecForeignInsert = postgresExecForeignInsert;
routine->ExecForeignUpdate postgresExecForeignUpdate;
routine—>ExecForeignDelete = postgresExecForeignDelete;
routine->EndForeignModify = postgresEndForeignModify;
routine->BeginForeignInsert = postgresBeginForeignInsert;
routine->EndForeignInsert = postgresEndForeignInsert;
routine->IsForeignRelUpdatable = postgresIsForeignRelUpdatable;
routine->PlanDirectModify = postgresPlanDirectModify;
routine—>BeginDirectModify = postgresBeginDirectModify;
routine—>IterateDirectModify = postgresIterateDirectModify;
routine—>EndDirectModify = postgresEndDirectModify;

© 20195:118298-308 © EHERERCES
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/* Function for EvalPlanQual rechecks */
routine—>RecheckForeignScan = postgresRecheckForeignScan;

/* Support functions for EXPLAIN x/
routine->ExplainForeignScan = postgresExplainForeignScan;
routine—>ExplainForeignModify = postgresExplainForeignModify;
routine—>ExplainDirectModify = postgresExplainDirectModify;

/* Support functions for ANALYZE x/
routine->AnalyzeForeignTable = postgresAnalyzeForeignTable;

/* Support functions for IMPORT FOREIGN SCHEMA x/
routine—>ImportForeignSchema = postgresImportForeignSchema;

/* Support functions for join push-down x/
routine—>GetForeignJoinPaths = postgresGetForeignJoinPaths;

/* Support functions for upper relation push-down *x/
routine->GetForeignUpperPaths = postgresGetForeignUpperPaths;

¥ PostgreSQLAFHK
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Multicorn https://multicorn.org
RVHERPythonfRSFDW, RAFRE JE, FILARNSER, IRAME+E. (BERBIRXHFEIPostgreSQL 10
IBAETE = RT, TR, &

=

from multicorn import ForeignDataWrapper
class ConstantForeignDataWrapper(ForeignDataWrapper):
def __init__(self, options, columns):
super(ConstantForeignDataWrapper, self).__init__(options, columns)

self.columns = columns

def execute(self, quals, columns):
for index in range(20):

line = {}
for column_name in self.columns:

line[column_name] = '"%s %s' % (column_name, index)
yield line
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