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HI, I’M SAM

PhD in Semantic Web, knowledge representation, automated reasoning 

Spent 5 ½ years at Flatiron Health in NYC analyzing oncology data

Less big data, more artisanal handcrafted data

Used PostgreSQL, SQL Server, in-house ETL tooling, lots of Python

Looking at PostgreSQL topics from a user perspective

Twitter: @spbail (mostly data/tech, New York rants, and bunny pictures)



IS THIS TALK FOR ME?

I’m pretty new to 
the topic!

I’ve already 
used them!

What’s your experience with 
Foreign Data Wrappers?

Awesome! You’ll learn 
something new!

Stick around to share your 
thoughts at the end!

Hate ‘em :(Love ‘em :)



OUTLINE

Why and 
what?

1 2 3 4
FDW in 
the wild

BYO 
FDW! Wrap-up



1 - WHY AND WHAT

Your one-stop data shop



THE PROBLEM - PT1

SQL queriesData in db1 Insights, 
apps, etc.



THE PROBLEM - PT2

SQL queries Insights, 
apps, etc.

db1

db2



THE PROBLEM - PT2

SQL queries Insights, 
apps, etc.

db1

db2

Cross-database querying doesn’t 
work out of the box!

Do we need an ETL pipeline?

* AFAIK, SQL Server supports cross-DB and cross-server queries, MySQL uses “federated storage engine”, 
Oracle has “database link”...



A SOLUTION - POSTGRES EXTENSIONS

Pre-PostgreSQL 9.1: 
dblink

PostgreSQL 9.1+:
Read-only Foreign Data Wrapper (FDW)

PostgreSQL 9.3+:
INSERT/UPDATE/DELETE with FDW



SAMPLE DATA

db1=# SELECT * FROM zoo LIMIT 5;
 id | nickname |          type          | gender | age
----+----------+------------------------+--------+-----
  1 | Tadd     | Turaco, violet-crested | Male   |   7
  2 | Zuzana   | Vervet monkey          | Female |  17
  3 | Taryn    | Phascogale, red-tailed | Female |   8
  4 | Bondy    | Eland, common          | Male   |  11
  5 | Janette  | Python, carpet         | Female |  25
(5 rows)

db2=# SELECT * FROM animal_lookup LIMIT 5;
 id |            common_name            |       scientific_name
----+-----------------------------------+------------------------------
  1 | Yellow-necked spurfowl            | Francolinus leucoscepus
  2 | Tiger snake                       | Notechis semmiannulatus
  3 | Hornbill, yellow-billed           | Tockus flavirostris
  4 | Malagasy ground boa               | Acrantophis madagascariensis
  5 | Tarantula, salmon pink bird eater | Lasiodora parahybana
(5 rows)

What if I want Janette 
the carpet python’s 
scientific name from 
db2? We can’t just join 
tables across DBs…



DBLINK EXAMPLE - PT1

db1=# CREATE EXTENSION dblink;

db1=# SELECT *
db1-# FROM dblink('dbname=db2', 'SELECT common_name, scientific_name FROM animal_lookup')
db1-# AS (common_name TEXT, scientific_name TEXT);
             common_name              |           scientific_name
--------------------------------------+-------------------------------------
 Yellow-necked spurfowl               | Francolinus leucoscepus
 Tiger snake                          | Notechis semmiannulatus
 Hornbill, yellow-billed              | Tockus flavirostris
 Malagasy ground boa                  | Acrantophis madagascariensis
 Tarantula, salmon pink bird eater    | Lasiodora parahybana
 Stork, white                         | Ciconia ciconia
 Scarlet macaw                        | Ara macao
 Dunnart, fat-tailed                  | Smithopsis crassicaudata
 Common boubou shrike                 | Laniarius ferrugineus
 Dusky rattlesnake                    | Crotalus triseriatus
...



DBLINK EXAMPLE - PT2

db1=# SELECT z.*, a.scientific_name
FROM zoo z
LEFT JOIN (
SELECT *
FROM dblink('dbname=db2', 'SELECT common_name, scientific_name FROM animal_lookup')
AS (common_name TEXT, scientific_name TEXT)
) a ON z.type = a.common_name;
 id  | nickname  |             type             | gender | age |        scientific_name
-----+-----------+------------------------------+--------+-----+-------------------------------
  22 | Giacopo   | Common boubou shrike         | Male   |  10 | Laniarius ferrugineus
  30 | Florida   | Gecko, ring-tailed           | Female |  14 | Cyrtodactylus louisiadensis
  13 | Joe       | Wallaby, red-necked          | Male   |  21 | Macropus rufogriseus
  41 | Aidan     | Insect, stick                | Female |  16 | Leprocaulinus vipera
  93 | Remus     | Bat, little brown            | Male   |  19 | Myotis lucifugus
  22 | Giacopo   | Common boubou shrike         | Male   |  10 | Laniarius ferrugineus
  20 | Ingmar    | Mongoose, eastern dwarf      | Male   |  25 | Helogale undulata
  36 | Lawton    | Jackal, silver-backed        | Male   |  22 | Canis mesomelas
  68 | Alonzo    | Red and blue macaw           | Male   |   3 | Ara chloroptera
...



FDW EXAMPLE - PT1

Load  (the built-in) extension - needs to be 
done only once per db

Create foreign server - needs to be done 
only once per foreign data source

Create a user mapping from user in db1 to 
user in db2 (can be different user names) 

Create the foreign table (do this once for 
each table - alternatively, import a foreign 
schema to create the foreign tables)

db1=# CREATE EXTENSION postgres_fdw;

db1=# CREATE SERVER db2foreign
db1-# FOREIGN DATA WRAPPER postgres_fdw
db1-# OPTIONS (host 'localhost', dbname 'db2');

db1=# CREATE USER MAPPING FOR sam
db1-# SERVER db2foreign
db1-# OPTIONS (user 'sam');

db1=# CREATE FOREIGN TABLE animal_lookup (
db1(#   id INTEGER,
db1(#   common_name TEXT,
db1(#   scientific_name TEXT)
db1-# SERVER db2foreign
db1-# OPTIONS (table_name 'animal_lookup');



FDW EXAMPLE - PT2

db1=# SELECT z.*, a.scientific_name
db1-# FROM zoo z
db1-# LEFT JOIN animal_lookup a ON (z.type = a.common_name);
 id  | nickname  |             type             | gender | age |        scientific_name
-----+-----------+------------------------------+--------+-----+-------------------------------
  22 | Giacopo   | Common boubou shrike         | Male   |  10 | Laniarius ferrugineus
  30 | Florida   | Gecko, ring-tailed           | Female |  14 | Cyrtodactylus louisiadensis
  13 | Joe       | Wallaby, red-necked          | Male   |  21 | Macropus rufogriseus
  41 | Aidan     | Insect, stick                | Female |  16 | Leprocaulinus vipera
  93 | Remus     | Bat, little brown            | Male   |  19 | Myotis lucifugus
  22 | Giacopo   | Common boubou shrike         | Male   |  10 | Laniarius ferrugineus
  20 | Ingmar    | Mongoose, eastern dwarf      | Male   |  25 | Helogale undulata
  36 | Lawton    | Jackal, silver-backed        | Male   |  22 | Canis mesomelas
  68 | Alonzo    | Red and blue macaw           | Male   |   3 | Ara chloroptera
  46 | Shaine    | Cat, european wild           | Female |   9 | Felis silvestris lybica
  36 | Lawton    | Jackal, silver-backed        | Male   |  22 | Canis mesomelas
  26 | Rees      | Civet, common palm           | Male   |  11 | Paradoxurus hermaphroditus
  37 | Amalita   | Bohor reedbuck               | Female |   6 | Redunca redunca
...



FDW UNDER THE HOOD

Several K lines 
of C code



2 - FDW IN THE WILD

Some examples of Foreign Data Wrappers in action



EXAMPLE 1: SAME HOST

db1 db2

Multiple Postgres DBs on the 
same host (already demo’d)

+

host A



EXAMPLE 2: DIFFERENT HOSTS

db1 db2

Multiple Postgres DBs on 
different hosts

+

host A host B



EXAMPLE 2: DIFFERENT HOSTS

https://rnacentral.org/help/public-database

https://rnacentral.org/help/public-database


db1=# CREATE SERVER ebiserver
db1-# FOREIGN DATA WRAPPER postgres_fdw
db1-# OPTIONS (host 'hh-pgsql-public.ebi.ac.uk', dbname 'pfmegrnargs', port '5432');

db1=# CREATE USER MAPPING FOR sam
db1-# SERVER ebiserver
db1-# OPTIONS (user 'reader', password 'NWDMCE5xdipIjRrp');

db1=# CREATE FOREIGN TABLE protein_info (
db1(#   protein_accession TEXT,
db1(#   description TEXT,
db1(#   label TEXT,
db1(#   synonyms TEXT)
db1-# SERVER ebiserver
db1-# OPTIONS (table_name 'protein_info', schema_name 'rnacen');

EXAMPLE 2: DIFFERENT HOSTS

Example of user mapping 
to a different user



EXAMPLE 3: PG TO OTHER DBMS

db1 (PostgreSQL) db3 (MySQL, Oracle, 
MongoDB, Neo4j, etc.)

Multiple different relational or NoSQL 
DBs (on same or different hosts)

+



I WANT TO INTEGRATE MORE GENE DATA

http://ensemblgenomes.org/info/access/mysql

How do we connect from 
pg to a MySQL db!?

http://ensemblgenomes.org/info/access/mysql


TO THE FDW WIKI!

https://wiki.postgresql.org/wiki/Foreign_data_wrappers

https://wiki.postgresql.org/wiki/Foreign_data_wrappers


FDW INSTALLATION

Most FDW installs are 
pretty similar: download, 
compile, install*

* Then kick and repeat until it works



db1=# CREATE EXTENSION mysql_fdw;

db1=# CREATE SERVER ensemblserver
db1-# FOREIGN DATA WRAPPER mysql_fdw
db1-# OPTIONS (host 'mysql-eg-publicsql.ebi.ac.uk', port '4157');

db1=# CREATE USER MAPPING FOR sam
db1-# SERVER ensemblserver
db1-# OPTIONS (username 'anonymous');

db1=# CREATE FOREIGN TABLE ncbi_taxa_name (
db1(#   taxon_id INTEGER,
db1(#   name TEXT,
db1(#   name_class TEXT)
db1-# SERVER ensemblserver
db1-# OPTIONS (table_name 'ncbi_taxa_name', dbname 'ncbi_taxonomy');

EXAMPLE 3: PG TO OTHER DBMS

mysql_fdw takes dbname 
option in create foreign 
table statement



db1=# SELECT * FROM ncbi_taxa_name;
 taxon_id |                                       name                |     name_class
----------+-----------------------------------------------------------+---------------------
        1 | all                                                       | synonym
        1 | root                                                      | scientific name
        2 | Bacteria                                                  | scientific name
        2 | Monera                                                    | in-part
        2 | Procaryotae                                               | in-part
        2 | Prokaryota                                                | in-part
        2 | Prokaryotae                                               | in-part
        2 | bacteria                                                  | blast name
        2 | eubacteria                                                | genbank common name
        2 | not Bacteria Haeckel 1894                                 | synonym
        2 | prokaryote                                                | in-part
        2 | prokaryotes                                               | in-part
        6 | Azorhizobium                                              | scientific name
        6 | Azotirhizobium                                            | misspelling
...

EXAMPLE 3: PG TO OTHER DBMS



EXAMPLE 4: PG TO… ANYTHING

db1 (PostgreSQL)
Anything that can 

return tabular data!

+



EXAMPLE 4: PG TO… ANYTHING



EXAMPLE 4: PG TO… ANYTHING

What if our zoologists maintain 
this lookup table in a Google 
spreadsheet?



THE FDW WIKI - TO INFINITY AND BEYOND



THE FDW WIKI - TO INFINITY AND BEYOND

Why hello there!



db1=# CREATE EXTENSION multicorn;

db1=# CREATE SERVER multicorn_gspreadsheet
db1-# FOREIGN DATA WRAPPER multicorn
db1-# OPTIONS (
db1(#   wrapper 'gspreadsheet_fdw.GspreadsheetFdw'
db1(# );

db1=# CREATE FOREIGN TABLE animal_lookup_gsheet (
db1(#   id INTEGER,
db1(#   common_name TEXT,
db1(#   scientific_name TEXT)
db1-# SERVER multicorn_gspreadsheet
db1-# OPTIONS (
db1(#   gskey '1j3jhy2EWaHbdJ0STKpPc668lhOVW4iwEqYas93TYtBY',
db1(#   keyfile '/Users/sam/code/fdw_test_auth.json'
db1(# );

EXAMPLE 4: PG TO… ANYTHING

I’ll explain this in the next section!



db1=# SELECT * FROM animal_lookup_gsheet;
  id  |             common_name              |           scientific_name
------+--------------------------------------+-------------------------------------
    1 | Yellow-necked spurfowl               | Francolinus leucoscepus
    2 | Tiger snake                          | Notechis semmiannulatus
    3 | Hornbill, yellow-billed              | Tockus flavirostris
    4 | Malagasy ground boa                  | Acrantophis madagascariensis
    5 | Tarantula, salmon pink bird eater    | Lasiodora parahybana
    6 | Stork, white                         | Ciconia ciconia
    7 | Scarlet macaw                        | Ara macao
    8 | Dunnart, fat-tailed                  | Smithopsis crassicaudata
    9 | Common boubou shrike                 | Laniarius ferrugineus
   10 | Dusky rattlesnake                    | Crotalus triseriatus
   11 | Ass, asiatic wild                    | Equus hemionus
   12 | Gecko, ring-tailed                   | Cyrtodactylus louisiadensis
   13 | Klipspringer                         | Oreotragus oreotragus
   14 | Great horned owl                     | Bubo virginianus
   15 | Cottonmouth                          | Agkistrodon piscivorus
...

EXAMPLE 4: PG TO… ANYTHING

I just queried a 
Google sheet from 
PostgreSQL… woo!



FDW CONSIDERATIONS*

Requires no additional tooling*, 
machines, and storage*

Single interface for users, easier to 
run ad-hoc queries (e.g. for 
development, QA, spot-checks)

Version changes, upgrades, etc might 
be more brittle than with ETL tooling

Some security concerns, e.g. mapping 
to “too powerful” user

No control over external data sources 
(but that’s a problem either way)

Ability to distribute data over 
multiple servers

Benefits (over ETL pipelines) Some concerns

What’s the data backup strategy?
One-step data migrations from other 
sources Performance might be worse 

depending on use case

* This is a terrible slide, let’s discuss later



3 - BYO FDW!

From zero to wrap in five minutes*
*after I spent several hours getting my old Mac back into shape for development



db1=# CREATE EXTENSION multicorn;

db1=# CREATE SERVER multicorn_gspreadsheet
db1-# FOREIGN DATA WRAPPER multicorn
db1-# OPTIONS (
db1(#   wrapper 'gspreadsheet_fdw.GspreadsheetFdw'
db1(# );

db1=# CREATE FOREIGN TABLE animal_lookup_gsheet (
db1(#   id INTEGER,
db1(#   common_name TEXT,
db1(#   scientific_name TEXT)
db1-# SERVER multicorn_gspreadsheet
db1-# OPTIONS (
db1(#   gskey '1j3jhy2EWaHbdJ0STKpPc668lhOVW4iwEqYas93TYtBY',
db1(#   keyfile '/Users/sam/code/fdw_test_auth.json'
db1(# );

SIDEBAR: MULTICORN

I’ll explain this now!



SIDEBAR: MULTICORN***

PostgreSQL server Multicorn 
(C library)

Python module 
(inherits from 

Multicorn  class)

Data source

*** Caveats
1) Multicorn does not appear to be under active development. There are known issues with PostgreSQL 11. Check github 
issues and use with caution. Or help get it back in shape!
2) I haven’t figured out how to point PostgreSQL to my virtual Python env, so I’m stuck with MacOS system Python (2.7)



db1=# CREATE EXTENSION multicorn;

db1=# CREATE SERVER multicorn_gspreadsheet
db1-# FOREIGN DATA WRAPPER multicorn
db1-# OPTIONS (
db1(#   wrapper 'gspreadsheet_fdw.GspreadsheetFdw'
db1(# );

db1=# CREATE FOREIGN TABLE animal_lookup_gsheet (
db1(#   id INTEGER,
db1(#   common_name TEXT,
db1(#   scientific_name TEXT)
db1-# SERVER multicorn_gspreadsheet
db1-# OPTIONS (
db1(#   gskey '1j3jhy2EWaHbdJ0STKpPc668lhOVW4iwEqYas93TYtBY',
db1(#   keyfile '/Users/sam/code/fdw_test_auth.json'
db1(# );

SIDEBAR: MULTICORN

This is where we specify 
the Python module

Options depend 
on the wrapper



A MULTICORN MODULE UNDER THE HOOD



A MULTICORN MODULE UNDER THE HOOD

Component 1: a setup file



A MULTICORN MODULE UNDER THE HOOD

Component 2: a class that inherits from 
multicorn’s ForeignDataWrapper

... Component 3: implement “execute” method 
(return rows from data source)

** Optional: implement insert/update/delete



BYO FDW



BYO BORING FDW 

https://docs.google.com/file/d/1cXy20b9b0LDAFUTLEP59RkOvcJSrorAe/preview


4 - WRAP-UP

See what I did there?



QUICK SUMMARY

Cross-Postgres DB 
querying with dblink 

and FDW

postgresql_fdw under 
the hood

Cross-anything 
querying with FDW

Where to find 
existing FDW

FDW considerations

Multicorn overview

Caveats

End-to-end FDW 
building with Multicorn

Why and 
what?

1 2 3
FDW in 
the wild

BYO 
FDW!



THANK YOU!

Sam Bail @spbail
Slides will be on my github



Q&A

Have you (successfully) used FDW?1

2 What are your anti-examples for FDW?

Do you have any questions for me?3
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