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What am I going to talk about?

1 . W h a t d o e s “ P o s t g r e s c o m p a t i b l e ” m e a n ?

2 . T h e P o s t g r e s p r o t o c o l

3 . P g B o u n c e r

4 . M o t h e r D u c k P o s t g r e s E n d p o i n t

5 . B u i l d i n g y o u r o w n P o s t g r e s c o m p a t i b l e d a t a b a s e



“Postgres compatible” databases

F o r k s
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A l l o y D B Y u g a b y t e D B
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E x t e n s i o n s
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T i m e s c a l e D B p g _ d u c k d b
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S p a n n e r M a t e r i a l i z e R i s i n g W a v e

Q u e s t D B C r a t e D B
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“Only PostgreSQL is fully Postgres compatible.”
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THE PROTOCOL

01010001 00000000

00000000 00000000

00001101 01010011

01000101 01001100 …

01010001 00000000

00000000 00000000

00001101 01010011

01000101 01001100 …



Protocol 101

• T C P c o n n e c t i o n = = d a t a b a s e s e s s i o n

• O n e b y t e m e s s a g e t y p e , f o u r b y t e l e n g t h , p a y l o a d

Byte Int32 ...

+-----+-------+-----------------------+

| 'Q' | len | "SELECT 1\0" |

+-----+-------+-----------------------+
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Startup

>_ C l i e n t S e r v e r

T L S

– SSLRequest

S 'S' then TLS handshake, or 'N'

A u t h

– StartupMessage(user, database, options...)

R AuthenticationSASL

p SASLInitialResponse, SASLResponse, ...

R AuthenticationOk

S e s s i o n

S ParameterStatus(server_version, client_encoding, ...)

K BackendKeyData(pid, secret)

Z ReadyForQuery('I')
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The rest

• Terminate

• CancelRequest, o n a n e w c o n n e c t i o n

• COPY

• LISTEN / NOTIFY

• R e p l i c a t i o n



PGBOUNCER
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SET TimeZone = 'Europe/Amsterdam';

• C h a n g e s t h e s e r v e r c o n n e c t i o n

• T h e n e x t c l i e n t o n t h a t c o n n e c t i o n i n h e r i t s i t

• P g B o u n c e r n e v e r s a w t h e SET



Hoop 2: SET

SET TimeZone = 'Europe/Amsterdam';

• C h a n g e s t h e s e r v e r c o n n e c t i o n

• T h e n e x t c l i e n t o n t h a t c o n n e c t i o n i n h e r i t s i t

• P g B o u n c e r n e v e r s a w t h e SET



Hoop 2: ParameterStatus to the rescue

>_ C l i e n t S e r v e r

Q Query("SET TimeZone = 'Europe/Amsterdam'")

• T h e s e r v e r r e p o r t s s o m e s e t t i n g s : a t s t a r t u p , a n d w h e n e v e r t h e y

c h a n g e

• O n l y t h e o n e s m a r k e d GUC_REPORT: client_encoding,

DateStyle, TimeZone, server_version, …
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>_ C l i e n t S e r v e r
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Hoop 2: SET

• ParameterStatus t e l l s P g B o u n c e r a b o u t t h e r e p o r t e d s e t t i n g s

• P g B o u n c e r r e m e m b e r s t h e m p e r c l i e n t

• A n d r e p l a y s t h e m w h e n t h a t c l i e n t g e t s a n e w s e r v e r c o n n e c t i o n

• E v e r y t h i n g e l s e : SET LOCAL, o r a c c e p t t h e p a i n



Hoop 2: SET

• ParameterStatus t e l l s P g B o u n c e r a b o u t t h e r e p o r t e d s e t t i n g s

• P g B o u n c e r r e m e m b e r s t h e m p e r c l i e n t

• A n d r e p l a y s t h e m w h e n t h a t c l i e n t g e t s a n e w s e r v e r c o n n e c t i o n

• E v e r y t h i n g e l s e : SET LOCAL, o r a c c e p t t h e p a i n



MOTHERDUCK POSTGRES ENDPOINT
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S Q L i t e

D u c k D B
M o t h e r D u c k



What is DuckDB?

E m b e d d e d C l i e n t - s e r v e r

T r a n s a c t i o n a l

A n a l y t i c s

P o s t g r e s
S Q L i t e

D u c k D B
M o t h e r D u c k



What is DuckDB?

E m b e d d e d C l i e n t - s e r v e r

T r a n s a c t i o n a l

A n a l y t i c s

P o s t g r e s
S Q L i t e

D u c k D B
M o t h e r D u c k



What is DuckDB?

E m b e d d e d C l i e n t - s e r v e r

T r a n s a c t i o n a l

A n a l y t i c s

P o s t g r e s
S Q L i t e

D u c k D B
M o t h e r D u c k



What is the MotherDuck Postgres Endpoint?

• B I t o o l s , O R M s a n d l e g a c y a p p s s p e a k

P o s t g r e s

“Make MotherDuck pretend to

be Postgres.”
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DuckDB is already close to Postgres

• D u c k D B ’ s S Q L i s m o d e l l e d o n P o s t g r e s

• D e v i a t e s o n p u r p o s e o n l y w i t h g o o d r e a s o n



And deviates by accident too



MotherDuck on the line

W i r e p r o t o c o l S Q L d i a l e c t S y s t e m c a t a l o g s B u g s

P o s t g r e sP g B o u n c e r M o t h e r D u c k

• W h e r e d o e s t h e p r o t o c o l e n d ?
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THE SQL DIALECT



The SQL dialect bleeds into the protocol



Type OIDs

O I D T y p e

1 6 b o o l

2 3 i n t 4

2 5 t e x t

1 1 8 4 t i m e s t a m p t z

1 7 0 0 n u m e r i c

• N o t p a r t o f t h e p r o t o c o l s p e c !
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Text or binary?

• S i m p l e q u e r y p r o t o c o l : a l w a y s t e x t

• E x t e n d e d q u e r y p r o t o c o l : c l i e n t p i c k s p e r c o l u m n

• T h e s p e c s a y s h o w t o c h o o s e , b u t n o t w h a t t h e v a l u e s l o o k l i k e

In practice both formats and type OIDs

are part of the protocol.
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Text format

T y p e P o s t g r e s D u c k D B

b o o l t true

i n t 4 [ ] {1,2,3} [1, 2, 3]

t e x t [ ] {"a b",NULL,"\"q\""} [a b, NULL, "q"]

b y t e a \x0102 \x01\x02

s t r u c t (1,foo) {'a': 1, 'b': foo}



Binary format

• D o c u m e n t e d n o w h e r e : “ j u s t l o o k a t t h e c o d e ”

• timestamp: m i c r o s e c o n d s s i n c e 2 0 0 0 - 0 1 - 0 1

• numeric: b a s e 1 0 0 0 0 d i g i t s , w e i g h t , s i g n , s c a l e

• N o e s c a p e h a t c h : a c l i e n t t h a t a s k s f o r b i n a r y e x p e c t s b i n a r y

• D e f a u l t f o r pgx ( G o ) , N p g s q l ( . N E T ) , a s y n c p g ( P y t h o n )
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SET commands you don’t have

SET extra_float_digits = 3; -- JDBC

SET application_name = '...';

SET datestyle TO 'ISO'; -- psycopg2

SET statement_timeout = 30000; -- ORMs

SET ssl_renegotiation_limit = 0; -- old JDBC

SET ROLE NONE;

• S e n t b e f o r e t h e f i r s t r e a l q u e r y



ParameterStatus at startup

ParameterStatus(server_version, 18.2)

ParameterStatus(client_encoding, UTF8)

ParameterStatus(standard_conforming_strings, on)

ParameterStatus(integer_datetimes, on)

ParameterStatus(DateStyle, ISO, YMD)

ParameterStatus(TimeZone, UTC)

• C l i e n t s r e l y o n t h e s e e v e n i f t h e y n e v e r SET a n y t h i n g

• standard_conforming_strings: h o w l i b p q a n d J D B C e s c a p e

s t r i n g s

• DateStyle: h o w t e x t d a t e s a r e p a r s e d

• integer_datetimes: h o w b i n a r y t i m e s t a m p s a r e d e c o d e d
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Version

W h a t D u c k D B s a y s :

SELECT version();

"version"()

-------------

v1.5.5

W h a t c l i e n t s d o w i t h i t :

PostgreSQL (\d+)\.(\d+) -- no match, or worse: Postgres 1.5
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Version, take two

SELECT version();

"version"()

--------------------------------------------------------

PostgreSQL 18.2 on MotherDuck running DuckDB v1.5.5

k n e x , a N o d e . j s q u e r y b u i l d e r :

Cannot read properties of null (reading '1')
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Column names

W i t h o u t a n a l i a s , D u c k D B n a m e s a c o l u m n a f t e r t h e e x p r e s s i o n :

SELECT 1 + 1, version();

(1 + 1) | "version"()

---------+------------------------

2 | PostgreSQL 18.2 on ...

P o s t g r e s d o e s n ’ t :

SELECT 1 + 1, version();

?column? | version

----------+------------------------

2 | PostgreSQL 18.2 on ...



Column names
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Version, take three

SELECT version();

version

--------------------------------------------------------

PostgreSQL 18.2 on MotherDuck running DuckDB v1.5.5



Compatibility is whack-a-mole



SYSTEM CATALOGS



System catalogs

• information_schema i s S Q L S t a n d a r d

• D u c k D B h a s i t a n d p l e n t y o f t o o l s u s e i t

• B u t m o s t t o o l s a l s o n e e d s o m e t h i n g P o s t g r e s s p e c i f i c l i k e :

SELECT udt_name FROM information_schema.columns WHERE ...

-- int4, _text, timestamptz: Postgres' internal type names
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Small: functions that do nothing

• pg_get_expr d e p a r s e s a s t o r e d e x p r e s s i o n t r e e , p r e t t i l y i f y o u a s k

SELECT pg_get_expr('some_expr', 0, true);

-- some_expr



Small: views that can return nothing

CREATE VIEW pg_catalog.pg_roles AS

SELECT NULL::oid AS oid, NULL::name AS rolname, ...

WHERE false;

• pg_roles, pg_range, pg_inherits, pg_policy, …

• Z e r o r o w s i s f i n e , a m i s s i n g t a b l e i s n o t
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Medium: the reg types

SELECT 'orders'::regclass::oid; -- 16384

SELECT 16384::regclass; -- orders

SELECT indexrelid::regclass FROM pg_index

-- indrelid is a plain oid column

WHERE indrelid = 'orders'::regclass;

• regclass f o r t a b l e s , regproc f o r f u n c t i o n s , regtype f o r t y p e s , …
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Medium: the reg types and the search_path

• N a m e r e s o l u t i o n f o l l o w s t h e search_path i n b o t h d i r e c t i o n s

SET search_path = shop;

SELECT 16384::regclass; -- orders

SELECT 'orders'::regclass::oid; -- 16384

SET search_path = archive;

SELECT 16384::regclass; -- shop.orders

SELECT 'shop.orders'::regclass::oid; -- 16384
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Medium: type loading queries

• T h e c o m m o n t y p e O I D s a r e w e l l - k n o w n , d r i v e r s h a r d c o d e t h e m

• S o m e d r i v e r s a l s o l o o k a t pg_type f o r t y p e s t h e y d o n ’ t k n o w a b o u t

• pg_type h a s ~ 3 0 c o l u m n s , a n d n o t o n e s a y s “ t h i s i s a n a r r a y ”

-- pgjdbc (Java): is this an array type?

SELECT typinput = 'pg_catalog.array_in'::regproc

FROM pg_type WHERE typname = '_int4';
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Medium: type loading queries

-- Npgsql (.NET): same question, different way

LEFT JOIN pg_proc AS proc ON proc.oid = typ.typreceive

CASE WHEN proc.proname = 'array_recv' THEN 'a' ...

• S o pg_type a n d pg_proc n e e d d u m m y d a t a f o r t h i s …

• F o r f u n c t i o n s t h a t t h e y d o n ’ t h a v e
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Medium: pg_attribute.atttypmod

T h e t y p e m o d i f i e r , n e x t t o t h e t y p e O I D , f o r e v e r y c o l u m n o f e v e r y t a b l e :

DECIMAL(18,6) -> ((18 << 16) | 6) + 4 = 1179658

VARCHAR(100) -> 100 + 4 = 104

anything else -> -1

• format_type(atttypid, atttypmod) d e c o d e s i t , J D B C

c o m p u t e s COLUMN_SIZE f r o m i t

• D o c u m e n t e d n o w h e r e e i t h e r , t i m e t o r e a d t h e s o u r c e c o d e
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Big: primary keys

p g j d b c ’ s getPrimaryKeys(), a s s e n t b y e v e r y J D B C b a s e d t o o l :

SELECT ...,

(information_schema._pg_expandarray(i.indkey)).n AS KEY_SEQ,

...

FROM pg_catalog.pg_class ct

JOIN pg_catalog.pg_attribute a ON (ct.oid = a.attrelid)

JOIN pg_catalog.pg_namespace n ON (ct.relnamespace = n.oid)

JOIN pg_catalog.pg_index i ON (a.attrelid = i.indrelid)

JOIN pg_catalog.pg_class ci ON (ci.oid = i.indexrelid)

WHERE n.nspname = 'main' AND ct.relname = 'orders'

AND i.indisprimary
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Final boss: psql

\d orders, q u e r y 1 : w h i c h t a b l e d o y o u m e a n ?

SELECT c.oid, n.nspname, c.relname

FROM pg_catalog.pg_class c

LEFT JOIN pg_catalog.pg_namespace n

ON n.oid = c.relnamespace

WHERE c.relname OPERATOR(pg_catalog.~) '^(orders)$'

COLLATE pg_catalog.default

AND pg_catalog.pg_table_is_visible(c.oid)

ORDER BY 2, 3;
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Final boss: psql

Q u e r y 2 : w h a t k i n d o f t a b l e i s i t ?

SELECT c.relchecks, c.relkind, c.relhasindex,

c.relhasrules, c.relhastriggers, c.relrowsecurity,

c.relforcerowsecurity, false AS relhasoids,

c.relispartition, '', c.reltablespace,

CASE WHEN c.reloftype = 0 THEN '' ELSE

c.reloftype::pg_catalog.regtype::pg_catalog.text END,

c.relpersistence, c.relreplident, am.amname

FROM pg_catalog.pg_class c

LEFT JOIN pg_catalog.pg_class tc ON (c.reltoastrelid = tc.oid)

LEFT JOIN pg_catalog.pg_am am ON (c.relam = am.oid)

WHERE c.oid = '16384';



Final boss: psql

Q u e r y 2 : w h a t k i n d o f t a b l e i s i t ?

SELECT c.relchecks, c.relkind, c.relhasindex,

c.relhasrules, c.relhastriggers, c.relrowsecurity,

c.relforcerowsecurity, false AS relhasoids,

c.relispartition, '', c.reltablespace,

CASE WHEN c.reloftype = 0 THEN '' ELSE

c.reloftype::pg_catalog.regtype::pg_catalog.text END,

c.relpersistence, c.relreplident, am.amname

FROM pg_catalog.pg_class c

LEFT JOIN pg_catalog.pg_class tc ON (c.reltoastrelid = tc.oid)

LEFT JOIN pg_catalog.pg_am am ON (c.relam = am.oid)

WHERE c.oid = '16384';



Final boss: psql

Q u e r y 2 : w h a t k i n d o f t a b l e i s i t ?

SELECT c.relchecks, c.relkind, c.relhasindex,

c.relhasrules, c.relhastriggers, c.relrowsecurity,

c.relforcerowsecurity, false AS relhasoids,

c.relispartition, '', c.reltablespace,

CASE WHEN c.reloftype = 0 THEN '' ELSE

c.reloftype::pg_catalog.regtype::pg_catalog.text END,

c.relpersistence, c.relreplident, am.amname

FROM pg_catalog.pg_class c

LEFT JOIN pg_catalog.pg_class tc ON (c.reltoastrelid = tc.oid)

LEFT JOIN pg_catalog.pg_am am ON (c.relam = am.oid)

WHERE c.oid = '16384';
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And then four more queries like that…

…for a single backslash command.

• A n d w e h a v e n ’ t e v e n t a l k e d a b o u t t a b c o m p l e t i o n , w h i c h d o e s

s i m i l a r t h i n g s
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“I won’t stop until we support \d”
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T h i n g s D u c k D B d o e s n ’ t s u p p o r t ( y e t ) , a n d c l i e n t s a s k f o r a n y w a y :

• C u r s o r s : DECLARE ... CURSOR, FETCH 100 FROM ...

• SERIALIZABLE i s o l a t i o n

• R a n g e t y p e s , LISTEN / NOTIFY

• client_encoding o t h e r t h a n U T F - 8

A clear error beats a wrong answer.
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If you want to feel this pain too

h t t p s : / / g i t h u b . c o m / j e r o e n r i n z e m a / p s q l - w i r e

• P u r e G o P o s t g r e s s e r v e r w i r e p r o t o c o l

• Y o u p r o v i d e : a f u n c t i o n f r o m q u e r y s t r i n g t o r o w s

https://github.com/jeroenrinzema/psql-wire


Hello world: the echo database

S u p p o r t s e x a c t l y o n e s t a t e m e n t : SELECT '<anything>';

var selectLiteral = regexp.MustCompile(

`(?is)^\s*SELECT\s+'(.*)'\s*;?\s*$`)

var columns = wire.Columns{

{Name: "echo", Oid: pgtype.TextOID, Width: -1}}

func main() {

wire.ListenAndServe("127.0.0.1:5433", handler)

}
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func handler(ctx context.Context, q wire.Query) (

wire.PreparedStatements, error) {

m := selectLiteral.FindStringSubmatch(q.Query)
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func handler(ctx context.Context, q wire.Query) (

wire.PreparedStatements, error) {

m := selectLiteral.FindStringSubmatch(q.Query)

if m == nil {

err := errors.New("only SELECT '<literal>' is supported")

return nil, psqlerr.WithCode(err, codes.FeatureNotSupported)

}

handle := func(ctx context.Context, w wire.DataWriter,

params []wire.Parameter) error {

w.Row([]any{m[1]})

return w.Complete("SELECT 1")

}

stmt := wire.NewStatement(handle, wire.WithColumns(columns))

return wire.Prepared(stmt), nil

}



Hello world: in action

$ psql "host=localhost port=5433 user=jelte"

psql (17.5, server 17.0)

jelte=> SELECT 'hello world';

echo

-------------

hello world

(1 row)

Shipped it. Postgres compatible.
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Summary

• T h e w i r e p r o t o c o l i s t h e e a s y p a r t

• P g B o u n c e r g e t s b y o n t h e p r o t o c o l a l o n e , b y n e v e r p a r s i n g S Q L

• T h e p r o t o c o l l e a k s t h e d i a l e c t : f o r m a t s , O I D s , G U C s , v e r s i o n

• information_schema i s n e v e r e n o u g h , c l i e n t s e n d u p i n

pg_catalog

• D e c i d e w h o y o u r u s e r s a r e , r e f u s e t h e r e s t l o u d l y



We’re hiring

M o t h e r D u c k i s h i r i n g

• O f f i c e s i n N e w Y o r k , S e a t t l e ,

S a n F r a n c i s c o a n d A m s t e r d a m

• W o r k o n a f u n t e a m b u i l d i n g a f a s t a n d

e a s y t o u s e d a t a w a r e h o u s e

• T a l k t o m e a f t e r t h e t a l k

h t t p s : / / m o t h e r d u c k . c o m / c a r e e r s /

https://motherduck.com/careers/


Questions?

• S l i d e s : h t t p s : / / g i t h u b . c o m / J e l t e F / s l i d e s

• P g B o u n c e r : h t t p s : / / g i t h u b . c o m / p g b o u n c e r / p g b o u n c e r

• M o t h e r D u c k P o s t g r e s E n d p o i n t : h t t p s : / / m o t h e r d u c k . c o m / d o c s /

• p s q l - w i r e : h t t p s : / / g i t h u b . c o m / j e r o e n r i n z e m a / p s q l - w i r e

P r e v i o u s t a l k s :

• P r e p a r e d s t a t e m e n t s a n d c a n c e l l a t i o n s i n P g B o u n c e r :

h t t p s : / / y o u t u . b e / X - n C H c Z 6 v Q U

• P o s t g r e s p r o t o c o l d e t a i l s : h t t p s : / / y o u t u . b e / n h 6 2 V g N j 6 h Y

https://github.com/JelteF/slides
https://github.com/pgbouncer/pgbouncer
https://motherduck.com/docs/
https://github.com/jeroenrinzema/psql-wire
https://youtu.be/X-nCHcZ6vQU
https://youtu.be/nh62VgNj6hY
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