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DuckDB at a glance

m MIT license Relational DB with SQL

@ ~1M LOC, no dependencies

‘ No sudo needed



e

@2
\_

)

Command-line tool

\_

= = =

)

Portable database

\_

J

Database server



4 )
(000 ¢
@2
\_

Command-line tool

)




$ curl https://install.duckdb.org | sh

% Total % Recelived % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed
100 4163 100 4163 0 O 20532 O ——i==i== —=l==l== —=-=:-- 20608

x*% DuckDB Linux/Mac0S installation script, version 1.5.3 *%*x%

.;odxdl,
 XXXXXXXXXKe
PXXXXXXXXXXXd cooo0:

; XKXXXXXXXXXXXK  OXXXXd
PXXXXXXXXXXX0 coo0o0:
 XXXXXXXXXKe

.;odxdl,



$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D I




$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT sin(pi()/2) AS x;

X
double

1.0

memory D



$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT sin(pi()/2) AS x;

X
double

1.0

memory D SELECT today() - '2026-04-23'::DATE AS ubuntu_1lts_out;

ubuntu_Lts_out
1nté4

99

memory D I



$ cat stations.tsv

station country
Amsterdam Centraal
Brussels Midi BE
Lille Europe FR
London St Pancras
Rotterdam Centraal

$ B

NL

UK
NL




$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+—BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$ B

> NL




$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi~—BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$ B

> NL




$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+——BE
L11lle Europe——FR

> NL

London St Pancras:

Rotterdam Centraal

$

> UK
> NL

$ cat stations.tsv \

| tail -n +2 \
| cut -d $'\t'

sort

-U

-f 2\



$ cat stations.tsv $ cat stations.tsv \
| tail -n +2 \

station~country | cut -d $'\t' -f 2 \
Amsterdam Centraal: | sort -u

Brussels Midi+——BE

Lille Europe——FR

London St Pancras:
Rotterdam Centraal




$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi—BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

NL
BE
FR
UK
NL

$ cat stations.tsv \

| tail -n +2 \
| cut -d $'\t'

sort

-U

-f 2\



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+———BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

NL
BE
FR
UK
NL

BE
FR
NL
UK

$ cat stations.tsv \

| tail -n +2 \
| cut -d $'\t'

-f 2\



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+——BE
Lille Europe——FR

$ cat stations.tsv \

> NL

BE
> UK FR

London St Pancras:

Rotterdam Centraal

$

> NL NL

UK
Voo

BE
FR
UK
NL

BE
FR
NL
UK

| tail -n +2 \
| cut -d $'\t'

sort

-U

-f 2\



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+——BE
Lille Europe——FR

> NL

London St Pancras:

Rotterdam Centraal

$

> UK
> NL

$ duckdb

DuckDB v1.5.3 (Variegata)

Enter ".help" for usage hints.

memory D SELECT DISTINCT country
FROM 'stations.tsv';



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+——BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT DISTINCT country

FROM 'stations.tsv'|;



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+——BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.

memory D |SELECT DISTINCT country

FROM 'stations.tsv';



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+———BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.

memory D |SELECT DISTINCT country

FROM 'stations.tsv';

country
varchar

FR
NL
BE
UK

memory D I



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+—BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

$ duckdb -c "SELECT DISTINCT country
FROM 'stations.tsv'"

country
varchar

BE
UK
NL
FR

$ B



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+—BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

$ duckdb -c |["SELECT DISTINCT country
FROM 'stations.tsv'"

country
varchar

BE
UK
NL
FR

$ B



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+—BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

$ cat stations.tsv \
| duckdb -c \
"SELECT DISTINCT country
FROM read_csv('/dev/stdin')"

country
varchar

FR
BE
UK
NL

$ B



$ cat stations.tsv

station»country

Amsterdam Centraal:

Brussels Midi+—BE
Lille Europe——FR

> NL

> UK

London St Pancras:

Rotterdam Centraal

$

> NL

$ cat stations.tsv \
1] duckdb -c \
"SELECT DISTINCT country

FROM read csv('/dev/stdin')]"

country
varchar

FR
BE
UK
NL

$ B



$ cat trains.tsv

id

20ALET
ES RS
S 71856
S 1RG5
ES ARG
ES9147
ES9147
ES9147
ES9147

$ B

timestamp

2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22

10:
11:
12:
13:

14
14

15:
16
18:

40:
23
38
30:
127
t40:
23
38:
17:

station
00+02
00+02
00+02
00+02
00+01
00+02
00+02
00+02
00+01

Amsterdam Centraal
Rotterdam Centraal
Brussels Midi
Lille Europe
London St Pancras
Amsterdam Centraal
Rotterdam Centraal
Brussels Midi
London St Pancras



$ cat trains.tsv

id

20ALET
ES RS
S 71856
S 1RG5
ES ARG
ES9147
ES9147
ES9147
ES9147

$ B

timestamp

2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22
2026-05-22

station

Amsterdam Centraal
Rotterdam Centraal
Brussels Midi
Lille Europe
London St Pancras
Amsterdam Centraal
Rotterdam Centraal
Brussels Midi
London St Pancras



$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT x FROM 'trailns.tsv';

1d timestamp station
varchar timestamp with time zone varchar
ESQ133 2026-05-22 09:40:00+01 Amsterdam Centraal
ES?133 2026-05-22 10:23:00+01 Rotterdam Centraal
ES9133 2026-05-22 11:38:00+01 Brussels Midi
ES9133 2026-05-22 12:30:00+01 Lille Europe
ESQ133 2026-05-22 14:27:00+01 London St Pancras
ESQ147 2026-05-22 13:40:00+01 Amsterdam Centraal
ES?147 2026-05-22 14:23:00+01 Rotterdam Centraal
ES9147 2026-05-22 15:38:00+01 Brussels Midi
ESQ147 2026-05-22 18:17:00+01 London St Pancras

memory D I



$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT x FROM 'trailns.tsv';

1d timestamp station
varchar timestamp with time zone varchar
ESQ133 2026-05-22 Amsterdam Centraal
ES9133 2026-05-22 Rotterdam Centraal
ES9133 2026-05-22 Brussels Midi
ES9133 2026-05-22 Lille Europe
ESQ133 2026-05-22 London St Pancras
ESQ147 2026-05-22 Amsterdam Centraal
ESQ147 2026-05-22 Rotterdam Centraal
ESQ147 2026-05-22 Brussels Midi
ESQ147 2026-05-22 London St Pancras

memory D I




$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT * FROM 'trains.tsv';

1d timestamp station
varchar timestamp with time zone varchar
ESQ133 2026-05-22 Amsterdam Centraal
ESQ133 2026-05-22 Rotterdam Centraal
ES9133 2026-05-22 Brussels Midi
ES9133 2026-05-22 Lille Europe
ESQ133 2026-05-22 London St Pancras
ESQ147 2026-05-22 Amsterdam Centraal
ESQ147 2026-05-22 Rotterdam Centraal
ES9147 2026-05-22 Brussels Midi
ESQ147 2026-05-22 London St Pancras

memory D l




$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT =%

FROM 'trains.tsv'
JOIN 'stations.tsv' USING (station);



$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT =*

FROM 'trains.tsv'
JOIN 'stations.tsv' USING (station)|



$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.
memory D SELECT =%

FROM 'trains.tsv'

JOIN 'stations.tsv' USING (station);

1d timestamp station country
varchar timestamp with time zone varchar varchar
ESQ133 2026-05-22 09:40:00+01 Amsterdam Centraal NL
ESQ133 2026-05-22 10:23:00+01 Rotterdam Centraal NL
ES9133 2026-05-22 11:38:00+01 Brussels Midi BE
ES9133 2026-05-22 12:30:00+01 Lille Europe FR
ES?133 2026-05-22 14:27:00+01 London St Pancras UK
ESQ147 2026-05-22 13:40:00+01 Amsterdam Centraal NL
ESQ147 2026-05-22 14:23:00+01 Rotterdam Centraal NL
ESQ147 2026-05-22 15:38:00+01 Brussels Midi BE
ESQ147 2026-05-22 18:17:00+01 London St Pancras UK

memory D I




$ duckdb

DuckDB v1.5.3 (Variegata)
Enter ".help" for usage hints.

memory D

SELECT =

FROM 'trains.tsv'

JOIN 'stations.tsv' USING (station);

1d timestamp station country
varchar timestamp with time zone varchar varchar
ESQ133 2026-05-22 09:40:00+01 Amsterdam Centraal NL
ESQ133 2026-05-22 10:23:00+01 Rotterdam Centraal NL
ES9133 2026-05-22 11:38:00+01 Brussels Midi BE
ES9133 2026-05-22 12:30:00+01 Lille Europe FR
ES9133 2026-05-22 14:27:00+01 London St Pancras UK
ESQ147 2026-05-22 13:40:00+01 Amsterdam Centraal NL
ESQ147 2026-05-22 14:23:00+01 Rotterdam Centraal NL
ESQ147 2026-05-22 15:38:00+01 Brussels Midi BE
ESQ147 2026-05-22 18:17:00+01 London St Pancras UK

memory D

COPY _ TO 'trains-with-countries.tsv'

(DELIMITER '\t'):




$ echo "id\ttimestamp\tstation\tcountry" &&
join -t $'\t' -1 3 -2 1 \
<(tail -n +2 trains.tsv | sort -t $'\t' -k 3,3) \
<(tail -n +2 stations.tsv) \
| awk -F $'\t' '{ print $2 "\t" $3 "\t" $1 "\t" $4 }' \
| sort -t $'\t' -k 2,2

1d timestamp station country
ESQ133 2026-05-22 10:40:00+02 Amsterdam Centraal NL
ESQ133 2026-05-22 11:23:00+02 Rotterdam Centraal NL

ES9133 2026-05-22 12:38:00+02 Brussels Midi BE
ES9133 2026-05-22 13:30:00+02 Lille Europe FR

ES9133 2026-05-22 14:27:00+01 London St Pancras UK
ES?147 2026-05-22 14:40:00+02 Amsterdam Centraal NL
ES?147 2026-05-22 15:23:00+02 Rotterdam Centraal NL
ES9147 2026-05-22 16:38:00+02 Brussels Midi BE

ES9147 2026-05-22 18:17:00+01 London St Pancras UK

$



$ echo "id\ttimestamp\tstation\tcountry" &&
join -t $'\t' -1 3 -2 1\
<(tail -n +2 trains.tsv | sort -t $'\t' -k 3,3) \
<(tail -n +2 stations.tsv) \
| awk -F $'\t' '{ print $2 "\t" $3 "\t" $1 "\t" $4 }' \
| sort -t $'\t' -k 2,2

1d timestamp station country
ES@133 2026-05-22 10:40:00+02 Amsterdam Centraal NL
ES@133 2026-05-22 11:23:00+02 Rotterdam Centraal NL

ES9133 2026-05-22 12:38:00+02 Brussels Midi BE
ES9133 2026-05-22 13:30:00+02 Lille Europe FR

ESQ133 2026-05-22 14:27:00+01 London St Pancras UK
ESQ147 2026-05-22 14:40:00+02 Amsterdam Centraal NL
ESQ147 2026-05-22 15:23:00+02 Rotterdam Centraal NL
ES9147 2026-05-22 16:38:00+02 Brussels Midi BE

ESQ147 2026-05-22 18:17:00+01 London St Pancras UK

$



Data wrangling in the CLI

Common trajectory: Unix SQL
cut SELECT

Start with a simple shell script grep WHERE
sort ORDER BY

Evolve itinto _ sort -u DISTINCT

e a2 complex shell script

. . wc -1 count (*)

o a small Python script (maybe with dataframes)
cat UNION ALL

You can do most of these things in SQL! head LIFLT

It's composable and it gets parallelized paste POSITIONAL JOIN
comm -12 INTERSECT ALL

comm -23 EXCEPT ALL



Powerful SQL.:
Pivoting and other operations




long
table

wide table




memory D CREATE TABLE dfl AS FROM 'distance-from-london.csv';

long
table

—

_

memory D FROM dfl;

station distance
varchar 1ntéb4

London 0
Lille 260
Brussels 333
Rotterdam 460
Amsterdam 542

memory D

>

wide table




(- )
a )

Long .
fable ::> wide table

memory D SELECT
dfll.station AS stationl,
dfl2.station AS station2?,
abs(dfll.distance - dfl2.distance) AS distance
FROM dfl AS dfl1l, dfl AS dfl2;




( )
a )

Long .
fable :>> wide table

memory D SELECT
dfll.station AS stationl,
dfl2.station AS station2?,
abs(dfll.distance - dfl2.distance) AS distance

FROM |dfL AS dfll, dfl AS dfl2;




( )
a )

Long .
fable ::> wide table

memory D SELECT
dfll.station AS stationl,
dfl2.station AS station2?,

abs(dfll.distance - dfl2.distance) AS distance
FROM |dfL AS dfll, dfl AS dfl2;



(- )
a )

Long .
rable ::> wide table

memory D SELECT
dfll.station AS stationl,
dfl2.station AS station2?,

abs(dfll.distance - dfl2.distance) AS distance
FROM |dfL AS dfll, dfl AS dfl2;

stationl station? distance
varchar varchar 1ntb4
London London 0
Lille London 260
Brussels London 333
Rotterdam London 460
Amsterdam London 042
London Lille 260
Lille Lille 0



4 \
stationl station2 distance
varchar varchar inté4
London London 0 a
Lille London 260
Brussels London 333
Rotterdam London 460
Amsterdam London 542 he
London Lille 260 Wld e t a b-Le
Lille Lille 0
Brussels Lille 73
Rotterdam Lille 200
Amsterdam Lille 282
London Brussels DI —
Lille Brussels 73
Brussels Brussels 0
\ Rotterdam | Brussels 127

memory D PIVOT _
ON station?2
USING first(distance)
ORDER BY stationl;



4 \
stationl station2 distance
varchar varchar inté4
London London 0 a
Lille London 260
Brussels London 333
Rotterdam London 460
Amsterdam London 542 he
London Lille 260 Wld e t a b-Le
Lille Lille 0
Brussels Lille 73
Rotterdam Lille 200
Amsterdam Lille 282
London Brussels 333 —
Lille Brussels 73
Brussels Brussels 0
\ Rotterdam | Brussels 127

memory D |[PIVOT _
ON station?2
USING first(distance)
ORDER BY stationl;



(stationl station2 distance\
varchar varchar inté4
London London 0 a
Lille London 260
Brussels London 333
Rotterdam London 460
Amsterdam London 542 he
London Lille 260 Wld e t a b-Le
Lille Lille 0
Brussels Lille 73
Rotterdam Lille 200
Amsterdam Lille 282
London Brussels 333 —
Lille Brussels 73
Brussels Brussels 0
\ Rotterdam | Brussels 127

memory D PIVOT _
ON station2

USING first(distance)
ORDER BY stationl;




stationl station2
aaaaaaaaaaaaaa

distance
iiiii

e | Lo 0 : )
i e | :;> wide table
AR : J
memory D PIVOT _
ON station2
USING first(distance)
ORDER BY stationl;
stationl Amsterdam Brusse'ls Lille London Rotterdam
varchar 1nté4 1nté4 1nté4 1nté4 1nté4
Amsterdam 0 209 282 542 82
Brussels 209 0 73 333 127
Lille 282 73 0 260 200
London 542 333 260 0 460
Rotterdam 82 127 200 460 0

memory D




Cpwtng | : ﬂ
i e | :;> wide table
Stk : )
memory D PIVOT _
ON station?2
USING first(distance)
ORDER BY stationl;
stationl Amsterdam Brusse'ls Lille London Rotterdam
varchar 1nté4 1nté4 1nté4 1nté4 1nté4
Amsterdam 0 209 282 542 82
Brussels 209 0 73 333 127
Lille 282 73 0 260 200
London 542 333 260 0 460
Rotterdam 82 127 200 460 0

memory D CREATE TABLE distance_matrix AS FROM _;




Cpwtng | : w
i e | :;> wide table
Stk : )
memory D PIVOT _
ON station2
USING first(distance)
ORDER BY stationl;
stationl Amsterdam Brusse'ls Lille London Rotterdam
varchar 1nté4 1nté4 1nté4 1nté4 1nté4
Amsterdam 0 209 282 542 82
Brussels 209 0 73 333 127
Lille 282 73 0 260 200
London 542 333 260 0 460
Rotterdam 82 127 200 460 0

memory D |CREATE TABLE distance_matrix AS FROM _;







memory D SELECT
stationl,
(Amsterdam

/ 1
(Brussels / 1.61) ::INT AS Brussels,
/ 1

.61) :: INT AS Amsterdam,

(Lille .61) :: INT AS Lille,

(London / 1.61) :: INT AS London,

(Rotterdam / 1.61) :: INT AS Rotterdam
FROM distance_matrix;



memory D SELECT

stationl,

(Amsterdam / 1.61) :: INT AS Amsterdam,

(Brussels / 1.61) ::INT AS Brussels,

(Lille / 1.61) :: INT AS Lille,

(London / 1.61) :: INT AS London,

(Rotterdam / 1.61) :: INT AS Rotterdam

FROM distance_matrix;

stationl Amsterdam Brussels Lille London Rotterdam
varchar 1nt32 1nt32 1nt32 1nt32 1nt32
Amsterdam 0 130 175 337 51
Brussels 130 0 435 207 79
Lille 175 45 0 161 124
London 337 207 161 0 286
Rotterdam ol 79 124 286 0




memory D SELECT
stationl,
(COLUMNS(* EXCLUDE stationl) / 1.61) ::INT
FROM distance_matrix;



memory D SELECT
stationl,

(COLUMNS (* EXCLUDE stationl) / 1.61) ::INT

FROM distance_matrix;



memory D SELECT
stationl,

(COLUMNS (* EXCLUDE stationl) / 1.61) ::INT

FROM distance_matrix;

stationl Amsterdam Brussels Lille London Rotterdam
varchar 1nt32 1nt32 1nt32 1nt32 1nt32
Amsterdam 0 130 175 337 51
Brussels 130 0 435 207 79
Lille 175 45 0 161 124
London 337 207 161 0 286
Rotterdam ol 79 124 286 0




long
table

,
stationl Amsterdam Brussels Lille London Rotterdam\
varchar inté4 inté4 inté4 inté4 inté4
Amsterdam 0 209 282 542 82
Brussels 209 0 73 a98 127
Lille 282 73 0 260 200
London 542 335 260 0 460
Rotterdam 82 127 200 460 0

—

—>




( )
4 \
stationl Amsterdam Brussels Lille London Rotterdam
varchar inté4 inté4 inté4 inté4 inté4

long
Amsterdam 0 209 282 542 82
Brussels 209 0 73 333 127
Ta b-Le Lille 282 73 0 260 200

London 942 333 260 0 460
Rotterdam 82 127 200 460 0
y,

— —>

\— _J

memory D UNPIVOT distance_matrix
ON Amsterdam, Brussels, Lille, London, Rotterdam
INTO
NAME station?2
VALUE distance;



( )
4 \
stationl Amsterdam Brussels Lille London Rotterdam
varchar inté4 inté4 inté4 inté4 inté4

long
Amsterdam 0 209 282 542 82
Brussels 209 0 73 333 127
Ta b-Le Lille 282 73 0 260 200

London 942 333 260 0 460
Rotterdam 82 127 200 460 0
y,

— —>

— _J

memory D UNPIVOT distance_matrix
ON Amsterdam, Brussels, Lille, London, Rotterdam
INTO
NAME station?2
VALUE distance;



long
table

\—

stationl
varchar

Lille
inté4

Brussels
inté4

Amsterdam
inté4

\
Rotterdam

inté4

London
inté4

<

_

ON Amsterdam,
INTO

memory D UNPIVOT distance_matrix

Brussels,

NAME station2
VALUE distance;

stationl station?2 distance
varchar varchar 1ntb4
Amsterdam Amsterdam 0
Amsterdam Brussels 209
Amsterdam Lille 282
Amsterdam London 542
Amsterdam Rotterdam 82
Brussels Amsterdam 209
Brussels Brussels 0

Amsterdam
Brussels
Lille
London
Rotterdam

0 209 282
209 0 73
282 73 0
542 333 260

82 127 200

542 82

333 127

260 200

0 460

460 0
y,

—

—>

Lille,

London,

Rotterdam



( )
(stationl Amsterdam Brusse s Lille London Rotterdam
varchar inté4 inté4 inté4 inté4 inté4

long
Amsterdam 0 209 282 542 82
Brusse s 209 0 73 333 127
Ta b-Le Lille 282 73 0 260 200

London 942 333 260 0 460
Rotterdam 82 127 200 460 0

\— _J

memory D UNPIVOT distance_matrix
ON COLUMNS(* EXCLUDE stationl)
INTO
NAME station?2
VALUE distance;

stationl station?2 distance
varchar varchar 1ntb4
Amsterdam Amsterdam 0
Amsterdam Brussels 209
Amsterdam Lille 282
Amsterdam London 542
Amsterdam Rotterdam 82
Brussels Amsterdam 209
Brussels Brussels 0




( )
,
stationl Amsterdam Brusse s Lille London Rotterdam
varchar inté4 inté4 inté4 inté4 inté4

long
Amsterdam 0 209 282 542 82
Brusse s 209 0 73 333 127
Ta b-Le Lille 282 73 0 260 200

London 542 333 260 0 460
Rotterdam 82 127 200 460 0
<

\— _J

memory D UNPIVOT distance_matrix
ON COLUMNS(* EXCLUDE stationl)
INTO
NAME station?2
VALUE distance;

stationl station?2 distance
varchar varchar 1ntb4
Amsterdam Amsterdam 0
Amsterdam Brussels 209
Amsterdam Lille 282
Amsterdam London 542
Amsterdam Rotterdam 82
Brussels Amsterdam 209
Brussels Brussels 0




DuckDB in the CLI

You can use an analytical database in the shell

X Je- LA

o Works in the pipeline

e has error handling / type safety

e NO storage required

o parallelism out-of-the-box

e handles larger-than-memory workloads




Command Line Data Processing: Using
DuckDB as a Unix Tool

2024-06-20 Gabor Szarnyas



Command Line Data Processing: Using
DuckDB as a Unix Tool

2024-06-20 Gabor Szarnyas

OREILLY" &;??o DuckDB Solutions

(o) . . . . .
i In the following, | give the DuckDB solutions for each exercise. If the command is part of a

[ ]
Datq SCIGnce qt pipeline (e.g., when the input is read from the standard input), DuckDB is calledas ... |
the CO m mq nd Li ne duckdb -c "(SQL query)" . Other times, the solution is presented simply as a SQL script.

Obtain, Scrub, Explore, and Model Data 5.2 Transformations, Transformations Everywhere
with Unix Power Tools

seq 100 |
python ../ch@4/fizzbuzz.py |
tee fb.seq | trim

grep -E "fizz|buzz" fb.seq | # <1>\

sort | uniq -c | sort -nr > fb.cnt # <2>

bat -A fb.cnt

< fb.cnt awk 'BEGIN { print "value,count" } { print $2","$1 }' > fb.csv

create table fb as from read_csv('fb.seq', header = false);
create table counts as

select column® as value, count(x) as count

from fb

where column@ to '~(fizz|buzz).*'

group by all

order by count desc;

counts ]

Jeroen Janssens
Foreword by Tim O'Reilly




DuckDB
® @duckdb.org

Fun fact: DuckDB is faster at counting the lines of a CSV file than the
UNIX word count command - and it also parses the file to identify its
dialect (separator, quote character, etc.).

Here are the timings for a 3 GB CSV file: 2.966 seconds for 'wc -I" and
1.261 seconds for DuckDB.

7 % time wc -1 services-2023.csv
21239394 services-2023.csv
wc -1 services-2023.csv 2.66s user 0.29s system 99% cpu 2.966 total

™~ % time duckdb -c "select count() from read_csv('services-2023.csv', header

count_star()
int64

Command Line Data Processing: Using
DuckDB as a Unix Tool

2024-06-20 Gabor Szarnyas

duckdb -c "select count() from read_csv('services-2023.csv', header = false)" 11.17s user 0.

57s system 930% cpu 1.261 total

4:49 PM - Dec 2, 2024 Everybody can reply

. 8 DuckDB Solutions
OREILLY &,
k(o %
% In the following, | give the DuckDB solutions for each exercise. If the command is part of a

[}
Datq SCIence qt pipeline (e.g., when the input is read from the standard input), DuckDB is calledas ... |
the Com mda nd Li ne duckdb -c "(SQL query)" . Other times, the solution is presented simply as a SQL script.

Obtain, Scrub, Explore, and Model Data 5.2 Transformations, Transformations Everywhere
with Unix Power Tools

seq I
python ../ch@4/fizzbuzz.py |
tee fb.seq | trim

grep -E "fizz|buzz" fb.seq | # <1>\

sort | uniq -c | sort -nr > fb.cnt # <2>

bat -A fb.cnt

< fb.cnt awk 'BEGIN { print "value,count" } { print $2","$1 }' > fb.csv

create table fb as from read_csv('fb.seq', header = false);
create table counts as

select column@® as value, count(x) as count

from fb

where column® to '~(fizz|buzz).x*"

group by all

Jeroen Janssens
Foreword by Tim O'Reilly

order by count desc;
counts ,




Command Line Data Processing: Using
DuckDB as a Unix Tool

2024-06-20 Gabor Szarnyas

O'REILLY" &%

Data Science at
the Command Line

Obtain, Scrub, Explore, and Model Data
with Unix Power Tools

Jeroen Janssens
Foreword by Tim O'Reilly

DuckDB Solutions

In the following, | give the DuckDB solutions for each exercise. If the command is part of a
pipeline (e.g., when the input is read from the standard input), DuckDB is calledas ... |
duckdb -c "(SQL query)" . Other times, the solution is presented simply as a SQL script.

5.2 Transformations, Transformations Everywhere

seq l
python ../ch@4/fizzbuzz.py |
tee fb.seq | trim

grep -E "fizz|buzz" fb.seq | # <1>\

sort | uniq -c | sort -nr > fb.cnt # <2>

bat -A fb.cnt

< fb.cnt awk 'BEGIN { print "value,count" } { print $2","$1 }' > fb.csv

create table fb as from read_csv('fb.seq', header = false);
create table counts as

select column® as value, count(x) as count

from fb

where column@ to '~(fizz|buzz).*"

group by all

order by count desc;

counts ]

DuckDB
® @duckdb.org

Fun fact: DuckDB is faster at counting the lines of a CSV file than the
UNIX word count command - and it also parses the file to identify its
dialect (separator, quote character, etc.).

Here are the timings for a 3 GB CSV file: 2.966 seconds for 'wc -I" and
1.261 seconds for DuckDB.

& A time wc -1 services-2023.csv
21239394 services-2023.csv
wc -1 services-2023.csv 2.66s user 0.29s system 99% cpu 2.966 total

~ % time duckdb -c "select count() from read_csv('services-2023.csv', header false)

count_star()
int64

duckdb -c "select count() from read_csv('services-2023.csv', header = false)"
57s system 930% cpu 1.261 total

4:49 PM - Dec 2, 2024 Everybody can reply

DuckDB vs. coreutils

December 4, 2024

To sum up the results so far, the runtimes for counting ~100M lines are as follows:
Toolchain Runtime
wc from GNU coreutils 32s
DuckDB v1.1.3 22s
wc from uutils coreutils 18s

wc from GNU coreutils with parallel 05s




e

@2
\_

)

Command-line tool

\_

= = =

)

Portable database

\_

J

Database server



\_

= = =

)

Portable database



In-process architecture

DuckDB also works as a library




In-process architecture

_ At a high level:
DuckDB also works as a library

 No configuration
 No client-server protocol needed

e You can implement application logic with

. transactions, primary keys, constraints, etc.
driver

@ & DuckDB both:

e |ntegrates into the data ecosystem

U O  Works for small problems (e.g., compare results)



DuckDB drivers

el pip 1nstall duckdb

=GO go get github.com/duckdb/duckdb-go/v2 $ @

@ cargo add duckdb --features bundled



Open dataset: Railway services

NL trailns 2019- 160 million records 21 GB as CSV files

@ Rijden de Treinen



Open dataset: Railway services

NL trailns 2019- 160 million records 21 GB as CSV files

@ Rijden de Treinen

Analysis: Average delay per year




import marimo as mo
import duckdb

B W N =

1 . CREATE TABLE services AS
2 FROM 'services-*.csv';

Output variable: _df Q@ DuckDB (duckdb conn)

1 | SELECT count(*) FROM services;

Output variable: df Q@ DuckDB (duckdb conn)

count_star()
164

159,575,088

Q ¥ 88 1 row, 1 column

duckdb_conn = duckdb.connect("trains.db")

<

T Hide output

T Hide output

Page 1wv ofl

)

sql

sql

Download v



import marimo as mo
import duckdb

=~ W IN =

1 . CREATE TABLE services AS
2 FROM 'services-*.csv';

Output variable: _df Q@ DuckDB (duckdb _conn)

1 | SELECT count(*) FROM services;

Output variable: df Q@ DuckDB (duckdb_conn)

count_star()
164

159,575,088

Q ¥ 88 1 row, 1 column

duckdb_conn = duckdb.connect("trains.db")

<

T Hide output

T Hide output

Page 1wv ofl

)

sql

sql

Download v



import marimo as mo
import duckdb

=~ W IN =

duckdb_conn = duckdb.connect("trains.db")

1 . CREATE TABLE services AS

Output variable: _df Q@ DuckDB (duckdb _conn) T Hide output sql

1 | SELECT count(*) FROM services;

Output variable: _df © DuckDB (duckdb _conn) v T Hide output sql

count_star()
164

159,575,088

Q ¥ 88 1 row, 1 column < page 1v ofl > Download v




import marimo as mo
import duckdb

=~ W N -

1 . CREATE TABLE services AS
2 FROM 'services-*.csv';

Output variable: _df Q@ DuckDB (duckdb conn)

1 | SELECT count(*) FROM services;

Output variable: df Q@ DuckDB (duckdb_conn)

count_star()
164

159,575,088

Q ¥ 88 1 row, 1 column

duckdb_conn = duckdb.connect("trains.db")

<

P Hide output

T Hide output

Page 1wv ofl

)

sql

sql

Download v



v SELECT
yvear("Service:Date") AS year,
(avg("Stop:Arrival delay") = 60)::DECIMAL(8, 2) AS delay
FROM services
GROUP BY vyear;

Output variable:

year
164

2,019
2,020
2,021
2,022
2,025
2,024
2,025
2,026

Q

lad

delays

B 8 rows, 2 columns

@® DuckDB (duckdb_conn) v

10 v /page

delay
decimal[8,2]

38.16
2746
30.35
39.23
57.30
60.19
52.49
54.56

<

T Hide output

Page 1 v ofl

>

> U

sql

Download v

152ms




v SELECT
yvear("Service:Date") AS year,
(avg("Stop:Arrival delay") = 60)::DECIMAL(8, 2) AS delay
FROM services
GROUP BY vyear;

Output variable:

year
164

2,019
2,020
2,021
2,022
2,025
2,024
2,025
2,026

a [

delays

B 8 rows, 2 columns

Q@ DuckDB (duckdb _conn) v

10 v /page

delay
decimal[8,2]

38.16
2746
30.35
39.23
57.30
60.19
52.49
54.56

<

T Hide output

Page 1 v ofl

>

> U

sql

Download v

152ms




Table Bar Chart X +
1| Barv . Chart & Python code
Data Style
= T Sty .
N\ Charts are not saved.
. 50 -
X-Axis
\ year X | 7] None v > 40-
Data Type \ T Categorical v 5
y i ©
Sort 1= Ascending v € 30
\ , S
. =
Y-Axis
X 20
\ delay X | v
Data Type \ Number v 10
Invert axis [ |
Color by 0
(o)) o - QAN ™ < o) w
: S © & © o o S ©
\ Select column v J § & & & & & & 9«

year




Friendly SQL
for interactive analysis




Friendly SQL features

SELECT

date,

station,

avg(delay),

max (delay),
FROM 'https://blobs.duckdb.org/data/services.csv.qgz'’
GROUP BY date, station;



Friendly SQL features

Replacement scan
SELECT

date,
station, Auto-detection features
avg(delay),
max (delay),
FROM |['https://blobs.duckdb.org/data/services.csv.qgz'
GROUP BY date, station;




Friendly SQL features

Replacement scan
SELECT

date,
station, Auto-detection features
avg(delay),
max (delay),
FROM 'https://blobs.duckdb.org/data/services.csv.qgz'’
GROUP BY date, station;



Friendly SQL features

Replacement scan

SELECT
date,
station, Auto-detection features
avg(delay),
max(delay), Trailing commas

FROM 'https://blobs.duckdb.org/data/services.csv.qgz'’
GROUP BY date, station;



Friendly SQL features

Replacement scan

SELECT
date,
station, Auto-detection features
avg(delay),

" max(delay) Trailing commas

FROM 'https://blobs.duckdb.org/data/services.csv.qgz'’
GROUP BY date, station;



Friendly SQL features

Replacement scan

SELECT

- - date,
station, Auto-detection features
avg(delay),

" max(delay) Trailing commas

FROM 'https://blobs.duckdb.org/data/services.csv.qgz'’
GROUP BY date, station;



Friendly SQL features

SELECT

- = date,

station,
avg(delay),

- - max (delay),

FROM 'https://

GROUP BY

date,

hlobs.duckdb.org/data/services.csv.gz'

station;

Replacement scan
Auto-detection features

Trailing commas



Friendly SQL features

Replacement scan

SELECT

- - date,
station, Auto-detection features
avg(delay),

" max(delay) Trailing commas

FROM 'https://blobs.duckdb.org/data/services.csv.qgz'’
GROUP BY|ALL;

GROUP BY ALL




Friendly SQL features

Replacement scan

SELECT
- - date, :
station, Auto-detection features
avg(delay),
- - max (delay), Trailing commas
FROM 'https://blobs.duckdb.org/data/services.csv.qgz'’
GROUP BY|ALL; GROUP BY ALL
NV
Q puckps < databricks PostgreSQI_ IS0 SQL

2022 2023 2023 2026 2028 (?)



Performance & scalability




TPC-H read queries with DuckDB x Ubuntu

Raspberry Pi Ultrabook Server

16 GB RAM 128 GB RAM 1,536 GB RAM

1,000 GB CSV 10,000 GB CSV 100,000 GB CSV



Linux kernel performance: TPC-H

24.04 LTS 26.04 LTS beta

kernel vo kernel v/

778k QphH 855k QphH

500 GB CSV data | 32 CPU cores, 256 GiB RAM, NVMe disk



In-process DuckDB: Limitations

Single-player mode: only a single process can attach in RW mode



In-process DuckDB: Limitations

Single-player mode: only a single process can attach in RW mode
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Single-player mode: only a single process can attach in RW mode
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In-process DuckDB: Limitations

Single-player mode: only a single process can attach in RW mode
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In-process DuckDB: Limitations

Single-player mode: only a single process can attach in RW mode

s ) s ) s ) s )

o

Q00 000

RW| N|/ R% ?
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Client-server DuckDB with Quack

Q Multi-player mode!

/

o
o

o

clients server



Client-server DuckDB with Quack

Q Multi-player mode!

o
o

Q e Clients are DuckDB instances

m
e Concurrent RW access

clients server



Client-server DuckDB with Quack

Q Multi-player mode!

Q e Clients are DuckDB instances

Q e Uses HTTP
. Authentication w/ tokens or BYO

m
e Concurrent RW access

o Authorization w/ callback
clients SEIVET ¢ Beta, released in May 2026



Client Server



Client

Server

D CALL gquack_serve('quack:localhost', token = 'asdf');
listen_uri listen_url auth_token
varchar varchar varchar
quack:localhost | http://localhost:9494 | asdf




Client

Server

D CALL quack_serve('quack:1localhost', token = 'asdf');
listen_uri listen_url auth_token
varchar varchar varchar
quack:localhost | http://localhost:9494 | asdf

D CREATE TABLE hello AS

FROM VALUES ('world') v(s);




Client

D CREATE SECRET (TYPE quack, TOKEN 'asdf');

Success
boolean

true

D CALL quack_serve('quack:1localhost', token = 'asdf');
listen_uri listen_url auth_token
varchar varchar varchar
quack:localhost | http://localhost:9494 | asdf

D CREATE TABLE hello AS

FROM VALUES ('world') v(s);




Client

Server

D CREATE SECRET (TYPE quack, TOKEN 'asdf');

Success
boolean

true

D ATTACH 'quack:localhost' AS remote;

D CALL gquack_serve('quack:localhost', token = 'asdf');
listen_uri listen_url auth_token
varchar varchar varchar
quack:localhost | http://localhost:9494 | asdf

D CREATE TABLE hello AS

FROM VALUES ('world') v(s);




Client

Server

D CREATE SECRET (TYPE quack, TOKEN 'asdf');

Success
boolean

true

D ATTACH 'quack:localhost' AS remote;
D SELECT * FROM remote.hello;

S
varchar

world

D CALL gquack_serve('quack:localhost', token = 'asdf');
listen_uri listen_url auth_token
varchar varchar varchar
quack:localhost | http://localhost:9494 | asdf

D CREATE TABLE hello AS

FROM VALUES ('world') v(s);




Distributed processing with Quack

i O
/

0 quack: Q Q

client coordinator\

o

Servers
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Deep dive

Storage Indexing



Tables on disk:
Row- or column-based storage?




Row-based storage

date station delay



Row-based storage

date station delay

Feb 28 Aachen O



Row-based storage

Feb 28 Aachen O



Row-based storage

Aachen O



Row-based storage

Aachen O



Column-based storage

date station delay



Column-based storage

date station delay



Column-based storage




Column-based storage




Parguet format

row group 1 row group 2
date station delay date station delay
DATE VARCHAR INT DATE VARCHAR INT
min min

max max



Parquet format

row group 1 row group 2
Metadata | ,
date station delay date station delay

schgma, DATE VARCHAR INT DATE VARCHAR INT
statistics

min min

max max

Data IR Aachen

storage



Parquet format

row group 1 row group 2
Metadata | ,
date station delay date station delay
schema, DATE VARCHAR INT DATE VARCHAR INT
statistics
min min
max max

Feb 28 Paris

March 1

Rotterdam

Feb 28 London March 1 Cologne

Data Feb 28 Aachen March 1 London

March 2

Paris

column-based Feb 28 Paris
storage



Parquet format

row group 1 row group 2
Metadata | ,
date station delay date station delay

schgma, DATE VARCHAR INT DATE VARCHAR INT
statistics

min min

max max

Data IR Aachen

storage



Pa rq uet fO 'm at @ Which train stations had the worst delays

on the weekends of Feb 20257

row group 1 row group 2
date station delay date station delay
DATE VARCHAR INT DATE VARCHAR INT
min min




Pa rq uet fO 'm at @ Which train stations had the worst delays

on the weekends of Feb 20257

row group 1 row group 2
date station delay date station delay
DATE  VARCHAR INT DATE  VARCHAR INT




Pa rq uet fO 'm at @ Which train stations had the worst delays

on the weekends of Feb 20257

row group 1 row group 2
date station delay date station delay
DATE  VARCHAR INT DATE  VARCHAR INT




Columnar storage in a single file




$ duckdb trains.db

D CREATE TABLE services AS
FROM 'services.csv';




$ duckdb trains.db




$ duckdb trains.db

D SELECT
station,

avg(delay) AS avg_delay
FROM services
WHERE date BETWEEN '2025-02-01' AND '2025-02-28'

AND extract(isodow FROM date) IN (6, 7)
GROUP BY station

ORDER BY avg_delay DESC

LIMIT 3;

station avg_delay
Siegburg/Bonn 5.58
Emmerich-Elten 3.97
Brussel-Zuid 3.86




Partial reading with remote endpoints

@ Which train stations had the worst delays
on the weekends of Feb 20257




Partial reading with remote endpoints

@ Which train stations had the worst delays
on the weekends of Feb 20257

e« Column projection and predicate pushdown both work

o Implemented with HTTP range requests
e Works with DuckDB’s format, Parquet, etc.
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P, pr—
{} 38.5k GitHub stars @ 100k (human) ]lrcz)l\rlylrp?/g\;v/n \Il\c/):glf

N website visits / week

DuckDB 1.0 Nivis
DuckDB 1.1 Eatoni
DuckDB 1.2 Histrionicus
DuckDB 1.3 Ossivalis
DuckDB 1.4 Andium (LTS)

DuckDB 1.5 Variegata

DuckDB 2.0 Cyanoptera (LTS) _

2024 2025 2026 2027




Funding and governance




«® DuckLabs

N

O puckpB @) DuckLake (@) Quack

e Founded in 2021 as “DuckDB Labs”
o Bootstrapped company based in Amsterdam
e Services around the DuckDB, DucklLake, and Quack



Q DuckDB Foundation

N

O puckpB @) DuckLake (@) Quack

e Owns the intellectual property of the projects
e Ensures the project stays open-source under MIT
e Collects donations



Use cases




Cost saving

Fast local Replace Replace
development proprietary systems distributed systems

save time and network save on license cost save on hardware cost



Last mile analytics

1PBlog~> Process the 200 GB Build fast dashboards
pre-process with Spark aggregate DuckDB with DuckDB-Wasm



Education

=

Easy to install Open-source No DBA needed



Learning DuckDB




° DUCkDB DOCS Q $B+k 1.5 (current)

Installation

Documentation v Docu mentation

Getting Started

Connect > Connecting to DuckDB

Data Import and Export >

Lakehouse Formats

Client APIs S (}7 DuckDB connection overview @ Quack remote protocol
SQL >
Configuration >
Extensions > Cl|ent AP'S
Core Extensions >
Quack Remote Protocol > o C @ .
Guides >
Operations Manual >
Development > CLI (command line interface) 60 Go
Internals >
Sitemap y .
& Java (JDBC) (S Nodejs

Live Demo



DuckDB Library

o DuckDB Documentation v Resources v GitHub W 38.4k

Support

Runtime-Extensible Adaptive Factorization DuckDB and the Future of
Parsers Using Linear-Chained Databases
2025-01-19 Hannes Muhleisen, Mark Raas... HaSh Tables

2025-01-09 Hannes Muhleisen
2025-01-19 Paul Grof3, Daniel ten Wolde, P...



Learn SQL and DuckDB internals from U. Tubingen

Tabular Database Systems

Design and Implementation
of DuckDB Internals

BB vehicles BB peeps
| |
vid|vehicle| kind |seats|wheels?| pid pid|pic|name|born
V1 & car 5 true | pa~1-7 p1| Q(Cleo(2013
V2 o) SuV 3 true | pa | p2| ®|Bert|1968
Vs s bus| 42 true 0 - p3| @|Drew| O
Va| & bus| 7| true | o L—» ps| B |Alex|2002
Vs R bike 1 true | p2
Ve & tank o | false | ps
V7 o |cabrio 2 true | pa

SELECT v.vehicle, p.name AS driver, p.pic
FROM vehicles AS v INNER JOIN peeps AS p ON (v.pid = p.pid)

o Some rows 1n table peeps find multiple join partners in vehicles
(like ps M), some find none (p1 ().
e General: A join between t; and t. may yield O...|t+|x|t2| rows.

S L S A

. @mm 1

: e i) — - o) EA

| | File *.db | '+ *.{csv,json}
| 1 I I

L__j@%ﬁ?ﬂ%{J L:?Tﬂ¥¥¥§¥b

DuckDB CLI Python 3

e DuckDB kernel and client share a single process i...
o Python: import duckdb, C/C+: 1ink with libduckdb.
e Table data resides in a single database file o) *.db,
native DuckDB data formats in file and in RAM are similar.
e DuckDB sees in-process client data and can directly read/write
client data structures 8 using SQL (“zero copy”, replacement
scans).
e DuckDB allocates sizable RAM buffers
(but can use disk for temporary storage if required).



https://duckdb.org/library/design-and-implementation-of-duckdb-internals/
https://duckdb.org/library/tabular-database-systems/

Summary




UBUNTU SUMMIT | 2026-05-28

DuckDB:
Not Quack Science
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