4

\_

60fps cloud databases

™

),

Peter Boncz
(CWI & MotherDuck)



mesaic

Examples D
Basic Marks & Inputs >
Data Transformation >
Maps & Spatial Data >

Multi-View Coordination v
Cross-Filter Flights 200k
Cross-Filter Flights 10M

Gaia Star Catalog

Observable Latency

Olympic Athletes

Pan & Zoom

Scatter Plot Matrix

Seattle Weather

Density Visualizations >

Q Search  #K Overview  Guide v

Olympic Athletes

An interactive dashboard of athlete statistics. The menus and searchbox filter the display
and are automatically populated by backing data columns.
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https://idl.uw.edu/mosaic/examples/athletes.html#olympic-athletes
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https://idl.uw.edu/mosaic/examples/flights-200k.html



https://docs.google.com/file/d/1V9KNuO11sPJ0ODrciyI_mNWoyeKpdWPO/preview

Q- DuckDB
DuckDB: embedded analytics

e Created by Hannes Muhleisen and Mark Raasveldt
|ldea: analytical SQL system as a linkable library
e From research on data systems support for data science.

o why don’t data scientists use database systems?

= make database technology better suited for data science
Embedded databases, zero-copy dataframe access, ease-of-use

e Active discord, blog, starting events, traction:

o >22K github stars, >10M downloads/month (4x increases YoYoYoY)

o DuckDB Labs spin-off (+MotherDuck)

Q@ https://duckdb.org/ @) https://shell.duckdb.org



MAKING
ANALYTICS
EASY

o

A great burger is
— more than just
good beef!

Easy to install / no dependencies

Run anywhere (including the browser)
Query dataframes directly

Friendliest SQL syntax in the world
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monthly downloads
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o
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L1-020¢
60-020¢
£0-020¢
G0-020¢
€0-020¢
10-020¢

month



Mark Raasveldt (April 2023)
CMU DUCKDB TALK
Centrum Wiskunde & Informatica

DuckDB - overview

O DuckDB Labs

Column-Store ART Index

L]

Date Store Product Price Customer

Vectorized Processing MVCC
Table Result Latest \'A| v2

-l B
S F..

Single-File Storage

4KB 256KB

database.db



Mark Raasveldt (April 2023)
§ CMU DUCKDB TALK

E Centrum Wiskunde & Informatica

DuckDB - Extensions

e DuckDB offers support for extensions
e Distributed through INSTALL and LOAD commands
e Can be loaded as a shared library

e Many of our core features are implemented as extensions

fts support for Full-Text Search Indexes

httpfs support for reading and writing files over a HTTP(S) connection
icu (BUILT-IN) support for time zones and collations using the ICU library
json support for JSON operations

parquet (BUILT-IN) support for reading and writing parquet files
postgres_scanner support for reading from a Postgres database
sqlite_scanner support for reading SQLite database files
substrait support for the Substrait integration

tpcds TPC-DS data generation and query support

tpch (BUILT-IN) TPC-H data generation and query support




Mark Raasveldt (April 2023)

b4 cmu DuCKDB TALK o DuckDB Labs

E Centrum Wiskunde & Informatica

DuckDB - WASM

e DuckDB Shell

& shell.duckdb.org

DuckDB Web Shell

e DuckDB has a WASM build Database: v@.7.2-dev1987
Package: @duckdb/duckdb-wasm@1.25.1-dev1.0
* Runs inside the browser Connected to a local transient in-memory database.

Enter .help for usage hints.

e And itis actually fast!
duckdb> SELECT 42;




MotherDuck

What is MotherDuck?

A serverless DuckDB platform for low-cost, low-latency
analytics that combines the power of your laptop and the
modern cloud.



MotherDuck
With Dual Query Processing! g

What is MotherDuck?

A serverless DuckDB platform for low-cost, low-latency
analytics that combines the power of your laptop and the
modern cloud.



& ¥ MotherDuck

What is Dual (Hybrid) Query Processing?

e Every client has a DuckDB
o DuckDB is an embedded DBMS
o So.. JDBC driver links DuckDB into your application
e Every DuckDB client can contact MotherDuck
0 1install motherduck;
0 load motherduck;
e Local Databases and Remote Databases

o Can be queried as one
o Some execution local, some in the cloud



MotherDuck
MotherDuck Architecture

Client Layer 4" Compute Layer 4% Storage Layer «"
@ Python Shell &8 Observability Duckling Storage  Duckling Storage
t Container Ext. Container Ext.
MotherDuck
DuckDB Oixumlon o1, @ Monitoring
: > Duckling Storage ., Duckling 4% Storage
{7 Container Ext, Container W Ext.

- [ Cloud Storage
@ Local Database Authentication :

?

Host Service Storage Service & | Caching
E.g: Laptop running Jupyter Notebook '-‘ _________________ >

»> X Load Balancer o ; "
L Web Browser Duckling c Storage ‘

= Users, Secrets,

e me.

fessemsssmens

Container Ext,
MotherDuck D.t.?asea' - > Duckling Storageo _________________ J
DUckDB-Weom 0 Extension . : Container Ext. Duckli s Differential
() Service Layer c:r:nm':? ° E;tt)tage DuckDB database
MotherDuck GUI: Notebooks, SQL IDE & storage
Interactive Results Explorer
Host Service Storage Service & Caching

Client Extension



4" MotherDuck

Why Dual Query Processing?

e Applications enabled by client-side queries
o low latency: dashboards, interactive query formulation, spatial compute
o not always connected applications (edge)
o secure applications: decrypt on client (monomi)
e Reduce Cloud Compute
o Leverage local compute resources
e Moving data science from laptop to cloud
o Share data, bring pipelines in production
e Run PostgreSQL analytics on DuckDB (pg_duckdb)
o ..backed by MotherDuck cloud storage



MotherDuck
MotherDuck Architecture

Client Layer 4" Compute Layer 4% Storage Layer «"
@ Python Shell &8 Observability Duckling Storage  Duckling Storage
t Container Ext. Container Ext.
MotherDuck
DuckDB Oixumlon o1, @ Monitoring
: > Duckling Storage ., Duckling 4% Storage
{7 Container Ext, Container W Ext.

- [ Cloud Storage
@ Local Database Authentication :

?

Host Service Storage Service & | Caching
E.g: Laptop running Jupyter Notebook '-‘ _________________ >

»> X Load Balancer o ; "
L Web Browser Duckling c Storage ‘

= Users, Secrets,

e me.

fessemsssmens

Container Ext.
A — RUtADEeSS; ., . Duckling Slopy. | o M ;
DuckDB-Wasm 05“."““ | ! Container Ext, Duokll g Differential
() Service Layer c:r:nm':? ° E;tt)tage DuckDB database

MotherDuck GUI: Notebooks, SQL IDE & storage

Interactive Results Explorer

Host Service Storage Service & Caching



Dual Query Processing

local (client) [~ A
DuckDB
Parse Bind —>| Optimize || Execute »| results
\ Y,
Extension Parse Bind —>| Optimize || Execute
L ’
| T | T
¢ 1 ¢ 1
remote (duckling)
Bind Execute

MotherDuck




MotherDuck

Dual Query Processing

)

local (client)

DuckDB
results

A A

Parse | Bind —>| Optimize || Execute

Optimize || Execute
] T ) J
¢ 1
Execute

Extension Parse

\

‘recognize tables &
where they
come from 17[ remote (duckling)

FROM local db.tab t SELECT sum(t.c)




MotherDuck

Dual Query Processing
p

local (client)

)

DuckDB
results

A A

Parse | Bind —>| Optimize || Execute

Optimize || Execute
] T ) J
¢ 1
Execute

Extension Parse

\

‘recognize tables &
where they
come from »[ remote (duckling)

FROM remote db.tab t SELECT sum(t.c)




MotherDuck

Dual Query Processing
p

local (client)

)

DuckDB

A A

Parse | Bind —>| Optimize || Execute results

. /

Optimize || Execute
] T ) J
¢ 1
Execute

Virtual catalog ' | '

Extension Parse

\

‘recognize tables &
where they
come from »[ remote (duckling)

FROM remote db.tab t SELECT sum(t.c)




MotherDuck
Query Pipelines

SELECT count(*) FROM tl JOIN t2 ON tl.a t2.a JOIN t3 ON t3.b = t2.b



MotherDuck

Query Pipelines

SELECT count(*) FROM tl JOIN t2 ON tl.a t2.a JOIN t3 ON t3.b = t2.b

aggregate
join
scan(t1) join

NN

scan(t2) scan(t3)



MotherDuck

Query Pipelines

SELECT count(*) FROM tl JOIN t2 ON tl.a t2.a JOIN t3 ON t3.b = t2.b

aggregate
[
join
/\
scan(t1) join
scan(t2) scan(t3)



Dual Query Processing

-

local (client)

~N

.

DuckDB

Parse

—

Optimize

~N

Execute

A A

results

Extension

Parse

Execute

)

MotherDuck

“decide which pipeline to run where”

[ remote (duckling)

)

Execute

|




MotherDuck
Local-Remote Planning

SELECT count(*) FROM t1l JOIN t2 ON tl.a = .a JOIN ON .b t2.b

aggregate

join

—

scan(t1) join

/\

scan(t2) scan(t3)



4V MotherDuck

Local-Remote Planning

SELECT count(*) FROM t1 JOIN t2 ON tl.a = t2.a JOIN t3 ON t3.b = t2.b
aggregate - IOC a I
1 “
join

/\ agnostic
scan(t1) join /

scan(t2) scan(t3)

A

remote



MotherDuck

Local-Remote Planning

SELECT count(*) FROM t1 JOIN t2 ON tl.a = t2.a JOIN t3 ON t3.b t2.b

aggregate
jdn‘l’

scan(t1) join

NN

scan(t2) scan(t3)



q" MotherDuck

Bridge Operators

SELECT count(*) FROM tl JOIN t2 ON tl.a = t2.a JOIN t3 ON t3.b = t2.b
aggregate bridge operator
[
join
—
scan(t1) join

NN

scan(t2) scan(t3)



MotherDuck
MotherDuck Architecture

Client Layer 4" Compute Layer 4% Storage Layer «"
@ Python Shell &8 Observability Duckling Storage  Duckling Storage
t Container Ext. Container Ext.
MotherDuck
DuckDB Oixumlon o1, @ Monitoring
: > Duckling Storage ., Duckling 4% Storage
{7 Container Ext, Container W Ext.

- [ Cloud Storage
@ Local Database Authentication :

?

Host Service Storage Service & | Caching
E.g: Laptop running Jupyter Notebook '-‘ _________________ >

»> X Load Balancer o ; "
L Web Browser Duckling c Storage ‘

= Users, Secrets,

e me.

fessemsssmens

Container Ext,
MotherDuck D.t.?asea' - > Duckling Storageo _________________ J
DUckDB-Weom 0 Extension . : Container Ext. Duckli s Differential
() Service Layer c:r:nm':? ° E;tt)tage DuckDB database
MotherDuck GUI: Notebooks, SQL IDE & storage
Interactive Results Explorer
Host Service Storage Service & Caching

Storage Extension



MotherDuck
DuckDB Storage

Commit() => Write Ahead Log => Checkpoint() => Database File

DuckDB Q

——] e —
Database File
many small appends

random writes



MotherDuck Storage

MotherDuck

Mapping the same database format on cloud resources..

puckpB Q

-
Database File
many small appends

random writes

Duckling Storage
Container Ext.

(FUSE) Storage Service
|

WAL '
Database File
EFS
S3




MotherDuck

Differential Storage

L03ico~l Database File [ J

Active Snapshot Lat/er

Snapshot L.au/e,r o

Snapshot L.m,e,r o

Snapsho‘t Laye_r‘ b | ( ) ( )

Snapsho‘t L.ou./e,r 1
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Declarative Caching
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Niclas Haderer
(MotherDuck)



q’ MotherDuck

q"' MotherDuck Prod v 0O Docs @ Help

+ Add Data P Run 7 duck_pond_share v X

@

1 FROM redset.serverless LIMIT 48000;
Notebooks * +

E MDw

(D)

All types table

&)

Remote-Local Plan

)

Union Filter pushdown

o

Example Query

1D)

Presentation

()

Redset

Attached databases »

Shared with me »




MotherDuck
What Queries Happen Behind the Scene?

Local

Hybrid
Create Cache Pivot Table Widget Column Explorer Widget

CREATE TABLE cache AS FROM ... LIMIT 50°'000;

SELECT * FROM cache LIMIT 1024;

SELECT count(*) FROM cache;
SELECT complex_stat_1() FROM cache;
35

SELECT complex_stat_2() FROM cache;

SELECT complex_stat_3() FROM cache;



MotherDuck
Opportunity #1: allow earlier cache reads

SELECT * FROM cache LIMIT 1024;

Create Cache

10k 20k 30k 40k 50k Read first 1024 tuples

Time



MotherDuck
Opportunity #1: allow earlier cache reads

SELECT * FROM cache LIMIT 1024;

Create Cache

10k 20k 30k 40k 50k

Time

Read first 1024 tuples



q" MotherDuck
What if the query result is large?

Create Cache

10k 20k 30k 40k 50k didn’t fit




MotherDuck
What Queries Happen Behind the Scene?

Local

Hybrid
Create Cache Pivot Table Widget Column Explorer Widget

CREATE TABLE cache AS FROM ... LIMIT 50'600;

SELECT * FROM sub-query LIMIT 1024;

SELECT count(*) FROM sub-query
SELECT complex_stat_1() FROM sub-query
SELECT complex_stat_2() FROM sub-query
SELECT complex_stat_3() FROM sub-query

sub-query



q’ MotherDuck
Opportunity #2: allow access to partial caches

SELECT * FROM cache LIMIT 1024;

Create Cache

20k 30k 40K 50k didn’t fit




¥ MotherDuck
Introducing.. Cached Results
eo0e®

1 CREATE RESULT golden_feathers AS
2  SELECT * FROM migrated_ducks AS md

3 WHERE md.feather_color == 'Gold'
4 AND md.quack_volume > 20;

5

6 FROM golden_feathers;

5

8 DROP RESULT golden_feathers;



Result Mechanics

Decision making by the

query optimizer!

Is the query covered by the
(still growing) cached
RESULT?

Execute Create Result

CREATE RESULT golden_feathers AS
SELECT * FROM migrated_ducks AS md
WHERE md.feather_color == 'Gold
AND md.quack_volume >

(Time elapses)
SELECT * FROM golden_feathers LIMIT 42;

1. Cache is large enough to answer the query

20;

Background

2. Cache will be large enough to answer the query

3. Bypass cache

Query result

MotherDuck

Create Result

Cache @

Access cache



MotherDuck

Some Performance Results

Streaming API: no caching

C++ (Remote) - Time to first bytes

¢ ® Streaming Query
. ® Result Query
CTAS: current approach _— il
5000
RESULT: new approach ;
@ 4000 ~
E
g
= 3000
2000 = ®
°
1000 - . ®
° . ® ® ®
o ® ® ) ®
0
o
S ) % S ) ) S S
OQS\&\)Q\Q \)de,\&}@ \)@6&\9\@ de«\)q\e. \)el\:\)Q\e OQG«OQ\Q) @c\&\\Q\e
eAS o S CAS A o cAs
P & & & N &



MotherDuck
Future Work

Local

Hybrid
Create Cache Pivot Table Widget Column Explorer Widget

CREATE TABLE cache AS FROM ... LIMIT 50'608;

SELECT * FROM result LIMIT 1024;

SELECT count(*) FROM sub-query
SELECT complex_stat_1() FROM sub-query
SELECT complex_stat_2() FROM sub-query
SELECT complex_stat_3() FROM sub-query

sub-query

44



MotherDuck
Future Work

Local

Hybrid
Create Cache Pivot Table Widget Column Explorer Widget

CREATE TABLE cache AS FROM ... LIMIT 50'060;

SELECT * FROM result LIMIT 1024;

SELECT count(*) FROM sub-query

SELECT complex_stat_1() FROM sub-query

SELECT complex_stat_2() FROM sub-query

SELECT complex_stat_3() FROM sub-query

sub-query

45



MotherDuck
Future Work

Local

Hybrid
Create Cache Pivot Table Widget Column Explorer Widget
CREATE TABLE cache AS FROM ... LIMIT 50'000;
SELECT * FROM result LIMIT 1024;

SELECT count(*) FROM sub-query

SELECT complex_stat_1() FROM sub-query

SELECT complex_stat_2() FROM sub-query

SELECT complex_stat_3() FROM sub-query

sub-query

46
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Instant Preview Mode
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https://docs.google.com/file/d/1NZpSSsHb6mmbRVJVWZiBJLrfRGZDM6dz/preview

q" MotherDuck

Conclusion

Hybrid Execution in MotherDuck

e Move some processing to the client
o Lower cloud bills
o Lower latencies (“60 fps”)
o Exploit client-side data
e Declarative Result Caching
o Fast access to the first tuple
o Can be done both on client- and server-side (small resp. big caches)
e |Instant Preview Mode
o Making query formulation easier
o Direct Feedback + Al
o Backed by “join synopses”
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