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ABSTRACT

Over the past several decades, the amount of data being stored
and analyzed has increased exponentially. Businesses across in-
dustries and sectors have begun relying on this data to improve
products, evaluate performance, and make business-critical deci-
sions. However, as data volumes have increasingly become internet-
scale, businesses have needed to manage historical and new data
in a cost-effective and scalable manner, while analyzing it using a
high number of concurrent queries and an expectation of real-time
latencies (e.g. less than one second, depending on the use case).
This paper presents an overview of ClickHouse, a popular open-
source OLAP database designed for high-performance analytics
over petabyte-scale data sets with high ingestion rates. Its storage
layer combines a data format based on traditional log-structured
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ClickHouse is designed to address five key challenges of modern
analytical data management:

1. Huge data sets with high ingestion rates. Many data-
driven applications in industries like web analytics, finance, and
e-commerce are characterized by huge and continuously grow-
ing amounts of data. To handle huge data sets, analytical databases
must not only provide efficient indexing and compression strategies,
but also allow data distribution across multiple nodes (scale-out)
as single servers are limited to several dozen terabytes of storage.
Moreover, recent data is often more relevant for real-time insights
than historical data. As a result, analytical databases must be able
to ingest new data at consistently high rates or in bursts, as well as
continuously "deprioritize" (e.g. aggregate, archive) historical data
without slowing down parallel reporting queries.
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Fastest analytics database

Relative time (log scale)
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Relative cold runtime

Snowflake

. Relative hot runtime

Umbra

ClickHouse

ClickHouse has the best
query performance
amongst production-grade
analytics databases.
Performance is a top priority
and continuously improved.
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ClickBench — a Benchmark For Analytical DBMS -

Methodology | Reproduce and Validate the Results | Add a System | Report Mistake | Hardware Benchmark | Versions Benchmark

System: All  AlloyDB Athena (partitioned) Athena (single) Aurorafor MySQL Aurora for PostgreSQL  ByConity ByteHouse chDB (Parquet, partitioned) chDB  Citus

ClickHouse Cloud (aws) ClickHouse Cloud (aws) Parallel Replicas ON  ClickHouse Cloud (Azure) ClickHouse Cloud (Azure) Parallel Replica ON  ClickHouse Cloud (Azure) Parallel Replicas ON

R ClickHouse Cloud (gcp) ClickHouse Cloud (gcp) Parallel Replicas ON  ClickHouse (data lake, partitioned) ClickHouse (data lake, single) ClickHouse (Parquet, partitioned)
4 5 + C O m m e rC I a I a n d ClickHouse (Parquet, single) ClickHouse (web) ClickHouse ClickHouse (tuned) ClickHouse (tuned, memory) Cloudberry CrateDB Crunchy Bridge for Analytics (Parquet) Databend
r e S e a r C h d a t a b a S e S DataFusion (Parquet, partitioned) DataFusion (Parquet, single) Apache Doris Druid DuckDB (Parquet, partitioned) DuckDB Elasticsearch Elasticsearch (tuned) GlareDB Greenplum
HeavyAl Hydra Infobright Kinetica MariaDB ColumnStore MariaDB MonetDB MongoDB Motherduck MySQL (MylISAM) MySQL Oxla ParadeDB (Parquet, partitioned)
ParadeDB (Parquet, single) Pinot PostgreSQL (tuned) PostgreSQL QuestDB (partitioned) QuestDB Redshift SelectDB SingleStore Snowflake SQLite StarRocks Tablespace

Tembo OLAP (columnar) TimescaleDB (compression) TimescaleDB Umbra

Type:
parallel replicas Azurq@l analytical Rust search document somewhat PostgreSQL compatible time-series
Machine: All 16 vCPU 128GB vCPU 64GB serverless 16acu c6a.4xlarge, 500gbgp2 L M S XS c6a.metal, 500gbgp2 192GB 24GB 360GB 48GB 720GB 96GB 1430GB
dev 708GB cbn. 00gb gp2 Analytics-256GB (64 vCores, 256 GB) c5.4xlarge, 500gb gp2 c6a.4xlarge, 1500gb gp2 cloud dc2.8xlarge ra3.16xlarge ra3.4xlarge ra3.xlplus
S2 S24 2XL 3X AXL XL L1-16CPU 32GB c6a.4xlarge, 500gb gp3
Cluster size s dedicated
e Qotsn temn e seses § 49 queries analyzing 100 million rows of event data
System & Machine Relative time (lower is better)
ClickHouse (tuned, memory) (c6a.metal, 500gb gp2): x1.44
ClickHouse Cloud (aws) (1430GB): x3.75
ClickHouse Cloud (aws) (720GB): x3.95
ClickHouse Cloud (gcp) (708GB): x4.03
StarRocks (c6a.metal, 500gb gp2): x4.36
Snowflake (64x3XL): x5.13
Snowflake (32x2XL): x5.19
ClickHouse Cloud (aws) (360GB): x5.,22
ClickHouse Cloud (Azure) (192GB): x5.89
Snowflake (16xXL): x6.05
Snowflake (128x4XL): x6.08
ByteHouse (8xL): x6.22
ClickHouse (web) (c6a.metal, 500gb gp2): x6.37
ClickHouse Cloud (Azure) (360GB): x6.51
- SelectDB (c5.4xlarge, 500gb gp2): x6.52 ce
<9 SelectDB (c6a.4xlarge, 500gb gp2): x6.58
m . H . X
8 ClickHouse Cloud (Azure? Parallel Replicas ON (360GB): 6.60 E g ra d e
ClickHouse Cloud (aws) (192GB): x6.69
% ClickHouse Cloud (gcp) (360GB): x6.80
— ClickHouse (tuned) (c6a.metal, 500gb gp2): x6.91 .
GE) Apache Doris (c6a.4xlarge, 500gb gp2): x7.08 . .
= Crunchy Bridge for Analytics (Parquet) (Analytics-256GB (64 vCores, 256 GB)): Y p p 'O r|ty
CI>.> ClickHouse Cloud (Azure) Parallel Replica ON (192GB): x7.32
= ClickHouse Cloud (gcp) (192GB): x7.54
e
% ClickHouse (c6a.4xlarge, 500gb gp2): x7.86 p roved °
o SingleStore (S24)™: x7.96
Snowflake (8xL): x8.13
ClickHouse (c6a.metal, 500gb gp2): x8.43 USG.COm
ClickHouse Cloud (Azure) Parallel Replica ON (96GB): x8.52
ByteHouse (4xM): x8.89
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ClickHouse (Parquet, partitioned) (c6a.metal, 500gb gp2):
DataFusion (Parquet, single) (c6a.4xlarge, 500gb gp2)™:
Databend (c6a.metal, 500gb gp2):

ClickHouse (Parquet, single) (c6a.4xlarge, 500gb gp2):
chDB (Parquet, partitioned) (c6a.4xlarge, 500gb gp2):

SingleStore (S2)™:

ClickHouse Cloud (Azure) Parallel Replica ON (24GB):
ParadeDB (Parquet, single) (c6a.4xlarge, 500gb gp2):
chDB (c6a.metal, 500gb gp2):

chDB (Parquet, partitioned) (c6a.metal, 500gb gp2):
ClickHouse (data lake, single) (c6a.4xlarge, 500gb gp2):
chDB (c6a.4xlarge, 500gb gp2):

ParadeDB (Parquet, partitioned) (c6a.4xlarge, 500gb gp2):
Snowflake (XS):

ClickHouse Cloud (gcp) (24GB):

DuckDB (c5.4xlarge, 500gb gp2):

ClickHouse Cloud (Azure) (24GB):

DuckDB (c6a.4xlarge, 500gb gp2):

ClickHouse (data lake, partitioned) (c6a.4xlarge, 500gb gp2):
ClickHouse Cloud (aws) (24GB):

ByteHouse (XS):

MonetDB (c6a.4xlarge, 500gb gp2):

Elasticsearch (tuned) (c6a.4xlarge, 1500gb gp2)™:
SelectDB (c6a.metal, 500gb gp2):

Cloudberry (c6a.4xlarge, 500gb gp2)*:
Umbra (c6a.4xlarge, 500gb gp2):
Greenplum (c6a.4xlarge, 500gb gp2):
Athena (single) (serverless):

Redshift (4xra3.16xlarge):

DuckDB (c6a.metal, 500gb gp2):
GlareDB (c6a.4xlarge, 500gb gp2):
Tembo OLAP (columnar) (c6a.4xlarge, 500gb gp3):
Hydra (c6a.4xlarge, 500gb gp2):
Athena (partitioned) (serverless):

Pinot (c6a.4xlarge, 500gb gp2)™:
SingleStore (c6a.4xlarge, 500gb gp2)*:
AlloyDB (16 vCPU 128GB):

Redshift (serverless):

AlloyDB (8 vCPU 64GB):

Redshift (2xdc2.8xlarge):

Umbra (c6a.metal, 500gb gp2):

MariaDB ColumnStore (c6a.4xlarge, 500gb gpz)*:
Redshift (4xra3.xlplus):

Redshift (4xra3.4xlarge):

Elasticsearch (c6a.4xlarge, 1500gb gp2):
PostgreSQL (tuned) (c6a.4xlarge, 500gb gp2):

CrateDB (c6a.4xlarge, 500gb gp2)™:
GlareDB (c6a.metal, 500gb gp2):

AlloyDB (8 vCPU 64GB):

Druid (c6a.4xlarge, 500gb gp2):

Citus (c6a.4xlarge, 500gb gp2):
TimescaleDB (compression) (c6a.4xlarge, 500gb gp2):
Kinetica (c6a.4xlarge, 500gb gp2):

Aurora for PostgreSQL (16acu):

MongoDB (c6a.4xlarge, 500gb gp2):
HeavyAl (c6a.4xlarge, 500gb gp2):
Infobright (c6a.4xlarge, 500gb gp2)™:
PostgreSQL (c6a.4xlarge, 500gb gp2):
MySQL (MyISAM) (c6a.4xlarge, 500gb gp2):
TimescaleDB (c6a.4xlarge, 500gb gp2):
SQLite (c6a.4xlarge, 500gb gp2):

MySQL (c6a.4xlarge, 500gb gp2):

Aurora for MySQL (16acu)™

MariaDB (c6a.4xlarge, 500gb gp2)':

x16.
x16.
x16.
x16.
x17.
x17.
x17.
x18.
x18.
x18.
x19.
x19.
x19.
x19.
x20.
x20.
x21.
x22.
x23.
x23.
x23.
x25.
x26.
x27.
x35.
x36.
x36.
x37.
x37.
x37.
x38.
x38.
x41.
x43.
x43.
x45.
x51.
x54.
x55.
x58.
x58.
x68.
x69.
x72.
x75.
x85.
x89.
x90.
x109.
x187.
x279.
x434.,
x456.
x502.
x544.,
x550.
x615.
x1399.
x1484.
x1700.
%x2089.
x3238.
x4675.

x17523.
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Relative time (log scale)

Kinetica (c6a.4xlarge, 500gb gp2):
Aurora for PostgreSQL (16acu):
MongoDB (c6a.4xlarge, 500gb gp2):
HeavyAl (c6a.4xlarge, 500gb gp2)™:
Infobright (c6a.4xlarge, 500gb gp2)™:
PostgreSQL (c6a.4xlarge, 500gb gp2):
MySQL (MyISAM) (c6a.4xlarge, 500gb gp2):
TimescaleDB (c6a.4xlarge, 500gb gp2):
SQLite (c6a.4xlarge, 500gb gp2):
MySQL (c6a.4xlarge, 500gb gp2):
Aurora for MySQL (16acu)™:

MariaDB (c6a.4xlarge, 500gb gp2)':

Detailed Comparison

ClickHouse (tuned, memory) ClickHouse Cloud (aws) ClickHouse Cloud (aws) ClickHouse Cloud (gcp) StarRocks Snowflake Snowflake
v (c6a.metal, 500gb gp2) (1430GB) (720GB) (708GB) (c6a.metal, 500gb gp2) (64x3XL) (32x2XL) (360GB)
Load time: 290s (x877.65) 225s (x682.20) 220s (x667.39) 333s (x1007.92) 433s (x1312.12) 2524s (x7648.48) 2524s (x7648.48) 217s (x657.36)

Data size: 128.16 GiB (x13.84)

16.49 GiB (x1.78) | 11.46 GiB (x1.24) | 11.46 GiB (x1.24) |

x456.
x502.
x544.,
x550.
x615.
x1399.
x1484.
x1700.
x2089.
x3238.
x4675.

x17523.

03
91
80
01
32
31
43
69
71
34
64
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ClickHouse Cloud (aws) ClickHouse Cloud

(192GB)
295s (>

v Qo. 0.019s (x2.84) 0.014s (x2.35) 0.004s (x1.37) 0.008s (x1.76) 0.040s (x4.89) 0.165s (x17.13) 0.177s (x18.30) 0.003s (x1.27) 0.006s
1’ 7L\7’ [ X5.. 0.120s ( “:l‘u 4

a. \
Q2. 0.520s (x18.28)

03. 0.851s (x22.08)
. 0.525 (x4.90)
Q6. 0.3565 (x24.40) 0.164s (x11.60)

a.

0.978s (x41.17) |

1.356s (x56.92) 0.903s (x38.04)
0.660s (x23.10) 1.287s (x44.72) 0.458s (x16.14) 0.307s (x10.93)
2.080s (x53.59) 0.627s (x16.33) 0.881s (x22.85) 0.638s (x16.62)

0.265s (x2.50) 0.404s (x3.76) 0.273s (x2.57)
2.190s (x12.79) 0.887s (x5.22) 0.481s (x2.85) 0.585s (x3.46)
0.040s (x3.33) 0.054s (x4.27) 0.056s (x4.40)

0.060s (x2.59)

0.651s (x27.54)

Q10. 0.261s (x4.17) 0.245s (x3.92)
Q11. 0.206s (x3.60) 0.196s (x3.43)

0.290s (x4.62) 0.130s (x2.15) [EPECYEMEPINEIN 0,345

0.269s (x4.65) 1.040s (x17.50)

0.289s (x4.98)

aw. 0.2305 (x1.30)
au. 0.3985 (x2.47 07395 (xa.50
ass.
s
Q17. 0.326s (x21.77) 0.474s (x31.35) 0.458s (x30.32) 0.417s (x27.66) 0.489s (x32.32) 0.838s (x54.93)
. 0.291 (x25.08)  0.151s (x13.42) 0.0365 (.83)
2. 12.0905 (x48.21)
1.

22, 0.4855 (<169
Q23. 0.182s (x1.36) 2.533s (x17.98) 4.070s (x28.85) 1.770s (x12.59)
Q25. 0.035s (x3.00) 0.194s (x13.60)
Q26. 0.042s (x3.33) 0.334s (x22.03)
a2,
Q28. 1.72 (x5.16) 4.037s (x12.01)

Q29. 0.036s (x2.80) 0.387s (x24.13) 0.663s (x40.91) 0.665s (x41.03)

aa. 13305 (12,19
. 3,405 (23.29) |LLIENCEIET)
. 0.7865 (1,67
0.
aa. 0.0665 (1.4 0.1345 (2.67) 0.2015 (3.1
Q37. 0.054s (x1.78) 0.070s (x2.22) 0.052s (x1.72) 0.840s (x23.61) 0.084s (x2.61)
Q38. 0.054s (x2.13) 0.0865 (x3.20) 0.100s (x3.67) 0.061s (x2.37)
039. 0.171s (x2.21) 0.179s (x2.30) 0.283s (x3.57)
Q40. 0.052s (x1.88) 0.167s (x5.36! 0.063s (x2.21) 0.094s (x3.15) 0.470s (x14.55) 0.062s (x2.18)
Q41. 0.046s (x2.15) 0.059s (x2.65) 0.044s (x2.08)

Q42. 0.030s (x2.00) 0.061s (x3.55) 0.027s (x1.85)

28.250s (x199.84) 1.458s (x10.38) 2.661s (x18.89)
0.060s (x4.67) 0.165s (x11.67) 0.181s (x12.73) 0.305s (x21.00)
0.177s (x11.97) 0.020s (x1.92) 0.197s (x13.25) 0.220s (x14.73) 0.257s (x17.10)

0.528s (x2.91) 0.459s (x2.54) 0.630s (x3.46) 0.289s (x1.62) 0.368s (x2.04) 0.770s (x4.22)
8.770s (x26.05) 0.513s (x1.55) 0.677s (x2.04) 5.886s (x17.50)

0.766s (x47.17) 0.877s (x53.92) 0.655s (x40.43)

2.660s (x18.88)

0.172s (x12.13)
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0.029s (x1.95)

0.547s |
0.287s |
1.496s |
1.815s |

0.032s

BT
.
.

{

Q12. 0.229s (x1.57) 0.514s (x3.45) 0.361s (x2.44) | 0.170s (x1.18) |  0.273s (x1.86) |  0.521s (x3.49) 0.444s (x2.99) 0.576s

0.639s
0.549s
0.334s
1.121s
0.693s
2.795s
0.397s

7.958s

10.910s (x36.16) 0.568s (x1.91) 0.591s (x1.99) 0.931s (x3.12)

5.801s
21.765s (
0.164s
0.245s

sssthe best

5.475s

xy1CC
1-grade

0.644s

1.851s
6.335s

0.316s

0.152s 1 1
0.051s p pr|0r|ty
0.065s
sasss1proved.
0.032s

0.029s
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alloydb

athena

aurora-mysq|

aurora-postgresq|

bigquery

brytlytdb

byconity

bytehouse

chdb-parquet

chdb

citus

clickhouse-cloud

clickhouse-datalake

clickhouse-parquet

clickhouse-web

clickhouse

cloudberry

cratedb

~riinchvohridoaofareanalvts

Update README.md

Remove bogus tag

impl

impl

Avoid too large cloud-init log

Add S3 Select

impl

Remove undefined cluster size

Fix chDB (Parquet, partitioned) ...

Fix json tailing,

Avoid too large cloud-init log

Added azure 360

ClickHouse 24.1

ClickHouse 24.1

ClickHouse 24.1

Update README.md

Update README.md

Avoid too large cloud-init log

Aannh/ foadharly

8 months ago

2 years ago

last year

last year

last year

2 months ago

last year

2 months ago

2 months ago

2 months ago

last year

3 months ago

6 months ago

6 months ago

6 months ago

3 months ago

2 months ago

last year
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® HTML 80.3% Shell 16.7%
JavaScript 2.6%

® Python 0.4%

Kinetica (c6a.4xlarge, 500gb gp2):
Aurora for PostgreSQL (16acu):
MongoDB (c6a.4xlarge, 500gb gp2):
HeavyAl (c6a.4xlarge, 500gb gp2)+:
Infobright (c6a.4xlarge, 500gb gp2)™:

PostgreSQL (c6a.4xlarge, 500gb gp2):
MySQL (MyISAM) (c6a.4xlarge, 500gb gp2):
TimescaleDB (c6a.4xlarge, 500gb gp2):

)

)

Detailed Comparison

v

Load time:
Data size:

Qo.
Q1.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.
Q8.
Q9.

v
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290s (x877.65)
128.16 GiB (x13.84)

SQLite (c6a.4xlarge, 500gb gp2):
MySQL (c6a.4xlarge, 500gb gp2):

Aurora for MySQL (16acu)™:

(1430GB)
225s (x682.20)

0.520s

0.356s

0.326s

2.533s

0.194s
0.334s

(x18.28)

(x24.40)

(x21.77)

(x17.98)

(x13.60)
(x22.03)

(x24.13)

MariaDB (c6a.4xlarge, 500gb gp2)*:

(720GB)
220s (x667.39)

0.164s

0.474s

4.070s

0.177s

4.037s
0.663s

(x11.60)

(x31.35)

(x28.85)

(x11.97)

(x12.01)
(%40.91)

ClickHouse (tuned, memory) ClickHouse Cloud (aws) ClickHouse Cloud (aws) ClickHouse Cloud (gcp)
(c6a.metal, 500gb gp2)

(708GB)
333s (x1007.92)

0.978s (x41.17)

0.851s (x22.08)

0.458s (x30.32)

1.770s (x12.59)

0.172s (x12.13)

0.665s (x41.03)

StarRocks
(c6a.metal, 500gb

433s (x1312

1.040s

12.090s (x48

10.910s (%36
28.250s (%199

8.770s (x26

1.330s (x12
3.460s (x23

0.470s (x14
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Relative time (log scale)
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ClickHouse

ClickHouse has the best
query performance
amongst production-grade
analytics databases.
Performance is a top priority
and continuously improved.
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For everyone

Trusted by 50%+ of Fortunes
Global Top 2000 companies.

The most popular OSS analytics
database (Apache 2.0 license)

36k and 2k+ contributors

Runs on anything

github.com/ClickHouse/ClickHouse

||l: DB Engine

2009 2012 2016 2017 2018 2019 2020 2021 2022 2023 2024

—0—0—0—0—0—0—0—0—0—0—0—

Start of Production Open : Mutations ' Improved introspection | ClickHouse
development launch source i (sec. 3) 1 tools (sec. 6) 1 Cloud (sec. 8)
| | |
|

| | (sec. 3) |

First New execution Async inserts, Column
integration framework Projections statistics (sec. 3)
engine (Kafka) (sec. 4) (sec. 3) CPU & 10 scheduling

(sec. 5) (sec. 4)
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For everyone

Trusted by 50%+ of Fortunes
Global Top 2000 companies.

The most popular OSS analytics
database (Apache 2.0 license)

36k and 2k+ contributors

Runs on anything

github.com/ClickHouse/ClickHouse

||l: DB Engine

2009 2012 2016 2017 2018 2019 2020 2021 2022 2023 2024
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Start of Production Open : Mutations ' Improved introspection | ClickHouse
development launch source i (sec. 3) 1 tools (sec. 6) 1 Cloud (sec. 8)
| | |
|

| | (sec. 3) |

First New execution Async inserts, Column
integration framework Projections statistics (sec. 3)
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Trusted by 50%+ of Fortunes
Global Top 2000 companies.

e The most popular OSS analytics

database (Apache 2.0 license)
e 36k and 2k+ contributors

e Runs on anything

github.com/ClickHouse/ClickHouse
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> Command-line

""- DB Engine

ClickHouse Local

- ClickHouse DB engine isolated as standalone command-line utility

. Serverless: No need to install/configure/start ClickHouse

. Fastl cO () json_bench v2.ipynb & share 13 m

File Edit View Insert Runtime Tools Help

+ Code + Text Copy to Drive Connect A

vV @ 2 B W
The fastest command-line tools for querying large JSON datasets

Benchmark with several command-line tools with focus on querying large files that fit into the disk of a
standard machine but might not fit into memory.

Dataset

A subset of the Amazon book reviews dataset with 10 GB.

Results' Summary

Stars Processing Time Memory Scalability Conclusion

Tool (GitHub) (Map/Aggr/Filter) (Map/Aggr/Filter)
ClickHouse () 36k & E U & e U Overall the fastest for large files (>=100MB).
OctoSQL 0 a7 F e d £ & o

Overall the fastest for small files (1-10MB), head to head with ClickHouse a

SPyQL ) o912 & E U & E U Up to 2x faster than jq but up to 5x slower than the best (for 1GB of data). 2

22



uk_price_paid.csv

> Command-line

date price  town street postcode

1995-01-04 00:00 96000 ABERYSTWYTH NORTH ROAD SY23 2EE
1995-01-04 00:00 15000 BRAINTREE COGGESHALL ROAD CM7 9EL
1995-01-04 00:00 230000 LONDON ULLSWATER CRESCENT SW15 3RQ
1995-01-04 00:00 31000 SWANSEA PROSPECT PLACE SA9 2GL

""- DB Engine

uk_price
_paid
.CSV

What are the top 3 districts in London
with the most sold properties?

> cat sort uniq cut sed ... 9

&

>_ ./clickhouse local -q "
SELECT
splitByChar(' ', postcode)[1] AS district,
count() as properties
FROM file('uk_price_paid.csv') 50+ integrations
WHERE town = 'LONDON' with external systems
GROUP BY district

ORDER BY properties DESC
LIMIT 3"

90+ file formats



uk_price_paid.csv

> Command-line

— date price town street postcode

1995-01-04 00:00 96000 ABERYSTWYTH NORTH ROAD SY23 2EE
1995-01-04 00:00 15000 BRAINTREE COGGESHALL ROAD CM7 9EL
1995-01-04 00:00 230000 LONDON ULLSWATER CRESCENT SW15 3RQ
1995-01-04 00:00 31000 SWANSEA PROSPECT PLACE SA9 2GL

""- DB Engine

uk_price
_paid
.CSV

What are the top 3 districts in London
with the most sold properties?

—district———properties—
./clickhouse local -q " E14 55765
SELECT SW11 49389
splitByChar(' ', postcode)[1] AS district, SW19 47222

count() as properties

FROM file('uk_price_paid.csv')
WHERE town = 'LONDON'

GROUP BY district

ORDER BY properties DESC

LIMIT 3"




> Command-line

""- DB Engine

uk_price
_paid
.CSV

uk_price_paid.csv

date price town street

1995-01-04 00:00 96000 ABERYSTWYTH NORTH ROAD
1995-01-04 00:00 15000 BRAINTREE COGGESHALL ROAD
1995-01-04 00:00 230000 LONDON ULLSWATER CRESCENT
1995-01-04 00:00 31000 SWANSEA PROSPECT PLACE

What are the top 3 districts in London
with the most sold properties?

./clickhouse local -q "

SELECT

splitByChar(' ', postcode)[1] AS district,

count() as properties

FROM file('uk_price_paid.csv')

WHERE town = 'LONDON'

GROUP BY district

ORDER BY properties DESC 50+ integrations
LIMIT 3 with external systems

INTO OUTFILE 'top_3_districts.csv' 90+ file formats

—district—
El4
SW11
SW19

—propertlies—
55765
49389
47222

postcode

SY23 2EE
CM7 9EL
SW15 3RQ
SA9 2GL




uk_price_paid.csv

> Command-line

— date price town street postcode

1995-01-04 00:00 96000 ABERYSTWYTH NORTH ROAD SY23 2EE
1995-01-04 00:00 15000 BRAINTREE COGGESHALL ROAD CM7 9EL
1995-01-04 00:00 230000 LONDON ULLSWATER CRESCENT SW15 3RQ
1995-01-04 00:00 31000 SWANSEA PROSPECT PLACE SA9 2GL

""- DB Engine

uk_price
_paid
.CSV

What are the top 3 districts in London
with the most sold properties?

—district———properties—
./clickhouse local -q " E14 55765
SELECT SW11 49389
splitByChar(' ', postcode)[1] AS district, SW19 47222

count() as properties

FROM file('uk_price_paid.csv')
WHERE town = 'LONDON'

GROUP BY district

ORDER BY properties DESC

LIMIT 3"




stations.csv

— stations.csv uk_price_paid.csv

> Command-line

PC DISTRICT NAME date price town street postcode
'WC1V Chancer y Lane 1995-01-04 00:00 96000 ABERYSTWYTH NORTH ROAD " SY23 2EE

""- DB Engine

EC2V St. Paul's 1995-01-04 00:00 15000 BRAINTREE COGGESHALL ROAD CM7 ' EL
E3 Mile End stations 1995-01-04 00:00 230000 LONDON ULLSWATER CRESCENT SW15 BRQ

E2 Bethnal Green CSV —pald 1995-01-04 00:00 31000 SWANSEA PROSPECT PLACE SA9 | GL
] o cdde o om .CSV LiaYale N1 n

uk_price

WHAY RS R ePHEDI B TRt iR 08 ir$ 1ebiodsn
Arg/IthififelRid st EiSid i FeeagoN

with the most sold properties?

—district———properties—
./clickhouse local -q " E14 99769
SELECT SW11 493589
splitByChar(' ', postcode)[1] AS district, SW19 47222
count() as properties
FROM file('uk_price_paid.csv')
WHERE town = 'LONDON'
G
0

ROUP BY district

RDER BY properties DESC
LIMIT 3"




stations.csv

— stations.csv

> Command-line

PC_DISTRICT NAME

Fweav Chancer y Lane
EC2V St. Paul's

E3 Mile End stations
E2 Bethnal Green .CSV

""- DB Engine

uk_price
_paid
.CSV

HOW many public transport

are in the top 3 districts

A

with the most sold pro

./clickhouse local -g "
SELECT ...
FROM file('stations.csv') AS stations
JOIN (

SELECT
splitByChar("' ', postcode)[1] AS district,
count() as properties
FROM file('uk_price_paid.csv')
WHERE town = 'LONDON'
GROUP BY district
ORDER BY properties DESC
LIMIT 3) AS properties

ON

e

uk_price_paid.csv

date price town street

1995-01-04 00:00 96000 ABERYSTWYTH NORTH ROAD
1995-01-04 00:00 15000 BRAINTREE COGGESHALL ROAD
1995-01-04 00:00 230000 LONDON ULLSWATER CRESCENT
1995-01-04 00:00 31000 SWANSEA PROSPECT PLACE

stations
ondon
1ies”?

—district—
El4
SW11
SW19

—propertlies—
55765
49389
47222

postcode

'sy23 REE

CM7 'EL
SW15 3RQ
SA9 | GL




stations.csv

— stations.csv

> Command-line

PC_DISTRICT NAME

Fweav Chancer y Lane
EC2V St. Paul's

E3 Mile End stations
E2 Bethnal Green .CSV

""- DB Engine

uk_price
_paid
.CSV

./clickhouse local -q " HOW. many public frarjspo.r;
SELECT are in the top 3 districts ir
district, with the most sold prope

any(properties) as properties,
count() as stations
FROM file('stations.csv') AS stations
JOIN (
SELECT
splitByChar(' ', postcode)[1] AS district,
count() as properties
FROM file('uk_price_paid.csv')
WHERE town = 'LONDON'
GROUP BY district
ORDER BY properties DESC
LIMIT 3) AS properties
ON stations.PC_DISTRICT = properties.district
GROUP BY district"

uk_price_paid.csv

date price town street

1995-01-04 00:00 96000 ABERYSTWYTH NORTH ROAD
1995-01-04 00:00 15000 BRAINTREE COGGESHALL ROAD
1995-01-04 00:00 230000 LONDON ULLSWATER CRESCENT
1995-01-04 00:00 31000 SWANSEA PROSPECT PLACE

stations
ondon
1ies”?

—district—
El4
SW11
SW19

—propertlies—
55765
49389
47222

postcode

'sy23 REE

CM7 'EL
SW15 3RQ
SA9 | GL




stations.csv

— stations.csv uk_price_paid.csv

> Command-line

PC_DISTRICT NAME date price town street postcode

MWLy Chancer T 1995-01-04 00:00 96000 ABERYSTWYTH NORTH ROAD [SY23 REE
EC2V St. Paul's uk_price 1995-01-04 ©0:00 15000 BRAINTREE COGGESHALL ROAD CM7 ' EL
= 1995-01-64 00:00 230000 LONDON ULLSWATER CRESCENT SW15 BRQ

""- DB Engine

E3 Mile End stations

E2 Bethnal Green CSV —pald 1995-01-04 00:00 31000 SWANSEA PROSPECT PLACE SA9 | GL
| ISP S .CSV LiaYale

./clickhouse local -g " Hovv.mawy puplic transport stations
SELECT are in the top 3 districts in London
district, with the most sold properties?

any(properties) as properties,
count() as stations

FROM file('stations.csv') AS stations —district——properties——stations—
JOIN ( E14 55765 16
SELECT SW11 493589 1
splitByChar(' ', postcode)[1] AS district, SW19 47222 10

count() as properties
FROM file('uk_price_paid.csv')
WHERE town = 'LONDON'
GROUP BY district
ORDER BY properties DESC
LIMIT 3) AS properties
ON stations.PC_DISTRICT = properties.district
GROUP BY district"




stations.csv

stations.csv

Command-line

PC_DISTRICT NAME

WC1iv Chancer y Lane
EC2V St. Paul's

E3 Mile End

E2 Bethnal Green

""- DB Engine

./clickhouse local -q " HOW Ma

stations
.CSV

SELECT are in the top 3 districts

district, with t
any(properties) as properties,
count() as stations
FROM file('stations.csv') AS stations
JOIN (
SELECT
splitByChar(' ', postcode)[1] AS dis
count() as properties
FROM file('uk_price_paid.csv')
WHERE town = 'LONDON'
GROUP BY district
ORDER BY properties DESC
LIMIT 3) AS properties
ON stations.PC_DISTRICT = properties.dis
GROUP BY district"

ne most sold pro

trict,

trict

Ny public transport

A

e

stations
ondon
1ies”?

—district—
El4
SW11
SW19

uk_price
_paid
table
—properties——stations—
55765 16
49389 1
47222 10




stations.csv

stations.csv

Command-line

PC_DISTRICT NAME

WC1iv Chancer y Lane
EC2V St. Paul's

E3 Mile End

E2 Bethnal Green

""- DB Engine

./clickhouse local -q " HOW Ma

stations
.CSV

SELECT are in the top 3 districts

district, with t
any(properties) as properties,
count() as stations
FROM file('stations.csv') AS stations
JOIN (
SELECT
splitByChar(' ', postcode)[1] AS dis
count() as properties
FROM file('uk_price_paid.csv')
WHERE town = 'LONDON'
GROUP BY district
ORDER BY properties DESC
LIMIT 3) AS properties
ON stations.PC_DISTRICT = properties.dis
GROUP BY district"

ne most sold pro

trict,

trict

Ny public transport

A

e

stations
ondon
1ies”?

—district—
El4
SW11
SW19

uk_price
_paid
table
—properties——stations—
55765 16
49389 1
47222 10




stations.csv

stations.csv

Command-line

PC_DISTRICT NAME

WC1iv Chancer y Lane
EC2V St. Paul's

E3 Mile End

E2 Bethnal Green

""- DB Engine

./clickhouse local -q " HOW Ma

stations
.CSV

SELECT are in the top 3 districts

district, with t
any(properties) as properties,
count() as stations
FROM file('stations.csv') AS stations
JOIN (
SELECT
splitByChar(' ', postcode)[1] AS dis
count() as properties
FROM remoteSecure('HOST', ...,'uk_price_
WHERE town = 'LONDON'
GROUP BY district
ORDER BY properties DESC
LIMIT 3) AS properties
ON stations.PC_DISTRICT = properties.dis
GROUP BY district"

ne most sold pro

trict,

paid',...)

trict

Ny public transport

A

e

stations
ondon
1ies”?

—district—
El4
SW11
SW19

uk_price
_paid
table
—properties——stations—
55765 16
49389 1
47222 10
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@
C8Z) Python process

lll: DB Engine

S000C

O

@ chDB

- Embedded in-process ClickHouse DB Engine
. Serverless: No need to install/configure/start ClickHouse
 Bindings for Python, Go, Rust, NodedJS, Bun, .NET

» /ero data copy from db engine to language library binding

- chdb. cpython—-3xX—XXX—XXX.S0

(D Pybind1l

LocalChdb.cpp

""-ClickHouse local

LocalServer.cpp

DB: :WriteBuffer

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

Vector

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



System & Machine Relative time (lower is better)

chDB (EPYC 9654, 128G, 4TB):

§AF gAf ﬁA? ﬁﬁ? ﬁﬁ? DuckDB (EPYC 9654, 128G, 4TB):

' ( )

@ ) ( )

Polars (EPYC 9654, 128G, 4TB):

I: 3 St | Pandas (EPYC 9654, 128G, 4TB):

(@ Python process Detailed Comparison

chDB DuckDB Polars Pandas
(EPYC 9654, 128G, 4TB) (EPYC 9654, 128G, 4TB) (EPYC 9654, 128G, 4TB) (EPYC 9654, 128G, 4TB)

Load time: 0 0 23s (x1.00) 0
Data size: 0.86 GiB (x1.00) 0.86 GiB (x1.00) 0.86 GiB 0.86 GiB (x1.00)

Q0.  0.065s (x7.50) 0.034s (x4.43) 0.000s 8.789s (x878.50)
Q1. (x1.13) 0.027s (x1.10) 0.023s 0.162s (x5.19)
Q2. (x1.92) 0.025s (x1.99) 0.038s (x2. 0.008s (x1.00)
Q3. (x2.58) 0.022s (x2.25) 0.004s (x1.00) 0.008s (x1.24)
Q4. (x2.19) 0.078s (x1.00) 9.133s (x1.63) 0.211s (x2.51)
Q5. (x1.70) 0.084s (x1.00) 0.304s (x3.36)
Q6. (x2.22) 0.025s (x2.14) 0.006s (x1.00) 0.020s (x1.87)
Q7. (x1.70) 0.046s (x1.48) 0.028s (x1.00) 0.071s (x2.13)
Q8. (x1.00) 0.091s (x1.09) 0.261s (x2.91) 0.579s (x6.34)
Q9. (x1.00) 0.127s (x1.34) 0.248s (x2.52) 0.682s (x6.76)
(x1.66) 0.053s (x1.00) 0.129s (x2.21) 0.840s (x13.54)
(%1.00) 0.059s (x1.01) 0.121s (x1.91) 0.870s (x12.84)
(x1.22) 0.099s (x1.00) 0.200s (x1.92) 2.771s (x25.48)
(x1.00) 0.159s (x1.36) 22.401s (x180.77) 2.760s (x22.35)
0.109s (x1.04) 0.105s (x1.00) 0.189s (x1.74) 8.412s (x73.49)
0.089s (x1.09) 0.081s (x1.00) 0.123s (x1.46)

0.153s (x1.08) 0.140s (x1.00) 0.200s (x1.40) 25.731s (x171.25)
.115s (x1.02) 0.142s (x1.24) 0.113s (x1.00) 2.752s (x22.49)
.196s (x1.00) 0.202s (x1.03) 0.464s (x2.30) 54.367s (x264.54)
.023s (x2.05) 0.029s (x2.41) 0.006s (x1.00) 0.006s (x1.01)
.087s (x1.00) 0.125s (x1.39) 0.183s (x2.00) 2.130s (x22.11)
.113s (x1.00) 0.126s (x1.10) ©.185s (x1.58) 2.547s (x20.73)
.184s (x1.00) 0.233s (x1.26) 0.362s (x1.92) 8.951s (x46.26)
.430s (x2.27) 0.476s (x2.50) 0.184s (x1.00) 2.124s (x10.99)
.042s (x1.00) 0.132s (x2.71) 0.279s (x5.53) 2.325s (x44.62)
.034s (x1.00) 0.254s (x5.93) 0.282s (x6.57) 3.937s (x88.85)
.046s (x1.00) 0.189s (x3.55) 0.264s (x4.88) 4.124s (x73.66)
.141s (x1.00) 0.155s (x1.10) 0.891s (x5.98) 11.973s (x79.56)
0.297s (x1.00) 0.517s (x1.72) 6.253s (x20.41) 30.966s (x100.94)
0.053s (x6.17) .000s (x1.00) 2.759s (x272.38)
0.065s (x1.00) 0.086s (x1.29) .2465 (x3.43) 1.5365 (x20.69)
0.093s (x1.00) 0.106s (x1.13) .279s (x2.81) 1.997s (x19.49)
0.208s (x1.00) 0.210s (x1.01) .580s (x2.71) 7.862s (x36.17)
0.218s (x1.19) 0.188s (x1.03) .181s (x1.00) 7.771s (x40.69)
0.195s (x1.13) 0.189s (x1.09) .172s (x1.00) 7.307s (x40.18)
0.081s (x1.15) 0.102s (x1.42) .069s (x1.00) 32.501s (x410.84)
0.106s (x1.71) 0.058s (x1.00) 2.075s (x30.65) 0.708s (x10.56)
0.141s (x1.00) 0.162s (x1.13) 1.865s (x12.40) 0.680s

0.122s (x2.21) 0.050s (x1.00) 0.727s (x12.31) 0.053s

0.154s (x1.13) 0.134s (x1.00) & 0.654s

0.070s (x1.31) 0.051s (x1.00) 9.231s (x3.95) 0.145s

0.0665 (x2.63) 0.051s 0.019s (x1.00) 0.072s

0.052s (x1.03) 0.050s (x1.00) _ 9.189s

lll: DB Engine

S0000

The fastest
SQL on DataFrame
engine in the worlo
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@ 4 My project | Deepnote X -

°s deepnote.com/workspace/clickhouse-2c45-3644e5e8-7d8b-457e-a95e-d2191a3a02f5/p... X i} Y, @

O O

ng) Python process : Q My project @ m Create app O G
|||l DB Engine

[> Run notebook B C

I'pip install chdb==2.06.6b1

©

import chdb

chdb.sql("""
SELECT
k district,
any(properties) as properties,

stations uk_price count() as stations
.CSV _paid FROM 'stations.csv’' AS stations

table JOIN
(SELECT
postcodel AS district,
count() as properties
FROM remoteSecure('HOST', ..., 'uk_price_paid',...) AS properties
WHERE town = 'LONDON'
GROUP BY district
ORDER BY properties DESC
LIMIT 3) AS properties
ON stations.PC_DISTRICT = properties.district
GROUP BY district
", "DataFrame")
|~ Visualize

district object properties uint64 stations uint64

SW19 47222
SW11 49389
E14 55765

3 rows, 3 cols, showing 10 rows/page
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Architecture

SQL Query—> Parser —AST—» Planner - Logical Plan & Physical Plan Builder

-----------

MERGETREE* FAMILY
TABLE ENGINES

Inserts — Parts >*» Merges

Data replication

----------

QUERY PROCESSING LAYER (SEC. 4)

 — —

Plan Executor 3 <
A 4 A

e

lll- Node 1

C ) Memory

Replicated
MergeTree

Shard-1 replica

lll- Node 2

Replicated
MergeTree

Shard-1replica

|__

SPECIAL-PURPOSE
TABLE ENGINES

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

Dictionary Fast lookups

RAM storage

Distributed Data sharding

DISTRIBUTED
DATA PROCESSING

Inserts Queries

llF Node 3

Replicated
Distributed MergeTree

Shard-2 replica
Keeper

llF Node 4
Replication :
coordination Replicated

MergeTree

Shard-2 replica

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

H

VIRTUAL
TABLE ENGINES

INTEGRATION LAYER

(SEC. 5)

=_ Thread pools

n| Backups

A,/ Monitoring
ORTHOGONAL
COMPONENTS

C'—) User sessions

,&0’ Wire protocols

Native, gRPC, HTTP,
MySQL, PostgreSQL

ACCESS LAYER

» Physical Plan

) |

S

External
DBMS

Data Lakes/
Object stores

Pub/sub
systems

KV stores

,C‘Q’l

Users

Apps

Drivers
JDBC / ODBC/

Python / Go / ...
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QUERY PROCESSING LAYER (SEC. 4)

SQL Query—> Parser —AST—» Planner - Logical Plan » Physical Plan E 50+ integrations
with external systems

Plan Executor & «——— 90+ file formats

MERGETREE* FAMILY SPECIAL-PURPOSE
TABLE ENGINES TABLE ENGINES

Inserts — Parts >* Merges iﬂ jonary | Fast lookups 'NTEG?:;'(LOEI)LAYER

R =

Data sharding




QUERY PROCESSING LAYER (SEC. 4) @

SQL Query—>| Parser —AST— Planner - Logical Plan & Physical Plan Builder — Physical Plan External
DBMS

 m— —
Plan Executor ¢ i

@ Data Lakes/

\ | Object stores

MERGETREE* FAMILY SPECIAL-PURPOSE VIRTUAL S
TABLE ENGINES TABLE ENGINES TABLE ENGINES

INTEGRATION LAYER Pub/sub
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MERGETREE* FAMILY SPECIAL-PURPOSE E VIRTUAL -
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; INTEGRATION LAYER Pub/sub
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MERGETREE* FAMILY
TABLE ENGINES

Inserts —» Parts >* Merges
/*)
.

INSERT

INSERT

INSERT

ASYNC
INSERT

ASYNC
INSERT

INSERT

>i Part
>i Part
>i Part

Buffer — Part

An LSM-tree inspired storage layer

-==> Part

Part

INSER TS create sorted
and immutable parts.

Parts are continuously
merged by a background job.

INSERTs can be synchronous
Or asyncnronous.

All parts are equal
(i.e., no levels or notion
of recency)
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Part ---»

Part ---» Part ---» . » . .

Merges optionally perform additional data transformations or maintenance.
Part ---»

Replacing merges

Part Retain the most recently Part Part
inserted version of the Region Max Average Region Max INGIELL
: : ID Latency @ Latency ID Latency @ Latency

Part ----eeccemeeeeee-. > same rows in multiple

: EMEA 200 300, 2

iINput parts. o o o

| Aggregating merge |

Aggregating merges
Combine aggregation states

INto new aggregation states. Merged part
Region Max Average
ID Latency | Latency
TTL (time-to-live) merges EMEA 200 300, 2
Compress, move, or, delete rows APAC 80 260, 4
or parts.

Merge modes



Part

. w ) N \
EventTime RegionlID URL
2023-10-19 17:03:05.154 EMEA https://
2023-16-19 17:03:07.490 APAC https://
2023-10-19 17:03:07.492 APAC https://
2023-160-19 17:63:09.838 AMER https://
J \

Compressed Compressed Compressed

block block block

Parts are further divided into
granules gU, gl, ...

Consecutive granules in a column
form blocks

Blocks are encoded,
codecs can be combined.

Column layout and compression
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Part

. w ) N \
EventTime RegionlID URL
2023-10-19 17:03:05.154 EMEA https://
2023-16-19 17:03:07.490 APAC https://
2023-10-19 17:03:07.492 APAC https://
2023-160-19 17:63:09.838 AMER https://
J \

Compressed Compressed Compressed

block block block

Parts are further divided into
granules gU, gl, ...

Consecutive granules in a column
form blocks

Blocks are encoded,
codecs can be combined.

Column layout and compression

46



Part

/

Index lookup

4 . h 4 . h A N
EventTime RegionlD URL

2023-10-19 17:03:05.154 EMEA https://
2023-10-19 17:03:07.490 APAC https://
2023-10-19 17:03:07.492 APAC https://
2023-10-19 17:03:09.838 AMER https://

| Y y | 4

<<

Define the local part sorting (clustered index).

- Also create a mapping from primary key

column values to granules.

The mapping is small enough to remain in
DRAM at all times.

Data pruning - Primary key indexes
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4 . N [ . N ([ N
Row EventTime RegionID URL
0 2023-10-19 17:03:05.154 EMEA https://
8,191 2023-10-19 17:03:07.490 APAC https://
8,192 | 2023-10-19 17:03:07.492 APAC https://
16,383  2023-10-19 17:03:09.838 AMER https://
T | y € y | 4
Granule
selection Primary key index
| ¢ \
ge 2023-10-19 17:03:05.154
g1 2023-10-19 17:03:07.492
< Index lookup
| 4

Define the local part sorting (clustered index).

Also create a mapping from primary key
column values to granules.

The mapping is small enough to remain in
DRAM at all times.

Data pruning - Primary key indexes




Part

/

Data pruning - lable projections

2025-1
2025-1
2025-1
2025-1
- 2025-1

EventTime

17:03:05.134
17:08:05.462
17:038:05.875
17:03:06.104
17:03:07.550

O O O O

2025-1
2025-1
2025-1
2025-1
- 2025-1

EventTime

17:03:05.875
17:03:07.550
17:05:06.104
17:035:05.462
17:05:05.154

O O O O

4 A
RegionID URL
EMEA nttps:// ...
APAC nttps:// ...
AMER nttps:// ...
AMER nttps:// ...
APAC nttps:// ...

AMER
ER
PAC
PAC
EA

m > = I=

a4 . I
RegionlID

NTT
NTT
Nttt
NTT

NTT

URL

ns:// ...
ns:// ...
ns:// ...
ns:// ...

0s:// ...

« Alternative table versions sorted
by different primary keys.

- Works at the granularity of parts.

« Speed up queries on columns different
than the primary key columns.
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/

Data pruning - lable projections

2025-1
2025-1
2025-1
2025-1
- 2025-1

EventTime

17:03:05.134
17:08:05.462
17:038:05.875
17:03:06.104
17:03:07.550

O O O O

2025-1
2025-1
2025-1
2025-1
- 2025-1

EventTime

17:03:05.875
17:03:07.550
17:05:06.104
17:035:05.462
17:05:05.154

O O O O

4 A
RegionID URL
EMEA nttps:// ...
APAC nttps:// ...
AMER nttps:// ...
AMER nttps:// ...
APAC nttps:// ...

AMER
ER
PAC
PAC
EA

m > = I=

a4 . I
RegionlID

NTT
NTT
Nttt
NTT

NTT

URL

ns:// ...
ns:// ...
ns:// ...
ns:// ...

0s:// ...

« Alternative table versions sorted
by different primary keys.

- Works at the granularity of parts.

« Speed up queries on columns different
than the primary key columns.




Part

/

. Store small amounts of metadata
at the level of granules or multiple
granules which allows to skip data
during scans.

- Skipping index types:

e Min/Max values
e Unique values
e Bloom filter

- Light-weight alternative to projections.

Clicks

min/max
iIndex

Some match - Load and Scan block

All match - SKIP load

None match - SKIP load

Data pruning - Skipping indexes




Part

/

. Store small amounts of metadata
at the level of granules or multiple
granules which allows to skip data
during scans.

- Skipping index types:

e Min/Max values
e Unique values
e Bloom filter

- Light-weight alternative to projections.

Clicks

min/max
index

Some match - Load and Scan block

All match - SKIP load

None match = SKIP load

Data pruning - Skipping indexes
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Data elements arc

processed in parallel by a MULTITARGET_FUNCTION_AVXS512F_AVX2_SSE42(

CPU core's SIMD units MULTITARGET_FUNCTION_HEADER(),
impl,
» Based on compiler auto-vectorization or MULTITARGET_FUNCTION_BODY (( .
: : : : const double * 1nl1l, const double * 1n2
manually written intrinsics. double * out, size_t num_elements)
.{
- SQL expressions are compiled for (size_t 1 = 0; i < (sz & ~Bx7); 1 += 8)

- {

INTO compute Kernels. const __m512d _inl1 = _mm512_Tload_pd(&ini[i]);
const __m512d _in2 = _mm512_load_pd(&in2[i]);
const __m512d _out = _mm512_add_pd(_in1, _in2);

SELECT coll + col2 out[i] = (double*)& out:
FROM T } /* tail handling %/
P)
i AVX-512 kernel, manually vectorized

if (isArchSupported(TargetArch:: AVX512))
implAVX512BW(inl, in2);

else if (isArchSupported(TargetArch::AVX2))
implAVX2(inl, in2, out);

else if (isArchSupported(TargetArch::SSE42))
imp1lSSE42(inl, in2, out);

else
implGeneric(inl, in2, out);

MULTITARGET_FUNCTION_AVX2_SSE42(
MULTITARGET_FUNCTION_HEADER(),
impl,
MULTITARGET_FUNCTION_BODY ((
const double * inl, const double * 1n2
double * out, size_t num_elements)

Dispatch code based on cpuid

for (size_t i = 0; i < num_elements; +1i)
*out[i] = *inl[i] + *in2[i];

« [he fastest kernel is selected at runtime

based on the system capabilities (cpuld). -

AV X2 kernel, compiler auto-vectorized

Parallelization Across SIMD ALUS
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Data elements are
processed in parallel by a
CPU core's SIMD units

FILTER
AGGREGATE
SORT

Table shards are processed
in parallel by multiple nodes

—

SORTING
STAGE

AGGREGATION
STAGE

Aggregate




FILTER
AGGREGATE
SORT

» Execut]
(typica

- Lanes decompose the data to be processed
iINto non-overlapping ranges.

Data chunks are processed
in parallel by a node’'s
multiple CPU cores

on plan gets U
VARERENIIN®:

-
SORTING

STAGE

Nfolded into N lanes S

STAGE

PU core).

FILTER
STAGE

Parallelization Across CPU Cores

Jlll- Node o tmit
A

f Sort 1 ([ Sort 1 ([ Sort |
A

| Aggregate || || Aggregate || || Aggregate |
A

. MergeTreeScan || || MergeTreeScan | || MergeTreeScan |

7Y 7y 7Y
LANE 1 LANE 2 ‘ LANE 3
HITS TABLE
r RegionID i URL il Latency |




FILTER

Data chunks are processed
in parallel by a node’'s

multiple CPU cores

AGGREGATE —>
SORT

SORTING

STAGE

- EXxchange operators R TacE
(Repartition, Distribute)

ensure lanes remain balanced. I

STAGE

Parallelization Across CPU Cores

""- Node

Limit

?

MergeSort

/Zf

[ Sort

4

‘_‘}\

|

Sort

L' Sort |

?

—(

-/

Distribute

?

' GroupStateMerge |

_—

| Aggregate j

?

Aggregate

E Aggregate |

?

>—
g

Repartition

| MergeTreeScarﬁ
A

?

AU

L

~ MergeTreeScan ﬁ/lergeTreeScan ]
- A J

~

J

7y

-

LANE 1

LANE 2

HITS TABLE

LANE 3

r RegionID w

URL

Latency @ -




Table shards are processed
in parallel by multiple nodes

- FoOr sharded tables, the initiator node pushes
as much work as possible to the other nodes.

« Results from remote nodes are integrated
into different points of the initiator query plan.

(

||+ Node 1

| Aggregate i

-
Il Node n )
f W
[ )
""- 0
| Aggregate | Aggrégate Aggregate |
Repartition
_—V ? K\
/ p N \
[ MergeTreeScan_] - MergeTreeScan [_MergeTreeScan ]
L A ) L A J A J
WA= LANE 2 LANE 3
HITS TABLE
S RegionID URL Latency
\
\ J

Parallelization Across Cluster Nodes

\

| MergeTreeScarﬁ
X )

LANE 1

[ Limit |
?
MergeSort
—— 4 —
Sort Sort
‘\\ ? //'
e~ —_
| Distribute
, t ,
E GroupStateMerge
——— ) . e~
Aggregate g Aggregate |
Repartition
 MergeTreeScan | || MergeTreeScan |
\ A J A )
LANE 2 LANE 3
HITS TABLE
RegionID URL Latency

SORTING
STAGE

AGGREGATION
STAGE

FILTER
STAGE
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Table shards are processed
in parallel by multiple nodes

- FoOr sharded tables, the initiator node pushes
as much work as possible to the other nodes.

« Results from remote nodes are integrated
into different points of the initiator query plan.

(

||+ Node 1

| Aggregate i

-
Il Node n )
f W
[ )
""- 0
| Aggregate | Aggrégate Aggregate |
Repartition
_—V ? K\
/ p N \
[ MergeTreeScan_] - MergeTreeScan [_MergeTreeScan ]
L A ) L A J A J
WA= LANE 2 LANE 3
HITS TABLE
S RegionID URL Latency
\
\ J

Parallelization Across Cluster Nodes

\

| MergeTreeScarﬁ
X )

LANE 1

[ Limit |
?
MergeSort
—— 4 —
Sort Sort
‘\\ ? //'
e~ —_
| Distribute
, t ,
E GroupStateMerge
——— ) . e~
Aggregate g Aggregate |
Repartition
 MergeTreeScan | || MergeTreeScan |
\ A J A )
LANE 2 LANE 3
HITS TABLE
RegionID URL Latency

SORTING
STAGE

AGGREGATION
STAGE

FILTER
STAGE
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||l: DB Engine

SQL Query—> Parser —AST—» Planner - Logical Plan & Physical Plan Builder

-----------

MERGETREE* FAMILY
TABLE ENGINES

Inserts — Parts >*» Merges

Data replication

----------

QUERY PROCESSING LAYER (SEC. 4)

 — —

Plan Executor 3 <

e

lll- Node 1

C ) Memory

Replicated
MergeTree

Shard-1 replica

lll- Node 2

Replicated
MergeTree

Shard-1replica

A T 4

|__

SPECIAL-PURPOSE
TABLE ENGINES

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

Dictionary Fast lookups

RAM storage

Distributed Data sharding

DISTRIBUTED
DATA PROCESSING

Inserts Queries

llF Node 3

Replicated
Distributed MergeTree

Shard-2 replica
Keeper

llF Node 4
Replication :
coordination Replicated

MergeTree

Shard-2 replica

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

H

VIRTUAL
TABLE ENGINES

INTEGRATION LAYER

(SEC. 5)

=_ Thread pools

n| Backups

A,/ Monitoring
ORTHOGONAL
COMPONENTS

C'—) User sessions

,&0’ Wire protocols

Native, gRPC, HTTP,
MySQL, PostgreSQL

ACCESS LAYER

» Physical Plan

) |

S

External
DBMS

Data Lakes/
Object stores

Pub/sub
systems

KV stores

,C‘Q’l

Users

Apps

Drivers
JDBC / ODBC/

Python / Go / ...
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