BctaButb B ClickHouse
U He yMepeTb...

ApTtem LLyTak
BeoyLwmnm paspabdbotumk, OK.RU
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Data Platform

17 Kafka knacrtepos

Cambin DonbLUOW:
180 cepBepos, 540 1B

150PB HDD
+ 35 PB / roq
+ 10TB «cblpbIX» / AeHb

Compute
2k+ batch jobs / geHb

(He Tonbko Spark)

BcTtaBngaem B 72 cepBepa
e 1,5 TB/ noeHb
e 50 mnppa cTpoK / AeHb

HDD :150/600 TB
NVME: 60 /210 TB
RAM :5.5 B



e ClickHouse n BctaBka B Hero

O yem
e PaccmMoTpuM 3 HEOXKNOAHHbIX
NMNOroBOPM e

e HemHOro 3arngHem «nog Kanot»
e Ewie Oynet

o Kafka

o Spark, HO Y4yTb-4YyTb




Cutyauunsa 1

Henpeackasyemble pes3ynbraThl



BcTaBnsem v Yymtaem

CREATE TABLE test_table (
"a Int8,
b String) ..

INSERT INTO test_table (a,b)
VALUES (239, 'my value')

INSERT INTO test_table (a,b)
VALUES (239, 'my value')

SELECT count() FROM test_table

Kakou pesyneraT?







BcTaBnsem v Yymtaem

CREATE TABLE test_table (
"a  Int8,
b String

ENGINE = ReplicatedMergeTree( )

INSERT INTO test_table (a,b)
VALUES (239, 'my value')

INSERT INTO test_table (a,b)
VALUES (239, 'my value')

SELECT count() FROM test_table




BcTaBnsem v Yymtaem

CREATE TABLE test_table (
"a  Int8,
b String

ENGINE = MergeTree( )

INSERT INTO test_table (a,b)
VALUES (239, 'my value')

INSERT INTO test_table (a,b)
VALUES (239, 'my value')

SELECT count() FROM test_table

Kakou pesyneraT?
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*MergeTree «Ha nanbLax»

e ba3oBbin Aok B ClickHouse
e [INa «AHaNUTU4YeCcKnx» 3anpocoB
e OcHoBaH Ha LSM-Tree

© HO He NMONHOCTbLIO ero peanuayet
e [lo3BonsgeTr MHOro nNnucaTb U YUTaTb

e KONOHOYHbIN dbopMaT XpaHEHUS
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HokymeHTauua ClickHouse

Merge Iree Engine Family

Table engines from the MergeTree family are the core of ClickHouse data storage capabilities. They provide

most features for resilience and high-performance data retrieval: columnar storage, custom partitioning, sparse
primary index, secondary data-skipping indexes, etc.

Base table engine can be considered the default table engine for single-node ClickHouse instances
because it is versatile and practical for a wide range of use cases.

For production usage | Is the way to go, because it adds high-availability to all features of

regular MergeTree engine. A bonus is automatic data deduplication on data ingestion, so the software can
safely retry if there was some network issue during insert.

13



14



HokymeHTauua ClickHouse

Merge Iree Engine Family

Table engines from the MergeTree family are the core of ClickHouse data storage capabilities. They provide

most features for resilience and high-performance data retrieval: columnar storage, custom partitioning, sparse
primary index, secondary data-skipping indexes, etc.

Base table engine can be considered the default table engine for single-node ClickHouse instances
because it is versatile and practical for a wide range of use cases.

For production usage . is the way to go, because it adds high-availability to all features of
regular MergeTree engine. A bonus is automatic data deduplication on data ingestion, so the software can
safely retry if there was some network issue during insert.
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MoTuBauua K gegynnukaumm

MoTuBauus: Fail-over n Exactly-Once cemaHTuka

[Tpumep: npoueccy Haao BctaBuTb AaHHble B ClickHouse

1. YcnewHo 3anncbiBaeT AaHHbIe
2. [lapaeT, He ycneB OTMETUTL AaHHble, KakK

BCTaBlIEHHbIE
3. B cneaywowmm pas 3anucbiBaeT gaHHbIE CHOBA

4. => [lyonukartbi!!!
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Hepnynnukauua B ReplicatedMerge Iree
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BcTtaBka B *MergeTree: batch-u n onoku

e Kaxkgaqa BCcTaBKa cpady UOEeT Ha

T ) ClickHouse Server

| INSERT | ONCK

: INTO ... | MergeTree table o => 3anucb 6onbwmmn batch-
 VALUES ... | AV

e bonblune batch-n pasgengatorca
Ha ONOKWU
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BCcnoMHMM U3HavYanbHbIM NpuMep

CREATE TABLE test_table (
"a  Int8,
b String)

ENGINE = ReplicatedMergeTree()

INSERT INTO test_table (a,b)
VALUES (239, 'my value')

INSERT INTO test_table (a,b)
VALUES (239, 'my value')

SELECT count() FROM test_table
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ReplicatedMergelree: nepBas BCTaBKa

F ______ I

IINSERT l
 INTO ... |
| VALUES

ClickHouse Server

ClickHouse

PR, ReplicatedMergeTree
P J 1. CynTaeT «xew» ansg onoka

2. CoxpaHsieT B Zookeeper
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ReplicatedMergelree: BTOpasa BCcTaBKa

F______

IINSERT |
 INTO ... |
| VALUES

F ______ I

IINSERT l
 INTO ... |
1 VALUES

ClickHouse Server

ClickHouse

. CunTtaet «xew» ang 6noka
. Haxoaut «xew» B Zookeeper

3. => [1lponycKkaeT BTOpYto

BCTaBKY
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Hepnynnukauuna: kKoHpurypauus

*ReplicatedMergeTlree

e insert_deduplicate: @ or 1
o Bknro4yeHa no ymonyaHuto!
e replicated_deduplication_window

o KonnyecTBeHHbIN NMMMUT Ha XpaHeHMe XeLl-CyMM
o Xell-CyMMbl XpaHATca B Zookeeper
o 100 no ymon4yaHuto

e replicated_deduplication_window_seconds

o JInMUT Ha XpaHeHNe Xell-CyMM, HO B CEKYHAOaX
o Hepensa no ymonyaHuto

MoxxHO BKntounTb ans MergeTree (6e3 pennukaymmn)

o BbIKNKOYeHa no yMmonyaHuio
o CBou onuum
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IHeaynnukauua B npumepax



YTo BepHeT ‘select count()’?

INSERT INTO test_table (a,b)
VALUES (239, 'my value');

INSERT INTO test_table (a,b)
VALUES (1, 'another value');

INSERT INTO test_table (a,b)
VALUES (239, 'my value');
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YTo BepHeT ‘select count()’?

INSERT INTO test_table (a,b)
VALUES (239, 'my value'),
(1, ‘'another value');

INSERT INTO test_table (a,b)
VALUES (1, ‘'another value'),
(239, 'my value');
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What does ‘select count()’ return?

INSERT INTO test_table (a,b)
VALUES (239, 'my value');

2 HerneJu

INSERT INTO test_table (a,b)
VALUES (239, 'my value');
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e Exactly-Once cemaHTuKa Ha BCTaBKe

o (Ecnun 3Haelb Kak)

BbiBOAObI

o KnaccHasa u Hy>xHaqa dnyal

e [loBegeHme No ymMon4yaHuio
iInsert deduplicate LLIOKUPYET

o + Pa3Hoe noBeaeHne ana pasHbiX OBUKKOB




Cutyauusa 2

Korga BcTaBka 3aBepLumTca’?



YTpeHHUu guanor

OTOBbI JIM AaHHbIE 3a

[ ‘ ;‘ cerogHa?

HXeHep
Data Platform

AHanNUTUK OaHHbIX

AS



YTpeHHuun guanor

CTpaHHO. 5 MUHYT Ha3ad AAaHHbIX He
Oblno coBceM. Tenepb YTO-TO €CTb, HO

AHanNUTUK OaHHbIX

ClickHouse “eventually
HXeHep

Data Platform

consistent”. 9To oxxnagaemo.
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YTpeHHUu guanor

AHanNUTUK OaHHbIX

Korga npouecc

BCTAaBKM 3aKOHYNTCA?

He HaJo Koe-4yTo
MPOBEPUTbH.

HXeHep
Data Platform
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3 OHA cnycTA...
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Halwun pacKonKu

ClickHouse cTpagaet

e Kaxabin OeHb B 5-8 yTpa

e Bbicokoe notpebneHne CPU

e Brbicokun Disk [O

e DDL onepauun nogBucatoT

e "Session expired” B ClickHouse norax

Zookeeper

e Bbicokoe konnyectso ZK oLLnNOOK
e bonbLIOE KONMMYeCcTBO onepaLunm
e GC naysbl
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[laBanTe nob6aBUM HEMHOIo KOHTEKCTa
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Batching: BcTaBnsemM gaHHbIe 3a OEHb

INSERT INTO important_kpi
\ (Date, Timestamp,Key,Value)
4 VALUES (<today>, ...),

(<today>, ...),

¢

ClickHouse coobuun, 4To BCe ycneLwHo.

BctaBunu 50 MmnnmoHOB CTPOK.
i
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Batching: BcTaBnsgem gaHHble 3a OeHb

SELECT count()
¢ FROM 1important_kpil
A\ ) WHERE Date = <today>

1® min

SELECT count() ...

I|||I 30 min

SELECT count() ...




PaccrnenoBaHue

INSERT INTO important_kpi
(Date, Timestamp,Key,Value)
VALUES (<today>, ...),

(<today>, ...),

SHOW CREATE TABLE important_kpi;

CREATE TABLE important_kpi
ENGINE = Distributed(...)
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Distributed «Ha nanbuax»

Mergelree

@—) Distributed Mergelree

Mergelree

[Tpobnema

e “"MergeTree - Ha o QHOM cepBepe

e XOTUM ropn3oHTanbHO
MacLITabnpoBaTbCH

e 3aBOJMM HECKOJIbKO MaLUUH

e Pacnpenensem no HUM OaHHbIE

e Kak bynem Tenepb N3 HUX YnTaTb
(HY 1 NnucaTtb B HUX)?

PeweHune: Distributed
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Distributed

Osuxok Distributed He xpaHUT fAaHHbIe CAMOCTOATENbHO, a N03BoNIAET obpabaTbiBaTh 3anpocChl
pacnpenenéHHo, Ha HECKOJIbKUX cepBepax. YTeHmne aBToMaTu4ecku pacnapannenmeaeTtca. [1py yteHuu
6yayT UCNoNb3oBaHbl MHAEKChI Tabnuy Ha yoanéHHbIX cepBepax, eciiv ecTb.

Oewxok Distributed npuHumaeT napameTpbl:
UMA KacTepa B KOHGuUrypaumoHHOM dpanne cepeepa
UMA yaanéHHon 6a3bl AaHHbIX
UMA yaoanéHHon Tabnuupbl

(He ob6A3aTenbHO) KoY WapaupoBaHUA.

= (He o6A3aTesibHO) UMA NONIMTUKWU, OHO OyOeT UCNONb30BaTbCA AJIA XpaHeHUA BpeMeHHbIX (hannoB ANA
aCUHXPOHHOM OTNpPaBKU




Halwun pacKonKu

ClickHouse ctpapaert Zookeeper

e Kaxabi AeHb B 5-8 yTpa e Bbicokoe konunyecTtBo ZK ownbOK

e Bricokoe notpebnenune LMY e bonbLIOE KONMMYeCcTBO onepaLunm
e DDL onepauun nogBucatoT
e "Session expired” B ClickHouse norax

[1aBanTe nonsy4yaem, 4YTo y HaC TaM Ha AUCKE...

40



Boicokuu Disk IO

e CtpykTypa nanok B ClickHouse
<data_dir>/<db>/<table>/<data_files>
e Co3naetca n onga Distributed
e [am Bcerga nycrto
o (OxmngaHue n3 gokymeHTauun)
e [am He nycTto!!!

/var/lib/clickhouse/data/default/important_kpi/<some_files>
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BcTtaBka B Distributed Tadbnuuy



ClickHouse Distributed Engine: oxxnpaHus

ClickHouse Server 1 ClickHouse Server 2

ClickHouse important kpi important kpi
client Distributed Distributed

important kpi local important kpi local
*MergeTree *MergeTree
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ClickHouse Distributed Engine: peanbHocCTb 1

| 1. KnnueHTt BblOMpaeT cny4vyanHoin
ClickHouse Server cepBep

Distributed 2. CepBep coxpaHsieT fAaHHbIe

flokanbHO (Ha AUCK)

/2R

CCO— 3. KnneHT nony4aet oTBeT "ok’
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ClickHouse Distributed Engine: peanbHOCTb 2

ClickHouse Background npouecc

Server
Background s | U, TgeT gaHHbIe C AMCKA

Process
HDD
/ —
L

2. «[Mapcut» Sharding Key

3. BctaBnget ¢ ydyetoMm Sharding Key
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ClickHouse Distributed Engine: noaBogHble KaMHW

o -
1. Eventual Consistency

ClickHouse Merge Tree 2. He aBngaetcga fault-tolerant

Server a. Bo3amoxHbIn data-loss

Background < b. (B AOKe ecTb)

Process 3. JononHutenbHbin Disk |O
MergeTree
4. «['lapcuHr» gaHHbIX

a. NaBenkaem Sharding Key

HDD
/ T\ R o cnbkve batch-ur
— MergeTree 200k / 20 = 10k
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UYT0 Xe penatb?
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PeweHue 1:
KoHdourypauunsa Distributed Tabnuubi

e insert_distributed_sync

o CUHXpOHHOEe AobaBrneHne AaHHbIX
o MoXeT npuBecTu K Ayonnkatam

e Insert shard id

o Homep shard-a, B KOTOpbIN BCTABNATb
o MOXHO yKasaTb Ang 3anpoca
o [1o cyTu «py4HOEe» ynpaBrieHune

® 1nsert_distributed_one_random_shard

o BcTaBKka gaHHbIX B crny4vyanHbin shard
o He ngemMnoteHTHas onepauus
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PeLleHue 2:
BcTaBka B «JIOKanbHYO» Tadbnuuy «pykamMmum»

e Date - kno4 WapanpoBaHUA

o BcTtaBngem uenbin geHb B oaunH shard
o shard num = Date % number _of shards

o TonbKo «MarneHbkue» Tabnuubl n 6onbLlas NCTOPUS
e CrOXHbIN KNOY LLAapaMpPOBaHUA 1 CBOU MHCTPYMEHTHI

o OO0 3TOM No3xe
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UTeHune

e XOpOLlo
e Mo)xHO ObIno ObI Ny4Lue
o Ecnu ncnonb3oBaTb MHPOPMALIUIO O
Kno4ye wapanpoBaHug

BbiBOAObI

3anuncb

Distributed Engine e CNOXXHO 1 HEMPO3PaYHO

e CoMHUTENBHOE NoBeaeHmne no
YMONMYaHUIO

e MOXXHO HaAcTpoOUTb, HO HE NaeanbHO

e B CNOXHbIX Crydasx - BCe «pyKamMun»




Cutyauusa 3

YBenn4ymBaem pasmep Krnacrtepa



Haw ClickHouse: Tononorma n  oMmoreHHoCTb

[ shard1 ) ( Shara2 ) [ Shard3

Replica 1 Replica 1 Replica 1

Data Center 1

Replica 2 Replica 2 Replica 2
Data Center 2

Replica 3 Replica 3 Replica 3

Data Center 3
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O

[laHHbIe He BMeLlaloTCcA B KnacTtep A
3 shards 16 shards
f_% f—%
a ) o ) 4 ) a ) 4 ) 4 ) 4 )
111G | G| - [l -
M- -l -l
W e e
g J g J g J G J g J
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KonnyecTtBO AaHHbIX HA AuUCKe no shard-am

600
[lepekoc B AaHHbIX
- e Oxmoaemo
e HeT NHCTPYMEHTOB ANA
200 Murpauymm

e YTO genartb Cc uctopnen?
e Bce c peTeHLleHOM

0

Shard Shard ... Shard Shard Shard Shard .. Shard Shard o ['oTOBbI NOOOXAOATh
1 2 7 8 9 10 23 24
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[lpypocCT AaHHbLIX HA AUCK No shard-aMm B O€eHb

60
40
20
0
Shard 1 Shard 2 Shard 3 Shard 4 Shard 5 Shard Shard Shard Shard
24 22 23 24

O

R
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[1aBanTe pasbuparbca

e [locMOTpPUM Ha «camyto bonbLUYO» Tabnuuy
e PacnpeaeneHune Kak Ha gmarpamMmme
o X0 (coBcem Hu4yero), x1, x2, x3

e BcraBka 4yepes Kafka Engine

CH Server
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ClickHouse Kafka Engine: Knactep ¢ ogHum shard-om

e KaXabl cepBep YNTaET AaHHble

a )
VI I I I . e OpgHa Kafka consumer-rpynna
|

/

e ClickHouse He 3HaeT, KTO 1 YTO YMTaeT

|>I I I I % [Tpmep: TONKUK € 2 NnapTULNAMI

e CH CepBep 1 - Kafka partition 1

‘ e CH CepBep 2 - Kafka partition 2

|\I I I I . e CH CepBep 3 - He ocTanocb NapTmm
L B e ReplicatedMergelree => ok

S7



ClickHouse Kafka Engine: 4 shard-a B knacrtepe

o }
- 1
\_ J

4
Il

HIE
P N
-
-

J

Il
\_ v

©
- 1T
\_

8
|-
J

Example

e Kafka Tonuk c 6 naptTmymamu
o [lapTuummn ogMHaAKoBOro «pasmepa»

e CH: 4 shard x 3 pennuku (12 cepBepoB)
e 12 consumer-oB 1 6 NapTULINA

Shard Ne Volume
1 3X
2 2X
3 No data
4 1X
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Haw cny4yawu

( )
Ii[}
Ii[}

\_ J

8 => 24 shards

( )

\_ J

( )
Ii[}
Ii[}

\_ _J

[Ipobrnema

e CH: 8*3 cepBepoB => 24*3 cepBepoB
e Kafka Tonuk ¢ 24 naptmumnamm
e 24 napTvumm n 72 consumer-a

o 1 cepBep nony4vaet 0 unm 1 napTrUyuio

o 1 shard nony4yaet 0-3 napTuuunn
PelueHune

e Kafka naptuuun: 24 => 72
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« TpaH3uUTUBHbLIE Npobnembi» © Data Platform

TpaH3uTmBHaa npobnema 7 ypoBHA...

. HepgocTtaTtodyHo mecTa B ClickHouse
. |- YBennunBaem pasmep KX knacrtepa (4omkHoO ObiTb npocTo, T.K. NoSQL)
|-- Nony4Yaem nepekoc B AaHHbIX
I-- MapTtnumn B Kadoke % CH cepiepa =0
|-- YBennyumBaem Komn-Bo naptmunn B Kagpka Tonuke
|-- Jlornka o»xobbl 3aBUCUT OT NnapTUUMoHnpoBaHms B Kadke
|-- NepenuncbiBaem Oxoby

NOoO O~ WD -~
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Kafka Engine: ApXUTeKTypHble «JIOBYLUKN»

[TapTuunn B Kafka Ttonnke <=> CH
cepBepa

Kafka naptuuum % CH cepBepa =0

e PakToOpbI AN BbIOOPA KOnMyecTBa
naptuunn B Kafka
o Ne Kafka bpokepoB
o Replication factor
o bu3Hec norvka 3aBs3aHHas Ha

key-partitioning (nnoxas npakTuka)

o Ne Kafka racks
o + N2 CH cepBepa

o Low Coupling

[pyrne npobremsbl

e DB 1 consumer-bl nICNOMb3yKOT O4HU
pecypchbl

e MOHUTOPUHT

e MaclwtabupoBaHue
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O
Kafka — ClickHouse HTerpauus: xopoliee pelwieHue &

CTOpOHHUK npouecc
e Yutaet n3 Kaftka — nuwet B ClickHouse
o Stateless (noyTtn)
e 3HaeT npo naptuummn / shard-bl =>
o ObpabaTbiBaeT U3AMEeHEHNe TOMNOS10rmmu
e PaBHOMepHOe pacnpeneneHmne no shard-am » i

o "Sharding key” koHJurypauus

e [ Opn3oHTaNbHOE MacLTabnpoBaHue
e Exactly-Once Semantic (fault tolerant)
o “Sorting key” KoH(purypauus
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Kafka — ClickHouse nHTerpauusa: peanunsauus 1

Spark Structured Streaming
e Kafka: nHterpaumsa «m3 KOpookn»
e At-least-once cemaHTUKa (TpeKkaeT «odpdceTbI»)

e Batch «nog kanotom» - xopowo anga ClickHouse
e BbicokoypoBHeBLIN AP
e XOPOLUO N3BECTHbLIN UHCTPYMEHT

dlll}

O

R
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Kafka — ClickHouse nHTerpauuna: peanusauuns 2

val streamDF = spark.readStream()
.format("kafka")
.option(<kafka brokers and topics>)
.load();

val writer = new SparkToClickHouseWriter(conf)

streamDF . forEachBatch(df -> writer.write(df))
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Kafka — ClickHouse nHTerpauuna: peanmsauusa 3

def write(df: DataFrame) {

val chServers = findChServerPerShard()
val tasks = chServers
.map((shardNum, chUrl) -> saveDatasetIntoShard(
df, shardsNum,
shardNum, chUrl)
)

runInParallel(tasks);
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Kafka — ClickHouse uHTterpauusa: peanunsauusa 4

def saveDatasetIntoShard(df,shardsCnt,shardNum,chUrl) {

val shardDf = df
.filter(shardCondition)
.repartition(parallelismLevel, shardingColumn)
.sortWithinPartitions(deduplicationSortingKey)

shardDf .write.jdbc(...)
} [1na paboThbl

ClickHouse insert_deduplicate domun

O

R

66



Kafka — ClickHouse nHTerpauus: BbiBOoAbl

[1ntoChbl MuHycbl
e Bce 4yTO 3aKka3biBanu e He noggepxmBaet tmn “Array”
o [logaepXmBaeT U3MeHeHne e [lononHuTenbHble MHCTPYMEHTHI:
TOMOSOrnn Spark + HDFS
o PaBHOMepHOe pacnpegeneHue no e [lon. pecypchl: CPU n RAM
shard-am o Ho 31O 1 Nntoc

o [opn3oHTanbHOe MmacLuTabupoBaHue
o Exactly-Once cemaHTUKa
e + Jltobas kKacToMHas noruka

e YyutbiBaeT ocobeHHocTu ClickHouse
batching
iInsert deduplicate

6/



Kafka — ClickHouse nHTerpauus: BbiBoAbl

Peanuniauus
e ~200 cTpoOK KOAQa Ha Java
e B npoge 6 mecsLeB
e OTKpbIT ANgA pacLUnMpeHUs
O Hanpumep, AoNoNIHUTENbHAaA geaynnmkauna
e SparkToClickhouseWriter:

https://qithub.com/odnoklassniki/spark-to-clickhouse-sink
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https://github.com/odnoklassniki/spark-to-clickhouse-sink

e HeT «banaHcupoBLUMKa» OaHHbIX

o OnaTb BCe «pyKamMm»

BbiBOAObI

e Kafka Engine

ClickHouse — NoSQL? o B obwem — pabortaeT
o Ho c oroBopkamm




O
Y

e ClickHouse kpyT n «He TopmMo3nT» © !
e [lopor BXxoJa BbICOKUU

e [1o NoSQL noka He goTarvBaeTt

o Bctaska B Distributed

o Pabota Kafka Engine

o [lepebanaHcupoBKa OAaHHbIX (€€ HET)

e [lokymeHTaumna morna 6bl ObITb Ny4Lle

o CneguTte 3a KakabiM crioBom!
e ClickHouse - open-source 1 Mbl camu

MOXXEeM cAenaTthb ero nyuilie




Cnacuboo

Ot Data Platform ¢ ntoboBbio

BcemM « TexHn4yeckoro npesocxoactean!
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Cchbinku

Ha meHs

e ashutakGG
e artem.shutak@corp.mail.ru

K ooknagy

e SparkToClickhouseWriter:
hitps://qithub.com/odnoklassniki/spark-to-clickhouse-sin

K
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https://github.com/ashutakGG
https://github.com/odnoklassniki/spark-to-clickhouse-sink

