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KntoyeBble ocodbeHHocTu ClickHouse

e

ClickHouse
€ TOPMO3UT!

- ClickH»>USE
H* TOP! IO3UT




yXeneso

2 lapaa v B Kaxkgom no 1 xXocTty:

s3-c8-m32 (8 vCPU, 100% vCPU rate, 32 I'b RAM),
1.03 Tb network-ssd




[laTaceTt

100 000 000 3anucewn

‘ ~ 52 GB — go cxatus

~ 13 GB — nocne cxartus
finpexc MeTpuka




1. WHpekchl |/| HOEKCbI

* [1lepBUYHbLIN NHOEKC
* VIHOeKkcbl nponycka AaHHbIX

* VIHBepTUpOBaAHHbLIE™




Kakon nHaekc?

CREATE TABLE hits_100m

( OtBeT
\C-l.lentIP\ UInt32, e Het MHOEeKCca
"UserID UInt64, |
‘WindowClientWidth® UInt16, + ClientlP
"WindowClientHeight UInt16, - UserlD, ClientIP

\ » Cny4yaunHbin BbIOOP
N3 OOCTYMHbIX KOJTOHOK

ENGINE = MergeTlree
ORDER BY (UserID, ClientIP);



PRIMARY KEY VS ORDER BY

PRIMARY KEY

4 )

CluentIP RemotelP
\_ J

ORDER BY




[ e MOCMOTPETL?

system. tables

SELECT =
FROM system.tables
WHERE table = "hits 100m’;

system.data_skipping_indices

SELECT %
FROM system.data_skipping_indices
WHERE table = 'hits 100m";



[ e MOCMOTPETL?

EXPLAIN 1ndexes = 1

SELECT x

FROM hits_100m
WHERE UserID = 2428136496412/86849

Expression ((Projection + Before ORDER BY))

ReadFromMergeTree (datasets.hits_100m)

Indexes:
PrimaryKey
Keys:
UserlID
Condition: (UserID in [242..9, 242..9]

Parts: 1/1
Granules: 1/12341




[ e MOCMOTPETL?

SET send_logs_level = 'trace';



Tunnbl MHOEKCOB
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Tunbl UHOEKCOB

' |
: |
e N N N |
: l
|

' s MHaekcbl nponycka AaHHbIX :
: Kno4 copTUpoBKU [lepBUYHbLIN KITHOM minmax. set. bloom filter |
i ORDER BY (fld_1, fld_2) PRIMARY KEY (fld_1) (ngrambf v1 tokenl:;‘_v1) i
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| lepBUYHBLIN MHOEKC



[1B>xok b/l

ENGINE SELECT INSERT DELETE UPDATE persistent indexes
*MergeTree ® ® ® ® ® ®
*Log ® ® © © ® ©
EmbeddedRocksDB ® ® © © ® ©,
URL ® ®O © S, external S
Buffer ® ® © © ® ©
Memory ® ® ® ® © ©
Set (only in) ® © © ® ©
Join ® ® ® © ® ©
PostgreSQL ® ® S ©, external ©
Kafka ® ® ©) © external O
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Mergelree

CREATE TABLE hits_100m

(
"ClientIP UInt32,

"UserID UInt64,
"WindowClientWidth  UInt16,
"WindowClientHeight UInt16,

)
ENGINE = MergeTlree

ORDER BY (UserID, ClientIP)
SETTINGS 1index_granularity = 8192;



[ lepBUYHbIN MHOEKC

3anoOMHUM TEPMUHOMOIIO

‘paHyna (granule) — nornyeckas pasbnBka CTPOK BHYTPU Bnoka 40 KOMMNPEeCcCcuu;
No ymon4daHuio — 8192 CTpoKku

ORDER BY — nopsgok copTUpOBKK Tabnuubl

[MepBuYHbIN KNtoYd (Primary Key) —3HadyeHUA NepBOU CTPOKU YKa3aHHbIX KONTOHOK
B NopsaaKe COPTUPOBKM

[MepBUYHbLIN nHAeKc (Primary Index) — nHgekc, xpaHawmm B namMaTn 3Ha4YeHUS
NnepBUYHbIX KNo4Yen Kaxgou rpaHynbl n3 anna PRIMARY.idx

Kycok aaHHbIX (data part) — gupekTopua pannos, coctodallas u3s gannos
KONMOHOK U dpamna nHaekca nogMHoXXecTBa AaHHbIX Tabnuubl



[ lepBUYHbIN MHOEKC

Kaxkgas BctaBka co3gaeT KYyCoK

P N S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S D S S S S .

Bulk Insert Bulk Insert Bulk Insert Bulk Insert Bulk Insert

__________________________________________________________________________________

- e mm mm mm o o o o o o o o o e o e o o
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[ lepBUYHbIN MHOEKC

*  Co BpeMeHeM KYCKN MOryT OblTb 00beanHeHbI B POHOBOM peXnme

- [loatomy gBuok 1 Ha3biBaeTcAa MergeTree

’——————————————————————-\ ges EEI EII EII EII I I EEN SEE BEE EEE BN SEE BEE S GEE BEE BEE BEE GEE BEE BEE G BEE BEE I BEE GEE BEE BEE B GBI BEE B BEE GBI B B GEE BEE B B B S S S S - - -,

————————————————————————————————————————————————————————————————————————————

Merged Part Merged Part
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[ lepBUYHbIN MHOEKC

/

daunnbl kKornoHok otcopTupoBaHbl Mo ORDER BY

KpPacupoe!

Ka)xxgaa KornoHka B Kycke MMeeT HensmeHaembln (immutable) dann ¢ gaHHbIMK KOMOHKM

—————————————————————————————————————————————————————————————————————————————————————————

OupeKkTopua Kycka

( (77016174, 2227776360) )

Primary.idx

(: 77016174 :)
(: 77016174 :)

(217463585 )
(5322209069 )
(12947021928 )
(14665400046 )

UserlD.bin

(2227776360 )
(2227776360 )
(3520361063 )
(758512731 )
(3760850764 )
(3063077662 )

ClientIP.bin

Gttp://kinopoisk.ru

Gttp://kinopoisk.ru/express-226330839&s_yers=2001 0116

Gttp://kinopoisk.ru/search?film-Findex.ru/real

Gttp://tiensmed.ru/real-estate/out—of—type=f|atTypeId

Gttp://smeshariki.ru/region

A A A A A

http://topic98603531343e0a3c852a7fc7365016411246/?from]=&int[1
5412899.Calips tv Benukn npoxoxxgeHune

_________________________________________________________________________________________



[ lepBUYHbIN MHOEKC

1. TlepBUYHBLIN NHOEKC pa3pexeH
2. ®aunn primary.idx cogepXuT ogHy 3anucb Ha Ka)Xayr rpaHyny

[To ymonuaHuo Kaxkgasa 3anmcb cootBeTcTByeT 8192 paay nnm 10 MO gaHHbIX

ITO pa3pexXeHHOoe noeegeHne no3BosideT Kito4aM XPaHUTbCA B NaMATU

( (77016174, 2227776360) ) - ( Psg 1

(4157789788918, 1446623579) ) - Psan 8193
((67078279860786, 1193164938) ) - ( Ps 16385
((100395387301953, 129274011) ) - ( Psn 24577

NN N AN




Tbl NPOCULIb
O NoMolWY,

[ lepBUYHBLIN MHOEKC =\

HO genaelub 3TO
SELECT Be3 TuKketa

FROM hits_100m
WHERE UserlID = 2428136496412/863849;

2 rows 1n set. Elapsed: 0.823 sec. Processed 100.00 million rows,
801.86 MB (121.54 million rows/s., 974.60 MB/s.)

Kniou UserID, ClientIP

SELECT x
FROM hits_100m
WHERE UserlID = 2428136496412/863849;

2 rows 1n set. Elapsed: 0.079 sec. Processed 8.16 thousand rows, 6.26
MB (103.33 thousand rows/s., 79.29 MB/s.)

Pa3mep nepsBu4yHoro mHpekca 145 KiB ,



[ lpenmyLlecTBa

[TouTn BCcerga nomeLlaeTcs B ornepaTtuBHYIO
namMmsiTb U NMNo3BondeT paboTtaTb ¢ 6onbLLUUM
KONM4YeCTBOM CTPOK B Tabnuuax (aBnsaeTcs
N orpaHnvYeHnem)

[TooaoepXMBaEeT CIOXHbIe Nnorn4yeckme
BblpaXKeHUS

Bcerna pabotaet nydwe, 4em full scan

PaboTaeT gaxe Ha 4YacTu COCTaBHOIo
MHOEeKca, HeB3Upas Ha ero No3uLnio
B MHOEKCe

HenocTtaTku

G Ha ogHy Tabnuuy npuxoamnTtcst TONbKO OAWH
pa3peXeHHbIN UHOEKC

O He nyywwme pesynsraTtbl paboTbl B TOYEYHbIX
lookup-3anpocax — NOMUCKOBLIX 3anpocax
a9 HaXoXXOeHUsa OOHOW 3anucu

©® He obecneymBaeT yHMKaNbHOCTb



VIHOeKcbl nponycka AaHHbIX



VIHOeKcbl nponycka AaHHbIX

1. bloom filter



NHaekcbl nponycka AaHHbIX

bloom filter

Hash_func1() Input_value  |Hash_func1 |Hash_func2 |Hash_func3
9 { 3

H dsS h_fu n C2() ‘carrot’
Hash_ func3() ‘pickup’ 2 0 5

array _bloom(10)

1 1 |1 1 1




WHAaekcbl nponycka AaHHbIX

bloom filter

ALTER TABLE hits_100m
ADD INDEX blm_filter ClientIP_2 TYPE bloom_filter GRANULARITY 4;

ALTER TABLE hits_100m MATERIALIZE INDEX blm_filter;



NHaekcbl nponycka AaHHbIX

bloom filter

KonoHka — ClientIP. [ns 6bicTporo onpepenenHuna Hanuuumsa IP KnuneHTa B crnaM—Cruncke

SELECT
FROM hits_100m
WHERE ClientIP = 2087437801,

4 rows 1n set. Elapsed: 0.093 sec. Processed 100.00 million rows, 405.94 MB
(1.08 billion rows/s., 4.38 GB/s.)

SELECT
FROM hits_100m
WHERE ClientIP_2 = 2087437801,

4 rows 1n set. Elapsed: 0.067 sec. Processed 32.77 thousand rows, 6.07 MB
(492.35 thousand rows/s., 91.24 MB/s.)

Pa3smep uMHpekKca:

74 MB (compressed), 100 MB (compressed)




VIHOeKcbl nponycka AaHHbIX

2. minmax



NHaekcbl nponycka AaHHbIX

minmax

,-UserlD UInt64 - -~ _

L1
— | 8192
s
5
e
= | 8192

11 min max

11

—<

11

Type minmax
B 3192 GLANULARITY 4 1 1 56

1
|
|
|
|
:
|
|
|
24 l > 2 57
|
|
|
|

24

—<

24

T 38192

—<

56

T 8192
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WHAaekcbl nponycka AaHHbIX

minmax

ALTER TABLE hits_100m
ADD INDEX minmax_1idx ResponseEndTiming_2 TYPE minmax GRANULARITY 10;

ALTER TABLE hits_100m MATERIALIZE INDEX minmax_1idx;



NHaekcbl nponycka AaHHbIX

minmax

Primary Key — ResponseStartTiming. minmax index — ResponseEndTiming_2.
YeM Bbille nepBoe 3HadeHue, TEM Bblllie BTOpoe

SELECT count (%)
FROM hits 100m_minmax
WHERE ResponseEndTiming = 1911

> 1 row in set. Elapsed: 0.070 sec. Processed 100.00 million rows, 400.00 MB (1.43
billion rows/s., 5.71 GB/s.)

SELECT count (%)
FROM hits 100m_minmax S
WHERE ResponseEndTiming_2 = 1911 ’erx\

> 1 row 1n set. Elapsed: 0.057 sec. Processed 65.56 million rows, 262.24 MB
(1.15 billion rows/s., 4.59 GB/s.)

Pa3smep uMHpeKca:

uncompressed 0,01 MB, compressed 0.005 MB
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VIHOeKcbl nponycka AaHHbIX

3. set



NHaekcbl nponycka AaHHbIX

set

- . S S S S S B B B B BN NS BN B B BN BN BN B BN BN BN B BN BN IS B B G B B S e e e e S—,

,-UserlD UInt64 - -~ _

1]
1
—
.

5
5
—
5
—
—

11

11

—<

11

—

—<

24

24

—<

24

—

—<

56

——————————————

8192

38192

8192

38192

8192

W e e an EE EE o S S EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE BN BN BN BN BN S SN B B S e e o

Type set (0)
GLANULARITY 4

>

2

1,2,3,95,6, 7, 11,
24, 20, 28, 56

57, 58, 59, 100...



WHAaekcbl nponycka AaHHbIX

set

ALTER TABLE hits_100m
ADD INDEX set_idx BrowserCountry_2 TYPE set(100) GRANULARITY 2;

ALTER TABLE hits_100m MATERIALIZE INDEX set_1idx;



NHaekcbl nponycka AaHHbIX

set

Primary Key — ClientIP. SET index — BrowserCountry_ 2. Hebonbwoe KonmMyecTtBO
CTpPaH, CKOpee BCero, uMeeT Koppendauuw Cc IP-appecaMn KJIMEHTOB

SELECT count (x)
FROM hits 100m_sets
WHERE BrowserCountry IN ('qg', 'YD')

> 1 row 1n 1 row 1n set. Elapsed: 0.188 sec. Processed 100.00 million rows,
200.01 MB (532.62 million rows/s., 1.07 GB/s.)

SELECT count (x)
FROM hits 100m_sets
WHERE BrowserCountry 2 IN ('qg', 'YD');

> 1 row 1 row in set. Elapsed: 0.026 sec. Processed 41.91 thousand rows,
167.68 KB (1.64 million rows/s., 6.54 MB/s.)

Pa3smep uMHpeKca:

uncompressed 0,24 MB, compressed 0.14 MB




[ lpenmyLlecTBa HenocTtaTku

YckopsatoT 3anpochl © 3ameanawoT NpoLecc BCTaBKM

5 HOBbIX OAHHbIX
HeT orpaHn4eHnn No KONn4ecTBy

© 3aHuMaloT OoNOoNHUTENbLHOE MECTO

© B 6onblUNMHCTBE criyyaes
TPEOYIOT KOppEeNnALUUN C NEPBUYHBIM
KIMHOYOM U BOYMYMBOro noaxoaa
NPU UCNonbL30BaHU



2. [lpoekunn

[ lpoekumnn

*  BbINonHeHne 3anpocoB MO KOJTOHKE,

He ABMNAOLLENCA YaCTbo NEPBUYHOIO KItova

* [lpearperaymMoHHbIE KOJTOHKN, KOTOPbIE

CHU3AT NoTpedrieHne Kak BblYUCIUTENBHBIX,
Tak n |O-pecypcos
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[ Ipoekynn

Primary Key — (UserID, ClientIP). Mouck no RemoteIP IN (3596690355, 2983581987);

SELECT x
FROM hits_100m
WHERE RemoteIP IN (3596690355, 2983581987);

> 2 rows in set. Elapsed: 0.176 sec. Processed 100.00 million rows, 406.11 MB (569.78
million rows/s., 2.31 GB/s.)

ALTER TABLE hits_100m

ADD PROJECTION remote_ip_projection (SELECT % ORDER BY RemotelIP); .¢4}
ALTER TABLE hits_100m ox®

MATERIALIZE PROJECTION remote_1ip_projection; 1.F§f::7£:;;’
& \

SELECT %yx\

FROM hits_100m
WHERE RemoteIP IN (3596690355, 2983581987);

> 2 rows in set. Elapsed: 0.048 sec. Processed 16.38 thousand rows, 12.64 MB (342.23
thousand rows/s., 263.98 MB/s.)



[ lpoeKkumnm

Primary Key — (UserID, ClientIP). lMocuymTaeM cpeoHee MO KONIMYECTBY XMUTOB Ha MOSib30BaTens

SELECT UserID, count(x)
FROM hits 100m
GROUP BY UserlID;

> 17630976 rows 1n set. Elapsed: 14.501 sec. Processed 100.00 million rows, 800.00 MB
(6.90 million rows/s., 55.17 MB/s.)

ALTER TABLE hits_100m
ADD PROJECTION hits_avg_user_prj (SELECT UserID, count(x) GROUP BY UserID);

ALTER TABLE hits_100m

MATERIALIZE PROJECTION hits_avg_user_prj; T;gggﬁggzﬁgp

SELECT UserID, count(x)
FROM hits 100m
GROUP BY UserlID;

> 17630976 rows 1n set. Elapsed: 8.909 sec. Processed 17.63 million rows, 537.69 MB
(1.98 million rows/s., 60.35 MB/s.)




[ lpoekumnn

1. ABTOMaTU4ECKN
2. force_optimize projection=1



[ lpenmyLlecTBa HepocTtaTku

[lomoratoT yckopuTb 3anpoc © 3aHuMaloT cXoxee Konn4ecTBo MecTa,

npy MCNOSb30BaHWM arperaumn Kak 1 opurmHarbHble Tabnuubl
NNN N3MEHEHUN KNtoYa COPTUPOBKNA



[ lpoeKkumn

,El,pyrl/le CXoXxue ornumn ¢ NtHAQeKCnpoBaHMNEM

- [IBe Tabnuubl
- MaTtepunanmnsoBaHHoOe npeacTaBneHne



3. LWUapaunpoBaHue

LLlapanpoBaHue

* Distributed

45



LapanpoBaHue

Distributed

CREATE TABLE hits_100m CREATE TABLE hits_100m_Tlocal

( (
"ClientIP UInt32, "ClientIP UInt32,
"UserID UInt64, "UserID UInt64,
"WindowClientwWidth  UInt16, "WindowClientWidth  UInt16,
"WindowClientHeight UInt1l6, "WindowClientHeight UInt1l6,

) )

ENGINE = MergeTlree ENGINE = MergeTlree

ORDER BY (UserID, ClientIP); ORDER BY (UserID, ClientIP);



LapanpoBaHue

Distributed

CREATE TABLE hits 100m distr

(
"ClientIP UInt32,
"UserID UInt64,
"WindowClientWidth  UInt16,
"WindowClientHeight UInt16,

)
ENGINE = Distributed('cluster', 'database', 'hits 100m local',
murmurHash2 64(ClientIP));



LapanpoBaHue par;blgglloCb
: : ObPAdTb(A...
Distributed

’V;? <Ll
a8 Y o 10
s — / (iog eif( =
ZooKeeper

N— -

<shard1 > <shard2 >

target_tbl \ target tbl
distr_tbl distr tbl
N~ — —

CREATE TABLE target_tbl ON CLUSTER test_cluster

CREATE TABLE distr_tbl on CLUSTER test_cluster

ENGINE = Distributed('test cluster', ", 'target tbl', rand()):




Kpacupoe!
Kntody wapampoBaHUSA

‘@ 4
50 061 036 49 938 964

_ \
\ /
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LlapaupoBaHue

OObIYHbIN 3anNpocC

SELECT ParamPrice, UserlID

CpeaHun pesynbraTr
FROM datasets.hits_100m 10 rows in set
WHERE ClientIP BETWEEN 2425757232 AND 3393676766 Elapsed: 0.269 sec.
ORDER BY RegionID
LIMIT 10

SETTINGS max threads = 8;

O—
-0
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LlapaupoBaHue

PacnpeneneHHbIn 3anpoc

SELECT ParamPrice, UserlID

CpeaHun pesynbraTr
FROM datasets.hits_100m_distr 10 rows in set
WHERE ClientIP BETWEEN 2425757232 AND 3393676766 Elapsed: 0.168 sec.
ORDER BY RegionID
LIMIT 10

SETTINGS max threads = 16;

O—
-0
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[ lpenmyLlecTBa HenocTtaTku

[TpeogoneHne TeXHNYEeCKnx © TpebyloT AOMONHUTESNbHBIX
orpaHnYeHnn BblYNCIUTENbHbIX MOLLHOCTEN
[loBbilLEHWE OTKa30yCTOMUYNBOCTU © Hyxpatotcsa B cobnogeHnn

OOMOSTHUTENbHbIX YCNOBUN (KIHOM

YckopeHue 3anpocoB o o
lapanpoBaHusd, global join vs join, u T. n.)

© Heobxoguma py4yHas pebanaHcmpoBka



[lepBUYHbLIN KNOY

» CaMbI aPPEKTUBHLIN BapnaHT
* MO>XHO TOSNMbKO OAUH

[Tpoekuun

- BapwuaTtuBHbI
*  3aHMMaloT MHOro MecTa

NHOeKcbl NponycKa AaHHbIX

* HeT orpaHn4YeHn No KOnmM4yecTBy
* MoryTt Harpy3uTb cuctemy

LLlapaunpoBaHue

- [lo3BongeTt pacnpenennTb Harpy3ky

*  TpebyeT OoNONHUTENBbHbIX
BblYUCIUTENbHbIX MOLLHOCTEU



byay paa npoaomKUTb
obweHne

Ky3bma JlewakoB
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