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[11aH AOK/1aga

Y10 TaKoe Bl

XpaHUMLLA AAHHbIX

3agadva ETL

O6paboTKa NOTOKA COBbITUM
Cross-database bridge



YT0 Takoe BI

« Jlioan genawowme rpadmkm U3 AaHHbIX
* Bl obecneumBaeT paboTy C JaHHbIMU
* A AaHHble B XpaHUAMLAX



XpaHunnuila AaHHbix: Embedded




XpaHuauila AaHHbIX: Single-node




XpaHmnumwa aaHHbiX: Clustered
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Pa3zmepbl U CNOXKHOCTb 6a3

Embedde Single-node Clustered
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Pa3zmepbl U CNOXKHOCTb 6a3

Embedde
d
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Single-node
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[ToroBOpHM 06 3TUX Gasax

Single-node Clustered
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My E>iasol

ClickHouse
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Knaccmyeckmm ETL

Extract
Transform

Load



Y10 TaKoe ETL
[Application]
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{

OLTP

| ETL>

[ Reporting ]

il

OLAP




HenoHATHO!
[Application]
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{

OLTP

| ETL>

[ Reporting ]

il

OLAP




HenoHATHO!
[Application]
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{

MySQL

| ETL>

[ Reporting ]

il

Exasol




YT1o Takoe ETL?
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MySQL

| ETL>

Exasol




ETL 60sbLLIOro NpoeKTa
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MySQL

Hadoop

Files

| ETL>

Exasol




ETL => ELT
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MySQL

Hadoop

Files

—>
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ELT/
SQL

Exasol




Kakou popmart?
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MySQL

Hadoop

Files
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®opmart TSV

e [loutn Kak CSV (comma-separated), TosbKo tab-
separated
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®opmart TSV

e [loutn Kak CSV (comma-separated), TosbKo tab-
separated
e HeT npobaem C aKpaHMpOBaAHMEM 3aMATbIX U KaBblYEK
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®opmart TSV

e [loutn Kak CSV (comma-separated), TosbKo tab-
separated

e HeT npobaem C aKpaHMpOBaAHMEM 3aMATbIX U KaBblYEK

e B Bl Tabbl 1 nepeBobl CTPOK BCTpEYarTCA peaKo
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®opmart TSV

e [loutn Kak CSV (comma-separated), TosbKo tab-
separated

e HeT npobaem C aKpaHMpOBaAHMEM 3aMATbIX U KaBblYEK

e B Bl Tabbl 1 nepeBobl CTPOK BCTpEYarTCA peaKo

e Y06HO paboTaTb B KOMaHAHOM cTpoke (cut, awk, sed,

sort,...)
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®opmart TSV

[Moutn Kak CSV (comma-separated), TonbKO tab-
separated
HeT npobaem C 3KpaHMpOBaHMEM 3aMATbIX U KaBblYeK

e B Bl Tabbl 1 nepeBobl CTPOK BCTpEYarTCA peaKo

25

Yn06HO paboTaTb B KOMaHAHOM cTpoke (cut, awk, sed,

sort,...)
NopaeprkmBaetca se3ge (CSV ¢ Habopom onuum)



®opmart TSV

[Moutn Kak CSV (comma-separated), TonbKO tab-

separated
HeT npobaem C 3KpaHMpOBaHMEM 3aMATbIX U KaBblYeK

e B Bl Tabbl 1 nepeBobl CTPOK BCTpEYarTCA peaKo

Yn06HO paboTaTb B KOMaHAHOM cTpoke (cut, awk, sed,
sort,...)

e [oaaeprxmBaetca Be3ge (CSV ¢ Habopom onuum)
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Yao6eH B peanusaumm



TSV
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MySQL

Hadoop

Files

TSV
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[Ipmep: Push yBeagomMneHuUA

SendLog

OpenlLog

28

—>
—>

(CREATE TABLE

PushReport
SELECT
FROM SendLog

\LEFT JOIN OpenLog

~\

J

Exasol




[Ipmep: Push yBeagomMneHuUA

SendLog

29

—>

Exasol




[lepeaaya MySQL -> Exasol

e Yepes BpeMeHHbIU hamn

30



mysqgl -nsq -e
'SELECT * FROM SendLog’' > /tmp/
file



mysql -nsq -e
'SELECT * FROM SendLog’ > /tmp/
file

exajload -sql
"IMPORT INTO staging
FROM LOCAL CSV FILE
'/tmp/file™






[lepeaaya MySQL -> Exasol

e Yepes BpeMeHHbIN hamn
e Yepes pipe

34



mysqgl -nsq -e
'SELECT * FROM SendLog’



mysqgl -nsq -e
'SELECT * FROM SendLog’ |
exajload -sql
"IMPORT INTO staging
FROM LOCAL CSV FILE
'/dev/stdin™



mysqgl -nsq -e
'SELECT * FROM SendLog’ |
exajload -sql
"IMPORT INTO staging
FROM LOCAL CSV FILE
'/dev/stdin™



set -o pipefail;
mysqgl -nsq -e
'SELECT * FROM SendLog’ |
exajload -sql
"IMPORT INTO staging
FROM LOCAL CSV FILE
'/dev/stdin™






[lepeaaya MySQL -> Exasol

e /laHHbIE C OAHOW MALLUUHDI
e AyTOo, ecnu wapamHr?
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(
mysql -nsq -h host1 'SELECT ...." &&

mysdl -nsq -h host2 SELECT ...." &&
mysql -nsq -h host3 'SELECT ....
) | exajload -sqgl "IMPORT ... "/dev/
stdin™



(
mysql -nsq -h host1 'SELECT ...." &&

mysdl -nsq -h host2 SELECT ...." &&
mysql -nsq -h host3 'SELECT ....
) | exajload -sqgl "IMPORT ... "/dev/
stdin™



MySQL => Exasol : multi pipe

fdlinecombine

https://github.com/vi/fdlinecombine

Multiplex multiple input streams into
stdout using \n as separators.

Does One Thing, But Does It Well.
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fdlinecombine
< (mysqgl -nsq -h host1 'SELECT ....")
< (mysqgl -nsq -h host2 'SELECT ....")
< (mysql -nsq -h host3 'SELECT ....")
|exajload -sgl "IMPORT ... '/dev/
stdin™



SELECT ....
SELECT ....
SELECT ....


https://mywiki.wooledge.org/BashPitfalls

MySQL => Exasol : multi pipe

Caenaum cam!
PHP: proc_open()
Python: subprocess.Popen()




MySQL => Exasol : multi pipe

Caenaum cam!
YHuBepcaibHble a/iIbTEPHATUBDI:
/dev/fd/%N

mkfifo - co3gatb hamed pip:
/dev/stdin, /dev/stdout
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A no4yemy 6bl He ncrnosib3oBatb GNU parallel?

48

“GNU parallel makes sure output
from the commands is the same
output as you would get had you
run the commands sequentially.
This makes it possible to use output
from GNU parallel as input for
other programs.”



GNU parallel

e MoXXeT MepXUTb NOTOKM (onumsa --line-
buffer)
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GNU parallel

e MoXXeT MepXUTb NOTOKM (onumsa --line-
buffer)
e [lpn 3TOM XPET MHOIO pecypcos
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GNU parallel

e MoXXeT MepXUTb NOTOKM (onumsa --line-
buffer)

e [IpU 3TOM XPET MHOIO pecypcoB
e C/0XeH B oT/1agKe
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GNU parallel

e MoXKeT MepXMTb NOTOKM (onuma --line-
buffer)

e [lpn 3TOM XPET MHOIO pecypcos

CnoxeH B oT/1aJKe

e Mbl HaxoaunAn 6aru (Tepsasn AaHHble)
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MySQL => Exasol
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MySQL

MySQL

MySQL

Exasol




MySQL => Exasol

54

MySQL

MySQL

MySQL

‘Exaso.‘
c:;j ‘Exaso.‘
|:> [ fdinecom bine ]|:>‘ Fxasol ‘
<§£3 ‘Exaso.‘




MySQL => Exasol
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MySQL

MySQL

MySQL

>\ Exasol |
\\ Exasol |
d Exasol |
Y Exasol |




MySQL => Exasol

56

SELECT * FROM T1
<

MySQL |1 >‘ 0oF ] /s Exasol |

\\ o) (., Exasol |
Mys>QL | Y|@) L Exasol |
MySQL | V@) 2 Exasol|

B 5 pa3s 6bicT

pee



ETL rpad
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f_push_sendinglog




ETL rpad
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f_push_sendinglog

f_push_openslog




ETL rpad
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f_push_sendinglog

f_push_openslog

f_push_messages




ETL rpad

60

dim_profile.daily

f_onlines

dim_push_os

dim_push_apptype

f_push_sendinglog

/

f_push_openslog

f_push_messages

dim_brand_platform_map




ETL 60sbLLIOro NpoeKTa
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[IpolyKTOBasA pa3padboTKa

e Bonpochbl Npo AgaHHbIe

63



[IpolyKTOBasA pa3padboTKa

e Bonpochbl Npo AgaHHbIe
— Cobupaem 60/ble UHDOPMaALMM
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[IpolyKTOBasA pa3padboTKa

e Bonpochbl Npo AgaHHbIe
— Cobupaem 60/ble UHDOPMaALMM

e JKCNEPMMEHTbI U HOBbIE METPMUKMU
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[IpolyKTOBasA pa3padboTKa

e Bonpochbl Npo AgaHHbIe
— Cobupaem 60/ble UHDOPMaALMM

e JKCNEPMMEHTbI U HOBbIE METPMUKMU

— HacTtpamnBaem ETL
— ALTER TABLE ....
— 'eHepupyeM OTYETDI
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ABTOMATM3UPYMH 3TO!

« OopmanibHoe, machine-readable

OMNuUCcaHMe AAHHbIX
e ABTOMATM3aLMA JOCTABKM B XpaHUIMLLA

e ABTOMaTM3aUMA pENOPTHHra

68



dopMasibHOE ONMMCaHUE COBbITUM

e EanHbIN C

DOPMaAT AJ1A BCEX MJ1aTC

e CTporasa tunmsaumsa atpmoyTosB

e [lOHATHO YenoBeKy 1 MallnHe

69

HOpM



CobbiTHEe
«ABTOpM3aLMA»

70

Signin (21)

Properties:

Scroll to bottom ¥
1. method( SocialMedia ) % )¢

Sign in method user used to sign in.

2. is_registration(bool) ¥ ){

Is this sign-in a new registration?



CobbiTHEe
«ABTOpM3aLMA»

71

Signin (21)

Properties:

Sgrell-ic-botiom—dk
1. method( SocialMedia I:K)(

ign in.

Sign in method user used to

2. is_registration(bool) ¥ ){

Is this sign-in a new registration?



SocialMedia

EN UM Values
<« C”OCO6bI Scroll to bottom ¥

aBTOpU3aymnmn» 1. SOCIAL_MEDIA_EMAIL

Email

2. SOCIAL_MEDIA_FACEBOOK

Facebook
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/locTaBKa B XpaHUIULLA

e CreHepupoBaTtb cobbITUA Ha backend
e [Ipeobpa3oBaTb

e 3arpysuTb B XpaHuauLle
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UIDZIEJ — el
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Cxema B Hadoop (Hive)

e EaMHaA Tabsmua ana XpaHeHMA BCEX

COObITUM

e XpaHeHMe aTpMbyToB B map<string,

string>
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Cxema B Hadoop (Hive)

e EaMHaA Tabsmua ana XpaHeHMA BCEX
COObITUU

e XpaHeHMe aTpMbyToB B map<string,
string>

e MoaHbin bopmaT xpaHeHms ORC

77



CxemMa B Hive: npemMmyllecTBa

o Mopaeprkka NO6bLIX aTPMOYTOB COOLITUM
e Top-level reporting no Bcemy o6bemMy

JIaHHbIX

e OnepaTnBHOE OOHOBJ/IEHME

78



CxemMa B Hive: HeoCTaTKMH

o bosblLOe KonnyecTBo NapTULUM
e Overhead Ha XxpaHeHMe aTpMOYTOB B

CTpPOKax

79



/locTaBKa B Hive

 Hakonutb aaHHble B HDFS

e Caenatb BpemMeHHyto Tabamuy (JSON)

e INSERT OVERWRITE TABLE table_name
SELECT .... FROM table_temporary

80
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Cxema xpaHeHuA B Exasol

e TabsMua Ha Kaxabi1 TUMN COBbITMA
o KaxxaoMy aTpMoyTy - oTZe/iIbHasd KOJIOHKA

e OO6LWaa MHpopmaumsa

0 COObITUAX B OTAE/IbHOM Tabaumue

82



Header

head_id 12345678901234
user_id 100500

gender Male

country = Russia

platform Android

83

CobbiTHe Signin
\ head_id method job_id
> 12345678901234 Email job_one

98765432109876 < Facebook | job_two

N 4

Cob6biTHe ViewProfile

head _id profile_id job_id
A 12345678901234 1567854 job_one

98765432109876 4589783 job_one



Cxema B Exasol: npemmyulecTtBa

e ONTMMM3aUUA XpaHUMLLA MOA TUMbI
NAaHHbIX

o BbICTPbIM PEMNOPTHHI MO OTAE/IbHbLIM
COObITUAM

84



Cxema B Exasol: HepgocTaTKu

« Hago nopgaep*mBatb COr/1IacoBaHHOCTb
KOHMdMUra cobbITUM M CXeMbl Tabaunu

e HeT CKBO3HOro penopTuHra nNo BCeM
NAaHHbIM

85



/loctaBKa B Exasol

e B3aTb AaHHble 13 Hadoop

o CchopmmpoBaTtb OTKPbITb TPaH3aKLUMIO B

Exasol
e BcTtaBUTb AaHHbIE
« COMMIT B Exasol

86
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Baykus nasil cizilir

1. ADIM
ONCE IKI DAIRE CIZIYORUZ...

2. ADIM
SONRA KALAN DETAYLARI CIZIYORUZ.



Hadoop -> Exasol

e O6BEM UCXOAHbIX AaHHbIX - A0 150 Gb

o Y KaxXJoro coobiTUSA - CBOS CXemMa

Spork

88



Cxema pipeline

e BbiGpaTb AaHHble U3 Hive B Spark
o /lNnAa Kaxkaoro cobbITUA MoJslyvYaem

KOJIOHKM 13 Exasol
o ®opmmpyem TSV-dpannbl B HDFS
e IMnopTmnpyem B Exasol

89



IMPORT INTO data.click_event

FROM CSV AT
‘http://hadoop:50070/etl_xxxx/signin/’
FILE '1.csv.gzZ,

FILE 'XXX.csv.gz



IMPORT INTO data.click_event

FROM CSV AT
‘http://hadoop:50070/etl_xxxx/signin/’
FILE '1.csv.gz,

FILE 'XXX.csv.gz,



[IpenmyLlecTBa

e PacnpepeneHue AMCKOBOU HArpys3KM
— HDFS
— Spark Workers

« Node-to-node B3anmoaemnctaeme npu IMPORT
e AeMNOTEHTHOCTb - Nepe3ajiMBKa 4YacTu
cobbITMK 13 job_id

92



Cross-database
bridges




3a4yeM CTPOMUTb MOCTbI?

o Karkgaa 6a3a xopolla Nno-CBoOeEMY
e He Bce 3aga4n MOXXHO BbIMOJIHUTDb
BHYTPM OZIHOIO XpaHMIULLA

94



3a4yeM CTpOUTb MOCTbI?

o Kaxxpas 6a3a Xxopoulla no-cBoemy

e He Bce 3aga4n MOXXHO BbIMOJIHUTDb
BHYTPU OQHOIro XpaHMImLa

e« Tpebyetca o06MeH AaHHbIMU
MeXay 601blUMMU CUCTEMaMU

95






ClickHouse

e CBepxObIiCTpas BbIOOpPKA B npeaenax
TabMLbI

e Real-time BcTaBKa AaHHbIX

e MOXXHO AenaTb MeJIKue BCTaBKU

97



ClickHouse

e Cnaobiv JOIN
— He BCEe aHa/IMTUYECKMe 3aJa4M peLlanTca

e BarkHo aymMaTtb o data locality

— MHaye He caenaTtb
JOIN 60bLLIMX TabML

98



10

13 HEIE;

e [IpHMMaAET AaHHble B JII0ObIX (bOpMaTax

e JIErkoe mMacwtabmpoBaHue

e Y/106HO€E ynpaBaeHME pENJIMKALMEN U
retention

e« MoHo aenatb nbble JOIN
— XOTb U He Bcerga obICTpo

99



(o
= a[aZazD]

e Hago aymMaTtb 0 napTULUMPOBAHMM AAHHbIX

e [lnoxo paboTaeT ¢ MaJIEHbKUMM BCTaBKaMM

e BbicOKoe 3Ha4deHue latency

100



E>tasol

e BbiCOKada CKOpPOCTb CKaHMpPOBaHMA
e Jltobble aHa/IMTUYECKUE onepaumn
Bcé 6bIcTpo

101



E>tasol

e /loporo xpaHuTb UCTOPUYECKME AAHHbIE
BcTaBKka 60/1blLIMMM MOPLUAMU M PEIKO

102



Bcé KpyTo, U BCE e - MOCTbl?

e Hu ogHO XpaHUAMLLE He ob6najaeT

100% viHopmMauum
e bysem 6paTb nydillee, U AOCTaB/IATb

HeJocTarollee

103






Hadoop to ClickHouse

« 3anpoc B ClickHouse Ha MMnopT AaHHbIX
e Ncnonb3ya Spark

105



SELECT * FROM

hdfs(
'hdfs://hdfs1:9000/file’,
TSV,
id UInté4, number Floaté64



SELECT * FROM

hdfs(
'hdfs://hdfs1:9000/file’,
TSV,
id UInté4, number Floaté64



Hadoop to ClickHouse via SQL

 HatmeHO, BHYTpU ClickHouse

e [Moaaeprkka nmwb ogHoro gamaa 3a pas
— B pa3paboTKe noaaeprkka globbing

e TpebyeTca cornacoBaHHOCTb (POPMATOB AaHHbIX
e Bcé npokadmBaeTca yepes
1 mawmHy ClickHouse
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Hadoop to ClickHouse via Spark

e Yntaem gaHHble B Spark

e [Ipeocbpasyem

e KaXkayr napTMumio AaHHbIX NMULLIEM Yepes
JDBC-KOHHEKTOp + HECTAHAAPTHbIM METOA
sendRowBinaryStream

109


https://github.com/yandex/clickhouse-jdbc/blob/4b373b18038b74ede48a58fd482856137a7adc24/src/main/java/ru/yandex/clickhouse/ClickHouseStatement.java#L49

Hadoop to ClickHouse via Spark

e He Tonbko SQL ans npeobpasoBaHUM
o [lapannennsm ob6paboTKu
e [MMwem B noobbie Hoabl ClickHouse

110



Hadoop to ClickHouse via Spark

« Hago nporpaMmmpoBaTb
e OrpaHunyeHo Spark + Java/Scala
e HaknagHble pacxogbl ot Spark

111



ClickHouse to Hadoop

e 3anpoc B ClickHouse Ha akcnopT gaHHbIX
e Yepes Spark

112



CREATE TABLE hdfs table
(id Int32)
ENGINE = HDFS('hdfs://hdfs1:9000/file’, "TSV');

INSERT INTO hdfs_table
SELECT * FROM another_table;



ClickHouse to Hadoop via SQL

e 3anmcb TONIbKO B 0AMH hamn
e O6pabaTbiBaeTca yepe3 1 MalUUHY
ClickHouse

114



ClickHouse to Hadoop via Spark

« JDBC + HecTaHAapTHbIM METOA
executeQueryClickHouseRowBinaryStream

 [lporpamMmMHoOE yrnpaB/iEHUE TOMOJIOrMEN
JaHHbIX

115


https://github.com/yandex/clickhouse-jdbc/blob/4b373b18038b74ede48a58fd482856137a7adc24/src/main/java/ru/yandex/clickhouse/ClickHouseStatement.java#L25




ClickHouse to Exasol 1 obpaTHO
e Yepes IMPORT/EXPORT KomaHAabl Exasol

117



IMPORT INTO exasol_table

FROM CSV AT

‘http://clickhouse1:8123/

FILE ?query=SELECT * FROM clickhouse_table’



EXPORT exasol_table
INTO CSV AT
‘http://clickhouse1:8123/

FILE
?query=INSERT INTO clickhouse_table FORMAT CSV'



ClickHouse to Exasol 1 obpaTHO

o /JlelweBo M NpoCTO
e OrpaHM4eHo B3aMMOAENCTBMEM BYX

MallnH

— ucnpaBuTb: Yepes Spark
— B cBA3Ke ¢ Exasol sub-connections

120


https://www.exasol.com/support/browse/SOL-546




Hadoop to Exasol

« WebHDFS + TSV + Exasol IMPORT query
e Yepes Spark + Exasol sub-connections

122


https://github.com/exasol/spark-exasol-connector

Exasol to Hadoop

o Exasol EXPORT query

— 60s1ee oHoro damaa
— ToNbKO CSV

e Exasol UDF

— BbICOKaA Npou3BOAMTENIbHOCTb
— nobble popmaTbl
— TpebyeT NnporpaMMUpPOBaHMA

123



BbiBOAbI

e Bl - 310 KpyTO :)

e [loabmpaem XpaHuauLe AaHHbIX NoA 3aja4y
e« bepéM nydluee oT pa3HbIX CUCTEM

e B 3KcnepuMeHTax poxKaaeTcs nporpecc

124



CNACUBO!

krash@corp.badoo.com
a.eremihin@corp.badoo.com
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