OTUS

OHNAMH-OBPA30OBAHUE
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LLlapaunHr (4actb 1)

IOpoyuko HOpun
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KaK MeHS CNnblWHO U BUAHO?

/\

— eCJIn eCTb I'IpO6J'IeMbI CO 3BYKOM U/ Cc BnAe€O0

=
2

> HanuwuTe B YaT

+ ecqinm BCce XopoLwo
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[lpenogaBaTenb

IOpouko Opun
o OKOHYMN MI'TY um. H.3. baymaHa B 2016 (NY-7)

e 5+ net paspaboTku Ha C++/Go

* pyKOBOAUTEJIb KOMaHAbI Go
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Llenb 3aHATHUSA OTUS

Y3HaTb, YTO TaKoe LapAnpoBaHue

[TOHATb, YTO pewaeT n 3a4eM HYXXHO

[To3HaKOMUTbCA C BuAaMu u cTpaTtermamMmum wapamnpoBaHus

O6¢cyanTb NpobneMbI N Y3KME MecTa pas/inyHbIX NOAX0A0B

[MoroBopuTb O pellapauHre, KOHCUCTEHTHOM XeLLMPOBaHUK
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[Mpobnema OTUS

e OM3HEC pacTeT -> AaHHble pacTyT
e BpeMsi 06pabOTKM 3aNpoCcoOB pacTeT

« cepBepa orpaHudeHbl (CPU, RAM, Disk, ...)
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BepTnkanbHoe MacliTabnpoBaHue ? OTUS

:

Themate
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BepTukanbHoe MaclutabupoBaHue OT US

e JOKYNUTb TO, Yero He xBaTtaeT (CPU, RAM, Disk, ...)
e MOMOXET (CKopee BCEro BPEMEHHO)

e ecTb npepen
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A MOXET KaK-To Hape3aTb JlaHHble? OTUS
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[TapTUUMOHUpPOBAHNE OTUS

6epeM [aHHble U pa3fesnisieM No KakoMy-TO NPU3HaKy

pa3fenieHHble AaHHble CI)VI3VILleCKVI nexat otaesibHoO

BCe B Nnpejenax ogHoro cepsepal

6blBaeT pasHbIX TUNOB

B TEOPUU, AOJIKHO paboTaTb 6bicTpee (?)
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OCHOBHble TUMNbl NAPTULMNOHNUPOBAHUA OTUS

range

list

hash
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[Tpnumep MySQL

CREATE TABLE members (

)

firstname VARCHAR(25) NOT NULL,
lastname VARCHAR(25) NOT NULL,
username VARCHAR(16) NOT NULL,
emalil VARCHAR(35),

joined DATE NOT NULL

PARTITION BY RANGE( YEAR(joined) ) (

);

PARTITION pO VALUES LESS THAN (1960),
PARTITION pl VALUES LESS THAN (1970),
PARTITION p2 VALUES LESS THAN (1980),
PARTITION p3 VALUES LESS THAN (1990),
PARTITION p4 VALUES LESS THAN MAXVALUE

https://dev.mysqgl.com/doc/refman/8.0/en/partitioning.html
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https://dev.mysql.com/doc/refman/8.0/en/partitioning.html

Mpumep Postgres OT US

CREATE TABLE measurement (

city id int not null,
logdate date not null,
peaktemp int,
unitsales int

) PARTITION BY RANGE (logdate);

CREATE TABLE measurement y2006m02 PARTITION OF measurement
FOR VALUES FROM ('2006-02-01") TO ('2006-03-01");

CREATE TABLE measurement y2006m03 PARTITION OF measurement
FOR VALUES FROM ('2006-03-01') TO ('2006-04-01"),

https://www.postgresql.org/docs/10/ddI-partitioning.html
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https://www.postgresql.org/docs/10/ddl-partitioning.html

[MapTuympoBaHme OTUS

e MOXXET YCKOPMUTb 3amnpochbl

e MOXET 3aMeJIUTb 3alnpocChbl

He peluaeT npo6nemy orpaHM4yeHHoOCTU cepsepal
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LLlapanpoBaHue OT US

15/ 56



LLlapanpoBaHune OTUS

OVH U3 BapMaHTOB MacLUTabupoBaHUS

pa36V|eHV|e AaHHbIX Ha KYCKMU

[aHHble XUBYT GU3NYECKN HA pa3Hbix cepBepax (Hy 06bIYHO TakK)

He pennukauua - !

He napTUUMoHMUpoBaHume - !
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B utore gna yero oHo Booo6LLe? OTUS

e FOPU30OHTaNIbHOE MaclUTabupoBaHue
e YCKOpPUTb 06paboTKy 3anpocoB (0cO6eHHO 3anuch!)

e MOBbICUTb OTKA30yCTOMYMBOCTb(*)
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Bonpochbi?
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Kak wapantb? OTUS

e NMOCMOTPUTE Ha CBOW AaHHbIE
e NMOCMOTPUTE Ha CBOW 3alrpochbl

e BblGepUTE NPaABUIbHO KPUTEPUN LLIAPANPOBAHUS - BaM C HUM XUTb!
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Key Based Sharding

COLUMN

COLUMN
3

o]

HASH
FUNCTION

COLUMN

A
~>

Shard 1

COLUMN COLUMN COLUMN

1 2 3

A

C

Shard 2

COLUMN COLUMN COLUMN

1 2 3

B

D

OTUS
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Key Based Sharding - xapakTep1CTUKU OT US

ewle Ha3biBatoT hash based

cdopmyna npumepHo Takas: F(key) -> shard_id

F 1 key o4eHb BaXHbl

Hanbosee pacnpoCcTpaHEHHbIN Crocoo
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Key Based Sharding - nntocbl/MUHYCbI OTUS

MPOCTO U MNOHATHO (+)

paBHOMepHOe pacrnpefenexue (+)

anropMTMmnYeckoe pacnpegeneHue (+)

nobaBneHue/yganeHune wapaa scerga 6onb (-)
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Range Based Sharding

($0-$49.99)
PRODUCT PRICE
TRINKET $37

THINGAMAJIG $18

"4

PRODUCT PRICE
WIDGET $118
Glzmo $88
TRINKET $37
THINGAMAJIG $18
DOODAD $60
TCHOTCHKE $999

($50-$99.99)

PRODUCT PRICE
GIZMO $88
DOODAD $60

N

($100+)
PRODUCT PRICE
WIDGET $118
TCHOTCHKE $999
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Range Based Sharding - xapakTepuctuku OTUS

e MOXEeT Ha3blBaTbcs table function/virtual bucket
e CTaTUYeCcKuin KoHdUr range -> shard

« (popmyna npumepHo Takas: hash(key) -> virtual_bucket -> shard_id
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Range Based Sharding - nnrocbl/MUHYCHbI OTUS

e MpPOCT B peanusauuu (+)
e MOTEHLUMaNbHO HepaBHOMepHasi Harpyska (-)

« o6HoBneHue (-)
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Directory Based Sharding

Shard Key

Shard Key

Pre-Sharded Table

: DELIVERY : FIRST LAST

| ZONE I NAME NAME

: 3 : DARCY CLAY

: 1 : DENISE | LASALLE

: 2 : HIROSHI |YOSHIMURA
: 4 : KIRSTY | MAccoLL

I 1

| T

| DELIVERY |] SHARD
1| zone |}
| |

I 1 | St
| |

I 2 [ S2
| |

| 3 | S3
| T

1 4 I S4
| 1

S1
DENISE | LASALLE
S2
HIROSHI |YOSHIMURA
S3
DARCY CLAY
S4
KIRSTY | MACCOLL

OTUS
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Directory Based Sharding - xapaKkTepuCcTukm OTUS

e MOXOX Ha range based
e OoTOb6paxkeHue key -> shard_id

 low cardinality gna key - Haw cnyyan
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Directory Based Sharding - nntocbl/MUHYCbI OTUS

e TMOKOCTb (+)
e o6HoBneHue (-)

. SPOF ()
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Routing OTUS

BapuaHThI:
e V3 MPUIOXEHUS (YMHbIV KIIMEHT)

¢ MpOKCH
e KOOpAMHATOP

e €CTb €eLle...
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Routing - nnrocbl/MUHYCbI OTUS

YMHBIN K/IUEHT
e NPOCTOU MeTOoq

e HET JIMWWHUX XOMNOoB

e KaK 0GHOBNATb/pewapanTb?

30/ 56



Routing - nnrocbl/MUHYCbI OTUS

IIpokcu
e MPUSIOXKEHME BOOOLLLE He 3HAET O WapAuHre

KOA HE MEHAETCH

NUWHWUIA xon (*)

MOTYT nNagatb

MM HY>XHO 06LlaTbCs

https://www.proxysgl.com https://shardingsphere.apache.org/document/current/en/manual/sharding-proxy.
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https://www.proxysql.com/
https://shardingsphere.apache.org/document/current/en/manual/sharding-proxy

Routing - nnrocbl/MUHYCbI OTUS

Koopaunarop
e NPUNOXEHME BOOOLLE He 3HAET O LUapAuHre

KOA4 HE MEeHAETCHA

JINLLHUM Xon

Harpyska

SPOF
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Bonpochbi?
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[lpo6bnemsl wapagywra QT

Il1oxo pacnpejeuiu JaHHbIE
Bbixoa;

e NOAOGPaTb NYYLLMIA KNHOY/PYHKLUMIO LLapANPOBaHUS

e pelapaviHr (ecnm UMeeT CMbICh)
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[lpo6bnemsl wapagywra QT

JOIN

Bbixoa;
e iep>XaTb HY>XHbl€ JaHHblIE Ha OLI,HOVI MallnHe

e [lenaTb BblYUC/IEHUA HaA OHOMN MaLLUHEe
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PelwapauHr OTUS

e fob6aBneHne/yaaneHne Hoa
e MOTPE6bOBaNOCh 'NepeaBuHYTb AaHHbIe"

¢ CKOpee Bcero npuaetcs pelapanTb Koraa-To
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PewapauHr "B nob6" OT US

B /100:
e B XyALUEM C/lyyae HY>XXHO nepemMellaTtb BCe AaHHble

o ECJIN CTEMEHU 2KU - yXXe Hennoxo (nepemMecTutb ~50%)
[Mpumep:

o popmyna shard_id % count

e 16 3anuceun Ha 8 WapaoB => 2 3anncK Ha Wwapa

e 16 3anuceun Ha 16 wapgos => 1 3anuUcb Ha Wapa,
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Consistent hashing OTUS

Xnj X0

f(A)

f(C)

f(B)
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Consistent hashing OTUS

Y f(a)

A Keyl
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Consistent hashing OTUS

Key2

(B)

40 / 56



Consistent hashing OTUS

ncnonbdyem ogHy hash-hyHKUMIO Ans HOA, U AaHHbIX

BblbupaeTca 6mxanLLInm No 4acoBOM CTPESIKE y3en

npu no6aBneHnn/yaaneHnm 3aTparmBaeTcs To/IbKO YacTb

cdopmanbHo He 6onblue K/N (K-kntoun, N-cepeepa)

JlaHHBbIe MOTYT OBITH pacnpe/ie/;ieHbl HepaBHOMEPHO.
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Consistent hashing - Virtual Nodes OT US
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Consistent hashing - Virtual Nodes OTUS

e MOMOraeT pasfenuTb AaHHble 6051ee paBHOMEPHO

¢ KONMNYECTBO HU3NYECKUX CEPBEPOB HE MEHSETCS
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Bonpochbi?
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LlapanpoBaHue U Npon3BOaUTENbHOCTb 3aNpOCOB OTUS

3anpochbl NOo KoYy LWapAMpOBaHUs BEPOATHO YCKOPSATCS

3anpochbl He Mo K4y 0601MAyT BCe Wapabl

3anpochbl NO AnanasoHy KJr4Yen MoryT o60MTU BCe WapAabl

aggregating, joinbl - oTAeNbHaA TeMa
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OueHKa BpeMeHu OTUS

bbL10:
e Total = Serial + Parallel

Crano:
o Total = Serial + Parallel/N + Xserial

https://en.wikipedia.org/wiki/Amdahl%27s_law
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https://en.wikipedia.org/wiki/Amdahl%27s_law

OueHka BpeMeHU OTUS

Two independentparts A B

Original process [ |
Make B 5xfaster _

Make A 2xfaster _
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basbl u wapguHr OTUS

MySQL He ymeeT aBTOowapaunHr (NDB ?)

Postgres ymeeT aBTowapanHr (FDW)

Cassandra ymeeT aBTOWapAUHI

MongoDB ymeeT aBTOLIapAMHI
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Postgres FDW OTUS

CREATE TABLE temperature (

id BIGSERIAL PRIMARY KEY NOT NULL,
city id INT NOT NULL,

timestamp TIMESTAMP NOT NULL,

temp DECIMAL(5,2) NOT NULL

);

CREATE TABLE temperature 201904 (
id BIGSERIAL NOT NULL,

city id INT NOT NULL,

timestamp TIMESTAMP NOT NULL,
temp DECIMAL(5,2) NOT NULL

);
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Postgres FDW OTUS

CREATE EXTENSION postgres fdw;
GRANT USAGE ON FOREIGN DATA WRAPPER postgres fdw to app user;
CREATE SERVER shard02 FOREIGN DATA WRAPPER postgres fdw
OPTIONS (dbname 'postgres', host 'shard02', port
'5432"');
CREATE USER MAPPING for app user SERVER shard02
OPTIONS (user 'fdw user', password 'secret');

CREATE FOREIGN TABLE temperature 201904 PARTITION OF temperature
FOR VALUES FROM ('2019-04-01"') TO ('2019-05-01")
SERVER remoteserver0l;
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Postgres FDW OTUS

o https://www.percona.com/blog/2018/08/21/foreign-data-wrappers-postgresql-postgres_fdw

o https:/www.percona.com/blog/2019/05/24/an-overview-of-sharding-in-postgresql-and-how-it-relates-

to-mongodbs
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https://www.percona.com/blog/2018/08/21/foreign-data-wrappers-postgresql-postgres_fdw
https://www.percona.com/blog/2019/05/24/an-overview-of-sharding-in-postgresql-and-how-it-relates-to-mongodbs

[lon. matepunanbl OTUS

https.//www.youtube.com/watch?v=MhGO7BBqSBU

https:/www.youtube.com/watch?v=xx_Lv1P_X_l|

https:/www.youtube.com/watch?v=ihrPoHIDFkk

https://www.mysql.com/products/cluster/scalability.html

https://www.postgresql.org/docs/9.5/postgres-fdw.html

https://clickhouse.yandex/docs/en/operations/table_engines/distributed/
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https://www.youtube.com/watch?v=MhGO7BBqSBU
https://www.youtube.com/watch?v=xx_Lv1P_X_I
https://www.youtube.com/watch?v=ihrPoHlDFkk
https://www.mysql.com/products/cluster/scalability.html
https://www.postgresql.org/docs/9.5/postgres-fdw.html
https://clickhouse.yandex/docs/en/operations/table_engines/distributed/

NTorn 3aHaTus OTUS

Y3Hanu, 4To Takoe wapampoBaHue

[ToHANK, YTO pewaeT n 3a4eM HYXXHO

[To3HaKoOMUNUCb C BUAamMu n cCTpatermamMmum wapamnpoBaHus

O6¢cyannm Npo6breMbl U y3KMe MecTa pPasiMyHbIX NoAX0A0B

[NMoroBopuan o pellapanHre, KOHCUCTEHTHOM XELLMPOBaHUK
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Bonpochbi?
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[lpongnTe, NoXanynucra, onpoc OTUS

https://otus.ru/polls/5532/
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https://otus.ru/polls/5532/

Cnacubo 3a BHUMaHue!
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