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History

e July 2008 — open-sourced by Facebook?
@ March 2010 — graduated from the Apache Incubator
@ Influenced by Amazon Dynamo

o Committers: Rackspace, Digg, Twitter, Amazon,
Microsoft

!Facebook. Cassandra — A Decentralized Structured Storage System:
http://www.cs.cornell.edu/projects/ladis2009/papers/ T
lakshman-1adis2009.pdf
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Features
@ Decentralized — no SPoF, every node is identical
e Multi data center replication
e Elastic Scalability
@ High Availability and Fault Tolerance
@ Tunable consistency
o CQL

T|
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Data Model

Based on Google Bigtable

Hybrid: Key-value 4+ Column-oriented

Kaxkaas cTpoka COAepXXUT MHOXECTBO KOJIOHOK
KosnoHka (sivelika): umsi + 3HadeHune

Pa3Hble CTPOKM MOryT MMeTb pa3Hblii HAbOP KOJIOHOK

[ pynnupoBKa KOJIOHOK B CeMelicTBa 1
cynepcemencTaa

Table
A distributed multi dimensional map indexed by a key. J|

Llecbko B. A. (TexHononuc) Cassandra 24 mas 2017 r. 5 /55



@ Hukakux JOIN-0B 1 BHelWHMX Kato4Yei
@ ATomapHOCTb Ha ypoBHe CTpoK, HeT rollback

@ MoXxHO noay4nTb OWKMDKY Npu 3anncu, HO 3anunchb
cocTomTcs

o OTmeTkn BPEMEHWN OT KJMNEHTA MpK KOH(bJ'II/IKTaX

e HacrpanBaemasi KOHCUCTEHTHOCTL (KOMHECTBO
penmnk)

@ /3015119 Ha ypOBHE CTPOK
@ Durability: commit log + replication T|
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CAP

@ Tunable Consistency
@ Tunable Availability
e Partition Tolerance

Llecbko B. A. (TexHononuc)

Cassandra

24 mas 2017 r.
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[Tonb3oBaTenNn

Camoe nonynsApHoOE KOJIOHOYHOE xpaHmnmu_l,ez:

@ Cisco

CERN

Digg

Facebook

IBM

Netflix

Reddit

SoundCloud

Twitter

Odnoklassniki III|

2http://db-engines.com/en/ranking/wide+column+store
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MoTunsauus

If | had asked people what
they wanted, they would
have said faster horses.

Henry Ford

Y10 He Tak ¢ RDBMS?
Chapter 1. "What's Wrong with Relational Databases?"in
"Cassandra: The Definitive Guide"?

2Eben Hewitt. Cassandra: The Definitive Guide. 2010. ISBN
1449390412.

v
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V Hac ecTb cepeuc Ha RDBMS

Bcé pabotaet?
He Tporaiil

C 4em moryT bbITb Npobiemsi:
o (Distributed) Transactions®
o (Distributed) JOINs
o (Distributed) Schema evolution
e Sharding*
e Functional segmentation
o Key-based sharding
() LQQkUp l:able
3Gregor Hohpe. Starbucks Does Not Use Two-Phase Commit:
http://www.eaipatterns.com/ramblings/18_starbucks.html T

#Michael Stonebraker. The Case for Shared Nothing. 1986
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Use Case: RDBMS Scaling

LiveJournal
Brad Fitzpatrick. LiveJournal's Backend: A history of
scaling?. August 2005.

“http://www.danga.com/words/2005_oscon/oscon-2005. pdf
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Mopaenb aaHHbIX

@ (Cassandra — mapTUUMOHNPOBAHHOE XPaHWUAULLE
pAnoB
@ llcxogum 13 3anpocoB, a He K3 CyLLHOCTEl U cBsA3eld

Tabnnua — Konnekuust ynopsiaoHeHHbIX KOJOHOK

Keyspace — rpynna Tabnuy (obbiuHo per application)

T|
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Ecaun rnybxe

Row Key 1 —>»

Row Key 2 —>»

Rowi
I
|
Column 1 Column 2 Column 3 I
|
Y Y \4 |
I
Value 1 Value 2 Value 3 }
|
_____________________________________ 7
_________________________ \
Row:
|
Column 1 Column 4 :
|
Y A 4 !
Value 1 Value 4 l
|
_________________________ J
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hTepdeiics

e Thrift API

@ llcTtopuyeckn nepebiii
@ HwuskoypoBHeBbI
o [10BONLHO MHOMOC/IOBHBbI

e CQL

o SQL-nopobHblin
o (MoyTn HacKONLKO Xe) BbIpasnUTENbHbIi
e PasBuBaetcs

T|
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[Tpumep

1 CREATE TABLE songs (
> id uuid PRIMARY KEY,
3 title text,

4 album text,

5 artist text,

6 data blob

700

1 CREATE TABLE playlists (
> id uuid,

s song_order int,

4 song_id uuid,

s title text,

6 album text,

7 artist text,
s PRIMARY KEY (id, song_order)); I
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OcobeHHoCTH
e Compound keys (clustering)
@ Indices
e Collection types®: set, 1list, map
@ INSERT = UPDATE = UPSERT
@ DELETE asnist CTpoku unu Habopa s4deek
o TTL
e Counters
o Cm. cneky®

Shttp://www.datastax.com/dev/blog/cql3_collections
Shttps://docs.datastax.com/en/dse/5.1/cql/index.html
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KOMMNOHEHTBI

Consistent Hashing + VNodes (cm. nekyuto 1)
Gossip — cocTaB U COCTOsIHIE Y3108
Partitioner — gaHxble no ysnam

Replica placement strategy — pennvku no
y3n1am

@ Snitch — Tononorus (AL, n croiikn)

T|
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KomnoHeHTbI

ApxuTtekTypa

Virtual Nodes

ing without
irtual nod

Ri

es

-
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-000 R0 ;
‘0980 BOEA°

Node 3

Ring with
virtual nodes
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Gossip

V3nbl neproanyecky obMeHmnBatoTcs nHdopmaumeli o
cebe n apyrux ysnax

Kaxayto cekyHay He bonbliue 4eM C TpeMs y3namu
Bce y3abl bbIcTpo y3HatOT nHdopMaLmo 0bo Bcex
y3nax

CoobuieHns nMeroT BEpCUO — yCTapeBLlas
NHpopMaLVs 3aTNpaeTcs

Seed nodes ans bootstrap

Gossip-nHOPMaLIMS XPaHUTCA Ha KaXKAON Hoge
NePCUCTEHTHO

O6Hapyxetue cboes yanos (+ dynamic snitch)’ T|

"Naohiro Hayashibara, Xavier Défago, Rami Yared and Takuya Katayama
he ¢ Accrual Failure Detector. 2008

T .
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Partitioner

o Consistent Hashing®

o Murmur3Partitioner (—2% to +293)
@ ByteOrderedPartitioner

e Jlekcukorpadpuyecku no baiitam karo4va

o CnoxHas banaHcupoBka Harpyskun (pacyér guanasoHoB
napTuLmnii BpyYHYHO)

e HepaBHoMmepHas HanaHcupoBka gsist pasHbix Tabany

o [locnepoBaTtesibHas 3anNnChb YNUPAEeTCs B OGUH y3en

8http://docs.datastax.com/en/dse/5.1/dse-arch/datastax_ T |
enterprise/dbArch/archDataDistributeHashing.html
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Replica Placement Strategy

@ Replication Factor — konnuectso penank Ha knactep
o Kaxkgas pennuka Ha OTAENbHOM y3ne
@ Bce pennukn paBHonpaBsHbI
@ SimpleStrategy:
o 1 1Ll (ecnu nnaHmpyete pacumpsiTbCs, He UCMOL3YIATE)

o [lepBasi pennuka Ha y3en ot Partitioner
@ OcTanbHble — N0 YacOBOI CTPENKe Mo KOoJbLy

NetworkTopologyStrategy:

o OnpepensieT KoIMYeCTBO pennink B kaxxaom LI
e VY3nbl gns pennank — nAEM No KObLy A0 CrefytoLueit

CTOWKMN
e Yacro croiikn BbipybatoTcs Lenmkom (nuTaHue, T
OXnakgeHune, CeTb, )
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Network TopologyStrategy

PakTopsbl

@ XenatenbHo 4tenne sHyTpu AL
@ YuynTbiBaeM TunnyHole cbou

o 2 pennvku B kKaxxgom [LI
Cboii ogHoro y3na — ConsistencyLevel.ONE

o 3 pennukn B kaxkgom Ll

e Cboit ogHoro y3na —
ConsistencyLevel.LOCAL_QUORUM
o (Cboii aByx y3nos — ConsistencyLevel.ONE
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Snitch

OpuHakoBasi koHUrypaumusa Ha ysnax
Dynamic snitching wrapper®

e [lo YMONYaHUKO N TOJNIBKO Ha 4YTEHne

@ [laHHble ¢ camoii BbICTpOli peninku, C OCTalbHbIX —

KOHTPOJIbHbIE CYMMBbI

o Cratnctnka Read Latency u Tekywme 3agayn y3ios
@ SimpleSnitch: Hukakux [Ll n cToek
@ RackInferringSnitch: (110.dc.rack.node)

@ PropertyFileSnitch: agpeca 8 [l /cToiikn B

cpaiine
@ GossipingPropertyFileSnitch: nokanbHbili ALl n
cTolika B dbaiine Ha kakaom y3ne + Gossip III|

http://www.datastax.com/dev/blog/

n raccandra_mnact_nracant_and_fuatura
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KnunenTckune 3anpocel

@ MoxHo obpalatbcs kK atobomy ysny

@ V3e/1 CTAaHOBUTCS KOOPAUHATOPOM ISl TEKYLLEro
3anpoca

@ KoopgauHaTop npokcupyeT c y4étom Partitioner un
Replica Placement Strategy

T|
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ApxuTtekTypa KnueHTckne 3anpockl

@ 3anpoc BCEM penikaM He3aBWCUMO OT
ConsistencyLevel

@ ConsistencylLevel onpefenser, CKOJIbKO pPenankK
LOJIKHO OTBETUTL A1 ycnexa

T|
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Write: [1pumep

Client P
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MultiDC Write

o OnTumMmn3saums — ofnH KOOPAUHATOP B KaXKAOM

ypanénHom [l

@ ConsistencyLevel.LOCAL_ONE nnn
ConsistencyLevel.LOCAL_QUORUM — obsizaHbl
OTBETUTb TOJILKO JIOKasbHbIE Y3kl (reorpacus He
BJANSIET HA 3a4EPXKKY)

T|
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ApxuTtekTypa KnueHTckne 3anpockl

MultiDC Write: Mpumep

Client
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ApXuTeKT ypa KnueHTckne 3anpockl

Write: Consistencylevel

@ ANY — Bcerga ycnex (hinted handoff)

@ ONE — B commit-log oaHoro ysna

e TWO

o THREE

@ QUORUM — inter DC + Hy>xeH 3amac npo4HoCTy
@ LOCAL_QUORUM — bbicTpee, yem QUORUM

o EACH_QUORUM — BblLle KOHCUCTEHTHOCTb

e ALL — WAT?

He 3abbiBaem
Ha>xe npyn ONE n LOCAL_QUORUM 3anucb NOLWIOT BCEM
penavkam B T. 4. B apyrux L

Llecbko B. A. (TexHononuc) Cassandra 24 mas 2017 r. 29 / 55




ApxuTekTypa KnueHTckune 3anpochi

Read-3anpocbl 0T KoopAMHaTOpa peninkam:
o [Mpsimoii 3anpoc Ha yTeHne (B COOTBETCTBUM C
ConsistencyLevel)

o CambIM «bbICTpBIMY pensinkam

o CpaBHuBaeM OTBETbI

e Ecnn He coBnagatot, To camasi ceexas (no
timestamp) — knueHTy

@ PoHosbIl read repair (Bcem ocTasibHbIM pennkam)

o [lna CMHXpOHU3aLMM KTrOpAYMXy» AAHHbIX
e read_repair_chance no ymonyanuio 0.1
e Ecnu He coBnapatoT xawun, To nepesanuceiBaem

T|
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Read: lNpumep

Client
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Read Consistencylevel

@ ONE — bawmaliwas pennkKa, BO3MOXHO, yCTapeBLUne
NaHHblE

TWO

THREE

QUORUM — inter DC + Hy>keH 3anac npo4yHoCcTU
LOCAL_QUORUM — bbicTpee, 4em QUORUM
EACH_QUORUM — Bbllle KOHCUCTEHTHOCTb

ALL — WAT?

NHTepnpeTtauus
Bo3epalyaem caMoe cBexxee 3HaueHUe U3 Tpebyemoro
MHOXECTBa Pennk
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Quorum

Quorum
Quorum = | BE 4 1]

RF = 2 = Quorum = 2 — HeT 3anaca
RF = 3 = Quorum = 2 — B 3anace 1 y3sen
RF = 4 = Quorum = 3 — B 3anace 1 y3en

°
°
°
@ RF =5 = Quorum = 3 — B 3anace 2 y3na

Consistency
R+ W > RF

e R=24+W=2>RF =3 — B 3anace 1 yzsen

Llecbko B. A. (TexHononuc) Cassandra 24 mas 2017 r.
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KnunenTckune 3anpocel

[Mpobrema

@ V3en cboiiHyn: >xeneso unn (Hawe) ceTsb
@ A Mbl XOTUM Ha Hero 3anucaTb
@ Yto penats?

Hinted Handoff

@ [yctb n3sectro (Gossip), 4TO y3en nNexuT, nnu ysern
He oTBeyaeT

o KoopgunaTtop 3anomuHaet hint nokanbHo

o Korga obHapyxnTcsi, 4to y3en nogusincs (Gossip),
eMy nepeLtoT HakonaeHHble hints

v
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ApxnTtekTypa KnnenTckune 3anpocekl

Copepxumoe
e Komy npesnHasHa4vaeTcs
@ 3HayeHune KJoYa
o [laHHble

BrHumanne
@ Hints xpaHsTcs orpaHnyeHHoe Bpems (no
ymonuanuto 3 yaca)

@ OduuymnansHoO peKoMeHZyeTCs NepuoAnYecknii 3anyck
repair

o
—
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OrpaHuyeHus

@ Hint 3acuuTbiBaeTCs He Ha BCeEX YPOBHSX
koncuctentHocTn!?: 2 yana (1 mépte) + RF=1 +
ConsistencyLevel.ONE

e Ho Bcerpa paboTaeT, eciu He BbIKtOYeEH
@ ConsistencyLevel.ANY — extreme write availability

e Ecan ympér mawuna ¢ hints, To Mbl ux notepsiem

Onhttp://www.datastax.com/dev/blog/modern-hinted-handoff
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Anti-entropy

[Mpobrema

e Vsen YMEP — nponyctun yganaeHne NaHHbIX
(] BepHyﬂCﬂ K X)KU3HN — AaHHbI€ BO3POANINCD

Anti-entropy
@ lHnunnpyem c nomowsto nodetool repair
@ 3anyckaem readonly major compaction
@ Ctpoum Merkle Tree?
o ObmeHnBaeMCsi IEPEBBSIMUN 11 ULWEM OTNHUS]
@ ObmMeHMBaEMCsl OTANYAIOLWMMUICA CErMEHTAMY

http://en.wikipedia.org/wiki/Merkle_tree
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[Hetanun peanuzauunn

Write Path

XpaHeHne AaHHbIX

Llecbko B. A. (TexHononuc)

Commit log

Cassandra

INDEX

S5Table
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[TosicHeHuns

Memtables and SSTables per table
Memtable — oTcopTuposaHa

SSTable — Henzmensemas oTcopTpoBaHHas
accoumaTmeHaa Tabamua

ObbI4HO CTpoKa pacnpenesieHa Mo HECKOIbKNM

SSTable

T|
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KomaHabi:

1 write (k1, cil:v1)

> write (k2, cil:vl c2:v2)

3 write (k1, cl:v4 c3:v3 c2:v2)
Commit-log:

1 k1, cl:vil
2 k2, cl:vl c2:v2
3 k1, cl:v4 c3:v3 c2:v2

Memtable/SSTable:

1 k1 cl:v4 c2:v2 c3:v3
2 k2 cl:vl c2:v2

T|
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Memaory memtable
Disk :
IMNDEX |kl clovd c2iv? c30vd : Flush
clean up klelwledwd |
Commit log
S5Table
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Update Path

Memeory memtable
Disk
[ IMDEX | kI clavd c232 c3d INDEX [kl clv5 cdoed :
k2 cliwl e2wd k2 clvd e3:v3 ! Flush
Commit log S5Table §5Table
Cassandra 24 mas 2017 r. 42 / 55



@ SSTable HenzmeHsema
@ Delete — tombstone marker

@ PeanbHoe ymaneHne no ncreyveHum
gc_grace_seconds BO BpeMs compaction

@ VaanéHHble JaHHbIE MOTYT BO3POAUTLCS (CM.
Anti-entropy)

T|
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Compaction

o Obbeannsier SSTable-daiins
e @PparmeHTbl CTPOK
o [lpoTtyxwue tombstones
o [lepecTpaunBaeT nHAeKchI

@ SSTable oTcopTnposaHa = nocnenoBaTesbHbIiA
npoxon,

° SizeTieredCompactionStrategy”'vs
LeveledCompactionStrategy?

° DateTieredCompactionStrategy13

Uhttp:
//www.datastax.com/dev/blog/when-to-use-leveled-compaction

2http://www.datastax.com/dev/blog/ |

leveled-compaction-in-apache-cassandra
13https:

A R, RPN 5. PRI D, I Y T S Sy
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Bloom filter

Read
request
Compression
offsets
Partition
summary
E———
P
Return e
result set -
Partition
Data indax

T|
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KomMeHTapuu

o Kaxaas SSTable umeer Bloom filter* —
BEPOSITHOCTb HaXOXAEHNSA Kitoda B daline

@ Ecnu BeposaTHocTb oTamnyHa ot 0, naém B partition
key cache

e Ecnwv Hawnwm knroy B Kalwe, NAEM NO CMELLEHMIO,
HaXOAUM COKaTblii DNOK U JOCTAEM AaHHbIE
e Ecnwn He Hawnm kntoy B KaLwe:
e B partition summary npuMepHO HaxoaUM CMeLLleHME Ha
aucke
e YnTaem nocnepoBaTenbHo BAOK C Aucka
e 13 compression offset map BbiHuMaem uHgekc 6ioka
e YuTaem oxkaTble OaHHbIE N BO3BpPallaeM KIUEHTY

Yhttp://en.wikipedia.org/wiki/Bloom_filter
Cassandra 24 mas 2017 r. 46 / 55
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LlononHnTenbHble CTPYKTYpSI

@ Bloom filter — 1-2 B / mapa. kntoueii
@ Partition summary — no ymonuanuto war 128

@ Compression offset map — 1-3 B / 1 Tb oxaTbix
AaHHbIX

T|
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[Hetanun peanuzauunn XpaHeHne AaHHbIX

Read Path

kl clwh c2w? cdivd cdowd
-

 Read ki

Merge |«
memitable
Memaory
Crisk
IMDEX [kl clovd c2v2 c3v3 INDEX |kl clv5 cdvd
k2 clw? cdnd

6 ‘ k2 clovl 22

Commit log S5Table

Llecbko B. A. (TexHononuc) Cassandra

55Table T |
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[Hetanun peanuzauunn XpaHeHne AaHHbIX

Write-through Row Cache

S5 Tables

Llecbko B. A. (TexHononuc) Cassandra
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Key Cache + Row Cache

Application reguests a fot, frequently accessed row

/!‘ Application requests a row not in row cache, but whose key is cached
1

Row cache
rows_cached=10000 N D
2
1 Check row cache before going to key cache
Key cache 2 Populate row cache with new row returned

keys_cached=200000

SSTables on disk

memtables

Cwm._noppobrocTu®.
http://docs.datastax.com/en/cassandra/3.0/cassandra/
operations/opsConfiguringCaches.html

Llecbko B. A. (TexHononuc) Cassandra 24 mas 2017 r.
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1 CREATE TABLE comments (

2 article_id uuid,

3 posted_at timestamp,
4 author text,

5 karma int,

6 content text,

7 PRIMARY KEY (article_id, posted_at))

T|
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KonoHKM
620e8... | 1340000000: ]
1340000000:author Alice |
1340000000:content | Nice article, thanks |
1340000000:karma 4 ]
1340130000: ]
1340130000:author Bob ]
1340130000:content | | agree with Alice, +1 |
1340130000:karma 0 ]

Cu._noppoBrocTi® 1I?|
164, ) d ) av ram/Aav /Wl ac/thrif+r_+a_rA1R
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Wide vs Skinny Rows

e Wide Rows
o (+) KonoHkmn oTcopTMpoBaHbl — BO3MOXHbI Tprokut’
e (+/-) AtomapHocTb
@ (-) Row cache (ckopee Bcero) He paboTaert

@ Skinny Rows

e (+) Row cache

o (+/—) HeaTtomapHo, HO MeHbLUe contention

o (-) Bonblue 3anuceii — bonblue UHAEKCHI, XyXe
pabotaet Bloom Filter

K nacc!nas Cassandra: https://www.lektorium.tv/lecture/14531
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OcTanock 3a Kagpom

o SEDA!8

@ Jkcnayatauus n TioHuHr (JMX, nodetool)

e MacwTabHble npuMepsl ncnonb3osaHus

@ Cm. 6nor DataStax?°

18http:
//en.wikipedia.org/wiki/Staged_event-driven_architecture

Phttps://www.datastax.com/customers

2Onttp://www.datastax.com/dev/blog
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Bonpochk!?

@ https://polis.mail.ru/blog/view/111/
@ https://incubos.org/contacts/
@ He 3abyabte npo [13

T|
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