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2 dupexc Obnako

PacnpegeneHHble TpaH3aKUuuun
B Yandex Database

CemeH YeuvepuHpga, BeayLumm paspaboTymk



O yem A paccKaxy

01 ‘ Kakne pacnpeneneHHble TpaH3akunum HaM HY>XKHbI

02 \ Kak Mbl peanunaoBanu pacnpenenexHHble TpaH3akuum B YDB
03 \ Kak maclutabupyetca Halle peLleHmne

04 \ KakoB overhead y 3anpocoB B HalleM peLleHnm

05 | [oCTymnHble YpOBHM U30MSILMM AMS TPAH3aKLW



01

Kakune pacnpepnenéeHHble
TPpaH3aKLuUN HaM HYXHb!



3auem?

> Bblcokne tpeboBaHua BHYTpU AHOeKca
K OTKa30yCTONYNBOCTN CEPBUCOB

> CepBuUchl AHOeKca O0MKHbI MepexnBaTb
BbIXo4 13 cTpos oaHoro n3 L

> OnbIT pa3paboTkn 1 aKkcnnyaTauun
cBoeun kpocc-[L noSQL b

> Eventual consistency He noaxoauT
noa Hawun 3agayu




ACID

> Atomicity
> Consistency
> Isolation

> Durability




ACID

> Atomicity
> Consistency
> Isolation

> Durability




ACID

> Atomicity
> Consistency
> Isolation

> Durability




ACID

> Atomicity
> Consistency
> Isolation

> Durabillity




ACID

> Atomicity
> Consistency
> Isolation

> Durability
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YpPOBHU N30nNALUN

AHOManuUm KOHKYpeHTHOro gocTyna

Dirty read Unrepeatable read Lost updates Phantoms Write skew

Read uncommitted Q Q Q Q Q
o
>
>
®

Strict Serializable Serializable + Linearizable

Read committed

Repeatable read

Snapshot isolation

Serializable
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YpPOBHU N30nNALUN

AHOManuUm KOHKYpeHTHOro gocTyna

Dirty read Unrepeatable read Lost updates Phantoms Write skew

Read uncommitted Q Q Q Q Q
o
D>
>
>

Read committed
Repeatable read

Snapshot isolation

Serializable

Strict Serializable Serializable + Linearizable




YpPOBHU N30nNALUN

AHOManuUm KOHKYpeHTHOro gocTyna

Dirty read Unrepeatable read Lost updates Phantoms Write skew

Read uncommitted Q Q Q Q Q
o

Read committed

Strict Serializable Serializable + Linearizable

Repeatable read

Snapshot isolation

Serializable
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[lpumep aHOManNbLHOro NnoBeAeHuA

I Write skews nonyctumasa aHomManus Ha ypoBHe nsonsauum snapshot

Transaction ) Transaction

T

Read - Read

Account
Saving + Checking > 0

Analysis Analysis

Write Write

Commit Commit
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[lpumep aHOManNbLHOro NnoBeAeHuA

I Write skews nonyctumasa aHomManus Ha ypoBHe nsonsauum snapshot

Transaction Transaction

Read

Account

AnaIyS|S Saving + Checking >0

Saving + Checking > T1

Analysis
Saving + Checking > T2

Write

Write

Commit



[lpumep aHOManNbLHOro NnoBeAeHuA

I Write skews nonyctumasa aHomManus Ha ypoBHe nsonsauum snapshot

Transaction Transaction

Read

Saving + Checking > 0

Read

Write Write

Checking = Checking — T2

Saving = Saving — T1




[lpumep aHOManNbLHOro NnoBeAeHuA

I Write skews nonyctumasa aHomManus Ha ypoBHe nsonsauum snapshot

Transaction Transaction

Read

Read

Analysis Account Analysis
Saving + Checking <0

Write Write

Commit

Commit
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I Snapshot isolation

> O0e TpaH3aKumun BbINOMHAKTCH

> AHann3 JaHHbIX B KaXXO0WU
N3 TpaH3aKUMN HE NOKaXXeT
HapyLwleHne nHBapuaHTta

> WHBapuaHT HapywnTtcs
nocne KOHKYPEHTHOrO
BbINONMHEHUA TPaH3aKLUnK

[lpumep aHOManNbLHOro NnoBeAeHuA

I Serializable isolation
Y TpaH3aKkuunn BbINOMHAOTCS
nocrieqoBaTernbHO

> AHanNM3 daHHbIX B Ka>KO0OWU
N3 TpaH3aKkumMm oyaeT KOPPEKTHbIM

> WHBapuaHT He HapyLInTcS

18



Yandex Database (YDB)

> HapexHoe xpaHeHue AaHHbIX C N30bITOYHOCTbLIO
N aBTOMaTUYECKOU peninkaunen

> OTKa30oyCTOU4YMBOCTb, aBTOMaTUYECKOE
BOCCTaHOBIEHME OT COOEB

> PacnpeneneHnHble ACID-TpaH3akumm
c serializable-ypoBHeM nsonauum TpaH3akuun

> [opunsoHTanbHasa MaclTadbnpyemMocTb
0O TbICAY HOA

19



)

KakKk Mbl peanunsoBannu

pacnpepnerieHHble TPpaH3aKLunu
B YDB




Kak Mbl peanu3oBanu pacnpenenéeHHble
TpaH3akuuu B YDB

> KTO y4yacTByeT B pacnpenenéHHbIX TpaH3aKLUsAX

C—,

S —
‘ > KOHKYpeHTHOe BbINOSIHEHUE pacnpeneneHHbIX
TpaH3aKuumn

> CBouCTBa 1 orpaHn4YeHnsa atToMapHoOro
pacnpeneneHHoro 3anpoca

21



Taonuubl

Column 1 Column 2 Column N

.........................................................................................................................................................................................................................................................................................................................................................................................................

Y
Primary key

DataShard 1

DataShard N
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YDB Tablet

>

AABnaeTca akTopom, HO UMEET
NEePCUCTEHTHOE COCTOAHME

PaboTaeT 0aAHOMOTOYHO

XPaHUT CBOEe COCTOAHME U OaHHbIe
B Distributed Storage

EonHMua oTKkasoyCcToONYMBOCTU CUCTEMBI
Bcerga pabotaeTt TonbKo OAuH 3K3eMMNNAp
[TogHMMaeTcs Ha noboun Hoae Knacrtepa

Ha knactepe MUNmMoHbl Pa3HbIX 3K3EMMMAPOB
tablet

23



Tablet — yHuBepcanbHbIN CTPOUTENbHbLIN ONOK
CUCTEeMb!

C ucnonb3oBaHueM tablet nocTpoeHbl
pa3Hble fIormyecKme CyLwHOCTH

[lonb3oBaTenbckue Tabnuupbl

>

Ouepeu

XpaHunuule time-series gaHHbIX MOHUTOPUHIa

vV

CuctemHble tablet, Heobxoanmeble
nna pabotel YDB

> CeTeBble ONCKK obnaka
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Overview

Compute

Table Table Table

& & &
e O @
Storage
DC DC
Faildomain Faildomain Faildomain
HDD HDD
SSD SSD

NVME NVME

+ Host

CPU
MEM

Disk

+ Host
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YDB Tablet

App logic

Tadbnuupbl

s ~
i) Tablet's
Bl  database

N Y,

Put
Get
CollectGarbage

Put
Get
Block
Discover
CollectGarbage

Distributed

Storage
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Datashard kak tablet

. p
S0 Taplets
88 Jatabase

N Y

Distributed Storage

> HageXXHoCTb U OOCTYMHOCTb —
9TO CBOUCTBA TabneTku

> [paH3aKUMOHHOE N3MEHEHNE
CBOUX OAHHbIX

= (OpHonoTto4yHasq, strict serializable

= (QOpgHowapaoBble 3anpochl

> [NpumMnTMB MacuTabnpyemocTi
Tabnuupbl

= Konu4yecTBO WapaoB B Tabnuue MeHsIeTcd
B 3aBMCUMOCTM OT €€ pasmMepa N HarpysKku
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Oowunu Bna

C Shards )

Server

Client

Transaction context

Query 1
<

Query 2
<

Commit
<




ATOMapHbIN pacrnpeaeriéHHbIN 3anpoc

0~ p > ATOMapHaga onepauusi Hag Wwapaamm

-

> BblnonHeHne onepauun 4eTepMUHNPOBAHO

> W3BecTHbI read / write set’bl kntoven onepaunmn
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KOHKYpeHTHOe BbINOoJfIHeEHUe

Calvin: Fast Distributed Transactions for Partitioned Database Systems by Daniel J. Abadi, Alexander Thomson

Ecnu Kaxpas TpaH3akuus BbINONHAETCA AeTePMUHUPOBaAHO,
TO UX yNnopsiAo4YeHHOe BbINONIHEHUe TaKxe AeTepMMHUPOBAHO

I [leTepMmuHunpoBaHHOe BbINOJIHEHUE pacnpenernieHHbIX TPpaH3aKuun
> Onpegenutb rnodanbHbIV NOPAOOK BbINMONMHEHUA TPaH3aKLNUW

> BbINONHUTB Ha LWapaax peneBaHTHbIE UM TPaH3aKLUUn
B COOTBETCTBUM C NX rnobanbHbiM NOPSAAKOM BbIMOSTHEHUS
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Oowunu Bna

C Shards )

Server

Client

Transaction context

Query 1
<

Query 2
<

Commit
<




KoopanHauuna TpaH3aKunu

BYZ
AXY

DXYZ

Coordinator
1A 2C 38

4D

DataShard,

DataShard,

DataShard,

A, B, C, D —TpaH3aKkuuu B cucrteme
X, Y, Z — paTtawapabl Tabnuuy
1, 2, 3, 4 — nopsiAoK BbIMNOSTHEHMS TPaH3aKLU NN
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03

Kak macwiTabupoBaTb
Halle pelLueHue




KBaHTbI nfaHUpoBaHUA

DXYZ

l

KBaHT nnaHupoBaHug KBaHT nnaHupoBaHug

Coordinator

1

x

DataShard,

DataShard,

DataShard,

A, B, C, D — TpaH3akuum B cucteme
X, Y, Z — pata-wapabl Tabnuuy
1, 2, 3, 4 — nopsiAoK BbIMNOSTHEHMS TPaH3aKLU NN
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LLlapanpoBaHHbIN KOOpAUHATOP

A B C
_\[ l YacTb nnaHa

\4

KBaHT nnaHupoBaHU4A KBaHT nnaHupoBaHU4A KBaHT nnaHupoBaHU4A

() (20 | (G

Coordinator,

D E F
) ) ) UacTb nnaHa

\ 4

Coordinator,,

DataShard

A, B, C ... — TpaH3akuum B cucteme
X, Y, Z — pata-wapabl Tabnuuy @ o
1, 2, 3 — NOPAOOK KBAHTOB MraHNpoBaHus [ nobanbHbIV NNaH



KonunuectBo cBA3en Coordinator-DataShard

gl DataShard,

DataShard,

A _—
mne Coordinator, B
B S—

B Coordinator,

=dl DataShard,



Mepunatop

AN
7

—

—

Coordinator,,

sl Mediator,

Mediator,

madl Mediator,

—>

—>

—

—

DataShard,,

DataShard,

DataShard,

DataShard,
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Paspenuntb data n meta-mHpopmauuiro

TxBody TxMeta

TxBody

A < l A

4 R

\_ /
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04

KakoB overhead 3anpocoB
VY Hallero peLieHus



Overhead

UrHopupyem Bce, YTO CBA3aHHO C CaMUM
3anpocom, cyutaem Tonbko overhead

> Bpemsa BbINONHEHUA caMOro 3anpoca He
YUYNTbIBAEM

> Bce meTtagaHHble TpaH3aKkUMX B NAMATU, UX
yTeHmne decnnaTtHo

> OOHOBpPEMEHHO BbIMOMHAOLWMECH 3arpOCh
cyMTaem Kak ogunH
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Knaccbl 3anpocoB

1. Read only, one shard — RO Immediate

2. Write only, one shard — WO Immediate

3. Read only / write only, multi shard — RO/WO
4. Read write, multi shard — RW

41



RO immediate

TxBody

I UToro

> 1RTT
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WO immediate

TxBody

Persist Result

)
)

UToro
1 RTT
1 write
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TxBody

Persist TxBody

)
)

1 RTT
1 write
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RO /WO

TxMeta

l

-

\_

Persist Plan

~

TxBody

/

Persist TxBody

VWV WV WV

1 RTT
1 write

0.5 RTT
1 plan batch time

1 write
O5RTT
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RO /WO

TxMeta

l

-

\_

Persist Plan

~

/

TxBody

[TnaH

Persist TxBody

Persist PlanStep
Data

VWV WV WV

1 RTT
1 write

0.5 RTT
1 plan batch time

1 write
O5RTT

O5RTT
1 write

0.5 RTT

UToro
6 RTT + 1 plan batch time + 3 disklO
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RW

AWXYZ

l

-

\_

-

~

/

[TnaH

DS,

Out read set

DS,,

Out read set

)

ObnacTb NpUMeHeHus

Bbicokas KOHKYpPEHUNA Ha OaHHbIX
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TpaH3akuna RW

TxBody
A
(I
Persist TxBody

Persist TxBody

)
)

1 RTT
1 write
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RW

TxMeta

l

-

\_

Coordinators

Persist Plan

~

/

TxBody

@ R
Read

Persist TxBody

-

\_

Write
DataShard

Persist TxBody

~

/

VWV WV WV

1 RTT
1 write

0.5 RTT
1 plan batch time

1 write
O5RTT
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RW

TxMeta

l

-

\_

Persist Plan

~

/

[TnaH

TxBody

Persist TxBody

Persist
PlanStep
Out read set

Persist TxBody

Persist
PlanStep

VWV WV WV

1 RTT
1 write

0.5 RTT
1 plan batch time

1 write
O5RTT

O5RTT
1 write
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RW

TxMeta

l

4 )\

Coordinators

Persist Plan

\_ /

[TnaH

TxBody

Persist TxBody

Persist
PlanStep
Out read set

!

Qutread set —

Persist TxBody

Persist
PlanStep

Persist Result

VWV WV WV

1 RTT
1 write

0.5 RTT
1 plan batch time
1 write

0.5 RTT

O5RTT
1 write

O5RTT
1 write
O5RTT

Ntoro

7.5 RTT + 1 plan batch time + 4 disklO



Overview

. Read only, one shard — RO Immediate

— 1 RTT

. Write only, one shard — WO Immediate

— 2 RTT + 1 disklO

. Read only / write only, multi shard — RO/WO

— 6 RTT + 1 plan batch time + 3 disklO

. Read write, multi shard — RW

— 7.5 RTT + 1 plan batch time + 4 disklO
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05

YQL-TpaH3aKkuun



Oowunu Bna

C Shards )

Server

Client

Transaction context

Query 1
<

Query 2
<

Commit
<




YQL-TpaH3aKkuun

> HecKonbKo oTAenbHbIX aTOMapHbIX 3anpoCcoB

B paMmkax ogHon YQL-TpaH3akumn

> Habop read / write set’'oB Kno4ven Kaxxagoro

3anpoca onpeaernen

> Kaxkabln 3anpoc YTEHUSA 3aXBaTblBaET

ONTUMMUCTUYHYIO BDINTOKUPOBKY

> VIameHeHna npuMeHsATCA B NocrnegHem
3anpoce Ha KOMMUTE TPaH3aKUunn

> B3aTble 6NTOKMPOBKM NPOBEPSAIOTCS
B MOCNEAHEM 3anpoce Ha KOMMUTE TpaH3aKUun
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YQL-TpaH3aKkuun

AWX - RO BWXYZ . RW
! !
R g R

alll DS,

/

-

\_ / \_

Optimistic lock

[1naH ‘ > DSW [1naH

Optimistic lock

DS, DS,

Optimistic lock Optimistic lock




YQL-TpaH3aKkuun

AWX - RO BWXYZ . RW
! !
R g R

— D -

/

-

\_ / \_

Optimistic lock —

[1naH ‘ > DSW [1naH

Optimistic lock

DS, DS,

Optimistic lock Optimistic lock




05

HHOCTynHbIe YPOBHU N30ONALUMN
AnAa TpaH3aKuun




YpoBEeHb U30nAauun

I Serializable — default isolation level

> KoopaunHupyemblie n immediate-TpaH3akuun

I Strict serializable — maximum isolation level

> Bce TpaH3akuun KoopanHUpyeMmsbl

59



Strict serializable

>

TpaH3aKkuua A B npoLecce
BbINONMHEHUSA

TpaH3akumm B n C BbINOMHAOTCS
nocnenoBaTernbHO

Strict serializable

[Topsagok mexay B n C onpeneneH
OOHO3HA4YHO

Ecnun B BMAONT nameHeHusa A,

TO C Takke O0IMKHO UX BUOETb
60



Serializable

A— B — C— I -
Coordinated Immediate Immediate Serializable
write read read
l > lNopsapok mexgy B un C
e R CYLLLeCTBYET, HO He onpeaeneH

sapanos
> B0O3MOXHO, YTO B BUAUT

S / n3mMmeHeHuna A, B TO BpeMs
\ } kak C He BUANT UaMmeHeHun A

> BO3MOXHbIN MOpAaoK
BbinonHeHna: CAB

61



Yandex Database (YDB)

> HapexHoe xpaHeHue AaHHbIX C N30bITOYHOCTbLIO
N aBTOMAaTUYECKOU peninkaunen

> OTKa30oyCTOU4YMBOCTb, aBTOMaTUYECKOE
BOCCTaHOBINEHNE OT cOOEB

> PacnpepneneHHblie ACID-TpaH3akuymm
c serializable-ypoBHeM nsonauum TpaH3akuun

> Bblcokaga nponyckHas cnocobHOCTb
npuv Marnom BpeMeEHM OTKIINKaA

> [opun3oHTanbHasa MaclTadbnpyemMocTb
0O TbICAY HOA
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2 Supekc Obnako

Cnacuoo!

CemeH HevepunHaa

Beaywmn paspaboTtymk

@ svc@yandex-team.ru

cloud.yandex.ru/services/ydb



What if two-phase commit

A > O05RTT
> 1 write

Persist
transaction



What if two-phase commit

Persist
transaction

Persist
First phase

Persist locks

Persist locks

O5RTT
1 write

1 RTT
1 write
1 write



What if two-phase commit

A

]

Persist
transaction

Persist
First phase

Persist
Second phase

Persist locks

Remove locks

Persist locks

Remove locks

O5RTT
1 write

1 RTT
1 write
1 write

1 RTT
1 write
O5RTT

UToro
/ RTT + 4 disklO
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