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Kakune pacnpepnenéeHHble
TPaH3aKLUMUUN HaM HYXHbI



3auem?

> Bblcokne tpeboBaHua BHYTpU AHOeEKca
K OTKa30yCTONYNBOCTUN CEPBUCOB

> CepBuUchbl AHOeKca OOMKHbI NepexmnBaTb
BbIXo4 13 cTpoa ogHoro u3 L

> OnbIT pa3paboTKku 1 aKcnnyaTauun
ceBoen kpocc-[Ll noSQL b

> Eventual consistency He noaxoauT
noa Hawun 3agayu
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> Atomicity
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ACID

Atomicity
Consistency
Isolation

Durability
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Isolation levels

Anomalies

Dirty read Unrepeatable read Lost updates Phantoms Write skew

Read uncommitted o o o o o
o
>
>
o

Strict Serializable Serializable + Linearizable

Read committed

Repeatable read

Snapshot isolation

Serializable
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Isolation levels

Anomalies
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Read committed
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Isolation levels

Anomalies

Dirty read Unrepeatable read Lost updates Phantoms Write skew

Read uncommitted Q Q Q Q Q

Read committed

Repeatable read

Strict Serializable Serializable + Linearizable

Snapshot isolation

Serializable
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Anomalous behavior

| Write skews anomalies are allowed by snapshot isolation level

Transaction ] Transaction

T

Read . Read

Account

Analysis Saving + Checking > 0

Analysis

Write Write

Commit Commit
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Anomalous behavior

| Write skews anomalies are allowed by snapshot isolation level

Transaction Transaction

Account

AnaIyS|s Saving + Checking > 0

Saving + Checking > T1

Analysis
Saving + Checking > T2

Commit

Commit



Anomalous behavior

| Write skews anomalies are allowed by snapshot isolation level

Transaction Transaction

Account

Saving + Checking > 0

Write
Saving = Saving — T1

Write
Checking = Checking — T2




Anomalous behavior

| Write skews anomalies are allowed by snapshot isolation level

Transaction Transaction

Read

Read

Analysis Account Analysis
Saving + Checking < 0

Write Write

Commit Commit
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Anomalous behavior

I Snapshot isolation

> O0e TpaH3aKLuuKn BbINOTHAOTCS

> AHann3 JaHHbIX B KaXXO0Wu
N3 TpaH3aKLUMN He NMOoKaXeT
HapyLleHne nHBapmnaHTa

> VIHBapwmaHT HapyLwunTca
nocne KOHKYPEeHTHOro
BbIMONMHEHUA TPaH3aKLUnK

I Serializable isolation

) TpaH3akuuu BbIMONHAKTCA
nocnegoBaTenbHO

> AHann3 gaHHbIX B KaXXO0u

N3 TpaH3aKkuum byaeT KOPPEKTHLIM

> VIHBapumaHT He HapyLuunTcA
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Yandex Database (YDB)

> HapexHoe xpaHeHue gaHHbIX C U3DbITOYHOCTbIO
N aBTOMAaTUYECKOU pennunkaumnen

> OTKa3oyCcTOM4YMBOCTb, aBTOMaTU4ecKoe
BOCCTaHOBNEHME OT cOOEB

> PacnpepeneHHble ACID-TpaH3aKkLuun
C serializable-ypoBHeM n3onayum TpaH3akuum

> [opunsoHTanbHas MacwTabnpyemMocTb
[0 TbICAY HOA
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0)

KakKk Mbl peanunsoBannu

pacnpenerieHHble TPpaH3aKLunu
BYDB




Oowunu Bna

[ Shards )

Server

Client

Transaction context

Query 1
<

Query 2
<

Commit
<




Kak Mbl peanu3oBanu pacnpegeneHHble
TpaH3akuuu B YDB

> K10 y4yacTtByeT B pacnpenenéHHbIX TPpaH3aKLnax

> CBouctBa 1 orpaHU4YeHnsa aToMmapHoro
pacnpeneneHHoro 3anpoca

> KOHKYpeHTHOE BbINONHEHME pacnpeaeneHHbIX
TpaH3aKkyumn
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Taonuubl

Column 1 Column 2 Column N

A AN AN N N A A A R N A A RN RN A AR AR NN RN A A R R AR R R AR AR RN RN A A AR AR R R AR AR RN RN A A R R AR R R AR A e s N N R A A NN NN A A AR AR R R A AR AR R A AR AR AR R A A e N R A A NN N A N R AN R R AR AR RN R A AR R AR R R AR AR RN RN A AR R AR R R AR AR RN R A R R AR R R AR NN RN R A AR R AR R R AR AR RN R A AR AR AR R A A R A R R A R AR AR A A AN AN R R EEEEEAEAEEEEEEEESEEEEEEEEEEEEEEEEEEE

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

A A A A N A R N N R R R NN A A R NN N R R A NN N N R N N N R R A R N A N N R A A e N R N N N R A R N A A R R R A A N N N N N N R R R N N R R N N R R R R N N R R N N R R A N NN A R N N R R A NN NN A N R R A N A A N R R A A A R R A N R A AR R A AN AN AR NN N EEREREEEEEEEEREEEEE

Y
Primary key

DataShard 1

DataShard N
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YDB Tablet

AABnaeTca akTopoM, HO UMeEET
NEepPCUCTEHTHOE COCTOAHUE

PaboTaeT 0oaHOMOTOYHO

XPaHUT CBOE COCTOAHUE U daHHble
B Distributed Storage

EQnHMUa OTKa3oyCTONYMBOCTU CUCTEMBI
Bcerna paboTaeT TonbKO O4MH 3K3eMMMsip
[TogHMMaeTcs Ha nNtobon Hoade KnacTtepa

Ha knactepe ~100K tablet
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Tablet — yHuBepcanbHbIU CTpoOUTENbHbLIN OJTIOK
CUCTEeMb!

C ncnonb3oBaHuem tablet nocTpoeHbl
pa3Hble fiormnyeckue CywHOCTH

=
- > [lonb3oBaTenbckue Tadbnuubl

> Ouvepeaun

> XpaHunuule time-series gaHHbIX MOHUTOPUHrA

> CuctemHble tablet, Heobxoanmbie
aona pabotsl YDB
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Overview

Compute

able Table
& &
& O
Storage
DC
Faildomain Faildomain

HDD
SSD
NVME

Faildomain

HDD

NVME

+ Host

Disk

+ Host
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YDB Tablet

Tabnuubl
. ~
App logic 50 Tablets
) Jdatabase
N Y,
i |

Put
Get
CollectGarbage

Put
Get
Block
Discover
CollectGarbage

Distributed

Storage
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Datashard kak tablet

> HapeXHOCTb U AOCTYMNHOCTb —

4 R 9TO CBOUCTBA TabneTkn
App 1 §  Tablets
loqic > TpaH3akuMOHHOE U3MEHEHUEe
° I I database CIFB)OI/IX ,EI,;HHI:IX
o %
B OpHonoTo4Has, strict serializable
lJ OaHollapaoBble 3anpochbl

> NpnmutnB MacwTabmnpyemocTtu
Tadbnuubl

KornnyecTBo LWapaoB B Tabnuue MeHsIeTcs
B 3aBUCUMOCTU OT €€ pasmepa U Harpysku

& Distributed Storage
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ATOoMapHbIN pacnpeaenéHHbIU 3anpoc

0~ p > OOuH 3anpoc K cucteme

-

> BblnonHeHue TpaH3akuun geTepMUHUPOBAHO

> WN3BecTHbI read / write set'bl kKnto4Yen TpaH3aKLnn
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KOHKYpeHTHOe BbINOJTHEeHUe

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

Ecnu kaxgas TpaH3aKuusa BbINONMHAETCA AeTePMUHNPOBAHO,
TO UX ynopsaaovYeHHoe BbINOJfIHeHMe TaKXke AeTePMMHUPOBAHO

I [leTepMmunHUpoBaHHOE BbINOSIHEHME pacnpeaesieHHbIX TPpaH3aKuun
> Onpepenutb rmobanbHbIN NOPAOOK BbINOMHEHUSA TPaH3aKL K

> BbINonHUTb Ha Wapaax peneBaHTHbIE MM TPaH3aKLum
B COOTBETCTBUM C UX rModanbHbIM NOPAAKOM BbINONHEHUS
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KoopanHauua TpaH3aKkLuun

DXYZ

Coordinator

4D

DataShardy

DataShardy

DataShard,

A, B, C, D —TtpaH3aKkuun B cmcteme
X, Y, Z — patawapgbl Tabnuy,
1, 2, 3, 4 — NopsiAOK BbIMOSTHEHUA TPaH3aKLUM
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03

Kak macwitadbupoBaTb
Halle peLueHue




KBaHTbI nf1aHUpOBaHUA

DXYZ

l

V
KBaHT nnaHupoBaHU4A

KBaHT nnaHupoBaHUgA

Coordinator

i 1

DataShardy

DataShardy

DataShard,

A, B, C, D —TtpaH3aKkuun B cmcteme
X, Y, Z — patawapgbl Tabnuy,
1, 2, 3, 4 — NopsiAOK BbIMOSTHEHUA TPaH3aKLUM



LLlapanpoBaHHbLIN KOOpAWHATOP

A B C
_l l ! YacTb nnaHa

.
Coordinatory

() (20 | G

D ] E ] - ) UacTb nnaHa
:
Coordinatory

A\ 4

DataShard BDB

A, B, C ... —TpaH3aKkuum B cmcteme
X, Y, Z — partawapgbl Tabnuy @ 3BCF .
1, 2, 3 — NOpPAOOK KBAHTOB MiiaHNPOBaHUS [moOanbHbI NNaH
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—>

—
—>

Coordinator,

KonunuectBo cBsa3en Coordinator-DataShard

DataShardy

DataShardy

—

DataShard,



MepounaTtop

mm@ DataShard,,

@ Mediatory Bems

AN
7

ey (Coordinatory

mm@l DataShardy

Mediatory,

—>

ey (Coordinatory

— EEBEIENEI(eN

I oorinaion,

' & % ' < > '

mmdl Mediator, s

mmd DataShard,




Paspenuntb data n meta-nHcpopmauuiro

TxBody

TxMeta

|

-

\_

~

TxBody

/
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04

KakoB overhead 3anpocoB
V Hallero peLueHus




Overhead

UrHopupyem Bce, YTO CBA3aHHO C CaMUM
3anpocom, cumTtaem TornbKo overhead

Bce gaHHble B namMsaTH, YTeHmMe becnnaTtHo
OTnpaBka coobuweHna 0.5 RTT
Write ~= 1 RTT + disklO

OOHOBPEMEHHO BbIMOMHAKOLWMECH 3anpoChl
cYMTaeM Kak oauH
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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
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TpaH3akuua RO immediate

I Utoro

) 1RTT
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TpaH3akuua WO immediate

Persist Result

I Utoro
> 1RTT
> 1 write
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TpaH3akuua RO / WO

TxBody

Persist TxBody

)
)

1 RTT
1 write
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TpaH3akuua RO / WO

TxMeta

|

-

\_

Persist Plan

~

TxBody

/

Persist TxBody

VWV WV WV

1 RTT
1 write

0.5 RTT
1 plan batch time
1 write

0.5 RTT
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TpaH3akuua RO / WO

TxMeta

|

-

\_

Persist Plan

~

/

TxBody

[1naH

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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TpaH3akuua Read-Write

AWXYZ
I O6nacTtb NnpuMeHeHus
> BblcoKasa KOHKYpEeHLUUA Ha JaHHbIX
2 _ ) > [lponyckHas cnocobHOCTb
Coordinators npeanoyTUTenbHee BbICTPOro OTKMUKa

| | —

\_ /

Out read set

[1naH

Out read set
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TpaH3akuna RW

TxBody
A
T
Persist TxBody

Persist TxBody

)
)

1 RTT
1 write
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TpaH3akuna RW

TxMeta

l
s R

Coordinators

Persist Plan

\_ /

TxBody

Persist TxBody

Persist TxBody

VWV WV WV

1 RTT
1 write

0.5 RTT
1 plan batch time
1 write

0.5 RTT
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TpaH3akuna RW

TxMeta

l
s R

Persist Plan

\_ /

[1naH

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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TpaH3akuna RW

TxBody

TxMeta ) 1 RTT
l A — > 1 write
4 _ ) > 0.5RTT
> 1 plan batch time
N .
> O05RITT
Persist Plan Persist TxBody
\_ / > 0.5RTT
Persist > 1 write
PlanStep
Out read set .
Mnan Persist TxBody > 05RTT
| Serist > 1 write
ersis
? ) .
l PlanStep 0.5RTT
Out read set Persist Result I UToro

> 7.5 RTT + 1 plan batch time + 4 disklO



Overview

1. Read only, one shard — RO Immediate
— 1 RTT

2. Write only, one shard — WO Immediate
— 2 RTT + 1 disklO

3. Read only / write only, multi shard — RO/WO
— 6 RTT + 1 plan batch time + 3 disklO

4. Read write, multi shard — RW
— 7.5 RTT + 1 plan batch time + 4 disklO

51



05

YQL-TpaH3aKkuun



Oowunu Bna

[ Shards )

Server

Client

Transaction context

Query 1
<

Query 2
<

Commit
<




YQL-TpaH3aKuunm

HecKonbKo oTaenbHbIX aTOMapHbIX 3anpoCoB
B paMkax ogHon YQL-TpaH3akunm

Habop read / write set’'oB knto4yen Kaxxgoro
3arnpoca onpeaerneH

KaXXabln 3anpoc YTeHNA 3axBaTbIBAET
ONTUMUCTUYHYIO BDNOKNPOBKY

I3aMeHeHna NpUMeHATCA B NOCneaHeM
3anpoce Ha KOMMUTE TPaH3aKLUW

B3sTble OrTIOKMPOBKN NMPOBEPSIOTCS
B rnocregHem 3anpoce Ha KOMMUTE TPpaH3aKLUK
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YQL-TpaH3aKuunu

AWX BWXYZ

l l
R g R

— &

/

-

\_ / \_

Optimistic lock

[naH ‘ ’ DSW [naH

Optimistic lock

DSX DSX

Optimistic lock Optimistic lock




YQL-TpaH3aKuunu

AWX BWXYZ

l l
R g R

— & -

/

-

\_ / \_

Optimistic lock <—

[naH ‘ ’ DSW [naH

Optimistic lock

DSX DSX

Optimistic lock Optimistic lock
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HHOoCTynHble YPOBHU U3ONALUU
Ana TpaH3aKuuun




YpoBeHb U30nAunn

I Serializable — default isolation level

> KoopaunHupyemble n immediate-TpaH3akyumn

I Strict serializable — maximum isolation level

> Bce TpaH3akumm KoopanHupyembol
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Strict serializable

)

TpaH3akuma A B npouecce
BbINONMTHEHUSA

TpaH3akumm B n C BbINONHSAKOTCA
nocneanoBaTenibHO

Strict serializable

[Topsagok mexay B n C onpeneneH
OOQHO3HA4YHO

Ecnun B BMAUT nameHeHus A,

TO C TakkKe OO0IMKHO UX BUOETb
59



Strict serializable

A— B — C — I . s
Coordinated Immediate Immediate Serializable
write read read
l > [Mopapok mexagy Bu C
e R CYLLECTBYET, HO He onpeaeneH

sapatiec
> BO3MOXHO, 4TO B BNaOnT

- /| n3MeHeHunda A, B TO BpeM4,
\ > kak C He BUAUT U3MEHEHU A

> BO3MOXHbLIV NOpAAOK
BbinonHeHna: C AB




Yandex Database (YDB)

> HapexHoe XxpaHeHue gaHHbIX C U3DbITOYHOCTbIO
N aBTOMaTU4YECKOU pennunkaumnen

> OTKa3oyCcTOM4YMBOCTb, aBTOMaTU4ecKoe
BOCCTaHOBNEHNE OT cOOEB

> PacnpepneneHHble ACID-TpaH3akuum
C serializable-ypoBHeM n3onayum TpaH3akuum

> Bblcokasi nponyckHasa cnocobHOCTL
npn MarioM BPEMEHMN OTKIINKA

> [opunsoHTanbHas MacwTabnpyemMocTb
[0 TbICAY HOA
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£ Snpekc 06bnako

Cnacub6o!

CemeH HevepunHaa

Beaywiun paspaboTtymk

@ svc@yandex-team.ru



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

1RTT

1 write
1 write



What if two-phase commit

A

|1

Persist
transaction

Persist
First phase

Persist
Second phase

Persist locks

Remove locks

Persist locks

Remove locks

O5RTT
1 write

1RTT

1 write
1 write

1 RTT
1 write

1 write
O5RTT

UToro
8 RTT + 5 disklO



