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YTO Takoe KOHCUCTEHTHOCTb?

Cab # C gistributed system Z Caddb

KOHCUCTEHTHOCTb AaHHbIX (aHr. data consistency) — cornacoBaHHOCTb AaHHbIX OPYr C APYroM,
LLeJIOCTHOCTb AaHHbIX, @ TaK)XXe BHYTPEeHHAS HenpoTuBopevnBoCTb (wikipedia.org)
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CornnacoBaHHOCTbL B CYB/[,

A = Atomicity

C = Consistency

I = Isolation

ToNbKO TpPaH3aKuuM rnepeBoasaT H6asy
NAHHbIX W3 OJIHOFO COrJ/1laCOBAHHOIO
COCTOSIHMS B [PYroe corjacoBaHHoe
COCTOsiHUE.

KaXkaas TpaH3akKuua MOXET 4YuTaTb U
N3IMeHATHL bonee opgHOro oovekTa.

MHO>eCTBO [OO0MYyCTUMbIX COCTOSHUN
onpepenseTca B TOM YUCJ/1Ie U YPOBHEM
U3O0JIALLUMM TPaH3aKUMNN.

Nepapxmnsa ypoBHeW cCOrsacoBaHHOCTEN
coBnajaeT C uvepapxuen YpOoBHeEN
N301AUNN TPaH3aKLUUN.
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CornnacoBaHHOCTbL B CYB/[,

MeHbLUE aHOMANWUK

Serializable

/ \
[ Repeatable Read ] [ Snapshot Isolation ]
A \ A
Cursor Stability Monotonic Atomic View non-repeatahle
\ / read
[ Read Commited ] dirty read l

A

‘ lost update \

[ Read Uncommited ]
Bonblue aHoOManMm

* nopsnok onepaLmnii MoXKeT He coBnagaTb C peasibHbIM MOPSAKOM BbINMOHEHNS onepaLuii B CMblicsie
dhur3nyeckon ynopago4eHHoCTHr
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CornacoBaHHOCTb B
pacrnpenesieHHbIX CucTemMax

C = Consistency

N3meHeHune CNCTEMBbI ABJIAETCHA
cneacreneM BbIMNOJIHEHUA onepau,uﬁ.

KOHCUCTEHTHOCTb B pacrnpeneneHHbIX
cucrtemMax nogpasymeBaeT
JINHEeapmn3aumio onepaumnm 4TeHus u
N3MEHEHUS OTAeNibHbIX 3HA4YEeHUMN.

AHOMannn ces3aHbl C CETEBbLIM
obMeHOM, penankaumnen um
pacnpegeneHneM OaHHbIX Mo y3/aM.

He paccmMaTpuBaloTCa aHOManMm Haf
rpynnon o6bLEKTOB.
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CornacoBaHHOCTb B
pacrnpenesieHHbIX CucTemMax

MeHbLUe UCTOPUHIA

s *1 4
Linearizable € Prefix Linearizable ]

i i

Prefix Seguential ](—

A

Sequential

1

[ Writes Follow Reads Causal

[ Monotonic Reads PRAM 4—[ Read Your Writes ]

Monotonic Writes

Y

h 4

immortal write

Bonblue UCTOPUIA
* npeagnoslaraeT CTPOryk ynopano4YeHHOCTb - Pe3yJibTaT 3aMnCUN CTAaHOBUTCA BUAUMBIM 0151 BCEX B
TOYHOCTWM OOUH pa3 B HEKNN MOMEHT BpeMeHn MeXxay Ha4aJioM U OKOHYaHMeM orepaunin.
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Nepapxna mooenen

Serializable Strict Serializable ](—\ Linearizable « Prefix Linearizable ]
b h A g h A
[ Repeatable Read ] [ Snapshot Isolation Sequential « Prefix Sequential ]1—
A \ A ! ) A g h
~ \ - ~
[ Cursor Stability ] [ Monotonic Atomic View [ Writes Follow Reads »> Causal
# 7 L9 A

S~ - 1

N 4 ™
[ Read Commited ] [ Monotonic Reads > PRAM (—[ Read Your Writes ]
A g h A g
: ™
[ Read Uncommited ] Monotonic Writes
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Nepapxuda oT Jepsen

Strict Serializable

PN

Serializable Linearizable

N\ \ *  Peter Bailis et al. 2013. Highly available
transactions: virtues and limitations.

Repeatable Snapshot Sequential
Read Isolation

fo~o ! \ «  Paolo Viotti and Marko Vukoli¢. 2016.
Cursor Monotonic —_ Consistency in Non-Transactional
Stability Atomic View

Yo \ Distributed Storage Systems.
Read PRAM
Committed / [ \

‘ Writes Read
Read Follow Monotonic Monotonic Your
Uncommitted Reads Reads Writes Writes
Legend
Unavailable Not available during some types of network failures. Some

or all nodes must pause operations in order to ensure safety.

Sti Availabl Available on every non-faulty node, so long as clients only
lelgy Atz talk to the same servers, instead of switching to new ones.

Available on every non-faulty node, even when the network

el Aveleti is completely down.
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JononHuTeNbHble N3MepPeHns

1)

2)

3)

partition - gna onepauun
BHYTPU OOHOW NapTuLUmmn

session - /19 onepauuin BHYTPU
O4HOIN ceccumn

write - TONbKO AN MUWYLWNX
ornepauunn

4) ....
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[@apaHTUM cTpOXE

YpoBEHb N30/18UMN BbiLUuE
HocTtynHocTb HUXKe (CAP)
Mpoun3ssoanTenbHOCTb HUXe (PACELC)

non-repeatable
read

dirty read

immortal write

lost update

[apaHTUM Mardye

YpoBeHb U30N1ALNN HUIXKE
HocTtynHocTb Bbiwe (CAP)
MponssoanTenbHOCTL Bbiwe (PACELC)
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AHOMa NN

Immortal write

RO = 1;
RO = 2;
RO = 3;

Stale reads
RO = 0;
read(RO);
___________ \
o wamEo_
— o — _\ —————
time
Causal reverse
x = read (RO);
RO = 0;
Rl = x;

read(R0); read(R1);

time

(x, x)
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Dirty Non-repeatable

System Guarantee - R~ Phantom Read Write Skew Immortal write Stale read Causal reverse

POSSIBLE

REPEATABLE READ NOT
POSSIBLE NOT POSSIBLE

SNAPSHOT ISOLATION NOT
POSSIBLE NOT POSSIBLE NOT POSSIBLE

SERIALIZABLE / ONE

COPY SERIALIZABLE / NOT

STRONG SESSION POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE

SERIALIZABLE

STRONG WRITE NOT

CERIALIZABLE OSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE

STRONG PARTITION NOT

SERIALIZABLE POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE

STRICT SERIALIZABLE PO';SOI-II;LE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE NOT POSSIBLE

Mo maTepuanam Daniel Abadi, Correctness Anomalies Under Serializable Isolation
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OLVHOYHbIN y3en

Primary Node

READ/WRIT] READ/WRITE

isolation level serializable, consistency level linearizable
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Y3en c pennnkoun

REPLICATION

> Standby Node

Primary Node

READ/WRITE
READ/WRITE

Client Client

CuHXpOHHaA penJsivka
isolation level serializable, consistency level write
(linearizable, sequental)

CuHXpOHHaA penJsivka

(synchronous_commit = remote_apply):
isolation level serializable, consistency level write
(linearizable, sequental)

ACUHXpPOHHaA pemnJiuka:
isolation level serializable, consistency level write
(linearizable, prefix sequental)
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CekuunoHupoBaHue

Client Client

( am) - )

isolation level partition (snapshot, read uncommited), consistency level -
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PeweHnsa Ha ba3e Postgres (1 He TOJIbKO)

NMo4yTn strict serializability

CocroachDB
(Bo3MOXKeH causal reverse)

Mo4Twu strict serializability

VIEELERE [0 (NMpwn ycnoBun corsiacoBaHUs BpeEMEHM)

CitusDB Snapshot B pamkax ogHoro y3sna,
Read uncommited, Linearizable Ha y3ne

Greenplum Snapshot isolation, Linearizable

Snapshot isolation, prefix-sequential

Shardman linearizable
(Mpn ycnoBumn cornacoBaHnm BpeMeHU)

Mo maTepuanam goknaga NMasna KoHoTonoBa, «MaTb oTTeHKOB wapaunHra», PGConf.Russia 2023
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Postgres Pro Shardman

[Tpo3payHoe OLTP Harpy3ka
ropu3oHTalIbHOE
MacwTabmnpoBaHue

JlocTyn K Knactepy PacnpeneneHHele
Hepe3 J_||'O60|7| y3ef| TPaH3aKUNWN C BbICOKUM

‘ YPOBHEM N3015LUN
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Postgres Pro Shardman

Knacrep Etcd

shard-1:[node-2] shard-1:[node-1]

rgid-1
CHHXpoHHARA
pennuka

rgid-1 T~
Benywmii yaen

shardm and shardmand

shardmand shardmand

il

T

KnneHntckne nogknw4yeHMs

rgid-2 rgid-2
CuHxpoHHan Beaywuii yaen
shard-2:[node-2] pennuka shard-2:[node-1]
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Postgres Pro Shardman

global table
Node 1
rgid 1
master
distributed table colocated table
postgres_fdw
Node 2 global table
rgid 2
master
distributed table colocated table

E partmo ot _fdw
|

partition02_fdw

partition04_fdw

partition06_fdw

partition08_fdw

|
I

partition05_fdw
I

Node 2

| table

sub partition02-1

sub partition02-N

sub partition08-1

sub partition08-N
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Postgres Pro Shardman

CSN1 CSN_MAX
L & &
CSN2 \ Emvx
< < ¢
CSN3 / \ CSN_MAX
L _ < .4

CSN_MAX = MAX(CSN1, CSN2, CSN3)
CSN_DELAY = CSN_MAX - CSN_MIN

*  YHuKanbHbin CSN gns CHAMKOB 1 KOMMUTOB.
* CSN - QyHKLUKNA OT BPEMEHMN.

« CSN rnobanbHO ynopsifo4YeHbl U YHUKaNbHbI.

* YpoBeHb n3onsaunm Snapshot gna nobbix pacnpeneneHHbIX TPaH3aKL WA,




PogégresPro
[ToTeHumanibHble aHOMa MM B Shardman

e causal reverse nNpun 4YTeHUN U3 Pa3HbIX MAPTULINNA U
PACXOXKOEeHNN YAacoB

NMULLyLLIME TPaH3aKLUUM MOTYT NUCaTh B MapTULMA, PACMOJIOXXEHHbIE Ha pa3HbIX CepBepax U UCMoJIb30BaTb Yackl
3TUX CEpPBEPOB, KOTOPbLIE MOTYT UATU C 06PATHBLIM NEPEKOCOM MO BPEMEHU, 60JIbLLINM YEM MPOMEXKYTOK MEXay
TpaH3aKuMaMun

isolation level snapshot, consistency level partition (linearizable, sequential)

« stale reads npu pacxoXxaeHnm 4acoB NN N30NALNN
y3Na

KJIMEHT CHa4asla NuLeT Yepes oAuH CepBep, a MOTOM YMTAET Yepes APYroi, y KOTOPOro oTCTaloT Yackl, MPU 3TOM
ON5 NUWYLLMX onepaunin obecneynBaeTcsi akTyasIlbHOCTb JaHHbIX

isolation level snapshot, consistency level write (sequential, prefix sequential)
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Jepsen-TecTunpoBaHue

YrnpaBnsiowmnin ysen

Client
Nemesis :

Client
Generator

Client
Checker T

Client

gﬁ“

:fiﬁsﬁf

“a?gshm

ESQ

PacnpepeneHHas
CncTeMa

Node

Node

Node

Node

Node

Tunbl Harpys3ok:

register, bank, adya,
causal, cycle

Tunbl aBapun:

partition-halves, clock-
skew, node-start-stopper,
noop, split-one
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CueHapun #1: register + skew-clock

Ynpaensoowmny ysen
Client [r w cas] |- Pacnpe,u,em-:-HHaﬂ
i cncrTemMa
Nemesis : N
[skew-clock 30]| |Client [r w cas] |- »| Nodenl
— s
Generator Client [r w cas] ... ¥ Node n2
[register] ; =
mix [r w cas]r PE
[ [ 1r] Client [r] : §| Node n3
Checker :
[linearizable] Client [r]
Client [r]




Po%gres Pro

AHOManua cueHapusa #1

1 cas[34]
Ocas[2 2]

Ocas[31]

0 cas [0 4]

Everything looks good!

N(—=) S

TR

can't read 2 from register O
can't read 4 from register O
can't CAS 0 from 4 to 3
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CueHapun #2: register + partition-random-node

yrlpaBJ'IﬂH)LLI,I/IIﬁ y3en
PaCI'Ipe,EI,EJ'IE‘HHaFl
cncrtema
Nemesis : )
[partition-random-node 60] Client [r w cas] |-f-tpredl Node Nl [
[register] T
[mlx [r w CaS]] Client [r W cas] ...................................... » Node x1
Checker :
[Iinearizable] Client [I' w CEIS] ...................................... » Node x2 |«
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AHOMaJINS CLEeHapns #2 s s/

[:isolated {"n2" }]

2 write 4

3 write 2

2 write 2

2 read

R(0) =3

2 write 1

2 read
2 write 4

/

BoccTaHoBneHue index: 2505
[network-healed]

2 write 0 ????

2 write 1
2 write 0

3 write 3
2 write 3

connected | connected | connected | connected
Node nl Node n2 Node x1 Node x2

f A A f
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Kak ns3taBsutbCq OT
aHOManunun?

1
2
3

3a4ep)XaTb KOMMUT Ha
nepvos
HeonpeneneHHOCTHU

He YNTaTb C PernJink
(penamkum ToNnbKo ANng
HaOEeXXHOCTW)

OTKJ1I0YaTb MacTep B
c/ly4Yae ero cetesou
n3onauunmn
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[@paHTUN KOHCUCTEHTHOCTU Shardman

isolation level snapshot, consistency level write (sequential, prefix sequential)

N1

isolation level snapshot, consistency level linearizable *

* C BKJ1lOYE€HHbIM OTJ/1I0’)KEHHBIM KOMMUTOM Ha nepunopn HeonpenesJieHHOCTU
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Cnacunbo 3a BHUMaHue!

n.pechenkin@postgrespro.ru
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