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O goknagyuke

e 8+ net nporpammunpoBaHus Ha Java
e Desktop, Android, Enterprise, Distributed Systems

e |ead B nNpoeKkTe BNOEO-KOH(EPEHLUN

e [locnegHunn rog Noacern Ha YTeHMe papers no pacnpenesieHHbIM cucTtemam



O yem poknan?

ALPS (Available, Low Latency, Partition Tolerant, Scalable) Systems
KOHKypeHTHblE MOaMdUKALMN HEN3OEXKHDI

LWW He paboTtaeTt

CRDT pabortatoT

N naxe nognepxumatotca bl

[oknapg - ato 0630p! MHOro ccbInok n gomaluHen padoThbl
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XpaHeHue

e Riak - key-value storage
e bynem xpaHuTb BCe items no ogHOMy Knroyy!



Dynamo: Amazon’s Highly Available Key-value Store

Giuseppe DeCandia, Deniz Hastorun, Madan Jampani, Gunavardhan Kakulapati,
Avinash Lakshman, Alex Pilchin, Swaminathan Sivasubramanian, Peter Vosshall
and Werner Vogels

Amazon.com

ABSTRACT

Reliability at massive scale 13 one of the biggest challenges we
face at Amazon.com, one of the largest e-commerce operations in
the world; even the slightest outage has significant financial
consequences and impacts customer trust The Amazon com
platform, which provides services for many web sites worldwide,
1s implemented on top of an infrastructure of tens of thousands of
servers and network components located in many datacenters
around the world. At this scale, small and large components fail
continuously and the way persistent state 1s managed in the face
of these failures drives the reliability and scalahility of the
software systems.

One of the lessons our organization has learned from operating
Amazon’s platform is that the reliability and scalability of a
system is dependent on how its application state 1s managed.
Amazon uses a highly decentralized, loosely coupled. service
ortented architecture consisting of hundreds of services. In this
environment there is a particular need for storage technologies
that are always available. For example, customers should be able
to view and add items to their shopping cart even if disks are
failing, network routes are flapping, or data centers are being
destroyed by tornados. Therefore, the service respomsible for
managing shopping carts requires that it can always write to and
read from its data store, and that its data needs to be available
across multiple data centers.

http://s3.amazonaws.com/AllThingsDistributed/sosp/amazon-dynamo-sosp2007.pdf
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XpaHeHue

o [1na nsbexxaHns KOHNUKTOB XpPaHUM KaXXabin item oTaernbHo

e [lns ykasaHus NpuHagnexXHOCTU K KOHKPETHOMY CMUCKY UCMONb3yeM
secondary indexes

e [lepen moandurKaLmen Toros, YATaeM TeKyLLlee COCTOsAHME U3 Kalla

https://github.com/andrershov/riakcrdt
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BbICTPbIN OTKNUK

e ACUHXPOHHas pennukaums
e OntummcTnyHbIN Ul
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CeTeBble npobrnembl

e (CeTeBas cermeHTauus
e OddnanH pexmm paboTsl
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KOHKYpPEHTHble N3MeHeHU4d
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%I INRIA

ROCOUENCOURT

Conflict-free Replicated Data Types []

Marc Shapiro, INRIA & LIP6, Paris, France
Nuno I)I'Ug"llif_,.:&? CI'Tl, Universidade Nova de Lisboa, Portugal
Carlos Baquero, Universidade do Minho, Portugal
Marek Zawirski, INRIA & UPMC, Paris, France

Théeéme COM — Systémes communicants
Projet Regal

Rapport de recherche n® 7687 — Juillet 2011 — [T pages

https://hal.inria.fr/inria-00609399v1/document
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Eventual Consistency

Kak Tonbko Bce HOAObI MONy4YMnu Bce onepauumn, mo 4epe3 HeEKOmopoe 8PeEMSI, OHU
NpuayT B OOHO U TO XK€ COCTOsIHME

15



Strong Eventual Consistency

Kak TonbKo BCce HoAbl NOSy4ymnnun Bce onepauun, mo cpasy, OHU NpuayT B OQHO U
TO Xe COCTOsIHME - ecTb NnokanbHas dpyHkuus conflict resolver

16



CRDT

1) CTpyKTYpbl AHHbIX

2) O6nagatot ceoncteom SEC

3) PelweHne npobnembl KOHKYPEHTHbBIX NU3MEHEHUN

4) BbINnONHAKT aBTOMATUYECKOE pa3peLleHne KOHMITNKTOB!

17



CTpPYKTYpbl OaHHbIX?

1)
2)
3)
4)
S)
6)
7)
8)

Counter
Register
Flag

List

Set

Map
Graph
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Tunbl CRDT

1) State based
2) Operation based
3) Delta

19



State based CRDT

|_|pl/l N3MEHEHUN COCTOSIHUA ObbeKTa nepenaeTcd Bce COCToAHUe

“slu@
s s2

s1.m(s2)
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State based CRDT

1) bonbwon pasmep coobLieHnd

2) TpeboBaHus K TPAHCMOPTY MUHUMATbHBbI:
a) [loTepsa coobuieHnn
b) [OybnuposaHne coobLLEHNN
c) [lepeynopsigouvMBaHue COOOLLEHNN

21



Op-based CRDT

1) [Ona kaxgoun onepaunu mytauum ase doyHkuum - t (prepare-update),
u(effect-update)

2) a’ =s.t(a) (prepare-update has no side-effects)

3) [lo cetn nepepaetca a’

4) s.u(a’) (effect-update mutates state)

a=s1.t

s1

a); ®

(
s1.u(a’)

2 b'=s2.t(b);

s2.u(b’) \@)/
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Op-based CRDT

1) ManeHbknn pasmep cooodLeHns
2) TpeboBaHus Kk TpaHcnopTy - causal reliable broadcast

23



Christian Cachin
Rachid Guerraoui
Luis Rodrigues

Intreguction to

Reliable and
Secure Distributed
Programming

Second Edition

| Spl'mger
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Op-based CRDT

1) TlNogxoauTt Ong HECNOXHbIX TOMOMOMNMN.
2) O6bl4HO NogpasymMmeBaeT xpaHeHne op-log’a.

X(ngentuate SwiftCloud




Making Operation-based CRDT's
Operation-based

Carlos Baquero, Paulo Sérgio Almeida, and Ali Shoker

HASLab/INESC TEC and Universidade do Minho, Portugal

Abstract. Conflict-free Replicated Datatypes (CRDT) can simplify the
design of eventually consistent systems. They can be classified into state-
based or operation-based. Operation-based designs have the potential for
allowing very compact solutions in both the sent messages and the object
state size. Unfortunately, the current approaches are still far from this ob-
jective. In this paper, we introduce a new ‘pure’ operation-based frame-
work that makes the design and the implementation of these CRDTs
more simple and efficient. We show how to leverage the meta-data of
the messaging middleware to design very compact CRDTs, while only
disseminating operation names and their optional arguments.

http://haslab.uminho.pt/ashoker/files/opbaseddais14.pdf
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Delta-CRDT

1) TpeboBaHuA K ceTU Takune xe Kak y state-based*
2) Pa3mep coobuieHnn Takon Xxe Kak y op-based*

AR akka

27



Delta State Replicated Data Types

Paulo Sérgio Almeida, Ali Shoker, and Carlos Baquero

HASLab/INESC TEC and Universidade do Minho, Portugal

Abstract. CRDTs are distributed data types that make eventual con-
sistency of a distributed object possible and non ad-hoc. Specifically,
state-based CRDTs ensure convergence through disseminating the en-
tire state, that may be large, and merging it to other replicas; whereas
operation-based CRDTs disseminate operations (i.e., small states) as-
suming an exactly-once reliable dissemination layer. We introduce Delta
State Conflict-Free Replicated Data Types (0-CRDT) that can achieve
the best of both worlds: small messages with an incremental nature,
as in operation-based CRDTs, disseminated over unreliable communi-
cation channels, as in traditional state-based CRDTs. This is achieved
by defining §-mutators to return a delta-state, typically with a much
smaller size than the full state, that to be joined with both local and
remote states. We introduce the §-CRDT framework, and we explain it
through establishing a correspondence to current state-based CRDTs. In
addition, we present an anti-entropy algorithm for eventual convergence,
and another one that ensures causal consistency. Finally, we introduce
several 6-CRDT specifications of both well-known replicated datatypes
and novel datatypes, including a generic map composition.

https://arxiv.org/pdf/1603.01529v1.pdf
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State-based
CRDTs






GCounter

—_—

GCounter = Grow-Only Counter

)
2) HOna p(1)...p(n) npoueccoB coctosHMe = [x(1),...x(n)]
3) Kaxablin npouecc NMHKPEMEHTUPYET CBOE 3HAYeHMe
4) Onepaumna merge(curr, recv) 6epeT MakCUMyM OS5 KaXX40ro KOMMOHEHTa

[1.1]

[0,0] W [1,1]
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PNCounter

1) PNCounter = Positive-Negative Counter
2) OgHoro maccmBa He OOCTaTOYHO!
3) Bo3bMeM aBa MaccmBa - OAUH NSt CNOXEHUN OApYron anga Bbl4nTaHum!

PNCounter = GCounter + GCounter

32



Counters. Crno)XHOCTWN Ha NpaKTuke

1) Pasmep maccusa == KonnyecTtBo npoueccos
2) UYTo0 aBndeTca npoueccamMmn? - KNNeHThbI
3) Ecnu knneHTOB MHOrO, pasmep MmaccmBa CTPEMUTCA B KOCMOC

33



Riak Counters

1)

CocTosiHME cyeTymKka XpPaHUTCA B ©a3e AaHHbIX

2) Pasmep maccuBa cyeTumnka paBeH replication factor

3) KnueHTbl B HMYero He 3HaOT 00 UX NMHOMBMOYANIBHOM 3HAYEHUN CHETUNKA
4) KrnneHTbl MEHSIOT 3HAYEHME CYETUMKA, BbIMOMHASA onepauum inc n dec

5) JTu onepaumn He NOEMNOTEHTHI!

Counters

Riak 2 supports counters in the same way as other CRDTs. Counters are basically an
integer you can increment or decrement.

CAVEAT: in error cases, there’s no way to tell if a counter increment has happened or not.
If you don’t retry a counter increment, it may or may not have incremented. If you do retry
a counter increment, it may be incremented once or more than once.

34



Counters. Yto nenatb?

1) Ecnu KNMeHTOB HE MHOro, NCMOJb30BaTh B 106
2) WcnonbsoBatb Set Bmecto Counter
3) [lpeHebpeyb HE-NOEMMOTEHTHBIMU MHKPEMEHTAMM

35



JUGRU A

Kak mbl genanu
BbICOKOAOCTYNHYO Naathopmy
UK NPaKTUYECKne NpUuemsl
MCNONb30BaHKUA in-memory grids

AHgpeil Epwoe

[eHepanbHbIA CroHCOP: g ﬁ

https://www.youtube.com/watch?v=YQGmJt UPOE
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rax

a X

dX

|

64-bit

32-bit
16-bit

8-bit
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LWWRegister

1)
2)
3)
4)
S)

LWWRegister = Last-Write Wins Register
Kaxayto 3anucb byaem cHabxaTtb timestamp’om!
Y koro timestamp 6onbLe - ToT 1 nodegun!

[a, aTto Toxxe CRDT.

[MpaBaoa He cambin NYYLNNA. ..

cassandra

S

4
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Cassandra LWW reading

1) www.datastax.com/dev/blog/why-cassandra-doesnt-need-vector-clocks

2) https://aphyr.com/posts/299-the-trouble-with-timestamps
3) https://aphyr.com/posts/294-jepsen-cassandra

39
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Version Vector

1) 3agaya: cpaBHUTbL BEPCUM ODBbEKTA N OETEKTUPOBATb KOHKYPEHTHbIE
N3MeHeHNa COCTOSAHUA.

2) [na n npoueccos version vector a1o maccus [X(1),...x(n)]. Kaxgbin npouecc npu
BbINOSIHEHUM OnepaLunmn yBenminsaeT 3HadeHne CBOEN KOMMOHEHTLI.

0.0 —( u () @
1,0 2.0 e
[1.11=> 21
7 Gt ()

[0,0]<[1,0] => [1,0] [1,1]
40



Version Vector

1) A=[2,1vs B =13, 1]. B > A. B yuntbiBaeT BCce COObITUSA, KOTOPLIE ECTb B A,

NSI0C eLle Kakoe TO.
2) A=[2,1]vsB=[2,1]. B >=A. B yuntbiBaeT Bce cobbITUS, KOTOPbIE €CTb B A.
3) A=[2,1]vs B =[1,2]. B concurrent with A. B kaxkooM BEKTOpPE €CTb CODOLITUS,
Hey4YTEHHbIE B PYroM => KOHJOJINKT.
4) A =1[2,1] merge B=[1,2] = [2,2]

41



Version Vector. Reading

1)
2)
3)
4)

5)

basho.com/posts/technical/why-vector-clocks-are-easy/

basho.com/posts/technical/why-vector-clocks-are-hard/

basho.com/posts/technical/vector-clocks-revisited/

basho.com/posts/technical/vector-clocks-revisited-part-2-dotted-version-vecto

rs/

https://haslab.wordpress.com/2011/07/08/version-vectors-are-not-vector-clock

s/

42
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MVRegister

1) [ns kagow 3anvcu B perncTp, yBenmymBaem version vector.

2) [lpwn nonyyeHun 3annucm v_recv c VV_recv:
a) Ecnmnvv_recv>=vv_curr.V_res =v_recv, VV_res = VvV_recv.
b) Ecnuvv_curr>=vv_recv. V_res =v_curr, vv_res = vv_curr.
c) Ecnuvv_recv concurrent with vv_curr. V_res +=v_curr, vv_res = merge(vv_recv, vv_curr)

/W(_a)\
{0,0y L 10 e 1.1}(a, b) {1,2} (b)
- Cwb) > 11y@ b) Cwb) > g
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GSet

1) GSet = Grow-Only Set
2) 3710 06bI4HbIN set! Ho n3 Hero Henb3sa yaoanaTth.
3) Onepauns merge - 3To onepauns oobegnHeEHNS MHOXECTB ApYr ¢ Apyrom!

45



2P Set

1) 2PSet - 2-Phase Set

2) 2PSet = G-Set (ana gobaenenun) + G-Set (ansa yaganeHun)

3) Ecnun anemeHT ecTb B add set, HO ero HeT B remove set, 3HauuT, aNemMeHT
ecTb. IHa4e, ero Her.

4) Tlpobnemsl:

a) CnnowHon mycop
b) 3nemeHTbl HENBL3s1 NOBTOPHO A06aBnATb B 2PSet

46



Uem CRDT-Set otnnyaertca ot o0Obl4HOIo Set?

1)
2)
3)

4)
5)
6)

B sequential set onepaunmn ctporo ynopsgodeHsl. Ictopusa nmHenHa.

B CRDT set ecTb TONMBbKO YaCTUYHbIN NOPSAAOK onepauun.

Ecnn onepaunn KommyTaTuUBHbLI, TO 0CODOU pa3Huubl HET. Hanpumep, add(a),
remove(b) = remove(b), add(a).

add(a), remove(a) != remove(a), add(a)

Ha ypoBHE CTPYKTYypbl HY>XHO MPUHATL peLleHune!

AWSet, RWSet

47



OR-Set

1) OR-Set - Observed-Remove Set (Add-Wins)

2) To xe, uto n 2P-Set, HO NO3BOSSIET BbINOMHATL NOBTOPHOE A0baBneHmne

3) Kaxgbi aneMeHT NOMETUM YHUKArbHbIM (4719 9TOro afieMeHTa) Torom.
YpaneHuve yganseT TOSIbKO 3fIEMEHT C YBUAEHHbIM T3rom - observed-remove.

00 e [{a, a}.{a}] {2, a.{a)]
’ Ka}. 0l

add(a) > —Cmv(a) >

[{3.{}] [{a}.{}] [{a}.{a}]

48



AWMap

1) AWMap - Add-Wins Map
2) B kayectBe 3HaveHus nwobon CRDT!

3) [lo3BonsieT co3gaBaTb BIIOXEHHbLIE CTPYKTYPbI

4) AWMap<Taskld, AWMap<PropName, CRDT>>
a) “Done” - EWFlag
b) “Text’ - MVRegister<String> (no4tn npasga)
c) “Tags”- AWSet<String>

49



Carlos Baquero Paulo Sérgio Almeida
HASLab, INESC TEC & HASLab, INESC TEC &
Universidade do Minho Universidade do Minho

Braga, Portugal Braga, Portugal
com@di.uminho.pt psa@di.uminho.pt

https://arxiv.org/pdf/1011.5808.pdf

The problem with embedded CRDT counters and a solution

Carl Lerche
Portland, Oregon

me@carllerche.com
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A Conflict-Free Replicated JSON Datatype

Martin Kleppmann and Alastair R. Beresford

Abstract—Many applications model their data in a general-purpose storage format such as JSON. This data structure is modified by
the application as a result of user input. Such modifications are well understood if performed sequentially on a single copy of the data,
but if the data is replicated and modified concurrently on multiple devices, it is unclear what the semantics should be. In this paper we
present an algorithm and formal semantics for a JSON data structure that automatically resolves concurrent modifications such that no
updates are lost, and such that all replicas converge towards the same state. It supports arbitrarily nested list and map types, which
can be modified by insertion, deletion and assignment. The algorithm performs all merging client-side and does not depend on
ordering guarantees from the network, making it suitable for deployment on mobile devices with poor network connectivity, in
peer-to-peer networks, and in messaging systems with end-to-end encryption.

Index Terms—CRDTs, Collaborative Editing, P2P, JSON, Optimistic Replication, Operational Semantics, Eventual Consistency.

V'S

https://arxiv.org/pdf/1011.5808.pdf
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sriak

SwiftCloud

52



Server-side databases



Riak
Pros:

e DynamoDb style
e DVV conflicts detection
e Early CRDT adopter

Cons:

e Non-reactive

sriakgy
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Akka Distributed Data

Pros:

e Delta CRDT support
e Reactive

Cons:

e Replicated Storage based on Akka Cluster
e No sharding

A& akka
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AntidoteDB

Pros:
e Op-based CRDTs
e Multiple DCs support
e Causal Consistency (COPS, Eiger, GentleRain inspired)
e HA transaction support

Cons:

e Research project

QHnHOoteDB

56



Client-server databases

http://tonsky.me/blog/the-web-after-tomorrow/
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Swarm.js

Pros:

e Op-based CRDTs (based on partially ordered op-log)
e JavaScript, Java libraries

Cons:

Poor documentation

Not ready

Sharding is not supported
ACL are not supported

58



SwiftCloud

Pros:

e CRDT support
e Transactions on the client

Cons:

e Research
e No sharding
e No ACLs

SwiftCloud

59



BbiBOObI

1)

2)
3)
4)

Asynchronous replication, optimistic Ul, partition tolerance, offline-work =>
KOHKYPEHTHbIE U3MEHEHUS

KOHKYpEHTHblE N3MEHEHNSI NPUBOAAT K KOHIMKTaM

CRDT - cTpyKTypbl Aa@HHbIX ANa pa3peLlleHna KOHANMUKTOB

Ham Hy>Hbl kKnneHT-cepBepHble bl ¢ nogaepxkon CDRT

60



Designing
Data-Intensive
Applications

THE BIG IDEAS BEHIND RELIABLE, SCALABLE,
AND MAINTAINABLE SYSTEMS

Martin Kleppmann
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Andrey Ershov

andrershov@gmail.com
@andrershov

DINS

AunckKkyccuoHHas 30Ha

KTo ucnonesyet CDRT?

ObcyxaeHue Ballen nodumon 6asbl AaHHbIX
CRDT un Eventual Consistency

UTo Takoe nonypeweTka u npuyem 3gecb CDRT?
[Touemy LWW He paboTaeTt

Kak pewmntb npobnemy mycopa B ORSet?

Causal Reliable Broadcast

Uem otnunyaetcs vector clock oT version vector?



Discussion zone slides



KTo ncnonbsyet CRDT?



u@i

TomTOM

SOUNDCLOUD

[CRDTs in practice — CodeMesh 2015]

TRIFORK.

...hink softuare

'\
akka

PROJECT
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CRDT un Eventual Consistency



[octaTo4yHO N1 Ham eventual consistency?

1)
2)
3)
4)
S)

EcTb 3agaun, KoTopble TPebyOT KoopaAnHauum

[lycTb y Hac ecTb cknag c KHMramu

A nBe cermeHTUpOBaHHbIE PENTNKN

OcTanacb TonbKO 0gHa KHura

[1Ba nonb3oBartens 3akasbiBalOT 3TY KHUTY, MOTOMY YTO PENSNKN He
pasrosapuBatoT gpyr ¢ 4pyrom
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Memories, Guesses, and Apologies — PatHelland's WebLog
https://blogs.msdn. microsoft.com/pathelland/2007/.../memories-guesses-and-apologies... -
Pat Helland May 15, 2007 5 ... All computing can be considered as: "Memories, Guesses, and
Apologies”. This is a personal ... Screw-Ups and Apologies.

Screw-Ups and Apologies

' _l guess-l can 5h|;lhat_

- _@_ilflgatmwmm'.r.
e ORI

| Sorrylll Current guess
is next monthl

Replica 1 . = 1
| Sorry!l! Current guess | &
=N | is next month!
— Iw‘ﬁfmlmdsrﬂpthamdgm | User2
o [ =0,
Replica 2 | | guess | can ship that

| widget on Wednesday...




AnbTepHaTMBHbLIM NOAX04

1) Wcnonb3oBaTtb cuctembl XpaHeHust ¢ multiple consistency models
2) Wcnonb3oBaTb strong consistency Tonbko ans onepauumn, KOTopble 3Toro
TpeoytoT

Friakky
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Invariant stability

1) Mopgenb cuctembl: causal consistency n onepauunn kommyTtaTuHbl (CRDT!)
2) BbInonHeHne Kaxaoown onepaunn TpedyeT cobnogeHnsa nHesapuaHTa
3) [okasaHo

Ecnn ana kaxgow Nnapbl onepaLu/n7| N3 MHOXXeECTBA OI'IGpBLI,MVI, X KOHKYPEHTHOE
BbIMOJIHEHNE HE MOXET HaAPYLUNTb MHBAPMaHT CUCTEMBbI, TOlI'da BbINOJIHEHUE BCEX

onepauun He TpebyeT KoopanHaLUMN.

3) Npoeeaa CISE (Cause I'm Strong Enough) aHann3 MoXXHO HaNUTK onepaunu,
KOTOpble TPeOYIOT KoopAUHaLNN.
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Talk is cheap. Show me the code.

— ZLinus Jorvalds —




@XPR ( )

@XPR(value = , type = XPR.Type.INVARIANT)
@Op (Account .Deposit. 1SS )

@Op(Account.Debit.class)

; Account extends AnnotatedSchema {
@XPR(value = { }, type = XPR.Type.
@XPR(value = type = XPR.Type.. . )
@XPR(value = type = XPR.Type.EFFECT)
publi 11 , Deposit exte ., AnnotatedOperation { }
@XPR(value = { : }, type = XPR.Type.
@XPR(value = { 1, type = XPR.Type.PRECO} )

@XPR(value =  type = XPR.Type.EFFECT)
public stati Debit extends AnnotatedOperation { }
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http://dl.acm.orqg/citation.cfm?id=2837625
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Dotted Version Vectors: Logical Clocks for Optimistic Replication
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CRDT v nonypeLwieTtka



CsoncTtea yHKUUM merge

1) State-based CDRT obpasytoT BEpXHIOK MOsypeLLleTKy

2) BepxHsaa nonypeweTka - HaCTUYHO ynopsg0YeHHOE MHOXECTBO C ornepaumen
merge co cnegyowmnmm cBOMCTBAMM:
a) m = merge(X, YY), m - TOYHaa BEPXHASA rpaHb

)  merge(X, X) = X - UAEMMOTEHTHOCTb

) merge(X, y) = merge(y, X) - KOMMYTaTUBHOCTb

) merge(x, merge(y, z)) = merge(merge(x, y), Z) - acCoLMaTUBHOCTb

O O T
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[Tpobrnema mycopa B
MHOXECTBE



ORWOT-Set

1) ORWOT-Set - Observed-Remove Set w/o tombstones!

2) PeweHue npobnemsl mycopa.

3) B kayectBe version vector ucnosno3yem dotted version vector.
4) B kauecTtBe Tara ncnonb3dyem dot.

s (A1), (B (A1), (B.2)
EgA’O)’ GO E(aA(’/l?H;}B Ol ) @ (A1)
add(a) —mv(@) -

[(A,0), (B,0)] [(A,0), (B,1)] [(A,0), (B,2)]
{ {a (B,1)} {
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Causal order broadcast



Broadcast 101. Moaoenb cuctemsl

e p(1), ..., p(n)

e [lpouecchl nocbinatT apyr apyry coobuweHna m(1), m(2), ...

e [lpouecc docmasnssiem cooblleHune, korga aberpakuma broadcast nepenaet
coobuleHne bonee BbICOKOMY YPOBHIO MPUNOXKEHUS
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Broadcast 101. Unreliable broadcast

p(l) nocblnaeTt cooblieHne - HEKOTOPbIE MNMpouecCbl AOCTABAT 3TO coobuieHne

Noaoxoaut anga State-based CRDT!
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Broadcast 101. Reliable broadcast

e Ecnun npouecc p(i) nocnan coobLweHne m, To BCe NpoLecchl JOCTaBAT 3TO
cooOLeHme.
e [Insa HECKONMbKMX COOBLEHNI HET rapaHTMM NopsaKka AOCTaBKMy.
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Broadcast 101. FIFO broadcast

e Bce coobuieHuns oTnpaBneHHble npoueccom p(i), byayT AoCTaBneHbl
ocTarnbHbIMM MpOLIECCaMUN B MOPSAKE OTNPaBKM.
e HeT HMKaKkux orpaHnyeHurt Ha rnobanbHbI NOPSIAOK CreaoBaHuUs

COOOLLEHUI.
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Broadcast 101. Global order broadcast

1) Bce npouecchl NocbinarT cO0OLEHUS.
2) Bce npouecchl 4OCTaBNAT CO00LLEHNS B OAHOM rnodanbHOM nopsiake.
3) 3apgada aHanormdHa 3agadve KoHceHcyca. TpebyeT koopanHauuu.
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Broadcast 101. Causal broadcast

N/_\
m(1)

He causal broadcast!
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Broadcast 101. Causal broadcast

Nﬁ
m(1)

N
m(1)+m(2)
Cmitym@) O

Kaxkgoe coobuleHne BK4YaeT B cebs
BCe npeabiaywime!
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Broadcast 101. Causal broadcast

Hy>KHO NOHATb, YTO HY>XXHO >XOATb
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