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T 6a douvpue

* [MpofAnuata mou aytattovVv CUPWVILA
— lMote kal ylati
— OpLopog
* Byzantine Generals
— YUyxpova cuatnuata
— AouUyxpova cuotnuata
* Aduvaplia consensus
— lMpakTkeg AVOELC




Exouue 6L noN...

Mutual exclusion

— JUM@PWVLIa yla TO TIOL0G EXEL TTPOOBAOT OE KATTOLOV TTOPO
AAYOpLOHOL EKAOYWV

— JUM@PWVia yla To moiog avalapPavel Karmolov EExwPLoTto poAo
Ekteleon Kataveunuevwy transactions

— Commit 1} abort?
OMAWK™ dtata&n pnvupatwyv multicast

— [lowa €lval n oepa apadoong
Y uyxpoviouog replicas
[EVIKO MPOPBANUA consensus:

— [Mw¢ EPXYOUATTE OE OLUOPWVT AITOPAOT Yla Ula CUYKEKPIUEVN TIUT);




> TOYOC TOU CONSENSUS

* Erutpermel o€ opada SLEPYATIWY VA CUUPWVTIOOULV

O€ VA AroTeEAeouA
— 'O\ec oL dlepYAOLEG TIPETTIEL VA CUPWVTIOOUV 0TV 1dla
TN
— H ) ipermet va €xet urtoANOEL aItd TOUAQXLOTOV UL
Stepyaoia (evag akyoplOuoc consensus SV WITOPEL ATTAWG
Val ETTILVONOEL LA TLUN)




MoVTEAO CUOTIUATOC

* O dlepyaoieg AmmoTUyXAVOUV
— HOVO UE crash-stop
— Me omolovdnote Tpormo - Bulavtiva o@aipata
* Yuyxpovo cuotmpa: Oplo o€
— KaBuoTtepnoelg LnNvVuUHATWy
— MEyLoTog Xpovog yla KaBe Brpa enegepyaoiag
* AcoUyxpovo cuotnua: OEV LTTAPXOLV TETOLA OpLa
— [1.X. To Internet




OpLoUOC TOU TTPOLBANUATOC

N dlepyaoieg
ApxlKka KaBe dlepyaoia p

— ZeKwva armo anpoodloplon kataotaon (undecided state)
— [lpoteivel pa apxtkr T arto domain D
OL SleEpYAOLEC ETTLKOVWVOUV TIpooTtadbwvtac va

OUPWVTIOOUV OE LA TLUN

— Agv prmopouv va aAAa&ouv tnv amogaaon otav ptovv o€ decided state
To npoBAnpa consensus: OpPLoUOC TIPWTOKOAAOU £TAL WOTE

— 'OAeg ol owoTEC dlepyacoieg va Beoouv Tny 1OLa T

— AKOMO KL AV OUMBEL apaiua




Consensus yla 3 OLEPYATLEC

d, :=proceed d,:=proceed

V= procek %proceed

Consensus algorithm

v3:abortT
>< P5 (crashes)
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ATTQUTNOELC

loxv¢ (validity)

— Mropouv va erAEYOUV HOVO TIHEG TTOU £XOUV TIPOTABEL
OpoLopopPPN CUMPWVLA

— A€ yivetal dUo Koupol va eIIAEEOUV OLAPOPETIKEG TIMES
Akepaitomra (integrity)

— AV OAEC Ol OWOTEG OLEPYATLEC ITPOTELVOUV TNV 1OLA TLUN, TOTE
ortotadnrote diepyacia xel €pOeL o€ decided state Ba mpemel va €xel
ETAEEEL TNV TIU) AuTn.

TepUATIOMOC

— KaBe kopBog Ba emihe€el tehka (eventually) pia Tipn




[1poc TN Auom

* [la artAotnta, OewPOUE OTL OEV UTTAPXOUV GPAAUATA
— O dlepyaoieg oteAvouv pe multicast TPOTEWVOUEVEG TIMES OTLG AANEG
— Meplpgvouy pexpL va oUAAEEoUV OAeC TIC N rtpotaoelg (nadl pe ™ Sk
TOUG)
— Anogaacilouv pe mietoyneia (L sdkn Tiun yia null)

*  Mropel va xpnotponotnOei kat minimum/maximum

* AouAgvel yiatl...
— 'O\eg oL dlepyaoieg KATaAATYouV LE TO 1O6to cuvolo N Tiuwv
— H m\ewoynoia e€aopalilel 1oxL, cuppwvia Kal akepaALOTNTA
* Tuylvetal HE oPAALATA;
— process crash - otapata va OTEAVEL TIMEG
— arbitrary failure - oteAvel SLAPOPETIKEC TIHES OE OLAPOPETIKEQ
olepyaoieg




Bulavtivol gtpatnyol

* To npoPfAnua [Lamport 1982]
— 3 1) MEPLOTOTEPOL OTPATNYOL IPETEL va autopacioouy emibBeon N
orttoBoxwpnon
— 'Evag dtoiknn¢ (commander) Sivel Tnv evtoAn
— Ot urntoourol (lieutenants) armogaoilouv

— 'Evag n meplocotepol sival mpodoteg (=ava&lomniotol)
* [lpoteivouy €miBE0N 0€ KATTOLOUG KA OTTILOBOXWPENOT 0TOUG AAAOUG
* Mropetl va ival mpodoteg site commander €ite lieutenants!

* AmaltoeLg
— TepUATIONOC, CUPWVIA OTTWC TTPLV
— Akepatotnta: Av o commander gival cwoTog, TOTE OAEC Ol CWOTEG

OlEPYATLEG TIPETIEL VA AITOPACIOOUV TNV TLUN TTOU TIPOTELVE O
commander
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>UYyxpovo cuotnuatcrash failures

* Xpnotlporolel faociko multicast

— Eyyuvatal tapadoaon amo owoTeG OLEPYATIEC AV O AITOOTOAEAC OEV

riebavel

* YmoBetel povo crash failures twv diepyaciwv

— urtoBeToupe OtL pEXPL Kat f arto Tig N dlepyaoieg wmopel va tebavouy
* [lwg OOUAEUEL...

— oef+1yvpoug

— Baoiletat og timeouts (oUyxpovo cuoTUQ)




>UYyxpovo cuotnuatcrash failures

ApXLKQ

— KabBe dlepyacia npoteivel pua T} arto eva guvolo D
Kabe diepyaoia

— Alatnpei To ouvolo TIHWV V, TT0U EAaBE oToV YUPO r

Y€ KaBe yupor, orou 1 < r < f+1, KaBe diepyaoia
— YTENvel e multicasts TI¢ TIMES TToU YVWpPLlel o€ ONEC TIC AANEG (MOVO TIC TIHEQ
1iou Sev gxel {avaoTeilel ato apeABov, SAS V -V )
— Aappavel pnvupata multicast, avavewvovtag 1o V. Pe TUXOV VEEG TIUEG
>Tov yupo f+1
— KdaBe diepyaaoia dlaleyel Tnv EAAXLOTN TLUN QIO TO GUVOAO V., WG
TEAIKN
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[Latl OOUAEVLEL:

O¢ctel To timeout 100 LE TOV HEYLOTO XPOVO TTOU BeAEL pa
owoTn Olepyacia va oteihel multicast
Etol prtopet va armo@avOei av pla diepyacia €xet tebavel (av
&€ Aafetl pmvupua)

Av na dlepyaaoia eBAVeL, KArola TLUT WTOPEL va Unv
TIPOWONONKE
>Tov yupo f+1

— 'OAEC Ol CWOTEC OLEPYATLEC EXOUV TO 1OLO0 GUVOAO TLHWV

— omnote anmogpacilovv yia v idta tiun (minimum)

— Toulaylotov f+1 yupol anattovuvtat yia avoxn o€ f crash failures




ArtodeLén

* Agumobeooupe OTL 2 owOTeG dlePYAaTieg p; KAl p; SLAPEPOLV OTO TEALKO

oUVoAo TIHWV & proof by contradiction
* AG UTMOBECOULE OTL M P; EXEL LA TLUN V TTOU BEV EXELN P,
* Apan p,bev mpenel va exeL A\aBeL my v og kaveva YUpPO
N4 2TOV TeheuTalo yupo, Kamola tpitn dtepyacia p, EGTEIAE v 0NV p, KAl TTEBAVE TPV
m oteileL oy p;.
—> Omnolad)IToTE SlEPyacia TToU €0TELNE V OTOV TPOTEAEUTALO YUPO TIPETIEL VAL
niebave, alwg Oa eixav Aafet kat oL dUo p, KAl p; TNV TN V
= MpoxwpwvTag £T01, o€ KaBEvay aro ToUC TIPONYOUHEVOUC YUPOUC Ba TpETeL
va rebatve Touhaylotov pia dtepyacia
N AN\ urtoBgaajie To oAU f opdaipata kat f+1 yupoug ==> contradiction.
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Bulavtivol otpatnyol

* Alepyaoiec pe «pBulavtiva opdalpata» (arbitrary
failures)
— f arto T N dlepyaoiec ava&lomoTeg

* Y& oUYXpPOVO cUCTNUA
— Xpnouornolovpe timeout yla aviyvevon amouaiag
UNVUUATOC
— Aev urmopoupEe va astopavBoupe av n dlepyaoia Kpaoape
N artAwg SEV amavtael
— Aduvaptia consensus pe N < 3f




3 Jtpatnyol

Assume synchronous system
— 3 processes, one faulty
— if no message received, assume _L
— proceed in rounds
— messages ‘3:1:u’ meaning ‘3 says 1 says u’
Problem! ‘1 says v' and ‘3 says 1 says u’
— cannot tell which process is telling the truth!
— goes away if digital signatures used...
Show - no solution to agreement for N=3 and f=1

Can generalise to impossibility for N < 3f




3 BulavTtwvol Ytpatmyol

Py (Commander) Py (Commander)

1:w

[ e

Faulty processes are shown coloured




Opwc...

* Solution exists for 4 processes with one faulty
— commander sends value to each of the lieutenants
— each lieutenant sends value it received to its peers
— if commander faulty, then correct lieutenants have
gathered all values sent by the commander
— if one lieutenant faulty, the each correct lieutenant
receives 2 copies of the value from the commander

* Thus - correct lieutenants can decide on majority of
the values received
* CangeneralizetoN 2 3f+1




4 BulavTtivol Tpatnyol

P, (Commander) P, (Commander)

P>

3:1:w

Pa

Faulty processes are shown coloured

p2 decides majority (v,u,v) No majority exists
p4 decides majority (v,v,w)
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AcUyXpovo cuomua

Ta pnvuparta pmopouv va £xouv avbaipetn kabuaotepnon Kal
Ol EMEEEPYATLEC VA Elval avBailpeTa apyeg

Eivatr aduvartov va eyyunboupue otL Ba TETUXOULE CONSENSUS
— AKOMA KAl pJla aitotuyia lvat LKavr) va anmotpeP el cuppwvia
— Mua apyn otepyaoia &€ SlakpilveTal armo pa dlepyaoia mou €XEL
riebavel

H aduvapia t.oxUeL yia ortolodNoTE IMTPWTOKOANO CONSENSUS

Anodeixtke amo Fischer, Lynch kat Patterson to 1983 (FLP)
— AUONKe dlapwvia ITou UMNPXE Yia pa OEKaETIA




Elpaote KATadIKAGULEVOL;

* Ta aocuUyxpova cuotnuata OgvV HItopouV va €yyunbouv otL Ba epbouv o€
OUMPWVIA AKOMA KAl LE aIToTuxia pHLag Lovo dlepyaoiag

* KAewdi: “syyunon”

— A& onuaivel otL ot dlepyacieg dev wtopoLv va €pOOUV 0€ GUPWVIA AV pLa
QITO AUTECG ATTOTUXEL

— Erutpenel ouppwvia pe kagmola mibavomta peyalutepn aro 0
— XMV ITPAEN ITOAAA CUOTLATA ETTITUYXAVOUV CONSENSUS

* [lwg to EemMepVAE;

QOOON I Tech y of Athens
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TEXVIKEC yLa va EETTEPATOUE TO adUVATO

*  Texvikn 1: kpUBouE TIC artotu)ieg (crash-stop)

Xpnon persistent storage kat tortikwv checkpoints

Meta amo amotuxia, emavekkivnon g diepyaoiag kat avavnipn amo 1o
teAeutaio checkpoint

Mrtopel va sloayel avBaipeteg KABUOTEPNOELG

*  TexVIKN 2: XPNOLUOTIOIOUE AVIXVEUTEC AaBwV

.x., av pa dtepyaoia ivat apyr, OewpoUE OTL EXEL ATTOTUXEL

TOTE TN OKOTWVOUME TIPAYLATIKA 1] AYVOOUUE TA UNVUMATA NG QITO EKELVO TO
onueio kat peta (fail-silent)

AUTO LETATPETEL TO ACUYXPOVO OE CUYXPOVO CUOTN A

O aviyveuteg AaBbwv dev sival 100% akpiBeig kat aytattouv peyaio timeout
yla va €£X0UV HLa AOYLKY) CUITEPLPOPA

QOOON I Tech y of Athens
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2 KOTTOC EVOC AAYOPLOUOU consensus

* Avoyn o€ opalpata
— A&V PITAOKAPEL OTAV N TTAELOVOTNTA TWV OLEPYATIWY OOUAEVOUV
* JUMPWVLA O€ Eva ATTOTEAEOHA AVAUETO OE OpAOA

OLEPYATLWY OKOMA KL QV:
— Kartoleg dtepyaoieg mebavouv
— Kagtola pnvupata xabouv 1] EpOoUV EKTOC OELPAG
— Av ntapadobouyv, Ta pnvupata 0sv alAolwvovtal




Paxos

* ‘Evag aAyoplOpog consensus
— Evag armo toug 1o artodoTIKoUG Kat Koppoug alyopibpoug
— Taoilyvwotog

* Tuyivetal pe to FLP (impossibility of consensus)?
— [popavwg d€ AUvel to FLP
— Baoiletal o€ aviXVEUTEG OPAAUATWY YA TTapakaupn




H totopla

* AnuwoupynOnke arto tov Leslie Lamport

* To abstract tou paper
— “Recent archaeological discoveries on the island of Paxos reveal that

the parliament functioned despite the peripatetic propensity of its
part-time legislators. The legislators maintained consistent copies of
the parliamentary record, despite their frequent forays from the
chamber and the forgetfulness of their messengers. The Paxon
parliament’s protocol provides a new way of implementing the state-
machine approach to the design of distributed systems.”




H totopla

O KOOMOG apXLKA VOUL{E OTL TIPOKELTAL YLOL AOTELO

O Lamport dnuooisvoe TeAKA TO paper 8 Xpovia LUETA T oUYyYPaPn Tou,
1o 1998 (“The Part-Time Parliament”)
Kaveig dev to katalapatve

O Lamport eypalpe allo paper mou e&nyel 1o Paxos o€ arAd AyyAlKa
— Tithog: “Paxos Made Simple”
— Abstract: “The Paxos algorithm, when presented in plain English, is very
simple.”

AKOUA KL £TOL, 0 AAYOPLOMOG lval SuovoNTog

QOOON I Tech y of Athens
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TeAKA OPWC...

* [loAAQ TTIPAYUATLKA OUCTIUATA UAOTTOLOUV TO Paxos

Google Chubby

MS Bing cluster management
AWS

Cassandra

* Amazon CTO Werner Vogels (o€ blog post “Job Openings in My Group”)

“What kind of things am | looking for in you?”

“You know your distributed systems theory: You know about logical time,
snapshots, stability, message ordering, but also acid and multi-level
transactions. You have heard about the FLP impossibility argument. You know
why failure detectors can solve it (but you do not have to remember which one
diamond-w was). You have at least once tried to understand Paxos by reading
the original paper.”

QOOON I Tech y of Athens
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YrtoBeoELC

To SlKTUO €lval aoUyxpovo HE KABUOTEPNOELG OTA Unvupata
To SIKTUO MITOPEL va XAOEL UNVUMATA Y] VA TA OTELAEL
JIEPLOOOTEPEC ATTO LA POPEC ANNA OEV WITOPEL va Ta
aANOLWOEL

O Slepyaoiec WmopEl va Kpaodapouyv (Kat va oTapaToouy)
OL Slepyaoisg exouv permanent storage (diloko)

OL dlepyaoieg WTOPOUV VA TIPOTELVOUV TIHEG

O 0oTOXOC €lval OAEC OL OLEPYATLEC VA CUPWVTIOOUV O€ Hia
QUTO TLG TIPOTELVOUEVEC TIMUEC




ErttBupntec 1dLlotnteg

* Safety
— Mropel va €TIAEYEL LOVO TLJY] TTOU €XEL TTPOTAOEL
— EruA€ystat pia povo Tiun
— Mua diepyacia padatvel pa T LOVo av €XEL ETILAEYEL

* Liveness
— Kagtola rtpoTtelvopevN TIUN TILAEYETAL TEAKA (eventually)
— Av gritAeyel pa Tiun, kabe diepyaoia teAka 6a  pabet




H orttikn Tou Xpnotn

p
Submit(R
Client ®) > Consensus / Send results
Process algorithm (total order)
accepted N

* while (submit_request(R) != ACCEPTED) ;
* To R Ba pwmopouoe va givat eva key:value (euyog pag faong




OL TaiKteC Tov Paxos

Client:

— XYTENVEL €va aitpa

Proposers:
— Aaufavouv aitmpua arto tov client kat TpEXouV TO TIPWTOKOAANO
— Leader: EkAeypévog coordinator avaueoa otoug proposers (dev givat
artapairog, armAwg arthomolel Tn dtata&n pnvupdatwy kat dtaopaliilel otl
Sev unapyxet Stapwvia)

Acceptors:
— [loA\aytAEg Slepyaoieg mouv Bupouvtal To state Tou TPWTOKOANOU
— Quorum = rAelovotnta ano acceptors

Learners:

— 'Otav ol acceptors cuppwvnoouy, o learner ekteAel To altnpa 1/Kat oTEAVeL
artavtnon otov client

QOO | Technical Us y of Athens
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Ti kKAvel To Paxos

* KdaBe nmpotaon (atmpua) €xet eva ID.
— (proposal #, value) == (N, V)
— O av&wv aplBuog Tou proposal eival KaBoAka pLovadikog

* Tpelg paoelg
— @aon prepare: evag proposer learns previously-accepted proposals
from the acceptors.
— @aon Propose: evag proposer oteAveL proposal.
— @aon Learn: ot learners paBaivouv 1o artote eopa




Ti kKAvel To Paxos

* Proposers
— [pLv va mpoTeivel KATmolog proposer Ba pwTtnoeL Toug acceptors av
EXEL 16N MpoTtabEel KArmola AAAN TN
— Av val, o proposer 6a npoTelveL TV WoLa
— H ouumepupopa eival aAtpoulatikr): O oTtoxog Tou KaBe proposer ival
N OpoPWVia, OXL va ETTIAEYEL 1] TLUY] TTOU TIPOTELVEL
* Acceptors
— O otoxo¢ eivatl va emiAe€el To proposal pe tov peyalutepo avtovta
aplOUO artd OAOUG TOUG proposers
* Learners
— Ot learners givat maBntikol Kat TTEPLUEVOUV TO ATTOTEAETUA




1" (paon

Evac proposer eritheyel tov avéovta aptbuo N tou proposal
TOU Kal OTEAVEL prepare request otoug acceptors pe
TIPOTELVOLLEVT) TLUN V.

— “Hey, have you accepted any proposal yet?”

Evac acceptor npenel va amavioet:

— Av 1o proposal €xelL peyalutepo N artdo oha ta proposals mou €xel
OEXTEL HEXPL TWPA TOTE OTEAVEL UTTOOXEOT VA Un OeXTEL TTAEOV Kaveva
proposal pe avtovta aplOuo pkpotepo tou N

— Av €XeL NON dextel kartolo proposal, cuprtepthapfavet kat tnv TN N’
Kat v’ Tou proposal pe tov peyaAutepo avovta aplopo

— Av €xeL 6N dextel proposal pe N’ > N ayvoei to request (1) oteAvel
nack)




2" (paon

* Av gvag proposer AafeL artavinon arto v mAsoynepia, Tote
oTEAVEL accept request yia to proposal (N, V).
— V: H Ty Tou proposal pe tov peyalutepo av&ovra aptOpo N (armo
QUTEC TTOU €MeoTpAPNoayv oV 1" ¢paon).

* Metda m Anyn tou (N, V), ol acceptors ite:
— To dexovtal
— To amoppirttouv av urtapxet alho prepare request pe N’ peyalutepo
Tou N Kal €XEL ATTAVINOEL O€ AUTO




3" (paon

Ot learners rnipermnetl va pabouy tola TIUN EMTEAEYN

Evac tpomnog: Kabe acceptor amtavtaest o€ ohoug toug learners
— akpo

AM\o¢ Tporog: ekhoyn “distinguished learner”
— O Acceptors agtavtoUv o€ autov
— AUTOC EVNILEPWVEL TOUC UTTOAOLITOUG
— Emppeneg o€ opalpata

Mi&n twv dvo: auvolo arto distinguished learners




[MpofSAnua

race condition yta ta proposals.

H P, oAokAnpwvel tnv @aon 1 pe proposal number N,
[potou n P, &ekvnoeL v @aon 2, n P, &ekva kat
OAOKANpwveL TV @aon 1 pe proposal number N, > N,

H P, OAOKANPWVEL TNV pAoT) 2, oL acceptors To anoppirTtouV
[potou n P, &ekwvnoeL v @aon 2, n P, &ekwva ava kat
OAOKANpwVEL TNV aon 1 pe proposal number N, > N,

H P, oOAOKANpwVEL TNV (paon 2, oL acceptors To armoppirttouvV
...(ouvexiletaw e’ anepov)




Avon

* AUOMN: EKAOYT) EVOC OLAKEKPLLLEVOU proposer
* AV O proposer WTOPEL VA ETTLKOIVWVTOEL ETIITUXWC UE
TNV ITAELOVOTNTA TWV KOUPWYV, TOTE TO TIPWTOKOAAO

e&aopalilel liveness.
— dnAadn, to Paxos €xeL avoxn os f < 1/2 * N opalpata




Paxos v dpaaon

* 'Evag proposer ekAeyetal wg leader kat dexetal oAa ta
requests

Paxos nodes: one machine may serve several roles

N

Proposer

.......... __ Quorum

'

E Va Acceptor N
i a Y
i / \
' : Acceptor  §
: [ cce
| Proposer “ P !
i b,
| \ J
: N Acceptor i

Proposer

Learner Acceptor

Acceptor
Learner
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Phase O

O client oteAvel request otov proposer

Proposer

I .. Quorum
request(v) i

-

.f/ \\
J Acceptor N
r
!

A\
i ]
I \
[ Acceptor :
1.‘ ,l
% ;{
. Acceptor o

-
-~

-

T
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Phase 1a - PREPARE

Proposer: dnuoupyei €va proposal #N (N Asttoupyei oav xpovooppayidéa Lamport), 6rtou 1o N
glval peyaAUTtepo armod omoLodNTOTE ITPONYOUREVO proposal number mtou xpnotporoonke ano

TOV proposer
AnooTtoAn o€ quorum arno Acceptors (600UG ITOPEL VA TPOOTIEAACTEL - Oiyoupd TTAELOVOTNTA)

Proposer

QOOO N | Technical Us y of Athens
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Phase 1a - PROMISE

Acceptor: av 1o ID Tou proposal > onotodnrnote nponyoUuevo proposal
Yrnooxetatl va ayvonoel oAa ta attmpata Pe ID < N kal armavtael Le TTANPOPOPLES
yla TO TIL0 IIPOC@aTo proposal rtou €xel kavel accept

AMLIWG TO artoppirtTel

Proposer

Promise to ignore all

This step: proposals < N

(a) Tells proposers about
any value that has already
been accepted.

(b) Rejects older proposals.

Promise contains the previous N

QOOO N I Tech y of Athens
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Phase 2a - ACCEPT .

* Proposer: av o proposer AdBelL UTTOGXEDT ArTO TNV NTAELOVOTNTA

* JYTEAVEL accept oto quUOrum LIE TNV EMAEYUEVN TIUN V
— T TLUY] TTOU TTPOTELVE apXLKA, av oL acceptors dev eixav KAvel accept o€ kapia tpotaon

oTOo TIApPeNOOV
—  HTyun v yla 1o peyalutepo N 1ou elafe armo to promise Twv acceptors

Proposer __ Quorum

o

Accept (N, v)

*****

i -
If the acceptor returned any
(N, v) sets then the proposer
must agree to accept one of
those values intead of the
value it proposed. It picks

the v for the highest IV.

s2CSLab



Phase 2b - ANNOUNCE

* Acceptor: Av n UITOGXEON LOXUEL AKOMA, AVAKOLVWVEL TNV TLUY V
* Jtelvel unvuua Accepted otov Proposer
*  AMWwG ayvoel To pmvupa (1) otélvel NACK)

Proposer

i

Accepted(N)

—————————

Announce(N, v)

Learners

QOOO N | Technical U y of Athens
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Phase 3

* Learner: Atavta otov client Kat kavet mm douAela mou

Proposer

TIPETTEL

Announce(N, v)

Learners

.......... __ Quorum

s * . ‘ i A
Y, Acceptor Y
"n" \\
# v
1 \
[ Acceptor '
1.‘ ,'
\ .,
\. [
Acceptor A
Y rd
-~ - 4 -

Sarvar

Server
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[Napadewypa 1: phase O

Proposer

Request(“e”

Think of the request as an update to a specific {key,
value} set, such as a field in a database that may be
propagated to multiple instances of that database.
Our value of “e” here might be something like a
request to set name="¢"

QOOO N | Technical U y of Athens
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Phase 1a

* Proposer: dlaleyet id 5

Proposer

Prepare(5:“e”)

T —




Phase 1b

* Acceptor: Av 10 5 €ival To peyaAutepo id TTou €xEL OEL, OTEAVEL UTTOOXEOT
va Jn dextel pikpotepa ids

Proposer

Promise to ignore all
proposals < 5
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Phase 2a

* Proposer: A\apavel urtooxeoT Ao TNV NTAELOVOTNTA TWV acceptors
* [lpemel va dextel auto to <id, value>

Proposer

Accept(5,“e”)

S s ———




Phase 2b

* Acceptor: avakowvwvouv amo@aon

Proposer

- a'

Accepted(5,“e”)

Acceptor

Announce(5,“e”)

L T

Announce(5,“e”)

Learners

© © © © Manonal Technical Universaty of Athens
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[Napadeypa 2 - Phase 1a

f

Prefare reqiesi

[n=2, v=38]
Proposer A >
PO R .
1\ prepare request
II "*-._x N, [n=4, v=5]
3 : -
Proposer B - N t >
[ ."'._ \“\\ | M
I I"- x‘-\ I I'll-l'.
Acceplor X Y A\ L\ »
=2, :I=Q|' LR
! L
I“-__ I|I i
Acceptor Y " >
P [n=2, v=81 '-.,Mx
L,
VN
™,
Acceptor £ 3 - >

(n=4, 1=5]

Proposers A and B each send prepare
requests to every acceptor. In this example
proposer A's request reaches acceptors X
and Y first, and proposer B'’s request
reaches acceptor Z first.
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Phase 1b

prepare resporse Prepare response

[no previous] [0 previous]
Proposer A - — 5 »>

prepare response

[no previous]
Proposer B — — — 4 =

Acceptor X {H=,I_’---:£,::=--SI »
Acceptor Y =) T'= ] =
Acceptor Z =
[n=4, v=5]
Each acceptor responds to the first prepare
request message that it receives.
QOOO N | Techmieal Uy y of Athens
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Phase 1b

Proposer &

L J

l r="2 f'=::'ll[
Proposer B - — — 7 = »
’ prepare yesponse
- [n=2, v=8]
Acceptor X = = - »
[ri=4, #=5]
Acceptor Y >
P [n=4, p=5]
Acceptor Z -
Ju=d, v=5]

Acceptor Z ignores proposer A's request because it has
already seen a higher numbered proposal (4 > 2). Acceptors X
and Y respond to proposer B’s request with the previous
highest request that they acknowledged, and a promise to
ignore any lower numbered proposals.
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Phase 2a

Proposer A >
accept request
[n=4, v=8]
Proposer B —\ o
R,
R
Acceptor X ui*u o
ceEp [n=Fp=b]
S
\"\:H"-\.
Aeceptor Y s -
P [1=4, =]
Acceptor £ -
Leep [n=4, 1=8]
Learner

Proposer B sends an accept request to each acceptor, with
Its previous proposal number (4), and the value of the
highest numbered proposal it has seen (8, from [n=2, v=8])
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Phase 2b

Froposer A >

Proposer B — »

Acceptor X - I
[n=4, v=8] *

Acceptor Y

Aot tod | 3 |
ACCEPTed [ V=0

[n=4, I-‘=-ﬂ‘ll”~__ .,

Acceptor Z AN -
P I I, e

%, *y . goicented =51

B B S § LY . », ML I'...j. oy
accepted [o=8] i

lLearner . | Y Y »
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> UVEXLOE VA TTIPOOTIOOELC

* Eva proposal N ptopet va agtotuyxet yiatl
— Evag acceptor pmopetl va xet SwWoEL UTTOOXEOT va
ayvonoetl oAa ta proposals pe id pkpotepo kartorouv M >N
— Evag proposer & A\apfavel quorum arto UTAVINOELG EITE
otn ¢aon 1b €ite o paon 2b
* O alyoplOuOC TOTE MPETIEL va EaVa-EEKIVIOEL ME
neyalutepo proposal id




ErtipuBio

To Paxos pag ertpenel va S1ao@AAOOUE GUVETTT] OALKN

dlata&n oe cUvolo arto events
— Events = eVTOAEG, EVEPYELEG, EVNUEPWOELC KATATTAONG

Kabe koupog Ba €xeL v TEAEUTALO KATAOTAOT 1] KATTOLa

TTPONYOULEVY) EKOOXT TNG
XPNOLUOTIOLELTAL OE€:
— Cassandra lightweight transactions
— Google Chubby lock manager / name server
— Google Spanner, Megastore
— Microsoft Autopilot cluster management service from Bing
— VMware NSX Controller
— Amazon Web Services




> uvoymn Tou Paxos

* [1a va Kavelwg alAayn oto cuonua:

— A& otov proposer 1o event 1mou B¢ va TpooBETELC
* Avuta ta artnuata piopei va ocuuBouv tautoxpova
* Leader = ekAeyugvog proposer. Agv gival airapaitntog yta t Asttoupyia tou Paxos,
alAd gival BeAtiotormoinon yta dtao@dAion povadikng Irnynes amo av&ovteg
aptBuouc ota proposals

— O proposer er\eyel To emmopevo event ID kat {nta arto Toug acceptors

va To pUAagouv
* Av ontologdnmiote acceptor £xetL det peyalutepo event ID, artoppimtel tTnv mpotaon
Kal erotpepel To event ID auto
* O proposer nipoornabei Eava e peyalutepo event ID

— ‘Otav ) TAslovoTNTa TWV acceptors arnodextouv To proposal, Ta event
oTEAvovtadl aTtoug learners yla va apxioouv va svepyouv (r.x., va

EVNULEPWOOUV TNV KATACTACT] TOU GUOTI|LLATOC)
* Fault tolerant: xpelalopaote 2k+1 servers yta k fault tolerance
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