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TLOa douue

* MpoBARpoata rmou amattolv cupdwvia
— [ote Ko yatl
— Oplopog
* Byzantine Generals
— JUyxpova cuoTHuaTa
— AcUyxpova cuotipata
e Aduvapia consensus
— MpoKTkEC AVOELG




Exoupue 6L no6N...

Mutual exclusion

— Zupdwvia yla To Iolog £XEL TpOoBaon o KATIOLOV TTOPO
AAyopLOpol ekAoywv

— Zupdwvia yla to roiog avaAapBavel KAmoLov EExwpPLoTo POAO
EktéAeon KatavepunUeEVWY transactions

— Commit n} abort?
OAwkn dtataén pnvupatwy multicast

— [Moua gival n ospd mapadoonc
2UYXPOVIOUOG replicas
[evIKO TTPOBANUA consensus:

— [w¢ EPYOUAOTE OE OUOPWVN ATTOPACH VLo UL CUYKEKPLUEVN TLUN;




2TOXOC TOU CONSENSUS

* Ertpemnel og opada dlepyaciwv va cupudwvnoouv

O€ EVa OTIOTEAEOUOL
— OAec oL Slepyaoiec mpémel va oupdpwvnoouv otnv dLa
TLUN
— H tun mpemnel va €xeL utoBAnBel amo TouAdyLotov pLa
Stepyaoia (Evac alyoplBpoc consensus dev pumopeil amAwc
VOl ETILVONOEL LA TLUN)




MOoVTEAO GUOTNUATOC

* OL0Llepyaoiec amoTuyxavouv
— MOvo UE crash-stop
— Me omolovdnnote 1pomno — Bulavtiva opaApota
e JUyxpovo cvotnua: Oplo oe
— KaBuotepnOELC LNVUUATWV
— MEyLotoc Xpovoc yla kaBe Bripa enetepyaoiag
* AcuUyxpovo cuotnua: Sev UTTAPYXOUV TETOLA OpLAL
— [l.x. To Internet




OpLopoc tou mpoBAnuaToC

N diepyaoiec
ApxLka kaBe dlepyaoia p

— Zekwa ano anpoodloplotn kataotaon (undecided state)

— [poteivel pLla apyikn Twun oo domain D
OL Slepyaoiec emikolvwvouv poorabwvtog va
OUUDWVIOOUV OE UL TLUN

— Aev pmopouv va aAAdéouv tnv anodaon otav pmouv os decided state
To mpoBAnua consensus: OpLOUOC TPWTOKOAANOU £TOL WOTE

— 'OAec ol owoTEC Slepyaoiec va BEcouv tnv WOLa TIUA
— Akopa KL av cupPetl obaAua




Consensus yLa 3 dLepyaolec

d, :=proceed d,:=proceed

Pl < P 2
vlzproc% ‘A proceed
4

Consensus algorthm

V3: abO It T
>< P5 (crashes)
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ATIOLTNOELC

loxuc (validity)

— Mrmopouv va emtAeyoUv pOVO TLUEC TTOU €XOUV TipoTaBetl
Oupolopopdn cupdwvia

— Ae yivetat Vo kopBol va emAeEouv SLAPOPETLKECS TLUEC
Akepatotnta (integrity)

— Av OAec ol cwoTteg Slepyaoiec mpoteivouv TNV OLa TN, TotTe
orntoladnmote dlepyaoia €xeL €pOel oe decided state Ba mpémel va £XeL
ETUAELEL TNV TLUA aUTH.

TepUATIOMOC
— Kabe koppoc Ba emide€el teAka (eventually) pa tpn
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[Tpoc tn Avon

e [wa amAotnta, Bewpoupe OTL Hev utapxouv chAaApata
— O blepyaoiec otéAvouy pe multicast TPOTEWVOUEVEC TIUEC OTLC AAAEC
— [MepLpévouv pexpL va cuAAEEOUV OAeC TIC N mpotdoelg (poall pe tn SkA
TOUC)
— Anodaocilouv pe mAsoPndia (L bk Tiun ya null)

* Mrnopel va xpnotpomotnBet kat minimum/maximum

* AouAegVeLylOTL...

— 'OAec oL bLepyaoiec kataAnyouv pe to idlo ouvoAo N TLpwv

— HmAeoPndla e€aodpalilel .oxv, oupdpwvia kol akepaloTnTa
e TiLylvetal pe opaipota;

— Crash stop — otapaTd VoL OTEAVEL TLUEC

— Arbitrary/byzantine failure — otéAvel StadpopeTIKES TIUEC OF

SladopeTIKEC Slepyaoieg
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2Uyxpovo cuotnuoa+crash failures

e Xpnotlpormolel Baokd multicast

— Eyyuvatat tapddoon arnod cwoTeC Slepyaoiec av o amootoléag dev

nebavel

* YnoBetel povo crash failures twv dtepyaciwv

— umtoB<€toupe otL pexpt kat f amod tic N diepyaoiec pumopel va mebBavouv
* NMwc douAeUEl...

— oef+1yUpouc

— Baoiletal og timeouts (oUyxpovo cvoTNUQ)




2Uyxpovo cuotnuoa+crash failures

ApYLKA
— Kabe Slepyacia mpoteivel pLa Tipn amnod éva cuvoio D
KaBe diepyaoia
— Awatnpet to ouvoAo Twv V, ou €AaBe otov yupo r
Y€ KABe yupo r, ormou 1 <r < f+1, kaBe diepyaoia
— JXTéAvel pue multicasts Tic TIHES TTOU YVwpilel og OAEC TIC AAAEC (LOVO TLC TLUEC
rou dev exeL avaoteilel oto mapeABov, 6AS V, -V, ;)
— AapBavel pnvopata multicast, avavewvovtag to V, Pe TUXOV VEEG TLUEG
2tov yupo f+1
— KdaBe diepyaoia Slaleyel TNV EAAXLOTN TN ATIO TO CUVOAO Vi, WG
TEALKN
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[Lati SouvAeveL;

O&TeL TO timeout L0 UE TOV HEYLOTO XPOVO TIOU BEAEL (L
owotn dlepyaoia va oteilel multicast
EtoL pmopet va amodavBOel av pla Stepyaocia €xeL mebavel (ov
o€ AafBeL pnvupa)

Av ula dlepyaoia meBavel, kamola TR UITOPEL va pnv
npowbnOnke

YTov yupo f+1

— OAec oL cwoTEC Slepyaoieg €xouv To 1610 CUVOAO TLHWV

— omnote anodacilouvv ywa tnv ibta T (minimum)

— TtouAaxlotov f+1 yUpol anattouvtat yia avoxn os f crash failures




AntobeLén

* AgumoBeooupe OTL 2 owoteg dlepyaoieg p; kat p; Stagpepouv 0To TEAKO
ouvoAo TIpwv =2 proof by contradiction
* AgumoBeoOUNE OTLN p; EXEL KLOL TLUN V TIOU bEV EXEL N P,
* Apan p;dev mpemeL va exel AABEL TNV V OE KAVEVA YUPO
—> 2tov teleutaio yupo, kamola tpitn Stepyacia p, E0TEWNE Vv OTNV p, Ko tEBave TpLv
™ oteiheL otV p;.
- Onowadnmote Slepyaoio Tou E0TELNE V OTOV TPOTEAEUTALO YUPO TIPETEL VAL
neBave, alwg Ba eixav AaBet kat oL duo p, KoL p; TNV TLUA v
2 MpoxwpwvTag £T01, 0 KaBEvayv amod Toug mPonyoUEVOUC yUpoug Ba TtpEmel
va TéBatve Touldxlotov pia dtepyaocia
- AMA untoB€oape to oAU f opaApata kat f+1 yupoug ==> contradiction.
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Bulavtwol otpatnyol

To mpoPAnua [Lamport 1982]
— 3 1) MEPLOOOTEPOL OTPOATNYOL IPETEL VO artodacioouy enibeon N
oroBoxwpnon
— 'Evag dtokntnc (commander) &ivel tnv evtoAn
— Ot umnoAounol (lieutenants) anodacitouv

— 'Evac N meplocotepol eivat mpodoteg (=avalomniotol)
* [lpoteivouv eniBeon og kAmoloug Kal ormtoBoxwpnon otoug AAAOUG
* Mrmopei va eival mpodoteg eite commander eite lieutenants!

ATIOULTN OELC

— 'OMot oL ool urtoAoyayot Ba akoAouBricouv TNV idla eVtoAn
— Av o commander gival LOTOC, TOTE Ol UTIOAOYOYOL TIPETEL VAL
anodacioouv TNV TLUA TToU MPOTELVE 0 commander
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Bulavtwvol otpatnyol

* Alepyaoiec pe «Bulavtiva opaipoto» (arbitrary
failures)
— f amo tic N dlepyaoiec avaLlOmLoTEC
e Ye oUyXpovo cuoTnua
— XpnotpomoloU e timeout yLa avixveuon amouoiog
UNVUUATOC
— Aev pmopoulpe va anopavBoupe av n dlepyacio kpdoope
N amAwc 6V amavtael
— Abduvapia consensus pe N < 3f




AAlyoplOpuoc

« commander sends value to each of the lieutenants
(attack/retreat)
* each lieutenant sends value it received to its peers




3 2tpatnyol

Assume synchronous system
— 3 processes, one faulty
— proceed in rounds
— messages ‘3:1:attack’ meaning ‘3 says 1 says attack’
Problem! ‘1 says attack’ and ‘3 says 1 says retreat’
— cannot tell which process is telling the truth!
— goes away if digital signatures used...
BUT: What if commander is a traitor?

Show — no solution to agreement for N=3 and f=1
Can generalise to impossibility for N < 3f




3 Bulavtwvol 2tpatnyol

P (Commander) P (Commander)

1:attack -attack 1:attack ‘retreat

<

3:1:retreat 3:1:retreat

Faulty processes are shown coloured




Ouwc...

e Solution exists for 4 processes with one faulty
— if commander faulty, then correct lieutenants have
gathered all values sent by the commander
— if one lieutenant faulty, each correct lieutenant receives 2
copies of the value from the commander

 Thus — correct lieutenants can decide on majority of
the values received
e CangeneralizetoN2>3f+1




4 Bulavtwvol Ztpatnyol

P; (Commander) P; (Commander)

-attack ‘retreat

tac
3:1:retreat 3:1:retreat

Pa Pas

Faulty processes are shown coloured

1:attack

2:1:attack

p2 decides majority (attack, retreat, attack)
p4 decides majority (attack, attack, retreat)
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4 Bulavtwvol Ztpatnyol

P, (Commander) P, (Commander)

3:1:w

Pa

Faulty processes are shown coloured

p2 decides majority (v,u,v) No majority exists
p4 decides majority (v,v,w)
QO OO Nanona Ted y of Athons
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AcUYXPOVO cUOTNUA

Ta pnvupata prmopoulv va £xouv auBaipetn kaBuotEpnon Ko
ol eEMeéepyaoiec va eival avbaipeta apyeg

Elvat aduvatov va eyyunBoupe OtL Ba eTUYOUE consensus
— Akopa Kol pa amotuyia elvat wkavn va anmotpe el cupdwvia

— Mua apyn Stepyaocio 6g Stakpivetal ano po Stepyaoia mou £xel
nebavel

H aduvapia toyvet ylo orntolodnmote nmpwtokoAAO consensus

Amntodeixtnke amo Fischer, Lynch kat Patterson to 1983 (FLP)
— AUBnke dtadwvia o umHPXE yLa po Sekaetia




E{L0OoTE KATAOLKAOUEVOL;

* Ta acuyxpova cuothpota v propoulv va eyyunBouv otL Ba €pBouv oe
ocupdwvio akopa Kol e armotuyia pog povo diepyaoiog

e KAewdi: “eyyunon”
— Qe onpaivel otL ol Slepyaociec Sev umopouv va €pBouv og cupudwvia av P
QIO QLUTEG ATTOTUXEL
— Emupénetl oupdwvia pe kamola mibBavotnta peyaAutepn ano 0
— 2TNV MPAEN TTOAAQ CUCTHHOTO ETILTUYXAVOUV CONSENnsUs

* [wc to éemepvaps;
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TEXVIKEC yLa va EEMEPACOUE TO adUvVATO

* Texvikn 1: kpuBoupe Tic amotuyiec (crash-stop)

Xpnon persistent storage kalt tomnikwv checkpoints

Metd amno amotuyia, emavekkivnon tng dlepyaoiag kat avavnyn amno to
teAeutaio checkpoint

Mrmopel va elodyel aubaipeteg kKaBuoTtePrOELG

e TexvikA 2: XpNOLUOTIOLOVUUE OVLXVEUTEC AaBwv

M.x., av pLa Stepyacia eivat apyr, BewpoUpe OTL £XEL ATIOTUXEL

TOTE TN OKOTWVOULE TIPAYHOTIKA | AYVOOULE TA LNVUUATA TNG AItO EKELVO TO
onueio ko peta (fail-silent)

AUTO YETATPETEL TO AOVUYXPOVO O GUYXPOVO cUoTNUA

OL aviyveuteg AaBwv bev eival 100% akplBeic kal amattolv peyalo timeout
ylo va €XouVv pLa AoyLkn oupmepipopa
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2 KOTTOC EVOC aAyopiBuou consensus

e Avoxn oe odpaApata
— Aev pmAokadpetl otav n MAelovotnta Twv Sdlepyactwv SouAelouy
e Jupdwvia o€ Eva OMOTEAECHA OVALECO OE opada

SlEpyaoLWV aKOMA KL QV:
— Kamolec dlepyaoiec meBavouv
— Kamota pnvopato xabouv r} €pBouv KTOC OELPAC
— Av apadoBouv, ta pnvopata dev aAAolwvovtal




Paxos

* Evac aAyoplBuoc consensus
— 'Evag amto toug 1o armodoTikouc Kat Koppouc aAyopiBuouc
— MaolyvwoTto¢

e Tuylvetal pe to FLP (impossibility of consensus)?
— Mpodavwc &€ AUvel to FLP
— Baoiletol og aviyveutéc obaApdTwy yLo mopakapdn




H wotopla

e AnuioupynOnke armo 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 wotopla

O KOOMOC apXLKA VOULIE OTL TTPOKELTAL YLl AOTELO

O Lamport dnpoocicuoe teAkd to paper 8 xpovia LETA Th cuyypoadr Tou,
10 1998 (“The Part-Time Parliament”)
Kaveic dev to kataAafBatlve

O Lamport eypade dAAo paper nou e€nyel to Paxos og amAd AyyAlka
— TitAoc: “Paxos Made Simple”
— Abstract: “The Paxos algorithm, when presented in plain English, is very
simple.”

AKOUO KL £TOL, 0 aAyoplOpuoc eival duovontog
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TeALKA OPWC...

e [ToAAQ TTPOYUOTIKA CUOTHHATO UAOTIOLOUV 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 I 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.”
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YrioOeoeLC

To 6ikTuO €lvall acVyxpovo PE KABUOTEPNOELS OTA UNVU LT
To HLKTUO UTIOPEL VA XAOEL LNVUOTA 1] VoL T OTELAEL
TIEPLOCOTEPEC ATO L PopEC aAAd ev Umopel va ta
aANoLwOoEL

OL Slepyaoiec pmopet va kpaodpouv (Kat vol GTALUOTHOoUV)
OL Slepyaoiec €xouv permanent storage (6ioko)

OL Slepyaoiec pumopouV va TPOTELVOUV TLUEC

O oto)xo¢ eival OAec oL dlepyaoiec va cupdwvrioouvv o€ pia
QO TLC TIPOTEWVOUEVEC TIUEC




ErnilBupntec lbLotntec

e Safety
— Mmopetl va erAeyel LOVO TLUN TIOU €XEL TtpoTaBEl
— Er\€yetal pa povo tiun
— Mua Slepyaoia pabaivel pa TR HOvo av £xeL eTiAEYEL

e Liveness

— Kamola mpotewvopevn THA eTiAEyeTaL TeAka (eventually)
— Av el eyel pa tun, kabe diepyaoia teAkad Ba tn pabel




H omtikni Tou Xpnotn

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

* while (submit_request(R) = ACCEPTED) ;
* To R Ba pmopovoe va eival eva key:value (evyoc pac Baong




OL raiktec tou Paxos

Client:

— JTEAVEL Eva altnua

Proposers:
— AoapBavouv aitnua amno tov client kot tpéxouv To TPWTOKOAAO
— Leader: EkAeypévog coordinator avapeoa otoug proposers (dev eival
anoapaitntog, anAwg amAormnolel tn Stataén pnvupdtwy Kot dtacdpaAilel otL
dev unapxet Stadwvia)

Acceptors:
— TMoAAhamAég Siepyaoieg mou Bupouvtal To state Tou MpwTtokOAAoU
— Quorum = mAelovotnta ano acceptors

Learners:
— Otav ot acceptors cupdwvroouy, o learner ekteAel to attnua i/ko
OTEAVEL amavtnon otov client

QOO | Techmical U y of Athens
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T kAveL To Paxos

e Kabe mpotaon (attnua) £xet eva ID.
— (proposal #, value) == (N, V)
— O al&wv aplBuoc tou proposal eivat KaBOoALKA LOVOSLKOC

e Tpelc daoELC
— @aon Prepare: €voc proposer poBaivel OAa ta tponyoupeva
proposals amo touc acceptors.
— @adon Propose: €vag proposer oTEAVEL proposal.
— @adon Learn: ot learners paBaivouv to anotéAeopa




T kAveL To Paxos

* Proposers
— [pw va poTeivel KATIOLOC proposer Bal pwTROEL TOUC acceptors av
£xeL N6N potadel kamolor AAAN TLUN
— Av vay, o proposer Ba npoteivel Tnv Ol
— H ovumnepidpopa eival aktpouloTikny: O otoxoc Tou KABe proposer gival
N opodwvia, OxL va ETILAEYEL N TLUN TIOU TIPOTELVEL
* Acceptors
— O otoyoc ival va emiAe€el To proposal pe tov peyaAutepo avéovia
apLOpo amo 6AoOUC TOUC proposers
* Learners
— Otlearners elvat maOnTLKOL KOLL TIEPLLEVOUV TO ATTOTEAECHLAL

QOOOMN I Tech y of Athens
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1" dpaon

* Evac proposer emnAeyel tov avéovta aplBuo N tou proposal
TOU KoL OTEAVEL prepare request oToug acceptors Ue
TIPOTELVOEVN TLUNA V.

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

* ‘Evac acceptor mpéEmnel va amavinoet:

— Av 1o proposal €xel peyodutepo N armo oAa ta proposals ou €xel
dextel pEXPL TWPA TOTE OTEAVEL UTIOOXEDN VO N deXTEL TTAEOV KavVEVA
proposal pe avéovta aplOuo pkpotepo tou N

— Av £€xeL NOn dextel kAmolo proposal, cupmnepthapBavel kat tnv tiun N’
Kol v’ Tou proposal pe tov peyaAutepo avéovia aplOuo

— Av €xeLnén dextel proposal pe N’ > N ayvoel to request (i oTEAVEL
nack)




2" daon

* Av &vag proposer AaBeL amtavtnon amno tnv nAsoPnoia, Tote
oTEAVeEL accept request yia to proposal (N, V).
— V: H twun tou proposal pe tov peyaAvtepo avéovta aptbuod N (armo
QUTEC TIov eneotpadnoav otnv 1" daon).

 Meta tn Anyn tou (N, V), ot acceptors eite:
— To b6€xovtal
— To amnoppintouv av urtdpxel aAAo prepare request pe N’ peyaAltepo
Tou N Kall £XEL ATIOVTACEL OE AUTO




3" daon

Ot learners mpéemel va paBouv moLa TLUN EMEAEYN

‘Evac tpomnoc: Kabe acceptor amavtaesl o OAou¢ Touc learners
— oKkpLBoO

AM\oc¢ tpomoc: ekhoyn “distinguished learner”
— Ol Acceptors amaviouv o€ auTov
— AUTOC EVNUEPWVEL TOUC UTTOAOLTTOUC
— Emuppemnéc o opaipata

Mién Twv dvo: ocuvolo amo distinguished learners




[MpoBAnuQ

race condition yta ta proposals.

H P, oAokAnpwveL tnv dpaon 1 pe proposal number N,
NMpotou n P, {ekwvioeL tnv daon 2, n P, Eekwva kat
ohokAnpwveL tnv daon 1 pe proposal number N; > N,

H P, oAokAnpwveL Tnv ¢aon 2, oL acceptors T0 amoppLITTouV
NMpotou n P, {ekwvnoeL tnv daon 2, n P, éekwva Eava ka
ohokAnpwvel tnv daon 1 pe proposal number N, > N,

H P, ohokAnpwvel tnv ¢aon 2, oL acceptors To amoppintouvv
...(ouvvexiletal en’ anelpov)




A\uon

* AUon: ekAoyn evoc SLOKEKPLLLEVOU proposer
e AV 0 proposer UTOPEL VO ETMLKOWVWVNOEL ETUTUXWC UE
TNV TAELOVOTNTA TWV KOUBWV, TOTE TO TPWTOKOAAO

etaopalilel liveness.
— &nAadn, to Paxos £xeL avoxn os f< 1/2 * N odaApata




Paxos gv 6paon

e ‘Evac proposer ekAgyetal wc leader kot S€xeToL OAa ta
requests

Paxos nodes. one machine may serve several roles

N

Proposer

g Proposer .:

Learner

__ Quorum

Learner




Phase O

* O client otéAvel request otov proposer

Proposer

__________ __ Quorum

- -

- 7 ¥ A ") S
- ~
o Acceptor \
li \\
i ]
1 \
[ Acceptor H
l‘ ;
LY 3’
N Acceptor y,
Y Fa
Y - . #

-

request(v)

-

e i
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Phase 1a - PREPARE

Proposer: dnuwoupyet éva proposal #N (N Asttoupyei oav xpovooppayida Lamport), 6mou to N
elval peyaAltepo amno onolodnmote ponyoUeVo proposal number mou xpnotponoenke ano

TOV proposer
AnootoAn og quorum amnd Acceptors (0coug Unopei va mpooneAAoEL — olyoupa TAELOVOTNTO)

Proposer

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

Acceptor: av 1o ID tou proposal > onotoénnote nponyouevo proposal
Yriooyxetal va ayvoroetl OAa ta attripota e ID < N kot amavtael pe mAnpodopieg
yla To 1o npoodato proposal mou €xel dextel

AMLWCG TO amoppimntel

Proposer _
- Promise(N, v) .------- -..__Quorum

-

Acceptor B

__________

Promise to ignore all

s TR proposals < N

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

(b) Rejects older proposals.

Promise contains the previous N

QOOO N | Techmical U y of Athens
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Phase 2a - ACCEPT

* Proposer: av o proposer AdBeL uTtOoXECN ATIO TNV TTAELOVOTNTA

e JTEAVEL accept oto quUOrum LE TV EMIAEYUEVN TIUN V
— N TLUN IOV TIPOTELVE apXLKA, v oL acceptors Sev elyav KAVEL accept og kapia npotaon

oTO MapPeABOV
— H T v yia to peyoAutepo N rou €Aafe amod to promise Twv acceptors

Proposer ___ Quorum

-

Accept (N, v)

__________

- ™
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 V.

sCSLab



Phase 2b - ANNOUNCE

Acceptor: Av n UTTOGXEON LOXUEL QKOO OLVOLKOLVWVEL TNV TLUA V
e JYtéAvel unvupuoa Accepted otov Proposer

*  AMwwCc ayvoel to pAvupa (n otéAvel NACK)

Proposer

-

Accepted(N)

Acceptor

---------

Announce(N, v)
Learners

QOOO N | Technical Us y of Athens
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Phase 3

* Learner: Antavta otov client ka kavel tTn So0UAELA OV

Proposer

TIPETEL

Announce(N, v)

Learners

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

rd Acceptor »
"n" \\
i v
I \
[ Acceptor :
I.‘ r,
i I
\_ F
Acceptor o

Sarnvar

Server
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Mapadewypa 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="¢"
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Phase 1a

* Proposer: dStaAgyelid 5

Proposer

Prepare(5:“e”)

i VY




Phase 1b

* Acceptor: Av to 5 eivatl to peyaAutepo id mou €xel €L, OTEAVEL UTLOOXEDN
va un Sextel pkpotepa ids

Proposer

Promise to ignore all
proposals < 5
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Phase 2a

* Proposer: AapBavel unmooxeon armo tTnv MAELOVOTNTA TwWV acceptors
* T[penetLva dextel auto 1o <id, value>

Proposer

Accept(5,“e”)

. .




Phase 2b

* Acceptor: avakowwvouv anodaon

Proposer

- z'

Accepted(5,“e”)

Acceptor

Announce(s,“e”)

o o

Announce(3,“e”)

Learners
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[Mapadewyua 2 —Phase 1a

Prefare regies f

[n=2, v=8]
Proposer A . >
1 .
AN prepare request
LA™ [n=4, v=5]
|\
Proposer B _I_"x_xx * >
| "-, \\\\ Irl.l
| I"- ", l IIIII".I
Acceptor X . J i\ — X, >
n=2, v=§] =04
% TR
\ "?:E.
Acceptor Y L . .l.t"\-\'” >
(=2, v=8] "-..Hx
VN
N
.,
Acceptor £ - 4 >

[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 PrYePare response

[no previous] [10 previous]
Proposer A - > 4 . >

prepare response

[no previous|
Proposer B — — ~ >

Acceptor X fﬂié';ﬂ =
Acceptor Y =) g J' -
Acceptor Z >
[n=4, v=5]
Each acceptor responds to the first prepare
request message that it receives.
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Phase 1b

Proposer A >
prepare response
l H= '."__ f'=q:'ll [
ProposerB - — — 7 . >
- " prepare response
5 3 3
et o [-I.'__. LI_I.Ml[
Acceptor X = = = >
[n=4, v=5]
Acceptor Y >
P fn=4, p=5]
Acceptor £ L=

[n=4, 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
s,
RN
i,
Acceptor X s >
ceeper |'|.!=\:i‘,~}'5ﬁ|'
H\::\.:
H;"‘xn
Acceptor Y s -
P [n=4, =]
Acceptor £ -
teep [n=4, r=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 >

Froposer B — >

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

=
L}
.

Acceptor Y —\L‘n - -
P (=4, v=8] ™ " .
R & epted [v=8]
Acceptor Z A >
cceptor Tn=drg=81 "~ ] ‘
wecepted [v Q|’ILL~ l h"‘-."'!'-':-':’llj'h"'-'I [v=8]
HCCEPTE | U=0 1"-_ . ",
Learner 4 A A »
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2UVEXLOE va TPOOTIOOELC

* Eva proposal N pumopet va amotuyeL ylati
— Evac acceptor pmopel va €xeL Swoel umtooxeon va
ayvonoeL OAa ta proposals pe id pkpotepo karmotov M >N
— Evac proposer 6& AapuBavel quorum aro amavirnoeLg eite
otn ¢aon 1b eite otn dpaon 2b
* O aAyoplOuoc Tote MPEMEL va Eava-EEKLVIOEL LE
ueyaAvtepo proposal id




ErtquuBio

To Paxos poc emitpemnel va StaopaAloouple cuVEeT OALKNA

dlataén oe ouvoAo amo events
— Events = eVTOAEC, EVEPYELEC, EVNUEPWOELC KATAOTAONC
KaBe koppoc Ba €xeL TV TeEAeuTaia KOTAOTOON 1 KATIOLL
nponyoupevn ekboxn tng
XpnoLloToleiTal o€:
— 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




2uvoln tou Paxos

e [wa va Kavelc aAlayn oto cuoTNUOL:

— N\&c otov proposer to event rtou Ue¢ va mpooGeoeLC
* AuTtd Ta autiuata Utopei va cupuBouv tauvtoypova
» Leader = ekAeyuévoc proposer. Aev eival amapaitntoc yia tn Aettoupyia tou Paxos,
alAAa eivatl BeAtiotonoinon yia dtaopalion povadiknc nnyng oo avéovteg
aptduouc ota proposals
— O proposer erAéyel To emopevo event ID kat {nTta amo Toug acceptors
va 1o duldéouv
* Av omnoloodnmnote acceptor €xetL el peyaAutepo event ID, anopplmtel TNV npotacn
Kal emiotpedeL to event ID auto
* O proposer npoonaBet Eava pe peyavtepo event ID

— Otav n mAelovotnta Twv acceptors anodextouv to proposal, ta event
otéAvovtal otoug learners yla va apyioouv va evepyouv (m.x., va

EVNUEPWOOUV TNV KATACTOON TOU CUCTAMATOC)
* Fault tolerant: xpewalopaote 2k+1 servers yia k fault tolerance
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