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2TOXOC TOU CONSENSUS

e Emutpemnel og opada Slepyacitwv va cupudwvnoouv
O€ €V OTIOTEAEOUOL

— OAec oL dlepyaoiec mpémnel va cupudpwvnoouyv otnv dla
TLUN

— H T mpémnel va €xeL utoBAnBel artd TouAd LoToV HLa
Slepyaoia (evac alyoplBuoc consensus dev pmopel amAwg
VOl ETILVONOEL LA TLUN)




Exoupe deLnén...

Mutual exclusion

— 2updwvia yla To ToLog EXEL TPOGBOCN GE KATIOLOV TTOPO
AAyopLOpol ekAoywv

— Jupdwvia yla to oiog avaAapBavel kamoLlov EExwpLoto poAo
AAAEC XpNOELC consensus:

— Alaxeiplon group membership

— Juyxpoviopog replicas

— Commit yLa katavepnueva transaction

[evIKO TtPpOBANA consensus:

— [lw¢ EPYOUNTTE OE OUOPWVN ATTOPOON VLo ULO CUYKEKPLUEVN TLUN;




OpLopoc Tou npoPARuatod

N dlepyaoieg
e KaBe diepyaoia p €xel
— MetaPAntn eloodou x, : apxika 0n 1
— MetaPAntn e&odou vy, : apxwa b (b=undecided) — prtopei va aAagel
Lo popa Hovo
e To npoPAnua consensus: OPLOUOC TIPWTOKOAAOU £T0L WOTE
— OAec ol owoteC Slepyaoiec va Beoouv tn petaBAntni e€odou touc 0 N
— OAec ol owoteg Slepyaoiec va Beoouv tn petaBAntni e€odou touc 1

— YMAPXEL TOUAQXLOTOV MLaL aPXLKA Kataotaon rtou odnyel og kKaBeva
Qo TO TOPATIAVW ATIOTEAECHUOTO




MOVTEAO CUOTNLOTOG

e OLdlepyaoiec amotuyxavouv Hovo Ue crash-stop
e JUyxpovo cuotnua: Oplo o€

— KaBuotepnoelg LnvupaTwy
— MEylotoc xpovoc ylo KaBe BAua enetepyaoiag
e AcUyxpovo cuotnpa: dev umtdpyxouVv TETOLA OpLa

— [l.x. To Internet




2UYXPOVO cuoTnua

KaBe diepyaoia Eekva pe apxikn tun etoodov 0N 1

KaBe dlepyaoia KpaTd TO LOTOPLKO TWV TLUWV TTOU £XEL AABEL

To TPWTOKOAAO TPEXEL O YUPOUC

Y& KABe yUpo, OAoL otéAvouv pe multicast to LOTOPLKO TwWV
TLLWV

AdoU teAewtwoouv 0Aol oL yUpol, SLaAAEYOUE TNV EAAXLOTN
TN




2UYXPOVO cuoTnua

Mot KaBe cuoTNU TTOU arotuyyxavouv to oAU f dtepyaciec, o alyoplOpocg
ouve)ileL oe f+1 yupouc (ue timeout), xpnoLpomowwvtag To Baotko
multicast

Values': To cUVOAO TWV TIPOTELVOUEVWV TLLWV TIOU ELVOL YVWOTEG OTNV
Slepyaoia P, otnv apyn Tou yupou r
Initially Values®; = {}; Values®; = {v=x,}
forround r = 1 to f+1 do
multicast (Valuesh)
Values 1. < Values',
for each V, received
Values ™% = Values™ vV,
end
end
y,= minimum(Values™*)




[Lati SouAegUEL;

Ag utoBecoupe 0tL 2 cwoTteg dlepyaoieg p; kat p; SlapEpouv 0To TEALKO
ouvoAo TIpwv =2 proof by contradiction
AG UTIOBECOUHE OTL N P; EXEL JLOL TLUIN V TTOU BEV EXEL N P
Apa n p; bev mpemeL va exel AABEL TNV V OE KAVEVD YUPO
—> Xtov teheutaio yupo, kdrmola tpitn Stepyacia p, E0TEWNE v 0TNV p; Kal tEOave
TpLv TN oTelleL oTNV p;.

- Onowadnmote Slepyaoio Tou €0TELAE V OTOV TIPOTEAEUTOLO YUPO TIPETIEL VAL
neBave, aMuwwg Ba eiyav AdBet kat oL duo p, Kat p; TNV TLUA v

> MpoxWPWVTOC £T0L, 0 KOBEVAV ATTO TOUC TPONYOUEVOUC YUPOUC Ba MpEMEL
va TEBalLve Touldylotov pa dtepyaocia

- AMA untoB€oape to oAU f opaAparta kot f+1 yOpoucg ==> contradiction.




ACUYXPOVO GUCTHQL

Ta unvopoto pmopouv va €xouv avBaipetn kabuotEpnon Ko
ol eEMeéepyaoiec va eival avBalpeta apyeC

Elvat aduvatov va eyyunBoupe otL Ba meTUXOUE cONSeNsUs
— AKOMO KOL pLa artoTuyia elvat tkavn va amotpeP el cupudpwvia

— Muwa apyn Stepyaoia 6 dtakpivetal amo pa dSltepyaoia mou €xeL
nedavel

H aduvapia toyvel ylo. ortolodnmote mpwtokoAAO consensus
Amntodeixtnke amo Fischer, Lynch kat Patterson to 1983 (FLP)

— AUBnke dltadwvia tov umtnpxe yia pla SekaeTia




Elpoote KATadLKAOUEVOL;

e Ta acuyxpova cuothuata dgv pmopoulv va eyyunbouv otL Ba €pBouv o€
ocupdwvia aKOpA KOl LE aoTuyia pac povo dlepyaoiog

e KAeldi: “eyyunon”
— Ae onpaivel otL ol diepyaocieg ev pmopolv va €pBouv o cupdpwvia av pa
QO AUTEC ATTOTUXEL
— Emutpénel oupdwvia pe kamotla miBavotnta peyaAutepn ano 0
— 2TNV PA&n mMoAAd CUCTAMATO ETILITUYXAVOUV CONSENsUs

 [wc to EemepVAE;




TEXVIKEC yLOL VoL EEMEPACOUE TO AdUVOTO

e Texvikn 1: kpuBoupe TIc amotu)iec (crash-stop)

Xpnon persistent storage kal tomikwv checkpoints

Meta anod amotuyia, emavekkivnon tng dtepyaociag kat avavndn amno to
teAevutaio checkpoint

Mrmopei va elodyel avBaipetec kabBuotepnoeLg

e  TexVIKN 2: XPNOLUOTIOLOUUE QVLXVEUTEC AoBwv

M.x., av pa dtepyacia eivat apyr), OewpoU e OTL EXEL ATTOTUXEL

TOTE TN OKOTWVOUUE TIPAYHOTLKA I} AYVOOULE TOL LNVUMOTA TNE OO EKELVO TO
onueio kat peta (fail-silent)

AUTO LLETATPETIEL TO ALOVYXPOVO OE CUYXPOVO CUCTNHA

Ot aviyveuteg AaBwv dev eivat 100% akplBeic kal amattouv peyalo timeout
yLoL vaL €XOUV pLal AOYLKN cuumepldopa




2 KOTTOC EVOC aAyopiBuou consensus

e Avoxn o cpaipata
— Agv pmAoKkApeL Otav n MAELovVOTNTA TwV SlEpyactlwv SOUAEUOUV
e Jupdwvia og Eva ATOTEAECHA QVAECSO O opada
SlepyaoLwV aKOUA KL aV:
— Kamoteg diepyaoiec mebBavouv
— Kamota pnvupata xaBouv i €pBouv eKTOC OELPAC
— Av ntapadoBouv, ta pnvupata dev aAlolwvovTtal




ATTOLTAOELC

loyuc (validity)

— MrmopoUv va emAEYOUV LOVO TLUEC TTOU €XOUV MPOoTaOEl
Opowopopdn cupdwvia

— Qe yivetat 600 kopPol va eTiAEEOUV SLODOPETIKEC TIUEC
Akepatotnta (integrity)

— KaBe koppoc pmopel va ettAe€eL pia povadikni TLun
TepUOTIOMOC

— KaBe koppoc Ba eriheéel teAka (eventually) pia tiun




Paxos

e Evac aAyoplBuoc consensus
— ‘Evoc armo toug 1o arnodotikouc Kot koppouc alyopibpouc
— MNaoiyvwotocg

e Tuylvetal pe to FLP (impossibility of consensus)?
— MNpodavwc € AvveL to FLP
— Boaoiletal og aviyveuTEC oPaAPATWY yLa Ttapakapyn




H wotopla

e AnuwoupynOnke armo tov Leslie Lamport

e 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 KOOUOC oPXLKA VOUL{E OTL TIPOKELTOL YLOL OLOTELO

O Lamport dnuooievoe TeAKA TO paper 8 xpovia LETA TN cuyypadn Tou,
10 1998 (“The Part-Time Parliament”)

Kawveic 6ev to kataAafoive

O Lamport eypae aAlo paper rtou e€nyet to Paxos oe amAd AyyAlka
— Tithoc: “Paxos Made Simple”

— Abstract: “The Paxos algorithm, when presented in plain English, is very
simple.”

AKOUO KL £TOL, 0 aAyoplOpuoc eivat Suovontog




TEALKA OLLWC...

e [OAAQ TPOYUOTLKA CUOTH AT UAOTIOLOUV TO Paxos

Google Chubby

MS Bing cluster management
AWS

Cassandra

e 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.”




YioBeoeLC

To &iktuo elval acVyxpovo e KABUOTEPNOELC OTA LNVU AT

To HLKTUO pTTOPEL va YAOEL LNVUMOTO N VAL TOL OTELAEL
TIEPLOCOTEPEC Ao L popeC aAla dev pnopel va ta
aAAOLWOEL

OL Slepyaoiec pmopet va kpaodpouv (Kol vol CTAUOTHOoUV)
OL Slepyaoiec €xouv permanent storage (6loko)
OL Slepyaoiec pumopouv va TPOTELVOUV TLUEC

O oto)o¢ eival OAec oL Slepyaoiec va cuUPWVNROOUV OE pia
QO TLC TTPOTEWVOUEVEC TIUEC




ErtlBupntec 1dLotnteg

o Safety
— Mmopetl va emAeyel LOVO TLUN TIOU €XEL TTpoTABEL
— EruA€yetal por povo tiun
— Mua dlepyaoia pabaivel pa TR LOVo av £xeL eTiAeyel

* Liveness
— Kamola mpotewvopevn tiun emAéyetal teAka (eventually)
— Av ertilAeyel pa Tun, kKaBe dtepyaoia teAkd Ba tn pabel




H orttikr) Tou xpnotn

Submit(R

Client ) Consensua/ Send results

Process ~algorithm (total order)
| accepted k_ )

e while (submit_request(R) != ACCEPTED) ;
e To R Ba pmopovoe va eival eva key:value {eUyoc upLac faonc




OL TTALLKTEC TOU Paxos

Client:
— JXTéAvel éva aitnua

Proposers:
— Aappavouv aitnua ano tov client kal TpExouv 10 MTPWTOKOAAO

— Leader: EkAeypévog coordinator avapeoa otoug proposers (6ev eivat
anopaitntoc, anAwc amAormnoletl tn dtdtaén pnvupatwy Kat Staodaiiletl otL
dev unapxet Stadwvia)

Acceptors:
— TMoAhamAég Siepyaoieg mou Bupouvtal To state Tou TPWTOKOAAOU
— Quorum = mAelovotnta anod acceptors

Learners:

— Otav ot acceptors cupdwvrioouy, o learner ekteAel To alttnua ry/kat
otéAveL amavinon otov client

!
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TL KAveL To Paxos

e KaBe npotaon (aitnua) €xet eva ID.
— (proposal #, value) == (N, V)
— O avéwv aplBuoc tou proposal eival KaBoALKA pLLovadLKOC

e Tpelc dAoELC
— @aon prepare: €vag proposer learns previously-accepted proposals
from the acceptors.
— @aon Propose: évac proposer oteEAvVeL proposal.
— @aon Learn: ot learners poBaivouv 1o amoteAeocua




TL KAveL To Paxos

* Proposers

— MpLv va mpoTeivel KATIOLOG proposer Ba pwTACEL TOUC acceptors av
EXEL NON mpotabel kamola AAAN TLUA

— Avval, o proposer Ba ntpoteivel tnv dLa
— H ovunepidopa eival aAtpoutotiki: O otoxoc Tou KABe proposer eival
N opodwvia, OXL va ETILAEYEL N TLUI TIOU TIPOTELVEL
* Acceptors
— O oto)oc¢ eival va erithEéeL To proposal e tov peyaAutepo avéovta
apLlOuo arod 06Aouc Toug proposers
* Learners

— Ot learners givat maBntikol KoL TTEPLUEVOUV TO ATIOTEAECUAL




1" daon

‘Evac proposer emiAeyel Tov aléovia aplOuo N tou proposal
TOU KOl OTEAVEL prepare request otouc acceptors.
— “Hey, have you accepted any proposal yet?”

‘Evac acceptor mPEMEL VoL OITAVTN OEL:

— Av €XeL ndn KAveLl accept 0 MPOTACELC, TNV TTPOTOCN LLE TOV
pLeyaAutepo avéovta aplBuo

— Mua urtooyxeon va pn dextel mA€ov kKaveva proposal pe avéovta
apLlOuo pkpotepo tou N




2" daon

e Av évag proposer AaBetL anavtnon amno tnv mAswoPndia, tote
oTEAVeL accept request yia to proposal (N, V).

— V: H tun tou proposal pe tov peyaAvtepo avéovta apOpo N (amo
QUTEC IOV emteotpadnoav otnv 1" paon).

e Meta tn AnPn tou (N, V), ot acceptors lte:
— To 6€xovrtal

— To amopplntouv av urtdpxet aAAo prepare request pe N’ peyaAutepo
Tou N KoL EXEL ATIAVTIOEL OE AUTO




3" daon

e QOtlearners mpé&mneL va pHaBouv moLa TN ENEAEYN

e Evac tpomoc: KaBe acceptor amavtdel oe 6Aouc touc learners

— aKplpo

e AMAAOC tpOTIOC: KAoyn “distinguished learner”
— Ol Acceptors amavtouv o€ auToV
— AUTOC EVNUEPWVEL TOUC UTTOAOLTTOUC
— Emlppenéc o opaipota

e Mi&n twv dUo: cuvolo amo distinguished learners

QO Q © © wanonal Technical bl ty of Athens
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[MpoBAnpa

race condition yia ta proposals.
H P, oAokAnpwvel tnv ¢paon 1 pe proposal number N,

NMpotou n P, {ekvnoeL tnv daon 2, n P, ekwva kat
ohokAnpwveL tnv daon 1 pe proposal number N, > N,

H P, oAokAnpwvel Tnv ¢aon 2, oL acceptors To amoppinrtouv

NMpotou n P, {ekvioeL tnv daon 2, n P, ekwva ava kat
ohokAnpwveL tnv ¢aon 1 pe proposal number N, > N,

H P, oAokAnpwvel Tnv dacon 2, oL acceptors To amoppintouv
...(ouvvexiletal en’ anelpov)




Auon

e AUon: ekAoyn evoc SLOKEKPLUEVOU proposer
e Av 0 proposer UTOPEL VOl EMLKOWVWVNOEL ETUTUXWC UE
TNV TAELOVOTNTA TWV KOUPWV, TOTE TO MPWTOKOAAO
etaodalilel liveness.
— &nAadn, to Paxos €xeL avoxn os f< 1/2 * N odaApata




Paxos ev 6pacn

e Evac proposer ekAeyetal we leader kat d€xeTal OAA TOL
requests

Proposer

__________ __ Quorum

o -~

:
:

13

3

I

]

3

3

[

:

E

- " ;

\ = - = 4 e ~ E

” g £

Proposer v Acceptor ¢ '
]

¥ \\ |

; ; \ |

) ( A tor i I'

. | cce E
Proposer \ g -' E
= ” A - + ; :
- [}

"

:

:

{

E

[}

[

i

;

[}

3

:

:

[

A\ Y 4
L Acceptor D4

Learner Accepior

Acceptor

Learner

Y

’

» -

QO Q © © wanonal Technical bl ty of Athens

::*CSLab



Phase O

e Oclient otéAvel request otov proposer

Proposer Quorum

-
- -

P - i ™ \‘
J Acceptor Y

fr Y
i '-l
1
E Acceptor '
% !
\ i
% ¥

R Acceptor /

-~

request(v)

-

e, p—
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Phase 1a - PREPARE

Proposer: dnuwovpyet €va proposal #N (N Asitoupyei oav xpovooppayiba Lamport), ornou to N
glval peyaAlTtepo amo onolodrmote nmponyoupevo proposal number ou xpnotponotndnke amno
TOV proposer

AnootoAn o€ quorum ano Acceptors (6oou¢ popeL va PoomeAAoEL — Glyoupa MAELOVOTNTA)

" Proposer

Prepare(N) |'

1
L}

N = <seqg# . process_ID >

T s
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Phase 1a - PROMISE

Acceptor: av to ID tou proposal > onotoénnote nponyoUuevo proposal

Yriooyxetal va ayvonoetl OAa ta attripata pe 1D < N kat anavtdel pe mAnpodopieg
yla To 1o npoodato proposal mou €xel anodeytel

AN\LWG TO ATTOPPLTTTEL

" Proposer _
i 2 Promise(N, v) ---------- _H“Quorum

-
-

' Acceptor R

« ~ oo e
This step: Promise to ignore all
"his step:
(a) Tells proposers about proposals < N
any value that has already Promise contains the previous N
been accepted. |
(b) Rejects older proposals.
N
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Phase 2a - ACCEPT

Proposer: av o proposer AaBeL untdcxeon ano tnv NAelovoTNTA

EMLOUVATTEL TNV TIUN V oTo proposal

JTEANVEL accept oTO qUOrum UE TNV ETUAEYUEVN TIUN

Av n umtéoxeon ntav yla kamnoto aAlo {N, v}, o proposer MPEMEI va to amodeytel

 Proposer

Accept (N, v)

- i

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 N.

€CSLab




Phase 2b - ANNOUNCE

e Acceptor: Av n UTtOoXEon LOXUEL KOO, OVOKOLVWVEL TNV TLUA V
e JtéAvel unvupa Accepted otov Proposer
e  AMuww¢ ayvoei to pvupa (i otélvel NACK)

- -

~ Proposer

Accepted(N)

Acceptor

T .

Announce(N, v)

Learners




Phase 3

e Learner: Anavta otov client kot kavel tTn 6o0UAELa TTOU
TIPEMEL

~ Proposer

Announce(N, v)

Learners




Mapadeypa 1: phase O

.......... __ Quorum
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~ Proposer

Request(“e”)
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Phase 1a

Proposer: dtaléyel id 5

Proposer

Prepare(5:“e”)
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Phase 1b

e Acceptor: Av to 5 ival to peyalvutepo id mou €xel €L, OTEAVEL UTIOOXEDN
va pn dextel pikpotepa ids

Proposer

Promise to ignore all
proposals < &




Phase 2a

e Proposer: Aapavel utooxeon amo TNV TAslovoTnTa TWV acceptors
e [peneLva dextel auto to <id, value>

Proposer

Accept(5,“e”)

ot e




Phase 2b

e Acceptor: avakowwvouv anodaon

~ Proposer

—_—

Accepted(5,“e”)

Acceptor

Announce(5,“e”)

i -

Learners




Mapadeypa 2 — Phase O

Request(“e”,

~ Proposer

........ —._ Quorum

i Acceptor W
fr \\
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Phase 1a

‘Evag acceptor AapBavel proposal pe
MeyaAUTepo id MPIN a1rdé TO CUYKEKPIPEVO
MAvupa PREPARE

e Proposer: AlaAéyelid 5

Prepare(7:“g”)
Proposer

Proposer

. I




Phase 1b

* Acceptor: KaBévag otéAvel urtooxeon yla to peyaAuTtepo id ou €xel AdBeL




Phase 2a

Proposer: Av dextel promise yla peyaAutepo id MPENEI va aAAdEeL yvwun

KOl VoL aTtoSeXTEL TNV TLUN UE To peyaAuTtepo id amod omolovdrmote
acceptor

Proposer

Accept(7,“g”)

e 1 o g




Phase 2b

Proposer

- <

Ac cep tedﬁ, :.rg ,,)

!
Acceptor
Announce(7,“g”)

= - -

Anﬂouﬂce{?', :.rg ,,)
Learners
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2UVEXLOE VA TIPOOTIOOELC

e Eva proposal N pmopet va amotuyet yloti
— Evac acceptor pmopei va €xeL SwoeL UTTOOXECN VAl
ayvoroeL OAa ta proposals e id pikpotepo kamowou M >N
— Evag proposer 6& Aapfavel quorum armo anmavtioEeLg eite
otn ¢aon 1b eite otn daon 2b
e O aAyoplOuoc tote MPEMEL va EAVAEEKIVAOEL UE
ueyaAvtepo proposal id




Ertipu 6o

To Paxos pag emttpemnel va StacdaAlocoule cUVET OALKN
dlataén os ouvoAo amo events

— Events = eVTOAEC, EVEPYELEC, EVNUEPWOELC KATAOTAONC

KaBe kopBoc Ba £xeL tnv TeAeutaio Kataotoon 1 KAmoLa
nponyoupevn ekboxn tng
XpnoLYoToLELTOL OF:

— (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 [ va KAVELC aAAayr oTto cUoTNUO:

— &g otov proposer to event rtou Ue¢ va mpooTETELC
o Auta ta altiuata utopel va cupuBouv tautoxpova

» Leader = ekAeyuévoc proposer. Agv eival arapaitntoc yLo th Aeitoupyio tou Paxos,
aAAa givatl BeAtiotomoinon yla StaoaAion puovadikng rtnync amo avéovteg
aptduouc ota proposals

— O proposer erAéyel To emopevo event ID kot {nTA armo touc acceptors
va 1o pulaéouv

e Av omnoloodnmnote acceptor €xel SeL peyaAltepo event ID, amoppintel Tnv mpodtaon
Kal erlotpedel To event ID autod

e O proposer npoomnaBei Eava pe peyaAutepo event ID

— Otav n mAelovotnta Twv acceptors arnodextouv to proposal, Ta event
otéAvovtal otoug learners yLa va apxioouv va evepyouv (r.x., va
EVNUEPWOOUV TNV KATACTOON TOU CUCTAUATOC)

e Fault tolerant: xpelalopaote 2k+1 servers yia k fault tolerance

QO Q © © wanonal Technical bl ty of Athens
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Google Chubby

Yninpeotia lock

— Emnutpenel oe moANatAoU¢ teAdtecg va potpadovtal eva lock kat va
ouvtovilovtal

A coarse-grained lock service

— Locks are supposed to be held for hours and days, not seconds.
Mropel va amoBnkeUeL Kal ULKPA apxEL
2TOXOC

— Low-rate locking/unlocking

— Low-volume information storage

Mati va XpelalOOLOTE KATL TETOLO;




Yrioboun the Google

Google File System (GFS)
— Distributed file system

Bigtable

— Table-based storage

MapReduce

— Programming paradigm & its execution framework

OAa avta Baoilovtal oto Chubby




Google File System (GFS)

e ‘Eva cluster file system

— ~12 disks per machine

— Replication twv apxeiwv yla avoxn oe ocpaipata
e Ta apyela dtatpouvtal os chunks

— 64MB/chunk

— Katavépovrtal kot avilypddovtol o€ servers
e AUO OVTOTNTEC

— Evac master

— Chunk servers




GFS master

Awatnpetl metadata tou file system
— Namespace
— MAnpodopiec yia access control
— Avtlotouwia filename o chunks
— Tpéxouvoec B€oelg Twv chunks

Avtiypadel ta dedopéva yia fault tolerance

Ertikowvwvel meplodika pe touc chunk servers
— HEow heartbeat pnvupatwv

— [ vat AAPBEL TNV KATAOTOON TOUC KOl VAL OTELAEL EVTOAEC

Ot Chunk servers amokpivovtal o€ read/write atipoto Ko
OTLG EVTOAEC TOU master




BigTable

Table-based storage navw amoé to GFS

KUpLo storage yia moAAd Google services
— Google Analytics
— Google Finance
— Personalized search
— Google Earth & Google Maps
Napexel Evav peyaho Aoyko mivaka otoucg clients

— Ot Aoyikol Ttivakeg dlapouvtal o tablets kol katavepovtal otoug Bigtable
servers.

TpeLc ovtOTNTEC
— Client library
— Evac master
— Tablet servers




BigTable

e Table: rows & columns
— (row, column, timestamp) -> cell contents

e [1.x., web pages kol OXeTIKEC TANPOdOPLEC
— Rows: URLs

— Columns: actual web page, (out-going) links, (incoming) links, etc.
— Versioned: using timestamps

"contents:” "anchor:cnnsi.com" "anchor:my.lock.ca"
|

"com.cnn.www”




MapReduce

e [pOYPOUUATIOTIKO LOVTEAO
— Map: (key, value) = list of (intermediate key, intermediate value)

— Reduce: (intermediate key, list of intermediate values) =2 (output key,
output value)

— OLmpoypappatioteg ypadouv cuvaptnoslc Map & Reduce

e Execution framework

— To Google MapReduce sktelel Ti¢ cuvaptnoslc Map & Reduce og €vav
cluster amo servers

— Evac master
— Workers
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Kowo onueio

e Evac master & mtoAAol workers

e [ati évac master?
— AUTOC 0 oXedlaopoc amAomolel TTOAAQ TipAyOTA
— BaowKa XpNOLUOTIOLELTAL YLO TOV XELPLOUO HETAOESOUEVWV
— Ae xpelaletal va acxoAnBoupe pe Bepata consistency
— XwpAve otn PvRun-> moAv ypryopn mpocBaon
e Mpodavec mpoBAnua: opaiua
— MrmopoUuEe va €XoulEe Evav primary kot backups.
— MrnopouUue va ekKAEEOULE TOV primary




Chubby

e Xpnowuormoleitat yia dtddopouc okomouc (1.x., TNV EKAoyn
Tou master) oto GFS, Bigtable, MapReduce
— MBavol masters mpoomabouv va mapouv eva lock oto Chubby
— O npwtog rov Ba rtapel to lock yivetal master

e Also used for storing small configuration data and access
control lists




e 'Eva chubby cell (a

Opyavwon Chubby

n instance) €xelL ouvnOwc 5 avtiypada

— AM\A kaBe kel e€umnpetel bekadeg xIALadec clients

e Avapeooa ota 5 replicas, ekA€yetal Evac master

— Ormnolodnmnote replica pumopet va yivel master.

— H emnthoyn yivetal pe Paxos.

e O master xelpiletol OAa Ta aLTAMOTO

client ' chubby
applicationi library

5 servers of a Chubby cell

client ' chubby
applicationi library

client processes

________




Alertadn pe tov client

e File system interface

— Ao TNV MAeupa tou TeAdtn eivatl oav va tpoorieAaleLg va file
system.

e Typical name: /Is/foo/wombat/pouch
— Is (lock service) kowo og 6Aa ta ovopata tou Chubby
— foo eival to ovopa tou keAlov Chubby

— /wombat/pouch petadpaletal peoa oto kel Chubby

e [eplexel apyxeia kat dpoakeAouc mou ovopalovtol KoppBot

— Omnotoodnmote kOpBoc punopel va eivat lock yia read/write: reader
(shared) mode & writer (exclusive) mode

— Ta apyeia prmopouv va TtEPLEXOUV KATola cuvtopn mMAnpodopia

— Onwc oe kA B¢ file system, kAOe apxelo cuoyetileTal e KATOLA
metadata onw¢ access control Aloteg




Ertikowvwvia pe tov client

Ot clients (library) otéAvouv unvouata KeepAlive

— MepLodikec xepapieg

— Av to chubby b6gv AdBel timota anod karmnotov client tov Bewpel vekpo
Ot clients eyypadovtol o events.

— M.x., aAAayn TIEPLEXOUEVWV EVOC OpXELOU,
npoodnkn/oAlayn/adaipeon koppou-madov, akupwon lock KA.

Ot clients cache data (file & meta data)

— Av ta cached 6gdopeva nnaAtwoouv, o Chubby master ta akupwvel

O Chubby master oteAvel events n akvpwaoeic cache podl e
ta KeepAlives

— Alaodalilel otL n cache eival consistent




Xpnon locks

e KaBe lock €xeL evav “sequencer” ou gival mepimouv oav
version number
e QOtapplication servers touv d€xovtol EVTOAEC TOEKAPOUV TO

sequencer tou application master pe to chubby yia va eivot
olyoupol otL 6ev €xel aANAEEL KATL.




API

open() & close()
GetContentsAndStat()

— Reads the whole file and meta-data

SetContents()
— Writes to the file

Acquire(), TryAcquire(), Release()

— Acquires and releases a lock associated with the file

GetSequencer(), SetSequencer(), CheckSequencer()




