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2TO TIPONYOUUEVO padnua...

ArtAec SoooAniec (transactions)

|6Lotntec ACID

— Ko kupilwg atomicity kat durability

2elplomotnopotnta (serializability)

‘EAEYXOC TOUTOXPOVLGUOU
— KAewdbwpata (Locking)
— Awataén xpovoodpayidwv (Timestamp ordering)
— Alol660£0c¢ €Aeyyxoc Ttavtoxpoviopou (optimistic concurrency control)

AdLe€odba (deadlocks)




2€ QUTO TO paBnua

Distributed transactions
— Flat

Atomicity o€ distributed transactions
— 'Ynapén coordinator
— [MpwTtokoAAo two-phase commit

Concurrency control o€ distributed transactions
— Tomika o€ KAOe server
— KaBoAwka oto cUVoAo TwvV servers

Distributed Deadlocks




Distributed Transactions

* Transactions rouv nmpoomneAdlouV avTlkeipeva dtaxelpl{opeva
oo TToAAoUC servers
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KaOBe distributed transaction...

e ExeL evav server tou avaAapfavel polo coordinator,
EVW Ol UTTOAOUTOL Servers TToU CUMMETEXOUV OTO
transaction slval ot participants

o [Lati;
— Xpelaletal ouvevvonon HETAEL TwV Sservers yla va
anodacicovv ano kowvol commit ) abort -> atomicity oe
distributed transactions




Coordinator kat Participant

e (O coordinator

— ExteAel to openTransaction otav KaAsital amno tov client
ETILOTPEPOVTOC LOVASLKO avayvwpLoTiko (TID)

* [P tou server + av&ovta aplOud
— Elvaw urtevBuvoc yla to commit ) To abort
— Kataypadel toug servers mou cuppetexouv oto distributed
transaction (participants)
* O participants
— Servers ToOU eKkTeAOUV TOTILKN €TteéEpyacio O€ AVTLKELLEVA TTOU EXOUV
— YnevBuvol yla Ta QVTLIKELEVA TOUG
— 2uvepyalovtal pe coordinator akoAouBwvtag To TPWTOKOAAO
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MNapadelypa

openTransaction
closeTransactio

participant

A e a.withdraw(4);

BranchX

\

b.withdraw(T,

participant
Client B e b.withdraw(3);

T =openTransaction

BranchY
a.withdraw(4);
c.deposit(4); participant
b.withdraw(3);

d.deposit(3);
closeTransaction

C e c.deposit(4);

D e d.deposit(3);
BranchZ
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Note: the coordinator is in one of the servers, e.g. BranchX

6SLab



Atomic commit

* H apyxn tou atomicity
— OAa N tinota
* O coordinator mpoteivel commit
— Av OMot ot participants cupdwvrioouv -> 0AoL commit
— Av €vac dladpwvnoel -> 0ot abort
* MovtéAo chpoApaTwy
— KaBuotEpnon | amwALo LNVULATwyY
— Crash kot avavnyn amno diocko




1-phase commit (1PC)

O coordinator otéAvel oe OAouc Touc participants commit n
abort

Mepuével ack amo oAoug
ZOlVOLOTEAVEL OV XPELOOTEL
TL urtopet va aeL otpafaq;
* Ae doulevel av €vag participant meBavel tpv AdBeL To pAvupa

* Aev EMIPEMEL O€ KATOLOV participant va amodaociost va kavel abort to
transaction (m.y., o€ mepintwon deadlock, amotuyia validation o€
optimistic concurrency control, avavnyn amno crash kAm)




2-phase commit (2PC)

* Mpwtn ¢aon
— O Coordinator cuykevipwvel TI¢ Pridouc Twv participants (commit or
abort)
— T va Pndiocet commit €vag participant mpemnel va e€aocdaiiosl otL Oa
LUItopel va To ekteAEoeL (aKOpa Kal LETA oo crash)
* AnoOrkeuon o€ persistent storage npwv Pnodioet
* Mnaivel og “prepared state”

e AegUtepn daon

— Av oMol oL participants €xouv Yndiloet commit, o coordinator otéAvel
uAvupa multicast yia commit

— Av €o0tw KL €voc participant Yridloe abort n meBave, o coordinator
oTEAVEL puRvupa multicast yua abort
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Transaction states

|

working

|

prepared
(done)
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Aeltoupyiec tou 2PC

canCommit?(trans)-> Yes / No

doCommit(trans) Participant interface
doAbort(trans)

haveCommitted(trans, participant)

getDecision(trans) -> Yes / No Coordinator interface

— Call from participant to coordinator to ask for the decision on a
transaction after it has voted Yes but has still had no reply after some
delay. Used to recover from server crash or delayed messages.




To PWTOKOAAO

* 1" dpaon: Voting phase
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To PWTOKOAAO

* 1" dpaon: Voting phase

Eotw KL €va OXL onpaivel abort L T e p———
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To PWTOKOAAO

e 2" paon: Commit phase

AmootoAn abort av éotw KL €vag YndLoe oxL 0000 s ot ks
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To PWTOKOAAO

e 2" dpaon: commit phase: ack anod 6Aoug
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XELPLOUOC odbaAuaTwyY

e To npwtokoAAo uroBeteL povtelo fail-recover

— 'Omnolo¢ KOBoC amotuXeL Kamola oty Ba avaviyet

* Meta ano avavnyn o kopBoc¢ de pmopet va aAlaéel anodaon

— Av évac koppoc cupdwvnoe o commit Kot PeTA EOavE, Ba PETEL
LETA TNV avavnyPn va eKTeAECEL TO commit

e KaBe koppoc xpnotpornolel eva write-ahead (transaction) log

— Kpoatd to onpeio oto omoio €xel ptaocel 0T0 MPWTOKOANO (KoL O€ TL EXEL
ocuudwWVNOEL)

— Kpotd TIC TIMEC TWV AVTLKELUEVWV WOTE va KAveL commit N abort




Xpnon log: 1" ¢aon

Voting Phase

Coordinator Participant

» Work on transaction

» Write prepare to commit to log « Wait for message from coordinator

« Send prepare to commit message » Receive the prepare message

- Wait for all participants to « When ready, write agree fo
respond commit or abort to the log

» Send agree to commit or abort to
the the coordinator

Epxopaote o€ katavepnuevn cupdwvio: o coordinator pwtd kaBe
participant av 6a kavel commit | abort kot AapBAavel amoavtioeLg

© © © © Nahonal Technical University of Athens

@SLab



Xpnon log: 2" ¢aon

Commit Phase

Coordinator Participant
» Write commit or abort to log » Wait for commit/abort message

 Send commit or abort » Receive commit or abort

« Wait for all participants to * [f a commit was received, write
respond “commit” to the log, release all
locks, update databases.

- If an abort was received, undo all
changes

» Send done message

« Clean up all state. Donel

AvakolvwVeLl o€ OAOUG Tou¢ participants av Ba kdvouv commit i abort Kol
AQLLBAVEL ATTAVTAOELC OTL TO £KOVAV ©/0 OO Netons ok ety f e
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2paApata otnv 1" daon

* [leBaivel o coordinator
— Karmotol participants lowc €xouv armavtnoel, oL UTTOAOLTTOL OEV £XOUV
L6€a
— = o coordinator ekva Eava, eAEyxel To log, PAEMEL OTL NTav o€ €€EALEN
n ddaon voting
— = o coordinator emavekkwel tn ¢paon voting

* [eBaivel €vac participant
— Mpwv ) peta tnv armootoAn tn¢ Yridou otov coordinator
— = Av o coordinator €Aafe Prdo, mEPLUEVEL TOUC UTIOAOLTTOUG Kall
Uroaivel otn 2" daon
— = AMNwwG: NepLugvel tov participant va avavi et KoL va omavtnoel
(e€akoAouBel va tov pwtael)




2palpata otn 2" dpaon

* [eBaivel o coordinator
— Mrnopel va €xeL otalel commit/abort o kdmoloug participants

— = 0 coordinator &ekivad, eAEyxeL to log, evnuepwvel 6AouC yla commit
N abort

* [eBaivel €vacg participant
— Npw A peta ™ AqPn tov commit/abort amnoé tov coordinator
— = o coordinator e€akoAouBeil va. oTEAVEL TNV amodaon otov
participant
— = o participant éekwva@, eAéyxel To log, maipvel Tnv commit/abort ano
Tov coordinator
e Av €xel kAavel 6N commit A abort otéAvel povo ack

* AMWC ente€epyaletol mpwta to commit/abort kot otéAvel ack




KaBuotepnoelig (1)

e O participant €xeL Pndioel ko teptpuevel doCommit n
doAbort amno tov coordinator (uncertain state)

getDecision otov coordinator

Aev pmopel va mapel povocg tou anodaon (ovte va amodecpeVoeL Ta
locks tou)

MepLluevel pexpL va avavnPet n avtikatootabet o coordinator

EvaAAdaktikd: Mrmiopel va evnuepwBeL artd Touc UTTOAOLTTOUC
participants

To MpOBAnUa TopapeVEL av OAoL oL participants Bplokovtal o€
uncertain state

© OO O Natonal Technical u y of Athens
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KaBuotepnoelg (2)

e O participant nteptpevel canCommit (dev €xeL attnua ylo
transaction ywa oA} wpal)
— Timeouts ywa ta locks
— Mnopei va anodacioet abort povoc tou, adou dev €xeL Ynodioel
aKoOpOL
* O coordinator nepLpevel Pripoug

— Mnopei va anodaociosl abort petd ano kamowa wpa




Artoboon tou 2PC

* N canCommit pnvopata
* N QmavtnoELC
* N doCommit ) doAbort unvopata

Apa 3N
Aev ipoopetpape ta haveCommitted




Recovery coordinator

e Kamotloc aAAoc kopBoc pmopet va avaddpfel to poAo tou
coordinator

— MBavov €vag participant tou aviyvevel timeout armno tov coordinator

e O OVTIKATOOTATNG MIPETEL va LaBel To state Tou mpwTtokOAAoU
— Emwkowvwvel pe 0Aouc tou¢ participants yia va paBet tt pridoav
— Av AdBeL anoteA€éopata amod 0Aoug Toug participants
o ZEpel OTL £XeL oOAOKANPpwOEeL n 1" paon
e Av ohol Pridoav commit = otéAvel doCommit
* AN oTtéAvel abort

— Av €0Tw KL €vac participant dev €xeL ndloel
o Zgpel OtL bev €xel oAoKANpwOel n 1" dpadon
* = ZEKLVA TO TIPWTOKOAAO aro TNV apxn

e AMN\Q... av €vac participant meBavel, tote koARoape!

— Avapovn ywa avavnyn 0000 N el

:CSL



TL KOKO £XEL TO 2-phase commit;

* To peyoAutepo npoBAnua: eivan blocking mpwtokoAAo

— Av o coordinator teBavel, ot participants v EEpouv av mpEMeL va

KAvouv commit 1} abort (uncertain state) kal kpatdave To EUMAEKOUEVAL
QVTLKE(pPEVA KAEWOWHEVA

* O recovery coordinator fonbd og KATIOLEG TIEPLTTWOELG

— 'Evac participant tou d&v amokpivetal eniong UITAOKAPEL TN POK) TOU
TIPWTOKOAAOU

* Otav €vac participant Aapet commit/abort, & yvwpilel av
oMol oL @AAolL participants €xouv evnuepwOel yLa 1o
QTMOTEAEC QL




3-phase commit

* 1610 setup omw¢ oto two-phase commit:
— Coordinator & Participants

* ALEUKOAUVEL TN Xprion recovery coordinator

— JT€AveL To amnotéAeopa tng YPndodoplac yia commit/abort og 6Aoug
TOUG participants mplv touc otellel anodoaon

— Emutpénel tnv avavnyn tnc kataotaong av onoloodnmote participant
nebavel

* [lpocBetel timeouts og kABe paon mou odnyouv o€ abort




To PWTOKOAAO

 XwplleLtn 2" daon tou 2PC os dUo pEPN:

2a.

“Precommit” (etowpaoia yia commit)

2TEAVEL uVUpa Prepare og 6Aouc toucg participants otav Adpet vau
aro 6Aouc otnv npwtn paon

Ot Participants pmopouUv va mpogtolpdcouv To commit aAAd OxL va
KAVOUV KATL Ttou &€ pmopel va akupwBet

Ot Participants amavtouv pe ack

YKomoc: Kabe participant E€peL to amotédeopa tng Yndodopiac wote
N Kotdotoon va Urnopel va emaveABeL av eBavel onoloodrmote

2b. “Commit” (onwc¢ oto 2PC)

Av o coordinator AaBet ACKs armo oAoucg
e JTEAVEL upVupa commit oe OAouc Touc participants

AMww¢ Ba oteiheL abort




1" dpaon

Voting phase

* O coordinator otéAvel canCommit? otouc participants & AapBavel
QTIOLVTAOELC

e YKkomoc: Na puabet av oAot cupudwvouv ylo commit

* [!] Av o coordinator € AdBeL amavtnon amno kamnotlov participant (timeout)
N AABEL apvNTLK QITAvVTINON
— 2téAvel abort og 6Aoucg

* [!] Av kamotoc¢ participant kavel timeout mepLpévovtag yla altnua ano tov
coordinator

— Kavel abort tov eauto tou(umobgtel OtL 0 coordinator méBave)

*  AMuwC ouvexileL otn 2" paon

© OO O Natonal Technical u y of Athens
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2" daon

Precommit (or Prepare to commit) phase
e JTEAVEL p)VUMA prepare o€ OAOUC TOUC participants.
— AapBavel OK ano autolg

e JKOTIOC: YVWOTOTIOLEL 0€ OAOUC TOUC participants tnv amodaon
yloo commit

* [!] Av o coordinator kavel timeout: urtoBeteL OTL 0 participant
nedave, oteéAvel abort oe OAoug




3" daon

Commit phase

e JTEAVEL uAVUPA commit o€ OAouG Tou¢ participants ko
AQpPAVEL ATIOVTACELG

* [!] Av €vac participant kavel timeout: eTiKOWWVEL pe
ortolovdnmote aAAov participant kot uloBetel To TpEYOV state
(commit i abort)

* [!] Av o coordinator kavel timeout mepuevovtag: dev melpalel




Avavnyn

e AvrmeBavel o coordinator

— 'Evac recovery coordinator pmopel va paBel tnv kataotaon amno
omolodnmote {wvtavo Koupo

* [BaVEC KATAOTAOELG EVOG participant:
Committed

*  JnMoivel otL 6AoL oL dAAoL participants €xouv AaBet pavupa Prepare to Commit
* Karmolol €xouv KAvelL commit
* = YtéAvel Commit og 6Aoug Toug participants

— Exet AndBet Prepare to Commit

* JnMoivel otL 6AoL ol @AAoL participants €xouv oupdwvnoel oe commit; Karotot
HITOpEL va €xouv KAVEL commit

* JTéAvel Prepare to Commit og 6Aou¢
* [lepLpével yla acks Kol HETA TpOoXwWpPAEL o€ commit
— Aev €xeL AaPeL akopa Prepare

*  InMOiveL OTL Kaveévag Oev EXEL KAVEL commit, KATIOLOL UTTOPEL va £XOUV CUUPWVHROEL

* To transaction pmopei va yivet abort i va Ez—:Kwr]osL &ava TO npwromMo

y of Athens
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Aduvapulec Tou MPWTOKOAAOU

* Mmopei va dnuoupynBouv npoBAnpata oe network
partitioning
— Partition A: ot kopBot €xouv AdBeL unvupa Prepare
* O recovery coordinator yia to A anodacilel commit

— Partition B: oL koot bev €xouv Adpet pavupa Prepare
* O recovery coordinator ywa to B anodaoilel abort

— Kot ot o npatelc eival OWOTEC
* Ouwcg otav emaveABeL to iktuo, To cuotnua o€ Ba eivol CUVETECG
* MpoBAnua otav o coordinator emavepyetal ano crash
— Mpéemnel va avakaAUPeL OTL KATtolog AAAOC €xeL avalaBeL Tov poAo Tou
— AANWWC oL TTIPAELC TOU 0ONYyoUV O€ N GUVETN KOTAOTOON




[pofAnpa

YroB£toupe OTL:
* o coordinator otéAvel prpvupa Prepare og 6Aouc

— 'OMotL otéAvouv ack

— Opwc o coordinator méBave mptv AdBeL 0Aa ta acks
* O recovery coordinator emikowvwVeL e KATolov participant

— JuveXilel pe Tto commit: ZtéAvel Prepare, naipvel ACKs, otélvel Commit
* Tautoxpova EMAVEPXETAL O apXLKOC coordinator

— Avtlidappavetol OtL Tou Asimouv KATIOLEG AMAVTAOELG OTO Prepare

— Kavel timeout va oteilel abort og 6Aoucg

*  Mrnopel kamotlot kop ot va kdvouv commit evw aAAot abort
* O 3PC boulevel kaAa otav ot servers nteBaivouv (fail-stop)

e  OyLouwc OTav Enavepyovtal LeTA amo arotuyla (fail-recover)

© OO O Natonal Technical u y of Athens
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EAgyx0C TAUTOXPOVLOUOU

e KaBe server gival utevBUVOC yla EAEYXO TAUTOXPOVLIOHOU Ot
QVTLKELHEVO TTOU SLaxelpileTol

e Ouservers tou ocuvepyalovtol ywa distributed transactions
elvall amo Kowou umteuBuvol yLa TV eKTEAEOH Touc e serially
equivalent tpomo

e Av éva transaction T mponyeitat tou U otnv npoomneAlaon
QVTLKELLEVWV EVOC server TOTE MPETEL VO TIpoNYELTaL Kol O€
OAouc touc servers Ttou ta T kot U B€Aouv va tpoomieA\doouv
KOO OVTLKELMEVDL




Locking

e O torukog lock manager anodacilel av Ba dwoel eva lock ot
eva transaction ] 6a to adnoEL va TIEPLUEVEL

e Ae pmnopel va anelevBepwoel lock av 6 yvwpllel otL TO
transaction ekave commit 1 abort oe 6Aou¢ Toug
EUTTAEKOLEVOU Servers

— AVTIKELPEVO TIAPAUEVOUV KAEWOWHEVA Kal Un Stabgopa yia dAAa
transactions

* Avetdptnta locks og kaBe server -> dStadpopeTikn dlataén Twv
transactions
— Deadlock




MNapadelypa

Write(A) at X Lock A
Write(B) atyY lock B

Read(B) atyY Wait for U
Read(A) at X Walit for T




Timestamp ordering

Y€ €valV server:

— O coordinator 6ivel povadiko timestamp o€ kaBe transaction otav
Eekva

— serial equivalence -> commit ta versions TwV QVTIKELLEVWV LE TN
oclpa Twv timestamps twv transactions mou ta poomnEAacav

Y& oAAoOUC servers:

— O npwrtoc coordinator mou npoomneAdletal ano Eva transaction divel
KaBoALkA povadiko timestamp

— Otservers cupdwvouv otnv dataén twv timestamps
<local_timestamp, server_id>

— H dwataén Ba LoxLeL akopa KL av ta poAoyLa SV lval CUYXPOVIOUEVAQ,
OLWC KaAUTepa va eival yia Aoyouc efficiency

— Ta conflicts AUvovtal Omw¢ KaL o€ Evav server
O O O O Natonal Tech y of Athens
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Optimistic concurrency control

e JE EvVOV Sserver:
— KaBe transaction yivetal validate mpwv yivet commit
— Alvovtal timestamps ota transactions otnv apxn tng Stadikaciag

validation touc
— Ta transactions oslplomotlouvtal pe Baon ta timestamps

e Ye moAAouc¢ servers
— KabBe server kavel validate ta transactions nou npoomneAdlouvv T

QVTLKE(MEVA TOU
— Tivetat otnv 1" paon tou 2PC npwTtokoAAou




Commitment deadlock

T U
read(A) at X read(B) aty
write(A) write(B)
read(B) atyY read(A) at X
write(B) write(A)

O server X kavel validate mpwtato T evw o server Y to |J

Movo €va transaction pmopei va ekteAel validation kat update
KaBe dopa

Kavevac server ev pmopel va kavel validate to deutepo
transaction av 6&v TEAELWOEL TO TPWTO

OOOO-A 1 Tech 1
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Deadlocks

Resource allocation

— 'Evag mopog A xpnotuoroleitatl amno tn diepyaoia U

() Heldby
O 1 U

A

— Mua diepyaoia U epLUEVEL TOV TTOPO A

ﬂt Waits for

U

A

O ypadoc mou dnuiovpyeitat Acyetal ypadoc Wait-For

©© QO Nehonal Tecmal Uarversy of ke
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MNapadeyua deadlock

Held b { 3' Waits for
’y/ A

T

Walits f()l’\»B Held by

Yriapxet deadlock av kot povo av vnapxet KUKAoG otov ypado
wait-for




Alaxeiplon deadlocks

loxUouv ol i6lec cUVONKEC OTA KATOVEUNUEVO OTIWE OTO KEVTPLKA
cuoTApaTa

AuvokoAOTepO va avixyveuBouv, va amodeuyxBouv kot va tpoAndOouv
2TPATNYLKEC

1. Evtomiouog

— Emutpénel oto deadlock va cupBel, To evtomilel kat to AUVeL kAvovtoag abort kot
ETIOVEKKLVWVTAG KATIOLO o T transactions mou eumAEKovTOL

2. NpoAnyn
— Kavet advvatn tnv vmapén deadlock amavtwvtag og artnuata €101 WOTE VO NV
UTTAPXEL KUKALKN €€dpTnon

3. Aloduyn

—  XxeblAleL TNV KATOVOUN TIOPWV £T0L WOoTe va pn cupBaivel deadlock (o aAyoplBuoc Ba
TPETEL va. EEPEL TToLOL TTOpOL Ba xpnotpomnotlnBouv Kal mote)

© OO O Natonal Technical u y of Athens
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Evtormopoc deadlock

 TLBa pnopovoape va kAvouue otav eviomnioovpe deadlock;
— ZKOTWVOUE UL ) TIEPLOCOTEPEC EUTTAEKOUEVEC HLEPYAOLEC
— AUTO OTtAEL TNV KUKALKN €€apTnON
— Ae Ppaivetal kat ToAU Aoyko!

* Ta transactions opwcg eivol oxedlaopeva va eival abortable
* AmAwc kavou e abort og €va ) teplocotepa transactions

— To cuoTnUO EMAVEPXETAL OTNV KATAOTAON TTOU BpLokoTtayv mpLv tTnv
gévapén Tou transaction
— To transaction pmopet va &éekwvnoet Eava apyotepa

— TOTe n KATAVOLA TWV resources UmopeL va eival SladopeTikr) oTo

oUOTNUQ, OTTOTE TO transaction va MeTUXEL YwpPLC va SnULoupynoet
deadlock




KEVTPLKOC EVIOTILOUOG

e  MIUUELTOL TOV UN KOTOWVEUNEVO aAyOpLlOpOo pe xprion
coordinator

e KaBe koppoc dratnpet tomko Wait-For ypado yia Tig
Slepyaoiec Kol Toug TOPOUG TOU

e ‘Evac kevtpkoc coordinator Statnpel tov kaBoAko Wait-For
ypado tou cuotipatoc (cuvbuaopuoc tomikwv Wait-For
vpadwv)

— Eva pAvupo e to teAeutalio avtiypado tou tomkou wait-for ypadou
oo TEAAETAL A0 £vav KOUPo otov coordinator kaBe popd mou
npootiBetal N adatpeital pia akun (held by wait_for)

— H amootoAn pmopei va yivetal kot meplodika (pe kKivbuvo tov mo apyo
gVToTILOpO evdexopevou deadlock)

O © O O Mahonal Technical U of Athe
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Phantom deadlocks

held by |
e 2JupPBaivouv 2 yeyovota: P S e

1. H Siepyaocia P1 areAsvuBepwvel tov mopo R

waits_for

otov kouBo A
2. H diepyaoia P1 Znta tov mopo T amo tov kouBo B R T

* AUO pnvupOTA ATOOTEAAOVTOL OTOV

coordinator:
— 1 (amo tov A): aneAsudépwoe tov R o o
— 2 (amo tov B): meptuévw tov T
* AvTo punvuua 2 dptaoel mpwTto, o coordinator kataokevalel ypado e
KUKAO -> evtorilel deadlock (tou otnv mpaypatikotnta Sev UTIAPXEL).
AuTto eival éva phantom deadlock

held by
S,

© OO O Natonal Technical u y of Athens
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MNapadeypa phantom deadlock

’ holds S ? ? holds S ? holds S

R T R T R T

No deadlock P.: release(R) P, wait_for(T)

wants
wants
wants

Still no deadlockl




MNapadeypa phantom deadlock

hold. hold. hold
O={-0| =0 |O=0

@ @ L
R T R T R T
No deadlock P,: wait_for(T) P,: release(R)
DEADLOCKI Too Latel

Do Something!

[ We detected deadlock because the coordinator received the messages out of order

- e e e
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KatoveUnUEVOC EVIOTILOUOC

M Slepyaoia pumopel va meplpevel (waits-for) yia moAAoUG
TOPOUC
— Elte Tomikou¢ mopoug
— Elte mopouc ou Bpiokovtal og dtadopeTikouc KOpBoUC

* KaBe dopa movu pla Slepyaoia PETEL VA TIEPLULEVEL YLOL EVOLV
NIOPOo 1ov Bpioketal oe aAAov server KaAeital o aAyopLBpoc
KOTOLVELLNLEVOU EVTOTILOUOU




AAyOpLOUOC KATAVEUNUEVOU EVTOTILOOU

Edge Chasing
e KaBe server €xeL TOTILKO KOULUATL TOU Wait-for ypadou

* Anuwovpyeitat éva pnvupa Probe

— AmnooTtéAAetolL o€ OAeC TIC Slepyaoiec o XpnoLLomnoloUV Tov mopo
TIOU TTEPLUEVOUUE
— To punvupa teplexet 3 process IDs: {blocked ID, my ID, holder ID}

1. H diepyaoia mou mepLUEVEL
2. H dlepyaoia mouv oTEAVEL TO HARvUpa
3. H dtepyaoia apaAnmtng (mov XpnOoLLLOTIOLEL TOV TTOPO)

O © O O Mahonal Technical U of Athe
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AAyOpLOUOC KATAVEUNUEVOU EVTOTILOOU

Kata tnv mapaAafn pnvupatog probe o mapaAnmTng eAEYXEL
av o (6LoC TTEPLUEVEL KATTOLOV TTOPO
— Av val, evnuepwvVel Kol tpowBel to pRvupua: {blocked ID,
my ID, holder ID}

e AvtikaBiotd to myld pe to 81ko tou process ID

* AvtikaBiota to holder ID pe tn dlepyaocia tnv onola epLUEVEL

e JTEAVELTO HAVUMA O€ KABE Slepyaoia mou Tn UAOKAPEL
Av €va LAVU MO ETILOTPEP EL OTOV APYLKO OTTOOTOAEQ, ONUALVEL
OTL UTTAPXEL KUKAOG

— Exoupue deadlock




Mapadelyua

(0,8.0)
4 ) (0.4,6) (0,6,8)
y (00,1) (0,12 "6 8
(0,5,7) :®
- . / . .
machine 0 machine 1 machine 2

H Sdtepyaoia O prmAokapetol amo tnv 1
— ApXKO punvupa ano tn diepyaocia 0 otnv 1: (0,0,1)
— HP1otélvel (0, 1, 2) otnv P2, n P2 otéAvel (0, 2, 3) otnv P3, Kk.0.K.
To unvupua (0,8,0) erttotpepetl otnv PO
— Ynapxel kUkAoG: deadlock




MpoAnyn katavepnuevou deadlock

2xebLlalove to ovotnua €tol wote ta deadlock va
elval douka aduvatov va dnuioupynBouv

Amtoduyn KUKALKwV wait_for

AvoBetoupe povadiko timestamp oe kaBe
transaction

AtaodaliCoupe otL o kaBoAwkoc Wait-For ypadoc
KATELOUVETOL ATIO TLC VEOTEPEC OTLC TIAAALOTEPEC
dlepyaoiec N to aviiotpodo




MpoAnyn katavepnuevou deadlock

Otav pla dtepyacia eival €Tolpn va UITAOKAPEL TIEPLLEVOVTOLC
£VOLV TTOPO TIOU XPNOLUOTIOLELTAL OO ULt AAAN Slepyaoia Tote

— EA€yxeL mola SLepyaoia eivol n moAalotepn (AUt UE TO HKPOTEPO
timestamp)

Ertitpenetal avopovn (wait_for) povo av n ditepyaocia mou Ba
TEPLUEVEL Elval TTaAaLOTEPN

AkoAouBwvTtag Tov ypado ta timestamps mavia avéavouy,
oTtoTE ol KUKAOL elvat aduvartol

EVOAAQKTLKAL: ETILTPETETOL N VooV otav n dlepyaoia mou
Ba repLUEVEL elval N vewTepn (€xeL To peyaAlTtepo timestamp)




AAyopLBuoc wait-die

Mua rtaAla Siepyacia xpetaletol
£VOLV TTOPO TIOU XPNOLUOTIOLEL pLaL
veotepn Slepyaocia

— H maAlotepn Siepyaoia mepLUEVEL

Mua veotepn Stepyaoia xpeltaletol
£VOLV TTOPO TIOU XPNOLUOTIOLEL pLaL
naAlotepn dlepyaoia

— H veodtepn dlepyaoia auTOKTOVEL

wants holds
resource resource

old

process
15=123

young
process
TS=311

waits
wants holds
resource resource

old
process

young
process
TS=311




Avakedalailwon

Distributed transactions
— Flat

Atomicity o€ distributed transactions
— 1-phase commit
— 2-phase commit
— 3-phase commit

Concurrency control o€ distributed transactions

— Tomuka o KaBe server

— KoBoAwkd oto cUVOAO TWV servers

Distributed Deadlocks

— Detection
— Prevention




