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2TO IPONYOUEVO pabnua...

ArtAec boooAniec (transactions)

|6totntec ACID

— Kat kupiwc atomicity kat durability

2elplomtotnopotnta (serializability)

‘EAEYXOC TOUTOXPOVLOUOU
— KAewdbwpata (Locking)
— Awataén xpovoodpayidwv (Timestamp ordering)
— Alol660€0c¢ €Aeyyoc Tautoxpoviopou (optimistic concurrency control)

AdLe€oda (deadlocks)




2€ 0UTO TO pabnua

Distributed transactions
— Flat
— Nested

Atomicity o€ distributed transactions
— Yniapén coordinator
— MpwtokoAAo two-phase commit

Concurrency control o€ distributed transactions
— Tomuka og KAOe server
— KaBoAwkd oto oUvoAo TwvV servers

Distributed Deadlocks




Distributed Transactions

e Transactions mou npoomeAalouv avTtikeipeva dtaxelpl{opeva
arto toAAoUC servers
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Mapadelypa

Client

T =openTransaction
openSubTransaction
a.withdraw(10);

openSubTransaction
b.withdraw(20);

openSubTransaction
c.deposit(10);

openSubTransaction
d.deposit(20);

closeTransaction

T
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T, _'eA a.withdraw(10)
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T, ’E )B b.withdraw(20)
Z

T3 '_’e C c-deposit(10)

T ’9 D d.deposit(20)




KaOBe distributed transaction...

e ExeL €vav server tou avaAappavel polo coordinator,
EVW Ol UTTOAOUTOL servers TToU CUMMETEXOUV OTO
transaction eival ot participants

o [Lati;

— Xpelaletal ouvevwonon HETAEL TwV servers yla vo
anodaciocouv ano kowvol commit ) abort -> atomicity oe

distributed transactions




Coordinator kat Participant

e (O coordinator

— EkteAei to openTransaction otav kaAeital amo tov client
enioTpEdovVTaC LovadLKo avoyvwpLlotiko (TID)

e |P tou server + avfovta aplOuo
— Eilvat umevBuvoc ya to commit 1} to abort
— Kataypadel toug servers mou cuppetexouv oto distributed
transaction (participants)
O participants
— Servers ToOU eKTEAOUV TOTILKN €TteéEpyacia O€ AVTLKELEVA TTOU EXOUV
— YmnevBuvol yla Ta QVTLKELLEVA TOUC
— 2uvepyalovtol pe coordinator akoAouBwvtag To TIPWTOKOAAO
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Mapadelypa

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); ane
c.deposit(4); participant
b.withdraw(3);

C e c.deposit(4);

D e d.deposit(3);
BranchZ
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d.deposit(3);
closeTransaction

Note: the coordinator is in one of the servers, e.g. BranchX




Atomic commit

 H apyxn tou atomicity
— OAa N tinota
e O coordinator mpoteivel commit
— Av OAot ol participants cupudpwvrioouv -> 6AoL commit
— Av €vac dladpwvnoel -> 0ot abort
e MovtéAo ocpoApATWY
— KaBuotEpnon N amwALol VU LATWVY
— Crash kat avavnyn amno dioko




1-phase commit (1PC)

O coordinator otéAvel og OAouc touc participants commit n)
abort

MepLlpgevel ack amod oAoug
ZOlVOOTEAVEL OV XPELOOTEL
TL urtopet va taeL otpafa;
* At douleleL av vag participant meBavel tpv AdBeL To uvupa

* Aev ETLTPETEL O€ KATOLOV participant va amodaociost va kavel abort to
transaction (m.x., o€ mepimtwon deadlock, amotuyia validation o€
optimistic concurrency control, avavnyn armno crash kAn)




2-phase commit (2PC)

e [pwtn ¢aon
— 0O Coordinator cuykevtpwvel TIc Pridouc Twv participants (commit or
abort)

— T va ndloet commit €vag participant mpemnel va e€aodaliosl otL Ba
LUTTOPEL VOl TO EKTEAECEL (OKOMA KAl LETA aTto crash)
* AmoOnkeuon oe persistent storage nipwv Pnoioel
* Mnaivel og “prepared state”

e AtgUtepn daon
— Av oMol oL participants €xouv Pndiost commit, o coordinator oteAvel
uAvupa multicast yia commit

— Av €0tw KL €voc participant YPridLoe abort R meBave, o coordinator
oTeAveL puvupa multicast yia abort




Transaction states

|

working

prepared
(done)




A\eltoupyiec 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 TPWTOKOAAO

e 1" dpaon: Voting phase




To TPWTOKOAAO

e 1" dpaon: Voting phase

Eotw KL €va OXL onuoivel abort




To TPWTOKOAAO

e 2" dpaon: Commit phase

AmtootoAn abort av éotw KL €évag PridLoe oxL




To TPWTOKOAAO

e 2" daon: commit phase: ack amno 6Aouc




XELPLOUOC 0hAAUATWY

e To npwTtoOkoAAo urtoBETeL povteAo fail-recover

— Omnoloc kKopBoc amotuxel karmotla otypn Ba avaviyet

e Meta ano avavnyn o kopBoc de pmopet va aAlaéel anodaon

— Av €voc KOpPoc oupudpwvnos oe commit Kat pLeta EBave, Oa pEmeL
LETA TNV avavnyn va ekteAEcel To commit

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

— Kpoatd to onpeio oto omoio €xel ptaoel 0To MPWTOKOAAO (KoL O€ TL EXEL
ouudwWVNOEL)

— Kpotd TIC TIMEC TWV AVTLKELMEVWVY WOTE va KAveL commit 1} abort




Xpnon log: 1" daon

Voting Phase

Coordinator Participant

» Work on transaction

» Write prepare to commit to log » Wait for message from coordinator
« Send prepare to commit message M, Receive the prepare message

« Wait for all participants to
respond commit or abort to the log

"+ Send agree to commit or abort to
the the coordinator

Epxopaote o€ KatavenUEVN cupdwvia: o coordinator pwtd KaBe
participant av Ba kavel commit rj abort kat AapBavel anavinoeLg

QG OO uahonal echma
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Xpnon log: 2" daon

Commit Phase

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

« Send commit or abort » Recelve commit or abort

- Wait for all participants to « If a commit was received, write i
respond “commit” to the log, release all
locks, update databases.

« |f an abort was received, undo all
changes

"« Send done message

» Clean up all state. Donel

AvakolvwVel o€ OAoUG Tou¢ participants av Ba kavouv commit i abort KoL
AQLLBAVEL ATTAVTHOELC OTL TO £KOVAV AT S




2paApata otnv 1" daon

e [eBaivel o coordinator
— Karmotot participants low¢ €xouv amavtnioel, ot urtoAowrtot dev €xouv
L6€al
— = o coordinator &ekwva Eava, eAEyxeL to log, BAEMEL OTL ATAV O€ €EEALEN
n ¢aon voting
— = o coordinator emavekKvel tn ¢paon voting

e [eBaivel Evac participant
— Mpwv N peta tnv anootoAn tn¢ Yndou otov coordinator
— = Av o coordinator €Aafe Prdo, MEPLUEVEL TOUC UTIOAOLTTOUG Kall
uroivel otn 2" dpaon
— = AMNwwG: MNepLpgvel tov participant va avavi et KoL va omavtnoel
(e€akoAouBel va tov pwtael)




2paApata otn 2" daon

e [eBaivel o coordinator
— Mrnopet va €xeL otadel commit/abort og kAmolou¢ participants

— = O coordinator &ekwva, eAeyxeL To log, evnuepwVveL OAouc yla commit
N abort

e [eBaivel €vac participant
— Npwv A peta tn AP n touv commit/abort ano tov coordinator
— = o coordinator e€akoAouBel vat 0TEAVEL TNV amodacon oTov
participant
— = o participant &ekwa, eAeyxel To log, maipvel tnv commit/abort amno
Tov coordinator
e Av €xeL kAvel NON commit | abort ot€Avel povo ack

o AN ene€epyaletal mpwta To commit/abort kat otéAvel ack




KaBuoteproeic (1)

e O participant €xeL ndloel kot tepipevel doCommit n
doAbort amo tov coordinator (uncertain state)

getDecision otov coordinator

Aev pmopel va apeL povog tou amnodoaon (ovte va anodecpeVoeL Ta
locks tou)

Mepluével pexpl va avavnPel  aviikataotabel o coordinator

EvaAlokTikd: Mrmopel va evnuepwBel armod toug utOAOLTToUG
participants

To mpOPAnua TopaUEVEL av OAoL oL participants Bplokovtal o€
uncertain state




KaBuoteproeic (2)

e O participant nepiuevel canCommit (6ev €xeL aitnua yLa
transaction yLo ToAAR wpa)
— Timeouts yla ta locks
— Mmnopei va anodaociosl abort povog tou, adou dev €xel Pnodioel
aKopo
e O coordinator ntepLpevel Prdouc

— Mmnopei va anodaociosl abort petd amod kamoLo wpa




Artoboon tou 2PC

e N canCommit punvopata
e N amavtnoELC
e N doCommit  doAbort pnvopuata

Apa 3N
Aev poopetpape ta haveCommitted




Recovery coordinator

e Kamotoc aAAoc kopBoc pnopet va avaAdpfel to poAo tou
coordinator

— MBavov €vac participant mou aviyvevel timeout armo tov coordinator

e O OVTIKATOOTATNCG TIPETEL va LaBel to state Tou mpwTtokOAAOU
— Emwkowvwvel pe 0Aoug touc participants ywa va paBet tt Pridoav

— Av AdBeL amoteAéopata amnd 6Aouc Touc participants
o ZEpel OTL £XeL oOAOKANPwWOel n 1" paon
e Av oloL PndLoav commit = otéAvel doCommit
e AMWWC oTEAVEL abort
— Av £0Tw KL €vac participant dev €xeL Pndloel
o Z€peL OTL dev €xeL oAokAnpwOei n 1" pdon
* = ZgKWVA TO IPWTOKOAAO arod tnv apxn

e AM\Q... av €voc participant meBavel, tote KoMr']oauel
— Avapovn yla avavnn L L r———

6SLab



TL KOKO £XEL TO 2-phase commit;

e To peyoAvtepo npoBAnpa: eivan blocking mpwtokoAAo

— Av o coordinator meBavel, ot participants dev EEpouv av MpETMEL va

Kavouv commit 1] abort (uncertain state) kat kpatave To EUNTAEKOUEVAL
QVTIKELPHEVA KAELWOWHEVA

e O recovery coordinator BonBad o€ KATOLEG TIEPLTTWOELC

— ‘Evac participant mou dev amokpivetal emiong UWITAOKAPEL TN POK TOU
TIPWTOKOAAOU

e Otav €vac participant Aapet commit/abort, & yvwpilet av
oMol oL dAAol participants €xouv evnuepwOBEeL yLa To
QATMOTEAECUOL




3-phase commit

e ‘1610 setup onwc oto two-phase commit:

— Coordinator & Participants

e ALeUKOAUVEL TN xprion recovery coordinator

— Ztélvel to anotédeopa tnc Yndodopiac ytoa commit/abort oe 6GAoug
TOUuC participants mpLv Toug oteilel anodaon

— EmurpeneLtnv avavnyn tnc Kataotaong av onoloocdNmoTe participant
nedavel

e [pooBetel timeouts og kaBe paon mov odnyouvv os abort




To TPWTOKOAAO

e XwpileLtn 2" paon tov 2PC og duo pEPN:

2a.

“Precommit” (etolpaoia yia commit)

2TteAVeL puRvupa Prepare og 0OAouc touc participants otav AaBel vau
aro OAouc otnv Npwtn ¢aon

Ot Participants pumopouUv va PoETOLUACOUV TO commit aAAd OXL va
KAVOUV KATL Ttou &€ pmopel va akupwBel

Ot Participants amoavtouv pe ack

2 koTtoG: KaBe participant €€pel to amotéAeoua tne Yndodopiac wote
N Kotaotaon va pnopel va emtaveABeL av eBavel onoloodnmote

2b. “Commit” (6nwc¢ oto 2PC)

— Av o coordinator AaBet ACKs armo 6Aou¢

— AMw¢ Ba otelleL abort

e JTEAVEL uVUHO commit og OAouc Tou¢ participants




1" daon

Voting phase

e O coordinator otéAvel canCommit? otouc participants & AapBavel
OUTIOLVTI OELG

e JKomoc: Na paBetL av oot cupudpwvouv ylio commit

 [!] Av o coordinator 6g AdBeL amavtnon amno kamnotlov participant (timeout)
N AABEeL apvnTLKA amavnon
— 2Xt€Avel abort og 6Aouc

e [!] Av kamotoc¢ participant kavel timeout repLpEvovtog yla altnpo amno tov
coordinator

— Kavel abort tov eauto tou(umoBetel otL o coordinator meBave)

e AMWWC ouveXileL otn 2" paon




2" daon

Precommit (or Prepare to commit) phase
e JTEAVEL HVUMA prepare o€ OAOUC TOUC participants.
— NAapBavel OK amo avtoug

e JKOTIOG: YVWOTOTIOLEL 0€ OAOUC TOUC participants tnv anogdaon
ylo commit

e [!] Av o coordinator kavel timeout: urtoBeteL OTL 0 participant
neBave, oteAvel abort oe 6Aoug




3" daon

Commit phase

e JTEAVEL pVUHA commit og OAouC Touc participants kal
AapBAVEL ATIOVTAOELG

e [!] Av €vac participant kavel timeout: emikowvwvel pe
ortolovdnmote dAAov participant kal uloBeTeL To TpEYOV state
(commit i abort)

e [!] Av o coordinator kavel timeout mepLpévovtac: dev melpalsl




Avavnun

e AvrneBavel o coordinator

— 'Evac recovery coordinator pmopel va paBel tnv Katdotaon amno
orntotodnmnote {wvtavo KouPo

e [IBavEC KATAOTAOELG EVOC participant:
— Committed

e JnMoivel 0TL 6AoL oL @AAoL participants €xouv AaBet pavupa Prepare to Commit
e Karmotol €xouv KAvel commit
e = YtéAvel Commit o€ OAoug Toug participants

— Exet AndBel Prepare to Commit

e JnMoivel 0TL 6AoL oL dAAoL participants €xouv ocupdwvnoel oe commit; Karmotot
LUTTopEL va £Xouv KAVEL commit

e JTtéAvel Prepare to Commit og 6Aoug
e [leplpével yla acks Kol HETA IpOXWPAEL o€ commit
— Aev €xeL AaPeL akopa Prepare

e JnMOLVEL OTL KaVEVAC OEV EXEL KAVEL coOmmMit, KATIOLOL UTTOPEL va £XOUV CUUPWVHROEL

e To transaction pmopei va yivet abort i va Eekivoet Eava To TIPWTOKOAAO
© Q © © Wahonal Technical U ty of Athens
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AdUVAULEC TOU TTPWTOKOAAOU

* Mnmopei va dnuoupynBouv npoPAnpata os network
partitioning
— Partition A: ot kopBot €xouv AaBeL puvupa Prepare
e O recovery coordinator yia to A anodacilel commit

— Partition B: oL koppot ev €xouv AaBel puvupa Prepare
e O recovery coordinator yia to B anodaciletl abort

— Kot ot Vo npatelc eivoll CWOTEC
e Ouwc otav emaveNBelL to diktuo, To cuotnua &€ Ba elval CUVETEC
e MpoBAnua otav o coordinator emavepyetal ano crash
— Mpéenetva avakaAUPel 0tL KAmolog AAAOC Exel avaldBeL Tov poAo Tou
— AMNWWC oL TtpageLc Tou odnyoUlV O€ N CUVETTA KOTAOTOON




[MpoBAnua

YroBEtoupe OtL:
e o coordinator otéAvel unvupa Prepare og 6Aoug

— ‘OMot otéAvouv ack

— Opwc o coordinator meBave mpv AdPel OAa ta acks
e O recovery coordinator emwkowvwvel pe karmolov participant

— Juvexilel pe To commit: 2téAvel Prepare, maipvel ACKs, otéAvel Commit
e  Tautoxpova ETMOVEPXETOL O APXLKOC coordinator

— Avtlhappavetal OtL Tou AElmouV KATIOLEC amavTtAOELS oTo Prepare

— Kavel timeout va oteilel abort og 6Aoug

e Mrmopel kamotlot kopPot va kavouv commit evw aAAot abort
e O 3PC doulevel kaAa otav ot servers nteBaivouv (fail-stop)

e Oyl OuWC OTOV EMOVEPYOVTAL UETA oo artotuyila (fail-recover)




2-phase commit ywa nested transactions

‘Eva subtransaction amodoaocilel aveédptnta ya provisional
commit ; abort

— Timota 6e ypadetal oto Sioko akoua

Meta tnv oAokAnpwon OAwv twv subtansactions 60ec €xouv
KAveL provisional commit &ekivouv 2PC




/\ELTOVPYLEC

T11 abort (at M)

/ wlt (at X)
T provisional commit (at N)

12

— T,, Pprovisional commit (at N)

aborted (at Y)

T22 provisional commit (at P)

openTransactionywa T

openSubTransaction yLot UTTOAOLTTEC

closeTransaction ] abortTransaction

Av o matépac evoc subtransaction kavel abort, yivetat abort kalt to L6Lo

Aev LoxVeL To avtiotpodo




2PC yia nested transactions

T, abort (at M)

/T1 @mmit (at X)
T T,, provisional commit (at N)
\ —T,, Provisional commit (at N)

T, =——aborted (at Y)
T,, provisional commit (at P)

Coordinator of Child Participant Provisional Abort list
transaction transactions commit list

T T1, T2 yes T1, T12 T11, T2
T1 T11, T12 yes T1, T12 T11

T2 T21, T22 no (aborted) T2

T11 no (aborted) T11

T12, T21 T12 but not T21*  To1, T2

T22 no (parent aborted) T22

QQOQ

*T 21’s parent has aborted OC@ SLa



lepapxkd 2PC tpwTtOKOAAO

O coordinator tou top-level transaction otéAvel canCommit?
otouc coordinators Twv subtransactions rouv givat rtoidLad Tou

Autd oteAvouv canCommit? ota S1kA Touc madLd

KaBe participant cUAAEYEL AMAVTACELC ATTO TOUG OTTOYOVOUC
TOU TIPLV OTEIAEL ATIAVTNON OTOV TTATEPQ TOU.

H 2" daon ival idla pe tnv mepimtwaon tou amAov transaction




Flat 2PC mtpwTtokoAAo

e O coordinator tou top-level transaction otéAvel canCommit?
otouc coordinators OAwv Twv subtransactions

e KaBe participant pe provisional commits eA€yxeL 0TL Hev €XeL
TIPOYOVOUC TIOU €XOUV KAveL abort

— MpolmoBetel 6tL To canCommit Ba eplhapBavel Alota amno aborted
subtransactions

— Kavetl abort av €xeL kavel to idlo kAmoLog Poyovoc

— Wnoilel val oto commit

e H 2" dadon eival ibla pe tnv mepintwon tov armAou transaction




EAEyX0C TAUTOXPOVLOUOU

e KaBe server givat utevBuUvVOC yla EAeyX0 TAUTOXPOVLIOHOU Ot
QVTLKELpEVA TTOU SLaxelpiletol

e QOuservers mou ouvepyalovtal ywa distributed transactions
elvall Ao Kowou utteUBuvol yLa TV eKTEAEOH Touc UE serially
equivalent tpomo

e Av éva transaction T tponyeitatl tou U otnv npoomneAaon
QVTLKELLEVWV EVOC server TOTE MPETEL Vo TIpoNYELTaL Kol O€
OAouc touc servers 1tou ta. T kat U B€Aouv va tpooTieAdoouv
KOLWVQ OVTLKELEVDL




Locking

e O torukoc lock manager anmodaocilel av Ba dwoel eva lock oe
gva transaction ] 6o to adnoeL va TIEPLUEVEL

e Ae pumnopei va anedevBepwoel lock av &g yvwpilel otL TO
transaction €kave commit r} abort og 0Aouc toug
£ UTTAEKOLEVOU Servers

— AvTKelpeva TapapEVoUV KAEWOWHEVA Kal pun dtabgotpa yior dAA
transactions

e Avetdaptnta locks og kdBe server -> dStadpopeTik dlatagn Twv
transactions
— Deadlock




Mapadelypa

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

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




Timestamp ordering

Y€ €ValV server:

— O coordinator &ivel povadiko timestamp o kaBe transaction otav
Eekva

— serial equivalence -> commit ta versions Twv QVTIKELLEVWYV HE TN
OELpA TWV timestamps Twv transactions mou ta mpoomeAacayv

Y& oAAoUC servers:

— O npwto¢ coordinator ou npooTeAaletol amno va transaction Sivel
KaBoALKA povadiko timestamp

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

— H éuataén Ba LoxVel akopa KL av ta poAoyLa SV lval CUYXPOVIOUEVAQ,
OUWC KaAUuTepa va eival yia Aoyouc efficiency

— Ta conflicts AUvovtal OTw¢ Kal o€ Evav server
QO Q © © wanonal Technical bl ty of Athens
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Optimistic concurrency control

e e €vav server:
— KaBe transaction yivetau validate mtptv yivet commit
— Alvovtal timestamps ota transactions otnv apyxn tng dtadikaoiag

validation toucg
— Ta transactions oslplomotlouvtal pe faon ta timestamps

e Ye moAAOUC servers
— KaBe server kavel validate ta transactions mou npoomneAalouv T

QVTIKELWEVA TOU
— Tivetat otnv 1" paon tov 2PC mpwTtokOAAou




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)

e O server X kavel validate mpwtato T evw o server Y to UJ

e Movo €va transaction pnopei va ektelet validation kat update
KaBe dopa

e Kavevac server dev pumopet va kavel validate to 6evtepo
transaction av 6&v TEAELWOEL TO MPWTO

QG OO uahonal echma

:CSL



Deadlocks

e Resource allocation

— 'Evacg mopocg A xpnotpornoleitat arno tn dtepyaoia U

() Heldby
W) — U

A

— Mua dlepyaoia U epLuével Tov mopo A

() Waits for
W) U
A

e O ypadoc mou dnuiovupyeitat Acyetol ypadoc Wait-For




MNapadeypa deadlock

Held b {9' Walits for
’y/ A

T

Waits fC&»B Held by

Yriapxet deadlock av kot povo av umapyel KUKAOC otov ypado
wait-for




Alaxeiplon deadlocks

loxUouv ot 1bLlec cUVONKEC OTA KATOVELNMUEVO OTTIWCE OTO KEVTPLKAL
cuothpoTa

AvokoAotepo va avixveuBouv, va amodeuxBouv kot va tpoAndOouv
2TPATNYLKEC

1. Evtomiopog

— Erutpénel oto deadlock va cupBel, To evtomilel kat to AUVeL kavovtag abort kot
ETAVEKKLVWVTOC KATIOLO amtd Ta transactions mou eumAEKovTal

2. NpoAnyYn
— Kavet aduvartn tnv umapén deadlock amaviwvtog og athpata £T0L WOTE VO LNV
UTTAPXEL KUKALKA €€ApTnON
3. Amoduyn

— XxedlaleL TNV KATAVOUN TIOPWV £T0L WOTE va pn cupBaivel deadlock (o adyoplBuocg Ba
TPETEL va EEPEL TToLoL TTOpOL Ba xpnotpomnoltnbouv kot mote)




Evtorniopoc deadlock

e TLBa pnopovoape va kavou e otav evionioovpue deadlock;
— 2JKOTWVOUE ULOL ) TIEPLOCOTEPEC EUTIAEKOLEVEC SLlepyaoieC
— AUTO oTAEeL TNV KUKALKN €€dptnon
— A& daivetal kot TToAU AOYLKO!

e Ta transactions opwc eival oxedlaopeva va eival abortable

e AmAwc kavoupe abort og Eva ) teplocotepa transactions

— To ocvuoTnua EMAVEPXETAL OTNV KATAOTAON TIOU BpLokoTtay mpLv tnv
gévapén Tou transaction
— To transaction pmopet va Eekwvnoet Eava apyotepa

— ToOte n KATAVOUL TWV resources Umopel va eivatl StadopeTikn oto

oUOoTNUO, OTIOTE TO transaction va eTUXEL XwpPLc va dSnuLoupynoet
deadlock




KEVTPLKOC EVTOTILOLLOC

e Miuueitol ToV PN KOTOVEUNEVO aAyopLlOpo pe xpron
coordinator

e KaBe koppoc dratnpet torkd Wait-For ypado yia Tig
Slepyaoiec Kal Toug TOPOUC TOU

e Evac kevtpikoc coordinator dSiatnpel tov kaBoAwko Wait-For
ypado tou cuvotiuatoc (cuvdéuaouoc torikwv Wait-For
vpadwv)

— Eva pAavupa e to teAevutaio aviiypodo tou tornikoU wait-for ypadou
atooTEAAETAL ATtO €vav KOUPo otov coordinator kaBe dopa ou
npootiBetal N adatpeitat pa akpn (held by i wait_for)

— H amootoAn pmopet va yivetal kot teplodika (pHe kivbuvo tov 1o apyo
eVTOTILOUO evdexopevou deadlock)
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Phantom deadlocks

held_by
JupBaivouv 2 yeyovorta: i P, S
. H élepyaoia P1 aneAevfepwvel tov mopo R o e
otov kouBo A g
. H diepyaoia P1 {nta tov nopo T amo tov kouBo B R
Avo pnvupota anoocteAAovTal oTov
coordinator: g o

— 1 (amo tov A): aneAsvBepwoe tov R

o .
— 2 (amo tov B): mepiuévw tov T

Av To pAvupa 2 ¢taoeLl mpwto, o coordinator KATAOKEVALEL YPOLPO LUE
KUKAO -> evtorilel deadlock (rmou otnv npaypatikotnta Sev UTIAPYXEL).
AvuTo eival eva phantom deadlock




Mapadeypa phantom deadlock

, holds S , ? holds S ? holds

R T R T R

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

wanits
wants
wanits

Still no deadlockl




Mapadeypa phantom deadlock

, holds S , holds S , holds S

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

Do Something!

R

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

:@¢SLab &t




KatoveunUEVOC EVIOTILOOG

e Mua dlepyaoia pmopei va riepLpevel (waits-for) yia toAAoUC
TTOPOUC
— Elte Tomkou ¢ mopou¢
— Elte mopouc nov Bpilokovtal o€ StadpopeTIKOUC KOUPBOUC

e KaBe dopad mou pia dlepyaoia PETMEL va TIEPLUEVEL YLOL EVOLV
TIOPO 1oV Bpioketal oe AAAov server KaAeital o aAyopLOpoc
KOTOLVELLNLEVOU EVTOTILOUOU




AAyOpLOLOC KATOVEUNUEVOU EVTOTILGOU

Edge Chasing
e KaBe server €xeL TOTILKO KOULUATL TOU Wait-for ypadou
e Anuloupyeital Eva pqvupa Probe

— AmnooteNAeTolL o€ OAEG TIC Hlepyaoiec OV XPNOLLOTIOLOUV TOV TTOPO
TIOU TIEPLUEVOUE
— To pRvupa nteplexel 3 process IDs: {blocked ID, my ID, holder ID}

1. H ditepyaoia mou mepLpevel
2. H dlepyaoia mou oTEAVEL TO pvuUpa
3. H dtepyaoia napaAnmtng (mov XpnOLLLOTIOLEL TOV TIOPO)




AAyOpLOLOC KATOVEUNUEVOU EVTOTILGOU

e Katad tnv napalafni pnvopotoc probe o mopaAnmTng eAEYXEL
av o (6lo¢ TTEPLUEVEL KATTOLOV TTOPO
— Av val, evnuepwvel Kol ipowBel to puavupa: {blocked ID,
my ID, holder ID}

e AvtwkaBiotd to myld pe to d1ko tou process ID
e AvtwkaBiota to holder ID pe tn Slepyacio tnv omola MEPLUEVEL
e JTEAVELTO HAVUMA o€ KABe Slepyacia Tou TN UIMAOKAPEL
e Av Eva UAVUUA ETILOTPEYPEL OTOV OPXLKO ATTOOTOAEQ, ONMaivEL
OTL UTTAPXEL KUKAOG

— Exoupue deadlock




Napadetypo

(0,8.0)
g A (0,4.6) oy
y (00,1 (0,12 i 3
0 ~_ 023 ©O—®
(0,5,7) ;®
- . _/ _ |
machine 0 machine 1 machine 2

H Sditepyaoia O prmAokapetat oo tnv 1
— ApXLKO unvupa ano tn dtepyaocio 0 otnv 1: (0,0,1)
— HP1otéAvel (0, 1, 2) otnv P2, n P2 otéAvel (0, 2, 3) otnv P3, K.0.K.
To pavupua (0,8,0) erttotpepetl otnv PO
— Yndpxel KUKAOG: deadlock




MpoAnyn katavepnuevou deadlock

2yxeblalov e To ovotnua £tol wote ta deadlock va
elval dSopka aduvatov va dnuioupynBbouv

Antoduyn KUKALKwY wait_for

AvoBetoupe povadiko timestamp og kaBe
transaction

AtaodaliiCoupe otL o kKaBoAkoc Wait-For ypadog
KATELOUVETOL ATIO TLC VEOTEPEC OTLC TIAAALOTEPEC
dlepyaoiec N to aviiotpodo




MpoAnyn katavepnuevou deadlock

Otav pla Stepyaoio eival £Tolpun va PITAOKAPEL TLEPLULEVOVTOLC
£VOLV TTOPO TIOU XpNOoLUOTIoLELTaL oo (Lot AAAN Slepyaocia TOte

— EAg€yxeLnola dLepyacia eival n maAatotepn (AUt HE TO HUIKPOTEPO
timestamp)

Ertitpenetal avapovn (wait_for) povo av n dtepyaoia ov Ba
TEPLUEVEL Elval TTaAaLoTepPN

AkoAouBwvTtac tov ypado ta timestamps avta avéavouy,
OTtoTE ol KUKAOL elvat aduvartol

EVOAAQKTLKAL: ETILTPETETOL N VooV otav n dlepyaoia mou
Oa repLpEveL eival N vewtepn (€xeL To peyoAutepo timestamp)




AAyoplOuoc wait-die

Mua rtaALla Sepyaoia ypetaletal
£VOLV TTOPO TIOU XPNOLUOTIOLEL pLaL
veotepn Slepyaoia

— H naAlotepn Stepyaoia mepLUEVEL

Mua veotepn Stepyaoia xpeltaletol
£VOLV TTOPO TIOU XPNOLUOTIOLEL pLaL
noAlotepn diepyaoia

— H veotepn dlepyaoiao auToKToVEL

wants holds
resource resource

old
process
TS=123

young
process
TS=311

waits
wants holds
resource resource

old
process

young
process
TS=311




Avakedoalaiwon

Distributed transactions
— Flat
— Nested

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

Concurrency control o€ distributed transactions

— Torukd o€ KA B¢ server
— KaBoAkd oto ocUvoAo TwV servers

Distributed Deadlocks

— Detection
— Prevention




