X

[eplexopeva

» KAsibwpata — 2 Phase Locking
» ITog yivetan otnv tpaén?
« AG1E€00a



R,

[wC EAEYXOUHE OELPIOTTOINCIHOTNTA
otnv mpaé&n?

» H oeipromomoiuotnta oypewyv eivat oAv akpifn yia va
eheyy0Oet, oUTmwE 1 AAWC...

» O1 aAyOp10u01 Y1a TOV EAEYYO GEIPIOTTONOIUOTNTAC
OUYKPOVOEWV TTAIPVOLV N2[evioTe ka1 kaAvtepa] yia n
00COANWIEC.

» MOVO 710U 0 EAeyY0C AUTOC YIVETAL APOV (PTIAYTEL TO
XPOVOTTPOYPALLLA, T)TOL YIVETAL ALYO apyda ...

» I'U auTo kot €yovue avanmtuEel on-line TpWTOKOAAQ
EAEYYOV TOV TAVTOYPOVIOUOV TV OOCOANPLWV.



I,

KAedwpata Kat mpwTOKOAAA

» IIpWTOKOAAO KASIOMUATOC elval Eva
OUYKEKPIUEVO £100C TPWTOKOAAWV, TTOV
OLAOPAAICOVV TNV GEIPLOTOUNCIUOTNTA HIAG
oelpac evepyeiwv 1ov DBMS, ot faon kavovwv
yla TO TL Uiopel[n oev umopet] va mpoomeAdoel
L O0COANPIAL.

- H Baowkn evvola yopw aso tnv omola
OPYAVOVETAL EVA TETOL0 TIPWTOKOAAO, EIVALT)

EVVOLQ TOV «KAEIOMUATOG» (1) «KAEIO10U» N
«KAe1oaplag» ...)

2mv ayyhikn lock[eviote, xat key .



KAsldwpa

EMP
- KAeiOmpua etvan pa ID |Name
HetapAnth 7oy Read@T1 |12 |xx |4
oyetidetal ue eva _ Vi
otoedec Sedopugvo  Written@T2 |13 | YY @L

KO TTEPTY PAPEL TNV 14 |ZZ
KATAOTAOT) TOV, O€
oyeon ue mbaveg
PAEEIC TOV UITOPOLV
va epapuoocbovv oe
aUTO.

i

Elmasri &
Navathe
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2 Phase Locking - 2PL

» O Paowog aiyopiOuocg drayeiplong Tov
TAVTOYPOVIOUOV OOCOANYPIWV €1vAl O
«AAyop1Ouoc KAetdwpatog Avo ®acewv» -- oTnv
ayyAikn “2 Phase Locking” 1) 2PL



2PL

- E€aopaiilel ) oeiplomonoiuotnta
ETTPETOVTOAC OTIC OOCOANPIES VA TTPOCTTEAACOLVV
AVTIKEILEVA, AV KATAPEPOLVV VA ATTOKTI|OOVV
KAITO10 KAEIOWUA YU auTa.

» AVO €101 KAE10WUATOC:
= Avayvwong: Aaufavelc KA1Owo yia va

O1aPacelg eva avTiKeievo
» Eyypa@ng: Aappaveic kA0 yio vol Ypaeg
1/xal yia va Oraaoceig eva avtikeipevo



==,

T ElV(Il <<C[VTlK£ly€VO>>7

» Mtopovue va KASIOWOOVUE TN PAon og moAAQ
«ETTITEOA»

» OEWPTOTE TTPOC TO TTAPOV EYYPAPEC
« 2NV tpaln, ovvnOwe LAQUE yia 0eAIOEC

Database

. Tables
contains

Pages

Ramakrishnan
& Gehrke

Oo. eraverbooue ...




[TpwTtOAE£l0C aAyoplOpoC KAEIOWHATOC
= 2PL (ouvexiletal...)

» KaBe evepyera
O1aACUATOC/YPAWPILATOC ATTALTEL VA
(meplUEVELC LEYPL VA) EXELC TTAPEL TO
OWOTO KASOWUQ

» ['la va owaPaocerg, mpemel va mapeig eva
read lock — 1o omto1o ka1 Oa astokaAovuE
Shared lock (S-lock). Etvau dSuvatov
VAL LTTAPYOVV TTOAAEC OOTOANYIEC UE S-
lock yia to 1010 avTikelpevo




[TpwTtOA£l0C aAyoplOuoC KAEIOWHATOC #
2PL (ouvexela)

 T'la va ypawelg, tpemel va tapeig eva
write lock — to omtolo ko Ba asokarovue
eXclusive lock (X-lock). Av ma
ooocoAnyia eyel X-lock yia eva
AVTIKEIUEVO, QITOLYOPEVETOL OTTOLAOTTTOTE
QAAN VA €YEL KATTO10 KAEIOWUA V1A TO
AVTIKEIUEVO QUTO

» Mmopeic va EekAerdowvele (Unlock)
AVTIKEILEVA, AV OV TA Xpeladeoal.




%

2upBoAlopoC

* R, (A) : 1 6ocoAnypia T 61aPadel To AVIIKEIUEVO
A

* W, (A): 1 00COANWYIA T YPAPEL TO AVTIKEIUEVO A

* S. (A) : 1 docoAnyia T maipvel S-lock ya 1o
AVTIKEIUEVO A

* X (A) : 1 docoAnyia T maipvel X-lock yia to
AVTIKEIUEVO A

* U, (A) : 1 docoAnypia T EekAeldwvel 10
AVTIKEIUEVO A

e COMMIT,: 1] 000OANWIA T TEPUATICEL ETMTUYWG

e ABORT,: ] 00CGOANWYiA T QITOTUYYAVEL



Ny

Mapadeiypa

lock-X(B)
read(B)
B:=B-50
write(B)
unlock(B)
lock-S(A)
read(A)
display(A+B)
unlock(A). R,(B); W,(B); R,;(A).

|

X,(B) ;R,(B) ;W,(B) ;U,(B) ;S,(A) ;R,(A)U, (A)




e ——

[lapaostlypa
Iock-);r(YB) Ba’mm'] th()ﬂacmz éf'ipovua
read(B) 0T TTPLY OAEC TIS EVEPYELES

B:=B-50 NG 0060ANYILOG ...
write(B)
unlock(B)
C lock-S(A)
read(A)
display(A+B)
unlock(A)




2UYKPOUGEIC

Lock held

» 'Eotw 6v0 6000ANypieg,
T1 ko T2, ek TV
ormolwv, N T1 (nta eva
KAeldwua ko n T2 eyel
Non eva KAe1dwua yia

TO 1010 AVTIKEIUEVO.
: H Lock | Read M
« O mvakag

ovykpovoewv nipémel va| FeUe
oag Ovpilel kartt... sted

« ApVNnon = «IIEPIUEVE
HEYPL VA YIVEL
unlock»

T1\T2 Read | Write

Write




=,

2 10wV TTpoBANpata

» Av mpoomafBnoeic va avenoeic T TaVTOYPOVES
00C00ANWPIEC, EEKAEIOMVOVTAC AVTIKEILEVA TTOAD
VWPIC, UITOPEL VA £XEIC TTPOPLAT|UATA ACVVETTELAG

» Av tpoomtadnoelc va kabvoteprnoelg to
EexAeldmua,

s wropel va tpokuyouvy adteEoda (0ov 60
O0COANWPIEC TTEPIUEVOVV —Y10 TTAVTA— 1| Ui TNV
AAAT Y1a TO EEKAEIOMUA O1APOPETIKWV
AVTIKEIUEVWOV)

= kaBvotepelc (evw £xyovpe mo EVLTVOUC TPOTTOVC)...

21n ovvéyeia, mopaosiyuoto ano Korth, Silberschatz & Sudarshan...




R,

EEKAELOOVOVTUS T, T
, lock-X(B)
vopic... read(B)
B:=B-50
- write(B)
Emeionn T7 unlock(B)
cekAeidwvel 1o B lock-S(A)
VWPIG, TO ATTOTEAEC O read(A)
™N¢ T8 eival AdBoc... :JO”C'ECS'?(I'SAS)
read(B)
unlock(B)
display(A + B)
lock-X(A)
read(A)
A:=A+50
write(A)
unlock(A)




R,

Deadlock T, Ty
lock-X(B)
read(B)
H pia SocoAnyia £xel B:=B-30

KAEISWOE! TO avTikeipevo | Write(B)
TTou Xpeladetal n aAAn.
2TauaTouv Kai ol duo,
QVAUEVOVTOC N Hia TNV
GAAN ...

write(A) unlock(A)
unlock(B) unlock(B)
unlock(A) display(A + B)




R A
2PL

o ZNTa KALIO U TPV TPaEerc:
» [a va waPaoerg, mpemet va mapeic eva Shared
lock (S-lock). Eival 6uvatov va vitapyouvv JToAAEC
oocoAnwieg pe S-lock yia to 10610 avtikeipevo

= Tha va ypawelig, ipemel va mapelg eva eXcelusive
lock (X-lock). Av pia 6ocoAnpia £yel X-lock yia
EVA OVTIKEILEVO, ATTAYOPEVETAL OTTOIAOT)ITOTE AAAN
VA £YE1 KATTO10 KAIO®WUA V1A TO AVTIKEIUEVO AVTO
» Aev NmOPEIC va EEKALIOMOEIC AVTIKEIUEVO
HEYPL VA EYELC TAPEL KAL TO TEAEVTALO
KAEIO wua o yperaleoan




2 Phase Locking

A

# locks

Addnon | ' MSL(IHI_I

ZOVA. ETO1 KOl CEKAEIOMWOEIS OVTIKEUEVO, OEV UTTOPELS VO
TOpPELS aLL0 KAeTOwua!!!

tlme



2

TlO

T, Tg
lock-X(B)  lock-S(A)
read(B) read(A)
B:=B-50 unlock(A)

unlock(A) write(B) lock-S(B)

unlock(B) unlock(B) unlock(B)
read(A) display(A+B) [ HOCKBSIE display(A + B)
A =A+50 read(A)
write(A) A:=A+50  T[APABAZH
unlock(B) write(A)
unlock(A) unlock(A)
YNOMNHMA
EMTPENTo ENITPENTO  NAPABAZH AV=HTH
Amloixn wepintwon wov kabe schedule NMNAPABAZH

ExeL UOVO UIO. 00COANYIO.



I An,

Alaxeiplotng KAsdaptwy

 To Ttunua tov DBMS mov dwayeipidetal ta

KA OwuATA

« Av to DBMS vtootnpilel 2PL - 2PL
scheduler

- ITivakag KA10apLev: | vl 7
= ObjectID T1

» TransactionID, LockType

* Queue pe OOCOANYPIEC EV AVALIOVT) 12

T3

S | n|<




I,

[TPOKUTITEL TO TTAPAKATW

XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S1: R1[x];W2[x];R1[x].

Bon0eia:

- Ac doxiuaow va Parw locks & unlocks...
- 'Exw un emtpentec ovykpovoelg?

- 'Exovv oAec ot boooAnyiec Tic 2 paoelc?



R =,

[TPOKUTITEL TO TTAPAKATW
XpovoTipoypappa amo aAyoptOuo 2PL ?
S2:

Rilyl;R2[x[;W1[y;W3lyl;W1[z];R2[z];R3[z].



=,

[TPOKUTITEL TO TTAPAKATW
XpovoTipoypappa amo aAyoptOuo 2PL ?
S2:

Rilyl;R2[x[;W1[y;W3lyl;W1[z];R2[z];R3[z].



=y,

[TPOKUTITEL TO TTAPAKATW
XpovoTipoypappa amo aAyoptOuo 2PL ?
S2:

Rilyl;R2[x|;W1[y;W3lyl;W1lz];R2[z];R3[z].



I,

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

Rilyl;R2[x];Wilyl;W3lyl;W1|z];R2[z];R3[z].

Xy |z
T1 X
T2

T3

X1ly;R1lyl;



I,

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

Ri[y;R2[x]jW1ly];W3lyl;W1[z];R2[z];R3[z].

T1 X
T2 |S
T3

X1ily;R1lyl;S2[x];R2[x];



R 1,

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

Ri[y;R2[x[;W1]y]iW3lyl;W1[z];R2[z];R3[z].

‘Exm Mon 10 | TL X
lock... T2 |S

T3

Xily;R1lyl;S2[x];R2[x];W1lyl;



IRy,

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

Rily;R2[x];W1lyliW3ly|;W1[z];R2[z];R3[z].

X |y |z
Unlock xéve? OXI!! T X
To T3 0éAert 10y T2 |S
T3 | W

Xily;R1lyl;S2[x];R2[x];W1lyl];



RN,

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

Rily[;R2[x]|;Wily|iW3[yl;W1[z];R2[z];R3[Z].
X |y |z
Kot 1t T X
KOAvo? T2 |S
T3 W

X1ly;R1ly];S2[x];R2[x] ;Wl[y];iil[Z];Ul&];



A,

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

R1[y];R2[x];W1[y];W3[y]yW1[z];R2[z];R3[z].

T1 X
T2 |S
T3 X

X1[y];R1ly];S2[x];R2[x];W1lyl;X1[z];U1[y];X3[y];
W3lyl;



I,

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

R[yl;R2[x];Wilyl;W3[yl;Wi[z];R2[z];R3[z].

X |y |z
‘Exm Mon 10 | TL X
lock... T2 |S
T3 | |X
Xilyl;Raly[l;S2[x];R2[x];W1lyl;X1[z]; U1[y]; X3y

;W3lyl;W1|z];



Ay

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

R[yl;R2[x];Wilyl;W3[yl;Wi[z];R2[z];R3[z].

T1
T2 |S
T3 X

X1[yl;R1[yl;S2[x];R2[x];W1lyl;X1[z]; U1[y]; X3y
1;W3lyl;W1[z];U1[z]; <& Unlock AMEZA



Ay

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

Rily];R2[x[;W1lyl;W3lyl;W1[z];R2[z]]R3[z].

T1
T2 |S S
T3 X

X1[yl;R1[yl;S2[x];R2[x];W1lyl;X1[z]; U1[y]; X3y
1;W3lyl; W1l z];U1([z];S2[z];R2] z];



=,

[TPOKUTITEL TO TTAPAKATW
XPOVOTIpOYpaAppa amo aAyoplOuo 2PL ?
S2:

Ri[yl;R2[x];Wilyl;W3[y];W1[z];R2[z];R3[z].

Xy |z
AEN vmdapyet T
oVUYKPOLOT Y1d, S- T2 |S S
locks!! T3 ME
X1y Rilyl;S2[x];R2[x];Wilyl;X1[z];U1[y];X3[y

;W3lyl;W1[z];U1[z];S2[z];R2[z];S3[z];R3[z];



.. VAl ...

S2:
Ri[yl;R2[x];W1[y];W3[y];W1[z];R2[z];R3[z].

Xily;R1lyl;S2[x];R2[x];Wi1lyl;X1[z];U1[y];X
3lyl;W3lyl;W1lz];U1[z];S2[z];R2[z];S3[z];R
3[z];U,,,[all] ...



A,

Mmopouoa va €1xa Kavel ?

S2:
Ri[yl;R2[x];W1[y];W3[y];W1[z];R2[z];R3[z].

U2[X]
U3[y]

Xl[y]v;‘*l[y];82[X];R2[X] ;Wily];X1[z]; U1ly];X
3lyl;W3lyl;W1lz];U1[z];S2[z];R2[z];S3[z];R
3[z];U,,,[all] ...




A,

Oswpnua

* 'OAQ TA YpOVOTIPOYPAUUATA TTOV TTPOKVITTOVV
QIToO £va O1aye1p1oTh kKAewaplwv 2PL, exovv
AKUVKATKO YPAPO CELPLOTTOINONG

» To avtiotpopo AEN 1oyvel.

» ATjUpA: AV OEV EXEL AKVKAIKO YPAPO
oeiplosonong =» oev etvan 2PL.



A,

[TPOKUTITEL TO TTAPAKATW
XpovoTipoypappa amo aAyoptOuo 2PL ?
S3: W2[x];W3[x][;Wilyl;W2[y].



IR,

MTTOpwW vda TO GEIPIOTTOINCW?

« S3: W2[x];W3[x];Wi[y];W2[y].

Yy X

mwoow



I,

Venn dlaypappua

SERIAL

Existing 2PL

2PL
ACYCLIC GRAPH

SERIALIZABLE




[MapaAAayec

« Avotnpog 2PL: 0Ad Ta KAEIOWUATA A@VOVTal
OTO TEAOC TNC docoANWiag, pad.

# locks

I_I—AIA:’&n on
N

EOT: End of Trxn time




IR,

Auotnpoc 2PL

« 2NV TPAEN OAA TA CLOTIUATO XPT|OLULOITIOIOVV
avotnpo 2PL...

IIpoxvmtel amo Strict 2PL?
Rily];R2[x[;Wi1ly];W3lyl;W1[z];R2[z];R3][z].



=N,

[eplexopeva

» KAsibwpata — 2 Phase Locking
» ITwc yivetar otnv tpaén?
« AG1E€00a



EEEEEEEEEEEIEEI=A,

[Mwc yivetal otnv mpaén?

» KaBe docoAnypia (nta amo to O1aXeEploT)
KAEI0MUAT®YV TO AVTIOTOLYO KAELON

» AUTOC eAEYYEL TOV TIIVAKA KASIOWUATWV KAl AV
LLITOPEL, TTAPAYWPEL TO KAEIO1 KA EVIIUEPWVEL TOV
TvaKa

» Av 0ev UIopel, XprOUOTTOLEL U1l OUPA AVALOVTIC
AVA AVTIKEIUEVO, OTTOV KOl KATAYXWPELTAL 1) €V
AOYw 0ocoAnypia. H docoAnypia mepruever.



=,

[Mwc yivetal otnv mpaén?

» 'Otav pia docoAnypla teAewwvel [emTuywe, 1 unl,
OAQ T KAEIOWUATA OTTOOECOUEVOVTAL.

» 'O0ec O0COANPIEC TTEPIUEVOVY OTNV OVPA
AVOLOVIC Y1a KOOE KAEIOMUA, EVEPYOITTOIOVVTAL
Kot AaupPavouv ta kAedwuata pe tn oelpa

» II.x., avnovpa etvar S1 [x]S2 [x] X3 [x] YA TO
X, otav Oa evepyosonOet n ovpa, n T1 kar T2 Oa
ntapovv 10 S-lock ka1 n ovpa Ba yiver X3 [x]



YAotmoinon KAsidwpatog

» 'Evag VAOTTOlEITAL oAV pia
Eexwplotn Owadkaoia mmov eneEepyadletan lock kat unlock
QLTI OEL1C

« O O10(E1P1OTNC ATTAVTA O€ UIA AlTNOT) KAE1OWUATOC
OTEAVOVTAC £va Unvoua amodoyng kAedwuatog (1 eva
U VOO AVAKANONC 0€ TTEPITWOT) ad1eE000V)

« O O1a)e1P10TIC KAEIOMUATWV OlaTnpel eva

Y10 VA QTTOTUTTWVEL OAT TNV ATTAPALTI TN
AN pOogpopla

« Zuvn0Owe o vakag KAEIOWUATWV VAOTIOIELITAL UE EVAV
TVAKA KATAKEPUATIOUOV OTNV KUPLA LVTUT], O OTTO10G
OEIKTOOOTEITAL ATTO TO OVOLA TOV OTOLYEIOV IOV £XEL

KAe10wOel



YAotmoinon KAeldwpatog

Lock Request (XID, QID, Mode)

Currently Locked? Empty Wait Queue?

w:
No
Yes
Currertly X-locked?
/
No
FPut on Queue Mo

Grant Lock



Mivakac KAsldwpatwy

- = « Ta pavpa opBoywvia etval kKAedmpaTa

S 7OV £xovv 000l evw Ta AoTTPA
E»I—»EI TTEPIUEVOLV V1A UNVLLA ATTOOOXTC.

= TR L Miavea QLTI 0T EI0AYETAL OTO TEAOG

NG OVPAC TTOV EVOEXOUEVHC VA

VITAPYEL Y1A TO CUYKEKPIUEVO OTOLYELO

123 KAl ylvetal astodeKTr) av eival cvupatr)
14 LLE OAQL TAL TIPOTYOUUEVA KAEIOWUATAL.
Unlock aitnoeig £xovv wg amoteAeoua
TNV S1aypaPr) Tng AlTnong eV
EAEYYOVTAL O1 ETTOUEVEC 0TIV OVPA.

« Av 1 docoAnpia astoTu)EL, OAEC O1
altnoeig g draypagovial

T

T1 T23
144

.




IR,

Alpgoktovia -- starvation

» 'Eotw o1 n T1 exe1 S-lock oto x

» 'Eotw ot n T2 (nta X-lock oto x = Oa yumer otnv
OVPA AVAUOVNC Q: X2 [ x]

» 'Eotw o11, akohovOwce, epyetan 11 T3 kat (nta S-
lock oto x. ®a to Aafer?

» 'OXI! Av akoAovOnoovue avtr) TNV TOALTIKY),
etval mOavo n T2 va tepuevel yia mavta...

« HT3 0a umet otnv ovpa Q: X2 [x]S3[x]



I,

AvaBaduion KAE10wHaTtocg

» Meypt twpa voBetaue ot kabe dGocoAnypla
YVWPLEL €K TTPOOTUTIOV OAC TA KAEIOWUATA JTOV
Oa (ntnoet.

* [I.x. T:R(A)R(B)W(A) Oa kAc1dwoel ue X 1o A
OTNV apyn, AOym Tov W (A) =

T:X. (A)R(A)S,(B)R(B)W(A)U (A)U (B) .

» Trylvetan opwe av oev 1a yvwpider?

» H Avon eykertat otnv avaaOuion
KA wuatog (avriotoya, vopaduion)



A,

Kavovec avaBaduiong

» AvafPaOuioeic emtpemovtal Hovo otrn paon
avEnong

» YnoPaBuioeic emtpemovtal Hovo otn (paon
UEIWONC

» AV VTTAPYEL KA1 AAAN OocOAMPia TTov £xel S-lock
eva AVTIKELUEVO, ka1 Oec va avaPadutoeic amo S-
oe X-lock, mpemel va mepiuevelc...



AvaBaOuion

Mrtopelg Ty Ty
read(a,) read(a,)
S, (a1) read(a,) read(a,)

display(a, + a,)

Upgrade ano S,,(a1) oe X,,(a1)
npovTtofetel va kavelt UNLOCK 1
_~T,toa1




R =\,

[eplexopeva

» KAsibwpata — 2 Phase Locking
» ITog yivetan otnv tpaén?
« Ade€ooa



T

AdiE€od0

- H xatdotaon kata tnv omoia 0Vvo docoAnypieg T
kot T avauevouv 1 gia tnv AAAn yua tnyv
ameAeVOEPWOT) KATTOIWV KAEIOWUATWYV

» EvaA\akTikol 0pot: « AEITOVPYIKT) TTAVOT» 1)
“deadlock”

» IIpo@avwe, 0 Tapamavem 0PloUOC YEVIKEVETAL
Y10 TTEPLOOOTEPEC ATTO OVO OOCOANPIEC



R,

AdiE€od0

» OeWPT0TE TO TAPAKATW XPOVOITIPOYPAULLOL
Si[x],R1[x],X2[y],W2[y],X2 %x],Wz [x],X1ly],Wily]

- HT1 &ye1 S-lock oto x
« H T2 eye1 X-lock oto y. 'Otav (nta X-lock oto x,
VITOY PEWTIKA epuevel v T1

» H T1 nael va (nnoe X-lock oto y, onmote
VITOYPEWTIKA Ttepiuevel v T2 ...



R,

[pawoc avapovng (blocking graph)

» I'la kaOe doocoAnpia kat evag koupoc

» Mia katevBuvouevn akun amo tnv docoAnypia T1
otnv 6ocoAnyia T2, av n T1 wepyuever v T2
va ameAev0epmwoel KATTO10 KA1OwUa

- Emtiong yvwotog kal wg ypagog waits-for

ITPOXOXH: Aeyv givatl id10¢ e TO YPpAPO
oeiplomomouommrtag!!!



Mapaderypa

T1: S-Lock(A), R(A), S-Lock(B)
T2: X-Lock(B),W(B) X-Lock(C)

T3: S-Lock(C), R(C) X-Lock(A)
T4: X-Lock(B)

O S
B {.:
/@ o



I,

AdiE€od0

> OEWPTOTE TO TTAPAKAT® XPOVOTIPOYPOALLLL
Si[x],R1[x],X2[y],W2[y],X2[x],W2[x],X1[y],W1[y]

y




Oswpnua

» Oewpnua: Yrapyet adle€odo av kat povo av o
YPAPOC AVALOVNC EXEL KUKAO

» 2NV TPAEN TO OLOTNUA EAEYXEL TOV YPAPO
AVALOVT)C TTEPLOOTKA

» EvaAlakTikd, avtl yia ypago, Wropel va Hetpa
TTOOT WPA U1 O0OCOANPLA AVALEVEL V1A EVA
KAEIOWUA KAl VA TNV Tepuatidel av mepaoel
KAJTO10 OpP10...



I,

Avixveuon n amotpotn?

« Avtl va tepiuevooue va ovufetl to ao1e€ooo,
WITOPOVLE VA TO ATTOTPEYPOVUE TTPOATITTTIKA

» Yvvinpntukocg 2PL: wia docoAnypia amokta
OAQ TAL KAEIOWUATA JTOV ¥ Pe1adeETAl OTO EEKIvVUA
mc. Av 0ev umopel va ta mapel OAA, oev Eexva,
aAAQ avauevel!

Ev yevel, mpotiuwvrar ta adieéoda...



5

Xpovika Opla

» [HmAoyn Ovuatog (victim selection)
o EmmiAoym 6ocoAnypiwv stov Ba akvpwBovv
5 ATTOPEVYEL OOCOANPIES TTOV EXOVV KAVEL TTOAAEC
aAAQYEC
» Rpovika 'Opia (timeouts)
5 AV Ll O0COANPIA EKTEAEITAL Y1A LLEYAAO Y POVIKO
OO TN U TOTE TNV AKVPWVEL
s AOXETOC UE AV 0TI TTIPAYUATIKOTNTA VITAPYEL AO1EE000
- [Awpoxtovia (starvation)
s Mia docoANWPla OeV UITOPEL VA TTPOYXWPTNOEL YA
QITEPIOPIOTO Y POVIKO O1ACTNUA EVW AAAEC oLVEXT(OVV
KAVOVIKA



[MpwtokoAAa Baoiopeva oe Mpawoucg

» EvaAaktika tov 2PL
» OewpoLV (A LePIKN Orata&én— oto ovvoAoD =
{d,d,,..., d,} OAwV TV dedouEVDV.
= Av d; — d; TOTE 07010 CLVAAAQYT| TTOV EXEL
TPOCfaocn ota d; kau d; TPETEL VA TTPOOTEAATEL TO
d; mpwv amo to d.
= Yrtovoel ott to D ummopet va OewpnBel we evag

katevbuvouevog akvkAog ypagog (Ypagnua
Baomng 0edouevwy)



[TpwTtoKoAAO Asvtpou

- Emtpenmovtan povo X-locks.
« To mpwto KAe1Owua amo v T;

OTIOVOT)TTOTE.

s YT OUVEXELQ, €va 0e0ouEVO Q prtopel va KAE10wOel
asto v T; povo av o yoveag tov Q etvai 1jon
KkAe1dwpuevog amo v 1.

» Ta 6edopeva pmopovv va EekAe1dwOovv omoladnmoTe
wpa




2 ElPLOTTOLNGCIHNO XpOVOTIPOYPAUHA HE

[TpwTOKOAAO AEvTpou

T1o

T

lock-X(B)

lock-X(E)
lock-X(D)
unlock (B)
unlock(E)

lock-X(G)
unlock (D)

unlock (G)

lock-X (D)
lock-X (H)
unlock (D)

unlock (H)

lock-X (B)
lock-X (E)

unlock(E)
unlock(B)

lock-X (D)
lock-X (H)
unlock(D)
unlock(H)




[MpwtoKoAAa Baciopeva oe Mpagouc

» To TPWTOKOAAO OEVTPOL eEaTparilel
O€1P10TTONOIUOTNTA AVTIOETEWMV KAl ATTAAAQYT) OTTO
aole€oda

» To EexAeldwpua pmopel va ovpPel vopiltepa amo to 2PL
s MikpOTEPOL XpOVOL AVALOVIC, AVENOT) NG

OLVOPOUTKOTITAG
s H akOpwon o cuvaAAayTC LITopel va 00Ny oel o€
O100100LEVEC AVAKAT|OE1C.)

* 'Oume, La CUVAAQYT) TTPETTEL VA KAEIOWOEL OedouEVA
7oV Oev Ypeltadetal

» Ta ypovompoypaupata stov 6gv vAostolovvtal pe 2PL
ylvovTal UE TPWTOKOAAA OEVTPOL KAl TO AVTIOTPOPO.



Alataén Xpovoonuatwyv (TimeStamps)

» To ypovoonua onuovpyettatl amo 1o TABA kat
TPOCO10P1LEL LOVAOTKA U0l O0COAYPIA

- I6ea: orataén twv docoAnprwv pe faocn to
ypovoonua tovg (0nAadTt), Ypovospoypauua
1000VVAO LE OEIPLAKO OTO OTTO10 Ol OOCOANWPIEC
ep@avifovial O10TETAYUEVEC UE PAOT TIC TIUES
TWV XPOVOOT|LATWV)

* = ApA 1 OEPA TTPOOTEAACTIC OTA OEO0UEVA
nipeTtel va un apaPiadet tn oeploTomoIuoTnTA



——————
Alataén Xpovoonpwyv

Kd&0e docolnyia amoktd £va ypovoonia OTaV EIGEPYETOL GTO GVGTNUA. AV
pia mata docornyia T; £xet ypovoonua TS(T), pia véa docoinyia T;
aroktd to ypovoonuo TS(T;) étor wote TS(T) <TS(T)).
To ypovorpOypapa TOL TPOKVTTEL Elvon ceplomooipo. H ocepd
KaBopiletal amd To YpOovOsT L.
['a kéBe otoryeio Q otn Pdon datnpovvTor OVO TIUES:
W-timestamp(Q) eivar o peyaAvtepo ypovoonuo. uiog d0GoANYiNG Tov
EKTEAEGE EMITLYMC Ko TPAEN €yypapnc oto Q.
R-timestamp(Q) sivai o peyaivtepo ypovoonuo piog 00coAnyiog mov
EKTEAECE EMITLYWOG Ko TPAEN avdyvoong oto Q.



Alata&én Xpovoonuwyv (1/2)

» To mpwTOKOAAO S1ATAENC ¥ POVOOTILMV EYYLATAL OTL Ol
avtifeteg read xal write mpa&eic ekteAovvTal e
oe1pA IOV OP1CETAL AITTO TA X POVOOT AL,

« YnoOeote o011 pia SocoAnypia T, kavel pia mpa&n read(Q)

1. Av TS(T;) < W-timestamp(Q), tote n T; O¢Aer va drafaocet
uio Tiun Tov Q IOV £XEL 1)ON YPAPTEL.
B H npa&n read akvpwveral, kain T; avaipeital.

2. Av TS(T;)> W-timestamp(Q), tote n mpaén read
exteAeital, kat n R-timestamp(Q) yivetal 100 e TO HEYIOTO
uetaly tov R-timestamp(Q) ko TS(T)).



Alata&én Xpovoonuwy (2/2)

» YnoOeote ot pia 6ocoAnyia T; kavel pia tpasn
write(Q).

1. Av TS(T;) < R-timestamp(Q), tote n Tiurn tov Q mov n T;
OMUIovpYyel NTAV avaykaia siptv (KQAmoia sIponyovUEVT
ovvaAayT Paoiletal oTnv TaAld Tiun tov Q).

B H npan write akvpwvetay, ko n T; avaipeitat.

2. Av TS(T;) < W-timestamp(Q), tote n T; mpoomabel va
YPOWEL Hia EETTEPATUEVT Y POVIKA TIUT.

B H npaén write akvpwvetal, ka n T; avaipeital.

3. Alaopetika, | mpaln write exteAeitan, kar W-
timestamp(Q) yivetal TS(T)).



read (B)
B:=B - 50
write (B)

read (A)

display(A + B)

A:=A + 50
write (A)
display (A + B)




Mapadetypa 2

Tl T2 T3 T4 T5
read(Y) read(X)
read(Y)
write(Y)
write(Z)
read(Z)
write(X)
read(X) abort _
write(Z)
abort _
write(Y)

write(Z)




—
OpBotnta Xpovoonpwyv

» To TPOWTOKOAAO £yyLATAL GEIPIOTOINCIUOTITA APOV OAES O1 AKUEG OTO
YPAPO JTPOTYNONG EIVAL TUITTOV:

AoocoAnyia

AoocoAnyia

ME ME
MIKPOTEPO MEYAAUTEPO
povoonu povoonu

Enougvwe, 6ev umapyel KUKAOG 0TO ypagpnua

» To tpwTOKOAO Sev emiTpemel adieEodal.

* 'Ouwg, TO XpOVOTTPOYPALLA LITTOPEL VA EXEL OTAO100UEVES AVAKANOEILCS, KO
LAALIOTA LITOPEL VA UMV Ival avaKAP1Uo.



R
Avakapyn Kat Amoguyn

Atadidopevwyv AvakAnocewy

» IIpoPAnua pe ta Xpov()on ot
s YmoBeote o1 n T; akvpwvetal, arra n T; £xel 0rafacet Tiun mov
Yp(l([)Tl’]KS asno T;

> HT; T[pST[Sl va oucva@a Avn T; 81)(8 emKkLpwOel vapitepa TOTE TO
Xpovonpoypappa Oa ntav un owomamplpo

s QOnyoLvHAOTE 0 O1AOI00EVEC AVAKAT|OELG
« Avon1:
s Mia 6ocoAmpia SoueITAl LUE TPOITIO WOTE Ol EYYPAPEC VAL YIVOVTAL
OTO TEAOC TNG
s To OUVOAO TWV EYYPAPWV EKTEAEITAL ATOUTIKA
s Mia 60COAMPIA TTOV AVAIPELTAL, EKKIVEL LIE VEO XPOVOOTLO
» Avom 2: avapovn yia emkLpwoTt) 0e00UEV®Y TPV TNV
AVAYV®OOT] TOVC



