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Tyancackon che,ss‘?za 3 Concuwwij Conbd.

[yansacton:—~

A Tsansaction i3 Lozical Lot of wodk  whidh

consistent  state to anothan

takes <the databagse Foon one

Consistent  State ortle  ~oving  ffom  one  cpnaistent state ¢

consiskent  state  the datalbase may pass thoough

anothan
muttiple disrete  Steps:

| At the end of -the -tsansaction the databasze
mag '-mcj\/e back to 8 ooiginal state (in the Cage of

falloe) o to the nent chfca! gep (N the case OF Succoess)
/Pmpearb‘es O a “Transaction:-

AEOM)‘Q‘@ L
Elthey  atl opeyationg Of the transacttond  are

veflected paopeily i the datalbage o1 None  aste. This

either Al oo pene  poopetty 15 catled Atomicily

COHSLS-tﬁncg =
The
datahase  must Nhave fo0Mm ene  consstent State

to  anothen cConsistent StQte. So  the pyecutton of the

transaction  mugk presesve the Consisteny of <the databasge.

Tsolation: -
Transaction can  sun idependently) cotthout any

Dtesdesence - Tsolakion pmopeaﬁﬂ engoer that each tyxansaction

1% LnALaNe OF ethen transacttons emecubhg Cc:mchomendg '

the S\[jstgm .




P
Even th&gh peutteple trangactions  exewde conturrently
the  System 8¢amantee5 that o3  every padt OF
| tyangacilons T and B 1€ appeans to T that eithen 15
Frnrshed exeaon pefone 'ﬂ stanted o T Skarted
execution aftet M fFi“m‘shed‘\
Du?rabilfﬁj -

Afker  the Lrangacion  Ccompletes Successfully , e

has mMmade O the databaze pexsist  even

chc—mges re

o theye Q%€ System Jacleves

The  Obove poopesties  ave ocke  catted

AcTp powpenties OF & -tyxangactton:

Exi- Transfersing 350 Hoom  Account A to AcCCount B

—
I

- Yead (A))
A= A-50)
cooke (A))
Yead (8);
B = B+50; |
cooike LB

Trangachon Statesi-
Tn -the Qbsence OF fallures au transachons

Complete  Successfuly and oatomialy 15 acheived . toweven

not Sulcess .R*uy
o temed GS alpated - TO0 enduae

usk have nNo effect

A  transachon  May complete e8  execeron

Sach +rangachon o
atomlly an aloated tyangactton M
on the state of the Jdatebage system. A tyansaction




|
AY - 2
/ 15 Satd to  be .a@red back »f the atabasze 595&@9

/ 6 vestozed tO  the Smte that the gustem | cpas

hefosie  the exewbtion eof tyandaction.

I+ A tangactton  Completes its  execition

&Lccessﬁdty then & 13 o Committed trangactton A (ommrtte

transadton  +imt  pesforms wepdates  transfooms  the. data -

bage mnto a new Consistent  State:
A  transaction can be o any of the -falooing

States:

Active: -
It 15 the niaal State  the -transadton Stays in

thrs State while it 15 ezecuting. pastiolly Committed: Afees

He Frnal Statement bhas been  execeted-

Committed:-  Aftey  Successfudl  Completion

Falled-  Aftey the distoveny that nosmal execution can

no Longem p‘.noceed,
Abosted -
Aften the trangzaction has been olled back and

the databose vestowed to s StAte  povds O the

Staat oOf the tansaclion.

FaLLGj{J’\_ B \jbcba(?ec)



Implementation  of Atomiciy  and Derab 'y

“the  wecoveyy mamagement Com;oonev’)t-’ OF &

Adatabase Systerm can Ssppant o;tomr‘cf(,g and coabl U’QJ by

a \ooety oF  achemes - A V& Simple. and an inefficrent

Scheme 15 Shadow Copy. T hemé - This sCheme assume 3 onty

5 actve and the Adatabaze 5 Sroply

one  trangaction

a Lile on the diBk . A pointe caued A~ pointe o)

| u
| madntatned  on  diek and it points o xhe Coooent  CopY oF

the dambaze

Shadow  Copy  Stheme -~
In ths SXheme , “tyangaction toneh wants to

update the databaze  finst created O complete  Copy OF

the databage - Al ypdates @€ done on the new data

base copy leaving the oaiginal  (opy (8hadow  Copy) rntouched.

TF ot any point Q& tyangaction has to be abosted ; the

e new Copy. e old Copy of the databese

Syskem deletes 1t
hag not been offected:

TF the transaction completes , e 1S cornmpitted
as -Foueos:

SThe O 15 Qsked to mare Soe that au  peges OF

neto C(opy OF the database have been cositken ot to

disk . After aw JGthe pages o€ camitten to  disk o, the

databage  System Lypdates the [ONtN dp - pontest to point

| .
. o the new opy of the databas€ . The new Copy then

becomes the Cuoaent copy oFf the databasie and the 0Old

Copy ©Of databaze S deteted




J cort]

| Nnot  be dG\mGLng even ¢ thede s Q Sﬁstem @
? +h = .

fackere .. eobhen € Iystem gestasits e O pead db - pointey
cand il see the  (ontentS  of il database astes all

| the updates e transtosmed bxy the tyansaction .

Concurrent  Execcitions -
Tsansacllon  peocessing Systems  allow multLple

Bransactions 10  suwn Concueeently. Thote @ mgood

Yeasons foo Qlewoing  Concwocentys o

' x TImpooved Hrwoughput and  gesotoice e (zalton. ~

To Inweage the tﬁmOug[ﬂput of the System

( the nuwvbert of tansacliond that dan be execwted 1N

Q.  given anvount ©f tme) The txansaclion P"‘OCQSS"PCJ Sk
tBually Qo muttiple  trangacktong  to  dwun  _Lontuetuen Ey

Tt algo mseagzes the CPU and  disk ubtlizaon.

» Redticed Inatting  Time -

“Hhexe Mnay be mix of txansackons arunnfng
ON &  System Some St and Some Long I tyandactons
aun Sevaly , a ghant Bangackion  may have _to watt fan
N LCﬂq trangactton to  Compleke  kthich  can  fead B0 un
powdictkable delays « 1 dwnning @ tdangaction « T¢  tdanaactions
Qe quunning @, diffesent peeittS  of  the  databasze they
Qe Qllowed tO  Shaste  CPU Cyyctes and  disk eccesses among

them. S0 Loncwownt transactions %educes the  tunpaedictable

detagg Al mmnfng tyansactions - TE Qdo veduees G\VQaC‘?&SQ
sesponge  time (the averiage time fan a +sans acian to

e gompeted afken bt has been Subm\'tted)‘




Ab-pr |

k_T,\
old Oy old Copy oF § new copy OF
CF datobase cAe < | databoze- \ N

1 (tp e deteted ;

@) Before tspdate b) Aftey update

Tr tre updated dp- pointey LoEeen to disk then

Neo we  congden  heeo the technguue handless
Hyansactkion G System -Follures.
Trongaction Fatluoe-

TE the twansacton Falls ot ony time befare the

db—Pomt@r '8 upda-ted W can obost the Barsaction by

detet\‘rg the nNnew dopy o -the. databese: Tof the trargaclion

has been commitied oAt Xhe upd@tezs Pezf{fo’a’med =y xhak

trangacion aeve N the dotabase  pointed 4o by db-pONEeN

%ﬁtem aileoe T -

| T6 the Ssten Falls ot ony time befane  fhe
tipdated db -pormten )5 omitken to  dek tohen  the &ystem
Festaats it ol sead db-pointe ond see the oaiginal Contents
of the dotabage and none of effect?d ©of te trangocons

ol pe. wvislble on  the cntbase

T System -falls ofter the db-pointet has been  tpdated 0N

|
l ABK . Refone the (:o‘nl:em s updated, aut Jhe updated peges

’! -
| oF the new topy OFf the databese (e tanitten 10 ASk.
i

wle assume that One & file 8 coontten kO disk , vks  (ontents
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fOne olcount O anothes tryanzaction
s defined ap

INthen Several Wangaclions ouwn ,&mumntlﬁi database

Consisteney  Can  be destmged

ecch madrurdual

desprte the (Cpysectness oF

of the databage the database

the intesactions among e Conasent

trandaclion: TO ensguae the . cong1Sleency

585tem nMmustkt Contawol

tyangzgacilon g,

Corgiden he followng tsansackons

et T and T2 are HBansacttons

QAccount Aty Qlcount B - At

ho- vead(A)
Az A-50;
Lasike (A)
Yead (B)
B2 B+50,
asike (8) )
Tangaclton T,  tyansfess 1o/,

to acwunt B;

To = dead (A)
templ = A x O°1;
Atz A~ temp;
taonke (A);
yead (B,
Bz B+ temp;
canite (R,
Seppose  the  Lupsent \alues

1000 and § 2000

Hat transfey fnds Lsom
T tansfers 350  foom

OF balance Joom account A

of

QlUeuUnts A and 3 ase




Schedules'~
chedule indfcates the oy "

trangacond  te rE veps

i vch tle Aot

esents an actvad
execting the

exocutton  Sequente
Seswal Schedulel~

T an avallable yanzacltong  one erecotead  foom

St O Lintsh one By One  then wek call the Shedule

as a soual achedutle

T‘ (i'*),
Yead(A)
Az A-50
canke ¢A)
Yead (8)
Bz B+50O
caacke (B)
sead (A)
temp:- A% O
A= A-tOD
coke (A )
vea.d (B)
Biz Bttemp
towee (P

Hese WE Qe exetuling the tyansacttons T fo towved

by T2+ Aftey exeoub;ng Hhe  tyanzacions the values ©OF

A and B oe 855 @nd 245 ?YeSpectLvetg~ SO AR TS prestrwe

Te the trandacltionsd o< executed one at & tme

N Hhe  exdes Ty foltoawed by Ty, the Hmat volues of

A and B asle §0 ond 250 and the Qﬂudn‘ AtB 15

Pyegerved



T T
Yead LA)
temp = Ax o |
A= A-temp;

. Worke )
/ ¥ead (8)
B.c B+ temp
ke (B)
Yead (A)
Al Aa-50 f ‘;
cosike €A) !
¥Yead (8)
B.2BR150 .

cQorke ¢ B) }

Thug  foa @ set OfF N bBansactons thete  exisk NI

drefeyent \atcd  Seual hedules.

then @ database syster  exequtes ghvesal
trangadrons  concursently, “the CﬂaﬁeSr:mdmg Lhedotle Need
Not be  senar . 3+ Woo ensaclions gy stnning - Contetdenity
tyandaclton oy o loetle tohtle.
second  Four

the 0.5 executey one

bhen  pestorm  Contert Swrtch, execute  the
Sme time and then Soitch back to fiste Bonsoelc on

foy dove time and 80 on , Hexe PO time 5 shaged

vammg o the tyansaclons -

Several  Execultion Sequunces one  possride . Tk
'8 NoE  possrble. gp ptedict €ractly  ow many  fnstnyctions
Of a Bansactton et pe Completed (executed) befose

CPU gottches Andther tyangaction.




Ahe no- OF possible  SChedwled o @ set of N

tyansackons 5 much  leeget than n|

Non Senal Sthedule !
G the opesalions foom avallabe set of

Eyargactions ane htey leaved  then it (5 catted o

non  Setial 8Lhe dedes

o
1

liooio ]y 5
sead CA) _ Tn ~ths de¥:24
e NS of
A= A-50 St ob A+B
cosvte (A) 5 pyesene
0 sead O as
temp = A¥O- !
A= A-temp
esvke CA)
- vead (B) A= &S5
we R- Bt 350,
ton ke (B)
205
i’e@dCB>
R~ B +eeMpP
Q14§
. casiee (B)
v Q

Au
Corcuyent  enecallonds  may nok  zesutlt

Cesveck state,




Ta
veadCA)
A: A*5O \OOO
Q50 Fead(a)
tempz Ax ol
A {a~(:e,mp [0.8)
900
cosnte CA) QO\)
vead (B)
oo Ldsute tA) 900k
Tead (B) |
B- B+50 )
s Cote B) | s
B- B¢ temp
wstrte (p)

Aftey executing the (potogoam) the above  schedule.

wle asonve at an Neensistent  State e Sum A4B 1S
Not  presesved by Athe execution of the o ans aClions

TF the Contsol o Concadownt eExecution 5

Left  entively 0 o5 many (posstble) SChedules Asa
Posstole ( Some  schedeudes teaves the database rn an
INeonsistent  8kate) . It 5 e  Job of the databaese
System 40 ensuee _that Ay ghhoedale _that gets .executed

ot Leawe ppe database vn & Longistent Stale s The

Conteonany  ¢entrol  (OMponent of the database Systew)

Caxsiez oult Hud  task.




PIs Advanteges OF Sewnal Sﬁdﬁejﬁ

= NO

. Smce thee s no  iNterleaving  Opezation  thexe

poopet wlilizabion  of  CPU when  prangacttonz  ax< walthg

fan i/p and olp” opesations.
2. Long  Bransatton may block  gmat  taandaction oo a

Long EHme
S@(,-Quzab:u@ -

Seﬂ@umbﬂ(‘(,’if B8 uged ip determine tethi'Ch of the

2 cohrc
Non Sestql  Schedules auuay./g quee cossect  yesullks ond h

oy Sr\/e endy Yelulks:

A SChedele 3 o N brangactiong '8 Sadd  to ke

Setializable € k& S equivalent to some sextial sch@we o8

the Same n  trangactong te . Tf the nterleawd Sthedule.
powcdecces Same TERUE g phat Seval Shedule Twen tig
Ntexleaved Schedule S gqid o be Sevrqiizable:
rangactions  aste. poiogaams - TE 15 Computaltonal
drfrcutk o deteymine (exactly what Opeyattas a txansaction
pertarms and) how Opsation OF \oouus  yanzacttong  inkesact:

Here le ave pengidering only o opesaltond  Read and conlg

T
vead(A)
Lo kelA)
Feadca)
onte (A)
Yead(p)
LoONte (B)
vead(p)
(OwEe (B)




&

| Foor two Schedudes to  pe equtvalent , the opesdtions
f&pph‘ed to each data ttem (@ ffected by the 5Sthedules’

| Shoutd be appued to  that vtem) N poth SChedales MOsk
| be n the Same ovdet hese @€ WO types of

| CGunvatences *Thegj ave (ol and \fMewo guivalencte and

:’Cﬁegj teccad toO Conflct and Vetew Sesu'a((zigb(c‘@p

ConflfcE S@tch(ijabr(r‘@ .

let w8 Considen @ sthedule n cohidh  thee asa
o Congective  instiuctions T and ) of bansactons
Tiand T wespectively ¢r)) Te T and T) sejers o different
data jtems then e  can Soap  Trand d)  orthout
Offecletng the Jesuwts of any insbuctien n the Sthedule.

Buk, T¢ T and 1 agefes O Same dataitem then the

OxdeY OfF 9 Stepd MAY malol. Sinee e ase dealing eor'th

Vead and nlavte opexaadm theve ane oo pcssrbie
|
| Cowges'-

b0 - yead o) o
@), I)= 2ead(@) The ovdey ©f Tt and Ty doesnot

mMaltes gy
e the Same VAl of ® s vead ,&y Tr and

| 1y Tegaidtess ef the eades.

-2 T = vead @), Iy« cawke (@) qf g Comer  befame I § ~then T
y P (9] f

|

V

| doesnol- gead the vatwe of @ that s camiteon by
| \

i INSbuckon T, | I, -

| Ly &f ) Comes  befooe T, then T¢ yeads «he
| :

E

Vale of @ that 5 QI kke
by Ty Thag the
" . » »d
- ey

OoF A and I mattens .

l ¢ Don' & Ch@nge thety o¥dey (0 Qny  noh Sexaf SQheda(Q}




3 Di- wate(@) Iy- vead(@) , the endey of Tr and )
naters Joy Yeasons Similas to those ©F the
poeytous Cas e
4. Dok @) Ty = worite (@) L since both  mstrucbions A
canrke  Operations | the oden 6F these tnskaucleons
Adoesnok affect erthen Ti and Tj. Howevel the value
Obtaned by nest Tead (@) opezallon of S 13 affected,
Smce the Tesul oF only  the Jlattes of the tLo0
caorke opesabos 15 psesesved in  the database. T
there 15 o othol ke (@) opesaton afte diand I
N S, then the evdet 66 Trand 3 diseckly  ggfects the
Lral valce ©fF ® in dihe databese state that yesuls
Fororn S+
Two epesalions ase sald to be JLonplick TF

they Salisfy .au’ Ywee Londibons.

Y They must betong ko 2 drfferenc rensactons

o) “meL) gk Qccess the Same  data  feem

) Atleast One  ©oF the Opexalion s wiatte  gpesalton

(T( T
yead( A )
Lomte (A)
¥ead (A)
oz CA)
Fead(B)
Lowrke (B)
yead (B)
Lomte ()




=7 Swap  wonte B) of T,

7 the (ostite CA) Tnstruction of T Conflrks: wotth ?reod(g:)
Insboucton  of Ty, /

7 But taote (A) Tngtaacton  eof 7, doesnot Conflick eotth
read(B) nsbuction because Hhe two MNaucton @Ccess

diffesent data  ikems

tet Trand Ij be comsective  fnstauctions of

QA  Ahedute 5. G Trand 15 ase msbucliar of d thferent

Yansackos and Ty and 1y doesnot Conflict , then epe can

Swap Trand T o pPoeduce o new schedude s
Ex-

Since  4he  camite CA) Tnstruction o To

torth ¥ead (p) Y Bsbuckon OF T we can

- theze  instsuuctons.

Tt o

1o
Yead ¢ )
Lake (A)
vead (A)
dead (R)
Losite CA)
ke ()
Sead (B)
Wbute (8)

Wle Continite ¢n SLUQP Non C@nacﬁ’ctr‘nﬁ tnstaucbons
7 Swep YeadB) of T woves Tead (A)

Ot To .
7 Zdwap  walz B of T wWith

Catte (A)  oF Ta

Wth  yeqd (A Of To.



Then e get

aT

!

Tead (A )

caske (A)

vead tB)

woowke  (8)
Yead (A )
wanke (A)
Yead (&)
wntte B)

I+ a Shedwe s can be fyansfoymed 1N Q
Sthedue s' by a Senes of Suaps of non Lonpeeng
sbudions , we 8ay that S and S' an  Lonflect
€quivalent
et SeauaiiZab\‘“{:y -

Consides o schedules 5 and 5' 1hey ane sad tO

be wewn equivatent o the following Conditions Qe met
t e

) o each det@ item A, rf tansacion T werds  the
nital \alue of & schedute 2, then tansaclian tF mug

N Schedede S oo wead T intal vale ©oF Q.

2) oo each dato rem g o txansaclion Tt eXecctte 3 wead (A
tn sthedule s' that valuwt el2 produced by o upte (a/
Opevation execated by txanzacion 7. then wead(®) operalim
| OF twugaction T i Sthedule S algo Fead the Vel oF &
Ltme was Poeduced by the game wite Q) operalon  pop

tyansacton 1



=

3) FOY pach data ke @, the BunEACON that pesioris the g
Boat wente (@) Spezfoj,im 'O chedu te § MU & Pe&{Oﬁ\m

the frnal wite (g eopabron N Schedule. |
Condtlions v ang o ensle  that cach tyansachmn
Sca ds  the Same yalue g N oth gchedules and p@(@/ms

Same. cmmtaaon « Condtbon3  coupled  gytth  ponditon | and 2

engoes  thoe  bothy achedule Fesuts 1 the Same Fnal System

State.
Exi-
Khedule 1 -
_ Schedute 2
T 1o
M Fa
Fead(A)
A A-SO yeadta)
convte (A) temp = A% 07
B: BHSO A= A*ﬁefWP
casute ) taslech)
eada) Tea d(B)
temp » AxO-I B Bttemp
Az A-temp’ conite CB)
easte ¢a) veades)
Yead (B) AzA-50;
B: g+ temp Lo e (A)
Lw(\te LB) B B""SDP/
tamtlee CB)




Sehedede 81—

2

Ty
sead A)
A= A-507
tOowke (Aa)
yead (A )
temp = A%0 )
A= A-temp
ke CA)
yead (8 )
Bz Bt 507
conike B
read(B)
B RBttemp
warte (&)
Hexe achedule t 3 ot view equuivalent 0 schedule 2

e He  awwe Qcouk A vead fy T2 WRD pooduce d by T

N Scthedule t, aohué az this Casze doesnols  dhold o Sthedule 2
Beawevesr hedulel 1S \few equivalent  to Xhedule 3 wihy  because
the wvalued o A ond B vead by To  cons Gowedaced by Tow
both  Casged-

Evesy Conflict  Sest ialsable  Sthedule s Qo \/ tee)
Serttattz@ble 1k AHhese ane ~ Some e Seia>able  ghedwles

thak axe fok  colict Setializable




Considen the olocoNg  Schedule (10)

iE; Ty TL
vead (R)
wente (@)
éozf\'te (@)
conte (Q)

e atove SChedule s noe  cordlict Sexialczable  Since

eV@uj PGLCS‘l oF censecluve nsexclions COQFUCE and NO 3@@[)])“’19
rnstuctiory  ase  possible.

—

N the above schedule  “tg § Tg pesfaaims  cooite(®)

OpAlloN o pitheut pexfoaming @ vead (@) Opeyalian pbwtes Of

this (ELJP@ 'S catted  Blind  tWlartes:
2 ind lsirkes Qppea i Qany \tewd Seju’aQBob(e SChedoude

that 15 ol  (entllct  Sexrrptl zable.

‘Kecoverabr! f‘{lj -

Agsume 1 Q& txansacten Ty falls, ke need to wndo

the effect ths  tansackon to  enxore Qtomecly PICPetle

In o System that Altews  Cencuasent  execution )1t 15 necessaay

0 engure Hak any  tangacton  Tj that 8 Qo dependent o)

T 8 AQlso akoated. 70 acdheie  ths Stotety , ke Need O

pace  yestsrctionzy on  the @Pe, Of Shedules 1 +he Sgstem.

PQCO\/GB/QPDIQ Schedctle: -

A Yecoverable  achedyye 5 One Wheye &% each

patt of tyangaction Trand T that 1) weads the data ftem

me\naxslg e ootkten El_j rﬂ‘, <the Commitl qgezga&m of '7,\

QAppeassS befaae the  committ opesalon  of Ty




Considen  the  ~Bueang  schedele

1o Tq
yead (,q)
LINtEe CA)
vead (A)
Yead (B)

Hexe Tq  pestomas only one  epexalton yead (Al . Sappdse

e ‘ \
the SyseM  attows g6 tO commtl  tmmediately  ouekey

ex - -
ecu‘uhg XQQC‘CA) re 1Q Comm it bemé 18 1 31{)}3(3‘5& Te

Tq bhas wead the valw of

s befone ot Commitd + Stnce

data  item A waitted by T3 e must qbont Ta O enswoe

Hxansacton atom&cctg . Mowoeves 1Q 1B atseady Cormmitted and

5 the abo\e s GDLOJY)ple foan noN

Cannot  be gloonted

yecovesable scheduter

Cascadeless Schedeles

6) seconeyable to yéloven

Even UVf O schedule

e oF TransachionN  Tr wWe May have

Corsectly Fororm the

o ol back geveral ranzacions

Conader  the po:naal Schedwle

Te Tu s
yead (A)
yead (B)
comte (A)
yead tA)
wante (A . read tA)




“Tyansacteon (_[O tOtes @ el of A thak s read E)SD

T Tr vl @ vawe ©of A thak s vead by T Sppes
that at thes pornt Tio Fals. Mo must be  voled back .

L [y N~ C((o
Snce Tn s dependent  on Tu, T2 must. be 2oued  ba

I a S\hgte Wanzactton fatlwre leads Lo @
Setes OF tyansaction ovoUbacks then & 5 ued (asading
0| back

C%C@drh9 voback '8 undesisable  thte ‘have to
Testnck the Sthedule g such  that Qag@dw‘? ol backs

Canmol o « Sweh  Schedwles are  catted Cascadeless

Shedudes
Cascadetess  Schediate -

Tt 'S one tohese for cadh pate ©F tzansacton

Trand T @uch taqt T ¥eads a chta ttem p:»!emwsg casrtten
by 1, the Committ  Cpeyation f T Appears  etone  the Jeqd
Opesabion of T3,

EV@Jty Q@zcadeless Shedule g yecoverable »
*TGSH@ +or SQ&(!‘CJ(M'Zgbrh‘(yTs

Wihile desu‘g’m‘r‘g Conteoveney  Conksol SChemes

Wie  muse  ensune Yhat  Schedules Qgenexated by Sthemes asie
Sem‘atgqb(e. Mosk Comowzm/j Contow!  Schemez donot thduoucty

test foo  Sevializabrilty  yathes pootocolds  ase  developed to
Joantee  that the Lhedute 1S Sewallzable « Hence iate
Mgk tese Sthedales  Fas 5@u‘au‘mbr(e‘@ e have erfirred
Me thads Lo testing  Conflick Setalizability @and no  efficient
method  foon  testing  yrewo Serratezability




Conaidest @ Schedule S . constuct @ disected gaaph

Calted  precedence geaph  fzem 4 . Ts goaph  Consits of
a  past G= CVE) toheste V1B Set of \Vesititez and € I'S
Set of edges The set of Vollies Congrdts oOF Qu the
bramsaclions  peolicipatig e schedule . The Set ©F edges
Cond’B3  OF Al odges TivT) foo  wehich one  of thiee gendibon

olds .

T executes  wliite q@) befosie Ty executes ead(@)
s. Ti  exewuten ead (@) befoe T executes  omite(@)

3. T execukes tomte(@ loekwe 1] execdes oonte (6))

I an edge T 7 Ty exsts t+he preedence

ﬂmph y e achedules I et QW befode Iy

Qehedute ! Qchedule 2
(T, G2 ‘ (T( Do
wead(A)
readCh)
A= A-50
’LﬁmP: Axo-l
vastle CA) A= A-tep
yead (B) Lprke (A )
coalel B) Rz & ttemp
sead (A) Loncte (B)
tem o AM’O“
P >ead LA)
A= A ~termp
plole (A) A= ATSO
vead (B) Lon'eCA)
gz Bttemp yead(B)
cpote CB) - (3+50
Loonte (d)




Schedule 4

Yead(a)
A= A-50
yead (A)
temp = A% 0O
Az A-temp
taute ¢A)
vead (B)
tastke ¢ A)
Yead ¢i)
B~ B+50
wat@(@)
B= Bttemp
tante )

Mecerdnce Jeaph Hfor  schedule |
For Schedude

@ (D)

Stnee  ai insbucttons 0 T
e execwtked befpae the F¥sE
thabucton & T vys  exelutked

The  polecedence Papn Loy Schedule 4

T Contalng the edge N 5 To, because T exeades
Yead(n) befrnae To executes ke (A) and the edgé =T

becuuze p executes ¥ead(B) lefose Ti eseccton cante (a)




TJ£  the szecedence 35&()’15 conkouns &jc(e then the

Qchedule 45 nNobt Conflict 5@1{@_&‘2@&)(6 . T the 9ﬁa_ph
Contand  ANlo G%JC[QB then the Scheduwle 15 Sesttatczable

Schedele S4 contatng & CLJC(Q 50 b3 not Lontlect Senaltzobl

tohere a@s S ond Sy aie C@nJCCCk 56511&!((20le'

Concixszency control: -

INhen several transactions etecate C:oncun’eﬁHj +the isol-
okion property may N° [Oﬂf]@' presesved - To ensuse the system
must control the infesactions among the Ivansockions - This is

achieved Jchtfoug[’\ concurzency contzol schemes -The concusrency
confwol Schemes o€ hasad on sexsializable psoperty. |
Lock Based petecols:-

One way 1o ensure sesializability is to sequire that date
tems may re accessed in a mutually exclusive manner i-ey whi
one ‘transaction is occessfn? a data item, no othes +wansactior
can madify thot dota Hem-The most  widely used method 4o
imP[e,men£ ‘s to lock 1 the data item which are zyecl/u’ia'(-gd Sor
thot Hransaction:

Lock:=
A lock s o va¥able +hat is associated  wrth each dota

‘Lem in the dotobase and descxibes the Status of +hat

Clppl?e& o that dota tem -
These o03%e vagious modes 1N which a dafn?{—em rnaj
he locked:

Shared Lock(s):—
If a tyansaction T; has obtained o lock in shaved

mode on Hem  then T; con ¥ead but cannot write &




} Exclusive Moc[g/gp_ddce leck s - @

| Tf o tsansaction T: has obtained an exclusive
mode lock ¢ denoted by X) on item Q,then T. can both
Yead and Wsite §-

Lock Compotibility matix: -

S X
S True False
x  False False

(

| Every 4wansoction ZfecLues’c a lock in an appyopriate mg
:Or\ any doto item @, depending upon -the {HPQOJC opesation.
iThe, tyansaction makes a zrectues{» 1o the Concuwsency comts/
Manxje?f Tf +he maroger guants +he lock to the Lyansaction.

{heh transaction psoceed with +the OPeefaJc:of)

Assume A ond B ave awbiavy lock modes - The
compodability function is defined as follows - Taansaction T
zyec‘/uegﬁs a lock of mode Aon item § o Which Jc%faﬂSochTOnU-
js cussently holding o lock of maodle B - Tf twansaction T, I's
Eﬂz@m'ceol o lock then we can Say modle A TS compatible with
fmaxie B- An element QomP(A,B) of the motsin has the wfue
H:me i~ and on|j ' mode A is Comlpojcfb!e with node B
| A twansaction '6e<1ue5£s a Shased lack on dota iftem §

bj execu‘cmﬁ lock-3(q) ,exclusive lock bj executing
lock-x(&) and unlock a data item by execu’csnﬁ Onlock(q )
instzuction Jo access a data item tsonsaction T: Must fiast
lock that item ' If the dada item is |locked by anothes toy.
neackion iIn an incornpo’c?bfé’ locks  held b_"j other +wansactions
have been seleased -



|
| g%:- T, lock- x (B) Tys lock -S(A)

sead(®) sead ()
R-B-50: | unlock(A)
wsite (B) lock-s(B)
unlock () read(?)
lock -x CA) un Lock(B)
sead (A ) : display(A+s);
A= A+50;
wsHe (A)
unloclc CA)

Deacl Lock:- consides « PQU'{:?OL schedufe Shou)n be/ow.

TB TLf
lock - x(R)
sead (B)
R=B-507"
wsite(R)
Loc k - S(A)
sead (A)
lock -scB)
Lock -%(A)

Siﬂce Ts IS ho[d?nﬂ exclusive lock on B and T, s 'zrecz/ue

5’{(”? a shofed_mawle lock on B, T, is waiting Ffor Ty to unloc

3 - éim?bﬂb T, is holding a shased-mode lock on A and Tz i<
feﬂ/uee,‘cfhg Exclusive lock on A, T3 is waiting o T, to unlock
A - Sowe have assived ot a Poi’nf whese neither O]C these twar
aackions can neves yoceed with its nosmal execution - This sj
Eﬁ{uofch” is called Dendlock-When o dead lockoccurs the %/S‘EE
must wollback one of the two twansactions. Once a transaction
hos been wolled back the chtaitems that ase lecked by thak
Lyansackion unlocked -These data. 1tems are then availoble to

the ethes twansactions which can continue With its execution



Locking pactocol:- ™
Tt 5 a set of sules,wbhich indicotes when a transaction
1 may leck and unlock each of 4he data items- Locking protocols
gestricts the no of possible schedules-The sek of all such
gggchedules s a popes subset of all possible serializoble scheok,
égrs}!im of locks:-
INhen o tmansaction wequests a lock , on a datod item in

a pasticulos mode and no othes twzansaction has a leck on the
came  data item in a conflicking mode the lock con be granted
Cave must be taken 4o ovoid the followirB Scenagic -

Tsansaction T, has a Shazredmede lock on a dato item
cmd T, ?feq/uesics an Exclusive Mode [ock on the Same data
item- T, has to toait fos Ty t0 selease a shared mode lack -
Meanwhile T, may sequest a shaved mode leck on the some
| data item-The l(ock xecluesfc s compcn‘:r’ble with lock Szrqn‘ted
to Ta 5o lock may be granted to T,-But again T, also
Ueclufb’es a shaoved lock on Same dota itkem and it is 32@%@
Los Ty * Hese T, neves Qets the exclusive made lock on Same
the data item-The tmnsaction T, may never make pProgress
and it s said to Stasved”

The +toansaction is [eft in wait state 7ndef7”7t€l:f and

unable to cJe‘c new lock even though the system is not in

Dead lock -
We can avoid Stawvation of transaction by 8b'gn£m5

locks N the following Manner:

When o +wansaction T; bectues‘cs a lock on a data Hen
@ in a pavticulas mode M, the concurtency contyol M, the
- concusrercy Centicl Manager gwants the lock provided that



|
|
'i
‘i
|
{
i
|

¥ Theve (s no other transackion ho[di’nj a lock on @ in

a mode that conflicts with M-
¥ Thexe 1s no othew txansoction that ts wafti‘nj for a lock

on @ and that made ke [ock thuﬁgés before T
Tuwo phase Locking pretocol:- |

TE s used to ensure Sesializability: This protocol requ-

yes dhat each twansaction Tssue lock and unlock Te@ues{‘s in

+wo Phases .

ézsow‘inﬁ PhQSe i-

A Ltrsansaction may obtain locks but may not »elease any
Lock - |

 Shinking phase +-

A  +ransaction Moy yelease locks but may not obtain

" new locks-

In?tiallj the +ransaction is in c}b'ow:'nj phase- The

~transaction Q@LUEKGS locks as needed-Once the Evansaction
seleaces a lock ,it entess -the shzf"mki’nj phase and it can

' jssue no mose lock zfeciues!;s-

Ex:- T Tao
‘ Lock(B) | Lock(B)
Read(R) yead(B) T, is not inap|
B=03B-50; R=R-50; but T, is in 2pL
Wi ke 3) Write(R)
Unlock (B) Lock(A)
lock (A) sead(A)
Read (A) - A=Ats0;
A=A+50; . Write(A)
unlock (B)

wWrite(A) , .
U nlockCA) MDLOCKCA)



Aclvah'taj,es:—- @

- — 2PL ensuses ijc[ict Setsfa[‘vZab‘i[H:j'

Disad VQH’EO\CJ}SiS -

- — Dpes not ensuze —)Cb‘eedom from dead(ock -
LOCkRi)t:~

The point in the schedule whese -the +wansaction Fisis
Obtained s inal lock & called the lockpoint of +the
transaction CThe end of the growi

g anse)cqsmd@ St
back mc‘\t’ Occuxs In &pL -

4. T T g
lock -xcA)
vead(d )
lock - &B)
sead(B)
wsite (A)
unleck(a) Lock-x(a )
sead (A)
write (4)
un,OCkCA) [OCk “SCA)
sead(a)
The

above %Uonsoc{?or)s a¥e tn QpL but the fQ”UZfe of
Ts aoftes zead(s) step of T, leads +o Cascading sollback
Of E and IS
Stoict 2P

Cascad?ﬂj soll backs can be awided éﬂ a Wbo‘/'ﬁca-l;?or)

@jl oPL called +he Slxict @QPL-Tn +his o tsansaction

Connot welease any exclusive locks until +he t¥ansaction



commits - 8o no other tmnsackion can Fead or write an
item thot s osithten bj the twansaction unless it has
cornmitte d -

Anothes Vaziont of 2PL 18 'a'Bob'ous 2P which a’eiq;&
+Hhat all lecks be held until the twmansaction commits:Mos;
datobaze sjsﬁem Empfema’)fj erthey 2PL or b'TjoUous 2PL .
Tyansackion is in its expanding phase until it ends.

LocK Convexsrons -

e can Pa'ov:o]e o mecf\omsm "fozr “E‘]mﬂmj o Shared
Lock o exclusive lock and dowrgmdmj an exclusive lock
-{:o Shored lock - We denote Convewsion Jctrom shosed 4o
%C-ixdus'\/e Madles ‘?j UPjUade and —]Caom exclusive to shoved
| by o wn ﬁmde-dpazmdmj can takes place in g¥owing phose
gwhezre as doerzfaclrrB can tokes place anly in shainking
| Phase-

Time S‘camlp based protocols:-

The use C:’f locks combined with +he two Phase loc kire
protecols aflougé us to juomnfcee the Serializabil ity of -
ackedules. A d?ffgvent appwach tat 3uxon£ees Sexializqg -
bility involves using twansaction timestamps to order
twonsackion execution f&r a eﬁ/u“umLenE sevial schedyle.

Time stomps:-

| A Hmestamp e a umq/ue identifier crented by the
DBMS to identify o twansaction -Time stamp values ave
QSSjHEd ‘n the ovder in which tonsoctions cve submitte
1o the 535£em So o Eime stamp 18 considesed as the
4xonsoction stawt time - Fox each twansaction T in the

. auckem a unque time stamP is assigned and it is



dercted f)j TSCT‘,’)‘ When a new £T?n5fxc#fon FG entiz’s@

+Hhe system then Ts(T;)<TsCTj ) This is known as Time
e

S‘EaijOzsdeerTj scheme - To implement +his s;heme cach date

item(R) is associated with tuo Hme Stamp values

tAl —HmesjcomPCQ): - Tt denctas +he [ozfjeswE £Tmes{zumpq
any tyansaction that etecuted Wiite (g) Successfully .

R-timestamp (q):- T+ denctes the lavgest tme stamp
‘of any twonsaction that executed the wead(y) Successfull

These - Mestamps are polatedl  twheneyeoy a New
Teod(]) o cwrite () Instrsuckion is execyted .

Time S-EamP Ozrdexirﬁ B’O‘Eoco[ —

The {?Me_s{:nmP oxdezﬁrB protocol ensuses +hat any

COY\'j:“C‘Hnj sead amd wwite operations ase executed in time
Stamp ovdes - This pyotocol oferates as follows'

- Suppose that twansaction T; issues vend(q)

o) If Ts(T) < W- timestamp(®) +hen T; needs 4o veod
a volue of § +that wns Ql’zseadj overwrsitten - Hence the
 weod epevation fis Yejectenl  and T: s 2olled back .

bBYTf Ts (1) 2w -timestamp(y ) then ¥ead Opezation is
Executed and R~£?mes£aMPCQ)

of- R-timestamp(®) ond TscT:).

s set to the maximum

Q- Suppose that -wansoction T: issues WriteCq ) .

a) If- Ts(T;) <R -timestamp(q) , this means +hat o  Younge

transaction is alveady using the custent value of the it

and #+ would be an evvos to update i now- So the s l



| zsej’ecl-s the wewite opesation and wdlls T; back
by Tf Ts(T7) < w-timestamp(g) thep T; is a%tem;yf?nj e
 wsite an  absolute value of §- Hence the sjg{;em vejects
4his epesation ond wolls T; back -

c) Otheswise the system executes wrsite opesation am
gets w-timestomp(q) +o TS(TD.

.Th‘ls SCheme ;S CO»HECI bQS;C_ ":;m&S'Enl’Y)P OZ)’deU;nﬁ
and \cjuoaran‘tees that wsansactions awe Qonjtl}’ct' Sexliq -

L'\Z‘_ab‘e and {hewesulfs Qe ECLuv'valent ":U Some sexial
achedule -

b - Con]f l ':cUﬂj @Pezfcr[:ions a%e pyocessed in +imestam P O3k
ond %@,@j&@(@ 1= ensuves  Conflict sewializability

2 . Since time stamps. do not use locks,deadlonks Can-
not occux-

Disadvantage s :—
|

- Stayvation mc‘nj occuy Tf a transactien is Ccyﬂ:?r)uq/(j

dbbzd:ed and vestosted -

9. I{T Adoes no{—: ensure. ?)’QCOVQB'CI{DI& SCh&Q’UJES

Multi ple C—!b’amﬂmﬁ{q :-

In all the concussency contwol Schemes we have
bsed each individual dota item as +the unit on which Syn-

cmonizotion Is Pe_dfoa'med- However it would be Od»dméag-

eous -to gwoup Seveyal cdata items and 4o ‘Eareqt ¥
as one individual unit-



%;_ T a Lyansackion T; needs 4o access +he ent?recgqt
bose it uses a locking protocsl-Here Ty must lock each

Aotoa ikem in the dotobase S it s Hime CoNSUMing Plioces
So it would be better i Ty would issye g Single lock

. ectuesf to lock the entise datakbase-On #he otherhard
if 4wonsaction Tj Needs +o access onB o few Adota Hems
‘& should not be Xe:i/u?zsed to lock the entixe database .

A dato tem can be one of the :fbflow?nj
— dotabase secord
— Held value of a datobase wecox
— A disk block
— a Wwhole file
~ whole dotabase.

The size of- the datotitem s called the dalq
- item 3a’anulazﬁjc\‘j-

Q fields

De,Pend?nj upon the apph'ca{?on we awe going for

h’,jhes’c level of locking Te. the entise database oy
 lowest level of [ockinj(‘ [odq.*@ data Hems).



t We can use shayed and Exclusive locks to lock

t a ncde-lhen a tvansaction locks o nede in Shazed os
exclusive mode all the descendants of the node azse alse
| locked in the same mode- T make Multiple 3mnulaarf£i1

I level [Ockf"ﬁ pyactical , additiong] types of locks calfed
intension locks ase needed - The idea behind intension
lock is fos o fronsaction +o0 indicate aleng the path From
Yoot to the desived node, what type of lock it will ;
—From one of node's descendants- Theye ase +hree
" $nkengion locks .

i - Intension - shaved( Ts) inclicate that- o shaxed lock 3

be '&eﬂ‘uested\ on some descendant-piode .

2. Inten-tion - exclusive Crx) indicate that an exclusive leck s

will be %’ecLuE’.SEEOI on Some descenabn’cﬂgoczle(s)-

3 Shawed- intension —exclysive GSIx) indicates $hat the

. n
in Shase phpde but an eXclysive

lock will be Tequested on  gome descendant node (s).

7 Cuxzyen‘: Nedle 1o LOC,ked

COQQPQ‘[:QE) i [?Eﬂ matwix —

Ts Ix S SIx X
Ts T T T T F
Tx T T F F F
g T F T ~ F
STx T = F F F
x F F F A F



; - (®)
EFoch +yonsackion T; can leck the data item using —Ehe.

foltowing sule |
D Tt must observe -the lock compatibility Function in
+the above table-
tyee jCTZSS{': and con leck
2) T+ must lock -the zoot of the
e In omy mode -
3) It can lock o hode § in S oy IS node only if it Cuzent
has the pavent of & locked in either TS o5 TX moeak .
4y TH can lock a node § in X, 21x o Tx mode only - ik

CUX’tEnHj hos the Paven{: Of ] [ocked in eithey ITx oy
8Ix meale -

5) Tt can lock a node onl:j i’f = has not Pa’evious\lj unlocke

any node (CT; is 2 phase) -

¢) T+ can unlock a node @ O”j tf it CCR)’ZSen'Ej hos None

of the chilHdsen of § locked -
Disedvan ko

% Deod lock maj oCcUr -






