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Review: ACID PropertiesReview: ACID Propertiespp
AtomicityAtomicity

Actions are never left partially executed
C i tConsistency

Actions leave the DB in a consistent state
Isolation

A ti t ff t d b th tActions are not affected by other concurrent 
actions

Durability
Effects of completed actions are resilient againstEffects of completed actions are resilient against 
system failures
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Chapter 18 Concurrency ControlChapter 18 Concurrency Controlp yp y
A
CDesired Effect: Transactions not affected by C
Isolation
D

Desired Effect: Transactions not affected by 
other concurrent transactions.

T1 T2 T3 Tn…

DB
(consistency ( y
constraints)
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ExampleExamplepp
T1: Read(A) T2: Read(A)T1: Read(A) T2: Read(A)

A  A+100 A  A2
Write(A) Write(A)

( ) ( )Read(B) Read(B)
B  B+100 B  B2B  B+100 B  B2
Write(B) Write(B)( ) ( )

Constraint:  A=B
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Schedule ASchedule A
A B

T1 T2
Read(A); A  A+100

A         B
25       25

Read(A); A  A 100
Write(A);
Read(B); B  B+100;

125
Read(B); B  B+100;
Write(B);

Read(A); A A2;
125

Read(A); A  A2;
Write(A); 250
Read(B); B  B2;
Write(B); 250

250     250No interleaving of 
actions of transactions.

(S i l S h d l )
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(Serial Schedule)



Schedule BSchedule B
A B

T1 T2

Read(A); A  A2;

A         B
25       25

Read(A); A  A2;
Write(A);
R d(B) B B 2

50
Read(B); B  B2;
Write(B); 50

Read(A); A  A+100
Write(A); 150
Read(B); B  B+100;
Write(B); 150

150     150No interleaving of 
actions of transactions.

(S i l S h d l )
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(Serial Schedule)



Schedule CSchedule C
T T

A         B
25 25T1 T2

Read(A); A  A+100
W it (A)

25       25

125Write(A);
Read(A); A  A2;

125

Write(A);
Read(B); B  B+100;

250

Write(B);
Read(B); B  B2;

125
Read(B); B  B2;
Write(B); 250

250 250250     250
Serializable, but not 

serial schedule
CMPT 454: Database Systems II CMPT 454: Database Systems II –– Concurrency Control (1)Concurrency Control (1) 7 / 23

serial schedule



Schedule DSchedule D
T T

A         B
25 25T1 T2

Read(A); A  A+100
25       25

Write(A);
Read(A); A  A2;

125

Write(A);
Read(B); B  B2;

250
Read(B); B  B2;
Write(B);

Read(B); B  B+100;
50

Read(B); B  B+100;
Write(B); 150

250     150
Nonserializable

schedule
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schedule



Schedule ESchedule E
A B

Same as Schedule D, but with new T2’

T1 T2’
Read(A); A  A+100

A         B
25       25

ead( );  00
Write(A);

Read(A); A  A1;
125

Read(A); A  A1;
Write(A); 125
Read(B); B  B1;
Write(B); 25

Read(B); B  B+100;
Write(B); 125Write(B); 125

125     125Serializable schedule 
(due to details of 

ti )
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CommentsComments
What schedules that are “good” regardless ofWhat schedules that are good , regardless of

Initial state;
Transaction semantics

Only look at order of read and writesOnly look at order of read and writes

Example:

S(C) = r1(A)w1(A)r2(A)w2(A)r1(B)w1(B)r2(B)w2(B)
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Comments (cont.)Comments (cont.)( )( )

S(C) = r1(A)w1(A)r2(A)w2(A)r1(B)w1(B)r2(B)w2(B)
Example:

S(C) = r1(A)w1(A)r2(A)w2(A)r1(B)w1(B)r2(B)w2(B)

S(C)’ = r1(A)w1(A) r1(B)w1(B)r2(A)w2(A)r2(B)w2(B)( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

T1 T2
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Comments (cont.)Comments (cont.)( )( )
However for Schedule D:However, for Schedule D:

S(D) = r1(A)w1(A)r2(A)w2(A)r2(B)w2(B)r1(B)w1(B)S(D) = r1(A)w1(A)r2(A)w2(A)r2(B)w2(B)r1(B)w1(B)

Thus, T2 must precede T1 in any equivalent 
schedule, i.e., T2  T1
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Comments (cont.)Comments (cont.)( )( )
• T2  T12 1
• Also, T1  T2

T1 T2 S(D) cannot be rearranged
into a serial schedule

S(D) is not “equivalent” to
any serial scheduleany serial schedule

S(D) is “bad”( )
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Comments (cont.)Comments (cont.)( )( )

R t i t S(C)Returning to S(C)

S(C) = r (A)w (A)r (A)w (A)r (B)w (B)r (B)w (B)S(C) = r1(A)w1(A)r2(A)w2(A)r1(B)w1(B)r2(B)w2(B)

T1  T2 T1  T2

N C l ! S(C) i “ i l t” t i lNo Cycles! S(C) is “equivalent” to a serial 
schedule (in this case, T1,T2)
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ConceptsConceptspp
Transaction: sequence of ri(X), wi(X) actionsq i( ), i( )
Conflicting actions:

r1(A)         w2(A)       w1(A)
w2(A)        r1(A)        w2(A)

Schedule: represents chronological order in 
which actions are executedwhich actions are executed.
Serial schedule: no interleaving of actions or 
transactions.
Serializable schedule: there exists a serialSerializable schedule: there exists a serial 
schedule such that for every initial database 
state the two schedules are the same
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state, the two schedules are the same.



Concurrent Actions?Concurrent Actions?

T i S t I t(X) t XT1 issues System Input(X) t  X
read(X,t) issues completes( , ) p

input(X)
timetime

T issues i t(Y) S stemT2 issues
write(Y,u)

input(Y)
completes

System
issues

System
issues

p

Y  u
output(Y)

output(Y)issues
input(Y)

Y  u p ( )
completes
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Concurrent Actions? (cont.)Concurrent Actions? (cont.)( )( )
So net effect is eitherSo net effect is either

S = …r1(X)…w2(Y)… or
S = …w2(Y)…r1(X)…
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Conflicting, Concurrent Actions on Same Object?Conflicting, Concurrent Actions on Same Object?

start r1(A) end r1(A)start r1(A) end r1(A)

t t (A) d (A)
time

A i l t t ith 1(A) 2(A)

start w2(A) end w2(A)

Assume equivalent to either r1(A)w2(A)
or w2(A)r1(A)or w2(A)r1(A)

Low level synchronization mechanism
Assumption called “atomic actions”
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Conflict Equivalent/Conflict Equivalent/SerializableSerializableqq
Definitions:Definitions:

S S are conflict equivalent schedules if SS1, S2 are conflict equivalent schedules if S1
can be transformed into S2 by a series of 

swaps on non-conflicting actions.

A schedule is conflict serializable if it isA schedule is conflict serializable if it is 
conflict equivalent to some serial schedule.q
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Precedence Graph P(S)Precedence Graph P(S)p ( )p ( )
S is a scheduleS is a schedule
In the graph:

Nodes: transactions in S;
Arcs: T  T wheneverArcs: Ti  Tj whenever

pi(A), qj(A) are actions in S involving the same 
d b ldatabase element;
pi(A) <S qj(A) (pi(A) is ahead of qj(A) in S);j j

At least one of pi, qj is a “write” action.
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Examples (1)Examples (1)p ( )p ( )
What is P(S) forWhat is P(S) for

S=w3(A)w2(C)r1(A)w1(B)r1(C)w2(A)r4(A)w4(D)

Is S serializable?
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Examples (2)Examples (2)p ( )p ( )
What is P(S) forWhat is P(S) for

S=r1(A)w1(B)r1(C)w2(C)w2(A)w3(A)r4(A)w4(D)

S serial  P(S) acyclic!
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ToTo--DoDo--ListList
Do a research on Precedence Graph CanDo a research on Precedence Graph. Can 
you write a program to draw the graph?

What is the usage of Precedence Graph?What is the usage of Precedence Graph?
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