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Concurrent execution and schedules

T): read(4); 1
A=4-50,%
write(4); %
read(B);
B:=B+50;
write(B).

T,: read(4); 1
temp :=A* 0.1;24
A=A — temp;
write(4); *
read(B);

B =B + temp;
write(B).
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Concurrent execution and schedules

T,: read(4); {000 T, h
A:=4-750; 20V cad)
write(4); A=4-50

read(B); write(4)
B:=B+50; read®
. =B+
write(B). write(B)
m <commit ) —
—— read(4)

T,: read(4); 1059 temp = A %01 ﬁ&’
temp :=A*0.1; A=A — temp
A=A — temp; write(4)
write(4); read(B)
read(B); B =B+ temp
B =B + temp; write(B)
write(B). 387

Serial schedule 1
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Concurrent execution and schedules

T,: read(4); T, T, oo
A=A4-50; read(4) w
write(4); temp =A% 0.1
read(B); A=A — temp
B:=B+50 write(4)

. ) read(B)
write(B). B:= B+ temp
write(B)
commit
T): read(4); read(4)
temp :=A * 0.1; A=A4-50 un
A=A — temp; write(4)
write(4); read(B)
read(B); B:=B+ 50
B =B + temp; write(B)
write(B). commit 8&

USL

Serial schedule 2
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Concurrent execution and schedules

o3

read(4);
A=A4-50;
write(4);
read(B);
B:=B+50;
write(B).

2f read(4);

temp :=A*0.1;

A=A — temp;
write(4);
read(B);
B =B + temp;
write(B).
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read(4) read(4)
A:=4-50 A Fd =50
write(4) write(4) —
read(B) [y pead(4)
B:=B+50 ”temp:=A>k01
write(B) N\ A4:=4—tem)
commit Vesite(A4)

read(4) fead(B)

temp = A 0.1 B:=B + 5(

A=A — temp write(B)

commit

write(4
read(B)
B =B+ temp
write(B)
commit

Serial schedule 1
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read(B)
B:=B+ temp
write(B)
commit

Consistent concurrent schedule
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Concurrent execution and schedules

T,: read(4); T, i T, T,
A:=4-50; read(4) read(4)
write(4); A:=4-50 ’_@
read(B); write(4) red read(4)
B:=B+50; read(B) temp :=A % 0.1
write(B) B:=B+ 50 (w A=A — temp
: write(B) write(4) w GNA)
commit read(B)
read(4) G50 witett) _Lp
Ty: read(4); temp =4 % 0.1 read(B)
temp =4 * 0.1; A=A — temp B:=B+50
A=A — temp; write(4) write(B)
write(4); read(B) commit
read(B); B:=B + temp | B:= B+ temp
B := B + temp; write(B) write(B)
write(B). commit commit
Serial schedule 1 Inconsistent concurrent schedule
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving

m Serializable schedule — equivalent to some serial schedule
—
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving
m Serializable schedule — equivalent to some serial schedule

m Conflicting operations — two operations on the ([same value yvhere at least one is a
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving
m Serializable schedule — equivalent to some serial schedule

m Conflicting operations — two operations on the same value where at least one is a
write

m Conflict equivalence — one schedule can be transformed into the other by
reordering non-conflicting operations
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving
m Serializable schedule — equivalent to some serial schedule

m Conflicting operations — two operations on the same value where at least one is a
write

m Conflict equivalence — one schedule can be transformed into the other by
reordering non-conflicting operations

m Conflict serializable — can be reordered to a conflict-equivalent serial schedule
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Testing for conflict serializability

m Start with a schedule — interleaved sequence of operations from multiple

transactions
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Testing for conflict serializability

m Start with a schedule — interleaved sequence of operations from multiple
transactions

m Build a graph, with transactions as nodes
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Testing for conflict serializability

m Start with a schedule — interleaved sequence of operations from multiple
transactions

m Build a graph, with transactions as nodes

m Edge T; — T; if an earlier operation in T; conflicts with a later operation in T;
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Testing for conflict serializability

m Start with a schedule — interleaved sequence of operations from multiple
transactions

m Build a graph, with transactions as nodes
m Edge T; — T; if an earlier operation in T; conflicts with a later operation in T;

m If this conflict graph has cycles, there is a circular dependency, not conflict
serializable
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Testing for conflict serializability

m Start with a schedule — interleaved sequence of operations from multiple
transactions

m Build a graph, with transactions as nodes
m Edge T; — T; if an earlier operation in T; conflicts with a later operation in T;

m If this conflict graph has cycles, there is a circular dependency, not conflict
serializable

m If the conflict graph is acyclic, use topological sort to order the transactions into a
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Testing for conflict serializability

m Start with a schedule — interleaved sequence of operations from multiple
transactions

m Build a graph, with transactions as nodes
m Edge T; — T; if an earlier operation in T; conflicts with a later operation in T;

m If this conflict graph has cycles, there is a circular dependency, not conflict
serializable

m If the conflict graph is acyclic, use topological sort to order the transactions into a
serial schedule.
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Recoverable schedules
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Cascading rollbacks
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Cascadeless schedules

m If T; reads data written by T;, T; commits before the read of T;
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Transactions in SQL

m START TRANSACTION, COMMIT, ROLLBACK
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Transactions in SQL

m START TRANSACTION, COMMIT, ROLLBACK

m [solation levels
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Transactions in SQL

m START TRANSACTION, COMMIT, ROLLBACK

m [solation levels

m Serializable
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Transactions in SQL

m START TRANSACTION, COMMIT, ROLLBACK

m [solation levels

m Serializable

m Read committed — No dgyb lvn\'b e M
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Transactions in SQL

m START TRANSACTION, COMMIT, ROLLBACK

m Isolation levels
m Serializable

m Read committed

m Read uncommitted "’Vbﬂj (44090 g www
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Transactions in SQL

m START TRANSACTION, COMMIT, ROLLBACK

m Isolation levels
m Serializable
m Read committed

m Read uncommitted
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Transactions in SQL

m START TRANSACTION, COMMIT, ROLLBACK

m Isolation levels
m Serializable
m Read committed
m Read uncommitted
m Repeatable read

m SET TRANSACTION ISOLATION LEVEL READ COMMITTED
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Concurrency control

m Ensure that only serializable schedules are generated

m Allow concurrency T

m Control access to data to avoid conflicts .
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Ensure that only serializable schedules are generated

Allow concurrency
Control access to data to avoid conflicts

Mechanisms
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Concurrency control

m Ensure that only serializable schedules are generated

m Allow concurrency

m Control access to data to avoid conflicts

m Mechanisms - : ﬂlodu" ¥
m Locking g*l‘ll/ “mv fen ‘M)
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Concurrency control

m Ensure that only serializable schedules are generated
m Allow concurrency 'z . 7-& h T,

m Control access to data to avoid conflicts

-Me.chLaorli:ir:: M‘Jf M g ﬂl M“ u;\, M
m Timestamps / »A‘95“ “_L 07“.}4“\“ O

Madhavan Mukund Database Management Systems DBMS, Lecture 21, 10 Nov 2023 9/9



Ensure that only serializable schedules are generated

Allow concurrency
Control access to data to avoid conflicts

Mechanisms
m Locking
m Timestamps

m Multiple versions — snapshot isolation
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