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Transaction  
Isolation

How multiple isolated 
transactions are managed
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-  Multiple transactions may execute concurrently
● the system guarantees that:
● for every pair of transactions Ti and Tj, it appears to Ti that either

○ Tj finished execution before Ti started 
○  Tj started execution after Ti finished

Isolation Definition



Motivation For Concurrency

● Made possible by modern computers having many 
processors

● Improve throughput and resource utilization:
○ Increase throughput: more transactions are 

executed
○ Increase disk and processor utilization, 

processor and disk spend less time idling.
○ Reduce waiting time. 

■ No longer has to wait for a transaction to 
complete => reduce average response 
time.

● Same as the motivation for multiprogramming in 
operating systems. The database system use 
mechanisms such called concurrency-control 
schemes (covered last Monday).

Transactions 
involve CPU

Transactions involve I/O 
activities

Disk

CPU

Same Time!



Concurrent Execution

Transfer $50 from account 
A to account B

Transaction 1

Transfer 10% from account 
A to account B

Transaction 2



Two Serial 
Schedules

 Sequentially, T1 => T2,

 A: $855, B: $2145. 

Total amount between A + B 
preserved

Schedule 1

 Sequentially, T2 => T1, 

A: $850, B: $2150. 

Total amount between A + B 
preserved.

Schedule 2

These schedules are serial: Each serial schedule consists of a sequence of instructions
from various transactions, where the instructions belonging to one single transaction

appear together in that schedule.



Concurrent Schedules

Consistent State Inconsistent State

Final values: A 
$950, B: $2100 
==> 
inconsistent 
state, gain $50 
in consistent 
execution.

 A: $855, B: 
$2145. 

Total amount 
between A + 
B preserved

Serializable



Therefore, 
Ensure consistency of the 
database by making sure 
that these schedules are 

serializable.



Serializability  

When is a schedule 
serializable?
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● Focus on Read and Write operations on  a single data item: read(Q) or write(Q).
● Definition: No conflict serializability when we can swap instructions from two 

transactions without affecting the result.
● When does this happen?
● If I and J are two instructions from Ti and Tj:

○ Two read instructions: order doesn’t matter
○ I = read(Q) and J = write(Q), order matters.
○ I = write(Q) and J = read(Q), order matters.
○ I = write(Q) and J = write(Q), order matters  (different end Q value)

Conclusion: can swap reading and writing on different Q, and can swap two reads

  Conflict 
Serializability



Swapping instructions

Therefore, we say that I and J conflict if they are operations by different transactions on the 
same data item, and one of them is a write operation.

Schedule 3 Schedule 5



Swapping instructions 

Schedule 5 Schedule 6 == Schedule 1

Schedule 3 == A 
Serial Schedule

Conflict 
equivalent!



Non-conflict 
Equivalent Schedules

Schedule 1 and 2 with different outcomes (first slides)



We say that a schedule S is conflict serializable if it is conflict equivalent to a serial 
schedule. => Schedule 3 is serializable since it’s conflict equivalent to schedule 1

Example of a not serializable schedule

  Conflict 
Serializability



How to Decide If A Schedule is Serializable

- Precedence Graph

- G = (V, E)
- V: transactions
- E: Ti => Tj if

Graph for schedule 1 
and 2



Non-Conflict Serializable

This graph has a cycle => 
the schedule is not 
conflict serializable



How to Serialize a Schedule?

1. Build a graph

2. Run a cycle detection 
algorithm

3. Topological sort to find a 
serializable order 
consistent with the graph



What about 
failed 

Transactions?
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Recoverable Schedules

Partial schedule (no commit or abort)
 
T7 commits while T6 is still active, and it 
needs A from T6
 
=> T7 is dependent on T6
 
Must abort T7 because T6 was aborted!
 
Because we've already committed to T7, 
cannot recover if T6 fails!

Unrecoverable!



Quick 
fix

T7 delays committing until after T6 commits!



Cascadeless  
Schedule Jupiter

Saturn

Cascading Rollback

Have to roll back multiple 
transactions to recover from 
the failure of one 
transaction.

Undesirable, since it leads to a 
undoing a significant amount 
of work. 

Idea: try to 
commit before 
reading 
operation in 
the next 
transaction!
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