
Database systems
• Database: a collection of shared data objects (d1 d2Database: a collection of shared data objects (d1, d2, 

… dn) that can be accessed by users
– every database has some correctness constraints defined on it 

( ll d i t ti i t it t i t)(called consistency assertions or integrity constraint)
– a database is said to be consistent if the values of its data 

satisfy these constraints
• A user   interacts with a database through complex 

operations called transactions
– a transaction consists of a sequence of read, write, computea transaction consists of a sequence of read, write, compute 

statements that refers to data objects in the database
– examples: on-line booking, bank teller operations, ...



Transactions
• Transactions: set of actions on a database that are grouped in a g p

single logical unit of interaction
– nomenclature:

• query: read-only transaction
• update: transaction modifies at least one object

– assumptions: 
• transactions preserve consistency 
• transactions terminate in finite time

– ACID properties
• Atomic
• Consistent
• Isolated
• Durable



The Transaction Model
Th t i it f t ti b t d ith• The atomicity of transactions can be re-created with 
special primitives.

Primitive Description

BEGIN_TRANSACTION Make the start of a transaction

END_TRANSACTION Terminate the transaction and try to commit

ABORT_TRANSACTION Kill the transaction and restore the old values

READ Read data from a file, a table, or otherwise

WRITE Write data to a file, a table, or otherwise



The Transaction Model (2)
E l• Example
– a) Transaction to reserve three flights commits
– b) Transaction aborts when third flight is unavailable

BEGIN TRANSACTION BEGIN TRANSACTION

b) Transaction aborts when third flight is unavailable

BEGIN_TRANSACTION
reserve WP -> JFK;
reserve JFK -> Nairobi;
reserve Nairobi -> Malindi;

END TRANSACTION

BEGIN_TRANSACTION
reserve WP -> JFK;
reserve JFK -> Nairobi;
reserve Nairobi -> Malindi full =>

ABORT TRANSACTIONEND_TRANSACTION
(a)

ABORT_TRANSACTION
(b)



Nested and Distributed Transactions
• Difference between nested and distributed transaction

a) A nested transaction occurs on logically and physically separate– a) A nested transaction occurs on logically and physically separate 
databases (independent sub-transactions)

– b) A distributed transaction takes place on a logically single but physically 
distributed database 



Implementation #1: Private WorkspaceImplementation #1: Private Workspace

a) The file index and disk blocks for a three-block file
b) The situation after a transaction has modified block 0 and appended block 3
c) After committing



Implementation #2:Writeahead Log
• a) A transaction
• b) – d) The log before each statement is executed

x = 0;
y = 0;
BEGIN TRANSACTION

Log Log Log

BEGIN_TRANSACTION;
x = x + 1;
y = y + 2
x = y * y;

[x = 0 / 1] [x = 0 / 1]
[y = 0/2]

[x = 0 / 1]
[y = 0/2]
[x = 1/4]x  y  y;

END_TRANSACTION;
(a) (b) (c)   

[x  1/4]

(d)



Concurrency control (1)
• Concurrency control is the set of mechanisms put in• Concurrency control is the set of mechanisms put in 

place to preserve consistency and isolation 
– Trivial solution 

• execute only one transaction at a time
– But, we are interested in providing concurrency 

• allowing several transactions to be executed simultaneously• allowing several transactions to be executed simultaneously

• Distributed transactions further complicates 
concurrency control 
– requires handling multiple databases



Concurrency Control (2)
• Concurrency control is 

best understood in 
terms of three managers

Data manager– Data manager
– Scheduler
– Transaction managerg

• The three managers 
implement a division of 
t ktasks 
– concurrency control is 

responsibility of  the p y
scheduler



Concurrency Control (3)

• The managers scheme 
can be extended to the 
distributed scheme



Concurrency Control TheoryConcurrency Control Theory
• We want to execute several transactions simultaneously 

– Each transaction individually preserves consistency 
– Serial execution is inefficient
– what we really want is concurrent (i e interleaved) execution– what we really want is concurrent (i.e. interleaved) execution

• What we need is a method that enables us to answer the 
following questions:g q
– Give the log of a certain execution of a set of transaction, is 

that execution legal?  (i.e. preserves consistency and isolation)



Serializability
BEGIN_TRANSACTION BEGIN_TRANSACTION BEGIN_TRANSACTION
x = 0;
x = x + 1;

END_TRANSACTION

(a)

x = 0;
x = x + 2;

END_TRANSACTION

(b)

x = 0;
x = x + 3;

END_TRANSACTION

(c)(a) (b) (c)

Schedule 1 x = 0;  x = x + 1;  x = 0;  x = x + 2;  x = 0;  x = x + 3 Legal

Schedule 2 x = 0; x = 0; x = x + 1; x = x + 2; x = 0; x = x + 3; LegalSchedule 2 x = 0;   x = 0;  x = x + 1;  x = x + 2;  x = 0;  x = x + 3; Legal

Schedule 3 x = 0;  x = 0;  x = x + 1;  x = 0;  x = x + 2;  x = x + 3; Illegal

• a) – c) Three transactions T1, T2, and T3

(d)

3
• d) Possible schedules



Conflicts

• Two transactions T1 and T2 are said to conflict if
– they access the same data objects, and
– at least one access is a write, i.e. r-w, w-r, or w-w 

conflict 

N t th t if t t ti h fli t th• Note that if two transactions have no conflict, then 
their execution can be interleaved without 
restrictionsrestrictions 



LLogs

• Log: chronological order of actions performed by 
transactions under a concurrency control algorithm
– a log over T describes an interleaved execution of T0, T1, …, Tn

– Example:

T1 = r1[x]  r1[z]  w1[x]

T2 = r2[y]  r2[z]  w2[y]
w3[x] r1[x] r3[y] r2[y] w3[z] r2[z] r1[z] w2[y] w1[x]

3[ ] 3[ ] 3[ ] 2[ ] 2[ ] 2[ ] 1[ ] 1[ ] 1[ ]L2

L1

T3 = w3[x]  r3[y]  w3[z] w3[x] r3[y] w3[z] r2[y] r2[z] w2[y] r1[x] r1[z] w1[x]L2



Equivalent logs
T l i l t if• Two logs are equivalent if 
– all the transactions in both logs see the same state of the database,  
– they leave the database in the same final state– they leave the database in the same final state

• Two logs over a transaction set are clearly equivalent iff:
– every read operation reads from (i.e. sees the value written by) the eve y ead ope at o eads o ( .e. sees t e va ue w tte by) t e

same write in both logs, and
– both logs have the same final writes

l 1 d 2 i i l i l• Example: L1 and L2 in previous example are equivalent


