» Functional Dependencies

The attributes of a table is said to be dependent on each other when an attribute of a table
uniquely identifies another attribute of the same table.

For example: Suppose we have a student table with attributes: Stu_Id, Stu_Name, Stu_Age. Here
Stu_Id attribute uniquely identifies the Stu_Name attribute of student table because if we know
the student id we can tell the student name associated with it. This is known as functional
dependency and can be written as Stu_ld—Stu_Name or in words we can say Stu_Name is
functionally dependent on Stu_Id.

Formally:
If column A of a table uniquely identifies the column B of same table then it can represented as
A->B (Attribute B is functionally dependent on attribute A)

Types of Functional Dependencies

Trivial functional dependency
non-trivial functional dependency
Multivalued dependency
Transitive dependency

Trivial functional dependency

The dependency of an attribute on a set of attributes is known as trivial functional
dependency if the set of attributes includes that attribute.

Symbolically: A—B is trivial functional dependency if B is a subset of A.

The following dependencies are also trivial: A—A & B—B

For example: Consider a table with two columns Student_id and Student_Name.
{Student_Id, Student_Name}— Student_Id is a trivial functional dependency as Student_Id
is a subset of {Student_Id, Student_Name}. That makes sense because if we know the values

of Student_Id and Student_Name then the value of Student_Id can be uniquely determined.

Also, Student_Id— Student_Id & Student_Name — Student_Name are trivial dependencies
too.

Non-Trivial functional dependency

If a functional dependency X—Y holds true where Y is not a subset of X then this dependency is
called non trivial Functional dependency.
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For example:

An employee table with three attributes: emp_id, emp_name, emp_address.
The following functional dependencies are non-trivial:

emp_id — emp_name (emp_name is not a subset of emp_id)

emp_id— emp_address (emp_address is not a subset of emp_id)

On the other hand, the following dependencies are trivial:

{emp_id, emp_name} — emp_name [emp_name is a subset of {emp_id, emp_name}]

Completely non trivial FD:
If a FD X—Y holds true where X intersection Y is null then this dependency is said to be
completely non trivial function dependency.

Multivalued dependency

Multivalued dependency occurs when there are more than one independent multivalued
attributes in a table.

For example: Consider a bike manufacture company, which produces two colors (Black and
white) in each model every year.

bike_model manuf_year color
M1001 2007 Black
M1001 2007 Red
M2012 2008 Black
M2012 2008 Red
M2222 2009 Black
M2222 2009 Red

Here columns manuf_year and color are independent of each other and dependent on
bike_model. In this case these two columns are said to be multivalued dependent on bike_model.
These dependencies can be represented like this:

bike_model —— manuf_year

bike_model —— color



Transitive dependency

A functional dependency is said to be transitive if it is indirectly formed by two functional
dependencies. For e.g.

X — Zis a transitive dependency if the following three functional dependencies hold true:

o X->Y
e Y does not ->X
o Y->Z

Note: A transitive dependency can only occur in a relation of three of more attributes. This
dependency helps us normalizing the database in 3NF (3™ Normal Form).



> Normalization

Normalization is a process of organizing the data in database to avoid data redundancy,
insertion anomaly, update anomaly & deletion anomaly. Let’s discuss about anomalies first then
we will discuss normal forms with examples.

Anomalies in DBMS

There are three types of anomalies that occur when the database is not normalized. These are —
Insertion, update and deletion anomaly. Let’s take an example to understand this.

Example: Suppose a manufacturing company stores the employee details in a table named
employee that has four attributes: emp id for storing employee’s id, emp name for storing
employee’s name, emp_address for storing employee’s address and emp dept for storing the
department details in which the employee works. At some point of time the table looks like this:

emp_id lemp_name lemp_address emp_dept

101 Rick Delhi D001
101 Rick Delhi D002
123 Maggie  Agra D890

166 Glenn Chennai D900
166 Glenn Chennai D004

The above table is not normalized. We will see the problems that we face when a table is not
normalized.

Update anomaly: In the above table we have two rows for employee Rick as he belongs to two
departments of the company. If we want to update the address of Rick then we have to update the
same in two rows or the data will become inconsistent. If somehow, the correct address gets
updated in one department but not in other then as per the database, Rick would be having two
different addresses, which is not correct and would lead to inconsistent data.

Insert anomaly: Suppose a new employee joins the company, who is under training and
currently not assigned to any department then we would not be able to insert the data into the
table if emp_dept field doesn’t allow nulls.

Delete anomaly: Suppose, if at a point of time the company closes the department D890 then
deleting the rows that are having emp_dept as D890 would also delete the information of
employee Maggie since she is assigned only to this department.

To overcome these anomalies we need to normalize the data. In the next section we will discuss
about normalization.



Normalization
Here are the most commonly used normal forms:

First normal form(1NF)

Second normal form(2NF)

Third normal form(3NF)

Boyce & Codd normal form (BCNF)

First normal form (1NF)

As per the rule of first normal form, an attribute (column) of a table cannot hold multiple values.
It should hold only atomic values.

Example: Suppose a company wants to store the names and contact details of its employees. It
creates a table that looks like this:

emp_id lemp_name lemp_address emp_mobile
101 Herschel |New Delhi 8912312390

8812121212
102 Jon Kanpur

9900012222
103 Ron Chennai 7778881212

9990000123
104 Lester Bangalore

8123450987

Two employees (Jon & Lester) are having two mobile numbers so the company stored them in
the same field as you can see in the table above.

This table is not in 1NF as the rule says “each attribute of a table must have atomic (single)
values”, the emp_mobile values for employees Jon & Lester violates that rule.

To make the table complies with 1INF we should have the data like this:

emp_id lemp_name lemp_address emp_mobile
101 Herschel |New Delhi 8912312390

102 Jon Kanpur 8812121212
102 Jon Kanpur 9900012222
103 Ron Chennai 7778881212

104 Lester Bangalore 9990000123



104 Lester Bangalore 8123450987

Second normal form (2NF)
A table is said to be in 2NF if both the following conditions hold:

e Table is in INF (First normal form)
« No non-prime attribute is dependent on the proper subset of any candidate key of table.

An attribute that is not part of any candidate key is known as non-prime attribute.
Example: Suppose a school wants to store the data of teachers and the subjects they teach. They

create a table that looks like this: Since a teacher can teach more than one subjects, the table can
have multiple rows for a same teacher.

teacher_id Subject  |teacher_age

111 Maths 38
111 Physics |38
222 Biology |38
333 Physics |40
333 Chemistry 40

Candidate Keys: {teacher_id, subject}
Non prime attribute: teacher_age

The table is in 1 NF because each attribute has atomic values. However, it is not in 2NF because
non prime attribute teacher_age is dependent on teacher_id alone which is a proper subset of
candidate key. This violates the rule for 2NF as the rule says “no non-prime attribute is
dependent on the proper subset of any candidate key of the table”.

To make the table complies with 2NF we can break it in two tables like this:
teacher_details table:

teacher_id teacher_age

111 38
222 38
333 40

teacher_subject table:

teacher_id Subject



111 Maths

111 Physics
222 Biology
333 Physics
333 Chemistry

Now the tables comply with Second normal form (2NF).

Third Normal form (3NF)

A table design is said to be in 3NF if both the following conditions hold:
o Table must be in 2NF
« Transitive functional dependency of non-prime attribute on any super key should be
removed.

An attribute that is not part of any candidate key is known as non-prime attribute.

In other words 3NF can be explained like this: A table is in 3NF if it is in 2NF and for each
functional dependency X— Y at least one of the following conditions hold:

e Xis asuper key of table
e Y isaprime attribute of table

An attribute that is a part of one of the candidate keys is known as prime attribute.

Example: Suppose a company wants to store the complete address of each employee, they create

a table named employee_details that looks like this:

emp_id lemp_name lemp_zip emp_state emp_city emp_district

1001  John 282005 UP Agra Dayal Bagh
1002 Ajeet 222008 TN Chennai M-City
1006 |Lora 282007 TN Chennai |Urrapakkam
1101  |Lilly 292008 UK Pauri Bhagwan
1201  Steve 222999 MP Gwalior Ratan

Super keys: {emp id}, {emp_id, emp name}, {emp_id, emp name, emp zip}...s0 on
Candidate Keys: {emp_id}

Non-prime attributes: all attributes except emp_id are non-prime as they are not part of any
candidate keys.
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Here, emp_state, emp_city & emp_district dependent on emp_zip. And, emp_zip is dependent on
emp_id that makes non-prime attributes (emp_state, emp_city & emp_district) transitively
dependent on super key (emp_id). This violates the rule of 3NF.

To make this table complies with 3NF we have to break the table into two tables to remove the
transitive dependency:

employee table:

emp_id lemp_name emp_zip

1001 |John 282005
1002 |Ajeet 222008
1006 |Lora 282007
1101  |Lilly 292008

1201 |Steve 222999
employee_zip table:

emp_zip emp_state lemp_city emp_district

282005 |UP Agra Dayal Bagh
222008 TN Chennai M-City
282007 TN Chennai Urrapakkam
292008 UK Pauri Bhagwan

222999 MP Gwalior |Ratan



> Transaction

A transaction can be defined as a group of tasks. A single task is the minimum processing unit
which cannot be divided further.

Let’s take an example of a simple transaction. Suppose a bank employee transfers Rs 500 from
A's account to B's account. This very simple and small transaction involves several low-level

tasks.

A’s Account

0ld Balance

Open_Account (A)
New Balance =

A.balance
0ld Balance - 500

A.balance = New Balance
Close Account (A)

B’s Account

0ld Balance

Open_Account (B)
New Balance =

B.balance
0ld Balance + 500

B.balance = New Balance
Close Account (B)

ACID Properties

A transaction is a very small unit of a program and it may contain several lowlevel tasks. A
transaction in a database system must maintain Atomicity, Consistency, Isolation, and Durability
— commonly known as ACID properties — in order to ensure accuracy, completeness, and data
integrity.

Atomicity — This property states that a transaction must be treated as an atomic unit, that
is, either all of its operations are executed or none. There must be no state in a database
where a transaction is left partially completed. States should be defined either before the
execution of the transaction or after the execution/abortion/failure of the transaction.
Consistency — The database must remain in a consistent state after any transaction. No
transaction should have any adverse effect on the data residing in the database. If the
database was in a consistent state before the execution of a transaction, it must remain
consistent after the execution of the transaction as well.

Durability — The database should be durable enough to hold all its latest updates even if
the system fails or restarts. If a transaction updates a chunk of data in a database and
commits, then the database will hold the modified data. If a transaction commits but the
system fails before the data could be written on to the disk, then that data will be updated
once the system springs back into action.

Isolation — In a database system where more than one transaction are being executed
simultaneously and in parallel, the property of isolation states that all the transactions will



be carried out and executed as if it is the only transaction in the system. No transaction
will affect the existence of any other transaction.

States of Transactions

A transaction in a database can be in one of the following states —

Committed

End
Failed Aborted j

N "

e Active — In this state, the transaction is being executed. This is the initial state of every
transaction.

« Partially Committed — When a transaction executes its final operation, it is said to be in
a partially committed state.

o Failed — A transaction is said to be in a failed state if any of the checks made by the
database recovery system fails. A failed transaction can no longer proceed further.

e Aborted — If any of the checks fails and the transaction has reached a failed state, then
the recovery manager rolls back all its write operations on the database to bring the
database back to its original state where it was prior to the execution of the transaction.
Transactions in this state are called aborted. The database recovery module can select one
of the two operations after a transaction aborts —

0] Re-start the transaction
o Kill the transaction

o Committed — If a transaction executes all its operations successfully, it is said to be

committed. All its effects are now permanently established on the database system.



» Schedule

A series of operation from one transaction to another transaction is known as schedule. It is used
to preserve the order of the operation in each of the individual transaction.

Schedule
Serial Non-serial Serializable
Schedule Schedule Schedule

1. Serial Schedule

The serial schedule is a type of schedule where one transaction is executed completely before
starting another transaction. In the serial schedule, when the first transaction completes its cycle,
then the next transaction is executed.

For example: Suppose there are two transactions T1 and T2 which have some operations. If it
has no interleaving of operations, then there are the following two possible outcomes:

1. Execute all the operations of T1 which was followed by all the operations of T2.
2. Execute all the operations of T1 which was followed by all the operations of T2.

In the given (a) figure, Schedule A shows the serial schedule where T1 followed by T2.
In the given (b) figure, Schedule B shows the serial schedule where T2 followed by T1.

2. Non-serial Schedule

o Ifinterleaving of operations is allowed, then there will be non-serial schedule.
e It contains many possible orders in which the system can execute the individual operations of

the transactions.
e Inthe given figure (c) and (d), Schedule C and Schedule D are the non-serial schedules. It has

interleaving of operations.



3. Serializable schedule

e The serializability of schedules is used to find non-serial schedules that allow the transaction to
execute concurrently without interfering with one another.

e It identifies which schedules are correct when executions of the transaction have interleaving of
their operations.

e A non-serial schedule will be serializable if its result is equal to the result of its transactions
executed serially.

a)
T1 T=
read(A);
N
write(A);
. read(B);
Time B:=B + IN;
write(B);
read(A);
L A=A+ M,
b write(A);
Schedule A
(b)
T T=2
read(A);
A=A+ M;
write(A);
_— read(A);
Time A=A - N;
write(A);
read(B);
E B:=B +NN;
write(B);

Schedule B



(<)

T1 T2
read(A);
A:=A_-_N;
read(A);
A=A+ M;
write(A);
' read(B);
fime write(A);
B:=B + N;
¥ | write(B);
Schedule C
(d)
T T=
read(A);
A:=A-N;
write(A);
read(A);
A=A+ M;
write(A);
- read(B):
Time B:=B + N;
v write(B);
Schedule D
Here,

Schedule A and Schedule B are serial schedule.

Schedule C and Schedule D are Non-serial schedule.

Testing of Serializability

Serialization Graph is used to test the Serializability of a schedule.

Assume a schedule S. For S, we construct a graph known as precedence graph. This graph has a
pair G = (V, E), where V consists a set of vertices, and E consists a set of edges. The set of
vertices is used to contain all the transactions participating in the schedule. The set of edges is
used to contain all edges Ti ->Tj for which one of the three conditions holds:

1. Create a node Ti - Tj if Ti executes write (Q) before Tj executes read (Q).
2. Create a node Ti = Tj if Ti executes read (Q) before Tj executes write (Q).
3. Create a node Ti = Tj if Ti executes write (Q) before Tj executes write (Q).



Precedence graph for Schedule S

e If a precedence graph contains a single edge Ti = Tj, then all the instructions of Ti are executed
before the first instruction of Tj is executed.

e If a precedence graph for schedule S contains a cycle, then S is non-serializable. If the
precedence graph has no cycle, then S is known as serializable.

For example:
T4 TS T
Read(A)
M= f10A)
Read(C)
Write(A)
A= fo(C)
Read(B)
Write(C)
Read(A)
Read(C)
Time B:=f3(B)
Write(B)
C:=1t4(0C)
Read(B)
Write(C)
A-—F50A)
Write(A)
L B:=fo(B)
A Write(B)
Schedule S=
Explanation:

Read(A): In T4,no subsequent writes to A, so no new edges
Read(C): In T4, no subsequent writes to C, so no new edges
Write(A): A is subsequently read by TS5, so add edge T4 — T5
Read(B): In T5,no subsequent writes to B, so no new edges
Write(C): C is subsequently read by T6, so add edge T4 — T6
Write(B): A is subsequently read by T6, so add edge TS — T6
Write(C): In T6, no subsequent reads to C, so no new edges



Write(A): In T5, no subsequent reads to A, so no new edges
Write(B): In T6, no subsequent reads to B, so no new edges

Precedence graph for schedule S2:

The precedence graph for schedule S2 contains no cycle that's why ScheduleS2 is serializable.

Conflict Serializable Schedule

e Aschedule is called conflict serializability if after swapping of non-conflicting operations, it can
transform into a serial schedule.
e The schedule will be a conflict serializable if it is conflict equivalent to a serial schedule.

Conflicting Operations

The two operations become conflicting if all conditions satisfy:
1. Both belong to separate transactions.
2. They have the same data item.
3. They contain at least one write operation.

Example:

Swapping is possible only if S1 and S2 are logically equal.

1. T1: Read(A) T=: Read(A)

T1 T2 T1 T=

Read(X) Swapped Read(A)

Read(A) C—> |Read)

Schedule Sa1 Schedule S=



Here, S1 = S2. That means it is non-conflict.

2. Ti: Read(A) Tz: Write(A)

T1 To T T=

Read(A) Swapped Write(A)

Write(A) > |Read(A)

Schedule S1 Schedule S2

Here, S1 # S2. That means it is conflict.

Conflict Equivalent

In the conflict equivalent, one can be transformed to another by swapping non-conflicting
operations. In the given example, S2 is conflict equivalent to S1 (S1 can be converted to S2 by
swapping non-conflicting operations).

Two schedules are said to be conflict equivalent if and only if:

1. They contain the same set of the transaction.
2. If each pair of conflict operations are ordered in the same way.

Example:
Non-serial schedule Serial Schedule
1 T2 T1 T2
Read(A)
Write(A) Read(A)
Write(A)
Read(A) R?e_ld(B)
Write(A) Write(B)
Read(B) Read(A)
Write(B) Write(A)
Read(B) Ree_ld(B]
Write(B) Write(B)
Schedule S1 Schedule S2

Schedule S2 is a serial schedule because, in this, all operations of T1 are performed before
starting any operation of T2. Schedule S1 can be transformed into a serial schedule by swapping
non-conflicting operations of S1.



After swapping of non-conflict operations, the schedule S1 becomes:

T1 T2
Read(A)
Write(A)
Read(B) Read(A)
Write(B) Write(A)
Read(B)
Write(B)

Since, S1 is conflict serializable.

View Serializability

e Aschedule will view serializable if it is view equivalent to a serial schedule.
e If aschedule is conflict serializable, then it will be view serializable.
e The view serializable which does not conflict serializable contains blind writes.

View Equivalent
Two schedules S1 and S2 are said to be view equivalent if they satisfy the following conditions:

1. Initial Read

An initial read of both schedules must be the same. Suppose two schedule S1 and S2. In schedule
S1, if a transaction T1 is reading the data item A, then in S2, transaction T1 should also read A.

T1 12 T1 T2

Read(A) Write(A)
Write(A) Read(A)

Schedule S1 Schedule S2



Above two schedules are view equivalent because Initial read operation in S1 is done by T1 and
in S2 it is also done by T1.

2. Updated Read

In schedule S1, if Ti is reading A which is updated by Tj then in S2 also, Ti should read A which
is updated by Tj.

T1 T2 T3 T1 T2 3
Write (A) . Write(A)
Write(A) Write(A)
Read(A) Read(A)
Schedule S1 Schedule S2

Above two schedules are not view equal because, in S1, T3 is reading A updated by T2 and in
S2, T3 is reading A updated by T1.

3. Final Write

A final write must be the same between both the schedules. In schedule S1, if a transaction T1
updates A at last then in S2, final writes operations should also be done by T1.

T1 12 3 T1 12 13
Write(A) Read(A)
Read(A) _ Write(A)
Write(A) Write(A)
Schedule S1 Schedule S2

Above two schedules is view equal because Final write operation in S1 is done by T3 and in S2,
the final write operation is also done by T3.

Example:



T1 T2 T3
Read(A)
Write(A)
Write(A)
Write(A)
Schedule S

With 3 transactions, the total number of possible schedule

=3l=6

S1=<T1T2T3>
S2=<T1T3T2>
S3=<T2T3T1>
S4=<T2T1T3>
S5=<T3T1T2>
S6=<T3T2T1>

NoupkrwnNeE

Taking first schedule S1:

T1 12 13
Read(A)
Write(A)
Write(A)
Write(A)
Schedule S1

Step 1: final updation on data items

In both schedules S and S1, there is no read except the initial read that's why we don't need to
check that condition.

Step 2: Initial Read
The initial read operation in S is done by T1 and in S1, it is also done by T1.

Step 3: Final Write



The final write operation in S is done by T3 and in S1, it is also done by T3. So, S and S1 are
view Equivalent.

The first schedule S1 satisfies all three conditions, so we don't need to check another schedule.
Hence, view equivalent serial schedule is:

T1T > T2 > T3



> Recoverability of Schedule

Sometimes a transaction may not execute completely due to a software issue, system crash or
hardware failure. In that case, the failed transaction has to be rollback. But some other
transaction may also have used value produced by the failed transaction. So we also have to
rollback those transactions.

T1 T1's buffer |[T2 T2's buffer | Database
space space
A = 6500
Read(A); A = 6500 A = 6500
A=A-500; |A=06000 A = 6500
Write(A); A = 6000 A = 6000
Read(A): A = 6000 A = 6000
A=A+1000; |A=7000 A = 6000
Write(A): A = 7000 A = 7000
Commit;
Failure Point
Commit;

The above table 1 shows a schedule which has two transactions. T1 reads and writes the value of
A and that value is read and written by T2. T2 commits but later on, T1 fails. Due to the failure,
we have to rollback T1. T2 should also be rollback because it reads the value written by T1, but
T2 can't be rollback because it already committed. So this type of schedule is known as
irrecoverable schedule.

Irrecoverable schedule: The schedule will be irrecoverable if Tj reads the updated value of Ti
and Tj committed before Ti commit.

T1 T1's buffer |T2 T2's buffer Database
space space
A = 6500
Read(A); A = 6500 A = 6500
A=A -500; A = 6000 A = 6500
Write(A); A = 6000 A = 6000
Read(A); A = 6000 A = 6000
A=A+ 1000; | A=7000 A = 6000
Write(A); A = 7000 A = 7000
Failure Point
Commit;
Commit;

The above table 2 shows a schedule with two transactions. Transaction T1 reads and writes A,
and that value is read and written by transaction T2. But later on, T1 fails. Due to this, we have
to rollback T1. T2 should be rollback because T2 has read the value written by T1. As it has not



committed before T1 commits so we can rollback transaction T2 as well. So it is recoverable
with cascade rollback.

Recoverable with cascading rollback: The schedule will be recoverable with cascading
rollback if Tj reads the updated value of Ti. Commit of Tj is delayed till commit of Ti.

T1 T1's buffer |T2 T2's buffer Database
space space
A = 6500
Read(A); A = 6500 A = 6500
A=A-500; [A=6000 A = 6500
Write(A); A = 6000 A = 6000
Commit; Read(A); A = 6000 A = 6000
A=A+ 1000; | A=7000 A = 6000
Write(A); A = 7000 A = 7000
Commit;

The above Table 3 shows a schedule with two transactions. Transaction T1 reads and write A
and commits, and that value is read and written by T2. So this is a cascade less recoverable
schedule.

> Log-Based Recovery

e Thelogis a sequence of records. Log of each transaction is maintained in some stable storage so
that if any failure occurs, then it can be recovered from there.

e If any operation is performed on the database, then it will be recorded in the log.

e But the process of storing the logs should be done before the actual transaction is applied in the
database.

Let's assume there is a transaction to modify the City of a student. The following logs are written
for this transaction.

¢ When the transaction is initiated, then it writes 'start’ log.
<Tn, Start>

e When the transaction modifies the City from 'Noida' to 'Bangalore’, then another log is written
to the file.

<Tn, City, 'Noida', 'Bangalore' >

e When the transaction is finished, then it writes another log to indicate the end of the
transaction.

<Tn, Commit>



There are two approaches to modify the database:

1. Deferred database modification:

e The deferred modification technique occurs if the transaction does not modify the database
until it has committed.

e Inthis method, all the logs are created and stored in the stable storage, and the database is
updated when a transaction commits.

2. Immediate database modification:

e The Immediate modification technique occurs if database modification occurs while the
transaction is still active.

¢ Inthis technique, the database is modified immediately after every operation. It follows an
actual database modification.

Recovery using Log records

When the system is crashed, then the system consults the log to find which transactions need to
be undone and which need to be redone.

1. If the log contains the record <Ti, Start> and <Ti, Commit> or <Ti, Commit>, then the Transaction
Ti needs to be redone.

2. If log contains record<T,, Start> but does not contain the record either <Ti, commit> or <Ti,
abort>, then the Transaction Ti needs to be undone.

» Checkpoint

e The checkpoint is a type of mechanism where all the previous logs are removed from the system
and permanently stored in the storage disk.

e The checkpoint is like a bookmark. While the execution of the transaction, such checkpoints are
marked, and the transaction is executed then using the steps of the transaction, the log files will
be created.

e When it reaches to the checkpoint, then the transaction will be updated into the database, and
till that point, the entire log file will be removed from the file. Then the log file is updated with
the new step of transaction till next checkpoint and so on.

e The checkpoint is used to declare a point before which the DBMS was in the consistent state,
and all transactions were committed.

Recovery using Checkpoint

In the following manner, a recovery system recovers the database from this failure:



Checkpoin Failure
T
L —
3

T4 ———F—

Time

The recovery system reads log files from the end to start. It reads log files from T4 to T1.
Recovery system maintains two lists, a redo-list, and an undo-list.

The transaction is put into redo state if the recovery system sees a log with <Tn, Start> and <Tn,
Commit> or just <Tn, Commit>. In the redo-list and their previous list, all the transactions are
removed and then redone before saving their logs.

For example: In the log file, transaction T2 and T3 will have <Tn, Start> and <Tn, Commit>. The
T1 transaction will have only <Tn, commit> in the log file. That's why the transaction is
committed after the checkpoint is crossed. Hence it puts T1, T2 and T3 transaction into redo list.
The transaction is put into undo state if the recovery system sees a log with <Tn, Start> but no
commit or abort log found. In the undo-list, all the transactions are undone, and their logs are
removed.

For example: Transaction T4 will have <Tn, Start>. So T4 will be put into undo list since this
transaction is not yet complete and failed amid.



» Concurrency Control

e Inthe concurrency control, the multiple transactions can be executed simultaneously.
e It may affect the transaction result. It is highly important to maintain the order of execution of
those transactions.

Problems of concurrency control

Several problems can occur when concurrent transactions are executed in an uncontrolled
manner. Following are the three problems in concurrency control.

1. Lost updates
2. Dirty read
3. Unrepeatable read

1. Lost update problem

e When two transactions that access the same database items contain their operations in a way
that makes the value of some database item incorrect, then the lost update problem occurs.

e If two transactions T1 and T2 read a record and then update it, then the effect of updating of
the first record will be overwritten by the second update.

Example:
Transaction-X Time Transaction-Y
Read A t2 —
— t3 Read A
Update A t4 —
— t5 Update A
Here,

e Attime t2, transaction-X reads A's value.

e Attime t3, Transaction-Y reads A's value.

e Attime t4, Transactions-X writes A's value on the basis of the value seen at time t2.

e Attime t5, Transactions-Y writes A's value on the basis of the value seen at time t3.

e Soattime T5, the update of Transaction-X is lost because Transaction y overwrites it without
looking at its current value.

e Such type of problem is known as Lost Update Problem as update made by one transaction is
lost here.



2. Dirty Read

e The dirty read occurs in the case when one transaction updates an item of the database, and
then the transaction fails for some reason. The updated database item is accessed by another
transaction before it is changed back to the original value.

e Atransaction T1 updates a record which is read by T2. If T1 aborts then T2 now has values which
have never formed part of the stable database.

Example:
Transaction-X Time Transaction-Y
— 2 Update A
Read A t3 —
— t4 Rollback

e Attimet2, transaction-Y writes A's value.

e Attime t3, Transaction-X reads A's value.

e Attime t4, Transactions-Y rollbacks. So, it changes A's value back to that of prior to t1.

e So, Transaction-X now contains a value which has never become part of the stable database.

e Such type of problem is known as Dirty Read Problem, as one transaction reads a dirty value
which has not been committed.

3. Inconsistent Retrievals Problem

¢ Inconsistent Retrievals Problem is also known as unrepeatable read. When a transaction
calculates some summary function over a set of data while the other transactions are updating
the data, then the Inconsistent Retrievals Problem occurs.

e Atransaction T1 reads a record and then does some other processing during which the
transaction T2 updates the record. Now when the transaction T1 reads the record, then the new
value will be inconsistent with the previous value.

Example:

Suppose two transactions operate on three accounts.

Account-1 Account-2 Account-3

Balance = 200 Balance = 250 Balance = 150




Transaction-X Time Transaction-Y
Read Balance of Acc-1 t2 [
sum <-- 200

Read Balance of Acc-2

Sum <-- Sum + 250 = t3 _

450

— ta Read Balance of Acc-3

_ t5 Update Balance of Acc-3
150 -->» 150 - 50 -->
100

— to Read Balance of Acc-1

- t7 Update Balance of Acc-1
200 --= 200 + 50 --=
250

Read Balance of Acc-3 t8 COMMIT

Sum <-- Sum + 250 = t9 -

550

Transaction-X is doing the sum of all balance while transaction-Y is transferring an amount 50
from Account-1 to Account-3.

Here, transaction-X produces the result of 550 which is incorrect. If we write this produced
result in the database, the database will become an inconsistent state because the actual sum is
600.

Here, transaction-X has seen an inconsistent state of the database.

Concurrency Control Protocol

Concurrency control protocols ensure atomicity, isolation, and serializability of concurrent
transactions. The concurrency control protocol can be divided into three categories:

1.
2.
3.

Lock based protocol
Time-stamp protocol
Validation based protocol

v Lock-based Protocols

Database systems equipped with lock-based protocols use a mechanism by which any transaction
cannot read or write data until it acquires an appropriate lock on it. Locks are of two kinds —

Binary Locks — A lock on a data item can be in two states; it is either locked or
unlocked.

Shared/exclusive — This type of locking mechanism differentiates the locks based on
their uses. If a lock is acquired on a data item to perform a write operation, it is an
exclusive lock. Allowing more than one transaction to write on the same data item would
lead the database into an inconsistent state. Read locks are shared because no data value
is being changed.

There are four types of lock protocols available —



Simplistic Lock Protocol

Simplistic lock-based protocols allow transactions to obtain a lock on every object before a
‘write' operation is performed. Transactions may unlock the data item after completing the
‘write’ operation.

Pre-claiming Lock Protocol

Pre-claiming protocols evaluate their operations and create a list of data items on which they
need locks. Before initiating an execution, the transaction requests the system for all the locks it
needs beforehand. If all the locks are granted, the transaction executes and releases all the locks
when all its operations are over. If all the locks are not granted, the transaction rolls back and
waits until all the locks are granted.

Lock acquisition
phase

N

T begin Tend M€

Two-Phase Locking 2PL

This locking protocol divides the execution phase of a transaction into three parts. In the first
part, when the transaction starts executing, it seeks permission for the locks it requires. The
second part is where the transaction acquires all the locks. As soon as the transaction releases its
first lock, the third phase starts. In this phase, the transaction cannot demand any new locks; it
only releases the acquired locks.

Lock acquisition releasing
phase \ phase
T begin Tend M¢

Two-phase locking has two phases, one is growing, where all the locks are being acquired by the
transaction; and the second phase is shrinking, where the locks held by the transaction are being
released.



To claim an exclusive (write) lock, a transaction must first acquire a shared (read) lock and then
upgrade it to an exclusive lock.

Strict Two-Phase Locking

The first phase of Strict-2PL is same as 2PL. After acquiring all the locks in the first phase, the
transaction continues to execute normally. But in contrast to 2PL, Strict-2PL does not release a
lock after using it. Strict-2PL holds all the locks until the commit point and releases all the locks
at a time.

Lock acquisition release at
phase commit
Time
T begin T end

Strict-2PL does not have cascading abort as 2PL does.

v Timestamp-based Protocols

The most commonly used concurrency protocol is the timestamp based protocol. This protocol
uses either system time or logical counter as a timestamp.

Lock-based protocols manage the order between the conflicting pairs among transactions at the
time of execution, whereas timestamp-based protocols start working as soon as a transaction is
created.

Every transaction has a timestamp associated with it, and the ordering is determined by the age
of the transaction. A transaction created at 0002 clock time would be older than all other
transactions that come after it. For example, any transaction 'y' entering the system at 0004 is two
seconds younger and the priority would be given to the older one.

In addition, every data item is given the latest read and write-timestamp. This lets the system
know when the last ‘read and write’ operation was performed on the data item.

Timestamp Ordering Protocol

The timestamp-ordering protocol ensures serializability among transactions in their conflicting
read and write operations. This is the responsibility of the protocol system that the conflicting
pair of tasks should be executed according to the timestamp values of the transactions.



e The timestamp of transaction T, is denoted as TS(T)).
e Read time-stamp of data-item X is denoted by R-timestamp(X).
e  Write time-stamp of data-item X is denoted by W-timestamp(X).

Timestamp ordering protocol works as follows —

e Ifatransaction Ti issues a read(X) operation —
o If TS(Ti) < W-timestamp(X)
»= QOperation rejected.
o If TS(Ti) >= W-timestamp(X)
»= Operation executed.
o All data-item timestamps updated.
o If a transaction Ti issues a write(X) operation —
o If TS(Ti) < R-timestamp(X)
»= QOperation rejected.
o If TS(Ti) < W-timestamp(X)
»= QOperation rejected and Ti rolled back.
o Otherwise, operation executed.

Thomas' Write Rule
This rule states if TS(Ti) < W-timestamp(X), then the operation is rejected and T; is rolled back.
Time-stamp ordering rules can be modified to make the schedule view serializable.

Instead of making T; rolled back, the 'write' operation itself is ignored.

v’ Validation Based Protocol

Validation phase is also known as optimistic concurrency control technique. In the validation
based protocol, the transaction is executed in the following three phases:

1. Read phase: In this phase, the transaction T is read and executed. It is used to read the value of
various data items and stores them in temporary local variables. It can perform all the write
operations on temporary variables without an update to the actual database.

2. Validation phase: In this phase, the temporary variable value will be validated against the actual
data to see if it violates the serializability.

3. Write phase: If the validation of the transaction is validated, then the temporary results are
written to the database or system otherwise the transaction is rolled back.

Here each phase has the following different timestamps:

Start(Ti): It contains the time when Ti started its execution.



Validation (T;): It contains the time when Ti finishes its read phase and starts its validation
phase.

Finish(Ti): It contains the time when Ti finishes its write phase.

e This protocol is used to determine the time stamp for the transaction for serialization using the
time stamp of the validation phase, as it is the actual phase which determines if the transaction
will commit or rollback.

e Hence TS(T) = validation(T).

e The serializability is determined during the validation process. It can't be decided in advance.

e While executing the transaction, it ensures a greater degree of concurrency and also less
number of conflicts.

e Thus it contains transactions which have less number of rollbacks.



