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Agenda

*Introduction - Relational algebra and Calculus
*What is relational algebra?
*Relational Algebra and it’s Operations
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Relational Algebra and Relational Calculus

Relational Algebra and Relational Calculus

Relational

Algebra Relational
Calculus
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Relational algebra and Calculus
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Relational algebra and Calculus

Query Language

N

Procedural Non-Procedural

Relational Relational
Algebra Calculus

~N

SQL
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Relational Algebra

Relational Algebra
Relational algebra is a procedural query language. It gives a step by

step process to obtain the result of the query. It uses operators to

perform queries.
Types of Relational operation

Relational Operation

Select Project Union Set Set Cartesian Rename

operation operation operation Intersection Difference product operation

ER Model/19CAT609/DBMS/YUvarani E/IMCA/SNSCT 5 of 30
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Relational Algebra
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Relational operation
Relational algebra is a procedural query language. It gives a step by step process
to obtain the result of the query. It uses operators to perform queries.

relational algebra

T\ T

set operations relational database set functions
* specific operations ‘

set union (O sdection
set intersection TC projection
set difference join

cartesian product ® set division
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Types of operations in relational algebra

We have divided these operations in two categories:
1. Basic Operations Relational Algebra Operators
2. Derived Operations

Basic/Fundamental Operations: l wlv
1. Select (O') Basic Operators Extended / Derived Operators

2. Project (TT) l _J

3. UnIOI‘.l (V) | ! e
4. Set Difference (-) Unary Operators Binary Operators Operator (1)

5. Cartesian product (X) _J _J Division

6. Rename (p) _>0perator(f or <)

. . L— Projection e Union

Derived Operations: Operator () Operator (u) |
Intersection

H —>
1. Natural Join (N) Operator (N)

Selection Cross Product

2. Left, Right, Full outer join (>4, <, <) > Operator (o) Operator (X)

3. Intersection (N) . I
... ename inus / Set Difference
4. Division (—) —> Operator (p) —> Operator (-)
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Relational Algebra

Select Operator (o)

*Select Operator is denoted by sigma (o) and it is used to find the tuples (or
rows) in a relation (or table) which satisfy the given condition.

*If you understand little bit of SQL then you can think of it as a where clause in
SQL, which is used for the same purpose.
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Relational Algebra
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Syntax of Select Operator (o)
O condition /Predicate(ReIation/TabIe name)

Select Operator (o) Example
Table: CUSTOMER Table: CUSTOMER

Query:
o Customer_City="Agra" (CUSTOM E R)
Output:

Customer Id Customer Name

Clelee

Clelll

C1a115 Chaitanya
Cle117 Ajeet

Customer_ Id Customer_ Name Customer City

Clalee
C10111 Agra C19118 Carl
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Relational Algebra

Project Operator (]7)

Project operator is denoted by ] symbol and it is used to select
desired columns (or attributes) from a table (or relation).
Project operator in relational algebra is similar to the Select
statement in SQL.

Syntax of Project Operator (TT)

ooy cqumn_nameN(tabIe_name)

n column_namel, column_name2,.
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Project Operator (J]) Example
In this example, we have a table CUSTOMER with three columns, we want to fetch only
two columns of the table, which we can do with the help of Proiect Operator TT.

Query:

Il Customer Name, Customer City (CUSTOMER)

Output:

Table: CUSTOMER

Customer_Id Customer_Name Customer_City

Customer_ MName Customer City
Clalee
Cle111
C1e115 Chaitanya Noida
c1e117 Ajeet Delhi
C1e118 Carl Delhi

Steve
Raghu
Chaitanya Noida
Ajeet Delhi
Carl Delhi
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Union Operator (V)

*Union operator is denoted by U symbol and it is used to select all the rows
(tuples) from two tables (relations).

Lets discuss union operator a bit more. Lets say we have two relations R1 and
R2 both have same columns and we want to select all the tuples(rows) from
these relations then we can apply the union operator on these relations.

*Note: The rows (tuples) that are present in both the tables will only appear
once in the union set. In short you can say that there are no duplicates present
after the union operation.

*Syntax of Union Operator (U)
*table_namel U table_name2
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Union Operator (U) Example

bt ;
il

Table 1: COURSE Table 2: STUDENT

Course_Id Student Name Student Id

L

Student_Id Student_Name Student Age

OUTPUT Student_Name

I Student Mame (COURSE) U [[ Student Name (STUDENT)

Note: As you can see there are no duplicate names present in the
output even though we had few common names in both the tables, .
also in the COURSE table we had the duplicate name itself. -
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Intersection Operator (N)

*Intersection operator is denoted by N symbol and it is used to select common
rows (tuples) from two tables (relations).

Lets say we have two relations R1 and R2 both have same columns and we
want to select all those tuples(rows) that are present in both the relations, then
in that case we can apply intersection operation on these two relations R1 n R2.

*Note: Only those rows that are present in both the tables will appear in the
result set.

*Syntax of Intersection Operator (N)

*table_namel n table_name2
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Intersection Operator (N) 3

L

Table 1: COURSE Table 2: STUDENT

Student Td Student Name Student Age
Course_Id S5tudent Name  Student Id - - —F

ﬂ Student_Name (COURSE) N TT Student_Name (STUDENT)
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Set Difference (-)

*Set Difference is denoted by — symbol. Lets say we have two
relations R1 and R2 and we want to select all those tuples(rows)
that are present in Relation R1 but not present in Relation R2, this
can be done using Set difference R1 — R2.

*Syntax of Set Difference (-)

*table_namel - table_name2
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Set Difference (-)

Query:
Lets write a query to select those student names that are present
in STUDENT table but not present in COURSE table.

ﬂ Student_Name (STUDENT) - TT Student_Name (COU RSE)

Output: Student Name
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Cartesian product (X)

*Cartesian Product is denoted by X symbol. Lets say we have two
relations R1 and R2 then the cartesian product of these two
relations (R1 X R2) would combine each tuple of first relation R1
with the each tuple of second relation R2.

| know it sounds confusing but once we take an example of this,
you will be able to understand this.

*Syntax of Cartesian product (X)
*R1 X R2
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Cartesian product (X)

*Table 1: R Table 2: S

Col A Col B

output:

Query:
Lets find the cartesian product of table R and S.
RXS

Note: The number of rows in the output will always be the cross product of number of rows in each
table. In our example table 1 has 3 rows and table 2 has 3 rows so the output has 3x3 =9 rows.
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Cartesian product (X)

*Table 1: R Table 2: S

Col A Col B

output:

Query:
Lets find the cartesian product of table R and S.
RXS

Note: The number of rows in the output will always be the cross product of number of rows in each
table. In our example table 1 has 3 rows and table 2 has 3 rows so the output has 3x3 =9 rows.
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Rename (p)

-

s
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Rename (p) operation can be used to rename a relation or an attribute of a

relation. Rename (p) Syntax:
p(new_relation_name, old relation_name)
Rename (p) Example

Lets say we have a table customer, we are fetching customer names and we are

renaming the resulted relation to CUST_NAMES.
Table. CUSTOMER Customer Id Customer_ Name Customer City

Cle1ee

C1e111

C1e115 Chaitanya
Clei17 Ajeet
C1Aa118 Carl

p(CUST_MNAMES, M{Customer_ Name)(CUSTOMER))
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Chaitanya
Ajeet
Carl
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Relational Algebra Join Operations

-

L

Extended operators are those operators which can be derived from basic
operators. There are mainly three types of extended operators in Relational
Algebra:

Join

*Intersection

*Divide

Example Consider the following tables.

Table A Table B
column 1 column 2 column 1 column 2
1 1 1 1

1 2 1 3
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Join Operations
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*Join Operations

°lnner Join:

*Theta Join:

*EQUI join:

*NATURAL JOIN ()

*OUTER JOIN

e[ eft Quter Join(A B)

*Right Quter Join: (A B)

*Full Quter Join: ( A B)

1 November 2024
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Join Operations
Join operation is essentially a cartesian product followed by a selection criterion.
Join operation denoted by 4.

JOIN operation also allows joining variously related tuples from different relations.
Types of JOIN:

Various forms of join operation are:

Inner Joins:

Theta join

EQUI join
Natural join
Outer join:

Left Outer Join
Right Outer Join
Full Outer Join
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Inner Join

Inner Join:

In an inner join, only those tuples that satisfy the matching criteria are included, while
the rest are excluded. Let’s study various types of Inner Joins:

Theta Join:

The general case of JOIN operation is called a Theta join. It is denoted by symbol 0
Example

A g B
Theta join can use any conditions in the selection
criteria.

For example:

A v4 A.column 2> B.column 2 (B)

column1 column 2

A X A.column 2 > B.column 2 (B) 1 2
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EQUI join

EQUI join:

When a theta join uses only equivalence condition, it becomes a
equi join.

For example:

A va A.column 2 =B.column 2 (B)

A X A.column 2 = B.column 2 (B)
column 1 column 2

1 1

EQUI join is the most difficult operations to implement efficiently
using SQL in an RDBMS and one reason why RDBMS have essential

performance problems.

ER Model/19CAT609/DBMS/YUvarani E/IMCA/SNSCT . 26 of 30
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NATURAL JOIN ()

Natural join can only be performed if there is a common attribute (column)
between the relations. The name and type of the attribute must be same.
Example: Consider the following two tabl~-

C
D

2

3
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Left Outer Join

OUTER JOIN

In an outer join, along with tuples that satisfy the matching

criteria, we also include some or all tuples that do not match the
criteria.

Left Outer Join(A B)

In the left outer join, operation allows keeping all tuple in the left
relation. However, if there is no matching tuple is found in right
relation, then the attributes of right relation in the join result are
filled with null values.
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Left Outer Join S S

TUTIIS

@ . Left Outer —m
| oin
J J

Join(A B)

All vous from Left Table.
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Right Outer Join

Right Outer Join: ( AP{B)

In the right outer join, operation allows keeping all tuple in the
right relation. However, if there is no matching tuple is found in
the left relation, then the attributes of the left relation in the join
result are filled with null values.

1 November 2024 ER Model/19CAT609/DBMS/YUvarani E/MCA/SNSCT



3’ Right Outer Join = :‘"i

4.4' fJﬂJ:I

Right Outer Join: ( ANB) @ Q mgmm .

All vous from Right Table.

Join(AB)
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Full Outer Join

Full Outer Join: ( AXUB)
In a full outer join, all tuples from both relations are included in
the result, irrespective of the matching condition.
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o Full Outer Join

TUTIIS

Full Outer Join: ( AXUB) @ Q mgm‘mr

Join(A 4B)

All vous from Right Table.
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Intersection

Intersection

An intersection is defined by the symbol N

ANB
Defines a relation consisting of a set of all tuple that are in both A

and B. However, A and B must be union-compatible.

Example:
ANB ¥ N

TableANB
column 1 column 2

1 1
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Division Operator

Division Operator (+): Division operator A+B can be applied if and only if:

Attributes of B is proper subset of Attributes of A.

The relation returned by division operator will have attributes = (All attributes of A — All Attributes
of B)

The relation returned by division operator will return those tuples from relation A which are
associated to every B’s tuple.

Consider the relation STUDENT_SPORTS and ALL_SPORTS given in Table 2 and Table 3 above.

To apply division operator as

STUDENT_SPORTS+ ALL_SPORTS

*The operation is valid as attributes in ALL_SPORTS is a proper subset of attributes in
STUDENT_SPORTS.

*The attributes in resulting relation will have attributes {ROLL_NO,SPORTS}-{SPORTS}=ROLL_NO
*The tuples in resulting relation will have those ROLL_NO which are associated with all B’s tuple
{Badminton, Cricket}. ROLL_NO 1 and 4 are associated to Badminton only. ROLL_NO 2 is associated
to all tuples of B. So the resulting relation will be:
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Division Operations Table 1

STUDENT

ADORESS

HaM DELM

RAMESH GURGADON

sSumn ROMTAK

SURESH DELMI

1 November 2024

PHONE

PASS 123450

$452431543

yisasnn

156768901

PMONE

AL ra iy

vIRIVIAI2

TN

visaTeaTn

STUDENT_SPORTS

ROLL_NO SPORTS
Badminton
Cricket

Badminton

STUDENT_SPORTS+ ALL_SPORTS

ER Model/19CAT609/DBMS/YUvarani E/IMCA/SNSCT

Table 2

ALL_SPORTS

SPORTS
Badminton

Cricket

ROLL_NO
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Summary L

Select(o) The SELECT operation is used for selecting a subset of the tuples according to a given selection condition

Projection(m) The projection eliminates all attributes of the input relation but those mentioned in the projection list.

Union Operation(U) UNION is symbolized by symbol. It includes all tuples that are in tables A or in B.

Set Difference(-) — Symbol denotes it. The result of A — B, is a relation which includes all tuples that are in A but not in B.

Intersection(N) Intersection defines a relation consisting of a set of all tuple that are in both A and B.

Cartesian Product(X) Cartesian operation is helpful to merge columns from two relations.

Inner Join Inner join, includes only those tuples that satisfy the matching criteria.

Theta Join(0) The general case of JOIN operation is called a Theta join. It is denoted by symbol 6.

EQUI Join When a theta join uses only equivalence condition, it becomes a equi join.
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Natural Join(t)

Outer Join

Left Outer Join()

Right Outer join()

Full Outer Join()

1 November 2024

Natural join can only be performed if there is a common attribute (column) between the
relations.

In an outer join, along with tuples that satisfy the matching criteria.

In the left outer join, operation allows keeping all tuple in the left relation.

In the right outer join, operation allows keeping all tuple in the right relation.

In a full outer join, all tuples from both relations are included in the result irrespective of
the matching condition.
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Company Database

Company Database Entities that would be represented

employee
department
salary
management
inventory

and other such similar entities
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