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AU: May-12,13,14,16,17, Dec.- 08,15,17,19, Marks 16

• The typical structure of typical DBMS is based on relational data model as shown in Fig 1.5.1.

• Consider the top part of Fig. 1.5.1. It shows application interfaces used by naïve users, application programs created by
application programmers, query tools used by sophisticated users and administration tools used by database administrator.

• The lowest part of the architecture is for disk storage.

• The two important components of database architecture are - Query processor and storage manager.

Query processor:

• The interactive query processor helps the database system to simplify and facilitate access to data. It consists of DDL
interpreter, DML compiler and query evaluation engine.
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• With the following components of query processor, various functionalities are performed -

i) DDL interpreter: This is basically a translator which interprets the DDL statements in data dictionaries.

ii) DML compiler: It translates DML statements query language into an evaluation plan. This plan consists of the
instructions which query evaluation engine understands.

iii) Query evaluation engine: It executes the low-level instructions generated by the DML compiler.

• When a user issues a query, the parsed query is presented to a query optimizer, which uses information about how the data
is stored to produce an efficient execution plan for evaluating the query. An execution plan is a blueprint for evaluating a
query. It is evaluated by query evaluation engine.

Storage manager:

• Storage manager is the component of database system that provides interface between the low level data stored in the
database and the application programs and queries submitted to the system.

• The storage manager is responsible for storing, retrieving, and updating datain the database. The storage manager
components include -

i) Authorization and integrity manager: Validates the users who want to access the data and tests for integrity constraints.

ii) Transaction manager: Ensures that the database remains in consistent despite of system failures and concurrent
transaction execution proceeds without conflicting.

iii) File manager: Manages allocation of space on disk storage and representation of the information on disk.

iv) Buffer manager: Manages the fetching of data from disk storage into main memory. The buffer manager also decides
what data to cache in main memory. Buffer manager is a crucial part of database system.

• Storage manager implements several data structures such as -

i) Data files: Used for storing database itself.

ii) Data dictionary: Used for storing metadata, particularly schema of database.

iii) Indices: Indices are used to provide fast access to data items present in the database

Review Questions

1. Explain the overall architecture of database system in detail. AU: May-14,17, Dec.-17, Marks 8, May-16, Marks 16

2. With the help of a neat block diagram explain basic architecture of a database management system. AU May-12, May-
13, Marks 16, Dec-15, Marks 8

3. Explain component modules of a DBMS and their interactions with the architecture AU: Dec.-08, Marks 10

4. Sketch the typical component modules of DBMS. Indicate and explain interactions between those modules of the system.
AU: Dec.-19, Marks 7
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Examples based on ER Diagram

Examples based on ER Diagram

An E-R diagram can express the overall logical structure of a database graphically.

Example 2.5.1 Draw the ER diagram for banking systems (home loan applications). AU: Dec.-17, Marks 8

OR Draw an ER diagram corresponding to customers and loans. AU: May.-14, Marks 8

OR Write short notes on: E-R diagram for banking system. AU: Dec.-14, Marks 8

Solution:
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Example 2.5.2 Consider the relation schema given in Figure. Design and draw an ER diagram that capture the information
of this schema.AU: May-17, Marks 5

Employee(empno,name,office,age)

Books(isbn,title,authors,publisher)

Loan(empno,isbn,date)

Solution:

Example 2.5.3 Construct an E-R diagram for a car insurance company whose customers own one or more cars each. Each
car has associated with it zero to any number of recorded accidents. Each insurance policy covers one or more cars and has
one or more premium payments associated with it. Each payment is for particular period of time and has an associated due
date and date when the payment was received

AU: Dec.-16, Marks 7

Solution:

Example 2.5.4 A car rental company maintains a database for all vehicles in its current fleet. For all vehicles, it includes
the vehicle identification number license number, manufacturer, model, date of purchase and color. Special data are
included for certain types of vehicles.

Trucks: Cargo capacity

Sports cars: horsepower, renter age requirement

Vans: number of passengers

Off-road vehicles: ground clearance, drivetrain (four-or two-wheel drive)

Construct an ER model for the car rental company database."AU: Dec.-15, Marks 16

Solution:



Example 2.5.5 Draw E-R diagram for the "Restaurant Menu Ordering System", which will facilitate the food items ordering
and services within a restaurant. The entire restaurant scenario is detailed as follows. The customer is able to view the food
items menu, call the waiter, place orders and obtain the final bill through the computer kept in their table. The Waiters
through their wireless tablet PC are able to initialize a table for customers, control the table functions to assist customers,
orders, send orders to food preparation staff (chef) and finalize the customer's bill. The Food preparation staffs (chefs), with
their touch-display interfaces to the system, are able to view orders sent to the kitchen by waiters. Duringpreparation they
are able to let the waiter know the status of each item, and can send notifications when items are completed. The system
should have full accountability and logging facilities, and should support supervisor actions to account for exceptional
circumstances, such as a meal being refunded or walked out on.

Solution:



Example 2.5.6A university registrar's office maintains data about the following entities:

(1) courses, including number, title, credits, syllabus, and prerequisites;

(2) course offerings, including course number, year, semester, section number, instructor(s), timings, and classroom;

(3) students, including student-id, name, and program; and

(4) instructors, including identification number, name, department, and title.

Further, the enrollment of students in courses and grades awarded to students in each course they are enrolled for must be
appropriately modeled. Construct an E-R diagram for the registrar's office. Document all assumptions that you make about
the mapping constraints.AU: Dec.-13, Marks 10

Solution:

Example 2.5.7 What is aggregation in ER model? Develop an ER diagram using aggregation that captures following
information: Employees work for projects. An employee working for particular project uses various machinery. Assume
necessary attributes. State any assumptions you make. Also discuss about the ER diagram you have designed.AU: Dec.-11,
Marks 8

Solution Aggregation: Refer section 2.4.3.

ER Diagram: The ER diagram for above described scenario can be drawn as follows-

The above ER model contains the redundant information, because every Employee, Project, Machinery combination in
works_on relationship is also considered in manages relationship. To avoid this redundancy problem we can make use of
aggregation relationship in ER diagram as follows -



We can then create a binary relationship manages for between Manager and (Employee, Project, Machinery).

Example 2.5.8 Construct an E-R diagram for a hospital with a set of patients and a set of medical doctors. Associate with
each patient a log of the various tests and examinations conducted. AU: Dec.-07, Marks 8

Solution:

Example 2.5.9Consider the following information about a university database:

i) Professors have an SSN, a name, an age, a rank and a research specialty.

ii) Projects have a project number, a sponsor name, (e.g. NSF), a starting date, an ending date and a budget.

iii) Graduate students have an SSN, a name, an age and a degree program (e.g. M.S. or Ph.D.).

iv) Each project is managed by one professor (known as the project's principal investigators)

v) Each project is worked on by one or more professors (known as the project's co- investigators).

vi) Professors can manage and/or work on multiple projects.

vii) Each project is worked on by one or more graduate students (known as the project's research assistants).

viii) When graduate students work on a project, a professor must supervise their work on the project. Graduate students can
work on multiple projects, in which case they will have a (potentially different) supervisor for each one.

ix) Departments have a department number, a department name and a main office.

x) Departments have a professor (known as the chairman) who runs the department.

xi) Professors work in one or more departments and for each department that they work in, a time percentage is associated
with their job,

xii) Graduate students have one major department in which they are working on their degree.

xii) Each graduate student has another, more senior graduate student (known as a student advisor) who advises him or her
on what courses to take.

xiii) Design and draw an ER diagram that captures the information about the university.

Use only the basic ER model here; that is entities, relationship and attributes.

Be sure to indicate any key and participation constraints.

Solution:



ER to Relational Mapping
ER to Relational Mapping

AU: May-17, Dec.-19, Marks 13

In this section we will discuss how to map various ER model constructs to Relational Model construct.

Mapping of Entity Set to Relationship

• An entity set is mapped to a relation in a straightforward way.

• Each attribute of entity set becomes an attribute of the table.

• The primary key attribute of entity set becomes an entity of the table.

• For example - Consider following ER diagram.

The converted employee table is as follows –

The SQL statement captures the information for above ER diageam as follows -
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CREATE TABLE Employee( EmpID CHAR(11),

EName CHAR(30),

Salary INTEGER,

PRIMARY KEY(EmpID))

Mapping Relationship Sets(Without Constraints) to Tables

• Create a table for the relationship set.

• Add all primary keys of the participating entity sets as fields of the table.

• Add a field for each attribute of the relationship.

• Declare a primary key using all key fields from the entity sets.

• Declare foreign key constraints for all these fields from the entity sets.

For example - Consider following ER model

The SQL statement captures the information for relationship present in above ER diagram as follows -

CREATE TABLE Works In (EmpID CHAR(11),

DeptID CHAR(11),

EName CHAR(30),

Salary INTEGER,

DeptName CHAR(20),

Building CHAR(10),

PRIMARY KEY(EmpID,DeptID),

FOREIGN KEY (EmpID) REFERENCES Employee,

FOREIGN KEY (DeptID) REFERENCES Department

)

Mapping Relationship Sets( With Constraints) to Tables

• If a relationship set involves n entity sets and some m of them are linked via arrows in the ER diagram, the key for anyone
of these m entity sets constitutes a key for the relation to which the relationship set is mapped.

• Hence we have m candidate keys, and one of these should be designated as the primary key.

• There are two approaches used to convert a relationship sets with key constraints into table.

• Approach 1:

      • By this approach the relationship associated with more than one entities is separately represented using a table. For
example - Consider following ER diagram. Each Dept has at most one manager, according to the key constraint on
Manages.

Here the constraint is each department has at the most one manager to manage it. Hence no two tuples can have same
DeptID. Hence there can be a separate table named Manages with DeptID as Primary Key. The table can be defined using
following SQL statement

CREATE TABLE Manages (EmpID CHAR(11),

DeptID INTEGER,

Since DATE,

PRIMARY KEY (DeptID),



FOREIGN KEY (EmpID) REFERENCES Employees,

FOREIGN KEY (DeptID) REFERENCES Departments)

Approach 2:

 • In this approach, it is preferred to translate a relationship set with key constraints.

 • It is a superior approach because, it avoids creating a distinct table for the relationship set.

 • The idea is to include the information about the relationship set in the table corresponding to the entity set with the key,
taking advantage of the key constraint.

 • This approach eliminates the need for a separate Manages relation, and queries asking for a department's manager can be
answered without combining information from two relations.

 • The only drawback to this approach is that space could be wasted if several departments have no managers.

     • The following SQL statement, defining a Dep_Mgr relation that captures the information in both Departments and
Manages, illustrates the second approach to translating relationship sets with key constraints:

CREATE TABLE Dep_Mgr (DeptID INTEGER,

DName CHAR(20),

Budget REAL,

EmpID CHAR (11),

since DATE,

PRIMARY KEY (DeptID),

FOREIGN KEY (EmpID) REFERENCES Employees)

Mapping Weak Entity Sets to Relational Mapping

• A weak entity can be identified uniquely only by considering the primary key of another (owner) entity. Following steps
are used for mapping Weak Entity Set to Relational Mapping

• Create a table for the weak entity set.

• Make each attribute of the weak entity set a field of the table. AI baris M

• Add fields for the primary key attributes of the identifying owner.

• Declare a foreign key constraint on these identifying owner fields.

• Instruct the system to automatically delete any tuples in the table for which there are no owners

For example - Consider following ER model,

Following SQL Statement illustrates this mapping

CREATE TABLE Department (DeptID CHAR(11),

DeptName CHAR(20),

Bldg No CHAR(5),

PRIMARY KEY (DeptID,Bldg_No),

FOREIGN KEY(Bldg_No) References Buildings on delete cascade

)

Mapping of Specialization / Generalization (EER Construct)to Relational Mapping

The specialialization/Generalization relationship (Enhanced ER Construct) can be mapped to database tables(relations)
using three methods. To demonstrate the methods, we will take the - InventoryItem, Book, DVD



Method 1: All the entities in the relationship are mapped to individual tables

InventoryItem(ID, name)

Book(ID,Publisher)

DVD(ID, Manufacturer)

Method 2: Only subclasses are mapped to tables. The attributes in the superclass are duplicated in all subclasses. For
example -

Book(ID,name, Publisher)

DVD(ID, name, Manufacturer)

Method 3: Only the superclass is mapped to a table. The attributes in the subclasses are taken to the superclass. For example
-

InventoryItem(ID, name, Publisher, Manufacturer)

This method will introduce null values. When we insert a Book record in the table, the Manufacturer column value will be
null. In the same way, when we insert a DVD record in the table, the Publisher value will be null.

Example 2.6.1 Construct an E-R diagram for a hospital with a set of patients and a set of medical doctors. Associate with
each patient a log of the various tests and examinations conducted. Also construct appropriate tables for the ER diagram
you have drawn.

Solution:

ER Diagram - Refer example 2.5.8.

Relational Mapping

Patients (P_id, name, insurance, date-admitted, date-checked-out)

Doctors (Dr_id, name, specialization)

Test (testid, testname, date, time, result)

doctor-patient (P_id, Dr_id)

test-log (testid, P_id) performed-by (testid, Dr_id)

Review Questions

1. Discuss the correspondence between the ER model construct and the relational model constructs. Show how each ER
model construct can be mapped to the relational model. Discuss the option for mapping EER construct.    AU: May-17,
Marks 13 2.

2. Discuss in detail the steps involved in the ER to relational mapping in the process of relational database design.



Enhanced ER Model

Enhanced ER Model

Specialization and Generalization AU: Dec- 19, Marks 7

• Some entities have relationships that form hierarchies. For instance, Employee can be an hourly employee or contracted
employee.

• In this relationship hierarchies, some entities can act as superclass and some other entities can act as subclass.
• Superclass:An entity type that represents a general concept at a high level, is called superclass.
• Subclass: An entity type that represents a specific concept at lower levels, is called subclass.

• The subclass is said to inherit from superclass. When a subclass inherits from one or more superclasses, it inherits all their
attributes. In addition to the inherited attributes, a subclass can also define its own specific attributes.

• The process of making subclasses from a general concept is called specialization. This is top-down process. In this process,
the sub-groups are identified within an entity set which have attributes that are not shared by all entities.

• The process of making superclass from subclasses is called generalization. This is a bottom up process. In this process
multiple sets are synthesized into high level entities.

• The symbol used for specialization/ Generalization is,

• For example - There can be two subclass entities namely Hourly_Emps and Contract_Emps which are subclasses of
Empoyee class. We might have attributes hours_worked and hourly wage defined for Hourly_Emps and an attribute
contractid defined for ContractEmps.

Therefore, the attributes defined for an Hourly_Emps entity are the attributes for Employees plus Hourly_Emps. We say that
the attributes for the entity set Employees are inherited by the entity set Hourly_Emps and that Hourly-Emps ISA (read is a)
Employees. It can be represented by following Fig. 2.4.1.

Constraints on Specialization/Generalization

There are four types of constraints on specialization/generalization relationship. These are -

1) Membership constraints: This is a kind of constraints that involves determining which entities can be members of a
given lower-level entity. There are two types of TO S membership constraints –

    i) Condition defined: In condition-defined lower-level entity sets,membership is evaluated on the basis of whether or not
an entity satisfies an explicit condition or predicate. For example - Consider the high-level entity Set Employee that has
attribute Employee_type. All Employee entities are evaluated on defining Employee_type attribute. All entities that satisfy
the condition student type = "ContractEmployee" are included in Contracted Employee. Since all the lower-level entities are
evaluated on the basis of the same attribute this type of generalization is said to be attribute-defined.
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 ii) User defined: This is kind of entity set that in which the membership ismanually defined.

2) Disjoint constraints: The disjoint constraint only applies when a superclass has more than one subclass. If the subclasses
are disjoint, then an entity occurrence can be a member of only one of the subclasses. For entity Student has
eitherPostgraduate Student entity or Undergraduate Student

3) Overlapping: When some entity can be a member of more than one subclasses. For example - Person can be both a
Student or a Staff. The And can be used to représent this constraint.

4) Completeness: It specifies whether or not an entity in the higher-level entity set must belong to at least one of the lower-
level entity sets within the generalization/specialization. This constraint may be one of the following –

 i) Total generalization or specialization: Each higher-level entity must belong to a lower-level entity set. For example -
Account in the bank must either Savings account or Current Account. The mandatory can be used to represent
thisconstraint.

 ii) Partial generalization or specialization: Some higher-level entities may not belong to any lower-level entity set.

Aggregation

A feature of the entity relationship model that allows a relationship set to participate in another relationship set. This is
indicated on an ER diagram by drawing a dashed box around the aggregation.

For example - We treat the relationship set work and the entity sets employee and project as a higher-level entity set called
work.

Review Question

1. Explain with suitable example, the constraints of specialization and generalization in ER modeling.  AU: Dec. 19, Marks
7



SQL Fundamentals

Part III: Structured Query Language

SQL Fundamentals

AU: Dec.-14,15,17,19, May-15,16,17,18, Marks 15

• Structure Query Language(SQL) is a database query language used for storing and managing data in Relational DBMS.

• Various parts of SQL are -

• Data Definition Language(DDL): It consists of a set of commands for defining relation schema, deleting relations, and
modifying relation schemas.

• Data Manipulation Language(DML): It consists of set of SQL commands for inserting tuples into relational schema,
deleting tuples from or modifying tuples in databases.

• Integrity: The SQL DDL includes commands for specifying integrity constraints. These constraints must be satisfied by
the databases.

• View definition: The SQL DDL contains the commands for defining views for database.

• Transaction control: The SQL also includes the set of commands that indicate beginning and ending of the transactions.

• Embedded SQL and Dynamic SQL: There is a facility of including SQL commands in the programming languages like
C,C++, COBOL or Java.

• Authorization: The SQL DDL includes the commands for specifying access rights to relations and views.

Data Abstraction

The Basic data types used in SQL are -

(1) char(n): For representing the fixed length character string this data type is used. For instance to represent name,
designation, coursename, we use this data type. Instead of char we can also use character. The n is specified by the user.

(2) varchar(n): The varchar means character varying. That means - for denoting the variable length character strings this
data type is used. The n is user specified maximum character length.

(3) int: For representing the numeric values without precision, the int data type is used.

(4) numeric: For representing, a fixed point number with user-specified precision this data type is used. The number
consists of m digits plus sign k digits are to the right of precision. For instance the numeric(3,2) allows 333.11 but it does
not allow 3333.11

(5) smallint: It is used to store small integer value. It allows machine dependent subset of integer type.

(6) real: It allows the floating point, double precision numbers.

(7) float(n): For representing the floating point number with precision of at least n digits this data type is used.

Basic Schema Definition

In this section, we will discuss various SQL commands for creating the schema definition.

There are three categories of SQL commands.
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Data Definition Language

Data Manipulation Language

Data Control Language

1. Creation

• A database can be considered as a container for tables and a table is a grid with rows and columns to hold data.

• Individual statements in SQL are called queries.

• We can execute SQL queries for various tasks such as creation of tables, insertion of data into the tables, deletion of record
from table, and so on.

In this section we will discuss how to create a table.

Step 1: We normally create a database using following SQL statement..

Syntax

CREATE DATABASE database_name;

Example

CREATE DATABASE Person _DB

Step 2: The table can be created inside the database as follows -

CREATE TABLE table name (

Col1_name datatype,

col2 _name datatype,

……

coln_name datatype

);

Example

CREATE TABLE person_details{

AdharNo int,

FirstName VARCHAR(20),

MiddleName VARCHAR(20),

LastName VARCHAR(20),



Address VARCHAR(30),

City VARCHAR(10)

}

The blank table will be created with following structure

Person_details

2. Insertion

We can insert data into the table using INSERT statement.

Syntax

INSERT INTO table_name (col , col ,...,col )

VALUES (value ,value,...., value )

Example

INSERT INTO person_details (AdharNo, FirstName, MiddleName, LastName, Address, City)

VALUES (111, 'AAA','BBB','CCC','M.G. Road', 'Pune')

The above query will result into –

3. Select

• The Select statement is used to fetch the data from the database table.

• The result returns the data in the form of table. These result tables are called resultsets.

• We can use the keyword DISTINCT. It is an optional keyword indicating that the answer should not contain duplicates.
Normally if we write the SQL without DISTINCT operator then it does not eliminate the duplicates.

Syntax

SELECT col1, col2, ...,coln FROM table_name;

Example

SELECT AdharNo, FirstName, Address, City from person_details

The result of above query will be

• If we want to select all the records present in the table we make use of * character.

Syntax

SELECT FROM table_name;

Example

SELECT * FROM person_details;

The above query will result into

4. Where Clause

The WHERE command is used to specify some condition. Based on this condition the data present in the table can be
displayed or can be updated or deleted.

Syntax

SELECT col1,col2, ...,coln

FROM table_name

WHERE condition;

Example

1 2 n

1 n



Consider following table-

If we execute the following query

SELECT AdharNo

FROM person_details

WHERE city='Pune';

The result will be

If we want records of all those person who live in city Pune then we can write the query using WHERE clause as

SELECT *

FROM person_details

WHERE city='Pune';

The result of above query will be

5. Update

• For modifying the existing record of a table, update query is used.

Syntax

UPDATE table name

SET col1-value1, col2-value2,...

WHERE condition;

Example

Consider following table

Person_details table

If we execute following query

UPDATE rerson_details

SET city 'Chennai'

WHERE AdharNo=333

The result will be



6. Deletion

We can delete one or more records based on some condition. The syntax is as follows -

Syntax

DELETE FROM table_name WHERE condition;

Example

DELETE FROM person_details

WHERE AdharNo=333

The result will be –

We can delete all the records from table. But in this deletion, all the records get deleted without deleting table. For that
purpose the SQL statement will be

DELETE FROM person_details;

7. Logical Operators

• Using WHERE clause we can use the operators such as AND, OR and NOT.

• AND operator displays the records if all the conditions that are separated using AND operator are true.

• OR operator displays the records if any one of the condition separated using OR operator is true.

• NOT operator displays a record if the condition is NOT TRUE.

Consider following table

Syntax of AND

SELECT col1, col2, ...

FROM table_name

WHERE condition1 AND condition2 AND condition3...;

Example of AND

If we execute following query-

SELECT AdharNo, FirstName, City

FROM person_details

WHERE AdharNo=222 AND City= 'Pune';

The result will be –

Syntax of OR

SELECT col1, col2, ...

FROM table_name

WHERE condition1 OR condition2 OR condition3 ...;

Example of OR

SELECT AdharNo, FirstName, City

FROM person_details

WHERE City='Pune' OR City='Mumbai';

The result will be –



Syntax of NOT

SELECT col1, col2, ...

FROM table_name

WHERE NOT condition;

Example of NOT

SELECT AdharNo, FirstName, City

FROM person_details

WHERE NOT City='Pune';

The result will be

8. Order By Clause

• Many times we need the records in the table to be in sorted order.

• If the records are arranged in increasing order of some column then it is called ascending order.

• If the records are arranged in decreasing order of some column then it is called descending order.

• For getting the sorted records in the table we use ORDER BY command.

• The ORDER BY keyword sorts the records in ascending order by default.

Syntax

SELECT col1, col2,...,coln

FROM table_name

ORDER BY col1,col2.... ASC | DESC

Here ASC is for ascending order display and DESC is for descending order display.

Example

Consider following table

SELECT *

FROM person_details

ORDER BY AdharNo DESC;

The above query will result in

9. Alteration

There are SQL command for alteration of table. That means we can add new column or delete some column from the table
using these alteration commands.z

Syntax for Adding columns

ALTER TABLE table_name

ADD column_name datatype;



Example

Consider following table

If we execute following command

ALTER TABLE Customers

ADD Email varchar(30);

Then the result will be as follows –

Syntax for Deleting columns

ALTER TABLE table_name

DROP COLUMN column name;

Example

Consider following table

If we execute following command

ALTER TABLE Customers

DROP COLUMN Address;

Then the result will be as follows –

10. Defining Constraints

• We can specify rules for data in a table.

• When the table is created at that time we can define the constraints.

• The constraint can be column level i.e. we can impose constraint on the column and table level i.e we can impose
constraint on the entire table.

There are various types of constraints that can be defined are as follows -

1) Primary key: The primary key constraint is defined to uniquely identify the records from the table.

The primary key must contain unique values. Hence database designer should choose primary key very carefully.

For example

Consider that we have to create a person_details table with AdharNo, FirstName, MiddleName, LastName, Address and
City.

Now making AdharNo as a primary key is helpful here as using this field it becomes easy to identify the records correctly.

The result will be

CREATE TABLE person_details (

AdharNo int,



FirstName VARCHAR(20),

MiddleName VARCHAR(20),

LastName VARCHAR(20),

Address VARCHAR(30),

City VARCHAR(10),

PRIMARY KEY(AdharNo)

);

We can create a composite key as a primary key using CONSTRAINT keyword. For example

CREATE TABLE person_details (

AdharNo int NOT NULL,

FirstName VARCHAR(20),

MiddleName VARCHAR(20),

LastName VARCHAR(20) NOT NULL,

Address VARCHAR(30),

City VARCHAR(10),

CONSTRAINT PK_person_details PRIMARY KEY(AdharNo, LastName)

);

(2) Foreign Key

• Foreign key is used to link two tables.

• Foreign key for one table is actually a primary key of another table.

• The table containing foreign key is called child table and the table containing candidate primary key is called parent key.

• Consider

Employee Table

Dept Table:

• Notice that the "EmpID" column in the "Dept" table points to the "EmpID" column in the "Employee" table.

• The "EmpID" column in the "Employee" table is the PRIMARY KEY in the "Employee" table.

• The "EmpID" column in the "Dept" table is a FOREIGN KEY in the "Dept" table.

• The FOREIGN KEY constraint is used to prevent actions that would destroy links between tables.

• The FOREIGN KEY constraint also prevents invalid data from being inserted into the foreign key column, because it has
to be one of the values contained in the table it points to.

• The purpose of the foreign key constraint is to enforce referential integrity but there are also performance benefits to be
had by including them in your database design.

The table Dept can be created as follows with foreign key constraint.

CREATE TABLE DEPT (

DeptID int

DeptName VARCHAR(20),

EmpID int,

PRIMARY KEY(DeptID),

FOREIGN KEY (EmpID)

REFERENCES EMPLOYEE(EmpID)

);



(3) Unique

Unique constraint is used to prevent same values in a column. In the EMPLOYEE table, for example, you might want to
prevent two or more employees from having an identical designation. Then in that case we must use unique constraint.

We can set the constraint as unique at the time of creation of table, or if the table is already created and we want to add the
unique constraint then we can use ALTER command.

For example -

CREATE TABLE EMPLOYEE(

EmpID INT NOT NULL,

Name VARCHAR (20) NOT NULL,

Designation VARCHAR(20) NOT NULL UNIQUE,

Salary DECIMAL (12, 2),

PRIMARY KEY (EmpID)

);

If table is already created then also we can add the unique constraint as follows -

ALTER TABLE EMPLOYEE

MODIFY Designation VARCHAR(20) NOT NULL UNIQUE;

(4) NOT NULL

• By default the column can have NULL values.

• NULL means unknown values.

• We can set the column values as non NULL by using the constraint NOT NULL.

• For example

CREATE TABLE EMPLOYEE(

EmpID INT NOT NULL,

Name VARCHAR (20) NOT NULL,

Designation VARCHAR(20) NOT NULL,

Salary DECIMAL (12, 2) NOT NULL,

PRIMARY KEY (EmpID)

);

(5) CHECK

The CHECK constraint is used to limit the value range that can be placed in a column.

For example

CREATE TABLE parts (

Part_no int PRIMARY KEY,

Description VARCHAR(40),

Price DECIMAL(10, 2) NOT NULL CHECK(cost > 0)

);

(6) IN operator

The IN operator is just similar to OR operator.

It allows to specify multiple values in WHERE clause.

Syntax

SELECT col1,col2,....

FROM table_name

WHERE column-name IN (value1, value2,...);

Example

Consider following table

Employee



SELECT FROM Employee

WHERE empID IN (1, 3);

The result will be

Basic Structure of SQL Queries   

The basic form of SQL queries is

SELECT-FROM-WHERE. The syntax is as follows:

SELECT[DISTINCT] target-list

FROMRelation-list

WHEREQualification

• SELECT: This is one of the fundamental query command of SQL. It is similar to the projection operation of relational
algebra. It selects the attributes based on the condition described by WHERE clause.

• FROM: This clause takes a relation name as an argument from which attributes are to be selected/projected. In case more
than one relation names are given, this clause corresponds to Cartesian product.

• WHERE: This clause defines predicate or conditions, which must match in order to qualify the attributes to be projected.

• Relation-list: A list of relation names(tables)

• Target-list: A list of attributes of relations from relation list(tables)

• Qualification:Comparisons of attributes with values or with other attributes combined using AND, OR and NOT.

• DISTINCT is an optional keyword indicating that the answer should not contain duplicates. Normally if we write the SQL
without DISTINCT operator then it does not eliminate the duplicates.

Example

SELECT sname

FROM Student

WHERE age>18

• The above query will return names of all the students from student table where age of each student is greater than 18

Queries on Multiple Relations

Many times it is required to access multiple relations (tables) to operate on some information. For example consider two
tables as Student and Reserve.

Query: Find the names of students who have reserved the books with book isbn

Select Student.sname,Reserve.isbn

From Student, Reserve

Where Student.sid=Reserve.sid

Use of SQL Join

The SQL Joins clause is used to combine records from two or more tables in a database. A JOIN is a means for combining
fields from two tables by using values common to each.



Example: Consider two tables for using the joins in SQL. Note that cid is common column in following tables.

1) Inner Join:

• The most important and frequently used of the joins is the INNER JOIN. They are also known as an EQUIJOIN.

• The INNER JOIN creates a new result table by combining column values of two alqutul no tables (Table1 and Table2)
based upon the join-predicate.

• The query compares each row of tablel with each row of Table2 to find all pairs of rows which satisfy the join-predicate.

• When the join-predicate is satisfied, column values for each matched pair of rows of A and B are combined into a result
row. It can be represented as:

• Syntax: The basic syntax of the INNER JOIN is as follows.

SELECT Table1.column1, Table2.column2...

FROM Table1

INNER JOIN Table2

ON Table1.common_field = Table2.common_field;

• Example: For above given two tables namely Student and City, we can apply inner join. It will return the record that are
matching in both tables using the common column cid. The query will be

SELECT *

FROM Student Inner Join City on Student.cid=City.cid

The result will be

2) Left Join:

• The SQL LEFT JOIN returns all rows from the left table, even if there are no matches in the right table. This means that if
the ON clause matches 0 (zero) records in the right table; the join will still return a row in the result, but with NULL in each
column from the right table.

• This means that a left join returns all the values from the left table, plus matched values from the right table or NULL in
case of no matching join predicate.

• It can be represented as –

• Syntax: The basic syntax of a LEFT JOIN is as follows.

SELECT

SELECT Table1.column1, Table2.column2...

FROM Table1

LEFT JOIN Table2

ON Table1.common field Table2.common field;

• Example: For above given two tables namely Student and City, we can apply Left join. It will Return all records from the
left table, and the matched records from the right table using the common column cid. The query will be



SELECT *

FROM Student Left Join City on Student.cid=City.cid

The result will be

3) Right Join:

• The SQL RIGHT JOIN returns all rows from the right table, even if there are no matches in the left table.

• This means that if the ON clause matches 0 (zero) records in the left table; the join will still return a row in the result, but
with NULL in each column from the left table.

• This means that a right join returns all the values from the right table, plus matched values from the left table or NULL in
case of no matching join predicate.

• It can be represented as follows:

• Syntax: The basic syntax of a RIGHT JOIN is as follow-

SELECT Table1.column1, Table2.column2...

FROM Table1

RIGHT JOIN Table2

ON Table1.common_field = Table2.common_field;

• Example: For above given two tables namely Student and City, we can apply Rightjoin. It will return all records from the
right table, and the matched records from the left table using the common column cid. The query will be,

SELECT *

FROM Student Right Join City on Student.cid=City.cid

The result will be –

4) Full Join:

• The SQL FULL JOIN combines the results of both left and right outer joins.

• The joined table will contain all records from both the tables and fill in NULLS for missing matches on either side.

• It can be represented as

• Syntax: The basic syntax of a FULL JOIN is as follows

SELECT Table1.column1, Table2.column2...

FROM Table1 FULL JOIN Table2 ON Table1.common_field = Table2.common_field;

The result will be -

Example: For above given two tables namely Student and City, we can apply Full join. It will return returns rows when
there is a match in one of the tables using the common column cid. The query will be -

SELECT *

FROM Student Full Join City on Student.cid=City.cid

The result will be –



Additional Basic Operations

1) The Rename Operation: The SQL AS is used to assign temporarily a new name to a table column or table(relation)
itself. One reason to rename a relation is to replace a long relation name with a shortened version that is more convenient to
use elsewhere in the query. For example - "Find the names of students and isbn of book who reserve the books".

Student

Select S.sname,R.isbn

From Student as S, Reserve as R

Where S.sid=R.sid

In above case we could shorten the names of tables Student and Reserve as S and R respectively.

Another reason to rename a relation is a case where we wish to compare tuples in the same relation. We then need to take
the Cartesian product of a relation with itself. For example-

If the query is - Find the names of students who reserve the book of isbn005. Then the SQL statement will be -

Select S.sname, R.isbn

From Student as S, Reserve as R

Where S.sid-R.sid and S.isbn=005

2) Attribute Specification in Select clause: The symbol * is used in select clause to denote all attributes. For example - To
select all the records from Student table we can write

Select* from Student

3) Ordering the display of tuples: For displaying the records in particular order we use order by clause.

The general syntax with ORDER BY is

SELECT column_name(s)

FROM table_name

WHERE condition

ORDER BY column_name(s)

• Example: Consider the Student table as follows-

Query: Find the names of students from highest marks to lowest

Select sname

From Student

Order By marks

We can also use the desc for descending order and asc for ascending order. For example:

In order to display names of the students in descending order of city - we can specify

Select sname



From Student

Order by city desc;

(4) Where clause Predicate

(i) The between operator can be used to simplify the where clause which is used to denote the value be less than or equal to
some value and greater than or equal to some other value. For example - of we want the names of the students whose marks
are between 80 and 90 then SQL statement will be

Select name

From Students

Where marks between 80 and 90;

Similarly we can make use of the comparison operators for various attributes. For example - If the query is - Find the names
of students who reserve the book of isbn005. Then the SQL statement will be -

Select sname

From Student, Reserve

Where (Student.sid,Reserve.isbn)=(Reserve.sid,005);

(ii) We can use AND, OR and NOT operators in the Where clause. For filtering the records based on more than one
condition, the AND and OR operators can be used. The NOT operator is used to demonstrate when the condition is not
TRUE.

Consider following sample database - Students database, for applying AND, OR and NOT operators

Syntax of AND

SELECT column1, column2, ....

FROM table name

WHERE condition1 AND condition2 AND condition3 ...;

Example: Find the student having name "AAA" and lives in city "Pune"

SELECT

FROM Students

Where sname='AAA' AND city= 'Pune'

Output

Syntax OR

SELECT column1, column2, ...

FROM table_name

WHERE condition1 OR condition2 OR condition3 ...;

Example: Find the student having name "AAA" OR lives in city "Pune"

SELECT *

FROM Students

Where sname='AAA' OR city='Pune'

Output

Syntax NOT

SELECT column1, column2, ..

FROM table name



Example of SQL Fundamentals

Examples of SQL Fundamentals

AU: Dec.-14,15,17,19, May-15,16,17,18, Marks 15

• Structure Query Language(SQL) is a database query language used for storing and managing data in Relational DBMS.

Example 1.14.1 Write the DDL, DML, DCL for the students database. Which contains student details: name, id,DOB,
branch, DOJ.

Course details: Course name, Course id, Stud.id,Faculty name, id, mark

AU: Dec.-17, Marks 15

Solution:

DDL Commands

CREATE TABLE Student

(

stud_name varchar(20),

stud_id int(3),

DOB varchar(15),

branch varchar(10),

DOJ varchar(15),

);

CREATE TABLE Course

(

course_name varchar(20),

course_id int(5),

stud_id int(3),

facult_name varchar(20),

faculty_id varchar(5),

marks real

);

DML Commands

The commands which we will use here are insert and select. The insert command is used to insert the values into database
tables. Using the select command, the database values can be displayed.
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(1) Inserting values into Student table

insert into Student(stud_name,stud_id,DOB,branch,DOJ)

values('AAA',11,'01-10-1999', 'computers','5-3-2018')

insert into Student(stud_name,stud_id,DOB,branch,DOJ)

values('BBB',12, 24-5-1988', 'Mechanical', '17-2-2016')

insert into Student(stud_name, stud_id,DOB,branch,DOJ)

values('CCC',13,'8-1-1990', 'Electrical','22-9-2017')

(2) Inserting values into Course table

insert into Course (course_name,course_id,stud_id,faculty_name, faculty_id,marks) values('Basic',101,11,'Archana',
'F001','50')

insert into Course(course_name,course_id,stud_id,faculty_name, faculty_id,marks) values('Intermediate',102,12,'Rupali',
'F002','70')

insert into Course (course_name,course_id,stud_id,faculty_name, faculty_id,marks) values('Advanced',103,13,'Sunil','F003',
'100')

(3) Displaying records of Student table

Select * from Student;

(4) Displaying records of Course table

Select * from Course;

DCL Commands

The DCL command is used to control privileges in Database. To perform any operation in the database, such as for creating
tables, sequences or views, a user needs privileges.

(1) GRANT Command

SQL GRANT is a command used to provide access or privileges on the database objects to the users.

Syntax

GRANT privilege_name

ON object_name

TO {user_name |PUBLIC |role_name}

[WITH GRANT OPTION];

privilege_name is the access right or privilege granted to the user. Some of the access rights are ALL, EXECUTE, and
SELECT.

•object_name is the name of an database object like TABLE, VIEW, STORED PROC and SEQUENCE.

•user_name is the name of the user to whom an access right is being granted.

•PUBLIC is used to grant access rights to all users.

•roll_name are a set of privileges grouped together.

•WITH GRANT OPTION - allows a user to grant access rights to other users.

Example

GRANT SELECT ON student_details TO user1

This query will grant the SELECT permission to student_details table to user named user1.

Similarly we can GRANT more than one privileges to user in a table

GRANT SELECT, INSERT, DELETE, UPDATE ON student details TO user1

For granting all privileges to user we use sysdba. The sysdba is a set of priviliges which has all the permissions in it.

GRANT sysdba TO user1

(2) REVOKE

The REVOKE command removes user access rights or privileges to the database objects.

Syntax

REVOKE privilege_name

ON object_name

FROM {user_name |PUBLIC |role_name}

Example



To remove access right for SELECT to the table student_details for userl we write the query

REVOKE SELECT ON student details FROM user1;

Example 1.14.2Write the following queries in relational algebra and SQL

(i) Find the names of employee who have borrowed a book published by McGraw Hill

(ii) Find the names of employees who have borrowed all books published by McGraw-HillAU: May-17, Marks 10

Solution:

We will assume the databases as -

member(memb_no, name, dob)

books(isbn, title, authors, publisher)

borrowed(memb_no, isbn, date)

(i) Relational Algebra:

Π (( books) borrowed member)

SQL:

SELECT name

FROM member

WHERE meber.memb_no=borrowed.memb_no AND books.isbn=borrowed.isbn

AND books.publisher 'McGraw Hill';

(ii) Relational Algebra

ρ(Tempname,(Π borrowed)/Π (σ books)))Π (Tempname member)

SQL:

SELECT distinct M.name

FROM Member M,

WHERE NOT EXIST

(

(SELECT isbn

FROM books

WHERE publisher = 'McGraw Hill'

)

EXCEPT

(SELECT isbn

FROM borrowed R

WHERE R.memb_no = M.memb_no

)

)

Example 1.14.3Assume the following table.

Degree (degcode, name, subject)

Candidate (seatno, degcode, name, semester, month, year, result)

Marks (seatno, degcode, semester, month, year, papcode, marks)

[degcode - degree code, name - name of the degree (Eg. MSc.), subject - subject of the course (Eg. Physis), papcode - paper
code (Eg. A1)]

Solve the following queries using SQL;

Write a SELECT statement to display,

(i) all the degree codes which are there in the candidate table but not present in degree table in the order of degcode.

(ii) the name of all the candidates who have got less than 40 marks in exactly 2 subjects.

(iii) the name, subject and number of candidates for all degrees in which there are less than 5 candidates.

(iv) the names of all the candidate who have got highest total marks in MSc. Maths.AU: Dec.-15, Marks 4+4 +4 +4

Solution:

(i) SELECT C.degcode

name publisher McGraw Hill'

memb_no,isbn isbn publisher-McGraw Hill' name



FROM Candidate C,

WHERE

NOT EXISTS

(SELECT D.degcode

FROM Degree D

WHERE D.degcode=C.degcode)

ORDER by C.degcode

(ii) SELECT C.name

FROM Candidate C, Degree D, Marks M

WHERE

C.seatno M.seatno AND C.degcode=D.degcode AND C.degcode-M.degcode AND M.marks <40 GROUP BY C.seatno

HAVING count(D.subject)=2;

(iii) SELECT D.name,D.subject,count(*)

FROM degree D, Candidate C

WHERE D.degcode=C.degcode

HAVING( SELECT count(*) FROM Candidate <5);

(iv) SELECT C.name

FROM Candidate C, Degree D, Marks M

WHERE

D.degname='MSc' AND D.subject='Maths' AND C.degcode=D.degcode AND C.seatno-M.seatno

AND

M.marks (SELECT max(M.marks) FROM Marks M)

Example 1.14.4Consider a student registration database comprising of the below given table schema.

Student Number Course Number Date

Consider a suitable sample of tuples / records for the above mentioned tables and write DML statements (SQL) to answer
for the queries listed below.

i) Which courses does a specific professor teach?

ii) What courses are taught by two specific professors?

iii) Who teaches a specific course and where is his/her office?

iv)For a specific student number, in which courses is the student registered and what is his/her name?

v) Who are the professors for a specific student?

vi) Who are the students registered in a specific course?

Solution:

(i)

SELECT P.name,C.description

FROM Professor P, Course C

WHERE P.ProfessorNumber=C.ProfessorNumber

HAVING count(DISTINCT P.name)=2

(ii)

SELECT P.name,C.description

FROM Professor P, Course C

WHERE P.Professor Number=C.ProfessorNumber

(iii)



SELECT P.name,P.office, C.description

FROM Professor P, Course C

WHERE P.ProfessorNumber=C.Professor Number

(iv)

SELECT S.StudentNumber,S.StudentNumber, C.Description

FROM Student S, Course C, Registration R

WHERE S.StudentNumber-R.StudentNumber AND C.CourseNumber=R.CourseNumber

(v)

SELECT S.StudentName, P.Name

FROM Student S, Course C, Professor P, Registration R

WHERE C.ProfessorNumber=P.Professor Number

AND C.CourseNumber=R.Course Number

AND S.StudentNumber=R.StudentNumber GROUP BY P.Professor Number

(vi)

SELECT S.StudentName, C.Description

FROM Student S, Course C, Registration R

WHERE S.StudentNumber-R.Student Number

AND R.CourseNumber=C.CourseNumber

GROUP BY C.CourseNumber

Example 1.14.5For the following database, identify primary key and foreign key wherever applicable and solve the given
queries in SQL.

Item (ino, description, unit_price)

Supplier (sno, sname, address)

Supplied (sno, ino, sdate, qty, per_unit_discount)

1. Find supplier name for the suppliers who supply every item.

2. Find distinct item names for the items supplied with total discount > 500.

3. Pair of supplier names supplying same items on same dates.

Solution:

•The primary key for Item table is ino.

•The primary key for supplier table is sno

•The primary key for supplied table is (sno,ino)

(1) Find supplier name for the suppliers who supply every item.

SELECT S.sname

FROM Supplier S

WHERE NOT EXISTS (

(SELECT * FROM Item I

WHERE NOT EXISTS

SELECT *

FROM Supplied SP

WHERE SP.sno S.sno

AND SP.ino I.ino)

)

(2) Find distinct item names for the items supplied with total discount > 500.SELECT DISTINCT description

FROM Item, Supplied

WHERE Item.ino=Supplied.ino

AND Supplied.per_unit_discount >500

(3) Pair of supplier names supplying same items on same dates.

SELECT sname



FROM Supplier

WHERE Supplied.sno-Supplier.sno

AND

Item.ino Supplied.ino

)

Example 1.14.6Write SQL statements for the following (any five)

Consider the following database

pilot (pid, pname)

flight (fid, ftype, capacity)

route (pid, fid, from_city, to_city)

i) List the details of flights having capacity more than 300.

ii) List the flights between 'Surat' and 'Mumbai'.

iii) List the names of the pilots who fly from 'Pune'.

iv) List the route on which, pilot named 'Mr Kapoor' flies

v) List the pilots whose names, starts with letter 'A' %' but does not end with letter 'A'. vi) List the name of pilots who fly
'boeing 737' type of flights.

Solution:

(i) List the details of flights having capacity more than 300.

SELECT FROM flight

WHERE capacity>300

(ii) List the flights between 'Surat' and 'Mumbai'.

SELECT fid

FROM flight, route

WHERE

flight.fid=route.fid AND

route.from_city= 'Surat' AND route.to_city-'Mumbai';

(iii) List the names of the pilots who fly from 'Pune'.

SELECT pname

FROM pilot, route

WHERE pilot.pid=route.pid

AND route.from_city= 'Pune';

(iv) List the route on which, pilot named 'Mr Kapoor' flies

SELECT from city, to_city

FROM route, pilot

WHERE pilot.pid=route.pid

AND pilot.pname='Mr.Kapoor';

(v) List the pilots whose names, starts with letter 'A' %' but does not end with letter 'A'.

SELECT pname

FROM pilot

WHERE pname LIKE 'A%' MINUS

SELECT pname FROM pilot

WHERE pname LIKE '%A';

(vi) List the name of pilots who fly 'boeing 737' type of flights.

SELECT pname

FROM pilot, flight, route

WHERE flight.ftype = 'boeing 737' AND

pilot.pid route.pid AND

route.fid flight.fid;



Example 1.14.7Consider the relation Database.

Person (SSN, Name, city)

Car (License_no, year, Model, SSN)

Accident(drive_no, SSN, license_no, accidentyear, damage_Amt) Query:

1. Find out total no of cars that had accident in 1988.

2. Find the Name of driver who did not have an accident in 'Delhi'.

3. Find the car, who don't have total damage of more than 1000.

4. Find the cars sold in 2006 and whose owner are from 'Vadodara'

5. How many different models of car are used by 'Mr.abc'?

6. Find the lucky persons who have not met any accident yet.

Solution :

1. Find out total no of cars that had accident in 1988.

SELECT count(License_no)

FROM Car, Accident

WHERE Accident.accidentyear=1988

2. Find the Name of driver who did not have an accident in 'Delhi'.

SELECT Name

FROM Person, Accident

WHERE Person.SSN=Accident.SSN AND Person.city<>'Delhi'

3. Find the car, who don't have total damage of more than 1000.

SELECT License_no

FROM Car, Accident

WHERE Accident.damage_amt <1000 AND

Car.License_no=Accident.licence_no;

4. Find the cars sold in 2006 and whose owner are from 'Vadodara'

SELECT license no

FROM Car, Person

WHERE Car.SSN = Person. SSN AND

Car.year 2006 and Person.city = 'Vadodara';

5. How many different models of car are used by 'Mr.abc' ?

SELECT count(model)

FROM Car, Person

WHERE Car.SSN = Person. SSN AND

Person.Name = 'Mr.abc';

6. Find the lucky persons who have not met any accident yet.

SELECT Name

FROM Person

WHERE person.SSN NOT IN (SELECT SSN FROM Accident);

Example 1.14.8We have following relations:

Supplier (S#, sname, status, city)

Parts (P#, pname, color, weight, city)

SP(S#, P#, quantity)

Answer the following queries in SQL,

i) Find name of supplier for city = 'Delhi'.

ii) Find suppliers whose name start with 'AB'.

iii) Find all suppliers whose status is 10, 20 or 30.

iv) Find total number of city of all suppliers.

v) Find s# of supplier who supplies 'red' part.



vi) Count number of supplier who supplies 'red' part. vii) Sort the supplier table by sname.

Solution:

i) Find name of supplier for city = 'Delhi'.

SELECT sname

FROM Supplier

WHERE city= 'Delhi'

ii) Find suppliers whose name start with 'AB'.

SELECT sname

FROM Supplier

WHERE sname='AB%'

iii) Find all suppliers whose status is 10, 20 or 30.

SELECT sname

FROM Supplier

WHERE status BETWEEN 10 AND 30

iv) Find total number of city of of all suppliers.

SELECT count(*) FROM (SELECT DISTINCT CITY FROM Supplier);

v) Find s# of supplier who supplies 'red' part.

SELECT DISTINCT supplier.S#

FROM Supplier, Parts, SP

WHERE Supplier.S# = SP.S#

AND SP.P# = Parts.P# AND Parts.color = 'red';

vi) Count number of supplier who supplies 'red' part. SELECT count(*)

FROM (SELECT DISTINCT Supplier.S#

FROM Supplier, Parts, SP

WHERE Supplier.S# SP.S#

AND SP.P# = Parts.P# AND Parts.color = 'red');

vii) Sort the supplier table by sname.

SELECT *

FROM Supplier

ORDER BY sname;

Example 1.14.9We have following relations:

Supplier (S#, sname, status, city)

Parts (P#, pname, color, weight, city)

SP(S#, P#, quantity)

Answer the following queries in SQL,

i) Delete records in supplier table whose status is 40.

ii)Add one field in supplier table.

Solution:

i) Delete records in supplier table whose status is 40.

DELETE FROM Supplier

WHERE status=40

ii) Add one field in supplier table.

ALTER TABLE Supplier

ADD(PhoneNo number);

Example 1.14.10We have following relations:

Supplier (S#, sname, status, city)

Parts (P#, pname, color, weight, city)

SP(S#, P#, quantity)



Answer the following queries in SQL,

i) Find name of parts whose color is 'red'.

ii) Find parts name whose weight less than 10 kg.

iii) Find all parts whose weight from 10 to 20 kg.

iv) Find average weight of all parts.

v) Find S# of supplier who supply part 'p2.

vi) Find name of supplier who supply maximum parts. vii) Sort the parts table by pname.

Solution:

i) Find name of parts whose color is 'red'.

SELECT pname

FROM Parts

WHERE Parts.color = 'red';

ii) Find parts name whose weight less than 10 kg.

SELECT pname

FROM Parts

WHERE Parts.weight < 10;

iii) Find all parts whose weight from 10 to 20 kg.

SELECT pname, weight

FROM Parts

WHERE Parts.weight BETWEEN 10 AND 20;

iv) Find average weight of all parts.

SELECT AVG (weight)

FROM Parts;

v) Find S# of supplier who supply part 'p2'.

SELECT S#

FROM SP

WHERE p# = 'p2';

vi) Find name of supplier who supply maximum parts.

SELECT sname, MAX(quantity)

FROM Supplier, Parts,SP

WHERE Supplier.S# = SP.S#

AND SP.P# = P.P#

GROUP BY sname;

vii) Sort the parts table by pname.

SELECT *

FROM Parts

ORDER BY pname;

Example 1.14.11Consider following schema and write SQL for given statements.

Student (rollno, name, branch)

exam(rollno, subject_code, obtained_marks, paper_code)

papers(paper_code, paper_satter_name, university)

i) Display name of student who got first class in subject '130703'.

ii) Display name of all student with their total mark.

iii) Display list number of student in each university.

iv) Display list of student who has not given any exam.

Solution:

i) Display name of student who got first class in subject '130703'.

SELECT name



FROM student,exam

WHERE exam.obtained_marks>60 AND exam.subject_code='130703' AND

student.rollno = exam.rollno

ii) Display name of all student with their total mark.

SELECT name, SUM(obtained_marks)

FROM student,exam

WHERE student.rolino-exam.rollno

iii) Display list number of student in each university.

SELECT COUNT(Rollno)

FROM student, exam, papers

WHERE student.rollno-exam.rollno AND exam.paper_code=papers.paper_code;

iv) Display list of student who has not given any exam.

SELECT name

FROM student NOT IN

(SELECT rollno

FROM student, exam

WHERE sudent.rollno-exam.rollno)

Example 1.14.12Write down the query for the following table where primary keys are underlined.

Person(ss#, name, address)

Car(license, year, model)

Accident(date, driver, damage-amount)

Owns(ss#, license)

Log(license, date, driver)

1) Find the total number of people whose cars were involved in accidents in 2009.

2) Find the number of accidents in which the cars belonging to "S.Sudarshan"

3) Add a new customer to the database.

4) Add a new accident recorded for the santro belonging to "KORTH"

Solution:

1) Find the total number of people whose cars were involved in accidents in 2009.

SELECT count(ss#)

FROM person,owns, accident,log

WHERE person.ss#=owns.ss# AND

owns.licence=log.licence AND

log.driver accident.driver AND

accident.date >= '01-jan-2009' and accident.date<='31-dec-09;

2) Find the number of accidents in which the cars belonging to "S.Sudarshan"

SELECT COUNT(accident.date)

FROM person,owns, accident,log

WHERE log.date-accident.date AND log.driver accident.driver AND

own.licence-log.licence AND

person.ss#=own.ss# AND

person.name = 's.sudarshan';

3) Add a new customer to the database.

INSERT INTO person (ss#, name, address) values (101, 'Madhav', 'Pune');

INSERT INTO owns (ss#, license) values (101, 'L101');

INSERT INTO car (license, year, model) values ('L101', 2017, 'Honda'); INSERT INTO log (license, date, driver) values
(L101', NULL, 'Shankar');

4) Add a new accident recorded for the santro belonging to "KORTH"



INSERT INTO accident (date, driver, damage-amount) VALUES ('31-Dec-2016', 'Shankar', 10000);

INSERT INTO log (license, date, driver) VALUES ('L111','31-Dec-2016','Shankar');

INSERT INTO car (license, year, model) VALUES ('L111', '2005, 'SANTRO'); INSERT INTO person (ss#, name, address)
VALUES (111, 'Korth', 'Mumbai');

INSERT INTO owns (ss#, license) VALUES (111, 'L111');

Example 1.14.13Consider the employee data. Give an expression in SQL for the following query:

Employee(employee_name, street,city)

Works (employee_name,company_name,salary)

Company(company_name,city) Manages(employee_name,manager_name)

1) Find the name of all employees who work for State Bank.

2) Find the names and cities of residence of all employees who work for State Bank.

3) Find all employee in the database who do not work for State Bank.

4) Find all employee in the database who earn more than every employee of UCO bank.

Solution:

1) Find the name of all employees who work for State Bank.

SELECT employee_name

FROM Works

WHERE company_name='State Bank';

2)Find the names and cities of residence of all employees who work for State Bank.

SELECT employee_name,city

FROM Employee, Works

WHERE company_name='State Bank' AND

Works.employee_name=Employee.employee_name;

3) Find all employee in the database who do not work for State Bank.

SELECT employee_name

FROM Works

WHERE company_name<>'State Bank';

4) Find all employee in the database who earn more than every employee of UCO bank.

SELECT employee_name from Works

WHERE salary>(SELECT MAX(salary) FROM Works

WHERE company_name='UCO bank');

Example 1.14.14Consider following schema and write SQL for given statements. Student (Rollno,Name,Age, Sex, City).

Student_marks (Rollno,Sub1,Sub2,Sub3, Total,Average)

Writequery to

i) Calculate and store total and average marks from sub1, sub2 and sub3.

ii)Display name of students who got more than 60 marks in subject Sub1.

iii)Display name of students with their total and average marks.

iv) Display name of students who got equal marks in subject sub2.

Solution:

i) Calculate and store total and average marks from sub1, sub2 and sub3.

UPDATE Student_marks

SET Total=sub1+sub2+sub3,

Avarage (sub1+sub2+sub3)/3;

ii) Display name of students who got more than 60 marks in subject Sub1. SELECT Name

FROM Student, Student marks

WHERE Student.Rollno-Student_marks. Rollno AND Student_marks.sub1>60

iii) Display name of students with their total and average marks.

SELECT Name, Total, Average



FROM Student, Student_marks

WHERE Student.Rollno-Student marks.Rollno

iv) Display name of students who got equal marks in subject sub2.

SELECT Name

FROM Student S, Student_marks SM1, Student_marks SM2

WHERE S.Rollno-SM1.Rollno AND SM1.sub2-SM2.sub2;

Example 1.14.15We have following relations.

EMP (empno, ename, jobtitle, manager no, hiredate, sal, comm, dept no)

DEPT (dept no, dname, loc)

i) The employees who are getting salary greater than 3000 for those persons belongings to the department 20

ii) Employees who are not getting any commission.

iii) Find how many job titles are available in employee table.

iv) Display total salary spent for each job category.

v) Display number of employees working in each department and their department name.

vi) List ename whose manager is NULL.

vii) List all employee names and their salaries, whose salary lies between 1500/- and 3500/- both inclusive.

Solution:

i) The employees who are getting salary greater than 3000 for those persons belongings to the department 20

SELECT ename

FROM EMP

WHERE EMP.sal>3000 AND EMP.dept_no=20

ii) Employees who are not getting any commission.

SELECT ename

FROM EMP

WHERE EMP.comm IS NULL;

iii) Find how many job titles are available in employee table.

SELECT count(jobtitle)

FROM EMP

iv) Display total salary spent for each job category.

SELECT ename, SUM(sal)

FROM EMP

GROUP BY jobtitle;

v) Display number of employees working in each department and their department name.

SELECT COUNT(EMP.eno), DEPT.dname

FROM EMP, DEPT

WHERE EMP.dept_no=DEPT.dept_no

GROUP BY DEPT.dept_no;

vi) List ename whose manager is NULL.

SELECT ename

FROM EMP

WHERE manager_no IS NULL;

vii) List all employee names and their salaries, whose salary lies between 1500/- and 3500/- both inclusive.

SELECT ename, sal

FROM EMP

WHERE sal>=1500 AND sal<=3500;

Example 1.14.16We have following relations.

EMP (empno, ename, jobtitle, manager no, hiredate, sal, comm, dept no) DEPT (dept no, dname, loc)

Answer the following queries in SQL



i) Find the employees working in the department 10, 20, 30 only.

ii) Find employees whose names start with letter A or letter a. iii) Find employees along with their department name.

iv) Find employees whose manager is KING.

v) Find the employees who are working in smith's department.

vi) Find the employees who get salary more than Allen's salary.

vii) Display employees who are getting maximum salary in each department.Solution:

i) Find the employees working in the department 10, 20, 30 only.

SELECT empno

FROM EMP

WHERE dept_no BETWEEN 10 AND 30

ii) Find employees whose names start with letter A or letter a.

SELECT ename

FROM EMP

WHERE ename='A%' OR ename='a%';

iii) Find employees along with their department name.

SELECT EMP.ename,DEPT.dname

FROM EMP, DEPT

WHERE EMP.dept_no=DEPT.dept_no ;

iv) Find employees whose manager is KING.

SELECT ename

FROM EMP

WHERE managerno = (SELECT empno FROM EMP WHERE ename='KING');

v) Find the employees who are working in Smith's department.

SELECT ename

FROM EMP, DEPT

WHERE EMP.dept_no-DEPT.dept_no AND ename='Smith';

vi) Find the employees who get salary more than Allen's salary.

SELECT ename

FROM EMP

WHERE sal> (SELECT sal FROM EMP WHERE ename='Allen');

vii) Display employees who are getting maximum salary in each department.

SELECT ename, MAX(sal)

FROM EMP

GROUP BY dept_no;

Example 1.14.17Write queries for the following table.

T1 (Empno, Ename, Salary, Designation),

T2 (Empno, Deptno.)

i) Display all rows for salary greater than 5000

ii) Display the deptno for the ename='syham'.

iii) Add a new column deptname in table T2.

iv) Change the designation of ename='ram' from 'clerk' to 'senior clerk'.

v) Find the total salary of all the rows.

vi) Display Empno, Ename, Deptno and Deptname.

vii) Drop the table T1.

Solution:

i) Display all rows for salary greater than 5000 SELECT *

FROM T1

WHERE Salary>5000



ii) Display the deptno for the ename='shyam'. SELECT deptno

FROM T1,T2

WHERE T1.Empno-T2.Empno AND T1.Ename='shyam';

iii) Add a new column deptname in table T2.

ALTER TABLE T2

ADD (deptname VARCHAR(20));

iv) Change the designation of ename='ram' from 'clerk' to 'senior clerk'.UPDATE T1

SET T1.designation='Senior Clerk'

WHERE T1.ename='ram';

v) Find the total salary of all the rows.

SELECT SUM(Salary)

FROM T1;

vi) Display Empno, Ename, Deptno and Deptname.

SELECT E.Empno, E.Ename, D.Deptno, D.Deptname

FROM T1 E, T2 D

WHERE E.Empno-D.Empno;

vii) Drop the table T1.

DROP Table T1;

Example 1.14.18Solve following queries with following table, where underlined attribute isprimary key.

primery key.

Person(SS#, name, address)

Car(license, year, model)

Accident(date, driver,damage-amount).

Owns(SS##,license)

Log(licence, date, driver)

i) Find the name of person whose license number is '12345'.

ii) Display name of driver with number of accidents done by that driver.

iii) Add a new accident by 'Ravi' for 'BMW' car on 01/01/2013 for damage amount of 1.5 lakh rupees.

Solution:

i) Find the name of person whose license number is '12345'.

SELECT name

FROM Person, Owns, Car

WHERE Person.SS#=Owns.SS# AND

Car.license-Owns.license AND

Car.license-'12345';

ii) Display name of driver with number of accidents done by that driver.

SELECT driver,COUNT(*)

FROM Accident

GROUP BY driver

iii) Add a new accident by 'Ravi' for 'BMW' car on 01/01/2013 for damage amount of 1.5 lakh rupees.

INSERT INTO Person (SS#, name, address) VALUES (111, 'Ravi', 'Mumbai');

INSERT INTO Car (license, year, model) VALUES ('L111', '2008, 'BMW');

INSERT INTO Owns (SS#, license) VALUES(111, 'L111');

INSERT INTO Accident('01/01/2013', 'Ravi', 150000);

INSERT INTO Log('L111', '01/01/2013','Ravi');

Example 1.14.19For Supplier - Parts database

Supplier(S#, sname, status, city)

Parts(P#, pname,color,weight,city)



SP(S#, P#, quantity)

Answer the following queries in SQL.

i) Display the name of supplier who lives in 'Ahmedabad'.

ii) Display the parts name which is not supplied yet.

iii) Find all suppliers whose status is either 20 or 30. Solution:

i) Display the name of supplier who lives in 'Ahmedabad'.

SELECT sname

FROM Supplier

WHERE city='Ahmedabad';

ii) Display the parts name which is not supplied yet.

SELECT pname

FROM Parts, SP

WHRE SP.P# <> Parts.P#

iii) Find all suppliers whose status is either 20 or 30.

SELECT sname

FROM Supplier

WHERE status = 20 or status = 30;

Example 1.14.20For Supplier - Parts database

Supplier(S#, sname, status, city)

Parts(P#, pname,color,weight,city)

SP(S#, P#, quantity)

Answer the following queries in SQL.

i) Find the name of parts having 'Red' colour.

ii) Delete parts whose weight is more than 100 gram.

iii) Count how many times each supplier has supplied part 'P2'.

iv) How much times shipment is for more than 100 quantities?

Solution:

i) Find the name of parts having 'Red' colour.

SELECT pname

FROM Parts

WHERE color='Red';

ii) Delete parts whose weight is more than 100 gram.

DELETE FROM Parts

WHERE weight>100

iii) Count how many times each supplier has supplied part 'P2'.

SELECT S#, COUNT(*)

FROM SP

WHERE P#='P2'

iv) How much times shipment is for more than 100 quantities?

SELECT S#, COUNT(*)

FROM SP

WHERE quantity>100;

Example 1.14.21Consider following schema and write SQL for given statements. Student(RollNo, Name, Age, Sex, City)

Student_marks(RollNo, Sub1, Sub2, Sub3, Total, Average)

Write query to

i) Display name and city of students whose total marks are greater than 225.

ii) Display name of students who got more than 60 marks in each subject.

iii) Display name of city from where more than 10 students come from.



iii) Display a unique pair of male and female students.

Solution:

i) Display name and city of students whose total marks are greater than 225. SELECT name, city

FROM student, student_marks

WHERE student.RollNo = student marks. RollNo AND student marks. Total>225

ii) Display name of students who got more than 60 marks in each subject. SELECT name

FROM student, student_marks

WHERE student.RollNo = student marks. RollNo AND

student marks.Sub1>60 OR student marks.Sub2>60 OR student marks.Sub3>60;

iii) Display name of city from where more than 10 students come from. SELECT city

FROM student

WHERE count(RollNo)>10

iv) Display a unique pair of male and female students.

SELECT $1.name

FROM Student S1, Student $2

WHERE S1.Name=S2.Name AND S1.sex='M' S2.sex-'F'

Example 1.14.22C Write queries for the following tables:

T1 (Empno, Ename, Salary, Designation)

T2 (Empno, Deptno.)

1) Display all the details of the employee whose salary is lesser than 10 K.

2) Display the Deptno in which employee Seeta is working.

3) Add a new column Deptname in table T2.

4) Change the designation of Geeta from 'Manager' to 'Senior Manager'.

5) Find the total salary of all the employees.

6) Display Empno, Ename, Deptno and Deptname

7) Drop the table T1.

Solution:

1) Display all the details of the employee whose salary is lesser than 10 K. SELECT *

FROM T1

WHERE Salary<10000

2) Display the Deptno in which employee Seeta is working.

SELECT Deptno

FROM T2, T1

WHERE T1.Empno-T2.Empno AND T1.Ename='Seeta';

3) Add a new column Deptname in table T2.

ALTER TABLE T2

ADD (Deptname VARCHAR(20));

4) Change the designation of Geeta from 'Manager' to 'Senior Manager'.

UPDATE T1

SET Designation 'Senior Manager'

WHERE Ename='Geeta';

5) Find the total salary of all the employees.

SELECT SUM(Salary)

FROM T1

6)Display Empno, Ename, Deptno and Deptname

SELECT T1.Empno,T1.Ename, T2.Deptno, T2.Deptname

FROM T1, T2

7) Drop the table T1.



DROP TABLE T1

Example 1.14.23We have following relations:

EMP(empno, ename, jobtitle, managerno, hiredate, sal, comm, deptno) DEPT(deptno, dname, loc)

Answer the following queries in SQL.

i) Find the Employees working in the department 10, 20, 30 only.

ii) Find Employees whose names start with letter A or letter a.

iii) Find Employees along with their department name.

iv) Insert data in EMP table.

v) Find the Employees who are working in Smith's department

vi) Update Department name of Department No = 10

vii) Display employees who are getting maximum salary in each departmentSolution:

i) Find the Employees working in the department 10, 20, 30 only.

SELECT ename

FROM EMP

WHERE deptno BETWEEN 10 AND 30

ii) Find Employees whose names start with letter A or letter a.

SELECT ename

FROM EMP

WHERE ename='A%' OR ename='a%';

iii) Find Employees along with their department name.

SELECT EMP.ename,DEPT.dname

FROM EMP, DEPT

WHERE EMP.deptno-DEPT.deptno;

iv) Insert data in EMP table.

INSERT INTO EMP( empno, ename, jobtitle, managerno, hiredate, sal, comm, deptno)

VALUES ('E111', 'AAA', 'Manager', M123,01-01-2010,20000,2000, 'D111');

v) Find the Employees who are working in Smith's department

SELECT ename

FROM EMP,DEPT

WHERE EMP.deptno=DEPT.deptno AND ename='Smith';

vi) Update Department name of Department No = 10

UPDATE DEPT

SET dname='Accounts'

WHERE deptno=10;

vii) Display employees who are getting maximum salary in each department

SELECT ename, MAX(sal)

FROM EMP

GROUP BY deptno;

Example 1.14.24Consider following Hotel database, primary keys are underlined:

hotel(hotel_no,name,type,price)

room(room-no,hotel-no,type,price)

booking(hotel-no,guest-no,date-from,date-to,room-no)

guest(guest-no,name,address)

Give an expression in SQL for each of the following queries

(1) List the names and addresses of all guests in London, alphabetically ordered by name.

(2) List out hotel name and total number of rooms available

(3) List the details of all the rooms at the Grosvenor Hotel, including the name of the guest staying in the room, if the room
is occupied.



(4) List all guests currently staying a the Grosvenor Hotel.

(5) List the rooms that are currently unoccupied at the Grosvenor Hotel.

(6) List the number of rooms in each hotel in London.

(7) List out all guests who have booked room for three or more days.

Solution:

(1) List the names and addresses of all guests in London, alphabetically ordered by name.

SELECT name, address

FROM guest

WHERE address LIKE '%London%'

ORDER BY name;

(2) List out hotel name and total number of rooms available

SELECT name, COUNT(room-no)

FROM hotel, room

WHERE hotel.hotel_no= room.hotel_no

GROUP by hotel no;

(3) List the details of all the rooms at the Grosvenor Hotel, including the name of the guest staying in the room, if the
room is occupied.

SELECT r.* FROM Room r LEFT JOIN

(SELECT g.guestName, h.hotelNo, b.roomNo

FROM guest g, booking b, hotel h

WHERE g.guest_no = b.guest_no AND

b.hotel_no = h.hotel_no AND

h.name= 'Grosvenor Hotel' AND

date_from <= CURRENT_DATE AND

date_to >= CURRENT DATE)

AS XXX ON r.hotel_no = XXX.hotel_no AND r.room_no = XXX.room_no;

(4) List all guests currently staying at the Grosvenor Hotel.

SELECT FROM guest

WHERE guest_no =

(SELECT guest_no FROM booking

WHERE

date-from <= CURRENT DATE AND date-to >= CURRENT DATE AND

hotel_no =

(SELECT hotel_no FROM hotel

WHERE name = 'Grosvenor Hotel'));

(5) List the rooms that are currently unoccupied at the Grosvenor Hotel.

SELECT (r.hotel_no, r.room_no, r.type, r.price)

FROM room r, hotel h

WHERE r.hotel_no = h.hotel no AND

h.name 'Grosvenor Hotel' AND

NOT EXIST

(SELECT *

FROM booking b, hotel h

WHERE (date from <= 'CURRENT DATE'

AND date_to >= 'CURRENT DATE')

AND r.hotel_no=b.hotel_no

AND r.room_no=b.room_no

AND r.hotel_no=h.hotel_no



AND name = 'Grosvenor Hotel');

(6) List the number of rooms in each hotel in London.

SELECT hotel_no, COUNT(room_no) AS count

FROM room r, hotel h

WHERE r.hotel_no = h.hotel_no AND city = 'London'

GROUP BY hotel_no;

(7) List out all guests who have booked room for three or more days.

SELECT guest-no, name

FROM guest g,booking b

WHERE b.date-to Minus b.date-from >=3

Example 1.14.25Consider following schema and write SQL for given statements

employee(employee-name,street,city)

works(employee-name, company-name, salary)

company(company-name, city)

manages(employee-name,manager-name)

(1) Find the names of all employees who work for First Bank Corporation.

(2) Give all employees of First Bank Corporation a 10-percent raise.

(3) Find the names and cities of residence of all employees who work for First Bank Corporation.

(4) Find the names and Street addresses, cities of residence of all employees who work for First Bank Corporation and earn
more than $10,000

(5) Find all employees in the database who live in the same cities as the companies for which they work.

(6) Find all employees in the database who do not work for First Bank Corporation.

(7) Find the company and number of employees in company that has more than 30 employees.

Solution:

(1) Find the names of all employees who work for First Bank Corporation.

SELECT employee_name

FROM works

WHERE company_name='First Bank Corporation';

(2) Give all employees of First Bank Corporation a 10-percent raise.

UPDATE works

SET salary salary*1.1

WHERE company_name='First Bank Corporation';

(3) Find the names and cities of residence of all employees who work for First Bank Corporation.

SELECT employee_name,city

FROM employee

WHERE employee_name IN

(SELECT employee_name

FROM works

WHERE company-name='First Bank Corporation');

(4) Find the names and Street addresses, cities of residence of all employees who work for First Bank Corporation
and earn more than $10,000

SELECT employee_name,city

FROM employee

WHERE employee_name IN

(SELECT employee_name

FROM works

WHERE company-name='First Bank Corporation' AND salary>10000);

OR



SELECT E.employee_name, E.street, E.city

FROM employee as E, works as W

WHERE

E.employee_name=W.employee_name AND

W.company_name='First Bank Corporation' AND W.salary>10000

(5) Find all employees in the database who live in the same cities as the companies for which they work.

SELECT E.employee_name

FROM employee as E, works as W, company as C

where E.employee_name=W.employee_name AND E.city=C.city AND

W.company_name=C.company_name;

(6) Find all employees in the database who do not work for First Bank Corporation.

SELECT employee_name

FROM works

WHERE company_name <>'First Bank Corporation';

(7) Find the company and number of employees in company that has more than 30 employees

SELECT company-name,COUNT(employee-name)

FROM employee E, company C,works W

WHERE E.employee-name=W.employee-name AND

W.company-name=C.company-name

HAVING COUNT(employee-name)>30;

Example 1.14.26 Consider the following Schema: Suppliers(sid:integer, sname:string, address: string) Parts(pid:integer,
pname:string, color: string) Catalog(sid:integer, pid: integer, cost: real)

Write the following queries in SQL

1) Find the names of suppliers who supply some red part.

2) Find the sids of suppliers who supply some red part and some green part.

3) Find the sids of suppliers of supply every red part.

4) Find the pids of parts supplied by at least two different suppliers.

Solution:

1) SELECT S.sname

FROM Suppliers S, Parts P, Catalog C

WHERE P.color = 'red' AND C.pid = P.pid AND C.sid = S.sid

2) SELECT C.sid

FROM Catalog C, Parts P

WHERE (P.color = 'red' OR P.color = 'green') AND P.pid = C.pid

3) SELECT C.sid.

FROM catalog C

WHERE NOT EXISTS(SELECT P.pid

FROM Parts P

WHERE P.color='red'

AND (NOT EXISTS (SELECT C1.sid

FROM Catalog C1

WHERE C1.sid = C.sid AND C1.pid = P.pid)))

4) SELECT C.pids

FROM Catalog C

WHERE EXISTS(SELECT C1.sid

FROM Catalog C1

WHERE C1.pid = C.pid AND C1.sid + C.sid)



Functional Dependencies

Functional Dependencies

Definition: Let P and Q be sets of columns, then: P functionally determines Q, written P→Q if and only if any two rows that
are equal on (all the attributes in) P must be equal on (all the attributes in) Q.

In other words, the functional dependency holds if

T1.P T2.P, then T1.Q=T2.Q

Where notation T1.P projects the tuple T1 onto the attribute in P.

For example: Consider a relation in which the roll of the student and his/her name is stored as follows:

Here, R->N is true. That means the functional dependency holds true here. Because for every assigned RollNuumber of
student there will be unique name. For instance: The name of the Student whose RollNo is 1 is AAA. But if we get two
different names for the same roll number then that means the table does not hold the functional dependency. Following is
such table –

In above table for RollNumber 1 we are getting two different names - "AAA" and "XXX". Hence here it does not hold the
functional dependency.

Computing Closure Set of Functional Dependency

The closure set is a set of all functional dependencies implied by a given set F. It is denoted by F

The closure set of functional dependency can be computed using basic three rules which are also called as Armstrong's
Axioms.

These are as follows -

i) Reflexivity: If XY, then X→ Y

ii) Augmentation: If X→Y, then XZ → YZ for any Z

+
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iii) Transitivity: If X→Y and Y-Z, then X-Z

In addition to above axioms some additional rules for computing closure set of functional dependency are as follows -

• Union: If XY and X-Z then XYZ

• Decomposition: If X-YZ, then XY and X→ Z

Example 2.8.1 Compute the closure of the following set of functional dependencies for a relation scheme R(A,B,C,D,E), F=
{A->BC, CD->E, B->D, E->A)

Solution: Consider F as follows

A->BC

CD->E

B->D

E->A

The closure can be written for each attribute of relation as follows:

• (A)*= Step 1: {A}-> the attribute itself

Step 2: {ABC} as A->BC

Step 3: {ABCD} as B->D

Step 4: {ABCDE} as CD->E

Step 5: {ABCDE} as E->A and A is already present

Hence (A)+ ={ABCDE}

• (B)*=Step 1:{B}

Step 2: {BD} as B->D

Step 3: {BD} as there is no BD pair on LHS of F

Hence (B) ={BD}

• (C)*=Step 1:{C}

Step 2: {C} as there is no single C on LHS of F

Hence (C)* ={C}

• (D) = Step 1: {D}

Step 3: {D} as there is no BD pair on LHS of F

Hence (D)* ={D} .

• (E) =Step 1: {E}

Step 2: {EA} as E->A

Step 3: {EABC) as A->BC

Step 4: {EABCD} as B->D

Step 5: {EABCD} as CD->E and E is already present

By rearranging we get {ABCDE}

Hence (E) ={ABCDE}

• (CD)*=Step 1:{CD}

Step 2:{CDE}

Step 3: {CDEA}

Step 4:{CDEAB}

By rearranging we get {ABCDE}

Hence (CD)* ={ABCDE}

Example 2.8.2 Compute the closure of the following set of functional dependencies for a relation scheme R(A,B,C,D,E), F=
{A->BC, CD->E, B->D, E->A) and Find the candidate key.

Solution: For finding the closure of functional dependencies - Refer example 2.8.1.

We can identify candidate from the given relation schema with the help of functional dependency. For that purpose we need
to compute the closure set of attribute. Now we will find out the closure set which can completely identify the relation
R(A,B,C,D).

Let, (A) = {ABCDE}

(B) = {BD}

(C) = {C}

+ 

+ 

+ 

+ 

+ 

+ 



(D) ={ABCDE}

(E) = {ABCDE}

(CD) = {ABCD}

Clearly, only (A), (E) and (CD)* gives us (ABCDE) i.e. complete relation R. Hence these are the candidate keys.

Canonical Cover or Minimal Cover

Formal Definition: A minimal cover for a set F of FDs is a set G of FDs such that:

1) Every dependency in G is of the form X->A, where A is a single attribute.

2) The closure F* is equal to the closure G*.

3) If we obtain a set H of dependencies from G by deleting one or more dependencies or by deleting attributes from a
dependency in G, then F* H*.

Concept of Extraneous Attributes

Definition: An attribute of a functional dependency is said to be extraneous if we can remove it without changing the
closure of the set of functional dependencies. The formal definition of extraneous attributes is as follows:

Consider a set F of functional dependencies and the functional dependency α→β in F

• Attribute A is extraneous in α if A€ α and F logically implies (F - {α→ B}) U {(α- A) →β}

• Attribute A is extraneous in β if A€ βand the set of functional dependencies (F-{α→β}) U {(α→ (β - A) } logically implies
F.

Algorithm for computing Canonical Cover for set of functional DependenciesF

Fc = F

repeat

Use the union rule to replace any dependencies in Fc of the form

α1 →β1 and αl→β2 and αl→β1β2

Find a functional dependency α→β in F with an extraneous attribute either in α or in β

/* The test for extraneous attributes is done using Fc, not F */

If an extraneous attribute is found, delete it from α→βin Fc.

until (Fc does not change)

Example 2.8.3 Consider the following functional dependencies over the attribute set R(ABCDE) for finding minimal cover
FD = {A->C, AC->D, B->ADE}

Solution: Step 1: Split the FD such that R.H.S contain single attribute. Hence we get

A->C

AC->D

B->A

B->D

B->E

Step 2: Find the redundant entries and delete them. This can be done as follows –

For A->C: We find (A)* by assuming that we delete A->C temporarily. We get esimab (A)*={A}. Thus from A it is not
possible to obtain C by deleting A->C. This means we can not delete A->C

• For AC->D: We find (AC)* by assuming that we delete AC->D temporarily. We get (AC)=(AC). Thus by such deletion it
is not possible to obtain D. This means we can not delete AC->D

• For B->A: We find (B)* by assuming that we delete B->A temporarily. We get (B)*={BDE). Thus by such deletion it is
not possible to obtain A. This means we can not delete B->A

• For B->D: We find (B)* by assuming that we delete B->D temporarily. We get (B)=(BEACD). This shows clearly that
even if we delete B->D we can obtain D. This means we can delete B->A. Thus it is redundant.

• For B->E: We find (B) by assuming that we delete B->E temporarily. We get (B)*={BDAC). Thus by such deletion it is
not possible to obtain E. This means we can not delete B->E

To summarize we get now

A->C

AC->D

B->A

B->E

Thus R.H.S gets simplified.

+ 

+ 

+ 

c



Step 3: Now we will simplify L.H.S.

Consider AC->D. Here we can split A and C. For that we find closure set of A and C.

(A) = {AC}

(C)  = {C}

Thus C can be obtained from both A as well as C. That also means we need not have to have AC on L.H.S. Instead, only. A
can be allowed and C can be eliminated. Thus after simplification we get

A->D

To summarize we get now

A->C

A->D

B->A

B->E

Thus L.H.S gets simplified.

Step 3: The simplified L.H.S. and R.H.S can be combined together to form

A->CD

B->AE

This is a minimal cover or Canonical cover of functional dependencies.

+ 

+
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Concept of Redundancy and Anomalies
Concept of Redundancy and Anomalies

Definition: Redundancy is a condition created in database in which same piece of data is held at two different places.

Redundancy is at the root of several problems associated with relational schemas.
Problems caused by redundancy: Following problems can be caused by redundancy-

i) Redundant storage: Some information is stored repeatedly.

ii) Update anomalies: If one copy of such repeated data is updated then inconsistency is created unless all other copies are
similarly updated.

iii) Insertion anomalies: Due to insertion of new record repeated information get added to the relation schema.

iv) Deletion anomalies: Due to deletion of particular record some other important information associated with the deleted
record get deleted and thus we may lose some other important information from the schema.

Example: Following example illustrates the above discussed anomalies or redundancy problems

Consider following Schema in which all possible information about Employee is stored.

1) Redundant storage: Note that the information about DeptID, DeptName and DeptLoc is repeated.

2) Update anomalies: In above table if we change DeptLoc of Pune to Chennai, then it will result inconsistency as for
DeptID 101 the DeptLoc is Pune. Or otherwise, we need to update multiple copies of DeptLoc from Pune to Chennai. Hence
this is an update anomaly.

3) Insertion anomalies: For above table if we want to add new tuple say (5, EEE,50000) for DeptID 101 then it will cause
repeated information of (101, XYZ,Pune) will occur.

4) Deletion anomalies: For above table, if we delete a record for EmpID 4, then automatically information about the
DeptID 102,DeptName PQR and DeptLoc Mumbai will get deleted and one may not be aware about DeptID 102. This
causes deletion anomaly.
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Decomposition

Decomposition

• Decomposition is the process of breaking down one table into multiple tables.

• Formal definition of decomposition is -

• A decomposition of relation Schema R consists of replacing the relation Schema by two relation schema that each contain
a subset of attributes of R and together include all attributes of R by storing projections of the instance.

• For example - Consider the following table

Employee_Department table as follows -

We can decompose the above relation Schema into two relation schemas as Employee (Eid, Ename, Age, City, Salary) and
Department (Deptid, Eid, DeptName) as follows –

Employee Table

Department Table

• The decomposition is used for eliminating redundancy.
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• For example: Consider following relation Schema R in which we assume that the grade determines the salary, the
redundancy is caused

Schema R

• Hence, the above table can be decomposed into two Schema S and T as follows:

Problems Related to Decomposition:

Following are the potential problems to consider:

1) Some queries become more expensive.

2) Given instances of the decomposed relations, we may not be able to reconstruct the corresponding instance of the original
relation!

3) Checking some dependencies may require joining the instances of the decomposed relations.

4) There may be loss of information during decomposition.

Properties Associated With Decomposition

There are two properties associated with decomposition and those are -

1) Loss-less Join or non Loss Decomposition: When all information found in the original database is preserved after
decomposition, we call it as loss less or non loss decomposition.

2) Dependency Preservation:This is a property in which the constraints on the original table can be maintained by simply
enforcing some constraints on each of the smaller relations.

Non-loss Decomposition or Loss-less Join

The lossless join can be defined using following three conditions:

i) Union of attributes of R1 and R2 must be equal to attribute of R. Each attribute of R must be either in R1 or in R2.

Att(R1) U Att(R2) = Att(R)

ii) Intersection of attributes of R1 and R2 must not be NULL.

Att(R1) Att(R2) ≠ Φ

iii)Common attribute must be a key for at least one relation (R1 or R2)

Att(R1) Att(R2) -> Att(R1)

Att (R1) Att (R2) -> Att (R2)

Example 2.10.1 Consider the following relation R(A,B,C,D)and FDs A->BC, is the decomposition of R into R1(A,B,C),
R2(A,D). Check if the decomposition is lossless join or not.

Solution:

Step 1: Here Att(R1) U Att(R2) = Att(R) i.e R1(A,B,C) u R2(A,D)=(A,B,C,D) i.e R.

Step 2: Here R1 R2={A}. Thus Att(R1) Att(R2)≠Φ. Here the second condition gets satisfied.

Step 3: Att(R1) n Att(R2) -> {A}. Now (A)*={A,B,C) ϵ attributes of R1. Thus the third condition gets satisfied.

This shows that the given decomposition is a lossless join.

Example 2.10.2 Consider the following relation R(A,B,C,D,E,F) and FDs A->BC, C->A, D- >E, F->A, E->D is the
decomposition of R into R1(A,C,D), R2(B,C,D), and R3(E,F,D). Check for lossless.

Solution:



Step 1: R1UR2UR3 = R. Here the first condition for checking lossless join is satisfied as (A,C,D)U (B,C,D) U (E,F,D) =
{A,B,C,D,E,F) which is nothing but R.

Step 2: Consider R1 ∩ R2 = {CD) and R2 R3 = {D}. Hence second condition of intersection not being gets satisfied.

Step 3: Now, consider R1(A,C,D) and R2(B,C,D). We find R1/R2 = {CD}

(CD)* = {ABCDE} = attributes of R1 i.e.{A,C,D). Hence condition 3 for checking lossless join for R1 and R2 gets
satisfied.

Step 4: Now, consider R2(B,C,D) and R3(E,F,D). We find R2 R3 = {D}. (D)*={D,E} which is neither complete set of
attributes of R2 or R3.[Note that F is missing for being attribute of R3].

Hence it is not lossless join decomposition. Or in other words we can say it is a lossy decomposition.

Example 2.10.3 Suppose that we decompose schema R=(A,B,C,D,E) into (A,B,C) (C,D,E) Show that it is not a lossless
decomposition.

Solution:

Step 1: Here we need to assume some data for the attributes A, B, C, D, and E. Using this data we can represent the relation
as follows -

Relation R

Relation R1 = (A,B,C)

Relation R2 = (C,D,E)

Step 2: Now we will join these tables using natural join, i.e. the join based on common attribute C. We get R1 R2 as

Clearly R1 R2 R. Hence it is not lossless decomposition.

Dependency Preservation

• Definition: A Decomposition D = {R1, R2, R3....Rn} of R is dependency preserving for a set F of Functional dependency
if - (F1 U F2 U... U Fm) = F.

• If decomposition is not dependency-preserving, some dependency is lost in the decomposition.

Example 2.10.4 Consider the relation R (A, B, C) for functional dependency set (A-> B and B-> C) which is decomposed
into two relations R1 = (A, C) and R2 = (B, C). Then check if this decomposition dependency preserving or not.

Solution: This can be solved in following steps:

Step 1: For checking whether the decomposition is dependency preserving or not we need to check

following condition

 F = (F1UF2)

Step 2: We have with us the F  = { A->B and B->C}

Step 3: Let us find (F1)  for relation R1 and (F2)  for relation R2

+ +

+

+ +



Step 4: We will eliminate all the trivial relations and useless relations. Hence we can obtain R1 and R2 as,

(F1UF2) = {A->C, B->C) ≠ {A->B, B->C) i.e.(F)

Thus the condition specified in step 1 i.e. F =(F1UF2)  is not true. Hence it is not dependency preserving decomposition.

Example 2.10.5 Let relation R(A,B,C,D) be a relational schema with following functional dependencies (A->B, B->C,C-
>D, and D->B). The decomposition of R into (A,B), (B,C) and (B,D). Check whether this decomposition is dependency
preserving or not.

Solution:

Step 1: Let (F) = {A->B, B->C, C->D,D->B}.

Step 2: We will find (F1) , (F2) , (F3)  for relations R1(A,B), R2(B,C) and R3(B,D) as follows -

Step 3: We will eliminate all the trivial relations and useless relations. Hence we can obtain R1 U R2 U R3 as,

Step 4: As from above FD's we get

Step 5:This proves that F = (F1UF2UF3) . Hence given decomposition is dependency preserving.

Example 2.10.6 Differentiate lossy decomposition and lossless decomposition.

Solution:

+ +

+ +

+ + +

+ +
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Normal Forms

Normal Forms

• Normalization is the process of reorganizing data in a database so that it meets two basic requirements:

 1) There is no redundancy of data (all data is stored in only one place), and

 2) data dependencies are logical (all related data items are stored together)

Need for normalization

1) It eliminates redundant data.

2) It reduces chances of data error.

3) The normalization is important because it allows database to take up less disk space.

4) It also help in increasing the performance.

5) It improves the data integrity and consistency.

First Normal Form

The table is said to be in 1NF if it follows following rules –

i) It should only have single (atomic) valued attributes/columns.

ii) Values stored in a column should be of the same domain

iii) All the columns in a table should have unique names.

iv) And the order in which data is stored, does not matter.

Consider following Student table

Student

As there are multiple values of phone number for sid 1 and 3, the above table is not in 1NF. We can make it in 1NF. The
conversion is as follows -
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Second Normal Form

Before understanding the second normal form let us first discuss the concept of j functional dependency and prime and non
prime attributes.

Concept of Partial Functional Dependency

Partial dependency means that a nonprime attribute is functionally dependent on part of a candidate key.

For example: Consider a relation R(A,B,C,D) with functional dependency {AB->CD,A->C}

Here (AB) is a candidate key because

(AB)  = {ABCD} = {R}

Hence {A,B) are prime attributes and {C,D) are non prime attribute. In A->C, the non prime attribute C is dependent upon A
which is actually a part of candidate key AB. Hence due to A->C we get partial functional dependency.

Prime and Non Prime Attributes

• Prime attribute: An attribute, which is a part of the candidate-key, is known as a prime attribute.

• Non-prime attribute: An attribute, which is not a part of the prime-key, is said to be a non-prime attribute.

• Example : Consider a Relation R ={A,B,C,D) and candidate key as AB, the Prime attributes: A, B

Non Prime attributes: C, D

The Second Normal Form

For a table to be in the Second Normal Form, following conditions must be followed

i) It should be in the First Normal form.

ii) It should not have partial functional dependency.

For example: Consider following table in which every information about a the Student is maintained in a table such as
student id(sid), student name(sname), course id(cid) and course name(cname).

Student_Course

This table is not in 2NF. For converting above table to 2NF we must follow the following steps -

Step 1: The above table is in 1NF.

Step 2: Here sname and sid are associated similarly cid and cname are associated with each other. Now if we delete a record
with sid=2, then automatically the course C++ will also get deleted. Thus,

sid->sname or cid->cname is a partial functional dependency, because {sid,cid} should be essentially a candidate key for
above table. Hence to bring the above table to 2NF we must decompose it as follows:

Student:

Course:

Thus now table is in 2NF as there is no partial functional dependency

Third Normal Form

Before understanding the third normal form let us first discuss the concept of transitive dependency, super key and candidate
key.

Concept of Transitive Dependency

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

+



X -> Z is a transitive dependency if the following functional dependencies hold true:

X->Y

Y->Z

Concept of Super key and Candidate Key

Superkey: A super key is a set or one of more columns (attributes) to uniquely identify rows in a table.

Candidate key: The minimal set of attribute which can uniquely identify a tuple is known as candidate key. For example
consider following table:

Superkeys

• {RegID}

• {RegID, RollNo}

• {RegID,Sname}

• {RollNo,Sname}

• {RegID, RollNo,Sname}

Candidate Keys

• {RegID}

• {RollNo}

Third Normal Form

A table is said to be in the Third Normal Form when,

i) It is in the Second Normal form.(i.e. it does not have partial functional dependency)

ii) It doesn't have transitive dependency.

Or in other words

In other words 3NF can be defined as: 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 :

i) X is a super key of table

ii) Y is a prime attribute of table

For example: Consider following table Student_details as follows -

Here

Super keys: {sid}, {sid,sname}, {sid,sname,zipcode}, {sid,zipcode,cityname}... and so on.

Candidate keys:{sid}

Non-Prime attributes: {sname,zipcode,cityname,state}

The dependencies can be denoted as,

sid->sname

sid->zipcode

zipcode->cityname

cityname->state

The above denotes the transitive dependency. Hence above table is not in 3NF. We can convert it into 3NF as follows:

Student



Zip

Example 2.11.1 Consider the relation R = {A, B, C, D, E, F, G, H, I, J} and the set of functional dependencies F= {{A, B}
→C, A →{D, E}, B→F, F→ {G, H}, D →{I, J} }

1. What is the key for R? Demonstrate it using the inference rules.

2. Decompose R into 2NF, then 3NF relations.

Solution: Let,

A→ DE (given)

A→ D, A→ E

AsD→IJ, A→IJ

Using union rule we get

A → DEIJ

As A→ A

we get A → ADEIJ

Using augmentation rule we compute AB

AB → ABDEIJ

But

AB→C (given)

AB →ABCDEIJ

B→ F (given) F→ GH .. B→ GH (transitivity)

AB →AGH is also true

Similarly AB→ AF B→F (given)

Thus now using union rule

AB → ABCDEFGHIJ

AB is a key

The table can be converted to 2NF as,

R1= (A, B, C)

R2= (A, D, E, I, J) smoot

R3= (B, F, G, H)

The above 2NF relations can be converted to 3NF as follows:

R1= (A, B, C)

R2= (A, D, E)

R1= (D, I, J)

R1= (B, E)

R3= (E, G, H).

Review Questions

1. What is database normalization? Explain the first normal form, second normal form and third normal form.AU: May-18,
Marks 13; Dec.-15, Marks 16

2. What are normal forms. Explain the types of normal form with an example.AU:Dec.-14, Marks 16

3. What is normalization? Explain in detail about all Normal forms. AU: May-19,Marks 13



Example on Normalization

Examples on Normalization

AU: Dec.-19, Marks 9

Example 2.15.1 Study the relation given below and state what level of normalization can be achieved and normalize it upto
that level.

Solution:

Reason for the given relation being unnormalized

1. Observe order for many items.

2. Item lines has many attributes-called composite attributes.

3. Each tuple has variable length.

4. Difficult to store due to non-uniformity.

5. Given item code difficult to find qty-ordered and hence called Unnormalized relation.

For conversion to First Normal Form -

• Identify the composite attributes, convert the composite attributes to individual attributes.

• Duplicate the common attributes as many times as lines in composite attribute.

• Every attribute now describes single property and not multiple properties, some data will be duplicated.

• Now this is called First normal form (1NF) also called flat file.



• The above table has insertion, deletion and update anomalies. For instance - if we delete order no. 1886, then the item code
4629 gets lost. Similarly if we update 4627, then all instances of 4627 need to be changed.

• We need to convert 2NF if it is in 1NF. The non-key attributes are functionally dependent on key attribute and if there is a
composite key then no non-key attribute is functionally depend on one part of the key.

• The table can be converted to 2NF as follows -

Orders

Order Details

Prices

Example 2.15.2 A software contract and consultancy firm maintains details of all the various projects in which its
employees are currently involved. These details comprise:

• Employee Number

• Employee Name

• Date of Birth

• Department Code

• Department Name Project Code

• Project Description

• Project Supervisor

Assume the following:

• Each employee number is unique.

• Each department has a single department code.

• Each project has a single code and supervisor.

• Each employee may work on one or more projects.

• Employee names need not necessarily be unique.

• Project Code, Project Description and Project Supervisor are repeating fields.

Normalise this data to Third Normal Form.

Solution:

Un-Normalized Form



Employee Number, Employee Name,Date of Birth, Department Code, Department Name, Project Code, Project Description,
Project Supervisor

1NF

Employee Number, Employee Name___Date of Birth

Department Code, Department Name

Employee Number. Project Code. Project Description,_Project Supervisor

2NF

Employee Number, Employee Name,_Date of Birth,_Department Code,__Department Name Employee Number, Project
Code,

Project Code, Project Description, Project Supervisor

3NF

Employee Number, Employee Name___Date of Birth,*Department Code

Department Code, Department Name

Employee Number, Project Code

Project Code, Project Description, Project Supervisor

Example 2.15.3 What is normalization?Normalize below given relation upto 3NF STUDENT.

Solution: For converting the given schema to first normal form, we will arrange it in such a way that have each tuple
contains single record. For that purpose we need to split the schema into two tables namely Student and Projects

1NF

Student

Projects

2NF

For a table to be in 2NF, there should not be any partial dependency.

Student

Project



CourseDetails

3NF: There was a transitive dependency in 2NF tables because city is associated with student ID and city depends upon zip
code. Hence the transitive dependency is removed to covert table into 3NF. The required 3NF schema is as below -

Student

Student_Address

Project

CourseDetails

Example 2.15.4 Consider table R(A,B,C,D,E) with FDs as A->B, BC->E, and ED->A.The table is in which normal form?
Justify your answer.

Solution:

Step 1: We will first find out the candidate keys for given relation R

(ACD)  = {A,B,C,D,E}+



(BCD)  = {A,B,C,D,E}

(CDE)  = {A,B,C,D,E}

Step 2: Let A->B, the ACD is candidate key and A is a partial key, B is a prime attribute(i.e. it is also part of candidate key).
Hence A->B is not a partial functional dependency.

Similarly in BC->E and ED->A,

E and A are prime-attributes and hence both are not partial functional dependencies. Hence R is in 2NF.

Step 3: According to 3NF, every non-prime attribute must be dependent on the candidate key.

In the given functional dependencies, all dependent attributes are prime-attributes. Hence the relation R is in 3NF.

Step 4: For R being in BCNF for X->Y the X should be candidate key or super key.

The table is not in BCNF, none of A, BC and ED contain a key.

Example 2.15.5 Prove the statement "Every relation which is in BCNF is in 3NF but the converse is not true".

Solution: For a relations to be in 3NF

A table is said to be in the Third Normal Form when,

i) It is in the Second Normal form. (i.e. it does not have partial functional dependency)

ii) It doesn't have transitive dependency.

Or in other words

In other words 3NF can be defined as: 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:

iii) X is a super key of table

iv) Y is a prime attribute of table

For a relation to be in BCNF

(1) It should be in 3NF

(2) A 3NF table which does not have multiple overlapping candidate keys is said to be in BCNF.

For proving that the table can be in 3NF but not in BCNF consider following relation R(Student, Subject, Teacher) .
Consider following are FDs

(Subject, Student)-> Teacher

Because subject and student combination gives unique teacher. A

Teacher ->Subject

Because each teacher teaches only Subject.D.

(Teacher, Student)->Subject

• So, this relation is in 3NF as every non-key attribute is non-transitively fully sim noinu grian won Buil functional
dependent on the primary key.

• But it is not in BCNF. Because this is a case of overlapping of candidate keys because there are two composite candidate
keys:

 • (Subject, Student)

 • (Teacher, Student)

And Student is a common attribute in both the candidate keys.

So we need to normalize the above table to BCNF. For that purpose we must set Teacher to be a candidate keylot as TME of

The decomposition of above takes place as follows

R1(Student, Teacher)

R2(Teacher, Subject)

Now table is in 3NF, as well as in BCNF.

This show that the relation Every relation which is in BCNF is in 3NF but the converse is not true.

Example 2.15.6 Consider the relation R = {A, B, C, D, E, F, G, H, I, J) and the set of functional dependencies F = {{A, B} -
C, A (D, E), B →F, F{G, H), D→{I, J} }

1. What is the key for R? Demonstrate it using the inference rules.

2. Decompose R into 2NF, then 3NF relations.

+

+



Solution: Let,

A → DE (given)

A → D, A→E (decomposition rule)

As D → IJ, A → IJ

Using union rule we get

A → DEIJ

As A→A

we get A→ ADEIJ

Using augmentation rule we compute AB

AB → ABDEIJ

But

AB→C (given)

AB → ABCDEIJ

B→ F (given) F→GH B→GH (transitivity)

AB→AGH is also true

Similarly AB→AF B → F (given)

Thus now using union rule

AB → ABCDEFGHIJ

AB is a key

The table can be converted to 2NF as

R1=(A, B, C)

R2=(A, D, E, I, J)

R3= (B, F, G, H)

The above 2NF relations can be converted to 3NF as follows:

R1=(A, B, C)

R2 = (A, D, E)

R3=(D, I, J)

R4 = (B, E)

R5= (E, G, H).

Example 2.15.7 Consider a relation R(ABC) with following FD A->B, B->C and C->A. What is the normal form of R?

Solution:

Step 1: We will find the candidate key

(A) ={ABC} = R

(B) = {ABC) = R

(C) ={ABC) = R

Hence A, B and C all are candidate keys

Prime attributes = {A,B,C}

Non prime attribute {}

Step 2: For R being in BCNF for X->Y the X should be candidate key or super key. From above FDs

 • Consider A->B in which A is a candidate key or super key. Condition for BCNF is satisfied.

 • Consider B->C in which B is a candidate key or super key. Condition for BCNF is satisfied.

 • Consider C->A in which C is a candidate key or super key. Condition for BCNF is satisfied.

This shows that the given relation R is in BCNF.

Example 2.15.8 Consider the Table 2.15.1 and answer to queries given below.

+

+

+



1) In this table in first normal form - 1NF? Justify and normalize to 1 NF if needed.

2) Is this table in second normal form - 2NF ? Justify and normalize to 2NF if needed.

3) Is User_personal in third normal form - 3NF? Justify and normalize to 3NF if needed.

Solution:

1) All the rows contain only one atomic value.

Hence table is in 1NF.

2) For identifying if table is in 2NF, we must check two rules -

Rule 1: The table must be in 1NF.

Rule 2: There should not be any partial key dependency.

As we know, that table is in 1NF, Rule 1 is said to be satisfied.

For checking Rule 2, first find out the primary keys.

Assume that, User_id and zip are to primary keys.

F = {User_id → U_Email Fname Lname City State Zip

Zip→ City State

}

Note that Userid can uniquely identify all the attributes of given relation. There is no partial dependency for identifying all
the attributes. Hence rule 2 is said to be fulfilled. Therefore table is in 2NF.

3) To verify 3NF, the conditions are -

Rule 1: Table should be in 2NF

Rule 2: There should not be transitive dependency in the table. The table is already in 2NF, hence rule 1 is already satisfied.

Given table shows transitive dependency. It is as follows:

Userid → Zip and Zip→ City State

To bring the relation in 3NF, we have to decompose table into two tables

User_personal (Userid, U_Email, Fname, Lname, Zip)

Address (Zip, City, State)

The underlined fields are primary keys of respective tables. The tables are as follows:

Example 2.15.9 What is the difference between 3NF and BCNF?

Solution:


